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This paper theoretically substanti-
ates research into the spectral features 
of the dynamics of the main dangerous 
parameters of a gas environment when 
igniting materials in a laboratory cham-
ber. Studying such spectral features is 
based on the calculation of the direct 
discrete Fourier transform for discrete 
measurements, equal in number, over 
the current intervals of observation of 
the hazardous examined parameter of 
the gas medium before and after the 
material is ignited. In this approach, 
a Fourier discrete transform makes it 
possible to determine the instantaneous 
amplitude and phase spectra for the 
time intervals under consideration. This 
makes it possible to explore the pecu-
liarities of the distribution of ampli-
tudes and phases of harmonic compo-
nents in the spectrum of the dynamics of 
dangerous parameters of the gas envi-
ronment before and after the ignition of 
materials. The results of experimental 
studies established that the nature of 
the amplitude spectrum is low-informa-
tive and not sensitive enough to fires. 
The main contribution to the amplitude 
spectrum of the dynamics of the investi-
gated hazardous parameters of the gas 
environment in the chamber is made by 
the frequency components in the range 
of 0–0.2 Hz. The contribution to the 
amplitude spectrum of frequency com-
ponents over 0.2 Hz is insignificant and 
decreases with increasing frequency. It 
is established that from the phase spec-
trum, the nature of the random scat-
tering of phases for frequency compo-
nents exceeding 0.2 Hz is informative. It 
was found that the nature of the phase 
spread for these frequency components 
in the spectrum depends on the type of 
ignition material. The results reported 
here could prove useful when devising 
new effective technologies for detect-
ing fires in the premises of objects in 
various fields to protect against fires. 
This is explained by the fact that for 
the detection of fires in the premises, 
high-frequency components are import-
ant, characterized by the increase in 
dangerous parameters of the gas envi-
ronment
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1. Introduction

Ensuring the safety and sustainability of the functioning 
of various facilities is currently of particular importance for 

any of the states in the world [1]. This is related to resolv-
ing the common issue of sustainable development of states 
and world civilization as a whole [2]. The most important 
in addressing this task is to consider various dangerous 
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facilities [3]. The process of functioning of such objects is 
usually associated with the possibility of various dangerous 
events [4]. Dangerous events can occur in various premises 
used for both industrial and environmental activities [5]. In 
addition, dangerous events can occur in various socio-econom-
ic systems [6, 7]. At the same time, fires in the premises (FP) 
are especially dangerous and frequent events [8]. Dangerous 
events in the form of FPs usually cause significant damage to 
human life [9], objects [10], and the environment [11, 12]. In 
this case, the overall level of risk to human health and life is 
significantly increased, which reduces the sustainability of the 
development of civilization [13]. In this regard, the preven-
tion of FPs should be considered at the present stage as one 
of the urgent problems related to the sustainable development 
of civilization.

2. Literature review and problem statement

Paper [14] notes that one of the constructive approaches 
to ensuring the sustainability of the functioning of technical 
facilities should be the identification of FPs at an early stage. 
At the same time, in work [15], emphasis is on the special 
importance of various hazardous parameters of the gaseous 
medium (GM). The cited work considers the dangerous 
parameters of GM, which are limited to the time range and 
are measured by the corresponding sensors. A method of 
increasing the speed of sensors of hazardous GM parameters 
during FP is considered in [16]. The method is limited to 
circuit-technical improvement of existing sensors and does 
not affect the spectral features of hazardous GM parameters. 
In this case, the method is limited only to measuring the 
temperature of GM. In [17], non-stationary characteristics 
of hazardous GM parameters are investigated. The appli-
cation of adaptive technologies to detect fires under these 
conditions is studied in [18]. At the same time, adaptive 
technologies are limited to considering only non-station-
ary energy characteristics and are reduced to adapting the 
threshold of the corresponding sensors. The spectral features 
of the hazardous parameters of GM within premises are not 
considered or investigated. The use of several sensors and 
the use of group data processing for the early detection of 
fires is not considered in [19]. The development of technol-
ogy for joint processing of data on the dynamics of two or 
more hazardous parameters of GM at premises for reliable 
detection of fire is considered in [20]. At the same time, some 
of those technologies have already been implemented in EN 
and ISO standards [21–23]. For example, paper [21] imple-
ments fire detection technology based on a combination of 
carbon monoxide and GM temperature sensors. At the same 
time, these sensors are limited to measuring traditional time 
parameters and do not make it possible to detect early fires. 
In addition, the expansion of the functionality of this tech-
nology is not provided. Study [22] discusses the technology 
of using multiple sensors to detect FP with the function of 
monitoring the status of sensors. However, this technology 
does not make it possible to detect fires in the premises. Like 
the technology reported in [21], it is limited to measuring 
only the time parameters of GM. The ISO standard [23] 
discusses the technology of using a carbon monoxide sensor 
in combination with one or more thermal sensors for use in 
fire detection and alarm systems. However, this technology 
does not apply to the joint use of a carbon monoxide and heat 

sensor with special characteristics that make it possible to 
detect indoor ignition.

Given the objective diversity and complexity of the real 
dynamics of the hazardous parameters of GM at premises 
during fires, the features of the dynamics of these parameters 
during the ignition of combustible materials, characterized 
by a different rate of burnout, remain insufficiently studied. 
In this regard, studies of instantaneous amplitude and phase 
frequency spectra of the dynamics of hazardous parameters 
of GM at premises during the ignition of various combustible 
materials are relevant.

Various types of smoke detectors are used to detect 
indoor fires [24]. Such sensors have high speed and have 
a relatively low cost. However, for these sensors, the false 
detection of fires depends on the temperature of GM [25]. 
Therefore, gas sensors [26] and temperature sensors [27] 
are usually used to reliably detect fires. At the same time, 
new types of sensors combine several sensors [28]. It is 
known that for the early detection of fires, the features of 
the pyrolysis processes of various combustible materials are 
important. In this regard, paper [29] examines the character-
istics of hazardous factors of GM during the combustion of 
plantation timber. Article [30] studies the effect of the rate 
of heat release during combustion under various conditions 
of larch. The rate of heat release during the burning of wood 
is addressed in [31]. However, the cited study is limited to 
examining the relationship between the average rate of heat 
generation and the intensity of combustion. The rate of heat 
release during the combustion of organic glass and cypress is 
investigated in [32]. Note that [29–32] do not investigate the 
features of instantaneous spectral features of the dynamics of 
hazardous GM parameters during pyrolysis of various com-
bustible materials in the room.

Works [33–36] consider new technologies for detecting 
fires that use different fractal characteristics of hazardous 
parameters of GM at premises. For example, study [33] pro-
poses to use the correlation dimensionality of the vector of 
the state of hazardous parameters of GM at premises. The use 
of recurrence plots for the concentration of carbon monoxide 
in order to identify fires in the premises is considered in [34]. 
Short-term fire forecast based on the recurrent measure for 
the GM vector in premises and the use of Brown’s zero-order 
model is the subject of work [35]. A method of adaptive cal-
culation of recurrence plots is considered in [36]. However, 
in the cited works, the fractal characteristics of the hazard 
characteristics of GM parameters at premises are based on 
the representation of GM in the form of a complex dynamic 
system. The studies are limited only to considering the time 
domain. At the same time, the spectral features of the current 
dynamics of hazardous GM parameters and its state in the 
case of fires of materials in the premises are not considered 
and are not investigated.

It is known that the best area for detecting fires is the 
ceiling area in the premises [37]. Therefore, when devising 
technologies for detecting fires for the prevention of FP, the 
role of models for the dynamics of hazardous GM parameters 
in the ceiling area has recently increased [38]. Stochastic 
models of hazardous GM parameters in the specified area 
in the premises and parameters of the fire site, taking into 
consideration its random parameters, are considered in [39]. 
However, in the cited work, the models of GM hazard dy-
namics in the ceiling area are limited only to the time do-
main. At the same time, [38] notes that many of the known 
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models need to be comprehensively tested by experimental 
fire tests. In [40], based on fire tests, it was established that 
taking into consideration the dynamics of CO concentration 
and smoke density makes it possible to reliably detect fire 
sites of the EN 54 standard. The results of fire tests, taking 
into consideration the effects of various interfering factors of 
the GM of the premises, are considered in [41]. It is noted 
that taking into consideration the combined dynamics of the 
concentration of CO and the density of GM smoke makes it 
possible to reliably identify most fire sites under conditions 
of interfering influences. The results of an experimental study 
of the relationship between the hazardous parameters of the 
GM during the ignition of materials in the premises are given 
in [42]. However, the results of the study are limited to the 
consideration of correlational relationships that take into 
consideration the linear relationship. Spectral characteristics 
that take into consideration other types of bonds are not 
considered or investigated.

Our review of the scientific literature shows that the 
features of the amplitude and phase spectra of the dynamics 
of the main hazardous parameters of GM during the ignition 
of materials in the premises are insufficiently studied. First 
of all, we are talking about the results of an experimental 
study into the spectral features of the dynamics of hazardous 
GM parameters during fires. In this regard, an important 
and unsolved part of the problem under consideration is the 
experimental study of the spectral features of the dynamics 
of hazardous GM parameters during the ignition of various 
materials in the premises.

3. The aim and objectives of the study

The aim of this work is to identify the spectral features 
of the dynamics of the main hazardous parameters of the gas 
environment during the ignition of materials in the premises. 
This will make it possible to detect fires early and prevent 
fires in the premises.

To accomplish the aim, the following tasks have been set:
– to perform a theoretical substantiation of the study of 

the spectral features of the current dynamics of the main haz-
ardous parameters of the gas environment during the ignition 
of materials; 

– to investigate the amplitude and phase spectra of the 
current dynamics for the main hazardous parameters of the 
gaseous medium during the ignition of test materials in a 
laboratory chamber.

4. The study materials and methods

Experimental studies were conducted in a laboratory 
chamber [39] simulating a leaky room. The volume of the 
chamber was 0.524 m3. In the upper part of the chamber 
at a height of 0.84 m from the base, sensors were placed to 
measure the studied hazardous parameters of GM during the 
ignition of test combustible materials. Alcohol, paper, wood, 
and textiles were considered as test combustible materials. 
During ignition, the flame height for individual test com-
bustible materials did not exceed 0.2 m. In the experiment, 
the dangerous parameters of GM xi were measured using the 
TPT-4 heat sensor, the DIP-3.2 optical smoke detector, and 
the CO sensor (Discovery series).

The measured values of hazardous parameters from the 
outputs of the corresponding sensors were stored in the com-
puter’s memory. The developed software made it possible to 
call sensors at an arbitrary time interval. In the experiment, 
the sensors were called at intervals of 0.1 s. The ignition of test 
combustible materials in the chamber was carried out approxi-
mately at time t200 corresponding to 20 s. To study the spectral 
features of the dynamics of the measured hazardous parame-
ters of GM in the chamber, two time intervals of equal dura-
tion equal to 100 counts (10 s) were selected. In this case, the 
first interval was selected between count 100 and count 200 
and corresponded to the absence of ignition of the test mate-
rial. The second interval was selected between counts 200 and 
300; it covered the moment of the beginning of the ignition of 
the corresponding test combustible material.

The study of the spectral features of the dynamics of haz-
ardous GM parameters at the intervals of absence and onset 
of ignition was carried out separately for each test material 
in the following sequence: alcohol, paper, wood, and textiles. 
During the experiment, the instantaneous amplitude and 
phase spectra of the dynamics of hazardous GM parameters 
in the laboratory chamber were investigated. To restore the 
initial conditions of GM in the chamber after each ignition 
of the test material, natural ventilation of the chamber was 
carried out for 5‒7 minutes.

5. Results of studying the spectral features of the gas 
medium during the ignition of materials 

5. 1. Theoretical substantiation of the study into spec-
tral features of the gas medium during the ignition of 
materials

The theoretical substantiation of the study into the spec-
tral features of the gas medium during the ignition of mate-
rials is based on the representation of the GM of the room 
in the form of some complex dynamic system. Inside this 
system, there is some site of possible ignition of the corre-
sponding combustible material. In the case of ignition of the 
material, GM of the room is disturbed. These disturbances 
are manifested in a corresponding change in the dynamics of 
the hazardous GM parameters. Let the state of such a system 
of the system in question at an arbitrarily fixed moment in 
time be characterized by a predefined set of hazardous GM 
parameters. As hazardous GM parameters, we shall consider 
the average volumetric temperature, smoke density, and CO 
concentration. To study the spectral features of the current 
dynamics of hazardous GM parameters, it is proposed to use 
the method of direct discrete Fourier transform applied to a 
fixed set of discrete measurements of the studied hazard GM 
parameter before ignition and after ignition of the material. 
The direct discrete Fourier transform method for a fixed set 
of discrete measurements makes it possible to calculate the 
instantaneous spectrum for a given set of measurements. The 
instantaneous spectrum differs in that, unlike other spectra, 
it is possible to characterize the amplitude frequency com-
position for the studied discrete set of measurements and 
the instantaneous phase spectrum corresponding to these 
frequencies. By selecting a discrete set of measurements 
for another time interval of the dynamics of the hazardous 
GM parameter, it is possible to determine the instantaneous 
amplitude frequency composition and the phase spectrum 
corresponding to these frequencies, characteristic of this set 
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of measurements. This means that this approach makes it 
possible to investigate the spectral features of the dynamics 
of hazardous GM parameters during ignition by selecting an 
appropriate discrete set of measurements before and after the 
ignition of the material.

The operation of calculating the direct discrete Fourier 
transform is reduced to the calculation of the average values 
of the amplitudes and phases of discrete harmonic compo-
nents determined by a specific discrete set of measurements 
for the studied interval of dynamics of hazardous GM param-
eters. For a discrete fixed size N of a measurement set x(k), 
the instantaneous DFT X(f) can be represented as follows:

( ) ( ) ( )
1

0

exp 2 / / ,
N

k

X f x k j fk N N
-

=

= - π∑  (1)

where f, k=0, 1, …, N–1; X(f) is the DFT for an arbitrary GM 
parameter and a discrete frequency f; x(k) is a discrete mea-
surement at moment k for the studied interval of dynamics of 
an arbitrary GM parameter.

Taking into consideration (1), the value |X(f)| will deter-
mine the instantaneous amplitude spectrum for the discrete 
frequency f, and the value arg[X(f)] ‒ the corresponding 
instantaneous phase spectrum (in radians) for the discrete 
frequency f. In accordance with representation (1), exper-
imental studies of the spectral features (instantaneous am-
plitude and phase spectrum) of the dynamics of hazardous 
GM parameters for fixed time intervals before and after 
ignition of the corresponding test material were performed. 
The results of our studies are given below. In the study, each 
discrete frequency f in (1) corresponded to a circular discrete 
frequency m (Hz), determined by the value ( )10 / .f N∗

5. 2. Results of studying the amplitude and phase spec-
tra of dynamics of hazardous parameters of the gaseous 
medium

The processing of the experimental data was carried out 
in accordance with the following procedures. The first pro-
cedure involved performing discrete measurements of mean 
volumetric temperature, CO concentration, and GM smoke 
density in the laboratory chamber using appropriate sensors. 
This procedure was performed at specified intervals of absence 
and presence of ignition for each test material. The second 
procedure was to store the measurement results in the com-
puter’s memory. The implementation of the first and second 
procedures was carried out using special equipment that pairs 
the outputs of the sensors with a computer, and the developed 
software that allowed the equipment to record and store the 
measured data. The third procedure was to calculate the am-
plitude and phase spectrum from the measured data according 
to (1). Figures 1 to 4 show the results of these calculations. 
The amplitude spectrum was determined by the dependence 
of the amplitude of the studied hazardous parameter GM (in 
units of measurement for the corresponding parameter) on 
the discrete frequency (in Hertz). The phase spectrum was 
determined by the dependence of the phase (in radians) on the 
discrete frequency (in Hertz). The implementation of the third 
procedure was carried out with the help of specially developed 
software in the Mathcad-14 programming environment.

Fig. 1 shows the amplitude and phase spectra for the 
mean volumetric temperature, CO concentration, and smoke 
density of GM in the laboratory chamber, obtained at fixed 
intervals before and after ignition of the test material in the 
form of alcohol.

d	
	

Fig.	1.	Amplitude	and	phase	spectra	for	the	studied	
parameters	of	the	gas	medium	in	the	chamber	before	and	

after	the	ignition	of	alcohol:	a	–	amplitude	spectrum	in	the	
absence	of	ignition;	b	–	phase	spectrum	in	the	absence	of	
ignition;	c	–	amplitude	spectrum	during	ignition;	d	–	phase	

spectrum	during	ignition

Similar amplitude and phase spectra for the mean volume 
temperature, CO concentration, and smoke density of the 
chamber’s GM before and after the start of paper ignition are 
shown in Fig. 2.

Fig. 3 shows the amplitude and phase spectra for the 
mean volumetric temperature, CO concentration, and den-
sity of smoke in the chamber’s GM at the studied intervals 
before and after wood combustion.
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Similar amplitude and phase spectra for the mean volume 
temperature, CO concentration, and smoke density of the 
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Fig.	2.	Amplitude	and	phase	spectra	for	the	studied	parameters	of	the	gas	medium	in	the	chamber	before	and	after	the	ignition	
of	paper:	a	–	amplitude	spectrum	in	the	absence	of	ignition;	b	–	phase	spectrum	in	the	absence	of	ignition;		

c	–	amplitude	spectrum	during	ignition;	d	–	phase	spectrum	during	ignition
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Fig.	3.	Amplitude	and	phase	spectra	for	the	studied	parameters	of	the	gas	medium	in	the	chamber	before	and	after	wood	
ignition:	a	–	amplitude	spectrum	in	the	absence	of	ignition;	b	–	phase	spectrum	in	the	absence	of	ignition;	c	–	amplitude	

spectrum	during	ignition;	d	–	phase	spectrum	during	ignition
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chamber’s GM before and after the ignition of textiles are 
shown in Fig. 4.
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In Fig. 1–4, for the specified study intervals, the ampli-
tude and phase spectra of the dynamics of the average volu-
metric temperature are indicated in red, the dynamics of the 
concentration of CO are indicated in blue, and the dynamics 
of the smoke density of GM in the experimental chamber are 
indicated in green.

6. Discussion of results of studying the spectral features 
of the gaseous medium during the ignition of materials

It follows from the analysis of data in Fig. 1–4 that the 
amplitude spectra of the dynamics of the studied hazardous 
parameters of GM in the chamber are uninformative from 
the point of view of detecting fires and warning of fire in the 
room. This is explained by the similarity of spectra. Ampli-
tude spectra indicate the predominance of low-frequency 
components in them, including the component with zero 
frequency. For example, the main contribution to the ampli-
tude spectrum of the dynamics of the studied hazardous GM 
parameters in the chamber, following the results obtained, is 
made by the frequency components of the range 0–0.2 Hz. At 
the same time, the amplitude of frequency components over 
0.2 Hz decreases with increasing frequency. Phase spectra of 
dynamics of hazardous GM parameters are more informative 
from the point of view of detecting fires and are sensitive 
to fires. For example, the phase distribution for frequency 
components up to 1 Hz in the absence of ignition is heteroge-
neous. The heterogeneity of the phase values of the frequency 
components for the dynamics of the studied hazardous GM 
parameters, in this case, is random and can vary from −130° 
to +130°. At the same time, in the case of ignition of the 
material, the random phase dispersion for the frequency 
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Fig.	4.	Amplitude	and	phase	spectra	for	the	studied	parameters	of	the	gas	
medium	in	the	chamber	before	and	after	ignition	of	textiles:	a	–	amplitude	
spectrum	in	the	absence	of	ignition;	b	–	phase	spectrum	in	the	absence	of	

ignition;	c	–	amplitude	spectrum	during	ignition;	d	–	phase	spectrum	during	
ignition

components of the dynamics of the studied 
hazardous GM parameters is significant-
ly reduced (Fig. 2, d). For example, when 
alcohol is ignited, the random phase vari-
ation of the frequency components is sig-
nificantly reduced for the dynamics of the 
mean volumetric temperature and the con-
centration of CO (Fig. 1, d). However, for 
smoke density, the random phase dispersion 
remains significant. A similar situation is 
observed in the case of wood fire (Fig. 3, d). 
For the ignition of textiles, the random 
spread of phases of frequency components 
is significantly reduced for all studied GM 
parameters (Fig. 4, d). However, the sign 
of the maximum values of the phases of 
the frequency components is different and 
depends on the studied GM hazard param-
eter. For example, for the dynamics of the 
average volume temperature, the sign of the 
maximum phase values is positive, and for 
the dynamics of the CO concentration and 
smoke density ‒ negative.

Thus, the results of our experimental 
studies indicate that the nature of the ran-
dom phase dispersion of the frequency com-
ponents of the dynamics of hazardous GM 
parameters depends on the type of ignition 
material. This means that by the nature of 
the unevenness of the phase spectrum of the 
dynamics of hazardous GM parameters, in 

principle, it is possible not only to detect fires in the premises 
but also to recognize the type of ignition material. However, it 
should be noted that the use of the spectral approach in question 
does not make it possible to obtain information about the time 
of appearance of specific frequency components of the spectrum 
(their amplitudes and phases). Therefore, the spectral approach 
does not provide temporary localization of fires, which is an 
important indicator for fire prevention. In this case, the ignition 
time in this approach is determined only by the time position 
of the data sampling interval for the corresponding hazardous 
GM parameter. In addition, the accuracy of calculating the 
amplitude and phase spectra depends on the size of this sample. 
At the same time, the larger the sample size of the data, the more 
accurately the specified instantaneous spectra are calculated. 
For example, in the experiment, the sample size was determined 
by 100 counts followed by an interval of 0.1 s. This means that 
the analysis interval in the experiment was 10 s. Therefore, the 
results obtained from the study of the spectral features of the 
dynamics of hazardous GM parameters make it possible to de-
tect a change in the spectral composition of the dynamics only 
for fixed intervals of data sampling time. In the experiment, 
this interval was 10 s. Therefore, for this interval, the frequency 
resolution corresponds to a value of 0.1 Hz.

The merit of this study is in the novelty and originality 
of the results associated with the spectral features of the 
dynamics of hazardous GM parameters and the possibility of 
their use for early detection of fires and warning of FP.

The limitations of the study include the fact that the re-
sults obtained are based on the experimental measurements 
of hazardous GM parameters in a laboratory chamber. In 
this regard, verification of our results requires additional fire 
tests, taking into consideration combustible materials char-
acteristic of the real facilities.
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7. Conclusions

1. A theoretical substantiation of the ongoing studies of 
the spectral features of the dynamics of the main hazardous 
parameters of the gas medium during the ignition of materi-
als has been carried out. The basic approach, in this case, is 
to calculate the direct discrete Fourier transform for the same 
number of discrete measurements of the time intervals of the 
studied dynamics of the hazardous parameters of the gas me-
dium before and after the ignition of the material. With this 
approach, the discrete Fourier transform makes it possible to 
determine the instantaneous amplitude and instantaneous 
phase spectra for the time intervals under consideration. This 
makes it possible to study the features of the distribution of 
instantaneous amplitudes and phases of harmonic compo-
nents in the spectrum of dynamics of hazardous parameters 
of the gas medium before and after the ignition of materials.

2. The amplitude and phase spectra of the dynamics of the 
main hazardous factors of the gas medium during the ignition 
of test materials in the laboratory chamber have been inves-
tigated. The results of experimental studies indicate that the 
nature of the amplitude spectrum is uninformative from the 
point of view of detecting fires and is not sensitive enough to 
fires. This is explained by the similarity of amplitude spectra. 
Amplitude spectra are characterized by the predominance of 
low-frequency components in them, including the frequency 
component with zero frequency. It has been established that 
the main contribution to the amplitude spectrum of the dy-

namics of the studied dangerous parameters of the gas medi-
um in the chamber is made by the frequency components of 
the range 0–0.2 Hz. At the same time, the contribution to the 
amplitude spectrum of frequency components over 0.2 Hz 
decreases significantly with increasing frequency. Phase spec-
tra of dynamics of hazardous parameters of the gas medium 
for high-frequency components are more informative and 
sensitive from the point of view of detecting fires. It has been 
established that for the phase spectrum, the nature of the 
random phase dispersion for frequency components exceed-
ing 0.2 Hz is informative. In this case, the nature of the phase 
dispersion for these frequency components in the spectrum 
depends on the type of ignition material. It is shown that by 
the nature of the distribution of phases of the frequency com-
ponents of the spectrum of dynamics of hazardous parameters 
of the gas medium, it is possible not only to detect fires in 
the early stages and warn of a fire in the premises but also to 
recognize the type of ignition material. However, the results 
of our studies show that the phase spectrum of dynamics of 
hazardous parameters of the gas medium during fires does 
not allow for accurate localization at the time of the onset of 
fires. The temporal localization of ignition is determined by 
the current temporal position of the strobe of the sample of 
measurements used to determine the instantaneous spectrum 
of the dynamics of the dangerous parameter of the gaseous 
medium. It is noted that the accuracy of calculating the am-
plitude and phase spectra depends on the sample size of the 
measurements.
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