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THEORETICAL ISSUES AND DESIGN OF LASER SYSTEMS (LS)

Summary. During the last decade, significant achievements in quantum electronics have made it possible not only
to create unique ranging systems based on lasers but also to effectively apply them in various fields of science and
technology. In particular, laser ranging systems enable reliable observation of the motion of objects with different
target purposes.

It is well known that any ranging system is intended to obtain information about a remote object. This information
is delivered by a ranging signal and extracted through special signal-processing techniques. The main feature of
lidar systems is that the received signal is not generated by the observed object specifically to transmit information.
Instead, it represents either the object’s own radiation or the result of reflection of probing radiation from the surface
of the object.

Depending on the type of ranging radiation used, different types of information about the object can be obtained.
The efficiency of a ranging system is determined, on the one hand, by the amount of information received as well as
the speed and accuracy with which this information is obtained, and on the other hand, by how technically feasible
it is to implement such a system.

From these perspectives, laser ranging systems have increasingly been preferred in recent years. These systems
allow high-precision measurement of the coordinates and velocity of objects, provide information about their shape,
and determine the characteristics of their surfaces.

At the same time, laser ranging systems can have relatively compact dimensions and are energetically efficient.
This advantage is largely due to the fact that their probing signal can be concentrated within a narrow beam angle,
which is often comparable to the angular region in which the observed object is visible.

Keywords: laser ranging systems, lidar, signal processing, receiver systems, optical design, measurement
accuracy.

Introduction. During the last decade, significant achievements in quantum electronics have made
it possible not only to create unique ranging systems based on lasers, but also to effectively use
them in various fields of science and technology. In particular, laser ranging systems enable reliable
observation of the motion of objects with different target purposes.

It is well known that any ranging system serves to obtain information about a remote object.
This information is delivered by a ranging signal and is extracted from it through specialized signal
processing. The main feature of all lidar systems (LS) is that the received signal is not generated by
the observed object specifically for transmitting the required information. Instead, it is merely the
result of the object’s own radiation or arises due to the reflection of the probing radiation from the
surface of the object.

Depending on the type of ranging radiation used, different types of information about the object can
be obtained. In this case, the efficiency of the ranging system itself is determined, on the one hand, by
the amount of information obtained, as well as by the speed and accuracy with which this information
is acquired, and on the other hand, by how technically simple it is to implement the given lidar system.

From precisely these perspectives, laser ranging systems have increasingly been given preference
in recent years. These systems make it possible to measure with high accuracy the coordinates and
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velocity of an object, obtain information about its shape, and determine the characteristics of its
surface.

At the same time, laser ranging systems may have relatively compact dimensions and are
energetically efficient. The latter is largely due to the fact that their probing signal can be concentrated
within a narrow beam angle, which is often comparable to the angular region within which the
observed object is visible.

Recent Research and Publications Analysis. Recent research in the field of laser ranging systems
(lidar technologies) demonstrates a steady progression toward higher accuracy, improved signal
processing techniques, and expanded application areas. Analysis of contemporary publications
indicates that modern studies are primarily focused on enhancing detection performance, increasing
noise immunity, and optimizing system architecture.

A significant body of recent work is devoted to advanced signal processing methods. In particular,
adaptive and Bayesian detection algorithms have been developed to improve target detection under
uncertainty and interference conditions. As shown in [17], adaptive threshold control and multi-
channel processing significantly increase detection efficiency compared to conventional single-
channel approaches. Similarly, statistical signal processing methods described in [9], [14] allow for
effective extraction of useful signals in the presence of strong background noise.

Another important research direction concerns the improvement of receiver systems and optical
configurations. Studies such as [20] demonstrate that optimization of receiving optics — particularly
multi-element and combined mirror—lens systems — can significantly enhance system sensitivity and
reduce dimensional constraints. In addition, the use of multi-telescope configurations and optical fiber
coupling, as reported in [26], provides improved signal collection efficiency and spatial resolution.

Modern publications also emphasize the development of coherent and Doppler lidar systems.
These systems enable precise measurement of velocity parameters, including wind speed and object
motion, which are critical for atmospheric and environmental applications. Research presented in [6]
shows that coherent Doppler lidar systems can achieve high accuracy in velocity estimation, although
new estimation methods are required to eliminate systematic biases under complex atmospheric
conditions.

Furthermore, frequency-modulated and phase-coded signal techniques have gained considerable
attention in recent years. According to [29] and [30], these methods improve target recognition
reliability, increase resolution, and reduce the influence of interference. The application of coding
techniques and modulation schemes enhances system robustness and allows more efficient extraction
of information from reflected signals.

Recent studies also highlight the growing importance of environmental and atmospheric
applications of lidar systems. Multi-wavelength and Raman-based lidar techniques, as described in
[15], enable detailed analysis of atmospheric parameters such as aerosol concentration, temperature,
and humidity. These systems are widely used for environmental monitoring and climate research.

In addition, there is a clear trend toward the miniaturization and energy efficiency of laser
systems. Modern lidar devices are becoming more compact while maintaining high resolution and
performance characteristics. This makes them increasingly suitable for integration into aerospace
systems, autonomous navigation technologies, and mobile platforms.

Overall, the analysis of recent research confirms that laser ranging systems continue to evolve
rapidly due to advances in optics, electronics, and computational methods. Future developments
are expected to focus on real-time data processing, integration with intelligent systems, and further
improvements in accuracy, reliability, and system autonomy.

Purpose of the Research. The purpose of this study is to analyze the theoretical foundations and
design principles of laser ranging systems, with a particular focus on signal processing methods,
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receiver system configurations, and factors affecting measurement accuracy. The work aims to
summarize existing approaches and identify key parameters that influence the performance and
efficiency of lidar systems. Special attention is given to the relationship between system design and
practical application capabilities in modern engineering and environmental monitoring tasks.

Results and discussion. Theoretical Issues and Design of Laser Systems (LS). In the work [1], a
brief history of the development of laser rangefinders beginning from 1963 is presented. The authors
then attempt to evaluate the influence of the nature of the target, propagation conditions, and other
factors on the resulting performance characteristics of such rangefinders.

An optimal relationship between the divergence of the laser beam and the angular size of the
target is determined. The influence of the probing pulse duration and the extent of the target on
measurement accuracy is also analyzed. In addition, an algorithm that ensures automatic target
selection and identification is described. During the discussion of the results obtained in the study,
the possibility of creating laser rangefinders capable of both automatic target detection and target
identification is emphasized.

The theory of vision in scattering media and issues related to image formation of an object
taking into account the shadow created by it are considered in the work [2]. Studies involving the
observation of an underwater object have shown that the shadow contrast against the background of
backscattering noise from the medium, when observed using a pulsed laser—television vision system
with temporal gating, depends on the position of the temporal gate, which determines the shadow
depth. The contrast reaches its maximum at a certain specific depth.

A computer program for engineering calculations of laser ranging systems is described in [3].The
proposed software makes it possible to calculate the geometric function of a laser locator with an
arbitrary transmitter—receiver geometry and to evaluate the potential capabilities of laser locators. As
an example, the results of testing an Italian infrared differential absorption and scattering laser locator
are presented.

The structure and characteristics of the maximum likelihood detector for a target with unknown
range and velocity were determined in the work [4]. The dependence of detection efficiency on the
parameters of the sequence of probing optical pulses was investigated.

In the work [5], the problem of estimating the range to a target using an optical locator during the
reconstruction of the target image (configuration) is considered. The process of computer simulation
of atmospheric phenomena and target parameters influencing the accuracy of range measurements
when using a pulsed optical locator with direct signal detection in the receiver channel employing
PIN diodes or avalanche photodiodes is presented.

During computer simulation, images were obtained that functionally depend on a large set of
varying parameters of the atmosphere, targets, and sensitive elements of the optical locator, with range
measurement accuracy corresponding to fractions of the signal pulse duration. The simulation made it
possible to obtain arbitrary target configurations and to take into account the influence of diffraction
image spots, medium turbulence, and effects occurring in both the near and far zones. A comparison
of simulation results with actual range measurement errors obtained during field experiments was
also carried out.

The efficiency of estimation functions for the mean wind velocity was determined in the work [6]
through computer modeling of measurements performed by a solid-state coherent optical locator with
a Gaussian-shaped probing pulse for wind fields at the cloud interface with deterministic profiles of
velocity and aerosol scattering.

The efficiency of the velocity estimates is characterized by the standard deviation from the mean
estimate and by the bias relative to the input velocity. The study shows that for evaluating conditions
created by clouds, a new class of estimation functions is required, since the use of traditional techniques
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leads to biased estimates. Data with high signal energy were considered, resulting in negligibly small
random deviations.

In [7], the intensity of light signals reflected by objects and the intensity of reflected light at the
receiver location are calculated based on the theory of radiation and reflection of a collimated light
beam. The results of these calculations form the basis for theoretical estimates of the operational
range of an underwater laser locator.

The dependence of the operational range on the main parameters of the locator such as the target
observation angle of the receiver, the distance between the laser transmitter and the receiver, and the
light reflection coefficient of the object is analyzed. A relationship (in logarithmic form) between the
operational range and the radiation power in a real laser locator is obtained.

Signal Processing Methods. A review of several aspects of information processing in pulsed
laser rangefinders, which makes it possible not only to measure distances but also to perform target
selection and recognition, is presented in [8]. The articles in this collection present research results
on the influence of the atmosphere on ranging measurements, studies of coherent reception, and the
development of the component base for coherent locators. Papers on optical processors, including
those implemented in integrated-optical form, are also presented.

In [9], methods of statistical description and processing of laser locator signals in the presence
of interference are considered. The specific characteristics inherent to atmospheric laser sounding
systems are discussed. Possibilities for improving measurement accuracy and reducing measurement
time under conditions of intense background interference and low signal-to-noise ratios at the input
of the receiver system are demonstrated.

In the work [10], the development of a microprocessor-based system is reported, which makes it
possible to track variations in the parameters of the transmitting and receiving paths of a laser locator
and to take them into account during the processing of the obtained results. This approach leads to
increased accuracy in the measurement of atmospheric parameters.

In the report [11], the changes in narrowband noise spectra under phase modulation are investigated.
It is shown that due to phase manipulation, the noise spectrum expands in the absence of a signal,
whereas in the presence of a signal (S/N > 1) it remains unchanged. Experimental results confirmed
that in the absence of a useful signal at the input of the receiver device, the noise spectrum at the
output of the phase switch is twice as wide as the spectrum at its input. A relationship between the
output spectrum width and the signal-to-noise ratio at the receiver input was determined.

In [12], it is noted that the spectral differences between the mixture of useful signal and noise and
pure noise can be used to improve the sensitivity of receiving devices. A method for increasing the
noise immunity of a laser locator receiver is proposed. The method is based on the creation of an
additional channel that utilizes the structural differences between the signal-noise mixture and pure
noise to control the main reception channel. The operation of the additional channel is based on the
phenomenon of narrowband noise spectrum expansion under phase modulation.

In [13], two lasers scanning alternately in orthogonal planes are used for remote measurement of
the spatial orientation of an object. Photosensitive elements mounted on the object receive the laser
radiation. Characteristic points of the receiving part of the photosensitive elements are considered as
reference points, whose positional parameters are known a priori. The signal from the illuminated
reference point is processed by a computing unit, where the angular coordinates of the reference point
are determined from the reconstructed projections corresponding to the current angular position of
the scanning strip.

In [14], multichannel detection systems for optical signals reflected from a target in the presence of
aerosol interference are considered. The reflected signal may appear in one of the spatial observation
channels. For the synthesis of the interchannel signal processing algorithm, an energy contrast criterion
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was introduced. It was established that the optimal processing according to the selected criterion is
the weighted summation of signals from the channel outputs. A system of equations for calculating
the optimal weighting coefficients for arbitrary interchannel correlation coefficients of noise signals
was obtained. Solutions of this system were found for cases of strong and weak correlation.

In [15], a description and analysis of a version of the standard Raman method — a combined
reception method of elastic backscattered lidar signals — is presented. In the new version, in addition
to emission at a single wavelength and reception at two wavelengths, which is characteristic of the
original method, emission at a second wavelength is introduced. The second wavelength is exactly
equal to the wavelength of the second reception channel the Raman reception channel. The second
wavelength of the reflected signal is formed due to the Raman shift, which corresponds to the frequency
shift of radiation in molecular nitrogen or oxygen. The additional radiation at this wavelength in the
new version makes it possible to suppress effects associated with difference frequencies, which cause
systematic errors in the original version of the method.Konen hopmbt

In the work [16], the possibility of applying standard signal processing methods of a CO, optical
locator is demonstrated. A specific feature of these systems is the presence of intrapulse frequency
modulation (FM). Compression of the frequency-modulated signal spectrum is performed using a
matched filter. An expression for the matched filter with a cosine weighting function is presented.
Simulation of the processing of the FM-modulated signal confirms the calculated values of the range
resolution of the optical locator (0.57 m) and the velocity resolution (0.04 m/s).

In the work [17], the problem of detecting a laser signal reflected from an extended object under
conditions of incomplete a priori information about its statistical characteristics is reduced to the
problem of distinguishing laser signals reflected from objects and from the underlying surface in
the presence of noise. Based on the adaptive Bayesian approach, an optimal detection algorithm
was obtained. It is shown that the optimal algorithm requires two-channel processing with adaptive
control of the detection threshold. Using a particular example, it is demonstrated that the synthesized
algorithm provides a significant gain in detection efficiency compared with the traditionally used
single-channel algorithm.

In the work [18], it was established that the phenomenon of overlap of output pulses of the
photomultiplier tube in the receiver of a laser locator leads to a significant limitation of the capabilities
of such locators. The construction of a receiver system that eliminates this phenomenon through the
use of additional conversion of input signals into single-frequency damped oscillations is described.
A detailed analysis of the system implementing this method is presented, including investigation of
the statistical characteristics of the output signals, evaluation of the dynamic range of the system,
and its amplitude resolution capability. The main advantages of the considered system are evaluated,
including high amplitude and temporal resolution, reduced non-stationary background fluctuations,
and high sensitivity.

Issues related to information acquisition and processing in pulsed laser rangefinders for the
purpose of extracting characteristic features of the ranging object, as well as target selection and
recognition under interference conditions, are considered in the work [19]. In this study, the influence
of the spatial extent of the target, inhomogeneity of the radiation beam, and random errors in aiming
the rangefinder at the target was taken into account. Algorithms and schemes for automatic target
selection are analyzed. A principle for signal extraction from the target and recognition based on
information contained in the reflected pulse is proposed.

Receiver Systems and Beam Switching Methods. In [20], various receiving objectives of a laser
locator are considered: three types of lens systems, two types of mirror systems, three types of mirror—
lens systems, and two types of multi-element composite systems. A comparative analysis of these
systems is carried out using generalized quality criteria.
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The proposed comparison method and the diagram of energy and dimensional characteristics make
it possible to select the optimal objective according to the introduced relative efficiency coefficient
or according to the minimum longitudinal dimension (for equal optical diameters). It is shown that
the most compact objectives are those based on the Mangin mirror configuration, Fresnel lenses, and
multi-element composite systems (in order of increasing size).

In [21], it is proposed to use a digital method of channel switching instead of the amplitude
switching method. This approach makes it possible to reduce the switching time between channels to
5-10 ns, which practically eliminates errors arising from channel switching and completely removes
switching transients.

In [22], calculations of the main characteristics of a receiver device based on a quadrant detector
are presented. This makes it possible to select optimal elements of a laser locator from the standpoint
of accuracy and response speed.

In [23], estimates of the capabilities of frequency-modulated laser locators with frequency
conversion implementing various environmental monitoring methods are presented. Principles of
system design and approaches for improving the metrological characteristics of continuous laser
locators are discussed.

In [24], adescription of the ALOMAR optical locator located in Andenes (northern Norway) is presented.
The system is operated by a joint research group from Germany, the United Kingdom, and France.

The ALOMAR lidar includes Rayleigh, Mie, and Raman channels and has been operating as
part of a research station since 1995. The schemes for frequency and beam direction stabilization
of the three-color laser transmitter (1064 nm, 532 nm, and 355 nm) are discussed. Receiver channel
configurations of the telescope, improved daylight detectors, and automation schemes for subsystem
control are also presented.

Statistical data obtained during two years of observations, including measurements of polar
stratospheric clouds and noctilucent clouds, are presented. Measurements of air mass density at
different wavelengths are discussed. Atmospheric layer temperatures were determined using different
methods, and the spatial wind vector was measured. Results of studies on the morphology and structure
of atmospheric layers, as well as the properties of cloud particles and aerosols, are also presented.

In [25], the results obtained using the Bonn University optical locator installed in Kiruna (Sweden)
are discussed. The system is used to study the aerosol content in the middle and upper troposphere,
including cirrus clouds in the troposphere, polar stratospheric clouds, the formation region of variable
clouds in the winter stratosphere, noctilucent clouds in the summer mesopause, and stratospheric
aerosols, including possible volcanic aerosols.

The optical locator uses an Nd:YAG laser emitting pulsed signals with linear polarization at
wavelengths of 1064 nm, 532 nm, and 355 nm, together with a 50 cm diameter telescope, allowing
measurements at altitudes from 5 to 100 km. A narrow field of view and special narrowband spectral
filters enable measurements during daytime conditions. During the period January—March 1997,
several dozen polar stratospheric clouds were detected. Signals received by three telescopes were
converted by photomultiplier tubes and stored in the memory of a PC operating under MS-DOS.

In [26], an experimental evaluation of the aperture synthesis of a receiving telescope for a Rayleigh
lidar system based on an Nd: YAG laser with a pulse energy of 400 mJ at a wavelength of 532 nm and
a repetition frequency of 20 Hz is presented. Three telescopes with 350 mm apertures were integrated
using optical fibers. Measurements of density and temperature in the middle atmosphere (30—-80 km
altitude) demonstrated improved system performance as a result of the synthesized receiving aperture,
confirming the predicted results.

In [27], the dependence of lidar signals within the field of view on aperture size is analyzed.
Observation results for Newtonian and Cassegrain telescopes are presented. Analytical expressions
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describing the geometric configurations of lidar systems are derived and show good agreement with
experimental data.

In the work [28], the results of Doppler measurements of wind and temperature obtained using
the ALOMAR Arctic research optical locator for observing the middle atmosphere are presented.
Located in Andeya (Norway), the ALOMAR lidar has been conducting observations since 1996,
employing Rayleigh, Raman, and Mie channels.

The system includes a two-channel Nd:YAG laser transmitter (type GCR6-30) with an output
power of 12 W at a wavelength of 532 nm. After modernization, the lidar was equipped with a
scanning two-channel telescope with a diameter of 1.8 m, forming a fan-shaped radiation pattern
for monitoring winds in the stratosphere. The obtained data confirm the presence of predominant
westerly wind flows in winter and weak easterly flows in late spring and early summer. Measurements
were mainly performed at a wavelength of 532 nm. The results confirm the effectiveness of Doppler
interferometric imaging using lidar systems and demonstrate the possibility of measuring wind and
temperature of atmospheric layers both during daytime and nighttime.

In [29], the phenomenon of reflection of frequency-modulated light waves is considered. This
phenomenon makes it possible to detect the presence of targets within visually opaque media
containing suspended diffusely scattering particles.

Signals at the modulation frequency /(f) and at the first harmonic /(2f) allow the difference
in intensities of orthogonal vectors of circular and linear polarization to be measured almost
instantaneously. Studies of reflections from different types of targets show that the sensitivity of
imaging systems using signals with different polarizations depends on: sharp edges of targets, surface
texture, and polarization-dependent absorption of the detected object.

The penetration depth of optical beams with linear and circular polarization when using polarization-
optical methods for studying turbid media depends on the laser beam intensity, the size of diffusion
particles, and the nature of the target.

In the work [30], a comprehensive methodology for target recognition based on laser beam coding
in a laser locator system is considered. Beam coding makes it possible to solve problems associated
with electromagnetic interference and synchronous noise, which occur during target recognition, to
increase recognition resolution, and to reduce errors of single-signal reception.

A method for coding the laser beam using a modulating M-sequence is proposed, ensuring the
operation of the recognition system. The proposed method significantly increases the reliability and
security of information transmission, improves the quality of interrogation and response signals, and
enhances the stability of the system. Block diagrams of the coding system, the use of the code for
modulation of the laser emitter, the receiver channel (including a preamplifier, filter, automatic gain
control unit, gating circuit, and signal conversion for the single-chip microprocessor 80C31), as well
as the control center for code generation and M-sequence formation, are presented.

In the work [31], the principle of constructing an optical rangefinder based on measuring the phase
difference between transmitted and received signals is presented. A table containing parameters of
optical locators of this type produced by different manufacturers is provided.

The operational range varies from 20 m to 1 km, the measurement accuracy ranges from 3 mm to
5 cm, and the resolution reaches 1 mm. Applications of these optical locators are discussed, and it is
noted that they are used as part of onboard equipment of ships and aircraft in combination with the
Global Positioning System (GPS).

In the work [32], it is noted that when laser locators are used for detecting targets at long ranges
or small targets at moderate distances, the geometric dimensions of the laser beam often exceed the
geometric dimensions of the target. Under such conditions, a crucial parameter in the design of laser
locators becomes the effective reflective surface of the target.
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A method is proposed for estimating this parameter for geometrically complex targets based on a
series of images obtained using the same laser locator at short distances. The essence of the proposed
method is described in detail, and the problems arising when applying this approach are discussed.

In the work [33], information on new developments related to laser locators is presented. In
particular, the development of a laser locator for monitoring atmospheric conditions and determining
the concentration of harmful substances is reported.

The described locator includes a telescope system capable of obtaining information on the spatial
and temporal distribution of pollution concentrations. Experimental results from testing this laser
locator are presented. Additionally, the development of a laser triangulation system is reported, which
enables measurements in the range of 80 to 203 mm with a resolution of 0.00025 of the measured
distance.

In the work [34], the results of applying a scanning Raman laser locator for probing the atmospheric
boundary layer with high spatial and temporal resolution are presented. Developed methods for
analyzing the obtained sounding results are described.

The possibility of measuring the absolute humidity content and rapidly calculating the evaporation
flux velocity and other atmospheric parameters over arelatively large area based on these measurements
is demonstrated. Examples of atmospheric sounding and data analysis are presented, including
determination of the spatial and temporal resolution required for remote sensing measurements in the
atmospheric boundary layer.

Conclusion. The review of modern laser ranging systems demonstrates the rapid development
of lidar technologies and their wide application in scientific, environmental, and engineering fields.
The analysis shows that the performance of laser locator systems strongly depends on the design of
receiver systems, signal processing algorithms, and methods of beam control and modulation.

Advanced signal processing techniques, including adaptive detection algorithms, coherent
reception, and frequency-modulated signal processing, significantly improve detection accuracy,
range resolution, and noise immunity. In addition, improvements in receiver optics, multi-channel
detection systems, and polarization-based analysis contribute to enhanced system sensitivity and
reliability.

Modern lidar systems are increasingly used for atmospheric monitoring, environmental studies, and
remote sensing applications. The development of compact, high-resolution, and energy-efficient laser
locator systems, along with improved data processing methods, will further expand their capabilities
for precise remote measurements and target recognition.
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C. Ka30exoBa
A3epOaiikaHCHKUI TeXHiYHMII yHiBepcuTeT

TEOPETUYHI IMTAHHSA TA IPOEKTYBAHHA JIABEPHUX CUCTEM (LS)

Anomauis

[poTsiroM 0CTaHHBOTO ACCATHIIITTS 3HAYHI JOCATHEHHS B Taly3l KBAHTOBOI €IEKTPOHIKH Jajli 3MOTY HE JIHIIe
CTBOPIOBATH yHIKaJIbHI JAJICKOMIPHI CUCTEMH Ha OCHOBI JIa3epiB, ajie i e(heKTUBHO 3aCTOCOBYBATH 1X Y Pi3HUX ce-
pax HayKd 1 TeXHIKW. 30KpeMa, JIa3epHi JaJeKOMipHi cucTeMH 3a0e3euyloTh HaJliiHe CIIOCTEPEKEHHS 338 PyXOM
00’€KTiB Pi3HOTO TIPU3HAYCHHSI.

Bigomo, 1110 Oy/b-siKa JajeKoMipHa CHCTEMa MPU3HaueHa JijIs OTPUMaHHs 1H(POpPMAIIT PO BifaIeHUH 00 €KT.
L1s iHdopMaltist epeaaeThes 3a JOMOMOTO 30HyBaJbHOIO CUTHATY Ta BUJIYYa€ThCS 32 JIOIIOMOTOI CIIeHiaIbHUX
MeTo/iB 00poOKH curHaniB. OCHOBHOIO OCOONHMBICTIO JiJAPHUX CUCTEM € Te, L0 NPUMHSATHI CUTHAI HE TeHePY€ETh-
cs CIOCTepeKyBaHUM 00’ €KTOM CIIEIianbHO JUIs TiepeaBanHs iHpopmarii. HaromicTs BiH sBIsie c00010 a00 BiacHe
BUIIPOMIHIOBaHHS 00’€KTa, 200 pe3yibTar BiIOUTTS 30HyBaJbHOTO BUIIPOMIHIOBAHHS Bijl OTO TIOBEPXHI.

3aJe’HO BiJ TUITY BUKOPUCTOBYBAHOTO 30H/IyBaJbHOTO BHIIPOMIHIOBAHHS MOXKHA OTPHMATH Pi3Hi BUIH 1HHOP-
Marii mpo 00’€ekT. EQeKTHBHICTD TaIeKOMIPHOT CHCTEMH BU3HAYAETHCS, 3 OHOTO OOKY, 00CSIroM oTpuManoi iHdop-
Mallii, a TAKOXK IIBHJIKICTIO W TOYHICTIO T OTPUMAaHHS, a 3 IHIIOr0 — TEXHIYHOK MOXKJIMBICTIO peasti3allii Takol cuc-
TEMH.

3 omIsiy Ha 11i aCTeKTH, OCTaHHIMU POKaMHU Bce OLIBIIOro MOMMpeHHs HaOyBaroTh JIa3epHi JaJeKOMIpHI chucTe-
Mu. Bonu 3a0e3me4yroTh BICOKOTOUHE BUMIPIOBaHHS KOOPMHAT 1 IBUAKOCTI 00’ €KTIB, HAAIOTh iHQOpMALIiFO PO
ixHI0 (hOpMY Ta IO3BOJISFOTH BU3HAYATH XaPAKTEPUCTHKH IXHIX TTOBEPXOHb.

BonHouac nasepHi JajgeKoMipHi CHCTEMH MOXKYTh MaTH BiJIHOCHO KOMIIAKTHI PO3MIpH Ta € EHEPreTUIHO e(ek-
TUBHUMHU. LIs1 mepeBara 3Ha4HOK MIpPOKO 3yMOBJICHA THUM, IO TXHIH 30HIyBaJbHUI CHI'HAI MOXE OyTH 30Cepe/-
JKEHUH Y By3bKOMY KyTi IPOMEHSI, SIKMH 9acTo € CIIBMIPHHM 13 KYTOBOIO 00JIACTIO, B SIKiif CIIOCTEPIraeThest 00’ €KT.

Kniouosi cnosa: nazepHi 1anekoMipHi CUCTEMH, JTijap, 00poOKa CUrHAIIB, IPUIMaJIbHI CHCTEMH, ONTHYHE TIPO-
€KTYBaHHSI, TOYHICTh BUMIpIOBaHb.
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