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Due to two focuses, ellipsoidal reflectors are unique reflective optical elements that allow conjugate imaging in
two focal planes within their inner cavity. Such reflectors are used in various devices, such as lens telescopes, to
achieve high resolution. They have found applications in microscope optical systems to increase the depth of field. They
are used in scientific instruments, such as laser systems, to ensure the laser beam's high accuracy and stability. Despite
their advantages, the non-spherical shape of ellipsoidal reflectors also introduces drawbacks in the form of errors
arising from raytracing on the side surface. It complicates aberration analysis and necessitates specialized software for
multi-vector ray tracing. Considering the deviations in the coordinates of the intersections between rays and the second
focal plane allows for optimizing the reflector design to achieve maximum efficiency. Therefore, this work aims to
enhance the efficiency of the aberration analysis of ellipsoidal reflectors by developing principles and informational
tools for multi-vector ray tracing.

The article presents the results of developing an information system for multi-vector analysis in ellipsoidal
reflectors. The developed multi-vector algorithm enables selecting tracing modes, tuning launch parameters, and
setting the step size for launching rays. The specialized software features for single- and multi-vector raytracing in an
ellipsoidal reflector are presented. The side surface of the ellipsoid is the object under study. The software provides the
capability to realize different methods of multi-vector ray tracing, such as radius-based, diameter-based, and partial
radius-based, for different types of tasks, thereby expanding the possibilities for visualizing the simulation results.

Based on the multi-vector aberration analysis of the side surface of the ellipsoidal reflector, the center coordinates
and root mean square deviations were obtained for different reflection acts when changing the zenith angle of tracing.
The influence of zenith angles on coordinate variations was assessed, which can be realized in selecting parameters for
ellipsoidal reflectors and designing the optical system of photometers for various purposes. It can also aid in
developing additional means to compensate for aberrations or modify the reflector’s side surface shape.

Keywords: ellipsoidal reflector, raytracing; multi-vector, aberration analysis; Centroid; RMS.

Introduction

Non-spherical optical systems achieve high
image quality that cannot be achieved with traditional
spherical systems [1, 2]. These systems consist of
geometrically complex surfaces, and their design
involves various technical and technological
challenges related to manufacturing, shape control,
aberration compensation, etc. [2 - 5]. Optical elements
of non-spherical shapes have found wide applications
in mirrors and reflectors, which have aspheric forms,
meaning  their  surfaces  represent  complex
mathematical curves that cannot be obtained by
simply changing the radius of a spherical surface [6,
7]. Non-spherical reflectors can have different forms,
depending on the variation of the conic
constant k according to the surface profile equation,
such as parabolic (k= -1), hyperbolic (k< -1), or
elliptical (k > 0).

An essential element of non-spherical optics is
the ellipsoidal reflector (ER), with an internal
reflecting surface characterized by two focuses the
presence that forms two focal planes perpendicular to
the ellipsoid major axis [7]. The focuses are located on

the ellipsoid major axis and have the same focal
distance f from the ER center, allowing an object
placed in one focal plane to have an image formed in
the other. This property gives ER an advantage over
different types of reflectors and finds wide application
in the design of biomedical photometers, telescopes,
and various optical systems where achieving high
image quality and efficient concentration of light flux
is essential [7 - 10]. Like other optical elements, ER is
subject to various types of aberrations, such as
spherical aberration, coma, and astigmatism, which
degrade the image quality and require the
development of specialized compensation algorithms.
These algorithms can be developed based on the ray-
tracing properties study of the ER surface [11 - 14].

In photonics and optical engineering software,
raytracing  simulates electromagnetic  (optical)
wavefronts propagation through a system [12]. Rays
are represented as lines constructed using discrete
points on surfaces, representing the wavefront's local
position as it propagates through the optical system
[15-19].
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Raytracing is an effective method for
investigating reflectors, as it allows for modeling the
light propagation in complex optical systems,
including ellipsoidal reflectors [20]. During raytracing
in ER, the path of a ray that emerges from the first
focal plane reflects off the reflector side surface and
intersects the second focal plane at a certain point is
determined [17, 19]. The coordinates of this point
serve as the basis for calculating the deviation of its
position from the coordinates in an ideal system,
which is a characteristic of aberrations.

Aberration analysis of the ellipsoidal reflectors'
side surface through the investigation of raytracing
properties will allow for the improvement of ER
designs and optical systems of various photometers by
designing  additional means for  aberration
compensation or modifying the reflector's side surface
shape [8, 20].

Based on the above, this article aims to enhance
the ellipsoidal reflectors' aberration analysis efficiency
by developing principles and informational systems
for multi-vector raytracing on their side surface.

Ellipsoid semi-axis

t Z fixed

Azimuth fixed =0
Azimuth
start/end =[0;
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step =[0; 2m]

Azimuth fixed
¢ =[0;2n]

Single-vector launch

Multi-vector ray tracing algorithm in
ellipsoidal reflector

A wide range of data is required to multi-vector
aberration analysis of the ER side surface, which
involves significant time investment. Therefore, a
multi-vector raytracing algorithm in an ellipsoidal
reflector has been developed in this work. A cavity
ellipsoid of revolution forms the reflector shape with
an internal mirror surface and orthogonal planes at
focal distances from the ellipsoid center. In other
words, the focal planes are located at the perifocal
distance from the intersection points of the major
ellipsoid axis with the side surface [11 - 14].

Figure 1 illustrates the algorithm for multi-vector
raytracing in ellipsoidal reflectors, which begins with
the ellipsoid geometric parameters’ adjustment,
particularly the major a, and the minor b axis,
followed by the focal distance f, focal parameter p,
and eccentricity e calculation.

Multi-vector launch
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Fig. 1. Multi-vector raytracing algorithm in ellipsoidal reflector

The next step is to determine the need for fixing
the Z-axis. Suppose it is necessary to compute the

intersection of rays with a specific plane at a certain
distance from the ellipsoid center. In that case, the
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value is entered in the "zfixed, mm" field, which
belongs to the interval [-f,f], wheref— focal
parameter. Otherwise, we check that "z fixed, mm" is
set to 0 and enter the step size of the ap-axis, which
determines the spacing between the ray intersection
planes for determining the zenith angles 0 of the
tracing, in the "z axis step, mm" field. If it is necessary
to examine the ellipsoid side surface part, the initial
"z start, mm" and final "z end, mm" values of the
interval are entered (by default, z € [-f, f]).

The next step is determining the need to fix the
azimuthal angle @. When setting the azimuthal angle,
the rays are launched from points on the radius
without rotation within the full azimuthal angle range.
To fix it, the "Azimuth fixed ¢, rad-n" is entered,
which represents the angle by which we rotate the
initial ray launch point - in the case of a single-vector
launch, or the inclination angle of the radius vector of
the initial points - in the case of a multi-vector launch.
Suppose there is no need to fix the azimuthal angle ¢.
In that case, it is checked whether "Azimuth fixed o,
rad-w" is set to 0, and the initial "Azimuth start ¢,
rad'n" and final "Azimuth end ¢, rad-m" rotation
angles of the initial points are entered. Additionally,
the step size for the rotation is specified in the
"Azimuth step, rad-n" field, with values ranging from
0to 2z (¢ € [0;2x]).

Next, the method for raytracing in the ellipsoidal
reflector is selected. A "Single launch" means the
raytracing will be performed from a single initial
point. To set this mode, press "Single launch" and
enter the initial coordinates in the "x, mm" and "y,
mm" fields. Multiple launch means that the launch
occurs from an array of initial points along the radius
vector. To select this mode, press "Multiple launch.”
The next step is to check if the azimuthal angle is
fixed (the angle between the radius vector and the x-
axis for the mode without rotating the initial points
within the full azimuthal angle range). If "Azimuth
fixed ¢, rad-n" is set to O, enter the inclination angle of
the radius vector in the "Spin angle, deg" field,
ranging from 0° to 360°.

There is also an option to raytracing from points
lying on the diameter by activating "Diameter, mm."
Additionally, a specific range along the radius vector
can choose where the initial points will be selected. To
do this, enter the start "Radius start" and end "Radius
end" values of the interval. The values range from 0 to
1, where 1 represents the total length of the radius
vector. Specify the step size for selecting points on the
radius vector/diameter by entering the desired number
of points in the "Radius step, count" field. After
entering the value in the "Radius step, mm" field, the
step size in millimeters will be automatically
calculated. In the case of launching from the diameter,
the number of steps will be automatically doubled.
Once the parameter setup is complete, click the "GO"
button to start the computation. It marks the

completion of the parameter configuration stage and
initiates the calculation process.

Software RTER v.2.0

Based on the developed algorithm (Figure 1), the
"RayTracing in Ellipsoidal Reflector" (RTER v.2.0)
software has been produced for single and multiple
vector raytracing in an ellipsoidal reflector [21]. The
ellipsoid side surface serves as the goal object for
research. The input data include the ellipsoid
geometric parameters and the configuration of the
initial launch points (steps, angles, and intervals). The
output data consists of the weight center position of
the scattering spot in the focal plane (Centroid), each
point's root mean square (RMS) deviation, and the
count of reflection events that occurred during
raytracing. The software also allows for saving the
count of rays that underwent a cirtain reflection acts
number at each step along the major ellipsoid axis and
provides the ability to analyze these data for each step
along the radius vector. Additionally, the software
delivers results for calculating the RMS and Centroid
indicators based on the reflection acts number for each
step along the radius vector.

The tab panel (Figure 2) is a functional interface
element that allows users to view and switch between
tabs, make necessary changes to the program's
functionality, and input relevant data for calculations.
It consists of 6 tabs: "General" — a tab for entering and
calculating the ellipsoid parameters, selecting the
tracing mode, and entering the necessary data for
calculations; "Graph parameters” - a tab for
configuring the axes, circles, and graph scale; "Result"
— a tab for selecting the desired calculation results and
specifying file paths for saving; "Colorized" — a tab
for setting the points color on the graph corresponding
to different numbers of reflection acts and displaying
their total count; "RMS" — a tab for calculation results
outputting of the ellipsoid's RMS and the total count
of reflection acts; "Centroid" — a tab for calculation
results outputting of the ellipsoid's centroid and the
total count of reflection acts.

When the start button is activated, the modeling
process begins, and the calculation duration depends
on the chosen accuracy. After the modeling, an image
representing the intersection of rays with the plane
along the major ellipsoid axis and the second focal
plane will be displayed in the window (3).

The "General" tab (Figure 3) is designed to input
and calculate the ellipsoid parameters, select the
tracing mode, and enter the relevant data for
calculations.

The "Ellipsoid semi-axis" fields (1), especially
"Semi-major axis a, mm" and "Semi-minor axis b,
mm," are input fields for entering the major a and minor
b ellipsoid axis values in millimeters. The ellipsoid
parameters are automatically calculated after entering
the data in the "Ellipsoid parameters” fields (2).
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Fig. 2. RTER v.2.0 software main window: 1 — tabs panel; 2 — tab content; 3 — graphic result display window; 4 —
button to the calculation start.
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fields; 6 — "Ray count" fields
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These parameters include "Focal distance f,
mm," which is the distance from the focus F to the
ellipsoid center O (0;0;0); "Focal parameter p, mm,"
which characterizes the radius of the ellipsoid focal
circle; and "Eccentricity e" which represents the
ellipsoid eccentricity. Its value can range from O to 1,
where 0 corresponds to a circle, and 1 corresponds to a
line segment. The "Initial coordinates, mm" section
(3) contains input fields for the initial launch
coordinates of rays from the ellipsoid first focal plane,
namely "x, mm" and "y, mm."

In the tracing mode selection field (4), you can
choose between "Single launch" mode, where rays are
launched from a single initial point in the (3) field, or
"Multiple launch" mode, where rays are launched
from an array of initial points.

The launch parameter input fields (5) include
cells for "Azimuth start @, rad-n" and "Azimuth end o,
rad-n." These fields enter the azimuthal angle interval
relative to the x-axis in rad-w for launching rays from
the ellipsoid first focal plane. The "Azimuth fixed o,
rad-n" field is used to fix the rotation angle of the
initial launch point in the "Single launch" mode and to
select the inclination angle of the radius vector relative
to the X-axis in the "Multiple launch" mode after
entering the values of "Radius step, count." The
"Azimuth step, rad-n" field allows choosing the step
size for the azimuthal angle of the initial launch points
within the range from "Azimuth start ¢, radn" to
"Azimuth end @, rad-n." The values should range from
0 to 21 (¢ € [0;2x]). The fields "z start, mm" and
"zend, mm" are intended for entering the range of
rays intersection points with the plane at heights
from -f to f, with a step size of "z axis step, mm." The
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"z fixed, mm" field is used to fix the rays' intersection
points with a plane perpendicular to the axis of the z-
axis (the major ellipsoid axis).

The "Radius start" and "Radius end" fields are
used to input the interval of the radius vector. The
values should range from O to 1, where 1 represents
the radius vector's total length. The "Radius step,
count” and "Radius step, mm" fields allow you to
enter the number of launch points at the same distance
along the radius vector within the range defined by the
"Azimuth fixed ¢, rad-n" angle to the x-axis. After
entering the "Radius step, count,”" the step size in
millimeters is automatically calculated and displayed
in the "Radius step, mm" field. The "Spin angle, deg"
represents the angle of the radius vector to the x-axis
for rotating the initial launch points that belong to the
radius vector within the range from "Azimuth start @,
rad-n" to "Azimuth end ¢, rad-n" if "Azimuth fixed ¢,
rad-n" equals 0. The value is entered in degrees and
should range from 0° to 360°. The "Diameter, mm"
indicates the mode of launching rays from points
along the diameter, which extends from the opposite
quarter of the radius vector.

The "Ray count" field (6) displays the number of
computed rays. The value is updated after the
simulation is completed.

Raytracing methods of in ellipsoidal reflectors

The ability to use different methods of multi-
raytracing in ellipsoidal reflectors is an essential
feature of the software, as it affects the flexibility and
adaptability of its usage [6]. Other plans allow
adjusting the tracing parameters according to specific
requirements and research conditions. It also expands
the possibilities for visualizing the simulation results,
mainly depicting intersection points between rays and
the second focal plane [20]. By employing various
tracing methods, precise coordinates of these points
can be obtained, enabling the examination of their
geometry and spatial arrangement. It is crucial for
visualization and aberration analysis of the ellipsoidal
reflector side surface [11-12].

Figure 4,a depicts a schematic representation of
single-ray tracing, where each ray along the major
ellipsoid axis has the same zenith angle. It is achieved
by positioning the ray launch points at an equal
distance from the center of the focal plane. In the
diagram, A(x, y) represents the initial launch point,
rotation within the total azimuth angle with a step of
¢ step, and a focal parameter of p.

Single-ray launching narrows down the
investigation area of the ellipsoidal reflector side
surface, which may result in low representativeness.

Fig. 4. Raytracing methods in ellipsoidal reflectors: single-ray (a) and multi-ray (b, ¢, d) tracing along the radius (b),

along a radius part (c), and along the diameter (d)
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The obtained results may be limited to the
properties studied within that specific zone, posing
challenges in generalizing the findings to a broader
area. Solely relying on single-raytracing in the ER can
lead to these limitations. Reducing the ER side surface
can also decrease the data amount that needs to be
collected and processed, thereby reducing the
equipment requirements for the modeling process.

Considering the advantages and disadvantages
mentioned above, the RTER v.2.0 software offers the
option of using multi-raytracing to expand the
functionality and automate the aberration analysis of
the ellipsoidal reflector internal side surface.

Figure 4.b illustrates the schematic of multi-
raytracing along the radius, where rays are launched
from points at different distances from the origin by
adjusting the initial points' step size (R step) on the
radius vector. Thus, we have a different zenith angle 0
for raytracing at each step. In the diagram, the radius
vector lies at an azimuth angle ¢, with rotation within
the total azimuth angle at a step size of @ step, and a
scalar value of p corresponding to ER focal parameter.

A specific multi-raytracing method involves
launching rays from one part of the radius vector
(Figure 4,c). The advantage of this method is the
ability to create an intermediate stage of narrowing
down the investigation zone of the ER side surface,
which expands the possibilities for visualization and
analysis. An advanced approach is launching rays
from points belonging to the diameter (Figure 4,d).
The main advantage of this method is enhanced
visualization, allowing for a graphical comparison of
the results obtained from launching rays along the
radius vector in the Cartesian coordinate system
opposite quadrants.

Ellipsoidal reflector side surface racing
properties: result and discussion

Researching the tracing properties of the side
surface ER is essential for understanding the rays'
interaction with these surfaces. The RMS and
Centroid characterize the geometric surface properties
[23-25]. Investigating the tracing properties of
ellipsoidal reflectors using these parameters allows for
determining the optimal tracing values for maximum
reflector efficiency [20]. The objective is to calculate
the aberrations indicators of quantitative and statistical
evaluation that arise from the reflection of the
ellipsoid internal surface and are attributed to the
inability of any optical system to focus broad ray
beams incident at large angles into a point [12].

The zenith angle 0 in optics is the angle between
the wvertical line and the line connecting the
observation point to the object [22]. This angle is
measured from 0° to 90°, where 0° corresponds to the
vertically upward direction, and 90° corresponds to the
direction lying in the horizontal plane. In raytracing,
the zenith angle 0 is the angle between the ray

direction vector and the vector pointing along the
vertical axis.

In the RTER v.2.0 software, the zenith angle 6 of
tracing is determined through a point on the ellipsoidal
reflector side surface, which is defined by the
intersection with a plane perpendicular to the major
ellipsoid axis and located at a certain distance [-z; z]
from the ellipsoid center O, where z = a — the major
ellipsoid semi-axis (Figure 5).

b

F
@I

©,

Zi

S
-Z;

Fig. 5. Raytracing scheme in ellipsoidal reflector with
different zenith angles 61 and 62

Figure 5 illustrates the raytracing in an
ellipsoidal reflector with semi-axes a and b, focal
parameter p, and focal points F; and F5, located in the
first and second focal planes. The distance along the
major ellipsoid axis from the center z; and the angle 6,
by the distance z, determines the zenith angle 6;. To
the side surface, a multivector tracing is performed in
the ellipsoidal reflector with an eccentricity e = 0.667
and a focal parameter p = 16.67 mm within the
azimuthal angle range ¢ € [0; 2n] with a step of 0,01
rad-7 and initial point steps of 0.34 mm, while varying
the zenith angle 6 € [22.61°; 90°]. Figure 6 shows the
graphical result of the multivector tracing for zenith
angles of 90°, 45.39°, and 30.17°.

To interpret the obtained results in graphs and
evaluate them, the zenith angle limits 6 were
calculated for each run, starting from the center of the
focal plane, i.e., from the focus F;, as well as at the
edge of the focal circle. It is explained by the zenith
angle 6 variation at each step of the ray exit points
along the radius vector during multivector tracing
(Table 1).

The calculation results of the Centroid parameter
were obtained to evaluate the tracing properties of the
ER side surface. The Centroid represents the average
coordinates value where the rays intersect the ER side
surface from the focal plane with different zenith
angles (Figure 7). These coordinates are used to
measure the displacement of the image center relative
to the focal plane center, which can be caused by the
aberrations' presence [23].
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Fig. 6. Multivector tracing visualization along the radius for zenith angles: 90° (a), 45.39° (b), and 30.17° (c)

Table 1. Zenith angle 0 limits depending on the ellipsoid center distance.

Distance frorr} the‘ Distance from the first Zenltl} fangle 9 for rays Zenith angle 0 for rays
center of the ellipsoid, focal bl exiting the focal ..
ocal plane, mm . exiting F1, degrees
mm circle, degrees

-20.2577 0 90 90
-18.2319 2.02577 31.43 83.62
-16.2062 4.05154 29.35 78.05
-14.1804 6.07731 27.41 73.11
-12.1546 8.10308 25.57 68.67
-10.1289 10.12885 23.83 64.61
-8.10308 12.15463 22.15 60.88
-6.07731 14.18040 20.53 57.41
-4.05154 16.20617 18.96 54.16
-2.02577 18.23194 17.42 51.09
0 20.25771 15.9 48.18
2.025771 22.28348 14.39 45.39
4.051542 24.30925 12.9 42.71
6.077313 26.33502 114 40.11
8.103084 28.36079 9.9 37.57
10.12885 30.38656 8.38 35.09
12.15463 32.41234 6.83 32.63
14.1804 34.43811 5.23 30.17
16.20617 36.46388 3.58 27.71
18.23194 38.48965 1.85 25.2
20.25771 40.51542 0 22.61

Figure 7 shows a significant correlation between
the results for thex andy coordinates. Therefore, in
further research, it is sufficient to have data obtained for
only one of the coordinates. The deviations of the
Centroid are negligible for more than three reflection
acts. The highest values are observed for tracing at
azimuthal angles 0 ranging from 22.6° to 30°, smoothly
approaching zero at 6 = 48.18°, corresponding to the
azimuthal angle that intersects the minor ellipsoid axis
passing through ER center. In the range of 0 from 48.18°
to 90°, the deviations increase and become negative. It is
also worth noting that the deviations decrease by an

average of 60% with an increase in the reflection acts
number in the range of 6 from 30° to 90°.

RMS is a metric for measuring aberrations
(deviations) of points in an optical system. The RMS
coordinates of the ray intersection points in the second
focal plane provide information about the distribution
of aberrations and their overall level.

A lower RMS value indicates a minor impact of
aberrations, indicating higher optical system quality.
Figure 8 shows the dependence of RMS coordinates
for different reflection acts as the zenith angle 0

changes.
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Fig. 7. Centroid coordinates x (a) and y (b) dependence on the zenith angle 6 for raytracing (by radius) in the ellipsoidal

reflector for different reflection acts numbers
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Fig. 8. RMS coordinate x (a) and y (b) dependence on the zenith angle 8 during raytracing in ellipsoidal reflector for

different reflection acts numbers

Conclusions

The paper presents an information system for
multi-vector analysis in ellipsoidal reflectors results.
An algorithm for multi-vector tracing has been
developed, based on which the RTER v.2.0 software
has been created. This software allows for selecting
the tracing mode, configuring launch parameters, and
setting the step of ray launch points. It provides the
flexibility to use different methods of multi-vector
tracing: by radius, by diameter, and by being radius
part, thus enhancing the versatility of RTER v.2.0 for
different types of tasks and expanding the capabilities
for visualizing the obtained simulation results.

Based on the multi-vector aberration analysis of
the ellipsoidal reflector side surface with an
eccentricity of e = 0.667 and a focal parameter of p =
16.67 mm, it has been established that the deviations
of the centroid coordinates are insignificant for
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reflections beyond the third one, with the highest
values observed at azimuthal angles 6 from 22.6° to
30°. The root mean square deviations of the
coordinates decrease by approximately 50% with an
increase in the reflections count, except for the first
reflection at a zenith angle of 6 = 48.18°, which
exhibits an inverse pattern.

The obtained dependencies of zenith angles on
coordinate deviations can improve the ellipsoidal
reflectors and optical systems of photometers designed
for various purposes by developing additional tools to
aberrations compensate for or modify the reflector
side surface shape.
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[HOOPMAIIIMHA CHUCTEMA BATATOBEKTOPHOI'O TPACYBAHHS IIPOMEHIB B
EJIITICOITAJIBHUX PEDJIEKTOPAX

EnincoinaneHi peduiekTopy 3aBIsSKH HassBHOCTI IBOX (POKYCIB € yHIKQIBHUMH J3€PKaJbHUMH ONTHYHUMH €JIEMEHTAMH,
1110 JTO3BOJISIIOTH CHPSDKEHO (OpMyBaTH 300pa)KeHHs B BOX (POKAJIBHUX IUIOLIMHAX B MEXaX BHYTPILIHBOI MOPOXKHUHU.
Taki pedekTopy BUKOPUCTOBYIOTECS B 0araTboX NPUCTPOSX, HANPUKIAA B JIH30BHX TeJeCKoIax aisl 3abe3nedeHHs
BUCOKOI PO3IUIBHOT 34aTHOCTI. BOHM 3HAlUIM CBOE 3aCTOCYBAaHHS B ONTHYHHUX CHCTEMaX MIKPOCKOMIB sl 301IbLICH-
Hsl 30HH PI3KOCTi, BUKOPUCTOBYIOTBCS B ONTUYHHUX NPWIIAax Uil HAYKOBHUX JOCII/PKCHb, HAIPUKJIIA], B JIA3CPHHUX CHC-
TeMax ISl 3a0e3T1eUeHHsT BUCOKOT TOYHOCTI Ta CTA01IBHOCTI JIA3epHOTO IMTPOMEHIO.

Hecdepuuna dopma emincoinanbHuX pedieKTOpiB, OKpiM CBOIX TepeBar, Ma€ i HEIOJIIKW: BHHUKHEHHsI MOXHOOK B
pe3yNbTaTi TpacyBaHHS IIPOMEHIB OIYHOIO TIOBEPXHEIO, 10 YCKIIATHIOE abepalliiHuii aHali3 Ta moTpedye cremianizoBa-
HHX IIPOTPaMHUX 3a0e3MedeHb Ul MPOBEICHHS 0araTOBEKTOPHOIO TpacyBaHHS. BpaxyBaHHS BiIXHJIEHb KOOPIMHAT
TOYOK MEPETHHY MPOMEHSIMHU 3 APYroro (HOKaIbHOI TUIOIIHHOIO JO3BOJIMTH ONTHMI3yBaTH KOHCTPYKINIO pediekTopa
JUTSL TOCSATHEHHS HaOimbIIoi edpekTuBHOCTI. ToMy MeTOrO AaHOi poOOTH € MmimBHIIEHHS €(hEeKTUBHOCTI abepaliiiHoro
aHaI3y eNINCOoifaNbHUX peQIICKTOPIB BHACIIIOK PO3POOKH MPHUHIMIIB Ta iHGOpMAaLitHUX 3ac00iB 0AraTOBEKTOPHOTIO
TpacyBaHHS IIPOMEHIB.

VY poborti npezcraBiieHi pe3yabTaTH po3poOKH iH(popManiifHOT cucTeMH [yl TPOBEJICHHS! 0araTOBEKTOPHOTO aHAIlizy B
eqincoinanbHuX peduiektopax. Po3pobneHuil anroput™M 0araTOBEKTOPHOTO TPAacyBaHHS JO3BOJMB 3IIHCHUTH BHOIp
PSXUMIB TpacyBaHHS, HAJIAIITYBAaHHS MapaMEeTPiB 3allyCKy Ta BCTaHOBJICHHS KPOKY TOYOK 3aIlycKy mnpoMmeHiB. [Ipen-
CTaBJICHO OCOOJIMBOCTI CIICIia]i30BaHOTO NPOrpaMHOr0 3a0e3ledYeHHs MpU OJHO- Ta 0araTOBEKTOPHOMY TpacyBaHHI
MPOMEHIB B eftincoinanbHoMy pediekTopi. LlimboBuM 00’ €KTOM NOCTiKEHHS € OidHa MOBEPXHs elincoina. Y mporpa-
MHOMY 3a0e3MedeHHI peanti30BaHO MOXJINBICTh BUKOPHCTAaHHS Pi3HHX CITOCOOIB 0araTOBEKTOPHOTO TpacyBaHHS IPO-
MEHIB: 3a pajaiycoM, 3a JiaMeTpoM Ta 3a YaCTUHOIO PaAiyCy JUIS Pi3HUX THUIIIB 3a7ad, M0 PO3IMIUPIOE MOXKIUBOCTI ISt
Bi3yaJi3allii pe3yabTaTiB MOJICITIOBAHHS.

Ha mincraBi 6araToBeKTOpHOTO abepaniiHOTo aHali3y GYHKIIOHYBaHHS O19HOT TOBEPXHI €IICOinaIbHOTO pedieKTopa
OTPUMAHO 3HAYCHHS BiXWJICHb KOOPAMHAT LIEHTPY Ta CEPEAHBOKBAIPATUYHOTO BIIXWIICHHS KOOPAMHAT Ul PI3HUX
aKTIB BIIOMTTS NPH 3MiHI 3€HITHOrO KyTa TpacyBaHHsA. OIiHEHO BIUIMB 3€HITHUX KYTiB Ha BIAXHMJICHHS KOOpPJMHAT, 110
MoOxe OyTH BHKOPHCTaHO NpU BHOOpI MapaMeTpiB eincoifanbHuX pediekTopiB Ta KOHCTPYKLii ONTHYHOI CHCTEMH
(hoToMeTpiB Pi3HOrO MPU3HAUCHHSI, & TAKOXK MPOEKTYBAaHHI OJATKOBUX 3ac00iB JUIs KOMIICHcallii abepaiiid abo 3MiHU
(opmu OiuHOT HOBEpXHI pediieKTopa.

KarouoBi caoBa: enincoinanbuuii pediexkrop; TpacyBaHHS HPOMEHIB; 0araTOBEKTOPHICTb; abepauiifHuili aHamis;
Centroid; RMS.
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