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Abstract:

The paper proposes a conversion of plane shooting targets using two-
dimensional affine transformations. It is assumed that affine
transformations will be useful for target generation in firearms training
simulators (FATS). The structure and the matrix formation algorithm of
target vertex matrices are described as well as transformation matrices
and output matrices. Vertex matrices were formed for twelve plane
shooting targets. Transformation matrices 3%3 in size were used for
conversions. Mathematical modelling and computer simulation of
software-configurable plane shooting targets for FATS were performed
in the Mathcad v.15 software.

Key words: shooting target, firearms ftraining simulator, affine
transformation, transformation matrix, Mathcad.

Introduction

A firearms training simulator (FATS) is a compound of hardware and
software that creates augmented reality which can be used to improve
shooting skills and rationalize behavior in such situations. Less often, a
FATS is named a digital target range. The following shooting skills can
be sharpened using a FATS: targets detection and classification;
determination of a «shooter-target» distance; determination of target
movement parameters; aiming and shooting; assessment of undershoot
and overshoot parameters, and quick threat response. Along with a
detailed description of an image transformation process in computer
graphics systems (Rogers & Adams, 1976), (Vince, 2012), (Hughes et al,
2013), a process of generating a software-configurable target of interest
for a FATS is not described in scientific literature. Therefore, eliminating
such a gap and explaining this procedure from a point of view of
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mathematics is a needful objective. A computer simulation of software-
configurable plane shooting targets for a FATS is performed in the
Mathcad v.15 computer algebra system.

Virtual landscape with targets

A pistol (or a rifle) with a laser cartridge, a computer, one or more
projectors and screens, specialized software, and a trained shooter are
the basic elements of a FATS. A computer, a projector, a projector
screen, and necessary software provide visualization of a virtual
landscape (panorama) (Fig. 1). An important part of this panorama is a
software-configurable shooting target which may be static or dynamic.
The meaning of the term «virtual landscape with targets» should also be
further clarified.

a) b)
Figure 1 — Virtual landscape with SGTs: a — with known «shooter-target»
distance1, and b — with unknown distance
Puc. 1— lNaHopambi ¢ NpoepaMMHO-2eHepUPO8aHHbLIMU MUUEHSIMU:
a — C U38eCMHbIM paccmosiHuUeM U b — ¢ Heu38ecmHbIM pacCmosHUEM
Cnuka 1 — BupmyenHu rej3ax ¢ KOMIijymepcKu eeHepucaHuM Memama: a — kada je
rnosHama pa3sdasrbuHa uamehy cmpenua u meme, u 6 — kada pasdarbuHa Huje no3Hama

A virtual landscape is usually characterized by a large depth of the
visibility and a wide viewing angle (Fig. 1). Technically, it can be created
by several LCD projectors. Unlike common shooting targets, made of
paper, cardboard or metal plates, software-generated targets (SGTs) are
part of a virtual landscape. We can say that, physically, they are a part of

! Fragment of a virtual lanscape (panorama) of a digital target range at the firearms
training simulator in the Kunsan Air Base (Gunsan, the Republic of Korea) (Source:
https://en.wikipedia.org/wiki/Shooting_target#/media/File:A_digital_ target_range_at_the _
firearms_training_simulator_on_Kunsan_Air_Base_waits_to_be_used.jpg)
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a screen at which a shooter aims and shoots during shooting practice
and owing to which shooting performance effectiveness is analyzed.
SGTs are generated by the program, visualized using a computer and
displayed onto an LCD projector screen. Specialized FATS software
should be able to visualize different types of SGTs and change their
position in a virtual landscape.

For example, in Fig. 1a, four identical torso targets are placed side
by side, their order is deterministic and the «shooter-target» distance is
known in advance. Fig. 1b presents four targets: three chest targets and
one man-sized, arranged randomly and the «shooter-target» distance is
not known in advance.

Since the dimensions of the same target change while
increasing/decreasing the «shooter-target» distance, the controlled
scaling of the target can create a visual illusion that a target is closer to
or farther from a certain landmark. It should be added that a controlled
change of a target’s position can create an illusion of its movement.
Thus, a computer program controls an influence on target geometry in
order to create necessary visual illusions for a shooter.

From the point of view of planimetry, a SGT is a polygon, i.e. a
geometrical figure bounded by a closed polygonal chain whose line
segments do not intersect. Properties of a SGT as a planar geometric
object are identified in (Khaikov, 2019a), (Khaikov, 2019b).

Affine transformation is a type of plane transformation, in which a
straight line translates into a straight line, and parallel straight lines into
parallel ones. Two-dimensional affine transformations are a class of
mathematical transformations basic to modelling geometrical objects in
the two-dimensional Cartesian coordinate system. Affine transformations
of a target can be expressed by an analytical expression (by a formula).
2D affine transformation is carried out using matrix multiplication. The
transformation matrix is multiplied by the target vertex matrix. As a result,
we obtain the output matrix.

TM x ATVM = OM,
where

TM — a transformation matrix,
ATVM — an augmented target vertex matrix (TVM) and
OM - an output matrix.

Further on, each of these matrices is described in more detail.
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Target vertex matrices

A sequence of a target's vertices is their enumerated collection in
which repetitions are not allowed. A TVM is a two-dimensional array that
encodes a sequence of a target's vertices in the Cartesian coordinate
system. The coordinates of twelve (Soviet/Russian and Swiss) targets
are given in Tables 1-3. All dimensions in these tables are given in
centimeters. The top (first) row of the TVM contains the coordinates of
the abscissa (x) and the second row — corresponding ordinates (y) of
each target's vertex. In this way, the coordinates of each vertex are
written as a column vector (2x1 submatrix). The vertices of polygons are
listed in all cases counterclockwise. The first and third tables contain the
data about ten frontal-attacking targets and the second table — about two
flank-attacking targets. The rectangular arrays of numbers given in
Tables 1-3 must be converted to the matrices of the appropriate size.

Table 1 — Coordinates of the vertices for the Soviet/Russian shooting targets
Tabnuua 1 — KoopOuHambi 8epuUH CUly3mo8 CO8EMCKUX/POCCULICKUX
cmpesikosbIX MuweHel
Tabena 1 — KoopOuHame 8pxosa cosjemcKux/pyckux mema 3a 2afhjarbe

Number
No Types 02f of Coordinates of target vertices in the Cartesian
' FRATs target coordinate system
vertices
1 Head target 6 45 185 23 23 0 0
0 0 12 30 30 12
2 Head & 8 0 50 50 365 365 135 135 O
shoulders 0 O 12 12 30 30 12 12
target
3 Chest 8 0 50 50 365 36,5 135 135 0
target 0 O 32 32 50 50 32 32
4 Torso 8 0 50 50 365 365 135 135 0
target 0 O0 82 82 100 100 82 82
5 Man-sized 10 12,5 375 50 50 375 375 125 125 0 O
target 0 0 50 132 132 150 150 132 132 50

Note: Target silhouettes are visualized in (Khaikov, 2019a, p.273)

2 FRAT stands for a frontal-attacking shooting target
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Table 2 — Coordinates of the Swiss shooting targets
Tabnuua 2 — KoopduHambl 8epWUH CUlyamoe8 weeliyapCKux CMpPesikoebix MuwieHel
Tabena 2 — KoopOuHame weajyapckux Mema 3a 2ahar-e

Number
No Types of of Coordinates of target vertices in the Cartesian
’ FRATs target coordinate system
vertices
1 Head 6 35 165 20 20 0 0
target 0 0 13 33 33 13
2 Head & 8 0 45 45 325 325 125 125 O
shoulders 0 O 8 13 33 33 13 8
target
3 Chest 8 0 45 45 325 325 125 125 O
target 0 O 30 35 55 55 35 30
4 Torso 8 0 45 45 325 325 125 125 O
target 0 O 75 80 100 100 80 75
5 Man-sized 14 75 375 375 40 45 45 325..
target 0 0 50 65 65 140 145
...325 125 125 0 0 5 75
...165 165 145 140 65 65 50

Note: Target silhouettes are visualized in (Khaikov, 2019a, p.273)

Table 3 — Coordinates of the Soviet/Russian shooting (flank-attacking) targets

Tabnuua 3 — KoopOuHambi cO8emMCKUX/POCCUUCKUX CMPesIKo8bIX
(¢priaH2080-amakyrouwux) muwieHel
Tabena 3 — KoopOuHame cosjemckux/pyckux ( 604HUX) Mema 3a 2ahjar-e

Types of Number Coordinates of target vertices in the Cartesian
No. 3 of target ;
FLATs . coordinate system
vertices
1 Torso target 9 94 50 50 33 33 10 10 15 O
0O O 75 82 100 100 75 75 55
2 Man-sized 10 18 38 50 50 33
target 0 0 50 125 132
... 33 10 10 15 0
...150 150 125 125 105

Note: Target silhouettes are visualized in (Khaikov, 2019b, p.527)

3 FLAT stands for a flank-attacking shooting target

757

Khaikov, V., Using affinity for target generation in a firearms training simulator, pp.753-767



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

To get an augmented TVM, we need to do three steps. To speed up
the calculations, we will use the Mathcad software.

Step 1. A TVM is a two-dimensional array that encodes a sequence
of a target's vertices in the Cartesian coordinate system. Each row of a
TVM contains the coordinates of the abscissa (x) and the ordinate (y) of
a target's vertex (initial TVM). A size of a TVM is 2xn, where n — total
number of a target’s vertices.

Step 2. The closure effect for a target’'s perimeter is realized by
adding the first (initial) vertex to the right side of the final vertex. The
vertices are traversed counterclockwise. To implement step 2, we must

perform:

- set the ORIGIN variable ORIGIN :=0

- first target’s vertex FV := submatrix(TVM,0,1,0,0)
- obtain a closed TVM CM := augment(TVM, FV).

A size of a matrix with the closure effect is 2x(n+1).

Step 3. The augmented matrix is obtained by adding the third row of
the ones with a size (1x(n+1)). To implement step 3, we must perform:
- vector with numbers of vertices [ 0..n
- matrix of ones (G) 1
- the transpose of the G matrix
- an array formed by placing CM, G top to

bottom is the augmented TVM stack(CM, G")

Now the size of the augmented TVM is 3x(n+1).

The functions «submatrix», «augment», «stack» and «origin» are
built-in functions / variables of the Mathcad software (Maxfield, 2009).

Sets of TVMs can form libraries of shooting targets. Using the
described principle, libraries of British (Clark, 2006), (Ministry of Defense
of the UK, 2015), North American (Ministry of Defense of the USA, 2000),
German (Ministry of Defense of the GDR, 1984), Polish (Ministry of
Defense of the PPR, 1977), Soviet/Russian (Tarchishnikov, 2011), and
other targets can be created.

|
Gi .
GT

Affine transformation matrices

Two-dimensional affine transformation matrices are used to apply
linear transformation. Let us define simple affine transformation matrices
that carry out only translation (shifting), scaling, shearing (skew), rotation
and reflection. All enumerated matrices have a size of 3x3.

Simple 2D affine transformation matrices. Consideration of
simple affine transformation matrices will begin with the operations of
multiplication by the identity matrix, translating (shifting), and scaling. The
description is accompanied by figures (Figs. 2-4) which show the type of
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the transformation matrix and its impact on the chest target. The initial
target is shown in yellow. The target after affine transformation is blue.

Multiplication of the initial shape and the identity matrix does not
change the initial target (Fig. 2a). The submatrix (2x2) highlighted by the
dotted line contains the basic elements of the transformation matrix.

The value of X in the translate matrix produces a shift of an initial
shape along the 0-x axis and the value of Y determines the shift along
the 0-y axis (Fig. 2b).

No change Translate Scale about the origin
10 D ........... 1 0 ¥
{.D....’J.ED} """ 017
0] 0]
a) b)

Figure 2 — Transformation matrices and the results of their impact on the chest target:
a — unit matrix; b — translation; ¢ — nonuniform scaling
Puc. 2 — Mampuuybi mpaHcghopmayuu u pesyribmamabl 8030elicmeusi Ha 2pyOHYH
MuweHb: a — eQUHUYHas MuweHb; b — nepeHoc; ¢ — macuwmabuposgaHue
Cnuka 2 — TpaHcghopmayuoHe Mampuue U pe3ynmamu BhUXog8oe ymuuyaja Ha epyoHy
memy: a — jeOuHu4Ha Mmampuua; 6 — mpaHcriayuja; 8 — HeyHUOPMHO cKanupare

Two-dimensional affine transformation can differentially scale a
target (Fig. 2¢). X is a scale factor for the 0-x direction. Y is a scale factor
for the 0-y direction. If X, Y is greater than zero, then a target will be
increased, if less than zero, then it will be reduced. If X = Y, then uniform

scaling takes place, but if X # Y, this is a non-uniform (differential)
scaling.

Rotation of a target in two dimensions around the origin is carried
out due to the rotation transformation matrix (Fig. 3a). Rotation is
implemented at the angle 6. If the angle 6 is greater than zero, then the
rotation takes place clockwise relative to the axis 0-y, if less than zero,
then it is counterclockwise. If the angle 8 is 0, then the transformation
matrix turns into a unit matrix. Horizontal shear (or shear parallel to the 0-
x axis) is displacement of every point horizontally due to the horizontal
shearing matrix (Fig. 3b). The slope of the vertical lines depends on the
angle . If the angle ¢ is 0, then the shear transformation matrix turns
into a unit matrix. Vertical shear (or shear parallel to the 0-y axis) is
displacement of every point horizontally due to the horizontal shearing
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matrix (Fig. 3c). The slope of the horizontal lines depends on the angle
w. If the angle w is 0, then the shear transformation matrix turns into a
unit matrix.

Rotate about the origin ~ Shear in the x direction Shear in the y direction

ic0s8 sng 0 ‘1 tang: 0
sn8 cos g 0 0..1.:0
o0 1 001

Figure 3 — Transformation matrices and the results of their impact on the chest target:
a — rotation; b — horizontal shearing; ¢ —vertical shearing
Puc. 3 — Mampuubl mpa+Hcghopmayuu u pesynbmamsi 8030elicmeusi Ha 2pyOHyH
MUWeHb: a — epaujeHue; b — 20pu3oHmMarbHbIl cO8ue; ¢ — 8epmukalibHbIl cosu2
Crniuka 3 — TpaHcghopmayuoHe mampuue U pe3ynmamu HbUuxogoe ymuuyaja Ha epyOHy
memy: a — pomayuja; 6 — cMuyarse o X-ocu,; 8 — cMuyar-e o y-ocu

If it is necessary to create a reflection target image, it is possible to
multiply the reflection matrix with the target vertex matrices. The most
spread reflection matrices are: reflection about the origin (Fig. 4a);
reflection about the 0-x axis (Fig. 4b), and reflection about the 0-y axis
(Fig. 4c).

Reflect about the origin  Reflect about the x-axis Reflect about the y-axis

Figure 4 — Three types of reflection transformation matrices and the results of their impact
on the chest target
Puc. 4 — Tpu muna mampuy, npeobpa3osaHusi ompaxxeHul u pe3ynbmamabl Ux
g8o30elicmeusi Ha epyOHY MUWEHb
Cniuka 4 — Tpu spcme mpaHcghopmayUuoHUX Mampuua peghriekcuje u pesynmamu
HUX0802 ymuuaja Ha 2pyOHy memy

A 2x2 linear transformation matrix allows scaling, rotation, shearing,
and reflection. A 3x3 linear transformation matrix provides translation.
For the purpose of unification, the size of the transformation matrix is
reduced to (3x3).
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2D composite affine transformation matrices. In contrast to the
previously considered simple transformation matrices, composite
matrices produce several elementary transformations simultaneously.

For example, if we need to translate, scale and rotate using only one
matrix, we must first multiply them:

CATM = TrM x ScM x RoM ,

where

CATM — a composite affine transformation matrix,
TrM — a translating transformation matrix,

ScM - a scale transformation matrix and

RoM — a rotating transformation matrix.

As a result, we get

10 X][Xs 0 0] [cos(e) sin(@) 0] [ Xgcos(@) X,sin(e) X
0 1 Y|x| 0 Y, 0fx|-sin(a) cos(@) 0|=|-Y,sin(a) Ycos(@) Y
0 0 1 0 0 1 0 0 1 0 0 1

Transforming a target shape using composite transformation
matrices is not different from a corresponding transformation using
simple transformation matrices. Like the previously selected one, a
transformation matrix (simple or composite) must be multiplied by an
ATVM.

Output matrices

The output matrix contains the coordinates of the vertices of the
transformed matrix. This matrix has a size of 3x(n+1), where n — total
number of a target’s vertices in the target which is taken as initial.

To obtain the TVM, in the first step, we need to separate, from the
output matrix, the third row containing only ones. The resulting matrix will
have a size of 2x(n+1). Next, we separate the last column of this matrix,
as it repeats the first. This matrix will have a size of 2xn. This is the
desired matrix in which the first row contains the abscissas of the
vertices, while the second row contains their ordinates.

Target design in Mathcad

After the creation of a library of targets (Tables 1-3) and
transformation matrices and after the unification of their sizes, a simple
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simulation of two-dimensional affine transformation becomes possible.
Let us give three examples of implementing affine transformation with
targets of various types.

Example 1. We will perform uniform scaling. As the initial target, we
take the Swiss chest target (Table 3 (No.3)). In order to increase the size
of the target (Fig. 5a), we assign the scale factor s = 2. The matrix
multiplication process is presented below:

0 O
9 O
90 60
2 0 0] |0 45 45 325 325 125 125 0 O T 65 70
0 2 0|x(0 0 30 3 55 55 3 30 0 =|65 110
00 1|1 1 1 1 1 1 1 11 25 110
25 70
0 60
0 0

)

where, the first (3x3) matrix — transformation matrix for uniform scaling;
the second (3x9) matrix — the augment target vertices matrix; and the
third (9x3) matrix — the output.

i Scale factor 2 Y Scale factor 0.5

primary chest

targets
4 [ chesttargets after
transformation
il x i ! A
0 20 40 60 80 100 0 20 40 60 80 100
a) b)

Figure 5 — Process of uniform scaling of the chest target using different values of s
Puc. 5 — lNpouecc macwmabuposaHuUsi MUWEHU C UCIMOMb308aHUEM Pa3HbIX 3Ha4YeHUl S
Cnuka 5 — lNocmynak yHUOPMHO2 ckanupara epyOHe meme Kopuwherem
pasnuyumux epedHocmu s

To reduce the size of the chest target, select the parameter = 0.5.
The visualization of the results is shown in Figs. 5a and 5b.

The perimeter of the initial matrix is colored in red. The perimeter of

the transformed matrix is given in blue. Since the vertices of the matrices
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are numbered, we can see the directions of their movement du
transformation. This kind of scaling can be used to calculate dry fi
targets (Egloff, nd).

ring
ring

Example 2 — translating (shifting) of the Soviet/Russian FLAT (torso

target, Table 4 (No.1)) with the shifting parameters: X = 60, Y = 50.
matrix multiplication procedure is shown below:

69.4 50
110 50
110 125
T 93 132
1 0 60| {94 50 50 33 33 10 10 15 0 94 93 150
0 1 50(x 0 O 75 82 100 100 75 75 55 O =
70 150
0 0 1 1 1 1 1 1 1 1 1 1 1
70 125
75 125
Y 60 105
5ok - g 69.4 50
4
! 3 X Y
[[] primary target
[] target after
1 2 transformation
| #
0 30 100

a)
Figure 6 — Target translating (shifting) process with different values of X and Y
Puc. 6 — lNpouecc cogueaHuss MUWEHU C UCr0b308aHUeM pasHbiX 3HadyeHul X u
Cnuka 6 — lNocmynak mpaHcnayuje meme ¢ pasnudyumum epedHocmuma X u'Y

A graphical representation of the displacement is shown in Fig.
The red border is the initial matrix and the blue border is the ou
matrix. Since the vertices of the matrices are numbered, we can see
parallelism of vertices movement.

Both in the first and second examples, the abscissas (X) of
vertices are collected in the first column of the output matrix, and t
ordinates (Y) in the second column.
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Using translating (shifting), we can simulate the (right-left)
movement of a target.

Example 3. It is an illustration of how matrix rotation is carried out
in Mathcad. We used the Soviet/Russian head target (Table 1 (No.1)) for
rotation. The rotation parameter (angle alpha) is a discrete variable with
eight values: a = 0, /4, /2, 311/4, i, 511/4, 311/2, and 711/4. The result of
rotation is shown in Fig. 7. Increasing the angle value from 0 to 7m/4
gives the head target rotation clockwise relative to the origin.

i targets after

transformation

Figure 7 — Target rotating process using eight different angles
Puc. 7 — lNpouyecc spauieHuUsi MUWeEHU C UCrosib308aHUEM 80CbMU ya/108 1108opoma
Cnuka 7 — Nocmynak pomauuje Meme Kopuwherem ocaMm pa3nuyumux yenosa

Swinging pendulum targets can be simulated using rotation.

Conclusions

Conversion of plane shooting targets is proposed using two-
dimensional affine transformations. A target library consisting of 12
shooting targets is proposed in this article. It is assumed that this type of
conversion will be useful for specialized FATS software, where software-
configurable target generation is necessary. The matrices accompanying
all stages of the conversion are described in detail: a target forming
matrix, transformation matrices, and an output matrix. Mathematical
modelling and computer simulation of software-configurable plane
shooting targets for a FATS are performed in the Mathcad v.15 software.
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MNPUMEHEHVE AGOUNHHOI O NPEOBPA3OBAHWNA OJ1A
FEHEPALINN CTPENKOBbLIX MULWEHEW B CTPEJIKOBOM
TPEHAXEPE-MIMUTATOPE

Baduwm J1. XalikoB
He3aBUCUMBbIV UccneadoBaTenb, . KpacHogap, Poccuiickasa depepauns

PYBEPUKW: 78.21.00 BoeHHO-NpuKNagHble Hayku;

78.21.47 Bannuctuka. Teopus cTpensbbl
BWO CTATbW: opuruHanbHas Hay4Has ctaTbd
A3bIK CTATbW: aHrnuiickun

Pe3swome:

s mpaHcgpopmauuu  IOCKOCMHbBIX — CMPESIKosbiX — MulueHel
MpedroxeHo ucronb308ams aghcbuHHbIE rpeobpasosaHusl.
lMpednonazaemecsi, Yymo smom mun mpaHcopMayuu roaeseH npu
npospaMMHOU  2eHepayuu  MuUweHel 8  crieyuasnu3upo8aHHOM
rpozpamMmMHOM obecriedeHUU mpeHaxepa, obyqarouwez20 cmpernbbe U3
O2HecmperibHo20 opyXusi. B cmamee npusedeHo nodpobHoe onucaHue
Mampuu, conposoxdarowux amaribl mpaHcgopmayuu: om Mampuybl
¢hopmupo8aHUsi KOHMypa CMPENKo8oU MULWEHU, Mampuubl aghgbUHHO20
npeobpasosaHusi, 00 pe3ynbmupyrouwelt Mampuysl. Mamemamudeckoe u
KOMMblOmMepHoe  MOOenupogaHue  MpoepaMMHO-KOHGgU2ypupyemou
MuUweHU 071 Cmperikogoeo mpeHaxépa 6bIMOMIHEHO 8 MpoepaMMHOM
obecrieyeHuu Mathcad v.15.

Knroyesble crnosa: cmpersnikogasi MUWEHb, CMPEsIKO8bIlU MpeHaxép-
umumamop, agpguHHoe rnpeobpa3sosaHue, Mampuuya
npeobpasoeaHusi, Mathcad.

KOPUWREHE AONHE TPAHCO®OPMALIMJA 3A TEHEPUCAHE
META Y CUMYTNATOPY 3A OBYKY Y PYKOBAHY BATPEHNM
OPYXJEM

Baduwm J1. Xajkos
He3aBWCHW uctpaxwusad, KpacHopap, Pycka ®epepaumja

OBNACT: npumeneHa MaTemaTtumka
BPCTA YJ1IAHKA: opurMHanHim Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

3a eafjame rnomohy deodumeH3uoHanHUx acghuHe mpaHcgopmauyuja y
pady je npednoxeHa KoHeep3uja d800uMeH3UoHanHUx mema. Nowiio
ce 00 npemnocmaeke da he aghuHe mpaHcgopmayuje bUMU KoOpuUCcHe
3a eeHepucame Mema y cumynamopuma 3a O00yKy y pykosarby
sampeHuMm opyxjem (FATS). 3a mampuue epxosa mema ornucaHu cy
cmpykmypa u arneopumam opmupar-a mampuuya,
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mpaHcghopmMayuoHe Mampuue. Kao U Mampuye usnasza. Mampuue
8pxosa hopmupaHe cy 3a deaHaecm O800UMEH3UOHA/IHUX Mema 3a
eahar-e. 3a KOH8ep3ujy cy KopuwheHe mpaHcgopmMayuoHe Mampuue
gopmama 3x3. 3a MameMamuydko MolenupaHe U KOMIIymepcKy
cumynauujy cogpmeepckueeHepucaHux 0800UMEH3UOHaTHUX Mema 3a
eahame 3a FATS kopuwheH je cogbmeep Mathcad v.15.

KrbyuHe pedu: mema 3a 2ahame, cumynamop 3a 0byKy y pykoeamy
sampeHuM opyxjem, achuHe mpaHcghopmayuja, mpaHcgopmayuoHa
mampuya, Mathcad.
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