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Abstract:

A comparison of two groups of plane shooting targets (PSTs)
characterizing the shooter-silhouette in different observation and rifle-firing
positions was the starting point for this study. Selected infantry targets are
used for shooting training in the Russian Federation and in the Swiss
Confederation. The comparison results of two target groups (five PSTs in
each of them) showed a significant similarity of their geometric shapes. To
explain this fact, a targets design system (TDS) was developed. The TDS
is based on attributing a certain number of simple geometric shapes —
geometric primitives (GP). In our case, the number of GPs was equal to
ten (five polygons for Russian and five polygons for Swiss targets). The
TDS enabled building a human-like target silhouette. If two sides of two
adjoining GPs or their parts become common for them, then such GPs
can be combined into one common geometric figure whose area is equal
fo the sum of the two GPs. The TDS was further transformed into two
isomorphic graphs. Their adjacency matrix (AM) was obtained. The AM
matrices for the Russian PSTs and the Swiss PSTs were the same. To
improve the estimation of the area and the coordinates of the target
centroid, a matrix modification of Bourke’s formulas were proposed. The
geometric areas for the Russian and Swiss PSTs and the location of their
centroids were refined and compared. GNU Octave, GeoGebra and
Mathcad were used as mathematical software for computer calculations
and for graphic visualizations.

Key words: shooting target, geometric primitive, graph, adjacency
matrix, centroid of a polygon, Octave, GeoGebra, Mathcad.
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Introduction

An infantry shooting target is an object at which marksmen aim and
shoot during shooting practice and owing to which shooting performance
effectiveness is analyzed (Khaikov, 2018), (Khaikov, 2019). Usually,
paper, cardboard, wood-based panels, plastic materials or metal plates
are the basic materials for manufacturing two-dimensional or plane
shooting targets. It is common that military shooting training with small
arms is still conducted with human-like shaped targets, which imitate rival
shooters as part of enemy's manpower.

The process of transformation of a three-dimensional moving
combatant’s figure into a two-dimensional plane silhouette, which is used
now as a target, had various national and cultural traits in different armies
of the world, but a common feature of the shape extraction phenomenon
was the simplification of the outer contour of a shooter and its
replacement with some abstract form. In the Soviet Army, schematized
(polygon-like) silhouettes of shooting targets were enacted in the
shooting training course of the 1969 year (MoD USSR’ 1969). Such
PSTs were used (without or with some modifications) in the Armed
Forces of the Warsaw Pact.

From a geometric point of view, targets of the Swiss Confederation
(cibles de campagne) are close to the shapes of Soviet/Russian military
PSTs® In the shooting training literature, there is also evidence of the
targets sizes and their areas, but the generalized rules for constructing
the geometric contours of a human’s silhouette have not been disclosed.
There is no systematic data on the coordinates of the geometric centers
(centroids) for each of PSTs.

The aim of this paper is to reveal the construction principles and to
analyse the geometry of two groups of PSTs representing silhouettes of
the opposing force shooters. The main objectives of the research are the
development of variants of target geometric description as polygons and
the estimation of the target centroids coordinates and the target area
using computer mathematics. GNU Octave, the interactive geometry
software GeoGebra and the computer algebra system Mathcad are used
to solve these sets of tasks.

' MoD USSR stands for the Ministry of Defense of the USSR.
2 maybe vice versa because the article states the geometric similarity of target's forms,
but does not explore the historical priority of their appearance.
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Principles of the PSTs construction

The shooting target design process for combatant silhouettes has
not been explained in scientific literature. Therefore, eliminating such a
gap and explaining these rules from the point of view of planimetrics is a
needful and urgent objective.

The set of human-like silhouettes (Fig. 1) consists of five different
Soviet/Russian® targets with numbers 5, 5a, 6, 7 and 8 (Tarchishnikov,
2011) and, respectively, five Swiss cibles de campagne with the
notations K, H, G, F, E (Shooting target, 2018). Below we give an
interpretation of the silhouettes, which will be useful for their deeper
understanding.

Table 1 shows target designations in English, Russian, German, and
French. The attention should be paid to the target denominations used in
the Armed Forces of the GDR* (MoD GDR, 1984). For example, the torso
target (target No. 7) was called the shooter shooting from the kneeling
position, and the man-sized figure (target No. 8) was named the running
shooter.

Table 1 — Four language -interpretations of the PSTs names
Tabnuya 1 — Vilumepnpemayuu Ha3gaHUU MIIOCKUX CMPEeIKo8bIX MUWEHelU Ha 4-x A3bIKax
Tabena 1 — Hasusu Ml Ha yemupu je3uka

Types English Russian German French
Target 5 The head target FonosHas Beobachter Sllhguette
durypa téte
Target 5a The head and onoBa v nneun Elngi%[itz)zner Téte et
shoulders target épaules
The chest / Ligender :
Target 6 upper torso pyoHas durypa Schutze S”S ouette
uste
target
Kniender Silhouette a
Target 7 The torso target | lMosicHasa curypa Schutze genou
Man sized / full PocrtoBas Laufender Silhouette
Target 8 . .
sized target durypa Schutze mannequin

A set of X- and Y-projections in the Cartesians system is usually
used for describing plane targets. The performed analysis of the
geometry of all ten targets shows that they are polygons whose vertices
are connected by straight lines. The designations of the targets and their

® The notation S/R will be used in the tables for Soviet/Russian shorter writing.
* GDR stands for the German Democratic Republic.
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geometrical dimensions in centimeters are shown in Fig. 1. The cibles de
campagne were partially analyzed in the paper (Khaikov, 2019). It would
also be interesting to know that the Armed Forces of the Polish People’s
Republic (PPR) developed their own PSTs entitled figury bojowe (pol.)
(MoD PPR, 1977).
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Figure 1 — Silhouettes of five Soviet/Russian PSTs (top row) and five Swiss shooting
targets (cibles de campagne) (bottom row)
Puc. 1 — lNamb cosemckux / pocculickux rniocKux muweHel (8epxHuli psid) u nsmsb
weeliyapckux muweHed (HUxHUl psd)
Cnuka 1 — Cunyeme nem cosjemckux/pyckux MI™ (eopru ped) u nem weajyapckux
mMema 3a 2aljare (0oru ped)
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The geometric study shows that the Soviet/Russian and Swiss
infantry targets are based on geometric primitives i.e. plane figures of an
elementary form: triangles, rectangles and trapeziums. The silhouette
design of PSTs is based on the following rules:

(1) The principle of simplifying the original complex form is the basis
for the construction of infantry shooting targets. A complex silhouette is
reproduced by merging into a coherent whole more simple GP;

(2) The silhouette of a PST is a plane figure, all vertices of which are
interconnected by first order lines. By connecting the vertices with two-
order or more order curves, it is possible to enhance the visual effect of
target perception (for example, the Swiss target K);

(3) PSTs, being geometric shapes, are usually symmetric along the
vertical axis OY.

PST No. 5a «head» is composed of a rectangle and an isosceles
trapezoid, a large base of which is joined to the base of the rectangle. In
all subsequent constructions, the «head» as a polygon acts as an
independently functioning geometric primitive. For PST No. 5, the GP
«shoulder» consists of a rectangle and a right-angled triangle. The right
and left «shoulders» of PST No. 5 are symmetrical. In turn, figure No. 5 is
a more difficult geometric primitive for PSTs No. 6-8. Based on this, we
formulate the 4-th rule: «A more complex PST shape is built on the
principle of merging a new geometric primitive with the shape that was
formed on the previous step». Thus, targets No. 5a, 5-8 can be
represented as a combination of the following five geometric primitives:
«head», «shoulders (left / right)», «bottom of the chest», «bottom of the
torso» and «legs». The GPs for Soviet/Russian targets are listed from left
to right in Fig. 2a. The GPs for Swiss targets are represented in Fig. 2b.
All dimensions in Fig. 2 are indicated in centimeters.

The figure «head»® (it is target No. 5, made of simpler shapes) for
subsequent figures is also considered to be a geometric primitive. By
merging it with the «shoulders» primitives®, we obtain target No. 5 (or the
Swiss target H). Further, by merging target No. 5 (we will consider it as
the next geometric primitive) with «the bottom of the chest» primitive, we
obtain target No. 6 (or the Swiss target G). Targets 7 and 8 (or the Swiss
targets F and E) are made by the same rule of merging.

° geometric primitive «head» (Fig. 2b) was modified relative to the original Swiss target K.
® left and right shoulders.
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Figure 2 — Geometric primitives as constituent elements of PSTs
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b) Swiss targets;

Puc. 2 - eomempuyeckue rnpumumuebl KaKk cocmasssouue

a) cosemckux / pocculickux muweHeu;

b) weeluyapckux muweHeul;

Cnuka 2 — OcHosHe 2eomempujcke chuaype kao KoHcmumymueHuU enemeHmu Ml
a) cosjemckux/pyckux mema; b) weajuapckux mema

The comparative characteristics of the areas of the Soviet/Russian
and the Swiss geometric primitives are illustrated in Table 2 (all
dimensions — in square centimeters).

Table 2 — Comparative characteristic of the areas of GPs (square centimeters)
Tabnuya 2 — CpasHumernbHas xapakmepucmuka rnowaded Tl (ke. caHmumempei)
Tabena 2 — lNopehere kapakmepucmuka nospwuHa O ® y kgadpamHum

yeHmumempuma

Bottom of | Bottom of
Types Head Shoulders the chest | the torso Legs
A - areas of S/R GPs 636 2*189=378 1000 2500 1875
B - areas of Swiss GPs 614.5 | 2*154=308 990 2025 1988
100-(100*B/A) ratio, % 3.4 18.5 1 19 -6

From the data collected in Table 2, it can be seen that the GPs
(«head», «shoulders», «bottom of the chest», «bottom of the torso») of
the Soviet/Russian targets are 1-19% bigger than the GPs of the Swiss
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targets; however, the area of the Swiss GP «legs» are larger (6%) than
the corresponding Soviet/Russian one.

The principle of sequential merging of geometric primitives and the
formation of PSTs Nos. 5, 5a, 6-8 are shown in Fig. 3. At the top in the
yellow rectangle, there are five GPs used in the merging process, and
below, in a blue rectangle, there are five PSTs silhouettes formed from
them.

The quantity of arrows at the bottom of the yellow rectangle (near
numbers 0—4) shows the quantity of GPs which were used to build all five
PSTs. The quantity of arrows at the top of the blue rectangle (near
numbers 5-9) shows the quantity of the geometric primitives-components
that were used to build an appropriate silhouette.

Mathematical set of geometric
primitives \_/

-
R T 1 ﬂ
¥ 8- B

Ma7

9

«l=

Mathernatical set of plane shooting targets MEz

Figure 3 — The implementation of the principle of consistently combining geometric
primitives into target silhouettes (the shooting targets design system)

Puc. 3 — Peanusayus npuHyuna rnocrnedosamersibHo20 06bedUHeHUsT 2e0MempuYecKux
ApuUMUMUEB08 8 CUMy3mbl CMPEIKO8bIX MuleHel (cucmema nopoxoeHuUs MuwueHel)
Cnuka 3 — lNMpyMeHa NpyHUMNa KOH3UCTEHTHOT KOMOMHOBaHa OCHOBHMX FrEOMETPUjCKUX
durypa y cunyete MeTa (CUCTEM NpojekToBaka MeTa 3a rafare)

The construction of a PST silhouette can be compared with a
mosaic puzzle. Each puzzle piece has a different shape. Mosaic
elements in this task correspond to geometric primitives and the result of
their conjunction (merging) will match the external contour of the target
silhouette (see Fig. 3). When we attempt to place a puzzle piece in its
place, it will only fit if it is placed properly in the correct location of the
considered shooting target. In order to get the correct silhouette of target
No. 8, not only is it necessary to use the six «mosaic elementsy», but also
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to place them in a correct order. The structure such of Fig. 3 was named
the target design system (TDS). The TDS consists of GPs (top row on a
the yellow background) and PSTs (bottom row) that can be built from
them. The TDS of Fig. 3 illustrates the formation of Soviet/Russian PSTs;
however, this scheme can be used to explain the principle of the
construction of Swiss PSTs.

If the GPs of Fig. 3 are numbered from 0 to 4, and the PSTs from 5
to 9, then the TDS can be transformed into a directed graph that has 10
(from 0 to 9) vertices (5 GPs + 5 targets) and 15 edges’ (Fig. 4 a, b). Two
graphs of Fig. 4 a, b® are isomorphic. Since the graph had 10 vertices
thus the adjacency matrix (AM) A has a size of 10x10. Its 100 elements
are presented in Fig. 4c:

PSTs

3 5 6 7 g g PSTs

2
PSTs GPs

O O O O O O o o o o
O O O O O O O o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O ©O O O
O O O O O O © O - -
O O O O O O O F -
O O O ©O O O F B
O O O ©O O F kB - -

]
O O O O O O o o o o

a) b) c)

Figure 4 — Directed graphs (a, b) and graph adjacency matrix or the connection matrix (c)
Puc. 4 — HanpaeneHHble epagbl (a, b) u ux mampuya cmexHocmu (c)
Cniuka 4 — YemepeHu epaghosu (a, b) u mampuuya nosezaHocmu 2pacpa (c)

The received AM (Fig. 4c) is a sparse matrix because it contains
only 15 nonzero elements and 85 zero-elements. The matrix sparsity is
85%, and the matrix density — 15%. All nonzero-valued elements form a
special upper triangular matrix with four diagonals that are parallel to the
main diagonal. The AM is singular, since its determinant is 0. It should be
noted that the AMs for Soviet/Russian and Swiss PSTs are the same.

The bipartite graph of Fig. 4b is a graph whose vertices are divided
into two disjoint and independent sets of GPs / PSTs such that every
edge connects a vertex in GPs to one in PSTs.

" The edge is a connection between two vertices.
8 Graphs of Fig. 4a, 4b were built by using Internet-application http://graphonline.ru .
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Geometric specification of PSTs

The main way of the geometric description of PST silhouettes is
recreating them by the projections of the sides on the X and Y axes of
the Cartesian coordinate system. But for describing the target contour,
three more ways can be used:

1. Representation of the PST by the coordinates of the vertices of
the polygon that describes the silhouette. The shape-forming matrix
consists of two columns: the first column contains the coordinates of the
abscissas, and the second - the coordinates of the ordinates.

The coordinates of the six vertices of target 5a (left matrix) and the
modified «head» primitive (right matrix) written in the form of a Mathcad-
matrix are shown below. These are rectangular matrices, each row of
which contains the X and Y coordinates (cm) of the corresponding vertex
of the polygon, while the seventh row repeats the first vertex coordinates
and makes the contour of the target closed:

(18 0] (16 0]
32 0 29 0
365 12 325 13
T1:=|365 30 T2:=[325 33
135 30 125 33
135 12 125 13

|18 0 | |16 0 |

Using the Cartesian coordinate system, Fig. 5a illustrates the
increase in the height of Soviet/Russian PSTs if every new GP is
included in the target composition. All geometrical dimensions of Fig. 5a
are in centimeters. The image was obtained using GNU Octave software.

2. The target silhouette can be described by a set vector magnitudes
and direction angles relative to the previous one Fig. 5b. The geometrical
dimensions of Fig. 5b are in millimeters. The vertices of the targets (as
plane polygons) are designated as A1, A2, ... Ai. The angles between the
sides (or edges) of both polygons (Fig. 5b) are in degrees. The dashed
line in Fig. 5b (right fragment) shows the connection boundary of the GP
«head» with the primitive «shoulders».

3. The silhouette description using analytical equations of the sides
of the polygon with an indication of their boundaries (start/end points).
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For method No. 2, the vector magnitudes and the direction angles
can be replaced by the coordinates of the vector in the Cartesian
coordinate system (XQY).

ME5a MEg Mag Maz =)

Y, cm Y, cm Y, cm Y, cm Y, cm

140 - 140 — 140 140 — 140 :ﬂ_
120 |- 120 |- 120 |- 120 120
100 100 100 |- 100 |- 100
80 — 80 — 80 |- 80 =U— 80 |-
60 — 80 — — 60 60 = 60 |
a0 - a0 - — 40 :ﬂ_ 40 - 40
20 —w 20 ’__ﬂ_‘ 20 20 20

o Ld, ) S VR

L1 g LALIA

[=]

0 20 40 0 20 40 0 20 40 0 20 40 0 20 40
X, cm X, cm X, cm X, cm X, cm

Step | Step Il  Step lll Step IV Step V
a)

Figure 5 — Increase of the height of shooting targets relative to each other (a) and
their structure (b)
Puc. 5 — Ysenu4eHue 8biCOMbI CMPEeIKoabix MuLeHel omHocumersrbHoO Opye Opyea (a)
u cmpykmypa muweHel (b)
Cnuka 5 — Noseharbe sucuHa Mmema 3a 2afjarbe y meljycobHom odHocy (a) Kao U y
odHocy Ha muxosy cmpykmypy (b)

For a shooter, the necessary a priori information about a target is:
the target size (the maximum width and the maximum height); the target
area, and the coordinates (abscissa and ordinate) of the target centroid®.

® The centroid of a polygon is also known as the «center of gravity» or the «center of
mass».
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The geometrical dimensions and the description of PSTs can be
found in shooting reference books, for example (Tarchishnikov, 2011,
pp.118-120), (MoD GDR, 1984), (MoD PPR, 1977).

Shoelace formula (or Gauss's area formula) is a mathematical tool
for estimating the PST area like a geometric polygon. If the numbering of
the vertices of the polygon is counterclockwise, then its area A can be
calculated (Bourke, 1988):

1N—l
A:EZ(xinl_leyi)' (1)
i=0

where N is the number of vertices of the polygon.

Since the determinant of a 2x2 matrix B (bss=a; b12=b; bzs1=c; by,=d)

|B| = det(B)=|*
C

b
‘zad—bc.
d

Expression (1) can be modified

1 N-1

A:EZ

i=0

X i
X

(2)

i+1 yi+1

but in (Wolfram MathWorld, 2018) the area’s formula is given based on
the sum of determinants (det)

A=1(x° S R I XOJ=1N_1 i S (3)
2y | n » Yva o 253V Vi
but, since
|B|:a b‘:a b‘T:a c:d b:‘d c
c d |c d b d |c a |b a

we repeat expression (2). Therefore, the transformed Bourke’s formula
(2) and the expression from (Wolfram MathWorld, 2018) (3) coincided.
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The resulting formula (2) is more convenient, since it corresponds to the
matrix of the coordinates that describe the vertices of the polygon. If the
vertices of the polygon are numbered not counterclockwise, but vice
versa, then this imperfection can be eliminated in two ways:

(1) vertical flip of the matrix; in the computer software Mathcad, this
can be implemented using the vertflip(M) command;

(2) by using the absolute value of A (the modulus of a real number
A).

In order to calculate the polygon’s area by using formulas (1, 2), it is
necessary to know the number of vertices of the polygon (N); then, for
the considered targets, we will collect them in Table 3.

Table 3 — Comparative characteristics of the number of vertices for PSTs
Tabnuuya 3 — CpasHumersbHasi xapakmepucmuka Konudecmea eepuuH 011 MulieHel
Tabena 3 — YnopedHe kapakmepucmuke 6poja epxosa Ml

Head Head and Upper Torso I.:uII
Types torso sized
target | shoulders target
target target
Number of vertices for S/R PSTs 6 8 8 8 10
Number of vertices for Swiss PSTs 6 8 8 8 14

Table 3 shows that the result of comparing the N numbers for
Soviet/ Russian and Swiss targets shows the similarity of these two
groups of PSTs. The minimum number of vertices is six, and the
maximum is fourteen.

Using formulas (1) and (2), we estimate the area of the Soviet/
Russian and Swiss targets. The resulting data are combined in Table 4.
The areas of all Soviet/Russian targets are bigger by 3.4-12.8 percent
than the corresponding areas of the Swiss targets.

Table 4 — Comparative characteristics of the PST areas
Tabnuuya 4 — CpasHumernbHasi xapakmepucmuka nnouwjadeli cmperkosbiX MulueHel
Tabena 4 — YnopedHe kapakmepucmuke rospwuHa Ml

Head Head and Upper Torso Full sized
Types torso
target | shoulders target target
target
A1 - areas of S/R PSTs, cm® 636 1014 2014 4514 6389
A2 - areas of Swiss PSTs, cm” 614.5 922.5 1913 3938 5925
100-(100*A2/A1) ratio, % 34 9.0 5.0 12.8 7.3
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The ratio of areas of geometric primitives in the total area of four
targets for the group of Soviet/Russian targets is shown in Fig. 6. White
color indicates the area of the GP «head»; orange color corresponds to
the area of primitive «shoulders»; dark blue is «bottom of the chesty;
blue specifies, «bottom of the torso»; and purple means «legs». As the
shape of a PST becomes more complex, the area of each part of the GP
set is decreased. The target «head» is absent since only one GP is used
for its formation.

The head and The upper torso The torso Full sized
shoulders target target farget target
£2.6 22.15  g.41 15.87
18.85 5° 6.03
14.08 .
39.68 2.1
37.4 49.86 55.36

Figure 6 — The proportion of GP areas in the total area of PSTs
Puc. 6 — ons nnowadu eeomempudecKkux npumumueos 8 obuwel ninowadu
cmpesikosbIx MuweHel
Cniuka 6 — Ydeo nospwuHa Ol @ y ykynHoj nospwuHu MI™

Another kind of Bourke’s equations (Bourke, 1988) can be used for
estimating the coordinates of the polygon centroid:

(xi T X )(xinl — X )1 4)
(yi +Via X‘xiyi+l — XV )7 (5)

where N is the number of vertices of the polygon.
Applying to (4, 5) an expression for the 2x2 determinant (|A| or

} (6)

det(A) ), we modify these formulas

1 N-1 X —
Cx = ’ :
" {xiﬂ 11‘

645
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1 N-1

=

X Vi

'xi+l yi+l

Cy (7)

Yi _1‘ .
y[+l 1
For such interpretation, the area of the polygon is the sum of the 2x2
determinants, and the abscissa and the ordinate of the centroid are their
product. Thus, the formulas for the area and the coordinates of the
polygon centroid now have a matrix form.
We calculate the centroid coordinates of the Soviet/Russian PSTs

and compare them with the corresponding coordinates of the centroids of
the Swiss targets. The results of the comparison are given in Table 5.

Table 5 — Comparative characteristic of the coordinates of PST centroids
Tabnuua 5 — CpasHumernbHasi xapakmepucmuka KoopOuHam ueHmpoudos
cmpesiKosbIX MuweHel
Tabena 5 — YnopedHe kapakmepucmuke koopduHama yeHmpouda AMI™

Head | Head and Upper Torso Full sized
Types torso

target | shoulders target target

target

Cx of SIR PSTs, cm 25 25 25 25 25
Cy of SIR PSTs, cm 15.9 12.1 21.1 45.6 75.7
Cy of Swiss PSTs, cm 225 225 225 225 225
Cy of Swiss PSTs, cm 17.4 13.3 22.7 44.5 83.8
100-Cy/Hmax for S/R 53% 40.3% 42.2% 45.6% 50.4%
100-Cy/Hmax for Swiss 52.7% 40.3% 41.2% 44.5% 50.8%

The value of 100-Cy/Hmax shows the location of the centroid Y-
coordinate relative to the PST height. The ratio of these parameters for
targets such as «head», «head and shoulders» and «full sized target» for
Soviet/Russian and Swiss targets is less than one percent. For the
«upper torso target» and «torso target» targets its 2.2 and 2.4 percent.
The X-coordinate of the centroid lies on the axis of symmetry (22.5 cm
for Swiss PSTs and 25 cm for Soviet/Russian targets).

Conclusions

Planimetrics and graph theory allowed us to formulate a general
construction principle for analysing Soviet/Russian and Swiss PSTs,
which is based on the use five similar in geometry GPs. To compare
different groups of infantry targets, a TDS was proposed that consists of
geometric primitives set; directed lines between GPs and obtained
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infantry targets. The TDS can be represented as a graph or an adjacency
matrix.

Investigated by us two target groups had the same directed graphs
and, therefore, an equal adjacency matrix. This matrix refers to the type
of sparse matrix and has the following characteristics: dimension: 10x10
(15 nonzero elements and 85 zero-elements); matrix sparsity is 85%, and
matrix density — 15%.

For formulas which determining of an area and centroid
coordinates of polygons we propose their matrix forms. These kinds of
expressions are more convenient by combining information about
polygon vertices coordinates in a matrix with nx2 dimension.

Comparison of Soviet/Russian and Swiss PSTs showed that areas
of all Soviet/Russian targets are more by 3.4-12.8% than the
corresponding area of Swiss targets. The exception to this rule relates to
the ratio of the areas of «man sized» targets. Due to the fact that all
targets have an vertical axis of symmetry, the X-coordinate of a target
centroid depends on location its abscissa. The Y-coordinate of a centroid
was compared with a height of the target. The maximum offset of the Y-
coordinate of centroids for Soviet/Russian targets relative Swiss targets
was 2.4%. Thus, the similarity of the geometry of two reviewed groups of
PSTs is explained by the resemblance of a formation mechanism, the
uniformity of the mathematical graph (adjacency matrix) and identified
geometric primitives. The results of this study can be extended to other
PSTs groups.
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AHAN3 ABYX IPYTIN MIIOCKNX CTPEJNKOBBLIX MULIEHEN KAK
COBOKYINHOCTEW TEOMETPUYECKMX NMPUMUNTNBOB

Baoum J1. Xawnkos,
He3aBWCUMBbIV UccneadoBaTensb, r. KpacHogap, Poccuiickaa depepauuns

PYBPWKW: 78.21.00 BoeHHO-NpuKNagHble HayKu;

78.21.47 Bannnctuka. Teopusa cTpenbobl
BWO CTATbW: opurMHanbHasa HaydHas cTaTbs
A3bIK CTATbW: aHrnumnckmn

Pe3some:

CpasHeHue  08yx  epyrnnn  CMPEerikosbiX  MUWEHel,  Komopbie
Xapakmepusyrom Ccuslyam cmpesika 8 pasfiuyHbIX e20 MOIOXeHUsIX rpu
sedeHuu HabmodeHusi u cmpesnibbe, cmasio omrpasHoU mouykol Ons
Hayana uccrnedosaHusi. BbibpaHHbie Onisi paccMOmpeHus MULIEHU
ucrionb3yromesi 8 rpouecce cmpersikogol rnodzomoeku e Poccutickoli
®edepayuu u 8 Llsetiyapckoli KoHgpedepayuu. Pe3dynbmam cpagHeHusi
08yx epyrnn muweHel (Mo namb MuweHel 6 Kaxdol epyrre) rnokasars
MeXX2pyrirnogoe cxo0cmeo Ux eeomempuyeckux gpopm. s obbscHeHus
amoeao ¢hakma, bbina paspabomaHa cucmema MOCMPOEHUsT MulieHeld
(ClIM). OHa ocHosaHa Ha 8bi0erfieHUU HEKOMmOopoeo Kosiudecmea
MPOCMbIX 2e0MempUYECKUX (buayp 80 MHOXECmE0 makK Ha3bl8aeMbiX
eeomempuyeckux npumumueos (1) ¢ GanbHeluwuM KOHCMPYUpPo8aHUeM
MuweHel Ha ux ocHoee. B Hawem crniydae obwee konudecmeo [T1 —
nams 8 Kaxkdol paccmampusaemol epynne. [NpuHyun obveduHeHust 1
cocmoum 8 mom, 4mo ecsiu 08e CMOPOHbI O8YX CMEXHbIX MPUMUMUBO8
unu ux dYacmu senstomcess obwumu Onsi HUX oboux, mo makue [T]
0bbeduHsromess 8 O0Hy 0bwyro 2eoMmempuyeckyro cpuaypy, nnou,adb
Komopolu paeHa cymme ux nnowadel. [anee CIIM 6bina
rnpeobpasosaHa 8 08a U3OMOPGHbIX epagha, Komopble Mo30Hee Obiu
mpaHcghopmuposaHbl 8 Mampuubl cMexHocmu. Takue mampuub! Oris
pocculickux U weelyapCKux MuweHel oKa3anucb pasHbiMu. [ns
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yryqweHusi oueHKU nnowadu u KoopOuHam ueHmpouda cmpesikogol
MUWEHU Kak /10CKO20 MHO20y20rbHUKa bbiria npedrioxeHa mMampuyHasi
molducpukauyusi  popmyn  bepka (Bourke). B pesynbmame  ux
ucrosib308aHust BbINU yMOYHEHb! 3HaYeHUs1 2e0MempuvecKux riowadel
0ns1 pocculickux U weeluyapcKux MulieHel U 3HadeHusi KoopouHam ux
ueHmpoudos. B kadecmee MameMamuyeckozo  Po2pPamMMHOZ0
obecrieyeHuss 0ns peanusayuu  KOMIbIOMEPHbLIX — pacyémos U
epachudeckol  eusyanusayuu  pesynbmamog  rnocmpoeHul  bbiiu
ucnonb3oeaHbl GNU Octave, GeoGebra u Mathcad.

Knwouesble  crioga: cmpenkoeass  MUWEHb, 2eoMempu4yeckul
npumumus, Mamemamudeckul —epagh, Mampuuya CMexHocmu,
ueHmpoud mHoezoyeonsHuka, Octave, GeoGebra, Mathcad.

AHANN3A OBE I'PYMNE ABOOAMMEH3NOHANHWX MEWAONJCKNX
META KAO CKYINOBA OCHOBHUX TEOMETPUJCKNX ®UTYPA

Badum J1. XajkoB
He3aBWCHU UcTpaxunaad, KpacHogap, Pycka ®egepauvja

OBJIACT: npumeneHa MaTematuka (6anunctuka, Teopuja rahama)
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Oea cmyduja nopedu dee epyrne 0800UMEH3UOHaNIHUX Mema 3a 2afjare
(AMr) y obnuky cunyeme cmperiua Koju ryya u3 rywkKe U3 pasaudumux
rnonoxaja. OdabpaHe newadujcke meme 3a 2afjame Kopucme ce 3a
yeexbasarbe eahawa y Pyckoj ®edepauuju u  Llsajyapckoj
KoHagbedepauuju. Nopehere pesynmama dse epyrie mema (o nem y
C8aKoj epyrnu) rokasyje 3HadajHy C/IUYHOCM HUX08UX 2€0MempuUjCKUX
obnuka. [Ja 6u ce objacHuna oea 4Yur-eHUUa, pa3seujeH je cucmem
npojekmosarba Mema (C[IM) 3acHoeaH Ha o0pefjeHom 6pojy
JjeOHOoCmasHUX 2eomMempujckux o0bruKa — OCHOBHUX 2e0MempujCKUX
ueypa (OF'®). Y nawewm cnyyajy maj 6poj je buo decem (nem nonuzoHa
3a pycke u nem rornueoHa 3a weajuapcke meme). Kopucmehu CrIM,
uspaheHe cy meme y obsiuKy rbydckux curiyema. Ako 0ge cmpaHuye dge
cyceOHe OF®, unu muxosu desnosu, rnocmaHy 3ajedHUYKU, HUXO08UM
KombuHogarem 0dobujeHa OF® uma nospwuHy jeOHaKy YKYMHUM
rnospuwuHama dgejy  nospuwuHa cyceOHuUx ore. [Jamom
mpaHcgopmavujom ClMIM dobujajy ce dea usomopcpHa gpagha. Houxose
dobujeHe mampuue nosesaHocmu (MF1) 6une cy ucme u 3a pycke u 3a
weajuyapcke [MI. 3a noborbwarke ecmumauuje ospuwiuHa U
KoopOuHama ueHmpouda Mema, npedrnoxeHa je Modughukayuja
mampuue bypkeosum ¢hopmynama. eomempujcke rnospuiuHe pycKkux u
weajyapckux OMrl, kao u nokayuje HUX0BUX UeHmMpouda, NMpeyusHo cy
odpeheHe u ynopeheHe. Mamemamuyku cogpmeepu kopuwheHu 3a
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KOMIjymepcKa uspadyHasar-a U eusyanusauujy nymem gpaghosa bunu cy
GNU Octave, GeoGebra u Mathcad.

KrbyuHe peuu: mMema 3a e2alfjaH-e, OCHOBHe 2eoMempujcke guaype,
epap, mampuya noeezaHocmu, ueHmpoud mnonueoHa, Octave,
GeoGebra, Mathcad.
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