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INCREASING EFFICIENCY OF INTERACTION
BETWEEN THE OBJECT AND SURROUNDING TARGETS
USING POSITIONING METHODOLOGY

In this article the idea of the theoretical model of the object (O) positioning in
space is discussed. The space object positioning takes place on the basis of the enemy
targets (ET) and friendly targets (FT) locations. The effective location criterion is
determined — the maximum number of ET and the minimum number of ET which falls
into the damage zone. Also, in the article the analysis of object own safety is carried
out. Proposed model expands the criteria for assessing the characteristics of the
object in relation to the environment in which the object is located.

Key words: positioning methodology; space object positioning; enemy tar-
gets locating; friendly targets locating.

V cyuacnux 6oiiosux Oisx mexuiuni KOMN TOMeEPU308aHi CUCEMU BUKOHY-
1omb 6ce Oibul 8axcIUBy U KpumuyHy pons. Lle nepedbavacmvcsa HeobOXiOHiCmIO
nioguweHHs eheKmueHoCmi 6e0eHHs GIHU — 3a0e3neueHHs MAKCUMANbHUX 60-
POdICUX 8MPaAm 34 MIHIMATLHUX GIACHUX empam. 3acodu eederHs 60uosux Oiti cma-
HOMb CKIAOHIWUMU A OOCKOHATIWUMU, Ye CNPUYUHAE NIOBULYEHHSL IXHbOI eKOHOMI-
unoi 6apmocmi ma Qizuunoi yinnocmi. Ilpome nopisHaHo 3 mexHiuHUMU 3acodamu
YiHHICMb dreummst i 300p08 st GiliICbKOBOCIYHCO0BYIE | YUBLIbHUX OCIO 3auMae Hatl-
saorcnusiwe micye. Hapasi ons po3e’sizanns makux npoonem 6UKOpucmosyromucs
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MoOeni ma nioxoou, sIKi Hacamnepeo OPIEHMOBAHI HA XAPAKMeEPUCMUKY ma napa-
Mempu 06 ’exmig Ootiosux Oitl. Paxmopu 6NIU8Y HABKOIUWHLO20 Cepedosua abo
ieHOpytombCs (K MAn03HaAYywi), abo OYiHIIOMbCA TH0O0bMU HA OCHOBI IXHbO2O
00c6i0dy (excnepmue OYIHIOBAHHS) MA MEOPEMUUHUX 3HAHb 0e3 HANEHCHO20 CUC-
MmemMHO020 Niox00y.

Omoice, y nputiHammi makmuyHux pitieHb TH00CLKULL hakmop cmas U3Ha-
YATILHUM, WO MOJICe Npu3eecmu 00 NOMUIKOBUX HE360pOMHUX piuieHb. B enoxy
yughposux mexnonoziti icHye nompeba 6 adeKeamHocmi ma eghekmusHocmi ma-
memMamuyHux mooenetl, SAKi Mo2iu 6 agmomamusyeamu npoyecu makmuyHo20
nIaHyeanus 8 peaibHomy uaci. Taxi mooeni maromo micmumu KpUmMuyHi 6UMO2U
00 OYIHIOBAHHA Ccepedosuwya, 8 KoMy nepebysae 00 ’ekm. Tomy HeobOXiOHO po3-
podoumu meopemuyHy ti MamemamudHy mMooensb (IKy MONICHA Al20pUmmizyeamiu),
ye 0acmo 3M02Y MAKCUMATbHO 3HUSUMU PUSUK 0151 OPYIICHIX Yinell ma niosuwumu
ehekmusHicmob 030pOEHHS T 6OE30AMHICIb BIUCLKOBOCTYHCOOBYIE.

Ooni€ro i3 HAUBANCUBIUIUX BUMO2 00 YIET MOOei € agmomamuzayis npoye-
€y Makmuunoeo niamyeanus U ynpaeiinua. OOHAK, He38aNCAIOUU HA BilICbKOGe
CNpAMY8anHa Yiei Mooeii, 60HA Modce Oymu YCHiWHO SUKOPUCAHA Ol THULOT
Memu, Hanpukiao OJisl NIAHYBAHHS 8 eKOHOMIUHIN cgepi. Adaice ys mooenb modnce
3HAxXo0umu He MINLKU BOPOXC YiNi YU OpYixucHI 06 ekmu, ane Ui Oiibl YCNiUHO
nianysamu O6isHec-cmpamezii ma 6UHAYAMU KOHKYDEHMI8 HA PUHKY.

Pezynomamom yiei cmammi € eepbanvHuil areopumm i meopemuyHa Ma-
MeMamuyHa MoOeib, KA NOMEHYIUHO Modce NiOBUWUMY eqheKMUBHICb Ynpas-
JUHHA 06 ekmamu (V 8ilicbK08ill, eKOHOMIuHIl ma iHwux cghepax). 3anpononosana
MOOellb pO3WUPIOE Kpumepii OYiHIO8AHHS XapaKmepucmux oo’ ekma wooo cepe-
oosuwa, 8 aKomy nepebysae o6 ’ekm.

KitouoBi cioBa: memooonocis no3uyiony8anus; PO3MIWEHHsT KOCMIYHUX
00’ exmis; po3miwents yiiei NpOMusHUKA, OPYACHE PO3IMILeHHS Yiell.

B cmamve obcyscoaemes uoes meopemuueckou mooenu no3suUyUOHUPO8a-
Hust obwvexma (O) 6 npocmpancmee. Tlo3uyuoruposanue KOCMULeCcko2o 0oveKma
npoucxooum Ha ocHoge pacnonodcenus epadxceckux yeneil (ET) u opyacecmeen-
uoix yeneu (FT). Onpedensemcs kpumepuii 3¢hgheKkmusrnoco mMecmonoioiceHus —
MAKCUMAIbHOE KOIUYeCmeo U MuHumMaivroe koauvecmso ET, komopoe nonadaem
6 30HY nospedicoenus. IIposeden ananuz cobcmeennou b6ezonacHocmu 0o6veKma.
Ipeonazaemas mooenv pacuwiupsiem Kpumepuu OYyeHKU Xapakmepucmux 00vexma
1O OMHOWEHUIO K Cpede, 8 KOMOPOU HAX00UMcsi 00beKml.

KitroueBble ciioBa: mMemoouxa no3suyuoOHUpoBanust, NOUYUOHUPOBAHUE KOC-
MU4ecko2o 0bvekma, onpeoenieHue MeCHONOLONCEHUS BPANCECKUX yeTlell, Onpe-
OelleHue MeCmMOoNON0HNCEHUsL OPYHCECIBEHHBIX Yelell.
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Problem formulation. In modern wars, technical computerized, often self-
assembled systems become more and more important and critical. It also provides
the need to increase the effectiveness of warfare — maximum hostile loss at mini-
mum own losses. The means of warfare become more complex and more ad-
vanced therefore more expensive and more valuable. Equally, the value of human
resources and lives of civilians takes the first place. At the moment, to solve such
problems, models and approaches are used and primarily focused on the charac-
teristics and parameters of the object. Environmental factors are mostly ignored or
evaluated by people based on their experience (expert assessment) and theoretical
knowledge, without proper systematicity approach.

Thus, when making tactical decisions, a human factor takes place as signifi-
cant part that can lead to false/incorrect decisions. In the era of digital technology,
there is a need for the models that could automate the tactical planning processes,
in a real time. Such models have to acquire the critical requirement to evaluate the
environment in which the object is located. Therefore, it is necessary to develop a
theoretical, mathematical model (which can be algorithmized), will maximize risk
reduction; increase the effectiveness of weapons and the combat capability of sol-
diers. One of the most important requirements of this model is the automation of
the tactical planning and management process.

However, despite of the military deviation of this model, it can be success-
fully used for other purposes, such as economic field. After all, this model allows
more successfully plan the business strategies, to define competitors, as well as
ET, as well as FT.

Main material. The main problem is to calculate the location of the object
in the space and damage points, based on the target zone of the targets (fig. 1).

Object means a transport or other which initiate interaction with targets by a
certain algorithm.

Target — transport or other, exposed to the object influence.

Characteristics — a set of the targets’ and objects’ parameters. The charac-
teristics include size, position in space and time, manoeuvrability, interaction
zone, type of interaction, aggressiveness, own safety.

Types of interaction — positive and negative — distinguish two types of in-
teraction on target.

Friendly target — the target that positively interacts with the object (an ag-
gressive object can interact negatively with such targets, neutral — neutrally, and
not aggressive should interact only positively). For such targets, it is necessary to
maximize the positive impact of the object and minimize the negative.

Enemy target — the target that negatively interacts with the object (an ag-
gressive object should interact negatively with such targets, neutral and not ag-
gressive — can interact neutrally). For such targets, it is necessary to minimize the
positive effect of the object and maximize the negative.
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Fig. 3. Ideal case where all zones are clearly separated
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Interaction zone (1Z) — zone, where object interacts with targets without
changing their position and other characteristics (fig. 2). Distinguish positive
zones (P1Z), negative interaction (NIZ) and zone of the object’s vulnerability
(VIZ). In most cases, the zones of positive and negative interaction completely
coincide or one of them is absent.

The positioning of the object in its basis is based on the theory of games [1-6].

Ideally, when the zones of interaction with friendly and enemy objects are
separated in space (fig. 3), the object is easily positioned by the following rules:

* The PIZ is located in the largest congestion of FT;

* NIZ is located in the largest concentration of ET;

* VIZ is located in the smallest accumulation of ET.

In case that it is impossible to reach the ideal state, or the zones coincide,
the priority of the above rules is determined as follows:

* For an aggressive object, the definition of a NIZ is of a higher priority
than the definition of the P1Z and vice versa;

* For a high-security entity, the definition of the VIZ has a higher priority
than the definition of the PIZ or NI1Z and vice versa.

In this paper, an algorithm for calculating zones is considered. However, the
algorithm for positioning the object based on the calculated zones is not consid-
ered. The algorithms do not take into account the accuracy of the object interac-
tion with the targets. This will be discussed in the further articles.

To determine the P1Z and NIZ the algorithm is applied the same only with
inverse logic — FT changes the values from ET.

The same algorithm is used to determine the V1Z, but the FT objects are not
taken into account.

Since the algorithm uses the same one only with inverse logic, there is a
need to enter additional definitions.

Algorithm terms.

The calculation zone (CZ) is one of three zones for which the algorithm is
used (given by the characteristics of the object) [7].

Target objects (TO) — objects that should be covered by the calculated zone
as much as possible [8].

Non-target objects (NO) are objects that should not fall into the calculation
zone, or their number should be minimized [9].

The calculated zone of the target objects (CZT) is the area equal to the CZ in
terms of size and form, in which the largest number of TOs is accumulated [8-10].

The calculated zone of non-target objects (CZN) — a zone equal to CZ in
size and form, in which the largest number of NO is accumulated.

The calculated zone of minimum non-target objects (CZM) is a zone equal
to the CZ in size and form, in which the smallest number of NO is accumulated
within the bounded area of target objects [11].
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As a result, we obtain the following algorithm propositions:

1) calculate the location of the settlement zones by the TO and NO location;

2) calculate CZ, based on the condition that the CZ should coincide with the
CZT, as much as possible but not include CZN;

3) repeat second point for all areas of the object;

4) establish the object for maximum coverage of the calculated zones.

This algorithm is valid both for stationary and for dynamic entities or ob-
jects. The only difference is that dynamic entities and computing objects must be
real-time.

Conclusions and further researches directions. The result of this article is
a verbal algorithm description of the theoretical model is shown. The mathemati-
cal model, which potentially can increase the object effectiveness (either military,
economic and oth.). Proposed model expands the criteria for assessing the charac-
teristics of the object in relation to the environment in which the object is located.
Present paper show the main idea on positioning the object based on friend-
ly/enemy targets.
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