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BITAJIBHE CJIOBO 10 YHACHHKIB .
MIZKHAPOJHOI HAYKOBO-IPAKTHYHOI KOH®EPEHIIII

lanoBHi yuacuukn ®opymy!

A sitaro Bac Bin imeni Oprani3auiifHOro KomiTery
MixknaponHoro  ®@opymy  «besneuna,  kom¢opTHa,
COPOMOXKHAa  TepUTOpialbHa TrPOMaAa» Ha  TEPEHax
HauioHanbHOrO TexXHIYHOro yHiBepcuTeTy «JIHIMpOBCbka
MO TEXHIKaY.

Ham cyunocst 5KUTH y CKJIaZiHI YacH i/l 4ac BOEHHOI
arpecii pocii, sika TpuBae Bixe Oinbiuie miBTopa poky. Ha
CXOAl TUHYTb Halll 3aXHUCHUKW Yy JjaBax 30poiHMX CHI
VKpaiHu, BIIEHT pPYHHYIOTBCS MICTa 1 cella, BEIMYe3Hi
TepUTOpii 3aCisiHi MiHAMU. AJle MU BIIEBHEHI, 11O NMpUiize uac

1 BiliHa 3aKIHYUTLCS, 3aKIHUYUTBHCS HAIIOK MEPEMOTOK.

[Ticns uboro Tpeba Oyne BiOHOBMIOBAaTH KpaiHy, 1 Lei
MPOLEC BiJIHOBIKOBAHHS CJIi/l OPraHi30BYBATH 3 ypaxXyBaHHSAM TOrO AOCBiAY, O MH HalyJiu
BHACJIIIOK BiiiHH, SIKa TOPKHYJIACsl MPAKTUYHO BCIX cep CyCniibHOI AisIbHOCTI.

Cnix 3a3HauuTH, 1O Yy MOTOYHOMY poui B YkpaiHi i 3a KOPAOHOM Bike BinOyBasach
HU3Ka KOH(epeHLii, y TOMy 4MCIl | MIKHAPOAHMX, HA SIKUX MIAHIMAIUCL MpPOOIEMH
MOBOEHHOIO BIJHOBJIEHHsI KpaiHW. AJie, K TMPaBMJIO, OPraHi3alliiiHO BOHW BHCBITIIIOBAJIN
npobiemu ogHOro 3 6araTboX NpoOIEMHUX HANPSMIB: €eKOHOMIKA, MEHEKMEHT, apXiTeKTypa
1 OyaiBHULTBO, ripHHYa MPOMUCIOBICTE TOwO. [IpuiiMaroun k 10 yBaru Toi (akr, mo BCi
npobaeMu, 1o MPaKTHYHO 3aBK/AN MOB’ A3aHi Mixk c0000, MOTPIOHO BUPI LY BaTH KOMIIJIEKCHO,
1 Te, IO BOHH 3HAXOIATBHCS B MeKax Ti€l YW IHIUOI TEPUTOPiaNbHOI rpoMaju, HamH Oyso
NpUiiHATE PILIEHHS LIOAO OpraHi3auii Takoro BIAKPUTOro st OOroBopeHb mMyOsi4HOrO
MaiilaHYMKa, B MEKaxX SKOro MoxkHa Oyno Oum ¢axiBLsM pi3HOI HAMPABAEHOCTI MOYYTH OIHE
OIHOTrO 1 BK€ 3apa3 BU3HAUMTH HaNHO1/IbII 3HAUY 1l TPOOIEMH 1 OKPECIUTH IIMOBIPHI LIISXH iX
BupimeHHa. Tak Hapoaunacs imes mnpoBedeHHs wmopiuHoro MixkuHaponHoro @opymy
«be3neuna, komM(popTHA, CIPOMOIKHA TEPUTOPIaJIbHA IPOMALIAY.

Lls koHdepeHUis € npaBOHACTYMHULEK MiKHAPOAHOrO TIPHUYOr0 YKPaiHCHKOIO
bopymy, sikuii icHyBaB OlJiblIe ABaJALATH POKIB 1 HA Liei Yac, y 3B’ 53Ky 3 OKYMNaLl€er 3HA4YHOI

YaCTUHM TIPHUY0100YBHUX PErioHiB, BTPATHUB CBOK akTyasbHicTh. Ha3zsa ®opymy, sik i Horo
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CTPYKTYpa, MOKM LIO AOCTaTHbO YMOBHI, MiJISIral0Th OOrOBOPEHHIO 1 OcTaTouHO OyayTh
BHPILLIEHI Y MOAAJIBILOMY.

51 Haxar0 BCIM HaMm LiKAaBHX 3ycTpided mijg vac podoru Dopymy i muiaHoi podoTu B
npolueci MATOTOBKM peKOMeHpaliili moao e(eKTHBHOrO BiJHOBJEHHS MiCISBOEHHOIO
rocrnofapcTBa YKpaiHu.

Cnasa Ykpaiuni! I'eposim cnasa!

T'onosa oprkomitery MiskHapoaHoro @opymy
«besneuna, kompopTHa, CIIPOMOKHA TEPUTOPiajibHA rPOMAA»

PekTop HalioOHaIbHOIO TEXHIYHOIO YHIBEPCUTETY

«/IHinpoBcbKa MojiTeXHiKa», npodecop Onexcanap A3KOKOBCHKHIA
(:f:,’) 30IpHUK MaTepianiB MKHAPOAHOT HayKOBO-TTPAKTHYHOT KOH(pEPEHIIii 18
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UDC 623.368:674

FUNCTIONAL AND MATHEMATICAL MODEL FOR CLEANING THE
TERRITORY OF UKRAINE FROM UNEXPLODED ORDNANCE

Tolkunov I. 0., Ph.D., Associate professor,
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

As a result of the armed aggression of the Russian Federation and the terrorist nature of
the hostilities, there remains a large number of various unexploded ordnance (UXO) on the
territory of Ukraine, which for one reason or another did not explode. This creates serious
threats to the normal life of the population. In the post-war period, an urgent problem for the
state and its national security will be the identification, neutralization and destruction of UXO
in the liberated territories — conducting humanitarian demining (HD). At the same time, a well-
founded approach is needed regarding the material and technical support of works with the HD,
training of specialists for various purposes, and assessment of the terms of work. Based on this,
an actual scientific and practical problem arises in the field of civil defense, which consists in
the development of a mathematical model for cleaning the area of hostilities from UXO and
ensuring the safety of the population.

To date, the concept of «Land Release» is widely implemented in the international
practice of landmines as one of the main components of mine action [1]. The essence of the
concept is to ensure a rational and justified relationship between the safety, quality and pace of
work on the HD, on the one hand, and the effective use of human, material and financial
resources, on the other. This, in turn, is achieved by careful planning and quality work at all
stages of demining, as all participants in the process must adhere to basic principles — safety,
consistency and feedback between stages, continuity, continuity, personal and collective
responsibility, etc.

These principles are to some extent embedded in the structure of the functional model
(Fig. 1) [2], the essence of which is as follows. On the basis of the initial (preliminary)
information about the contamination of certain territories with explosive and (or) suspicious
objects, which the beneficiaries (territorial communities, owners of land plots, managers of
enterprises, institutions and organizations that use land plots and are located on them) possess
at the initial stage objects of property, etc.) and which in the established order in the form of
notices, appeals or in another way reaches the relevant structures (the Ministry of Internal

Affairs of Ukraine, the State Emergency Service, the Ministry of Defense and the Armed Forces
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of Ukraine, etc.), regulated measures are taken regarding the response of the relevant
management bodies and forces subordinate to them to these reports or requests.

On the basis of the decision made regarding the priority and urgency of responding to
the received message (request), a phased implementation of a set of measures is organized,
which includes:

non-technical survey of territories (NTS) [3], potentially contaminated with UXO,
based on the results of which, based on the received direct and indirect evidence regarding the
contamination of these territories with UXO, territories are classified according to the relevant
status — presumably dangerous territory (PDT), confirmed dangerous territory (CDT) and the
excluded territory (ET) from the list of potentially dangerous during the NTS;

technical survey of territories (TS) [4], which at the previous stage was given the
appropriate class (status) — PDT or CDT, as a result of which the contamination of territories
or the reduction of the area of these territories is confirmed, for which additional and previously
determined direct evidence has not been received or confirmed availability of UXO on them;

cleaning (demining) of territories, which is organized and carried out on the basis of a
defined priority, using certain methods with the involvement of the necessary forces and means,
which ensure the safe, high-quality and effective release (unblocking) of contaminated lands

(territories) and their transfer to the beneficiary for further use.

Indirect evidence Direct evidence

s Cleaning

Figure 1. — Functional model that describes the processes of examination and cleaning

(demining) of territories contaminated by UXO

—
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At the same time, the principles of sequence and feedback, as well as continuity between
the stages, are ensured by the step-by-step implementation of measures at any of the stages and
the possibility, in case of need and obtaining additional information and evidence, to return to
the implementation of the measures of the previous stage and further clarify the classification
of territories and of the process of performing tasks related to the release (unblocking) of these
territories (R(UB)T) (Fig. 2).

In order to perform these tasks within the given (specified) time frame, it is necessary
to determine the number of personnel, as well as equipment for equipping the pyrotechnic
groups (PGr), which will conduct the survey and cleaning (demining, HD) of the contaminated

territories.
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Figure 2. — Structural diagram of the implementation of the principles of sequence and
feedback between stages, as well as their continuity, which are implemented in the process of

surveying and cleaning (demining) territories contaminated with UXO

Based on the results of the research and the corresponding calculations, a mathematical
model was proposed for cleaning the territories of hostilities from UXO and ensuring the safety
of the population there.

Taking into account the operational efficiency of the subdivisions in carrying out work

on the survey and cleaning (demining) of the contaminated UXO territories, the general term
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for solving the problem of ensuring the safety of the population in these territories will be:

S S
- L = EDT _ 4 CDT__ 1y
sSurv clean ; q I k . Sw
Y PDTO “Ycpro

) (1)

T

L8]

where 7Gev — the general term for solving the problem of ensuring the safety of life
activities of the population in the territories contaminated by UXO, hours (days, years); s —
term survey of the specified territory of the Srpr, hours (days, years); foican — the cleaning period
of the specified territory of the Srpz, hours (days, years); Sepor — area of PDT to be surveyed,
km?; n — number of examination groups; Sror — the area of the territory that can be examined
by one examination group, km?; #; or 7> — the number of non-working or unfavorable days for
the performance of work during the period of inspection or cleaning of the specified territory,
respectively; Scor — the area of the CDT to be cleaned, km?; k — number of PGr; Scpro — the

area of the territory that can be cleaned by one PGr per day, km?.

The total number of personnel that will be used to solve tasks related to surveying and

cleaning the territories will be:

NGE’\":Nsunv'+Nclem1:1'1' n'znni+k.znlg‘ 5 (2)

where Nizy — the general number of personnel involved in performing the work, people;
Niurv — the number of personnel involved in surveying the territories, people; Neiear — the number
of personnel involved in cleaning the territories, people; 7,/ — the coefficient, which takes into
account the reserve number of specialists, is determined based on experience by an expert and
is about 10% of the required number of personnel involved to perform the work; 7,; — number
of specialists of the /-th specialty in one examination group, people; / — the number of types of
specialists in one examination group; 7 — the number of specialists of the j-th specialty in one

PGr, people; r — the number of types of specialists in one PGr.

The total amount of technical equipment for solving the tasks of surveying and cleaning

territories from UXO will be:
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q 2
MGE.-\" - Msurv +]\/[clean - 1,]'(”‘2"’!’” . k ’Z’nlxjj 3 (3)
i~1 j=1

where Mcgry — the total number of equipment used to perform the work, units; M —
the number of equipment used for surveying the territories, units; Mcian — the number of
equipment used to clean the territories, units; /, / — the coefficient, which takes into account the
reserve amount of equipment, is determined based on experience by an expert and is about 10%
of the required amount of equipment used to perform the work; m» — number of i-th type
equipment in one examination group, units; ¢ — the number of types of equipment in one survey
group; my; — number of equipment of the j-th type in one PGr, unit; g — the number of types of

equipment in one PGr.

Thus, based on the results of the study, a functional and mathematical model was
proposed for the examination and cleaning of the territories where hostilities took place and
ensuring the safety of the population there, which allow estimating the time frame for solving
this problem, the total number of personnel and the required total amount of technical

equipment to perform tasks with humanitarian demining.
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