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METHOD OF JUSTIFICATION OF THE NECESSARY NUMBER
OF ENVIRONMENTAL MONITORING TOOLS AND
OPTIMIZATION OF THEIR LOCATION PLACES

Introduction. In modern conditions, an urgent issue for Ukraine is the development of a methodology
for substantiating the locations of mobile ecological laboratory bases and their composition, which will allow
for limited time monitoring of territories affected by hostilities, potentially dangerous objects (PDO) and about
objects of critical infrastructure (OCI).

Purpose. Mobile environmental laboratories in the region should be located to minimize the costs of
monitoring and responding to time-limited emergencies.

Methodology. The existing bases of environmental monitoring means should be considered as initial
conditions for creating a methodology for solving this problem of optimizing the placement of mobile
environmental laboratories in the territories immediately adjacent to the areas of hostilities.

Findings. The results of the research can be used in the development of recommendations for choosing
the optimal placement of unmanned aircraft complex (UAC) and their infrastructure on the territory of Ukraine
in the context of reforming and reducing the number of aviation. A well-grounded choice of a section of the
region’s territory for the deployment of UAC will increase the level of technogenic and environmental safety
during work on the prevention, monitoring and elimination of emergencies of a natural and technogenic nature.

Originality. The results of the research can be used in the development of recommendations for
choosing the optimal placement of UAC and their infrastructure on the territory of Ukraine in the context of
reforming and reducing the number of aviation. A well-grounded choice of a section of the region’s territory
for the deployment of UAC will increase the level of technogenic and environmental safety during work on the
prevention, monitoring and elimination of emergencies of a natural and technogenic nature.

Practical value. Thus, the example of the practical application of the method of substantiating the
required number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided that the
full scope of monitoring works is performed. The article provides a mathematical formulation of the problem
for the development of the methodology and an example of its calculation for determining the location of
mobile ecological laboratories using unmanned aerial vehicle complexes.

Keywords: methodology; environmental monitoring; unmanned aircraft complex; optimization;
potentially dangerous objects; objects of critical infrastructure.

Introduction. The ecological assessment of regional factors of threats from natural and man-
made emergencies in the conditions of warfare showed that it is necessary to take into account the
significant dependence of the response speed of mobile ecological laboratories depending on the
location of their bases, the level of natural and man-made threats, the number of PDO and OCI, the
dynamics of emergency situations [1-3].

Mobile environmental laboratories in the region should be located to minimize the costs of
monitoring and responding to time-limited emergencies. This can be achieved by:

1) autonomy of use of UAC;

2) observance of safety measures during flights;

3) ability to maneuver take-off and landing points during response to emergency situations;

4) multifunctionality of monitoring equipment.

From a mathematical point of view, this problem belongs to combinatorial problems. A
meaningful statement of the problem is as follows: among the many possible plans for the deployment
of air defense systems in the region, find a plan that minimizes the costs of monitoring, responding
and liquidating emergencies of a natural and natural nature, of military and man-made origin, while
meeting the time limit for responding to emergency situations.
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To determine the extent of the threat of natural and man-made emergencies, information on
the number of potentially dangerous objects, statistics of dangerous hydrometeorological processes,
and statistics of natural and man-made emergencies is required.

The existing bases of environmental monitoring means should be considered as initial
conditions for creating a methodology for solving this problem of optimizing the placement of mobile
environmental laboratories in the territories immediately adjacent to the areas of hostilities.

Presentation of the main material. The main criteria for the effectiveness of the
environmental monitoring system are efficiency and economy, i.e. minimization of time and
resources spent on environmental monitoring in the combat zone, detection and localization of
potentially dangerous objects, etc. This can be done by deploying mobile episodic networks (MEM)
using telecommunication aerial platforms (TA) (Fig. 1), which will collect, partially process and
transmit information to specialized coordination centers for environmental monitoring [16].
Subscribers of such networks (military ecologists, rescuers, environmental sensors or vehicles of
mobile ecological laboratories) can connect with each other (or with the coordination center) based
on temporary links with relaying through intermediate ground or air-based nodes. Not only
emergency services aircraft (An-32P aircraft, Mi-8 and ES-145 helicopters), but also mini- and micro-
class unmanned aerial systems can be used as aerial repeaters.

aircraft

i _ helicopter

sensor network of
environmental
monitoring

coordination network of mobile search and
center rescue teams

Figure 1. An example of the organization of a mobile episodic network using aerial repeaters

To determine the magnitude of threats of emergencies of natural and man-made origin,
information is needed on the number of potentially man-made objects, statistics on hazardous
hydrometeorological processes, statistics on emergencies of natural and man-made origin.

For the region, the vector of the composition of unmanned aircraft complex is known

according to the characteristics of the threats of emergency situations for the region — Z, :sz

'
n

areas of the territory (airfields, airports, helipads) of the region where, subject to the implementation
of aerodrome technical support and flight safety measures, unmanned aircraft complex (UAC) can be

deployed — T, :||ti||m, the area of zones of occurrence of natural and man-made emergencies —
S0 = ||ST0,A||m , the density of the location of potentially dangerous objects (PDO) and the intensity of

emergencies in the relevant areas of the region - Y, = Hyan, and the contingent costs of carrying out

measures to eliminate emergency situations and restore the environment C; = |,
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In general terms, these initial conditions can be written as

Zy i Zj i I

C=|t | Cy || G ' Cin )
tm | Cmt | Cmj | | Cn
Yi it Yj it Yn

Also known are the permissible levels of risks of occurrence of man-made and natural
emergencies (density of emergency situations) for the corresponding zone of possible location of the
UAC:

— risk zones of possible aviation incidents [units/day] — ar;, j = Lm;
— zones of point potentially dangerous objects [units/day] — vpr;, j =1m;
— zones of linear extended potentially dangerous objects [units/day] — vgr;, j =1,m;

— zones of planar potentially dangerous objects [units/day] — dr;, ] =1m.

The density of emergency situations, which characterizes the corresponding concentration of
the technogenic factor in the environmental components for the corresponding UAC, can be
determined by the formula

N

Y (X0 Y)
T moi S ?

()

moi

where i =1,n — man-made objects,
S,..; — area of risk zone, respectively, for one UAC.

With such initial conditions, it is necessary to find such a plan for the distribution of areas of
the region's territory for UAC, which would ensure the minimization of costs in the elimination of
emergencies and the performance of recovery work in the region and the implementation of
restrictions on the levels of risks, taking into account the response time.

The plan of assignment (distribution) of areas of the region's territory for the placement of

UAC:
Bl 2y el 7,
U | Xag e X et Xap
X :Hxij‘mxn =[G Xig fee D X ] Xin , (3)
tm X1 ij Xmn

1,when the UAC is located in the region }

O0,when there is no UAC in the region
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Then the mathematical statement of the problem of the optimal placement of a UAC in
possible risk zones on the territory of the region is formulated as follows: on the set of possible plans
for the deployment of UAC (assignment distribution) {X } in the territory of the region, each of which

qu Hm ) satisfies the system of restrictions:
— in the accommodation area for the UAC:

m -
zzij'sngsxi,J:].,m; (4)
i=1
—to permissible levels of risk of emergencies in the area of the UAC
>ax -y <ar, j=1m; (5)
i=1
> vpx; -y, <vpr;, j=1m; (6)
i=1
ZVgXi'yj SVgrpj:l’_m; (7
i=1
D ogx-y, <gr, j=1m, (8)
i=1

o

il that minimizes the overall

mxn

find the optimal layout for search and rescue aircraft X° =|[x

cost of maintaining an environmentally sound region

CS(X°) = mmZZcIJ X Y. 9)

i=1 j=1

Evolutionary methods are recommended for solving this problem.

The effectiveness of the deployment of UAC on the territory of the region can be assessed by
the ratio of its level and the costs of its implementation, including taking into account the costs of
responding to emergency situations and restoring the environment

ws 4
cS

Since the considered problem minimizes CS costs, the efficiency of using search and rescue
aircraft in the region is maximized

ES = (10)

ws [
ES™ = ™" _ max ES'# (11)
min CS
The results of the research can be used in the development of recommendations for choosing

the optimal placement of UAC and their infrastructure on the territory of Ukraine in the context of
reforming and reducing the number of aviation. A well-grounded choice of a section of the region's
territory for the deployment of UAC will increase the level of technogenic and environmental safety
during work on the prevention, monitoring and elimination of emergencies of a natural and
technogenic nature.
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Output data: set of aerodromes of Ukraine Z= {Zi } = 1,_Z , where Z - is the number of

aerodromes; Z; — is the number of aircraft at the i-th aerodrome; (X, Y)i — coordinates of the i-th
airfield; set of monitoring regions R= {rj } )= 1_R ,where R is the number of monitoring regions;
I'; —is the area of the j-th monitoring area; (X’ y),— — coordinates of the j-th monitoring area, from

where the monitoring and rescue operations begin; monitoring characteristics of aircraft (speed V,
maximum flight duration T,.,,, monitoring performance N), which determine the maximum area of

the j-th monitoring region that can be surveyed by one aircraft of the i-th aerodrome Ssurv ji -
Problem statement (general view): find such a plan X = {Xi} = 1_Z for the use of the UAC

of Ukraine monitoring facilities located at a set of specified aerodromes Z with aresource Z;, which
minimizes the composition of aircraft for the operation and will allow the full scope of monitoring

and rescue operations Q to be performed R)), that is

z
X =minF = min Z X;, (12)
X€EQ X€EQ
i=1
when meeting the requirements for the total survey area and resources of aerodromes
Ssurvll ) Xl + Ssurv12 ) X2 +oet Ssurle ) XZ 2 rl
Ssurv21 ) Xl + Ssurv22 ’ X2 +eeet SsurVZZ ’ XZ 2 r-2
Q P R R LR TR P PR R PR . (13)
Ssuerl ) X1 + SsuerZ ) X2 +oeet SsurvRZ ) XZ 2 r-R
0<x <z,i=1Z

Example. Let the Service have at its disposal five aerodromes with the following aircraft
resource and location coordinates (Fig.2): Z, =5,(100,500),; z,=4,(200,100),;

z, =6,(300,400),: z, =5,(500,300), : z. = 4,(500,600), .
It is necessary to survey three monitoring areas with the following coordinates of the starting
point (200,300), ; (400,200),; (400,400), and areas of 100000 km? each. Find the minimum

composition of UAC with the following monitoring characteristics: T, =4,045hours (in case

il v —2o0km/ - N = 10°km?
of full filling of all fuel tanks); V =220 A N =4.95 A

The order of the decision.
1. Determination of the distance between each aerodrome and the location of the monitoring

. . 2 2
area Lji,1=12Z, ] =L R Using the formula L :\/(Xi _Xj> +(yi _yj) , We obtain:

223 200 141 424 300
L =1424 223 223 141 412
316 360 100 141 223

21
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Figure 2. Location of airfields of the Armed Forces of Ukraine for areas of hostilities

2. Determination of the maximum area of the j-th monitoring area, which can be surveyed by one

. . . 2Lji .
aircraft of the i-th aerodrome Ssurv ji - Using the formula Sy = N(T v |we obtain:

9990 11025 13680 945 6525
Sy =1 945 9990 9990 13680 1485, (15)
5805 3825 15525 13680 9990

3. Mathematical problem statement:
X =minF = minY>_, x;.
Xeq Xeq Li=1%i (16)
if the requirements for the total survey area and airfield resources are met

(9990x; + 11025x, + 13680x5 + 945x, + 6525x; = 100000 Y
945x; +9990x, + 9990x; + 13680x, + 1485x; = 100000
5805x; + 3825x, + 15525x5 + 13680x, + 9990x5 = 100000
0<x;<5
0<x,<4
0<x3;<6
0<x,<5
\ 0<x;<4 J

Calculation results:

— at the 13th iteration of the monitoring: F =11, x1 =0; x2=1; X3 =6; X4 = 2; X5 = 2;
— at the 103rd monitoring iteration: F =10, x1 = 0; X2 = 4; x3 = 4; x4 = 2; X5 = 0.
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Thus, data were obtained on the number of aircraft at each aerodrome, which must be brought
into readiness for flight.
Entering data into the computer program "TORA" (Fig. 3) and calculating the results (Fig. 4).

55 TOR DA 1 o AT PV iprpestTpa S S

File EditGrid

INTEGER PROGRAMMING

Problem Title: Eaiting i
=>=Click Maximize(Minimize)-cell to change it to Minimize(Maximize)
Nbr. of Variables: Tl »=To DELETE, INSERT, COPY, or PASTE a column{row), click heading
. cell of target column(row), then invoke pull-down EditGrid menu
No. of Constraints: Sl >>For INSERT mode, a single(double) click of target rowicolumn will
place new rowicolumn after(before) target row/column.

INPUT GRID - INTEGER PROGRAMMING

) N
>
o] oo om oo oo | |

Unrestr'd (yin)?
Integer (yin)?

Figure 3. Data entry into the computer program “TORA”

3 TORA DAHALLMA Ta AniD\nponamu\Tapa\SARm - [ o
INTEGER PROGRAMMING

Select Dutput Dption
Automated B&B -

[ icotitoicn Wl iziatonsJl wite o P

(Current) Best Objective Value (Min) =10
Found at lteration 103
Optimality verified at lteration 117

B&B Search completed

Wiew/Modify Input Data MAIN Menu Exit TOR&

Figure 4. Calculation of results in the computer program "TORA™
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Thus, the example of the practical application of the method of substantiating the required
number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided
that the full scope of monitoring works is performed. The disadvantage of the solution is that the
resulting decision provides information only about the number of deployed assets from each airfield
of the Armed Forces of Ukraine, but does not provide an answer as to what proportion they will be
used to survey this or that area of DB management. However, the obtained data can provide
information on the number of aerial monitoring devices (aircraft, helicopter or multicopter type
UAVs) at each airfield that need to be made ready for flight.

Conclusions:

1. The practical use of the result of solving this problem will ensure the highest speed of
response to possible emergencies of a military nature and acceptable costs for their monitoring,
response and liquidation.

2. The methodology for optimizing the placement of UAVs for environmental monitoring on
the territory of Ukraine is presented. Ecological and economic justification of the optimal location
can be used in the development of normative documents and methods of choosing the location of the
infrastructure of mobile ecological laboratories of Ukraine, provided that it is highly efficient.

3. This will ensure the maximum efficiency of the use of forces and means in the region for
the performance of environmental monitoring works, provided that a sufficient level of environmental
and man-made safety is ensured.

4. Reasonable selection of the area of the region for deployment of forces and means of
ecological monitoring will allow to increase the level of man-made and ecological safety during the
execution of works on the prevention, monitoring and liquidation of emergencies of a military-man-
made nature.

Thus, the example of the practical application of the method of substantiating the required
number of forces and means of environmental monitoring of operational zones and areas of hostilities
is carried out according to the criterion of the minimum number of forces and means used, provided
that the full scope of monitoring works is performed. The disadvantage of the solution is that the
resulting decision provides information only about the number of deployed assets from each airfield
of the Armed Forces of Ukraine, but does not provide an answer as to what proportion they will be
used to survey this or that area of DB management. However, the obtained data can provide
information on the number of aerial monitoring devices (aircraft, helicopter or multicopter type
UAVs) at each airfield that need to be made ready for flight.
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JEPMAH B. A., CYKAJIO M. JL.
Hayionanvnuii ynisepcumem xapyosux mexnonoeit, Kuis, Yxpaina
METO/IUKA OBI'PYHTYBAHHS HEOBXIJTHOI KIJIBKOCTI 3ACOBIB
MOHITOPUHT'Y JOBKLLJISI TA OIITUMI3AIII MICHb IX PO3TAIIIYBAHHSI

Bemyn., V' cyyacnux ymoeax axmyaivbHumM RUMAHHAM 04 YKpainu € po3pobka memoouxu
OOIPYHMYBAHHA MICYb PO3IMAULY8AHH NEPECyBHUX eKOoAo2TuHUX Aabopamopuux 0a3 ma ix ckiady, ujo
00360aUMb NPOBOOUMU 0OMENCEHUL Y YACT MOHIMOPUHE MepUmopiil, wo nocmpaxicoanu 6i0 6ouosux Oil,
nomenyitino nebesneunux oo exmie (IIHO) ma npo 06 'exmu kpumuunoi ingppacmpyxmypu (OKI).

Mema. Mobinvui exonoziuni 1a6opamopii @ pe2ioni NOBUHHI OYMuU po3maulos8ani, woo MiHimizyeamu
BUMPAMU HA MOHIMOPUHE MA Peazy8anHs HA 0OMeCeHi 3a 4acoM HaA038UYAlHI cumyayii.

Memooonozia. Icuyoui ocHo8u 3aco0i8 eKo102iuH020 MOHIMOPUH2Y CNI0 pOo32n10amu K GUXIOHI
YMOBU Ol CMBOPEHHST MemOoOoa02il eupiulenHs O0anoi npobiemu onmumizayii posmiuyeHHss MOOLTbHUX
EKOJI02TYHUX 1a00pamopiil Ha MepUMopIsx, ujo 6e3nocepeoHbo NPUIAAMb 00 PAtioHi8 60to6uUX Oill.

Bucnoeku. Pesynomamu 0ocniodicenns modxcyms OVmu UKOPUCMAHT npU po3podyi pexomenoayill
wooo 6ubopy onmumarbro2o posmiwenns YAK ma ix ingppacmpyxmypu na mepumopii Yxpainu ¢ konmekcmi
pedopmysanns ma ckopoyenHs yucenvHocmi agiayii. O0TpyHmoeanuti 6ubip OLiAHKY mepumopii ooaacmi 014
posmiyenna OAK niosuwums pieeHb mMexHO2eHHO-eKONI02IYHOI Oe3neKku ni0 yac npoeedeHHsi pooim i3
3anobicanusa, MOHIMOPUHZY ma JKeI0ayii HAO036UYAUHUX CUMYayill NPUPOOHO20 MA MEXHOSEHHO20
xapaxmepy.
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Opucinanvnicms. Pe3yromamu  00CHIO0JICEHHs MOJICYMb  Oymu  GUKOPUCMAHI Npu  po3pooyi
pexomenoayill wodo eubopy OnmMuMAanbHoz2o posmiwenus YAK ma ix ingpacmpyxmypu na mepumopii
Yxpainu 6 xonmexcmi pedhopmyseanus ma ckopouenus wuceavnocmi asiayii. O6IpyHmosaruil 6ubip OiisaHKU
mepumopii obracmi onsa posmiwenns OAK nidsuwums pigenb mMexHOeHHO-eKON02IUHOI be3neku nio uac
npogedeHHs pooim i3 3ano0ieaHHsA, MOHIMOPUHSY MA AIKEI0AYIl HAO3UHALHUX CUMYAYili NPUPOOHO20 Ma
MexHO2EeHH020 Xapaxmepy.

Ilpakmuyna wyinnicme. Takum YuHOM, HPUKIAO HPAKMUYHO20 3ACMOCYBAHHA MEMOOUKU
00TPYHMYB8aAHHS HEOOXIOHOI YucenbHOCmi CUl [ 3aco0i8 eKoN02IUH020 MOHIMOPUHZY ONEePaAMmUBHUX 30H |
pationie 6otiosux Oill 30MUCHIOEMbCA 3a KpUMEPIEM MIHIMANbHOI uucenvHocmi cunl i 3acobis, wo
BUKOPUCMOBYIOMbCA, 3d YMOBU, WO BUKOHAHO NOBHUL 00CA2 MOHIMOpUH208UXx pobim. Y cmammi nodano
MamemMamuyHy noCmaHo8Ky 3a0adi Ha po3poOKy MemoouKy ma NPUKIao ii po3paxyuky 0 6USHAYEHHI Micys
PO3MIiUeHHs MOOLIbHUX eKOA02IUHUX 1aDOpamopill 3 BUKOPUCIAHHAM Oe3NIIOMHUX ABIAyIUHUX KOMNIEKCIE.

Knrouoei cnosa: memooonozis, exonociynuil monimopune, BIIJIA; onmumizayis,; [ITHO; OKL
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