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IMPROVED METHOD FOR TIMELY EVACUATION OF DAMAGED ARMORED VEHICLE
SAMPLES UNDER COMBAT CONDITIONS

An improved method for the timely evacuation of damaged armored vehicle samples under combat
conditions is considered. The proposed method makes it possible to determine optimal routes for moving
damaged vehicles from combat engagement areas to maintenance and repair points, taking into account time
constraints, accessibility, and the throughput capacity of repair units. The necessity of formalizing the
evacuation process based on mathematical programming is substantiated in order to ensure operational
efficiency, safety, and effectiveness of vehicle recovery on the battlefield.

The scientific novelty of the study is identified as the introduction of a mathematical model for constructing
evacuation routes based on a coverage function that accounts for accessibility coefficients, damage criticality,
and the uniqueness and cost of the equipment. The practical significance of applying the developed method
within the decision support system of the technical service of the National Guard of Ukraine is confirmed, as
it enhances the effectiveness of organizing evacuation operations under combat conditions.

Keywords: evacuation, damaged armored vehicles, transportation problem, mathematical programming,
coverage function, combat potential, technical support.

Statement of the problem. Under modern
combat conditions, a significant share of losses of
armored vehicles (AVs) is attributable not only to
irreversible destruction but also to damage that is
subject to recovery. The effectiveness of vehicle
recovery directly depends on the timeliness of
evacuation from combat engagement areas;
however, in practice this process is complicated by
a number of factors, including the high dynamics
of combat operations, complex natural and climatic
conditions, limited resources of evacuation units,
and insufficient automation of control processes.

The evacuation planning methods currently in
use generally do not account for the spatiotemporal
variability of battlefield conditions, the level of
combat potential of damaged samples, or the risks
associated with evacuation routes. This leads to
inefficient use of evacuation assets, increased
vehicle downtime, and potential losses of
personnel.

Therefore, a scientific and practical task arises
to develop a method for the timely evacuation of
damaged armored vehicles that ensures an optimal
allocation of evacuation resources, the
determination of rational movement routes, and the
prioritization of vehicle recovery while taking into
account the dynamic combat environment, natural
factors, and the technical condition of the samples.
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Analysis of recent research and publications.
Issues related to the evacuation and recovery of
damaged military equipment have been addressed
in a number of studies that form the methodological
basis for the development of modern approaches to
technical support of troops. In particular, study [1]
focuses on field repairs and the operational
recoverability of vehicles, which is of interest to
the author of this article from the perspective of
assessing the real capabilities of repair units.
However, [1] does not present a mathematical
decision-making model for equipment evacuation
and does not define the prioritization of its
movement from the combat area.

Publication [2] analyzes the structure of
transportation costs in military logistics with regard
to environmental conditions and the operational
state of equipment. This study is significant from
the standpoint of assessing energy and
transportation expenditures; however, the authors
of [2] do not consider evacuation as a separate
object of optimization and, in particular, do not
account for the specifics of damaged equipment.

An algorithmic model for route selection in
military transportation under complex conditions,
which can be adapted to the evacuation task, is
proposed in [3]. Nevertheless, the model does not
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take into account individual equipment parameters,
such as the degree of damage or combat potential.

Logistical evacuation processes in the context
of transportation support, which are important for
structuring material flows, are examined in [4].
However, this study does not cover the specifics of
evacuating damaged armored vehicles under
combat conditions and does not consider the
dynamic nature of the situation.

The authors of [5] analyze fleet management in
humanitarian logistics, emphasizing route
optimization under uncertainty. These approaches
are relevant to military logistics; however, the
researchers do not consider equipment as a combat
object that requires assessment of combat
capability and importance.

Publication [6] addresses the optimization of
logistics processes in the Armed Forces of Ukraine
and proposes measures to improve the efficiency of
troop support. Despite its high practical
significance, this work does not detail the process
of equipment evacuation and does not provide a
mathematical model for the allocation of
evacuation resources.

Study [7] analyzes the functioning of military
logistics under crisis conditions, emphasizing the
need for adaptability and operational control.
However, the presented model does not cover the
specifics of evacuating damaged vehicles and does
not take into account risk indicators, accessibility,
or combat potential.

Research [8] is one of the fundamental works
for studying the transportation problem in a
military context, particularly with respect to
multimodal transportation. Nevertheless, it is not
adapted to the task of evacuating damaged
equipment and does not consider combat threat
factors.

A comprehensive analysis of evacuation means
and their effectiveness, which is important for
critically assessing the technical capabilities of
units, is conducted in [9]. However, this study does
not contain a formalized model for optimizing
evacuation routes.

The authors in [10] examine the impact of
transportation infrastructure on the effectiveness of
military logistics, which can be partially applied to
evacuation analysis. However, they do not take into
account combat conditions, equipment damage, or
variable route accessibility.

Thus, the analysis conducted by the author of
the article indicates that the reviewed studies
address individual aspects of military logistics,
transportation support, and equipment recovery,
but do not propose a comprehensive mathematical
method for determining optimal evacuation routes

for damaged armored vehicle samples while
accounting for risks, accessibility, energy
expenditures, the degree of damage, and the
combat potential of the equipment. This
substantiates the need to develop an improved
method for timely evacuation that will enhance the
effectiveness of technical support of troops under
combat conditions.

The purpose of the article is to develop and
scientifically substantiate an improved method for
the timely evacuation of damaged armored vehicle
samples under combat conditions, which ensures
the optimal allocation of evacuation resources and
the determination of rational routes for vehicle
movement.

Summary of the main material. The proposed
method for the timely evacuation of damaged
armored vehicle (AV) samples under combat
conditions is intended for the prompt recovery on
the battlefield or evacuation of damaged armored
vehicles in modern combat environments. It is
advisable to apply this method:

—at the stage of planning technical support
measures (in particular, measures for organizing
the recovery of armored vehicles directly during
combat engagement) under modern combat
conditions;

—in the process of developing regulatory
(guiding) documents on technical support
(substantiation of regulatory data for organizing
technical reconnaissance, evacuation, and repair of
damaged armored vehicle samples during combat
engagement);

— during organizational measures related to the
reform of technical support units and military
formations, in order to substantiate the
organizational and staffing structure of repair and
recovery bodies.

The procedure for determining and constructing
evacuation routes for damaged armored wvehicles is
carried out based on the principles of mathematical
programming, which makes it possible to formalize the
decision-making process under multifactor constraints
and a dynamic combat environment. The essence of the
method lies in finding such a variant of allocation of
evacuation assets and movement directions that ensures
an optimal balance between safety, speed, and energy
efficiency of moving equipment from the combat
engagement area to designated repair and recovery
points.

The basis of the method is the classical linear
transportation problem, adapted to modern
requirements for organizing the process of
evacuating damaged equipment under combat
conditions (Figure 1).
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Figure 1 — Graphical representation of the linear transportation problem

For the given case, each damaged armored
vehicle sample identified at the stage of technical
reconnaissance is considered as a source, while
each collection or repair point (maintenance and
repair point, MRP) is treated as a consumer of
evacuation resources. The available damaged
armored vehicles at specified coordinates and the
technical capacities of the MRPs are denoted by
am, and by, respectively. The valu C;; determines
the equivalent evacuation cost, which is calculated
using an integral coverage function while taking
into account complicating factors, and X;;
represents the volumes of transportation of
damaged equipment from a specific evacuation
location to a specific MRP, ensuring an optimal
balance between safety, speed, and energy
efficiency.

When solving this problem, the following
conditions must be satisfied:

n

m
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The organization of evacuation of damaged
armored vehicle samples based on the developed
mathematical framework is carried out according
to a clearly defined sequence of stages, which
ensures a rational allocation of evacuation
resources and minimizes the time required to return
equipment to a combat-ready state.

At the first stage, input data are collected,
including the results of technical reconnaissance,
data from wunmanned surveillance systems,
information on the number and types of damaged
samples, their technical condition, as well as the
spatial coordinates (x, y) of each sample. In
parallel, a matrix of the capabilities of maintenance
and repair points (MRPs) is formed, taking into
account their throughput capacity, distance, and
availability of repair facilities.

At the second stage, the equivalent evacuation
cost is calculated for each damaged equipment
sample, taking into account:

— the accessibility indicator A(x,y,t), which
describes natural and weather conditions;

— the importance coefficient of the armored
vehicle sample KB (combat readiness index,
uniqueness and cost, combat potential);

— the risk assessment R(x,y) and the
movement complexity S (x, y) for each route.
The equivalent evacuation cost Cj s

determined using the proposed integral coverage
function ]L.ij taking into account the importance
coefficient K™ and is expressed as follows:
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The integral coverage function will take the
following form

+n-S"(x,y) +

) 1
i = - f A(x, y,t) dl, (5)
Lij +6 : R(x, y)

which characterizes the coverage of the evacuation
action area while simultaneously minimizing the
risk function R(x,y), the movement complexity
S'(x,y) and the accessibility indicator A(x,y,t)
along the evacuation route L;;, s well as accounting
for the corresponding weighting coefficients n
and 6.

Accessibility indicator
A(x,y,t) € [0; 1], (6)

determines the degree of feasibility of conducting
evacuation from the area (x, ») at time t and
accounts  for  natural  factors, including
meteorological conditions, illumination, and
season. For example, at night under adverse
weather conditions, when rainfall has degraded
unpaved roads, the accessibility significantly
decreases, whereas during daylight hours and in the
absence of precipitation it remains high. The values
of the main indicators of the accessibility function
are presented in Table 1.

Table 1 — Values of the main indicators of the accessibility function

No Meteorpl_ogical Illumination Season Accessi_bility
conditions function
1 Clear Daytime Summer 0.950
2 Cloudy Daytime Winter 0.722
3 Clear Twilight Winter 0.646
4 Cloudy Twilight Winter 0.578
5 Clear Twilight Autumn 0.532
6 Fog Daytime Summer 0.500
7 Snow Daytime Autumn 0.455
8 Cloudy Nighttime Summer 0.425
9 | Blizzard / Snowstorm Daytime Summer 0.400
10 Light rain / Drizzle Nighttime Summer 0.375
11 Thunderstorm Twilight Summer 0.360
12 Thunderstorm Daytime Spring 0.338
13 Cloudy Nighttime Spring 0.319
14 Fog Twilight Spring 0.300
15 Fog Twilight Autumn 0.280
16 Light rain / Drizzle Nighttime Autumn 0.262
17 Heavy rain Nighttime Winter 0.234
18 Heavy rain Nighttime Spring 0.206
19 Fog Nighttime Autumn 0.175
20 | Blizzard / Snowstorm Nighttime Autumn 0.140

The importance coefficient of a specific
damaged equipment sample K™ is defined as the
product of the combat readiness index, the
uniqueness and cost coefficient K¢, and the
combat potential K;® of the given equipment
sample, which is expressed as a percentage:

Kgm — Kir - K§C - Kfp -100. (7)

In the proposed method for calculating the
combat readiness index (K™ of an armored vehicle
sample, such characteristics as the importance and
criticality of line-replaceable units (LRUSs) are used.
The set of LRUs constitutes the armored vehicle
sample by means of a digital twin.

The importance of an LRU is a statistical
characteristic determined by the design. LRU
importance is described by the importance coefficient
(W), the value of which ranges from 0 to 1.
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This is a constant that depends on the type of
equipment and the role of the LRU in the
functioning of the entire armored vehicle sample.
For example, the engine has very high importance
(W = 0.18), while the track has high importance
(W = 0.12), but lower than that of the engine. The
sum of the importance coefficients of all LRUs of
an armored vehicle sample must be equal to 1
(or 100%):

M
Wi = 1, (8)
=1

4

where W; is the importance coefficient of the i-th
line-replaceable unit (LRU);

M is the total number of LR Us that constitute
the armored vehicle sample.

The criticality of an LRU is a dynamic
characteristic determined by the type and degree of
damage to the LRU. As an indicator, the criticality
coefficient (C) is selected, which also takes values
from O to 1. This is a variable value that depends
on the consequences of LRU damage and
characterizes how dangerous such damage is for
the armored vehicle sample as a whole.

The value of the criticality coefficient is
determined on the basis of statistical data on repairs
of wvarious LRUs and an analysis of the
consequences of damage to the considered element
with respect to ensuring the survivability of the
entire vehicle, in combination with the expert
assessment method.

The combat readiness index ( K??) of an
armored vehicle sample is calculated according to
the following expression

N

bz Kisp
K :1—2 W'Wi'ri ) (9)

=1

where N is the number of damaged LRUs after
combat actions;
sp
IfsipD is the normalized coefficient of the
degree of damage of an LRU relative to the damage
level D with KPP =4 (0 - 0; 1 — 0.25; 2 — 0.5;
3-0.75;4-1.0);
r; is the criticality indicator of the i-th LRU.
The uniqueness and cost coefficient of an
equipment sample K™ is expressed through the
relative value significance of the damaged sample
within the set of available types of weapons and
military equipment. Its value reflects how valuable

a particular sample is compared to other units
subject to evacuation or repair.

The assessment is carried out on the basis of the
market (or book) value of the sample using linear
scaling:

K€ — Ci — Cmin

L

: (10)

Cmax - Cmin

where C; is the market or replacement value of the
i-th damaged equipment sample;

Cmin 1S the minimum value among the
considered samples;

Cmax 1S the maximum value within the
sample.

The combat potential is considered as the ratio

of the actual combat capabilities to the reference
ones:

K'cp Qi

' Qmax’

(11)

where @Q; is the total volume of functional
capabilities of a specific equipment sample
(firepower, mobility, protection, information
capability, etc.);
Qmax 1S the maximum value among samples

of this class.

If Q; is decomposed into components, the
following expression is obtained

Qi = oy M; +0xZ; +azV; + oul;, (12)

where M; is the mobility (speed, cross-country
ability, cruising range);

Z; is the level of protection;

V; is the firepower (effectiveness of target
engagement per unit time);

I; is the denotes information and
communication capabilities (surveillance,
communication, and guidance systems);

axis the weighting coefficients determined
depending on the type of equipment (for example,
for armored personnel carriers or infantry fighting
vehicles, a, and a5, prevail, while for command
vehicles a, is dominant).

At the third stage, the transportation problem is
solved.

The solution of the transportation problem
within the proposed method is carried out by
searching for an optimal plan for distributing
evacuation flows between sources (areas where
damaged equipment is located) and consumers
(maintenance and repair points, MRPsS) under
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conditions of limited resources and a variable
combat environment. In this context, the
transportation problem is interpreted as a model for
the optimal use of available evacuation assets with
minimal expenditures of time, energy, and risk.

For each possible pair "damaged equipment
detection point — repair point", a cost matrix C;;, is
formed, whose elements describe the equivalent
evacuation cost of a unit of equipment from the
i-th area to the j-th MRP. This cost incorporates the
risk function R(x,y), the accessibility function
A(x,y,t), the movement complexity S™(x, y), and
the importance coefficient of the equipment sample
KI™, Using this matrix, the objective function is
determined, which minimizes the total system cost
subject to constraints on the amount of damaged
equipment a; at each location and the capacity of
the MRPs b; (2):

i=1j

n
XijCijl (13)
=1

Z* = min{Z}. (14

The solution of the problem (finding Z-) is
performed according to the classical linear
programming scheme adapted to real-time
conditions. At the first step, an initial feasible
evacuation plan is determined using the northwest
corner method or the least-cost method.
Subsequently, an iterative improvement of the plan
is carried out using the potentials method, which
makes it possible to find the optimal distribution of
flows X i*j, at which the objective function Z reaches
its minimum.

In the event of dynamic changes in the situation,
for example, when route passability or the
accessibility function A(x,y,t) changes, the
problem is solved in a quasi-real-time mode using
an iterative recalculation mechanism. In this case,
the system automatically updates the cost matrix
C;; and adjusts the evacuation plan based on
current data.

The resulting optimal plan determines the
sequence and directions of movement of damaged
equipment samples, ensuring a balance between
operational efficiency, safety, and effective use of
evacuation assets. Thus, the transportation model
serves as the mathematical core of the decision
support system for commanders of repair and
evacuation units, providing  well-grounded
planning of actions under complex combat
environment conditions.

In the improved method for the timely
evacuation of damaged armored vehicle samples
under combat conditions, the results obtained
through the application of a comprehensive method
of operational search, identification of armored
vehicle damage, and determination of the level of
combat readiness are used. The presented
improved method makes it possible to take into
account all factors and conditions necessary for
effective planning and successful execution of
combat missions.

The scientific novelty of the proposed improved
method, in contrast to currently applied
approaches, lies in the fact that the procedure for
determining and constructing evacuation routes is
carried out through mathematical programming
using linear allocation, which incorporates an
integral coverage function under the condition of
minimizing risks and energy expenditures, as well
as multicriteria optimization of the potential of
damaged armored vehicles.

Conclusions

The article develops and scientifically
substantiates an improved method for the timely
evacuation of damaged armored vehicle samples
under combat conditions. The method is based on
the principles of mathematical programming,
which ensure the formalization of the decision-
making process when selecting evacuation
directions and rationally allocating evacuation
resources.

It is shown that adapting the linear
transportation problem to combat application
conditions makes it possible to determine optimal
routes for vehicle movement while taking into
account risks, natural factors, the degree of
damage, and the combat potential of the samples.
The proposed integral coverage function enables a
comprehensive assessment of the safety and
feasibility of each route, as well as the influence of
terrain accessibility, movement complexity, and
the probability of adverse events along the route.

It is determined that the use of the combat
readiness index, the uniqueness and cost
coefficients of equipment, and the combat potential
indicator ensures a well-grounded prioritization of
evacuation for individual samples when the
number of evacuation assets is limited. The
implementation of an iterative scheme for solving
the transportation problem allows for prompt
adjustment of the evacuation plan and its
adaptation to changes in the combat environment.
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The obtained results indicate that the
application of the improved method makes it
possible to reduce the time damaged equipment
remains in the risk zone, increase the efficiency of
the use of evacuation units, and reduce the
probability of equipment loss. This confirms the
practical significance of the developed method and
the expediency of its implementation in the
decision support system of the technical service of
the National Guard of Ukraine and other military
formations performing tasks under intensive
combat conditions.

Further scientific research should be directed
toward the formation of general purpose
requirements and the development of a concept for
the employment of combat evacuation and repair
equipment.
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J1. B. I1aBjoB

VJIOCKOHAJIEHU METOJ CBOEYACHOI EBAKYAIII 3PA3KIBMHOIHKOIIM)KEHOT
ABTOBPOHETAHKOBOI TEXHIKH B YMOBAX BEJEHHS BOMOBUX 11U

Posenanymo edockonanenuii Memoo C80EUACHOI e8aKyayii 3pasKié NOUKOONCEHOI a8mMOOPOHEeManHKo801
MeXHIKU 8 YMO8aX @edenHs O0Uosux Oitl, AKU CNPAMOGAHUU HA NIOBUWEHHS eEeKMUBHOCT MEXHIUHO20
3a0e3neyents GiticbKOgUX niOpo30inie i MIHIMI3ayilo 4acy NOGepHEHHs MeXHIKU 00 CMaHy 60E20MOGHOCTI.
Axmyanvricms npooremu 3yMOGIEHA BUCOKUMU MEMNAMU MAHEBPEHO-802HEGUX Oill, 3POCMAHHAM YACTHKU
NOWKOOJNCEHOI MeXHIKU, WO NidNsede GiOHOGIEHHIO, A MAKONC HEeOOXIOHICMIO 3MEHUIEHHS DU3UKIE O

0c0606020 CKIAOY Ni0 YAC e8aAKYAYIHUX 3aX00I8.
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3anpononosanuii Memoo IPYHMYyEmMbCsi HA GUKOPUCTIAHHE A0anmosanol NiHIUHOI mpaHcnopmuoi 3adaui,
aKa 0ae 3mo2y opmanizysamu npoyec po3nooiny eeaxyayitiHux nomoxie Mixc pauoHamu po3mauly8anHsl
NOUKOONCEHOT MeXHIKU ma NYHKMAMU MEXHIYH020 00CTy208y8anus i pemonmy. B ocnoei modeni nescums
iHmezpanvHa QyHKYis NOKpUMmsl, w0 6paxo8ye NPUPOOHO-KIIMAMUYHI YMOBU, OOCMYNHICIb MICYe8OCHI,
PUBUKY, eHepeemuyHi sumpamu, O0U0BUL NOMenYial ma mexHiuHull cman KodxcHo2o 3paska mexuiku. Ceped
000amKO8UX KpUmepiie — NOKA3HUK 8aANCIUBOCII 3pA3KA, SIKULL MICIumb iHOeKc 6oe30amuocmi, Koegiyienmu
VHIKAAbHOCMI  MaA  OOpOJICHeul, a maKoxc nomeHyian GiOHO0GNeHHs. Lle YMOXCAIUBMIOE BU3HAYEHMHS
npiopumemnocmi esaxyayii y pazi 00MedNceHux pecypcis.

Pospobneno ancopumm po3e’sizanna mpancnopmuoi 3a0ayi 8 pexicumi pearbHo20 Yacy i3 3acmocy8aHHIM
Memo0i8 NHIUHO20 NPOSPAMYBAHH Md TMEePayiiHO20 NEPePaxyHKy, wo 3abe3neuye OUHAMIUHY a0anmayir
niamy esaxyayii 0o 3min 001080i obcmanosku. Ompumani pe3yromamu cei04amv, Wo GUKOPUCTIAHHSL
600CKOHANEH020 Memody 0aAcmb 3MO2Yy CYMMEBO 3MEHWUMU Yac nepebysanHs NOWKOONCEHUX 3paA3Kie
MEeXHIKU Y 30HI PUBUKY, NIOGUWUMU epeKmUSHICMb POOOMU PEMOHMHO-E8AKYAYIIHUX OP2aHie Ma 3HUUMU
LLMOGIpHICMb 8MPAMU MEXHIKU.

Ipakxmuune 3nauenHs pospobieno2o memoody HOAASAE Y MONCIUBOCHI 1020 BNPOBAONCEHHS 8 CUCHEM)
NIOMPUMKU NPULHAMMS piuteHb mexuiunoi cayscou Hayionanvnoi eeapoii Ykpainu, wo 3ab6esnewums
NIOBUWYEHHST Y3200HCEHOCTIL, ONEPAMUSHOCIE Tl 0OIPYHMOBAHOCMI e8aKyayiiHux Oill y CYYaAcCHUxX OOU08Ux
YMOBaX.

Knrouoei cnosa: esaxyayis, nowikoodiceHa A6MOOPOHEMAHKOBA MEXHIKA, MPAHCNOPMHA 3a0aud,
Mamemamuine npocpamy8anis, yHKyis nokpumms, O0OUO6UIl NOMeHyiaL, mexHiyHe 3a0e3neueHHs..
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