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RECOMMENDATIONS ON METHODS OF CONDUCTING COMBAT OPERATIONS
IN A CONTROLLED ZONE OF AN INTERNAL ARMED CONFLICT BY THE AIRMOBILE
DETACHMENT OF THE OPERATIONAL PURPOSE UNIT OF THE NATIONAL GUARD OF UKRAINE

One of the most critical functions of the National Guard of Ukraine units is the suppression of activities by
illegal armed formations (groups) not authorized by law, to wit, the localization and cessation of armed
conflicts occurring within the territory of Ukraine.

1t has been determined that, under the conditions of an internal armed conflict, the peculiarities of the
operational and combat tasks of the National Guard of Ukraine are defined by the necessity of deploying
specific types of units, such as combat groups and detachments. Traditional methods of detection and
neutralization are insufficient to fully resolve the problem of disabling illegal armed formations near
the objects under protection. The complete elimination of illegal armed formations requires the involvement
of reserves. Under such conditions, the creation of an airmobile detachment as a mobile reserve (amdr) within
the operational brigade appears to be the most effective solution.

The optimal composition and rational choice of combat formation for the airmobile reserve of operational
brigades of the National Guard of Ukraine have been substantiated. Mathematical models for interception
have been developed and proposed for implementation, providing solutions for optimizing the system
of protection and defense of objects. A mathematical formulation of the task to optimize the combat formation
of the airmobile detachment has also been provided.

Keywords: illegal armed formations, interception models, combat group, detachment, airmobile
detachment, detection and neutralization system.

Statement of the problem. The issue of neutralizing illegal armed formations (IAFs) near protected objects
cannot be fully resolved using detection and neutralization systems alone. While reconnaissance-combat posts can
locate the enemy and constrain their actions, complete neutralization requires the deployment of mobile reserves.
Therefore, it is advisable to coordinate the actions of mobile reserves. The most effective approach is to utilize units
equipped with high-mobility combat vehicles and helicopters. This ensures full control over the situation in the
designated area and allows for timely defeat of the enemy before they reach the protected object.

Under such conditions, the creation of an airmobile detachment with reinforcement capabilities within
the operational brigade appears to be the most practical solution. In order to save time, helicopters can be used
to transport the detachment quickly, as well as to search for and pursue the enemy.

The development of relatively simple mathematical models for various types of interception of IAF would
further support this effort by enabling the selection of the most effective methods for conducting combat
operations in the controlled zone of an internal armed conflict.

Analysis of recent studies and publications. The experience of military and armed conflicts in recent decades
indicates that in modern conditions, the success of military operations is determined not so much by the balance of
forces and means of the parties but by the efficiency and ability to practically manage military formations [1, 5].

The specific tasks and forms of operational unit deployment, as well as the unique characteristics of armed
conflicts, necessitate the search for new methods and tactical approaches for employing forces and means. The
methods of action largely depend on the zone where they are conducted. In studies [2, 3], the combat zone
(CZ) is divided into the following zones: zones controlled by the National Guard of Ukraine (CZNGU); zones
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controlled by illegal armed formations (CZIAF); and zones uncontrolled by either NGU or IAF (UCZ).
The National Guard of Ukraine conducts guarding (conditionally defensive) combat operations in CZNGU
and destructive (conditionally offensive) operations in CZIAF. In CZIAF, the IAF also conduct guarding
(conditionally defensive) combat operations, while in CZNGU, they engage in guerrilla (conditionally
offensive) operations. In UCZ, the adversary carries out specialized combat actions that cannot be classified
as purely offensive or defensive. In each battle, offensive or defensive elements are present to varying degrees.

Since the defense by IAF in an armed conflict is likely to be of a localized nature, brigades (units) should
be assigned specific areas (zones) where they would operate independently or in coordination with Armed
Forces of Ukraine (AFU) units. The primary targets will be the largest and most active enemy groups, followed
by groups in remote settlements. Brigade units in such situations may operate on foot, deploying small
detachments to outflank and attack the enemy’s strongholds from the flanks and rear [6].

Ukrainian military scientists and researchers have devoted significant attention to developing theoretical
principles and practical recommendations for military command bodies regarding the forms and tactics
of combat use of operational units and methods of conducting operations in zones of internal armed conflict.
However, no mathematical analysis or qualitative assessment of the content and influence of information
on the outcome of combat operations has been conducted.

The purpose of the article is to develop mathematical models for various types of interception of illegal armed
formations and determine the most effective methods for conducting combat operations in controlled zones of internal
armed conflict.

Summary of the main material. The primary function of mobile reserves, including the airmobile
detachment, is to conduct interceptions [4]. Let us consider mathematical models of interception.

Interception along the direction of movement of IAF. An IAF unit advances in a specific direction, while
the amgr conducts a covert maneuver to an interception point to neutralize the enemy (Figure 1).
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Figure 1 — Interception along the direction of movement

Interception along the direction has two key characteristics: D(a) — the distance between the deployment
point of amgr and the interception point, which depends on the angle o formed between the direction
of movement of the IAF and the line leading to the amgr’s deployment point; Dy, () — the displacement of the
interception point from the object, which depends on the angle £ formed between the direction from which the
IAF advances toward the object and the line connecting the amgr’s deployment point with the object.

These characteristics are derived by comparing the movement times of the adversaries to the collision point
and solving the so-called interception equations tpy(D,L, R, Vy, @) = tp(R,Vp);
to(Dns Ro, Vi, B) =ty (Rg, Dp, V) for the unknown parameters D, Dj. These equations are solved as follows:

LVpV}p cos a—LVy ,V,f—Vbz sin?2 a
D(a) = (1)
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Dp(B) = VE-VZ
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Head-on interception of IAF. An IAF unit moves toward the object to capture or sabotage it, while the
amgr conducts a covert counter-maneuver to destroy the IAF (Figure 2).

Interception IAF
Unit Object Group

Figure 2 — Head-on interception

The head-on interception of IAF is assessed using the following parameters:

D(0) = =2 D, (n) =

VhtVy

VhRa+VpRy
VhtVp

3)

Pursuit interception. An 1AF unit moves in a certain direction to exit the controlled zone, while the
amgr covertly maneuvers to overtake and neutralize it (Figure 3).
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Figure 3 — Pursuit interception

Pursuit interception is assessed using the following parameters:

VaRqa—VpRo

LV
D(m) = 5k, Dy (0) = e

(4)

Interception along the route. An IAF unit moves along a known and clearly defined route, while the
amgr maneuvers covertly to the interception point along the route to neutralize it (Figure 4).
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Figure 4 — Interception along the route
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Calculating the interception range along the route involves discretizing the route and sequentially locating
the interception point.

Open interception. An IAF unit is covertly positioned at a certain point within the CZ, while
the amgr maneuvers to the adversary’s location to to neutralize it. The detection of the IAF and the
amgr’s movement toward this point to destroy it are immediately known to the enemy, prompting it to make
a decisive maneuver to distance itself as much as possible from its previous position.

Interception succeeds if the time it takes the IAF to reach the boundary of the permissible zone is less than
time it takes the amgr to arrive at the IAF's base location, i.e. (Typz/Vp) > (D /V4).

Mathematical models of interception allow solving a number of optimization tasks during the planning and
executing the security and defense of objects within the controlled zone of an internal armed conflict.

Determining the required composition of airborne reserve forces. Using the open interception model
(Figure 5) and assuming that amgrs are distributed evenly in the combat zone with an area of responsibility
in the shape of a hexagon (Figure 6), we can demonstrate that M — the number of amgrs required for ensuring
engagement with an IAF group at any point in the CZ is directly proportional to the ratio of the square
of the group's speed during the evasion maneuver to the square of the amgr's speed during its advance to
the battlefield:

TR2VE
= ®
where V >V, > rr,;,TzV; Vs —1s the average speed of the IAF group; V' —is the amgr's speed during interception

of the IAF; 7.,,, —is the radius of the permissible zone in which the IAF group can be detected; » —is the radius
of the circle that approximates the CZ.

Interception zone

Figure 5 — Open interception model Figure 6 — Interception zones in the CZ

For example, for timely interception of IAF groups on foot within the CZ using IFVs, 278 units are required
(the area of the CZ is 7850 km?, the radius of the permissible evasion zone 7;.,,, = 1 km). However, three helicopter
units with airborne troops can ensure timely interception of an IAF group at any point within this area.

Model for optimizing the combat formation of an airmobile detachment. The effectiveness of interception
(Figure 7) depends on various factors, including the following key ones: the distance between the point
of deployment of the amgr and the object D; the range R4 from the object to the detection line of the IAF;
the range R; from the object to the interception line; the interception speed V4; the movement speed of the
IAF V,; the direction from which the IAF moves towards the object.

As illustrated in Figure 7, a, the interception range can be determined using an interception along
the direction of movement model. According to this model, the interception range is calculated by formula (2).

The criterion for interception effectiveness is the fulfillment of the inequality Dp(B) > Ry,
where Dy, () — is the interception range in the a given direction (Figure 7, b). If we assume that the direction
from which the IAF advances toward the object £, is a random variable, then the probability of interception
can be used as an indicator of interception effectiveness Ej,, = Lik{D,(B) = r;}. Assuming that the value
s uniformly distributed in the interval [0,27t] we have:

86 ISSN 2786-8613. BE3IIEKA /IEPZKABH. 2024. Bun. 2 (4)



STARODUBTSEYV Serhii, ROMANIUK Viktor. Recommendations on methods of conducting combat
operations in a controlled zone of an internal armed conflict by the airmobile detachment
of the operational purpose unit of the National Guard of Ukraine

B, =22, (©)

2n
where f,, — are the roots of the equation Dy, (8) = R;.

This equation with respect to J is solved as follows:

2 2 2 2 2 2

ro+1—v; (rg—1 15 +1-v; (rg—1

B, = arccos (_ w), B, = arccos (M)’ )
270

27,

where vy, =V}, /Vy; 79 = Ry/Rs; 74 = Ry /R;.

Unit

Figure 7 — Interception effectiveness at the line

Let us formulate the task of optimizing the combat formation of the airmobile detachment. Assuming that
no more than one interception will be conducted simultaneously within the controlled zone, the expected
number of objects preserved through the interception method can be determined by the following ratio:

Z(X) =Y max{E,x} ®)

i
where E; — is the effectiveness of intercepting the enemy at object j by the amgr deployed at the object i;
n — is the number of objects requiring protection and defense; x; = 1, if the amgr is deployed at the object 7
x; =0, if object i is defended by regular security forces.

The task is to position the amgr based on the pre-calculated effectiveness indicators £, so that the sum

of effectiveness values for all objects (i.e., the expected number of preserved objects) would be maximized.
The mathematical formulation of the task is as follows: find a set X = {x,-} ,i=1,2..., n, that maximizes
function (8) and satisfies the constraints:

Zn:x,. =m, x, ={0;l},1=1,2...,n. 9)
i=1

This task is solved using the sequential redistribution method An amgr deployed at a certain object is se-
lected and an attempt is made to relocate it to another object. If the value of the objective function (8) increases,
then this movement is recorded as successful. Otherwise, another object, not previously analyzed, is selected
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for evaluation. The calculation process ends when no further relocations lead to an increase in the objective
function. The final amgr distribution is considered optimal.

In combating IAF, the presence of an airmobile detachment enables timely responses to intelligence data,
thereby reducing the operational range of IAF activities and neutralizing adversary actions swiftly. Given that
a single helicopter can independently neutralize an enemy group of 7—15 personnel within an area of up
to 5000 km? with a probability of 0.8—0.9, the airmobile detachment in the proposed composition, is capable not
only of intercepting individual enemy groups but also of independently neutralizing up to two IAF detachments.

The results of solving the optimization task can be used to justify the appropriate composition of airmobile
reserve forces under specific conditions.

Conclusions

The most effective approach for organizing the security and defense of critical objects in a controlled zone
of an internal armed conflict is the formation of an airmobile detachment as a mobile reserve within the
operational brigade. The airmobile detachment consists of airmobile combat groups. A mathematical
formalization of the task to determine the optimal composition and rational combat formation of the airmobile
detachment has been developed.

The primary function of the airmobile detachment is interception. Mathematical models of interception
have been developed, enabling the resolution of various optimization tasks during the planning and execution
of security and defense operations for objects in the controlled zone of conflict.

Additionally, a mathematical model for optimizing the combat formation of the airmobile detachment has
been developed, which serves as a basis for determining the composition of airmobile reserve forces under
specific conditions.
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PEKOMEHJIAIII II{O/I0 CIIOCOBIB BEJEHHSI BOMOBUX A1l Y KOHTPOJIbOBAHII
30HI BHYTPIIIHLOT'O 35POITHOTO KOH®JIIKTY AEPOMOBLILHOT'O 3ATOHY BIIICEKOBOI
YACTHHHU ONEPATUBHOI'O IPU3HAYEHHS HAIIOHAJIBHOI TBAPIII YKPATHUT

Obtpynmosano O0oyinbHutl cknad i payionanrbHull 6ubip 060106020 NOPIOKY AEPOMODIILHO20 pe3epsy
bpuead onepamusHozo npusnauenus Hayionanvnoi eeapoii Ykpainu. Po3pobaeno i 3anponoHo8ano 00
BUKOPUCMAHHA MAMeMamu4ni Mooeni NepexonieHHs, i3 3ACMOCY8AHHAM AKUX SUPIWYIOMbCA 3080AHHSA
onmumizayii y nobyoosi cucmemu oxoponu i 06oponu 06 ’exmis. Haoano mamemamuune popmyniosanns
3a680anHs ONMUMIzayii 6008020 NOPIAOKY AepOMODIIbHO20 3A20HY.

Oouicro 3 natigaxcaugiwux Qynxyit yacmun Hayionanwnoi 2eapoii Yipainu € npununenus OisibHOCMI
He nepedbavenux 3aKOHOM He3aKOHHUX 30pOUHuUX Gopmysans (epyn), mobmo noxanizayiss ma npunuUHeHHs
30potiHUX KOHPIIKMIE, P36 si3aHux Ha mepumopii Ykpainu.

Ha yacmunu i 3’ eonanusn Hayionanwhoi eeapdii’ Yrpainu, axi bepymo ywacmo y RPUNUHEHHT KOHGIIKMY,
NOKNAOAIOMbCA 3ABOAHHS, WO YMOBHO MONCHA NOOLIUMU HA MPU 2PYNU: 0XOPOHA Ui 000poHa 00 ’€kmig y
Paiioni KoHpIKmMy,; 3a06e3neuentss OXOPOHU 2POMAOCHKO20 NOPAOKY | CYCRINbHOL Oe3neku, NoKAni3ayis ma
NPUNUHEHHS. 30POUHUX KOHMIIKMIG, PO36 A3AHUX HA Mepumopii Kpaitu.

Busnaueno, wo 6 ymogax Hympiuinb020 30potiH020 KOHPAIKMY 0coOIugicms crysicb080-60108UX 3A80aHL
Hayionanenoi 2eapoii’ Yxpainu 3ymoenena HeobXioHicmio nopsio i3 KiacuyHumu (8i00ineHHs, 63600, pomd,
bamanvlion) 3acmocogysamu maxi euou niopo30inis, ax 6olosa epyna, 3aziH.

YV 6acamvox apmiax ceimy 6otiosa epyna € natMeHWUM NO3AUIMATNHUM GIlICLKOGUM (OPMYBAHHAM Y
CKa0i MexaHiz08aH020 8i00LIeHHS, KOMpe He MAE WMAMHO20 KOMAHOUpA. 3a2ii K nocmiline abo mumyacose
gilicbkoge hopmysanns cmeopcmvcs Ol GUKOHAHHA OO0U06020 Yl CHEYianbHO20 3a60aHHA. Y Hauiomy
BUNAOKY yYe Modice Oymu mumudcose 00 €OHAHHS KIIbKOX OOUOSUX 2pYR Y 3d2iH, AKUll Ni0 €OUHUM
KOMAHOYBAHHAM | 3a COUHUM NJIAHOM BUKOHYE cneyiaibHe 00108e 3a80aHHS.

Bioomo, wo nio uac opeanizayii oxopouu 1 000poHU BAJNCIUBUX 00 €KMIB V KOHMPOIbOBAHIL 30HI
BHYMPIUHBL020 30POUH020 KOHPIIKMY CMBOPIOEMbCA CUCMEMA GUAGNEHHS MA YPANCEHHS, AKA GKIUAE
KOHMPOb 34 NPOHUKHEHHAM HOPYWHUKIE HA TMEPUMOpIio, W0 OXOPOHAEMbCA, | ONOGIUWEHHS NPO HUX 8apMu
(oxoponu): Oanvbhill pyoidc 8UAGIEHHS, KOHMPOIb 34 MICYEBICINIO 3 Memol0 BUSBIeHHS MICYE3HAX0OIICEHH S
HE3aKOHHO20 30POliHO20 POPMYBAHHS, HANPAMKU PYXY I iX 3HEUKOONCEHHS.

3a donomozoro mpaouyitinux cnocobie 8UAENEHHS MA YPANCEHHS HEMOICTUBO YITKOM GUPILUMU NPOOTIeMY
BHEUKOOJICEHH ST He3AKOHHUX 30POUHUX opmysans nobauzy 06’€kmis, wjo oxopousiomvcs. Hismu nocmie
MEeXHIUHO020 CROCEPEdCEHHS | PO36i0Y8aAIbHO-00U0BUX NOCII8 MONCHA 3HAUMU NPOMUBHUKA, CKY8AMU 1020
0ii, 0OHaK nosHa AiKeidayis nompedysamume 3a1YYeHHS pe3epsis. Y maxux ymoeax HAunpuuHAmMHiuum
ebauacmvbcs CMeOpeHHsA Y CKIadi Opuecadu OnepamueHo20 HPUSHAYEHHS aepoOMOOiIbHO20 3A20HY 5K
MObibHO20 pezepsy (am3p).

Knwuogei cnoea: mnesaxouni 30pouni @Gopmysanus, Mmooeni nepexomnieHHs, 00uosa 2epyna, 3aciw,
aepoMoOIinbHULL 3a2iH, CUCMEMA BUSBNCHHS | YPAICEHHSL.
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