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THE CONDITION FOR ASSESSING THE ADEQUACY OF MODELS FOR PROTECTING
STATE INFRASTRUCTURE OBJECTS FROM AIR BLOWS DURING HOSTILITIES

To control the adequacy of the mathematical models for planning and managing the defense against air blows
on the covered state infrastructure objects by the most effective means — groupings of surface-to-air missile
systems during military operations, an analytical description of the internal law of air defence battles was found.
The presence of the noted law in the developed mathematical models can be a criterion for their adequacy to real
processes of combat operations and a necessary condition for the models applicability in practice.
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Formulation of the problem. One of the public
administration tasks during the period of hostilities is
to create conditions for protecting infrastructure
objects from being hit by enemy aircraft and other
means of air attack throughout the state.

At the same time, surface-to-air missile (SAM)
troops have the greatest efficiency in solving the
problems of covering state objects from air blows.

The armament of each subunit includes a
surface-to-air missile system of a specific type with
a stock of anti-aircraft guided missiles, means of
radar reconnaissance and identification of aircraft
nationality, means of receiving target designation
and communication means.

Infrastructure objects of the state can be located
at a considerable distance from each other, which, in
the conditions of a limited number of SAM systems,
does not allow the creation of SAM systems zonal
groupings and leads to the need to form object SAM
systems groupings to protect groups and individual
objects.

The composition of each SAM grouping is often
determined by the need to create a continuous zone
of fire on the approaches to covering objects up to
the line of tasks performance by an air enemy.

In turn, the air adversary, as a rule, has some
information about the combat formation of the SAM
grouping, and plans the parameters of the air blow —
the composition, combat formation of means of air
attack (MAA) and the procedure for overcoming the
defended airspace, using radar counteraction and
SAM systems fire damage with the entry into the
SAM subunits zones of fire and without it.
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However, in the course of each parties tasks
carrying out, their plan of action is transformed into
a sequence of random fire contacts, unpredictable in
terms of time and results.

As a result, the planned nature of the
infrastructure objects protection systems preparation,
which includes determining the types, composition
of SAM groups, their deployment on the ground and
all types of their support, requires taking into
account the characteristics of random development
and random results of fire contacts.

In many cases, such features include the actions
of enemy means of air attack (MAA) in groups with
a previously unknown composition of groups, the
unpredictability (randomness) of the start and end
times of each fire contact of the sides” weapons, the
possibility of hitting the weapons of each side during
fire contacts, the effect is not full availability of the
enemy MAA to individual SAM groups due to the
limited size of the fire zones and the placement of
SAM units on the ground, as well as other features.

As a result, the implementation of the noted
features becomes the reason for the lack of
guarantees in solving the problems of protecting
state infrastructure objects, and there is a general
problem of planning and managing the protection of
groups and individual infrastructure objects, taking
into account the noted features of its
implementation.

One of the directions for solving the problem can
be the development of the models set for the process
of performing tasks to protect infrastructure objects
that allow taking into account the noted and other
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features.The development of such a models’
complex is beyond the scope of this consideration.

However, every time the appearance of the
corresponding models is faced with an independent
problem of assessing their adequacy to the real
process and their applicability in practice.

The solution of such a key problem is necessary
condition for success in solving the noted general
problem of taking into account the peculiarities of
planning and managing the protection of state
infrastructure objects during hostilities, which
determines the relevance of the research topic.

The recent research and publications analysis.
In well-known publications on the development of
infrastructure objects covering from air strikes
process models, the issue of assessing models’
adequacy was not considered. At the same time,
according to the composition of the mathematical
apparatus used, the known works can be divided into
several categories.

Thus, when constructing models for assessing the
effectiveness of air defense and missile defense of
ground objects [1-4] and a grouping of surface ships
[5], the mathematical apparatus of queuing theory
[1, 5], game theory [2], Petri nets [4], as well as the
idea of heterogeneous networks [3] were used.

At the same time, the authors intuitively believe
that the chosen mathematical apparatus corresponds
to the processes of air defense battle of AAM
grouping. However, the listed mathematical
methods do not take into account the main factor of
air defense battle — the possibility of SAM systems
damage, which makes the noted models devoid of
adequacy to real combat processes.

The purpose of the article is to search for and
analytically describe such an internal property of
covering processes from air blows the state
infrastructure objects by the most effective means —
SAM groupings, which can be used to control
models adequacy of covered object protection
planning and management.

The main material’s presentation. Surface-to-
air missile troops have the highest effectiveness in
solving the tasks of state facilities air defence from
air blows. SAM subunits may be armed with SAM
systems of different ranges, radar reconnaissance
and aircraft  identification, targeting and
communications equipment.

An air enemy, as a rule, plans his actions using
known means of radar and fire countermeasures and
methods of protection against SAM fire, seeks to
carry out his tasks either without entering the SAM
grouping’s fire zone, or with a minimum stay in
such a zone.

For each SAM subunit, the processes of air
defence battle include the moments of means of air
attack detection, the moments of the beginning and
end of the firing cycle, which are not known in
advance and have the properties of continuous
random variables. The result of each fire contact of
SAM system with an air target is also not known in
advance (is random) and may include the following
events: an enemy aircraft downed (with a probability
of Pyyus), an enemy aircraft not downed (with a
probability of 1 — P;444), @ SAM system destroyed
(with probability of P,s4y), a SAM system not
destroyed (with  probability of 1—P,su),
combinations of all marked options.

As a result, the processes of fire contacts of each
subunit and the entire group of SAM systems turn
out to be random in time and have random results,
which makes it difficult to create models that are
adequate enough for a real battle and suitable for
making informed decisions on the organization of
air defense.

One of the peculiarities of the models
development for planning and organizing air defense
is the need for the mathematical apparatus correct
choice that is adequate to the laws of random
variables distribution, as well as the creation of
conditions for the possibility of controlling the
adequacy of such models for real air defence battle’s
processes.

Unfortunately, when developing the well-known
[1, 2] and other models, the noted peculiarities and
the processes of assessing the adequacy of models
for real battle were not considered.

At the same time, the noted peculiarities of each
SAM system’s fire contact with means of air attack
make it possible to establish some non-obvious
properties of the SAM system grouping’s air
defence battle.

Let’s denote the initial number of SAM systems
in the grouping by the symbol n,, the mathematical
expectations of fire contacts number made during
the air defence battle of the SAM system grouping,
the number of destroyed SAM systems and the
number of downed MAA by the symbols n., 1,5
and 74,44, Tespectively. In this case, at any current
time t of the battle, are true the relations:

g Sam ([):nfc([)'Pd.SAMn} 0

Mg aiaa () =14 (0) Py ppaa-

Let’s also assume a situation in which there is
the possibility of an unlimited number of MAA in
a blow and an unlimited ammunition load of anti-
aircraft guided missiles in each SAM subunit. In
this case, over some time, all n, subunits of the
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SAM group will be hit, the battle will stop, the
mathematical expectations of the battles number
and the number of downed MAA will reach their
maximum values 7., and 1 440!

llm I’ld.SAM (t) = no, llm I’lﬂ(t) = nﬁ;w,
t—> t—oo - :

. (2)
lim 7y 0104 (0) = Ny ppaseo
t—0
which can be found from (1):
"
no =N po Pysarrs Mg = 7 s
d.SAM
SR
MAA
Mg Madeo =M oo Pgppaa =00 — .
d.SAM

In this case, we can proceed to the relative
values of the mathematical expectations of fire
contacts number N, carried out during the air
defence battle of the SAM grouping, the number
of downed MAA N, .44 and the number N, g4 of
the destroyed SAM systems:

n (1) . t
Nfc(t):fi, Nd_SAM(t):M,
- ) @
Ny paa(®) = nu’.MiAA(I)'
"g.MAAw

To establish the relationship between the
values in (4), we divide the left and right parts of
the first formula in (1) by the initial number of
SAM systems #y in the SAM group, and take into
account equalities (3) and (4), we get:

ngsan (8 _ 1O Fasa 17 (0)
nO I’lO
_ nfc(t)

n feo

no/ Py sam

(5)
s Nasa () =N 7. (2).

Thus, at any moment of the battle, the relative
values of the mathematical expectations of
destroyed SAM systems number in the grouping
and fire contacts number turn out to be equal to
each other.

Further, on the right side of the first equality in
(5), we multiply the numerator and denominator
of the fraction by the probability P,y of the
MAA destruction during one fire contact, we get:

asan (O _ 1@ Fasas _ Ngagaa
N Mo Pavaa Namase (6)
N samt (=N g p104(0).

Equations (5) and (6) imply the equality:

Ny sanr () =Ngpua () =N (). (7)

Thus, the key peculiarity of the models
development for planning and organizing air
defense is the need to ensure in the model equality
(7) of the relative values of the mathematical
expectations for the number of destroyed SAM
systems in the SAM grouping, the number of
downed MAA and the number of fire contacts at
any time of the battle.

The presence of regularity (7) in the developed
models of air defence battle may testify in favor
of their adequacy to the described battle
processes. On the other hand, the absence of
regularity (7) in the battle model calls into
question the adequacy of the model.

Conclusions

In the article was found an analytical
description of the internal key property of
performing tasks processes by the most effective
means — groupings of SAM systems for covering
state infrastructure objects from air blows.

The found property can be used to control the
adequacy of the mathematical models complex for
planning and management the protection of state
infrastructure objects from air blows.

The materials of the article can be used in the
practical activities of the mathematical models
and their complexes developers, designed to plan
and manage the protection of the covered state
objects from air strikes by the most effective
means — SAM groupings during military
operations.
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YMOBA OIIHKU AJEKBATHOCTI MOJEJEN 3AXUCTY OB’€KTIB IHOPACTPYKTYPU
NEPJKABH BIJ YIAPIB 3 TIOBITPS Y XO/I BINCLKOBHX JIIii

Oonum i3 3a80aub 0epIHCABHO2O YNPAGIIHHA Yy Nepiod B0CHHUX Oill € 3axucm 00’ €xmis
iHppacmpykmypu 6i0 ypadceHHs asiayitiHUMu ma HWUMU 3acobamu  NOSIMpAH020  HANAOY
cynpomuenuxa Ha 6citi mepumopii Odepocasu. Boonouac HauOitbulorw epexmugHicmo GUpPIULeHHs
3a60aHb Npukpumms 00’ exmis depaicasu 8i0 yoapie 3 NOGIMps MArOmMv Yepyno8arHHs 3eHIMHUX PAKENMHUX
giicok. 00 ekmu inpacmpykmypu 0epicasu MoA’CYmMb PO3MIWYBAMUC HA 3HAYHIL 8i0CMani 00uH 8i0
00H020, WO 8 YMOBAX 0OMEdNHCEHOI KIIbKOCMI 3eHIMHUX PAKeMHUX KOMNIeKCie eede 00 HeobXionocmi
opmysanns 00’ckmosux yepynosamv OJisL 3aXUCMY 2PYn ma oKpemux 00’€kmie IHppacmpykmypu
Odeporcasu. 3i c8020 OOKY noGimpsiHuili NPOMUBHUK, SIK NPABUNO, NIAHYE C80i OIi i3 3acmocy8anHAM
8l0oMUX 3ac006i8 padionokayiinoi i 8ocHesoi npomudii ma mMemoois 3axXucmy 6i0 YpadCeHHs B802HeM
3€HIMHUX DAKeMHUX KOMNAEKCi8, NpacHe BUKOHY8AMU C80i 3a80aHHA abo 6e3 6x00y 8 30H) BOZHIO
VePYNOBAHHSL 3eHIMHUX PAKEMHUX KOMNIILEKCI8, ab0 3 MIHIMANbHUM 4ACOM nepeOy8anHs y maxiil 30Hi.

Oonax naano8ull xapaxkmep ni02omogku 00 Oill cul i 3aco0ié 3axucmy ma cu i 3acodié NosIMpPsIHO20
Hanaoy 8 x00i 8UKOHAHHA 3A80AHb KOXCHOI 3i CMOPIH NepemeopoeEmMbCs Ha NOCII008HICNb BUNAOKOBUX
B02HEBUX KOHMAKMIB, W0 He nepedbayaromsca 3d YacoM i 3a pe3yibmamamu.

Y pesynemami nnanosuti  xapaxmep  nideomogku  3axucmy 00’€kmid  iH@pacmpykmypu
nepemeopeEmvbCs Ha GUNAOKOBULL NPOYeC NOCIO08HOCH 802HEBUX KOHMAKMIE 3ac00ié CMOPIH 3 8ANHCKO
NPO2HO308AHUMU Pe3YIbMAMAMU.

3a makux ymos nideomoexa ma YnpasiiHHs 3axucmom o00’€kmig ingpacmpykmypu modice Oymu
sabesneuena GHACIIOOK po3podNeHHs BIONOBIOH020 KOMNIEKCY mamemamuynux mooenei. Taxooi
PpO3pobNents Mmooeell CMUKAEMbCA 13 CAMOCMIUHOI0 NpoOLeMoio OYiHKU IXHbOI adexeamuocmi
PeanvHoMy npoyecy AK Kar408itl YMO8I iX 3aCmoCy8anHs Ha NPaAKmuyi.

g kowmpoaro adexeamuocmi makux modenei 'y cmammi 3HAUOEHO AHATIMUYHUL ONUC
BHYMPIUWHBO20 3AKOHY HPOMUNOGIMPAHUX 0018, HAABHICMb AKO20 8 MAMEMAMUYHUX MOOENAX, U0
PO3POONAIOMBCA, MOJice Oymu Kpumepiem iXHb0l A0eK8amHOCMI pedlbHUM npoyecam O6otosux Oill.

Kniwouoei cnosa: mamemamuyni mooeni, npomunogimpsHuti 0itl, 00’€Kmu, wWo NPUKPUBAOMbCH,
adexgamHuicme.
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