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A methodology for calculating a comprehensive indicator of the preparedness of anti-aircraft gunners is
proposed, which considers the significant factors influencing the effectiveness of the actions of an anti-aircraft
gunner during the combat use of portable anti-aircraft missile systems.
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Statement of the problem. Since the beginning of
hostilities against our country by the invading forces
of the russian federation and until now, the latter
have been widely using air defence systems (ADS)
(missiles, guided bombs, unmanned aerial vehicles,
etc.) to strike critical infrastructure, defence
positions and civilian objects. Traditionally, man-
portable air defence systems (MANPADS) with
automated guidance systems have played a
significant role in destroying ROMs. Such systems
are not cheap and require strong skills and abilities
to be used effectively. That is why the training of
the personnel of the air defence units of the Defence
Forces uses MANPADS training systems of various
types and types, the main ones being Stinger, Strela-2,
Igla. Almost all man-portable air defence systems of
this type have the same structure and operating
principle: they are assembled using the "duck"
aerodynamic system, the method of guidance is
proportional convergence, the method of guidance
is the use of a thermal optical homing head, etc. This
makes it possible to unify them somewhat when
developing training programmes. The learning
outcomes in most of these programmes are
determined by the assessment of theoretical
knowledge and practical firing exercises using
simulators. However, firing results do not fully
reflect the training of an anti-aircraft gunner, as
there are many significant factors that influence
them. That is why there is a need to determine a
partial and comprehensive indicator of the degree of
training of an anti-aircraft gunner, which would
consider the main of such factors and could be used
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to assess the actions of the gunner at other
complexes.

Analysis of recent research and publications.
The procedure for organising the training of the
National Guard of Ukraine, including air defence
units, is described in publications [1, 2, 3]. The
analysis of the main trends and directions of
development of the training base of the Armed
Forces of Ukraine is considered in article [4]. The
methodology for conducting training on Triggle-
type training equipment and proposals for
determining a comprehensive indicator of training
of operators of such complexes are given in [5, 6, 7].
However, this assessment methodology can be
applied only partially, as it does not reflect some
significant factors of the actions of the AF during
the combat use of man-portable air defence systems.

The purpose of the article is to develop a
methodology for calculating a comprehensive
indicator of the preparedness of anti-aircraft gunners,
which would consider the significant factors affecting
the effectiveness of the actions of an anti-aircraft
gunner during the use of the complex.

Summary of the main material. The result of
the training is the compliance of the knowledge,
skills and abilities acquired by the trainee with the
relevant criteria that satisfy certain conditions for
the use of weapons in various types of combat. In
this regard, in order to assess the training of anti-
aircraft gunners, whose training is conducted using
training complexes with visualisation of the firing
process of the Triggle type, the methodological
manual [5] contains proposals for improving the
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methodology of training and evaluation of the
actions of the SZ.

There are the following conditions for defining
an evaluation function:

1) the anti-aircraft gunner has mastered the
theoretical part of the training programme with a
grade of at least satisfactory, knows the algorithm
of actions of the SZ during the preparation of
MANPADS for firing and the basics of combat use
of the complex;

2) the anti-aircraft gunner does not know the
actual flight plan of the target, it is indicated by the
training leader (operator) using the software
interface;

3) assessment of the actions of the SOF involves
the use of certain initial information available to it
at the time of deciding to perform certain actions
(for example, flight characteristics, size and
characteristics of air attack assets);

4) in the absence of additional information (other
than possible target type, altitude and speed), it is
assumed that the target crosses the launch area in a
straight line without changing flight parameters.

Considering the peculiaritiecs of combat
operation and design features of man-portable air
defence systems, a comprehensive indicator of
readiness should consider the following significant
factors that affect the effectiveness of the actions of
an anti-aircraft gunner [5]:

—to detect targets and determine the likely area
of destruction by visual observation, in particular,
using the system's sighting devices;

— determine the moment of switching on the
ground power supply (GPS) depending on the time
the target is in the sensitivity zone of the optical
homing head (OHS);

— to meet the conditions for an effective launch
of an anti-aircraft guided missile (AAGM),
depending on the time of operation of the ground
power source and the time the target is within the
sensitivity zone of the AAGM,;

— choose the priority mode of fire on oncoming
or catch-up courses;

— to provide accurate tracking of the target.

In view of this, the overall training rate of an
anti-aircraft gunner (R) can be determined by the
following formula

P =P

visdetec

P, P PP

eff launch pe trac? (1)
where P yisderee 18 a partial indicator of the
implementation of the anti-aircraft gunner's skills in
visual target detection;

Pg, is a partial indicator of the implementation
of the skills of an anti-aircraft gunner to meet the
conditions for the effective launch of an anti-aircraft
guided missile, depending on the time of operation
of the ground power supply;

Pejiauncn 1s a partial indicator of effective launch,
which characterises the moment of switching on the
LBW and its operation depending on the time the
target is in the sensitivity zone of the optical homing
head;

P, is a partial indicator of the priority of the
choice of fire mode on the oncoming and catch-up
courses (for Igla, Arrow MANPADS);

Prac is a partial indicator that characterises the
quality of the SOF's skills in targeting and tracking.

An effective launch is the exit of a missile from
the launch tube, which ensures that the target can be
hit at least with a specified probability.

SAMs are launched at a target under the
following conditions:

1) the moment the LPG is switched on depends
on the range to the target, the far limit of the
sensitivity zone of the GSS;

2) the total time from the moment of switching
on the ground power supply of the SP to the
effective start-up shall not exceed the UPS
operation time faunch < t ups;

3) time for stable target acquisition and tracking
in manual and automatic modes of operation t e
must be within the limits: ¢ squmin<t acqu< t chuch 0GSN;

4) time of entering the combat mode ¢ ¢5 . must

be less than the time the target is in the sensing zone
of the OGSN and the following conditions must be
met t cb nbj+ t acqu <t sens OGSN »

5) possible launch delays caused by design
errors of the launch tube and components of the
launch vehicle are not considered.

To engage a target with an air defence system, it
must, of course, be visually detected. The P visderec
indicator is a partial indicator of the implementation
of the anti-aircraft gunner's skills in visually
detecting a target against a homogeneous
background, identifying and recognising it.

To determine the estimate, we will make certain
assumptions.

1. Air targets do not use the "I AM MY
AIRCRAFT" signal or the ground radar requester is
not activated.

2. The airspace is monitored without optical devices.
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3. The anti-aircraft gunner has completed a
training course and knows the signs of enemy
aircraft — their types, types, and modes of action.

4. The visual search for a target takes place on a
single-line background [dark (light) dot in a light
sky and vice versa at night].

The process of visual target detection can be
divided into 3 stages (events): event A — target
detection (confirmation of the presence or absence
of a target in space, separation of an object from the
general background, in which it is characterised as
an "object" [3] ); event B — target identification
(determination of the target's affiliation by certain
characteristics, for example, by its affiliation or
importance: bomber, fighter, etc.); event C — target
recognition (confirmation or simplification of data
on the presence of an enemy target: by colour,
insignia, hostile actions, etc.) Therefore, a partial
indicator of the implementation of the skills of an
anti-aircraft gunner in visual detection of a target
against a  homogeneous background, its
identification and recognition will be determined by
the following expression:

Pisisee= Pioee (A) Pid B/A)-P,.(B/A,B), )

where P,...(A4) is the target detection probability;
P.B/A) is the probability of target
1dentification if it 1s detected;
P.(B/4,B) is the the probability of
recognising a target if it is detected and identified.
It is known from [10] that the probability of
visual detection of a search object can be written as
follows:

t
P =1—m(—%), 3)

detec_ave

the average detection time, if no fire mission time is
set, will be equal to

__oepy @

detec_ave C'K12 ‘73 'L0’3 s
where £ is the angle of the observation sector, deg;

C is a coefficient that depends on the search
conditions and is determined during monocular observation
at ¢ =12 -36angle’(cd/m?)**(angle.min)>c™
and reflects the skills of the anti-aircraft gunner in
conducting the search;

K is the contrast ratio between the object and
the background ranges from 0.1 to 1;

y is angular dimensions of the object, angles,
min;

L is the background brightness, Im.
Thus, formula (5) takes the form

P

2 3 0,3
e =1 mexp (- Ly (5)
2p)

It is proposed to evaluate the indicator of the
implementation of the skills of an anti-aircraft
gunner in visual target detection under the following
conditions: "excellent" if 0.7<p,  <1;"good" if

05<p, . <07 "satisfactory"if0.3<p, <04

A partial indicator of the implementation of the
skills of an anti-aircraft gunner to fulfil the
conditions for the effective launch of an anti-aircraft
guided missile, depending on the operation time of
the ground power supply, can be defined as the ratio
of the time to launch by an anti-aircraft gunner
(t taunch orthe san) to the maximum possible launch
time (t qunch rime) determined by the characteristics of
the complex, taking into account the peculiarities of
the operation of the power supply:

t
2 AAG
ngs — launch , (6)
y PAAMA

launc;

where
t lanch sz t br nbj+ t posh sz + t acco sz, (7)

where ¢ 5 1 1s the average time of operation of the
MANPADS ground power supply from the moment
of switching on the UPS t iy until the SAM enters
combat mode;

t posh sz 18 the time from the moment the SAM
enters combat mode to the moment the optical
homing head acquires the target when it is aimed at
the target of the SZ;

t accos: 18 the time from the moment of
acquisition of the SA target by the optical homing
head to the moment of launch, it must be equal to or
greater than the minimum possible tracking time
and determined by the characteristics of the system

t acco sz =t acco min.
Claunch of man-portable air defence systems — tnbj_ (tbr nbj + tacco min), (8)

where t .4 is the total operating time of the UPS;

t s a 18 average operating time of the
MANPADS ground power supply from the moment
of switching on the UPS ¢ inje until the SAM enters
combat mode;

t acco min 18 the minimum possible time from the
moment of acquisition of the target by the optical
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homing head to the moment of launch, determined
by the characteristics of the system.

It is proposed to determine the grade under the
following conditions: "excellent", if 0.7<P<I;
"good", if 0.5< P<0.7; "satisfactory", if 0.35< P <0.5;
"unsatisfactory", if P <0.35.

It is proposed to determine the grade under the
following conditions: "excellent", if 0.7< P <I;
"good", if 0.5< P <0.7, "satisfactory", if 0.35< P <0.5;
"unsatisfactory", if P <0.35.

The next indicator that will allow us to assess the
skills of an anti-aircraft gunner, even with the
maximum possible Py, is the indicator that
characterises the moment of activation of the LBW
and its operation depending on the time the target is
in the sensing zone of the GWS, the effective launch
indicator Peg iaunch.

To determine the estimate, we will make certain
assumptions.

1. The target is fired at, and moves
perpendicular to, the NW at the maximum speed at
which the MANPADS are effective.

2. Time of LEO entering combat mode £ p us;.

3. The ground power supply can be switched on in
advance of the target entering the sensing area of the
GWS, but this time should not exceed the total
operating time of the ground power supply, taking into
account the minimum possible tracking time for stable
target acquisition.

4. If the launch of the SAM took place, the
target will be hit with a given probability of hitting
such a target — P.

5. The longer the target is in the sensing area of

the JTF, the more likely it is to be captured, tracked
and effectively launched.

Then the effective launch rate Pey jguncn Will be
calculated as the ratio of time #/aunci s- to the optimal
time t jaunch sime, at Which it is possible to switch on
the UAS for an effective launch with a given
probability of defeating a specific target P; (Figure 1):

tiqunc sz (9)

tiaunch time

Peff launc

For some man-portable air defence systems
(most of them domestically produced), an important
factor affecting the effectiveness of target
engagement is the choice of firing mode on
oncoming or pursuing courses.

As noted in [5, 7, 8], P, is a partial indicator of
the priority of target firing mode selection for the
Igla MANPADS, which characterises the degree of
priority of the target firing mode selected by the
gunner on the oncoming or catch-up course.

When selecting this valuation function, the
approach based on the following assumptions was
chosen.

1. Under equally acceptable conditions of firing
at the target on the oncoming and catch-up courses,
the priority of firing at the target on the oncoming
course is 0.6.

2. When determining the priority of firing at a
target on a counter or catch-up course, the main
indicators are the target's flight speed and the time
the target is in the launch zone.

3. A linear dependence in the definition area
0+1 was chosen as the evaluation function.

1
p A | Parameter
I
1
! in pursuit
towards !

. The optimal time interval during which the SLBM
! can be switched on for an effective launch t iaunch
! with a given probability of hitting a specific target P;

P; !
1
1
! ! launch MANPADS
1

te

The time interval during which the SLBM can be switched
tym on for launch t 1unch sz with a given probability of hitting

a specific target P;

Time spent by the target in the
sensitivity zone of the JTF t .

Figure 1 — Graphic representation of the definition of the effective start-up indicator
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The priority indicator P, can be defined as follows:
a) when starting in the "FORWARD" mode:

_5=S (10)
"8+,
1 2

b) during the start-up in the "Catch-up" mode:

_5-8, (11)
e S48,

where S3 is the area of the segment, which is
considered on the oncoming course only if the
"PASS" button is pressed while the target is being
fired on the oncoming course;
S1 and S; are the respective sectoral areas;

the timeliness of switching on the "Catch-up"
mode is taken into account by the area 53, which can
be taken into account as a segment in a circle
centred on #; or ¢4 depending on 2.

The area of a sector (S; or Sz ) can be generally
calculated as

mR2.Vt
S =

, (12)

4Vtmax

where R is the radius of the sector proportional to

the time the target is in the launch zone on the
oncoming or catching course;

Vi is the current value of the target speed, m/s;

Vimax 18 the maximum value of the target speed,
both on the oncoming and catch-up courses,
depends on the target characteristics and the
MANPADS capabilities, m/s.

For example, for the Igla MANPADS, when
launched at a target with speed parameters of
320 m/s < V; < 360 m/s and in the "TOWARD"
mode —P,, =1, and in the "Catch-up" mode — P,-= 0.
When launching at a target moving at a speed of
Vi 2360 m/s, and the "TOWARD" or "Catch-up"
mode is selected P, = 0. The timeliness of
switching on the "Catch-up" mode is taken into
account by the area S;.

In terms of priority, a gunner can be assessed as
follows:

1) if the gunner selects the "FORWARD" mode:
"excellent" if 0.4< P,.<1; "good" if 0.35< P,. <0.4;
"satisfactory" if 0.3 < P,- <0.35;

2)in case the gunner selects the "PURGE"
mode: "excellent" if 0.6<. P, <l;, "good" if
0.55< P, <0.6; "satisfactory" if 0.5< P, <0.55.

Parametr

02=V;

tpr in pursuit

|
|
|
|
|
|
|
-

\

L, s

Figure 2 — Graphical representation of the calculation of the priority indicator P,
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Accurate and consistent tracking of the captured
target is the key to a successful launch.

Indicator P.. 1s a partial indicator that
characterises the stability of the anti-aircraft
gunner's skills in steady aiming and tracking the
target (aiming stability indicator). It characterises
the time (fucco sz) Spent by the anti-aircraft gunner
from the moment of target acquisition to the
achievement of the event: continuously holding the
target on the line of sight with a maximum
permissible angular error of no more than¢ during

some testing time (A7), with no more than one
departure from the body angle (@ ) for a time not
exceeding At :

p = AT (13)

accoSZ

For the sustainability indicator, the score will be
as follows: "excellent" if 0.7<P 4.,<1; "good" if
0.45<P 4ec0 <0.7; "satistactory” if 0.3<P 40 <0.45.

Conclusion

The proposed improved methodology for
determining partial indicators of the readiness of an
anti-aircraft gunner can be used to assess the
readiness of anti-aircraft gunners in the conditions
of completing a full training course and the number
of training launches specified in it.

The aim of further research on this issue is to provide
a more complete breakdown of some partial indicators.
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METOJUMKA BU3HAYEHHS KOMIIVIEKCHOI'O ITIOKA3HUKA IIIJAI'OTOBJIEHOCTI
CTPUIBLA-3EHITHUKA

3 nouamxom eedenmst 6oUosux Oiti npomu HAWOl KpaiHu 3a2apOHUbKuMU SIICbKamu pocilicbkol gedepayii i
domenep OCMAHHI WUPOKO BUKOPUCIMOGYIOMb NOGIMPSHI 3ac00U YpadiceHHs (paxemu, Kepoeawi asiabomou,
Oe3ninomHi iimanbHi anapamu mowjo) OJisi 3a60aHHsL yOapie no KpumudHill inghpacmpyxkniypi, nosuyisx cuin 060poru
ma yusiibHux 06’ 'cxkmax. Tpaouyitino sHauy pois y 3HUWEeHHI NOSIMPSIHUX 3AC0018 YPadriCceHHs 8I0i2paionib NEPEHOCHI
3eHimHi pakemui KOMnieKcy OMUNCHbOI Oii 3 A8MOMAMU308aHOI0 CUCEMOT0 HasedenHs. Taxi Komniexkcu €
006011 He dewesuMuU ma nompedyoms MEEPOUx HABUHOK i 6MiHb 05 IXHbO20 eheKMUBHO20 3ACTNOCY 8AHHSL.

Pesyremamom nasuanns cmpinoyié-3eHimMHUKIG € 8I0NOBIOHICMb 3HAHL, YMIHbL MA HABUYOK, 5IKI 30006
cayxa, 8i0N0GIOHUM KPUMEDIAM, WO 3A0080IbHAIOMb NEGHI YMOBU 3ACMOCYBAHHS 030POEHHS ) PIZHUX 8UOAX
ooro. Ilpu ypomy € maxi ymosu 6U3HAYeHHs OYiHOYHOL QYHKYIL:

— Ccmpineyb-3eHIMHUK 3AC60i8 MeopemUdHy YACMUHY NPOSpamMu Ni020MOBKU HA OYIHKY He HUMCHE HIdC
3A008I1bHO, 3HAE ANOPUMM Oill CIMPINbYA-3eHIMHUKA NI0 YAC NIO2OMOBKU 3eHIMHO-PAKEMHO20 KOMIILEKC) 00
CcmpinbOu ma 0cHo8U HOLU0BO20 3ACTHOCYBAHHS KOMNIAEKCY;

— cmpineyb-3eHIMHUK He 3HAE PealbHO20 NIAHY NONLOMY Yili, 1020 (NIaH NONbOMY) 3A3HAYAE KePIGHUK
3ausimms (onepamop) 3 GUKOPUCMAHHIM THmepdericy npoepamHozo 3a0e3nedenisi;

— oyiHka O0itl cCMpinbYsi-3eHIMHUKA NPUNYCKAE BUKOPUCMARHS HUM HAA8HOT neeHOol 6uxionoi inghopmayii
Ha MOMeHmM NPUUHAMMS PILeHHs. HA BUKOHAHMS AKUXOCL NeGHUX Oill (HanpuKiaod, XapaKxmepucmuxky noJbOmy,
Ppo3mipu ma ocobausocmi Oitl 3aco0i6 NOSIMPAHO20 HANAOY),;

— 3a Opaxkom 000amKkogoi ingopmayii (Kpim MOXNCIU6020 MUNY, GUCOMU MA WEUOKOCMI YIL)
B8AINCAEMBCS, WO YLb NEPECIKAE 30HY NYCKY NPSAMOIIHIUHO 0e3 3MIHU NapamMempié noibomy.

Y emammi 3anpononogano memoouxy po3apaxyHKy KOMIIEKCHO20 NOKA3HUKA NI020MO6IeHOCME CmMpiibyie-
BEHIMHUKIB, AKULL YPAX0BYE 3HAUYWI YUHHUKU, WO BNIUBAIOMb HA edheKmusHicmb Oitl CMPINbYs-3eHIMHUKA NiO
yac 60106020 3aCMOCYBANHS NEPEHOCHUX 3EHIMHUX PAKEMHUX KOMNIIEKCIB8, ceped SAKUX i3ValbHe GUSGNIEHHS.
Yini, HagueHicms NycKy 3eHImHOI KepogaHoi pakemu 3a 4ac pooomu HA3eMHO20 OIOKY IHCUBLEHHS, MOMEHM
BMUKAHHA HA3EMHO20 ONOKY JCUBJIEHHA, NPIOpUMEmHICb 8UOOPY pedcuMy 602HI0 HA 3YCMPIYHOMY ma
0020HHOMY KYPCax, AKICMb HABUYOK CMPLIbYs-3eHIMHUKA 8 NPUYLTIOBAHHT MA CYNPOBOONCEHHT Yii.

Kniouoei cnosa: cmpineyvb-3eHimHUuK, nepeHOCHUl 3eHIMHULl PAKeMHUll KOMNJEKC, 3eHIMHA KeposaHa
paxkema, HazemHuil OIOK JHCUBNEHHS, MENi08a ONMUYHA 207108KA CAMOHABEOEHHS, YACMKOBUL NOKA3HUK,
KOMNJIeKCHULL NOKA3HUK NIO20MOBKU CMPINbYA-3eHIMHUKA, MPEHANCEPHI KOMNAEKCU.
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