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ANALYSIS OF THE EFFECTIVENESS
OF ARMORED COMBAT VEHICLES
PROTECTION SYSTEMS

AGAINST DESTRUCTION MEANS
WITH A TELEVISION GUIDANCE

The article deals with the peculiarities of the functioning
of armored combat vehicle protection systems and their
capabilities to counteract weapons with a television
guidance system.

Based on the analysis of the structure, characteristics
and principles of operation of existing protection systems,
tactical and technical characteristics of typical weapons
with a television guidance system and features of their
use, a classification of armored combat vehicles protection
systems by stages of counteracting anti-tank weapons and
their capabilities to influence weapons with a television
guidance is proposed.

The creation of a system for protecting armored
combat vehicles from destruction means with a television
guidance system based on laser radiation and directions for
conducting research for its implementation are proposed.
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combat vehicle, protection, protection system, means of
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INTRODUCTION

The experience of local conflicts and wars of the 21%
century allows us to confidently state that unmanned aerial
vehicles (UAVs) used as means of destruction (MD) for
armored combat vehicles (ACVs) are gaining a more and
more stable position in the modern combat environment.

The conduct of hostilities during the repulsion of russia’s
armed aggression against Ukraine emphasizes the growing
role of UAVs functioning as bomber drones and kamikaze
drones. The most widely used for the destruction of ACVs
and other types of weapons and military equipment (WME)
are kamikaze drones of the Lancet family and commer-
cial unmanned systems (copters from DJI, Autel, etc., FPV
drones), which are specially equipped to function as means
to destroy ACVs [1-3].

At the same time, the rapid development of science and
technology in the field of microelectronics has brought an-
ti-tank guided missile (ATGM) to a new level of sophistica-
tion, which are positioned by manufacturers as 5" generation
systems. Their characteristic feature is the presence of a
video transmission channel to the operator’s console, which,

among other things, is used to detect, identify and lock on
the target [4, 5].

A common feature of these MD is the use of optical sen-
sors in their structure, the video image from which is used
both for spatial orientation and for targeting. This guidance
principle can be classified as a «television guidance system»
(TGS). It should also be noted that the peculiarities of the
functioning of these MD allow attacking the least protected
areas of the ACVs — the aft projection and the upper hemi-
sphere [3, 6].

In view of the above, MD with TGS pose a significant
threat to the ACVs, and the task of ensuring the protection
of WME samples from them is of paramount importance.

The purpose of this article is to analyze the capabilities
of existing ACVs defense systems to counteract MD with
TGS and to determine directions for further research to
improve the security of WME.

RESEARCH RESULTS

1. Capabilities of ACVs defense systems to counteract
MD with TGS.

At the present stage of development of WME, increasing
the protection of ACVs is achieved by increasing the thick-
ness of armor, integrating differentiated armor, installing
on vehicles hinged or mounted dynamic protection comple-
xes (DPC), protective anti-cumulative screens (PACS), an-
ti-drone protective structures (ADPS), equipping active pro-
tection system (APS) and optoelectronic countermeasures
(OECM), electronic warfare (EW), camouflage systems, etc.

It is known that armor protection is the basis of the ACVs
defense system. The armor scheme of modern ACVs was de-
veloped based on the analysis of the distribution of projectile
load on different projections of combat vehicles, taking into
account the experience of combat operations during World
War II and other wars. The analysis of the projectile load on
various armor projections during World War II shows that
about 25 % of hits occurred in the upper and lower frontal
parts of the hull, 45 % in the turret, 21 % in the front of the
vehicle, 7 % in the rear of the vehicle, and 2 % in the stern.
The analysis of the distribution of projectile load became
the basis for the formation of layout diagrams of tanks of
all postwar generations [7, p. 16]. The developed concept
of armor protection remains on modern models of weapons
and provides for maximum protection of the front projection
of the ACVs, while the rest of the areas, especially the hull
roof, turrets, the upper part of the engine compartment and
the stern of the vehicle, have a much lower level of armor.
The design features of the MD with TGS allow combat ve-
hicles to be attacked in the upper hemisphere and from any
heading angle, i.e., in the least protected zones. At the same
time, the mass and size characteristics of modern ACVs limit
the increase in armor of the least protected zones to increase
protection against MD with TGS.

DPC are protective structures (hinged or built-in type)
that use explosive energy to reduce the armor penetration
of a munition. An analysis of publications [§—13] on this
topic shows that they are highly effective in reducing the
armor-piercing ability of shaped charges, which are mainly
used in MD with TGS, while at the same time, their use has
certain drawbacks and limitations:
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— the design features of the DPC and the layout of the
ACVs make it impossible to cover all projections that
are most vulnerable to MD with TGS;

— the principle of operation of the DPC limits their use
on ACVs with a low level of armor protection;

— DPC protect a certain projection only once, i.e., the
use of several MD in one projection can result in the
damaging of the ACV.

One of the ways to increase the protection of ACVs
from grenades of hand-held anti-tank grenade launchers
and rocket-propelled grenades is to equip them with a
PACS. The principle of operation of the PACS is to destroy
the shaped charge, as a result of which the jet is not formed
or suboptimal conditions are created for its formation. The
absence of the formation of a jet is achieved by locking
the conductive circuit of the fuze of a grenade as a result
of its deformation during interaction with the PACS. The
creation of suboptimal conditions for the formation of a
jet occurs as a result of deformation or destruction of the
conical liner of the ammunition. The working elements of
lattice PACS are the cells formed by metal plates of steel of
the appropriate grade. The design parameters of the PACS
cells (geometric dimensions, material characteristics, etc.)
are determined by calculation, depending on the specific
type of ammunition to be neutralized (to reduce its armor
penetration). The calculations carried out by experts show
that the expected probability of increasing the protection of
an ACVs equipped with lattice PACS is 0.5...0.6 [14, 15].

The ADPSs were widely used during the russian-
Ukrainian war to protect WME from attacking UAVs. As
a rule, the basis of the ADPS is mesh structures that are
installed on the ACVs in the form of visors and screens.
The functional purpose of the ADPS is to prevent direct
contact of the kamikadze drone with the hull and turret of
the ACVs and to cover the plan surface of the sample of
WME to protect it from munitions dropped from bomber
drones. On tanks, the ADPS is mainly used to increase
the protection of the most vulnerable area to MD with
TGS — the upper hemisphere. Other types of ACVs can
be equipped with ADPS depending on their design and
functioning principles.

The analysis of the design and operational features of
PACS and ADPS installed on the ACVs shows that they
have a number of disadvantages, namely:

— significantly increase the size of the vehicles, which

negatively affects their maneuverability;

— easily damaged by attacking ammunition and during
operation in difficult terrain (forested areas, urban
zones, etc.);

— partial overlap of the projections of the ACVs restricts
the functioning of the components of the weapon
system (installed screens limit the angles of vertical and
horizontal aim of the gun, limit the viewing angles of
aiming and observation devices, installation of a screen
opposite the receiving and transmitting channel of the
laser rangefinder makes its functioning impossible);

— the complete overlap of the ACVs projections of the
PACS and the ADPS makes it impossible to operate
both the weapon system and the APS, EW, and OECM
equipment installed on the vehicle;

— access to the vehicle's components and blocks is rest-
ricted, which significantly complicates the maintenance
and repair of the ACVs;

— installation of screens on the roof of the turret of
the ACVs negatively affects the functioning of crew
members in terms of boarding and disembarking the
vehicle, loading and unloading the ammunition;

— destruction or deformation of protective structures
may restrict access to the hatches of the ACVs, making
it impossible to evacuate crew members from the
damaged vehicle quickly and in a timely manner.

OECM are means of increasing the security of ACVs,
which are functionally designed to interfere with the targe-
ting and guidance systems of precision weapons and other
destruction means in order to disrupt their guidance. The
OECM of the ACVs consist of means for detecting the fact
of an attack on a sample of weapons and means for inter-
fering with the targeting systems of destruction means. The
spectral ranges of these means are selected in accordance
with the range of electromagnetic radiation in which the
targeting and/or guidance systems of the destruction means
from which protection must be provided, are functioning.

Papers [16—19] provide a detailed analysis of existing and
prospective developments of domestic and foreign-made
OECM. The study of the principles of functioning of exis-
ting OECM shows that the main factor in countering modern
anti-tank weapons (ATW) is the installation of a multi-
spectral aerosol curtain, which provides disruption of the
targeting of ATW and the covert maneuver of the ACVs
from the point of detection and irradiation. Setting up an
aerosol curtain involves firing smoke grenades at a distance
of 50—320 meters (depending on the complex) from the
protected object and creating an impenetrable multispectral
smoke curtain 10—120 meters wide and 3—10 meters high.
The calculations show that a smoke screen up to 10 m high
at a distance of 50 m or more from the ACVs provides an
overlap of visibility in the angular value relative to the ve-
hicle up to 10°. Paper [6] analyzed the distribution of angles
of attack of ammunition attacking the ACVs from the upper
hemisphere. It has been established that the angle of attack
(angle of munition incidence) of an anti-tank guided missile
equipped with a two-channel homing head (TV + infrared)
and a command TGS via fiber optic cable (Spike-ER, Spike
NLOS), when attacking an ACVs from the upper hemi-
sphere along a hinged trajectory, is ® = 60°. The peculiarity
of the guidance systems of these ATGMs is the absence of
active radiation towards the target, which makes it difficult
to register the fact of the attack and, as a result, to initiate
the aerosol curtain. To detect an ATGM attack without active
radiation, the OECM can use ultraviolet radiation sensors
that record the trace of the missile engine. At the same time,
the angles of attack of these MDs significantly exceed the
angular value of the aerosol curtain overlap front in the
vertical plane, so there is no effect on the guidance system
in this case.

UAVs used to defeat the ACVs as bomber drones and
kamikaze drones use TGS for guidance, i.e., they do not emit
laser and radar radiation towards the target. These UAVs use
electric motors for flight, so they have low thermal contrast,
which makes them difficult to detect by thermal imaging

20 4(44)/2024 - WEAPONS AND MILITARY EQUIPMENT



ISSN 2414-0651 (apyk)

BEPOHETAHKOBA TEXHIKA

sensors, and do not leave a trace on the flight path that can
be detected by ultraviolet radiation sensors. Their geometric
dimensions and use in the structure of composite materials
provide a low radar cross-section, which makes it difficult
to detect them using radar.

The analysis shows that the principles of functioning
of the existing OECM are not intended for impacting the
guidance systems of the MD with TGS. The APS is a means
of increasing the security of ACVs, which are functionally
designed to destroy, damage, and deviate from the specified
trajectory of attacking munitions.

Analysis of sources [16, 20—28] that discuss and highlight
the principles of operation and technical characteristics of
the APS shows that currently the vast majority of them are
products that exist in the form of technology demonstrators
or prototypes and have not yet been used in the composition
of ACVs during real combat operations. An exception is the
APS «Trophy», which is commonly installed on Abrams and
Merkava tanks and adapted for installation on Bradley IFV
and Namer, LAV I1I, and Stryker armored personnel carriers.

The analysis of the design and technical parameters of
existing models of APS allows us to formulate their weak-
nesses in countering the MD with TGS:

— Taking into account the specifics of their application,
MD with TGS hit the least protected zone — the upper
hemisphere, with angles of attack of 0...90°. The
overwhelming majority of APSs provide countermea-
sures against ATWs at angles of attack up to 60°.
The installation of additional modules to protect the
upper hemisphere, as implemented in the «Zaslon»
and «ADS» complexes, is limited by the layout of
individual samples of the ACVs and the high probability
of colateral damage to the external equipment of the
WME sample, which limits their use;

— limited multiplicity of triggering of protective charges of
the APS in a given sector allows for an unimpeded at-
tack of the area left without cover by protective devices;

— high accuracy of guidance of the MD with TGS and the
possibility of attacking the target in any plane allows
to attack the areas of the ACVs that are not protected
by the APS;

— the lower limit of the speed of an ATW that can be
intercepted by the vast majority of APS is 70 m/s (to
exclude triggering from false targets). The maximum
flight speed of bomber drones and kamikaze drones is
between 20—50 m/s, which excludes their detection and
destruction. The altitude from which bomber drones drop
munitions is between 50—100 m (depending on weather
conditions). The speed of a body falling freely from a
height of 100 meters near the ground is about 44 m/s.
This figure is also below the speed limit of existing APS.

The analysis shows that the existing APSs are not able
to provide an adequate level of protection of ACVs from
MD with TGS.

Classification of armored combat vehicle protection
systems by stages of counteraction and their capabilities
to affect the means of destruction with a television gui-
dance system

Based on the results of the study of the principles of
functioning of the components of the system of protection

of ACVs from ATW, it can be concluded that the basic prin-
ciples of its construction are as follows:

— disrupting the guidance of MDs in which laser
radiation and/or infrared coordinators (OECM) are
used for aiming (guidance, targeting);

— destruction (trajectory deviation) on the approach of
attacking MDs by the active impact of countermeasures
(fragmentation fields, explosively formed penetrators,
etc.) (APS);

— destruction (absorption and dissipation of energy)
during contact with the surface of the protective device
(penetration of the main armor) of the MD (DPC,
PACS, ADPS, armor).

Taking into account the methodology of constructing
existing protection systems and their shortcomings, tactical
and technical characteristics of typical MD with TGS and
features of their application, Table 1 proposes a classification
of the ACVs protection systems by stages of countering
ATW and their capabilities to influence (counteract) MD
with TGS.

The results of the analysis show that at the current stage
of development of WME there are no personal protective
equipment for ACVs that can provide protection against
MD with TGS. The growing role of these weapons on the
modern battlefield actualizes the creation of tools to improve
protection against them. From the stages of counteracting
MD given in Table 1, it can be concluded that disrupting
their guidance (targeting) is the most effective way to in-
crease the protection of the ACV, since it does not involve
direct contact of the munition with the protective structures
of the WME sample.

Substantiation of directions for further research to im-
prove the protection of the ACVs from the MD with TGS

In order to substantiate the structure and parameters of the
protective device for disrupting the guidance of a MD with
TGS, it is necessary to distinguish their characteristic key
feature — the presence of an optoelectronic system (televi-
sion camera) used to generate and transmit video images in
real time. Based on the received video image, the operator
(or artificial intelligence, target acquisition and self-guiding
system) controls the weapon and manages the target attack
process.

Thus, it can be argued that the detection of the optoelec-
tronic system and the impact on its sensors will allow to
realize the disruption of the targeting of the weapon with
the TGS.

Scientists from Ukraine and other countries have con-
ducted studies [29-31] that show that laser radiation directed
at the aperture of a television camera can both «blind» it
and lead to irreversible changes in its functioning: from
the appearance of dark stripes in the image to the complete
cessation of its transmission [1]. The above information
makes it possible to create a system for protecting the ACVs
from MD with TGS based on laser radiation. The functional
purpose of such a system is to disrupt the guidance of a
MD with TGS by remotely damaging its optoelectronic
system with laser radiation, that is, to provide optoelectronic
countermeasures. The advantages of the system of protection
of the ACVs against destruction means with a laser-based
television guidance system include its high selectivity and
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Table 1. Classification of ACV protection systems by stages of counteraction and their capabilities to affect

the MD with a TGS

Counteraction stage

Methods of influence

Principles of operation

Capabilities to influence (counteract) MD
with TGS

Failure of aiming
(targeting)

Optoelectronic
countermeasures
against means of
guidance (targeting)
(OECM)

Generating a false signal for
IR coordinators

Registration of laser
irradiation and setting up an
aerosol curtain

No impact on the guidance systems of MD
with TGS

Radio electronic
countermeasures (EW)

Suppression of video
transmission and control
channels

No impact on MD with TGS, in which
control is carried out via a fiber optic channel

No impact on MD with TGS, in which the
homing function is implemented

Destruction (deviation of

Force (active) impact

Detection of the attacking
munition and its destruction

Limited number of triggers in a given sector

The presence of unprotected areas

trajectory) of the MD on | on the attacking (trajectory deviation) on
approach to the ACV munition (APS) a Jr oacl?; o the ACV Restrictions on countering low velocity
PP weapons
Presence of unprotected areas
ineti Limited number of triggering in a specific
Use of kinetic energy Destruction of the current- fecti £eerme P
of the attacking S . projection
o . carrying circuit (deformation -

munition for its of the conical liner) of the Lack of counteraction to remotely detonated

1(’111::3;1;1031 damage RPG-7 shot munitions
Destruction Effective counteraction to only a certain type

(dissipation and
absorption of energy)
of the MD during
contact with the ACV

of ammunition

Preventing contact of
the munition with the

Covering the projections of the
ACV with protective screens

The presence of unprotected areas

Limited number of triggering in a specific
projection

surface of the ACV that prevent the penetration of

(ADPS) low kinetic energy munitions | Lack of counteraction to remotely detonated
munitions

Absorption Use of explosive energy to The presence of unprotected areas

(dissipation) of energy | reduce the armor penetration | [imited number of triggering in a specific

of ATW (DPC) of ATW projection

an unlimited number of triggering, to repel an attack by a
MBD with TGS does not require the use of material resources,
in comparison with electronic warfare means it does not
require measures to ensure electromagnetic compatibility
with the onboard equipment of the ACVs.

Paper [32] proposes a methodology for assessing the
effectiveness of equipping tanks with OECM. In this metho-
dology, the probability of its miss is used as an indicator
of the protective properties of the optoelectronic counter-
measures complex against a single impact of a destruction
means, which is determined by the formula

Pki = Pdetect.i Pp.u.i Ei.g.i + (1 - Pdetect.i Ppo.i )Pm.a.o.i’ (1)

where i — is the index of the type of attacking MD; P, —
the probability of detecting an attack by the means of
reconnaissance of the countermeasures complex; P, ,; —
the probability of placing an obstacle in the direction of
the i-MD before it approaches the combat vehicle at the
minimum range at which the installed obstacle will remain
effective; F , ; — the probability of disruption of guidance
(miss) of the i-MD when placing obstacles; P, ,,; — the
probability of a miss of the i-MD in the absence of obstacles.

To calculate the probability of a miss of a MD with TGS
as a result of the impact of optoelectronic countermeasures
based on laser radiation according to formula (1), the values

of probabilities £y, ;» P, ;5 Py o ; Will be determined by the
probability of the following events:

Poreer.; — probability of detection of the optical system of

the MD by reconnaissance means;
P, ,; — the probability of a laser beam hitting the aper-
ture of the television camera of the MD with its subsequent
blinding / functional damage at a distance from the ACV,
which will ensure the impossibility of targeting the MD with
a TGS due to the loss of the ability to form a video image;

F, ,; — probability of disrupting the targeting of a MD
with a TGS due to damage to its optoelectronic system.

From the logic of expression (1) and the applied proba-
bility indicators, it can be concluded that the effectiveness
of the functioning of the system of protection of an ACV
against a MD with a TGS is directly dependent on the ef-
fectiveness of the functioning of its mandatory components,
namely, means for detecting the fact of an attack by a MD
with a TGS and means for defeating its optoelectronic sys-
tem (TV camera).

Taking into account the peculiarities of the functioning
of MD with a TGS and the peculiarities of the operation of
combat vehicles, the task of further scientific research in
order to substantiate the rational values of the parameters
of the system of protection of ACVs from MD with a TGS
is to conduct research on:
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— requirements for means of detecting and accurately
determining the coordinates of the optical system of
the attacking MD;

— requirements for the laser beam guidance system of the
ACYV protection system against MD with a TGS;

— dependence of spatial-energy parameters of laser
radiation and its influence on the functioning of the
television targeting system MD;

— the influence of external factors on the effectiveness of
the functioning of the ACV protection system against
MD with a TGS.

CONCLUSIONS

Based on the results of the analysis carried out in the
article, it was found that the existing personal protection
systems for ACVs, in terms of their functional purpose and
technical characteristics, are not able to effectively counte-
ract MDs with a TGS. It has been established that disrup-
ting the targeting of a munition is the most effective way to
increase the protection of combat vehicles, since it does not
involve direct contact of the munition with the protective
structures of the WME.

To increase the protection of ACVs against MDs with
a TGS, it is proposed to create a defense system based on
laser radiation. The functional purpose of such a system will
be to disrupt the targeting of a MD with a TGS by remotely
destroying its optoelectronic system. Taking into account the
peculiarities of the functioning of MDs with a TGS and the
peculiarities of the operation of armored combat vehicles,
the directions of further scientific research are proposed in
order to substantiate the rational values of the parameters of
the laser-based defense system for ACVs.
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Kapmnenko O.C.

AHAJII3 EOEKTUBHOCTI CUCTEM 3AXUCTY
BOMOBHUX BPOHbOBAHUX MAIIIUH
BIJI 3ACOBIB YPA'KEHHS 3 TEJIEBI3IHHOIO
CUCTEMOIO HABEJIEHHSA

Y emammi posensinymo ocobnrusocmi ¢ynxyionysan-
HA cucmem 3axucmy 60to8uUx OPOHbOBAHUX MAWUH Md iX
MOACTUBOCT W00 NPOMUOIL 3ACO0AM YPAINCEHHSL 3 meie-
BI3ILIHOI0 CUCMEMOI HABEOEHHs (00 HUX A8MOp 8IOHOCUMb
NpoOMuUmManKo8i pakemmui Komniekcu 4 i 5 nokoninua ma
be3ninomui 1imanbHi anapamu, siKi (PyHKYIOHYIOMb 8 AKOCMI
3ac00i6 ypasicents O0UOBUX OPOHLOBANHUX MALUUUH).

Ha ocnosi ananizy 6yoosu, xapaxmepucmux ma npuH-
Yunie Oii iICHYIOUUX CUCNeM 3aXUCTTY, MAKMUKO-MEXHIYHUX
Xapaxkmepucmux munosux 3acobig ypaxcenis 3 menegisiii-
HOIO CUCMEMOIO HABeOeHHs ma 0coOnUsocmel ix 3acmo-
CYBAHHA, 3aNPONOHOBANHO KAACUPDIKAYIIO cucmeM 3axu-
cmy O0U0BUX OPOHLOBAHUX MALMUN 3a eMANAMU NPOMUOTT
NPOMUMAHKOGUM 3ACOOAM MA iIX MONCIUBOCMAMU UWOOO
BNIUBY HA 3aCO0U YPAJICEHHS 3 MENeGi3IUHOI0 CUCIEMOTO
HABEOeHHL.

Ha ocnosi nposedenozo 0ocnioxcents 6Cmanosieno, ujo
HA CYYacHOMY emani po36umky 030pOEHHs ma GilicbKo8oT
MexHiKu 8i10CymHi 3acodu iHOUBIOYaIbLHO20 3axucmy 60-
11068UX OPOHLOBAHUX MAUIUH, KT 30amHi 3abe3neqyumu ix
BCEOCANCHULL 3aXUC 810 30C00I8 YPANHCEHHS 3 MeNeBI3IlHOI0
CUCNEMOI0 HaseOenHs. 3a pe3yIbmamamit aHanizy emanie
npomudii npomumanKo8uM 3acobam 3podieHo 8UCHOBOK,
wWo 3pue ix HageoeHHsl (NPUYLNIBanHs) € HauUbLIb epeK-
MUBHUM CHOCODOM NIOBULYEHHS 3aXUUeHOCME DOLOBUX OPO-
HbOBAHUX MAWIUH, MAK AK 6iH He nepedbauae be3nocepeo-
Hb0O20 KOHMAKMY 60ENPUNACY 3 3AXUCHUMU KOHCMPYKYISAMU
60110801 MawiUHU.

s niosuwenns 3axuwenocmi OOU0BUX OPOHbOBAHUX
MawuH 610 3aco0i8 YpadiCenHsl 3 Menesi3ilHO0 CUCEMO
Hageoen s 3anpOnOHOBAHO CHEOPEHHS CUCIEMU 3AXUCTTY
Ha OCHOBI J1a3€PHO20 6UNPOMIHIOBAHHS. DYHKYIOHATbHUM
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NPUSHAYEHHAM MAaKoi cucmemu 6yoe 3pue HagedeHH s 3aco0y
VDAdICEHHsL 3 MeNLEeGIZIUHOI0 CUCTNEMOIO HABEOEHHS! ULTISIXOM
OUCIANYITIHO20 YPAICEHHS L1020 ONMUKO-ELEeKMPOHHOT CUC-
memu.

Bpaxosyiouu ocobrusocmi ¢hynxyionyeanns 3acobis ypa-
JICEHHSL 3 MELeGI3IUHOI0 CUCMEMOIO HABCOEHHSL MA 0COOIU-
80cmi ekcniyamayii 60ti08uUx 6POHbLOBAHUX MAWUH, 3aNPO-
NOHOBAHO HANPSAMU NOOATLUUX HAVKOBUX OOCAIONCEHb 3
MEmor 0OIPYHMYEAHHS PAYIOHANBHUX 3HAYEHb NAPAMEMPIG
cucmemu 3axucny OOUOBUX MAWUH HA OCHOBI 1A3EPHO20
BUNPOMIHIOBAHHSL.

Knrwouogi cnosa: o36poenuns i giticbkosa mexuika,
botiosa OpoHbOGAHA MAWMUNHA, 3AXUWEHICMb, cucmemd
3axucmy, 3acobu ypasicenHns, Oe3ninomHULl 1imaibHul
anapam, menesi3itina Cucmema Hageoen s, 1a3epHe Gu-
NPOMIHIOBAHHA.

Bioomocmi npo asmopa:

Kapnenko OJjexcanap CepriiioBuu
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