Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2018, eunyck 5(51)

ISSN 2073-7394

UDC 621.391

R. Zhyvotovskyi', Yu. Gorobets®, O. Momit’

doi: 10.26906/SUNZ.2018.5.008

" Central research Institute of weapons and military equipment of armed forces of Ukraine, Kyiv, Ukraine
*National defense University of Ukraine named after Ivan Chernyakhovsky, Kyiv, Ukraine

*Military unit A 2393, Odessa, Ukraine

INDICATORS AND CRITERIA OF EFFICIENCY EVALUATION OF SAFETY
AVIATION COMPLEXES APPLICATION

Military conflicts of the late XX — early XXI centuries are characterized by the use of a large number of new weapons,
which allowed the enemies to distance themselves as far as possible from the direct collision with each other. Unmanned
aviation complexes, which during the military conflicts proved their ability to conduct air reconnaissance, damage objects
and perform other combat support tasks, became one of the newest examples of weapons on the battlefield. The possibility
of successfully solving of various tasks with the help of unmanned aviation complexes was demonstrated during the
military conflicts in the Middle East (1982-2008), the Balkans (1999), Afghanistan (2001-2008) and the Caucasus (1994-
2008). Nowadays, there is a large number of diverse literature about using unmanned aerial systems during armed conflicts
over the past decades. However, the only approach to assessing the effectiveness of using unmanned aviation complexes of
special purpose in known sources has not been developed. In this article, the authors proposed indicators and criteria for
assessing the effectiveness of using unmanned aviation complexes of special purpose. During the research authors were
using the basic provisions of the theory of complex technical systems; method of expert assessments; the method of
analysis of hierarchies, methods of multidimensional comparative, general scientific and structural-functional analysis. The
indicators and criteria for evaluating the effectiveness of using of special purpose non-pilot aviation complexes, which were
proposed in the article, can be used to evaluate the information obtained with equipment operating in the mode of fixed and
continuous shooting of individual areas. The indicators proposed in the article can be used for comparative evaluation of
several unmanned aviation complexes of special purpose, that allow to assess the level of technical perfection of unmanned
aerial systems and choose the most perfect for the implementation of a specific type of task.
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Introduction

The rapid development of the unmanned aerial
vehicles (UAV) of various purposes and the variety of
their types makes it necessary to assess the effectiveness
of their application. The literature offers many
indicators (criteria) that will allow to compare the same
type of UAV to show their advantages and
disadvantages. But they are all ambiguously evaluated
by experts, that force researchers to look for more
options of practice. Consider one of the options based
on the principle of evaluation "productivity-cost-
efficiency" at a given level of object identification the of
exploration (general idea, definition of type, size,
characteristics, etc.) [1-3].

The comparative assessment of the aerial vehicles
(AV) is an important practical task. The necessity to
compare two or more samples appears: while evaluating
their combat properties; while choosing a better sample
for any indicator; at the procurement in the arms market
and others.

It is necessary to analyze many qualitative
indicators or criteria, that have different physical nature
(technical data of the aircraft, data of its power plant,
onboard equipment, the cost of the sample as a whole or
its individual components, design, etc.).

The purpose of this article is to develop indicators
and criteria for assessing the effectiveness of an
unmanned aeronautical complexes use.

Presentation of main material research

It should be noted immediately that the
performance indicators for reconnaissance and striking
AV should be significantly different as they evaluate the

different qualities of these vehicles, therefore, the partial
indicators for them should be different. At the same
time, even for the same type of AV, it is not always
possible to use the same indicators, because they can
vary in flight technical characteristics, the level of
equipment, devices of provision. However, in some
cases, it is possible to differentiate groups (for example,
reconnaissance complexes) by some common features
and find common indicators for them, useful for
comparative evaluation.

Modern UAV assigns more complex tasks, in
particular, observing the battlefield: for the movement
of troops and military equipment, observing the
identified important objects, adjusting their coordinates,
determining the results of the task of strikes against the
enemy. In this case, the trajectory of the flight may have
a more complex profile (fig. 1): reversals in horizontal
and vertical planes, bends, height set and decrease. In
this case, the trajectory can be repeatedly intersect.
While searching for single targets, the trajectory may
have the shape of a loop to fly a given boundary or
consist of two parallel lines in the search for a point
goal, and etc.

In addition, many optical systems on modern UAV
have variable fields of view: a wide field of view is used
to search the contour of the intended target, also the
angle of field view decreases and repeat enter on the
target was performed for the more precise recognition.
In this case, the width of the viewing band B decreases,
the viewing area is also reduced.

In the future, under the area of intelligence, we
will understand S,, = BVt. Since we do not interested in
physical space, it is determined in flight in the general
case
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S =S, =BVt (1)

If you represent the viewing angle of the camera in
the form of a spotlight, so S will be the trace of this
spotlight on the earth's surface while performing any
reconnaissance maneuver. Such a "spotlight" should
"light" while looking for any purpose: point, linear,
plane, leaving behind a trace in the form of an
equivalent area. In this case, the value of B can change
(for example, while performing repetitions on a target)
and it should be taken into consideration while
calculating the area.

Reconnaissance flights are usually carried out by
scanning the terrain at a certain altitude in the given lane
and the given depth. To simplify the problem we will
consider the flight of the constant aerial vehicles (with
the constant speed).

The height of the flight was determined by the
capabilities of the reconnaissance equipment, the
characteristics of the aircraft itself, and also depends on
the possible aerial vehicles to the enemy air defense,
meteorological conditions, and etc. At the same time,
one of the main requirements to altitude is the exclusion
of damage to the UAV by simple devices: artillery and
weapons and anti-aircraft missile systems.

Fig. 1. Spatial flight trajectory while searching for a target

The bandwidth of the seizure of the terrain B is
determined by the angle of the field of the camera view
2f and the flight altitude H:

B =2Htgf =~ H(2p). (2)

In addition, successful photography depends on the
resolution of the equipment, the illumination of the
target, its reflecting properties, radiation diffusion, and
etc. Obviously, with the increase in the distance of the
optical system lens from the target and the increase in
field of view, the level of detail of the shooting
decreases.

The main task of comparative analysis is to select
a better sample from some set of alternatives. Therefore,
the primary task of the analysis is to determine the
indicators for the comparative assessment.

Proceeding from the above, the quality indicators
of the reconnaissance UAV should take into
consideration [1-8]:

- flight characteristics of the aerial vehicles, its
maneuverability;

- feature of taking off and landing;

- parameters of the intelligence equipment (fields
of view and inspection, providing the necessary
resolution on the ground, etc.);

-types and data of weapons
complexes);

- operational characteristics (durations of different
types of preparations, time of coagulation and
deployment of the complex, etc.);

- the cost of the complex;

- the efficiency of the task.

Based on the objectives, you can outline the
effectiveness of combat use. According to the authors,
indicators in the first approximation can be used the
following.

1. The productivity of W search. According to the
big amount of authors, the search performance of the
reconnaissance UAV can be quantitatively quantified by
the magnitude of the area being revised per unit time
[1-8]. The average value of this indicator can be
obtained from formula (1), dividing its right and left
sides at time #:

(for striking

W=§=¥=BV=VH(2B), 3)
where V is the average flight speed, B is the bandwidth
of the camera, ¢ is the time of the reconnaissance.
Modern optoelectronic systems (OES) have several
angles of view field: narrow, wide, intermediate. Each
of them has its value s,. In addition, the corners of the
field of view may be unequal (fig. 2) for the azimuth
(28;), and the angle of the place (25,).

As a result, the linear dimensions of objects
reproduced by the OES will also be uneven in the
direction of B; and B,. By the analogy with formula (2)
we will have B1=H,(2,), B, = Hy(2f3,). Because usually,
the flight altitude H is substantially larger than the linear
dimensions of the site, it is possible to take
H, = H, = H. However, at small angles, instead of the
height of H, it is necessary to take a range.

Given the above, the size of the shooting area

s1 = BBy = H* (2B,)(2B,). 4)

As can be seen from formula (4), s; increases with
increasing height in proportion to its square, but thus
deteriorates the degree of the image detail on the screen
of the receiver. At some height, the detail reaches the
critical one, after which the observed objects become
indistinguishable.

While searching for different objects, there is not
using the angle, but the linear resolution d (detail),
which allows you to find the kind of the desired target.
The less detail d, the clearer the image on the screen.
Therefore, for the exploration of small-scale targets, the
linear resolution of the OES should be as small as
possible (and therefore better). Specialists in the United
States have developed detailed requirements that should
ensure the identification of typical objects with a certain
degree of clarity (table 1).
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Table I — Requirements for detailing the typical objects

The resolution required for the purpose classification, m
Type of an aim . Identification Technical
Detection — -
total | accurate |descriptive | analysis

Auto-transport 1,5 0,6 0,3 0,06 0,045
Aircraft 4,5 1,5 1 0,15 0,045
Rocket-artillery devices 1 0,6 0,15 0,05 0,045
Radar stations 3 1 0,3 0,15 0,015
Positions operational-tactical missiles and anti-aircraft missile systems 3 1,5 0,6 0,3 0,045
Ships 8 4,5 0,6 0,3 0,045
Bridges 6 4,5 1,5 1 0,3
Airfieldconstructions 6 4.5 3 0,3 0,15
Military units 6 2 1,2 0,3 0,15
Railway nodes 15-30 15 6 1,5 0,15
Transport communications 6-9 6 1,8 0,6 0,4
Urban buildings 60 30 3 3 0,75
Terrain relief - 90 4.5 1,5 0,75

review area

e ————
area of the lens capture

Fig. 2. Scheme of site construction for aim identification

Moreover, the clarity is characterized by five signs [7]:

1. Detection is the localization of the desired
target, determining its coordinates.

2. General identification is defining the target
class.

3. Accurate identification is defining the type of
target within the specified class.

4. Descriptive identification is the identification of
the configuration, the size of the target, its constituent
parts.

5. Technical analysis of the object is determining
the membership, the most probable characteristics,
specific features.

For example, if the optoelectronic system has a
linear detail of d = 4.5 m, then it can be established and
this object will be similar to an airplane, at d = 1.5 m it is
possible to detect the type of this aircraft, and at d = 1 m
to get more accurate information about the aircraft (its
affiliation, destination, etc.). Thus, the value of d is
determined by the specific task of the intelligence. By
analogy with formula (2), it is related to the angular
resolution due to the flight height:

d = HQ2w) or H=d/Qa). (5)

The formula shows that at 2w=const the linear
resolution is related to the height proportional to the
relationship. As the height increases, it also increases
the image on the screen worsens and the object will be
indistinguishable. For this reason, the maximum height
of intelligence is limited. Consequently, in order to
obtain conditional photographs, the flight altitude must
be as low as possible. Substituting the value of height
from (5) into the formula (4), we obtain an expression
for determining the site

s =d>(28)(2B,)/(20) =%k, (6)
Koy = (281)(2B,)/(20)’. )

kos 1s the coefficient of the optical system, i.e. its
integral characteristic. It combines the viewing angles
and the angular resolution of the optical system.

The better resolution (less than 2w) and the larger
viewing angles of the system, the greater the coefficient,
and, consequently, the larger area will be removed with
a given detail of the object.

Knowing the value of s;, the total exploration area
AS and the coefficient of its overlapping koveriap, it iS
possible to calculate the required amount of information
in the number of required images

An = koverlap AS/S] = koverlapB VAl/S]Z koverlapAt/sla (8)
and the average speed of the snapshots

= AnfAt = Koyoriqp W /sy - )

Obviously, the value of An is proportional to the
amount of primary information that necessary to be
preserved and/or transferred to the ground (to the
control point or to another consumer).

2. The cost of UAV. 1t is accepted to evaluate it on
several indicators:

- an initial cost of complex Cy;

- cost of exploitation Coperation;

- the cost of the flight hour Cp,;

- the cost of shooting a plot of area sl of a given
area C;

- the cost of the reconnaissance flight is the Cp.

Initial cost consists of the cost of developing and
manufacturing a glider AV with all onboard systems,

where
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the cost of the payload and the cost of the ground part of
the Cgroung, Which ensures the operation of the AV:

m m
Co=Cyymyy + Cys

(10)

[Myg + Cground >
where C’}; is the cost of 1 kg of the weight of the
glider with the equipment, but without the payload,
C,y; is the cost of 1 kg of payload, m,, and m,y is
the mass corresponding to the glider and payload.

Cost of operation can be estimated as follows:

_ ot
Coperalion - Caperaliontoperalion’
t .
where  Cpppuiion 18 an average cost for 1 hour of

operation, f. is the flight resource of AV.

If the predicted (statistical) number of combat
missions is N, then the actual resource can be estimated
approximately as t,e=Nfmax, Where fm.x is the maximum
flight duration.

With these assumptions, the total cost of a
complex can be estimated in the form of an amount

CUAV = CO + Coperati0n~

(1D

One of the most important indicators for the

comparative estimation of UAV is the cost of the flight

hour. It can be estimated from the sum of the initial

cost, the maximum flight time f,,,x and multiplicity of
application is the number of takeoffs V:

Co ¢

Cy = +C

fh N

P operation *
max

(12)

The denominator in this formula defines the flight
of the AV for the intended lifetime. We will now
determine the cost of the UAV flight. If the probability
of fulfilling the task with taking into consideration all
possible operating factors (performance of equipment,
radio indication, overcoming the enemy's air defense,
the possibility of destruction of anti-aircraft devices or
aircraft of the enemy, etc.) is equal tO penemy, then the
cost of such a flight will be estimated by the magnitude

(13)

The value of C; can be determined by the flight
time and the cost of the flight hour. Indeed, while
shooting a site s; (fig. 2) AV passes the path B,=
=H,(2f,).=VAt,. Hence the time of the passage of this site

Aty = Hy(28,)/V , (14)
(15)

Obviously, this indicator will be one of the most
significant. It responds to a specific question: what
resources should be spent to identify a specific target (for
example tank, aircraft, etc.) that can be located on a site

Cenemy = Csl* n/penemy~

then Co =CpAt =Cy-Hy(2By)/V.

N

s =d szES , where d is the linear resolution of the OES.

3. Efficiency. The success of intelligence depends,
basically, on the obtaining time information and its
quality. As you know, the total flight time of the
reconnaissance UAV consists of the execution time of
individual stages: preparation of the UV before
departure; flight to the exploration zone; conducting
own intelligence; processing and storage of data (if
necessary); data transmission to the control point;
processing and data transmission to the consumer.

The value of ¢ characterizes the efficiency of
obtaining information from the intelligence officer. In
some cases, time ¢ can be no less important than the cost of
the complex. Time of passage to the intelligence zone can
be roughly calculated as t,,,. = L /V + (2...3), where L is the
separation of the exploration zone from the start point, V' is
the flight speed. It can be selected depending on the task:
either maximum or cruising. 2 ... 3 min is an amendment to
the time for the acceleration of the AV and set of altitudes
for intelligence conducting. The time for conducting
intelligence f;,, can be determined in two ways:

— for the purpose of the route and flight profile by
conduction of engineering-navigational calculation;

— at the task of the area exploration by the formula
(3) ti; = S/W. If the intelligence conduct with the
overlapping terrain, then the result will be multiplied by
the overlap factor.

In the case of an arbitrary flight, the time of
intelligence 1is determined by the fuel reserve
Lig = Men/qq, Where mg, is the supply of fuel for
performing intelligence (with the exception of all
regulated residues), gy, is the hourly fuel consumption.

The usual time of information processing repeatedly
exceeds the time of its receipt with the necessary detail,
and the obtained data have to be saved if their transfer
from the board to the ground in real time does not have
time to be processed. On the first intelligence UAV, the
information was stored on the board drives and processed
after the flight. Naturally, the operational value of such an
intelligence left much to be desired.

If during the performance of the reconnaissance
flight the task was not viewing a certain area, but to
identify targets for some other features, then the total
area can be calculated as S = ns1 in a certain zone.

Conclusions

Thus, the criterion of cost C,; will be the same for
both discrete and panoramic images.

The proposed indicators W, C; and ¢ correspond to
the categories "productivity - cost - efficiency". They
can be used to evaluate information obtained using
equipment that works in a mode of fixed, continuous
shooting of individual areas. These indicators can be
used to benchmark several intelligence systems.

The direction of further research should be
considered the development of a mathematical model of
the functioning of unmanned aviation complexes under
counteraction conditions.

REFERENCES

1. Iyushko, V.M., Mitrakhovich, M.M., Samkov, A.V., Silkov, V.L, Soloviev, O.V., and Strelnikov, V.I (2009). Unmanned
aerial vehicles: methods of approximate calculations of basic parameters and characteristics, Kyiv, CSRIAMI of Ukraine,

302 p.

11



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2018, eunyck 5(51) ISSN 2073-7394

Unmanned vehicles. Handbook (2010). Shephard press, Burnham, 145 p.

Silkov, V. 1(1997). Flight dynamics of aircraft. Kyiv, KIUCA, 424 p.

Silkov, V. 1(2004). Combat maneuvering of aircraft. Kyiv, NDUU, 338 p.

Pavlushenko, M., Evstafiev, H. and Makarenko, I (2005). Unmanned aerial vehicles: history, application, threat of

proliferation and development prospects. Moscow, Human rights, 611 p.

6. Chepurny, V.A., Bardakov, M.V. and Khudov, G.V(2015). “Analysis of trends in the development and use of reconnaissance
unmanned aerial vehicles in modern network-centric and hybrid wars”. Science and Technology of the Air Forces of the
Armed Forces of Ukraine. No 4(21)., pp. 24-28.

7. llenko, Ye.Y., Stetshenko, P.M (2016). A mathematical model for estimating the costs of financial resources associated with
equipping the Armed Forces with unmanned aerial systems. Science and Technology of the Air Forces of the Armed Forces
of Ukraine., No. 3(24), pp. 70-73.

8. Zharik, O.M(2013).“Experience in the creation and use of reusable impact drills: current state and prospects for further

development, determination of Air Force needs”. Science and Technology of the Air Forces of the Armed Forces of Ukraine.

No. 1(10), pp. 30-38.

Nk wh

Penenzent: 1-p TexH. Hayk, npod. M. A. [1aBneHko,

XapkiBcbkuii HatioHanbHUi yHiBepeuteT [ToBiTpstnux Cun imeni IBana Koxxey6a, Xapkis
Received 15.06.2018

Accepted for publication 05.09.2018

Iloka3uuky Ta KpUTEPii ONiHIOBaHHA ¢()eKTHBHOCTI 3aCTOCYBaHHsI 0e3MMiJIOTHHX aBialiHHUX KOMILIEKCIB
P. M. Xusoroscrkuii, }O. O. T'opobers, O. C. Momit

Boenni kondumiktu kinnmg XX — mouatky XXI CT. XapaKTepu3yrOTbCs 3aCTOCYBAaHHSM BEIMKOI KiJIbKOCTI HOBOTO
030pOEHHSI, SIKE JIO3BOJIMIIO BOPOI'YIOUMM CTOPOHAM MaKCHMaJIbHO JHUCTAHIUIOBATHCS BiJ O€3MOCepeHbOro 3iTKHEHHS OIWH 3
omauM. OIHUMH 13 HOBITHIX 3pa3KiB 030pO€HHS Ha Ioyi OO cTany Oe3MIOTHI aBialliifHi KOMIUIEKCH, SIKi ITiJ 9ac BOEHHHX
KOH(QUIIKTIB JIOBEJIM CBOIO 3JIaTHICTH IIOJ0 BEJICHHS IOBITPSIHOI PO3BIAKH, ypakeHHs 00 €KTiB Ta BUKOHAHHS IHIINX 3aBIaHb
0oifoBoro 3abe3nedeHHs. MOXIIMBICT YCHIITHOTO BUPILIEHHS PI3HOMaHITHHUX 3aBJaHb 32 JOIIOMOIO0 Oe3MIOTHHX aBialliiHKUX
KOMIUIEKCIB TPOJEMOHCTPOBAHO IIiJl 4ac BOEHHMX KOHQuIKTIB Ha bmmpkomy Cxomi (1982-2008), Bankanax (1999), B
Adranicrani (2001-2008) Ta na Kasxkasi (1994-2008). Ha crorozHiHiii 4ac icHye BeJIMKa KiJIbKICTh PI3HOMAaHITHOI JIiTepaTypu
PO CrIocoOM 3aCTOCYBAaHHS O€3MIJIOTHHUX aBlallifHMX KOMIUICKCIB IiJ yac 30poiHMX KOH(]IiKTiB octaHHiX gecstupid. IIpore
€IMHOTO Mi/IXOy 3 OLIHIOBaHHS €()eKTHBHOCTI 3aCTOCYBaHHsI OE3IIJIOTHUX aBlalllifHUX KOMILUIEKCIB CIIEIialbHOTO MPU3HAYCHHS
B BIZIOMHX [DKepesnax He po3poOieHo. B 3a3HaueHiil craTTi aBTOpamH 3alpONOHOBAaHMH IMOKAa3HUKM Ta KpUTepil OLIHKK
e(eKTUBHOCTI 3acTOCYBaHHS O€3MUIOTHUX aBilaliffHUX KOMIUIEKCIB CIIEIiaJbHOrO Mpu3Ha4deHHs. B Xomi 3a3HadeHoro
JIOCTIJKEHHST aBTOPaMH BHUKOPUCTaHI OCHOBHI IOJIOXKEHHS Teopii CKIaIHUX TEXHIYHUX CHUCTEM; METOJ EKCIIEPTHHUX OL[HOK;
METOJ aHali3y iepapxiii, MeroziB 0araTOBUMIPHOTrO IOPiBHSIBHOIO, 3arajlbLHOHAyKOBOTO Ta CTPYKTYPHO-()YHKIIOHAJIBHOIO
aHayii3y. 3anporoHOBaHI B poOOTI NMOKa3HUKM Ta KpUTepil OLIHKKM e(EeKTHBHOCTI 3aCTOCYBaHHs OE3MIJIOTHHMX aBialliiHMX
KOMIUIEKCIB CHELiaJIbHOTO MpPU3HAYeHHS MOXYTh OYTH BHKOPUCTaHI JUIl OLIHKH iH(popMalii, oJep>KyBaHOI 3a JIOIOMOIOI0
amaparypH, II0 MPAIfoe y PeKUMI sIK (pikcoBaHOI, Tak Oe3mepepBHOi 3HOMKH OKpEMHX IIJITHOK MICLEBOCTI. 3arporoHOBaHi B
CTaTTi NOKa3HUKM MOXYTb OYTHM BHKOPHCTaHI JUIsl TOPIBHSUIBHOI OLIHKH JEKUIBKOX OE3MIOTHHX aBialliifHUX KOMIUIEKCIB
CIeIiaIbHOr0 NPU3HAYEHHS, IIO0 JIO03BOJLSIIOTH MPOBECTH OLIHKY PIBHS TEXHIYHOI JOCKOHAJIOCTI OE3MIIOTHHUX aBialliiHKUX
KOMIUIEKCIB Ta 00paTH HalOLIbII JOCKOHAMI JUIsl BUKOHAHHS KOHKPETHOTO THITY 3aBJ/IaHb.

Karo4dosi ciooBa: 0e3niyoTHI aBialiiiHi KOMIUIEKCH, BOEHHI KOH(IIKTH, NOKa3HUKH OLIHKM €QEKTHBHOCTI, TeXHIUHI
XapaKTepUCTUKH, PO3BiJKa, KpUTEPii.

IMoka3aTesu 1 KpUTEPHH OLEHKH 3(P(PEKTHBHOCTH PUMeHEHHs (eCITUIIOTHBIX ABHAIIMOHHBIX KOMILJIEKCOB
P. H. KuBorosckuii, 0. A. I'opoben, A. C. Momur

Boennble koHGuKTBI KOHIa XX - Hadana XXI B. XapakTepu3yrTCs NPUMEHEHHEM OOJIBLIOrO KOJIMYECTBA HOBOTO
BOOPYXEHHS, KOTOPOE I103BOJIMJIO BPKAYIOIIMM CTOPOHAM MAaKCHMAalbHO JMCTAHIMPOBATBCA OT HENOCPEACTBEHHOIO
COIIPUKOCHOBEHUS APYr ¢ ApyroM. OJHUM U3 HOBEHIIMX 00pa31ioB BOOPY)KEHUs Ha 11os1e 005 cTanu OeClUIOTHbIC aBUALMOHHbIE
KOMIUIEKChI, KOTOPBIE BO BpEMsI BOCHHBIX KOH()IMKTOB JIOKAa3aJld CBOI CIOCOOHOCTH IO BEICHUIO BO3JYIIHOW pa3BEIKH,
MOpaXKeHUs1 OOBEKTOB M BBINOJHEHMS APYrux 3ajad 0oeBoro odecreueHus. Bo3MOXXKHOCTH YCHEIIHOrO PEIICHUs Pa3JIMYHBIX
3374 C IOMOIIbIO OECIMIOTHBIX ABHALIMOHHBIX KOMIUIEKCOB IIPOJIEMOHCTPUPOBAHO BO BPEMs BOCHHBIX KOH(IMKTOB Ha
Bmxaem Bocroke (1982-2008), bankanax (1999), B A¢ranucrane (2001-2008) u na Kaskasze (1994-2008). Ha ceronusmnee
BpeMs CYIIECTBYET OOJBIIOE KOIMYECTBO PAa3HOOOPA3HOH JHTEpaTyphl O Crocodax NPUMEHEHHs OSCHMIIOTHBIX aBHAIlMOHHBIX
KOMIUIEKCOB BO BpEMsl BOOPYKCHHBIX KOH(JIMKTOB IOCIHEAHHMX paecaTwieruid. OAHAKO eIMHOro I0AXOHa IO OLIEHKE
3¢ dexTUBHOCTH NPUMEHEHUs OSCIMIOTHBIX aBHALMOHHBIX KOMILUIEKCOB CIIELMAIbHOIO HAa3HAYEHMS B U3BECTHBIX MCTOYHMKAX
He pa3paboTaHo. B yka3zaHHOH craTbe aBTOpaMM IPEIIOXKEHBI MOKA3aTeNd U KPUTEPUU OLEHKH 3()(EKTUBHOCTH IPUMEHEHUS
OECIUIOTHBIX AaBMALMOHHBIX KOMIUIEKCOB CHELHAJIBHOI0 Ha3Ha4deHHMs. B Xoge yKa3aHHOrO MCCJIENOBaHUS AaBTOpPaMU
HCIOJIb30BaHbI OCHOBHBIC IOJIOKEHHS TEOPUM CIOXHBIX TEXHHUYECKMX CHUCTEM; METOJ SKCHEPTHBIX OLEHOK; METOZ aHallh3a
Hepapxuil, METOIbl MHOIOMEPHOrO CPaBHUTEJIBHOrO, OOLIEHAyYHOrO U  CTPYKTYPHO-(QYHKIMOHAJIBHOTO  aHAJIM3A.
IpennokenHsle B paboTe IOKa3aTeNd W KPUTEPUM OLEHKH 3(P(EKTUBHOCTH IpPUMEHEHMs OECIHMIIOTHBIX aBHAIlMOHHBIX
KOMIUIEKCOB CHELMAJIbHOr0 Ha3HA4eHHMS MOryT OBITh MCIIONB30BaHbI JUIS OLEHKM HMH(OpPMALMM, HOIY4aeMOH € HMOMOLIBIO
anmaparypsl, paboTaromeil B pexuMe Kak (DMKCHUPOBAaHHOM, TaK HENPEPHIBHOH ChEMKH OTJIEIBHBIX Y4aCTKOB MECTHOCTH.
IpeniokeHHbIe B CTaTbhe IMOKA3aTeNIM MOTYT OBITh HCIIONB30BAHBI JUIS CPAaBHUTENILHOH OLIEHKHM HECKOJIBKHUX OECIHIOTHBIX
aBHALIMOHHBIX KOMIUIEKCOB CHELMAIbHOIO HA3HAYEHUs], MO3BOJIIOIIIE IIPOBECTH OLIEHKY YPOBHS TEXHHUYECKOI'O COBEPLICHCTBA
6eCIIIOTHBIX aBUALIMOHHBIX KOMIUIEKCOB M BbIOpaTh HanboJee COBEpIICHHbIE IS BHIIIOJIHEHNUS KOHKPETHOrO THIIA 3a/1a4.

KawueBbie cJjoBa: OeCIUIOTHBIE ABUAITUOHHBIC KOMIIJICKChI, BOCHHBLIC KOHq)J'lI/IKTBI, oKa3areii OUCHKHU 3(1)(1)6](-
THUBHOCTH, TEXHUYUCCKUEC XapaKTCPUCTUKU, pa3BEJKa, KpUTCPHUH.
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