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FOUNDATION THE WAYS OF RADIO ELECTRONIC WARFARE
DEVICES DEVELOPMENT

Abstract. The development of radio-electronic warfare systems becomes the most effective, fast-performing, cost-
effective, and sometimes the only possible devices, which neutralizes the technical advantage of the opposite side in the
information and technology spheres. The main increase in combat potentials in the near future will be possible through the
use of intelligent command and control systems for troops and weapons, as well as the use of weapons that use
unconventional devices of influencing the enemy. The authors of the research found that equipping weapons with the
devices and complexes of electronic warfare can repeatedly increase their combat potential and reduce possible losses. In
this case, the cost of electronic warfare technology is one percent in relation to the cost of major types of weapons. In the
course of the research, the authors used the basic provisions of the theory of electronic warfare, the theory of
communication, the theory of signals, and general scientific methods of analysis and synthesis. The authors found that the
most important areas of research for the development of electronic warfare systems are: integration of forces and devices of
electronic warfare with an intelligence and fire damage in a single information and communication space of all types of
armed forces; creation of systems of radio engineering intelligence (passive location) for the reliable disclosure of
electronic equipment and high-precision location of objects; Improvement of signal monitoring system in various physical
fields. The principal features of the construction of advanced devices and complexes of electronic warfare are: ultra-wide
radio engineering part of the equipment (more than 3 octaves); necessity of realization of parallel signal processing of
received radio signals in the instant band of frequencies equal to several gigahertz; the maximum increase in the functional
density of the apparatus implementation to reduce its mass and overall performance and ensure the possibility of its system
integration; limit unification of basic digital elements of equipment, which allows to reduce the cost, facilitate the processes
of modification and modernization of equipment. Taking into account the above, the direction of further research should be
considered the development of methods for increasing the effectiveness of radio-electronic suppression.
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Introduction

The development of electronic warfare systems
(REW) is becoming the most effective, fast-selling,
cost-effective, and sometimes the only possible devices
of neutralizing the technical superiority of the opposing
side in the information and technological areas. The
main increase in combat potentials in the near future
will be possible through the use of intelligent systems of
command and control of troops and weapons, as well as
the use of devices of warfare using non-traditional
methods of influencing the enemy.

Such devices of warfare include, first of all, REW
equipment, which is a complex object, characterized by
high technology intensity. Modern devices, complexes
and REW systems at the present stage of development are
in a state of intensive improvement. In the long term
(20202025 years), the volume of tasks assigned to REW
funds will not only not decrease, but even increase due to
a quantitative increase in the objects of influence and an
increase in methods of influence on them [1].

Equipping weapons with REW equipment and
complexes can multiply their combat potential and
reduce potential losses. At the same time, the cost of
REW equipment is a few percents in relation to the cost
of the main types of weapons [1-4].

The purpose of this article is assigned to the fields
of the future development of radio-electronic warfare.

Presentation of the main material

From a fairly wide range of tasks facing modern
REW complexes, we can distinguish the tasks that
determine the number of their fundamental features [5—7]:

— "hard" expediency of overlapping the ranges of
operation of all radar location stations (RLS) detection,
targeting, weapons control, as well as radio electronic
systems (RES) communication and navigation;

—the functional need for the simultaneous
implementation of a large number of complex tasks —
reception and high-precision analysis of the RES
signals, determination of their coordinates, type, mode
of operation and degree of danger, suppression of
several RES, interaction with other complexes
(primarily radio and radio engineering intelligence
(RREI) and fire losses).

These tasks determine the fundamental features of
the construction of promising devices and REW
complexes [5—14]:

— ultra-broadband radio part of the equipment
(more than 3 octaves);

— the need to implement parallel signal processing
of received radio signals in the instantaneous frequency
band equal to several gigahertz;

— the maximum increase in the functional density
of the equipment to reduce its weight and size indicators
and ensure its system integration;
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—the maximum unification of the basic digital
elements of the equipment, which allows reducing the
cost, to facilitate the processes of modification and
modernization of the equipment.

These features promising hardware tools and REW
complexes determine the feasibility of its construction
on the basis of digital ultra-wideband signal processing
devices, which allow to realize the above features to the
maximum extent and additionally get the ability to
quickly restructure the processing equipment by
overwriting signal processing projects in programmable
logic integrated circuits (PLIC) [5].

Thus, the future development of REW systems and
facilities is closely linked to the use of the latest
information technologies, which should provide the
desired efficiency in the context of qualitatively changing
requirements for devices and methods of warfare. Thus,
in promising REW systems, functional and instrumental
integration of on-board radio-electronic equipment (REE)
with electronic countermeasures devices (ECD) and
detection systems using other physical principles of
operation (optical-electronic equipment, infrared (IR) and
ultraviolet (UV) systems, etc.).

With the development of integrated onboard
systems, the extensive logic of switching the modes of
the integrated subsystems becomes complicated, which
makes it possible to influence this process with the help
of so-called algorithmic influences. In addition, despite
the rapid development of digital technology, a memory
bottleneck and speed of onboard computing systems
will always remain a bottleneck, which will also allow
producing algorithmic effects for the purpose of
information overload on-board processors [7].

Thus, the development of REW equipment is
largely determined by two interrelated scientific and
technological areas of development of the elemental
base of modern radio electronics [4]:

1. The creation of high-speed processors and
computing systems, taking into account the latest
achievements of microelectronics.

2. Expanding the possibilities of digital signal
processing, which ensured the conversion of an aggregate
of REW devices into high-speed digital systems.

The REW complex, functioning in modern
conditions, should almost instantly respond to sudden
threats. The response of the complex to the threat should
not exceed 0.05-0.1 s. Only digital electronic computers
(DEC) with high speed and large amounts of memory
are able to manage the resources of REW complexes,
including [4, 7-9]:

— a set of active jamming stations;

— expendable devices of generating interference
(towed active traps; anti-radar guided missiles; one-time
interference transmitters; dipole reflectors illuminated
by an interfering signal; projectiles with electromagnetic
warheads);

—a set of types of interference and methods of
their combat use;

— devices of functional RES damage;

— distribution of the energy potential of active
jamming stations for the simultaneous suppression of
several RESs;

— the ability to quickly change the orientation and
width of the radiation pattern of antennas (phased
antenna arrays) of active jamming stations in specified
sectors of space;

—the ability to control the sequence of time
intervals of interference to several RESs by one leading
active interference station.

At the same time, there is a tendency to unite
numerous radio engineering and optoelectronic devices
(devices of radiolocation, electronic warfare, radio
navigation, data transmission, infrared and other
information sensors) placed on one carrier (aircraft) into
a single integrated radio electronic complex [4].

Among the existing problems of creating
promising systems and REW systems, three groups can
be distinguished, differing in content and technology of
their solution [7]:

— energy;

— informational;

— functional.

The essence of the energy problems lies in the
complexity of the implementation of the required
energy characteristics of REW complexes under the
given constraints (in terms of mass, dimensions, energy
consumption) and the existing element base. One of the
main ways to solve them is to use active phased antenna
arrays (AFAA) with high gain. The principal features of
constructing an AFAA for the REW equipment are [7]:

— the possibility of adaptive control of the antenna
pattern shape for the implementation of various modes
of operation and the formation of "dips" in the direction
of the sources of active interference;

—7-8 times extended working frequency band
(30-40% of the center frequency for AFAA and 5-6%
for FAA);

—increased by 15-20 times the radiation power
taken from the same aperture;

—the need for the simultaneous formation of
several independent rays for the maintenance of
spatially separated objects of influence;

— significantly reduced losses (up to 15-17 dB)
during signal processing;

— conformality and low effective area of diffusion;

— high reliability (average time between failures is
comparable to the life of the aircraft).

The use of AFAA in the composition of REW
complexes in the presence of the corresponding element
base (high-power semiconductor microwave amplifiers
and switches) allows obtaining the energy potential of
almost any level. Calculations show that in the near
future if there is a corresponding electronic component
base, an active interference station with an energy
potential of up to 1010 W can be created [7].

Information problems are due to the fact that the
technical characteristics of an existing electronic
intelligence system often do not allow to organize
information support for the REW systems and devices at
the proper level. First of all, this refers to the reliability
of determining the objects of impact and the assignment
by them of the corresponding service priorities while
operating in a complex, dynamically changing
electronic environment [5].
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The solution to this problem is seen in translating
most of the components of electronic intelligence
equipment into digital processing. At present, the
possibilities are being explored of improving the
efficiency of high-speed digital REW equipment based
on PLICs with a transition at the stage of mass
production to the specialized "system-on-chip" [5].

Functional problems are primarily associated with
the need for the simultaneous (quasi-simultaneous)
suppression of radio-electronic devices that have
different spatial and signal features, with a strict limit on
the time of electronic conflict. These difficulties can be
overcome by applying [7]:

—antenna devices with independent control of
spatial interference channels;

— multichannel transceiver devices operating in a
wide frequency range with parallel channel analysis;

— high-speed digital radio frequency memory
(DRFM) systems.

In the future, it is important to create DRFM
systems on basic construction in terms of the unification
of its technical parameters for the use by most
developers of REW equipment. In the new technology
of electronic warfare, based on AFAA with digital
beamforming, the system will be integrated with
interference suppression devices in the format of small-
sized AFAA transceiver modules [7].

Fig. 1 shows the dynamics of the expansion of the
type of interference generated by modern REW
complexes [5].
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Fig. 1. The dynamics of the expansion
of the type of interference generated by modern REW complexes

Expansion of the generated interference range
allows you to implement an "individual approach" to the
suppression of each specific RES. At the same time, in
connection with the saturation of armaments with radio
electronics, the number of radio electronic devices in
service is constantly growing while increasing the
number of modes of their operation. In this regard, in
the near future, the technological limit of the range of
generated interference, focused on specific RES and
individual modes of their operation, will be reached. At
the same time, the search for new ways to form
interference modes for REW complexes will become
topical.

In this regard, interesting research focused on the
development of new methods of selective suppression
of RES — "cognitive suppression". New methods of
jamming should ensure the suppression of a wide range
of enemy's RES (connected, navigation, radar, etc.)
using modern devices and methods of electronic
protection, while not disrupting the operation of their
own radio and allied forces, as well as RES civilian. It is
assumed that such jamming stations can be installed on

specialized REW aircraft and on conventional strategic
and tactical aircraft to ensure their individual electronic
protection [2]. One of the most promising trends in the
development of REW is the integration of air, land, sea
and space REW facilities into a single network.

The concept of integration is based mainly on the
development of digital radio technical intelligence
(RTI) technology and active electronic suppression.

It is possible to instantly identify the radiation
source and, if necessary, to create interference in
various ways [2]:

— point setting low-power active interference;

— use of false information objects (false targets or
messages);

— the introduction of packages of algorithms that
can take command of the enemy’s networks and,
possibly, control of the enemy’s sensors.

In addition, a promising direction of REW is to
change the conditions of propagation and reflection of
the electromagnetic waves. In this connection, the
creation of special munitions with aerosol filling, which
provide for changing the conditions of propagation of
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radio waves and affecting the operation of the RES, is
relevant. New special compositions of aerosol systems
are being developed, which provide to weaken the
electromagnetic field intensity, and new compositions
and coatings, providing intensive absorption of
electromagnetic waves [5].

At the same time, methods and devices for spatial-
signal imitation of protected objects with the aim of
diverting attacking elements and devices for spatial-
signal selection of interfering signals [5] are being
developed to protect their own electronic equipment and
optical-electronic devices from homing weapons and
active interference in various ranges.

The most important research directions for the
development of REW systems are presented below [5].

1. Integration of the REW forces and facilities with
the devices of reconnaissance and fire destruction in a
single information and communication space of all
types of armed forces:

— implementation of network-centric systems for
collecting, processing and communicating information
about REE to consumers;

— introduction of secure computer technologies for
analysis of REE and decision making;

— development of algorithms and decision support
programs based on artificial intelligence methods.

2. Creation of RTI systems (passive location) for
the reliable opening of electrical equipment and high-
precision positioning of objects:

—creation of correlation-base difference and
distance measuring complexes of passive location;

— development of single-point complexes, which
significantly increase the accuracy of determining the
location of targets by measuring the steepness of the
front of the incident wave;

— creation of artificial intelligence systems for the
analysis of REE.

3. Improving the monitoring system of signals in
various physical fields:

—creation of unified state infrastructure for
collecting, summarizing and communicating the results
of monitoring;

— providing monitoring in the radio frequency and
optical bands.

Analyzing the development trends of technologies
for the development and creation of new radio-
absorbing materials, it can be noted that modern
absorbing materials will provide in the near future [5]:

—the reflection coefficient of electromagnetic
radiation (in the range 1-10 GHz) of the order of 30-40
dB, regardless of the direction of sensing and
polarization of the signal;

— the reflection coefficient in the UV, visible and
IR ranges is less than 0.1 dB, and the reflection will
have a diffusion character.

It can be predicted that in the nearest future,
multifunctional masking coatings will be created,
operating simultaneously in the radar, UV-optical and
IR-wavelengths [5].

Taking into account the fact that about 80% of
REW facilities are aviation protection equipment
against air defense systems and they are aimed at

suppressing RLS and optoelectronic controls, target
designation and guidance of these systems, below these
tools and REW complexes are presented in details.

The main directions of development of radio
electronic destruction systems are given below:

1. Creation of a new class of complexes combining
the capabilities of electronic intelligence, weapons
control and interference stations. Implementation of
information and hardware integration of tasks in the
interests of creating devices operating in the following
modes: RLS and weapons guidance; AFAA; jamming.

2. Creation of spatially distributed systems of
radio-electronic protection of objects and their signal
masking. Development of an active jamming system
that forms a false signal and information environment in
the grouping to protect its troops and masking objects.

3. The creation of a solid-state elemental base of a
new generation in the interests of increasing the
effectiveness of REW facilities. The creation of a number
of AFAA broadband based on solid-state receiving-
transmitting modules in a hybrid monolithic design.

4. The development of new sections of the radio
frequency and optical bands:

—creation of electro vacuum and solid-state
broadband receiving-transmitting equipment of the
millimeter and submillimeter ranges;

—the creation of highly effective devices of
reconnaissance and suppression in the IR and UV ranges.

5. Creation of new carriers for the placement of
REW facilities, providing an increase in the range of
reconnaissance and suppression.

The development of a new generation of
unmanned aerial vehicles and the use of algorithms
based on artificial intelligence.

The conclusion from the article

In the conditions of "total informatization", the
concept of network-centric war as a strategic view on
the conduct of the war in the new military-technical
conditions became widespread. At the same time, this
concept is vulnerable to the devices of informational
REW systems impact. REW systems can provide a
decisive advantage in a future network-centric war and
level off the advantage of a technologically more
advanced adversary. Thus, the concept of network-
centric wars brings to a new qualitative level: the new
environment of military confrontation is the
information space, and a new type of weapon is the
information weapon.

This article analyzes the trends in the development
of REW systems. Currently, REW is the oldest and
most methodologically developed area of confrontation
due to the impact on the information parameters of the
conflicting military-technical systems. According to the
authors, the REW theory for more than a century of its
active development that contains testings and highly
effective ways of influencing information technology
systems based on information exchange destabilization.

Thus, the development of the theory of
information confrontation (especially in the technical
sphere) should be based on the scientific and
methodological reserve in this area.
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Taking into consideration the above, the direction = methods for improving the efficiency of radio-
of further research should consider the development of  electronic suppression of electronic equipment.
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OOrpyHTYBaHHS NLISXIB PO3BHTKY 32C00iB pajioe/IeKTPOHHOI G0pOTHON

C. B. KananraeBceka, O. C. Manuk, M. M. TropHikoB,
I1. B. XKyx, A. B. llumanekui, P. B. ITikyns

AHoTaumis. Po3BuTOK cucreM pajioeneKTpoHHOI OG0poThOM cTae Haiibinbll eEeKTHBHUM, MIBHUAKOPEAi30BYBAHHM,
€KOHOMIYHO BHTiJIHHM, @ YacOM 1 €JMHO MOXJIMBMM 3acO0OM, IO HEHTpalli3ye TeXHIuHy nepeBary HpPOTHIICKHOI CTOPOHH B
iHdopmaniiiHiii 1 TexHoNnOrIYHIM cdhepax. OcHOBHUI pUpicT OOHOBUX HOTEHIiANIB B HAHOIMKUIH TTepCcieKTHBI Oy/ie MOMXKIIMBUIL
32 PaxyHOK BHKOPUCTaHHs IHTENICKTYaJbHMX CHUCTEM YIPaBIIiHHSA BiiCbKaMH Ta 30pO€l0, a TaKOX 3aCTOCYBAaHHS 3aco0iB
30poiiHoi GOpOTHOM, SIKi BHKOPHCTOBYIOTH HETPAJULINMHI CHOCOOM BIUIMBY HA CYNPOTHBHHKA. ABTOpaMH JIOCIIJDKEHHS
BCTAHOBJIEHO, 110 OCHALIEHHA O30pOEHHS 3aco0aMM 1 KOMIUIEKCAMU DPajlioe]eKTpOHHOI OOpoThOM 371aTHe Oararopa3oBo
MiABUIIMTY iXHIH O0HOBMI MOTEHIiaN 1 3HU3UTH MOXJIMBI BTpaTH. [Ipu 1IbOMY BapTiCTh TEXHIKU paJioesIeKTPOHHOI 60poTHOU
CTaHOBUTH OJMHUIII BiZCOTKIB IO BiJHOLICHHIO JIO BAPTOCTI OCHOBHMX BHUIIB 030poeHHS. B Xoai mocimimkeHHs aBTopaMu Oyinn
BUKOPHCTaHI OCHOBHI IOJIOKEHHs Teopii panioeneKTpoHHOI 00poThOu, Teopii 3B’s3Ky, Teopil CUTHaNB Ta 3arajlbHOHayKOBI
METOAU aHali3y Ta CHHTe3y. ABTOPAMU BCTAHOBJICHO, 110 HAWBAXIMBIIIMMU HANPSIMKAMH JOCIIKEHb I PO3BUTKY CHCTEM
panioesieKTpoHHOI GOpOTHOM €: IHTerpalis CHI i 3aco0iB pajioesIeKTPOHHOI OOpOTHOM i3 3aco0amMH PO3BIJKH 1 BOIHEBOTO
Ypa)KeHHsI B €JMHOMY iH(OpMalifHO-KOMYHIiKalliHHOMY IIPOCTOpPi BCiX BUIIB 30pPOHHMX CHII; CTBOPEHHS CUCTEM PaaiOTEXHIUHOI
PO3BiaKH (TACUBHOI JIOKALIIT) JUTS TOCTOBIPHOTO PO3KPUTTS PaIliOeIEeKTPOHHOI0 00JIaIHAHHS | BACOKOTOYHOI'O BU3HAYECHHSI MiCILs
pO3TalllyBaHHS O0'€KTiB; YIOCKOHAQJICHHS CHCTEMHM MOHITOPHHIY CHMTHAliB B pi3HMX Oi3M4HMX nonsx. IIpuHIMIoBUMH
0coOJIMBOCTSIME  TIOOYZIOBU IIEPCHEKTHBHUX 3ac00iB 1 KOMIUIEKCIB PajioesIeKTPOHHOI OOpOTbOM €: HaIMPOKOCMYTOBI
pajioTexHiYHOI YacTHHM arapaTypu (Oinblue 3 oKTaB); HEOOXiIHICTH peai3allii napanenbHoi CUrHaNbHOI 0OpPOOKH NPUIHHATHX
paJiOTEeXHIYHMX CHUTHAJiB B MHUTTEBIH CMy3l 4YacToT, fKa JOPIBHIOE KiJbKOM rirarepll; MakKCHUMajbHe 301IbIICHHS
CHCTeMHOI iHTerpauii; rpaHnuHa yHidikanis 6a30BMX LM(POBUX €IEMEHTIB araparypy, L0 J03BOJISE 3HU3UTH COOIBapTiCTh,
MOJIETIIIATH TIporiecH Momudikarii i MonepHizawnii anapaTypu. BpaxoByoun 3a3HaueHe, HANpsIMKOM MOAAIBIINX JOCIIKEHb
CJIiJT BBOKaTH PO3POOKY METOJIIB ITiABUIECHHS €()EKTUBHOCTI PalioeIeKTPOHHOIO ITOABICHHS.

Kao4doBi caoBa: cucrema pafio3s’s3Ky; paniopecypc; 3aBaj03aXHIICHICTh;, paJiOe]IeKTPOHHE IO/IaBJICHHS,
pazioeNIeKTpOHHA PO3BIiJIKa; CKPUTHICTB.

O0ocHoBaHHe NMyTel Pa3BUTHA CPEICTB PAJHO0YICKTPOHHOI 00PBLObI

C. B. Kananraesckas, O. C. Mansik, M. H. TropHuxos,
I1. B. Xyk, A. B. lHumanxwuii, P. B. [Tuxyns

AHHOTaunusi. PasBurhe cucreM paJuOdIEKTPOHHOH OOpbOBI crTaHOBUTCA HamOonee 3(QPEKTHBHBIM, ObICTPO
peanu3yeMbIM, SKOHOMMYECKH BBIFOAHBIM, @ IIOPOM M EIMHCTBEHHO BO3MOXHBIM CpEJICTBOM, KOTOpOE HEHTpanusyer
TEXHHYECKOE IIPEBOCXOJICTBO IIPOTHBOIOIOXHOH CTOPOHBI B MH(OPMALMOHHOW M TexHomorudeckoil cdepax. OcHOBHON
IpUPOCT OOEBBIX MOTEHLMAIOB B OyiDKaiiieil mepcrekTuBe OyaeT BO3MOXEH 33 CUET HCIOIb30BAaHUS MHTEIUICKTYalbHBIX
CHCTEM YNPABJIECHHS BOWCKAMU M OPYXKHEM, a TaKKe HNPUMEHEHHEM CPEICTB BOOPY)KCHHOH OOpbObI, KOTOpBIE HCIOIb3YIOT
HETpPaJUILMOHHBIC CIOCOOB! BO3ACHCTBUS Ha IPOTHUBHUKA. ABTOpAMHU MCCIIEIOBAHHS YCTAHOBJICHO, YTO OCHAIIEHUE BOOPYXKEHUS
CpelCTBaMH M KOMIUIEKCAMH PaJHOdIeKTPOHHOH O0phOBI CIIOCOOHO MHOI'OKPATHO ITOBBICHTb MX 0OO€BOH IOTEHLIMAT U CHU3UTH
BO3MOJKHbIE TOTEpPU. [IpM 3TOM CTOMMOCTb TEXHUKHM paJHO3ICKTPOHHOI OOpbOBI COCTaBISET EAMHUIIBI HPOLEHTOB IO
OTHOIIICHUIO K CTOMMOCTH OCHOBHBIX BMJIOB BOOPYXKEHMs. B Xone uccienoBaHust aBTOpaMu ObLIM HCHOJIb30BAaHbI OCHOBHBIE
TOJIOJKEHUS TEOPUH PATUOIIEKTPOHHON OOPbOBI, TEOPUH CBSI3U, TEOPUU CHUI'HAJIOB M OOLIEHAYYHBIC METO/bI aHAIN3a U CHHTE3a.
ABTOpaMH yCTaHOBJICHO, YTO BaXKHEHIINMH HAIPaBJICHUSAMH MCCIICIOBAHUIN IS Pa3BUTUS CUCTEM PaJMO3IEKTPOHHONH GOpbObI
SIBJISIFOTCS: MHTETPALMs CUII U CPEACTB PAIMO3IIEKTPOHHON OOPBOBI CO CPeICTBAMY PAa3BE/IKU U OIHEBOI'O IIOPAXKEHUS B €JUHOM
MH(POPMALMOHHO-KOMMYHHUKAIIMOHHOM IIPOCTPAHCTBE BCEX BHUJIOB BOOPY)KCHHBIX CHIJI; CO3JAaHUE CHCTEM PaIMOTEXHHYECKON
pa3Benkd (MIACCUBHOHM JIOKALMM) IUIsl JIOCTOBEPHOIO DACKPBITHSA PAZMOIEKTPOHHOIO OOOPYIOBAHUS M BBICOKOTOYHOI'O
OIpe/IeTICHUsT MECTOIONIOKEHHSI 00BEKTOB; COBEPIICHCTBOBAHUE CHCTEMbl MOHMTOPHHIA CHTHAIOB B PAa3JIMYHBIX (U3HUECKUX
nossix. IIpyHIMINANBEHBIME OCOOEHHOCTSIMU TIOCTPOEHHMS NEPCHEKTHBHBIX CPE/ICTB U KOMIUIEKCOB PaJMO3IEKTPOHHON GOpHOBI
SIBJISIIOTCS: CBEPXIIMPOKOIOIIOCHBIE PaJUOTEXHUYECKOH YacTH ammapaTypbl (Oomee 3 OKTaB) HEOOXOAMMOCTH pPeaIU3alUH
[apayIeIbHON CUTHAJIBHOH 00paGOTKM HPHHATBIX pPaJHOTEXHUYECKUX CHUTHAJIOB B MIHOBEHHOH II0JIOCE YacTOT, PAaBHOU
HECKOJIbKUM T'Mrarepll; MaKCUMaJIbHOE yBeJIM4eHHe (YHKIMOHAIBbHOW IIOTHOCTH BBIINOJHEHUS allaparypbl JUli CHIDKCHHS ee
MaccorabapuTHBIX I10Ka3aTeleil U BO3MOXKHOCTU €€ CHUCTEMHON MHTEerpalud; IpejeibHas yHU(ukaims 0a30BbIX LH(POBBIX
3JIEMEHTOB aIllapaTypsl, MO3BOJLIIOIICH CHHU3UTh CEOECTOMMOCTb, OOJErdMTh IPOLECChl MOAU(HKALMKM U MOASPHU3ALUU
anmaparypbl. YUUTbIBas [AaHHOE, HAlPaBICHHEM JaJbHEHIIMX HCCIENOBaHUIl ClemyeT CUMUTaTh pa3pabOTKy METONOB
HOBbIIEHHS 3)(HEKTUBHOCTH PaJIMO3IEKTPOHHOTO TTOAABIICHUS.

KawueBbie cioBa: cucTemMa paadoCBs3H; paglopeCypc; MMOMEXO3AMMIIEHHOCTD; PaAMO3IEKTPOHHOE IOJABICHUE;
PaArOIEKTPOHHAS Pa3Be/Ka; CKPBITHOCTD.
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