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Background. In modern world, the tasks of forming appropriate control strategies for various biotechnical ob-
jects of agricultural purpose are aimed at minimizing energy costs. Traditional control systems for complex biotech-
nical objects in conditions of high energy costs are inefficient. It is proposed to develop energy-efficient intelligent
control systems using, as a criterion of efficiency, enterprise profits and modern information technologies.

Objective. The aim of the paper is the creation of energy efficient intelligent control systems based on the
analysis of natural disturbances, biological component states, price policy, continuous monitoring of the power grid

equipment operation mode parameters’ stability.

Methods. The analysis of existing traditional control systems for complex biotechnical objects in conditions of
high energy cost made it possible to identify effective solutions for improving the reliability of integrated power sup-
ply systems for the agro-industrial complex and developing energy-efficient control systems for complex biotechnical

objects.

Results. The solution to the problem of minimizing energy costs has been obtained, which contributes to an in-
crease in the production profit in general, due to the formation of appropriate control strategies for electrical facilities

that are components of technological equipment.

Conclusions. The modern theory of automatic control makes it possible to develop, using information technol-
ogies, energy-efficient control systems for complex biotechnical objects on the basis of analysis of natural disturb-
ances, states of the biological component, price policy in the market of marketable products, and continuous monitor-
ing of the power network equipment operation mode parameters’ stability.

Keywords: automatic; infocommunication; energy efficiency; electrotechnics; control; synchronization; moni-

toring.

INTRODUCTION

Technological premises with biological content (ani-
mals or plants) are ascribed to complex biotechnical fa-
cilities: poultry yards and closed-ground constructions
(greenhouses and boxes for mushrooms growing). Provi-
sion of the technological requirements for the biological
content demands use of high capacity and power energy
flows which are generally based on natural gas and elec-
tricity. Thus, portion of electricity in the prime cost of
the poultry products is almost 20 %. As to plant products
produced in glassed greenhouses, this portion rises to
80 %. Currently, while energy cost is growing, manufac-
turers do their best to minimize energy consumption
which provides for raising profit of the production in
whole. The task is realized by forming appropriate strat-
egies of electrotechnical complexes control, the latter
being constituent parts of the process equipment.

In order to provide necessary performance of electri-
cal power and durability of the power supply of the elec-

trotechnical complexes the power supply network should
meet all the requirements for energy efficient and saving
energy system functioning due to coordinated control
using state-of-the-art informational technologies. Per-
spective ones are the studies intended for the develop-
ment of innovation means for raising energy efficiency
of the integrated power supply systems of the agro-
industrial complex based on Smart technologies by their
high durability provision with reference signal which
time propagation is planned to be realized with integrated
national synchro-informational system using IP technol-
ogies.

STATE-OF-THE-ART CONTROL SYSTEMS AT
BIOTECHNICAL FACILITIES OF AGRICULTURAL
DESIGNATION

Conventional control systems even at state-of-the-art
biotechnical facilities of agricultural designation realize
the simplest stabilization algorithms which keep techno-
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logical parameters at levels determined by biologists with
the aid of special rooms (zootrons or phytotrons). But
such systems become inefficient under conditions of high
energy cost [1] as profit is generally considered an effi-
ciency criterion of any production at the current time.
Therefore, control systems should provide its maximiza-
tion.

We propose to realize formation of the control strate-
gies for the industrial poultry yards using the nonlinear
programming method i.e. the one of indeterminate La-
grange multipliers [2].

F(x ,.,x,)— extr (D
x,) — is function (can be linear one) being
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explored for its extremum; and; , . . - are arguments

to influence the extremum.
Lagrange theory foresees availability of some bound-
ary conditions including nonlinear ones as follows:
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The problem related to conditional extremum of the

goal function of F(x) is reduced to the determination of
the stationary points of Lagrange function from the
following system of equations:
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This method foresees availability of some dependency
of profit from the production on the technological
parameters, first of all air temperature and humidity
within the poultry yard and price policy at the market of
commodity products:
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This method foresees availability of some dependency
of profit from the production on the technological pa-
rameters, first of all air temperature and humidity within
the poultry yard and price policy at the market of com-
modity products.
P=N-Pr-Y-E;-E; —max,
Y=Ag +A (-1,)° +A, (0-0,)° +A, (B-By)* +A, (K-K) + (5)
+A;-0-B+A,-0-K,
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where Y — is egg production of poultry, pcs./head; ¢ — is
poultry age, days; 6 — is air temperature within the poul-
try yard, °C; B — is relative humidity within the poultry
yard, %; K — is carbon dioxide concentration in the air of
the poultry yard, %; N — is number of poultry in the poul-
try yard, head; Lg — is amount of the ventilated air, m3/h;
Er — is costs for the poultry heating, UAH/day; Ep — is
costs for the poultry ventilation, UAH/day; Pr — is selling
price of eggs, UAH/pc.; Ai—As, to, 6, By and K, — are
parameters of the mathematical model.

=q;(x,...x,)—a; =0.

Solution for the optimization problem is carried out
according to the algorithm described in [2].

Such the system was realized as an automated one
and showed significant advantages compared to conven-
tional ones.

Optimization of the production process at poultry fac-
tories based on Lagrange method does not take into ac-
count states of the biological contents which are greatly
dependent on the air temperature within the technological
room, and the latter in turn depends upon natural disturb-
ances changed by random algorithms.

A system was developed which forms rational strate-
gies of electrotechnical complexes control at high dura-
bility using theory of random processes, state of poultry
and price policy at the commodity market based on anal-
ysis of natural disturbances and their forecasting using
theory of plays and statistical solutions [3].

In this play the rows are the ones shown in Table 1, 4,
— is strategy of the system control, and /Ij — is strategies
of the nature (possible realization patterns of the air tem-
perature). a; — is elements of the payoff ray stand for the
profit due to production of the chicken eggs which can be
reached when applying 4; control strategy when realizing
I;natural strategy. Values of a; within the submitted sys-
tem are determined by the following formula:

ay =L ,N- .M +1,E), (6

Elements of the payoff array of playing with nature
are calculated based on values of products, energy carri-
ers, concentrated forages and biological content (egg
production and forages consumption).

Table 1. Payoff ray for playing with nature (for the subsystem
of making managerial solutions)
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i
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Natural disturbances of the forecast class are repro-
duced with certain statistical extent using method of
forming filters. Three of the ten possible realization sce-
narios are chosen accepted for the natural strategy. Five
control strategies are used in order to compensate for the
natural strategies.

Choice of optimum control strategy is realized by
analyzing payoff array using Hurvitz criterion which
provides making averaged weighted profit at low risks on
the assumption of the following condition:

Hu = ma%x (x ngx a; +1- ;()mijn a;), @)

where y — optimism factor which can take values from 0
to 1.

If =0 the criterion is reduced to Wald criterion of ex-
treme pessimism (principle of caution and playing safe),
but if y=1 the criterion converts into maximum criterion
of absolute optimism. Rather high forecasting accuracy
as well as reproduction of the pictures of the thermal dis-



40 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 8 NUMBER 2 JULY-DECEMBER 2017

turbances (natural strategies) take place even at initial
stage of the recognition algorithm; high poultry ability to
adapt to the environment having been revealed gives rea-
sons to ascribe optimism factor values higher than 0.5. In
other words, we can expect successful result of making
appropriate solution with confidence. Value of y=0,75 is
accepted in the proposed control system. Efficiency of
such the solution was confirmed by numerous experi-
mental studies of the control system under production
conditions. Raising this factor to 0.8 as well as its lower-
ing to less than 0.7 leads to loss increase because of
choosing less efficient control strategies at ca. 10 % cas-
es during entire period of poultry keeping.

CONTROL SYSTEM USING ARTIFICIAL NEURON
NETWORKS AND ISOLATION OF USEFUL SIGNAL

Unlike poultry keeping rooms, closed-ground con-
structions with plants are influenced with solar radiation
in addition to ambient temperature, the former influences
atmosphere parameters and state of the plants inside the
greenhouse. A system was developed within which fore-
casting of these factors was realized using artificial neu-
rons networks and isolation of useful signal based on
Hilbert — Huang algorithm (Fig. 1).

Solar radiation, Wsq. m
100 T

Filtered signal

Noise function IMF-1 4

43 Z.ZEIZ.F 4,362
Time, c.u.
Fig. 1. Results of the
filtration using Hilbert
weighing factors

solar radiation intensity time row
— Huang algorithm are used as

As already noted, profit of an enterprise is frequently
used as efficiency criterion in case of energy efficient
systems. The above is the most significant in case of
closed-ground constructions where portion of the energy
value in the structure of the initial price sometimes
equals 80 %. Quality of the products grown and power
consumption influencing the profit substantially (in case
of manufacturing planned quantity of the products),
Harington method is used for the approval of these crite-
ria provided that quality of plant products is the feedback
in such a system is as follows [4]:

F(A(0),, O, 9), B(O), Op, 9))=( (6, Op, 9))"*(B (6,
O, 9))"” — max, (8)

A(®,, O, ) — max, B(O©,, Op, ¢) — min,
where (Op, Op, ¢) stands for the quality of plant prod-
ucts influenced by plant temperature &, and air tempera-
ture and humidity (@ and ¢, respectively). Index of 0.5
is used as weighing factor.

A system for control of biotechnological facility was
developed according to the research results (Fig. 2)

which consists of subsystem for making solutions / (con-
sists of filtration unit of the input signal 2, unit for neu-
ron network forecast of the product quality 3, neuron
network unit for the profit estimation 4, decision making
unit 5, and control unit 6), mobile robot unit for the mon-
itoring of production parameters 7, and local control sys-
tem 8 (consists of local automatic control device 9, exec-
utive elements /0 and control unit /7).

Maximum profit in the production is made in case
that the plant temperature equals 21.3 °C, air temperature
equals 22.5 °C, and air humidity equals 60 %. At such
production the quality indices within the limits of “very
well” are reached at minimum energy consumption.
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Fig. 2. Functional diagram of control of growing high quality
plant products to maximize profit

SYNCHRO-INFORMATIONAL SYSTEM OF ENERGY
EFFICIENT INTEGRATED POWER SUPPLY NETWORKS
OF THE AGRO-INDUSTRIAL COMPLEX

Modern energy facilities of the agro-industrial com-
plex demand reliable provision of bidirectional flow of
electric power and entire necessary data between appro-
priate elements i.e. power plants, sources, and accumula-
tors for electric power as well as its consumers. Exist-
ence of the system for the distributed generation de-
mands development of new principles for designing,
functioning and control of the functioning modes. When
distributive electrical networks, containing dispersed
power sources (wind, solar and other poser stations con-
suming non-traditional energy sources), perform a num-
ber of tasks for managing working modes, durability as
well as organization of functioning of the automation,
controlling, monitoring and telecommunications systems.
These tasks are related directly with the informatization
of the integrated systems of electric power supply as con-
trol systems and the ones for monitoring equipment pa-
rameters.

In order to ensure approipriate quality performance of
electric power and durability of the electric power supply
the network should meet all the requiremets for the ener-
gy efficient and saving functioning of the energy system
due to coordinated control using state-of-the-art informa-
tional technologies. Raising energy efficency of integrat-
ed electric power supply systems of the agro-industrial
complex based on Smart technologies is possible due to
durable provision with high quality national time scale
for the purpose of uninterrupted stability of the parame-
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ters of the functioning modes of the equipment of the
electric power networks accurate to microsecond.

Some technical means available in Ukraine which
form and keep national time scale at the same level as the
best national ones in the world do not create any inte-
grated informational system for the distribution of the
national time scale and cannot meet demands of the con-
sumers of frequency and time data not only in power en-
gineering but within other sectors of economics [5]. This
makes consumers use synchronized information from
other states (GPS, GLONASS, GALILEO, BEIDOU)
which poses a threat to national security and increases
risks of losing unity of measuring time and frequency
within the state. Principal drawbacks of such satellite
systems are dependency of the radio signal quality on
non-stationary parameters of open propagation space as
well as unavailability of durable data securing from in-
tentional distortion.

It was revealed based on the results of the analysis of
today’s market of synchronized information which is
characterized with deficiency of offers that introduction
of some technical solutions for provision with the nation-
al time scale of various consumers from individual (point
or unit) to collective ones (clusters, networks or systems)
individually or even at regional level is of low efficiency.
Such the problem requires solution on the governmental
level by the creation of ntegrated National Synchroin-
formational System (INSS) to allow raising quality and
efficiency of provision of a wide circle of consumers
with synchronized information frst of all due to integra-
tion of the processes of rendeering these services.

Classification of the means for the transmission of the
reference signals of time and frequency and time scale
within the state was presented, and dominating factors to
substantiate conceptual grounds of the INSS arrangement
were determined. It was revealed by results of the exper-
imental studies of the systems of synchronization of digi-
tal telecommunications that synchronized information
can be distributed by telecommunication networks with
synchronous digital hierarchy at sufficiently high accura-
cy (unities to hundreds of nanoseconds). It should be
noted that technologies of asynchronous data transmis-
sion with packets commutation (IP technologies) are in-
troduced actively within the informational infrastructures
bearing in mind growing demand for Internert services
and multimedia data transmission. Some new innovation
means for the synchronized information transmission
using IP technologies based on Presision time protocol
PTP (IEEE-1588v2) are proposed in order to solve the
problems related to raising energy efficiency of integrat-
ed power supply systems of agro-industrial complex.

A laboratory test bench was developed and some ex-
perimental studies of a number of synchronization devic-
es were conducted that are parts of the informational sys-
tem fragment for the national time scale distribution de-
veloped based on the corporative IP network of the Na-
tional University of Life and Environmental Sciences of
Ukraine. Results of the experimental studies of time

characteristics of precision time signals of PTP
(IEEE1588v2) protocol emitted by US-1588M and US-
1588S devices manufactured domestically are shown on
Fig. 3 (measuring interval equals two days). Analysis of
the study results for their conformity to International rec-
ommendations of G.810 and G.8262 allows approving
the requirements for the regulations by MTIE quality
performance for the two-days measuring interval.

The results derived in the process of the complex
studies testify posibility of the transmission of time sig-
nals using functioning IP networks [5].

A competitive synchronization device with adaptive
digital phase discriminator (patent for invention No.
113473 of Ukraine) is developed to provide speed-
sensitive modes of transient regimes and precision capa-
bilities in the “holdover” mode.

The testing was performed on the active IP network
of the adaptive synchronization device (ASD) as part of
synchronization information digital transmission system.
During the testing, a set of ASD output signal measure-
ments, which is connected to the active IP network as
part of synchroinformation digital transfer system, is car-
ried out. The result of the output signal time interval
(TIE) deviation measurements of the adaptive device for
synchronization device ASD connected to the active IP-
network is shown in Fig. 4.

Based on the measurement results, statistical pro-
cessing of the obtained data was performed and a com-
parison of the standardized indicators with the corre-
sponding reference values was done.

The results of statistical processing of the measure-
ments of the output signal of the ASD connected to the
active IP network and the comparison with the MTIE and
TDEV reference values of the ETS 300 464-4 standard
are shown on Fig. 5, and Fig. 6, respectively.

Analysis of the results of statistical processing of
measurements of the output signal of ASD connected to
the active IP network for compliance with the standards
of the European standard ETS 300 464-4 allows us to
conclude the compliance with the standards for MTIE
and TDEV indicators.

Recommendations for the development of integrated
informational system for the distribution of the national
time scale based on Presision time protocol PTP and
adaptive synchronization devices optimal by aggregate of
their performance as well as high tech equipment pro-
duced mainly domestically which can be the basis for the
active realization of the integrated synchroinformational
system were developed as result of the research.

The mentioned research provides possibility of ap-
plied substantiation of the conduction of proper studies
intended for the development of some innovative devices
for raising efficiency of integrated power supply systems
of the agro-industrial complex based on Smart technolo-
gies due to durable provision with high quality national
time scale for the uninterrupted monitoring of the stabil-
ity of the functioning parameters of the equipment of the
power supply networks accurate to microsecond.
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Fig. 3. Results of the studies of US-1588S equipment
manufactured domestically
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Fig. 4. The result of measuring time interval error (TIE) of the
output signal of ASD connected to an active IP network
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Fig. 5. The results of statistical processing of the measure-
ments of the output signal of ASD connected to the active IP
network and comparison to MTIE reference value of ETS 300
464-4 standard
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Fig. 6. Results of statistical processing of measurements of the
output signal of ASD connected to an active IP network and
comparison to TDEV reference values of ETS 300 464-4
standard

The results of the system and analytical studies ob-
tained are to provide possibility of innovational introduc-
tion of technical solutions intended for the development
of integrated national synchro-informational system of
Ukraine (INSS), and it should be the basis for the effec-
tive solution of the national problem related to the appli-
cation of the unified (by Kyiv) accounting and reporting
time by consumers through the entire territory of the
state. Solution of the mentioned problem at the national

level is to create conditions firstly for raising informa-
tional security of the consumers and secondly for raising
competitiveness at the market due to efficient integrated
rendering services for both governmental structures in-
cluding law inforcement and corporative consumers. Ac-
cording to practice facilities of a number of spheres of
the economics and critical governmental infrastructure
should be provided with unified reference signals of the
national time scale through the introduction of the results
of the research; hence, national informational security is
to raise due to transmission of data from the national ref-
erence sources alternative to foreign global navigation
satellite systems.

CONCLUSIONS

1. Conventional control systems for complex biotech-
nical facilities realizing the simplest stabilization regimes
are inefficient under conditions of high value of power.

2. Efficiency criterion for the vast majority of the
agricultural enterprises under conditions of high values
of energy carriers is profit.

3. Raising efficiency of integrated power supply sys-
tems of the agro-industrial complex is possible by creat-
ing integrated informational system for the distribution of
the national time scale using IP networks and high dura-
bility transfer of synchronized information from the do-
mestic reference sources.

4. Up-to-date theory of automatic control allows de-
veloping energy efficient control systems for complex
biotechnical facilities based on analysis of natural dis-
turbances, states of the biological constituent part, price
policy at the market of commodity products, and uninter-
rupted monitoring of the stability of the functioning pa-
rameters of the equipment of power networks.
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JIucenko B.II., Koeanv B.B., Hakoneuna K.B., Kanvan /[.0.

CyuacHi iHdopmauiiiHi TeXHOJIOTil B cUcTeMaxX KepyBaHHs CKJIAAHUMU 0i0TEXHIYHMMHU 00’ €KTaMHU arpapHoOro
NMpU3HaAYeHHs

IMpo6GaemaTuka. B ymoBax cboroneHHs 3amadi (opMyBaHHS BiOINOBiIHUX CTpaTeTiii KepyBaHHS pi3HOMaHITHUMU
0iOTeXHIYHUMH 00’ €KTaMU arpapHOro MpU3HAYeHHs HaIpaBieHi Ha MiHIMi3alil0 eHepreTUYHUX BUTpaT. TpaauuiiiHi cuc-
TeMH KepyBaHHs CKJIAQJHUMU OiOTEXHIYHMMH 00’ €KTaMU B YMOBaX BHUCOKOT BapTOCTi eHeprii € HeeekTuBHUMU. [IpomnoHy-
€TbCA PO3POOIIATH eHeproeeKTUBHI iHTEeKTyallbHi CUCTEMU KEpPYBaHHS 3 BUKOPHUCTAHHSM B SIKOCTI KpUTEpito eeKTuB-
HOCTI PUOYTKY MiAMPUEMCTBA Ta Cy4acHUX iH(OpMAaLiiHUX TEXHOOTIMN.

MeTta pociimkenb. CTBOpeHHS eHeproe()eKTHBHHAX iHTENeKTyalIbHUX CHCTEM KepyBaHHS Ha OCHOBI aHaji3y mpw-
ponHUX 30ypeHb, CTaHiB 6i0JIOTiYHOT CKIIaA0BO1, IIiIHOBOT MOJITHKY, 6e31IepepBHOTO MOHITOPHUHTY CTa0iIbHOCTI TapaMeTpiB
pexuMiB pyHKLIOHYBaHHS 00JIafHAHHSA €JIEKTPOSHEPreTHYHUX MEPEeK.

Metoauka peadizanii. AHaTI3 AiF0OYMX TPaAULiHHUX CHCTEM KepyBaHHS CKIAJHUMU OiOTeXHIYHUMU 00’ €KTaMu B
YMOBax BHCOKOI BapTOCTi €Heprii AaB 3MOTry BUSBUTH €()EKTUBHI pillleHHs WIOAO MiABUIIEHHS HAAilHOCTI iHTErpOBaHUX
CHCTEM eJIEKTPOIIOCTaYaHHs arpONpPOMHCIOBOTO KOMIUIEKCY Ta PO3pOOKH €Heproe(eKTUBHUX CHCTEM KepyBaHHS CKJIaj-
HUMU 0iOTEXHITHUMH 00’ €KTaMU.

Pe3yabTaT Aociaimkenb. OTpuMaHO pilleHHs 3a1avi MiHIMi3allil eHepreTHYHUX BUTPAT, IO CIpUsiE 30iTbIIEeHHIO
npuOyTKy BHUPOOHHULITBA B IJIOMY, 32 paXxyHOK (OpMYBaHHSM BilMOBiIHUX CTpaTeriii KepyBaHHA €JEKTPOTEXHIYHUMU
KOMIUTIEKCaMH, LI0 € CKJIAJOBIMH TEXHOJIOTIYHOTO 00JIaqHAHHSA.

BucHoBku. CydacHa Teopis aBTOMaTUUHOT'O KEPYBaHHS NO3BOJISIE PO3POOIISITH 3 BUKOPUCTAHHAM iH(POpMaLiifHIX
TEXHOJIOTi{1 eHeproe()eKTHBHI CUCTEMH KepyBaHHS CKJIIATHUMH OiOTeXHIYHMMH 00’ €KTaMU Ha OCHOBI aHANi3y NMPHUPOITHHUX
30ypeHb, cTaHiB 0i0JOTiuHOT CKJIaZOBOI, LIHOBOT MONITUKKA HAa PUHKY TOBapHOI MpoAyKuii, 6e3MepepBHOr0 MOHITOPHHTY
cTabiTbHOCTI MapaMeTpiB pexxUMiB (YHKIIOHyBaHHs 00JIafHAHHS €JIeKTPOCHEPTeTHIHNUX MEPEK.

KurouoBi cyioBa: aBromaTuka; iHQopMalliitHi TeXHOJOTIT; eHeproe(heKTUBHICTh; €NEKTPOTEXHIKa; KepyBaHHS; CHH-
XpOHi3amis; MOHITOPUHT

JIucenko B.®., Kosanv B.B., Hakoneunasa K.B., Kanvsan /1. A.

CoBpeMeHHbIe HH()OPMALIMOHHbIE TEXHOJIOTHH B CHCTEMAaX yNpaBJIeHUs] CJI0KHBIMU OHOTEXHHYECKHUMH 00b-
€KTaMHU arpapHoOro Ha3HauYeHHs

MMpo6aemaTuka. B coBpeMeHHBIX YCIOBUSAX 3aJaud (OPMHUPOBAHUS COOTBETCTBYIOIIMX CTpaTeruii yrnpaBJjeHUs
Ppa3IMUHBIMU OMOTEXHUYECKNMMH OOBEKTaMM arpapHOro HAa3HAYSHUs! HAlpaBiIeHbl HAa MUHIUMH3ALHUIO YHEPreTUIeCKUX 3a-
TpaT. TpaaNMOHHBIE CHCTEMBI YIIPABIIEHUS CIOKHBIMU OMOTEXHWIECKUMHU OOBEKTAaMH B YCJIOBHSIX BBICOKOW CTOMMOCTH
3Hepruu sABiA0TCA HedddekruBHbIMU. [Ipemiaraercst pazpabaTbiBaTh SHEPro3pPpeKTUBHbBIE WHTEIIEKTYaIbHbIE CUCTEMbI
yIpaBJIeHUs] C UCMOJIb30BAHNEM, B KaueCcTBe KpUTepus 3 (eKTUBHOCTH, NPUOBIIN MPEANPUSATHS U COBPEMEHHBIX UHGOP-
MAaLOHHBIX TEXHOJIOTHA.

Lean uceaenoBanmii. Coszganue 3HeprodpHEeKTUBHBIX MHTEIEKTYyalIbHBIX CUCTEM YIPABIICHUsI HA OCHOBE aHaIN3a
MIPUPOIHBIX BO3MYIIEHHH, COCTOSTHII OMOJIOTrMYeCcKOi COCTAaBIAIOMEH, [IEHOBOM MOJMTHKH, HEITPEPHIBHOIO MOHUTOPHHIA
CTaOMIILHOCTH TTApaMeTPOB PEKUMOB paboTHl 000pyIOBaHUS JIEKTPOIHEPTETHUSCKIX CEeTEH.

MeToauka peaan3auuu. AHaIN3 ACHCTBYIOIINX TPaAULMOHHBIX CUCTEM YIPABIEHUS CIOXKHBIMUA OMOTEXHUUYECKHU-
MM O0BEKTaMHU B YCJIOBUSIX BBICOKOM CTOMMOCTU 3HEPTrUU MO3BOJWI BBISIBUTH 3()(PEKTUBHBIE pEIIeHHs MO MOBBIIICHHIO
HAJEKHOCTH MHTETPHPOBAHHBIX CHUCTEM 3JIEKTPOCHAO)KEHMS arpoNpPOMBIIIJIEHHOTO KOMIUIEKCa M pa3paboTKy SHEprodd-
(beKTUBHBIX CUCTEM YMPABICHUS CJIOKHBIMH OMOTEXHUYECKUMU O0bEKTaMHU.

PesyabTaThl ucciaenoBanuii. [loayueHo pelneHue 3ajauyd MUHUMU3ALUU DHEPreTUUECKUX 3aTpaT, KOTOPOE CIO-
COOCTBYET yBEIMUSHUIO NPHUOBITN MPOM3BOJICTBA B LIEJIOM, 32 cUeT (POPMHUPOBAHUS COOTBETCTBYIOIINX CTpaTeruil yrpas-
JIEHUs] 2JIEKTPOTEXHUYECKUMHU KOMILJIEKCAMU, KOTOpbIE SIBIIAIOTCA COCTaBHBIMHM YacTSIMH TEXHOJOTHYECKOro o0opynoBa-
HUSL.

BoiBoabl. CoBpeMeHHas TEOpUsl aBTOMAaTUUECKOro YNpaBJIeHHs MO3BOJISIET pa3padaTeiBaTh ¢ UCMOIb30BAaHUEM WH-
(opMaLMOHHBIX TEXHOJOTHI 3Hepro3(p(eKTUBHBIE CUCTEMBbl YIIPAaBICHUS CIOKHBIMU OMOTEXHHMYECKUMHU OOBEKTaMU Ha
OCHOBE aHaJIN3a MPUPOAHBIX BO3MYILIEHHI, COCTOSIHUI OMOIOTMYeCcKOil cocTaBsIonIeil, IEeHOBO MOJIMTUKA Ha PBIHKE TO-
BapHOI MPOIYKIMH, HEMPEPHIBHOTO MOHUTOPWHTA CTAOMILHOCTH MapaMeTPOB PEKMUMOB pabOTHl 000pyIOBaHUS 3JIEKTPO-
JHEPreTHUeCKHX ceTel.

KitioueBrble cjioBa: aBTOMaTHKa; NH(OPMALIMOHHbBIE TEXHOJIOTUN; SHEPro3(hPEeKTUBHOCTE; IMEKTPOTEXHUKA; yIPaB-
JIEHVsI; CUHXPOHU3aLUsl; MOHUTOPHUHT.
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