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The existing Automated Dispatch Control System (ADCS) of Unified Elec-
trical Power System (UPS) of Baltic States Estonia, Latvia and Lithuania is
obsolete, its software inefficient, the Baltic Dispatch Centre (DC) and the
National Dispatch Centre (NDC) are short of satisfactory both hardware
and software for on-line control. This implies the necessity of important
studies on modern dispatch control and automation, and the directions of
updating. We consider the modernisation of computerized automated dis-
pach control systems, using a multiobjective decision-making methods. The
problem is to select the best alternative from a finite set of available alter-
natives. Each alternative is characterized by n criteria. Three methods of
selecting the best alternative are realized in the decision support system
used: Paired comparisons of alternatives, Pareto and Fuzzy. The paper inclu-
des the results of ranking of the alternatives of updating the ADCS of the
UPS of the Baltic States using two methtods — Pareto and Fuzzy.
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1. INTRODUCTION

The existing Automated Dispatch Control Systems
(ADCS) of the Baltic States, Estonia, Latvia and
Lithuania, are obsolete. Its software and hardware
are inadaptable to perform commercial account, da-
ta acquisition and verification functions. For this rea-
son the ADCS have to be updated. The updating
problems of the ADCS of the Power System (PS)
have been analysed in detail in [1, 2]. The impor-
tant theoretical issues of improving and extending
the ADCS are considered in [3]. The updating of
the ADCS of the PS is considered in this paper as
a multiobjective optimal decision problem. The spe-
cific alternatives and wider survey of updating the
ADCS of the PS by quantitative (e.g., cost, pay-off
period, emission quantity of SO, and NO,, etc.) and
verbal qualitative (different feasibilities, social effect,
etc.) performance criteria are presented in this pa-
per. Contradictions among the perfomance criteria
in the presence of different alternatives are possible.
Therefore, because of the incomplete information,
it is reasonable to use the special decision support
software (DSS) in ranking the alternatives. It must
be noted that the ADCS have to cover all functions
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performed by Supervisory Control and Data Acqui-
sition (SCADA), Energy Management System
(EMS), Transmission Management System, and Di-
stribution Management System.

2. THE UNIFIED POWER SYSTEM OF THE
BALTIC STATES

The Unified Electrical Power System (UPS) of the
Baltic States founded in 1991, is based on the bila-
teral agreements and is controlled by the common
DC Baltic dispatch center. The basic Baltic bulk po-
wer transmission system consists of 330, 220 and
110 kV lines. The Baltic networks operate intercon-
nected with the Russian and Newly Independent Sta-
tes (NIS) systems, the frequency regulation conti-
nuing to be the responsibility of the Central Dis-
patch Office in Moscow. Currently, the Baltic coun-
tries are not connected to any western power sys-
tem. The Estonia-Finland submarine cable and Po-
land-Lithuania AC/DC overhead connections will be
built in future.

The dispatch centers in the Baltic States have
four level hierarchies. The DC Baltic Ltd. Control
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center is at the highest level. The main responsibi-
lities of DC Baltic are: 1) dispatching the entire
330 kV network between the Baltic States and with
the neighboring UPS of Russia and UPS of Belo-
rus; 2) planning and dispatching a power balance
for the Baltic power systems on daily, weekly, mont-
hly and yearly basis; 3) ensuring the reliability of
the entire 330 kV network under agreed criteria;
4) defining and allocating reserve requirements;
5) providing a reactive power balance and voltage
control of the 330 kV network; 6) dispatching un-
der emergency conditions; 7) coordinating mainte-
nance schedules of the major generating units, tran-
smission lines and relay protection; 8) performing
330 kV grid studies such as stability, short circuit,
security and control; 9) determining the settings of
relay protections and security devices of the 330 kV
network.

At the second level are the National Dispatch
Centers (NDCs) of Lithuania, Latvia and Estonia.
The NDCs are responsible for generation and for
the security of the national high voltage system. Al-
s0, they provide a reactive power balance and vol-
tage control, coordinate maintenance schedules of
the generating units, transmission lines and relay pro-
tection, etc.

The dispatch centers of the Regional Electrical
Network Enterprises are at the third level, and the
district dispatch centers are at the lowest hierarchy

level of the dispatching system. These centers con-
trol 35 kV, 0.4-10 kV district networks, take part in
maintenance schedules coordination, dispatching and
analyzing emergency conditions.

Tables 1 and 2 present the main statistic data on
the Unified Electrical Power System of the Baltic
States.

3. ALTERNATIVES OF UPDATING THE ADCS
OF THE UBPS

We consider the following alternatives of updating
the ADCS of the Unified Baltic States Powner Sys-
tem (UBPS):

X, — the ADCS of the UBPS is updated by imple-
menting a new modern Supervisory Control
and Data Acquisition (SCADA) systems in the
NDCs of all national power systems and in
the Baltic DC, Automatic Control of Node
Voltages and Reactive Power (AVRPC) sys-
tems in each national 330/220/110 kV network.
The UBPS works without any Control Area
(CA), the n-1 security requirements are not
satisfied, the cost of ADCS updating is the
least, the independence of the NDCs is the
greatest, but there is not any competition
between power plants because of Vertically In-
tegrated Power Monopolies (VIPM). Any shor-
tage of fast generation reserves could be com-

Table 1. Data on the UPS of the Baltic States
Data | Lithuania Latvia Estonia Total Percent
1. Installed capacity (MW) 6473 2030 3313 11816 100
a) Nuclear Power Plant (NPP) 3000 - - 3000 25
b) Combined Heat and Power Plant (CHP) 2567 520 3313 6400 54
¢) Hydro Power Plant (HPP) 106 1510 - 1616 14
d) Pump Storage Power Plant (PSPP) 800 - - 800 7
2. Production (TWh) 14 3.9 8.6 26.5 -
3. Consumption (TWh) 11.2 6.2 7.8 25.2 -
4. Export/Import (TWh) 2.8 2.3 0.8 1.3 -
5. Population (mln) 3.700 2.557 1.530 7.787 -
Table 2. The largest Power Plants in Baltic States pensated by the neigbouring sta-
Name Country Installed capacity, | Nominal capacity at te power' systems. Transac‘t{o.ns
MW the moment, MW between }nterconnected utilities
- . . are negotiated by agreements for
;' E%?;hna. lefgp i{glluan}a iggg iggg purchases or sales of energy for
. Lithuania ithuania . .
3. Eesti CHP Estonia 1610 1600 periods ranging from several da-
4 Balti CHP Estonia 1600 1434 ys or months. Economic transac-
5. Plavino HPP Latvia 847.5 847.5 tions may be automated through
6. Kruonis PSPP Lithuania 800 800 the Baltic DC;
7. Iru CHP Estonia 410 190 X, — the ADCS of the UBPS is
8. Ryga HPP Latvia 402 400 completely updated: the UBPS
9. Ryga CHP-2 Latvia 390 390 has a modern SCADA systems,
10. Vilnius CHP Lithuania 384 365 the Automatic Generation and
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Frequency Control (AGFC) system and
AVRPC system in the main 330/220/110 kV
network. The UBPS works as a CA. Every
national PS works as separate CA inside the
UBPS. This allows the automatic control of
power flow interchanges between interconnec-
ted power systems inside the UBPS. An opti-
mal generation control according to their cha-
racteristics is performed on the level of the
NDCs or on the level of the power plants.
The VIMP are restructured to the electricity
generation, transmission and distribution com-
panies in each national power system [4]. The
n-1 security requirements are satisfied, the in-
dependence of the NDCs is a bit less than
that of the alternative X1, a competition bet-
ween power plants or between generating com-
panies is possible. The cost of the ADCS up-
dating is the greatest;

the ADCS has a complete updating: the
UBPS works as CA and it has modern
SCADA systems on the Baltic DC and
NDCs level, the AGFC and the AVRPC sys-
tems in the 330/220 kV networks. An opti-
mal generation control according to their eco-
nomic characteristics is performed on the
Baltic DC level. The three Baltic States ha-
ve formed one international grid pool of 330/
220 kV networks. On this pool through Bal-
tic DC all electricity producers and consu-
mers are able to buy and to sell energy.
The cost of ADCS updating is a bit less
than updating the cost of the alternative X2.
The n-1 security requirements are satisfied,
the independence of the NDCs is the least,
and a competition between power generating
companies and power plants is possible.

4. CRITERIA FOR THE UTILITY ESTIMATION
OF THE ADCS UPDATING

We introduce the following criteria for the ADCS
updating utility estimation:

1. The cost C, (i =1.3) of updating ADCS.

2. The pay-off period of updating ADCS

T, (1=1.3).
3. The emission quantity of SO, and NO_
Z, (i=13).

4. The possibility of AGFC and AVRPC
Z,(i=13); 0<Z,< L

5. The possibility of competition between generating
utilities in the UBPS Z_ (i=1.3); 0 <Z, < 1;

6. The level of independence of NDCs
Zs (i=13);, 0<7Z,< 1

7. The possibility of connecting the UBPS into the
interconnected power system UCPTE in West Eu-

rope 7 (i :]T:_;); 0<Z,<1;

It is reasonable to normalize the first three cri-
teria C, T, SO, and NO_ (i =1.3); to be within
the interval [0,1]. Then the utility functions
Z; (i=13; j=13) are determined in the follo-
wing way:

—l, if Yy < y;jnin ,
L= m_iy”mx ity <y <y
Vi Y
~O, if Y 2 yij.“ax )
(i =13 :E); @

The importance of the normalized criteria, i uti-
lity functions are evaluated by their respective weight
factors W. e [0.1], subject to XW, = 1. Experts de-
termine the weight factors.

5. DECISION SUPPORT SOFTWARE

A multiobjective optimal decision problem is to se-
lect the best alternative X" from a finite set of m
alternatives X; = (i =1,m). Any alternative is cha-
racterized by n criteria. The criteria may be ex-
pressed by some values Y; =Y, (X;)(i=1m;
] =1n), where m is the number of alternatives, n
is the number of criteria. Usually multiobjective de-
cision support software (DSS) is used to solve a
multiobjective problem with the help of experts —
decision-makers (below called experts). The expert’s
generalized utility function U, is used as additive

5]
U, =2{w,.zj(y”), (=1.m), @
j=

where W, is the weight, and Z, (y,) is the individual
utility function of the jth criterion. The values of W,
and Z, = Z (v;), (] =1 m:i :ﬁ) must be de-
termined by an expert in the decision process. When
the generalized utility functions U, become known,
the alternatives may be ranked according to the
corresponding values U, (i =1,m).

The determination of the utility function in DSS
may be divided into two procedures: 1) normaliza-
tion of criteria values, i.e. determination of the va-

5
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lues (ﬂndividu_al utility functions Z, = Z (y,),
(j =1 m;i=1n); 2) determination of the weights
W, (j=1n) of utility functions.

The DSS includes three main components: a spe-
cialized data base, multicriteria decision making sof-
tware, and man—computer interface. The system (ex-
perts and DSS) uses the following information from
a specialized data base: names of alternatives, na-
mes and values of criteria, names of experts, inter-
mediate dialogue actions of each expert, results of
each expert, and integral results.

Three methods of increasing complexity are used
in available DSS: Paired Comparisons of Alternati-
ves, Pareto and Fuzzy [5].

Paired Comparisons of Alternatives. The paired
comparison method is the simplest one from the
user’s point of view. The experts must only compa-
re the alternatives by two at a time, and determine
how important one alternative is regarding the ot-
her (more or less or equally important). However,
we will not use this method, because of its low re-
liability. The values of utility functions are not di-
rectly involved in the paired comparison method,
and alternatives may be ranked only on the basis of
some description of alternatives or other informa-
tion sources [5].

Pareto method. The Pareto method gives a Pare-
to subset of alternatives to the expert. The expert

varies the weights W, (] =1,n) of utility functions

Z.= Z (y,) according to the values of the genera-

lized ut111ty function:

n n —

The values of generalized utility functions are
normalized as follows:

d=—!— (i=1m),
) (i=1,m) @

so that the largest normalized value d™ = 1 and
corresponds the best alternative.

Fuzzy method. The Fuzzy decision method is ba-
sed on the features of fuzzy numbers with a trian-
gular membership function [5-7]. Fuzzy numbers
with triangular membership functions approximate
the normalized criteria Z;; (] =1n;i=1 m). The
procedure evaluates uncertainties experienced by the
expert in the absence of exact values of the criteria.

6

Such uncertainties are met in finding the values of
both quantities and verbal criteria. The Fuzzy met-
hod is similar to the Pareto method, but the expert
has the opportunity to doubt as to his opinion.
The Fuzzy method requires to determine the up-
per bound Zi, medium value Z%, and the lower
bound Z’ of each fuzzy value. The triangular

_(ZJI ’

are used [6,

Zi',Z;) fuzzy number operation laws
7]. Just as in the Pareto method, the
expert must give the weights to all fuzzy utility func-
tions Z;; .
The best alternative may be found taking into
account the information obtained from a single ex-
pert or from a group of experts. Just as in the Pa-

reto method, the expert must give the weights W, >
W, = 1 of importance of all utility functions. The

expert gives triangular fuzzy numbers Z (Z i
ZJT,ZJ,)(j—l,n i=1m), where Zr. are the
mean estimates, le and Z” are the lower and the

upper bounds. Every alternative is characterized by
a fuzzy value:

- 2 224w o

2 2

where ® is a symbol of multiplication operation of
fuzzy numbers. A scalar measure of the dominance
of the alternative i over other ones is as follows:

di= V(§ = §)i=1m)

NE-)

min_V
1,n (6)

I;ti,

where V (S > S) means the degree of possibility
(S > S) The detailed expressions of V (- S > S)

are represented in [5, 6]. The optimal decision cor-

d =1.
i L m
In the case with a group of g experts the normali-

responds to the alternative with the

zed weights are represented as:

)
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where W, is the estimate of the jth weight of the
jth utility function defined by an expert, W, is the
average weight. The ith alternative is characterized
by the following fuzzy expressions:

1
_ n _ m n -

§= zZ;wile| 3 2ZJWJN :
(i=1m); (®)

Z (Z“ Z]| Z|):

Zzuk’

qi=

Zzuk’

Z

jik | 9
3 Z ©
where Z,, Z, Z: represent the lower, medium and
upper values of each fuzzy values. Then a scalar
measure of the dominance of the alternative i over

other ones is defined as
d=mnv (s =85) (=

I=1,n
1#i

Lm). (10)

The best alternative is with the | d, =1.

i=1,n

We can see that the Fuzzy approach requires
much more information obtained from the experts
and is more complicated. The reasons for which the
Fuzzy method may be more adequate are: uncer-
tainty of an expert as to his preferences, lack of
information, and existence of different opinions of
experts. In this paper we used Pareto and Fuzzy

6. RESULTS OF RANKING ALTERNATIVES OF
UPDATING ADCS OF UBPS

The problem was solved by three experts E, E, E..
We represent a detailed description of the work done
by E,, and final results of £, and E,. The values of
all utility functions Z; (17,1 =13) are presented
in Table 3 together with characteristic values Z’ L Z;'j,
Z: for fuzzy numbers Zj (] =17i=13). So far
we have no exact data on emission rates of SO, and
NO_ from the thermal plants of UBPS at different
conditions of their operation; therefore, values
include percent evaluations of reducing the consump-
tion of organic fuels due the updated ADCS and to
the optimized performance of thermal-power plants
using their economic characteristics. Also, the valu-
es of utility function Z,; used in the evaluation assu-
me a less than 5% reduction of the NO_ emission
due the modern optimal control of UBPS. Regar-
ding the emission rates of SO, and NO,, the alter-
natives X, and X, are worse than the alternative X,
because the AGFC of Baltic DC must control the
some power plants with no respect to the NDCs.
From the point view of independence of NDCs, the
alternative X, is worse than X, and X, as it exclu-
des the possibility of controlling the intersystem po-
wer flows. Experts E, and E, were less certain about
the Z and Z, values, because they expected large
updating costs and longer pay-off periods.

Results of ranking the alternatives by experts is
presented in Table 4. We obtain that X, is a distinct
leader in our ranking results. After X, follows the
alternative X, and after X, follows X|. It should be
noted that the measure of the dominance of the

methods. alternative X, over the other ones, d, = 0.98-0.99.
Table 3. Utility function values Z; and corresponding numbers (Z’ z, 7, ) of fuzzy values Z i (j= _7 3) eva-
luated by expert E .
Utility funct.ior.l values Z, In.lportance Alternatives
Characteristic values weights w; of
of fuzzy numbers Z, utility functions Z, X, X, X,
. 0.14 1.0 0.7 0.8

“z',z",2") (0.9; 1.0; 1.0) (0.6; 0.8; 0.9) (0.7; 0.8; 0.9)
Z, 0.14 1.0 0.9 0.9

z,, zm,, 7)) (0.9; 1.0; 1.0) (0.8; 0.9; 1.0) (0.8; 0.9;.1.0)
Z, 0.14 0.9 0.8 0.8

z,, zr,, Z*,) (0.7; 0.9; 1.0) (0.6; 0.8; 1.0) (0.6; 0,.8; 1.0)
Z, 0.22 0.3 0.8 0.8

<z, z",2") (0.1 0.3; 0.5) (0.7; 0.8; 1.0) (0.7; 0.8;.1.0)
Z, 0.08 0.1 0.8 0.8

', zr,, 7+) (0; 0.1; 0.2) (0.7; 0.8; 1.0) (0.7; 0.8; 1.0)
Z 0.14 0.9 0.8 0.6

z', Zr, Z*) (0.8; 0.9; 1.0) (0.7; 0.8; 1.0) (0.5; 0.6; 0.8)
Z, 0.14 0.5 0.8 0.8

z,, 72", Z*) (0.1; 0.5; 0.7) (0.7; 0.8; 1.0) (0.7; 0.8; 1.0)
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Table 4. Results d, of ranking alternatives by the Pareto and Fuzzy methods as presented by three experts

Experts

Alternatives E

E E

2 3

Pareto | Fuzzy | Average

Pareto | Fuzzy | Average

Pareto | Fuzzy | Average

X, 0.84 0.74 0.79 0.81
X, 1.0 1.0 1.0 0.98
X 0.96 0.95 0.955 1.0

0.81 0.81 0.88 0.80 0.84
0.98 0.98 1.0 1.0 1.0
1.0 1.0 0.99 0.99 0.99

Therefore, the alternatives X, and X, are close each
other.

7. CONCLUSIONS

1. A multiobjective problem to rank the alternatives
of updating the ADCS of PS was found.

2. Ranking the alternatives of updating the ADCS
of PS is performed by some experts with the help
of decision support software facilitating the imple-
mentation of three different ranking methods: Pai-
red Comparisons of Alternatives, Pareto and Fuzzy,
using triangular fuzzy numbers. The last method
yields the closest approximation for uncertainties of
the expert’s experience in evaluating the utility cri-
teria or utility functions.

3. Ranking the three alternatives of updating the
ADCS of Unified Baltic Power System was perfor-
med by three experts using Pareto and Fuzzy ran-
king methods. The ranking shows that both X and
X, alternatives have a nearly equal rank and are
very close to unity. The alternative X, has a distinc-
tly lower rank and is the worst.
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BALTLJOS JUNGTINES ENERGETIKOS SISTEMOS
ADVS MODERNIZAVIMO VARIANTU
DAUGIAKRITERINE ANALIZE

Santrauka

Lietuvos, Latvijos ir Estijos elektros energetikos sistemose
esancios automatizuoto dispecerinio valdymo sistemos
(ADVS) yra moraliSkai ir fiziSkai susidévéjusios, nepritai-
kytos dirbti rinkos salygomis, jomis sunku vykdyti duomeny
ivertinimo ir analizés funkcijas, stebéti tinkla. Dél to ADVS
sistemos jau pradetos pertvarkyti, jrengiant naujas SCADA
(Supervisory Control and Data Acquisition) ir energijos
valdymo sistemas. Siame straipsnyje pateikiami trys tikéti-
niausi Baltijos Saliy ADVS sistemy pertvarkymo variantai.
Variantai analizuojami pasitelkus daugiakriterinés analizés
priemong, sudarytg i§ trijy matematiniy metody: poriniy
palyginimy, Pareto ir nerySkiy (migloty) dydziy. Tai eksper-
tiniai metodai, jgalinantys atlikti analiz¢ neturint visos in-
formacijos. Pateikiamas i$samus §iy metody apraSymas ir
ranzavimo rezultatai. Geriausia alternatyva randama pagal
septynis kriterijus: ADVS modernizavimo kaina, atsipirki-
mo trukme, SO, ir NO, terSaly, iSskiriamy j atmosfera, kie-
ki, AGDV ir UQAR galimybe, elektros energijos gamintojy
tarpusavio konkurencijos galimybe, prisijungimo prie Vaka-
ry Europos energetiniy sistemy galimybe, ADVS savaran-
kiskumo laipsni.

Raktazodziai: automatizuota dispecerinio valdymo sis-
tema, nacionalinis dispecerinis centras, jungtiné energetikos
sistema, valdymo rajonas
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Anranac Hemypa, /lapioc banakayckac

MHOTOKPUTEPUAJILHBIN AHAJIA3 BAP-
HAHTOB MOJIEPHU3AIIMHA OFBEJINHEHHON
SHEPTOCHUCTEMBI BAJITHICKHNX
TOCYIAPCTB

Peswowme

CymiecTByloIUe CHUCTEMbl aBTOMaTU3UPOBAHHOIO JUCIIET-
yepckoro ympasienus (AC/Y) B sHeprocucremax bain-
THHCKUX rocygapcTB — JlarBuu, JIUTBBL 1 DCTOHUU SABIIAIOT-
Csl yCTapeBIIUMH U HedPPeKTuBHbIMU. OHM HE NPUCIIO-
co0neHbl paboTaTh B YCIOBUSAX PbIHKA. B cBA3U ¢ 3TUM yke
OPUCTYIMIN K MOAepHU3anuu cymectsyomux ACHY
Hapsily C YCTAaHOBKOH HOBBIX COBPEMEHHBIX CHCTEM
KOHTpOJIS, YIpaBIeHHs, cOOpa U aHaIu3a JaHHBIX (CUCTEMBI
SCADA).

B Hacrosmel craTbe NpEACTaBICHBI U IPOAHAIU-
3UPOBAHbl 110 HauboJiee BAXHBIM KPUTEPUSM TPU BEPOAT-
Hble BapuaHta MoaepHuszanuu ACJY oOwvenuHeHHON

sHeprocuctemsl Tpéx bantuiickux crpan. AHamu3 BapHaH-
toB MoaepHuzauun ACIY mnpuBenéH HUCHoOib3ys Mpo-
TpaMMHOE CpPEJICTBO MHOTOKPUTEPHUAIBHOIO aHajIu3a,
NpenHa3HaYeHHOE I IIOMOILIM OJKCIepTy. IJTO Tpo-
TPAaMMHOE CPEICTBO IIO3BOJISET IPUMEHATh TPU METOAA:
METOJ MOoMmapHbIX cpaBHeHHWH, Ilapero meron u Meton
HEYETKUX MHOXeCTB. J{1s1 aHanu3a U cpaBHEHMs BapHAHTOB
mozepHuzauu AC/]Y nmpuMeHeHs! ABa IOCISIHUE METoJa
U CEMb KpPUTEPUEB: II€HA MOJEPHU3ALMHU, CPOK OKyIae-
mocty, xonuuectBo SO, u NO,, BhiOpachiBaeMmbix B ar-
Mocdepy, BOSMOXKHOCTH aBTOMATHUECKOTO PEryIHpPOBaHHUs
NEPETOKOB MOLIHOCTM M  Y3JIOBBIX HaNpsDKEHUH B
CUCTEMHOH CETH, BO3MO)XHOCTb IIPUCOEAMHEHHS K
00BEIMHEHHON 3HEprocucreMe crpaH 3amagHoil EBpors
U CTENEHb CAMOCTOSITEIbHOCTH HAllMOHAJIBHBIX AUCHETUYEp-
CKHUX LIEHTPOB.

KarwueBble cioBa: cucteMa aBTOMAaTU3MPOBAHHOTO
JIUCIIETYEPCKOTO YMIPABJICHUS, HALMOHAJIBHBIA JAHCIET-
YepCKUH LEHTpP, 00bEJUHEHHAs YHEProCUCTEMa, CUCTEMA
cOopa W aHanu3a JaHHBIX, PAHOH yIpaBIICHUS



