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The scientific work considers issues (tasks) of the technical condition assessment and voltage regulation in power system
load nodes using power transformers on-load tap-changer devices by fuzzy modeling methods. A linguistic model of TC class
determining and decision-making on the operation strategy for OLTC devices is presented. A fuzzy algorithm for voltage reg-
ulation in load nodes by OLTC devices is proposed, taking into account resource constraints. A voltage control modes test
study under changing the nodal load was conducted for the consumers power supply system of the distribution network.
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Relevance of the research. Amidst the liberalization of the electricity industry of Ukraine,
the requirements for ensuring the reliability of electricity supply to consumers, in particular, the
quality of electricity, are significantly increasing. Deviation of electricity quality parameters,
of which main one is the voltage at the consumer terminals, is strictly regulated and allowed in
normal operation + 5% of rated voltage and + 10% in emergency [1; 2]. However, the analysis
of accidents in modern power systems (PSs) with power plants of different types shows that the
probability of accidents in PSs with significant deviations of voltage and frequency is not com-
pletely excluded. The basic factor, which essentially affects the reliability of the electric power
industry is the solid deterioration of electrical equipment, including power transformers (PTs)
which are the most common and the most responsible elements of the PS [2; 3]. The connection
of distributed generation sources (DGSs) also exacerbates the problem of keeping the voltage
within acceptable limits in terms of load changes and the topology of the electrical network, as
voltage reduction can lead to a decrease power generation by DRG [4]. Therefore, the issue of
automatic voltage stabilization in the PS load nodes and on the buses of the power plant’s own
needs in all operation modes is an urgent task.

Problem statement. Among the various methods of voltage regulation [1; 5; 6; 7; 8; 9]
currently available in the PS, the most common is the regulation under load at the PT terminals
by changing the transformation coefficient [1; 5] using on-load tap-changer (OLTC). The
OLTC PT operation practice shows that the resource of its elements is small and therefore the
repair service involves the PT decommission with a corresponding interruption of electricity
supply to consumers. The accident rate analysis of high-power PTs for 1985-2010 shows that
the share of emergencies caused by OLTC failures reaches 15-40% [10]. As a result, automatic
voltage regulators are often disconnected from the mains, which reduces the electricity quality.

Thus, an important task is the development of new and advanced basic methods and models
for evaluating the technical condition (TC) and the algorithms for regulating the voltage in load
nodes driven by the OLTC PT.

Existing traditional methods and models of TC PT diagnosing are based on the use of "strict
norms" for the parameters values that separate one TC class from another, which are enshrined
in the relevant regulations [2; 11]. Incomplete and discrete information about TC of OLTC,
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which is due to the periodicity of parameter measurements, as well as significant subjectivity
in the expert TC determination by qualified personnel of the operating organizations repair ser-
vice severely complicates the task of assessing TC of OLTC PT [11; 12].

The difficulty in identifying analytical relationships between TC parameters changes and
TC class of an object requires the use of data mining methods to build appropriate models for
estimating TC of OLTC [2; 13; 14], which allows presenting in a single form heterogeneous
information about the object.

In this case, using fuzzy set theory is effective both for the TC diagnostic tasks of OLTC
devices and for the selection and formation of voltage control algorithms. Thus, it is necessary
to develop a linguistic model for assessing the TC of OLTC based on data mining and to build
and implement algorithms for intelligent control of voltage control modes in distribution net-
works by OLTC taking into account resource constraints.

Analysis of recent research and publications. Currently, there are a bulk works devoted
to the development of models for assessing TC PT and its individual elements based on a set
of measurements and tests [2; 3; 6; 7; 11; 15; 16] and algorithms for voltage regulation in the
PS distribution networks. [2; 9; 11] delt with the TC index definition problem, identification
and defect development level in terms of deterministic and probabilistic and fuzzy nature of
information, but TC assessment issues of OLTC devices were not considered. The papers [2;
3; 12] presented models for estimating and forecasting TC individual elements, particularly,
OLTC PT devices, but they did not identify resource constraints and did not consider voltage
control modes. In [1; 15; 16] traditional and fuzzy models and algorithms for voltage regula-
tion at the supply nodes by OLTC PT devices were proposed, but their resource limits were
not considered.

Uninvestigated parts of a common problem. Despite a bulk of works on TC modeling
as a whole PT and its individual elements (including OLTC), as well as voltage control modes
in distribution networks, there is a complex TC modeling problem, identification and consider-
ation resource constraints of OLTC devices voltage regulation in fuzzy voltage regulation mod-
els in load nodes by PT voltage regulators.

Research objective. The purpose of the article is to build a complex fuzzy mathematical
model for estimating the technical condition and OLTC voltage regulation algorithms of oil PT.
To achieve the above, it is necessary to solve the following tasks:

- to identify measurements groups, tests and criteria for OLTC TC diagnosing;

- to form input linguistic variables and membership functions of their term sets and TC
classes of OLTC devices fuzzy model;

- to develop a fuzzy knowledge base of the linguistic model for determining the TC class
and decision-making strategy of OLTC devices operation;

- to develop a fuzzy algorithm and software for voltage regulation in the load node by
OLTC PT devices taking into account their TC;

- to conduct a test study of voltage control modes taking into account the OLTC resource
constraints.

The statement of basic material. Estimation linguistic model of OLTC device. The most com-
mon OLTC device defects and damage are: oil characteristics deterioration, the contactor contacts
overheating, wearing of contactor seals and selector contacts, OLTC device mechanical wear, drive
kinematics damage [1; 8; 9; 10; 12]. The following tests and measurements are used to evaluate TC
of OLTC device [2; 10]: dissolved gases chromatographic analysis in the OLTC contactor (DGCA),
physico-chemical analysis of the contactor oil characteristics, determination TC parameters of
OLTC device, measuring the parameters of the conductive parts of the contactor.

Within the possible change range in the TC parameters of OLTC, the following areas of normal
and abnormal operation modes can defined: d1- «normal operation area», range from parameter
values after commissioning (or after repair) to values that limit the normal operation area; d2 - «risk
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operation area», the parameters values range that limit the normal operation area to the maximum
allowable values in operation; d3- «operation area in the defect presence (pre-emergency state)», at
least one of OLTC parameters exceeds the maximum permissible values in operation.

Consider the criteria for diagnosing OLTC TC based on some types of results of tests and
measurements.

Linguistic variables and diagnostic TC parameters term sets of the fuzzy knowledge base
of the mathematical model for assessing the TC OLTC, which are determined by the DGCA
results (gas concentration Ha, C2Ho, C2Hs, CHa, C2Ha, CO, COy), physico-chemical analysis
(tangent delta of dielectric losses in transformer oil ¢zgd, breakdown voltage U, moisture con-
tent in the transformer oil of contactor W, acid number KOH), drive mechanism monitoring
(drive electric motor current 1), current-carrying parts tests of the transformer and contactor (the
transient contacts resistance of the contactor R) are as follows [2,10]:

C,H .
C= {Tcl,TCI,T } - gases ratio M, CH4 ru.; G, {TCZ,TCZ,T } gases ratio
H,+C,H,+C,H . _
M2=C *CH,*C, Loru; CSZ{TCL3,TC“§,TCB3} - electric motor current of the OLTC drive
C,H,
I, A ; C,= {TC4,TC4,T } - transient contacts resistance of contactor, R, Ohm;

Cs= {TcLs ’Tcs ’TCBS} Ce= {TcLs vTc’\g ’TcBe } C,= {TCL7 ’TCM7 ’TCB7 } Ce= {TCLS 'Tc'\g 'TCBB}
Co={Te T, T} Cy= {TCLlO,TC“fO,TCBlO} Cyy={Tew T T | —hydrogen concentrations dis-
solved in oil (H2), pl / 1; methane (CH4), ul / 1; ethane (C2Hs), pl / 1, ethylene (C2Ha), pl / I

acetylene (C2H>), pl / I; carbon monoxide (CO), ul / I; carbon dioxide (COz2), pl /1 in accord-
ance; C;,= {Tc12vTc’\i|2’ c12} (tg0) %; Ci3= {T013’T<3131Tc13} Unp, kV; C,= {Tc14vTc’\il4’Tc14} -

W, g/t; Cis={Tess T, T | — KOH, mgKOH/g oil.

DGCA results interpretation. In a normal OLTC operation, the gas composition in contac-
tors corresponds to the arc oil destruction (due to arc discharge) with the main gases H. and
C2Ho2. In the contacts wear process, their heating and overheating levels increase in accordance
with the criteria (table 1) and the C2Ha concentration increase relatively to CoHo. To diagnose
contact damage, the gases ratio, which characterize heating C2Hz, C2Hs and CH4 to the "arc™

gas CoHp, isused M, = gzﬂ“ , M, = CH4+((::2||_|_|6+C2H4
2" 72 2" 72
Table 1
Contacts overheating criteria in the contactor
Gases ratio «Normal mode» «Needs attention» Possible damage
M, <1 >1;<5 >5
M, <0,8 >0,8; <4 >4

Source: designed by the authors.

The main factors and parameters that significantly affect the OLTC failure risk during op-
eration are: contactor contacts wear, characterized by the gases ratio (M1) and (My); electric
motor current of the OLTC drive 7; transient contacts resistance of contactor, R. The generated

input linguistic variables of the fuzzy model for estimating the TC OLTC are: C,= {Tc1’T01 T }

: CH,+CH,+C,H
Lo CZZ{TCLZ,TCMZ,TCBZ} —gases ratio M,=—*4—2-8_—2"4 'y -
2772 CZHZ

—gases ratio M, =
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CS:{TCL3,TC“§ ,TCB3} — electric motor current of the OLTC drive 7, A; C4:{TCL4,TC“ﬁ'1 ,TCB4} — tran-
sient contacts resistance of contactor, R, Ohm.

The following values are assigned to the term sets TJ of input linguistic variables: TS —
low parameter value (correspond to OLTC state — «d1»); T&' — medium parameter value (cor-

respond to OLTC state — «d2»); TS - big parameter value (correspond to OLTC state — «d3»).

Existing normative documents the actual TC practice using traditional methods shows that the
criterion parameters values fluctuate within (5 + 10) % [ 1; 2]. Therefore, the fixed norms vague-
ness in the linguistic model can be limited to + (5-7) %. The terms membership functions of the
model input linguistic variables for TC OLTC estimating are presented in Fig. 1.

P(Cl) | ,tl(Cz ) '
ru ﬂ T‘:“
C, G,
= 372 =
a b
ﬂ(cs )‘ ﬂ(cuh
T, T 7, L Ly
|
|
|
|
|
| | Cs s
UQ]DO‘_‘ ‘IU?W 41850 ;‘5 |45150
¢ d

Fig. 1. Basic membership functions forms of fuzzy terms of input linguistic variables:
a—variant 1, b —variant 2, ¢ — variant 3, d — variant 4
Source: designed by the authors.

The developed rules base for the TC OLTC classification has the form:

1.IF(C,=T%), AND (C, =TZ,), AND (C, =T&,), AND (C, =TS,), THEN d =d,
2.1F(C,=T%),AND (C, =T%), AND (C, =T%), AND (C, =T2), THEN d =d,
3.IF(C,=T%5),AND (C, =TS,), AND (C, =T} ), AND (C, =TS,), THEN d =d,

25.1F (C,=TM), AND (C, =T%,), AND (C, =T} ), AND (C, =TM), THEN d =d,
26. IF (C, =T ), AND (C, =T.,), AND (C, =TM), AND (C, =TZ,), THEN d =d,
27.1F (C,=TM), AND (C, =T%,), AND (C, =T%), AND (C, =T%,), THEN d =d,

79.1F (C,=T2), AND (C,=T2), AND (C, =T%), AND (C, =T%,), THEN d =d,
80. IF (C,=T2), AND (C,=T2), AND (C, =TZ%), AND (C, =TM), THEN d =d,
81.IF (C,=T&), AND (C, =TZ), AND (C, =T2), AND (C, =T%), THEN d =d,
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TC OLTC classification. According to [13,14], the classification problem is to assign the
object given by the informative features vector X =(x,,X,,...,X, ), to one of the previously de-

scribed classes{d,,d,,....d,}.
For the above rules set, the object belonging degree X~ = (x*l, X e, x*n) to the classes d;
is defined:

M Z(X*) =max,_ ; W, min_; (lujp (X*i ))v j=1m,

where u, (x;) —login membership function x; fuzzy term a, ; a, ;,— fuzzy term by which the

i.jp
variable X; is estimated in the rule with the number jp, p =1.k;; k;— the number of rules de-
scribing the class d ;.

The class with the maximum affiliation degree is chosen as a solution:
y =arg max(/udl(x*)!/udz (X*),..., Hym (X*))-

The functional connections structure of the linguistic TC OLTC assessment model is
shown in Fig. 2.

o DGCA results Formation Linguisti Conclu- N TCassessment, defects
& inoil of input c rmodel » sions identificationinTCclass
= ; - ;
% . linguistic kriowe- formation Marmal Rick Op. area
§ Physico- variahles lp, | lEdEe block opera- area inthe
and MF of bazefaor ;
S chemical oil their set reolte | T tion defects
= eirsets
= characteristics . Area fresAnne
o lp| EStima- ¢
= ting
= Drive Decision-makingonthe OLTC operation strategy
- ) Formation ™
] mechanism TC
£ aramatars of linguistic
g P model TC Mo needto Itisnecessarytomake | Decommis-
E ® Classes of ! interfere a partial contral role, sioningfar
£y Contactor OLTCTC withthe simplification of the repairwork
T 2 current- assessmant Data- | | | OLTC made (reduction of
g b= carrying parts base operation the nurmber of
:_5;' B TC parameters switches perday)
= =

Fig. 2. The functional connections structure of the linguistic TC OLTC assessment model
Source: designed by the authors.

For 110 kV PT, in particular, transformer type TDN-40000/110 substation power supply
system (Fig. 4), the initial data and model-experimental TC OLTC diagnostics results are shown
in tables 2 and 3 for different combinations of vehicle parameters in 15 operating modes.

Table 2
The TC OLTC parameters monitoring results in different operating modes
No C,H, C,H, C,H, CH, C,H, CH,+C,H +C,H, 1, R;
ng /| ng /1 ug /| ug/1 C,H, C,H, A pOhm
1/2 | 85/275 | 194/325 | 37/120 | 4,5/3,7 | 5,243/2,7 7,662/4,15 2,3/48 | 16,16/31
3/4 | 50/190 | 50/302 | 10/60,4 1/5 5/5 10,1/8,22 1/3,8 16/16,9
5/6 | 51/25 95/10 46/10 | 4,5/0,5 2/1 3,27/3,55 2/11 17/16,3
7/8 | 2/110 | 25/176 | 30/60,4 | 0,2/10 | 0,83/2,91 0,9/4,9 0,85/2,5 | 15,35/13,5
9/10 | 60/88 | 185/1255 | 47,8/87 | 21,5/15,6 | 3,8/3,2 5,57/4,1 0,41/1,05 | 16,89/15,86
11/12 | 63,5/16 | 98/24 | 133/26 | 26/1,5 | 0,73/0,923 1,4/1,596 0,5/2 15/17,5
13/14 | 90/54 | 156/86 | 45/48 | 30/54 | 4,466/1,8 6,133/4,1 0,8/4,65 | 16/255
15 34 47 120 14 0,38 0,8 0,49 14,9

Source: designed by the authors.

165



Ne 1(27), 2022 TEXHIYHI HAYKU TA TEXHOJIOT'II
TECHNICAL SCIENCES AND TECHNOLOGIES

Table 3
The TC OLTC classification results of the power transformer
The belonging function value to the TC OLTC class | The MF maximum value ]
Ne Defined TC class
Hpy Hp2 Hps Hpmax
15 0,59 0,054 0 0,59 di
7 0,79 0,21 0 0,79 di
13 0 0,5 0 0,5 d2
9 0 0,9 0 0,9 d2
8 0 1 0 1 d2
1 0 0,153 0,572 0,572 d3
14 0 0,313 0,69 0,69 d3

Source: designed by the authors.

Fuzzy mathematical model of voltage regulation in load nodes by OLTC. The analysis of
existing methods of voltage regulation in electrical networks by OLTC has shown that the volt-
age regulation laws have implemented in automatic voltage regulators, providing the required
regulation quality, do not take into account the available OLTC resource [1; 5; 6; 15; 16], which
reduces their operation reliability. Based on the diagnostics results in the complex mathematical
model, the TC OLTC is determined and restrictions on the allowable switches number for a
certain specified service life are formed. This parameter is an additional input variable in the
fuzzy Mamdani algorithm [13; 17] voltage regulation in the load node by OLTC devices.

The following basic principles are implemented in the algorithm: the voltage on the con-
sumers busbars must be maintained within the normalized DSTU; the operation OLTC PT must
be blocked in the event of a short-term voltage failure due to short circuits, starts and self-
starting of electric motors. The following parameters are fed to the input of the controller, which
operates according to the Mamdani algorithm: voltage on the consumer’s busbars; voltage
change rate and limitation on the number of switches during the observation period; the OLTC
current position, and the output is removed from the switching direction and the time for which
this switching must be performed. The terms of the input and output linguistic variables of the

fuzzy voltage regulator are given below: voltage in the load node U :{T}’H,Tg T TS ,T;B} ;
voltage change rate dU/ dt:{T,ﬁ”’dt,TE“;’dt,TgU’dt}; OLTC movement direction
NAP:{TBifH T T } ; OLTC device branches position X:{T,ij,TCX ,TBXC}; switch delay
t,={T o T T3 T, T4 | number of switches N, =Ty T T, |

Membership functions graphs of the input and output linguistic variables terms are shown
in Fig. 3.

The rule base fragment in the voltage regulation system of fuzzy Mamdani algorithm in
the load node, which is built taking into account the above principles and approaches, has the
following form:

1. IF (U=TY) AND (X =T,.) AND (dU /dt=T*'®) AND (N
t,=T,, AND NAP=T//".

2. IF (U=T,) AND (X =T,.) AND (dU /dt=T/*'") AND (N
t,=T,, AND NAP=T//".

3. IF (U=T)) AND (X =T,.) AND (dU /dt=TS*"*) AND (N
t,=T,, AND NAP=T//".

=T,;) THEN

nepem

=T.") THEN

nepem

=T, ") THEN

nepem
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33. IF (U=TY,) AND (dU /dt=T2'*) AND (N

:TBN,,L,,,&‘,) THEN tg:T;B AND

nepem

NAP=T /.
N
34. IF (U=TY,) AND (dU/dt=T/*"*) AND (N, =T)") THEN t,=T; AND
NAP:T PHH -
N epem —
35. IF (U =TY,) AND (dU/dt=T’"*) AND (N, =T,"**) THEN t =T} AND
NAP=T /.
T‘"‘"ﬂ p'd'U./tI. Td["dl
I - 1 T:;dt I - I
| i | |
I i i ; I I
! ! du
1 | | | : dt
47 07 B3 085 09 0% L0 105 Ll L1E 12 1B 13 dU H
U= 0,825 Uy = 0,925 U, .= 1,075 Uy, =1,175 [ﬂ -1,5 |m M 0.6 - 0,6 |d[ m;l 3
a b
Haap
T o
T !
i |
y o i NAP ; X
=075 0 NAP,,=075 N==15 X~ L0
C
n
- N T
i
I
' 1'3 3 NYIEP&U
00 01 oz & 15 U6 07 08 08 1 1 - —
= 0075 £3,=0225 {3 =0525 =09 neper = aepen repen = 33

e

Fig. 3. Membership functions graphs of the input and output
linguistic variables terms of fuzzy controller:
a — voltage in the load node, b — voltage change rate, c — OLTC movement direction,

d — OLTC device branches position, e — switch delay, f — number of switches
Source: designed by the authors.

To test the developed complex mathematical model, the TC OLTC and the voltage control
modes study in the load node for the power supply circuit, which is shown on fig. 4, were
performed, which the elements parameters have the following values: transformer type TDN-
40000/110 — capacity S=40 MVA, transformation coefficient-115/11, short circuit voltage

U,= 10,5 %; overhead line IIJI — total active and inductive resistance r = 13,6 Ohm,

)‘17

167



Ne 1(27), 2022 TEXHIYHI HAYKU TA TEXHOJIOTIi

TECHNICAL SCIENCES AND TECHNOLOGIES
X,,= 18,4 Ohm, length | = 40 km; cable line KJI —length | = 12 km, total active and in-
ductive resistance r_ = 1,014 Ohm, x_= 0,456 Ohm; load — full capacity S,= 30 MVA,
rated load voltage U, =10,5 KV, capacity factor cos¢=0,6.

@ Substation Distribution network
|t T e S | I T S —
—— 1 n 1
10 kv Lo |
1
Power supply I ! I /@/ e K :
system I X I w_ X 1 ,6(10)kv
Lol e |:_ AR ST ST S T A R T =

Q
=
£
0
=]
P!
=

Electric receivers

Fig. 4. The load node consumers power supply system scheme
Source: designed by the authors.

The voltage level on the busbars in the load change conditions is maintained within ac-
ceptable limits by the PT fuzzy voltage regulator, which implements the counter-regulation law
and is determined from the equation:

U,=U.-1,-Z,, where U, — voltage on the consumer busbars; U. — voltage on the

infinite power system busbars (voltage on the secondary winding of the transformer); Z_, —the
connection resistance between the consumer busbar and the infinite power system; /,, — cur-

rent in the communication line of the power supply circuit.
The study results of voltage regulation processes in the distribution network for various
limitations of the switches number are shown in fig. 5, which are determined by the results of

the TC OLTC evaluation.
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Fig. 5. The load changing processes (a), the voltage in the load node (b)

and the OLTC branches position (c) in different operating modes
Source: designed by the authors.
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Conclusions. Ensuring the required level of operational reliability, electricity quality of
modern PSs requires considering TC and the PT service life in the implementation of voltage
control algorithms in the load nodes. A fuzzy model of TC class determination and decision-
making on the OLTC operation strategy has been developed. A fuzzy algorithm is proposed
and software for voltage regulation in the load node by OLTC PT is developed taking into
account their TC. Modeling and test calculations of voltage control modes in the load nodes of
the PS distribution network are performed, given the OLTC resource limitations. Studies have
shown the feasibility and effectiveness of TC fuzzy modeling and voltage control modes by
OLTC device, in particular, the required voltage regulation quality in the load nodes is provided
with fewer switches.
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KOMIIVIEKCHE MOJEJIIOBAHHSA TEXHIYHOI'O CTAHY I PEXKUMIB
PET'YJIOBAHHS HAIIPYTU MIPUCTPOIB PET'YJIIOBAHHS 1]
HABAHTAKEHHAM CUJIOBUX TPAHC®OPMATOPIB

Huni 3 po3e6umxom punkogux 6iOHOCUH 6 enekmpoenepeemuyi Yxpainu, cmapinHam 0cHO8HUX hOHOI8, 30iNbIUEHHAM YaACMKU
BIOHOBMIOBAHUX 0JiCepell eHepali 3a20CmproEmbes npobnema 3abesneuents pexcumnoi Haoitinocmi cyyacuux EEC ynacnioox nio-
BUUjeHHs 8IPOIOHOCII BUHUKHEHHS ABAPIUHUX CUMYAYIT, SKI CYNPOBOOICYIOMbCA SHAUHUM GIOXUTEHHAM HANPY2U Y 8Y31AX HABA-
Hmaicenns. Haulbinbu nowupenum cnocobom pezyniosanis Hanpyau € peyiosants NPUCMpOAMU pe2yI08anHs Hanpyau nio Ha-
sanmadcennsim (PIIH) CT, sixi € docmamuwo nenaditinumu enemenmamu CT 3 manum pecypcom npaye30amuocnii, wo CHPUYUHSIE
yacmi iokmouenHs agmomamuunux pezynamopie nanpyeu CT 6i0 mepedci 3i snudicennsm skocmi nanpyeu. Criaouicms eusig-
JIeHHsL QHARIMUYHUX 3anexcHocmeit mixe sminennsam napamempis TC i knacom TC 06 ’ekma nompebye sUKOPUCIMAHHS MEMOOi6
IHMEneKmyanbHo20 ananizy 0anux 0as pospobxu mooeneil oyinku TC npucmpois PITH CT ma no6yooeu ancopummie ynpaguinHs
pedicumamu pe2ynio8anHs Hanpyau 8 pO3NOOLTbHUX MePedICcax 3 ypaxy8aHHam pecypcHux oomeosicenb 06 ‘ckma.

Ananiz 0ocniodxcens i ocmarnHix nyoniKayiil, npucesadueHux NUMarHAM po3pooxu mamemamuurux mooenetl oyinku TC i pu-
3uky giomosu CT ma npucmpoie PIIH CT, cnocobam i ancopummu pe2ynioganus Hanpyau y yziax Haeanmasxcenns EEC nokasas,
o ICHYE HeOOXIOHICMb YOOCKOHANEHHA MAMEMAMU4H020 i npoepamuozo 3abesneuenns oyinku TC, pusuky giomosu CT ma cmeo-
PeHHs epeKMUSHUX aneopUummie pecyo6ants Hanpyeu y 8Y3nax HA8AHMANCEHHS 3 IONOBIOATLHUMU CHOIHCUBAHAMU.

Hessaoicaiouu na 3HauHy KinbKicme pooim, npucesienux MoOeno8antio mexuiunozo cmany okpemux eremenmie CT, 30-
Kpema, npucmpois PITH ma pesicumis pecynioganns nanpyeu y po3nooiibHUX Mepercax, iCHye 3a0aia KOMNIeKCHO20 MOOeno-
eanns TC, susnavenns i 6paxyeanis pecypcrux oomegicenv npucmpoie PIIH 6 neuimkux mMooensx pe2ynioeants Hanpyau y
ey3nax nasanmaoicens pezynamopamu nanpyeu CT.

Memoio pobomu € no6y008a KOMIIEKCHOT MAMeMAMuyYHOi MOOei OYIHKU MEXHIYHO20 CIAHY | Al20PUmMie pe2yio8anHs
Hanpyau npucmpois PITH cunosux macnanux mpancgopmamopis.

3anpononosano npu peanizayii ancopummie pezynioganna nanpyau y eysiax nasanmadicenus EEC npucmposmu PITH
CT xomnaexcnuii nioxio, wjo rpynmyemucs na epaxyeanni TC i pecypcy npayezoamuocmi 06 ’ekma. Po3pobaeno ninegicmuumny
mooenv susnauenns xkaacy TC i npuiinamms piwens wooo cmpameeii excnayamayii npucmpoie PIIH CT; nobyoosano
HeYimKuil aneopumm i po3pooieHo npocpamue 3abe3neuenns pecyno6ants Hanpyau y 6y3ni Haganmaoicenns npucmpoamu PITH
CT 3 ypaxysanunsa ix TC; nposedeno mecmoge OOCTNIOHCEHHS PeNCUMi6 pe2ynio8ants HAnpyeu y 8y3ii HABAHMANCEHHS 3
VPaxyeauHsam pecypcHux oomesicens ons npucmpoie PITH CT.

Knrouosi cnosa: cunosi mpancgpopmamopu; mexniunuii cman,; NiHe8ICMUYHA MOOENb, Pe2yNI06anHs Hanpyeu, Hedi-
mKa 102iKa .
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