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IMPLICATIONS OF NEW STANDARDS
ON TECHNICAL DIAGNOSTICS AND CONTROL
IMPLEMENTATION FOR THE GAS
TRANSMISSION SYSTEM EFFICIENCY

Introduction. Ukrainian gas transmision system (GTS) as a part of the whole oil and gas complex takes the important
role in energy security of the state. Taking into consideration the aging and physical deterioration procesess, a lot of atten-
tionn today is paid to the question of ensuring GTS relaible operation and maintenance.

Problem Statement. All innovations and technicaogical achievements, implemented into GTS are impossible without a
detailed study of productivity of GTS facilities, the costs for implementing the new standards, and the costs for eliminating
the emergency situations’ consequences.

Purpose. Assessment and evaluation of data on efficiency of Ukrainian GTS, based on the implementation of new stan-
dards on technical diagnostics and control (TDC), influencing significantly on the operation of GTS facilities.

Materials and Methods. For the analysis, we chose the complex mathematical model, allowing to determine the quali-
tative relationship between the productivity of GTS facilities, the costs of implementing new standards for technical diagnos-
tics and control, and the costs for eliminating the consequences of economic, environmental and other impacts. Besides
the expert evaluation method and numerical Runge-Kutt methods were applied for practical use of the proposed model.

Results. The efficiency of GTS operation, according to the proposed model, depends on the costs, spent for the imple-
mentation of standards. Among the benefits for increasing of standards expenditures are the growth of emergency res-
ponse funding, which tends to decreasing in timely manner. Calculation results showed the adequacy of the proposed ex-
perts’ assessment model according to the question of objectivity, impartiality and consistency of expert opinions.

Conclusions. The complex of mathematical calculations maintained the qualitative picture of the relationship between
selected characteristics. The new approach to analysing data on Ukrainian GTS efficiencywas suggeted, presenting the
mechanism for establishing the dependencies between costs of implementing new standards and costs for eliminating
emergency situations.
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The gas transmission system (GTS) of Ukraine | one of the levers of integration into the inter-
is one of the most important components of the | continental EU gas pipeline [1]. Today, the length
national oil and gas complex. It is an essential | of Ukrainian gas pipelines is 38.55 thousand km,
element of the energy security of the country and | the capacity of the GTS is 287.7 billion cubic

meters per r he in including 21.0 bil-
© KARPASIL, M.O., OLIYNYK, A.P, KOGUT, G.M., ) eters per yea at the input (including 21.0 b
and KLYUN, A.M., 2019 lion cubic meters per year from Europe) and
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178.5 billion cubic meters/year at the output.
Though, different Ukrainian experts evaluate
state of the Ukrainian GTS with different view-
points. According to Naftogaz of Ukraine, NJSC,
the main advantages of the GTS are its high
throughput, flexibility and reliability. The opera-
tion of Ukrainian operator (UKRTRANSGAZ,
PJSC) is transparent, the data are disclosed on-
line in the ENTSO-G transparency platform, and
the company is actively cooperating with the
European Commission [2, 3].

At the same time, the operation of the main
equipment of the GTS is accompanied by aging
and physical deterioration along the whole
technological chain,inturn, preceded by accidents
and technological failures. That is why the main
principles of the state policy in the field of pipeline
transport, given its priority in Ukraine, include
ensuring the reliable and safe pipeline transpor-
tation [4] The pipeline transportation company
is also obliged by the regulatory document to
provide diagnostic monitoring of the pipeline
condition by operating means in accordance with
the rules of technical operation and normative
documents on technical diagnostics.

Based on the results of such a diagnosis, the
operating organization obtains reliable informa-
tion about the technical condition of the main gas
pipeline facilities and, on its basis, ensure the
maintenance and operation of potentially ha-
zardous facilities of the GTS in the proper tech-
nical condition. And the quality of the techni-
cal diagnosis and control of GTS facilities speci-
fies the reliable operation of the entire GTS of
Ukraine [5]

The practice of operating the GTS [6, 7]) shows
that the efficiency of gas pipelines depends on the
construction of a system of low-cost methods of
efficient use of existing production capacities.
Fundamental modernization of the entire struc-
ture of the GTS capacity is also of great concern.
However, the implementation and further effi-
ciency of using the latest technologies and tech-
nical means, their technical diagnostic and cont-
rol, the operation of already existing system is
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impossible without proper regulatory support.
For this purpose, it is necessary to take into ac-
count two aspects:

1) transition to the European model of stan-
dardization — one of the directions for improving
the technical state of the GTS is the implemen-
tation of new European standards, which Ukrai-
ne undertook to adopt within the framework of
the Association Agreement [8];

2) peculiarities of the Ukrainian gas transpor-
tation network of functioning in the context of
modern approaches to the formation of the state
energy policy [9], based on strategies to improve
security, energy efficiency and competitiveness.

Article 56 of the Association Agreement bet-
ween Ukraine, on the one hand, and the European
Union, the European Atomic Energy Community
and its member states, on the other hand [8],
determines that Ukraine needs to take the ne-
cessary measures to achieve gradually the comp-
liance with the technical regulations of the Euro-
pean Union (hereinafter referred to as the EU)
and the systems of standardization, metrology,
accreditation, conformity assessment and market
surveillance of the EU and is obliged to observe
the principles and practices set out in the relevant
decisions and regulations of the EU. In addition,
Ukraine is obliged to introduce gradually a set of
European standards (EN) as national standards,
in particular as harmonized European standards,
the voluntary application of which is considered
to comply with the requirements of the legislation
specified in Annex ITI to the specified Agreement.
Simultaneously with such implementation, Uk-
raine abolishes all conflicting national standards,
in particular the application of interstate stan-
dards (GOST), developed before 1992 Besides,
Ukraine is going to take the other necessary
measures to fulfill the conditions of membership
in accordance with the requirements applied to
p-members of European organizations.

Within the framework the Strategy for the
development of the technical regulation system
of Ukraine till 2020 [10], the goal is to moderni-
ze the Ukrainian economy and ensure the com-
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petitiveness of domestic products through the
gradual integration of Ukraine into the EU in-
ternal market, overcoming technical barriers to
trade between Ukraine and the EU and streng-
thening its position in the world market as a
result of recognition of the system of technical
regulation of Ukraine at the European and in-
ternational level.

At the same time, the GTS of Ukraine faces a
particularly pressing problem — a steady reduction
in the flow of Russian natural gas transit, caused,
above all, by the construction of bypass pipeline
[11, 12] That is why the issue of effective use of
regulatory documents, especially with regard to
technical diagnostics and control, is an important
argument and an opportunity to search for and
introduce innovative developments in the for-
mation of strategic guidelines for the functioning
and further development of the Ukrainian GTS.

For the purposes of this article, the study is
limited to the technical effectiveness of stan-
dardization[13],whereefficiency canbe expressed
in terms of technical efficiency, and is obtained as
a result of the application of the standard /group
of standards due to the growth of safety and
reliability indicators, reduction of harmful out-
flow or emission level, reduction of material and
energy consumption of the technical cycle, in-
crease of the resource efficiency.

When investigating the effectiveness of imp-
lementation of new standards for technical dia-
gnostics and control (TDC) of GTS objects of
Ukraine [14], it is important to study the re-
lationship between the costs that arise in this
case. A complex mathematical model is proposed,
allowing to determine the qualitative relation-
ship between the productivity of GTS facilities,
the costs for implementing the new standards on
technical diagnostics and control, and the costs
for eliminating the consequences of economic,
environmental and other impacts that have an
impact in case of accidents at the GTS facilities.

When developing a mathematical model, we
introduce the functions x (¢); y (¢); z (¢t), which
have the following meaning:
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x (t) is the cost of implementing new standards
for diagnosis and control;

y () is the costs for liquidation of consequen-
ces of emergency situations;

z (¢) is the efficiency of the GTS element ope-
ration.

A system of differential equations is written,
while developing a mathematical model, and des-
cribes the nature of specified variables change
per unit of time in the assumption of the nature
of the relationship between the quantities. In this
case, the approaches described in [15—20] are
used. As aresult, the following system of ordina-
ry differential equations is obtained, associating
the variables x (¢); y (¢); z (¢):

dx
%=K1x (A—x)—K,y+Kz

3—?=K4x<A—x>+K5(B—y>y+KeZ' S
dz

E=K7x—Ksy

The first summands in I and IT equations of the
system establish that the values x (¢) and y (¢)
cannot exceed certain established limits. Thus, the
costs of implementing new TDC standards x ()
can vary in proportion to the effectiveness z ()
(summand K,z) and the costs y (¢) to eliminate
the consequences of emergencies (summand K,y).
A minus sign means that in case of elimination of
emergency situations consequences, the funds are
used primarily for these needs, so funds allocation
in this case is problematic due to the fact that
they go directly to combat the consequences.

The value y (¢) and its variation over time de-
pends on the existing TDC standard, on how
much money has already been spent to elimina-
te the consequences of accidents, and on how ef-
ficiently the GTS is operating.

The value z (¢) depends on which TDC stan-
dards are used, as well as on how often and with
what are the consequences of the occurred emer-
gencies.

System (1) must be supplemented by initial
conditions, which are written in the form:

x(0)=x;y(0)=y;z(0) =2z, (2)
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t0:=0 t1:=15
Given

A (i) = 0420y % (10— 2 (1)) —

dt

0Ty () +042 () x(10)=6
%y(t)=0.4(10—x(t))xx(t)+

107y (1) % (6—y (£)) + 0.3z (£) Y (10) =0
A L (y=08x)— 09y 2 (10) = 0

dt
( ) Odesolve A tl)]

conventional units

Values x (t), y (1), z (t),

Time, conventional units

Fig. 1. Dynamic of x (¢); y (¢); z (¢) values change at initial
set of parameters K,

For practical use of the proposed model, which
is nonlinear, it is necessary to determine the con-
cept of determining the coefficients K.

One of the methods of expert assessment [21,
22] is used, which is as follows. The group of
experts, which includes specialists from both the
oil and gas industry, and from systems of non-
destructive testing and diagnostics, in the num-
ber of N people. Their task is to assess the degree
of dependence between the variables x (¢); y (¢);
z (¢) in each of the aspects simulated by the sys-
tem (1) with the initial conditions (2) through
the coefficients K, (i = 1, ... 8). At the same ti-
me, each expert fills in a table in which, for each
of the coefficients, the expert submits an estima-
te from U to U__(or from 1 to 8). As a result,
for each of the coefficients, the sum of points is
obtained:

U=y U

i J ij

: 3)
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t0:=0 t1:=15
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dt
02y (1) +052(0) x(10) =6
d
—y@)=0410—x @) xx(t)+
P y () ( (®) xx (1)
+0.2 () x (6 —y (£)) + 0.4 2 () y(10)=0
di 2(0)=08x(t) — 04y (£) 2(10) = 0
( ) Odesolve[ ttl)]
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Fig. 2. Dynamic of x (¢); y (¢); z (¢) values change after imp-
lementing of new TDC standards

where, U, is the estimate put forward by the coef-
ficient K the expert with the number j. At the
same tlme for the initial approximation of the
coefficient K, its value is used, which is calculated
by the formula: U

Kesmo @

Obviously, 0 < K, < 1. The values of K, obtained
for (4) are the initial approximation of K, and for
these values, the system (1) with the conditions
(2) is solved. There are questions that are related
to the need for correction of the model in cases
where the collective opinion of experts leads to
simulation results that either do not provide the
stability and necessary accuracy of the calculation
scheme, or do not meet the desired simulation
results — the behavior of x (¢); y (¢); z (¢) in dyna-
mics does not correspond to the purpose of simu-
lation, which is to simulate such behavior of these
functions, which satisfies the conditions for the
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Fig. 4. Dynamic of x (¢); y (¢); z (¢) values change at initial
set of parameters K, for x (0) =8,y (0) =6,z (0) =4

growth of certain functions, the decline of others,
ensuring a stable, close to the constant level of
the third — in this case x (¢) must be either cons-
tant or have tendency to increase, the speed of
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Fig. 5. Dynamic of x (¢); y (¢); z (¢) values change at initial
set of parameters K, for x (0) = 6,y (0) = 3,2z (0) = 2

which is less than growth of z (¢), while y (¢) is
modeled so that it is a declining function in time.
Adjustment of coefficients (3)—(4) is carried out
either by increasing the number of experts and
re-implementing the method of expert assess-
ments, or by correction (4) as follows:

U.
K=v—"F+C,

N 5
! s:1Us ' ( )
where C, are adjusted coefficients, the value of
which is determined as follows:

C =nK,n=01-0.5, (6)

with a step of 0.2. Using the high speed of modern
computer technology, it is possible to pick up
such adjusted values of the coefficients that best
simulate the desired behavior of x (2); y (¢), z (¢).
In the vast majority of models, K, = K, K, = K,
therefore, there are six independent coefficients
in the system (1), so if, for model adjustment,
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Fig. 6. Dynamic of x (¢); y (¢); z (¢) values change at initial
set of parameters K for x (0) =9,y (0) = 4,2(0) =5

each of these six coefficients may acquire two va-
lues, then the total number of variants is sixty four
values. One variant is calculated on average three
seconds, so it consumes 64 x 3 = 192 seconds —
accordingly the required version of the model is
chosen for three minutes of machine time, and ta-
king into account the necessary editing, the task
of optimizing coefficients K. is solved by the re-
searcher within 10—15 min of operation with the
computer, which indicates the high efficiency of
the numerical algorithm.

The values A and B, included into the system (1)
are determined on a certain scale, at least until
the real values are obtained from the results of
statistical data.

The system (1) with the initial conditions (2)
is non-linear; and its solution allows to obtain the
numerical Runge-Kutt methods of the required
accuracy order [23] or the corresponding software

Time, conventional units
Fig. 7. Dynamic of x (¢); y (¢); z (¢t) values change at initial
set of parameters K, for x (0) = 2, (0) = 4,z (0) = 3 — costs
for the elimination of emergency situation consequences at
initial time are the highest

products that allow the implementation of these
numerical methods.

A wide range of model calculations has been
carried out which allow us to establish a qualita-
tive picture of the relationship in qualitative units
between the quantities x (¢); y (¢); z (¢). The re-
sults of the calculations are shown in Figs. 1, 2.

When analyzing the obtained numerical results,
it can be established that when implementing of new
TDC standards, a small increase in the costly imp-
lementation of new standards (line I — x (£)) leads
to the efficiency increase of the operation of the
GTS in 6 times (from 10 conventional units to 60)
(line IT — z (¢)), while the costs of eliminating the
consequences of emergencies remain either cons-
tant or slightly increase, which is due to the possib-
le increase of the fund (line ITIT — y (¢)) by obtai-
ning a new profit from the operation of the GTS.
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Fig. 8. Dynamic of x (¢); y (t); z (¢) values change at initial
set of parameters K. for x (0) =7,y (0) = 11,2 (0) = 13

To verify the adequacy of the models, we ana-
lyzed the data on UKRTRANSGAZ, PJSC for the
last 10 years, mainly the following indicators:
funding of construction and installation works,
emergency response operations, costs for techni-
cal diagnostics and control (including the costs
for the preparation and implementation of new
standards) and volumes gas flowing into the GTS.
Fig. 3 shows a graph of the corresponding de-
pendencies by years.

When analyzing the given dependencies, it
can be concluded that the costs for elimination
of emergency situations consequences increase
while the funding of implementation for new TDC
standards as well as the volume of construction
and installation works decrease. The data shown
in Fig. 3, can be used to establish the initial con-
ditions (2) for system (1) in the form of x (z) is
the costs of technical diagnostics and control,
ISSN 1815-2066. Nauka innov., 2019, 15(6)
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Fig. 9. Dynamic of x (¢); y (¢); z (¢) values change at initial
set of parameters K. for x (0) =6, (0) =3,z(0) =0

y(t,) is the cost of eliminating emergency situa-
tions; z(¢,) is the reliability of the GTS and the
cost of construction and installation work. The
following Figs. 4—8 show the results of calcula-
tions based on the model (1)—(2) for various ini-
tial conditions x (0), ¥ (0), z (0), and also for dif-
ferent values of the model coefficients (Fig. 9),
which allow to assess the influence of these con-
ditions on the dynamics of the simulated pro-
cesses. Particular attention should be paid to the
fact that the value of z (¢), the efficiency of the
GTS element operation, has a stable tendency to
grow even with an insignificant increase in the
value of x (¢) is the cost of implementing new
TDC standards. In addition, in some cases, there
is a decrease in the cost for elimination of emer-
gency situation consequences with the insignifi-
cant increase in x (¢) or when these costs are re-
leased to some constant level. All values of the
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initial conditions are taken in relative units,
which is due to the requirements for ensuring
the stability of calculations.

When selecting model coefficients to test the
impartiality of experts, the Kendall concordance
criterion [24] is used, including N is the number
of model coefficients to be determined, M is the
number of experts involved, R;is the rank of the
j-coefficient in the opinion of the j-expert, D, is
the sum of the ranks of the i-coefficient in all ex-
perts, Wis the Kendall concordance coefficient,

12 v =\
W=]\42(N—3_N)zi:1(D5_D), (7)

D, = }1:1Ri]" (8)

D=%+1)- (9)

According to the calculations that give an ans-
wer to the question of objectivity, impartiality
and consistency of expert opinions, the following
conclusion can be drawn: since the concordance
coefficient varies within 0 < W < 1, the values of
W, satisfying the condition W > 0.75, testify to
the good consistency, impartiality and objectivity
of the team of experts. If the condition W>0.75 is
not satisfied, this indicates the need to increase
the number of experts N.

Thus, as of today it is necessary to develop a
well-organized and balanced system of standar-
dization concerning operation of Ukrainian GTS,
by taking into account the transition processes to
the European model of standardization.

It is showed that GTS operation requires ba-
lancing with the criteria of aging and physical de-
terioration, which can cause possible significant
accidents and technological failures.

While developing the relevant measures for
obtaining necessary efficiency of GTS operation
authors emphasize on incorporating the technical
efficiency of standardization, which can be achie-
ved by implementing relevant standards with high
safety and reliability indicators.

It can be concluded that the increase in the
costs of implementing new TDC standards leads
to the significant gain in the efficiency of the GTS
operation, and also increases the funding for emer-
gency response financing, which in time tends to
decrease.

The results of the calculations also confirm the
adequacy of the developed model (1) for assessing
therelationshipbetweenthecostsofimplementing
new TDC standards, the costs for elimination of
emergency situations consequences and the effi-
ciency of the elements of the Ukrainian GTS.
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BUBYEHHS BIIVIMBY HOBUX CTAHIAPTIB
3 TEXHIYHOT JITATHOCTUKY 1 KOHTPOJTIO
HA EOEKTUBHICTb TASBOTPAHCIIOPTHOI CUCTEMU

Beryn. Yipaincska razorpancrnioptaa cuctema (I'TC), gk ckmamoBa Bchoro HahTOrazoBoro KOMILIEKCY, Bilirpae Bax-
JIUBY POJIb Y eHepreTuuHii Gesneri aepsxasu. Ilutanus sabesedenns pobotu Ta TexHiunoro obenyropysantus ['TC, Bpa-
XOBYIOUH TIPOIIECH CTApiHHSA Ta (Gi3UYHOTO 3HOCY CUCTEMHU, HACBOTO/HI € AKTYaJIbHUMH.

IIpo6aemaTuka. Bei HOBOBBeIEHHST Ta TEXHOJIOTIUHI A0CATHEHH, BpoBa/KeHi B I'TC, HeMOKIMBI 6e3 IeTaqbHOTO
BUBYEHHS IUTaHb IPoayKTuBHOCTI 00’€kTiB ['TC, BUTpar Ha BIPOBajZKEHHSI HOBUX CTAHIAPTIB, & TAKOK BUTPAT HA YCYHEHHSI
HACJIi/IKiB HA/I3BUYAITHIX CUTYAITill.
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Mera. OtiHioBaHHs Ta aHaI3 TaHUX 010 eheKTHBHOCTI poboTn yrpainchkol ['TC yepes BIPoBa/UKeHHs CTaHAaPTIB
3 Texiunoro giarnocryBann i kontposio (T/IK), o cyrreBo Brimmsae na dynkiionysanns exementis ['TC.

Marepianu i metoau. [liisi ananizy o6paHO MateMaTHUYHy MOJIEIb, IO J03BOJISIE BUSHAYMTH SIKICHY 3aJICKHICTD MisK
npoaykrusHictio 06’exkris [TC, BuTparamMn Ha BOPOBaKeHHs HOBUX cTanaaptis 3 TK Ta BuTpataMu Ha yCyHEHHS
HACJI/IKIB €KOHOMIYHOT0, €KOJIOTTYHOTO Ta iHmoro xapakrepy. [l omiHKN MPakTUYHOTO BUKOPUCTAHHS 3aIPOIIOHOBAHOI
MO/IeJIi 3aCTOCOBAHO METO/IM €KCIIEPTHOTO OIIHIOBAHH Ta Yicesbi Mmetoau Pynre-KyTra.

Pesyabratu. Edexrusnicts pobotu I'TC, BifnoBiaHO 10 HaBeeHOT MO, 3aI€KUTh TAKOXK Bi/Jl BUTPAT Ha BIPOBA-
okeHHs ctanzapTie. Cepen mepeBar miIBUIIEHHS BUAATKIB HA CTAHAAPTH € 3POCTAHHS ob6cariB (hinancyBannsa Ha BUTIAZIOK
HA/I3BUYAHNX CUTYAIlil, 110 Ma€ TeHEHIIIO 10 3MEHIIIeHH y yaci. Pe3ysmsraT po3paxyHKy MoKa3ain afieKBaTHICTh 3aIpo-
MOHOBAHOI MOJIeJIi eKCIIEPTHOTO OLIHIOBAHHS 11010 00’€KTUBHOCTI, HEYIEPEIKEHOCTI Ta Y3TOIPKEHOCTI [yMOK eKCIIEPTIB.

BucnoBkH. 3acTocyBanis KOMIICKCHOI MAaTEMaTHUYHOI MOJIEJI /IO3BOJISIE OTPUMATH SIKICHY KapTHUHY B3a€EMO3B’S3KiB
MiK 0OpaHIMI XapaKTEPUCTUKAMU. 3aTpOTIOHOBAHO HOBUH T/IXi/ 10 aHAII3Y AaHUX MO0 eeKTUBHOCTI ykpainchkoi [ TC
yepes 3aCTOCYBaHHs MeXaHi3My BHECEHHS HOBHMX 3aJIEKHOCTEH MiK 3aTpataMy Ha BIIPOBA/PKEHHS HOBUX CTAHIAPTIB Ta
3aTpaTaMy Ha JIKBI/JaIlil0 MOJKJINBIX aBapifHUX CUTYaITill.

Kntouosi cnosa: eheKTHBHICTD, Ta30TPAHCIIOPTHA CUCTEMA, MaTEMATHYHA MOJIEJIb, TEXHIYHE JIarHOCTYBAHHS, CTAH/APT.
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N3YYEHUME BJIVMAHNA HOBbIX CTAHAAPTOB
[0 TEXHUYECKOW IUATHOCTUKE U KOHTPOJIIO
HA DODOEKTUBHOCTb TASBOTPAHCIIOPTHOM CUCTEMBbI

Beaenue. Ykpaunckas razorpancrnioptHas cuctema (I'TC), kak cocrapisiiomas Bcero HedTerazoBoro KOMILIEKCa,
UTPAET BaXKHYIO POJb B 9HEPreTHYECKOT Ge30macHoCTH rocyapeTa. Bompoc obecriederst paboThl 1 TEXHUYECKOTO 00-
cayxuBanus ['TC, yanTsiBas potiecchl cTaperns u (U3nIecKoro M3HOCA CUCTEMBI, HA CETOHSIIHUI IEHb aKTYaJIbHBL

IIpoGremaTuka. Bee HOBOBBEZICHUS U TEXHOIOTHYECKE I0CTIReHNS, BHeApeHHble B ['TC, HeBO3MOKHBI G€3 IeTaTbHOTO
M3YYeHUsI BOIIPOCOB TpousBoauTeabioct 06bekToB ['TC, 3arpar Ha BHEJPEHNE HOBBIX CTAHAAPTOB, @ TAKKE PACXOJIOB Ha
yCTpaHeHNe TMOCTeICTBUIN Ype3BbIYaiHbIX CUTYAITHI.

Ilens. OrneHka u aHaau3 AaHHBIX 00 3dderTuBHOCTH paboThl ykpanHckoit ['TC uepes BHeApEHUE CTAHAAPTOB IO
TeXHIYeCKOMY auarnoctupoBanuio n KoHTposs (T/IK), uto cymectBenno BanseT Ha pyHKIMoHNpoBanue agemenToB ['TC.

Marepuasinl 1 MeTO/bl. /{1 aHaM3a UCIONb30BAIN MATEMATUYCCKYIO MOJIE/Ib, TI03BOJISIONIYIO OIIPE/IE/INTh KadecT-
BEHHYTO 3aBUCHMOCTH MEKIY TIPOM3BOANTENLHOCTEIO 00hekToB I'TC, 3aTpaTamu Ha BHeapeHre HOBBIX cTanaaptoB T/IK u
pacxojiaMu Ha yCTpaHEHHE TTOCJIEACTBUI 9KOHOMUUYECKOT0, 9KOJIOTHYECKOTO 1 MHOro Xapakrepa. [l oleHKH 1pakTuyec-
KOTO MCITOTh30BAHMS MPEJIOKEHHON MO/IESIN TIPIMEHEHBI METO/bI AKCTIEPTHOTO OIEHUBAHUS U YICICHHBIE METObI PyH-
re-KyTta.

Pesyabratbl. Ddexrusrocts paborbl ['TC, coryacHo NPUBEAEHHON MOAEIIH, 3aBUCUT OT 3aTpaT Ha BHEAPEHUE CTaH-
naptoB. Cpefin TPENMYIIECTB TTOBBIIIEHNsT PACXOIOB Ha CTAHAAPTHI ABJISIETCST POCT 00HeMOB (GMHAHCHPOBAHMS HA CJIydail
Ype3BBIUYAHBIX CUTYAIINI, UMEIOTINH TeHAEHIINIO K YMEHBIIIeHITO BO BpeMeHH. Pe3y ibTaTel pacueTa oKa3aau afleKBaTHOCTD
MPEIOKEHHOIN MOJIEJTH 9KCTIEPTHOM OI[EHKH 00BEKTHBHOCTH, OECITPUCTPACTHOCTH U COTJIACOBAHHOCTH MHEHUIT 9KCTIEPTOB.

BoiBogpl. [IprMeHenne KOMIIIEKCHOM MaTeMaTHIeCKON MOJIENH TTO3BOJISIET TTOTYINTh KaUeCTBEeHHYTO KapTUHY B3anMO-
cBsi3eil Mexly M30paHHBIMU XapaKTepUuCTUKaMu. 1Ipe/siokeH HOBBIN MOAXO0/ K aHAMM3Y JAaHHBIX 00 3 (hEKTUBHOCTH YK-
pauHckoii I'TC myTem nmprMeHeHNsT MeXaHN3Ma BHECEHUST HOBBIX 3aBUCHMOCTEH MEKIY 3aTpaTaMW Ha BHEpPEHVEe HOBBIX
CTaH/IaPTOB U 3aTPaTaM Ha JTUKBUAAIINIO BO3MOKHBIX aBAaPUITHBIX CUTYAINH.

Knwuesvie crosa: a3hhekTUBHOCTD, ra30TPAHCIIOPTHASI CUCTEMA, MATEMATUYECKAsT MO/IE/Ib, TEXHUYECKOE TUATHOCTU-
pOBaHUe, CTAHIAPT.
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