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Busnauenns noxaznuxa 0ns OUiHKU ePeKmusHOCHI CUCTEMHUX
onepauiii € HAUBANCUCTUUM eMaANOM Ol ONMUMIZAUTT MEXHOJL0-
2ivHux npouecis 0Ydv-aK020 nionpuemcmea. Ileii xpox 3ymoeaoe
cmanuil pesxcum QYHKUIOHYSAHHS BCIX 1020 CUCMEMHUX NPOUECIS.

Te, wo 6ci 6e3 euUHAMKY MEXHON02IMHI NPOUECU NOBUHHI Oymu
ONMUMI306aHI 3 GUKOPUCIAHHAM Y3200MCEH020 KpUmepito onmu-
Mmizauii, € axciomotro. Ilpu ybomy maxa moxcausicnmo 3abdesnery-
€MbCS MINLKU 6 00HOMY BUNAOKY — AKUO Y 6CIX PYHKUIOHATLHUX
cucmemax 6 AKOCMi Kpumepito onmumizayii 6UKOPUCMOBYEMbCS
dopmyaa edpexmuenocmi. Came maxuil nioxio zadesneuye max-
cumizauito Qinancoeux MojicauU8ocmell 6J1ACHUKA NiONpuemMcmea.

IIpoonema nonseac 6 momy, wo6 ceped Ge3nivi oUiHOUHUX
noKasnuxis, 00Haxoeux 3a popmanrvhumu o3naxamu, i0ewmu-
Qixyeamu maxy cmpyxmypy, saxa éionosioae cmpyxmypi opuei-
HavHoi popmyau epexmusnocmi.

s npaxmuunozo eupiwenns upo20 3a60anns 6 0aHull 4ac
6U3HAYMEHI KILACU eMATOHHUX MOoOelell onepauii, KoNceH 3 AKUX
Mae ce0to pynxuionanviy cnpamosanicmo. Ilpu ybomy naiidinow
PO3POOIEHUMU € KIAACU eMATIOHHUX MOOeel NPOCMUX onepaii.

Ilo sionowennio 0o xnacie emanonnux mooeJeil onepauii
3 po3nodinenumu napamempamu, 3adaua supiwena 01 onepa-
UIUHUX NPOYECie 3 00HAK06010 MPUBAICIIO 8 UACT, A MAKONC O
npouecis, 3 pizHor0 mpusanicmio pecypcosiooa4i no euxooy.

Y npononosaniii poomi eusznauaemvcs oomedxncenul xKnac
Modeieil onepauiii 3 po3noodijeHuMu napamempamu piznoi mpu-
eanocmi no 6xody. Cmeopenns maxozo xaacy onepauii € 0ocumso
CKAAOHUM 3A80AHHAM, OCKLIbKU Heo0XiOHO épaxosyeamu gak-
mop uacy i 3ade3nenyeamu MONCIUBICMb 3ICMABIEHHS Onepauiii-
HUX NPOUeCie pPi3Hoi mpueaiocni.

s eupimenns yboz0 3asdanns, Ha nepwomy emani, Oyau
copmosani enobanvri modeni npocmux onepauii piznoi mpuea-
Jlocmi 3 6u3Hauenoro pelimuneosoi egpexmuenicmio. Ha nacmyn-
HOMY emani, WASAXOM KOMNO3UYTE, POPMYEAUCS emaLOHHI MOOe-
Jii onepauiii 3 po3noodienumu napamempamu wooo UX00y pizHoi
mpueanocmi.

Poszsumox memooy eepupixauii, 3a paxynox eusnauen-
Hsl KJlacy onepayiil 3 po3noodileHuUMU napamempam no 6xooy
pi3noi mpueanocmi y uaci, icmomio nidsuwye HaoiiHicmob
i docmogipnicmo pe3yivmamis éepuixayii ouinouHo20 noxas-
nuxa. Ipoyedypy eepudpixauii neoo6xiono nposodumu ons Kkpu-
mepito aKwo nepeddauacmocs oz0 BUKOPUCMOBYBEAMU 6 AKOC-
mi noxaznuxa epexmugnocmi

Knmouosi cnoea: eepuixauis oyinounozo noxasuuxa, one-
pauia 3 po3nodienumMu napamempamu, Kaiac onepayii, memoo
sepuixauii

0 0

1. Introduction

A basis of the principle of operation of any enterprise is the
execution of system operations. The task of system manage-
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ment is to determine parameters of operations, which provide
results of system functioning maximally coordinated with the
purpose of its owner [1, 2]. In turn, the aim of an owner of an
enterprise is to maximize its investment opportunities [3].




We need an indicator, which could play a role of a system
optimization criterion to orientate operation of a managed sys-
tem to maximization of investment opportunities of an owner.

We understand intuitively that such a criterion should
reflect an objective cybernetic law. Researchers defined the
law as a «resource use efficiency indicator» [4] or simply «an
indicator of effectiveness».

After this time point, investigators divided tasks related
to an efficiency indicator into two categories — tasks for de-
velopment of an efficiency formula [5-7] and tasks for its ve-
rification: «Engineers, researchers, economists and designers
continuously offer news universal, accurate and clear» objec-
tive functions. In 1967, one of authors managed to collect over
one hundred criteria for optimization of separation processes.
After the classification, researchers found out that there is no
universal criterion, and selection of an optimization criterion
or a criterion of efficiency of a process is not a simple task» [8].

Obviously, there is only one best option among numerous
alternative options for performance of operations. This means
that a use of an arbitrarily chosen indicator as an efficiency
formula leads to irreversible losses in growth rates of invest-
ment opportunities.

Therefore, it is necessary to verify one or another estima-
tion indicator as an optimization criterion for adequacy with
respect to the original efficiency formula before using it.

It is necessary that reference classes of identified models
overlap a set of variable parameters of operations under in-
vestigation for reliable verification. Therefore, an extension
of classes of reference models of operations is an important
scientific task.

2. Literature review and problem statement

Numerous publications, studies and discussions related
to development and use of an efficiency indicator prove the
relevance of the topic of verification of indicators proposed
by authors as an optimization criterion. In many respects this
is because of lack of an established definition of «efficiency»
category [9, 10]. Such situation leads to a use of a variety of
technical and technical-and-economic indicators. Researchers
try to make judgments about effectiveness of operational pro-
cesses and to establish ratings for them using these indicators.

Lack of proper attention to reliability of results of identi-
fication of operations and results of optimization contributed
to creation of a kind of «industry» for development of esti-
mation indicators.

Thus, there is an attempt to rank efficiency of operations
with a use of an «energy efficiency» indicator in paper [11].
Authors of work [12] associate «efficiency» with «reliability».
Authors of paper [13] use a «filling criterion» to rank opera-
tions for the purpose of making a decision, and authors of
a paper [14] — a «prediction errors>. Work [15] proposes to use
a value of the minimum deviation from a given trajectory of
motion as an optimization criterion, work [16] — a «global opti-
mality criterion», and work [17] — to use «technical efficiency».

There is a continuous intensive research related to de-
termination of energy efficiency [18]. The approach seems to
be universal; however, such works do not take into account
wear of a controlled system and a value of an output product
of an operation.

Traditionally, there are a lot of published works where
minimum of costs is an optimization criterion [19] or aggre-
gation of costs with parameters obtained by scaling additio-

nal criteria [20]. As in the case with energy efficiency, ex-
penses do not include wear costs, which leads to a shift in
the extremum of an objective function from the point of
minimum valuation of input products of an operation.

Paper [21] proposes to use a generalized indicator as an
optimization criterion. We can form it with a use of extre-
mums of significant integral indicators.

This approach leads to the synthesis of criteria with pa-
rameters with disparate units of measurement.

In work [22], selection of an operational process goes with
a use of a technical- and-economic indicator. As in the case
with generalized integral criteria, we can form such indicators
are by aggregation of indicators with disparate parameters.

There are methods of proactive management used as one
of the approaches to improvement of efficiency in paper [23].
It is obvious that the choice of a preemptive model, in turn,
requires solution of the problem of structural optimization
with a use of an efficiency criterion.

The presence of a large number of estimation indicators
reflects lack of a systematic approach to development of op-
timization and verification criteria. On the other hand, the
task of estimation of effectiveness of an operational process
and verification of estimation indicators is a direct task of
investigation of operations.

There was some progress in this direction after creation of
a cybernetic model of a technological operation [24]. The next
step was to determine formal features of an effectiveness for-
mula [25] and a series of studies aimed at verification of eva-
luation indicators corresponding to characteristics [26-31].

Authors of work [26] established that we can represent
a research model of any technological operation in the form
of classified sets of input and output products (Fig. 1).
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Fig. 1. Cybernetic single-product model of technological
operation: CMO — cybernetic model of operation; rp —
product of a directed impact; r» — energy product; rs— input
system product; pg — main product; pco — accompanying
product; pgy — by-product; ps —output system product

On the other hand, we can always transform a research
model of an operation to the form of a global operation model
in the form of a two or a triple [26] (Fig. 2).

The use of parameters-indicators of the global model of
asimple operation gives possibility to make a judgment about
rating effectiveness of operations in a number of cases [27].

We obtained such possibility as a result of definition
of six classes of reference models of simple operations. The
developed classes make possible to estimate sensitivity of
indicators corresponding to changes in terms of input of an
operation and in output of an operation, and relative capabi-
lities of a verified indicator, to evaluate an influence of a time
factor and prognostic capabilities.

Authors of paper [26] suggested a hypothesis that a formal
sign of the efficiency formula for estimation of global ope-
rations with distributed parameters is a presence of second
integrals of re(¢) and pe(t) integral functions in the formula.
Paper [28] proved this statement mathematically.
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Fig. 2. Transformation of the data of the cybernetic
operation model into the data of the global operation model:
rqp(t) is the registration signal of a product of directed
impact; rgp(t) is the registration signal of an energy product;
rqgs(t) is the registration signal of an input system product;
pgs(t) is the registration signal of a main product; pgs(t) is
the registration signal of an output system product; rspis
the cost estimation of a product unit of a directed impact;
rspis the cost estimation of a unit of energy product;
rssis the cost estimation of a functional system; psgis the
cost estimation of a unit of a main product; pssis the cost
estimation of an output functional system; rep(t) is the
reduced signal of registration of a product of a directed
impact; rep(t) is the reduced signal of registration of an
energy product; res(t) is the reduced signal of registration
of an input system product; peg(t) is the reduced signal of
registration of a main product; pes(t) is the reduced signal of
registration of an output system product; re(t) is the reduced
input function; pe(t) is the reduced output function; RE is the
integral estimation of input products of an operation;
PE is the integral estimation of output products of an
operation; 7O is operation time

There is a class of reference models of operations with
predetermined efficiency defined based on the study of
synchronized models of operational processes in work [29].
And authors of work [30] determined limitations of the
possibility to use direct methods for estimation of efficiency
with a use of mathematical modeling techniques based on the
results of the study.

Authors of paper [31] defined a class of reference models
of operations with distributed parameters in output and with
different duration in time.

In other words, now there is no class of reference ope-
ration models that give possibility to verify estimation in-
dicators regarding their ability to identify operations with
distributed parameters in terms of input and with different
duration in time.

For example, the vast majority of logistics operations
have a time-distributed character of movement of input
products, and alternative logistic operations, as a rule, have
different duration in time.

Therefore, definition of a class of reference models of
operations with distributed parameters in terms of input of
different duration is an important scientific task.

3. The aim and objectives of the study

The objective of the study is to define a reference class of
global models of test operations with distributed parameters
in terms of input of different duration for increasing accuracy
of verification of an efficiency formula.

We set the following tasks to achieve the objective:

— to define rules for the formation of a limited class of
global models of operations with distributed parameters by
input and predetermined rating efficiency;

— to develop a method for the formation of a limited class
of global models of operations with distributed parameters in
terms of input of different duration and predetermined rating
effectiveness;

—to conduct a test study of investigation of estimation
indicator verified on previously developed classes of opera-
tion models using the developed class of models.

4. 1. Determination of operations with a discretely ra-
tioned character of distribution of products in terms of input

As we already noted, it is possible to represent any
technological operation as a two (re(t), pe(t)) or a triple
(RE, TO, PE).

The representation of an operation in the form of a triple
(RE, TO, PE) is convenient because it is convenient to visua-
lize such a global operation model by presentation of it in the
form of a marked arrow-vector (Fig. 3).

|RE PE.
| >

TO
- >
Fig. 3. Graphical representation of a simple global model
of an operation under investigation

We consider format operations (re(t), pe(t)) as ope-
rations with discrete-rationed character of distribution of
input and output products of the investigated operation of
(re[n], pe[n]) type in this study.

We define operations with distributed parameters in
terms of input among the class of operations models of
(re[n], pe[n]) format. We assume that input products enter
an entry of an operation not simultaneously in such models,
and output products emerge at an output of an operation at
discrete moments of time simultaneously. In this case, we can
consider the operation with distributed parameters in terms
of input as a model with a rationed supply of input products.

Fig. 4 shows the model with two-portioned supply of
input products.

'

| RE, \RE, PE

I 1

Fig. 4. A discrete operation model with a discrete-portioned
character of distribution of its products in terms of input

The advantage of representation of an operation in a dis-
crete-portioned form opens up the possibility of its decompo-
sition into a set of simple operation models, and, accordingly,
for performance of a composition operation.



The possibility of decomposition gives possibility to use
the theoretical apparatus created for the study of simple
models of global operations. After imposition of a number of
restrictions on methods of composition, it becomes possible to
create classes of reference models of operations with distribut-
ed parameters ranked according to their rating effectiveness.

Since we are talking about models with a discrete-por-
tioned character of product distribution, we consider deter-
mination of ¢, and 7, time moments as equivalent ones.

We define an operation with discretely distributed charac-
ter of input products by composition of global models of simple
operations of different duration synchronized at the moment
of their completion. In this case, the expert estimation of an
output product of an operation is equal to the sum of expert es-
timates of models of simple composition operations. Moments
of time and values of expert estimates of input products cor-
respond to time moments and values of corresponding input
products of models of simple composition operations (Fig. 5).

We take the following statement as a postulate.

If the rating efficiency (RE) of each simple operation of A
composition is not lower than any RE of any operation of B
composition, and at least one of operations of A composition
has higher RE comparing to at least one of operations of B
composition, then RE of A composition is higher than RE of
B composition.

We take the following initial data (RE, &, t,, TO) to de-
termine the rule for formation of models of operations with
different RE.

Authors of work [29] established that a simple A oper-
ation with RE,=RE, TO,=TO and PE,=kRE parameters
is always less efficient than B operation with REp=RE,
TOp=2-TO and PEB=Fk?RE parameters. This is because of the
fact that we cannot transfer an output product of A; opera-
tion to an entry of Ay operation without additional costs AR
(Fig. 6) within A;1A, operational process (Fig. 6).

However, since #*RE result delivered by A, operation is
equivalent to the result of B operation, then the efficiency of
Ay operation is higher than the efficiency of B operation. This
statement follows logically from the fact that the efficiency of
Ay operation is less than the efficiency of B operation.

Since the effectiveness of A; operation is less than the
efficiency of B operation, only more effective operation is able
to provide the same result as for B operation at ¢, time.

We can see from Fig. 6 that the value of the input product
of Ay operation is higher than the value of the output product
of Ay operation by an amount AR, despite the fact that they
are equivalent algebraically.

|RE, PE,
! 7
trl p
RE, PE,
%3 tP
Composition

IREI IﬁlEz PE
I %3 tp

Fig. 5. Formation of a global operation model with
distributed parameters in terms of input in the form
of a composition with a use of two initial simple models
of operations with different duration
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Fig. 6. Clarification of the reason for lower rating
effectiveness of Ay operation comparing with
B operation

We define the rule for formation of operations of different
duration with equal value estimates of output products and
predefined rating efficiency for the case when operation time
is a multiple of two. Formed operations end simultaneously.

We take the following data set (RE, &, t,, TO) as the ini-
tial data. Table 1 presents the rules for formation of simple
models of operations with a predetermined rating efficiency.

Table 1

Initial data and the rule for formation of models
of simple operations of different duration with
a predetermined efficiency

Initial data Class. of Ra‘Flng Rule
operations | efficiency
9 RE,=RE, PE,=F-RE,
RE,TO, k,t, tra=ty, tya=t,+2-TO
RE;TO}eQ'| OFPRE ,
{ . }EQ . REy=Fk-RE, PEg = RE,
e(1;2] typ=t+TO0, t,p=1,+2TO

Here, OPRE is the class of operations with predeter-
mined rating efficiency.

Accordingly, it is possible to form C operation twice as
long and less effective comparing to B operation, which ends
simultaneously with it.

For operations A, B and C (Fig. 7), taking into account
the notations of the initial data set, we obtain:

t=t,, REc=RE, TO¢=4TO, PEc =k*RE;
t,5=t,+2-TO, REg=k-RE, TOp=2-TO, PEy=k*RE:
t,a=t,+3-TO, RE,=k*RE, TO,=TO, PE,=k*RE.

We use the possibility of composition and form two global
models of the operation with distributed parameters in terms
of input (Fig. 8).

The model of the composition operation ¥(B, C) is the re-
sult of the composition of C and B operations, and the model
of the composition operation ‘P(A, B) is the composition of B
and A operations.

Since RE of C operation is lower than RE of B operation,
and RE of B operation is lower than RE of A operation, then
RE of operation of W(B,C) composition is lower than RE of
operation of (A, B) composition. This is because of the fact
that W(A, B) and W¥(B,C) operations include B operation.
Therefore, the ratio of ratings of C and A operations deter-
mine RE of the composition operations.
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Fig. 7. Definition of simple models of global operations of different duration with predetermined rating efficiency
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Fig. 8. Reference models of operations with distributed parameters in terms of input with different duration
and predetermined rating efficiency

Such approach makes it possible to create refe- ¥(B.C)
rence classes of global models of operations with 1 1’ 21 293
distributed parameters in terms of input and with I = : >
redetermined rating efficiency.
P 6 ¥ . 2-T0 e 2:7T0 .
4. 2. Development of a method for determina- i =1 a
tion of global models of operations with distributed
parameters in terms of input \P(A’B )
1. The first stage of the method for construction L2l g 133 2'9i
of reference models of operations of different dura- ' '
tion with distributed parameters in terms of input is e IO pe TO
determination of parameters of the set of initial data ty=3 f =5
(RE>0,k>1,t,20, TO>0). b p

For example, we assume that RE=1; k=1.1; ¢,=0;
TO=1.

2. The second stage we determine parameters
of three models of simple operations A, B and C
of different duration with predetermined rating
efficiency.

Then

t=t,=0, REc=RE=1, TOc=4-TO=4, PEc=F>RE=1.331;

typ=t,+2-TO=2, REg=k-RE=1.1,
TOB:2'TO:2, PEBIkB'REZ 1331,

t=t,+3-TO=3, RE\=k> RE=1.21, TO4,=TO=1,
PE,=k*-RE=1.331 (Fig. 9).

3. At the third stage, we perform the composition of B, C
and A, B operations (Fig. 9).

The efficiency of A operation is higher than the efficiency
of B operation, and the efficiency of B operation is higher
than the efficiency of C operation. Therefore, ¥(A, B) com-
position operation has the higher rating efficiency comparing
to W(B,C) composition operation.

Fig. 9. Reference models of operations of different duration with
parameters distributed in terms of input: @ — basic operation;

b — operation with predetermined higher efficiency

4. 3. Testing of an estimation indicator with the use of
operations of the developed class

We use the models of the created reference opera-
tions (Fig.9) to study capabilities of the indicator of the
form Q=/f(re(t), pe(t)) verified on two classes of synchro-
nized operations with distributed parameters [28, 31]:

I[J {I pe(t)dt - jre(t)dt]dt]dt

t t I

de - j[j. pe(t)dt)dt] de¢

to \

a Lll
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t ] t

t

fre(t)dt
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where t, is the moment of logical completion of an operation,
we can determine it on the basis of equality conditions for
functions [26]:

t

J
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t

_[re(t)dt

)

de = j(jpe(t)dt]dt; ty=t,+1.

to \ to



We use a specially developed software product [32] to
quantify the value of E indicator E.

To do this, we introduce the values t4=1 and ¢»=3 in
the «Time» section of the «Expenses/Costs» module, and the
values RE;=1and RE»,=1.21 in the «Sum» section of the same
module by sequentially pressing the «Insert Record» button.

We enter data related to the output product (¢,=5;
PE=2093) into the sections in the corresponding areas of
the «Results» module (Fig. 10).

There is ¥(B,C) operation model displayed in a tabular
form and the results of calculation of EE, Res and E indicators
of the operation under study in the «Indicators» section.

Fig. 11 shows the program interface with input and out-
put data for the operation.

It is clear from the results of the efficiency estimation
(Fig. 10, 11) that the value of Egc=0.00923 is less than the
value of E45=0.00952. This means that E indicator passed the
next stage of testing successfully.

3. Discussion of research results related to development
of the method of verification of the effectiveness formula

The essence of the scientific results obtained in the study
consists in determination of the method for formation of
a class of test reference operations with input parameters
distributed in terms of input. The class serves to verify esti-
mation indicators in relation with their ability to assess the
effectiveness of operational processes adequately.

The base of the idea of the study is a use of the axiom,
according to which the transfer of resources from an output
of a previous operation to an input of a subsequent operation
cannot pass without material losses, which in turn have
a non-zero value.

The use of a composition of operations of different du-
ration synchronized by an output gives possibility to create
models of test operations with distributed parameters in
terms of input and for different duration.

It is possible to obtain such a
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with parameters [[RE4=(k-RE+ARE),
TO,=TO; PE,=Fk*RE] is equiva-
lent to the longer B operation with
the parameters [ REg=RE; TO3=2TO,
PE, =k*>RE] by efficiency only if
ARE>0).

Since the composition includes

the short with the parameter ARE=0,
A operation is more efficient than
B operation.
293 As aresult, we obtain that the test
operation based on shorter operations
is more effective than the test opera-
tion based on longer operations.

The base of novelty of the pro-
posed method is a new scientific
position according to which, of two
A and B operations with parameters

Indicators

‘

Operation
Time |Re |pe
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Fig. 10. Software interface with the results of input and output of ¥(B, C)

operation data ¥

[RE =k-RE; TO4,=TO; PE =k*RE];
[REz=RE; TOp=2TO; PE,=k*RE]
synchronized by an output, A opera-
tion is more efficient.

The advantage of the study is the

creation of a new class of test opera-
tions with distributed parameters in
terms of input, which gives a possi-
bility to improve reliability of verifi-
cation of a class of estimation indica-
tors oriented to operational processes
with distributed parameters.

The disadvantage of the method
11 is that a composition operation in-
133 volves a use of models of simple ope-

293 rations with multiple time intervals
and equivalent output parameters of
operations.

Restrictions on creation of a class
of test operation models relate to
the use of a rigid algorithm used to
formulate parameters of composition
operations. Based on the proposed
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2 4 133
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= Delete Record == [elete Record
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A

method, we can create operations

Fig. 11. Software interface with the results of input and output

of operation data ¥(A, B)

only with discrete evenly distributed
parameters in terms of input.



The development of the proposed method expanded ve-
rification capabilities for a class of estimation indicators with
structure based on a use of two parameters (re(t), pe(t)).

An extension of the class of models of test operations can
go in the direction of creation of models of test operations
with nonlinearly distributed parameters, as well as conti-
nuous (non-discrete) models of operations.

On the other hand, there is a need for studies that would
justify expediency of further expansion of the classes of test
operations.

6. Conclusions

1. We defined rules for the formation of a limited class of
global models of operations of different duration with distri-
buted parameters in terms of input and predetermined rating
efficiency. The development of rules for the formation of
a new class of reference operations makes it possible to
formalize and automate the procedure for creation of them.
In turn, automation of the verification method increases

productivity and efficiency of the procedure for synthesizing
a structure of functional systems.

2. We developed the method for the formation of a new
class of reference operation models. A feature of the new class
is a distributed character of parameters of operations in terms
of input and a predetermined value of their rating efficiency.
The test result is positive if the rating of operations obtained
using the verified expression coincides with the predefined
rating of test operations. As a result, reliability of the verifi-
cation method increases due to expansion of the number of
classes of models of reference operations.

3. We tested the estimation with a structure based on
the two of parameters (re(t), pe(t)) using the new class of
reference models of operations with distributed parameters
in terms of input and different duration in time. At the
same time, we obtained a higher value of the estimation
indicator as a result of the estimation of the short operation,
with respect to the results of the estimation of a longer ope-
ration. This indicates that the tested indicator estimated
operations correctly in relation to the predetermined rating
of efficiency.

References

~w h o~

Lee T. H., Adams G. E., Gaines W. M. Computer process control: Modeling and Optimization. John Wiley & Sons, 1968. 386 p.
Bennet S. A History of Control Engineering 1800—1930. The Institution of Engineering and Technology, 2008. 214 p.
Peters T. J., Waterman R. H. In search of excellence (lessons from America’s best-run companies). Harper & Row, 1982. 400 p.

Bergmann A., Giinther E., Kara S. Resource Efficiency and an Integral Framework for Performance Measurement // Sustainable

Development. 2017. Vol. 25, Issue 2. P. 150—165. doi: https://doi.org/10.1002/sd.1669

5. WuY, Cheng T. C. E. Henig efficiency of a multi-criterion supply-demand network equilibrium model // Journal of Industrial and
Management Optimization. 2006. Vol. 2, Issue 3. P. 269—-286. doi: https://doi.org/10.3934/jim0.2006.2.269

6. Korotkevich L. M., Barsukov A. A. Added value as efficiency criterion for industrial production process // Science & Technique.
2016. Vol. 15, Issue 6. P. 536—545. doi: https://doi.org/10.21122/2227-1031-2016-15-6-536-545
Liberti L. Problems and exercises in Operations Research. Ecole Polytechnique, 2006. 128 p.

Barskiy L. A., Kozin V. Z. Sistemniy analiz v obogashchenii poleznyh iskopaemyh. Moscow: Nedra, 1978. 486 p.

Ivanov A. A. Genezis ponyatiya effektivnosti v svete obshchestvenno-ekonomicheskih transformaciy // Vestnik Omskogo Univer-
siteta. Seriya: Ekonomika. 2015. Issue 4. P. 29-37.

10. Evdokimova T. V. Analiz genezisa teoreticheskih podhodov k ponyatiyu i ocenke effektivnosti // Vestnik Tomskogo gosudarstven-
nogo universiteta. Ekonomika. 2013. Issue 3 (23). P. 22-27.

11.  Struchkov I. A., Roschin P. V. Energy efficiency challenge of waxy oil production by electric submersible pumps // Resource-Effi-
cient Technologies. 2017. Vol. 3, Issue 2. P. 194-197. doi: https://doi.org/10.1016 /j.reffit.2017.04.003

12.  Optimization of the structure of multifunctional information systems according to the criterion of a required value of the efficiency
ratio / Anishchenka U. V., Kryuchkov A. N., Kul'bak L. I., Martinovich T. S. // Automatic Control and Computer Sciences. 2008.
Vol. 42, Tssue 4. P. 203—-209. doi: https://doi.org/10.3103/s0146411608040068

13. Miskowicz M. Efficiency of Event-Based Sampling According to Error Energy Criterion // Sensors. 2010. Vol. 10, Issue 3.
P. 2242-2261. doi: https://doi.org/10.3390,/5100302242

14. Cost function shaping of the output error criterion / Eckhard D., Bazanella A. S., Rojas C. R., Hjalmarsson H. // Automatica. 2017.
Vol. 76. P. 53-60. doi: https://doi.org/10.1016 /j.automatica.2016.10.015

15. Kantarelis T. D., Kantarelis D. In search of the criterion standard test in diagnostic testing // American Journal of Medical Re-
search. 2017. Vol. 4, Tssue 1. P. 118—140. doi: https://doi.org/10.22381/ajmr4120179

16. Stromberg E. A., Hooker A. C. The effect of using a robust optimality criterion in model based adaptive optimization // Journal
of Pharmacokinetics and Pharmacodynamics. 2017. Vol. 44, Issue 4. P. 317—324. doi: https://doi.org/10.1007 /s10928-017-9521-5

17. Lakner S., Brenes-Muifioz T., Briimmer B. Technical Efficiency in Chilean Agribusiness Industry: A Metafrontier Approach // Agri-
business. 2017. Vol. 33, Issue 3. P. 302-323. doi: https://doi.org/10.1002 /agr.21493

18. Reuter M., Patel M. K., Eichhammer W. Applying ex-post index decomposition analysis to primary energy consumption for eva-
luating progress towards European energy efficiency targets // Energy Efficiency. 2017. Vol. 10, Tssue 6. P. 1381-1400. doi: https://
doi.org/10.1007 /s12053-017-9527-2



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Pollini N., Lavan O., Amir O. Minimum-cost optimization of nonlinear fluid viscous dampers and their supporting members
for seismic retrofitting // Earthquake Engineering Structural Dynamics. 2017. Vol. 46, Issue 12. P. 1941-1961. doi: https://doi.org/
10.1002/eqe.2888

Engau A. Proper Efficiency and Tradeoffs in Multiple Criteria and Stochastic Optimization // Mathematics of Operations Research.
2017. Vol. 42, Tssue 1. P. 119—134. doi: https://doi.org/10.1287 /moor.2016.0796

Shiau A. C., Shiau T.-H., Wang Y.-L. Efficient absorbants in generalized de Bruijn digraphs // Discrete Optimization. 2017. Vol. 25,
Issue 25. P. 77-85. doi: https://doi.org/10.1016 /j.disopt.2017.01.005

Omelchenko I. N., Brom A. E., Sidelnikov 1. D. The criterion of supply chain efficiency and plotting the target function in tasks
of logistics optimization for complex equipment // Organizer of Production. 2017. Vol. 25, Issue 4. P. 83-91. doi: https://doi.org/
10.25065,/1810-4894-2017-25-4-83-91

Kilian A. Advanced Process Control for Maximum Resource Efficiency // Resource Efficiency of Processing Plants: Monitoring and
Improvement. Wiley, 2018. P. 239-263. doi: https://doi.org/10.1002,/9783527804153.ch10

Development of system operations models hierarchy on the aggregating sign of system mechanisms/ Lutsenko 1., Fomovskaya E.,
Vihrova E., Serdiuk O. // Eastern-European Journal of Enterprise Technologies. 2016. Vol. 3, Issue 2 (81). P. 39-46. doi: https://
doi.org/10.15587,/1729-4061.2016.71494

Formal signs determination of efficiency assessment indicators for the operation with the distributed parameters / Lutsenko 1.,
Fomovskaya E., Oksanych 1., Vikhrova E., Serdiuk O. // Eastern-European Journal of Enterprise Technologies. 2017. Vol. 1,
Issue 4 (85). P. 24-30. doi: https://doi.org/10.15587 /1729-4061.2017.91025

Lutsenko I. Definition of efficiency indicator and study of its main function as an optimization criterion // Eastern-European Jour-
nal of Enterprise Technologies. 2016. Vol. 6, Issue 2 (84). P. 24-32. doi: https://doi.org/10.15587/1729-4061.2016.85453
Development of the method for testing of efficiency criterion of models of simple target operations / Lutsenko I., Vihrova E., Fo-
movskaya E., Serduik O. // Eastern-European Journal of Enterprise Technologies. 2016. Vol. 2, Tssue 4 (80). P. 42—50. doi: https://
doi.org/10.15587/1729-4061.2016.66307

Development of criterion verification method for optimization of operational processes with the distributed parameters / Lu-
tsenko 1., Fomovskaya E., Oksanych 1., Serdiuk O. // Radio Electronics, Computer Science, Control. 2017. Issue 3. P. 161-174.
doi: https://doi.org/10.15588/1607-3274-2017-3-18

Lutsenko I. Development of a verification method of estimated indicators for their use as an optimization criterion / Lutsenko I., Fo-
movskaya E., Oksanych I, Koval S., Serdiuk O. // Eastern-European Journal of Enterprise Technologies. 2017. Vol. 2, Issue 4 (86).
P. 17-23. doi: https://doi.org/10.15587,/1729-4061.2017.95914

Development of the method for modeling operational processes for tasks related to decision making / Lutsenko I., Oksanych I.,
Shevchenko 1., Karabut N. // Eastern-European Journal of Enterprise Technologies. 2018. Vol. 2, Issue 4 (92). P. 26-32.
doi: https://doi.org/10.15587/1729-4061.2018.126446

Development of test operations with different duration in order to improve verification quality of effectiveness formula / Lutsenko 1.,
Fomovskaya O., Vihrova E., Serdiuk O., Fomovsky F // Eastern-European Journal of Enterprise Technologies. 2018. Vol. 1, Is-
sue 4 (91). P. 42-49. doi: https://doi.org/10.15587/1729-4061.2018.121810

Programma dlya rascheta effektivnosti operaciy. URL: https://ru.files.fm/f/m4848k6k



