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1. Introduction

Determination of the time of the actual completion of the
target operation [1] outlines the time range of the study, in
which data processing of the operation is carried out. This
processing is performed in order to obtain parameters that
allow to identify the investigated operation.

One of such basic traditional indicators are costs of
operation. The concept of “costs” is rather a tribute to
the influence of the accounting terms. This concept, for
lack of a suitable alternative, is widely used not only by
economists, but also specialists in technical systems, as well
as cyberneticists. For example, consumption, the need for
raw materials and costs of operation are generally considered
synonymous.

The difference between these concepts can be evaluated
if we turn to the field of management. For example, metal
scrap recycling operation is accompanied by energy product
consumption and requires processing a well-defined volume
of metal scrap. Energy product consumption depends on the
energy product feed intensity and is a management function.

However, when it comes to management and optimization,
a popular approach is the minimization of energy costs.
The question that the minimization of the energy product
consumption leads to a change in operation time and, as a
rule, to its significant delaying remains «behind the scenes».
At the same time, delaying of the operation is associated with
the unproductive use of the raw product, and the struggle for
minimum energy costs does not take into account this fact.

In this sense, the task of developing a fundamentally
different, cybernetic indicator, which allows to take
into account the influence of the change in the energy
product consumption, duration of binding raw products
of the operation on the operation time and effectiveness is
interesting. Since the operation is carried out in order to
obtain the result, but not with the purpose of saving energy
products.

2. Analysis of the literature data and problem statement

Cost reduction was and is today a very topical issue
[2]. Costs are controlled [3], optimized, reduced [4] and
saved [5].

At the same time, it is clear that costs or expenses is not
an independent indicator of the target operation, since two
operations, that have the same costs and different duration,
have different efficiency, and costs do not indicate this fact
without the use of additional indicators.

A similar problem occurs if two operations with similar
costs have different values added (profit). In this case,
profitability indicator, based on the costs is introduced, but
the time factor does not allow to consider this indicator as
an independent pointer to a more efficient operation. More
profitable, but durable operation may be less effective in
relation to the less profitable and less durable operation.

The above is true for problems with the Pareto
optimum [6].




In such circumstances, obtaining practically useful
result is usually achieved using mathematical modeling
methods in searching for the best solution [7].

3. Goal and objectives

The goal is to develop a fundamentally new indicator of
the target operation “complex costs (resource intensity)” and
obtain an expression for numerical and analytical determi-
nation of this new cybernetic category.

For this purpose, the following tasks were solved:

1. Determination of the value of resource consumption
at the time of the actual completion of the target operation;

2. Determination of the value of resource return at the
time of the actual completion of the target operation;

3. Determination of losses of management in the form of
a closed thread of mismatch of resource consumption and
resource return thread on the interval from the start of the
operation until the actual completion;

4. Determination of the complex losses of management
(resource intensity of the operation) in the form of the inte-
gral value of losses of management at the time of the actual
completion of the target operation.

4. Complex costs of the target operation

As was shown [1], any effective target operation begins
with the resource consumption process, passing in the re-
source return process. The resource consumption process can
be displayed as a closed thread of tight resources, and resource
return process - in the form of the target thread (Fig. 1).

The time of the actual completion of the operation
(MFZO) determines the time of compensation of the
resource consumption thread by the resource return thread
[8]. However, this compensation is carried out only in
magnitude. In time, (it can be clearly seen when considering
the thread of tight resources ibe(t) and the resulting thread
ide(t) ), these threads are spread over and, consequently,
at the MFZO there are irreplaceable system losses of
management.

These losses can be defined as the value of the integral
function of mismatch at the MFZO. That is, system losses of
management as a closed thread of the function of mismatch
dif(t) are determined by the difference of the integral
function of the thread of tight resources vbe(t) and integral
function of the resulting thread vde(t) on the interval
from the time of the start of the operation until the actual
completion (Fig. 1).

Equivalent approach is to determine the losses of
management by mismatching the integral function of the
resource consumption thread vre(t) and integral function
of the resource return thread vpe(t) on the interval from
the start of the operation until the actual completion.

Let us define the function of system losses of managee
ment on an example of the study of a simple operation, set in
the form of a tuple (RE =-2,t,=2 PE=4, t, = 8) .

1. We determine the MFZO from the expression

_PE-t,—[RE|-t,
* PE-|RE]
2. We introduce an auxiliary variable v and denote it as
ve [to;ta] .

20 s.

3. We build a model of the operation on the interval
[vo=tyv, =t,] (Fig. 2).

ire(v)= Jv’ re(v)dv, ipe(v)= 'V[ pe(v)dv .
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Fig. 1. Determination of system losses of management
using the deployed model of the operation ice (t): t, — the
time of the feed of input products of the operation; t, — the
time of the release of output products of the operation;
t; — the time of the physical completion of the target
operation; t, — the time of the actual completion of the
target operation
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Fig. 2 Determination of system losses of management using
the deployed model of the operation in the form of threads
ire (t) and ipe(p)

4. We form theintegral functions of resource consumption
and resource return threads on the interval [vo =t,;Vv, = ta]

(Fig. 2).

v

J re(v)dv

Vo

vre(v)= j

Vo

dv, vpe(v)= }U pe(v)dv]dv .

Vo \ Vo

5. We define losses of management as a closed thread
of mismatch on the interval from the start of the operation
until the actual completion (Fig. 3).

dv-— 'V[ ['V[ pe(v)dVJ dv.

Vo \ Vo

v

j re(v)dv

Vo

dif(v) = j

Vo

6. We determine the integral function of losses of
management (Fig. 4)
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Fig. 3 Uncompensated losses of management in the form of a
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Fig. 4 The function of change of complex losses of
management (resource intensity) of the target operation

The value of the resource intensity of the target opera-
tion is numerically equal to the value of the function r(v) at
the point of MFZO. Therefore, the expression for determin-
ing resource intensity will be of the form

S

to| Vo

.\f re(v)dv

Vo

dv—j.[j-pe(v)dv]dv dv, vel0, t,]

Vo \ Vo

where R is the value of the resource intensity of the operation.

For resource intensity, let us define a unit of measure CTT.

Examples of the practical use of formulas for numerical
and analytical determination of resource intensity are
available on the resource [9].

5. Analytical determination of complex costs (resource
intensity) of a simple target operation

Since the resource intensity of the simple target
operation, based on the geometric interpretation of losses of
management, is the area of triangle ABC (Fig. 2), it can be
defined as the difference of triangles ABD and CBD.

By substituting scalar values ire’[ t, ]-t, and ipe’ [tp]-tp
for the functions ire’(t)-t and ipe'(t)-t we obtain”the
expressions

0=ire’[t,]-t,—ire'[t,]-t,+C,

O:ipe*[tp}tp—ipe*[ta:|~ta+C.

By presenting them in the form of a system of equations
and solving with respect to C, we obtain an expression for
determining the height BD

- ire'[ ¢, ]-ipe’ [t*p]-tr —irei[tr]-ipe* [tp]-tp .
ire [tl,]—ipe [tp]
Since we have defined the resource intensity of the

simple operation as the difference of the right triangles, the
expression for determining it will have the form of

R=%(ta —tr)~BD—%(tﬂ ~tp)-BD.

By substituting its value for BD from the expression aft
ter the corresponding transformations, we obtain

. ipe’[ ¢, ]-ire’ [tr](tr —tp)2
2.(ipe*[tp]—ire*[tr]) '

Given that for simple operations ipe’ [tp] is numerically
equal to the value PE , and ire’ [tr] is numerically equal to
the value RE, to determine the numerical value of the re-
source intensity we can use the expression, which uses the val-
ues of the registration signals and moments of their formation

2
PE-[RE]-(t, ~ ¢,
= 2:(PE-RE)

For example, for the considered operation (Fig. 1), we
obtain

2
) PE'lRE|'(tr_tp) 3.2.36

= =108 CTT.
2.(PE-[RE]) 2

The value of the resource intensity of the focused oper-
ation is numerically equal to the ratio of the product of cost
estimates of the module of the value of the input product, the
value of the output product and the square of the difference
between the time of their registration to the doubled value
of the difference between the cost estimates of the module of
the value of the input and output products.

As can be seen, the results obtained using a numerical
method correspond to the result obtained using the
analytical expression for determining resource intensity.

Let us consider the way the resource intensity responds
to changes in the parameters of target operations in those
cases where the result is guaranteed to be predictable.

Each operation of a set has the cost estimate of input
products of the operation (RE — costs), cost estimate of
output products of the operation ( PE ) and the operation
time (T, ). Also, resource intensity (R), which is seen
in the diagrams together with costs is calculated for each
operation.



In the first set of operations, values RE and PE do not

change, and the operation time T, changes. Obviously,
the longer the operation time (at fixed RE and PE), the
longer the input products of the operation RE are bound
by technological processes and the higher the resource
intensity.

Calculation of the resource intensity for the first set of
operations (Table 1) confirms this assumption (Fig. 5).

Table 1

Sets of operations to study the relationship of resource
intensity with the main traditional indicators of target

operations

Set of operations 1| Set of operations 2 Set of operations 3
N|RE|PE|T| R |[N|RE/PE/T| R |[N|RE|/PE| T R
112313123 [3| 27 |1|2]25]|3] 45
2123|2122 (213|3|315|2|2|26/| 3| 39
312 (13|3|27|31223|3|3713|3| 2 |27]| 3 |34.71
412 |314/48|41(23|3|314436/4| 2 (28| 3 |315
502 |3|5/75|5(243|3| 54 |5|21(29|3] 29
62 |3|6[/108/6 |25 3 |3|675/6| 2| 3 |3 27
712 |3|7|147|7 (26| 3 |3|87.75/7| 2 31| 3 (2536
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Fig. 5. Change in costs RE and resource intensity R from the
target operation time

The second set of operations (Table 1) is characterized by
the fact that, from operation to operation, the cost estimate
of input products of the operation RE increases and the
cost estimate of output products of the operation PE and
the operation time T, do not change. In this case, with
an increase in the cost estimate of input products of the
operation (costs RE), at constant PE and T,, resource
intensity of the operation should increase. Calculation of the
resource intensity for the second set of operations (see Table)
confirms this assumption (Fig. 6).

The third set of operations (Table 1) is characterized by
the fact that, from operation to operation, the cost estimate
of output products of the operation PE increases and the
cost estimate of input products of the operation RE and the
operation time T, do not change. Here, the change of the
cost estimate of output products of the operation towards
an increase speeds up the compensation of the resource
consumption of the operation, and resource intensity must,
in this case, decrease. Calculation of the resource intensity
for the third set of operations (Table 1) confirms this
assumption as well (Fig. 7).
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Fig. 6. Change in the resource intensity R from the target
operation costs RE
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Fig. 7. Change in costs RE and resource intensity R from the
expert (cost) estimate of output products PE of the target
operation

In conclusion, let us consider the cycle of operations with
minimum costs in the process of the proportional change of
the operation time (Table 2).

Table 2

Change in the basic parameters of operations in a system
having minimum costs

N RE PE T R Prof

1 2 2,5 1 5 575,00
2 1,894 2,5 1,05 4,31 663,71
3 1,824 2,5 1,1 4,08 706,73
4 1,772 2,5 1,15 4,02 728,00
5 1,75 2,5 1,2 4,2 718,75
6 1,738 2,5 1,25 4,45 701,04
7 1,759 2,5 1,3 5,01 655,50
8 1,791 2,5 1,35 5,75 603,96
9 1,837 2,5 1,4 6,79 544,61
10 1,913 2,5 1,45 8,56 465,55
1 2 2,5 1,5 11,25 383,33

Calculation of resource intensity shows that its mini-
mum does not match the minimum costs (Fig. 8).

Let us analyze the differences among the operations,
indicated by the minimum costs (operation N6) and a
minimum of resource intensity (operation N4).
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Fig. 8. Resource intensity of the target operation depending
on the change in costs and operation time

Thousand N4 type operations, carried out in the
cycle lasts for T=Top*1000=1150 hours. During this
time, the operation generates the value added (profit)
Prof4=1150*(PE-RE)=1150%(2,5-1,772)=728 monetary
units.

During the same time, the N6 type operation will be
performed 1=1150/1.25=920 times. In this case, the N6
type operation generates the value added (profit) Prof6=
=920*(PE-RE)=920%(2,5-1,738)=701.04 monetary units.

Thus, the target product Prof4 exceeds the target product
Prof6 by 27 monetary units in absolute terms.

Carrying out these calculations for all operations of the
set shows that the minimum resource intensity indicates the
maximum generated target product (profit) (Fig. 9).
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Fig. 9. Change in the accumulated value added (Prof) of
operations on the time interval of 1150 hours and resource
intensity (R)

As can be seen from the Fig. 9, a change in resource
intensity of the target operation is the mirror image of the
function of the value added. Consequently, the maximum
efficiency of a set of operations corresponds to the operation
with minimum resource intensity.

A similar pattern of change in resource intensity of the
operation of the management is typical for processes with a
batch feed of energy products [10].

8. Conclusions

The paper gives a new insight into the resource intensity
of the target operation, which is its most important indicator.

It was found that the concept of resource intensity of
the target operation is based on such core categories as
resource consumption of the operation (consumption of
input products of the operation in time in comparable values)
and resource return of the operation (generation of output
products of the operation in time in comparable values).

Reliance on the functions of resource consumption and
resource return, from the start of the target operation until
the actual completion has allowed to quantify the value of its
resource intensity.

Using the model of simple target operation has allowed to
obtain an analytical expression of the resource intensity for
the operations, in the study of which distributed parameters
of registration functions of input and output products of the
operation can be neglected.

Using mathematical modeling methods it was revealed
that in the case of a fixed value of expert (cost) estimate
of output products of the operation, minimum resource
intensity of the target operation indicates the maximum
efficiency operation with respect to the target product of the
operation.

Using the developed indicator in search optimization
systems allows to maximize financial result by increasing
the amount of the value added by 5-25 %.

References

1. Lutsenko, I. Deployed model of extremal system operation
for solving optimal management problems [Text] / I. Lu-
tsenko // Eastern-European Journal of Enterprise
Technologies. — 2014. — Vol. 5, Issue 2 (71). — P. 61-66.
doi: 10.15587/1729-4061.2014.28592

2. Ehrlenspiel, K. Cost-Efficient Design [Text] / K. Ehr-
lenspiel, A. Kiewert, U. Lindemann. — Springer, 2007. —
544 p.

3. Lapygin, Y. Cost Management in the enterprise [Text] /
Y. Lapygin, N. Prokhorov. — Eksmo, 2007. — 102 p.

4. Berk, J. Cost Reduction and Optimization for Manu-
facturing and Industrial Companies [Text] / J. Berk. —
Wiley, 2010. — 258 p. doi: 10.1002/9780470643815

5. Ghiani, G. Operations research in solid waste management:
A survey of strategic and tactical issues [Text] / G. Ghiani,
D. Lagana, E. Manni, R. Musmanno, D. Vigo // Computers
& Operations Research. — 2014. — Vol. 44. — P. 22-32. doi:
10.1016/j.cor.2013.10.006

6. Tsai, J.-T. Optimized task scheduling and resource
allocation on cloud computing environment using impro-
ved differential evolution algorithm [Text] / J.-T. Tsai,
J.-C. Fang, J.-H. Chou // Computers & Operations
Research. — 2013. — Vol. 40, Issue 12. — P. 3045-3055.
doi: 10.1016/j.cor.2013.06.012

7. Zheng, Y.-J. Ecogeography-based optimization: Enhancing
biogeography-based optimization with ecogeogrephic



barriers and differentiations [Text] / Y.-J. Zheng, H.-E Ling, J.-Y. Xue // Computers & Operations Research. — 2014. — Vol. 50. —

P. 115-127. doi: 10.1016/j.cor.2014.04.013

8. Lutsenko, I. Identification of target system operations. 1. Determination of the time of the actual completion of the target
operation [Text] / I. Lutsenko // Eastern-European Journal of Enterprise Technologies. — 2014. — Vol. 6, Issue 2 (72). — P. 42—47.

doi: 10.15587/1729-4061.2014.28040

9. Lutsenko, I. A. Samples [Electronic resource] / 1. A. Lutsenko. — Krivoy Rog, 2014. — Available at: http://uk.effli.info/index.php/

samples

10. Lutsenko, I. Systems engineering of optimal control I. Synthesis of the structure of the technological product conversion system
(part1) [Text] / L. Lutsenko // Eastern-European Journal of Enterprise Technologies. — 2014. — Vol. 6, Issue 2 (72). — P. 28-37.

doi: 10.15587/1729-4061.2014.28724

Ha ocnosi meopii peonoziunux nepexoodis
BUKOHAHT 00CAL0NCEHHA MEXHOTOZIUHUX NPOUECIE.
Hoxazano, wo maxi npoyecu modxcha onucamu
iHmezZpanvHuMU IMRYTbCHUMU Odenbma-PyHKuis-
mu Mipaxa. Ilpusedeni ananimuuni pisHaAHHS, 34
AKUMU MOINCHA PO3PAX0BYEAMU eKCMPeMai mex-
Honoziunozo npouecy. Ile dossonse zabe3newu-
mu maxcumanony egexmusHicmo mexHoo02iU-
H020 npouecy npu MIHIMYMi eHepzemuuHUxX ma
MamepianvHux 3ampam

Knrwouosi cnosa: mexnonozis, KoHmpoaw,
YNpasainmns, nepenecenns, peonoezii, nepexio,
ouysis, KoHeeKuis, excmpemym, ONMUMI3AULL

Ha ocnose meopuu peonoeuuecxux nepexo-
006 6LINOJIHEHbL UCCAE006AHUSL MEXHOT0ZUYE-
cxux npoueccos. Iloxasano, umo maxue npouyeccot
MOJCHO ONUCAMD UHMEZPATLHLIMU UMNYTbCHOIMU
denvma-pyuxyuamu qupaxa. Ilpueedenvt ana-
JumuvecKue YpasHeHus, no KOMOPLIM MONCHO
paccuumovieamo IKCMPeManu MexHoa02u1ecKo-
20 mpouecca. Imo nozeonsem obecnewumo Max-
cumanonyro 3ggexmusnocmov mexnonozunecko-
20 mpouecca npu MuHUMYMe IHEPLEMUHECKUX U
MamepuanvHulx 3ampam

Kntoueevie cnosea: mexnonoezus, xonmpoJv,
ynpaenenue, nepeHoc, peonozus, nepexoo, oug-
dy3usa, xonsexyus, IKCMpemym, ONMUMUIAUUSL

1. Beryn

Texunosoriuni npomecu (TII) ximiunux, nadproximiv-
Hux, HadTormepepoOHNX, TEIIOEHEPTeTHIHIX, (hapMaleB-
TUYHUX, XaPYOBUX Ta IHIIUX BUPOOHUIITB BiAHOCSATHCS
JI0 CKJAJHUX B3AEMOIOBSI3aHUX OaraTonapaMeTpUuuHUX
06’€KTiB KOHTPOJIIO Ta yIIPaBAiHHs 3 6araTbMa BXiIHUMH,
BUXI/IHUMU Ta BIJIMBOBUMHU IlapaMeTpamu. SIk mpasu-
JI0, Taki 0G’€KTH ONMCYIOThCS HediHiiHuMK audepeH-
1iaJbHUMU PIBHAHHSAMU IePEHECEHHS eHeprii, Macu Ta
KIiZTBKOCTi PyXy. ¥Y 3BSI3KY 3 THUM, II[0 METOiB PO3BSI3KY
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HeJiHIHHUX iHTerpo-audepeHIiaJbHUX PiBHAHb IMTPaK-
TUYHO HEMAE, TO iX CIIPOIMIYIOTD, IIPUBOASATD 10 3BUYAHNX
nudepeHiiaibHUX PiBHSIHD, HEXTYIOTh OaraTbma (hizuu-
HUMY TTapaMeTpaMu y IeIKOMY Jianasoni po6oTu o6’ekra
i BAKOPUCTOBYIOTH IIPUHIIMIT ABTOHOMHOCTI /IJ151 OCHOBHUX
KaHaJiB KOHTPOJO Ta ynpasiinus. [Ipu onucauni Gara-
TOMApaMETPUYHKUX TEXHOJIOTTYHUX 06'EKTIB KOHTPOJIIO Ta
yupasainug (TOKY), gk mpaBuio, BUX0AATh 3 PiBHSIHD
MaTepiajabHuX i Tenosux Gasancis [1], KOTpi B mogasib-
IOMY 0OMEKYIOTHCSA TiABKM IX JIHIHHUME CKJIaZOBUMM.
Tax gax Taxuit Metog MaTteMmaTnuHoro omucanusa TOKY




