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Simulating the duration of the operating cycle of industrial enterprises

Theoretical aspects of research of cyclic recurrence of economic processes have been shown. The method for
determining the duration of the cycle of simple reproduction, i.e. production and sales (or operating) cycle, has
been proposed, which allows to estimate the rate of transformation of current assets of industrial enterprises,
and carry out variant calculations of production increase rate by changing the structure of current operating
costs. The mathematical model of operating cycle calculation has been elaborated and approved at the level
of industrial enterprises. The organizational and economic methods of operating cycle duration shortening
at the level of region have been substantiated.
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A periodicity of the vast majority of processes (not only economic and technological, but also
social) that occur in the economic system, is an integral part and at the same time the characteristic
feature of competitive relations in the society. The market conditions as a barometer of the economy
are determined by the expansion or shrinkage of the business activity. The monitoring of the business
activity allows to select time intervals during which production of goods and services increases, then
reduces and declines further, and then increases once more. These time intervals form the global
economy development cycles, which are also called business cycles.

The formation of competitive management principles in Ukraine and further European
integration encourages local researchers for advanced study of economic cycles. In economics
the Keynesian and neoclassical theories of business cycles (or cycles of inventory investments)
(Harrod R. F., Hicks J. R., Hansen A. H., Friedman M., Schwartz A. J., Lucas R. E.), the research of
which were conducted largely from macro-level positions are well-known [1-5]. However, much less
attention was paid to the cyclical economic processes at the micro level, although these processes
are very important because the value added is creating at the individual business level, and thus the
national income is forming.

The goal of article is to develop a model of determination the duration of simple reproduction
cycle, i.e. production and sales (or operating) cycle, which allows to estimate the rate of transformation
of current assets of industrial enterprises, and carry out variant calculations of production increase
rate by changing the structure of current operating costs.

Between the times of using resources and obtaining financial results from industrial activity
there is a certain interval. This interval is the implementation of economic transaction cycle, or
period of simple reproduction. In contrast to the long investment cycles related with expanded
reproduction of productive capacity, implementation of the economic transaction cycle belongs to
the short-term ones.

The period of simple reproduction of the industrial enterprise covers two cycles: production and
circulation. Within the first cycle the transformation of productive resources into the final products,
and within the second cycle - the movement of final products (in time and space) from manufacturer
to consumer, occurs. The longer is each of these cycles, the more working capital is in the forms of
work in progress, stock, final products in warechouses and en route. Each phase of the implementation
of economic transaction cycle, which can also be called as operating (or “production-sale”) cycle and
often treated as a period between the purchase of raw material resources for production activities,
and obtaining funds from the sale of products made from these resources, is important for industrial
enterprises.
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To determine the mathematical dependence between output growth index and duration of the
operating cycle, we accept that all profit received is directed to the maintenance and expansion of
existing production by replenishing working capital and wage fund.

Net profit of the enterprise P ,, at time #+¢ is:

P, =(-[(I1-p(X,~-Y)-(1+)F], oy

t — time of the cycle beginning;

t — duration of the cycle of production and sales (in months);
X, — cost of sales at the time ¢ +1;

Y — cost of raw materials used at the time ¢;

F — wage fund, used for the cycle;

t

where

a — income tax (in fractions of a unit);
B — value added tax (in fractions of a unit);
y — payroll charge (in fractions of a unit).

Wage fund is a cumulative value, which can be calculated as follows:
E = ZIJWH—I'LHi ? ()

where  w . —wage per one employee in the i-th month;

t+i

L,,,— production staff in the i-th month.

Obtaining a profit P, the enterprise repeats the production cycle in time #+¢, replenishing
and expanding working capital and wage fund, according to the currently prevailing struc-
ture of financial expenditures, i.e.

Yt+t - Yt +Pt+t it+t ’ (3)
Ft+t - Ft +Pt+t (] B it+t)’ (4)

where i, — the coefficient of profit distribution between material costs and expenditures for
the maintenance of production stuff at the time ¢ +¢.

The average growth indices are:
—of the average wage per employee

J =w_ /w (5)

w t+1 t

— of the number of production staff

JN - Lt+1/Lt ; (6)
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— of the amount of working capital

']Y - Yz+1/Yz" (7)
— of the enterprise output
Jo = X./X,; (®)

— of the material efficiency (reciprocal value to the material capacity) —J,;

— of the labor productivity —J,.

We accept that all the indices are the same for any ¢, that are assumed stable over time.
Then

Ji=(, 1) o

what allows us to record the left side of (3) as follows:
Y. =Y (J,/J,) (10)

Based on the growth indices of production and labor productivity, we find the index of
the number of production staff:

J,=J 1] . (11)

In view of (11) the wage fund can be calculated as follows:

F=wLYJ.J,/J). (12)
i=1

1+t

F = wt+‘r Lt+‘\7 TZ (JWJX /JL )i =
i=1

. (13)
=wL(JJ NI YT,
Considering (3), (4), (10), (12) and (13), we obtain:
P =Y|J 17y ~1]
(14)

+wLY (I I T, 10y ~1]
i=1

We introduce in the analysis the structural indicators that will considerably simplify
further calculations:
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— the part of labor costs in revenue from sales (wage capacity):

y=wlL/X; (15)
— the proportion of raw material costs in the revenue from sales (material capacity in
value terms):

r=Y/X. (16)

Inserting (14) into (1) and taking into account (15) and (16), we obtain the following
equation:

(1-a)(1-PB)J: - pll-a)1-p)+(, 1,y -1}

g XU ) =) +y)+ (T, 10,y ~1]o0. (0

Formula (17) shows the mathematical dependence between the rate of increase in
output and the level of current enterprise expenditures. Herewith an operating cycle
duration ¢, which is related with all other variables by non-linear way, plays an active role
in shaping the economic policy of production development. Accordingly, equation (17) is
the methodological tool for assessing the required rate of capital turnover (in the sense of
current assets). Having the necessary input raw data and applying numerical methods for
solving equations, we can calculate the maximum allowable level of operating cycle' of the
enterprise, which allows it to enter the path of economic growth (determined by index J, ).

The calculation results of 7, performed for enterprise X, showed that theoretical duration
of production and sale cycle for batch of products (wooden doors) is 13.5 days and almost
matches the actual duration of the operation cycle of these products (~14 days), and this
proves the adequacy of the model elaborated.

The study of dependences between ¢ and growth indices of production and material efficiency
performed on the example of enterprise X, revealed trends of operating cycle reduction with
increasing (while baseline J, = 0,66) (Fig. 1a) and vice versa — of cycle elongation with increasing
J, (while baselines J, = 1,46) (Fig. 1b). This can be explained by the increase in labor-output ratio
which in its turn lengthens the production cycle because less consumption of materials requires
prolonged processing.

The simultaneous increase of growth indices of production and material efficiency (Table 1)
continues operating cycle, but its duration is relatively less than with the increase only J,, and it
proves the efficiency of production scale growth.

There are other areas for application of the model (17). For example, having the necessary
information (excepting index /) we can perform forecast calculations to determine the maximum
production growth rate for a given value and structure of productive capacity and with existing
technical and technological features of production processes at the enterprise.

More complex schemes for using (17) may be related with variant calculations for evaluation
the cost structure and the tax burden, and these could allow to achieve the planned increase in

' The maximum permissible level is considered as an operating cycle duration, exceeding which will not allow
to provide the required production output in due time.
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Fig. 1. Dependences between 7 and growth indices
of production and material efficiency

production volumes at the sectoral, regional or national levels. Herewith it is necessary to calculate
simultaneously the concurrent economic indicators, such as:

— for the cost structure — wage and material capacity of production;

— for the tax burden — taxes on income and value added, and charge on personal income.

This scheme of using the model (17), in contrast to its main purpose — to determine the duration
of enterprise operating cycle — requires, on the one hand, a series of simulation experiments, and on
the other — the optimization calculations. The latter can help to determine the optimal tax rate for
the current economic conditions in the country, followed by assessment of the maximum production
growth rate.

Both economic and institutional factors affect the duration of the operational cycle. In parti-
cular, wrong calculation of the required amount of commodity and material stocks can lead to failure
of the production program or to the growth of operating costs. The ways of improving the mana-
gement of commodity and material stocks as an important component of almost all business tran-
sactions lie in reduction of total costs associated with the delivery and storage, as well as in deter-
mining their optimal amount. These methods allow assuring the rhythm for the manufacturing and
sales processes, what simultaneously guarantee stable operating cycle duration in the industry.

With a help of a flexible price policy the operating cycles can be reduced. Thus, the efforts to
reduce enterprise sale cycle usually require its willingness to achieve compromises on sale condi-
tions, because in practice the shortening of the cycle becomes possible under the condition of price
reduction for the product, i.e. when changing producer price strategy. The situation is similar in the
case of introduction of innovations in manufacturing processes, as they (innovations) increase the
overall technical and technological level of production and consequently lead to costs reduction,
thus creating preconditions for reducing prices for industrial products.

There is certain reserve for reducing the operating cycle duration and therefore the acceleration
of economic development of the domestic industry in the organization of production. The overall
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Table 1

Dynamics of duration of the operating cycle of the enterprise X
while the growth indices of production and material efficiency change

Indicators
Index change type Production growth index| Material efficiency |Operating cycle duration
Jy growth index Jp in days 7
1,50 0,66 13,3
1,60 0,66 12,8
Growth of Jy 1,70 0,66 12,4
1,80 0,66 12,0
1,90 0,66 11,7
1,46 0,70 15,1
1,46 0,75 17,8
Growth of Jg 1,46 0,80 21,2
1,46 0,85 26,0
1,46 0,90 33,1
1,50 0,70 14,9
1,60 0,75 16,6
Simultaneous growth of Jy
and J 1,70 0,80 18,8
1,80 0,85 21,4
1,90 0,90 25,0

production cycle of large industrial facilities (territorial and production systems), which include
several units connected by a rigid technological chain, is formed by smaller separate cycles. It is
obvious that the more stages the raw material resources pass in the process of their transformation
into the final product, the longer the duration of the operating cycle of production system is. That
is why to speed up the turnover of current assets and to reduce operating cycle, under certain
circumstances it is reasonable to divide basic company into several formally independent companies
or units, technologically connected with each other, and afterwards unified (for example, in form
of a concern). Thus, the reorganization of territorial production system determines the appropriate
implementation of cost accounting, because a review of all costs is taking place at the beginning
of each subsequent stage of the process, taking into account internal (or transfer) prices (i.e. prices,
on the base of which agreements between individual enterprises are concluded). Respectively the
strategy of transfer prices, chosen by the management of such industrial union, is the main factor in
view of which the expediency of separation of technological units is determined.

The duration of the operating cycle generally depends on the temporal and dimensional
isolation between separate elements of territorial production system, and between their formation
processes and the processes of product sales, as well as on the level of development of market
infrastructure in the region, what in turn helps to overcome an isolation caused by the deepening
of labour division. Thus, the expansion of market infrastructure of the regions, as well as its
organizational and technical improvements, stabilize (and sometimes reduce) the time of circulation
of enterprise working capital, and this happens through connecting the separate and remote from
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each other elements of the territorial production system, which in turn positively affects the duration
of the operating cycles.
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Imyk C. O. Mone/loBaHHSI TPUBAJIOCTI onepaniiiHOro HUKJY NPOMHCJIOBUX MIANPHEMCTB

Cmanosnenns 6 Ykpaini nogHOYIHHUX PUHKOBUX 3ACA0 YRPAGTIHHA HAYIOHANLHUM 20CROOAPCMEOM | NOOAIbIUA
espoinmezpayis CHOHYKaOmMs 00 NO2NUONEH020 8UBUEHHS eKOHOMIYHUX YUKIIE, 30KpeMd HA MIKpOPIBHI, OCKITbKU
came Ha PiBHi OKpeMux niONPUEMCME CMEOPIOEMbCS O00AHA 8APMICMb, d GIOMAK OPMYEMbCI HAYIOHATbHUL OOXiO
CYCRITbCMBA 3a2a10M.

Memoio cmammi € po3pobka Mooeni uU3HAYEHH MPUBALOCT YUKILY NPOCMO20 8I0MEOPEHHS, MOOMO BUPOOHUHO-
peanizayiiinoeo (abo onepayitiHo2o) YyuKy, KUl 00360J15€ OYIHIOBAMU WUBUOKICIb MPAHCHOpMayii 0OOPOMHUX AKMUBIE
NPOMUCTIOBUX NIONPUEMCME [ 30IUCHIOBAMU BAPIAHNHI PO3PAXYHKU MEMNI6 HAPOUWYBAHHS BUPOOHUYMBA ULTSXOM 3MIHU
CMPYKIMYpU NOMOYHUX GUMPAM.

Hocnidowcenna 3anexcnocmeti Mixe mpueanicmio onepayitino2o yukiy i iHdekcamu pocmy eupooHuymea ma
Mmamepianogiodaui, npoeedeHi Ha NPUKIAl 0epesoobPOOHO20 NIONPUEMCIEA, GUABUIL MEHOEHYIl CKOPOUEeHHS
onepayitino2o YukLy npu 3pOCManii 00csA2ié eupoOHUYMEa i HA6NAKU — NOOOBIHCEHHS YUKLY NPU 3POCMANHHI
mamepianogiodayi. Ocmanne NOSCHIOEMbCS 30IIbULEHHAM MPYOOMICIKOCMI 8UCOMOBNEHHS NPOOVKYIL, W0, C8OEI0
uepeoio, NOO0BIUCYE BUPOOHUYUL YUK, OCKIIbKU MEeHWa sumpama mamepianie sumazac mpuganiutoi oopooxu.
Oonouacne 30inbuienHs iIHOEKCi8 pocny BUpOOHUYMEA I Mamepianogiooaui npoooex cye onepayitinuil Yuki, OOHAK 11020
MPUBANICMb € NOPIBHIHO MEHULOW, AHIJIC NPU 30LILUEHH] Tulle Mamepianosiooaul, a ye 00800Ums eqheKmueHicmo
3pocmanHa macuimady supooHuYymed.

3a 0onomozoio po3podnenoi mooeni ModcHa 30MUCHIOBAMU NPOSHO3HT PO3PAXYHKU OISl GUSHAYEHHS MAKCUMATLHUX
memnie 3pOCmants UPOOHUYMEA NpuU 3a0AHUX 00CA2aX Mma CMPYKMypi upoOHUL020 NOMeHyiany i mexmiko-
MEXHONOIYHUX OCOOTUBOCIAX BUPOOHUHUX Npoyecis Ha nionpuemcmsi. CKIAOHIWI cxeMu 3acmocysants yici mooeni
MOACYMb 6YMU N0 A3AHI 3 APIAHMHUMU PO3PAXYHKAMU 8 NPOYECT OYIHKU CIMPYKMYPU 6UmMpam i pigHs noOamKo6020
HABAHMAICEHHS, AKI 003601AMb 3a0e3neuumu 00CASHeHHS 3aN1aHOBANUX 0DCA2I6 3pOCMAnHs BUPOOHUYMBA HA
2aY3e60MY, PE2IOHANLHOMY YUl 3A2ANbHO0EPACABHOMY pieHsX. TIpu ybomy HeoOXiOHO pO3paxo8yeamu 0OHOYACHO KiTbKA
EKOHOMIYHUX NOKA3HUKIG, a came: Oisl CMPYKIYpU 8UMpam — 3apnadamomicmkicms i Mamepiaiomicmyicmes npooyKyii;
07151 NHOOAMKOBO2O HABAHMAICEHHS — CIABKU NOOAMKIE HA NPUOYMOK | HA 000AHY 8APMICMb | GeIUHUNY HAPAXYBAHb
Ha 0oxoou izuunux ocib. Taka cxema 3acmocy8ants MoOeli, Ha 8IOMIHY 8I0 OCHOBHO20 NPUSHAYEHHS — GUIHAYEHHS.
mMpuearocmi Onepayitiioeo Yukiy niOnpuEMcmea — nepeodayac, 3 00H020 OOKY, npoeedents cepii iIMimayiuHux
eKCnepumMenmis, a 3 Opye02o, — BUKOHAHHS ONMUMI3AYIUHUX PO3PAXYHKIE. 34 00NOMO2010 OCMAHHIX MOJICHA BUZHAYUMU
ONMUMANLHI NOOAMKOGI CMAGKU Ol HASIGHUX eKOHOMIYHUX YMO8 20CHOOAPIOBANHS 6 KPAiHi 3 NOOANbULOI0 OYIHKOIO
MAKCUMATILHO2O MEMNY 3POCMAHHS UPOOHUYMEA.

Knrouosi crosa: supobruio-peanizayitinuil (Onepayitinuii) Yuki, npOMUciose niOnpueMcmeo, 0ocsizu upooHuymaa,
NOMOYHI GUMPAMU.

Twyyx Ceimnana Onexciigha — 00OKMop eKOHOMIYHUX HAVK, npodecop, 3a8idysat 8i00iny po36UMKY upoOHUYOL chepu peiony
ma ineecmuyiu JIY «Incmumym pezionansuux oocuiocens iveni M. 1. Joniwnvoeo HAH Yrpainuy (e-mail: iso.ird@ukr.net).
Ishchuk Svitlana Oleksiyivna — Dr. Sci. (Econ.), Prof., Head of the Department of development of industrial sphere of the
region and investment of the SI “Institute of Regional Research n.a. M. I. Dolishniy of the NAS of Ukraine”.

Hapniituno 15.02.2016 p.

164 ISSN 1562-0905 Pezionanvna exonomixa 2016, Nel



	re201601

