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CASH FLOW MODELING OF INDUSTRIAL ENTERPRISES IN CONDITIONS OF
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YMOBAX HEBU3HAYEHOCTI PUHKY
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CTaTTﬂ IPUCBAYCHA MOJCIIFOBAHHIO I'POLIOBUX l'IOTOKiB
HiIIPHEMCTB B yMOBaX HEBU3HAYCHOCTI. JIOBOISTHCS MOXKIMBOCTI
IPOrHO3yBaHHS JMHAMIKH I'POIIOBHX MMOTOKIB Ha 6a3i po3pobieHoi
imitaniiinoi wmomeni. Mogens 1o0yg0BaHa 3 BHKOPHCTAHHIM
MeTody cucTeMHoi auHamiku Ha miatdopmi Ithink. {ouinbHicTs
3aJTy4eHHs MeTofoJorii  OOrpYHTOBYETHCS HEOOXIHICTIO
BIITBOPEHHs MOCII/UKYBaHHX IMPOLECIB B IMHAMILi 3 iMiTaiiero
BIUIBY 0aratboX HETCPMIHOBAaHMX Ta CTOXAaCTHYHHX (HaKTOpIB
BHYTPIIIHBOTO ¥ 30BHIIIHBOrO OTOYCHHS MIiAIPUEMCTBA, & TAKOXK
3a0e3neyeHHsIM TOTPiOHOro cryneHs arperaiii. PoGora mozeni
HpOLTIOCTpOBaHa (DparMEHTaMH iMiTaliiHUX EKCICPUMEHTIB 3a
MaTepiagamMu HiJNpHeEMCTBA JIerKOoi IPOMHCIIOBOCTI.
ITpomeMOHCTPOBaHI MOXXJIMBOCTI TapaMETPUYHOr0 HAAIITYBaHHS
eKCIePUMEHTIB, OKPECIICHI HAIPSIMKH MOJaJbIIOr0 Y0CKOHAICHHS
MOJIeITi-TpeHaxepa.
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on the basis of the developed simulation model is presented. The
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he research of processes of formation and

movement of enterprises’ cash flows is one

of the most urgent tasks of modern financial

management. Serving various aspects of
economic activity, efficiently organized cash flows
are the basis for ensuring a positive dynamics of
enterprise  development, achievement of high
performance indicators.

Cash flow management in a market environment
has significant effects on many stochastic factors in
the external and internal environment, which
increases the risk and uncertainty. Under such
conditions, the use of traditional methodological
approaches to the diagnosis of the current state and
the subsequent movement of the studied streams is
ineffective, which raises the problem of attracting
new, modern methods of analysis and forecasting.

Analysis of recent researches and publications

The management of the processes of formation
and enterprises’ cash flow devoted a large number of
domestic and foreign experts’ works, among them
[1-8]. In spite of this, experts in the field of financial
management point out that the concept of cash flow as
an independent object of financial management has
not been sufficiently reflected in the special literature
yet [2-3]. In particular, this refers to the
incompleteness of the mathematical base of the study
of the composition, structure and dynamics of cash
flows associated with various aspects of the activities
of industrial enterprises.

Conducting a comprehensive economic analysis of
cash flow, especially in the future, requires the use of
a flexible mathematical tool, along with known
methods and techniques of quantitative analysis. As
such a research device, simulation modeling is
proposed, namely the system dynamics method,
implemented on many effective software platforms.
This method, proposed by J. Forester [9], has been
widely used in modern economic research and has
been introduced into the practice of many firms and
companies [10-15], and others.

The use of this simulation methodology is
appropriate due to the possibility of considering the
studied processes in dynamics with the simulation of
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the influence of many deterministic and stochastic
factors of the internal and external environment of the
enterprise. The degree of aggregation of processes
provided by this method is sufficient to solve the
problem.

The aim of article is to provide opportunities for
forecasting the dynamics of cash flows of the
enterprise based on the system-dynamic paradigm of
simulation modeling.

The main part

The role of simulation research is of great
significance today in connection with the possibility
of constructing simulator models that allow timely
prediction of the emergence of bottlenecks in the
process of implementing various activities of
enterprises.

System-dynamic (SD) methodology is used to
determine the general trends in the development of
processes. It involves a high level of aggregation of
objects. SD approach is used when the dynamics of

the model of the object is determined in the form of
evolutionary changes, without the reproduction of
individual elementary events. Software platforms for
the implementation of system-dynamic methodology
are — DYNAMO, Stella, Vensim, PowerSim, Ithink,
Rethink, ModelMaker, etc. [13-17].

The proposed simulation model of the forecasting
of enterprise’s cash flows is based on the method of
system dynamics. The Ithink package is used as a
software implementation platform. The package
recreates the structural-functional approach, which is
based on the methodology of structural analysis and
design. This involves the possibility of implementing
several levels of presentation of the model — a high-
level representation in the form of a flowchart using
CASE-tools, as well as lower levels — flow diagrams
and code.

The frame structure of the model is shown in
fig. 1.

‘ Forecast of income
»

Forecast of
operating

from investment
T activity

R v

v

Forecast of
income from

Forecast of cash

i ial flows of the
nancia enterprise
activities
\ 4

Forecast of
expenses from
investment
activity

-

Forecast of
expenses from
operating activity

A4

from financial

Forecast of expenses
activity

Fig. 1. Frame structure of the forecasting model of enterprise’s cash flows
Source: own elaboration

The model contains the following blocks:
— Forecast of operating income.
— Forecast of income from investment activity.
— Forecast of income from financial activities.
— Forecast of expenses from operating activity.
— Forecast of expenses from investment activity.
— Forecast of expenses from financial activity.
— Forecast of cash flows of the enterprise.

Blocks for forecasting revenues from three types
of activities — operational, investment and financial —
carry out a forecast in two versions: on the basis of
available statistical information, taking into account
the preservation for the future periods of the previous
trend, and also taking into account the effects of the
stochastic factors of the internal and external
environment of the operation of the enterprise.

Blocks for forecasting costs from the above
activities also provide the results without taking into

account and taking into account the effects of
stochastic factors in the environment of the operation
of the enterprise.

The "Cash Flow Forecast" block collects
information from previous units and provides results
regarding the forecast dynamics of total cash receipts
and expenditures. Two cash flows are calculated —
taking into account and excluding stochastic
influences.

The flow diagrams of the presented blocks in a
generalized form are shown in fig. 2-3.

Let’s consider in more detail the main components
of the blocks.

The values of the converters "Projections of
income from operating (investment, financial)
activities" are determined by means of converters
"Receipts from operating (investment, financial)
activity statistics", which are specified by the function
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GRAF (Time), where Time is the current time within
the modeling process.

Thus, the GRAF (Time) function specifies
statistics available on a specific indicator. To
determine the values of the converters "Forecast of
income from operating (investment, financial)
activities," the FORCST function is used, which
extrapolates the trend "Revenues from operating
(investment, financial) activity Statistics" for a given
distance to the future. FORCST calculates the input
trend based on the values of the input converter, the
values of the exponential mean input of the first order
and the mean time. Then FORCST extrapolates the
trend towards the future. Example, FORCST
(Receipts_from_operational activities_statistics,(year
_data-2011+1),5), where year data is the variable that
stores the expiration time of the available statistics (it
can be set by the user automatically at the CASE level
using the standard Graphical Input Device block). In
the example above, the constant 2011 is the year of
the beginning of the available statistics.

Blocks KF1, KF2, KF3 — integral variables whose
values are formed taking into account the influence of
the complex of stochastic factors of the internal and
external environment of the operation of the
enterprise.

The values of the converters "The forecast of
receipts from operating (investment, financial)
activity with the influence of factors" are calculated
using the data obtained on the basis of available
statistics and the values of the factor influences that
are formed in the integral variables.

Similarly, forecast calculations are made regarding
the cost of cash from operational, investment and
financial activities in the respective units.

consideration and taking into account the influence of
environmental factors of the operation of the
enterprise are modeled in the form of appropriate
funds — "PPP" and "PPP factors". The rates of input
flows (aggregated income from different activities)
are determined using the IF function.

Example,

iftime<=2018 then

(Receipts from_investment activities_statistics+

Receipts_from_operational activities_statistics+

Receipts_from_financial activities_statistics)

else

(Forecast_income from_investment activities+Fo
recast_income_from operational activities
+Forecast_income from_financial activities)

Output flow rates (aggregated cost of funds for
different types of activities) are determined similarly
with the IF function.

The term of the forecast period and the expiration
date of the available statistics (variable "data year")
can be determined using the standard
KnobInputDevice block, which is set at the CASE
level. At the beginning of the experiment, the
GraphicallnputDevice units that have been brought to
the CASE level allow even untrained users to easily
enter the available statistics of the relevant indicators.

Let’s look at the model’s work on the example of
fragments of simulation experiments on the materials
of the open-type Chernivtsi Open Joint Stock
Company (TRT) "Trembita", one of the leaders in the
production of men’s and women’s clothing in Ukraine
and abroad.

Step imitation — one year; forecast period — by
2020. The timing of experimentation may be different
depending on the needs of users.

Within the "Forecast of cash flows of the
enterprise” net (balance) cash flows without
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Fig. 2. Flow charts of blocks of forecast of cash receipts and expenses related to types of enterprises’ activity
Source: own elaboration
Note: Software in Ukrainian
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Fig. 3. Flow diagram of the block "Forecast of cash flows of the enterprise’

Source: own elaboration
Note: Software in Ukrainian

The forecast data on the company’s cash receipts,
obtained on the basis of the constructed trend, without
taking into account the influence of factors of the
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are shown in fig. 4
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Fig. 4. Forecast of cash receipts from various types of activity of the enterprise without taking into account the
effects of stochastic factors (ths. UAH)
Source: own elaboration
Note: Software in Ukrainian

From the data shows that the main flow of funds at
the enterprise generates financial activity. According
to the preservation of the current trend, this tendency
will continue. At the same time, there is a decline in
2015 (operating activity has absorbed rather than
generated cash flows), the proceeds from operating
activities are gradually being corrected. The overall
positive dynamics is predicted by 2020. Significant
investment income was observed from 2014 through

2015. Then there is a sharp drop in investment. Some
revival of the investment process is projected since
2019, although this forecast requires significant
refinement taking into account the influence of factors
of the investment sector — in general, the enterprise
belongs to investment activity objects. The last
observation is confirmed by simulation experiments
taking into account the effects of stochastic factors —
fig. 5.
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Fig. 5. Forecast of cash receipts from various types of enterprise’s activity, taking into account the effects of
stochastic factors (ths. UAH)
Source: own elaboration
Note: Software in Ukrainian

According to the latest forecast, a significant
revival of investment activity and a gradual increase
in investment income are expected: the largest
investments are expected during 2018-2019.

Taking into account the influences of the
environmental factors of the enterprise also leads to
adjusting the dynamics of cash flows from operating
activities.

As you can see, significant investment inflows
lead to an increase in revenues from the main —
operational — activity of the enterprise. After the cash

takeover period, operating activities are in the role of
their generator. The large share of cash receipts of the
enterprise for the prospective period will generate
financial activity — there is a positive influence of the
factors of the environment of the operation of the
investigated object.

Forecasted dynamics of enterprise’s expenses
from the main activities without taking into account
and taking into account the influence of factors is
shown in fig. 6.
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Fig. 6. Dynamics of expenses from the main types of activity of the enterprise without taking into account and
taking into account the influence of factors (thousand UAH)
Source: own elaboration
Note: Software in Ukrainian




Crartst HoMepy

Main article

From the data provided, it can be seen that the
implementation of concrete measures at the enterprise
leads to a reduction in the cost of operating activities,
especially from 2018. With regard to the cost of
investment activities, then after 2015 according to the
forecast, taking into account the factor impact, the
growth of costs is observed compared to the forecast
on the basis of the constant trend. However, as
previous forecast data have shown, more active
investment activity is foreseen in these periods. At the
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a) without taking into account the influence of factors

same time, it is evident from the data that the
influence of factors does not significantly affect the
overall cost dynamics.

The dynamics of accumulated revenues without
taking into account factor influences (GWP) and
taking into account (GWP factors), as well as
accumulated costs (respectively, NWF and NWF
factors) are shown in fig. 7. Dynamics of net
(balance) cash flows is presented in fig. 8.
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Fig. 7. Dynamics of accumulated cash flows (ths. UAH)
Source: own elaboration
Note: Software in Ukrainian
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Fig. 8. Dynamics of net (balance) cash flows (ths. UAH)
Source: own elaboration
Note: Software in Ukrainian

Thus, the forecast dynamics of the company’s
cash for all types of activities can be considered
favorable. However, this implies the development and
adherence of an appropriate strategy for managing
financial and economic activities.

Forecast dynamics of cash flows of the
investigated enterprise, determined by means of
simulation experiments on the model, was confirmed
by available actual data and results of economic
analysis conducted according to the standard method.

Repeated experiments with refinement of
incoming information can provide a more reliable
dynamics of cash flow, which is the basis for making
sound management decisions.

Conclusions

The presented simulation model-simulator for
forecasting the dynamics of cash flows of enterprises
is considered in the most general terms. One of the
main advantages of its use is the possibility of
parametric adjustment, which provides sufficiently

wide options for customizing the specifics of the
object being studied. In addition, "parametrization" is
understood in the broadest sense, from the user's task
of the steps and the timing of the simulation to the
definition of specific algorithms of the effects of
stochastic factors of the internal and external
environment of the enterprises on the dynamics of
flows. That is, the algorithmic "filling" of the blocks
of formation of integral variables can vary depending
on the composition of factors that are taken into
account in specific experiments; the choice of the
laws of distribution of probability variables that
reproduce the variability of the environment adequate
to the realities; as well as using any expert
information that the experimenter possesses.

It is necessary to emphasize the convenience of
the interface of the model on the platform Ithink, as
well as the possibility (thanks to CASE-technology)
of automated input of input using the built-in standard
blocks.
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Further research is aimed at a more detailed the basis of the integrated system AnyLogic with the
reproduction of the composition and structure of cash  involvement, in addition to the system-dynamic, agent
flows from specific activities of enterprises based on  paradigm imitation modeling, as well as optimization
multilevel simulation platforms. The development on  tools to solve the problem.

Abstract

Entry. Cash flows serve various aspects of the economic activity of enterprises, are the basis for their
sustainable growth and achieve high results. Cash flow management processes must take into account the impact
of numerous stochastic factors internal and external enterprise Wednesday, creating conditions of uncertainty
and risk. In such circumstances, the use of traditional methodological approaches to the diagnosis of the current
state and movement of the investigated streams. With this in mind, forecasting cash flow dynamics requires
flexible mathematical apparatus, as the simulation.

Results. On the basis of system-dynamic simulation model was developed methodology of forecasting cash
flows of businesses, implemented on the software platform systems Ithink. The system implements the
structural-functional approach that supports multi-level representation of the model. See the renderer and
streaming model structure chart of the basic model blocks. Projected income and expenses in the context of three
main activities-operating, investment and financial-formation dynamics of cleaner (balance) the cash flow. The
forecast carried out in two versions-without taking into account and considering the influence given stochastic
factors Wednesday the functioning of the enterprise. Model presented on the example of simulation experiments
carried out relatively light industry enterprises. One of the main positive cash flow dynamics study on the
presented model is the ability to configure a parametric simulations. The model has an open block structure. This
provides ample opportunities adapt to the specifics of specific objects. Convenient and easy to use interface
model, as well as input automation capabilities using the built-in building blocks provide its regular use as a
simulator for management decisions. Further research aimed at increasing the detail of the composition and
structure of the simulated cash flows from specific types of business enterprises. This is achieved through the use
of hybrid simulation based on integrated systems. Attracting software platform AnyLogic systems provide not
only different levels of detail of the studied processes, but also simulated experiments with a view to their
optimization.

Crnincok Jitepatypn:

bnank U.A. Ynpasnenune aktuBamu / V. A. brnank. — Kues: Huka-Ientp:, 2012. — 720 c.

brnanxk M.A. Dunukionenus ¢uHaHcoBoro MeHemkepa B 4 T. T. 4. VYnpamnenue (UHAHCOBOU

crabuwmzanueit npeanpustust / U.A. brnank. — M.: Omera-JI, 2008. — 512 c.

3. brnask U.A. Ynpasnenne nenexxusiMu norokamu / M.A. bnank. — K.: Huka-Llenrp: Onbra, 2002. —
736 c.

4. Bpurxasm 0. ®unancossiii MeHempxkMenT / FO. bpurxam, M. Dpxapar. — Cno.: ITurep, 2009. — 960 c.

5. Bau Xopn JI. OcHoBbl (uHancoBoro mMeHemxmenta / JI. Ban Xopn, J[. Baxosuu. — M.: Bumbsamc,
2008. - 1232 c.

6. BnacoB A.B. Konuenuus ynpaBiieHus! I€HEXHBIMUA MOTOKAMH B cUcTeMe (PMHAHCOBOTO MEHEIDKMEHTa
opranmuzanyu / A.B. BrnacoB // ®uHaHCOBBIN BECTHUK: (PMHAHCHI, HAJIOTH, CTPaXOBaHUE, OYXTanTepCKHi
yuer. —2015. — Ne 4. — C. 32-37.

7. TpeizyHoBa H.B. VYmnpaBneHue AeHEXHBIMH IIOTOKAMH NPENIPUIATHS W HMX ONTHUMHU3AIMsA /
H.B. I'pezynoBa, M.H. lymun, O.B. Tans0epr / DxoHOMUKA, CTaTUCTHKA W MH(pOpMAaTHKA. BecTHUK
YMO. —2015. —Ne 1. - C. 67-72.

8. UapaeBa M.B. VYnpaBieHue NeHEKHBIMU MOTOKaMH MPEANPHUATUS Ha OCHOBE MX pacIpeleseHHs I10
¢yHxmonansHoMy npusHaky / M.B. Uapaesa / ®unance! u kpeaut. — 2013. — Ne 41. — C. 36-41.

. ®oppectep JIx. OcHoBbI kubOepHeTHKH npeanpusatus / [Ix. @oppectep. — M.: Ilporpecc, 1971. — 765 c.

10. bormanoBa E.A. lmuranuoHHoe MOIENMPOBaHME KaK HWHCTPYMEHT NPUHATUS pelieHud /
E.A. Bornanoa, A.A. lllepcrsakuna // NovaUm.Ru. —2017. — Ne6.— C. 25-28.

11. Jlerukuna H.H. PerpocniekTtuBa U mepcrekTUBa CUCTEMHON AMHAMUKH. AHAIIN3 JMHAMHKU Pa3BUTHS /
H.H. JIprukuna // UMutanmonHoe MojenupoBanue. Teopus U mpakThka: martepuansl konp. MMMO/I-
2009. — CII6: OAO «LITCC», 2009. — T. 1. — C. 48-56.

12. Cokonorchka 3.M. Ilpukiamui momenmi cucteMHoi guHamiku: Monorpadis / 3.M. CoKolIOBChKa,
0O.A. Knenikoa. — Oneca: ActpornpuHr, 2015. — 308 c.

13. CoxonoBcbka 3.M. Komm’ioTepHe MOJENIOBaHHS CKJIQJHUX EKOHOMIYHUX cucteM: MoHorpadist /
3.M. Cokonoscrka, O.A. KirenikoBa. — Ozeca: Acrpornpunr, 2011. — 512 c.

14. Hucapp U.®. MoaenupoBanue sxonoMuku B Ithink Stella. Kpusucel, nanoru, unpopmanus, 6anku /

N.®. Hucaps. — M.: «U3n-8o JUAJIOIT MUDU», 2009. — 224 c.

N —

11



Crartst HoMepy Main article

15. CokonoBcbka 3.M. Ilpuknagse imiTaliiiHe MOAETIOBAHHS SIK aHAJNITHYHA OCHOBA NPUHHATTS
yrpaBiiHceKuX pimteHsb / 3.M. CokoroBebka, H.B. Snenko // biznec Ingopm. —2013. — Ne 6. — C. 69-76.

16. HazapoB A.A. XapaKTepuUCTHKAa COBPEMEHHBIX MHCTPYMEHTOB JUISl MMHUTAIIMOHHOTO MOJCITHPOBAHHUS
MPU UCCIICTOBAHUN MEXAHU3MOB YIPABICHHS COIMATBHO-9KOHOMHYECKUMH TIPOIIECCAMU M CHCTEMaMH /
A.A. Hazapos // ImutanronHoe MonenupoBaHue. Teopust M npakTuka: Matepuansl koHp. UMMO/I-
2017. — Pexxum gocryna: http://simulation.su/static/ru-articles-2017.html.

17. Pynp H.O. IHctpymeHTanbHi 3acobu imitariiitHoro mopemtoBanus / H.O. Pymp // WMwurarmonHoe
MojenupoBaHue. Teopus um mpaktuka: matepuansl koHp. MMMOJ-2015. — Pexum mocryna:
http://simulation.su/static/ru-articles-2015.html.

References:

1. Blank, Y.A. (2012). Asset management. Kyiv: Nyka-Tsentr: Elga [in Russian].

2. Blank, Y.A. (2008). Encyclopedia of financial manager (Vols. 1-4). M.: Omeha-L [in Russian].

3. Blank, Y.A. (2002). Cash flow management. K.: Nyka-Tsentr, Elha [in Russian].

4. Brigkhem, Yu., & Erkhardt, M. (2009). Financial management. Spb.: Piter [In Russian].

5. Van Khorn, D., & Vakhovich, D. (2008). Fundamentals of financial management. M.: Viliams [In
Russian].

6. Vlasov, A.V. (2015). The concept of cash flow management in the system of financial management
organization. Finansovyy vestnik: finansy, nalogi, strakhovaniye, bukhgalterskiy uchet, 4, 32-37 [In
Russian].

7. Gryzunova, N.V., & Dudin, M.N., & Talberg, O.V. (2015). Enterprise cash flow management and
optimization. Ekonomika, statistika i informatika. Vestnik UMO, 1, 67-72 [In Russian].

8. Charayeva, M.V. (2013). Cash flow management enterprises based on their distribution by function.
Finansy i kredit, 41, 36-41 [In Russian].

9. Forrester, J.W. (1971) Foundations of Cybernetics company. M.: Progress. [In Russian].

10. Bogdanova, E.A., & Sherstyankina, A.A. (2017). Simulation as a tool for decision-making. NovaUm.Ru,
6, 25-28 [In Russian].

11. Lychkina, N.N. (2009). Retrospective and perspective of system dynamics. Analysis of the dynamics of
development. Imitatsionnoye modelirovaniye. Teoriya i praktika, (Vols. 1), (pp. 48-56). SPb: OAO
"TsTSS" [In Russian].

12. Sokolovska, Z.M., & Klepikova, O.A. (2015). Application of system dynamics model. Odesa:
Astroprynt [in Ukrainian].

13. Sokolovska, Z.M., & Klepikova, O.A. (2011). Computer simulation of complex economic systems.
Odesa: Astroprynt [in Ukrainian].

14. Tsisar, I.LF. (2009). Modeling economy in Ithink Stella. Crises, taxes, information, banks. M.: "Izd-vo
DIALOG_MIFI" [In Russian].

15. Sokolovska, Z.M., & Yacenko, N.V. (2013). Applied simulation as analytical framework of managerial
decision-making. Biznes Inform, 6, 69-76 [in Ukrainian].

16. Nazarov, A.A. (2017). Characteristics of modern tools for simulation in the study of mechanisms of
socio-economic processes and systems. Imitatsionnoye modelirovaniye. Teoriya i praktika. Retrieved
from: http://simulation.su/static/ru-articles-2017.html [in Russian].

17. Rud, N.O. (2015). Simulation modeling. Theory and practice: materials of conf. IMMOD-2015.

Retrieved from: http://simulation.su/static/ru-articles-2015.html [in Russian].

Hocunanns na cmammio:

Sokolovska Z. M. Cash flow modeling of industrial enterprises in conditions of uncertainty in the market
[Enexmponnuii pecypc] / Z. M. Sokolovska // Exonomika: peanii yacy. Haykosuii scypnan. — 2018. — Ne 1 (35). —
C 5-12. -  Pexum  oocmyny 0o  owcypH.:.  https://economics.opu.ua/files/archive/2018/Nol/5.pdf.
DOI: 10.5281/zenodo.1302958.

Reference a Journal Article:

Sokolovska Z. M. Cash flow modeling of industrial enterprises in conditions of uncertainty in the market [Electronic
resource] / Z. M. Sokolovska // Economics: time realities. Scientific journal. — 2018. — Ne [ (35). — P. 5-12. —
Retrieved from https://economics.opu.ua/files/archive/2018/Nol/5.pdf. DOI: 10.5281/zenodo.1302958.

@ ® This is an open access journal and all published articles are licensed under a Creative Commons «Attribution» 4.0.
[N\~ Bv |

12



