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LIHW CTABIJIbHOCTI

The article investigates the dynamic properties of price indexes based on the system dynamics
approach that is a simulation modeling approach to monetary policy analysis and design. It applies to
dynamic problems that describe complex economic and social systems including information and mate-
rial delays as well as feedback and circular causality. The simulation nonlinear model takes into account
the nonlinear process of price adjustment. The simulation results showed that the behavior of price
indexes could change dramatically that was driving by small change in initial conditions and parameters of
system. It has been obtained that the inflation process looked often as unpredictable and chaotic system
although it had underlying sources and its driving forces did not demonstrate pure randomness. The price
dynamics should be considered in a system and dynamic view and it is important to estimate the direction
and magnitudes of unemployment and inflation responses on positive and negative economic shocks.
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flk i GaraTo iHWKWX KpaiH 3 NepexigHOK EeKOHOMIKOM, YKpaiHa nepexkuna pokv eKOHOMIYHUX cnaais,
LLLO CYNpPOBOMKYBanNuncb 3poctaHHAM 6e3po6iTTA Ta BUCOoKolo iHdnAuieto. MNogonaHHa iHdnAuii B YkpaiHi €
HaA3BMYaMHO BaXkNMBOO NPOBNEeMOLo, OCKINbKM ii TeMnu YyacTo 6ynn BUCOKMMN, a BiaTak iHONALINHI oui-
KyBaHHA € NOCTiIHUMW. IHONALINHMIA Npouec YacTo BUINAZae AK HenepeabadyBaHa i XaoTU4Ha cucTema,
X04a BiH Mae MiarpyHTA Ta PyLWIiNHi cunn, AKi He € NOBHICTIO BMNaakoBUMKU. ToMy npoueckn cTabinbHOCTI
LiIHOYTBOPEHHA HeOobXiAHO po3rnAfaTY CUCTEMHO Ta BPaxoBYyBaTK iX AMHaMIYHWUIM XapakTep. Y cTaTTi Aoc-
NifKeHO AMHaMiYHi BNaCTUBOCTI IHAEKCIB LLiH HAa OCHOBI MiAXOA4Y CUCTEMHOI AVHAaMIKM, AKUA € METOAOM
iMiTaLiiHOro MoAenioBaHHA Ta Aae 3MOry NpoBaAMTU aHani3 Ta po3pobKy 3axoAiB MOHETapHOI MOMITUKN.
HocniopkeHo anHamiyHi Npobrnemu, WO ONUCYIOTb CKIadHi eKOHOMIYHI Ta couianbHi cMcTemMm, AKi Xapak-
TepuaytoTbeA iHQOpMaLIHMKN Ta MaTtepianbHUMK 3aTpUMKaMW, a TakoX 3BOPOTHMMMW 3B'A3KaMU Ta
umnkniyHicTio. MobynoBaHa imiTauiiHa MoAenb BPaxoBy€e HEMIHINHWIA NPOLLEeC KOPUIyBaHHA LiH. Pe3aynbtati
MOZEINOBaHHA Nokas3anu, Lo MnoBejiHKa LiHOBMX iHAEKCIB MOXXe KapAuHanbHO 3MIHUTUCA 3a HEBEMUKUX
3MiH Y NO4YaTKOBUX YMOBax Ta napameTpax cucteMu. BctaHoBneHo, 1o iHdnAuiiH1in npouec 4acTo BUrna-
fae Ak HenepenbayvyBaHa i XaOTUYHA CMCTEMA, XO4a BiH Mae OCHOBHI mKeperna Ta YNHHUKKU, AKi 3yMOB-
NMIOIOTb IOr0 PO3BUTOK, @ PYLLINHI CUNN HEe AEMOHCTPYIOTb YNCTOI BUNaakoBocTi. OTOX, BaXNIMBO OLIHUTY
HanpAMOK Ta MaclTabu Biarykis 6e3po6iTTa Ta iHnALii Ha NO3MTVBHI Ta HeraTVBHI EKOHOMIYHI 36ypPeHHA.
3a HeBenuKoro 3MillleHHA eKOHOMIYHMX NepeayMoB A0 BENUYMHK, AKa Ayke 6nn3bka A0 NonepeaHboi,
CMoOCTepPIraeTbCA 30BCIM iHLIA AMHaMiKa cMCTeMU UiH. BaknueicTb BU3Ha4YeHHA PIiBHIB Ta TeMniB iHdnALi
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AOCNIMKYETbCA 3a AOMOMOIOI0 aHarnidy CTPyKTypu Mogeni Ta ii AMHaMiYHMX BNacTUBOCTEN. Xo4ya ANCKpPeT-
HWI NOrNAA, OPIEHTOBAHMI Ha OKPEMI Moaii Ta pilleHHA, MOBHICTIO CYMICHUIA 3 EHOOTEHHOIO NEPCNEKTMBOIO
3BOPOTHOro 3B'A3KY, MiAXiA CUCTEMHOI AMHAMIKM MIAKPECMOE HENEPEPBHICTb NPOLECY LIHOYTBOPEHHA.
Moaenb Binob6paxkae AMHaMiYHi 3aKOHOMIPHOCTI, LLIO NeXXaTb B OCHOBI NpoLecy popMyBaHHHA LiH, 30cepen-
>KYETbCA HE Ha ANCKPETHUX PILLEHHAX, @ HA CTPYKTYPi MOMNITUKN, LLLO NEXNTb B OCHOBI LIMX PillEHb.

KniouoBi cnoBa: cucteMHa anHamika, LiHa, imitTauinHa Moaernb, HeMiHiMHICTb, BNacTUBOCTI CTINKOCTI,
piBHOBara.

[TIPOBAEMH CUCTEMHOI'O TIAXOAY B EKOHOMILII

B ctaTbe nccnenoBaHbl AMHAMMYecKe CBOWCTBA MHOEKCOB LEH Ha OCHOBE Moaxoaa CUCTEMHOWN
ANHaMWKW, 4TO MO3BOJIAET NPOBOAUTb aHaNnM3 n paspaGOTKy MepOI'IpI/IFITI/II‘/‘I MOHeTapHOI\/’I NOJNTIUTUKN.
ViccnepoBaHo auHamuyeckue I'IpOGJ'IeMbI, onmncbiBarOWNMX CITOXHble 3KOHOMUYEeCKMe 1 couunalribHble
CUCTEMDI, XapakTepusytrwmneca I/IH(bOpMaLI.VIOHHbIMI/I N MaTtepuaribHbIMM 3a4ep>XKamMu, a Takxe 06paT-
HbIMW CBA3AMU N ULNKIMTNYHOCTbIO. HOCTpOGHa MMUTaUMOHHaA MoAerb, y4nTbiBatoLan HENNHENHbIN npo-
LEeCC KOPPEKTUPOBKW LIEH. Pe3yanaTb| MoAennpoBaHMA Nokasanum, 4To nosepeHme LeHOBbIX NHOEKCOB
MOXXEeT KapAunHallbHO MEHATbCA NMpw HebOoMNbLNX N3MEHEHMAX B HayarnbHbIX YCNnoBuMAX N napamMmeTpax
cucTeMbl. YCTaHOBNEHO, UTO I/IH(*)J'IFILI,I/IOHHbII‘/'I fnpouecc 4acTo BbIrMAONT KaK Henpeackadyemana N XxaoTuny-
HaA cuctemMa, XoTAa oﬁycnosneH neTepMnHNpoBaHHbIMWN (baKTOpaMI/I, a ero gsmxxyuine curiibl He 4eEMOH-
CTpUpytoT yncTomn cnyqa|7|Ho<;T|/|. D,I/IHaMI/IKy LUeH crneayeTt paccmatpunBatb B CUCTEMHOM N AMHaMU4ye-
CKOM OTHOLUEHWU, OLleHMBaA HanpaBneHne N BENN4YMHy OT3biIBOB YPOBHA 6e3p860TVILI,bI n VIHCbJ'IFILI,VIVI Ha

NONOXXUTENbHbIE Y OTPULIATENbHbIE 9KOHOMUYECKMNE LLIOKN.
Kniouesble cnoea: cuctemMHaa AMHAaMUKa, LieHa, UMUTaUMOHHaA Moaernb, HEeNMMHEMNHOCTb, CBOMCTBA

YCTOI‘/’ILII/IBOCTI/I, paBHOBecCKe.

Introduction. As many other transition econ-
omies, Ukraine went through years of economic
decline with rising unemployment and high
inflation. The problem of inflation in Ukraine is
extremely important because it was increas-
ing over years and price growth rate was high.
The inflation process looks often as unpredictable
and chaotic system although it has underlying
sources and its driving forces are not fully ran-
dom. Therefore, price stability should be consid-
ered in a system and dynamic view. H. Hwarng
and X. Yuan (2014) found the chaotic phenomena,
chaos amplification and other nonlinear behaviors
in supply chain systems. They derived that the
effective inventory at different supply chain lev-
els demonstrated various chaotic dynamics that
depended on specific deterministic demand set-
tings [1]. Scientists showed different asymmetric
and nonlinear properties in behavior main mac-
roeconomic indicators that evaluated economic
development and stability in Ukraine as well as in
European countries [2; 3].

Literature review. M. Dusza (2017) focused
on financial crisis emphasizing the crisis in the
banking system, chaos on the foreign exchange
market as well as troubles on capital markets.
He proved that the financial pyramids could be the
main source and the element of financial instabil-
ity, social unrest and wars that had unpredictable
influence on financial markets and revealed cha-
otic dynamics [4]. Scientists also used a wide vari-
ety of modern nonlinear econometric approaches
to investigate the dynamic asymmetric peculiar-
ities in behaviour of macroeconomic factors of
labor market and emphasized the important of
estimation for the direction and magnitudes of
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unemployment and inflation responses on posi-
tive and negative economic shocks [5; 6].

V. Anishchenko, T. Vadivasova, G. Okrokvertsk-
hov and G. Strelkova (2003) investigated the
correlation and spectral peculiarities for cha-
otic system and showed a range of the self-sus-
tained oscillations with different types. They indi-
cated the impact of noise on chaotic systems [7].
M. Oliskevych and V. Tokarchuk (2018) proved the
existence of two different regimes in dynamics of
unemployment rate during the different periods of
economic cycles and its significant dependence
on economics shocks that occurred in European
area [8]. D. Yan, X. Ma and T. Li (2018) studied the
long-term competition in a recycling price game
model and described the Nash equilibrium point
properties in the corresponding stable region.
It was showed that the stability of the price sys-
tem is substantially affected by adjustment speed
of the recycling price, the sensitivity of consumers
and the price cross-elasticity between manufac-
turers and retailers [9].

Methods. System dynamics is a computer-
aided approach to policy analysis and design.
It applies to dynamic problems arising in com-
plex social, managerial, economic, or ecological
systems - literally any dynamic systems charac-
terized by interdependence, mutual interaction,
information feedback, and circular causality.
The approach begins with defining problems
dynamically, proceeds through mapping and
modeling stages, to steps for building confidence
in the model and its policy implications (Figure 1).

Simulation of such systems is easily accom-
plished by partitioning simulated time into dis-
crete intervals of length dt and stepping the sys-
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Figure 1. The basic structure of system dynamics model for price adjustment

Source: constructed by the authors

tem through time one dt at a time. Each state
variable is computed from its previous value and
its net rate of change x’(¢). The computation inter-
val dt is selected small enough to have no discern-
ible effect on the patterns of dynamic behavior
exhibited by the model. In more recent simula-
tion environments, more sophisticated integra-
tion schemes are available (although the equation
written by the user may look like this simple Euler
integration scheme), and time scripts may not be
in evidence [10].

The basic price equation can be represent in
the form

plt+1) =flpk) =Apkt) (1-p(t)), 0<A<4. (1)
Set the equilibrium points, where p(t + 1) = p(t)
= p*forallt. Then,
p =N (1-p),
PPA+p (1-N=0p" [N+ (1-N]=0
that is, we have two fixed points
p=0,p=MN="1/A (2)
To investigate the stability, it is necessary to
use a linear approximation around a fixed point.
This is given by
plt+1)=Ffp) +Fp) pit-p).
However, if p*is an equilibrium point, then
flp*) =0,f(p",) = (A=1)/A. Inaddition, f (p*) = A-2\o".
And so
F)={Ap'=0;2-Ap"=A-1)/A}. (3)
First, consider p";, = 0. If 0 < A <1, then
the system around this fixed point is stable.
Forp™,=(A=1) /A, we get
plt+1)=p "+ (2-N (plt)-p’)
or
ult +1) =(2-MNult),
where u(t +1) =p(t + 1) -p and ult) = p(t)-p".
Therefore, the system around this fixed point is
stable, if
[2-A] <1,-1<2-A<1,1<A<3.

Thus, the system is stable around the second
fixed pointfor1 <A< 3. ForO<A<1,p=0is
the only equilibrium point and it is locally stable.
The pointp®, = Ois point of attraction. For1 <A < 3,
we have an equilibrium solution p*, = (A= 1) / A,
which changes by the parameter A. Figure 1 rep-
resents the developing of two fixed points for
different value of parameter. At A = 1, where two
solution curves intersect, stability changes from
one equilibrium solution to other.

08
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0.2
01

0

0 0,5 1 15 2 2,5 3 3,5 4
—*] ——p*2
Figure 2. Fixed price level points as a function

of price adjustment coefficient
Source: evaluation of the authors

In practice, the value of Ais not limited to 3. What
happens when the value of A is greater than 3 is
need to be investigated deeply. We can get some
idea of the problem by looking more closely at the
equilibrium conditions. Given f(p) = Ao (1 - p) the
fixed points can be set by finding a that satisfies
a = fla).

If two-cycles occurs, then the condition
a = fl{f(a)) is satisfied. When we have one cycle
we can find a. Thus, we need to find where f(a)
cuts the 45™-line. Similarly, we can determine the
values of two-cycles, if it exists, by looking for the
case where f(f(a)) cuts the 45™-line. The situation
will be different for different values of A. The anal-
ysis of cycles is represented in Figure 3.

Results. For small price adjustment coefficient
A = 0.8 there is only one equilibrium price level
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Figure 3. Price level for different types of cycles that depend on value of the price adjustment strength

Source: evaluation of the authors

p = 0 (Figure 3a) since this is the only value at
which f(p) cuts a 45™-line. In fact, this is true for
any value of A that lies between zero and unity.
This means that there are no two-cycles for this
range A. Therefore, for any initial value of p that is
close enough to zero the system is attracted to the
fixed point (Figure 4a). Because f'(p*;) =0.8 <1the
equilibrium point p”, is locally stable.

For price adjustment A = 25 we get
p, = (A=1) /A= 0.6. In addition from (3), we have
f(p",=0,6) = -0.5 and since the absolute value is
from 0to 1thenp”, = 0.6 is stable. f{f(p)) cuts the 45"-

line only once (Figure 3b) so again no two cycles
occur (Figure 4b). In fact, there is only one positive
value when A exceeds the interval 1 < A < 3.

The situation starts to change when price
adjustment coefficient is equal to 3 (Figure 3c).
In this case, the curve f(f(p)) is tangential to the
45"-line at the fixed point. The value of the fixed
pointisp®, = (A—1) /A= 2/3. In this case f (p",) = -1
and the fixed point is semistable (Figure 5).

As soon as A goes beyond value 3, then the
curve f(f(p)) cuts the 45™-line in three places
(Figure 3d). We see that the curve f(p) cuts the
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Figure 4. Price convergence to the equilibrium point (a) for A=0.8; (b) for A=2.5

Source: evaluation of the authors

MATEMATHWYHI MET OZIH, MOZIE Al TA IH® OPMALIIMHI TEXHOAOT'T B EKOHOMILII




152

curve f(f(p)) on the 45'-line and this is the central
value of the three points of intersection. This value
is given by p*, = 0.70588.

1
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Although there is not stochastic element,
for A = 3.94 there is a chaos in price dynamics.
Table 1 represents different cases of price stabi-
lity. The two-cycle ends with a value of A, which is
approximately equal to 3.57.

Table 1
Patterns for price dynamics
Value of
Type of cycles adjustment
coefficient
Exchange of stability 1
‘ ’ " Fixed point becomes unstable 3
— pil(0)=0 — P1{0)=0,014 . p1(0)=-0.007 (2_Cyc|es appear)
— P2(0)=0,667 P2(0)=0.46 P2(0)=0,787
Figure 5. The dynamics of price for A = 3 o ecomes unstable 3.44949
adjustment coefficient ~Cycles appear
Source: evaluation of the authors 4-cycles becomes unstable 3.54409
(8-cycles appear)
The system is actually unstable. Exact intersec- Upper I|m|t.value on 2-cycles 3.567
tion points are easy to install. The lower value is (ghaos begins)
about 0.45 and the upper is about 0.84. However, First odd?cycle f':\ppears 3.6786
when A = 3.449, the two-cycle becomes unstable | CYcles with period 3 appears 3.8284
(Figure 6). This is manifested in the fact that the [Chaotic regions ends 4

cycle becomes unstable and is broken into four
cycles. This, in turn, is divided into eight cycles,
etc. In addition, there are also odd cycles. As A
approaches 3.65, there are no regular cycles at all,
and the whole picture is one of chaos. If we increase
the interval of time to 300, then we can clearly see
that the system behaves chaotically (Figure 6).

— - pO)=BTL e p(0)=0,87

a)

— pl0)=0,48

— p(0=072 — - p0}=096 —— pil=0614

b)
Figure 6. The price cyclic dynamics
of price for A > 3
Source: evaluation of the authors

Source: evaluation of the authors

Discussion. The chaotic systems are very sensi-
tive to initial conditions (Figure 7). We set the value
of adjustment to be 3.65 and investigate the price
dynamics for two different initial values p(0) = 0.1
and p(0) = 0.105 that are very close to each other.

1,0000
0,8000

__0,6000

=

o
0,4000
0,2000

0,0000
0 10 20 30 40 50

—pl{t) ——p2(t)

Figure 7. Price sensitivity to initial conditions
Source: evaluation of the authors

Although there is no stochastic element in the
model, we obtain that the system of price behaves
chaotically in the long run (Figure 8).

Another characteristic arises in the case of a
series entering the chaotic region for parameter
value 3.94 and p(0) = 0.99. In this case, although
the series is chaotic, it is not purely random and
exhibits sudden changes (Figure 9).

The series suddenly changes from show-
ing oscillation to one that is almost horizontal.
This change lasts for about ten periods and then,
suddenly and for no apparent reason, begins to
oscillate once again despite the fact the system is
deterministic.
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Figure 8. The chaotic price dynamics for different initial value in the short and long run

Source: evaluation of the authors
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Figure 9. The dynamics of price
for p(0) = 0.99 and p(0) = 0.9905

Source: evaluation of the authors

Conclusions. The price system is determi-
nistic and not random but the dynamics gives the
impression of a random series. Even more, the
series is very sensitive to the initial conditions.

For small change in the initial value to some other
value that is very close, we observe completely
different situation.

The importance of levels and rates of inflation
appears most clearly when one takes a continu-
ous view of structure and dynamics. Although a
discrete view, focusing on separate events and
decisions, is entirely compatible with an endog-
enous feedback perspective, the system dynam-
ics approach emphasizes a continuous view. The
continuous view strives to look beyond events to
see the dynamic patterns underlying them. More-
over, the continuous view focuses not on discrete
decisions but on the policy structure underlying
decisions. Events and decisions are seen as sur-
face phenomena that ride on an underlying tide
of system structure and behavior. That underlying
tide of policy structure and continuous behavior is
the system dynamics focus.

References:
1. Hwarng, H., Yuan, X. (2014). Interpreting supply chain dynamics: A quasi-chaos perspective. Euro-
pean Journal of Operational Research, Vol. 233(3), pp. 566-579.
2. Oliskevych, M., Lukianenko, I. (2019). Labor Force Participation in Eastern European Countries: Non-
linear Modeling. Journal of Economic Studies, Vol. 46. No. 6, pp. 1258-1279.
3. Lukyanenko, I., Oliskevych, M. (2014). Labour Market in Ukraine: an Empirical Dynamic Analysis
Using Error Correction Model. Bulletin of Taras Shevchenko National University of Kyiv. Economics,

Vol. 6(159), pp. 52-58.

4. Dusza, M. (2017). Financial Chaos. Problemy Zarzadzania, Vol. 15(68), pp. 169-189.

5. Oliskevych, M. (2015). Processes Dynamics Asymmetry at Labour Market: Nonlinear econometric
Analysis. Actual Problems in Economics, No. 2(164), pp. 427-436.

6. Oliskevych, M., Lukianenko, I. (2017). Structural Change and Labor Market Integration: Evidence
from Ukraine. International Journal of Economics and Financial Issues, Vol. 7(3), pp. 501-509.

7. Anishchenko, V., Vadivasova, T. Okrokvertskhov, G., Strelkova, G. (2003). Correlation analysis of
dynamical chaos. Statistical Mechanics and its Applications, Vol. 325(1), pp. 199-212.

8. Oliskevych, M., Tokarchuk, V. (2018). Dynamic Modelling of Nonlinearities in the Behaviour of Labour
Market Indicators in Ukraine and Poland. Economic Annals — XX/, Vol. 169, Issue 1-2, pp. 35-39.

9. Yan,D., Ma, X., Li, T. (2019). Stability Analysis and Chaos Control of Recycling Price Game Model for
Manufacturers and Retailers. Complexity, Vol. 2019, pp. 1-13.

10. Kozytskyi V.A., Lavreniuk S.P., Oliskevych M.O. (2004). Osnovy matematychnoi ekonomiky. Teoriia
spozhyvannia. Lviv, LNU imeni |. Franka. Piramida, 264 s.

MATEMATHWYHI MET OZIH, MOZIE Al TA IH® OPMALIIMHI TEXHOAOT'T B EKOHOMILII




