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PECULIARITIES OF BIFURCATION IN PRICE DYNAMICS
OCOBJINBOCTI BI®GYPRAIII B TMHAMIIII ITTH

ANNOTATION

The article investigates the nonlinearities and bifurcation in
dynamics of price index and inflation. The developed simulation
models are based on nonlinear differential equations that demon-
strate different patterns of their solutions. The behavior of inflation
exhibits various dynamic properties that substantially depend on
initial state of economic environment and the values of parame-
ters that describe economic conditions. The results of modeling
revealed the bifurcation points and showed that the dynamic of
price in economy could move unpredictable and represent different
direction of movement even for small change in initial conditions.
Moreover, it has been obtained that several equilibrium points in
weak economic system are possible, which demonstrate different
convergence properties. The price dynamics showed strong pe-
culiarities of bifurcation depending on vicinity of equilibrium level.

Keywords: bifurcation, nonlinear system, price index, differ-
ential equation, dynamics, inflation, labor market.

AHHOTAUIA

IHbnsALis — ogHa 3 HaWrocTpiwmx Npobnem cy4yacHoro eko-
HOMI4HOrO PO3BUTKY Maibke YCix KpaiH CBiTy 3i cnabkumm ekoHo-
Mi4YHUM cepepoBuieM. B YkpaiHi, ogHieto 3 winen HauioHanbHoro
6aHKy € HU3bka Ta cTabinbHa iHgnAuia, 3abe3neveHHs LiHOBOI Ta
(hiHAHCOBOI CTINKOCTI, WO CNPUATUME CTanioMy EKOHOMIYHOMY Ta
coujianbHOMYy pO3BUTKY KpaiHW. Y CTaTTi 4OCMIMKEHO HENiHINHOCTI
Ta Gidypkauito y AvHaMiLi iHAEKCIB LiH Ta iHdnauii. Po3pobneHi
iMmiTauinHi mogeni 6a3yloTbCA Ha HeniHIMHUX AudepeHLianbHUX
PIBHAHHSAX, AIKi 4EMOHCTPYIOTb Pi3HY NOBEAIHKY IXHiX PO3B’A3KiB.
Ha nigcTtasi po3pobnexHux mogenen npoaHaniaoBaHo ocobnmeoc-
Ti QMHAMIKM LiHOBUX iHOEKCIB Ta NPOBEAEHO CLEHApPHWI aHaris3.
Pesynstati MogentoBaHHSA 3acsiguunu, WO iHNAUiMHI npouecu
MOXYTb XapaKTepu3yBaTuUCb Pi3HUMU AWHAMIYHUMW BRacTUBOC-
TAMU, AKi ICTOTHO 3anexarb Bif NOYaTKOBOrO CTaHy €KOHOMIYHOro

cepefoBuLla Ta 3Ha4eHb NapameTpis, WO OMUCYHOTb €KOHOMIYHI
ymoBu. BusisneHo Toukm Gidpypkauii Ta nokasaHo, Lo AuHamika
LiHX B eKOHOMILi Moxe ByTu HenepeabayyBaHO i 4EMOHCTpYBa-
TN Pi3HUIA HANPSIMOK PyXY HaBiTb MPW HEBEMUKIN 3MiHI MOYATKOBUX
ymoB. Kpim Toro, oTpumMaHo, Lo B criabkili EKOHOMiYHil cucTeMi ic-
HY€E MOXIMBICTb iCHYBaHHS AEKiNbKOX TOYOK piBHOBArK, siki xapak-
TEPU3YIOTbCS Pi3HUMM BNACTUBOCTAMMW KOHBepreHuii. [na neBHux
piBHOBaXXHMX TOYOK AMHaMIKa LiiH BUSIBMSIE 30iKHICTb A0 piBHOBaru
3a 6yAb SKOro NOYaTKOBOrO CTaHy CUCTEMM, TOAI K ANS iHLWMX cno-
CTepiraeTbCs 3Ha4yHa 3anexHicTb Bif MOYaTKOBOrO CTaHy i MOXe
BiAbyBaTMCh 5K 30DKHICTb Tak i BiALLUTOBXYBAHHS, WO B pe3ynbrari
3yMOBJIIOE LUBMAKUIA NPOLEC 3pOCTaHHS LiH Ta rinepiHdnayio. bi-
chypkauis CNpUYMHIOE | NOCKITOE NpoLECH NiANINBHOT IHMALIT, Ska
He Aae 3MOru 34iNCHIOBATW LieHTpani3oBaHWii KOHTPOnb Ta npo-
BaaUTV ePeKTUBHY MOHETapHY MOMiTWKY. 3a Takux yMOB Broky-
HOTbCS MPUPOAHI MEXaHi3MU PUHKY rpoLLEen, EeKOHOMIYHA cucTema
HaLUTOBXYETbCS Ha MEepeLLKoau, siki BaXKO Mogonatv Ha niacra-
Bi IHCTUTYUINHMX MeXaHi3MiB, CnocTepiraeTbCs 3Ha4YHa peulecis y
6araTbox cdepax eKOHOMIKM, BNIIMB EKOHOMIYHUX LLOKIB CTaE He-
nepenbavyBaHuM, BigOYBaeTbCA NOrMMONEHHS KPU3OBMX SIBULL, Y
pe3ynbsTaTi 4oro nepexigHui etan Ta NocTyn 40 eKOHOMIYHOrO nig-
HECEHHs1 3HAa4HO YMNOBINbHIOETHCS.

KntouoBi cnoBa: Gicpypkauisi, HENiHiViHI cMcTeMM, iHOEKC UiH,
andepeHuianbHe piBHSAHHSA, AUHaMIKA, iHpNALiS, pUHOK npadi.

AHHOTALUA

B cratbe nccnegytoTca HeMUHENHOCTM U Budypkauumn B au-
Hamuke MHOeKca UeH M uHdpnsaumn. PaspaboTaHHble vMuUTaum-
OHHble MOAENnn OCHOBaHbI Ha HelMHENHbIX AnddepeHumanbHbIX
YPaBHEHUSAX, OEMOHCTPUPYIOWMNX pas3fiMyHble 3aKOHOMEPHOCTU
nx pelleHuin. NoeegeHve NMHMNALMN NPOABNSAET pasnuyHble au-
HaMu4yeckne CBOMCTBA, KOTOPble CYLECTBEHHO 3aBWUCHAT OT WUC-
XOOHOrO COCTOSIHUS 3KOHOMWYECKOW cpefbl U 3HaYeHWn napame-

MATEMATUYHI METOOM, MOLENI TA IHOOPMALIVHI TEXHOJIOTIT B EKOHOMIL|
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TPOB, KOTOPbIE OMUCbLIBAIOT SKOHOMUYECKME YCcroBus. Pesynbrartsl
MOZENMPOBAHNS BbISIBUMN TOYKM BUdypKaLMn 1 nokasanu, 4To
AVMHaMKKa LIeH B 3KOHOMUKE MOXET ABUraTbCsl Henpeackasyemo u
AEMOHCTPMPOBATb PasnUYHOE HanpasneHne ABMKEHNS Jaxe npu
HEOOMbLLIOM M3MEHEHNW HavarbHbIX yerosuid. Bonee Toro, Gbino
NONy4YeHo, YTo B crnaboi SKOHOMUYECKON CUCTEME CYLLEeCTBYeT
BO3MOXHOCTb CYLLIECTBOBAHUS HECKOMbKMX TOYEK paBHOBECHS,
KOTOpble AEMOHCTPUPYIOT pasnuyHble CBOMCTBA cxoammocTu. [un-
HaMuKa LieH nokasana curbHble ocobeHHocTy Budypkauum B 3a-
BMCUMOCTU OT PacronoXeHns paBHOBECHS.

KnioueBble cnoBa: 6udypkauus, HenMHenHas cuctema, uH-
AeKc LeH, anddepeHumnansHoe ypaBHeHue, AnHamuka, UHpns-
LS, PbIHOK Tpyda.

Introduction. Inflation is one of the most acute
problems of the current economic development of
almost all countries of the world, especially of
Ukraine. One of the goals of the National Bank
of Ukraine is low and stable inflation. As prices
rise, they start to affect the general cost of living
for the public and the central bank takes the nec-
essary measures to keep inflation within permis-
sible limits. E. Unguru (2017) emphasized that
in mass society there is a possibility of threat for
democracy. The scientist showed that the risk of
chaos is connected with misappropriation, polit-
ical manipulation by well-known persons as well
as malevolent and evil-minded pool of people who
are able to make an influence on the public by
means of the media that include classical or dig-
ital sources [1]. M. Oliskevych and V. Tokarchuk
(2018) wused Markov-switching autoregressive
model to split the behavior into two separate
modes that distinguished types of unemployment
rate behavior during the downturn and recovery
periods that had been occurred due to economic
instability, dramatic internal disruptions of so-
cial environment and strong external shocks [2].

Literature review. A. Tanasie, R. Dricea and
G. Ladaru (2017) represented the new examples of
applying of chaos theory and showed the impor-
tance of irregular attractors for different systems
that are generated by bifurcation cascades during
realization of some scenario in economic poli-
cy [3]. Scientists implied the modern nonlinear
econometric tools to describe the dynamic proper-

0,5

(5]

ties of macroeconomic factors and emphasized the
asymmetric responses of employment possibilities
and other indicators of labor market to smooth the
impact of positive and negative economic shocks
[4, 5]. G. Sorger (2018) built the neoclassical eco-
nomic growth model under monotonic and convex
technology and found the chaotic solution [6].

The economic dynamics of monetary and labor
market indicators undertook chaotic properties over
some periods. M. Neugart (1999) investigated evi-
dences of chaos and nonlinear behavior by means
of a range of different stochastic processes that
included nonlinear, deterministic, chaotic systems
with linear and nonlinear filters. Scientist tested
the correlation dimensions of residuals and filtered
series to reveal chaotic dynamics and obtained the
nonlinear deterministic core on German labor mar-
ket dynamics [7]. M. Oliskevych and I. Lukianenko
made stress on the importance to take into account
the nonlinearities, modern features of strong struc-
tural changes and shock influences on the monetary
policy results and labor market [8; 9].

Methods. Consider the following continuous
nonlinear equation:

pr(t) =f@) =bp-p*=p@®-p. (1)

The equation determines two fixed points:
p*,=0 and p*,= b.

Obviously, two fixed points become the same
when b = 0. Let define N, as a value that denotes
the number of equilibrium points of the system
that depends on parameter a. If, for any interval
(¢, — & @, + &) N, is not a constant, «, is called bi-
furcation point, and the system is said to undergo
bifurcation when a passes through a.

Summarizing in the vicinity of b = 0, we obtain

N,={2,forb>00orb<0;1,forb=20}.(2)

Therefore, b = 0 is a bifurcation point. Figure
1 represents this case for different values of b. It
should be noted that b can take both negative and
positive values. Hence, —1<b<1.

Using the properties of stability, we get

fr(p*) = b - 2p* (3)

and

-0,5

p*1

0,5 1

p*2

Figure 1. Transcritical bifurcation
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fr(0) = { b > 0, hence unstable; b < 0, hence
stable }. (4)

For the second fixed point

fr(b) = { —b < 0, hence stable for b > 0; -b > 0,
hence unstable for b < 0}.

The point p* = 0 is represented by the hori-
zontal axis in Figure 1 whereas the point p* =
b is represented by the 45e-line. The two lines
intersect at the origin and exchanged of stabili-
ty. In result, we obtain transcritical bifurcation.
A characteristic feature of this bifurcation point
is that the fixed points of the system lie on two
curves that intersect, and neither of them bends
back on themselves (unlike the saddle-node bifur-
cation).

Results. Using the system dynamics model, we
get that if b not equal 0 then there are two fixed
points. If b = 0 we get a bifurcation point. Figure
2 represent the dynamic of price b = 0.5. We can
notice that the point p = b is stable, and the point
p = 0 is unstable.

15

For b = -0,5 is inversely. The point p = b is
unstable, and the point p = 0 is stable. Figure 3
proves it.

Figure 4 shows the dynamics of price index for
b = 0 when we obtain a bifurcation point.

Next, consider the continuous nonlinear dy-
namical equation for inflation:

ar(t) = g(n(t)) = 0 n(t) — 7°(t) = =(¢) (6 — 7*). (5)

The system exhibit three fixed equilibrium points

n* =0, %=+ Js, ¥ = — Js . (6)

Thus, the second and third fixed points are
determined only for positive values of J. Summa-
rizing in the vicinity of 6 = 0, we have

N,={1,ford<0;3, foro>0}. 7
Then 6 = 0 is a bifurcation value. Since,
fr(p*, 6) = — 3p** (3)

then for every fixed point
fr(0) = { 6 < 0, hence stable; § > 0, hence un-
stable }.

.
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Figure 2. Transcritical bifurcation for the price level in case b = 0.5 price adjustment
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Figure 3. Transcritical bifurcation for the price level in case b =—0.5 price adjustment
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Figure 4. Transcritical bifurcation for the price level in case b = 0 price adjustment

fr(++6) = —25 < 0, 5 > 0 hence stable ,

fr(=5) = =25 < 0, 6 > 0 hence stable .

A characteristic feature of this bifurcation is
that it is similar to the U-shaped curve, which
is open to the right and the other along the hor-
izontal axis, intersects the vertex U. It forms a
pitchfork, as is shown in Figure 5, and therefore
the price system represents pitchfork bifurcation.

Next, we consider the nonlinear system of
differential equations that describes the behav-
ior of money supply and inflation. Inflation is
a socio-economic phenomenon, generated by the
disproportion of production in various spheres of
market economy.

The system dynamic model includes two main
variables, m and i, each of that is a function de-
pendent on time and includes parameter u. The

two equations are
mr(t) = i(t), 9)
ir(t) = u (1 — m2@)) i(t) — m(¢). (10)

To construct the series m(t) and i(tf) we use
the Euler’s approximation and take a look at

1,5

Figure 5. Pitchfork bifurcation

the behavior of the system when parameter u is
changed. To get the system’s fixed points we set
mr(t) = 0 and ir'(¢) = 0. Then,
i=0
v(@-m?»i—-m=0.

From the first equation, we immediately deter-
mine that i* is zero and we use this in the second
equation. Then we receive that m* is zero. Thus
P = (0; 0) is the equilibrium point of the system.
This is the only equilibrium point of the system
and it does not depend on the value of u. Figures
6 and 7 represent the dynamics of money sup-
ply growth rate and inflation in the long run and
demonstrate the convergence properties.

Conclusions. In a weak economic system, there
are several points of equilibrium that are char-
acterized by different convergence properties.
For some equilibrium points, price dynamics ex-
hibit convergence to equilibrium at any initial
state of the system whereas for others a signifi-
cant dependence on the initial state is observed.
Therefore, both convergence and repelling can
be observed that is resulting in
a rapid process of price growth
and hyperinflation. Bifurcation
causes and exacerbates the pro-
cesses of underground inflation
that prevent centralized control
and effective monetary policy.
Under these conditions, natural
mechanisms of the money mar-
ket are blocked, the econom-
ic system encounters obstacles
that are difficult to overcome
on the Dbasis of institutional
mechanisms. In result, the sys-
tem reveals a significant re-
cession in many spheres of the
economy and the impact of eco-
nomic shocks becomes unpre-
dictable.

1,2
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Figure 7. Dynamics of money supply growth rate and inflation for x = —1.5
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