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AHoTanisg. Y craTTi 0OrpyHTOBaHO MOKJIMBICTH 3acTocyBaHHS R\S anamizy muis mociipKeHHS
puHKY BamoT. PoboTa crpsiMoBaHa Ha JOCIIKEHHS BaIIOTHOrO PHUHKY. [luTaHHS mocmimkeHHS 3a
noromororo R\S puHKY BaliOT € HOBMM HAyKOBHM HAIPSMOM. BHBYECHHS BaJIOTHOTO PUHKY, HOTO
pEryJItOBaHHS, BIUIMB Ha (PIHAHCOBI CHCTEMH KpaiH CBITy HaOyBa€ akTyaJabHOCTI B Haimi aHi. BamoTHi
omepalii 4acTo OTOTOXKHIOIOTH MPOIECOM KYIIBJi YM MPOJaXy IIHHUX MamepiB. Y poOOTi MpoBeICHO
aHaJIi3 MOBE/IHKY BaJIOTHUX KOTHPYBaHb HAa BAFOTHOMY PHHKY 32 JOTIOMOT'OI0 BU3HAYCHHS TUHAMIYHHX
3MiH y Yaci IokasHHKa Xepcra, SK OJHOro 3 IHCTpyMeHTiB R/S anamizy, B pamkax Trinoresu
(pakTanbHOrO PUHKY. 3MIHCHEHO PO3paxyHKH MOKa3HWKa XepcTa 3a cKopuroBaHumu Gopmyiamu R/S-
aHaJlizy IO J03BOJISIE TOPIBHATH 3HAYCHHS MOKAa3HMKA Ha BAJIOTHOMY DPHUHKY YKpaiHHM Yy pi3HHX
eKOHOMIUHMX ymoBax. [lokazHuk Xepcra mpu CTaOUTEHIH E€KOHOMIUHIM CHTyaIlii Mae TEHICHIIO 0
30epeKeHHSI CBOTO CEpPEeNHbOr0 3HAYCHHS, NPU LBOMY BiH € IHAMKATOPOM IMOXIH, IO mpsaMo abo
OTIOCEPEIKOBAHO BIUTUBAIOTH HA EKOHOMIKY AEpKaBH Ta Kypc ii HalioHaIbHOI BaIOTH. MeTor poOOTH €
JTOCITIKEHHS TIOBEIIHKK KypCiB BAJIIOTHUX Iap 3a JOIOMOTOI0 MOHITOPHHTY ITOKa3HHKAa XepcTa, SK
OJIHOTO 3 IHCTPYMEHTIB (ppakTalbHOIO aHaJi3y, Y paMKax IinoTe3u ¢ppakTaabHOro puHky. [lependoaueHHs
Mai0yTHBOI TOBEAIHKH BAJIIOTHHX KYPCIB € IyK€ Ba)KJIMBHM, OCKiNBbKH JO3BOJISIE 3MEHIIUTH BaJIOTHI
PU3UKKA Ta 3a0€3MEYMTH MiABHUIICHHS €()EKTUBHOCTI PI3HOMAHITHHX PIIICHb y Tajly3l MIKHAPOIHOI'O
(hinaHcoBoro MeHe/pkMeHTY. ITokasHuk XepcTa Ma€ MIMPOKE 3aCTOCYBaHHS B aHAJI31 YaCOBHMX PSJiB
3aBJIsKU CBOil cTilikocTi. [Ipu #ioro oGuncneHni HeoOXigHI MiHIMaIBHI PUITYILEHHS OO0 CHCTEMH, SIKa
BUBYAETHCS, T4 HA HOTO OCHOBI MO)KHA KJIACH(]IKyBaTH 4acOBl PO 3a TUIIOM 1 TIMHMOMHOIO maMm’sTi. Bin
MOXXE BIAPI3HUTH BHUMIAJAKOBHH PSAM Bil HEBUIIATKOBOTO. Y poOOTI MPOBEIEHO MPHKIIAT PO3PaXYHKY
MOKa3HWKa XepcTa 3a MeToAukolo ManaensOpora. Llefi moka3HUK BHUKOPHUCTOBYETHCS SIK MOKAa3HUK
JOBrOTPUBANOI mam’sTi yacoBux psifiB. [TokazHuk Xepcra siK iIHCTpYMEHT (PpakTaJIbHOTO aHAIIi3y CHUCTEM,
JIO3BOJISIE BU3HAYUTH CTYIIHb MEPCHUCTEHTHOCTI (DIHAHCOBHX PSAIIB, HASBHOCTI HAa BaJIIOTHOMY PUHKY
nmosrorpuBaioi mam'sti. llloaenHi maHi mpo Kypc TpHBHI 0 JoJjap Ta €BpPO B3ATO 3 odimiitHOro caiTty
HBY. BusiBunocs, mo B pi3Hi POKH CHOCTEPIrarOThCs MEPiOAM CTAOUTLHOCTI KYpCy TPUBHI BIJIHOCHO
IHIIMX BaJIIOT. BiAMoOBigHO, 3MiHIOETHCS 1 (hpaKTaibHA PO3MIPHICTH psaay. it OLIBLIOCTI EPIOAIB KypCy
TPUBHI BUSBIICHO aHTUIICPCUCTECHTHI PSAIU, TOOTO KOJU CIaJ iIMOBIPHIIIIE 32 BCE 3MIHIOETHCS 3POCTAHHSIM.
Meroauku R\S ananmizy aHamizy € KJIFOYOBHUM IHCTPYMEHTOM ISl PHHKOBOI QHAIIITHKH, IO JO3BOJISE
3pO3yMiTH, KOJIU 1 SIKi aKTUBH BapTO KYIyBaTH, a KOJH ITPOJaBaTH.

KmrouoBi cjoBa: PuHOK Bamor, BadiOTHHH Kypce, (QiHancoBuit cekrtop, R\S amaiis,
[IHOYTBOPEHHS, TIOKA3HUK XepcTa, MyIbTH()paKTaTbHAN aHAI3.
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Abstract. The article substantiates the possibility of using R\S analysis for currency market
research. The work is aimed at researching the currency market. The issue of research using R\S of the
currency market is a new scientific direction. The study of the foreign exchange market, its regulation,
influence on the financial systems of the countries of the world is gaining relevance these days. Foreign
exchange transactions are often equated with the process of buying or selling securities. The paper
analyzes the behavior of currency quotes on the foreign exchange market by determining the dynamic
changes over time of the Hurst indicator, as one of the tools of R/S analysis, within the framework of the
fractal market hypothesis. Calculations of the Hearst index were carried out according to the adjusted
formulas of R/S-analysis, which allows to compare the value of the indicator on the foreign exchange
market of Ukraine in different economic conditions. In a stable economic situation, the Hearst indicator
tends to maintain its average value, while it is an indicator of events that directly or indirectly affect the
state's economy and the rate of its national currency. The purpose of the work is to study the behavior of
exchange rates of currency pairs by monitoring the Hurst indicator, as one of the tools of fractal analysis,
within the framework of the fractal market hypothesis. Forecasting the future behavior of exchange rates
is very important, as it allows to reduce currency risks and ensure the improvement of the effectiveness of
various decisions in the field of international financial management. The Hurst indicator is widely used in
time series analysis due to its stability. Its calculation requires minimal assumptions about the system
being studied, and based on it, time series can be classified by memory type and depth. It can distinguish
a random series from a non-random one. The paper provides an example of calculating the Hurst index
using Mandelbrot's method. This indicator is used as an indicator of the long-term memory of time series.
Hurst's indicator as a tool for fractal analysis of systems allows you to determine the degree of persistence
of financial series, the presence of long-term memory in the currency market. Daily data on the exchange
rate of the hryvnia to the dollar and the euro are taken from the official website of the NBU. It turned out
that periods of stability of the hryvnia exchange rate relative to other currencies are observed in different
years. Accordingly, the fractal dimension of the series also changes. For most periods of the hryvnia
exchange rate, anti-persistent series were found, that is, when the decline is most likely replaced by
growth. R\S analysis techniques analysis is a key tool for market analysis, which allows you to
understand when and which assets should be bought and when to sell.

Key words: Currency market, exchange rate, financial sector, R\S analysis, pricing, Hurst
indicator, multifractal analysis.

Introduction. The currency and stock markets are a dynamic system that is constantly
evolving. Financial indicators reflect the development of these systems. It is also an important
tool that helps identify trends in financial markets. Their use contributes to the formation and
improvement of decision-making measures in economic policy. Understanding the concept of an
indicator is a necessary and key point that allows you to identify the main components that form
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it. Such factors often cause crisis situations, moments of bifurcations, when the market changes
its direction of development [1].

For many decades, phenomena in the currency market have been studied and researched.
Scientists and scientists from different countries of the world tried to describe the dynamics of
phenomena and processes in the foreign exchange market using various models. Many methods
of forecasting future quotation values are described and highlighted in separate directions.
However, forecasting requires stability both in the economy and in the country's politics, then the
forecast values will be the most accurate and close to the real ones. It is not possible to include
all influencing factors in the model. The policy of the government and the National Bank also
plays a significant role. Statistics also play a significant role. It is difficult for analytics to
process data that is either unavailable, incomplete, or heterogeneous, and bringing data to a
unified view takes a lot of time. There are some drawbacks to such forecasting and modeling.
For example, it is difficult to predict such indicators as the money supply or the interest rate, the
correlation coefficients in the model can be variable, which will lead to a significant error in the
forecast [2].

A complex of economic and mathematical models allows you to capture the change in
properties at the stage of multifractal analysis. In the case of unfavorable conditions, the use of
econometric tools for modeling is impractical [3]. If the stock market is characterized by stable
dynamics and favorable conditions for market activity, then with the help of econometric models
it is possible to predict the dynamics of the financial indicator for the short term.

At the current stage of research, nonlinear methods and tools are increasingly used in the
forecasting and analysis of financial and economic systems. Such systems are complex and have
the following properties: synergy, emergence, chaos. The use of non-linear research methods
will allow to interpret the dynamics of such a complex system as the financial market at a
qualitatively different level. This is due to the fact that most linear methods do not take into
account the random component, which is perhaps the most important in the study of financial
time series.

Statistical analysis begins with the assumption that the system under study is primarily
random; that is, the causal process that created the time series has many components or degrees
of freedom, and the interaction of these components is so complex that a deterministic
explanation is impossible. Therefore, probability can help us understand the process and use it to
our advantage. To study the statistics of these systems and create a more general analytical
structure, we need the application of probability theory, which is non-parametric. That is, we
need a statistic that makes no prior assumptions about the shape of the distribution we are
studying. The Central Limit Theorem (or Law of Large Numbers) states that as more and more
trials are performed, the marginal distribution of a random system will be the normal distribution
[4]. The events being investigated must be independent and normally distributed . That is, events
should not affect each other, and they should have the same probability of occurrence. If the
system under study is not independent and normally distributed, then we need a non-parametric
method. Such a non-parametric methodology was discovered by X. E. Hearst, who included
many natural systems in his research and gave us a new statistical methodology for
distinguishing between random and non-random systems, the constancy of trends and the
duration of cycles, called the method of normalized swing, or R/S analysis, which is used to
study random time series and fractal time series.

Using the work [5] on Brownian motion, we can state that the distance traveled by a
random particle increases in proportion to the square root of the time used to measure it, which
we use in financial economics to calculate the annual volatility, or standard deviation.

Time series can be divided into three groups: deterministic, random, and chaotic. It can be
argued that the development of the dynamics of economic processes and phenomena has a non-
linear, that is, chaotic character. Therefore, it is impossible to apply the usual linear methods, as
a result, there is a need to use alternative methods, to conduct a study of economic processes, this
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issue can be studied with the help of the fractal theory of markets. [6]. Fractal analysis should be
used when market processes cannot be presented using classical models.

Task Statement. The R/S analysis method examines the fractality of time series. This
technique was proposed by B. Mandelbrot and is based on the research conducted by Hurst.
Today, many methods of calculating the Hurst index are known. This indicator reflects the
maximum range of currency quotes or share prices for a certain period.

Work [7] gives an example of calculating the Hurst index using Mandelbrot's method. This
indicator is used as an indicator of the long-term memory of time series, and its value is in the
range from 0.5 to 1.56. It is worth calculating the Hurst index on the basis of at least 128
observations.

Based on the value of the Hurst indicator H, it is possible to conclude about the
randomness or persistence of the considered data [4]. If x is white noise (zero mean, zero
persistence), then the range of the perturbation population forming the random walk, scaled by
the standard deviation, grows as the square root of the series size, giving an expected value of
the Hurst exponent of 0.5. If the obtained value exceeds 0.5, then it can be concluded about
persistence, that is, the series is a generalized Brownian motion and is characterized by long-
term memory. This means that what happens today affects the future. If the Hurst value is
between 0 and 0.5, then antipersistence can be concluded. Such a time series is much more
variable than a random series, because it constantly fluctuates. If we observe a decline in the
previous period, then in the next period we should expect growth and vice versa. At H=0.5, it
corresponds to ordinary white Gaussian noise, a random Brownian walk, i.e., a memoryless
process [8]. Fractal dynamics is a branch of fractal theory that studies the dynamics of whole
structures and systems that exhibit self-similarity properties when their state changes over time,
provided that the structure and shape of the system is preserved. The concept of fractal
dimension is introduced to study irregular fractal objects. The fractal dimension of a time series
gives an idea of how jagged the time series is. If a line scales according to a straight line scale,
then its fractal dimension is one. However, random wanders have a fifty-fifty chance of
increasing or decreasing dynamics. Then the fractal dimension of the random time series is 1.5.
If the fractal dimension is between 1 and 1.5, then the time series is more than a line and less
than a random walk. It is more smooth compared to a random walk, but is more jagged than a
line [9]. This technique can be used to determine the fractal dimension of price dynamics of a
certain asset, including exchange rates.

The fractal dimension of the time series is important because it recognizes that the process
can be deterministic (line with fractal dimension) or random (fractal dimension 1.5). The Hurst
indicator (H) reflects the maximum range of prices for a certain period. The value of the
indicator always ranges from 0 to 1. Hurst's empirical discovery showed that this indicator is
always greater than 0.5, while if its value ranges from 0.5 to 1, this indicates that the time series
is characterized by stable trends , i.e. is persistent. If the Hurst value is between 0 and 0.5, the
series is anti-persistent. And when the indicator is equal to 0.5, the studied time series is a
Brownian motion [10].

Despite the fact that the US and the EU have a free-floating exchange rate, in which there
is no official establishment of the exchange rate, the participation of the state in regulating the
functioning of the foreign exchange market is allowed. The level of the exchange rate is formed
due to the demand and supply for the currency, which in turn are determined by the actions of
the players in the foreign exchange market. In the case of currency depreciation, national goods
also become cheaper, which causes an increase in the volume of exports of goods and services. If
the currency becomes more expensive, then national goods and services increase in price, and as
a result, exports decrease and the share of imported goods and services increases. Under such a
regime, the exchange rate will a priori be volatile.

The dynamics of financial markets were analyzed and confirmed non-linear character,
mono- and multi-fractal properties of the dynamics of exchange rates were investigated, which at
the current stage of the development of dynamics are characterized by persistence (stock
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financial indicator) and Brownian motion, that is, it is a random process (currency financial
indicator).

Results. In a period of economic and political stability, the volatility of the national
exchange rate will be characterized by low volatility, and vice versa, in a period of crisis,
political or economic instability, the volatility of the exchange rate will increase. Efforts to
ensure favorable conditions for doing business, replenishment of the state budget cause the
government to implement regulatory measures. Therefore, the modern currency system in its
pure form cannot be a flexible exchange rate system. Hence, the exchange rate is a lever of state
influence on the market economy.

Having considered the foreign exchange market of Ukraine, we will use the data on the
exchange rate of the hryvnia set by the NBU against the euro and the US dollar for the period
from 01.01.2019 to 04.31.2024. We will calculate the Hurst index for the quotation of the
dollar/hryvnia exchange rate.

We will get the following results of R/S-analysis regarding the exchange rate of the US
dollar to the hryvnia.

Table 1
The results of the R/S analysis of the exchange rate of the US dollar against the
hryvnia
Constant e3,02%87493
Standard error 3,029687493
R? 0.81315583
Hurst index 0,602019903

development of the author

The obtained value exceeds 0.5, then it can be concluded about persistence, that is, the
series is a generalized Brownian motion and is characterized by long-term memory. This means
that what happens today affects the future.

The results of the R/S analysis regarding the exchange rate of the euro against the hryvnia
are as follows

Table 2
The results of the R/S analysis of the exchange rate of the euro against the hryvnia

Constant e2,629743959
Standard error 2,629743959
R? 0,910637
Hurst index 0,610635094

development of the author

The Hurst index ranges from 0.5 to 1, this indicates that the time series is characterized by
stable trends, that is, it is persistent.

Today, the study of fractal and multifractal properties of financial indicators is quite
widely used. Fractal objects include lines, surfaces, and bodies that have a strongly cut shape and
show some repeatability over long time intervals. Fractal time series are a whole class of curves
that are used in the description and modeling of many phenomena and processes. The analysis of
time series using fractal methods allows the evolution of complex systems to be consistently
studied on the basis of a relatively small sample of data. One of the most important quantitative
characteristics of fractal objects is the concept of fractal dimension, or scaling index, which
describes the repeatability of geometry (for regular fractals) or statistical characteristics (for
irregular fractals) when changing the scale. However, in various scientific fields there are many
phenomena that require the spread of the concept of fractal to more complex structures, which
are characterized by a spectrum of indicators of fractal dimension - multifractals [11]. The first
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to propose multifractal analysis as a tool for studying non-stationary time series was proposed in
[7]. Initially, this research method was used in physics. However, it is difficult to find a field of
science where multifractals cannot be encountered. To describe a fractal, one quantity is
sufficient — the fractal dimension. However, multifractals are complex and heterogeneous
objects. In order to characterize them, a whole spectrum of fractal dimensions is needed. Most
objects, either in nature or in the economy, are multifractals. Fractal time series often occur in
the form of singular functions. For the analysis of the signal structure, the availability of a
rigorous mathematical approach is most valuable [5]. Fractals are formed as a result of
unpredictable movements of the chaotic world around us. The most important qualitative
property of fractals is the property of self-similarity. This means that the object or process is
statistically similar on different scales, each of which resembles scales, but is not identical.

Today, scientists, scientists, specialists, traders use a huge number of indicators that are
linear, and also take into account analytical reports of countries and experts that can affect the
dynamics of the financial time series. With this in mind, it is worth noting that linear methods
are not able to fully cover all aspects of the development of a dynamic system and track the
moment of the turning point that will prevent the development of a new stage of the financial
market. Political and economic stability is a necessary condition for predicting future values. In
addition, it is impossible to include all influencing factors in the models for forecasting the
dynamics of the series, because this will deteriorate the quality of the model and such negative
phenomena as heteroskedasticity, autocorrelation, and multicollinearity will occur. It should also
not be excluded that the state of the country's economy and financial markets are largely
influenced by the political measures of the government and the National Bank.

Conclusions. As a result of the conducted research, it can be noted that R\S analysis is
widely used in the financial sphere of activity. The results of modeling and analysis of the
dynamics of exchange rates and stock indices as financial indicators can be used by the state in
the form of the government and state financial organizations for the purpose of assessing the
current state of the financial market and economy, as well as for forecasting the dynamics of
indicators in order to strengthen the economic security of the state and, if necessary, implement
regulation of the functioning of the financial market and its constituent elements.

The methodology discussed in the article is promising for use in the study of the dynamics
of financial series. The Hurst indicator can serve as an indicator that can signal the emergence of
negative trends in the financial market. This is confirmed by the approbation of the method on
the data of the National Bank of Ukraine regarding currency quotations. Multifractal analysis
should be used because economic processes are complex and it is difficult to describe them with
one indicator. We can only speak about the general picture and predict with a certain probability
whether there will be a decline or growth in the following periods. With the help of multifractal
analysis of detrend fluctuations, it is possible to more fully describe the behavior of the object
under study.

Prospects for further research in this direction are the use of "Data Mining", as well as
neural networks, which will allow us to understand the possibility of using analytical
technologies for a quick and thorough study of large data sets, in order to obtain valuable
information. For all time, various cryptocurrencies have left a lot of information. For example,
trading volume, currency price in different time periods and others. All this information can be
analyzed and based on the results you can clearly see what affects the growth and volume and
predict the growth of this currency in the market. In this regard, new algorithms can be created to
predict the rise or fall of the price.
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