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Anomayia. — Y podomi poznanymo viaeansmenuil Kosie-
KCHULL NIOXIO 00 ananizy yacoeix PAOIE, WO MaAlOMb CAMonooio-
Hi enacmueocmi, 3anpononosano nocriooenicme emanie npose-
denns gpaxmanenozo anarizy. Ilokazano npakmuyne 3acmocy-
6AHHA PAKManbHo20 awariv 6 obracmi meiekomywikayit,
inancosux punxis, diomeouunix cuenanis, desxix npUPoOHUX
ABUU MA IH.

Kuouosi cnosa: cavonooioni ma myremugppaxmanoni va-
co6i paou, nokasnuk Xepcma, ghpakmansuuii ananis, Myabmugh-
pakmansruil ananis,

I. Beryn

3azaui cyuacnoi neniniiivoi disuku, patioesexrporixu, Teopii
YOPABAIHHA Ta HIMX rany3eil HaYK | TexHIKM BUMAraioTh po3po-
OKH Ta 3aCTOCYBAHHSA HOBUX MaTEMATHYHHX METOIB i anropuT™Miy-
HOro 3a0€3Me4eHHs anaisy JaHux. OIHUM i3 CyuacHmx iHCTpyMe-
HTIB JOCTI/DKEHHS THHAMIKM Ta CTPYKTYPH 4aCOBHX PAIIB € (hpak-
TalbHUIT aHais,

Excriepumentanbhi Ta uncenshi 1octimkenns, NPOBEJICH] B
OCTAHHI JECATHITITTS, TIEPEKOHINBO CBI/HaTh, 11O Garato inopma-
Uiftmx, Gionoriunux. (isHunmx, TexHOTOM YHIX MPOLIECIB MAIOTh
CiIaaHy (ppaktanbHy cTpykTyYpy. Metoam ananizy dypaxransor
CTPYKTYPH BHIAIKOBHX MPOLIECIB MOXKYThH OVTH 3aCTOCOBAHI /Ui
MOHITOPHHT'Y, JHArHOCTHKH i [IPOrHO3YBaHHS KPUTHUHIX SBULL /15
YACOBHX PAB PisHOl npupoan. TMpHiiazamu Takux Yacopmx psiiB
€ MeamyHi i Gionoriuni curnanu, (inaxcosi pam, reodisuuni ta
TeOXiMi4Hi CHrHaK, a TakokK iHdopmauiiini Tpadiku.

Mera poGOTH - NPEICTABUTH KOMILIEKCHE BHKOPHCTaHHS Me-
TOMB (PAKTAILHOTO AHANI3Y /LIS JOCIILKEHHS HAacOBHX pALIB
HEBEHKOI 10BKMHH T4 NOKA3ATH HA YMCACHHHX NPHKIALAX npakx-
THYHE BUKOPHCTAHHS (PPAKTAILHONO aHAI3Y YACOBHX PSIIB.,

II. Camononi6ni Ta myasTudpakranbmi
: CTOXACTHYHI NpouecH
[Tpouecy. wo BonOAIOTE (pakTatbHUMH BIACTHBOCTAMM,
MOMKHA PO3ALTHTH HA B FPYMM: caMonoaioui ( MOHO(paKkTa/1b-
Hi) Ta MyabTHdpakTaibHi. CaMononiGHiCTh BUNATKOBHX npo-
LECIB MOArac B 30ePeKEHHI CTATHCTHYHNX XapaKTEePHUCTHK npH
3MiHi MaciTady uacy.

Croxactuunmit npouec X (1) € camonoaiGuum 3 napaver-
pom H , skwo npouec a'”)(’(at) ONHCYETLCA THMH 7K 3aKO-

HAMH CKiHYEHHOBHMIPHIX posnoainis, mwo i X (7) :
-H

Law{a™ X (at)} =Law{X (¢)}.Va>0. ()
Mapaverp H, 0< H <1, 3sauuii nokasumkom Xepcra,
ABASE €O00IO cTynNinb cavononiGHocti npouecy. Iopsa 3 nieo
Bractusictio nokasiuk H > 0.5 xapakrepusye mipy 10Bro-
CTPOKOBIH 3a71eKHOCTI CTOXACTHYHOrO npouecy. lle o3nauae,
IO AKIIO YACOBHI P NPOTATOM AKOrOCh 4acy 3poctas (yGy-
BAB). TO 3 iMOBipHicTIO, GaH3bKOIO 10 Mokasuuka Xepera, pa

30epeke IO TEHACHLIIO MPOTATOM AHAZOMYHOrO IMPOMIKKY
qacy [l]. TMouatkoBi MoMmeHTH CaMONOAIGHOrO BHMIAIKOBOrO

MPOLECY MOKHA BHPA3HTH SK MDX(!)F:[:C(Q)-!“H. ae

I th

seqnuuna C(g) = M[[X{l)"f]. Monodpakransui npouecu e

OJIHOPITHUMHU B TOMY CEHCI, 1110 BOJOIIOTH OJIHHM napameTpom
CKEHIIHTY — MOKa3HUKOM Xepera, SKMil 3aIHILAETHCS HE3MiH-
HUM Ha OyIb-KoMY diana3oni Macurrabis.

Y nopisuani i3 camonoaiGuumu npouecamu (1) MYJIbTH(-
PaKTalbHi NPOUECH NMPOABANIOTH GiABLI CKIATHY CKeHIiHroBy
MOBEIIHKY:

Law{X(at)} = Law{M(a)- X (1)}.Ya > 0.2
ne M(a) — sunakosa yHkuis, HezaiexkHa Bix X(t).V pasi

camonozioxocti npouecy M(a)=a" .
Mg MomenTis MyabTH(paKTATEHUX npoLieciB BHKOHYEThCH

BiAHOMICHHS MDX(:)H =c(q)t™ P, ne c(q) - nesxa ne-

TepMmiHoBana (Gyukuis; /(g) — yiaraassennii nokasuuk Xepe-
Td, AKHI € B 3ara1bHOMY BHNAIKY HeiHiiiHO0 (yHKi€o, 3Ha-
seHns /h(q) npu g=2 cniBnazae 3i 3HAYCHHAM CTYNEHS

camononiHocri H . Jlis moHodpakraisuux nporecis y3a-
FabHEHHi NoKasHUK XepeTa He 3aMekuTh Bia napamerpa q:
h(g)=H .[2].

Myastidpakransni 06'ekTi € cratucTHyHO HEOIHOPLAHHMH
camonoioHumu od'ektamu. JLisi MyabTH(PAKTAILHONO 4aCOBO-
IO psay CTATHCTHYHA HEOJAHOPIAHICTL O0'eKTA BUPAKACTHCH B
HEOIHOPIAHOCTI PO3MOILTY AAHUX PALY, TOOTO HAABHOCTI Bask-
KHMX XBOCTIB hyHKLIT LinbHOCTI posnoiny AMoBipHOCTEI.

III. Metoau ananisy i ocHOBHI pe3y/ibTaTh
AOCAIKEHb

B poGori sanponoxosano ysaraisHeHmHi KoMILICKCHII -
Xia1 10 aHanisy caMonoAioHuX i MyabTH(PAKTATEHUX BAACTHBO-
creil wacoux psazis. Haseaewo nocnizosuicts etarip npose-
AeHHA (ppakranbHoro amanisy. Llumu etanamu e nonepeuii
aHANI3, WO BKIIOYAE BUIAICHHS KOPOTKOCTPOKOBIH 3a1e%HOCTi
| BUABJICHHS ICTMHHOT J0BrOCTPOKOBIi 3a1eKHOCTI: nepesipka
rinoTe3n Npo HasBHICTH BAACTHBOCTI camMonoaiGHOCTI: He3Mi-
UIeHe [HTepBANbHE OLIHIOBAHHS MOKA3HMKA XepeTa v BUnaaKax
HCCTAUIOHAPHUX YACOBHX PAIIB JEKITLKOMA METOTAMM: YTOY-
HEHHs OTPUMAHOI OLiHKHM NokasHuka Xepera [3].

Basansum etanom nociimkenns € BH3HAYEHHA, YH MAEC 4a-
COBHI psii MOHO- 200 MyIbTH(PAKTATBHOTO BIacTHBOCT, B
poborti [4] sanpornonosanuii MeTon, wo a03BONIE npuiiMary
ado BiAKHIATH riNOTE3y NPO HAABHICTL MOHO(paKTaAILHUX BJla-
CTHBOCTEIT JU1Al 4acoBoro psay. B ocHoBi Meroay jexats aocii-
JUKCHHS  CTATHCTHYHMX XaPaKTEPUCTHK BMOIPKOBHX 3HAYEHD
Y3araabHEHOro MoKasHuka Xepera, ki MOKHA BHKOPHCTOBYBA-
TH AK KPUTEPili A1 NPUITHATTA rinotesn npo MoHodpaktais-
HICTB pay.

[pu nposeaenni myasTHdpakraisHoro aHanizy posrisia-
I0TBCS TaKi XapakTePUCTHKM AK y3araibHeHuit nokasiuk Xepe-
T4, CKCHIHroBas eKcroHeHTa, (yHKiis MYJIBTH(pAKTATLHOrO
criekrpa. B poGori [5] mokasamo, mo B skocti kiabkicHol MipH
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MYJILTH(PPAKTATBLHOCTI JI0LIILHO BUKOPHCTOBYBATH Y3arajibHe-
HHUH nokasuuk Xepera.

B poGoTi Ha YMCIAEHHMX NPHKIAIaX NpeACTABICHI eTary
NpoBeIeHHA (PPAKTANILHOIO aHa/li3y Ta NPAKTHYHE BUKOPHCTaH-
HSl OTPUMAHHUX PE3YJILTATIB B Pi3HHX 001aCTAX A0C/IIKEHb.

Teaexomynikayitinuii mpaghix B MyIbTHCEPBICHHX Mepekax
BOO/IC (PPAKTATLHUMH BIACTHBOCTAMH, TOOTO Mae ocob/iuBy
CTPYKTYpY. 1o 30epiracThes Ha Garathox maciutabax: B peaii-
3aligX 3aBXkIH PUCYTHS 1esKa KiTbKICTb 1YKE BEJINKHX BHKH-
0B MPH BIIHOCHO HEBEJMKOMY cepeanboMy piBHi Tpadiky. Lle
BUKJTMKAE 3HAYHI 3aTPUMKH | BTPaTH MakeTiB, HABiTh KOJIM Cy-
vapHa rnorpeda BCiX MOTOKIB Jaieka Bil MAKCHMAIBHO 10MYyC=
THUMHX 3Ha4eHb. Mojeni TenekoMmyHikauiiinoro tpadiky. 3a-
NpoNoHoBaHi B podoTi, J03BOMIM NPOBECTH iMiTaliiiHe Moze-
A0BaHHg (DYHKIIOHYBAHHS Mepeski. JOCTIDKYBATH 3aBaHTake-
HicTh KaHauis i, HA OCHOBI MPOBEJEHOrO aHANi3y 4epr i Brpar
CHCTEMH, PO3POOHTH AIrOPUTM MONEPEUKEHHA NEPEBAHTAKEH-
Hl MepeKi.

Cyuachi ¢hinancosi punku € My1bTH(PAKTATLHUMH CTOXAC-
THUHMMH CTPYKTYPaMH, I AKX XapaKTepHUH edekt nam'sri,
PuHOK 3a1MIA€Thes CTabijibHUM. MOKH BiH He NpuB's3aHuil 10
dikcosaroro macwraby vacy. To6T0 noku BiH 36epirae cBoio
dpaxranshy crpykrypy. [Iposesenuii B pofoti ananis nokasas.
1o B cTabiibHi nepioan SinbuiicTs pAaiB iHAHCOBUX MOKA3HK-
KiB MAlOTh ABHO BHPAKEHI MYIbTH(PaKTAIbHI BIACTHBOCTAMH,
fKi 3HAYHO c1abLIAloTh B NepeakpH30BHii nepion. 3actocyBaHHs!
BIKOHHMX METOIB aHaNi3y I03BONAE BUABUTH 3MiHy dpakTaib-
HUX XapakTepUCTHK, 110 € iHANKATOPAMH KPH30BOrO cTany di-
HAHCOBOI'O PHHKY.

barato éioroeiunix erekmpocueraiié MawoTh (pakraibHi
saactupocti. [lokasano. wo (pakTaibHi BAACTHBOCTI €AeKTpPO-
eruedasorpam, BiANoBiaHi 10 pisHux (a3 cuy i Hecnanus, icro-
THO BiAPI3HAIOTHECA, 1O A03BOJAE BH3HAYaTH (pisionoriunmii
CTaH B pexkuMi peanbHoro yacy. JlociizkeHo MynrbTH(paKTaib-
#l BaactuBocTi ejekTpokapaiorpam. [lokasano, wo 3HavcHHS
\3arajibHeHOro NokasHuka Xepera /s 310poBUX JHozeii i nati-
£HTIB, 10 MAIOThL Pi3Hi KApAi03axBOPIOBAHHA. ICTOTHO Biapis-
HAl0TECA. Takum unHOM. (hpakTaTbHUI aHATI3 €1EKTPOCHTHATIB
smoke OVTH BUKOPHCTAHMIL 17151 BH3HAYEHHS (DYHKUIOHATBHHX
3MiH B JiSUILHOCTI OpraHismy.

byau npoBesieHi YHcenbHI J0CTIUKEHHA. SKI MOKa3ald, 110
ceficmiuni xeual MalOTh MyJILTH(PaKTAIBLHI BAACTUBOCTI i pisHi
cradii ix po3BHTKY MalOTh pizHi QyHKUIT y3araibHEHOro nokas-
suka Xepcra. AHANIZVIOUH JHHAMIKY BHHHKHEHHS Ji1SHOK
CelicMIMHOTO pAIY 3 Pi3HOK MYJLTH(PAKTAIBLHOIO CTPYKTY=
POIO. MOJKHA JIACHOCTYBATH i MPOrHO3YBATH BUHHKHEHHA Cceifc-
MiHHHX n01ii.

B poGoti npopeneHi A0CAiKEHHS BIACTMBOCTEH JEAKMX
CHIHAJIB, AKI BIANOBIIAIOTE NPHPOAHMM ABMIUAM, i BCTAHOB/IE-
#a IX (pakraibHa CTPYKTYpa. 3okpema 0y/10 MpOBEIEHO MYJlb-
TudpakTanbHUH aHANi3 exorpaM akyCTHYHOrO 30HIAYBaHHS LIS
CcurHaniB, BiAGHTHX Ha pi3Hiil BUCOTI 30HAIpYEMOro wapy. sxuii
BOKa3aB, 1O 30 30ibWEHHAM BUCOTH BiOMBAIOHOro wapy ar-
socthepn. 3MIHIOETLCS (PpaKTaIbHA CTPYKTYPA MPOLIECI B,

IV. BucHoBkH

B poGoTi 3anponoHoBaHO KOMIUISKCHHIH MiaXia a0 aHamisy
SPAKTAILHHX BIACTHBOCTEH 4acoBMX padiB. 3anponoHoBaHuii
weTo/1 nepeadadae nonepeHe 10CiDKEHHS CTPYKTYPH 4acoBo-
T0 psiy. HesMillieHe iHTepBajbHE OLIHIOBAHHS Mapamerpa ca-
MOnoAIGHOCTI | crijibHE BMKOPHUCTAHHS JCKIILKOX METOiB
SPAKTATLHOIO AHANI3Y, 1O A03BOJIAE MiABHIIMTH JOCTOBIPHICTE
OTPHMAHUX OLIHOK. 3arnponoHOBaHMi METOM, IO 03BOJISE
spuiivati abo BiakuaaTtH rinote3y npo HasBHICTH MOHO(pak-
TATBLHUX BJIACTHBOCTEH LIS HACOBOTO PSLY.

Pe3yabTaTi 10C/IIKEHHSA CBIAYATE, L0 3MiHH CTAHY npole-

3. UI0 CYTPOBO/DKYIOTHECH 3MIHOIO fforo kopesnsiiiinoi Ta crnex-
il
’ 1l

TpaabHOT CTPYKTYPH. Haiuactillie Ha HE3HAYHOMY piBHI. TAr-
HYTh 3a COBOIO ICTOTHI 3MiHHM KiabKicHHX i AKIOMMX dpakTans-
HHX XapakTepuCTHK. TakuM 4MHOM. 3anponoHosBani B pobori
METOM aHalizy (pakTaibHOI CTPYKTYPH HAcOBHMX PAIIB MO-
KyTh OVTH 3aCTOCOBAHI TS MOHITOPHHIY, AiarHOCTHKM i Mpo-
rHO3YBAHHA Y4COBHX PAAIB Pi3HOT NPHPOIM, IO MAIOTL BJIaCTH-
BOCTI camonoaioHOCTI.
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INTEGRATED APPROACH TO THE
ESTIMATION OF FRACTAL PROPERTIES

OF TIME SERIES
Kirichenko L.O. ", RadivilovaT.A.*
! Department of Applied Mathematics, Kharkiv National University
of Radio Electronics, Kharkiv, Ukraine
*Department of Telecommunication systems, Kharkiv National Uni-
versity of Radio Electronics, Kharkiv, Ukraine

The experimental and numerical studies in recent decades,
strongly suggests that a lot of information, biological. physical pro-
cesses have complex fractal structure. One of the modern tools of
investigation of the dvnamics and structure of the time series is the
fractal analysis. Purpose of work is to introduce comprehensive
approach of fractal analysis methods for the study of short time
series and to show numerous examples of practical use fractal anal-
ysis of time series.

In this works we propose an integrated approach to the analysis
of self-similar properties of stochastic processes for time series of
short length. The sequence of steps of the fractal analysis was given.
These steps are preliminary analysis, including the removal of short-
term dependence and revealing the true long-term dependency:
hypothesis testing of a self-similarity: unbiased interval estimation
of the Hurst exponent in cases of stationary and non-stationary time
series by several methods: correction of the resulting estimate of the
Hurst exponent. The method to accept or reject the hypothesis of the
existence monofractal properties for time series is proposed.

In the work stages of fractal analysis and practical application of
the results in a variety of areas are presented. The results are the
prevention the overload in the transmission of self-similar traffic
data in telecommunications and information systems; the prediction
of critical situations in the financial markets by changing the fractal
structure of the currency pairs. stock prices and economic indices:
specification of the diagnosis and early detection of diseases accord-
ing to the biomedical signals such as ECG and EEG: detection of
seismic events in noisy seismic signals, etc.

Research results indicate that changing the state of a process in-
volving the changing in its spectral and correlation structure, ofien
on minor level, entail significant changes in qualitative and quantita-
tive fractal characteristics. Thus. the proposed methods in the analy-
sis of time series fractal structure can be used for monitoring, diag-
nosis and prediction of time series of different nature. with proper-
ties of self-similarity.
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