XapKiBCbKHI HallioHa/bHUM yHiBepcuTeT iMeHi B. H. KapasiHa
dakynbTeT MaTeMaTUKH i iHPopMaTHUKU

Kadenpa npukiagHoi MaTeMaTUK1

Keasidikaiiiina po6ora
O0akasiaBpa
Ha TEMY
«3acTOCyBaHHS YaCOBUX PAJAIB ISl aHAJII3y

KPUIITOBA/IOTHOI'0 DPUHKY»

Bukonas: ctygent rpynu MI141 IV kypcy
(mepiimii 6akanaBpCHKU piBeHb)
creriajbHOCTI 113
«ITpuknagHa MaTeMaTHKa»
OCBITHBOI TpOrpamMmu
«IIpuknagHa MaTeMaTHKa»
KynuH A. C.
KepiBHUK: KaHAHaT (i3.-MaT. HayK ,
JotieHT Kadepu
TPUK/IaJHOI MaTeMaTUKK1
CmopuoBa T. L.
PerjeHseHT: KaHAUAT Te. HayK ,
JloLleHT Kadepu
BUILIOI MaTeMaTHKU Ta
iH(popMaTHKH

JKoBToHbKKO 1. M.



XapkiB — 2024 pik

AHorTallis

Kyuu A.C. 3acTocyBaHHSI UaCOBHUX PSAJIB AJIsl aHAI3y
KpunroBalOTHOro puHKy. Kpanmidikariiiina (0akamaBpcbka) podoTa Ha
3,00y TTA BHUINOI 0CBiTH criefiayibHocTi 113 «[IpuK/IagHa MaTeMaTHKa»
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XapkiBcbkui HanioHa/ibHUU yHiBepcuteT iMeHi B.H Kapasina. XapkiB.
2024.

Po3riisiHyTO OCHOBHI 03HaUeHHS 1[0J0 TeOpil YaCOBUX PAAIB Ta
BUKOpHCTaHHS Moziened ARMA. HaBesieHO Moziesli pO3BUHEHHST YaCOBUX PSIZIiB,
MeTO/IX 3Be/IeHHSI YaCOBUX PSAZIB 10 CTAL[iOHAPHUX, a CaMe 3a J0TIOMOI 0k
JIMCKPeTHOTO0 AudepeHLiitOBaHHS Ta MOJIiHOMia/JIbHOTO 3r/1a/KeHHsI Ta MeTOIx
TlepeBipKY YaCOBHUX PSZIB Ha CTAalliOHAPHICTh, Y TOMY UMCJIi 3@ OIIOMOI'OK0
Bi3ya/IbHOI OL[IHKU Ta 3a [JOIIOMOI'0K0 CTaTUCTUUYHUX TeCTiB. TaK0o)K 3aCTOCOBAHO
HaBe/leHI MeTO/IU Ta IiAXO0AU [0 peabHUX JaHUX LIiIHU KPUMITOBa/I0TH Bitcoin 3a
6epeserb 2024-T0 POKY.

ITpoBeseHa o1jiHKa mapaMeTpiB Ta mig0ip mopsakiB Mogeni ARMA Ha
BKa3aHUX JjlaHUX. 3po0sieHUi MipaxyHOK MOXHUOO0K MPOTHO3yBaHHS [I/1s1 Pi3HUX
TOPSAKIB MOZIeJ/Ti, a TAKOXK aHasli3 OTPUMAaHKX MMPOTHO3iB 3a JOMOMOTI 0K L[IUX
Moziesiel. Y SIKOCTi aHasTi3y TakosK Oy/10 TIpPOBe/IeHO ZI0/JaTKOBE TeCTyBaHHS
3Be/J|eHUX PAAIB [/ BUSB/I€HHS [IPUYMH OTPUMAaHUX IPOrHO3iB.

Kirouosi ciioBa: KpunroBantoTy, yacoBi psagu, ARMA-Mmogeni,
Tro/liHOMia/ibHe 3TJ1a/I)KeHHsI, IUCKpeTHe JudepeHI|itoBaHHS, TeCTyBaHHS Ha
He3a/IeXKHICTh, TeCTYBaHHS Ha CTaLliOHAPHICTE.

Abstract

Kutsyn A.S. The Use of Time Series for the Analysis of the
Cryptocurrency Market. Bachelor's Thesis of higher education in the specialty
113 «Applied Mathematics» of the educational and professional program
«Applied Mathematics» - V.N. Karazin Kharkiv National University. Kharkiv.
2024.



The main definitions related to time series theory and the use of ARMA
models are considered. Models for the development of time series, methods for
reducing time series to stationary, namely by means of discrete differentiation and
polynomial smoothing, and methods for checking time series for stationarity,
including visual assessment and statistical tests, are presented. The methods and
approaches discussed are also applied to real data of Bitcoin prices for March 2024.

An evaluation of parameters and selection of ARMA model orders on the
specified data has been conducted. The calculation of forecasting errors for different
model orders, as well as the analysis of the obtained forecasts using these models,
has been carried out. As part of the analysis, additional testing of the reduced series
was also performed to identify the reasons for the obtained forecasts.

Keywords: Cryptocurrencies, time series, ARMA models, polynomial
smoothing, discrete differentiation, independence testing, stationarity testing.
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Beryn

B ocTaHHi pOKM KPUITTOBA/IOTH 300y/M 3HauHe 3alfikaB/leHHsS K y CBiTi
(diHaHCiB, TakK i B akafleMiyHUX KoJlaX. 3pOC/IMU iHTepecC /10 LIbOTO HOBOI'O KJacy
aKTUBIB BUK/IMKaHWW 1X TMOTEHL[IMHOI POJ/UII0 $K aJbTepHaTUBHOI (opmu
iHBEeCTHIIiH, a TAKOXK MOK/TUBICTIO BUKOPUCTAHHS TEXHOJIOTiT O/IOKUeliH 1 pi3HUX
1iJIeld, BK/IrOUarouu (piHaHCOBI TpaH3aKllil, yrpaB/iHHS JIaHI[FO’)KKaMX TTIOCTaBOK Ta
3abe3neueHHst 6e3MeKu JaHuX.

OpHak, He3Ba)KalOuM Ha IIMPOKWW CIIeKTP JOCIi/)KeHb, TPUCBSIYEHUX
KpHUIITOBA/IFOTaM, € HebaraTo po0iT, MPUCBAYEHUX aHa/i3y Ta MPOTHO3YBaHHIO iX
YacoBUX psAAiB. YacoBi psii KpUNITOBAIIOT — L€ MOC/IiIOBHICTb CIIOCTEePEXXeHb LiH I
00csATiB TOPriB, SIKi 3MiHIOIOTBCS 3 UaCOM. AHasli3 I[UX YaCOBUX PS/iB Ma€ BaXKTHBe
3HaUeHH$ [Jig pO3YMiHHS JUHAMIKU L[IH Ha KPUIITOBA/IOTH, BUAB/IEHHS BHYTPILIIHIX
3aKOHOMIipHOCTel Ta po3po0OKU cTpaTeriii iHBeCTyBaHHS.

Mera 11i€i AUTIIOMHOI POOOTH TOJIATaE B TIPOBE/IEHHI aHali3y YaCOBUX PSZiB
KPUIITOBAJ/IIOT 3 BAKOPUCTAHHSIM METO/IiB Ta IHCTPYMEHTIB aHaJli3y JlaHuX. 30KpeMa,
OyayTb PO3IJIAHYTI METOAU Bi3yaJtiariii, 1eCKpUITTUBHOTO aHasli3y, MO/Ie/TFOBaHHS
Ta MPOTHO3YBaHHS YaCOBUX PSJIiB, 3aCTOCOBAHI [|0 JaHUX KPUIITOBA/IFOTHUX PUHKIB.

15 TIpOTHO3yBaHHS Ta MOJle/lfoBaHHs OyZe B3ITHM Kjac Mogesiei
aBToperpecii Ta KoB3HOro cepegHboro (ARMA). OcHoBHOW ifee0 poboTH €
TIOPiBHSHHS pe3y/IbTaTy BUKOPHUCTAHHA Ifi€l Moze/li y KoMOiHamii 3 pi3HuM
MeTO/Jj|aMH BU/JIJIEeHHS TPEHI0BOI CK/Ia/IOBOI PsAY.

Y KiHIIeBOMY MifICYMKY, pe3y/bTaTH 1ii€i po60TH MOXYTb OyTH KOPHCHI 7151
iHBecTODpiB, TpeliJepiB, aHAITUKIB PUHKY Ta BCiX 3allikaB/ieHUX 0Ci0, sIKi mparHyTh

Kpallle 3p03yMiTH Ta YCIILIIHO OrepyBaTH Ha PUHKY KPUITTOBAJIIOT.



1. Bubip gaHux gociiKeHHs

[nst aHai3y Ta IIpOrHO3yBaHHS Bi3bMeMO 3alliCH 100 L{iHU KPUIITOBA/IIOTH
Bitcoin 3a 6epe3enb 2024 poky y gosapax CIIIA 3 apxiBy IjiH BifiloMoro oHaiiH-
cepBicy o6miHy nudpoBux BamoT Binance [3].

Li zaHi JOCTyTHI y BiIOMil KpUTITOBa/IIOTHIM crucTemi Binance i € 3anicamu
3a BIJMOBIJHMMM YaCOBUMH IHTepBasiamu. [l KOXKHOIO 4aCOBOrO IHTepBaly
[ti, t . ,|] € Habip MOKa3HUKIB, SIKi XapaKTepu3yTh KPUIITOBA/IIOTY Ha HbOMY. [0
TaKUX [10Ka3HUKIB, 30Kpema, HajleaTb:

® llina BiaKpuUTTS (LliHAa KPUNITOBA/IFOTU B MOMEHT Uacy ti).

® llina 3akpuTTs (LjiHAa KPUIITOBAFOTU B MOMEHT Yacy t ., 1). Ls wiHa €
LIIHOIO BIJKPUTTS HACTYITHOI'O YaCOBOI'O IHTepBasly.

® HaiiBumia 11iHa, sika 6y/a Ha MPOMIXKKY.

@ HaiiHmwkua I1iHa, siKa Oy/ia Ha MPOMIXKKY.

MoykHa po3r/isgaTv HU3KY IHIIKWX MOKa3HUKIB, ajie MU 30CeperuMOCs Ha LjiHi
3aKpUTTS, 00 Iel TOKA3HUK € HaMIJiKaBilllMM [ TIPOTHO3YBaHHS, a CaMe,
TPOrHO3YBaHHS L{IHU HATIPUKIHLI TerepilHb0ro 4acoBOro MPOMIXKKY.

[1g aHasti3y B3Ti 4aCOBI IPOMIXKKHY JOBXXHUHOK Y 15 XBUJ/IWH.
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Puc. 1. I'padik uinu Bitcoin 3a 6epe3ens 2024-T0 POKY.

2. OCHOBHI O3HaUeHHS Ta MepeTBOPeHHs YaCoOBOr0 pAAy

Y 1pOoMy poO3Zi/si HaBeleMO OCHOBHiI O3HaueHHs1 Ta (akTu, fKi OyayTb

BUKOPHUCTAaHI JJ1s1 JOC/IiIPKeHHSI.
2.1. CrauioHapHi yacoBi psau

OpgHyMM 3 HaWBa)KIMBILIMX KJIaCiB 4acOBUX PSAIB € Kaac CTaliOHapHUX
yacoBuX psfiB. [ns Toro, 106 HajaTh O3HAuUeHHs CTalliOHApHOCTi, HaBeJeMo
JleKi/ibKa [0YaTKOBUX TePMiHiB.

O3nauenns 2.1. (cT. 8 3 [2]) CToxacTUYHUM TIpPOLIeCOM Ha3WBaOTh MHOXKUHY
BUMNAZKOBUX BequuuH {X , L€ T} BU3HaAUEHHUX Ha JeIKOMY UMOBipHICHOMY
ripoctopi {2, .7, P}.

Y CBOIO yepry CToxXaCTUUHHU MPOLIEC 11le Ha3UBAaKTh YaCOBUM PSZIOM. Takox
YaCOBUM PSIZIOM MOXXYTb Ha3MBaTH He caM IMPOLeC, a KOro KOHKPETHY peaJti3aLlito.
Axkwo MHOXMHA iHAeKciB T 4acoBOro psily € [OUCKPETHOR, TO YaCOBUM DSif,
Bi/ITIOBiIHO, TeXX HA3WBAETHCS JUCKPETHUM. Y BUTIAJIKY, 1[0 PO3TJISIAA€THCS, OyemMo

MMpanroBaTH CaMe 3 ANCKPETHHUM UdCOBUM PAOOM.



[3 BU3HaUeHHSIM CTOXaCTUYHOIO TMPOLIeCy Ta YaCOBOT'O PSAY TICHO TOB’si3aHe
TIOHSATTS aBTOKOBapiaL[iiHOl (PyHKLIII.

O3nauenns 2.2. (ct. 11 3 [2]) ko EX o te T} — CTOXAaCTUYHMH TIpoliec 3i
CKIHUEHHO JUCIIepCi€r0 Var(Xt) < co 17151 KO>KHOrO t € T, TO aBTOKOBapialliiHOIO
dyHkijiero (a6o AKBD) yx(r, S) Ha3MBalOTh

v (7. 5) :Cov(X ., xs) :E[(Xr —EXr) (X —EX s)].

s dyHKI]ig € MpOJOB)KeHHSIM MOHSTTSI KOBapialliiHOI MaTpHI]i Ha BUIT1a/I0K
HEeCKIHUeHOI0 BEeKTOpPY BUIAJKOBUX BeJUUYMH. BOHa Mokasye KoBapiallito MiXK
BUIAJKOBMMU BeJIMUMHAMU YaCOBOIO PS/ly Y Pi3HI MOMEHTH 4acy.

[y>Ke BaK/IMBUM KJIaCOM YaCOBUX PSZAiB, A/ SKUX MoOyZoBaHa 3MiCTOBHA
MaTeMaThU4Ha Teopis, € K/jaC CTaljioHapHUX YaCOBUX PSJIB.

OsnauenHsa 2.3. (cr. 12 3 [2]) YacoBuii psig (X s L€ Z} 3 MHOXXUHOIO
iHAeKCIB Z = {O, +1, +2 i3,...§ Ha3UBarOThb CTAL[IOHAPHUM, SAKILIO

1) E|Xt|2 < 00 JIsI KOXKHOTO t € Z,

2) EXt =m [J/11 KOXKHOIO t € Z,

3) yx(r, s) :yx(r +t, s +t) I1st Oy Ib-IKUX T, S, t € Z.

[HIIMMY c/loBaMU, CTalliOHApPHUM PsiJl € TAKUM PSAZIOM, Y SKOMY MaTeMaTUUHe
CIIO/IiBaHHS He 3a/Ie)KUTh BiJl 4aCy Ta KOBapialjisi Mi>K BUIIQIKOBUMU BeJTMUMHAMU
3a/1e)KUTh TiJIBKY Bif| Bi/JCTaHi Mi>K HUMM Yy 4aci, a He BiJj TOro (akTy, B SIKWUi Ccame
MOMEHT Yacy MU X y3syid. 3a Takoi joriku AKB® mMoykHa po3r/isijaT siK QyHKIIit0
Bi/Jl O/IHI€] 3MIHHOI, a He Bi/l IBOX.

3ayBakeHHs: fkio (X v te Z} € cTalioHapHUM YaCOBUM DPSiZIOM, TO
yx(r, s) :yx(r —s, O), TOMY [JOCUTb 3py4yHO TiepeBUu3Hauutu AKB® Bij
CTaLlilOHAPHOT'0 YaCOBOTO PsAAY TaK

yx(h) =yx(h, O) :Cov(Xt Y Xt) s Beix t, h e Z.
3a TUM >Ke TPUHLIMIIOM BU3HAYAEThCSI MOHSTTS aBTOKOPe/SALiNHOT (PYHKIIii

abo AK®, sika mokasye KopeJisiLjito Mi>K Be/TMUMHAMU PSly Y Pi3Hi MOMEHTH Yacy.



O3HauenHsn 2.4. (cT. 12 3 [2]) ABTOKOpe/iALliliHO (YHKII€0 CTalliOHAPHOTO

psaay (X o t€Z } Ha3uBa€eTbCA (PyHKLIiA

pX(h) V_E% Corr( Al X)

AK® moxxe OyTH gy>Ke KOPUCHUM iHAWKATOPOM HeCTAI[iOHapHOCTi psAy.
Hanpuknan ans psgy, sikuii mMae TpeHJ, AK® moka3ye miaBHUM craf, a st
ctarfioHapHoro psiny AK® miposiBisie piskui Criaf, Bijpa3y [0 HEBEJIMKUX 3HaueHb

KOpeJIsLiii.

2.2. KiacuuHa Mo/ie/ib pO3BUHEHHS DALY

3po3yMisio, 10 [ajfeKo He KOXeH psfi 3 peasibHOTO JKUATTS Oyze
CTal[ioHapHUM. 30KpeMma, [a/ieKo He KOXKeH psif, OyJe mMaTH CTajie MaTeMaThuHe
criofiBaHHsA. 3afyisA BUPillleHHs i€l TpobsieMy 3 yacoM BHHUKJIA ifles] pO3BUHEHHS
psA/ly Ha JAeKiJlbKa KOMIIOHEHT, KO)KHa 3 SIKMX Bi/JMNOBi/Jla€ 3a OKpeMMM acCleKT
NnoBeJiHKU psify. HaluacTilie BUKOPUCTOBYHOTbH MOJ€e/b DPO3BUHEHHS, SIKY
Ha3UBalOTh «K/IacUuHOO» (cT. 15 3 [2]), a came,

Xt =m, +St +Yt.

Y CBOIO Yepry, KOMIIOHEHTYy M,  HasHBalOTh TPEHJIOM, KOMIIOHEHTY S,
Ha3WBalOTh Ce30HOM ab0 Ce30HHOH KOMITOHEHTOo, a Yt Ha3WBalOTh 3a/IUIIKOM
po3BUHeHHs. HedhopmanbHO KaXKyuu, TPeH/ TTOKa3ye PyX PNy «y CepeJHbOMY» Ta
€ HeBUNaAKOBOI (QyHKIjiet0. Ce30HHa KOMIIOHEHTa € TaK0X HEeBUMaJKOBOI
(dyHKIIi€r0, ajie MepioIUUHOI0 3 JIedKUM mepiofioM d Ta MOKa3ye BIUIMB C€30HHUX
dakTopiB Ha psA (HampuK/af, 1jiHa Ha aBiabiseTy Oy/e pi3HOIO B 3a/Ie)KHOCTI Bif
MOpU POKYy). A 0Chb 3a/HILIOK Yt € [esIKUM BUMAJKOBUM 3a/IUILIKOM, SIKMM

OTPUMYEThCS y pe3y/bTaTi BUJaeHHs m, Ta s, 3 PsAy.



Iness Takoro poO3BUMHEHHs TOJiAra€ B TOMY, 1[00 crpobyBaTu BUAAIUTU
HEeBUIaIKOBI KOMITOHEHTU m, Ta s 3 HaIloro psfy, CIIO/IiBatOUUCh, 1110 3a/IMIIOK Yt
BUSIBUTLCSI CTAIL[iOHApHUM, I[00 TIOTiM MOXXHa O0yJ/I0 BHMKOPHUCTOBYBAaTH TeOPito
CTalllOHapHWUX YaCOBUX PAZIB.

Y cBowo uyepry Mu OyZeMO BHUKODHCTOBYBaTH IIle IIPOCTIIlly MO/Jeb
PO3BUHEHHS, sika Oy/ie CKIafaTHCS Ti/IbKU 3 TPEeH/0BOI YaCTUHU Ta 3a/lvIlKy. s
0OIPYHTYBaHHS TaKOTO TIIXO/Y, TIOi/TMMO TTOYaTKOBUM YaCOBHUM psiJ| Ha HEBEJUKI
YacoBI TMPOMDKKM, TIpUIYCKarUW, M0 Ha LUX TIPOMDKKaxX BIJCYTHSA

NepioAUYHICTh/Ce30HHICTb.

Po36uTTs 6ysio 3pobsieHO piBHOMIpHO, Ha 32 piBHi 3a po3MipaMu iHTepBaiy,
KokeH 10 93 esnementa. Came Take po36utTs Oyno oOpaHO cyTo depes

PiIBHOMIpPHICTB.
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Puc. 2. I'padix i Ha Bitcoin Ha TpbOX 3 32-X NPOMIKKaX.

2.3. Metoau BuanieHHs: TPeHJ0BOI YaCTUHU DALY

[Ticnist BBeZieHHS MOZie/Ti PO3BMHEHHS Ps/ly Ha TPEH/I/Ce30H Ta 3a/IUIIOK, STKUM
MH CTIO/IiBAEMOCH OTPUMATH CTalliOHAPHUM, HACTYITHUM ITUTAHHSAM € TIpUOUpaHHs
HEBUTIAZIKOBUX KOMITOHEHT, I1[00 OTpHMMAaTH Halll «CTal[ioOHapHUW» 3a/UIIoK. Y
HaIlOMy BUMAZAKy Tipubupatu Tpeba TiMbKW TpeHA. ICHYIOTH pi3Hi MeToAM AJis

1jporo. O/IHi HamMararOoTbCsl CIIOYaTKy IO0OyZyBaTH OI[iHKY Ha TpeHZ, a II0TiM

10



Bi/IHIMaTH 1[t0 OLiHKY Biff TOYaTKOBOTO PsiAly, a iHIlli HaMararThCs MPUOHUpaTH MOT0
6e3 TmorepesHLOTO OL[iHIOBaHHS. MM pPO3rAsSHEMO [JBa Ppi3Hi MeTogu, /s

pPO3B’sA3aHHA Li€l 3aaul.

2.3.1. Memoo 1. Oyinka mpeHdy 3a MHK

3rifHO 3 LIMM METOJIOM, m . HaMararoTbCs IIyKaTd y BUIJISAZl 3a3/aseriipb
BHU3HAUEHOIr'0 CiMeWCTBa (DYHKLIIM, OLIIHIOHOUM MPU LIbOMY NapaMmeTpy (yHKLii 3a
JOTIOMOIOK0  MeTOZly HaWMeHIIMX KBaZpariB. Ha mpaktumi pgyxke 4acTo
BUKOPUCTOBYIOTh OL{IHKH 3a [OIIOMOIOXO MOJIIHOMIB HEBe/IMKOI CTelleHi, OCKIJIbKU
TIOJIIHOMU € JOCHUTh TapHUM iHCTpyMeHTOM HabmkeHHs pyHKUiN. el meTof, 111e

Ha3MBdlOTb METOA0M 3IJ/1a/PKYBdHHA IT0OYdTKOBOT'O psAay.
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Puc. 3. Tlpuknag 3riazpkeHHs psay MOJIHOMOM 6-I0 CTYIIeHHO.

2.3.2. Memood 2. BudaneHHsi mpeHOy 3a OONOMO20I0 OUCKPEmHO20
oucpepeHyito8aHHsA
Llett MeTo He poOWTHL HisIKOI OIJiIHKM Ha TPEHJ, a HaMaraeTbCs HaIpsMy
BUJAATH TPeH/,. [/ IbOoro BU3HAUMMO oriepaTop V SiK
VX =X X :(1 _B)Xt’
Jle B — omepartop 3cyBy Hasaj

11



BX =X ..
t t—1

CrerieHi oniepaTopiB B Ta V BM3HauarOTbCH TakK:

Bf(Xt) =X, _;a vi(xt) =V (Vi-'(x))s vo(xt) =X..

[ocuTb rapHOK B/IACTUBICTHO LILOTO MeTOAYy € Tou (hakT, II0 SIKIIO
3a3/jaJieri/ib BiZIOMO, 1[0 TPeH/ Py Ma€ BULJISA/ TTOJIIHOMY CTeTleHi p, TO orepaTop
mvdepeHIiiroBaHHs cTereHi p +° rapaHToBaHO mpubupae 1l TpeHA. bBimbi
JleTa/IbHO, IS MOZeTi Xt =m, +Yt, fiem, ZZ;(: oajtj Ta Yt € CTalliOHaPHUM PSIOM 3
HYJIbOBHAM CepeJHiM,

ky —1,1 k
v Xt_k.ak+v Yt.
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Puc. 4. [Ipuksnaz nrdepeHLiitoBaHHS MepLIOro NOPSLKY PSIAY.

2.4. MeTou niepeBipKU CTaLliOHAPHOCTI 4YaCOBOTO PAAY

[Ticnst TIpoBeieHHs eTary NpUOWpaHHs TPeHAY TOTpiOeH JesTKuii MeXaHi3M,
11100 BIIEBHUTUCH y TOMY, 1110 OTPUMAHUN 3a/TUIIIOK Yt [IMCHO € cTalioHapHuM. st
TIOUaTKy MOyKHa Lie 3p00WTH ¥ Bi3ya/ibHO (HaIrpUK/Ia[], BIEBHUTUCH Y TOMY, 1110 PSifi

He Mad€ OUeBHIHHNX O3HdAK TPEH,HY)
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Takox moxkHa noauButrcsa Ha AK® Bifg riepetBopeHoro psagy. dns AKD Bif
CTaLlilOHAPHOTI'O PSIly XapaKTepHOO € MoBe/iHKa, 3a IK0i AK® pi3K0 3MeHIy€eThCsA
[0 HEeBe/TMKMX 3HaueHb, Ha BIAMIHY Bif [/11 HeCTallilOHapHIX pPAAiB, A AKnux AK®
TOKa3y€ MIaBHUU PyX.

OfHak, IiCHYXOTbH I1le CTaTUCTAYHI TeCTU JJjisl T[epeBipKh HasBHOCTI
CTAIiOHapHOCTi, OfHUM 3 SIKUX € po3mupeHuii Tect Jliki-Pynnepa. Moro me
Ha3MBalOTh «TECTOM Ha OJWHHWYHI KopeHi». [106 MOSCHUTH SIK BiH IpaIflo€, Jamo
TakKe 03HaUeHHs.

O3naueHHs 2.5. (ct. 74 3 [1]) YUacoswii psia {X ” t € Z} Ha3UBaIOTHCA AR(p)

-IpoLecoMm, JKIino BiH Mae€ BUIJIAL,

p
Xt:l‘H_E 1li><t—i+€t'
1=

Y cBorO uepry, dkKio BUKOPHUCTOBYBATH OIlEpATOD 3CYBY Bj, TO OCTAHHIO

PiBHICTH MOXKHa 3aIyiCaTy TakK:

p p
X =u+ 21;1131 X +e - 1 —21;1131 X =€ +u.
1= 1=

Bupas (’I —Zip_,laizi) Ha3MBalOTb XapaKTePUCTUYHUM I[10JIIHOMOM LIbOTO
ripouecy. BusBAsieTbCSA, 10 KOJW XapaKTEePUCTUYHUM TOJIIHOM Ma€ OJWHUYHI
KOp€eHi, TO mpoLwec AR(p) He € ctauioHapHuM. Tect [iki-@yiepa npuIlycKae, 1o

pSZL, MiAOPSIAKOBYETHCS TaKid MOZeJIi:

VX =p+aX _ + . VX

HynboBorO rinoTe30r0 € Te, U0 y L[ikd MOAesi Koeil[ieHT o JOPIBHIOE HYJIIO.
Y TakoMy BMIIQ[IKy TIeplili pi3HULIL pAAY € AR(p —’I) TIPOLIECOM, 1[0 eKBIBaJIeHTHO
YMOBI1 OZIMHUYHOI'O KOPEHIO B PIBHSHHI.

13



AJTbTepHAaTUBHOIO TiTlOTe3010 € Te, 1[0 KoedillieHT a MeHIIle Hy/isl, TOOTO 1110
MOYaTKOBUM PsiJi HE Ma€ OJUHWUYHOTO KODEHID Ta € CTaljioHapHuUM. MeToro

JOCJi/PKeHHsI € TpUOWpaHHSI TPeH/AYy TakKUM UYWHOM, 100 BigXWIUTH HYJIHOBY

riroresy.

2.5. IlepeBipKa CTarLiioHapHOCTI YaCOBOT'O ALY

[Ipu 3BejeHHI HaIlMX PSAiB [0 CTalliOHAPHUX METO/IoM JudepeHI]itoBaHHS
BUSIBWIOCS, 1[0 B)Ke€ HAaBITh OJHOKpaTHe Au(epeHI|itoBaHHS TIPU3BOJUTHL [0

cuTyallii, KOJId PSiid BUTJIAAI0Th Ta TIOBOASTH ce0e sIK CTalfioHapHi.
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500 - 500 - 500 -

250 - 250
04 i o J\J\
—250 1 —250
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—500 4 —500 4
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Puc. 5. ITpuknaj audepeHiiiioBaHUX psifiiB Ha 6-TH pPi3HUX MPOMiXKKax 3 32-X

Ane 3a Bi3ya/lbHOIO CK/Ia[[OBOI0 MOJKHA Ti/IbKH UiTKO MOOAUMTH HasBHICTb
CTaJIor0 MaTeMaTU4YHOIO0 OYiKyBaHHs, [0 Ille He TrapaHTy€ CTallilOHAPHICTh.

[TonuBumMock Ha AK® Bif fesiKux psifiiB.
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Puc. 6. ITpuknag 6-tu BunagkoBux AK® Big audepeHiiiioBaHUX psifiiB

Baunmo, mo AK® mnoBoguTh cebe Tak, sK ITIOBMHHA ITOBOAWTH cebe 3a
HasIBHOCTI CTaLliOHapHOCTI (Pi3KuK crnaf, 10 HeBe/TMKHUX 3HAUEeHb).

Y cBow uepry, tect [iki-dysnepa BIXWIUB HY/ABOBY TilOTe3y IIpo
HeCTaL[lOHapHICTh y BCiX 32 Bunagkax. [Ipy TecTyBaHHI BUKOPHMCTOBYBABCS PiBeHb
sHauymocti a =0.05, ane BiH Bigxu/se HecTal[iOHApPHICTb HaBiTh 3a MEHIIMMU
PiBHSIMM 3HAUyI[OCTi, TOMY III0 [JiMICHO JOCSTHEHI pPiBHI 3HAYYIIOCTi (p-3HaueHHs1)
TpY TeCTYBaHHI BUUIIIM Ay>Ke MaJuMU. Haripyksia MakcuMasbHe 3a yciMa 32-Ma
psiZlaMu p-3HaueHHs BUMILIO MeHIe Hix 0.03.

AK BUCHOBOK, MU TIPUMMAa€EMO TiMoTe3y CTal[iOHAPHOCTI MPU OAHOKPAaTHOMY

IvepeHL]iFOBaHHi.

Po3rnsiHeMo Temep moJliHOMia/ibHe 3IVIa[pKyBaHHs. HKILO Yy BUIMAAKY
JMUCKpPeTHOTO AudepeHIfiloBaHHS TapaMeTpoM, SIKMM MOYKHa 3MiHIOBaTH, OYB
TOpsIIOK  AWdepeHIjilfoBaHHsA, TO Yy LIbOMY BHIAAKy Tpeba po3yMHO TMifiOpartu
CTeTiHb TOTIHOMY, 3a /IOTIOMOTOI0 SIKOT0 Oy/e TPOBOJUTHCH 3TJIa/pKyBaHHS. s
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I[bOT0 MOYKHa BUKOPWUCTAaTH HACTYMHWM ITiXiZ: mepeOpaTH CTeleHi y [esaKoMy
Jliaria30Hi Ta [Jisi KOKHOI CTereHi OLiHWATH mosiHoM metogom MHK, micias yoro
BiJHATU LleM TIOJIIHOM BiJ MOUYAaTKOBOTO psAYy Ta 3acTOCyBaTA A0 TOro, IO
3a/MIIUThCS, TecT [iki-Dyinepa.

B HacTyrmHi Tab/u1li ToKa3aHo, Ha SIKil Ki/IbKOCTi psifiB Tect Jiki-Dymiepa
BIIXWJIUB HYJ/IbOBY TillOTe3y PO HeCTalliOHAPHICTh Ta MaKCUMaJibHe 3 p-3HaueHb 3a

BCiMa psiiaMu [iJIsl CTereHiB rojiiHoMy Big 1 go 10.

CTerniHb 10/IHOMY .PﬂmB’ Ha AKX Bi,qgnnnna.c b MakcumasbHe 3 p-3HaueHb
rinoresa Ipo HeCTalliOHapHICThb
1 5332 0.74076
2 12332 0.59974
3 21332 0.36622
4 283 32 0.17312
5 31332 0.05708
6 32332 0.04362
7 32332 0.01347
8 32332 0.00179
9 32332 0.00878
10 32332 0.00353

Tab1. 1. Tabnmiisg KibKOCTi Psi/iiB Ha IKMX HYJIbOBA TiroTe3a tecty [iki-Dynnepa
Oyna BifxuieHa, a TaKO>XX MaKCHUMaJsibHe 3 p-3HaueHb TeCTYy T10 BCiM psifiaM.

BauuMo, 10 TouMHarouu 3 6-1 cremeHi mpu pieHi 3Hauymocti @ =0.05
rirnoTe3a HeCTaL[ilOHAPHOCTI BIAXU/ISETHCA Ha yCiX psaax.
[ToguBUMOCH Ha pe3yJ/bTYIOUl 3a/MIIKU TIiC/IA BUJAJIEHHS TIOJ/IIHOMIB 6-1

CTerieHi.
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Puc. 7. Ilpuknaz 6-Tu psaiB Mic/is BUZaneHHsl TPeH0BOI YaCTUHU
yepes IoJIiHOMia/ibHe 3IJ1aJ[)KeHHs 10J1IHOMaMu 6-r0 CTYTIeHo

Posriasgsaemo Takoxxk ixdHi AKO®.
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Puc. 8. Tlpuknaz 6-tu AK® Bij psAAiB IMiC/Is TTO/IIHOMIaIbHOTO 3r/1a[)KeHHS
[TosmiHOMamMu 6-ro CTyIieHro
baurmMo CyTTeBy pi3HULI0 MK moBefiHKOO AK® B audepeHiilioBaHUX
psAfax Ta B psAfax Micjsg BUAAJIEHHS IIOJIHOMIa/nbHOI OL{iIHKKA TpeHZAy. Lle moxe
CBiZJUMTH TIPO Te, 1[0 MiJ yac nobyj0BU Mojeni MU Oy/ieMo MaTU pi3Hi pe3y/ibTaTh

IS BUCHOBKIB.
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3. ARMA-mopeni

OiHUM i3 TIOTY>KHUX KJIaCiB [J1s1 MOZle/IFOBaHHS CTaLliOHAPHUX YaCOBUX PAJIIB
€ k1ac ARMA mopeneii. ARMA-Mozienib BUSHAUa€THCS Tak.

O3nauennsa 3.1. (ct. 74 3 [2]) IIpouec {Z t} 3 HY/JbOBUM CepeJHiM Ta
JUCTIepCI€r0 02, Be/IMUMHU KOO HEKOpe/IbOBaHiI Mi>k CO0010, Ha3WBaIOTh OiMM
LIYMOM.

O3nauenns 3.2. (ct. 74 3 [2]) TIpouec {X s L€ Z} Ha3WBa€EThCS ARMA(p, q)
TIPOLIeCOoM, SIKIIIO {Xt} CTalliOHapHUU Ta SIKII[O /1J11 KOXKHOTO t

Xt —¢1Xt_,| —...—¢pXt_p =Zt +9,|Zt_

1 t6Z

fe Z, — 6immit mym. {X t} Ha3WBalOTh ARMA(p, q) TIPOLIECOM 3 CepeIHIM y SIKII[O
{XL_ —u} € ARMA(p, q) npoiiecom.

Ak 1 y Bumaaky 3 AR(p) TpOLIECOM ARMA(p, q) rpoiiec Moyke OyTh
3amMMCcaHri OibIll KOMIIAKTHO Y BUTISIA

¢(B)x_=6(B)z, t=0 +1, +2...,

Je ¢ Ta 0 € moniHOMaMu CTeTieHi p Ta q BiATIOBiZHO.

Jlorika, sKa CTOITb 3a L€ MOJE/UII0 € [JOCUTb TIPUPOAHBLOLO.
[IpynycKaeTbes, 10 TemNepiliHe 3HAUEHHS PSAAY Xt 3a/IeXKUTh, TI0 Mepiue, BiJ p
ToTepe/IHiX 3HaueHb psiAly, MPU UOMY JIiHIMHO, a, IO ApYyre, 3aJeXUTb Bif q

TrorepeIHiX 3HaUeHb TTOXUOO0K Zt _;Ta Bi/l TOXUOKM Y TeTepilHiii MOMeHT uacy Zt.

3.1. OuiHka napameTpiB Mozei
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3BiCHO O/THUM 3 HalBa)K/IMBIIIIMX KPOKiB MO/Ie/TFOBaHHS € OL[iHKa MapamMeTpiB
obpanoi Mogemni. [I1s orfiHky TlapaMmeTpiB Mojieri ARMA icHye fekiibKa crioco0iB.
Y uii poborti OymeMo OI[iHIOBaTH ITapaMeTpPH MOZEIi 3a JIO0IOMOrol MeTo/a
MakcuMasbHOI BiporigHocTi. 106 3po3yMiTu siK BiH mpaijfoe HaMm MoTpibHo Oyxe
y35TH JieKi/ibKa QakTiB 3 [2].

3ocepeMMOCh TOKH 1110 Ha OL[iHI[i KoeillieHTiB ¢ ,|,¢2,...,¢p Ta 9,', 92...,9

b

q
0, BBO)XAIOUH, 1110 TIOPSAKHU p Ma q MO/, 1[0 PO3T/ISIa€ThCs, 3a/iaHi.

Bigomo, 1110 A/1s1 He3Mil[eHMX BUIIaJKOBUX BeJIMUUH iX KOBapiaLjisi JOPiBHIOE

COV(Xl., xj) =E(XX)

Hexaif Xn e OL[IHKa ISt Xn 1 fIKa fiae HaMMeEHIIy CepeJHbOKBAIPaTUUHY
TTOXUOKY.

TBepmxenns 3.1. (Anroputm iHHOBaLii, cT. 172 3 [2]). Hexail npoyec EX t}

n

Mae Hynboge cepeoHe ma AKB®D K(i, j) =E (Xsz)’ npuuoMy mMampuys [K(i, D]ij 1

HesupoOdiceHa 015 KoxcHozo n =1, 2, 3...

Tooi oyiHKu Ha 0O0uH Kpok eneped X n >0 ma ix cepedHbOK8aOpamuuHi

n+7T
noxubku v,n > moacymb 6ymu 3HatioeHi mak:

0, skwon =0

n

X =
n+1 -
.Eqbnj(xnﬂ S _j), Ko n 21,

J:

~

Cepe/IHbOKBA/IpaTUUHi TTIOXUOKH V_ 3HaXO0O0AMbCA 3 PiBHSAHD

vo=k(1,1)
k-1

-1
Gn’n D K(n +1,k +1) _jE_obk’k —jen, . —jvj  k=01,...n—1

n-—1

3ayBakKMMO, L0 LIF0 CUCTeMY MO)KHa pO3B’s13aTH PeKYpPCUBHO.
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Tenep po3sryisHemo mogens ARMA
¢ (B)x_=6(B)z,
ze Zt € TpoiiecoM 6i/IoTo IIyMy 3 HYJTbOBUM CepeZiHiM Ta JUCTIePCi€lo 2. 3pobumo
3aminy (ct. 175-176 3 [2])
W =0~1X, t=1,...m,

w, =09 (B)X, t>m,

aem :max(p, q) . Toxi orpumaemo HoBuM npouec 3 AKB® K(i, j) :E(Win), sKa

Ma€ BUTJISI
g—2yx(i _j) 1<ij <m
p
g2 Vx(i —]) _Dryx(r —|i —j D min(i,j) <m <max(i,j)
K(.J) = .
§r9r+|i—j| min(i,j)>m
0 IHakwe

ne yX(h> — AKB® mporecy gxtg, a Oj, ¢i — koedinienT ARMA mogeni.
[Tic/s obOro MOJKHA 3aCTOCOBYHOUM TBepAKeHHs 3.1 10 HOBOro IpoLiecy Ta

T1iC/11 3BOPOTHOI 3aMiHM OTPUMATH OLIIHKY Ha OJUH KPOK Briepes came A1 ARMA

Tiporiecy:

n
= = <
j=
q
= - =
o 41 ¢'|X" +"'+¢PXH +1-p +Zenj(xn +1—j X 1 —J')’ s n zm,

a TaKOK CepeIHLOKBAIpaTHUHI MTOXUOKHU I[UX OIiHOK:

~ 2 — 2
E(Xn an) =0 E(W

2 e 2 42
+1 n+1 Wn+’l) =0 L~

ze an Tar 3HAXOJATHCS 3 AKB® K(i, j) 3a goriomororo TBepykeHHs 3.1.
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Terep mepelgeMo [0 OIL[iHKM [apaMeTpiB 3a [JOMOMOrOK MeTOoay

MakKcuMasbHOI BiporigHocTi. Y mogemi ARMA, 1[0 pO3I/IsSaeThesi, MOTPiOHO
OLiIHUTU [IBa BEKTOpa TIapaMeTpiB ¢ :(q) 1,...,¢p)' ma 9:(91,...,9q)',aTaKo>K

nucrepcito 6ioro mymy 02 BeJUUUH { Z}.

Hnst mopeni ARMA dyHK1iis BiporigHocTi Mae BurJisiz: (ct. 256 3 [2])

n
2Y \2
1(9.6,0%) :(2"02) _%(ro'”q ot —1) _%exzo _%o—2m

=1 T
rdepeHIiForYn JorapudmM riei GYHKIi BiIHOCHO 02 Ta BpPaxoB OUH, 110
peHI| p 1l YHKIILL BIJL p y 1]
“X.ma r, He 3aJeXath BiJ 02, OTPUMYEMO, 110 OLHKA ¢, @ Md 0 3a/[0BOJIbHSIOTh
y [ | puUmMy 110 oLy |

CITiBBiTHOIIIEHHS

~02=n-15(¢,0),

"X 2x)?
)Y L)
i=1 j—1

Ta ¢, 0 € BeinuMHaMM, sIKi MiHiMi3yIOTh BEJIMUMHY

Ae

1(¢, 6) =In (n -1s(¢, 9}) +n _1§n ;s _q)-

3.2. ITin6ip nmopsigkiB mogeni. [Tokasnuku AIC Ta BIC

Tenep 3ocepeauMock Ha mifbopi mopsakiB mogeni. Lleli eram € myxe
BOK/IMBMM Yepe3 Te, W0 [Ay)Ke MaJIeHbKUM I[IOPSZ0OK MOXKe IIPpU3BeCTH [0
He3/IaTHOCTI MoOJie/li BJIOBJ/IFOBaTHM 3aKOHOMIDHOCTI y [JaHUX, a [AyKe BeIUKW!

MopAA0K MOXKe IIPU3BECTH [0 I1IepeHABYdHHA MO,[[eJ'Ii.
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Ins migbopy MopsAKiB BUKOPHCTAEMO TaK 3BaHUM iHhOpMaLliiHUI KpUTepiit
Akaike (AIC) sikuli BU3HAUa€eThCs 3a (POPMYJIOLO:

AIC = —2InL +72k,

ne L — wmakcumizoBaHe 3HaueHHs (YHKLII MpaBAomofiOHOCTI, a k— uuciIo
rapameTpiB MOZei.

IlincraBuBum n ~1S{¢,0) 3amicTh "0 Ta BpaxyBaBIIM, IO KiIBbKICTb
rapameTpiB [OPiBHIOE (p +q +’I), orpuMaemMo, 1o 11 ARMA wmogeni neu

iHndbopMmalliinuii KpuTepiii Haby/e BUTTISAY
S(o, 06
AIC(p, q) = —2In (L(¢:e,i¢n—))) +2(p +q +1).

IcHye Takox baecoBchkkuii iH(opMmariivinuii kputepiii (BIC), skuit gns

ARMA mogesti 00UHCIIOETHCS TaK:

BIC=(n—p q)ln[

+n(’| +ln\/_7'r) +(p +q)ln MT ,

Jle 10/IaTKOBUM MapaMeTp N — KiJIbKiCTb e/leMeHTIB B [JaHUX.
3.3 ITizpaxyHok Ta Bi3yasisawig AIC ta BIC

Po3ryisiHeMO TIpaKTHUHE 3aCTOCYyBaHHS BWK/IaJeHUX GakTiB. [las migoopy
TapaMeTpiB p Ta q AJIg KOXKHOTO Psiy 00uMc/IiMMo JBa iHbopMariiiiHi Kpurepii mozo
TpeHoBaHOi Mojesi. Ilicis poro BisbMeMo cepezHili mokasHUK AIC Tta BIC 3a
BCiMa 32-Ma psaMu.

Ha pucynkax 9 306paxkenuii cepenniii mokasHuk AIC ta BIC 3a Bcima 32-ma
psimamMu, oburcienuii st ARMA Mozeti, 3aCTOCOBaHOI 10 IaHUX, B AKUX TPEH/I0Ba
yactvHa Oysia BWaseHa 3a JomioMororo audepeHijiroBadHsA. [Ipy MojemroBaHHi

6ynu nepebpaHi mapameTpu p Ta q B Aiara3oHi Big 1 o 10.
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Puc. 9. 3nauenns AIC (3n1iBa) Ta BIC (cripaBa) f/1s1 pi3HUX KOMOiHalliil 3HauUeHb
p (1o oci Y) Ta q (1o oci X) aJisg BUnafiky avdepeHiiitoBaHHS

Ha pucynky 10 3o06pakeHi cepeani mokasuuku AIC ta BIC gns mopgeni
ARMA Ha gaHuX, B SIKMX TPEH/|0OBa YacTWHA Oy/ja BHJa/lieHa 3a JO0TOMOIOIO

TI0JIIHOMIa/IbHOT'O 3TJIa/I)KyBaHHS.

- 1265 - 1320
1250.37 1251.39 1253.02 5 ' 1258.39 1262.52 129544
- 1260
1249.43 125324 1259.98 1262.79 - 1310
_ _ - 1255
3 1249 96 1252 | 1259.69 1262.5
1300
.79 1249.08 1252 366  1258.95 1261.64 ki
1290
LPLELIL UL N v 1956.2 1259.14 1262.32
1245
124741 1249:95 1352 62 A4 126027 1263.08 1280
1251.52 125315 1250/17 1249.65 1250,35 1250.4 (125318 vEpie A PECE LRVIER] 1240
1270
1260.31 1264,01
1260
1288,64 1289.5
T 1235
o - 1260.9 125947 1258.21 1259.99 1258.71 1260.05 1261.36 1260.73 126149 1265.6 129403 1350
i i i i i i i i i i 1230 '
1 2 3 4 5 [} 7 8 9 10 1 2 3 4 5 L3 7 8 & 10
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Puc. 10. 3nauenns AIC (3niBa) Ta BIC (cripaBa) f/1s1 pisHUX KOMOiHarIlili 3HaueHb
p (1o oci Y) Ta g (1o oci X) /151 BUTIKy MOJIiIHOMia/IbHOTO 3T/1afpKeHHSs
[TpoaHasnizyeMo pucyHku. $SIK 0Oaunmo, y BHUMNAAKy 3 [AUCKPETHUM

AvdepeHLilOBaHHsAM HakiMeHIli cepefHi 3HaueHHda AIC Tta BIC Bukuum s
napameTpiB p =1 ma q=1. Lle Mo)ke CBifulTH MpO Te, MO IpH 30i/bIIEHH]
rapamMeTpiB MM He OTPUMYEMO CYTTEBOIO BWIpally 3 TOUKM 30py (QYHKLii
nipaBponoioHocTi. CKa/ioBa, TTOB’s13aHa 3 (DyHKI[i€l0 IpaB/[0MoiOHOCTI He 37aTHA
TIepeKpUTH CKJIaZJ0BY, OB’ s13aHy 3 KIJIBKICTIO rapaMmeTpiB, uepe3 siky AIC ta BIC i
30ibITYIOThCS. Hamepe s Ka)kyuu, 11e MOyKe CBiJUMTHU TIPO Te, 1[0 MO/e/Th He 3/laTHa
OTPUMAaTH BUTPAIll y IPOTHO3yBaHHi 3a paxyHOK 30i/bIlIeHHs TTapaMeTpiB, TOOTO 1110
BOHA He HABYAETLCS Ha JaHUX.

[Ilomo BUMaAKy 3 TIO/MiHOMiaTbHUM BH/ILJIEHHSIM TpeHJy O6auumo, II[0
HeBeJIMKUI MPUPICT € TiIbKU [y BUnagKy p =2 Ta q =" Lle Texx He my>xe mobpe.
Ins Toro, 1106 He poOUTH BHCHOBKM TIPO SKiCTb MOZIe/i 3a OJHUM KPHUTEpieM,
po3rJ/IgHeMo iH1i ii mapaMmeTpu.

17151 KO>)KHOTO Psily Ta IMMPOTHO30BaHMX 3HaUeHb MO/Ie/Ti 00UMCIMMO KOPiHb i3
cepeHBOKBaZipaTHUHOI 1Toxub6ku (RMSE) Ta ycepesnumo ii 3a Bcima psizamu. Y

BUIA/IKY JUCKPETHOTO AudepeHL]itoBaHHSI OTPUMYEMO HACTYITHI 3HAUEHHS:
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217 828 216759 214 434 212 783 211 642 208 931 208 851 207.805 206 153 205.663

- 360
217.021 218237 213.847 212,191 211.05 212,548 210.45 208.513 206.194 682 - 340
- 320
217447 215.515 224.398 215.575 210.542 219.029 218.83 209. 207,698 208.12
300
218.726 245.50 211,309 212,409 215.666 213.828 213.799 212.026 208.265
280
221.009 218,327 213.367 258.212 285397 330.249 214.169 219.27
260
222,244 219.089 226.079 218.825 268.788 2733 214.448 222.298 218.142 214.087
240
223.671 220.574 215.739 Eirfere] 215,492 243.665 2168.179 276,923 253.142 212.213
224567 221.723 247.068 214.42 228.674 271,398 226. 231.57 217.036 215.648
- 220
226.064 223,528 220.268 260.769 217 .07 256656 262 136 216.012 211.587
226,531 224.299 219,729 218.784 216.136 28768 22597 EE0NLE 251 875 248,748
- 200

1 2 3 4 5 6 7 9 10
Puc. 11. 3nauennss RMSE pis pi3aux koMm0biHallii 3HaueHb
p (1o oci Y) Ta g (o oci X) ajs1 BUNaAKy AudepeHLitoBaHHS
Cepen LIuX 3HaUeHb HEMAE 3HAUEHHS, 1110 CUJIbHO BiZIPi3HAETHCS Bij| IHIIUX B

Kpally CTopoHy. 3HaueHHs Hwk4e 200 ogvHULL OTPUMAaTH He BZaI0Ch.

s mostiHOMia/IbHOIO 3171aJ)KyBaHHS OTPUMY€EMO iHIIII pe3y/bTaTH:
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= 183205 181.89 180.27 18241 180.1635 177.465 176.973

180

I 971 181.43 179.303 178,546 177.524 176.324 174.814 174.777

© 83,358 182,027 179,521 175.600 176 149 175.084 173527 173.771 175

O 1E85:673 182 865 179.85 178.895 176.512 174.551 172.9 72,043 171.741 173.288

LR 184283 181 25 179.832 178.049 176.724 174.267 170.5
170

[ 183553 150,981 179.401 177.989 177.21 175.849 173.868 171.347 169.988

181563 1B0.926| 176.482 176.7 172.853 172.722 172.927 1¢

10

g 165
1 2 3 4 5 6 T 8 9 10

Puc. 12. 3nauenns RMSE gais pisHyx koMm0OiHailiti 3HaueHs p (1o oci Y)
Ta q (1o oci X) A1 BUNaAKy Mo/iHOMia/bHOTO 3TJ1a/[PKeHHS

baurimo, 110 3 JesKuX IMpPUUMH 3-TIOMDXK ycix 3HaueHb RMSE Buginserscs
3HaueHHs /1 napametpie p =9 ta @ =10. TakoX 6auUMO CyTTEBY BiIMiHHICTb y
XapakTepi 3MiH LIMX 3HaueHb BiJ BUMAaAKy AudepeHLitoBaHHS. 3MiHa 3HaueHb
Bi/I0yBa€THCSI He XaOTUUHO Ta 3MEHIITY€ThCS 3i 301/IbIIIeHHSIM Ki/TbKOCTi TTapameTpiB.
Po3srnsiHeMo Tako)X rpadikv MPOrHO30BaHUX 3HauyeHb Ha JEeSKUX psfax y
TOPiBHAHHI 3 ICTUHHUMU 3HauUeHHAMU paay. CriouaTky po3IyIssHeMO iX /1 BUTIAJKY

BU/la/IeHHS1 TPEH/I0BOI YaCTUHM Psily 3a OTOMOTOI0 Ju(epeHLIitoBaHHS.
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68000
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67000 - 62200 4
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66000 - 69000

62000

65000 68000

61800 - 67000 -

64000
66000

68000 68000 \ 62730

62500

66000 67000 62250

62000
64000 66000 |

61750

62000

65000 61500

Puc. 12. 6 npukaziB MPOrHO30BaHUX PSifiB (CHHIM) y TTOPiBHSIHHI
3 ICTUHHUM (3eJIeHUM) y BUTIAJKY AU(epeHLiF0BaHHS
Maibke B yciX BuUIaZikaxX, He3aJe)XKHO BiJj 0OpaHUX TIOPSAKIB Moei,
OTPUMYEMO HACTYITHUM pe3yJbTaT: MPOTHO3 BUSBJISETHCS OJM3LKUM [0 HAaiBHOTO,
yepe3 1110 PUCYHOK BUTJISIZIAE TaK, HiOW psifi iCTUHHUX 3HaueHb BiJIPi3HSIETHCS Bif
psly POTHO30BaHUX 3HaueHb JiMIle 3CyBOM Ha OAUHULIIO. Lle migTBepmKyroThb

KOHKPETHi PUCYHKH 3i 30i/bllIeHUM MacIliTaboM.

71500 A

71250 A

71000 A

70750 A

70500

70250 A

70000

69750 A

69500 4

03—2|6 06 03—2|6 o 03—2|6 12 03—2|6 15 O3—2|6 18 03-2|6 21 03—2I? 00 03—2I'.-' 03
Puc. 13. Tlpuknaz nporHo30BaHoro psiAy (CHHIM) y MOPiBHSIHHI 3
icTUHHUM (3e/1eHMM) Y BUMAZIKY AudepeHIlitoBaHHS
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YoMy pUCYHKH B 1[bOMY BHUIIa/IKy MalOTh CaMe TaKMi XapaKTep pO3r/siHeMO B
nigpo3aini 3.4.
[Onsi BumagKy 3 BUa/JIeHHSIM TPEeHI0BOI UaCTUHM PSSy 3a /[0IOMOI0H

T0J1iHOMia/IbHOTO 3TJ1aJPKyBaHHs TIpobsieMa HaiBHOTO MPOTHO3yBaHHS BifICYTHSI.

62600 62600

66000
62400 62400 4

62200 8500071 62200 |
62000 64000 4 62000 4

B61E00 61800 4
63000

72600 - 72000 67000 -

72400 - 71000 A
66000

70000 -
69000 - 65000 -

72200

72000
68000 |
71800 - 64000

67000
71600 4 63000

66000

Puc. 14. 6 nipyk/aiiB TPOrHO30BaHUX PSifiiB (CHHIM) Yy TTOPiBHSIHHI

3 iICTUHHUM (3e/IeHUM) y BUIIA/IKY MOJIiIHOMia/IbHOTO 3T/ia/KeHHsI
Ane SKII0O TIPUAWBUTHCH [leTajbHillle g0 0ararbox pe3y/bTaTiB, MO’KHA
1nobaunT 0COOMMBICTD, SIKA TOJIATAE Y TOMY, 1110 MPOTHO30BaHMM psiJ YaCTKOBO

KOITiFO€ NT0BeJiHKY OpUTiHa/IBbHOIO.

67000

GE000

©5000

64000

63000

T T T T T T T T T
03-03 21 03-04 00 03-04 03 03-04 06 03-04 09 03-04 12 03-04 15 03-04 18 03-04 21

Puc. 15. Tlpuknaj mporHo30BaHoOro psifly (CHHiIM) y MOPiBHSIHHI 3
iCTUHHUM (3e/IeHUM) Y BUNIAZKY TTO/TiIHOMiaTbHOTO 31713 /[)KeHHSI
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3.4. TecTyBaHH# 3r/71a[pKeHUX PA/iB Ha He3a/IeXXHICTh

PosrisiHemMo Ternep MUTaHHS PO Te, YOMY Y BUMAAKY 3 AUQepeHLiitoBaHHIM
TIPOrHO3 MOJeli HaiuacTillle BUSIBUBCSI HaiBHMM. HaiBHMI MporHo3 moske OyTu
pe3y/bTaTOM TOTO, II0 MO/ie/ib He 0auWTh Kpal[oro BapiaHTy, HiX MMPOrHO3yBaTH
HACTYMHY I[iHy BUK/FOUHO Ha 0a3i I[iHK y TToTepeiHiii MOMEHT Yacy He3Ba)karouM Ha
Te, 1110 OyJI10 111e paHinie. Ile o3Hauae, 1110 MOZie/ib He 6aUUTh 3B’SI3KY MiXK L[iHAMU Y
TioriepeJHi MOMEeHTH yacy Ta y HacTymnHi. To/i mocTae nMuTaHHS MPo HasiBHICTh abo
BIICYTHICTh 3B’SI3Ky MDK L{iHAMM y TMOMepeJHi MOMEHTHU 4YaCy Ta y HaCTYIIHI.
Jocmiaumo e nuTaHHA.

[Tporectyemo psiin, sIKi Oy/Id OTPHIMaHi y pe3y/bTaTi BUAA/IEHHS TPeHI0BOI

YaCTWHM, Ha He3a/le)KHiCTh. 3po0MMO 1ie IBoMa Ccriocobamm.

3.4.1. Memoo 1. BukopucmaHHsi AK®D
Hexait psn  (x,X,..x } € peanisali€io He3aleXHHX Ta O/HAKOBO

PO3MO/iIeHHX BUMAAKOBUX BenduwH, ToAi (ct. 30 3 [1]) BubipkoBa AK®D €

. . 1
BUIIAQIKOBOIO Be/MuuHO0 i3 po3smnogiiom N(O, ). Tomy B TaKkoMy BHIA/IKy

: : : . 6 :
nipubm3Ho 95% ycix 3HaueHb AK® 1oBUHHI /ieXKaTH y Aiarna3oHi T Ha ocHoBI
n

1[bOT0 (akTy MO)KHa 3pOOMTM CTAaTUCTUYHUN TecT JJjs TiepeBipKM psily Ha
He3a/IeXKHiCcTh. Ko Oinbire 5% 3HaueHh AK® BUXOJATH 3a BKa3aHMM [liaria3oH,
TO MM MOYXEMO BIJXW/IUTH TiNoTe3y ]0[0 He3a/IeXKHOCTI.

Y Tabmuili 2 HaBeJeHU pe3yabTaT TaKOro TEeCTYBaHHS ISl BUIIAJIKiB

nvdepeHL]itoBaHHS Ta M0JIIHOMia/IbHOT'O 3T/1a/I)KyBaHHSI.
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Metop, BUaieHHs TPeH0BO1 KinbKicTb psifiiB, Ha IKUX IPUMMAETHCS
YaCTUHU PSALY riroresa Ipo He3aleXXHiCThb
HudepentiitoBaHHS 27 3 32 (84.375%)
[ToniHOMia/IbHE 3T/1a/[)KyBaHHS 0332 (0%)

Taby1. 2. KinbKicTb psiiiB Ha SIKMX TIPUMMAETRCS TilOTe3a PO He3ale)KHiCTh 3a
[0TIOMOT 010 TeCcTyBaHHs uepe3 AK®D
bauumo, 1110 y BUNaKy MOIIHOMIa/IbHOIO 3T/1aJ[)KyBaHHSA JOCTaTHS KU/IbKICTh
3HaueHb AK® BUAB/IAETHCA I103a BKa3aHWMHU Me)KaMH, B CUIY YOrO pSOU, SAKI
OTPUMYIOTbCSI y pe3yJ/bTaTi Takoro MeTojy TpubUpaHHS TpeHAy, 3 BeJUKOH
WMOBIDHICTIO He MOXKYTb OyTH He3ale>KHUMHU. A i BUITaJKy AvdepeHIjiFoBaHHS
3HaueHHsA AK® moBogsaTh cebe Tak HiOM psf AiHiCHO € pearti3alfi€ro He3ane)KHUX

Be/IMUHH.

3.4.2. Memoo 2. Tecm JTroHea-bokca
[HIIMM MeTOZIOM TepeBipKU He3aleXXHOCTI € Tak 3BaHuM TecT JIroHra-bokca.

BiH Takox 6a3yeTbcst Ha 3HaueHHSX BUOipkoBoi AK®D, ane 06UMC/IIOE CTaTUCTUKY:

h
= 2 .
Qg =n(n +2)2%l}
j=

sgKa y BUIIAAKY He3a/le)KHOCTI e/IeMeHTIB Py € BeJIMUMHOI0, 110 PO3Io/ijieHa 3a
3aKOHOM X2. Hasi BCTaHOB/TIOETHCH JeAKWU PiBeHb 3HAUYI[OCTI Ta BUKOHYETHCS
TeCTyBaHHS, 5K i B OaraTb0oX TecTax.

I3 3acTocyBaHHAM TecTy JIroHra-bokca oTpumaHi Taki pe3y/bTaTi.

Metop BUaieHHs TPeH0BO1 KinbKicTb psifiiB, Ha SIKUX MPUHMMA€ETbCS
YaCTHUHU PALY riroTesa Ipo He3aleKHICTh
HudepentiitoBaHHS 24 3 32 (75%)
[ToniHOMia/IbHe 3r/1a/KeHHSsI 0332 (0%)

Taby1. 3. KinbKicTb psifiiB Ha SIKMX TIPUMMAETHCS TilToTe3a PO He3aIe)KHiCTh 3a
BUKOPUCTOBYIOUU TeCT JIroHra-bokca
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baurmo Taki )X pe3y/ibTaTH, SIK i B Morepe/iHii nepeBipiii. [le HABoAUTHL Ha
JNYMKY, 110 MpU Au(epeHLiloBaHHI BUXOJSTh JIUILKH, SIKi € MPOCTO peasti3aljisiMu
He3a/Ie)KHUX BUIAJKOBUX BeJIMUKH.

IImoBipHoO, onepariisi AudepeHLioBaHHs BUJas€e 3aHaATO 6araTo Ba)KIUBOI
iHdopmatliii, MOB’s13aHOI i3 3B’13KOM MiXK Pi3HUMU e/ieMeHTaMu Psify.

Mo)kHa cCKas3aTd, 10 3HaWJeHO MOXJIMBY NPUYMHY HAIBHOTO IPOTHO3Y

HaLIOro psAfly Y BUMAJKY JUCKPETHOTO Au(epeHLiFOBaHHS.
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4. BUCHOBKU

[Tig yac guniaomHoi poboTu Oyna JociiyKeHa MOXK/IMBICTh POTHO3YBaHHS
KPUIITOBA/JIIOTHUX YaCOBUX PSZiB 3a AonomMoror mogesni ARMA Ta nopiBHSIHHS il
edheKTUBHOCTI y KOMOiHarjii 3 pi3HUMH MeToJlaM{ 3Be/IeHHsS YaCOBHX PSAIIB /10
CTaljioHapHUX, a CaMe 3 MeTOAaMU TIOJIIHOMIa/IbHOTO 3IJ/IaJ)KyBaHHA Ta
JMCKPeTHOTO AudepeHI|itoBaHHSI.

Ha erarti 3BefileHHs [0 CTallioHAapHOCTI Oy/i0 BUSB/IEHO, 1[0 Ha BKa3aHUX
JlaHUX [/ 3BeJIeHHs1 PS/iiB /10 CTal[ioHapHUX JO0CTaTHIM € AudepeHL]itoBaHHS
TIEPIIIOTO MOPSIAKY abo ToJliHOMia/IbHe 3T71a/[KyBaHHs TT0/iHOMaMu 6-1 CTerleHi.

Takoxk y mpolieci BUSIBUJIOCH, 1110 Y BUNIAZIKY TUCKPETHOTO Au(epeH1]itoBaHHS
nporHo3 mMojiesli ARMA BUSIBASIETbCA y 0araTh0X BHUIA/KaX MPOCTO HAIlBHUM Ta
nyke Hee@eKTHBHUM. Takok Oysia BCTaHOB/IeHAa MOXIMBA IIPUUMHA TaKOTO
TPOTHO3YBaHHS, a CaMe Te, 1[0 MiC/sl AUCKPeTHOro AudepeH1]iFtoBaHHS psifi BTpadae
3HauHy Ki/lbKicThb iHdoOpMallii, B pe3y/nbTaTi 4yoro 3BeJieHUI psijj BUSIB/SETHCS
peavtisalji€ro He3a/le)KHUX BUMAJKOBUX BeJIMUKH.

Y BUMAKY TOJIiIHOMia/IbHOTO 3TJIa/pKyBaHHS TIpo0/ieMa HaiBHOTO MPOTHO3Y
Oyna BificyTHs, ajie caMme TIPOrHO3YBaHHS BCe OZJHO BUSIBUIOCH JOCUThH HEBA/IVM 3
TOUKA 30Dy 3aHAZTO BEJUKOI CepeJHbOKBAApAaTAYHOI TMOXHWOKU. TomMy MO>KHa
CKa3ary, 110 po3TJ/IsiHyTi y poboTi Mmijxoau abo 30BCiM He MOKHa BUKOPHCTOBYBATH
JJIsT TIDOTHO3YBAaHHS Yy peajibHOMY JKUTTi, ab0 BOHU TOTpPeOyIOTh MOZAJIBIIOTO
aHasli3y Ta TOKpAIlleHHs, MOXX/MBO 3a [JOMOMOIOK CreLia/bHUX [10JaTKOBUX
repeTBOpPeHb PsifiiB. Tako)K 3a3HaUMMO, 1110, MOXK/IMBO, BKa3aHi MeTOAY He 3/1aTHi
BIIOPATUCh 13 3a/1aUer0 IPOrHO3YBaHHSA CaMe B OJHOBHMIPDHOMY BHUIAJKY, i MOXKHA
PO3TJISHYTH Ti caMmi Mojieri, ajie 6araToBUMipHi, BAKOPUCTOBYIOUHU JIesIKi 10ZIaTKOBI

JlaH1 /11 KpUINITOBA/TFOTHUX YaCOBUX PS/IIB.
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