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Y cmammi po3a/isiHymo emnipuyHi 0aHi 3Ha4yeHb
¢poHOoBuX iHOekciB DAX (Hivewyuna), DOW
JONES (CLLA), CAC (®panyis) i MMBE (Pocisi).
BuxioHi daHi € YacosuMU psidamu 3Ha4eHb iHOekK-
cis Ha MoMeHm 3akpummsi mopeig 3a 2017 p.
Y 38'3Ky 3 yuM 3acmocosyBa/iucb Memoou
aHasizy U MoOesoBaHHs1 Yacosux psidis. AHasli3
4acoBuX psioi8 nokasas, Wo BCi IHOeKCU Maromab
mpeHAU pi3Ho20 murly, a dempeHOos8aHi psidu €
cmayjoHapHumu. /i MOOe/IoBaHHST BUBPaHO
asmopeepeciliHy Mooesib Mepwozo Mopsioky.
OO0HaK aHa/i3 3a/luWKiB rnokazas, WO B HUX
fpuUCYymHsi yMoBHa 2emepockedacmuydHicms. Y
3B8’513Ky 3 YUM 3pO006/IeHO rornpasky Ha Koediyi-
eHmu modei. [okasaHo, wjo nobyoosaHi Moderti
Bidobpaxaroms BUXIOHI psidu documb Mo4Ho U
MOXYMb 6ymu 3acmocoBaHi 0/151 MPO2HO3yBaHHS1
Ha malilbymHi nepiodu yacy. HasedeHo nepeo-
6ayeHi 3HayeHHs1 ¢hoHOOBUX iHOekciB. Ompu-
MaHi pe3y/ismamu Moxymb 6ymu BUKopucmaHi
iHBECMUYITHUMU  KOMMaHIAMU,  MpusamHuMu
iHBeECMopamu, aHaslimukamu ¢hoOHOOBUX PUHKIB,
a makox mpetidepamu, siK caMocmiliHUMU, mak
i 8 KOMnaHii.

KntouoBi cnoBa: ¢poHOoBull iHOekc, 4acosuli
psid, mMamemamuyHa MOOe/Ib, asmopespecis,
2emepocKedacmuyHIiCMb.

B cmamee paccMompeHs! smnupuyeckue daH-
Hble 3HayeHull ¢hoHO0BbIX uHOekcos DAX (I'ep-

maHusi), DOW JONES (CLLA), CAC (bpaHyus)
u MMBE (Poccusi). VicxodHble daHHble 58/151-
HomCesi BpeMEeHHbIMU psidamu 3Ha4eHull UHOeK-
€08 Ha MOMeHM 3aKpbimusi mopaos 3a 2017 2.
B cBfi3u ¢ amumM NpuMeHsIuCL Memodbl aHa-
u3a U MOoOe/upoBaHusi BpeMeHHbIX PS0os.
AHasu3 BpeMeHHbIX ps008 Mokasasl, 4ymo Bce
UHOEKCbI UMErm mpeHObl pasHo20 muna, a
dempeHdosaHHble psiObl SBASMCS cmayu-
OHapHbIMU.  [/11 MOOe/IupoBaHuUsi Bbl6paHa
aBmopespeccuoHHas ~ MoOe/ib  Mepso2o
ropsioka. OOHaKo aHa/1u3 0CMamKos8 MoKasar,
4mo 8 HUX MPUCYMCcmByem yC/i08Hasi 2emepo-
ckedacmuyHocmb. B €8a3u ¢ amum coenaHa
ronpaska Ha KoaghgpuyueHmsi mooenu. Noka-
3aHO, YMO NMOCMPOEHHbIE MOOe/IU OMpaXatom
UCXOOHbIe psidbl 00CMamo4YHO MOYHO U Mo2ym
6bImb  NPUMEHeHbI 0711 MPO2HO3UPOBaHUSI
Ha 6ydywue nepuodsbi spemeHu. [MpusedeHbl
rpeockasaHHble 3Ha4YeHUsi (hOHOOBbLIX UHOEK-
cos. NosyyeHHble pe3ysibmambl Mo2ym 6bimb
UCro/1b308aHbl  UHBECMUYUOHHBIMU  KOMa-
HUSIMU, 4aCmHbIMU  UHBECMOpamu, —aHasu-
mukamu ¢bOHOOBbIX PbIHKOB, & makxe mpel-
depamu, Kak caMocmosime/ibHbIMU, maK U 8
KomraHuu.

KnioueBble cnoBa: ¢hoHA0BbIU UHOEKC, Bpe-
MeHHOU psid, Mamemamuyeckasi MoOe/lb, asmo-
peapeccusi, 2emepockedacmuyHOCMb.

The article deals with the empirical data of the values of stock indexes DAX (Germany), DOW JONES (USA), CAC (France) and MMVB (Russia). Output
is a time series of index values at the close of bidding for 2017. In this regard, methods of analysis and simulation of time series were used. The analysis
of time series showed that all indices have trends, and the detracted series in the Dickey-Fuller test are stationary. For modeling the autoregressive model
of the first order was used. However, the analysis of the residues showed that the density distributions have high peaks and clusterization of volatility takes
place, which indicates the presence of heteroscedasticity in the ranks of the indices. In this regard, the AR (1) model was replaced by ARCH model (1) in
this regard; an adjustment is made to the coefficients of the model. The coefficients of the ARCH model differ little from the AR model, that is, the effect of
heteroscedasticity is small. According to the results of the simulation, series of predicted values of stock indexes are obtained. The predictive and actual
values almost coincide, the standard error of the model is <<Eqn001.eps>>. Models for the considered indices are identical, they have three components: a
constant, trend and auto regression process with the effect of heteroscedasticity. The dynamics of the markets of developed countries is aimed at the linear
trend, the emerging market — by parabola. Linear trends have a slight inclination, thus, the chances of continuing the trend are higher than its correction.
Parabola also grows moderately, indicating a continuation of the trend. However, the sharpness of probability density and clustering of dispersion indicate a
high likelihood of occurrence of extreme values. The forecast error increases with the shift of the prediction horizon; the errors of each subsequent forecast
(due to the recursive method of calculation) include the accumulated forecast error of the previous step. Consequently, the use of models for long-term
forecasts is impractical. Therefore, built models can be used for short-term forecasting. The results can be used by investment companies, private inves-
tors, stock market analysts, as well as traders.

Key words: stock index, time series, mathematical model, auto regression, heteroscedasticity.

MocTtaHoBKa npo6nemu. 3 ornsgy Ha 3Ha-
YHY posib (POHAOBUX PUHKIB B €KOHOMILi BUHUKAE
HaranibHa noTpeba pO3yMiHHA 3aKOHIB, 3a SKUMWU
(PYHKLIOHYHOTb Ui pUHKK. [OKa3HMKOM CTaHy i AnHa-
MIiKWU PUHKY € pO3paxoBaHWii Ha OCHOBI KOTMpPYBaHb
NneBHOT Trpynu UIHHUX nanepiB (OHAO0BWUIA iHAEKC.
Yepes 3icTaBfeHHA MOTOYHOrO 3HAYEHHS iHAEKCy
3 oro nonepegHiMM 3HAYEHHAMU MOXHa OUIHUTU
NOBEAiHKY PVHKY, MOr0 peakuito Ha Ti UM IHLWWi 3MiHW,
nogii Ta npouecu, Tomy OOHOOBI IHAEKCU € O4HUM
3 OCHOBHUWX [HCTPYMEHTIB aHaslizy MOTOYHOI CUTYy-
auii Ha (PoHAO0BOMY PUHKY Ta B €KOHOMILi KpaiHu.

Y 3B’5I3KYy 3 BMCOKOK HECTabi/lbHICTO Ha CBITOBUX
(hiHAHCOBUX PUHKAxX BENbMW akTyasibHOK € 3ajava
MPOrHO3yBaHHA CTaHy I TeHAEHLIT PO3BUTKY cuUTya-
Ui Ha ooHpoBOMY pUHKY. MNepenbaunt noBepiHky
peanbHOro o6’ekta fae 3Mory eKoHOMiKo-marema-
TUYHA MOAeNb.

Mpobnema MopgenoBaHHA AMHaMIKM OOHAOBUX
PVHKIB Ta X MPOrHO3yBaHHSA € [LOCUTb CKIafHOI0,
a/ke Tl He MOXHa Ha3BaTu BUPILLEHOHD. Y Pi3HUX pO3-
Ainax cyyacHoi piHaHCOBOI MaTteMaTuky Ta (oiHaH-
COBOI iHXeHepiT NownpeHi pi3Hi NornNsan Ha Lo npo-
6nemy Ta nigxoau Ao i BUpILEHHS.
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IHOPACTPYKTYPA PUHKY

3HauyHWi1 BHECOK y PO3p06eHHs Mogeneii npoue-
CiB, AKi Bif6yBaloTbCA Ha POHAOBUX PUHKAX, 3p06UIK
3apybixHi BYeHi, Taki sk Y. Wapn, I.Ix. AnekcaHgep,
T. Bonepcnes, . CopHetTte, x. bokc, [. bpinniH-
oxep, N.0x. FitmaH, E. Metepc, A.I. bByvaes. Cepep,
BITUM3HSAHMX BYEHUX 3HAYHY yBary aHaslisyBaHHIO i
MoZeNtoBaHHI0 (hiHaHCOBUX CUCTEM 3arasioM Ta (OH-
[OBUVX PUHKIB 30KpeMa npuginstoTs H.K. MakcuLuko,
B.H. ConosiioB, B.M. AHpgpieHko, O.B. TlickyH.
OpfHak MoaentoBaHHSA ANHaMiKM (DOHA0BUX iHAEKCIB
PO3IISAHYTO HEeAOCTaTHbO 1 NoTpebye [0AAaTKOBMX
[OCNiMKEHD.

AHania ocTaHHiX pocnimkeHb i nyo6nikauin.
MNig 4Yac mMaTemMaTM4yHOro MOZENBaHHA AMHAMIKU
npouecis hOHAO0BUX PUHKIB BUKOPUCTOBYHOTb Pi3HO-
MaHITHUIA | AOCUTb CKIaOHWIA IHCTPYMEHTapii, SKuia
nepebyBae B cTafji MOCTINHOrO BAOCKOHA/IEHHS W
nornnMbneHHs. HuHi metToam 3 maTtemMaTtuyHoro moge-
NtoBaHHA (DOHAOBUX HAEKCIB MOXHa po34inuTy 3a
TakMMU HanpsmMamm:
aBTOPErpecCiliHi;

BESIMKNX 0BCArB BUXIAHUX faHUX Ta BUCOKa 06UnChto-
Ba/lbHa TPYAOMICTKICTb BU3HAYEHHS iX NMapameTpiB.
MpeacTaBneHi pesynsraT MOAEN0BaHHSA NOBEAHKN
dhoHaoBoro iHgekcy S&P 500 Ha KOPOTKOCTPOKOBOMY
rOpPV30HTI 3 BUKOPUCTaHHAM Helipomepex. Heiipo-
MepexeBi Mofeni YKpaiHCbKoro ooHA0BOro iHAEKCY
M®TC onucaHi B mkepenax [5-6], a B poboTi [7]
3anponoHOBaHO pakTasibHy Moaenb iHagekcy MaeTC.
MocTtaHOBKa 3aBpaHHA. MeTowo cTarTi €
BMBYEHHA TeHAeHUiT CBITOBMX (DOHAOBUX PUHKIB Ha
nigctasi No6yA0BY afeKBaTHUX MaTeMaTUYHMX Moge-
nei anHamikm BigNoBiAHWX POHAOBMX iHAEKCIB.
Buknap ocHOBHOro marepiany AocnigXeHHs.
Konu nig 4ac aHanizyBaHHA €KOHOMIYHUX [aHuX
BUHMKAE HEOOXiAHICTb OLiHBAHHS AMHAMIKA 3MiHN
[esiKkOro nokasHuKa, a [OoCAifpKyBaHWi MNOKa3HWK
3a/1eXUTb  Ti/IbKU  Bif, 4acy, TO BWKOPUCTOBYIOTb
MoZeni 4yacoBuX pPAAIB, ase Mpu LbOMY BaX/MBO
CK/1a[J0BOI0 OOCNIMKEHHSA € aHani3 uMx pagis. AHani3
€ CYKYMHICTIO MareMaTuyHMX Ta CTaTUCTUYHUX METO-
AiB  pocnimpkeHHsA iHdhopmauii 33415 BU3HAYEHHS

— (hakTopHi; CTPYKTYpW 4acoBoro psagy. Bu3HaueHHs CTpyKTypu
— (ppakTanbHi; 4acoBOro psAy HeobxigHO A/ MPaBW/ILHOI iAEeHTY-
— Helipomepexesi; ikauii maTemaTtu4HoT Mofeni, a TakoX ANS OLiHIo-

Tak, B po6oTi [1] HaBegeHa perpeciiiHa mogens,
dKa nobygoBaHa Ha OCHOBI (hakTOPHOro aHanisy.
Y pxepeni [2] po3rnsgaeTbCca mateMarimyuHa Moaenb,
sAKa 06’e4HYE Nigxogn DakTOPHOrO aHaslisy i aBTo-
perpeciiHoro ouiHBaHHS. Ha BiAMiHy Bif KnacuyHmx
MogAenen, ons MogentoBaHHSA €BOJIIOLii BUKOPUCTO-
BYETbCA cucTtemMa AvHaMiyHux haktopis. PoboTa [3]
crnpsiMoBaHa Ha AOCAIMKEHHS 3a/1€XXHOCTI 3HAUYEHHS
iHaekcy Mepwoi ®oHaoBOT ToproBenbHOi Cuctemm
(MNPTC) Big 3HAYEHHA PI3HUX PyHAAMEHTa/IbHUX Ta
TEXHIYHMX (DAKTOPIB 3347151 BUSIBMIEHHSA 0CO6/IMBOC-
Tell X MOAENtoBaHHS, OTPUMAHHSI YSIBMIEHHS NpPO
Be/IMUMNHY iX BMAMBY Ha iHAeKc MN®TC Ta BaXNuUBICTb
[N rpasuiB hoOHA0BOTO PUHKY. Y npadi [4] HaBegeHO
aHasi3 cy4yacHMX nigxoAis, L0 BMKOPUCTOBYHOTLCS
nig yac MofentoBaHHA ANHaMIKU (DOHAOBUX PUHKIB.
MpoBeneHe [OCNILKEHHS [a10 3MOTY BUABUTIN HU3KY
€KOHOMETPUYHMX MOAENEN, TaknxX SK Mogeni 3 ypaxy-
BaHHAM KOIHTErpaujiinHux 3B’A3KiB NOKa3HMKIB, Mogeni
Ha OCHOBI npouecis JleBi Ta npouecis MeiikcHepa,
MoZesli Ha OCHOBI (hpakTasibHOro 6POYHIBCLKOTO PyXY.
CninbHOK 0CO6MMBICTIO LMX MOoAenei € HeobXigHICTb

BaHHA pu3nky [9]. B pamkax ujiel po6oTn po3rnsHyTI
YyacoBi pAAM WOAEHHUX 3HavyeHb (DOHOO0BUX iHAOEK-
ciB 3a 2017 pik HA MOMEHT 3aKpUTTSA TOPriB, Takux
aKk DAX (HimeuunHa), DOW JONES (CLUA), CAC
(®paHuisft) i MMBB (Pocist). B ycix yacoBux psigax
nonepeaHbO BMK/KOYEHA NOCTiliHA CK1af0Ba LUIAXOM
LeHTpyBaHHA psagis. Y T1abn. 1 npeacrasneHa onu-
coBa CTaTUCTUKa BUXigHUX gaHux. 3 Tabn. 1 sunau-
Bae, L0 eKcLec y BCiX iHaeKcax Npub/M3HO AOPIBHIOE
oAMHULi. Lle cBigunTb Npo Te, WO po3noAainu paais
TPOXY BiOPI3HAIOTLCS Bif, HOPMa/ILHOrO: BOHW MarTb
BULLY BEPLUMHY, HiXX HOpMasibHWUIA 3aKoH. CnocTepira-
€TbCA MOMIPHUIA Po3KMA AaHux (BONATU/bHICTL) Ha
PO3BMHEHUX PUHKAX, @& Ha PVHKY, WO PO3BMBAETHCSA
(MMBB), po3kug HabaraTo 6inbLue.

Ha puc. 1 npeactaBneHi LeHTpoBaHi AaHi iHaekcy
DAX (260 3HauyeHb). 3a rpadiikom BUAHO, WO PiBHI
psay rpynytoTbCs Gins PisHMX cepefHiX 3Ha4vyeHb, a
Avcrniepcia pagy 3anexuTb Bifg, vyacy (po3kuz iCTOTHO
3MiHIOETbCA). KpiM TOro, Mae Micue 3pocTarumnii
NiHIRHWIA TpeHA. Buxoasun 3 uboro, MOXemo npunyc-
TUTK, WO PAL, € HECTaLiOHAPHUM.

Tabnuua 1
OnuncoBa cTaTUCTUKA BVIXi,qHVIX AaHUX

3HaueHHA DAX DJ CAC MMBB
CepefHe 3Ha4yeHHA -8,06 7,61 1,83 7,4
MepjaHa 1,24 1,56 4,39 -39,49
MiHiMyMm -26,73 -21,61 -32,36 -519,82
Makcrumym 31,92 15,04 24,52 590,84
CraHfapTHe BiaXUneHHs 14,84 7,38 15,32 276,42
AcumeTpis 0,14 -0,79 -0,52 0,22
Excuec -0,92 1,00 -0,94 -1,04
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fit) = 0,1605¢ - 21,027

0 Ri=0658T1
30,00
20,00
10,00
0,00 feem
-10,00
20,00
-30,00
—— Pl = ueedsmi (Praol)
Puc. 1. LeHTpoBaHwuii papg iHgekcy DAX
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Puc. 2. lleTpeHgoBaHuii psag iHaekcy DAX

[nsa noganbloro AOC/iAKEHHSA TPeHn, NoTpiGHO
BUKMHOUUTU 3 pAgy. On1a uporo HeobxigHO 3agjatu
noro mogesb. B LboMy pasi Mogens Mae BUMNNAL;

f(t)=-21,03+0,16t + ¢ , 1)

ae t=1,260, ¢ — NOMW/IKa perpecii.

Ha puc. 2 HaBegeHo rpadik iHgekcy DAX nicns
BUK/TIOUYEHHS TPEHAY.

Ha ocHoBI Bi3yaslbHOro aHanisy rpadika HeEMOX-
NIMBO 3p0BMTU BUCHOBOK LLIOAO CTaliOHapHOCTI OTpu-
MaHoro psay. CKopucTaeMOCs PO3LUMPEHUM TECTOM
Liki-dynnepa. Ha puc. 3 micTaTbCa pesynstati pos-
paxyHkiB 3a TECTOM.

BianosBigHO [0 TecTy nepeBipseTbCs rinoTesa
H, — ps4 HecTauioHapHUA Npy ansTepHATUBHIN H, —
psiA cTauioHapHWiA (TyT i gani piBeHb 3Ha4YLLOCTI Npu-
MHATWIA PIBHUM o =0,05). B ubomy pasi p-3HauyeHHs
popisHioe 0,0139, WO MeHWwe piBHA 3HAYYLLOCTI.

OTxe, Hy/NbOBa rinoTesa BiAXWIAETbCA, TOBTO HEMAE
nigcTas BBaXKaTW psf HecTalioHapHUM.

Ans igeHTudpikauii mogeni posrnsaHEMO OUHKK
Kopesiorpamu aBTokopenAuinHoi (ACF) Ta YaCTUHHOT
aBTokopensuiiHoi (PACF) dyHkuin (puc. 4).

Mpadpik koppenorpamu ACF cnaja€e eKCnoHeH-
LianbHO Ha nepwux TpuausaTn narax, a PACF ekc-
NMOHEHLIHO cnagae 3 NepBoOro siara, 0TXe, MOXHa
BBaXaTu, WO AOCNi4KYBaHWI paj € cTalioHapHUM
Tmny AR (1). Mogenb nepepbavae, WO NoTo4YHE
3HauYeHHa psgy 3anexuTb Big nonepegHbLoOro B
CyMi 3 4esKOI KOHCTaHTOW Ta BMNafKoBO ckna-
L0BO0.

OuiHka napameTpiB Ta TecTyBaHHA MNOMW/IOK
mogeni AR (1) npeactaBfieHO Ha puc. 5. PiBHAHHSA
Mogeni Take:

X, =0,001+0,95X, , +v, (2)
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k 2: RIC = 1222,80
k= 1: ARIC = 1221,86
k O0: ARIC = 1218,86

Pacompasuest Tect OueM-4ynnepa ons DAX

testing down from 2 lages, criterion KpuT., AxaMxs
ofeer BuBoprm 260

HYNeBEAA TMOOTE3a SOMMMMMOTO KOpHA: a = 1

TecT C83 KOHMCTAMTH

sxnwyas O mara(-oB) ans (1-L)DAX

mogens: (1=Liy = (a=1)"y(=1) + &

oueMxa onR (& - 1): =-0,0455431

TECTOBAR CTATHMCTMEA! tau no(l) = -2,45577
P-3dayesme 0,01388

x02f. asTOXOppenAuMM l-ro nopsROoxa ons e: 0,000

Perpeccua Tecta IMEM-dynnepa
MHE, McnonesoBaMe MaBnmoosuma 2-261 (T = 260)
Samuciman nepeMexuas: d_DAX

Koadduunens Cr. omMbra T-CTATHOTHES P-3xayesue

DA 1 -0,0455431 0,0185454 -2,456 0,0139 =

FpuT., Axamxe: 1227,43 Kpur. DOsapua: 1230, 89 Kpmr, Xemmasa-Kyuusa: 1228,86

Puc. 3. PesynbraTtu Tecta [iki-dynepa

Eq gretl: rpadwk - =

ACF ona DAX

T
+-1,96/T~0,5 ——

nar

PACF ana DAX

T
+-1,96/T*0,5 —

LS ﬁ—.. A T ..-_l!lr—‘__.-l ._-_J.l_-..l__l__l. _1I..-I.__. e l—--.ll.-_l.-..

nar

Puc. 4. Kopenorpamu ACF i PACF
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HrepaTMBHOE EBHMMCHEHWE NapaMeTpa rho...

Hrepauma RHO ESS
1 0,00038 1695,83
2 0,00048 1695,83
3 0,00049 1695,83

SarMcymMas nepeMeHHad: DAX
rho = 0,000480898

p-3Hauesue = 1,86024e-008

TecTogaf craTucTMra: LM = 2,35124
p-3HaueHKe = P (XM-KE2OparT|(4)

Monens 2: Koxpama-Oprarra (Cochrane-Orcutt), wcnonzsoBasu =HaBmopesma 3-261 (T = 259)

KoaddrumiesT Cr. ombxa L-CTaTHCTHRA P-z3xauexHMe
const 0,00138522 0,159928 0,008662 0,9831
DAY 1 0,954345 0,0195623 8,78 6,06e-132 ###%

CTaTUCTUKE, OCHOBAHHAR Ha nocnenHen MTEepauyy EBHYMCIeHMA NapaMeTpa rho:

Cpenses 3ap. nepeMed 0,028726 Cr. orkn. 3as. nepemes &,587366
CymmMa KE. OCTATEOE 1685,835 Cr. omBra Momem 2,568770
E-xEamparT 0,910866 Hcop. R-xeampatT 0,910519
F({1, 257) 2623,596 P-zxauexme (F) 7,1e-137
MapamMeTn rho -0,000157 h-cramMocTurEa [apfuHa -0,002663

TecT Ha HOpPMANbHOE pacOpefensHMe omMbox -
Hymesam runoTesa: omBry pacnpedensHHE N0 HOpMANRHOMY 32KOHY
TecToEaR CTATMCTMEA: XM-KBagparT(2) = 35,5593

TecT Ha HamM4awe ARCH npoueccoB OOpAOKa 4 -
Hynesas runoTesa: ARCH mpoueccH oOTCYTCTEYVET

> 2,35124) = 0,671456

Puc. 5. OuiHka napameTpiB Ta TeCTyBaHHA noMunok mogeni AR (1)

ae X, X,_, — 3HaYeHHs JeTpeHJ0BaHHOIO iHAEKCY
B MOMEHTW uacy t, t-1 BignosigHO, v — nomwuka
mogeni.

TecT WOAO HOPM&ILHOCTI po3nogisly nomu-
NIOK BigXWNsE rinoTesy Npo HOPMasibHUA PO3MNoAin
(p-3HaveHHs < 0,05), a TecT wWoao HaasHiocTi ARCH-
npouecis y 3a/mkax Mogeni cBigunTb Npo NpucyT-
HICTb echbekTy reTepockeacTUYHOCTI (pP-3HAYEeHHs =
0,671 > 0,05). Lli BACHOBKM HAOYHO iNIIOCTPYIOTH rpa-
thikv, npeacTas/ieHi Ha puc. 6, 7.

Po3nogin 4yactoT noMWAoK perpecii € 6inbL
rOCTPOBEPXUM, HiXX HOpMasibHe (puc. 6). Momwunkm
KO/IMBaKTLCA HABKOMO HY/IbOBOTO 3HAYEHHS NPOTS-
roM ycboro goc/igkysaHoro nepiogy (puc. 7).

OpHak gucnepcis NOMUIOK 3a/ieXuTb Bifg, vacy,
TO6TO nepiogM BWCOKOI AuCNepcii 4eprywTbesa 3
6ibl CMOKIMHUMM Nepiogamn, Konu gucnepcisa Big-
HOCHO Mana. Take NoegHaHHA 3a3HayvyeHux BNacTu-
BOCTE € XapaKTepHOK 0CO06/MBICTHO (DiHAHCOBUX
yacoBux pagis. Lo cutyauio BpaxoBylTb Mogeni
Tuny ARCH (p). Y 3aranbHomy Burnsagi ARCH (p)
Nnopsiiky p ONUCYETbLCSI aBTOPErpecinHo MoAeNno,
B SIKili yMOBHa AMCNepcisi TOMU/IKA 3a/1eXUTb Bif, KBa-

ApaTa noMusK1 nonepesHix CnoctepexeHs. Y 3B'A3Ky
3 UMM HeobXigHo 3amMiHUTK Mogenb AR (1) Ha mogenb
ARCH (1).

Ha puc. 8 HaBeeHO po3paxyHOK MoZeni 3 nonpas-
KO Ha retepockefacTUYHICTb.

PiBHAHHA Mogeni Take:

X, =0,001+0,91X, , +v, (3)

be X, X,, —3HaYeHHs OAeTpeHJ0BaHHOro iHaeKCy
B MOMEHTM 4acy t, t-1 BignosigHO, v — nomwusika
mogaeni.

OcTaTo4HO 3aKOoH AnHaMiku iHaekcy DAX HabyBae
Takoro BUrNsaay:

DAX, =342,16+0,16t +0,91X,_, +u,  (4)

[e DAX, — 3Ha4yeHHs iHOeKCy B MOMEHT yacy f,
1 — noMmmunka mogeni.

Ha HacTynHili pgiarpami (puc. 9) npefctasneHo
BiAMOBIAHICTb PO3PaxyHKOBUX 3HAYEHb peasibHUM
3HayeHHAM. MoxHa ckasatu, WO MojeNb OO0CUTb
TOYHO OMMUCYE BUXIQHWIA pag, hakTUYHI 1 po3paxyH-
KOBi 3HAYeHHSA MNPakTUYHO 36iralTbCs, CTaHfapTHe
BIAXW/IEHHA MNOMW/KA CTaHOBUTL o =2,59. OTxXe,
oTpumaHa mogeflb Moxe 6yTu BMKOpuCTaHa A1
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T T T
Tect Ha HopMansHOE pacnpeneneHue:

¥u-ksanpat(2) = 35,600 [0,0000]

T
relative frequency mmm
M({-3,7722e-017 2,5688) ——

=
5]
=]
x
=
o
[~

Puc. 6. Po3nogin 4yactoT NOMWUNOK perpecii

CwubBrw perpeccki (= HabBnwaaemels - pacdeTHele DAX)

Puc. 7. M'pachik nomunok perpecii

no6yaoBM KOPOTKOCTPOKOBMX NPOrHO3iB. MNMPOrHo3 Ha AHanoriyHi  po3paxyHks 6ynu npoeefeHi ans
OOVH [ieHb € 6e3YMOBHUM, | BiH BUSBUTLCA HANbINbl  PALIB LWOAEHHUX 3HA4YeHb A5 (DOHAOBUX IHOEKCIB
TOYHUM, OCKINIbKU 3aNeXnTb TifbkK Big yxe Bigomux DAX, DJ, CAC, MMBB. Pesynbsratn mogesntoBaHHs
OaHnXx. HaBefeHi B Tabn. 2.
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[na npakTuyHoOi peanisauii MeToAiB BUKOpUC-
TaHO eKOHOMETPUYHMIA nakeT “Gretl” i nakeT «AHann3
AaHHbIX» Microsoft Excel.

BUCHOBKM 3 NpPOBeAEHOro AOCNIMKEeHHS.
Mogeni ans po3rnsaHyTUX iHAEKCIB iAEHTUYHI, BOHU

MaroTb TPU CK1aL0BI, a came MOoCTiliHy, TPeHS, i aBTope-
rpeciiiHnii npouec 3 ehekToM reTepocKefacTUYHOCTI.
[JnHamika pyvHKIB PO3BMHEHUX KpaiH cnpsmMoBaHa 3a
NiHIAHUM TPEHAOM, & PUHKY, L0 PO3BMBAETLCA, — MO
napab6oni. JliHiiHI TpeHAM MakTb HEBENMKWUIA Haxun,

Momens 4: C nonpaBkol Ha TETEPOCKENACTHYHACTE, MCONONb30BasH Hafmoneswa 3-261 (T = 259)
JaEMCHMMaR NepeMeHHad: DRX

KoagduumesT Cr. ommbxa CL-CTATHCTHEZ P-3HadeHKe

COnst 0,0573350 0,221965 0,2583 00,7964

DRY 2 0,910630 0,0310366 29,34 G, 14e-08B4 k&%
CraTHcTHEa, NONYYEHHAHA OO0 BIBENSHHHM NAHHEM:
CyMMa RE. OCTATKOE 1413,770 Cr. ombira Momerma 2,345432
E-kEagpaT 0,770088 Hcop. R-KEamgpart 0,769203
F{1, 257) 860, 8674 P-zzauenue (F) 5,1l4e-84
Jlor. npasgononobue -587,2908 Epur. Axauxe 1178,582
Kpur. Deapua 1185,685 Epur. Xexxasa-KyusHa 1181,442
MNapamMeTp rho 0,4689527 Crar. Oapfu=a-Borocosa 1,060362

CTaTucTHKa, NONYYeHHAR N0 MCXOOHHM O3HHEM:

Cr.
Ce.

CpemHEes 33E. NepeMeH
CyrMMa EE. OCTETKOE

0,028726
3242,746

OTKJI. 38E. nepeMex §,587366
omabxa Momes 3,552138

Puc. 8. KopuryBaHHA napameTpiB Mogeni 3 ypaxyBaHHSIM reTepockefacTUUYHOCTI

40,00
30,00 ﬂ
A
20,00 \*"1&‘
10,00
0,00 T e R I T . R IR I L
10,00 B85 99 113 1 169 83 197 211 225 239 253
-20,00
30,00
— DAY, —— [porHo3IHbIe
Puc. 9. MNpacpiku NnporHo3Hux ta hakTUUHUX LEeHTPOBaHUX 3HaueHb DAX
Tabnuuya 2
Pe3ynbraTt MmogentoBaHHA
IHaekc CepegHe PiBHAHHA TpeHAay PiBHAHHA AR(1) Mopenb
DAX 413,19 f(t)=0,16t-21,03 X,=0,001+0,91X,, DAX, =392,16+0,16t +0,91X, ,
DJ 267,11 f(t)=0,07t-10,48 X,=0,046+0,96X,_, DJ, =252,41+ 0,16t +0,96 X, ,
CAC 369,87 f(t)=0,17t-22,15 X, =-0,034+0,97t CAC, =347,67+0,17t+0,97X,_,
— 2 _ 2
MMBE 6587.08 f(t) =0,01t" +2,29¢ X, —-2.72+0,98¢ MMBB, =6635,25 +0,01t* +
+50,89 2,29t+0,98X,_,

611
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OTXe, LWaHCK Ha NPOAOBXEHHS TPeHAy BULLe, HDK Ha
noro kopekujto. Mapabona TakoXx 3pocTae MOMipHO,
WO BKasye Ha NpPOAOBXEHHA TpeHAay. OpHak Ans
BCiX PO3M/IAHYTUX YacoBUX pALiB POHLOBUX iHAEKCIB
MatoTb MiCLLe FOCTPOBEPLUNHHICTb LLiSIbHOCTI MMOBIp-
HoCTel Ta knacTepusauia gucnepcii. Lie ceiguutb npo
BMCOKY MOBIPHICTb NMOSIBY €KCTPEMa/IbHUX 3HAYEHb.
Po3rnaHyTi B po60Ti METOAN HE € EANHMMM 3aco-
6amMy aHanizy AvHamikym (pOHLO0BOrO PUHKY, OAHaK
NnokKasytTb [OCUTb BWCOKY eeKTUBHICTb Nif 4vac
KOPOTKOCTPOKOBOIO MPOrHO3YBaHHA i JOC/ILKEHHS
OCHOBHMX 3a/1€)XKHOCTEN Ta TEeHAEHL HAa PUHKY LiH-
HMX nanepis. Hegonikom perpeciiHnx mogenen €
Te, WO napameTpu mogesneli WBMAKO 3acTapiBatoTh,
oTXe, iX NOTPIBHO Yac Big Yacy nepepaxoByBaTyl.
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SIMULATION OF WORLD STOCK INDICES

This work illustrates the use of mathematical models of time series to assess the dynamics and volatility
of the stock market by the example of stock indexes of different countries. The research used the methods of
analysis and simulation of time series. Mathematical models of dynamics of indices are constructed.

The article deals with the empirical data of the values of stock indexes DAX (Germany), DOW JONES
(USA), CAC (France) and MMVB (Russia). Output is a time series of index values at the close of bidding for
2017. In this regard, methods of analysis and simulation of time series were used. The analysis of time series
showed that all indices have trends, and the detracted series in the Dickey-Fuller test are stationary. For mod-
eling the autoregressive model of the first order was used. However, the analysis of the residues showed that
the density distributions have high peaks and clusterization of volatility takes place, which indicates the pres-
ence of heteroskedasticity in the ranks of the indices. In this regard, the AR (1) model was replaced by ARCH
model (1) in this regard; an adjustment is made to the coefficients of the model. The coefficients of the ARCH
model differ little from the AR model, that is, the effect of heteroscedasticity is small.

According to the results of the simulation, series of predicted values of stock indexes are obtained. The
predictive and actual values almost coincide, the standard error of the model is <<Eqn031.eps>>. Models for
the considered indices are identical, they have three components: a constant, trend and auto regression pro-
cess with the effect of heteroscedasticity. The dynamics of the markets of developed countries is aimed at the
linear trend, the emerging market — by parabola. Linear trends have a slight inclination, thus, the chances of
continuing the trend are higher than its correction. Parabola also grows moderately, indicating a continuation of
the trend. However, the sharpness of probability density and clustering of dispersion indicate a high likelihood
of occurrence of extreme values.

It should be noted that the general lack of research models (ARMA/ARCH) is that they use historical data.
This leads to the fact that with a sharp change in market conditions, they will be taken into account only after
a certain period of time, and the forecasts obtained by the model at this time interval will be incorrect. Thus,
the considered models give qualitative predictions when the markets will be stable, otherwise, with significant
changes, the models will not adequately reflect the dynamics of markets.

The forecast error increases with the shift of the prediction horizon. The errors of each subsequent fore-
cast (due to the recursive method of calculation) include the accumulated forecast error of the previous step.
Consequently, the use of models for long-term forecasts is impractical. Therefore, built models can be used
for short-term forecasting.

The results can be used by investment companies, private investors, stock market analysts, as well as
traders.
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