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Beryn

[IporuHosyBannsi craHy OO’€KTIB OyIb-sIKOI IIPUPOIU € JIyXKe
aKTyaJbHOIO, HE PO3B’S3aHOI0 Ha JaHUN dYac 3ajadero. Bejmka
KUTBKICTh METOIB NMPOTHO3YBaHHS, aJrOPUTMIB Ta iX MPOrpamMHUX
peadizamniii [1,2] BKa3yoTh Ha 3aliKABIEHICTH CBITOBUX HAYKOBINB y i1
poss’a3anni. Ha chorozmi Bimomo monas 200 pisHOMaHITHHX METOJIiB
IPOTHO3YBaHHS [173], TaKOXK 3’SIBIASIOTHCS HOBI MiIXOH, IO O3HAYAE
icHyBaHHS Tpo0JIEM, He PO3B’SI3aHUX Ha JTaHUN MOMEHT.

Yurayy [JOCTyOHA 3HAYHA KUIbKICTH WiApy4HUKIB [4-7] Ta
moHorpadiit  [8-11], upucBgUYEeHHX [IPOrHO3YBAaHHIO. DBlibIIicTh
[MiIPYYHUKIB [IHPOKO PO3IJISAAI0Th KJacudHi merogu Ta Microsoft
Excel gk momynsapHe cepeoBuiiie MOOYIOBU TPOTHO3HUX MOJIENENt,
aje PiJIKO MICTATH CydacHi METOJW MPOTHO3YBaHHS Ta IHCTPYKIII
moa0  iX  3acrocyBaHHs. HaykoBi MonOrpadil po3KpHUBAaKOTH
IIepe/ioBl JOCATHEHHST CyYacHUX METOIB, ajle JajleKO He 3aBXKIN
ONMCAHI METOAW 3PYYHO 1 JIETKO TOBTOPUTH CaMOCTIAHO HaBITh
MITOTOBJICHOMY CTApIIOKYPCHUKY abo acmipanty. Tomy Mo
JIAHOTO TOCIOHMKA € OIJIsiJ, METOMIB IIPOTHO3YBAaHHS, & TaKOXK
KOMIT'IOTEPHUX Ta IMPOrPpaMHUX 3acO0iB TOOYIOBH 1 BUKOPUCTAHHS
MIPOTHO3HUX MOZEJIeit.



3MICT 5

Ilonska

ABropu 1aHOT poOOTH BUCJIOBJIIOIOTH IUPY BISYHICTH Baxpymumy
Bomogumupy €srenosuuy, Bimoxy Ilerpy IBamosuwuy, I'puiroxky
Ilerpy Muxaitnopuay, 3aitgenky Opito Ilerposuuy, Kupuuenko
Jlromvuni  OseroBui, CaBuenko €srenii  AwmarosiiBui, Carmriny
Bongomumupy  Muxaitnosuay, Crurioky Biramito €Brenosuwy,
Crenamky Bosomuvmupy Cemenouuy, Tpuycy FOpito BacunboBuuy
3a KOHCTPYKTHUBHY KPUTHKY HAIIUX JOCJIIJKeHb Ta IiKasi OGecian,
pe3yJIbTATOM sIKHAX 3’sIBUJIACH JaHa poboTa.



Pozair 1

Kiaacuyanal MmeTonn
ITPOTHO3YBaHHS

Icuye jpBa TOJIOBHUX HapsMU aHaji3y ¢IHAHCOBUX PUHKIB:
dbyngamenTaapHnit  Ta  TexuiuHuil  aHaugiz. DyHIaMeHTAJbHUN
aHaji3 mojigrae y BUBYEHHI (AKTOPIB, sKi BIUINBAIOTH HA CTAaH
€KOHOMIKHU, CEeKTOPIiB IIPOMHUCJOBOCTI Ta IIE€BHUX  KOMIIAHIH.
Hanpuknan, qis nepeadadentst Mafidy THIX IiH HA OKpEeMU BUT aKITiit
byHIaMeHTAIbHIN aHAJITHK TOEIHYE JTOCTiI2KEHHS CTaHY eKOHOMIKH,
CEKTOpPiB TPOMUCTIOBOCTI Ta OKPEMUX KOMITAHINM /I BU3HAYCHHS
“cupaBemymmBol”’  minu  (DYHIAMEHTAABHONO  3HAYEHHs ),  dKa
BimoOparkae peajbHy BapTICTh MiAMPUEMCTBA Ta HAJIAE€ MOMKJINBICTH
nepenbadenHs MaiOyTHix 3Mmin i€l Baprocti. fkmo daxTraHa
MiHa aKIiil BiIXuWisgeTbes Bif HyHIAMEHTAJILHOTO 3HAYEHHS, MOXKHA
CTBEP/RKYBaTH, IO akiii abo HemooIiHeHl, abo IepeoIliHeHi, a
PUHKOBA ITiHA KOJIMBAETbCSI HABKOJIO (DYHIAMEHTAILHOTO 3HAYEHHSI.

Icuyrors  gesiki  HemoJiiku, UpuUTaMaHHI (QyHIAMEHTaJIbHOMY
aHaJi3y: morpeba 3HAYHOIO Yacy JJisi 300py JaHUX Ta PO3PaXyHKIB,
10 3yMOBJIIOE BiJCTABaHHS IIPOrHO3Y Bi MOTOKY iHdoOpMarii, sKa
MIOCTIHO 3'SBJISIETHCS, & TAKOXK 3aBXKJM MAa€ Micle Cyb €KTHUBHICTH
JyMOK aHAJITUKIB.

Texuiunuit anajiz 6a3yeTbcs HA JOC/IKEHH] JUHAMIKY 3MiH I[IHA
B MUHYJIOMY JJIs Iepef0adeHHs i1 MailbyTHhOrO 3HAYEHHs. Y IIHOMY
JIOCJTIIPKeHH] el Tiaxis € OCHOBHUM, a IPOTHO3U 0a3yIloThCS Ha
JIMHAMII JeHHUX ITiH aKIlif.

Teopernuni ocHOBH  TexHIYHOTO aHAJMIZy 0a3ylOTbCS  HA
TBEpP/KEHHI, IO 3MiHM IHHH BiOOpaskaioTh YCIO BAKJIUBY
indopmMariito, sKa goctynHa Ha puHkKy. lle#t dakr BumInBaEe



3 npunyineHds HeedeKTUBHOCTI ¢iHaHcOBUX puHKIB. [imoresa
edeKTUBHOrO PUHKY pO3IUIssHyTa B poborax [12,13]. Hepnorsi micis
MIOsIBH, TinoTe3a eMeKTUBHOrO PUHKY OyJia MifJaHa TOCTpiit KPUTHUIT
AK TEOPETUKAMHU, TAK 1 eMIIPUIHUMHE JTOCITHUKAMU.

[TapamenbrHo  dyHIaAMEHTAILHOMY aHAJI3y B JaHWil  dYac
PO3BUBAETHCS TEXHIYHUI aHaJI3 — MeTOJ], BHUBYEHHs pYyXiB IIiH,
FOJIOBHUM IHCTPYMEHTOM sIKOro ciy»karTh rpadiku [14-17]. Ceoe
KOpiHH# CcydacHuil TexHiuHuit anaji3 Oepe 3 teopili Yapmwza [loy,
BUILIMBAIOYN 3 Hel mpsamo abo mobiuro. Texmiunwmit amasis yBiOpas
y cebe Taki UPUHIMOM 1 HOHATTS, K HAUpsaM pyxy i, (“rinu
BPaxOBYIOTh yCIO Bizjomy iHdopmarin”), 36ixkHiCTE 1 pO36GLKHICTH
KOB3HUX CEpPEHIX, AuHaMiKa 00’e€MiB sIK I3€pKaJio IIIHOBUX 3MiH, a
TAKOK JIiHII MATPUMKHA Ta OMOPY.

Posrgremo mesaxi miaxomm mo kiacudikaril CydacHHX METOMIIB
IIPOTHO3YBAHHS.

ITixpyvHUKE 3 €KOHOMIYHOTO TpOrHO3yBaHHs |5, 19] TpasmumiiiHo
MIPONOHYIOTh KJlacu(ikallifo, B sKifl 3a KepejaMu ITPOTHO3HOI
indopmarii  yci  MeTomum  NPOrHO3YBAHHS  MOMUISIIOTHCS — Ha
inTyiTuBHI Ta QopmamizoBani. JlIg KOXKHOrMO MeETOIy 3 TIpynu
dopmasizoBaHux OyIyeThbCd MaTeMaTHYHA MOJEb, BJIACTUBOCTI
SIKOT BUKOPUCTOBYIOThCS TPH MpOrHO3yBaHHI. [IpormomyeTbest momia
dopMaJrizoBaHUX MeTOIiB Ha METOJAM EeKCTPAIOJIsAIil Ta MeTOIN
MoziesfoBalHs cucreM [5, 19]. THTYITUBHI MeTOIM DPEKOMEH/LYEThCs
BUKOPHUCTOBYBATH JIJI JIOBIOCTPOKOBOI'O IIPOTHO3YBAHHS, KOJHU
3aKOHOMIDHOCTI PO3BHUTKY BaXXKO (OpMaIi3yBaTh y  BUIVISII
MareMaTudHOl ab0o KoMmi'oTepHOl (asropurTMivdHOl, iMiTarfiiHol)
Moziedti. JIzkepesioM mporHo3Hoi indopMaril /s iIHTYITHBHIX METOJIiB
IIPOTHO3YBAHHS € JIOCBiJ €KCIepTiB, TOMY IHTYITHBHI METOIN TaKOXK
BapTO HA3WBATU eKcriepTHUMH [5].

VY nocibuuky [3] posrisggaerbesa cTpyKTypHuil Ta dhopmastizoBaHuii
miaxig g0 mobymoBm TporHO3HUX Mozeseit. Ilix  crpykTypHEM
MIX0I0M PO3YMIIOTH JOCJIi2KeHHsI 3aKOHOMIPDHOCTEH 0e31mocepeInbo
00’eKTa, SIKAU MPOIYKYE YacoBi psiiw, a mij opmasizoBaHuM —
o0y 10Ba MOJIesIell YacoBUX PsJIiB, SIKi € TIOXITHIMU IIEBHOTO IIPOIIECY,
CYTb $IKOTO HEBIJIOMa (KOHIIEIIish YOPHOI CKPUHBKMY ).

Bugimmmo, 30KpeMma, HEJIOJIKHI 3araJIbHOIPUHATIX
Kacudikariit:

1. BifcyTHIiCTH TOJLTY MOAeell Ha JIHINHI Ta HeJTiHITHI;

2. irHOpYBaHHSA CYYacHUX IIiJIXO/IB JIO IMPOTHO3YBAHHS YaCOBHUX
PAMIB, TAKUX K HEHPOHHI Mepexi, Teopiss HeYiTKUX MHOXKUH,
aJanTuBHiI (piILTPU TOIIO.
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Hamu nmpomoHyerhest  yIOCKOHAJIEHA — KJIAacCU(IKAIisd — MeTOIiB
IIPOTHO3YBaHHH, K& HaBeJeHa Ha PUCYHKY 1.1.

MeToau nporHosyBanHs |
]

\ Monemopanns cucrem
(Big imei)

I . . . Tpennosi
HanBinyanbui Kosexrupni i i i iumi

yau THBH (sanesxmicTs Tinexu Bix wacy) Hunami=ni cucremn
eKcrepTHi OLiHKH eKcrnepTHi OMiHKH

Jlarosi ImiTaniini
MeTo komicit

(3anexuicre Big
MUHYJIUX 3HAYEHD)
Mero “Hendi”

MarpuuHuit MmeTos

IaTyiTusmni .
Crarucruani

(Bin mamux)

(cy6’exrusui smamms)

Tureps’io

Ankerysamus

Canopeecrparis
AHaJgiTHYHI 3aIIUCKH

Bararodaxkropni
(sanexnicrs BiJg daxkTopis)

Puc. 1.1: Knacudikaiiis MeTOIiB IIPOrHO3yBaHHS

3a ocHOBY Kjaacu@ikalil B3ATO 00’€KT, BUXiTHI JaHi 91 MOIED
sIKOT'O JI03BOJISIE€ MOOY/yBaTH HPOTHO3. Y IEpIiil, eKCcrepTHiit rpymi
METO/IIB TAKUM 00 €KTOM € €KCIEPT, KUl OIUTYETHC YN AHKETYETHCS.
OcHOBHA ijesl JAHMX METOJIB IIOJISATA€ Y IIPOBEJEHHI ONUTYBaHHSI
Ta, CTATUCTUIHOIO OIPAIIOBAHHS Cy0 €KTUBHUX IIPOTHO3IB €KCIIEPTIB.
Ockisibku (HOpMAIIBHO PKEepeiaMi 3HAHb € eKCIIEPTH, siKi BOJIOIIIOTH
BJIACHUMU, 3J€OIIBITOr0 IHTYITUBHUMH TpaBUIAMHU  HTPUAHATTS
pilieHb, a eKCIepTHI MeToau He OyayioTh HIIKUX Mojeseit
MipKyBaHHsI €KCIEPTiB, a Jiamie 30upaioTh JaHi, TO eKCIepTHi
METOJIM HEe € WPEeJMETOM JOC/IJKeHHs JaHol KuHuru. AJjie iges
JOCJTTI?KeHHST KOJIEKTUBHOI JIyMKH, OIIHIOBaHHSI BarwW, aKTyaJbHOCTI,
“OpaBUJIBHOCTI’, KOMIIETEHTHOCTI JyMOK KOXKHOTO €KCIIepTa €
ayxke tigHoro. MaibyTHiit po3BuTOK 1€l imei Mm  BOaTaEMo
y 1o0ysoBi cucremu BuIoOyBaHHS 3HaHb 13 JpPKepeJ HOBUH
Mepexi [HTepHer, aHaJi3y MpPaBAOIOMIOHOCTI OYIb-AKOI iH(MOpPMAILI,
BKJ/IIOYAIOYM TiNOTe3W Ta YyTKH, caMme 3acobamu iHdOpMariitHux
TEXHOJIOTIH.

OpauM i3 HOBHX HANPSMIB [OCTIPKEHHS € TeOpisi HECUJIOBOL
B3aEMO/IT, 3anponoroBana y Mmororpadii [18]. ABTopom mpononyeThest
METOIM IPOIHO3YBAHH:A, sKi 0a3ylOTbCAd HA [HOMY IIPHHITHUII



iCHyBaHHSI TIPUPOJIU Ta CYCHIIbLCTBA. Y PpaMKaxX JaHOl poboTu
BKa3aHUI HAIIPSIM PO3TJISIIATUCH He Oyle depe3 HOro CKJIAIHICTb.

OcHoBHa yBara B JaHiii pobOTI MpUILISIETHCT (HOPMATIZ0BAHIM
MEeTO/aM  IPOrHO3YBaHHs. 3TiJIHO 3  3alpOIOHOBAHOIO  HAMU
kiacudikarmiero (puc. 1.1) nani MeToay NoAiIAOTHCA HA CTATUCTUIHI
METO/M Ta METOJM MOJETIOBaHHsg cucteM. Meroau 3 rTpynum
“MogenoBants cucreM’ HapaBjeHl Ha MOOYIOBY Mojesei, siki
OIHUCYIOTH Oe3mocepeIHbO (DYHKIIOHYBAHHS JOCJIIIZKYBAaHOTO 00’ €KTY
qn ckaaHOol cucremu. CraructudHi MeToau TyT Tpeba po3yMiTh sk
METO/IM, HaIlpaBJIeHI Ha JIOCJIJ?KEHHS TIJIbKMA ITOXIJIHUX ITOKA3HUKIB
JIOCTIPKYBAHOI'O 00’€KTY, IIPEJICTABJIEHUX Y BUIJISIII YACOBUX PSIIiB.

Meromu mnporumo3dyBanus 3 rpynu “MogemoBanas cucrem”’
6a3yroTbcst Ha MOJeasx 00’ekTy mociimkends. Jlo Hux MoxHA
BiJiHeCTH  iMiTallifiHe  MOJIe/TIOBaHHsA, I AKAM  TPaJIUIIITHO
PO3YMIi€ThCS TeHEepYyBaHHsI IIOCJIIJIOBHOCTI BUIIQJIKOBUX IIOJIA YH
peasizariii BUIAJIKOBOIO TPOIECY i3 3aJaHUMHU CTATUCTUIHUMUI
BJIACTUBOCTAMU  (PO3IOJIIIOM  HMOBIpHOCTI,  aBTOKOBapIAIfiHOO
dbyHKII€I0 TOMO) Ta OIIHIOBAHHS PU3UKY 3a JIOHOMOIOI0 IMITyBaHHSI
KPUTAIHUX CUTYAI#l y JoCHiaKyBamiit cucremi. Jnramivgai cucremn
— 1me Taki Mojesdi, B AKHX 3aKOHOMIPHOCTI PO3BUTKY 00 €KTa
MOJIETIOIOTHCS HA OCHOBI JindepeHIiagbHuX Ui PI3HUIEBUX PiBHAHD.
dArmo posrmgmatn Mozemi 3 Kiacy ‘muHamivHI cumcTreMu’ TLIBKEH
K pO3B’a3Ku JubepeHIiadbHuX PIBHAHL (He 3BepTaldu yBaru Ha
3aKOHOMIDHOCTI, sIKi OIUCYIOTHh JAMHAMIYHI cucreMu), TO (POPMAILHO
JaHl MOjIesli MOYKHA BIJIHECTH JI0 CTATUCTUYHHUX, 30KPEMA TPEH/IOBUX.
Y mpoMmy po3yMiHHI, PO3B’I30K AudEpeHIiaIbHOTO  PiBHSIHHS
AIIPOKCUMYE JIOCTI/KYBaHUil psif. AJie B JaHOMY BHUIAJKY AKIIEHT
pOOUThCS HA CUCTEMHI 3aKOHOMIDHOCTI, HA SIKMX OCHOBAaHA IOOYI0Ba
IuepeHIfiagbHOrO PIBHSHHS, IO OMUCYE JWHAMIKY cucremu. Tomy
AWHAMIYHI CHCTEMH, Ha HAIILY IyMKY, JOIIJIbHO BBaXKATHU MOJIEISIMU
CcaMOI CHCTEeMU.

IToTyKHUME MOXKJIMBOCTSIMU  JIjIsl  IIPOTHO3YBAHHS  CKJIAJITHUX
cucreM, 30KpeMa, (IHAHCOBO-eKOHOMIYHMUX, € areHTHI MOJIeJi
[20-24]. Imes Tx wnoOymoBM aHAJOrivHA MOZEIAM MOJIEKYJIAPHOL
guHaMikd y isuni. AreHTHa MOZEJNb € IIPOrPAMHOI0 CHCTEMOIO,
fdKa BKJIIOYA€ MOJEJIb areHTiB, $K OKPEMHUX BIJHOCHO IIPOCTHUX
MJICUCTEM JIOCTI/I>KYBAHOI CHCTEMU, Ta MOJIEIi CEePeJOBUINA iX
B3aemoyii. Ilpukiaamom moxke OyTu cucTeMa IiIMIPUEMCTB ITE€BHOI
rajysi, pO3TaIllOBAaHUX HA IE€BHIl TepHTOpil, AKi NEBHUM YHHOM
B3aEMOJIIOTH Mi»K CODOI0: MHOXKWHA TpeiaepiB, sKi TOPryiOTHh Ha
dinancoBomy punky Tomo. [Ipu B3aeMosIil BeJuKol KiJTbKOCTI areHTiB,
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3’SIBJISIFOTHCSI €MEPJIZKEHTHI BJIACTHBOCT] IOOYIOBAHOI CHCTEMU, SIKi
6es31ocepeIHbO He BUILJIMBAIOTH 13 BJIACTUBOCTENl OKPEMUX Ar€HTIB.
Tomy HaBiTH TIPOCTI MOEJ TOBEIIHKYM Ar€HTA MOXKYTh MOSCHIOBATH
€MEP/DKEHTH] $IBUIA B CyYaCHHX CKJIQJIHUX crucremax. Ha muisxy
edeKTUBHOI OOYJ0BU Ta BUKOPUCTAHHS areHTHUX MOJeNell ICHYyIOTh
IEeBHI MPOOJEMU: HEJOCTATHS CKJIAJIHICTh Y TOBEIIHII AareHTiB,
HEMOKJIUBICTh TOYHOTO KOTIIOBAHHS YCiX YYACHHUKIB CHCTEMH,
npobsleMu KajTiOpOBKHU, HAJAIITYBaHHS HEBU3HAYEHUX IapaMerpiB
AJITOPUTMY TMTOBEIIHKU areHnTa Ta irmri. ToMmy Iie muTaHHsS He BXOIUTH
JI0 KOMTIETEHIIi1 TaH0l poOboTH.

OcHoBHa yBara Hamol poOOTH HalpaBjieHa Ha YIOCKOHAJIEHHSI
CTATUCTUYHUX METOJIB IIPOrHO3yBaHHs. Tepwmin “craructudni’ Tpebda
PO3YMITH y UIHPOKOMY CEHCi, SK OyIb-siki MOJIEesi OIHOBUMIDHUX
qu  6araTOBUMIpHMX dYacoBUX psAiB. TpaaumiitHo B mamiit rpyti
3rajlyloThbCsd TPEHJ0Bi, €EKOHOMETPHUYHI, aBTOperpeciiini MoJeJri.
3araJbHONPUIHATOIO I CTATUCTHIHUX METOJIB MOJEJII, sKa
OIIMCY€E 3aJIeXKHICTh, BBAXKAEThCsI JIHITHA, a00 Ti, SIKi 3BOAATHCS JI0
JIiHIWHOI. AJie TOC/IiIXKeHHsI TIOKa3yI0Th, IO K HEeJiHIHI aHaiTHIH]
MOJlesli, TaK 1 cydJacHi HellpoMeperKeBi, HETITKI MOJeTl MOKa3yIOTh
3HAYHO KpAaIll MOXKJIMBOCTI Yy BUABJIEHHI Ta OIHIOBAHHI CKJIAJHIX
zasiexkHocreii. Tomy Bci mMeromm rpymm “CrarucTudHi” IMi11a10ThCst
JOIATKOBIM Kaacudikallil 3aeKHO BiJl MOJIeJ 3a/162KHOCTI.

Osnauvenns 1.1. Yacosum padom Ha3UBAETHCS ITOCIIOBHICTL PIBHIB
pany
{vit =v1,92, Y (1.1)

Je ¢ — HarypaJbHI 4YHnciaa, sKi BiJIINOBIIAIOTH MOMEHTaAM YU
MIPOMi>KKaM BUMIPIOBAHHS JIOC/III2KYBAHOI BEJIUINHE. BuMiproBaHHs
BiZIOyBaIOThCs Uepe3 piBHI MPOMIXKKHM HaCy. y; — PIBHI PsTy.

Yci meTomu TPOTHO3YyBaHHS MOXKYTH OyTH TIIOJAHI Yy BUIVISAIL
HACTYITHOI MaTEMATHIHOI MOJIEJTi:
Y1 = f( Yty oy Yt—ms x§1)’ s x§9m1 ) x7§2)’ s xgz)mz ) xgk)’ s xwgli)mk)v
(1.2)
e y; — BEJIMYMHA, MOKA3HUKA, IO IMPOTHO3YETHCSI B MOMEHT dYacy t;
wgl) — BeJIMYMHA i-TO0 aKTOpa B MOMEHT 4acy ¢, sIKUil BILIMBAE HA
Y; M, My, ...M — JOBXKUHU “maM’gaTi’ psijy, siki BUKOPUCTOBYIOTHCSI
[IpY IPOTHO3YBaHHI. BiqMiHHOCTI pi3HUX METOIB OYIyTh CTOCYBATHUC
CTPYKTYpH BXigHux ganux & Ta Bumy bysxmil f(...). Takum qunoM,
MOXKHA& BHUJILUIUTH TaKi BUJU 3aJIE2KHOCTEH, AKi BUKOPUCTOBYIOTHCS Y

Cy4dJaCHUX METO/JaX IIPOIHO3yBaHHA:
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1. nimiiina,

2. moJrinoMiaJIbHa,
3. HeiipomeperkeBa,
4. HeuiTKa,

5. BUITQIKOBA.

B macrymamx pozaiax gaHol poboTu OyAyTh PO3IVIAIATHUCH
BUINE3a3HAYEH] 3aJIe3KHOCTI, IO MOJIEJIIOIOTHCS PSIJIOM METOJIiB
[IPOTHO3YBAHHS.



1.1 IlepcrieKTnBu BUKOPUCTAHHS
TPEeHJ0BUX MOJeJieil pu Mmodya0Bi
Cy4YaCHUX METO/IB IIPOTrHO3yBaHHSI

Texniunuit ananiz [14-17] mossrae y BuBYeHHI JUHAMIKH DyXy
IMiH y MUHYJIOMY 3 METOI0 BU3HAYEHHs HMOBIDHOTO HAIpsAMy IX
poO3BUTKY B MaiibyTHbOMY. IloTouna nuaamika miH (ToO6TO mOTOUHI
O4iKyBaHHsI) OPIBHIOETHCH 13 3iCTABHOI JIMHAMIKOIO I[iH Y MUHYJIOMY,
3a JIOIIOMOI'O0 9OTO JOCSTAETHCS OLIBIIT MEHII PeaIiICTUIHUI IPOTHO3.

Hesanexxno Bim Toro, fdKoMy THILy aHAJI3y Bijmae Iepesary
rpefinep [16] — dyngamenTasbHOoMy ab0  TeXHIYHOMY, IIpU
CKJIA/IAHHI PUHKOBHUX IIPOTHO3IB BiH 3BEPTAETHCS [0 HMOHATTS ‘JIiHist
rperay”’ (trendline). ITomgarrss ‘“ainist TpeHmy” 9acro TPaKTyeThCs
HEOHO3HAYHO 1 Hemoc/ioBHO. BpaxoByioun dpakTaabHICTh, Ha
PI3HUX YACOBUX pIBHAX MOXK€ ICHYyBaTH JeKigbKa JiHIl TpeHmIy,
sIKi aJIeKBATHO OIHUCYIOTh JIWHAMIKY, 1m0 chopmyBasacs. Tomy mpu
JOCJTIIXKEHHI TPEeHIiB 000B’SI3KOBO HEOOXITHO BKJIIOYATH IOHSITTS
“TOPU3OHT MPOTHO3YBAaHHA Ta “iHTepBaJ TPEHIOCTIHKOCTI” TOIIO.

[TocibHUKY 110 TEXHITHOMY aHAJII3y MPOTMOHYIOTH METOIUKY BUOOPY
JBOX KPUTHYHUX TOYOK, dYepe3 sKi PEKOMEHIYEThCHA IIPOBEIEHHS
miHil Tpenay [16]. T'padiunnii ananis jainiil TpeHy BTPATUB MUHYITY
Ccy0’€KTHBHICTD 1 II€PETBOPUBCS Ha CyTO MEXaHIYHYy IPOIELypY.
3’sBusncs  9iTKi KpuTepil TpOpuBIB JIHIT TpeHIAY 1 MOXKJ/IUBICTH
JIETKO pO3paxyBaTW I[IHOBI OpIEHTUpH, IO € JOCTATHIM JJIs
CTBODEHHS IMOBHOIIHHUX TOpriBesbHuX cucrem. Ha pucynkax 1.21 1.3
IIPEJICTABJIEHO 2 JIiHIT TPEH/IY: IIPOIO3UIIisl CIAJIAI0Y0I0 JIHIEI0, TOIUT
— 3POCTAI0YOIO.

MozkHa 3BepHYTH yBary, IO Ha PUCYHKY 1.2 TOCTYTIOBE 3HUKEHHST
IiH BimobpazkeHe HU3XIAHOIO JHIEIO “HpONO3MINT: IHHOBI couch i
3alaIiHN TAKOXK TIOCIITOBHO 3HIKYIOTHCS.

Ha pucysky 1.3 mnocrymoBe MifBUINEHHS IiH BigoOpakeHe
BUCXITHOIO JIiHi€I0 “mommTy”: IHHOBI cmmcw 1 3amaJdHd  TaKOXK
[TOCJI IOBHO IiaBHUINYIOThCA. CKJIAIHICTD MOJIsArae y BUOOPi 0co0IuBUX
TOYOK, 4Yepe3 sKi HpoXomdaTh i mupsami Jinil (mus. puc. 1.3). ¢k
MIPABUJIO, AHAJITUK MPUBHOCUTH HEAOUSKY YACTKY CYO €KTUBIZMY IIpU
o0y 1081 JTiHiN Tpery. Tak, pyX IiH Ha PUHKY IPUITHSITO PO3TJISIIATH
Yy PETPOCIIEKTHBI — BiJi MUHYJIOrO /10 Mai#OyTHBOrO, TOMY 1 JaTu Ha
rpadiky BiAKIAIAIOTHCS 3/1iBa HAIPABO.

3araJbHOIPHUIHATA [POIEAypa IMOOYJIOBA  MHOXKHUHHU  JIHIN
TPeHIy, 3 SKHX OJHA HEyXUJIbHO BBAYXKAETHCHA BIPHOIO, TAKOXK
rpIMUTHh HETOYHICTIO Ta IEBHOIO HEYBAroo 0 APiOHUX jgeraseil Ta



1.1. TPEHJOBI MOZEJII IIPOI'HO3YBAHHSA

1uuu

PFTS

500 i i i i i
04.04.2008 12.05.2008 06.06.2008 08.07.2008 05.08.2008 03.09.2008 01.10.2008
time

Puc. 1.2: T'padik minii rpenay (HusximHa simis)

1100

700

600 £

i H i i =
12.04.2007  15.05.2007  13.06.2007 12.07.2007  09.08.2007
time, days

Puc. 1.3: T'padik minii rpenay (Bucxinza siHis)

13



14 PO3ALJI 1. KJIACUYHI METO/HN IIPOT'HO3YBAHHA

dpakTajIbHUX BJIACTHBOCTEH YAaCOBOrO psiy. THUM YacoMm yCIiIiHe
3aCTOCYBAaHHS JIHIM TPEHJy BUMAara€ BiJ, aHAJITUKA IIiJBHUIIEHOL
YBayKHOCTI 1 TTOCTIIOBHOCTI.

Cuizg 3a3HaYUTH, 10 HAKOLIBII MTOIYJISPH]I KJIACHYHI MEeTOIH, sKi
BUKOPHUCTOBYIOTHCS ¥ CBiTi /st aHA I3y 1 MpOrHO3yBaHHS (DiHAHCOBOTO
CTaHy IMJIPUEMCTB, IOB’si3aHl i3 3aCTOCYBAaHHSIM E€KOHOMETPUYHUX
MoJiesieil, KOXKHY 3MIHHY $KHX OIHIOE II€BHUN CTATUCTUIHUN
IHIUKATOD 3 Ti€I0 9M IHIIOK TOYHICTIO, IKUil BUMIPIOE TIEBHY CTOPOHY
TOCIIOAPCHKOI MisIBHOCTI JOCIIIXKYyBAHOTO 00’eKTy. Y Psi/ii BUMIAIKIB
BOHM JIO3BOJIIIOTH BHUSBUTH KOHKPETHI KUIbKICHI B3a€MO3B’ SI3KU
E€KOHOMIYHHX IIPOIIECIB, IO MPOTIKAIOTH HA ITITPUEMCTBAX-EMITEHTaX,
3 IHJIMKATUBHUMU TOKA3HUKAMMU, JTOCTYITHUMU I inBecTopis. [Ipore
B CyYaCHUX yMOBaX BHKODHUCTAaHHS PO3POOJIEHUX HA OCHOBI 3aXiIHOT
MIPaKTUKN MOJesell 3a OUeBUIHNX IPUINH YCKJIaJHEHE.

Mogesni gacoBOro psiiy, B SKHX JUHAMIKA CEPEIHHOTO 3HAYEHHS
psjly OIHUCYEThCS AHAJITUYHOIO 3ajIe’KHICTIO TIIBKH Bl dacy,
HA3UBAIOTHCSI TPEHIOBUMHA MojessiMu [4, 5, 25]. YV 6Glabmocti pobit
[4,5,25] mijg TPEHJOBUME MOJEJISIMUA MalOTh Ha yBa3i JiHifHI Momesi
TpeHay abo Ti, MO 10 HUX 3BOIATHCH.

OsuavenHs 1.2. Tpendosoto modeanto Oy1eMO HABUBATH aHAJI THIHY
bYHKITO BUITY
y = [f(t,a), (1.3)

Jie t — 9ac, 33JaHnil B IEBHUX OJUHUIAX (1151 JAHOTO JTOCIIIZKEHHS — Y
JIHAX); @ — BEKTOP IIApAMETPIB, IIPU IKUX MOJIEJIb HARTOYHIIIE onucye
3aJIeXKHICTh JOCIizKyBaHOro paxy {y;} Blm wacy t ta 3abesnedye
MiHIMaIbHI BiaxmieHHsS (AKTUIHUX Ta 3MOJIETHOBAHNX PIBHIB:

F(a@) = |y — f(t,@)|| (1.4)
Ha I1eBHOMY iHTepBai "acy t: trijrer <t < tigst-

Baysaxumo, 1mo Gyskiis f(t,d) Moxe OyTu He TiJIbKH
TpaUIIHO0 aHAITHIHOW (IIOJIIHOMOM ), aJie if rapMoHidHO [26-28],
CKJIQTHOIO HEPOHHOIO MEPEYKEIO TOIIIO.

st mobymoBu maHux Mojesaeil 37e61TbITOT0 BUKOPUCTOBYETHCS
MeTos HafiMeHIUX KBazpatis [5], abo fioro momudikaii ms Gigb
CKJIQIHUX BUIIAJIKIB.

Jlo HetoJ1iKiB TpauIiiHuX MiIX0/[iB BApTO BiTHECTHU 3BEJIEHHS 10
MeTO/Iy HaWMEHINX KBaJpaTiB, iIrHOPYIOUN IHITI METOMHN HeJiHIHHOI
9M CTOXACTUIHOI ONTUMI3allil, AKi y BUMAJAKY 0araTbox eKCTPeMyMiB
€ 6itpi edpexkTuBHUMU. TaK0XK HEOOXITHO 3a3HATUTH:
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1) Aupokcumarnis OKpeMO NapamMeTpiB TPEHIy Ta TapMOHIYHUX
ckiagosux. Hami poforu mokasyioTh, mo onruMmizamisa (MiiMizaris
dyHKIioHANy HEB’S3KM) i yCiX IapaMerpiB pa3oM, KpiM TOro
JEKUIBKOX TapMOHIK OIHOYACHO, [O03BOJISIOTH [IEII0 IMOKPAIIUTH
pe3yIbTaTh K alpOKCUMAIIil, TaK i Mporuo3y. BaxKmBuM po3BUTKOM
TaKAX MOjiesieil € MeTo/in, siKi BPaXoBYIOTh 3MiHY YaCTOT;

2) Jumamiudi cucreMu gK  TpeHAOBI Mogeni. Po3B’a30K
JudepeHIiaJbHIX PIBHSAHB, 3aJaHUX MOJIE/UI0 JUHAMITHOI CHCTEMU
y Bumagl 3ajexksocrti y = f(f) Moxke BBaXKaTUCh TPEHIOBOIO
y BUIAQJKY, KOJIU Tefl PO3B’I30K € (PYHKINEID TLIHKKA Bif OIHOTO
rapaMerpy — Jacy.

st cyJacHMX METOJIiB MPOTHO3YBAHHS TPEHJIOBI  Momei
Bigirparorh posib (YHKIHl i HOpMaJi3alil psifly, IO JI03BOJISIE
301/IBIIIUTH TIOBTOPIOBAHICTh HABYAIBLHOI BUOIPKH.

Posriisinemo 3acTocyBaHHS METONY HaMEHINMUX KBaJIpAaTiB, SKWN
9aCTO BUKOPUCTOBYETHCS JIJIsi OIHIOBAHHS IAPAMETPIB TPEHIOBUX
Mojesieit Ta SIS OOYHCJIEHHsT JOBIpYMX IHTEpBaJiB ITPOTHO3HUX
3Hadenb. CrTpore OOrpyHTYBaHHs MeTody JaHo MapkoBum Ta
Kommoroposum.

1t OTHOBUMIPHOTO BUTIQIKY

T
Y'(t) =a+ B a+uy L= Z(yi—ytﬂ
t=1

Besmmuusau nmapaMerpiB « Ta 5 OIIHIOIOTHCSA 38 (POPMYJIAME:

T T T
8= T i1 Tili = D i1 Ti )iy Vi
= T T T )
Ty 1712 =D im1 Ti D imy Ti
T T T T
_ D1 x12 doim1Yi — s Ti )i Tili
= T T T J
Ty i x7 — Dim1 Ti )i T

R N B et [t IO
Yy = Zyux*T;xuﬂ* Z;Zl($i—f)2 =Y ﬂ Z.

st 6araTOBUMIPHOTO BUITAIKY:

y=ap+ay-r1+as-x2+az-r3+..+ap -rp+uY =X -A+U,
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Y1 1 z11 212 713 ... Tk ap Uy
Yo 1 o1 a2 a3 ... Ty ax Ug
y3| =11 @31 232 @33 ... X3 |-|az |+ | us
Yn 1 Tnl Tn2 Tp3z ... Ink ag Un

Bekrop meBimomux napamerpis A = (ag, a1, ag, ..., i) OIIHIOETHCS
3a HOpPMYJIOIO:
A=xT.x)7t.xT.v.

B uigpyuynukax [4, 5, 19] manuii MeTOm BUKOPHCTOBYETHCS
I TI00ymoBu 6araToakKTOPHUX Ta ABTOPErPECIHHMX MPOTHO3HUX
MoOJIeJIei.

[lepemyMoBH BUKODHUCTAHHS JAHOTO METOLY OAa3yOThCA HA
TBEPIKEHHAX

® HE3MIIEHHOCTI OIIHOK ITapaMeTpiB;

® BijCcyTHOCTI MYJIBTHKOJIIHEAPHOCT1 BEKTOPIB BXIJTHUX
apaMeTpiB;

® BiJICYyTHOCTI aBTOKOPEJILOBAHOCTI 3aJIUIIKIB;

i mojlonaHHs TaKuUX TPYJIHOIB PEKOMEHIYIOThCS TTPOIETyPHU
HopMaJiizarii i ctaggapTu3aliil Janux. Meroj HallMeHITnX KBaJipaTiB
MOKe OyTH TaKOXK 3aCTOCOBAHUI I MedKUX BUIIB HETIHIAHAX
TPEHIOBUX MOJIEJIEH, AKi OMmcani B miapyIHUKY [5]. Ix morkHa 3BeCTH
JI0 JIHIAHUX 3a JOTMOMOrOI0 3aMinn 3MiHHUX. TpeHaoBi Momesi, sKi
JIOTTYCKAIOTh 3BEJICHHsI JIO JIHIfTHOTO BU/Ly, HaBeJieHO y Tabsuri 1.1.

Bapro 3ayBakuTm, 1m0 OIiHIOBaHHS KOeiIieHTYy meTepMiHarii
Ta CTATHUCTUYHOI 3HAYYIIOCTI pe3YJIbTATIB 3/IHCHIOETHCI He JIJIS
BUXITHUX 3MIHHUX, a JJTsI JIIHEaApU30BAHUX, 110 000B’I3KOBO HEOOXiTHO
BPaXOBYBaTH.

Posrngremo obumciiennss AoBipuMx IHTEpBAJIB jIs MTPOTHO3Y
arigao TpenzoBol Mogesi. s HopmasibHOro posmopiay N(u,o) 3
HEBIJIOMUMH IapaMeTpPaMU [, Ta O IIPOIEC BIJIIIOBIIA€ HACTYIHIN
JIOLIOMIXKHI# craTucruni [29] :

Xn+1 - Yn

Suv/I+ 1/n

n—1
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Tab6u. 1.1: Heniuitini TpenoBi Mmomesti

Bun Tpemmosoi | @opmysta Jlineapu3zarist
MoJIesTi 3aJI€2KHOCTI
Jlinifina y(t) = ap + axt -
Ioninom  n-ro | y(t) = ag + ait + y(t) = G0+ 0121 % ooo & G,
CcTelleHs +ast® + ... +ant
ExcronenTa y(t) = a,e?t In(y(t)) = In(ag) + a1t
Jorapudmiuna | y(t) = ao + | y(t) = ao + a1t*, t* = In(t)
KpHBa ayln(t)
Y(t) — 1
_ 1 y(t)?
O6epHeHa. y(t) = m = ln(;; )
JiorapudMivHa
KpuBa
Crenenesa y(t) = aot™ Y (t) = in(y(t)),t* = In(t)
I’%nep60ﬂ%qﬂa I | yt)=ao j— oL =7 i
linepbomiuna II | y(t) = — .~ Y(t)= th
Y t) == yT’
. . oy a = ag,b=a,
fIlIHep6oqua Y(t) = ovan b1
1
Y(t)=at*+0b
L (n—1) 7:2—01 ytyf,+1*7:§_11 Yt 7:2_1; Y41
n—1 n—1
Momudikosana | y(t) = a + bct R yg*(t; y")
b= nY ety =yt Sy
E€KCIIOHEeHTa W
oo Zyp—byct
KpHUBa y(t) = aoa(fg In(y(t)) = In(ag) + aztin(ay)
Tommeprisa
Y(t) = 5,t" =1
: _ 1 DR t
Jloricruuna y(t) = woFaial Y = ag z_ 6)11615
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Orinennit  po3nofian it  MalbyTHHOrO 3Ha4YeHHT Xp41 €
PO3IIOJILIIOM ITPOTHO3HOI'O 3HAYEHHST

Xp+ Su/14+1/n-T7L,

WwmosipHicrs Toro, mo 3HadeHHss X,i1 Oyle 3HAXOAUTHCL Yy
3aJ]aHOMY iHTepBaJi, HACTyIIHA:

Pr (Yn TS /T4 (/1) < Xnit < Xn + TaSpr/1 1 (1/n)) —p,

ne T, — 100((1+p)/2)-na kBanTmwib t-posnoainy Creionenta 3 (n— 1)
crynensimu csoboau. ToMmy Besmunau

X, £T,5,v/1+ (1/n)

e rpanmuanvu Toukamu 100p %-ro mpormnosHoro inrepsasy s
3HaYEeHHA Xp 1.

Ha wmamy aymky, g0 TpeHIOBUX Mojesieil HeoOXiTHO BimHecTn
TAKOXK JIHIHO-TADMOHIYHY MOJIeNb, HaBefeHy y Monorpadii [26].
Pozrnauemo 11

n
2T .27
y(t) = co + et + ; (aiCOSTZ—t + bismTit> , (1.5)
net = 1,2,---,n — gac, cg,c1,0a,b;,T; — napamerpu mozmemi. st

OIIHIOBAHHS TIapaMeTPIiB HPOINOHYETHhCH CKAHYBAaHHS Jialla30HY

MOXKJUBHUX TepiogiB  T; Ta OIHIOBAHHS 3HAYEHD Cg, C1, G4, b;
napamerpis 6ararodaxTopHol Mogei 3 hakropamu (¢, cos%t, sm%’r )

MEeTOJIOM HANMEHINUX KBaJpaTiB. 3 MHOXKUHU I1€peOpaHUX Mepiofin
T; Bubupaerbcsd TOH, skuil 3abe3medye MiHIMAIbHE 3HAYEHHS
GYHKITIOHATY HEB’ SI3KU

Tmax 2
2 2
Z(co,c1, a4, b;) = E Y(t)—co—cit — aicos%t + bisin%t — min.
t=Tmin g g
(1.6)

Jlannit MeTo IOKa3y€e JOCTATHBHO BHCOKY TOYHICTH IIPOrHO3IB JJIst
PsJIiB YPOXKAMHOCT] 3epHOBUX KYJILTYp YKpaiuu. /lo HemosikiB qaHol
MOJeNi MOXKHA BiTHECTH HACTYIIHI:

® [IOBHWII 11epebip 9acTOT He € ONTUMAIHHUM, TAKWIT IiIXi/T He Ja€e
MO2KJIMBOCTI TOYHO OIIHUTH TEPiOJl KOJNBAHb;

® HEMOXKJIUBICTH ONTHUMI3aIll Mo/es 3a mapamerpom 1;;
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e MOXKJHUBI TpobsjeMu 3 Bu3HaUYeHHAM mapamerpiB 3a MHK
(MyJIBTHKOJIIHEAPHICTD, MeTePOCKEIACTUIHICTD TOIIO).

VaocKoHAIEHHST JAHOTO METOY PO3IJISIA€ThCSI B PO3auI 5 maHol
poboTu.

Bigomum MeTomoM aHa i3y YaCTOTHOTO CIEKTPY YaCOBOTO PSIILY
e meron ‘T'ycenuns”, OinbIn BioMuit B 3axigHuX mTyOJiKaIlisx sk
METOJ[ CHUHIYJISIPHOIO CIEeKTpasibHOro amasizy (Singular Spectrum
Analysis, SSA) [30-32]. Cyrp iforo momsirac y KOHCTDYIOBAHHI
TPAEKTOPHOI MATPHUIIl 3 JIATOBUX 3MIHHUX YaCOBOTO PSJIy Ta aHAJI3Y
POJIOBHUX KOMIIOHEHT OTPHUMAHOI TPAEKTOPHOI Marpuil. Po3risHemo
CyTb JTaHOT'O METO.Y.

Hexaii 3agano gacosuii pag {y: }. Meron “TI'ycenurg” ckiiaiaerbes
3 HACTYIHUX KPOKiB.

1. Hopwmautizariis BxigHoro psiay

Y =Yt — Ut

abo _
« Yt — Yt
yt - 9
o
JI€ U - CEPEJIHE 3HAYEHHS PSIJLY, 0 - CEPEIHbOKBAIPATHIHE BiIXUJICHHS.

2. [TobymoBa TPAaEKTOPHOI MATPHIT

(7 Y5 YU
x| Ys o Yma
YN—m YN—m+1 YN

e m — po3MipHiCTh BeKTOpY BKIajeHHs. Martpuist X HAa3UBA€THCs
TAHKEJIEBOIO.
3. IlobymoBa KOpeAmiitHol MaTpuIL

c=LxTx,
m

4. OGuucyieHHsI BJIACHUX BEKTOPIB Ta BJIACHUX 3HAYEHB MATPHUIL
C. Hexait v 0@ . 0™ - pracsi sexropm wmarpumi C, a
A1, Ao, ..., Ay, — 1T BIacHi 3HaYEHHS.

5. Bubip minimMasbHOrO 6a3mucy BIACHUX BEKTOPIB. 3 MHOXKUHU
BJIACHUX BEKTODPIB IPOIOHYEThCS BUOPATH IiIMHOXKWHY BEKTOPIB,
dKi ONUCYIOTh TIIBKM CyTTEBY Bapialmiio YacoBoro psmy. s
OO YIOPSAKYEMO IapHu ()\i,@(i)) Yy HOPSIKY CIAJaHHs BJIACHUX
3Ha4deHb. Hexail orpuMaHi HOMepH BJIACHUX BEKTOPIB € HACTYIITHUMU:
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ki,ka, ..., km. Ciocobu BuHOOpPY i IMHOYKUHU BJIACHUX BEKTOPIB JJIsI
aHaJI3y YaCOBUX PAIIB JeTaJbHO 06roBoprooThes B [33]. Posriamnemo
Hafimpocrimuit  MeTon. Bu3HadmMo 7T gK  KUIBKICTD HAMOLIbIIIX
BJIACHUX BEKTOpPIB, MUTOMAa Bara BJIACHUX 3HAY€Hb SKUX OLIbIIA,
HAIPUKIAI, 38 75% Barm ycux BJIaCHUX 3HAYEHD.

3aluInemMo MaTpUIo V, v BUIJISAl OTPUMAHUX BJIACHUX BEKTOPIB-
CTOBOIIIB:

v%kl) v§k2) vgkf)

k k Ky

Va: = (U(kl)av(k2)’-..’v(k‘r)> = Ué 1) Ué 2) T /Ué )
vﬁfl) vg@ vgf)

6. Binobparkenuss marpuri X B HOBOMY 0a3WCi BJIACHIX BEKTOPIB:
T
U, =V, X =(U,...,U;).

7. BinHoBJeHHsS BHUXiJHOI MATPHUI 3a MEPIIUMUA 7 TOJOBHUMUI
KOMITOHECHTaMU:

T
1

X = (U(kn’v(kz),,_w(m)

8. JliaronajibHe ycepejaHeHHs (TaHKei3allis) MaTPUIL X: Ockinbkn
BiJHOBJIEHA MaTpullsd HE Oy/e TaHKeJeBOI (€JIeMEHTH JiaroHaJIei,
napaJiesibui mo6iuniil miaromasi, He piBHI MiXK €00010), HEOOXiIHO
3IIHCHUTH 3BEJIEHHS MAaTPUIIL X JI0 TaKOoro BHUIy. EJjeMeHTH HOBOI
MaTpHUIll MATUMYTh 3HAYEHHSI:

Tjs—it1,1 <8< T,

5

=
ot

1

3

Tis—it1, T <8<,

~
@

I
3=
&M\‘

1

-
Il

N—s+1

1 ~
xiJran,nfiJrl,T S S S N

N—s+1 =

Opurinanpauit  metoy, “I'ycenurss” 6yB  po3pobseHmit  Jiist
BUSBJICHHS Ta aHAJI3Y IIPUXOBAHUX IIEPIOJIUTHOCTEN B YACOBUX PsJIAX,
aJjie He MICTHB MOJIEJIl 9acoBOrO Dsijly, Ky MOYKHA BUKODUCTATHU JIJIst
no6y0Bu Iporuo3is. Y po6ori [33| npononyerbes geKiIbKa MIX0IiB
100y/I0BM IIPOTHO3HUX MOJEJIeil Ha OCHOBI BHIIE 3aIIPOIIOHOBAHOIO
CHUHTYJISIDHOTO pO3KJjafy. He Bci BoHm MOXKyTh OyTu 3acTOCOBaHi
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JIO peaJbHUX YacOBUX PsJiB, TaK IK 06a3yIOThCS HA MOHSATTI CTPOTO
JEeTEepMIHOBAHOI oC/IiaoBHOCTI. Po3riigHemMo minxin, skmii HafOiIbII
eEeKTUBHO MOYKe BUKOPHUCTOBYBATHUCH JIJIsI AHAJIZY YaCOBUX PSiB 3i
CTOXaCTHYHUMU CKJIAJOBUMU.

Knacuana ekomomerpist BKJodae 6araTo pobiT 3 TPOTHO3YBAHHS
yacoux psjiB [4, 34-36]. TonoBHa inesi eKOHOMETPUYHUX METOJIB
nojiira€ 'y HaOJIMXKeHHI YacoBOTO psily JI0 JHHIAHOrO BUIy 3a
JormoMororo Jyrineapusariii. Jasti Oymyersbes JtiHiitHA perpeciiina Moerb
Ta BUKOPHUCTOBYETHCS Ui Hepea0adeHHs MaiOyTHIX 3HAYEHb, Yp =
a+b-y_1+ u, 1e a Ta b — perpeciitni mapaMerpu, u — 3AJUIIKH.
Momenioroun BifXmJIeHHST Ha OCHOBi -CTATUCTUKU, MOYXKHA OIIHUTHU
JOBipdUi iHTEpBAJM OTPUMAHOIO TOYKOBOrO Tporuody. Jlammit merosn
€ Ol rpybuii, ajie MpaIoe it TeTepMIHOBaHUX JIHIHHUX TPEHIIB.
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JlabopaTopua pob6ora Ne 1. TpenoBi
MoaeJIl

3a o3HAYEHHSIM, TPEHJOBUMU HA3WBAIOTHCS MOJE, y SKHAX
BUKOPHUCTOBYETHCI 3aJIE2KHICTh TTOKA3HUKA, IO MPOTHO3YETHCH, BiJL
Jacy.

y = f(t),

me t — mapaMmeTp dYacy. PosriasHeMo mporec MoOyIoBH TPEHI0BOL
MOJIesIi Ha TPUKJAJIL TOJIHOMIAJIBHOI MOJIENi, SIKYy MOXKHa& 3BECTH JI0
ninitaol. Bizsbmemo mosinom 3-ro crenens y(t) = ast® +azt? + a1t +ag,
Je as,as,a1,ap — MapaMeTpu Mojesl, ski HeoOxinuHo 3nHaiitu. Jlany
MOJIeJIb MOXKHA 3BECTH 0 JIHIAHOI OararodaKTOpHOI, 3/iiiCHUBIIN
saminm x3(t) = t3,22(t) = t2,21(t) = t. Takum 9wHOM, IOMITLHO
BUKOPHUCTATH METOJI, HAWMEHIINX KBaJPATIB /IJIsi OI[iHIOBAHHS 3HAYEHD
napamerpie. Mogesns marume Burasy y(t) = asxs(t) + asza(t) +
ayx1(t) + ao.

PosrnssHemo mpakTtudHy mTOOYIOBY Takol MOJEII B CEPEIOBUIIL
tabsimanoro uporecopa Microsoft Excel. st 1mporo weoOximgHO
3MiicCHUTH PpO3MITKY Jucta Ha cekmil “Jlano”, “Tabmumi manux” Ta
“I'pacikn” (mus. puc. 1.4).

Cekmiro “JIaHO” 3py4YHO BUKOPUCTOBYBaTHU JIJjisi BBEJIEHHsS Ta 3MiH
rmapaMeTpiB MOJIeIi Ta TapaMeTpiB po3paxyHKy. o Takux mapameTpin
HeOOXIIHO BigHecTH IOYaTKOBE 3HAYEHHs (g Ta KpokK wacy Af.
Takox cexrito “/lamo” 3HM3Yy 3PyUHO MOMOBHUTHA PO3PAXYHKOBUMUI
pe3yjbraTaMu [pPOTHO3HOI Mojeni. Hampukman, mo HEX MOXKHA
Bi/IHECTH:

1. mapamerpu Mozemi ag, as, a1, ao;
2. cepene minifine Bigxunenns (MAE) Ha nHaBuanbHil Bubipir;

3. cepennbokBaspaTnaHe Bigxuiaenas (MSE) na nHapuanbHil
BUOIpIIi;

4. nucnepciio mporiecy o;
5. xoedimienT merepminamnii R?;
6. cepenne uinifine Bigxunenns (MAE) Ha nepesipouniit Bubipi;

7. cepenubokBasparndae Binxwiends (MSE) na mnepesipouniii
BUOIpIT.
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Cexkiist “Taburst garux” 000B’SI3KOBO OBUHHA MICTUTH HACTYIIHI
KOJIOHKH:

1. wac t,
; 2
2. ;omowmirkHa KOJIOHKa KBaJpaT dacy t<,
; 3
3. JIonoMiXKHa KOJIOHKa Ky0 dacy t°,

4. MoxkJMBI iHII TOMOMIZKHI KOJIOHKY (B 3aJI€2KHOCTI BiJ MoJies Ta
BUJLy JiiHeapu3ariii),

5. IOKA3HUK, IO IIPOrHO3YETHCSI,

6. MOXKJIMBI TOXijHI BiJ NOKAa3HWKA, 10 NOPOTHO3YEThCs (B
3aJI€2KHOCTI Bij Mogiesti Ta BujLy JiHeapu3ariil),

7. uporuosuuit psy y(t),
8. Moyt BiIXuJIeHb,
9. KBaJIpaTH BiJIXUJIEHD.

B sarampmomy Burasai A8 MOOYIOBM HETIHINHOI TPEHIOBOT
MOJesTi, HEeOOXimTHO BaiiCHUTH JIiHeapu3aliio MOAeTi, OOUYNCIUTH
JOTIOMI>KHI ~TIEDETBOPEHHS HE3aJIEXKHUX Ta 3aJIe2KHOI 3MIHHOI,
JOJIABIIN HeoOXiaHI cTOBOII JaHWX, Ta BUKOHATHU OIlIHIOBAHHS
mapaMerpiB JiiHifiHOT Momeni, Hanpukjiaz, BOymoBaHow B Fxcel
dynxmiero JJMTHEH.

®yuxniz JJVMHENH npuiimae sacTymHi mapaMerpu:

MAaCHB 3HaYeHb He3asexkHuX 3MminHux (X);

MAaCHUB 3HaUeHb 3asexKHol 3MiHHOT (V);

KOHCTaHTa — 3aJa€, SKAM YHHOM OOYHMCJIIOBATH 3HAYECHHS
nmapaMerpy g. ZKIno 009nuc/aIoBaTH 3BUYANHUM YHHOM, TO 3HAYEHHS
mapamerpy mae oytu “UCTUHA” abo 1; sikmo ¢ = 0 , TO 3HAYEHHs
mapamerpy mae 6yru 0 abo “JIOZKB”;

craructuka — 1 abo 0, “UCTUHA” abo “JIOZKB” B zamexuocti
BiT TOro, WM HEOOXiTHO MOBEPTATH PSIKA CTATUCTUKU OITIHIOBAHHS
rapamMeTpiB.

Posrgnemo  6Gimpim  gerasbHO  Xifm  poborm  mpu OOy mOBi
IMOJIIHOMIaJIbHOI TPEHJIOBOI MOJIETi.

1. Bagaru nouarkosi napamerpu y cekuii “lano”’ (mouarkose
3HAUEHHS ty Ta KPOK At).
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2. 3anoBHUTH IIOCJIiIOBHICTH 3HaYeHb KOJIOHKH t. [lepiie 3HaYeHHs
HOBUHHE MICTUTH 3HaYeHHH t( 13 cexuil “/Tano” (g npukiary 3
puc. 1.4, bopmyna EXCEL s koMipku O9aTKOBOTO 3HAYUEHHS
A5 wmarmme Burisy =MI1), a KOXEH HACTYIHHN OlIbITHit
HOIEPEHBOIO Ha BeJauduHy Kpoky At (s xomipku A6
dopmymna maruve surisy =A5+$M$2). Vei macrynui dopmynn
MOKHA OTPUMATU KOIIIOBaHHAM Jpyrol (opmyin (3HaYeHHS
koMipku AG) B ycl HacTynHI KOMipKU.

3. Honarkosi koMipKu (3HaueHHst KBaIpaTiB i KyOiB mjis ¢ y aKocTi
dakTopiB GararodakTopHOl MOJEHi) MOXKYT OyTH O6UHMCIIEH]
IIPOCTUM TIiTHECEHHSAM JIO BiJIIOBITHOTO CTeIleHsd 3HAYEHHS
nepioro cros6is. Tobro jst komipku B5 3 Jymmcra npukiaiy
dopmysia matume Burssy =A572, a st komipku CH — =A573.
BaximBo, mo mopsiok CTOBOINB J10ATKOBUX (DAKTOPIB, SKi
MpUAMAIOTE yIacTh y JiHeapu30BaHiit Mojei, 30epiraeTbes mpu
nomyKy 3uadenb napamerpis (sukimk JIMHENH). Heo6xio
pPO3TalllyBaTH J0JaTKOBl (DakKTOpu caMe B TOMY IODSIIKY, B
SIKOMY BOHH 3HaXOJATHCH y JIIHEAPU30BaHiil MoJiesi. ¥ BHUIQJIKY
MTOJIIHOMIATIbHOI MOJIEeNIl 3-TO CTeIleHs, MOPSJIOK HACTYITHUIHA:
t,t2,t3.

4. 3anoBHUTH BUXiJIHI 3HAYEHHS Psily, 1O Oyje MPOrHO3YBaTUCH
(konmonka E y wnpukiaxi sa puc.l.4). Pagumo sanumarn
JEeKLIbKa 3Ha4YeHb /IS IICJISIIPOTHO3HOI IIepPEBIpKUA  HABITh
y BHUIQJKaX M[POrHO3yBaHHA MaiidyTHboro. Ile m03BOTMTH
OTPUMATH ANPIOPHI OIIHKA MOXKJIMBAX IIOXUOOK PpeabHOTO
IIPOTHO3Y.

5. O0umcauTH  JOJATKOBI  I[IEPETBOPEHHS]  BEJUYUHU, 10
MIPOTHO3YETHCS, HEOOXimHI iy MmoOYyI0BU  JliHEapU30BaHOL
Mojiesi. Y  BUNAJKY HEJIHIHHUX TPEHJOBUX Mojesiel i3
Tabymmi 1.1, sdKa HaBeleHA Yy TEOPETHYHIM YaCTWHI JAHOTO
pO3Iiay, dacTilie TaKUMH II€PETBOPEHHSIMEH MOXKYTh OyTH
sorapudmysanns (Y (t) = In(y(t)) abo obuucsienns obepHeHUX
snavenb (Y (t) = 1/y(t)).

6. OuinuTu KoedinienTn JiHeapuszoBaHol wozemi. st 1boro
HEOOXIIHO BUILINTH KOJBOPOM ab0 3a JOIMOMOIOK 3MiHU
dopmary mianazoH KOMIpOK, y siki Oy/lyTh MOBEPHEH] mapaMeTpu
(Posmipuicte macuBy Mae 6yru (m + 1) paakis ta 5
cToBbIiB, Je m — KinbKicrs dakropis). Iignumemo Biguosiui
CTOBOYMKY, HaIpPUKJIaJ, $SK Komipku P3-S3 y mnpuxksazi.
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Ilopsimok  koedillieHTIB, MOYMHAIOYM 3 HANACTAPIIOTO Gy,
(MHOXKHUK [pH OCTaHHBOMY (akTOpi), ocramuiii koedirieHT
ap — BumbHHIT uwnen. Ilicna odopmienHs, BUIIIITH KOMIpKH
st pesynerary  dymknii  JINHEWNH, subGepits  dynkiio
JINHEIH, sanaiite mapamverpy (3HaYeHHA 3ajiesKHOT 3MiHHOT
Y, 3HaueHHsI He3aJIeXKHUX 3MIHHMX — MacuB X, KOHCTAHTa
=1, crarucruka=1). Ilicjis 3am0BHEHHS TTapaMETPIB, HEOOXIIHO
matucHyTn KomOinamito kiasimm CTRL4-SHIFT-+Enter. Ilicas
O0YMCIeHHS TapaMeTpiB, /s 3PYIHOCTI 1X 3HAYEHHST MOXKHA
3ammcaTh y BiAmoBigHi KoMmipku y cekiiil “/lamno” 3a I0moMoromo
nocunanb Excel.

O6uuciurn 3HadeHHs TpeHmoBol GyHKmii y(t) g omiHeHux
mapamMeTpiB Ta JUIA yciX 3HAYeHb t. Y BHUINEHABEICHOMY
npukjiagi, dopmyita st Komipku G5 MaTMMe  BUIVISII:
=$M$3+$M$4*A5-+SME5*¥ A5~ 2+ $MS6*A5"3. Hdamy dopmyay
MOXKHA CKOIIIOBATU y HACTYIHI KOMIpKU CTOBOIIsI, OOYMCIIMBIITI
3HAYEHHsI TPEHIOBOI MOJIE/I SIK JIjIs HABYAJIBHOL 1 IepeBipOYHOT
BHUOIPKH, Tak 1 eKCTpAITOIIOBABIIN Jlany (MYHKIHIO y MaiiOyTHeE
(IpOMOBIKEHHsT MOYKHA 3JIACHUTH, CKOINIOBABIIA 3HAYEHHS
OCTaHHIX KOMIipOK JjTsT (PAKTOPIB Ta I TEOPETUIHOT TPEHI0BOT
Mmozeni Huxkue y tabsumi). IToGymysatn rpadiku oTpumaHux
ITPOTHO3iB.

O6unciuTr  abCONIOTHI  Ta  KBaJApPATUYIHI MOXUOKH  JJIst
HaBYAJIBHOI Ta MPOrHO3HOI BuOipku. st 1mporo HeoOXiITHO
sHaliTn Momayni (Hanpukiazg, komipka H5 wmicturs dopmyity
=ABS(G5-E5) Ta Momysnp BiaxwienHs (akKTHIHOIO —Ta
TEOPETUIHOTO 3HAYEHHSI IPOrHO30BAHOTO TOKa3HUKA.
Jlnsg  KBagpaTwWdHOI MOXMOKM, HAIPUKJIAJ, KOMipka 15
BUINEHABEICHOrO NPUKJIaLy MicTUTh HacTynHy dhopmyrty =(G5-
E5)"2). 3uavyenHsd JaHuX CTOBOLIB HEOOXIAHO yCepesHUuTH
OKpeMO Juyisi BHOIDKM HaBYaHHS (sKA BHUKOPUCTOBYBAJACDH
odbynkmiero  JIMHEMH — jus onjHioBaHHS — mapaMeTpis
MOZIETI METONOM HafiMeHIIMX KBaJIPaTiB), Ta NepeBipOIHOL
Bubipku  (IPOJOBKEHHS HYACOBOIO psijly, JaHi dKOro He
BUKODHUCTOBYBa/MCh 1pu 106ynoBi  Mmogeni). IlopiBusasuiu
noxubKy Ha HaBUaJIbHIN Ta nepeBipouniii (iporHo3uiit) BubipIiy,
POOHMMO BUCHOBOK IIIOJIO 8JI€KBATHOCTI OTPUMAHOIO IIPOTHO3Y.
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JlabopaTopHa pobota Ne 2. Meroan
OIIiHIOBAHHY IIapaMeTpiB HeJIIHiiiHIX
TPEHA0BUX MOjeJiei

3rijHO AJTOPUTMY, PO3IVISHYTOrO y MOIepeaHiit jabopaTopHiit
poborti, mMoxkHa TOOyIyBaTuH OYIb-sIKy TPEHJOBY MOJEIb 3 TaOJIHIT
1.1, saxa j03BoOJisIE 3BejeHd o0 JiHifiHoro Buyy. Jlamexko me yci
TPEHJIOBI MOJIEJI JIOMYyCKAIOTh Take 3BeJieHHs. Hamu mporonyerbest
MEeTOJ| OI[IHIOBaHHS IMapaMeTpiB Oyab-aKOI TPEHIOBOI MOJEJ, sIKUit
6a3yeThCcs Ha HEJIHIHIN onTrMizarii.

Hexait meminiitHa TpeHgoBa MOJAENb 3aJaHa y BUTIAML (DYHKIT
y = f(t,a0,a1,...,am), 1€ Go,Q1,...,0y — TaAPAMETPH MOJEJI,
t — gac. Hexait 3ajaH0 HaB4YaJ bHYy BHOIPKY, $IKa CKJIAJAETHCS 3
To490K {(t;,¥;)}. Toni dyHKuioHan HeB’si3KM MOXKe OyTH 3alucaHuit
HACTYITHUM YHUHOM:

L(ag, a1, ..., an) = Z lyi — f(ti, a0, a1, . .., am)[¥, (1.7)
i=1

ne k — mapamerp dyTauBocTi 10 Bigxwmirennb. [Ipu k = 1 marors Micie
abcooTHI moxubKM, mpu k = 2 — KBaApaTUIHi MOXUOKM, mpu k — 00
Mipa L BifmoBiiae MakCUMaIbHOMY BiIXUJIECHHIO Y HABYAJIBbHIN BUOII.
Heob6xiH0 3HaiiTH 3HAYEHHST BEKTOPY APAMETPIB g, G1, - - - , Gy, IPA
sakuxX Bubpana byukiis L nabyBae cBOro MiHIMaJIbHOrO 3HAYEHHSI.

BukopucroBytoun rtabsuanunii mporecop Excel Ta mHamcTpoiiky
“Tlonck pemrennsa”’, MOXKHa peasidyBaTH IMOIIYK ITapamMeTpiB, Ipu
AKUX (PYHKITOHAT HeB’sizku Oyse mpuiiMaTd MiHiMaJIbHE 3HAYEHHS.
Jisg nporo HeoOXiTHO MOBTOPUTH HACTYNHI KPOKU (JedKi 3 HUX
MOXKHA BUKOPHUCTATH 3 MHUHYJIOI J1abopaTropHOl pobOTH, 3pOOHBIIH
Komito Bimmosigmoro jumcrta. B cepemosuimi Excel 2003 mmst 1mmoro
JOCTATHBO HATUCHYTH HA iM’s1 JIMCTA IPABOIO KHOIIKOIO MUIII, BUOpaTH
omrio “Ilepemecturs/ckonupoBars”’, nocrasusim rajnouxy “Cosgarsb
Komui”).

Xig poboru:

1. Bagaru nouarkosi mnapamerpu y ceknii “ano”’ (mogarkose
3HavYeHHd to Ta KpoK At).

2. 3anoBHUTH IOCJIIIOBHICTH 3HaAYeHb KOJIOHKH t. [lepire 3Hadenns
HOBUHHE MicTUTH 3HadYeHHd to 13 cexuil “lano” (myis npuksiary
3 puc. 1.4, dopmysma EXCEL s KOMipku M09aTKOBOTO
suavdenHs A5 marume Buris =M1), a KoxHe HacTynHE GijbIie
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HOTIepeTHBOT0 Ha BeMWIuHy KpokKy At (ans xomipkum A6
dopmyna marume suris =A5+$M$2). Vei macrynni dopmynn
MOXKHA OTPUMATH KOINIOBAHHSIM Jpyrol GopMyim (3HaTeHHs
KoMipku AG) y Bcl HACTYIIHI KOMIpKH.

3amoBHUTY BUXIJIHI 3HAYEHHsI PsiLy, 10 OyJie IMPOrHO3yBaTUCH
(konmonka E y wnpukiaai ma pwuc.l.4). Pagumo 3sanumarn
JEeKLIbKa 3Ha4YeHb /IS IICJISIPOTHO3HOI II€PEBIpKA  HABITH
y BHIQJKaX [POrHO3yBaHH:A MaiidyTHboro. Ile mo3BOIMTH
OTPUMATHU alpiOpHi OIHKMA MOXKJIMBUX IOXHOOK PEeaJbHOIO
IIPOTHO3Y.

SajaTu OYATKOBI HAOJIMKEHHS JUJIsi IapaMeTpiB  MOJEJI.
B sgroctri moyarkoBux HaOJMXKEHb MOXKHA OpaTw 3HAYEHHS
mapaMerpiB, 3HAWIEHUX y IMOMEpeIHiii poboTi 3a JOIMOMOrOI0
Jgineapmwsarii. Y BHOAJKYy KOJIM JIiHeapHU3allisi HEMOXKJINBA,
MOXKHA&  JIiHEApU3yBaTU  CIPOIIEHUl  BapiaHT  MOJeJI,
3adikCcyBaBIIM TIE€BHI MMOYATKOBI 3HAYEHHS MApaMeTpiB, sKi
HE BJIAJIOCS 3BECTH JI0 JHHIMHUX 3ajieXKHOCTel. 3ayBaskuMo,
IO JJIsE METOMIB JIOKAJILHOI HEJIHIAHOI onTuMi3allil moYaTKoBe
3HAYEHHS BiJirpae 3Ha4YHy poJib. ToMy HEOOXi/IHO IIPOyMaTH He
OJiHE, a TIEeBHY MHOXKUHY [IJIsi IIepebopy MOIaTKOBUX HADJIMKEHD
J71s1 3amt00iraH s MOMAJAHHIO Y JIOKAJIHHAN MiHIMyM.

O6uuciuru 3uadends TpeugoBol GyHkii y(t) g orineHux
mapaMerpiB Ta uid  ycix 3Ha4YeHb t. Y BUIEHABEIEHOMY
npukjiagi, dopmyita st Komipku G5 MaTMMe  BHIVISII:
=M3+MA4*A5+M5*A5~2+M6*A5"3. lany dopmysry MOXKHA
CKOITIIOBATH Yy HACTYIHI KOMIPDKHA CTOBOISI, OOYHC/IMBIII
3HAYEHHSI TPEHJIOBOI MOJIEJI sIK JIJIsi HaBYAJbHOI 1 IepeBipovHOT
BUOIDKH, TaK 1 €eKCTPAIOJIOBABIIA JaHy (DYHKIHIO y MaildyTHE
(IPOOBIKEHHS MOYKHA 3JIACHUTH, CKOIIOBABIINA 3HAYEHHS
OCTaHHIX KOMIpOK Jjist (DAKTOPIB Ta I TEOPETUIHOT TPEHI0BOT
Mozesi Hukue y tabsumni). IToGymysarn rpadiku oTpumaHux
ITPOT'HO3iB.

OGuncuT  abCoJIFOTHI  Ta  KBaJpaTU4HI  [OXUOKM  JIJIsI
HaBYAJBHOI Ta MPOrHO3HOI BHUOIpku. Jljist 1Oro HeOOXiIHO
sualitu Moyl (manpukiaza, xomipka H5 wmicrurs dopmyity
=ABS(G5-E5) Ta MicruTh MOJYIb BiIXWICHHS (DAKTHIHOTO
Ta TEOPETHMYHOrO 3HAYEHb IIPOTHO30BAHOIO  ITOKA3HUKA.
Jnsg  kBajgpaTudHOI TOXMOKHU, HAIPUKIAT, Komipka 15
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BUINEHABEECHOTO IPUKJIa Ly, MicTuTh HacTyny dopmyiry =(G5-
E5)~2). 3uavyenns JgaHux CTOBOMIB HEOOXIAHO yCepesHuTH
OKpeMO yisi BHUOIDKM HaBYaHHs (KA BUKOPUCTOBYBAJACDH
obynxmiero  JIMHENH — gns onimroBammst  mapameTpis
MOZiesli MEeTOJIOM HafMeHIIMX KBaJpaTiB), Ta IMepeBipOvHOT
BubGIipku  (IPOJMOBXKEHHsI YACOBOIO Psijly, JIaHi sIKOrO He
BUKOPHUCTOBYBAJMCH 11pu 1100y 1081 Momesi). Cepenne 3HadeHHs
MOXUOKM [JIsi BUOIPKM HaBYaHHHA Oyjie TPATH POJIb ILIHOBOI
dyHKI, Ky O6yaeMo MiHIMI30ByBaTH.

7. 3acrocyemo dyukiio “Ilonck pemenuns’; sika JIOCTYITHA 3 MEHIO
“Cepsuc-Ilouck pemenus” (mus. puc. 1.5). ¥V Bunajixy, Kosu
Takol YHKII HeMa y MeHI0, HeoOximHo T1 BCTAHOBUTH,
ckopucraBmmmch  omiiero  MmeHio  “Cepsuc-Hauacrpoiiku” i
ITOCTABUBIIY BiIIIOBIIHY TajI049Ky HaBIpoTu HaacTpoiiku “Ilonck
perenust’. Iljisi BCTAHOBJIEHHSI 3HAJ00UTHCS 1HCTAJISITITHITI
guck Microsoft Office. Bkazasiu 1ijiboBy KOMipKy Ta KOMipKH
rmapamMeTpiB, 3acTocyiiTe TOMIYK Ta 30epexiTh 3HaiijieHe
pileHHs.

8. YV JesKuxX HeJIHINHMX TPEHIOBUX Mozeseil (HAIpHUKIIaI,
THX, M0 MAIOTh TAPMOHIYHI CKJAJOBI) MOXKe MaTh Micie
JIEKLJIbKA, JIOKAJIBHUX eKcTpeMyMiB. s mormyky riaobaabHOro
eKCTpeMyMy, Ha XKaJb, 3acobamu Excel Mmu BuMmytieni mepebpartn
[IOYATKOBI HAOJIMKEHHA 3 JedKOl MHOXKHHU. 1OMY Ha JaHOMY
erami 3aiCHITHP NONIyK JJjIfg yCiX BHOpPAHHX ITOYATKOBUX
HabJimkeHb Ta, 3adikcyiiTe 3HaiifeH] mapamMeTrpu Ta 3HAYEHHS
isiboBOI dyHKIT. Haffkparum BBaXKaeThCst BEKTOP ITapaMeTpiB,
[IpY KOMY IILIbOBa (DYHKIliS IpuiiMae HailMEHIIe 3 MOXKIMBAX
3HAYEHb.

Kunry Excel 3 npukiajamu, po3IVISHYTHMH B J1a0OPaTOPHUX
poboTax, MOKHA 3aBAHTAKUTHU 38 BEO-aIPECOIO
http://prognoz.ck.ua/predict_xls.rar
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1.2 ABroperpeciitHi meToau
IIPOTHO3YBAaHHA
Osnavenusi 1.3. Ilpouecom 3 asmopeepecicio AR(p) HasuBaeTbes
HOCJIIOBHICTH PIBHIB psiy {y;}, fKa 38/I0BOJIbHSIE PIBHSIHHSL:
Ynt1 = Ao + Q1Yn + @2Yn—1 + - + ap_1Yk—2 + axyr—1 + e, (1.8)
ne {a;} — napamerpum aproperpecil, k — mOpsJIOK aBTOperpeciiinoi
MOJIeJIi, Y; — PiBHI psiy.

Y wmonorpadisix [3, 37-39] mpomOHyeThCST METOJ 3HAXOJKEHHSI
AHAJIITUYIHOrO PO3B’s3Ky aBToperpeciitnoro pisuganus (1.8) BigHOCHO
mapamMeTpy dacy t, IO JO3BOJIIE 3BECTH aBTOPETPECiifHy MOJIesb
qacoBOTO psily SO0 TpeHmaoBoi. Jlame mepeTBOpeHHsT 0a3yeTbCcs Ha
[IOIIYKY YaCTUHHUX PO3B’SI3KIB aBTOPErPECIHHOTO PIBHSHHS BUJLY
yh(k) = A; - (oy)*. TlpoimocTpyemo mammit MeTon Ha HpPHKJIA
aBTOPErpecitHoOl MO IPYTOTro MOPSIKY:

y(k) =2,1+0,8y(k — 1) — 0,15y(k — 2).

CdopmyemMo oiHOPiHE PIBHSHHS

A —0,8-A+0,15=0.

Bormo mae gBa mificamx posB’sskm Ay = 0,5 Tta Ao = 0,3,
TOMY YaCTKOBI PO3B’SI3KM aBTOPETPECITHOrO PiBHSIHHS MAIOTh BUTJISIT:
yh(k) = Ay - (0,5)% ta yh(k) = A - (0,3)*. Bnaxommmo wacrTuHHmiT
PO3B’A30K JJII OJTHOPITHUX 30ypeHb:

y?=2,140,8y —0,15y° => y? = 6.

O06’enHyeMO OTHOPIIHMIT PO3B’I30K 3 YACTHHHUMU:

y(k) = 6.0+ Ay - (0,5)% + A5 - (0,3),

ne Ay, Ay — JOBUIBHI KOHCTAHTH, $Ki BU3HAYAIOTHCS IIPU 3aaHUX
nouaTkoBux ymoax. Hexail 3ayiani nogarkosi ymosn y(0) = 1;y(1) =
2, Toji

{1.0=6.0+ A1 + 4,20 =6.0+0.5- A; +0.3- Ay}

seigkun Ay = —12,5; Ay = 7,5. OcraroyHuil po3B’sI30K MaTuUMe
BULJISLL:
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y(k) =6,0—12,5-(0,5)F +7,5-(0,4)".

1 piBHAHBb BHINOTO MOPAJIKY MOXKHA BUKOHATH AHAJIOTITHI
[IEPETBOPEHHS, aJlé BUHUKAIOTh TPYIHOI, OB I3aH] 3 PO3B’I3aHHIM
aJredpalIHOro PiBHSHHS BUCOKOTO cremneHs. Ha Hammy myMmky, gamumit
MeTO/1 He ITIOKPAILy€e IIPOrHO3HI MOXKJIMBOCTI aBTOperpeciiHuX Mozeeit
y TOPIiBHAHHI 3 iTepariffHUM OOYUCIEHHSM TTPOTHO30BAHUX 3HAYECHD
psifty, ajie pO3B’SI30K aBTOPErpPEeCiitHOro piBHSIHHS BiJIHOCHO HEBiIOMOIT
dbyukuii y(t) no3Bosisie poBecTu KiaacudiKaIio MOXKIUBUX PEKUMIB
aBTOperpeciitanx mpouecis [3,11].

Takox BapTO 3ayBaXUTH, IO aBTOPErPeCiiiHi BUIA/IKOBI mporiecn
y psiai pobir [5,40] HA3MBAIOTHCS MAPKIBCHKUME, TaK sIK ONUCYIOTH
[IPOTIECH 3 KOPOTKOIO TIaM’sITIO, TOOTO JIIHIHHY 3aJIeXKHICTb MaitlOy THBOT
BeImuWHN Bix psgay wnomepemHix. OcCKigbKm Mg  IUCKpeTHUMEI
saHIforamMma  MapkoBa pO3yMiIOTh BHITAJKOBI IIPOIECH 3 IIaM’SITTIO
OZIMH KpOK, TO MAapKIBCBKUMH mporecamu y poborax |5, 40]
HA3WBAIOThCA aBTOPErpeciitii Mmoseni nmopsaiaky 1.

Ha namry aymky, Kjiac MapKiBCbKHX IIPOIECIB He OOMEXKYEThCs
JIHITHUME aBTOPETPECiTHUMI MOAEIAMU, TaK AK 3aJIE€KHICTb MOXKe
OyTHu HeJTIHITHOIO Ta 3aMUCYBATUCH Y BUTJISIL aJrOpUTMy abCTPaKTHOL
Mamuan abo KiaituaHOro aromary [10].

Osnavenusi 1.4. Ilpouyecom xo063no020  cepednvozo M A(q)
HA3WBAETHCs TIOCIIOBHICTD DIBHIB psxy {y;}, fKa 3aJ0BOJIBbHSIE
PiBHSIHHST:

Ynt1 = bo + b1y +boep_1 4+ -+ br_1€er_2 + brer_1, (1.9)

ne {b;} — mapamerpu aproperpecii, k — IOPSJOK aBTOperpeciitHol
MOJIeN, e; — 3aJUMIKH.

Lot MO/JIETIOBAHHA Ta IIPOTHO3YBaHHA qacrire
BUKOPHUCTOBYIOThCs KoMbinoBani ARM A(p, q)-moznedi.

Osnauennsi 1.5. Ilpouecom aeémopezpecii — %063H020 cepednbo2o
ARMA(p,q) HasmBaeThCss MOCHiNOBHICTH piBHIB pagy {y;}, gxa
3a/10BOJIbHSIE PIBHAHHS:

Yn+1l = a0 + Q1Yn + G2Yn—1 + -+ + Qk—1Yk—2 + AxYr—1+

1.1
+bo + b1en +b2ep_1+ -+ br_1€k—2 + breg—_1, (1.10)

ne {a;}, {b;} — napamerpu aBroperpecii, p — IOPsAJ0K aBTOPErpeciiinol
CKJI&JI0OBO1 MOJIEJIi, ¢ — TOPSJIOK CKJIAJIOBOI KOB3HOT'O CEPEJIHBOTO, €; —
BaJIUIIKHA.
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ITporno3sysannga Ha 6a3i ARIMA-moneseii

ARIMA-Mozesi OXOILIIOIOTh JOCUTHh IIUPOKHIl CIEKTP YaCOBHUX
psimiB, a He3HAuHI MOmUdIKaIil IUX MOJeNel J03BOJISIOTH JIOCUTH
TOYHO OMKUCYBATH YaCOBi psajau 3 ce3onnicTio. Lopopsiun mpo ARIMA-
MoJiesTi, MaTuMeMo Ha yBasi, mo okpemumu Bunagkamu ARIMA e
AR-, MA- i ARMA-mozeni. KpiMm Toro, BUXoauTHUMEMO 3 TOI'O, IO
BXKe 3/ifCHEHO Miadip Mojesi s aHai30BAHOTO YacCOBOTO PsIIy,
BKJIIOYAIOYH 1IeHTUDIKAII0 BUOPAHOT MOIETI.

CrpornosyeMo HeBijioMe 3HaU€HHS, Tiiy, | > 1 BBaykaw4u, 110
Ty — OCTAHHE 3a YACOM CIIOCTEPEXKEHHS AHAJI30BAHOTO YaCOBOTO

psiJly, HasIBHE B HAIIIOMY PO3IOPS/XKEHHI 1 TO3HAYUMO HOTO 1Yepe3 xé

L AN .
Bigmitimo, mo xo4a xp 1 ;7] MO3HAYAIOTH POTHO3 OJHOrO i TOro
’K HEBIIOMOTO 3HAMEHHS Tyy1, A€ OOUUCITIOITHCS BOHM IMO-PI3HOMY,
OCKLJIBKM € BUPIMIEHHSIMU PI3HUX 3aB/IaHb.

Pan z,, mo anamisyerbca B pamxax ARIMA (p,k,q) -mozedn,

upeicraBuMo (1pu Oyib-sikoMy 7 > k) y BULJIsIZL

k

_ _ PY. NNl =
(1 a L — ... O[pL ) j;o( 1) Ckxq——l (111)
=0, — 010,71 — ... —040,_,

ne L — omeparop 3cyBy (byHKIIII 9acy Ha OJWH 9acOBUIl TAKT HA3A/I.
3i coisBignomenus (1.11) MoxHa BUpa3UTH T, A OyIb-g9KOTO
T=t—gq,...,t —1,t+ 1. Orpumyemo:

P . P ) k o
= > ol e, + 1= o L7 |- (E (—1) }CxT_l) +

j=1 j=1 i—=0

(1.12)

IIpaBuMu vYacTMHaAMM IIMX CIIBBIIHOIIEHL € JIiHINHI KoMOiHAIT

3 p + k nonepennix (mo BifHOIIEHHIO 10 JIBOI YACTHUHM) 3HAYEHD
aHAJII30BAHOIO TPOIECY X, JOMOBHEHI JiHIHUMK KOMOIHAITISIMEI
[IOTOYHOIO 1 ¢ TIONEPEeNHIX 3HAaYeHb BUIIAJKOBUX 3aJIUIIKIB 0.
IIpudomy koedirtienTn, 3a JIOMOMOTOI0 SIKAX I1i JIiHIMHI KOoMOiHaril
I IPaxXOBYIOThCS, BiJIOMi, OCKLILKM BUPAXKAIOTbCsI B TEPMiHAX YKe
omimeHnx mapameTpiB wmogmenmi. lleit dakT 1 Jga€  MOXKJINBICTH
BukopucroByBaru cuiBsinsomenss (1.12) mis mo6y10Bu TPOrHO3HUX
3HaYeHb JAaCOBOrO psiay Ha | TakTiB "4acy Brepen. Teoperwany Ga3y
TAKOI'O I/IXOJy JI0 IPOIHO3YBaHHS 3abe3levuye BiOMUIl PE3yJIbTaT,
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BIIIOBIMHO 10 gKOro HallkKpamuMm (33  CepeJHbOKBAIPATUIHOIO
OXUOKOIO) JIHIHHUM [IPOrHO30M Yy MOMEHT 4acy ¢ 3 BUIEPEIZKEHHIAM
l € ymMOBHE MaTeMATHYHE CIIOIIBAHHS BUIAIKOBOI BEJIMYMHU T¢i1,
obumcieHe 3a YMOBH, IO BCi 3HAYEHHS X, J0 MOMeHTY dacy t. Ileit
pe3y/IbTaT € OKPEMUM BUIIQJIKOM 3arajibHOI Teopil MPOTrHO3YBaHHS
[41-43].

Takum [YmHOM, BH3HAYAETHCH HACTYIHA IPOIEAypa MOOYI0BU
IIPOrHO3Y 110 BiAOMifl 70 MOMEHTY IIPOIHO3YBaHHSI TPaEKTOPil
YaCcoOBOI'O PHALY:

1) 3a dopmysoro (1.12) 06IUCITIOIOTHCST PETPOCIIEKTUBHI TPOrHO3H
xi_ q_l...xifl Ha, 0a3i rmomnepeiHiX 3HAYEHb YACOBOTO PSIIY;

2) Bukopuctosytoun dhopmyan (1.12) aasa 7 > ¢, TaAPAxXOBYIOTHCS
YMOBHI MaTeMaTHYHi CHOJiBAaHHA I OOYHCJIEHHS IIPOTHO3HUX
3HAYEHb.

MeTo/1 eKCIOHEHITIAJIbHOTO 3IJIa/I2Ky BAHHH

Hocuth edeKTUBHUM 1 HAMIITHUM METOJOM ITPOTHO3YBAaHHSI €
MeTOJI, eKCIIOHEHIIAJIBHOrO 33 KyBaHHs [5, 43]. OcHoBHI 1epesarn
METOJIy TOJIATAIOTh y MOYKJIMBOCTI OITIHIOBAHHS BariB MOYATKOBOL
indopmariii, y mpoCTOTI OOYMCIIOBAJIBHUX OMEPAIlliif, B THYYIKOCTI
ONUCy PI3HUX AUHAMIYHAX MPOIECiB. MeToa eKCIOHEHIaJIbHOTO
3IVIAJKYBaHHS JIa€ MOKJIMBICTH OTPUMATU OIHKY HapaMeTpiB
TPEH/LY, IO XapaKTepU3ye He CEePEe/IHIM piBEeHb MPOIECy, & TEHJICHITIO,
IO CKJIAJIacs JI0 MOMEHTY OCTaHHBOTrO crocrepekenHs. [licaa mossu
pobir P. Bpayna maituacrimme maHmit MeTOH 3aCTOCOBYETHCS JJIst
peaJtizariii KOpOTKOCTPOKOBHUX i CEpeTHbOCTPOKOBUX MPOrHO3iB. Jljist
METOJ/Iy eKCIIOHEHIIaJbHOTO 3IVIaIXKYyBAHHS OCHOBHUM 1 HafOLIBII
BaXKKUM MOMEHTOM € BUOIp IapaMeTpa 3T/1aJ?KyBaHHs (, TOUATKOBUX
YMOB 1 CTelleHs] IPOTHO3YUOro moJiHoma [5,41].

Hexait movaTkoBuit AMHAMIYHAN Pl OMMUCYETHCA (DYHKITIEIO

a a
s :a0+a1t+§t2+...+p—ft”+st. (1.13)

MeTon eKCIIOHEeHIIaIbHOIO 3IVIa IKYBaHHS, [0 € y3arajJbHEHHAM
METOJ/Iy KOB3HOTO CEPEeIHBOTO, J03BOJIE TOOYIyBaTH TaKUil OINC
nporecy (1.13), Ipu SKOMY HOBHUM CIIOCTEDEXKEHHAM JOJAIOTHCS
GisTbI Barw B MOPIBHSIHHI 31 CTApUMU, TPUIOMY BArU CIOCTEPEKEHD
CIIAIAI0Th 33 eKCIOHeHTOI0. Bupas

S =ad (1-a)' s ()
1=0
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HA3UBAETHCS EKCIIOHEHIAIBHOIO CEPEJIHBOI0 JIO N-TO IOPSAJKY JIJIs
PNy Yt, € (v — TApaMeTp 3IUIa [ KyBAHHSI.

YV pospaxyHKax Jjisi BH3HAYEHHsI E€KCIIOHEHI[AJIBHOI CEepPEeHbOIO
KOPHCTYIOThCSI PEKYDPEHTHOIO (hopMyItoro [44]

SH () =St )+ (1-a) M, (y)

Ax Oysno BimMideHO, BaXKJINUBY POJIb B METO/I €KCIOHEHIIAJIHHOTO
3IVIaJ[?KyBaHHS I'Pa€ BUOIP ONTHMAJIHLHOIO ITapaMeTpa 3TJIA 12Ky BaHHI
Q, OCKIJTbKM caMe BiH BU3HAYAE OIIHKMA KOeillieHTiB MOJEi, a OTXkKe,
i pe3yjbraTu MpOrHO3y. Bubip mapamerpa « JOIIJIBHO IIOB’si3yBaTH
3 TOYHICTIO MPOTHO3Y, TOMY JiJIsi OLIbIT OOIPYHTOBAHOIO BUOOPY
MO>KHA BUKOPHCTOBYBATH MPOIEAYPY y3arajJbHEHOTO 3TVIAJI2KyBaHHS,
sIKa JTO3BOJISIE OTPUMATH CIIiBBITHOIIIEHHSI, 1110 OB I3YIOTh IUCIEPCiio
IPOrHO3Y 1 mapaMerTp 3riiaKyBanHs [43]. leroTHIM [1s1 TPAKTHIHOTO
BUKOPUCTAHHsI € MHWTaHHsS [P0 BUOIP MOPSJIKY IPOTHO3YIOYOI0
HOJIIHOMA, 110 6araTo B 4oMy BU3HAYAE SIKICTH IPOrHO3Y. ¥ pobori [43]
MTOKA3aHO, IO MEPEBUINEHHS IPYTOro MOPSIKY MOJEN He IMPUBOIATH
JI0 iCTOTHOTO 30L/IBITIEHHST TOYHOCTI MPOTHO3Y, aJjie 3HATHO YCKJIAIHIOE
IIPOIIEAYPY PO3PaxyHKY.

Bigzuaummo, mo manuit METO € OJHUM 3 HAWOIIBIN MOMYJISPHIX
i MIIPOKO 3aCTOCOBYETHCSI B IPAKTHIN IIPOrHO3yBaHHs. BpaxoByioun,
MO MeTOJT EKCIOHEHITIAJIbHOTO 3IVIa/KyBaHHS € y3arajJbHeHHIM
METOJly HalMeHINMUX KBaJIPATiB, MOXKHA CIIOJiBaTHCsd, IO BiH
VIOCKOHAJIIOBATUMETbCA 1 Jaldl dK B TEOPeTHIHOMY, TaK 1 B
npukaaIHOMy acrekTi. OuH 3 HAROLIBII MEePCIEKTUBHUX HAIPIMIB
PO3BUTKY JAHOI'O METOIY € METOJN PI3HUIEBOIO IIPOTrHO3YBAHHS,
B IKOMY CaMe eKCIIOHEHIliaJIbHe 3IVIa/[KyBaHHS DPO3IVIANAETHCI SK
okpemnii BUnajok [43].

Oryst  JlitepaTypu  JIO3BOJIMB — BUSIBUTH — PsiJi  HEJIOJIKIB
3araJbHOBIJIOMUX METOJIB IPOTHO3YBAHHS 1 3aB/aHb, fKi HEOOXiITHO
BUPIIIATHU B JaHiil 06/1acTi.

lonoBHUit HEIOMIK IHOTO METOMY MOJSATaE B TOMY, IO YaCOBUN
P PO3TIISIAETHCS 130JIbOBAHO BiJT iHIMUX siBUI. KpiMm TOro, TouHicTH
[IPOTHO3Y HOMITHO IIQJIA€ IIPU JIOBIOCTPOKOBOMY IPOrHO3yBaHHI [43].

CrabkuMm  MmicmeM  yciX — aJalTHUBHUX  MeETOJiB, 1 MeTOMiB
€KCIIOHEHITIAJILHOTO 3TVIQ/I2KyBaHHsI 30KpeMa, € Mmiadip BifmoOBimHOTO
[0 JAHOTO KOHKPETHOTO 3aBIaHHS IapaMerpa 3IVIAJKyBaHHs
(amamranii) «. Hasire npm onrumMaspHOMy mifbopi mapamerpa
MOJIestb BpayHa nocrynaerbest B Toanocti nmporaosy ARIMA (0,1,1)
-MOJIEJTi.

Henonikamu MeTosy HaWMEHIINX KBaJ[PATiB € BUKODPUCTAHHS
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[IPOIIeIypU OIIIHKH, IO ITependadae OOOB’SI3KOBE BUKOHAHHSI IILIIOIO
psjly TepeayMOB, MOPYIIEHHS SKAX MOYXKE IPUBECTH JO 3HAYHUX
TIOMUJIOK:

1) BumagkoBi HOXMOKM NOBHHHI MaTH HYJIBOBY CEPEJHIO Ta
CKIHYeHHI Jiucrepcil 1 KoBapialiil;

2) KOXKEH BUMID BUIIJIKOBOI IIOXUOKHU XaPAKTEPU3YETHCSI HYJILOBUM
cepejiHiM, He 3aJIe?KHUM BiJI 3HAYEHD CIIOCTEPEXKYBAHUX 3MIHHUX;

3) jmwmcmepcii KOXKHOI —BUIIQJKOBOI MOXMOKM € MOCTifiHUMU,
IX BEJUYMHU HE3aJIEXKHI BiJ 3HAYEHH CIOCTEPEKYBAHUX 3MiHHHUX
(roMOCKeIACTHYHICTD );

4) BincyTHicTh aBTOKOpEJIsiIlil I0XUOOK, TOOTO 3HAUEHHS MOXUBOK
PI3HEUX CIIOCTEPEXKEHb MAIOTh OyTH He3aJIeXKHi OJIMH BiJl OJITHOTO;

5) BUIIQJIKOBI HOXUOKM IIOBUHHI BiIIIOBIIATH HOPMAJIHLHOMY 3aKOHY
PO3MOILTY;

6) 3HAUYEeHHs eHJOTeHHOI 3MIHHOI & He MICTITh [TOXUOOK
BUMIPIOBaHHs 1 MAIOTh CKiHYEHHI CE€pEeJIHI 3HAYEHHS Ta JUCIEPCil.

Bubip mozeni y xK0KHOMYy KOHKDPETHOMY BUIAJKY 3I1CHIOETHCSH
3a UM PsJIOM CTATUCTUYHUX KPUTEPIIB, HAITPUKJIA 3& JIUCIEPCIEIO,
KOpendIiinuM BimHormeHHaM Ta in. Kiacuanuit mMeTos HaiiMeHInx
KBaJpaTiB mepeadadae pPiBHOIIHHICTL IMOYATKOBOI iH(popMaIii B
Moiesti. ¥ peasibHIil MpakTuIli MailbyTHs IIOBEIIHKA IIPOIECY 3HATHO
G1/TBITIOI0 MIPOIO BU3HAYAETHCS OLIIBIIT HOBUMU CIIOCTEPEXKEHHSIMU, HiK
vuHyuMa. [g BIacTuBiCTh BKa3ye Ha 3MEHIMEHHS IHHHOCTI PAHHBOL
(6lsrbmr Bimasenol y vaci, crapoi) indopmaril.

BaxxnuBuM MOMEHTOM OTPHUMAHHSI IIPOTHO3Y 3a JIOMOMOTOIO
METOJIy HANMEHINX KBaJIPATiB € OIliHKa aJIeKBATHOCTI OTPUMAaHOIO
pesymbrary. as  1i€l  MeTH  BUKOPUCTOBYETHCS — INJIWIA  PsifT
CTATUCTUYHUX XapaKTEePUCTUK:

- OIiIHKA CTAaHJIAPTHOI TIOMUJIKH;

CcepeJiHs BITHOCHA TMTOMUJIKA OIIHKH;
- cepeJIHE JIiHifIHE BIJIXWJIEHHS;

KOpeJISIIiiHe BiTHOIIEHHS JIjIsd OIIHKKA HAIITHOCTI MOJIEJTi;

- OIlHKa JOCTOBipHOCTI BHOpaHOI MOeJi |epe3 3HAYYIINICTH
iHfeKcy Kopessrii 3a Z-kputepiem Pirepa;

- OIIiHKa JOCTOBipHOCTI Mojiesi 3a F-kpurepiem Dimepa;

- TIepeBipKa Ha HAsBHICTDL aBTOKOpEAIii 3a kputepiem Jlapbina-
Yorcona.

Henmoniku merony HaiiMeHIIUX KBaJIpaTiB 0OYMOBJIEHI YKOPCTKOO
dikcariero TpeHIy i HAMIRHTI TPOTHO3 TPHU IILOMY MOXKHA OTPUMATH
TiIbKA Ha HeBeJIWKHuil mepion ynepemxenus. Tyt moBa iige mpo
0OMeKeHI MOXKJIMBOCTI METO/IiB MaTEeMATHUIHOI CTATUCTUKHU, Teopil
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posmizHaBaHHsI 00pa3iB, Teopil BUIIAJKOBUX IPOIECIB, HEYITKUX
METOJIB Ta iH., OCKUIBKH 0araTo peaJibHUX IPOIECIB HEe MOXKYTh
aJIEKBATHO OYyTH ONMCAHI 33 JOMOMOTOI0 TPAIUIIAHAX CTATUCTUIHUX
MoJIeseit, OCKIIbKY € iICTOTHO HeIiHIMHIMHT i MaIOTh ab0 Xa0THIHY, ab0
KBasinepioanyany, abo 3Milany OCHOBY.

HemonikoM MeToMy alanTUBHOIO 3TVIaJXKyBaHHS € Te, M0 TLIbLKA
pu JIy2Ke JOBTUX psJlaX MOYXKHA OTPHUMATU HIIHUN TPOTrHO3
Ha iHTepBaj OLIbINWii, HIXK NPH 3BUIANHOMY EKCIOHEHIIAJIbHOMY
srmapkyBanai. Ha  kamb, it 1aHOTO METOLYy HEMaE€ CTPOrol
MIPOIEIypU OIHKN HEOOXiTHOI ab0 JTOCTATHBOI JTOBXKUHU MOYATKOBOL
indopmMmarii, /I CKiHYEeHUX DPsAJIiB HEMa€ KOHKPETHUX YMOB OIlIHKHI
TOYHOCTI IIPOTHO3Y.

[Tpobaemu 3 meromom Bokca-Jlxkenkinca (Momesi aBroperpecii —
KOB3HOI'O CEDEJIHbOr0) IOB’d3aHi, HepIl 3a BCe, 3 HEOJHOPIAHICTIO
YaCOBUX PsJIiB 1 CKJIAJHICTIO TPAKTUYHOI peasizalil MeTomy.
B misomy, pe3yabTaru 3acTOCYBAHHS TPAJUMITHUX TEXHOJIOTIH
OIIHIOBaHHS 1 IPOTHO3YBaHHsI (PIHAHCOBOI'O CTaHy KOMIIAHIi, a
TAKOXK PEAJbHOI BAPTOCTI MAKeTIB IX [iHHMX nanepis (akiii,
obuiiramii), sKi BIIBHO HPOJAIOTHCS 1 KyHYIOThCS Ha (DOHIOBOMY
PUHKY, MOXKHa Has3BaTu oOMexkeHnMU. OOMEKEHICTh X METOJiB
noJiArae 'y 1X 3aJleKHOCTI BiJI TOYATKOBUX YMOB 1 BiJICyTHOCTI
ruydkocTi. 2KopcTki cTaTHCTHUYHI NPUIYIIEHHS PO BJIACTUBOCTI
YacoOBUX PHAJIB OOMEXYIOTh MOYKJIUBOCTI METOMIB MaTeMaTHIHOI
CTaTHCTUKM, Teopil po3miZHaBaHHS 00pa3iB, Teopil BUIIAIKOBUX
MIPOIIECiB, HEUITKUX METOMIB Ta iH. BoHM He 31aTHI BpaxoByBaTH Te,
IO BiTHOCHA 3HAYYIIICTH OKPEMUX MOKA3HUKIB (biHAHCOBOI 3BITHOCTI
Ta YUHHUKIB, IO 1X BU3HAYAIOTh, HA MPAKTHUIN 3MIHIOIOTHCHA 3 YaCOM,
iHOml my2Ke pisko 1 HemepembadyBano. OKpiM IbOTO, TPaIUIiitHi
I IXOTN XaPaKTEePU3yIOThCsT 0OMEXKEHOIO 1H(POPMATHBHICTIO, OCKITBKI
pU3HAYEHI JJIsi ONNCYy SKICHUX YHHHUKIB ab0 3aKOHOMipHOCTEi
B KiJbKicHUX TepMminax. TakuM YHHOM, Ha 3MiHY TPaIUIiiHIM
TEXHOJIOTisIM TOBUHHI NpUitTH HOBI miaxomu, edeKTUBHINN B
yMOBax CTPYKTYDPHOI HecTabiibHOCTI CBiTOBOI exkoHOMikm [45].
OcranHiM 4YacoM yce OibIlie yBaru NPUILISETHCA JTOCTIIKEHHIO 1
MIPOTHO3YBAHHIO (PiHAHCOBUX YACOBUX PSIIB 3 BUKOPUCTAHHSIM TEOPil
JUHAMIYHAX cucTeM, Teopil xaocy. lle mocuTh HOBa 00JACTD, sIKa
€ TIONMYJSPHUM PO3JIJIOM MATEMATUYHUX METO/IB €KOHOMIKH, IO
AKTUBHO PO3BUBaEThCs [44,46-49].
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JlabopaTopna pobora Ne 3. Moaedi
aBTOpErpecil-koB3HOTO CepeIHHOTO

st moOy1oBU TIPOTHO3IB Ha OCHOBI aBTOpErpeciiHuX Momesieit
peaJiizoBaHi Iporeaypu y 6araTbox CTaTUCTUYHUX HakeTax (Statistica,
Matlab Ta Gararo immmx). B namiii naGoparopsiii po6ori o6paHo
Excel gk wmaitbinbin HaouHuit 3acib, gKuil JI03BOJISE CTYICHTAM,
He 3HAHOMHUX 3 OCODJIMBOCTSIMEH aBTOPErpeciiHuX Mojeseil, Oiabin
rIMOOKO YCBIIOMUTH IX CYyTh 1 MOYKJIMBOCTI IIPU MOOYIOBI TPOTHO3IB.

ITpononyemo pospoburu smcr Excel nmacrynaum dmuom  (aus.
puc.1.6). B cexuii “Tano” neobximgHo 3a1aBaTu HACTYIIHI IapaMETPH:

1. 3HAYEHHSA MOYATKOBOTO MOMEHTY HaBYaJbHOI BuOipku tg. Ilpm
3MiHi 3HAYEHHS I[HOTO MapaMeTpa Oy/e 3MiHIOBATUCH (DPATMEHT
BUOIpPKU JJ1s1 TIOOY/IOBU ITPOTHO3HOI MOJIEJI;

2. 3HavMeHHs KPOKy jauckperusaril At. Januii mapameTp MicTHTH

IiJle YUCJI0 — KPOK JUCKPETH3allil B OJUHUISLX IHTEPBAJLY
JMCKpeTH3aIil BXiIHOTO psioy. 3aJa€ PO3PIJZKEHHS BXIiITHOIO
pany.

Cekmiro  “/lano” [MONMOBHUMO HACTYIHUMHI PO3PaXyHKOBUMU
napamMeTrpamu:

1. mapameTpu Mozeml ag, A1, - - - 5 Am;
2. cepenue Jiniitne Bigxuinenus (MAE) na naBuanbHiil Bubipii;

3. cepemubokBaaparndne Biaxwienns (MSE) na wnaBuasibmiii
BUOIpII;

4. nucrnepcisi Iporecy;
5. KoedirieHT meTepMiHaIii;
6. cepenne Jiniiine Biaxmwienns (MAE) na nepesipouniit Bubipii;

7. cepenubokBaiaparnyne Biaxuienns (MSE) na nepesipouniii
BUOIpII.
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Cexkiiro “Tabsurs JaHux” MTPOMOHYETHCS PO3IJIATH Ha 2 YaCTUHU.
Tepia 6yue micTury Buxijani qani (JaTu Ta 3HAYCHHS TOKA3HUKA, [0
[IPOTHO3YEThCs ), & APyra — GOPMYETHCs 3 IIEPIIO] Y BUMJILAI BEKTOPIB
JIATOBUX 3MIHHUX 13 33JaHUMM MTOYATKOBUM 3HAUEHHSAM t Ta KPOKOM

At:
1. gac t,

2. jaroBuit BEKTOP Tt = (Y¢—(m—1)Ats---»i—At), MO BiOBinae
MOMEHTY d4acy t. 3HA4YeHHd ¥; € OCTAHHBLOI KOOPIMHATOIO
JIArOBOT'O BEKTOPA,

3. HaCTyIHe 3HAYEHHs, IO BiIMOBigae MomenTy dacy t +
At. BukopucroByeTbcs K (haKTUUHI 3HAYEHHS BiYKY
aBTOPErpeciitHOl MoJIesIi PN 33JaHOMY BXiTHOMY BEKTOPI,

4. nporunosuuit psig y(xt),
5. MOIYJI BiIXUJIEHD,
6. KBaJIpaTH BiJIXUJIEHD.

Posrisuemo nmpukias simcra Excel ayis moOymoBu aBroperpeciitaol
mozem. Cropbens wuacy ¢ 3aJa€e NOCJIIOBHICTH I1HIEKCIB, IO
BIIIOBIAIOTE YaCy IIOTOYHOIO JIATOBOTO BeKTOpy. ToMmy 3HadeHHs
to B cekmil “/lano” moBunHe O6yTH 3ajaHe 3 BiICTymHOM, 00 JIAHUX
BUCTAYUJIO JjIsl MIEPIIOr0 BEKTOPY, BPAXOBYIOUM 3aJaHuii Kpok Af.
Tlepire 3HavYeHHS CTOOIS Yacy HEOOXiIHO B3SATH PIBHUM tg 3 CEKINl
“Tamo”. Ha simcri, HaBeneHOro sk mpukaal, GopMmysa s KOMIPKA
D4, marume Burssgn =Q1. Hacrymni komipkwm, moumnatoun 3 D5,
3alIOBHIOIOTHCS 3HAYEHHsMHU, IO 30iIbIIYyIOTHCSI 3 KPOKOM 1, Iie
JIO3BOJIUTH PO3IMIMPUTH O0’€M HaBYAJBHOI BUOIDKHM, B ITOPIBHSIHHI
3 pospimkenasy. Jus komipku D5 dopmyna marume BuUris
=D4+1. Takum dYUHOM, KOMIIOHEHTH JIATOBOI'O BEKTOpa OyIyTh
dopMyBaTnCh 31 3HAYEHb BUXIJIHOIO psiAy depes iHTepBaji Atf, a Mix
JIATOBUMY BEKTOpaMu iHTepBaJ Oy/ie piBHUI OIHOMY KPOKY BUXiITHOT
JIUCKPETHU3AITiI.

Bubip manux 3 3aJaHnM KPpOKOM MOXKe OyTH peasii3oBaHUil depes
dyukmito MTHAEKC, sxa noBeprae 3HaYeHHSI MACHUBY 3 3aJ[@HUMU
Koop/inHaTaMu. BubpaBmu sik OpieHTUD 3HAYEHHS KOJIOHKH t, MOXKHA
o0y lyBaTH TaKi JIarOBI BEKTOPH, & TaKOXK C(hOpMOBaHI BeIUINHU
jgaris maj tabuuneio (y upukiani — komipku E2-K2). 3nadenns
JaHUX KOMIPDOK PO3PaxXOBYIOTHCA TAKAM YHHOM: B KOMIDKY J2, 10
BIJIITOBiJIa€ OCTaHHIM KOOP/IMHATI JIATOBOTO BEKTODY, 3anucyerbes (.
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YV komipky 12, sika 3HaxoUTHC 3J1iBa Bix J2, 3anucyerbest hopMmysia
=J2+$Q$2, upu saxiii Munyaa BeamduHa Jary 36iibmiyerbes Ha At.
Vci dhopmyau 37iBa Bifm PO3MISHYTHX OTPUMYIOTHCS KOIMIIOBAHHHSM
dopmynu B komipmi 12 y xomipkn E2... H2. na smadenns Biaryky
cucremu (komipka K2) dopmyna marume surisan =J2-$Q$2. Taxum
YUHOM MOKHA ITO0Y/1yBaTH JIATOBY MOJIEJIb HE TIIBKH JIJIsi PO3MIPHOCTI
JIaroBOro BekTOopy 6, aje i jursi Oyab-skoro. IIpu oMy HEOOXiTHO
MIPaBUJIbHO CILUIAHYBATH PO3MIMIEHHS JaroBUX BEKTOPIB Ha JmcTi. [Ipn
3MiHi 3HaYeHHsS At, yci KOMIIOHEHTH II€PEPAXyIOThCS.

Hani neoOximHo cdopmyBaTn 3HAYEHHS JIATOBUX BEKTOPIB Yy
Tabaumi. Hanpukmam, ams komipkn J4, gKa MICTUTh OCTAHHIO
KOOPJMHATY IEPIIOro JIArOBOIO0 BEKTOPY, (OpMyJia MaTHMe BUIJISI
=NHIEKC($C$2:$C$13510;$D4-J$2;1). @opmysn misg momnepesHix
KOODJMHAT JIATOBUX BEKTOPIB MOXKHA OTPHUMATH, KOIIIOBAHHIM
xomipku J4 B yci komipkm E4... K4. @opmyna s MaiibyTHBOrO
3HaveHHs (BIAryKy cucreMu, HaIpUKIaJ, g KoMmipkn K4)
TAKOXK MOXKE€ MATH aHAJIOTIYHWMIT BUIJISJ, TaK $K aOCOJIOTHI Ta
BiJIHOCHI TIOCHMJIAHHS HAJIAIITOBAaHI HA MOXKJIUBICTH KOINIOBAHHS SK
Yy BEPTHUKAJIbHOMY, TaK 1 B TOPHU3OHTAJBHOMY HampsMi. Yci idm
dopmysn TabuIl 3aoBHEH] aHaIoTigHO. [lic/s 3aIIOBHEHHST TIEPITOTO
PAIKY, DOPMYJIH IHITUX PSIKIB MOXKYTh OyTH CKOMiiftOBaHi 3 EPIITOTO.

[Ticsist  3amoBHeHHst TabJMIl JAaHUX JO MOMEHTY IOYaTKYy
(GaKTUIHOrO MPOTHO3Y, MOXKHA 3JIACHATH OI[HIOBAHHS MTapaMerpin
Mozem. 3a  aHAJOri€l0 3  TOMEPEIHBOI  PODOTOI0,  MOXKHA
3alPOIOHYBATA J[Ba METOJIM OIIHIOBAHHS apaMeTPiB: MeToJ
HaiiMeHIMX ~ KBajpaTis, peasizoBammit  dynkmiero JIMHENH
Ta METO/IM HEeJIHINHOI ONTHMi3alll, peaJi30BaHi HAJICTPOUKOIO
“ITouck pemenusi’. IlepeBaroro MeTOIIB HeIHIIHOI omTHMI3AIT
MOXKHA HA3BATH MOYKJIUBICTH BUKOPUCTAHHS METPUKH abCOFOTHUX
Bigxmienb, Ha BimMminy Bix kBasgparwanoi merpuku y MHK. Ilicoas
OIIHIOBAHHS IMapaMeTPiB 3HalJIeHI onTHUMAaJbHI 3HAYEHHS ITOBUHHI
G6yru sammcani B cekuito “Ilapamerpn” (komipkm Q3-Q9 Ha smcri
IpUK/Iay ). BUKOPUCTOBYIOUM X 3HAYEHHs, HEOOXiIHO MOOYyayBaTH
pan TeopeTudHux Y(T¢), IPOIOBKEHHS AKUX (DAKTUIHO 1 OyiyTh
[IPOTHO3AMHU.
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1.2. ABTOPET'PECIVHI METOJU ITPOTHO3YBAHHSI 43

[Ticiss HACTaHHS MOMEHTY IPOTHO3Y, IOJAJbIe BUKOPUCTAHHS
MUHYIOI opMmyau Juisi  (DOPMYBAHHSI JIAarOBOI'O BEKTOPY CTa€
HEMOKJIMBUAM, TaK K HEIOCTYIHI HOBI JaHi [jIsi mMOOYIOBH HOBUX
JraroBux BekTopiB. Tomy Jiarosi BekTOpHU OYIyEMO, BUKOPUCTOBYIOUN
obumcsreni  mporHosn  (mue. puc.1.7). Takum unHOM, MOXKHA
peasnizyBatu OaraTokpokoBuii mporuo3. Popmysa Ui JIATOBUX
BEKTODIB Mae 6paTu JaHi He 3 KOJOHKH PEATbHUX 3HAYEHb (KOJOHKA
C B npukiazi), a 3 KojoHKH nporuosis (kosonka K). 3aysaxkumo,
mo 3HadenHs KojaoHku K awmimeni Bignocno C Ha tg, kKpokis. Tobro,
JAKIO BUKOPHUCTATH BUIEHABEAEHUN UPHUKJIAJ, LEPIIH PII0K
IIPOTHO3HOIO DAY y Tab/IHIl BiamoBigae 6-My 3HAYEHHIO BHUXiIHOI'O
psay. Takum uwmHOM, nporHosHe 3HadeHHsi 1001-ro psiaky Tabsuit
JIATOBUX 3MIHHUX, K€ BIJIOBiIa€ TOYATKY MPOTHO3Y, BIiJIOBijTae
1007-my 3HadeHHIO BUXiZHOTO psAmy. fArmo 3MminuTu GopMyILy
YTBODEHHS JIATOBUX 3MIiHHHUX, 00 JaHi OpaIuch 3 PAAKY IIPOrHO3Y,
iHJIeKCH MaloTh OyTH 3MeHIIeHi Ha Beauduny tg. Popmyrny s
BIZITBOpEHHsI peasbHUX MaiibyTHIX 3HaueHb (KosoHKa K), samummmo
6e3 3minu. Bona Oyie BUKOpHCTOBYBAaTHCH IIpU OOYMC/IEHHI TOXUOOK
nporuosy. A Komipku JjiaroBoro Bekropy (mouunarouu 3 £1001-J1001)
sminnmo. Hanpukmasn, mosa dopmyna mias xkomipku J1001 marume
surssin: =VTHIEKC($L$4:$1.$1231;$D1001-J$2-$Q$1;1). Popmymnn
JIs IHIMUX KOOPJWHAT Ta IIPOJOBYKEHHsS JIA'OBUX BEKTOPIB y dYaci
MOYXKHa, OTPUMaTH, CKomitoBaBimu BMicT KoMmipku J1001. @opmynn
JJIs OOYUC/IEHHS TeOPEeTUYHUX (IIPOrHO3HMUX) 3HAYEHb Ta IIOXMOOK
3aJIMINATHCA 0e3 3MiHMU.

tst 069MCIeHHST cepeIHiX MOXNOOK JOCTATHBO OOTUCUTH CepeTHi
3HAYEHHsI BIJITOBIIHUX KOJIOHOK abCOJIFOTHUX YW KBaJPaTUIHUX
noxuboK Jjig BuUOIPKM HaBYAaHHS Ta [epPeBipOYHOl  (IPOTrHO3HOIL)
BUOIpKHU. 9K MMOKa3yOTh IOC/IKEHHS, JaHUN MeToI MoxKe OyTu
3aCTOCOBAHUN TIJIBKH [IJIsi KOPOTKOCTPOKOBOTO IIPOTHO3YBAaHHS. ¥
IbOMY MOKHA II€PEKOHATUCH, 3/IMCHUBINKA JEKIJIbKa ITPOTHO3HUX
€KCIIEPDUMEHTIB.

[Ticyisi BUKOHAHHSI yCiX BUIE3a3HAYEHUX PO3PAXYHKIB, MOXKHA
3po0UTH KOII0 OTPUMAHOIO JINCTA Ta PO3PAXyBATH IIPOTHO3U JIJIst
iHmux iHTepBasiB muckpermsami At. Ajle Ipu IbOMY I0BEIETHCS
3MIHUTH TOYaTOK (OPArMeHnty ty Ta, MOXKJINBO, MOMEHT IIOYATKY
nporHosy (psiok, B sIKOMY BiJOYBA€ThbCs 3aMiHa yCiX HACTYIHHX
dopMyJI TOOYIOBH JIArOBUX BEKTOPIB, BUKOPUCTOBYIOUU IIPOIHO3HI
3HAYEHHST ).
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dx BijoMO 3 TEOpPETHYHOI UYACTUHU, MPOTHO3HI MOXKJIUBOCTI
aBTOpErpeciiHuX Mojeseil oOMeXkeHI JeKiTbKoMa pesknMaMu. Taki
pekuMu GBI aJIeKBATHO MOXKYTh OIMKUCYBATH MPOIECH, CTAIlIOHAPHI
y CTaTUCTUYIHOMY CeHCl (31 crajguM MaTeMaTUIHUM CHOJIBAHHIM
ra gucrepcieo). OmHuMm 31 crocobiB mepexoiy J0 CTalioHApHOIO
psally € T1epexij 0 PIi3HUNL CyCimHIX 3HadYeHb. Taki Mozesi
HAa3UBAIOTHCS ABTOPETPECIITHUMIY 3 TIEPIITUM TTOPSIJIKOM iHTEIPOBAHOCTI.
s mobymoBr Takmx MOJeSeil MOYKHA 3aCTOCYBATH BUIIE3a3HAUEHY
TEXHOJIOTII0 He JI0 BHUXIJIHOIO psJy, & JI0 MOro MepIIuX PIi3HUIb
ri = Y — Yi—1, ¢ = 1..N. Ilicaa mporHosyBaHHsI psiay pPi3HUID,
MIPOIIOHYETHCST 3BOPOTHE TIEPETBOPEHHS BiJl PsI/Ty TPOTHO3HUX Pi3HUIH
JIO IIPOTHO3HMX 3HAYEHb BUXIJHOIO Psijly, OOYMC/IEHHSIM BH3HAYEHOI'O
inrerpany y = |, ttN r(t)dt. B muckpernomy BHIIAQIKY Iie MOXKe OyTu
3BUYAiiHA CyMa CIIPOIHO30BAHUX PI3HUIIb.

Posrnsiremo npukiag mobymoBu Takol mporao3uol mozgesi B Excel
(mus. puc.1.9). Huast mporo gomamo mapamerp Atiniegr IS KPOKY
o0unCyIeHHsI Pi3HUIb, a 3HadeHHst At 3amamo 1.

st opMmyBaHHST psiy pI3HUIL 1 BUKOHAHHS ODEPHEHOI'O
TIepeTBOPEHHS HeOOXiAHO JTOMATH I1e 3 CTOBOIN MiCsIsT CTOBOIS TaHUX:
CTOBOEIb 1HIEKCIB PO3PIIKEHNX JAHNX, CTOBOEIIH PO3PIMKEHIX TAHUX
Ta CroBOeIh IPOIHO30BAHUX BUXIJHHMX JaHUX (IS IPOIE/ypu
BiJIHOBJIEHHSI IIPOTHO3Y Pi3HUIG, 1uB. puc.1.10). HeobGxigHo 3amoBHuTH
cToBbenpb IHAEKCIB HacTynmHuM duHOM. Ileprie 3madenHs (KoMipka
D2 wicturs 3navenns 1). Hacrynna xomipka D3 micrurs dbopmyity
=D2+3U$3. Yci komipku, M0 3HAXOAATHCA HIZKYIe D3, 3aII0BHIOIOTHCS
KomioBanugaM BMicTy (dopmyin) 3 kKomipku D3.

PisHuni samoBHOIOTHCsI, BuKOopucroBytoun ¢dyukiio NHIEKC.
Hanpukiag, komipka E3 micturs dhopmyrry

=MHJIEKC($C$2:$C$13510;D3;1)-MTHAEKC($C$2:3C$13510;D2;1).

Vci koMipKH, 10 3HAXOAATHCA HIKYe K3, 3a0BHIOIOTHCS KOIIEI0
dopmynu 3 E3.
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[Ticist 1boro HEOOXiHO 3aMiHUTH (DOPMYJH st (POPMYBAHHS
garoBux BekTopiB. ®opmyna s Komipkum [4  mae  Bursa:
=NHIEKC($ES$3:3E$13510;$H4-1$2;1). VYci  xomipku mianazomny
15:01000 moxxkna 3aminuTH, CKOmiOBaBmIA (QOPMYILYy 3 KOMIPKHU
14 y mi xomipku. Popmysum Ha NTPOrHO3HINT YaCTUHI MOKHA He
aminioBaru. Iliciis 3Minu aBTOperpeciitna Moiesb Oyie MTPOrHO3yBaTH
Pl PIBHUIL TEPINOro IOPsiiKy. lemep HeOOXiTHO mepeiiTu Bif
psJly CHOPOTHO30BAHUX PI3HUIL JI0 3HAYEHb BUXIAHOTO pamy. s
uporo y komipky F1000 3amucyerbcst 3HadeHHsi OCTAHHBOIO BiJOMOTO
3HavYeHHs Iepe| nporuo3oM (dbopmyna mae Burisy —C999) Hacrynme
3HaYEHHs 1boro croBbumka (komipka F1001) ofuncioerhes sk cyma
[OIEPEIHBOrO 3HAYEHHSI Ta CIPOIHO30BAHOI pizuumi (mig KoMipKd
F1001 dopmyna mae suriaan =F1000+P1001). Koxue wmacryime
3HAYEHHs] 3HAXOIUTHCH AHAJIOTIYHO, TOMY KOMIDKH, IO 3HAXOISATHCS
umxkde xomipkm F1001, moxkna ckomioBarm 3 F1001. Kosonka
BiIXUJIEHDb OOYUCIIIOETHCS AHAJIOTIYHO PO3TJIAHYTHM B IOIEPEIHIX
poborax.

OrmjnroBanns napamerpis  ARIMA-mojiesi Ta 1mporHo3yBaHHS
9acoBOI'O Psijly MOXKHa BUKOHaTH 3a jonomororw Garch Toolbox, sika
BrjtoueHa B FEconometrics Toolbox cucremu Matlab. Posrissemo
Ta, MPOKOMEHTYeMO mpocTy matlab-byHKITif0 /s TPOrHO3yBaHHS 3a
noromoroio Garch Toolbox:

function garchpred_try2(infile, outfile);

%infile=’>GSPC_close.txt’;
Y%outfile=’GSPC_closeArma.txt’;
y=dlmread(infile); % 3aBaHTaXeHHH PALY
%y=y(2000:1:2400) ; %Bubip PparMeHTy
n=length(y); ', BU3HAYEHHS NOBXUHU

% 3amaemo mapamerpu Mogzeni ARMA(R,M)+GARCH(P,Q)
Spec=garchset(’R’,10,°M’,2,°C’*,0,°P*,1,°Q?,1);
%3EificHOEMO OIjiHOBAHHS IapaMeTpiB Mozeini
[coeff,errors,LLF,innovations,sigmas]=garchfit (Spec,y);
% BHKOHYEMO IPOTHO3YBAaHHS
[sigmay,meany]=garchpred(coeff,y,5000) ;

% BU3HaYaeMo KoedinieHTH aBTOperpeciiiHol Momemi
arcoeffs=coeff.AR;

% 36epiraeMo yci 3MiHHiI pob6owol obmacTi
outfile_data=strrep(outfile,’.txt’,’.mat’);
save (outfile_data)

% 3bepiraemo psn cepeiHiX 3HAYEHb NPOTHO3Y
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outfile_mean=strrep(outfile,’.txt’,’_mean.txt’);
dlmwrite (outfile_mean, [y;meany] ;

% 36epiraeMo psn BepxXHbHOI MeXi HNPOTHO3Y
outfile_max=strrep(outfile,’.txt’,’ _max.txt’);
dlmwrite(outfile_max, [y;meany+sigmay] ;

% 3bepiraemo psn HUXHBOI MeXi IpPOTHO3Y
outfile_min=strrep(outfile,’.txt’,’ _min.txt’);
dlmwrite(outfile_min, [y;meany-sigmay] ;

% 6ymyemo rpadikx IPOTHO3HOrO PsSLy Ta HOBipumx iHTepBanis
figure;

plot([y;meany]l,’r’);

hold on;

plot([y;meany+sigmay]) ;

plot([y;meany-sigmay]l) ;

B nmamiit smaboparTopHiii  poboTi pPO3IISIAAETHCSI  MOYKJIHBOCTI
Tabsimanoro mnporecopy Excel ta cucremu KomMi'toTepHOT MaTeMATUKI
Matlab gyt mpornosyBanus na OCHOBI aBToperpeciitamx mozeseit. s
[IEPINIOr0 3HAMOMCTBA MH DPAIUMO IIOYATH 3 BapiaHTy B TabJIMIIAX
Excel, xoua Bin, ma BinmMiny Bim nporpamu Matlab, me mo3BoJsIzE
THYYKO 3MiHIOBaTu yci mapamerpu. Kuury Excel 3 mpukiamzamuy,
POSIVISHYTHMU B JIADOPATOPHUX, MOXKHA 3aBAHTAXKUTH 33 BeED-
aJIPecoro

http://prognoz.ck.ua/predict_xls.rar.
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Pozain 2

Bukopucranng
HeJIHINHNX PYHKIIIII,
HelipOHHIX MepexK IIpu
II00YJIOB1 IIPOTrHO3HUX
MoaeJien

BaraTo peaspHuUX TporeciB, y TOMY YHCJI 1 MOKA3HUKW PUHKY
[IHHUX TanepiB, He MOXKYTb aJIeKBATHO OYyTH OMMMCAHI 3a JTOMOMOTOIO
TPAJUIIHHIX CTATUCTUIHUX MOJIesieil, OCKLIBKHM 110 CYTi € iCTOTHO
HemHiiHUME 1 MaOTh abo XaoTWIHy, abo KBasimepioawdny, abdo
aMimany (croxacTuka + Xaoc-TUHaMiKa-+eTepMiHi3M) ocHOBY [48—
50]. ¥V janiil curyaril aJjeKBaTHAM AllapaToM JIJIsi BUDIIIIEHHS 3aB/(AHb
aHAJI3y 1 MPOTHO3YBAHHSA PUHKY IIHHUX IAIEePiB MOXKYTH CIIYKATH
IITY9IHI HEAPOHHI MepexKi, IO peasi30BYyIOThCs Ha 6a3i KOHIemIIiit
HMITYYHOTO iHTeslekTy. IIporpamMHO-MaTeMATHYHOIO OCHOBOIO IIAX
MeTOJIiB € HefpOHHI Mepexi, 1o camoopranizyorses [51-56].

Heiiporna Mepeka — Ie CYKYIHICTh HEHPOHHUX €JIEMEHTIB i
3B 13KiB MiK HuMU (puc. 2.2). OcHOBHUI ejleMeHT HEHPOHHOT Mepeki
— ne dopmanbuuit medipon (puc. 2.1), mo 3ziiicHIOE onepario
HEJIHIHOTO TIepeTBOpEeHHS CyMu JOOYTKIB BXiTHUX CUTHAJIIB HA BaroBi
kKoedirienTn
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Puc. 2.2: Ilpuknam HefipoHHOT Mepeki — HaraTomapoBuii MEPCENTPOH
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n
Y=F|Y wiz| FWX), (2.1)

i=1
ne X = (x1,22,...,7,)7 — Bexrop BXigmoro curmamy, W =
(w1, ws,...,w,) — BaroBoil BekTOop; F — omeparop HeJHIAHOrO

[I€PETBOPEHHS.

B mammit wac wMeroam IMITYyYHHX HEHPOHHUX MepeXK BiKe
JIOBEJIN CBOIO BHUCOKY €(deKTUBHICTH TPU JOC/TiKeHHI dinancoBo-
exoromiunux cucteM. IllTyuni wHefipoHHi Mepexki € amapaToMm
3 obmacri wmeiipokommiorunry  (neural computing), oGsacti
O0YMCITIIOBAJIBHUX ~ TEXHOJIOTIH, IO OCTAHHIM  YacOM  IIBUIKO
po3BuBaioThCst.  OOUMCTIOBAJIBHI — omeparil B TakKuX  Meperxkax
BUKOHYIOTbCSI BEJUKAM YHCJIOM IOPIBHSHO IPOCTUX IIPOIECOPHUX
esemenTiB  (processing element). Crpykrypa wMepexi (network)
TOTOXKHA MaTEeMaTUYHO BU3HAYEHIN CTPYKTYpi OOYMUCIIOBAIBHOL
cucremu (rpady Mepexi), B skiit yci oneparii BUKOHYIOTbCA B
[IEBHUX BY3JIaX, a MOTIK iHdopMaIril BitoOpaxKaeThbCs HAIPABICHUMUI
pebpamu rpada. Koxen Bysos (Heiipon) Mepexi mpeiucraBiieHHil
IIPOTIECOPHUM €JIEMEHTOM, HEHPOHHOIO KJITUHOIO, $Ka CILJIbHO 3
baraTbMa IHIMUMH TPOIECOPHUMU €JIEMEHTAMU YTBOPIOE HEHPOHHY
00UHCTIOBaIbHY Mepexky. AHaJoroM Takoro Byajia y (disiosorivnii
HepBOBiii cucremi € HepBoBa KiiTHMHA MO3KY [45]. ¥V 3arambHOMY
BUIAJKY INTyYHA HEHPOHHA MepexKa € aJalTHBHOIO HEJIiHIHHOIO
JMHAMIYHOIO CHCTEMOIO. 3a JIOIOMOI'OI0 PIBHOBaXKHHUX CTAHIB TaKOL
MepexKi MOXKHA BUPIITyBaTH MaTEeMATUIHI 00 00YHUC/TIOBAIbHI 3a,/1a4i,
Taki K anpokcuMarlist (YHKINM, Kiacudikallis, KJacTepusallis,
MIPOTHO3YBAaHHs Ta 6AraTo iHIINX.

Icuye nBa KTacu HEIPOHHUX MEpeXK:

- Mepexi, 0 HABYAIOTHCS 3 YUUTEJIEM;

- Mepexi, 0 HABYAIOThCS 0e3 yIuTes.

Heitponni mMepexi, 1o HaBYAIOTLCS 3 YUHUTEIEM, € 3aCO0aMU JIJIst
BUI0OyBaHHsT 3 HAOOPYy AaHuX iHGOPMAINI PO B3AEMO3B’SI3KM MiXK
Bxo/amu 1 Buxomamu Heiipomepexi. 1i B3aemMo3B’si3ku MOXKYTH OyTH
3anmrcaHi MATEMATHIHUMU PIBHAHHAMHY, SKi MOYKHA BUKOPUCTOBYBAaTH
JJIss  TPOTHO3YBAHHs ab0 UPUHHATTH YIPABJIIHCHKUX  PIIIEHb.
“Yuurenem” B JJaHOMY BHIIAJIKy BHUCTYIIA€ HAOIp napamMerpiB, sKuit
JIOCJTITHUK PO3MIlllye Ha BUXO/i Mepexki. Ha Bxim mepexi npu 1npomy
MIOJIAEThCS  BIMTOBIMHUN J@HOMY BUXOJY BXiAHUII HabIp HaHUX.
Mepexka HABYAETHCH BCTAHOBJIIOBATH 3aJIEXKHICTD MiXK MTOYATKOBOIO
indopmMariiero i pesyabraTamMu aIalTHBHOTO ITEPAIifHOrO IIPOIECy

[45].
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AjropuTm  poboTH  Meperki, 10 HaBYAEThCA 0e3  yumTelis,
TPYHTYETbCS Ha HABYAHHI 3MaraHHsIMU. 3a0e3[eUyeThCd TaKa
MIOBEJIIHKA HEHpPOHIB MepexKi, II0 TpHh TOJABAHHI YepProBOrO
HaboOpy [JaHMX Ha BXiJ BOHM gK OM ‘“3MaraloTbCs’ OAWH 3
OHUM 3a sgKHANKpaIly BiAMOBIAHICTL BUXiZTHOMY HAOOPY 3riIHO
BUOpaHUM KpuTepiaMm. B pe3ysbrari 3Marants BU3HAYAECTHCSI HEHPOH
IIEPEMOZKEITb, TICAsT YOro CTPYKTYpPa MEPeXKi MiJAaeThbCs KOPEKITil.
Krac HelipoHHEUX Mepex, M0 CAMOOPraHI3yIOTbCs, HABYAIOTHCS
6e3 BUMTENS, MMO3HATAETHCT TEPMIHOM aJalTUBHI HEHAPOHHI Meperxi
(AHM). Baxkumuporo sinminnicrio merony AHM € Te, mo BiH €
4UCEJIbHUM, & HEe CHMBOJIBHUM MeTOJ0M 06pobku janux. OjHieno 3
yHikajbHEX ocobsmBocreit AHM € Te, 1m0 BOHa Hajae BHYTPIIIHBO
BJIACTHBI Tif TOYHI 1 TPOCTI MEXaHI3MU I MOy OOYUCTIOBAILHOIO
3aBJaHHS Ha OKPEMi ITOTOKHW, IO JI03BOJISE ITPOBOJINUTH OOYMCJIEHHS
3 BHCOKHM CcTyneHeM mnapaJjenbHocti. HaBuyannsa 0e3 yuwnresis
Ja€ MOXKJUBICTH BUABJAATH Y BXiTHHX HAOOpax JaHUX HeBimzoMi
pasime cTpyKTypu abo 3aKOHOMIpPHOCTI, IO BioOpazKae 3JIaTHICTH
AHM o ysaranbHeHHs (generalization) Ha OCHOBI BXIIHHX
npukiais. [lg BracTuBicTs M03BOJIsAE y3araJbHIOBATH BEJIMKI HAOOPH
06araTOBUMIpHUX TAHUX, TKUMH € (PiHAHCOBO-€KOHOMIUHI MOKA3HUKI
HiIITPUEMCTB, BUSIBJIATH 1 IEMOHCTPYBATU CTPYKTYPH, 110 MICTATHCS B
HUX, & TAKOXK BUSIBJIATU HOBI 00pa3n i B3a€MO3B’sI3K1 B TAKUX HAOOpax
naHux. HelporHi Mepexi € MOTYKHIM IHCTPYMEHTOM ITPOTHO3YBAHHH.
3akJjiaJieHi B HUX T€HETUYHI aJTOPUTMU, €BOJIIOIMIOHYIOUHN TPUPOIHIM
9UHOM, JIO3BOJIAIOTH BUSBATH ONTUMAJIBHY CTPYKTYPy HEHAPOHHOI
mepexi [6,57,58].

[Tepmri kpoku B 06JIaCTi IMITYYHUX HEAPOHHUX MepexK 3podmiim B
1943 p. Yopern Maxk-Kamox ta Yosrep Ilirc. Bonm mokaszamu, 1o
3a JIOIIOMOT'OI0 IIOPOTOBUAX HEMPOHHUX €JIEMEHTIB MOXKHA PeaJli3yBaTh
qucyIeHHsT Oynb-sikux Jsorivanx  byskmii [54]. YV 1949 p. Xe66
3allPOIIOHYBaB IIPABUJIO HAaBYaHHSI, $KE CTaJI0 MaTeMaTHIHOI
OCHOBOIO JIJIsl HABUaHHsI Psijly HefipoHHNX Mepex [53]. ¥V 1957-1962 pp.
®. PozeHOaTT 3aIpOIIOHYBAB 1 TOCJIIIUB MOJIE/Ih HEHPOHHOI MEpexKi,
aKy BiH Ha3BaB nepcenrporoM [55]. V 1959 p. B. Biapoy u M. Xodbd
3aIPOIIOHYBAJIN IPOIEAYPY HABYAHHS JJIs JIHIHHOrO aJaIITHBHOIO
enementy — AD ALINE. Ilponenypa HaBYaHHS OTpHUMAaJia HA3BY
“INenbra, mpapuino” [54]. YV 80-i pokm 3HAUHO POBIMIUPIOIOTHCS
Jocaimkennss B objsacti  Hefipomnux wmepex. [l Xonding B
1982 p. nmaB amami3 CTIUKOCTI HEMPOHHUX MepeK i3 3BOPOTHUMU
3B’I3KAMM 1 3aIlpOMOHYBAB BUKOPUCTOBYBATH 1X JI/IsT BUPIIIEHHS
zagad onruMizarnii. T. Koxomen po3pobus i jgociiaus HeHpoOHHI
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Mepexi, MO0 CcaMOoOpraHi3yioThbcd. Psm  aBTOpiB  3alporoHyBan
AJITOPUTM 3BOPOTHOTO TOIIUPEHHS IMOMUJIKH, SIKAA CTaB MOTYZKHIM
3aco00M I HaBYaHHS 0araToMIapOBUX HEHPOHHUX Mepex [53—
55]. B pammit 4yac po3po0JIEHO BeJMKE YUCJIO HEeHpOcUucTeM, sKi
BUKOPHUCTOBYIOTHCS y PI3HMX O0JIACTSAX: TPOTHO3YBaHHI (hiHaHCOBUX
[IOKa3HUKIB, YIIPABJIiHHI, JIarHOCTUIl B MEJIUIMHI Ta TEXHIII],
posnizHaBanHi 06pasis Tomo [59,60].

Jlnsg  HaBYaHHA  MepexXi  BUKODHUCTOBYIOTHCA — Pi3HOMaHITHI
AJITOPUTMK HaBYaHHs 1 iX Mogudikanii [61-65].

Meromam amajizy i MiJBUINEHHST $SKOCTI HAaBYAJbHUX BHUOIPOK
JIsT  HEMPOMEPEXKEBUX IMPOTHO3HUX MOJIe/iell TpucBsdeHa poboTa
[66]. BanponoHoBaHI MipM HECYHNEpeWIMBOCTI Ta IOBTOPIOBAHOCTI
JaHUX HABYAJIBLHOI BHUOIPKM, & TAKOXK METOAM IIiIBUINEHHST SKOCTI
HaBYAJBHUX BHOIPOK, B3TiZHO 3amporoHoBaHUM Mipam. Meroan
IIOKpAIlleHHs IOJIATAIOTh Y IIOIEePeIHbOMY II€DETBODEHHI JIaHUX
(TITLT) mnepmioro piBHsI, sike 30iJBIIYE€ NOBTOPIOBAHICTH JAHUX
(HopMyBaHHI, 3IJIQJKyBaHHi, 3aMini psjy abCOMIOTHUMEH — Ta
BIJTHOCHMMH TIPUPOCTAMU, BUOODY MHOXKUHH BXIJHUX CHUIHAJIB), Ta
TITTT apyroro piBHS, M0 3abe3Medy€e OIHO3ZHATHICTH BUOOPY pO3MIipy
omnucy obpa3y HaBYAJIbLHUX BUMIpiB. Iy MOro 3MifICHIOETHCS MOITYyK
po3Mipy 00pa3y, Ipu AKOMY HacOBUN Psijl PO3OUBAETHCI Ha JIISTHKI
pPI3HOI JIOBXKWHU, CKJIQJHICTh Ha gKUX ojHakoBa. JImsd KoXKHOU
JISTHKE  POPMYJIOETHCST  CTUC/IMIT OMHMC 38 JIOMOMOIOK  CILIBHOL
anpokcnmyodol dyskiii. [lopsaok Ta kiac anpokcnMyoodol MyHKIHT
3a/71a€ CKJITHICTh KOXKHOI mimsaku. [IporonyeTbes moandikoBaHmit
MeTosT (OPMYBAHHS HABYAJBHOI BHUOIpKHU, SKUit, Ha BiAMiHYy Bif
MeToy “BIKOH”, JIO3BOJISIE 3HSITH HEOIHO3HAYHICTH BUOODPY PO3MIipy
pO3Mi3HaBaHOrO 00pa3y HaBYAJIBHUX HAOOPIB.

Apropamu [67, 68] pospobiieHnii anropuT™M HaBUAHHS MEPEXKi,
AKUH MiHIMI3ye cepeTHbOKBAJIPATUYHY TOMUJIKY HEHWPOHHOI MeperxKi
38 PaXyHOK BHUKODUCTAHHS AJAIITUBHOIO KPOKY HaBdaHuda 7(t).
IIpomonyerbest BuKOprCTOBYBaTH JiorapudMiday GYHKINIO aKTHBAI]
J71sl BUDIIIEHHS 3aBJaHb IIPOI'HO3YBAHHS, fKa JO3BOJISE OTPUMATU
[IPOTHO3 3HAYHO TOYHiITe. AHAI3 6araTomapoBIUX HEHPOHHUX MeEPeK
aBTopiB [67,68] i anropuTMmi iX HaBYAHHS JIO3BOJIAB BUSIBUTH DSl
HEJIOJIIKIB 1 IpobJieM, 10 MOXKYTh BUHUKHYTH:

- HEBU3HAYEHICTb y BUOOpPI 4UmC/Ia MapiB i KiJTbKOCTI HEHPOHHUX
€JIEMEHTIB y Iapi;

- NOBiJIbHA 30612KHICTH I'PAJIIEHTHOIO METOJY 3 IOCTIHHUM KPOKOM
HaBYAHHSI;

- CKJIQ/THICTh BUOOPY BiIIOBIIHOI IIBUIKOCTI HABYAHHS;
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- HEMOXKJIUBICTh BH3HAYEHHsI TOYOK JIOKAJBHOIO 1 TI06AIBHOTO
MIiHIMYMY, OCKIJTbKU T'PAJIIEHTHAN METO/T 1X He PO3PIi3HSIE;

- BILIMB BHUIIAKOBOI iHiIiasizalil BaroBux KoedirieHTiB HelipoHHOT
MepexkKi Ha MoNTyK MiHIMyMY (YHKIUT CPEIHBOKBAIPATHIHOT IIOXUOKH.

Bukopucranus HeHpPOHHHX MepexK /[iIsi OOpoOKH iHaHCOBO-
€KOHOMIYHUX JIAHUX IiIIPUEMCTB a00 KOMITaHIil IHKOJIH € HEeIOCTATHBO
royuknM. Hampurmas, B mporeci caMOHaBYaHHS HeHpoMepeKi He
JOIyCKAETHCH JOJABAHHS HOBUX HEMPOHiB. CKIaIHICTH BHKOPUCTAHHS
AHM rakoxx 00yMOBJIEHA THM, III0 PO3MIPHICTb BUXIJIHUX [TapaMeTpiB
Mage OyTHu BU3HAUEHA JI0 TTOYATKY HABUAHHS. ¥ TaKUX BHUIIQIKAX METOJ
AHM n0miibHO JIONOBHUTH T€HETUIHUMU aJITOPUTMAMHA.

[IpornosyBanHusi 3 BUKOPHUCTAHHSM IHCTPYMEHTApPIil0 T'€HETHIHHIX
aJITOPUTMIB BIiepirie OyJi0 3arpornoHoBaHo B 70-x pokax XX CTOJITTs
[62,69-71].Y npyriit nososuni 1980-x pp. 1o i€l imel moBepHysHCs
y 3B'd3Ky 3 HABYAHHAM HEWPOHHUX MepexX. BOHU 103BOJISIIOTH
BUPIIIYBATU 3aBIAaHHS IPOIHO3yBaHHs (OCTAHHIM YacoM Haiuuprie
TEeHETUYHI AJITOPUTMU HABYAHHS BUKOPUCTOBYIOTHCS /1151 OAHKIBCHKUX
nporuosis), kiacudikamil, MONYKYy ONTUMAJBHAX BapiaHTiB, i
abCOJIFOTHO HE3aMiHHI B THUX BHIIAJKAaX, KOJU B 3BUYANHUX yMOBaxX
pilteHHs 33129l 3aCHOBaHe Ha iHTYITl abo JOCBi/l, a He Ha CTPOroOMy
(y maremarmunomy cenci) i1 onwmci. Bukopucranns Mexani3mis
TeHETUYHOl €BOJIIONIl JIjIsi HABYAHHS HEMPOHHUX MepPeX 3IA€ThCS
[IPUPOJIHUM, OCKIJIBKH MOJIEJI HEHPOHHUX MePEXK PO3POOIISLIOTHC
3a AHAJIOTIEI0 3 MO3KOM 1 peaji3yloTh JiesiKi HOoro ocobJIMBOCTI, IO
3'sIBIJIACS B pe3ynbTaTi 6iosoriqnol esostonil [72].

Opniero 3 0co0JIMBOCTENl T€HETUYHUX AJTOPUTMIB € CKJIAJHICTH
iHTepmperarii po3B’s3Ky Ta mOporpamHa  peajisaris. Ilpore,
nepeBarolo € eQdeKTHBHICTb y IOIIyKYy IVIO0AJbHUX MiHIMyMiB
6araToeKCTpeMaJbHIX MUIHOBUX (DYHKIIH, OCKITbKHA NIPW HABYAHHI
HEHPOHHUX MepeXkK JOCTIIKYIOThCA BeJIUKI O0JACTi JOMyCTHMUX
3HaYeHb BEKTOPY TMapameTpiB. [eHeTH4YHi aJropuT™Mu JaioTh
MOKJIUBICTh ~OIEPYBATU JUCKPETHUMU 3HAYCHHAMU IapaMeTpiB
HEPOHHUX MEPEXK, IO MOXKe MPUBECTH JO CKOPOYEHHS 3araJilbHOTO
vyacy nas4anng [6,57, 58].

Metoau iHIYKTUBHOI'O MOJEJIIOBAHHS Y
3aJavaX MPOrHO3yBaHHS.

OcobuimBo BijzHaunmo, mo B 70-i poku ysary daxisiis B obmacti
MMPOTHO3YBAHHS MPUBEPTAIN METOIM IHIYKTHBHOTO MOJIE/TIOBAHHSI.
[73-75]. Ha BimMminy Bim metyKTHBHOTO METOTY MI3HAHHST, OCHOBHA i/1€51
IHAYKTUBHOTO MOJIEJIOBAHHS TOJISATAE Y TOOYIOBI MOJiesiell peaibHuX
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IIPOIIECIB HA OCHOBI YaCOBUX PsiJIiB, a HE HA OCHOBI TEOPETUIHUX 3HAHB
1IpO 3aKOHOMIpHOCTI (DYHKIIOHYBaHHS 00 €KTY.

Inest MeTomy rpynoBoro ypaxyBaHHsI apryMEHTIB 3allpOTIOHOBAHA
akajgemikom O.I Isaxmenkom |[76], mosisirac y mnepekJiajeHHi Ha
EOM sagaui BianykasHs Mozesi, sika HaliKpalile OIMCY€E IIPOIEC, II0
JoctiKyerbes. Ilomyk opranizoBano, 6a3y04dnch Ha €BOIOMIHOMY
[IPUHIAI, MOYUHAIOYM 3 HANIPOCTIMNUX MoOjesieil, siki OCHOBYIOTHCSI
Ha OIOpHIN (QyHKIII, M0 HaiiyacTime Mae 2 apryMeHTH, HAITPUKJIA;:

Yy = ap + a17;x;,
Yy = ap + a1x; + axxy,
Yy = ag + a1x; + asx; + azx;x;,
y = ag +ayz; + asw; + azzrs + a4x? + asz;z;. (2.2)

v 3araJIbHOMY BUIIAJIKY, BUKOPUCTOBYETHCSI IIOJIIHOM
Komnmoroposa-T'abopa:

n n
Yy = ap + Zaimi + Zaijxiwj + Z Qi TiT T (23)
=1 i=1

i<j<k

Bigomo, 1m0 mnpwm 30LIbIIEHHI MOPSJKY IOJIHOMa, TOYHICTH
HaOJIMKEHHST HAM MHOYKUHU €KCIIEPUMEHTAJbHUX JAHUX CIOYaTKY
3pocrae, a noriMm cragae. Tomy anropurm MI'VA copsimoBanuit Ha
TIOITY K MOJIEJTi OIITUMAJIHLHOI CKJIaIHOCTI. Po3ryisiHemo 6i1b1r JeTaabHo
asiroput™m MI'VA.

Vei poerynui mami {1 ()}, {ze(t:)} - {am(t)} Ta {y(t;)},i =
1,...,N T1ominsioTb Ha HaBYAJbHY Ta KOHTPOJIBHY BUOIPKU.
HeobxigHO 106y 10BaTH MOIEB IPOTIECY HACTYITHOTO BULY:

y(t) = F(x1(t), 22(t), ..., xm(t)). (2.4)

ITomyk Moe/ni onTUMAaIbHOI CKJIQTHOCTI BUKOHYETHCS Y JIEKLIHKA
eramiB cesekil. Ha koxxHOMYy eTarri mepebuparoThbCst yci mapu BXiTHAX
nmapaMeTpis x;(t) Ta x;(t) Ta 6yqyeTbCs MOIENTb BUXITHOI BeIMYINHI
y(t + At) = f(zi(t),z;(t)), me At — mepion ymepemxenss. Y sKocTi
byukil f BuUOUpaeTbcst oHa 3 OMOpHUX (MYHKIN, HATIPUKJIIA, 3a/aH]
piBHsHHsMHE (2.2) abo (2.3). fkmo BuGpaTH BHYyTpilmIHIM KpuTepiem
SJKOCTI MOJIeJIell KpUTepiil MIiHIMaJIbHOCTI CEePEHBOKBAIPATHIHOTO
Bimxumenus: mporuosis f (z;(tx), z;(tx)) Bin daxruannx maitbyTHix
suadenb Y(tg41), TO uapaMerpu OHOPHOI (DYHKIHI OUIHIOIOTHCS
MEeTO/IOM HaNMEHIINX KBaPaTiB, X04a JJis OLIBII CKIAIHUX OIIOPHUX
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BYHKIHH MOXKJIMBUN BUOIp IHIIONO KPUTEPII0 Ta BUKOPUCTAHHSI
HEJIIHITHUX MEeTOiB ONTHMI3aIlil JIjId OIiHIOBAHHS TapaMeTpiB.

MuokuHa OTPHUMAHUX MOJEjell OIIHIOIThCH 3TiAHO BHOPAHOIO
30BHINIHBOrO Kpurepito. TakuMm KpurepieMm mMoxke OyTH MiHIMAJIBHICTH
CepPeHbOKBAIPATUIHOIO BIJIXWJIEHHS IPOTHO3IB Bijx (aKTUIHUX
MaiibyThix 3Hadedb Y(tgi1) I JAHUX KOHTPOJBLHOI BHUOIDKU.
Y HacTymHWIT eTam CeJeKIll TPOXOAITh MOJET 3 HaWKpaImMn
MMOKAa3HUKAMK 30BHIMIHBOTO KpuTepito. Kinbkicts Momemneit, ki
3a/IMINAIOTHCS, 33/A€ThCA JOCJITHUKOM 1 JIO3BOJIAIOTH OOMEXKUTH
KIJIBKICTB MOJIeJIell /1jIs1 HACTYIIHOT'O IIepebopy.

Ha  wmactymmomy  eram y  gKOCTI  BXiZHHX  BEJIMYUH

BHKODHCTOBYIOTbCS ~ BIATYKH — Mogmemedt  yp(x;,2;), BuHOpaHHX
Ha TIONEPEIHBOMY eTami cesiekiii. byayoTbes wojmeni  Buay
z(t) = f(yi(t),y;(t)). Haiixpamg 3a 30BHimHIM Kpurepiem Mmozesi

epexoJiaTh y HacTynHuit eran i T.Ji. Kpurepiem 3aBeprieHHs
asropurmy MI'VA € nocsirHenHst HARKpAaImol TOYHOCTI MO, MiC/Ist
9OT0 TOYHICTH OYHE MMAJATH.

Y monorpadii [8] sanponorosano meuiTkuit MI'VA. V poborax [77,
78]|posrusinyTa JiiHifiHA IHTEpBaJbHA MOJIEIb perpecii

Y = Aol'()-f—Alzx ++Anmn; (25)
ne A; = (a;,¢;) — He4YiTKI 4mCIa TPUKYTHOIO BULY, JI€ G; — LEHTD
iHTEpBaJy, ¢; — #oro mmpusa. ¢; > 0, x1,Zs,..., 2, — BXiJIHI 3MiHH]

(z; € R). Tomi Biaryk Y momesni (2.5) Gyme Tek HEIITKUM UYUCIOM 3
IIEHTPOM iHTEepBaTy

ay = Zaizi =a’ .z, (2.6)

Ta MIUPUHOIO 1HTEPBAJIY
ey = cilzl=c | 2], (2.7)

[IIo6 mama Moje/b KOPEKTHO OIMCYyBajia HABYAJILHY BHOIPKY

i) @ i ) : . .
{(yi,xg),a:(z), .. ,m,&))}, ¢ = 1..n, HEOOXiIHO 3HANUTM TaKi 3HAYEHHS
HeuiTkux mapamerpis A; = (a;, ¢;) mozeni perpecii (2.5), mo6 mexi
HEUiTKHX BiAryKiB Mogesi Y(x(l),xg),...,ng)) BKJIIOYAJIH PEaJIbHi

3Ha4YeHHs Y; Ta 6) CyMapHa MIMPHHA HEYITKUX BIAryKiB Mogesi Gyia
6 MinimasgpHoo. TakuMm YHHOM, 3aj@va HEUiTKOl JiHiftHOl perpecii
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3BOJIUTHCS JIO 331841 JIHIHHOTO TPpOrpaMyBaHHSI:

min(co-n+er 2 ol [+ 3 |2l |+ es 30 |02l |+
k=1 k=1 k=1

e Y a P e X af ),
k=1 k=1
(2.8)
IpU OOMEKEHHSIX:

2

Fas 1 (o)1) < wi

)
—(eoter 12 den 128 | eg 12 g 1 daa | (w§’“>)2 | +as | (4@)2 1) < v
)

N

c )\ 2
ag + alzgk) + azz;k) + a3z(k) . m;k) + ay (m;k)) + <a5mkj

20

- 00+C1\m§;)\+02\m§v)\+03\$§)‘mkj\+a4\<g

(ot et et Iher 1§ 1 deg 128wy 1 tag | (2fF)

ag + nrlwgk) + azﬂﬂ§k) + aawgk) c@py +oag (wék)y +as <T
(

Tlrast (o)1) 2w

(2.9)
ne k — HoMep TouKM BXigHmx gaHux k = 1,2,...,n. Ockiiabku
JJIsT  3aCTOCYBAHHS CHUMILIEKC-METOIY HEOOXiIHO MaTH BUMOTY
HEBiJI'EMHOCT] MIyKAHUX [TapaMeTpiB, TO MPOIOHYETbCS HEPEHTH M0
JBOICTOI 3a/1a4i, PO3B’S3aBIIN JBOICTY 3aJady, BIIIHOBUTH 3HAYEHHSI
MIYKaHUX ITapaMeTpiB.

Y wmonorpadii [8] posriusHyTO MeTOAM HediTKOI perpecil TUILy
(2.5) qyis HEYITKUX YHCEJI IayCOBOIO Ta J3BOHOIOMIOHOIO BHLY, &
TaKOXK JIJIsl perpecii y BHUIVISAAI OPTOrOHAJIBHUAX MOJIHOMIB Yebuiesa
Ta Jlareppa Ta JiJisi TPUTOHOMETPUYHUX ITOJIIHOMIB. 3BeJIeHHST perpecil
JI0 HEYITKOTO BULY JTO3BOJISIE TTOIOJIATH BiOMI ITPOOIEeME PErpeciitHoro
aHajidy, SK MyJIbTHKOJIHEAPHICTh Ta rerepockemacTudHicts. Ha
yBary 3aciyrosye meron, MI'VA jyis HediTKHX BXOJIB Ta HEYITKOrO
BUXOJY, TaK K JaHi PO I[HU cydacHuX (hiHAHCOBUX PUHKIB MAIOTh
HeBU3HAYEHICTh 1 3aJiaHi iHTEPBAJIBHUM CIIOCOOOM.

+ (CO +ecr | m,(ik) | +ea | T;k) | +e3 | a‘,,(ik) mik) | +agq |
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JlabopaTopua pob6ora Ne 4. HeitpomepexkeBi
MozaeJsi 3acobamu Matlab.

4k 3a3HaveHo BUIIE, HEHPOHHI MEPEXKi € MOTYKHUM iHCTPYMEHTOM
MO/IEJIIOBAHHSI BiIOOpaykKeHb BXOJIIB Ta BUXO/y Y TOMY BUIIAJIKY, KOJIH
3aJIeKHICTh YITKO He Bu3HaveHa. Mojenb HEHPOHHMX Mepex,
dK  Mozenab tumy “YopHa CcKpuHBKA’, aHajorivyHO OiosIOTivHIi
mam’gTi, 37aTHA BUABIATH 3asexkHocTi y gannx. llomo mexamizmin
abo weromuK dopMmyBaHHS HAOOPIB JAaHUX JIA  TOOYIOBU
HefipoMepeXKeBUX MOJIesIell ITPOTHO3YBaHHA Ta 3/[ifICHEHHS IIPOTHO3IB,
TO Taki IPOIEIypPH YaCTO OMUCYIOThCS IMOBEPXHEBO Y BITYM3HSIHUX
HAayKOBUX IyOurikanisgx i Hepiko € BijcyTHIMH HaBiTH y CydacHHX
peasizarisgx HeHPOMEPEKEBOr0 IIPOrpaMHOro 3abe3medeHs. Tomy
HaMH TIPOTIOHYIOTHCS JEsKi MAXOAW 1 aJroOpuTMH 0 MOOYI0BU
BUOIDOK HaB4YaHHS caMe JJjIs IIPOIHO3YBAaHHS YaCOBUX PSiB
(biHaHCOBO-€KOHOMITHOI JIMHAMIKH.

Haitgacrime HeffpoHHI MepeKi ONHCYIOTH JIArOBY 3aJICXKHICTH
BulY Yer1 = S (Yt, Ye—1,Yt—2, -, Yt—m). TOMY MOKHA CKOPUCTATHUCH
TabamaauM 1porecopom Excel, chopmyBaTtn BuOIpKy, aHaJOTIdHY
ommcaHiii y monepenHiii JiaboparopHiii pobori “ABroperpeciiii
Mozedti”. Ilicast minmroroBku Tabianilh KOOPAWHAT JArOBUX BEKTODIB Ta
BIATYKiB cucTeMu, JaHi Tab/IUI[ HeOOXiTHO 30eperTu y OKpeMi TEeKCTOBI
daitm qns imnopry B cucremi Matlab.

Pozryisinemo texkcr dyHkIl neural prepare.m, sKa Ipu3HadeHa
JI7Is TIOOY/TOBY BUOIPKYM HABYAHHS Ta OOUUCIEHHS MTPOTHO3HOTO PSIITY.

function neural_prepare(infilename,nprognoz,dt,k)
y=dlmread(infilename) ;% 3aBaHTaXeHHA pALy 3 TEKCTOBOTO Gaimy.
Dol lolololololololote
if (size(y,2)>size(y,1))
y=transpose(y) ;
end
k=k+2;
y-all=y;
y_init=y;%(10000:15200) ;
n=length(y); % n - HoBXuHA BXiZHOTO pSALY.
nprognoz=nprognoz/dt;

Tohhhhhhhhlolololololoteled
n=length(y); % n - HoBXuHA BXiZHOTO Py .
x=1:n;
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%y_max=max (y) ;
%y_min=min(y) ;
%y=(y-min(y))/(max(y)-min(y)); % HopMamizsamis

%y=y(2:n)-y(1:n-1);n=n-1; Y abc. mpupocTu
%y=(y(2:n)-y(1:n-1))./y(1:n-1); n=n-1; % Bizme. mpupocTu

mas_vhod=[]; % MacuBm BxomiB: maroBi 3MiHHI

mas_vyhod=[]; % MacuB BuxOniB

n=length(y);

for i=1:n-dtxk % Lukn dopMyBaHHS MacuBy BuOIipKE HaBYaHHS.
y_vhod=y(i:dt:i+dt*(k)); % MacuB BxiZHWX mapaMeTpiB
dy_vhod=(y_vhod(2:k)-y_vhod(1:k-1))./y_vhod(1:k-1);
y_vyhod=y (i+dt*k); % MacuB BuXimHUX IapaMeTpis
dy_vyhod=dy_vhod(k-1);
dy_vhod=dy_vhod(1:k-2);
mas_vhod=[mas_vhod,dy_vhod]; %ZozaevMo HOBmA 3amuc
mas_vyhod=[mas_vyhod,dy_vyhod] ;

end

% Nicna samycky maHol mporpamu, B pobouilt obmacTi
% 3’aBnarbcs 3MimHi mas_vhod Ta mas_vyhod, ski €

% HaBvambHODL BuOipkob Ana HelipoMepexi. [licis mporo
% Moxma 3amycTuTy nntool Ta immopryBaT: i maxi

7 B HelpoMepexy

% network_type=0; ’ 3aBaHTaxuTu IapaMeTpu HaBYeHOl HelpoMepexi
% network_type=1; J mepcenTpon
% network_type=2; J pazmiambHOo-6a3ucHa HelipoMepexa
network_type=0;
switch (network_type)
case 1
net = newp(mas_vhod,mas_vyhod, ’purelin’,’learnp’);
Jnet.trainParam.epochs = 20;
net=train(net,mas_vhod,mas_vyhod) ;
Y%net=init (net) ;
case 2Jrb
net=newrb(mas_vhod,mas_vyhod,0.0,1.0,100);
%net=train(net,mas_vhod,mas_vyhod) ;
case 3
load(’net_.mat’);
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case 0
uiload;
net=networkl;

end

y_vhod=mas_vhod(:,size(mas_vhod,2));%y(n-(k-1)*dt:dt:n);

% TOKPOKOBE NPOrHO3YBAHHA

y-progn=y;

for i=1:nprognoz
xnext=sim(net,y_vhod) ;
ynext=(1+xnext)*y_progn(length(y_progn)) ;
yprev=y_progn(length(y_progn));
dy=(ynext-yprev)/dt;
yadd=yprev+dy:dy:ynext;
y_progn=[y_progn; yadd’];
y_vhod=[y_vhod(2:k-2); xnext];

end

y_vidn=y_init;

y_progn_vidn = y_progn ;%*(y_max-y_min)+y_min;

% mobymoBa rpadikiB IPOTHO3Y
figure;
plot(y_progn_vidn,’r’);hold on; plot(y_vidn);

%36epeXeHHS IPOTHO3HOTO PALY

outfilename=strrep(infilename,’.txt’,[’_dt_’ num2str(dt)
> _k_? num2str(k) ’.txt’]);

dlmwrite(outfilename,y_progn_vidn,’\n’);

outfilename=strrep(outfilename,’.txt’,’ . mat’);

save (outfilename) ;

end

Bumenasesiena ¢ynkiis npuiimae 4 aprymenTtu (Bximmuii aii,
JIOBXKWHA TIPOrHO3Y, iHTepBaJs quckperu3aliil At Ta KUIBKICTb JIATOBAX
aminaux 7 (noBxkuna mam’sari). Hanpuxiaz, niaroroska HaBYabHOL
BUOIPKHU [IJIsi TPOTHO3YBAaHHS YaCOBOrO psify, 30epexkeHoro y daiti
ux.txt mHa 100 KpokiB BHepes 3 JUCKPETU3AII€Io 1 JeHb Ta JIOBXKUHOIO
JraroBoro BekTopa 10, Moxke OyTH BUKJINKAaHA HACTYIIHOIO KOMAaHIOIO:
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neural prepare(’dj.txt’,100,1,10);

Ilicna 3amycky JaHOl KOMaHJM CHCTEMa 3aIlPOIOHY€E 30eperTu
mat-aiiyi 3 JaHUMU 3reHepOoBaHOl HaB4dajbHOI BuUOIipku. Iliciist
30epekeHHs, IPOIIOHYEThCS CTBOPUTH Ta HABYUTU HEHPOHHY MEpexKy
B iHTepakTHBHOMY pexkmmi. s mogaTky HabepiTh KomaHITy nntool,
MMC/I 90r0 3'IBUTHCS TIAJ0TOBE BIKHO CTBOPEHHS HEMPOHHUX MEPErK
(muB. puc.2.3).

) Network /Data Manager =51
Input Data: W Netwarks #] Qutput Data:
[ook|neur ~
& Import to Network,/Data Manager P [ 3}
Source Select a Yariable Destination -
e
 Import from MATLAB workspace na selection) - Mame E_
& Load From disk file dy_chod Imasivhnd —
@ Target Dot aTfie Nare idy_vyhed Impart As:
i
jurConference|ForecastingBookineuroieurallx.mat linfilename £ Hetwork
Browse k & frpiE Date
Imas_vyhod € Target Data
i  Initial Input States
Inprognoz
I € Initial Layer States
o Iy
Input Delay ot " Output Data
_irit | € Enorpata —
His
5 Load QD dose | =
ra
neura
neura
neurs
— “neura
% mport... | ¢ New... | 2 apen... | $ Ecort.. | 8 pelete | (2 Help @ close |
‘- neurs
wiect afle fo view detals >> neural_predict_ret('ux_close.txt',100,1,10,7): neura
>> neural prepare('us_closs.txc',100,1,100; {neurs
>> nntool [neura
i-apee 31 “-nntoo

Puc. 2.3: Inrepdeiic crBopeHHst HEPOHHOI MepexKi

HeobximHo immopryBaru jani B cucremy. [ljist 1poro HeoOXiIHO
uHarucHyTu kKuonky “Import”. 3’ gaBuThes BikHO iMopTy (IoKasaHo Ha
puc. 2.3).

PeasizoBano 2 cmocobu immopTy: 3 pobouol obsacTi 3MIiHHUX
matlab(Import from Matlab workspace) ta 3 mat-daiiny (Import
from disk file). BubGepirs apyruii cioci6, Haruchite KHOIKY Browse
Ta BKaXKIiTh MIIIX 10 mat-daitny, y sakuit 0ys10 30epekeHo HaBYAJIbHY
Bubipky. BubepiTs cnodarky 3minay mas vhod Ta BkaxiTh, 10 Iie
exigai gani (Input data). [Just immopry sartucHiTh KHOIKy Load
cripaBa BHU3Y. lliciis iMmopTy, 3 IIbOro K BiKHA MOYKHA IMIIOPTYBATH
BuxijHuit Macus. Bubepits 3Mminny mas vyhod, BkaxirTh, 1o e
Buxigua 3minna (Target data) ta imnopryiite nami, HaTHCHYBIIA
kuonky Load. Ilicist mboro fgiaioroBe BIKHO iMIIOPTY MOXKHA 3aKPUTH.
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B zarasmpnomMy BUIIaIKy MOXKHA 3aBAHTAXKUTH 1 iHIN JIaHi, ate e — y
SIKOCTI BJIACHUX €KCIIEPUMEHTIB.

[Micis  iMmopry  HeoOximuo  crBOpHTH — Heiipomepexy. lle
3aificHioeThest  KHOMKOIO “‘New” Ha rosioBHOMY BiKHI mporpamun
nntool. 3’gBUThCs BIKHO CTBOPEHHsI HePOHHOI Mepexi (puc.2.4).

T 15 S b e 1 1 6 7 S L

%k Create Network or Data ] =3
suroLab.tex |I Forecasting  pietwork | Data|
T | Name (o]
i Input Data: netmarict
w1 |mas_vhod §
| Network Properties
: Network Type: Feed-forward backprop =
o
Input data: mas_vhod -
e Target data: mas_vyhod 7|
1 B =
@ roroetvacn: Training functin: TRAINM = |
! [remoeted  Adaption learming functinn; LEARNGOM = |
- Performancs Function: MsE =)
1 Number of layers: 2
B
e Properties for: [Layer1 =
Layer 1
Humber of ne{Laver 2|
V1 ¥) Input Delay States Transfer Function: TANSIG ¥
EL
1
e
pn
215 [ view | ¥ Restore Defaults |
- (1) Help ¢ Create @ Close:
% mpott... | 7 Hew... | B cren . | S Export... | o8 et | (1) Help & Close
¥

Puc. 2.4: Tarepdeiic cTBOpeHHsT HEHPOHHOT MEpeXKi

Cuepmry HeOOXimHO BKa3aTH apXiTEKTyPy HEHPOHHOI MepexKi
(crmcok Network Type), Bkazaru 3aBanrazeni Bxinui (Input data) ra
puxinai (Target data) macusu. Takox 3amaeTbest DYHKIST HABIAHHS
(Training function), aganranii (Adaptation function) ta mipa sikocti
anpokcuMarii (Perfomance function). MoxkHa 3a7umuT 3HAYEHHS
mo 3aMoBUYyBaHHIO. KigbKicTh ImMapiB HEHPOHIB 3a7a€TbCs y IOJI
“Number of layers” (3asmmumo 3uadenns 2. [Tpu Gaxkauni 3minuTH,
Tpeba BBECTH HOBe 3HaYeHHs Ta HaTucHyTH Enter). s penarysamus
HAJIAIITYBaHb KOXKHOrO Mapy (KIIbKICTh HEHpOHIB Ta akTUBAIliHA
dyukiis) HeobxinHo BuGpaTn HOMEp mapy y cuucky Properties for: Ta
3aJaTU BIANOBIIHI TapamMeTpu mapy. s ocTaHHbOro Mmapy KiJIbKiCTh
HepOHIB 33/1a€ThCA PIBHUM PO3MiPHOCTI BUXIJTHOTO BEKTODY.

Ilicna 3amamms ycix mapameTpiB HEHPOHHOI Mepexki, ams 11
CTBOPEHHsI HATHUCHITH KHOIKYy “Create”, micjisi MOBIIOMJIEHHS IIPO
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YCHIIITHE CTBOPEHHSI HETpOMEpeKi, /TiajIoroBe BIKHO CTBOPEHHST MOYKHA,
sakputu. HoBa HeliponHa Mepexa MaruMme Ha3By networkl (me
aMmiHiofite i1 IIpU CTBOpEHHI) 1 BUBeIeHA B CEPEIHBOMY CIHCKY.
IloxBiitno HATHCHYBIIM MWINKOIO Ha iM’d HeHpOHHOI Mepexi, Bu
aKTUByeTe BiKHO pobotm 3 Hew. (puc.2.5). Ha mepmiit saxmamni
300pazkeHa apxiTekTypa HefipoHHOI Mepexki. Ham HeoOXigHO mepeiTu
Jo 3akyaaku Hasdanag (Train, nus. puc. 2.6)

i
Jib Input Data: B Natworks o Output Data:
mas_vhod
i
view | Trsin | Smulate | Adspt | Reinitialze Weights | view/Edt weights |
=
Layer Layer
Input Output
@ Target Dats: ’ y
mas_vyhod
"! Input Delay Stakes
1] _>l_I
% Import.., | 0 Mew... | ) open... | % Export... | 38 Celete | () Help Q) Close

Puc. 2.5: HanamryBanus HeffpoHHOI MepexKi

Y 3ak/ajnni HaJalTyBaHH HaBYAHHSA HEOOXITHO 3aJaTH BXiIHUH
Ta BHUXITHM# MAacCWBH, MiCJd HYOro HATHCHYTH KHOOKy “Train
network”. Iliciist 11pOT0 3BUUATHO 3’sIBJISIETHCS BIKHO, siKe JIEMOHCTPYE
nporec HaBYaHHg Helponuol mepexi (puc.2.7). Ilporec naBuamns
qacTo 3afimMae 3Haunmit vac. Tomy mmim wac HaBYAHHA MOXKHA abO
JIOUYEKATUCh JOCATHEHHS 3a/IaH0I TOYHOCTI, abo, MepeCBiTIUBIINCD,
[0 TOYHICTHh HOKPAIILYETHCSI JyXKe IOBIJIBHO, JIOIYCTHMO II€PEPBATU
mporiec HaBYaHHsI KHOMKOIO “Stop training”. IIpwm mpomy y HeltponHiit
Mepexki 30epeKyThCs HANKpAaIll mapaMeTpu, sKi BIajocs 3HANTH 10
[IepEePUBAHHS HABUAHHHA.

[Ticiss maBuaHHs, HEOOXinHO 30epertu maHi HaBYEHO! HEHPOHHOT
Mepexki B okpemuit mat-daitin. g 1poro BuAMMO HEHAPOHHY
MepeXxy y CepeIHbOMY CIMCKY Ta CKOPUCTAEMOCSA KHOMKOIO “Export”.
Bkazapmm y cnucky 3minHy “networkl”, HarucHITH KHOIKY “Save’.
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-lolx]
view Train | simulate | Adapt | Reinitialize Weights | isw/Edit Weights |

Training Info | Training Parametersl

Training Data Training Results

Inputs mas_vhod hd Qukputs networkl_outputs
Targets mas_wyhod - Errors networkl_errors

Init: Input Delay. States (zeros) - Fimal Input Delay. Skates networkl_inputStates
Init: Layer Delay. States (zeros) - Fimal Layer Delay States netwaorkl_layerstates

8y Train Netwark |

Puc. 2.6: HasamryBanns HaBYaHHS HEHPOHHOI MepexKi

Ilicns 36epexkeHHss HEHPOHHOI MeEpeXKi MOXKHA 3aKPUTH yCi BiKHA,
BKJIIOYAIOYH T'OJIOBHE BiKHO nntool.
Hacrymaum eramom Oyme mobyaoBa 0araTOKpPOKOBOTO ITPOTHO3Y.

g nporo mnpusHadeHa dynkiia neural predict.m, TekcT sakoi
HaBEJICHO HUKYE.

function neural_predict;
uiload;
network_type=0;
switch (network_type)
case 1
net = newp(mas_vhod,mas_vyhod, ’purelin’,’learnp’);
Jnet.trainParam.epochs = 20;
net=train(net,mas_vhod,mas_vyhod) ;
Y%net=init (net) ;
case 2Jrb
net=newrb(mas_vhod,mas_vyhod,0.0,1.0,100);
Jnet=train(net,mas_vhod,mas_vyhod) ;
case 3
load(’net_.mat?);
case O
uiload;

net=networkl; Y% mepemmMeHoBaTh networkl ecmum HeobxozmMO



66 PO3/I1JI 2. HEIPOMEPE>KEBE ITPOT'HO3YBAHHSI

J.Meural Network Training {nntraintool} - |EI|E|

Meural Network

Layer Layer
Input
Algorithms
Training: Levenberg-Marquardt (Frainlm)
Performance: Mean Sguared Error (mse)

Data Division:  Random (dividerand)

Progress
Epoch: o | 11 iterations | 1000
Tirne: | 0:00:01 |

perfomance: 000125 [ Ggsel ] 00
Gradient Loo [ wOmOmr | 100e-t0

ML 0.00100 | 0.000100 | 1.008+10
walidation Checks: o | & | s
Plots

(plotpesform)

Training Skate | {ploktrainstate)
Regression | [plotregression)

1
Plat Interval:  J

1 epochs

v Validation stop.

@ Sham Traiming | 0 Zancel |

Puc. 2.7: Ilponec napuanus HePOHHOI MepexKi
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y_vhod=mas_vhod(:,size(mas_vhod,2));%y(n-(k-1)*dt:dt:n);

% TOKPOKOBE IPOTHO3yBaHHS

y-_progn=y;

for i=1:nprognoz
xnext=sim(net,y_vhod) ;
ynext=(1+xnext)*y_progn(length(y_progn));
yprev=y_progn(length(y_progn)) ;
dy=(ynext-yprev)/dt;
yadd=yprev+dy:dy:ynext;
y_progn=[y_progn; yadd’];
y_vhod=[y_vhod(2:k-2); xnext];

end

y_vidn=y_init;

y_progn_vidn = y_progn ;%*(y_max-y_min)+y_min;

% mobymoBa rpadikiB IpOTHO3Y
figure;
plot(y_progn_vidn,’r’);hold on; plot(y_vidn);

%36epeXeHHs IPOTHO3HOTO DALY
outfilename=strrep(infilename,’.txt’,

[°_dt_’ num2str(dt) ’_k_’ num2str(k) ’.txt’]);
dlmwrite (outfilename,y_progn_vidn,’\n’);
outfilename=strrep(outfilename,’.txt’,’.mat’);
save (outfilename) ;

end

Bamyctusim Jany (GYHKIHO, IporpaMa 3aluTac 3aBaHTaKUTH
cnovuaTKy mat-caits, 30epexkennii npu CTBOPEHHI BUOIPKN HABYAHHS
(samyck neural prepare), a moriM HaB4yeHOI Mepexki (30epexkena
nporpamoro nntool micas napuanus). Ilicas 3aBanraykenHst (daiiiin
Oy/1e 00UNC/IEHO OCTATOYHNM TPOTHO3HUHN PsAJT Ta BUBEJIECHO Y BUXITHUIT
daitsn Ta Ha ekpaH y BurIsdl rpadikis. I'padikn moxua 30eperTy,
X04ya He ODOB’SI3KOBO, TaK $IK Psu 30epiraloTbCs aBTOMATHYHO Y

TEKCTOBOMY (hOpPMATI.
Hauuit  anaropuT™M Ja€ MOXKJUBICTL  3MIiHIOBATH

Oy/Ib-sKi



68 PO3/I1JI 2. HEIPOMEPE>KEBE ITPOT'HO3YBAHHSI

HAJIAINTYBaHHA y KOHDIrypamil HEHpPOHHHX Mepek 1 JI03BOJIsIE
poBecTr 6araTo eKCrepuMeHTiB 3 Humu. Havmu Bubpano 7 HefipoHHUX
Mepek Ta po3pobsena dyukmizs neural predict ret.m, saka
ABTOMATHIHO 3MiICHIOE (POPMYBAHHS HABYAIHHOI BUOIPKM, CTBOPEHHST
Ta HABYAHHS HEHPOHHOI Mepexki, 6araTOKPOKOBE NPOrHO3YBAHHS Ta
30epexkenHs pe3yiabraTiB. @ynkiia neural predict ret wmicTture
HACTYIIHI MapaMeTpu:

neural predict ret(infilename,nprognoz,dt, k,network type)

infilename - iM’s BxigHOro Qaitna, psIOK CUMBOJIB,

Nprognoz - KJIbKiCTh KPOKiB IIPOrHO3yBAaHHS, ITiJIe YHUCJIO,

dt - kpok nuckpernsarnii npu GopMyBaHHI JIATOBUX BEKTOPIB,

k - po3mipHicTh j1aroBoro BeKTOpy (IoBKuHA HaM’sTi),

network _type - Tun HefiporHol Mepexi (1yie uncio Big 1 g0 7).

Komu mporpam, posrisnyTtux y JaHiii JsabopaTopHiii pobori,
MOXKHA 3aBAHTAXKUTHU 32 aJPeECOIo:

http://prognoz.ck.ua/neuro.rar



Poznain 3

BunajkoBi mmporiecn Ta
MEeTO/11 OO0y 10BI
MapKIBCbKIX MO/eJieii
TP ITPOTHO3YBAaHHI.

Y naHOMY PO3JUT PO3MVISIAIOTHCS MOJENL JJisi MPOTHO3YBAHHS
dinancoBux psamiB, gki Oasyoorbes mHa Janmorax Mapkosa. Ha
BiaMiHy Biz amagorigHUX MOC/TIIKEHb 3 (DIHAHCOBOTO TPOTHO3YBAHHS
[79], He GymyroThes MOfesi perpeciitHuX pIBHSIHB, a HOPONOHYETHCS
MOJIeJIb MAIINHHOTO HaBYaHHsl (IpuxoBaHi MapKiBehKi Moeni, [IMM)
I aHa/ i3y (HIHAHCOBUX YaCOBUX psiiB. TakKoXX ITPOBOIUTHCS
aHaJji3 TOIepeHiX POOIT, PO3KPHUBAIOTHCS HEMOJIKH PO3POOJIEHUX
paHime Mojiesieil Ta TPONOHYIOThCS MIISIXN YIOCKOHAJIEHHS, 30KpeMa,
BUKOPHCTAHHSI HEIEPEPBHUX cyMimreit ¢yHKIiit posmominy layca
Ta BignosizHa MojaudiKalis KIACUIHOTO aJrOPUTMY MaKCHUMi3arril
npasaonoioHocti. B po6oti [80] mporoHyeThest mouBiiiHO 3BaXKeHU
AJITOPUTM MAKCHMI3aIil MpPaBIONOMiOHOCTI, OCHOBHa MeTa SKOTO
[IOJIATAE€ y MOAOJAHHI OfHi€l 3 mpPOOJEM KIIACHYIHUX ITPUXOBAHUX
MapKiBCbKUX MOjeeifl — OIHAKOBOI 3HAUYIIOCTI BCiX ¢parMeHTiB
gaHux st uporHosy. OcCKijbKM I[IpU IPOrHO3yBaHHI (iHAHCOBUX
psiiB HOBI (pparMeHTH 3MiH I[HU MAOTh OLIBIILY 3HAYYIINICTH, TaKa
Mopuikalisi aJrOpuTMy HABYAHHS MOJEJ JIO3BOJISIE ITOKPAIUTH
MIPOTHO3HI MOXKJIMBOCTI came isi (DIHAHCOBO-€KOHOMIUHUX YaCOBUX
pAdiB.

Posrnsnemo Tpm ocHoBHI mpobsieMu  3a7@d  IIPOrHO3YBAHHS
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JaCOBUX PSJIIB, SIK1 IIPOIOHYETHCSI BUPIIIUTH 32 JIOIIOMOI'OK0 MOJIe el
IIMM. TIlo-miepire, xapakTepHi BJIACTUBOCTI BifloMux (DiHAHCOBUX
paniB € guHAMiYHWME, TOOTO He ICHYE€ €IWHOI MOMeNdi, sKa
6 mpamioBasa Bech dYac. llo-apyre, BakXKO BHU3HAUUTUCHL MiXK
JIOBFOTPUBAJIUM TPEHJIOM Ta KOPOTKOYACHUMH (DIIyKTyaIlisiMA IIifT
qac TopriBii. IHmumMu ciioBamu, eQ@eKTHBHA CHCTeMa IIOBUHHA
YTOYHIOBATH UyTJHUBICTH 3 dYacoMm. Ilo-Tpere, Ba)KKO BU3HAYUTHU
KOpHUCHICTE iHdopMariii. [ndopmariis, sska BBOAUTL B OMaHy, ITIOBUHHA,
OyTwn imenTudikoBaHa Ta BUIyJEHA.

PoGora [80] narisena Ha mooaHHs BANE3a3HAYEHIX TPOOJIEM 3a
JIOIIOMOI'OI0 CHCTEMHU IIepen0adeHHs, gKa 0a3yeTbCsd HA IIPUXOBAHUX
mapkiseekux mMozessx (Hidden Markov Model, HMM, nasi - TIMM)
[81-84]. Momens TIMM Bkirodae cymim GyHKIGH po3noiiny s
KOXKHOI'O CTaHy, sk reHeparop mnporuody. Cywimi dynkmiit Tayca
MaloTh 0OaKaHi BJIACTUBOCTI, 3aBIAKHA YOMY MOKJIABO MOJEJIIOBATH
qacoBi psiin, PO3IOLT IKUX He BinoBimae equHOMY posnomiay [ayca.
IloTiMm mapamMerpu HTPUXOBAHOI MAPKIBCHKOI MOJEN JTOTOBHIOIOTHCS
IIpU  KOXKHIM iTepariil 3a JOMOMOTrOI0 aJrOPUTMYy MaKCHUMizarril
upasgonogionocri (MII). B koxXHuit AuCKpeTHUH MOMEHT dYacy
mapaMeTpH CyMIITi PO3IMOIiTIB, Bara KOJKHOTO KOMIIOHEHTY PO3MOILTY
Ha BHUXOJi, Ta MATPHIl IEPETBOPEHHS JTUHAMIYHO OHOBJIIOIOTHCH JIJIS
3a0e31eveH s HECTAI[lOHAPHOCTI PE3YITYIOUOr0 9acOBOI'O PsLLY.

HoBuit excrionentitino 3saxkennit aaroputm MII m1ae MmoxmuBicTh
[IOJIOJIATH JIPYTY Ta TPeTI 3 BHUIe3a3HadeHWX mpobsem. Jlanuit
AJICOPUTM HAJAE OLIBIIOrO 3HAYEHHST HOBUM 3aIlACAM Y HABYAJIBHIH
BUOIpII y MOPIBHSAHHI 31 CTApUMY, HAJIAIITOBYIOYX Barosi KoedirienTn
Ha 3MiHy BOJIATHIBHOCTI. Bajganc MixK 1OBruMu Ta KOPOTKUMHU PSIIAMI
3HaiiIeHo B IpoIeci KOMOIHOBAHOI TOPTiBJIi Ta MepeI0ATEHH .

Basyrouncyr Ha exkcrmoHeHIaJ bHO 3BaxkeHoMy aJsroputmy MII,
[IPOIIOHYEThCS TMOABIHHO 3BaxkeHuil ajropurMm MII. Tanuit aaropurm
3IQTHUI  [TOMOJIATH  HEJOJIK  HaIIyTIUBOCTI  EKCIIOHEHI[AJbHO
3BayKEHOI'0 MeTony MakcuMizamii mpasmonomionocti. [lokazano,
mo 3Baxkenuit agroputm MII moxke Oyrm 3ammcanmit y dopmi
EKCITOHEHITIAJTbHIX KOB3HUX cepeaHix Bia amimaux mozesnai IIMM. Ile
JIO3BOJISIE OTPUMATHU IIEPEBAry HaJl ICHYIOYMMU EKOHOMETPUYHUMU
MeTOJaMHi y TeHepyBaHHI PIBHsHb II€DEOIIHKM, OCHOBaHUX Ha
MaKCHMi3aIlil mpaBAonoaiOHOCTI. BUKOPHCTOBYIOYNM TEXHOJIOTIT 3
teopemu po MII, noBeerno 3612KHICTD 3aIIPOIIOHOBAHIX AJTOPUTMIB
[80].

ExcniepumenTanbai pe3ysbTaTé MOKA3yIloTh, mo Momeasb [IMM
CTabiIbHO TOKA3yE Kpallli pe3y/abTaTH, Hi2K MPUOYTKOBICTH iHJEKCY
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aMimannx (GoHAiB mporaroM wsath 400-IeHHUX TEeCTOBUX IEepiojiB
Ha mpoMixkky Bim 1994 g0 2002 poky. 3ampornoHOBaHA MOIEb
TaKOXK CTabLIbHO TOKA3y€e KPAIlll PE3yJIbTATH, Hi2K BiZIOMI ajJropurMu
nporuodysanus s ingexcy S&P 500 3a nokaszuukom Illapna.

ITpuxoBami MapKiBCcbKi MogeJTi

[Tounemo 3 Bu3HAYECHHS BJIACTUBOCTEH MAPKIBCHKOTO IIPOIIECY,
MiCJIsT 90T0 PO3IVISHEMO XaPAKTEPUCTUKHU IIPUXOBAHUX MAapPKiBCHKUX
Mozesieii. B poborax PabGimepa [81] maBemeHo merambHWiT OIS
MapKiBCbKUX IPOIECIB Ta MIPUXOBAHUX MAapPKIBCBKUX MOjeseil Ta
Bij0OparkeHi OCHOBHI ITPOOJIEME ITPUXOBAHUX MapKiBCHKUX MOJIEJIEN.
Jani poboTHM € OCHOBOIOJIOXKHUME TpA [MOOYJIOBI ITPUXOBAHUX
MapKiBCHKUX MOZeJIell [iisi MPOTHO3YBaHHs (DIHAHCOBUX YACOBUX
pAdiB.

MapkiBchbKi MO1e/1i BUKOPUCTOBYIOTHCS JIJIsT 38J1a9 aHAJII3Y JTAHUX,
TaKWUX K PO3Ii3HABAHHS MOBH, JTOCJII?KEHHSI Bapialliii TeMIepaTypH,
610JIOTIYHAX YACOBUX PSAMIB Ta iH. Y MAPKIBCHKI MOJeIi KOXKHA
MIOCJI/TOBHICTh CIOCTEPEXKEHDb 3aJIEKUTD BiJl IMOMEPEIHIX €JIEMEHTIB Y
JaHii mocaigoBHOCTi. Posryisinemo cucteMy, B sIKiit 3a71aHO MHOKUHY
cranie S = {1,2,---,s}. Y KOXHHUI IUCKPETHUH MPOMIKOK Hacy
t, cucreMa 3JIIHCHIOE TIEpeXisi 3 OJHOrO CTaHy B iHIMMH, 3rinHo i3
3aJJaHIMU MUMOBIipHOCTsIME TiepexofiB. llo3naummo cram cucremMu B
MOMEHT 4acy T 9K Sg.

Y baraTpOx BHIIAJKAaX MIPOrHO3 HACTYIHOIO CTAHYy Ta 3B 's3aHa 3
HUM TIOCJTIJIOBHICTH CIIOCTEPEXKEHD 3aJIE?KUTh TLIBKH BiJ TENEPITITHHOTO
CTaHy, IIe O3HAYa€ Te, IO MMOBIPHOCTI IEPEXO/IiB MiXK CTaHAMH HE
3aJeXkKaTh BiJT yciel nmepemicTopil cucremu. Taknit mporiec HA3UBAETHCS
MapKiBCHKHUM IIPOIECOM TIEPIIOTO MOPSIKY.

BractuBocti Takmx mpomeciB  MOXKHA ONMUCATH HACTYIHAMA
piBHsHHAMA: 1) 0OMeKEHH TOPU30HT

P(Xt+1 = Sk|X1, e 7Xt) = P(Xt+1 = Sk|Xt) (31)
2) yacosa iHBapiaHTHICTH

OckibKM Tepexoan MiXK CTaHAMM IHBapiaHTHI y daci, MOXHA
3AIUCATH MATPUIO HMOBIpHOCTEH mTepexoiB A 3 eJleMeHTAMMU:

aij = P(XtJrl = Sj|Xt = Si) (33)

a;j € iMOBIpHOCTAMU, OTXKe: a;; > 0;
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N
Vi, j Z ai; =1 (3.4)
j=1

Takoxx HeobxigHO 3adiKCyBaTH WMOBIPDHICTH KOXKHOI'O CTaHy Ha
MOYATKY IEBHOTO YAaCOBOTO IHTEPBAJY Ta IMOYATKOBUNI POIIOILI
MOBipHOCTEI!:

T, = P(Xl = Sl) (35)

pu

N
Z 7= 1. (3.6)

Y aBHIfl MapKiBCBbKifl Mojesi cTanm, MiXK SKAME 3/IiHCHIOIOTHCS
mepexomu Ta GYHKINI fIMOBIpHOCTe!l € BiJOMHMH, TOMYy MOXKHA
PO3IJIAIaTH TOCI0BHICTh CTAHIB SIK BUXIiJIHI JTaHi.

Jlammiorn MapkoBa MOXKHA 3aCTOCYBaTH JIJIsI MOJETIOBAHHS PYXiB
IiHW AaKIIiif, BBIBIIM MHOXKWHY JIUCKPETHUX CTAHIB CUCTEMU JJIst
MOJIETIOBAHHSI 3MIiHM IIiHW MEeBHOTO By axkiiii. Jlammior Mapkosa
MOXKHA 300pas3uTu y BUIIAAl rpady nepexomaiB mixk cranamu. Cranu
B JraHimory MapkoBa MOXKHa 3B’si3aTu 31 3MIiHOIO IHHK: ‘3HAYHE
301bIeHHsT”, “HeBejMKe 301JIbINeHHs, “HE3MIHHICTB’, “HeBeIUKUi
crax’, “sHaTHUR cuar’.

MapkiBcbKa MOJE/b, KA OIUCAHA BUINE, € OOMEXKEHOK, TOMY
MH PO3IMUPIOEMO 11 JJIsT TOKPAITIEHHsST MOYKJIIBOCTENl B MIPUXOBAHY
MapkiBebKy Mozesb (maai [IMM). B IIMM uponec, sikuii renepye
TIOCJTiTOBHICTD, IO PO3MISAIAE€ThCs, € HeBimomuM. KimbkicTh crTanis,
MMOBIPHOCTI HEPEXO/IiB Ta MOYATKOBUIl CTaH TaKOXK HEBLJIOMI.

3aMicTh KBAHTYBAHHS KOXKHOI 3MIHU JI€TEPMIHOBAHOI'O BUXOLY
HAOOPOM JUCKPETHUX CTAHIB (TAKUX SIK BEJIMKE 3POCTAHHS , He3HATHU
CIIaJ1 TOWIO), KOXKHUI CTAH IPUXOBAHOI MAPKIBCHLKOT MOJIEJ 3B A3aHuil
3 iimoBipHicHOO dyHKI€0. B MoMenT yacy ¢, mOCTiqOBHICTE CTaHIB 04
reHepyeThcst iMoBipHicHOO dyHKILeo b;j(0), sika 3B’a13aHa 31 cTaHOM
J, Ta Ma€ TaKUil BUTJISL:

bj(or) = Plof| Xy = j). (3.7)

Posrisiremo npukiat mpuxoBaHOl MapKiBCHKOT MOJIEI, sIKA OIUCYE
JisIBHICTD iHBECTOpa 3 Mepe0adeHHs] 3MiH PUHKOBOI I[IHU, OCHOBAHY
Ha MHOXKWHI crpareriii imBectyBamus. Ilpumyctumo, mo icuye 5
cTpaTeriii iHBeCTyBaHHHA, KOXKHa 3 {KHUX JIA€ BiJIMIHHHUI ITPOTHO3
PUHKOBOI IIiHM HA& HACTYITHHI ):LeHb(BeJH/IKI/H?I CIIaJl, HEBEJUKUMN CIIa,
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6e3 3MiH, HeBeJUKe 30LIbIIEHHS, 3HaYHE 30LIbIneHHs). Bigomo, mo
IHBECTOP 3/IIICHIOE ITPOTHO3 KOXKEH JIEHb JIUIIE 3T IHO OJTHIET cTpaTerii.

dxum arHoM mipodecioHasT 3/IIHCHIOE TPOrHO3 — HeBioMo. Takox
HEBIJIOMO, S$IKOIO CTparerielo BiH OyJile KOPUCTYBaTHUCh KOXKHOI'O
HACTYITHOTO JTHS.

s BimmoBizni Ha mepIne 3anuTaHHS CTBOPUMO ITPUXOBAHY
MapKiBCbKY MOJIEJIb sIK MOJesb biHancoBoro ekcrepra. KoxkHa 3
I'aTH cTpaTeriit Bimmosimae nmpuxoBaHomy ctany B IIMM. Muoxxuna
3MiH 1iHM (BHUX CTaHiB) MiCTHTH yci cuMBoJM (KOIU) 3MiH IiHU, Ta
KO’KHA 3MiHa 3B’si3aHa 3 IIEBHUM CTAHOM. 31 CTpaTrerisiMu 3B si3aHi
pisHi posmomiau fiMoBipHOCTEH cuMBOJIB 3MiH Iinu. Koxkuwmit cram
3B’s3aHUl 3 IHIMMMU CTaHAMU 33 JOIMOMOTOI0 (bYHKIII HMOBIpHOCTEH
IepPexo/IiB.

Ha Bimminy Bijg MapKiBCBKUX JIAHITIOTIB, IIPUXOBaHA MAapKiBChKa
MOJeNIb Iepeadadae BUOIp TpeiiaepoM OKpeMol cTpareril Imicss
BUKODHUCTAHHSI B MUHYJIUI pa3 OJiHi€l 3 IHIMUX, TLIBKHA 3aJI€KHO Bif
WMOBIpHOCTI TTOC/TiIOBHOCTI criocTepeskenb. [1Iaax 10 yI0CKOHAIEHHST
edpexktuBnocti [IMM mossirae y Tomy, 1o BHOMpAETbCs HafKparia
MOCJIIOBHICTh CTpaTeriii Ha OCHOBI HAasIBHOI IIOCJIJIOBHOCTI CTaHIB.
Beoggun dbysrmil posnominy i#imosipHOcTeilt yist  cranis  [IMM,
301/IBIITYEMO MOXKJIMBOCTI MOJIEJI ¥ MPE3eHTA0EbHOCTI, TOPIBHSIHO 3
SIBHOIO MOJIEJLITIO, TIPH AKi#l 3B’a3Ku; “cTpareris-ctan” € (hiKCOBAHMMI.

Anropur™m resepariil OCIIOBHOCTI TPOrHO3HUX CTAHIB BKJIIOYAE
HACTYIIHI KPOKU:

1. Bubparu nogarkoBuii cran (mogarkoBy crpareriio) X, = i,
3riHO 3 MOYATKOBUM pO3MoijoM crauis I1.

2. Bagaru HOMEp NMPOMIXKKY dacy t = 1, 3 SIKOTO BiIpaxOBY€ThCs
MHOCJIIJOBHICTH CTaHiB.

3. OTpumMaTy IPOTrHO3, 3riIHO 31 CTPATEri€I0 JAHOTO CTaHY %, TOOTO
b;;j (o). TakuM IMHOM, MH Ma€MO IIPOIHO3 IJIS KOXKHOIO HACTYIIHOIO
JTHS.

4. 3aificanTy nepexijg g0 HOBOro crany Xiyi, 3UiTHO PO3LOILILY
WMOBIpHOCTEN TIEPEXOJIIB MiK CTAHAMH.

5. Sagaru gac t =t + 1 Ta nepeiitu 10 Kpoky 3, sikimo &t < T,
iHaKIIle 3aBepIIATH PODOTY.

OueBwjiHO, IO ICHY€ peajibHA BIAMOBIAHICTL MiXK aHaJI30M
nociigoBrocreil jgarux Ta IIMM. OcobsmpBo y BUIIQJKY aHATI3Y
GbiHAHCOBUX YACOBUX PSIIiB Ta MMPOrHO3YBAHHS, KOJIU JaHI MOXKYTh
OyTu majieki BiJi TeHepOBAHWX I[IEBHUM CTOXACTUYHUAM IIPOIECOM,
AKUH HeBimoMmuit my6urini. AHAJIOIYHO BUINE3a3HAYEHOMY IIPUKJIALY,
JKINO KIJbKICTHh cTparteriii mpodecionana Ta X CyTb HeBioMi,
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MOXKHA B3STH YsIBHOI'O IpO(eCciOHaJIbHOrO iHBeCTOpa 1 BBaXKaTu
OTr0 30BHINIHBOIO CHJIOIO, fKa pyXae IiHy Bropy um BHEH3. 1IMM
Mag€ OLIbIn MUPOKI MOYXKJIMBOCTI, HiXK 3BW4aiiHi Jjanmiorn Mapkosa.
NmosiprocTi mepexonis, fk 1 GyHKIil posmomiay iiMosipHOCTEl
TIOSIBU  TIOCJTiIOBHOCTI CTaHiB, YTOUHIOIOTHCA B TPOIECi ‘HaBIAHHS
AJICOPUTMY.

Kpim cxoxkocri BractuBocteit IIMM Ta manmx €acoBOTO psiay,
asroputM Makcenmizamnil npasgonoaiGaocti (MIT) npencrasmsie coboro
KJaac eQeKTUBHUX MeTOJiB “HaBYaHHs Mojeyi. Marodun 3Ha4YHI
o0’eMu JTaHWX, sIKi € PEe3YJbTATOM JIeSIKOTO IIPUXOBAHOI'O IIPOIIECY,
moxkua crBoputu 1IMM, a anroputm MII nae MoxkauBicTh orinuTu
mapaMeTpu MOJIes, M0 HafKpalle BiIIOBIIAI0Th BiJIOMUM JAHUM
TOPTIBJIi.

Saragpanit miaxix [IMM BrIO9a€ TEXHOJIOTIIO HEKEPOBAHOIO
HaBYAHHS, sKa JIO3BOJIAE 3HANTH HOBI  XapakTepHi pucu
JIOCJTIJIZKYBAHOTO TIpoIiecy. AJITOpUTM HaBYAHHS 3JATHUN TpHMATH
BXi/THI TIOC/TITOBHOCTI pi3HOI JOBXKWHHU, 0€3 HEeOOXiTHOCTI 3BOAUTHU
HaBYaHHA [0 ‘“mab/ioHy”. YIOCKOHaJjleHWii aBTopaMu  poboTH
[80] amropurm MII jae Mmoxkimsicts 36inbmuTu “Bary”  Glibn
CBLKUX JAHWX NTPW HABYAHHI, & TAKOXK BIIKPUBAETHCS MOKJIUBICTH
HAJIAIIITOBYBATH OAJAHC MiXK BUMOTAMM JI0 IyTJIUBOCTI TA TOTHOCTI.

IIMM  3acrocoByloTbCA Il dYac PO3MI3HAHHA MOBH, ¥
Gioimdopmarurii Ta aHagi3l pI3HUX YACOBUX PsAJIB, TaKuUX sK
JaHi moroau, gedeKTH HamiBmpoBimHmkiB Ta in. Baitremm Ta Illn
Brepiie 3actocyBaiaun [IMM B anamizi ¢piHaHCOBUX YACOBUX PSIIIiB.

Moxknua Bumiintu Tpu dyHmameHTagpbHuX 3agadi [IMM, saxi e
BaKJINBUMU I IPUXOBAHUX MapPKIBCHKUX MO/IEJIEN:

1. Jns Binomoi momeni p = (A, B,II), Ta moc/aigoBHOCTI siBHUX
cranis O = (01, ..., o), 06GUUCIUTH HMOBIPHICTH IEBHOT HOCJIIOBHOCTI
aBHEX cTaHiB Mozmesi. To6To obuucnuru iimosipaicts P(0;).

2. Jna Bimomol Momeni Ta mocaigoBHOCTI gBHEUX cTaHiB O,
BU3HAYEHHsI IIPUXOBAHOI mocjigoBHocri cranis  (1,-+- [ N), mo
Hafikparre “nosicHioe” JaHy MOCIIJOBHICTD SBHUX CTAHIB.

3. Hust Bigomol mocmimoBaocTi O Ta TPOCTOPY MOXKJIUBUX
MOJIe/iell BUBHAYUTH TapaMeTPU Ta 3HANTH MOJE/b, siKa MAaKCUMI3ye
fimoBipuicTs P(O;).

[Tepma 3amaya MOXKe BUKOPUCTOBYBATHCH JIJIsl BUSHAYEHHS, STKi 3
“HaBueHnX’ MoJjiesieil HaUOLIbIN aJIeKBATHO OMUCYIOTH IMTOCJIII0OBHICTH
JBHUX CTAHIB, $Ka& CIOCTEPIra€ThbCst. ¥ BHOAAKY (DiHAHCOBUX
q9acoBUX PAOiB i Bigomol icTopil 3miH mirm  abo iHgekcy,
dKa MOJIeJIb HafKpalle TIOsSICHIOE JaHy ictopifo. /[lpyra 3amada
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[OJIITA€ B 3HAXOJKEHHI IPUXOBAHOIO ILIAXY. 3BEPHYBIIUCH JI0
BUITICHABEJIEHOTO TMPUKJIAJAY 31 CTparerisgmMu, 3ajada IOJ[rae y
BU3HAYEHHI TOCTIJOBHOCTI CTpaTeriif, sKi IOJEHHO BUKOPUCTOBYE
inBecTop-ipocbecionas. Tpers 3amada € HAHOLIBIN IIKABOIO, TaK K
CTOCYy€ThbCs “HaBYaHHs Mojeai. B amamiszi peanbHux ¢dinamcoBux
YaCOBUX PsIJIB, PO3IVIAJAETHCA HAaBYAHHSI MOJEJi Ha OCHOBI icTOpil
Munyaux pyxiB rixu. Tigpkm micas “HaBYaHHg’ MH  MOXKEMO
BUKOPHUCTOBYBATU MOJEJb I TOIAJIBIIOr0 TPOTHO3YBAHHSI.
B zaranbuomy Burusii IIMM e koprex (S, K,I1, A, B), ze:

1. § = {1, ... , N} — muoxuna cranis. CTan cUCTEMH B MOMEHT
gacy t II03HaAYUMO S;.
2. K ={ky,...,ky} — Buxinauit andasir. Y BUIAIKy JUCKPETHUX

crauiB, M € KUIBbKICTIO JWCKPETHUX CTaHIB. Y BHINE3TraIaHOMY
npukaagl M nopiBHIOE KiTBKOCTI MOXKJIMBUX 3MiH IIHU.

3. IlouarkoBuit posnozii cranis = {m; }, ne ¢ € S, m; BU3HAYAETHCA
AK

m = P(sy = i). (3.8)

4. Posnogin iimoBipHocTeit mepexoiB Mixk cramamu A =

{aij};i,5 € 8.
aij = P(stalse);1 < i35 < N (3.9)

5. Posmonin #imosiprocreit asuux cramis B = b;(o;). ®yukuis
AMOBIPHOCTI /7T KO2KHOTO CTAaHy 38/IA€ThC HACTYIHUM IHHOM:

bj(or) = P(ot|st = j) (3.10)

Ilicna dopmadsizarnii 3agadi y surasai [IMM Tta mpumyrienss,
0 MOJIEJIbOBaHI J1aHi, 3reHepoBaHi 3a jsomnomoro ITMM, HeobOximgHO
obuncInTH IMOBIPHOCTI TOC/IIIOBHOCTEH CTaHIB CUCTEMH Ta MOYKJIUBY
[TOCJTIOBHICTh MPUXOBAHUX CTaHIB. TaK0XK MPOBOIUTHCH “HABUYAHHS
mapaMerpiB  Mozeni, ske 0a3ylOTbCAd HA BIIOMHX JAaHAX Ta
OTPUMYEMThCA OIIBIT TOUYHA MOAETb. Jasi “HaBueny” Moae/ b MOXKHA
BUKODUCTOBYBATH [UJIsl IlependadeHHs] HOBHX JaHUX. Ajropurm
CUMYJISIIT TPUXOBAHOI MAPKiBCHKOI MOJIENI BKJIIOUAE HACTYITHI KPOKU:

Bubepemo mouaTkoBuii craH r1 10 PO3MOMILLY 7.

ot yeix ¢ Bim 1 mo T
a) BubGepemo criocrepexxysany d; 3a PO3IIOJIIOM

bj(k) = p(vg |z;).

6) Bubepemo HacTymHUI CTAH 33 PO3MOILIOM
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aij = P(Q+1 = x5 g = ;).
Ajropur™m 3HAXOJPKEHH UMOBipHOCT1 ITOCJTIIOBHOCTI
CIIOCTEPEXKEHD Y JIaHI MOJIesi:
1. Tnimjamizamis: aq(4) = m;b;(dy).
n

i=1
3. Ilicna T irepariit mizpaxyeMo mIpuxoBany HMOBIpHICTB:

2. Kpow iyt a1 (1) = | 5 (a0

n
p(DIA) = ar(i).
i=1
AJropuT™M 3HaXOIXKEHHSI HAOLIbII HMOBIPHHX IOC/IiIOBHOCTEIH
CTaHiB:
1. Tuimjamizamnis: 61 (i) = m;b;(dy), ¥1(3) = {}.
2. Kpoxk inyKirii:

61(7) = max [0—1()aiz] bj(dr),

1<i<n

i(j) = arg max [0;—1(4)ai;] -
1<i<n

3. Ilica T ireparii BuzHaYNTH:

p* = max or(i), ¢p =argmaxor(i).
1<i<n 1<i<n

4. BuznaunTu nmocmiaoBHicTs: ¢f = Yyy1(qi ).

PosrnsguyTuit  itepamifiuuii  aaropuTm  JI03BOJISIE  YTOYHUTH
mapaMeTpu MOJIEJ Ta MOC/IIOBHICTh MPUXOBAHUX CTAHIB JIJIsl JIAHOTO
HaOOPY CIIOCTEPEIKEHD.

Y jmamoMy MiApO3Miji TEOPETUYHO ONUCYEThCA 3arajbHa (hopMma
IIMM, Ta watepiag iTIOCTPyeTbCS 3a JOMOMOIOI0 TPUKJIAJIIB.
PopmMmamizyeTbcss MapKIBCbKa BJIACTUBICTb, SKa € OCHOBOIO JaHUX
mogpeseit. Jlasm po3riisiiaioThCst TPU OCHOBHI 3a1a4i, 38’ s13ami 3 ITIMM.
Posrnsgayra 3arajgpHa CTPpYKTypa MOeJi Ta BBEIEHI PO3MIUPEHHS
JaHol 6a30BO1 MOJIesIi, ONMMCAHI TEXHOJIOTI] PO3B’sA3aHHSI ITOCTABIEHUX
zagad. Jlas  opramizamil  “HaBuaHHsA” CHCTEMH  IepeadadeHHsI
BUKOPHUCTOBYIOThCsI ajiropurmu Bitepbi Ta Baym-Besraa.

IIMM ngis anasizy piHaHCOBUX YAaCOBUX PsIiB

[Ipoananizyemo momepemHiit MOCBiI 3acTOCYBaHHS MTPUXOBAHUX
MAapKiBCHKUX  MOJeJieil [Jisi [POrHO3YBAHHSA  JaCOBUX  DSJIB.
Ilepmmoro cmpoboio 3actocyBatu I[IMM it mporHo3yBaHHsS B
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dinancax suificamim pueni A. Baiirennq ta III. IHn [83]. Humn
Oysia  3aIpOIOHOBAaHA MOJE/b E€KCIIEPTIB  JJIsi  [IPOTHO3YBAHHSI
gunamiky igekcy S&P 500. ITix excnepramu, ski Oy 3aKomoBaHi
muckperauMu  cragamu [IMM wmaguch, ©Ha yBasi Tpu HeHpPOHHHX
Mepexi 3 pisuuMmu HajamTyBaHHaMH. lleprma Heilipomepexka Oyiia
HaJIAIITOBAaHA Ha IIPOrHO3YBAaHHS JIAHIX 3 HEBEJIMKOIO BOJIATUJIBHICTIO,
apyra Oyjia HaBYeHa Ha BUCOKOBOJIATUJIBHAX JIAHUX, & TPEeTs
Bimmosimana 3a “Bukumgn’. I1ix “Bukmmamu’ MaeThca Ha yBa3i JacTUHA
JaHuX, dKi He YBIANLIA 70 JBOX BUINE3a3HAYEHUX I'PYIL.

[Tix wac mporuo3yBaHHS CTBOPIOBABCS TOPTOBUL Iy, AKUAU SIBJISIB
co00I0 CepeIoBUINE 3 OOMEXKEHUMH y dYaci JaHuMH PO JAUHAMIKY
uinu. JlaHuil 1y OHOBIIIOBABCS 3a JIOTIOMOIOIO JIOJABAHHS CBIXKHX
JAHUX IIPO IiHY Ta BUJIydYeHHs 3 IIysy crapux. Mozneni B qanomy mysti
IPOXOJM/IN “HABYAHHS 3 IJLIIO T€HEpAIlil IIPOrHO3y HA HACTYIHUN
ToproBuii gennp. HaBuanns ekcrepra, ocuoBanoro Ha [IMM saBisio
00010 KOPUT'YBaHHSI 3HAYEHb MATPUIl HMOBIpHOCTEH HepexoiB A.

Mogens Baiirenma ta Illu mae mactymui nemostiku. Ilo-meprme, B
TOPrOBOMY IIyJli 3HAYEHHS KOXKHOrO (DparMeHTy Oyyid OIHAKOBHMH,
[0 TpUA BeJIMKIi KUJIBKOCTI JAaHUX NPU3BOAUTH JO pobjeMu
nepeHaByanusi. s Bupimenas 1€l 1pobjieMu  3apOIIOHOBAHO
€KCIIOHEHITIAJIbHO 3Bakenmit ajqroputrm MII, y sxomy s cBixkux
JAHUX HAMAEThCA OibIa 3HAUyIIicTh. HacTymmoo mpobeMoro €
Te, MO Tpu “HABYAHHI' 7T TPHbOX MOjeefl BUKOPUCTOBYETHCS
OJTHAKOBUI aJITOPUTM OITIHIOBaHHS KOeMiIi€HTIB, HE BpPaXOBYIOYN
crrerupivgHl  MOXKJIMBOCTI KOXKHOIO BHIY Mojeai. HapiTh sKImo
riracudikyBaTn (pparMeHTH JaHUX 38 MOKA3HUKOM BOJIATHUIBHOCTI,
TO TaKUil TOmi Oyae CyO’€KTHBHUM, a PpAaAW 3 TPOMIKHUMHI
3HAYEHHSIMU BOJIATWILHOCTI He ODOB’SI3KOBO JI€MOHCTDPYBATUMYTh
onHakoBi Biactusocti. B pobori [80] HaBomsATHCS MOEl 3 cyMmimaMu
PO3MOJIIB, B SKUX HAJAIITOBYIOTHCSI OKPEMi IapaMeTpu KOXKHOTO
KOMITOHEHTY CyMIIITi.

YV monepennix migpo3misiax GOpMysIH ISt aIalTallil mapaMeTpiB
Mozemi Oy BUKJIAJEH] [JIs BHUIAJAKY [IUCKPETHOI ITOCJIiIOBHOCTI
crocrepexkedb. Ajie 3MiHM IiHH He € JUCKPETHUME 3HAYEHHSIMHU,
nporeaypa KBanTudiKalil HellepepBHUX 3HAYEeHb JTUCKPETH30BaAaHUMUI
CcTaHaM{ MPU3BOJIUTH 10 BrTparu iHMopmarii. ToMy IpOIOHYETHCs
BUKOPHUCTOBYBaTH cywmimm GyHKIH posmogity layca sk momens
HETIePEPBHUX CIIOCTEPEZKEHD.

Y Bumagky uHenepepsHOi dyHKIil posmomiay IIMM, dynrkmia
b;(0t) € HelepepBHOO (QYHKIE PO3HOALLY ab0 CyMIIl HellepepBHUX
GbyHKIIH pO3MOILTY:
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) =D wibj (01),5 = 1,..., N, (3.11)

ne M — kisbKicTh cyMminei Ta w € Bara KoxkHOI cyMimii. Baru cymimeit
MalOTh HACTYITHI OOMEKEHHSI:

Swi=1j=1,... Njwj >0;j=1,...,Nsk=1,..., M.

(3.12)

Koxna dynkist bj;(0¢) € D-BumipHOIO jlorapudMidHO BBIrHYTOIO

dynxiielo posmominy 3 cepegHiM BEKTOPOM [iji Ta MATPHIEIO
KoBapiarii Mj:

bjk(or) = N (ox, jks Xijk)- (3.13)
OcHoBHa 3aj1a4a “HABYaHHS — BUZHAUEHHS IAPAMETPIB CKJIAI0BAX
dyukiit po3nomiay iimosipHocTi. Take D-BuMipHe HaBYaHHS BUMArae
BUOOPY HAHOLIBINT KOPETHOBAHUX HYACOBUX PSIIB Y AKOCTI BXITHUX
nannx. Hampuwkmiam, s mporHodyBaHHs IiHu Ha axiil IBM, e
CEeHC BKJIIOYUTH y BXigui mani 1inum akniit Microsoft Ta immwmx
BUCOKOTEXHOJIOTIIHUX KOMITAHI.
3Buyaiina dyukiis posnoiny 'ayca Mae HACTYITHUN BUIJISLT:

1 (& —p)*
bik(0r) = N(og, ik, 2ik) = exp| ———1, 3.14
Jk( t) ( ts Hjks Jk) \/ﬂa p< 202 ( )
ne oy — nificae umcso. BararoBumipua dyukiig posmomity Tayca
BAITUIIETHCS TaK:

bjk(0r) = N (o, pjk, Ejk) =
1 -1
= —7D . 1€ Xp( — Hjk) X Ot_M‘k)
(277)7|Ejk‘2 ( J ) Jk ( J ) ’

Je 04 — BEKTOD SIBHHUX 3HAYEHDb IIPOTHO30BAHOrO psijty. IIpomonyeTbes
vopudikaiis  anropurmy — Bayma-Besua  [80] g Bumagxy
6araTOBUMIpPHUX YACOBUX PS/IiB 3 JNUCHUME 3HAUECHHIME. BBOIATHCS
HACTYIIHI JIOTIOMIiKHI 3MiHHI:

(3.15)

Sg
T
NE
>
3
M:

i(t — 1)a;Wimbim (05) B; (t). (3.16)
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Hayi  HeoOXximHa  3MiHHA  JJI  IIO3HAYEHHsST  HIMOBipHOCTI
3HAXO/KEHHST y CTaHi j B MOMeHT d4acy ¢ 3 k-M KOMIIOHEHTOM
CyMiri, sTKa TIOSICHIOE JaHWi HabIp CIIOCTEPEXKEHb 0!

v k() = o ()8 () wieN(os, ik, k)
TSN a8 Sl winN (00 ks o)

3 HOBHMH JOMOMIXKHUMH 3MIHHAME 3aIlAIIeMO MOAU(IKOBaHI
dopMysI yTOUHEHHS TTapaMeTPiB:

S m W

(3.17)

im = (3.18)
Y1 Oim (1)
s Bim (1) (0 — i) (00 — i)
Uim - Zle (5lm (t)) (319)
. = St Oim () 01 5,90
B ST AN (320)
o i i (1) ai (1) aigb (001) Bi (t+1) (3.21)

iy i (1) i (1)

B nmamomy posmini  pozgragmyro IIMM, ajganToBamy —Jursd
IPOTHO3YBaHH:A  (DIHAHCOBMX  9YaCOBHX  DsAIiB, 30KpeMa  JiJIst
ingexcy S&P  500. Posrgnyri nwmramHs 1npo Bubip byHKIHT
MIIJIBHOCTI PO3IOJILTY TPUPOCTIB JOCTIIZKYBAHOI BEJIMYNHU, ITPABHUJIO
KOPUTYBaHHs TapaMeTpiB MOjesi, sdKe 0a3yeThCs Ha MaKCUMizarril
npasgonomionocti. Koxkern cram [IMM 3B'g3anmit 3 cymimiimo
dyskmiit posmnominy layca 3 pisammum mapamerpamwu, siki HalOTh
KOXKHOMY CTaHy pi3Hi mporHosui mepesaru. Jleski cramm OLIbII
9yTAUBI 0 HU3BKOBOJATUILHUX JAHUX, IHIIN OIiIbII TOYHI Ha
BUCOKOBOJIATMJILHUX MPOMiXKKax dYacy. MojepHizoBaHU#l aJaroputm
MII npuginsie 6inbiie yBaru csixkum gaHuM. [Himeke Dow  Jones
BKJIIOYCHUII B €KCIEPUMEHTU $K JOIMOMIXKHUN IHIWKATOD JJIst
BU3HAYEHHsT BOJATUIHLHOCTI psiay S&P 500.

3BakeHuii aJITOPUTM MaKCHUMi3allil MpaBaOMOai0OHOCTI A5
ITMM

Posrisinemo  Giibinn  jrerasibHO  Tpagummiiiamit  ajaroputm MIT 3
TOYKHU 30py KOHCTPYIOBaHHs (PyHKIMI iMoBipHOCTI Ta (Q-dyHKIHT. Y
[IOTIePEIHIX POOOTAaX HEe MPUIISETHCS JIOCTATHBOI YBALU BUIAJKY
3aTyXaHHd 3HAYeHHs @pParMeHTy JaHux 3 dYacoMm. llpwmitasaro,
[0 KOXKeH parMeHT [aHUX y IIOCJIJIOBHOCTI HABYAaHHA Mae
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OJTHAKOBY BayKJIUBICTh Ta OCTATOYHE OIlHIOBAHHS 0a3yeThcs Ha
MIPUIYTIeHH] I1i€] PiBHOI BayKJIMBOCTi, He 3BEPTAIOYH yBary, HACKIJIbKI
BeJiMKa BUOIpKa JAHWX [IJIsi HABYAHHHA Ta IPOMIXKOK dYacy, sIKUi
onuCyIoTh gami. Takwmit maxiam € eQpeKTUBHUM T[PU HEBEJTUKUX
dparmenTax HaBYaHHS Ta HEUYTJIMBOCTI, ab0 PO3MIpHICTHL Wacy He
e BaxkymmBor. Tpajwuiiiiai momesri IIMM, ocHoBaHi Ha MakcuMizariil
IPaBIONOMIOHOCT], IMOKA3YIOTh BHUCOKI pe3yjabratd B 00poOIli Ta
pO3Mi3HaBaHHI MOBH Ta Bifl€o, Jie TOCIIOBHICTE (DpPArMEHTIB JaHUX
HE MA€ BEJUKOIO 3HAYEHHS.

Ajte dinaHCOBI 4acoBi psiiu BiAPI3HAIOTHCS BiJl BUIIE3raIaHUX
CHUTHAJIIB CBOIMU YHIKAJILHUMHE XapakTepuctukamu. HeobximnHo 6itbIie
3BEpHYTH yBary Ha HOBI JlaHi, 3ajIMIIal0Yud y BUOIPII HaBYaHHS 1
crapi, Bimmajeni y daci dparmeHTn, aje BHKOPUCTOBYKOUM 1X 3i
3MEHIIIEHOIO JOBIPOIO. YCBIIOMJIIOIOYH, IO 3MiHa BarKJIUBOCTI JTaHAX
3 YacOM Ta MOTHBOBaHA IMM KOHIIEIIlisI €KCIIOHEHIIITHOIO KOB3HOI'O
cepenuporo (nami EKC) dbinancopux wacoBux psizis, B podori [80]
MIPOIIOHYEThCST MOJIEPHI3AIliS €KCIOHEHIIITHO 3BaYKEHOT'0 AJITOPUTMY
MII. Ilokazano, 1mo ocraTovHe mNepeBu3HadeHHsT napamerpis [TMM
Ta QYHKINH po3momiay Moxe OyTm BupaxkeHe y opmi KOMOiHAI]
ekcrioneHnifinux kop3uux cepeanix (EKC) g 3sminamx, mo
MicTATh TpoMixKHI craun. s 3HAXOKEHHsT KPAaIoro OaJaHcy
MiK KOPOTKOYACHUMU Ta JIOBIOTPUBAJIUMH TPEHIAMH, aBTOPAMU
[80] mpononyerbest mozBiiiHo 3BakeHuit anmropurm MII, sxuii mae
BJIACTUBOCTI HAJIAINITOBYBATH UyTJUBICTH 3a JOINOMOIOI BKJIIOUEHHSI
incdopmMariii Tpo BOJATHUIBLHICTD.

HoBeneno 30iKHICTH EKCIHOHEHIHAJILHO 3BaXKEHOT'O AJITOPUTMY
MIT 3a mgomoMororm 3BarkeHOl Bepcil TeopeMu PO MAaKCHUMIi3alliio
[IpaBIOMOAIOHOCTI.

Hexait dbynkuis posnominy iimosipuocri p(X|0), gxa nokasye
iimoBipHicTs  nmocsigoBHOCTi  cnocrepexkens X = {x1,--- ,xN}
Jyist jjaHoro mapamerpy ©. B mMomesni mpuxoBaHWX MapKiBCHKHX
raycoux cymimefi (mani IIMI'C) © Bkrouae MHOXKWHY CEPEJIHIX Ta
KoBapialliii raycoBux cyMineil, 3B’s13aHUX 3 KOXKHUM CTaHOM, Pa30M
3 MaTpUIE0 WMOBIDHOCTE mepexoy Ta BaroBUMU KoedilieHTaMu
KOXKHOT'O KOMIIOHEHTY CYMIIITi.

BBazkaroun, 1o gaHi € He3aJEKHUMH Ta  PIBHOMIPHO
PO3IIOJIVIEHNMHU 33 3aKOHOM P, MMOBIPHICTBH CIIOCTEpIraTd BCIO
TIOCJTiJTOBHICTD JIAHUX OOUUCIIIOETHCS HACTYITHUM YHHOM:

N
P(X|0) = [ pw:l2) = L(QIX) (3.22)

i=1
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Oyukiis L HasuBaeTbcs (QYHKINE NPABIONOIIOHOCTI  Jijist
mapaMerpiB npu 3ajanomy Habopi ganux. Iime amaropmrmy MIT
MOJIATaE B 3HAXOIPKEHHI BEKTOPY mapameTpis OF axwmii Bimnosimae
MaKCUMAaJbHOMY 3HAYEHHIO L:

Qx = argmng(mX). (3.23)

Hami ayropurm MII 3HaxXoauTh MaTeMaTUYHE CIIOIBAHHS JIJIsi
sorapudmivnol dyukiil npasmonogiobuocri log p(X; Y|O) BigaocHo
HEBIIOMUX 3HaYeHb Y Mj1d JaHol SBHOI JYacTWHH X Ta IMapaMeTpiB
OCTaHHBOI OIIHKH. BubepeMo Q-pyHKINIO B SKOCTI IIO3HAYEHHS JIJIst
IIHOTO OYiKYyBaHHS:

Q(0,0071) = E[logp (X,Y]0) |X,00-1] =
= [ logp(X,y|©) f (y|X,00V) dy. (3.24)
yey

ne ©0~1 ¢ oniukn 3 MumysToi iTepanii amropurmy MII. Basyouncs
ma ©0~1) mamaraemoch 3HaiiTe HOBI omiEkE O, sKi ONTHMIZYIOTH
GYHKIHIO (. Y € IPOCTip MOXKJIMBUX 3HAYEHB JjIsl 3MIHHOI ¥.

[Ipu obumcienni QyHKINT ) BBAXKAETHCsI, IO KOXKEH (hparMeHT
JAHUX Ma€ PiBHY BaKJIMBICTh TPU OIHIN HOBUX mnapamerpin. lleit
MOMEHT € BaXKJIMBUM y 3aJ[a9aX PO3IMi3HABAHHS MOBHU Ta Bi3yaJbHUX
curHaJtiB, aje IiHAHCOBI YacOBI pAaM MAaOTh XapPAKTEPUCTUKH,
JUIst  SIKHUX [apamMeTp dYacy CTa€ JIy»Ke BaXKJUBUM. 3 IIHHOM
qacy, BUPaXKeHICTh cTapux (parMeHTiB 3aTyxae, 3 SBJIAIOTHCI HOBI
pHUCH YacoBOTO PsIy. ZIKIMO JIOKAJbHA IOCTIIOBHICTD JIAHUX, STKA
BUKOPHUCTOBYEThCA Yy “HABYaHHI” € JIOCTATHBO BEJINKOIO, HOBI pucHu abo
TPEH[IH, [0 BUHUKAIOTb, HEMUHYY€e BTPATATH CBOIO TiTKICTbh.

Tomy Heobximao crBOpuTH HOBmit amroput™m MII, saxwit Hamae
OisbIlle BaKJIUBOCTI it OLIBIN  CBIXKKX JaHUX Yy MpOmemypi
“mapuanng’. nsg poss’asambs 1iel 3amadi, HEOOXiTHO MO-Tiepiie
neperpoputu  @Q-pyHkio. Haragyemo, mo @Q-¢yHKIisi € Miporo
“npaBonoaibHoCTi” TOBHOrO HAOOPY [aHWX BIJIHOCHO ITPUXOBAHUX
JaHux Y [JjIs JaHOI IIOCJIIOBHOCTI SBHKX cTaHiB X Ta OIIHKH OCTAHHIX
mapamerpiB ©. IIpomoHyeThcss BKIIOUUTH YACOBO-3aJI€XKHI BArosi
koedirienTn 1), ouikyiounm BimobpasuTu iHGOPMAIiI0 PO YACOBUI
rapamMerp.

Hosa ¢dopma dyukuil npasmgomnomibnocri Q* MaruMe HACTYIIHMM
BUIJISIT;:
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Q* (©,007Y) = E[lognp (X,Y|0)|X,00 1] =
= [ lognp(X,y|©) f (y|X,00 1) dy. (3.25)
yeY

Amnagoriuno dopmymam  (3.18)-(3.21) BuBomATHCH iTepariiiini
bopMyIn yTOTHEHHS ITapaMeTPiB MO P 3BayKEHOMY BpaxyBaHHI
dparMeHTiB JaHUX.



Poznain 4

MeToanka IporHo3yBaHHsI
Ha OCHOBI CKJIQJTHUX
JaHIorie MapkoBa

4.1 TexHoJIOTisga MPOTHO3yBaHHs HA OCHOBI
CKJIQTHUX JIaHIIoriB MapkoBa

Posrsgrmemo  momarTa  smammioriB Mapkosa.  IIpumyctumo
iCHye IOCJIJIOBHICTh JMCKPETHUX CTaHIB IIEBHOI CUCTEMU. 3 IIi€l
TIOCJTiTOBHOCTI MOXKHA BU3HAYUTH HMOBIPHOCTI I€pexXojly 3 OJHOTO
crany B immmwmit. [Ipoctum sanmorom MapkoBa € BUNIaIKOBUIl IpoIiec,
B fAKOMY MMOBIDHOCTI HACTYIIHOTO CTaHy 3ajeKaTb TIIbKH Bif
MIOMIEPEIHROI0 CTaHy Ta HE 3ajexkaTh Bix ycix immmx craxis. Ha
Bi/IMiHY Bifi TIPOCTOTO, CKJIJIHUM JaHIorom MapkoBa Ha3WBaIOTh
BUIAJKOBUI TIPOIEC, B SIKOMY WMOBIPDHOCTI HACTYIIHOTO CTaHYy
3ajieKaTh He TLIBKHU BiJl HasBHOTO, & BiJl MOC/IiIOBHOCTI JEKIJIBKOX
nomepenHix craxis  (nepeaicropil) [85, 86]. Kimbkicts craHiB B
repeicTopil Ha3MBAETHCST MOPSIKOM JaHIiora Mapkosa.

Teopia mpoctux mammiorisB MapkoBa INMHPOKO BHKJIAJICHA B
miteparypi, Hanpukaa B [85,86], mo crocyerbes aanmoris Mapkosa
BUIIUX IIOPSJKIB, TO B JiTepaTypi JaHNNl TepMiH BHKOPUCTOBYETHCS
pinko. Hampumkmnam, B crarri [87] aBTOp BHKOPHUCTOBYE TepMiH
“mammorn MapkoBa” JjIsI TIPOIECIB 3 MaM aTTIO 00’€MOM JIEeKLIbKa
[onepeHix 3uadeHb. Y poborax [88,89] HpOIOHYeThCS BUKOPUCTAHHS
KJacy TmepiogmaHux JaHmiriB MapkoBa s TOOYIOBH ITPOTHO3IB
YaCOBUX PSAJIIB TEXHIYHUX CHCTEM.
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Jlanmor MapkoBa MOpPSIIKY BHWINE IEPIIOr0 MOXKHA 3BECTH JI0
pocToro JiaHiora MapkoBa 3a JOIMOMOIO0 y3araJibHEHHST [TOHSITTSI
crany: “HagBHuii cran’, gk pszg  nocaigoBHux cradis  [40]. B
BOMY BHUIAJKY alapaT MpocTuX JaHioris MapkoBa Mmoxke OyTu
3aCTOCOBAaHMUM J0 CKJIAIHUX.

[IpumycTrmo, 110 nporec, JUHAMIYHAN PsAJT AKOTO JOCIIZKYEThCH,
ITOPOJPKEHUI TIEBHOIO MO/IEJIIIO JIETEPMiHOBAHOI'O XaoCy, IO O3HAYa€
iCHYBaHHSI TPUYMHHO-HACIIKOBOI 3aJIE2KHOCTI HACTYITHUX CTAHIB Bif
nepemicTopii. s TOYHOrO OIIHIOBaHHS HMOBIpHOCTEN HACTYITHOTO
CTaHy, HEOOXiIHO BpaxyBaTW KOXKEH 3 MOMEePeaHiX, OIliHUBIIN
iMOBIpHOCTI TIepexoiB npu Janiit nepesicropii. OcCKigbKH 3HAHHS
PO TIPUIMHHO-HACIIKOBY 3a/I€2KHICTH 0OMEXKEeHA TAHOIO peasTi3allieio
psiy, TO WMOBIPHOCTI MOXKYTh OyTH OIlHEHI TUIBKH HAOIMAKEHO.
OcHoBHA 3a/lada CyYacCHUX METOJIB MPOTHO3YBAHHS MAaKCHMAJbHO
BHKOPHUCTATH 1HMOPMAIIO 3 BiIOMOro BiIpi3Ky psiiy ajs moOy10Bu
MOJIENIi psly Ta BUKOPHUCTATU TOOYOBAHY MOJIEb, BHOKPEMUBIIA 3
MOXKJIUBHUX CIIEHAPIIB MPOIOBXKEHHS PsIly HAMOLIBIIT HMOBIpHI.

Pan Buxinuux 3Ha4YeHb, IPU3HAYEHUN JJIs [IPOrHO3yBaHHS,
HEOOXiIHO IepeBecTH B Psij JUCKPETHUX HOMEpiB craHiB. HeobximHo
3adikcyBaTH KiJIbKICTh CTaHIB § JUCKPETHOro JjaHiora Mapkosa,
KOXKEH 3 sKHX 3B’s3ye€MO 3 a0COJIOTHOI ab0 BiJHOCHOIO 3MiHOIO
BEJIMYMHYU BUXIJHOIO CHTHAJy 3a IeBHWIT [poMixkok dYacy Af.
Haiinpocrinmim npukianom moxke 6yTu 2 cranu: 3poctanHs (crad 1)
Ta cnasanHst (cTaH 2). B 3araspHOMY BUIIQJKY BCl MOXKJIMBI IIPUPOCTH
BUXJIHOTO psijty HeoOxXixHO KiaacudikysaTu Ha s Kiacis [90]. Crocobn
pO30UTTs OYIyTh PO3IVISHYTI Y HACTYIHUX IIiIPO3AL/Iax gaHol poboTH.

Hani 37ificHIOETbCST TPOTHO3YBAHHA PSJIy  JUCKPETU30BAHUX
crauiB. [Ipu 3amanomy mopsiaky Janmiora MapkoBa Ta OCTaAHHBOMY
y3araJbHEHOMY CTaHi BHUOWpAETHCA HAHOIMBIT HMOBIpHUiIT cTaH B
SAKOCTI HACTYIIHOTO. ¥ BUITQJIKAX HEOJHO3HAYHOCTI MPU BU3HAYECHHI
HaiOLIbIl  IMOBIDHONO CTaHy 3aCTOCOBYETHCSI AJITOPUTM, SIKUU
JO3BOJIIE 3MEHIIATU KITbKICTh MOMKJIMBUX CII€HAPIIB ITPOTHO3Y.
TakuMm 9MHOM, MAE€MO DsAJ [POTHO30BAHUX CTAHIB, sKi s
BIJIOMOTO OCTAHHBOI'O 3HAYEHHS DSy MOXKYTH OyTU IIEpPeTBOPEHi Ha
,JII/ICerTI/ISOBaHI/Iﬁ P IPOr'HO3HUX 3HAYEHD.

O6uncienHst TPUPOCTIB, IPOTHO3YBaHHs  Ta  HOCIIAYIOUE
BiIHOBJIEHHSI MOXKHA, 3IIICHUTH it pisHUX npupoctiB dacy At. st
eeKTUBHOTO BUKOPUCTaHHS iH(OPMAIIl, IIPeCTAB/IEHIl B HASBHOMY
qaCcOBOMY Ds/JIi, TPOTHO3YBAHHS 3IHCHIOETHCS JJIsI PI3HUX IPUPOCTIB
qacy At =1,2,48..., abo OGiibIn cKIaIHOT iepapxil mMpupocTiB, sKa
posrisgHyTa B JaHiit pobori B migposmiini 4.3, Ta IOCTiIOBHOTO
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“CcKJICIOBaHHST' PE3YJIbTATIB MPOrHO3YBAHHS, OTPUMAHUX I[PHU PISHUX
inTepBaJiax auckperusamii At.

[Iporeaypa mpOrHO3yBaHHS Ta CKJICIOBAHHS € ITEpAIiifHOI Ta
IIPOBOJIUTHCS, TIOYMHAIOYM 3 MEHIIUX IPUPOCTIB, JOJAI0YA HAa
KOXKHOMY KPOIIi TTPOTHO3 3 OLIBIITUM TMPUPOCTOM Hacy.

OckisibKu 1pu  30UIbIIEHHI KpOKY amckperwsarili dacy At
3MEHIITYEThCS CTATUCTUKA /I BU3HAadYeHHs JaHIioriB Mapkosa,
HafOLIbIKMit KPOK JAMCKpeTW3alil, $Kuili npuiiMae ydacTb Yy
MMPOTHO3YBaHHI,  OOMEXKYEThbCA. JIjst  JOMOBHEHHST  TPOTHO3Y
HU3bKOYACTOTHOIO  CKJIQJI0BOI0O  BUKOPHUCTOBYETHCS  HAOIUIKEHHST
HyJIOBOTO TOPSIIKY Y BUMJISL JiHiftHOrO Tpermy [40], aGo komGiHamil
JiHifiHOrO TpeHy Ta rapMoHifiHux kosmsaub [91]. Tana mporerypa
PO3IIISIAAETHC B PO3AiIL 5 JaHOT poOOTH.

CraHn B ckJIaaHUX JiaHIorax MapkoBa Ta
MiIXOAN A0 IX BU3HAYEHHS.

fx 3asHaveHo BuUIE, CTAHW [IUCKPETHOro JjaHmoora Mapkosa
BU3HAYAIOTHCA BEJMYIMHAMHU AOCOIIOTHUX ab0 BiIHOCHUX HPUPOCTIB
BEJIMYMHMY, IO IIPOrHO3YEThCs. [IPONoHyeThCs JeKiIbKa aJropuTMmin
kiacudikamii  BigxmieHb Ha craHu. AJjropurmu  Kjacugikaril
BUJIJIAIOTh MEXKEBI TPUPOCTH JJId S KJIACiB, UMM BU3HAYAIOTH, JIO
SIKOTO KJIACY BITHOCUTBHCS TOI UM iHIMMIT mpupicT y BubipIli HABYAHHS.
Posrgremo anropurvu Kiaacudikariii:

1. Pozmnomin, piBHOMIpHUI 3a KiJIBKICTIO MPEJICTABHUKIB KOXKHOT'O
KJIaCy;

2. Posznogin, piBHOMipHUiT 38 BEJIMYHMHOIO BiJIXUJICHB;

3. KombGinoBanmit posnomin (Mexki KpaifHix JsiBoro Ta mpasoro
CTaHy BHU3HAYAE€ThCHA PIBHOMIDHUMH 3a KiJIbKICTIO, yCi iHIIN -
PIBHOMIDHI 32 BiJIXHJICHHSM );

4. KombiHoBanuit  po3MOIiT  NPHU  MOMKJIMBOCTI  PEry/TiOBaTH
KUIBKICTD TIPEJICTABHUKIB KpaliHiX CTaHIB.

Posznoin, piBHOMIpHHMIT  3a  KUIBKICTIO  IIPEJICTABHUKIB,
[IPOBOJIUTHCS 33 HACTYIHOK cxeMOr. OOUYUCIIIOEMO IIPUPOCTU PSLY 3
JIAHOIO JIMCKPETU3AIEI0, YITOPSIKOBYEMO 1X Ta, JIJIMMO BiJICOPTOBAHUM
MAaCUB Ha PiBHI YacTHHU. TaKUM YUHOM, MU JIOCATAEMO PIBHOMIPHOCTI
10 KUIBKOCTI MpPEJCTABHUKIB B cranax. [Ipobsemy moxke crBOpUTH
BeJIMKA KIJIBKICTh OJIHAKOBUX CTAHIB, IO CIIPUYMHIOE OJTHAKOBI MeXKi
JeKinbKox cycinuix cramiB. Ile cTBoproe HOMepu cTaHiB 6€3 KOIHOTO
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[IpeJICTABHUKA, 10 POOUTH HEOOXITHUM KOPEKINI0 PO3OUTTS 3 IJIIIO
JOCATHYTA HANOLIBII MOXKJINBOI PIBHOMIDHOCTI PO3IOMIILY YacTOT
MIPEeJICTABHUKIB CTaHIB.

Hpyruit  croci6 po3duTTst HA CTaHU TIOJSATAE B TOMY, I00
pos6uTH iHTEepBaJ Bij MiHIMAJIBHOTO (BiJ'€MHOIO) JI0 MAKCHMAIBLHOTO
BiIXWJIEHHS Ha PIiBHI MO BIAXUJIEHHIO YaCTUHU. B IbOMY BHUITaJKY
PIBHOMIPHICTB IO KiJTbKOCTI IIPEJICTABHUKIB B CTaHAX He 30epiraerbes.
Ile masreko He BCi MOXKINBI crrocoOn poO3OUTTSI.

1t KO’KHOTO CTaHy BUOMPAETLCS CEepeIHE 3HAUEHHS, sKe Oyle
BUKOPHCTOBYBATHUCH IIPH BIJIHOBJEHHI Py 1O MTPOrHO30BAHIM
CTaHaM.

OckiibKE peaJibHa IPUYMHHO-HAC/IIKOBa 3aJIE2KHICTh B IIPOIIEC,
AKWH IPEJICTABJICHUN TUHAMITHIM PSJIOM, HEBIIOMA, TO MPOITOHYEThCST
JEeKiTbKa CIIOCOOIB po3OUTTsI Ha CTAHH, [OPU HAKHUX, IO-TIEpIIe,
epexoay MiK CTaHAME OyJIM MPEJCTABJICHI JOCTATHBOIO KLIBKICTIO
IIPETEH/IEHTIB, & MO-JIpyTe, YCepeIHeHHs BiJIXWIEHb BCEpEInHI CTaHIB
He BIUINHYJIO O CyTTEBO HA TOYHICTH OJIEP?KAHOTO IIPOTHO3Y.

Jliist mepeBipKu eeKTUBHOCTI PO3OUTTS MPONOHYETHCS TPOBECTH
poTeAypy JAucKpern3arii Ta kiacudikalii IpUpPOCTIB Ha CTAHW Ha
KOzKHOMY piBHI At iepapxil HpupoCTiB, & IOTIM II0 BiAOMHUM CTaHAM
Jtst KoKHOrO At BiTHOBUTH 3HAYEHHS Psily Ta MPOBECTH MPOIIELYPY
ckieoBanist. OCKIIBKM psiid  CTAHIB IOBHICTIO  BiIOBiIAIOTH
BUXIJTHOMY psIJly, TO OTPUMYETHCA KpWBA, BIIXUJIEHHS SKOI Bif
BUXI/JIHOI CHOPUYUHEH] JIKIIe TOXMOKOK YCEePEIHEHHsI BCEepeInHi
craniB (moxubka KBaHTyBaHHs). TakuM YMHOM, HPUAHSABIIN I[EBHE
3Ha4YeHHS KiJIbKOCTI CTaHIB S, Ta MPOBIBIIY POy PY JUCKPETU3AIII],
BiJIHOBJIEHHSI Ta CKJeoBaHHs (6e3 IPOrHO3YBAHHS), OJEPKYEMO
abCoOTHY MOXUOKY AuCKpeTu3anil (KBAHTYBAHHS).

Posrgremo poriec JUCKPEeTU3aIlii Ta BiJTHOBJIEHHS
JIUCKPeTU30BaHuX 3HaueHb GyHkuil y = sin(x) auga s = 3,6,9,12 y
BUIIQIKY IIPOCTOI Ta CKJIaJHOI iepapxil.

Iz puc. 4.1-4.4 BunHO, WO CKIagHA i€papxis mae OLIbIT TOYHE
BiJ[HOBJIEHH:, TaK sK OLIbII TycTa CiTKAa JUCKpeTHU3aril dgacy
BHUIIPABJISE TOXUOKN KBAHTYBAHHS, fKi BUHHUKAIOTH HA IHINMAX PIBHAX
At iepapxil npupoctiB gacy. Takok 3i 361bIIeHHSIM KIJIBKOCTI CTaHiB
TOYHICTh BiJTHOBJIEHHsI 301JIbIITYETHCs, ajle HeoOXiIHO MaTh Ha yBas3i,
o BUOIp KigbKOCTI piBHIB KBaHTYBaHHsS OOMEXKEHWIl THUM, IO JJIsi
MMPOTHO3YBAHHS HEOOXiTHe BU3HAYEHHS HMOBIPHOCTEH MepexomiB 3
JOCTATHBOIO TOYHICTIO, JJIsT Y0TO HeoOXigHa TOCTATHSA KiTbKICTH
IePexo/IiB Mi2K BUOKPEMJIEHUMU CTaHAMH.
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2015 — sin(x)
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Puc. 4.1: Tuckperusariisi ta BinHoienns y = sin(x). IIpocra iepapxis

= sin(x)
201 =3 |
N
s=6
AN e
==s=12
200.5 . T
4
L
S 00l : : J

199.5- * ¢
‘\\ '
4 “

k 0\ 4
199 }\-—/ ‘\’X, 29 J

RN
2‘0 4‘0 Gb Bb 160 1é0
t
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200.9 = Predatorpray
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Puc. 4.3: Iuckpernsaiiis ta BiTHOBIEHHS /I MO X M2KAK-2KEPTBA.
IIpocra iepapxis
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Puc. 4.4: quckpernsariis Ta BiHOBJIEHHS I MOZe/ ] X M2KaK-KePTBa.
Cxutajaa iepapxist
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AnroputMm nmobys1oBM 6araToKpoKOBOTO
ITPOTHO3Y

PosrisHemo mocstinoBHICTE omepariit, HeoOXiTHUX JjIs TOOYI0BH
MIPOTHO3Y BUXiIHOTO psimy. s mporo HeoOXigHO 3amaTé HACTYIIHI
rmapamMeTpu:

1) Bup iepapxil npupocris gacy (mpocra — cremneni aBifiku, ckiaHa
- MOGYTOK CTENeHiB MepINX IPOCTUX IUCE ).

2) Benuuunu $ — KUIbKICTH CTaHiB Ta T - NOPAJOK JIAHIIOra
Mapkosa. Ili mapamerpm MoOxKHA 3poOUTH  IHIWBIITyaTbHUMEI
JUIsl  KOXKHOTO PIBHSA JIMCKPETU3AIli], 3HAXOIXKEHHS OINTUMAJIbHUX
mapameTpiB 6yae 06TOBOPIOBATUCH Y TIiipo3aiii 4.3.

3) Besmuuna mopory J, Ta MiHiMajbHa KIJIBKICTH IIPEICTABHUKIB
kokHOTO crany CJIM Nyip.

Orxke, aqropuT™M HOOYIOBH MIPOTHO3Y 3BOJAUTHCA O HACTYITHUX
KPOKIiB:

1. BusnauuTu iepapxito TpupOCTIB YacCy - MOCTITOBHICTD BEJTUTIH
At, MakcuMa/bHe 3 {KHX IIOBUHHE BIOIOBiZATH [IOBXKKHI
HaBIabHOI BUOipku N.

2. s koxkuHOrO mpupocty dacy At y TOpsIKy 3pPOCTAHHS
IIPUPOCTiB, MPOBECTU IPOTHO3YBAHHS CTAHIB Ta BiJIHOBUTU 34
nuvu ctanamu psijr. [pu oMy Tpeba

(a) obumcsUTH TPUPOCTH 3 JUCKPETU3AIen At;

(b) mepeBecTu psiJ IPUPOCTIB y pgaj HOMEPIB cramis {1,. .., s};

(¢) obumcauTH HMOBIPHOCTI IIEPEXOMiB I y3araJbHEHUX
CTaHiB;

(d) mobymysaru psgji TPOrHO3HMX CTAHIB 34  JIOIOMOIOI0

3aCTOCYBaHHHA IIPOTIE/Ly PI BU3HAYEHHS HaKOLIbIIT
MMOBIPDHOT'O HACTYIIHOT'O CTaHY;

(e) BimHOBUTH psiJi UPOTHOZHUX 3HAYEHb 3 Dsjy HOAIA 3
auckperu3arieo At;

(f) mpoBecTu IpolEyPY CKIICIOBAHHSI PE3YJILTATY 3 PIOM,
AKHMIT OTPUMaBCsl B Pe3y/bTaTi CKJEIOBaHHs IIOIepeIHiX
napis (3 MenmuM KpokoMm At). Y BUIAJKY, AKINO JAHUH
psl € TmepiimM, TOBEpHYTH Horo 6e3 3MiH y SKOCTI
PE3yJILTATY CKJICIOBAHHSI.

3. OcranHniit CKJIe€HMIT PsiJi CKJIEITH 3 MPOJIOBKEHHSIM JIHHIHOTO
TPeH 1y, IOOY0BAHOTO II0 BCIM IIOIEPETHBO BIIOMUM TOYKAM.
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Psan, ckneennit 3 giHitHUM TPEHIOM, € PE3yIBTATOM MPOTHO3YBAHHSI.

4.2 Ckuaazani jgaHmorn MapKoBa Ta BILIAB
nepeqicropii (mam’sti). ITopsigok
aanIora Mapkosa.

Y BHOaJKy TpoCTOro Janmoora MapkoBa Ha OCHOBI ps/y CTaHiB
OOYHCTIOIOTHCST TMOBIPHOCTI TTEPEXOIiB 3 KOXKHOTO CTaHy y BCi iHIII.
I1i #imoBipHOCTI IPUIHATO 3aNUCYBATH Y BUIVISII KBAIPATHOI MATPHUIT
posmMipuicTio s. Hanpukia, 3B’s13aBIIM psiIKK MaTPHUIN 31 cTaHAMH,
3 AKKUX BiIOyBaeThCs nepexiz, a croBOi (eJeMeHTH IuX psiKiB) — 3i
CTaHAMU, y SIKi BUBHAYAETHCS IMOBIPHOCTI TIEpEXOTy.

Hampuknan, misg TphoxX CTaHiB MOXKHA 3alIUCATH  MATPHITIO
fiMoBipHOCTEil epexonis A:

0,0967 0,0462 0,0366 0,06480,113
0,1628 0,1354 0,1317 0,18650, 1477
A= | 0,4765 0,5621 0,6658 0,56390,4521 |,
0,1612 0,1937 0,133 0,13860, 1799
0,1048 0,0627 0,033 0,04620,1073

B sKiil, nanpukian A(1,2) = 0,0366 — itmoBipHicTb epexoy i3 cramy
1 B cran 2.

dAkmo Bigommii Bektop p; = (1,0,0,0,0), iimMoBipHOCTEl
BUHUKHEHHsI CTaHIB y IIOTOYHUI MOMEHT ¢ TO, 3TiJIHO TeopeMi
Baiteca, BekTOp HWMOBipHOCTEH HACTYITHOTO CTAHY OOUHC/IIOETHCS 33

dbopwmyJioro:

Pir1 = Apy,

a BEKTOp WMOBipHOCTEl CTaHiB depe3 k KPOKIB OOUHCIIOETHCS 3a
dopmyiioro:

Pit+k = Akpt,

Y Bunmajgky ckJjajgHoro Jasiora Mapkosa, #iMOBipHICTH
HACTYIIHOTO CTaHy 3aJIe’KUTh HE TUIBKU BiJ| MOMEPEJHBOTO CTaHY,
a ¥ BiJ MOCTIZOBHOCTI r CTaHiB, sKi BiAOYIHCHL Tepex DaHUM. Y
bOMY BHUIAJKY, HEOOXiTHO o0uYmcanTé WMOBIDHOCTI HEPeXOiB 3
nocsizoBaocti r cramiB y cran (r + 1). @opmasbho 1i fiMoBipHOCTI
MOKHa Oys10 6 3amcaTy B IPsIMOKYTHY Tabuuio poamipHocTi (1%, ).

Moxkua 3BecTu JjaHmiorn MapKoBa TOPSIIAKY T 70 JIAHITIOTA
opsiZiKy 1, y3araJbHUBIIN TOHATTA “HAABHUN CTaH’, BKJIIOYUBIIA Y
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HBOT'O TIOCJIIJIOBHICTD 3 7 CTaHIB, SKi MepeayioTh CTaHy, HMOBIpHICTH

MIOSIBU STKOT'O OOYUC/IIOETbCsI. TakuM 9MHOM, HMOBIPHOCTI IEepexomiB

MOKHA 3aIMCATH B KBRJPATHy MATPHIO po3MipHicTio (1, r?).
HaBenemo  mpukiam — mMaTpuili — HMOBipHOCTE#l  TepexomiB

A s raHmora MapkoBa  NOPSJAKY T = 2 Ta 3
KUJIBKICTIO CTaHIB S = 3. Bimmosigmicth 1mociizoBHOCTEH
CTaHiB BBEJIEHUM y3araJbHEHIM CTaHAM HACTYITHA:
ITocaimoBHicTh cTaHiB | Y3araJbHeHNNH CTaH

11 1

12 2

13 3

21 4

22 5

23 6

31 7

32 8

33 9

Toxni marpunms A IiMOBIpHOCTEl I[IEPEXOMIiB I y3araJbHEHUX
CTaHiB MaTuMe po3MipHicTb 99, HAIpUKIIAI:

0,22 0 0,19 0 0, 26
0,49 0 0,6 0 0,52
0,29 0 0,21 0

1

0,
0,
0,1
0 o,
0 o,
0 0

o

0
0
0,22 0
2
5
1

coococoo

o

papo o000

R
9
Lopoococoo

cooooo
coo
cocococoo),
w0 S N
coococoo

[Iporec mpoOrHO3yBaHHsI IOJISITA€ B HACTYIIHOMY: BHOHUPAETHCS
ocranniit crau (y Bunaaky Janmora Mapkosa mopaiaky r > 1 6eperbest
HOC/IJIOBHICTH 7 OCTaHHIX craHiB). Busnauaerbcs #MOBIpHiCTH
Tepexo/Iy 3 TAHOTO CTAHY ¥ BCI MOXKJINBI. [3 yCix MOXKIUBAX HACTYITHUAX
CTaHiB BUOMPAETHCSI CTAH 3 MaKCHMAJIBLHOIO HMOBIpHICTIO. Y BUMTAIKY
JEKLIBKOX CTaHIB 3 MAaKCHUMAJIbHOIO HMOBIPHICTIO IIPOIEC MPUWHATTS
pimeHHst Oyjie orMcaHuil JaJIi.

Bubpanuit Halibijgbm {MOBIpHHiIT CcTaH TPUIMAETHCH, K
HACTYIOHUN IIPOrHO30BAHUII CTaH Ta NOpoIeaypa IIOBTOPIOETHCH
3 HacryunHuM (JOJAaHUM $K OcCTaHHI) cranoM. Takum uwuHOM,
OTPUMYEMO Psiji TPOTHO3HUX CTaHIB JUIsI  JIAHOI  BEJIMYUHU
mauckpermsanii At.

Hani mo onepkaHOMy psiJly CTaHIB Ta BiJIOMOMY MOYATKOBOMY
3HAYEHHIO YN BiIOyBAa€TbCs BiAHOBIEHHA pamy Jjsd  JAHOL
muckperusamii At. Ilpm npomy KoXKHHE cTaH sBisie coboro At
TOYOK PsA/ly. 3 KOXKHUM CTAHOM 3B ’SI3aHUIl CepejiHiil IpupicT, sKuit
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JIOMAETHCsT JI0 3HAYEHHsI OCTAHHBOI TOYKU Psifly Ta OOYUCIIIOETHCS
HACTYIIHA JUCKPETU30BaHA TOYKA. [IPOMiKHI TOYKM 3aIIOBHIOIOTHCS,
K JIHIHA IHTEPIOJIIs IBOX BIJIOMUX CYCIJTHIX TOYOK.

IIporierypa mOKpOKOBOTO ITPOTHO3YyBaHHSI.
Buznavenns HaibijbIll TIMOBIPHOTO CTaHY
Ha HACTYITHOMY KPOIIi, CIleHapii ITPOTrHO3Y

IIpn mpormo3syBaHHI B SKOCTI HACTYIHOIO IMPOTHO3HOT'O CTAHY
BUOMPAETHCA CTaH 3 HANWOLIBINOI WMOBIDHICTIO TPHU JAHUX yMOBAaX.
JJtst IOTO MU BUKOPUCTOBYEMO MATPHITNIO HMOBIpHOCTEH MepexoiB i3
crany B ctaH. [Ipu 1mboMy HEOOXiTHO BpaxOBYBATH, IO HMOBIpHOCTI
MOXKYTh OOYUC/IIOIOBATUCH TiMbKU HabJmKeHo. /[lag miaBuineHHs
TOYHOCTI OIIIHIOBaHHSI WMOBIpHOCTE!l HeOOXigHO 30iLmbmuTH 06’eM
BUOIDKM MOXKJIMBUX WEPEXoMiB MixK cranamu. Ajie jgana Bubipka
oOMerkeHa KOHKDETHOIO pPEAJTi3aIlieio psifly, IO [IPOTHO3YETHCS,
TOMY IPOIIOHYETHCA PsJ AJTOPUTMIYHUX IIPABUII, #Ki O3BOJISIOTH
BpaxyBaTH IPUHIIATIOBY HAOJMKEHICTh OIliHeHUX HMOBipHOCTE
Iepexo/liB  MPU IMPOTHO3YBAaHHI MaiOyTHIX CTaHIB JUCKPETHOTO
sanmora Mapkosa.

Posryisinemo KOHKpeTHHIT BHUITAJIOK PO3MOMIIY HWMOBIpHOCTEH
HACTYITHOT'O CTAHY Ta IMPOLIIOCTPYEMO AJITOPUTM BUOOPY ITPOTHO3HOTO
CTaHy IPHU 33JaHAX YMOBaX.

oo
=)
~00wOnN

states

Puc. 4.5: Posnozin iiMoBipHOCTEl Ha TIEBHOMY KpPOIIi
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dx Bumao 3 puc.4.5, gy TOro, IMEO HE JIOMYCTUTH BTPATH
cTaHiB, HMOBIpHOCTI gKUX O04MC/IeH] 3 MOXUOKOW (HAIPUKJIAL, CTAaH
6 ma puc.4.5), HEOOXiHO Z0 CTAHY 3 MAKCUMAJILHOK HMOBIpHICTIO
JOJIATU CYCTHI CcTaHW, HMOBIDHICTH SKWX He BIiJIPI3HAECTHCA Bij
MaKCUMAaJIbHOTO Oinbine HiXK Ha 0. [lapamerp § 0UeBHIIHO 3aJI€XKUTH
BiJi 1OXMOKHW OIHIOBaHHSA HMOBIpHOCTEH, aJjie Ioro HeoOXiTHO
€KCIIePUMEHTAJIBHO arrpodyBaTH.

Axmo npuitasarn § = 0,01 (puc.4.5), To 10 MHOKUHU HAKGLIBIIT
iiMoBipHUX craHiB yBifiayTs nHacrynni: {2, 3,6, 7}. dekiibka cycimmix
CTaHIB 3 MAKCUMAJIHLHOIO MMOBIPHICTIO OyIeMO HA3WBATHA KJIACTEPOM.
Y nanomy BuIaiky e cranu 2 Ta 3. Akmo npwuitaaru 6 = 0,02,
TOZl MHOXKHHA Haiblibm fiMosipHux cranis 6yne {1,2,3,4,6,7}.
s mporHo3yBaHHsT HeOOXimHO BHOparw oauH abo JBa HAMOLIBII
WMOBIpHUX cTaHu. Bubmparoum jBa CTaHH 3 HAHOLIBIT HMOBIPHUX,
METOJI, JIO3BOJISIE PO3TJIIHYTH [Ba HAWOLILIT MMOBIipHMX crieHapil
MOXKJIMBOT'O IIPOJIOBXKEHHS psay. [lias BubOpy HACTYIHOIO CTaHy
MIPOIIOHYIOTHCS HACTYITHI IPABUJIA:

1. dkmo piBui (KBaHTOBaHI NPUPOCTH) 3 MAKCUMAJBHOIO
HAMOBIPHICTIO CTBOPIOIOTH JIeKiIbKa KJjacrepis (Kjaacrep -
rpyma 3 JeKIJTbKOX CYCiTHIX pIBHIB — €JIEMEHTIB KJacTepa,
MiHIMAJIBHUN KJACTEp — OJMH 130JbOBAaHUN DIBEHB), TO
BHOMpAEMO HaHOLIBINNI 38 PO3MIPOM KJIACTED.

2. dkmo uwmcso eeMeHTIB KJIacTepa HelmapHe, TO BHOMPAEMO
[EHTPAJBbHAN €JIEMEHT Y SKOCTI Kppqy -

3. fKmo umcso eeMeHTIB B KiacTepi HapHe, TO PO3IVIAIAEMO B
[EHTPAJIbHI €JIEMEHTH KJIACTEpPy, Ta BHOMPAEMO B AKOCTI Kppqx
TOI 3 HUX, AKWIl OJIM2KYIe 70 TEHTPY PO3MOILTY.

4. dxmo gBa NEHTPAJbHUX €JIEMEHTH KJIACTepa 3HAXOJSITHCS
Ha OJHAKOBIN BiJCTaHI BiJ IEHTPY PO3MOILIY, TO HEOOXIiIHO
po3riIsHYTH 00UBa, STK MOXKJIUBI BapianTu 1 Ta 2 3HAYEHD Ko
(rouka 6idypkari).

5. dxmo kJacTepiB 3 MAKCUMAJBHUM PO3MIpOM JIEKLIbKA, TO
PO3IVISIAEMO X, K HOBI €JIEMEHTH, dKi, B CBOIO Y€Pry, MOXKYTb
dopMyBaTH K1acTepu, 3 sKUMA HEOOXiTHO BUMHUTH AHAJIOTIIHO
myHkTaMm 1-4.

B 1eit npunnun Bimdopy 3ak/ajieHi HACTYIIHI MipKyBaHHS:
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1. dxmo icHyIoTh J1Ba OJIHAKOBUX CYCiJIHI CTAHW 3 MAKCUMAaJILHOIO
WMOBIDHICTIO, TO Kpallle B3ITU TOW, sIKUN OJIMKYe 10 MEHTpa
posmomity, mob 3BecTH 0 MIHIMyMY PHU3UK BigoOpakKeHHS y
MIPOTHO31 XNOHUX TPEHIIB.

2. dxmo piBHI 3 MaKCHMAJLHOIO WMOBIpHICTIO He cycimmi
(baraToMONAJIBHUN DPO3MOJI), TO HEOOXIJIHO DO3IVISHYTH SK
MiHIMyM JIBa BapiaHTH, OCKiIJIbKH I1€¢ MOXKe OyTu 3B’s3aHe 3
6idbypkarismu, sKi TeK XOTLIOCh HE YIIYCTUTU 3 POBTJISIILY.

3. Peasizytoun nporuos mo sapianry 1) (#a ycix eramax iepapxii),
OTPUMYETLCA B IEBHOMY HAOJIMKEHH] HUZKHS TPAHUIS ITPOTHOZY,
a peaJii3yrouu [IPOrHO3 33 BapiaHTOM 2) — i0ro BepXHs IDAHUILIS.

V upukiazi posnoziny (puc. 4.5) y Bunaaky 6 = 0,02 kiacrepamu
Haiiblibm fiMoBipHUX cranis OyayTs muoxunu {1,2,3,4} Ta {6,7}.
3rigno mpasuiaM 1 Ta 3, PeKOMEHIYETHCsSI BUOPATH CepeHiil cTaH
Haiiblibmoro (y HaIIOMY BHIAJKY, LEPINOrO) KJACTepy - CTaH 3
(3rizmmo mpaBwmiy 4, i3 1BOX cepenHix 2 Ta 3 HAWOIMKUMIA JI0 TEHTPY
posnoiny - cras 4).

ko npuiiagaru (6 = 0,01), kiacrepamu HafOUILIT HMOBIpHEX
craniB Oyayrs muoxkunu {2,3} rta {6,7}. I[Ipomikok MixK cranamu
4 Ta 5 HeOOXiJIHO B3ATU #K LEHTP PO3IOILLY (CTaH, IO BiIIOBiIaE
HYJIbOBOMY BIJIXWJIEHHIO, MaB OM 3HAXOJUTHCH MixK craHamMu 4 Ta
5), TAKMM YHHOM BijicTaHi BiJ IEHTpa PO3IOJLILY J0 JIBOX BUOPAHWX
KJIACTEPIB € OHAKOBUME. B Takomy BUITaIKy Ma€ Miciie ODiMoIabHui
posmozin  (obuaBa KJaacTepu € OJHAKOBO NMOBIDHUMH), TOMY
IS aIeKBATHOTO MOJIETIOBAHHS MaiOyTHIX creHapiiB, HeoOXiTHO
posrsayTH 2 Bapiantu. [lepruit crienapiit 6y/1e mounnaTuch 3i crany
3, (srimHo mpaBmiay 3 K HaHOIMKIMH [0 LEHTpa POBHOIILY Y
KjacTepl 3 TapHOl KUIbKOCTI cTamiB) a apyruii - 31 cramy 6 (3a
AHAJIONYHAM TIPABHJIOM 3).

Orxke, y BUNAJKYy HEBU3HAYEHOCTI MAaWOYTHHOTO  CTaHYy,
00MEXKYEMOCh DO3IVISZOM OJHOIO UM JIBOX BapiaHTiB (cieHapiis)
MIPOTHO3Y: OJINH 3 BapiaHTIB € BEPXHBOIO TPAHUICIO MPOTHO3Y, a
JAPYTUil — HUZKHBOIO.
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4.3 lepapxisg OpUpPOCTiB Yacy Ta
MpoIie Iy pa CKJICIOBaHHS

[Iporaosu wacoBOro psijty HEOOXITHO OOYUCTIOBATH 3 PI3HAMHA
KpoKaMu Juckpern3arnii gacy. Hampukiia i, aHaaoriaao 3 JUCKPETHUM
neperBopenusaM Pyp’e, PO3IVIAIAEMO IPUPOCTH BEJUUNHOIO CTEIEHIB
apifiku. CriouaTKy 00YNCIIIOEMO IPUPOCTH, K PISHUIO JBOX CYCIIIHIX
3HAYEHDb PSITY, MTOTIM 3/IHCHIOEMO PO3PIJIZKEHHS PsTy 3 Kpokamu 2, 4,
8, 16 i T. x. Ilo3HaYMMO MOTOYHY PI3HUITIO MiXK BUMipaMu y 4daci uepe3
At.

s koxkaoro At BHKOHYEMO IEPETBOPEHHS Psifly HPHUPOCTIB Y
psl CTaHiB, 3/IIHCHIOEMO MPOTHO3YBAHHA MAMOyTHBOI ITOC/IiTOBHOCTI
CTaHiB, IIOTIM BiJTHOBJIIOEMO PsiJ i3 3aJaHOI0 JUCKPETU3AILEI0 IO
CITPOTHO30BAHOMY PsIJIi CTaHIB.

Psau, orpumani npu BigHOBIeHHI Jjig pisHux At, NPOXOAATH
iTepaIiiiHy MpOoIeaypy CKJICIOBaHHS, B PE3Y/IbTaTi SKOI IMPOTHO3H 3
OlibImuM KpoKOM At KOPUTYIOTH 3HAYEHHS DSy, OTPUMAHUX IPU
[IPOrHO3YBAHHI 3 MEHIIIUMHU 3HAYEHHSIMU iHTepBaLy At.

Takum ymHOM, BUOUPAETHCSI i€papXisi MPUPOCTIB, KOXKEH 3 SKUX
Bi/IIIOBiZla€ 3a CBOIO YACTOTY, Ha SKifl BiOYyBAa€THCS IIPOrHO3YyBAHHS
Ta IOE€JHAHHS IPOTHO3IB Ha pisuux At B OmMH psj y Iporeci
CKJICIOBaHHS.

CyTb mporecy CKJICIOBaHHs IOJisita€ B HacTynHoMmy. LIporeaypa
CKJICIOBAHHS € ITePAIliHO0, PsiJl 3 KOXKHOI HACTYITHOW (3 GliabIimM
KPOKOM) JIMCKPETU3AIEI0 KOPUTYE, MIATAIYIOUU JIO CBOIX BY3JIOBHUX
TOYOK WIPOTHO3, OTPHUMAHMI IC/IsS CKJICIOBaHHS HA MONEPEHIX,
menmmx At. [leperBopeHHs, sIKi BUKOHYIOTHCS B IIPOIECI CKJICIOBAHHSI,
MOXKHA 3aIUCATH y BUIVIAJI HACTYIIHUX OOYMCJIEHD:

Hexait 3asaHa iepapxisi BiiHOCHMX (KBAHTOBAHWX) MPUPOCTIB:
thk , y’gmk, e ?ﬁv? k=1,2,..., Ky JUIst KDOKIB JucKpeTusaiii Aty =
1; Aty, ...,Atg, .. Bignosigmo.

Hexait mporemypa cKJIeioBaHHs IPOBEIEHA It CYKYITHOCTI KPOKiB
Aty = 1;Aty;...; Atg, . Ta orpumanmit ps snavens X&, XF, .. X%
3 inrepBasiom jguckperusaril Aty. Tojmi mpomoBKeHHS POIELypu
CKJICIOBaHHsI Ta IIepexiJi JI0 P&y 3HAYCHb Xé“_l,Xf_l, ...X]’i,_l
BiZI0yBa€ThCS 3a AJITOPUTMOM:

MOYaTKOBE 3HAUEHHS:

k-+1
Lo
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Jutst TpoMiKKY 0 < ¢ < Atgyq:

k41, k+1 k k
To Yt “\TAt, %o
it =2t (o —af) + 1 ’““Atk(ﬂ ) ;
k41, kt1 k k
k+1 _ k+1 k k %o yAtk+17(mAtk+1 7960) .
Ty =T+ (x2 - xO) +2- Atpi1 )

k+1 _ktl k k
TAt -1 =% T (:EAtk+1—1 - 350) +

k41, k+1 k k
Fo Yntyy, _<$Atk+1 _x‘))

+ (At — 1) At ’ ( )
k41, k41 k &
k+1 _ _k+1 k ok . To Yaty "\ Tar %o _
Aty — Lo + (xAthrl xO) + Atk+1 Atgyq -

— .k k
= ght! (1 + yAJ{:H) ;

JUIsT TPOMIKKY At <t < 2Atgyq:

k+1 _ k41 k _ .k
xAtk+1+1 - xAthrl + (IAtk+1+1 mAtk+1) +

k41 k+1 (K Lk
+1- Tty Y2804 (IQ'A%H mAfk+1) .
Atgay )
k+1 _ L k+1 k _ .k
xAtk+1+2 - IAtk+1 + (zAtk+1+2 zAtk+1) +
k1 k1l (k& ok
+2. Atgy1 Y2804, (x2'mk+1 xAthrl) .

Atpy1 ’

k+1 _ k+1 k k
x2Atk+171 - :I;Atk+1 + ($2Atk+171 - l‘Atk+1) +

£ PO
Atpy1I28t5 41 Btk thy1) .
+ (Atk-i-l - 1) ’ Atpil )
k+1 _ k1 k _ .k
xQAtk+1 - :I:Atk+1 + x2Atk+1 zAtk+1 +
gkt k41 —(w _zk
+Atk L Aty Y2008 248t T PAL )
+ Atgi -

— k+1 k+1 .
= mAtk+1 (1 + yQAtk+1> ’

JIJTsT OCTAaHHBOTO MPOMIKKY N — Atpy <t < N:
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xllc\ftlAtHlJrl = xlf\ftlmk+1 + (mf\/—Atﬂﬁ-l - xljc\f—AtkH) +
+1- mjzc\ftlAtk+1yzlif+1_( ]Jir_mlzcvatk+1) .
Aty )

wlfvﬂAtkHJrz = xllcvtlAtkH + (xllc\ffAtk+1+2 - mllc\ffAtHl) +
I§V+71Atk+ly§7+17(IIJC\J*I?V—A%JA) .

+2 ° Atk+1 )

k4l k41 k k
TN_1 = TN At T (xN—l - xN—AtHl) +

k+1 k+1 k k
+ (Atgyr — 1) IN-Atyq YN _(JCN_JEN*A%H
k+1 Ao ;

k4l kt1 ko ok
TN F=ITN Aty T (wN TN Aty ) T

k+1 k+1 k k
IN-aty YN —(‘TN—memskJrl)

+ Aty - A

= m?\/'+71Atk+1 (]' + y]lg\f+1) :

o npouemypy nposogumo it k = 1,23, ..., Kjhax, IOYnHAOYN
3 k = 1. louarkosuit pax (mpu k = 1 jgua Aty = Dzd,xl,... 2k

3HaXO0OUMO 3a aJIrOPUTMOM:

96(1):950;
o = (1+9);
vh =} (1+9d);

Posrisaemo mporerypy CKICIOBAHHS YaCOBOTO PSIY HA TPUKJIAJ
dparmenty ingekcy PFTS:

Ha pwnc.4.6 300paxkeHno mporec CKJICIOBAHHSA MPOTHO3IB 3
inrepBasiamu Juckpermsamili At = 1,2,4 10 HOBOro psiay 3
auckperusarieo At = 8. Ik BUIHO 3 pUCYHKA, TOUKU PsiJLy, CKIIEEHOTO
3 At=1,24 (puc.l, nyskrupHa Jinis) “HigTAryorTbes’ JI0 TOYOK
HOBOrO Dpsity 3 Juckperusanieio At=8 (puc. 1, mTpuxmyHKTHPHA
Jinist). B pesynbrari orpumyerbes psj, ckieenuii 3 Atl, 2,48 (puc.
4.6, cyrispHa JiHist). K BUIHO 3 PUCYHKY, XapaKTepHI PUCH IPOrHO3Y
npu At = 4 306epiraroTbCsi MiCJsl CKJICIOBAHHS 3 IMPOIHO3HUM DPSIJIOM
npu At = 8.

lepapxigs mpupocriB agmckpermsariii, sK cremeHi dwmcaa 2
— He eamHMit cmocib moOymoBu iepapxil amckperm3artiit. Jrs
[IOKPAIIEHHsI IIPOrHO3Yy MOKHA BUKODHUCTOBYBAaTH OUIBII dYacTy
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65
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Puc. 4.6: IIporec ckiieroBaHHs JBOX i€papXiil 1acoBOTO PsITY

iepapxito auckperm3ariii, HAIPUKIIaJ], JT00yTOK CTENEHIB MPOCTUX
quce.

BucyBaerbcst rimoresza, 1Mo mpu OULIBINH KIJIBKOCTI MPOrHO3IB
3 pi3HUMH TpOMiIXKKaMu Juckpermsarii At, oTpuMaHwii TicJIst
CKJICIOBaHHsI TPOTHO3 Oyzae Oiabin TOYHO BimoOparkaTm XapakTep
IIPOIleCy, IO WPOTHO3YEThbCA. ToMy y #KOCTI aJbTepHATHBHOI 10
MHOXKUHHU 3HaueHb At; = 2! mpononyerbes mMuokuna At; = pi't -
PoZeees mn e {pg} - TMHOXKUHA MHOXKUHH TIPOCTUX ducedt, {my, }
- CcremiajbHO BHOpaHAa MHOXKWHA NOKA3HUKIB cremeHiB. MHOXUHA
npocTux d4mcesnl {pr} Ta BigmoBimHa MHOXKwuHA IX cremeHiB {my}
BUOUPAIOTHCS 3 PO3PaxyHKy, 00 KiJIbKICTh pPi3HUX 3HadeHb At;
OyJ10 MaKCHUMAaJIBHUM. ¥ IIbOMY BUIAJIKY, 3Ti/IHO IPUILYIIEHHS, MOXKHA
MOKPUTU (PparMeHT YacOBOIO PsiLy, B3ATHI K HaBYaJbHa BUOIpKAa,
OLIBII TYCTOIO CITKOIO MpuUpocTiB At;, TaKUM YUHOM BUKOPHUCTABIIU
6ispIie indopMmariii, HasgBHOI y IaCOBOMY Dsifi.

[Ipumycrumo, 1o JOBXKUHA Psifly, IKA HEOOXITHO PO3KJIACTH HA
iepapxil — N. BagBmm NOCTiIOBHICTH IEpIIAX TPOCTUX UUCEJT D1,
D2, ..., Pn Ta MOCJLIOBHICTH X CTENEHIB, IpH AKHX P|'' - py 2 - -« -

min = N; < N. Yucimo Nj nosuHHe OyTH sIKOMOTra OJIMZKYUM JI0
N, mo6 36iabmMUTH KiJTbKICTH TOYOK, $Ki BUKOPUCTOBYIOTBHCS IIPHU
nporuo3dyBanHi. [Ipocti dmcna i ix cremeHi cjiyi BUOMpATH TaKUM
9UHOM, MO0 KiJBKICTh JIJIBHUKIB I[BOTO YUC/A OYJI0 MaKCHUMAJIHHIIM.
e 3abe3meunTh MAKCUMAJIBHY IILIHHICTD CITKA TOYOK JIMCKPETH3AIA.
Ockimbku Nj € JOOYyTKOM 3aJIaHUX CTEleHiB MPOCTUX YUCEN, TO
KITbKICTh JUIBHUKIB 4ucjaa N1 MOXKHA OOYUC/IUTH 3a HACTYIIHOIO
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dopmymorw: (my+1)-(mg+1)----- (my, +1). g kinbKicTs npupocTiB
At; oBuHHA OyTH MaKCUMI30BaHA.

3aj1aga moJIArae B TOMY, 00 3HANTH TOCITOBHICTD TPOCTUX IHCET
Ta BiAMOBiAHI IX cTememi, AyA AKWX, To-Tiepmie, 100yToK pitl - phi?
cee - pi = N; O6yB Om OGim3bkuM 10 N, a mo-apyre, KigbKicTb
JIMBHUKIB IILOTO 4mciaa Oysia 6 MakcuMmasbHOIO. st po3B’s3ambsd
miel 3a7adyi MOXKHa BUKOPUCTOBYBATH IIOBHHUI mepebip BapiaHTiB,
OCKIJIbKH TIeil mpoIec He 3aiiMae 3HAYHOTO OOYHUC/IIOBAIBLHOTO Yacy,
a TAKOXK MPOBOJUTHCH JIUIIE OJWH PA3 HA MOYATKY IPOrHO3YBAHHSI.
Posriisarnemo npuka:

Hna N = 5000 meoOximmo mnimibparn takmit Habip mpocTUX
aucen 2,3,5,7,...,qr, TPU SKOMY YHCJIO KPOKIB JHCKPETHU3AITT
Oyne OMU3BKAM JI0 MAKCHMAJIHHO MOXKJIMBOTO. Makcumasbae k Ta
BIJITTOBiTHE IOMY () BU3HAYAETHCS YMOBOIO:

In N ~ 1 NlnN

~ = k= —.
kln gy ' In ¢

N=5000; q1=2; g=3; q@3=5 qu=7 gq5=1I;
k=3 D200 —5029 k=4; 2200437

— K. In 5000 __
k=5 w00 _ 355

Bubupaemo k = 4:

_ In5000 __ . _ In5000 __ . .
M2 = T = 3,07 my = Ty = 1,94
my = In 5000 — 1709’ =

93325171 92520; = N =2132517' = 5040; =

Kumax = (ma +1) (m3 +1) (ms +1) (mr +1) =5-3-2.2=60; =
At =1,2,3,4,5,6,7,8,9,10,12, 14, 15, 16, 18, 20, 21, 24, 28, 30,

35,36, 40, 42, 45, 48, 56, 60, 63, 70, 72, 80, 84, 90, 112, 120, 126,

140, 144, 168, 180, 210, 240, 252, 280, 315, 336, 360, 420, 504, 560,

630, 720, 840, 1008, 1260, 1680, 2520, 5040.

Takum amHOM, 3aMicTh 12 TPUPOCTIB y BUMAIKY ITPOCTOI iepapxil
(2'2=4096), maemo 60 TPUPOCTiB, MO JO3BOMUTL CTBOPHTH OLTHIT
IyCTY CITKYy YacOBHUX HPHUPOCTIB, Ta 3a BUCYHYTHUM IIPUILYIIEHHSM,
oTpuMaTy OLIBII TOYHUN IIPOrHO3.
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Bubip ontumaapHUX mapaMeTpiB
AJITOPUTMY ITPOTHO3YBaHHSI

Onucanuit BUIE AJTOPUTM Ma€ IapaMeTpH, sKi HeoOXiHO
miI0MPATH eKCIEePUMEHTAIBHO. [l bOro MpPOBOIUTHCH MPOIELypa
ONTUMI3aIlil mapaMeTpiB, MPOBOJIAYN TECTOBI MPOTHO3M JUIA BiJIOMOT
YaCTUHU DALy Ta OIIHIOIOYH PE3YJIbTAT.

Buxigauit psis;1 po3buBaeThcss Ha 2 YACTUHU, HEPITy TPUIAMAEMO
K HaBYAJbHY BHOIpKY, a iHIIYy $IK TecTOBY. Byraemo mpoBoguTn
TECTOBI TIPOTHO3U TIPHU PI3HUX 3HAYEHHSIX MapaMeTpiB Ta OIIHIOBATH
BIJIXMJIEHHS TIPOTHO3Y BiJ pEaJIbHOTO 3HAYEHHS.

OCKiIbKE BUCYHYTO TPHUIYIIEHHS, IO JJIs KOXKHOT'O IPUPOCTY
Jacy HeOOXiTHO OKpeMO migbwpaTru mnapaMeTpu 71 Ta S, TO
IIPOTIOHY€ETHCS HACTYIHUI aJITOPUTM ONTHMi3alii mapaMeTpis:

1. Bynyemo nepiie Habym>KeHHS — JIHIHHUE TPEHI,.

2. s xoxkuoro npupocty dacy At (nuckperusarii) B IOPSAKY
CITaJIaHHsI, TPOBOANMO MiA0Ip ONTUMAJLHUX MTapamerpis. s
1ILOT'O:

(a) Hnsa xoxkuol nmapu napamerpiB (r, §), npu saxux OyIyTb
[IePEBIPATUCH IIPOTHO3M, Ta JJIS JIEKIJIBKOX ITOYATKOBUX
TOYOK BUKOHYEMO HACTYIIHI Jiil:

i. OGuyuc/0eMO TPOTHO3 HA  JIAHOMY  YaCTOTHOMY
pPiBHI Ta 3IHCHIOEMO CKJIEIOBAHHA JIJIA YCiX panilire
o0y IOBAHUX HPOrHO3iB 3 OlibmuM KpokoMm Af,
BUKOPHUCTOBYIOUM BXKe MiIiOpaHi Ha MUHYJIUX KPOKaX
ONTHUMAJIBHI 7" T S.

ii. ITopiBHIOEMO NPOTHO3 Ha BeauduuHy At 3 peaJlbHUMU
sHadeHHaMu  (TecToBUil 1pOMikKOK). OGUmCII0EMO
MOXUOKY, sIK CYMy KBaJIpaTiB BIIXUJIEHb BIIIOBIIHIX
TOYOK IIPOTHO3Y Ta PEAJHHUX TOYOK.

(b) Taky moxubKy OGUHCIIOEMO JIsi JEKLIBKOX MPOTHO3IB 3
PI3HUX TOYOK. SHAXOMMO CEPEJIHE 3HAUEHHSI TOXUOOK JIJIsi
JaHOI mapu T Ta S.

(¢) Iz ycix map r ta $ BUOUPAEMO Ty, KA B CEPEIHBLOMY JIAE
HafMEHIITy TTOXUOKY.

(d) Ipuitmaemo Kpamly napy Jjisi JaHOO KDPOKY [PHPOCTY
vacy At Ta HepexoauMo J0 HACTYIIHOIO PIBHIO MPHPOCTY
B IIOpﬂ)le CIIa/IlaHHA.
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TakuMm 9uHOM, JJIs KOYKHOT'O PIiBHS HPUPOCTY HaCy 3HAXOJUMO
ONTHUMAJbHI ~TapaMeTph, sKi OyJAyTb BHUKOPUCTOBYBATUCH B
OCTaTOYHOMY TIPOTHOBI.

[IpumyckaeThbcs, 10 JJIsT TEBHUX PsIJiB iCHYE 3aKOHOMIpPHICTH
B ONTHUMAJbHUX Iapamerpax. /[y BusBjaeHHs IIi€l 3aKOHOMipHOCTI
[IPOBOJIUTHCS EKCIIepUMeHTaJIbHa Po0OTa, MeTa SIKOI - OTPUMATH
onTUMabHAN HaOIp mapaMerpiB i psigy 0e3 MOBHOTO Iiepebopy
BapiaHTIB.

4.4 IlporHosyBaHHS YacCOBUX PSAIiB 3
TOYHUM HEePiogoM

IIpu exkcnepuMeHnTax Ha pgAAax 3 TOYHUM TIEPiOJIOM, HAIIPUKJIAJT,
zanexnocti  y(t)=sin(at+b), onTUMAJBHUII TOPSJIOK JIAHIOTA
MapkoBa r IpsMy€e 10 MAKCUMAJIHLHO MOYKJINBOTO 3HAYEHHS, OCKLIIBKH
psn craHiB MicTuTh abcostoTHO nepiogmuni dparmentn. Aje e
rapaMerp oOMeKeHM TUM, IO /I BU3HAYEHHs 3HAYEHHs eJIEMEHTIB
MaTpuIll HMOBIpHOCTENl TIepEeXO/iB KOXKEeH Iepexis MiXK CcTaHaM#i
MOBUHEH OyTHU MpEeICTaBJEHUN JOCTATHBOI KIJBKICTIO MOBTOPEHB Y
psai cramiB. s iboro HeobximHo, Mob KIIbKICTh €JIEMEHTIB MaTPHITL
Oyna © OIHAKOBOIO MOPSIKY 3 po3MipoMm BuOipkm cramiB. ZKImo
IIPUITYCTUTH, IO B CEPEJHBOMY KLIBKICTH MEPEXO/IiB MizK CTaHAMU Ha,
KOXKHY KOMIpKy MaTpulli moBuHHI 6yTn k£ a po3Mip BUOIpKM cTaHIB
nopiBHIOE N, TOJII onTUMAaJIbHE CIIIBBiIHOIIEHHS JIJIs IapaMeTpiB r Ta
S MOXKHA 3aIUCATU PIBHIHHSIM:

k() =N

Axio npuitasaTu GakT, Mo It PAIIB 3 TOTHUM IePioI0M MOPSIIOK
sgaHIora MapkoBa r mOBHHEH OyTH MAKCHMAJBHUM, TOMI MOXKHA
3aificHuTH TIepedip TiMbKU A1 mapameTpiB s Ta k. ExcmepumenTu
[IOKa3YIOTh, III0 IapaMeTp k /I CHHYCOLl He IIOBUHEH II€PEBUILYBaTH
KIJTBKOCTI KOJIMBaHb, MIPEJICTABICHUX y BUOIPIT HABUAHHSI.

PosriisineMo mporuosu cuHycOiIu 3 PI3HUM TEPioIOM.

Herounocri mpornosysauus, sk Bumao 3 puc. 4.8, obymoBieHi
[MOXUOKOI0 KBaHTyBaHHd Ha At, OLibImmx mepiogy cuHycoinu. Ha
puc. 4.7 y Bubipni HaBYaHHS MTPEJCTABJIEHA JOCTATHA KiJIBKICTH
IepioiB Jjist BiTHOBJIGHHST HA BEJIMKUX i€papxisx, a Ha puc. 4.8 mux
MIpeICTABHUKIB HeJIOCTaTHBRO. He 3Bazkaioun Ha I1ie, TepIie KOJUBaHHS
cumycoinu 3 mepiogom 60 TO90K OyJI0 CIIPOTHO30BaHE. 3 I[HOTO MOXKHA
3po0UTH BUCHOBOK, IT[0 MAKCUMAJIBHUN TOPU3OHT IIPOTHO3Y MOXKe Oy THh
ne 6iabnre 10-15 % Bix M0BXKMHU HaBYAJILHOI BUOIPKU.
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T

200.5

y@®

200 H

199.5 u

SNHINnNIuN

i i i i i i i i
50 100 150 200 250 300 350 400
t

Puc. 4.7: IIporunozysanms y:sin(g—gt) npu k=5,s=9

198.5
0 450

Puc. 4.8: IIpornosysanus y = sin (%—gt) nmpu k=2,s=9
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ITporao3syBaHHS psSAiB JUHAMIYHOTO Xa0Cy

st HajAmTyBaHHS —~ METOJIWKH, 34  JIONOMOIOI0  MOJEJi
JEeTEPMIHOBAHOTO Xaocy TuIy “XmKak-:KepTBa’ 3 IapaMeTpaMu,
OM3BKUMU 0 KPUTUYHOIO PEXKUMY, OyJin 3reHepoBaHi TeCcTOBi
psaau. JlaHi psgam MamoTh KOPOTKY IaM ITh, TaK $SK T€HEPYIOTbCS
pekypeHTHUME ciiBBigHOmeHHsiMu. Ha puc.4.9 puc.4.10 306pazkeHo
IIPOTHO3 TAKUX PSIIiB.

201

T
== Predatorprey
= prediction

200.5

y(@

200 [ t

199.5 ! !
350 400 450 500

Puc. 4.9: IIpornosysanus psiay momeni “Xmxkak-2keprBa’ s=5H

201 T
Predatorprey
= prediction L

200.8 -

200.6
200.4
Z 200.2
200t
199.8f

199.6

199.4 ! !
350 400 450 500

Puc. 4.10: TIporuosyBamnus psiy momeni “Xumkak-kepra’ s = v At

Ha pwuc.4.10 300parkeHo MPOTHO3 HPHU JAWHAMIYHOMY 3POCTAHHI
§ mpomopiiitHo 3pocranHio BejwauH  At. IIpmymHOIO TaKoro
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€KCIIEPUMEHTY CTAaJIO Te, IO JJIs BEJIMKUX IMPUPOCTIB Yacy HeoOXiTHa
BeJIMKA TOYHICTH, [IPU ITOXUOKAX HA TAKOMY PiBHI BUHUKAIOTH OMTTS,
skl momiTHI Ha 000X rpadikax. OgueBUAHO, MO B APYroMy BUIAIKY
BJAJIOCS TIOKPAIIUATH [IPOTHO3 LIS IEPINUX ITPOrHO3HUX 3HAYEHbD.

Excniepumentanbaa  poboTa 3  psagaMu  IHHAMIYHOTO — XaoCy
[I0Ka3aja, IO 3alpOIIOHOBAHA METOJIUKA JO3BOJIS€ BHUABJIATU
3aKOHOMIPDHOCTI Y MOJIEIbHUX YACOBUX PHAJiB, HaBITh HAKIIO
Taki 3aKOHOMIDHOCTI TPUXOBaHI BiJl CTATUCTUYHUX  METOIB
(uporHosyBaHHsl — DsiB  JIeTEepPMIHOBAHOIO  Xaocy). Bubezene
ONTHMaJbHE CIIBBIIHOIIEHHS MOPAAKY JaHiory Mapkosa r Ta
KIJIBKOCTI CTaHiB S, 3pOOJIEHO TIonepenHiil mindip ONTHMAaIbHUX
rmapameTpiB.

4.5 DBararocneHapHUii miaxia 10
IIPOTHO3YBaHHS PsIIiB
¢diHaHCOBO-eKOHOMIYHOI AMHAMIKU

Y JmaHoMy pO3JUI TPEJCTaBICHI PE3yAbTaTH ITPOTHO3YBAHHS
cBiToBux boHIOBUX iHAEKCIB, #Ki gocrymHi Ha caiiti http:\\
finance.yahoo.com. Excmepumentn mokazanau, mo upu pi3Hii
JIOBXKUHI HaBYAJbLHOI BUOIPKHU, IPOTHO3HI KPUBI JIEIO BiAPI3HAIOTHCS
(muB. puc.d.11, 4.12, 4.13 Ta 4.14). Psaau upornosis mist iHgeKCy
Dow Jones Industrial Average (mami DJTA) 3o6paxkeno ua puc.4.11
€ OlmpIn KOpeaboBaHi MiXK coboio, Hik nporuosu immekcy FTSE 100,
300pazxkenoro uHa puc. 4.13. Ha pucynkax 4.12 ta 4.14 Bume3azunajeni
rpadikn  ycepesHEHO Ta BiJIK/IAJIEHO OJHE CEPETHBOKBAIPATAYHE
BiIXnJIEHHST BBEPX Ta BHU3 BiJ cepenHboro 3Hadvenns. Jlami kpusi
MOXKYTh IHTEPIPETYBaTUCh $K JOBIpYi iHTepBaju Mporuosy. dac
IOYATKY MPOrHO3yBaHHS 300parkero Touko 1000 Ta Bignosigae maTi
1 rpynua 2011 poky.

It mopiBHAHHS iHIEKCIiB pisHmx KpalH Ta 300parkKeHHs
TaKUX IIPOrHO3IB Ha OJHOMY TIpadiKy IIPOIOHYEThCS IPOIELypa
nopmastizanii. HopmasizoBani 3HadenHs psily Oy/1yTb 3HAXOIUTHUCH Y
inrepsadi [0...1] Ta 06YUCTIOIOTHCS 38 HACTYIIHOK (GOPMYJIOIO:

y(t) —min (y(t))
mazx (y(t)) — min (y(t))

Yn (t) = (41)

HopmaitizoBani mnporHo3ni psiim  1nokasani Ha puc.  4.15
(Amepukanchki punkn), puc. 4.16 (€Bporna, 3/1iBa PUHKYA PO3BUHYTUX
kpaiH, cupasa: punku Kpain PIIGS), puc. 4.17 (asianpki kpainnm).
Vci pucyHKu MICTATH Psifi yCepeHEHOro MPOTHO3Y, sKi 300pazkeHi
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x 10

0 500 1000 1500 2000 2500 3000
time, days

Puc. 4.11: Dow Jones Industrial Average - DJIA (CIIA). Psagx

[IPOrHO3iB, OOYNCJIEHUX 3 PIZHOIO JOBXKMHOIO HABYAJILHOI BUOIPKH

X 10*
= = =mean+std

1.8}~ = ~mean-std
——mean

DJI

0.6

0 1000 2000 3000 4000
time, days

Puc. 4.12: Dow Jones Industrial Average - DJIA (CIIIA). Cepemne

3Ha4YCHHA Ta CTaHIapTHEe BiﬂXI/IJIeHHSI IIPOTHO3HUX KPUBUX.
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Puc. 4.13: TIporuos immexcy FTSE 100 (Bemuxkobpuranis). Psg
[IPOT'HO3iB, OOYMC/IEHNX 3 PI3HOK JIOBYKUHOK HABYAJBHOI BUOIPKU

= = =mean+std N

70001 - - ~mean-std fn'

6500
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FTSE 100
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Puc. 4.14: TIporros inmexcy FTSE 100 (Bemuko6puranis). Cepeae
3HAYEHHsI Ta CTAHJAPTHE BIIXMJIEHHS TPOrHO3ZHUX KPUBHUX



4.5. BATATOCIIEHAPHUI ITUIXIT 107

JOPHOIO JIHIE Ta € cepeiHbo3BakeHnmu 3 Baramu BBII Biamosiaamx
KpalH.

0.8
o
8
= 0.6
£ )
2
G 04NAN HEF X M & ——
Q
Q
2
=02 - - —gsptse
merv
ok = = =s&p500
: : : : — mean
0 500 1000 1500 2000 2500 3000

time, days

Puc. 4.15: HopwmauizoBani ycepemHeHi NPOrHO3U AMEPUKAHCHKUX
donmosux ingekcis. Bpasumiais (BVSP), Mekcuka (MXX), Kanasma
(GSPTSE), Aprearuna (MERV), CIITA (S&P 500)

== -aex
’:,\ fchi |
[ —ftse 0.8 [l¢

o ftsemib
"/‘ ibex
iseq
== =psi20
-~ -gd
= mean

N

S s
0.4 A%

indices, normalized
indices, normalized
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0 500 1000 1500 2000 2500 3000 0 1000 2000 3000 4000
time, days time, days

Puc. 4.16: HopmasmizoBani ycepenmneni mIporaosm €BpONEHCHKUX
donmosux inmexcis. a) Possunyri kpaian: FTSE (Beauko6puranis),
DAX (Himewyunna) FCHI (®pannis), AEX (Himepnanau); 6)
Hopryramia (PSI20), Irania (FTSEMIB), Ipnangia (ISEQ), I'penis
(GD) ra Icnanis (IBEX)
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Puc. 4.17: HopmasizoBani ycepemaHeHi mporuao3n (hOHJIOBUX 1HIEKCIB
Asil. Knrait (SSEC, HSI), Kopesa (KS11), dnonis (NIKKEI), Iaais
(BSESN), Hosa 3enannist (NZ50)
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Puc. 4.18: Ycepenneni ta HopMasi3oBaHi MPOrHO3U iHIEKCIB CBITOBUX
GbOHIOBUX PUHKIB
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JlabopaTopna pobora Ne 5. IIporuosyBanus
JacCOBUX PS/AiB 3a TEXHOJIOTIE0 CKJIATHUX
JaHIoriB MapkoBa

Hana jabopaTropHa pobora 0a3yeThCs Ha  BUKOPUCTAHHI
aBTOPCHKOIO MporpaMHoro 3abesnedentsi MarkovChains, sike mpairioe
B cucreMmi Matlab. HaitroBimy Bepciro mporpamMu MOYKHA 32BAHTAXKUTH
Ha caitti http://prognoz.ck.ua abo http://kafek.at.ua

Jns  3amycky makeTy it [IPOTHO3YBAHHSI 9aCOBOTO  DSIJTY
MarkovChains, neoOximHo BigkpuTu Mariab, mnepeiitu B pobody
nanky makery MarkovChains Tta 3amycTuTm makeT KOMAHIOIO
MarkovChains. Ilicis 3amycky Bu mobaunre pobode BikHO mporpamu
(puc. 4.19)

EL
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Puc. 4.19: Po6oue Bikuo nporpamu MarkovChains
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IIporpama mnpwuitmMae B SIKOCTI BXiZHHX JaHUX TEKCTOBI aiimu,
SIKi MICTSITh PsiJI 9MCEJI, PO3AUIEHUX MPOOiaIoM abo CHMBOJIAMU KiHIIs
psaka. 3aBaHTAYKUTH B IPOrpaMy BXimHuit (paitis MOXKHA, HATUCHY BIITA
Ha kKHONKy “O030p” B Bepxwiit wacrmui Bikaa. [Ilpm mpomy BMmicT
BXizHOTO (aity Oyae 3aBaHTaXKEHWIT B MporpamMy Ta 3 SBIATHCS
3HadeHHs B nonsx “/lnumbpa Bxommoro psana”’, “Hagamno” “Kowmerr”,
JdKi 3aJIaI0Th BIJIMOBITHO TOYATOK 1 KiHENb BiPi3Ky, HA AKOMY
O6yzne Becruch HapdaHHs. llepersisHyTu rpadik TpOMIKKY HaBYAHHS
MOKHA, HAaTUCHYBIH KHOIKY “IIpocmorpers rpaduk” (puc. 4.20).
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Puc. 4.20: Pobowue Bikuno mporpamu MarkovChains

Suayenns mossa ‘Touka Hadana’ 3ama€ TOYKY, MOUMHAYA 3
SAKO1 3MIfICHIOEThCS TporHo3yBaHHs. Ila Todka 3aa€Tbcs BiTHOCHO
BiZipisky HaBuaHHS, 3aJaHoro 3HadeHHamu mnouiB “‘Hawamno” Tta
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“Komer”. Ile 3HavyeHHsI Kpallle BCbOI'O BH3HAYUTU 110 Tpadiky
MIPOMIYKKY HAaBYAHHSI.

MepexKy IpUPOCTIB Yacy MOXKHA 3T€HEPYyBaTH JIBOMa CIOCODAMM:
npocra iepapxig (cremeni umcsa 2) Ta ckaagHA (CTENeHl IePIIUX
upocrux guces). Croci6 redeparii iepapxil HpupocTiB dacy MOXKHA
3a7laTH B TOJIOBHOMY BiKHI. 4K BiJIOMO 3 TE€OPETUIHOrO MaTepiay,
BCl MEHII NPUPOCTH T IOBUHHI OyTH KpaTHUMU HAXOLIBIIOMY
npupocty At. Haiibinbmmuit npupicr BubOupaerhcs Tak, mobd iHoro
JOBXKWHA OyJia MEHIA TPOMIXKKY HABYAHHSI, ajil€é MAKCHUMAJbHO 0
HBOrO HabuMKaIach (MAKCHMMAJIBHO BUKODUCTOBYBABCH BUDI3aHU
pan). Ipu 3mini suadens nouis “Hauano” u “Kownen” 3uiiicHioeTbest
reHepariisi iepapxiifi Ta BUpi3aHHsS TPOMIKKY HABYaHHS, SAKHAI CTA€E
piBanM MakcumasibHoMy At. Ilpu mpomy 3uadensst noss “Konerr” He
3MIHIOEThCH, a 3HadenHs “Hawgano” 36iibnryerbes, 3a/1a10490 JTIOBXKIHY
npomizkky HaBuyaHHA N1 = At,g.. Ilam’graiiTe, 1mo 3HadeHHs
KIiHIIF TPOMIXKKY He3MiHHE, a 3HA4YEeHHS IOYaTKY IPOMIXKKY MOXKe
3MIHIOBATHUCH, 1€ HEOOXiTHO BPaxXOBYyBaTH IPH 3aJaHHI ITPOMIiXKKY
HaBYAHHSI.

Ilin wac aBromarwdHOI TeHepalil iepapxii OPUPOCTIB dacy
KOYKHOMY MpUpocTy At 33/1al0ThCs HAJIAINITYBAHHS: KiJIbKICTh CTaHIB
S, MOPsAOK JaHIora Mapkosa r Ta MiHiMaabHA KUJIBKICTH IOBTOPEHD
k. LIi mapamerpu TreHEPYIOTbCSI ABTOMATHYHO, ajieé € MOXKJIUBICTH
HiIKOPEKTYBaTH X JIJIs KOYKHOIO npupocty dacy (kuonka “Hacrpoiika
nepapxun’) abo 3reHepyBaTH 3 IHIIMMH 3HAYEHHSIMH (KHOIIKA
“CrenepupoBars”). Ilporec HajamTyBaHHsA OapaMeTpiB KOXKHOTO
IpUpPOCTy OyZe ONMMCaHUl HIXKIeE.

Ak BiOMO 3 TEOPETUIHOI YACTUHU, YACOBUN Psi/l IEPETBOPIOETHCS
Ha psj UpupocTiB (pisHunpb cycinuix suadenn). Ili pizHUOi MOXKYTH
6ytn abcomoranuMmu abo BigHocHmMmu. Bubip abcomoTHEX ab0
BIJIHOCHUX PI3HUIL 3JUICHIOETHCA y TI'OJIOBHOMY BIKHI IIporpaMu
3a JIONIOMOIOI0  TlepeMuKkadis  “A6GCOJIIOTHBIE —TNpUpaleHus’  Ta
“OTHOCHTE/IbHBIE TTPUPAIIEHUST .

Takoxx peasizoBano 4 crmocobu pO3NOIiJIEHHS TPUPOCTIB HAa
craHu: pPIBHOMIpDHHUIT 3a KIJIBKICTIO IpeJICTaBHUKIB crauiB (cranu
BU3HAYAIOTHCS TakK, MO0 KUIBKICTH IMPEJICTABHUKIB KOXKHOIO CTaHY
Gysu IpUOIU3HO PIBHUMH), PIBHOMIDHUM 38 BIIXMJIEHHSIMHA (JI1THTHCST
MIPOMi?KOK BiJIXUJIEHB BiJI MAKCUMAaJIBHOTO JIOJIATHOTO JIO0 MiHIMAJILHOTO
BileMHOr0 Ha piBHUX S 4vacTuH), “PaBHOMEpDHOE II0 KOJUYECTBY
(HOBBIIT BapuaHT)” — MOLEPE/ZKYE MOXKJIUBY CHTYAILIO, KOJU B Dsijii
MIPUPOCTIB TMPUCYTHI JykKe OaraTo MPeICTABHUKIB OIHOTO 3HAYCHHST
(manpukias, 0 mpu He3MIHHOCTI psinty ); “PaBHOMEPHOE 110 OTKIIOHEHUIO
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(wactb xBOCTA)” — HO3BOJIsIE BLLAIMTH “XBOCTH’ DO3HOIITY B 2
OKpEMUX CTaHU, & IMIPOMIXKHI CTaHU JIIATHCS 3a BiXUJIeHHsSIM. Biabim
JETaJIbHO PO MOXKJINBOCTI PO3MOIITY Psily Ha CTAHU JIUB. TEOPETUIHY
qacTtuHy. BubpaTn crmoci6 po3iieHHs Ha CTAHU MOYKHA B TOJIOBHOMY
BikHI 3a JOMOMOroI0 mepeMukadiB “PaBHOMEpHbBIE MO COCTOSHUIM,
“PaBHOMEpHBIE 110 KOJHMIECTBY .

JLJtst Tieperisiy Ta pe/laryBaHHs HAJAINITYBAHb KOXKHOTO IIPUPOCTY
qacy HeoOXimHo ckopucTtaruca kKHomkoro ‘Hactpoiika mepapxun”’ Ha
rosioBaoMy Bikmi mporpamu. Ilicma 11 wmaruckammsi, Bu mobaumre
HacTymHe BikHO (puc. 4.21).
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Puc. 4.21: HanmamryBanns mapamMeTpiB iepapxil mpupocTiB gacy

3 mgiBoro OOKy BiKHa 3HAXOAWTHCS CIHMCOK BCiX NPUPOCTIB, #AKi
3reHepOBaHl NpH JAHUX HAJAINTYBAHHAX. HaTHCKAOYn Ha KOXKHE
suavenns (1, 2, 4, 8 1 T. 71.) B ocTaHHIN YacTHHI BiIKHA 300PaKyIOThCS
rmapamMeTpu JAHOTO TPUPOCTY: KiMbKICTb CTAHIB S, MOPSJIOK JIAHITIOTA
Mapkosa r, wmiHiMaJbHa KUIBKICTH MOBTOpeHbL k. OnrumasibHi
3HaYeHHs IUX [MapaMeTpiB MOKHa MiaibpaTh, s IIbOro HEOOXiIHO
BiamiTuTn rasmouky “Ilomobpars” HABOPOTH BiAIOBiAHOrO mapameTpy.
SuavenHs B nosax eeeleHHs “Makc” Ta “Mun’ 3a1ai0Th IHTEPBAJI,
B SKOMY 3JificHIOEThCS Ti0ip 3HadeHb mapamerpy. Hailikpaire
3HAUEHHsI — Il€ 3HAYeHHsI, sKe OyJ/le BUKOPUCTOBYBATHCS I dYac
MIPOrHO3YBaHHSA. TaKOXK JJIsT KOYKHOTO ITPUPOCTY HacCy MOYKHA OKPEMO
3a/1aTn TPOMIKOK HaBdaHHs. OCKIIbKY TOBXKUHA DSy CTaHIB, B IKAI
IEPETBOPIOETHCS PSIJI IIPU PI3HUX TPUPOCTAX YaCy MOXKE BiJIPIZHATHUCH,
KEPYIOYH JIOB’KMHOIO INPOMIXKKY HaBYaHHS JJIsI KOXKHOI'O IIPUPOCTY
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MOXKH& YHUKHYTH TaK 3BaHUX ‘KpaitoBux edektis”. Takoxk 3a
JonoMoror rajiouku “Vcrmonb30BaTh nepapxui’ MOMXKHA BUJIYIUTH
[IEBHI IPUPOCTHU Yacy 3 MPOIECY TPOTrHO3YBAHHS.

Kuonka “IIpuvenuTts’ BUKOHYE 3MiHM, $SKi KOPUCTYBad 3a/1aB
y BiKHI I JJAHOTO TPHUPOCTY dUacy. JKimo 3aificuuTu 3MiHn
SIKUXOCh IapaMerpiB Ta He HartucHyTu “IIpumenurs’, TO 3MiHH
npoirHopytoThesi. HajamryBanus iepapxil Moxk#Ha 30epertu B daii
Ha JUCKY KOMII'I0Tepa 3a JormoMoroio kuonkn “Coxpanuts daitir’, abo
3aBaHTAKUTHU PAHINT 30eperkeHi mapaMeTpu 3a JIOIMOMOTOI0 KHOIKT
“Barpysurb u3 daiura”.

ITo 3amoBUYyBaHHIO 3HAYEHH TApaMeTPiB iepapxil 6epyThes i3 moIiB
“Hagasbroe 87 Ta “Munum. kos-Bo k”. fAkmo Bu xouere 3renepysartu
mapaMeTpH, gKi BiAMIiHI Bif 3a/laHUX MO 3aMOBYYBAHHIO, TO MOXKHA
ckopucraruch KoOnkoo ‘CrenepupoBars’. Ilicas naruckamuas Bu
mobavynTe BIKHO MMapaMeTpiB reHepyBaHHsI, ke 300parkeHe Ha PHC.

4.22.
SEE
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Puc. 4.22: Tenepariia mapamerpis iepapxiit mpupocTiB dacy

B koxxne mosie BBesieHHsT HEOOXITHO 3a/1aT 3HAYEHHS ITapaMeTpy,
dKe Oy/e 3acTocoBaHe /I BCIiX mpupocTiB iepapxii. Moxkna
BUKOPUCTOBYBATU BUpa3u 3 napamerpoM At, siK, HAIPUKJIAJ, KiHelb
MIPOMiKKY HaBUYaHHS. JHAUYEHHS I[bOTO IapaMerpy Oyje obumciieHe
JUIst KOXKHOT'O IIPUPOCTY Ta 3acTOcoBaHe OKpeMme 3HadeHHs. Ilicos
HarucKanus kHonku “‘lemepupoBars’ Oyme 3miiCHEHHS TeHEPYBaHHsT
HOBUX mmapamerpis. s BiaMinum renepariii 10CTaTHRO 3aKPUTHU BIKHO
(muB. puc. 4.22).
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st TIepeBipKU aJIeKBATHOCT] IIPEJICTABJIEHHS Psily Yy BUIJISIII
MOCJIIJTOBHOCTI CTaHIB MPHW PI3HUX 3HAYEHHSX IPHUPOCTIB dYacy
HEOOXiIHO MpOopobUTH HACTYMHI Mil: 3aKOAyBaTH PsIJ HA YCIiX PiBHAX
iepapxil Ta BIJIHOBUTH IX 3HAYEHHS 110 PEAJHHUM IIOCJIIIOBHOCTSM
craniB (6e3 MPOrHO3yBaHHs) 1 IPOPOBUTH NPONEAYPY CKIICIOBAHHS.
Takum YnHOM, MOXKHA, TTOPIiBHATH OPUTIHAJIBHUN 1 BiIHOBIEHUN psian
i 3 IILOTO CYJIUTH PO AJEKBATHICTD MPEJICTABICHHS PSIITY.

it mpoBeleHHS ~— BUINEONUCAHOI  IPONEAYPHA  JIOCTATHBHO
HaJIAIITYBATH i€papXifo Ta HATUCHYTH KHOIKY “OIEeHUTH MOTPEITHOCTh
(6e3 poruoza)”. Ilpu upomy Gyjie BuBeIeHe BIKHO 3 1BoMa rpadikamu,
OMH 3 HKWX — OpUTiHAJbHUN, a IHIMWIA — BIJIHOBJIEHUN TIiCJI
KOJIyBaHHSI CTAHAME Ta BUKOHAHHS IIPOIEypu 3muBaHHs. Ha puc.
4.23. 300pakeHO Pe3ysIbTaT Ii€l TPOIETy PH.
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Puc. 4.23: IIporieypa  mepeBipku peICTaBJICHHS (6e3
[POrHO3YBAHHS)

Pesynbratn BHKOHAHHSI IIPOIEIYPU BHUBOISTHCSI TEKCTOBUMU
moBiTOMJIeHHSIMU  Ha KOHCOJIb Matlab, skuii MoxnHa 3BHYaiiHUM
crrocoboM BuminTu 1 ckomioBaru B Oydep obminy. Ha pumc. 4.23.
cIipaBa MOXKHa MoOauuTH (pparMeHT Takux 3amucis. Ilicasa mporecy
BIJ[HOBJIEHHSI OCTAHHIM DdAJIKOM BUBOJUTHCS CEPEJIHE 3HAYEHHS
KBaJIPATiB BiIXUJIEHb KOJOBAHOrO psiy Bijm opurinajabaoro. lle
3HAYEHHsI MOYKHA BBAXKATH TOUYHICTIO MIPEJICTABICHHSI.

[Taker Mae MOXKJIMBICTH BUBOIUTH TEKCTOBHIl JIOI HE Ha KOHCOJIb,
a B Oymb-gxwmit aitn. st mbOro CayryoTh HUXKHE II0JI€ BBEIEHHS
ta kaonKa "O6030p”, fKa Jla€ MOXKJIMBICTH BUOpaTH (hailyr s Jiory.
dxmo daitn He BUOpaHUil 1 BMICT TI0JIST BBEJEHHS MOPOXKHIN (iMst
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sor-paiiry He 3ajaHe) — TO BUBEIEeHHs iH(GOpMaIil 3iCHIOEThCS Ha
KOHCOJIb.

Icaye MoKIMBiCTH TPOILTIOCTPYBATH MPOIEC TPOTHO3YBAHHS Ta
BUINEPO3IJISHYTOTO TECTYBAHHS 3a JIOMOMOTOI0 BUBOY IMPOMIXKHUX
rpadikiB npu BigmoBimHmx At y mporeci BUKOHAHHSI CKJICIOBAHHS.
Busenennsa mux rpadikiB BMHUKaETbCs BuOOpoMm ol “BuiBogurh
MIPOMEXKYTOUYHBbIE TpaduKn’, sKa 3HAXOAUTHCA B HIKHIN YaCcTHHI
TOJIOBHOTO BiKHA.

JIjist IpOrHO3yBaHHA JOCTATHLO 3aJaTh IapaMeTpu iepapxil (abo
3AJIMIIATU 110 3aMOBYYBAHHI) Ta HATUCHYTH BIANOBIAHO KHOIKY
“IIporuos” 3miBa BHU3Yy Ha rojioBHOMY BikHi. Ompasy 2K MOYHETHCS
[IPOIeC IPOrHO3YBAHHS 3 MEHIINX IPHUPOCTIB 4acy. s KOHTPOJIIO
[IPOXO/IP)KEHHsI IIPOTHO3YBAHH:A, HA €KpPaH BUBOJUTHCS IIpOrpec-oap,
AKUH TIOKa3y€ MPOIEHT 3JIIMCHEHHSI MPOrHO3YBAHHSA JJIsl JIAHOTO
npupocTy iepapxil dacy. Ko BIMKHYTa ONIlisi BUBOJY ITPOMIXKHUX
rpadikiB, TO B KiHIII MPOTHO3Y KOXKHOI HACTYITHOI i€papXil BUBOAUTHCS
rpadik TporHo3dy gamHol iepapxil 1 pe3yabTaT CKJICIOBAHHS 3
IIOTIePEIHIMU i€papXisAMU.

JlaboparopHa pobora Ne 6. BararocienapHe
ITPOTHO3YBaHHSA METO/IaMU CKJIaTHUX
aanmoris MapkoBa

Y  nawiit  gabopaTopHiit pobOTi Oyme PO3IVIAHYTO METOIUKY
Ta TEXHIYHI 0coOJaMBOCTI MOOYMOBH OaraToCIeHApPHUX TPOTHO3IB
3acobaMu CKJIaaHUX JaHmioris Mapkosa. Y muHysti# jabopaTopHiit
poboTi posrisgaBcs BidyasjbHUl iHTep@Ec MPOrpaMHOro MPOLyKTY
MarkovChains. Ileit npomykT TakoK Mae TeKCTOBUil iHTepdeiic, sKuit
3HAYHO 3PYUHINIE BUKOPHCTOBYBATH y BHUIAJKAX, sIKi BUMAralTh
aBTOMATH3aIll ab0 MPOrpaMyBaHHI.

TekcroBuit inTepdeiic Tymbokcy MarkovChains mocTymauit 3a
noromororo komanu MarkovChainsCmd. Habip Bxigaux mapamerpis
JaHOl KOMaHM HACTYITHUIL:

MarkovChainsCmd (infilename, predictlength, outfilename);

infilename — im’st BxigHOro aiiy, TekcroBuii psimok. Moxke
mictutn sik  iM’s dadimy (y mpomy Bumanky cucrema Matlab
HaMaraTuMeTbCsl BIAKPUTH baiiyl y CBOIH MOTOUHIi Hanui), ab0 moBHU
nuisx Jgo daitiny (y mpomy Bunaiky cucreMa OyJe HAMAraTHUCs
sualitu dailn no 3aganomy nuiaxy). Paitn Mae GyTu TEKCTOBUM Ta
4gepe3 cuMBoJI Enter MicTuTu 3HaYEHHS YACOBOTO DSy Y TEKCTOBOMY
npejcTapiaenti. Moxe OyTu cTBOpeHumii, 30epexkeHusM Jjucty Excel,
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SIKA MICTUTH CTOBIIEI[b 3HAYEHBb JIJIsI IPOTHO3YBaHHSI. 3ayBaskKUMO,
0 BXIZHMIA TeKCTOBUiT (paiiyl He MOBUHEH MICTUTH HISIKOTO 3aiiBOTO
TEKCTY, OKPIM 9UCEsT PSTy.

predictlength — moskuHa MpPOrHO3Y, Iije JOJAATHE YUCTIO. Byre
OKPYTIJIEHE JI0 HafOJNKYIOT0 CTeleHs Jucia 2.

outfilename — im’s BuxigaOro daiiry, Mae 6yTu TeKCTOBUM haitsioMm
(*.txt). Ilicns BukoHaHHsS KoMaH W JaHuil daiin Gygse MictuTn
3HAYEHHS HABYAJIBHOI BUOIPDKM Ta IPOJIOBXKEHHs (IIPOTHO3) fAK OIUH
pa.

Takoxk, OKpiM TEKCTOBOrO BHXiZHOro aiiaa, IIporpama
crBoproe .mat-daitsr, gaxwuit 30epirae yci TPOMiIXKHI PO3paxXyHKH
npu nporHo3ysanHi. Tam 30eperkeHo Buj PO3IMOJLITY HA CTAHU, PIIA
[IpOrHo3iB 3 pisauMmu At Tta inma indopmarnis. lus meranbHOT
indopMmarii MOKHa PO3IVIAHYTH BUXIJHUI KOJ IPOrpaMu, BlJIBHO
JocTyHUil 3a ajpecoio http://prognoz.ck.ua/MarkovChainsl_2_
20111201_T_usuallly_use.rar.

Vei immi mapamerpm, ki MOXKYTb OyTH 3MiHeHI y MeTOi,
3a/1aHl 3HAYEHHAMH, SKi JJO3BOJIAIOTH OTPUMATH HANKpAIIll ITPOTHO3M.
st 3MiHM I[eBHUX [apaMerpiB, MOXKHa IIPOYUTATH BUXITHUN
daitn MarkovChainsCmd.m (BBemith B KOMamgnoMy paiaky edit
MarkovChainsCmd i y pemaxkropi Biakpuerbcg norpibuuit daiin).
Hopeui ines BapioBaru iHmmMyu mapaMerpaMu (He TLIbKA JOBKUHOIO
BXiIHOT BUGIPKH), IicJis 9Or0 PO3IVISIATH 1 yCePEeIHIOBATH OTPUMAH]
IIPOTHO3HI PN, € MIKABOIO 1 YACTKOBO HaMM I€peBipeHa.

s reHeparii Ta BUKOHAHHS WPOTHO3YBaHHS 3  DPI3HOIO
JOB2KHUHOIO HaBYAJIHHOL BUOIpKHT po3pobiteHa mporpama
MarkovChainsUsredn, kom  gKoOi  JoCTymHHUIT  3a  &JIpecoio
http://prognoz.ck.ua/MarkovUsrednenie.rar. ApxiB wicrurh
Tpu daitan:

1. MarkovChainsUsredn.m - mporpama js reHepariii 3aBJaHb,
BUKOHAHHS ITPOTHO3IB Ta yCepeIHeHHsI Pe3Y/IbTATIB;

2. NormalizeFigs.m - mporpama jsi HOpMaJi3allil OTPUMAHUIX
uporuosis j1o inrepsasy [0...1];

3. usred.m - Tmporpama s yCepeIHEHHs HOPMAJI30BAHUX
IIPOTHO3IB iH/EKCIB Pi3HUX KpalH B OJWH PsiI.

HeraspHa IHCTPYKINst 110 BUKOPHUCTAHHI JaHUX mporpaMm Oyge
HaBeIeHa JaJIi.

1. st 3pyasHOl poOOTH CTBOPITH OKPEMY TAIIKY, B SKY 3aIHIINTH
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Tpu BUINeHaBeseHi dailiam Ta ckomiodite psan (abo jexiabKa
PAIIB), 9Ki HEOOXIHO CIIPOIHO3YBATH.

2. Bamycrith cucremy Matlab Ta mepeiiiTe y miiIroroBaeHy namky.

3. Benite komamgy MarkovChainsUsred B xkoMaHIHOMY pSAKY
Matlab.

4. Tlicost mosiBU JiaJIOroBOTO BiKHA BiAKPUTTS hailmy, yKaKiTh iM s
daity it TPOrHO3YBaHHSI.

5. BeexmiTh MakcuMasbHy Ta MiHIMAJIbHY JIOBXKHWHHA HABYAJIHHOL
Bubipkn (cucrema TifiKarke JOBXKWHY DIy JUIS BBeJEHHSI
MakcuMaJ ibHOI. Akio Bu moromkyerecs 3 M BUOOPOM, MOXKHA,
upocro Harucuy T Enter). Jljis MiHiMAIbHOT TOBXKUHHA TA MLISXY
TaKOXK 3aJIaHi 3HATEHHS 10 3aMOBUYBaHHIO. BoHu migibpani mrs
[IPOTHO3YBAHHS JEHHUX 3HAYEHDb PsAJ1iB (DOHIOBUX PUHKIB.

6. Ilicist 3amamHsA mapaMerpiB, IporpamMa CTBOPUTH y IOTOYHIiH
narnmi daitiau-GpparMeHTn 4acoBOro psyy ISl IPOrHO3YBaHHS
Ta daitn commands markov predict.m, fe 3anmcani BUKJIIKH
komaggu  MarkovChainsCmd 3  sBignosignmmu — BXigHuMn
mapaMmerpamu. Ilicist cTBOpeHHsT ycix HeoOXimHmx daiiis,
mporpaMa IOIEePeIUTh PO  IMOYaTOK IIPOTHO3YBAaHHSA i
IIOIPOCUTH HaTHCHYTH Enter nis modarxy.

7. Iicas obumcienns nporHosiB (dakTUIHO cHUCTEMa 3aIlyCKae
daitn commands_markov_predict.m Ha BUKOHAHHS )
BAIlyCTUTHCS yCEPEJIHEHHSI OTPUMAHUX HPOruosiB. Orpumani
3o6pazxkents (rpadik 3 MHOXKUHOIO OTPUMAHMX HPOTHO3IB Ta
rpadik ycepenHenHs) HeoOximaHO 36epertu.

3ayBaKMMO, 1[0 TPpA  KOXKHOMY  HACTYIIHOMY  3aIlyCKy
MarkovChainsUsred, OyiayTh crBOpeHi HOBi aim-pparmMeHTa, a
daitn commands markov predict.m Oyje JOmOBHEHUN HOBUMHI
komaHgamu. Tomy HeoOximHo ounngysaru (Buganaru) daiia
commands markov predict.m mici = o04YuCI€HHA  IPOrHO3IB.
Ilieto ocobmmBiCTIO MOXKHA CKOPUCTATHCH, 3TEHEPYBABINN (haiim-
dparmMenTr Ta 3aBJAHHA JJIS  YCiX BXIJHUX YaCOBHX PsJiB,
[IePEPHUBAIOYN 3AIlyCK IIPOTHO3YBaHHs (IICJIsi 3aNpOIIEHHS [MOYATH
obuncienns nporuosdy narucayru CTRL+C) Ta 3amyck remepariil
HACTYIIHOTO 3aBIaHHS JJis 1HIIOro Bximuoro ddaitry. Bakimso
3amam’sitaTu abo 3almMcaTH MAKCHUMAJIbHY Ta MiHIMAJJIbHY OBXKUHU
Ta KPOK JIJIsT KOXKHOTO PsITy, IKuil OyB 3aJ[aHuil JJIs reHepartii.
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[Ticiist remeparmii ycix 3aBJaHb, MOXKHA 3aIlyCTUTH KOMAaHLY
commands markov predict, nmpm  mpomy  Oyjge = BHKOHAHE
MMPOTHO3YBAHHS yCiX 3aBaaHb. llicas hOro HEOOXiITHO IO0JATKOBO
3aIlyCTUTH NPOIEAYPY ycepeaueHs. Lle poburbes Ti€ro 2K mporpaMoio
MarkovChainsUsred, ajie HEOOXiTHO IIPOIYCTUTH T'€HEPAIIO 3aBIAHb.
st mporo Heobximuo minpenarysatu aitn MarkovChainsUsred.m
(mag movuaTKy pesaryBaHHs BBEIITh B KOMAHIHOMY panky edit
MarkovChainsUsred), sminusmm psimok Ne 51 3 “if(1)” wma “if(0)”.
Ilicma  ycepemmenmst i TeHeparil HACTYIHUX 3aBIaHb 3MiHI
Heobximno moepuyTu. Ilicist pemaryBaHHsT J/isT KOXKHOTO BXIiJIHOTO
daity 3amycrite kKomany MarkovChainsUsred, BkaxkiTh iM’st TOro
K aiiay Ta Ti cami napamerpu (MaKCUMAaJIbHY, MiHIMAJIbHY JIOBXKUHA
Ta KPOK), MicJis 90ro 3’4BJdThcd rpadiku cleHapilB Ta ycepe HeHHs,
K1 HeOoOXiaHo 30epertu.

Takoxk B iporpami MarkovChainsUsred peasizoBana MOXKJIUBiCTH
[IOPIBHSITH IIPOIHO3U 3 PeaJIbHUM IIPOJOBXKEHHSIM Ta I00YyBaTh
rpadik 3ajeKHOCTI IMOXMOOK BiJ JOBXKWHHU HaBYAJIBHOI BHUOIPKU.
s mporo HeoOXimHO miAroryBartm Gaill MPOJOBXKEHHS YacOBOTO
psy, IO T[POrHO3YBaBCdA, 3alUCaTH HOro B PODOYY HAIKY
JaHUX MPOTHO3IB Ta BKA3aTH WOro iM’s Ta 3HAYEHHS I[OYATKY
nporuody y aii MarkovChainsUsred. st 1mporo pejaryemo
daitn MarkovChainsUsred.m (11 mouatky pejaryBaHHsI BBEIiTh
B komamgHomy psjaky edit MarkovChainsUsred), B paaxy 101
realprodovzh=dlmread('file.txt’); 3amicrs “file.txt’ Heobxigno Bkazaru
iM’s miAroroBseHOrO (hailyry mpOoMOBKEHHs. ¥ HACTYIHOMY paaky 102
begpr=2470; HeobximHO MpuCBOITH Yy 3MiHHY begpr 3HadeHHS PAIKY
(mEst) mouarky mporaody. Takoxk y HacTymHOMY psiaky 103 moxe
OyTu 3MiHEHA JOBXKWHA OCTAHHBOI'O (DparMeHTy BUOIPKM HaBYAHHSI
fragment2plot, ska Oyae BuBenena Ha ocrtarouni rpadikm. Hacro
et mapaMerp HeOOXiTHO 3MEHITYBATH, KOJU IIPOTHO3YETHCS P
kopormmuit Hizk 1000. ITicas 3miau daitiry MarkovChainsUsred.m Ta
3allyCKy YyCEpEeIHEHHsI, 3'sIBUTbCs JIOAATKOBUN TI'padiK 3a/IeXKHOCTI
moxubOK Biji IOBXKWHYM HABYAJBHOI BHOIPKHU. 3ayBaskKUMO, SIKIIO
BKa3aTu HeicHyode iM's daiiry, modymoBa rpadiky moxuboK mpocTo
Oy/ie TpOIyIIeHa.

ITapanenbHO-po3noaijieHe 0O0YNCIIEHHSA NPOTrHO3iB
MeToaamu JaHIoriB Mapkosa

[Ipu Benwmkiit KiIBKOCTI Psi/iB JIJTst TIPOTHO3YBAHHS € HEOOXiTHICTD
opranizariii mapaJjejbHOr0 Ta PO3IO/ILJIEHOTO PO3PAXyHKY ITPOTHO3IB.
g poro po3pobJIeHo cepBep MapaJsebHAX PO3PaXyHKIB, JOCTYIHUH
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3a ajpecoo http://prognoz.ck.ua. Cepsep peasizoBanuii Ha
ocuoBi rexuosoriii CGI (php) Ta 6a3 gmanux MySQL Ta mo3soJse
OpraHiyBaTu pO3IOIiA 3aBAaHb Ta I[apajesbHe OOYMCIIEHHS
nporuodiB. Cucrema Mae HacTyIHI (DYHKIT:

1. IonaBanusa nakery BXigHUX JaHux Ha cepsep (dailioodMiHHUK
IUIst apXiBiB BXIZHUX DPAMIB Ta PE3yJIbTaTiB IIPOrHO3YBAHHS)

2. Ileperusiz, ckadyBaHHs 3aBAHTAYKEHUX JTAHIX.
3. Menemxkep 3aB/IaHb.

4. ®opma 3aBaHTa KeHHsI KOMaH/I JJIsl PO3PaxXyHKY (KOXKHA OKpeMa
KOMAaHJ1a 3aKIHUYEThCsI CUMBOJIOM HOBOro psijika (Enter)).

Kpim cepBepa, HeOOXiHUN PO3paXyHKOBUIN KJIEHT, sIKUil MIPAIIOE
mig kepiBaunrBoMm Matlab Ta peasizye komyHiKalio 3 cepBepoM Ta
dakTIIHe 00YUCTIEHHS TPOTHO3IB.

Posrnsnemo mnpukias; BUKOPHCTAHHS JIAHOI CHCTEMU IS
[apaJieJIbHOI0  OOYHCJIEHHS YCEPEJIHEHOIO IIPOrHO3Y  METO/aMu
CKJIAJTHUX JIaHITIOTiB MapKkosa.

1. 3remepysaru 3aBnanns. 3anyck kKomauun MarkovChainsUsredn
3 mankwW, y dKiif wmicturbesa Bxiguwmit daitn. Ilicns mossu
wagmucy: "Ceiiuac HadHETCs IIPOrHO3UpOBaHMe''epepBaTh
BukoHauus nporpamu (komGinaris kiasim Ctrl+C). Ilicia
renepariii 3aBiganb, nporpama MarkovChainsUsredn sremepye
nabip Bxiguamx GailaiB 1jig MPOrHO3YBAHHA Ta IMOCJIIIOBHICTH
KoMaH] matlab mus  3amycky uporuosis  (Bmicr  daiiry
Commands _markov_prognoz.m).

2. Ckauaru KJI€HT HapaJiesIbHUX po3paxyHKis. Moro Bmict (daitin
parallel workamashine.m ta wwwread.m) posapxiByBatu y
[AIKY i3 3reHePOBAHUME 3aB/IAHHSIMU.

3. Bci 3aBumamHs + aium  parallel workamashine.m Ta
wwwread.m 3alakyBaTH apxXiBATOPOM 1 BiaIpaBUTH apXiB
Ha cepBep.

4. Binkputun BMmicT  daitity  commands markov predict.m,
CKOIIIIOBATH KOMAHAW, fKi y HBOMY 3allcaHi, Ta BCTaBUTH
y dopmy momaBaHHs 3aBAaHHA. Jlamy (opMy Takok MOXKHA
3HAWTHU 3 TUTYJIBHOI cTopinku npoekry: 1) Cepsep s ... -> 1)
IPOCMOTD, -> 2) 10BABUTH HECKOJBKO 3a/IaHUI.



120PO3/1J1 4. METO/JUKA CKJIAJHUX JIAHIIFOI'IB MAPKOBA (CJIM)

5. Ha ycix moctynmHux s po3paxyHKIB KOMII'TOTE€paX BUKOHATH
HaCTYIHI il

(a) Crauartu TyJIOOKC JJIsT IPOTHO3YBAHHSI METOJIAMY CKJIAIHIX
JiaHIIOriB MapKoBa i IpoImcaT 10 HbOrO IIJISIXU;

(b) ¥V cuucky 3aBanraxkenux dailiip 3aBraHb cKadaTu Qaiii
MOTPIOHOTO 3aBIAHHSI.

(¢c) Bubparu morounoro mnankoro Matlab nanky, Kyuan
posnakoBano (ailyim JaHUX 3aBIaHbD.

6. Banycrutun kKomamgy parallel workamashine. IT m-daitnr man
OyTu 3anakoBaHuii y apxisi 3aBgans. Criocrepiraru 3a mpomecom
O0YMCIeHHS MOYKHA 3 HACTYITHOI CTOPiHKM

7. Komu yci komm'torepu mopaxyioTh yCi 3aBJaHHs TAHOTO TaKeTa,
HA KOJKHOMY KOMITIOTEDI IAlKa 3aBJaHb 3alaKOBYEThCsl (JIst
3PYYHOCTI B iMeHI BKa3ye€TbCs Ha3Ba 3aBJaHHS Ta HA3Ba
KOMII'foTepa) 1 BiicuiaeTbesi Ha CaiT.

8. KopucrtyBau ckadye yci apxiBu 3 MOpaxOBAHUMH ITPOTHO3aMU,
po3makoBye ix B OJHY MAanKy, NOpomyckamoum daian 3
O/IHAKOBAMHY IMEHAMH.

9. ¥V manky, B sKill 3HAXOmATHCA yCi OOYMCIIEHHI 3aBIAaHHS,
komiroerbesd  dain nporpamu  MarkovChainsUsredn.m  (iioro
JIOPEYHO 3allaKyBaTH Pa30M i3 3aBJaHHIMHA), B HBOMY PsIOK 51
smintoerbest if(1) ma if(0), micas 3miH, daiin 3amyckaeTbest Ha
BuKOHaHHs (HeOOXiqHO Oy/ie BKa3aTH Ti 2K MapaMerpu, o i npu
reHepanii 3aBlIaHb).

10. Ha ekpan OymyTs BuBemeHi rpadiku ycix mporuosis 3 pi3zHOO
JIOBXKUHOIO HaBYAJBLHOI BUOIpKM, a TakoXK Tpadik cepegIHboro
3HAYEHHsI [IPOIHO3Y Ta BEPXHBOI Ta HUKHBOI rpanurii. OTpumMani
rpadiku HeobxiHO 306eperTu, Ipu HeOOXiTHOCTI BiIIPaBUTH Ha
cepsep.

Bukopucranms  BUINEONNCAHOTO CEPBEPY  JIO3BOJISIE  3HATHO
NPUIIBUJIIIATA  PO3PAXyHKHU IPOTHO3iB, aJjie BUMAra€ 3HATHOL
KIJTBKOCTI HEaBTOMATM30BaHUX Jiiil. B mojasbimoMy M# TpaIioOeEMO
Haj OUIBII AaBTOMATU30BAHOIO Bepci€elo 3i 3pydHuM rpadidauM
inTepdeiicom. Bepcito mmaHyeTbcs pO3MICTUTH Ha TOMY 2K CalTi
http://prognoz.ck.ua.



Poznain 5

Jlnckperne
DOyp’e-1IPoJOBKEHHH
HI3bKOYaCTOTHO1
CKJIQI0BO1 PsiJIiB
€eKOHOMIYHO] JTMWHAMIKMH.

OcHoBHa ijiesi JTAHOTO PO3MIIIY — JOCJIJIXKEHHSI YaCTOTHUX
XapaKTEePUCTUK KOJMBAaHb, HASIBHUX Yy JUHAMIYHOMY Psifii, OOyI0Ba
MO, sIKa AMPOKCHMYy€ HAMOIIbIT BUpaXKeHI KOJUBAHHS Ta
E€KCTPAITOJIsAIis To0yI0BaHOl MoIe i v Maiiby THE.

3ajiada MPOTHO3YBAHHS YAaCOBUX PsJIiB HA OCHOBI YaCTOTHUX
CKJIIAIOBUX ~ PO3IJIsimajack y pobori [92], me 3ampomorOBaHO
BUKOPHUCTAHHsI JUCKpeTHOro reperBopentst Pyp’e. IleperBopenHst
Dyp’e nae MOXKJIUBICTH  JIOCJIUTH aMILITYIHO-9ACTOTHY
XapaKTEePUCTUKY CHUTHAJIY, IO JOCTIIKYEThCH, aje Mae NeBHi
HEJIOMIKY, TOB'S3aHl 3 3aJa9aMy MPOrHO3YBAHHHA. TaKOXK CIEKTD
9acTOT, KPATHUAX NBYM, HE JIa€ MOXKJIMBOCT HOPIBHSHO HEBEJIHKOIO
KinbKicTio fofaskiB psay Pyp’e mpeacTaBUTH CUTHAJ 3 9aCTOTOIO,
He KpaTHOIO 2 JI0 KPOKYy 4{acoBOl jauckperm3arii psry. I[liaxin
BefiBsieT-anasizy, 3anponoHoBanuii y potori [93], mae moximBicThH
[IOJIONIATH TEPILy 3 BHUINE3a3HAYEHUX IPOOJIEM, aje 3aJIUIIa€TbCs
nmpobjeMa HeeEeKTHUBHOCTI, 30MTKOBOCTI KOMYBAHHS YACTOTHUX
ckJaioBux. Hamu 3anponoHOBaHO MifXis, SKUil TO3BOJISAE IOI0JIATH
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3a3HaveHi TPOOJIEME, ONMUCYIOUN CUTHAJ JIOCTATHRO MAJIOI0 KiTbKICTIO
rapmonik (mo 10) 3i 3minno $azo Ta 3AIiCHUTH TPOrHO3 Psiiy
3a JIOMOMOTOIO €KCTPAIOJIAIl aHAJITUIHOTO NPEJCTABIeHHS HOTO
YaCTOTHUX XaPAKTEPUCTUK.

Anpobariisi 3amporOHOBAHOI Y TMOMEPEIHIX PO3JLIaX MEeTOIUKI
[I0Ka3aJja, IO MIPOrHO3YBAaHHS JUHAMIYHUX PSIiB 32 METOIUKOIO
CKJIQTHUX JIaHIIOriB MapkoBa IIOKa3ye JOCTaTHbO BHUCOKY TOYHICTH
JIS PSJIIB i3 BHCOKOIO PEryJIAPHICTIO, TTOBTOPIOBAHICTIO 3HAYEHD JIJIs
KOPOTKOCTPOKOBUX POrHO3iB. [Ipn J0BrocTpoKoBOMy MpOrHO3yBaHHI
TaKOXK CJiJT BPaXOBYBATU HU3BKOYACTOTHI KOJWBAHHS y BUXIJTHOMY
pami. ms momomamns 1iel  mpobsieMu, y  SKOCTI  TIPOIEIypH
[IOIIEPEJIHBO]  ITJATOTOBKU  PSAJLy, IPOIOHYETHCS  AITPOKCUMAILiS
BUXIJIHOTO PsAJIy CYMOIO JIEKITbKOX HU3bKOYACTOTHUX TapMOHIYHUX
dyukiit. /lasi mpoBoIUTbCs AeTPeH Iy BaHHS Py, TOOTO OOUMCIEHHST
3a/IMINKIB ~ AIPOKCAMAIll Ta 3aCTOCYBAHHS METOAY CKJIATHUX
ngammorie MapkoBa 10 3aaumikiB amnpokcuMariii. [Ipornos samumkis
MM 1A ThCsd OOEpHEHIH TPOoTie/1ypi BiTHOBIEHHS PSTY 3 BUKOPUCTAHHSIM
MMOOYI0OBAHOTO TPOTHO3Y 3AJIHUINKIB Ta EKCTPAIOJIAII] TapMOHITHOL
MOJIEJI TPEHTY.

Metos, 1oOy/ 0B TapMOHIYHOI MOjedi TPEHIy Moxke OyTu
BUKODUCTAHUNA #AK OKpEeMUH MeToJ IIPOrHO3yBaHHHA, HOro cyTb Ta
pe3yJIbTaTu 3acTOCyBaHHs OiybsiikoBani y poborax [28,91,94-96].

Hexait psii 3amgaHuii  MOCJIIOBHICTIO JUCKPETHUX PIBHIB 31
cTajuM KpoKoM juckperuzarii udacy At. Heobximmo mobymyBaTn
dyukuio  y(t), sgxa anpokcumye 3aJaHi eMIipUYHI 3HAYEHHS,
OIIHUTH ITapaMeTpu JaHoI (PyHKIN] Ta eKCIIePUMEHTAIBHO IIepeBipuTH
eEeKTUBHICTh MPOrHO3IB YaCOBOI'O Psiy HA OCHOBI €KCTPAIIOJISINI
o0y T0BAHOT (DYHKITII.

[Iporony€eThbCst HU3BKOYACTOTHA AIIPOKCUMYIOUa (DYHKITiS BUITY:

Yabs (1) = a+bt+Zci sin (d;t + e;), (5.1)

i=1

abo M1 BiIHOCHOTO MACIITaldy:

Yrer (1) = aeb H cisin (d;t + ;). (5.2)
i=1

[Tapamerpu mogmeni a, b, ¢1, co,...Cm, di,...dm, €1,... €, MaOTH
MiHIMI3yBaTl HACTYIHUN KPUTEPi ONTUMAJIBHOCTI:
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n

F(a,b,c1y...Cm,dy, odpm, €1,y ) = Z (i — Yrin (to + iAt))Q,

i=1

(5.3)
abo JjIsT BiTHOCHOTO BapiaHTy:
n " 2
F(a,b,¢1, 0 Comy iy ooy €1, eons €m) = 1—— %
( 1 msy Wl my 1 m) lz:; ylin(tO‘i"LAt)
(5.4)

IIpn posp’asyBanHi 3ajadi onTuMmizanii, HeoOXiTHO 3amaTn
IMOYATKOBI OIIHKY ITapaMeTPiB, SKi ONTUMI3YIOTHCS, a TAKOXK HAKJIACTU
obmexkeHHs1 Ha ix 3HaveHHA. CyTTEBUM OOMEKEHHSIM HEOOXiTHO
migmata 9acTory d;. Y BHUIAAKY KOPOTKOI HABYAJIBHOI BHOIPKHU
MOXKJIMBA CHUTYyallisd, KOJIM HaflKpallla anpoKCHUMaIlid BiJIIOBiIae
HEBEJINKill YaCTUHI ITOBHOIO TapMOHIYHOTO KosjuBaHHdA. [Ipu 1bomy
IIPOJIOBXKEHHSI JIAHOT AHAJIITUYIHOI KPUBOI MOXKe OYTH HE XapaKTEePHUM
I Py, MO JAocaiKyeThes. e mpoimocTtpoano Ha puc.5.l Ta
5.2. Tomy meobximHOIO Mae OyTH yMOBa BIIITOBITHOCTI HE MEHBII
HI>K TIOJIOBWHI TTOBHOTO KOJHUBAHHS ITPOTATOM HaBYAJBHOI BUOIPKH,
TOOTO YacTOTa KOJUBAHHA HEe MOXKe OyTH HHKYOIO BeJUYUHH +,
ne N — joBKuHa BHOIPDKM HaBYaHHsI. TakKoXX OOMEXKEeHHsI Mag
OyTu HakJIajJeHe Ha BHUCOKI YACTOTH, IO IOSICHIOETHCS, IIO-TIEpIIe,
CKJIIHICTIO ONTUMI3AIliHHOI 3a1a4i JJIsT BUCOKUX TYACTOT, OB’ T3aHOIO
3 HASBHICTIO BEJIMKOI KiTbKOCTI XMOHUX JIOKAJIBHUX MIiHIMyMiB, a I0-
Apyre, MOXKJINBOIO HEKOPEKTHICTIO TAKOro HAOJMKEHHS Ha BUCOKHX
qacToTrax. Emnipuyno 6yno Bubpane obmexkenHst 10 KosmBaHb 3a 4ac
HaBYAJIHLHOI BUOIPKU.

Ockinbku umcsio napamerpiB GyHKIIl F 3pocTtae 31 30iIbIIeHHIM
qHc/Ia TAPMOHIK M, IPOIIOHYETHCS iTepalliifHa aIrpoOKCUMAITis IO OTHiH
(abo 1BOX) rapMoHiKax, OOGUUCJIEHHS 3AJMIIKIB Ta 3aCTOCYBAHHS
HACTYIIHOI iTepartii g0 OUIBIT BHUCOKOYACTOTHUX 3AJUINKIB st
OJTHOYACTUHHOTO HAOJIUKEHHSI:

T (t) =Ti—-1 (t) — (CL + bt + C; sin (dzt + 67,)) , (55)

abo J1J1 M-4aCTUHHOTI'O HAOJIMKEHHSI:

T (t) =Tj—1 (t) — a+ bt + Z Cij sin (dljt + 61']') . (56)

Jj=1
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10

——Ln(DJIA)
9r| = = = a+bt+csin(dt+e)

Ln(DJIA)

0 0.5 1 15 2 25 3
time, days x10*

Puc. 5.1: Hwuspkouacrorna ampokcuMariis imgekcy Dow Jonew
Indusrtial

DJIA, remains

0 0.5 1 15 2 25 3
time, days x10*

Puc. 5.2: 3amumku anpokcnmarii ingekcy DJIA Ta Tx anpokcumarist
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0.5

o

DJIA, remains®
S

0 0.5 1 15 2 25 3

time, days 4

x 10

Puc. 5.3: Bammmku jgpyroro mnopsiaky imgekcy DJIA  rta  ix
AIPOKCUMAITist

Minimizarnis zesiniiinoro dyukrionany ues’sskn (5.3) abo (5.4)
[IOB’si3aHa 3 TPY/AHOIIAMHU, CIPUYNHEHUMU ICHYBAHHSM JIEKIJIBKOX
JIOKAJIbHUX MiHiMyMmiB dyHKNii F' y mpocTopi 3Ha4YeHb IapaMeTpiB.
st nomonanHst 1€l  1pobJeMH  HPOIOHYEThCS  3/ifiCHIOBATH
ONITUMI3AIliI0 3 BUKOPUCTAHHSM JIEKIJIBKOX ITOYATKOBUX OIIIHOK
3HAYEHb [apaMeTpiB. Y HKOCTI IMOYATKOBAX HAOJIMKEHb JJIst
mapamMeTpiB TpeHay BHOMPAOTHLCSI KOeillieHTH JIHIHHOTO TpeHIy,
Bu3Ha4eHi 3a jonomoroo MHK.

Bubupaerbess JBa TOYATKOBUX 3HadeHHsT st dasm: 0 Ta 7
pagian. e nae MoxKImBicTH miIKOpeKTyBaTn a3y almpoKCUMYyIOYOl
dyHKIIl K B CTOPOHY 30iJbIIE€HHS, TaK i B CTOPOHY 3MEHIIIEHHS.
IIpomonyerbcst  fekijgbKa MOYATKOBHX 3HAYEHb [UJIsi  9aCTOTH,
BHOpAHUX i3 PIBHOMIPHOIO CITKOIO B iHTepBaJi MiXK MiHIMAJILHOIO
Ta MaKCHMAJbHOIO 4YacTOTOK. EMmipmyHo BHOpPaHO KiJIbKiCTh
IIOYATKOBUX 3HA4YEHb YACTOTH I HHU3BKOYACTOTHUX KOJIMBaHB
(nmepiia irepariisi, anpokcumariis Ge3IMOCepeHbO  BXIIHONO psy)
nf = 3, mid cepegHBOYACTOTHHX (Jpyra Ta HOJAJBII iTeparil)
nf =5.



126 PO3A1JI 5. JIUCKPETHE ®YP’€-1IPOJJOB>KEHHA

JlabopaTopna pobora Ne 7. /luckperHe
Dyp’e-TIPOTOBKEHHSI .

st o6y moBu Mojesi auckperHoro Myp’e-nmpogoBKeHHsT MOXKHA
CKOPHCTATUCh METOIUKOK, PO3IVISHYTOIO y JiabopaTopHiit pooOTi
Ne2  “Metoan oOIiHIOBaHHS TapaMeTpiB HETIHIHHAX TPEHIOBUX
Mozeseii”.  Ajle y oMy BUIQJKy HEOOXiAHO — 3iificHIOBATH
rmepebip IOYATKOBUX HAOJIMKEHb, SIKAHM MOXKHA aBTOMaTHU3yBaTU
3a JIOIIOMOIOI0 IIporpamyBantst B cucremi Matlab. Hamu pozpobiiero
ryaboke Sintrend s moGynosu ganol momesi (BUILHOAOCTYUHMN
3 http://prognoz.ck.ua/SintrendAbsNew20120331.rar.
Posriisaremo eramnu i1 BUKOPUCTAHHSI.

IaTepdeiic mporpamMu € TEKCTOBUM Ta PEANTI3yEThCS Y€Pe3 KOMAaHTY
sintrend _prognoz. I[Tapamerpu nacrymnsi:

sintrend _prognoz(infilename, outfilename, niter, logmode,
sinmode,

maxt,mint, nfreq);

infilename - iM’st BXigHOTO daitmy, PsiIOK CHMBOJIIB.

outfilename - Imst BuxigHOrO Qaiiay, psiIoK CUMBOJIIB.

niter - KinpkicTs iTepariiii, 1mijie 9ucjo

logmode - HeoboB’s13K0BHIT TApaMeTp, MEPEMUKAT PEKUMY
JorapudMyBaHHs Tepes ampokcuMmariieio. Ilpu 3mavenni 1 mepen
AITPOKCUMAITIEI0 BXiJHI 3HAYEHHS 3aMIHIOIOTHCS Ha 1X Jorapudmu
(BinOyBaeTbest mepexin g0 Jsorapudmivaol mkamau). Ipn 3HAYeHH]
0 maHOrO Mapamerpy, alpOKCHUMAINs 3aCTOCOBYEThCH OE3110CepeIHbBO
I BXigHOTO psmy. Ko gaHmit mapamMeTrp He BKa3aHU,
JiorapudMyBaHHS 110 3AMOBIYBAHHI BKJIIOYEHE.

sinmode - HeoboB’sa3koBuit mapaMerp, MMEPEeMUKAT PEKUMY
OJIHOYACTUHHOrO (3HadeHHsd 1) Ta JBOYACTHUHHOIO HAOJIMIKEHHS
(3nauenng 2). fdkimo ganuil napaMeTp He 3aJIaHO, BUKOPUCTOBYETHCS
OJTHOYACTUHHE HAOJIMYKEHHS.

maxt - Heobo’si3k0oBHit mapamMerp, MaKCHMAJbLHUI mepiofn
KOJIMBaHb, JIO3BOJIEHUI IpU ampokcuMaliil. BUKOpHCTOBYETbCs sIK
oOMeXKeHHsI Ta $K BiUIK Tpu mepebopi dYacToT KojuBaHb. 1lo
3aMOBYYBAHHIO 33/IA€ThCS sIK TIOJBOECHA JIOBXKUHA PsIITy.

mint - HeoboB’sa3koBuit mapamerp, MiHiMaIbHUI T€PiO] KOJTUBAHD,
JIO3BOJIEHMIT TP alpoKcuMariil. BUKOPUCTOBYETbCS SIK OOMEXKEHHsI
Ta sK BULIK mpu mepebopi dyacTtorT KoymBaHb. [0 3aMOBYyBaHHIO
3a/IAE€ThCS K JIECATa IaCTUHA JTOBKUHU PsiLy.

nfreq - xuipkicrs 4wacror (rycruna cirku) npu  nepebopi
MMOYATKOBUX YMOB. [HTepBaj 9acToT, SKUil BiITOBiIa€ /iamna3oHy Bif
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BUOpaHMX MIiHIMAJBHOIO JI0 MaKCAMAaJbHOTO IEPioy, IJINThCS Ha
pieai nfreq wacror. Ilpu irHOpyBaHHI JaHOrO MapaMerpy 3ada€ThbCst
piBanM 10.

Posristremo mpukiain 3amycky (OyHKINT TPOTHO3YBAHHSI Ha, OCHOBI
nuckperHoro Pyp’e-mpoIoBKeHHS.

sintrend _prognoz;

Ilicna zamycky &yHKil 6e3 »KOAHOTO IMapaMeTpy, Iporpama
3anmMTae |y KopucTyBada Bxigamit daiin  (3’gBUTbCS  Iiajorose
BIKHO BiKpuTTsi ailay, 3a IOMOMOrOK SKOI'O MOXKHA BKAa3aTH
daitn s BigkpurTss. MoxkHA AyIg 3PYYHOCTI  CKOIMIIOBATH
BXimuuit aitn y pobouy manky Matlab abo 3mimmTm moTOUHY
nmanky Matlab, mepeftimoBmn y manky 3 BXigHuM  daitmom.
AmnajioriyuHo mporpama 3amurye iMsi  BuxigHoro aiury. ko
3aKPUTHU BIKHO BBEJEHHS BUXITHOTO bailry, TOo BuXimgamii aitn Oyme
3reHepOBaHUil, BUKOPUCTOBYIOUN iMsi BXITHOTO (hailyly Ta JIOMUCABIIN
_ SintrendPrognoz.txt g0 mporo. KinbkicTs itepariit nmpu mpomy 6ye
B34Ta 0 3aMOBYyBaHHi - 5. [HIII mapaMeTpn - TeK MO 3aMOBIYBAaHHI.

sintrend _prognoz(’dj.txt’);

B mamomy npukiazi 3agam0 iM’st BXigHOTO daiiay, a iM’st BUXITHOTO
daitmy Oyme 3anuTane 3a JOIMIOMOTOIO /1aJ0TOBOTO BiKHA 30€peKEHHsT
daitmy. Ko 3aKkpuTH AiaoroBe BIiKHO, He BKa3aBIMU BUXIiTHUI
daitn, To iM’a BuxigHoro daitny Oyne 3reHepoBaHe aBTOMATHYIHO:
J10 imeni BxijgHOrO daiuty 6yme gonucano _ SintrendPrognoz.txt. ¥
JaHoMmy npukiasi re oyae daitn dj  SintrendPrognoz.txt. Kinpkicts
iTeparmifi - 1O 3aMOBYyBaHHI b, IHII TApaMeTpd - TeXK IO
3aMOBYYBaHHI.

sintrend _prognoz(’dj.txt’,’dj _sin.txt’);

Y nanomy npukiazi 3agaHo Bxigaumi (’dj.txt’) i BuximHuit daiin
(’dj_sin.txt’). Vei immi napamerpu 6yze B34TO 110 3aMOBYYBAHHIO.
Haramyro, mo kinpkicTh iTepariit MO 3aMOBYYBAHHIO D, PEXKUM
sorapudMyBaHHsd BIMKHYTHUIl, OmHOYAaCTUHHE Hab/mKeHHs (OxHA
rapMoHika 1pu 1miaoopi).

sintrend _prognoz(’dj.txt’,’dj _sin.txt’, 1);

YV 1pOMy BHIQJKy, KpPIM iIMEH BXiJHOrNO Ta BHUXIJHOrO (aiis,
3ajiaHa TUIbKHU 1 iTepartisi. Yci iHmm mapamMeTpu - IO 3aMOBYYBaHH.

sintrend _prognoz(’dj.txt’,’dj sin.txt’, 1, 0, 1);

Y upomy Bumanky 3azano 1 iveparis (3-#i mapamerp =1),
pexkuMm JsiorapudmyBanas BuMKHeHuit (4-it napamerp = 0) , pexum
oiHOYACTHHHOrO HabnmkeHHst (5-if mapamerp = 1).

sintrend _prognoz(’dj.txt’,’dj sin.txt’, 2, 1, 2, 15000,1000,4);

Y anoMy npuKIIaji 3aJaHO KuIbKicTb itepariit 2 (3-it mapamerp
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=2), pexkuM JgorapudMyBaHHs BBIMKHeHuil (4-if mapamerp = 1), 2-
yactuHHe HabumkeHHsi (5-if mapamerp =2), MakCHUMAaJbHUH Iepiof
romuBaHb 15000, mirimaabamit mepiof - 1000, KiTbKICTh KOTUBAHD TPU
migbopi - 4.

[licia 3amycky KomaHu, BiAOyBa€TbCA NOIIYK ONTHMAJILHIX
napaMeTpiB, BUKJIUKAIOYU METOJM JIOKAJILHOI ONTHUMIi3allil 3 pi3HUX
MMOYATKOBUX YMOB, 3aJaHuX CciTKolo dacToT. lle Moxe 3aiimaTtn
3HAYHAN dac, OCOOJMBO MpW 3aJaHHI BEJMKOro 3HadeHHs nfreq, a
0COOJIMBO TP BKJIIOYEHHI JIBOYACTHHHOTO HAOJIMKeHHs. Tomy mpm
BUOOD] ABOYACTUHHOIO HAOJ/IMKEHHSI PEKOMEH/IYEMO KOHKPETHU3YBaTH
Jlalla30H IepiofiiB KOJMBaHb JJjIs IONIYKY Ta 3MEHIIUTH KIJIBKICTH
MMOYATKOBUX YacTOT i momyky. Koj mporpamu onTumizoBaHuit
i O04uCIeHHsd y Kiacrepli (BUKOPHUCTOBYETbCA —HapaJieJIbHA
Bepcig 1muksy for: parfor). Tomy npu HasIBHOCTI HAJIAIITOBAHOIO
00YHCTIOBAILHOTO KJtacTepa matlab, mepebip moIaTKOBUX YMOB MOXKe
OyTu posmnapasiesieno. Ilpy BuKINKY Ha JIOKaJIbHIN MaImuHi Ta K
[porpaMa IpaIfoe B OJINH TOTIK 0e3 3MiH.

[Ticiiss BuKOHAHHST OnTHMI3allil, HA €KpaHi 3’sdBJISIOTbCS Tpadik
3a/JMINKIB  OCTAHHBOI iTeparii, rpadikn KOXKHOI 3 TapMOHIK,
MOYMHAIOYN 3 HHU3BKOYACTOTHOI Ta Trpadik BiAHOBIEHOI KPHUBOI,
SKINO BUKOPUCTOBYBaBCs pexkuM Jorapudmysanns. lami rpadikn
MOXKYTh OyTH 30€epeKeHi KOPHUCTYBadeM, a MOXKYTb OyTH MOBTOPHO
mo0OyToBaHl 3 BHUXIIHUX TEKCTOBUX (ailyliB, Kyau Oyin 30epexkeHi
00YnCIIeH] TPOTHO3H.



BucaoBku Ta
IIePCIIEKTUBU JOCJILIKEHD

Y nanomy MOCIOHHKY PO3IVISHYTO PsiJi METOJIB IIPOrHO3yBAaHHS,
cepell KHUX: TPEHIOBI (HesiHifiHi, Ti MO 3BOAATHCH O JHHIAHUX
Ta JiHiliHA TapMOHIYHA), aBroperpeciiini (uiHifiHI Ta HesiHiiiHi,
peaJii3oBaHi y BUIVIAIl HEHPOHHOI MepexkKi) Ta MapKIBChKI Mogesi
(npuxoBani MapKiBChbKi Mogesi Ta ckiasui ganmorn Mapkosa). Psi
J1abopaTopHuX POOIT, HABEIEHUX Y TEKCTi, JTO3BOJISIE MTO3HANOMUTUCH
3 0CODJIMBOCTSAME KOYKHOT'O 3 METO/IiB.

Jlanuit TNOCIOHMK He mpeTeH/lye Ha IIOBHOTY BHKJAJy YCIX
METO/IiB ITPOTHO3YBaHHs, SKi 3aCTOCOBYIOTHCS CBHOTOJIHI, & OXOILTIOE
TITBKU METOJIH, SKi AKTHUBHO BUKOPHUCTOBYIOTHCS aBTOPAMHU y CBOIX
JOCTIPKeHHSAX. 3a HOBHMH PO3POOKAMU METOIB IIPOTHO3YBAHHS
MOXKHA CJIJIKYBATH HA HAINMAX EPCOHAJBHUX CANTaX.

Apropu OyayTh paji BiamosicTu Ha Oy/ib-sIKi 3allUTAHHS, & TAKOXK
3ayBaKEHHAM Ta MPOIIO3UITISIM.
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