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OEIlJAfl XAPAKTEPHCTHKA PAEOTbl

AKTyajibHOCTb TeMbi u CTeneHb ee paspaöoTaHHOCTM. 
OcHOBHOK OCOÖeHHOCTbK) COHWaUbHO-ƏKOHOMHHeCKKX CHCTCM 
MBJiaeTCM hx cjıoTKHoe noBejjeHHe, KOTopoe xapaxTepmyeTca 
BOJiaTWJibHon FtwHaMnxoii. IIoəTOMy He yanBHTejibHO, hto 
COOTBeTCTByiOmwe nOBeZieHHAM COUMaJIbHO-ƏXOHOMHHeCXHX CHCTeM 
BpeMeHHbie paabi OTjınHatOTCJi BbicoKon CTeneHbio 
HeonpejjejıeHHOCTH. TjıaBHbiMw npHHHHaMH Taxon
HeonpeAejıeHHocTM sbjisiotcä HecTaunoHapHOCTb nccnejıyeMbix 
npoueccoB, HeTjocTaTOHHaa UJurrejibHOCTb h TOHHOCTb HaouKWHHH, 
a Tax>xe cnaöoBbipaTxenHbiH TpeHjj h/hjim npocTO HeHaÖJiwtaeMaa 
TeH^eHuna pa3BHTHM. Hannune nepeHucueHHbix cbohctb b 
BOJiaTHJibHocTw noBeueHH^ı BpeMeHHoro pnua npejjonpe^ejiMeT 
npwHHHbi, cornacHo KOTopbiM nccjıeuoBauue auHaMHHecxwx pkzjob 
Bce name paccMaTpHBaeTca c npuMeHeHueM pa3JiH4Hbix mctoaob 
HeuHHeiiHon unııaMnxıı: Teopnn xaoca h cjıpaxTajibHon reoMeTpHH, 
HeneTKon jjofhxk h Teopnn HeneTXHx mhotxcctb, Teopnn HenpoHHbix 
ceTen u chctcm rnöpnuHoro MoueJinpoBaHns.

nporHO3npoBaHne BpeMeHHbix psmoB b HeneTxon napaunrMe He 
npeTeH^yiOT Ha BblCOXyiO TOHHOCTb npOFHO3HpOBaHH5I H B OCHOBHOM 
npwMeHJieTCH una xpaTxocpOHHoro nnaHnpoBaHHJi, HanpnMep, jw 
nporHO3npoBaHHH TeHAeHUHM Ha pbiHKe Tpyjja. HeneTxne 
BpeMeHHbie psubi cxopee opneHTnpoBaHbi Ha (jıopMnpoBaHne 
KanecTBeHHOH HH^opMaunn o AHHaMHKe noBejjeHHfl H3y4aeMon 
CHCTeMbi n oöecneHHBaıOT HHipopMaunoHHyıo no,mıep/xxy npHHMTHM 
pemeHHH xax ouhh h3 HHCTpyMeHTOB HHTejuıexTyajibHoro aHajıma 
^aHHbix. /JpyrHMH cjlOBaMH, HeneTxne BpeMeHHbie paubi CTajın 
cocTaBHOH nacTbio TexHOJiorHH Data Mining, ocHOBHbiMH 
HanpaBJieHHSMn xoTopon nBJunorca aHajiH3 u MOucJinpoBaHne 
npoueccoB, npoTexaıoıunx b ycjıOBHMx HeonpeuejıeHHOCTH, BXJUOHafl 
HeonpejıejıeHHOCTO HecTOxacTHnecxoro Tnna; BbiflBjıeHne cxpbiTbix 
3axoHOMepHOCTen h xoMnnjiauıiM HOBbix 3HaHnn, HanpHMep, b Buae 
nporHO3npyeMbix BpeMeHHbix pajıoB.
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TaKWM oöpa3OM, nccjıe,aoBaHne KOHTeKCTHbix aaHHbix h aHaam 
MeTOzıoB nccjıe^OBaHHJi 3aKOHOMepHOCTen Mea<ay hhmh 
ccJjopMnpoBajın HOBoe npaKTHnecKoe HanpaBJieHne 
nHTejTJieKTyanbHbiH ananın aaHHbix nan Data Mining. Ha 
rıpOTHH<eHWH nocjıeaHwx aByx aecaTHneTnn ycnauaMn p$ma 
3apy6e>KHbix ynenbix, HanpnMep, Taxnx KaK K. XnpoTa, X. TaHax, B. 
neapwn h 51. KanpatHK, nccaeaoBaHbi MeToabi HeneTKon perpeccHH h 
anajıma aaHHbix HeneTKnx BpeMeHHbix paaoB. Cpean 
a3ep6ana>KaHCKnx ynenbix b nepBypo onepeab cjıeayeT oTMeTWTb 
paöoTbi P. AjıneBa, K. HwaHOBa, P. P3aeBa, KOTopbie BHecnn 
cymecTBeHHbin BKnaa b oÖJiacTb H3yneHHM noBeaeHHH connaabHO- 
3KOHOMnnecKKx cncTeM b ycjıOBHax HeonpeaeaeHHOCTn.

PoaoHanaabHHKaMn Teopnw HeneTKnx BpeMeHHbix paaoB 
abjuiiotcm K. CoHr u B. Hhccom, Koropbie npeaao^KHHH MeToaonorHio 
nporHO3HpoBaHH» caaöo CTpyKTypnpoBaHHbix aHHaMHnecKHX paaoB 
C HCnOJIb3OBaHHeM TeXHHKH HeneTKHX OTHOLLieHHH H 
npHÖanTKeHHoro BbiBoaa. ^aaee 3to nanpaBaeHne CTpeMHTejibHO 
pa3BHBaaocb ycmınaMH, npea<ae Bcero, C. Hena, HeneTKne Moderni 
KOToporo cymecTBeHHO ynpocTuaH BbiHHcaeHna, H. KyMapa, K. 
HeHra, XI>k. noyacena h ap. npeaaoTKeHHbie hmh noaxojibi k 
nporHO3wpoBaHHK) HeneTKHx BpeMeHHbix paaoB OTaunaıOTCM 
npaBHJiaMH 4)a33H(t,HKaUHH HCTOpHHeCKKX aaHHblX H 
ae(|)a33H(l)HKaLiHH BbixoaoB HeneTKnx npomocTunecRux MoaeneH.

MeToabi aHajiH3a BpeMeHHbix paaoB b HeneTKOH napaanrMe yace 
3aBoeBajiH npaBO CTaTb ochoboh ajıa C03aaHHM 6n6jınoTeK 
HHTepaKTHBHbix Moaejteiı (cHMyasHHH) ana noaaepjKKH npHHMTHa 
peuıeHHH b caMbix pa3Hbix ct])epax ynpaBaeHHM. OaHaKO, HecMOTpa 
Ha aocTHrHyTbie pe3yabTaTbi, MHorne 3aaanH anajiH3a HeneTKnx 
BpeMeHHbix p»aoB ocTaıoTca HepemeHHbiMu, b nacTHOCTH, 3aaann 
BbiMBaeHHM BHyTpeHHHX HeneTKHX TeHaeHHHH h reHepauHH npaBHJt 
hx pacno3HaBaHHM. Hcxoaa W3 CKa3aHHoro CTaHOBHTca oneBHanbiM 
Ba>ı<H0CTb u aKTyanbHOCTb nepeMHCJieHHbix oeoöeHHOCTew aan 
aaabHeHtuero pa3BHTHa HHCTpyMeHTapna no npomo3HpoBaHHK) 
noBeaeHna caaöo CTpyKTypupoBaHHbix chctcm Ha ochobc HeneTKHx 
BpeMeHHbix paaoB.
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OcH0BHan uejib u 3a4aHn nccjıeaoBaHna. Ochobhoh uejibio 
.UMccepTaıjHOHHOH paöoTbi ABUfleTCfl HccjıeAOBaHne
nporHOCTHHeCKHX BO3MO7KHOCTCH HeHCTKHX TeH^eHUHH CJiaÖO 
CTpyKTypnpoBaHHbix BpeMeHHbix psmoB, pa3paöoTxa HOBbix npaBMJi 
(|)a33n4)HKaL(HH HCTOpHHeCXHX ZjaHHblX H 4e(j)a33H(|)nKaLlHK HeueTKHX 
nporHO3OB, a Tax>xe nocTpoeHHe cooTBeTCTBytomen a/jexBaTHow 
MaTeMaTHMecKon Mojıejın zina nporHO3npoBaHH$ı BOJiaTHJibHbix 
BpeMeHHbix paaoB.

ÄOCTWKeHHfl HOCTaBJieHHOH LjeJIH Ha npHMepe JJHHaMWXH 
H3MeHeHH» npoMbiıiLJieHHoro MH^eKca 4oy 4>xoHca 3a Gonee neM 
roAHHHbin nepno,u luıaHHpyeTCJi peniHTb cjıeayFomne cocTaBHbie 
3aaaHH:
■ npoBecTH cpaBHHTejibHbiH aHajiH3 cymecTByıomHx mcto^ob 

4)a33M(j)HKaUKM HCTOpHHeCKHX ASHHblX BpeMeHHbix pflJlOB, 
BblMBWTb HX BO3MO7XHOCTH H HeAOCTaTXH;

■ pa3paöoTaTb HOBoe npaBuno w (J)a33M(j)MxaıınH cjraöo 
CTpyKTypnpoBaHHbix HCTOpHTeexMX zıaHHbix, xax jijisi cjıynaa 
(JjMxcHpoBaHHoro npoH3BOJibHoro Haöopa xanecTBeHHbix 
xpHTepneB oneHXH, Tax h A-hh cjıynaa oöocHOBaHHoro Bbiöopa hx 
xojiHHecTBa;

■ nocTpoHTb MeTOAnxy ajisi BbiMBJieHna HeneTXHX TeHjjeHHHH 
BpeMeHHbix p>moB h MeTO^Hxy aHajıma BpeMeHHoro pana 
HeneTXHx TeHjjeHHHH;

■ pa3paöoTaTb ajıropuTM a.im BOCCTaHOBJieHHS HeneTxoro 
BpeMeHHoro pazıa no ncxojiHOMy BpeMeHHOMy pa/ıy h oöpaTHbiH 
ajıropuTM reHepanHH p*ma b HOMHHaabHbix BejiHHHHax;

■ pa3paöoTaTb MeTozı xomhhjimhhh 3HaHHH o BHyTpeHHHx HeneTxnx 
TeH^eHiınax b cjjopMe HMnuHxaTWBHbix npaBnjı;

■ pa3paöoTaTb h peajiH3OBaTb nporpaMMHyK) oöojıoHxy b BHjje 
HHCTpyMeHTa oöpaöoTXH HCTopHHecxnx zıaHHbix Ana 
BoccTaHOBJieHHM h nporHO3HpoBaHHM BpeMeHHoro paaa;

■ paapaöoTaTb Henpo-ceTeByıo MO^ejib ajih nporHO3HpoBaHHM 
BpeMeHHoro po b HOMHHajibHbix BejiHHHHax.
Oolcki u npe/iMeT wccjıe^OBaHMH. O6ı>exTOM HcejıezıOBaHHH 

MBJiaeTCM BOJiaTHJibHbiH HeneTXHİı BpeMeHHOH paa, a npe^MeT 
MCCJie^OBaHHM COCTaBJiaeT MeTOJlbl BblMBJieHHM BHyTpeHHHX 
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HeneTKnx 3aK0H0MepH0CTen BpeMeHHbix paaoB n Mereabi 
MoaenwpoBaHHH BpeMeHnoro paaa HeneTKnx TeHjjeHLjnn.

IIpMMeHfleMafl MeToanıca MCcaeaoBaHHfl. npn HanwcaHwn 
ÄHCcepTauHH npuMeHJUTucb oömeHayHHbie Mereabi HCCJieaoBaHHM, 
TaKne KaK zmajıeKTHHecKwiı MeToa, KOMnneKCHbin aHanrn, chhtc3 u 
np., u cneunajibHbie HaynHbie MeTOAbi, noapa3yMeBaFomne 
CHCTeMHbiiı u (|)opMajibHO-JiornHecKwn noaxoabi, yHWTbiBaıoiJUHe 
cymecTByıomne HapaöoTKH c|)yHaaMeHTajibHbix u npuKaaaHbix 
HCCJiezjOBaHHH no npoöaeMaM npnnaTHfl pemeHwn b ycaoBwax 
HeonpezıejıeHHOCTn, npeacTaBaeHHbix b paöoTax pecnyÖJiwKaHCKHX h 
3apyöe>KHbix yqeHbix. HaMeaeHHaa neab w ocHOBHbie 3aaaHH 
jjHccepTauwM npeaonpeaeanan HeoöxoanMOCTb npwMeHeHHfl 
MeTK^wcunnjTWHapHoro no.axo.aa, oöecnennBafomero opraHHHHOCTb 
BbinncjıeHHH c npnMeHeHneM KOJinaecTBeHHbix n KaaecTBeHHbix 
KaTeropwn, CTaTMCTnnecKoro aHaaH3a n oöoömeHHM. flpn stom, 
aHajın3 ycTaHOBaeHHbix HayaHbix noao>xeHnn n npnMeHeHne 
MeToaojıornHecKoro annapaTa - aaeMeHTbi HeneTKon aorHKH n 
coBpeMeHHaa Teopua HeneTKHX mho>kcctb, MeToabi MaTeMaranecKon 
CTaTMCTUKW, Teopna HenpoHHbix ceTeii, Ha KOHKpeTHbix npHMepax 
(j)opMnpyıOT aoKa3aTeabHyıo 6a3y n oöecnenHBaıOT aocTOBepHOCTb 
noayneHHbix BbiBoaoB.

TeopeTHaecKyıo h HHC^opManwoHHO-SMnwpHHecKyfo 6a3y 
awccepTaunoHHoro HCcaeaoBaHna cocTaBaaıoT paa CTaTHCTnnecKnx 
aaHHblX H3 OTKpblTblX HCTOHHHKOB KHTepHCTa, paÖOTbl BeayUIHX 
pecnyöanKaHCKwx u 3apy6e>KHbix yneHbix b npeaMeTHOH oöaacTH, 
penpe3eHTaTHBHafl coBOKynHOCTb KOTopbix oöecneHnaa 
apry.MeHTHpOBaHHyıo oöocHOBaHHOCTb npaKTHaecKHX
peKOMeHaauMH.

JJocTOBepHOCTb pe3yjibTaT0B aHCcepTauHOHHOiı paöoTbi. 
AocTOBepHOCTb HaynHbix nojıoa<eHnH, BbiBoaoB n peKOMeHaaunn 
noaTBepacaeHa pe3yabTaTaıwn npoBeaeHHbix ƏKcnepHMeHTOB, a 
Tax>Ke pe3yabTaTaMH ncnoab3OBaHra MaTepnaaoB awccepTaunn h 
pa3pa6oTaHHon npHKaaaHon MeToaoaorww b npocfmabHon 
opraHW3anHH b cootbctctbhh c 3ktom BHeapeıiHH.

OcHOBHbie noaoaceıiHR, BbiHOCHMbie Ha 3auiHTy.
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■ BpeMeHHOH p$m HeneTKHX 3aKOHOMepHOCTen «BJiaeTCM 
3(j)(|)eKTI4BHbIM HH^HKaTOpOM BOJiaTHJlbHOTO pa3BHTHM 
MO^ejıwpyeMoro nponecca Ha ^oh^oboh önpjxe, KOTopbiH onncaH 
b KaqecTBeHHbix xaTeropusıx no cpezıcTBaM TepMOB 
jiHHrBHCTHHecKnx nepeMenHbix

■ KjnoHeBbiMH onepauHMMH oöpaöoTKH HeneTKHx 3aKOHOMepHOCTen 
MBJİSKJTCM aJITOpHTMbl OÖpaÖOTKH BHyTpeHHHX HCHeTKHX CBfl3en, a 
HMeHHO, MeToaHKa BOCCTaHOBJieHHH HeneTKoro BpeMeHHoro pajja 
no ncxoaHOMy BpeMeHHOMy p$wy h oöpaTHaa onepanna 
KOMnnjiBnnn BpeMeHHoro pjuıa b HOMHHajibHbix BejiHHHHax, xax 
OTpaTxeHne HaeHTH(|)Hu,HpoBaHHbix HeneTKHX TeHjıeHUHH

■ TpexcjıOHHaa nenpoHHası ceTb rıpeajıOTKeHHon Tonojıornn
MBJIJieTCB pe3yJIbTaTI4BHbIM KOMnHJIHTOpOM npaBHJi
nporHO3npoBaHHM HeneTKnx TeHjıeHnnn, BbipaaceHHbix b BHae 
^ecj)a33n(J)nm4poBaHHbix 3HaneHHH HeneTKHX HHTepnpeTanniı 
ncTOpnqecKKX jıaHHbix

■ Pa3pa6oTaHHaa nporHOCTHHecKas MO^erib Ha ocHOBe BpeMeHHbix 
psmoB HeneTKHx TeH^eHUHH no3BOJiaeT nporno3npoBaTb 
BOJiaTHJibHbin BpeMeHHOH p»4 na KpaTKOcpoHHbin nepHO,u.

■ Pa3pa6orraHHaM HenpoceTeBaM MO^ejib BbiöpaHHon Tononomn 
no3BOJifleT nporno3wpoBaTb BOJiaTHJibHbin BpeMeHHOH p>ı;ı Ha 
KpaTKocpoHHbin nepnozı.
Haymıafl HOBUJHa b HCCJieaoBaHiiH. HaynHaa HOBK3Ha 

^nccepTauHOHHOH paöoTbi coctomt b cjıexıyıomeM:
■ npexpıOTKeHO onpexıejıeHHe BpeMeHHoro p*ma b neneTKOH 

napa^urMe h pa3paöoTaHa HOBbin MeTojj pacri03HaBaHH5i 
BHyTpeHHHX HeHeTKHX TeHAeHUHH

■ Pa3pa6oTaHbi anropHTMbi oöpaöoTKH BHyTpeHHHX HeneTKnx 
TeHAeHHHH, BKJHonan onepauHK) BoccTaHOBjıeHHM HeneTKoro 
BpeMeHHoro psuıa no HCTOpHHecKHM ^aHHbiM Hcxozmoro 
BpeMeHHoro p$ma n oöpaTHaa onepauna reHepannH p$ma b 
HOMHHajibHbix BejlHHHHaX

■ npe^jıoTKeH MeTo/ı c|)a33H4)HKanHH cjıaöo cTpyKTypnpOBaHHbix 
.aaHHbix c npHMeHeHneM cncTeMbi HeneTKoro BbiBO.ua
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■ npejjJio>KeH MeToa KOMnmiMunn 3HaHHH o BHyTpeHHHx HeneTKHX 
3aKOHOMepHOCTMX B (j)0PMe HMnjIHKaTHBHblX npaBKjı H C 
npHMeHeHneM Hewpo-ceTeBOH MO^ean

■ Pa3pa6oTaHa nporHOCTHHecKaa MO.ae.nb na ocHOBe BpeMeHHbix 
paaoB HeaeTKHx TeHaeHLiwH, no3Boaaıouıa» nporHO3HpoBaTb 
BoaaTHJibHbiH BpeMeHHOH paa Ha KpaTKOcpoHHbiu nepnoa

■ HccjıeaoBaHa atjKfıeKTiiBHocTb nporHOCTHHecKHx Moaejıen, 
cocTaBaeHHbix Ha ocHOBe BpeMeHHbix pajjoB hchctkhx TeHneHUHH 
u MeToaoB Henpo-ceTeBoro pacno3HaBaHH5i, c npHMeHeHueM 
epeaHecTaTHCTWHecKHx KpnTepueB olichkh.
HayHHo-npaKTMHecKafl 3HaqwM0CTb wccjıeaoBaHMH. 

Pa3pa6oTaHHbie MeToabi h aaropHTMbi no3BOJunoT noTeHunajibHbiM 
noab3OBaTeaMM co3aaBaTb nporHOCTHHecKHe Moaean BoaaTHJibHbix 
BpeMeHHbix paaoB c yayHuıeHHbiMw KauecTBeHHbiMH 
xapaKTepncTHKaMH h, tcm caMbiM, cymecTBeHHO coKpamaTb BpeMa, 
3aTpaHHBaeMoe Ha npwHsrrne onepaTHBHbix peuıeHnn.

AnpoöaıiHfl h BHeapemın paöoTbi. OcHOBHbie noaoateHKfl h 
pe3ynbTaTbi anccepTaHWH aoKaaabiBaancb, oöcyHcaaancb h 
nojıyHHaH oaoöpeHwe Ha:
■ the 7th International Conference on Control and Optimization with 

Industrial Applications, COIA - 2020 (2020, Baku, Azerbaijan)
■ the 14th International Conference on Applications of Fuzzy 

Systems, Soft Computing and Artifıcial Intelligence Tools, ICAFS 
- 2020 (2020, Budva, Montenegro),

■ the 1 lth International Conference on Theory and Application of 
Soft Computing, Computing with Words, Perception and Artifıcial 
Intelligence ICSCCW-2021, (2021, Antalya, Turkey)

■ the 8th World Conference on Soft Computing dedicated to the 
lOOth Birthday anniversary and research heritage of professor 
Lotfy A. Zadeh (2022, Baku, Azerbaijan)

■ the Future of Information and Communication Conference, FICC - 
2022 (2022, San Francisco, USA)

■ the Intelligent Systems Conference, IntelliSys - 2023, (2023, 
Amsterdam, The Netherlands),

a TaKTKe Ha pacuınpeHHbix ceMHHapax Kaıjıeapbi «HHc|)opMaHHOHHbie 
TexHonorHH h FIporpaMMHpoBaHHC» (JıaKyjibTeTa IlpnKJia^HOH



Hayxe h 06pa30BaHHio Ä3ep6aiwKaHCKon

opraHM3aunıı, nıe paGoTa 
paöoTa öbuıa

TexHOJioruH

Bbiııojınena.
BbinojiHeHa Ha Ka(|)e,upe 

h riporpaMMnpoBaHHe» 
h Kw6epHeTHKa»

MaTeMaTUKW h Kn6epHeTKKn EaKHHCKoro rocyAapcTBeHHoro 
YHMBepcHTeTa h jıaöopaTopHH «Hn4)opMaunoHHbie CHCTeMbi 
ııo;wep>KKn npnHMTUM peuıeHHH» PlHCTMTyTa Chctcm YnpaBJieHUM 
MuHHCTepcTBa no 
PecnyöjıwKH.

HaMMeHOBaHHe
^HccepTauKOHHaa 
«I4H(])OpMaLIHOHHbie 
(j)aKyjibTeTa «ripnK.na4Hafl MaTeıvıaTHKa 
EaKHHCKoro TocyAapcTBeHHoro YHHBepcHTeTa.

OyojınKauHH pe3yjibTaTOB zuıccepTamıoHHon paöoTbi. no 
TeMe jjnccepTauHH onyÖJiHKOBaHO 17 paöoT, b tom HHCJie, 8 re3HCOB- 
AOKjıa^OB h 9 CTaTen, b tom HHCiıe 6 - 3a pyöe>KOM, m KOTopbix 5 
CTaTew onyönnKOBaHbi b TKypHajıax c Me/KAynapo^HbiMn HayHHbiMH 
HHjıeKcaMH uHTKpoBaHHü K3 apxıiBa Web-Science n SCOPUS.

jİHHHbifi BKjıaa. Bce pe3yjibTaTbi, cocTaBJiaıomHe coAep>ı<aHHe
4HccepTau,MH, nojıyneHbi aBTopoM caMocTOflTejibHO.

CrpyKTypa m oGbcm zmccepTaıjnoHHOİi paöoTbi. 
ZtHccepTauHOHHaa paöoTa coctoht H3 bbcachhm, 3-x rjıaB, 
3aKJHOHeHH5i h cnwcKa Hcnojib3OBaHHOH JiHTepaTypbi. PaöoTa 
H3Jio>KeHa Ha 123 CTpaHHuax MauiHHonHCHoro TexcTa, cozıepTKHT 68 
pHCyHKOB H 15 TaÖJIHH, COCTOHT H3 BBejICHHM, TpeX TJiaB, 
3aKjnoHeHH«, cnncKa JiHTepaTypbi H3 100 HaHMeHOBaHHH. O6ı>eM 
oöınero h CTpyKTypHoro pa3nenoB jınccepTauHH pacnpejjejuıeTCfl 
npHMepHO cjıe^yıoınHM o6pa3OM:

■ Bcero - 235 119 3HaKOB,
■ orjıaBJieHHe - 1 819 3HaKOB,
■ BBezıeHHe - 12 749 3HaxoB,
■ rjıaBa nepBaa - 27 482 3HaxoB,
■ rnaBa BTopafl - 137 525 3H3kob,
■ rjıaBa TpeTbH - 54 552 3HaKOB,
■ pe3yıibTaT - 992 3HaKOB.
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CO4EP7KAHHE
Bo BBe^eHHH jjwccepTauHH H3Jio>ı<eHa aKTyajibHocTb 

HCCJiejıOBaHUfl, C(|)opMyjiHpoBaHa ocHOBHaa ee nejib n npuBejjeH 
nepeneHb 3azıaH h nojıxo^OB, Heo6xo4HMbix jxjih peajıw3anHH stoh 
nenn, onwcaHa CTpyKTypa w coaepjKaHwe paöoTbi, a TaK>Ke 
nojıyneHHbie pe3yabTaTbi, BbiHocwMbie Ha 3amnTy.

B nepBott rjıase paccMaTpnBatoTca coBpeMenubie Mero/ibi 
aHanw3a jjnHaMHHecKnx paaoB. B naKOHHHHOH (J)opMe onncaHbi 
cymecTByıomHe bo3mo>khocth h orpaHnneHna CTaTHCTWHeoKnx h 
HHTejuıeKTyajibHbix mcto^ob MOAejiHpoBaHna BpeMeHHbix pa^OB. 
TaK, KOHuenTyajibHaa CTaTWCTHHeoKaa Mo/tenb BpeMeHHoro pa.ua 
rıpeucTaBJiaeTca b oöıneM Bnne KaK

rue ncTopHHecKaa uaHHaa x(/) paccMaTpnBaeTca KaK cyMMa 
HeKOTopow CHCTeMaTHMecKOH KOMnoHeHTbi /(() h cjıynanHOM 
KOMnoHeHTbi <&; Anı// aBjıaıoTca Koac^nnHeHTaMH, npnHWMaıomne 
3HaLieHHM H3 MHoacecTBa {0, 1}; - cjıynaiiHaa oıunÖKa c HyjıeBbiM
MaTeMaTHHecKHM OTKHjjaHHeM h KOHeHHOH uncnepcnen. ripn stom, 
HeCMOTpa Ha pa3HOOÖpa3HbIH KHCTpyMeHTapHH CTaTHCTHHeCKOrO 
anajıma, He Bcema yuaeTca ycnemuo nocTpOHTb npomocTH^ecKne 
MO^ejiH, oöecneHHBaıoııiHe uocTOBepHocTb aKCTpanojıanHK uaHHbix 
h eooTBeTCTBHe noBeueHHa Mo^ejTW noBe,aeHHK) hcxouhoto 
BpeMeHHoro pa^a.

Henpo-ceTeBoe MOuejıwpoBaHHe CBO/ınTca k pemeHHio 3auaHH 
annpoKCHMaunw HeaHHeHHOH HenpepbiBHon (J)yHKunn ot mhothx 
nepeMeHHbix no ycTaHOBJieHHOMy 3apaHee Haöopy o6yLiaıomHx 
npHMepoB K3 HCTOpHH BpeMeHHoro paua. B oömeM BH^e Hewpo- 
ceTeBaa Mouenb BpeMeHHoro pa.ua BbiruauwT b cueuyıomeM Bnue: 

A+I ~ k^’k-X ■>•••■>yk-n+\ ) + Sk+\ ’

rue yk+} aB.uaeTca nporHO3OM; HaöuıouaeMbie

3HaHeHH» BpeMeHHoro paua; - HeuHHenHaa

HenpepbiBHaa (j)yHKUHa (/7-1) nepeMeHHbix, napaMeTpHHecKow 
Moueubio KOTopoH mojkct cj]y>Ki4Tb, HanpHMep, TpexcjıoHHaa 
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HeüpoHHaM ceTb; sk+\ -aonycTHMan norpeıuHOCTb nporHO3npoBaHna; 
n - nopaaoK Moaejın.

Ocoöoe BHHMaHne yaeneHO Hcnoab30BaHHio Teopnn neneTKHX 
MHO>KecTB, KOTopbie npHMeHaıOTca ynpaBJieHHa h

MOAejınpoBaHHfl cna6o CTpyKTypnpoBaHHbix h cjiotkhhx npoueccoB. 
H3J10>KeHbI OCHOBHbie nOJIO>KeHHH TeopKH HeneTKHX MHOTKeCTB h 
onucaHbi Mo.ae.nn HeneTKHx BpeMeHHbix paaoB. JJjıa BBejjeHHJi 
HeaeTKOCTH OTripaBHbiM HBaaeTca nocTpoeHHe yHHBepcyMa, KOTopbiH 
b cjıynae MoaejiHpoBaHHfl h nporHO3HpoBaHH« BpeMeHHoro pazıa 
MBaaeTca nok'pbiTne anana30Ha HCTopHHecxHx aaHHbix

d — [Dmin — D\Dmax + D2], 

rae Dmin H Dmax - COOTBeTCTBeHHO MHHHMaabHOe H MaKCHMaabHOe 
3HaneHHfl cpean aaHHbix BpeMeHHoro pa.ua; Dı>0 h Dı>0 
BbiönpaıOTca H3 pacneTa aejıeHHa 0Tpe3Ka d Ha paBHbie KHTepBajibi Uj 
no HKcny BbiöpaHHbix KpHTepneB ohchkh Cı, C2, C«, KOTopbie b

oöııjeM BHae 3aaaK)Tca b Bnae caeayıomHX HeneTKnx mhotkcctb: 
C1=/ZC1(i/1)/m1+/ZC1(W2)/M2+ ... +//C1 («n)/w«, 

C2=//C2(z/1 )/tt1 +//C2(W2)/W2+ ... +/ZC2(Ww)ZUn,

Cn=/JCn(u\)/u\+/JCn(U2)/U2+ ... +]UCn(Un)/Un, 
rae //Cz(wj)e[O, 1] (i, j=\+n) - 3HaHeHna (JjyHKLijnH npHHaa.jıe>KHOCTH 
HHTepBaaa Uj k HeneTKOMy MHoncecTBy G.

O&beKTOM HccaeaoBaHHa aHccepTauHH aBaaeTca BpeMeHHOH paa 
HHaeKca J^oy ^>KOHca (DJIA - Dow Jones Industrial Average) {x(/)} 
(/=G7ə (Pkc. 1), b KOTopoM x(Z) paccMaTpHBaeTca xax cjıaöo 
CTpyKTypnpoBaHHaa aaHHaa hjih HeneTKHM mho/kcctbom Aj (J=\+J), 
xapaKTepH3yeMbiİ4 xapTejKOM [1]:

{XOOm/IXO]}, a 1/1X0]: £7—>[0, 1J, 
rae U aBJiaeTca ancKpeTHbiM yHHBepcyMOM, noKpbiBaıoi-HHM 
anana3OH noKa3aTejıen DJIA.
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Pnc. 1. BpeMeHHOH pajı DJIA

OcHOBHan 3a4ana 3aKJiıoHaeTCM b pa3paöoTKe MeTOAa 
(Jıa33H(j)HKauHH noKa3aTejıen DJIA, KOTopbiH no3BOJiHJi 6bi öojıee 
ajıeKBaTHO BOCCTaHOBHTb BpeMeHHOH p«a DJIA {x(7)} b repMHHax 
HeneTKHx mhojkcctb h, tcm caMbiM, nocTpoHTb öoııee ajıeKBaTHyıo
MaTeMaTHnecKyıo Moaejib pajja jijui nporHO3HpOBaHH» b

HOMHHajibHbix ejiHHHuax.
Bo BTopoiı rjıaBe npejuıaraeTca no^xoa k (|)a33H(|)HKaHHH 

HCTOpHHeCKHX JjaHHblX, OCHOBaHHbJH Ha npHMeHeHHH CHCTeMbl Fuzzy 
Inference System (FIS), nocTpoeHHon Ha TpHBHajibHbix 
yTBep>KzıeHHsx:

6i: «Ecjih hhjjckc DJIA pacnojıojxeH öjihtkc k cepeAHHe OTpe3Ka 
z/ı, to ero BejiHHHHa HBjuıeTCfl cjihihkom hh3koh»;

62: «Ecjih HH^eKC DJIA pacnojıo>KeH 6jiH>Ke k cepeaHHe oıpe3Ka 
W2, to ero BejiHHHHa SBJiMeTCH oneHb hh3koh»;

es: «Ecjih hh/jckc DJIA pacııojıo>ı<eH 6jih>kc k cepejiHHe OTpe3Ka 
«3, to ero BejiHHHHa BBjuıeTCfl öojıee neM hh3koh»;

64: «Ecjih HHjjeKC DJIA pacnonoTKeH 6jiH>Ke k cepe^HHe 0Tpe3Ka 
W4, TO ero BejiHHHHa MBJIMeTCM HH3KOH»;

65: «Ecjih HH/ıeKC DJIA pacnojıo>KeH ÖJiHTKe k cepejjHHe OTpe3Ka 
W5, TO ero BejiHHHHa SBJIMeTCJI BbICOKOH»;

66: «Ecjih HHneKc DJIA pacnojıo>KeH 6jiH>Ke k cepejjHHe OTpe3Ka 
«6, to ero BejiHHHHa MBjuıeTca öojıee neM BbicoKOH»;

67: «Ecjih HHjjeKC DJIA pacnojıo>KeH öjihtkc k cepejiHHe OTpe3Ka 
W7, to ero BejiHHHHa MBJiaeTCH oneHb bbicokoh»;
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es: «Ecjih nı-meKC DJIA pacnojıo>KeH ÖJiMTKe k cepe4HHe OTpe3Ka 
W8, TO ero BeJIHHHHa HBJiaeTC» CJIHIHKOM BbICOKOH».

ÄHaJlH3 3THX BblCKa3bIBaHHH, K3K OTpaJKaJOLHHX npHHHHHO- 
cnezıCTBeHHbie cbü3h, nojBOJiwı onpeAejiHTb Bxo^Hyıo 
xapaKTepncTHKy b BH,re JinHrBHCTHHecKon nepeMeHHOH 
x=«JIoKOJiU3awutı undeKca DJIAv, npHHHMaıoııjen 3HaHeHH» b BH^e 
TepMOB «BJ1EDKE K CEPEflHHE OTPE3KA Uj» Ml=[21771,22471],
M2=[22471, 23171], ..., z/g=[26671, 27371], h Bbixo^Hyıo
jiHHrBHCTHHecKyıo nepeMeHHyıo y=«BejıumiHa undeKca DJIA», 
3HaHeHHflMH KOTOpOH flBJUHOTCfl TepMbE «CJIP1LL1KOM HH3KA5I», 
«04EHb HH3KAH», «EOJ1EE MEM HH3KA51», «HM3KAH», «BbICOKA5I», 
«EOJ1EE HEM BbICOKA5I», «OHEHb BbICOKAH», «CJ1HUIKOM BbICOKAH». 
BepöanbHbie oııeHKH jıoKajıH3am«ı HimeKca DJIA x(7) no npH3HaKy 
ero npnHa4Jie>KH0CTH JiOKajibHOMy OTpe3Ky uj (/=1-^8) OTOÖpaHceHbi b 
BH4e HeneTKHX nojiMHOTKecTB TJMCKpeTHoro yHHBepcyMa £7=[21771, 
27371], BKJiKAiaıomero noKa3aTejın HH/jeKca DJIA 3a 333 ahük 
ToproB Ha (])ohjioboh 6np>ıce: (7 = {*(/)}”?. B KanecTBe cj)yHKLi,nH 

npHHajuıe>KHOCTH npnMeHaeTca (JjyHKUHM TayccoBCKoro rana (Puç. 
2.)

X*) = exp [-(*/-Uj^/cr], (1)
Ezje x/=x(Z) - noKa3aTejib HH^eKca DJIA, ycTaHOBjıeHHbiH no WToraM 
ToproB Ha ^ohjjoboh 6np>Ke b r-biil zıeHb; w/o - cepejjriHa HHTepBajıa 
ıij (/=1^8); cr — CTaHzıapTHoe OTKJiOHeHne, BbiöpaHHoe eawHbiM 
Bcex cjıynaeB b Bn^e Hncna 500.

Puç. 2. CpyHKLJHH npaHa^JlOKHOCTH HeHĞTKHX MHO>I<eCTB, oTpa/Kaıomnx 
CTeneHb jıoKanH3aunH HH^eKca DJIA
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Onpe^ejıwB cepeawHbi OTpe3KOB uj KaK: wıo=22121, z/20=22821, 
2/80=27021, b cooTBeTCTBWH c (1) npn3HaKn ji0Kanw3aLiwn nwıeKca 
DJIA xt = x(/) (7 = 14-333) MoryT SbiTb HHTepnpeTHpoBanbi xax:
• «EJlEf3OCTb K 22121» b Bnne HeqeTKoro MHcnıcecTBa:

X\ =0.95 2181 /xı+0.958630/x2+.. .+0.000793/x332+0.000472/x333;
• «EJlH3OCTb K 22821» b BM^e neneTKoro MHO>ı<ecTBa:

Ä2=0.643393/xi+0.656883/x2+...+0.006941/x332+0.004497/x333;

• «EJlH3OCTb K 27021» b Bime HeneTKoro MHO>KecTBa:
Ag=0.000016/xı+0.000018/x2+...+0.833393/x332+0.895873/x333.
TepMbi BbixoÄHon jınHrBncTHHecKon nepeMeHHOH ^Benununa 

ııııdeKca DJIAv ormcaHbi b BHjje hchötkhx noAMHOJKecTB 
^HCKpeTHoro yHHBepcyMa / = {0, 0.1, 0.2, ...; 1}, T.e. X/iel xax: 
r£=CJIHUIKOM HH3KOE, ecjın i=\ m /jtl(R)=\, ecjıw /<1;
rZ,=OHEHB I-IM3KOE: //kl(z)=( 1-z)2; A/£=EOJIEE MEM HI43KOE: 
Z/aä(Z)=(1—Z)(1/2); A=HH3KOE: ///.(/)= 1-z; Z/=BbiCOKOE: ////(/)=/; 
M//=EOJIEE 4EM BblCOKOE: /ZA///(z)=Z(1/2); F7/=OMEHb BblCOKOE: 
/zr//(z)=z2; 77/=CJIHUIKOM BblCOKOE, /zn/(z)=l, ecnH z=l u /zm(z)=0, 
ecjiK z<l.

B pe3yjibTaTe npnMeHeHHM HeneTKon MMnjiHKauwH JlyKaceBHHa 
z)=min{l, 1-/za(z/)+//fO)L (2)

onpeAeaeHbi HeneTKHe OTHomeHHM b BH,ae MaTpnıj 7?ı, Rı, ..., /?s 
pa3iwepOM 333x1 1, nepeceııeHne KOTopbix ^ajıo oömee 
(|)yHKunoHajibHoe peıııeHne 7?=Äın7?2n...n7?8 b Buzıe cjıejjyıoiJneK 
MaTpmjbi

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
= 25090.5 0.0! 14 0.1114 0.2114 0.3114 0.4114 0.5114 0.6114 0.5610 0.4610 0.3610 0.2610

X2 = 24987.5 0.0018 0.1018 0.2018 0.3018 0.4018 0.5018 0.6018 0.5094 0.4094 0.3094 0.2094

x3 = 24700.2 0.0193 0.1193 0.2193 0.3193 0.4193 0.5193 0.4878 0.3878 0.2878 0.1878 0.0878

»32 = 26346.0 0.0002 0.0102 0.0402 0.0902 0.1602 0.1666 0.1666 0.1666 0.1666 0.1666 0.8357

.•»33 = 264967 0.0123 0.0223 0.0523 0.1023 0.1041 0.1041 0.1041 0.1041 0.1041 0.1041 0.8740

KOTopaa OTpa>KaeT npHHKHHO-caeacTBeHHyıo CB«3b Me>K/ıy 
npH3HaKaMn JioKajiH3auHn HHZıeKca DJIA, c ozihopi CTopoHbi, h ero 
BeaHBHHoft - c apyroıı. B pe3yjibTaTe, Bce HCTOpnnecKne jjaHHbie 
BpeMeHHoro pa.ua HHZıeKca DJIA HHTeprıpeTHpyzoTca b Bw^e 
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cooTBeTCTBytoujHx HeneTKHx MHO/KecTB (HM), KOToptıe CBejjeHbi b 
TaÖJiMLiy 1.

TaojiHua 1. JJeTajiH3KpoBaHHbin HeneTKiıiI BpeMeHHofi pajj nHjjeKca DJIA

JJara HM
3HaııeHH« (jjyHKHHH npnHaxı:ıe>KHOCTH HeneTKoro 

aHanora HH^eKca DJIA TO HM
0 0.1 0.2 0.9 1

15.06.2018 Aı 0.0114 0.1114 0.2114 0.3610 0.2610 0.6062
18.06.2018 Al 0.0018 0.1018 0.2018 0.3094 0.2094 0.5939
19.06.2018 A3 0.0193 0.1193 0.2193 0.1878 0.0878 0.5330
20.06.2018 Aa 0.0273 0.1273 0.2273 0.1735 0.0735 0.5219

07.10.2019 A330 0.0098 0.0198 0.0498 0.1113 0.8697 0.9513
08.10.2019 A331 0.0098 0.0198 0.0498 0.2546 0.7791 0.8959
09.10.2019 A 332 0.0002 0.0102 0.0402 0.1666 0.8357 0.9321
10.10.2019 A333 0.0123 0.0223 0.0523 0.1041 0.8740 0.9534

Kax noKa3aHO Ha Puç. 3, jjHHaMHHecKHİı pna HHneKca DJIA b 
TepMHHax ToneHHbix oıjeHOK HeneTKHX mhotkcctb (TO HM) 
npHÖJIHJKeHHO TOHHO BOCnpOH3BOJIHT KOH(|)nrypaLlHK) BpeMeHHoro 
p»4a DJIA b MacmTaöe 0Tpe3Ka [0, 1].

Phc. 3. BpeMeHHOH psa HH^eKca DJIA b HOTaunn TO HM

Hhcjio HM, npencTaBjıeHHbix b TaöuHue 1, MBnaeTCB H3ÖbiTOHHbiM 
ajuı (JjopMHpoBaHHM coBOKynHOCTH KanecTBeHHbix KpHTepweB 
oueHKH. no3TOMy no cuezıyıoLneH cxeMe Öbuıo ycTaHOBJieHO hx 
onTHMajibHoe hhcjio npoBeneHHJi oneHOHHbix cy>K/ıeHHH

Ular I. CopTHpoBKa HCTopHHecKHx noKa3aTejıeH xt (7=1+333) 
HH^eKca DJIA b Bnzıe BO3pacTaıomen nocjıejjoBaTeabHOCTH {x^o}, 
rıe p BBJiaeTca nepecraHOBKOH, copTHpyıomen 3HaneHH« HHjıeKca
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DJIA b nop«4Ke nx B03pacTaHHB no TpnBnajibHOMy npaBnjıy 
Xp(i)<Xp(i+}).

LUar 2. Ha coBOKynHOCTH Bcex nonapHbix paccTOBHnn di=\xpd)- 
*X^i)l Meaçıy jııoöbiMH jjByMfl nocueAOBaTenbHbiMH 3HaneHHHMH xP(t) 
h A>(r+i) BbiHwcneHHe cpeziHero paccTonHna AD no (j)opMyjıe

!/(«-!)• (3)

n cooTBeTCTByfouuero CTamıapTHoro OTKJioHeHnn ctad (J)opMyjıe

<L,„ = ■ (4)

LUar 3. BbiMBjTeHwe n cöpoc aHOMajibHbix bcjihhhh, noane>Kamnx 
ycTpaHeHHio. HcKjnoneHHK) H3 paccMOTpeHna no,ziJie>KaT BejınnnHbi 
nonapnbix paccTOMHnn, Koıopoe He yztOBjıeTBopnıOT ycnoBuıo:

AD-atD<di<AD+aiD. (5)

LUar 4. noBTopHbin pacneT cpezmen BejınnnHbi AD Ha 
coBOKynHOCTH nonapHbix paccTOHHwn, ocTaBuınxcn nocne 
coprnpoBKH c yneTOM cöpoca aHOMajınn.

LUar 5. ycTaHOBJieHHe onTHManbHoro nncna KanecTBeHHbix 
KpnTepneB oueHKH HCTopnnecKnx noKa3aTejıen npoMbinuıeHHoro 
HH^eKca DJIA b Bnzıe HM no (jjopMyne

m = (D2-Dl- AD)/(2- AD), (6)

rne D]— Dmm—AD, D2—Dmax~kAD.
B pe3yjibraTe BbinojiHenna sthx nponeayp juih BpeMeHHoro pswa 

DJIA npn n = 333 öbuıo ycraHOBJieHo nnc.no KpnTepneB kbk m=280. 
Torjıa, nonaran F\ n F333 TO zunı HM A\ n A333, cooTBeTCTBeHHo, 
0Tpe30K [Fı, F333] pa36nBaeTC» Ha 280 paBHbix OTpe3KOB ak (k= 14-280) 
c juiHHaMH (F333-Fı)/280. B otom cjıynae Bce HM At (t = 14-333) 
rpynnnpyıoTcn noepe^CTBOM npnMeHeHnn HMnjınKaTHBHoro 
npaBKjıa:

«Ecjih TO HM At H3 OTpe3Ka ak, to At bxojiht b k-ıo rpynny».
B pe3yjibTaTe 6brnn ccj)opMnpoBaHbi 144 rpynnbi, BHyTpn KOTopbix 

4)opManH3yK)TC5i KanecTBeHHbie KpnTepnn oueHKH ncTopnnecKHX 
noKa3aTejıen nHUCKca DJIA, KOTopbie CBeueHbi b Taönnuy 2.

Ta6nnua 2. KanecTBeHHbie KpwTepnw oueHKH nH^eKca DJIA 
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KpwTepufi
oueıiKH

3HaueHMH (j)VHKnnw npwnaaae>KH0CTH HeneTKoro no^MHOTKecTBa 
yHHBepcywa

0 0.1 0.2 0.3 0.9 1
C, 0.9138 0.0412 0.0412 0.0412 0.0412 0.0412
c2 0.8644 0.1200 0.1200 0.1200 0.0172 0.0072
c3 0.8173 0.1960 0.1960 0.1960 0.0106 0.0006
c4 0.8115 0.2051 0.2051 0.2051 0.0113 0.0013

C14I 0.0117 0.0217 0.0217 0.0217 0.0217 0.8730
C]42 0.0147 0.0147 0.0147 0.0147 0.0147 0.9297
C143 0.0091 0.0091 0.0091 0.0091 0.0091 0.9351
C144 0.0010 0.0010 0.0010 0.0010 0.0010 0.9423

B TepMKHax HM Ck (£=14-144) BpeMeHHOH pan. DJIA, a TaKHce ero 
HHTepnpeTauHfl b HOTauHH TO HM npencTaBJieHbi b TaÖJiHiıe 3.

TaQjınua 3. BpeMeHHOH pazı DJIA b TepMUHax HM u TO
Nç JJaTa DJIA HM TO Kp. /JerajınaanHfl TO

1 15.06.2018 25090.5 A\ 0.6062 C55 Alf"x4 IO7f~'lA 164 0.6051
2 18.06.2018 24987.5 Aı 0.5939 C51 A2C1A93 0.5936
3 19.06.2018 24700.2 Aı 0.5330 C4ı A3i^A\»nAi5o 0.5335
4 20.06.2018 24657.8 Aa 0.5219 C39 Aa 0.5219

156 29.01.2019 24580.0 A156 0.5022 C16 A6^A92OA 156 0.5026
157 30.01.2019 25014.9 A 0.5975 C52 4 15704158 0.5956
158 31.01.2019 24999.7 4158 0.5956 C52 415704158 0.5956
159 01.02.2019 25063.9 A159 0.6033 C54 42lO424O425O483O4159O4 165 0.6021

330 07.10.2019 26478.0 Ano 0.9513 C13I 4 71 o4 8()O4 28504 33o04333 0.9538
331 08.10.2019 26164.0 Anı 0.8959 Cl 17 4331 0.8959
332 09.10.2019 26346.0 A132 0.9321 C125 420404332 0.9320
333 10.10.2019 26496.7 A 333 0.9534 Cl3l 4710480042850433004333 0.9538

OueHHBas noKa3aTejTH HHneKca DJIA no cpencTBaM KpHTepneB Ck 
(£=14-144), fleTajiH3auHa KOTopbix npencTaBneHa b Taöjınue 2, b 
paMKax HenerKoro BpeMeHHoro pana HHneKca DJIA BbiMBneHbi 
BHyTpeHHHe cb«3h 1-ro nopanxa b Bnne HeneTKHH oTHomeHHH, 
KOTopbie pa3ÖHTbi Ha 144 rpynnbi n CBeneHbi b TaönHLiy 4.
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Taöjınua 4. BHyTpeHHne cb«3h 1-ro nopjuKa, pa3ÖHTbie no rpynnaM
Chmboji Tpynna Chmboji Tpynna

Gı Cı => Cı, C4 G136 C136 => C130, C141

g2 C*2 C- 10 G137 C]37=> C135, C|40

g3 C3=>C, G]38 Cı38=> C139, C]41

g4 C4=> Cö G139 C(39=> C133, C138, C139, Cri, C]42
G5 C5 => c8 G140 C14O=> C134, C139

Gö C6=> C5 G141 C141 => Cl42, C143, Cl44

G7 C7=> C3 G142 C|42=> C136, C]41, C142, C143, C|44

g8 C8 => C9 G|43 C143=> C134, C138, C|42, C143, C]44

G]44 C144:=> C134, C]39, C142, C143, C144

BHyTpeHHne cbm3h 1-ro nopiuiKa npencTaBJunoT coöoh HeneTRue 
OTHouıeHna, OTpa>Kaıomne npHHHHHO-cnencTBeHHbie cbh3h Me>KAy 
KanecTBeHHbiMn (HeneTKHMH) oueHKaıun HCTopHHecKHx noKa3aTejıen 
HHZıeKca DJIA, KaK TepMOB eooTBeTCTByıoiHHx jiHHTBHCTHHecKHX 
nepeMeHHbix, h hx HeneTKHMH nporHO3aMH. ,ZJaHHyK) CB»3b 
ojjHO3HaHHO OTpa>KaeT HMnjiHKaTWBHoe npaBMjıo BH.na:

«Ecjih xt ecTb Ci, tojo+1 ecTb Q» (/=1-333; /,y=l-144), 
h HeoHHO3HaHHO OTpaa<aeT HMnuHKaTHBHoe npaBHJio BH^a:

«ECJIH Xt ecTb C/, TO Xz+1 ecTb C/(l) HJ1H C/(2) MUM ... HjIH Cy(p)» (/ = 
1=333; /,/(İ),;(2),...,»= 1-144).

Ecjih b cjıynae 1-oh HMnnHKauHH Bce npenejibHO acho, to npn 
HaJIHHHH HByX H ÖOJiee aJlbTepHaTHBHblX HeneTKHX BblBOAOB 
arperauHH HeneTKoro nporHO3a ocymecTBjıaeTCM c npHMeHeHHeM 
jıorHHecKoro onepaTopa B nacTHOCTH, ajim HeqeTKHx
OTHOHieHHH: C36=>C21, Csi, C52 HeHeTKHH nporHO3 OTpa?KaeTCfl 
HeHeTKHM MHOJKeCTBOM F=C21 UCs 1 VjCs2 C (|)yHKIJHeH 
npHHanne>KH0CTH

Ar (m) = Ac2l^c5luc52 (w) = max İAc21 («), Acsı (w)> Ac52 («)} •

B Taö/iHue 5 npencTaBJieHbi nporno3bi, oTpa>KaıoıuHe cjıencTBHa b 
rpynnax BHyTpeHHHx CBM3eH l-ro nopsiHKa. B hot3hhh TO HM 
nporHOCTHnecKaa Monejib HeneTKoro BpeMeHHoro pana DJIA, 
nocTpoeHHaa Ha ocHOBe aHajiH3a BHyTpeHHHx CB«3en 1-ro nopaHKa, 
HHnyuHpyeT He4)a33H4)HU,HpoBaHHbie Bbixonbi (nporHO3bi) b 
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MacmTaöe 0Tpe3Ka [0, 1], KOTopbie cBe^eHbi b TaÖJiHuy 6.
reoMeTpHHecKaa MHTepnpeTauna nporHOCTHnecKOH MO^ejın 1-ro 
nopa/iKa b cpaBHeHun c BpeMeHHbiM p>moM DJIA b HOTaıiHH TO HM 
noKa3aHa Ha Phc. 4.

Taöjınua 5. HeneTKHe BbiBO/jbi, KaK cjıejjcTBHa b rpynnax Gk (k= 1 144)
HeqeTKHH
nporHO3

3HaMeHHM (JjyHKUHn npwHaane>KHocTH TO HM
0 0.1 0.2 0.3 0.9 1

E, 0.9138 0.2051 0.2051 0.2051 0.0412 0.0412 0.0767
e2 0.5875 0.4978 0.4978 0.4978 0.1492 0.0031 0.2758
e3 0.9138 0.0412 0.0412 0.0412 0.0412 0.0412 0.0226
e4 0.7193 0.3392 0.3392 0.3392 0.0496 0.0396 0.1491

E]41 0.0147 0.0147 0.0147 0.0147 0.0147 0.9423 0.9922
El 42 0.0369 0.0469 0.0532 0.0532 0.0532 0.9423 0.9730
El 43 0.0422 0.0422 0.0625 0.0737 0.0737 0.9800 0.9662
El 44 0.0337 0.0337 0.0625 0.0737 0.0737 0.9423 0.9657

TaöıiHLia 6. nporHOCTHHecKaa MOjejib BpeMeHHoro paaa DJIA

JlaTa
HeHeTKHÜ 

anajıor HHaeKca Kp. rpynna CBH3eft 1- 
ro nopa.iKa

BblXOfl MoaenH
(nporno3)

/JeTajın3auH»
ııeııeTKoro

Bbixo.uaSmb. TO Smb. TO
15.06.2018 4. 0.6062 c55 C54, C59 - -
18.06.2018 42 0.5939 C5I Cj|=>C4|), C4I Ess 0.6203 C51 u G4VC59

19.06.2018 4j 0.5330 C4I C4|=>Ğ28. C39, C49 F5I 0.5318 Go'-' 641

20.06.2018 ^4 0.5219 C 39 C39=>C32 f41 0.4557 C28^ C39VJ C 49

07.10.2019 4 330 0.9513 C|.3|
Ci3|=>Csı, C||7,

C|27, C129 T134 0.8944 Ol II <jC|3|<jC 132

08.10.2019 4j3| 0.8959 CI17 C||7=>C|25 Fnı 0.8127
Gı C||7<J

C| 27^0) 29

09.10.2019 4332 0.9321 Cı25 C|25=>C116, C|3| E 17 0.9320 C 125

10.10.2019 4333 0.9534 c131 0|3|=>Csı, C, 17, 

C|27, C129
F|25 0.9055 C||6L7 C131

MSE 0.0020
MAPE 4.4879

MPE -0.4391

B TaÖJiHLie 6 npHBexıeHbi 3HaHeHna K3BecTHbix CTaTHCTUHecKnx 
KpHTepweB oueHKH: MSE (Mean Squared Error), MAPE (Mean 
Absolute Percentage Error) h MPE (Mean Percentage Error), KOTopbie 
OTpa>KaK)T ajjeKBaTHOCTb npeajıaraeMon npomocTunecKOH Mozıejın. 
MSE Hanöojıee nacTO npHMeHaeTca ana Bbiöopa onTHMajibHOH 
MojxejiH nporHO3npoBaHHfl w yKa3biBaeT Ha BO3MO?KHbie 
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cymecTBeHHbie oiuhökm. B paccMaTpHBaeMOM cjıynae MSE=0.0020 
noaHepKHBaeT nepecnyp HH3Kypo norpeuiHOCTb b npeAJiaraeMOM 
MeTojje nporHO3wpoBaHHfl. MAPE ^eMOHCTpnpyeT HacKOJibKo 
cymecTBeHHo OTKJioHeHne nporHO3a OTHOCMTeabHo 
cooTBeTCTByıomero aKTyajibHoro 3HaHeHH» BpeMeHHoro paaa. MPE 
MBJiaeTCM ÖOJiee HH(j)OpMaTHBHbIM KpHTepueM ZUIM OLieHKH 
ajjeKBaTHOCTH MO^ejıw nporHO3wpoBaHHa. Oh onpejıejuıeT TaK 
Ha3biBaeMyıo «CMemeHHOCTb» npe,n,jıaraeMoro rıporHO3a, to ecTb ero 
nocTOMHHoe 3aHH?KeHHe hjih 3aBbimeHHe. B ^shhom cjıynae MPE=- 
0.4391% OTpaHtaeT He3HaHHTejibHyK) cMeıyeHHOcmb Mojxejın, t.k. He 
npeBbiuıaeT HOpMaTMBHbiiı nopor cjıeBa b 5%.

?, ?, a ?. ?. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a
8 8 ? 5 S $ S S 2 2 = = z C! L' 3 g ə g g g 3 3 g £ g g g g g § g ş g •=

a a g a 3; g 3 5 2 r=' a a 2 a = a g a s a s 2 s 3 a a a s a s a 5
- BpeMeıiHoii psı/ı b noTaumı TO ----------Moae.n. l-ro nopşjiKa b hotüiiiih TO

Pkc. 4. nporHOCTHqecKas Monejib l-ro nopaaıca b HOTaunn TO HM

JXna oKOHHaTejibHoro pemeHHM 3a,qaHn aKTyajibHbie n 
nporHO3HpyeMbie Bbixo^bi nocTpoeHHon Mozıejın hcoöxoahmo 
OTOÖpa3HTb B HOMHHaJlbHblX BeJIHHHHaX. C 3TOÜ LjeJIbK) 
Hcnojib3yeTCR TpexcjıOKHaa HefipoHHafl ceib npe;uTo>KeHHOİı 
TonouorriH b Bttae pe3yjibTaTHBHoro KOMnmiMTopa npaBWi 
npOTHO3HpOBaHHM HeHCTKHX TeHAeHLJHH, BbipaJKeHHblX B BH^e 
,ue(j)a33n4)HLinpoBaHHbix 3HaneHWH HeneTKHX HHTepnpeTaunn 
HCTOpHHecKHX aaHHbix. /Jjih nocTpoeHH« h a^anTauMK 
aunpoKCHMauMOHHOH HenpoHHOH coth BbiöepeM 3a ocHOBy 
MHOJKecTBo o6yHaK)w,nx nap {(4^,-x-,)},’!?, nıe xt - HCTopwHecKHH 
ri0Ka3aTejib DJIA Ha momcht BpeMeHn /; /tdel -4e(|)a33H(J)nuHpoBaHoe 

3HaneHHe (hjih TOHewHajı opeHKa) neneTKoro MHOTKecTBa At, 
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OTpa>Kaıomero noKa3aTejib Xt. nocue BbinojTHeHHa npoueccoB 
oöyneHHH, TecTHpoBaHHH u BajiMnaunn HenpoHHaa ceTb 
annpoKCWMiıpyeT HenpepbiBHyrc> cjjyHKUHK) T/=/(J/dcl), 

npe^CTaBJieHHofi b BHjje Taönwubi 7.
Ilocjıe annpoKcuMauHw cj)yHKUHH xt=f{AtäcV) oöyneHHaa HewpoHHa>ı 

ceTb HH^yuwpyeT Ha cboöm Bbixone HOMHHajibHbie nporHO3Hbie 
3HaHeHHM ZLJiH BpeMeHHoro paja HHzıeKca DJIA, KOTopbie 
COOTBeTCTByFOT COOTBeTCTBy JOLUHM /je(j)a33H(J)HLmpOBaHHbTM 
3HaLieHH$iM HeneTKwx BbixoaoB, npejıCTaBJieHHbiM b TaÖJinıje 7. 
riojıyHeHHbie nporHO3bi CBejıeHbi b Ta6jınuy 8, a caıwa Mojıejib 
neneTKoro BpeMeHHoro paaa HHTepnpeTHpoBaHa Ha Phc. 5 Ha (|)OHe 
HcxoziHoro paj.a DJIA.

TaöaHua 7. TaöJinaHoe npeacTaBjıeHne (jjyHKijHH dct)
t /ldcf X, t Adcf xt t .4,dd X( t dcf Xt

1 0.6062 25090.5 35 0.6392 25462.6 69 0.9835 26743.5 132 0.0226 22445.4
2 0.5939 24987.5 36 0.6467 25502.2 70 0.9615 26562.1 133 0.0216 21792.2
3 0.5330 24700.2 37 0.6736 25628.9 71 0.9529 26492.2 134 0.0821 22878.5
4 0.5219 24657.8 38 0.6614 25583.8 72 0.9384 26385.3 135 0.1491 23138.8

136 0.1257 23062.4

TaSanua 8. fIporHO3HpoBaHne BpeMeHHoro pa.ua DJIA
Ne JJaTa DJIA npOIHO3 JJara DJIA nporno3

1 15.06.2018 25090.5 323 26.09.2019 26891.1 26598
2 18.06.2018 24987.5 25299 324 27.09.2019 26820.3 26598
3 19.06.2018 24700.2 24694 325 30.09.2019 26916.8 26661
4 20.06.2018 24657.8 24400 326 01.10.2019 26573.0 26598
5 21.06.2018 24461.7 24463 327 02.10.2019 26078.6 26157
6 22.06.2018 24580.9 24396 328 03.10.2019 26201.0 26129
7 25.06.2018 24252.8 24664 329 04.10.2019 26573.7 26093
8 26.06.2018 24283.1 24285 330 07.10.2019 26478.0 26157
9 27.06.2018 24117.6 24291 331 08.10.2019 26164.0 25895
10 28.06.2018 24216.1 23537 332 09.10.2019 26346.0 26342

333 10.10.2019 26496.7 26204
MSE 72100.5

MAPE 0.6830
MPE -0.2530

21



28000

21O00

?! ?. ? ?, ? ? ?! ? ? ? 8 2, 8. ?! Ş ? ?! ?! ? ?! ?! ?! ? ? ?! ? ?! ?! ? ?! ?! ? ? ?! ?!

2 ?, d R 2 3 S ‘2 £ ö 2 ? İ f, - ?İ S gİ S 2 £ 3 £ ,7 2 8 £' ? S ?i 2 ?. 3 
----------- DJ1A Time Series

Puç. 5. flporHOCTKHecKafl xıoaeab b HOMHiıaubHbix 3HaııeHnax

B Ta6jınue 8 npnBe^eHbi 3HaneHH» noxa3aTejıen MSE = 72100.5, 
MAPE = 0.6830 h MPE = -0.2530, xoTOpbie OTpa>xaıOT azıexBaTHocTb 
npeAJiaraeMOM nporHOCTHnecxoH MoaejiH b HOMHHaabHbix 
3HaHeHnax HH^exca DJIA. B nacTHOCTH, BejiHHHHa MSE yKa3biBaeT 
Ha zıocTaTOHHO öojibHiyıo norpeııiHOCTb b npOTHO3HpOBaHHH, HTO Mbl 
o6T>HCHJieM HezıocTaTOHHO yjjoBneTBopHTejibHbiM KanecTBOM 
oöyHeHHH HeiipoHHOH ceTH (s = 19.4803). npn ətom, MAPE 
jjeMOHCTpnpyeT .aocTaTonno npneMaeMyıo BejiHHHHy oihhökh 
nporno3a b cpaBHeHHH c axTyanbHbiMK 3HaneHHMMH BpeMeHHoro 
pana HHjıeKca DJIA. npH stom, MPE, xax öojıee HHcJjopMaTHBHbiH 
xpHTepHH oııeHxn, OTpa?xaeT He3HaHHTejibHyfo «CMemeHHOCTb» 
nporHocTKHecxoH Moaejın, He npeBbimaıomyK) HopMaTHBHoro 5%-ro 
nopora c/ıeBa.

CpaBHHBaa no xanecTBy ase npeAJio?xeHHbie MOjjejiH, HeTpynno 
3aMeTMTb, hto nporHOCTHHecxafl Mojjejib BpeMeHHoro pazıa b 
HOMHHajibHbix BejiHHHHax HH^exca DJIA cymecTBeHHO ycTynaeT 
nporHOCTHHecxoiı MonenH b TepMHHax ToneHHbix oueHox 
COOTBeTCTByiOLHHX HeHeTXHX MHOJXeCTB. flpHMeHgUI
nporHOCTHHecxyx) MO^ejib b TepMHHax ToneHHbix oueHox, b xanecTBe 
nporHO3a HHjıexca DJIA Ha 334-ii neHb nonyHHM hhcjio /6det = 

0.8127, hto flBjuıeTCfl TO HeneTxoro nporHO3a 
Fi3i=C8iuCıi7uCi27uCi29. Dtot npOTHO3 HeÜpOHHafl eeTb 
HHTepnpeTHpyeT b BHAe HOMHHajibHOH BenHHHHbi xax 26204.
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B TpeTbew rjıase npejjJiaraeTca MeTOjj KOMnwnauHH 3HaHHH o 
BHyTpeHHHx HeneTKHx 3aKOHOMepHOCTax c npHMeHeHneM 
TpnBHaJIbHOH (c OJ3HMM JlHHeHHbIM CKpblTblM CJİOeM) M 
MHorocjıOMHon HenpoHHbix ceTen. npoBOzinTca aHajiH3 u 
nporHO3npoBaHne BOjıaTHjibHoro BpeMeHHoro pazia b napannrMe 
«rjıyöoKoro o6yHeHna», T.e. c npHMeHeHweM Hewpo-ceTeBbix 
MOAejıen. B uenax nporHO3npoBaHHsı BpeMeHHbix pazıOB 
paecMaTpHBaıOTCfl pa3JiHHHbie Henpo-ceTeBbie Tonojıorwn h mx 
cpaBHHTejibHbiH aHajiH3 Ha npHMepe nporHO3HpoBaHH5i 
BOjıaTHjibHoro BpeMeHHoro pazıa HH,neKca DJIA c npwMeHeHweM 
epejjHecTaTHCTHHecKHx KpnTepneB oueHKH.

Ha Phc. 6 (f)nrypajibHO npejcTaBneHa HenpOHHaa ceTb, cocToamafl 
H3 BX04H0r0, CKpblTOrO H BblXOJJHOrO CJTOeB. riyTeM aKTHBaUHH 
(JıyHKHHH newff ceTb (JjopMHpyeTcs b HOTaHHH naKeTa MATLAB, 
noapa3yMeBaK)maa 10 bxojjob (10 OTCponeHHbix 3HaneHHH HH,neKca 
DJIA) h 04HH Bbixozı, KaK nocjıeaytomee 3Ha*4eHne HH/ıeKca DJIA.

Bxo.tt.i I {.r D — 1 O ] p — 1 ] )

Phc. 6. <l>HrypajibHoe npeACiaBjieHHe TpexcjıOHHon HenpoHHOH ceTH

Ha 6a3e MCTopHHecKnx noKa3aTe.new BpeMeHHoro ps/ja HHjıeKca 
DJIA nocTpoeHO mhojkcctbo oöyHaıomux nap b BH^e:

{a(A-IO), x(/-9), . ..,x(/-l)} —>x(/), Z= 1 K333, 
KOTopbie CBeueHb! b TaÖJiHuy 9.
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Taönnua 9. Mhotkcctbo o6yııaıomnx nap ajis npoeKTHpoBaHHM HeHpoHHon ceTH

t
Bxojibi Heüpo-ceTeBofi MO^ean

TKejıaeMbiä

BblXO.ll

x(M0) x(/-9) x(/-8) x(/-3) x(r-2) x(M) x(ı)
1 1 25090.5 24987.5 24700.2 24283.1 24117.6 24216.1 24271.4
12 24987.5 24700.2 24657.8 24117.6 24216.1 24271.4 24307.2
13 24700.2 24657.8 24461.7 24216.1 24271.4 24307.2 24174.8
14 24657.8 24461.7 24580.9 24271.4 24307.2 24174.8 24356.7
15 24461.7 24580.9 24252.8 24307.2 24174.8 24356.7 24456.5

329 26935.1 26950.0 26807.8 26573.0 26078.6 26201.0 26573.7
330 26950.0 26807.8 26970.7 26078.6 26201.0 26573.7 26478.0
331 26807.8 26970.7 26891.1 26201.0 26573.7 26478.0 26164.0
332 26970.7 26891.1 26820.3 26573.7 26478.0 26164.0 26346.0
333 26891.1 26820.3 26916.8 26478.0 26164.0 26346.0 26496.7

nocjıe oöyHeHHfl, TecTMpoBaHHM h BajiMjjaunH WHnunnpoBaHHaa 
HeftpoHHaa ceTb FFNN BoccTaHOBnaa BpeMeHHOH p«4 HHjjeKca DJIA 
b ÄOCTaTOHHO npneMJieMOM Bnae, npejjCTaBJieHHbiM Ha Phc. 7, a. 
J(aHHbie x(7) BOCCTaHOBJieHHoro HefipoHHon ceTbio BpeMeHHoro pama 
HH^eKca DJIA, CBeaeHbi b Taöjınuy 10, a 3aBHCHMOCTb oluhökh npn 
BOCCTaHOBJieHHH BpeMeHHOTO pazla HeÖpOHHOH CeTbK) OT HHCJia 
HTepauKH npejjCTaBJieHa Ha Phc. 7, b.

■; u A *• u« ~ □ a u • a rt» • A □ i *»

v ' I • / AP *
1 1 ' /t' P

r * r | * j »

-\ k, 11 ;
•j

—1 l’ |" ' ’n U’ 1

Phc. 7. HenpoHHoe nporHO3HpoBaHH« BpeMeHHoro pana HH^eKca DJIA: a) 
BOCCTaHOBJieHHe BpeMeHHoro pnaa, b) saBHCMMOCTb ouihökh ot HHCJia HTepauH
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TaöJiHua 10. Heiıpo-eeTeBoe MojjejırıpoBaHHe BpeMeHHoro pajıa HHjıeKca DJIA
JXəTa FFNN JJaTa FFNN HaTa FFNN X(aTa FFNN

15.06.18 X 23.11.18 24328 08.05.19 25979 18.09.19 27146
18.06.18 X 26.11.18 24175 09.05.19 26025 19.09.19 27043
19.06.18 X 27.11.18 24758 10.05.19 25838 20.09.19 26962
20.06.18 X 28.11.18 24851 13.05.19 26012 23.09.19 26844
21.06.18 X 29.11.18 25500 14.05.19 25482 24.09.19 26915
22.06.18 X 30.11.18 25333 15.05.19 25702 25.09.19 26688
25.06.18 X 03.12.18 25611 16.05.19 25681 26.09.19 26819
26.06.18 X 04.12.18 25706 17.05.19 26037 27.09.19 26696
27.06.18 X 06.12.18 25026 20.05.19 25801 30.09.19 26693
28.06.18 X 07.12.18 24805 21.05.19 25864 01.10.19 26770
29.06.18 24153 10.12.18 24339 22.05.19 25784 02.10.19 26485
02.07.18 24222 11.12.18 24394 23.05.19 25892 03.10.19 26042
03.07.18 24313 12.12.18 24489 24.05.19 25541 04.10.19 26238
05.07.18 24109 13.12.18 24648 28.05.19 25650 07.10.19 26508
06.07.18 24352 14.12.18 24514 29.05.19 25345 08.10.19 26410
09.07.18 24414 17.12.18 23957 30.05.19 25207 09.10.19 26250

10.10.19 26365

OLjeHKH ajieKBaTHOCTH M CpaBHeHHfl paCCMOTpeHHblX Bbliue 
Hefipo-ceTeBbix nozıxojıoB k nporHO3npoBaHHK) BOJiaTHjibHbix 
BpeMeHHbix p*moB Ha ocHOBe BbiöpauHoro BpeMeHHoro pa.ua hh/jckc 
DJIA Bocno^b3yeMca CTaTHCTKHecKUMK KpuTepuaMH oueHKH MSE, 
MAPE h MPE. Pe3yjibTaTbi cpaBHeHna c npHMeHeHHeM 
npuBejjcHHbix KpnTepueB oueHKH npHBeueHbi b CHezıyıomeH TaöJiHue 
11, a reoMeTpuHecKaa HHTepnpeTauua pe3yjibTaTOB npezıcTaBJieHa 
Phc. 8.

Taönmıa 11. Pe3VJibTaTbi nporHO3npoBaHna BpeMeHHoro paaa HHjjeKca DJIA

Hara FİHaeKc
DJIA

HefipoHHbie cem 4aTa FlHaeKc
DJIA

HettpOHHbie ceTH
LNN FFNN LNN FFNN

15.06.18 25090.5 17389 X 18.09.19 27147.1 26164 27146
18.06.18 24987.5 25226 X 19.09.19 27094.8 26183 27043
19.06.18 24700.2 24955 X 20.09.19 26935.1 26171 26962
20.06.18 24657.8 24910 X 23.09.19 26950.0 26120 26844
21.06.18 24461.7 24680 X 24.09.19 26807.8 26132 26915
22.06.18 24580.9 24784 X 25.09.19 26970.7 26093 26688
25.06.18 24252.8 24465 X 26.09.19 26891.1 26149 26819
26.06.18 24283.1 24554 X 27.09.19 26820.3 26122 26696
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27.06.18 24117.6 24367 X 30.09.19 26916.8 26100 26693
28.06.18 24216.1 24512 X 01.10.19 26573.0 26128 26770
29.06.18 24271.4 25277 24153 02.10.19 26078.6 26026 26485
02.07.18 24307.2 25283 24222 03.10.19 26201.0 25868 26042
03.07.18 24174.8 25294 24313 04.10.19 26573.7 25909 26238
05.07.18 24356.7 25243 24109 07.10.19 26478.0 26025 26508
06.07.18 24456.5 25302 24352 08.10.19 26164.0 25990 26410
09.07.18 24776.6 25329 24414 09.10.19 26346.0 25899 26250
11.07.18 24700.5 25460 24987 10.10.19 26496.7 25957 26365
12.07.18 24924.9 25389 24754 MSE 616507 54170
13.07.18 25019.4 25459 24906 MAPE 2.0913 0.6608

MPE 0.0970 0.0138

----------DJIA ...............LNN ------------1-FNN

Puç. 8. reoMeTpKHecKaa HHTepnperauna Mo/jejıen BpeMeHHoro pajja DJIA

B paccMaTpuBaeMOM npnvıepe noKa3aTejıw MSElnn = 616507 h 
MSEffnn = 54170 no^nepKHBaıOT nepecHyp BbicoKne norpeuiHOCTH 
npn npnMeHeHnn oöohx bh^ob HenpoHHbix ceTeü /ui5i 
nporno3HpoBaHn$ı BpeMeHHoro p*ma. TeM He MeHee, norpeniHOCTb ot 
npHMeHeHUM TpexcjıoHHon HenpoHHOH ceTH öojıe neM Ha nopsmoK 
MeHbiue, neM cpeziHeKBa.npaTHHHoe OTKjıoHeHHe BbixoaoB Mo^ejiH 
BpeMeHHoro p5wa KH^eKca DJIA, nocTpoeHHon c npKMeHeHneM cera 
LNN.

fİ0Ka3aTejiH MAPEi.nn 2.0913 h MAPEffnn = 0.6608
aeMOHCTpnpyfOT HecymecTBeHHoe 
OTHOCHTejibHO cooTBeTCTByıomero 

OTKJİOHeHHe 
aKTyajibHoro

nporHO3a
3HaneHH5i
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BpeMeHHoro pana. ]İ0Ka3aTejTH MPElnn = 0.0970 h MPEffnn = 
0.0138 aeMOHCTpwpyıoT He3HaHHTenbHbie «cMemeHH0CTn» 
npeunaraeMbix MOjıejıeK. O6a noKa3aTena He npeBbinıaıoT 
HopMaTHBHbiH nopor cnpaBa b 5%. Plpn otom BHanenne 3Toro 
noKa3aTejifl ana Moaenn c npHMeHeHHeM TpexcnoHHOH HenpoıiHOH 
ceTH cymecTBeHHO hfdkc, hto TaıoKe yxa3biBaeT ee 
npeanoHTHTejibHOCTb c tohkh 3peHHa tohhocth nporHO3npoBaHna 
BpeMeHHoro pana HHaeKca DJ1A.

OCHOBHblE PE3YJlbTATbI
OcHOBHbie HayHHbie pe3ynbTaTbi, BbiHOCHMbie Ha 3amHTy, 

c(J)opMyjınpoBaHbi b BHae cneayıoııiHX yTBepameHHn:
■ BpeMeHHOH pan HeneTKHX 3aKOHOMepHOCTen aBjıaeTca 

3(jxj)eKTHBHbIM HHÄHKaTOpOM BOJiaTHJTbHOrO pa3BHTHa 
MoaejınpyeMoro npouecca Ha (pOHaoBon önpace, KOTopbin onncaH 
b KaHecTBeHHbix KaTeropnax no cpeacTBaM TepMOB 
nKHrBHCTHHecKHX nepeMeHHbix.

■ KjifOHeBbiMw onepaHHHMH oöpaöoTKH HeneTKHx 3aKOHOMepHOCTen 
aBJiaiOTCa anropMTMbl OÖpaOOTKH BHyTpeHHHX HeneTKHX CBfl3eH, a 
HMeHHo, MeToanxa BoccTaHOBJieHHa HeaeTKoro BpeMeHHoro pana 
no ncxoaHOMy BpeMeHHOMy paay h oöpaTHaa onepanna 
KOMnHnanwH BpeMeHHoro paaa b HOMHHanbHbix BenHHHHax, xax 
OTpaa<eHHe naeHTH^HHHpoBaHHbix HeneTKHx TeHjjeHUHH.

■ TpexcnoHHaa nenpoHHaa ceTb npeaJio>KeHHOH Tonojıornn
aBJiaeTca pe3yjibTaTHBHbiM KOMnwıaTopoM npaBHJi
nporHO3HpoBaHna HeqeTKnx TeHzieHLinn, BbipaaceHHbix b BHae 
2je(J)a33H(|)HLiHpoBaHHbix 3HaaeHHH HeneTKMx HHTepnpeTannn 
HCTOpHHeCKHX AaHHblX.

■ Pa3paooTaHHaa npomocTHHecKaa Moaejib Ha ocHOBe BpeMeHHbix 
paaoB HeneTKHx TeH^eHLinn no3BonaeT nporHO3HpoBaTb 
BOJiaTHJibHbiH BpeMeHHOH paa Ha KpaTxocpoHHbiH nepHoa.

■ Pa3pa6oTaHHaa Henpo-ceTeBaa Moaejib BbiöpanHOH Tononomn 
no3BOJiaeT nporno3HpoBaTb BonaTnjibHbiH BpeMeHHOH pan Ha 
KpaTKOCpOHHblH nepnojj.
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JIwHHbiiı BKJian cowcKaTejifl b Tpyuax, onyÖJimcoBaHHbix b 
coaBTopcTBe:
[1] OnpeAeJieHne yHnBepcyıvıa, xax noxpbiTHfl ncTopnnecxnx 

aaHHbix BpeMeHHoro psma HHuexca ,IJoy-lH>KOHca, 
(JiopMHpoBaHHe coBoxynHocTH xanecTBeHHbix xpnTepHeB 
oueHxn h ycTaHOBJieHne BHyTpeHnux cB5i3en 1-ro nopuuxa, 
OTpa?xaıomnx npnHKHHO-cjıeucTBeHHbie cbm3h Moxuy 
HCTOpHHeCXHMH JiaHHblMK.

[2] EIpoBezıeHHe pacneTOB, CB5i3aHHbix c ^e4)a33H(|)Hxauneü 
HeneTXKX bmxouob nporHOCTHHecxon MoueuH BpeMeHHoro paaa 
HH/ıexca 4oy-ZI>KOHca.

[3] 0a33H(|)HXaunM HCTOpHHeCXHX AaHHblX, (|)OpMHpOBaHHe 
onTHMajibHOH coBoxynHocTH xaqecTBeHHbix xpHTepweB oneHxn 
h nocTpoeHHe npomocTHHecxoM moacjih 1-ro nopa^xa ujim 
BpeMeHHoro pana mmexca X(oy-X(>xoHca.

[5] AHajm3 HCTopHnecxHx ^aHHbix Ha npeziMeT BOJiaTHUbHOCTH, 
cj)a33H(j)HXaLlHa HCTOpHHeCXHX ^aHHblX C npHMeHeHHeM 
TayccoBCxoH (|)yHxımH npHHa^ıne>XHOCTH, nocTpoeHwe 
nporHocTHHecxoii Mouejın n ee ouenxa Ha a^ıexBaTHOCTb.

[6] ElpoBe^eHHe cnMyjıaLjHH b nporpaMMHOH oöojiohxc Neural 
Networks Toolbox naxeTa npHXJiaziHbix nporpaMM MATLAB Ha 
ııpe^MeT HehpoHHOH annpoxcHManHH 3aBHCHMOCTeİ4 BHyıpn 
BonaTHjibHoro BpeMeHHoro pfljta HHjıexca JJ,oy-,H>xoHca.

[7] A/tanTauna cncTeMbi HeneTxoro BbiBo.ua /ura (J)a33H(|)HxanHH 
HCTOpHHeCXHX JjaHHblX C npHMCHeHHeM (pyHXHHH 
npHHa4Jie>XH0CTH TayccoBCxoro Tnna.

[8] riporHO3HpoBaHHe BpeMeHHoro p$ma HHuiexca J],oy-Z(>KOHca b 
TepMHHax ToneHHbix oneHox HeneTxnx BbixoaoB

29



nporHOCTHHecKOH MO^enn, a TaıoKe b HOMHuajibHbix BejiHHHHax 
MH^eKca JJoy-,n,>KOHca nocpezıcTBOM HenpoHHOH 
annpoKCHMaunw HenpepbiBHon (|)yHKunn ot

Ae4>a33w4)nuwpoBaHHbix 3HaHeHnü HeneTKHx bmxo^ob MoaejiH.
[9] Pa3pa6oTKa npaBHJi 4)a33H(|)MKaunn wcTopnHecKnx ^aHHbix h 

ae4)a33H4)HKaunw HeneTKHx nporHO3OB BpeMeHHoro p*ma.
[ 10] IlocTpoeHHe nporHocTHHecKow MoaejTH .ona nporHO3HpoBaHH« 

BpeMeHHoro pajıa HHjjeKca ^,oy-^)KOHca Ha ocHOBe BbuiBJieHHM 
BHyTpeHHHx CB»3eH 1 -TO nopa/iKa.
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3amHTa AHCcepTaıjHH coctohtch 10.09.2024 r. b 14:00 Ha 3ace^aHHH 
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TocyaapcTBeHHOM YHHBepcHTeTe Hecjmı h npoMbiıujıeHHocTH.

Azıpec: Eaxy, np. A3azuibir, 20 AZI010.

C aWCCepTaUHOHHOH paÖOTOH MO5KHO O3HaKOMHTbCSI B ÖWÖJlWOTeKe 
A3ep6an4)KaHCKoro Tocy/ıapcTBeHHoro YHHBepcHTeTa Hetjyrn u 
ripOMblIIIJieHHOCTH.

ƏjıeKTpoHHaa BepcHM /jHccepTaıiHH h aBTope^epaTa pa3MemeHa Ha 
0(J)HunajibH0M cairre A3ep6an4>KaHCKoro rocyuapcTBeHHoro 
YHHBepcHTeTa He(j)TH h npoMbiıujıeHHocTH.

ABTopec|)epaT pa3ocjıaH cooTBeTCTByıomHM a^pecaM 
Q5_ Qİ_yC21 v;c?ro^a.
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