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AHHOTALIMSA

Junomuas pabota, 47 crpanu, 28 wumoctpanuid, 6 Tabmui, 39 Gopmym, 12
HNCTOYHHUKOB.

Kmouessle cnosa: HEMPOHHBIE CETH, LSTM, GRU, BPEMEHHBIE
PABIL, [TIPOIT'HO3NPOBAHUE BPEMEHHBIX PAJIOB.

OO0beKT uccjiel0BaHusA — MOJEJIM IPOTHO3UPOBAHUS BPEMEHHBIX PSAOB.

IIpeamer wucciaenoBaHMsl — IPUMEHEHUE MOJEIEH IPOTHO3UPOBAHUA K
BPEMEHHBIM PsIIaM C PA3IUYHOU CTPYKTYPOM.

Heap padorbl — aHanM3 TOYHOCTM IIPOTHO3UPOBAHUS BPEMEHHBIX PAIOB C
Pa3JINYHOM CTPYKTYPOH € MOMOIIBIO AJTOPUTMOB M MOJEINIEH, MCHOJIB3YEMBIX JIS
IPOTHO3UPOBAHUSI BPEMEHHBIX pAJOB, a TaKXKe oOIpeAeneHue Hauboee
IIPEANOYTUTENBHON MOJEIH NPOTHO3UPOBAHUS B 3aBUCUMOCTH OT CTPYKTYPBI
HCCIIENYEMOTO BpEMEHHOTO Psifia.

Metoabl HMCCIeAOBAHUS — a) TEOPETUYECKHE: H3YyYEHUE JHUTEpPaTyphl,
CBSA3aHHOM C MPOTHO3MPOBAHMEM BPEMEHHBIX PAJOB M HEUPOHHBIMH CETAMH; O)
IIPAKTUYECKHAE: TEHEpaluns BpPEMEHHBIX PAOOB CO  CIOXHOW  CTPYKTYpOW,
IIPOTHO3UPOBAHUE CTEHEPUPOBAHHBIX BPEMEHHBIX PSIIOB € TOMOIIBIO KIIACCHYECKUX U
HEUPOCETEBBIX MOJEIIEH.

B mpouecce pabOThl MpOBEAEH aHAIMW3 METOAOB M IMPOTrPAMMHBIX CHUCTEM
IIPOTHO3UPOBAHUSI BPEMEHHBIX PSIOB. bbIIM pacCMOTPEHBI pa3IMYHbIE AJITOPUTMBI U
MOJENHN, WCHOJIb3YEMBIE JUIA TPOTHO3UPOBAHUSI BPEMEHHBIX PSIOB, BKIOYAs
KJIACCUYECKHUE MOJENIH, PEKYPPEHTHbBIE HEUPOHHBIE CETU U CBEPTOYHBIE HEMPOHHBIE
cetd. [{ns mpoBeneHUs MccienoBaHUsA ObLIM Cr€HEPUPOBAHBI BPEMEHHBIE PSIbI C
HETUITMYHOU CTPYKTYPOU, C 1IEJIbIO BBISBICHUS HAanOoJiee MPeArnoYTUTEILHOTO METOAA
IIPOTHO3MPOBAHUS BPEMEHHBIX PSI0B C TaKOW KOHpuUrypanuei. Takxe ObUIH 00y4eHbI
HeHpoceTeBble MOJAEIN U MOA0OpaHbl KO3PPUUMEHTHI A TPAAULMOHHON MOJAENU
JUHEHHON perpeccuu, ObLI TPOBENECH AaHAIW3 PE3YJNbTATOB MPOTHO3UPOBAHMS
BPEMEHHBIX PSAOB C NOMOIIBIO PACCMATPUBAEMBIX MOJEIEN, B 3aBUCHUMOCTH OT
CTPYKTYpPBHI IPOTHO3UPYEMOTO BPEMEHHOTO Psiid. bBII0 M3y4EHO BIMSAHUE TAPAMETPOB
BPEMEHHOI0 psifia Ha Ka4eCTBO IIPOrHO3a KaXXI0M U3 paccMaTpuBaeMbIX Mojelen. B
pe3yJIbTaTe WCCIENOBAHUS CHEJIAaH BBIBOJ O TOM, YTO Ji IPOTHO3UPOBAHUS
BPEMEHHBIX PALOB CO CI0KHOM CTPYKTYPOH JIydlle MOAXOAAT HEUPOCETEBBIE MOJIEIIH,
B YACTHOCTU PEKYPPEHTHBIE HEUPOHHBIE CETH.

JlocTOBEPHOCTL MATEPHAJIOB U Pe3yJbTATOB JIMILIOMHON PadoTHhI:
UCIIOJIb30BAHHBIE MaTepuaabl W PE3yJbTAaThl JAUIUIOMHOM pabOThl SBJISIOTCA
JIOCTOBEpHBIMU. PaboTa BHINIOJIHEHA CAMOCTOSITENBHO.

O0s1acTh BO3MOKHOTO NMPAKTHYECKOr0 NPMMEHEHHMs] — IPOTHO3HPOBAHUE
(MHAHCOBBIX BPEMEHHBIX PSJIOB.



AHATALBIS

Heimomnas nparna, 47 craponak, 28 imroctpanpiid, 6 tadmin, 39 dopmyn, 12
KPBIHIII.

Kimouaseist cross; HEMPOHABBISI CETKI, LSTM, GRU, YACOBBIYI
[II3PATL, [TIPATHA3ZABAHHE UACOBBIX IIIDPATAV.

A0'eKT 1acjieaBaHHS — MaJIdJ1i TparHa3aBaHHs YaCOBBIX IIdparay.

Ipaagmer nacjieqaBaHHsi — NPbIMSHEHHE MAJ3JIy IparHa3aBaHHs a YaCOBBIX
mparay 3 po3Hau CTPyKTypai.

MbsTa npaubl — aHaui3 JakiIaIHACIl TparHa3aBaHHs YaCOBBIX IIdparay 3 po3Haii
CTPYKTypail 3 JamaMorail ajrapblTMay 1 Majdjsy, sIKis BBIKAPbICTOYBAIOLLA JUJIS
IparHa3aBaHHsd YacOBBIX IIdparay, a TakcaMa BbI3HAUSPHHE HANWOOJbLI MepaBakKHAM
MaJI3J1l parHa3aBaHHs ¥ 3aJIe’KHACLI aJ CTPYKTYpbI AOCIeAHAara yacoBara mapary.

MeTtaabl JaciaefaBaHHs — ) TIAPITHIYHbBIA: BBIBYUIHHE JIITAPATYypPhl, 3BA3aHAN
3 IparHa3aBaHHEM YacOBBIX LIdparay 1 HEHPOHABbIMI CETKaMi; O) MPaKTHIYHBIA:
TeHepalbll YacoBbIX IIdparay ca CKIagaHaldl CTpPYKTypail, MparHa3aBaHHE
3reHepaBaHbIX YAaCOBBIX II3paray 3 JarnaMorail KJIaciuHbIX 1 HeMpaceTKaBbIX MaIdJIsy.

VY mpampce paOoThl MpaBeN3€Hbl aHall3 MeTaJay 1 MparpaMHbIX CICTAM
IparHa3aBaHHs YacOBbIX HIdparay. beull pasriiekaHbl pO3HbIS alrapbITMbI 1 MaJI3i,
AKisl BBIKApbICTOYBAIOLLla JJIsl IparHa3aBaHHS 4YacCOBBIX IIdparay, yKIOYaroybl
KJIACIYHBISI MAJIIJI1, PIKYPIHTHBISI HEUPOHABBIS CETK1 1 KaHBATIOLBINHBISL HEHPOHABBIS
ceTki. [Ins mpaBsiA3eHHsA JaciefaBaHHs ObUIl 3T€HEpPaBaHbI YacOBBIS IIdpari 3
HETBINOBA CTPYKTypaid, 3 MATall BBIAYJEHHS HAHOOJbII MepaBakHara MeTaay
IparHa3aBaHHs YaCOBBIX LIdparay 3 Takou kaHpirypaupisii. Takcama ObLIl HaByYaHbI
HelpaceTKaBbld Majdil 1 magaOpaHbls Kad(iLieHTbl i1 TpaablUbliiHAl Maadii
JiHeWHall parpacii, OBy MpaBeI3eHbl aHaNi3 BbIHIKAY MparHa3aBaHHS YaCOBBIX
mmpparay 3 JanaMmoraid pasriisiIaHbIX Maapisy, y 3allekHacUl aJl CTPYKTYpBI
MpardazyeMara vacoBara ummpary. bbly BbIBy4aHbl YIUIBIY MMapamMeTpay dvacoBara
nmpary Ha sKacllb MNparHo3dy KOXXKHAMl 3 pasrisaHblXx Maadisay. Y BBIHIKY
nacienaBaHHs 3po0seHa BBICHOBA ad ThIM, IITO AJIA TparHa3aBaHHs YacOBBIX IIdparay
ca CKJIaJaHall CTPYKTypall Jenml NajabIXoI3sllb HEHUpaceTKaBbll Maadil, y
NPBIBATHACII PIKYPIHTHBISI HEUPOHABBIS CETKI.

JlacTaBepHacub MaTIpBIAIAy i BbIHIKAY JABIIVIOMHAW  Npanbl:
BBIKAPBICTaHbIS MATAIPBISUIBI 1 BBIHIKI JBITUIOMHAMN Mpalbl 3’ SYJISI0NIA JaCTaBEPHBIMI.
IIpana BeIKaHaHa caMacTOMHA.

BoOaacubr MarybiMara npakTblYHAra MNpPbIMAHEHHSI — IIparHa3aBaHHE
(dhiHaHCaABBIX YaCOBBIX IIIparay.



ANNOTATION

Diploma work, 47 pages, 28 illustrations, 6 tables, 39 formulas, 12 sources.

Keywords: NEURAL NETWORKS, TIME SERIES, LSTM, GRU, TIME
SERIES FORECASTING.

The object of research is time series forecasting models.

The subject of the research is the application of forecasting models to time series
with different structures.

The purpose of the work is to analyze the accuracy of forecasting time series
with different structures using algorithms and models used to predict time series, as
well as to determine the most preferred forecasting model depending on the structure
of the time series under study.

The research methods are a) theoretical: the study of literature related to time
series forecasting and neural networks; b) practical: the generation of time series with
a complex structure, forecasting the generated time series using classical and neural
network models.

In the process of work, the analysis of methods and software systems for
forecasting time series was carried out. Various algorithms and models used to predict
time series were considered, including classical models, recurrent neural networks, and
convolutional neural networks. To conduct the study, time series with an atypical
structure were generated in order to identify the most preferred method for predicting
time series with this configuration. Neural network models were also trained and
coefficients were selected for the traditional linear regression model, and the results of
time series forecasting were analyzed using the models under consideration, depending
on the structure of the predicted time series. The influence of time series parameters on
the forecast quality of each of the considered models was studied. As a result of the
study, it was concluded that neural network models, in particular recurrent neural
networks, are better suited for predicting time series with a complex structure.

Authenticity of the materials and results of the diploma work: the materials
used and the results of the diploma work are authentic. The work has been put through
independently.

Recommendations on the usage — financial time series forecasting.



