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OBIIASA XAPAKTEPUCTUKA PABOTbBI

Marucrepckas auccepraius «MamuHHoe 00ydeHHe sl aHaIu3a BPEMEHHBIX
pPAIOB» TMOCBSIIEHA aKTyaJlbHOM 3ajade TOBBIMIEHUST 3(P(EKTUBHOCTH METOIO0B
aHajM3a U TPOTHO3UPOBAHMS BPEMEHHBIX psAnoB. Pabora cooTHocuTcs ¢
MPUOPHUTECTHBIMU  HANpaBJICHUSIMH  Kadeaphl, CBA3aHHBIMH C  pa3pabOTKOM
UHTEIUICKTYalbHBIX CHUCTEM OO0pabOTKM M aHalu3a JaHHbIX, a TaKXKe BHEIpPEHUEM
COBPEMEHHBIX METOJIOB MAIIMHHOTO OOy4YeHHUs B NPAKTUKy aHaIM3a CIO0XKHBIX
JWHAMHUYECKUX MPOLIECCOB.

[lens uccnenoBanusi — pa3zpaboTKa, peam3alus U MPaKTHUYeCKOe MTPUMEHEHHUE
MOJENEN i1 NPOTHO3UPOBAHUS BPEMEHHBIX PAJOB HA MPUMEPE Kypca BaIOT, C
WCIIOJIb30BAHUEM KaK KIJIACCUYECKUX CTATUCTHUYECKUX METONOB, TAK U COBPEMEHHBIX
HEUPOCETEBBIX APXUTEKTYp, C TOCICAYIONIMM CpPABHUTEIBHBIM aAHAIM30M HX
a¢dexkTuBHOCTH Ha OCHOBE backtest-MoaenmpoBaHus.

3a1auu UCCIIEIOBAHUS

[IpoBecT 0030p 1 aHAIN3 KIACCHUECKUX CTAaTUCTUUECKUX MOJIEIe BpeMEeHHBIX
panoB (AR, MA, ARIMA, 3KClIOHEHIIUATTLHOE CIVIAKUBAHUE) U BBIIBUTH UX CHIIbHBIC
U ciiabble CTOPOHBI MPU PadOTe ¢ peaTbHBIMU JTAHHBIMHU.

N3yuntsh paznuunble HeWipoceTeBbie apxuteKTypbl (RNN, LSTM), meronsr ux
00yueHMsI U BBISIBUTh MX CHJIbHBIE W CJ1a0ble CTOPOHBI MPHU PaboTe C pealbHBIMU
JTaHHBIMU.

Peann3oBarh aBTOMATHUECKOE W3BJICUCHHE JIOTOJIHUTENBHBIX TMPU3HAKOB U3
HCXOJHOTO Psifia, UTO MO3BOJISIET PACIIMPUTH OMMCAHUE BXOJHBIX JAHHBIX U MOBBICUTH
MH(GOPMATUBHOCTh MOJIEIIH.

[IpyMeHuTs THOPHUIHBIA TOAXOM, WHTETPUPOBAB B MOJENb 3aKOJAHPOBAHHBIC
MPOTHO3bI (DMHAHCOBBIX JKCIEPTOB, YTO MJaéT BO3MOXKHOCTh YYHUTHIBATh Kak
QITOPUTMUYECKUA U3BJICUEHHBIC TIPU3HAKHU, TaK U IKCIIEPTHOE MHEHUE.

CpaBHUTH MpakTUYECKYI0 A(HPEKTUBHOCTh KIACCUYECKUX CTATUCTUUYECKUX
MOJIEJIel W COBPEMEHHBIX HEUPOCETEBBIX aApPXUTEKTYp IMpU MPOTHO3UPOBAHUU
BPEMEHHBIX PSJI0B BAIIOTHOTO Kypca, UCTOIb3Ysl pe3yiabTaThl O03KTECTUPOBAHUS JIS
OLIEHKHU UX PEATLHOTO TOPTOBOTO MOTEHIMAIIA.

OOBEKTOM  HCCIIEIOBaHUSI  ABJSIOTCS BPEMEHHBIC PSIbl, OTpaKarolue
MOBE/ICHUE JUHAMHYECKUX CHUCTEM BO BPEMEHH.

[IpenmeToM HcCCleqOBaHMS SIBJISIIOTCS METOABI aHAM3a W TMPOTHO3UPOBAHUS
BPEMEHHBIX PSIJIOB HA OCHOBE CTATUCTUYECKUX MOJIEJICH U HEUPOHHBIX CETEH.

XPpOHOJOTUYECKHUE PAMKHU MCCIIEOBaHUs OXBaTbiBatOT nepuon ¢ 2023 mo 2025
TOJIbI M 00YCJIOBJIEHBI JJOCTYITHOCTBIO JIOCTOBEPHBIX, MOTHOIICHHBIX BPEMEHHBIX PsJI0B
3a YKa3aHHbIA MEPHUOJ, MPEACTABIIIONIMX MTPAKTUUYECKUI UHTEpEC ISl aHAIU3a.

MeTononorust UcciaeIoBaHUs BKJIIOYAET METO/bl MATEMAaTUUECKOM CTAaTHUCTHKU,
PErPECCUOHHBIN aHaIM3, a TaKKe AJITOPUTMbl MAIIMHHOTO OOYy4YeHHUs, B TEPBYIO
ouepenlb pekyppeHTHbie HelipoHHble cetu (RNN, LSTM).

Hayynass HOBHM3HAa pPabOTHl 3aK/IIOYAETCS] B KOMIUIEKCHOM TIPUMEHEHUHU
COBPEMEHHBIX METOJOB MAIIMHHOTO OOy4YeHUus IJisi aHajlu3a W NPOTHO3UPOBAHUS
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BPEMEHHBIX psiIoB. B paboTe ucnonb30BaHbl akTyadbHbIE HEUPOCETEBBIE APXUTEKTYPHI
(RNN, LSTM) u coBpeMeHHbIE METOJIbl ONITUMHU3ALINU, YTO IMO3BOJIUIIO B PsiJIE CIIyYacB
MOBBICUTH  KAaue€CTBO MPOTHOZMPOBAHUS MO CPAaBHEHUIO C TPaJULIMOHHBIMU
CTaTUCTUYECKUMHU MozenaMu. B pabore wucnonmb3dyercs pacliMpeHHbI Habop
MPU3HAKOB, BKJIIOYAIONIMNA KaK aBTOMATUYECKHA W3BJICUYEHHBIE CTAaTUCTUYECKHUE
XapaKTePUCTUKU BPEMEHHBIX PSAJIOB, TAK U JOTOJIHUTENbHBIE (PAKTOPHI — HKCIIEPTHHIE
OIIEHKHU ¥ HOBOCTHYIO uHpopmaimio. [loctpoena rubpugHas Mojaelb, 00beIUHS IO A
KOJIMUECTBEHHBIC U KaY€CTBEHHBIC MPU3HAKH, UTO MO3BOJISIET O0JI€e MOJHO YUUTHIBATh
BIIMSIHUE Pa3IMYHbIX ()aKTOPOB HA TUHAMUKY BPEMEHHOIO psija.

[TonoxeHusi, BBIHOCUMBIE HA 3AILUTY:

1.00ocHOBaHa mpakTHueckas S(P(EKTUBHOCTh MPUMEHEHHSI COBPEMEHHBIX
HelipoceTeBbix apxuTekTyp (RNN, LSTM) nnsg ananuza W MPOTHO3UPOBAHUS
BPEMEHHBIX PSAJIOB B 33/1a4aX C BBIPAXKEHHOW HEJIMHEWHOCTHIO U HECTAIMOHAPHOCTHIO.

2.Pa3paboran KOMIUIEKCHBIN MIOJIXO.I K MTOCTPOECHUIO Moaenen
MPOTHO3UPOBAHMS, Mpeay CMaTPUBAOIIUN aBTOMAaTUY€ECKOE W3BJICUECHUE
CTaTUCTUYECKUX MPU3HAKOB, a TAK)KE BKIIOYEHUE BHEIIHUX UCTOYHUKOB MHPOPMAIUU
— ()MHAHCOBBIX MHJIMKATOPOB U IKCIIEPTHBIX OIIEHOK — B Ka4€CTBE JOTOJHUTEIbHBIX
KOJIMYE€CTBEHHBIX MPU3HAKOB.

3.IlpennoxkeHa MeToIMKa IPeoOPa30OBaHUs IKCIEPTHBIX MHEHMM U HOBOCTHBIX
TEKCTOB B (hopMmat, MPUTOIHBIN i BKIIOYEHHS B MPOIECC MAIIMHHOTO OOy4eHHs
BPEMEHHBIX PSJIOB.

AmnpoOarusi pe3yabTaTOB MAarucTepCcKOd JUCCepTallii  OCYIECTBISIACh B
paMKkax HayuHo-uccienoBatenbckoi npakTuku B 3AO «bank BT (benapych)». Taxoke
pe3yabTaThl UCCIEAOBAHUS OMYyOJMKOBAaHbI B BUJIE TE3UCOB JOKJIaAa HA KOH(EpEeHIHU
«JxoHomuka benapycu: poct, uHHOBaIMK, O6e30macHOCTEY - 2025, MHHCK.

CTpyKTypa MarucTepckod JOHCCEpPTAlMU OTPaKkaeT JIOTUKY NPOBEAEHHOTO
WCCIENOBAaHUS W COCTOUT W3 BBEIACHHUA, TPEX [IaB, 3aKIIOYCHHUS, CIHCKa
HCIOJIb30BAHHBIX HWCTOYHHUKOB.

B mnepBoil maBe mpeacTaBiieHbl TEOPETUYECKUE OCHOBBI aHAIN3a BPEMEHHBIX.
Bo BrOpoli miaBe paccMaTpuUBarOTCd MOJEIM BPEMEHHBIX PSIJOB: KIAaCCUUYECKHUE
CTaTUCTUYECKUE MOAXOAbl M HEHPOCETEBbIE APXUTEKTYpPhL. TpeThs mIaBa MOCBSLIECHA
MPAaKTUUYECKUM JSKCIHEPUMEHTaM: MOATOTOBKE [AaHHBIX, pEaIM3aluud  MOJIEIEH,
MPOBEJEHUIO  ASKCIEPUMEHTOB U  aHAIM3y  pe3ylbTaToB. B 3akimoueHuu
chOpMYIIMPOBaHb OCHOBHBIE BBIBOJbBI HCCIEIOBAHUS W 00O03HAYEHBI MEPCIEKTUBBI
nanbHeue paboTkl B 3TOM 001acTH.



AI'YIIBHAS XAPAKTAPBICTBIKA ITPAILBI

Maricrapckasi aeicepranpisi "ManiblHHae HaBy4YaHHE ISl aHai3y YacOBBIX
nmparay" MpbiCBEUaHa aKTyallbHAll 3a/laubl MaBBIIIHHS S(PEKThIVHACII MeTaaay
aHai3y 1 mparHasaBaHHsS 4YacoBbIX Idparay. IIpama cyagHociia 3 NpbIIPHITITHBIMI
HampaMkaMi Kadenpsl, 3Bs3aHbIMI 3 pacrnparoykaid IHTIICKTyaJIbHBIX  CICTOM
anparioyki 1 aHai3y JaHbIX, a TakcaMa YKapaHEeHHEM Cy4acHBIX METaJlay MalllbIHHAra
HaBYYaHHS Y MPaKThIKy aHaNI3y CKJIaJaHbIX JbIHAMIUHBIX Mpanjcay.

MbTa nacnenaBaHHs - pacmlpaioyka, plamizaiblsi 1 NpakThlYHAE MPBIMSIHEHHE
MRSy i MparHa3aBaHHS YacoOBBIX IIdparay Ha MPBIKIAA3€ Kypca BalllOT, 3
BBIKAPBICTAHHEM  SIK KJIACIYHBIX  CTaTBICTBIUHBIX MeETajay, TaK 1 CY4YacCHBIX
HEHUPOCETEBBIX apXITIKTYP, 3 HACTYIHBIM MapayHAILHBIM aHali3aM i1X 3(eKThIyHacIli
Ha acHOBe backtest-magdsaBaHHA.

3anaybl AaciieJaBaHHsA:

[IpaBeciii amisa 1 aHai3 KJIACIYHBIX CTATBHICTHIUHBIX MAJdJIsy dacaBbIX IIdparay
(AR, MA, ARIMA, skcniaHeHTHae 3I71aJ)KBaHHE) 1 BBIABIIL 1X MOITHBIS 1 c1a0bIsa Oakxi
TMIPHI TIpallbl 3 pAAIbHBIMI T1a13€HbIMI.

BoiBydbIllb po3HBIs HeMpaceTkaBblsi apXiTIKTyphl (RNN, LSTM), meranbl ix
HABYYaHHS 1 BBISBIIb 1X MOIIHBIA 1 caOblst 0aki mpbl Ipallbl 3 pIadbHBIMI J1a13€HBIMI.

PoanizaBaup ayramMaThlyHAae BbIMAaHHE J1aJaTKOBBIX NPBIKMET 3 3bIXOAHAra
mdpary, IMTO Ja3Bajide MAlIbIPBIIb alliCaHHe YBaXOMHBIX JaJ3€HBIX 1 MaBBICIIb
1H(hapMaThIYHACID M.

VY&bIllb TIOPBIIHBI MABIXO/, 1HTATPABAYIIBI ¥ MaJdIb 3aKaJaBaHbId MParHO3bI
(diHaHCABBIX JKCIEpTay, IITO JAa€ MardybIMacilb yiiyBallb SIK alTapbITMIYHA BBIHSITHIS
NOPBIKMETHI, TaK 1 3KCIIEpTHAE MEpKaBaHHE.

[TapayHars npakTeIYHYIO A(EKTHIYHACIh KJIACIYHBIX CTATHICTHIYHBIX MAIIAY i
CyYacHbIX HEHpPOCETEBBIX AapXITAKTYp Mphl MparHazaBaHHI YacoOBBIX MI3paray
BaJIIOTHAra Kypca, BEIKAPhICTOYBaIOYbl BBIHIKI O3KTACTaBaHHS JJIS al[PHKI 1X pajlbHara
ra’jjaéBara NaTyHIbIITY.

AO'exkTaM jgacienaBaHHs 3'SVISIONIA YAaCOBBIA IIdpari, AKid aJJIIOCTPOYBaIOIb
MaBOJ31HBI JABIHAMIYHBIX CICTAM Yy Yace.

[IpanmeraM nacnefgaBaHHs 3'SYJSIONIA METAaAbl aHANI3Y 1 MparHa3aBaHHS
YyacaBbIX IIPparay Ha aCHOBE CTATHICTBIYHBIX MAJRNISAY 1 HEHPOHABBIX CETaK.

XpaHayariuHbld pamKi JaciefaaBaHHA axoIuTiBawolbs nepbiaa 3 2023 ma 2025
rajbl 1 aOyMOYJIeHbl AacCTYMHACIIO JaKIaJHbIX, MayHAIPHHBIX YacOBBIX IIdparay 3a
Ha3BaHbl NEPBIS, SKisl YSYISIONb IPAKTRIYHYIO HIKaBaCIlh I aHAJi3y.

Merananoris jgacienaBaHHsA VYKII0o4ae MeETaabl MaTAMaThbluHAl CTaTBICTBHIKI,
PATrpACIiHBI aHai3, a TaKcaMa alTrapbITMbl MAalllbIHHArTa HABYYaHHS, y MEPIIYIO Yyapry
paKypaHTHBIA HelpoHaBbls ceTki (RNN, LSTM).

HaBykoBas HaBi3Ha mpaillbl 3aKJItodaeia ¥ KOMIUIEKCHBIM Y)KbIBAaHHI CY4YaCHBIX
MeTajlay MallblHHAara HaBy4aHHs ISl aHali3y 1 MparHa3aBaHHI YacaBbIX mdparay. Y
npaibl BBIKAPHICTAHBI AKTYaJbHBISI HelpaceTkaBbist apXiTAKTypbl (RNN, LSTM) 1
Cy4YacHBISl METaJIbl allThIMi3allbll, IITO Ja3BOJIUIA ¥ MIPpary BhINAIKaY MaBbICIIb SKACIb
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MparHazaBaHHs ¥ MapayHaHHI 3 TPAABIILIMHBIMI CTATHICTBIYHBIMI MaJdIIsIMi. Y Tpallbl
BBIKAPBICTOYBACIIa TMallblpaHbl HAOOp MPBIKMET, fAKI YKJIO4ae SK ayTamaTbldHa
BBIHATBISI CTATBICTHIUHBIS XapaKTapbICTHIKI YaCOBBIX II3paray, Tak 1 JaJaTKOBBIS
(dakTapbsl — SKCIEPTHBIS aJ3HaKi 1 HaBiHHYIO i1H(apmalkio. [labynaBana TiOpbIHAS
MajdJb, siKas a0'siTHOYBae KOJBKACHBIS 1 SIKACHBIS MPBIKMETHI, IITO Ja3Bajsie OOJbII
noyHa yiuBalh yIUIbIY pO3HBIX (hakTapay Ha JbIHAMIKy yacaBara Iidpary.

[Tamax»HH1, sIKisl BBIHOCSAIIIA HA a0apoHY:

1.AGrpyHTaBaHa mpakThlyHAsi  A(PEKThIYHACIL  MPBIMSHEHHS  CY4YacCHBIX
HelpoceTeBbix apxXITIKTYyp (RNN, LSTM) nnsa anamizy 1 npartHazaBaHHS YacOBBIX
ndparay y 3ajadax 3 BbIAYJIEHAN HelIHEHHACIIO 1 HeCTallbISTHAPHACIIIO.

2. PacmpaniaBadbl KOMIUIEKCHBI MaAbIX0]] J1a a0y I0Bbl MRSy MparHa3aBaHHs,
Kl TpaaymielkKBae ayTaMaTbliHAe BBIMAHHE CTATBICTBIYHBIX IPBIKMET, a Takcama
VKITIOUPHHE 3HENIHIX KPbIHiI iH(papMalpli — (piHaHCABBIX 1HABIKATapay 1 SKCHEPTHBIX
aJ3HaK — y SKaclll 1aJaTKOBBIX KOJIbKACHBIX MPBIKMET.

3.IIpemsioxkeHa MeETOABIKA TEpayTBApIHHI HKCIEPTHBIX MEpPKaBaHHAY 1
HaBIHABBIX TAKCTAY Yy (apMat, mpbIIaTHBI JIA YKIIOUPHHS Y Mpanpc MalllblHHara
HAaBYYaHHS YAaCOBBIX II3paray.

Amnpalarnpisi BbIHIKAY Marictapckai JbIcepTailbli aXbIIIysuiacs ¥ paMmkax
HaBykoBa-nacieqyaii npakteiki ¥ 3AT "bauk 3I'b (bemapych)". Takcama BBIHIKI
JacieaBaHHs amyOnikaBaHbl Y BBIDISJA3€ TI3Icay Jakiaja Ha KaHpepiIHIbI
"OxaHomika bemapyci: pocrt, iHaBatpll, Oscrieka" - 2025, MiHck.

CrpykTypa Maricrapckaii JapIcepTallbli aJUIIOCTpOYBae JIOTIKY NpaBea3eHara
JacieaBaHHsi 1 CKIaJaellia 3 YBSIJA3€HHA, TPOX YacTak, 3aKIIOUdHHS, CIICY
BBIKAPBICTAHBIX KPBIHILI.

VY nepiuibiM pasnzene npajcTayieHbl TIapIThIYHbI aCHOBHI aHAJII3Y YacCOBBIX. Y
IpyTiM pazazesie pa3misaarolia MaadJil YacaBblX LIdparay: KIacldyHbIS CTAThICTHIYHBISA
MaJBIXOAbI 1 HEHPOCETEBBIE apXITAKTYpPHL. Tpali pa3a3en mphicBeYaHa MPaKThIYHBIM
AKCIIEPhIMEHTAM: MAAPBIXTOYLBI AAA3€HBIX, plaji3albll MaadsLy, MpaBiA3€HHIO
AKCIIEPhIMEHTAY 1 aHaMI3y BBIHIKAY. Y 3aKIIOUdHHI CcapMyJsiBaHbl aCHOYHBIS
BBICHOBBI JaciieflaBaHHs 1 a0a3HauyaHpl IEPCHEKTHIBBI MaliedInail mpampl Y TITai
rajiHe.



GENERAL DESCRIPTION OF WORK

The master's thesis ‘Machine Learning for Time Series Analysis’ is devoted to
the topical task of improving the efficiency of methods for analysing and forecasting
time series. The work is related to the priority areas of the department, which are
connected with the development of intelligent data processing and analysis systems, as
well as the implementation of modern machine learning methods in the analysis of
complex dynamic processes.

The aim of the research is to develop, implement and apply models for
forecasting time series using the example of exchange rates, using both classical
statistical methods and modern neural network architectures, followed by a
comparative analysis of their effectiveness based on backtesting.

Research objectives:

Conduct a review and analysis of classical statistical time series models (AR,
MA, ARIMA, exponential smoothing) and identify their strengths and weaknesses
when working with real data.

Study various neural network architectures (RNN, LSTM), methods of training
them, and identify their strengths and weaknesses when working with real data.

Implement automatic extraction of additional features from the original series,
which allows you to expand the description of the input data and increase the
informativeness of the model.

Apply a hybrid approach by integrating coded forecasts from financial experts
into the model, which makes it possible to take into account both algorithmically
extracted features and expert opinion.

Compare the practical effectiveness of classical statistical models and modern
neural network architectures in forecasting currency exchange rate time series, using
backtesting results to assess their real trading potential.

The object of the study is time series reflecting the behaviour of dynamic systems
over time.

The subject of the study is methods for analysing and forecasting time series
based on statistical models and neural networks.

The chronological framework of the study covers the period from 2023 to 2025
and is determined by the availability of reliable, complete time series for the specified
period that are of practical interest for analysis.

The research methodology includes methods of mathematical statistics,
regression analysis, and machine learning algorithms, primarily recurrent neural
networks (RNN, LSTM).

The scientific novelty of the work lies in the comprehensive application of
modern machine learning methods for the analysis and forecasting of time series. The
work uses current neural network architectures (RNN, LSTM) and modem
optimisation methods, which in a number of cases has made it possible to improve the
quality of forecasting compared to traditional statistical models. The work uses an
extended set of features, including both automatically extracted statistical
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characteristics of time series and additional factors — expert assessments and news
information. A hybrid model has been constructed that combines quantitative and
qualitative features, which allows for a more complete consideration of the influence
of various factors on the dynamics of the time series.

Theses defended:

1. The practical effectiveness of using modern neural network architectures
(RNN, LSTM) for analysing and forecasting time series in tasks with pronounced non-
linearity and non-stationarity is substantiated.

2. A comprehensive approach to building forecasting models has been
developed, providing for the automatic extraction of statistical features, as well as the
inclusion of external sources of information — financial indicators and expert
assessments — as additional quantitative features.

3. A methodology has been proposed for converting expert opinions and news
texts into a format suitable for inclusion in the machine learning process for time series.

The results of the master's thesis were tested as part of a research internship at
VTB Bank (Belarus). The research results were also published in the form of abstracts
at the conference ‘Economy of Belarus: Growth, Innovation, Security’ - 2025, Minsk.

The structure of the master's thesis reflects the logic of the research and consists
of an introduction, three chapters, a conclusion, and a list of sources used.

The first chapter presents the theoretical foundations of time series analysis. The
second chapter examines time series models: classical statistical approaches and neural
network architectures. The third chapter is devoted to practical experiments: data
preparation, model implementation, conducting experiments, and analysing results.
The conclusion formulates the main findings of the research, provides
recommendations on the application of the developed methods, and outlines prospects
for further work in this area.
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