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InTesiekTyalbHA CCTEMAa aHAJTI3Y Ta MPOTHO3YBAHHS PUHKY KPUIITOBAJIIOT

Anomauin. Posenanymo npobiemy npocHO3Y8aHHA 6apMOCMi KPUNmMoeauom,
WO XapaxKmepuzyomvcs 8UCOKOI0 8OIAMUILHICINIO MA HETHIUHUMU 3A71eHCHOCTIAMU.
3anpononosano nioxio 00 CMEOPEeHHS NPOMOMUNY THMENEeKMYAIbHOI cucmemu Ha
ocHogi Helponnux mepedic LSTM ma ix mooughikayiti. /s 0ocnioxcenns sukopucma-
Ho no2oounti dai Bitcoin (BTC-USD) 3a ocmanni 60 onis, ompumani 3 CoinGecko.
Ilobyoosarno kinvka apximexmyp moodeneu, ceped sikux LSTM (npocme pozoumms
train/test), LSTM (walk-forward), CNN-LSTM ma LSTM+Attention. Excnepumenmu
noxasanu, wo Hatukpawi pesyromamu 3aoe3neuye knacuuna LSTM (MAE = 453 USD,
RMSE = 645 USD), wo cmanosums duzvko 1% 6i0 cepeonvoi yinu akmusy y euo-
panomy nepiooi. Peanizoeano npomomun cucmemu 3 inmepgeticom, AKuti 00380.5€
8I3yanizyeamu pe3yromamu npO2HO3Y6AHHSA ) PEHCUMI, HAOIUNCEHOMY OO0 PealbHO20

yacy.

Knwuosi cnoea — inmenekmyanvna cucmema, mawunve Hasuyanms, LSTM,

KpUnmoeanioma, npo2HO3y8aHHsl, YaAco8i psOU.

Bceryn. PUHOK KpUNITOBAIIOT € OJHUM 3 HAWOUIbIII TMHAMIYHUX 1 BOJATUIBHUX
CEerMeHTIB (PIHAHCOBOI CUCTEMH, 1110 MOCTIMHO MPUBEPTAE yBary iHBECTOPIB Ta JIOCIIi-
naukKiB. [1IBuaKi KOIMBaHHS KypcCy, BIUTUB HOBUHHUX (DaKTOPIB Ta MOBEIIHKOBUX ac-
MEKTIB pOOJIATh TPAIUIIIMHI CTATUCTUYHI METOAM MTPOTHO3YBAaHHS Majl0oe()EeKTUBHUMU
B Takux yMoBax. lle BU3Hauae akTyanpHICTh pO3pOOKH HOBUX MiAXOJIIB IO aHATI3Y Ta
IPOrHO3YBaHHS PUHKY KPUIITOBAIIOT.

Tema poboTH moJiArae y CTBOPEHHI 1IHTEJIEKTYyalbHOI CUCTEMH, 37IaTHOI 3JIiiiC-
HIOBATH aBTOMAaTH30BaHMI aHalll3 4aCOBUX PAIiB Ta (GOpMyBaTH MPOTHO3M I[IHU KPH-
NTOBATIOT y PEXKHUMI PEATBHOTO Yacy.

MeTor0 AOCTIIKEHHS € CTBOPEHHS IPOTOTHUITY 1HTENEKTYyalIbHOI CHCTEMH MPO-
THO3YBAaHHS AMHAMIKU KYypCy KPUITOBAIIOT HA OCHOBI METO/IB MAIIMHHOTO HAaBYaH-
Hsl, 30KpeMa apXiTEeKTypH JOBrOCTPOKOBOi KopoTkodacHoi mam’siti (LSTM) [1] Ta 1i
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momudikamiii (CNN-LSTM, LSTM+Attention) [2]. Peamizamis 1i€i Mmetu gae 3mory

OI[IHUTH MOJIMBOCTI Cy4acHHX HEHPOHHHUX MEPEXK Yy 3amadax (piHAaHCOBOTO MPOTHO-

3yBaHHS Ta 3a0€3MEeYUTH MPAKTUYHUI IHCTPYMEHT JJIsl KOPUCTYBAYiB.

Po3pobiieHa iHTeNneKTyanbHa CHCTEMa Ma€ MOYJIbHY CTPYKTYPY:

1. Indopmanuiiinuit moxyns — 36ip ganux 3 CoinGecko API [3].

2. AHanmiTuuyHUM MoOAyJib — oOuucieHHsa iHaukaTopiB (SMA, EMA, RSI,

BOJIATUJIBHICTB, JIOTapU(PMIUHI Ta BIACOTKOBI PSIIN).

3. MareMatuuHMil MOAYJIb — peaii3alis Ta HaB4aHHsA moxaened LSTM,

CNN-LSTM, LSTM+Attention.

4. Tntepdeiic kopucTyBaya — Be03aCTOCYHOK, 1110 BUBOAUTH Ipadiku ¢ak-

TUYHUX Ta MPOTHO30BAHUX I[1H KPUIITOBAJIIOT y PEKUMI PEATBHOIO Yacy.

Y mponeci AOCTKEHHS MPOBEIEHO MOPIBHSAHHSA €(EKTUBHOCTI MOJENCH.

OTpuMaHi Taki pe3yJbTaTu:

LSTM (mpocrte po36uTts train/test): MAE = 452.52, RMSE = 644.84
LSTM (walk-forward + tuning): MAE = 480.17, RMSE = 694.67
CNN-LSTM: MAE = 577.84, RMSE = 802.28

LSTM+Attention: MAE = 474.49, RMSE = 669.23

Pesynbrat mepenbadeHHs ABOX HAWKpalmx MOJEled MOKHA MoOadyuTH Ha

rpadikax Hmwxkue (Puc. 1. ta Puc. 2.)

®akTuyHa vs lMporHo3oBaHa UiHa — LSTM (simple split)
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Pucynox 1. Pesynprar nependavenns moaem LSTM (IIpocte po36uTTs)
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®akTnyHa vs MNporHo3osaHa UiHa (LSTM+Attention, 1h, TecT)
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Pucynok 2. Pesynbsrar nependauenus moaeni LSTM+Attention
Haiikpammii pesynbrar npoaemoncTpyBaia moaens LSTM i3 mpoctum pos-
ourtsam (= 1% noxubku Bia cepennboi 1inu). Walk-forward 3a6e3neuye Oubli CTiil-
Ky ominky mojem. CNN-LSTM ta Attention He nepeBepiuiu 6azoBy LSTM Ha na-
HOMY HA0Op1 TaHUX, TPOTE 3ATUIIAIOTHCS MEPCICKTUBHUMH JIJIS TIOIAJIBIIIOT0 MacCIIl-
TaOyBaHHS.
BucnoBok. Y pe3ynbTati JOCTIKEHHS peali30BaHO MPOTOTHUIT THTEICKTYaTb-
HOi cuctemu 3 BeOiHTepdericom, 1o 3a0e3nedye iHTepaKTUBHE BigoOpa)keHHsS (ak-
TUYHUX Ta MPOTHO30BAHUX 3HAUEHD I[IHM KPHUIITOBAIIOT Yy PEXKUMI PEaTbHOrO 4acy.
Haiikpamum anroputMom Juisi MPpOrHO3yBaHHs BUsBUiacs mojenb LSTM, sika nocs-
riia MAE = 453 USD. Iloganpimmii po3BUTOK Tepeadayae MaciiTaOyBaHHs CUCTEMU
Ha PI3HI KPUINITOBAIIOTH Ta IHTETPAllll0 JOJATKOBUX 1HAWKATOPIB JUISl ITiBUILCHHS
TOYHOCTI MPOTHO31B.
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Intelligent System for Cryptocurrency Market Analysis and Forecasting
Stanislav Romanko, Yurii Protsyk

The study addresses the problem of forecasting cryptocurrency prices, which
are characterized by high volatility and nonlinear dependencies. A prototype of an
intelligent system based on LSTM neural networks and their modifications is pro-
posed. The research uses hourly Bitcoin (BTC-USD) data for the last 60 days ob-
tained from CoinGecko. Several model architectures were built, including LSTM
(simple train/test split), LSTM (walk-forward), CNN-LSTM, and LSTM + Attention.
Experiments showed that the classical LSTM model provides the best results (MAE =
453 USD, RMSE = 645 USD), which is about 1% of the average asset price during
the selected period. A prototype of the system with a user interface was implemented,

allowing visualization of forecasting results in a mode close to real time.
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