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PexypeHTHI HEHpOHHI MepeXi BHKOPHCTOBYIOTH JUIS 33/1a4 IIPOTHO3yBaHHs. OCKIJIbKN Matouu
Habip JaHMX 32 IeBHUH IPOMIDKOK Yacy, MH MOYKEMO HaBUMTH HEHPOHHY MEPE)Ky BHSIBUTH IIEBHI
3aKOHOMIPHOCTI MK JJaHUMH i CHPOTHO3YBaTH MaiOyTHI 3HaYeHHs 4acoBoro psry. IlounHaroun
Big mouatky 2021 poky BipTyadbHI akTHBY IIOYaJld CTaBaTH MOMYJSIPHAMH, 1 3axada
MPOTHO3YBaHHA MaiOyTHIX 3Ha4YeHb I[IHM BOJATHIBHUX AaKTHUBIB HaOylla MOMYJISPHOCTI.
BukopucraHHs peKypeHTHHX HEHPOHHHUX MEpeX, Ha BiAMiHy Bin meroxiB cimerictBa ARIMA,
MOJKE JI03BOJINTH BPaXxOBYBATH 3a BXiJHI ITapaMeTpH HE TUIBKU IMOTOYHE 3HAYCHHS LiHM, a 1 iHII
(axTopH, MO MOXKYTH BIUIUBATH HA IIiHY.

Knrouogi crnosa: pekypeHTHI HeHpoMepeKi, IPOrHO3yBaHHs, BipTyallbHi aKTHBH.

Mertot0 poOOTH € BUKOPUCTAHHS PEKYPEHTHHX HEHPOHHHX MEpEX Uil MPOTHO3YBaHHS
MalOyTHIX 3HaYCHP [IHU BipTyadbHUX aKTHBIB 0a3yFOUYNCH HA JWHAMII iX 3MIiHH 3a MOIepeTHi
iHTepBamm vacy. IToTpiOHO BH3HAYMTH, SKa CTPYKTypa PEKYpPEHTHHX MEpPEX MOXKe HaJgaTh
HaAMOLIPII BIPOTiMHI AaHI MICJI HABYaHHS 0a3ylOYHCh BHKIIOYHO Ha NAHWX I[IHM MHHYIHX
POKIB.

Jis cTBOpeHHS Ta HAaBYaHHS HEHPOHHOI Mepexi, O0yno obpano 6ibmiotexy TensorFlow
[1] moBu mporpamysanHs Python Bim xommanii Google, 3 Bimkputum komom. bibmioTeka
TensorFlow mictute B cobi API Keras, sikuif 103BOJII€ CTBOPIOBATH CTPYKTYPU HEHPOHHHX
MepeX MOIIapOBO, HANAIITOBYIOYM BIJNOBINHI mapamerpu KoxHoro 3 imapiB. Tak, s
CTBOPEHHS PEKypeHTHUX HelpoHHuX Mmepex API Keras Hamae MOMXIMBICTh CTBOPEHHS TaKHX
nrapis: RNN, LSTM ta GRU [2, 3].

Knacuuni pexypentni Heifipomepexi (RNN) ckiamaroThCsi 3 HEHpOHIB, SKi iTEpaTUBHO
OINpalbOBYIOTh BXiAHI AaHl. TakuM 4YWHOM, OIMH HEHWPOH OTpHUMYe 1 0OpoOJsie AeKiibka
BXIIHUX 3HAa4YeHb. SIKII0 3BUYaWHUI HEHPOH MICTHTB BXiJI, BUXIiJl 1 3HAYCHHS KOedillieHTa Bar,
TO PEeKYpPEeHTHHI HEHPOH KpiM TOTO 3'€/IHY€ CBiil BHXiZ 31 BXOAOM, TUM CaMHM CTBOPIOIOUH
pexypcuBHHH 3B'130K (puc. 1). HelipoHHI Mepexi, AKi CKIaJaroThCs 3 peKypEeHTHUX HEHPOHIB
3aliMaloTh MEHIINI 00’eM mam’ATi, aje mporec oOpoOKM BXiJHOTO BEKTOpa € IOBUIBHILINM,
HIK Y 3BUYAHIN HEHPOHHIH Mepexi.
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Puc. 1. JleMoHcTpallis poOUTH pEKypEeHTHOTO HEHpoHa
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OCKUIbKM HaBYaHHS HEHPOHHOT MepeXi NPOXOAUTh ITEPaTHBHO 3TiJIHO KOXHOI
HaBYArOYOi apH, a KOXKeH HEHPOH 00paxoBye BXiJHE 3HAYCHHS JEKiJIbKa pa3iB, TO 1ie CTBOPIOE
npobiieMy 3HHKHEHHs rpagieHTa [4]. 3 KOXHOIO iTepallielo 00paxyHKy 3HAYCHHS IPaIi€HTY
MIEPEMHOXYETBCS, a [I€ TPHU3BOAMTH OO e(eKTy 3HUKHEHHS rpanieHTy. JlaHy mnpobiemy
4acTKOBO po3B’s3yroTh Tak 3BaHi LSTM (Long-Short temporary memory) neiiponHi mMepexi
[5].

OCKITBKH PeKypeHTHI HEHPOHHI MepeKi, 32 CBOEIO apXiTEKTYpolO, Ha KOXKHIH iTeparii
MIEPEeMHOXKYIOTh 3HAYCHHS BXIZHOTO BEKTOPA, TO KOXKHA iTepalis NMEpEeMHOKCHHS 3MCEHIIYE
BILUIMB 0OpOOJICHNX 3HAYCHb HAa MUHYJIIH iTepanii BaBivi. Jany npo0iaeMy IpouTIOCTPOBaHO Ha
Puc.2. Hexaii mMu MaemMo BXigHUII BekTOop 3 7 3HaYeHb 4UCIOBOrO psxy. OCKiIbKH
PEeKypeHTHUI HelipoH Oyae 1Mo uep3i oO0paxoByBaTH KOXKHE BXIJHE 3HAYCHHS, TO 3 KOXHHUM
HACTYITHUM KPOKOM, BIUIMB MUHYJIOTO 3HAu€HHs 3MEHILIYEThCs BIBidi. YuM Oinblue iTepariii
0o0paxyHKy, THM MEHILIE Ieplle BXiJHE 3HAYCHHS BIUIMBAE€ HA pE3YJbTYIOUMH BUXI.
PexypentHi HeliponHi Mepexi LSTM sikpa3 103BOJISIOTh YHUKHYTH i€l ipobiemu [5]. LSTM

HEHPOHHI Mepexi MICTATh B OOl JOMATKOBI KOMIPKH ITaM’sITi, 0 OOMPAOTH sIKi JaHi BapToO
3amam’siTaTH, a siKi 3a0yTH.
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Puc. 2. InmrocTpaist BIUIMBY 3Ha4€Hb BiJI IEPIINX 10 OCTAHHIX

Po3risiHeMo 3ajauy NpPOTHO3YBaHHS 3HAYEHHS IIHW KPHUITOBAIOTH Bitcoin BigHOCHO
noiapa. byno o0OpaHo Ha0ip AaHMX — MIOACHHE CIIBBITHOIICHHS BapTOCTI 000X BaJIOT
nounHarouu Big 22 Bepecus 2014 poky mo 28 mucromana 2021 poky [6]. Habip nanux MicTuth
MacuB 383 3HaUeHb MAKCUMAIBHOT LiHK mpoTsiroM nHs (puc. 3).

JaHi 11 HaBY4aHHS PO3AULIOTECS HA TaK 3BaHi BiKHA 13 33/IaHOO KIIBKICTIO BiJUTIKiB M: -
t,t,,...,t,. Leil Habip naHMX BUKOPUCTOBYBAaTUMEThCS AK BXiJHI JaHl [yl HaB4YaHHA. 3a

OaxaHni BHXin OepeMo 3HayeHHd B MOMeHT dacy t ., (puc.4). 3arampHa KilbKiCTh

HaByarouux map nopsaky 300, mpu BikHI crocTepexeHHs po3MmipoM 25 BimmikiB. Bixaom
CIOCTEPEKEHHS N-TO pO3Mipy B JAHOMY BHIIAJIKy HA3WBAIOTh HAOip 3HAYCHBb YaCOBHX BiJUTIKIB
Bix k-ro mo k+n 3Hauenus.
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Puc. 3. Bapticts Bitcoin’y mo gHsx
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Puc. 4. TIpyHUMT TirOTOBKY HAaBYAOYHX Map JUIS OHO KPOKOBOTO IMPOTHO3YBaHHs Ha OCHOBI BiKHA
CIIOCTEPEKCHHS PO3MIPOM B 25 TOUOK

Jlyist OTpUMaHHs NPOTHO30BaHMX 3HaueHb BuOpaHa LSTM mepexa, nepumii map sikoi
MICTHTB B c00i 128, a apyrwuii miap — 64 HaBuaroumx mapamerpiB. OCKUIBKH HEHPOHHA MepeKa
Ma€e TPOTHO3YBATH OJIHE HACTYIHE 3HAYEHHS, TO KIHIIEBHH IIap MICTHTh B COO1 JIHMIIE OTUH
JHIHHUNA HEHPOH.
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[lepen HaBuaHHAM HEHpPOHHOI Mepexki JgaTacer Oylo pO3MUIEHO Ha JBI YaCTHHU:
HaBYaroyi mapu 1 mapu g TecTyBaHHs. HaBwaroui mapu Oyjio BHKOPHCTaHI ISl HaBYAHHS
HEWpOHHOI Mepexi, a mapu Uil TecTyBaHHS OyJM BUKOPHUCTAaHHI ISl OLIHKHM TOYHOCTI
MIPOTHO3YBAaHHS B)XE HABUCHOI Mepexi. Ha puc. 5 300pakeHO po3/iieHHS JaHNX:
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Puc. 5 IIpoMiKKH TaHKX JJ1s1 HABYAHHS Ta TECTYyBaHHS

[porec HaBYAaHHS MOJENi 3 BIKHOM CIIOCTEPEKEHHS B 25 TOYOK Ui MPOTHO3YBaHHS
onmHiel HacTymHOi TOYKHM (OJHO KPOKOBE MPOTHO3YBaHHS) 300pa)keHO Ha puc. 6, 1e
rOpU30HTAJbHA BiCh BiJIMIOBI/IA€ 32 HOMEP €MOXH, a BEPTUKAJIbHA BiCh — CEPEAHBOKBAIPATUYHY
MMOXHOKY MiK TPOrHO30BaHKUM 1 OYiKyBaHUM 3HaYeHHSAM. HaBuanus TpuBaiio 2500 emox.
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Puc. 6. [Iporiec HaBUaHHS HEUPOHHOT MEpExKi

Pe3ynbpraTi 0THOKPOKOBOTO ITPOTHO3yBAaHHS HABUYEHOI HEMPOHHOI Mepexi BioOpaskeHO
Ha pHC. 7. AHaII3YIOUH pe3yJIbTaTi OJHOKPOKOBOT'O MPOTHO3YBAaHHSA Ha MPOMDKKY JaHMX, SKi
Oyno B34TO A1 HAaBYAHHS, HEHPOHHA Mepeka KOPEKTHO NPOTHO3YyE HACTYINHI 3HAYCHHS.
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OpHak, Ha TECTOBUX JIaHMX HEWPOHHA MepeXka IMOCTIIfHO HaMaraeThCsl CIPOTHO3YBATH CIajl
LIHK 10 3HAa4YeHb, SIKi JIE)KaTh y NMPOMIDKKY 3HaYeHb 3 TECTOBHUX JaHHX. ToOTO, Ha TeCTOBOMY
NPOMDKKY HEHPOHHA Mepexa MOraHo IIPOTrHO3y€ HACTYIHI 3HaueHH:. [IpHYMHOI0 bOTO MOXe
OyTH Te, IO NaHi I HABYAHHSI HE € CTAlliOHAPHHWMH, i caMe depe3 Ie HeHpOHHa Mepexka
«3aBUMIIA» MOXKIIMBI IPOTHO30BaHI 3HAYCHHS JIMIIE Y HABYCHUX LIHOBHX Jiala3oHaxX. TaKkuMm
YHHOM, Ui YCHIIIHINIOTO HAaBYaHHA HEHpPOHHOI Mepexi HeoOXimHO 3a0e3meuuTH
CTaIliOHAPHICTH YaCOBOI MOCITITOBHOCTI TaHHX.
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Puc. 7. PeSyJ’ILTaTI/I HaBYaHHs HeﬁpOHHO'l' MCpe)Ki 3 IPOTHO30M OJHOI'O 3HAYCHHSA

Crpoba 3aMiHATH a0CONTIOTHI 3HAYCHHS BapTOCTiI HA 3HAYCHHS IMOJICHHUX aOCOIOTHHX
3HAa4YCHb 3MiHU IiHU (pHC.8) HE NaNH MO3UTHBHOTO Pe3ylbTaTy, 00 OTpUMaHHUN YaCOBHH P
TaKOX HE € CTAlllOHAPHHUM i TOMY He MiIXOJUTh JUIs BUKOPUCTaHHS MO0 y Mpoleci HaBYaHHS
HEHPOHHOT Mepexi.
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Puc. 8. IIpeacrasnenns nanux y GpopmaTi IpHpOCTiB
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Jnst otpuMmanHst cramionaproi dacoBoi nociigoBHocti Y(K), Bxigny mocmigoBHicTs X(K)

Xk +1

CJIi/l 3aMIHUTH Ha MOCNiTOBHICTh BITHOLIEHD IIiH : Y, = , e K — MoMeHT yacy.
k
Ha puc. 9 nokazana nmociiiOBHICTb BiJHOIIEHb LIHU OOpaHMX JUIS AOCIIKEHHS JaHUX.
OTpHrMaHa MOCIiI0OBHICTh MAa€ 03HAKU CTAalllOHAPHOCTI, OCKIIBKK Ha Oy/b-SIKOMY 3 MPOMIXKKIB

Mae cepeqHe 3HaueHHs Omm3bke 1o 1.015 ta 3Havenns aucnepcii 6muspke go 0.0094.
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Puc. 9. BinHocHa yacoBa IOCiTOBHICTD THILY
k

OTtpuMaHa yacoBa MOCHIIOBHICTE OyJia po3/iJicHa Ha HABYAKOUHI Ta TECTOBUH MPOMIKKH

(puc. 10). HaBuarounii mpoMixXoK TaHUX OyB BUKOPUCTAHUH [l HABYAHHS HEHPOHHOI Mepexi

3 BIKHOM CIIOCTEPEKEHHS B 25 TOUOK JJIsl MPOTHO3YBaHHS OJHI€] HACTYNHOT TOUKU. Pe3ynprar

MPOTHO3yBaHHsI HAaBUYEHOI HEMPOHHOI Mepexi 300paxkeHo Ha puc. 11. AHanmizyrouM OTpUMaHi

pe3yibTaTd MOKHAa NOOA4YMTH, IO HaBUYCHA HA TaKid IIOCIIOBHOCTI HEHpOHHA Mepexka

HETIOTaHO MPOTHO3Y€ TOBEAIHKY YacOBOI IMOCIIIOBHOCTI, Ha BiIMiHY BiJ MEepeKi HABUCHOI Ha
a0COJFOTHUX IIHOBUX 3HAYCHHSX.
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Puc. 11 Pe3ynbraty HaB4aHHS HEHPOHHOI MepeKi 3 MPOrHO30M OJHOTO 3HAYCHHS JUIS BiTHOCHUX
YaCcOBHX PSMAIB 3 BIKHOM CIIOCTEPEKEHHS B 25 TOUOK

J1s BH3HAYCHHS ONTHMAlIbHOTO pPO3MIpy BIKHA CIIOCTEPEXKEHb K KPHUTEpii
ONTHUMAJBHOCTI OyJI0O BUOPaHO CepeHBO KBaJPaTHYHY MOXHOKY MiX TECTOBUMHU NaHHMH Ta
OTPUMAaHMMH TPOTHO30BAaHMMH 3HAUCHHSIMH HEHPOHHOI Mepexi Pe3ynbTaTd IOCIiIKeHB
moka3zafi Ha Pucynky 12.TakuM 9YHHOM, ONTHMAaIbHAM PO3MIPOM BiKHa CIOCTEPEKCHHS IS
OTpPHMaHH$ OJHOKPOKOBOT'O ITPOTHO3Y € PO3MIp BiKHA B JIBaJLSATh BiJUTIKIB.
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CepelHbo KBaapaTWyHa noxubka TecToBoro Habopy AaHWx

Puc. 12 3anexHicTb cepeaHbO KBaAPaTHIHOI MOXUOKHU MTPOTHO3YBaHHS HEHPOHHOI MEpesXi Bif
pO3Mipy BiKHa CIIOCTEPEKSHHSI.

Takum 9MHOM, aHANI3yI0YH OTPHMaHi pe3ylbTaTH, MOXHA TBEPAWUTH, [0 BUKOPUCTAHHS
PEKYPEHTHUX HEHPOHHUX MEPEXK JUIS MPOTHO3YBAaHHS 1iHU BIPTYaJIbHUX aKTUBIB J1a€ HENOTaHi
pe3yinbratu. HaByeHa Mepeka 3/1aTHa BIATBOPUTH OCHOBHI 3aKOHOMIPHOCTI 3MIiHH 4acOBOTO
psny. st HaBUaHHS TaKUX HEHPOHHHUX MEPEX 3aMiCTh HOPMOBAHMX aOCOJIIOTHUX 3HAYECHb LiH
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YacOBHX PSJIB MOTPIOHO BUKOPUCTOBYBATH BITHOCHE TNPEJCTABICHHS YaCOBUX PAIIB, OCKIIBKH
BOHO [UIS BHIAJAKY JIOCHIJPKyBaHOTO BIPTyaJIbHOrO akTHBY Bitcoin, nae Onu3bkuil /10
CTalioHapHOTO 4acoBuil psin. Takox Juiss 1aHOTO HaOOpY BUXIIHUX JaHHX OyJI0O BU3HAYECHO
ONTHMAaJbHE 3HA4YCHHS BiKHAa crocTepekeHb. CTBOPEHHH 3aCTOCYHOK [Ja€  3MOTY
BHKOPUCTOBYBATH HECTAIIOHAPHUA YacOBHH psAA MiH BIPTYyalbHUX AaKTHBIB Ui OJHO
KPOKOBOTO IIPOTHO3yBaHHA. KpiM [BOro, 3aCTOCYHOK [O3BOJIS€ BU3HAYATH ONTHMAaJbHHN
po3Mip BiKHA CIIOCTEPEXEHHS Ui NPOTHO3Y IIIHW BipTyanbHHX akTHBiB. CTBOpeHHI 3a
CTOCYHOK LIJIKOM MOXXe OyTH BHUKOPUCTaHWH ISl NPOTHO3YBAaHHS pEalbHUX 3HAYCHb LIiHH
BIpTyaJbHUX aKTUBIB.
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USING A NEURAL NETWORK FOR PRICE PREDICTION OF VIRTUAL ASSETS
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Due to the structure of recurrent neural networks, they are used for the prediction tasks, such
as price prediction. The price prediction tasks are based on the historical data of price movements
during the specified period. This data can be used for training the recurrent neural network for
price prediction. Expected, that the neural network will recognize specific patterns in sequential
data and will be able to predict the next trends etc. From the 2021 year, virtual assets such as
Bitcoin increase their popularity all around the world. Virtual assets such as Bitcoin are classified
as highly volatile assets. For this type of asset, the prediction task is so important, due to the
ability to make a long and a short position several times per day, week, etc. Using the recurrent
neural network, against the ARIMA methods, can help to include the other data except for the
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price history. For example, it can you the history of several operations for these assets per day, the
price history of the other virtual assets, that can have some relations with, etc. In this article, as a
first step, work was focused on properly formatting the price history data for achieving the lowest
prediction error. Also, the idea is to create a framework for working with different virtual assets
for prediction. The problem with using a neural network for prediction is that absolute values of
virtual assets price are not stationary. And the neural network training process stuck between the
minimum and maximum values of training data. It creates a problem, where the trained neural
network cannot handle the data, that is bigger than the trained and it always tried to predict the
value in the trained range. This work, investigated the neural network for single prediction only.
Also, was compared the two possible ways to format the data to the stationary data.
Key words: recurrent neural networks, prediction, virtual assets
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