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IIporno3upoBanme neH Ha akuuu ¢ ucnoab3oBanueMm LSTM B Google Colab

Anuwkosa Anacmacus Cepeeesna
TIpuamypckuii cocyoapcmeennwiii ynugepcumem umernu [llonom-Anetixema
Cmyoenm

AHHOTALIUA

[lenb naHHOTO WCCIENOBaHUS - CO3JaHHE WHTEPAKTUBHOIO HHCTPYMEHTA MJis
aHallM3a U MPOTHO3UPOBAHUS IIEH Ha aKIIMU KOMIAaHUU Apple ¢ HCIOonIb30BaHHEM
voznenn LSTM wu Busyanmuszaumm nanHeix B Google Colab. Mogens Obiia
peanu3oBaHa Ha oOnaudoit mnatdopme Google Colab. [lonyuenHsiii pe3ynbrar
MPENOCTaBIsIeT MHCTPYMEHT I aHallu3a M MPOTHO3WPOBAHMS IIEH Ha AaKIUH,
KOTOPBIN MOXET OBbITh MOJIE3€H KaK ISl MHIUBUyAIbHBIX WHBECTOPOB, TaK U IS
(VMHAaHCOBBIX aHATTUTHUKOB.

Kiarouessle ciioBa: Google Colab, LSTM, nmporao3upoBaHue 1IeH U aKIuH.
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Abstract

The purpose of this study is to create an interactive tool for analyzing and forecasting
Apple stock prices using the LSTM model and data visualization in Google Colab.
The model was implemented on the Google Colab cloud platform. The result
provides a tool for analyzing and forecasting stock prices, which can be useful for
both individual investors and financial analysts.
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1 BBenenue

1.1 AKTyaIbHOCTH

[Iporno3upoBanue 11eH Ha akuuu ¢ ucnonb3zoBanueM LSTM B Google Colab
SBIISIETCSl aKTyaJbHBIM HampaBlieHHEM Ojaromapsi CBOeW MPaKTHUYECKOH IMOJb3e,
JOCTYMTHOCTH TEXHOJOTUH M BBICOKOH TOYHOCTH TMPOTHO30B. IJTOT MOAXOJ
OTKPBIBACT HOBBIE BO3MOXKHOCTH ISl HHBECTOPOB, AaHAIIUTUKOB U UCCIIEIOBATENEH,
CTPEeMSIINXCS TPUMEHATH COBPEMEHHBICE METOJbl MAIIMHHOTO OOY4YeHUS IS
aHanu3a (uHaHCOBBIX PHIHKOB. LSTM mno3Bosser 3()PEeKTHBHO aHATU3UPOBATH
BPEMEHHbIE pSAbl, TAaKHE KaK HUCTOPUYECKHE IEHbl aKUud, YYHUTHIBATh
JOJTOCPOYHbIE 3aBUCUMOCTH B JIaHHBIX, TNPOTHO3UPOBATH OyAyIIME LEHBI,
oOy4yaTbCSi Ha TOCJIEIOBATEIbHOCTSX JaHHBIX JJIS TOBBILIEHUS TOYHOCTH
NpeCKa3aHuii U BU3YaIU3UPOBATh PE3YJIbTAThI AJIsl OLIEHKH KaueCTBa MOJIEIH.
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1.2 O630p uccaenoBanmnii

A. A. ApxunoBa NpuMeHWIa HEUPOHHBIE CETU B 3a/1a4€ MPOTHO3UPOBAHUS
(bUHaHCOBBIX BPeMEHHBIX psijioB [1], 3(h(PEeKTUBHOCTH MCIONB30BAHUS MTOKA3aTEINs
Xepcra 11 TPOTHO3UPOBaHUs KypcoB akiuil npoaemonctpupoBanu . C. Cusbix,
H. A. BynanoBa, H. B Cu3bix [2], K. C. HemmHa cnporso3upoBajia CTOUMOCTH
aKIMi Ha OCHOBE HEMPOCETEBBIX MOJENEH [3 ], MPOrHO3UPOBAHUE TEXHOJIOTUYECKHUX
TEHJCHIIMI HAa OCHOBE aHaJIM3a pazHOpOoAHbIX naHHbIX onucanud H. T. Brer, A. T
Kpasery [4], O. C. BuaMmMaHT HCIONB30Ball MPOTHO3UPOBAaHUE (PHUHAHCOBBIX
BPEMEHHBIX PSIJIOB C UCIIOJIB30BAHUEM PEKYPPEHTHBIX HEHpOHHBbIX ceTeil LSTM [5].

1.3 lean ucciaegoBaHus

e maHHOTO UCCIIEIOBAHUS - pa3pab0TKa UHTEPAKTUBHOTO HHCTPYMEHTA Ha
ocHoBe Mozenu LSTM nanst ananu3a u mporHO3UPOBAHUS 11€H HA aKIIUKA KOMITAHUU
Apple ¢ Busyanuzanueii pezynastatoB B Google Colab.

2 MarepuaJjbl U METObI

Google Colab npegocrasnser y1o0Hy0 001auHyI0 cpey A pa3paboTKU U
BBITIOJTHCHHSI KOJ]a, YCTpaHss HEOOXOIMMOCTh B YCTAaHOBKE JIOMOJHUTEIHHOTO
IPOrpaMMHOr0 OOECIIEeUEHus, YTO JeJIaeT MIPOLECC CO3/1aHus U 00yUeHUs Moeen
MaIlMHHOTO O0y4YeHHs Oojee JOCTYMHBIM M MacirtabupyembiM. LSTM, B cBoto
ouepenb, oOecreuuBaeT 3PQPEKTHBHYI0 00paOOTKY BPEMEHHBIX pPSIOB, YTO
MO3BOJIICT AHATU3UPOBATh MCTOPUYECKHE JAHHBIE W IMPOTHO3UPOBATH OYIyIIHeE
3HAYEHUsI, TAKME KaK IIEHbI HA aKIMHU. DTO COYETaHHE MO3BOJISET UCCIEI0OBATEISAM
U aHaJUTUKaM OBICTPO TECTHPOBATh W  BHEIPSTH  CJIOXKHBIC  MOJCIIH,
BU3YAJIU3UPOBATh PE3YJIbTAThI M MPUHUMATh 0OOCHOBAaHHBIC PEIICHHSI HA OCHOBE
aKTyaJIbHBIX JaHHBIX.

3 Pe3yabTaThl

Ccouika Ha HOYTOYK https://colab.research.google.com/drive/1js-47Ehp-8-
EAVAhXTd1BaZ-gmOKUQO7J?usp=sharing.

JUis aHanmu3a JOaHHBIX OyayT HCHOJB30BaThCsS MCTOPUYECKUE JaHHbIE,
3arpykeHHble ¢ caiita Yahoo Finance [1]. OTu maHHbple comeprkaT HHGOOPMAIIUIO O
[EHAaX aKIWi, BKIOYasg 1eHy OTKpbITUd (Open), MaKCHUMAJIbHYIO LIEHY 32 JCHb
(High), munumanbnyto ueny 3a neub (Low), neny 3akpeitus (Close), 00beM TOpros
(Volume) u ckoppextupoBanHnyto 1eHy 3akpbitus (Adj Close).

HeoOxomumo ycranoButh OuOmmoreku (puc.l) yfinance-gns 3arpysku
JIAHHBIX O IIeHax akmui, humpy, pandas, matplotlib u scikit-learn-gns pabotsr ¢
JAHHBIMH W BU3yasim3anuu, a takke torch (PyTorch)-mns coznanus u oOydeHUs
HEUPOHHOM CETH.
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v ° # Ycranaenueaem HeoBxogumeie BubBnuoTerwu
!pip install yfinance
!pip install numpy pandas matplotlib scikit-learn
!pip install torch

b1

Requirement already satisfied: yfinance in /usr/local/lib/python3.10/dist-packages (0.2.51)

Requirement already satisfied: pandas»=1.3.@ in /usr/local/lib/python3.18/dist-packages (from yfinance) (2.2.2)
Requirement already satisfied: numpy»=1.16.5 in /fusr/local/lib/python3,18/dist-packages (from yfinance) (1.26.4)
Requirement already satisfied: requests»=2.31 in /usr/local/lib/python3.18/dist-packages (from yfinance) (2.32.3)
Requirement already satisfied: multitasking»=0.0.7 in /usr/local/lib/python3.10/dist-packages (from yfinance) (@.@8.11)
Requirement already satisfied: lxml»>=4.9.1 in /usr/local/lib/python3.1@/dist-packages (from yfinance) (5.3.@)

Requirement already satisfied: platformdirs»>=2.8.@ in /usr/local/lib/python3.1@/dist-packages (from yfinance) (4.3.6)
Requirement already satisfied: pytz»=2022.5 in /usr/local/lib/python3.1@/dist-packages (from yfinance) (2824.2)
Requirement already satisfied: frozendict»=2.3.4 in /usr/local/lib/python3.l@/dist-packages (from yfinance) (2.4.6)
Requirement already satisfied: peewee»=3.16.2 in /fusr/lecal/lib/python3.1@/dist-packages (from yfinance) (3.17.8)
Requirement already satisfied: beautifulsoup4>=4.11.1 in /fusr/local/lib/python3.18/dist-packages (from yfinance) (4.12.3)
Requirement already satisfied: html51lib»>=1.1 in /fusr/local/lib/python3.18/dist-packages (from yfinance) (1.1)

Requirement already satisfied: soupsieve»1.2 in /usr/local/lib/python3.18/dist-packages (from beautifulsoupd>=4.11.1->yfinance) (2.6)
Requirement already satisfied: six»=1.9 in fusr/local/lib/python3.18/dist-packages (from html5lib>=1.1->yfinance) (1.17.8)

Pucynox 1. YcranoBka Ou0ianoTex

A Takke UMIIOPTHPYEM BC€ HEOOXOoauMble OHOMMOTEKH JUIsi pabOTHI C
JTAHHBIMU, TIOCTPOCHUS MOJIEIHM U BU3yasin3aiuu (puc.2).

il ° £ WanopTvpyem BubAWoTEKM
F import torch
import torch.nn as nn
import torch.optim as optim
import numpy as np
import pandas as pd
import y*inance as yf
import matplotlib.pyplot as plt
from sklearn.preprocessing import MinMaxScaler

Pucynok 2. UmnoptupoBanue OubInoTex

[Tpoepum noctynern au GPU (rpaduyeckuii mporieccop) sl BBITTOJHCHUS
BBIYUCJIEHUH C UCT0JIb30BaHueM Oubauoteku PyTorch (puc.3), u B 3aBUCUMOCTH OT
pesyabrara omnpenenser, Ha kakoMm ycrpoiictBe (GPU wumu CPU) Oyayr
BBITIOTHSATHCS] BEIYUCIICHUSI.

v o # MNposeprem AocTynHOCTE GPU
ca if torch.cuda.is_available():
device = torch.device( cuda')
print("GPU pocTyned! Wcnonezyem:™, torch.cuda.get_device_name(@))

else:
device = torch.device( cpu’)
print|("GPU We pocTyned. Wcnonesyem CPU. "))

M|

GPU we pocTynen. Wcnonesyem CPU.

Pucynok 3. Hoctyn GPU

3arpy3uM UCTOpUYECKUE JaHHBIC O ieHaxX akiuii komnanuu Apple (AAPL) ¢
oMotk 6nbnmoteku yfinance (puc.4). Ota 6ubimoteka ucnonszyet API cepuca
Yahoo Finance — mnonymsipHO# Mm1aTHOPMBbI, MPEIOCTABISIONICH (HHAHCOBYIO
uH(dOpMaIUIO, BKIIIOUas UCTOPUUYECKHUE JaHHBIC O I[EHAX aKIUil, MHIEKCOB, BaJIIOT
U Ipyrux (rUHAHCOBBIX MHCTpYMEHTOB. Yahoo Finance coOupaeT nanHbie ¢ Oupxk
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(manpumep, NASDAQ, NYSE) u mpenocraBnser ux B yaobHOM dopmare s
ananu3a. C nmomoipto yfinance MOXHO JIETKO 3arpy3uTh JaHHBIE 32 YKa3aHHBIM
NIEPHUO/, YTOOBI UCTIONB30BATh UX JJIS aHAIM3A U 00yUYSHUS MOJICIICH.

[4] # 3arpyxaem fjaHHble O UeHax axuui Apple
ces ticker = “AAPL"
data = yf.downleoad(ticker, start="2015-281-81", end="2823-81-81")

- [:| 608 ) oy .....-:x:|] 1 af 1 CCII‘I'IFI].ETEI:]

%]

Pucynok 4. 3arpy3ka g1aHHBIX

W3BrneyeM NaHHBIE O LIEHAX 3aKpbITUS aKUUP W3 TaONMIBI, COAep Kallen
HUCTOPUYECKYI0 MH(OpMaIuio, a 3aTeM IpeoOpasyem 3TU AaHHbIE B (popMmar, rie
KaXaas 1eHa OyJeT IpeAcTaBieHa OTACIBHOM CTPOKOW. DTO MoTpedyercs miis
nanbHeime 00padotku. [locie 3Toro coznaguM HHCTPYMEHT JIJIsl HOpMaIU3aluu
JAHHBIX, KOTOPBIA NPUBEAET BCE 3HaueHWs K auanaszonHy ot 0 no 1. I[Ipumenus
HOPMAaJIN3AIMIO, YIIYUYIITUM CTa0OUIILHOCTh U CKOPOCTh 00yUeHUs Moeneit (puc.S).

# OCToENAEHM - TOALKD - CTONGEU - C - LIEHIMM - S3KDTHA

prices- =-data[ "Close" ].values.reshape(-1, -1)

# HopmManusyem- AaHHNE - (NPWBoOAM- K- AManasody- [8,-1])
cCaler- = MinMaxscaler(feature_range={2,-1})

£}

prices_scaled-=-scaler.fit_transform{prices)

Pucynok 5. I[IpeoOpazoBanuie JaHHBIX

Busyanuszupyem HopMalIM30BaHHbBIC 1IEHBI 3aKPBITHS aKIIUM B BUIE rpaduka,
4TOOBI MOYKHO OBLIIO HATJISITHO OLEHUTh UX TMHAMUKY (pHC.6).
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¥ [7] # Busogum rpaguk ueH
plt.figure(figsize=(18, 6))
plt.plot(prices_scaled)

plt.title(f Uenn akuwi {ticker

plt.xlabel("Bpema™)
plt.ylabel("Uena saxpuiTus")
plt.show()
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Pucynox 6. Buzyanuszanus

Cozgaaum QyHKIINIO

create_sequences, KOTOpasi MpeodpazyeT BpeMEHHOH

PAIl JaHHBIX B TTOCJIEI0BATENBLHOCTH (puc.7).

- [3] # dyHKUM

- def create

XS,

retu

A AnNA CO30aHAR nocnegoBaTensHOCTER
sequences(data, seq_length):

ys = [], []

i in range(len(data) - seq_length):
x = data[i:1 + seq_length]

y = data[i + seq_length]

x5 .append(x)

ys.append(y)

rn np.array(xs), np.array(ys)

Pucynok 7. @®yHKUMS U9 CO31aHUS TTOCIIEN0BATEILHOCTEN

[ToaroroBum JTaHHBIC TUIS oOy4eHus MOJICIIH: CO31a1uM
MOCJIETIOBATEILHOCTH, Pa3/eisis UX Ha 00yYaroNIyt0 U TECTOBYIO BBIOOPKH, a 3aTEM
npeoOpa3yeT gaHHbie B popmar, noaxoasamuid st PyTorch, u mepemeniaer ux Ha
BbIOpanHoe ycrpoiictBo CPU (puc.8).
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[2] # Anuna nocneposaTensHOCTH (Hanpumep, 68 goel)

i‘!ll":\

seq_length = 6@

[12] # Cospaem nocnegoBaTENLHOCTH

i! ||":\_

X, ¥y = create_sequences(prices_scaled, seq length)

(, # Paspennem gannbie na obyuamumyw w TecTosyw swbopxw

i‘!ll"-\

train_size = int(len(X) * @.8)
X_train, X_test = X[:train_size], X[train_size:]
y_train, y_test = y[:train_size], y[train_size:]

12] # Mpeobpasyem paHHeE B TeH3ops PyTorch
pasy ¥
X _train = torch.tensor(X_train, dtype=torch.float32).to(device)

i! ||‘:\_

y_train = torch.tensor(y_train, dtype=torch.float32}).to(device)
X test = torch.tensor(X_test, dtype=torch.float32).to(device)
y_test = torch.tensor(y_test, dtype=torch.float32).to(device)

Pucynoxk 8. [ToaroroBka gaHHbIX

Cozpnaet monenb LSTM (puc.9), kotopast aHamu3upyeT MOCcae0BaTeIbHOCTH
IIeH aKIMA U MPEACKa3bIBACT CICAYIONIYIO MeHy, ucrnoub3yss LSTM nis 06paboTku
JTAHHBIX ¥ TIOJIHOCBSI3HBIN CIJIOH JJIsl MOJIYYEHUSI UTOTOBOTO PE3yibTaTa.

¥ [13] # Cosgaem mogens LSTM
- class LSTMModel(nn.Module):
def _ init_ (self, input_size, hidden_size, output_size, num_layers=1):
super(LSTMModel, self)._ init_ ()
self.hidden_size = hidden_size
self.num_layers = num_layers
self.lstm = nn.LSTHM(input_size, hidden_size, num_layers, batch_first=True)
self.fc = nn.Linear(hidden_size, output_size)

def forward(self, x):
# WHHUMANM3aUMA CKpHTHIX COCTOAHHA
he = torch.zeros(self.num_layers, x.size(®), self.hidden_size).to(device)
c® = torch.zeros(self.num_layers, x.size(®), self.hidden_size).to(device)

# Npwmenaem LSTHM
out, _ = self.lstm(x, (h@, c@))

# NpumeHAeM NONHOCBASHLIA CNOW K NoCnegHemy Bwixogy LSTM

out = self.fc{out[:, -1, :])
return out

Pucynok 9. Co3ganue mogenu LSTM

Hactpoum mogens LSTM, 3agaaum ¢GyHKUIUIO TOTEpPh, ONTUMU3ATOP U
napameTpbl 00y4ueHus1, 4TOOBI MOATOTOBUTH MOJIEIIB K mporieccy oOydenus (puc.10).
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# MapameTpul Mmogenu

input_size = 1 # Pasmep BXOAHbIX A3HHLX (UEHa S3KPHITHA)
hidden_size = 5@ # Pasmep CKpuLITOro COCTOSHMA

output_size = 1 # Pa3mep BuIXOAHLX AaHHLX (NpegckasaHHas ueHa)
num_layers = 1 # KonuuecTeo cnoes LSTM

# Cosgaem mogeno
model = LSTMModel(input_size, hidden_size, output_size, num_layers).to(device)

# Onpegennem $yHKUMH MOTEPL M ONTHMW3ETOP
criterion = nn.MSELoss()
optimizer = optim.Adam({model.parameters(), lr=8.081)

# MapameTpu obydyeHuA
num_epochs = 2@
batch_size = 32

Pucynoxk 10. Hactpoiika mogenu LSTM

O6yunMm Mozaenb LSTM, koppektupys €€ mapaMeTpbl Ha OCHOBE OIIMOOK
MpeICKa3aHuid, ¥ MPOJACMOHCTPUPYEM, KaK YMEHBIAETCS OIMMNOKA TOCIIe KaKI0TO

stamna oOyuenwus (puc.11).

‘_'/__ o # 0By4eHME MOAENM
= for epoch in range(num_epochs):
model.train()
for i in range(@, len(X_train), batch_size):
# MogroToexa batua
X batch = X train[i:i + batch_size]
y_batch = y train[i:i + batch_size]

# Mpamol npoxos
outputs = model(X_batch)
loss = criterion(outputs, y_batch)

# DOpaTHHA NpPOXOA W ONTHMHUIALMA
optimizer.zero_grad()
loss.backward()
optimizer.step()

print(f"Epoch [{epoch+1}/{num epochs}], Loss: {loss.item():.4f}")

3~ Epoch [1/2@], Loss: @.8283
Epoch [2/28], Loss: @.1783
Epoch [3/2@], Loss: ©.1884
Epoch [4/2@], Loss: ©.8216
Epoch [5/2@], Loss: 8.8011
Epoch [6/28], Loss: @.8833
Epoch [7/2@], Loss: ©8.8839
Epoch [8/2@], Loss: ©.8034
Epoch [9/2@], Loss: ©.8002
Epoch [16/2@], Loss: ©.6817
Epoch [11/2@], Loss: @.@8e3
Epoch [12/2@], Loss: ©.8886
Epoch [13/2@], Loss: ©.8882
Epoch [14/2@], Loss: ©.8883
Epoch [15/2@], Loss: @.e8e2
Epoch [16/2@], Loss: @.8882
Epoch [17/2@], Loss: @.@8e2
Epoch [18/2@], Loss: @.0882
Epoch [19/2@], Loss: @.@8e2
Epoch [28/2@], Loss: ©.@@e3

Pucynok 11. O6yuenue monenu

ISSN 2414-4487



[Toctymar. 2025. Nel ISSN 2414-4487

[TporecTpyeM MOJeNIb Ha TECTOBBIX JAHHBIX, CIEjacM IpeACKa3aHus U
BEPHEM HX K MCXOJHOMY MaciiTady, 9TOObI CPaBHUTH C PEabHBIMUA 3HAUYCHUSMU
(puc.12).

¥ [12] # TecTwposaume mogenm

(= _

model.eval()

with torch.no_grad():
# MNpegcKkasaHMe Ha TECTOBLX AaHHLIX
y_pred = model(X_test).cpu().numpy()

# ObpaTHoe npecbpa3oBEHWE AEHHHX K WCXOAHOMYy MacwTaby
y_pred = scaler.inverse_transform(y_pred)
y_test_actual = scaler.inverse_transform(y_test.cpu().numpy())

Pucynok 12. TectupoBanue mozenu

C03ﬂaﬂHM Fpﬁ@HK, Ha KOTOPOM  CpaBHHBAIOTCA @aKTHHGCKHe u
MMPpCACKA3aHHbIC ICHbI aKHHfI, YTOOBI BHU3YaJIbHO OICHUTBH Ka4C€CTBO pa6OTBI MOACIIN

(puc.13).

v ° # Busyanusauua pesyneTaTos

cee plt

plt
plt
plt
plt

plt

b4

LleHa 3akpbiTus

.figure(figsize=(10, 6))
plt.
.plot(y_pred, label="NpeacxasanHbie uenn")
.title(f"Npeackasanmne uen axuwii {ticker}")
.xlabel("Bpema")

plot(y_test_actual, label="OaxTuyecxkue uens")

.ylabel("UeHa saxpeiTus")
plt.
.show()

legend()

MpepackasaHue UeH akunin AAPL
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Pucynoxk 13. Buzyanuzanus pe3yiabTaToB
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Mopenbs paboTaeT XOpomio, Tak Kak MpeICcKa3aHHbIE IIEHBI (OpaHKeBas

JUHUS) OJM3KO CIEIYIOT 3a PealbHbIMU LIEHAMU (CHHSS JIMHUA). DTO TOKA3bIBAET,
YTO MOJIEb MPABUIILHO YJIABIMBAET 3aKOHOMEPHOCTH B JIaHHBIX U JIENIAET TOYHBIC
MPOTHO3BI.
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