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AHHOTALIUA

[lenas uccnemoBanms - pa3paboTaTh W MPOAHATU3UPOBATH (DMHAHCOBBIN TPOTHO3
BPEMEHHBIX PSJIOB C HCIONb30BaHUeM OuOimoTek Python statsmodels (momens
SARIMAX) u Prophet, 4To0b!I OlICHUTH JWHAMHKKY IIEH Ha aKuu kKommanuu Apple
¥ TIOBBICUTh TOYHOCTH TPOTHO3MPOBAHMS 3a CUET ydu€Ta TpPEHIa, CE30HHOCTH W
BHEIHUX (pakTopoB. i peainzauu UCOIb30Baachk oOMavyHas miatdopma Js
co3faHus U BbIMOIHEHUs kKojaa Ha Python Google Colab. [lomy4yennsiii pe3ynbrar
MO’KHO MCIIO0JIb30BaTh KaK yueOHOe nocoodue.
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Abstract

The purpose of the study is to develop and analyze a financial forecast of time series
using the Python libraries statsmodels (SARIMAX model) and Prophet to evaluate
the dynamics of Apple's stock prices and improve the accuracy of forecasting by
taking into account the trend, seasonality, and external factors. The study used the
Google Colab cloud platform for creating and executing Python code. The resulting
data can be used as a tutorial.
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1 BBenenue

1.1 AKTyaIbHOCTH

AHamu3 W TPOTHO3UPOBAHHWE (UHAHCOBBIX BPEMEHHBIX PSIOB HIPAIOT
KITFOUEBYIO POJIb B TPUHATHU OOOCHOBAHHBIX WHBECTHUIIMOHHBIX PEIICHUH,
VOpPaBJICHAX PUCKaMH W TUIAHUPOBAHWW JKOHOMHYCCKOW JCATEIBHOCTH. B
YCIIOBUSIX ~ BBICOKOW  BOJATHJIBHOCTH  (DMHAHCOBBIX  PBIHKOB  BO3HHKAECT
HEOOXOIMMOCTh HCTOJB30BaHUS A()PEKTUBHBIX METOJOB MPOTHO3UPOBAHUSA,
CIIOCOOHBIX YYHMTHIBATH TaKW€ OCOOCHHOCTH BPEMEHHBIX PSIIOB, KakK TPEH],
CE30HHOCTH ¥ BIIMSIHUE BHEITHUX (DAKTOPOB.
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1.2 O630p uccjenoBaHui

B. A. CenesneBa, I'. HO. YarmmeB onucanu npuMmeHeHue python B
HPKOHOMHYECKOM U cTaTUCTHUeckoM aHanuze [1]. O630p open-source 6MOIMOTEK
JUISL pelieHusl 3ajad IMPOTHO3UPOBAHUS BPEMEHHBIX psiioB mposenu E. A.
CsexonbHukoBa, B. H. ITanosckuii [2]. B. B. Anpuakos, B. A. Kpamaps nposenu
OLICHKY METOJOB MAIIIMHHOTO OOYy4YeHHUs JUIsl MPOTHO3UPOBAHUS CE30HHBIX
BpeMEHHBIX psJi0B [3]. [[puMeHMMOCTH CTATUCTUYECKUX M MAITUHHBIX MOJIEEH 115
nporHo3upoBanus nHpsmu onenunu M. A. Actpaxannesa, A. C. ['epacumos, O.
I1. Cmupnoga [4]. JI. C. LIBETKOB MOPEKOMEHIOBAJI CUCTEMBI JIJIS1 JIOTUCTUYECKHUX
KOMITaHUM [5]

1.3 lean ucciaegoBaHus

Llens uccnenoBaHusi — pa3padoOTaTh UM MPOAHAIU3UPOBATH (PUHAHCOBBIM
IIPOrHO3 BPEMCHHBIX PSAOB C MCIOJNb30BaHMeM OuOanorek Python statsmodels
(mogens SARIMAX) u Prophet, 4roObl OICHHTH AMHAMUKY LIEH Ha aKIU{
komaunuu Apple u MoBBICKTH TOYHOCTH IPOrHO3UPOBAHMS 3a CUET yuéTa TPEH.a,
CE30HHOCTU U BHENTHUX (haKTOPOB.

2 MarepuaJjbl U METObI
Jliig mpoBenieHus nccieioBaHus ucnoib3oBanach cpeaa Google Colab, s13p1k
nporpammupoBanus Python u 6ubmmorexku Prophet u statsmodels.

3 Pe3yabTaThl

Ccbuika Ha HOYTOYK:
https://colab.research.google.com/drive/1n0aPRIMINI71tJwDZX7q1fxgOLp6kDiTk
?usp=sharing.

[ToAroTOBUM aHANMMTUYECKYIO Cpely Uil paOOThl C BPEMEHHBIMU PSJIaMMU:
yCTaHOBUM OuOIMOTEeKy yfinance s 3arpy3Kd PBIHOYHBIX JaHHBIX C Yahoo
Finance, Prophet or Meta s nporHo3upoBaHHs C YYETOM CE30HHOCTU U
MIPOITYCKOB, a Takxke statsmodels ¢ e€ momuo#i Mmoaenpio SARIMAX, no3Bosisitoniei
YYUTBIBATh TPEHIbI M CE30HHBIE KoJieOanus (puc.1).

st ynoOcTtBa 00pabOTKM AaHHBIX MOJKIIOYMM pandas U numpy, a s
BU3yaliu3aly pe3yiabTaToB — matplotlib. BmecTte 3T MHCTpYMEHTHI CO3AAlOT
UJCATBHYIO SKOCHCTEMY JUIA TUIyOOKOTO aHajiu3a M TOYHOTO IMPOTHO3HPOBAHUS
(MHAHCOBBIX BPEMEHHBIX PS/IOB.
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v

° # YcraHoeka Heobxogumeix Gubnuotex
Ipip install yfinance --upgrade
Ipip install prophet --upgrade
Ipip install statsmodels

import pandas as pd

import numpy as np

import yfinance as yf

import matplotlib.pyplot as plt

from statsmodels.tsa.statespace.sarimax import SARIMAX
from prophet import Prophet

Reguirement already satisfied: multitasking»=@.8.7 in /usr/local/lib/python3.11/dist-packages (from yfinance) (©.0.11)

Requirement already satisfied: platformdirs>=2.@.8 in /usr/local/lib/python3.11/dist-packages (from yfinance) (4.3.8)

Requirement already satisfied: pytz»=2022.5 in /usr/local/lib/python3.11/dist-packages (from yfinance) (2025.2)

Requirement already satisfied: frozendict»=2.3.4 in /usr/local/lib/python3.11/dist-packages (from yfinance) (2.4.6)

Reguirement already satisfied: peewee»>=3.16.2 in /usr/local/lib/python3.11/dist-packages (from yfinance) (3.18.1)

Requirement already satisfied: beautifulsoup4>=4.11.1 in fusr/local/lib/python3.11/dist-packages (from yfinance) (4.13.4)

Requirement already satisfied: curl _cffi>=8.7 in /usr/local/lib/python3.11/dist-packages (from yfinance) (©.11.3)

Requirement already satisfied: protobuf>=3.19.8 in /usr/local/lib/python3.11/dist-packages (from yfinance) (5.29.5)

Reguirement already satisfied: websockets»>=13.8 in fusr/local/lib/python3.11/dist-packages (from yfinance) (15.8.1)

Requirement already satisfied: soupsieve>1.2 in fusr/local/lib/python3.11/dist-packages (from beautifulsoup4>=4.11.1->yfinance) (2.7)
Reguirement already satisfied: typing-extensions>=4.8.8 in /usr/local/lib/python3.11/dist-packages (from beautifulsoup4>=4.11.1->yfinance) (4.14.8)
Reguirement already satisfied: cffi»=1.12.@ in /usr/local/lib/python3.11/dist-packages (from curl_cffi>=@.7->yfinance) (1.17.1)

Requirement already satisfied: certifi>-2024.2.2 in /fusr/local/lib/python3.11/dist-packages (from curl_cffi>-8.7->yfinance) (2025.4.26)
Requirement already satisfied: python-dateutil»>=2.8.2 in /usr/local/lib/python3.11/dist-packages (from pandas>=1.3.8->yfinance) (2.9.0.poste)
Reguirement already satisfied: tzdata»=2022.7 in /usr/local/lib/python3.11/dist-packages (from pandas»=1.3.8->yfinance) (2025.2)

Requirement already satisfied: charset-normalizer<4,>=2 in /usr/local/lib/python3.11/dist-packages (from reguests>=2.31->yfinance) (3.4.2)
Requirement already satisfied: idna<4,»>=2.5 in /usr/local/lib/python3.11/dist-packages (from requests»=2.31->yfinance) (3.18)

Requirement already satisfied: urllib3<3,»>=1.21.1 in /usr/local/lib/python3.11/dist-packages (from requests>=2.31->yfinance) (2.4.9)
Reguirement already satisfied: pycparser in /fusr/local/lib/python3.11/dist-packages (from cffi>=1.12.8->curl_cffi>=8.7->yfinance) (2.22)
Requirement already satisfied: six>=1.5 in /usr/local/lib/python3.11/dist-packages (from python-dateutil»>=2.8.2->pandas>=1.3.@->yfinance) (1.17.@)
Downloading yfinance-©.2.63-py2.py3-none-any.whl (118 kB)

118.4/118.4 kB 2.1 MB/s eta @:00:00

{4

Installing collected packages: yfinance
Attempting uninstall: yfinance
Found existing installation: yfinance @.2.62
Uninstalling yfinance-8.2.62:
Successfully uninstalled yfinance-8.2.62

Successfully installed yfinance-©.2.63
Requirement already satisfied: prophet in /usr/local/lib/python3.11/dist-packages (1.1.7)
Requlr‘sment alr‘eady SEtlE'Fled (mdstanpy) 1.8. 4 in /usr‘/lu(al/llb/python3 11Id15t pa(kages (Fr‘um pruphst) (1 2 5)

Pucynox 1. VcTaHOBKa W UMIIOPTUPOBAHUE HCO6XOI[I/IMLIX OoubIMOTEK

3arpykaeM HCTOpPHYECKME JaHHble O IeHe akuuid Apple 3a 9 ner,
npeodpas3yeT ux B yJIOOHBIN opmaT ¢ yuéToM paboumux JHEH U BHIOMPAET U3 HUX
BPEMEHHOM PAJT IIEH 3aKPBITUS , KOTOPBII MOXHO MUCTIOIB30BaTh B 337aUax aHajan3a
U TIPOTHO3UPOBAHMS BPEMEHHBIX PAIOB, HAMpUMeEp, C TOMOINBIO MOJeei
SARIMAX wunu Prophet (puc.2).

- ° # 3arpysKa WCTOPWHYECKHX faHHeX N0 aKUWAM
ticker = ‘AAPL®
data = yf.download(ticker, start='2015-01-81', end='2024-81-01")
data = data.asfreq('E') # GuaHec-gHm

# Wcnone3yeMm 3akpuTHe ueHs (Close) kak ueneeyw nepeMeHHyw
ts = data["Close’]
print(ts.head())

)

<ipython-input-2-5870@3720>:3: FutureWarning: YF.download() has changed argument auto_adjust default to True
data = yf.download(ticker, start='2815-81-81", end='2024-81-01")

[rrswsssnsssnsnsnnns @O o rrensnansnsrannssssr] 1 of 1 completedTicker AAPL

Date

2015-01-02 24.288576

2015-81-85 23.604332

2015-81-86 23.606552

2015-81-07 23.937565

2015-81-08 24.857307

PucyHok 2. 3arpy3ka uCTOpUYECKUX JAHHBIX

OO0yuuM U BU3yalnu3upyeMm MporHo3 (puc.3) ¢ HMCHOJb30BaHUEM MOJEIU
SARIMAX — oagHOW W3 MOIIHBIX CTAaTUCTUYECKUX MOJEJIEH IS aHajiu3a u
MIPOTHO3UPOBAHUS BPEMEHHBIX PSAZOB C YUETOM CE30HHOCTH W TpeHma. CHadana
co3naércst mogenb SARIMAX ¢ 3amannpiMu mapamerpamu, rae order=(1,1,1)
onpenenser napameTpsl ARIMA-Monenu (aBToperpeccus, pa3HOCTb, CKOJIB3SIIEe
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cpennee), a seasonal order=(1,1,1,5)" y4uThIBaeT €KEHEIEIHHYIO CE30HHOCTH
(ms1Th pabouux AHEH B HEJEINI0). 3aTeM MOJIeh 00ydaeTcsi Ha BpEMEHHOM psJie 1IeH
3aKphITUs akiui Apple ¢ momompio Metoaa fit()', mpu 3TOM OTKJIIOUEH BBIBOJI
JoroB ¢ nomoursto napamerpa disp=False’. Tlocie oOyuenuss monenu aenaercs
nporno3 Ha 30 nHeil Bmepén ¢ momomplo Merona get forecast()’, a Takke
pacCUMTHIBAIOTCS JOBEpUTENbHBIE HHTEpBANIbI Jisi MporHo3a. Jlamee crpoutcs
rpaduk, Ha KOTOpoM oToOpaxatorcs nociaeanue 100 gHeW UCTOPUUYECKUX JaHHBIX,
MOJTYYCHHBIA TTPOTHO3 HA MECSI] BIIEPE ¥ 30HA JOBEPUTEITHLHOTO HHTEPBAJIa BOKPYT
MPOTHO3a, YTO TMO3BOJSIET BU3YAIbHO OICHUTH TUHAMUKY M HEOMPEICIEHHOCTD
IpeCKa3aHmsl.

o # Ofyuyerue SARIMAX moaenu
model_sarimax = SARIMAX(ts, order=(1,1,1), seasonal_order=i{1,1,1,5))
results_sarimax = model_sarimax.fit(disp=False)

# Nporwos Ha 3@ gHed snepen
forecast_sarimax = results_sarimax.get forecast(steps=328
pred_ci_sarimax = forecast_sarimax.conf_int(

# OCHOBHAR MONMPABKA: wcnonb3yem predicted_mean emecto predict()

predictions_sarimax = forecast_sarimax.predicted mean

# BW3yanu3auua
plt.figure({figsize=(12,6
plt.plot{ts[-10@:], label="WcTopwa (nocneanue 188 OHed)
plt.plot(predictions_sarimax, coclor='r", label='fMpornos (SARIMAX)')
plt.fill_between{pred_ci_sarimax.index,

pred_ci_sarimax.ilec[:, @],

pred_ci_sarimax.iloc[:, 1], color="pink', alpha=0.3)
plt.title( 'NporHos ¢ WCNONb3OBAHWEM SARIMAX
plt.legend()
plt.grid(True
plt.show()
el
- MporHos ¢ ucnons3oBaHnem SARIMAX
210 4 — WcTopua (necnennme 100 aHed)
= [poruHos (SARIMAX)
200 1
A,
190 1 —vxf\u
]\
f \
180 ,ﬂ/ \/\
170 \uffxf//fjﬁ
2023-09 2023-10 2023-11 2023-12 2024-01 2024-02

Pucynok 3. O0yueHue u BU3yanu3anus Iporao3a

[ToarotoBum panHbie W OoOyumMm Monaens Prophet nns mporHosupoBanus
BPEMEHHOTO psijfa IEeHbl 3akpbiTus akiuii Apple (puc.3). CHauana naHHbIE
npeoOpa3ytorcs B popmar, moaxoasmuii st Prophet: wHIEKC qaThl, MIEPEHOCUTCS
B OTJIEJIBHBIN CTOJIOCII, a CTOJIOIBI IEPEUMEHOBBIBAIOTCS B 'ds' (HaTa) u'y' (3HaueHUE
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psna). 3atem co3maércs 0o0beKT Mmojenu Prophet, B koTOphIil m00aBiISIFOTCS
npazaauynbie 1 CIIIA ¢ momombsio Meroaa add_country holidays, 4To0s1 yuectb
UX BIMSHHEC HAa JWHAMUKY BpeMEHHOro psna. Momens oOydaercs Ha
MOJITOTOBJICHHBIX JaHHBIX ¢ moMmompblo Metoma fit(). Jlamee ¢ momoripio
make future dataframe crenepupyem Oyaymiue aatel Ha 30 mHeH Brepén, mocie
4ero BHITIOJTHUM IIPOTHO3 ¢ HCToIb3oBaHueM MeToa predict(). Pesynbprar mporaosa
oToOpaxkaercst Ha rpadukax (puc. 4,5,6): mepBbIi MOKa3bIBACT OOIIMI MPOTHO3 B
CpPaBHEHUU C HCTOPUUCCKUMU JaHHBIMH, BTOPOH — KOMIIOHEHTHI BDEMEHHOTO PS/Ia,
TaK¥e Kak TPEH/I, CE30HHOCTh U BIUSHUE TIPA3THUKOB.

200

150 A

75 1

25 1

Ql

(’ # NOArcTOBKA AaHHEX ANA Prophet
df prophet = ts.reset_index()
df_prophet.columns = ['ds", 'y"']

# OByuenue mopenw Prophet

model prophet = Prophet(daily seasonality=False)

model prophet.add _country _holidays(country_name="US') # pofaBnAem npasgHHKM CWA
model prophet.fit{df_prophet)

# Cozpanue OGymywwx paT
future = model_prophet.make_future_dataframe(periods=38)
forecast = model prophet.predict(future)

# Tpaguk NpoOrHo3a

fig2 = model prophet.plot(forecast)
plt.title("nNporwos ¢ wcnono3osanwem Prophet™)
plt.grid(True)

plt.show(}

# KOMNOHEHTH TPEHAE, CE30HHOCTH W T.A4.
fig = model_prophet.plot_components(forecast)

Pucynox 3. [logrotToBka JaHHBIX U 00yUY€HUE MOJIEIN

MporHos ¢ ucnons3osaHnem Prophet

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Pucynok 4. HporHos
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Pucynox 5. IIpornos
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Pucynok 6. [Iporuos

I'padyik KOMIIOHEHTOB BPEMEHHOTO psJlia, MOCTPOSHHBIE C TOMOIIBIO
Prophet, nokaspiBatoT, yTo AaHHbIE 00JAAAIOT YETKO BBIPAKEHHBIM BOCXOISIIUM
TPEHJOM Ha MPOTSKEHUU BCEro MEpPHOJia, YTO YKA3bIBAE€T HA YCTOMYMBBIA POCT.
[Ipa3gHUKK OKa3bIBAIOT JIOKAJIbHOE BIUSHUE HA OTHEIbHBIE JHHU, BBI3bIBAS
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KpaTKOCpouHble KosieOanusi. HenenbHas C€30HHOCTh JEMOHCTPHUPYET HEOObIlNe
pazmuuus MEXAy IHAMHM HENENW, C NUKAMM B CEpPEIMHE HENEIW W CIAagoM K
BBIXOJHBIM. 1'0710Basi CE30HHOCTh UMEET UUKINYECKUN XapaKTep ¢ MAaKCUMYMOM B
CEHTSI0pe—OKTA0pEe U MMHUMYMOM B SIHBApE, YTO CBUAETEIBCTBYET O PETYIISIPHBIX
€XKEroJIHbIX KosieOaHusaxX. OOImuii aHanu3 KOMIIOHEHTOB ITO3BOJISIET IIy0KE MOHSTh
CTPYKTYPY JaHHBIX U HOBBICUTh TOYHOCTH IIPOIHO3UPOBAHMS 3a CUET yd€Ta BCEX
(akTOpOB — TpeH/a, CE30HHOCTU U BHEIIHUX COOBITUH.

CpaBHEHHE METOJIOB POTHO3UPOBAHUS BPEMEHHOTO Psi/ia C UCIIOIb30BAHUEM
SARIMAX u Prophet mokaspiBaeT pa3iuyusi B MOAXOAaX K aHANU3Y JaHHBIX, a
Tak)Ke B TOYHOCTU U MHTEpHpeTupyeMocTu pe3ynbratoB. SARIMAX s>¢dextuBen
JUTs1 0230BOI0 MPOTHO3UPOBAHUS C IBHO BBIPAKEHHBIM TPEHJOM U CE30HHOCTBIO, HO
TpebyeT Oousbmieli HacTpoiiku. Prophet mpemmaraer Oosiee TIyOOKWi aHamu3,
aBTOMATUYECKH BBISIBIISAS TPEH, CE30HHOCTh M BHEIIHUE (DAKTOPHI, UTO JENAET €T0
0oJee MOAXOIAUINM ISl peaibHbIX JaHHBIX C KOMIIJIEKCHBIMU MATTEPHAMMU.
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