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Annotatsiya. Ushbu maqgolada vagtga bog‘liq ma’lumotlar asosida bashoratlash
masalalarini neyron to ‘rlari yordamida yechish imkoniyatlari ko ‘rib chigilgan. Tadgiqotda
MATLAB dasturiy muhiti asosiy vosita sifatida tanlanib, uning sun’iy neyron tarmogqlar
bilan ishlashga oid kutubxonalari orgali vaqt seriyasi prognozlash modellari qurildi.
Aynigsa, LSTM va boshga rekurrent neyron tarmoqlar asosida yaratilgan modellar
yordamida vaqt bo ‘yicha bashoratlarning aniqligi tahlil gilindi. Eksperimentlar shuni
ko ‘rsatadiki, MATLAB muhiti neyron tarmoq arxitekturalarini oson sozlash, o ‘qitish va
natijalarni vizual tahlil gilish imkoniyatlarini tagdim etadi. Magolada amaliy misollar
orqali bashorat sifatini baholash ko ‘rsatkichlari va model samaradorligi keltirilgan.

Kalit so‘zlar: Vaqt seriyasi, neyron tarmoqglar, MATLAB, bashoratlash, LSTM,
rekurrent neyron tarmoq, prognozlash aniqligi, sun’iy intellekt, algoritm samaradorligi,
ma’lumotlar tahlili.

Annotation. This article explores the possibilities of solving forecasting problems based
on time-dependent data using neural networks. In the study, the MATLAB software
environment was selected as the primary tool, and models for time series forecasting were
built using its neural network libraries. Particular attention is given to models based on
LSTM and other recurrent neural networks to analyze the accuracy of time-based
predictions. Experimental results show that the MATLAB environment provides convenient
tools for configuring neural network architectures, training them, and visually analyzing the
outcomes. The article also presents performance indicators and model efficiency
assessments through practical examples.

Keywords: time series, neural networks, MATLAB, forecasting, LSTM, recurrent neural
network, prediction accuracy, artificial intelligence, algorithm efficiency, data analysis.

AHHOTaNUA. B OanHolU cmamve paccmMampu8aomcsi 03MONCHOCMU peuleHUs 3a0ay
NPOCHO3UPOBAHUA HA OCHOBE BPDEMEHHLIX OAHHBIX C UCNONIL308AHUEM Heiip0HHblx cemeul. B
Kauecmee OCHOBHOU NIAMGPOPMbL 8 UCCIe008aHUU ObLld BbIOPAHA NPOCPAMMHAL Cpeod
MATLAB, 6 Komopou ¢ npumeHeHuem BCMPOEHHbIX Oubauomex O0as pabomuvl ¢
UCKYCCMEBEHHbIMU HeﬁPOHHblMu cemamu OvLIu nocmpoenvl Mooenu NpPOcHO3UPOBAaAHUA
spemenHvlx psioos. Ocoboe sHuMaHue yoeneno mooensim, ocHogannvim Ha LSTM u opyeux
PEKYPPEHMHBIX HeﬁPOHHblx cemsx, C yenvio anaiuza movyHocmu NpPOcHO3086.
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Oxcnepumenmanvhvie pesyibmamvl nokaszviearom, umo cpeoa MATLAB npedocmasnsem
YOOOHbIe UHCMPYMEHMbL OISl HACMPOUKU APXUMeKMmMypbl HEUPOHHLIX cemell, ux 00yyeHus u
BU3YANLHO20 AHANU3A NOJYYEHHBIX pe3yabmamos. B cmamwve makoice npedcmasieHvl
noKazamenu OYeHKU Kauecmeda npocHo308 u d¢hgekmusnocmu mooenet Ha npakmudecKux
npumepax.

KuroueBble ciioBa: gpemenusie psaowi, Hetipounvie cemu, MATLAB, npoecno3uposanue,
LSTM, pexyppenmnas HeupoHuas cemv, MOYHOCMb NPOSHO3A, UCKYCCMBEHHbIU UHMEILLEKN,
aghghexmusnocmo aneopumma, aHAIU3 OAHHBIX.

Kirish. Neyron to‘rlari yordamida timsollarni tanib olish, ob'ektlarni sinflarga ajratish,
muvofiglashgan boshgaruv, approksimasiya masalalari, bashoratlash, ekspert tizimlarini
yaratish, assosiativ xotirani tashkil etish kabi masalalar yechiladi. Neyron to‘rlari vaqt
bo‘yicha bashoratlash masalalarini yechishda ham anchayin samarali xisoblanadi.

Vagt bo‘yicha bashoratlash masalasini umumiy ko‘rinishi quydagicha: Bizga o‘tgan teng
vagqtlar oralig‘ida obektdan olingan y natija vektori

Vaqt bo‘yicha bashoratlash masalasini kirish ma'lumotlariga qarab quydagi turlarga
ajratiladi va xar birini yechish uchun turlicha modeldagi neyron to‘ridan foydalaniladi.

1.Nonlinear autoregressive with external input (NARX Tashqgi Kirishlar bilan
chizigsiz avtoregressiv). Buning matematik ko‘rinishi quydagicha

y(®) = f(y(t—1), .., y(t—d), x(t-1), ..., (t—d))

(1)

bu yerda x(t) va y(t) oldindan vaqt bo‘yicha olingan tajriba ma'lumotlari.

Bunday vaqt bo‘yicha bashoratlash masalalari uchun ishlatiladigan neyron to‘ri modeli
NARXnet deb xam yuritiladi, lekin u aslida ko‘p gatlamli to‘g‘ri tagsimlangan neyron
to‘rining xususiy xoli xolos. Bu neyron to‘rining ko‘rinishi quydagicha:

x(t) Hidden Layer with Delays

Bu modelning boshqga neyron to‘ri modellaridan farqli jixati shundaki, o‘qitish
jarayonida natijaviy chigish vektoridan yana o‘qitishda foydalanigidir.
I
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2. Nonlinear autoregressive(NAR Chizigsiz avtoregressiv). Bunda fagatginga y(t)
ko‘rinishidagi tajriba asosida olingan chigish vektori beriladi va shu asosda bashoratlashni
amalga oshirish talab etiladi. Buning matematik ko‘rinishi quydagicha

y() =f(y(t-1), ..., y(t-d)), )

bu yerda y(t) natijalar vektori bo‘lib, oldingi tajribalar yordamida shakllantriladi
va bunday vaziyat uchun quriladigan neyron to‘ri ko‘rinishi quylagicha.

Hidden Layer with Delays Output Layer

1. Nonlinear Input-Output(NIO). Bunda tajriba asosida olingan x(t) kirish vektori va
u(t) natijalar vektori berilgan bo‘ladi. Bu xuddi NARX ga o‘xshash lekin farqli tarafi
olingan natijalardan o‘qitishda foydalanmaydi.

Hidden Layer with Delays Output Layer

3. Tajriba ma'lumotlari.

Tajriba sifatida Venesiya shaxridagi Lagun daryosi suvi satxini ko‘tarilish va
tushishini prognozlash masalasini yuqoridagi neyron to‘ri modellari yordamida yechishni
garaylik. Bizda daryo satxining balandliklari xagidagi 1990-1995 yillardagi xar bir soatdagi
daryo satxi xaqidagi ma'luot berilgan. Biz bu 43800 ta ma'lumotdan neyron to‘rini
o‘qitishda xatoliklarni gayta tagsimlash metodining Levenberg —Marquardt o‘qitish
algoritmidan foydalanamiz.

4. Xisoblash.
4.1 NARX net bilan bashrotlash natijalari.
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x(t) Hidden Layer with Delays
) Output Layer
24
y(®)
1
NARX tipidagi neyron to‘ri strukturasi
O‘qitishdagi o‘rtacha kvadratik xatolik
MSE ” 4.20161e-0
R 9.97184e-1
Testlash natijalari.
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4.2NAR net bilan bashrotlash natijalari.
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y(®
1
NAR tipidagi neyron to‘ri strukturasi
O‘qitishdagi o‘rtacha kvadratik xatolik.
@& Test Network
MSE 12.78502e-0
R 9.92070e-1
Testlash natijalari.
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Hidden Layer with Delays Output Layer

x(t)

10 1

NIO tipidagi neyron to‘ri strukturasi.

O‘qitishdagi o‘rtacha kvadratik xatolik.

&9 Test Network

=] MsE 4.26194e-0
R 9.97143e-1

Testlash natijalari.

Response of Output Element 1 for Time Soctes 1
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Xulosa. Bu uchala neyron to‘ri modellarini o‘qitishda xatoliklarni teskari tarqatish
algoritmidan foydalaniladi. Xulosa gilib aytganda yugidagi neyron to‘ri modellaridan
foydalanib birja kotirovkalari, valyuta kurslari, ishlab chigarish jarayonlari, energetika
soxasidagi talablar o‘zgarishi kabi masalalarni bashoratlash va samarali natijalar olish
mumkin.
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