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Abstract. In this paper, we delve into the conceptual underpinnings of fuzzy
logic and its applicability to forecasting within the context of non-scheduled
passenger air transportation. We review relevant literature, highlighting the
limitations of traditional forecasting techniques and the rationale for adopting
a fuzzy approach. Additionally, we outline the methodology employed in
developing the proposed fuzzy forecasting model, emphasizing its adaptability
to evolving operational conditions and its potential to enhance decision-making
processes within the aviation industry. In the conducted research, a new
method of building a forecasting model using a fuzzy approach was proposed
for the time series of non-scheduled passenger air transportation with intra-
series multiplicative changes. The method is based on the use of membership
functions in the calculation of forecast values based on statistical indicators
of intra-row changes. In regular air transportation, the intra-series changes of
statistical indicators of time series are stable. On charter flights, these changes
are unstable. This is due to the strong random effects of external factors (a
sudden increase in demand for flights, economic changes, etc.) on the formation
of charter flights. For this reason, the application of models based on trend
changes does not give good enough results when building forecast models in
charter air transportation. Therefore, to solve the problem, we propose to build
the forecasting model of non-scheduled passenger air transportation using a
fuzzy approach. The researched method was checked based on the actual data
of the time series of charter flights. The obtained results were compared with
classical forecasting models (ARIMA, Fine, Medium, and Coarse SVM), and it
was noted that the results were obtained within acceptable limits.
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Forecasting Model of Non-Scheduled Passenger Air Transportation in Fuzzy Approach

Introduction

Forecasting demand for non-scheduled passenger air transportation presents unique
challenges that stem from its inherent unpredictability and the highly customized nature of
its services. Unlike scheduled air services that operate on fixed routes and timetables, non-
scheduled air transportation, such as charter flights and private jets, must adapt to variable
demand, fluctuating market conditions, and individual customer preferences. In this context,
traditional forecasting methods, which rely on historical data and assume relatively stable
demand patterns, often fall short. This is where fuzzy forecasting models come into play, offering
a more adaptable and nuanced approach to predicting future demand in an environment rife
with uncertainties.

The distinction between applying fuzzy forecasting models to non-scheduled versus
scheduled air transportation highlights their adaptability and efficiency in handling uncertainty
and variability, characteristics more prevalent in non-scheduled operations. To understand why
fuzzy forecasting models are particularly optimal for non-scheduled air transportation, let's
break down the fundamental differences between non-scheduled (charter, private flights, etc.)
and scheduled air transportation, and then dive into the attributes of fuzzy forecasting models.

« Flexibility of Operations: Non-scheduled air transportation offers a high degree of flexibility
in terms of destinations, timings, and routes. This is in contrast to scheduled air transportation,
which operates based on a fixed timetable.

e Demand Variability: Demand for non-scheduled flights can vary significantly and
unpredictably, influenced by numerous factors such as events, seasons, and individual client
needs. Scheduled flights have more predictable demand patterns, making traditional forecasting
models more applicable.

e Customization and Service: Non-scheduled services are often tailored to specific client
requirements, affecting factors such as routing, stops, and onboard services. Scheduled services
are standardized for efficiency and scale.

Fuzzy forecasting models excel in environments where data is uncertain, patterns are
complex, and traditional statistical models struggle to capture the nuances of human behaviour
and unpredictable events. These models use fuzzy logic to handle imprecision and partial truth,
making them exceptionally suited for forecasting in situations with high variability and less
historical data.

e Handling Demand Uncertainty: The inherent flexibility in demand for non-scheduled air
transportation, driven by a myriad of unpredictable factors, makes fuzzy forecasting models
ideal. These models can incorporate linguistic variables (like "high demand" or "low demand")
that are not easily quantifiable, providing more accurate and adaptable predictions.

e Customization Needs: Fuzzy models can effectively account for the wide variety of
customization in non-scheduled flights, which would be challenging for more rigid, traditional
forecasting models. By considering the fuzziness in customer preferences and requirements,
operators can better predict demand and preferences.

e Operational Flexibility: The operational flexibility required for non-scheduled air
transportation benefits from the adaptive nature of fuzzy forecasting models. These models can
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quickly adjust to new data and scenarios, essential for managing the dynamic scheduling and
routing of non-scheduled flights.

e Cost Efficiency in Uncertain Conditions: In the context of non-scheduled transportation,
where each operation might differ significantly from the last, fuzzy forecasting helps in
optimizing resource allocation, minimizing unnecessary expenditures on fuel, crew, and
maintenance, thereby enhancing cost efficiency under uncertain conditions.

It should be noted that fuzzy prediction methods apply fuzzy numbers to account for
uncertain changes in the input data.

Researchers have explored the use of Gaussian Support Vector Machines (SVM) methods
in forecasting non-scheduled passenger air transportation processes in Heydar Aliyev
International Airport. They determined that according to the results of calculations based on
different Gaussian kernel functions, the medium Gaussian SVM model provided effective results. [1]

Fuzzy time series have also been used in demand forecasting by other researchers. In this
study, they used the k-means approach, triangular fuzzy demand numbers, and weighted fuzzy
logic connections. The experiment has shown that the proposed approach gives more effective
results than other models considered in this work. [2]

Studies include fuzzy time series and gray forecasting methods applied to predict tourist
arrival demand in the United States. The researchers found that it is not necessarily necessary
to apply complex models to obtain optimal forecasting results.

The fuzzy logic and ARIMA model were compared by researchers to predict the passenger
demand of the high-speed railway of Beijing-Shanghai in China. According to the results fuzzy
logic predicts the passenger demand more accurately than the ARIMA model. [3,5]

Fuzzy time-series forecasting of tourism demand in Indonesia's Bali and Soekarno-Hatta
islands has also been studied by researchers. The authors concluded that fuzzy time series
are superior and provide optimal results compared to classical methods such as Box-Jenkins,
seasonal ARIMA, Holt Winters, and time series regression.

In order to forecast short-term passenger flow demand at Hong Kong airport, researchers
applied a combined method of singular spectrum analysis, adaptive network-based fuzzy
inference systems, and advanced particle swarm optimization. [6,7]

In another study, researchers used a fuzzy time series model to predict the number of Japanese
tourists visiting Taiwan each year. A new Fourier method was used to revise the analysis of the
residual terms of the forecasts made by the fuzzy time series model. [8]

In the following studies, fuzzy theory was combined with the SVM method. In this study, a
fuzzy rule extraction method from SVMs is presented to forecast tourism demand. [9]

The fuzzy time series (FTS) model has demonstrated an effective solution to the limitation
of predicting approximate numerical forecast values of historical data. An improved fuzzy time
series (IFTS) forecasting model using data variations has also been proposed by researchers to
effectively forecast approximate numerical forecast values of historical data. It has been found
that IFTS provides better accurate prediction results than other fuzzy SVRs.

The analyses conducted show that classical linear regression and trend models are often
unable to deal effectively with various nonlinearities, complex uncertainties, and the chaotic
behavior of observed stochastic processes. [10]
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The time series of non-scheduled air transportation is formed by the influence of a number
of external factors. When studied as a classical time series, the time series of this type of air
transportation is considered to be a complex additive or multiplicative dependence of two
limits: deterministic and stochastic. In this case, the first threshold is based on the trend model
(approximation of functions, interpolation and extrapolation methods, smoothing, etc.), and the
second threshold is based on various mathematical and stochastic methods (dispersion, factor
and correlation analysis, autoregression methods, random number modeling methods, etc.). In
many cases, the models built are limited to only known measurements and are not sufficiently
adequate because the process characteristics outside the measurements are not taken into
account during the case studies.

While fuzzy forecasting models can also benefit scheduled air transportation, especially in
handling irregularities and seasonal variations, the structured nature of scheduled services -
with extensive historical data and more predictable demand patterns — often makes traditional
forecasting methods sufficiently effective. The strengths of fuzzy forecasting models are simply
more aligned with the challenges presented by non-scheduled air transportation. The application
of fuzzy forecasting models is particularly optimal for non-scheduled air transportation due to
the high degree of uncertainty, variability in demand, and the need for operational flexibility.
These models provide a robust framework for making informed decisions in the face of
imprecise data, making them a valuable tool for improving efficiency and responsiveness in the
non-scheduled air transport sector.

In this regard, it should be noted that it is very necessary to conduct research with the
participation of fuzzy models in creating an optimal forecasting model for non-scheduled
passenger air transportation.

The methodology

The statistical indicators of the time series of non-scheduled passenger air transportation
depend on many internal and external factors, and at the same time, they are formed depending
on the political and economic situation of the country to which the airline belongs. The economic
changes taking place in the country are reflected in the non-scheduled air transportation sector
as well as in other areas. As a result, non-scheduled passenger air transportation for each
country is country-specific, which complicates the application of classical methods. The fact
that the changes are different in nature makes it difficult to apply the same classic forecast
model to all countries. With this in mind, a fuzzy approach is applied to overcome this problem.
Fuzzification of intra-line changes in non-scheduled passenger air transportation was carried
out based on the statistical indicators of the line. Fuzzification can also be applied to other
approaches, such as interval estimation, scale estimation, etc.

Another problem encountered in studies is the lack of data. This can be mainly explained by
the stagnation in the field of civil aviation due to the global pandemic situation in recent years.
On the other hand, the lack of trend changes in the time series of non-scheduled passenger
air transportation makes it difficult to think about how the process changes. Despite all these
problems, every airline that performs non-scheduled passenger air transportation has a fleet of
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aircraft that remains stable for a certain period of time and carries out transportation based on
it. This feature allows us to build forecasting models in a fuzzy approach based on actual time
series data. In the conducted research, we have implemented the construction of the time series
forecasting model of non-scheduled passenger air transportation using statistical indicators.

Solution method

Based on the supporting facts mentioned above, we propose to build a forecast model using
a fuzzy approach, using the randomness of the intra-series changes of the statistical indicators
of non- scheduled passenger air transportation to solve the problem.

Let's enter the following notation to build the model:

- n: the number of years involved in the research;

- Xt the amount of non-scheduled passenger air transportation in the j-th month of the k-th
year (i=1, n;j =1,12)

As a characteristic of intra-series changes, the increase (or decrease) factor for months is
calculated as follows:

Mkj—xj—

W~ X (k=2,n;j=1,12) (1)

In the time series calculated by the formula (1), the thresholds are positive (the case of
increases in non-scheduled passenger air transportation) (M* k].) and negative (the case
of decreases) (M~ kj). and their numbers are, respectively. It is denoted as (n*) and (n-). It is
assumed that M, is 0. In this case, the value 0 is considered in (M* k) or (M~ k) depending on
the values before and after the occurrence of this case.

The maximum, minimum, and average quantities of increase (decrease) values for the
corresponding months of the years involved in the study (MAX*(j), MIN+(j) and S%(j)) are
calculated. The absence of a positive or negative trend in any year should be taken into account
in the calculation of the mentioned indicators.

Using these calculated values, we can construct a membership function for intra-series
changes in non-scheduled passenger air transportation based on the terms "low increase" ("low
decrease"), "average increase" ("average decrease"), and "high increase" ("high decrease").

As we mentioned above, numerous factors affecting the time series of non-scheduled air
transportation lead to the fact that intra-series changes are of a fuzzy nature. Let us use the
statistical method of constructing membership functions to evaluate the terms. With this method,
it is possible to construct the membership function by taking positive signs as an increase and
negative signs as a decrease. In this case, the above-mentioned terms are respectively defined
as follows:

_ x: MIN™*(j)/little growth,S7, ) /average growth,
u+(x,]) ={ (]) g average(]) ge g } (2)

MAX™*(j)/too much growth

1) {x: MIN~(j)/little decrease, Sgyerage (j)/average decrease,

x,j) = .
# MIN~(j)/too much reduction
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Forecasting Model of Non-Scheduled Passenger Air Transportation in Fuzzy Approach

Let's determine the characteristics of intra-series changes using the above formulas. For this,
let's use the weighting coefficient of for each month, the mean square deviation, and intra-series
fractal changes during the years in which the increase or decrease characteristics of intra-series
changes were involved in the study.

+ nt M‘_f
5_— = # j=112 (3)
l 1|MlJ|
Y 4
\/ 1(M lJ) ’ j= 112 (4)
; _ (5)
+ o
Vv, = +—] ,j = 1,1
J S(;verage

Based on the base year, let's calculate the indicators for the forecast year as follows. Since the
membership function characterizes the changes in the months of all years, its product with the
weight coefficient can be used as the main indicator of the changes in the months of the years
involved in the study.

Q= (x,J) = u=(x,)) * 87(j) (6)

Let us use the numerical value of the fractal dimension of the series as arandom characteristic
of the variations within the series.

PZ(j) = o= (j) * v=(j) 7)

We can accept the numerical value of the changes from the selected base year for the forecast
year based on the formula (8):

Ree,)=Q T, )+P*(N)+(Q (x,N+P()) j=112  (8)

Thus, using the indicators of the base year (n - 1) of the time series, we determine the forecast
values for the next year. The prediction (anp) is given as the sum of the corresponding threshold and
the R(j) parameter calculated by the formula (8):

XP

nj = Xn-1j T Rj(xp—1) , j=11 )

Statistics covering the years 2020-2023 were used to build a forecasting model based on
fuzzy time series (Table 1). Based on the given statistical indicators, a forecast for 2023 is made
based on the years 2020-2022, and the results will be compared with the actual indicators of
2023.

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N24(149)/ 2024 15
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



Dashqin Nazarli

Table 1. Statistical indicators of non-scheduled passenger air transportation for 2020-2023

Months Years

2020 2021 2022 2023
January 238 135 301 470
February 162 257 367 490
March 230 769 756 886
April 298 534 492 855
May 366 527 585 932
June 433 610 340 370
July 501 557 552 495
August 569 631 565 623
September 637 599 446 475
October 749 596 425 550
November 483 609 523 746
December 584 601 465 790

Note: by the author himself

Taking 2023 as the base year, the linguistic terms of fuzzy changes were determined as a
result of the reports carried out according to formulas (1)-(2), and appropriate membership
functions were constructed. According to Table 1, the characteristics of intra-row changes were
calculated. The calculated membership function is defuzzified based on the statistical indicators
calculated according to the formulas (3)-(5), and the forecast for 2023 is given according to the
formulas (8)-(9) (Table 2).

Table 2. Forecast prices of non-scheduled passenger air transportation for 2023

Months Rj Forecast- 2023 Fact- 2023
January 14.63938 316 470
February 6.830616 374 490
March 95.53741 852 886
April 17.76326 510 855
May 24.19093 613 932
June -13.6998 326 370
July 1.018109 553 495
August -0.17134 565 623
September 38.11782 481 475
October -15.3145 409 550
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November

2.771475

525

746

December

-6.06723

458

790

Note: by the author himself

In order to compare the proposed model with models based on trend changes, reference is
made to the literature by [1], [3] (Figure 1).
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Figure 1. Comparative forecasting results of fuzzy, SVM, and ARIMA models
Note: by the author himself

In order to compare the obtained forecast results with our proposed results, let's look at the
changes in the relative error of the forecast indicators with the actual values for the selected
year (Figure 2). As can be seen from the figure, in all cases, the proposed model gives better
results than the others. The average relative error of the studied models is 15.18% for the fuzzy
method, 25.77% for the fine Gaussian SVM, 25.93% for the medium Gaussian SVM, 26.67% for
the coarse Gaussian SVM, and 30.92% for the ARIMA model.
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Figure 2. Relative error of forecast results of fuzzy, SVM, and ARIMA models based on actual
indicators

Note: by the author himself

Findings/Discussion

Non-scheduled air transportation is formed depending on many internal and external
factors. Some of these factors include the country's economic situation and social events. All
other factors are formed completely randomly. In this case, the construction of the forecasting
model is different from regular air transportation. Our research results show that the fuzzy
method is more effective and optimal than other traditional methods. This method, suitable
for the characteristics of non-scheduled air transportation, can be applied in future research
in a hybrid form or in the construction of machine learning methods. Additionally, it should
be noted that there is very little research on the forecasting of non-scheduled passenger air
transportation. Applying forecasting models here by studying the characteristics of this type of
air transportation and obtaining effective results is a scientific innovation. Other researchers
can also apply predictive models using these results as a baseline.

Conclusion

A new approach to building a fuzzy forecasting model for classical time series with intra-
series multiplicative changes is proposed. The method is based on the procedure for calculating
forecast indicators from membership functions constructed using statistical indicators of
intra- series changes in classical time series. The proposed method was applied to the time
series of non-scheduled passenger air transportation. The results obtained on the basis of the
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computational experiment were compared with the average relative error between the forecast
indicators calculated for the classical forecast models (ARIMA, SVM) and the actual indicators.
The analysis of the results revealed that the proposed model gives 10-15% better results than
the classical models.
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Jamkun HasapJisl
dsip6atixcaH aye xcoadapsiHbiy ¥ammulk aguayus akademusicsl, baky, 93ipbatixcaH

BYJIBIHFBIP TICL/IAETi TYPaKThl eMeC JKOJIayIblIap/bl 3y€ TaCbIMaJIbIHbIH, 60/Kay MOAeTi

Anpgarna. bys ckymbicTa 6i3 aHBIK eMecC JIOTMKAaHbIH KOHIENTyaJIbl HETi3[epiH >KOHEe OHBIH,
»KOCTIIApJIbl EMEC KO0JIayIbLIAp/ibl 9ye TachbiMaJibl KOHTEKCTiH/le 60/Kay YIIiH KOJIITaHy MYMKIHAITiH
KapacTblpaMbI3. bi3 gocTypJii 6osnkay aicTepiHiH eKTey/IepiH JKoHe aHbIK eMeC TACLIIi KabblIAayablH
HeTi3/1eMeCiH KepceTe OThIPHII, THICTI 91e6HUeTTep i KapacTbhipaMbl3. COHbIMEH KaTap, 6i3 60/KaM/ibl
60/KayAblH YCBIHBUIFAH MoOJesiH a3ipJjieyie KoJAJaHbLIATBbIH JJiCTeMeHiI CUMATTalMbI3, OHBIH
e3repMeJii olepalUsJIbIK KaFJanaapra GeiiMzesnyiHe oHe OHbIH, aBUANMAJIBIK WH/YCTPHUSAA IIEenliM
KabObliZay MNpOLECTEPIH »XKaKcapTyFa apHa/iFaH oaJieyeTiHe 6aca Hasap ayfapambi3. JKyprisiaren
3epTTeyJieple KaTap ilijJik MyJbTHUIJIMKATUBTIK e3repicTepi 6ap TypaKTbl eMec KoJayllblaapbl
dye TacbIMaJbIHbIH YaKbITTBIK KaTaphl YIIiH aHbIK eMecC TACiJli naiiaiaHa OThIpbIN 60/Kay MOJeTiH
KYPYAbIH, *KaHa 9/ici YChIHbLIbL. O/iC 3K0J1 ilIiJiK e3repicTepAiH CTaTUCTUKAJIBIK KOpPCETKIIITEpiHe
HeTi3zenreH 60/KaM/bIK MAHJepAi ecenTeyAe Mylledik GyHKUUsJIapAbl KOJIJaHyFa Heri3/esreH.
TypakTbel aye TacbiMaJibl Ke3iHZe YaKbITTBIK KaTapJapAblH CTaTUCTUKAJBIK KOPCETKILITepiHiH,
KaTap imijsik esrepicrepi TypakTbl. YapTepJiik pelicTepae OyJ e3repicTep Typakchi3. bys yapTepJik
pelcTepAiH KaJbIITaCyblHA CBHIPTKbl (GaKTOpJapAblH (pelcTepre CYpaHBICTBIH KEeHETTEH 6cyi,
3KOHOMMKAJIBIK 63TepicTep »koHe T.0.) KYLITi Ke3/eicoK acepsepiHe 6GailsaHbicThl. Ocbl ceGemnTi
YapTepJsiiK aBUaTackIMasZa G60/KaM/IbIK YITiIepAi Kypy Kes3iHJe TpeH/[| e3repicTepiHe HerizmesreH
y/risiepAii KoJi/laHy )KeTKIJMIKTi 2KkaKCcbl HOTHXKe 6epMeiifii. COHABIKTAH, MaceseHi 1lelly yiliH 6i3 aHbIK
eMecC TOCIIi maijasaHa OThIPHII, TYPAKThI EMEC K0JIayIbLIapAbl 9ye TAaChIMa/IbIHBIH, 00J1Kay MOJEJiH
KYPY/Zlbl YCbIHAMbI3. 3epTTeJIeTiH 9/lic YapTePJIiK pelcTep/iH YaKbITThIK KaTapblHbIH HAKThI iepeKTepi
HeTi3iHJle TeKkcepiai. AJTBIHFAH HOTHKeJiep KJIACCUKaJIbIK 60/pkay yarisepimed (ARIMA, Fine, Medium
*koHe Coarse SVM) canbICThIPbLI/bI )XoHe HOTUKeJIePAiH KoJIalibl IeKTep/le ajJibIHFaHbl aTal eTiJll.

Ty#iH ce3aep: )xocmapJibl eMec aye TacbIMaJibl, 60/Kay, aHbIK eMeC JIOTUKA, YaKbITThIK KaTapJiap/ibl
TaJ/iay, OHTaWU/Ibl MO/IeJb, KJIaCCUKAJbIK 60J1Kay MoJiesibJlepi, CTaTUCTUKANBIK Tasaay, SVM aaici, aapo
bYHKIUACHI

JawmrvH Hazapiiu
HayuoHaavbHas AsuayuonHas Akademusi AsepbatidxicaHckux AguaauHuti, baky, Azep6atioxicaH

HeueTKuii nmoAxoA K MoA€Jid IPOrHO3UPOBAHUSA HEPETYIAPHBIX IACCAXKHUPCKUX ABUANIEPEBO30K

AHHOTaI.lI/IH. B aTOM cTaThe MbI yr‘J’Iy6JIHeMCH B KOHLENITYaJIbHbI€ OCHOBBI He4yeTKOH JIOTUKH U ee
NPUMEHUMOCTDb K IPOTHO3HPOBAHHIO B KOHTEKCTE HEPETYJIAPHBIX TACCAXKUPCKHUX aBUANIEPEBO3O0K. Mb1
pacCMaTprUBa€M COOTBETCTBYIOLIYIO JIMTEPATYPY, IOAYEPKHUBAAd OTPAHUYECHNUA TPAJULIHOHHBIX METOA0B
[IPOTrHO3UPOBAHUA U 060CHOBaHHE NPpUHATHA He4YeTKOro mnoaxoza. KpOMe TOro, Mbl OIIMCbIBaeM
METOJO0JIOTHUIO, UCIIOJIb3YEMYIO IIPpU pa3pa60TKe npe,qnaraeMOI?I HeYyeTKOU MOJEJIN TPOTrHO3WPOBAHHA,
noA4YepKuBad €€ aAallTUBHOCTb K U3MEHAKINUMCA 3KCIJIyaTAJMUOHHBIM YCJIOBUAM KU €€ IMOTEHIHaJ
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Forecasting Model of Non-Scheduled Passenger Air Transportation in Fuzzy Approach

JUIS1 yIydIleHUs TPOLIECCOB MPUHSTUSA pellleHUi B aBUAllMOHHOW OTpacsu. B 3ToM HccyiejoBaHUU ObLI
npeAJioKeH HOBBIM METOJ| MOCTPOEHUs] MOJEeJU MPOTrHO3UPOBAHUS C MCIOJIb30BaHUEM HEYeTKOro
oAXo/la AJisi BPEMEHHOTO Psifia HePeryJasipHbIX MAaCCAKUPCKUX aBUANEPEBO30K C BHYTPUPSHBIMU
MYJIbTUIJINKAaTUBHBIMH BapUalMsiMu. MeTo/ OCHOBAH Ha UCMOJIb30BAHUU QYHKIIUN IPUHAAJIEKHOCTH
IpU pacyeTe MPOTHO3HBIX 3HAYEHUUM HAa OCHOBE CTATUCTUYECKUX IOKa3aTesieldl BHYTPHUPSAIOBBIX
M3MeHeHUNW. B peryasipHbiXx aBualepeBO3KaxX BHYTPUPSJOBble H3MEHEHHUS CTAaTUCTUYECKHUX
NoKa3aTesJed BpPEMEHHbIX Ps/0B YCTOWYMBBI. B 4YapTepHbIX aBUanepeBO3Kax 3TU H3MEHEHWUS
HEeYCTOWYUBBI. ITO 00YCJIOBJAEHO CUJIBHBIM CAyYallHbIM BO3/€HCTBUEM BHEIIHUX PAaKTOPOB (pe3Kuit
POCT crpoca Ha aBUalepeBO3KH, SIKOHOMHUYECKHE U3MEHEHHUs U T. /J.) Ha GOopMUPOBaHUE YapTEPHbIX
aBuarnepeBo30K. [10 3ToM NpUYKMHe UCI0b30BaHKE MO/IeJIel], 0CHOBAaHHBIX HA TPEHA0BbIX U3MEHEHUSIX,
He 1aeT JOCTaTOYHO XOPOIIUX Pe3Y/bTATOB IPU NOCTPOEHUU MO, eJIel MPOrHO3UPOBAHUS B YapTEPHBIX
aBuanepeBo3Kax. [loaToMy AJisl pelleHUs NMOCTAaBJEHHOW 3a/lauu NpejJiaraeTcs NOCTPOUTH MOJeJb
NPOTHO3UPOBAaHUS HEPETYISIPHbIX MNACCAXKUPCKUX aBUANEPEBO30OK C HCHOJIb30BAaHUEM HEYETKOrO
noaxona. Uccnenyemblil MeTo/, OblJ MPOTECTHPOBAH Ha (aKTUUYECKUX JAHHBIX BPEMEHHbIX Psi/iOB
YapTepHbIX aBUanepeBo30K. [losiyyeHHbIE pe3yJbTAaThbl ObLIM COMOCTABJIEHbl C KJACCUYECKUMH
MozesiMu porHo3upoBaHus (ARIMA, Fine, Medium u Coarse SVM), ¥ 661710 0OTMeU€EHO, YTO Pe3y/IbTaThbl
OBLIY MOJIyYEHBI B MPUEMJIEMbIX ITpe/iesiax.

KiioueBble c10Ba: HepeTy/sipHble aBUallepeBO3KY, IPOTHO3MPOBaHUe, HeUeTKasl JIOTHKa, aHaIU3
BPEMEHHBIX Psi/I0B, ONTUMa/IbHASA MO/IeJb, KJIaCCUYeCKHe MO/IeJTM TPOTHO3UPOBAHMUS, CTATUCTUYECKUH
a”asius, meton SVM, dyHKUUA s/ipa
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