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GHoBAoL, sbzgbgdoLs s Asl3obdamdol dgbgxdgbdo

AMOHOLEGHYEOo 30B0GJOOL 06030l 3MMYbmMBoMYds BmGOYL
(3m03900L g33myggbgdoo

0DMEEs bslisos

izolda.khasaia@atsu.edu.ge

056565 JmddmGodg

manana.chumburidze@atsu.edu.ge

53530 §9Mgmols bsbgadfonm »boggmliodgdo
J95L0, Logdsmzgem

bs3H®IIo  3obboereyemos  bodo®mggermdo  Lsg®Homsdemmobm  dma bsm®ndol
3000(®9d0L  3sb300056980lL,  Bgbogbgool  3HMmybmbBoMmgdol  bszombgdo.

09002005356909¢m05,  H9Hobdew 3obbgbdo HE9bomeo dm©Yegdol s39gdol,
sbsgro  dogmds  9Jb3mbgboscri®o  igerIg9d0ls s  RGogl  df3MO3005
300mg9bgdom. as6boeremos 3006360 9B o Gsgsemomgdo HHOBIoL bygdmdo.
B3®s090:1c005 BHM9boryero s65¢r0bBo o F9Rsbgdeanos 8mbsggdos s3Gmdlodszool
0539690900 dm399-9cm0 dmogerol 306mE90do.

bsggsbdm bodgggdo: 5Gogl  df36030,  9gb3mbbrosCrGo g ™398s,
336 mglodsgool 85639698¢m9d0, HE9bo.

gbagso. &@0Bao, g3mbmdozol ghom—-gMmo 9603369 mgs60 0o
Q5 §otm3Mo9bL M obsdo® LolEdsl. sLgmo LolGgdgdol dglfoges
g3 Fobo bon®090mgds Jsmgdad 03 Imgeo®gdols godmygbgdoo.
930bmdozgmmo  LobEgdol  Ji3930L  FomgdoBozm®mo  dmguomgds  bbgs
30@aMA9d0Lsgeb  2oblb3s39d0m oM  ImoMbMaL  ©sTsBHIO0m  BoBBLE
QBsboMRGOL, 2o 53dols, bl  3MMdGIOl  BMOISE0DIdLL. gl
39L53gdgl bEOL F5009ToBH0 M0 535M5E 0L godmygbgdsl sbsgrobolimgzol,
OMIGoE 9 9MHOL odM30IdIMo MmdOgIBOL L39E0R03ME dbgdsbY.
LolEBgdob gmBJomboMgdols yzges Jglsdarm 35Mm0sBEOL gobboegs stols
d9L5degdgeo dobs IMgEBg s M3E0ToyMol JgMbgzs.

3MMABMBoMIdOL 5dmEsbsg  9®OL  bs3zargz0 MdOgdEOL dmdsgerols
39ML399dBH03900L  AsdM3gbs  Logddosbmdol  Mgogrmo  3GMmEgLlgdols
Lo3ydzgeBy.  M3EGH0ToMo  BHYbgbEogdols s  3gML3gJEH039d0L
99999853905 9909600 3Mmabmbol s FoEgdIo A5Y39B0wgdol
99535900 Qom3zscmolfjobgdoom.

dgomeol Bglsbgd. Mbs 500boBML, MM FHMHoBIol 3MMmEgLgdOL
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3MEYoMgdsdo s 3OHMABMBOL FolLowgds® godmoygbgds oM BoM™O,
5QI3BHOMEMO O FMEGH03W03ZOG0VMO,  Mo0IbEWIMmo,  MHgaMglomwo
@5 Ubgs  dmegegdo, dog™ed  Go@advwo  356539GMYOoL  Igi3aligds
L5305m@ MM (FgEoMgd0m FoMEH0300 MIFMIGLOMIO AobEMEgdgdOL
35M5393MgdOL 3mgbs) (bolivos 2014: 193-195).

6530 3dF0 Q6bO @05 OHMomo 33003900l 3OHMYBMBOMGdS B3Ol
GM9bol  dmEgaol!  asdmygbgdom  Lododmggermdo  LagMmsdmmolim
AmaBomOHdOL  30D0EIOOL  gobgomomgdols  Bgbgbool  dspswromby.
a9bbomo  OHmomo  3f3M03900L  3OMABMBoMGdoL  doymdol
0530890Mgds  IEAMIMIMOL 03580, MHMI  3OMPBMBoMGds  bgds
R}MOHogLb  IF3M035©  ©sdol  3mgR03096GId0m.  JoEgdMEo  FMEMOIL
3M9B030Y6GHI00m bgds  Mibmdo BMbd00l  sgds s bgds dobo
36083690mdgdol  30Mmabmbo  d90@gy  39MHOMEDBY. Y39 2odmm3ES
A9Mgds Excel-do.

bo33ang3 AP3M03L sbalosmgdly Hmym® Lgbmbmmmds obyg 3bgbEoss,
5990056 godmdobatyg LsFomms mmomo (30030l Fobolfstro yotmesddbs
99b3MB9bEos MO oa3qdol  dgommeol  (Excel/ Date Analysis -
Exponential Smoothing) @s3mygbgdoom (Makridakis 1982). gl @®momo
3P3m030L 300093 EH0MIBOL Lsdrgoagdsls 0darg3zs, BHM9bOLs s BabEHMAGdOL
39M939.  9Ju3MBIBEOS MO ORW3gdOL  FgoOMPO  0M35eolHobdL
15330930 3H3M030L MMAMOE LYBMBYOHMBL 0l BgbbELSE.

©0bsdom®mo  H3M03500L  SBsoBHozMMo  2odstEH039d00  bgds
23903390 3ol - BHMIBOL  gobBHmemadols  saqds, GmAgwos
30393530 399M5© BNUEHO® 0™l IMzwgbols 2obgomeMgdols Fgbwgbosls
©@O™do. dsb39690ol  MBYgdIOL  (33e0gdol  sMfigms  Fgladergdgeos

QOOMOMO 53BJ300L A53MmYgbgdom. 565¢0E0IMMO ORE)39d0L FgmMO,
3m3egbols gi30Lgdol,  Fomgds@03Ms© sOFHIMOLs s 3MMABMBOMIdOL

d9L5degdEMBL 0dEng3o.

©obsdom  Af3Mogdo  Lgbmbm@o  Mbgzgdom  3HMABMbBoMmgdOL;m30L
bdo®Mo 005396 3men@-306¢3 gLl (Batyprn 2018), dcmd®ogo Lsdrgsemls
3900mEL. B3gbl dgdmbgzgzedo as630b0wsgm 965E0EH0ZMM IRM39dL
03e0ogL 9536003900 25dmygbgdoom.

dgomol  sgmdbgds. MgmMors  BgdoLdoto  LBsEomBswviMo
QOMO0m0 IF3MH030 (96 459h60s Fgbgb30s) G90dangds 0gmb Fomdmegqgbowo
ROHOYL GHM0aMbmIgE®omwo 330030l Lobom (3MmEdmam®mgo  ...1976:

390): v, = ¥, + 22, (a, cos w;t + b; sin w;t)

' BM960ob dmogeo gfmgds obsdow™mo 3530030 3563000MgdOL b gbE0ol godmbiabgsls
1533930 356396900L WMMOL 1396300l Lobom (I'pexora ... 2014).
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94395 BHMoaMmbmdgBH®moen IM535wfqzml dmMol, dmEgdreo LogMdoom
ROHOgL AH3OH030L bsfomdMmogo xs80, 0danggzs y(t) 53bd00l boryzgomgliem
03MmmgLodsEosl  (3medmam®mgo ... 1976 391-392). gl @a35de93L
bog3dzgel, FoMImzsA0bmo Lszzargzo mmomo Af3Mo30 (GHGMoBddo
30 GmyméE Fabo Lo33wg3 Mmom 3[3MH0370L 59300 LEliB¥Eo Loy™dg)
33009l BHOORMbMIYEHOME0 8‘636)0301) 65‘60@0&66030 X590l Lobood:

y(t) =ay+ Z a; cos Ly b; sinﬂ)
i=1

Lo,
V=a, -bodmon, a;,b; -1Ebmdo 355393H®gd0, N @®momo
af3m030L  Loa®mdgs s> n=N/2 (35M3mbogqdoly/
FgL53MgdgOOL  MoMmIBMds Mbs oyml  Mmomo  3F3Mo30L  Log™mdgbg
mOx 9O Bs3egdo), t=1,2,...,N. 5306086m» w;t = %t =T, 05306
T Zntt 12N T = 021'[47'5 21'[(N—1)
= — = - P
N 7 N'N’ N
530 309O0YMIM 2obEHMEIGdL:

y(@) = ag + X (a;cosit + b, sinit), t=0,— 2w dm | 2oNTD

NN N

50 396FM@gdOL 3oMsdgBHMadol goblisBrgMs bmMEogarads dEoMmgl
335G Igomeoo (Hupyxun 2014).

900 356:3mb0o3ol (dglsgMgdols) Ggdmbgg3sdo 30gdwemdo:
21 47‘[ 27T(N -1
N'N’ N

d9L50530L0 A9BEHMEGdsMS LObEGIoL sdmbLbom Jnogz0Lgdom:
22:zn(z\l 1)/N 22:zn(N 1)/N

V¢ = ay + a,cost + bysint, t=0—

yecost yesint

a = ~ b, = ~

9b5EMa0mMo 2 350Imbo3ol Ggdmbggzobomgml 30300900 qLsdsdolo
2396 magdsms LobiEgdol sdmblboom:

211:(N 1)/N zn(N 1)/N

2% V¢ cos2t 2% yesin2t
a; = b, =
N N
Q5 5.9.
Zzzn(N 1)/Ny coskt 222”(1\] 1)/Ny sinkt
ap = N bk N

239630bomm LogMmsdmEMOLM dmaBsMHdOL 30D0EJOO 335MEWGdOL
dobggoom 2016-2021 .
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adGoEo 1. bsghosdmbobe degbsrBgdob 300000 , 2016-2021 §F.

339M@ 50

Beamgdo IT III v
2016 1254855 1550801 2,370,566 1543753
2017 1378097 1757025 2969923 1797464
2018 1582382 1979579 3226416 1891167
2019 1617548 2244896 3375116 2120404
2020 233479 114119 150320 149582
2021 134,712 | 351,302 0 0

§igo6ex: bogoGoggmmb GHob3ol gHhmgbemo sdobolihMmsgool 33egagdo
(1,2021).

293539000 2021 {erols Imdg36m III s IV 335603 sdo Laghmsdm®obm
Amgbommadoll  30D0@GHdOL  3OmabmBo  fobs  fergdol  dmbsigdgdbg
Q5YMHbMdO.

M0 Mmoo  AfF3OH03L, sbolosmgdl LeBMbYMMd, Tog™sd oM
5MoL  LBOEOMbIEMMO  (sbSLDLMGOL  Bgbb(30s). IM35bObmo  dolio
9J3mbgBE0s MO AsT5MFH0390s  (00035¢0LFoBYdL  Lszgamgzo  IF3GMOZ30L
OMAMO3 LygBMbYOHMBL obyg BH9bwgbaostsg),
5395 BOHOIL BHEMYbOL dmegeo.

006005,  SBoeo@0gMMo  oge3gdol  30M3gwo  Badoxos,
3500995303100 BMbdEool  FgmPg3s, MMl asdmygbadom  bogds
AM9MBOL ol 52905 (3bgerddmzs69mmdo gddomovyano Imba3gdgdols
3M533030m).

Excel- obs 0bL@®Mmwdg6@Estogdols ( Date Analysis - Exponential Smoothing)
259mygbgdom 030090 o390y dF3MogL (Y, @gb®owo 3) s
Q053M535Bg 1533093 o Y390 AFIM0390L (0b. Oooa®msds 1).
af3Mm030L oaw39d0L 3mgn303096EOL 360d36gmMmds (oo 360dZzbgEmds
5Mob 0- ob 1- 9y s 0MBg3L d33wg3560) (StatSoft, Inc. (2012). Anamus
BpeMeHHBIX pszioB). B396L 99dmbggzsdo k=0.3,

dogdro df3Mmoz0bm3zol
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Exponential Smoothing
4000000
g
@E g F '} %
& B 2000000 108 o WA VS SN
s§ 9 = j —— Actual
by
\E £ ég 0 11T =94 s Forecast
&7 12345678 9101112131415161718192021
33>60egpo

©053M535 1. gJudmbgBgosmGo @ipmMagds.

P30bL 9gdonbggzsdo N=22, t - Mmool dsB39690go 0E3wgds 0 ©sb
doxoom 21/N, g.0. t=0, 21/N, ..., 2m(N-1)/N (25003 gddo 458m0ygbgds t-ls
50560 36093690 md9d0).

2399mm3ado  gumogb  IF3M030L  3oMmIMB03gdolL  (gLs3Mgdgd0)
306539BHMgdoL Ladmgbgmwo Bogo@stmm Excel-do s dgogao Bogfgtmmon
3b®odo (sbMogo 2.)

bg0mo dmyzeboo Bm®mIMgdols s dg-2 3bMowrols dmbsigdgdols
398094969000 259335 Mo 356539BHMYO0 (bOHOWO 3):

GbGOwo 3. 3563mBoz0l 3563398 Ggdo
a0= y =1536068

al bl a2 b2 a3 b3 a4 b4

-748650.13 | 516194.01 |117067.81 | 547691.56 | 281741.70 | 55596.62 | -55769.98 |-30952.21

80090990 8mbs3gdgdol LaggdzgeBY 30IOMEMB Bl A[IO039dL
1 356H3mbogom yt(1)=a0 +a,cost+b sint, t=0, w/11, 2 w/11,..., mw(N-1)/N, N=22

M0 350mbogom y (2)=a, + a,cost+b sint+a,cos2t+b,sin2t t=0, /11, 2
w/11,..., T(N-1)/N, N=22 0 5. 3. (0b. gbGoo 4)
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©53500b6mm MmIger 3F36003L (1,2,3 ooy 4 3o6:3mbozom) 593l mdiotMgbio
Rod@omemo  360336gemdIBOOL  2oIbMS  2odMMZWOMOYsb.  SFoLOMZ0L

398m30949bmo  ©gBHgM30bs3ool  3m9n03096G0, OGMIgEoE A9TMOM3Egds
ROOHINom (boloos 2014: 198-199):

y?2 Logosg )
, S —9?
¥ N

903009, MM Lory3gmglms 3F3OH030 MbO 3omHdMbogom, 306506 dolo
@IAIHF0BGo0L 3m9B0E0963R0 Y30wsBy Bowewos (FbGowo 4.) R = 0.78.
[5, 3093™39,... 2004, 2]

0990056 259mI0batg, BM@ogl 3F3M03L, HMBgwoa Lovzgmgbma sfig®l
36MmEgLL, o93L gdgao Lobg:

4

vV =dag +Z{az— cosit+ b; sinit )

i=1

00 29B6FMWgdom godmzgmzacmm dm3g3bm 335MEHdOL LadMmabmBm
360936gcmmdgdo 2021 ool  III s IV 3gsd@Hwol  (t=6.280 - 99-3
339MGobmz0l s t=6.565 39-4 335OEOLM3Z0U, 0b. 3bGOO 4).

0595L5053g, 78% LoBMLEOm Fga30deos godzom, Mdmd III 335G @Eswdo
Lodommggemdo 0dbgds 842235 LogMmsdm®obm 30Bo@m®mo, bmwwm IV -
1396858 300E™Mo.

313365, 5900, BodMMITo Jogdrymos  BHIMHOLEHWWO 30BOGEHIdOL
065300 3MHMEgLYdOL  M3FH0TowMHo JoM3ol  Imgo. wIEoMgL
3390MoBH™Ms  IgoOMm@OL  253mygbadom, IGuMEgdME0s  356M53GEOVICO
obooBo,  9y9deos  GHGobEGmo  Bogool  3MmybmBomgdol
5EMMHOMIYO0, Imy356005 3MB3IMYE IO Boddw0mgdo, LogMmsdmemolim
M BoOHdoL 30D0Egd0l 2016-2021 Fergdols Imbs3099dBg syMbmdoo.

330935 Bo@o®gdyemos gdudmbgbEoswvto ogggdol dgomols s
a3ogl IF3OH0ms gm0l A5dmygbgdom. FgImmogsHgdEo IGNM©O
MBOHMB39wymal dmbsgdms 93MHMJLoTsEools s d3MMAbmbBoMmGdOL Jowow
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The paper discusses the issues of development of international travelers' visits to
Georgia and trend forecasting. A new approach to building trending models in the tourism
business using exponential smoothing and Fourier series is proposed. Specific examples
in the field of tourism are discussed. Trend analysis is performed and data approximation

rates are evaluated under the conditions of the given model.
Keywords: fourier series; exponential smoothing; approximation rates; trend.

Introduction. Tourism is one of the most important sectors of the economy
and is a complex dynamic system. The study of such systems is usually carried
out using mathematical modeling. Mathematical modeling of the behavior of the
economic system, unlike other approaches, does not require additional financial
costs, in addition, it formalizes the problem. This makes it possible to use a
mathematical technics for analysis that does not depend on the specific nature
of the object. It is possible to discuss all possible options for the operation of the
system on its model and select the optimal one.

The task of forecasting is also to identify the future prospects of the research
object based on the actual processes of the activity. To develop optimal trends
and prospects based on the forecast and evaluation of the decisions.

About the method. There are diffusion, adaptive and multiplicative, gradient,
regression and other models used in modeling and forecasting tourism processes,
but it is difficult to evaluate recieved parameters (it is easy to find the parameters
of regression equations) (Khasaia).

The paper discusses the prediction of series using the Fourier Trend model
on the example of trend of developing international travelers’ visits to Georgia.
The peculiarity of the time series prediction approach lies in the fact that the
prediction is made by Fourier series coefficients. With the obtained Fourier
coefficients an unknown function is constructed and its values are predicted for
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the next period. All calculations are performed in Excel.

The study sequence is characterized by both seasonality and trend,
therefore it is necessary to estimate series by using the exponential smoothing
method (Excel/ Date Analysis - Exponential Smoothing) (Makridakis). The
exponential smoothing method takes into account both the seasonality and the
trend of the study series.

Analytical simplification of dynamic sequences builds a certain model - the
trend equation, which mathematically accurately describes the trend of the event
over time. A change in indicator levels can be described using the time function.
Analytical smoothing method allows to evaluate, mathematically describe and
predict an event. Holt Winter’s is often used to predict seasonal fluctuations in
the dynamic range. (barypun A.), The moving average method. In our case we
consider analytical smoothing using Fourier series.

Establish the method. Theoretically any stationary series can be represented
as a Fourier trigonometric series (Kolmogorov ...):

Ve =V + X2, (a;cosw;t + b, sin w;t)

Make a forecast of international travel visits in the next III and IV quarters of
2021 based on data from previous years.

A given time series is characterized by seasonality but is not stationary
(characterized by a trend). To simplify it exponentially (taking into account both
the seasonality and the trend of the study series), build a Fourier Trend model for
the obtained series.

Thus, the first step in analytical smoothing is to select a mathematical function

Among all trigonometric polynomials, the partial sum of the Fourier series of a
given length gives the best approximation of the function y (t) (Kolmogorov ...).
This gives us a basis to present the study time series (in tourism, the study time
series usually have a finite length) as a partial sum of the Fourier trigonometric

series:
n it it
y(t) =ay+ Z ) (ai cos—~ + b; sinT),
l=
where,

- average, a; , b; - unknown parameters, N is the length of the

¥ = Qg time series andn=N/2 (Number of harmonics / assemblies must be
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less than twice the length of the timeline), t=1,2,...,N. Let us w;t = % t =iT,

then
T Zntt 12 N oT 027‘[ 41 2n(N —1)
=—tt= e N >T=0—,—,..,———
N 7 " N'N N
Thus we get the equation:
y() = ag + X (a;cosit + b, sinit), tzo,%,%, w

The parameters of this equation are determined by the squares method

(Yupyxun).
In case of one harmonic we get:

) 2m 4m 2n(N — 1)
V¢ = ay + a,cost + bysint, t= O’W'W' T T
By solving the system of corresponding equations we get:
o = ZZ?ZSN_ll)V/NthOSt bl _ ZZ?ZSN_z/NytSint

Similarly, for the case of 2 harmonics, we obtain the solution of the

corresponding system of equations:

2m(N-1)/N

V¢ OS2t

2y
az — t=0

And oth.

t=o0

B 2227_:(1\1—1)/1\1

N

V¢ coskt

ag

N

2m(N—-1)/N
=0

yesin2t

bz = Zzt_

by

N

221271(1\1—1)/1\1

t=0

yesinkt

N

Consider the visits of international travelers by quarters in 2016-2021.

Table 1. Visits of international travelers, 2016-2021

_ quarter

years I I 11 v
2016 1254855 | 1550801 | 2,370,566 | 1543753
2017 1378097 | 1757025 | 2969923 | 1797464
2018 1582382 | 1979579 | 3226416 | 1891167
2019 1617548 | 2244896 | 3375116 | 2120404
2020 233479 | 114119 150320 149582
2021 134,712 | 351,302 0 0

Source: Studies of the Georgian National Tourism Administration (1, 2021).
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that is used to build a trend model (guided by a graph of empirical data)

Excels tools (Date Analysis - Exponential Smoothing ) Using we get the
smoothed row (y’, Table 3) and the study and smoothed rows on the diagram (see
Diagram 1). The value of the smoothing coefficient of the row (its value is from
0 to 1 and is chosen by the researcher) (StatSoft, Inc. 2012. Axanu3 BpeMeHHBIX
PSIOB).

In our case k = 0.3,

Exponential Smoothing

4000000 —
3000000 -
2000000 -
1000000 -

0

Visits

== Actual

. %y B=Bem=fl —E—Forecast
1224567 8 9101112131415161718192021

quarter

International
Traveler

Diagram 1. Exponential smoothing.

In our caseN=22, t - the time value changes from 0 in steps of 2m/N, so t=0,
21/N, ..., 2t(N-1)/N (Radian values of t are used in calculations).

Carry out the calculations to find the parameters of the Fourier series harmonics
(assemblies) in Excel and write the result in a table (Table 2.)

Table 2. Calculations to find harmonic parameters Calculate the parameters
using the above formulas and the data in Table 2 (Table 3):

Table 3. Harmonic parameters
a0= y =1536068

al bl a2 b2 a3 b3 a4 b4

-748650.13 [516194.01 [117067.81 [547691.56 [281741.70 [55596.62 |-55769.98 |-30952.21

Accordingly on the obtained data, we will get to Fourier series with 1
harmonic
y(l)=a, +a,cost+bsint, t=0, /11, 2 w/11,..., w(N-1)/N, N=22
with 2 harmonic y(2)=a, + a,cost+bsint +a,cos2t+b,sin2t t=0, w/11, 2 w/11,...,
m(N-1)/N, N=22 and e.t. (See Table 4.)
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Table 4. F

iation

Determine which row (with 1,2,3 or 4 harmonics) has the smallest dev

of the actual values from the calculated ones. To do this, use the coefficient of

, which is calculated by the formula (Khasaia 2014)

1mation

determ
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where
20 —¥)? 2 Zb’t _}_’)2
R e e
ST = N , ¥ N

We find that the row with four harryonics is the best, since its determination
coefficient is the highest (Table 4.) R= =078 (Grekova T., Filatova T.)

Therefore, the Fourier series that best describes the process has the following
appearance:

4
v =ay+ ) (a;cosit+ b; sinit )
i=1

Use this equation to calculate the forecast values for the following quarters
for the Il and IV quarters of 2021 (t = 6.280 for the 3rd quarter and t = 6.565 for
the 4th quarter, see Table 4).

Therefore, with 78% accuracy we can say that in the III quarter there will be
842,235 international visitors to Georgia, and in the IV - 1396,858 visitors.

Conclusion. Thus optimal management dynamical model of tourist visits is
constructed. A parametric analysis is carried out using the least squares method,
algorithms for predicting tourist flows are built, specific examples are given based
on data on trips of international travelers in 2016-2021.

Investigation based on the exponential smoothing method and the theory of
Fourier series.

The proposed method provides a high degree of data approximation and
forecasting. In the tourism business, solving the decision making problems in
the minimal time The use of trending models will enable the entities involved
in tourism to obtain a significant economic effect. The organization will be able
to anticipate possible developments and, in case of increasing the number of
international visits, prepare to organize the addition of accommodation, tourist
destinations and other services.
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