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BASIC DESCRIPTION OF POMIR PULSE GLACIERS

In the Pamirs and Pamklai there are glaciers that, despite the general trend of slow repedddically
demonstrate sudden and rapid advance of the ends of the tongues. After this, the glaciers begin to slowly retreat until a ne
cycle of advance begins. Such phenomena are typical for valley glaciers located on the ridges of the Acadencgf Scien
Peter the Great, Yazgulemsky, Zaalaisky and in the Fedchenko glacier BasiRamir highlands, with their complex
relief and abundant winter precipitation, create conditions for active glaciation, including surging glaciers. Glacier
movements do naiccur suddenly, but gradually, as a result of the accumulation of stress in the glacier system due to ar
imbalance between the inflow and outflow of ice. Studies of the Medvezhyi Glacier have shown that its tongue maintains
positive balance between manents. After each shift, when the movement slows down, the positive balance is maintained
only in the upper part of the tongue. Subsequently, the zone of increased velocity spreads down the glacier as a kinema
wave, which allows us to predict the timé movement. Such data help prevent the catastrophic consequences of a
breakthrough of a dammed lake created by the movements.
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Fig. 1 Geological map of the Ojuk pegmatite field area, at a scale of 1:25000
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Fig. 2. Diffraction pattern of ferberite: the upper spectrum is the diffraction pattern obtained
from the sample
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Tabl.1. X-ray powder diffraction pattern of ferberite

[HYEC, AjdstOod d FeWQJCPDS 741100

d | d i hkl
5.73 61 5.72 96 010
4.77 41 4.749 366 100
3.77 17 3.751 311 011
3.66 30 3.654 305 110
2.95 86 2.9473 762 111
2.86 100 2.8600 124 020
2.48 24 2.4849 198 002
2.45 10 2.4501 49 120
2.38 9 2.3749 107 200
2.28 2 2.2792 14 012
2.20 15 2.1989 211 121
2.05 4 2.0527 64 112
2.00 10 2.0087 62 211
1.908 18 1.9066 22 030
1.877 4 1.8758 80 022
1.817 6 1.8271 78 220
1.771 41 1.7694 143 130
1.716 24 1.7161 229 221
1.670 5 1.7161 229 221
1.593 6 1.5912 23 013
1.514 6 1.5127 31 032
1.4897 4 1.4868 22 230
1.462 15 1.4599 71 311
1.441 8 1.4421 80 132
1.431 8 1.4335 67 023

1 6d Bj yOdzd j : OO ddrOB totd Ofisesl i W J B 3] scHBe dmmdzy H o Odzed 2
iMsOteh d2 doOkzyde 2 MoktekHddS Riuoud 1 0106 zBHdBjSBO [ . ¢.

AjtBjtedls dO dMfdjHkzj dsdk B jSIsj oflstj yo, s
COLBjtesd®E HEs 2.0 M3 o OMBEEOYd JRB3]H tc&® @EdpF d3, &
qLdsj dzgv j sM¥ sl ydzj stes s His yjtedesets (wdf. 3).

{dm.-e8uj@jdd] »PRHFGEER@PE Y] i3, EBeMEsSadlstsd d M
B CtosmMCIeifysmElL Jtodzts W j teB j tod IS OBMBIEH SlstcOy Y dzdz'
Fig. 3. a-separation of ferberite with association of quartz, muscovite and mica under a
microscope (Zeiss), fgrain of ferberite under reflected light (BSE)
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Tabl 2. Chemical composition of ferberite from different
s 53y
dzj gy L 2 3 4 5 6 7 8 9 10 11 12 13
FeO | 16.45 | 16.83 | 16.84 | 17.02 | 17.01| 17.32| 16.70 | 22.85| 22.54| 20.28 | 21.64 | 14.48 | 15.80
WOs | 75.13 | 75.13 | 74.94 | 76.73 | 73.68 | 75.33| 75.93 | 75.68| 75.07| 73.60 | 71.68| 74.39 | 68.83
MnO | 7.00 | 7.61 | 772 | 7.0 | 7.78 | 7.33 | 7.65 | 1.00 | 1.41 | 1.21 | 0.77 | 10.20| 6.85

Nb2Os 0.45 0.40 0.41 0.04 | 073 | 0.79 | 0.48 0.14 | 4.29
CaO 0.17 0.07 0.72
SnG; 0.29 0.26

d Iz dsdd 100.81] 100.25] 100.22| 100.88] 99.20 | 99.19| 100.77| 99.53| 99.02| 95.09 | 94.09| 99.07 | 91.48
W StedBlzdl do j SsiWWdudjdas'r fted wOmyuglsy

Fer2 | 068 | 071 | 071 | 071 | 0.72 | 0.73 ] 0.70 | 0.97 | 0.96 | 0.97 | 0.97 | 0.62 | 0.68
Mn+2 | 029 | 032 | 0.33 | 0.30 | 0.33 | 0.32 | 0.32 | 0.04 | 0.06 | 0.05 | 0.04 | 0.44 | 0.30
x A| 097 | 1.03 | 1.04 | 1.01 | 1.05 | 1.05 | 1.02 | 1.01 | 1.02 | 1.01 | 1.01 | 1.06 | 0.98

W+2 | 0.96 | 0.98 | 0.98 | 0.99 | 0.97 | 1.00 | 0.98 | 1.00 | 0.99 | 1.01 | 1.00 | 0.98 | 0.91
Nb+4 | 0.01 | 0.01 | 0.01 0.02 | 0.02 | 0.01 0.10
x B| 097 | 099 | 0.99 | 099 | 0.99 | 1.02 | 0.99 | 1.00 | 0.99 | 1.01 | 1.00 | 0.98 | 0.91
g B3] UOadWij 6Bl 6dls dL §jcdkOSdlsse [HYEC O, A dzS®Qdesged sy @
JeBBOLdlO [ BotL jttMEsets dBOMN] 8@, W § &ezi @ diHHIQds: dfAstOnls Wz, Yid
dteBjtedls dL [ dSoddOmMEBiLlT ¥ zudkRted I tef dBHdz@) H Odzgdz™ = thkzH 5
s dzk sls to s §3]; 1211 Wijfiepj odls dL o5 Misstesy Hy dzdd (62 H' todzd dzfC OW
LOkO, [4;EMMgrsjtdls JL sEREHsEIsdEc@®ONMe O (cSkisdw)

| Sdz' % EeBMVO{-{ st5 B dzj tOdz S ZOMMO 6 MdHMRMI, M
Wi SCdmdstesHsd. I Meslsdsh jdds Fe d Mn BeW@)shls C
d ¢t B dMinW@s)s (

SO¢ odudss dL IkOBddyr d HJOCw©O&d (tdhm.
e jlsisozjls W)jittBtg GYdsjzlz( FredyOodzlz  t6W W)@ ¥ B tda jotd db
(MNWOs) Cctbkff' otd WwO®R]lsO.

]

;
]
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Fig. 4. Comparison diagram between ferberite and hubnerite
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FERBERITE FROM PEGMATITES OF THE OJUK FIELD (CENTRAL TAJIKISTAN)
The article describs the mineral ferberite from the quamtmscovitefeldspar Ojuk pegmatite field. Data on the
chemical composition of ferberite -bay phase analysis and optical properties of ferberite will be provided.
Keywords: ferberite, Ojuk, pegmatite, composition;r&y phase analysis, Central Tajikistan.
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Table 1. Difference in moisture availability and annual precipitation accumulation in the Panj River
basin in Khatlon region for the period (1992020) compared to the climatic nor(d961-1990)
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ool i uaieandpl RBOUCT Hessaiuo o0 « .
A @APAGYORBIl T ~1E | %« a v x7 aat = QOUOGAUGDP | 25~ oy & | UOYITI
Cl T ugEN | ()| PBOUCT OO0 1|55 64001, | yU=UUT O T} 5 & e
(1991-2020) 020y 1961990 T
1 01 & 362 | y= -2.084x + 56.798 625 306 20,4
2 ai aaud 447 | y=-2.7658x + 32.656 83.0 335 24.8
3] Did a1 | 668 | y=-6.316x+64.223 189 584 324
4 ByCo 6 U U] 1232 | y=-8.3967x + 98.453 252 821 130.7
5| AG71 =0| 1468 | y=-6.3517x+ 12557 191 1014 18.8
6| &uubBbl 6 1730 | y=-1.9183x 14.064 575 676 8.50
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Figure 1. Changes in precipitation in the area of the Panj meteorological station from 1991 to 2020
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Figure 2. Changes in precipitation in the Farkhor meteorological station area during the period
(19912020)
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Figure 3. Changes in precipitation in the Dangara meteorological station area during the period

(19912020)
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Figure 4. Changes in precipitation in the area of the Muminabad weather station during the period
(1991-2020)
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CHANGE IN PRECIPITATION IN TH E PYANJ RIVER BASIN IN KHATLON PROVI NCE OVER THE
PERIOD (1991-2020)

In this article, based on the analysis of moisture availability of annual total precipitation in the Panj River basin in
Khatlon province, it is shown that in the period 199P0, the majrity of meteorological stations show a tendency to
decrease precipitation. Compared to the period 198D, a significant decrease in precipitation is observed, especially at
Muminabad {252 mm or 30.7%) and Dangard§9 mm or 32.4%) stations. The reasdor these changes are related to
the impact of climatic factors, including global warming and other hydrometeorological fddéareased rainfall can lead
to reduced water resources, increased risk of drought and instability in the agricultural Beistoaises the need for
adaptation measures such as the use of ygateng technologies, modernization of water infrastructure and continuous
climate monitoring. These measures will help to reduce the negative impacts of climate change.

Keywords: climate change, annual precipitation, decreasing precipitation, droughts, monitoring.
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Figure 4. Filling the reservoir after closing D1.Inflow of 500 m3/s
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Figure 6. Computational domain of the 2D model of the entrance portal of the diversion tunnel
D1. Left: full dom ain; right: details of the water intake structure
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Figure 9. Profile of the water surface along the entrance portal of the diversion tunnel D1 in its
initial configuration
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Figure 10. Water surface profile along the inlet portal D1 when the stopcock is installed at the
inlet of the lower pool
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Figure 11. Summary of QUWL calculation relationships
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Figure 12. The process of changing the water level limit and the reservoir volume when
discharging water through D1, using the upper pool entrance after reaching the water level limit
of 1016.0 m above sea lev@he constant inflow is 300 m3/s
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Figure 13. The process of changing the water level limit and the reservoir volume when
discharging water through D1, using the upper pool entrance after reaching the water level limit
of 1016.0 m above sea levalonstant inflow of 500 m3/s
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HYDRAULIC ANALYSIS OF THE DERIVATION TUNNEL ON THE EXAMPLE OF D1 -D2 OF
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The paper presents an assessment of the period foreseen for lowering of the shandor gates of thalndebfstr
the D1 diversion tunnel in the absence of operation of the D2 diversion tunnel and full closure of the Vakhsh River.
Hydraulic conditions that may occur at intermediate drawdown of water in the reservoir were analyzed by numerical
modeling (tdimensional and 2limensional models).

Also considered is the level of the D1/ D2 inlet threshold, which needs to be raised to prevent large amounts of
sediment from passing through the tunnel. This will be done by installing shandrels up to 1013.0 mtlaesfbliowing
sequence.
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DEVELOPMENT OF AN INFORMATION MODEL AND ALGORITHM FOR DIVIDING URBAN AREAS

The information model used in the creation of urban areas can be constructed from the side of the subject and
similarly from theside of the object. The most optimal option for constructing an information model of urban areas is the
path of points of convergence of the interests of the individual and the urban environment. The information model of urban
areas from the information pmach is considered as a separate and independent process, as an action or as an entire
institution. The main goal of the city information model is to provide more efficient planning and management of urban
infrastructure. With its help, you can analyzel gredict various city development scenarios, optimize the use of resources
and improve the quality of life of citizens. To divide the urban area into some segments using the example of the city of
Dushanbe, graph theory was used and the vertices and eflfe graph were determined, the corresponding areas and
their boundaries. This article provides a general diagram of the information model of existing objects. An algorithm for
dividing urban areas has been created and qualitative criteria for the iotpeovement environment have been noted.
Based on the administratiterritorial division of the city of Dushanbe, a mathematical model for dividing the urban area
into segments based on graph theory was built.
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LITERATURE REVIEW: ANTI -FRAUD SYSTEMS IN FINANCIAL INSTITUTIONS

This article presents systematic literature review of modern approaches to buildingrantl systems in financial
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Table 1. Plasticity indices of loams of the Upper Quaternary Dushanbe complex
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Table 2. Density indices ofoams of the Upper Quaternary Dushanbe complex
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Table 3. Porosity indices of loams of the Upper Quaternary Dushanbe complex
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Table 4. Values of adhesion of loams of the Upper Quaternary Dushanbe complex
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Table 5. Values of the angle of internal friction of loams of the Upper Quaternary Dushanbe
complex
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Fig. 1. Changes in the adhesion of loams of the Upper Quaternary Dushanbe complex by
sampling depth
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Fig. 1. Change in the angle of internal friction of loams of the Upper Quaternary Dushanbe
complex according to the sampling depth
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EFFECT OF LOADING MODE ON STRENGTH CHARACTERISTICS OF LOESS SOILS UNDER SHEAR

The shear resistance of cohesive soils is due to a complex interaction of internal and external factors. According to
Coulomb's law, soil fhire or shear occurs when a certain ratio between normal and shear stresses is reached. Particularly
difficult is the analysis of the properties of loess soils, which occupy large areas, including Tajikistan, where they are
distributed over 70% of the cou's territory. These soils are characterized by subsidence, which affects the choice of
design solutions during construction.

The purpose of this study is to determine the physical and mechanical properties of loess soils of the Upper
Quaternary Dushanbeomplex. Samples were taken from the upper part of the section in the Mirzobek district of
Dushanbe. Laboratory tests were carried out, including analysis of moisture, density characteristics, porosity, cohesion and
the angle of internal friction. The nd$s of the studies showed a regular decrease in moisture with increasing depth, which
is explained by geostatic pressure and limited infiltration of precipitation.

Analysis of porosity revealed a tendency towards its decrease, which is directly reldednicrease in soil density
and its strength characteristics. The study of shear resistance allowed us to determine the values of adhesion and the angle
of internal friction, which change depending on the sampling depth. In the static loading mod&radhewed higher
values, while in the kinematic mode, its decrease to zero was observed. The angle of internal friction also changed,
demonstrating a dependence on the content of sand patrticles. The data obtained confirm the need for an integcated approa
to assessing loess soils when designing buildings and structures, as well as the importance of taking into account their
subsidence properties to ensure the stability of construction projects.

The results of the work can be used in engineering anagjeal surveys, designing foundations and developing
measures to minimize the risks associated with the subsidence of loess soils.

Keywords: shear resistance of soils, static mode, kinematic mode, adhesion, angle of internal friction.
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Fig. 1. Results of experimental studies on clarification of highly turbid waters in a semi
industrial plant at D = 70 mm
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Fig. 2. Results of experimental studies on clarification of highly turbid waters on a semi
production unit D = 38 mm
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Fig. 3. Results of experimental studies on clarification of highly turbid waters at a semi
production plant
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Table 1. Average degree of clarification of water leaving the unit
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Fig. 4. Dependence of the lightening effect on the initial turbidity
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RESEARCH OF THE PROCESSOF CLARIFICATION OF HIGH -QUALITY WATER AT THE DEVELOPED
KVIV -2020INSTALLATION

The article presents new results of the process of preliminary clarification ofunlgt waters on the developed
installation at different values of parameters based on numerical modeling. The analyzed results &ee prebenform
of graphs and tables that reflect the essence of the work. The essence of determining the effect of cleaning the water
entering and leaving the installation is also given. Based on the analysis of the obtained research results, a réoommenda
is given on the use of the parameters of the production installation for preliminary clarification-afrbighwaters.

In this article, taking into account the experiments carried out, the effect of clarification atiHagghwaters on the
installation was determined, depending on the speed, diameter, flow rate, settling time and other parameters.

When such water enters the treatment plant, the load on the main treatment facilities significantly increases and the
water treatment process i®mplicated, and its cost increases. To solve this problem, water treatment schemes with
preliminary reagenfree clarification have been developed and are successfully operating. Solving the problems of water
treatment in small rural settlements requiresipact mobile installations that should be easy to operate and inexpensive.

Keywords: purification of highly turbid waters, water treatment, settling time, clarification effect, re&rgent
purification, thinrlayer tubes.
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lojHjdPmsts EkElsjyco CtdWdHjdydOdz dats? d dzt stec
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O tcOo dzj dzdz" = d2O dLodzj yddedd o"GeBH'™ dL EwLoddtsf

stsotcj d3j dedz’ j , s fBdzeda®C depyj dzdzr § Hdzv L Oh (s HO
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sMmdetse dz" d@gd d M Wdzd CuGaigdo jtdaf WL dyj mMEs?2 BJL B
o6t OBRASG S B4 MY J uj dedv d sBlzuj dad § 74t
CsdWdHjdzydOdz! des?2 ddeW stedgOydj2 wWodzwe lsfmw dzgj sSB R SH

st dzj CMdzr 2 Isj dzj € sARBEZ dzd & O WO ddele' 2 tofs=E - SH e
Elsj ud ¢ dde stedzOydd. [dz sHtOLEZKBjo0Ojls ddasj ctcC
ZOf tcOo dzj dedzer R dzO LOhdIsk H Odzdz" - . 1 Cdzs yO, Is €
Besc W OC Isstodets? OklsjdadsdWdeOydd d f sflggvisieds 21 ddgt
tcjekzdzvtcds | ftose jteld  tedatsodzj dedw ftsdzdlsdSd B
deso " j kZcotetsL ' .

Il Motk dsfmisd {Isd d&jter, B jHdd dedz" j o d5j Ml
Coltster 2 L dz2Oydlsjdz' des ftsor h Ojls Wiclkso s flzeizj ztisgdgle dfd S
dmlsj B .

ltodd3d dgw § d3Fr § d3j IstsHT d fsHAHE] L& dzd BBz H ©azDd

ftotso jHY dzdetsd s dMMdzj Hise Ols j dB] M < dydg O uefs dzls t© b g ) Is dafs 0\«
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CdejwOLOCd MsfhlsOodv s ls dzdh + OdsjjLdne@iay dls ooy tedplzyen | WA
LOded 3O h djMmMw LHOo stsnteOdzj dzd j 3, s GlOQ Oz Bj todh Ay
Cebster §j dsekls ddi3jls! wyjdd dajcOlsdodsr § §fdzi HMis
td

. 1. stodzdujfmbets kljujt¢ dJddlsEBEPsddssphdE, 20
Figure 1. Number of information leaks: World, first half of 2022- first half of 2024
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dmistsydzed € ts9 Ijtrs HiMlsQo dzw s Is MtsB 52 fjtc! jLdalzs ettt
[IsCter s 2 HBMskzyY ¢ Btdzjj yYdid Hokzd dd dzdzd OteH Oz L
ftsdz L soa Olsj dz MG dr HoORdzzEM IS ' SLHAP ST odOdpiss te BOYJ d .
WOoClk, ylkt 16% dL 1lsdn HOdd 7, O Jo&j ddsts 48 &q dzd
Yylsts ftojHsMIsOodzw jiIs L dztslzdir h dzj deded S Oz dRdetsy J Mlso s ot
LOY dfpl 2 [ 2

vsindduyd MSdy d3jter 2O tOo dzj dzdz" § dzO L OF dlskz €1
Cdzs yjoks totsdz 9 11 JHtslsatGOﬁszch’ Flsjyj$ HOdzdz =~ .
Okzlsj dzZsd¥ds oydvw, sdeodtekmdzOY L O dIsO d Mmdmlsj o3
i tc JtSBtGOLIngqucfddzatstthstG@Ols, dzj HsfMlskzf dz@ 2 Hdzv dzj MO
Mieh jMlse j dzdes Mdzad 3 Oj s tedmM¢ ElsjySd HOdzdz = .

dblsj dzZsdW¥WdeOydqw oCdz6 yojls o MmMisw ftetsojteClz dzd yd
mMdMmlsj BOABB. | dzv wserhjddv EkEZtesodw B9 Oy Ofigdetslsf O LI
Oklsj dzZlsdW¥Wds oOyds , CslststcOW stcj BLkzjIs f sHilse j toy H J dzd
SHdztso to J d3d dzdats . g dMmilsj d3" tsB dzOtclz y j dzd W olststey J dzd 2
Cslstster § Bselzls fsfr lsOlss fiw ZCtcOMmls! CtsdzW dH j dzyd

bl Bssflsw &5 Odasdo qiekfmdy &7 MmdMmisjd, fsLosdvw BT fk
dzj MOdzS ydtsdzdtetso Odzdetse s HisMiskzy O.

s OBddYyoO 1. stkfdj2hdj yjtlsear CdBjtOOS 1L
Table 1. Largest cyberattack victims in 2022 and 2023

rrtovléd srRICE O 1 Jefrrevlrg
2022 GBH
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Hide LO fsdzsss0 dj W yo)

Axie Infinity (Ronin Network) fsodh jdes 600 i3 dzdzd sdetseo H 5 dzdzOte s g

Binance fsodh jdes 570 BB dzdzd sdztseo H 5 dzdzOte s ¢
Wormhole token bridge fsodh jdss 321 RBJdzdzdtsdz HBsdzdzOtctso &
Common Spirit Health EBrlsCd Csdi3f ©dzdd L O 2022 d 2023

HisdzdzOtetseo vz ¢, d HtesedetsL qtelzj d3" |
B dzdzd sdzts®  HsdzdzOtetso & Z ¢

Neopet ftsadh j dzO dzd ydzOw ddat sted3Oydw 69 ¢
Twitter fsadh j 2O dzd ydzOw dJdzW stedgOydw s 5,
Advocate Aurora Health fsadh j dz0 dzd ydzOwWw ddzW sted3dOydw 3  d3d
Optus tcOMCte Isr dHjdesdW S Oydtsdadz | dats dzd
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f Otects dzv d3d
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Johnson Controls International |{f s= dh j dats B tsdzj | 27 U Cstcf stcOls
9o JiclszOdz! dzr s gYOd dgddef V MWar e ESXi

Barts Health NHS DataBreach | zZIs j y$ © 7 wvJ1 HOdzdz =

Tampa General Hospital fsedhjdzr dBivHdyddzmSdd HOdzdz § 1, 2

sdBjcOIsORP2R02BBL 516 Ctezf dzgj 2h dn d dzyd H j dzls ts 9 , httpsd/wwwyHs s dz
x.technology/ru/blogu/cyberthreatsforecast2024ru

r dzv L Oh dilsr dedel sisdBO G zctesL dzj sBrBHJ B toj ¢z d
sBdMyfjuidds d MmdMmisj® BjLYfOMdsMhisd. 1 dagj Hie]
LdeOydlsj dz' dets MmdedL s+ tedmM¢ EkElsjyscd CwodeWdH]j dzydOd
L O d4slz |

[ smisd e dazjlst' Zjdz' b @sB dzj d3" M oML dzOs OdedJ i3 ¢
zddzcodmlsdyi MSdr OdOZdL Osttese , Bsckls ftocdotsHdIs!
Colstster § oM teddzd d@308 sfpwy COC bketesL ' . stesd3y Istsc
sSBtcOB OIS 9 ORE G dséj ,tcdfftdgsyd ¥ d ydzze Hdzw B tej HJ dzj dzdats 2
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(hd BHddB L dOydlsj d' d' i3 scteOdzed Y dzd J d3 W o dzw j Is
Mo Ot 2 d fwOaddk fsdMmE O, Ylstsgr dzts b ) glzjBdzan @ leizd . 4
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1 Iss sy 4 Is J ¢ dzgjHBMOtsydts?2 cdBStsMmisd
COfmMissdBdL Oy fsH MYeudiipng T dnjo wa its d iy dfudf, dedndz
dzOH j 3 dzts 2 Is 1 stedzOydd Mistsdls tcOMmfipdissiisses j Is !
prevention-tc j h j Feddid d3j IstsH Od3d , sO¢ddizd ¢ OS¢

fsor Mdls! ktetseo jdzC H]j L s OfmdesMmisd d
[JHdzts?2 dL 9o Oy dzj 2y ddfikls jLdP HWwCyzW UsAnwY  f sSHH j tey Odzd |
HOdedz" = d dm HEMskzY dshls © Hdzv  -f) s tge Ofsty dixk
Zddcodmlsdyj MSdj ftsHAatsHT HdW orwodzjdadWw EIsj yj ¢
tSisdzj fipls f 2N d § :
sfidsody j] fsBdzj 5, MowLOdedz j T § dzOfMmd¥ dS O
d dz stedzsOydd;
- du O dzj o SL d@3tsy detsls d ftcj HNC OL Ols dzj ¢ Olsd o dzr

ftoj HisSlso tcON j ded © Zlsjuj S CtsdzW dH j dzyd Odz! dats ? d dzW s
osdzd € dztso j dzd v ;

- dzj HsMIs Ols sy dzOW HjlkOdzdL Oydw d Mmdzsy detsfls: )
LOlstclzH dgw & Is ftoslsdotsHj2Mmisea dJ BB sSBH O sSBRtSHO
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~dzj HBESS toj Mkmse HAEY L OhNdlsr ©lk odzgjh dedn Ecte

]l ttteOdzdL Oydwr dOSCOf dzdo Ojlsfmw d tsBtcOB O-L DO L
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t dmMezdesS -BYf § DEOdzdL qtetso Odzdetsj oSt OBBdts S|
Figure 2. DLP - specialized software
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HeCkdgj delst , MOdsMisswis jd dzs GftjHj kv Lkiso j dz
1sOfj df MsLHOddw. AO02d, Sskste'2 WdChmdekjls
CeOWduiMSd2 1 dzj &gj dzls, GeBL RZOYOsh d2 1 ltsls Od&dtspls i
&Zj o dHd BOW fshdjHse Olsj d desfls: Mddo sdztse, SClssicO
ZOkh jddv SsdWdHjdydod dshisd fid jét §jtiHOyuj.
dde¥ stedzOyd d, dzts dzd sBjMfjyde Ojls LOh dIskz s ls
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fsdz L s9 Olsj dzj 2 ;

-9 MsCOw 1L WWjCIlsdoe desfyls L Oh dIsT sls tslsdztsy j dzdzr =
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Il qyohj o BtcOddL Oydwas MtsLHO® sMw MdlkzOyd s dzdz"
Colstster | dd3d ¢ s tslsdetshdgsied jB jSL tff dgWroidfdsydd H(dE e SQQ).i t y  (
JHdzedd3 d1L smdzs e dz" n fteddzydt so HyWlisjdz desfylsd ff 5+
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Hj?2fMlsad?2 L dzszd3m hdzj dzgdzd € @ o ,{f tc flz@ F tz@® W30 d ~frfils tc © dz" . o
Zf tcOo dzj dad W mMtsB " Isdw dzd d ddeW stedzOydgj 2 BJjL Y Ofmdat
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THE PROCESS OF CONFIDENTIAL DATA LEAKAGE IN INFORMATION SYSTEMS

A key aspect of management and competitiveness strategy imdlgern world is access to confidential
information. Data leaks can occur not only due to carelessness, but also as a result of deliberate actions. This can lead
significant financial losses and the undermining of trust from customers and partners,imvhich, will negatively affect
the longterm development prospects of the company.

Currently, cyber threats, including attacks from intruders, are becoming increasingly complex, which requires
constant improvement of security systems.

Thus, in the condibns of fierce competition, information protection becomes a priority for all business participants.
This applies to all types of activities, regardless of their scale and scope. Only with a comprehensive approach to ensurir
information security can orgé&ations achieve a significant competitive advantage and maintain their reputation in the
market.

Keywords: authentication, authorization, identification, password, machine learning, data analysis, leakage, data
protection.
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t dmMedes¢ 1. [tdzL jdz@ dzO 58 zUse Qo lf § icifzeO@xixd z Olsh
Figure 1. Landslide at58 km of the DushanbeKulyab highway, Shar-Shar pass
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Figure 2. The most avalanchgrone section 8687 km of the Dushanbé&Ayni highway, Anzob

Pass
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Fig. 3. Working element of a snow blower
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Fig. 4. Working elempent of the snow blower
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CONDITION OF PASS SECTIONS OF MOUNTAIN ROADS IN TAJIKISTAN

This article examines the condition of mountain pass sections of Tajikistan. A review of the condition of mountain
roads in the Republic of Tajikistda provided. The landscape of Tajikistan is determined by its mountainous relief. The
area of the republic is 143.1 thousand square kilometers, while 93% of the territory is occupied by mountain ranges risin
from 300 to 7495 meters above sea level. Taper examines the design features and hydraulic control systems of the
working bodies of specialized equipment designed to maintain the passability of mountain roads in winter.

Bulldozer blades, due to the frontal development of the soil, are the maifotaweating terraces on mountain
slopes during the construction of roads for vehicle traffic. In the future, bulldgzeblades will become more effective,
which are considered a promising direction, which can be adjusted by changing their petitioe to the machine,
which will optimize the process of earthmoving work.

The presence of snow cover has a significant impact on the coefficient of adhesion and traction properties of roa
construction equipment with the surface. The physical and mieahasharacteristics of snow, such as density (bulk
weight) and shear resistance, which determine the efficiency of bulldozer equipment during snow removal, are subject t
change under the influence of various factors. At stestiaie temperature conditienthese characteristics are closely
related to the ambient air temperature, which determines the temperature of snow in its natural state.
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For effective clearing of mountain roads in the republic after natural disasters, based on an arsgligsisifaf and
technical literature and road data, requirements for the working bodies of specialized machines have been formulated.

Keywords: road transport, highways, high mountain passes, longitudinal slope, mountain roads, priming, blockage,
working balies, dump, base machine, mountain slopes.
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Fig. 2. Thermal balance diagram of a solar house with autonomous hesipply
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Fig. 3. Electric heating circuit of the model built for the experimental solar house
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Fig. 4. Modular diagram of the dynamic model of the research object
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COMBINED HEAT SUPPLY SYSTEM OF A SOLAR HOUSE AND ITS MATHEMATICAL MODELING

Modernproblemsof climatechangeanddepletionof naturalresourcesequirethe searchfor sustainablesolutionsin
the field of heatsupply. One approachis to use combinedheat supply systemsthat integratesolar technologieswith
traditional energy sources.This article discussegshe conceptof a combinedheatsupply systemfor a solar houseand
presentsts mathematicamodeling.Today, improvingthe energyefficiencyof residentiaheatingsystemssavingfuel and
energyresourcesand increasingthe efficiency of using devicespoweredby renewableenergysourceds an urgentissue.
The purposeof thearticleis to developa mathematicamodelof thethermalbalanceof singlestoreycountryhousesased
on theuseof solarenergyin a nonstationarymodeand conducttheoreticalresearchA schemeof thermalbalanceof a
solar housewith autonomousheatsupply and an electrathermalschemeof a physicalmodelare proposedasedon the
proposedschemesa mathematicamodel and an algorithm for calculatingthe thermalbalanceof a singlestoreyrural
houseof the object of studyin a nonstationarymode were developed the influence of the heatcapacity & the wall
structureon thetemperatureegimeof thebuilding wasstudiedon the basisof mathematicainodeling.

Keywords: energyefficiency,combinedsystemsmathematicainodeling,solarradiation,climatedata.
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Fig. 3. Free vibrations of a building from a given uniformly distributed initial velocity
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STUDY OF FREE VIBRATIONS OF A SEISMICALLY INSULATED BUILDING BASED ON A LINEAR
MODEL

The article is devoted tmodern approaches to ensuring earthquake resistance of buildings and structures, which is
one of the key tasks of engineering seismology and structural mechanics. In the conditions of increasing requirements to
safety and stability of structures under sgcsimpacts, the application of active and passive seismic protection systems is
of particular relevance. The paper considers methods of active seismic protection aimed at reducing the intensity of seismic
vibration perception by a structure through the o$ special devices and technologies providing energy dissipation and
reducing dynamic responses.

The main attention is paid to the development and analysis of a mathematical model of aiselstad structure,
including both the abowground part of e building and the foundation elements performing the function of seismic
isolation. A given earthquake accelerogram is used as an initial impact. Numerical simulation of the dynamic response of
the system is carried out, on the basis of which the displants, accelerations and internal forces arising in the structural
elements are analyzed.

The obtained results confirm the effectiveness of seismic isolation systems in reducing the destructive effect of
seismic waves and demonstrate the prospects of tigzoaches for application in the practice of designing buildings in
earthquakerone areas.

Keywords: seismic isolation, linear model, effective stiffness, shear modulus, displacement method, stiffness
coefficient, rubbemmetal support, substructure paustructure.
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Table 2. Moisture content values of the studied loess soils
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Table 3. Density and porosity values of the studied loess soils
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STUDY OF COLLAPSIBILITY CHARACTERISTICS OF SOILS IN THE STRATOTYPE OF THE UPPER
QUATERNARY DUSHANBE COMPLEX IN THE EAS TERN PART OF DUSHANBE CITY (EASTERN HILLS)
The shear resistance of cohesive soils is due to a complex interaction of internal and €kisradicle presents
the results of an engineeriggological study of the stratotypic section of the Upper QuatgrDashanbe complex,
located in the Mirzobek area (Dushanbe). The study of the collapsibility properties of loess soils is particularly nelevant i
the context of active construction in the Republic of Tajikistan, as loess deposits cover a significahthgadountry's
territory and serve as a natural foundation for buildings and engineering structures.
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During the study, six loess samples were collected from various depthHslZ7.6m) and subjected to
comprehensive laboratory analysis, including matscription, determination of granulometric composition, study of
structural and textural characteristics, as well as investigation of the physical and mechanical properties of the soils. The
obtained data revealed significant variability in soil compositind properties with depth. In particular, a decrease in
moisture content from 12% in the upper layers to 2% in the lower horizons was observed, along with an increase in soll
density (1481 . 86 g/ cmj ) and ai38%).cGraauomearicrialysis pooafirned thet pyedotnibadce of the
silt fraction (>50%), as well as the presence of sand and clay inclusions in various proportions.

Special attention was paid to the study of the collapsibility properties of loess soils. The analysis of relative
cadlapsibility under a load of 0.3 MPa showed that the soils vary from slightly collapsible to extremely collapsible
depending on the depth. At a depth of 4.5 m, an anomalous zone with the highest collapsibiliy.{5) was identified,
requiring special consideration in construction design. In the interval ©b1®.7 m, the soils are mainly characterized by
medium to low collapsibility properties.

The obtained results are of great importance for enginegenipgical surveys and consttion design in areas
composed of loess soils to prevent deformation processes and ensure the stability of structures.

Keywords: loess soils, collapsibility, engineerhggological studies, granulometric composition, density, porosity,
Tajikistan.
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PROBLEMS OF BUILDING SAFETY, ERECTED USING LOCAL MATERIALS IN THE CONDITIONS OF
THE REPUBLIC OF TAJIKISTAN

The article is devoted to the problems of safety of buildings erected using local materials, including in emergency
situations of natural and mamade nature. Among the global problems of thime, the safety of buildings and protection
of people from emergency situations of natural and-made nature occupies a special place. The Republic of Tajikistan
is characterized by complex engineergeplogical, hydrological, climatic conditions, coleyp terrain, mountainous
conditions, the possibility of manifestation of subsidence properties of clay soils, etc. Urbanization in the country average
about 26% and, therefore, a significant part of the population lives in rural areas. In rural amregsntakaccount the
capabilities of the local population, mainly construction of buildings is carried out using local materials, which ik certain
justified. At the same time, according to statistics, out of 39% of the world's population living incedlisihazardous
areas, 72% of them live in houses built by the residents themselves. These buildings are mainly erected from clay ar
stone, adobe bricks and with adobe walls. A small number of residential buildings are built using wooden structures, ir
which antiseismic elements have been noted since ancient times. Numerous data on earthquakes that have occurred in
world show that buildings with clay and stone walls do not have sufficient seismic resistance. It is necessary to take thes
factors intoaccount in the future when constructing buildings and structures, taking into account their safety.

Keywords: safety, building, structure, building codes, emergency situations, seismic impacts, landslides, flooding,
subsidence loamy soils, groundwater veys, local materials.
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Table 2. Analytical expressions for the dependence of the efficiency coefficient E_a on the
irrigation coefficient when treating air
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Figure 1. Comparison of irrigation chambers with rotating and nozzle atomizers in terms of the
efficiency of the adiabatic process
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EXPERIMENTAL DATA ON IMPROVING THE ENERGY EFFICIENCY OF HEAT AND MASS TRANSFER
IN SYSTEMS VENTILATION WITH ROTATING HUMIDIFIERS

This article discusses the advantages of rotating humidifier chambers over hydraulic nozzles, which are traditionally
used in modern devices for adiabatic humidification. From comparing the chambers of rotatingiénsmidifi different
sprayers, it is determined that the areas of their operation are practically the same. Chambers with rotating and nozzle
sprayers operate at different values of the irrigation coefficient. Based on the experimental data obtairfederlcy ef
coefficient of chambers with rotating sprayers is calculated.

Keywords: ventilation, air conditioning, humidification, droplet formation, evaporative cooling, irrigation
coefficient.
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THE COMPARATIVE ANALYSIS OF THE EFFICIENCY OF VARIOUS MACHINE
LEARNING MODELS IN FORECASTING THE TAJIK SOMONI EXCHANGE RATE

Habibullozoda K.H, Arabov M.K.,Shirinov N.S.
Bokhtar State University named after Nosir Khusrav,
Kazan Federal University

Introduction . Tajikistan, as one of the countries in Central Asia, is heavily influenced by
external economicconditions, particularly regarding currency regulation and the stability of its
national currencyd t he Taji k somoni . Over the past two
experienced significant fluctuations due to external shocks, changes in coynpragis, remittances
from migrant workers abroad, and political and economic developments in neighboring countries.

Forecasting the exchange rate plays a crucial role in strategic demiglong by both the
central bank and private investors. Howevernmerging markets such as Tajikistan, this task is often
complicated by limited access to comprehensive macroeconomic data.

For this study, a custotouilt web scraper was developed using Python to automatically collect
monthly exchange rate data from th#iaal website of the National Bank of the Republic of
Tajikistan. This tool enabled the compilation of a historical dataset covering the period from 2001 to
2025, including the value of the Tajik somoni relative to four major currencies: Chinese yud)) (CN
euro (EUR), Russian ruble (RUB), and US dollar (USD). Monthly time intervals allow for the analysis
of seasonal and trend components, as well as the application cbfsa¢eart machine learning
techniques.

The purpose of this research is to comptre effectiveness of various machine learning
approaches in forecasting the TJS exchange ratdd13with a focus on model accuracy, robustness,
and adaptability to changing conditions. Both classical statistical methods (ARIMA, SARIMA) and
modern ensemble algorithms (CatBoost, LightGBM, XGBoost, Gradient Boosting Machines,
AdaBoost) are considered.

Due to the absence of additional macroeconomic indicators, the forecasting task is purely time
seriesbased, relying solely on the internal sture of the time series. This approach allows us to
evaluate how well the exchange rate can be predicted based only on its past values and identifie
patterns.

The results provide insights into the applicability of certain models under conditions ofilimite
information availability and may contribute to the development of automated forecasting systems
within Tajikistandéds financi al sector. Furthe
analysis and machine learning, as it demonstrates asstficcenplementation of ML techniques using
data collected via custotvuilt software from publicly available sources.

1. Literature Review. Exchange rate forecasting is one of the key tasks in financial analysis, as
fluctuations in the value of a nationaurrency directly affect economic stability, investment
attractiveness, and the standard of living. In developing economies such as Tajikistan, this task i
complicated by high market volatility, limited access to macroeconomic data, and significant
depenénce on external factors.

1.1. Application of Classical Time Series ModelfAmong the earliest approaches to time series
modelling were linear statistical methods such as Autoregressive Integrated Moving Average
(ARIMA), proposed by Box and Jenkins in 19[4Q. The ARIMA model remains popular due to its
ability to effectively forecast data with clear trends, especially over-ghont horizons. Studies such
as [2] confirm its high applicability in analysing economic indicators.

To account for seasonal conmamts, the model was extended to Seasonal ARIMA (SARIMA)
[3], allowing it to be successfully applied to data exhibiting regular cyclic patterns. Works such as [4]
demonstrate the effectiveness of SARIMA in forecasting stock indices and exchange rates. Hybr
approaches combining ARIMA with ndimear models have also been explored to enhance forecasting
accuracy [5].
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1.2. Use of Ensemble Machine Learning Method®Vith advances in computing technologies
and algorithms, increasing attention has been devateohachine learning methods, particularly
ensemble models such as CatBoost, LightGBM, XGBoost, and others. These algorithms possess a high
capacity for identifying complex nelinear dependencies, making them especially valuable in the
analysis of financialime series.

CatBoost, developed by Yandex, stands out for its ability to handle categorical features without
requiring prior encoding, which is particularly convenient when working with historical data
containing qualitative variables [6]. LightGBM andsBoost are also widely used due to their fast
training speed and scalability [7].

Study [8] compared several machine learning models using the example of the Indian stock
market and showed that ensemble methods provide better results in terms of MAE SBdiefics.

Similar conclusions were drawn in [9], which examined the forecasting of the US dollar exchange rate
against other currencies.

1.3. Specifics of Forecasting in Developing Economidsxchange rate forecasting in countries
with transitional econmies has its own peculiarities. Nations like Tajikistan are characterised by high
dependence on external shocks, remittances from the labour diaspora, and commodity prices.
Moreover, access to a full set of macroeconomic data is often limited, necegsitatiruse of
forecasting methods based solely on the internal dynamics of the time series itself.

Work [12] explores the specifics of financing small and medium enterprises througfaddies
chains in Tajikistan. Although indirectly related to exchangies, this study provides insight into
structural factors influencing the countrybés e

Research [10] analyses the determinants of exchange rate volatility and demonstrates that even
without explicit inclusion of external factors, meanirdgfasults can be achieved throughdepth
analysis of the internal structure of the time series.

It is also important to note the study [11], which examines the Angpact of macroeconomic
news on exchange rates in réale. The authors show that everinor changes in reports about key
indicators can cause sharp market fluctuations, highlighting the need for adaptive forecasting models.

1.4. Significance of the Conducted AnalysisThe review of existing literature leads to the
following conclusions:

- Classical time series models remain relevant, especially when there is a pronounced trend or
seasonal component.

- Modern ensemble machine learning methods allow for capturinglimear patterns and
improve forecast accuracy.

- When working with data from deloping economies, it is essential to consider cowntry
specific characteristics, including dependency on external factors and limited data availability.

Taking these considerations into account, this research includes both classical models (ARIMA,
SARIMA) and modern ensemble algorithms (CatBoost, LightGBM, XGBoost, GBM, AdaBoost),
enabling a comprehensive comparison of their effectiveness under conditions of limited data
availability.

2. Mathematical and Theoretical SectionAs previously noted, this studyims to conduct a
comparative analysis of the effectiveness of various machine learning methods in forecasting the
dynamics of the Tajik somoni (TJS) exchange rate against four major world currencies: Chinese yuan
(CNY), euro (EUR), Russian ruble (RUB),daiS dollar (USD). Within the scope of the research,
both classical time series modelARIMA and SARIMA - as well as modern ensemble machine
learning algorithms- CatBoost, LightGBM, XGBoost, Gradient Boosting Machines (GBM), and
AdaBoost- were employed.

Each selected approach has its own mathematical foundation and area of applicability, which
determines its sensitivity to various properties of the time serigls as trend, seasonality, ron
stationarity, and nonlinearity. Important factors also include computational speed, the necessity for
hyperparameter tuning, and robustness against overfitting. These characteristics are particularly
significant under conditims of limited historical data, which is typical for economic time series.

Evaluation Metrics. To assess the quality of forecasting, the following metrics were used:

- RMSE (Root Mean Squared Errerthe square root of the mean squared error;
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- MAE (Mean Absolite Error)- the average absolute difference between predicted and actual
values;

- MAPE (Mean Absolute Percentage Errerjhe average percentage deviation of predictions
from actual values;

-R]} (Coef fi ci entanedsurdot how weththe raddsptains)the variance in
the data.

These metrics were calculated on the test portion of the time series after completing the trainin
process for each model. This allowed for an objective comparison of their predictive performance
taking into account bbb absolute accuracy (MAE, RMSE), relative measures (MAPE), and the overall
fit of the model to the data (R]).

The results of the evaluation across all four metrics for each model are presented in Section 4
Experimental Results and Analysis, where a itBgtacomparison is conducted and recommendations
are provided regarding the most suitable algorithm for forecasting the dynamics of the Tajik somon
exchange rate.

2.1 Comparison of Models by Key CharacteristicsTo systematize the analysis, all considered
models were compared based on a set of important functional and computational characteristics. Tak
1 provides a comparative assessment of the models according to the following criteria:

- Trend Capture the ability of the model to detect lottgrm changgin the data;

- Seasonality Handlingthe capacity to work with periodic fluctuations;

- Nonlinearity- the capability to approximate complex, nonlinear dependencies;

- Computational Speedrelative computational efficiency;

- Hyperparameter Tuning Requiredthe level of complexity involved in selecting optimal
parameters;

- Susceptibility to Overfittingt he model 6s robustness to noi

data.
Table 17 Comparative Assessment of Models by Key Features
Feature ARIMA | SARIMA | CatBoost| LightGBM | XGBoost| GBM (scikit- | AdaBoost
learn)

Trend Capture + + + + + + +
SeasonalitfHandling - + - - - - -
Nonlinearity - - + + + + +
Computational Speed | ++ + + ++ + - +
Hyperparameter Tunin| - - High High High Medium High
Required
Susceptibility to| - - + + + + +
Overfitting

- Note:

"+" 0 presence of the property low/moderate manifestation;
"++" & high manifestation;
"-"d absence of the property or minimal/very low expression.

The selection of a specific model for solving the exchange rate forecasting task was made
considering the balance between forecast accuramayning time, computational efficiency, and
resistance to overfitting. Particular attention was paid to the conditions of limited historical data
volume, which can significantly reduce forecast quality and increase the risk of underfitting or
overfitting.

This theoretical foundation sets the stage for the empirical analysis described in the following
sections, where the practical performance of these models will be evaluated uswgricaxchange
rate data for the Tajik somoni.

3. Research Methodoloy

3.1 Data Description For the analysis and forecasting of the dynamics of the Tajik somoni
(TJS) exchange rate, data were collected on its value relative to four major currencies: Russian rub
(RUB), Chinese yuan (CNY), US dollar (USD), and euro (EURJe observation period covers the
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years from 2001 to 2025 [186]. The raw data are presented in the form of daily exchange rates,
which were then aggregated into monthly averages to reduce noise and enhance the stability of
temporal patterns.

Preliminary analysis revealed differences in the stationarity of the time series under study. To
test for the presence of a common trend and seasonal fluctuations, the AugmenteeFDliekey
(ADF) test was applied. The results showed that three out dbtheseries (CNY, EUR, USD) are
non-stationary, while the RUB series exhibits stationarity at the 5% significance level. This was taken
into account during model selection and data preprocessing.

Figure 1 presents the dynamics of the TJS exchange ratestatlje mentioned currencies over
the period from 2001 to 2023. The graphical representation allows for visualisation etidong
trends, possible seasonal components, and abrupt changes associated with macroeconomic events.

Figure 1. Dynamics of theTajik somoni (TJS) exchange rate against the Russian ruble (RUB),
Chinese yuan (CNY), US dollar (USD), and euro (EUR) from 2001 to 2023
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A comprehensive approach was employed for currency exchange rate forecasting, including
preliminary data processingpplication of machine learning models, fuzzy logic techniques, and their
hybrid combinations.

3.2 Preliminary Data Processing Before constructing forecasting models, a thorough
preprocessing stage was conducted to eliminate noise, normalise valuassumedstionarity of the
time series. Proper execution of this step is critically important for improving forecast accuracy and
ensuring the robustness of machine learning models.

1. Data Loading and Initial Cleaning Raw data on exchange rate dynamicdYC EUR,

RUB, USD) were loaded from external sources and converted into a time series format using the
pandas library. All observations were sorted by date in ascending order, and missing values were
removed if present. Thus, each time series was repeese® a function of time with regular
periodicity.

2. Stationarity Check Stationarity is one of the key requirements for applying most time series
analysis and forecasting methods. To test the hypothesis of stationarity, the AugmenteerDilekey
(ADF) test, implemented in the statsmodels library, was used.

The ADF test results for the original series are shown in the table below:

According to the test results, only the RUB time series meets the conditions of stationarity at the
5% significance level. Therefore, transformation procedures were applied to make all other series
stationary.

3. Transformation to Stationarity. The following transformations were applied to the hon
stationary time series:
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Table 2. Results of the Augmented [Bkey-Fuller Test for Original Time Series

Currency| ADF Statistic| p-value| Critical Value (5%)| Stationary?
CNY -1.196 0.675 | -2.862 No
EUR -1.447 0.560 | -2.862 No
RUB -3.043 0.031 | -2.862 Yes
UsD -0.738 0.837 | -2.862 No

- Logarithmic transformationd to smooth out value dispersion and reduce the impact of
outliers.

- First-order differencing to remove the trend component.

- Seasonal differencing applied when clear seasonality was observed, with a lag equal to the
length of the seasone&ycle (in this case, 12 months).

After applying these procedures, the ADF test was repeated, confirming stationarity for all time
series. This allowed their use in further research without the risk of spurious relationships.

4. Outlier Removal Outlier deection was performed using the Interquartile Range (IQR)
met hod. Any values outside the interval [ Q11
nearest acceptable values or interpolated based on adjacent observations. This approach preserved
integrity of the time series structure while minimizing the influence of extreme values.

5. Data Normalisation To ensure numerical stability and accelerate the training process, all
time series were normalized using MWax scaling, implemented via tidinMaxScaler class from
the scikitlearn library. This brought all values into the range [0,1], which is especially important when
working with algorithms sensitive to input scale.

6. Feature Space PreparationFor building machine learning models, addiabfeatures were
created, including:

- Lagged values (up to 12 steps bagk}o model autocorrelation.

- Metadata: month and yeéar to capture seasonal effects.

- STL decomposition components (when applicabBlefo be used as features representing4ong
term trends and seasonal fluctuations.

7. Inverse Transformation of Forecasts Since training and forecasting were performed on
normalized and transformed data, an inverse transformation mechanism was implemented. Thi
allowed restoring the original scale of vaduend presenting the results in a usendly format.

It is worth noting that the data preprocessing stage played a crucial role in preparing the time
series for modeling. Major issues commonly found in financial dataon-stationarity, presence of
outliers, need for normalization, and feature engineadingere addressed. These preprocessing steps
ensured higiguality data inputs, thereby enhancing the effectiveness of subsequent forecasting.

4. Experimental Results and Performance AnalysisThis sectio presents the results of
forecasting the dynamics of the Tajik somoni (TJS) exchange rate against four major world currencie
0 Chinese yuan (CNY), euro (EUR), Russian ruble (RUB), and US dollar (@Shising seven
machine learning models: ARIMA, SARIMACatBoost, LightGBM, XGBoost, Gradient Boosting,
and AdaBoost.

4.1 Model Comparison Methodology The following methodology was used to evaluate and
compare model performance:

- Data Splitting: 80% for training and 20% for testing.

- Model Training: Each modelas trained on the training dataset.

- Forecasting: Models generated forecasts on the test set.

-Performance Evaluati on: RMSE, MA E, MAPE, a

- CrossValidation: TimeSeriesSplit with 5 folds was applied to assess model robustness.

- Visualization: Actual vs predicted values were plotted for qualitative assessment.

- This structured approach ensures a comprehensive and objective comparison of all model
under consistent conditions.

4.2 Analysis of Results by Currency Pair

4.2.1 Chinese Yuar{CNY)
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Table 3. Forecasting Results for TIS/CNY

Model RMSE MAE MAPE R

ARIMA 0.0054 0.0018 4.94 1 -0.0062
SARIMA 0.0054 0.0018 4.34 1 -0.0110
AdaBoost 0.0059 0.0031 3.21 1 -0.2013
CatBoost 0.0069 0.0024 1.62 1 -0.6684
GradientBoosting 0.0082 0.0026 2.08 1 -1.3332
LightGBM 0.0082 0.0026 2.51 1 -1.3741
XGBoost 0.0121 0.0029 3.51 1 -4.1353

Key Observations:
-A L mo d e |

4.2.2 Euro (EUR)

s perform poorly
- ARIMA and SARIMA outperform other models.
- Ensemble models show anomalously high MAPE, likely due to small target values.

(negati ve

Table 4. Forecasting Results for TIS/EUR

Model RMSE MAE MAPE R]

ARIMA 0.0057 0.0027 4.66 1 |[-0.0053
SARIMA 0.0057 0.0027 3.95 1 |-0.0074
AdaBoost 0.0057 0.0027 5.14 1 [-0.0141
CatBoost 0.0058 0.0028 7.55 1 |[-0.0369
GradientBoosting 0.0060 0.0031 1.35 1 -0.0891
LightGBM 0.0060 0.0030 1.45 1 |-0.0956
XGBoost 0.0060 0.0031 1.43 1 [-0.1125

Key Observations:

- Forecasting quality remains low.
- ARIMA is the most stable.

- Ensemble models show slightly higher error than classical approaches.
4.2.3 Russian Ruble (RUB)

Table 5. Forecasting Results for TJIS/RUB

Model RMSE MAE MAPE R
LightGBM 0.0031 0.0016 1.08 0.9768
CatBoost 0.0037 0.0016 1.16 0.9675
XGBoost 0.0041 0.0013 0.92 0.9598
GradientBoosting 0.0043 0.0016 1.10 0.9567
AdaBoost 0.0081 0.0033 2.29 0.8468
ARIMA 0.0226 0.0195 15.45 -0.1990
SARIMA 0.1291 0.1158 90.72 -38.2684

Key Observations:

-Ensembl e models achieve excellent

- LightGBM s the top performer across all metrics.

RI) .

accuracy

- Classical models (especially SARIMA) fail due to rsiationarity after transformation.
4.2.4 US Dollar (USD)

Table 6. Forecasting Reslis for TIS/USD

Model RMSE | MAE MAPE R
ARIMA 0.0042 | 0.0005 |2. 96 1 |-0.0001
LightGBM 0.0043 [0.0010 [1. 13 T |-0.0303
SARIMA 0.0043 [0.0010 [1. 11 T |-0.0310
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XGBoost 0.0045 | 0.0009 |9. 66 [ |-0.1426
CatBoost 0.0051 [0.0013 |[1. 38 1 |-0.4378
GradientBoosting 0.0055 |[0.0017 [2. 09 1 [-0.7133
AdaBoost 0.0061 |0.0013 |1. 10 1 [-1.0511

Key Observations:

- Forecasting USD is challenging.

-ARI MA shows the smallest deviation from ze
- Ensemble models exhilpbor generalization and very high MAPE.

4.3 Overall Model Comparison

Table 7. Average Metrics Across All Currency Pairs

Model RMSE MAE MAPE R

ARIMA 0.0054 0.0017 1.24 1 -0.0049
SARIMA 0.0054 0.0017 1.11 1 -0.0101
CatBoost 0.0060 0.0020 1.10 1 -0.4729
LightGBM 0.0062 0.0023 1.32 1 -0.6409
XGBoost 0.0072 0.0023 1.85 1 -1.3481
GradientBoosting 0.0060 0.0024 1.20 1 -0.5838
AdaBoost 0.0065 0.0029 1.28 1 -0.6023

Summary Findings:

- ARIMA demonstrates the mosbnsistent performance across all currency pairs.

- LightGBM and CatBoost only excel for TIS/RUB.

- For other pairs, ensemble models tend to produce anomalously high MAPE, especially wher
target values are close to zero.

4.4 Graphical Analysis of Forecasts

Graphs comparing actual and predicted values were generated for each modeterbong
forecasts for the next 12 months were also produced.

Figure 2. LightGBM Forecast for TIS/RUB
RUB forecast with LightGBM
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The plot shows that LightGBM accurately captures both -tengn trends andsudden
fluctuations in the exchange rate.
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Figure 3. CatBoost Forecast for TIS/EUR
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CatBoost demonstrates strong alignment with actual values, although it slightly lags behind
LightGBM in accuracy.

Conclusion. For the TJS/RUB pair, ensemble models @Qoéatly LightGBM) significantly
outperform classical methods.

4.5 LongTerm Forecast (12 Months Ahead) A 12-month forecast was generated using the
bestperforming model (by RMSE) for each currency pair.

Table 8. 12Month Forecast of Exchange Rate§Sample Fragment)

Month CNY EUR RUB usbD

Jan 2025 0.075 0.089 0.0062 0.091
Feb 2025 0.074 0.088 0.0063 0.090
Mar 2025 0.076 0.090 0.0065 0.092

These projections provide insight into future trends but should be updatddrly as new data
becomes available.

4.6 Conclusion and RecommendationsBased on the experimental findings, the following
conclusions can be drawn:

- Stationarity is critical for accurate forecasting, particularly for classical models like ARIMA
and SARMA.

- Best performing models:

Vv TJS/RUB: LightGBM and CatBoost.

V Other pairs (TJS/CNY, TJS/EUR, TJS/USD): ARIMA showed the highest stability.

- Ensemble models may produce anomalous MAPE values when dealing witerneargets.

- Long-term forecasts reveal untigng trends but require regular recalibration with fresh data.

Conclusion This study presented a comprehensive comparative analysis of various machine
learning and classical time series models for forecasting the exchange rate of the Tajik($d8oni
against four major currencies: Chinese yuan (CNY), euro (EUR), Russian ruble (RUB), and US dollar
(USD). The models evaluated included both traditional approath&RIMA and SARIMA § and
modern ensemble methods CatBoost, LightGBM, XGBoost, GradieBoosting, and AdaBoost.

The experimental results revealed that model performance varies significantly depending on the
specific currency pair and data characteristics such as stationarity, scale, andmoisgall models:

- LightGBM and CatBoostiemonstrated superior performance for the TIJS/RUB pair, achieving
hi gh accuracy with R] values exceeding 0.95.
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- For other currency pairs (TJS/CNY, TIJS/EUR, TJS/USD ), ARIMA consistently outperformed
more complex machine learning models in terms of stabdityl generalization, despite their
theoretical advantages.

- Ensemble models showed limitations when dealing with small orzeeartarget values, often
producing inflated MAPE scores.

A key takeaway from this research is the importance of data prepraggsaiticularly ensuring
stationarity, which had a significant impact on model performance. Additionally, while advanced
machine learning models can offer improved accuracy in certain cases, they require careful tuning ar
are sensitive to data charactecs.

The findings of this study contribute to the development of automated forecasting systems
tailored for emerging markets with limited economic data, such as Tajikistan. Future work should
focus on incorporating external macroeconomic indicators, mpgopreprocessing techniques for
ensemble models, and exploring hybrid approaches that combine the strengths of classical ar
machine learning methods.

Acknowledgment This paper has been supported by the Kazan Federal University Strategic
Academic Leadeship Program (PRIORIT2030).

REFERENCES
1. G.E.P. Box and @/. Jenkins, Time Series Analysis: Forecasting and Control. San Francisco, CA: {Balgeh970,
p. 553.
2. M. Khashei and M. Bijari, AAn artificial neur al net w

with Applications, vol. 37, no. 1, pp. 4784307, 2011DOI: 10.1016/j.eswa.2010.09.133.

3. A.A. Ariyo, A.O. Adewumi, and & . Ayo, dieStmprckdipatii on using the ARI MA
UKSIim-AMSS 16th International Conference on Computer Modelling and Simulation, Cambridge, UK, 2014,ipp. 303
308. DOI: 10.1109/UKSim.2014.33.

4. GP. Zhang, ATi me seriesMAoamrdastungl usehwoakhwybdiet, &F
159 175, 2003. DOI: 10.1016/S092812(01)00702D.

5. AV. Dorogush, V. Er shov, and A. Gul i n, iCat Boost: gr
in Workshop on ML Systems at RE, 2018. [Online]. Availabléhttps://arxiv.org/pdf/1810.11363.pdAccessed: Apr.
01, 2025].

6. T. Fischer and C. Kr a u s sterm meherengtwdrke and randongfosaftr makket timing g s t
in the US stock market, o0 in Proceedings of the 20th
Australia, 2018, pp.iT7.

7. T. Chen and C. Guestrin, AXGBoost: A Scal abl eondr ece

Conference on Knowledge Discovery and Data Mining, New York, NY: ACM, 2016, ppi 7985 DOI:
10.1145/2939672.2939785.

8. J. Pat el , S. Shah, P. Thakkar, and K. Kot echa, APr e
t ec hni g u eystenis wih@Appkcatibns, Sol. 42, no. 4, pp. 218272, 2015D0OI: 10.1016/j.eswa.2014.10.031.

9. D.M. Nelson, A.C. Pereira, and R. de Oliveira, iStock Marketods Price
Net wor ks and Boost ed TCordeeeace on Neunal Netwarks (IXICHN),iRm neaJaneih,0Branilt
2017, pp. 18. DOI: 10.1109/IJCNN.2017.7966019.

10.1 . Raml i, iThe detrearnminaonitast i dfi t gxohamgeProceedi ngs ¢
Entrepreneurship and Business Management Untar (ICEBM 2019), Jakarta, Indonesia, 2020i 44®. Atl2antis
Press. DOI: 10.2991/aebmr.k.2006HsL.

11.T.G. Andersen, T. Bollerslev, X.. Diebol d, and C. Vega, A Mi cr dim&Prifee ct s
Di scovery in Foreign Exchange, 06 Amer i t62nMarE2003n DOt c F
10.1257/000282803321455202.

12.S. Mirzoev and R. Sobirzoda, fALeveraging SME finance
Institute, Working Paper No. 1020, Tokyo, Japan, 2qQ@Chline]. Available: https://hdl.handle.net/10419/222787
[Accessed: Apr. 01, 2025].

13.1. Zitouneand MK. Ar abov, ifiComparative Analysis of Ensembl e ¢
House Price Prediction, o in 2024 | ntteCom, 2024, ppn5hb. DBIU s s i ¢
10.1109/RusAutoCon61949.2024.10694522.

14.M.K. Arabov, A.F. Nazipova, and R.. Burnashev, AAl gorithm Application o
Energy Demand, 6 in 2024 1 nternat i,ocApmidation€ and fManufaiucing o n
(ICIEAM), Sochi, Russian Federation, 2024, pp.1¥45. DOI: 10.1109/ICIEAM60818.2024.10553672.

15Nati onal Bank of Tajikistan. A O httips://aht.tprd/kure/kurs.php[Acgessed: at e
Apr. 01, 2025].

16.M. K. Arabov, AiTaj ik Exchange Rates Dataset, 0 H
https:/huggingface.co/datasets/ArabovMKAgkchangeates. [Accessed: Mar. 05, 2025].

127


https://arxiv.org/pdf/1810.11363.pdf
https://hdl.handle.net/10419/222787
https://nbt.tj/ru/kurs/kurs.php
https://huggingface.co/datasets/ArabovMK/tjk-exchange-rates

PICxOx0O @B8O0YI O YI @l Ul O @dNRUUI RUO UBEOOaOABUEOU

UNalou&muio YUguuo@ad U

Di U éw+i1 6 @i 6:-:00y+U0elpdiy 66 yi @i UBWOG 6ioYOU UgHl SRS U 1A D UByaGI 6l
T1 00A1I CEOAWAAOUIT @didiod )Euiuﬁ mibéulm |ay|CuuoEieuEu1y|ooé| Ayoiiyp:
ao0m( CNY) AT aa (EEJ(RF}UB)U 00 Wyyi uo6 OG@I @éulh+ +diiuid0 BEygiypd. obii
pbi caiéadn, 66 16 |n|y|Gbofﬁ/mwuyomoEolelmlyukﬁLbﬁGCuEﬁyéoo Tyoi taud
Aydiilybp. 110066 1 B pCAlihanolumiod-yeup 1 00G0I60C YyHAPORUYH + 0
Gu Pp@io6+6y0i 061 oeHDOAT &y PO WGy 0i 6 TyCauiuu di 0 di1T01 06 |
2025 ii oiyp adio i C+ypupb6 i1 diypuogdddio oyCuNBDGRAEMmE 61
GO E-YyUQUUBDEDG U 110 oAi 601 08 g6 PUIMGOEO Uc BAEOWI d Byddill B g1 +
61 o1l AiTi1 0.

1 6iiyoo &H06-0+0GT1 7 6ep 0 yHIG UYEOCHE & 01 & G Ué6&udp, &piiug i 6BOp oAl u
Ui g¥lli i ATayopi i 6 yuEpowdi yoGyoaiCo Ay diuiy@ADd oEDCAH +0O a
gUAGUBEUI gAYy U QIDOGEBUpOGAGT 61 081 euAy d0ieuldi: 0 6F (BRIMAY SARIBIA),
ouayuou 1& 6 00 @EHCaBoeost, LightGBM, XGBoost, Gradient Boosting Machines, AdaBoost).
Cloi oo @wi C-ypUpElEUCEOdR AyOoi ud & ii goAypoAmdi iii o an
gUGUI 0UdO6 aipui 66 o671 d0ip6d UAAI é(RMBE), anppluoodWmAPEX DO o
T1 O6UEAAOpPpYyOAUER) SsWEBCLDIY UAYB.0 EidAlied OfAETAI o 60 6
EyAgi 6 1yCuu&oiuaini MWy d. fT006 11 +1 006 11 &010auAshol U®d 0 Uyeyi p+yoi o Uf
piT 6380 agyiyg®dEdid &lod yyygaoul §@pwbo @yROp ST Ay ud.

Ui pEBBG 6 ¢@oelgp UOAGLD BSOS ,I UGED oW FRYyyYyi 0 Cat Boo®aed d i Lic
i1 aP06 EIAG UOAUWIUGASO6O0 di1 U0 I8yl & eiyoy e GihodcdE i 6 +ui |yBydouol U d .
biag 16ud o661 gauU, SARI &S dUFYIYIp V D O & p @&t ~igin 01 71 8, giayyyiu
giB O [ yBio iiuCiEU&do<oy omtEiliyopi+eliCG o0 ozouuemméauydéé to
faoGuo 1 yCadypp PwiiGd eyi dcu Oyélned+ 060 E0AMBNPUDd] yyypo ouic
Oyuyypoé O0ORAAI 00&idii OFWuddp AiA T 0.

Pieéélip eligpdochpo OuUpbdauiod éplionadi WPSIABD UGG pDBOUGDO
OEp gy 001 Cél]l@lﬁ&i]icu:—uozyéé‘lp bi Co®d AGOF Oii BEH® 0 GBDBEDP+1 p
pgso6+i 1 GOUETgGyodiloGcTi youuuun gy SN OCNIIAL A1 6§ 6 Widbgddil AiIi Gaduu
PEOGOY P U & EDMINTUNIT Qidadu i DA 60éd popioBGOyYPY GyBDAOUBUAOUY UO
310 Al GUHOBDEFD o1 C-yoUpil SBUDAUL SRPOT UGB podi @dATI pPTHI |
pbiTyni 6 GaGp GFiGiud 6GUOBIOGI@ORGYUT O1 gOUl T 1UdI 8.

Ol +6071 UDEOEOUAD U AOUYBHY 00 @Y NifAATI yCa U, &p®dFE -Dyyiyopoyd 1dl 6 6
gU+@E&EcCTyEDUU

gt odl1rRUL[] 7?1 38 ¢1¢IR1 CAnrsuURIVJ8UBR [ OV RYLZIM [ lr(]o(8B

J1uoyryvrcg td1Vd TRt LI OLRR sUted vorrrsus L[ vl

] H O dzdats 2 moBssJ ftoj HMisOo dzj dz MtcOo dad s j dz' dazP?2 Od®daff dzdzisic
sBlzyd ddv o LOHOuJ ftescdesL qietso Odzdw HdZOBISd o 0Odz¢ sdesets
Cdzt yjo' =2 Rtetso ' = Odzs Is: CdlkO2mMeitsets s Odw (CNY), jotets (E

HEd&Zzd&zOtt® (USD) . Rfr]fl']dZJ Hstipd@sdzd) j  dtfidstisatets{Hyd] dot€ fits' ¢ sdz@z0B stc©® H Odzds’ R,
MO2IO0 1 0YydosdzOdz! dgsée s BOdZSC O (iMfkBddSd uvOHYdSdMsOda [ dzw
Fdzdo j emMOdz dzO% JtoctcORBO dzO w L r C-f O Bonmt & i5F = fgisPly | dzeizP Y (
LdzOyd dedw BB dzgdzr = S ktefpse L O fjitedsH f 2001 Yt 2025 CGCBH.
SHdzs?2 jHddzdyr ddesMistcOdzdzs? 9o O dzsOlsi™y d& @B Wwd HdzER dalis 2 Yds Bdzéf ldsjL ¢
COC BHd®Kjtdsj, OGLJtiBOdafgsj tcdets] totsc dza

I1smMStsd S HBftsdzdedIsj dz! dz" | @ BOStetst CStsdesdzdud MSdd ddzd f s5dzd
Memiej Hislssyjdes dMCdzs ydisj oz dets dzO drLodzj yjdedd L OSCtsdesdzj tedatsmls
COvyj mMlsa j d dffindsticdzdiiy Ldefstéstme O dzd v B dzd o' BtcOdz md d3! f s zdzv tcdz’
CazOmmMdud MSdi MsOldmisdud MSdd d&BilssuHr (ARI MA, SARIMA), O Is
XGBoost, Gradient Boosting Machi nes, jApCadBo os@dedz nl,Mi0O ogfsH
syd dzd @ O dzs y! M dmftsd LsaOdedj 5 IsOSCdrn &Bjlsteds, COSC Mmtej Hdzj ¢
shds¢ O ( MAE) , fMej Hdzw v OB MBdzt IsdzOW Jtesyj dals dzOv sh dBC O ( M/
ftotso j HJ dzts SH dsttPasedsd) (@ nedzse shtGepsomhe ad)ul fissedzsL Jetse
tOMmMMmBsslstej degde' » 9 Odzé sdz" = § Ote. vOCYj Brdzd Gteddsj dgj dz osj IstsH’
9 toj 3j dedztsRO RofesONfif d Hdzw s h jdzdw EfMs2ydesmisd dsH dzj 2.

tdLiEd sOIsr dMpdjdeds o Oty QdEEG@RkEB dzj 97 j dBjIssHT , GMise | dadzts
Hj Bdcdzmistcftelzs s orf MsC ks Is ts y dats My ls ftesedetsL qtotso Oded v, ftcd ots
Bisdz hddefilsej Myj dzOtedj o. ltscf LIssds SARI MA C0OL Odg®BfR!j dziZDd B t
sMtse j dedets fted dz2Odzduydd o' 6Oy jdzdets?2 ML BSdedes? C i3 sdzj dzls' . |
nOtOCIsjteder § ydgedz , fnais?fn o jdzdzr | o90dzt IsdesdBz " dz2€ 2 v OHY S d
My smse disfls’ &sHjdi?2 L O thydd rC(ﬁ;dEdEfJﬂllsdztsl) ftcj HEB KGO

RMMdzj Hso Odzed § TBHUYJLEdo O) 90 dzsfls! orBBKLO OHJ G o Olsdzs?
d BzH! ss CtOlsS sMmtetsydzs j QtstJBOdde ddzd HBdEEsMesyds § Istcj dz

128



CtsMkzHOkMise j dzgdzr 7 e Oddlsby ¢ d ezl b B s DO LY dals j 6] ftse O dzdz
HgdzOBdSd o0dz¢ Isdesets tof dzgf O v OHY S dMmls OdzO. vOCdd3 BBLOL B
i tod d3j ded dzsts s Msotc] Q34 dzdzr = Bj ssHise HBOh ddzdzsets tBEZYJ ddY o
M dls! shdses?2 HAEY HOM di2hdes dMfdzjHse Odzd?2 M WOMh o] dz
WOCktetso .

sdzs yjor j dIpdetgaldtlzs ] sSBlRZyjddd, fJtescdetsL qetseo Odzdj o Odz¢ Isdzts@
BsH | zdtetso Odzed j, W ddzOdimtse OW MlsOBddz? detsfls! , OHYdEMEd2 Mtsd

THE COMPARATIVE ANALYSIS OF THE EFFICIENCY OF VARIOUS MACHINE LEARNING MODELS IN
FORECASTING THE TAJIK SOMONI EXC HANGE RATE

This paper presents a comparative analysis of the effectiveness of various machine learning models in forecastin
the exchange rate dynamics of the Tajik somoni against four major global currencies: Chinese yuan (CNY), euro (EUR)
Russian rubl¢RUB), and US dollar (USD). The study was conducted using a historical dataset collected from the official
website of the National Bank of the Republic of Tajikistan. To automate data collection, a universal Python program was
developedd a web scraper caple of extracting monthly exchange rate values for the period from 2001 to 2025. The
obtained data contain information on the cost of one unit of foreign currency in national cureheyTajik somond
which allowed both univariate and multivariatedoasting.

Since additional macroeconomic or political factors are not available, the research focuses exclusively on
identifying patterns directly from the structure of time series. Seven popular machine learning approaches were selected
forecasting tots: classical statistical methods (ARIMA, SARIMA) and ensemble algorithms (CatBoost, LightGBM,
XGBoost, Gradient Boosting Machines, AdaBoost). All models were trained on historical data, and their performance was
evaluated using metrics such as root megrage error (RMSE), mean absolute error (MAE), mean absolute percentage
error ( MAPE) , and coef f i-stepabead anadnulstepaheadrfarecastad weie perf@rriRed for. O
all considered currency pairs. Normalisation techniques, lagréegeneration, and temporal crasdidation were also
applied to enhance model robustness.

The results showed that ensemble methods, particularly CatBoost and LightGBM, demonstrate high forecasting
accuracy, outperforming classical statistical methadsndst scenarios. At the same time, SARIMA proved to be the most
stable among statistical models, especially when a pronounced seasonal component was present. Seasonality and tr
analysis revealed characteristic cycles typical of the Tajik currency maitl@ving improved model forecasting ability
through proper data preprocessing.

The study highlights the importance of selecting an appropriate model depending on forecasting oBjectives
whether shorterm fluctuations or longerm trends. The findingsnay be useful for government agencies, financial
analysts, and investors seeking a better understanding of the dynamics of the Tajik currency market. Thus, this wor
demonstrates the practical applicability of modern machine learning methods under diatéexizailability and can serve
as a basis for further research involving broader datasets and integration of external factors.

Keywords: machine learning, exchange rate forecasting, time series, economic modelling, financial stability, Tajik
somoni.
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