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Fig. 1. Diagram of the Obikhingou River basin
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Fig. 2. Dynamics of temperature and precipitation in the annual context
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Fig. 3. Dynamics of change in average annualr temperature from the norm
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RISING AIR TEMPERATURES AND CLIMATE CHANGE ARE A FFECTING THE LARGE GLACIERS OF
THE OBIHINGOU RIVER BASIN

This article presents the results of letegm monitoring of large glaciers in the Obikhingou River basin (Tajikistan)
under climate change conditions. The research was carried out using rematg datesi(RS) and satellite images from
LANDSAT 5LT (1993 2006) and LANDSAT 80LI (20212023), as well as geoinformation technologies (ArcMap 10.5)
to analyze spatial and temporal changes in glaciers.

The analyses revealed that over the past three dechdeglatiers of the Obikhingou River basin have shown a
consistent trend of degradatiera reduction in glaciated area, glacier tongue retreat, and a decrease in ice volume. The
main causes of these changes are the increase in mean annual air tempeidtweealeration of precipitation patterns,
corresponding to the general trends of global warming observed in the mountainous regions of Central Asia.

Particular attention is given to | arge gl acificemraee wi t h
the Garmo, Gando, Darvaz, Peter the First, and Mazar glaciers. It has been established that the Garmo Glacier, one of the
largest in Central Asia, is actively retreating, losing significant volumes of ice, and forming moraine covers andiakw gla
lakes on its surface.

The results of the study indicate that the share of glacial runoff in the Obikhingou River basin significantly affects
the water resources of the Vakhsh River, which forms about 35% of its annual flow. In the short termaaa inatenoff
is possible due to intensified glacier melting; however, in the long term, a decrease is expected as a result of glacier area
and thickness reduction.

The obtained data confirm the need for regular and comprehensive monitoring of glaciens\armver to assess
changes in water resources and to forecast hydrological processes. The results can be used for developing climate
adaptation measures, rational water resource management, and sustainable development strategies for the mountainous
regions of Tajikistan and Central Asia as a whole.

Keywords: glacier, remote sensing, Obikhingou, water resources, basin, river, temperature, climate, inflow,
melting, glacier degradation.
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Figure 1. Average waer flow in the Varzob River from 2015 to 2022
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Figure 2. Dynamics of average annual water flow in the Varzob River in the period 2012022
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ftotsc detsL datctisoddstiylyd d B J MY j ud dedvw kEfsts2ydotsets oaHBSfd L 5o Od

sdzg yjor j vipiga@ el ®@dz)] OtcL sB, oBHMz 2 tojydds, MmMbs¢, ¢ dzd B0
sMOHCd, dzidzgzdf Gatso s  dlsOdzedj, CGcdHEBGEtOW, i ¢ tsH @ 2z dgij Ryl
aosHdz jJ tj Mktemr .

WATER REGIME OF THE VARZOB RIVER UNDER MODERN CLIMATE VARIABILITY

The article presents the results of a comprehensive analysis of the water regime of the Varzob River under modern
climate variability. The study is based oropessing londerm data on the average annual and average monthly water
discharge for the period 202024, as well as a detailed examination of the spatiotemporal distribution of atmospheric
precipitation according to data from the "Maykhura" and "Hushyeeather stations for the period 262024.It has been
established that the hydrograph of the Varzob River is characterized by a pronouneadnn&dadynamic with a distinct
peak flow in late spring and early summer, which corresponds to the classidal of rivers with predominant snew
glacial feeding. The correlation analysis revealed that the key factor determining the river's water content is not the total
annual precipitation, but its seasonal distribution. A strong direct relationship is letmaen the amount of precipitation
accumulated as snow cover in the cold season (Jaymify and the runoff volume during the highater period. In
contrast, warnseason precipitation shows a weak correlation with the annual water dis@igrgécant interannual flow
variability was identified, including the extremely lomater year of 2020, which followed the higlater year of 2019.
This highlights the high sensitivity of the Varzob River basin to climate fluctuations. The obtained resultisnger tait
practical significance for developing scientifically based measures to adapt the water management sector to modern climate
change, for reliable water flow forecasting, and for ensuring sustainable water use in the region.

Keywords: Tajikistan Varzob River, water regime, runoff, climatic parameters, atmospheric precipitation; snow
glacial feeding, hydrograph, interannual variability, correlation analysis, river basin, water resources.
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IF{fryrreevlrrf 1ag®gY®PuULEIm 10t ? 1 Jprtmyryprovlptuor
sd{f¥Jrser 4. r1rvzoéersr (vyodsuv? 2)
ZzZOtcdfso©® z. ¢., uBtetsatsdz z.
UOHYJdS MBuRsdd dz! dzf 2 kdedo jtemdlsjls,
Aj dzlstef Litsy j dzd ¥ dzj Hdzd S s |1 OydtsdzOdz! dzts?2° OC OH j B

J
) zslsdzsls!  Iso j toH 5D dztSlasidgyfesiz) dzlsb j eH' & yOflsdy
difmdzj HEj Bs2 cdkkedds ©OLEGJLO o jthds yjlejtels

(B € totstc Q2 Sds d8j28 dzjj IstiQT -22 6BE. R g dgj dzj dzd j 4§ dzsls dzsfyls d
ke ddzs? ftedojH,jdes O cwOWdS) (twdfm. 1). 1 dzOyj

vsOBdZdYyod 1. rkztoedzOdz sftcjHjdzjdedWw f dzslsdesfylsd Ise j tor
Table 1. Log of determination of densy of solid particles by pycnometric method

1 ds! IS
oMo, ¢ OfMMo, ¢ |¢ il sd
[ omMm L6 f omMm ’dsﬂé/ﬁ
- fdud fi T qC
sef L ZPY ggoa TACd oBLI0@ONG ¢ pp! g | TAEAL S|,
Ly %O swo| st | mer| 4, cebd oty 50 | 6/|" 7
Giolzdzl ¢ tolzd ¢ b o sH | o
} s=g0/
g gl g Wg g g g 3g2) * |
1 0,5 30,43 43,1 12,67 0,6 12,59 | 87,58 79,85 | 2,59
2 1 30,61 41,17 | 10,56 0,4 10,51 | 86,63 80,06 | 2,67
3 1,5 30,55 4479 | 14,24 0,7 14,14 88,5 7986 | 2,57 , .,
4 2 30,43 41,44 | 11,01 0,6 10,94 | 86,86 80,12 | 2,60 |
5 2,5 30,61 43,91 13,3 0,6 13,22 | 88,31 80,13 | 2,62
6 3 30,55 4273 | 12,18 0,7 12,09 | 87,46 79,88 | 2,68

tdm. 1. JwOWds dLd3j dzgj dedwv § dztslsdetsmlsd Ise j toH
Fig. 1. Graph of the change in density of the solid component with depth
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Table 2. Journal of soil skeleton density determination

" tsBtO| | dziz B d dal y ., B/ We, % Joa G/ M
1 0,5 1,52 8,7 1,40
2 1 1,65 13,8 1,45
3 1,5 1,66 17,1 1,42
4 2 1,71 18,9 1,44
5 2,5 1,74 19,5 1,46
6 3 1,79 21 1,48
tdm. 2. JwO¥WdS dL d3j dzj ded W P¥) dztinis dztsifiyls off dpR§ dzj Is
Fig. 2. Graph of changes in soil skeleton density {Pwith depth
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o jddyddd) fwOdBsBAdlEddr  cdzkzsddts?2 MmMtsHj toy Oded W
Edzj dz hjdedw Ctsdzdyd Msea O Btee Oded € (. Ilts oltstesd3 tsB G
f dzslsdgsfyls ' 8 Is ofjdaHjr t&y Qp@fiils disyy, ) J dz" = B dzj tOdzse, MC St
1 sted Miskstisd MistsMmis! BKOL ytse SCtsdzjBdzj Ismw ©Is 44 H
10 ctOWdsj (tedfm. 3) HCOLOd dqLd&jdjdd) §stdf

9 IsOBd&zdyd 3.
vOBdZdYyod 3. rktcdzOdz sSftcjHJjdzj dzgdVw f stced MistsH

Table 3. Soil porosity determination log

" B0 | d&kzesddd ; s, ¢ ;d, *¢|l n% 1 O0d d3j dzse @
1 0,5 2,59 14 46 T M sy ste)
2 1 2,67 1,45 46 " M sy st6)
3 15 2,57 1,42 45 1" s 6 5t
4 2 2,6 1,44 45 " M6l B
5 25 2.62 1,46 44 I S 64 o
6 3 2,68 1,48 45 " M. 6] 56
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tdfm. 3. 1LOWds dL Bjdzjdedy fostedmissmisd
Fig. 3. Graph of change in porosity with depth
© o Y mT

n, %

) sedflssils! ckdksO ) cdksdds? kdjd h0jlshw,
Mo dsfr o0 siw §sH ©Og &) dfidk ds ' Ok § ted yd dzts 2

Csdzdyd Mlsoa © Yy dorn BtcOddL Bss, Ctlstster §| M tsmtse Mmlis

Fig. 4. Graph of change in porosity coefficient with depth

0790581glwwquq’4dzls fotdg dvfiffidtsyigllsiddzls f sted MistsMmisd B LOL Yt
10 ctOWds | (tedfm. 4) ftod o J HApJdzts tc QLGtds) L @ 1L d34 Qlz,
Cst WWduydj dzZsO fstedmistsmisd ftcdojnjde" o ISOBAZdyYyd 4
fstedmistshisd kdjd "OjIsw.
s OB dZdYyoO 4. rkttdzOdz sftejHjdzjdedw Ci WWdyddoc
Table 4. Journal of determination of the soil porosity coef€ient

" tsBtO| 4 d&zEB d dz 1 s, >G/ yd, *c/ e

1 0,5 2,59 1,4 0,85

2 1 2,67 1,45 0,84

3 1,5 2,57 1,42 0,81

4 2 2,6 1,44 0,81

5 2,5 2,62 1,46 0,79

6 3 2,68 1,48 0,81
tdm. 4. LtOW¥WdsS dLdg dzgj dedw Csi WV Jydd des©
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1
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ftojHMlsOoadwes s fMtBB2 dj Mmtseo dHdz j Migs ez ezl Gdzd-jf &tk
frdjoOlra yombdy d ikl zggds. ¥ fc®@§ y§ Ot ®DIs jBi dott
MiHJ 6 Oded j-fy dfjeOfsdzts: yOMB Yy d3BP, 05dzd Ylstsy dz' &3 MtsHJ
Ctezf dzgj j 0, 25 s d dzjBtsdzr hdds MisH jtey Oded j 5 ¢ dzd dzd M
l fmimdzj Hizj B2 GdzzBddey MisH oy Odedj  j MuBas?2 Wi
frdzjoOlts? i WABBO @&, G dzd dzq fij LGD1 5% 8 &S y dof lstsudZJJ,
Weeotydd (<0, 005 BR) € ®Hdj B, s fifive G, yIdaeTi 1€ godfyid-l H | @izO9
11,322, 4%, W tc @S, \WOdldi aifdg) ,teQH j-&O %, 2 ¥ e ODy P i @k b j H j "
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2836, 8%, W tc@CS yld iesd§)i0ts 25 j6dzGr%, 4 , W7te @S, \Rd5d edfdg 165 H ; dzO R

tdLikzdz O CcwOdkzdtsdijstedyj MStsets BdO&EM tcg @ G
yomlsdy tOL dzd ydats? Ctozf detsmisd §ts5 & dzze d dzj tcOL toj L
fdMmMyode n, rdzjoOl' s d cdzdddmisr i WttOtyd2, O kOS
sls WteOCydt dzdztsGts MsMlisOo O ctokzdzlstso . (dQEfHe sd tls e
fsL o tsdzd dz 4 dzd Is fmisd ¢ J d& dzj sH dzStetsH dzsmisd d ifdzj
WteOCyd2 o GtslzdzlsOE O dzV" Hdzts ftoj HMNIsOo dzj des g d M s

s OBdZd YO 5. uvOBdIJYO L Oy dzd2? ¢ tcOdzlz dzHaigfsls tsd iy M ¢
Gazzsddzr 0,5 &
Table 5. Table of values of granulometric composition of soil sampled from a depth of 0.5 m
tjLEZd O’ COdasdjlsttd yj MS e (

05 | 025 | 0L | 0,05 | 00L&
ABOLydd, >1 | 1051 555 | 51 | 005 | 001 | 0005 | <0005 ¢k dd
HGH] Yy Od O 0 0,9 50 | 331 | 288 | 20,0 | 122 | 100

vOBdZzd yoe6. s OB dzd yoO L dzOyJj dzd? ctoOdezdztsdzj sted yj mS& scets
1 &
Table 6. Table of grainsize distribution values of soil sampled from a depth of 1 m
fjLEd O CtOddsij stedyj MSSE s
AeOS ydkd| >1 [ 1-05] 05 025 | 0,1 [ 0,05 | 0,0:- [ <0,005] & & &3}
0,25 0,1 0,05 0,01 0,005
#tSHJjtyOd O 0 2,0 6,5 30,6 32,7 17,3 10,9 100

s OBdZdYyod 7. uvOBdZIJYO L dOyjdzd? cttOdkzdasdjlsted uyd S
Gz ddzr 1,5 &
Table 7. Table of grainsize distribution values of soil sampled from a depth of 1.5 m
{jLbd 5O" ctOdrdasd] stedyj MS 56 8

05 | 025 ] 0% | 005 | 00L
reocud( >1 | 105 oo | S | oos | o1 | o00s | <0:005| v dsd
45 "o B3 o 0 13 | 47 | 322 | 260 | 224 | 134 | 100

s OB d&ZdYyO 8. U OB dzd gy d3j de@ judedn® SEHsO dgls Mis O O ¢ to lz dzls
Gazzs ddzr 2
Table 8. Table of grainsize distribution values of soil sampled from a depth of 2 m
tiLbd OIr ctcOdzds®R] stcdyj M 6 s

05 1025 |0 ]005 ]00L
ABOLydd)>1 1105 555 |01 [005 |001 |o0005 | <00®|¢kEdd
utHj by 0d O 0 10 | 53 | 368 | 272 | 17,3 | 12,4 | 100
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vsOBdZdYyoO 9. vOBdIJYO L dOyjdd? ctLOdizdasd] Isted yd M

Gdzzeddzr 2,5 3

Table 9. Table of grainsize distribution values of soil sampled from a depth of 2.5 m

tiLkd SPEsGEBOdU] MSSEE OdOdk]L O

ANeOSydd,

05 1025 [0 [005 |00L
>L 1105555 |01 |o0o0s |001 |o0o00s | <0005 |4 Iz d3cs

H4BBHJjt)y Odg O 0 1,2 5,8 28,0 | 39,0 11,3 14,7 100

vsOBdZdyoO 10. vOBdZdUYO LdzOyj dd?2 cttOdbkz dztsd] s

Godzze ddzr 3 f3

Table 10. Table of grainsize distribution values of soil sampled from a depth of 3 m

{jLkd O’ cOdzdsd] stsdyj MS et

ANeOCydd,

05 1025 0% 1005 |00k | 44051, g

>1 1-0,5 0,25 0,1 0,05 0,01 0,005

d4BBHJty Od O 0 11 52 347 | 241 19,1 15,8 100

tdfm. 5. JtOWdS dL d3d dzj dedw fMmtsH j tey Odad W

tdm.

Fig. 5. Graph of the variation in sand content with depth

® ¢ Y MT H
6. L tOWdS dLd3ddzgj dzedWw MmMtsH ] o) Odzd W

Fig. 6. Graph of the variation in silt content with depth
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tdmy OV S dL B daj dedw MmtsH jtey OdzdV G dzd dzd Mils' =
Fig. 7. Graph of the variation in clay content with depth

s O¢ odHdzs dz2O ctwOWdE On fMtsH j to Odzd | yomlsdy t
o jddyde Oj Isfyw, Is ts i dz2 h Oj Isfqw . 1 to dlayd dzte 2ts dztisgOts
ftesdmMratsyHjddj dzj MmO, CBEHO Yyofmlsdyr ZzOC Of dzd @ O dz
¢jtdsedui MSdid Ekmdatse dw &d.

tdfm. 8. 1®LOWISE dL d3j daj ddg)v s g jYftarCarplisddy, dts) fiflsudO df
Fig. 8. Graph of the variation of the plasticity index(lp) with sand content
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tdfm. 9. 1LOWISE dL d3j daj ddg)v U] frfmH Y talrCdrptisdd™y dgts fidiside O
Fig. 9. Graph of the variation of the plasticity index (Ip) with silt content
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tdm. 10. J1OWdS dL d3j dzj dgif ¥ stad te® | 1 e il of v @htkdfdtag
Fig. 10. Graph of the variation of the plasticity index (Ip) with clay content
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15 CLOWdCOod o asndlsimw ks, vylsts ydhds {§edDikddedze
§r dzj o T ckdddimlsr i yomisdy.

tdm. 11. RdzsjctcOdz dzgOv CtcdoOW o tcOy jdedV Gtc
f sz dzse OtcdW &3d yj ME sd3 dGFOMh IsOB ] HEZY BGBtOL Yyo, t
Fig. 11. Gradation curve in a semiogarithmic scale for the sample takerfrom a depth of 0.5 m
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tdMm. 12. RddsjctcOdzr dzgOv CtedoOW o' tcOy jdedV ¢Gtc
f sz dzse OQted W d3d yj MSE sd3 dBZOMh sOB ] HAEZYW BBtOL Yo,
Fig. 12. Gradation curve in a semiogarithmic scale for the sample taken from a depth of m
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tdm. 13. RdzsjctcOdzr dzOWY CtcdoOW o Oy jdedW GO
f sz dzse Oted W d&3d yd ME sd3 BOMh IsOB ] HAZW BKOL YyoO, i
Fig. 13. Gradation curve in a semiogarithmic scale for the sample taken from a depth of 1.5 m
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f sz dzse Oted W d3d yd ME sd3 BBOMh IsOBj HdW BKLGOL YO, Sk
Fig. 14. Gradation curve in a semiogarithmic scale for the sample taken from a depth of 2 m
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tdm. 15. RAdEJgegO@Odzo ZBOY FdzdW ctoOdzz dztsdzj Isted yd M
f sz dzse OtcdW d3d yj MS sd3 BZFOMN IsOBj HAEZYW BWOL YyoO, s
Fig. 15. Gradation curve in a semiogarithmic scale for the sample taken from a depth of 2.5 m
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tdfm. 16. RdSjcCcEOd GOV CLOdEEEdE) sEOy] &S 5¢
f sz s Oed® s yj MS 55 BOMN sOBj HEW GBLOL YO, |
1

Fig. 16. Gradation curve in a semiogarithmic scale for the sample taken from a depth of 3 m
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1 s dqdzls j ctcOdz! dz" d&3 Cltbd o r &Bd H(dasd ! yYlsisk z kB s®OL Y o
dzj SHdestectsHdzr 3. 1l tjHY sy dlsj dz dets, 1 Ists sOCYj Mo

vsOBdZdYyo 11. rkttdOdz tsftcjHjdjddy Ssi1 WWdyd,j d
Table 11. Record of soil uniformity coefficient determination

} | dzlz B d dZ dso dio U 1 @ d3j dzts o Odz
1 0,5 0,046 0,0046 10,0 1 J SHdzZStGtSH
2 1 0,047 0,0049 9,6 1 | BH dzS e 5 H
3 15 0,045 0,0042 10,7 1 | BH dzS e 5 H
4 2 0,052 0,0041 12,7 1 J SHdzZStGtSH
5 2,5 0,04 0,003 13,3 1 J SHdzZStGtSH
6 3 0,05 0,004 12,5 1 j SH Az te 5 H

tdfm. 17. 4 tcOUCHS WoLddzyddg ooy dzj SH dzste s H dzs fiyls d

Fig. 17. Graph of the variation in the soil uniformity coefficient with depth
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29



{tQOdzIzdztsd:lesthfq Mmed2 MmeMmisOs wodwjlsfw ©SHds2 d
dzj sBrtSHJ A3 Hdzw hjdedw ftOSIsdyjmMSdr L OHOY. 1 to g
WteOC ydd ISQOL’E)OJIS LdZOl{CfISJdZJ detsy odzdwdzedjy dzO Jjaets
1 5 Lizjdz! SO0 cwOdzasdk) stedyj Mitses O0dOddL O o
jtends Ujlbo jelsdudesets SCodifdjSMO L OfOHds2 yoOfmlsd
rdzj 9 OlsT &3 MkzedzddzS Ogd. | dedn ftojtsBdZOHOjIs fr d
wOCydd o cjocliias jo Cfstdzpp a0 n 3 Gizj o 48,820 W2c¥,S yafdfd dzd |
tc O ¢ iylp,§15,8%.
| d&zOy detsfyls! f) GdzzB ddets?2 3jdev jlsmw tsls 8,7 His 21 %,
sls 19 Hts 22, 3%, odOydasMis! 4§ jotsh d2j&,58 fHety B8 3 zO8
ZOMisdidktsmigd Hts 11, 3; §HE&BL,04Q ditsilsQ S8 Mk dgOy dats
o jdzdyde Ojlmw, 1sO¢ C0OC 6t RBjtej bkojddyjddv ¢dt
i B jteOlkzter , d, Mtstlse jlsMmise jdedets, kd3jdz' h Ojlsmw (M
] dzslsdets s fy teddplisEOg dets 2s Iso L3 5 21 destds das, 9 ds/ofjdg H s 2
9 Ot! dqickzjls o -PthB8Y dz®Mpigls ddsMis! M jdzjlsO cGwlzdzs.O0 o3 d
1 dzslsdesfyls: , o Ghdse dsd, ko jddydeOjlsmw M ¢ dkzs dds
f zslsdsmB®e dMdls dzj btsd ¢ s ®Jdzj tOdz dzsets MsfisOo
I stedistsfhls: ) cdkeddis? Edg6dee," OF sk W dydy easn jio
Bjdw jlmv ls 0,79 HB 0,85. 1tstediksils! f ¢dkzsdd
SthdZJJ)i?O stsdzh d, lsyjet f§tster dzOyd dz0r s Mmna dzsfr 9 Ols!

SEEEAH O

o N

tt¢UUt¢

s H ZOB Ottt dsets §twjHj dj ddW
@¢@wwm@ 19709

el & d Z0@y3fiy. .

jlstsHT ZOBstcOlttedscts §§jH ] dj da

=

[ RU
12%.36 | tckzdzlsT . [Jls

SOCGt) GO-fzse su gBiEls O

2501010. ytelkzdzlsr . -fs.dzO

2046. Jelzdas T . I

HOtlsd daWisGedfp. 201 5.

ddSs 1I.¢. [ibtHdquimMédy ECOLOddw ¢ dOBBttOtcdzss? tOE

s90, dS ;. @Yl tstd:d3ipC.:1 .4 dquB@HIRIZAN2 0 10 .

IStSSJHJdZCfJ /I [1.v. ves¥ddktses, 1. ¢. sttetsdyjopbtsy.dLH.] BL

j OB k. : drtw Bf,. L ,-1 DD 5.

tedj o 11 [ j IstsH " dats[¢ £ OdyLj Esjo dzd WdzOs tisbied@ldstisds. v Y j B detsj ff tsf

. sruv-p420m8.

qu’QIzd3 s ckzdzstso jnjdede / 1 tsH toj-H.OC wprfsi B Ju., B AQWIBsY d d3

dztse . ¢ . CCMmY jtod dzj dals Odz! dzr § defdifsiiplsji H2ts o IDffadfts Is dffj toizd o L Esusid

Jddzdzr 7 MdzOB' B o BHESAdOM" M j dede” d3d dzj iMse ™ d3d ¢ telz dzls O3,

53

5

¢

o o M wbd
Wkﬁﬂzgccsc

© ~N
PEGORLEN 00 T NC

LE-S“E{S&Q—BN'BUT“—'“—'Q“—'
SXO”

quimSd OCkdodsy 7 ©O2Bd&OR t imMikeddSd vOHYdCdMisOds: O
sjteB®OBE2 BO0O0
Is to ts dzdzURL: visvyjv.Bpld epfediarg

o

©

f.‘dz;
0i O T Ul URxU@NEAIDULUN]L OO0 ONUO Pl eY@UO BRBRUAaI UI DI U
AR O aUUB@OUOOXOO IU@UOODBEIUIN DIaIOOBx “Babpll UD

i € =1 0 Beucotmq/aeuhuo |06||E]uu0|6|oum| gyi 6CcU Ui g @udd uydi aopd a ¢
—br”ﬁdﬁmaaouomlallubloeayuramjw)'ﬁé @,lE)yAlmneo(czooouuu
|” i 6 5 pa 3 pgpodpuypyoi
) yiéa?)ﬁﬁéiéﬁ-‘hzai,ﬁmlh'ﬂjﬁ CApi, diu Veywo,
“ﬁac"éL'C)—:t‘Jip i 606 Cé UAIYOd |1 olaEl Gidid 6060 11 ]
Typ y

B o o

o0 101 @p yaifi 160 AiyBi, 186868 63 1106 yui Gl 6(0623
&0 6 dil g0 @nNaIl i 6uou edi GAI 8.
ipodU o iCh1 REFAAUG B D BD

a0606 @AN U [DlaDied 600UFLL &G 9 B G p

oQ< Taog®™
S e I N A Rt
S

T O~

’)>|'“<:9'¥
\"C~Q'CT:"

S
oo &
(@)}

Co

G601, 6064060 auo,si AdGAIAOE®IS S06UBATWT &y U
6 Ul BUOGAB piUo6oio Tuiay+aefpi

O
E!(
Q =

frovtrRYyrawsrB wfuavol Jof Jrrp1iRrRB, wAf{fR{LIOLLIM T[]
GV 3?1 3am 2ot ? I drtmyryrulrotuoryr S o sd{fYforser 1.
52 tOBBlS] ftojHMlsOodzjd¥ tjLbEd O &OBBEKOISSteds A
fdpb@sid dmig® i ° ctokzdidstse, GlstsBteOdzdzr ° o Htoj Hj OR
tSHO [ EZhOdzB ] (BIStetsteO2tsdz 82). RMMdzj Hso Odzedj Htotso t

30


http://www.studopedia.org/
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MG jdzjlsO o0t! delzjls ©Is 1,40 HB 1,48 &/ fdi, OCYJ] HJ BGd
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GRAIN SIZE DISTRIBUTION OF DEPOSITS FORMED UNDER THE INFLUENCE OF SAND AND DUST
STORMS IN THE UPPER QUATERNARY COMPLEX OF DUSHANBE CITY

This study presents the results of laboratory investigations aimed at determining the particle density and skeletz
density of loess soils from the Upper @ernary complex in the western part of Dushanbe city (microdistrict 82). The
analysis was carried out using the pycnometric method at depths ranging from 0.5 to 3 meters. It was found that the partic
density varies bet ween IYshdwga tenmdaf in2readir®) with/depth, Thisis attributesl toaghe a
higher content of heavier minerals and a decrease in organic matter with depth. An exception is observethetiethe 1
depth, where the particle density reaches its maximum value2/6¢ mj ) , possibly indicating
mi neral s. The skeletal density ranges from 1.40 to 1. 4
data are used for geotechnical assessment of soil properties and for plansingction activities.

Keywords: loess deposits, composition, soil density, increase in sample density with depth, integral curve of grain
size distribution.
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MORPHOMETRIC PRECONDITIONS OF LANDSLID E PHENOMENON IN TAJIKISTAN

Morphological factors represent one of the fundamental preconditions for the occurrence and spatial distribution of
landslides, as they determine the geometric configuration of slopes and largely control their inherentIstdlaijilystan,
where the relief is predominantly mountainous, highly dissected, and characterized by sharp elevation gradients
morphological conditions exert a particularly strong influence on landslide localization. Empirical evidence indicates that
slopes steeper than 2 degrees are most prone to instability, as the balance between resisting and driving forces is
critically reduced under such conditions. Slope aspect also plays a key role: amitleastacing slopes are more
frequently affected dwi to higher moisture accumulation and the prolonged presence of seasonal snow cover, which
intensifies instability. Elevation zones reveal distinct patterns: the majority of landslides occur witlnmoomithin belts
(15002500 m), where active weatheriqgocesses combine with dynamic hydrological regimes. Furthermore, valley
morphology, the presence of terraces, scarps, and gully networks act as local amplifiers of gravitational stress and wat
concentration, fostering slope failure. This paper examinesnorphometric prerequisites for landslide development in
Tajikistan, where landslides represent one of the most hazardous exogenous geodynamic processes. The study analyzes
impact of key factors such as slope steepness, elevation, aspect, plawfdacprvature using GIS technologies and
remote sensing data. The results reveal spatial patterns of lanuside areas and can be applied in landslide
susceptibility assessment and the development of hazard maps for mountainous regions.

Keywords: Tgjikistan, landslides, morphometric factors, slope angle, curvature, remote sensing.
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Figure 2. Geological and tectonic scheme of the Chulboi deposit
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GEOLOGICAL FEATURES OF THE CHULBOI GOLD DEPOSIT (CENTRAL TAJIKISTAN)

The Chulbo gold deposit belongs to a group of mediand lowtemperature epithermal deposits. The deposit is
heterogeneous in ore composition and consists of-lgeéding, antimony, andnercury ores formed under common
geological and tectonic conditions. The distribution of ores within the deposit reveals a distinct and clear pattemg accordi
to which mercury and goltdearing ores are located in areas close to the surface, while aptores are found in the
central, western, and lower parts of the deposit. This spatial pattern of ore distribution can serve as a basis foth@ssessing
deposit's potential in adjacent areas and at its depths, as well as for forecasting purposesraheomiposition of the
Chulboy deposit ores consists of the main mindéraatimonite, cinnabar and pyrite, and also contains associated minerals
such as native gold, sphalerite, marcasite, arsenopyrite, realgar, hematite, boulangerite and goethite.

Currently, the deposit is being developed, producing a certain amount of gold annually, significantly contributing to
the development of Tajikistan's mining industry.

Keywords: Central Tajikistan, Chulbo deposit, gold, gold particles, antimony, mercury, mpriogpects.
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GEO-ECOLOGICAL PROBLEMS OF THE CHORUKH -DAYRON DEPOSIT AND ITS IMPACT ON THE
ENVIRONMENT
The article discusses the geoological problems surrounding the group of deposits of Chelakton and their
impact on the environment. The economic situation that prevailed in the 1980s did not allow for the implementation of
techntal and environmental measures to improve the ecological condition of the waste dumps. In addition, the annual
precipitation in the study area is extremely domly 80-100 millimeterswhich is insufficient to provide natural moisture to

54


tel:1978
tel:223
tel:1954
tel:1956
tel:111-118

the waste dump. Aa result of the low amount of moisture, the dump has gradually turned into a potential source of
environmental and geological pollution by various chemical substances, including heavy metals.

One of the ways to reduce the impact of waste on the environmehée extensive development of artificial
deposits. Unfortunately, the technological process used for processing and enrichment at the @droonktheposit group
has been discontinued, and no technological system exists for utilizing the waste dumps.

The ChorukkDarron waste dump has gradually become a source of geological environmental pollution with various
chemicals, including heavy metals, and this process continues to this day, motivating us to study the problem and propo:
preventive solutions.

Field observations have shown that within the territory of the ChelDddnon ore deposit, changes in relief have
occurred, forming subsidence zones with a total area of more than 5 hectares and depths reaching 100 meters or mc
These lands are now commbt degraded, unsuitable for any type of human economic activity, and dangerous for the
population due to the proximity of residential areas and motor roads connecting settlements.

Keywords: gececological problems, exploration work, ChorelRlarron group 6 deposits, waste dump, deposit,
ore, relief, processing technology, environmental measures, natural and geological pollution, monitoring, drilling
operations, degraded lands.
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Figure 1. Major producers of antimony
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Table 1. Mineral composition of mineral deposits of the Shigghiyan mineral field
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Table 2. Spectral diagnostics of 110 samples in the W@hlyan ore field
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Si 110 4-5 5
Al 110 35 5
Mg 110 2-5 3
Ca 110 35 4
Fe 110 35 5
Mn 110 1-2 2
Ni 108 1-3 2
Ti 110 1-4 3
V 88 1-2 2
Cr 53 2-3 2
Mo 3 1 1
Cu 110 1-2 1
Pb 81 1-3 2
Ag 56 1-2 1
Sh 100 2-5 3
Ya 81 1 1
Ba 43 1-2 2
Na 57 2-4 3
Co 27 1 1
Zr 51 1-2 1
Ar 17 2-3 3
Sn 5 1 1
Sz 38 2-3 2
Se 1 1 1
Be 31 1 1
Zn 42 2-3 3
Ra 3 2 2
Th 1 2 2
Bi 10 2 2
Hg 1 3 3
K 1 4 4
P 1 3 3
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COMPOSITION OF SUBSTANCE AND TECHNOLOGICAL FEATURES OF MINERAL RESOURCES IN THE
AREAS (SHING-MOGIYEN ANTIMONY -MERCURY ORE FIELD)

Among the minerals of the Republic of Tajikistan, antimony is one of tteegtcally important and highly
profitable metals in the mining industry. In the context of the Republic of Tajikistan, research in the field of antimony
metallurgy is of particular importance for the successful implementation of the strategic goaistrfiatiding our country
and transitioning from an agrarian state to an agranidnstrial one.

The presence of abundant natural resources and multicomponent ore deposits, as well as relatively inexpensive a
accessible electricity, provides a reliafdendation for the development of our country's metallurgical industry. In terms of
metallogenic specialization, the study atka western part of the ShiMogiyona regioris part of the ZarafshaBissar
antimonymercury (goldrare metal) belt. A signifiant number of deposits of various formations and genetic types have
been identified. The ShiAlglogiyona ore field contains deposits and occurrences of antimony, mercury, gold, cadmium,
tungsten, fluorite, and silver. The main ore formations in the regg@m@antimonymercury and goléulfide.

Small amounts of goldulfide formations are also found in this area, present in branches and fault zones. These
formed as a result of intense hydrothermal processes in the granitoids of the Zarafshan complexXestdhearselves as
stockworks. Skartype deposits and occurrences of this formation are observed at the contact points between granitoic
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stocks, veins, and sheléte bodies with carbonate rocks of the Silurian and Devonian systems. Such deposits include
Taror, Chashmaniyat, Sharshara, Mirkhant and others.

Keywords: antimonymercury deposit, gold potential, productivity, quartz veins, exploration and evaluation,
reserve estimation, preliminary reserves, mineralogical composition, chemical composititagicstpeioduct, fourth
national objective.
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Figure 1. Geomorphological map of the study area
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GEOLOGICAL CONDITIONS OF THE AREA OF THE BANKS OF THE ISFARA RIVER
The studied territory is located in the northwestern part of the Ferghana Depression and is formed from rocks an
sediments belonging to@HPaleozoic, Mesozoic and Cenozoic groups. For this reason, two tectonic structures are visible in
this area: the lower and the upper. The period of the lower floor consists of Paleozoic deposits, in which there g variabili
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of layers as a result of comgssion and shear, which is reflected in several types of complex folds (anticline of the Mazar
fortress).

Due to the lifting activity of Guslon, there is still an increase in the relief in the northern part, which leads to the
destruction and erosion afcks (the banks of the Isfara River).

The geological structure of this area mainly involves a complex of sedimentary rocks belonging to the Paleozoic,
Mesozoic and Cenozoic groups.

Each complex consists of different genetic types of structures that wenedfauring a long period or stage of
denudation. These periods correspond to periods of tectonic movements and climate change.

Keywords: Ferghana depression, relief, rock complex, sedimentation, tectonic movement, Quaternary period,
Carboniferous periodstrata, Medieval period, undifferentiated.
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Figure 2. Map of the location of historical and archaeological monuments in the Shohdara Valley
(by after[3], original)
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PREREQUISITES FOR ORGANIZING SCIENTIFIC AND EDUCATIONAL TOURISM IN THE SHAHDARA
VALLEY (SOUTH WESTERN PAMIR)

The Shahdara Valley, located in the Southwestern Pamirs, boasts unique natural and geological conditions and rich
tourism resources, facilitating the development and implementation of various types of tourism. The ancient rock
formations ofTajikistan and Central Asia, peaks over 6,000 meters above sea level, numerous glaciers, underground
resources, as well as archaeological finds and historical monuments, provide a rich foundation for scientific and educational
tourism. Unfortunately, duentthe distance of the roads passing through the Shahdara Valley from the Dtshardig
Kulma international highway (the Pamir Highway), the valley's tourist attractions remain largely unnoticed by tourists.
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This article divides the historical and touriattractions of the Shokhdara Valley into six groups, including
fortresses, tombs, and sacred sites that are of particular interest for historical and archaeological tourism. Thesinap and |
of historical and archaeological sites presented in the adiebrly demonstrate the valley's potential for cultural and
educational tourism and serve as a guide and reference material for tourists.

The natural, geological, historical, archaeological, and tourism potential of the Shahdara Valley has been
insufficiertly studied, requiring further research.

Keywords: Tajikistan, Southwestern Pamirs, Shahdara Valley, natural conditions, historical and archaeological
monuments, tourism potential, prerequisites, socioeconomic development.
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Fig. 1. Schematic diagram of the setup for studyinthe oxidation kinetics of metals and alloys
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Fig. 2. Kinetic curves of oxidation of hard alloy AK7M2: a) without alloying; b) with a lead

content of 0.05 wt.%
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Fig. 3. Kinetic dependences of oxidation of AK7M2 alloy with lead alloying at different
concentrations: 0.3 wt.%(a), 0.6 wt.% (b), 1.0 wt.% (c)
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Table 1. The effect of lead additives on the kinetic and energy parameters of the oxidation
process of AK7M2 alloy
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Fig. 5. Isochrones of the oxidation process of AK7M2 alloy alloyed with lead
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A STUDY OF THE OXIDATION KINETICS OF AK7 M2 HARD ALLOY WITH LEAD ADDITIONS

The article presents a study of the kinetics of Hgyhperature oxidation (corrosion) of cast aluminum alloy
AK7M2 with various lead additives. The AK7M2 alloy is widely used in industry due to its high casting and ioaichan
properties, but its operation at elevated temperatures requires an understanding and control of oxidation processes.

The kinetics of oxidation of AK7M2 alloy modified with lead at temperatures of 723, 773, and 823 K in the solid
state has been studidy thermogravimetric method. It is shown that there is a general tendency to increase the rate of
oxidation with increasing temperature. Lead additives reduce the oxidizability of the initial alloy. The weight gain of the
oxide film of the AK7M2 alloy wih various lead additives is close to each other. For this purpose, a series of experiments
was carried out with samples containing from 0.05 to 1.0 wt.% of lsathe same time, an increase in the apparent
activation energy is observed with an increasehie concentration of the alloying element. This pattern is especially
pronounced at the maximum studied lead content (1.0 wt.%). This indicates an increase in the thermal stability of the alloy
and an improvement in its corrosion properties in a-@ghperature oxidizing environment.

This paper examines the effect of lead concentration on the oxidation kinetics of AK7M2 hard alloy. A series of
experiments was conducted with samples containing 0.05 to 1.0 wt.% lead.

Keywords: AK7M2 alloy, lead kinetic, parameters of the oxidation proceggermogravimetric methqdkinetics of
oxidatiort true rate of oxidatioractivation energy.

SRU[URSR [sRu[[1R(C U
ls@endpjdzle Hi Lod@iEeds d € d o Mts
M Z0o © ¢s7f2 f ey
d BXEZOGtSHOtY MmMotdd3 or
j o3
s

q‘%;u

jcOEwOs ktiBkjls

]
dIstedud ME dd3 dijleeftHas
fjtOkte®On 723, 77

0 F o
n

My z0o ©. 1 j &
[ Y (ke B
w
(i}

=
72 Ny

@i C+youp d1 U0 T OGRATVOAY] OO AYEH+-PUILIBATINEDT GHaud6660 PUEDO O
i1l dfn@60d @. VUOPYHMDO adoodc, auuAﬁyyuU“ 61 Rjidtd 6 oEhd& QT =+
quﬂf)‘734042, A.DyAi UifA, Ayoseéyiodd PUEOGOORPDHED AOIEORITB 1 61 01
88-99. E-mail: ganievizatullo48@gmail.com

Ty=+ai Y|—u;aoééouﬂB’Ule@oélﬁSb'ﬁmﬁlﬁ)“"éﬁypﬂu i Uugo it‘)’,éﬁ@()t‘)
GU@Ab6i 88000 +pafiEA G @A pyAUpo 0|Aﬁo‘lu‘|@10éﬁ®miaﬁaé%mpj@’/ g AEpY ¢ & § D
734042, A.DPYyAIUiIiA, AEYysEYyUO606 PUEOGOOYLDGU,P idmEB)UMOSISHIYE fi g 6 6 &
mail: gulov.1971@mail.ru

I Ayoai EU|o—EuEuQZoQ'ﬁ'é‘f)Oaﬁauﬁbéé buEébﬁybuU i1y yudlygpon uipodi
0|Aﬁ6bi6u6AEJuupyue(§10m|Eé|oi]b6 ztnEbN i 0 |734042, A. byAi i,
PUE6GOOYDPUU, OEAI O 161 0fi oo 6(@992) 4D8ED494 1 & 4, 10. PA+AAUGN:

4o jJHjdzdw 5B O@Al§Bc@IL:Olskz
.. [Mddid, HBCItste ~dd3
r zh ©Odzs § , timMfeedzd¢ O v O
ganievizatullo48@gmail.com

dzdites QHOedE N SRR Us § ~dzd ud MSC d2 Edzdo j oy
¢ dds j de@isWizts ¢ ifftd s W= i igstf Bt BEO 4 R tes dL
dilsOdz, vl dzd YDUIRPIIETRGEO E-sail: | OH ¥


mailto:ganievizatullo48@gmail.com
mailto:gulov.1971@mail.ru

2z wOdZsdBdHHddz- b
COdZHdHOIs Isjrddud MEd
dzB

OHtpd @ o dsy » ded W Jdipgiddad OHECHHJ ety Isf .

n dz20kG, HByjds COWjHter dOIs] tapdHOalgshp:j H
734042, ¢ kMO tdMmMfkedzd ¢ O u OH)Y J Sud]nis K8 LOEBGPAQ7. S OH |
mail: gulov.1971@mail.ru

¢hZteso stBddZHY SdEOMAYREGPAUIsj nddud MEd2 Ekdzdoe jtemdisjls ddsjd
COWjHEr BOIjtedOdztso j HJ dadV, &34 Is O dzdaizHete j[TBYJ4R) € [ I2 D QigiEsjfidzlz B dzdsS ¢
BOH Y d ¢ JHsd@®OOH | 3Py O 5 Was'j Hzj Y+H8IR): 90686-94-94

Information about the authors: Ganiev Izatullo Navruzovich Tajik Technical University named after Academician
M.S. Osimi, Doctor of Chemical Sciences, Professor of the Departmfig@hemical Production Technologgddress
734042, Dushanbe, Republic of Tajikistan, Academician Radjabov StreeRhbbe:(+992) 93572-88-99. E-mail:
ganievizatullo48@gmail.com

Gulov Salomiddin Sadriddinovich- Tajik Technical University named aftercAdemician M.S. Osimi, Candidate of
Technical Sciences, Associate Professor of the Department of Materials Science, Metallurgical Machines and Equipmen
Address 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Stred®hdfe:(+992) 10080-52-17. E-
mail: gulov.1971@mail.ru

Ashurov Kobiljon Khakimovichi Tajik Technical University named after Academician M.S. Oshskistant Professor,
Department of Materials Science, Metallurgical Machines and Equigrddress: 734042, Dushanbe, Republiof
Tajikistan, Academician Radjabov Street, 10. Ph¢n292) 90686-94-94

u ls Ol ' Is zaftadj dBGD S29GB.2025

[HEBL] dz0 § sdzj 28(0.20PFzL d (6t
leddzvsO € (lE&18.2885 Oy d

85


mailto:gulov.1971@mail.ru

004.934. 2

Ul s:
Cuvolz Jrtoda1fusr tryrl
g vyIrus[f [e&fI1r11

bhzteL SHO Jo. M.., 4.1 SBBBJ
COHYdSEMEd?2 Isjrdzdyi mMS&d?2 Ekdede jtemdisjls dd&3j ded ¢
vdzdoe jtemMdIlsils ddzdzso Oydd d ydwWwttser n Isj n datsdzts

j Hjeztbg toj d3j dedz’ § MdMisj i3 O lstsdzOls AJR) i Chisfetests € wsO
‘LkElsw e dtse ddz dz' ¢ iz § dztf s iakd WA C OF delfj diglzjdR
Wi2MOR. CWWjCkdodesfmls! kOSSR MdMmsj &3 dzOf tew d
ZzO d bydtsfylsd wL '™ Csar A BsHj dzj 2. [ dzv  tew
¥dEmMEd2, LOHOYO ML H Odzd ASRfstdzd@ts dstndz¢ W& tsdz@adz! dizts

sOHYdSEMEd2 wirr ¢ sSBXZOHOjIs twWwHtd e j dadatsfls
e zOMmdz - Odzazts W s dzts o , -Is OHlzffdf WA G B2 tfi tsth)fig ta Hk dfs, 0]
Mizsco sSBOL 59 Olsj dz' dzs?2 BteW sdzsecd 4 2 .

CIsd ftodL dzOSd B Yydetso jf &l H ME O &k § tedeisBig?2 § tsd3tsh
M J ClstcOdz! desets OdzOdzd L ©, dzOf ted d3d to:

gRL11 ¢ ¢ 1 wrRuev[fOm (¢

U {
U Jeuvrs vérrrses 1 C13s0

0 MFCC (Mel-Frequency Cepstral Coefficients),
0 PLP (Perceptual Linear Prediction),
0o Filterbank energiesd H tc.

TW=(wy,W,, é W Istissdzj Hise Ols j dz! distidst tc HAydztsigd Mis § A3O  H s dz
(BB te, Isj EMistso OV WistedzO® toj yd) .

ﬂadd39&gs©zqqlsocj Wi € @F "tSiusdddsjtdsdzy J o J tetsVW,Is ddzay  jefigld-
sts, yYybt MdMmlsj B3O orBdtcOjls C0OC WddzOdz dzg" 2 tjL Ekzdzw Is

farg maxy sL dzO @ Jj s Oy d or Btstig O @S¢ tfods s s BWX)] tesW Is
BOC Md &3O dz! dzO

RdzszdIlsdoe dzr xu fipdg’i fgaR. tcOMf sL dzOo Odedw tej yd f sdzkzyo
ZOf ted B3j 6, YJ ZBOHY JEHmEHG|E ; 5] :

Ag Odzts d3, ~hjzgts 21

ClsO otsdzdzO ftoj sBGOL 2] Iskw 190 dzgz® B tShited M 16 GO UzON " ts19q
f sfmdzj Hiso Ols | dW dEffiBlss dzjfjdztoe] tesW IsdzO Xf ted H Odzdztsd3 M d ¢ dzC

vts JMmis!, SO JjdMmMdso © W " d&kkzyhj ofmjct O8I W fipdrse
W" dzyhj efmMicet Bl whdgwe Is" LeokCtsott?2 MdedkoOd X.

t dMkezdesC -Min j Rz S SHd s Odzd v te ud
Figure 1. Speech decoding block diagram

)
2 Feature Language
‘)) Audioc I Extraction] | Model ]
N~/

48 ZOMdets W sted3gedzy 1 02 j MO:

YyistsB" of yudKizd§mhy 8E&Wislicj sFpy 1 02 j O

DO ———Wstedzdd (2)

v OC PEXPCo dzv j sfqw ¢ sdzMWOddsts 2 s fildaf (30 dg'j OV G dif slsj L«
& AOCHD o t0 o WsttdzdzO ( 3)

1 Hd M

86



TPXW) - O0CEkMmlsdyj M¢ Ow BBsH J dz', (Afchfiyrsa @sch OMo dee
ZzOB dzs HOJ 3" » HtedL dzOSC s ftcd L OHOdzdzs?2 f sfdzj HisO OIs

1 Of ted d34 to, BB H § dz ftotso j oMsHGS Lt ©C Mtc ® &zdzf dzd ¥ dz
md ¢ dzO0 dzO.

TPW) - wiL " CoaOydzddsiLanguager OM®@DEdsljitcedL 28 h Ow n
9 jJleBWilsdatsmis: fswodzj dzgdvw MmMzse sMsyd IsOdzd?2 o | Misg Mmis

1 O ted B4 t6, € 3B d dzO YA[J¥ dzjAHPO dafsdg) jhlz dEsts oyt M 28 o ] tet
MO dz8A] dzj H O .

ltedd3j o (Hdzw dAOEfigy v ditsdpfis g 3OO jel® MFBEPIs o tsL d3ts ) dz" -
OzHdBW 02 dzO:

| J1disljL O W] ¢S Emisd YW)ME O L rof toas@Ws dzte f sits W 197
Viesd L o H W) P (X

| AMOdsdd | 0.45 | 0.60 | 0.27 |

| AOdksdkd | 0.50 | 0.10 | 0.05 |

| AMOdsd hbkdso | 0.40 | 0.75 | O0.30 |
J| 1

BEaE O] MdMisjdBBO o' B jtjls edifljLlz AMOdsd h
w ACCOD Gz 0 W fi O dzts d3B Iz d3ts
vOCdd3 tsBOL td3, W shdaglzHiApds j( dily O dis Isdiw Gy Qfjtdsd dzy d f tc O
-fsdME OS2 IjSMstse 52 | =EQYjBHSSpICHESY] Erzezs ks 6ls o
ZOB dzt HOj B3z L o kS so sz Mde dzOdzkz
[y dets BSlsdsj yoOjls, vyt ddj dzdets 1 sO W stedzOdzdL Oyd:
d dzjtesmjlsjorj dBjlssH' o JjHddzkz® MdMmisj BBz, §ted B
¢pSEmisdud ME OW dBtsH § dz
¢9lzﬁ115du4fn€®4wlstsisisd3@lﬂziﬂt13®l5du4ﬁiﬁtszisisq@mOﬁZdHtwlstG

(MY JCister , yOffptistiskiss | |affrjddelaj @Y ded 3O dz' dz" &3 J Hdded yodz 1
flstetswIsfw fdztse O) .

vCter 57 j] BOwS s MC o bH BN HMM)JE HOME su tkdo
ted ud .

]l juev Is dets iy ls ¢ fjted nBHO d&iYHEZ Mtshmissw dzd wABH] BF toj
oj sV isdatsfis! dzOBdzt Hjdzd™ (el ZdzOYtEg 2 o tc©MUpte 5 &34 birfs bl
[ Olsj &30Isd yj M&¢ OW di3tsH j dz! HMM LOfdMmr e0j Ishw COC:

00s. B 0 0fs @ FD ¢ WstedkzdO (4)

v OB dzd. Yy B v Mdzfndzdzp ts dzts o
Table 1. Explanation of symbols

[B5L dzOT t OfmMh dW¥tese C O H 4B M |

O = (o0 L OBdztE HOJ] BBOW HtsMdzj HS9 Olsj dzu syls s toj Odz' dats
o ) ftedL z2ZOC s (MY jClstesctcOBB |d@3d ¢ tesW tsdz

Q = (g P smdzj Hs9 Olsj dz! detsmils! MEter Slylsts ftetsdL desd dz
qa ) Yyoflisj ?) HJ dzj

[GHjd& kG, €

(AR ljteswisdtshmls: §jtjgomd du | - o5 o Mk G s d
- l jtetswWisdzsfls! dzOB dz8 H j dzd W (P
©°  Jyed ehdsedd) hshlsswddw (q° ¢ tekudb tsd
nren |} QOB ster HMM ( BOltedyo® f .
- O oe dr H 22 B, OO dp j | SRS BT dMOdd
ddBBBO s oafmjdz oL sy de" s jvyyls eamjnrn (IS
Mtsmis sw dzd 2 Bsy des ¢ f sMistetsd

87



| dezlstej dedgv W yOfpsd ¢ or udmdv jls o jtesWisdsils! st

fsfmdz) Hiso Ols j dz' dztsinif s to FHfipisCs W dzff R C tso k2 8 0.5 ) dz pzdzas o) Ol 2
ojJteswWilsdzsmisd fjtejrBBHBe ®&BiYHE Momisswddwdkd dO o jt
MemissY daj d .dvvy Bz@kEdls’ 0@jls osL sy dal § CHEBISGET o Bt
sBl Whskasflis ' 3 j MJedzOdz O. wuvts jMls:, i daj LdzOj 3 Istsy
fosdL dzj Mj 2@z BRGeEfsdEz s o M d]. o At JdsEsdOjdR(Tfels dzlz Y O J
9JteWIilsdzsMmis! Issets, yYlsts H Odzdz $2As delotdz Cstsipts?  difsoHG) dARfdz ofn
fizts . 2z )

lticdd3jtc (2 ek hiddz Rizsco s ¢ MOdzsdie /damlemddls dL Ists

fsHjd HMM dd&jjl MmtsmisswddYy q , a9 , q .

[ dzv (et sets fnq’GdzOdzO O = (o , o , o0 ):

D0s. ®Ofro € tOr0 & tOf 0 &

{ Mdzd o jtotswWisdesMmils! f jtejrtsHBsO d dzOBdz6 Hjdzed?2 o' Mts

Mzse s ¢ MOdzts dze .

tdmizdzsS 2. wf [ HAY Mtses © ¢ MOdtsde
Figure 2. SMM for the word "salom"

caJjiaM
a
a a
adi > g2 > 43
bl b2 b3
o1 O2 o3

bolsster o Motsj?2 tOBMN v cdiAdmpPIsz] dzigisty H dzv  f 51
OCkmMsdyu MEJr lsBEH FBE?2 Sd20 fsLotsdvwjls [1]:

Tzydilsr ot©jsdzd dedzlzs MistezCIskztelz tod ud

TdsH j zd f 3ac@PBsHT &BjyHEZ LokS OB

for yd mazvtssw Is dets i ls /¢ Sudat e\ Gsddef = Mdzseo ddzd Wisdzj d3 ff to

1LYy HMM flsOdzd tsfipgp ig ) s@HEMMDIN N dE) 2ucOls j A3 ff ts dzdats iy Is -
CdzzetsSCddi3d dBsHjdYdABRBd (RNN, dSTMBstc®OdnddPOdse ) S C
sMisOdzOM! thddsets?2 d H&Y Mteotcj i3j dede' = Y SHABSHEBe [ 2

1J2tetsMilsjor iholdtse j dzds.C OL r 9 Oj Is HMM IE€z] @ e g S o '
B HY digls @gzo sdzd ydsdzdzO g sL dzOo Oded d toj ud, fifGsds@s ditzy duldshis
9" wWo dzw Is Mzsy dzr | LOSCBdesd3j todetsmisd By HE LoEZCtsd3
ojswWilsdetsimisd d fjteijrtsHr, C€0O¢C o HMM.

stsotcj d3j dzdzr §| BsHjdzd My sd L k¥ Is:

1DNN (Deep Neural Netwoks)-¢ dzzB tsC dj dgj 2tetsdedz” j fJ Isd;

TRNN/LSTM/GRU -tcj S Ztetej dzlsdzr § Mmdlilsd, L Ofsd3ddzOs hdj 6t

fTransformers -OQtcn dilsj S Iskter M d3d n Odzd L B o dzed B3O dzed v ( a
oM YoMmMdzi HsO Olsj dz' detsfls! yJ dzd € 5.

J sfdztso § DNNsMdizjj tfdsOls j dz! detsgf ] § 83 5B 8OL s oHGDddzdz" -
dzj MC sdz! € s dZJddeZJ?er" dzsy o

Qw o b pigdY stedsz dzO ( 5)
GHJ:
qh "o AtsH & Mdzs?2
TWO - zotedy® o jftse d ojCltste a3 M j dzd 2 ;
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1f(§-dej dzd dzj 2 dzOv Wk deS ydw OCIsdo Oyapl); ( dz0f tod &Bj tc,

IL-Csdzd yj Mseats MCter Isr 7 Mmdztsy o .

SOYH™ 2 Mmdzsdztse™ Hj ditejffls dzOC HMisd uj MEOE 8 d 3y & dz0 W@
dZdL Stsets kZttsodzw dzORBHVYIS W stodlz - btsdziak’, , O dedE) j
Md3r Mdzser j MstekzClskztcr .

ANqdzOdz! dgr 2 fadzts2 D NNy H¥OV st W Idedats fifjsfjd? :

Vi dwo
GHJ:

Is-Msmisswddj (dOfteddite, Wdy BO) ,

%-94 Sste ftedL dzOStpee ct MPPQ@C,a MMl His. ) ,

Mtej L zdzolg BIsW Isdztsls! Issets, Ylsts o HOdzdz 2 dBsd3 dz
Lo zC.

[ dzv OHYdSEMEtsets WL " CO ROtOCIs] tedz

TdzOtegdtitetsls W 3 vV dzdz” ~dfdsdgQ filpdd dzd 2 i G a0z’ 7 Istclz H dats
ockemisd¢J;

1B OOV dBstoWstogmdzdh O Ctsdzlsj S Misdete s O0dzOdzd L O.

1 51 Istsd3lz DNN d RNN f§tdiiscOtls Mmdmlist gz Isdzjyls &
ftiosdL dshdlshy, Eydlr o OV d¥ sdils (i3&igk | idzseo O,  toj H dzfs

vOBdZdYO 2. lwddite ydmdzj dzdzsets OdzOdzd L O
Table 2. Example of numerical analysis (demonstration)

: S Bzts dicjJ HdzW W ISt .
[ BsH ] ( f OO Is ( WER 2) I mMsB j dzdetsls
AV 2.1 dscede 27.5% sEOHdYdBdzdzO%, BjL Bl
i o |z 8C B8] BBRYJ ], [
DNN-HMM (5.4 d3dzdz 15.8% ¢ Ommdu qC oydwy - ¥ s d d
LST™M 8.9 d3dzdz [11.4% bydlsr 90jls stej d3j dade’ j |
Transformerl 2 . 6 d3dzdz[9.7% RfMysd Lizjls djnOddL d ¢

WER (Word Error Rate)n sdzv tsh dBts¢ 0O sL dz0slOjddfy hfjdztse , yj &3 o3j dz' h §

vLtcOdzmMW tsted3j tor ( Turtseontesjfdpjrdmee rjs ) d3ts Hgankirmer Go@féraiegy € O
z

d Whisper i tod d3j dagv ¥ Isfy Odfzitsrd @ztfdizOddgdtention),Setf SL o sdzw 6 h d 2
Ctsdzlsj S Mls dzO oMi2 HAzddzi o~ tHAE2 §tdj HBo Olsj dz' d

[ Mdzso dzOY 1§ J 6Oy ve @ jdEfigh0O didu'ts dsifdds 2
BOOQEHNMDHE s of t-macxt Stk 20 ( 7)

GHJ:
10 N - B3O Is toid @ Pt thofyesies),
T W - B30 Is e dz*Oy(keys),
TN - 3O Is teid dz@y J(\Hde?),

T -t OL B todetsfls' Cdzs yQ Jtof MBS Q@ Bsmdzdh Csd5 B
ftesdL o jHJddw) ,

Isoftmaxf cd d3j dzg¥ j Isfqw s COYHBR RHEOBOV| o@OsEwq yr ¢
o dzd BZOdzdW Hdzw COYHB2 Yrdydd LOfttsmO.

RdzlszdIsd o dats: Hdzw t (SCODHHAY 2ls St Lde) ydodf yd pdzv j d3, dzO
mMisslstcedlse dz0 ofmj 6MlsOd dr j §tsLrdydd on-tsHO; o j fr
LOIjds fteddzj dgv s Isfqw VS kW06 6@Y yg sdzdzPYffldedz® oL o j M j dzdz

YIstsB ' BsHj dz Bs ¢ dz@z' jz dzBGajdgd 9 Ols 'O 9 i@ LB Mils j 2
BsteW sdsecdyuiMSdj, Hdked jmulsedks jCmisr ), dmftsd Lkj

Mul t i thefdd Co n haetdtihh e ad W stcdsz dzO ( 8)

heageAttention(w Mo ho ), W s tc d3@)ZO  (
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HP 0,0 0BEYO] & | 1 s jCyddSos n, &®8M idzOvY ftesj S ydWw
1 Oy dats : StcOdzmW Stedz o7 daJ ddzd et ls wWodss?2 toj Cktctej dz
ootsfsbdyddedzsl (pwwdictd Odgg] encoding), dOfted d3] tc

0'0 R OE—TWEW s tc BAGO (
00 i WéE—F— ¥ stedkdzO (11)

I sLdydisdzdz §j 2 SCtSHT HSBOoa dzw ¥ Isfpw € 9ontsHAdZ d3 {1 d3B J
fstecWHEBSE IstsC j detso .

Conformemsztf jfispg @ Hdzv toj yd

Conformer - ¢ d B tod H : ripts Wpgats €effddtention ( H dzv 6 dzsB Odz! dzsec 8 €
Mo J elstsyds (HEEEEEHS Odz! dz" = L OCBdesBj tedetsfilsj 2) . dton d
Feedf or ward Y MHSA Y Glowardo|l uti on Y Feed

ltej dd3lzh j figlg oy@ @ H dzw

TmMevy telsC d Edzzyh O Is dztsC Odz' dzts § BsH J dzd tetso Odzd §
CttOIsCBotej dgj dedz §  JtedatSHT ) ;

fattention HOYI cdzsBOdz dz' | L OoadMmd dizsfmisd;

fConf or mer yOfmlsts HOYIs dzzyh-zO®H B ydzfiils tc @o &J dd
Transformer.

ltcjHMsOa g3 dDtcGEOHY JEMEBdR M dBsteWsdzsedyj MSd diL
sftejHjdvil O ddz dgzys dzj d3dzlz:

c e CdteBs PBOCEMOCH OdzH . -eSteseCECEOL " 9 Oj Is dz0  d3c
Hi Y tsdzdzj dad § ; odzad BOdzdj] (Lot dvjls dsHjdzd MoweL Ols!
ftojondg dzdd, HtcOQoddz dets o' BteOls! dBteW sdzsedyd ME ke tol

41 . 1JjL GcdizsBOdz desets S tsdelsj EMIsO BSHjdz2 @B jls o7 B

dtern dlsj CYflsdrdfiadsj 6 © Whi sper d dn fteddzjdzgjdedj € IsOl

1. Whisper - encoderdecoder Transformerf tc j HtsBkZzYyj dz dz@ dBkzdz' Isd
HOdzdz' 7; fted OHOfkOYdd € OHYJSMS sdk:

2. finetunedz® LOHY JE(MEBR Cstef M 0" h0Ojls WER,

3. dmy sdz' lartgwagelsld OH O IsOyds s jddL OlttcO,

4. H dzv-dewice-H d Misd dzdzd te s 9 Ols! BOdzj dz' S k¥ o jtefmder

[ ijrnOdzdratg nste lofn (WstededzO (7)) tBiMfjydeOjls c¢¢
fsmdzj Hs9 Olsj dz' dztsfisd d dd3j dzdets ff 54 Issdsz ISte Odzem W tste d3j
Csdzls j-CCiplir y ¢ Qo d dz dats 2 ddzls j ef tcj sOydd. [ dzw Is
Confor mer ) )f suf)segfQzdgstc sdzsedd, HJOdz] Ckse d §sist
Lan’fr]dd:slsfr]lsJ? 1 tc Off s @ dz Q@ dgff§ P ts oL G’ O YIOB Y dzts My Is - d or
ftedd3zj dzw st streaming/ approxi mate-daewvt ert if dsnf dizd dal3 iz

[ ibtedS dzsBsiou) Mises w©OBBI" MdMisj d3 OolstsdzOls d .
(Automatic Speech Recognition, ASR) IstcOHdyd tsdad
Rat e (WER) d Character Error Rate (CER). Clsd
1 dzj d3j dzlsts o cOwRhGCedacydd s MicOodzj dzede M L Is Odzts dzdzts
tslsdztsh j dzd J fr]lzd3d3r tcj HOC ydbsdedzr 7 s jteOyd2 (L Od3j dz,
L IsOdzsdzdzts? sz HES9 Olsj dz! dzsMmisd. A BtedzOdz! dets WER L O

O®OY — pmhY Stz dzO (12)
GHY-ydmdzs L Od3d dz (-suudbnsiatsi tzw tOIday misf)R,d hHlzes |

N o

-sBh jj ydmdzs MmMdzse o 1 IsOdzsdzdes? Is te O dzfy dcf ¢ d
rate), dzts dz0 bkteseodzi Mmd d3o sdztsoe . rfdzr'q’fr]%lzlstdzq’ ¢ WERS/ =
dmf sdz' L 2 smw  d&Bdded BOdz! desy yYydmdzs toj HOSC ydsdeder 7 51
(edit di stance) BiYHE 1 sO0Odtsdzsdy3 d cdislsjL 2 to
orydfimdzj dzdj HBo jtedlsjdzr dzr » ddzlsjtco Bazfy d3( acdbeanr ay
HdOdzj SIsr /| EmMbtes2Mmlsea @), vyt Leosdwjl §sdkzydl:
tcj Odz' dz" = Mmyd dzOted v n .
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t OMYWER yJtejtL tcOMmMmistsw dzd § Levenstdednls 4 & s © dzdvis O @zts
f sfdzi Hiso Ols j BA(rdzrfyls ' ¢ dhtfis ldsjL LAED otd@ilg(téhy). [ § toj H ] dzd d3  of
e Ofmfls ®hYy dgfded &3O dz' dz" » Y j6OYyd2 Hidgzsy tcd dsjorigsdigdy  ¢f
Mztoe O3 cdyftslsjrLr . 1 0L dMm:

doo=0, d o=i, d o=].
tdSbktctej desdgsj Mssisdatsh j dzd §
Q y P ZH Odzj dzd j
Qr, aQ:  Qp P oMisOe C A sStedBzdzO (13)
Q 1 1h L Odndz® f OH j dzd J

GHjIh  mfweEhdld 2oy . Idjvid] dsd e@ B0 dz dets§ Y GHPats [Sdy &
St HjdddY ©OMEBDJajldydefv: 58w bkt ace) ¥ls

tp bt stz dz®@ (1 4)
GHj ddeisj SAPYOs s fsHMUY s dzO fd Bo s5dzOR .

lteddzj-f shmyy s WER ( mdztse ©O)

ClsOdzts dz ) (Reference,
¢l Odz $dlsws tay ~daigsBdg df L Oy (VO & dlasse @ d3j ~ O 1dNS4H3

1dYfslsjL O (Hypothesis, H) :

¢f Odz € dktsBEjd-ARdE Q Béz, Y ¢ s 5 B o] 4MERE O d3

O dzZOdzdL: MmMzsets ¢cCdlssBtese Y c¢cCdlssBée dsy dts MMy
dzjIs (1 =0, D=0). UuUBCGHO:

7% ) priAt ¢ b

l1ted 3i-BMB OO C O o

R: ¢z bkfgss Qe HlfS Zeisn B @6 ic,JNFY i}

H: ¢z ks Qe tc] M=50 0 e @6 dzY dets ¢ OC dzgzdze) Y | =1

7 %2 I : P priAt ¢ b

lted BI-EER HAzv CBtetslsCtsets Mdzse O

R (fMmdde sdz'-6: frg 6 sezse . ) )

H: ¢ ¢ dsHzdf@ N dBC O MdSkdhEdd® (' B' Y' §' ) :

#%28 pThHT ¢

Clsd ftodd3j ter fsCOLTr 908 Ils t©OL dzd ydvw 9 Ztctso dzd
BsteW sdzcedyud MSdma dL d3d dzf dzgdw s (MEW V¥ JC M) dzlz yh j§
SHd®Ocis e d yj MOv shdBCO dB@sydls HOL! or MsCd2 W

sOHYdSEMEd?2 wiLr¢ ddiidjjls BtscObkzy dsWsdtseds (f
shdeCO o MEVWJCMEoR]tkYH) s SfEsfhHtsehflB Mise j dzdzts, W
mdzz yow n HOE tzO

q

HB
r dOdzj € Is dzOw W s
StcOdzmdzd Isj e Oydd t]’t;s
1 OC dz¢ yJldedfpls Ols ' | tcOMMBsIs tcj 28 to @BifxligCoddz” 64 U JlsoCHf e
mMdMmlsj B3O~ OolssiBOISdud MESes tOMYf tsL dzOo Odzdw toj yd
1 s5C OL Odzts, Yls ts M JjSstcOdzr dz" | 3 IstsH T OdzOdzd L O,
dzj 2tesmjlsjor j wLrCtser j BsH J dzd f sLisfislskzy & 15 O fifjifzt8 1j de
SOHYdEMEts?2 ] yd. bydls 9 OV EBteW sdzsedyj Ms g B 5
VoBted3ddtetso Odzdjy tBh dqtedzr = IsjSMmstsern d OkHdtCtstl 21
&ZOf tcOo dzj dzdd dzj sBrBBHJ @S HA&zv MsL-f@iddd v Sfrfhdofdicdg tédizydz!
ftodd3j daj dedwv o BB ddz! dzf » d dJdzlsj €OSIsdoder = MdMIsy o3

dud MSCOY o 0Otd Ols dSe dztp QI ‘M o fp elzC

s

Izdzc;eg syJd des Iz, fesmMitsdz S WdEMmMdek
J Is
JotsHwlIls € insertions/ substit
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1. htoL sHPsHj oo Odzdj fsyj MmO ©OMYsL dz0o Odzdw tej yd o St
dh oL sH O, m. . mzHnts2BjtHdj o [/dw 1rsddifjlsdpd2jdgdlsyj ME dpdzts boQ rpisdizd
[ 2h Og2e2p.~ 2 ( 5-8) 3@

2. 0N oL BHO 1. M. )tsBdj 3 ©OMYtsL dZzOo Oded™Y Mmidlsdes? | Fhuddy o
COHYJSMCtEts ROYJedOd descts [ dzd o jriddfdAsego. 2(33)j-acapB87. j Mils j Miso j

31 0LOLBHO [ . uwBotj d3j dzdzOW . Is @ HOW B I EER) : W tydRj8isid CBD 1 6 .

4.1 detse o. [ . pdzestedlsdz tcOMYy sL dzOo Odzdw B dZOE L O EZYdw ISOHY dEME
[ [ 5C®OHT | OydtdzOdz dats 20 dpR0R2- 3 §52dad 2 BZ v OH > d € d Mls

5 06007 Y. @. Pil io@id a5 AbD6o6 ey &/l Y. . Uouuil //eUi Cood
g0+ + 0B 6O A7 -G4 / ¥ . 1-108.

6.1 detse u.[. s ©OL®BOBEISC | ©MukpdgO dweY, s dascd) s ok § Btaish ¢ ¢ OR j &
tdimfezeddtd vOHYdCdhis@E@s | GBI8J dzj d&Lfdr~ W df qf&Eu) MEdn, ¢ tdtse
-2015.-" 3 ( 1 640.)32

7.1 0 dBsonBdzj SISO SOHNHT QzBEs K EWBIR M.2010.

8. utsdzdjo 1. ¢. R dW tstgdDydIsizOn dzifgEly HESkdj dsssEsEslssd o
mEHs2BjteHdjo [/ 1 jMmisded S . Wmr U f dPOidReEj1dag16IC OH j BdC O [

9. uMdzOdzse [ . MOl JE NEB2 tojyd f telkMmdp. 3OdedH &2 B1J.tgH.d jJuofn BT dzty ots, € d
dzOkz ¢ it d v OH-R0PR-d HPIs"Obdze . 3-ILB.

IomO2teedzdzsj o z. ¢SEMsdud MSdJ /tigtse inRREsfiplfrtg@H y RIsR GsB2 M t@ j0ddB

limkHts2BjtecHdjo m. §. [ BH]jdZdtetso Odzdj MdMmilsj d3" QolstsdBOdyj ME s
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12mEHts2BiteHdie m. ¢. [ OhMddeder 2 OdzOdzdL Mlsdesh jdzgd?2 Mdzse W s
ftesdLojujdddd ¢. AueHtslkmMd ¢z0r dZORsSOMBEw. ¢/ / mEzigBdd ©HJ
OCOHJj &BJEO [-2048.-" | -9d-THd .

LBmzuts2BjteHdjo m. ¢. g4jcedzj desOydw tojyjotsets Mdcec dzOdzO dzO B O
mzHs2BjteHdjo [/ 1terj ddWsteZEOydodede J I[s-RR3E z&8E.d o Oolst
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]l MmOl j tOMMdzOIsted o O
Mo tej d3j dzdzr = MdMmilsj O Ools
sBttOBSISC ( OkzHdBH Odzdz
ddW stedzOlsdo dzr = OC kMl
SOHY S MOEDE WWlstster 2

Rev[ [ om (ol [1101 ¢
B { €138

fpw dzr § LlOofr Oolssdi3OIsd uj M¢S
o3 Oflsticfdufiy " fres @saldsin e CEfrdfstsu JdBO 0 JO dfqte ts ) Hulafte
¢ dz¥ yow f sHOo9 dzj dzd 4 hzdistsoe, dzts te o
n ftedL dzOCtse . ImMsBtsy o ded 3Odzd J

ClijtedLEjlsmMy BtecOlBt? dsteW sdsedd
HdOdzj SIsdeg" = ®Mte j dadets kst Mmih jMmlse jdedets o dzdw jls dzO Istsy
sfdtsodzr § ftSHRtsHT € OQ YUd Mz Oddzv j ' €280 BB SH;BR | i &b ©®
Csi WWdydj desGs MFCC, fr]Qtsflst BOwEsoMEdn BSHjdYG, O OS]
sBlzuyj ded v , 9 Cdz¢ yovw d@EsHjdzd IsdfO Transfor mer. JIsHj dzt dzs 6O
sBEYOsjdpi o' » SCfkmMse HdW IOHYdEMEBS?2 tiud M Eyy ssd EMnd
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dzj SMdyj MSsets MsmisOs O. Id te| antS HsvG sy Wil totff tdsf dizij tdzd v § @Ml d3tsIs 6 j da
tcOMY sL dzOo Oded v ted yd, ftcj HdzOL dzO Y dzdiz Ghdz! Hztz® q uzl5 gz G Kzd @ dzr
teiLEzd sOIst fsHIse jtey HOE s OCIkZzOdz datsfls! d fjtmfjSilsde desfyls
cOmMyf 5L dz20o Oded™ ISOHY S MEB2 & Yd.

sdz¢ yj o' j Ofgdstisaf®isd uj MS 5§ tc@®RYfOBEBBE @dzdei) Ui fp 6% ldstc @pizCddzdidzO
MFCC, S ter Isr j BOteg o N OIS s Y i ME &Y L " Rt isdrd tedsts,HOjdafdl € ts 81 @ tzs p C
IsOH Y d ¢ M ¢ Gransformer. €

STAGES OF SPEECH SIGNAL PROCESSING IN SPEECH RECOGNITION SYSTEMS TAKING INTO
ACCOUNT THE CHARACTERISTICS OF THE TAJIK LANGUAGE

The article examines the main stages of automatic speech signal processing used in modern automatic spee
recognition systems. The key procedures of audio data preprocessing are described, including noise suppression, sigl
normalization, segnmgation, and extraction of informative acoustic features. Special attention is paid to the adaptation of
these stages to the specific characteristics of the Tajik language, which is characterized by rich morphology, phoneti
diversity, and the presence difilectal variations that significantly affect speech recognition accuracy. The paper analyzes
the main approaches to acoustic and language modeling based on spectral analysis metitrdgudfaly Cepstral
Coefficients (MFCC), Hidden Markov Models, aslwas modern deep learning neural network architectures, including
Transformetbased models. Particular attention is given to the formation and preparation of training speech corpora for
Tajik speech, taking into account recording conditions, pronunciatoiability, and lexical composition. Examples of
practical application of the considered methods in speech recognition systems designed for interactive and intelliger
applications are presented. The obtaiwsigd' resulthe dent
technologies for automatic processing and recognition of Tajik speech.

Keywords: automatic speech recognitioepeech signal processingpectral analysjsMFCC, hidden Markov
models acoustic modelinganguage modelinglecodng, Tajik languageTransformer.
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Table 1. Results of statistical processing of thresults of the implementation of a multifactorial experiment 23, taking into account damage to

potato tubers

T/ f [AOCIstster d dr 9L OdWdisH j2Milsol seotcjyHjddWw COtlstsW jdz dzr = & dzkzB dzj 2
1 2 3 4 5 6 7 8 9 10 11 12 13

1 + + + + + + + 2,87 2,83 2,92 2,86 0,002

2 - + + - - + - 1,29 1,34 1,22 1,27 0,005

3 - - + + - - + 2,35 2,43 2,40 2,41 0,002

4 - - - + + + - 1,92 1,95 1,94 1,95 0,001

5 + - + - + - 3,38 3,33 3,44 3,40 0,004

6 + + + - - - 1,32 1,28 1,39 1,32 0,003

7 + - - - - + + 1,47 1,52 1,52 1,52 0,001

8 - + - - + - + 1,04 0,95 0,99 0,98 0,001

vOBdZdYO 2.

{jLEd IsOIsT

MisOlsdmisd ud M& 52

SBtOBBISd toj L3 di g ¢l secass ji Godrdes

fd f OtOydd ftod ki mi?
Table 2. Results of statistical processing of the results of the implementation of multifactorial experiment 23, taking irdocount the
completeness of impurity separation

T/ [AOCIstster d dr 9L OddisH j2MiIso|l)l Sotcj Y H | ¥y dzC @tcls ¢ dzzs dzj 2 , %
1 2 3 4 5 6 7 8 9 10 11 12 13

1 + + + + + + + 85,3 84,9 85,8 85,2 0,16
2 - + + - - + - 88,5 88,8 89,0 88,9 0,13
3 - - + + - - + 90,2 90,3 89,6 90,2 0,12
4 - - - + + + - 87,5 88,2 87,7 87,9 0,06
5 + - + - + - - 86,7 86,8 86,4 86,8 0,10
6 + + - + - - - 75,1 76,1 75,7 75,5 0,16
7 + - - - - + + 71,3 71,7 71,8 71,8 0,10
8 - + - - + - + 78,4 79,5 78,7 79,0 0,21
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Figure 1. Range of optimal rotation speed of the drive shaft of the potato separation intensifier
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Figure 2. Completeness of potato separation, %
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Figure 3. Damage to potato tubers, %
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RESULTS OF EXPERIMENTAL STUDIES OF THE TECHN OLOGICAL PROCESS AND THE SEPARATION
UNIT OF POTATO HARVESTERS

Potato harvesting is one of the most critical and labtensive stages in the agricultural sector. Harvesting quality,
tuber safety, and minimal crop losses largely depend on the efficienogtatb harvesters. A key element determining
these indicators is the separation unit, which is responsible for separating the tubers from soil, stones, and plant debris.

Existing screening systems (in particular, screens and separating conveyors) mfestoee low efficiency when
operating in difficult agricultural conditions, such as waterlogged, stony, or heavily weeded fields. This leads tonsignifica
damage to tubers (up to-20% of the total volume), which dramatically reduces their commeralakvand shelf life, as
well as unjustifiably high yield losses. Therefore, finding ways to improve the efficiency and reliability of the sifting
separation process is a pressing scientific and technical challenge.

Despite constant improvements in potatovesting equipment design, the complex influence of design parameters
(rod pitch and profile, roller diameter) and kinematic modes (oscillation frequency and amplitude, speed) of the separatin
element on key performance indicators: separation compleatgniés cleanliness, and the degree of tuber damage remains
insufficiently studied. The lack of clear relationships and sound recommendations for adjusting the working elements
prevents the operator from selecting the optimal combine operating modediicsgml and climatic conditions.

Keywords: potato, efficiency, agriculture, potato harvesting, potato harvesting machines, soil, land, mechanization,
equipment, reduction of potato losses.
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tort o1 fusd oL ftrRULS] [fTovrfouvrRYragsrRM [ [T
dpluvffovrYyruas 1L touw} [1 10l dvRrRC L JfHUT Ot U
trd4RrReUt OARL L1V IM VISt Il [8lrRryBlL JHUR

1l OntsokHddzse [ Y. m.
UOHY dEEMEzH Ok azf dzgztcmdIsjIs ftcOo ©, BJdL dzi MO

g dMmilsj d3r OQolstsBOIdyj MEsets O sL dzOo Oded W G tsf
stcOdzftf stelsdzr = Mtcj HMise ( Aut omatic Li cetmwsre fPdalt g
hdetsC 5§ tcOMyf tocsMistc Odzj dzd J ots ofmjdz dBdtc] . J ded
stcOdzmtf stclsdz" = MdMmlsj BOR, MdMmlsj BOR HBty dats?2 B J Lt
f dzOIsr fted Ctdstesdzy o/ jLHO dO A tcOdatadEsicls dz'j:
fsstsCtso. tOLoadlsdy bkjndsdted?2 ®&O"NJddsets L tj dd
LdzOydlsj dzt dets fsor idls! Iktsydsimls!: d MEtsteshmls: tOMT
sMmojhjdddw. wuvjd3g dzgj Bideid o t6j Odz dg nls@Idizisofef [ls 4
ftojydj Bz ot HBdsctd LOadMmdls ©ls odzgjhdedm WOC IS

ltesBdzj 3O tcOMYf sL dzOo Oded™w ¢S tsmizH Otefylse j dadz"
jdzedd wodzw jlsfpw tSHdets?2 dL Cdzsyjoern $tsteB P
jtchOdz! desegts tojh jdadw. J dsydetsj] otcj 3w G Od3j t
sflsj2, kOSSR COC ddLSd?2 CtdstOfls o&jyHLE
s ls WOtG, slste Oy j dad W sls dBsCtesets Ofg Bdpjls
Oy jddw fted HodxJdedd OoelstsdBsBddzy. IMmj 1Isd
OdzdL Oydd dztsd3j edetsets L dz0OS O d Hftedotsuwlils € tshds
456 d&zOMdats HOdzdzr a3 2 i dfjtets o Ofigal 2 " vV [dAddzes fylsd  dzd % J
toj Biwmrdg' ) 203 ALPR Mmdzdy Oj Isfqw Btsdzj j yYyjdd dzO 20 %
Mddzt dgr 7 BdZdC ORF ko jdzdyde OjlsfmMw o HOe O ttlOL O.
sfmjlsjorn Otndlsj Clskzte, tcOL OB SISOdzdz" = HdzVv
Rydeo dL dgj dzad dgdw &3 Ekteseo dgv Mo jhy dzdesfisd d H(J
cduyds § of atsH' B d o jeHHjjdz' 15 lod3j ta|@ej tsldnjdzts Hlglsiag 2 |
Iso j dedzts Mmdedy O Isfqw  fted dzdL C 82 € sdzlstc Ofls dats
dzts@ tso 'L fid®Od&dz] dz0 C Btetej Slsdets. | J S BIstster | dMmidzd
WWiClkr ) fsdshis ®jikssHse kdzyh jddYy §Ouj
o TcOmsdgty  sC OL Odets, yYybts dmMfsdz L 59 Odzed j - d3SH
o Bfpdets? dzO fteddeydyfj otMmftedwWisdw W icSsmigdz ).
otsdzd dzts o’ Mdlk! Istsydsmls! t©OMY 5L dzOo Odzd ™ dzO
Hickednr dMMmdzj Hise Odzd W =, RO ted iz s, o [ 4], {§tod
OCR fHM®@OCHE Oslstte’r wlsdj yodd mddyj ddj btydshlsd
mMddz! dgr 7 Isjdavn. 1 JiMmMBesltew dzgO L dzOydlsj dz’ dz" §j HEsfylsd
OHOf IsOydigd AL jPdR ¢ dzdL S sd3kz ktotseo dzs e jhy dedetsilsd t

l ftedbdOowOMy j CIsj HOdRZOW fttBdj 30 Mtse § dzdzs C
Ctokedzsmbkzlstsydesds tej ydadzy, ©OCdrn COC Ol tsotsyds |
O OS] GO ter BjLBYOMdetsmisd yddzr = d ftesdyr hd
COoOyJ Miso s OotOAtf'is L dzOf oW d3lz © odzdw j Is dzO Istsydets s ¢
BjLtsf OmdzsMmis: d kZHseBMlsets ftd LSoOkjdj2. Skt §t
sBjMifjudeOshdn MlsOBddz dzk® tcOBBIE MdMlsj B OMY s
o bkfndzsmopwst s  dzj tcOQo detsdzj tedetse s sfmo jh jddw, O OC

Jtoj Hdztsy j dgdz’ 2 o dzOMlstswh jdis dMmfdzj Hise Odedd € sd
ftcjHo Otedlsj dz' dgz® Ctstetej Syds JLBBLOY jdd2 M dMmiyt
OHOfkOYds dzj2tesmjilbPes8n d HEERNEED WO ydOodkdL tetso
9" BtsteC OR ftsLotsdzv j Is fseor" mdls! Is s ydzts s tc O i) ¢
sfo jhy dzdetsfylsd. GOt jted B dels Oz dzOv ftetse j 6C O zO
dsydzr 7 Myj dzOtedw i, HsCOLOHEOSOMEEHE: ot & gaf s By alzgfs
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dzge € d fJtesH | Bsdhistcdictso OdZO o L @ISy desfyls o dzj HtcJ
Codzlstesdzy 91 jLHO d dBoddlststcddzc®© f O soatsE BJL dgj s

10 thdtse j OdzOdzd L © fkzh J §ls o RO OfclkDB =95 8 dgedzffdRd tofs b
BilssHJCO OMY L dZ0o Odzdw tojcdMmMistcOyYydsdedzr » desd3j tots o
sMmo j hy dedetsmis d . ltoj Hdztsy jdgdzgr 2 f SHAtSH 9 S dzs yOjls Is
or f sdzdgw j Isfmyw ftcj HsBteOBBISCO dL tsBtOY j dzad dzdets fipds@f tc @ o
CodstcBfls O @ olbtstd L sOfj shkh jfmisody jlsMy Hjlsj Sy
5B &ZOMd ©jcdMbieOoydaddsecs f§ody ) JMnfsd Lo Odd j ¢
ktejls' jo&g 1 Ofj] fsdLosHdlsMY t©OMf L geBo @deRid s i § b
CRNN, fttjHOoOOtedlsj dz' des HEstsB zyj dadets 2 11]dzO f B B @ C QIS to (=t
ftoj HazsY j dedgs e s Bj sSHO ftoj HiflsOo dzj 20 dz® twd Mz deS j 1

tdfm. 1. ¢dzetstedlsdz f smdzi Hiso Olsj dz dzse ts5 !
Fig. 1. Algorithm of the sequential stage
l aBHdetsy dL 5B GO

v v
CLAHE Ratinelx

v
YOLOvS8 r1ilsj Sy
CRNNCTC { Ofpf tsL dzts

AddzOdz dz 2 5§ ¢

10 fjtosds { sOfj or ftsdzdzgy jIsfpy e HSBOBBISE O (
fesdzyj dedz" 7 ftod desydets?2 Mmi vy ¢4, C0O0C fteOodds, =r Of
ftsorh jdzde" d3 Lktetse dzj di3 " [z dzisjote din jaslzfues@sh®y tod) H gegliztp Gzl daty W t
dL sBtcOy J ded W . rdzv Ctsd3f j demMoOydd ESOLOdedzr = t WW i Cls
fsmdzi His9 Ols j dz' dzts§ Eazgyh jdedj dLBtOy jdd?2 M dhi
Limited Adaptive Hi st -Sgle RetmexHMSRall 4] z a thidasrs)tc ¢ M C L
sBifMfjudeOjls dBCOd dtsj o' eOodzdo Ocedj & dMistsa tcOdsc
sB dzOMlsw 5, Is s8SscHa@ e CREe t Munletxi ftsLotsdzy jIs MCtstetej CIsd
osmMmisOdzetso d Is ! HJ IsOdzd ) § J tdzjuGnplgj$h @ rdzdz'd & ts Bdtc O 6 § dzdz
ftoeddzsjdzgj dzgdj HOdedz' » Odzestcdlsdsse B M jyde Ojls Btsdzj
d MmMtsL HOY Is Bd&zOGts tedW Isdz J Emdztse d W H dzw f smdzj HEIz®
M dgo sdztse . ¢ dzOdzts e d Yy dzo[3] , 1§ toHHY Ez defofimd H des g F dztctso dzj @ OW
Reti nex M fsHOodzjdzdj &3 M kRO, ysts B MfJyddts
desd3j tedzr » L dzOC s f wdzj WAz BIsdg) BdEsSy, Qlssf td OLHOd
fsorhjdedy EfMlss2ydetsmisd HJ s jtkdssdte sthsHSMolg ls@Q dzlAf tod|

dmf sdz! L s Odedd dBBdesetsC OdzOdz! dets?2 1 CMfsLdydd d Odzt
XuP. B ftojHdsyjdd cdstdHtzOTMOLT ¢Gisji§ BEddls Eftiso Oo
shdets¢ tOMf sL dz0o Odedw fd dzo sdztots (OC EORA) 8 B j dzts g 5B
Hs Sdzdzd Is j dz! dets?2 fj G k) delsOyd 15 s Getgy j dedesc g O Xded K j o
tcOL dzdydzr » Odzetstcdlsddtse bkdzzyh jddw dLBtOy jdd?2 (Cl
Yybsts CosdiBddzdtetso Odzdz™ | iBiIstsHT B j dzd j U B Gls s OO @ dzif y
fted fdzOB 2 Mo jhy dedzsls g .

bHOflsdodztsj o' ©Oodzdo Ocdzdj cqdMmlsscteOddsr (CLAHE,
Equalization) ftearh Ojlsl 2 daficOFEOMIREPER oL B §5 dzf
Z0 BdzsCd t©OL d3j te® @) HNSIGNS. BrdaBC © o' ydmdzw j Isfmw ¢k
wOMtejHjdjddJw (CDF), f§smdj uyjct or § sddw jlsmw dzg
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6 O'@uhy 6 ‘A

Ouw ——F 5 bop
GHY 8 B3OS Md BOdz' detsj L dzO ulgtlzd2j5 MteC sMlsd (sB ' Yy
YIstsB T dLBj ) Ols: fjtj dOmr hjddYy CtdsttoOfnlkOo,
fmddzj dedw U:
6 0" @aiy | EB O h
[ BT ydzts i0.63QL30 1% tslsfmj yj ddw) .
[ SHj dz Reti nex ftoj Hf 5dzZOG O] Is, yls ts dzOB dz¥ H

ftofs o jHjddj d3 BlsteO) Olsj dz! dets?2 MY sse dzsisd §tso jtenc
Oafd Y adwo 2 0 afo
A J dz! HOdzgdetsG s Odze stedlsd3O L OC dzt yO  Isfmyw ) s Y
dzj 0o dzs B todesats tsMo jh jdzdw. [ scOted¥W &g uj S Ovw ¥ ists
aé G aé D a ¢ Qohw 2 Oohw
GH] F¢oOkfhse Wddz ste, dBsHjdzdtekzs hd2 CoBf tsdzj dzs s
| Bdzscetsbztetsodzj otsds o Oted Odzlsj MSR dhmytsdz L zjlsmw

~

‘l ’ l’) \a é nm;‘jo \a é “D ‘l"r Z"O‘r'

Y
GHBIO p, Isdfduds §j p Ao yhdzd pio.
ltedd3j 8 e d3j e StSHO d&O Python HA&Y tojOddL Oydd

dhf sdz! L soOdzdj &3 OdzetsteIsdz®O CLAHE f BdBddBIlsj ¢ 52

import cv2

import numpy as np

img = cv2.imread("car_night.jpg")

lab = cv2.cvtColor(img, cv2.COLOR_BGR2LAB)

l, a, b = cv2.split(lab)

clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8, 8))

cl = clahe.apply(l)

merged = cv2.merge((cl, a, b))

img_clahe = cv2.cvt@lor(merged, cv2.COLOR_LAB2BGR)

lteddzj tel . d3j 6 S BHO dzO Pyt hon H dzw tej OdzdL Oy(d
dmf sdz' L 59 OSkzale] Rigindk (MSR)L

def MSR(img, sigma_list=(15, 80, 250)):

img = img.astype(np.float32) + 1.0

retinex = np.zeros_like(img)

for sigma in sigma_list:

blur =cv2.GaussianBlur(img, (0, 0), sigma)

retinex += np.log10(img) np.log10(blur)

retinex = retinex / len(sigma_list)

retinex = cv2.normalize(retinex, None, 0, 255, cv2.NORM_MINMAX)

return np.uint8(retinex)

img_retinex = MSR(img_clahe)

cv2.imwrite("car_ahanced.jpg", img_retinex)

tdJLikdz IsOlstsdy ftoj HsSBteOBBISSCd wWodzw Jlsfhw L tsBtcOY J
Yylsts ftsorhOjls odHddisMmis: fnd dzo s dzts o ftcd MmMBsntcOdz]
IZsC Odz! dzse s CdzlstcOMISO d of teOo dzd 9 Odzd sfhe 4 v dad
Is tsydzj J d LdEseCCHS tsB dzOMls ¢ dzs 3 tedzts G € S WP C Bozts Otc QP
MddBotsdzr HOYJ o BEmMdzsodwnan dedL €52 Mo jhy dzdzsfis(d,
ftcj HSBGOBBISCO Mdzdy OJIs o dzdwdzedy dzj eOQo dzsdzj tedzts?2
MisOmz{dpr o rtBHAZr | HOdzdzr | Hdzv fsfdzjHEsh da {IsOf 59
fdmisj a3 .
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10 1O j HjbjSydd dtsdzjtodetsets L dzOSC O HdzW 97" H J
dmfsdz LEjlsmMw dzgj2tesMilsjoOv OtrndlsjSlslkztc® YOLOvVS,
fton oL sBtcOY jdzdb) . f ] BBBSB gz O BsHIW IS Oydw YOLO
(attention modul e), MfJydodz dzs OHOf Isdtetso O dzdzOW
sts fsLotsdzddzts ftser Mdils: IstsydetsMmis! HJlsj Sydd o Mmdzts
) Otcndlsj ClsztcjC OYYHOLJOV 8f toj HMC OL Odzd j mdIsd 9 C
sctecOddydo O h jets ftowddskzetsdz dzgdC O (x, vy, w, h), ¢
ftod dzOH dzj 3 detsylsd ¢ yj @z sdse EYg@AMmEz dBH j dzd d MY tsdz
9 Cdzs yos h Owv  Iste,d If st dgtes] kizlsd®@s ¢ Odzd L Oydd, BhdeSCkZ ¢
HildS¢ydd BBl jECIO. [dO o' O} Ojlsmw Mmdzj HkeE h dd3 tsB 6

U

o _ 0 - L. n _ v n
GH) T WEdSydwe €omplU LossY Eutbmy QY te®i, Mmdsih jd
Slsdetsh j dzd § Mistststsdz
0 p "O¢ Y- " |0
0 — AOASATAOADBAT —

GH W -wOfmmisswdadj oBj Y HE OdzaklsisO d difsjdHiMEs@LS- § oW o
HJOGEtsdzOd &dded BOdz! dzsGts SR o Ol 9O M jets ff oW BBskzE sz
Ftotsaddej ™. | dzv EkZMsteOdzj dzadv § solststew s h 7 mivmatinen: 1< OL
Suppression (NMS) D45 stecsetsd3 f jtog Cter Isdw

10 {1 0fj] ©OMYtsL dzOo OelgfH 2 dg | dzef tisaftslzmj dz® j SR Ote ko

(Convolutional Recurrent Neur al Net work), ¢CBlIsts
f(x), Ho ZdzOf tcOo dzj dadz’ | toj Ckztetej dalsdg' j fdzsd Bi LST
fsmdzy His9 Ols§ dz! dzesMisd, d fndzts 2 Hj SSHtetso Odzd v CTC

or ydmdzwe h d2 o jtotswWisdatsmls! ftcOQoddzt detsets Ef tstew HBY]
Yyd dzj as? fsmdzj Hs9 Olsj dz? desisd y fted emtsHd » HtedL dz

0 CEDd n* W
GHj-9fj] otLBsyd j o' ttOo ddo Odadtis ts(BaclOiyg riadejn t C TpCa t
WEdC ydw wsBlRZYj ded W :

fl a € "Wl

[ dzw fsor hjdzdw Emiss?2 yde smisd mdilsd ¢ dets y dz' o3

dL sBtcOy j dgd 2 :

0 [ 0-
GHé" [1f0r§3isla3]-¢B*WWdudezls CodsttOkBnt " [HE 60]- Hisi " Jdad J
Wit s .

Rdzsj cteOydw d thmtsej dzdesMmisd t6j OdzdL Oydd L OC dzs yOs
wirr¢g Python M dihiosd L s @PadodischdefdzdUdlt jrCal Qe GV
odHIBIBESCO M tOLwihjddjd 720p d yYyoOfmistslsts? 25
tcd Odz dzgsets 9 ted d3d dzd , ftced 1 Issd3 Mt Hdz] § oty Y Bt
d3d dzdzd J € &z dzH .

1 tod d3j 50 B dzOW Mna J BO tsBKLOBBISCJ

frame= get video framqg)

enhanced = MSR(apply_CLAHE(frame))

plate_bbox = yolo_model.predict(enhanced)

plate_crop = crop (enhanced, plate_bbox)

text = crnn_model.recognize(plate_crop)

print ("Detected plate:", text)

ltej dagkzh j Miseo O3 ff toj H dztwp jdatzdzts W to j GazdPOuc@ Wiz dzts fy s -
tsfe j "y dzdetsflsd, HBMisdcOj BOVY L O Muw s §teddj dzj dzd ™
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Reti nex, Colstster j BBiMfjydo Osls MmMlsOBddz' detsjy € Oy,
9" Oy O h OwW fyw ) otsL sy detsisd W§ tojf sz ytg @addzd yadis 4
ctsfmMikzH OtcMmliseo j dzdzr R toj edMistcOYd tsdedz’ ~ s 3 59, d

fcLotsdzw s h OW ©BtcOB OIS 9 Ols! aq’ J B BlssS M ttOLtjhj
MjSkdHk dO ctOW dyj BOSR . § t¢ @mtsﬁ@fu;mmmzﬂ)&(‘)yf,@lsd:scﬂs‘
sB tsMdzs o Odzdz" j Odzé sted Is d3r Qts totej S ydd dL tsBtcOY j da
Otcrn dlsj CIskteORBd, yYbt fsLeottdvjls fmMkh jMmlse j dedes ff sor
sz eso ItcOdemy stelsder » Mtcj HMise Jtod) EBEsyda o lEb
fsdzzyjdz@ Khalilg] M.¢C wfstltes' njaid dals§j.c te[dtctso Odzd Y OLOv
Bsddlsstcddzc © o i dd3j toj Odz! detsets otcj B dzgd, G sHIso
f sHR BHOEZ d3aazf Otc € s 5C . 1 sdzlz yJ dedz J tc L zazs Is@Bisy dzts
i tod d3j daj dzd W ftoj Hdzsy j dzdzse s Y SHARBHO 9 H-9 R s B¢
f Ot Botsydese s dwsdzdlssteddzc ©  ddalsg dzdzj SIskzOdz! dzg' -

BsH JjtededL Oydd Of f OteOlsdz' = fMtej HMiso d BSCE kzls |
ddzlagjd€ IszOdz? dz" » MdMmlsj i3 Oz stclsdzse 5 dBsdzd Is ts5te d dzc
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DEVELOPME NT OF ALGORITHMS AND MATHEMATICAL MODELS FOR AUTOMATIC RECOGNITION
OF VEHICLE LICENSE PLATES UNDER LOW -LIGHT CONDITIONS

This article examines the pressing issue of recognizing state registration plates of vehicles in conditions of low and
uneven illuminatn, typical of night urban scenes.combined method is proposed, based on the sequential application of
the CLAHE image enhancement algorithm and the rsghie Retinex approach, enabling effective compensation for
contrast loss and local overexposuré.tide analysis stage, adapted désgyning neural models are employed, including
the YOLOVS8 detector for license plate localization and the CRMIR architecture for subsequent character recognition.
Both models were finkuned on specialized nighttimetdaets that account for variations in viewing angles, noise levels,
and the intensity of light sources. Experimental evaluations conducted emarélvideo streams demonstrate an increase
in recognition accuracy, exceeding baseline model performarilbengination levels below 30 lux. The proposed method
can be integrated into existing accessitrol and parkingmonitoring systems without requiring modernization of the
hardware components, ensuring stable operation in challenging visibility conditions.

Keywords: license plate recognition, low illumination, image preprocessing, CLAHE, Retinex, YOLOv8, CRNN,
deep learning, computer vision.
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THE USE OF DISTANCE LEARNING SYSTEMS IN TAJIKISTAN TO IMPROVE THE QUALITY OF
EDUCATION IN THE DIGIT AL ECONOMY ERA

In the context of the development of the digital economy, when knowledge and information are becoming a key
resource for competitiveness, Tajikistan, like most countries in the world, is facing the urgent task of modernizing the
education gstem. One of the most promising areas is the introduction of distance learning systems, which make it possible
to improve the quality of education, expand access to it, and flexibly adapt the educational process to the requirements of
the modern labor mket.

In addition, distance learning technologies allow you to build learning based on the individual characteristics and
needs of students. Students can study at a convenient time and pace, choose courses and programs of interest, and receiv
personalizedeedback from teachers. Such an organization of the educational process increases educational motivation and
develops students' independence.

At the same time, the development of digital education in Tajikistan faces a number of challenges: an
underdeveloed infrastructure, a low level of digital literacy for a significant part of the population, as well as a shortage of
high-quality educational content in the Tajik language. For the successful dissemination of distance learning, investments
in IT infrastructure, systematic teacher training and the creation of meaningful, methodically verified materials adapted to
the national contexdnd the needs of students are necessary.

Keywords: distance learning, Internet technologies, school education, Tajikist&s,ini the Internet environment,
television lessons, online platforms, electronic mailings.
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Figure 3. Drying Process of Rosenbach Onlon in a KENTON Laboratory Convection Dryer
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Table 1. Results of the Chemical Composition Analysis of Rosenbach Onion Powder
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STUDY OF THE TECHNOL OGICAL PROCESS OF DRYING ROSENBACH ONION (SIYOHALAF) FOR THE
CREATION OF A FUNCTI ONAL FOOD ADDITIVE
To address the problem of iodideficiency and ensure the human body receives an adequate amount of iodine, a
technology has been developed for producing powaen fraluable plant raw materiaRosenbach onion, which is rich in
micro- and macroelements. This powder is intended tonberporated into the formulations of various food products to
enrich their composition. The drying process of Rosenbach onion was carried out using the convection method. Th
conducted studies show that the content of elements such as potassium, iodjiemes®, and phosphorus increases in the
powder depending on the stage of plant growth, harvest time, and selected drying conditions. The obtained data indica
that the drying process does not negatively affect the quality of the powder; valuable plgoneots are preserved
during drying, providing unlimited possibilities for using the powder as a food additive in the formulation of food products.
Keywords: food industry, plant raw material, ndraditional raw material, plant powder, Rosenbach onion
(Siyohalaf), iodine, iodine deficiency.
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MATHEMATICAL MODELS AND COMPUTATIONAL METHODS OF PERSONALIZED LEARNING: A
REVIEW OF MODERN APPROACHES TO ARTIFICIAL INTELLIGENCE

The article examines modern approaches to individualized learning based on artificial intelligence methods.
Mathematical models and computational algorithms that formalize the dynamics of knowledge acquisition ant@eabl
accurate student assessment are analyzed. Algorithms for constructing individualized learning trajedtmtieg data
collection and processing methods, outcome prediction models, adaptive learning systems, and automated assessment tools
are desribed. The analysis shows that the integration of machine learning, neural models, and probabilistic methods makes
it possible to overcome the limitations of traditional assessment systems, account for individual characteristics pf learners
and optimizethe learning process in real time. Future research directions are associated with expanding the functionality of
Al-based educational systems, integrating heterogeneous data sources, and developing more precise modeling algorithms.

Keywords: personalizeddarning, artificial intelligence, mathematical modeling, educational trajectories; multi
level competency assessment, machine learning, neural networks, performance prediction.
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ENERGY-EFFICIENT AND SUSTAINABLE DESIGN OF RESIDENTIAL BUILDINGS IN TAJIKISTAN
BASED ON THE PASSIVE HOUSE CONCEPT
The article presents a comprehensive study on ereffigient and sustainable design of residential bogd in
Taji kistan based on the passive house concept. I't anal yz
housing sector, highlighting that residential buildings account for a dominant share of electricity use and suffer from poor
energy performance. Key principles of the Passive House standarch as superinsulation, airtight construction, heat
recovery ventilation, passive solar gains, ét@ar e descri bed, and approaches to ad
climatic zoneqthe Pamir highlands, Sughd region, Khatlon region) are proposed. Special attention is given to the use of
local sustainable materials (e.g., straw bale, adobe) in passive house construction and the integration of renewable energy
systems (solar panels, dtepumps) into building services. Rembrld case studies from Central Asia (Kyrgyzstan,
Uzbekistan, Kazakhstan) are presented, demonstrating substantial reductions in energy usé 908part acceptable
payback periods for passive and nearcenery homes compared to conventional houses. The major barriers to
implementing passive house technology in Tajikistasuch as high initial costs, lack of trained professionals, outdated
building codes, and low public awarenésare discussed, along withgapects for overcoming these challenges through
government programs, pilot projects, and educational outreach. The study concludes that passive houses hold great

potenti al for improving the energy ef $tiess oretimecpgweragfid, ahch j i K i
enhancing inhabitantsdé |iving conditions, but successfu
conditions.

Keywords: passive house, energy efficiency, residential buildings, Tajikistan, sustagmatduction, insulation,
heat recovery, solar energy, heat pump, teggmomic analysis.
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Figure 1. Exploratory Analysis of Time Series (19701990): (a) dynamics of daily water

discharge; (b) mean daily, minimum, and maximum temperature; (c) distribution of discharge

values with indication of the mean; (d) dependence of discharge on mean temperature (celor

coded by month of the year); (e) average monthly discharge values; (f) daily temperature range
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Huber Regressor), BB Isgsan ' ( R&ON dmfpE®ar je sH JtoJEx t r aTr
CtcOHdJ dzsdz" 2 BEMIsddze ( XGBoost, Li ght GBM, Cat Booc
(KNN, GaussianProcess};[14;16;17] . 1 GC€OyJjMmlsej BOLtOT a7 dBHJdzj 2
dzOdodzr 2 ftotse desisdz@N2Ai Wad)f,0 dzgMm?2 ftotse datstL (Seasonal
LdOyj dzdj d@3 ( Mean) .

sdzs yjordd 1 sO0ftsd3 MlsOdzs ML H Odzd jO dzi@aii©dizs dzj( ed3wH
CodzsMseo Odzd j) B'" dz fsMmistetsj dz dzO sMmMdetse j Istej - dzzyh d
- ExtraTrees, X8 0 0 s t d GradientBoosting. RIssetsor 2 { tot
Mtej Hdzgj oL o jh jdedzatsy L dzOyd ded j9.ftej HMSC OL Oded?2 + Isdmn Bts

rdzv  tsyjdsSd ¢OyjfmleaO® dBsH| dzj ? dmf sdz' L se9 Odzmw
OBMsdzt sdzOY ©h dBSCO ( MAE), MEBNSER S o0B8cOEd ydepPizls sh
(R]) d MmMtejHdzww OBfMsdzt sdzOvY ftetsyd dzlsdzOw tshdsB¢ O (M
(80%, 19701 986 GG . ) d Isj #0090z ¥ ¢ 6(.2)0 %9 " BLOBC7Td ) Mtsnh tol
fstcWHCO. 1 dzv dzOfMlstets?2 € d dzdniflsist® fu@te Gsdyjlsleftc txipts H] dAf 1@ ts af jt
90dzdHOYydw ) otcj d3j dzdz" 3 B dzZEC OdBd ( Ti meSer i esSpl i
dzj L OadMmddBs?2 IsjfmMstsoas? o' BS j .

rdzv  ftoj sHtsdzj degdwv 1 WWJiCIsO ¢cyjtedzssets whdeoe d f
dmf sdz' L 59 Qdrgjfifizdz" jntsodgj IStSH ' gqdzlsj tcf tocj sOydd . ] dzts B ¢
syd dzd © OdzO My M fsikshs+ 8 SHAP (SHapley Additive ¢
orydmdzw jIs 9C dzOH GCOYHEBSEB ftodL dzOCO o COYHEBS] §toj
SlsH j dz' dz' - i tcdf d3 pztizy dzip W LI ME ( L o c-adnosti¢ mExplanmatpmske t a b |
Cosltster 2 OfftesCMddBdqiczjls o jHjddj Mdzsydes? dBsHY
foish ¢ ftesMmiss? ddzlsjteftcjlsdtelz] d3ds?2 hBsH j dzd ( dzOf ted
4.6 C Y j tod d3d dzls Odz? dzOwv yOfyls
4.1. C ¢ MY jitaddsd® dz@ dzOw EmMlsOdzetse € O d Emdztse W i tot
CCMmY J tod o34 dals Odz! dzg" J dmMmdzj Hise Oded W o' f tsdzdzj dz o Mt
teJ OdzdL Oydd 024 dzO2dz0 dMmY sdz! L 59 Odzd fylearn, exdopakad tsls § ¢
lightgbm, catboost, shap, limd. fmdzzyoOw s CcttOHd]j dzlsdesets BEMmisd dzg O
EmMC stej dedj d&O GPU. r dzv  fseolststew j ddsMmisd tjL Ezdz sOIst
ydfmjd (RANDOM_STATE = 42). Jlrydfddlsjdz dzr 2 ¢+ Cf
o' f sdzdzj ded tSHq’dzdzOkLlﬂGBsqudeﬁDﬂ':tsaY fg Pdzlctetsdzd L Oyd v
L Of tsdzdzj dzd 4 ftesf 2MC so Y Wetedzdtetse Odzd j zOG ts 9 d
ftosdL o tsHdz ftedL dzOSC 59 Y tsB Mdzj Hise Odzd J ftoedL dzOC
MlsOydtsdzOtedesmisd Y wWOLBdjdedj Pty YveBiwgjdlp d
OdzOdzdL tMisOIsCtse ( ddzls; ftojlsOydw tjLizd IsOItse .

42.4lsOlsdmMlsdyj M¢dj rOtOCIkjtedMmisdSd HOdzdd €Mmdefj tcj
ftotsyJ Hizts lj’tsJHlthQOstslqu’ GJjdzgj cOydd ftodL dzOC so
ftsdd ~ LOfdMPIO H3HfOd ydgedzj 8 O ff j toj gj dedzOW . [ )
cOMrtsHO oMHO'90 ( BE7 0 i tc q’ J HJ dz' ) s OB dzd y 4 4. 1.
or ydmdzjwo S QL dz¥ &IHdOd d fiwyddsddazi2 SE Bydc
(1000styftdsj dzd2 ), B Yy &3 sOC Y| EZ2COLOdes o ftod dsj yOdaedo

b dOdzdL IOBAdZdY' HBHIse jtexHOjIs Mddz dzzs f tcOo tsMists
d orMmsS¢d2 +S¢Myjmm (kurtosis = 5,87 N 0,06), 1
ftcOotsds nmnotsMmisj. OtsFOWRAH ydLls =9 61, 0% N 0, 47 %) ¢
o' MsC s Otcd OB § dz' dz" 2, Yylss IbtcjBlzjls ftodd d ddw tfs
(zsc Oted W B tetso Odzd j, tlsmjyjdedj o' BtetsMmise, totse Ofisdz

[ dzwv  dmfmdzj Hso Odegdw OolstsC stotej izt Jdo o tc Y d Ssdflzdzs @B
o' f tsdzdzj dzr Spmis: EFlzdngf tetse jteCd MisOydd s dze tdzddasidy oD
( ADF) fl kZteseodsgj &3 L dzOyddssmisd U = 0, 05; H s tsdzdzd
ZOdzd ydvw Istej dzn O/ Mj L sdzdztsMmis d . JLicdL d®Etsof §QBO", & &
pval ue < 0,05 f§t ADF; i ted ssd3 HdzvW ftedL dzOC 59
o' fsdzdzgj dzO Mmj L sdgdzOW HJW W j to] doydw fjtejH §todd3j dz
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sOBd&dYO 1. ulkOldhmisdujmMSdj -OLOSIs] tdfls{loam; nfiklst

= 7640
Table 2. Correlation Analysis and Summary Statistics by Feature Categories Panj (1974390; n
= 7640)
dlsOlsdMmisdyd MS|) d2OYdrHddzd yo© d|ulsOdzH Otels dz(
dtocjHdzj j OtedW 1054,2 &ij / M N7, 34
[ JiHJOd&O 898,3 & / M N10, 56
u Is O dzn OtclisWaisty dz| 642,8 RBji / M N5, 18
[ ddzd BOdz' dztsj | 228,6 & / -
[ OC Mmd 3O dz' dats j| 4250,0 | dBj / M
st WWdydj dzs [61,0% |- NO, 47 %
sl WWdydjdas | 2,34 - No, 028
CCMmyy M 5,87 - No, 056
252 f j toyj dzls d d 6485 ) N5, 12
/ ) N8, 93

&
752 f jtyj dzlsdd 12347 |
fn

43.RAW stc 3OIs d o dats s ¢ tc dltc s Pdzdzzh Is Glicid L 2O 8 1St

GJ dz
MY stcdsdtetso Odz dzOBtste dL 132 l]’tGJHq’lelstGlss. r dzv gt
OB Mtsdz¥ Isdz" J L 2Oy 4 dzd W Ctete dzw yd 2 ftedL dzOC 5p fn
tej L zdz IsOlIsT Mo Jj HJ dg ) zd ykz 2. s tets d3d Ctstets g
¢o

dmMf sdz L se Odzdm* : VI F

( st dBkzdz sdS sdzdzg dzj O
BOLGBo B2 &sHjdd d tjsk

Is OB
d dzH d
tehMdodzr 2 tsketste ( RFE) .
v OBdzd yo 2. sttt dzv y desdimmis 020 daddzOizd NG efQ s jists ¢ Ols §
ftedL dzOC 59
Table 2. Correlation Analysis and Aggregated Characteristics by Feature Categories

sOljetstedw fHtod stsdzd yjuted Hdgw W C{f OCMdBO) tedL dzOC
fn ydJd dzv & Cotete ] dzw| C Btetec j dzv

l toj a3 dzdz" | 7 0,12 0,18 dayofyear
AdSdzduyj mMSdj 6 0,18 0,22 month_sin
[ JIsistesdzte dyd|3 0,45 0,48 tavg
] Oeso7 jH(zl2) |21 0,38 0,42 tavg_lag_1
g4 Ctsdz2 Lwh dj Mlg 60 0,41 0,45 tavg_ma_ 7
{ OL desfyls dz' | 9 0,22 0,26 tavg_diff 7
lLOddtsH j 2 Milse d 3 0,31 0,33 tavg_tmin
] sdzd dzts dsd O dz! dz' | 6 0,27 0,29 tavg_squared
g4JLtsdedz" § ddzH d 4 0,15 0,17 iS_summer
CCMmistcj 3O dz! dz' j| 4 0,09 0,11 hot_day
ltotsdL o tSH dz" j 9 0,34 0,37 temp_range

¢ dzOdzd L IsOB dzd yr 2 fCOLT 90] s, Yylsts dodsetsdzr h
B stptsc dyj MEdJ ftoedL dzOC d, zOetso " § L dzOy 4 dzd W Is J
MsedzOmEzjIsmw M ¥ dLrdudmMEés? fdesHts?2 Wstedzdtcso Odzo
dtc] HdzV W Qistetejdzwudw 9 119d ™ 5¢ tc I e fdtefplozf @D jjls LO
0, 48, Yysts HJd&OjIs dm Cdzs ydio" 3d fHtojHdCIsBOM]
dgdzH d C Olstste” HJd31Sdef]|StGCf tclz¥ Is kd3j toj dedzlzs MmowirL !+ M yd
JtodsHdydzsmisd . 1 tedL

ZOCd oL OddtsHj2Miseadw, i tsdzq
pMmMidudoOrls HEY sdzdedls]

J B jtcOkztcdzr » LOadMmMddisMmisj2. 1 dLSCOv Citetej dzw yd v
O¢ Bdzd lstcO Ot s twjHEdJ, des 90ydzr § tgyddy . |
dzj sB B! Cs@Bfdzi CHdsets OBt ftodL zOStse HAzv Is
[ dzv IsjMisdtetseo Odzed™w MlsOyYydodzOtedesMmisd ftodL dzOC s
ftedL dzOSC s ftodL dzgOdg'-v afflu@y ds dD B 3d (e hlsOeh d-

(]
 § Azt dglzs  dzj dzq dzj 2 dzkzv ddz¥ ste
Is

¢
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dzd B 5 Hdz Y etB 9 Odzd § , -t teljdtsestc O LdseGO dzd J§ ) L Ooa dMmd d@gts fi
dzj MsOyYyd sdzOtcdzts mis d .

44. wtcOo dzd Is j dz' dz" 2 O dzO dzd L Oz sted s Bpazv B3O ¢ dzdz®
sflsd BOdz! des? dBsHjdzd ftosecdtsL qietso Odegdww Mklstsydsets
0dzO dzd L 17 O@6 dsdedftisdifts © selfz Y dad v , sn o Olsr 908 h dn h

Odzm OB dzj o ' j B3 stsHT Hjtejoi w ted h jded 2, CGtcOH d J &
tej ctej Mindd, dzj 2 tetseadzafy OMY L, MEBPIswsH2 K( KNN) , Ok
sfstcdzr - 9JjSClststetsbe ( SWA) soln COmEGddz] 2 HAEY MtcOo dzj ¢
BtsH j dzd : ZzOdodzr 2 ftose desL (Napve), Md L sdadz” 2 dzOc
Miej Hdzd 3 L dz2Oyj ded j &3 ( Mean) . JyjdeC 0 C€0OyjmlseaO® dBsH
orBtstesy M dMf sd Hisp Odzl § a0 HARAISE RS ME 52 BhdBSd (
OBMmMtsdzs sdegs?2 tshdBS¢d (MAE, &/ fy) d St WWdydjdlsO H
(14 du. 17) f) yjde¢ ftesojteSd bkmss2ydesfmisd J B8
¢ to tsem@dzd H Oy d v dzO0 B SeprdetelstsSop | (T) m tjLlzdz IsOIsT Cts

CV_RMSE d CV_R|]) 1OS¢Yj ftojHMmMlsOodzjdz" HdzW OdzOdzd L
tdLEzd sOIst MtcOo dzd Is§ dz! detse s OdzOdzdL © ) tOdzy d ot
o' BBSte¢y MojHjdzr o vOBM&ZJYkz 3.

vOBd&ZJdYO 3. t(JjLbEzd O Mt @dulsd: dz®6 § dz@xz@ tzd s@
Table 3. Results of Comparative Analysis of Machine Learning Algorithms

sOlsjetstedw | dzc tstced Is RMSE | R} MAE, CV_RMSE_ |CV_R2 |t Odzc
, 3 d&3j / | meandijfjd | mean | RMSE
¢ dzfn O d3B dzd Voting 189,79| 0,9350 | 104,08 | - - 1
[ Jtojor w ExtraTrees 190,88| 0,9342 | 104,64 | 163,22 0,9386 |2
1 mis d dzg XGBoost 191,70| 0,9337 | 106,36 | 171,48 0,9324 |3
r jtej ot w GradientBoosti 192,96 | 0,9328 | 106,00 | 182,23 0,9238 |4
ng
[ J o o+ W RandomForest 193,54| 0,9324 | 104,26 | 181,03 0,9247 |5
1 2mis d dzg LightGBM 197,42] 0,9297 | 109,27 | 175,73 0,298 |6
1 EMmisd dze CatBoost 200,29 0,9276 | 113,45 | 163,06 0,9390 |7
1Jf OtcOd3j Is{ KNN 228,27|0,9060 | 131,72 | 188,69 0,9188 |8
t sB OfMlsdz J | Huber 234,17 | 0,9010 | 145,22 | 219,40 0,8860 |9
J ddzj 2 dz" j Ridge 234,57 | 0,9007 | 154,12 | 208,91 0,9001 | 10
J ddzj 2 dz" § ElasticNet 235,22| 0,9001 | 153,32 | 198,57 0,9109 |11
J ddzd 2 dz" § Lasso 236,61| 0,8990 | 153,78 | 219,47 0,8872 | 12
1 4 2tetsdzds’ § | MLP 256,99 0,8808 | 153,76 | 253,49 0,8364 | 13
1 OLBBo " § Seasonal_Naiy 285,55| 0,8528 | 164,08 | - - 14
e
| OzmMmtse M < ( GaussianProcd 331,70| 0,8014 | 205,05 | 309,47 0,7828 | 15
ftetsyj M’ ss
[ JIstBH ts{ SVR 431,441 0,6641 | 261,56 | 515,13 0,3960 | 16
9 jCIststetso
1 OLtsar j Mean 747,97 | -0,0097 | 622,05 | - - 17
1 OLtsar j Napve 859,28 | -0,3325 | 565,11 | - - 18

¢ dzOdzd L IsOB dzd y fsCOLr 0] Is, Yylsts dzOd dzzy" d j§ tc
dB3d IstsHAABd s dzts 9 | Hj-OdzbOgzp dz2 Ve j iBsdemistcedtclz j Is d3d dzd d3C
B/ M) d BOK(O],dPOBAE Odgts,§ L dzOydlsg dz! dets s jtejy OW slsHJ
Odze tsted Is Bts o st j dgdets ~Steshts Mmj W fsC0OLOdzd Ext
ERts?2 ydo ts Hj iBsdzefmisted tolzw RINNS B  aRj Yufyf tafpenuodzj € k&0
ModHjljdz Moakjl B o' MsCts?2 MytshmsBdsisd Hjtejo! j¢
LOoadMmMddismisd cdHiesdzcedyj MSdnr HOdzdz - .

JtOHdjdzlsdz | BEMlddzetse ™ j Odze stwdplsdg’) (IsXOEBjojo stftts S
MsOBddz d& j tojLbkzd SOIST 0 RMEE/ 9 of top ezd DG Bl IOH da
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fsHIso jtex HOJIs dr 1 WWjClsde dzsfyls: d mMeasydj MmMes2Mm
ot BY dzddgj 2y dBBHjdd d BOL o 'jjlmise j HadetkO By dzj 4 .
shde¢d (RMSE O 234 & /M), vyt ESOLT 90jls dzO o

Sstesi®dzdH Oydw s otej dzj dzde’ d3 B dzsC Od3 f 5C OL OdzO &
zzyh dr BsHjdzj2: St ¥Wdydj dzls DY,y ddls @ \Of BMIS &)l
tcjLEdz IsOIsT BHjdzi?2 otMmMftttsdLotsHd &O tOLd - 9

[ dzw dzO G dz¥ H dats 2 9q’L ZOdzdL Oydd d o Md i iz tiz8zgz,
2ftej HMIsOo dzj dz MotsHdzr 2 OdOdzdL B yYJbs" tej &3 € dz6 yj o

d
W

tdmMzdes¢ 2. wtcOo ded Is§ dz' @F P dzd2sizOmzd s B EREH gedir 24 i3 ¢ ozs
(a) MtejHdzj CoOHEGOIdyYUdzOW BhdBSCO (RMSE, & / fy)
OB Mtsdzt sdzOVw fJtesyj dzlsdzOw shdBSCO ( MAPE, %) dz2O Is,
HylsjteddddzOydd (R]) dz2O Isjmlsseats? o By s djgzO
sBlkzyosh j2 d IsjMmMsseats? or BtsteC On (ttOL " o
Figure 2. Comparative Analysis of Machine Learning Models by Key Metrics: (a) Root Mean
Square Error (RMSE, mj/s) on the test set; (b
thetestset( c) Coef ficient of Determination (R]) ¢
errors between training and test sets (gap between them)

CpasHEeHHe Mofenei no RMSE CpasHeHHe Mofened no R?
Ling 1897835 0.9350
Txl 5 190.8821 0.9342
L 1916971 0.9337
) 192 9386 0.9328
1635412 0.9324
197.4180 08287
= N 200.2863 0.9276
KN 228,740 0.9060
Tuber 234.1601 0.0010
Ridge: 234.5720 09007
TlaslicNel 2352211 0.0001
Lasso 236.6062 Lassa @.0000
MLP 256.9877 MR 0.8808
Seasonal Naive 36b 280.0013 Seasonal haive 369 0-D520
GaussianProcess 3317005 GaussianProcess 0.8014
SVR AAX SVE 0641
e 47,0730 Wi .00
Naive 359.2763 Naive — [E3525
0 200 100 ano ann -0.2 0.0 02 0.4 06 0
BMSE (rectozas eubopxa) B’ (rectopan subopsa)
Cparrenne mogenel no MAPE Cpasrenue ownbok Ha Lrain v lesl smboprax
Ira
Tesl
1000
Cra
500
yhiil %
CalDoosl 836971 362873876.00%
KNV 2147661813637911 2.00%
Huber 20641230088513314.00% g 600
Ridge 21306206641 04601 2.00% 2
HasticNet 21487103436291892.00%
Lasso 2054419578919 1568.00%

11860610830018611.00%
20566047055009736,00%
58 12562072811484632.00%
SVH 15150 183858003384,00% 200
24001 354499 TRANI2.00%

Naive 124580036881 52374.00%

0.0 a5 10 L3 2.0 25
MAPE, % {TeoToBaT BUBODKS) lele

IdLEOd d 2 OdOddL, ftjHilis0s dj ddz 2 dzO

t dikzd
fMHj &zOdgdz" | dzO Ghdzsezi | RMBEIdAGYS ¢ 8 . H JdsEzistcd ez j Is ¢
OdzmMOBBdzj " J d HtejojfMmder §J dBsHjdzd Wstedddtekzsls f dz
LdzOyjdedw 3 shdeSd, o Ists otejkY COC dzddaj 2 dzr j
or MsCdj YtsCOL Ol dztf MAPHBIESH I3 Ojdag O j(lb )sB N 2  tstew
BsHj dzj 2, or wWodzjdgdz" 2 s RMSE. O des BOdz! dets o' MEsC
107 %) i whmdgws Isipw ftedqtesHBs?2 cEdHEsdsecdyd MSdr H
LdzOUj dzd" tOMEBHO &sdelkls Wwets! § teddadarSdds S  dizjde € s d
shdeCd; dzj Msslstew &zO 1 Ists, lsdtsmdlsj d dtsj §sdsyj
C©TR|I 2Oz Hdzts fsCOLTM90jlIs, vyl d&izyhdj o&sHjdd
Btsdzj § 93% HdMY Jtemd dlzts2yj dzjHg 6s dzfifflsjeafjtatzjvdz o i) & dz¢ 1
OHJ CoOlsdetsfyls! .1 fjt@dajddg'dzd { d )sh dB &Co ™ Msizd IO IsT e dzy d
fJtcjtsBlzyj ddv; HdzWw fsHOQodzweh jets Btsdz " ddzmlsea © d
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shdeBCOdRBd dzO tBEYOE N j2

Is O (§ cHBEIOD 9) © D@
Wodw s dzOH Y de o5 §edL dzOS
H

J igls

s 3 tslsfr]lzlsfr]lsacfw UJ'[GJ'[SBIZ

4 dzdz’ MtcOo dzd Is§ dz! dzr 2

dzdSJ lsts;Hats otc jd' | QEHR s tafd Issdgpthr
5L

v 0¢dd sBtcOL 543, ftotso |
tcj osMatsHMlsots OdzMOd3B dzj o '

Misddze®© HdW LOHOYd fte

dz' dzf § MmMlsBtetsds dzj MSsdzr Cdmn OSCdr disHj dzj 2, f ¢

b q tc-® oz @zt dz'fls s & O jorj
d
Oujflsoj dlco 2 dsHj dzd Hdw Hfz dzf A ZPE S, OE0E
s
C

]
B
m
¢
fsCOLOds HOdjj, HOY] &zyhovw &sHjd MsOdkSdso 0}
LCMlstej 30Oz dzr 7 L dgOUj dzd?2 ©OMEtSHO.

45.1 jLkd O OdhO®s Zdtess Odzd ¥ BSH | iR &) dEgs P
OkOdkdL O ddzHdodHEZOd dF Rtedssezi ] §n B Odzd s® G B 5Oz E st
Gradient Boosting. [ 2@ dzfrdadfiiB dzyf ts fiffs tedgY ¢l P t ¢ Bdps M s o
MtcOo dzj dzd ™ OdzMOBE dzv ) ez yh j 2 BHJdesydets?2 &BsHj dz'

v OB dzZd yoO 4. wtcOo dzdlsj dz' dg Qi3] to BRIs jdidscHf Iszf{C d ¢
Table 4. Comparative Characteristics of the Ensemble Model

1 Otc O3] Iste Voting- ExtraTrees dMtsdzs [ IsdzesmdIs|alsOIlsdMmlisd

OdzMOd3g ( dzz yh OW dL d3 dzaj gd L d3j daj dg L dzOyd d3ts fp
ddzH do dH value)

RMSE, dj / {189,79 190,88 -1,09 -1,51 0,00018

R 0,9350 0,9342 +0,0008 +0,09 0,00124

MA E , dzj / M| 104,08 104,64 -0,56 -0,54 0,04562

Lz yh j dzd j | 77,91 77,78 +0,13 +0,17 < 0,00001

Naive, %

loJHJdedj OdzmMOBEB dzv ftedo jdzs €& MlsOIsdMmisdyud MSd
B stedS. RMSE Mmdafipd zint, 820%)0N , 0O MAHE [z d3j deo™ dedsti)figzts dik@
0,0008. JIrmsed?2 f¢0OL Olsj dz Error Diversity 1Ind
shde ¢ o ntSHWhH R BtsH j dzj 2 : tcOL dz' | Odze sted Is d3r ¢t
sBI Widaw j Is 1 WitingtOsiznpOidis fighy' ! .

dlsOlsdmMisdud MSdd IifMmlsr COL" 9 0OHIszO W ldaf Vv Iz azldzy " Rd
Yjdz "j 0,001, O kdakyhjddj §t MeOsdjdd: f B
ftsHIse j oy HOW ftcOCIsdyj MS zs Y4 dzdzts fyls O dzfmyQ dgel dfvE 1
tcOMn SHEBO .

sO0Cdd3 sBtOL BB, twjLEd O O0dOddL © Hj Btsdhisted to

-0z OB &z teso Odzedj SO h Ojls Issydesfmils! ftotsecdetsL 59

-BsH jdzd d2O tsMdese j Hitejo! jo BMIlsOs Ilsmw dzOdB tsdzj §

-Ctoddzd H Oydw fsHIso jteyx HOjIs MisOB d dzdzzsBlstsod o s

46.1 jIsOdzr dz" 2 @ OdzOdzdL tsMlsOlsCtseo d { totyodgie € Bo tjlsnGyl
OdzmOdEB dzv fteso JHY dz OdzOdzd L sMisOlsStse dz2O Isj Missoe s
MlsOdmMsdyu M¢dj ~rOLOCIsjtedMmMisded MOt flhtga MisO
fsdzsydlsjdzt desy d MmMtsmMsOeadwjls 39,20 dj / M, Yylsts k¢

dzj Hstsyj dzg€ ] t©OMABHO oatH' . [ jHJdOR BMsOlCtss ttOo d
HeMisdeOjls 185,70 &/ fy, vyt MmMoedHjlsj diBfipl€a zjlls Mmis ¢
st W Wdydj delst Ofmd 3Ry stedd (1,82) d +SMyjmmo (6,
shdets¢ o HtwwOQoatsds mrotMmilsy wWOMtcj HJ dzj dad W , Yylsts - Ot
s Isd 2 .

rdzv fesejtecd MbsOldmisdud MSdn cjd flsjsiglsr .d df jshigds L 2
Ldd&zS O YsCOLOd Ykt ©OMftEjHjdjddi] GhNsOStss fMih
2.21710 7 ). o¢odzOdzdL OoltC steteiideSuydd (iQ(  &Irsh= 85 1|
2.2110 7 ) dy tdonjifipdsd® (upetsR2 h ®. 21 10 ols ¢ totg tevjodevdy d ¢ dz@n
fsteWHCO. uvjifgs VO2ISO fHtsHIlse jcHddz dZOdZdydj cjlsj tets
cdHtesdZsedUujMSdrR HOdd 2, CEHj O®RfddlszHO thdBs¢ L
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s OB dZdyo® 5. wlkOkdMmMisdyuyd MSd] rOoG@REERHdMIsd S d
Table 5. Statistical Characteristics of the Residuals of the Voting Ensemble
MmOtOSIsjtedmisd] dz2OuJr Hdddy0® d|ulsOdzH Otsls dz

vicj Hdaj J 39,1964 | 3j / N4, 756
[ jHd Odz0O 44625 | 3] / M N6, 891
OdzH Otcls dzts j | 185,7019| d3j / fy N3, 367

LW W d Ol deglesj| 1,8243 | - NO, 062

j M 6,4517 124

NO,

Y -
d BOd detsg | 412,35 | dsj / M
d O dz dats | 1489,27 | &&j / M

10 tdmkzds 3 ftdojHj kO Ct&fdjSnddOY HJOC ST
pr BSIEC . 10 Mo dgjhy dzdzts 2tc Of@ dzjj deg dzjf deg H ) s Byds @ Js G'ts
bistjlbduj MSs2  datstoc kO dz! pdbtsRt , € tfp@BRE O BBO ¢ s5MisOls ¢
WOCkduimMSd) LdOujddY ftslsde f§.jHmSOL Odder 5, A
Cdzdzv sdodzatsjy tOMYtej Hy dzj ded j dshtd @K to tsffry {f tisfigy @nley Sytstm
M sd Lis kMY Hdkv fese jesd dstdkOd dshlsd, Oolsts
sk Clskter ©hdBsS dSHJ dd .

{dkzdsS 3. [dOcdshmisdsO sMisOlS saQ dpshg tzd Wik Ol
ftej HMS OL Odzd v, jAW]FEdASACRsY Hate CE BBz dzv Isd o dzsj tc O MY 1

MisOIsdMmisd ¢ O)
Figure 3. Residual Diagnostics of the Voting Model (distribution, @Q plot, residuals vs
predictions, ACF/PACF, time series, cumulative distribution, monthly statistics)
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