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Fig. 3. Overview of glacial crevasses on the body dggier 3, right side of the Barsemdara
riverbed
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Fig. 4. Nameless glacier 4. Overview of the glacial cracks along which the breakaway from the
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s OB dzd ®LBK dZjHddltsse BOMMI2dO 1 Otcfmj d3t
Table 1. Overview of glaciers in the Barsemdara basin

KpaTkan xapakTepucTiKa negHukos bacceitHa bapcempgapa

KoopauHatel neghuka | Mnowage negHukosoro BepxHAA Touka Dnuna YKNOH NOBEPXHOCTH
# n/n|Mectononomenue | Tun negumka | 3kcnosuyus CocToAHMe negHUKa
(Bonrota, wupora) Tena (KMm. KB) neg oTena | neg 0 Tena negHuka (%)

Mpasbii Gopt . .

1 Kapogbii B. CB. 37351075. / 71390107 0.05 4150 710 48 CTabunbHbIA
bapcempapa

3 | Measwiibopr |\ e 8 37350806. / 71392251 0.2 4450 1670 2 CrabunbHbiii
bapcempapa

3 | [MpasuiiiGopr Haposa B.IOB | 37354515. /71384770 027 4880 910 35 B crapun
Bapcempaapa [LONMHHBIA nerpagauum
Mpassii 6 K B

4 Pasbii bopT P8O | g 1oB | 37360963. / 71381604 0.19 4810 900 31 crapnm
Bapcempaapa [LONMHHBIN nerpagauum
Mpassiii 6 K B

5 Pagbii BopT 3PSO | pjoB | 37361248 /71382202 0.04 4840 590 20 cTapim
Bapcempapa [LONMHHBIH Jerpagaunu

g | Mpaseiii Gopr Kaposo | o108 | 37376023 /71381945 0.06 4630 430 2 CrabunsHbiii
Bapcempapa LONMHHBIH

7 | Mpaseii 6opr Kaposo | o108 | 37373357/ 71384186 0.12 2930 370 13 B craguu
Bapcempaapa [LONMHHBIA nerpagauum
Nesii 6 K

8 esbiv bopr aposo ) 37374435 / 71391007 0.02 2680 200 18 CrabunsHan
Bapcempaapa [LONMHHBIN
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Fig. 8. Diagram of average annual precipitation in Khorog
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Table 2. Mudflow formation periods
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AC
g tcj Hdgv W
Isj &3 4O 16, T4, 26 10,1 14,6 18,9 224 226 178 110 43 1 2, 93
AC
dtcj Hdzd 2
Mezlssyde 71212 179, 11, 49 85 118 149 150 98 40 10, 16, 33
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1 St dzO
sMOH &Ko
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30 36 52 45 35 9 3 0 1 14 17 34 | 276

15 tjLbkzd EOsOdR eBtcOBSISSd HOdd & 3 &Bsyds o
fd dzj ¥ sted3d tctso Ciilzd ¥zj o 4 Atizfig sdHNOte " . Tddjtds dag & s J ded] fiy H @dz
ds dz' ) Wstedsdtetseo Odzedy M dzj 2 Mmeaw L Oder M doOyodksd d
ZzOoa ddz, or MW jted" - OslOH SS9 ©® odH] L OIWYde m HESYE
CBGEHO MtsLHOs sMw EmMdzse dw Hdzv o8 8L dpdslsdsts asjoded M ted @ cigd
dzpo W L Odzdz [Z,c.25)J dzj Qo dz" i3 Iso JjteH'™ di3d MsMmisOo dzv s-h  di3d
s’ § dts?2 d30dgjj fipjddad#z, 2 98 HAzdMh j 5 BSSCOd3 HdedN O 1y,
N dzj o sGts Iso jtcHStSB dZEBESyYydzsegts BOISj ed OdzO o Btsdz! h dc
COC HOdzdas l§ dgtdifyvdidinw ¢ € OIS, j4C, tije 7db| BOdzs 2 § o d yd dats 2
fpj dzj o7 7 “osdevsiClasipw W OC Itste tojL Stséts ko jdzdyjddw Isjd
dZzOyd dzOj Isfmw d dzls § dzm[§]o dztb | tcl Oz dizef Js OFggzj c BOdzr | o BHT
ZOoddzr o BCo' R HttdlssSOn ftod OE Os h.d R iw0 dgt dBdiatsce
GtsH'L, od@ 0dzjls, dzjlstsdz, W tsycjige wtcD@zd jn ] dzOH jldF &5 >
o fJtdtsH IsOvdadw MmjLtsdzdes IsOdzse s fdzsw dzOdB Bdz! N §
QoclkmMBH] 5 HOMGNE BB PsMSQdEIdOBLzE0 o 8l kR O
Hdzj a3 -1 dasAy ¢ (lsOB dzd yO ff tod diRjcdRjolsiphy . ftg 8O Isfdfterd defj e o
ojternttol wis Mjdzjotsets tkmdzO O OiNH EedPipr dg@Piday s ls @ <
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INFLUENCE OF CLIMATIC FACTORS AND FEATURES OF MUDFLOW FORMATION IN THE
TERRITORY OF THE GORNO BADAKHSHAN AUTONOMOS REGION OF THE REPUBLIC OF
TAJIKISTAN(ON THE EXAMPLE OF BARSEMLARY, A RIGHT TRIBUTOR OF THE GUNT RIVER

In the article the author fully discloses the characteristics otdhehment basin of the channel of the mudflow
Barsemdar right tributary of the Gund River, obtained from the materials of field studies for the perie?D220$h the
part of the Branch of the Aga Khan Environmental Agency in Tajikistan, as well asatikeeials of bathymetric survey
Barsemkul by specialists from Moscow State University (Faculty of Geography) of the Russian Federation foh&020.
article provides geological and morphological information about types and character of microrelief stlietason
mudflow water shed, brief overview of the state of existing glac@@limatic factors significantly affecting salt formation
were identified.The conclusion was made about the necessity of annual monitoring of the upper reaches of the Barsemda
basin, installation of early warning systems for timely notification of possible threats and prevention of catastrophic
consequences of mudflow floods.

Keywords: Barsemdaryyatershed, glaciers, degradation, climate change, temperature rise, glacial sel.
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Figure 1. Location of hydrometeorological stations in the Panj River basin, according to
currently used data
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Table 2. Changes in meteorological parameters of the Panj River basin for the period from 1950
to 2024 by altitude
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Figure 2. Monitoring the long-term dynamics of the average annual air temperature at
stations in the Panj River basin for the period 1952024
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Figure 3. Monitoring of the amount of annual precipitation at stations of the Panj River basin
for the period 19502024
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Pearson Correlation of Temperature in Pyanj River Basin Pearson Correlation of Precipitation in Pyanj River Basin
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FEATURES OF THE DYNAMICS OF METEOROLOGICAL PARAMETERS OF THE TAJIK SEGME NT OF
THE PANJ RIVER BASIN FOR THE PERIOD 1950-2024
The formation of runoff in the Panj River basin is determined by the melting of seasonal snoaltitida
snowfields, and glaciers, the dynamics of which depend on-tax@e circulation processes.éltegion's longerm climate
is shaped by the influence of western and southwestern air mass transport (cyclonic activity), as well as by thermal
depressions and monsoon flows from the Hindu Kush Mountain range. In the context of global climate chhagm ithe
undergoing a transformation of its meteorological and hydrological regimes. Therefore, the aim of this study is to establish
regional patterns in lonterm temperature and precipitation dynamics for the period-202@, as well as to quantifyeh
influence of various climatéorming factors on the thermal regime of the Tajik segment of the Panj River Basid on
an analysis of meteorological data the Tajik segment of the Panj River basin was divided into five climatic zones: 1) high
altitudeplateaui characterized by a harsh, sharply continental climate with maximum precipitation in spring and summer;
2) central part of the Pamir traicta cold zone with a moisture deficit and peak precipitation in Maymti; 3) western
part of the Pamir &cti characterized by a moderately cold and more humid climate; 4) the northwestern valléy zone
characterized by a warm climate with a moderate moisture deficit; 5) the southern border zone (along the PargrRiver)
arid and hot region with consistgnpositive temperatures in wintdrinear analysis demonstrates that the average annual
temperature for the period from 1950 to 2024 tends to
Meanwhile, annual precipitation has decreased bgvanage of 6%, fluctuating betweetir% and +16%. A polynomial
trend analysis revealed a steady upward trend in the average air temperature in the basin for the pe2iaei.1950
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Precipitation dynamics exhibited periods of decline (32805 and 2002024 and a period of slight increase (1975
2005). For the first time for the studied basin, Pearson's correlation coefficients were calculated and quantitative
dependencies of meteorological variables on orographic conditions and absolute altitude wéshesstiibhas found that
for atmospheric precipitation, the closeness of the relationship between the Panj weather station and other observati
network points decreases regularly with increasing altitude. At the same time, for air temperature, thiéororrela
relationship is much weaker, which indicates a high spatial heterogeneity of the temperature field in complex terrain
conditions.

Keywords: climate change, climate zones, meteorological parameters, temperature, precipitation, correlation, trend
PanjRiver basin, Pamir, Tajik segment.
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dzz y dets Mtsh tcOdzv Is! .

[dzZv CoOLdcetelkzff L OHOYO Mmikh jMmlse jdedets Mmdztsy dzj J .
MstezSIskte, wlMmikzlsMisadjd tOLoadlsr 7 MtezClskztedz" = Is
Mdzsy desls' 8 Odzéstedlsdzd uj MS e s ftc Oo dag At . 2 Psjt fipldse
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O stedlsdBUj MSdr &BjlstHEBse {0 LOHOYO ©OLEK, I ddBO
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CoOHWGOIe, I jMmls! MmMtlse jlsMmisoakze hdrn sOBddy st

t OdzgjtgOBotsB;@ [Bd ldz §jdRMMm HJOMMsydOIlsdoadzr = C o 0OL «
EOCYJ] OdcjBttOdujMSdd  CtdeddOssdy &3 d&jlssH O]
C &zOMmMmEses CoOLdCtlY § .

g fBeks dzj Mdzsy dets?2 tOL OB 5ls Odzdets B ' &b B ‘tsiddiz jytg diz
ftcOQotsHdOMMsydOIsdoadzr §j (dzj o sHG Bidits i ©OtseBslry ) C o

v OB d&ZdYyoO 2. sdOMMdW S OYydwy HdOMMtsyd Olsd o c
Table 2. Classification of diassociative quasigups
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C-h

LS

dzd

Krnacce keasurpymm 4-ro nopaika ObDo3HaueHHe KonugectBO
J{HaccoIHaTHEHBIE 13 — g3 16
KBA3HIPYIIBI CTeNeHH 3 Yoo
Knacc KBasHIpymo 5-ro mopgaika
_ J{HaCCOUHATHEHBIE 12 = R? 30
KEA3HIPYIIIBEI CTEIEHH 2 : :
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l MmdzjHkzs hdrn kOBdZdYyOr (lsOBdz. 3 d IsOBdz. 4) fHtedoej
CoOLdotwhtsf ok &6 f stcWHC s L IsOBdz. 2 9 o©dHj] d&zOIddzmC ¢t

vOBdZdyo 3. ltddkiter HJOMMsuGgOEgmHzA EOC 0 OL (¢
Table 3. Examples of 4th oder diassociative quasigroups

Knace guaccollHaTHEHBIX
KBa3HIPYNI 4-ro mopgaka
acdb
cabd
dbac
bdca

R =L

sOBdZdyo 4. lteddzjter HJOMMBYGEO thaczH T OC 9 OL d
Table 4. Examples of diassociative quasigroups of the 5th order

Kracc IHaccONHMATHEHEX KBA3HIPYIN 5-TO MOPAIKA
achfd fdcha
cadbf dbfac
Ry =1L} bfadc R; =1L}, cfadb
fdcab badcf
dbfca achfd
] ZzOMmilstsw h j 2 tcOB SIS | cOMmMdzOIsted 9 ©O4 Ismw L OH C
HgOMMsyYydOlsdodzr DdzEd®L S H T O.d3 o lsisfls C®lOBJlsdcde't ]
fstevdg C®OBSEW dZOW ¢ dZOMMdW S Oydw L dzOyoOjls toOL B dJ dzd
CdzOmMMmr 1+ CodoOdzj dzlsdets@Bhlsd 5 dL BV L Bz [ 1
[ 4 IstsSHMdzW tej h § ded W f sMmis ©o dzj dzdz" ~ L OH OWIs t fg lzts dzts L
OdOdzdL © ( Oz sted Isd3d yd m< d2 f SHASH, 9 Cdzs yos h dj
Zdsdztsy 4 dedw HJdOMMsydOIsdoadzr = Co0OLdekzff BOERZSes {5
dzj L sdii3stcW dzr = MstekzCIskzts. dbdzestedlsdBd ydi MSd2 ¢ BSHASH

dHE CoOLdGERYf OB d s BOGRdad NS SP Odj fizl] ® O BP
Odze sted Is 3 UJ M < B BAAFOR Hi o teixdfitgids § fls O dgitzs § J MISEIOHQ, H dzv
Colsster n or ftsdzdzw j Isfpw  EMmMdizseo i Co OL d{ tsdtisss s i € @zw
Cazommd W d yid®iusde'Opzr ¢ o OL detelzt ffr fts Ctsdzdyj b®fHj Co Ol
tcOBBBIs] @osBOWOs &zj &z OdzestedIlsd3 d tOLOBSISOdz € BH
CoOLdfsdzdz' » BlstsBteOy j dzd 2 H d @fitsi Sy O © @z" - 42¢ d Gk
f totsc tc Odzd3” Bsy dzts MtcOo dzd Is ! tcOLdz" §] CoOLdaetlzf '
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zOIs d dzlm ¢ d » IS~otHHAE Qs tHoQ dzdz" § ( SOYHOW CoOLdGctlzff O BT
dzgdzetsy j dedw ) fmuydlsr o O Isfypw  d Ltxtls jICtdyesusjo fifsfip tsW & 6O ft©rs off Qsdiz
CazommdWdSe Oydd ¢ o 0L d ¢ tclxffjtfls tsonSOdzs fuddsjols] tot€ @L tafQ BradistCtdAY d |
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bdzcstedlsdz fteso jteCd dL sBstowedst df@teHeHED € o OL

1 1 OyOdzts

0 [sSter oO0j g WO2dz 55. t xt .

0 Il WOoRMimMEEES Mttt dO COYHEY CoOLdctlzf f !
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0 eBLHOY i3 MfJdBEHisOSS ¢ 1 d&zj B eksseo {1, 2, 3,
4, ltoso JjeC O COYHBR2 fjtojMsOdatsa Cd 0
rdzv COyHB2 fijtojMmMsOdesoCd per m:
0 Astocdddtelz j di3 tsis ts-B pednfi] Jdzd jjda¥j: delsiise 1. . 5.
0 ltesojtWw jd3 EmMdzsed] dL d@teW dL dizO:
H dav ) i, fd 4O0..4}:
sigmalA[i][j]] = B[sigma[i+1]-1][sigma[j+1}1]

0 ( Mdzd Efmdzse d ji fpty ntaCdibty jdif fje j MsOdzso C 2 o MY d
5 fijLkd O ftso jtesd

0 [ Mdzd MY dmsS sigmas dzfL gl s? YV CoOL dctel
A IrosHdd Msseh jddj: "soOLdctkfgr 1 (
A lrotsHdd® ofj fJitcifmMsOdssatd G o odHj f1
0 { Mdzd M dMsS si gmas dez MBS BEFCKdeOL Jetokzy
A lToasHdd MstsBh jddi: "soeOLdcetekzffr 1 d
6. s sdzi y

dbestodlsds L Oo jtoh v da

I Moegsdglsd Odzeg sted Is d@30

s ©mtse j dzdesMisw d3 6 OL OB SlsOdzdetse s Odz@ tsted Is BO tslisd

1 ftej HMMlsOoadzj dzdj CoOLdctelzdff © odHJ d&OIsddms dn

Qo lstsBOISyYyd MEOW fHtoeso jteC O oaMmMjnmn fJitol MIsOdztso s€

TdzOr By Hjded] dzj bdz $5 WOCIO dL sBtdWdA 3O, dats
dL sdsteW dL d3;

1ftesMisslsO t6j OdzdL Oydd d dz2Ocd&zw Hdesfyls! o7 ydmazdls

pdzestedIlsds Wodzw jIsipw Istsydz" &3, fsmitsd Sk ftse jtow
Bdetsy j Mlso © 1 dzj dzj dzls s o .

s st tots G tc CodgMzr © Ryjhon
import itertools

def read_two_quasigroupiggname):/ftsL H ® dzdz§ y d d
with open(filename) as f:

lines = [line.split() for line in f if line.strip()]

gl = [list(map(int, lines[i])) for i in range(5)]

g2 = [list(map(int, linesJi])) for i in range(5,10)]

return g1, q2

def all_isomorphisms(M): //IMsL H ® &zdz§ yd d

sigmas =[]

for perm in itertools.permutations([1,2,3,4,5]):

sigma = {i+1: perm([i] for i in range(5)}

if all(sigma[Al[i][j]] = B[sigma[i+1]-1][sigmalj+1}1] for i in range(5) for j in range(5)):
sigmas.append(perm)

return signas

gl, g2 = read_two_quasigroups("55.txt")

sigmas = all_isomorphisms(ql, g2)

if sigmas:

print(f"seoeOLrdewkzdgfr 1 d 2 RYJLSIi A1 3. 102HJC
for idx, s in enumerate(sigmas, 1):

print(f"f{idx} = [{' ".join(map(str, S))}]")

else

prinf(( " soOLdcectkzffr 1 d 2 11 dJqLBRsStW dr ")

[ dMmMOdzd j f tcgedOdzdis .. Odzd L Oyd d Odze sted Is GO BT
ftccetcOd3dzd etso OdzdwWw Pyt hon lrTBBBtc HOMksets wL '™ CO
mMts MisekzSIskztcOdRd HOdzdz" = d dzOdzd g ¢ digO ls H)tis dz'tsg dzaiz” §d B
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J ftose tc O3 dmfsdz L 2] Isfmw Bs H 2 dz itertool s,
fsLodwe hze Gjdzj tcdteseo Olsy ofmd fJ t6j hite@dayeldr jUsdgiv o
ofmistetsj dzdz" B3 dBHEdZjd@3 WL M CO (ot OBRBBEE Odag e tsIsP y
dlsj cOIststcOd3d d Ctd3Bd dzOlststedz” dz3d tsBi jJ S IsOd3] . [ O dzdz’
ddzhistelzdzj dzlstse Hdzw ¢ j dzj eOydd fJjtcd MisOdzeso fIsH 2z psyd
itertoolsw L " €O Pyt hon dMmitd LEkjlkhw Hdv ¢ jdadgstyQddsed Oo f
ftcsc tcORRA3] peinmukionsffvsL o sdzv jIs Oo ls s d30OIls d1QQ tfniCtej ylstOddidsip ok
Bdzts y j {),B,34b}dz) sBRtSH A" » HAzY ftotseo jteCd dqListeW L ©3O

ltotsectcOBBO MsMmistsdls dL Hekzr Gidaseoder 7 WEkdzeC yd?2:

1 read_two_quasigroups() MuydIls™ a ® jJasOL e telzf ¢ r dL sj ¢ Mists:
Wstedidtokzjls Hoj HBOtedy' §steWHCO 51 5;

2. all_isomorphisms()i o ' { s dzdpsjdasiz" 2 fjtejBte jtcj MisOdets
EmMzsed] dLd@steW dL i30O.

fdLEd OIstsdz OB TsisT f tosc tcOdZA3’ weo dzw j Isfyw 9" ot
CoOLdctelz §rd3dff,L sS@Bc@® Wz | lstsBtOy jddj oMmjnm dzO2HJ dac

ltej ddi3zh j Mise O i e B 6 QB3R O dzdzO W ftes6 tc OBABO tsB
ftej ddi3zh j Mlse Oi]:

1QolssB@BOIsdL Oydwy fteso jteCd dJqL sBBW L i3O;

o' MsC OW Istsydetsmis! o ydmdzj dzd 2 ;

fosL di3tsy detsls! OBy HjdY oMinm LRSS L BSH ;

TEHsBfBytsdz L s Odzedw Y ted dMmMmdzj Hise Odzedd € sdzj ydz' n

oL BBy desls! HOdz dzj 2h jJ2 BEHIWIJSOYydd Hdzvw CoOL

{t OLtcOBtSIsOdzdzr 2 Odzestedlsdz d toJ OdzdL s9 OdzdzOW f teSG t
dLBsteW L &3 Ctsdzj yeizs ntf S PusPB® o i ddl | § sdzdsets f j to]
sBjJMfjydeaOjls Cttte] Clsdzesfmlis: tcJLkzdz sOIstse d HJ d&zOj
Oze j BteOdUui MEdrn dMmMmdzi Hso Oded?2 d o' udMmdzdIlsj dz* dg" =

1 ted d3f. tc 1 kdhlsi'H  OMMsydOlsdo dz68 sCH Bloc 8B GCRY  Of ZMls
Hdzw 1 Iss?2 CoOLdetwkzffr dd3djdils MdzjHkzsehd2 odH (OB

s OB d&Zdyod 5. 11 dOoMmMMtsyd Olsdso dzBGCVYHE@L Jetelztf § O
Table 5. Dissociativequasigroup of order 5

1 2 3 4 5

1 1 3 2 5 4

213 4 1 2 5

3 2 1 5 4 3

4 0 2 4 3 1

5 4 5 3 1 2
) H O dzdzts 2 Is OB dzd y Edsj eOydw L dzj &3 delsts@ 2 o' B e
el OdzdL Oydd Odzested s BBO l]’ dMmMe O dLtdBsteW dL ddsa. v OC s
MstckzSIsktelz d dMftsd LEzjlmw dMEdzs ydisj dz des Hdzv 0Odze
[ Odzj Jj M dmMisd LtseaOddj di3 ©OL OB t5ls O dzdats 2 f tots Gt
CoOLdcetelz § dqdz@3. d i Halts tE 4D BRHpjf BB o Isizh j Miso dzv j o5 1 §
fitedMisOdztso 5¢ 1 (Rédp F fndkk'ot©O o' wWodzjdzd¥ BJdJSCIsdods n s
sfjteOyds . 1 yOfmlsdesmisd, v de@¥ sHdgoasB] Cth O jffiglc@dztf & ¢
LY JLdB M COYHEBS?2 dqL MsOd dzr = 29 CoaOLdaetelzy § (
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v OB iz yO jtoj MisOdesoa €, toj OdzdL v hdj dL tsd
Table 6. Permutations realizing isomorphism

6=(1,22354) |[h=(1243,5) | tu=(L,2 45, 3) | = (1, 2, 5, 3, 4
0 e, (=(1,3,24,5) |%=(13542) | 5,=(1,3,5 2 4) | t,=(1,3,4,5,2)
GHpf "Q om | 0=(1,45223)|0:=(1,4,2523) |=(1,4,23,5) | &=(14,3275

0=(1,5432) |%=(1,5324)|6=(1523142)|6L=(1524,73)

L L V) U
=1, 20543) | th=(514223) |0=41,5223) | th=(41,325) | th=(3 1,4 2, 5)
t=(1,34,205)|6,=0522341|%=0422351) | 5b=(425231) | k=(32541)
(=(1,4,3,52) | =(53214) | %=(43,215) | 5=(4,3,1,52) | :=(3,4, 1,5, 2)
Ge=(1,52,34) | =(5413,2 | 0=(451,3,2) | tu=(45,21,3) | =(3,5, 2 1, 4)
V) L V) V) U
=(5,13,24) | t=(31524) |0=(415232) | =(51423,2) | th=(2 1,4, 3,5)
b=02431|6,=32451|%=0422315)|6=(52314 | k=(23541)
=(53142) | =(3,4,215) | %=(43,25,1) | 5:=(53,2,4,1) | (s=(2,4,1,5, 3)
=(542123)|0%=(35142) |0=045123)6=(541223)|WL=(25314
V) L L L U
=@4,1,23,5) | th=(215234) |0=(51,223,4) | ,=(51,342) | =3 15 4, 2)
th=(4,21523) =(223451 |%=052143)|6=(524123)|t=(3241,5)
(s=(4,3,521) | 5=(24,3,1,5) | %=(523,4,21) | 5=(53,12,4) |t=(3,4,25,1)
=(4,5312) | 0=(2514,3) | %=(514312) |6=(4231|WL=(35124
U L L L U
h=213405) | th=(312405) |0h=(21543) | t=(512 4 3) | t.=(4 1,35, 2)
=(23154)|=(32154) |%=(223,415)|0=(52134) |th=(4251,3)
(=(2,4,53,1) | 5=(3,4,52,1) | %=(24,3,51) | 5:=(5,3,4,1,2) | = (4,3, 1,2,5)
W=(254123)|%=(35412 |%=(25134) 6=(54321]0L=4o5231)
V) L L L U
.=3,1,4,52) | th=(2123054 |06=@31,25,4) | ,=(21,4,53) | th=(4 1,25, 3)
=(3,2514)|6%=223145) |%=321405) | 6=(23514) |th=(4213,5)
0=(3,4,1,2,5) | 5=(2,4,51,3) | %=(3,4,51,2) | t::=(2,4,1,3,5) | (5=(4,3,5, 1, 2)
0,=(3,524,1) | =(25431 | =(3,54,21) | u=(25,34,1) | Cu=(4,5, 3,2, 1)
0 0 0 0 0
sdzj HiNlsedj sODBddy’ MmMdjHbkjl, yskdj BdEcY g@o 00y

sMlsOdd DS ,steMmj 30 SoOLdebkff §sfOHOYIS dstHdqd!

fsf Otcdzets dL sd3tstoW dz . S N .
[ 5COL Ols§ tzkz fylsda's .Hdz B EB Minkzh j Mise zjIs o DB Bl d L
I sL &y &3 Hej G teotsdL olsdh. dszJOGQ@Qﬁm(iq’enlzl]’lfsfts mMikh jMmMlse 2
« DO O0,» DO OO.
SGHO SlssBtcOFy dzgjo 0 W o dzw jIsfyw dL sdi3steW d L d3ts d3.

toj Hdztsy jldednjls'1 . HOdZO Mo Sk dtsMmils! dL 30 HJdOMM
J ®Obddmitsects SoOHKOLO). UBGEHO HMV dsfplyonlz jH

H

t;ac;fnlsc)dyﬂztsﬁpfpﬂslmhﬁbhlsOQOWqudzEJ sy dL sl dL Bdsd &
, Ot , w0z, of dhiv pltlofiv .

Clsts SL &zZ0yoyj Is, Yls ts oMmJ 1Isd CoOLdeotolzt ffr

HJOMMtsydOlsdodzr = Co0OLdetekzflf fBteWHCO 5.

[ € OL Olsj dgtdfipisfor =¥ Is j toede” d3 f j tod B Stetsd3, vodgy ~nC CARHS A Jtfe
30 CoOLdcetlzy fHdsSDOPHAS? BT Mmizh j,MiskHztg dsdzjrldolstytc
Emdzseo ds dLtsdisteW dL d¢30.1 Isuc@WlzL ¢ @GS olafzts § diag g W d hdkzh p 8 O
CoOLdcetwckzff §tod dzOH Az ¥ Ol BHAEREzZ ¢ ZOMME L @Bt d

SONND I H dzw HdOMMtsyd Olsdse dAf 8 tcwH £ @ iglebztff ff tedgts h 1 ©
9" h jtcOLtcOBSIsOdzdzs? ftosctcORBB tososHdzOM! st Ot
ZO2Hjdzr CdzOMMr dLoBst@id = CoaOLdcectekzff (IsOB d.
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vOBdEZJYO 7. RLBEBStWdr J ¢ d&OoMmMmr  HEO fffdstapdHcEIs@f o dzr
Table 7. Isomorphic classes of diassociative quasigroups of order 4

HM3omopdHBIe KTacchl ‘ Homep KBazurpymm BXOIAIIII B OIITH KITacc
Kmacc 1 [1.4.5.8,9,12.13,16]
Knacc 2 [2.3]
Kmnacc 3 [6.7.10.11.14.15]

sdzjHEjls, Yyt Hd&" §sEYHSO 5 dLjrgaids®dvj dzis 8 s C
Bstel dls BOH O ¢ OLd CHsdwo dal FOfIFEOL sl i § 04 Mizh j Mise k2
e dLeBsSEYdL B0, d SOCYj] §s8SOLTo0jls fkh jfls
MO HdOMMBYydOlsdo d R § o Quisf Cjtdfiply'f SsoH@LAEOS s s ts
Siz sty H | Esdzdzy’ disBdSy jlazd v Bsckzls. BSC ks fisBRE IS
d

mMd@asmis: MekzClskzter ¢ zOMMse s fsYHEO Co0OLd
Il " oatsHf JLEdZ SOIsT CsdiRf ' s Isjtcdetsets OdzOdzdL O ff € O
CoOLdctedtdf ffi StEWHC O dzZOR SHWIsW o B dzkGY @ 5K twE Htskzd
f Otcr sO¢drn CoO0OLdcectelzfi MEzh iMmMsokjl jtcj MsOdesa & O
sHdze CoOLdetekzffz © HtokzclzE, MertcOdz" v Y JOyds® .
Misjtfjdd Mddadsj stedd d MlstckzS szt s Hff©ENEBEYEG OlsH o Hds &( -
Hdzv CoOLdotcffdftcw 4 C O B' dzts EkflsOdzetsoe dzj dats, Yl s sdzd
dL siBtsteW dL i30. [ dzw C OxoHss 2 ff StvQLCdes B fizd 4 tcj H | dz
fJdted MsOdzetso € g Lodzj o3 dzls s 9 Bdzsy § Mise O, ) ts IsHstddZ gj  d3d
CoOLdcectelzf f Od3d HOddtsets ¢ dzOMMO. Cbkts fsLeosdwjls ¢d
fs dr MbstekzSlskztedz d3 Mtse j dzdzts s v d3, Yylsts ddzdi ils o Oy
Yyofmlsdesmis d, Ldz2Odzd ] dJLBBsSWdL @3se d dr f egOdadis 24 o
fsmMstetsj dededizC Aydm dz0 tsmdese j L Isdm SCoOLdetelzf § .
d4lsOls! w fsHEBIstse dzj dz® ) tcORE OR dz0 Iz y dzts 2 Is |
Csdddsz dzd € Oy d tsdzdz’ n Isj n dzsdztse d 2 ¢cRMMdzj His9 Odzd W it
Csdidsz dzd ¢ Oy d s dzdzr ~ Isj ndesdztsc d 2 ,d3 § fo d oo cdtat@idtsdeusi M & €
dmS EmMMmise j dzdzts G s ddzls j dzdzj € s O ) otsftcsMO~ Emlsts?
ddzt stedzOydsdzdzts?2 B Jj L s Ofpdzsmisde, L Otejcecdmisted tctso Odzdz
sls 6 WwWdzo Otc® 1 2ID4276 G . )

JRurt dvut ¢

- otelsddetste HCd JMRAMM e tsls : cuctiztf #f " J/ dzcfw. ¢tftetls qulal flls 52 -4 ted & dzC
1955.-5 . 8 4 4. 4HB.

2. btelsddzs@®ew HEd dzd dzj 2 dz" - wwEttefj dzd W . fotc Isydi S 82 d.- [98H-8 dZ® H dzts 2
" 31w . 3i365.

ljdsemse 1.1 .d Lhdsde lefftftcd d&zi: v oS @.231 narkbkzmse .

1 Jdsemtse 1 . 1. Cdzj i3 delsr  Is] stesddf" fdsjCeL.d csicllzifSy MO 8 L.r . 1 j dzskzf
I stej Az B M)lstcOC Isdz" | CoBSRSLGY L &3 f ctsmisr €t j @y § BiMgddedza@ dg'¢ d -
$B3OIs j BOBIYX-d. 973 4. 4TUD

Jkzkrse [ .. ¢dzcjBttO d OdzOdzdIsd ud ME Ow-[ G J tsd3d lsiad dsvfn- 3¢9y 2 J flB . & D
RLBON l . RrR. RLEBEBStW dL d3r CoOLdcetlzy {, dLtslssfd » ctelzf f Od
fMd Mmils §1895.- 1 4. A4

8. sz dztso [ . [ . [

1112.-4. 6675

-

ok w

No

qOomMMsydOlsdodsy j CoOLdcEtky " d@MAEs. §GEY HC

9. stsdiddzse . J. 1dOmMMsydOlds dr j{ .ChOGHw&EE §o. MO dsE Ot tsds W H <
XXV [ J Hds@OtetdOHz ydzs?2 SodaW jtoj dzydd MskzHj dzstse, GOififodlid@dzls s o
[0 [ile, GBtjd¥ 2019¢. wjSydw: J1ryudfhddlsj d @ow &EOlj BOIs( !
16 ffy" ;4. ZBBLY .

10stsBddse [ . J RLtsdgtstequdgtsqq@@:tstsdg,tstgqudgg,asdg,qdz@aqd/ [ Oj
O WdeOS Isd yj ¢ Ctsda¥ jtoj dzyd d it tsdz RSU 9 d dedzts ® Oy d 5 s
U OHY ddink® Odze 4 s . 6Ll 7 .

lls s dztso [ . [ . /B Odzetstedlsdij -dEOR iy dz§ © h 2OiigsCiskBolsslal dg9 .
CoOLdetelzdyf [/ [. . ssRddzse // 1l jiflsdzds WddzdoOodzO [ sMmMiteMm
| s desMso O o GEtesH] | " OdzeB2023.-wu. jIe2f (v 3-Q.JG42) Mise j dzdz” 7 dzOZz € .
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Qisdz,sc{dz@lststedzisl? Cots dafylsitg iz Ccdadsid dzmC sets C o OHKBOISO (d ©®© o9dHJ I[SOE
sB dqLBsY¥dLdBBd HJOMMcugOttgedzn EOCoDicde oy e 5¢C dzOmMBr-aff ¥ sd3
fstcvHEC BB, | tcOBBI] Oolttd §toj H ] di sO dedstshusd Ig ddzd & dz@|fy fisciiisc
CooOLdcetkzff OB, O IOCY] t©OLtOBBISOdk B3 stsH O lsts®BOIsdyj ME 2
RMA SHAZ | sOB dzd yr s jtOyd? LOGtﬁ)&:t)xOﬂqum‘fbsogtquJBls,;'vﬂilfr]rlsSIs@tsqusts
l sdzz yj dellztiz s@fL fsLotsdwels shmizh jMmiseadls: Mstesekzy ¢ dzoOmMmmdW¥ d¢
JqLs@steWdL B3O d eorweadl! drn fMstokzCktodzzs 1 Codo Odzj dzls desfls .
CodfssctcOW dud MSESsets OdzOdzd L ©. jlls dg Chfn Isfoztstdnilshigfls © dfteal Ss@emdz O yte[ v O d=d |
By dls BF Is! dMmMfsdz Lsoa OO Htod ¢ sMistets difsfdzfigs todf ) Mydzp v s o A
ftesojHY dz OdzOdzd L 9" ydmdzdlsj dz! dats 2 Mdztsy dztsmls d ftod Hdztsy J dzdal
q’fr]g’tsdzJLtslg@ogﬂlsq’lgaﬁ]QBQ Gjdzj eOydd IsOBdzdy st dzd MmMkh j Mmlse j dzdzt
1 sz yj dede" j| tejL zdz IsOIsr diselkzls Brils! dMitsdy L soa 0Odz" ftod ©OL K
CodmMstezS yd?2 dz2O0 tshdtsej CoOLdcetlzf .
sdzs yjor j Chpddnod@ tc YO, coddf f sdH, BdJSCydwy, HJOMMBYJdOls:
sOB dzd yodz@ g ¢ d2 G 9 OH 6 Ols, Odze sted Is 03, f4ted MsOdetsaltNG,tclz € tgd
CzOommdW¥ dS Oydw IsOBdzdy, 64 dzj tOydw IsOBdzdy.

ISOMORPHIC CLASSIFICATION OF DIASSOCIATIVE QU ASIGROUPS OF SMALL ORDER

This paper examines isomorphisms of diassociative quasigroups of orders 4 and 5, which are combinatoria
constructions in the form of a Latin square (and in the form of a Cayley table). A proposition on the isomorphism of
diassocitive quasigroups of order 5 is formulated. Classes of isomorphic quasigroups of orders 5 and 4 are presented. |
this paper, the author proposes an algorithm for classifying quasigroups based on the isomorphism relation between the
and also develops a nhed for automatically generating their Cayley tables in the form of Latin squares. The initial
operation tables are loaded from a text file (.txt) using a programming language. The obtained results enable a rigorot
classification of the quasigroups undmnsideration by isomorphism classes and the identification of their structural
equivalence. This creates a basis for further algebraic and cryptographic analysis. In particular, information about specifi
permutations that implement isomorphisms can kesl us the construction and study of quasigroup hash constructions.
Additionally, the computational complexity of the proposed classification algorithm was analyzed. It was shown that the
use of automatic Cayley table generation significantly simplifiessiimmorphism checking process. The obtained results
can be used in the development of cryptographically secure algebraic constructions based on quasigroups.

Keywords: quasigroup, group, groupoid, bijection, dissociative quasigroup, isomorphism, Cayley ltabh
square, algorithm, permutation, cryptography, equivalence, hash constructions, table classification, table generation.
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Table 1. Dependence of the adsorption coefficient of the studied samples on time and
temperature (314 - 359)K

s dalz uhs
314 319 324 329 334 339 344 349 354 359
5 0,14 | 0,147| 0,156 | 0,164| 0,172 0,181| 0,192 0,202 0,213 0,224
10 0,144| 0,149| 0,158 | 0,167| 0,173| 0,183 | 0,195 0,205 0,218| 0,225
15 0,145| 0,152| 0,161 | 0,169| 0,177 | 0,186| 0,197 0,209 0,221 | 0,226
20 0,146 | 0,153| 0,162 0,17 | 0,179 0,189| 0,201 0,211 0,222 | 0,226
25 0,146 | 0,153| 0,162 0,17 | 0,179 0,189| 0,201 0,211 0,222 | 0,226
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Figure 2. Dependence of the change in the adsorption coefficient on time at different

temperatures
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Table 2. Adsorption coefficient of a cotton norwoven fabric sample depending on time and

temperature (314- 359)K

the tc j d3 U, s
314 | 319 | 324| 329 | 334 ] 339] 344 | 349 | 354 | 359
1111 t/ty
0,94 0,96 0,97 0,97 [ 0,97 [ 0,97] 0,97 [ 0,97] 0,97 | 0,96 [ 0,99
0,97 0,99 0,98 0,98 | 0,99 [ 0,98]0,98] 0,99] 0,98 | 0,97 [ 0,99
1 1 1 1 1 1 1 1 1 1 1
1,03 1,007 1,006 1,006 1,006 | 1,01 | 1,02 1,02 1,009 | 1,004[ 1
1,06 1,007 1,006 1,006 | 1,006 | 1,01 | 1,02 1,02] 1,009 | 1,004| 1
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Figure 3. Dependence of the change in the relative adsorption coefficient on the relative time at

N
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Figure 4. Dependence of the relative adsorption coefficient (G/G_1) on the relative time (t/t_1) at
room temperature
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Figure 5. Dependence of G1 on time (t) of the sample
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Table 6. Dependence of G1 on temperature T,K
U, S 314| 319 324 329 334 339 344 349 354 359
11-10°, 0,14 | 0,15 | 0,16 0,17 0,17 0,18 0,19 0,2 0,22 0,22
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Figure 6. Dependence of G1 on the temperature (T, K) of the sample
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Table 7. Dependence of G1 on sample mass (3339)K

m, €6 0,028 0,056 (0,084 |0,11 0,14

11-10°, d3ts dz/ € d 0,145 0,161 [0,186 | 0,209 | 0,226
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Figure 7. Dependence of G1 on sample mass
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Table 8. Adsorption coefficient of the sample (cotton nemwoven fabric) depending on tme and
temperature (314- 359)K

(7 sy

o 6 J d ufs
314 317 322 327 332 337 342 347 352 357
5 0,221 | 0,252 | 0,263 | 0,278 | 0,289 | 0,306 | 0,322 | 0,339 | 0,363 | 0,382
10 0,225 0,253 | 0,265 | 0,281 | 0,294 | 0,309 | 0,325| 0,342 | 0,367 | 0,384
15 0,229 | 0,255 | 0,268 | 0,284 | 0,298 | 0,312 | 0,329 | 0,348 | 0,371 | 0,387
20 0,232 | 0,257 | 0,273 | 0,285| 0,301 | 0,316 | 0,333 | 0,353 | 0,376 | 0,391
25 0,242 | 0,259 | 0,275 | 0,286 | 0,303 | 0,318 | 0,335 | 0,359 | 0,379 | 0,392
30 0,251 | 0,261 | 0,276 | 0,287 | 0,304 | 0,319 | 0,337 | 0,361 | 0,381 | 0,392
35 0,251 0,261 | 0,276 | 0,287 | 0,304 | 0,319 | 0,337 | 0,361 | 0,381 | 0,392
1 o  § SEipkQ i) joX09Tdco ZOE O o dzfB B &, kgl O gotdmobd | GG
ftod dzOB©Odedets? I B G c®BEeg: sls 31

MOtOCIsj to i) fRiztziodhgPdrnidH & g i3] Qdllp (
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Figure 8. Dependence of the change in the adsorption coefficient on time at different
temperatures
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Figure 9. Dependence of the change in the relative adsorption coefficient on the relatitime at
different temperatures
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Figure 10. Dependence of the relative adsorption coefficient (G/G_1) on thelative time (t/t_1)
at room temperature

1,02

00 | g

K

1

0,99

0,98

y =-0,0229% + 0,0829x + 0,9371

0,97 wy T nXdcH:

0,96

0,95
tt,

] s dzd dzts BOdz dfAC OdzPaiPy O twdMbkzdeCj 10, fdMmro0j
(ZteOodzj dzadj 1) . [ v bkltsydy ddv {f 56 t€jtddiet igod dzjs dad 4§ ¢

VeOo dzj dzdj L OodMmddshisd GOHML]GEdpifdlsj &' ds otej dj
1-.0,0229— +0,0829— +0,9371 (1)

1
¢ f sditztc Oo W4 Iy teOMMydIls™ o Oj d3?2 ds@figtsfiy jdfisidn@s d( [CBO X JHSS
sls Isj &3 j 6Okt :
l oo j 6C O fdsctej M dasfls
2) 1 -8,0229(0,25)+ 0,0829(0,25) 90,9371 = 0,6997

N Ligofn{uyllsl chliﬂéd:j’}@(j%%
. LEonu s
o h h
u — - *100% = 1%

48



v OB dzd yo

tht, 1l /ideonw{ 1 /71dicngjed a, % uhb
0,25 0,96 0,95 1

0,5 0,97 0,97 0

0,75 0,98 0,99 -1

1 1 0,3 0,3

1,25 1,01

1,5 1,01

1,75 1,01

v OB dzd yo 1

o tej Y 2 4 6 8 10 | 12 14 16 | 18 | 20

1::10° dsts dz/ | 0,229] 0,255] 0,268] 0,284 | 0,298] 0,312 | 0,329 | 0,348/ 0,371] 0,387

tdLkd 50K 1is @ esdzc tg® O b) A6z
{diikzdst 11. y®lb JaHu miss e

Figure 11. Dependence of G1 on time (t) of the sample
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Figure 13. Dependence of G1 on sample mass
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INVESTIGATION OF THE INFLUENCE OF TIME AND TEMPERATURE FACTORS ON THE ADSORPTION
COEFFICIENT OF A NONWOVEN FABRIC SAMPLE

The article relates to the textile industry, specifically to study the effect of time and temperature factors on the
adsorption coefficient of a cotton nonwoven falsample. In modern conditions, the production of cotton-wowen
fabric using cotton fluff produced by the wet method is carried out during the preparation of production, the formation of
canvas and the manufacture of end products by needle stitchingtigatien of the adsorption coefficient of a nonwoven
fabric sample on time (85 minutes) and temperature (3389)K, conducted in the scientific and technical laboratory of
the university. The study options were cotton nhonwoven fabrics with and witherding. According to the first variant, a
(5-layer) pure cottomonwoven fabric was used in the moisture study, 0.14 g weight of the sample, at room temperature
298 K, the moi-k-400 thermal corsluctid/ity metdr was W E22Vhe article examines the dependence of
the adsorption coefficient of the studiesamples on time and temperature (352)K. The article examines the
dependence of the change in the adsorption coefficient on time at different temperatures and the dependence of the relative
coefficient of adsorption on relative time at room tempeegttihe dependence of thermal conductivity on time and
temperature and the mass of a sample of cotton nhonwoven fabeiarding to the study and analysis of the work of many
researchers, expression (6), taking into account (8), allows with a confider@bifitp of up to 95%, it is possible to
determine the adsorption coefficient of the studied samples at various temperatures with an error of lessTtinzg) &9,
result of the study shows that the raw materials produced by wet and dry methods afud theegroduction of cotton
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nonwoven fabrics, with and without dressing, in terms of thermal conductivity of the-afent@ned fabrics have nen
distinctive characteristics and meet the requirements of the standard.

Keywords: textiles, industry, factortime, temperature, coefficient, adsorption, sample, cotton, nonwoven, down,
wet, method, probability, with dressing, without dressing.
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THEORY AND RESEARCH OF REAL FLUID FLOW REGIMES

Water,or arealliquid falling outin theform of precipitation,is poorin impurities:tensof liters of rainwatercontain
only aboutonethird of agramof dry matter.But duringits furtherjourney,especiallyin the deeplayersof theearths crust,
it becomessaturatedwith gasesgeniiched with many mineral and organiccompoundsand, comingto the surfacewith a
healing spring, becomesan invaluable natural gift. But, despitethe fact that unlike other natural resourceswater is
renewedduringits circulationon earth,its shortagen pureandfreshform is becomingmore acuteeveryyear.Of the vast
reservesf wateron the globe only one percentis suitablefor drinking. Water makesup almost80 percentof the human
bodyweightandall vital metabolicprocessedependonit. Life itself originatedin the water,cameout of the water. Water
is truly a miracle of natureand deservego becomea benchmark.This article has beerdevelopedon the basisof a
combinationof theoreticaknowledgeandexperimentatesearchlaminarandturbuent movement of real fluids. Hydraulic
calculations are performed using Water movement regimes. This treatise defines the nature and modes of experimental
data. Modulation in hydraulic calculations is demonstrated. This work is devoted to the targetatioaati use of water
resources. The research results can be applied to the development and irrigation of floodplains. This work is recommended
for use in the educational process by undergraduate, graduate, and postgraduate students in relevant fields.

Keywords: laminar regime, turbulent regime, hydraulic calculation, area irrigation, modulation of hydraulic
calculations, study of fluid movement, liquid, water.
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Figure 1. Practical application ofthe RAG vector model

Prompt ‘
| Engineering |

3anpoc

nonb3osarens 9 GPT —

e | (Y
l |

BexTopHas 6a3a faHHbIX

2. 1 OkzydzOw dztse dL dz d ¢tdyjfydv . z0k@da" | dasd
ftcj HdzZOG O] d3ts 2 fr]IsOlch[ mMemMistsdls o §jtd dtsmy W€z
Otcrndlsj Cskztclz JedWdydtelzj d3se®. OHzO tzdf iz y f ) B disdists tstf st
OB Mt dz¥ Ischcftc;IzB lsfr]W ¥ sted3Odzt dzr j§ ftcOo d d&zO, dzd B 5,
Btsdzr hdmr WL (o' n dBoHjdzj?2, fttjHEZOO ] Ismw 1 toddayc
MemMissdls o Istsds, Yybsts COYHOW ftsMmdzj Hize h Owj ChirfdsO@Hady.
i sdzj , O &0O tjLbkzd IsOIs C(tdkstsdzdtekz] e §toj SB (&
HEMisdeO) bW Misyjlsodd) Jddisjefes@Eridgsnsd d fj

1 jtear 2 ftoddeydy IsOLtRd tsdedffdstg dsH (fLt@=spdidc j BsEe s o r
M3 thassj tih jdzdd Hdydts sfdtOls! mMv dO Isj CMmils,
sL dZ2ZOyOjls ftojHoOtedlsj dzt dzze¥ tsydmlsSClk ls ddhddas
Mfyr dzsC, kjnddyu,BDeEIVEgIstsE€ ,  OBRjodH A 7 Wiste®kOls
or Oy J Gethzj gdzr §j] Oolssd3OIlsr dzO 1 Istsdz + IsOfj or Mskzyf
ksets, ybkt ojCltsttdOw dJdd ¢jdjtcOldo &zOW &2 j dz'

l sstets? fto@demgfzj dzgdj LOHOY 5 kRZtetsodzr dzj stfitcjHJ
S J O WHsdzy dzf BMIsOo Olst MW dzO HjIsj ted3d dzd tetso Odzdzts 3 &
dzd s toj HJ dzj dzdetsfls ! & fjtej HOO Ols! Mmw Istc Odzi W stcd3j te dz
ftotso jtcC O desd3j tcO HEBSEtSo SO, 9" HJ dzj dzd j - {fisfiy daS @H Cx
ftwOo ddj H Jdzj ded J Is § o3 HESC EZd3j dzls O, dL e dzj yJ ded §
Cstejwitejdydd d- MG LA PdesMilsjor n ftej HMisOs
mMdzd ¥ Oj s Mtsddsmis! MmMdmlsj ", Edjde " Ojls dzOlIs}8dzls dats
11; 16, 19

vtoj sfftd@d dzyudstfB W L Ols j dz! dgOW o dgj h dgv v s stcO® HdAzv W
wiprCmoer j BsHjdzd ~tteshts dqdksjtfitejlsdekzels Isj ¢ Mmls
slsfizlsmisoedd odzj hdzdr Y tste MC dzsdeder € 6 Odzdzs yd dzOyd

69



tej hjdedd f wdzdudage @eldgjcdd dzd L Oydtsdedz” 2 (tetsyg i, HISdZ>|er
Rdzr &3 Mmdzseo Od3d, MdMmMlsy B3O dzj Itsd S5 ¢ f sdzd BZOJ Is Is J
WtcOG d3j dzls ' tcj 6 dzZOd34 dzls s 9 , Mdzseo Otcd Mkh desMmisj 2 cfdzq’
MstesdIsM?, 1013 j Is |
Yile jtlsr 2 -tftsdndggditidzj cOyd sdedzO™ o jtedWdsOydw. [
fsmistetsj dz L LM, sdz Htsdzyjdz BT Is! ftcseo jtgj dz BSISH | dz
dLodzj yj deder i3d ftedL dzgOC OB, WistedsOdz! dz' | tscteOdzed yj dzd
i tdzj 2, fteso jtocC k& MMmr dzs¢ dzO0 d fyls-SusipdiStsftc dzesQ  fotOdizy i
Odz' Isj tedzOIsd o . vsOCOwW MrjdBO Htoddydli dOdz dzts slsdzd YO/
tej N jdedy sy dets tOL dzsy dIs! dzO ¢ sMmdzj bt Bo Olsj dz! detsfls!
1 wist 2 ff toffftdgyrdpy Isdstse O OHOf sOydw. [ dv kMM sw
sy " Odedz" n Cstef Mso Ctedlsdyj MSd 9 Oy dzfs Eudls™ o
9 Oted Olsd o dzts s stcOdmdzdls j tOydd, tkttOmdjo" j M tC
Lstsdz Md3' Mdzj cdowedmdRyy MEMEIUHOjICUNET @ H | Is] to B3] dzd
fsLosdwjls LOCtjtfdls! ZsC Odz! dz' § detsted3’ 0 MmJ &3O dzl
MsHjtey Odzedw. vOCOWY HobkmnSCBdzskztodztsMis! sMtse j dzdzs 9 OY
ZOkzydzr = ddzW stcRBOGd tf dgdglsitsfad isf dBE.c5 f tesMistcOdzfmise O |
vsO0Cdd3 BBOL 53, d dzdzts 9 Oy d ts dzdzts iy Is ¢ fMsOls!' d L O¢ dzt
YOfMmlsdes?2 BsHjdzd, O o W tstcd3zdaHeatRdzdtafO dgtdh, j 20 JCdisilgi t=i
9" O jdegdW, IsteOdzemW stedsj o7 d RA QG tBLIIL digts HISS f djdzdA ts d
SO)YHT?2 qL LIsdn toso dzj 2 tejhOjls mMtsB Mise j dzdz" 2
sBJ M j ydoe O Is Is ts y dzts § or wodzj dzd § WBted3Odzd L 2§ A3 -
fsLotsdzwels o wWeo dzwlis! mMzsy dzr § My BFOdZSdUd MSIdP -RAG
d34 » Odzd L d3" tcOMmh dqew s ls oL @By dsmMisd MmMdmisi 3" L O
dissydedStso L dzOded?2 d ftsor h jdadw o[detstsdg@lsqsdztsfn
ftod d3j ded &30 € hdJesS sz € dzOMMkz L OHOY IjSMistse s
Mtso tcj dgj dedz'i B s Odzd W a3 € dzOH j ) detsisd, RO, X mdzd dizsmls d
3 ltjHEZOGCOj BOW ¢cdBtedH dzOW Otcrndlsj Slskzte® .ddzlsj
ltej HdZOG O] B3ZOY Otern dlsj CIsktc® o C dzt yOJils ydlbsrtej Wkde
fj B3O dzls d yJ M Safj2dzj ded@ilt2f ide voajlted W d C Oydtsdedzr 2. RR-A 9L Odd
OS¢ YoM Hso O &z desfils! {sOfses, o (ot §OYH
dmrtsHdzr 2 IsjSMmls, O IjSCMils, kyj HGY tsddz ddz"r 2 Mmlstclz ¢
ilsjtedid dzgd tetso Odedz” 2 € tsQ@fflsjz tc o ' tf OdzdAf jj tsdnts d3 W sl 30O dz!
H Odzdz" = . HEHO ontSHWI dsteddOdzdL Oydw ftesej dzse d
9" Hjdzjdadj MlsOdzH Otelsdz" = MM desMmisj 2 s h OB dzts dzO B,
H s d3d dzdz" n gqdzH d C Olststes o d sy s izs @ WIS@(BGBGZHZ&IS% CE
or teOy J ded W L Hj fip! HOBIs Isted Cdzt yjo' m LWWJjClO:
o ydfmdzj ded 2 d f sddglz® ddzs jtef toj sdtolzj dzstsfyls ! . R d3j o
dzeyd Odz! des s Ofpdzr j Mmfr dz€ d, ftedL deﬁdafdzlsf@le]’dm{lsr
¢d dz0 dztstsd30Isq’9dzJ' HsSCkdsjdalst, StH' hdetsg,
JHIthJGla. OdzOdzdL O |
BOdsdyuji MSd2 Cdbskts. 1 sfdzj sydmscd
Wistodzj tedz” 2 BsHizjAs | 2 Igdc ssla OHB®m®@ d L © dzjnds” ez
Jdzdls’ Isj OBy mMcd2 Cdazomm, orwoadl! B
jdzZsOkd, fsMmistesdls! o jtoswisdsisdesj ftoj HiMIsOs
dS d&zOH dzts?2 B dZzOMIsd {1 Ists5 d3ts cOBERTa mudtilingudgtencqdelrs]
SE3d @Afidsd tctso OUzEARY Sdzjlddsr . w9 tej d3j dede’ | cffr]fr]dz;
C
o

d f
fr].
Is ¢
2

T3 ad

dets { stsls fazs?2 B iMfjudeOjls COyj Mmlse j dedzr 2
OWtOL OR, MCter ' n Mmj GO dEsEQdM@~ Chpla@mfyste, de
| to 3 1&tEDH 9; 15; 19].

RetrievalG j dzj tOlsdo dzr 2 Cwodzskte. 10 Ibtejl! jdg +Ofj L
LdOded?2. 1t tojLizd sOO®R ftejHr HEh dr h Oese MmdMlsj o
C ddzHj S M tcHo AR BABISe, LOdzj $Ojls t6j dzj o Odals dz’ j

70

UT"*-Q-QW B2EOH B3I



Cdelsj €fMls Gjdzj eOlsdodzts?2 BsHjdzd. (IO dZsede O tsfyts
CazommdW¥ dydtese Ols Isj ¢Mmls, O Mistedidtcso Ols! tslso
tsBl W Mdad Is- tcJ ho jsdpdijd,detsmenjOmisiel | dL t©OLdgr 7 HBCEZAJ C
fsdz! LsoOlsjdzv f Ctctof stcOlsdodes?2 §sdzdlsdSs?2 dezd H
fsHRotSH Mdzdy Ol ttdmM¢ cOdzdz® ydgdzOyd?2 d HJ dzOj Ik tslso
5; 6].

l jtedWdSoyddgledaas 2 AdcdzOdz dz" 2 Ektetse j dz ftetso jtow j
tcjLEzdz s0OIO. ( pdzd BsHj dz Mejdzj cdtetso OdzO ¢ dzOMmMmg
s stedzr i3d HtoedL dzOS O3] ; jfMmdzd Br 20 Y tSHGEBIsts dzj dzO
Cdz yjornm MmMihdatsils g2dlzr §; ygdmdzfo dt o ezPyj dz@r § sdzv  H s
SBWLOIjd! dz j] Obtdebklsr d HBfkmsdd j W stedkOls' .
Hylsd S ufdtesdAiin sy H j dzd Vv, € Bdels@ s @zls M Oakj eC 2 M’ dzsy
humanin-thel o o p UthSlerHtsiztafxﬂzf ~H U85 2l.Mtse |

wdflsjdgdzr 2 1 WWjClk kOCH?2 OtnidljShber Mufksdls
) Qo0 §jtejfMsOrls Ssdfbktedoso Ols! f) dsHj &v & d
hddgr Htso jtedwe. uvteOdm stedsj todz” 2  frfdnsdls jBS jfidsEisH BN G
sBdMfjudeOjls MmoawiL! MM odg " dddi3d L dzOdedW 3. 1 jted
Codastesdzdolzj 5" 2 ©jLbkd sOl. | MseosSkfdshlsd !kt

I & jteoar 7, fwsorhOjlfmw Emss2ydetmis: ¢ hEdgk.
WL tekh Ojls ©OBSIE &sHj &, (sMisd Ck NdOYyokrd -
olste’ B, bakzyh Ojlshmw el WiddEshls! : &syds §sCO0L 0
Brdzd drLedzjyjder, €0O0CdJ HBCE®R dzls' BT dzd 4§ tsH dgOlsT

W d dzOdz datsdy -lsttdg@stf jd.n, | Mdady O kv Mlssd@shls:  ddg
LOCtk 00 jlkMw fwOoddOdkd d dzjcCtsojmder &g & OMMd
¢ jdzj 6Ol o detsj B jilardn, IMmdmisj 50 dzj cyj OHOfIdEl,
sd O 0o ddz® d §sdmSsSeolky BOLE BjL18Afl§ddescets

stsdayj flsOd dets COyjMmlsots cdBtedHdzs? MdMlsj dr  dst
UA + BR +o©E Ht EHsjsylzsfmls! 0OdzOdzd s d yjzfipdsts@ wd s js'm)
h gl , - sB 1 W f)dzd BsfpOMdilz j BsMmis! - od msftingafdsS) wo ,dz0C- M ls |
6dMC ¢ Odzdzs yqd dzOyd 29 § 190,U, tstbtgj Hoj, dzwiij, 5" ai, feted S &zOH dzr
L dzjClesdzdzsets HBC kB st sttls® d SdBj 8E WS TAMC
fsdz L se Olsj dz MAJE @ e dBHPHJ yd dzm € 21 t >dz0iz yaldipf2 ¢

mMtsB Iz Yd dzdzts s ¢ OtcrndIlsj SIskte® ftodtsBtejlsOjls
s¢ O : CsSEGHO 9 SH dzts 2 md Mmisj d&3d S H dztis § iz f3d3 Hakzdz
BisHdz J MtsHE fagetbftctfo Atizdz' | Blso jlsr . 1 1 Istsd3 Mmd
Qodzw jIsfpw fp o Otcd Olsd o datsfyls? & | © c¢ydmlsowe L L
dBtedHdzr 2 fBHRtsH bEfMstcOdY fledseB’ 15
d?2 MlsOdzH Otels ftotsj SIsdetseo OdRPYY. Mise tc
I MCdd Myj dzOted d iz0cz) HdgPed Otsn dIsj € Is't
fdzr o CdzOMMOR L OHOYY.

- QdWigigo 52 H S ) dzls ts 7B s tedsdal 15[t o Qsuedy st Isj(
BtcdHdz 2 OdzOdzdL Isj SO fsLosdzw jls 0o lstsd
r ZOr sHdIs! dzOtclzh j ded W h OB dzts dzO, dL o d
! dzO dzd u q J SBYL Olsjdz dg" n toOflsthdddgts 3 Jeded ¥ d3
s j dzv . tickdvied j o' ©Oyjddw tBJ MY Jyc
B edzlsy BEBG <z d MB Mdztse 2= f Wdasy e s
ddz toj ¢ dzOd3j dzls O 3. [ dzv tstec Odzd L Oy do2d ylddizts
E ontHWhdR HsSCkdjdistse  fsorh jddj kit

I sstes? -CHBOfdE j L 5§ Ofdesfls! d OddsdW dh qdzeso OW O
Mt jtej oCds yosls fdm! SO, sfidnoddy dJdydsl§dbslss, s
FetesL OF d §sd LS00 MCd)] GB©EOh jddw. 10 §j1

71



9" HJ dzw Is ! dqdzHdC Oltster -OfBEHOSG] BB®mIdr , | BPRL, n
fsHtsLtedlsjd d'" 7§ dfj ds, Odzts 3O dz! dg' j o dztsy jded™
fj BOdZOFYjdEEH j dz2 BitjHjdvjls bdf kcéttsLr, dOdgj tej o
stcjls! jd3 kZtesodzgj RAG Wity jls ftsuHlswedeOls! t©Odzjj L O
toj Ocdtetso Odzedw d W-icOE tgRgeizls Opdfdy bo ®R OV MR j BO HJ dz
stsdz rCtpls 8" o5, dzas o Ctsdalsj CMmisdets tsBtsMmdatse Odzdz” o5 [ 2] .

vOBdZdyod 2. uwlstekzCIlskztcO® ftoj HdZOCO] @IBsects G dB tc
Table 2. Structure of the proposed hybrid conveyor

Regex EHO e  sdzv dimt t
dedzr 2
@' 82 kN ko, jagsed Ld"d | f 5 ddzs s O
113t;;d3€)dzo[ ftoseo jteC O W VBB BOd df Lo dzj uj ded
CdsBJd HHJ dz6 d .
. w g d3r Mdztso r
, desc)dd[uq’ﬁ4dzszdzOﬁjﬁ]q’wq’QGg,ng'?ﬂ]BOSéZJAccuracy, F1,
' sj SMmls NER, relation ¢ O macroF1l
extraction
1 s5qMm¢ W s C
1 Offge & COdpy oo O L OB BE

Recall@k, nDCG,

3. Retrieval Mmd3r Mdzts e C X ftsHIso j o) HC
5 dzls j € fls dzts . MRR
fiodL dzOC BBiZGc(JDthzq’J HEC k& dzls 5o
5 dzls j ¢ . .
. ”dzjmf‘etried\fed‘* MubgBOLdL Oyy jtedsos2 AOCKdYj M

sBi Widaj ded j OdzOdzd Is d Y il f) s ¢ dzO fiytss ®

ltetso j 66 O
mmr dzs ¢,

WtcOc d3j dz

Y jlcdzts o tS i | Slssar 2 9 1 Hallucination rate,

5. 1 jtdW

slso jIs e stedr - dlefr]QOdzqu’W audit trail

sted Isd? -6zBOMtso Olsj dz dz" §  dzOkzyde § Mdmilsy d3r . )
yd dzts L Odz@yps Mo siB@zOtz Y imded jdag tc @k d Gedetle’ = W tc OcC B &
MtczCIskzter EZyjBdz' » tOBBI, Wtttddtetso Odedj d3 S tcOIsC dn
d Byj dSs?2 Cttej Cldasilsd MMr dzts € s j & s @ tf tso Chylisdzsdzd iy
ftodL dzOC OB E MY jUgff© Oj s dzOH jy desfylsd, kOC C0OC Mo tey
Is s dz, Hdzddze d MbstckzSbkkztolz ke jlsO. 1l s sz + WWj Gl
ftcOaddzO Ctdzstesdzdtelzs Is W tstedzOdz! dz | stcj B9 Odzgdw €
Md3r Mdzseo ¥ @ dade thyffilse?y affsf sMisOo dzv jIs Oteckzdsj dzls™ M to,
sftse j dzgdzts 9 Oy des HdzW tsBJIMfJjyj dedvy OCOHJ BdUd ME B2 1
HdzZw i r Oded Misd ud ME e X tsdMC O oddetso detsegtse |

yjlso jtelsr 2 d3jSHEPUdNZN S OV  d dzf titizoBBPldescHAtzs 2 | dzdk y 8 Os bz

BiHdyddemMSdd CJi2fmr dOdetdzji EBjHdIj dz dets f € OL " o
mMdMmisy 3. RLodzjyjddy ftedL dz0Ctse dL SCdzdddyi mMédas L O
d deOkzydzr = fkBdzd S OYyd?2 Istcj B Hzlsles tsidzts y dizts fg lisd ,d3ts ¥ &ts i3 6 dfz
IJhdBCO 9 d&OLoOddd ftoj f OO0, HsL Jtetse § HJd OG dat
ftecdosHdIls! € Mmjte! jLdzr i3 f sfpdzi Hilso dw dg.asletd! ¥ Hditz Isdc O
dLoedzj yj dedj Mizh desflsy 2, Jfdj wid Ofgisfte tsidedsjo Otftadas v J5Hiitste
14 . [frls BIiHdyddhSsects NLP dBsyjls Mmdzkzy dls: sted J
shde¢d o MsC O.

1wisr 2 -©QdffAd Isd ¢ O Cdzdj delsmE sets d fsdz L s Olsj dz' M¢
fsSHHj Sz, Mt hfddd )2 MY @dg dds Qtcdd d tjL kzdz IsOIs
Md BOdzlsd yj MS k2 ddat stedzOyde , des tslsdzd YO Isfmw or fts
tcjokdzvtcdzr § or" Oy jdzdw tydh osls kst s BhtstcO,
O btOdhi stedd tedz" § dEBOJsdE ts § tsjsHigOdt scdigs s+,  + dssyq q,
d ttdm¢ 1+ MCOdzOydd. 1 d dzj 6OIsdodzr 2 d3tsH zdz zO0 tsMmdats

72



ftcOoClkz Hdzw ff jtcOlststcO, B Whdadls! o jtetsWisdazs {f t
fdqtcOw ! dzO BOORMdHd dzPdef 2 6 tstc8& Pdzd L

zJ Mists? - &GOy dzd ud MS OV d 4§ Olsg
B Mistets Mtsf sMisOo dzw Is dzZseo " §j HBEC Ezd3d
Is j tod3d dzr , WdSCMmdtetse Ols Isj &3Ol d yj M¢
tsB dzOtclzy d o Ols! Mz Mdzse " j HEZBdzd € Olst
ZOdzd ydd S Oyj Mlse j dzdzts 2 t]’tGJHaOthf
HOYJ n~rteBh d2 GJjdzjtcOIsdodz 2 tslse
Wistec 3O dz! dzr 2 d My BOdzlsd yj M< d?2 f
Hsfplstse jtodzesets OdzOdzd BA{82). MS sets toj L

Is ofjjn ECOLOde & fyjdoedws Hj2flsolkjl jH
dzOH J ) detsfyis d, sjds 90ydzjj MEBOOAE) dxQL HYj i diddy' dets oY
csyd M Sad 3Oded 9 dzj UJ ded-jo jucap@dgfOydwe. RBJ dzdzs 1 150
ftcjotcOh O Is sj SMistso kz¥ sBtcOBBISCEZ dL zOB ste ©® YC
YydWtcseots?2 ODdIlsdSd |

s OB dzd yoO 3. 1 todtClsdzO HoddzjjH td jWdkdjwW
Table 3. Applied effects of implementation

1

)
[
dzls &zOw O dzOdzd Is d €
dzls r M Mmkh j Mmise
dJ Iste jsdsH ¥,
. RAG d LLM
dz! dets? MmJ ¢ d3j dzls C
BkHJjls tsdl tcOl
sMmis O Isfmw ts

J
94 ls
dzts d

Fdz' OO |

1 dfm R0, bolssBOIsdyd f
[ 5Chkdsj dEstssiL OWe €, ﬁ%@&hmEBdLOlégég;ggﬁaq(
Loﬂhdfﬂgd dL o dzj ud ded §
Adhddzetser j . : vtej B Izt Is MOC-
SdBjtBjLBY (SIS s Socfgdﬁié‘s.t‘aa‘z?@gqqnhodetsdzf d
reports Ad J ddzlsj toff toj Is O

] SHHj Y CO w
: ; . 1 2y dg’ w S te
befser j, | OGO ¢ .
lBtGOLBSOdZthzJuPdZFqé Gwms”disd?ndlsuq“” ftoso j 6C d
o elds dMBBURICESC
Ajd&O &hdec¢

_ Irfdmsed, RL®dzj uj ded § -
d&zd § dgls e ow gL O e e R T

s dzd j w ’ B &4 r
CsBRd3d dals Oted © Mz 3dsOted L Oyo Istc OdemW ts tRBG K

5. [ibsHdSO Byjdcd SOyjfmke O, EMmlsts2 ydoedyfnls d
syjdeSd cdBtdHdzs?2 Mmdmlsj d3" dzj H sMIsOlssydets ©H dzis?2
MMz EOEsG dzj o7 2 (totsyd Mm, ss d MmdMmilsj &3O
1tcj H OGO j sy dMisd Lo Ols! fwis! ctkff &jlsteds.
Jtco OV RGPS WsttddOdz dsects SOy MmMlsoO® o n BH(
jSIsdodats HjlsjtedBd dzd totso Odadz' 2 fiydztiz2B. dzty e gA)dzq Liskyj s
wo oMy jhdests fttdojHjdadzr B € VWstkdOkz Mmkh dshlsy
jCIse, yd mozs t5B dzOtelzy § dadz" n HikB dzd ¢ Olsts 9 , i ts
s2ydo sfisB dBE OKCR &z §©OCIKdyj MS ¢ SalzzlsHzd ) dzd v
My tcOo dzj dzgd 2, dets d wBhMmkzlsMsoadj f§setydstscets dMSC Oy,

l ssteOV -cdpiddtfdE d MmJ BOdzlsdyud MEitses COyj Mlse O. r
rel ation extraction IstcOHdYydtsdzdzts {-dcafelzazdd i fiyw
micro-F 1 . J Hd&zOC 5 ) GdBtocdH dzts 2 mdmlsd d3d Mz Hizj Is
ftcjHOo OtedIlsj dz! dets? tsBteOBtslIsCd. Rdzr &3 Mdzso Okd,  tsd
COyiMmMlso ®© wslsdetsmdlsj dz'-bizss eadO tcd®EaAB@dzdBL jOYyd dul € Ists
syJldzd, dOMSEBd ¢t WistedOdzr dz" 2 Ctsdzlskzte Hj2Mlsedlsj dz
[18 11; 9 16; 19.

KNI T ~
S 7 =
(n—ssﬁ.ssH

73



vtej s v -Bip B © d -Sroey jrijlseoveaif @AHVAZARAIED o deydtf d Odz
d toj dzj 9 Odzlsdetsmis! dL odzj yj deder = WicOGrf) Ctb,soH s cwlb 9

Cstete CIsdzts?2 dMmMssydzd S so 52 Yt O LOSCY fsC O
retrievatifdzts 2 f sHdzd BOJ Is dzj toj dzj o Odzlsdzr | HECEd3] dzlsT GJ
"steddz dzd tetso Ols'  dgj Issyde' § o©r" 9asH'T . hisd)H sdzP s iZgzdadets,

YUd @3 syj dz¢ 0 MOdsets 45,68 cOlsdo dzsets tslso jIsO |

YiIbo jlsOYdijcetzdf YO G j dzj cOlsd o dets?2 dzOH j  detsiylsd . [ C
otsf tetsMmr mMzjnkjils dL d&3j tew s WOCIsduyj MS ke MedzOMtse (
H ts dz¥ yd fdztdsejricidzd dfs dzts ¢ d yJj M& d n shde ¢, tetse j dz
otsMftesdL o sHdBsMIsd sl jIsO fted Hoolsstedsr » L Of 2M¢C
fsdzjLdej J dBideid ¢cSCteOmMdoar 2¢é, dets BtsdzjjJ oJjtedWdydte
BERTScore ddzd + ¢ Mmtzytddsdzts?e sBqsdzS s jdzgd Odz dzr § i s
sBfmdzseo OdzdzsMisd  HftedetsHdtsMisd tlso jIsO Hdzw fteddav s

1 wisoOw edpizftf P d tstecOdzdL Oydsdadets? yj dedetsfmilsd . [ dzqd
o dzj Htcj ded v : MsCteOh j dzd | otc] &3 dzgd tsB tc QOB ISKYd] tciOts Bhivd
Edzj dz h jdzedj ydmdzO tshdeyder » BOtwh tkzlsdL Oyd?2, Zm¢
Cstete S Isdzs t6OMY SL dzOdede" = JdzydH § dzlstso fmded ¥ § ded § T
fsCOLOjdzd ftsLotsdzvesls ffjtejojMmisd dMmMmdzj H Oa @elizd §| dd L
fsC 0L Ols! | Yylss cdBtedHdZOW OtendilsjSClskztcO 9 0O dzO dzj
ydqiWteserr n f§&8ByJ Mse [ 1
g4 BIIsHJqUIME?2 Issysd L dzdw tyd dzf 2y Jlsdgimistos B te
1) BOLBO" 2 90tedOdzls dzO H;dzedZR) todpjcAztaty fipjdds jro 2 tcoOO|tg X
ftsHetslstse € d; 3) c6dBtdHdzr 2 90ttdOdzls ¢cfftcOoddzO + Ist
stcOdzmMW stcdgj 6 + RAG + o jtedWdSOydqwe. wtcOodzjdzdi d i3
GHJ otsLdzd $ Oj Is H B OoHidy clasizO Wy dztiMs. 5 d dzsfildy'H j ¢ A@ted ¢ dzOH
ftsHIse jtGy HOJ Ismw yls s dz0d d&zz yh d 4§ tcj L zdz' IsOIsT H ts
mMyJ dz2Otcdwn, GHJ WtedOdzz dzOWw Wddz' steOydw d odzgj " dgw w
[5; 12; 14.

[IsH j dzt dzesets 9 dzd ZOEA] ) 2L MEA I D P ssMisd ¢ OlOCE
oBLHj2MIse dWw d3. [ dzw mMdMmlsj &3 OdzZOdzdL O §sdz L s Olsy dz
ftcse j oW s ykze mlse dlsj dz' detsfls ¢ fjtiWtcOL dqetse Odzd & ,
fizz yO2dzr &3 s j UOIEC O3, Mddbed dzd® © d ts @Gfmipiyf T weftf o dizE3Y
retrievalsted j§ dzls  tetso Odzdzr = MdMmisj d&3OA 1 JL SO Bets s Mls
cudfmlstsdze dzOBtStcj HOdzdzr = BEzH JIS BOdzts Yt 2k tso sted Is!

wdzj HiSo Ols j dz dats, d34tstquc 5 Y JsdpS di ls O¢ d B isdizy dioe &
BhscsCtedlsjtedOd ds?2, (sMitd Sk ksd S o {ltd
O Isj cdzOlsdodsr j OndljSlbtr . [HdsE] tdoY &jlsedS

1 €My j tod dsd dzls O, dzts  dzj H5Mis Ol tsydzO Hdzv i) dlsldsjtsB, s tetisls O
sBlzyjddw, O0dOddlsdS¢d ddydHjl&B;®es ddzd fsHHjyCd

6. JtecOddL Oydtsdedz' j, OO0 tso{jOffh d tsjddad iin CaftgL dy
OdzOdzdL O IsjCMlsO LO Myjl LLM d RAG-H piedets§ toj d3jsdzdidy
fetsB dzj 3O ¢ todeétfiplgiddey d Oflgdzd § tsdz! L 59 Olsj dz' MSd 4, dz0 Iz
fjtcjHOBIsMw ot odgjhdzd?2 tB&OYd 2 MmMjtteodf BjL d2O
dzOtclzh Ols stcj Btso Odzedw L Oh dlIsr fJjtemMsdzOdz: dz@ = H Odzdz"
ykze mMlse dlsj dz' dz" = H ek jdelzO RdztfCtad)jder s yjls ddistsjH j dzd, L OC ter IsT
B dzed 3dL Oydw Bl j BO f j1Z;jl4.00 O @Bscts Ctsdglsj S MlsO |

l ®mIlstster 7, mMeh jMmMsekzjls tdMm¢ QolssBOIsdL Oydd dai
Y smtse dzO ftosdL osHdIs! dZsedyj M<d mewL dzr 2 J dzts
SBtOL 59 Olsj dz' dzts?2  dzOkzydets?2 MW jtej L Ists fteswodwjls
WtstedsOdz! dzts Ctstetej Slsdgr =, dzs ddzlsj dzdzj SIskzOdz! des 4 Zmise
ftoesdmntsy Hj dad W d dmilssydsd ¢ s9 OW o jtedWdCOoOydies?2 Mils O
Isj CMstsos? OdzZOdzdIsd S d, O dzj BlsAQGX2]. dzr 5 W OC kdz IsOIsd

74



l-stej s dn, 90 Jdz otsftesf tslso jlsMmilse j dzdzsls ( . i
BOth tckzlsdL Oyds s¢ kd3j dzls O, ftcd me 5 dzd 4 tedm¢ O,
dqdzlsjtef tej IsOydis? O ded g MS dzj 5B~ tSHJ BB Is ts y dzts i
tslsa;lsfnlssudzc;dz LO oreotsH. JdBtdH®ROY Ottrndls]j SlskztcO
Bsy dets tslsHjdzdls: Qo ddts, §sdms, CzoOmMmMdW¥ dS Ol sts
dzdr d tstec Odzgin-tied Olo'p muzna § tsc tc OMAG, WiAd]s Mz yoj o [
l-yjlse jtels' A, Istej B4 Isfyw Eydilsr 9 Ols! wiLr Ctsolzs
BB Y HEzdZOtetsHdzr | disHjdzd tsBEZYOdzd My ftoj ddizzh J Mise j dz
Bsekls &jdzjd OS] Clsdts BB sisipds) " O bpdz" talixfin in § s Wdzd L
Cstef MOd3d, GMBBJ dzdets J Mdzd 6 y' dHils 8 s jmmd
Is § to d3d dats dzts ¢ d dzCizdegfdz" my Jiplsdtsiz - .
lfwisra, dadz LV dedestcdtcso Ols! otsftes HESo
otO0P@OdEZdIsd ¢ © SOC dqdzd MslstezHdzd O € Odzyj dzw
f sdaw Is fsyd s MdMmisj O Hftedh zO ¢ ©OCtsBE o
Hisdzy jdz ftoj HBMIsOa dzv sy B W fdzj ded J : COoCdi ¢t
sftej H S W S Olstste, cocdy HtsQIzd34d;jstISchrdz[
SetOdzd yd ded™ fJoddzjdzddz o jtediwds Ot lBJWfr]ddeSBfr]
sfydqwe, O djtBrtHd®Bs] EMmMdatse dJ u’tsq’deZE)cBMZIGJLIzdzJ
1 0€ tsdzj Y, IsfdejoH dzd yOls fsHHjty Sk ddzsj dzdzj CIslz Od
Rdzlsj dzdzj S IszOdz! dzr 2 OdOdzdL Isj CMisO HBdjdz EMddzdoe
ftoddwIsdw lse jlsMise jdzdzr » 6§ M j dzd 2 R dedets f s Ists
Cotetej € Is dfjlsj' ot octaf Mls § d3d cfdzls;'dzdz‘lesIzG)dzJ dzts2 f sd3sh ¢
v OCOVY L dydw MmMddy 0l ttdm¢ dzj HBsBtesMise j Misdzse
dzzyh j MmMotsle jlsMisoakzjls L OHOYOd OLoadlsdwy ydWttse ts?2
tdLQBsdzZ] HB9 Olsj dz! dzts, Bt OdzdL Oyddadzts d +-Isd yd
(

A
H
¢

1 Ists MmdMmlsj kO, 9 CBbtets? Isjnmndsasedyj Mcow 1
dhssyddCcots? ftotso jteCs2, dscdtetse Odzdj d3 HJ 2
WddOdetsdgtinzel j SISO ke jlsMmise j dzdesmisd. | fteslsd
dimssyded ¢ sd3 MdMisj &3Odyd M da sh dBtsC q Iz
stcc Odzd L Oy d sdedz" - d 1Isdyjmscdn seteOded ydls g dzj H
sydedStsds MEMsEHBLOBEY) MSdpj Ssdstesddtelz j Bsects  Isc
Nd dzedw COyujfmseoO ftodddBOJ B3 = tjhjdd2 d, o E
tc ts dz' ftsdz LsoOlsjdzj?2 d (W jmhdsdOd dsets i1
nfSH € ﬁtsfrllstGBJdZCf“ Anafdfnjdscf) Scfzf  Islg t€ jrpislasjolds 2 te GDAigi) o3C
dlsjCliztodzs?2 1 WW jCIsdoe detsfylsd, BJL S Omdesmlis d, s
d 3

Ok

.1 ©

dmls
) dzd
fmists
f SH
Otcn
9L O sfow L Odadz" j 1 dzj o3j dals™ JjHJdes1D; 58 stsHtsdzse d yj M
1 YdzOw dzso dL dzO@ dMmMmdzi Hiso Oded W
ZydzOw dzseo L dzOo tc® OISt OB H)sIjs s tsdzyj f ydd k1 to
sBi jHddgweh j2 toj Glzdzv todz" J 9" 60Oy Jj ded W, -dpEuisgW fsic
generation 9o JjHddtsd3 o jtedW dqaPelz j Bsd3 Isj S Mistso 5
.1 tcj HdZOG O Isfyw stcOCIstso Ols toj G lzdzv tcdff did tc o © Crylz|
Ctsdzlszte ddglsj dzdzj S sk Odz dets?2 MdMmlsj &g, O dzj KOS Ools
M. lesndlsmw fteddeydyf f§ofMmiscjdzj tcOydtsdades?2 o jtedW (¢
or otsH HBdjdz ftese jtewlils! v 5 WistodOdz dzf 5 tsafted dzd
dimistsyddxapd3 |
V. [ Bsfdetso OdzO f tod d@3j ded dG3sMmis! sHesw@r €e dZezsEtEz iC
tczmMMC WL ydgr | tsBtcOL 9 0OIlsjdz dg' j, &OEydze j d OH B
1 OC dz¥ yjldmftge j H j dzdzOW f jtojtcOBBISC O dMmn tsH dats?2 ml
h s 2 deOkzyder 2 " atsH: tjchkdvitcdy j o' teOx jdadWw dzi
wWiLremerra dsHjdzj?2, dts dr tsd dL d&j dd dzOfm! . v jce
0dz0dzd L O, O fjto" d3 HilbjRBdddiess Odzdz" d3 C tsdzlskztets o
W ts tedzOdzO W sBtcOBBISE O, M BOdzlsd yd M¢ Ow ddzls j toff toj Is
fsMmisejdzd cOyYdtsdzdzOW o jtocdWdSeOydqw tBteOL k¥ Is jHJdr 2

75



v OB dZdytcOodzj dzgdj YSHRBHEBS & O0dOdzqL EZ Isj ¢ M
Table 4. Comparison of approaches to text data analysis

b USBEBREL L 1k cmtéugagggq14marz
07 Oy qas;wuw;sq UB&d$O@dqudm1u;hHJBJm®d@d&
ded L C OV MisscCsdls| Cmls | oo So oo fCsdskte
h
msesh d ddzOBts ()1 OL ts9

ow .
s dzQfinf 56 te ©ded uJ dade’ wdMfsBEGE OIS
) Hazd | C dzOMMd W d
ML-d3tsH j (e OL dzdz' . dzts 2
R LOL B U] BB s Cls Oy dso

vstejBlze Is NER
Stsdzlsj ¢ Mmlis COoyd mlse § : w o #d BOdZsdyYj M
VEOENES ¢ o d) ujded woddy 7 o ZONNAEd ¢ qspg
o d fdzj ¢ MZBBOLAL

LLM 1dBSsmis &wa;”deA &d s S .
reasoning d 1 BJdk OdzOdzd Isqd y { § daj 5OIlsd o dz
W sted3OlsO Mo tsHSEd,
w CCMmyJtelsd
rRaG+ HorLl Mo A, op ghqasmyEoocd, sEdske dhl

- w fded 3 J§ ded J - B
oddide )il S Goy Gbo O u?if?quanBm d df t

t6j Hdzisy j dzdzOW 9 tcOB 5ls j Otcrn dlsj SIskte® Hj d3tsdzMmlst
ClkOdz degsds OdzOdzdL j IsjCMlssar 7 HOdd od HEMs
j 20 tc Qo dzj dzdats d3 sBl JHddzj dzd d . v OC 52 f SH
j jlsqikj &smis! , biiss?2 ydo sfyls! € hbkdkk,  fndz
J d dstsfls ! 2O Htsd3j dedz’ § HOdzdz" §j d Btsdz W2
o) O dzdte'tf, O fi§ fmfijldep,j LB Hd yd dzM§ 52 d g kOIS d d
kOls! v or fsdzdzj 2O ©® ©OHRSOL dOkyds?2 Isjd oW
sEOdL OYyd2, 1 OydsdzOdzisgzE das i fjagj MEEO K| dzddf® § &
StetsH |

6 c¢.)

UJQ—-&JJ&
NaOT ¢ S B B
Q—.

(]

[Eh Odze j, L IOBgEd@lshkdgsds PazsA S ) EhieslssC

NO O FEeooo

o

JRu[rt duvLt O

4OWOtctse A. | . utsnlsOdz o)y YortdDepe OB Hdw BB dzd . sts dli@WOLSO [/

innovatsia 1 Ofdfd$ ff j t5'dztdde) - ddd2025.-No.3.-P.201210.7 EDN BGDDKH.

2 zdew jo O ¢. ¢. ltej ddiBzh jMiso ®© d dzj HsMisOISd dMfsdz L so Oded W
(NLP) / ¢.¢. zdtewjoO, R. ] 2024860y SC @@. DO 10¢1122371996195B815 Is 2 tc ©

3. A Review of Large Language Models: Funaental Architectures, Key Technological Evolutions, Interdisciplinary
Technologies Integration, Optimization and Compression Techniques, Applications, and Challenges / S. Han, M. Wang,
LiY. [et al.] // Electronics- 2024.-Vol. 13.-No. 24. Art. 5040. DQI10.3390/electronics13245040.

4. A survey on retrievahugmentation generation (RAG) models for healthcare applications / ABaedl M. [et al.] //

Neural Computing and Applications2025. DOI: 10.1007/s0052125116669.

5. A Systematic Evaluation of Largeanguage Models and Retriev&ligmented Generation for the Task of Kazakh
Question Answering / A. Mansurova, A. Tleubayeva, A. Nugumanova, A. Shomanov, S.E. Seker // InforrRag2én.

-Vol. 16.-No. 11. Art. 943. DOI: 10.3390/inf016110943.

6. Application d large language models to natural language processing and image analysis tasks in dermatology: a
systematic review / L. Duan, T. Li, B. Li [et al.] // Intelligent Medicine. 2025. DOI: 10.1016/j.imed.2025.08.004.

7. Bartels S. From text to data: Opsource &rge language models in extracting cancer related medical attributes from
German pathology reports / S. Bartels, J. Carus // International Journal of Medical Inform&@25. DOI:
10.1016/j.ijmedinf.2025.106022.

8. Chai Y. Text data augmentation for larggnguage models: a comprehensive survey of methods, challenges, and
opportunities / Y. Chai, H. Xie, J.S. Qin // Artificial Intelligence Review2026. -Vol. 59. Art. 35. DOI:
10.1007/s1046D225114055.

9. Detection and classification of ChatGigénerateccontent using deep transformer models / Maktabdar Oghaz M.[ et
al.] // Frontiers in Artificial Intelligence- 2025. DOI: 10.3389/frai.2025.1458707.

=

76



10. Identification of Scientific Texts Generated by Large Language Models Using Machine Learning / {@sSiio G.
Sidorov, L. Chanondder n8§ndez, -RBmEr ed - p & z2024d.rfplu 13e-Ns 12. Art. 346. DOI:
10.3390/computers13120346.

11 Improving Text Classification with Large Language MoBealsed Data Augmentation / H. Zhao, H. Chen, T.A.
Ruggles [ehl.] // Electronics: 2024.-Vol. 13.-No. 13. Art. 2535. DOI: 10.3390/electronics13132535.

12 Integrating rulebased NLP and large language models for statin information extraction from clinical notes / S. Liu,
A.B. McCoy, Q. Chen, A/ Wright // Internatiah Journal of Medical Informatics.- 2025. DOI:
10.1016/j.ijmedinf.2025.106104.

13 Kalyan K.S. A survey of GPB family large language models including ChatGPT and-@PK.S. Kalyan // Natural
Language Processing Journa2024.-Vol. 6. Art. 100048. DOI10.1016/j.nlp.2023.100048.

14. Large language models can extract metadata for annotation of human neuroimaging publications / M.D. Turner [et al.
/I Frontiers in Neuroinformatics.2025. DOI: 10.3389/fninf.2025.1609077.

15. Large language models to process, ) and synthesize biomedical texts: a scoping review / S.E. Doneva, S. Qin, B.
Sick [et al.] / Discover Artificial Intelligence.2024.-Vol. 4. Art. 107. DOI:; 10.1007/s4418R4001972.

16. Leveraging large language models for structured informationatixtnafrom pathology reports / J.B. Balasubramanian,

D. Adams, |. Roxanis [et al.] // Journal of Pathology Informati@f25. Art. 100521. DOI: 10.1016/}.jpi.2025.100521.
17.Medication information extraction using local large language models / P. RR#tleanski, M. Seiferling, C. Kiriakou
[et al.] // Journal of Biomedical Informatics2025. DOI: 10.1016/}.jbi.2025.104898.

18 Trust P. A Study on Text Classification in the Age of Large Language Models / P. Trust, R/ Minghim // Machine
Learning and KnowledgExtraction.- 2024.-Vol. 6.-No.4.-P.26882721. DOI: 10.3390/make6040129.

19. Utilizing natural language processing and large language models in the diagnosis and prediction of infectious disease
A systematic review / M. Omar, D. Brin, B. Glicksberg, Eakd // American Journal of Infection Contrel2024.

DOI: 10.1016/j.ajic.2024.03.016.

20.Zubiaga A. Natural language processing in the era of large language models / A. Zubiaga // Frontiers in Artificial

Intelligence.- 2024.-Vol. 6. DOI: 10.3389/frai.2023350306.

Ol a0Pl UO @i PUO TADT OO HYOE

Ou @i+ oauyiAayoeco 11yicC
g¥ 001 0060 { E
6816 yYyuCoO&i i OEGBPAI
gigdyo iyp,
i

b whigioel 6 1 F6u006 OfpARUBOUOYD
u iy a GpWBIoTU 1 B

Q

— @ -
’ng;

&
Ox .

<
©
O N«

—_ — 82 gg <o
>
-
[enid c
o —

T T O
=2 - e

<\ov o
&~ O

6)3 T oo

it SN
oo i —

D¢

pl
[enN
°

bi1+08Ay31 @Rl GAI B 6
RT/LLM 1&06pRAIGU OEidIyigyi G 0 FHOLA Gidli i
F AWYodail 606000 bypuaodu

G0i 660606 i1 =Eifuiopi o 6 Aoy

s>
(ol
> [
‘O’C)>8))(k<
T
. ">o>
S
x
- o

(9]
&
=t

>

QDOoOTODT oan <
|T||

[t
=13 o
o:
. B
[

€0 6 AépiUE, U P @BG ~ 61 1 Gud O1 +0U,80
6 i

< 0
o >
<®
in.. ,
<
c

IRITRr138 RLU[[[J[svud]f
trdvfctiram 1 3t6rrg

] fMlsOls! j ftoj Hdzsy j d2O t©OMh dte
Cdzommdudi MSdd tjekdvtedr § of b
Hibjtddddtetso Odzdz" 2 Ctsdzskzte G dBte
sctcOded YyJ dzdetse s L OHOYOdRd 9 OdzdH O
W stcdzOdz! dzlz ® destc 3ZOdzd L Oyd ¥ 2 Is MY IOEzIs d 1 jo ) Gzff) F-asuthtipixdmig Le,d rgeetnreire
cOB IS ig] o dzj h dzd dzd L dzOdzd v d3q d Cdzlszte ftsmisc j dzj e Oy d 5 dzd
SHdzts o toj d3] dzdzats i Ols! L OHOyd sydmls¢d d MisOdzH OtIsdL Oyd d
Isd BQEFE Y2 ¢ oMM S Ooydd, Mizddottdic 4a) d,d tctss etz o § dzd s dzizP t
fteddawIsdw tejhjded?. 1 Oz ydzOw dzso dL dzO t©OBBIsT mMesmstsdls o
GjdzjtcOsdodzr » dBsHJ dzj 2, O OS] o JYdktcekk df oGOtz §c tf tc ¢ dzipe f
J BOdzlsd yj MC s tej h jded J sfdteOj Isfmw dz0 Codestetsdzd telz j d3r § ]
cOCIsdyj MSOw L dzOyd dssfls: dmfimdzj Hse Odgd™w L OC dz¢ yoOjlsmw o oL
sCEdi dzls ctB ic®®E tsls P.dzd 6, CdBjteBjL s Ofdesmis d, dB3d Hdyd demC ts2 d ¢
tsdzls j dzls O. ] sCOL Odzts, ybsts mMyjlsOdedj toj ¢ kdzw tede n-d3jor QodddL] ddasle

77

R
1endtfrmffd R RAG
¢ s '

sdMm¢ o,

m
}

H
¢



sBiMmMfdudoeOils Bdij of MisClke ddisd teff te]tsd mlg datiasfilis , {f st Isfiptd Quef
fLeddieso Odzde’ 5 dMd LsoOdedj 5 Istsdz! €5 fwOoqddz qozd ktsd 5 daj

sz yjor j diyEsgeddlzj ClszOd dF 2 OdzOdzdL Isj SMlsO, (o) ¢kdvtedz j
steOdmW stedzsd 6¥ , RAG, CdzOMmMmdW¥ d¢ owydid', IsH & gsFoR)fd oL, A lddgtsug deligrfazd L dodg
cdBtedHdz § MmdMmisd B3 .

HYBRID TEXT MINING: INTEGRATION OF REGULAR EXPRESSIONS, TRANSFORMERS, AND THE RAG
APPROACH

This paper proposes an expanded concept for text mining, in which classical regular expressimmsiceeed not
as a standalone tool, but as the first, deterministic layer of a hybrid artificial intelligence system. Unlike the traditiona
approach, which is limited to validation and pattern matching, the proposed architecture integrates fodiorangersxt
normalization, transformer semantic analysis, retriewmjmented generation for working with external knowledge, and a
postgeneration verification layer. This composition enables simultaneous solution of text cleaning and standardization,
enfty and relationship extraction, thematic classification, summarization, detection of mgehimeted content, and
decision support. The scientific novelty of this work lies in the justification of the controlled hybridization of rules and
generative moels, as well as the formulation of the principle of a verifiable text pipeline, where each semantic decision is
based on controlled features extracted in previous stages. The practical significance of the study lies in the potential
application of the propsed framework in digital document management, education, cybersecurity, medical informatics,
and usegenerated content analytics. It is shown that the combination of regular expressions, BERT/LLM models, and
RAG mechanisms provides greater interpretghiliobustness, and practical value compared to the isolated use of rules or
neural network models alone.

Keywords: text mining, regular expressions, larggale language models, transformers, RAG, text classification,
information extraction, Al text detéon, text normalization, hybrid systems.
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hdtetsSd?2 dzOBtstec tsBi widawes hdan ftodL dzOS 59 : qdzH d S O
WddOdzhsosets MjCsw®, folstejBdlsjd! MSdn dz6lMistets] dz

Ad dzOdzitser 2 fMjSltste Wo dzv j Isips ¢ ®le 'dZe d3 H @ dzdz’ digf & B
1 Csdesasd € d Yysts wsBEZzMdZzZoaddzs hdsStj ftoddj dzj dzad j
OdesBOdZd2 o bteOdt OCydwvn d yjdSd fjtOydsdzd A
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COyjmMsats HOdede' =, BfEStc! BO Hdtﬁ]el3@<ﬂ;@dzﬁ]t§343H9dzg)ﬁjfr]i(se(A
Cdzt yior d3d Emdzse dw ddd o dzj Hicj dz fsHtsBdz n toj h j dad 2
[IsH jdz dz2Ov ctelzff O dMmMm c;Htsa(Ddzq’Q fsmowh jdzO ottt
Zf tcOo dzj dedwv tdmMC Od3d  tod d3j dzj dzd W-d3jrdzd H Y dsgCrizisi odfisdzs O
B HERZOteSHAZ | MIsOdgH OtelsT ) sHYjtcCdoOsls dzj sBrtsH(J
BsHjdj?2, HojHsbottOh jddy HdMStedBddzOydd d tBj M
1 ¢ z O Oydd.
[ dzw MistcOdz M tcOL o do O h j2Mmw ydWtetsoftpl2H Otf gt & O
 dglste Odz! dets?2 oL dd) dzdlsjtcObkztes?2 wlsdj yos sfipw Mmf j yc
1sMisOlsydetsfls! RBjyojHsdMIse j dedets?2 ddasj cteOYdd, €
dOodzd mlsse d dzj Eflss?2 ydoe smis: HOdzdzr =, o tgJ ls sy diY
o, dzj f sdzdztsls©@ tewHBo ) . I silssdBz o fwOCIdyj ME
tcjdedj: Bl MsLHOdY jHJds?2 OttrndlsjSlkizter H Odzdk

JHdSIsdodes Bz Eff tc@o dzj dzd ¥ .

2. [ ilbsutsdtedyd MSdi f toduzupg ¥ 5H tdy didey jJddgP s 2MLIs ts
ftsdz? LsoOdedj ML o {1 Ctsdesd3dCj ftojHY sdzOcOjIs Wistods
sedetsL qtetso Oded W (tejctej Mihdd) , CzommdW dSe Ooydd d
toj Hj dzv j Isfw ftodtotsH 52 YyJ dzj o8 52 i Jdidg" dgj. dzdzts R dzw
Ctos! CodesBdUj MS et HosedsL qiese Odzdv  Isdf d ydzr  te
toj B3j dedzts?2 o' Mskf Ojls, dOftedd®Bite, 111 ddzd Isj BYfr
CCtdtsBIYUjMSdj HOddz j SOOCIkjtedL zs sMw dzj SHdz
L d3j dz ded W d3d d3j stsH dOL tzayjds Of ted day dsfistslzlz 8o dzw j Isfw
sHEtlssoCd HOdzdzr R: tsydmlsC O, EkEMlsteOdzj dzedj o' Btetsfts
tetso jtoC O MsOYydodzOtedesmisd otej dzj dgdz" = tewHtse d, f§tod
J B Or s O 228K Oted W &3O~ |

1l O)ydzr &3 Stedlsjtedj dd odzj Hicj dzgd¥w ML o ctsfmizf tcOo dzj dzc
LOHOY (BB HYJIlsdetsy f zOdzd tetso Odzd 4§ , mMsyd Oodz dz" § f tots
odzdwe hdrn dzO fftescdetsL . | dzv L Istsets f tod d3j dgv sSHAPY  d3j Is
L dzOyd ded¥ d yOmlsdyde § LOsdmdismisd. RrRddsjteftc]lsdt
Mdzd Y Oj s tejebkdzvlststeds j todMmCd.

[ dzv 1 S z2 O OYydd dBsHjdzj?2 o cEtsMikzHOteMiss j dadaets
¢ ts dgls te ts dz COyjMmMlsea ® HOdzdz =, Bsdzed sseddzg HicHE2EORZ
NtedzOdzdtetso Odzdj o jtemd?2 dsHjdd d OkvHdls. [ Odede j
ftciHdSCIsdo desets EftcOQo dzj degdv d Mstslse jIsfMisoks s Istcj B s

3. stsdals j SfMyls t jMfzedzdCd uvOHYdSC dh@dg dzjlsdsdfyjS o MLt
dz0 y ddiz degrs 2 1 Ctsdetsd3d € COHYdSdMIsOdzO yj dzj MistsB o OL ¢
BOCtetst CsdatsdBdC O (ftetsddesLt 111 q’dzwdeuq’q’) W d dzO«
Wdme Odzt dgOw MmdMmlsj B3O (e desL HtsSn BHS® HY J IsO,
(OHtj MdzOY , f s c detsL BjLt©OBSISdY" ) , BlstQOfr] dzj o |
dzts ¢ d 46 Lo )

[k MEjydW¥dCk LOHOjI orf S OW tetsd Hj dzj ¥ dz
[ Odzdzr 2 WOCIktste sdzdw jls 20 ftslstejBdzjdzdj HBBSIEL W2
slsteOMmdzj 2 . g dzj Hise Ols j dz' dzts, fted f§oMmistetsj dedd  totsC ¢
qdzHd C Olstster odgj hdedrm tof dgS s IstezHO d HJdOBdSEZ ] to

[ s sdzdzed Isj dz! dgf &3 HtO29 jtetsds wWodzw jIsfqw twWOLoadIsd
mMjtcodMmtso : L Ists ML HOY I§dzjodsd Wi3ts I tz® filpls @ € w ity dzdzlzG € sH O d
OdzOdzdIsdS¢d o toj Odz! desd3 o toj d3j dzd , dzts tsSHdgtso toj d3j dadzts
CdejteBjLtsf OMmMdesmisd .

4. t(dLkd sOIr dMmMmdzi Hise Odzd W : f @828)dgy dlteldly j ¥n@ H>
tcOLHjJd 9Cdz¢ yoO Is:

1. s dMOded J CElsBQdzdz” = d fsHEtslkstsea Ckz o toj d3j dadats

1. Wetcd3dtetso Odedjy HtodL dzOC s  or Btste dBsH | dzj 2 ;

2. syj Stk COyimso O dz2O sMmMdsej djlsted¢ MAE d R
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3. oo dd] (oscds 2&0 cesedL sdilsj 2025
4. By Hjdd] BetOddujdd?2 d Myj otd]o.
] COyjfMmlsej BOLGoBESOWOIs Pddmiflsidz (BPBMY ¢ § SE e

BiyHEZGZOGEHA ° MmsOkdmisduiMSdr dhssyddSsse. [ dz
osMmMftesdLotsHdBsets Myj dzOtedw - ®W2H S8 EIs Py 4s Ba@d j ded
sdzjHEZjlk B®jlsdl: , Ykt WwORJ&EQd: dod (hifls azj H isdd

csMlsO, ds g Gl dditdvydd J o0ds ksdscts Cktfo;
fyj dzOtedz j tYyJ dzs .

vsOBdZJYO 1. 1 ddOBdEO 111 timPRedded. y OHYd
Table 1. Dynamics of GDP of the Republic of Tajikisin (20212024)

JsH [111, didzteH HEtsdzdl cdiotsls, ddzteH Hu jJ B wshisO,
2021 | 8,94 0 s)

2022 | 10,71 1,77 19,8

2023 | 12,06 1,35 12,6

2024 | 14,20 2,14 17,7

[y st ddY fescdst 0 OMMdslse,jd HoO Cd
BSHj & OB @otsdstcj ctoj Mnpdw M IstjdHsd, ARI MA €OC
shdtsej Hjtjo! jo wjhjdd?2 (cCwOHd]dsdy 2 BEMlsdde
ssydsmls! ftod dOddudd HGYsdddlsjd d & ftdL doC ¢
fodL zOSswle L MMy &Oed J1J1) d Isjdfr tsmso: f§ed
o Cdzs yOls! ddgW dzvyde, Sktfy, ddojmsdydd, *Smfstls
ydh csos2 OCIsdo dasflsd .

[UjdC o COoyjmsoO or ftsddvjlshv dodr siizsd js s d
ddlsdeso Ols! t©j Od dF 2 fesyjmhn fescdsL desse Oded W
ddi SeBOydY foch dses §jdsHO. | SOyjmlsej djlstsc
(MAE) d Ct®jdd dL MijHd) SoOHEOdyds?2 &hdeS(d
©OMMBOteds O Isffw ddalsj eo Oz der j YjdSd d OdeOdedL

vsOBdZdyo 2. ltwddhit MtcOodzj dzdW Issydetsfisd ftetse detstL
Table 2. Example of comparison of forecasting accuracy (demonstration calculation)

[BHY dz MAE RMSE
ARI MA (! Is Oz da) 0,62 0,88
LGOHd ] dZlsdy 2 B lEMmls| 041 0,6

10 Shdse] k) dPERACERGsO HEGEzddls| & dt §shkcs
MejHdz EBHBo B Is[l4BE O sIOEAER0 f(yg AR 2 daj W o dzv j Isfr
GsfsLosdv jls fodzydls! oshmitsdLeosHnddkzs syj dlk
MshteOds dedd IsjCkhdn Istej dzHtse .

v OBdzd yo 3. wyd dzOteds 2 13 QeS8 CHSR 202112024)dzO0 202 5
Table 3. Scenario GDP forecast for 2022028 (CAGR 20212024)

] SH 4 Yj dzOtcdz’ 2 Iftocts algiddoH JH 5 df
2025 16,57
2026 19,33
2027 22,55
2028 26,32

1 sdzzyj dedz" 2 ftesedetst MdzjHizjls ddzlsjtef tojf dticisd Qls-
teWwH 111 o IjSCEhdr HBRZzEZOLOR wz¢ HHO jtty jd o dzdW
ddzd fdzd >y Olsv dzr dets d3gtsliPlslz dzj L O d d s sis Is st 'ORz dztS dstis
ot d34 dzdats ? teW H setcOdzd ydo 04 Is oL d3tsy dzsMils d fn dzts
tcjokzdzwtcdis®ydpd d~,)] Gtcd §jtojnrnBH]J C WOCIltstedz d3 o3
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Mse zOMtso Odzad | Yyomisslpr ¢ oHo@dsdd ded dz'( B)sH saylsts Istej B Iz j |
dqdzH d S Olsstetse ( dzOff tod d3J ts, dgdzH j € ftetsdzr h dzj dedetsets
[17].

1 d Mdislstew dzO@ BceteOded yj ded v, Hid i3sdeMistc Oy d sdzedze” 2 to
fsHRBBHO: ftod dOzduydd §ouPhmbkdjcdgededztc B Oda@B stc O  f to
By IstsHT Bseckzls tBjMfj ydoe Ols! Btsdzj J or MsC Iz Is 5y o
Cazommd ud MEdBd otej d3j dzds” i3  dBtsH j dzv &3, O ddasj el &

ftej Hilse Odgd XAl .
1 60SIdyj MSOw o] € tsRYdzH @yg v d defids d lsiizGsysiots da. O ¢ dzs Y O
d

w
n
m

d
codlsted dz BOC tetst Ctsdatsdzd yd M¢ HOdzdz" - € M JdHddz d
sBdeso dzj ded j &3, ybts tsLeotddls fjtj2ilsd tls Mmyj dzOtcdss?
BESHJ dzV d3, Bdsodvj B B jyjSoOtlsOd dzs ddzd J 34 Bj MW
5. bolsstemMC d2 ddeHj S uq’thtsatSQ 2 ) lsrtscdvy ¢ 1§ fi) 2§
Colsso dzsMmisd dZOYdsdzOdz! dets?2 1 CtsdesBISd € o dgj Hiej dzd ®

EmMists?2 yde tsfmisd 1 Cedetsdzd & d (Rruve6). 1 SH ygwtetse 52 |
ddzhmisdilskzlsgd o ®B ) Miflzj ftcj tor adetsy d BJ LS OMdats 1;[tec[d34dz
sBkZzyoj &3 = BsHj dzj 2 fted dLd3gd dzj dzedd o dzj h dzd =~ z i dzts
sjrdsdsed yJiBlS dj tdmsd

RIS Wsttdkdilkzjlsmw COSC oLojh jddzOv Mz di3d30 datste dzd t

b B DI + oLGLI, GHJ DSI (Digital Services I nde
zmdzkz G ; BDI (Big Dat a I ntegration Il ndex) n Ofte
OdzOdzd Isd yd M¢ ts2 dqdzW cOMmlstczS skzter ; GL I (Government

ftod d3j dzj dedV GBEYOj B 7 dBsHjdj2 o cthkzHOtmlss j dedatsd
OzHdlO d ftOCIsdSd dmMftsdz L so OdedV HtescdesL s o ff dz

J COyd mlso | dL d&3j tod s j dzj 2 DSI Bseclkzls Jdhtf sdz! L ts
BB d dz' dzgts?2 Mo wL (), B tztzl Iz sdfOjingi iz ded W e s af'mjf ¢ sMmkzdzizc
JdzOlsjxd2. BDI dBsyil dLBjewls! MY 5 dOdduds dj:
COYyd mMlso®© d yoOmksslsj tBdtodj ddw tj jMistese . GL I d
ftesjSlstse RR/ ML o o j HtsHEitEGL G5, dzj ddgRdzd WOdiE0 dzd Is d S  ,
toj dzZOBj dzls Oy Bsded Istste dzc © BtsH j dzj 2 d [MBeOCIsdCj B W

RdzH j S sy il ftoddj dvils! v COC dO d&Oydtsdzod: dats
ydWteso s2 IstcOdemMW stedzOyd d) , sO¢ dv ded Mt jodsd tsdz@ df? dz
sB dzOMmMswdsd d Mmj SlktsteOd3d) . ] fted C zOH detsdz ff dzOdzj R
cydWtetseo kzs ftseo jMisCze ( ddalsj todzj Is, mMd o dmr , BOL '
ftodd3j dzj ded [13]dBEsH § dzj ?

vOBdEZJYO 4. lteddzite tOMYUIISO® myY WSO j BRSO Y @
Table 4. Example of calculating the IDU (demonstration assessment): IDU = 0.44

stdi3ftsded { § d MOdzd J 1 d2Oy g dayf i 4
DSI AdWttseo' | Mjtoadm' d HGMIsEY (057 0,4
BDI Rdzsj cteOydWw HOdedzr 7 d OdzOadzd | 0,41 0,%
GLI 1 toj dztsfils! ftod d3j dzgj dedv ML o (0,28 0,25

lted LdzOyjdedd RTULEC sCdzs 0, 45 1 CdatsdBd S O R C
ydWteseots?2 EMmMsts2 ydetsmisd: ydWttser j Mmjtcodmr tcOL o d ¢
qdemisdszydsdOdzdL Oydw [flddysds@iz] fdaifp v I jfiagPstedisjls
B yojHBARMIse j dedets?2 ddzlsj cteOydd HOdzder = (BDI) d Mt
BeHj dzj 12,8 G101 )

6 . td Stsd3d dzHn Oyd d s o dzj Htoj dzd & ML d tcOL o dIs
tdSBd3d dzH Oydd MW ckHtctf c@isd Titctsots?2 StcOdzmW Ste
Z§ tcOo dzj dzd & ted M<¢ O3 RR. l1tcj HdZOG O] Isfyw tcOMMdBBOIs tc
o Cdzt yoe hzs Isjmadesdzsedud MSdy, BtecOdzdL Oydtsdadz § d

6. 1. RAGVECOMISEZSISEZEEO HOdd . 1GSEGIESHIHHSEZ MisO dzd@
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(0) MIsOdzgH OtelsT B IsOHOdzdz" = d S Oyj Mlso O;

(B) dHddz j M tOo syded € d d dqHj dzZlsdW dC Olstster
HyWliIsj dz2 dztsfisd) ;
d34>|aJHtsd3fnlssjdzdsz o dIstcd dzr H Odzdz" n H dzw
dz dzr 7 f tetsC tc OdBA;
d&3j -~ O @ gles B3 LtsB A3 dzO d Odetsded d3d L Oyd d .
d34dZHI24lsan fst sOfdetsy §YoHCds yjddd dhmistsyd
sor j bteOdzL OCydd (o tBjLdzdyjddesds adHj) Y
O dzOdzdIsdyj MS OV f dzOIsW sted® d ML Ops. Igfgbw L

@

|
tstc O, fSHHJjtydo O h QW : ¢ s dzls te s dz! o Jteimd?2
02 dz sBlzyd ded v , Bsdzd Issted dz6 Hicj 2 W O, mdmlis
JIs tedmM& HjetOHOYdd COydmlso® d&sHJdzd ftod
lJtdsq’dthq’lsQJQﬁ]f. tdSBli3dzH Iz j Isqw  dzOyOls! |
q

f

1 ljtrsiscdztSL ZOdZzseso ' 7n omMskzfdjdd?2 d COmMMmtser
2. Bsdzd sstceddzc ctsML OCEZftsSC d o wodzj dzdj OdetsBZO
3. OdzsdWtcsH o ydWttser a f dzOIlsj y Or;

4 ftosecdesL f slstcj Bdetsmisd o MsydOdz dets?2 § tSHHJ to
5 focscdesL s Cdzt yjord3 BOCtosf sC OL Olsj dzv d3 dzO
6. 4. SOHtcso OW ftsdzdIsd ¢ O. gdzj HkzjIls ©OLO9do Ols!
OdzOdzdL &z HOdzdzr = d ML 9 obkL OrR, O OSYJ MmdMmilsj d3t
GtsMikzH OteMmlise j dzgdz" = YFBEPdgsaej h J dagPF g Wo dzw j Isfpw ML+
Yd dzstc® SCtsBf ilsjdyd?2 (O0dodadlsdyi mMtow &OBstcOIststed
ftesj Sl d BjJMfjudeoOls: fjtoj desfy L dzOdzd ? .

6. 5. l tcQotso s tcjekzdzdtetseo Odzd | d 4Isq’QO 14 B
sw0OBtslsCd HOddz 7, B ded BdL Oydw HOdzdz' =, Oh dls©
Odze stedlsdsseo, dzgj HdMSCted d3d dZOYdw . [ dzw Qt;sdlsq’u;fngq’
BsHjdzd i dsjteftejlsOydj?2 d ftesetsHdls! toj ¢kzdzv tedg

6. 6. sdBjteB L Y OldztEAplsi dzd u ddejQijtdsi dfdisio j tom dets M ls
HOdzdzr 7, Ctdestesdzr HBMIskzy O, Y EktodOdzdteseo Odad j, Isj f
(adversarial) d tjLjtcodttsoOdzed) ddWtcOMmMstczS Iskzter

B

€

sO0BdZdyod 5. (JjSBRBjdHEZ] BOY Hstes)y dZOW £ OlsO o
Table 5. Recommended roadmap for ML implementation in public administration
(O]} jedfsdt yjo' j BjesftedWisdy |[YdqHOJ B 2 tojL

| 20262027 |R dzo j dzls Oted L Oyd w HOdzdA5] 1 toso j t6C O
fddzsilsdz ftetsj Clstso ; fsHGE®stso €
CtotsH Odzdz’ m BOMh OB d tetso Od;
Yo JHBRBMIsS j dzdzOW ddzlsj |alsOB d dz' dzOW 1
OlW st diz0; MLOps; ®BRZVBBSHid]?2 9 9jH
CjHSIsdo dats] E§tOodzj da(f sMlis LW Mnjs
slteOMmdzj 2; w©WOMNdtejdedj (fsddlsdcd d &
L Csdes a3 € d

7. {etOdd Yyd dedv diMmdzj Hse Oded™w d  dzq tctec@edaf udedin
kjSkhj2 t©OBSISr MowLOdr fojyHj ofjes M HEMSE
Hj BsdflsteOydd fscdsL diese Odzd ™ . rude' Isth ©f) leizg ts s &ds'H d
Hdzddzdzr j| t©WH' o CoOtkOd dzOW/ dj W ydzOW Hj lsOdzdL C
(qdz¥ dzv ydw, Chktefy, odajh dzvw Iststeetcsodzv, ddzojmsdydd

I ststets] 156 t@ i Bz 5o Odzd ] desd3d zOdz desets 111 o
I C s Bdus BE s@Cd fjHfsylsdlsjd djj ftscdsL Jess O
d Mtesdls’ dtsHjdd dd¥ dvydd lHj d dis.

[Od dzgj 2" dj dMMmdzj Hse Odgdw yj dzj MsSBLOL dats zOY & C

O

I 20272029 | § §
f dz
]

[l 20292040
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1 cOL OB SIS Iz WOCIststedz BBsH J dzj 2 f otsG dztsL «
B Y HEZdZOtetsH dz" 7 ( IstEQpizds de®dz! HdD dedz g

2. fsMmMistesj dzdd tj e dsdzOdz! dz = dBsH Jjdzj 2 (5B dzZOMls dz

3. LB Jtedyuj MS ks ftese jtwSk MowiLd Rrul f fCOL

4. tcOL OB tSISC Iz ftedC dzOH dzr R-to jhtgEisRsd ffsotsyGozd e
9 dzj Htcj dzd W .

1 OCdze yjdeesj v j dzdesy dMMdzj Hsea Odedy TCOL" 90j s, 'l
LdzOyd dizr &3 ddemlstczdzj delstsds igsH jtedzdL Oydd dzOyd tsdzOdz' dat
Il 7" fsdzdgj dzdz’ 2 GBLGBW200YE |  EOSEZESHBO I ®YHO]Is EfMlsts?2 yo
Slsdesmdlsj dz' deslsd W WML C Ised o tetefig e detsL dtetso Odzed d , Z{ tc@o dzj
CefmMkzH OteMmise j dzedesd3 EZf tcOo dzj dedd §ted EMmdzse dd dzOdzd ydw
BjrOdzdL d3seo 1 CMf dz2OIsOyYydd dEtsH j dzj 2.

CRhfdqtedyd M¢ Ow yoOMmls! HJj Bsdhistedtclzj s oMmMftcsdL 8 BH
fsCOL" 90]Is, Yylsts OdzmMOBB dz 97 §J d3gj IstsSHT My smtse dzr ts
MteOo dzj ded®* ) ¢ dzOMMdud MCdd3d otej Bj dedz" B BtsH j dz¥ BB
WOCIkistodzts?2 dzj SH dzstetsH dztsls d . ltoj Hdztsy J dedz" 2 ddzH § &
Emlsts?2 ydomijlazw Isd of cdtstedlsjls’ §odzdlsdSd: ddalsjcteOyd
BBHjdzZj2 © ojHBABMIss On.

tdSBRB) dZHOYydd, MY stcRBzdzdtese Odzdzr j| o MlsOls! j, tec
sls MlsOdzH OtelsdL Oydd H Odzdz" ~ d f d dztsls dz' n ftesj Clsts
ftogAisdodzsdzz EZf tcOodzj dede .  J OdzdL Oydw e Hdzsy j dade
L Csdesd3sd yd MEts?2 sdzdlsdsd, Mmdedr dlsy tw©dmMSéd d kSt §d

COHYJdS dMmls Odz.
dlsOls!' v o ff sdzdzj dzZO o OB OR dzOkydets? [l gedAsOW j
| o MdMmisj &k deQy qLs@iEjde ddbte Ul daszAsSd o 2 )

sBEyd dzd J
(ftoslstsC tsdz ~ 2 Bls 24 mjdaswetew 2025 ¢. ).
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MACHINE LEARNING IN THE SYSTEM OF THE NATIONAL ECONOMY

The article examines the theoretical, methodological, and applied aspects of implementing machine learning
methods in the system of the national economy of the Repabliajikistan. A review of contemporary literature (2019
2025) on the application of artificial intelligence in macroeconomics, the financial sector, and public administration is
conducted, highlighting the main approaches to-datgen forecasting andsk management. An empirical methodology
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classical timeseries models and ensemble machine learning methods. The author proposed Bdoigitaic Resilience
Index (DERI), integrating components of digital services, data integration, and the maturity of learning model usage in
public governance. Recommendations are formulated for establishing a national data infrastructure, implem&mgsg ML
practices, ensuring cybersecurity, and devel opingahuma
transformation.
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DETERMINATION OF HARMFUL SUBSTANCES IN NATURAL AND DRINKING WATER

This study developed seleativmethods for the quantitative determination of phenol in various agueous media.
Particular attention was paid to the study of a photocolorimetric method based on the use of ferric chloride as a color
forming reagent, which increased the sensitivity aridbi#ity of the analysis. The reaction between phenol and FeCl
occurs rapidly (422 min), without the need for pH adjustment. The visible spectra of the violet complex show an absorption
maximum at 540 nm, and the absorption remains stable for at leqstut€ This method enables the determination of
phenol in aqueous media over a relatively wide concentration rangéZ0,03 0 mg ml T ) with acce|
Interferences caused by methanol, ethanol, acetone, and ethyl ether were assegseelegsivity coefficientsThe
validity of the proposed method was assessed using experimental studies on phenol extraction from tap water samples. T
experimental results demonstrate that the proposed method enables rapid and simple quantitatinatoeterfphenol
in aqueous media and can be used to test the quality of industrial wastewater.

Keywords: phenol, ferric chloride, photocolorimetric method, violet complex, agueous solution, concentration
range, sensitivity and reliability.
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Figure 1. Graph of the dependence of poweageneration on the temperature of solar panel cells
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Figure 2. Graph of electricity generation from one solar panel over the course of a year
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Figure 3. Graph of solar panel power generation throughout the year
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ANALYSIS OF ELECTRICITY GENERATION BY SOLAR UNITS USING THE MATHEMATICAL
EXPECTATION OF SOLAR IRRADIANCE

This paper presents an analysis of eledjrigieneration using higbfficiency photovoltaic modules based on
statistical methods and the mathematical expectation of solar irradiance. Panels withcah area. 98 m)] , T ef f i
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planning of local electricity supply considering regional climatic conditions.

Keywords: Solar energy, photovoltaic modules, electricity generation, mathematical statistics, mathematical
expectation, photovoltaic efficiency, sunshine hours, temperabarection, energy output, photovoltaic effect
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tdmMzdzsSutcj Hdzdd S Bdzyd dzgstcOydd PM2. 5 9o MmMlstcOddPr A J ¢
Figure 1. Average PM2.5 concentrationg Central Asian countries, 2024 (according to IQAIr)

]
0,
d
d
U
iz

50
40
30

20

CpefHasa koHueHTpauua PM2.5, mkr/im®

TapukucTaH YabekuctaH TypkMmeHucTaH KblprblacTaH KasaxcTaH

CTtpaHa

s tsyjdSj 11 HdY UvOHYJdSdMsOdZO MmMtsetsCkzfdzr j dL
JYH] eoeMmMjess PM2.5) Htfipisd co@ediy Yoy tsdztdn Is4s% d3is nls ¢
telsdzgsmisd ( VSLd,, dplfsgds@dfjidsyds? d EklsttOyj dzdzts 2
Ftesodzgj HBRsRtsLW2Mise d Wdttdy { s lstceOy Ojlsmw o
fsorhjdzdes?2 BEwiLoaddisMmisd dzedL SBSHBRAtSHAZ = ctkzf {f,
Zscsoalzé® BOL 2.

11 SISH g zOdzse O Is, Yysts bsfsmhWjted 2 @ tLisd Mew
szJEISLQIzdlesIztG; LIsd fwslsjted L dzOydds H dzw f tcSH B¢
slsj dzydOdzO OctetsMmj CIsstc® v OHYJSCdMlsOdzO, Zmddzd o O
Oo dMd igsMmis! . ¢clH Oz ffdadcoddeWCRy, d VS & EZtotsy 02 datsmls Exd

106



WOCIbtstetses, HEBfsdzddlsj d df § ftlsjted Bl LSO EMdd
d fjtejteOBBIC .
YYtder 2 EZcGdzj tetsH, w9 dzw W fr)! Codif sdzd dzlstsdz Istsdzb s
JHdzd Stiso 9 fubstemf jSIsdoj fsHi 90jls EMmkts?2 ydoe tsmls!
st sdzded Is § dz! dzOW GdHtetsdzse d yj ms Ow dzj Mils OB d dz' dzts
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B Y HEZdOtesHA § MdMhisj & ," Yipdipy B Iszdzlisjc O D I3 waf Qs dz
56 tcOded YdJ dzdzts fnisljtsfnls@ao[dy' BjyHEZ cBtHOMR].

Il 1tIstsdy Cadz¢ yd, JOClsdyumMeéddy or aesuisds d to € ts5d3,
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AIR QUALITY AS A MACROECONOMIC RISK: LOSS ESTIMATES AND DAMAGE MITIGATION
STRATEGY IN THE REPUBLIC OF TAJIKISTAN

Since 2023, a substantial body of new pestiewed studiesral reports by international organizations on air
pollution in Central Asia has emerged, including work by the World Bank, HEI/State of Global Air, UNICEF, IQAIr, and
others. This article systematizes the latest evidence and practices for the five cofintréesegion, with a focus on the
Republic of Tajikistan and the city of Dushanbe, subject to data availability. Based on a comparative assessment of sources
for 20232025, we examine a comprehensive package of actions that combiqeslday data govaance (international
standards, QA/QC procedures and instrument calibration), advances in monitoring and forecasting technologies, and the
institutionalization of akguality management within urban strategies (heat supply, transport, construction dad was
management), complemented by nafbased solutions and sustainable financing mechanisms. World Bank regional
assessments indicate more than 65,000 premature deaths annually andelaattheconomic losses of US$1227
billion per year across Ceat Asia. In light of monitoring network limitations and data comparabifitjuding the
reliance of public time series on a single automatic site in Dushaalseibstantiate the need to expand and professionalize
monitoring and to ensure open data sharifror Dushanbe, we summarize recent assessments of PM2.5 chemical
composition and source apportionment, which confirm contributions from household and municipal heating, transport,
industry, and dust storms. The proposed measures and recommendatiohsiagenae d wi t h Taj i ki st an
objectives and sustainable urban development priorities set out in national strategic documents.

Keywords: PM2.5 Central Asiaair quality monitoring forecastingsource apportionmentirban planningnature
basedsolutions regional cooperation.

@i C+yodlipi GUlyi1 +>PApi Q6 UHIN agi 01 ~6MUBDACIEBECApPI ~++y Ui 60
PEOGOY @I G.0WHEI (135411 A1 Ey b 0T06 + 0 ¥ O Ay g € § b &0 6 y,[BEAG b1 U 4 b UE
mail: lkrom.mamadov@gnail.com. b i + fi A«D82) 927727779

49 jHJjddvV s5BOIPDHSHSotE jR € tots d3H Y 5 dz- | PE-takisisCaidddgmtaeud] ud MSd2 ddzmisdIsiz e
ftsd < @ljteg?Bh41]l ¢ . 1 2 Mls 5 dg, sBEHJd2ME OV B d&ZOME'YO {1 OlptfskEizd ¢ 0 u
Ikrom.mamadov@gmail.com v j d{+902 827727779

Information about the author: Mamadov Ikromdzhon Akhmadalievich- Mining and Metallurgical Institute of
Tajikistan, applicant.Address: 735411 Buston, Sughd Region, Republiof Tajikistan, Barotov A. St. fnail:
Ikrom.mamadov@gmail.com Phone(+992) 927727779
dlsOls' w Mk ddzO o t©Jj HOS
[HBsBtoj dzO ftsMmdzj tej yj daL dqtetso
1 to d d@iskos dzd § 1B.9502(26

112


mailto:Ikrom.mamadov@gmail.com
mailto:Ikrom.mamadov@gmail.com

Ul s: 621. 3
Red[ [ J1 o1 R UEMIRS[IRY[BsRM dAdY [ B
Rl [[ 2y [J o v R L0 fortfof?2v B 1 rt4RrRR 1 traloi]

BHERZESj9 M. )., RMSLBHO .uUv., 1 0OkfBe
Rdzimisdlskzls + dzjtecajilsdSd vOHYdSdMIsOdz

l9jHjddd slsj tedsOdz! dzOW 1 dzgj eadv HtojHMSOadzV jIs
ZOHY Y dr 7 qdJ M dsffflsr = Wtstcds oL tsBdso dzv j 3" = dMls
dmf sdz! L so Odedd o dzzlstej dzdzi e 5 Isj f &zO 7 4 dgdzd, Cslsts
COMY OHE dddzj tOdztse, of MSStsdBEz HOo dzj dzdé o dzj HicOR
1 Oud dzOVw day) degzin€ cfdz? Cdrn MBlsjdz Bilstese d HB dzgj ME B
fstesH o’ hOjlsmw dOMsd Ct, Ykt oL @ty dts jV
Ldzy Sbtedud MGz { dzj-wézOdzH If JteW b JsolgBte@PgedzOdzHn dd, A (g
-G j BlOjde dgzOv 1 dzj cedW MsOZO SHdddB L Cdr yjera |
fpdmlsj .

] dtlsjted3Odz! dzr | toj Mktemr Westedzdtokzs Ismw o tjL kzdz |
tcOL &z dBOR L j BBdets? S tster, O IsOCy | fjtej desO Isjf dzO
OCIkdodes?2 IsjClstsdzdyjmMéts?2 HjWIsjdz desfyplsd, ceHj dzdit
HdzZ" tBtcOLtsoOdzd"Y G jtslsjtedzOdz dz' = tojL jtcoZOtotsa: 9o fs
MdMmlsj &3 ftcdqosHdesects OO d cdHteslsj tcd3Odd) Tz O dids ¢
Gz ddes?2 BIs 1 Hts 3 €3 yYdtejL Ctltster j etew yow
M sd LEs sMw Hdv or tcOBBLESd { dzjSCltest dzgj ecdd o

dMisjMmise jdede" » GdHEBIS| ed3Odz dz' » MdMisj d3  tcdadsjjde” *
sj mdzsdztse d (, shdetse Odzdz' §  dzO fr]ISLHOdzq’q’ dm¢kmmise j§
f StotsH G)n, Yylsts ftLotsdzvjlis f sdzz yOls! sjf dztsoe iz & L
fsHRBHYNddi3d c¢jsdsedyd M diikd ~O0LOCIsjtedMmisd s Odd [

{H dchd3 gL 2O0d B sdzj § dOF fitefOle twih] lsize/Qdzy dablp] Badz' L 59 O
Ldaj 66 dd W8&WJBMW ftew Btsj Isjf dztsfdzOBH @AG . § tg dsdgj dz
HdzWw tslststf dzj dzgdwV L HOdzd ?, mMstelzy § dzd 2, Isj f dzd y i to
Histets G, Lstslslslz@tetsa d tizlsﬁuﬁwgfﬂtstﬁzﬂztsblz@ﬂtsgg o[lgfrglsO.
Bisdzj | 90% HBHRss GlsOfdzdeoOslsmw L O Myvyl c6j st
LOodMmd d3tsMmls fls tc O dz' sls dMeisfOjdB » odHBe Ists{ dzc

L OC dzs yoO,  Isfmw ) o' MtsC X Is d alzptsigly ds,d y i3 Tag 30 dzW de'j =
LOtOIsOr d JO0ClsdudmMed dzj sctcOdzed yJ dedzsdz ftets € §
sjrndasdzse d?2 -tBjsqd dec OO df M sdz' L 59 Odadzts?2 o tsH,M23&B te Ols

10 fO0ttso" n MlsOdzydw rn {ffidefotgjsiaddrs 2 §f &fHOQY Isdgjvy tsaipQc j Is
f Octsor n MsOdydwrs §fjtcjctcjlsOY oBHO ¢ di3c detse j dzdats e
sztcBtsG j dzgj e Olststc. 1 ddzOtedzr § MlsOdzydd HtsLeotsdwels d
(80-100AC), dzOctjoOw M j yldodzindaazd L € B ts Usdzjs B % dcrOdstiz:
L dzOydlsj dzt dets tOMmh qtew jIs My j St ¢ jtslsjtcdgdOdz! dgr » to
[4,182)].

g 1OdtsedyuimMeés? btySd Lijddw c¢jtlsjtcdkdOd dzO
fOfMmdzr 7. | JitlsjtedOuzH ety * b dzg CBEEMBOdYdPL o d&j
tOodzj dzds ) kjfdzser &g 1 dzj SlstesmlsOdzydw k. [ d
OHJ2 HA&Vv tOLdijhjddw BtkzHBEB4Pdd W HA dafls deOc
sdzsedud MSddizd tod o 3d sk o gzt & @& Ow jsdz ( dzOf
j dzyd Odz! dzOw ftesMOHC O ctelkzdzlsO ftod Ytej L d3j te dzt
d d3j dzdz § MmdMlsy B tjdddSydd, Bsddlststeddzc O
Is d Cd ftddsfls:s ddfoj ddtezéls Isd tdmsd.
5 dz2ydOdz 6 tlsjteOd ds?2 L dzjtecjlsdscd o BJtey

dr BeOddL Oyd?2, dzd h ¢ dzj B tsdz' h OwW
Yj dztse j € ts 3. tOLodlsdy Isjndtsdztsed?

113



ftod Bj dzgj dzd]  dgsletsH o sjf dzssB Bj &zO sIsCter 8 O ls ot
cOMy tetsMmistc Odzj dzad W Gjtslsj tedzOdz dats 2 Ldgjtec jisdSd HO:
dzj § 4 ey J C[BhgldOdz" d3ff HBdZctsMesydts?2 §JjtemfiSisdej 64l
sHdzdd3 dL Cdzeg yjor n dwWw O Cls Btdotisem ts dn dzdff YQjtedded ¢ 50 ' - G OL
Ldzj e jlsduimSs? dejLOodmdaissimisd dsdese drn  fMlste O dz
[z esMkzHOkhises, tOMYtdsyjdd = o Mmj2Mdadui S d
i sl jtesOdz dzOW 1 dzjtecidS 0O ftjHmsOodvjlk shseT 2
mmq Bj Miststesy Hjdd?2 IsjtedsOdz dz@ 7 otsH, ftodcdsH o

-

w2fmilse j, Isj f dzd ydetsd3z f tetse 0 o 13 HdfjlKalsjte ts f dzjtftdsels] | i SdjQ ¢
fI’]dZJHiSSOdZCfW otsHEBdsMdzr » eBtedL sdzlstse, st HJ dzj dzd
Ctorjdemtfi Clsdor MBLHOdY dstOd d'~ c¢JjBlsj td3Odz dzr
ZOtedz" = 1 dzj SlstetsflsOdzyd 2 . Clsts M sMmtsBMmlseo so Odzs B
jeetstej Miztemr , fsorh jdds Efmss2ydetsmisd 1 dzj tectsfd
skzsepypfigied 2 Mlsoadw dzO tsCtelzy O hz¥ Mtcj H Iz.

A j dz! HOdzdzts.2t I @B Iz C O v OHYdSdMIsOdz BB ZOH O] Is
GiteteOWduyuj MSddsd Emdztse dvw d&3d, Colstster j MBSLHOB IS BC
CjtlsjtodiOdz dets? 1 dgjtecjisdCd. 1 O s toldcidds' sdets(jd  ShtsdedOngk
Isj tcd3Odz! dzr 7 dMlssydzd S s tOL dzd ydets?2 Isj B j teOlskzter
toj dz' j W tsdf, BsdztsH T d3d Isj Clstsded yj MS d kg MtezC Iskztc OO
ftesyd MMOd. |1 MmMoesClkzfdsmisd 1Isd WOCktsttzh WHsiddiE
dzj H tc, Cslstster 2 fslsj dzydOdz! des Btsy J s BM Is dmt tsdz
1 dzj Slstedyd MSts2 L dgjtecdd.

1] 5 HOdzedz" o5 jegWsdatsdswsi MSdr dMmMmdzj Hise Oded 2, dzO Is ] tots
Btsdzj J 250 Bj Miststotsy H j dzd 2 d ftswo dzPdd2 jsj @ d
mMMmtcj HislstsYJ dzr 9 | Btodzsds 1 OHOR N Odzj , t Oh Iside's? H S
Eyomlse Of uwtseHd2MEBEt toj ¢ dBdz0. U B JtcOlskzte® f tsH
9 Otc! dqolzj MY A€IS1H490 AL, O o fslsH jdz' dz' 7Y §ldzz B o fiphiztf B O
120 AC d eorhj. vOCdy fOttOdjlster HJj O oL s
Isj § dztsfdzOB % § dzd v , sO¢ d Hdzv ddL C 5 §BIsj dydOodz dzts
O ted di3j tc B d dzOtcdz’ = G j /s fPB.BZOdz dz = kMl Odeso ¢ |

1 0 fMdceHdWh dd 2 isHOjdztz'd i Gty d zdi Is Isj ted3Odzd dzr § d st
dzj yjBludaststotse dlsj dz' dz' n Y4 dzw 7, 0] sOC Yy J H dzw tsls
fnj dz2 MCsRtsL W2 fMise j dadz = Isj f dzd y d B stso ™ A dzlz y H .
GJ Slsj tedsOdz! dzs?2  dzjtecdd o i ®FG Y ulhf e BOdg Elsdsic,
dzO dzd yd J sBl jCIsdoe dz R ftoj Hf s’ dzts € H dzW teOMmh dtej
seteOded yd dedetsmils: COfdlsOdz dzr » ddzo j Misdyd?2, dzj HisMIsO
sOCyj lhmkziMmisad,j " dtci X sdasildlsuCed & Aufiifdidzd CssIststor
ftsHlseo jteHdIs! 1 Ctsdesdddyd MS ks toj dels OB j dz' detsfiyls! € tsdzC to,

LitscteoW dyuj MS s f sdztsy § ded § fls ts © dz' | T OLOC st
bHOd dedatsfyls? 8 tslsHjdzt dgf & dzOfMj dzy dedz' © fkdeSlsse sl
G slsj odiOdz! delzt 1 dzgjtecjlsdClkz fjtemtf jCilsdods d3 dzOf Qo dzj
L dzj e smdzOB Y j dzedv. RMtsd LSoOdedj jMmlsder & Isj tcdz0d
Hj2fMlsoks hzs cdHie! dgj 8¢ J Is Frud d&dk? MmitEE ik 6w
Ldgic jIsduiMSd?2 Hi%dydls, O OSYj] ftorfmdls: dzOHj Y d
02 sdats o . [MsB jdadets L dzOyd dsr &3 ftoj HiMlsOo dzv jIsfqpw tod
s h dztsmis d H dzw tsls sy dzj dzd W mMsyd Odz! dzgr = sBi j CSIstse
OH 3] dzd Mis tc Odgdf[d daf =y d de'O7 BOMMdo tso .

1 jeMfjClsdo desfls: ©OLoadldY ¢jtlsjtedROd ds2 | dzj te
oL dBBtsy dets s+ © dgdzls j cteOydd ocdBtedHdz = MdMmlsj dz, 5B |
Mtsdzdzj ydzr B3 SCtsdzdzj Slststedz B3 MdMmlsj BORY. OlsOC tjj {f fifrts o ]
ZOctkLCd o LOodmd®simisd ks MjLtsddshlsd d kdjd "
dmf sdz! L s0 Oded | BddzOtecdz n yde¢ dzts e (Bt Odzd Y4 M se

""“CDU-]‘Q,:I]IG),

N g

114



ftoesdLoBHMIsats 1 dzj SIstedyd Mlsoa © H Oy
slso j yojls fOwOd3 steOd3 Btsdz! " d dzfpls o
) Htsdze stcts ydats 2 fJtwmMf jSCIlsdoe
Cdzt yjoks tc ts dz ) fsor hj d
LOddzlsj toj Mso Odz o  Hedsql Jstgfyudi Wnd: Ss@usd dB OldaRjdzmM © d Mis§ te
CdHtesdZzted yj M 2 MiL sdzdztsmis d . | d Blsj cdzgOdz! dzOW L
o] MztemMtsds dzj L OQadmwh ddz sl Cdzd BOIsdyd MS dn Ctsdzj B
it dzsoas?2 d + dzj Slsted ud ME QY Wi SUsGSS dzts cfdteudy i€ Idzts d3 fig] e
otsLHj2Msadj ZO tCtelzy O h s Mtej HiZz. vydlsr 9 Ow 1
ftosdg hdzj dgdetsets f sIsj deydOdzO d dzj sBrBBHJRBsMIs! tcOL 9
flsOls: MisteOlsj e duj Ms dd3 dzOfftdeddplairfjCdzf].j d3  dzj tec j Isdud M
vO0Cdd3 BBtOL 53, tiMfeedzd O v OHYdSCdMIsOdz tOMY
dmf sdz? L so Odzdwvw ¢ jBlsjted3dOdzr dzf = toj Mkztemtse , SH dOS s
Mooty d3j dgdz" § G Jj tSlsj tedzOdz! dz@ § dMmMMmdzi Hise Oded WV, tBdg, s dzt
0dz0dzdL {1 S desdBdyj ME 2 yJjdzj MstsBtcOL detsmlsd, BsH | to

i ftd s hduslt
O ISOHYdS dMmls Odzm¢
9 dzj Htcj dad j GJ Bl
Ldzj e jiIsdyj ¢ 52

dgdze j MiIsdyd?2. tdOdzdL Oydw Ctsi3f dzj Cdets?2 f tetsc tc OdZA"
s Ols 90 dz" &3 hOesdzs ¢ Wtstodddtotseo Odzd Emists?2 ydo ts
Ldgjc j sdud MEts2 MdMmisj i3r MisteOdz" .

UJtodgOdz! dzr | otHT' UOHXYdS dMmlsOdzO - LHHSAoda@f Ist] taizf ddgr ¢
1 OdBtsdz) § dL o j fdwvdsHp{ Efdidsastalgzd ¢{dB d ¢ Oted3, | Ot d3yOh B3O,
hdesCts dqLojMmisder dzj Issdz ¢t odgflsteq OMISEOdROL Jdetd Iz

L
C b itotstedy dgts B dz' oy dzj S Mr fsHIsSe j oy HOY M dj HS
CjlsjttdkOd d & tj Mkdgnse o d&jHdydds [ 1
[ O jted Odzr (R iffjdsjmHse Odzdy ) ORJeMSC sets B (Bdsed
f5COLOdzd, ybt I[sjfskes @y o { dzjsteic 58 HOHOj s o s
fslsj dzydOdtsds. | bmdsedv i o' cS st W s SHJ dd

©jHSHdE d dMujLOshdn edHse wOMisjdd2, O IOCy,
sl lssds cGokdidsj ¥ dlsj dif olOBdsd d @ ¢ Gfsd™sysA 3Hg ¢
foddjdej dedj cjlsjcdkOd dsets sjfk0 Lok jls o6
LdzOydlsjdzt dets s’ hOjls ftesHBo tsdz! Mise j dzder 2 f tslsj day

O OEdL 1dzjtecilsdyuimMSdn oL BEy dshls] 2 &L k
dissyddSses d &jmlssesyHjdd?2 Isjtcdsddd) cOd d -
fsLocdvs hdadgd L WWjChkdodts dMisd LsoOls! d5 Hdv Lk
frdSlsses d Chesklsd = Lsd Skd dhksyddSd - Ot

MMisdL zdosds d B Ot oY Bids kg™ (B BEHOSEwCdEE. ) S+
dr GiMdsedy » R OOSCIjtedMmisds On, oCd® yow Isj i3 j tcOL
Bsteftcj HMIsOo dzj dz' , o ydsOBA g SdEw jIs tsyj dgd Is 1 dzj te @,
dmistsydzed € O.

I sdz hddzmlse s fjtemMf i SCIsdoadz n uf ]l tcOMy fseiakih Q WzsH
] Oted3yoOh &3OG, [ W dze Ots, sORBHT € EZdz |, [ ¥-Pacds¢ @tzdgs j [ B d &
[ ddzOdzH T . vtcOdzmf stclsJteso €O IstcOHdydsdader = 1 dzj oG
LdzOydlsjdz' dzr = L OtcOls, O Mmbstetsdlsj dz' Mlseo ts dzd dzd-2 O 1 dz
MdzOB 52 Mot dgdesmisd d wisfmiklsMisedw Ctolkzf der n  slist
ki Misdz = Is j tdzOdz! dz" = te] Mztemtso W dzw j Isfyw zOd B
LW W jekds'dds tej "3j 6@ J o5 [

JdHtetse jsdzséedyjmMSdy e j ddesfilsd o[ | OHYJdCd
dmfsdz L seOdzede . 1My dMmlssydeds¢d ftojHMIsOodzvels Mmtse
or asHwhdj d&O o jten desfis: f sH o tsL #sf B isaOd jdajy dzff 1
tcOLGtolkzL € d B Yydes Mo w L Odgr ) dzsC Odz! dlztc 3§ Oz tcj B d &
d foddyjddyBd tjd j¥O. uviksOdsedeh d2mw (! jL s5d3j
MlsOB ddz' detsects HOo dzj dgd v , Isj B j cOlsHALTy ¢ SH' B didg O.15
Octej MMdo desilss ¢ 5 lsdetsh jdzgder € B sOdzdzOds d f t6C
fsLodzw jIs dMftsd L soeOl! da o fttsMmisj2hdr Mmdmisj d

115



BJL

Ctokzf dzsegts Isjnmdzed yuj MEtsats Bfndz@%d&@‘ﬂz@_ sig@p tsig G

Bsckls MBteOmr o Ols! fw

Is§ § dzd ydetsc ts,

4 5 ¢ dzO ) dzts
%ZOd B tsdzj j

fedosHWIsMw
fslsjdydOdz0 ddLSsfslsjdydod ds?

{ Bk H pde] HPBW Isdz" =
tcOMY sdztsy j dzdzOW Is
Mz 3BZOEdBYls MtshisOo dv j Is
H dzw
sBtsB MY dadz" o3

dzO

50¢

dz0

or me

18, 4

MOBBIsY Cs5d3 o
tcd d3j o9
J 2770
5 &3]
C s 8dz8zO dz' dzts G s
H Odzdz'Isd®,B dzf gfj 21 dgids @t diz | 2dzdzH g B
dL Ezyj dzdzr nC 59 tcligtizOder - MMk Badey J Is
1 OdsdtemC d 2

©j¢dtsde
5jf dzZso 2

ted ydz J
cffr]lslsqdzdg 59
&3 dzOH

| mMklsSd, yYbt

Clsd

dzzy Hr d § tSHH] toy Odsd Is dzjfn Isasr2 e[S tisg) s WXRRE s j tcted ssted 2
s OB dZzd yPtethhOdz dz" § otsH'™ ( ifMmfkedzdSd
Table 1. Thermal waters of the Republic of Tajikistan
) J]dHEBG | ts 10L9®d20|j—‘2 o & | - S | dsotej g d
mn ~ = - 1
me¢ fmls to d ils s ydzd = 2= 1 B6 § .g“" dmf sdz' L ts
1 b iz®@?2 I BdmMOW j 2600 1036 | 4051 | 7.1 0.5 14 dmf sdz
sts¢h Odz' |
2 b z02 v OBH r € Iz| 2198 1266 | 7588 | 7.2| 0.8 [ § Mls dzOY
stsCh Odz! | o SHBdAzj YJ E
2 BOMMj da(
3 ANjteeOdzil mOo OlsOG,| 600 | 432 41 (7.4 4.2 [ i Milsdzr 2
MOdelel 2 dz
®B4 Mls (6
L O sH totfy
4 5y dats [BdGOtd, | 1400 198 | 52 |[7.3]| 1 4 OdzOIs-ts to
1 d MM Otsfy ftesW ddzOS
Cit sGlzdze
(Ctckzg dzis ¢
5 5y dats [ 4 Oo tsdzd 1520 | 86.4 | 395 | i | 0.5 [ j ls dzOY
1 dMmiOtef o tSHIsdz) UJ E
3 BOMMJ dal
6 d ) dats I BdcOted 1400|6134 40 |73 05 | iMmMfEe. A
| HmoOtems MGCo. 4B dH IBdcOtd
&4 mls (6
7 Sy dats MmsHY ®dge Ol 1870| 378.4| 93 |83| 0.6 sktestels - m
1 d MM Otsfy Ckfmls 1 IBdcOtd
&4 fMls
(Ctckze dzs ¢
8 dy dats MsSHY ®dge Ol 1870 | 185.8| 93 |8.2| 05 sktestels - m
{q’ fn O tc Ckfmls 2 IBdcOttd
&34 Mls
(Ctckzg dzs ¢
9 S ) dats cotetsL , 1140| 95.04| 42 |7.2| 2.3 { 4 Mis dzOY
{d fn O tefi] o SHEsdzj U g
64 &Bj MO
10 O% e Odats| ¢ zdBOM , | 922 | 432 | 428 | 1 | 143 { 02 5 dzdzC@
v OHY ¢ M o BH Bz Yd
11 dbWe®dz | t jdz6gOdz, | 535 | 1209 42 |1 | 4 [ § Mls dzOY
UOHY dE M 9 SHBBAzZ] UJ
12 oW e Odts [ Md Isd d3ls| 550 | 1918 | 39 |7.8|729| 14 dMmf sd
sOHY ¢ M mMCo. 14
13 W e Odts| s sdB3MEsdBsd] 1184 112 | 41 [7.4[128| 14 d MY sdz
UOHY dE M mMCo. 87

116

ddzd o tcO
1 Odsd t

tose daj 5 a3t
1 dzj o6 s5MdzOB
174,

o j HJ ded ™
1 dzj tecgdd

vOHYd¢



14 OWeoOdts|s dyd¢<,s jfigg 1200 130 46 7 1194 1 J dfMmf sdz
UOHY dE M
15 W GeOdets| [ toH ) tsded & ( 1530| 276.5| 44 7 | 284 { § Mls dzOY
v OHY dC¢ M H, mMSoe] o SHBBAzJ U B
2 B OMMJ da(
16 bWeOdets| s L " dziplz, | 704 | 86.4 | 425 | i | 120 { § Mls dzOY
UOHYdE M 9 BHEAz] YJ E
100 a4 f)s
17 dPWGEOdts| zOOdZB Ote™ | 1090 | 86.4 388 (7117414 dMmf tsdz
UOHY dE M
18 OWGeOdts| | zdzB 2 dzOG | 1230| 121 40 | 72112914 dMmf tsdz
v OHY d<¢ M
19 bW e Odts| s sdsmtsdzsdg 885 [ 699.8) 39 |7.6|155 14 dMmf tsdz
UOHY dE M MmMCo. 2d
20 W EeOdets| v OO yd,| 816 | 432 | 419 | i |126| 14 dMmftsdz
v OH )Y d¥W
21 #4jojtts I Yy ©2 dzw t 4000 | 2592 | <15 T 1114 dmf tsdz
] O3d M€
22 Sy dats S" L' dzte ©f 3810| 103.7| 40 |6.7| 1.2 | sterlsr 2 B
1 O3d e € (2.1 ¢k
23 S ) dats ] OtedgyON| 2770| 5184 60 | 7.4| 3.4 { B dzOMRIs dz
1 O3dtems MOdzOIstste d ]
B4 Mls
24 S ) dats I y OtclstBg kzl 4180| 125.3| 63 7| 17 lteddzdisd e
1 O3d e € COfls Oy
25 S ) dats I Y d dzO dzH| 3500 | 557.3| 66.5 [6.9| 04 | ster Isr 2 B
1 O tem¢ (24 Cks
Is 4 § dzd y dg
AfsL w2l
26 S ) dats s0Ok¢ 42001 393.1| 76 |71 08| 14 dmftsd
1 O3d e €
27 S ) dats | W dze Ots| 3020| 267.8| 53.2 | 1| 26 | sterIsr j B C
] O3d e € (4 d 10
28 S ) dats 4 lzd3dzO | 3740|51.84| 46 | 13| i 14 dmf sdz
1 O3d e €
29 d y dats vtsCkzL B Iz| 3500| 2125 62 |04 i 1 Ofpfj 2 dz
] O3d e € Cke. i)
30 S ) dats Cdzd mlz | 3700| 125.3| 635 | 1.1| i 3 BOMMJ
1 O3d e €
31 S ) dats c &3yd dz | 3300| 216 44 | 08| 1T 1 0MmMMj 2 dz
] O3d e €
32 S ) dats chddz €Iz 3900| 25.92| 69 |08 i 14 dmf sz
] O3d e €
33 J ) dats 1 Of d3r to| 4060| 72.6 | 385 | i 3.7 4 J L 15 dzdzC
1 O3 tems 9 SHtsdzj UJ
ltedd3disde
COfIs Oy
¢ dzOdzd L ddi3j 8 g Awsa0Od dzOkzydz - dmmdzj Hise Odzd 2

COHY S dMisOd B &OHO] s
ZOMIsswh j ¢t
dMmlssyded € o,

H dzw

qr

ot d3j dad

ftoddsj dagj ded ™ o

1 j8lsj e3Od dz" j
f OtcOd3j st O 3q ,
Mtsdzj Slsdztsy § ded W &5

L &zOydlsj dz dz o

dmf sdz' L zjIsfv

9 SHT

fmd dz ME sd3
T OEOSCk g

dzth

Hazdls j &z dzts 2

i tslsj dzy d O dzt
Yofmisd
Bdzs 6 d § Q@dgts drtsdisftsoted a0 dvdgddiny e, Is fifiy'ts L OY s

Ldzgj eegjIsdeCj,
s OHY S dMmls0OdzO
slsmMizlsMise dj @3 Oc¢ to jiAidQdRe dztifigdp P 5 ME ez
otsL dItsy dets s+

117

ntsLw



fiwemfjSClsdoads &3 wodzwelIsimw dMmlssydd<d o

dzj J
stcOHdydtsdedzr 7 1 dzj eetsdzsdlsj dzj 2 L O ldatedta Harf). dzOR fiphf tsidR 5 ¢
Bj Mlsdzr ° IsjtedkOd dz' 7 tj Metemtss fLotdw jls L dzOydlsj
sBjMfjudl! Efmsts2ydeotj ©OLoadlsdj lsHOM dd 7 dzOfmj

d

dudmédd +SMYjteddyjdalsr, ftetsojHY dzdz' § 1 O3]
. hiEC QLrEs S kzs L WWjCldo datsfyls!  ftod d3j daj ded W G j tslsj |
fdzd ydese s ntsLWwW2Mmlse O, aftGth’aOdde tjHECdRr t©OMIs
|6 sOydedzdztse s f j tod tSH HS 10 d&ifMmwyje L dOydlsj dz
M tt B tc @2 fRdds o
J Mo sC Yy dshisd ftoj HiNlsOo dzj dzdz" j H Odzdz" § , 9 C
Istsyded € s, fstO® azyyyjfdster Isjo jotcy H O6 Is, ulsls Gj tslsj tc 30 dz
ydz a3 L dzj B delstsdz 1 dzj e jIsdyj MEse s BRAZOUAIN® s ticeOd
WtecOMmMlstczC sztodzs?2 tsBJ MY j yd dedesmisd. RA CtoOBBIsdats |
Mtsy, EMss2ydes] d HMiskzY ds] -sls Hifsdetsh dg®g iz} daf P,
MSLHOI! dsoer" j CdtsiduimMédd otL @3ty dsfylsd
Im 9 BHT
1.t OL o OctEldNs1'Otcmise j degdzgz® JtosctcOBRBBE 5 dL zyj ded s
| MzlemMes®dze yos h e Csfif dzj Cfdz" | edHiej sdzsedyd MS d.
j B j cOlskzte, O OS] ByYjdSkz 1M ZzEOOydddztse s
2.4t5L HOIs! jff diddgjlstalz s1 W W j CIsdods | 1 tetsj Stds@B sSldsjOfs dzd ke
| Blsj tedzgOdz! detsdz Isj ff dzj , sftsB jdadets o o' MsC sEtstods R
OHdUuUdBdads j 1 dgj edBBtej Miztemr HsMiskzy dz@ tsctcOdad yj dzdz
3 OfmMMmMBstsiste j Is o tsL sy desfls d Mstesdlsj dzOBlg g @zd v dzt
i Jle*ﬁhc{: Isj ed3ts d3q dzj e O dz! dz" | 9 SHT H dzW tsls s dz
j Is ts sztcdmisdyud MS¢s2 ddWtcOMlstczC Iskzter .

4.{OLtGOB1sIsG)lsJ-Is°Uﬂsdchﬂ3QJsfq(baﬂz1s Hog SCHE@idgiElsizls d ez h dj f to
1 CMf z Ol Oyds d { € tsdztsc djugidfidiz sdzr Brj LAdfflsOtpidisofdst!. ¢ j tsls

5. 1 ted o dzj y* ddze j MiIsdydd d , &3] @ trO ey datlzj | © wzO«
otsLsBdatso dzv j dBs?2 1 dgj e jIsdCd, o Cdzg yov f tgtBidlclsOtc dif ts
] Oted3yoh 50 d Hte.) L O Myuyvlbk cjtlsjtediOdz dets?2 { dzgj e dd

6. 1t OfmMh dted s Oz ydfvi mpfyfyddjdedss 9 Odzi ¢ stetetsL d tsdzdz
sBtsticHtso Oz, SlsdBILOYdj2 bifdsfjtciHOyd d d&jls

7.1 89" Mdls! SCoOdd¥dSOyds ddaj jteydbyje@uiEssa Ziof
fsHeBltsaCd M jydodzdmisse f B Od jjtsls jztc dg® dz'indgte® dz2" dzj tc G .

B.utsSLHOI! jHddkze BOLEZ HOddzr = G j Bls, tcdz®dzs dgOE M i
cdHtetsndBdUud MCdJ, Isd edB3tsHddzOBd U MEdj d Sy dzz Ol
HOdgdz" o3, f toj HIEG Oz fedal! BH O dz! dzj 2 j 6 5 1 jdifEdydrte fotadigdtwls

JrRurt dvut ¢
fiplz dzts 9 1 s Bhdzj 3" Efmists2 y q’a Gt tOLoadldw ctteds R/ ¢lshptetedIsts
tsOntzdrb@ad;J HMSo) B Izsly. tize . O dz,B o 2228.0 2 .
Hitseo | L itsy detsfls d q’tsdzlzq dzd w d dmf thdz'Odag o PEZY g HBeShS ¢ Om .Od
20j. Lz".OdzB § : 1 BEA"MH. 2008.
jdzj odePLBO " | Isjrndasdzsedd b . siditeciddeifpl,fsRy dalij i@ zjsdzd Cjo to s
J

54

Qllw w

Ty
[,TOQ—_QQ_.N-

Se
o)

.

thBOd d j t©j Miisfys .sdOedds shiilijsezsa o @dzdg /R s 0] [ U .
ROfsL ., Sdds., Gij280&: 2d 1lISl)@ED dzOk ¢
B dzj oG j ISY SO Y, B deddE " b d2vzj 66 [sOls BEPL HPIs, 1985 .
o MCHPEOdzmats] MBLO do Odzd f iy s Gredf Seynl2 Bsto 18 & finds i 3 Glzbipls o € .
O: | dzG2A[4 ,M1987.
fdf R. £)SEEOYEE] MCd) GhMse j ddtilsgcg YARE oS ¢ i W o 8 O(BJ
979 -~ 1 -4 . 1-TL3
Ste BjLEkd sOIsdo dasflsd 1 Crswab® difyly Odz.ts B Shal )l izt POOH4 . v O

LT Ctse 1. UOHYdSdMIYDizOd r & o tjdeg jjdzdz" ¢ &ipd, 1o 1268680 5

EQ—G),UJIIU{

-

RS T A N S
N
OUPIOFONA T

118



10. An Introduction to Geothermal Energy DiPippo E. An Introduction to Geothermal En@gford: Elsevier, 202. -
498 p.

11 Bertani, R. Geothermal Power Generation in the World 2RA04 Update RepoftR. Bertani -Geothermics, 2016
Vol. 60. -P.3143.

12. DiPippo, R. Geothermal Power Plants: Principles, Applications, Case Studies and Environmental Rnp&eippo. -
4th Edition.-Oxford: ButterworthiHeinemann, 2016576 p.

13. Geothermal Energy Dickson M. H., Fanelli M. Geothermal Energy: Utilization and Technelagdon: Earthscan
Publications Ltd, 2003205 p.

14.Goldstein, B.The Environmental Impacts of Geothednfanergy / B., Goldstein J.C. Smith // Renewable and
Sustainable Energy Reviews2013 -Vol. 24. -P.7282.

15.Lund, J.W.Direct Utilization of Geothermal Energy 2020 Worldwide ReviedW. Lund,D.H. FreestonT.L. Boyd. -
Geothermics, 2026Vol. 88. -101915.

c
V)
(@}
(@}
(@}
-<
1Y)
(@}
Q-
([
V)
(@}
(0]

C
pral
C
O
(o]

O

PICEOEO O0@OUUGHK® pNaWdd EdC
I NUPRNUGA B U @CR U0

O> -<
(@}
<
T
C
C

bid y®m4i 0 o d'@a 6 g @DPpEGy U 60 0 6YD6A0616 CuBUINy &BuoidRup
PG66O6YBUDUG @mpiu @yuUGU TouUOAYIYHPD ¢H apBUBT"EE pif 60,6 i
ghal JO®opi Al 6@y 46 GUi"GdedbuppP-o- o061 udi eAAI T W®H. pivep i do ¢
TiUz%aogyvmﬁ 6y PpoANSH 1AW AYI i1 U@@EGAAAG G PO 866 6 U AF IO U
61 UYyuUi pd Uy ANDUNDIOHGE dpdylidoocioo t 0O PTI BgdUGPO EUuURUVIGID DU o
biltys ol ay§gy emiiudid Oy b 6'Ki®dd 1y GpyoaIDa 5iGH psi-G 21 y-6ayop A o 1
foul,i 606 o6gdiawd gind @d adiiogn Ui PWO6 WOGRAUOEY BBHUAD Y yfd + 61 Ud1 Al
M gAYyU yi'opo i @@l 061 I U 1yayoe i CHyodipda e@DPUAT MWL O
yilaai"ei i yayaeo piiggliyes =1 3 iudii b, ©0UAGl Y®ODPPOATBI 6 Y
bl+6+ gAiil iMooV OBUNDWAHOODBIOTiO0 Yy GBUCHiyide 6 +0 ‘Wda ww+bdil aid
61 go0 11 Py ol Udousd dp iEDYpOGa&UDUT APOOT 6 diffpdplAtiogiisr "chan 1 6
ybUulOHAiA86 CURUIApoOGIDOOYPPRT GUGOPS .

Oi oo UAGT Ap6OIT 6, GMudp AiMa i di"a & ViuaiAiI 7,iylpaiiu"y o
foul,u6épooditiol,s PGdo6o6y,po6u aduus idduuipu€adsuupao, y|0|pr’{zuﬂ|
g1 061 60 UQWI IAFiIEAGT pi 10600 T1 0@

Red[ (1 L1 oL RT UE‘?NSLIRSJIIRY[HSRM Jl]llfllHUEB RHllI'Hle

tedortfof2udes S1vrtiRrRR [ REREfuRI[ VO

1 fisOls § tOMMBOIstedo OJ ISﬁ]WQBdZ'BﬁB¢Jw'$J§@aZdJS BJBEQZGWS‘B]ISJ
GJ Blsj tedzOdz! dzts 2 Ldzj e dd o t d My B dzd € § sOHYdSEdMmls l1tedo
tej Mztemtse , OzOdzdL dqtekzs Isfqw  tshtse j dzdeta B d J -~ § @ is@dR I t‘sfaOddea,BL
dmMf sdz? L soe Odedw. [MBBt] odedBOded] BEHjdzijdes fjtemtfjClsdodpds o d
M zdfSsts R Mo HJ yJ des tciOdzfic ds p B B EFdstcdz” = ©O2 sdzts9 . t Ommdssist

ftod d3jvz) Blzdf dz2Otcdzr = G Blsj todzgOdz) dz' = EMsOdseatsC {§tod dz,dLQtSlst31jJ
sdzseo j] OdzOdzdL © cdHEE jsdsedyjMSdas HOdzdz 1 ByYyjdedo Of Ismw
sj ted3Odz! dzr = 9 BH, ftecdosHWYIsmw Mo jdd dizgifte O dideL Oy d H HB ddsj S, &z h I jf
1 sC0OL Odets, ylbsts fted dzOdzduydd ddze jMmisdyd?2, hisH] ez s@ygddusigs
dmfdzj Hiso Odzd 2 ¢ jlsj tekOdz dzO% 1 dzgjtecjlsdsC O sy jls MlsOls! tsH
fsdzd s®PHf d 6dMmis 0dzO, sBjifMfjudeOw Ekfmks2ydet] w©OLadldj, ) d
fsorhjddj {1 dgjtedjlsdujmeéts? BjLtsf Omdasmisd fMisteOda .

sdzs yjor j fizts s Ptc B3O dz' dzOW | to 3 aegiztc dzff Y8 d de@steidz" | GjtsljtedzOdz o
Uz e 6§ Isq ) M B O WipRSdshy I B G 5 dzts ¢ o UJ B s Mgl gy iiecls e O czd L 5 0
1 dzj 66 sl WO dz dz' j,odshy listewiatech Sdlxf' § 3" §  toj Miztefmr

STUDY OF TECHNICAL AND ECONOMIC POSSIBILITIES OF USING GEOTHERMAL ENERGY IN THE
REPUBLIC OF TAJIKISTAN

Abstract: This articlexamines the technical and economic feasibility of using geothermal energy in the Republic of
Tajikistan. It describes natural geothermal resources, analyzes their formation, thermal parameters, and potenti
applications. Particular attention is paid ttee prospects for implementing geothermal technologies in heat supply,
agriculture, and decentralized energy systems in mountainous regions. The potential for using binary geothermal systen
with low-temperature thermal waters is examined. Based on hyaloggeal data, the energy potential of key thermal
water deposits is assessed, and information on their flow rate, temperature, mineralization, and current use is provided.
has been shown that with investment, modernization of drilling technologiedeasidility studies, geothermal energy
could become one of the strategic areas of Tajikistan's energy policy, ensuring sustainable development, reducin
dependence on seasonal hydrology, and increasing the country's energy security.

Keywords: geothermal eergy thermal watersbinary geothermal power plantenergy potential Tajikistan
hydrogeological resourcglseat supplydecentralized energthermal sourcesenewable resources.
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INTELLIGENT METHOD FOR DETECTING AND PREVENTING ATTACKS IN
INFORMATION AND COMMUNICATION SYSTEMS BASED ON MACHINE LEARNIN G
AND GRAPH ANALYTICS

Safar Fayzullojon Gurezoda
Tajik National University

I. INTRODUCTION . Digital information and communication systems (DIQS)ncluding
cloud platforms, corporate networks, mobile infrastructures, Internet of Things (loT), anttiaidus
environmentsi are now foundational for service delivery and critical processes. The scale and
distribution of modern architectures (e.g., microservices, hybrid clouds) increase telemetry volume an
complicate the interaction patterns among usengce®, and services. As a consequence, the attack
surface expands and it becomes difficult to build a unified security view from Security Information
and Event Management (SIEM) events, network flows, endpoint logs, application logs, and cloud audi
trails.

In parallel, adversaries increasingly use machine learning (ML) to automate reconnaissance
accelerate exploitation, generate persuasive phishing content, and evade detection. The growir
asymmetry between attacker automation and defender operatioaeitgajpeates a need for adaptive,
datadriven security controls beyond rigid signatures and static rule sets.

A. Research problem and questions

This work addresses the following probleow can heterogeneous security telemetry and
interaction topology bedused into a single, adaptive platform for detection and prevention that
remains explainable, robust, and operationally deployable

The corresponding research questions are:

1) How should security telemetry be normalized and enriched to support both-lvaséat
learning and grapbased reasoning?
2) Which hybrid ML schemes best combine supervised, unsupervised, and graph learning

to detect multstage attacks while keeping false positives at an acceptable level for Security
Operations Centers (SOCs)?

3) How canresponse decisions be optimized to reduce risk while respecting business
constraints (availability, cost of disruption, and policy compliance)?

B. Hypothesis, objective, and key argument

Hypothesis: combining ML:-based detectors with graph analytics armhtinuous learning
improves detection of complex threats (e.g., lateral movement) and enables more consistent preventi
decisions under operational constraints.

Objective: to propose an integrated platform architecture and a formal methodology for hybrid
detection and rislaware prevention, including an evaluation protocol suitable for reproducible
benchmarking.

Key argument: security events rarely provide enough context in isolation. Representing entities
and their interactions as a graph, then exingagjraphderived features (and, where appropriate, graph
neural network (GNN) embeddings), makes msiitige attacker behavior observable even when
individual events appear benign.

C. Methodology overview and contributions

The study is desigrand methodiegy-oriented.It contributes:

- a five-layer reference architecture (Fig.1) and a concise mapping from layers to functions and
technologies (Table I);

- a formal model for joint detection and response, including hybrid risk scoring and graph
updates;

-a reinfacement learning (RL) formulation for response optimization under risk/cost
constraints;

- deployment considerations for federated learning (FL), adversarial robustness, and
explainability; and
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- a reproducible evaluation protocol and an implementation roadfzdgbe 11). The conceptual
basis of the study al so deyv-$dseadpata andtysis, iafarrhatiomr 6 s
security of communication systems, and digital transformation security [15; 16; 17; 18; 19; 20].

II. LITERATURE REVIEW . Researh on ML for cybersecurity has produced a broad set of
methods for intrusion detection and anomaly analysis, ranging from classical ML to deep learning.
Surveys emphasize both the promise of deep models and practical risks such as concept drift,
operationalfalse positives, and explainability challenges [1; 2]. Deep learning architettsteh as
autoencoders, recurrent networks, and transfelrased models can capture nonlinear dependencies
in traffic and log data, but their performance is sensitiveata representativeness and operational
drift.

A key limitation of many approaches is that they treat events as independent records. Graph
based modeling addresses this limitation by capturing relationships among entities (users, hosts,
processes, servisgand enabling detection of anomalous paths, communities, and interaction motifs.
GNNs have become a major direction for intrusion detection due to their ability to learn from network
structure and attributes [3; 14]. At the same time, graph learning pbalenges related to streaming
updates, scalability, and interpretability.

Confidentiality and regulatory requirements motivate the use of FL to train models across
organizations without sharing raw telemetry [4; 5]. However, FL introduces new sethaltgnges
such as poisoning and backdoor attacks, and it requires robust aggregation and auditable model
lifecycle management.

Finally, RL has been investigated for response optimization (e.g., selecting containment actions),
yet reatworld adoption is Inited by safety constraints: response policies must be explainable,
reversible, and aligned with operational playbooks, and they must avoid unacceptable availability
impact [8].

A. Identified gaps

The literature reveals several gaps that motivate this:work

- Context fusion gap: insufficient integration of heterogeneous telemetry and interaction
topology in a unified learning pipeline.

- Operationalization gap: limited endto-end linkage between detection signals and
enforceable, rislaware response actionategrated with Security Orchestration, Automation and
Response (SOAR) and Softwébdefined Networking (SDN).

- Trust gap: fragmented guidance on explainability, adversarial robustness, and compliance
friendly learning (e.g., FL) within a single architeciiramework.

. METHODOLOGY . This section specifies the formal model, the proposed 1layiir
platform, the hybrid detection method, and the response optimization approach.

A. Data model and notation

Let 'Y denote the set of raw security events. For timean eventio ¥ Y is mapped to a
normalized feature vectos= ()N . Interactions are represented by a tidependent grapi@= (o,

Q, 06) Whereay are entities (users, hosts, sees),Q are interactions (connections, authentications,
resource access), andare attributes (time, volume, protocol, operation). Where labels exist{0,

1, 8} denotes the class (0 = benign, 1..K = attack types). The platformi statgregates risk
scores, context, and model diagnostics; the respmmseaelected from a finite set of actioAqe.g.,
isolate host, block account, trigger miftictor authentication).

B. Detection as a supervised/unsupervised/graph learning task

Attack detection is defined as learning a mapping

IDD'hrlhﬂﬁm | < 1)

where ¢, is context (asset criticality, time, business process). The supervised component minimizes

expected loss: o 3
O pF ot r oo h (2)
C. Hybrid risk scoring
Let fsufX:,Gy" [0,1] denote a supervised probability of attack apd.{x.G)" R+ an anomaly
score from an unsupervised detector. A normalized anomaly score is:
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+. A oi. voo fpn h (3)
and the hybrid risk score is: 3 3 3
v o or ‘Hh v h 8 (4)

An alert is triggered whesO where tau is tuned to the target fajsmsitive rate (FPR).
Feedback from incident triage can updaleb, andr (e.g., periodic reptimization using offline
replay).

D. Graph updates and GNN embeddings

Upon receivingy, the interaction graph is updated:

~

T « T « éy‘ﬂ<’<h (5)
where$ denotes insertion/refresh of nodes and edijesle embeddings may be updated using a
messaggassing GNN layer:

' a=x"F s k@

where Ny is the neighborhood and,, is a normalization factor. Gragterived featugs include
degree/centrality measures, community assignments, anébg@sedd indicators (e.g., unusual access
chains), which are especially relevant for lateral movement and distributed attack patterns.

E. Response optimization via reinforcement learning

Response is modeled as an RL poligyal s) maximizing discounted reward:

LLP Ir ﬂ<:i Vﬁ=< F]X

whered (0,1) is the discount factor. A riskiented reward can be defined as:

{vibe © JmwrmBo<re Y4 o g ffmrthe ®
where Benefit approximates prevented loss, Gdst) captures operational impact (e.g., service
disruption), and FP_Penaltpenalizes unnecessary interventions. For discrete actiotesar@ng
updates canebuseq: 3 3

Lo ViEN tffaviFe t e A0F @ o v Bfee (9)

whered is the learning rate.

Table I. Platform layers: purpose, functions, and example technologies

B ML models | Training and | Classification, anomaly| Gradient boosting machines
lifecycle detection, model versioning | (GBM), deep neural networks
management (DNN), autoencoders,

isolation forest

1 Graph Correlation and Graph construction, communil Graph database (Graph DE
relationship analysis | detection, attack chairr GNN, community detection

discovery

2 Decisions Response automatiq Policy selection, automatg RL agents, SOAR, mulagent
and orchestration response systems

3 MLOps Continuous learnin¢ Model CI/CD, monitoring,| MLflow, Kubeflow, CI/CD,
and monitoring retraining, drift detection drift detection

F. Federated learning for confidentiality
In confidentialityconstrained environments, FL enables joint training without sharing raw
telemetry.On global round t, pécipants locally train

og ~ ET "HH Adl thig 8p m
and the server aggregates (FedAvg):
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In practice, secure transport, auditable provenance of updates, andagiresfation are needed
to mitigate adversarial clients.

G. Adversarial robustness and explainability

Robustness can be expressed as amax objective:

'l'iTTA.ﬁxrr‘l"Hquon # e h h (12)
wheregbounds input perturbations, andd) regularizes complexity. Explainability should cover (1)
feature attribution for vector models (e.g., SHAP/LIME), (II) sequence attribution for temporal models
(e.g., integrated gradients), and (lll) subgraph explansitior GNNs (e.g., GNNExplaingype
methods), providing SOC analysts with actionable factors and an interpretable reconstruction of the
triggering chain.

H. Evaluation protocol

To enable reproducibility, the protocol specifies: (I) datasets, (II) grapstreation rules, (111)
splits and hyperparameters, (IV) metrics, and (V) drift/robustness tests. Metrics include Precision,
Recall, Fiscore, receiver operating characteristic area under the curve-fRIQJ;, and detection
latency. Baselines include logistegression, random forest, gradient boosting, sequence models such
as Long Shofferm Memory (LSTM) and transformers, and autoenct@sed anomaly detectors.
Public datasets may include CI®N-loT, NFToN-IoT, and RFloT 2022, supplemented by
synthetc scenarios with controlled noise and class imbalance.

IV. RESULTS AND DISCUSSION. Because the work is methodological and architectural in
nature, the results are presented in the form of validated design documents and an implementation
plan, rather thanew, proprietary measurements. This choice stems from the understanding that true
value lies not in abstract concepts, but in their effective application. Methodological elaboration
ensures that all steps are undertaken in accordance with best practiceghandk mitigation.
Architectural integrity ensures that the system is not only functional but also flexible, capable of
adapting to future changes and needs.

A. Multi-layer platform architecture

Figure 1 depicts the proposed filsger architecture:

1) data ingestion and normalization;

2) ML model factory;

3) graph analytics and correlation;

4) intelligent decisiormaking (including RL agents) and orchestration;

5) MLOps for continuous learning.

Fig. 1. Multi-layer architecture of an Al-enabled cybersecurity plaform (adapted from the
source manuscript)
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Table | summarizes layer functions and representative technologies, and it clarifies how
detection, response, and lifecycle management are separated into operationally meaningft
components.

B. Hybrid detection workflow. The hybrid detection workflow combines supervised and
unsupervised signals with graplerived context and includes feedbatrkven tuning ofU, b, andr.

The robustness and adaptability of this workflow are significantly enhanced by incorpaatiegt
derived from graphs. Graghased data representations allow us to model complex relationships and
dependencies between different entities or events. By analyzing the structure and properties of a gray
we can identify anomalous patterns that wioubt be apparent when examining individual data points.
For example, unusual paths, isolated clusters, or atypical network topologies may indicate coordinate
attacks, fraudulent schemes, or system failures that would otherwise go undécted

Fig. 2. Hybrid attack detection workflow (adapted from the source manuscript)
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Operationally, this design supports stable alerting by controlling false positives while remaining
sensitive to novel or evolving threats. Graph features are particularly valwabbeliaviors that
manifest as abnormal sequences or paths, rather than isolated outliers.

C. Decisionmaking and response learning-or response optimization, RL is positioned as a
policy recommender and (in constrained cases) an automated action sé&legtoduction, a staged
automation model is recommended: from analyst recommendations (woHtierioop) to fully
automated actions for lowsk scenarios, with rollback mechanisms and tbonanded enforcement.
Figure 3 illustrates a Deep-Retwork (DQN)training loop as a reference implementation.

The training loop iterates through episodes, where the agent explores the environment, collect
experience (state, action, reward, next state tuples), and updatefuitstiQn approximation. This
update is tpically performed using a neural network, hence the "Deep" in Deblet@ork. The
network is trained to predict the-¢@alues for each action given a state, and the training objective is to
minimize the difference between predicteav@ues and target -@alues, calculated based on the
observed rewards and estimated future rewards.

Crucially, DQN employs techniques like experience replay and target networks to stabilize the
training process. Experience replay involves storing the agent's past experiencgday auffer and
sampling from this buffer to train the network. This helps to break correlations between consecutive
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experiences and reduce variance in the training signal. Target networks are periodically updated copies
of the main @network, used toalculate the target -@alues. This helps to prevent oscillations and
improve convergence [9].

In the context of response optimization, the "environment" could represent user interactions,
marketing campaigns, or other dynamic systems. The "actions" ceudferent response strategies,
pricing adjustments, or content variations. The "reward" would be a metric that quantifies the
effectiveness of the response, such as conversion rates, customer satisfaction, or revenue.

Fig. 3. DQN-based learning for reponse policy optimization (adapted from the source
manuscript)
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By training a DQN agent to learn optimal response policies, organizations can automate and
personalize their interactions with users, leading to improved outcomes. The staged approach,
begiming with humarn-theloop analysis and progressing to full automation for-fsk cases,
allows for a gradual and controlled introduction of RL into production environments, minimizing
potential risks and maximizing the benefits of ddiiwen decisiormaking. This allows businesses to
harness the full potential of dadiaiven optimization, leading to stronger customer relationships and
superior business outcomes in an increasingly competitive digital landscape.

D. Robustness, federated deployment, anshttuous learning Figure 4 summarizes an
adversarial training scheme to improve robustness of leabaisgd detectors against evasion [6].
Figure 5 illustrates a continuous learning loop (MLOps) that monitors quality and drift, supports safe
deploymente.g., canary testing), and triggers retraining when needed.

The continuous learning loop incorporates safe deployment strategies, such as canary testing,
which mitigates potential risks associated with deploying a retrained model. Canary testing involves
deploying the new model to a small subset of users or inputs before fully replacing the existing model.
This allows for careful observation of the new model's behavior in awa# setting, identifying any
unforeseen issues before widespread deployment.

The MLOps loop includes mechanisms to trigger retraining when performance degradation or
drift is detected. This retraining process typically involves incorporating new data, adjusting model
hyperparameters, or even exploring alternative model archisctufhe continuous cycle of
monitoring, deployment, and retraining ensures that the detector remains robust and effective over
time, adapting to the evwehanging landscape of adversarial attacks and evolving data distributions.

uvhe successful deploymentdaetectors trained with adversarial techniques and managed through
MLOps hinges on a holistic approach that encompasses model development, data management, and
operational oversight. By embracing this comprehensive approach, organizations can effectively
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defend against sophisticated adversarial attacks and maintain the integrity of their systems in an eve
evolving threat landscape [7].

Fig. 4. Simplified adversarial training scheme and loss formulation (adapted from the source
manuscript)
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——»| Attack Process —»| Examples
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This methods particularly relevant for tasks requiring high resilience to malicious influences,
such as autonomous driving, medical diagnostics, and security systems. Its ease of implementation a
computational efficiency make it an attractive solution for a weagye of practical applications.

Fig. 5. Continuous learning loop (MLOps) for Al in cybersecurity (adapted from the source
manuscript)
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Federated learning is suitable for cresganization training under confidentiality constraints,
but it requires robusaggregation, anomaly detection for client updates, and strong auditability to
mitigate poisoning and backdoor risks [4; 5§ 13]. These measures should be embedded into the
MLOps controls.

On the aggregation side, simple FedAvg is often insufficierddwersarial settings. Robust
strategies (e.g., trimmed mean / coordingige median, adaptive clipping, reputatiaeighted or
outlier-resistant aggregation) reduce the impact of malicious orlaality updates, especially when
combined with peclient norm bounds and privagyeserving secure aggregation so the server can
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aggregate without learning individual gradients. The taffles that stronger privacy can reduce
observability, so anomaly detection must rely on metadata and statistical fingeratirgr than raw
update inspection. Done wel |l , f-edeereatdeg Learni
controlled multiparty system with the same rigor applied to sumgblgin securit§ only here the
supply chain is gradients, and the rekeartifact is the global model.

E. Implementation roadmap

A phased deployment roadmap supports operational adoption: start with an audit and a target
architecture, then build data infrastructure and pilot models, integrate with SOC/SIEM/SOAR
processes, @ahscale across organizations using FL; at the standardization stage, controls should be
aligned with ISO/IEC 27001:2022 requirements [10].

Table Il. Phased implementation roadmap

Data and infrastructure

Deploy connectors, event storage, and
feature laye

Unified telemetry store / "data
factory"

1. Pilot models

Train and test intrusion detection syst
(IDS) / User and Entity Behavior Analytic
(UEBA) models on historical data

Pilot models with TPR/FPH

evaluation

2. SOC/SIEM/SOAR

Embed models intmonitoring and respons

Automated response playbooks

integration workflows

Joint models under confidentialif
constraints

3. Scaling and FL Connect subsidiaries/partners via FL

4. Standardization Update policies; incorporate Al componel Alignment with ISO/IEC 27001
into the Information Security Megement type controls

System (ISMS)

The implemented system remains a valuable and dynamic asset that suppedatostgategic
goals and drives continuous improvement.

F. Limitations and future work The approach is conmained by (I) representativeness of public
datasets compared to real enterprise environments, (lI) incomplete or noisy telemetry, (lll) operational
cost of constructing and maintaining graphs at scale, and (IV) safety constraints for automated
response. Rure work should focus on streaming GNNs, improved explainability for dynamic graphs,
robust federated aggregation under adversarial clients, and controlled evaluation of response policies
in safe testbeds or digital twins prior to production deployment.

V. Conclusion This paper proposes an integratedefbbled cybersecurity platform model that
goes beyond pure signattsased mechanisms to a hybrid, fisksed detection and prevention
approach in modern DICS systems. The central idea is to fuseadskdletectors with graph analytics
to capture interaction structure and thereby improve detection of-stage attacks. Continuous
learning (MLOps) operationalizes model lifecycle management under drift, while RL provides a
principled basis for selecting m@nse actions that balance prevented loss, operational cost, false
positive penalties, and service availability constraints. Federated learning and adversarial training were
discussed as complementary techniques to address confidentiality and robugtnesseats.

To make this concept actionable, the platform can be expressed as a layered reference
architecture aligned with contrplane / datgplane separation. At the data plane, heterogeneous
telemetry (network flows, protocol traces, PLC/RTU logs, thegents, process variables, and
maintenance records) is normalized into a tBylechronized event fabric.
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INTELLIGENT METHOD FOR DETECTING AND PREVENTING ATTACKS IN INFORMATION AND
COMMUNICATION SYSTEMS BASED ON MACHINE LEARNING AND GRAPH ANALYTICS

Digital information and communication systems (cloud services, enterprise and mobile networks, Internet of Things,
and industrial environments) generate large volumes of heterogeneous telemetry and exkisingly complex
interaction topologies. These trends expand the attack surface and reduce the practical effectiveness of purely signature
based defenses. At the same time, adversaries leverage machine learning to automate reconnaissance,- craft social
engneering content, and adaptively evade detection. This paper proposes an intelligent platform concept for attack
detection and prevention that fuses secweitgnt streams with communication patterfise platform adopts a fiviayer
architecture:

1) data ingstion, normalization, and enrichment;

2) an ML model factory for supervised and unsupervised detectors;

3) graph analytics to model entities and interactions;

4) an intelligent decisiomndorchestration module designed to integrate with SOAR and SDN polioycenfient,
and;

5) an MLOps loop for continuous monitoring and retraining.

A hybrid detection method combines supervised probabilities, unsupervised anomaly scores, adériyegh
features (centrality, communities, and ph#sed indicators), can be exded with graph neural network embeddings to
reveal hidden dependencies and msiitige attack chains such as lateral movement, and distributed-afesgatice
(DDoS). For prevention, reinforcement learning is formulated to optimize response actionsastdélsepositive, and
availability constraints. The paper also discusses explainability, adversarial robustness, and federated learning for
confidentiality:-constrained deployments, and defines a reproducible evaluation protocol on public traffitsdasisy
Precision/Recall/F1, receiver operating characteristic area under the curveNBO)Cand detection latency.

Keywords: machine learning, graph analytics, graph neural networks, intrusion detection, attack prevention,
security operations centaViLOps, federated learning, adversarial machine learning, reinforcement learning.
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Figure 1. Schematic digram of the block diagram for the algorithm for calculating energy
indicators in the computer program "ENPAS"
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Figure 2. Structure of specific energy indicators of the building (%) in the heating period based on
calculation options (1 and 2)
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THE ROLE OF STRUCTURAL DESIGN SOLUTIONS IN ENSURING THERMAL PROTECTION AND
REDUCING BUILDING ENERGY CONSUMPTION

The article examines the influence of structural design solutions of building envelope systems on ensuring therma
protection and reducing building energy consumption, taking into account the temperature and humidipnsafditige
zones (corners, junctions, window reveals, and connection points). It is noted that traditional methods for calculating
energy efficiency do not sufficiently account for additional heat losses through linear thermal bridges, which leads to ar
underestimation of calculated heat losses and distortion of specific energy consumption inddeatmison the principles
of building physics, a methodology for the comprehensive assessment of building energy performance during the heatin
period is propsed, with separate consideration of the contribution of edge zones. The calculations were implemented in the
computer program AEnergy Passport of the Building (EN
transmission heat losses, heainga and specific energy consumption for heating, domestic hot water supply, and
electricity use A quantitative assessment was carried out for a bty residential building in the city of Rasht under
different structural design options for edge zonewas established that the absence of thermal insulation inserts and the
presence of thermally conductive inclusions increase transmission heat losses through the building envelope by up to 37¢
heating energy consumption by up to 32%, and total enswggumption by up to 13%. The use of insulated joints and
low-conductivity elements reduces additional losses by up to 29% and contributes to improving the overall energy
efficiency of the building.The obtained results confirm the necessity of mandatongideration of edge zones in the
design and calculation of thermal protection. Optimization of structural solutions for building envelopes is regarded as ar
effective approach to improving energy efficiency and

Keywords: building energy certificate, building envelope, energy efficiency, heating, building thermophysics.

@i C+ y @G [l a0

U =+ 6N @BT 07 BI6AYSA U th®D U U 6 A [6ifi A U OBWBO0O 6y b Gl
|0|6nE®(ko6 01
6061

20
Eﬁa)u b y. iYuypidG 734042, ADY AT QiA@Y (60
PUEd OO Y,DERN fi 45(%9912) 985100333E mail: pkhujaev@gmail.com
au-gy uibplyd i ac (| i
Uugo6ioda op

[ EDyu olni Eﬁﬂ’ﬁilez| y ei6i66:B G U6 AOp M auopsid® 6y p i 8160 1 & .. &y OEg
gyi +—6ﬂeuYuy DG 734042, ADY Al | MBAGY 100P D 6 6 v,poEEN & 61 & A g G B& GG T, 800
D i + A A+P92) 935470040E-mail: shahboz04@mail.ru

Oyei py~++Ql @AFIY g1 b y--D:0I 6 &G [iifi & ““I;b)lEoooypwmuzliﬁbi di@.§.0Uy oEp
UU@g6iPDOYY IDU7 34042, BE &) WG GEOB® y pEAG D66 dAgoEaWT @i, 10. b A
(+992) 985487020

jHy dzdVY OGSO :dL Tw@HHdENMEE® IjrdduimMcéd2 Ekddoj tehmd

49y
{Md BPOdH dH Ols s ] = dad \jjigldefinte:] @BAEX e . | k2N (Qdgefjz.p O] € f I @ @2
OOH | BJSEse  OHY OB t5@992) 9851DWB3E-Majl: gkhujasvd@@gmail.com

141



MsdziBzteOlstso uvkztctsBElB@®H Y PEPED di3j -~ ded yj MS d2 Edde jtemMdlsjls dd
COdHdHOI Isj n dzd yjj dgSHdicsj MEZORB D A4 2 H S [ 2h Odz jls,0dg | fipfdddByddd CGE GH{
t OHY OBtsar 4, (4902)98n100a3BR W ts dz:

¢BHEZGCOM]] o ¢BHERBEBHYIWOFRQRIJEMEd2 binddydmMéd?2 Ekddejtmdlsy
[ Md BglsOtch d 2 ftcl PBEEONHTISAd4.2, G . [ 2h OdzB § , timMf B dzpC O v O
t OH Y OB tsas'jAzj W18a): 935470040E-mail: shahboz04@mail.ru

RMBOIs z dzdpQdhHiGH R N 3OBQHzfasE ME d2 Ijrddyj mMéd?2 Eddejtmdlsils d«
mMsd M¢ @lsijtedp'M7 3404 2, G. [ 26 Odmm d ¢ d fpglg O)dz,z B zdk QO OC OH J BJS s  C
(+992) 985487020

Information about the authors: Said Parviz Saidgufrori Tajik Technical University named after Academician M.S.
Osimi, Candidate of Technical Sciences, Associate Profegaliiress 734042, Dushanbe, Republic of Tajikistan,
Academician Radjabov Street, 10. Phaf€92) 985100333E-mail: pkhujaev@gmail.com

Kholmuratov Turobkul Rakhimovichi Tajik Technical University named after Academician M.S. Osimi, Candidate of
Technical SciencesAssociate ProfessoAddress 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov
Street, 10. Phon€+992) 985100333

Abduganiyev Abdulmadzhid Mahmasodikovich Tajik Technical University named after Academician M.S. Osimi,
Senior LecturerAddress 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Street, 10. P+as)
935470040E-mail: shahboz04@mail.ru

Ismatullozoda Hamshed Ismatulle Tajik Technical University named after Academician M.S. Osamgociate degree
candidate Address 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Street, 10. Rhoaa)
985487020

| 6 piéiodo 1408.2026 Ap :

@i eaiiufial §yadid pa04.02.2026
5 b 66
i1 440 pi 18092026AY & :

142


mailto:shahboz04@mail.ru

cU
[@jv,

Q
<
;
ox
ox
o

>

[T B ]
s;<:—’0x—’
o O

coavax
<

O 5O o
c: < <
oSO

(@73 ~ N

- SO T T
C
T O-\ﬁ-l,*—» ot > D

@ .
s

@;
ox O)\<\ O: E\ =)

oT

o<y ¢

D

-

[an
— @ ( —
< o @3 ’

— C: — C: C:

T o
- ot
O _ 8 00— <

OO o eT
.

(
\
1

_ O
o
=0 _,O -

o\ —"TT =T —

|
S g O\OX~<~ r_||5_< = SN = Kl C\gf c

o
c: O)OXC,'CTQ Xy — B &
Q
c

—_) =
— C-‘
®;
1
o O —

’

Q
oL O 8 QJ>

C - = O\

N
N
! o

T <
=2}

(o]

b

£

8
(o]
&

1
CT o< x
Q

<
c

N

<
c '
<: Qx @k o/

=2

(]

[ @_
(e

1
OO <TT o O: O ¢ O

o — Q( o = = =

\

@ m( (@)} _ﬁ‘}. (@) S [ o [@Zien 1} a)-)

o | T T o >IO)
(e
e O bl bl<‘ ﬁ.il p>d

1
gl
M¢ Mg
[axi

1 1
e) O) >|

B

O 8 o gf o o I

)

e g g &

é’:g}
e o

8
=4
C~\<\ e <Tad (-

>
—_ - &U

—

- < _S
Oy

Ol -

cC: N

T O

=
=

O oy O O —

<: o

(@)} <:
Q

O

c/
= ©
s ©

mal
=

4
N
N

8

— Q -

x

c:

-

S

C\C

(OX<:

N

< C)-E\

it

=2

O: (¢
oS

e o0 oo

\<\ (@} [ c c QJ(
oy e <\ - (@)} o O <:

-5 O
Q

A

BS

B o

5 —

o ox —

)

C

e
oo

C
N

- = [ - 8-

P |-

-----

+ & oo

[N

N

8; o 5 o

o 55
OB & c: =

S
o> &

—)

B

<\

o
oV
o O

[axly

« ™

’

-

c

<

MmO

2

e

g

c o
- S o

St

—

,\<:UeXOX§?
T ox

(e

143

(=}

O —

= OO0\ O

&> 5
-_ oo

T o

[N

1 C,
S — A o

o &

- 5‘

c/
8 a
[Tk

(@)}

5

—y c’

o\
[an
<:
o\
S

C

S g

s
Q &

9\
Q\

s B

i O:
(@}

OG- Y
OB ox

‘8
Q
U\g,

Q)
gz

8:
(o))

D¢
)

—_ e; o

—_—

M = & A A



< =2

- Qx O ¢
< o O
> T
(=)

N

@)

o

=
O

&t
< <5 o c

- i<
— 2O

O O o-

> —
o
—_ O
—_ O
—_
o,

C
>

C, I
U < o g
o
-
[S20 )

82 O)\<: Fh
ST m ok -

= g
1 l> —
— — c: - 9 g
-/ N m( —_ o S); |- Q
c: .
: >= 8o

ot O ‘<~%

w _’,>-U (@}

Uiyed 1. Yan@iiou cuwdaii thipd 6depyopdi upliodd aEdiii 60ip00G 6y a
yoypfigi o6 EBSGUT 6V U
Figure 1. Singleline diagram of the static reactive power compensator and block diagram of the
control system
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Figure 2. Voltamperecharacteristic in voltage regulation mode
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Figure 3. Appearance of 140 MVAr transformer blocks with 66 kV thstors from RXPE
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Table 1. Recommended values fartive and reactive power coefficients
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OPTIMIZATION OF POWER SUPPLY SYSTEMS OF INDUSTRIAL ENTERPRISES WITH STATIC VAR
COMPENSATORS

Today, developed cotnies utilize stateof-the-art equipment such as FACTS (Flexible AC Transmission Systems)
to improve voltage stability in power supply systems, compensate for reactive power, and suppress voltage surges. One
example is static thyristor compensators (SVK)pwn internationally as Static Var Compensators (SVC). Modern
industrial power supply systems are characterized by dynamic operating modes, nonlinear loads, and complex, stringent
power quality requirements. This article discusses the operating pringgsdiggn, and capabilities of SVCs, as well as
examples of their application in both industrial and residential power supply systems. The distinctive feature of this
compensator is that thyristors ensure high response speed, positioning the SVC as mdayf@lesoltage stabilization
and electromagnetic compatibility of the systd@rhe research results demonstrate that the application of SVC in industrial
power networks significantly improves the quality of electrical energy and reduces power lossegdelpeead use of
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this equipment in the conditions of the Republic of Tajikistan is advisable and can contribute to enhancing the operatione
stability of power supply systems.

Keywords: Power supply system, reactive power compensator, static Var congregdimization, power factor,
voltage stability, overvoltage.
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MICROCLIMATE OF BUILDINGS AND STRUCTURES 1 THE MAIN FACTORS OF A COMFORTABLE
ENVIRONMENT

The article entitled AMicr ocOneahthe Baino-actorB afial Chbmfortghde a n
Environment 06 i s devod Edputpase df thecartidetistaldetermife thie kignificanceoapd impact of
the microclimate on the indoor environment of a building, as well as on the comfort and health of its occupants. The
microclimate is considered as a set of indoor air parametelsiding temperature, humidity, air movement, and air
quality, which have a direct impact on the physiological and psychological condition of a pgéreaarticle analyzes the
main factors influencing the microclimate. Optimal temperature and humidiisl€l§2 5 A C  &60%) cohtéibute to a
sense of comfort and increase work efficiency. Effective air circulation and cleanliness prevent the accumulation of
harmful gases and bacteria. In addition, lighting and the use of natural light influence aimrer#nd a sense of
satisfaction.Using practical examples and tables, the article demonstrates that an unfavorable microclimate can lead t
stress, fatigue, and decreased performance. Furthermore, engineering and architectural measures to improve t
microclimate are proposed, including the regulation of heating and cooling, ventilation, humidity control and regulation, as
well as the use of natural lighting.

Keywords: building microclimate, comfortable environment, indoor environment, air temperatureuraidity,
ventilation, energy efficiency of buildings
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Figure 5. Fog
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Figure 6. Turns on mountain roads
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TRAFFIC ON MOUNTAIN ROADS, DRIVERS AT HIGHLANDS AND THE MAIN FEATURES OF TRAFFIC
ON MOUNTAIN ROADS
This artick is devoted to the issue of assessing the performance of drivers in highlands and movement on mountai
roads of the Republic of Tajikistan. The article deals with movement on serpentines and influencing factors. Researc
Objectives of the Sokhtmoni Rokhavtomobilgard in mountainous conditions is the use of engineering structures, which
are bridges, embankments, embankments and serpentine roads. The term serpentine comes from the French w
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serpentine and from the Latin serpentis, serperitis n a kaei®) a wirtding road, the parts of which are formed by turns
and steep loops, resembling a ribbon. The construction of highways in mountainous areas, which includes very difficult
terrain, is carried out with a special type of cur@mmetrical serpentes with large angles of turn, forming transition
angles.The lines allow for the ascent and descent of the slope in order to overcome the large slope, such angles are called
serpentines. Since the angle of turn of the serpentines is very large, thesaovelaced inside the corner, but the beams
are placed outside it. When passing highways in mountainous areas, the road is often curved, the road is curved, the beams
are placed outside it. have a large angle of turn, and the transition angle isdritarithe ascent and descent of the slope,
such angles are called serpentines.

Keywords: car, road network, efficiency, traffic intensity, rural composition, driver skill, environment.
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Table 1. Chemical composition of alumina
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Table 2. Chemical composition of bentonite clay
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Figure 1. Universal pres PGM-MG4
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Figure 3. Strength diagram of a sample of mixtures of 90% alnenand 10% bentonite clay
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Figure 4. Strength diagram of a sample of mixtures of 70% alumina and 30% bentonite clay
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Figure 5. Strength diagram of a sample of mixtures of 80%raina and 20% bentonite clay
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USE OF BENTONITE SOIL FOR THE PRODUCTION OF CERAMIC WALL MATERIALS

A studyon the suitability of bentonitesoils wasconductedn the laboratoriesof the NationalResearch Institute of
Agricultural Sciences(Dushanbe,Tajikistan) Khujand Polytechnic Institute (Tajikistan) and the National Research
University MGSU (Russia) At thefirst stage the propertiesand compositionof the component®f ceramicmixtureswere
studied clays,loams,bentonitesoil. At the secondstage thesamplesveremoldedandthe productswerefired. At thethird
stage the strengthpropertiesof the sampleswere determinedand the researchresultswere evaluated The chemicaland
mineralogicalcompositionof the initial materialsof the neoplasmswvas carriedout using differentiathermaland X-ray
phase analysis methods. Studies of the strength characteristics were carried out using the-NP&M press with
microprocessor control and digital reflection of the results. The results obtained during the tests were automatically
archivedand transmitted to the computer with the possibility of further document#tioas established that the strength
when compressing burned samples based on a mixture of loamsl& M&®a. The strength of the samples with the
introduction of a bentonitsupplement depends (with the same firing modes) on the content of this additive and changes
from 10 to 26 MPa when the content of the additive changes from 40 to 20%. The optimal content of bentonite soil in
molding mixtures should be in the range ofZ®%6. The composition of the neoplasms and its impact on the strength
characteristics of the burned ceramic cramm is established. The optimal content of bentonite soil in the mixture.

Keywords: construction ceramics, bentonite soil, loam, clay, ceramic gkinl.
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Table 1. Results of determining the effect of plant powder frAitium rosenbachianunon the
quality of wheat flour at different dosage levels

UGed Uil oy YiIi ABOBI n~066] Uil gufi% | 13606 1 A FFN
Ui 6 0BT p 61 13 330 123
0,10% 60,1 13 334 138
0,30% 55,2 12,9 327 167
0,5% 51 12,9 323 225
1,0% 33,5 14,5 321 161
3,0% 9,7 14,3 282 210
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Table 2. Results of the analysis of the effect of plant powder fdlirum rosenbachianunon the
quality of wheat flour using the Alveolab instrument.

Uadd Ui gy P, mmUU L, mm G w P/L l.e., %
Ui 6 0B p 95 183 30 571 0,52 63,1
0,10% 86 162 28,3 471 0,53 62,4
0,30% 88 189 30,5 494 0,47 57,4
0,5% 86 175 29,4 450 0,49 57,8
1,0% 70 169 28,9 273 0,41 45,9
3,0% 73 103 22,5 149 0,71 29,4
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Figure 1. Profilogram of the results of thenalysis of the effect of plant powder froilium
rosenbachianunon the quality of wheat flour using the Mixolab 2 instrument
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TECHNOLOGICAL ASPECT S OF WHEAT FLOUR ENRICHMENT WITH PLANT P OWDER

In the present article t he possibility of usi ng Apidmarosénbaph@anuphferr f r
the fortification of wheat flour is considered. The results of the conducted studies showed that the plant powder fromn
Rosenbachés oni on h apsrtamst micré anchmacraelerpeats, which arenpresefvediduming convective
drying. The conducted studies (Mixolab 2 and Alveolab) confirmed that a powder dosage of 0.30% does not have a
negative effect on the main dough properties, while a dosage %f 0.8% is considered optimal. At a dosage of 1.0%
3.0%, the dough quality and baking properties of the flour deteridratgeneral, it has been established that the use of
pl ant powder from Rosenbach®&s oni onificatien isaa pfomiging and prioriyl C C
direction.

Keywords: f orti ficati on, wheat fl our, pl ant powder , Ro
functional purpose.
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Table 1. Estimated number of vehicles serviced in the traffic police of cities and districts of Sughd
region
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uagd ¢ 6 E 6 U 95,2 37 0,60] 0,25] 0,40 211
uiagd c b A b 184,9 62 0,70] 0,35] 0,55 1545
uaed ¢ 6 AilAy i ai 406,3 115 0,80] 0,60| 0,70 15699
A. Bipau 40,3 88 0,70/ 0,40] 0,60 596
A. Ty=zoéypuau 52,0 72 0,70/ 0,40[ 0,60 629
uedb ¢ 6 Pliida A 194,2 34 0,60| 0,25] 0,40 396
uag6 ¢ 6 Oi1 Al Ui u 82,9 56 0,65/ 0,30 0,45 407
A. Oypé 19,3 75 0,65/ 0,30/ 0,50 141
A. Oypiuiil Al 305,6 63 0,75] 0,50 0,65 4693
A. Oy Ai i 293,3 57 0,70] 0,45] 0,60 3160
A. OQuuodiudle 225,6 63 0,70] 0,45]| 0,60 2686
B0 CGE p G U6 @i 25,6 26 0,60[ 0,20/ 0,35 28
Uig6 ¢ 6 Giéy pau 141,6 41 0,60] 0,25 0,40 348
A. B arup 333,1 32 0,70/ 0,40] 0,55 1642
Uigd ¢ 6 YOO pi @il 158,2 40 0,65/ 0,30] 0,45 555
A. EBAYD 206,5 135 0,80 0,60] 0,75 10036
uuéd ¢ & Uiyy=+ai 1514 75 0,70] 0,40| 0,60 1908
G0E6 ¢ 6 Eadyp U 50,0 59 0,60/ 0,25] 0,40 177
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Table 2. Estimated annual volume of maintenance and repair work

Cydyao Lya- ( t, @i T, WAAI
uigd ¢ 6 E 6 U 6200 2,2 2878
uagd ¢ 6 | Ap 7600 2,0 23484
uagd ¢ 6 AifAy G a1l 10000 2,1 329679
A. Bipau 7000 1,9 7929
A. Ty+oéypau 7200 1,9 8604
Uik ¢ 6 PbAT i Apda 6300 2,1 5238
uagd ¢ 6 O1 Al Gui ud 6400 2,0 5210
A. Oxpé 6300 1,9 1688
A. OypiuiiAi 8700 2,1 85737
A. OyAi Ui 8300 2,0 52456
A. Ouudiundug 8100 2,0 43513
uagd ¢ GEEy puud &iypaa 6000 2,3 386
U6 ¢ 6 @iéy pau 6200 2,1 4531
A. Banup 7600 2,1 26211
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uged ¢ 6 YOO pi @i 6800 2,0 7548

A. EBWd 9500 1,9 181150

oied c & Ui yy+ai 7800 2,0 29765
|U0é6 ¢ o6 eéabypuu 6000 2,2 2336
Yiuail AFipbAU®DI | 0IB|@dY Ji o1 udi AYyd1i1yp.
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Table 3. Calculation of the number of job positions

Cydyao T, GDUHTo, Uu9pubp|X, 0O Xeé iy=+Ay &

aied c 6 E 6 U 2878 2449 0,42 1
uigd ¢ 6 1 Ap 23484 19994 3,47 4
uagd ¢ 6 AiTAy G ai 329679 280707 48,67 49
A. Bipau 7929 6752 1,17 2
A. Ty=+o6ypauau 8604 7325 1,27 2
uigd ¢ 6 PAT 1 Ap o 3 5238 4457 0,77 1
aed ¢ 6 O Al Uai d 5210 4436 0,77 1
A. pOaru =+ 1688 1437 0,25 1
A. OypiuiiT A 85737 72959 12,66 13
A. OyAi Ui 52456 44663 7,74 8
A. Ouubiudiug 43513 37047 6,42 7
uidd COE&y puuo & 386 329 0,06 1
Uuéd ¢ 6 Gidy padu 4531 3857 0,67 1
A. BEarup 26211 22318 3,87 4
Uigd ¢ 6 YOO pi ghUl 7548 6426 1,11 2
A. BBAWO 181150 154210 26,75 27
e c& Uiyy=aid 29765 25340 4,39 5
uigd ¢ 6 éady pau 2336 1989 0,34 1
Yiuail AFpoAG®iIi 01 158Cpdi [61 udl Aydiiyp.
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IMPROVING THE ORGANIZATION OF AUTOMOBILE SERVICE STATIONS IN THE REGIONAL
TRANSPORT SYSTEM

The article examines issues related to improving the organization of automobile service stations (ASS) within the
regional transporsystem. The author highlights the role of automobile service stations in maintaining the technical
condition of vehicles, improving road safety, reducing vehicle downtime, and increasing the economic efficiency of the
region. The study applies a calculatibased method to determine the estimated number of vehicles requiring service, the
annual volume of maintenance and repair work, as well as the required number of service bays for the cities and districts of
Sughd Region. The results show that the orgsitin of automobile service stations should be carried out with due regard
to the demographic, territorial, economic, and transport characteristics of each region. Based on the analysis, the necessity
of introducing process management, digital accountjoglity control, improved spare parts supply, and staff qualification
development is substantiated.

Keywords: automobile service stations, regional transport system, vehicle maintenance, automobile repair,
production capacity, service bays, Sughd Regienjise organization, process management, road safety.
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Table 1. Data on fruit production in the cities and districts of Sughd region for the last 5 years (tons)
G aiély éoeéu Y U &
2020 2021 2022 2023 2024
1. 1 606 501 14404 2743 4153 5837
2. 1 Ab 27918 7492 9877 5820 56822
3. [T AAyuaid 31563 15265 18395 3957 34171
4. [Ty pau - 2 3 3 3
5. [Ty+o6ypau 21 10 11 10 11
6. biAnili Apda 7877 10887 12998 6995 10685
7. Oi Aiiui ua 1272 678 472 333 576
8. Oypiuiil Al 10017 10152 10524 12737 19147
9. [OymdUa = 1 1 2 2 2
10. | Oy Al 0] 24351 13548 274A 43723 51082
1. |O00o6i udluw 23740 17734 21838 41075 44946
12 [OE&ypGaub6 &1 y| 3210 4305 5550 5775 6557
13. | @i y péa u 1063 683 1375 1432 1921
14 |Ui H 60D 2735 4957 5638 7442 10089
15. | YOUO6pi AU 1086 493 534 867 1403
16. | 4 00 93 12 12 4 5
17. | A Uiyy+ail 3844 3714 4338 5109 7085
18 |aiéidypuu 303 2012 2673 2884 3603
Ci gE®I U 1 06+ 0] 139395 93349 124447 222521 253945
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ORGANIZATION OF CENTRALIZED TRANSPORTATION OF FRUIT TO CUSTOMERS IN KHUJAND

The study is devoted to the issue of organizheyttansportation of fruits by a centralized method to customers in
the city of Khujand. In the conditions of increasing fruit and vegetable production in the cities and districts of the Sughd
region, especially around the city of Khujand, the need teésm the efficiency of transporting agricultural products to
consumer markets and points of sale is growing. The city of Khujand, as a major economic center of the north of the
country, serves not only the needs of the local population, but also adgstaghation center for products to other regions.
The article examines the issues of transporting agricultural products by road and presents the organization of transportati
of fruits by a centralized method. The centralized model, which acts as aumugtiand coordinated logistics system,
allows all stages of transportatiefirom receiving and storing information, planning the route and distributing vehicles to
delivering cargo to the destinatierto be centralized through a single management cehter research methodology is
based mainly on military analysis, transport modeling, comparative studies, and statistical rébearesults of the study
can be used as a basis for making practical decisions in the field of effective organizatiospufrtasion of agricultural
products. The article also serves as an important information and practical research resource for local executive authoritie
transport engineers and other specialists in the field.

Keywords: transport, transport infrastructyrefreight, passenger transportation, efficient organization of
transportation, transport flows, digital technologies, centralized model.
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Figure 1. The "Driver- Vehicle- Road" system
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THE CONCEPT OF ROAD TRAFFIC AND THE "DRIVER -CAR-ROAD-ENVIRONMENT" SYSTEM

Modern road traffic is characterized by a highly dynamic environment. Vehicles are equipped witowegh
engines, enabling rapid acceleration and high speeds. Duensigmficant weight and speed, vehicles pose a significant
risk, which is why a number of requirements are placed on the safety of vehicles and their Biddes cities are
characterized by high mobility of their populations. Transportation is ustd lyotransport and on foofhe traffic
management system is usually called the drisgdiicleroadenvironment system (DVRE)The characteristics and
challenges of road traffic are primarily determined by the "D¥iehicle-RoadEnvironment" system. Thisystem can be
represented as interconnected "Drivihicle-Road" components operating within a traffic environment. The term "traffic
environment" encompasses pedestrians and weather and climate fahtorsystem structure can be divided into the
following subsystems: AD, VA, VD, SV, SA, SD. The main element of the VADS system is the-drhiele (DV)
subsystem.

Keywords: driver, car, road, environment, motor transport, road traffic, speed, vehicle, system, pedestrians,
adhesion coefficient, surfasenoothness, geometric parameters.
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Figure 1. Complete system architecture for predicting student academic progress
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Figure 2. Pass rate by district
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Figure 3. Correlation matrix of signs
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Figure 4. Relationship between access to educational resources and esauits
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Figure5. The influence of factors on the target variable (Spearman correlation)




