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HYTK CUTHAJIJIAPUJAH INIOBKUHJIAPHU BAPTAPA® 3TULIJA
®UJIbTPJIAP XKYPTJIUTUHU KYJIJIAII EHAAIIYBU

Huézmamoesa H.A.%, ’Kanenoe K.M.2, A6dyaaraeea b.M.3

"TowkeHm uppueayusi 8a KUW/I0K XYHCAAU2UHU MeXAHU3AYUsAau
MyxXaHoucaapu uHcmumymu” Muaauili madkukom yHugepcumemu Kowudazu
@yudamenman 8a amaauli madkukomaap uHCmumymu

2“TowkeHm uppuzayus 8a KUW/0K XYyHAAUSUHU MEXAHU3AYUAAAW
MyxaHducaapu uHcmumymu” Muaauti madkukom yHugepcumemu
SHamaHeaH dassam yHugepcumemu

AnHomayusa. Maskyp madkukom uwu Hymg cuzHaaaapudazu  WOBKUHJAAPHU
nacaiimupuw macajaacuea 6aruw1aHeal 6ya1u6, yHoa WosKUHAU HYMK CUZHAAUHU b6yaakaapaa
ajxcpamuw xamoa yaapza wosKuH nacalimupuw guampaap xy@maukgaapuHu Kyaaiauw Fosicu
keamupuazaH. Bynda puampaareau 6yaakaapHu 6upaaumupuul opKaau Kupysu WoeKUHAU
HYMK CU2Ha/Au2a HUC6amaH WKopu cugamau Hymk CU2HaAUuHU 0AUW MAaKcad KUAUHeaH 6y1ue,
uwda ¢uampaap adabuémaap maxauau acocuda MAav/AaHeaH 8a yaap épdamuda
WAKAAGHMUPUASAH HCYPMAUKAAP HYMEK CUSHAAUHU b6apya 6yaakaapu y4yH KYJAAAHUASAH.
Tadkukomoa woeKUHHU myp.au dapaxcaaapudd CuHo8Adp ymkasuazaH xamoa duampaap
aygpmaukaapu opacudad onmumanuHu avukaawda PESQ (Perceptual Evaluation of Speech
Quality) kypcamkuuudaH golidanaHuA2aH.

Kaaum cyzaap: Hymk cueHaau, woskuH dapadxcacu, PESQ, uabmpaap sxcygpmaukaapu,
nacm yacmomanu guabmp, Kaaman gunrempu.

Abstract. This research work is devoted to the issue of reducing noise in speech signals, in
which the idea of dividing a noisy speech signal into segments and applying pairs of noise
reduction filters to them is presented. In this case, the goal is to obtain a high-quality speech signal
compared to the incoming noisy speech signal by combining the filtered segments. In the work, the
filters were selected based on a literature analysis and the pairs formed with their help were
applied to all segments of the speech signal. In the study, tests were conducted at different levels
of noise and the PESQ (Perceptual Evaluation of Speech Quality) indicator was used to determine
the optimal one among the filter pairs.

Keywords: speech signal, noise level, PESQ, filter pairs, low-pass filter, Kalman filter.

Annomayus.  [laHHass — uccinedogamenvckass ~— paboma — nocesiweHa  8onpocy
Wymonoodas/eHusl peyesblXx CuU2HA/A08, 8 Komopoll npedcmaeseHa udes pazodeseHus
3aWYM/IEHHO20 peyeso20 CU2HA/Ad HA Ce2MeHmvl U NPUMEHEHUsl K HUM nap ¢@uabempos
wymonodassieHusl. Llesnvio s68.151emcst nosyvyeHue 8bICOKOKa4ecmeeHH020 pevesozo Cu2Haad no
CPABHEHUK C 6X00AWUM 3AUYMAEHHbIM pevyesblM CUZHAJA0M nymem 00veduHeHus
om@uabmpo8aHHbIx cecMeHmos. B pabome @puabmpbl 6blau 8bl6OPAHbI HA OCHOBE AHAAU3A
Aumepamypbl, a chopMUPOBAHHbIE C UX NOMOUbIO NAPbL 6bIAU NPUMEHEHBI KO 8CEM CE2MEeHMaM
peuegozo cueHasa. B xode uccsaedosaHusi mecmupoeanucs pasauvHvle YpPOBHU Wyma U
ucnosvsosascsi nokazameav PESQ (nepyenmusHas oyeHka kayecmea pevu) 01 onpedesieHus
onmMuMaJ/ibHol napsl Guibmpos.

Kawueewle caoea: pevesoll cueHas, yposeHsb wiyma, PESQ, napul punompos, gpusbmp
HUMcHUX Yacmom, punemp Kaamawa.

[
18-aprel, 2025 84



MANAGEMENT
AND ECONDMICS
0 SCIENTIFIC RESEARCH

v JOURNAL

Management And Economics Scientific Research Journal
https://tmijournals.ndc-agency.uz

X03Upru KyHJa 3aMOHaBUU
TEXHOJIOTHSIJIap PUBOKJIAHHUILU OUJIaH
BU/leOKOHQepeHLUsIap OpKaJsIx
TypJd TaZ0upjap Ba ydpallyBJapHHU
yTKa3ulll To6GOpa KeHI TapKaJIMOKJa
[1,2]. Bupok,
BUJleOKOHepeHLusIapa HYTK
CUTHAJIMHU cudaTu OuaH OOFJIUK
MyaMMoJlap Te3-Te3 lo3ara KeJsaju.
HyTk curHasim uWHCOHJIAp YypTacuja

ax6opoT aJIMalllIIHA acocuu
BocuTacu xucob6siaHaau [3]. HHcoH
HYyTKMra XOC  OysiMaraH ©Oapua
TOBYILLJIAP IIOBKUH cudaTuga
TaCHUQJIAaHUIIM  MYMKHH. Nxpo

cupaTu Xap KaHJal THUHIJIOBYU YYYH
MyXUM Oyau0, yHJAru ILOBKHWHJIAP,
MacaJsiaH, TaKWJJIaTUL, XUPUJLIALl €KU
FYHFWJLJIAL Kabu ay M0 Ma’bJyMOTHU
KabyJs KWJIWIIra xaJaKUT Oepaju.
IOKopu [pgapaxajaru LOBKWAH Ba
Oy3uJIMIILIap HadakaT CUTHaJI
cupaTHHH, 6aJsiKu HYTKHU
TYLWIYHAPJUJIUTUHU XaM MacauTupagu
[4,5]. [lyHUHT Y4YH, HYTK,
CUTHaJ/lJIapyuAaru INIOBKWHJIAapHHU
NacauTUPUII OyTYHTU KYHHUHT
Jloyi3ap6 MacajianapyuiaH  Oupuaup.
Ma3kyp uUIIja WOBKUHJIU  HYTK
CUTHa/JU CAPATUHU OLUUPHUII YYyH
SHTM €HJAlyB TakK/JAW( ISTUJITAH
6y110, y IIOBKUHHU TypJIx
Jlapaxkajapuza CUHOBJIap/aH
yTKa3uJraH. byHjia cuiroiajinu MabJjyM
Y3YHJUKIAru OyJakjapra a)paTull
OpPKaJIU IIOBKWH IAaCaWUTHUPHUII Ky3/Ja

TYTUJITaH. TagkukoTaa oys1aK
y3yHJIUTH 32 MC J1eb6 KabyJs KUIKMHIaH,
YYHKH oy WHCOH HYTKH!

XyCycUsITJIapura MOC KeJjiaAd, S'bHU
dboHeManap gaBomuuauru ogataa 30-
40 wmc arpodupa Oysaanu. byHjan

TalllKapy, HYTKHU TaHUO OJIMII 6yHrYa
Ky11ab ajmabuéTtaapaa bpenm
y3yHJAUTH 32 Mc cudaTuja acocuu
Me30H KHUJIMO OJIMHTaH.

Taknaud 3TUaraH EHJalyBHU
acocuy O60CKWYJIapu Kyuujaaruaap/aH
nbopar:

- HYTK, CUTHAJINHU
6yJ1aK/iapra aXKpaTHIil;

- IIOBKWH  MacauTUpHIIra
MyJDKaJIJIaHTaH buatpsap

Ky PTIUKIApPUHU KyJ1all;

- dunTpsiaHraH OyJIaKJIapHU
OVpJIALITUPUILL;

- YUKUIIAATU HYTK CUTHAJIU
ciubaTuHU 6axoJall;

- buabTpaapHU  ONTUMAJ
KYPTIUTMHUA aHUKJIALL.
By énpgamlyB OyTyH  HYTK

CUTHAJIY YYYH SArOHA QUITPHU KyJ1alll
Kabu aHbaHaBUM €HAallyBJaH apk
KWJIaJyd, YyHKH Yy Xap OHUp BaKT
oliHacuza HYTK Ba IIOBKUH
XyCyCUsITJIapura Jiokaja Japaxaja
MOCJIaIIM LI MMKOHHHU 6epaju.
Maskyp wumjga Takjaud ITUIraH
éH/alllyB caMapaJopJIUTMHU aHUKJIalll
yayH  LibriSpeech = mabaymotiap
0a3zacMHM TO3a HYTK CUTHaJ/JIapu
HaMyHaJlapu/iaH dboungamaHUIraH.
Ymby HyTK curHaaiapu 16-6ut
yyKyp/auK, 16 k[l HaMmyHa oJuIld
Te3JIUTK XaMmJa ypTaya 4-6 CceKyH]
JlTAaBOMUUJIMKKA 3ra wav gopMaTuiaru
ayavodauniap 6y.110, 150110; €1
IIOBKUHJIN HYTKJ1ap O6uJsiaH
TaJKUKOTJIApHA OJIMO OOpHUILl Y4YyH
yaapra 1%, 5%, 10%, 15% Ba 20%
JlapakaJlaru IIOBKWHJIAp KYIIWJITAH.
[loBkuH 20% paH 0OKOpW Oyjarasjaa
HYTKHHU TaHUO OJIMII
MypaKKabJlalliraHJIUru cababuiy,
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dakaTt 20% ra4ya 6ysiraH LIOBKHWHJIAp
O6WJaH TAaJKUKOTJ/Iap 0JIMO6 OOpHJIraH.
ApnabuéTr Taxauau acocuzga fi-mact
yactoTaJuy, f2-nosnocany, f3-Kaaman, fs-

oy1akiapra aXKpaTHuJIraH Ba
akKpaTuJMaraH XoJ1aTJIapu/a
KYJIJIAHUJITaH. dusbTpJsIaHTaH

curHasuiap cudpatu PESQ (Perceptual

BatTepBOpT Ba fs-dnnuntuk  Evaluation  of  Speech  Quality)
$UJITpJIAap TaH/JAHTaH Ba yJlap OpKJau KypCaTKU4YM OpKaJu  0OaxoJaHTaH.
TYpJU KyPTaAUKJIap Ty3uwiaraH. By OuivHran HaTWXaJap Kyuuaaru
KyPTAUKIAP HYTK CUTHA/JIAPDUHU  >KajiBaJijla KeJITUPUJITaH.
1->xkagBas
[[loBKUHHU TypJiu Aaparkajapy Y4yH QUAbTPJIAP XKYPTIUKJIAPHUHU YpTada
PESQ kunMatsiapu
PESQHH ypTaya KUMMaT/JIapH
q’““‘;“’"a 1% 5% 10% 15% 20 %
PESQ=1.11 PESQ=1.08 PESQ=1.03 PESQ=1.01 PESQ=1.002
)qu)TJII/IFI/I * kk * )k * k3k * )k * kk
(f1, f1) 1,722 | 1,230 | 1,136 | 1,179 | 1,076 | 1,138 | 1,064 | 1,113 | 1,059 | 1,097
(f1, f2) 1,744 | 1,502 | 1,179 | 1,308 | 1,103 | 1,245 | 1,083 | 1,213 | 1,075 | 1,191
(fs, fa) 1,692 | 1,255 | 1,428 | 1,203 | 1,284 | 1,161 | 1,212 | 1,137 | 1,169 | 1,118
(fs, f5) 1,670 | 1,317 | 1,420 | 1,247 | 1,294 | 1,197 | 1,232 | 1,170 | 1,191 | 1,151
max(fi, fj) 2,05 | 1,68 1,53 | 1,30 | 1,38 | 1,24 | 1,31 | 1,22 | 1,27 | 1,20
X 1 ]9 8 8 0 9 6 5 4 6

*-HYTK CUTHaJJIApUHU OyJ1aKjapra axpaTraH XoJlaTAaru HaTuxxasap
**_ HyTK CHTHaJ/IJIapy 6yJlak/apra axXpaTujiMaraH XoJ1aTAard HaTuxxasaap

TagkuKOT HaTWXKacuja KyWuaa-
I'Y XyJiocaJiap laKJ/ulaH/u:

- LIOBKWH NacauTUPULL
GUATpJIAapUHUA  KEeTMa-KeT  KyJuUIall
dKKa Xo0Jia KyJulamra HucbaTaH
caMapaJIuiup;

- 1% wmoBKMH Japakacuja
KasiMaH GuUATpUHHU KeTMa-KeT KyJIalll
KyJLJ1al1l ONTUMaJ 3KaHJIUTU
aHUKJIaH/Y;

- 5% 1IOBKWH JAapakacuja
3ca MacT YacTOTaJU-NOJ0CaJu Ba
noJsiocaau-battepBopT XKyPTaHKIApU
camMapaJiuJiup;

- 10-20% Opa/IuFuZiaru
IOBKHUH Jlapakajiapu/ia 3JUIMITUK Ba
nosiocaiu  QUATpJAP  XKYQPTJAUTH
ONTHUMaJl SKaHJIUTU aHUKJIaH/ Y.
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