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Texunka Qannapu 6Gyimaa dancadpa aoxropn (PhD) amccepraititsicii maslycu ¥16exucron

PecnryGaukacn Bajupnap Maxkamacs  xysypmaars  Oamii  avTecTaums  Kommccusciaa
B2021.4.PhD/T902 paxam Gunan p¥iixarra oanuran.
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KNPULU (pascada nokropu (PhD) auccepraumsicu AHHOTALHSICH)

JAuccepTauns massycuuunr aonsap6nuru Ba sapypatu. JKaxoHaa HHCOH Ba
YCKYHa ¥3apO anoKanapHHM TalKHA 3THINAA KOMIBIOTEPJIAPHHHT YPHH Xyna
MyXHM Xucobnananu. HHCOH Ba yCKYHaHHHT §3apo ANOKACHHH TALIKWN STHLIHHHK
SHI caMapaini BOCHTacH 6y HyTK XucoGnanamu. XO3Hpr¥ KyHIa MHCOH-MalIMHA
MHTEp()eHCHHH amManra OLMPHIIHY Typiy YCyn Ba BOCHTanapu Maexya 6yaub, sur
camapaii BOCHTanapuaaH 6upu 6y HyTk xucobnanu6 kenMokaa. HyTk 6y#pyknapu
OpKanH OOWKapyB TYpNM cOXanapia, HACTTOX Ba YCKYHaIapDHH OBO3 OpKaH
6Gouuxapuin, KYHFUPOK MapkaznapHzia OBO3/IH aCCHCTEHT, KaKkuTH yi» Ba «awénap
uHTepHeTu»Aa(10T), 0BO3 Opkanu waxcuuu aHHKIall, BWMKOHHATH 4eKJaHraH
MHCOHNap yuyH oBO3nM GouiKapys unTepdeiich Ba Gowka coxanapaa KeHr
KY/UTaHUJTHIUH MyMKHH. Bysaa nyTk CHIrHajlapura uunoB Gepuin Mypakkab Tanu6
OJTHLI aNrOPHTMIAPHHK §3 Hunra onamu. Yw6y coxapa AKLL, Xutoii, Snouus,
Kany6uit Kopes, I'epmanns, dpanuus, Hranus sa Poccus depepaunscu kabu
ADYHEHHHT €TaKYM MaMiaKkaTiapuaa KeHr KaMpOBJIM WIMHH H3NaHHULIap onub
6opunmokaa.

Jaxonna 6yHnaili HHCOH-MaluKHa HHTepdeiicnapuuy amanra OWHMpPHIN ydyH
Maxcyc annapar-aactypuit nnargopManap WuUtab YMKMIUHM Tanab stagM. JlekuH
HYTKra HULIOB GEpHLI anrOpHTMIapHHHHI Mypakkabnuru Ba HyTK GyHpykiapu
COHMHHHI OLIMLIM GHNaH annapar-aactypuii nnaropMaHHHT XHcobnaul pecypcd
Ba XOTHPA XOKMHHHHT" KECKUH OLUMLIMIa ONMG kenaau. ByHpaH Taukapu akcapHaT
HHCOH-MalUHHa HHTepdeiicnapu pean BakT pexuMHAa Humaiauw. Typau
MyXuTiapaa HyTK OyHpyknapuuu Tanuwaa HYTK CHrHa//Iapura Tallky LOBKUH Ba
Xanakdriap TabCHp STanu. Pean Bakr pexxumu 3ca §3 HapbaTHaa TE3KOPIHK,
uxyamnuk Ba  oinananuwra Kyna#h Oynuuuivksn  Ttana6 asragd. Hytk
CHTHAIapUra HLOB Gepuill yuyH 6enrunasran xuco6nam pecypcitapH Ba HUUIOB
Gepuw Teanuru Tanabnapu maxcyc anropuTMNap Ba annapat-AacTypuil eunmiap
€ppaMuaa TabMHHIAHH LM MYMKHH.

Pecny6nykammusna  axGopor TEXHOJIOTHANApH Ba CyHbHH HHTE/UIEKT
COXanapyHH PHBONUIAHTHDHINIA KapaTHna&rraH 3vTHOOp Tydainm, HyTk
CHTHAIApUra HHTENIEKTyan HumoB Gepuw, y36ex TWIM HYTK CY3/1apHHH
aBTOMATHK TaHHG ONUW, OBOINH GHOMETPHA, OBOTH GolKapyB TH3UMIApHHH
ApaTHIL 1032CHAAH WIIMHIt TapkuKoTnap onub 6opunamoxna. 2017-2021 Awnnapaa
V36ekucton Pecnybnukacuuu sunama PHBOMUIAHTHPHIHMHT GeliTa ycTyBoOp
iyHamuiny 6yinya Xapakatnap crparernscusa, KyMnajgaH, «..wirop axboport-
KOMMyHHKallHl TEXHONOTHANAPHHK >OpHil STHIN Ba ynapnad (oiiaananu,
MKTHCOIMET, WKTHMOHH coXa Ba GOIIKApYyB TH3MMHIa axGOpOT-KOMMYHHKALMHS
TEXHONOrHANAPHHH JKOpHA STHUD' Basudpanapu Genruna6 GepunraH. Maskyp
MacananapHy amanra OWHPHLL, HHCOH HyTKH OPKaTH OBO3M GHOMETpPHS Ba HYTK

1 ¥36ckucton Pecny6. Tpesnacu 2017-iiun 7-pespanaaru D-4947-con « Y36erncron
Pecny6nuxacuhu anana pBoxnaHTHpr 6yiiuua Xapaxatnap CTPaTeruscH TyrpucHaanru ®apmonu
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OyiipyKnapy OpKAjiM TYp/H TEXHHK arperatiapHy GOLIKApHIIHMHT MaTeMaTHK
aNropuTMIIapH Ba NACTYPHil MaXXMYaCHHH HLLNA6 YHKHLIDa MYXHM axaMusTra sra.

S'lsﬁexncroq' PecnyGnukacu TIlpesunentunuur 2017 #un 7 deBpanparu
IP-4947-con «Y36exucron PecrmyGnukacHHH sHama PHBOXUIAHTHPHIL G¥iiMua
Xapaxatnap crparerusic TYrpucHaa»ru, 2018 iiun 19-despannaru MNd-5349-con
«AXGOpOT  TEXHONOTMANApH Ba  KOMMYHHKALMANADH  COXACHHH AHaga
TaKOMHJUTAIITHPHII  Yopa-Tanbupiapd TYFPUCHAa»TH ®apmonn, 2021 jiun
17 ¢espannarn I1K-4996-con «CyHBHH HHTENNEKT TEXHONOTHANAPHHA >kana
)KOpUH 3THLI YYYH IDapT-LIApOWTIap SpaTHW 4opa-TanGupnapu TYFPUCHAa» TH,
2021 #iun 26 aerycraaru IK-5234-con « CyHbuit MHTemtekT TEXHONOTHANAPHHHM
Kynnau 6¥iuya Maxcyc pexxHMHH >KOpHi KUK qop:cl-'l'a.nﬁnpnapxj TYFPHCHOA» Iy
KApoprnapH Xamja Maskyp ¢aonusTra TETHUUTH MEBLEPHH-XYKyKuii Xyxoxatnapna
Genrunanrad BasudanapH¥ amaira OLIMpHLIAA WOy NHMCCEpTaLHs TaaKukoTy
MyaiisiH Japakana Xu3MaT KUJIanH.

TaakHMKOTHUHr pecrniy6nuka ¢aH Ba TeXHONOrHUSLIADH PUBOXIAHMI Y-
HHHI YCTYBOp HyHanMmAapura MocMri. Maskyp TaakukoT Pecny6nuka day gy
TEXHONOrUsUIapH PHBOXJIAHWWHHUHT V. «Ax6op0"‘ﬂf"llrr Hpui Ba ax6opor-
KOMMYHHKALHs TEXHOMOTHANapHHM PHBOMNUIAHTHDHIL" yCTyBOp HyHanmuip

zoupacuna 6axapuiras.
MyaMMOHMHT ypraHuaranauk Aapaxacu. HyTk curnannapura pakamny

CyJUIapUHH HUUIab YHKHL
MILIOB GepHil Ba ynapHu amoua:::n '{:!:,ﬁgpzf;l::f zMz'nu np;(ynnauunumu Gyﬁuf::
TAKOMWUTAIITUPHKIN Macananapnap omu6 Gopraunap, LeCun Y, Bengio Y, Abde].
Hmia O, Craims Kapel. Patel 1, N.C. Kunsmxosa, H.M. MapkosHnkos, AA.
Kaprios, MH. Tyces, A.JL Pomxun, O.Mambip6aes, C.PycramoB pa Gouga
XOPHXXHH ONAMIAp LIynap *yMmiacHAaHaup.

V3bexucTonna curnannapra uuuioB Gepull Ba HyTKHM TaHuG ONHUHY Yy~
Hasapuii  acocnapuuu  pusosulanthpuuira  M.M.Kamunop, M-M.Apungy
L. X.®dozunos, H.A.Urnatbes, M.M.Mycaes, X.H.3alunaunop, y'P-XaMAaMog’
H.C.Mamaros, 3.1ll.Hasuposa Ba Gowkanap Y3M3PHHHHT karrg XHccanapyy,,

IITaHnap.
Ky Hyn(pcumannapm‘a uuos GepHLl Mczgzi::l?(ip::lyl‘:gﬂTMH
TaUIKHA TONraHmuru cababn, loxopﬂm’?:' TaHHG onmm;'::pH
Typan Myxutnapoa HyTK syzgz‘:lp:flopﬂ"km 32 6nray
aM Ba IOKOP
:alz(n):::g:u::q NoMuXxanaTHPHLL 33P>’_F;;::“ S;i:lrl" :a'mﬁy
TaAKMKOT/Iap LIYHH KYPcaT“"K:’ ar-AACTYPHH BociTa, Wapoutnapaa myry
Gy#pyinaputin TanuG omMlt lagrl:oguna aHTHG YTunray, APH Ba anroputMnapy
erapanya TalkuK mﬂMara:h" p. 3p ¥36ex Tn HyTKuuy
TaHHb z:::;upr:a ﬁ::n mwl_rym""'xm(omunur 0axKapunry,, onMii Tanau
Myacgacacuuunr HAMHI-TAAKHKOT a':‘;::‘l’" Pexanapu 6unan GornuKaury,
Juccepraums TaAKHKOTH Myxammal Pa3MHli Homunary Towkent ax6opor
TeXHONOrHANapH YHMBEPCHTETHRHUHT WIMMA-Taniukor wwnapu pexachumsy
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BEOA-5-005 — «Mucon HyTxuuu Tanmw TH3UMJIApH KypHJIMaNapHHHUHT TaxJIHIH Ba
HYTKUH CHTHannapHu Kaiita MuoBuM annapar-AacTypuii BOCHTanap spaTHLI»
(2016-2018), EBB-ATex-2018-134 — «HyTiuit  curnannapan  TaHMLI
ITOPHTMIIAPHHUHT PaKaMiid CHrHan npoueccopnapuaa TaxIHAH Ba AACTYpHH
TabMHHOTHHM  spatuum  (2017-2019), Bupnawran muwmnatnap Tamxunors
TapakKHET nactypu Ba Vabexucron Pecniy6nukacu maxanna sa ownanu Kynnab-
KyBBaTJlall BasHpuu kymaruaa Ne32/20 «Pa3pa6oTka MOGUNBHOIO MPHNOKEHHS
aBTOMAaTHYE€CKOro pacno3pHaBaHus Y36ekckoii PeuH ana cnabocnbliualmX JOAeH»
(2020-2021) MaB3ynapuary noiiuxanapu aoupacuza Gavicapuran.

TanxukoTHUHr Makcany §36ex Tn HyTK CHTHATAPHHH TAHHLIHKHT TE3KOP
QIFOPHTMITapH, HyTK GyipyK/iapH opKany oBoznu Gouikapys untepdeiicunu nuwiab
HHKMLI Ba annapar-aacTypuii nnatdopMasa amanra OMpHLIAaH Hoopar.

TaakukoTHuHr Basudanapmu:

HYTK  Oylipyknapn opkanu oo Gowkapys amamuii  macTypuil
HHTep(eHCnapuny Taxnun Kunuw Ba Ypratuu;

KHPYBYM HYTK CHIHaNapHHU il HaonusTy I1apouTnapsuy xucobra ojiraH
XOJZa TYPIIH XaNnaKuT Ba WIOBKHHIAPAAH To3anarm ATOPHTMHHY HUWTA0 YHKUIL,

HYTK CHTHalNapHHM pean BakT pexuMHma CHKHLI aIrOpUTMMHH Humab
YHKHLL;

HYTK Opkanu oBoanH Gouwkapys TH3UMNAPH YHyH 4YeKJaHraH HYTK
6yiipyKnapuau Tanuw AMTOPHTMHHH HULTA6 YHKHLI;

Peajl BakT pexxuMuAa HyTK OYApYKIapuHH TaHuG onmm annapar-nactypHi
NNaTGOPMANAPHHK HLTA6 YMKHLLL

TankuKOTHUHT 06BekTH cudaruna Typnu MyXHTnapaa €3u6 onyHrad HyTK
CHIHAITAPH Ba ynap/iaH XOCHA KHTHHIaH CNIEKTOrpaMMa Ba GeNruiy XycycHATNIap
ONHHIH.

TaaxkukoTHUHr npeameTy cudpataa HYTK OyiipyKnapyu opkanu yckyHanapHu
oBo3nM 6Golkapys annapar-AacTypHi  nnaropManapu, HyTKHM TaHHO OJNMIU
YCYN1apH Ba aNirOpuTMIIapH TALUKHA 3TanH.

TaaKHKOTHHHI ycynnapu TamkukoT *kapatHuja cHrHannapra paKami
uwnos 6epuin, cowny ycynnap, CneKTpal ycyinap, Man-KancTpan ycyjulap Ba
Kapop Kaby/l KUMHLIHKKT yCyn Ba anropHTMIAPH TALIKK KMnagH.

TaAKHKOTHHHT WAMMIT SHIMIMIY Ky#Azarunappan nbopar:

TYPH MyXHT Ba Ml (GaONMATH LUADOHTHHH XHCOGIa ONraH XONnAa HYTK
OyHpYKIapHHY TaHHG ONHII Ba HYTK CHTHAJTADHHH IIOBKMHJIAPAAH TO3AIALIHHHT
ananTHe GUNbTpRaw AIrOpHTMH HLINA0 YHKUIraH; ‘

HYTK CHrHannapupan ax6opor Genrunn Xycycustnapuuu Cuurynsp &iuwm
OpkatH COARANATHPHLL aCOCHAA HUTOB GEPYBUH anroputmu ApaTH/IraH,

BEKTOP/IH  KBaHTnall Ba AUWMPHH Mapkos wmopenn 6yipyKnapHHH
2ArOPHTMIIAPH MU YMKHITaH;

pean BakT pexumuaa HyTK OyApyKNMapHHH TaHuG onum anropHTMIapy
acOCHIa annapat-AacTypHii M1aTGOPMAHUHI aPXUTEKTYpacH Munab YMKWIraH Ba
amanra OLIHpHIIraH.



TaaKMKOTHHHI amanuii HaTWKanapy Ky#unarunapaan nGopar:

TypaH MyxuMTAa HYTK Oylipyknapura uuuios 6epuin, CcyxaHIOHHH
HIACHTH(UKauusnaw, HyTK GyApyK CY3aNnapuH# TaHMG ONMII Ba MaTHra YrHpHLL
aNrOpHTMJIapH Ba AaCTypH HUUIa6 YMKUIraH;

HyTK OyApYyKJiapH OpKaiH 0BOiH 6oLiKapyB annapar-aactypuit nnargopmacH
GyHKUHMOHAN TY3HWIMAaCH JIONHXANAHTaH;

Kyna#i ¢oiinananysun uHTepdelich Ba pean BaKT PeXHMHAA HIWIAHAWraH
annapar-AacTypuii nnar¢opMa Ba JacTypuil MaXMyacH sipaTH/IraH;

¥36ex T HyTK 6yHpYK Cy3napHHH TaHHL Ba yap OPKATH OBOXTH 6OLIKapyB
AacTypnapu caHoar 60LKapyB TH3MMIApHAa Ba SUIMTHLI HYKCOHHMra sra Gonanap
Maxcyc MakTalb-WHTepHaTIapuaa TanbuK KUITHHIaH.

TanKUKOT HaTHHKANAPHHUHT MUIOHUIWANTH TAIKMKOT HATHXANAPUHUHT
HINOHWINIIUIHY McceprauMsaary TaKJ'IHq) KWIHHraH JIropHTM Ba YCYJNApHHHT

 TecTNaln HaTwKanapy, aNrOpUTM Ba yCynlapHUHT anpobatmscH 60cMa Hawpnap Ba
Xankapo wimuii koHeperuusnap Mabpysanapua, TaxpHOaBuil TAIKMKOTIAp Ba

TPaTHIray annapar-nactypui mnargopmany amannérra TAAGHK STHLIHLIH Gunan
TaCAMKNaHamM.

Tanxukor HATHAANAPUHUMI wamuii Ba amanuit axamusTH. Mypakka6

HYTK OYHpYK cyanapusu ranu6 ONHIN yuyH Taknud 3TUnaérraH HYTK CHTHaJUIapHHM
Taxjinil KAMMII Ba TaHW6G OMMUmHuH: MHTEJUIeKTyan alrOpUTMIIAPHHK annapar-
AacTypui miardopmanapuna amanra owmpuHIY GHTAH HIOXAAHAIM. .

TanKHKOT HaTKanapuHKHT amamii axamusTH WyHAaH HOOpaTKH, ApaTunran
IrOPHTMIIAD TYPIIH MYXMTAApAA Ba HULTa6 YHKapHLI KOpXOHAIapHAa HYTK OpKanu
oso3nk Golrkapys nactypuii MaXyacH, CyxaHAOHHM HAEHTH(HKAUMANauw pa
3mHTHm“HYK00HHra dra HHCOHNAp yyyH V36ek Tunu HYTK Cy31ap1HH TaHHO onuw
ABCTYPHH MaXMyanapunu uuna6 YHKHLI GunaH u3oxNaHaaH.

Taakukor HATHHANAPUHUHT KOPUi KuAUHUWH. Jlucceprauis AOHpacuna

oub GOPH.m‘aH TaIUCHKOTJ'lap HaTwxacupa wumnab ypkunrad aganTHB ([)HJlenam,

HYTK Oyipyk cyanapuny TaHuG onuw anroputmnapu Ba APATWIraH annapar-

AacTyphit nnargopma acocupa: _

TYPTH Myxutnapma uytx CHrHannapuuu amantus (GUABTPIALL Cylopyy
CYXaHNOHHH uneHTHdUKauMsaNawm a HYTK GyiipyKnapi OpKai OBOH Gowkapyp
annapar-nactypuit niargopmacu «Vabexucron emup fynapi» AXHHHE a6
“MKApH LI KOPXOHaNapHAa Mypakka6 aacTroxiapHH GOMKApHLLAA XOPHH KiiHran
(Ax6opor  texnomormsnapn sa  KkomMyHWKAUMANAPHH  DHBOXTAHTHDMuy
BasMPMUIrHHUHT 2021 jiun 9 nosGpmarm 33-8/7908-coH  MAIYMOTHOMacy),
Harwxana Hytk Oyiipyknapu opkanu mypakkab AacTrOXJapHH Gowkapuua
MEXHAT yHYMIOPNHIHHY OLUIMPHLI HMKOHUHH GepraH;

SUIMTHLU HYKCOHHIa 3ra HHCOHJIAp Y4yH y36€K THIH HYTK CY3NapHHH MaTh,
CYPHO MaTH Ba UMO-HILOpara Yrupumaa Kynai nurepdeficra sra 6§aran nactypuij
Makmya 106-con 3aud suMTyBun Gonanap yuyH HXTHCOCTALUTHPHIINGH MakTa6-
HHTEpHaTH A XKopHi KHJIHHIaH (Ax6opor TEXHOJIOTHANApH Ba
KOMMYHUKallMsTapHH PHUBOXKIAHTHpHIL BasUpNMIUHKHT 2021 Hun 9 Hoa6pnary
33-8/7908-cou ManlymoTHoMacu). Hatwxkana Maktab TapbusIaHyBUMNapy uy
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yxutuuna, surn Vabek Tamm CY3MapHHH WMO-HIIOpAa OpPKANH YpraHuul BaKTH
15-20%ra kuckapyiumra spuLmnray.

TaaKuKOT HATHKATAPUHUHT anpobaumsicu. Maskyp TaIKHKOT HaTHXalapu
15 Ta wunmuii-amanuii aH)XXyMaHiapAaa, kymnaaaH 5 ta xankapo Ba 10 Ta
Pecny6nukana, Myxokamanan yTkazunran.

TagKHKOT HATHXANADMHMHI JBJIOH  KHIHHIAWIHIH. Juccepranus
maB3ycH 6¥iinua 23 ta wimuit M sxxymnanan, YV36ekucTon Pecmybnuxacu Onmii
aTTECTALHACH KOMMMCCHACHHUHT AUCCEpTAalHANap acocHil WIMMIl HaTHXanapuHH
'O STHLI TaBCHsA 3TWIraH WIMMI Hallpnapaa S Ta Makona, xymnagas 2 Ta 4yeT 3
Ba 3 Ta Pecny6nuka xypHainiapuna Hawp sTHraH, wyHrHrAeK 4 Ta OXM y4yH
HaCTypuii MaxcynoTnapra ryBOXHOMAJIAp ONHHI2H.

AucceprauMaHuHr Ty3WIHIIH Ba XaxMu. Jucceprauus KHpHII KHCMH,
TyprTa 606, Xynoca, goiinanaHuaran anabuérnap pyiixaty, waptnu Genrunap sa
aramanap pyHxatH xampa wuioBanapfaH wu6oparT. JUCCEpTAUMAHHHI XaXMH
119 6eTHu Tawkun stapy.

AUCCEPTALIMAHUHI ACOCHI1 MASMYHH

Kupnw kucmuna auccepraumus massycuuunr ZoN3ap6nury Ba 3apypHiiiuk
ARapaxacu acocnab Gepunran, Makcan Ba Basudanap LIaKHIUIAHTHPHIITAH, TAAKHKOT
o0beKTH Ba NpenMeTH aHHKIaHTaH, TAAKHKOTHHHT Y 36eKHCTOH Pecmy6nuxacy dan
Ba TEXHOJIOTHANAPH TapaKKUETHHHHT YCTYBOp HYHANHIUHIa MOCIHTH Genrwianras,
TaNKMKOTHHUHT HWAMHII SHIWIMCH Ba aManuii HartWxkanapu Kypcarub yTwiraH,
OJMHraH HaTHXATAapHUHT XaKKOHHANHIHY acocnab Gepwuiran, OJIMHraH HaTHXanap
Ha3apuH Ba amanuii axaMMATH OuM6 GepunraH, TamKMKOT HATHXaNapHHUHT
aManuETra TaabuK STHIHIINK PYHXaTH, HILHH CHHALI HaTHXajnapH, HalIp 3TH/TaH
HIL1ap Ba AMCCEPTaUMS TY3HIMACH TYFPUCHAArH MablyMOTJIap KETHPWITaH.

Juccepraunsuunr « HyTk curHannapura vwnos GepHIu aNropuTMJIapH Ba
annapaT-JacTypHii BOCHTANapH TaxJaunau» ne6 Homnanran Gupunun Gobuna
HYTK CHTHAJUIapHra paKamiW HUUIOB GEPUIIHMHI acocuii amawntaph, ax6opoT
Genrunm XycycusTiapuiu aXpaTHLL, 3aMOHABHI annapar-nacTypHil BOCHTANap Ba
nnarpopmManap TaxaunaM, HYTK OPKATM  OBOMM  GoliKapyB JacTypHit
uHTepdeiicnapu kypub yrunras.

HyTk curanu — 6y MypakkaG DMHAMHK KapadHHHHI MOAENH 6ynub, YHH
TAXJIWJT KWJIMUIAA CHrHal Ba YHMHT O¥naKk KMCMHHM TaBcudnoBud Gup Heura
k¥pcaTHKHY(XyCycusTnap)napura rassunany. Hytk curnannapususr ywmoy acochi
XYCyCHATNapH KyHuparunap: ¢OpPMaHT 4acTOTacH, acocHii TOH YaCTOTACH,
CNEKTPAT TAIKHI 3TYBYHIAPAHP.

Taxaun kunuw yyyH HyKT CHTHQTHHHHE 3HT coaaa KypHHHLIK Oy @XKpaTHO
OJIMHTaH Cyanapaup. Opataa HYTK CY3apH Ba yNnapHHHI JIyFamiapH YeKiaHraH
6ynanu. 3amoHauii Mypakka® HYTKHH TAHHLI TH3HMJIAPHA aCOCaH Y3aK CY3/apHH
axparub TaHKG oMl amanra OUHPHIanH. XO3UPrH KyH/ia HyTK Cy3IapHHH TaHHLI
Ky#HJard coxXanapza keHr KyanaHWIMOKAA: CaHoar JacTrox/IapHHH Ba TPaHCIopT
BOCHTaNapHHH GolukapHluaa, «aKH yi» TH3WMnapupa, «awénap WHTEPHETH?
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TEXHONOrMANIAPHHH aMaiira OLIMPHILAA, HMKOHHSTH YeK/IaHraH MHCOHNAap yyyH
HHTepeiic, xuamar kypcaruiu coxanapy urysiap xyMmiaacHaaHaup.

HyTk opkanu 6owkapye Traummnu TYPIH COXala KyJnaHraHjpa, amanra
OLIMPHIAETraH MyXHTIaH KYLUMNQNMraH WOBKMH Ba XanakuTnap 4acToTanapu
Typnuya 6ynamu. Hytk Gyipyknapunu TaHu6 onumaa ywby 1oBKHH Ba ¥36ek THH
TOBYLUWIAPHHHUHT XyCYCHATIIApDHHK HHODATTa QIMLIHY Tanab sragu

KyHnan xynra pean Baxtaa HyTkM Tamu6 onuw Ba TaXAUN  KUIMLI
TH3UMMapra Tana6 optu6 Gopmokaa. Bysnaii pean BakT TH3UMNapH opkany karTa
MabJTyMOTNIap 6asack TanabnapH, HyTK CHIHA/UIApHHHHT LIOBKMHTA TAbCHPYAHIH I
Ba IOKOpH XMcobnalu pecypcnapy Tanabnapi GynraHiuri ydyH sroma annapar-
JacTypuii BOCHTana amanra OLUHpHLL KMiiHH

HyTk curnannapu mMypakka6 curian 6ynranury Tydaim ywby curnannapra
MLLI0B GepHil, XoTHpana cakiall, anoka KaHaUIapH OPKAIH Y3aTHI MyaMMonapu
Makyn. Ywly MyammonapHu eudml ydyH ONMMIp TOMOHMHaH HYTK
CHTHANapUra KULIOB Gepulufa CHIHANHH CHKMLI, CHTHAINAH XyCYCHATAapHu
axapaTud onu, curnan CreKTpan KuiiMaTnapu Guian uuaw kabu €unaurysnap
Taknu} sTunran. Bynapuunr Gapuack curHanra MULIOB GepHIl XKapagHuuu
'ralcomm.naurrupumr‘a Kaparuiaras.

Mypakkab ryTiHM Tanmw AIFOPUTMIIAPHHH peal BaKT PeXHMHIAA aManra
OUWIMPHIN YYyH Maxcyc annapar-gacTypiii BOCHTanap Tanab KHWAMHAAM. Hytg
Sy#pyKnapuaM Tauwm anTOPUTMIIAPHHMHI Mypakkabnuk AapaxacHra xapab, 6up

HeWTa YpHaTWIram mpoueccopnaphan AroHa annapar-gacTypuii  miardopma
cudaruna bolnanammmuy TaKO30 3Taiy.

Annapar-nacrypuii mnargopma(AZIl) — 6y Genrunaran sasudanm amanrg
OLTMPHIIITA MYIKANTAHIAH TEXHHUK KypHIMA TALMHHOTH Ba AacTypHii TabMHHOTnap
MaXMYHIHp. AJITT MONy/H npunuMnma KypuiraH 6ynu6, Maxcyc npoueccop
XOHnawmran acocui mnata 6noku, xoTupa GROKH, KHPHTHLI-YHKApHW 6noxy,
Talui ukTepdelicnap Gnoknapunan Tauwku Tonray.

CCepTALHAHUHT «HyTic CHTHAJJIApHra NapamMeTpHK HIWNOB Gepuyy
AITOPHTMAAPUHHY amanrg OWHpUW» fe6 HOMMAHraH MKKMHUM 606Mna myry
CHIrHannapura uinog Bepuwr Gocky N1apH, TypiTH MyXHTIapAa HYTK CHTHAIapHyy
ANANTHB. DUALTRA ANTOPHTMHHY HuLTaG YHKHLI, HYTK CHTHALI4PH ClieKTpan
TaxJjunu ropUMIIapyuy KYNNalHHHT axaMHATH EpuTHIraH. Xucobnalll TH3uMu g
Tyllaguran loKnamanapuy KamafiTupui yyyn Cuurynsp €Hull OPKan¥ Curuay
Ynyamnapuuy KHCKapTHpHII Ba npoueCCOpHHMHI HLUIALl  CaMapaNOpiHrukyy
OLIHPHLL, CYXaHOHTa GOFTHK TH3MMMAp ydyH CYXaHIOHHH HACHTHGMKalHsnayy
&NrOPHTMH, AWMPHH Mapkoe mozeny EpaMuiia HYTK CY3IapHHH TaHHG OnHuINy
amanra oulupHLIra GaFruinanray.

HyTKkRY Tanu6 omuw mMyammock - 6y cursHannapHi KaiiTa HuUIaLl coXacupa
HOMMO Myxum MaB3y 6¥mu6 kenran THMconnaphy TaHuG anuianp. Tumconnapyy
TaHHG onMIInaH Makcan oGBeKTHH COHIH CHH(napra axparHaup. Xap 6up CHH
€kH HaMyHa Mabiym Gup cy3uu udopanaiiiu. bapua HYTKHH TaHWwipa
Ky/naHWnanuraH amannap sa anropuTMIap ManTyM GHp Mypakkab COHIH yCynnap
Ba LIyHra MOC HUWIOB Gepuiu anropuTmiapuny Tanab 3Taad. AKCapHaT Xomnapna
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HYTK CY3napHHH TaHHG OnHILAA CHIHANHY X eHHHHT OfHanapu aau ¥TKasuw, Teskop
Qypbe J3rapTUpHIUMHM Kynnawl Ba Me-K3McTpan KHiMaTiapuHH onMLIgaH

n6opar.
Taknug srunaérran pean BaKT PeXHMHIA CYXaHAOHTA GOFIHK EKH GOFTHK
6ynmaran xonna HyTK GyipyknapHHH THHMG ONKLI ANFOPHTMIIApH KETMa-KEeTHIMH

1-pacmpa xenuTupunran.

DOPMaHT YaCTOTANAPHHH AHHKAAI  (¢—

/\/\/ | Varapmipuw a aactnabiiu Huwios Gepui |

g KnpyBuu Ajantus Kummux |
PaKaMaM HYTK > dunbTpaaw coxanapuHH

! CHTHaNH WKpaTHIL I

- == 1

_______________________ 1

I Benrunapuu axxpatui i

®pefiMnapra dypre Y mamnaprn |

DKPATHUI BA  1—»  agmawTupum. [~  KHCKapTHpHLL I

ofiHazaH YTKasuul STFT SVD |

|

|

|

}

|

|

I

I

I

|

IL < MFCC xuiiMaTaapuHu oHL

HMM acocnaa
HaMyHa Gyiinua
KHIMpHLL, TaKKoChaLl
sa TaHKG onuw

Hatuxa

1-pacm. Taknnd 3THAAETraH HYTK CHrHANNapHAaH Geruan XycycHsIT1apHH
aXpaTH6 01 Ba TAHULI ANrOPUTMAAPH GoCKHYAAPH

HyTk Oylipyknapuuu TaHu6 onMw Kyitnaaru anroputMuk Gockuuiapaa
amanra OLIHPUIAIH.

1. Kupyeuu nymy; kyjpunuwuoazu ananoz cuznan, 16 xI'n yactoTanu pakamny
CHIHaN KYpHHHLUMIaA YrUpUAAaH.

2. Hymx, 6yiipysrapu mawku woexun ea xanagumaapoan mosanaw. Pean Bakr
IapOMTHA Ba Typ/iM MYXHT/apia LIOBKHH Ba XanaKHTNapHHUHI XaM 4acToTa Ba
XycycuaTnapu Typnuua 6ynaau. Lllynapun xucobra onu6 wyTk GyipyKnapHHH
TaHHWIAA ananTHB QUILTPIapaaH ¢oiinananni Makcanra MyBopHK. UyHKH Xap
GHp MyXHTHHHr §3Mra XOC LUOBKHH Ba XalaKHTNap maexyn G6ynu6 ynapuar
XyCYCHATNApH XaM Typuiiva 6ynaau.

Taknmu¢ sTunagrrad anroput™ opkanu (HALTpNAINHK aManra OUIMPHIIAA,
apsan Mapxkyn OGOLWKApyB MYXHTHAA MHKPOQOHAAH KeNaauraH LIOBKHHIH
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CHIHAHH 5 CeKYHUTHK BaKT OpalMfuaa &3u6 OnHHanu Ba ymby curhanra moc
paBulia agantuB unLTp ko3 duumnentnapy NLMS (normalized least mean
Squares) anropHTMH acOCHAA WIAKINAHTHPHNAMM. Y6y cosnaw Ba mocnaurys
XkapatHHMlaH CYHr MMKPO(OH OpKanH kenaérrau HyTK Oylipyknapu yw6y
¢unsTpnam k03 dHLHEHTIap OpKanH ¢uneTpnaw Gockuunnax Jragy.

3. Hymx, cuenannapuoan scumnux coxanapu yuupuur. YHUMIHK coxanapuuu
yuupu6 Ttamnawpan asean HyTK CHrHamu Kuimariapy M=256ra Tenr 6ynak
cerMeHTnapra axaparunub, Q; cerMenTra yanawrupunanu. Ywly cermentnapnaru
KUMJTHK XONaTHHH aHHK1aLl yuyH Xap GUp CErMEHTHHHT 3HEPruscH Xxucobnananu:

N
1
En = ﬁ sz
=

By epna E - HyTKHMHT 3HeprHscH, Q;- CHIrHa1 KMAMATIapH.

4. @peamnapza axcapmuw. HyTK curHanuiaH SKHMIHK Xonatnapu
AYKOTWIraHmaH CYHr HYTK CHFHANMHM KaliTa CerMeHTiam Ha'mmac:ma
¢petimnapra axparuin 3apyp. Onu6 GOpunraH TaAKMKOT HaTHXanapura kYpa,
M=256 6ynran ¢peiiMnapra HuIOB 6epuin MakcHMan TE3KOPIHKHH TabMHUHAAAY,

5. Xennunz ounacuoan ymxasuw. Curnannapra pakamiaid HUuioB Gepuiuna
KyHupam oliHanu y3raprupuuuiap Kyanawunanu: Baprnert, Bnakman, YeGbiues,
Xennunr, Katizep Ba XaMMMAMIAp wynap sxymancumanmup. Llynappan nyrg

| CHrHamnapura MUUIOB Gepuwaa XemMuHr Ba XEHHHHr OHHanapu xeur

Kynunamunams. BMSHMHr  XeHHHHr OHMHacHHM TaHNAlRH  Makcan Gy
dolinananaguran kucka aktmu Oypve yaraprupmunna(STFT-short time Furjer
transform) ofivamaH YTKasMmZA CHTHANHMHr GOWM Ba OXHPH TYIHMK Honp
KuAiMaTHra Teur 6ynuum Kepak:

w(n) =0.5 (1 - cos(Nzinl))

ByHpa, N - ofiHanap KeHramry.

6. Kucka eaxmuu Pypoe amawumupuu(STFT). HyTk curiaiapifat 6enruny
XYCYCHSTNAPHH TYFPH aXpaTiG anuu, HYTK 6y#ipyKnapuHH Ba CyXaHAOHHH TaHuLy
HIIOHYITHIUra TabeHp Kunagy.

Wucon kynoxnapu sumraw TH3HMHU(yNHTKa) MEXaHHK BaKT HacToracy
AHANH3ATOPH GYNratt YuyH, y XaM JOMMO HyTK CHIHATHHHHI GHPO3 BaKT y3rapray
CHEKTPNIAPHHUHI KHCKA KETMa-KeT/IMruHH Kabyn Kunamd, 6y TaxMHHaH wyry
Chriannapura STFTHu K¥nnaranna xam conup Gynanu:

STFT, = STFT{x[n]} = X[k, n) = Z x[m]w[m — njeikm

m=-—0o

=y
Oy epna, j MaBXyM KMCMH Ba TYILIAM {e N "} 3ca OpToHOpMan Gasucaup.

XOCHN KHIHHraH CreKTorpaMMma KMiiMarnapy TYPAH XN HHTEleKTyan
TH3HMIIapia KHPyB4H napamerp cudaTtuaa kabyn KUIHHAIM.

7. Yauamnapnu uckapmupuw. Cursan §nuamnapHHH KHCKapHTHPHLI OpKany

Xucobnam joknamMacHHH KaMaliTHPHII Ba NPOLECCOP CaMapAOPAKIHHH OLMpHI
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YYYH CHHrynap éiuw ycynunaH doiiaananungu. Cunrynsp éium SVD (singular
value decomposition) — 6y XxakMkMif MarpHUaHH KaHOHMK IIAKJIra KeNnTHpHLI
MaKcaguga aekomnozuumaaup. SVD Marpuuanap GunaH HuUIainAa kKyAa Xam
Kynaii ycynaup, OyHnaH TallKapH MaTpHualap yCTHAA aMainap NpouLeccop
€aMapaZIopAUIHHK XaM OLIHpPazH.

SVDHHHr MOXMATH XKyAa XaM ojumii 6ynub, xap kaHzaal Marpuua(XaknkHii
€xu MypakkaG) yura MaTpULAHHHI XOCHiacu cHdarTHaa HaMOEH STuiagu Ba y
KyHunaru opMyna opKaiH HQoaanaHaum:

X=UDV = Zaiuiv{
=

Oy epxa,

Uy = [uy, ..., ;) ER™*T, ¥ :=[vy,..,v] € RI*T

CurHan ynyamyiapy COHMHU KaMaiiTUpHLI MyaMMOCHHH euHInAa aifHaH ury D
maTpunagaH  doiiganaiunagy. LyHHHr yuyH curHan  YiuamnapHHH
KHcKapTupuiaa, SVD anroputmu xucobra onHHaéTran KOMINOHEHTap Hepangura
aMcnepcussiapd  MuFMHAMcHra TasHumagd. Taxpuba HaTmxanapura Kypa
JMCTepCHsT KOMIIOHEHTNapH COHH KaH4ya okopH Oynca ¥i4oB KuiimMatnapi
KHCKAPTHPHIraH CHTHa WyHYa XaKHKHACHTa SIKHHALIau.

8. Popmanm yacmomanapunu anuxaaw. CyxanpoHra G0FIHK 6ynraH HYTK
OyApyKiapyHH TaHMwAa GOPMAHT YaCTOTAIApHHH KYyllMM4a napameTp cudaruia
onuIn AXwWK axamusaT kac6 sraau. By sca ¥3 HapbatHna TaHMO ONHIO aHMKIHK
¢doiinzuHn owMKra onub Kenagu.

HyTk ToByumapuuu Ttanapgy3 KHIMLIAA OXaHr MyJNbCH &€KM LWOBKHH
CUTHAJLTapH OBO3 iyau opkanu yraxu. Harmkana, 6up xun ToHan €kd LIOBKHH
cnexkTpu 6Mp KaTOp MakCHMan Ba MHHMMa cnexTpra aitnaHaau. CreKTpHHHT
MaKkCHMyMNapu gopmanma peb atanagy Hytkwu tanaddys xumumaa yHWHT
CneKTpu AOMMO y3rapu6 Typaau Ba dopMaHT yTuwnap Xocun 6ynamu. Taknud
ITUNAETral acocHit (JOPMAHT YACTOTATAPHHH AHHKJIALI anropHTMH G10K-CxeMacH
Kylinaaryya 2-pacMzia KenTHpPHIraH.

AkcapuaT oBoanu GowkapyB Ba MamiyM OMp XaBCH3NHK THU3WMIApHIA
MHCOHHH HYTKHM OPKAJIH WIaXCHHY WAEHTHOHKauMsaLa afinal aHuK OyHpyk cy3u
€y aliHaH aHUK GHp KaNHuT cyanap MLUTaTHIaaH.

9. MFCC(Mel frequency cepstral coefficients) xuimamnapuru onuw. MFCC
3Hr KeHT TapKanraH ycyuiapiaH Gyaub, HHCOH 3WMTHIN TH3HMHHHHI YH3MKIHA
GynMaraH TabCHpHMHM anmpokcMMauusnaiid. By aca ¥3 nasbGaTuaa ywby
k03 PHLUMEHTNAD HHCOH SUIMTHLI TH3HMUTA XYAA XaM AKUHIUTHHH GHIAHpaTH.

10. Beneunaprunz myeoguinuzunu mexuiupuw 6a mawub onuw. SIroHa
_Genrunap BekTopuaa axparub onunras HyTK OyHpyknapu nactnab MYBO(hHKIIHTH
TEKLIMPHUIIaZK Ba MOCIMIH aHHKaHCa y TaHHO onvHanu.

13



Yy

f MabayMOTAapHH KHpHTHID /
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)
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Ja

Doitnanu ae6 TonuIraH 4YKKIHHU
TaHjaawm

¥

TannauraH kKuliMaTnapHu
MaccHBra ¥anaurrupuui

2-pacm. AcocHii pOPMAHT YacCTOTATAPHHH AHUKIAWHUHT

Homabaym
C¥3n084M HyTIH

TAKOMHITAWITHPHITAH aAropUTMH

APY

'
)
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h T Haruxa 1

3-pacm. C¥3/10BUHHH LWAXCHHH MAeHTHDUKAUUANIAL TH3HMH
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Vinby 6ockuuuza HyTK OyHpyknapuuy Typnu cuHdraw Ba Kiacteprai
MacananapyHi eyHll OpKATM amanra OwMpuianu. BusHuHr xonaraa SUmMpHH
MapkoB Mofieniira acoc/iairad MoAenaas o fanaHunam.

HyTK OpKanu CY3jIOBYMHHM LIAXCHHH QHHKJIAIN TH3UMHHMHI CTPYKTYyPacHHH
amanra owupHin 6ockuunapy Kyinaa kentupub yrunran(3-pacm).

CyanoBuK &KM CYXaHOOHHM ranupa€rrai HYTKM OpKaIH LIAXCHHM
MOCHTHOUKALMA KATMLI WKKH PEXHMIA, AbHM YKuTuO onmwm Ba TaHUO oNHLl
pexuMIapna aMalra OLIHPHIIay.

Vknut6 onum kapagHupa Ky#iuaa airopuTMHK Gockuwiap amaira
OLUHPpHNAIH:

I-kadam. MHKpo(OHIAH KMpYBYM AHANOr CHIHAN paKamiH KypHHHLIra
yrupunan.

2-kadam. Jactnabku wunos Gepuwi. Bynna kupyBuu curnan QpuisTpraHaay,
cerMeHTNanany, peiimnapra axparuanb oliHanapaaH yTkasuiany.

3-kadan. AXGOpOT GeNnruu XyCyCHATIap aXparnnab onuHamm.

4-kaoam. Cyanopumra uaenTudukaunon pakam (id) Gupukrupunany sa ywby
CY3MOBYMHHHI OBO3 XyCYCHAT/IapH XOTHpara caknat Kyiunanu.

Tauub onumu xapa€Hupa KyHAuoarn anrOpHTMHK 6ockuwiap amManra
OLUMpHIAAHN:

I-xadam. MukpodoHIaH MXUEDHiH ranuprad cy3noBuM €KW CyXaHJOHHHHI
HYTKM KHPYBUH aHAJIOr CHTHI KYPHHHULIK/AH PAKaMITH KYPHHHILra yrupHIamm.

2-xaoam. JJactnabku Huwos GepHil aMaLiapy amanra OLHpHIai.

3-gadam. Ax6opoT GeNruin XyCcyCHATIapH axpaTHiab onuHaaH.

4-kaoam. OnuHrad XyCyCHATNIIAp XOTHpacHja CawiaHral Cy3IOBYH
CyXaHOOHJIapHUHT XyCYCHAT/apy GnnaH BEKTOPIH KBAHT/ALI (BK) nHTesneKTyan
anropuTMiapaaH ¢olianairad Xoaa TakkociaHaau.

TaaKMKOT HaTHXaNapH LIyHH KYpCAaTRHKH CyXaH/OHra 6ornuK 6ynraH HYTK
Oyipyk cyanapuHi pean BaKT PeXHMHIAA TaHHG ONMLIMM annapar-AacTypuH
nargopMasia amanra OLIMPHILAA BK anroputMH HucOaTaH MXyaM Ba amaira
oumpui Kynainury Gunan Golka anropuTMiapra Huc6araH(swMprH MapkoB
MOJIENH, CyHBbHil HelipOH TapMOKJapH, DTW-dynamic time warping) X1\ HaTHka
6epau. -

5-kadam. Arap CY3NOBYHHMHI HYTKMIAH QHUHIAH XyCyCHSATNap XOTHpaaaru
caKjlaHraH XycycuaTnap GHiaH TYFpH KeJica HaTixala yw6y CY3NOBUHHUHI LIAXCH
aHWKJIAHTaHH Ba lIyHra Moc xabap 6epany

JuccepTauusHUHT «HyTKk cHr{Haaura HUL0B Gepywn  anropuTMiIapH
annapaT-gactypuii niaTGopMacuiu ApaTHLD) neb HOMIJIaHTaH YUHHYH 6o6n1;a
HyTK Oyiipyknapu OpKasiH 6oluxapys TH3HMHHH amanra ouMpull y4dyH annapat

TabMMHOTHIA KyHunran Tanabnap kenTHpUraH. Typau pactypiall MyXHTiapuaa
Ba annapar-AacTypHii TAbMHHOTIZPHAA HYTK CHUrHAUIAPHHH TaHUO OIMLIHK amanra
OLIMPHILIHH OCOHNANITHPHII YUyH annapat TabMHHOTH apXMTEKTYpacura Moc pean
BAKT OMEpaLMOH TH3UMH amanra OLIMPHITaH. Mnmuit miuna HyTK Gydpyxnapra
HIINOB GepHU.lHHHl‘ annapa'r-uac'l‘ypuﬁ l'UIaTd)OpMaCH apxmem-ypacu ‘l‘aKJIH(])
3TUNraH.
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Annapat-gactypuii  niargopManapHHHr  Typda  XWUIHIH,  apXMTeKTypa
XyCYCHSATNIApHHHK Ba YJNIapHHHT XHcoOnal pecypenapi yekaHraHAMIMHK XHcobra
onraH xonna, YTKaswiraH Taxpubarapra acocnaHu6 HyTK CHrHaIapuUra HLULIOB
GepuiuHunr Tynuk 6ockuwiapuku anoxuaa Allllna amanra owupu6 Gynmaiau.
Lynuur yuyn Typim AJIT14a HYyTK CHTHaJUIapyra HIWIoB GepHILHHHT Kyiujardya
BapHaHTJIapH Takug sTUIaIy.

l-eapuanm. MuxpokoHtpoinepra(MK) acocnawraH HyTKHM  TaHMLI
TH3UMAapHaa(4-pacm.).

JNactnabku nuinos Gepuiy XycycHsTaapHH axcaparHi !

Curnan J APV XeHHuHT o] STFT |,
oitHanap

4-pacm. MK TH3umJsapuaa cHrHauiapra winnos 6epHin 6ockuunapmu

Taxnunnap uryHu Kypcarauku, Muxpoxonmponnepaap HYTK CHrHajuiapura
nactnabky WuwioB OepHill skapa&HuAa Kyda XaM AXUIH HaTWxanap KypcaTaH.
CHrHa/NapHH paKkaMiIalTHPHIL, GUIBTPAL, CHUTHKIALL, XUMIHK COXaNapHHH
2KPaTHIL 2TFOPUTMIAPHHA KW HHUHIMKCH3 aMaira OLIMpa ONaji.

2-eapuanm. MaxcCyC CHrHal1 NpoLECCOp/apH Ba KaiiTa AacTypnaHyBuH
MaHTHKH# uHTerpan cxemanu(DSP, FPGA) HyTKHU TaHHIU TH3UMIIapHaa(5-pacM. ).

e ot s |

Jactnabku mnnos Gepui XycycuaTnapHm axaparii

Curuan APY Xeuuunr STFT o MFCC |-,
oitHanapu :

5-pacm, DSP, FPGA TH3umniapuaa curHannapra uusios Gepui 6ockuusnapu
Kaiima oacmypnanysyu DSP ea FPGA xypunManapuHUHI apUXTEKTypanapH
JapakacHaa cHrHajuiapra pakamiM HIoB Oepuil anropHTMAIApHHM amaira
OIIHpHW K¥3na TyTwirad. Wynunr yuyn 6y AIlNxa XycycHATIapHY 2XapUTHIL,
¢peiiMnai, TypnH Y3rapTHpHLI, CHKMLI, axGopoT GearunapH¥ KapaTHil KaGu
Mypakkal aMaiiapHH OCOH aMaira OWIMPHIU MyMKHH. AMMO, aH&IOr KMDHIIH
6ynmarannuryu yuyH an6arra MKnap 6unan Gupranykaa iunarunaii.
3-eapuanm. Maxcyc MoOHAB YpHaTunraH TH3HM NPOLECCOpapHra
acoCsiaHraH HyTKHH TaHHLI TH3UMapuaa(6-pacm.).

Hactnabxy viunos Gepuiu XycycHATNapHH axapaTuiy i
Benruan
XeHuunr l
—>1
Curnan APY [—» ofinanapu STFT » SVD XYCYCHSAT- -[->
Jiap :
i

6-pacm. Mo6unb npoueccopnapra acocnanran TH3UMANAPAA CUrHANNAapra
vunos Gepuw Gockuunapu

Mo6uns nponeccopnapra acocnaxran annapar-gactypuii njargopmanap xyn

apponn 6§nu6, okmMmiapun Golkapull Ba kyn Basudanuk amannapuuu Gaxapa

onagy. byHnauw Ttamakapu ywby TH3UMNapaa uxTuEpuil 1OKOPH nacTypnaiu

THJUIAPYHUHT KOMITHIIATOPNAPHHH YPHATHLI Opkanu Mypakkab HyTK CHrHannapura
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uuuoB GepHLll ATMOPUTMIApUHH HUcOaTaH OCOHPOK amarnra OLUMPHII HMKOHHATH
naiino 6ynanu. Kyn sgponu npoiueccop MaBXyMUIMIH Ba YpPHAaTHIraH pean BakT
ONnepalHoOH TH3MMNIapH amanra OLUMPHLI MMKOHHMATH MaBXyUIHTH Ba XOTHpa
XaXMH HUCOaTaH KaTTaIMriH1 Xucobra oyrad xonaa Mypakkab HYTK CUTHasUIapura
HULIOB 6EPULIHMHT TYIUK UHKJIHHN aMalra OLUHPHII HMKOHUATH MaBxKy/.

(Muxpoxowtponnep)  (FPGA kypwivanapw) |
_____________ - ."‘“"‘------—ﬁ
! " | , Bearinapun asparum !
/\/\/ 1 fl:;’rgaﬁm swaos Gepum ! ! pelinnapra 6ynaxnaus; :
D—’« - q)lmt:'rpnam; :———-—»: - OfiHanan yTKasuur, 1
! - MHMIHK COXanapHHU | . STFT, SVD;, 1
axparHw | , - opmatanapuu akuKnaw, :

| mmmm=—- 1

Benrunapin HMM ae:icu.na | Hatnxa Momsrop 1
HamyHa Gyiinua | - KupaTHO/ !

XoTHpaza xuauphu, Takkocam | | | aukapuw |
caknam Ba TaHub oau | | Momyan '
________________ L e e ==

— — — —— — — — — — S S —— — — T — —— — —— — — — — o om— — —

7-pacm. HyTk Gyitpyxknapusy TaHuG onum aaroputmnapuiu AAIIna amanra
OLUMPHITHILH

Harmxana Typnu Mmypaxkab HyTK CHFHaJ/UIapHIa HULTOB GepH Il alrOpHTMIapH
Ba JacTyp/iapHHH ArOHa OnepauMoH TH3MM ocuna EM3288 annapar-pactypuit
nnatdopMacuaa aManra OLUHpUIAH. YTKa3HIraH TakpiGanap HaTHxacHra TasHuo,
HyTK OyHpyKiapuHH TaHM6 ONHMIIHMHI Mypakka® airopuTMiapH Takiug
srunaérrad AIlIaa Kyiinparuya Gupnaurtupuiau(7-pacm).

JucceprauusstHHHI «Vibex THAM HYTK GylipyKIapMHH  TaHHW
niaTgopmacu HuTepdeiicH Ba aacTypuii Maxkmyack» 1e6 HOMIAHTaH TYPTHHYH
Gobupa yeknaHra HyTK OyHpyknapHHH TaHMG OnMII Ba OBO3NMH GoKapHLI
MaXXMyaCH MOLY/ITapHHHHT TapKHOUHA KMCMNapH, XaMAa HyTK GyiipyKiapH OpKaiu
oBoanu Golukapys TH3MMIApUra MybKaniaHraH uHTepdeiic anropurMu Ba
IAcTyprapy KeaTHpuirad. HyTk cHrHannapy OpKaiM oBO3mH Gollkapys AacTypHi
MaxMyacn HyTK OyMpyknapura AacTnabky HUUIOB GepHil MOAYNH, ajanTHB
MALTPRALI MOAYNH, CYXaHAOHHHM aHHKJIALI MOMYJH, HyTK GyHpykrapuHH TaHHO
OJTHLI MOAYSIUNAPUAAH TALUKHI tonraH(8-pacm).

Hactypuit Moaysnap kpocc-niaatgopmant Python nactypnam THmiaa amanra
owmpunran 6ynu6, Linux Ba Window onnacura MaHcy0 onepailMOH TH3HMIapAa
amajira OlWIMpPHLI KMKOHHATHIA 3ra.

FRUHAY. ) ALYC T NCMIDAGH
i TUMKFS. 50T

U TDUNALGOIAL , LA RSITFT!

TR S

T T .

| A IBDR GRS o0 viaRKALL ]




HyTk 6yfipyxnapn
opkanx Gowkapvs

l A

)

HyTx curnannapuuu C
YXaHAOHHH aHHKAAL Hyx Gy fipyKnapisi
aganTus GpunbTPNAW MOZYH y < :"Gponum
MOZYIH
i
[ Eﬁw—. - preeo
P i YXaHIOH KyUIHLI »  wuuwios Gepuu, ME |
: *‘ HyTk curnanuun | xycycustnapuu [0 ;
| €316 onuu b axpaTHL
f M ——— i Cyxannonuu
‘ T “ eympyaapn < M
e Xatonukuu 2 TauuG onuw
TEeKUIHDHLI

8-pacm. A/llaa amanra OWHPHIIraH AacTypuit MaKkMyaHHHT TY3y UK

HyTk curnannapura vuuios Gepulli Ba Tauu6 onmi [acTYpHil MaXmyacH
AJlillna amanra oumpuw yyyH Python Aactypnaw tunupa &unau. By ywby
JacTypuii BOCHTaHHU Kpocc-nnargopManunuk XYCYCHSTHHM TabMHHNalaH. HyTkHH
TaHUUI TH3MMHHH MIITA TYUIYPULIJAH aBBAI JACTYPHii MaxkMya coanaHay. Bynna
nactnab 5 ceKyHA BaKT OPAIHFHAA HYTK, 6ylipyxnapuam amanra olwMpuIHLIH Tanab
STHIIFAH MYXMTHAH WIOBKMH &u6 onuHazu Ba dunerpnam kosdduuueHTnapu
Taunavamy. AJII1 MUKpOQOHH OpKanH Kenagrran HYTK CHTHaNH &ub6 onuiu
Gounananu. E3u6 onuuran nytk CHraJulapy swMpuH MapkoB MOJENH acocHia
TaHH6 ONUW HULTapH amanra owHpunagd. TaHu6 onuuran C¥3nap 3KpaHra TeKkcT
KYpHHHIIKAA YHKapHIaH.

Tazkuxor uwn Basugacura kypa yexnu NYFaT cyanapuHH TaHUID Ba OBO3NH
6o1uKapyB TH3UMH amanra owHpuna. ByHna Kyiunaru 30 cy3 6yipyknapu Tanna6
OnuHH: “talaba, malika, samalyot, lola, bola, ona, masala, mamlakat, olti, oltin,
lochin, lobar, kitob, maktab, archa, chelak, gul, yulduz, sayyora, viloyat, tegirmon,
dala, vagon, bekobod, angren, yangiyo'l, yunusobod, umid”.

Ywby Taxpuba HaTHxacura acocaH Kucka BakmIM Dypbe ¥3rapTHpHLuM
YpHaTWIraH TH3UM npoieccopnapHia sSxwH Teskopnuk Gepau(l-xansan). lllynra
kypa pactnabxu nuwos Gepuinaru knaccuk FFT+MFCC anroputmu Ba Taknud
3THNAETraH ArOPHTM TE3KOPMIHY TaxpHba opKanH TeCTNaHIH.

1-sxanBadt.
Jactnabky Hingos GepHIBAAry Te3KOPAHK

Nunoe 6epuin ycynu Te3kopauk (Mcek.)
FFT+MFCC 60
STFT+SVD 15
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Tauu6 onuuwaa cuHGNAlD ANTOPHTMIAPH  TaxJMIH(2-xansan).

HyTk

CHrHaNapuaa axparud ofuHran ax6opor Genrunyu XycycHATNApH OpKanH TaHHO
onuuifa, CyHbMM HeHpOH TapMOKIapW, swMpHH MapkoB Mopend (IMM) Ba
BK(BeKkTOpNH KBaHTJIAll) ANTOPUTMIIApH KHECHH TaxJIun KHIHHIN.

2-3kaaBaJt.
CyxaHaoHra 0orauk 6yiipyKnapHy TaHULI AHHUKIJIHIH

Anroput™ | HyTKHH TaHHII aHRKITKTH (%) Bbaxcapriuin
Marura 6Gornuk | MarHra 6ornnk 6ynmaras | BakTH (Cek.)

BK 95 89 3

SIMM 98 93 8

VYHra kifpa cy3noBuHra xarbui 60FNHK TH3UMIApAa KATBHI MATHHY KANHT C¥3
cudarnpa ndonanaranaa BK Ba SIMM anropurmnapu Moc pasuuiaa 96% Ba 98%
AHMKJIMKHH KYpcaTau.

3-xansan.
Tawnud dTHAraH AArOPUTMIIAPHH AMATE OWIUPHIN
Slwupur | PopmaHT MFCC FFT + MFCC ISTFT + SVD + MFCC
Katfamnap | yactoranapu | KuiiMatnapu | Haruwxa | Tectnain [Hatwxka (Ye)XTectnain
COHH COHM COHH (%) BaKTH aKTH
(cex.) (cex.)
.6 91 12 99 18
8 4 12 94 15 98 20
10 91 20 87 25
4-xansan.
STFT + SVD + Spectogram anropMTMAapHHH aMara Ol HPHIL
Awmpun dopmant CnexrorpamMma | Hamixka | Tectnain
KaTnamnap | uacroranapu | kuiiMaTnapu (%) BAKT (ceK.)
COHH COHH
6 93 89
4 128x33 87 128
10 ~ 84 140

Vwly 3-xansan Ba 4-xagBangard Taxpuba HaTHxanapuaaH Xynoca KHIH6,
30-50Ta raua 6ynran yeknanrad HyTK Gyiipyxnapnaa HMM MogensHuHT sLHPHH
KaTiamnap coHu 6-8HH Talkun 3TH6, Taknud 3TURAETrad anTOpHTMIAp KeTMa-
KeTIUrua Moc paBuuiia 98-99% Tanub onuil aHHKIMIHHHE KYPCaTAH.

Taxpubanap WyHH KYPCATAMKH, 8-pacMia KeNTHpWIraH HacTypHi Maxcmya
yMyMH#i CTpyKTypacula caHu® YTWIraH airopurmiap, aHHKIMIHK Ba HULIOB
Gepuu TeskopAKrH 6Yiinua sHT caMapaiy JKaH.
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XVYJOCA

Wimu#t TamkukoT HmmuMHC 6axapunuwm Mo6aituuna KyAuparu unmuii
HaTXanapra spuLIHIaH.

1. Hytk 6yiipyknapunu Tanu6 OJUILAA, OBKUH, XaNaKHTIapra 6apnouinyu sa
TYPIH MUK MyxuTra Mocnaurysun NLMS agantus GunsTPH anropuTMu MNa6

AHHINIHHHTY OLIHPH.

2. Hyrx CHTHANapHra aactnabku uuwos 6epuwn Gockuumnna ¢peiimnaun,
KUMJHK  COXaNlapHHH  axpaTH6 OHW, olfHanapaaH  yTkasuwu, dopmant
HACTOTANapHHH aHWKMAUUIAp acocyaa CHTHalHK NapaMeTpHK KYPMHHINTA ONHG
KeMHI Ba sAroHa ax6opot XYCYCHATNADHHH XOCHJI KHJHLI ANrOPUTMITAPHHHHT
YMYMH# KETMa-KeTauru Aparuuam.

3. Pean BakT pexcuMuaa curuan ynuamnapuuu KuckapTHpuw Makcanuga SVD
AIMOPHTMHAAH  ¢olinananum TaKm¢ stunau. By HyTK curmanu axbopot
XYCYCHATNAPHHH CHKHII XHCOOHra npoueccopra Tywanurad oknaMaHu 50%ra
Kamaitupay.

4. Hytk Oy#pyknapunn Tann6 ONTMUINA HHTEJUIEKTYal MUUIOB GepHIUHUHT
Bekropnu xBanTnaw pa AMPYH MapkoB MogenHra acociaHra anropuTMiap
ApaTHIAH. BekTopnu keantiam CYXaHIOHHH HAeHTH(MKAUMANALIAA Te3kop Ae6
TONHIAYN Ba 95% aHHMKIMKHH K¥pcatiy. ALUMpHH MapkoB Moaenura acocnaHra
ITOPHTM KaM COHJIH KHPYBYM MablyMOT opkanu HiLiali ONMLI Ba arOPHTMHK
KHBXATAaH coamapok 6¥nranmury cababnu, annapar-pactypuii nnargopmaga HyTK
Oyiipyknapunu TaHHLIAa HUCHaTay AXUIHPOK caMapa Gepau.

5. UIMKOHHATH Yeknanran MHCOHNAp y4yH 0BoanH GoLIKapyB Kynaii Aactypuii
HHTepdeficura sra AacTypuit MaxMya spatuny.

6. Pean sakr TH3UMIIapHra K¥ilunran Tanabnap acocHaa HyTK Gyipyknapunu
TaHUO onHw annapar-aactypuii Mnargopmacu apxurekTypacH Ba ¢yHKUMOHan
SMEMEHTNApH Taunab onuHaH.

7. Pean pakr pexumuna Humnafinuran Hytk 6yHpyKNapuHK TAHHG ONMLIHKMHL
k¥ aaponu mMoGuns Tipoueccopura acocnanran annapar-aacTyphii niargopmacu
ApaTHnAy.

8. Wunab unkunran annapar-aactypuit nnargopmana 30ta y36ek THAM HyTK
6yfipyknapunn Tauu6 omum TYPM MWIYM MyXuWTiapAa amMaira OLIMpHILH.
Annapar-gactypuit TabMUHOTHAA XOTHpa Xa)XMHHH OLUHPHLL GUNaH HyTK GyHpyk
CY3napy COHMHH OMIMPHII UMKOHHATH MaBxyn. TH3HMHHHI MOCNALLYBYaHIMTH Ba
MOOHJUTHMM annapar-gactypuit nnargopmanuHr Anapona sa Jlunykc onepaumon
TH3HMJIapHAa HILTal KOGUAKMATH GUnay TabMHHJIAHAH.
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HAYYHBI COBET DSe.13/30.12.2019.T.07.01 IO NNPUCYXKAEHUIO
YYEHBIX CTENEHEHN IIPU TALUKEHTCKOM YHUBEPCUTETE
UHOOPMA LMOHHBIX TEXHOJIOT U

TAHLKEHTCKU YHUBEPCUTET HHOOPMALMOHHbIX
TEXHOJIOTUH

HIYKYPOB KAMOJIMJAUH 3JIbBOBO YIJIA

PA3PAFOTKA AJITOPUTMOB M ATNAPATHO-IIPOTPAMMHOM
MJAT®OPMbI PACIIO3HABAHHUS PEYEBBLIX KOMAH/Y

05.01.04 — MaremarH4eckoe H nporpaMMHoe ofecneueHne BuYHCIHTENBHBIX MK,
KOMILTEKCOB H KOMIBIOTEPHLIX CeTell

ABTOPE®EPAT JUCCEPTALIMU
JOKTOPA ®UJIOCO®HH (PhD) MO TEXHHYECKUM HAYKAM

TowxenT — 2021



Tema aucceprauun aoxtopa usocodun (PhD) saperucrpuposana 8 Boicweii arrecrammontioii
xomusccnn npu Ka6unere Muuncrpos Pecny6anku Yibexncran 3a B2021.4.PhD/T902

Jucceprauns seinosHena B TawkeHTCKOM yHHBEPCHTETE HHBOPMALHOHHBIX TEXHOROTHI,

Astopediepar IKCCEpTaUMH Ha Tpex sImlkax (y3bekckuil, pycckul, anrauiickui (pe3ionme))
pa3mewieH Ha Beb cTpanuie (Www.tuit.uz) u Ha MudopmaunoHHo-06pazoBaTenbHoM noprane «Ziyonet»
(wwiw.ziyonet.uz).

Hayunbiit pykosoanrenn: Mycaes Myxammanwon Maxmyaoniy
JIOKTOP TEXHHYECKHX HayK, npodeccop

Odununanbhbie ONNOHEHTHI: Hasuposa Jamiipa Lloasmonosna
ZOKTOP TEXHHYECKHX HAyK, AOUEHT

Asasos I0cy¢ Woanesny
PhD, nouent

Beaymas oprann3auns: TamkeHTCKHIT rocyaapcTBeHHbIii TPaHCNOPTHLIIi
YHHBEPCHTET

3amuTa UCCEPTALHH COCTOHTCA «___» 2021 r. B ___ 4acoB Ha 3acenanuyu HayyHoOro
cosera DSc.13/30.12.2019.T.07.01 npu TatkeHTCKOM yHHBEpcHTETE HHPOPMALHOHHLIX TexHONOMH.
(Aapec: 100202, r. TaukenT, yn. AMupa Temypa, 108. Ten.: (99871) 238-64-43; daxc: (99871) 238-65-
52. e-mail: tuit@tuit.uz),
C amcceprauneii MOKHO O3HAKOMHTLCH B HMRGOPMAUHOHHO-PECYPCHOM UeHTpe TamkeHTCKOrO
yHHBEpCHTETa HHPOPMAUKOHHBIX TEXHOMOIHH (perHcTpauHoHHbI HOMep Ne ). (Aapec: 100202,
r. TauikenT, yn. AMupa Temypa, 108. Tea.: (99871) 238-65-44).

AsBTopetepaT AHCCepTaLMK Pa3OCaaH « » 2021 rona.
(npoTOKOA pacchUIKH Ne or « » 2021 r.).

P.X.Xamaamon

Tpeaceaarens Hay4YHOro cosera no
TIpHCY KECHHIO Y 4eHBIX creneHei,
Z0CTOp TEXHHYECKHX HayK, npodeccop

®.M.Hypanues

Yuenslii cexperapb Hay4HOro cosera no
NPHCY KACHHIO YUEHBIX CTeneneli,
ZOCTOP TEXHHYECKHX HayK, JOLEHT

M.A.Paxmaryanacs

lMpeacenarenb HayyHoro cemunapa

MIPH Hay4HOM COBETE NO NPHCYKACHHIO
YUeHRIX cTeneHeH, JOCTOP TEXHHUECKHuX Hayk,

npodeccop
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BBEJAEHUE (anHoTauus AuccepTaunu aokTopa gpunocopun (Ph D))

AKTYanbHOCTb M BOCTPeGOBAHHOCTL TeMbi Auccepraunu. B mMupe pons
KOMTILIOTEPOB B OpraHU3aliK B3aHMOEHCTBHA YeNoBeka ¢ o6opynosannem ouenn
BaxcHa. CaMbiM 3hrexTHBHEIM cpeacTBoM OpraH3auHH B3aHMOZEHCTBHA YenoBeka
H TEXHUKH ABNACTCA pedb. Ceroans AOCTYNHbI Pa3NHUHbIE METOLbI 1 HHCTDYMEHTEI
A4 pealu3aliy  YENOBEKO-MALIMHHOIO HWHTepeHca, u omHuM H3 CaMBIX
3(deKTUBHEIX WHCTpYMEHTOB  siBNserTcs Pedb.  Vnpaenenwe ronocosiMu
KOMaHIIAMH LIHPOKO HCMONB3YETCH B pasNuuHbIX 06NacTsX: ronocosoe ynparnenue
YCTpOHCTBAMH M 0GOpYNOBAaHHEM, IOIOCOBON NOMOLUHUK B KONA-UEHTpax, B
CHCTEMaX «yMHBIi JIOM» M «HHTEpHETE BeLueily (IoT), B ronocogoii
uneHTH(UKauun, wuHTepdeiicax ronocosoro YNpaeleHus gna  moneit ¢
OTPaHHYCHHBIMH BO3MOXHOCTAMH H B ApYTHX ofnacrsx. B stom cnyuyae mia
00paboTkH  peueBbiX  CHrHaNOB HCMONE3YIOTC  CIOXKHBIE  ANrOPUTMBI
pacnosHaBaHus. HayuHble HMccnenoBaHMs B 3TOH o6nactu BEIYTCS B BEQyLIHMX
CTpaHax MHpa, takux kak CLUA, Kwutaii, Snonus, Ksnmas Kopes, T'epmanus,
®panuus, Hranus u Poccuiickas denepaupys.

B Mupe nmns peanusauMm TakuX ueNOBeKO-MAIIMHHBIX HHTepgeiico
TpebyloTCA  CreuManbHble  NPOrpaMMHO-aNnapaTHee mnargopmel. Ho ¢
YCNOXHEHHEM aIrOpHTMOB 0BpabOTKH PeuH H YBETHUEHHEM KONHYECTRA peueBbIX
KOMakj\ annapaTHo-nmporpaMMHas nnargopma TpeGyer peskoro yeenuuenms
BbMHCIHTENIEHBIX peCypcoB M oObeMa namaThH. Kpome Toro, GombLIHHCTBO
HENOBEKO-MALIMHHEIX HHTEeP(eiicoB paboTaloT B pexuMe peanbHoro BpemenH. [pu
pacno3HaBaHHu pEYeBbIX KOMAHA B PasNHYHBIX CPEAaX HA peueBble CHIHANbI
BJTHSIOT BHELIHHE NOMEXH, 2 PEXHM PEAIbHOIO BPEMEHH, B CBOIO O4epens Tpebyer
CKOPOCTH, KOMNAaKTHOCTH ¥ MPOCTOTHI HCMONB30BAHUA. YKa3aHHbIE TpeGOBaHHS K
BLIMHCIHTEIBHBIM pECYpcaM H CKOpocTi 06paboTke MOryT GbiTh obecmeuens
NPHMCHCHHEM CMEUHANBHBIX ATOPHTMOB M anNapaTHO-NPOTPAMMHBIX peLueHui
npH 06paboTke peueBbIX CHIHANOB.

B Pecniybinke ocofoe BHuManue ynensercs Pa3BHTHIO MH(POPMALIMOHHBIX
TEXHOJNIOMHH W MCKYCCTBEHHOTO HHTENEKTa, POBOAATCS HAaydHbiE HCC/eA0BAHUS
Mo  CO3MaHHIO CHCTeM OOpaGoTKM pEYeBBIX CHIHANOB, ABTOMAaTHYECKOroO
Pacrio3HaBaHHs peyH Ha y36EKCKOM si3biKe, GHOMETPHH ronoca, CHCTeM YIpaBeHus
ronocoM. B Crparerun no nanbheiiieMy passutuio Pecry6nuku Y36exncTan no
MATH MPHOPHTETHBIM HanpaBJeHHsM B 2017-2021 rogax onpeaenenbl Takue 3anauu
KaK «... BHeIpeHHe HH(POPMAUHOHHO-KOMMYHHKAUHOHHBIX TEXHONOIWH B
3KOHOMHKY, COUHANBHYIO CGepy, CHCTEMBI ynpaBneHus»®. Peanusauus 3THX
BOMIPOCOB BaX(HA MPH Pa3paboTke MaTEMaTHYECKHX AIFOPUTMOB H NPOrPAMMHOIO
ofecreyeHus I YNPaBNeHHs PAsfMYHLIMH TEXHHYECKHMM YCTPOHCTBAMH C
NOMOILLBIO PEYEBLIX KOMAH B TOJIOCOBOMH GHOMETpHH.

? Va3 Mpeannenta PecnyGruias YaBeructan o1 7 despans 2017 rona NeVTI-4947 «O Crpatermn aeficTsuii no
zanskeiiemy passuhio Pecny6nukn ¥Y3Gexucrann
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JlanHoe AMCCEPTaUMOHHOE MCCNENOBAHHE B OMPENENEHHOH Mepe CITYKHT
OCYIUECTBJICHHIO 3aja4, NPEeAyCMOTPEHHbIX Ykasamu [Ipesunenta PecmyGnukn
Y3bekucran or 7 ¢espana 2017 rona NeVI1-4947 «O Crparerun AeHCTBHi N0
nanbHeHineMy passuTHiO Pecnybnuku V3Gekucraw», or 19 ¢espans 2018 rona
NeVII-5349 «O wMepax no nanbHeliweMy COBEpLIEHCTBOBAHUIO cCepl
MHPOPMALIMOHHBIX TEXHOMOIHI U KOMMYHUKalHii», [TocTaHOBNEHHEM Ipe3unenTa
Pecnybnukn Y3bexuctan or 17 despans 2021 roma Nell[1-4996 «O mepax no
CO3/1aHHIO YCNOBHH IS YCKOPEHHONO BHEAPEHHS TEXHONOFMH MCKYCCTBEHHORO
unTennektan, [locraHoenenneM [Ilpesupenta Pecny6nukn VY36ekucran oT
17 ¢espana 2021 roma Nell1-4996 «O Mepax no BHeApeHWIO CreUHANLHOrO
PeKHMa NDHMEHEHHA TEXHONOrUH UCKYCCTBEHHOTO HHTEILIEKTa, a TAKXKE APYTHMH
HOPMAaTHBHO-TIPABOBLIMH IOKYMEHTaMH, KacaloOLMMHUCS JaHHOi chepsi.

CooTBeTCTBHE HCC/TEI0BAHHA NMPHOPHTETHLIM HANPABJIEHHAM Pa3BUTHS
HayKH u TexHonoruii PecniyGnnkn. JlaHHOE AHCCEpPTAUMOHHOE HCCIEAOBAHHME
BHITONIHEHO B COOTBCTCTBHH C MPHOPHTETHLIM HAaNpaBRIEeHHEM Pa3BUTHA HAYKH H
TexHonoruy pecnybnuxu 1V: «MugopMatuzauus v paseuTHe MHPOPMaUHOHHO-
KOMMYHHKallHOHHBIX TEXHOMOTHItY.

CreneHb u3y4eHHOCTH NPobeMbl. Paj yueHBIX MPOBEH HCCIEAOBAHHS M0
paspaboTke ¥ COBEPUICHCTBOBAHMIO METOAOB LMpPOBOH 0GpaGOTKH peyeBbix
CHIHAIOB H HX aBTOMAaTHYECKOro pacrno3HaBaHMs, a TaKxe MO WX MPaKTHYECKOMY
NPHUMEHEHHIO. B 3TOM NMpHHHUMANM aKTHBHOE yuacTHE W3BECTHBIE 3apYGEeXKHBIE
yuenbtie LeCun Y, Bengio Y, Abdel-Hamid O, Graz“ina Korvel, Patel I, U.C.
Kunsarkosa, H.M. Mapkosuuxos, A.A. Kapnoe, M.H. I'yces, A.Jl. Pomxun,
O.MawmeipGaes, C.Pycramos 1 apyrue.

Cpeny y36ekckux yueHbIX 3HAUMTeNbHBI BKNaj B pa3paboTKy anrOpHTMOB,
TEOPETHYECKHX OCHOB OOpabOTKH CHIHAIOB M Pacmo3HABAHMA PEYH BHECHH
M.M.Kamunos, M.M.Apunos, LI.X.do3unos, H.A.UrHaTbes, M.M.Mycaes,
X.H.3aituuguunos, V.P.Xamnamos, H.C.Mamaroe, J.lll.Ha3upoBa u apyrue
y4EHBlE.

O6paboTka peueBbIX CHTHAIOB COCTOMT M3 CIIOHBIX AIrOPUTMHYECKHX
3TanoB, MO3TOMY OHa TpebyeT GoNbLIMX BLIMUCIHTENBHBIX PECYPCOB. Peanusaius
paclio3HaBaHHsl pe4yeBbIX KOMaHA B DPasfiMUHBIX cpefax Tpebyer paspaborku
HAJEWHOI0, KOMMAKTHOrO W BLICOKO3(pEKTUBHOrO annapaTHO-NpOrpaMMHOro
obecrnieyenus. Mccnenosanus B 3ToH obnacTH mnokazanM, 4TO annaparHo-
NpOrpaMMHBIC CPEACTBA M QrOPHTMBI pacnO3HABaHWSl PpeYeBHIX KOMaHA B
Pa3N4HbIX Cpeaax ¥ yCnOBHAX NMPUMEHEHHS H3yyeHkl B HEAOCTAaTOYHOM Mepe. Bee
CKa3aHHOE OTHOCHTCA H K Pacno3HaBaHHIO y36ekckoil peuu.

CBA3b  AMCCEPTALMOHHOIO  MC/EAOBAHMST ¢ TUIAHAMM  HAYYHO-
HcenenoBaTeNlbekx pa6or Bbicwero o6pazosaTesibHOrO y4peXKaeHHs, rae
BbINoOJHeHa auccepTauus. JlHccepTauMOHHOE HCCNEeAOBaHHE BBIMNOJAHEHO B
COOTBETCTBHM C MNJIaHaMH Hay4YHO-HCCenoBareNbckux pabor TaukeHTckoro
YHHUBEPCHTETa HHOPMALHOHHBIX TEXHONOTHii B pamkax npoekToB: NeBEOA-5-005
«AHanu3 CHCTEM pacno3HaBaHMS UENOBEYECKON peud M CO3NaHHE annaparso-
nporpaMMHBIX cpeact 06paboTky pedeBbix curnanos» (2016-2018), EBB-ATex-
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2018-134 «AHanu3 anropuTMOB pacno3HaBaHHA peyd Ha LH(POBBLIX CHIHANBHBIX
npoueccopax u paspaboTka mporpammHoro obecneuenus» (2017-2019), mpwu
noaaepxke IMporpamme: passutis OOH 1 MuHHCTEpCTRa O NOAAEPKKE MAXAILTH
H ceMpy PecnyGnukn Y3bekucran Ne32/20 «Pa3paboTka MOGHITEHOMO NPHIOXKEHNS
aBTOMAaTHYeCKOro pacno3HasaHHus ¥Y3bekckoii peun g cnabocnbiuamux moaei»
(2020-2021).

Lenblo  HcC/IENOBAHMA  ABMETCA  aHaIM3  OBICTPHIX  &NIMOpHTMOB
pacno3HaBaHus peueBbIx KomaHga y3bekckoro A3mka, cosnaHue HHTepdelica
rOJIOCOBOIO yNnpaBfieHHs C OMOLIBIO PEUEBLIX KOMaHJ ¥ peaii3aliis anropuTMoB
pacno3HaBaHKs Ha aNMapaTHO-NPOrpaMMHO#t nnatgopme.

3apaum uccsienoBaHHNA:

aHaNM3 M U3y4YeHHEe NPaKTHYECKHX MPOrPaMMHBLIX HHTEpdeHCcOB ronocoBoro
ynpaelieHHs ¢ NOMOLLBIO PedeBbIX KOMaHA;

paspaboTka anropuTMa QHALTPAUMH BXOMALIMX pPEYEBLIX CHTHAOB OT
Pa3nUYHBIX TOMEX C YUETOM YCIIOBHH paboThl;

pa3paboTka alrOpPHTMa CKaTUsA PEYEBBIX CHTHANOB B PEAIbHOM BPEMEHH;

pazpaboTka anrOpHTMOB paCMO3HABAHUSA peYEBLIX KOMaHA A CHCTEM
FOJIOCOBOr'O YNPaBNEHH;

pa3paloTka annaparHO-MpOrpaMMHONM mnardopMbl JUis  pacno3HaBaHHA
peueBLIX KOMaH/ B PeIbHOM MacliTabe BpeMeHH.

O6bexkTOM HCC1eA0BAHHS SBJISIOTCA PpEUYEBble CHIHAJE], 3aNMCaHHbLIE B
PavIMYHEBIX CPefax, CNeKTporpaMMbl H HHGOPMATHBHbIE MPU3HAKK CHIHANA.

Ipeamerom HCC/IenoBaHUs  ABJAIOTCA NporpaMMHO-annaparHbie
matopMbl  MOICCOBOrO ynparleHHMs OGOpYROBaHHEM C MOMOLUBIO PeyeBHIX
KOMaHJi, MeTOIbl M AIFOPHTMbI PaCNO3HABAHHS PEYH.

Mertoab! HccIeN0BAHMA BKIIOYAIOT METOALI M ANTOPHTMBI  OOpaGOTKH
CHTHANOB, YMCNEHHBIE METOAbl, METOAbl CHEKTPAILHONO aHanu3a, Mel-
KanCTpabHble METOAB! M aNTOPHTMBI IPHHATHA PELLEHUIA.

HayuHasi HOBH3HA 3aKIIOYACTCA B CNEAYIOLIEM:

paspaGoraH airOpMTM afanTHBHOH (UABTPAUMM AAS OYHCTKH PpeveBBIX
CHTHAJIOB OT LIyMa B PA3/IAYHbIX YC/IOBHAX PabOTHI MPH PAcMO3HABAHMH PEYEBLIX
KOMaH;

NPEANIOKEH ANrOPHTM BBUICICHHS HH(OPMATHBHEIX NPH3HAKOB PEYEBOIO
CHrHana Ha OCHOBE CHHIYJISPHOIO Pa3iOKEHUs MU COKPALUEHHA BhIYHCIIHTENBHBIX
onepauuii;

NPEMIOKEH bl ATFTOPHTMEI PacllO3HABAaHUA PEUEBBIX KOMaH/ Ha OCHOBE METONA
BEKTOPHOIO KBaHTOBaHHA H CKpLITOH MapkoBcko# Moaen;

paspaboTaHa W peanH30BaHa AapXMTEKTYpa MPOrpaMMHO-alNapaTHON
mnathopMbl B COOTBETCTBUHH C IFOPHTMAaMM PacTO3HABAHHMS PEYEBLIX KOMaHJ B
peaTbHOM BPEMEHH.

IpaKkTHYecKHe pe3ySibTaThl HCCIEA0BAHHS 3aKITIOYAIOTCA B CNIEAYIOLIEM:

pa3paboTaHbl AIFOPHTMBEI M MpOrpaMMel OOpaboTKH peueBbIX KOMaHA B
PalTHYHbIX Cpefax, HAEHTHHKALMH INKTOPA, NEPEBOJA PEYEBLIX KOMAHA B TEKCT;
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CNpOEKTHPOBaHa (hYHKLHOHANBHAS CTPYKTypa ammapaTHO-NpOrpaMMHOi
m1aropMe! ro10coBoro YNIPABJICHHA C NOMOLUBIO peyeBIX KOMaHZ Y36eKCKoro
A3bIKa;

paspaGorana annaparHo-nporpamMmuas natgopma ¢ ynoSueim uuTepdeiicom
NONBL30BaTENs ¥ NMPOrpaMMHbIH KOMMIEKC, paboraromii B peanbHoM MacluTabe
BPEMEHH; y

NpOTpaMMbl  Pacro3HaBaHUA  peyeBbIX KOMaHfi y306eKckoro s3blka M
FOIOCOBOrO yNpaBieHHs NPUMEHEHB! B CHCTEMax yMpamjieHHs NpPOH3BOACTBOM H
CNELHANLHBIX WKONAX-HHTEPHATAX IS AeTell ¢ HapyLUeHUsAMH ciyxa.

HocrosepHocTs pesyabTaTos HCCNenoBaHusi 060CHOBaHa pe3ynbTaTaMu
anpobauuH npemoxeHHBIX IMOPHTMOB ¥ METOA0B B AMCCEpTAlNH, anpobanueii
ITOPHTMOB U METOAOB B NMyGNMKaUMAX M OTueTax MEXAYHAPOAHBIX HAay4HLIX
KOH}EpeHUHH,  3KCnEepHMeHTATBHBIMY HCCNeNOBaHUAME W BHeHpPEHHEM
paspaboranHoii annaparHo-NpOrpaMMHoit matgopmi.

Hayunas wu npaxruueckas 3HaYMMOCTL  pesyabTaTosB. HayuHas
3HaYHMOCTb Pe3y/bTaTOB HCCENOBAHHS OBOCHOBaHA aHajIH30M MNpeIOKEHHbBIX
rOPTHMOB  PaCNO3HABAHHA DEYEBBIX CHIHANOR anst GOpMHpOBaHUs peueBbIX
KOMaHA H peanusaumell HHTeNNEKTyanbHLIX IrOpUTMOB  pacno3HaBaHUsA Ha
annaparHo-NporpaMMHEIX MaatgopMax.

Npaktiyeckas 3uauumocts PE3YNIBTAaTOB HCC/IEAOBAaHHS MOATBEPKOACTCS
Pa3paboTaHHLIMK anropuTMamu u NPOrpaMMHLIMM  KOMILIEKCAMH TOJIOCOBOIO
YTIpaBI€HHA HA NPOHM3BOACTBEHHBIX NPEANPHATUAX, MAEHTADHKALMY IMKTOPa H
PacnosnaBanus cjoB y36ekckol peun wis mogeii ¢ HapYILUEHHsAMH CiyXa.

BHenpenue pesyabtartos uccrenoBanus. B pesynerate npoBemeHHBIX
HCCIICNIOBAHKHA B paMKaX AHCCEPTAlHM, Ha OCHOBe paspaboTaHHbIX aIrOPUTMOB
2nanTHBHOH (unbTpauuu, pacnosHaBanms PEUYEBBIX KOMaHA W anmapartHo-
NporpamMmHo# matopmet:

BHCAPCHA annapaTHo-nporpaMMHas nnargopma ronocosoro YNpaBieHus ans
YUpPaBNCHHs CNOXHBIM 06OpyZOBaHHEM Ha MDOM3BOACTBEHHBIX NpeANPUATHAX
OAO  «V3bekucron TeMHp  Hymnapu»(Cripaska Munncrepctsa no
HH(OPMAIHOHHEIM TEXHONOMHIM H Pa3BHTHIO KOMMyHHKaLHii OT 9 HOAGps 2021
roga Ne 33-8/7908). B pesynsrare YAI0Ch NOBLICHTL TPOU3BOAHTENLHOCTD Tpyna
TpH YTIPARIEHUH CIOXKHBIMH 0GOPYIOBAHHAMHU C MOMOILLBLIO PeyeBbIX KOMAH;

B ClIelM A3 POBAHHO}H LUKOIe-HHTepHaTe ;A cnabocbimawmux aeteii Nel 06
BHEAPEH NMpOrpaMMHBIi KOMIIEKe ¢ YBoBHbIM uHTepdelicom mis nepeeoja cinos

cyxa(Cnpaska Munucreperea no HHOPMALMOHHBIM TEXHONOMHAM H Pa3BHTHIO
KOMMyHHKaLM# OT 9 HOAGps 2021 roga Ne 33-8/7908). B pesynwrare BpeMs,
3aTpaiHBaeMOE Ha M3yuYEHHE HOBbIX Y36€KCKHX CIOB C MOMOLUBIO HKECTOB NpH
O0y4€HHH LIKONbHIKOB COKpaTHIIOCH Ha 15-20%.

Anpobauns  pesyantaros HecnenoBaHus.  Pesynbrathl  MCCNefOBaHus
obcyxnanuce Ha 15 Hay4YHO-npakTHyeckux KOH(pEpEHUHsAX, B TOM uHcle
5 MeXZYHapoaHbIX H 10 HaUHOHANLHBIX,
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Ony6aHKOBaHHOCTL Pe3y/IbTATOB McCIeNoBaHMA. [10 TeMe HCCIeI0BAHUS
ony6nuKoBaHbI BCero 23 HayuHble paboThl, H3 HUX 5 cTaTeil B HAyYHBIX H3NAHHSX,
PEKOMEHIOBaHHbIX  Bbicluell  aTTecTalHOHHON  KOMHCCHEE Pecnybnuku
V3ibekucran s NyONMKAUHH OCHOBHBIX HayyHBIX pe3yNbTaTOB JOKTOPCKHX
aucceprauui, U3 HHX 2 B 3apyGexHbIX >xypHanax M 3 B PecmybmuxaHckmx
wypHanax. [Ilomyyenni 4 cBuIeTenbcTBa Are€HTCTBA  HHTEJLIEKTYambHOM
COBCTBEHHOCTH O PErHCTPaLKH NPOTPaMMHBIX NpoyKToB A DBM.

Crpyktypa u obbem auccepraumu. JIucceprauus COCTOMT H3 BBENCHHMS,
YETHIPEX [N1aB, 3aKJIOUEHHWs, CMNHCKA HCNONL30BaHHON JIMTEpaTyphl, CIHCKa
YCNOBHbIX O0O3Ha4YeHMH, TEDMHHOB H npunoxeHuit. O6bEM AMCCEPTaLMH
cocrapiser 119 crpanuu.

OCHOBHOE COJEPXAHUWE JUCCEPTALIMH

Bo Begenun 060CHOBaHa aKTYalbHOCTH W BOCTPEOOBAHHOCTH TEMBI
IuccepTauny, ChOpMHpPOBaHE! LENb W 3afauM, ONnpeaesieHbl OOBEKT H MpeaMer
HCCNefoBaHus, OOOCHOBaHO COOTBETCTBHE MCCNENOBAHHS  IPHOPHTETHLIM
HanpaeneHHWsAM pa3BUTHA HayKu M TexHonoruii Pecnybnukm V3ibekucran,
H3IOKEHBl Hay4yHas HOBW3HA, MpaKTHYeCKMe pe3ynbTaThl HCCIeAOBaHHU,
0bBOCHOBaHa  JOCTOBEPHOCTh  HONYYEHHBIX  pE3yNLTATOB,  PACKPLIBAETCA
TEOpeTHYEeCKass M MpaKTHYeCKas 3Ha4MMOCTh pE3YJIETaTOB HCCIENOBaHHS,
NPHUBEACHEI PE3ybTaTbl BHEAPEHHS, CBEACHHUA ob OﬂyGJIHKOBaHHOCTH PEe3yNbTaTOB
W CTPYKTYp€ AHCCEPTaLHH.

B nepsoit rmase ancceprauny «AHaNU3 aAropHTMOB 06paboTiH peueBbix
CHrHAJIOB M  annapaTHO-NPOrpaMMHOro obecreyeHus», PacCMaTPHBAIOTCS
OCHOBHEI€ onepaluH uKu(ppoBoi 06paboTkH peyeBbIX CHIHANOB, 3aaUH H3BNICYEHHS
HH(OPMALMOHHEIX ~NPH3HAKOB, JlaH AHAIN3 COBPEMEHHBIX aNMapaTHO-
NPOrpaMMHBIX CPEACTB K MNatdopM, pacCMOTPEHB! NPOrpaMMHEIE HHTepdeiich!
FONIOCOBOTO YNPABIEHHUS.

Peyepoii curuan - 3To Mozenb CI0XKHONO AHUHAMHYECKOIO MpPOLECCa, aHANH3
KOTOPOro OIHPAeTCA HAa HECKONbKO MNokasareneil (NMPH3HAKOB), ONMHCHIBAIOLIMX
CHIHaN H ero 4acTH. OTHMH OCHOBHBIMH XapaKTePHCTHKaMM PEYeBHIX CHIHANOB
ABNAKOTCA: (bOpMaHTHaSI 4acTora, 4acToTa OCHOBHOIO TOHA, CHEKTpajibHbIC
COCTaBNAIOLIHE.

Hau6onee pacnpocrpaHeHHBIH CNOCOG aHanu3a peueBOro CHrHana — 3TO
aHATH3 OTAENBHBIX CJI0B. B COBPEMEHHBIX CIIOXKHBIX CHCTEMAX PACMIO3HABAHHSA PEYH
pacno3HaBaHHe OCYLIECTBNSETCA B OCHOBHOM IO KIIOYEBLIM CJIOBaM. B Hacrosinee
BpeEMA DAaCMO3HABaHHE PEYH LIMPOKO HCHONB3YeTCs B Cliefqylolux cdepax: B
YNpaBleHHH MPOMBILIIEHHBIM 000PYIOBAHHEM W TPAHCIIOPTHHIMH CPEACTBAaMH, B
CHCTEMAX «yMHBIH [OM», MpPH PEATH3AUMH TEXHONOTHMil «MHTEPHETA BeLUEii»,
co3nanus uuTepdeiicop Ans NOAEH C OrPaHHYECHHBEIMH BO3MOXHOCTAMHY, B cepax
obciyxHBaHHUs U CepBHCA.

Tpu ucnonb3oBaHUM CHCTEM YNPABJICHHS PEUYblO B Pa3HbIX CPENAx, YaCTOThI
uryma U nomex, a06aBnsieMbIX U3 OKPYKaloleH CPefibl, B KOTOPOil 3TO MPOUCXOAMT,
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GymyT pasnuyatecs. PacnosnaBaHue peuesbIXx KoMaHp Tpebyer yuera
XapaKTEPHCTHK 3TOFO LIyMa ¥ OCOGEHHOCTH y36€eKCKHX 3BYKOB.

PacTer CpoC Ha CHCTEMBbl PaCrO3HaBaHWA W aHANM3A PEUH B peanbHOM
BpeMeHH. CHCTEMBI pEanbHOro BpEMEHBI NpenABISIOT BbICOKME TpeboBaHMA K
ckopoctd 0OB6paboTkH, NpH 3TOM 06beM [aHHBIX W CIOXHOCTb anropuTMOB
00paboTky 3aTpYAHAIOT pELIeHHE 3aiaUH Ha anmnapaTHO-MpOrpaMMHBIX CPEACTBAX.

ToCKOMBKY peueBble CHIHANIbI SBAIOTCA CNOKHbIMA CHrHa/laMH, BO3HUKAIOT
npobembt ¢ 06paBoTKOH 3THX CHIHANIOB, XpaHeHHeM HX B NaMATH H nepepayeit no
xananam cesizu. JUis peleHus STHx npobnem y4eHble NPEIoKUIHI TaK#e NOAXObl
KaK CkaTHe CUrHana npu o6paboTke peueBbiX CHTHANOB, H3BICYEHHE NPU3HAKOB H3
curHana, paboTa co CreKTPaNbHBIMH 3HAUEHHAMU CHIHAJIA. Bce 3T0 HanpasJi€HO Ha
COBEpLUEHCTOBOBaHHE NpoLecca 06paboTkH curHana.

Jins peanu3alMy CIOXKHBEIX @irOPHTMOB pacro3HaBaHusi peuH B peanbHOM
BpeMeHH TpeDyIOTCs CMeuHanbHble annapaTHble ¥ mporpaMMHbie cpeacrsa. B
3aBHCHMOCTH OT YPOBHS CJIOXHOCTH &/IFOPHTMOB Pacro3HaBanHA peyeBbIX KOMaH
Tpefyerca MCIONbL30BAaHHE HECKOMbKHX BCTPOGHHBIX MPOLECCOPOB Kak €AHHOH
NpOorpaMMHo-annaparHoi nnargopMbl.

AnnaparHo-nporpamMmHasi nnatgopma (ATIIT) - 3TO KOMIUIEKC anmnapaTHoro 1
mporpaMMHOro obecneyeHus, npenHa3HauYeHHbIH LIS BLINONHEHHA onpeaeneHHON
sagaun. ATTTT DOCTpOEH MO MOAYAbHOMY NMPUHLHMITY M COCTOMT n3 610ka OCHOBHOH
[UTaTh! CO CMELMATBHBIM MpoLeccopoM, 610ka mamaTH, 6r10ka BBOAA/BBIBOJA H
6/10KOB BHELLHEro HHTepdeiica.

Bo  BrOpOIi mape  Aucceprauud  «Peanusauus  aAropHTmMon
napameTpH4ecKoii 06paGoTiH peueBbIX CHIHAI0BY onucabl 3Tans 06paboTkH
CHUTHANOB, NPEWIOKEH aNrOpHTM afanTHBHOM (UIBTPaUMK PEUEBBIX CHIHAIOB B
paxIMuHbIX Cpefax, paccMOTpeHa 0COBEHHOCTh MPHUMEHEHHA anrfOpHTMOB
CTEKTPanbHOrO aHau3a PEYeBbIX CHIHATOB. OnucaHbl IFOPUTMbl CHHXEHHA
Harpy3kM Ha BbIUHCIHTENbHYIO CHCTEMY nyrém npuMenenus CHHryIsApHOrO
pa3noxeHHs ¥ MOBHIIEHHS acpexTusHOCTH 06paGOTKH MpOLECCOPa, paspaboTaH
anropuT™M  MACHTH(HMKaUMKH  aukTOpa A JIMKTOPO3aBUCHMBIX ~ CHCTEM
pacno3HaBaHHs ¥ PeYeBbIX CJIOB C MCIONb30BaHHEM CKPHITOH MapKOBCKOH MOAEIH

[IpobriemMa pacrio3HaBaHus pevu - 3T0 pacrno3HaBanue 0bpa3os, UTO BCEraa
6LU10 BaKHON TeMoll B obmacTh 0OpaGOTKH CHIHANOB. Llenr pacno3HaBaHHs
06pa3os - pa3nenuTh OOBEKT Ha YHUCIIOBLIE knacchl. Kaxnpiii krace win obpaselt
npeacrasnseT coboi  ompeaeneHHoe  COBO. BoluMcnuTeNbHBIE  Onepauun
npuMeHseMble TIPH Pacro3HaBaHuu petH, TpeGyIOT ONpeAEsEeHHOro KOIU4ecTsa
CIIOXHBIX METONIOB M COOTBETCTBYIOLIMX 21TrOpUTMOB oBpaborku. B OCHOBHOM,
pacrio3HaBaHHe PEUeBBIX CNIOB COCTOHT H3 NpOXOXKAEHUS CHIHaTa 4epe3 OKHa
XeHHHHra, NpUMeHeHHs GbICTPOro npeobpazoBanis Pypbe U NOJTy eHHs 3HaYeHU
MefI-K3MNCTPaibHBIX KO3 HLHEHTOB.

TpepnaraeMas MOCNENOBATENLHOCT ANTOPHTMOB pacrno3HaBaHHs peyeBbIX
KOMaHJ B PEXHME PealbHOrO BPEMEHH NokasaHa Ha pucyHke 1.

Pacno3HaBaHWe  pEYEBBIX  KOMaHI  BLIONHseTcs B CnemyomuX
anropUTMHYECKHX LHarax.
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1. Ananozoeuiii cuznan 6 eude exoonoii pewu npeobpasyercs B undpoBoii
CHrHan ¢ yacroro# 16 k.

2. Ouucmka peueswix KOMAHO o eHeWHE20 wyma u nomex. B pasHbIX cpenax
4acToTa U XapakTEPHCTHKH LlyMa K noMex pasnuyaiotcs. Iostomy uenecobpasto
HCNONb30BaTh AAanTHBHblE (MILTPEI NPH PaCNO3HABAHMH PEYEBBLIX KOMAHL.
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IMockoneky kaxpas cpena MMeeT CBOH OCOOEHHOCTM yMa M I1OMEX, HX
XapaKTEPUCTHKH Talke padTHyaloTcs.
Puc. 1. 3Tane! anroputmoB H3sieueHHst HHPOPMATHBHBIX NMPH3HAKOB H
PAcno3HaBaHUA PeveBbIX CHIHAIOB

Ipu peanu3sauuy GUILTPaLHK C HCTONB30BAHHEM NPEANOXEHHOTO ATFOPHTMA
3aUIyMICHHBIA CHIHAT MHKPO(OHA, 3alHCHIBAETCSA C 5-CEKYHAHBIMH HHTEPBANAMH
H opmupyioTcs koIpGUUHEHTE ananNTHBHOTO (UILTPa HAa OCHOBE ajropuTMa
NLMS (normalized least mean squares). Iocne npouecca HacTpoiiku peueBble
KOMaH/bl, MPOXOLAT (pasy (PHILTPALMH C MOMOUIBIO 3THX KOIPPHUHEHTOB. Tpu
H3MEHEHHH Cpenbl k03 HIHEHTDI NEPEHaCTPanBaIOTCA.

3. Yoanenue 3on monuanun om peuesvix cuznanos. llepen ynaneHueM 30n
MOMYaHHS 3Ha4Y€HUA PEYEBONO CHIHANIA AENATCHA Ha CerMeHTHl paBHble M = 256,
PaccunTbiBaeTcs OHEPrHA KaXAOrO CErMEHTA M BBLIENSIOTCS Yy4acTku ¢
MHHHMAaNBLHOI 3HEpruei.
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3neck E - 3Heprus peun, Q;- 3HaueHns OTCYETOB CHrHana.

4, Pazdenenue na ¢peiimol. HeobXoauMo pasHeNuTh PEYEBOH CHrHal Ha
¢peiiME! B pe3yNbTaTe MOBTOPHON CErMEHTALMH 10C/E YAANCHHS 30H MOTYaHHA U3
peueBoro curnana. CornacHo pesynbTaTaM HCCNeNOBaHH, obpaboTka kaapoB C,
M=256 obecneunBaeT MaKCUMAIBLHYIO CKOPOCTb.

5. Ipumenenue oxna Xewnuwza. Jns uudpooii 0obpaboTky CHrHaioB
MCTIONB3YIOTCA CNEMYIOUIMe OKOHHble npeobpasosaHus: bBapnert, Brnakmat,
Ye6pmmes, XeHHUHT, Kaiizep, Xammuur. Uz HuX oxHa XeMMuHra XeHHuHra
LIMPOKO HCMOML3YIOTCA NpH 06paboTke peueBbix curuanos. Liensio BbiGopa OKHa
XeHHMHra sfBNifercd TO, YTO B MCMONb3yeMOM HAaMHM KpaTKOBPEMCHHOM
npeobpasosanun Pypre (STFT-short time Furier transform) Hayano M KOHell
CHIHANIA IPH NIPOXOXAEHHH Yepe3 OKHO JOMKHb! ObITh PaBHBI HYJO:

2mn
w(®) =0.5 (1 cos(N — 1))

3meck N - LIMPHHA OKOH.

6. Kpamxoepemennoe npeobpazoganue Pypve (STFT). [lpaBunbHOe
BblAEJIeHHE HHODPMATBUHbIX IPU3HAKOB PEYEBLIX CHTHANIOB BIHUAET Ha HANEKHOCTD
pacno3HaBaHus ¥ MACHTH(HKALHUH JUKTOpA.

TockonbKy YenoBedeckuil ClyxOBoil annapar (yJMTKa) NpeAcTaBiseT cobok
MEXAHWYECKHHi YacTOTHO-BPEMEHHOH aHanu3atop, OH Taike MOCTOSHHO
NPUHUMAET KOPOTKYIO MOCNEAOBATENLHOCTD Cllerka H3MEHAIOWKXCS BO BPEMEHH
CMEeKTPOB PEYEBOro CHrHaNa, YTO MPHMEPHO MPOMCXONHT AAXKE MPH MPUMEHEHHH
STFT k peueBbiM CHrHanam:

STFT, = STFT{x[n]} = X[k,n] = Z x[m]w[m — n]e~/k™

m=-00

. - o
rae j - MHMMas 4acTb, a MHOXXECTBO {e N "} - OPTOHOPMHPOBaHHEIH 6a3uc.

MMonyueHHble 3HA4YEHHs CMEKTOrPAMM PacCMaTPHBAIOTCA KaK BXOAHOMH
napaMmerp B pa3iH4HbIX HHTEIEKTYIBHBIX CHCTEMAX.

7. VYmenwenue pazmeprwocmu. Meron CMHIYJISAPDHOTO — pasfioXeHHs
HCMONMB3YeTcs AN YMEHBLICHHA BBIYMCAHTENbHOR HAarpyskH H MOBBILICHHS
3peKTHBHOCTH TMpOLECCOPa 3a CHET YMEHBbLICHHS pPa3MEpPHOCTH CHrHaa.
CunrynspHoe paznoxenve (SVD - singular value decomposition) - 2310
IEKOMIIO3HIUA J151 IPUBENEHHUS PEATBHON MaTPHLIbl B KaHOHH4ECKy!o Gopmy. SVD
oyeHb ya0GHBIA cnocob paboThl ¢ MaTpHLiaMH, a ONepaLMl ¢ MaTpHLAMH TaKKe
noBblinatoT 3¢dekTHBHOCTD MpoLeccopa.

Cytb SVD npocra, mobad MaTpuua (BELIECTBEHHAd HWIM CIOXHas)
NMPENCTABIMOETCS Kak MPOH3BEACHHE TPEX MaTPHLL H 3TO BhIpaxaeTca CremytoLei

30



dopmynoii:

X=UDVT = ouv]
=

3necs,

Uy := [y, ..., ur] ER™XT,  Vi=[vy,..,v] € RI*T

WmMenHo 312 D-MaTpHLUa HCMONB3YETCs ISl PELIeH s MpobieMbl YMEHbIICHUS
KONMYeCTBa pasmepoB curHana. CneaoBareNlbHO, MPH YMEHDbUICHHH Pa3sMEPHOCTH
cursana amroput™ SVD nonaraetca Ha CyMMy JHCNEPCHH, 3alaHHBIX
paccMaTpuBaeMbiMH KOMIOHeHTaMH. COFTacHO pe3yNbTaTaM IKCIEPHMEHTOB, YeM
Gonblle KONMYECTBO COCTABJAIOWIMX AHCMIEPCHH, TeM Oike H3MepeHHble
3HayeHHs K peaTHOMY CHTHAIY.

8. Onpedenenue popmanmnoix  wacmom. [TIpH  AHKTOPO3aBHCHMOM
Pacno3HaBaHUK peyeBbIX KOMaH/l, BaXKHO HCMOMB30BATh OPMAHTHLIE YAacCTOTHI B
KayecTBe JNOMOMHHTENLHOIO NapaMeTpa. 3TO B CBOIO OYepedb NpPHBOOMT K
YBEJIHYEHHIO NPOLIEHTa TOYHOCTH Paclo3HABaHMsL.

Tpy npoH3HOLIEHHH 3BYKOB PEUHM M0 3ByKOBOMY TPAKTY MPOXOAAT TOHANBHbIE
HMMAYNECHl MM 1HYMOBBIE CHrHanbl. B pesynbTare OAMH H TOT %€ TOHANLHLIHA
CTIeKTP WM CMEKTp LiyMa CTAHOBHTCH CepHEH MakCUMABHBIX H MHHMMAIbHBIX
CNeKTPOB. MaKCHMyMbl CNIEKTPa Ha3bIBAIOTCA (IOPMAHTOM, NpPH MPOH3HECEHHH
PeYH €€ CNeKTp NOCTOAHHO MeHseTcA H obpasyiorcs GopManTHbIe nepexoasl. Brok-
cxeMa Mpe/IaraeMoro airopHTMa ONPENENeHHs YacTOT OCHOBHLIX (hopMaHT
NpuUBEEHa HIXeE Ha PHCYHKE 2.

BONBLUIMHCTBO CHUCTEM TOJIOCOBOTO YNPAaBIEHHS H HEKOTOpbie CHCTEMBI
6e30MaCHOCTH MCNOJIL3YIOT ONpeae/eHHOE KOMaHIHOE CIIOBO HAH ONpeleneHHoe
KIIOYEBOE CNOBO A1 HACHTH(HKALUY YeSIOBeKa C MOMOLIBIO PeH.

9. Ioayuenue 3navenmun MFCC(Mel frequency cepstral coefficients).
MFCC - opuH u3 Haubonee pacnpoCTPaHEHHBIX METONOB, allTPOKCHMHPYIOMIHX
HenuHeliHble 3¢xpexThl CIYXOBOA CHCTEMbl uenosexa. 3To, B CBOIO Ouepelb,

03HAYAET, YTO 3TH KO3 PHUHUEHTHI OUeHb OTHIKH K UENOBEYECKOMY CIYXY.
10. Iposepxa coomeemcmeus npusHakoe u pacno3naéanue. Peueskie

KOMaHbl, 06bEAHHEHHBIE B OAHOM BEKTOpPE MPH3HAKOB, CHavana NpoBepAIOTCa Ha
COBMECTHMOCTb € COXpaHEHHBIMH 3HAYCHUAMH, H €CIIH COBMECTHMOCTB ONIPEAENEHa
KOMaHza pacnosnaerca. Ha 1aHHOM aTane 310 peanusyercs myTeM pelleHHs 3aaay
PasTHYHOlN KknaccH(UKalHK U KNacTepU3auuy peuesbiX koMan. B Hawem cnyyae
HCIONB30BaNach MOAENb, OCHOBaHHAas Ha CKpbITOH MapkoBCKOi#i LenH.

Lllary no peanu3aiuu CTPYKTYpbl CHCTEMbl HACHTH(HKALHMH AMKTOpa C
MOMOLLBIO peuH MOKa3aHb! HHKe(pHC. 3.).

WpexTudukauns AMKTOpa HIIH NOBOPALIETO N0 PeYH OCYLIECTRIAETCA B BYX
pexuMax: B pexxume oOyueHHs H PEXKHME pacnOo3HaBaHHA.
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Puc. 3. CTpyKTypa CHCTEMbI HREHTH(HHKALUMH AUKTOPA
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B nipouiecce 06yueHHs BhINONHAIOTCS CEAyIOLIHE ATTOPHTMHYECKHE LIATH.

Lilaz 1. Bxonswuii aHAIOroBblid cHrHan ¢ MukpodoHa npeofpazyercs B
ungpoBoit.

Lllaz 2. TipenpaputenbHas ofpaborka. B stoM cnyuae Bxopsiumii cHraan
¢unETpyercs, cerMeHTHpyeTcs, pasbuBaeTcs Ha pefiMbl M MPOXOIMT Yepes OKHA.

Ulaz 3. N3pneyeHne HHGOPMATHBHBIX PH3HAKOB.

Llaz 4. JuxTopy NpHCBaHBAIOTCA MAeHTH(HKaumuoHHbIH HoMep (id) u ero
rofIoCOBbIE MPH3HAKK COXPAHAIOTCS B NNaMATH.

B npouecce pacnosHaBaHHf BHUTONHAIOTCA CNEAyIOLHE aNrOpUTMHUECKHE
HIAry:

Llaz 1. Peub aukTOpa, MOCTynalowWwas uyepes MukpodoH, npeobpaszyercs U3
BXOZASLLErO aHANOroBOIo CHrHana B uH$poBOii KOA.

Ilaz 2. BeinonHeHne NpeaBapUTeENbHOI 0bpaboTku.

Illaz 3. U3Bnevenne uHGOPMATHBHBIX NMPH3HAKOB.

Lilaz 4. TonyyeHHble HHPOPMATHBHBIE NPH3HAKH AUKTOPA C HCMONL30BAHHEM
HHTEJUIEKTYaIBHOTO ~ &IrOPHTMA  BEKTOPHOTO  KBaHTOBaHMA VQ  (vector
quantization), CpaBHMBAIOTCS C 3apaHee COXPaHEHHLIMH HH(OPMaTHBHBIMH
ApH3HAKaMH B NaMATH.

Peaynwrars! MCCelOBaHMA IOKa3aIH, YTO aIrOPHTM VQ [aj OTHOCHTENBHO
XOpOLIME pe3yNbTaThl MO CPaBHEHHIO C JPYrHMH ANrOpPHTMamH (CKpbITas
MapkoBckas Mogenb, MCKyCCTBEHHEIE HeHponHple cerd, DTW-dynamic time
warping) npu peanu3alyi JUKTOPO3aBACHMOIO Pacno3HaBaHKUA PEYEBbIX KOMaHI B
PEXHME pPeanbHOro BpeMeHH Ha annapaTHo-NMporpaMMHON riargopMe.

Llaz 5. Ecnu uH(oOpMaTHBHBIE NPH3HAKH MOBOPAIMETO AUKTOPa COBMANAIOT C
NpU3HaKaMM, XPaHSLUMMHCA B NaMATH, TO B pe3yNbTaTe FOBOPALUMA AMKTOP
MACHTHHLMpYeETCA U BbIRETCA COOTBETCTBYIOLIMA CHIHAN.

Tpetbs rnasa aucceprauud «Co3paHne annapaTHo-nporpamMMHO#
maargopmbl  anroput™oB 006paloTKM  peueBLIX CHITHANOB»  COXEPXHT
TpeboBaHMA K annapaTHBIM CPEACTBAaM A PEANH3aUMK CHCTEM YNpPaB/EHHsS C
MOMOUIbKO pedeBbiX KkomaHA. JUis OONEryeHus peanusalMH pacrno3HaBaHHA
PEYEBbIX CHIHANOB B PaXIMYHLIX CPElax NpOrpaMMUpOBaHHA H annapaTHo-
NpOrpaMMHOM oGecreyeHUH, CKOMITHIHPOBAHA ONEPallHOHHAA CHCTEMa PearibHOro
BpEMEHH, COBMECTHMAd ¢ annaparHoli apXuTexTypoil. B paGore npeanaraercs
apXHTEKTYpa annaparHo-nporpaMMHO# wiargopMe: 06paboTku peueBsIX KOMaH.

Yuuteipas pasHoobpasue anmnaparHo-nNporpaMMHBIX nmnatdopm,
apXHTEKTYPHBIX 0COGEHHOCTEl H HX OrpaHHYEHHbIE BBIYHCIHTENIBHEIE PECYpChl, Ha
OCHOBE NPOBENCHHBLIX 3KCIEPHMEHTOB MOXHO CKa3aTh, YTO HEBO3MOXHO
peannsoBaTh MONHblE 3Tansl 0OpalOTKM pe4YeBOro CHrHala Ha OTAENBHBIX
anmapartHeIX cpeacTeax. [103TOMY PpacCMaTpPHBAOTCA ClEAdyIOLUHE BapHaHThI
06paboTkH peueBoro CHrHana B pasHbIX miargopmax.
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Bapuanm 1. B  cucreMax pacnosHasanus peun Ha  Gase
mukpokoHTposutepoB(MK)(puc. 4.).

MpeapapuTensHan o6paborka Beuienenue npusHakos

Curnan o ALIMN [ Oxuo o STFT |,
Xeuuunra

Puc. 4. Iransl 06paboTku cursanos B cuctemax MK

AHaNu3bl TNOKa3allH, YTO MUKDOKOHMPOAnepb! NAKOT OueHb XOpollue
Ppe3ynbLTaThl NP NpeABapHTENbHbIH 06paboTke peueBbIX cUrHanoB. MoXHO Jierko
peanu3opaTb AINOpPHTMbI OLMGPOBKH CHIHANOB, (PHUILTPAlMH, CrilaXHBaHHS,
YAaneHHe 30H MOTYaHHs.

Bapuanm 2. B cucreMax pacno3HaBaHMs pedd Ha Oase cheuManbHbIX
CHTHAIBHBIX NMPOLECCOPOB H MEPENpOrpaMMUPYEMOi TOTHUECKON HHTerpalbHOH
cxembl (DSP-digital signal processor, FPGA-field programmable gate
array)(puc.S.).

INpeasapurensHas o6paboria BhuieieHue npU3HakoB

Curvan || ALI || Okuo STFT o MFCC |
XeHHuHra

Puc. 5. Iranbl 06paborkn curnanos B cucremax DSP, FPGA

Ha yposHe apxurtektypsl DSP n FPGA, npeaycMOTpeHa peanu3auns
anropuT™oB LHGpoBo#i o6paborku curHanos. Ha aroli mnargopme MOXKHO J€rko
peanHu30BarTh CAOXKHbLIE ONEpally, TakHe KaK BbiJe/ieHHe NMPU3HAKOB, pasclieHHe
Ha ¢peiiMbl, pa3nHYHbIE MpeoOpa3oBanus, CxaThe, pazfeneHue HHOPMaLHOHHBIX
npusHakoB. OfHaKO H3-3a OTCYTCTBHS aHAIOrOBOrO BXoAa OH o0bs3aTenbHO
ucnonb3yercs copmectHo ¢ MK.

Bapuanm 3. B cucreMax pacnosHaBaHHA peuH Ha 0ase CreLHanbHEIX
MOOWIBHBIX npoLeccopoB(pHc.6.).

MpeagapurenbHasn 06paborka Brizenenue npusHakos
Hudopma
Curnan - aun ps| _ Oxuo STFT |—» SVD THBHME |T*
XeHHHuHra
NPH3HAKH

Puc. 6. 3Tanbi 06pa6oTKH CHrHANOB B cicTeMax Ha Gase MOGHALHBIX
npoueccopos

AnnapatHo-nporpamMmHble MnaTGopmbl Ha 6a3e MHOTOAAEPBHLIX MOGHIBHBIX
NPOLECCOPOB CNOCOOHBI YNMpaBNATh NMOTOKAMHM M BBINONHATL MHOIMO3a/1ayHble
onepauuu. KpoMe Toro, 3td cucteMbl 00eCIEYHBAIOT OTHOCHTENBHO MPOCTYIO
peann3aUmI0 CIOXKHBIX QIrOPUTMOB OOPabOTKM peueBBIX CHTHANOB MyTEM
YCTaHOBKK KOMITHJISTOPOB MPOH3BOJIBHBIX A3BIKOB NPOrPaMMHPOBAHUA BBICOKOIO
YPOBH.
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Puc. 7. Peanusaums aJroputmMoB pacnosHaBaHHs pedeBblx komana Ha AIII

VY4uThIBa® JOCTYNHOCTb MHOTOSAEPHBIX TPOLECCOPOB, BO3MOXKHOCTB
peayu3aldi BCTPOGHHBIX OMNEPAUHOHHBIX CHCTEM pEalbHOTO BPEMEHH H
OTHOCHTEJIbHO GONBINOI pa3sMep NaMATH MOSBIAETCA BO3MOXHOCTH PealH30BaTh
NOJHLIH LMK 06paGoTKH CNOMHBIX peYEBbIX CHIHANOB.

B pesynbrare anropuTMbl H NporpaMMbl OGpaGOTKH PazMUHBIX CIOXHBIX
peyeBbIX CHTHANOB GBUIH PEasIH30BaHLI HA anmapaTHO-NporpaMMHON miargopme
EM3288 noa enunolt onepauHoHHON cucTeMoil. ITo pesynerataMm NpOBENEHHbBIX
3KCMEPUMEHTOB, AIFOPHTMbI PAcMO3HABaHHS pPEueBLIX KOMaHA OOBLEAMHEHH B
npepnaraemoii AIM(puc. 7.).

Yerpepras rnapa aucceprauvu «MHTepdelic u nporpammubiii KOMMEKc
miaThopMbl  Pacno3HaBaHHA Y30EKCKHX peveBbIX KOMAHI» CONEPXKHT
KOMIMOHEHTHl MOJyfeli KOMIUIEKCAa pAaclO3HABaHHA OTPaHHYEHHBIX PEYEBLIX
KOMaH H rOJIOCOBOTO YNpaBlieHHs, a TAlOKE allrOPHTMBI 1 NporpaMMel HHTepdeiica
Iois  CHCTeM pe4eBoro ynpasneHus. ITporpaMMHbLIf KOMNfEKC pevyeBoro
yNpaBleHHs COCTOMT M3 MOAYJA NpeaBapHTENbHON 06paboTkn peuyeBEIX KOMaHa,
MOZYNs afanTHBHOH QUIBTPAUHH, MOLYJIA HACHTH(HKALHH AUKTOpa H MOXynel
pacnio3HaBaHus peueBbIX koMaHA(pHc.8.).

MporpamMMHble MOAYNH pPEANM30BAHEI HAa KpPOCCINATiODMEHHOM si3biKe
nporpaMmHpoBanus Python M MOryT ObITh peanu3oBaHbl B ONEPALMOHHBIX
CHCTEMaX, NpHHamexauux cemeicTsy Linux n Windows.

Mporpammubiit koMnekc 06paboTKH M Pacno3HaBaHUs PEHEBBIX CHIHAIOB
6bL1 HanNKCcaH Ha s3bIKe nporpammupoBanus Python ans peanuzauuu 8 AN, 3to
obecneunBaet 3ToMy POrPaMMHOMY KOMILTEKCY KpOCCMIAT(hOPMEHHOCTH.
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Puc. 8. O6masn cTpykrypa nporpaMMHOro Komntexca, peasH3oBaHHOro
B AIIII

IlporpaMMHBIf  KOMNJIEKC HACTPaMBAETCA Mepen  3amyCKOM  CHCTEMBI
pacrio3HaBaHUA pedd. B 3ToM cryuae B TEYEHHE 5 CekyH 3aMHChIBAETCA LIyM
OKpYXaioLledl CPEfbl, KOTOPbIH H3HAYANLHO TPEGYETCs IS BLINONHEHHS PEUeBbIX
KoMaH[ ¥ BeIGHpatoTes kosdduumenTs! GpunbTpaunu. PeanusyeTcs pacno3HaBaHHe
3aMUCaHHBIX PEYEBBIX CHIHAJIOB Ha OCHOBE A3bIKOBbIX Mogeneii HMM.
PacnosnaHHbI€ ClI0Ba 0TOGpaXaloTcs Ha 3KpaH B TEKCTOBO#H dopMe.

B cootBeTcTBHH ¢ 3anaueii HecnefoBaTenbekoli paboTel G6suUla peanuzoBana
CHCTEMa pacrno3HaBaHKs OMPaHMYEHHOrO CNIOBAPS 1 MOIOCOBOrO ynpaBiieHus. Bruin
BbIOpaHb! ciexytolme 30 cnosecHsix KoMann: “lalaba, malika, samalyot, lola, bola,
ona, masala, mamlakat, olti, oltin, lochin, lobar, kitob, maktab, archa, chelak, gul,
yulduz, sayyora, viloyat, tegirmon, dala, vagon, bekobod, angren, yangiyo'l,
yunusobod, umid”.

Tlo pesynbraram skcnepUMeHTa, KpaTKOBpeMeHHOe npeobpasosanne dyphe
Jano Xopolylo CKopocTb 06paGoTKH BO BCTPOEHHBIX mNpoueccopax(tabn.l.).
CoOTBETCTBEHHO, Kiaccuuecku#t anroputmM FFT+MFCC npeapapurenbHoit
obpaboTku H GLIcTpoaeiicTBHE NpeATAraeMOro ANropHTMa 6bUTH MPOTECTHPOBAHbI
3KCMEPHMEHTANBHO.

Tabnuua 1.
Ckopocrb npeasapuTesibHbli 06paboTkn

Meroasi 06paborku | Bpems (Mmc)
FFT+MFCC 60
STFT+SVD 15
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AHanM3  anropuTMOB  KiacCHQMKaUMH MNpH  pacHO3HaBaHWM(Tabn.2.).
IpoBeneH CpaBHHUTENBHEIH aHaNMH3 TOYHOCTH HCKYCCTBEHHBIX HEHPOHHBIX ceTef,
ckpeiToii Mapkoscko## Momenu (CMM) u BextopHOro keaHToBaHua (BK) B
pacrno3HaBaHHH MOCPEACTBOM BbIACIEHHLIX HH(POPMATHBHEIX NPU3HAKOB peueBLIX

CHIHANOB. .
Ta6anua 2.

TouyHOCTHL pacno3HABaHUS AHKTOP03aBUCHMOI0 Pacno3HABAHHS
AJIropuT™ ToyHOCTb pacno3HaBaHua peun(%) Bpems

Texcrosasucumoe | Tekcronesasucumoe | (cex.)
BK 95 89 3
CMM 98 93 8

B DMKTOpO33aBHCHMBIX CHCTEMAX € MPOHM3HOLUEHHEM ONpEREIEHHOIO TEKCTa,
anroputMbl BK 1 CMM nokasand TOYHOCTh pacrnio3HaBaHHA 96% u 98%

COOTBETCTBCHHO.

Ta6nuua 3.
Peann3auus npeanaraemMbix aaropuTmMoB
KonuuectBo | Konuuecrso | Konuuectso FFT + MFCC STFT+SVD +
cKphITHIX | popmanTHEX [ MFCC MFCC

CJIOCB 4acToT Tounocts | Bpems | Tounocts | Bpems
(%) (cek.) (%) (cek.)

6 91 12 99 18

8 4 12 94 15 98 20

10 91 20 87 25
Ta6auua 4.

Peanu3zauus anropurmo STFT + SVD + Spectogram

Konuuecrso | KonuuecrBo | Cnekrorpamma | Tounocrs | Bpems
CKpBHITLIX | (pOpMaAHTHBIX (%) (cex.)
CJIOEB 4acTtoTt
6 93 89
8 4 128x33 87 128
10 84 140

06001mas 3xcnepuMeHTaIbHbIE pe3ynbTarhl B Tabnuue 3 u tabnuue 4, MOXHO
BHACTh, YTO KONMYECTBO CKPBLITHIX CJI0€B MapKOBCKOH MOJENH B OrpaHHYEHHBIX
peqeBbIX xoManaax (30-50) cocrasnser 6-8, npeanaraeMas nocnefoBaTeNbHOCTh
INOPUTMOB MOKa3afia TOHHOCTh Pacno3HaBaHus 98-99% cOOTBETCTBEHHO.

IpoBenenHele 3KCMEPUMEHTB! NoKazanu, uto HauGonee 3QQeKkTHBHBIMU C
TOYKH 3pEHHA TOYHOCTH H CKOPOCTH 06paboTky ABNAIOTCA aNrOPHTMBI, NEPEYEHb
KOTOpBIX NpHBeeH B oOLIed CTPYKTYpe NPOrpaMMHONO KOMILJIEKCA Ha PHC.S.
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3AKJIIOYEHHE

B xone uccnenoparensckoif pabotel GbUIH MONYUEHB! CEAYIOMIME HAyYHEIE
pe3ynbTarhl.

I. Jins pacnosHaBaHMM pe4eBbIX KOMaHA 6buUl paspaGoTan anroput™
aganTHBHOrO ¢uneTpa NLMS, KOTOpHIH YCTOHYHB K ILiymMaMm, nomexam M
amanTHpYeTCs K pasNH4HbIM pabounm cpeaam. Mcnons3oBanue 3Toro anroputMa
(HunBTpaUHy NOBLICHIIO TOYHOCTH PaclO3HABaHHA PEYEBBIX KOMAHL.

2. Jina npenpapuTencHoro 3tana OOpabOTKH PpEYEBBIX CHIrHANOB OblIO
NPEANIOKEHO MNPHUBENCHHE CHIHaNa K IapaMeTPH4YecKOMy BHAY Ha OCHOBe
NOCJNEAOBATENBHOCTH aNrODUTMOB pa3bueHus Ha ¢peiiMbl, BbifeneHHs 30H
MOJIYaHHA, TNPOXOXACHHS uepe3 OKHA, ONpefelicHHE (OPMAHTHBIX YacToT M
CO3/aHHs eAHHOIO HH(OPMaLMOHHOIO MPH3HAKOBOIO MPOCTPAHCTBA.

3. B pexxuMe pealbHOro BpeMeHHM AJiA YMEHBUIEHHS Pa3sMEpHOCTH CHIHana
6bUTO MpesnokeHO HCMoNb30BaTh anroput™ SVD. 310 chusmno Harpysky Ha
mpoueccop Ha 50% 3a cuer cxkaTMs HHGOPMALUMOHHEIX NPH3HAKOB PEHYEBOro
CHTHana.

4. Pa3paboTaHbl HHTE/UIEKTYaNbHblE ATTOPHTMBI 06PaBoTKH, OCHOBAaHHbIE Ha
BEKTODHOM  KBAaHTOBaHHH H CKpbITOH MapkoBCkOA Mozenu. Bekrophoe
KpaHTOBaHHe obecneunno GuicTposeiicTBHE NPH HAEHTHGHKAUNH DUKTOpa H
nokasano 95% TOUHOCTH pacno3HaBaHMs. ANIOPUTM, OCHOBAHHBIH HA CKPBITO
MapxoBsckoi Moaenn, oTHOCHTeNbHO 3ddexTHBHEE pacnosHaeT peueBble KOMaH bt
Ha annapaTHO-NpOrpaMMHON nnargopme, MOCKONBKY OH MOMeT paboTaTh ¢
He60BIIHM O6bEMOM BXOAHBIX JAHHBIX H AIFOPUTMHYECKH HE SIBISETCA COXKHBIM.

5. Co3naH nporpaMMHEIH KOMIUIEKC MONIOCOBOIO YNPaBJEHHS, COAEPKaLIM i
ynobHbI# HHTEpdelic s monedi ¢ OrpaHHYEHHBIMH BO3MOXHOCTAMH.

6. Ha ocHose TpeGoBaHuii k cucTeMaM peansHOro BpeMeHH GbiUti BLIGpaHkI
apXHTEKTYpPa H  QYHKUHOHAIBHBIE  3EMEHTHI annapaTHo-NporpaMMHoON
T1aTOpMBb! 1St PacliO3HABAHHA peyeBbIX KOMaH.

7. CosnaHa annmapaTHO-NporpaMmHas MaT(OpMa Pacno3HABaHHA peveBbIX
KOMaHJ Ha MHOTrOsJEPHEIX MOOHJIBHBIX Mpoleccopax, paboraiolas B peanbHOM
macirabe BpeMeHH.

8. Peanusosano pacrosnasanue 30 peueBbIX KOMaHJ y3GeKCKOrO S3IKA B
PasnHuHbIX pabounx cpenax Ha annapaTHO-NporpaMMHoM nnardopme. Konnuectso
PEHEBbIX KOMaHA MOXeT OLITh YBEHYEHO 32 CUET YBEJIH4YEHHM 0ObEMa MaMsTH
AIIII. T'uGKOCTL H MOGUIEHOCTL CHCTEMbI OGECTIEYHBAETCS 32 CHET BO3MOMKHOCTH
pabothl  annapartHo-nporpammuoit mnar(opMBl Ha ONEPaUMOHHLIX CHCTEMax
Aunpoua v JIunyke,
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work is to analyze the speech signals of the Uzbek
language on fast recognition algorithms, create an interface for voice control by
means of speech commands, and implement them on a hardware and software
platform. .
The object of the research work is speech signals recorded in various
environments, as well as the spectrogram and character traits formed on their basis.

The scientific novelty of the research work:

an adaptive filtering algorithm has been developed for cleaning speech signals
from noise in various operating conditions when recognizing speech commands;

an algorithm for identifying informative features of a speech signal based on
Singular value decomposition to reduce computational operations is proposed;

algorithms for recognition of speech commands based on the vector
quantization method and the hidden Markov model are proposed;

the architecture of the hardware and software platform has been developed
and implemented in accordance with algorithms for recognizing speech commands
in real time.

Implementation of the research results. Based on adaptive filtering of
speech command recognition algorithms and software and hardware platform,
developed as a result of research carried out within the framework of the dissertation:

a hardware 'and software platform for voice control through adaptive filtering
of speech signals in various environments, speaker identification and speech
commands has been introduced into the management of complex equipment at the
production enterprises of JSC "Uzbekiston Temir Yullari"(Certificate of the
Ministry of Information Technologies and Development of Communications dated
November 9, 2021 No. 33-8/7908). As a result, it was possible to increase labor
productivity when controlling complex devices using speech commands;

in the specialized boarding school for hearing-impaired children No. 106, a
software package with a convenient interface was introduced to translate Uzbek
words into text, sign language and sign language for people with hearing
impairment(Certificate of the Ministry of Information Technologies and
Development of Communications dated November 9, 2021 No. 33-8 / 7908). As a
result, the time spent on leamning new Uzbek words with the help of gestures was
reduced by 15-20% when teaching schoolchildren.

Publication of research results. The results of the dissertation were
recommended by the Higher Attestation Commission of the Republic of Uzbekistan
in 23 scientific articles, including the main scientific results of the dissertation in a
total of 5, 2 foreign and 3 national joumals. Also received four certificates for
software products designed for computers.

Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, a bibliography, references and applications.
The volume of the dissertation is 119 pages.
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