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NHPOPMAIMOHHBIE U TEJEKOMMYHUKAINIMOHHBIE TEXHOJIOTHH

YVK 004.934
H.C.MAMATOB, H.A.HI/IE3MATOBA, HLILABAYJJIAEB, ILB.HYPUMOB,
AH.CAMWXOHOB, K.K. EPEXXEIOB

V3BEK TUWJIMJIATH HYTKH ABTOMATUK TAHUB OJINI TH3AMHAHH
SAPATHIN

Maskyp Makona HYTKHE aBTOMATHK TaHHO OJMII MEXaHH3MHHMHI acocHii Tapcu(py Ba yzoes
THJIMJIATY HYTKHA aGBTOMATHK Tamud ONWIN TH3MMHU ucTukGotapura Garummanran 6Vmnd, ymoy @
Myanmadiapy ToMonuian Y30ek THAW YuyH THI MOJAE/AMHM (DopMan Xamia MasMyIJM KHCMIapTs
@KPaTHIN, THHH TaliyHT KCHUHTH CY3H YUYH YHUHT OJJUHIM Ba Keliuiry cy3mapn 6Vitnia noanukmiEss
UIIOHUIN KO (POHUIMENTH aUKNAI EH/IAIYBU TakIud STUIraH,

Kamnr cysmap: nyTk curnanu, ®yphe anMamTHpUIy, OeNTHIapHH akKpaTHl oML, HyTEHES
aBTOMATHK TaHu® oyuim, Mapkor Mojienn, HyTK MabayMoTnap Gasanapu, onema, YKUTHIL, THII MOIE TR,
AEKOJIaml.

H.C.Mamaros, H.A.Huésmaropa, HLIN. Abayuaes, ILE.Hypamos, A.H.Camnxonos,
K.K. Epexenos

Cosganne cucTeMbi ABTOMATHYCCKOTO PaciosHaBaHud y36€KCK()ﬁ pedun

Jannas cTaThs nocesaniaeTces 6a30BOMY ONHMCAHIIO MEXaHN3Ma ABTOMATHYECKOT0 PACcIIO3HABANITS
PEUM M TIEPCTIEKTHBAM CHCTEMbI aBTOMATHYECKOro Pacro3HaBaius Pedn Ha y30eKckoM s3bike. ABTODE
NAUHOJT CTATHU MPE/UTATAIOT MOJIXO0/ K Pa3/IENEHMIO A3bIK0BOI MOEIN Y30eKCKOro s3bIKka Ha (hopManbi: &
M CEMAHTHYECKYIO UacTH, KOTOPhIE OMPENeNAloT A0CTOBEPHbI KOd(D(YUIHENT HeonpenenenHocTH 1us
CIEIYIOIIETO CIIOBA MPE/UI0KSHIUSA TI0 €r0 MPeTIIecTBYIONTHM H MOCTEAYIOIMM CIIOBAM,

Kmouenpie ciosa: peiucBod curman, npeobpasopanme @Dypbe, BBILSIHCHHC IIPH3HAKOE
ABTOMATHYECKOE paciiosHasanue penn, Mapkosckasi MozieNib, pedeprie Da3bl JaHHBIX, (poHeMa, oOyucH#:.
A3BIKOBAST MOJICIIb, JEKOAMPOBABHE.

N.S.Mamatov, N.A.Niyozmatova, Sh.Sh.Abdullayev, P.B.Nurimov, A.N.Samijonov, K.K. Erejepos
Creation of automatic speech recognition system for Uzbek language

This article is devoted to the basic description of the antomatic speech recognition mechanism an
the prospects for the automatic speech recognition system in the Uzbek language. The authors of this work
propose an approach to dividing the linguistic model of the Uzbek language into formal and semantic parts.
which determines the reliable coefficient of uncertainty for the next word of a sentence based on =
preceding and following words.

Keywords: speech signal, Fourier transform, feature extraction, automatic speech recognition.
Markov model, speech databases, phoneme, training, language model, decoding

Kupunm. TaOnwnii Ttenga uuacon toMounjan aiftwiran cysnap, ubopaigap €xw
KymJiajiap acocuia yjIapHi MaTHUHN aBTOMATUK THKJTAII HYTKHA TaHub OJTMIN MacanacH
xucobranaay Ba y Ouman OormK OYJran MyXuM aMmalinii Macanajnapra MaTHJIapHN YKHIIL
CTCHOTpaMMaliapuyl  IMaKIasnTupain, KypuiMalapHu OBO3JIH 60m1<apmn XaMiaa
cyxbarnap yrxazuim xadu tvsumiapuan unuiab gukum kupaay [1-50]. Adnan naiitas

..

HYTKBYM Tasud oNunl WHATMINM jkagadl YCUIo JaBpuHU GOINIAH KEUHPMOKIA, THEN

72



Ky1u1ad MMpUK KOMIIAHUSUIAP Y3IApUHUHT HYTKHHM TaHUO OJIMIN THYKOPUHM TH3UMIIApUHH
gpatnwiap Ba ynapHu (aon pupoxmantupMoxmanap [14]. Aliam nalitoa HyTKHH
ABTOMATHK TAHKO OJUIN NIy aCPHUHT SHI' MYXHUM Ba TE€3KOP XaJl HTHIMIIN JI03UM Oy iran
Macanajapungan OupuIup.

Hyrtkan tanu® oimnn ycyirapu KOMIBIOTED Ba HYTKra OOFIIMK YCKyHaJapHM
puUBOKIAHUIIN OnsaH Ompra puBokiaanu® kenMoxna. HyTkam Tanu® onumm Macanacu
nactial aloxu/ia or3aKy cysnap, abHu OyipyKiiap MaTHUHE THKJIAIN Macaiack cudaruia
maKkuianTapuirad 6Yaub, cyHrrm iwniapaa unniad YMKMITAH HYTKHHA TaHUO OJWIn
TU3UMJIAPU Y3ITyKCU3, ENUINTaH Ba XaTTOKM CIOHTAH HYTKHH TaHHO OJMII Macaliacu
€YHII UMKOHUHK Oepaauran Hapaxkara eTau. bupok, HyTKHE TaHHO OJIMII MacalaCHHU
TYIUK CHHIUIIHN YIYH aJIOXMJla TOBYIILIAp, ¢Y3/1ap Ba raiiapHi HHCOH TOMOHM/aH Talnub
OJIMII Japakacuaa WIMOHWIN TaHuO oJinu Tasnad sruiand. IHCOH TOMOHHUIAH y3IIyKCH3
HYTKHHU TaHUO OJIMIN Ba JKyMJIa MATHHHY THKJIAIMIArd HOAHUKIMKHA HYKOTHIIIA acocaH
Tabumil THN Xakuparm Omimmiiap, UIYHMHTAEK, aWTHITad cY3apHHHT MabHOCHIAH
¢oitmananany. By sca HyTKHE TaHMO OJIMIN MACAJACHHU HKKUTA MYCTAKWII Macajiara
Oy muHAIIra 0nd KNy, SHHU HYTKHHU JIOKa TaHUO oJuil Ba TaHHO onum dapasznapu
TYIIaMu OpPKAJIM Y3JIYKCH3 Ba EIMINTral HYTK MaTHUHM THKIIAI Macaiajapura.

HyTken noxan TaEu® ONMIN MacalaHW evdil HYTKHH XOCHJ OYnum jkapa&Hu
MOXMSITHHE TYJMK Onymiay Tasad xunaau [19] Ba Xo3upru Kynjia Maskyp jkapaéHHuHT
TYpiu Tabuuii THIUIap YUyH yMyMumit 6¥iran yHuBepcan Moie/viapa uinnad YuKuiras
[13]. Dapasznapu TViuiaMu OpKanM y3JyKCH3 Ba ENUINTaH HYTK MaTHMHH THKJAM
MacaacHHUHT €YUMH Hca akcuHYa, Tanaddy3 KuWIHHAIUTaH CY3TapHUHT Tabuui THI
xycycusitnapura tYiauk 6orsmk 6yimb, Oy mapaxana xap OMp SHIHM TWI TYPYXH Y4yH
HYTKHH TaHuO OJUII TH3AMHHA KYPHII ¥31uTa Xoc OYIran Maxcyc MaTeMaTHK Ba TeXHUK
EriantyBIapuu Xamya Tabuuit THIHHHT Mabiiym Oup xerma-keT popman Moennapuian
(doimananumHEn Tanabd Kunamm.

Alinn  naditga kYmra®d Mamilakamiap HYTKHM TAHMO OJMII  MAacallaCMHU
UCTUKOOIUM WAMMI-TeXHUK HyHamumuiapaan Oupu xpcobnamajm Ba yiap XM
mMoJmsuramTapmwiain. Hlynunr yayn Gab3u Twuiapra MypkajUlanradl HyTKHM Tanu0
ONUII TH3UMJTAPH aHYa PUBOXIIAHNO KeTraH Ba aMasiuii MacananapHy e4uInga camapani
porpananmmoxia. Adceyckn, Oymiuail umkonusTiapra sra Oynranm ¥30ek Tmimra
acoCIaHTaH HYTKHU TaHWO OJIMIN TM3WMH XO3WPTH KyHAa MaBxyxa sMmac. [lynnaii sxan
MasKyp MakoJsia ¥30eK THIMIary y3IyKer3 Ba CMIIral HYyTKHH aBTOMATUK TAHUO OJIMIT
THU3UMJIAPVHY SpaTH MCTUKOOIapuTa Garuiuiaiaiu.

Hyrkun apromaruk tamnd® omn  THzuvu., HyTkey apromatuk TtaHub
OJIAIIIHUHT 3aMOHABHI TH3UMJIAPHHIHT aCOCHH XyCyCcHsTIapi Kyliuiarniapias nbopar:

° KaTTa XaXKMJIH JIyrariap;

* y3MyKCH3 Ba EMMINTaH HYTKHA TaHHO OJIHII;

* peas BakT/la peKUMUJIA UIuian;

* CYXaHZOH OBO3HUT'a CO3NAII Ba CO3IAMACIIIK OPKAIN XaM HIIIIALIN;
* I'paMMAaTHK TYFPH MATHIIAP MINOHWIIMTKA 95% man xam OYiIMaciiira.
Vanykens Ba €nMMIIraH HYTKHM TaHHO OJHMIN 3aMOHAaBMi coiJla TH3MMHWHT

UIIIAN TaMO RN l-pacmna KCJITUPUJIraH.
>

A o AXyCTHK Jloxai TaHuO dapaznapHu [
at il TaXJ T OJINIIT JIeKoJieplrant ‘

1-pacm. Enmmran ayTKEM TaHWG ONMITHAHT CTAHAAPT TY3WIMACH

Tuznm Kyitnnarn Gockutnapia amanra oma/u:
1-6ockpu, [y Tk curuaimmy TH3UMIa Y3aTHII Ba paKaMJIanITHPHILL.
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2-0ockuu. Hyrk curnanuau JlapoMuivmru mme OYiaran xazjpiapra axpaTwil,
omarga m =16 ne6 onuHaIM.

3-00cKuy. AKYCTHK TaxXJmin Moxysid. ByHma xap 6up oifHa yuyH masnay™m Oup
CHEKTpaJI TapaMeTpiiap Kuimarinapu BeKTopu maxmmantupuiaan. Kynuaua Oynua
KerncTpair Kodpuiueniap KM yIapHUHT ONPUHYHA Ba UKKUHYM JUCKPET XOCHIANaph
xucobOyanazu. Xucobianran mapameTpiap BEKTOPIapu KETMa-KET paBHILA JIOKal
TaHUG oI 6JI0K KUPUIIUTa Y3aTHIIaIH.

4-6ocknu. Jlokan tauuG oymnn Moy, bynaa Tabuuii i 6apua cy3napuHHHT
STAJIOHIAPH  HXTHMOJUIMK aBTOMATIApUHU OWpJAlITHPTaH YHUBEpcaJl MOHOTOH
HXTUMOJUIIK aBToMaTHra acocnanran [11, 13] 6ymaau. Maskyp Moyl KUpuInura suru
TaXJIMI oWHacu KeqmO Tymrasga TaHuO onuHaéTraH (apaznapHuHr WYHATTHpHITaH
BasWIAIITUPMWITAH rpadu Y3rapTupwiau. YHra THI CY3JIapHHUHT CY3)1alnyBiap KeTMa-
KeTJTUTH XaKuuaru sHru dapaszinap KYmminaam Ba Masxy ¢apaznap onub TanuiaHaIH,
YJIApHUHT 5XTUMOJIM MabiyMm Oup Oenrmianran uerapajgad nact Oymaam. Ilapamerp
KHiMaTIapUHUAT  CYHITH BeKTOpH Kenrauia, rpadpa ¢daxar TwiHUHT OyTyH
(ryraranran) cysu Omyan Tyramuran (apasimap xonaau. Jloxan tapu® osmm
OUPNUIMHUHT camMapaliil WIITalH yuyH (oHeTHK an()aBUTHH Tawiam aloxXuaa MyXum
TAJAKUKOT Macajlacy xucobnanajy.

Tauu6 oymn natwkacn cudaruaa rarm6 ommu dapasnapu rpaduaan Tabnuit
TIIJATM  ATOHA TallHA  @XpaTHIl Y49yH TaOWWi THJIHMHT TY3WIMIIH XaKHJlary
Owiumnapaas  (Qolmamanmnaan. Tun  Mojenw KYNWHYa CTATHCTHK EHJAIIyBra
acocnaHrad Oymagm Ba y ¢apa3 rpapumarm MyMKuH OVnran #ynmap Tynnammnja
OUpHHN, STHHM MAKCHMaJT SKYHUH HXTUMOJUIHKKA ora OViran Wyimm Tamgamra UIMKOH
Oepanu. Onmuran gapaz Tanu® onmul HaTHIKAcK Xucobyianaan.

TaBcuganran Taumd oJMIT TH3UMU €TapIINYA KATTA XAKMJIM Ba BAKWIIMKKA OTa
GynraH MaTR XamJla aKyCTHK MabiymMoTiap Oazanapu acocwja YKATWITaHIAH CYHI
caMapaii HaTwxkanapay TapMuanaim [47]. Matn 6azanapy THI MOJICIUIAPUHH YKUTHIIN
Ba camMapaJlopnuruHan Gaxonaim yuyH 3apyp 6¥nca, HyTK 6azanapy sca KynuH4a MOHOTOH
OXTUMOIUIM  aBToMatiapjian  (olijjaianuira  acociauran  Jiokain  Tanud  oJmin
NFOPUTMIIADU  TapaMeTpiiapuHy  cosjam  3apyp Oymagu. bBympait mabiaymotTnap
Oazajapuiy MUrunl Ba Kaira uuniall HyTKHE TaHHO ONMIT TU3UMIIAPMHM SIPATHINLATH
SHI Mallakkatiu Oockuwiapnan oupu xucobnanann. bynga etapnm papaxkana Tabumii
TITHUHT TYJIMK TyFaTd, MOP(QOJIOTHK TaX Wil KT TH3UMH Ba MATHIIAPHHM ABTOMATHK
TPAHCKPUIIMSNIAI TH3UMHA O6Y M Tanab stunany.

Curnanra Gupnaman puuios Gepunn Sockuumga acocuit Bazuda HyTKIaH oaTia
Kylpmarn xoccanap Oaxapwiminy Tanad sTHnaauras Genrwiap TYIUIAMMHU aXpaTuo
OJIAI XHCOONanaiu;

1) Xa)xMHH MEHUMAJLTAIITHPULL, SEHA MabIYMOTHI MakCHMaIl Japaxxaia CUKUII
BA IIAPAMETPIIAPHH CTATHCTHK KUXATIAH Y3ap0 GOFTHKMACTUIT TabMUIIAraH;

2) cyxaHnosra 6ornuK 6Yimaras, sbHM YHUHT HHIAMBHAYAN XyCYCHSTIApUra OuJy
MaBIyMOTIApHA MaKcHMall Japaxaia oyimd ranuiaim;

3) OUpKUHCIUIWK, SbHHU NapaMmeTpiap Yprada Oup Xwui AMCHEpcHsra sra
oY muimm; '

4) Genrunap TYIIaMIape OpacHIard SKMHIWKHYM aHMKJIALl yuyH DBlomp kabu
ommuii  Ynuosnapian  (oilaiaHUIl  UMKOHMSITMHH — TabMUiviaml bBynwpga ToByDI
KYAYATAPUHUET SIIUTHIN SKUHIUTH OJIMHIAH METpUKa MabHOCHIArd SKMHIIMKKA MOC
OynuIM Kepak.

Hyrgknn  taun®  osimimn  TH3AMIapuia KEHD KYJUIAHWIAIUran rapameTpliap
tyuiamiapu 6y ®ype amvamtapunm xoaddumpentaapu [10] (TOA [2]), unsum
Oamopariam kosdummentiapn [18] ra ynapra acocnmanran umnsukiam Oamopatian
CIEKTPH, INYHUHTIEK KereTpal koaddumpentnap | 18] xucobianaan.
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Taxymn Kumuagrran curaai KueMura JJuckper Oypbe aMaIrTHPUINU, CICKTPa
CYUTHKJIAIL, JIorapudMux mikanmara YTKa3WIIHE KeTMa-KeT aMalra OMIMpPHIN, CYHIpa
TYrpu @yphe aIMAITUPHINUHUHT XAKUKUM KHUCMHHU KYJUIall HaTH)KACHa OJIMHIaH
kencrpan xoaddunuentiap oxopuna canab yrumraxn 1-4-xoccamapra HucOaTaH SHC
camapanu BocuTa xucoOuana . Xy Uiy 1y TaxJIml JeTalim yayH yjiapHuar coun TOA
CTIeKTpH KOd(p(UIMEHTIapH COHMZAH aHYa KaM, CIeKTPHH TeKHCNaIl &paaMuia
cyxanjionra OOFJIIMK MabJyMOTIap YaUpHiIagy Ba CIEKTPHA JIOTapu(MHUK HacToTa
mKajJacura YTKa3ull OpKalu MabiIyMoTinap cukwiaan. Bakr yTumm Ounan
napaMeTpiapHi Y3rapunmmHy xycoOra osmiia, ojartiaa Kenctp koadduupentiapu
Omnan OMpranukaa ylnapHUHT OMPHHYIHA Ba HKKMHYM TapTHOH JUCKPET XOCWIAIAPH XaM
kypub unxwiamy [37, 49].

X03Upru KyHzJa aKyCTHK TaxJIWIT anmapaT eTapiuda puBoxJIanran 6ymmb, oup
THIIJAH MKKWHYMCHTA YTKA3unl MyMkuH. by sca ¥30ex Trimzarn HyTKHY TaHUO OJIMIn
THU3AMHHU UIUTa0 YAKHIIIa MaBxy[] 6apya yeunyd Ba EHIaOIyBIapHUA caMapaid KyJuiam
nvmkonunu Gepazy. HyTK CUrHaIMHUHT aKyCTHK IapameTplapuayn XxucoOJail 10Kopuia
TaBcu(aHran Jesdpiau Oapda ycyJmap CHTHaUIapra WIUIOB OCpPHUTHUMHT MabIiyM
MaTEMaTHK KOMIIBIOTEP KyTYOXOHAIapU OpKaii amaira omupuiuiiny MyMxun [50].

Hytkau xoxajx Tanud omoga soapuna Mapkos Mogesn. AiHY maidTra kenuo
smmpun MapkoB MoJiesid HYTKHH TaHKO OJIMIIHUMHT OMMAaJIaliran ycyJiapuian Oupu
6ymu6 xonmmoxaa [25, 15]. Shmmpua MapkoB MOJENH YyKyp MaTeMATHK Ty3HJIMara sra
Oynrammrn yuyn vHapakaT HYyTKHM TaHHO onmijia, Oallku TYpiaH coXauap Tacoaupuii
YapaEHIapuHU TaJKMK ATHIIAA Hazapuil acoc O0Yimd xu3mar kuiamoxaa [26]. SAmmpun
MapxoB MOJIe M OPKaJIM HYTKHE Tauu® 0JIMII MacaiacuIan TallKapu TYPIM XaJIakyuT Ba
IMOKUHIapra sra OVnrad curHan cudaTuHU ODIMPHIN, HYTK CHUTHAIH MaHOACHHUI
MOJIC/UIAIITAPHNTL, CYX0aT TY3HIMACUHM ONTHMAJUIADITHPHIN KadW MacajalpHu Xam
eurin MyMkuH. HyTkHE Tapu® ONMIIHUHT MaBXy[d THIUMIAPUHUHT Karra KHCMH
sipun Mapxos moJienura acocsanran 6Yinb, cyxanjonra Oornuk 6yiMaran Enumran
HYTKHM TAHHO ONUIN YUYH XaM KY1uiab camapanu ycymiapu Takand >Twirad. byHnan
tamkapu, Support Vector Machines [10], nyrkam Beiipier taxymum [11] Ba mncon
SIIATHIIHHNA MOJISIUIAIITHPHUIN TH3UMIIApA XaM HYTKHH aBTOMATHK TaHUO oiuIu Ja
KYJuianmiam. bupok, Oy TexHosorusuiap HyTKHE Tanud OJIMNI 3aMOHABUI TH3MMITApH/IA
OMMaJTalIMaraH.

HyTkpn joxan Tanu® oJiuin yeyJuiapy MapTin paBuinia UKKATa KaTTa rypyxra
axparwnagu [12]. Bymap mapamerpuk Ba mapaMeTpHK OYnmaraH, SEHH HTalOHJIapra
SKMHIJIMKHUAT TlapaMeTpuk OYimvaran Yirdosinapy Ep/iammlia anuKIamiup.

HyTtkau aBroMaTuk Tanub osmimHuHTr pactinabku kypuimanmapu |30, 32, 33]
aHaJIor CUrHaJyiapra acocjaanran 6yymob, ynapia 0ycarania ManTUKIAH (oW IaaHIIraH.
Hlyauar yuyd ymap Top nowpaimu 6Ymub, IOKOpH MIDOHWIMIMKKA 5ra OYmMaran.
Tanaddys Knnmrran cy3nap MaTHn GOHETHK TPAHCKPHIIMSICHHIAHT XOCH)IAacH cudarTuia
HYTK JIMHTBUCTHK HaszapuachH mnaiino OYnaranman cysr tanub onmummya ¢oHETHK
cerMeHTaMs yeysim Kyintanmia oonutanym [39, 45]. bupok xedunuasuk 0y MacajaHu
ABTOMATHK XaJl KHITHII MypPaKKaOIUra MasIyM OYin.

HagGarparn Gockyu HMyTK CHTHAJUIAPH TYIUIAMMJArd SIKMHJIMK YIrMOBJIapura
AcoCJIaHTaH HONApaMeTPHK EHJaIyBlIapHy pusoxnantupum Oynmu. Hrakypa Ba
Oomkanap TOMOHHMJIAH HWIDIa0 uuKWwiran jauoaMuk gacrypianr [1, 35] ycynmra
acocJaHral BHHIOKHMHI €HOAINYBM 3TalJOH CHIHAUIAD YUYH SKMHIAK (YHKUHACH
KpiiMaTiapuan  xpcoOialn BaKTHHM OKCIIOHCHIMAIAAH KBajparraya KaMaWTHPHINTa
UMKOH Oepau |5, 6].

Maskyp yCyJHWHI acocuMii  ¥3ura Xoc XyCYCHSITH  TakKOcC/JaHa&Tram
(yHKIMsIIapiaH OMPUHNA BaKT YKUHIHT HOUM3UKIH Oy3unmuim cababay ycyn "BaKTHHHTD
manamuk jaedopmanmacu” (BJI1) ne6 nomnanym. B/ yeynmuaunr skkoi ad3aumkiapu
cudaTuia yHI aManra OIUPHII Ba YKATHIIHUHT COATANATN KENTAPAIIT MYMKHH. Y HUHTD

75



acocuil KaMYMIIMIJIAPU SIKMIUIMK YauoBMHM XucoOnam Mypakkabmuru Ba OyHpyK
STANIOHJIAPHHY cakjaml Y4yH 3apyp OYiaraH xarra XakMJard XOTHpa Tanalb KuIdIH
XucoOnmanam.

Xo3upra BakTZa HYTKHM JIOKan TaHMO OMMII Macanacuia KYJUlaHuiIaqurad
yeymiap gactinabkucu  1970-fimurapia Omp Katop aMepHKalMK —TagKHKOTHMIAp
toMouusan Takiuud srwiran. Bynap Belikep - CMU - "Jlparon" tuszumnu [23, 48] Ba
Kemmuex - IBM [7] tusumnapuaup. Bynna baym Ba ynunr xamxacOiapy TOMOHHM/IaH
Anuiab YuKuIran smmpud Mapkos Mogemrapu (IMM) wazapuscunan Ky uiaHuiras [26,
40, 42, 17, 25]. Smmpun MapkoB MoAE/UIapyd MKKH Kappa CTOXAcTHK jxapaémiap -
XoJlaTinap opacuaara YT yayn Mapko 3amxupiapu [15] Ba 3amkupHUHT Xap Oup
XOJIATHJIArK CTaloHap xapasmap TYIaMuJan Takuwi Tonaan. Mojennapau YKATHII
Ba SIMM umkumnmga c¥3Hu Ky3aTHII SXTUMOIWHNA XUCOONaIl yUyH AMHAMHK JAcTyprall
YCYIH, KYTIUHYa OJIMHTra-opKara anropurMiapu [25], bayma-Yoma éxku EM-anroputv
[31], Butepbu [44, 20] anmroputviapn Kyutanuwnagn. IMM yeymuruar ad3aumakiapya
BJ1JI ycyym Gunan Takkocsarasja Macoa (pyHKuMsacy KuiimaTiapuun xpcobiam anya
Te3Kop ycynH, OyipyKiap STAJOHIApHHM cakjam yayH 3apyp Oynran xoTupa
MUKJZOPUMpP.  AcocHii  KaMYWIMKIApH 95ca YHM amaira OIDIPHIIHMHI KyJa
Mypakkabmura Ba SIMM nmapameTprapuHu YKUTHIN YUYH KaTTa (JOHETHK MyBO3aHATIIH
HYTK Kopryciapuaan (oigananum 3apyparn xucobnanazu. BJIJ] Ba SIMM ycynnapu
Kyaa K¥m yMymui Xycycusriapra sra 0ynu6, ymap Oup Xui €HIaNIyBHIHT TYPIH XWJI
TaiouK sTusmmamp [36].

MapkoB 3amKHpIApUHA YMyMIAIITHPUIT HaTwXacH SIMM 6Ynud, y 3XTUMOoITiuK
apromatu Tymyndacu Owmian wambapdac OOrNMKIAMpP. DXTHMOJUIMK aRTOMATIIAPH
mactinab 1963 imnma XK. Kapmaiin |27] Ba yamanm myctakwin pasumpa 1964 iimna
P.Byxopoes [3] Ba 1965uiwmma I1.Crapke [43] Tomonmzan ymymuii kypunnmia Takiamd
STHNTAH. AMaMAH KUXaTHaH SXTUMOJUINK aBTOMATH YEKJIAaHTaH XOTHPATH SXTHMOJIIAK
KOHYHJIapH acocH)la MabJIyMOTJIapuH KalTta WiUianma WyHalTHpWITan Kypuima
xucobnanamm [4]. SAmmpus Mapkos Mozeapn 5XTUMOJUINA aBTOMATIAPHUHT XYCYCHMH
XOJM/IMp, SBHU Y KUpHDITa dra Oyimaran sXTuMoiumk aBroMatuiup. Hyrkum tann®
OJIMIN TH3UMITApH A Ky unamwiaauran SIMMnapy KymuMua pasuiiga aBToMaT HIIMHHHT
xap Oup nmKimMIa JKOpui EKM YHJIAH IOKOpHM pakamra sra OYiran xonarra YTum
Xycycusitura sra. Bynmait mojeinap Bakuc [24, 7] Tomonnnan dSupunumiapaan 6ymo
rakymd srmiran Ba Oymiail Mojeiuiap Han-yur ékn baxue mojennapu ae6 HoManau.
Ywby mojeiniapra Moc 5XTHMOJUIM aBTOMAaTiIapHu MOHOTOH neb artam [13] mmza
TakJuQ STHIraH.

Shmapua  MapkoB MoOZeIapH  YCYJIH OSXTHMOJUIMK aBTOMATIIapH  OpKajH
ndopamannmu Mymkn [13]. Kyituma 9XTHMOIUIM aBTOMATIAPHUHT XyCYCHH X0JIH KYpHb
ynkunaan. bysaa qactimabku, spHH GolLanFruy Ba ssIKyHUI Xonatinap 6epriras, aBTOHOM
EKH KHPHITCH3 MOHOTOHIM Myp aproMatiapn, GyHia SHKMII Ba KEHUHIT X0JaTra Y THIT
MYCTaKHII paBUIIJIA aMaliTa OIIUPHIAIH.

Bornuianruy aBroHOM MOHOTOH HXTHMOJIM Myp aBToMaTu ojrtiiukian ubopar,
SIBHH A=<C, Q. % P, v0>, 6y epma C - wexoranran unkum anupbocen (|C|=k), O -

XOMaTIapHUHT SKyHUH amidOocu (|Q| =m), 7T~ MXM YIMamiii CTOXaCTUK MATPHIIA,

TT;; XOJATH (f; XONATHJIaH ¢; Xoatura yTam ga i > j Gynranua 77, = OBai=j=m

Oynrasga 7y < l, i= j6yuranma P —m x k ynuammm croxactuk marpuna 6yimo,

6ynma P, ¢, - xonatura ¢, Xap(unu Gepuur SXTAMOINTH, V, = (1,0, .. .0) - m

y3ymimKaarn  Bexrop O6yimb, y ¢, — Oonulamrmu  Xonar  XucoGuamajm,
r "

v, = (0,0, ...,0,1) — ysysnnurn mira tenr Gyiran ycTyHim BekTop, SBHH (, —

ABTOMATHHHI' OXUPI'H XOJIaTHaup.
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cy3Ham umkapraH Je0 Xpcobnanaaw, arap

A wmomnotoH aBTOMAT CC,. .. C,

aBTOMar ¢, Xonarujia uiwiail Gommaran 6ynca sa 6y xomarma (B, B, ..., B,)

OXTUMOJUIAK  TaKCHMOTHIa MYyBOQHMK ¢, Xapdueu unkapran Oyica, Kelum

(ﬂ'“, Tigs + v oy ”m) DXTUMOJUIMK TAKCHMOTHUIA KYpa KeHuHIry Xonarra yrran 6yica

Ba X0Ka30, HMXOAT, ¢, Xonaruga Oynarammiga, y Oy XonaTiard 9XTUMOJUIMKIIAP
n

TaKCHMOTHra OMHOAH ¢, Xap(WHu unKaprad Ba 7, . SXTHMOJUIATY OUJNaH ¢, OXHprH
n

m
Xonmatra yTraH Ba HMIDMHM sKyHiaraH OYnca. bBympali  Xomma, aBTOMATHMHT
Y =€, .. €, cy3un ynKapumn sxTuMona (*) dopMyna Gmman xpcobnanamm, 6y xap
KaHJIai aBTOHOM HXTHMOJUTH aBTOMAT Y4yH MakHora ora [4]:

PA(}'):_ Z P(;']q)z Z Yy (‘I.',)E, (cl)zz,.l,.z.....l’i” (Cl)ﬂi“im, =VOM(}’)(VF)T, -
Ty, T4 9.,
s (‘l'n 4 ):I V!"(qln‘J:l

Oy epia M (y)=M (c,)M(c,)-..-M (c

n

)= 7, F.

(1) am xpcoGnamm yuyn sapyp Gyuiran amauiap COHMHM JIHHAMMK JIACTypPIIaIl
yeynn €phamMmaa KamMaWTMpuunl MyMKuH [1]. ABTOMAT TOMOHHMIAH CY3 UHKHII
OXTHMOJUIUTHHEN XUCOOIAUAT YOy JIrOPUTMH OJIIMHIA-0PKATA IOPUII aJIrOPUTMH
ned atanagu [17]. Xpcob-xurobnapau Te3namTHpHIn MaKcaamaa JacTnabKky XonaTiaH
AKYBHHA Xonarra oymb Gopysum 6apua XollaTinap 3amKUPIApy YUYH HXTAMOJUIMKIAPHH
XucoOnam ypHura, ynap KyHuHYa MabiiyM OUp YMKWII CY3H YIyH MAKCHMAT SXTHMOIITHK
Omnan 3aHKUpHU TOTIAMIAIM Ba OY HXTUMOJIMKHA KUIMPUIAETIaH HXTHMOJUIHK Jie6
ouuazu [20]. Ymby énnamysrmuar nazapuii acocaapi HoMabiym GYimmmra Kapamaii,
y Ce3WIapiM Jlapakajia BaKTIAH I0TMIINM TabMuUHTaiiy, Oy osca ymiby yeyium
OMMATAIIHIIUTA OJINO KeJIH.

Hytknw nokan Tanu® onuni GoCKHYMAAry alloXKa Ba SHI HoanbaHaBuii Macaia
— Oy MOHOTOH 5XTHMOJITM ABTOMATHMHI CHWHTE3W Macalacy XucoOnamanm. Ymby
MacJIaHu KYARJIMITANY Ba YCYIUIADUHN TYILYIITUPUIN YYyH HYTKHHE JIOKAJI TAHUO 0JIiII
MacallaCHHH Xall KWIAIITa SXTAMOJUIK aBTOMATIapUHU TaJ0NK ST Ma3MyHHHE TYIIHK
oun® Gepuin Tanad sruiaau [46].

Gapas Kunainuk, 6Gusra uxTnépuit myrataaru 6upop 6up cysumnar bb,. . . b

n
TpancKpunuusicn Gepuirad O¥icun. By TpaHckpmnumscn acocuaa Gepuiaraf CY3HHHT
Tanaddysn Kyhnarnia ndojanaiiauran TpudonIap KeTMa-KETIMIHITN KYPHITT MyMKHH,
swam bb,, bb,b,, b,bb,, ..., b, \b,, b, b, . Tabuuii Tunna xap 6up Tpudon

1 n—1

Ounan cranzapt TYpT XoMaTaaH HoopaT MOHOTOH SXTHMOIUIA ABTOMAT KYpUHMIIN/ATH
ATAIOHJIAP TAKKOCJIAHaJl, MYHUHT YUyH Xap Oup TpudoHHEHT Gapya MyMKHH OyiraH
rana@ysnapuHuEr TOBYII CHTHAWIApU YOy OSXTHMOJUIMK aABTOMATH TOMOHMIAH
sApaTuiarat cysnap cudaruna kapanagu. Tabuuii Tan cy3mapn y9yH CTaHAapT 3XTUMOTIIH
aBTOMATIAPH KETMa-KeT TPU(OHIAPHUHT MOC KeNaJMral aBToMaTIapyuHd KeTMa-KeT
Gormann #ynu opkana Xocui KwmHagu. ByHjga Gapua apToMaTIapHUHT (OXHPrUCHIAH
TaNIKApM) AKyHud  xonamiapy, HapOargary Tpu(OHHMHT OMpPMHUM  XOJaTHTA
OMPUKTUPUITAIHM.

OXTHMOJUIMK aBTOMATMHU YKHTHII ABTOMATHHHI MabjJyM COHJIAMH XOJaTiapu
yayn P Ba # wmarpunanapvey Y3rapTHPHIIHM $3 WuHTa ONaJW. ByH#a UHKHII
CY3MapHHUHI Mabiym OWp deKIaHTaH TYIIamMu (YKyB TAHJIAHMACH) YYyH aBTOMAT
mapamerpirapu (P Ba 7 Marpunamapm) KuiiMaTIapHHMHT JacTiabkp TaxXMEHHH
SIKUDJIANTYBH YYYH, S’IBHU SIKYHUW ymOy aproMaTHuHT Xap OMp YKyB TamjianMacHHUHT
CY3NIapUHY YMKApUIIY 5XTHMOJM OIMpajnran (éxku xedu Oyiamaranza kamaiiMaguras)
Xomarra YTAIM yHyH yHnapuuHr KudMariapu ysraprupuiajp. YOy Macanand Xaji

n—-2
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KW ydyH Oup Katop anropurtviaap mapxys 0Yiub, ymap wexm Kajamiapia YKyB
TaHJaHMAcHIa OSXTUMOJUTHKHE XucoOnam yuyH MabiayM (Jokan) QyHKIHOHAT
MaKCUMYMHHH TOIHMIITa UIMKOH Gepay. Ymby ycyiuiapaan sHr kenr tapkamragn LM
anroput™u éxu baym-Yamy anropurvu [31].

MOHOTOH SXTHMOJUIM aBTOMatiap EpAaMup/ia HYTKHH JIOKaJl TaHMO OJHIn
STanoHap OWNaH TaKKOC/Hall yCynd OpKalid amalra OIMPWIAIN. DTaloH dXTHUMOJIIH
ABTOMATIIAPHUHT Xap OMpH HYTK CHTHAIMHUHT TAHUO OJIMHAAMIaH HYTK KUCMM YUKAPHUII
HXTUMOJUTHKIApH  XpcoOiaHaau Ba Oy SXTUMOJUIMKHHM MaKCHMall —KuiiMaTthra
SPUINTHPraH  aBToMar Tannamagu. Tagm® oymim HaTtwkach cudaThga TaHIAHraH
aBTOMATra MOC KeJTaH Cc¥3 OJMHAMIM.

Shmmpun Mapkor MoJieJUTapy  YCYJIMHH KYJUIall acoCHJAard TaXMHUHJIApPHU
Daxcapunimmm  Macananapd o4k xucoOmamamu. Illynra xapamadi, amanmér mogmen
aJIeKBAT HMACIIMTHra Kapamaid, yily ycyll Xiy HATHXKaJiap TabMUAHIAIIMHEY KYPCAT/IH.

®overuk amapoonn Tapmam. DosHeTHK amuPOO HYTKHH JIOKAT TaHUO
OJMINHWHT acocu XucoOnanaum. IOxopwna TabKMUIAaHTaHUACK, TWIHHHT Xap Oup
TpHGOHWHM TYPT XONATIH MOHOTOH SXTUMOJUIM aBTOMAT OPKAIM MOJeNIallTHPHIN
mymkuH, IIyHUHT yuyH HYTK KOpIyCHra acocllanran Xoiy@a YKuTuin sxapauujia
CO3JIAHUINN 3apyp OYran aproMaT napamMeTpIapuHUET YMYMHUI COHY TOBYIIUIAp COHNTA,
apau Qounerux andaput KyBBaTHra UM3UKAM OorimK OYyiMO, YHHHU XaXKMHHHHI
KaMaluImy HYTK MabJiymMoTiap Oasach Xaxmura OVnran TanabnapHHHT racaiumura
om0 xenaam. bomka TomonzaH, ammpO0 KUCKAPTUPWITaHIA JIOKAX TaHuO oIl
KapaéHua MyXuM OYJIrannapy xaMm Yukapu0 robopuimmy MyMKua. byna tanub onunn
cudarura 3apap erkaMacaaH (hOHETHK anpaBUTHUHT XAKMHUHWM MHHUMAJUIALITHPHILL
ammdOosia PpakaT MHCOH HYKTaW HazapuiaH TOBYIIra HHI SKUH OYIIran TOBYILIAPHA
aHMKJIAll OPKATIHM amalira OlMPHIINLIN Kepak.

ABTOHOM 9XTHMOJUIM aBTOMATIAP TYIUIAMEAQ, YIAPHUHT EpIaMulia TOBYIILIap Ba
yJIapHUHT OHpHKMAllapd caMapalid MOJENNAalITHPUIral Xouaa, TaHub onuin nairtujaa
cyzmapan  “yankamupnd o0opumt” sxruMonu Ownas wambapuac Oorimk OYiran
METPUKaHH KHPUTHIN MYMKHMHJIMIH KYpcaTwirad, sbHH TaOUMit T C¥3IapuHUHT
“omuTHIMm” SKWHIATY OMJTan aHuKIany BumM MeTpukaan Gpoitanapuin mymkas. Y moy
merpuka myamwmaduap tomonugan AKIuuar Inte]l Corporation ¢upmacu rpanTi
JIOUpAcH)Ia pycua HYTKHUA TanuO OJIAII TU3UMUNK MIIUIA0 uuKuiia GoHeTHk ajaBuTHA
ONITHMAJI TAHJAI MacajJacHHK Xan KWInija camapann (oinananmirad. Merpnkanan
doitianann®, pyc Twmmgars QoHemanap opacumaru ky(rimMk  MacodanapuHuHr
MaTpHuiach TY3WIIM. YJap pycua HyTK MabiymoTiiap Oazacy acocua CHHTE3 KMJIMHTaH
ABTOHOM 9XTHMOJIMI aBToMaTiIap KYpUHUINMAA TakiuM 31w, Pyc i yayn 150 Ta
(onemuk GenruHuHr andarutuHy [9] TanuUO onmII NaiTHAA AaHUKIUKHA HYKOTMAaciaH
120 ra Genruraya KUCKapTHPUII MYMKUHIIAIT KYPCATHITAH.

Kompanapra OWHOaH pyc THIMOArM MaTHJIApHUHT aBTOMAaTMK (POHETHK
TPAHCKPUIITOPH PycHa HYTKHHM TAaHAO OJMIN TU3UMHUHH MILIA0 YMKMIIHMHT MyXuM Oup
snemenTuaup. HyTk mabnymornap OazacuHuHr OenrunaHran KHCMMHH 9XTHMOJIHH
aBTOMATIIAp TapaMeTpiiapuHu — (oHeMalap HTaloHIapuHu YKuTHIL 784y Hacoc
cudaruna Kypumga, ymdy akKycTHK MabJIyMOTIapra MOC KelaJuraH MaTHJIapHHHID
TPAHCKPUNIUSUIAPUHE Ky pUIl kepak. [45, 46| urn myanmnudnap ¥3 napamerpiapu 6iinga
pyc THJIM YYyH MamXXyJ TPAHCKPHUIIIMSA TH3MMJIApH OunaH TakkoclaHaiurad LIyHaai
TPAHCKPHIITOP SIPATIIMIIAP.

MatH Ba HYTK MabJyMoTiap 6azanapu. Aiinn naiiToa HyTKHH TaHWO oM
TH3MMJIAPUHA SPATHIIIATH ACOCHH MyaMMO HYTKHM TaHUO OJMIN airopuTMIIapHiy
gpatiin sMac, OankM THJIHMHT aKycTUK MOJENMHW spaThin XucoOGnanagu. Twui
MOJICIUIAPH  IapaMeTpiiapuiy  Ba THJIHUHT (POHCTUK OMPIMKIApU OTAllOHJApUBK
yxuTHInga acoc cumdaTHga CO3NAIl YUYH erapiuua Karta XakMIaru MaTH Ba HYTK
MabIymMoTiIap Gasajiapu Tajad sTuiiaim. 3aMonasuii THJia yupaiinran 6apua cysnap Ba
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JMUTBUCTUK HOOpaapHyu, oHa THIMIA CY3nanryBymiapia Mapxyj Oyiaran oBo3 Ba
aKIeHT TyplapuHy AUKKaT Oritan KypuO 9Ky kepak. PoccHsimik oimMiIap TOMOHUIAH
onmub OGopmiran TaAKMKOTIAp MaBKyJ pycda MaTH Ba HYTK KOPILYCIApUHHHL
napameTpiaapuayu 6axonamra HMKOH Oep/y Ba ylap MaTHIN MabiymMoTiap GazanapuHu
Yprauuni HaTHXKaJapH SIrOHA JKaIBaJiIa YMYMIAIITUPHUIIIA.

HyTtx mabmymoTiap 6azanapu - 6y cy3nap, ubopanap, xyMiaaapHEHT TYPITH XA
CYXaHJIOH/IapH TOMOHM/IaH E3Wiirad ayJuo€3yriap TymiamMuup. basanm spatumga
cysnap €xu Omprammkaa Tanaddys Kmmuaumm MyMmkud. HyTk xoprmycmumarm xap 6up
KyMJia oJ1aTia (pOHeTHK TpancKkpuiys Gnian 6upra kenau. E3u6 oymm napamerpnapn
xaM Gomkaua 6YIMIIE MYMKHH - TOp mojocanyu TeneoH 3ysnapuaan (MOHO, HAMYHa
onu te3imary 8 k', Xap 6up namynara 8 6ur) Ba KeHr nosnocaiu MEKpodoHan (MoHO,
22 xI'n, xap Oup wamynara 16 6UT) CHHXPOH Ky KaHa/wm &é3ysnapra (tenedon +
mMuKpodon, Gup Heura MUKPOdOH Ba X.K.). Tenedonparn cy3iantyB HyTKHM TaHUO OJIAII
TH3UMHHH SpaTUIl YIyH TOp IOJIOCATH MabIyMoTiap OazaiapH, KeHr IOoJocain
Mapjiymomiap Oaszajapy 5ca KOMIILIOTED MATHJIM JUKTAHT TH3UMJIApUHU Taliépiainjia
KYJUuTaHuIaam.

KoprycHunr Xaxmu WKKuTa MyXHM TlapaMeTp - CyXaHIOH/IAp COHHM Ba KOPITYC
TOBYIUMHWHT YMYMHH JaBOMUIUTATY opKaiu Tapcudnanaau. byuna €, )XUHC, THaTexT
Ba Oomkanap ake >TTHpumIy Kepak. Kopiychuar yMyMuit 1aBOMHIIHIYA HAMYHAHMHT
eTapiinya  BaKWUIMTHHH  TABMHUHIAINM  IMapT. by SXTHMOIUIH  aBTOMAaTiap
IapamMeTpIapuHn FOKopH cudariii YKuTHI MIMKOHHHN Oepajiy.

HyTK KOpITycHHUHT aCOCHHY TAINKHII HTaJIUraH MaTHIH MabJIyMOTaap 6asacuaa
GoreTHK IKUXATJAH MYBO3AHATJAINIAH JKyMiajiap, AbHM Yprada, Twimwar Gapya
TOBYIIIAPH Ba TPU(OHIAPH TEHI' PaBHIIIA M(HOJATAHTaH KYMITATAPHA ¥3 HUUTa OJMIIIH
MyXumamp. ByHjian tamkapy, MaTtmiap ofatia OF3aky JIMANOTHAHT Ba €3Ma HYTKHUHT
MKKaJla KHCMUHH XaMm ¥3 uaura onafu. Xap Kapjah Tanud OJHIN THAUMUHKHT MYXHM
soneMenTy Oy pakamiap Ba pakamiaap KeTMa-KeTJMraam tanu® ojmm  O6Yime,
MapJIyMOTIAp 6a3acHHUHT pakamiap TYITaMHTra MOC KeJIaJHTaH KUCMH XaM MaBxyl
OYImMINT Ba XKMM )KUXATHIAH €Tapiinda KaTTa OYImMimm Kepak.

DXTAMOIIM ~ aBTOMATIApPUHU  YKUTHIN  TpU(OHTAap Japakacwuma  COIMp
OYuirammry cababim, YKATHIT aNrOPUTMUHHHI KHPHUIH KUCMUra AJIOXUJA TOBYIIIAp
Ounan GenrunaHrad HyTK, CHTHaUTapu Oepunminn Kepak. HyTk €sysnapwuu (hoHETHK
Oenrunam >xyza xyn Bakr Tajnad Kwiaauran mexpar O0yamb, 10KopH Majiakaim
MyTaxacCUCIapHUHT HWIIuHY Tanab xuiaan. bynma TVnmmK mabiaymoTiap OazacHHM
(onernx Genrmnam tanab srmimaiiig, dakar ynunr 6up kuemunu Genrunam kudos,
CYHrpa KOPIYCHHMHT KOJTaH KHCMHHM aBTOMAaTWK Oenrmiamr  yuyH Burepbu
ANropUTMUIAH (POUIATAHIITALIHN.

Aiinn maditoa 6mp Hedra TWIapAarnd HYTK KOPIyclapyd MapxXy[a Ba yiap o3
COaTIal OPTHK Ba CYXAHIOWIAPHUHT YMYMHU conl GUp HeHa MAHTTAHM TANIKUI YTa (M.
bupox, ymby mabaymoriap Gazanapuaa goneTnk Oenrmiant Oaxapuirag Kucmiap
MaBJxy/I HMac.

Kenr nonocanym HyTK, MabIyMoTHap Oazanapuaa BazusT 6upoz EmMonpox. HyHkH
xaxmu OYitnua sur xarra MasryMmoiap Gazacu atura 50 coaTHu TamKwi STaam Ba Oynia
200 masm xynpok, cyxaumonnap mmtupok stamrad. Illynra kapamaii, ymby uvactora
auanasonnia poHeTHk xuxargan Oenrwianran TapkuOuit KucMiap ymyman KOpIryc
XaXMHra HuCOaTaH ce3nsiapiii Xaxmra sra 0¥aran HyTK Kopiyciapy MaBxKy /.

Tanu® oymm Tu3uMITapuHEAT XK HaTwkanapura kamusa 80-100 coarnm HyTK
KOpILyC/apy OpKaily YKMTHIOAAH CYHI' SpULIMLI MYMKHHIMTH |[34]| mmpa xypcatu®d
Yranram. Vi6ex THIEjara TOBYNUIAP COHM GONIKA THIMIATH TOBYILIAP COHHAH
HucOaran kyn. IllyHMHr yd9yn XO3Mpru KyHJa KeHI' [OJIoCalld [Maria3oHja &é3miraH
Y30exya HyTK MabiayMOTIIap Oazamapy eTHinvai)u.
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®apazaap rpaduum Kadira komram. HyTkau nokan Tapu® ONMII HYTK,
CUTHAJTMHHUHT Xap Oup anoXuja cerMeHTH yUyH ymoOy cerMeHT TaOHuil T CY3MHUHT
tanaddysu oxannurn xakwiary (apasau cmnHa® kypmmra uMKoH Oepaiu. Bupop
ubopanu (Kymya, KeTMma-KeT J>Kymnamap rypyxu) Ttanaddysura Moc KellaJuraH
curHayaupr 6apua MyMxuH 6Yiiran 6yakiapunm cerMeHTiapra axpaTtiud Kypud YuKuin
Ba OyHJali cerMeHTIapHHU JOKAJI TaHHO OJIMIN MacalaCHHM XaJl KWIAII MyMKHH. Xap Oup
HYTK CUIHAJIMHH XaKUKMH COHJAPHUHT YeKJIAHraH BeKTOpM cudaruia TanuG oymin
HaTHKaJapura sapap eTkasMacaas Kypud auxum MyMkuH [ 13 ]. Mymkus GYnran curaain
Oynakiapm opacupan Tapnald oymm Ba (akaTrHHa CTApIM  Japaxkana oKOpH
SXTAMOJUIAKKa 5ra Gynrammapan Tanu® oy amanra ommpamd. CYHr aHbaHaBHi
papunyia Tanu® onwHaéTran (Qapazmapounr rpadgu cudaruua udojananauran
CUTHA/TAPHY aHMKJIaTHIHT MyMKHH OYnrad dgapasmapu TYIUIaMHBH OJIAMHE3.

@apaznap rpadu, ogaria, Xap 6up Kuppacu THIAra Oan3u Oup cy3napra Moc
KeJagurad Ba yimldy CY3HMHT 5XTHMOJUIMTH OwiaH TYIIUpHITaH HKKHTa OenrunaHran
gy KKH (KyT0) Omtan Hynantupmiran uimk 6yiaMaran iryaantnpuiran rpagamp. Ymby
rpaduuar Oup Kyromma ("Gounranrud" uykKu) daxar IMKyBUH Kuppaiap, Goimkacuga
("oxupru" uyKKy), akcuHYa, GpakaT KUPYBUH KHppaiap MaBxkKyl.

Jexomnam macanacu "Gonmraprud" ayKKuIaH "OXHPrH" TOMOH YTaJWuraH Ba
KyHH/1ard Xoccany KanoaTianTupajamran iynantupuiran HyiHm rannaimjan nbopar: 0y
iiynra Moc xenaguras cysnap keTMa-KeTIurg Tabuuii TIIT )KyMiaacuaup Ba Oy UYITHUHT
HXTUMOJUIMTH Makcumasmp. Y mly Basuda twimunr GopmMast MOJICIIUHY XKOPUH dTHITHA
tanab Kmnamw, Oy cyzmapHuHr OupoH OUp KeTMa-KeTIMIH THITAa TEeTHIUM &KH
AYKIUTHHNA TCKIAPUINTa MIMKOH Oepajin.

Tunra termmm 6¥num Oy epra aHbaHaBul paBWIIIA, TYIUIAMTa TETHOITA EKH
THIITA Terunum OYnuin HXTHMOJUIHTUHE XpcoOuian pyHKIusICH cuaTuia TYITyHUIa 1.
Wxxusuu Xoia, "oouwanruy” g¥KKuaan "oxupriu" ToMOH WYITHUHT 3XTUMOJUTATH YOy
Wy nHm Tank HTyBuM Oapya Kuppajapra 6epriiran X THMOJUIHKIAP Ba THII MOJIE)M)[ar |
cy3iap KeTMa-KeTITUTHHIHT MOC KeJIaiuraH Y IMHIHT X0CHIacH cudaTiia aHuKIaHaIi.

Tua Mogeiapu Ba yJiapHu HY TKHH TAHHO ommia Kyaiam. Tabwuii Tai —
Oy THI TAITyBYMITAPHUHT KYIT acpIHK Mapauiel] Niiaiy HaTwkacuaup. by Tacomudmuii
cy3 OGupukmanapujian Ba Gpopman Ty3wirai Twuiapian tyonan dapx Kuragn. Tabnni
TWIHMHT acocuii Xycycusmiapugan Oupu Oy Oy3unran HYTKHM TYIIYHWIITa HMKOH
Oepajuran MakjiymoTiap kymmra xucodnanany. Yy xapaéuum GpopMasuialurtipuin
KaTTa X@KMIATM MATHJADHH TaxJIWi KUIWII OpKAJIM aManira ommpuiagd (nIyHaa
JUHTBUCTUK XYCYCUSITIIADHM aHHMKJIall MyMKHMH). bymngalf  Xonmamiapaa wmaTHiI#
MabIyMoTiHap Oazajapuia YacTOTaBUH  XapakTEepUCTHKANAPHUHT  TYypiuM  XH3
KYJUIAHWIMIIMHYA TAJKHK, KT Tabuuipox Xxucobiiana .

Tabuuit ThHn Moxpemmapu 19-acp oxupnapuaa MaremMaTHkiapia KH3HKHID
yirotiu. Awnjpedi Aunjpeepny’ MapkoB pyc THIMHM CTATHUCTHK TAJKUK KHJIHID
apaéauna MapKoB 3aHKHPH TYIIYHYACHHH KUpUTraH aed xucobmanamm |15, 16]. Tus
MOJICIUIAPAHU  SIPATHIT HA3APUSICMHUHT KCCKMH VCUIIM HMKKMHYM JKaXOH Ypyiis
TyraraHuJaH Keitwn naiigo OYnim Ba MallMHaIA TapKuMa MaB3ycu OuinaH OOFIHK 31
Mammunanu Tapyxuma mMacainacu Onpunun mMapra 1946 iwiia wiuia® unkmiran (bys
Vusep). 1954 iinnna XXopxrayH yHMBEepPCUTETHAA MAIIMHAIN TapyKuUMa KUJMI OVitn=s
Oupurun Taxpuba Yrxaswim [38]. TaOumii THapHy TaxJmil KWMIJIA TapKkuoss
TUIHIYHOCTHKHIHT SHIM WYHANMIIN - TeHepaTuB THIIIYHOCTMKHUHT acocyucy OVaras
H. Xomckmii acapiapu karra xucca kyupma [28, 29]. 1966 immna Kymma Ilrar=ss
Mwumait  dannap AkageMusicl KYMHUTAacH MAaIIMHAIM TapkKuMa TU3MMIIapHIas
doiiananvn doiaacus eran xyocara KeJyiu Ba 1yHé 0yiinad Oy uynanmimnjary g
cycaiin® Gopau. bupok, yma Bakrra kenub, Oy coxaia ajjakadoH eTapny Ommew
TYIUIAHTAH S0,
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Mammvinaim Tapsxuva TH3AMIIAPH/IA NIUIATHIAJATAH THII MOZIEIUIAPH JIMHIBHCTHK
Oumamiapra acocnanrat 66, ¢y3 3aHKAPHHIHT TH/ITa MAHCYOIMIHHE TAXITAT KA
Oyryn cy3 samkupunn 6up OyTyH cudaTnia Taxjwn KW Wynmum OuimaH amanra
OIIMPHWITAHNUIY HYKTaW HaszapuaaH w3umi O6Ymmaran. HyTkan TaHu® oMM, akCHHYA,
Xap Omp sHrM KMPHTHITAH CY3 ydyH XOCWI GViraH c¥sinap KeTMa-KCTIMIMHUHT THIITA
TETHUUTAIMTAHY (TErHIUIH GYIHII SXTHMONH) aHUKJIAITa UMKOH Geparuran OyHumai
MOJIEJUIapHE TAJIal Kumaju.

Xosupra BakTna Tabumit THIHUHAT (opMan MOJEUIapHHA KypHIia KyHumaard
CHANTYBIAPHYE aXPaTHO KYpCaTHUII MyMKHH, STHHH JMCKPET Ba CTATHCTHUK MOJIEILIap.

Xo3upru BakTAa HYTKHH TAaHMO OJMIN TH3UMIIAPH YUYH THJI MOJEUIApHHU
TY3HII/A acocuil €HJ1antyB CTaTHCTHK yCyJutapian (oitanannn xucobnanaan. Byaan
TamKapy, ymby MabHOAAa MOJEN IIYHYaKd THIHHHT Oapua Kymuiajgapy TYIUiaMura
HuCOaTaH HXTHMOJUIMK TakcuMoTHImp. Tabuuiicy, ymGy makijia MoJICIEN CaKJIaHIHT
WJIOZKU HYK, INYHUHT YUYH CO3NAIIHUHT MXYaM YCYJIapy KYIUTaHNIa .

M —TrpammJiapra acoCjaHran THI MOJC/IApY XyMilara KeMUHru cy3HuHT naio
6¥mam sXxTEMomH akat onguHrA 71— 1 cy3mapra GOFNIMK MeraH TAXMHHHH KyIUIaimm.
Amana mozieiutap n= 1, 2, 3 Ba 4 yuyu nnwiaiiqu. Ymoby cuu(HURT HHIING THIH
yayH SHr Mysaddakustin momenu Oy Tpurpam Mozenwmyp. Bapua sHrm Mojesiap
HEApITH Xap oMM TpHrpaM Mojiennra nucdaran Gaxonanagu. byrynra xynja mespim
Gapua THKOpHMH HYTKHM TaHu® ONHNI TH3MMJIAPH 7-TPAMMIIM MOIEIHIAH y €ku Oy
maxiyia  oipanmanmoriia.  Bymmait Xomja, OyTyH OKyMJIAHHHI 9XTHMOJIM  YHIa
KHPUTHIITAH n-TpaMM 3XTHMOJUINTHE Kymaitmacy cudarnia xucobnanama. Yoy cund
MOJICJUIAPHMHUHT acocwii ad3auiury - Oy erapiuua KaTTa XaXMIard Ba IOKOPU Wil
TE3MUIUJArd YKyB KOPIYCHTa acoCIaHTaH MOJIEIHM SIpaTHIN KoOMmsaTHaup. Acocnii
KaMYMIHKIIApA - Oy KeHHMHTH CY3HWHT SXTHMOIM Y30KPOK TapuXiAaH MYCTaAKMWIITHIH
TVFpucUIa HOTYFpU TaxMuH OYnub, Oy WOIHM KAWWHIAIDTHPAOW Ba TWINA YYKYPPOK
OOFIMIJIMKIAPHA MOJIIUIAINTUPHIITa UMKOH OepMaiiim; »yjJa Karra, aMMO HINOHYWIN
MabIYMOTIApHU OJIUII YUyH eTapiu OyiiMarad sMac, YKyB MabJIyMOTIApHHAHT Xa)KMH.

Jlapxakuxar, arap nyratya N c¢y3 Maxy 6Yiica, yuja cys 6Gupukmanapuaunr coun N .
Oyimann. Xarro ynapuuur atury 0,1 gomsu ymby tryia romwiran 6yica Xxam, CTaTUCTHK
KMUXarJaH MIIOHYIM TaXMHUHIApHU ONUUI YuyH Tanal KWIMHAOUTaH KOPITYCHMHT
MHUHAMAI XakMu 125 Munimap cy3 €xu Maxcyce TaHIaHran Kopnyc Ouian TaxmMuHan |
TepabalT xaxmza 6¥magu. TpurpaMmuap yuyH sHT KHUHK Kopitycrap 1031a6 Ba MuHriad
repabaiitian nbopar 6ynamm [8].

Yy xamummmkan Oaprapady STHIN yuyH MoOAen napaMeTplapyuHi eTapin
OYnmaran €xkm  ymyman WYk mapommiapia Oaxonamra HMKOH  OepajguraH
TAKOMMJUIAIITAH CHIIIMKJIAII TeXHUKACH anmapaTd Kynanunaan. Xyad Iy MacalaHu
Xan Kwmmpuer sHa  Oup  Empgamysm Oy  MONETHH KUCKAPTHPHIN YYyH CY3
OupuKMaIapuIup.

CratucTux THIL MOJEIUIApUHUIT cudaTHHN Tax i Kumunt yayh, [22] unpa
dolinananunran  HoaHMKIMK  Kos(duumentn ne® aramagmran, Oy Mojengaru
(reomeTpuk) Yprava TapMOKJIAHKII JIed TAIKAH KHIHHAI MyMKIH [34].

n-TPaMMJI MOZET YUyH HOAHHKJIMK Kod(GunuenT Kyiumarn GpopMysia opKainu

aHUKJIaHa)Iu:
-1
perp[eJCity = (}{[/np(a)t‘ | a)l'kq ".a)ik-nfl )) ’

Oy epna @, @, ... - Oy MaLiyMm OMp MaTH KOPUYCH TOMOHHJAH AHMKJIaHTaH

Iy

TabuHii THIL
Hoanumk xoohuupenty Kypuirad T MOJCIM Ba THI (Ba MaTH KOPITYCH)
Gyskuusicn sxannuruan kKypam ocon. lynamait kim0, y3rapmac Tiia OwiaH, y Typin
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XIJI THJI MOJICIUIAPMHY TaKKOC/Iamra UMKOH Oepa/in Ba Y3rapMac Mozen Typu Oumian
TaOHHH THITAPHUHT Y3IapHHIHT My pakkaOnuruay Oaxonamra IMKOH Oepaim.

[21] v myaumaduapy TOMOHUIAH MaRKYy]l MOJICIUIAPHUHT PYC THIIUTA KYiUiail
Oyiyua TagkukoTnapau oymb OGopunran. bynpa Kyhmgaru Mopemniap CHHOBJAH
YTKa3WIraH: CTaHAapT #-rpaMM (1 = 2 Ba 3 yuyH) Ba CY3/IapHUHT 9pKUH TapTUON Onitan
n-rpamMm. Takpubanap yayH MabiIyM OMp MaTH KOPIyCH YU9yH A-TPaMMIIApHHHT TYIIHK,
py¥WxaTHHE TY3WII, CwumMKIanpian - (QoijanaHuni, OKyMIanap  9XTHMOJUIMIMHH
XHCOOJIall, CHHOB KOPITYCUHUHT HOAHUKIINK ko3¢ dunuenTn Ba GomKanapHH sipaTHiira
MMKOH GepyBHud JacTypuil TabMMHOT TYIUlaMu miwia® unkuiran Ba 150 munr acociu
JyFaT Ha30paTH OCTHAA MUUIAHIUTaH pyc THIHZAr¥ MaTHJIAPHH MOP(OJIOrHK TaXJIuil
KUITAIL TH3HMHE XaM sIpaTiirad. bymjia our coyia THiI MOAEIHHY TeKIMUPUIA (#-rpaMm
n= 2 owrar) 100 mwommon cy3man ubopar Kopriycna Ompma-Oup 103ara KenraH cy3
Kyprmapu conu 92% jan k¥ 6ynrammra Ba HOaHMKIMK Kodpuiupentn 500 jan
OIITaHM aHWKJIaHTaH Ba PYC THJIMTA CTaHHAPT CTATUCTHK EHAAITYBHM KYJUiall MyMKHH
OMAcIMIu TYrpucuia Tacjuk Ttacuminanran. Illymiman cymr sma wmkxwura €njanrys
CHHOBJIAH VTKaswiradn. BUpMHYM EHJANTYB - CY3JMapHUHT 3pKUH TapTHOM Ounan -
rpammian (olijasanunn - rpaMMaTHK MabiyMoOTIapiaH cysiap Taprubunu  oymb
TaIUIAmTa, AKKHHIACH - Kymiab cy3 makiuiapu OwiaH OOFIMK KHHMHYMIMKIAPHU
CHIUIITa KApaTHIITaH.

Opkur cy3 TaptuOM n-rpaMM Kyiugaruda xuputhiaagu. Kiaccuk #-rpamm

P, |o ... o ) sxmvoumcap P(o [{o, ... }) oxmvommkiap

bl
Ouan anMamrupiann, 6y epaa Gpurypanm xKarciap TYiaMeu Ouimpany, SEHE TR
MOJIeJI A-TpaMMiard Oupuauy n—1 cy3HMHT TapTuOnnm xucobra onmaiigm. YmoOy
MOADUKAIMAHITHT Ce3WTapIn AXIIHIAHUIITA 070 KeIMacllury Ky pcaTuiras.

Vkkpnun  EHamyB YMyMHR T MOJACHMHMHI WKKM TapkuOuil Kucmra
@XpalIura acociaHrad 3au: Mopdosorumsira acocmaHraH MoZesl Ba CY3IapHUHT
Oomuranryy maKipiapura acocianran mojielt. Kelimnuamik ymdy MoAe/UIapHUBT Xap
Gupwra p-rpamMm Enpamyen Kyulanmwian. ®axat Mopdonorusaan oitnananrad xouna
Mojiei (6u3 yHE THWI MOJCIMBUHI KaTerOPHK KMcMM J1ed atajiuk) n=3 ydyH Kypuiran
6Ym6, HaTwKama yimoy MOJeN yuyH HOaHUKTHK Kod(duumentn 21,93 Hu Tarmku >Tau.
Cyznapunnr  Goluianrvy — maKJiapura  acocjaHral  A-rPpaMMJId - THJI  MOJICIH
rpaMMaTHKAHUHT WKKAHYM KOMIOHeHTH cudaruga kabyn xwmmsau. Taxpubanap
HaTIXacua ymoby MoJeNjiard HOAHMKIMK Koo(duimenty uurnus tuimra nucdaran
TaxMuHAH 2-2,5 Gapasap IOKOpY SKaHJMTHHM aHUKNAI MYMKHMH 511 (OH3HHHT
moaeaumusia Taxmunan 230 ra, [41] winga 100 ra Tenr).

Vily éwmamyBHH Kyunam wiad 9uKyBUMIapra #-rpaMM MOJEJIapUHUHT
y30ek Thamra uucbaran Gapya adzaumknapuian goigananunuiapura uMKon 6epasm
xucoOnaliMn3. ByHzan Tamkapy, MOP(POJIOTUK MaBIYMOTHH MYCTaKHI MOJENra
TaKCUMIIAI  OMp CY3HMHI' TYpJIM XWJI CY¥3 NIaKJUIAPUHMHT aKyCTHK YXIHanumra
MacallaCiHH HHTHINra WMKOH Gepaqn. MacamaHWHT eYrMHHHM Takiudy Kunaguras cyz
MAK/UIAPKA COHM eTapimda Kynm Oynaran kyiua® Twuap yuyyH, MacanaH, CJIaBsH
TYPYXMHUAT THIDIAPH VUYH camMapaniy KYIUIaHHIUImg MyMKIH.

XyJroca. X03upru Baktiaa ¥30€K THIMIArd y30yKCH3 HYTKHUHI TYJIHK MaTHIIH
TaHUG OJYBUMCHHI SPATHII YUyH Gapua MApOWTIAp eTapin. VY30ex THIMAard Hy TKHA
TaHKO OJIMIHMHT Y3Ura XOC XyCycHATH OOMIKA THIMAArM HYTKHM Tanud ojmi
THsEMIapuaa  MysaddakusTIH  KYIUIAHWIAJWATaH #-TpaMM  TWI  MOJEJJIAPUHIHT
KYJUIAHHIIMACITATH XHCO6anai., ¥ 366K THIIMHMAT THII MOJIEIUIAPMBY HITUIAG0 YMKAIL BA
yIApHU TEKIMHAPHUIN XaMIa aManga Kyiuam OninaH ymdy MyaMMo Xall STHIHIIN JIO3HM.
V3ok iinnap masoMuga ymoy wynammiary sua 6up TYeMk - 0y ¥30ek Trimjaru Mati
Ba HYTK MabayMoTHap 0azanapuHuHT MaBxys SMaciurugup. CYarry iinnnapaa OyHzai
MabIymoTiaap Oazanapunm spatuin OViinmua MamiakaTMMHU3/la XaM Kenr KaMpoBIIM
HIUiap OOUIAHAN, aMMO YIApHUHT YMYMIH XaXMH XaJid XaMm eTapid sMac. bynman
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TallKapu, HYTKHH Tanud OJIUII TH3UMUHU sSipaTrIn )’HIGy HIIaHMayiap y4yH crapjin4a
MOJIVSTAIITAPUII aMalira OIIupHiIMaca HMKOHCH3 XHCO6JIaHalII/I.

ManiaymoTiapra uiuioB Gepuin TusuMIapu Jiaboparopusicuga cyuarru 10 #un

Auyia HYTK THUMCOJUIApHHM TaHMO OJIMII Ba CHHTE3 KWIHMIN COXacWaa aMasiui
TH3MMIIADHH sipaTuil OuiiaH IIyry/UlaHajiurad OJEMIIap, TaJKUKOTYM/Iap Ba HIUIA0
YUKYBUMIIAp TYPYXH MaBKyZl. ByHzman tamkapu, JabopaTopusi MaXaUIHH Ba XOPHIKHH
XamKopJiap Ouiian XaMKOPJIMK JIoMpacHia XaMm/ia OyroptMadmiap Ba uimial wiKyBamiap
Ouman MyJIOKOT YUYH OYHKIHD.
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HHCTHTYTH

V]IK 629.735.33

J.O.SUIMYPAJIOB, T.JL3JMYPAJIOB, A.A.CYJIAUMAHOB

IMPOI'PAMMHOE 1 HH®OPMAIIMOHHOE OGECHHEYEHHUE INPOLHECCOB
YIIPABJIEHMS BO3AYIIHBIM JIBUW/XEHNEM

ITokazavo, YTo B JOKYMEHTAX MeXIYHapOJHON opraHmsaiiy rpaikpanckoi apmamyu (MKAO),
ONPEHEIBIIOWUX TPEOOBAHIS K HMEPCICKTHBHBIM TEXHIHYCCKUM CPEeACTBAM, paspaboTaHbl HeaM N 3a1a9u
Pa3sBUTHA MMPOBOI a3pOHABUTAUMM. YKa3aHO, YTO BCICHCTBHE pPa3HOOOpasws 3a7ayu  yHpaBJCHH
BO3IYIIHGIM UBIDKEHHCM CYDICCTBYET MHOTO PAa3HOBMIHOCTCH MMUTAIMOHHBIX Mopencii BO3IYIIHOI
obcranoBkn. OGOCHOBAHO, YTO B JAWHOM cepe IepesoBLIMU IIPOrpaMMaMil HCCIeJ0BaHHH SABISIOTCS
Sesar n NextGen, xoTopsie BeiyT pa3paboTku 1o HOHUCKY OITHMANLHEIX PEIICHNI, T.€. 10 CO3MaHMI0 HOBBIX
MeToIoB  mH(bOpMAIMOHHOTO —obecrevuenns IoseToR. PaccMOTpenbl BOIPOCH  HPOrPaMMHOIO M
nHpopmaoHHoro obecrieueHns nPoleccor ynpapenns Bo3AYNIIBIM ABwKenuem. 11poananisupoBaHb
Pa3HOBMAHOCTH MMPTAIMOHHRIX MOjiesell BO3IyIIHOM 00CTaHORKH.

Kawuersie ciiopa: nporpamMmpoe ofecnedenue, uadopMannonnoe obecrieuenne, IaTIUK,
WHTEHCNBHOCTh, BO3AYIIHOE MPOCTPALCTBO, MHKPOTPOIECCOp, HMHTAIMOUHAS MOJeNh, cHcTeMa chopa
JIAHHBIX.
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