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JOKTOPJIMK JUCCEPTAIUACU AHHOTAIIUACHU

JAuccepranusi MaB3yCMHMHI J0J13ap0JuMru Ba 3apypusiTu. AxOopoTiaiil-
TUPUII >KaxOH Taxpubacuaa dJeKTPOH XyxokaT aimanumn Tuzumiapu (OXT),
KeluHru Wwuiapaa HadakaT OOIIKApyB >kapa¢HIapUHM aBTOMATIAIITHUPYBUH
TU3UMIIApU, OallkM sroHa axO0opoT MAaWJOHMHM SpAaTUIl YYyH TYJIAKOHJIH
maTdopmacu cudaTuga Xxam KapaaMoKAa Ba KOPHMl 3THIMOKIa, Oy 3ca, Cy3cus,
ylapaaH (poiganaHuIl coXaJlapuHU KeHralTUPUIITa Ba MIMUN XaM>KaMUSTAA YHTa
OYnTaH KU3WKHUITHUHT OPTUIIMTa cabad Oynau. AXOOpOT-KOMMYHHKAIIAS TEXHO-
JOTHSIIAPU COXACUHUHT €TaKkyu oJiuMiiapu TaakukoTiapuaa DXT Te3kopiauru Ba
YHYMJOPJIUTUHUA OLIMPAIUTaH CcaMapalid TEXHOJOTHSUIAPUHU SPATUII YUYH HII
IOPUTHUIT  XYXOKATIAPUHU  IIAKJUIAHTUPHUIIAA axOOpPOTHH WINOHWIA —WWFUII,
y3aTHUII, TaxJIWI, KOJJIall MacajlaJlApUHUHT €4UMUTa OYNraH HXTHEXK alloXuaa
axpaTuod KypcaTUIMOK/IA.

V36eknucron Pecry6iukacy XyKyMaTH TOMOHHIAH aMajra OIIMPHIASTIaH
XYyIyIuid aBTOMATIAIITHPUIITaH OOIIKApYyB TU3UMIIAPUHU PUBOXKIAHTUPHUIL XaM/Ia
AaroHa ax00poT MalIOHUHU ApaTull Oyiinya yopa-Taadupiap axoopoT TU3UMIIAPH,
OXT, mabaymoTnap Oazanmapunu (Mb) 3aMoHaBuii ax0OpOT-KOMMYHUKAIIUS
TEXHOJIOTHSJIApKM acoCHa KeHI >kopuid stumra kaparwirad. [y ca0abmnm,
ANEKTPOH XYAOKAT alIaHUIl TU3UMIIAPU Ty3WJIMacuja MHUHHMMAN Japa)kajaru
MOJJIMIA XapakaTiap Ba BakT capdu OWwiaH XaToJapHU caMmapaid aHHWKJall Ba
Ty3aTUIIl MMKOHWUHU OepaauraH, axO0opoT y3aruil CU(aTHHUA OIIUPHUIT YUYH
doitnananagurad axo0poT pecypciapura TagakKypiau UIIOB OEpHIll yCyIapuHU
UIUIA0 YUKUII XK XYKaJIUTHAa KUAAUM axamMusT KacO 3TuO, Xo3upra Kajaap
TYJIMK €4MMUHU TOIIMAraH Ha3apui Ba aMaliuii MyaMMoJIap KaTOpUra KUpau.

AXO0pOT pecypciapy Ba MabIyMOTJIAPHU y3aTUII OKMMIIApUTa KyWHIiaqurad
tanabnap OXT camapamopiuru Ba wunUiall CUGATUHUHUHT MYXUM OMIJIH
cudpatnga  MabIyMOTIAAp  OapKapopJUTH,  SXJWTIWATH, OYTYHJIWTH  Ba
WIIOHWIMJINTUHU TabMHUHIANIAA 3 udogacuau tonrad. bynmait omusiap opacuaa
MabIyMOT/Iap WINOHYWIWIWIA ME30HH, Y3aTUJIAJUIaH MAabIyMOTIapAa TEXHUK
BOCUTAJAPHHUHT TYpJW Y3WIHILI XOJIaTJapyd Ba HOCO3JUKIIAPH, AJIOKA KaHAJUIapura
Oynmamuran TaIIKK TabCHUpJiap, OMNEpaTop XaTojapyd Ba CKaHEPJIOBYM Xamja
TaHYBYHW TU3UMJIAP HOAHUKJIMKJIApH ca0adim XaTOJMKIAp a0 Oymuimy Tygaiam
KUAIAUA YTUOOPTa MOJIHUK.

[IyHuHTICK, KOPXOHA Ba TAIIKWIOTJIApJa aBTOMATIAIITAPWITaH OOIKapyB
Ba DJIGKTPOH XYXOKAT aljaHWII [IapoUTIapura XocC, MablymMoTiapra HILIOB
OCpUILTHUHT YCTYBOP TEXHOJIOTHSICHM cudaTuaa axOOpOoTIapHU y3aTHIl Ba yiapra
UIUIOB OCPUIIHUHT WIIOHWIMIMIMHUA HAa30paT KWJIYBYM caMapalid TU3UMIIApUHU
KypuIll OOIIKaya WIMUA KU3UKUII YHFOTAIH.

Mapxyn ycymiap MabIyMOTIIAPHM Y3aTUII HIIOHYIMIUTUHU  IOKOpU
JapakaJa TabMUHJIAIINIA KapaMacaH, y3ura Xoc eunjiMarad Macajaigap MaBxy/I.
Acocwuitnapu cudaruga KyHuaarwiapHu axpaTHO KypcaTHI MYMKHH: 3JIEKTPOH
XYXKKAT alIaHUIl TEXHOJIOTHSUIAPUHU MIIA0 YUKUIIAA MabyMOTJIAPHU Y3aTHII
MakeTiapuaa Karra XaXmJIard MOJIMK MaHOamap capiiaBXajJapHU Yy3aTHUIITa
capdananu, nry Owinad Oupra capjaBxa MabJIyMOTJIAPHUHT KYT KUCMH KaJpHU
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y3aTHII OKMMH MOOaliHW/Ia MakeTAaH-TlakeTrada y3rapmac Oynanu (Oy skapaéHma
naiigo Oynaguran HWHPOPMALMOH OPTUKYAIMK Ba Yy3aTUII MIIOHJIMIUTUHU
TabMUHJIOBYM MEXaHU3MJIAp, acoCaH, XOC XalapiiapHM Ba NaKETJIApHU KaiTa
y3aTuiira acociaHaau, Oy 3ca, ¥3 HaBOaTHJa, XaTOJApHU aHUKJIAII Ba Ty3aTHII
YUyH KYyIIMMYa BakT capdIaHUIINIa Ba MOJJIUNA XapaKaTJIapHUHT OPTUIIUTA OJIU0
KeJaJin); MabJIyMOTJIAP HINOHWIMIMTMHHA OIIUPHUII YUyH KOJJIAII Ba amapaTypajiu
ycyJulap, acocaH, MaKkeTHUHI OOLIKapyB MaWJoHHAa coaup OyianuraH Oup Ba
MKKH Kappajy XaToJapHU Ty3aTaJd, aMMO MabIyMOTJApHHM y3aTHIIAa axOopoT
MalJIOHJIap XaM XaToJUKIapra ydpauaud Ba yiap Kyn kappamu (y4-, TypT-, K-
Kappajiv) MaTHIIM MabJIyMOTJIApJary XaTojiap KYpUHHIINIA OYIaau.

My tydaiinm, axOopoTaapHU y3aTUII MIIOHWIMJIMTHHU OUIMPHUII Macajlacu
€UMMUHU UKKH COXaJla KYpHUII MaKcaara MyBo(QUKIUP.

bupuHun Typaaru Macananap €4dMU MablIyMOTIapHU KHUPUTYBUU OIEpaTop,
CKaHepJjall Ba OOIIKa yCKyHalap XaToNUKIapuHu Xxucoobra onaau. Lllynu amoxuna
TabKUIJIAII Kepak-Ku, Oy TypAaru Xxarojap HOTYFpU KaOysl KWJIMHTaH MaTH
MabJIyMOTJIAPUHUHT KaTTa XaXMUHM Tamkwi 3tagun Ba OSI (Open System
Interconnection reference model) ™oaenmuauar Awmammii Ba  Takaumor
OockuuIapuaa coaup Oynaau.

AXOOpOT HIIOHWIMJIMIM Ha3opaTthra OaFvIUIaHTaH WKKUHYU TypJaru
Macamamlap OSI  moxenmuuuHr Tpancnmopr, Tapmokx, @Pusuk Ba Kanan
OocKuwIapua maio Oyaaaurad XaToauKIap 3XTUMOJUIAPUHE XUCOOTa OJIa Iu.

Huccepranusiiu ~ Oaxapuiauimra OYiaraH 3apypusaT UIYHHHT  OwWiaH
upoaanaHauKM, O3JIEKTPOH XYXOKaT alnaHuIM |P-TeXHOJOTHUSICUHUHI KEHT
Jovpasa >KOPUM STWIMIIM XYyXAOKATJIapHU Tal€pIaHUIl Ba PACMUNAIAIITHPHIL
*KapaHuJa XaTONMKIApHU aHUKJIAll Ba Oaprapad STHINra XUAIUNH BTHOOD
KapaTHILHU Tajad 3TMOKAA.

Ma3kyp TaaKUKOT «AXOOpOTIAMITHPUIID», «DJIEKTPOH paKaMIM HM30»,
«DJIEKTPOH Xy KoKaT alNaHuI», «DJIEKTPOH THXKOpPAT», «9neI<Tp0H TYJIOBJIAP»
TYFpucHIaru Y30eKHCTOH PecryGIMKACHHMHT KOHYHJApH XaMmaa Y30eKHCTOH
Pecnybnukacu Bazupmap Maxkamacununr 2011 iiumn 4 wmaiimarun «Basupnap
MaxkaMacUHUHT MKpO 3TYBYM ammapatvja, JaBjaT Ba XY>KaJIMK OOIIKapyBH,
MaxaJJiuid JaBjaT XOKMMHUATH OpraHjiapuja SroHa XHUMOSJIAHTaH AJIEKTPOH
MOYTAHU Ba BJEKTPOH XYXOKAT alJIaHUII TU3MMUHU KOPUM 3TUII Xama yiapJaH
doitnananui yopa-taadupiaapu Tyrpucuga»ru 126-coHim KapOpUHU MXKPOCHHU
TabMUHJIALITA XU3MaT KUJIa Iu.

[y >xuxatnaH KopHaa caHad YTHIraH Macajanap €4uMU MablyMOTJIapHH
y3aTyBUMd MaKeTiap TapKuOuJa MabIyMOTJIap HINOHWIMJIMTHMHA WHGOPMAaLMOH
OpTHUKY&JIMKIAH (oiinamaHuIlra acociaHraH Ha3opaT KWIyBYM YCyl Ba
QITOPUTMIIAPHY, MIAKIUIAHUO OYNraH y3aTHUII MyXUTHAA XaM HWIUIalIurad Ba
MaBXy/ KaMYWJIMKIApHU OapTapad STUIIra KapaTWIraH MaxcyC TaJKUKOTHU
OakapuIll Ba WIUIAHMaJapHU SpaTUIIHU Tanad Kuiaaau. Maskyp XoJsaT HIILIOB
Oepunauran OOBEKT XYCYCHSITUTa Kypa aHUKJIAHaguraH sHru Typaara PR-
OpPTUKYAIMK acocuja axO0opoT MIIOHWIMJIMTMHU  TabMHUHJIOBYM  Maxcyc
anropuTmiiap CUH(GUHU aXxpaTrO OJIMIL 3apYyPUSITHHH aCOCTANIN.



TagKUKOTHUHT V36eKncTon Pecnmy0simkacu ¢an Ba TexXHOJOTHsIAp
TAPAKKHETUHUHI YCTYBOpP HyHaJunuiapura mocauru. /luccepramusi dan Ba
TEXHOJIOTUSJIAP PUBOXIIAHUIIIHUHT YCTYBOP MYHAIMILIKMIa MOC paBHllia Oakapui-
ran: MWAT-17 - «AXOGOpOT TEIEeKOMMYHHUKAIUSI TEXHOJOTHUSIIADUHU  KEHT
PUBOKJIAHTUPHUINT Ba SKOPUM JTUIIHU TabMHUHJAWIWTAH 3aMOHABHM axOopoT
TU3UMIIAPU, OOIIKApYB Ba YKUTHUIIHUHT HWHTEJUIEKTYall BOCHUTAJIApH, WIMHIA-
TEXHUKaBUM MabIyMoTiap 0a3acu Ba JaCTypUil MaxCyJIOTJIapUHU UIILJIA0 YUKHIID,
UTA-5 — «XKamusaTHE axOO0pOTIAITHPHIL JTapa)kKaCUHU OLIMPUINTa WYHAITHPUII-
raH WIMHH  XOKMI0p axO0opoT TEXHOJIOTHSUIAPHU, TEJICKOMMYHUKAIIMOH
TApMOKJIAPHU, afmapaT-IacTypuii BOCHTAJAPHU HWHTEIUIEKTyan OOIIKapuIl,
VKUATHUII YyCYJUTAPUHU Ba TUBUMIIAPUHU UIILIA0 YHKHUIIIY.

Jucceprauus MaB3ycH OyinH4Ya XajJKapo WIMHH TAAKMKOTJIApP HIAPXU.
AXOopoTiapHu  y3aTUIIl Ba ylapra HWILIOB  OCEpUIll  WIIOHWIMJIMTUHU
ABTOMATJIAIITaH Ha30paT KWIMII YyCyJ Ba BOCUTAJIADUHU TaOUMM  THUI
XYCYCUSTIApUHHU XUCOOra OJiraH XoJiJa UIU1ad YuKuI Oyilmda TaJKUKOT WILIapy
AKII, bywk bpuranus, Poccusa, Xwurou, ['epmanus, Asctpusa, IlIBenus,
Hopserusa, Ounnsnaus, Typxusa, Mcpown, Kanana, Kopes, Jlotun Amepukacu
(bpazunus, Aprentuna, Ywin) Ba Oolllka MamiiakaTjiap OJUMIIAPH TOMOHHUJAH
o0 0opmiind, MabiyM AapakaJaru HaTXKanapra SPUIIHIMOKIA.

Gartner, International Data Corporation, Wobot, Forrester, CNews Analytics,
FOHUITIPABOKC, Ilpornos, Urepdeiic UT, Hurtemnekr Tenekom Ba Oormika
XaJIKapo SKCHEpPT KOMMNAHUSUIAPUHUHT HalIpiapujia 3bJIOH KuiluHuinya, IXT
TEeXHOJIOTHSUTAPUHUHT PUBOKIIAHUIIN Xy¥oKatiapra unuioB 6epumr, WEB opkanm
Kyl TapMOKJM OomKapyB Ba oduc xapaCHIapuHU aBTOMATJIAIITUPHIIL
YCyJUIapUHHA HHTErpauysuiall WyHanumuaa tapakkuil stvokaa. Ly karopna,
ymapra wirapu OOFIMK OyiMaraH, WHCOH OMWJIM TabCHUPWHU TACAUTUPYBUH
YCKYHaBUUA Maxkmya cudartuparu, 3JIeKTPOH XYXKKATIAPHUHT MabIyMOTJIApUHU
KUPUTHUII, Yy3aTUII Ba WIUIOB Oepumiga mnaigo OyiaauraH XaToJlapyuHU
aBTOMATJIallllaH aHUKJAll Ba Ty3aTWll, TaOMMA THJI HMMJIOCMHM HazopaT Ba
Taxpupjanl TEXHOJOTUSJIAPUHU OUPIAIUTUPUIN JO0NA3apOJIUTM  Ba  IXTUEKH
TabKUIJIAHUO KEIMOK/IA.

[y xabu, TapMOK Xu3Matiapuaad GoipanaHuuaa SXTUEKIAP aHUKITAHUIIN
OW1aH, MabJIYMOTJIAPHU Yy3aTHUII TEXHOJOTHUSCUTa acOCJIaHraH SHI'M WYHaIMII Ba
WJIOBAJIAPHU SIpATHINTA OaFWIIaHTaH TagKUKoTiaap (aourammMokaa. Mimvmii-
TeXHUK aAaOuETINapHU TaXJWIMKA VYpraHull IOyHU KypcaTaau-Kd, OJJIEKTPOH
XyXOKaT — AWJIAHUIIHUHT, 3JEKTPOH  paKamyM  MM30 €KH  MabiIymMoTjiap
XaKKOHUIMJIMTH Ba SXJIUTIUTHHU KadonaTialuraH TEXHOJIOTHSUIAPUHU KyJUTalll
Owran Oupra mryoxacu3 ad3auiura — JJIEKTPOH XYXOKATIApHU MIAKJIAHTUPHIIL,
KUPUTHUII, y3aTUI Ba KaWTa WILIANIIAa Taigo OynmaaWraH XaTojJapHU HWHCOH
WIITUPOKMHU KaMANTUPYBUYM MABJIYMOTJIAPHM ABTOMATJIAIITAH HA30paT KHWJIMII
yCyJUIapy XUCcOoOUTa aHUKJIAIl Ba Ty3aTUII UMKOHUSTUIUD.

MyaMMOHMHI YPraHWITaHJIUK JAapaxacu. MaTHIM MabiIyMOTJIAPHU
y3aTUII UIIOHWIMIUTUHU OUIUPUII MyaMMOCUHHUHT TAIKUKOT TUII YCIYyOUSTUHU
TapakKMil 3TraH Xamjaa, axOOpOTHUHT CYHBbUH OpPTUKYAJIWITUHU KYyJUIAIITra
acoCJIaHraH KOJUIalll Ha3apusICH Ba allapaTiv ycayOaap TallKuil Kujaaau, Oy coxa,
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¥3 HaBOaTuAa, Ky COHJIM MOHOTpadwus, AUCCepTalus TAAKUKOTIAPH Ba WUIMHI
MakojajgapAa Y3 akcMHM TomnraH. Tabkuanam xousku, OXTinapma maTHIu
MabJIYMOTJIAPHHU y3aTHUII Ba KailTa MIIJTAITHUHT aCOCUM XyCcycusiTiaapuiad oupu Oy
yJapJa UIuiaTuiIaéTrad Xyxokar Ba xabapiap TapkuOuja CyHbHil, TaOuui, cTaTuc-
TUK UH(POPMALIMOH Ba TAPKUOUN-TEXHOJIOTUK OPTUKYATUKHUHT MaBXy IJTUTHIND.

TagKUKOTHUHT  HaTWXajdapyu  MabIyMOTJIAPHU  Y3aTHIIHWUHT  MaBXKy[l
ycinyOnapuHu KyJjaid TYJIJIUPYBUM Ba KYWWITaH TypJid TaOWATIW OPTUKYAIUKJIAH
doiinananuil MyaMMOCHHUHT €UYMMMJA SIHTH HWYHATUIIHUHT WJIMHA-yCITyOui
acocnapu Oynmamuran, DX TmapHUHT axOOpOT pecypcliapuu y3aTWIl Ba KalTa
UIUIall WIIOHWIWJIMTUHU —TabMUHJIOBYM YCYJ, QITOPUTMUK Ba JacTypuid
MaXkmyasap KeHI KYJIaMUHU KacO 3TUIIH JIO3UM.

JAucceprannsi TAAKUKOTUHHUHT WJIMHMU-TAIKHKOT HILIAPH peKajlapu
Omj1aH OOFIMKJINIY KyWHIary Joiiuxanap/a ¥3 akCUHU TOITaH:

naBiat wimui-rexauka gactypu (AUTH)-4 — «AxOopomiamrupwi, Oor-
KapyBHM  aBTOMATJIAIITHUPHUIN TU3UMJIAPH Ba TEXHOJIOTMK > KapaCHIApHU
MYBOQUKJIAIITUPUIL JACTYPUl BOCUTajIapu Ba YCayOnapuHM HOUIa0 YUKUID)
(2000-2002 #.i1.);

JUT/I-20 — «MTadopManinoH Ba TEIEKOMMYHHUKAITUS TEXHOJIOTUAJIAPUHNA KEHT
KyJamJa pUBOKJIAHTUPUILIHMA TabMUHJIOBYM 3aMOHABUN HH(DOPMALMOH THU3UM,
OOILIKApYyB BOCHTAJIapu, MabIyMoOTiap ©Oa3acu Ba JAacTypHil MaxcCyJOTJIApHU
unuiad gyukumm (2003-2005 i.i1.).

TankukoTHUHr Makcaau PR-opTukyanuknan Qoigananumra acocianuo,
MaBJIYMOTJIApPHUA y3aTHUIAa axOopoT HWIIOHWIMIMIMHUA Ha30paT  KWIyBUU
KOHCTPYKTHUB YCYJ, MOJIEJ, aJITOPUTM Ba TU3UMIIAPUHU APATHILL, YIAPHU JIEKTPOH
XYXKKAT alaHUII TEXHOJOTHUSJIAPUHU HWIUIA0 YWKHIIA acTypUi-aJTOPUTMUK
MakMyaJapHHU KOPHH 3TUIIIaH HOopar.

Makcaara 3puImiI y9yH KyHuuaard TAAKUKOT Basu@ajapu KyHWITaH:

OS| mopenuHuHr amanuii Ba TapMOK Oockuwiapuga Typau xuil PR-
OpTUKYANUKIaH (QoiianaHum Oyiinya MabIyMmMOTIap WIIOHWIMJIMTUHU Ha30paT
KWINILI yCYJI, NacTypUUA-aJIrOPUTMUK MakKMyajap Ba THU3MMIJIAPHU SPATUII XaMmJa
PUBOXIIAHTUPUIHUHT YCIYOUSITUHU TaHJIAIL,

CyHbMH, TaOumii Ba cemanTuk PR-optuxkyanuknan  doigananuo
WUFUHAWIAPHU XOCWJ KWIMIL, MaTHJIapHU apu(METHK Ba CTAaTUCTUK KOJIall
MEXaHU3MIIapH Oyindya MabJyMOTIap HMIIOHWIMJIMTH HA30paTH yCyJ, MOJET Ba
AITOPUTMIIAPUHU UIIIA0 YUKHUIIL;

MaTH OQJIEMEHTJIIADUHU TAPCUHIIM  KOJAJAIl, nN-TpaMMJu TaBcudanm,
CTaTUCTHK TaHMII Ba XEII-KOJIAIl MEXAHU3MJIAPUHU TAJKUK KWIIWII Ba YyJapHU
MabIyMOTJIAp  MINOHWIWIMIMHM  Ha3opaT  KWIyBYM  YCyJ, MOJEI  Ba
AITOPUTMIIAPUHU UILIA0 YMKHUIIIA KYJUTAIIL;

Kyl OOCKMYIM MOPQOJIOTHK TaxJIWiI KWJIUII Ba XaTOJapHU N-TpamMMIIH
TaBcHIall acocuia MaTHJIAp UIIOHWIMJIMTMHU HA30paT KUJIYBYM yCYJl, MOJEN Ba
ANTOPUTMIIAPHU MILIA0 YMKUII, UMIIOHU HA30paT Ba TaxXpUp KWUJIYBYM TU3UMHHUHT
acocHil KOMIOHEHTIApUHU MOJEUIAIITUPHIL; Ha3opaT cudatu O0axoCUHU
TaBcH (Al



TapKUOJAIIraH MaHTUKUM ME30HJIap, MabIyMOTiIap Ba Ounmumiap Oasanapu,
DKCIIEPT  TU3UMJIAPH  acocuja  TapKUOWil-TexHOJNOrMK  PR-OpTHUKYanuKHU
IMIAKJUITAHTUPUII Ba MAabIyMOTIAp WIIOHWIMJIMTHHU HA30paT KWIyBYM MOJEN Ba
ANITOPUTMIIAPUHU UIIA0 YMKHUIIIA KOPHUM STUI;

axOopoT pecypciaapura uHTep(daoa UIUIOB OepuIlll THU3UMHU MAaTHIIAP
WIIOHWIMJIMTMHU Ha30paT KWIIyBYM aJITCOPUTMIIAP CUHTE3W acOCH1a UIILIA0 YHMKHIIL,
TaXpuOamIM CHUHAII Ba caMapaJopJIUruHu  0axonall, TeJIeKOMMYHHUKAIUs
tuzumiapu Ba DXTna HaTwKanapHU KOPUNA ATHUIL caMapaJopIUTMHU XUCOOaIIL.

TankukoTr 00bekTH cUdaTHAA MEKTPOH XYXOKAT alaHUIl THU3UMIIapuia
MabIyMOTIap Ba XYXOKaTIapHU TYTIUIAII, MIAKUIAHTAPHUI, KHPUTHUII, Y3aTHII Ba
yJiapra uiuioB 6epuil ax00poT pecypciapy Xam/ia TEXHOJIOTUsJIapU KapajiraH.

TagkukoTt npeaMeTu — TypJH TabuaTaaru uH(dOpMaIMOH
PR-opTukyanurunan  QolganaHuin — MEXaHM3MHUIa  acOCHaHTaH  MAaTHIH
MabJIyMOTJIAPHU HA30paT KUJIYBUU YCYJI, MOJIEN, ITOPUTMIIAPHU Ba TU3UMHU.

Taakukor ycyuiapu. TagkukoT >xapaHuaa TU3UMIM TaxXJui, axoopot
y3aTUII  HA3apusiCH, TapMOK TEXHOJIOTHSUIApH, OHXTUMOJUIAP  Ha3apuscH,
Ku€danapHu  TaHUII, KOMIBIOTEp  JIMHIBUCTHUKACH,  aIrOpUTMIIAIl  Ba
MOJCIJIAIITUPUII  XaMmJla OOBbeKTra MWYHaNTUpWITraH JacTypiaml ycyl Ba
aJITOPUTMIIAPU KYJUJTAHUJITaH.

JAuccepranysi TAAKUKOTHHUHT WIMMI SSHTWINTH Kyiiuaarunapaad noopar:

ANEKTPOH XYXOKAT alJlaHWIll TU3UMIIAPHUIA MabIyMOTIIAp HWIIOHWIMTHUHU
TabMHUHJIALI yCYJI, MOJIEN Ba aITOPUTMIIAPHU SPATUILHUHT KOHLETIIHNS, YCIYOUsITH
Ba JACTypUH-aNTOPUTMUK acociapu unuiad yukwirad, PR-opTukuanukka sra
oynran oowvektnap cunpaapu DX Tna ax6opoT pecypciapy aHUKIUTH, SXJTUTINTH,
TE3KOPJIUTH, UXYaMJIUTH, MypOKaaTHHU TAbMHUHJIAIN YYyH aXKpaTUO Kapajiras;

CYHBUH OpTHUKYAIMKIAH (oilaJaHyBUYd YM3UKIH, MOAYJUIM Ba TEKUCIHK
Oyiinya WUFUHAWIADHM XOCWJ KWIMII XaMJa KOJJIaHTaH TyTIulamiapra
TErMIUIMIMKHA ~ QHUKJAIl ~ MEXaHW3MJIapura  acoclaHraH  MabiIyMoTjap
WIIOHYWIMJIMTMHU Ha30paT KUJIYBYH YCYJI Ba alrOpUTMIIAp TaKJIM(} KUIMHIaH;

MaTH 3JIEMEHTJIAPUHU CTATUCTUK, apu(PMETHUK, MAPCUHIVIM KOJIalll, TapKuo-
JAITUPYBYU N-rpammanap Oyiinua TaBcUuiall, CTAaTUCTUK TAaHUII Ba XEILJIaIl
ANrOPUTMIIAPU acOCUA TaOUMUN OPTUKYAIMKAAH (PoWaanaHyBUd MabIyMOTIAPHU
Ha30paT KWJIUII YCYyJI Ba JACTypUid MaKMyallapy MIUIa0 YUKUJITaH;

Kyn Oockuwin MOpQOJIOTHK TaxJIMi Ba N-rpaMmajiap rpaMMaTUKACUHUHT
TaBcu(U MOJAEIUIApU acocuja y30ek Twiuga OepuiaguraH  MaTHJapJaru
opdorpaduk xaToJapHU Ha30paT Ba Taxpup KWIYBUM yCyJd Ba ajaropUTMIapu
TakJIU(] KUIMHTaH;

WYKWA YpHATUJIQJAWTaH JKCIEPT THU3UMIApJard TapKUOJalraH MaHTHKUNA
ME30HJIap, MabJIyMOTJIap Ba Owinmiap Oa3ajapu acocuia TapKUOM-TEXHOJIOTHK
PR-optukyanuknan QoigananyBun axOOpOT WIIOHWIMIUTAHUA HA30paT KHJIUII
MO/I€JI Ba aJrOpUTMIIApU MIUTA0 YMKUJITaH;

AIEKTPOH XYXOKAT alIaHUII TEXHOJOTUJIAPUHU UIIa0 YMKUIIAA XaTOJapHU
Ha3opaT Ba Taxpup KWIyBYM HUHTEp(aoa TU3UMIAD TapKuOHAa MAaTHIA
MabIyMOTIap HIIOHWIMJIUIMHA HA30paT KWIUII aJITOPUTMIIAPUHH CUHTE3U
yCyJUIapy UILIA0 YMKUJITaH.



TagKNKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaruiapaad noopar:

CyHBHUH, TAOUMI Ba CTATUCTUK, TAPKUOUN-TEXHOJIOTHK, TacTypui-BakTiu PR-
OpTUKYaNuKIapAaH ¢GoialaHyBUu [acTypuil YCyJUIApHU CHUHTE3NAlll acoCHja
MabIyMOTJIap HWIIOHWIWJIMTMHUA OIIMPUII THU3UMIJIApU UIUIA0 YMKWITaH Ba
ynmapHuHr Maxkmyn OS] MoAenMHHMHr TaAOWKUI Ba TapMOK Japakajapuaa
KYJUTaHa€TraH KOJUIM Ba anmnparypajly ycysulap UMKOHUATIAPUHU KEHrauTHpaau
XaMmJia MaTHJIM MabJIyMOT/Iap UIIOHYJIUTUHU TaAbMUHIIAN]IH;

UIUIa0 YMKWJITaH yCyJiap camapaopiiuri XaTo aHWKJIAHMACIUTH 3XTUMOJIH
ME30HM acocuja Hamouumu Oyinda, ynap 92% xaromapHu aHUKJIAWId Ba Oup,
WKKU Kappad Ba KYyIIMa TPAHCHO3UIIMSIN XaTOJApHH Ty3aTUINTa KOAUp; OyHIaH
TaIIKapu, HA30paT MyPaKKaOJIUTH Ba KOPHI ITHII XapaKaTIapuHU XaTojap COIUP
OYIUIIMHUHT ypTaya 3XTUMOJIH IapouTuaa 2-3 Maporaba macautupanu, axoopoT
UITOHWIMJINTUHY 3Ca, Y4 TapTUOrada onmpaiy,

MOpdOJIOTUK Ba nN-TpaMMJIM TapKHOJIalliTaH MoJe/Iap xXamja  JIyFar,
CTaTUCTUK Ba XeNI-KOJJIalll yCyJUlapura acocjaraH MaTHJIM axOopoTiapHu
y3aruiia opporpaduk xaToJlapHU HA30paT Ba TaxpHUp KWIYBUM TU3UMIIApP UIILIA0
YuKWIrad, yinapau napamwien xucodnam NVIDIA pactypuii-anmapaT mMyxuTuiaa
COHJIM Taxjiml ctanaapt Kyryoxonanapu xamaa CPU Ba GPU opacupa makOyn
MabJIyMOTJIap ajIMallyBUHU OEpyBUM BOCHUTAJIADHU aMalja KyJulall Takiaud
ATUJITaH,

dpeitmBopk ChuHKC-4 apXUTEKTypacu Typid THJ MOJIE/UIapura acoCIaHraH
JacTypuil MOJyJUIapM YYyH amaira OIIUPWUIraH Ba TU3UMHUHI SpaTUJITaH
BapuaHTUJa MOPQOJOTUK TaxXJIMIra acocllaHraH HWMJIOHM Ha30paT KUIyBUd
TU3UMIa HUCOATaH aHWKJIAHMaraH XaTroJiap COHMHHM, XOPUW ITHUI XapaKaTWHU
Xamjia Ha30paT MypakKaOJIUTHHU UKKH MapoTaba KaMalTUPUIITa SPUIIHAIIIN.

OJIMHTaH HATWKAJAPHUHT UIIOHWIWINTH TaKIud dTHITaH MOJeuIap yayH
YTKa3mwIraH MaTeMaTHK TaIKUKOT, ONHMHTaH (opMmyia Ba amMalvil HaTKajap,
YMYMKaOyJl KWIMHIaH ME30HJIap acoCHa YTKA3WIraH KUECUMU TaxJiMia OuiiaH
acocnaHay. TagKUKOT HATMOKAJIApUHU MAaHTUKUN ACOCIAHWINMHUA 0axoJianl ydyH
JacTypuil MaxxMmyajaap ommabon anabuil Ba TEXHHUK aJa0UETIAPHUHT KEHT
KOHTEKCTH OyiiM4ya TeCT CHHOBHUJAH YTKA3WIAW, JacTypuil Maxmyanap
caMapaJIOpJIMTUHUHT KUECUNM TaXJUIUM Ha30paT MYpPaKKaOJIUTH, >KOPUU STHUII
XapaxaTJiapyd Ba Xarojap aHUKJIAHMACUTH 3XTUMOJU ME30HJIapu Oyitmya axOopot
WIIOHWIWJIMTMHYA ~ HAa30paT KWIYBYM KyN CUH(MIM  aNropuTMiIapd Y4yH
Oa)kapuJIraH.

TaaKUKOT HATHKAJAPUHUHT HA3apUil Ba aMaJIuil axaMuAITH. TaaKUKOTIA
OJIMHTaH HATHKAJIAPHUHT Ha3apui MOXMSTH IIyHAaH HOOPATKU, Typiu TaOUaTIN —
CyHBbUH, TaOUMM, CTATUCTUK, TAPKUOMI-TEXHOJIOTHK, HacTypuii-BakTiu  PR-
OpTUKYANUKIaH QoigaiaHuIl TaMOWWIIIapUra acocianu0 HIuiad YUKWIraH ycyd,
mMozen Ba anroputviap OSI MoaenvHUHT TagOMKUII Ba TapMOK OOCKHWIapuaa
MaBXyJl KO/UIM Ba ammapaTypaid ycyulapHu MyBadhakusTId TYIAUPYBYH Ba
ax00pOT UIIOHWIMJIMTUHU TAbMUHJIOBYM TAIOMKUIA yCYyJUTap CUHTE3U WyIu OwiaH
OXTna ax60pOT UIMOHWIMIUTHHHA OITUPYBYN TU3UMIIAPHU SPATHUIIT KOHIETIUSACH
Ba JIACTYPUN-aJITOPUTMHUK MAKMYyaJlapy aCOCIapUHU TALIKHII STa]IH.
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Jluccepranysi MIIMHUHT aMallMid axaMHSTH MAaTHJIAP TPAMMAaTUKACHUHU KYTI
OockuwInM TaBcu@am Ba n-rpaMMIId TapKuOIaliraH MoJesuiapu, Y30eK THIIU
UMJIOCHUHM HA30paT Ba Taxpyp KWIKII KapaCHIapUHU JACTYPHI )KOPUI TUILl yUyH
PR-opTuUKYalIMKHU KyJjaml OwiaH aHUKJIaHaAu Ba Oy >kapa€Hiap N-rpamMMIIn
KYpcaTKU4YWIapHU camapalid XucoOusam Ba ynapaaH (oipalaHuIll, CTaTUCTUK Ba
MAapCUHIJIA TAaHWII Ba KOJAJAIl MEXaHU3MJIApU acocuja MabIyMoTiap
WIIOHWIWJIMTMHUA Ha30paT KWIMII KouJanapuHu makutantupuia, OSI tapmok
MOJICIMHUHT TaJOWKHI Ba TaKAMMOT OOCKUWIApHaa XaTOJApPHHU aHUKJIAIl XamJia
Ty3aTHIIl UMKOHUSITUHH sipaTaau. MabliyMOTIap UIIOHWIMIIMTUHN HA30paT KUJIHII
nactypui mMaxkmyanapuHu OXT Ty3unamacuaa >KOpHM OSTHIN  XYXKKATJIApHU
MIAKJUTAHTHPUIIAA BaKT capdy Ba MOJIUN XapaKaTJapHU KaMauTupaau, axoopot
aJIMAIIUHYB XKapaCHIApUHA WHCOH OMIUIMTA OOFJIMK OYJraH XaToJapHU aHUKJIAII
Ba Ty3aTHUIIl XUCOOUTA JKalaUIallI TUPAJIH.

TagkukoT HATHKAJAPUHUHT KOpUM KuaumHumu. PR-optukuamukka sra
oynran o0bekTiap cuHduapu xucooura IXTna axOopoT pecypciapy aHUKJINIH,
AXJUTIIATH, TE3KOPJWTH Ba HMXYaMJIMTU 03aCHJaH HWOUIA0 YUKWJITaH MOJEd,
aNTOPUTM,  JAacTypuii MaxkMmyanap Y30exucToH PecryGmukacn — AJoka,
axOopoTialITUpUII ~ Ba  TEIEKOMMYHHMKAlMs ~ TEXHOJOTHsJIApUM  JaBJjiaT
KYMUTACUHUAHT «V3TenekoM» KOMITAHMACH Camapkann duwimanuna amanuérra
xopuit atrnran («CamTenekom» IIK, 23.05.2010 ii.). MabayMoTJIapHH a/IallTUB
y3aTUIl, KalTa WIUIAl Ba TaxJIMJ KWIHII TH3UMIIApU Oyiinua HILIaHMasap
«Lazzat Meva» kymma kopxoHacu (aonusTUTa SKOPHM OSTUIUO,  WHIUIHK
UKTUCOIMIA camapa 62,2 muH. cymHM Tamkuin d5tran («Lazzat Meva» KK,
14.05.2010 #innmaru gaaojaTHOMA).

Numauar anpodamusicu. Tagkukor HaTwkamapu 30 Ta  wiIMUA-amanui
aH)KyMaHjap, my karopaa 14 Ta xajakapo CHUMIO3WyM, KOHIpECC Ba CEMHHAap-
napaa, xycycan «MunoBanus» (Tomkent, 2004-2009), «AJIOKaHUHT TEXHUKA Ba
texHosorusicn» (Anmaru, 2002), «An-Xopasmuiit 2009 — amanuii MaremaThka Ba
ax00pOT TEXHOJOTHSUIAPUHHUHAT 1073ap0 Myammonapu» (Tomkent, 2009), «ICl-
2006», «ICI1-2007» (Tomxkent, 2006-2007), «ICEIC 2008» (Tomxkent, 2008),
TenexkommyHukaius 6yitnda oM TabJIMM MyaccacalapuHUHT X XaJaKapo WIMHIA-
ycnyouii amxymanu (Poccusi, PocroB-na-Jlony, 2008), «WCIS-2008», «WCIS-
2010», «WCIS-2012» (Tomxkent, 2008-2012), Typk matematukiap 111 konrpeccu
(KozorucroHn, Anmatu, 2009) xamna «TexHOIOTUAIapHUHT 3aMOHABUH XOJIaTH Ba
puBoianum wymnapu» (Tomxkent, 2008), «MaTemaTtuka, MEXaHMKa Ba axO00poOT
TEXHOJIOTUSIIAPUHUHT X03upru Mmyammonapu» (Tomkent, 2008), «MaTematrka Ba
nHpopMaTrkaHuHT 1013ap0 Myammosapu» (Camapkanna, 2007-2010) pecrnyOnuka
WIMHUI aH)kKyMaHiiap Ba PecryOirika MHHOBAIIMOH FOs1, TEXHOJIOTHS Ba JIOHUXaap
Spmapkanapuaa (Tamkent, 2008-2011) anpoOanusgan yTKa3uiraH.

HaTnxanapHUHT 3bJOH KMJIMHTaHIUIM. Juccepranus maB3ycu O6yiinda 87
Ta WIMUNA Wi, XKymiadaH, 9 Ta WIMUNA Makoja XalKapo KypHaiapja 4o
ATUJITaH.

JluccepTAUMSHUHT TY3WJIMINH Ba Xa:kMM. [{uccepranusi KUpPHI, OJTUTA
000, xynoca, ¢oiinananunran anabuérnap pyiixaru, 11 ta unosa Ba 197 caxuda
MatH, 47 Ta pacm Ba 12 Ta )xaapayuiapaaH noopar.
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JINCCEPTAIIMSIHUHT ACOCUM MASMYHH

Kupum kucmuga auccepranus TaAKAKOTUHUHT JOJ3apOIUTy Ba 3apypUsITH
acocllaHraH, TaJAKUKOT Makcaau Ba Bazudanapu xamjaa O0OBEKT Ba MpeaMeTiapu
taBcudanran,  Y3bekucton ~ PecnyGnmkacu — daH  Ba  TEXHOJNOTHSICH
TAPAKKUETUHUHT YCTYBOpP WYHAJMIILUIAPUTa MOCJIUIY KypCaTWITraH, TAaIKUKOT
WIMUN SHTWIMTA Ba aMalluid  HaTwkanapu Oa€H KWIMHTAH, OJIMHTaH
HATIDKAJJADHUHT Ha3apuid Ba aMaldil aXxaMusaTH O4yuO OepuiraH, TaJKHUKOT
HATWKAJIIAPUHU KOPUM KWIMII PYWXaTH, HALIp STWITAH MIUIAP Ba JAUCCEpPTALUsA
TY3WINIIY OYHHYa MabIyMOTIIAp KEJITHPUIITAH.

JuccepTauMsitHUHT OMPHHYM 000MIAa MaBXyJ MabyMOTJIap HILOHYJIU-
JUTHHYU ONIMPUIITHUAHT KOJJIM Ba anmaparypayid yCyJuiapyu Hazapui-uHdOopMaImoH
TaxJIMJIM amMajra OIMUPIITaH; ax00pOT MIIOHWIMIUTHHYU OIIMPYBYU THU3UMIIAPHU
KYpHIIl KOHIIETIUACUHU KacO 3TaauraH, TaakukoTaa PR-opTuxkyanmuk ne6 xalyin
KWIMHTAaH TypJid TaOWaTiu — CyHbUM, TaOMUH Ba CTAaTUCTUK, TapKUOWii-
TEXHOJOTUK Ba JacCTypH-BaKT/IM OpPTUKYaIUKAaH (QoijamaHuil acocuaa
MabIyMOTJIAPHHA Y3aTHUII WINOHWIMJIMIMHM HA30paT KWIHII YCYyJ, MOJEN Ba
ANTOPUTMIIAPUHU UILIA0 YUKUITHUHT Ba3u(anapy aHUKJIaHTaH.

Nmpa pakamiy TeIEKOMMYHUKAIUS COXAaCH WIIOBAJIAPUHUHT KYNUAA KEHT
kymnanunagurad  Pun-Comomon, bBUX, FEC kabu ycnyOmapuma amanra
OIIMPUJIAJIUTAH KOJJIM OPTUKYAIMK TaMOWWIIMHM TAacBUpJAWIUraH XaToJapHU
HA30paT Ba TaxpUp KWIMLI cXeMacu OepuiraH. XarToJlapHU KOJ OPTUKYAIUTU
Oyiinua  aHWKJIOBYM Ba  Ty3aTyBUM  aJTOPUTMJIAPHUHT  TaMOWMJI  Ba
MEXaHU3MJIAPUHUHT TU3UMIIM TaXJIWIU, UIyHU KYpCaTAU-KHU, yiap OWp, UKKH, y4
KappaJii XaToJIapHU aHUKJIAIll OWJIaH YeKJIaHaau, XaM/la CYHbUI paBuIlla Ha30pat
pa3psAIMHU  KOJ TapKuOWra KUpUTHINTa acociaHagu. by aca, xaTtonmapHu
Ha30paTJIOBYM KOJUIM Ba aMlapaTid YCyJUJlap MMKOHUSATUHU OIIMPUIITA
WYHaNTUPWITAH TAAKUKOTHHU aCOCIIANIN.

MatHau MabayMOTJIapHHM y3aTHII Ba HILJIOB OEpHIl THU3MMHUIA axOOpOT
WIIOHWIMJINTAHU  OIIMPHUIN Y4YyH Typiaud TaOuatiu — CyHBHH, TapKuOuii-
TEXHOJIOTHK, 1aCTypUi-BaKTIN, CTATUCTHK (TaOuuil) OpTUKYAIUKIaH Qongamanu
Oyiinya MabJIyMOTIAPHU y3aTyBUYM MaKeTlap/ia UIIOHWIMIMKHA HAa30paT KUIyBUU
yCyJll ~Ba aNrOpUTMIIAPHA HIUIAa0 YUKMINrAa YaMaJlaHTaH TaJAKUKOT Ba
WIUTAHMAJIapHU Oa)KapHIll TUIIOTE3aCH TAKIU( KWIMHTaH. MaTHIM MabiyMoTiap
WIIOHWIMJINTUHA HAa30paT KWIHII YCyJ, QJIrOPUTMIIApM Ba THU3UMIIAPUHU
CUHTE3JIallra KapaTwiraH acocuil €njoinyBiap unuiad uyukwirad. baxkapuiran
TaIKUKOTJapra KHpraH Macajiajap KeTMa-KeTJIMIM MAaTHIA MablyMOTjap
WIIOHWIMJINTMHA ~ HA30paT KWIyBYM aABTOMATVIAIUTHUPWITAH  TU3UMIIAPHUHT
(MMUHT) Tapkubuii-¢hyHKIIMOHAT KOMIOHEHTIAPHU KypHII cxemacu cudaruaa
TaCBHUpJIAHTaH.

Kyiiunran wacanmamapau eudmn Ba MIUIad0 YWMKUIAAWraH ycyd Ba
QITOPUTMIIAPHU  camapajgopiauruin  PR-opTukyanurun  Oyiinya  OMIMPHUILIHU
OaxoJaniia XxaToJIapHu AaHUKJIAaHMACIUK 3XTUMOJIU Tajlabd KWIMHTaH yerapaiapraya
KaMaWTUPWIMIIN ME30H cudaTuaa KaOysl KUITMHTaH.
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Kommu S, cy3HMHT KaOyau 3XTUMOJIUHH Oaxosaml GopMyiacu Kyiuaaruia

2M_1
P(So/S!) = ) (- P(So) P(S; /s,

Oynma P(S,) — mactinabKu KOJUIH Cy3/1a XaTOHUHT aHUKJTAHUII X TUMOJIH,

P(S;/S;/) — S, xommu cy3uM Kabyn KwimHran Sy -ra HucGaTaH Gyiram
apTIN IXTUMOJIH,

M — c¥y3ra KUpTraH KOJJTN pa3psiaiap COHU.

Kommu cy3Hm HOTYFpu KaOyn KWJIMII SXTUMOJMHM Oaxojanl Kyhumaru

ugonaa 6yiinya amanra OmUpHIAIN:
2m_1 M1 2"_1

Py (S)= D P(S) D P(Sj)= D P(A)),
i=0 j=0 j=0
J#i

Oynzma A; - HOTYFpH KaOyJl KMJIMHIaH KOJUIM CY3J1ap 3JE€MEHTIAPUHUHT TYIIAMU.
XaronapHy aHUKJTAHMACIIUK YXTUMOJINHY 0axosam udoaacu Kyiumaarnda:

2m1
Poem (8) =1-(1- Pai )m - le(Aj) :
j=

MabayMoTIapHu NakeTIN y3aTUIl HIIOHWIMIINTY KYpCaTKUWIApUHU, XaMaa
kyn Oockuwim OSI momenu OVfuHIapuga MabIyMOTIAp WIIOHWIMIUTUHU
Oaxomamr y4yH axOopoT y3aTHII >KapaéHW HXTUMOJUIAPUHU IAKIIAHTUPYBUU
cXeMa Ba YTHUII 3XTUMOJUIAPU JUarpamMmaiiapy Takiaud STiirad. MablyMOTIapHHA
y3aTHIN XaTOJNIAPUHU AHWKJIAHWUIIMHUA TAabMUHJIOBYM KyIIMMYa aXOOpPOTHH
MUHHMAaJl MAKJIOPYUHU TOMHII YCIYOHSITH UILIA0 YHKWITaH. MabIyMOT y3aTyBYH
naKeTiap/a KyJUlaHWIaqurad Ba S, xabapmaru xaToHu S, KaOyJsl KWJIMHraH Oejru

MabJIyM OVJIraHuja aHUKJIAIra YamallaHraH UXTUEPUM KO YCYJIH YYyH axOopoT
MUKJIOpH KylHaaruya XucooJiaHau:

2m om 2m
ISi/shy=m+t, 3 TP(Si/si)log(s;/sL) =m+ S P(S;/S])log(s; /S) = (1)
27 k2101 i—1
=m +Q/ IogQ/ + P,f| log Py (S).
Udonma (1) xeluHrn y3rapTUpUILIApU/A, Q/ (S)=Q(S)[1- PR, (S)]_l Ba

Pﬁ (S) =Py (S)IL-Py (S)17! xucobra onuHUG, ym6y KYpHHUIITA OTHO KEIHHAIH

N _ Q(S) _ Q) _ P. (S)
J(Si/so—m+1_PO(S)IogQ(S) =R (5 09 RO+ TG

ELAC R = PG jogam —1y = mo PulS)

xlogPH(S)—l_PO(S)|Og[1 R (S)] 1_PO(S)|09(2 D=m 1-P.(3)

m_1)— _ _QEG) LACE
x log(2™ —1) —log[1 PO(S)]+1_ PO(S)IOgQ(S)+1—PO(S)|OgPH(S)

OyHna P,(S) - xaTonuk S xabapja aHUKJIAHUIIT SXTUMOJIH;
Q(S) - MabJIyMOTHH TYFpH KaOyJl KUJIUII XTUMOJIH.
Ndonanaru J(S; / S |£ ) KUHAMAaTH - MabJIyMoOTJIapaa xaroJjap

aHUKJAHMacnuru Tydainu coxup Oynaauran HyKOTHIUIApHU OapTtapad HSTHIL
YUyH Kepak Oyinaguran MUHUMAaN KYIIuM4a ax00poT MUKIOPH.
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NxTuépuil KoIMu yCya camMapajopJIiTUHU aHHUKJIAIl YYyH OPTUKYAIHK
XaXKMHU 0aXOCUHU COAANIAIITUPUITaH Udoaacu KyWnaaru KYypUuHHIIIA OJUHTaH:

R(Sj)=1- 1 log (2" -1
1-P) nP

SApatunran  ycnybusT  Oyiimua Typau  TaOuarmard  MH(pOpMaIMoH
OpTUKYANUTHAaH (hoiJaNaHuIlIra acociaHran ax00poT HIIOHWIMIUTHHU Ha30paT
KWJIYBYM JACTYpHUH yciayOiap caMpagopIuruHu 0axoJlaHUIIN KYPCaTUIIIH.

JluccepTauMsiHUHT MKKHHYM 000MIa MabIyMOTJIApPHHU Y3aTHILI ITaKeTIap
TapKUOUIa CYHBbUH OpPTUKYANUKIAH (oigamaHuIl TaMmMoWwUIapu Oyiuda
MabJIyMOTJIap UIIOHYWIMJIUTUHU HA30paT KWIHII YCYJ, MOJEN Ba aJrOpUTMIIapH
ANUIA0 YNKUJITaH.

Masxyn mactypuii ycyurapra Xoc OViraHn KaMYwIMKIapHU OapTapad
ATYBYM, YU3HUKJIM, TEKUCIUK Ba MOAYJUIap OYyinda WHFUHAWIAD XOCHUJ KUIIUIITA
acoCJIaHraH MabJIyMOTJIap HIIOHWIMIMTMHM Ha30paT KWIMII YCYJ, MOJEd Ba
anroput™iiapu unuiad uukwirad. IlyHu anoxuga TabKUIJIall —Kepak-KH,
WUFUHIUIAPHU XOCWI KWJIWII Oyiinya MabilyMOT/Iap MIIOHYWIMIMTMHU Ha30pat
KWIYBYM aQITOpUTMIIAp Kalysl KWIMHraH KeTMa-KeTJIMKiIapAa Hadakar XaTo
OOpJUTUHU, OATKU YHUHT >KOMJIAIIUII YPHU XaTOJUKIAPUHU aBTOMATUK TYy3aTHUIII
y4yH Kypcaragu. Yiap KyHugaru KOMJalapra acoClaHraH: 7, — MabIyMoOTiap

HIIOHYJIMJIINIY HA30paTtu, 7, — Ql XaTOJIapHU aHUKJIAIO Ba Ty3aTHII, 7, — Q2
XaToJIapHU aHUKJaAll Ba Ty3atum, 7, — Q3 XaToJIapHU aHHUKJIaIl;, Ty — Q4

XaTOJIAPHU aHUKJIall.

Typnu Xun anropuTMiiap y4yH MabiyMOTIap WIIOHWIMJIMIHMHHA HAa30pat
KWJIAII CaMapaJopJIMTHHU XaTOJApHU aHUKJIAHMACIUK dXTHUMOJU ME30HU OYinda
Oaxonaml MacajaJlapuHUHT YMyMHH Ba XyCYyCUM €YUMHUHHU OJUII YCIyOusTH
nuu1ad YUKUITaH.

Uusukiaun HuruHaIM OYiida MabiiyMoJiap WIMOHWIMJIMTUHM HA30paT KUJIUII
KOMJACH YUYH XaToJap aHUKJIAHMACIUK YXTUMOJIM HHFUHAUCH Kyiu1aruya.

Py =P+ Py + P+ P ={67[mnp?(1— p)™"2 1 c2cipt - p)™nt 4
+cXc3pk - pymn—k-311576.107°3.

Niina HazopaT MypakkaOIUry Ba >KOpUNJIAII XapakaTh Me30HJIapu Oyiinya
AITOPUTMIIAD CaMapaJOPIUTHHUHT TpadUKIApU TAIKUK KWIMHTAH Ba yiapja
unuiad YWUKWITaH YCyJd MaBXyd JacTypwil ycyiiapra HUcOaTaH Ha3opar
MypaKkKaOJIUTH Ba IKOPUWJIAIN XapakaTIapuHU XaToJapHU Ty3aTumiga 2-3
MapoTada KaMauTHPUIITH MyMKUAHITUTH KYpCaTUJITaH.

Haszopar KuinyBuM anropuTMIIApHUHT P, -XaTojap aHWKJIAHMACIHUK 3XTH-
MoOJIM P-Xatojap 3XTUMOJuAaH OOFIMKIUIY Tpadukiapu Oyiinya MabaymoTiap-
Jaru XarToJuK 3XTHUMOJIH 102 -10"* 6}”/J1raHz[a, XaTOJIApHHU aHMKJIAll UMKOHUATHU
TaJKUK KWIMHTaH aJlTOPUTMIIap/ia UKKA TapTUOTa, HA30paTHUHT MypPaKKaOJIUTH Ba
Xapa)kaTh ME30HJIapH 3ca XaTOJIApHU Ty3aTuliia 2-3 MapoTrada KaMasiiy.

TagkukoTna WMFUHAWIAPHU paspsaiap - I1,, pakaM - [13, TEKUCIMK - [,
Oyiinua XOCWJI KWJIHWIITa acOCJIaHTaH aJTOPUTMIIAPHUHT axOOpOT WIIOHYINJIMTU
KYpPCATKUWIAPH SHT CaMapaiop SKAHIUTU KYypCaTUILIH.
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Pakamnu Ba connm mopysuiap Oyimua urupaunapau 8, 9, 10, 11
Oazucnap/a Ba UXTUEPUNA (] Ta acOCIaHTaH AJTOPUTMIIAP caMapaJopiIUrd TaxJIuiI
kwnHau. Tagkukotaa, pakamun 8, 10 Ba 11 Moayum MuruHaumapra acocjiaHrad
ANTOPUTMIIApHU KYiUlaniga axOOpOTIApHUHT UIIOHWIMIIMK KYPCATKUYM HT KaTTa
caMapaJIopJINKra 3ra SKaHIUTU KYpCaTUIIIH.

Nuuna® yukunrad anroputmiap Oapua Typaaru xatojapHu 92% raua
aHUKJIAIKM Ba OWUp-, MKKU- Kappad KyIlIMa TPAHCIO3UIUSIA XaTOJIAPHU XaM
Ty3aTa OJINIUIUTA UCOOTIIaHTH.

bup xappanu xatonmapHu Ha3opaT KWJIYBYM AJITOPUTMHUHT OUPUHYM Ba
WKKWHYY TypAard XaTojiap 3XTUMOJIM aHUKJIOBYHU (hOpMyJianap OJIMHTaH:

bupunuu typaaru:

P,~2P (1-P,)-102+P *-10% + 2P, (1P, )-10.

WkknH4M Typaaru:

P,~(1-P,)*-15-10° +P,(1-P, )-1.5-10".

AJTOPUTMHUHT XaTO aHUKJIAHMACIIUTH dXTUMOJUIApU HHFUHINUCH:

P, ~2P,(1-P, )10 +(1-P, )*-15-10™.

XaTo aHMKJIAHMACIUK SXTUMOJM ME30HM Oyiinya MacallaHd €YHIl Y4yH
ApaTHIITaH yciyousT Oyiinya Oapua TypAard XaToJIapHM HA30paT Ba aHHKJIAIITa
yamaJaHraH aJropuTMIIap CaMapaJopJIury Xam TaxXJIuil KUIHH]IH.

JluccepTallUsIHUHT y4YHH4YM 000MJa CTATHCTUK, TapKUOUII-TEXHOJOTHK,
JacCTypUi-BaKT/IM  OpPTUKYaJIMKAaH  ¢oilnamanum  tamoilmiapu  OVitnmua
MaBJIyMOTIIap UIIOHWIMJIMTHHU HA30paT KWIKII YCYJI, MOJIE] Ba alTOPUTMIIaPUHU
U140 YNKUJITaH.

MaHTUKMI, TEXHOJOTHUK, CTaTUCTUK  OOFJaHUILIAp Ba  axOopoT
xoccanapuaad GoianaHyByd alrOpuTMIIAp MabIyMOTJIap HA30paTh Y4YyH Kyai
IapouTIap SpaTUIIM, XaMmJla HIIOHWIMIMKHHA IOKOPH Japaxkaja TabMHUHIIAIIN
KYpCaTUITaH.

Masbnaymor Ba Ounumnap 6azacu (Mb Ba bb), Mbuu Oomkapuin tuzuMu
(MBBT) Ba skcnepT TU3UMH acOCHJa MabIyMOTIApHU HA30paT KUJIUII JACTypUid-
QITOPUTMHUK MAXKMYaCUHU SIPaTUII TaMOMMIIIapy MIAKJIJIAHTUPUIITAH.

Nmina, acocan axOopoT/IapHHM y3aTHILI Ba MXYaMJIAIITHPUIL MacajalapuHU
euMIa KYUIaHUO KEeJIMHTaH CTaTUCTUK OPTUKYAJIUKIAH MabIyMOTIApHH y3aTHII
UIIOHWIMJIMTUHU TabMUHJIAIAa o JaaHnuIl MEXaHU3MIIapy UILIA0 YUKUIITaH.

Tankuk KWJIMHraH MaTH B3JEMEHTJapU TacBUPJIApUHHM Ha30paT KWIyBUH
QITOPUTMIIAPHU KYJUTAlZIard  XaToJlap AaHMKJIAHMACIUK 3XTUMOJIM OaxOCHHU
OepyBYM yMyMJIAITaH MOJIEN TaKJIU(} dTUIITaH:

Py = PW, + P,W,,
oynna Wy, W, — [0,1] xakukuii mHTepBanuiga Oepuiaaurad OUp Ba HKKUHYU
TypJaru XaToiaukiap Ounad OOFIMK Oyiaran Hykotuun koddduumentiapu.
Bbynu kymnampga HasopaT KWIMHAQJAWTaH MaTH 2JIEMEHTJIApU UKKU CUH(ra
OYJIMHAINU: UIIIOHYIM Ba Oy3WITraH MabIyMOTIap.
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bupunun cundra ternnuim karra 6yiaraH N; COHJHM 3yeMeHTIap Oyiinua
ypTa 3XTUMOJI Kyiuaarnya
X =N, pl(l_ P, )Nl + Nl(l_ pl)P,JWZ’
OyHna P, — aneMeHT OomKa CuH(Ta TETUIILIN KAHIUTH SXTHMOJIH.
NxxkuHum cuHdra rerunuim N, 37eMeHTIap Oyinda ypTaaariTHPHIIL:

X, =N, p,PW, + Nz(l_ pl)(l_ P, )Nz-

Muknopiaiirad aiipManapHu XucooJial 3ca:

AR = pl(l_ 2PJZ)/V1 _(1_ pl)(l_ ZPJZ)Nz-
Nl N2

Vxtuépuit P, #1/2 yayn pW, Ba (1— p,W, furunau Ba aitmpmanap

0axonanaau. W, Ba W, kuiiMatiapu Kyiiuaaru udojanap 0yinda aHuKIaHaIu:
_ X;N, =Xx,N; CW. = XN, =x,N,
' N1N2 Py (1_2PE) L N1N2(1_ pl)(l_zpé).

Nmna Xadgdman Ba apudmeTuk koanaii, bappoys-Bunep yrupuiu, xamaa
Jlemnien-3uB  anropuT™MH, yiaap MoauduUKanusiapd Oyiimdya  MabIyMOTHH
UXYaMIIAINTUPHIT MEXaHW3MJIapra acocjiaHTaH axOOpOTHH Ha3opaT KWJIMII
ANITOPUTMIIAPH UIIIA0 YMKHUIITaH.

Tankuk KWIMHTaH ycysulapja KOJ KOMOWHAIMSUTADUHU pyXcaT JTHITaH
TYIJIAMUHUHT 3XTUMOJUIM KyWM Ba IOKOPM UerapajapyuHu aHUKJIAIl, Xamjaa
Ha30paT KWIMHAJAUTAH MAabJIyMOT SJEMEHTIIADUHHUHT HHT IOKOPU 3XTUMOJUIUK
0axOCHHU OJIUII MyXUM Macaaaup.

by xomnar TacBupu cudaruna kabyn KWIMHTaH £ Ta HUCOATaH y3aTWITaH o
MabJIIYyMOTJIApHUHI @ () Ba @ (f/a) — HOpMal KOHYHUSAT YYyH IIAPTINA DXTHMOJ
TaKCUMOT (DYHKITUSITTApUHUHT TpaduKIapu KypcaTUiIraH.

Hatmwxanapuuar amanuii TaAOWKH Yy3aTWITaH MabJIyMOT KHHUMATHUHUHT
Ha3opaT KWIMHYBYUIAH YETJIAHWIN Yerapacu KaHya KUCKa Oyica, IryHYa KT
OMpUHYM TypJard XaTOJMWKIAPHU WKKW VI4aMiid perpeccus ycyiu OwuiaH
aHUKJIAIT MYMKUHJIUTHHU €KA Ha30paT KWIMHYBYU TapameTpiiap OOFIMKINTA
KaH4a SKUH Oyrca, yJapHUHT KAWMariapu OepwiraHiapra IIyHYa SIKWH
OYJIMIIUHY KypcaTaau.

MabiayMoTiiapHu  HazopaT KWIMIIAA, MIApTId  XOJATHUHT  MakOyl
yerapajapuHd aHWKIam OuigaH OOFNIMK OYyJraH MacalajJapHUHT yYMyMHUH Ba
XyCyCUi euuMMJiapy OJIMHTaH Ba OyH/a MUHUMAaJ XaToJlap aHWKJIAHMACIWKHUHT
AXTUMOJIM Kyhuaaru udoja oyitnda xucoonaHaau:

y(@) y(@)
P, =P +P, :% [W(ayda +(@1-P)a- [W(a)da).
x(a) x(@)

by xonga, ax00opoT y3aTHII UIIOHYWIMIATH 0aXOCHHH OJIUII YU4yH TaKCUMOT
bynkuusuiapu W () Ba W(B) dapxmnapu uderapacu W (B/a) MAPTIAM SXTUMOI
TaKCUMOTHU OyHrYa aHUKTaHaIH.

Nmpa ax00poT WIIOHWIMJIMTMHU HA30paT KUWJUII Macajacd MablyMOT
y3aTyBUM TAKETJard TACBUpP KOHTEWHepiapuja MaBxya OYyiaauraH TapKUOWiA
PR-opTukyanukau Kysuiam Oyilnda XaMm e4uiraH.
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Kyitugarn  OenrunaHunmiap  KUPUTHIIH: E(V,W):VW —  TacBup
KOHTEMHEpUTra TapKUOUN OPTUKYAIUKHU KHUPUTHII amalu; D(V,VW )=W' (€xu
D(V ):W') — Tana® KWJIWHTaHAAa TapKUOWM OpPTUKYAIWKIAH KyTHJIWII aMallu;
o - macitadiaoBun kodpduuuent; C — UKKM CUTHaiN YXIIANTUTUHUHT OWHAp
oenrucu: C =1 arap y3apo koppensauus KodQPuuueHTu KaHganaup o yerapajaaH
1oKopH; akc xonaa C =0.

Tapkubuii PR-opTukuanuk Oyiinya axOopoT HINOHWIMIMTMHUA Ha3opar
KHWJIUII aITOPUTMIIAPH UIIIMHUHT KyHUJard BApUAHTIAPH acOCIaHTaH.

bupuHuM BapuaHTIa Ha30paT KWIMII AITOPUTMHU - Al(E, D,C) KECKHH

KaWTapWIIyBUM Kapa€H xoccacura acociaHaau. byHna, uxtu€puit Vy y4yH E?
aKCIIAHWII MaBXyJ JeduiIaav Ba E_l(VW):(V,: \We) Ba E(VF,WF)=VW

mapTiiap OakapwiIMIIA Kepak, SbHU E! xucobnanamuras, W aca tapkubuit
OpPTUKYAJIMKra TETUIUIM, YMH TACBUPHMU EIIFOHUJAH aXpaTUIl HMKOHUHU
Oepaauran Ba C(D(VW Vg ),W,: ,5):1 KypuHuIgara QyHkuus cudartuaa
TacaBBYp KWJIMHAIH.

WKKMHYM BapuaHTAa alIroputMm A, (E, D,C) VI CYCT KauTapuiyBUU

Kapa€H xoccacura acociaHagau. byHna, E(V,: \W¢ ):VW mapTv Tajiad KWJIMHAIH.
Ammo, E(V,W):VW mapTy Typau xuil V), KkaOu axOopor Oy3miunuiapu

Tydaiinm 6axxapunmaciauru MyMkuH. Kyitmwiran tanab skapa€H KalTapuining y4yH
CyCT XucoOaHaau Ba 1y Tydaiau E(VF We ): V\y+ KYpUHUIIIAark SHrU Tajzadra

amvanrtupuiamm, 6yama C(Vy,., Vi, ,6)=1.
Anroput™m A4, (E, D, C) umyaa skapa€H CycT KaWTapUIIUMIIMHUHT OOIIKa

mapta  uxtaéput  Vy,  y4yH E!  akcrmamwm MaBXyJUIUTH, OyHJa
E_l(VW ):(VF ,WF) Ba E(VF \We ):VW- oynagu. SwHU E1 XucoGmanummu
MYMKHUH Oyuran, Ba C(Vy+,Vg,8)=1, C(Vyy+,Viy,0) =1,
C(D(VW- Vg ),WF ,5) =1 maprtnap 6axxapuiiay.

TapkuOuii-texnonornk PR-opTUK4yaiuk, TapkuOiamraH SKCIEpPT TU3UMH,
Ownumiap 0azacu, MaHTHUKHI Ha3zopaT aMajUlapd Ba MabJIyMOT TapKUOJapuaH
(dholianaHuIl acocuaaru MabiIyMOTJIApHUA HA30paT KUJIUII aJrOpuTMIIapy HIILIA0
yukwirad. TacHuduap, me3onnap Ba kaOyn kKwiuHran OXT Tapkubupa xopuii
STUJIAJUTaH Kapop KOWJajapu IKOWIApUHM TaHJall TaMOWWUIapu Takaud
stwirad. Illakmnantupwiaran Tamoluna Ba Me3oHsap acocuga OXTaa
MabJIYMOTJIAPp HWIIOHYWIMJIWTMHA HAa30paT KWINWII TU3UMHUHUHT aJIrOpUTM Ba
NacTypuil MOAYJIJIApU KypUJITaH.

MabnymoTinapau PR-opTukvanuk Oyiinya aBTOMAaTHK paBUIIA HA30patT
KWINII Ba THUKJIAIIHUHT aMaJUlapd Ba BOCUTAJIIAPUHU >KOPUMIAIITUPUII YUYH
JACTypuil OpPTUKYAIMKIAH XaMm (oHjamaHuira WyHaATUPUITaH KOMOWHAIIMS-
namran éunonryBnap Takaud stwnau. bynnan tamkapu, unpra OXT mapoutunia
axO0pOT HIIOHWIMJIMTMHU Ha30paT KWIMIIHWHT TaIIKWIMK-TE3KOp Ycayoiapu
CUHGMIAIITUPUIITAH.
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Xap xuJ TabcHupiapra TypFyH OYNAraH Ba peaj IIapouTiapia xam cudartiu
HaTWKara SPUIIUINTa Koaup OynraH, VH ydra BasudaBuii Ba VH CaKKU3Ta
TaAOUKUI  JacTypuil JKOpMM OSTWIyBYM MOJyJulapAaH ubopaT axOopor
MIIOHWINJINTUHU HAa30paT KWIYBYM TU3UM OOBEKTra-MyHaNTHPWITaH AacTypJall
TEXHOJIOTHSICUTA aCOCaH SIPaTUJITaH.

AXOOPOT MIIOHYWIMJINTUHY HA30paT KWINII YYyH JUCCEPTALUSHUHI Ha3apui
KHCMIIApUJa UIIA0 YMKUITaH yCYJl, MOJEN Ba alTOPUTMIIAp CaMapaJopIUTHHUHT
KUE€CUU Taxyiuiau Kentupwirad. OnuHraH HaTwka P*y TaxkpubaBuili Kuiimar-
JJAPUHUHT TaXJIWJINATa SIKUHIIUTU N% - [Mupcon me3onu Oyitnua, 0,9 xadonarmu
HXTUMOJIJIa TEKUIUPWIAA Ba Ha3apuil HaTWXKAJIAPHUHT TaXpuOaBUil KUHWMaTUTra
SXIIA MOC KEJIUIITN UCOOT KUIIMHIU.

JluccepTallusiHUHT TYPTHHYH 000M1a MATHHUA N-TPaMMIIA TapKUOU MOJeIH,
MaTH 3JIEMEHTJIApUHU CTATUCTHK TAHWII Ba TAaCHU(IAPUHHU TaHUII MOJEIIapu
Oyiin4ya MaTHIM MabIyMOTJIAPHU y3aTHUILI MIIOHWIMIUTUHY HAa30paT KWIyBYH YCYJII
Ba aJITOPUTMIIAPU MIUTA0 YUKUJITaH.

XarojapHu Ha30paT Ba TaxpUp KWIYBYM THU3UMJIAPHU sSpaTUIIAA acoc
OynyBuUM, N-TPaMMJIM CTAaTUCTUK TAKCUMOT KOHYHMSITIAPUHU aAHUKJIAIl Y4yH
*apa€H MOJEIUIAIITUPUIAA Ba MAaTHHUHI Oy3WIraH 3J€MEHTIapUHM aHUKJaIl,
KJIacTepJiall, KUAWPHUIL, TapKUOMAIITUPHUIL, XamJla 4YacTOTald TacHU(IapHU
OJIyBYM QJICOPUTMIIAP UILIA0 YUKHUIIIH.

TankuH KWIMHTaH W3Jall, TaHWII Ba KJACTEpJialll TaMOWWI Ba MOJAEIIapH
Oyiinua sipaTwiraH Ha3opaT KWIMII TH3UMU KaTTa XaKMJard XOTUPaHU Tanad
KWIMHUIINA aHUKIaHau. by kamuwiukinapHu Oaprapad STHII Y4yH Ba MarTH
MMJIOCMHU HazopaT Kwiuim Macanacuau euumaa GPU momenu Ba CUDA
TEXHOJIOTMSICUTa acoCaHraH napajuiesl Xucooian TU3UMIIAPUHUHT MEXaHU3MUIaH
¢oiinanaHuIl TaBCUS KUJIUH]IY.

Tana® KWIMHraH MUHUMaJ XO0TUpa 0axocH Kyiuaarnya udoaanaHaam

f=-
In(L— P*"™)
OyHaa N — KOJ| y3YHJITH,

X — Xeu-QyHKIMsIIap COHMHHU OeNTUI0OBYH Y3rapyBUUIHP.

Nmpa myratiy, CTaTUCTHK Ba XEW-KOJUIall MeEXaHWU3MIIapH; Iapajuiell
XucoOyanl ycyj, ajJropuT™M Ba aMmajUlapd MUMKOHMATIAPUHUA KaMpOBUM axOopoT
VIIOHWIWJIMTMHY HA30paT KWJIWII TU3HUMHUHU SPATULIHUHT SHTHM TaMOWWJ, MOJEI
Ba QJITOPUTMIIAPHU TaKIU(] KWIMHTaH Ba aCOCJIaHTaH.

AXO0OPOT MUIIOHWIMJIMTUHU HA30paT KWIYBYM JACTYPUNH-TEXHUK MakKMyaHH
(ATM) sipaTUIIIA NVIDIA BUICOUYUITHIA rapasiesn XHUCOOIaIIHA
KyJIallaliTUpyBYMd  JacTypul-anmaparid  edyuM  Kysutanwiarad.  Ilapamnen
XxycoOanuiap acocuaa Kypuiaral TH3UMHUHT aCOCHI XyCYCUATH IIyHJaH ubopat-
KM, YHIAa MAaHTUKUA OKUMIIap COHM Oa)kapyBuu (PU3MK BOCHUTAJIAP COHMJIAH KYTI
Oynranuaa equM OepaguraH ajlropuTMiap amaira OuMpuiIraH.

[TapcuHrIM MOAEIIAIITUPUII ACOCHJA MAbIYMOTIApD HIIOHYINIUTHHA
Ha3opaT KWIKI aJrOpUTMIIapU camMapaJopiMruHu  OaxoJsamiia CYy3JapHU
KaToOp/JiaH akKpaTHIlLl Ba TAHUIL 3XTUMOJIMIaH (poiganaHuil Takaug STHUITaH
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W =arg rwx PW | AP(A),

oynna W — matH anementiaapa W = W,, W, ,...,W, TYIUIAaMA KYPUHHUIIHIATH TaIKAK
KWJIMHYBYH CY3;
PW/A) - A xaropaa cy3uuar W kypuHMIIZa Maigo OYJIMII IIapTIH

3XTUMOJIH;
P(A) —wmaraga A={a,,a,,...,8,} Karop maiao OYIUIIN anmpruop SXTUMOJIH.

[Tapcunrinum MOJEJUIAIITUPHUILL

oifsrm Baropar soman MEXaHU3MU OYyinya UMJIOBUN XaTOJapHU

: HAa30paT KWIYBYM TU3UMHHUHI  HIIHU
@ JAapaxTCUMOH MOJEN Ba Cy3jap KeTma-
KETJIMTUHU MMAPCHUHIJIN KOJIJIAIII

e [ — AJTOPUTMU aCOCHUA TAIKUI KUJIMHTaH.
Y4 MoaynmaH mOopaT MapCHUHTIIH
TaHyBYM TU3UM (AOIHUATH CXEMacu
Bupimrapim_(warrs, jErrs)  L-pacMa KYpCaTHJITaH. «Cy3
Oamopatuyucu»  MOJYJIM  HaBOaTAaru
Wk+l CY3HM TapCHUHT-CY3HUHT K -

npedukcra acocan OamopaTHHU amasra
omupanu Ba OomkapyBHH «Tarrep» momynura ysaranu. «Tarrep» HaBOatgaru
CY3HUHT tk 1 POS anomaruan K -mpedukcu Ba oxupru W 1 OaropaTiaHra

cy3 Oyiuua xucoOmaiinu Ba OomkapyBHH «KOHCTpyKTOp» MOAynHra y3aTaju.
«KoHcTpykTOop» MaBxkys Ty3wiMaHH, OomkapyB «Cy3 OamopaTdyncu» MOAYJIHTra
y3aTWIT'YHYa KaWTa YTUIIHU FeHEPAUMSIIAIL ACOCUIa KEHTAUTUPAIN.

Nmpa MaTH »3JIeMEHTVIapU  MINOHWIWJIMTMHM Ha30paT KWIMII  y4YyH
acconatuB Xotupainu HelpoH Tapmoru (HT) acocuna TanyBuM airopuT™m uiuiabd
YUKWITaH. MaTH 3JI€MEHTH TacBUpPJIAPH WIMOHWIMIMTHHA Ha30paT KWINI YIyH
CUTHAJIJIAPHU KUPUTHIL XKapa€HU 2-pacMIa KYypcaTUITaH.

MaTtH »BneMEHTIIApUHM CY3-IIAaKUIlap Maxcyc JyFaTH, MOHOTpaMma,
aurpamMma, yuyrpamma, K-rpaMmiiap acocujaru 4acTtoTaqu JyFaTiap OwiiaH
CONUIITUPHUIN OYyiiya TaHUII MIIOHYCHU3IUTH D3XTUMOJIU 0axOoCMHH OepyBuu
yCIIyOusT Takaug KUIMHIaH.

EOHCTPVETOPR

1-pacmM. MaTHHM NAPCUHTJIM TAHUII
MOAYJIJIAPUMHHUHT Y3apo OOFJIAHUIIN

TacBup curHanura UIUIOB GepHIL

1
1
1
|
1
MaLHy - Myasmam - Dypbe JUCKPET CriexTp |
MOTHH | > TUPHUIL OMHacH :> YrUpYBYKCH E> |
1 1
L KUPHUTHIIL [ !
\{‘1 i oifHacH T ¢ -
AP HTHu ypratyBun cursan
1] Heitporapmokiu
porap Hazopar —»

TaHUII TanyBun HaTHXKACH
TH3MMH

{

2-paCM. MaTH 3J1eMeHTH CMTHAJIHM MIIOHYWINJIUTMHHA Ha3opaT KHJIHII
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bepuiran nmyraTiapHUHT jKaMd XaXMH Oyiinya HOTYFpU TaHMII SXTHUMOJH
KyiuJarnda aHuKJIaHau:

p(r) =1-(1- D(a))lj(l—((l— p(a)) + p(a=4;)(2p(a)-1))), p(a)<107,

OyHJla 7 — TUMCOJIHHM TaHUII UIIOHYWIUTHHHU 0aX0JIOBYM MaxXCycC JIyFaT XaXMU;
p(d) — MabJIyMOTIAPHU Y3aTHUII Ba HIUIOB Oepullga MaTH 3JIEMEHTU
cudaruga XaTo SXTUMOJIH;
p(a=a;) — TYFpU TaHULI SXTUMOJIH,
N — TaHUIl y4yH OepuIaurad MaTH 3JIEMEHTIIApU COHH.
Tu3zuMIa WUIIOHYIM MATH 3JEMEHTH ATaloH cudaruaa kadyia KWJIMHAIU Ba
TYFpH TaHUII 6axocu Kyhuaaru gopmysa OuiaH aHUKITaHAIH:
n-1
p()=1-QA-p@)]] s (p(a; =a)),
i=1 a,a;eA
Oynnma p(a; =a;) — HA30paT KWIMII TASMMUHUHT HITOHWINIUK 9X THMOJH.

V36ex THIM METAMATHWTa HILIOB OEpyBUM TH3HUM YMYMHUH aarOpHTMHHH
SApaTUIl YIyH UXTUEPHA TApMOKJIAHUII COHHUIATW JapaxTHU OepyBuYu CUHGIAp
WEpapXUsACUHA aHWKJIAIl CXEeMacH Takiud KWIMHTAaH Ba IIIy acocja Ha3opar
KWINHYBYU OOBEKTIIap CHHOIAMTHPUIUIIN amaira omupuirad. JKopui sTuiran
TU3UMJIa Jarciadku MabiaymoTiap bbpa cakmananun Ba DXTnan doitgananun
*apa€HuJla MMFWIral sSHru Ouimmiiap OVinua KalTa aHukiIaHaau. bb myxurtnmaa
pean Mojen MAak/UlaHaJu Ba CepBep OWIaH aloKa MUXKO3 CYpPOBIApU THU3UMHU
Oyiinya amanira OlmMpUIaan.

Nmnabé yukuiaraH TU3UM Kywugard (QyHKIMOHAI KHCMJapaaH wuOopart:
Mbpa o0beKT XaKku1a peajl Ba 3TaJIOH MabJIyMOTJIAPHU CaKJIOBYH, MabIyMOTIApHU
COJIMIITUPHIN Ba HATHKAJTAPHU CAKJIOBYH, OOBEKTHUHT KOHIIENTYasl, WH(OJIOTHK
Ba (PU3MK MoOJIeIUTapH; dKCIEPTIap OUITUMIIAPUHM, Naauuiap OOFIMKINTUA Oyitnda
O0axonapHu OepyBud, OOFJAHUIIHM >KaJaBajlap OVitmda udonanoBun cratuk bb;
ATAJOH JIMHAMUK >Kapa€Hjap mapameTpiIapyuHH KUCMaH Ba TyJa HOAHUKJIWUTHUHU
xucobra onmyBun kypunumuaaru HT monenmnapunu udopanoBun auHamuk bb;
MOJCIHUHT (YHKIHUOHAT TapKUOWJa BOKEIMKIAPHUHT cabab-okuOariap KeTma-
KETJINTUHU IIAKJUIAHTUPYBYM AJITOPUTMHUra acOCIaHTaH MaHTHUKHI Xysocaniall
MOJYJIM; 103ara KejraH xoJjiarra Oornuk paBuiiga Mb Ba Bb um daonustuau
MaHTUKHI XyJiocanail kapa€Huia MyBOQUKIAIITUPYBUYM MOCIAIITUPHUIIT MOAYJIH,
MaHTUKUM  XyJocajaml kKapaHUHM  M30XJIalll  aMajUlapuHd  Oa)kapyBuu
TYIIMHTUPUII ~ MOAYJIM;, Macaja €YUMHUHHM PpPEKAIAITAPUII  KapaEHUHU
MyBOGUKJIAIITUPYBUM OOIIKApUILI MOAYJIH; TYFpH, TeCKapu Ba apajail macaia
KYWWJIMIIINJIA caMapalid €UUMHHU OepyBUM MEXaHU3MIIAP.

JluccepTallsiHUHT OemIMH4YM 000Maa Y30eK TUIM MaTHJIapu HMIIOCHHU
Ha3opaT Ba TaxpUp KWIWINTA OYnraH acocuid €HIOIIYBIApU TAIAKWUK KUJIMHTaH,
Xamaa Kynm OoCKuwiIM MOp(MOJOTHUK TaxjIMJI Ba TapKuOWW n-rpammaiapiaH
doiigananuin acocuja WMJIOHM HA30paT Ba Taxpup KWIYBYH MOJACH, YCYII,
ANITOPUTMIIAPH UIILIA0 YMKHUJITaH.
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Anabuérnap TaxIMiIu HaTIKanapu Oyitmdya MOPQOJOTHK TaxJIUi acocHja
KypuWiraH TH3UMIIapra XOC KEHI TapKaJraH KyHuJard yCyJUIApHUHI TaMOMMWII,
XyCycHsITIap Ba KAMUWIMKIAPW aHUKIAHAM. MaTHHM Ccy3japra axparuul,
JyFaTjiapra COJMILTUPHUIL, CY3/1ap HErM3UHU TaKpUOUN aHMKJIall, MAaTHHUHT JIyFaT
OMJIaH «yMKaIIMIIN» Ba CY3JapHU HOPpMaJUIAIITUPHILL

FOxopu camapanu xucoOiaaHraH TU3UMIIAP CY3-IUAKIUIAPUHU UKKHA OOCKUYIH
MOJIeJIJIap acocHjia aMalra OLIMPWIMILM aHUKJIAHIW, Oy Tamoiun y30eKk Tuiu
MMJIOCMHHU Ha30paT Ba TaxpUp KWIYBYM TU3UMHH SpATUIIJA TassHY MEXaHU3MHU
cudarraa KadyJs KWIMHUIITA TaBCUS STHIIJIN.

Jlemak, WKKH OOCKHYIM MOJEI Ba CY3-TIAKIUIAPUHU TaxJ I KUJIHII
yCyJulapu Ba TaMOHMWIIapu MOP(OJIOTUK TaXJIMIIHU KYTT OOCUKWIN MOJEN acOCUAa
’KOPHUI STUII UMKOHUATIAPUHU sIpaTaJu Ba Y30€K THIM MaTHJIApUAaru XaToJapHU
HA30paT KWJIUII TU3UMUHU KypHIa KaTTa Ha3apuil Ba aMaliuii axaMusITra ara.

Nmnabé yukuiarad kynm Oockuuiud Tpaduk cxemMacu VY30€K THIH CY3-
HIaKJUTAPUHU KypUIIHUHT Ba apukciapHu Herusra Ba OoIIKa TypJard Kucmiiapra
KYIIHII KeTMa-KEeTIIMTHHHI aKCIaHTUPATH.

V36ex THIM CY3 MAKUIAPHHA XaMaa YIApHUHT (QOHETHK y3rapHILIapHUHT
dbopman TaBcudam Ba TaXJIMIA YCIyOMSTA Ba ajlroputmiiapu spatuirad. Kym
Oockuwin >kaaBan cudaruna y30exk TUIM aPQOUKCIAPUHUHT OOFJIAHUIUIAPUHU
KypcaTyBuUM, CY3HM OXUpPUAAH KYpUO YMKUIIHM OaxapyBuH, adduKCIapHU
Oockuwiap Oyiiua peKypcUB paBHUIa aXpaTyBUd YyCIyOHSTIAp Ba MMIJIOHU
UIIOHWIM Ha3opaT KWIyBYM amajiap MIulad YUKWiIraH. Spatuiran Hazapui
xoJjataap OyiiMua MMJIOHM Ha3opaT Ba TaXpHUp KWINII TU3UMHHUHI ajJrOpUTMIIapu
Ba TY3WJIMAacH UIIa0 YUKUITaH.

AXO0pOT TapkuOUJa N-rpaMMJIM XaTojiap naigo OYJIMIIM MOJEIN acocuia
3ca, yJIapHUHT SXTUMOJIIN 0ax0JapHU OJIMII YCIyOUSITU SIpaTHIITaH.

XaronapHUHI ypTaya »HXTHUMOJM Xarojap IApTIA 3SXTUMOJIIAPUHH
MabJIyMOTJIap aHcamMOIM Oyiinua YpTalallITUPUILL aCOCH]1a AaHUKJIAaHAHU, S'ThHU:

P=> Pai 2z Paia j!
o aj(aj#aj)

OyHaa Pojo, - @ MabIyMOTHH Ty¥pH KaOyJ KAJHUII SXTUMOJIH.

MabayMoTiiap TapKuOUIaru n-rpaMMIIA XaToJIap dXTUMOJUIAPUHU aHUKJTAII
KaTTa XaKMJard MabIyMOTIapra WIUIOB OSpUITHH Taiad KWjlaau Ba Mypakkad
xucoOuyam OwnaH OOFIMKIMTH  Tydailii, n-TpaMMIJIM  XaToJIap AXTUMOJIUHU
XMCOOJIall y49yH CTAaTUCTHKara WIUIOB OEpHIIHKM MaxCyc MOJCUTAINTHPHUII Ba
aBTOMATJIAIITHPHIN OYHANYa aMasra OIUuPHIIH.

Taknud kunuHran yciayousar OViimya p(a) N-TpaMMIM o =q,...a, KEeTMa-

KeTJIMTUAaH UOOpaT Xaro AXTUMOJIM yMYMaH y4dpalauraH N-rpamMMmainap COHUHU
Xap Oup XaTOJMKIAp IXTUMOJUTAPY HUFUHANCHUTA OYIMHUIIY OWJIaH aHWUKJIaHA TN

__C(o)
p(a)_ ZC(O{*) ’
a*
OyHma o — a JaH (QapKiaM «KEeTMa-KETAMKIAp OOl TYIIaMU»Ta TErHILIH

N-rpaMMJId HyCXa.
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Karopna o; xabu coaup OYyiaauraH XaTOJUKIAPHUHI TYJa SXTHMOJUIUTH
p(a; =aj|a; =o; Vi# j) MapTIM S5XTUMOIUIAPY 6YHiNYa aHUKTaHAIH
ey ...an) = Plai =aj|a; = Vi j)pla; =a;Vi# ).
ByHuHr yuyH, Karopaa coaup Oyniran O6enru cudarujaru XaTOJUKIAPHUHT

MIAPTIM SXTUMOJUIAPU OJIUHTH OeNrmiapHu xucoOra onuiml Oyinda KyWujgaru

Konjgara aCocaH XI/ICO6J'IaHaI[I/II
n

p(ey..ay )= [H Pl |y 4 )] P(ey ).

k=2

MapkoB 3amxkupu (N—1) TapTHOMa XaTOMUKIAPHUHT COMANAIITHPHITAH
N-rpaMMJIM MOJENW OJIMHAM, Oy 5ca, ¥3 HaBOaTuaa, OGapua N-rpaMMIIAPHUHT
CTaTUCTHUK MapaMeTpIapuHu 0axoJall UMKOHUSTUHU Oep/u.

@peiiMBopk ChUHKC-4 TEXHOJIOTHACH MYyXUTUAA MUMJIOHHM HA30paT KWJIMMI
TU3UMHHUHT TAaKOMWUIAIITHPWITAH BapuaHTH WNUIa0 dYMKWIg. by, Maxcyc
Macajajgap e4uMura yamajaHraH XyCyCHil KOMIIOHEHTJIApHU KyJulall Ba UXTUEPUI
N-TpaMMaHU XOCWJI KWJIYBYM KOHTEKCTra MOCTAIITHPYBYH THU3UMHUHT MOJIYILIH
Ty3WIMaHH SIpaTHIl WMKOHUATHHH Oepau. TH3UMHMHT KOOWFM Ba YHUHT
daonusaTuna Oapya KOMIIOHEHTa, Xamaa (GpeidMBOPK JacTypuil MOIYJUIApUHU
KYJUTOBYM THU3UM SAPOCUHU TaBCU(IIAI yCYJUTApU UILIA0 YUKW,

OpeitmBopk Chunkc-4 acocuaa unuiad ynkuiaran Ba Muartepdeiic, exonaep,
JluarBuct cudaruma HomilaHraH acocuid, xamja Kondwuryparnus Ba YTtumuriap
HOMUJATU KyIuM4a OJIOKJIapAaaH uOopaT THU3MM apXUTEKTypacu 3-pacmja
OepuuIras.

WJIOBA )

( Hasopar )(_Htm ( YTumitiap )

! |

/ (" Iexonen \ \\
4 ) (" ) JluHarBUCT
Uurepdeiic AxTapyBun
( Pyiixar ) ( [apcuurmosen )
# # ( Jlyrat )
x‘ Baxomosun) (* Asxparysun )
= —————4
S / \ ) \( Jluarsomonen ))
Tacuugap ) (KI/[I[I/IpYB rpadu

\ ( Kondwurypatop ) /

3-pacm. Chunkc-4 acocnaa MMJIOHU HA30PAT KUJIMII TH3UM
apXUTEKTypacu

Cxemana Oyokyiap opacujarv Ba OJIOKJIADHUHT WIOBajap OwiaH OyiraH
aJOKAIApW XaM TacBupiaHrad. Mmjga TU3MMHUHT acoCMM Ba KylIMM4a
Untepdeiic, exomep Ba JlunrBuct OnoknapuHuHr @peiimBopk Counkc-4
MYXUTUJIATH Bazudanapu KeITUPUITaH.
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Wntepdeiic 6moku Baszudacu Oup €k yHAAH Ky MaTH SIIEMEHTIAPUHU
(6enru, xapd, cy3) TM3UMIa KUPUTHUII YIyH KaOysl KWJIMII Ba yJIapHHU ajomatiap
KeTMa-KeTJIuTu cudatua napameTpianiiad uoopar.

JIuHrBUCT Bazudacu CTaHAAPT THWI MOJECIMHM nN-TPaMMJIM TapKuOAaH
napcuHrnamTupuiira yrupum, Kuaupys rpadunu Ty3uin Ba yHaa oup [lapcunr-
MOJIe Xam/ia YHJIaH Ky OYJraH TYIlaMHU aKJJIaHTUPHUILIAH noopar.

Hexonep tapxkubupgarn KuaupyB moxynu, Wutepdeiic xampma JIMHrBUCT
TOMOHUJAH TeHepauusuianradn KunumpyBuu-rpadiapiaH OJIMHTaH aJoMaTJIapHU
HaTIDKaJlapHU JemrdpIiail Ba TeHepaus KWK YIyH UILIaTaau.

VTKkasmiran TecT TaxpuOanapH HaTIXKanapH, Takind KWIMHTAH BapHAHTIA
SApaTWJITaH TU3UM CY3HM TaHUUIJAa HUCOMM XaTo KYpCaTKWYM SIXUIMJIAHWUIIMHU, Ba
TU3UM WM TE3JIMTH peai BakTAa MOP(OJOTUK TaxXJIM aCOCHAAa UMJIOHM Ha3opar
KWJIyBUM TH3UMIa HUCOATaH MKKWA MapTa OMIMPWIMIIUHHU Kypcarau. Tu3uM Ui
ukku npoueccopiu pexunmaa CPU 1015MHZ ULTRASPARC RIII WITH 2G
RAM npoueccopnapia TalmKuaid KWJIUHTaHUHW — Tabkumiaimui3. Cdunkc-4
KOOMFUIa KUPYBUM MOJYJUIapJlaH Iy acocia, Xama MOCIallyBuYaH ajJropuTMiap
Ba TWJIHUHT CTaTUCTUK MOJEIUIapuaad (poiamaHuIuIMK Ty(daiau, KeHr TapTuoaa
KYJUIAaHWJIaJUraH MaTH TaXJWiM, MAaTHHM HyTKra Ba HYTKHM MaTHra
reHepanusuiail  Ba OOIlIKa MaTHJIM MabiIyMoTjiapra HIUIOB Oepuil KalOu
MacajalapHy €YUl UMKOHUSTH SpaTHIIaIu.

MapnyMoTap MIIOHWIMIUIMHU N-TPaMMIIM MOJIET aCOCHAA Ha30paT KUJIUII
TU3UMHU UIUIOB O€puiiaJiuraH OKMMIIAPHUHT MakOyJl TapTUOMHU Ba IOKJIAHULIMHU
TalIKWI KWINII YYyH MabIyMOTJIapra CTAaTUCTHK HWIUIOB Oepull yCyJulapuiaH
¢oiinanananu, n-rpaMMany rpaMMaTUKa Ba JapaxTCUMOH MOJEIHHU KYJUIaliau Ba
HaTWKaja WMIUIOB OepunaauraH ¢aiap ymuamiapu ¢opMaTiap TapkuOujgaru
OPTUKYATUKIAPHU UYKOTHII OYiiua KUCKAPTUPUIIT UMKOHUHU OepaJiu.

Nmpa  OpTUKYAIMKHM — MXYAMIIAIITUPHUIN  Makcaauaa  rpamMMaTHKa
AIIEMEHTIapu OWiaH amajiap MaHUMYJISIUSCHHUHT CXeMacH JapaxTCUMOH
TacBUpAA KypCaTHIITaH.

['paMMaTHKaHUHT N-rpaMMacUHM TaBCU(IIAll, TypJy THJIJArH JACTypJalliHH
KyBBaTJIalll Ba axOopoTJiapra TapMOKJIHM WIUIOB Oepulll y9yH Maxcyc ¢opmar
Kypwian Ba Oy MyXuTAa n-rpamMainu mojemnap tascudpu XML rpammaTukacuaa
amaJra OIMPUIIIN.

JuccepTallUsTHUHT OJTHHYM 000Maa axO0opOoT MIIOHWIMIIMTUHU HazopaT
KWK TU3UMH y4yH cuHuap, ycya Ba pactypuil moaymiapuu PR-oprtukua-
TuKaaH QoiianaHuin acocuja UNUIad YMKUII Ba YIApHU MablyMOTIapra
TapMOKJIM MIUIOB O€pUIll TU3UMIIAPUHUHT axO0opoT y3aTyBUYM MakKerjap
Tapkuouaa, xamaa X Taa xopuit aTuIn OViinya MabIyMOTJIap KEITUPHIITaH.

DJIEKTPOH XYXOKAT aWJIaHWII TU3UMHUHUHT HII FOPUTHIL 3JIEMEHTIAPUHU
SpaTHIll, CaKJall Ba y3aTWUIl BasudalapuHU amaira OIIMPAJAWraH IacTypHii-
uHcTpyMeHTan Bocutanap ([AMB) maxmyacu 1C 8.2 mHTerpamuiamrad MyxuTaa
unuiad yukwirad. TabKuUIaHraH acocaa, Uiiad YUKUIraH TU3UMHHU KOPUN THII
XYCYCHSTH MabJIyMOTHU Tail€piall, KUpPUTHILAA, TpaHchopmauusiam Tydaiim
coaup Oynanuran MabJIyMOTIapJard XaToJIApHM Ha30paT KWIyBYHM JacTypuid
Maxxmya Tap3ugaru amanra omupwirai CONTROL kucmuu ¥3 TapkuOura
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OJITAHJIUTUAH NOOpar.

Nuuma® yukwiran gacTypuid Maxkmya axOopoT THU3UMUHUHT Bazu(aBuid
MacajaJlapuHy €YMIlra 4YamallaHraH KHUCMIIapu TapKuOWra kKupaaud Ba Tanad
KWJIMHTaH/a, TacTypuil MaxcynoTiap cudaruaa Gepunaau.

Nuuna® yukwiran MaxxXMyaHd MaTHJIM MablyMOTJIapra HIUIOB OepyBuu
UXTUEPUM KOMIIBIOTED THU3UMIIAPUHHU CEPBUCIM KYJUIOBYMA aJlOXUJa KHUCM
cudaruga nuuiatuil MymMmkus, X T BasudaBuil KucMmiapu Tapkuoura kupaau, OSI
MoaenuHUHT TanaOukuii Ba TaknuMoT Oockuuiiapuaa coaup Oynaaurad xaToJapHu
3aMOHABHM  TEJIEKOMMYHHKALMS THU3UMJIApUAa y3aTWIaJuWral MpOTOKOJUIap
TapkuOWIa HA30paT KWIHIIIA KYIUTaHUIIA !,

Tankuk kunuarad DXTna o0beKTIu-MYyHANTUPWITAH TacTypiiall yCyJulapu,
Mb Ba bbnan camapanm ¢oiiganaHuIl UMKOHHHN OepaJuraH Kaij KHJIMHYBYH
KapToYKajap PEKBU3UTIApU OyHnyYa XyXOKATIapHU KEHT KyJaMJa KUJIUPHIIL;
XOIUMIIAp JAaBO3UMIIApH, cTaHaapt  ubopa Ba Ccy3 alIManryBu
MabJIyMOTHOMAJapUHU  IOPUTHILI;  MabIyMOTHOMAaHWM  y3BUM  TaxpUpJIalll;
XyXKaTiap, KailJ KWIKMII KapTOTEKacH, IAaXCUi HIIap, MaB3y pyOpuKaiapu Ba
Oomika Me3oHJap Oyiimya OaxxapyBUM amaUlapHU THU3UMIa OUPUKTUPUIILIA
XOJMMJIapra pyxcaT OepHlll XyKYKMHU MaBKEJAIUTUPHILI Basu(alapuHA amaira
OLLIMPYBYM HA30pAT KWJIKII OOBEKTIIAPH aKPaTH KapajraH.

CUDA NVIDIA texnonorusicu acocuaa, Counkc-4 MyxXuTuga HMIIOBUN
XaTOJIAPHU HAa30paT KWJIMII Ba TaXpUpJall AACTYPUN TU3UMHUHT KOOUFH UILIa0
yuKuiTrad. byHra Kyitugaru GyHKUUsIapHU KOPUH STUIITA KapaTWiIraH MOJyJuiap
kupaau: moayn @1 — cy3HM KUpUTaAu Ba YHHM BUPTYyall jKaJABajJaH YyTKa3alu;
Moayn d2 — myratna OMHApPAW U3JAIl YCIYOUHU KopuhnamTupaau; moayn d3 —
JyFaTHYU CaKJall Ba IOKJAll y9yH MAaCCUBHU WIAKIUIAHTUPAAH; MOyl @4 — Te3kop
capaJlalllHU >KOpuil 3Taau; moayn @S5 — o00bekTIap aJIMalldIIMHU amajra
ommpanu; Moayn O6 — cy3map yerapacuHM TEKIIHUPAAU; MOAYJ D7 — IOKJIAHraH
JAyraTna OWHApiAM W3MalIHU amanra omupaau; moxayn D8 — opdorpaduk
XxaToJapHu HazopaT Kwiaan, P9-D15 monmymmapu — opdoprpadusHu Hazopat
KWINII MYXUTHJAa MaTHHM TpaHCIWTEpaUMsuIaliHu amanra omwmpann; ®16-020
MOAYJJIapU — KUPUTHITAH MAaTHHU MapCHHIJAIl YCIyOWHU JXOpUH dTaaud Ba
MAapCUHITIM MOJACIUIAITHPUIIHU aMaira omupannd; Moyl P21 — ucrebmoayura
Xy’XoKaTinap OwiaH HIUIall Ba TypJid WIPUPT XOCCATApPUHUA TaxpUp KHIWLI,
KYIIUII, MaTHHU Taxpup KWJIuIl Ba Oekop Kuiumi, xamaa ¢aitn cudaruna
XOTHpara OJMII WMKOHMSTIApUHU Oepanu; Moayiabr d22 — MaTHIU TpoLEeccop
Oyiinua TaxpupjioBuYd Ba VY30eKk Twiuaard wmaTHHU dopmaTiaiiauran MDI
uioBacu; monyn @23 — wioBanap €nuiranjaa, Oapuya XyX#OKaTJIApHUHT TYFpU
SIMINIIVHA TabMUHIIANIN.

Opdorpaduk xatomapHu Taxpup Kuiuml Basudpacuau  Xaddman
MOCIallyBYaH KoJiepu Oyiinya amasira olupyBYd MOAyJuiap >kopuit stunrad. ly
KATOp/Aa, KaWTapuiyBUYM THUKIAHHII TaMOWWILIApUHM KyJuamjga 3uB-Jlemmen
KoujJacu Oyinya KoJJall Ba MXYaMJIAIITHPUII MOJEN Ba aJIfOPUTMIIApH aMalra
omupuirad. Jlemnen-3uB-Beny CTaTUCTUK KOJIAIIHUHT TaMOWMIIM Ba KOUJACU
Oyiinua MaTH KaTOpJAapWHU CaKjJIaiuraH Ba TapTUONAITaH KaTakjiapra jsra
JYyFaTHU KYJUIallra acOCJIaHTaH TaKOMMJLUIAIITUPUITAH MOAYJ >KOPUN STUIITaH.
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ApudMeTHK KOMJAIITUPUIIHUHT OJAWN, SPUM MOCHALIyBYaH Ba MOCIAIIyBYaH
MOJIEJJIapH acoCUAa axO0pOT TapKUOMUIaru UMJIOBUI XaTOJIapHU Ha30paT KUIYBUU
JAacTypuil MOZYJI IpaTHIITaH.

V36ex THIM MaTHIApU MMIOCHHH HA30paT KUTyBYH THU3UMHHHT ACOCHii
cuH(apu, GaodUATHHM TalIKWI KWINIL YCIyOosapu Ba yMyMUH TapKuOu
aHUKIaHAU. Tu3uM Tapkubiiapu OYiinda nacTypuil MaxcCyJIOTIapHU KauJl KHJIMII
TYBOXHOMANAPH OJMHTaH. Y36ek «spell-checker»s MMIIOHM MKKM KYpUHHIIATH
andaBuTaa HA30paT KUIWIIra KOAMp Ba Tanad Oyitmua Oup andaBuT TypHuaaH
Oormkacura ajaMaIiTHPaIu.

MatHiu MabIyMOTJIap UIIOHWIMIUMTMHNA Ha30paT KWIALI TU3UMHU Ba UILTA0
YUKWITAH alTOPUTMIIApU TaXpUOaBUIl TEKIIUMPYBAAH YTKAa3WIAM Ba HaTIKajlapu
Cam/IYna macodanan ykutuim th3umu Ba «Jlazzar-MeBay OXT mabiymoTiapu
Oyiinua TaxJuia KWIMHAA. TaJKUKOT HAaTHXalapy, aMajdueéTra xyja sKuH OyiraH,
KyiHJary mapouTiapaa OJUHAN: KUPUTUIAIUTal MabayMoTaap xaxmu 10° Genrn
(300 snexkTpon MaTHIM caxuda); XaTONUKIAp dXTUMOJIM Kuiimat - P =3,7-107;
XYAOKATIAru cy3 y3yHiuru yprada 8 yHiu Oenrura TeHr; PR-opTuxuanukinapuu
KyJJamra acocjaHraH aJroputviap OyinYa XyxioKariaapaaru cysiaap XUMos
KWJIMHTaH; 3JIEKTPOH BOCUTAJIAP Y3UJIUII Ba HOCO3JIUKIApU OuilaH OOFIMK XaTojap
xucoOamnga naodaTra OJIMHMAaN .

XKansanma Typiu Me3onnap OyiiMya axOOpOT HILNOHWIMJIMITMHM Ha3opar
KWIyBYM AJITOPUTMIIAP CaMAPAJOPIUTHMHUHI KUECUM TaxJIMIM KEJITHPUJITAH.
Kanpan 6,7 ycTyHnapuaa XaTo AaHUKIAHMACIUTH HXTUMOJM  acCalHIIN
ko3p¢unmeHTH  (axOOpOT HWUIOHWIMIUTHHUA TAabMUHJIOBYM  IOTYK), SIbHU
K, =P/P, —nasapuii Ba K, = P/P, — taxxpubaBuii KuiiMaTjiapy KeJITHPUIITaH.

XKanpan 8,9 ycrymmapuma Hazopar wmypakkabmuru - K, =T,/T,,
K, =T,IT,, xamga 10, 11 ycryHmapga >KOpUH OSTHII XapaxaTiaapu -
K., =C,IC

MasbiymoTinapra Mo 0epuill 00bEKTIApU XYyCYCUSTUTA aCOCaH TU3UMHU
KOPHUI KWJIHII HIAPOUTIAPU: MabIyMOTHH KJIIAaBHATYPaIU KUPUTUII MypaKkKaOIuru
— 400 coar, kupuTHII Xapaxxatu — 60 MUHT CyM, XaTOHU BU3yasl Ha30paT KUJIUII
Mypakkabmuru — 350 coar, XaTOHU BU3yasl Ha3opaT KWIMII XapaxaTiapu — 45
MUHT CYM, CKaHepJjall Ba TaHUII MypakkaOauru — 150 coat, xapaxatu — 25 MUHT
CYM MUKJIOpUJa KaOysl KWJIMHTaH.

Uusukin MHFUHAWIAPTA aCOCIAHTaH AJITOPUTMHM KYJUIAIIIa MUHUMAJ XaTo

o Ko, =C,1C, xo3ddunuenT kuimaTiapu KeITUPUITaH.

aHUKJIAaHMAcIUK SxtuMomd — P, =~3-107°; masopar mypakkaGmaru — 0,5 c.;

HazopaT xapaxaTtu — 1 MmuHT cymra 6apobap.
Texucnuk Oyiinya HUFUHOWTa acoC/IaHTaH aJIrOPUTM MHUHUMAI XaTo

AHUKJIAHMACIIUK 3XTUMOJMHU — P, ~4-107°; naszopar mypakka6bmuruau — 1,2 c.;

Hazopar xapaxkaTuHu — 1,5-2 MUHT cYM OVIMIITMHN TabMUHJIANIN.
Moy WMFUHINTA aCOCIAaHTaH ajJTOPUTM MUHUMAJ XaTO aHUKJIAHMACIIHK

sxTUMOIMHM — P, ~6-107°; mHaszopar Mypakkabmuruau — 0,8 c.; Hasopar
XapaxaTuHu — 1,2 MUHT cyM OYIUIINHT TabMUHIANWIH.
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9¢

AXOOpPOT MINOHYJIMJIMTHHYU HA30PAT KMJIHII AJITOPUTMJIAPUHUHT CAMAPAJOPJIUTH TAXJTHIH

Kansaa

XaroJapHu Ha30paT KWJIHIIL, CamapagopivK ME30HJIAPUHUHT KHIIMaTIapu
Ne| anuKnam Ba Ty3aTHIL allrOPUTMIIAPHU Sxtvonk P, Kosdbummment Hasopat Hasopar xapaxaTn
K,=P / P,. MypakKaOIura - -K_,
K.,
Hazapwii - Ta>1<p*1/16. Hazapwit Ta>1<p;16. K, K,, K, K.,
PH PH KH KH
Cynbuit opTuKyaIMKIaH (oiinananum
1 | Ymsuknu iinrusannap Oyinya 10° 2-107 100 200 1,8 1,7 2 2
2 | Mogymm fiurusmunap 6yiinaa 10-10° 5.10° 1000 5000 2 2 2 2
Tabuuit opTuKYaTuKIaH HOHTaTaHHIIT
3 | n-rpammuin MojeruIapu Oyiinya 10°-10° 4-10° 1000 4000 2 2 3 3
4 | Mopdonorux Mozen 6¥itnua 10° 2.10° 1000 2000 3 3 3 3
TapkuOuii-TeXHOJIOTHK OPTUKYATUKIAH (ONJaTaHUIIT
5 | DKcnepT TH3MMapu Ba OWIIMMITap
Oasaci acociia Hasopat Kl 10°10° | 1510° | 1000 1500 18 1,7 2 2
JITOPUTMIIAPH
6 | MaHTUKHIT Ha30paT Me30HIapH 10 2.10° 100 200 2 2 9 2
acocujiaru aJropuTMiIap
CTaTUCTUK OPTUKYAIMKIAH (oM TaTaHuII
7 | Jlemnen-3uB-Benu ycynu Ba
Bappoys-Buutep yrupuum 2.10°-10° 6-10° 2000 6000 3 3 3 3
acCOCHJary aJIrOPUTMIIAP
8 | ApudmMeTuk KoaJIal acCoCHIaru 3.10%.107 107 3000 10000 3 3 3 3
ITOPUTMIIAP




Nnura®d  4yukwnran — ycyiiap MaBKyJ  ycyJulapra HucOaTaH —Hazopar
MYpaKKaOJIUTH Ba XapakaTuHU 2-3 MapoTaba KaMaWTUPUIIM aHUKIaHAU. AXOOpOT
TU3UMU HILIKJA BU3yall Ha30paT MypakKaOJIUIru Ba Xapa)xxaTiapyu TU3UMHUHT SIPUM
aBTOMATJIAIITHPWITaH Ba TYJa aBTOMATIAIITUPUIITAH IAPOUTUAATA MYpPaKKaOIUK
Ba  Xapaxariapu HUcOaTmapu OJMHAM Ba KaOyl  KWIMHTAH  ME30H
ko3 bunreHTIapuHUHT 2-3 MapoTaba macalumuHu Kypcatau. TaxpuOaBuit -
P, HUHT KMIMAaTH YHHHT Hazapuii Kuiimatu Ouinan N° — [Tupcon me3onunuHT 0,9
Ka(oJaTau 3XTUMOUAA TEKILIUPHUIIIH.

N XyxoKaTiapuHi aBTOMATIAIITUPUIIT KOMIIBIOTEP TU3UMHU KYPUHUIIINIATH
OXT Ba MabIyMOTIapHHM aJalTHB y3aTHUIN, WIUIOB OCPHUIN Ba TaXJIMJI KUJIHII
ax00pOT-KOMMYHUKAIIUS TAPMOKJIapu/ia SpaTUiITraH yCyi, allfOPUTM Ba JACTypuil
BOCUTAJIAPHUA SKOPUM OJTUIIHUHI UKTUCOJIUUA caMapaJoOpiUruHu  XucoOiall
ycryousatd  unuiad  yuKwiaM.  AXOOpoT  KOMMYHHUKAIMS — TapMOKJapuaa
«Y3Tenekom»  Camapkann  dunuanu, Xamaa  «Jlazzar-Mea» — kymiMa
KOPXOHACUHUHT MabJIyMOTJIADHM QJIallTUB Yy3aTHINl, WIILJIOB OEpUIN Ba TaxXJIHII
KWINII KOMITBIOTEP THU3UMIIADUHUHT HWKTHUCOAMM caMapaJopiurd Xap ONIMK
MabJIyMOTJIapra UILIoB Oepuil Xxucoou O0yinya 5,1 MIIH CYMHU TallIKuI KUJIIH.

XVYJOCA

1. Juccepranusga TU3UMIM TaxXJIui, OOLMIKapyB Ba MabJyMOTiapra WILIOB
Oepumn KoHUenuscH acocuna PR-opTUKYaIMKHYM KYJuiaml TamoMuuiapu Oyitnua
unuiad YUKWIraH axO0opoT WIIOHWIMIUTMHUA TabMHUHIIOBYM KOHCTPYKTHB YCYII,
MOZEJI Ba JAaCTypPUU-aJTOPUTMUK MaKyMalapy 3JIEKTPOH XYXJKaT ailIaHHUIIN
TU3MMIIAPU CaMapaiopJIMIy Ba yHYMJIOPJIMTUHYU OLIMPHUIIHA TAbMHUHIIANAIH.

2. AXOOpOT MILIOHWIMJIUTMHU HA30paT KWIMLIAA KOJJIM, anmnaparypajid Ba
JacTypul ycyJulapu Haszapusi Ba aMalMETMHUHT XO3MPrd XOJaTHHU Oaxonail
Hatmxanapu OXT cudariu GpaonusTHHH TabMHUHIAII YYYH MaBXKYyJ OPTUKYAIUK
Typiapuaad (oNAaNaHUIl €Tapiau AMACIUTMHM KypcaTu® Oepau. AxOOpOTHH
y3aTUIll WHIIOHYWIWJIMTMHUA Ta@bMUHJIOBYM aMalluid yCyJl Ba JACTypU-aJrOPUTMUK
MaXMyaJIapuHU MIUTa0 YUKHILJA JIEKTPOH XyxokaTnapaarn PR-opTukuanuknan
doiimanaHum TaMOMMIIApU KYJJIAaHAETraH TEXHOJOTUSJIAPHU PUBOXKIAHTHPHUILI
BOCUTAJIAPVHU JIOMMXaJall IMKOHUHU SIPATA/IH.

3. Yusuknu, TEKUCITUK Ba MOAyJUiap Oyinya WUFUHIM XOCHJI KWJIYBUH,
Xaddman, Jlemnen-3us-Benu, bappoy3-Bunep kounanapu Oyiinua Ba apudmeTHk
KOJUIalll, CTATUCTUK TAHWII, MAaHTUKUWA Ha30paT yCyJUIapu IEKTPOH XYXKKaTiapu
MaTHJIApUHU Ty3HI, Y3aTUII Ba Yyjapra HWOUIOB OepHIla MabIyMOTiap
UIIOHWIWJINTUHY ~ TABMMHJIAIIHUHI  aITOPUTM Ba JAacTypuid Maxkmyallapu
MMKOHHUSTIIApUHU oMpuil yuyH PR-opTukuanuknan ¢oiigalaHUIIHUHT yCIyOuid
aCOCJIapVHM TAIIKWJI KWIAIH.

4. nuta® yuKWiITaH adropuTMIIap caMapagopiIuTrd HaMOWHIM OYVinda ymap
92% xaToylapHU aHUKJIAWIUM Ba OMp, MKKM Kappald Ba KYyIIMa TPaHCIO3ULUSIN
XaToJIapHU Ty3aTUIITa KOAup; OyHIaH TallKapu, MaBXyJ yciyOiapra HucOaraH

HAa30paT MypakkabJUIu Ba KOPUH STUIN Xapaxariaapuau P, ~4-10~° maponTua
2-3 maportaba KamMaWTUpaaAW, MAbIyMOTIAp WIMOHWIMIUTHHH 3Ca, Y4
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OapoBapuraua ommupagu. HWmpga camapagopiauk Oaxojapu Ba  MablIyMOT
VWIIOHWIWJIMTUHUA HA30paT KWJIWII MacajlaJapuHUHT aHAJUTUK €YUMIIAPUHHU XaTo
AHUKJIAHMACITUTH 3XTUMOJIM ME30HH OYVHUYa OJIUIIra SPUILIATIAIHN.

5. Mopdornoruk Ba n-rpaMmiIM TapKuOJaliradH MoJe/Ulap acoCHjia MaTHIIH
axOOpOTHM y3aTHIJa UMJIO XaTOJIApUHU HA30paT Ba Taxpup KWIYBYH YCYII,
QIrOPUTM Ba THU3UMIIAp MILIA0 YHMKWITaH. XaTOJUKIAPHUHT 3XTUMOJUIU
KypcaTKA4JIapu CTaTHUCTHKACH acocuja Huuuiad YMKWITaH n-TpaMMajlapHUHT
4acTOTanu TacHUGMIAPHU OJUII YCTyOUSITH XeUI-KOAJIApHU TApPCHHTIN KOJIall
Y4YH TH3UMJIAIITUPUILIA KYJTaHUTIATH.

6. CTaTUCTUK TaHWIIJAa MAaHTUKUI Ba apuMeTHK (DYHKIUSIIApHUA KypyBUH
MHTEPIOJSALUNS Ba 3KCTPAIOSALUS YCYJUIApU MATH 3JEMEHTIIApU TaCBUPJIAPUHU
Ha3opaT KWIHII AJITOPUTMIIAPUHU HILIA0 YWKHINIA KYJJIAaHWITaH. ABTOMAaTHK
TAQHUIII BAa TACBUpP CUTHAJUIAPHU HA30paT KWJIMII KUCMJIAPUIAH TAlIKWJI TONTaH
MabIyMOTIapra HEHpOTAPMOKJIM HIIJIOB OEpyBUM THU3UMHUJA MaTH DSJIEMEHTU
TaCBUPJAPUHUHI CUTHAJ TACHU(JIAPU UIIOHWIMIUTHMHYA HA30paT KWIKII yCyJlapu
TakJIU(@ STUIraH. Ycyi Ba airOpUTMIIAP HOTUHUK CEMaHTHK TMIIEPTapMOK Oyitnua
OXT meramaTH OOBEKTIApUHU CHUH(IAIITUPUIL Ba TacHUGIAP TETHUUIMIIUTUHU
aHUKJall acocuaa OwujiaH axOopoT MINOHWIMIMIMHM HA30paT KWJIUII THU3UMU
TapKUOUa )KOPUN STUIIATIH.

7. JIyraT, CTaTUCTUK Ba XE€II-KOJUIalll yCyJUIapura acocjiaral MabJyMOTJIap
WIIOHWIWJIMTUHUA HA30paT KWIHII MOJEN Ba ajlrOpUTMIIApU HUIUIA0 YMKWITaH Ba
ynap napamien xucoomam NVIDIA nactypuii-anmapaT MyXUTHAA COHIIA TaXJIUI
cranaapt kyryoxonamapu xamaa CPU Ba GPU opacupa makOyn mabiyMoTiIap
aJMalllyBUHUA OE€pyBUM BOCUTAJIAPHU KYJIJIAIl CaMapaJopIUTHHU TabMUHIIANWTH.

8. @peiimBopk CduHKC-4 MyXUTHIA N-TPaMMJIM TpaMMaThKa TaBCU(PUHU
OepyBYM TapaxTCUMOH MOJie] OViindya UMIIOHU Ha30paT KUJIUII TU3UM KOOUFUHUHT
TaBCU(DIaHUIIN HMACHTU(UKAIMAIAHTAH Ba apXUTEKTypacu wWNUIad YMKHITaH
xamna PR-optukuanuknan doiifaiaHagurad TypJad THJI MOJEUIAPH yUyH THU3UM
NAacTypuil MOAYJUIApDH JKOPHM OTWITaH. [HU3MMHUHT SIpaTUITaH BapUaHTHU
MOP(}OIOTHK TaXJIMJITa aCOCIaHTaH UMIIOHH Ha30paT KWIyBYM TH3UMTIa HUCOAaTaH
AHMKJIAaHMAaraH XaToJIap COHWHH, XOPUM JTHII XapaXaTJapUHU XaMJa Has3opar
MYypakKaOJIUTHHA UKKU MapoTada KaMalTUPHUILTA SPUILUIA]IH.

9. Nmnab yukuirad MOJEIJIAIITUPYBYU AITOPUTMIIAP, TacTypuil BOCUTAIap
MakKMyaJlapy Ba MabJIyMOTJIap UIIOHWIMIMTUHU PR-OpTHKUYaNiK acocuaa Ha30opat
KuTyBun TH3uMiIap OYIOHMHT aBTOMATIAIITHPHITAH YKYB KapaéHna, ax60poT-
KOMMYHHUKAIIMS TapMOKJIapua MabIyMOTIApHU aJaNTUB Y3aTHIL, UIILJIOB OEpHIII
Ba TaxJIWJ KWJIWIIZAA, IyHUHTIeK KopxoHanap O XT amanuéruaa KyaiaHuiaau.

10. WMmua® yukuiAraH »SJIEKTPOH XYXOKaT —allaHuIl — Ty3uwiMmacuia
MabJIyMOTJIAp WMIIOHWIMJINTUHU HA30paT KWJIWIIM AACTypUM MaKMyalaph XamJia
ax0opOT-KOMMYHHKAIMsl TapMOKJIapua MabIyMOTIApHHU y3aTHUI, KalTa HIIJIall
Ba TaxJIMJI KWJINII TU3UMIIApU AJIOKa, aXOOpOTIAMITUPHUIN Ba TEIEKOMMYHUKAITUS
texHojorusuiapu [lasnar Kymurtacununr «¥Ys3Tenexom» Camapkana (uianiaig Ba
«Jlazzar-MeBay» KyuiMa KOpXOHAacHJa TATOMK ATHITaH, JUCCEpTALlUs HaTHKajJapu
Oyiinua OJIMHTAaH JaJI0JIaTHOMAJIap UKTUCOIUN caMapaOpIMKHA TaC UK IH.
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HAYYHBIN COBET 16.07.2013.T/FM.29.01 npu TAIIKEHTCKOM
YHUBEPCUTETE UH®OPMAIMOHHBIX TEXHOJOI'UH u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKUCTAHA I10
MNPUCYXKJIEHUIO YYEHOM CTEINEHU JOKTOPA HAYK

IF'OCYJAPCTBEHHBI KOMUTET CBSI3U, UHOOPMATU3ALIUU U
TEJJEKOMMYHUKAIIMOHHBIX TEXHOJIOT I
PECITYBJIMKH Y3BEKUCTAH

TAIIKEHTCKAW YHUBEPCUTET UH®OPMAIIMOHHBIX TEXHOJIOT U

AXATOB AKMAJI PYCTAMOBHNY
METO/bI 1 ITPOTPAMMHO-AJITOPUTMHUYECKHUE KOMIIJIEKCbHI
OBECIHHEYEHUA JOCTOBEPHOCTH HH®OPMAIINMU B CUCTEMAX

IJIEKTPOHHOI'O JOKYMEHTOOBOPOTA HA OCHOBE PR-
MN3bBITOYHOCTHU

05.13.01 — CucreMHBbIii aHaIU3, yIpaBJjeHue H 00padoTka nHpopMauu
(TexHMYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOM JTUCCEPTAIIUN

Tamkent — 2014



Tema noxkTOpckoil auccepranuu 3apermctpupoBana 3a Ne 20.02.2014/B2013.1.T1 B
Bobicmieii  arrecraumonHoil komuccuu npu  KaOunere MunucrpoB PecnyOuauku
Y3b6exucran.

JlokTOpCcKas auccepTaiys BoinosiHeHa B CaMapKaHICKOM TOCY1apCTBEHHOM YHHBEPCHUTETE.

TTomHBIN TEKCT JOKTOPCKOM JuccepTalii pasMelleH Ha BeO-ctpanuile HayuHoro comera mo
MIPUCYKICHUIO yuéHo creneHu gokropa Hayk 16.07.2013.T/FM.29.01 npu TaiukeHTCKOM
YHUBepCcHTETE HHPOPMAIMOHHBIX TEXHOJIOTHI U HalloHaIbHOM yHUBEpCcHUTEeTe Y30eKHCTaHa Mo aapecy
Www.tuit.uz.

ABtopedepar muccepTalii Ha TpeX fA3bIKax (y30CeKCKHU, PYCCKHUM, aHTIIMHCKHIA) pa3MelleH Ha
BeO-cTpanmIe Mo agpecy WWW.tUit.uz u Mudopmannonuo-obpasosarensaoM mopraine “ZIYONET” mo
azmpecy WWw.ziyonet.uz

Hay4ynbii Kymanos Ucpaunn UoparumoBu4
KOHCYJIbTAHT: JIOKTOpP TEXHUYECKUX HayK, Ipodeccop
Odunuanbubie Haoues O301 MaiukoBu4
ONIOHEHTHI: JOKTOpP TEXHUYECKUX HayK, Ipodeccop

HumanoB Akpam XacaHoBHY
JOKTOpP TEXHUYECKUX HayK, Ipodeccop

3aiinnauHoB Xakum:koH HacpuauHnoBuy
JOKTOpP TEXHUYECKUX HayK, Ipodeccop

Benymas TamKkeHTCKUI TOCy1apCTBEHHbIA TEXHUYECKUI
OpraHu3anus: YHUBEPCUTET

3amuTa nuccepranuu coctoutcs «28» wuioHs 2014 1. B 10% wacos ma 3aceqaHun
Hay4Horo coBera 16.07.2013.T/FM.29.01 npu TamkeHTCKOM YHUBEPCHUTETE MH(POPMAIIMOHHBIX
TexHoJorud u HamwonanbHOM yHuBepcureTe Y30ekuctana. (Agpec: 100202, TamkeHT, yi.
Awmmupa Temypa, 108. Tem.: (99871) 238-64-43; dakc: (99871) 238-65-52; e-mail:_tuit@tuit.uz).

C IOKTOPCKOHM muccepTammeidd MOXKHO O3HAaKOMHUTHCS B MHPOpMaMmOHHO-PECYPCHOM IICHTpE

TamkeHTCKOro yHUBEpCHTETa MH(POPMAIIMOHHBIX TEXHOJOTrHH (peructpaunoHHeii Homep 01). Anpec:
100202, Tamkent, yn. AMupa Temypa, 108. Temn.: (99871) 238-65-44.

ABtopedepar aucceprauuu pasocinan « » mas 2014 roxa.
(mpotokoin pacceutiku Ne 1 ot «  » mast 2014 r.).

X.K.Apunos
[Ipencenarens Hay4HOIO COBETA MO MPUCYKACHUIO
yu€HOM CcTeneHu JOKTOpa HayK JI.T.H., Ipodeccop

M.C.slky6oB

VYueHblil cCeKpeTapb HAYYHOT'O COBETA 10
IIPUCYKICHUIO Y4EHOU CTEIIEHU TOKTOPA HAYK
1.T.H., podeccop

T.®.bekmypatoB

[Ipencenarens HayuHoro cemuHapa npu Hayunom
COBETE MO MPUCYXKACHUIO YUIEHOH CTETIEHU JOKTOpa
HayK J.T.H., aKaJIEMHUK


mailto:666666@tuit.uz/

AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJlbHOCTh M BOCTPe0OOBAaHHOCTH TeMbl AUccepTanuu. B Muposoii
MpakTUKe HHHOPMATH3AIIMH, CUCTEMBI JIEKTPOHHOTO JoKyMeHTooOopoTa (CO/]) B
IOCJIEAHUE TOJIbl PAacCMATPUBAIOTCS M BHEAPSIOTCA HE TOJIBKO KaK CHUCTEMBI
aBTOMATH3AlMK IPOLECCOB YNPABIEHMsI, HO U KaK IOJHOLEHHbIE IIaTGOPMBbI 1JIs
CO3/1aHUS €JMHOr0 MH(OPMALMOHHOIO MPOCTPAHCTBA, YTO, OE3YCIOBHO, paCIIM-
pSeT TpaHUlbl MX MCIOJb30BaHUS W IOBBIIIAET K HUM HHTEPEC CO CTOPOHBI
Hay4yHOro cooOmiectBa. B uccnenoBaHusx BenylMX YYeHbIX cpepbl MHPOKOM-
MYHUKAIIOHHBIX TEXHOJIOTUH BBIJENSIETCS BOCTPEOOBAHHOCTD 3a/1a4 JOCTOBEPHOIO
coopa, mepemauyu, aHanW3a, KOAUPOBaHWS WHGOpMaMu Tpu (OPMHUPOBAHUU
JOKYMEHTOB JIEJIOTIPOM3BOJCTBA JUISI MOMY4YeHHsS] >(PPEKTUBHBIX  TEXHOJOTHH,
MOBBIIIAOIIMX MOOMIIBHOCTD U IPOU3BOAUTENBLHOCTE CO/I.

Kommiekcubsie wmepbl, mnpennpuHumaembie [lpaBurensctBoMm PecmyOmiuku
VY36ekucTan Mo pa3BUTHIO CUCTEM PETrHOHAJIBHO-TEPPUTOPHAIBHOTO aBTOMATHU3H-
POBAHHOTO YMPABIEHUS U CO3JaHHUIO €AMHOTO MH()OPMALMOHHOTO MPOCTPAHCTBA,
HaIpaBJIeHbl Ha IIHPOKOE BHeApeHue HH(opManuoHHBIX cucteM, COJI, 06a3
nanubix (BJl) Ha ocHOBe COBpPEMEHHBIX HH()POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX
TeXHOJIOTHI. B CcBsI3u ¢ 3TuUM, pa3paboTKa HOBBIX METOJOB HMHTEIJIEKTYyalbHOU
00paboTKK MHOOPMALIMOHHBIX PECYPCOB, MCIOJB3YEMbIX ISl  TTOBBIIICHUS
KauecTBa repeAadyd MH(opMaluu, Mo3BONSIIOIUX 3()PEKTUBHO OOHAPYKUBATh U
UCIIPABJIATh OMKUOKH B CTPYKTYPE AJIEKTPOHHOI'O JOKYMEHTOOOOpPOTa C HAUMEHb-
IIMMU  MaT€pUajJbHBIMU W BPEMEHHBIMH 3aTpaTaMH, OTJIMYAETCs 0coOoM
AKTyaJIbHOCTBIO M, BMECTE C TE€M, OCTAETCS] HEPEIICHHONM TEOPETUYECKON U MPUK-
JaHOM MPoOJIEeMOi, UMEIOIIEH BaKHOE HAPOIHO-X035MCTBEHHOE 3HAUCHUE.

TpeboBanusi, npeabsaBisgeMble K MH()OPMALMOHHBIM pecypcaM U IMOTOKaM
nepenaynd  JaHHBIX, Kak BaxXHOro (Qakropa d>(PGEeKTUBHOCTM U KayecTBa
dbyakuuonupoanuss COJ] BeipaxaroTcs B 00ecriedeHUH CTa0MIBbHOCTH, IEJI0CT-
HOCTH, COXPAHHOCTU M JOCTOBEpPHOCTH MH(popmarmu. OAHUM U3 BaXHBIX Cpeau
(bakTOpoB SABISETCS KPUTEPUH JOCTOBEPHOCTH HHQOpMAIU, O0O0YyCIOBINBA-
IOIMKACA HMCKaXXEHUEM IMEpPEeAaBaeMbIX COOOIIEHUH B HH(POKOMMYHHKALMOHHBIX
CeTsAX M3-32 COOEB U OTKA30B TEXHUYECKUX CPEJCTB, PA3IMYHOIO poja MOMEX B
KaHaJlax CBS3M, OIIMOOK OINEpaTOpOB M CHUCTEM CKAaHUPOBAHMS, a TaKKe
pacno3HaBaHMUS.

CrnenoBaTenbHO, OCOOBI HAy4yHbBI HWHTEpEC MNPEICTABISET IMOCTPOEHUE
3¢ (}EeKTUBHBIX CUCTEM KOHTPOJSI JOCTOBEPHOCTH Tiepesaun U 00paboTKu
uHpOpMaInK, KaK IPUOPUTETHOM TEXHOJIOTUM OOpaOOTKM JTaHHBIX, XapaKTepHOU
JUIs  yCIIOBUM  aBTOMAaTU3UPOBAaHHOIO  YNPABICHUS U BJIEKTPOHHOIO
JOKYMEHTO000pOTa Ha MPEANPUATUAX U B OpraHU3aLUAX.

JlJis CyIIeCTBYIOIIMX METO/I0B, HECMOTPS Ha 0OecreyeHre BHICOKOTO YPOBHS
JOCTOBEPHOCTH Tiepenaur HHPOpMaIluK, XapaKTepeH Psiji HEPEUICHHBIX BOIPOCOB,
B Kau€CTBE OCHOBHBIX U3 KOTOPBIX MOKHO BBIJCIIUTH CIEAYIOIINE: IIPH pa3padboTke
TEXHOJIOTMH 3JIEKTPOHHOTO JOKYMEHTOOOOpOTa B CTPYKTYypE MAKETOB IEperadu
JaHHBIX 3HAYUTENIbHBIN 00bEM pecypca pacXoAyeTcsl Ha 3arojIOBKU, BMECTE C TEM
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OonpIas 9acTh WH(OPMAIIUK 3aT0JIOBKOB OCTAETCS HEM3MEHHOW Ha MPOTSIKEHUU
NOTOKa Tepelayd LeJoro Kaapa (BO3HHMKAOIIas MpU 3TOM HU30BITOYHOCTH
uHbpopMalMMi U MEXaHU3Mbl  OOECHeYeHMs]  HaJeKHOCTH  JOCTaBKH,
3aKJII0YAIOUIMECs, B OCHOBHOM, B IOCJIaHUU COOTBETCTBYIOUIETO COOOIIEHUS U
MOBTOPHOM Tepejjaue MaKeToB, - MPUBOJAT NMPU OOHAPYXKEHUU U YCTPAHEHUU
OIIHUOOK K JAOMOJHUTEIbHBIM BPEMEHHBIM U MaTEPHAIbHBIM 3aTPAaTaM); KOJOBbIE U
anmapaTypHble METOIbI KOHTPOJIS Tepenayr WHGOPMAIlMK OPUEHTHUPOBAHBI, B
OCHOBHOM, Ha YCTPAaHEHHE B YIPABJISIIONINX IMOJSIX MAKETOB OJHO- U ABYKPATHBIX
TPAHCMO3UIIMOHHBIX OIMMOOK, OJHAKO, NpH Tepeaade MAaHHBIX BO3HHUKAIOT
MCKKEHHS B MHPOPMAIMOHHBIX TOJISIX, KOTOPBIE 3a4aCTYIO MPOSIBISIOTCS B BHIIC
TEKCTOBBIX OITMOOK 00JIee BEICOKON KPATHOCTH.

B osTOli CBs3M, pemieHue 3amay oOecreyeHUe JOCTOBEPHOCTH Iepeaayvu
uH(pOpMaIUH 11eIeco00pa3HO paccMaTPUBATh B ABYX aCIEeKTax.

[Ipu pemeHny EpBOTO THIA 3a7a4 CIEAYET YUUTHIBATH OIMIMOKH, BHOCUMBIC
OTIEPaTOPOM, CKAHUPYIONTUMHU U JPYTUMHU YCTPONUCTBAMH, NTPEAHAZHAYCHHBIMHU JIJIS
BBoJla MH(popmanuu. Takoro BuIa OMMOKM COCTABISIIOT HAuOOJAbIIMN 00BEM
MCKOKEHUH TEKCTOBOM MH(pOpMaIuy u Bo3HUKaroT Ha [Ipuknanaom u Ipencrabu-
TenbckoM ypoBHsx moaemu OSI (Open System Interconnection reference model).

Bo BTOpOM THIE 3a7a4 KOHTPOJIS JOCTOBEPHOCTH HH(OPMAIMH JOTOJHU-
TEJIBHO YYHMTHIBAIOTCS BEPOSTHOCTH HMCKKCHWM, BO3HUKAIONMX Ha TpaHCIOPT-
HoM, CereBoM, @usnyeckoM u Kanansaom ypoBusax OSI.

BoctpeboBaHHOCTh JuCCEpTAIMM  XapaKTEPU3YETCs TEM, UTO IIHUPOKOE
BHenpeHue |P-TtexHonorum B 3JIEKTPOHHOM JOKYMEHTOOOOPOTE CBS3aHO C
TpeOYIOIUMH TPUCTATLHOTO BHUMAaHUS 3a/layaMy MO0 OOHApYKEHHUIO U YCTpa-
HEHHUIO OITMOOK MPHU MOATOTOBKE U O(POPMIICHUHU JOKYMEHTOB.

Jlannass wuccnenoBarenbckass paboTa OpHEHTHpOBAHA Ha OOCCIICUYCHHE
peanuzanuu 3akoHOB PecnyOnuku ¥Y3o6ekuctan “O06 undopmatuzamuu’, “O0
ANEKTpOHHOM 1MdpoBoit nmoanucu”, “O6 3IEKTPOHHOM JTIOKyMeHTooOopote”, “O0
AIEKTPOHHON KoMMmepiuu”, “O0 3JIeKTPOHHBIX IiaTexax’’, a Takxke [locraHoBie-
Hus Kabunera MunuctpoB PecnyOnuku Y30ekuctan Ne 126 ot 04.05.2011 rona
«O Mepax Mo BHEIPEHUIO U UCIOJIb30BAHUIO €AMHOW 3aIIMIIEHHON 3JIEKTPOHHON
MOYTBl M CHUCTEMbI D3JIEKTPOHHOTO JOKYMEHTOOOOpOTa B HCIOJIHUTEIBHOM
anmnapare kKaOWHEeTa MUHHUCTPOB, OpraHaX rOCYJapCTBEHHOIO M XO3SHCTBEHHOTO
YIPaBJICHUS, TOCYITAPCTBEHHOMN BIACTH HA MECTAX).

Hcxonss U3 3TOro, pelieHue MEepeurciIeHHBIX 3a1ad TpeOyeT MpOBeIeHUs
CHElHAJIbHBIX HCCIEI0BaHUN U pa3paboOTOK, CBSA3AHHBIX C CO3/IaHUEM METOJIOB U
QITOPUTMOB, CIIOCOOHBIX OCYIIECTBIISITH KOHTPOJb JOCTOBEPHOCTH MH(OpMAIUu
3a CYET WCIOJb30BaHUS BJIOKEHHOW W30BITOYHOCTH, (GYHKIIMOHUPOBATH B
c(hOpMHUPOBAHHON TPAHCTIOPTHOM CpeJie U YCTPAHITH CYIIECTBYIOIINE HETOCTATKH.
JlaHHO€ 0OCTOSITEILCTBO OOYCIIOBIMBAET HEOOXOAUMOCTh BBIJICJICHUS CIICIHATb-
HOTO KJlacca ajropuTMOB it 0OecredeHHus TOCTOBEPHOCTH HHQPOpMAIMU Ha
ocHOBe HOBoro Tuna PR-u30bITouHOCTH (Property redundancy), onpenenstomieics
B 3aBUCHUMOCTH OT CBOMCTB 00pabaThiBAEMOIo 00BEKTA.

CooTBeTCTBHE HCCJIEI0BAHUS MPUOPUTETHLIM HANPABJIEHUSIM Pa3BUTHS
HAYKH U TexHoJiormd PecnmyOamkm Y30ekumcrad. /[uccepranusi BBIIIOJIHEHA B
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COOTBETCTBHUM C MPUOPUTETHBIMU HANIPABICHUSMU PA3BUTHS HAYKU U TEXHOJIOTUU:
HTII-17 — «Pa3paboTka cOBpeMEHHBIX HH(POPMAIMOHHBIX CHCTEM, WHTEJIEK-
TyaJIbHBIX CPEJACTB YINpaBlieHUs M oOydeHwus, HayuyHo-TexHuuyeckux b/l u mpor-
pPaMMHBIX TPOJAYKTOB, O0OECHEUMBAIONIMX MIMPOKOE pa3BUTHE W BHEAPECHHE
MHQOPMAITMOHHBIX M  TEJICEKOMMYHHUKAIIMOHHBIX  TexHosorui», [IIN-5 -
«Pa3paboTka WH(POPMAIIMOHHBIX TEXHOJOTHM, TEICKOMMYHHKAIIMOHHBIX CETEH,
armnapaTHO-MIPOTPAMMHBIX CPEACTB, METOJAOB M CHCTEM HWHTEIJIEKTYaabHOIO
yVOpaBJICHUS W OOy4YCHWsI, HAMPABICHHBIX Ha TOBBIIICHHE YPOBHS WHGOpMATH-
3a1uu O0IIeCTBaY.

0030p MeKIYHAPOAHBIX HAYYHBIX HCCJIEJOBAHNH M0 TeMe TUCCEePTALMH.

HccnenoBanust mo pa3pabOTKE CpPEACTB aBTOMATH3UPOBAHHOTO KOHTPOJIS
JIOCTOBEPHOCTH Tiepefaynl U 00paboTKM WH(GOpPMAIUU C YYETOM OCOOCHHOCTEH
€CTECTBEHHOTO 513bIKa MHTEHCUBHO BEIYTCA U JOCTUTHYTHI OMpPEACICHHBIE YCIIEXU
yueHbiMu cTpan CIHIA, Bemukooputanuu, Poccuun, Kuras, ['epmanuu, ABcTtpun,
[IIBeunu, Hopserun, @uunsuauu, Typuuu, M3pauns, Kanane, Kopeu, ctpan
Jlatunckoit Amepuku (bpaswnus, Apreatuna, UYunun) u ap.

B nyOnukanusx MeXIyHapOJIHBIX OJKCIEPTHBIX KOMIMAHUM, TaKUX Kak
Gartner, International Data Corporation, Wobot, Forrester, CNews Analytics,
IOHUTIPABOKC, IIpornos, Watepdetic UT, Huatemnexkt Tenekom u Jp.
OTMEYaeTcs, 4YTO pas3BuTthe TexHonorud COJ] MpOUCXOOUT B HANPABIECHUU
WHTETPAIlMA METOJIOB OOpaOOTKM OKYMEHTOB, PAa3BETBJICHHOTO  YIPaBICHUS
yepe3 WEB u aBromaTuzammu opucHbIX TiporieccoB. Hapsimy ¢ 3TuM, BeimenseTcs
aKTyaJIbHOCTh U BOCTPEOOBAHHOCTh MPHCOCIUHEHUS K HUM paHee HE3aBHCHUMBIX
TEXHOJIOTHI aBTOMaTU3UPOBAHHOTO OOHAPYKEHUS M UCIIPABJICHHS OMMOOK BBOJIA,
nepeaadud U 006paboTku MHGOPMAIMKM B JICKTPOHHBIX TOKYMEHTaX, KOHTPOJA U
KOppekiuu opdorpaduu eCTECTBEHHBIX SI3bIKOB, KaK MHCTPYMEHTAPUSI CHUKCHUS
BJIMSIHUS YEJIOBEUECKOro (pakropa.

Bwmecte ¢ Tem, 1o mepe yBenuyeHUs IOTPEOHOCTEN MOJb30BaTeNel CeTEBbIX
YCIIYT aKTUBHO BBINOJHSIOTCA HMCCIIEOBAaHUS, MOCBAIIEHHBIE pa3padOTKe HOBBIX
HAIIPaBJICHU W TMPUJIOKEHUM, OCHOBAHHBIX HA TEXHOJIOTMU IEpEeNayu JTAHHBIX.
AHQIUTUYECKOE H3YyYEHUE HAYYHO-TEXHUYECKOM JMTEPATYphl MOKAa3allo, YTO
HECOMHEHHBIM JJOCTOMHCTBOM 3JIEKTPOHHOTO JIOKYMEHTOOOOpOTa, Hapsay C
OPUMEHEHUEM  JJIEKTPOHHOW  IUMGPOBOM  MOAMUCH  WIM  TEXHOJIOTHUH,
rapaHTUPYIOUIUX MOMJIUHHOCTh U UEIOCTHOCTh JAHHBIX, SIBJISIETCSI BO3MOKHOCTD
OoOHapy>KCHHSI U UCIPABJICHUS OIMIUOOK, JOMYCKAEMBIX NPH COCTABJICHUH, BBOJIE,
mepegadye M 0o0pabOTKE DJICKTPOHHBIX JOKYMEHTOB 3a CYET METOJIOB
ABTOMATU3UPOBAHHOTO  KOHTPOJs  WHGOpMAIMKM,  CHIDKAIOIMIMX  BIUSHUC
4eJIoBeUecKoro (pakropa.

CreneHb H3Yy4YeHHOCTH MpPoOOJeMbl. METOMO0JOTHIO UCCIAEAOBAHUM 10
npo0eMaTHKe MOBBIIICHHS TOCTOBEPHOCTH Tiepenadyn U o0paboTku uHPpopMaluu
COCTAaBIIIOT METOJbl TEOPUM KOJHWPOBAHMS W annapaTypHOro MCIIOJIb30BAHUS
HMCKYCCTBEHHOM  HM3OBITOYHOCTH HMHGOpPMAIUM, OTPAKEHHBIE B  OOJBIIOM
KOJIMYECTBE MOHOIpaQUUYECKUX paldOT, IUCCEPTAIMOHHBIX MCCIEIOBAaHUNA U
Hay4YHBIX cTaTed. B TO ke Bpemsi CYIIeCTBEHHOW OCOOEHHOCTBIO TEXHOJOTUM
AJIEKTPOHHOTO JOKYMEHTOOOOpOTa SBISAETCS WCMHOJIb30BAHUE JOKYMEHTOB H
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COOOIIIEHHM, COJAEpKAIUX HCKYCCTBEHHYIO, €CTECTBEHHYIO, CTAaTUCTHYECKYIO W
CTPYKTYPHO-TEXHOJIOTUYECKYIO U30BITOYHOCTb.

Pe3ynbTaThl MccaeI0BaHUI MO HOBOMY HAMPABICHUIO PEIICHUS] MPOOIEMbI
WCTONB30BaHUA  PR-M30BITOYHOCTH  pa3iWyHON  MPUPOABI  MPEANoJararoT
pa3paboOTKy HIMPOKOrO CIEKTPa METOJIOB, AJITOPUTMOB U MPOTPAMMHBIX KOMILJIEK-
COB 00€CIeUeHHs] JIOCTOBEPHOCTU Tiepedayr U oOpabOTKU HH(POPMAIIMOHHBIX
pecypcoB COJI, HAydHO-METOAUYECKHUE OCHOBBI KOTOPBIX NpPEAHA3HAYCHBI IS
Pa3BUTHS CYIIECTBYIONIUX TEXHOIOTHH.

CBsi3b IMCCEPTAIMOHHOIO HCCJEI0BAHMA ¢ IUIAHAMM  HAY4HO-
HCCJIEI0BATENbCKUX PAadOT OTpaXKeHa B CICAYIONIUX MPOSKTAX:

rocyaapCcTBeHHbIN Hay4uHO-TexHuueckui npoekt (IHTII)-4 — «Pa3paborka
IPOTrPAMMHBIX CPEJICTB M METOJIOB WH(OpPMATH3alUKM, CUCTEM AaBTOMAaTH3alUU
YIPaBJIEHUS U PETYINPOBAHUS TEXHOIOTHYECKUX mpoueccor» (2000-2002 rr.);

I'HTTI-20 — «Pa3paboTka COBpEeMEHHBIX HH(POPMAIIMOHHBIX CHCTEM, CPEJICTB
yhOpaBieHus, 0a3 JaHHBIX M MPOTPAMMHBEIX MPOAYKTOB, 00ECIICUNBAIOIITIX
IUPOKOE pa3BUTHE MHPOPMAIMOHHBIX U TEJIEKOMMYHHUKAITMOHHBIX TEXHOJIOTHIN»
(2003-2005 rr.).

Hear ucciaegoBanusi pa3paboTKa KOHCTPYKTHUBHBIX METOJIOB, MOJIEIIEH,
AQJITOPUTMOB M CUCTEM KOHTPOJIS JIOCTOBEPHOCTH MH(pOpMAIUU MpHU Mepenaye u
00paboTKe JaHHBIX HA OCHOBE MEXaHM3MOB HUCIOJb30BaHus PR-u30bITOYHOCTH, a
TaKK€ WX MPOTPAMMHO-ITOPUTMHUYECKAs peanu3anus TMpu  pa3paboTke
TEXHOJIOTUI 3JIEKTPOHHOTO JOKYMEHTOO0OpOTA.

JIiist TocTHKEeHUS 11es cPOPMYIIUPOBAHBI CIEAYIONINE 3a1a4M UCCIeI0BAHMS

BBIOOD METOJIOJIOTHMH CO3JaHUSl W Pa3BUTHUS METOJOB, MPOrPAMMHO-
AITOPUTMHYECKUX KOMIUJIEKCOB U CHCTEM KOHTPOJISl TOCTOBEPHOCTH HH(OpMaIUu
Ha TPUKIAJHBIX U CeTeBbIX ypoBHAX Mozaenu OSI 3a cuer ucnonb3oBaHUsA
uH(popMaMOHHON PR-U30BITOYHOCTH Pa3TUYHON TPUPOIBL;

pa3paboTka METOJ0B U aJIrOPUTMOB KOHTPOJI HOCTOBEPHOCTU MH(MOpMALIUU
32 CYET WUCIOJb30BAHUSA MCKYCCTBEHHOW, €CTECTBEHHOM W CEMAHTHUYECKOMN
PR-130bITOYHOCTH Ha OCHOBE MEXaHHW3MOB CYMMHPOBAHUS, apU(PMETHIECKOTO H
CTaTUCTUYECKOTO KOJIUPOBAHMS;

CO3/laHHEe U TMPUMEHEHUE MEXAaHU3MOB MAPCUHIOBOTO KOJAUPOBAHUS,
N-rpaMMHOIO OINHWCAHMS, CTATUCTUYECKOTO PACIO3HABAHUS U XEII-KOJUPOBAHUS
AJIEMEHTOB TEKCTOB ISl pa3pabOTKX METOJIOB U aJITOPUTMOB KOHTPOJISI TOCTOBEP-
HOCTH UH(pOpPMAIINH;

pa3paboTka METO/IOB, AJTOPUTMOB U MPOTPAMMHBIX KOMIIJIEKCOB KOHTPOJIS
JIOCTOBEPHOCTH TEKCTOB Ha OCHOBE MOJEJNEe MHOTOYpOBHEBOTO MOPQOJIOTH-
YECKOr0 aHalu3a M N-TPAaMMHOTO CTPYKTYPHOIO TPEACTaBICHUS OIIUOOK;
MOJICIMPOBAHUE OCHOBHBIX KOMIIOHEHTOB CHCTEMbl KOHTPOJSL M KOPPEKLUHU
ophorpadum; hopmanuzaius OIEHKNA KauecTBa KOHTPOJIS;

dbopMupoBaHrEe W peanu3alus CTPYKTypHO-TeXxHoJorndeckor PR-n30b1TOU-
HOCTH Ha OCHOBE BJIOKEHHBIX JIOTUYECKHX KpPUTEpPHEB, 0a3 JaHHBIX M 3HAHUU B
COCTaBE BCTPOCHHBIX IKCIEPTHBIX CUCTEM TIPH pa3pabOTKE METOJOB U AJITOPUTMOB
KOHTPOJISI JOCTOBEPHOCTH HH(POPMAIINH;
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CO3/1aHHE€ CHUCTEMbl HHTEPAKTUBHON 00pabOTKM MH(GOPMAIMOHHBIX PECYPCOB
NyTeM CHUHTE3a aJrOPUTMOB KOHTPOJISI JOCTOBEPHOCTH TEKCTOB, IKCIIEPUMEHTAIIb-
Hasl IpoBepKa U aHanu3 3(PPEKTUBHOCTU CUCTEMBI, pacyeT 3PPEKTUBHOCTU BHE/I-
pEeHUs Pe3yJIbTaTOB UCCIEAOBAaHUI B TEJIEKOMMYHHUKAIIMOHHBIX cucTemax u CO/I.

O0bekTOM WHCCIEI0BAHMA SBISIOTCS HMHPOPMALMOHHBIE PECYPCHl U
TexHojoruu cbopa, hGopMUpOBaHUs, BBOJA, IIepeaayr U 00paboTKu MHGOpMALIUU
¥ JIOKYMEHTOB CHUCTEM DJIEKTPOHHOTO TOKYMEHTO000pOTA.

IIpenmer wMcciaeqoBaHusi — METONbI, aJrOPUTMbl M MPOTPAMMHBIE
KOMIUIEKChI KOHTPOJIA U 00ecreueHus: IOCTOBEPHOCTH UH(POPMAIH, OCHOBAHHBIE
Ha UCNOJb30BaHNe HHPOpMaMOHHOM PR-130bITOYHOCTH pa3IMyHON IPUPOIBI.

Metoabl ucciaenoBanui. B mpouecce uccienoBaHus TPUMEHEHBI METOIBI U
QITOPUTMBl TEOPUM CHCTEMHOTO aHaiu3a, Mepedauyd HH(OpMalMM, CETEeBbIX
TEXHOJIOTHM, BEpOSATHOCTH, pacro3HaBaHHs 00pa3oB, KOMIIBIOTEPHOW JIMHIBHC-
TUKH, a TAK)KE AITOPUTMHU3AINHN, MOJICTUPOBAHUS U 0OBEKTHO-OPUECHTHPOBAHHOTO
POrpPaMMHPOBAHUS.

HayuyHnasi HOBHM3HA [MCCEPTALMOHHOIO MCC/I€I0BAHUS 3aKIIOYaeTCS B
CIICTYOIIEM:

pa3paboTaHbl KOHIENIMH, METOAOJIOTHH M MPOTPaMMHO-aJTOPUTMUYECKUE
OCHOBBI ~TIOCTPOCHHUS METOJOB, MOJEJIeH W  alrOpUTMOB  OOECIeYeHUs
JOCTOBEPHOCTH HWH(MOpPMAIMA B CHCTEMax »3JEKTPOHHOTO TOKYMEHTOO0O0pOTa,
BbIJICJICHBI KJIacChl O00BEKTOB, Xapakrepusyromuecs PR-U30BITOYHOCTHIO,
OpPUMEHSIEMON JUis OO0ECleueHUs TOYHOCTH, LEJOCTHOCTH, OINEPaTUBHOCTH,
CKaTHsl, IOCTYIMHOCTU WH(OPMAIIMOHHBIX pecypcoB B CO/J;

IPEJIOAKEHBl METOJIBI U aJITOPUTMBI KOHTPOJIL JOCTOBEPHOCTH MH(POPMAIIH
3a CYET MCIMOJIb30BAaHUSI UCKYCCTBEHHOM M30BITOYHOCTH Ha OCHOBE MEXaHHU3MOB
JUHEMHOTr0, MOJYJIBHOTO, IUIOCKOCTHOTO CYMMHPOBAHMM M  ONpElEIeHUs
MPUHAJICKHOCTH K 3aKOIMPOBAHHBIM MOMHOKECTBAM;

pa3paboTaHbl METOMbI M MPOTPAMMHBIA KOMIUJIEKC KOHTPOJIS TOCTOBEPHOCTH
uH(POpPMAIIMK 3a CUET HWCIOJIb30BAHUSA ECTECTBEHHON H30BITOYHOCTH Ha OCHOBE
QJITOPUTMOB CTAaTUCTHYECKOTO, apu(METHUECKOTO, MAPCUHTOBOTO KOIWPOBAHUS,
N-TPaMMHOTO CTPYKTYPUPOBAHHOTO OMHCAHUS, CTATUCTUYECKOTO PACIIO3HABAHUS U
XEIIMPOBAHUS SJIEMEHTOB TEKCTOB;

OpeIJIoKEHbl ~ METOABI W aJrOPUTMBI  KOHTPOJIA U KOPPEKIUHU
opdorpaduueckux ommOOK B TEKCTaX Ha Y30EKCKOM SI3bIKE HA OCHOBE Mojelei
MHOTOYPOBHEBOTO MOP(OJIOTHYECKOTO aHallu3a M ONHMCaHus N-TpaMMHOMN
rpaMMAaTHKHU;

pa3paboTaHbl METO/bl U AITOPUTMbI KOHTPOJISL JOCTOBEPHOCTH MHGOpMAIIUH
32 CYET WCIOJIb30BaHUS CTPYKTYpHO-T€XHOJOTHYeckoi PR-u30piToyHOCTH Ha
OCHOBE BJIO)KCHHBIX JIOTMUECKUX KpUTEpHEB, 0a3 NaHHbIX W 3HAHUA B COCTaBe
BCTPOEHHBIX KCIEPTHBIX CUCTEM;

pa3paboTaHbl METOJbl CHHTE3a aJIrOPUTMOB KOHTPOJIA JOCTOBEPHOCTHU
uH(GOpPMaIlUU B CUCTEME MHTEPAKTUBHOTO OOHAPYKEHHSI M MCIIPABJICHUS OIIMOOK
npu pa3paboTKe TEXHOJIOTUN IEKTPOHHOTO JOKYMEHTO000pOTa.
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IIpakTH4Yeckue pe3yabTaThl HCCJIEI0BAHUSA 3aKII0YAIOTCS B CIETYIOLIEM:

pa3paboTaHbl CUCTEMBI MOBBIIICHUS TOCTOBEPHOCTH MH(POPMAIIMK Ha OCHOBE
CUHTE3a METOJIOB, MCIOJIb3YIOIIUX MCKYCCTBEHHYIO, €CTECTBEHHYIO, CTaTHC-
TUYECKYI0O U CTPYKTYPHO-TEXHOJIOTMUECKYI0 PR-M30BITOUYHOCTB, TOMOJIHAIOIINE
CYILLIECTBYIOILIME KOJOBbIE M allapaTypHble METOJIbl M O0ecHeYrBalolIne
JOCTOBEPHOCTh Tepeayll TEKCTOBOW HMH(OpMAIMU Ha TMPUKIATHBIX U CETEBBIX
ypoBHsx moaenu OSI.

IpOAEeMOHCTpHUpOBaHa 3PPEKTUBHOCTh MPOrPAMMHBIX KOMILJIEKCOB KOHTPOJIS
JOCTOBEPHOCTH MH(POPMAIIMK Ha OCHOBE KPUTEPUS BEPOSITHOCTEN HEOOHAPYKEHUs
OImMOOK, YCTAaHOBJIEHO, YTO OHH 10 92% O0OHApYKMBAIOT BCE BHUIBI OIIHUOOK,
CIIOCOOHBI MCTIPABJIATh OJAHOKpATHBIC, IBYKpaTHbIE M CMEXKHBIE TPAHCIIO3UIMOH-
HbI€ OIIMOKH, CHIKAIOT TPYAOEMKOCTh M CTOMMOCTh HPOLEAYP KOHTPOJS B 2-3
pa3a, MOBBIIIAIOT JOCTOBEPHOCTh HH(POPMAIUH JI0 TPEX MOPSAIKOB.

pa3paboTaHbl CUCTEMBI KOHTPOJIA U KOppeKuu opdorpaduueckux ommdok
Ha y30€KCKOM SI3bIKE€ Ha OCHOBE MOP(OJIOrMYECKUX U N-TPAMMHBIX CTPYKTYpUPO-
BaHHBIX MOJIEJEH, METOAOB CIOBAPHOTO, CTATUCTUYECKOTO U XEUI-KOJAUPOBAHUS U
NpeAJIOKeHa MX peaju3alys B MPOrpaMMHO-aNNapaTHOM cpefe MapaiedbHbIX
BbhlunciaeHud NVIDIA ¢ ucnosnb30BaHMEM CTaHJIAPTHBIX OMOIMOTEK YUCIECHHOTO
aHajau3a, ONTUMU3UPOBaHHOTO oOMeHa AaHHbIMU Mexy CPU u GPU.

peann3oBaHa apXUTEKTypa CHUCTEMBI KOHTPOJS JOCTOBEPHOCTH TEKCTOBOM
uHdopmaruu Ha Oaze ¢pelimBopk Cdunkc-4 g MOAyled ¢ pa3IudHbIMU
SA3BIKOBBIMM MOJIEIISIMA U OIIPEAEIIEHO, YTO 110 CPABHEHUIO C CUCTEMON KOHTPOJIA
op¢orpaduu Ha 0OCHOBE MOP(OJIOTUYECKOTO aHAIN3a IPU OCTPOCHHOM BapHaHTE
CUCTEMBbI IIOKA3aTeIN YUCIIa HEOOHAPYKEHHBIX OIMOOK, CTOMMOCTH peallu3alluy U
TPYJOEMKOCTH KOHTPOJISI YMEHBIIAKOTCS 0 JBYX ITOPSAKOB.

JIOCTOBEPHOCTh MOJYYEHHBIX Pe3yJabTATOB OOOCHOBBIBAETCS TEM, 4YTO
MPOBEICHO  MAaTEeMaTHYECKOE  HMCCJIEJOBAHME  NPEMIOKEHHBIX  MOJENEH,
CPaBHHUTETbHBIA aHAIN3 TOJTYYCHHBIX (OPMYNI H BBIKIAJOK C pEaTbHBIMU U
AKCIIEPUMEHTAJIbHBIMU JAaHHBIMU Ha OCHOBE OOILENPUHATHIX KpuTepuen. s
OLICHKHU PEe3yJbTaTOB MCCIEIOBAaHUI HAa UX HEMPOTUBOPEUYUBOCTh MPOTECTUPOBAHA
3¢ ()EKTUBHOCTH MPOTPAMMHBIX KOMIUIEKCOB Ha OCHOBE OOIIMPHOTO KOHTEKCTA
XYyJI0’)KECTBEHHON M TEXHUYECKOM JIMTEPATYPHI, IIPOBEIECH CPABHUTEIBHBIN aHAJIN3
3¢ (HEeKTUBHOCTH TMPOTPAMMHBIX KOMIUIEKCOB IO KPHUTEPUSM TPYIOEMKOCTH,
CTOMMOCTH pEeau3allii U BEPOSITHOCTH HEOOHAPYKEHUs OMIMOOK JJIs IIUPOKOTO
KJIacca aJrOpUTMOB KOHTPOJISI IOCTOBEPHOCTH MH(MOpMAIUH.

Teopernueckasi M NpaKkTH4YecKass  3HAYUMOCTb  pe3yJbTaTOB
ucciaenoBanms. TeopeTuueckass 3HAYMMOCTh MOJYYEHHBIX PE3YyJIbTaTOB HCCIIE0-
BAaHMS 3aKJIFOYAETCS B TOM, YTO METOJbI, MOJEIH, aIrOPUTMbl U IPOrpaMMHbIE
KOMIUIEKCHI, pa3paboTaHHbIE Ha OCHOBE MPHUHIIMIIOB UCTIONb30BaHus PR-130bITOY-
HOCTU — UCKYCCTBEHHOM, €CTECTBEHHON U CTaTUCTUYECKOU, CTPYKTYPHO-TEXHOJIO-
TMYECKOM, MPOrpaMMHO-BPEMEHHOM B COBOKYNMHOCTH OOpa3ylOT KOHIIEHIUIO
CO37]aHUsl CUCTEM TOBBILIEHUS JOCTOBEPHOCTH MH(POPMAIIMM Ha OCHOBE CHHTE3a
MPUKIAAHBIX METOOB, JOMOJHSIONMX CYIIECTBYIOIINE KOJOBBIE U anmnapaTypHbie
METO/Ibl U 00€CIIEUNBAIOIINX TOCTOBEPHOCTD MEpPelayl TEKCTOBOU MHPOPMALIMH B
CO/1 na npukiiagHbIX ypoBHAX Moaenu OSI.
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[IpakTHdeckast IEHHOCTh pabOTHI 3aKi04YaeTcsa B npuMeHeHnu PR-u30b1TOU-
HOCTH JUIsl TIPOTPAaMMHOM peanu3aluu MOJeleil MHOTOYpOBHEBOIO OMUCAHUS
rpaMMaTHKd M N-TPAMMHOTO CTPYKTYpPUPOBAHHOTO TMPEACTABJICHUS TEKCTa,
MpoLIeIyp KOHTPOJISI M KOppeKIuu opdorpadguu y30eKCKOoro si3bIka, YTO MO3BOJISAET
paccunTath U A(P(EKTUBHO  HCMOIB30BATh  N-TpaMMHBIE  TOKa3aTelH,
chopMHUpPOBATH MPaBUJIa KOHTPOJI TOCTOBEPHOCTU MH(MOpPMAIMU IO MEXaHU3MaM
MApPCUHTOBOTO pACMO3HaBaHWS W KOAMPOBaHMs, OOHApYKHUBAaTh W YCTPAHATH
OLIMOKM Ha MPHUKIAJAHOM M TNPEACTaBUTEIBCKOM YPOBHsX ceTeBoid moxenu OSlI.
BHenpenue nporpaMMHBIX KOMILIEKCOB KOHTPOJISI IOCTOBEPHOCTH MH(OpMAIINH B
ctpykrype COJl mpuUBOAUT K YMEHBIICHUIO BPEMEHHBIX M MaTEepPUAIBHBIX 3aTpaT
IIPU COCTaBJICHUHU, BBOJIE U 00paOOTKE TOKYMEHTOB U YCKOPSIET IMPOLECCHl 0OMEHa
uH(dopMaIel 3a CYeT aBTOMATHYECKOTO OOHAPY>KEHUSI M UCIPABJICHUS OIIMOOK,
KOTOpBIE BJICUET 3a CO00M uemoBedeckuit hakTop.

BHenpenue pe3yabTaToB HMccienoBaHusi. Pa3paGoTanHple  Mopenw,
QITOPUTMBI, TPOTPAMMHBIE KOMIUIEKCHl OOECHEeYeHHsT TOYHOCTH, IIETOCTHOCTH,
OTIEPATUBHOCTU U CKaTUSl NH(OOPMAIIMOHHBIX PECYPCOB 3a CYET KIACCOB OOBEKTOB
¢ PR-u30bITOYHOCTBIO BHEApPEHBI B CHUCTEMBI aJaNTHPOBAHHOM Mepeaayu,
o0paboTkm u aHanmu3a JaHHbIX CamapkaHACKOro  (Quivaia KOMIIAHUU
«Y3Tenekom» Il'ocymapCTBEHHOTO KOMHUTETa CBSI3M, UWHGOpMaTH3alUd U
TEIEKOMMYHUKAIITMOHHBIX ~ TexHosioruii  PecnyOnmuku  V30ekucran (11
«CamTenexom», 23.05.2010 r.). Pe3ynpTaThl pa3pabOTOK CHUCTEMBI aJalTUBHON
nepenayd, oOOpaOOTKM W aHalu3a JaHHBIX BHEJIPEHbI B JICSITEIBHOCTU
coBMecTHoro mpennpusatus «Lazzat Meva» (akr CII «Lazzat Meva» ot
14.05.2010 r.) ¢ rooBo# 3KOHOMHYECKOM dHPEKTUBHOCTHIO 62,2 MITH. CyM.

AnpobGanust padorsl. Pesynbrarel uccienoBanus amnpoOupoBansl Ha 30
HAyYHO-TIPAKTUYECKUX KOH(MEpEeHIMAX, B TOM 4ucie Ha 14 MeXIyHapOIHBIX
CUMIIO3UyMax, KOHTpeccax M CEeMHHapax, B YaCTHOCTH, HAa MEXIyHApPOJHBIX:
«unoBanus» (Tamkent, 2004-2009); «AkTyajabHbIe MPOOJEMBI TPHUKIIATHON
MaTeMaTUKU U UHPOPMAIMOHHBIX TeXHOJoTul — Anb-Xopeamu 2009» (TamikeHr,
2009); «ICI-2006», «ICI1-2007» (Tamkent, 2006-2007); «ICEIC 2008» (TamkeHT,
2008), X MexayHapoHON HaydyHO-MeToaudeckoi KoHbepeHiun BY3oB mo
tenekommyHukanusam (Poccus, Poctos-na-/lony, 2008), «WCIS-2008», «WCIS-
2010», «WCIS-2012» (Tamkent, 2008-2012); Il koHrpecc MaTreMaTHKOB
TIopkckoro wmwupa (Anmatel, 2009); u pecnyOnukanckux:  «CoBpeMEHHOE
COCTOSIHME W MYTU pa3BUTUS MH(POpMaMOHHBIX TexHosoruit» (Tamkent, 2006-
2008), “CoBpeMeHnHbIe MPOOJIEMBI MaTEMATHKH, MEXaHUKH M HH(POPMAIIMOHHBIX
texnonoruii” (Tamkent, 2008), «AxryanbHble TIPOOJIEMBl MAaTEMaTUKH W
unpopmatukn»  (Camapkana, 2007-2010), PecnyOnukanckas — SIpmapka
WHHOBAIIMOHHBIX HJIeH, TexHoyorui u npoektoB (Tamkent, 2008-2011).

Ony01MKOBaHHOCTH pe3yJbTaToB. [lo Teme auccepranuu omyoJIuKOBaHO
87 Hay4HBIX TPY/IOB, B TOM YHCIie 9 B MEXKTyHAPOHBIX KypHaJax.

CrpykTypa u 00beM auccepranmu. Jluccepranus COCTOMT U3 BBEICHMUS,
IIECTU TJIaB, 3aKJIIOYCHUS, CIIUCKa JIuTepatypsl, 11 npunoxenuit u cogepxut 197
CTpaHUIl TEKCTa, BKJIO4aeT 47 puCyHKOB U 12 Tabnuil.
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OCHOBHOE COIEP KAHUE IUCCEPTALINHU

Bo BBeaeHMM 00OCHOBaHa AaKTyaJlbHOCTh M BOCTPEOOBAHHOCTb TEMBI
auccepTanuu, chOpMyIHPOBAHbI 1I€Jb U 33Ja4M, BBISBICHBI OOBEKT M MpPEIAMET
HCCIICIOBAHNS, OIpPEIEIEHO COOTBETCTBUE HCCIECIOBAHUS  IPUOPUTETHBIM
HalpaBJICHUSIM Pa3BUTHS HAyKd MW TexHojorud PecmyOnauku VY30ekucras,
M3JIOKEHbl Hay4Hasih HOBHU3HA U TPAKTUUYECKHUE PE3yIbTaThbl HCCIEAOBAHUS,
000CHOBaHA JIOCTOBEPHOCTH MOJIYYCHHBIX PE3YJIbTATOB, PACKPBITH TEOPETHIECCKAS
U TMpPaKTUYECKass 3HAYMMOCTh IIOJYYEHHBIX pe3yJbTaTOB, NPUBEIECH CIUCOK
BHEJAPEHUI B  MPAKTUKYy  pPE3yJbTaTOB  HCCIENOBaHUS, CBEACHUSA MO
OMyOIMKOBAaHHBIM pab0TaM U CTPYKTYpE TUCCEPTAIIUH.

B nepBoii riase auccepranuu OCymecTBICH TEOPETUKO-UHPOPMAITMOHHBIH
aHalu3 CYIIECTBYIOIIUX KOJOBBIX M aNMapaTypHbIX METOJIOB MOBBIIICHUS
JIOCTOBEPHOCTH  Tepeaaur WHQOpMaIMu; OmnpeaeseHbl 3aayd  pa3padOoTKU
METOJIOB, MOJIEJIEH U aJrOPUTMOB KOHTPOJIS IOCTOBEPHOCTH Iepeaayud nH@opma-
UM 10 TMPHUHIMUIAM HCMOJAb30BaHusS PR-u30bITOUHOCTH — WH(DOPMAIIMOHHOM
M30BITOYHOCTH PA3JIMYHOM MPHUPOBI: UCKYCCTBEHHOM, €CTECTBEHHON M CTaTUCTH-
YECKOM, CTPYKTYPHO-TEXHOJIOTUYECKON 1 MPOrPaMMHO-BPEMEHHOM.

B pabGote mnpencraBieHa MO3UIMOHHAS CXE€Ma, OTpPaKAIOUIAs MPUHIIUI
HCTIOJIb30BaHUS KOJOBOM M30BITOYHOCTH, KOTOPBIM PacIpOCTpaHsIETCs TaKke Ha
metonbl Puna-Conomona, bBUX, FEC, npumensieMbie a1 KOHTPOJISE U KOPPEKLIUU
OmMUOOK B TOAABISIONIEM OOJBIIMHCTBE MPUIIOKEHU B chepe 1udpoBbIX
TeIcKOMMYHUKauui. [IpoBeIeHHBII CUCTEMHBIA  aHAIU3 [PUHLHUIOB U
MEXaHU3MOB  HCMOJb30BAHMS  KOJOBOW  M30BITOYHOCTH B  QJIrOpUTMax
OOHapy>KeHHMsI W  WCHOPABICHUS  OMIMOOK  TO3BOJMJ  ONPENENUTh  HX
OPUEHTHUPOBAHHOCTh HAa OOHApPYKEHUE OJMHOYHBIX, TBOMHBIX, TPOUHBIX OIIMOOK,
MMEIOIUX MECTO B HCKYCCTBEHHO BBOJIUMBIX KOHTPOJIBHBIX pa3psgax, 4TO
00yCIIOBUJIO TMPOBEJACHUE UCCIACAOBAHUM, HAMPABICHHBIX HA paclIMpEHue
BO3MOKHOCTEH KOJOBBIX H allapaTypPHBIX METOI0OB KOHTPOJIS OIIHOOK.

l'unoTte3a wuccnenoBaHus ©W pa3paOdOTOK, HAIMpPABICHHBIX Ha CO3/JIaHUE
METOJIOB M aJITOPUTMOB KOHTPOJISI TOCTOBEPHOCTH HHPopMaruu B cTpykTrype COJ]
3aKIJIF0YAETCs B UCMONB30BaHUN PR-U30BITOYHOCTH, T.€. M30BITOYHOCTH PA3IUYHON
NpUPOABl — HCKYCCTBEHHOW, CTPYKTYPHO-T€XHOJOTUYECKOM, MpPOTrpaMMHO-
BPEMEHHOM, CTaTUCTUYECKON (€CTECTBEHHOM) — JUIsl MOBBIIIECHUS! TOCTOBEPHOCTHU
nepeaayu ¥ o0paboTKu UHGOPMAITUH.

Pa3paboTanbl OCHOBHBIE MOJXOJBI K CHUHTE3Y METOJIOB, AJITOPUTMOB H
CUCTEM  KOHTpOJsi  jJocTtoBepHoctd  uHpopmanuu.  IlocnegoBaTenbHOCTD
BBIITOJTHEHUS 33J1ad IPOBEICHHBIX HCCIENOBAaHUN MNPOWUJUIIOCTPUPOBAHA B BHUJIE
CXEMbl TOCTPOCHUSI CTPYKTYPHO-(DYHKIIMOHAJIBHBIX KOMIIOHEHT aBTOMaTHU3UPO-
BaHHBIX CHCTEM KOHTPOJSI JOCTOBEPHOCTH MH(GOPMAINH, B YACTHOCTH TEKCTOBOU
(ACKATHN).

[IpuHSTO, YTO HPU PEIICHUU MOCTABICHHBIX 3aJlad OCHOBHBIM KPHUTEPHEM
a¢pexTuBHOCTH  pa3pabaThIBa€MbIX METOJOB W  QJITOPUTMOB  BBICTYIIAET
MUHHUMHM3AIMS BEPOSITHOCTA HEOOHAPY>KEHMsI OMMOOK 3a CYET HCIOJIb30BaHUS
PR-130bITOYHOCTH 10 AOMTYCTUMBIX TIPEIEIOB JOCTOBEPHOCTH MH(POPMAIIUH.
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JUis OLIEHKM BEpOSATHOCTH IpUEMa KOJOBOIO clloBa S, NpeasioKeHa
dhopmyna

2M 1
P(So/S1) =" @-P(So) RS /s,
i=1
rae P(S,) — BEpOSTHOCTh OOHAPYKEHHsI OIIMOKH B HCXOJHOM KOJJOBOM CJIOBE;

P(S; /Sl/ ) — YCIIOBHAasi BEPOSATHOCTD IIpHEMa S;-I'0 KOJa IIPU IPUHATOM 81/ ;

M — KoJIM4UeCTBO KOJOBBIX Pa3psJiOB B CIIOBE.
[IpennokeHo OLEeHUBATh BEPOSITHOCTh HEMPABWIBLHOTO IMPUEMA KOAOBOTO

CJIOBA CIEAYIOIIMM 00pa3oMm:
21 2M1 21

Py (8)= 2 P(S) 2 P(S;) = 2 P(A)),
=0 j=0 j=0
J#
rae A i~ IMOAMHOKCCTBO 3JICMCHTOB HECIIPABUJIbHO ITPHUHATBIX KOJOBBIX CJIOB.
BeposiTHOCTh HEOOHAPYKEHHBIX OIIMOOK MpeAiaraeTcs OlleHUBATh, KaK:

2m1
Poem (8) =1-(1- Pai )m - le(Aj) :
j=

[Ipennoxxkena cxema (opManu3anuy BEPOSTHOCTHBIX MPOIIECCOB IEperadn
uHGOpPMAllMd ¥ TOCTPOEHBI JHarpaMmbl BEPOSATHOCTHBIX MEPEXOAOB IJIf
MOJIyYEHUs TOKa3aTeNell OIEHKU JOCTOBEPHOCTH MAKETHOM Mepenayd JaHHBIX, a
TaK>Ke JJOCTOBEPHOCTH MH(OPMALIMHU B y3/1ax MHOToypoBHeBo# moenu OSI.

Paspaborana MeroaMka ONpENElICHHS MHUHUMAIbHOTO  KOJIWYECTBA
JOTIOJIHUTENBHON HHpOpMAINH, TpeOyeMol JiJIsi 0OHapy>KeHUsl OIIMOOK Hepeaadn
naHHbIX. [y 11000TO KOJIOBOTO METOJa, MCIOJIb3yeMOro B MakeTax Iepefadu
JaHHBIX JUI1 OOHapYXeHUs OMIMOOK B COOOIIEHUH S, IPU YCIOBUHU, YTO U3BECTEH

NPUHATHINA 3HAK S|, KOJIHMYECTBO HH(POPMAIIUH OIPENEIACTC KaK
2m om 2m
3si/s)) = m+12m > SP(Si/S))log(S;/SL)=m+ 3 P(S;/S])log(Si /S)) = (1)
k=1i=1 i—1
=m +Q/ IogQ/ + P,Q log P4 (S).
JlanpHelmmM — mpeoOpa3oBaHUEM, TMPUHSB Q/ (S)=Q(S)[1- PO(S)]_1 51
P (S) = Py (S)[L— Py (S)]* BBIpaskenue (1) mpuBOAUTCS K BHAY:

iy, Q) Q) P (S)
J(S,/Sk)—m+1_PO(S)IogQ(S) p ) PP T

« log Py (S)_%Iog[l— Po(S)]—%log(Zm -1 = m—%x

m Q(S) PH (S)
xlog(2™ —1) —log[1— PO(S)]+mlog Q(S) +mlog Py (S)

rae P, (S) - BeposTHOCTh OOHAPYKEHUsI OIUOOK B COOOIIEHUH S;
Q(S) - BEpOSITHOCTD MPABUIILHOTO TIpHeMa COOOIIeHUS S.

3nauenue J(S; / Sé) oTnpeesnsieT MUHUMYM JOIMOJHUTEIbHON MH(POPMAIUN O
coo01eHnu, TpedyeMoil Is yCTpaHEeHUsI OTEPh U3-32 HEOOHAPYKEHUS OIIHOOK.
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[IpennoxkeHO BbIpaKEHUE YIPOIIEHHOW OIEHKH Tpebyemoro oObema
M30BITOYHOCTH ISl OLICHKH d(PPEKTUBHOCTH MPOU3BOIBHOTO KOJOBOT'O METOIa

R(Sj)=1- 1 log (2" -1
(1-P) nP
[Toxazano, 4To MO pa3pabOTaHHOW METOAUKE OIlleHuBaeTcI S()PEKTUBHOCTH
IIPOrPAMMHBIX CITOCOO0B KOHTPOJIS JOCTOBEPHOCTH MH(GOPMAIIMH, OCHOBAHHBIX Ha
HCIIOJIb30BaHKue PR-M30BITOYHOCTH.

Bo BrTopoii riaBe puccepranmu pa3pabOTaHbl METOABl W AITOPUTMBI
KOHTPOJIS JOCTOBEPHOCTH MH(GOPMAIIMK B COCTABE IMAKETOB TEpelavu JaHHBIX 110
MIPUHITUTIAM UCIIOJIb30BAHUS UCKYCCTBEHHON N30BITOYHOCTH.

Pa3paGoransl METOABI W QITOPUTMBI  KOHTPOJIA  JIOCTOBEPHOCTH
uH(pOpMaIMK, OCHOBAHHBIC HA HCIIOJIH30BAHUE HMCKYCCTBEHHOW H30BITOYHOCTH C
MTOMOIIIBI0 MEXaHNU3MOB JIMHEHHOTO, TUIOCKOCTHOTO U MOYJILHOTO CYMMHUPOBAHHM,
YCTPAHSIONUX HEJOCTATKH TPATUITMOHHBIX MPOTPAMMHBIX METOIOB. AJITOPUTMBI
KOHTPOJIS TOCTOBEPHOCTH WH(OPMAITUHU ITyTEM CYMMHPOBAHUS MOTYT YCTAaHOBUTH
HE TOJIbKO HAJWYHMe ONIMOKHW B TPHHATOW ITOCIEIOBATEILHOCTH, HO W YyKa3aTh
HOMEpP TIO3UIIMH, B KOTOPOW MPOU3OIUIA OIIMOKH, IS MX aBTOMAaTHYECKOTO
ucnpaieHus. OHUM OCHOBAaHbl Ha CJEIYIOIUX NpaBUiIax: sz, — KOHTPOJb

JOCTOBEPHOCTH MH(OpMaLUK; 77, — OOHapyKEeHHE U UCIPABICHUE OLIMOOK THUIMA
Q,; 7, — oOHapyXeHue M ucnpasieHue ommbok tuna Q,; 7, — OOHapyXeHHE
omnbok thna Q,; 7. — obHapyxeHue omunoOok tuna Q,.

PazpaGorana metoguka mpoBeleHUsT OOILIEro M YacTHOTO PEIICHMs 3ajay
OlIeHKU 3((HEKTUBHOCTH KOHTPOJS JIOCTOBEPHOCTH MH(MOPMAIMU 10 KPUTEPHUIO
HEOOHApY>KEHUS OIIMUOOK ISl Pa3JIMYHBIX aITOPUTMOB.

CyMMapHasi BEpOSITHOCTbh HEOOHAPYKEHHBIX OMIUOOK JJisi MPaBHJI KOHTPOJIS
JOCTOBEPHOCTH UH(POPMALIUHU 110 JIMHEMHOMY CYMMHPOBAHUIO OTIPEIEISIETCS Kak

P, =P +P,+P,+P, ={67[mnp*(1l— p)™"* +C2C?p*(1- p)™"* +
+CCip* (@~ p)™"*°*]1+5,76-10°}.
B pab6ote uccnenoBansbl rpaduku 3hPEKTUBHOCTH aITOPUTMOB, MMOCTPOCHHBIE
Ui KPUTEPUEB TPYAOEMKOCTH KOHTPOJIS U CTOMMOCTH peaiu3alii, KOTOphIC

MOKa3aJd, 4YTO NPU MNPUMEHEHUU QJITOPUTMOB JMHEHHOTO U TMJIOCKOCTHOTO
cymmupoBanuii (/1; u I/;) o CpaBHEHUIO C APYTUMH METOAAMU TPYAOEMKOCTb U

CTOMMOCTb KOHTPOJI CHUXKaeTcs B 2-3 pasa.
['padukn  3aBUCHMOCTH  BEPOSTHOCTH  HEOOHApYXEHUS  OIMIMOOK
QITOPUTMAMHU KOHTPOJIA P, OT BEPOATHOCTH OUIMOOK P MOKa3bIBAIOT, YTO MpHU

BEPOSATHOCTH OIIMOOK B mpeaenax 102 —10™* pasHOCTb CrIOCOGHOCTH 0OHAPYKEHHS
OIMOOK  MCCJENOBAHHBIX  AJNTOPUTMOB  JIOCTUTaeT [0 JIBYX TOPSIKOB,
TPYAOEMKOCTb M CTOMMOCTb KOHTPOJII CHWXKaercss B 2-3 pas3a 3a CYET
ABTOMATUYECKOT0 UCIIPABICHUS OLIMOOK.

HaubGonbmuii 3¢ddext no mokazaTento AOCTOBEPHOCTH HHPOpMaLuu
JOCTUTAECTCsI IPU IMIPUMEHEHUM AJITOPUTMOB: [/, — MOPa3psiTHOr0 CyMMHUPOBAaHUS,

I3 ou(ppoBOro CyMMHPOBaHUS, 1, — IOCKOCTHOTO CyMMHPOBAHUSI.
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[IpoBenen ananmu3 >PQPEKTUBHOCTH AITOPUTMOB LU(PPOBOTO, YUCIOBOTO
MOJYJILHOTO CyMMHUpOBaHHUs Ha 0asuce moxayneu 8, 9, 10, 11 u mpou3BoOILHOTO
moxayisa (. Haubonpmuii 3¢dexT nmo mokaszarenato JOCTOBEPHOCTH HHGPOpMAIUU
JOCTUTAaeTCs TMpU NPUMEHEHUU  AJITOPUTMOB  MOYHUCIOBOTO  MOJYJIBHOTO
CyMMHpPOBaHMs 110 MoayisimM 8, 10 m 11.

YcraHoBiIeHO, 4TO pa3pabOTaHHbBIE AJITOPUTMBI OOHApY:KHUBAaKOT 10 92%.
BCEX BHJOB OIMMOOK ¥ HCHPABISIOT OJHO- H JIBYKPaTHBIE CMEXKHBIC
TPAHCTIO3UITMOHHBIEC OIITHOKH.

Pemena 3amaua ompejeneHusi BEPOSTHOCTH OUIMOOK IMEPBOTO M BTOPOTO
ponoB anroputma. [Ipu KOHTpOJIE OJMUHOYHBIX OMMUOOK TMOJTYYEHBI CIEAYIOIINE
dbopMybL:

ITepBoro pona:

P ~2P (1-P,)-107+P,*-10" +2P, (1-P, )-10™.

Broporo poaa:

P,~(1-P, )?-1.5-10° + P.(1-P, )-1.5-10°.
CymMapHas BEpOSATHOCTh HEOOHAPY>KEHHBIX OIIMOOK aJropuTMa paBHA:
P, =R +P,=~2P, (1- Pai)~10’2 + Q- Pai)2 -15-107°,

Ilo mpencraBIeHHON METOAMKE pEUICHUs 3a1ad 110 KPUTEPUIO BEPOSITHOCTU
HEOOHApy)KEHMUsI OUIMOOK MpOAHATU3UPOBaHA dA(PPEKTUBHOCTH AJITOPUTMOB,
MOCTPOCHHBIX I KOHTPOJISI U OOHAPYKEHUS OLIUOOK BCEX OCTATbHBIX BHJIOB.

B Tperbeii rnaBe auccepranuu pa3paboTaHbl METOABl U AITOPUTMBI
KOHTPOJISI ~ JIOCTOBEPHOCTM  MH(GOpMAalMW HAa  OCHOBE  HCIOJIb30BaHUSA
CTaTUCTUYECKOM, CTPYKTYPHO-TEXHOJIOTHYECKOH, IIPOTPaMMHO-BPEMEHHOU
U30BITOYHOCTH.

OnpeneneHo, 4To aaropuTMbl, OCHOBAaHHBIE HA MEXaHU3MbI MCIOJIb30BAHMS
JIOTUYECKUX, TEXHOJOTUYECKHUX, CTATUCTUYECKUX CBA3EH M CBOMCTB MHGOPMALIMU
CO3Jal0T OJIArONPUSITHBIE YCIOBHUSI [JIi KOHTPOJIA JAHHBIX U OO0EeCHedyuBaroT
BBICOKYIO JJOCTOBEPHOCTH Mepeaaur HHHOPMALIHH.

CdopMupoBaHbl NPUHLMIBI TOCTPOCHUSI MPOrPAMMHO-AJITOPUTMUUYECKOTO
KOMIUIEKCa KOHTPOJIsI MHpOpMaIluu Ha OCHOBE 0a3 JaHHbIX M 0a3 3HaHuii (b u
Bb3), cuctem ynpasnenust b/] (CYB/l) n sxcriepTHBIX cucTeM.

Pa3pabotanpl MeXaHHW3Mbl NPUMEHEHHUS [UIsl KOHTPOJSl JOCTOBEPHOCTH
MHpOpMAllMM  CTAaTUCTHUYECKOM  M30BITOYHOCTH,  KOTOpas  TPAAUIIMOHHO
UCIIOJIb3YETCS B 33/1auax KOJUPOBAHUSA U CXKAaTUs NIepeaBaeMoil nHpopmaluu.

[Ipennoxena o600IIEHHAs MOJIENb OIICHKA BEPOSTHOCTH HEOOHAPYKEHUS
OlIMOOK TMpU  HUCHOJIb30BAHMU  HUCCJEIOBAaHHBIX  QJITOPUTMOB  KOHTPOJIS
M300paXeHUI 3JIEMEHTOB TEKCTa!

Py = PW, + P,W,,
rae W;, W, - ko3¢ duuneHTsl noTepu, CBsI3aHHbIE COOTBETCTBEHHO C OIIMOKaMHU

[IEPBOT0 ¥ BTOPOTO POJIa, KOTOPBIE 337al0TCA B BellecTBeHHOM nHTepBaie [0,1] .
[Ipu 3TOM BCe 3J€MEHTHI KOHTPOJIMPYEMOI'O TEKCTa pa3lessioTcs Ha JBa
KJlacca: JIOCTOBEPHBIE JaHHbIE U UCKaKEHHBIE.
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VYcpeanenue BeposTHOCTU MpU OoJbiioM uucie N, 3J1eMEHTOB MEepBOro
KJ1acCa 1acT
X, =N, pl(l_ P, )Nl + Nl(l_ pl)Pﬂwz’
rae P, — BEPOSATHOCTH TOTO, YTO DJIEMEHT OTHECEH K HEBEPHOMY KJIACCY.
YCpCI[HCHI/IC ke 1mo N 2 9JIEMCHTOB BTOPOT'O KjlacCa MIPUBOAUT K

X, =N, p,PW, + Nz(l_ pl)(l_ P.v)Nz-

BrIunciieHne B3BENIEHHON Pa3HOCTH €T

X X
N_ll_N_zz = pl(l_ 2P, )Nl - (1_ pl)(l_ 2P, )Nz :

Jnst moboro P, #1/2, ouenuBatorcst cymma u pasHocts pW,; u (1— Py )Nz :

nossosrsiromue noiayunts Wy u W, B Buzie
_ X1N2_X2N1 W, = XlNZ_XZNl '
' N1N2p1 (1_2Pﬂ), i N1N2(1_ pl)(l_zpfl)

B pabote pazpaboTaHbl alropuT™Mbl KOHTPOJISL JOCTOBEPHOCTH MH(POPMALIUH,
OCHOBAaHHbIE Ha HCIIOJB30BAHUU MEXAHU3MOB CXaTus MeToJloB XaddmaHa u
apudmeTnyecKoro KoaupoBaHusA, mHpeoOpazoBanue bappoysa-Bunepa, a Ttaxxke
anroputm Jlemriens-3uBa U X MOAUDUKAIIHH.

B npensiokeHHBIX METO/IaX KIIFOYEBHIM MOMEHTOM SIBJISIETCS ONpPEACIICHUE
HIWDKHUX U BEPXHUX BEPOSTHOCTHBIX TPAHUI] KOHTPOJS Pa3pelICHHBIX KOJIOBBIX
KOMOMHAIlMi W OLEHKa HaumbOojee BEpOSTHBIX JJIEMEHTOB COOOIIEHUH,
MPEIOCTABISEMBIX ISl KOHTPOJISL.

B kauecTBe WIUIIOCTpalMy 3TOTO SIBJIEHUS MOCTPOEHBI KPUBBIE IIOTHOCTH
pacripesiesieHdss BEpOSTHOCTEH TepeqaHHOW MH(OpPMAalMM « B 3aBUCUMOCTH OT
NpUHATON f, Kak rpaduk QyHKIMH @ (o) U @(B/a) — YCIOBHOTO pacipeneneHus
IU1s HOPMAJIbHOTO 3aKOHA.

[IpakTiueckas peanu3zanusi pa3pabOTOK MOKa3ajia, YTO YEeM YK€ MpeIelibl
BO3MOJKHBIX OTKJIOHCHHH OT KOHTPOJUPYEMOTO 3HAYCHHs, TeM OOJIbIle OMMOOK
NEPBOrO0 poJia MOXHO OOHAPYKUTh METOJIOM JBYMEPHOM PpErpeccuu WM 4YeM
TECHEE B3aUMOCBS3b MEXIY KOHTPOJIUPYEMBIMU NapamMeTpaMH, TEM 3HAYECHHE
napamerpa OJKe K HICTUHHOMY.

[lomyueno oOmee W 4YacTHOE peIICHUs 3ajad, 3aKIIoYarolluecs B
HaxO0XJCHUU ONTUMAJbHBIX TPAHUIl YCJIOBHOTO MOMEHTa, MUHHMHU3HPYIOIINX

0OIIyI0 BEPOSITHOCTh OMIMOOK MPU KOHTPOJIe HHGOPMALIMK BUA:
P y(a) y(a)
P =P +P = [W(ayda +(@1-P)a- [W(a)da).
x(a) x(a)
[Ipu >TOM, MOMy4YeHBI OLEHKH JAOCTOBEPHOCTH HH(POPMAIMM HA OCHOBE
HaXOXJEeHUsA Topora pasnuuus GyHKIUM pacnpeneneHuit W(a) u W(B) 1o

YCJIIOBHOW BEPOSATHOCTU pactpeneneHus W (5/ ).

3amaya KOHTPOJS TOCTOBEPHOCTH MH(MOPMAIMU TAKXKE pelieHa Ha OCHOBE
UCIIOJIb30BaHUsl CTPYKTYpHOU PR-u30bITOYHOCTH B KOHTEHHEpax H300paKeHui
MakeTa rnepeaavyu JaHHbIX.
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Beenens! ciemyromue 0003HaUYCHUS MPOIEAYP BKIIOUYEHUS W M3BIICUCHUS:
E(V W ) =V|y — Ipolenypa BKJIIOUEHUS CTPYKTYPHOI U30BITOYHOCTH B KOHTEIHED
usobpaxennit; D(V,Vy, )=W' (mm D(Vy, )=W') - nponenypa wussieuenus
CTPYKTYPHOW H30BITOYHOCTH B Cllydae HEOOXOJMMOCTH; ¢ - MAaCIITAOMPYIOMUN
kodpunment; C — OuHapHBIM mpu3Hak nojaobus nByx curHanoB: C =1, ecnu
KO3 QUIIMEHT B3aUMHOW KOppeNsiuu OO0Jbllle HEKOTOPOro mopora o; B
npotuBHOM ciaydyae C =0.

OO0OCHOBaHBI ~CIIEAYIONIME BApUAHTBl Pa0OTHl AJITOPUTMOB KOHTPOJIS
JOCTOBEPHOCTH UH(POPMALIMA Ha OCHOBE CTPYKTYPHOU M30BITOUHOCTH.

B mepBom BapuaHTe ajiroputm KOHTPOJIS - Al(E, D,C) OCHOBBIBAE€TCSl Ha

cTporo obOpatumoM rmpouecce. [Ipu 3TomM mpennonaraercs, 4To it J1I000TO V,

cymecTByer oToOpaxenue E ' Takoe, UTO  BBIONHAKTCS  YCIOBHS:
E_l(VW):(VF,WF) u EVg,Wg)=V,, nupuuem, E™'  BoluncimrensHo
ocymectsuMo, Wr TNpPHHAaIIEKUT K KIAacCy CTIPYKTYpHOHM H30BITOYHOCTH,
NO3BOJIONIEH  U3BJI€Yb ~ UCTHHHOE M JIOKHOE  H300paKeHHs U
C(DVy ,VE WWE,8)=1.

Bo Bropom Bapuante anroput™ A,(E,D,C) ocHoBbBaeTcs Ha cia6o

obpatumom miporiecce. [Ipu sTom cTaBuTCs TpeOOBaHWE, YTOOBI BBIMOIHSIOCH
ycnosue E(Ve ,Wg )=V, . Ormeueno, uro naxe E(V,W)=V,, moxer ne

BBITOJHATBCS B CHIIY Pa3IMYHOrO poja uckaxenuit Vyy . C Apyroit CTOpOHBI, 3TO
TpeOOBaHUE CIIMIIKOM CJI1a00 Ul ONpeAeneHnss 00paTUMOCTH, B CBSI3H C Y€M OHO
3aMeHeHo Ha TpeGoBanue, uto6sl E(Ve ,Wg )=V, rne C(Vy-,\Viy,J)=1.

JdpyruM ycrnoBueMm ydera ciaaboil oOpaTMMOCTH Tpoliecca B aJIrOpHTME

AZ(E, D,C) SBJISIETCSL TO, 4TO Ui Jro0oro V), CyllecTByeT OTOOpa)keHue E!
Takoe, TJIe E_l(VW ):(VF ,WF) " E(V,: We ):VW-. Ipu »tom EL
BBIUHMCIIUTEIBHO  OCYIIECTBUMO, C(VW-,VF ,5)21, C(VW-,VW , 0 ):1 u
C(DMy Vg hWE,8)=1.

Pa3paGoTanbl  anropuTMbl  KOHTPOJSL  JOCTOBEPHOCTH  HUH(OpPMAlUH,
OCHOBaHHBIE Ha WCIIOJIB30BAHUU CTPYKTYpHO-T€XHOJOrH4eckoi PR-u30piTou-
HOCTU U BCTPOCHHBIX SKCIIEPTHBIX CHCTEM, 0a3 3HaHM, MPOLEAYpP JOTUUECKOTO
KOHTpOJIsI UHGOpPMAIMU U CTPYKTYp AaHHBbIX. [IpeanoskeHbl MpUHLHUIIBI BbIOOpa
XapaKTEPUCTHK, KPUTEPUM M MECTa peaju3allid PELIAIINX MPAaBHJI B COCTaBE
paccmatpuBaemoit COJI. Ha ocHoBe cGhOpMyIUpPOBaHHBIX MPUHIIAIIOB W
KPUTEPUEB TOCTPOEHBI AITOPUTMBI, MPOrPAaMMHBIE MOJYJIH CHCTEM KOHTPOJIA
noctoBepHocTH HHMopManuu B CO/I.

[IpensioxkeH KOMOMHHUPOBAHHBIM MOAXOA K HMCIOJIB30BAHUIO MPOrPAMMHO-
BPEMEHHON M30BITOYHOCTH JJIsl pean3aluu CPEACTB aBTOMATHYECKOTO KOHTPOJIS
Y BOCCTAHOBJICHUS JIAHHBIX, a TaK»Xke JUIsl (QYHKIIMOHUPOBAHUS CPEICTB 3alUThl Ha
ocHoBe PR-u30biTouHocTu. IlpoBenena kinaccudukaiuss OpraHU3alMOHHO-
OTIEpaTUBHBIX METOJOB KOHTPOJISI I0CTOBepHOCTH HHpopmaluu B CO/I.
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Cucrema KOHTPOJS JOCTOBEPHOCTH HH(OPMALMKU MOCTPOEHA HAa OCHOBE
TE€XHOJOTMH OOBEKTHO-OPUEHTUPOBAHHOTO MPOrPaMMHUPOBAHUS M  BKJIIOYAET
TPUHAILUATh (PYHKIMOHAJIBHBIX M BOCEMHAJUATh IPHUKIAIHBIX I[POTPAMMHBIX
MOJYJIEH, KOTOpBbIE€ YCTOWYMBBI K pa3JIMYHBIM BO3MYIIEHHUSIM M CIIOCOOHBI
COXPAHATh JOCTATOUHOE Ka4e€CTBO PE3YJIbTATOB BO BCEX PEAJIbHBIX YCIOBHSIX.

[IpoBenen cpaBHUTENBbHBIM aHAM3 APHEKTUBHOCTH  pa3paOOTaHHBIX
METO/ZIOB M QJITOPUTMOB KOHTPOJS AOCTOBEpHOCTH HHpopmanuu. COnuxeHue
AKCIIEPUMEHTAJIbHBIX 3HaueHud - P*y K aHaIUTHYECKUM, TOJYYEHHBIM B
TEOPETHUYCCKUX Pa3ieliaXx AMCCEPTAIMU TIPOBEPEHHI M0 Kputepuio N° — ITupcona
IIpY TapaHTUHHON BeposTHOCTU 0.9, 4TO MOATBEPKIAET XOPOIIEE COOTBETCTBUE
AKCIIEPUMEHTAJIBHBIX PE3YJIBTATOB TEOPETHUECKUM.

B 4erBepToii riaBe guccepranuu pa3paOOTaHbl METOIbI U aJITOPUTMBI
KOHTPOJISI  JTOCTOBEPHOCTH HMH(OpPMAIMM MO MPUHIMIAM  HCIOJIb30BAHUS
CTaTUCTUYECKOM M30BITOYHOCTH HA OCHOBE N-TPAMMHBIX SI3BIKOBBIX MOJENEH,
MO/eJiel MapCUHTOBOI0 KOJIMPOBAHUS U PACIIO3HABAHUS 3JIEMEHTOB TEKCTA.

CMoaenrpoBaHbl MPOIECCHI MOCTPOEHUS 3aKOHOMEPHOCTEN pacrpeaesieHus
N-rpaMMHOM CTaTUCTUKUA U pa3pabOTaHbl aJIrOPUTMbI: BBISIBIEHUS HCKAKEHHBIX
AJIEMEHTOB TEKCTa, KJIACTEPU3aLIUU, IOMCKA, CTPYKTYpU3ALMH, a TAKXKE MMOTYyUEHUS
YaCTOTHBIX XapaKTEPUCTHUK, Peaiu3yeMble MPU MOCTPOCHUHN CHUCTEMbI KOHTPOJIA U
KOPPEKIUHU OIIHUOOK.

BrisiBneHo, yto pabora cHCTeMbl KOHTPOJII Ha OCHOBE MOJENeH IOMCKa,
pacrno3HaBaHMsl M KJacTepU3allid, CBA3aHA C MPUBICYEHHEM OOJIbLIIOr0 00beMa
naMaT. /[ ycTpaHeHHs 3THX HEJOCTATKOB IPH PEIIEHUH 3a1ad KOHTPOJIA
opdorpaduu TEKCTOB PEKOMEHJIOBAHO MCIIOJIb30BAaHUE MEXAHU3MOB CHCTEM
rapajulieNIbHBIX BBIYMCIECHUM, 0CHOBaHHBIX HAa Mojieaun GPU u texaomorun CUDA.

OneHka MHMHUMHU3UPOBAHHOW TakuM oOpa3oM NOTpedsieMoil mnaMsaTu
MpeACTABISIETCS PyHKIUEN

nx

FX)=———F7%
In(L—P*"™)
rae N — JyiMHa KOJOB,
X — IepeMeHHas1, 0003Hauaroas KOJINYECTBO Xeml-(QyHKITH.

O60cHOBaHBI MPUHIUIBI, MPEATOKEHB MOJIETN U aJTOPUTMBI MTOCTPOCHHUS
CHUCTEM KOHTPOJS JIOCTOBEPHOCTH HWH(POpPMAIUHU, TMO3BOJISIIOINIME COYETaTh:
MEXaHU3MBbl CJIOBApHOTO, CTAaTHCTUYECKOTO M XEelI-KOAMPOBAHUS; CIIOCOOBI,
AITOPUTMBI, IPOLIEAYPBI NAPAILIIEIBHBIX BEIYUCICHUM.

[Ipu noctpoenuu nporpammuo-texHudeckoro komiuiekca (ITTK) koutposns
nocroBepHoct  uHpopmanun  (KIAM) wucnonb3oBaHo — yHUDHUIIMPOBAHHOE
MIPOTPAMMHO-ANNAPaTHOE pPEIICHUE Ui  MApaJUIEbHBIX  BBIYMCICHUN Ha
Buneounnax NVIDIA. OcoOGeHHOCThIO CHCTEMBl Ha OCHOBE MapaliedbHbIX
BBIYMCIICHUN SABJISIETCS TO, YTO MPHU €€ UCIIOTHEHNH PENIAETCA 3a/1a4a yCTPAHEHUS
MPEBOCXOICTBA YKCJIA JJOTUYECKUX TOTOKOB HaJl (PU3NUECKUMHU YCTPOMUCTBAMH.

Jist oueHkn 3(OPEKTUBHOCTH aNTOPUTMOB KOHTPOJIL JIOCTOBEPHOCTH
uHpOpMaMM Ha  OCHOBE MApPCHHTOBOTO  MOJCIMPOBAHUS  MPEAJIONKEHO
MCIIOJIb30BaTh ITOJIHYIO BEPOSTHOCTD BBIJICIICHUS U PACIIO3HABAHUS CTPOKHU CIIOB
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W =arg rr\}\?x PW |AP(A),

rac W — HuCcaIcaAyecMoCc CJIOBO B BHAC MHOXCCTBA JJIICMCHTOB TCKCTA
W=w,w,,.,W_;

o
P(W / A) — ycnoBHas BeposiTHOCTB ciioBa W B cTpoke A
P(A) — anpuopnas BepostHocTh cTpoku A={a,,a,,...,a,} B TeKcTe.

PaGora cucrembl KOHTpoOJsi opdorpapuyeckux OIMMOOK Ha OCHOBE
QJIITOPUTMOB TIAPCUHTOBOTO KOJAMPOBAHHUS
OpraHW30BaHa 1o PEI0KCHHON
JPEBOBUIHOW MOJIEIIH.

Cxema (DyHKIIMOHHPOBAHHS CHUCTEMBI
MAapCUHIOBOTO PAacClO3HAaBaHUS, COCTOSA-
el U3 TpeX MOAYJIEW IpPEACTaBJIEHA Ha
puc.l. «lIpenckazarens cioBa» mpeacka-
3bIBACT CIIE/lylolIee CIIOBO Wy , IAHHOE

P eACKATEIEATE CIIOEA

MFETHETOF @

HOIE TET CIIOEA

EOHCTPVETOR

TIPHMEBIKATE | HAEGE D, HaTIlpako}
k-HpC(I)I/IKCOM CJIOBO-IIapCHHI'da, U 34aTEM

Puc. 1. BzanumocBsizb Moay.ieid HepenacT yrnpasieHue Moayiro «Tarrepy.
MapCHHTOBOro Pacio3HABAHMI TEKCTA «Tarrep» mnpexnckaseiBaer POS npusHak

tk 11 ciIeayroaero CjioBa, JaHHOIO Kk -HpC(I)I/IKCOM CJIOBO-IMIapCHHIa U MOCIICAHCTO

NPEACKAa3aHHOTO  CIJIOBA a 3aTeM MepelaeT YHpaBICHHE MOJYIIIO

Y41
«KoHctpykTop». «KOHCTpYKTOp» HapallMBaeT CTPYKTYPY, HOBTOPHO TE€HEPHUPYS
NEepPEXO/Ibl, IOKA yIpaBJIEHUE HE nepeinet k Mmoayito «IIpenckazarensby.

B pabote pa3pabotaH aJiropuT™M pacro3HaBaHUs Ha OCHOBE HEUMPOHHOM CeTH
(HC) acconmatuBHOW MaMsTH IS KOHTPOJIS JOCTOBEPHOCTH DJIEMEHTOB TEKCTA.
[Ipouiecc BBOJ@ M KOHTPOJISL JOCTOBEPHOCTH CHUTHAJIA H300pa)K€HUs 3JIEMEHTa
TekcTa Ha ocHoBe HC npowmmtoctpupoBaH Ha puc. 2.

[Ipennoxxena  METONHMKA  OLIEHKH BEPOSATHOCTH HEJIOCTOBEPHOTO
pacrio3HaBaHMs IIYTEM CpPaBHEHHs pPACIIO3HABAEMOIO JJIEMEHTa TEKCTa CO
CHEeIUaIbHBIMH  CIPAaBOYHUKAMH  CJIOBO(OPM,  YAaCTOTHBIMH  CJIOBapSIMHU
MOHOTPAMM, AUTPAMM, TPUTPAMM, K-TPAMM.

_— i

O06paboTka curHaia n300pakeHus

JlucKpeTHbIi

:I> npeobpazosatens Dypre :> Cl‘IeKTp

OxHO OxHO
BBOJIA > CriIaKUBaHUsI

—

AL T ¢ Curnan Ha 06yuenne HC

H Pacno3naBarens
> Ha OCHOBE .| Cucrema
HelpoceTn " KoHTpOJs >
p BI)IXOL[ pacCiio3HaBaTeCJiAd

Puc. 2. KoHTpo/1b 10CTOBEPHOCTH CUTHAJIA 3JIEMEHTA TEKCTa
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BeposiTHOCT,  HENmpaBUIBHOTO  paclo3HaBaHUs MO o0mieMy 00beMy
CIIPaBOYHMKA OIPENEISAETCS KaK

p(r)=1-(~ p(a))]j(l—((l— p(a)) + p(a=a;)(2p(a) -1))), p(a) <107,

rie r — o00beM CHeUHAJIbHOTO CIIPAaBOYHHMKA IIPOBEPKH JIOCTOBEPHOCTH
pacrio3HaBaHus o0pasa;

p(a) — BEpPOSATHOCTH OIIMOKM 3JEMEHTAa TEKCTa IMpH Iepeaade u oOpaboTKe
uH(pOopMaIuy;

p(a=a) — BEPOSTHOCTH IPABHUIBHOI'O pPACIIO3HABaHUA, N — KOJIUYECTBO
pAacCIiO3HABAEMBIX DJIEMEHTOB TEKCTA.

JI714 OLIEeHKM BEPHOCTH PACIIO3HABAHUS CUCTEMBI, IJI€ B KAYECTBE ITAJIOHHOTO
o0Opa3sIia UCIoIb3yeTCsl TOCTOBEPHBIN AJIEMEHT TEKCTa, IoTydeHa (popmyna:

@) =1-0-p@)T . (p@@ =a)),

i=1 ai,ajeA
rae  p(a;=a) — BEPOATHOCTh MOSABICHHA WHPOPMAIMM HA  BBIXOJE

paccMaTpuBaeMoOi CHUCTEMbI KOHTPOJISI TOCTOBEPHOCTH HHPOPMAIIUH.

[Ipu mocTtpoeHnn OOOOIIEHHOTO AIrOpPUTMa CHUCTEMBI  00pabOTKH
METaTeKCTa Y30€KCKOTO s3blKa IPEUIOKEHA CXEMa OIPEAENICHUs HepapXuu
KJIACCOB, KOTOpasi MPEACTaBIIAET JIEPEBO C MPOHU3BOJBHBIM  KOJIMYECTBOM
BETBJIICHUA W OCYIIECTBICHA KiIacCH(pUKAIMSI KOHTPOJIUPYEMBIX OOBEKTOB. B
peanu30BaHHOM CUCTEME IMEPBUYHBIE TaHHBIE XpaHATCS B b3 M yTOUYHAIOTCA B
mporecce MpUOOpeTeHUs] HOBBIX 3HAHWUW mpu dkcruryatanuun COJ[. PeanbHas
Mozenb gopmupyercst B cpere b3, a cBsI3b ¢ cepBepoM OCYIIECTBISETCS 4Yepes3
3aMpoCkl MOAb30BATENS CUCTEMBI.

Pa3paboTtanHast cucreMa COCTOUT U3 CAEAYIOMUX (PYHKIIMOHAIBHBIX YaCTEeM:
BJl, B KOTOpoil XpaHSTCS STajJoHHbIE M (akTUyeckue AaHHble 00 OOBEKTeE,
pe3ynbTaThl MX CpaBHEHHUS, KOHIENTyallbHas, WHMOJIOTHYECKass U (PU3NUECKHE
Mozaenu o0bekTa; b3 cratmueckass — JKCIepTHbIE 3HaHUA, (GopMyInbl (HAKTHI,
3aBUCUMOCTH, Tabmuiel; b3 auHamudeckas — komOuHupoBanHbie moaenu HC B
BHJIE ITAJOHHBIX JUHAMHUYECKHX IPOILECCOB, C YYETOM YACTUYHOW WM TOJHOU
HEONPEACICHHOCTH MNapamMeTpoB; MOAYJb JOTHYECKOTO BBIBOJA MO AJITOPUTMY
MOPOKICHHUST TPUUMHHO-CJICICTBEHHOW CE€TU COOBITUN B  (YHKIMOHAJIBHO-
CTPYKTYPHOM MOJIENH; MOJYJIb afanTaiuu, koopauHupytomui padoty bJl u b3 B
MPOLIECCE JIOTMYECKOrO BBIBOAA B 3aBUCMMOCTH OT CJIOXKHUBIIEHCS CHUTyallUU;
MOAYJb OOBSICHEHHUS, KOTOPBIM MpeACTaBIIeT COOOM HHTEpPIpETAlUI0 Ipolecca
JIOTUYECKOTO BBIBOJA; IJIAHUPOBIUMUK, KOOPAUHUPYIOIIMA MPOLUECC PEIICHUS
3a/1auu; pelaresb, MO3BOJSIONUMNA HAX0AUTh dP(EKTUBHBIC PEUICHUS B MPSIMOM,
00paTHOM U CMEIIaHHOM MOCTaHOBKE 3aj1a4.

B mnaToil riaBe auccepraliii  MCCIEIOBaHbl OCHOBHBIE TMOJXOAbBI K
KOHTPOJIIO ¥ KOPPeKIu opdorpaduu TEKCTOB Ha y30EKCKOM SI3bIKE, pa3padoTaHbl
MOJIENIA, METOAbl M QJITOPUTMbI KOHTPOJII M KOPpPEKIuu opdorpadhuyeckux
OomMUOOK HAa OCHOBE MHOTOYPOBHEBOTO MOP(GOJIOTMUECKOr0 aHaiu3a U
UCIIOJIb30BaHUs N-TPaMMHOTO TIPEJICTABIICHUS CIOBO(OPM.
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B pesynbTaTe mpoOBENEHHOTO aHaIW3a JUTEPATYPHI BBISABICHBI TPUHIIHUIIBI,
O0COOCHHOCTH M HEJIOCTATKH HanOoJIee N3BECTHBIX METOOB MOCTPOCHHS CHCTEM Ha
OCHOBE MOP(OJOTUIECKOT0 aHau3a: pa30MeHNe TEKCTa Ha CIIOBa, COMOCTABIICHNE
CO cloBapeM, MPHUOIMKEHHOE BBIJCICHUE OCHOB CIIOB, «CIHUSHHE» TEKCTa CO
CJIOBapeM U HOpMaJIM3aIus CIIOB.

OnpeneneHo, 4YTo cyUTaromuecs Haubosee 3SPEGEKTUBHBIMU CUCTEMBI
OCHOBaHbl Ha TPUHIMIAX HCIOJIH30BAaHUS JBYXYPOBHEBBIX MOJENeH aHamn3a
cI0BOOpPM, KOTOpbIE PEKOMEHIYIOTCS B KauecTBe 0a30BOro MexaHH3Ma IMpu
MOCTPOEHUHN CUCTEM KOHTPOJISI U KOppeKIuu opdorpadun y30€KCKOTO s3bIKa.

CrnenoBaTeNnbHO, TIPU TIOCTPOSHUU CUCTEM KOHTPOJIS OMIMOOK B TEKCTaX Ha
y30€KCKOM $I3bIKE HAMOOJBIIYI0O TEOPETHYECKYI0 M MPAKTUYECKYI0 3HAYMMOCTD
MIPEACTABISIET Pean3aliisi MHOTOYPOBHEBON MOJIeT MOP(OJIOTHYECKOTO aHan3a
Ha OCHOBE CHHTE3a TPUHIIMIIOB M BO3MOXHOCTEH JIBYXYpPOBHEBBIX MOJENEH U
Croco0O0B aHanM3a ciI0BO(GOpM.

Paspaborannas B paboTe MHOTOypOBHEBAs rpaduueckas cxema MOCTPOCHHUS
c0BOGOpM y30E€KCKOTO S3bIKa OTpakaeT MOCIEAOBATEIHHOCTh MPUCOSAUHEHUS
adPpUKCOB K OCHOBAM CJIOB.

[Tomy4eHbI METOUKH ¥ TIOCTPOCHBI aJITOPUTMBI (POPMAITEHOTO OMUCAHUS U
aHanmu3a y30ekckux cioBodopM, uX (POHETHUECKUX HU3MEHEHUM U OIucaHa
MHOTOYpPOBHEBasi TaOjMIla B3aMMOCBs3el y30eKkckux adPuKcoB, MO3BOJISIONIAS
YETKO pa3o0paTh C KOHIIA 33JJaHHOE CJIOBO, PEKYPCHUBHBIM IMOIXOJOM Pa3JIOKUTh
ero mo ypoBHsSM adPUKCOB U TEM caMbiM YOCAUThCS B KOPPEKTHOCTHU
opdorpaduu. Ha ocHOBE MOTYyUYEHHBIX TEOPETUUYECKUX IMOJOKEHUN pa3paboTaHbl
AITOPUTMBI U CTPYKTYpPa CUCTEMBI KOHTPOJIA U KOPPEeKIuu opdorpadumu.

Pa3paboTana MmeTo/lMKa OLIEHKM BEPOATHOCTEH TOSIBICHUS OIIUOOK B
uH(pOpMAaIIMK Ha OCHOBE N-TPaMMHOM MOJIEIH.

Cpennsisi BEpOATHOCTh OIMMOKH HAXOIUTCA TMYTEM YCPETHEHUS YCIOBHBIX
BEPOATHOCTEH OMIMOKH MO BCEMY aHCaMOITI0 COOOIIECHU:

P=> Pai 2z Paia j!
a; aj(aj#aj)

rae POLiOLi - BEPOSATHOCTh MPABUJIBHOTO ITPUEMA ¥j - F'O COOOLLEHMS.

B cBs3u ¢ Tem, 4TO ompeneneHre BEpOSTHOCTEW N-TPaMMHBIX OIIMOOK
CBSI3aHO ¢ 00paboTkoi OodbIIOr0 00beMa CTATUCTUYECKUX JIAHHBIX U
TPYJOEMKHMH BBIYMCIICHUSMH, TIPOBEJCHO CIICHHAIBHOE MOJICTUPOBAHUE W
OCYIIIECTBJICHA aBTOMATH3AIIHSI IIPOIECCOB BBIYMCIICHUS CTATUCTUKU BEPOSITHOCTEH
N-TpaMMHBIX OITHOOK.

[IpennoxxeHHass MeTOAWKa OIpeeseT 3Ha4eHUE BEpPOSTHOCTH  p(a)

MOSIBJIEHUSI N-TpaMM « =¢...q,, PABHOE OTHOIICHHIO C(a) K OOIEMy YHUCITY
DK3EMIUIIPOB BCEX BCTPEYEHHBIX B COBOKYIIHOCTH N-TpaMM:

C(a)
Pl@)=<am
2.C(a™)
a*
r1e o — OK3eMIUISIp N-TPaMMbl M3 «TE€HEPaIbHOW COBOKYIHOCTH BCEX

HOCJIGI[OB&TGJII)HOCTGﬁ)), OTJIMYHBIN OT « .
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Ha oCHOBE YCIOBHOM BEpOATHOCTH p(a; =« |a; = Vi#|) NOABICHUS

il

OImMOOK o j

IMOJIydCHa IOJIHAA BEPOATHOCTb CTPOKHU
play ...an)=plai=ajlaj=a;Viz J)pla;=a;Viz]).
I[J'IH BBIYUCJIICHUA YCHOBHOﬁ BCPOATHOCTH  ITOABJICHHUA OIIMOOYHBIX
CUMBOJIOB B CTPOKC C YUYCTOM BCCX MPCAIICCTBYHOIIMX CHMBOJIOB IPCIaracTcs

MPaBUJIO:
n

p(ey..ay )= [H Pl |y 4 )] P(ey ).

k=2

Hcnonp3ys MapkoBckyro memnb (N—1)-ro mopsimka mNOdydeHa MpocTas
N-TpaMMHasi MOJENb OIIMOOK, KOTOpas IO3BOJIMJIA OLEHUTh CTATUCTUYECKHUE
nmapameTpbl pacCMaTPUBAEMBIX N-TpamMM.

Pazpabotan MoauuiMpoOBaHHBIN BapuaHT CUCTEMBI KOHTPOJIs opdorpaduu
Ha Oa3ze TexHonoruu ¢perimBopk Cdunkc-4, KoTopas MO3BOJISET CO3/ATh
MOIYJIBHYIO ~ CTPYKTYpY CHCTEMBI, BKIIOYaeT OTICIbHbIE KOMIIOHEHTHI,
MOCBSIIICHHBIC PEIICHUSIM CIICIM(PUICCKUX 3a/1a49 M aJanTallid MyTeM TOIIePKKN
KOHTEKCTa CBOOOJHBIX N-rpamm. Pa3paboTana 000J04YKa CHUCTEMBI U CHOCOOBI
onucaHus sapa (YHKIHOHUPOBAHUS CHCTEMBI C TIOJJICPIKKON BCEX KOMIIOHEHT U
MIPOTPaMMHBIX MOAYJEH HPEHMBOPK.

ApxutekTypa paspaboTaHHOU cuctembl Ha 0aze ¢peiimBopk Cdunkc-4
NpUBeJIeHa Ha puC. 3 W BKJIOYaeT OCHOBHBIe Onoku: Mutepdeiic, Jlexoxaep,
JIMHTBUCT, a Takke BcrioMoraTenbHbie 010ku KoHduryparus u Y TUIUTHL.

IIpunoxenue

/ Jlexonep ' \\

7 N ' - ) JInHureuct

nrepdeiic OUCKOBHK
( CrnoBapb )
OueHIumk ( Otcekarenp )
X J L i—) —_— y \( JImHrBOMOICTTE ))
\n( Mpsrain )

\ ( Konduryparop ) /

Puc. 3. Apxurekrypa cucreMbl KOHTPoJisA opdorpadun Ha 6aze Chunkc-4

Ha cxeme Taxke M300pa)KE€HBI CBSI3U MEXAYy OJIOKAaMU U CBSI3M OJIOKOB C
OCHOBHBIM TpHIIOKeHHEM. B paboTte npuBeneHo onucanue GyHKIUI OCHOBHBIX U
BCIoMoraTenbHbIX OnokoB cuctembl Wutepdetic, [exomep u JIMHrBUCT M HX
B3auMojiericTeue B ppeiimBopk Chunkc-4.
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Oyukuueir Omoka MuTepdelic sBiasercs mnpueM OAHOrO wWid Oojee
AJIEMEHTOB TeKCTa (CMMBOJIOB, OYKB, CJIOB) Ha BXOJ M NapameTpus3alus HUX B
M0CJIEIOBATEIBHOCTD MPU3HAKOB.

JIMHTBUCT TpenHa3HayeH IJI IEePEBOJAa CTAHAAPTHOM S3BIKOBOM MOJEIU
BMecTe ¢ HMH(pOpMalKMell O MapCUHTOBOM CTPYKTYPUPOBAaHHOCTH N-TpaMM U3
oaHoro wiu 6osee HabopoB [lapcunr-monenu B [louck-rpad.

[TouckoBuk B Jlexkoaepe HCHOJB3YEeT KakK MPU3HAKH, MOJYYEHHBIE U3
Unrepdeiica, Tak u [louck-rpad, renepupyemsiii B JIMHIBUCT, YTOOBI BBIMOJIHUTD
dakTrueckyto pacuuppoBKy, T€HEPAIUIO PE3YIbTaTOB.

[IpoBeneHHbIE TECTOBBIE MCHBITAHUS MOKA3aJId, YTO TOCTPOEHHBI BapUaHT
CUCTEMbl YIIy4dlIaeT IIOKa3aTelb OIIMOKM Ha CJIOBO MpPH pPAaclo3HAaBaHUU U
CKOPOCTb PabOThI CUCTEMbI, U3MEPEHHYIO B PEXUME PEaJbHOTO BPEMEHHU, — IO
CpPaBHEHHUIO C CHUCTEMON KOHTpouisi opdorpaduu Ha OCHOBE MOP(HOIOTHYECKOTO
aHanu3a B JiBa pa3a. CiielyeT OTMETUTh, YTO pab0Ta CUCTEMbI ObliIa OPraHU30BaHa
B JIByXIIpoueccopHoM pexume ¢ npoueccopamu CPU 1015SMHZ ULTRASPARC
RIII WITH 2G RAM. bnarogapsi TakoMy MCIOJIb30BAHUIO MOAYJIEH, BXOISIINX B
000m0uky Cdunkc-4, aJanTHPOBAHHBIX AJITOPUTMOB U CTOXACTHUYECKUX MOJIeIen
A3bIKa BO3HHUKAET BO3MOXKHOCTH IMOJICPKUBATH IIMPOKOE pa3zHOOOpas3ue 3ajad,
CBSA3aHHBIX C AHAJIM30M TEKCTa, T€HEepaluell TEeKCTa B Peib, pEYU B TEKCT U APYTHX
3a/1a4 00pabOTKH TEKCTOBOW MH(POPMALIUU.

Jlns opraHuzanuu yaoOHOTO TOpSAKa MOTOKOB OOpaOOTKM M 3arpy3Kd
JaHHBIX JJI1 CHUCTEM KOHTpOJIA JOCTOBEPHOCTHM UWHGOpMAllMM Ha OCHOBE
N-TpaMHHBIX MoOjeNeil pa3paboTaHbl CIOCOOBI MPEICTaBICHUS CTAaTHCTUYECKOU
uH(pOpMaLIH, UCTIONIb3yeMON B N-TpaMMHOM rpaMMAaTHUKE U APEBOBUIHAS MOEIb
ee MpeJCTaBICHHs, KOTOpas IMO3BOJISIET COKPAaTUTh pa3Mepbl 00pabaTbhiBaeMbIX
(haioB MyTeM yCTpaHEHHS N30BITOYHOCTH B CTPYKType (popmara.

B pabGore mnpowmmtocTpupoBaHa cXeMa MPOLEAYpP MAHMUITYJISUU HaJl
AJIeMEHTaMU TpaMMATUKHU JUJISl COKpAIEHHUS H30BITOYHOCTH B JAPEBOBHIHOM
MIPEACTABJICHHH.

[TocTpoenHblit ¢opmar onucaHus N-TPaMMHOM TpaMMAaTUKH TMO3BOJISIET
MO/JIEPKUBATh PA3JIMYHBIE S3bIKM MPOTPAMMUPOBAHUS U OCYILIECTBIISITH CETEBYIO
00paboTKky uH(OpMaMK 3a CYET TOrO0, YTO ONMUCAHHWE N-TPAMMHBIX MoJeen
OCYILIECTBIIEHO HAa OCHOBE rpammaTtuku XML.

B mecroii riaBe guccepraniu TPUBEIEHBI CBEACHHUS 1O pa3padOTKe
KJIACCOB, METOJOB M IMPOTrPaMMHBIX MOJYJIEM CUCTEM KOHTPOJIA JTOCTOBEPHOCTU
uH(pOpMallMi Ha OCHOBE HCIOJIb30BaHUs PR-M30BITOYHOCTH U peanu3aluu X B
CTPYKTyp€ MaKETOB Nepeaadyu JaHHBIX CUCTEM CETEBON 00paboTku MHpOopMau u
B CO/I.

PazpabGoran komriekec mporpamMmMHO-UHCTpyMeHTanbHBIX cpencts (ITHMC)
CO/1, npenHa3HAaYEHHBIX JJISI CO3/IaHMs], PEAAKTUPOBAHUS, XPAaHEHUs U Tepeladn
AJIEMEHTOB JEJIONPOU3BOACTBA MPEANPUATHS, CO3JIAHHBIX B HHTETPUPOBAHHOU
cpeae 1C 8.2. OcoOEHHOCTHIO peanu3alid CUCTEMbl SBISETCS TO, 4YTO B
peaaKTopax, CBSI3aHHBIX C BBOJOM, HaOOpoM, TpaHchopmanuend HHPOpMALIMH,
(yHKUHOHUpPYET mojacucTemMa KOHTpoist noctoBepHocTd AaHHbIXx CONTROL,
COCTOSIIAs U3 KOMIUIEKCa POTPaMMHBIX MOJyJIei, paspaboTtannbix B Delphi.
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Kommiekc mnporpamMM NOpUBS3bIBA€TCA K OCHOBHBIM IIOJCUCTEMAM U
(GyHKUIMOHANBHBIM ~ 33/lauaM  MPUMEHsSEeMON HH(POPMAIIMOHHON CHCTEMBl U
IPEICTaBIIAETCS B BUAE MPOTPAMMHBIX MPOJAYKTOB.

Cnenyer  OTMETUTH, YTO TOJCHCTEMY  KOHTPOJIA  JOCTOBEPHOCTH
MH(}OpMaAIIUU MOKHO MCIOJIb30BaTh JIOKAJLHO B KAYECTBE CEPBUCHOU MOJIEPKKU
0001 KOMITBIOTEPHOM CUCTEMBI 0OPA0OTKU TEKCTOBOU MH(OPMAILIUM U BKIIOUUTH
B cocTaB (hyHKIMOHAIbHBIX mojcucteM COJI, a Takxke B CTPYKTYpy MPOTOKOJIOB
COBPEMEHHBIX TEJIEKOMMYHUKAIIMOHHBIX CHUCTEM HJisi OOphOBI ¢ omuOKamMu Ha
[Tpuxknagaom u [IpeacraBurensckom ypoBasax OSI.

B mpunsaroit C3Jl BbIIeIeHBI OCHOBHBIE OOBEKTHI KOHTPOJSA, KOTOPHIC
BBITIOJHSIOT:  MOJIHOMACIITa0HBIA ~ MOMCK  JOKYMEHTOB IO  PEKBU3UTAM
PErMCTPAllMOHHON KapTOUYKH; BEJIEHUE CIIPABOYHUKA JIOJDKHOCTEH COTPYIHUKOB;
BEJICHUE CIIPaBOYHUKA CTAHJAPTHBHIX ()pa3 U CIOBECHBIX OOOPOTOB; PETYISPHYIO
KOPPEKTUPOBKY CIPAaBOYHUKA OpraHU3alMi; aBTOPU3ALMIO MpaB JIOCTYIA
COTPYJIHHKOB K CHUCTEME B NpPHBS3KE K UX (YHKIHMOHAJIBHBIM POJSIM B pa3pese
JOKYMEHTOB, KAPTOTEK PETUCTpaIuy, A€, TEMAaTUYECKUX PyOPUKATOPOB U APYTHX
KPUTEPUEB, UYTO TMO3BOJsAET SPQPEKTUBHO UCHOJIB30BaTh METOJ OOBEKTHO-
OPUEHTUPOBAHHOTO NporpammupoBanus, b/l u b3.

Pa3paboTtanbl mporpaMMHble OOOJOYKH CHUCTEM KOHTPOJS M KOPPEKLHUU
opdorpaduaeckux ommbok B cpene Chunkc-4 u Ha ocHoBe TexHonoruu CUDA
NVIDIA, nis KOTOphIX OOIIMMHU SBJISIOTCS MOAYJIH, PEANTH3YIOMIHUE CIICIYIOIINE
dbynkuu: moayns @1 — moaydaer Ha BXOJ CJIOBO U MPOITYCKAET €ro 4epe3 pa3oop
10 BUPTyalbHOM Tabnuue; Moayinb @2 — peann3yeT MeToJl OMHApPHOTO MOMCKA B
cioBape; Moaynb @3 — ¢dopMupyeT MaccuB Ul XpaHEHUsS U 3arpy3KH CIOBaps;
mMonysib @4 — peanusyeT ObICTPYIO COPTUPOBKY; MOAYIb D5 — peanusyer 3aMeHy
00BbeKTOB; MOAyJIb D6 — MpPOBEPSIET TPAHULIBI CIIOB; MOAYIb D7 - OCyIIEeCTBISET
OWHapHBIM TIONCK B 3arpy)kKeHHOM cioBape, wmoxayar @©8 — mpoepser
opdorpaduto; moaynu D9-O15 — peanusyroT npoueaypsl Mo TpaHCIUTEpaALUU
TEKCTa B cpene npoBepku opdorpaduu; moxynu @16-O20 — peanusyroT METOIbI
MapCUHIa BXOJHOIO TEKCTa U  BBINOJHAIOT MPOUEAYpPbl MApCUHIOBOIO
MojaenupoBaHusi; Moayiabr D21 — mo3BONSIET TMOJB30BATENsIM paboTaTh ¢
JOKYMEHTOM W PpEIaKTUPOBATh pa3lUYHbIC MIPU(PTOBBIE CBOICTBA, JOOABIATH,
pEeAaKTUPOBaTh U yAAJATh TEKCT U COXPaHATH €ro B ¢aii; moxyias ®22 — MDI
IPWIOKEHUE, pealu3ylollee TEKCTOBBIM Mpoleccop sl pPENaKTUPOBAHUS U
dbopmaTupoBaHusa TEKCTa Ha Y30€KCKOM s3bike; Moayibr P23 — obecreynBaer
paBUIBLHOE 3aKPHITHE BCEX JOKYMEHTOB, €CIIM BCE MPUIIOKEHUE 3aKPbIBACTCS.

Jlns  BeIoHEHUs (QYHKIUH KOppeKnuu opdorpa@uieckux OmmoOoK
peann3oBaHbl MOYJHM, OCHOBaHHbIE Ha adanTUBHOM kojepe Xaddmana. Ilpu
o0paTuMOM MpeoOpPa30BaHUU UCIOJI30BAHbI MOJENb U aJTOPUTM KOJAUPOBAHUS U
ckaTus 1o npabwiy 3uBa-Jlemnens. PeanuzoBan MmoauduIupoBaHHbIA MOTYJIb Ha
OCHOBE  CTaTUCTUYECKOro KoaupoBaHus Jlemnena-3uBa-Bemua, mnpuHUuMI
IIPUMEHEHUsI KOTOPOI'O 3aKJI0YaeTcs B HCIIOJIb30BAHUU CJIOBAPSA, XPAHSILIErO
CTPOKH TEKCTa M COJAEpallero MpoHyMepoBaHHbIE THe3da. Pa3paboran monyib
KOHTpPOJII Ha OCHOBE IIPOCTOM, MOJyaJanTUBHOW W aJalTHUBHOM MOJENen
apu(pMeTUYECKOTO KOJUPOBAHMUS.
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Brigenensl OCHOBHBIE KIIACCHI, MPEIIOKEHBI METOJBI M 00Ias CTPYKTypa
OpraHu3allMi CHCTEMbl KOHTpoOJisi opdorpaduu y30€KCKOro s3bIKa, MOJIY4YEHbI
CBHUJICTEJILCTBA O PErMCTpAlMM TPOTPAMMHBIX TPOIYKTOB. Y30ekckwuii Spell-
checker o6mamaeT cmocoOHOCTBIO MpOBEpATh opdorpaduio B 000HX
npeacTaBiIeHUIX aidaBuTa (JATHHWI, KAPWLIMIA) W IMPH HEOOXOIUMOCTH
NEPEBOJIUTH U3 OJJHOTO MPEJICTABIICHUS B IPYTOE.

DKcnepruMeHTallbHAs MPOBepKa W aHanu3 3P(HEKTUBHOCTH pa3pabOTaHHBIX
QITOPUTMOB U CHCTEM KOHTPOJISI JOCTOBEPHOCTH TEKCTOBOM uH(popmanmu
OCYIIECTBJIEHbl MO JAHHBIM O (PYHKIMOHUPYIOUIMX CHCTEMax MOHUTOPHHIa
nestenpHocTH CamI'yY u COJ] «Jla3zar-MeBa». Pe3ynbTaThl MOJMy4YEHBI NpHU
YCIIOBUSIX, 3aJaHHBIX OJU3KO K MPaKTUYECKUM: 00bEeM BBOJIMMON HMH(pOpMAIIUU
pasen 10° 3makam (okomo 300 CTpaHUIl SJIEKTPOHHOTO TEKCTA); 3HAYECHUE
BEPOATHOCTH OIIMO0K — P =3,7-107°; CJI0BO B JOKyMEHTE MPUHATO B CPEIHEM
paBHBIM & MECATHUYHBIM 3HaKaM; 3allUIleHa CTPOKAa OKyMEHTa B IEJIOM IMpH
NPUMEHEHUU QJITOPUTMOB, OCHOBAHHBIX HA HCIOJb30BaHWU PR-M30bITOYHOCTH
uHopManuu, omuokamMu 00pabOTKH, OOYCIIOBICHHBIMH COOSIMU DJICKTPOHHBIX
YCTPOMCTB, MPU pacueTax NpeHeOperaroT.

Pe3ynbTaThl CcpaBHUTEIBHOTO aHaiu3a 3(PGEKTUBHOCTH pa3pabOTaHHBIX
ITOPUTMOB MO PA3JIMYHBIM KpUTEpHsIM 3 ()EKTUBHOCTHU MPUBEIEHBI B Tabiuie. B
rpadgax 6, 7 mnpuBeAeHbl 3HAYEHUA KOX(D(UIIMEHTa CHUKEHUS BEPOSITHOCTEU
HEOOHApYKEHHBIX OIMOOK (KO3(pPUIMEHT BBHIUTPHINIA B JIOCTOBEPHOCTU
undopmanuu) coorserctBenHo K, =P/P, - teopernueckoe u K, =P/P;

sKcIiepuMeHTanbHoe. B rpadax 8, 9 mnpuBeneHsl 3HaueHUA KOIPPUIMEHTA
tpynoemkoctu K, =T,/T,, K, =T,/T,, a B rpadax 10, 11 xoapdumueHTsI
croumoctu K, =C,IC,,, K., =C,IC,.

JUisl CyHIEeCTBYIOIUX YCIOBUN 0OpaOOTKU aHHBIX HA 00BEKTaxX BHEIPEHHUS
HPUHATO, YTO TPYIAOEMKOCTh KIIaBUATYpHOTo BBojxa uHQpopmauuu pasHa 400
4acoB, CTOUMOCTH €€ BBoJa — 60 ThICAY CyMOB, TPYAOEMKOCTb PyYHOTO KOHTPOJIS
omr0ok — 350 4acoB, CTOUMOCTh PYYHOT'O KOHTPOJISI OMUOOK — 45 ThICSY CYyMOB,
TPYAOEMKOCTh CKaHHPOBAaHUS W pacro3HaBaHus — 150 yacoB, a cTouMocTh — 25
TBICAY CYMOB.

Y CTaHOBIIEHO, YTO MPUMEHEHHE aJrOpUTMa C UCIOJIB30BAaHUEM JTMHEWHOTO
CYMMHUpOBaHHsI OOECleyrBaeT: MHUHUMAJIbHYIO BEPOSTHOCTh HEOOHAPYKEHHBIX

Ao

ommbok — P, ~3-107°; TpymoeMkocTh KOHTpoJs — 0,5 4.; CTOMMOCTh KOHTPOIIS —

1 TBIC. CyMOB.
[IpuMeHeHre anropuTMa C IUIOCKOCTHBIM CYMMHUPOBaHMEM OOECIIEYMBAET:

MUHHMAJIBHYIO ~ BEPOSTHOCTh HEOOHApYXEHHBIX ommbok - P, ~4-107°;

TPYJOEMKOCTb KOHTPOJIA — 1,2 4.; cToMMOCTh KOHTpOJIA — 1,5-2 ThIC. CyMOB.
[IpumeneHue anropuTMa Mo MOAYJIBHOMY CYMMHPOBAHHIO OOECIIEUHBACT:

MUHMMAIbHYI0 BEPOSATHOCTh HEOOHApYXKEHHBIX OmMOOK — P, ~6-107;
TPYAOEMKOCTb KOHTPOJIS — 0,8 4.; CTOMMOCTh KOHTPOJISt — 1,2 ThIC. CYMOB.
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Tabdauma

CpaBHUTeJbHBINA aHAJIN3 Y3PPEKTUBHOCTH AJITOPUTMOB CHCTEM KOHTPOJISI JOCTOBEPHOCTH HHGopManumn

HasBanus anropuTMOB KOHTPOJIS,
OOHapYKCHHS U UCIIPABJICHUS

3HaveHus KputepreB 3GHEKTUBHOCTH

BepositHocth P Koadpdurment TpynoemkocThb CtoumMoCTh
o1nO0K H
K,=P/P,. koutpous - K, | xourpomsi—K .,
Teop.- P, JKCI P:[ teop K,, |sken K:[ K., K, K., K.,
Hcnonp3oBaHne  MCKYCCTBEHHOW  M30BITOYHOCTH
1 | Ilo nuHEliHOMY CyMMHPOBaHUIO 10® 2.10” 100 200 1,8 1,7 2 2
2 | Ilo MoxyIBHOMY CYMMHPOBAHHIO 10-10° 5.10° 1000 5000 2 2 2 2
Hcnonp3oBaHWe  €CTECTBEHHON  HM30BITOUHOCTH
3 | ITo N-rpaMMHBIM MOZEIISIM 10°-10° 4-10° 1000 4000 2 2 3 3
4 | TIo mop(ornoruueckoit Moaeny 10° 2.10° 1000 2000 3 3 3 3
Vcnonb30BaHne CTPYKTYPHO-TEXHOIOTHYECKON N30BITOUHOCTH
5 | AIropuTMBbl KOHTPOJISI HA OCHOBE
AKCIIEPTHBIX CUCTEM M 0a3 3HAHUU 10°-10° 1.5-10°® 1000 1500 1,8 1,7 2 2
6 | AIrOpuTMBI, TOCTPOEHHBIE IO 10 2.10° 100 200 5 5 5 5
KPUTEPUSIM JTIOTUIECKOTO KOHTPOJIS
Hcnonb30BaHne CTAaTUCTUYECKON U30BITOYHOCTH
7 | AnropuTMBI Ha OCHOBE METOAA
Jlemmens-3uBa-Benua u 2:10°-10° | 6-10° 2000 6000 3 3 3 3
npeoOpazoBanus bappoysa-Bunepa
8 | ArOpHTMEI lia OCHORE 3.10%-107 | 107 3000 | 10000 3 3 3 3
apu(MeTHUYECKOro KOIUPOBAHNS




OmnpeneneHo, 4TO O CPABHEHUIO C TPATUIIMOHHBIMH, pa3pab0TaHHBIC METObI
CHIDKAIOT TPYIAOEMKOCTh M CTOMMOCTh TIPOILEAYp KOHTpoisi B 2-3 pasa.
OTHOIIEHUSI TPYJOEMKOCTH ¥ CTOMMOCTH pYy4YHOTO peXuma paboThl K
TPYJOEMKOCTH U CTOUMMOCTH TOTyaBTOMAaTHYECKOTO U aBTOMAaTHYECKOTO PEKMMOB
CBUCTEIHCTBYIOT O CHIDKEHUH 3HAYCHHUH MPUHATHIX KOA(P(HUITMEHTOB MOYTH B 2-3

pasa. COimKeHHE SKCICPUMCHTAIBHBIX 3HAYECHH — P, K aHAIMTHYCCKUM

IPOBEPEHHI 10 KpuTeprio N’ — [upcona mpu rapanTuiinoit BepostHocty 0,9, 4o
MOATBEPKIAET COOTBETCTBUE IKCIEPUMEHTAIBHBIX PE3YJITATOB TEOPETUYECKHUM.

Pa3paborana Meronumka pacdyera SKOHOMHYECKOM 3(G(EKTUBHOCTH U
BHEJIPEHUSI METOJIOB, AJITOPUTMOB M MPOTPAMMHO-UHCTPYMEHTAIBHBIX CPEJICTB B
COJ1 u cucremax aganTHUpPOBaHHOW mepenay, oOpabOTKM M aHaANIM3a JAaHHBIX B
MH()OKOMMYHUKAITMOHHBIX ceTsAX. PacueTHas skoHoMmueckas 3(PEKTHBHOCTH
KOMITBIOTEPHOW CHUCTEMBbI aJalTHUPOBAHHOM Tiepenayu, oOpabOTKM M aHaau3a
JaHHBIX B HWH(POKOMMYHHMKAIMOHHBIX ceTaXx B CamapkaHjackoMm ¢uinaie
«Y3Tenekom», a Takke B COBMECTHOM mnpemnpuaruu «Jlaszar-Mesa» 1o
pe3yinbTaTaMm 0OpaOOTKM JIaHHBIX, MPEJICTABISEMbIX B €KEMECAYHBIX OTYETaX
cocTasisieT 5,1 MIH. cym.

3AK/IIOYEHUE

1. PaspabGoTaHHble B JUCCEpPTAllMM HAa OCHOBE KOHIIENIUWA CHUCTEMHOTO
aHaln3a, ympaBieHuss U oO0pabOTKM HHPOpPMAIMM KOHCTPYKTHBHBIE METOJIbI,
MOJETM M MPOrpaMMHO-AITOPUTMUYECKHE  KOMIUIEKCHI  OOecredeHus
JOCTOBEPHOCTH MH(OPMALMK O MPUHLHUIIAM HCMOab30BaHus PR-u30bITOuHOCTH
MO3BOJIAIOT MOBBICUTH 3((HEKTUBHOCTH U MPOU3BOAUTEIHLHOCT CO/I.

2. OleHKa COBPEMEHHOI'O COCTOSIHUSI TEOPUUM U TPAKTUKH KOJOBBIX,
anmnapaTypHbIX M IPOrPAMMHBIX METOJOB KOHTPOJISI JOCTOBEPHOCTH IE€peAaydn
nH(pOopMauU MoKa3ajla HeIOCTATOYHOCTh MCIOJIb30BAaHUS CYIIECTBYIOIIMX TUIIOB
M30BITOYHOCTH JJIsi oOecreueHus KadecTBEHHOro ¢yHkuuonuposanus CO/I.
[TpuHuunel ucnonb3oBaHus PR-M30BITOYHOCTH 3JEKTPOHHBIX JTOKYMEHTOB MpHU
pa3pabOTKe MPUKIATHBIX METOJOB U MPOrPAMMHO-AITOPUTMUYECKUX KOMILIEKCOB
oOecreyeHus TOCTOBEPHOCTH Nepeaadr NH(POpMaMU MO3BOJIWIN CIPOESKTUPOBATH
MHCTPYMEHTAPUN Pa3BUTHSI CYLIECTBYIOUIUX TEXHOJIOTHIA.

3. Meronpl: JIMHEWHOTO, IUIOCKOCTHOIO M MOJYJIBHOTO CYMMUPOBAHMS;
KoJupoBaHus 1o npaBuiam Xaddmana, Jlemnens-3usa-Benua, bappoysa-Bunepa,
apu(pMeTHyecKoro KOAUPOBAHUs, CTATUCTUYECKOTO PaClO3HABAHUs, JOIHYECKOTO
KOHTPOJIS 00pa3yroT METOIWYECKHE OCHOBBI HCIOJIb30BaHHS PR-uM30BITOYHOCTH
JUISL PACIIMPEHUS BO3MOXKHOCTEH aJIrOPUTMOB U IPOTPAMMHBIX KOMILJIEKCOB
o0OecrieyeHus JIOCTOBEPHOCTH HH(OpMALMK TPU COCTABIEHUM, Ieperade u
00pabOTKe TEKCTOB AJIEKTPOHHBIX JOKYMEHTOB.

4. YCTaHOBJIEHO, UTO pa3pabOoTaHHbIE alTOPUTMBI 10 92% 00HapyKUBaAIOT BCE
BUJIbI OLIMOOK, CIIOCOOHBI MCHPABISATH OJHOKPAaTHBIE, JABYKPATHbIE U CMEXHbBIE
TPAHCIO3ULIMOHHBIE OMIMOKM M IO CPaBHEHUIO C CYIIECTBYIOIIMM METOJAMHU
CHIDKAIOT TPYHOEMKOCTh M CTOMMOCTH MNpPOLENyp KOHTpoiss B 2-3 pasa mpu

BepoATHOCTH ommMOoK P, ~4-10°, a Takke MNOBBINIAIOT JOCTOBEPHOCTD
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uHpopManuu 10 Tpex nopsnkoB. OueHku 3¢G(EKTUBHOCTH W pEIICHUs 3ajad
KOHTPOJISl TOCTOBEPHOCTH MH(OpPMAIUMU TMOJY4YEHBI MO KPUTEPUIO BEPOSITHOCTEN
HEOOHAPY>KEHUS OIITHOOK.

5. Jlys perieHust 3aa4 KOHTPOJIS U KoppeKiuu opdorpaduueckux OnmoOoK B
TEKCTaX Ha Y30€KCKOM fA3BbIKE pa3pabOTaHbl METO[bl, AJITOPUTMbl U CUCTEMBI,
BKJIIOYaronIMe B ce0s MOp(OJIOrMYeCKUEe W N-TPaMMHBIE CTPYKTYPUPOBAHHbBIE
mozenu. Pa3paboTaHHas MeTOIMKa MOJY4YEHHS YacCTOTHBIX XapaKTEpUCTUK N-
rpaMM Ha OCHOBE CTaTUCTUKH BEPOATHOCTHBIX II0KAa3aTeNel HWCKaKEHUMI
MPUMEHSETCS [IPU CUCTEMATU3ALNH XEII-KOIOB JUIsl TAPCUHTOBOTO KOJAUPOBAHHUS.

6. UHTepnonasuMOHHBIE M SKCTPANOJSIUOHHBIE METOJbl IMOCTPOCHHUS
Jorudyeckod u apupMeTrnueckod (YHKIUU CTATUCTUYECKOTO pacIO3HABAHMS
IPUMEHEHBI IIpU pa3paboTKe aIrOpUTMOB KOHTPOJIS JOCTOBEPHOCTH M300pakeHU
AJIIEMEHTOB TeKcTa. [IpemsioxkeHbl METOAbI KOHTPOJISI JOCTOBEPHOCTH CUTHAJIBHBIX
XapaKTEPUCTUK H300paKEHU JIIEMEHTOB TEKCTa B HEHpPOCETEeBOM cUcTEeMe
0o0paboTKM HHpOpMalUM, KOTOpas BKIIOYAET 3BEHbS aABTOMATUYECKOTO
pacno3HaBaHMsl M KOHTPOJISL CHUTHAJIOB HM300pakeHUid. MeToabl U alrOpUTMBI
peanu3yroTcs B CTPYKTYpE CUCTEMbI KOHTPOJISI JIOCTOBEPHOCTH HMH(OpMALMK HA
OCHOBE OIpEAENICHUs MPUHAJJICKHOCTH MPU3HAKOB M KJIACCU(PUKALMH OOBEKTOB
Merarekcra COJI Mo HeYeTKOW CEMaHTUYECKOW TUIIEPCETH.

7. Mopenu, anropuTMbl KOHTPOJISI IOCTOBEPHOCTU MH(POpPMALIMK, OCHOBAHHbBIE
Ha METOJbI CJIOBAapHOr0, CTATUCTUYECKOIO M XEII-KOJWPOBAHUS, OOECIEeUnBaIOT
3¢ (eKTUBHOE MPUMEHEHHE MPOTrpaMMHO-ANNapaTHOM Cpeibl MapaljiesIbHbIX
Bbrunciiennit NVIDIA ¢ ucnosib3oBaHUEM CTaHAAPTHBIX OMOJIMOTEK YMCICHHOTO
aHaiu3a, oNTUMHU3UpoBaHHOTO oOMeHa gaHHbIMU Mexy CPU u GPU.

8. Pazpabotanbl apxuTekTypa U UACHTU(PUIHMPOBAHBI CIIOCOOBI OMUCAHMS
OpOrpaMMHOM  OOOJIOUKM CHUCTEMBl KOHTpoJsii opdorpaduu Ha OCHOBE
JPEBOBUAHOIO MPEACTABICHUS N-TPAMMHOM TpaMMaTuKu B cpene (ppelMBOpK
Counkc-4, peanusyronieil MporpaMMHBIE MOAYIH JJsl PA3TUYHBIX S3BIKOBBIX
Mozenei, ucmonp3yromux PR-u30brTouHOCTh. CO3MaHHBIA BapHaHT CHUCTEMBI
CHIDKAeT UHCIO HEOOHAPYKEHHBIX OIMMOOK, CTOMMOCTb peanu3aluud U
TPYIOEMKOCTh 1O CPAaBHEHHIO C CHCTEMOW KOHTpPOJs opdorpaduu Ha OCHOBE
MOP(}OTOTHUECKOro aHalIu3a 0 IBYX MOPSIKOB.

9. Pa3paboTanHbie MOACTUPYIOIIUE ANTOPUTMBI, KOMIUJIEKCHI MPOTPAMMHBIX
CPEIICTB U CUCTEMbI KOHTPOJISI JOCTOBEPHOCTH MH(OPMAIIMU Ha OCHOBE MCIOJIb30-
BaHUs PR-KU30BITOYHOCTHM HalUIM TMPAKTHYECKOE NPUMEHEHHWE B CHCTEMax
aBTOMATH3UPOBAHHOM OpraHu3aiuu ydeOHou cpenbl B BY3ax; agantupoBaHHOMU
nepenayn, oOpabOTKM M aHajdu3a JaHHBIX B WH()DOKOMMYHUKAIIMOHHBIX CETAX;
CO/l npeanpusiTUil U yUpeKACHUMN.

10. Pa3paboraHHble MPOrpaMMHBIE KOMIUJIEKCHI KOHTPOJIL JTOCTOBEPHOCTH
uHpopmanun B COJl U KOMIBIOTEpHAs CHCTEMa aJanTHPOBAHHOW Mepenayw,
00paboTKH, aHAIKM3a JaHHBIX BHEIPEHBI B MPOU3BOJACTBEHHBIX YCI0BUIX B Camap-
KaHJCKOM (¢unnane kommnanuu «Y3Temnekom» ['ocynapcTtBennsiii Komurer cBsizu,
UHGOpPMATU3ALINU U TEJIEKOMMYHUKAIIMOHHBIX TEXHOJIOTHM U B COBMECTHOM Ipe-
npusituu «Jlazzar-MeBa», MOJydeHHbIE COOTBETCTBYIOLME aKThl O BHEAPEHUU
HOJITBEPKIAIOT 3KOHOMHUYECKYIO 3()(PEKTUBHOCTD PE3yIbTATOB AUCCEPTALIH.
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ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the theme of dissertation. In world
practice of informatization, systems of electronic document interchange
(EDIS) are considered and introduced last years not only as systems for
automation of manage processes but also as high-grade platforms for
creation of uniform information field, so borders of their use, certainly,
expands and scientists of the world raises interest to them. In researches of
leading scientists of infocommunication technologies the demand of problems of
authentic gathering, transfer, analysis, coding of information during formation of
office-work documents is allocated for getting of effective technologies raising
mobility and productivity of EDIS.

Complex measures undertaken by the Government of Republic of
Uzbekistan on development of systems of region-territorial automated
management and to creation of uniform information field are directed on
wide introduction of information systems, EDIS, databases (DB) on the
basis of modern information-communication technologies. In this
connection, working out of new methods to intelligent processing of
information resources used for improvement of data transfer quality,
allowing effectively to find out and correct errors in structure of electronic
document interchange with least material and time expenses, differs a
special urgency and, at the same time, remains the unresolved theoretical
and applied problem having important economic value.

Requirements to information resources and streams of data
transmission as the important factor of efficiency and quality of EDIS
functioning are expressed in providing of stability, integrity, safety and
authenticity of the information. One of important among factors is the
criterion of authenticity of the information, caused by distortion of
transferred messages in infocommunication networks because of failures
and refusals of means, any handicaps in communication channels, errors of
operators, scanning and recognition systems.

Hence, construction of effective systems to control of information
authenticity during transfer and processing represents special scientific
interest as priority technology of data processing, characteristic for
conditions of automated management and electronic document interchange
at the enterprises and organizations.

For existing methods, despite of providing the high level of
information transfer authenticity, some unsolved questions is typical, and as
basic of them it is possible to allocate the following: at development
technologies of electronic documents interchange in structure of modern
data transfer packages the significant volume of resource is spent for
headings, at the same time the most part of information in headings remains
constant from package to package during stream of transfer of the whole
frame (redundancy of the information arising at it and mechanisms to
provide reliability of deliveries consisting, basically, in sending the
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appropriate message and repeated transfer of packages, - result to additional
time and material expenses while errors detection and elimination); code
and hardware methods of information transfer control are focused, mainly,
on elimination the transposition mistakes in managing fields of packages;
however, at data transfer there are also distortions in information fields,
which frequently reveal as multiple text mistakes.

In this relation, the decision of tasks for providing of information
transfer authenticity is reasonable to consider in two aspects.

Solutions of the first type tasks should taken into account errors of
the man-operator, scanning and other devices intended for input of the
information. These kinds of mistakes make greatest volume of distortions in
text and arise at Applied and Representation levels of OSI model (Open
System Interconnection reference model).

Solutions of second type tasks, devoted to control of the information
reliability, take into consideration the probability of distortions which occur
at stages of Transport, Network, Physical and Line of model OSI.

Demand of the dissertation is characterized by the fact that
introduction of a wide range of IP-enabled technologies in electronic
document interchange is connected to requiring close attention tasks of
detection and correction of errors during preparation and processing of
documents.

This research work is focused on providing realization of laws of the
Republic of Uzbekistan «On informatization», «On electronic digital
signature», «On electronic document», «On electronic commerce», «On
electronic payments», Decree of the Cabinet of Ministers of the Republic of
Uzbekistan Ne 126 on 05.04.2011 «About measures on installation and use
of a single secured e-mail and system of electronic document interchange in
the executive office of cabinet of ministers, bodies of government and
economic governance, local government».

Following that, the solution of listed tasks requires carrying out the
special researches and development connected to creation of methods and
algorithms, capable to control the information authenticity in structure of
data transfer packages at the expense of use the enclosed redundancy, and
able to function in transport environment, eliminating existing lacks. This
fact causes necessity of allocation of a special class algorithms for
providing of information authenticity on the basis of new type of PR-
redundancy (property redundancy), defined by depending on properties of
processed object.

Conformity of research to priority directions of development of
science and technologies of the Republic of Uzbekistan. The dissertation
Is carried out according to priority directions of science and technologies
development: STP-17 - «Working out of modern information systems,
means of intellectual control and training, scientific and technical DB and
software products providing wide development and introduction of
information and telecommunication technologies»; ASP-5 - «Working out of
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information technology, telecommunication networks, hardware-software
means, methods and systems of intellectual management and training,
directed on increase level of society informatization».

Review of international scientific researches on dissertation subject.

Researches on working out of means to automated control of data
transfer and processing authenticity taking into account features of a natural
language are especially intensively conducted and certain successes are
reached by scientists of USA, Great Britain, Russia, Germany, China,
Austria, Sweden, Norway, Finland, Turkey, Israel, Canada, Korea, countries
of Latin America (Brazil, Argentina, Chile) etc.

Publications of international expert companies, such as Gartner,
International Data Corporation, Wobot, Forrester, CNews Analytics,
YUNIPRAVEKS, PROGNOZ, Interface IT, Intellect Telecom and others
notice that development of EDIS technologies is carried out in a direction of
integrating methods of documents processing, branched management by
WEB and automation of office processes. Along with it, experts allocate the
urgency and demand of joining to them before independent technologies of
automated detection and correction of errors during input, transfer and
information processing in electronic documents, control and correction of
spelling of natural languages, as toolkit of decrease human’s factor
influence.

Along with it, while revealing requirements of network services users,
researches devoted to development of new directions and applications,
based on technology of data transfer are actively carried out. Analytical
studying of the scientific and technical literature show that doubtless
advantage of electronic document interchange, along with application of the
electronic digital signature or technologies guaranteeing authenticity and
integrity of the data, is possibility of detection and correction of errors
which are made during preparation and transfer of electronic documents, at
the expense of methods of automation information control and decrease
influence of the human factor.

Degree of study of problem. The methodology of researches on
problematic, devoted to increase the reliability of information transfer,
consists of advanced methods of the coding theory and using by hardware
the artificial redundancy of information, which were described in a plenty of
monographics, thesises of researches and scientific clauses. At the same
time, the essential feature of transfer and processing of the text information
in EDIS is to use in them documents and messages containing artificial,
natural, statistical and structural-technological redundancy.

Results of researches in the new direction to solving the problem of
use of redundancy with various nature assume working out of a wide
spectrum of methods, algorithms and program complexes to providing of
authenticity of EDIS information resources during transfer and processing
which scientifically-methodical bases are intended for development of
existing technologies.
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Connection of dissertational research with the plans of scientific-
research works is reflected in following projects:

State scientific technical program (SSTP)-4 — «Development of
software and methods of informatization, systems of management
automation and regulation of technological processes» (2000-2002),

SSTP-20 «Development of modern information systems, tools of
manage, databases and software ensuring wide development of information
and telecommunication technologies» (2003-2005).

Purpose of research is development of constructive methods, models,
algorithms and systems of information authenticity control during transfer
and processing of the data on the basis of mechanisms used PR-redundancy
of various nature, and software and algorithmic realization of results for
developing technologies of electronic document interchange.

To achieve this goal the following tasks of research is formulated:

choice of methodology to creation and development of methods,
software and algorithmic complexes and systems for control of the
information authenticity at applied and network levels of model OSI at the
expense of use information PR-redundancy of various nature;

development of methods and algorithms of information authenticity
control at the expense of use the artificial, natural and semantic PR-
redundancy based on mechanisms of summation, arithmetic and statistical
coding;

creation and application of mechanisms of parsing codes, n-grams
description, statistical recognition and hash-coding of text elements for
development of methods and algorithms of information authenticity control;

development of methods, algorithms and software complexes to texts
authenticity control on the basis of the multilevel morphological analysis
model and n-gram structural representation of mistakes; modeling of the
basic components and construction of systems to spelling control and
correction; formalization of an estimation of spelling control quality;

formation and realization of structural-technological PR-redundancy
based on enclosed logic criteria, databases and knowledgebase in structure
of the built-in expert systems during development of methods and
algorithms of the information authenticity control;

creation of system of interactive processing of information resourses
on the basis of synthesis of text authenticity control algorithms,
experimental check and analysis of system effectiveness, calculating
economic  efficiency of realization of researches results in
telecommunication systems and EDIS.

Object of research are information resource and technologies of
gathering, formalization, entering, transforming and processing of
information and documents in electronic document interchange systems.

Point of research - methods, algorithms and systems for controlling
and maintenance the text information authenticity based on use of various
nature information PR-redundancy.
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Methods of research. In research methods of the system analysis,
theories of information transfer, network technologies, probability,
recognition of images, computer linguistics and also methods of
algorithming, simulation and object-oriented programming are used.

Scientific novelty of dissertational research consists in the
following:

concept, methodology and software and algorithmic bases to
construction methods, models and algorithms for the information
authenticity control in systems of electronic document interchange are
developed, classes of objects characterized by PR-redundancy, applied to
provide  accuracy, integrity, efficiency, compression, availability of
information resources in EDIS are allocated;

methods and algorithms are offered for control of information
reliability at the expense of use the artificial redundancy on the basis of
linear, modular, plane summing mechanisms and definition of belonging to
the coded subsets;

methods and software complexes are developed for control of
information reliability at the expense of use the natural redundancy on the
basis of algorithms in which procedures of statistical, arithmetic, parsing
coding, n-gram structured description, statistical pattern recognition and
hashing of text elements are realized;

for control and correction of spelling mistakes in texts on Uzbek
language methods and algorithms are offered on the basis of models of
multilevel morphological analysis and n-grams Grammatik description;

on the basis of enclosed logic criteria, database and knowledgebase in
structure of the built-in expert systems methods and algorithms are
developed for the control of information authenticity at the expense of use
the structural-technological PR-redundancy;

methods are offered to synthesis algorithms of text information
reliability control in interactive system of errors detection and correction for
developing technologies of electronic document interchange.

Practical results of research consist in the following:

systems of increase information authenticity on the basis of synthesis
methods using artificial, natural, statistical and structurally-technological
PR-redundancy are developed to supplement existing code both hardware
methods and to provide text information authenticity at applied and network
levels of OSI model.

efficiency of developed software complexes to information
authenticity control on the basis of criterion of undetected errors
probabilities is shown, it is established that they find out 92 % all kinds of
errors and capable to correct single, double and adjacent transpositional
mistakes, reduce labour input and cost of control in 2-3 times, raise
information authenticity up to three orders.

systems to control and correction of spelling errors in Uzbek texts on
the basis of morphological and n-gramm structured models, and also
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methods of dictionary, statistical and hesh-coding are developed and their
realization is offered in the hardware-software environment of parallel
calculations NVIDIA with use of standard libraries of numerical analysis,
optimized data exchange between CPU and GPU.

the architecture of the system to control of text information
authenticity is realized on the base of framework Sfinks-4 for modules with
various language models and it is defined that the constructed variant of
system considerably reduces number of undetected errors and realization
cost both labour input are decrease twice in comparison with the system of
spelling on the basis of morphological analysis.

Reliability of obtained results is proved by mathematical research of
offered models, comparative analysis of obtained formulas and calculations
with real and experimental data on the basis of the standard criteria. For
estimation of researches results on their logical consistency the overall
performance of program complexes is tested on the basis of voluminous
context of the popular art and technical literature, the comparative analysis
of efficiency of program complexes by criteria of labour input, realization
costs and probability of undetected errors is carried out for a wide class of
algorithms to control of information authenticity.

Theoretical and practical value of results of research. The
theoretical value of work consists that the developed methods, model and
the algorithms on the basis of principles of use the PR-redundancy of
various nature — artificial, natural and statistical, structural-technological,
programm-temporary, in aggregate form the concept and software and
algorithmic bases of designing the systems to increase the information
reliability by synthesis of program methods. Such methods successfully add
existing code and hardware methods and ensure authenticity of text
information in EDIS during transmission at applied levels of OSI model.

The practical importance of work consists in applying PR-redundancy
for software realization of models of multilevel grammar description and
n-gramm structured representation of the text, procedures of control and
correction of Uzbek spelling that allows to calculate and effectively to use
n-gramm parameters, to generate rules of information authenticity control
on mechanisms of parsing recognition and coding, to find out and eliminate
errors at applied and representation levels of network model OSI.
Introduction of software complexes for control of the information
authenticity in the EDIS structure leads to reduction time and material
expenses on input of the document and accelerates processes of information
interchange due to automatic detection and correction of errors which are
caused by the human factor.

Realization of results. Developed models, algorithms, software
complexes to providing accuracy, integrity, operation and compression of
information resources at the expense of classes of objects with PR-
redundancy are introduced in systems of adapted transfer, processing and
analysis of the data at Samarkand branch of company «UzTelecom» of
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State committee of communication, information and telecommunication
technologies of the Republic of Uzbekistan (BE «SamTelekomy,
23.05.2010). Results of system of adaptive transfer, processing and analysis
of the data are introduced in activity of joint venture "Tasty-Fruit" (the
certificate of JV «lLazzat-Meva», 14.05.2010) with annual economic
efficiency of 62,2 million sum.

Approbation of work. Results of research are approved at 30
scientifically-practical conferences, including 14 international symposiums,
congresses and seminars, in particular, on: International scientific and
practical conference «Innovation» (Tashkent, 2004-2009); International
conference «Urgent problems of applied mathematics and information
technologies - Al-Khorezmi-2009» (Tashkent, 2009), International
Conference In Central Asia On Internet - «ICI-2006», «ICI-2007»
(TamkenT, 2006-2007); International Conference on Electronics,
Information and Communication - «ICEIC 2008» (Tashkent, 2008),
X International scientific conference of universities of telecommunications
(Russia, Rostov-on-Don, 2008), World Conference on Intelligent Systems
for Industrial Automation — «WCIS-2008», «WCIS-2010», «WCIS-2012»
(Tashkent, 2008-2012); The Third Congress of the World Mathematical
Society of Turkic Countries (Kazakhstan, Almaty, 2009); Republican
Scientific conference «Current status and the development of information
technologies» (Tashkent, 2006-2008), Scientific conference «Current
problems of mathematics, mechanics and information technologies»
(Tashkent, 2008); Scientific and practical conference «Actual problems of
mathematics and computer science» (Samarkand, 2007-2010), and also at
annual Republican Fairs of innovation ideas, technologies and projects
(Tashkent, 2008-2011).

Publication of results. It is published 87 proceedings, including 9
scientific papers in the international journals on a dissertation subject.

Structure and volume of dissertation. The dissertation consists of
Introduction, six Chapters, Conclusion, References and 11 appendix,
contains 197 pages of the text, 47 figures and 12 tables.

MAIN CONTENTS of DISSERTATION

In introduction the urgency and demand of the theme of dissertation is
proved, the purpose and problems, and also object and an object of research are
formulated, conformity of research to priority directions of development of science
and technologies in the Republic of Uzbekistan is stated, scientific novelty and
practical results of research are stated, reliability of obtained results is proved, the
theoretical and practical importance of obtained results is reveals, the list of
introductions in practice of research results, data on published works and
dissertation structure are given.

In the first chapter of dissertation theoretical-methodical bases of code and
apparatus methods of information transfer are investigated; tasks of designing
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methods, models and algorithms are defined for control the information transfer
reliability by principles of use of PR-information redundancy — redundancy of a
various nature: artificial, natural, statistical, structural-technological and program-
temporary, which reflects the concept of construction the system for raising the
authenticity of information transfer.

In the work the positional scheme are showed to reflect a principle of use of
code redundancy which is distributed also to methods of Reed-Solomon, BChH,
FEC, used for the control and correction of mistakes in overwhelming majority of
applications in the field of digital communications. The system analysis of
principles and mechanisms used code redundancy in algorithms for detection and
correction of mistakes allowed to determine, that they are focused on detection of
single, double, threefold mistakes that occur in artificially entered control digits.
This fact has caused carrying out researches directed on expansion of code
opportunities and apparatus methods for the mistakes control.

Hypothesis of the research and development directed on creation the
methods and algorithms of information reliability control in structure of data
transfer packages is to use the PR-redundancy, i.e. redundancy of various nature -
artificial, structural-technological, program-temporary, statistical (natural) to
increase authenticity of text information during transfer and processing.

The main approaches are developed to synthesis of methods, algorithms and
monitoring systems for control of text information authenticity. The sequence to
performance the tasks of researches is illustrated in the form of scheme for
constructing structural and functional components of the automated systems for
control of information authenticity, particularly for texts (ASCTIA).

It is accepted that for solving putting problems the main criterion of
efficiency for designed methods and algorithms is the minimization of probability
of undetected mistakes at the expense of use the PR-redundancy up to allowable
limits of information transfer reliability.

To estimate the probability of reception of code word S, the formula is

offered as:
P(S, /S!) = 2;1 (L= P(S,))*P(S,/S)),

where P(S,) is the probability that in an initial code word is a mistake;

P(S;/S;') is conditional probability of reception s,-th code word when S,

has been accepted,;
m is the number of code bits in the word.
Expression to estimate the probability of incorrect reception of a code word:
2M-1 21 2M-1
P (S)= D P(S)) X P(S;) = D P(A)),
i=0 j=0 j=0
J#i
where A ; is a subset of elements of incorrectly accepted code words.
The probability of undetected mistakes is estimated as:
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21

rem(S) 1- (1 P) _ZP(A)

The scheme are offered for formalization of probablllty processes during
information transfer and diagrams of probability transitions are constructed for
getting the parameters of authenticity at batch data transfer and parameters of
information authenticity in units of multilevel OSI model.

The technique are developed for determining the minimum of additional
information required to detect the data transmission errors. For any code method
used in data transfer packages for detect errors in the message S,, provided that the

accepted mark s, is known, the amount of information is defined as follows

IS, /s =m+i > S P(S,/S))log(s, /5)) = m+ZP(s/S)Iog<s/S>—(l)

k=1 i=1

=m+Q'logQ’ + P/ logP, (S).

Transformations of expression (1), having accepted Q'(S) = Q(S)[1-P,(S)]™*
and P/ (S) =P, (S)[1-P,(S)]™* reduce to:

Q) _ Q) RO

IS /80 =m0 6y 109Q() ~ Ty IR O+ 7 )
H( ) B _ PH (S) m_1y — _PH—(S)X

xlog P, (5)_1 F)O(S)Iog[l P, (S)] 1—P0(S)|Og(2 1) 1-P,(S)

m Q( ) H( )
x log(2 —1)—Iog[1—PO(S)]+ 0(S)I gQ(S)+ P (5) ————IlogP, (S)

where P, (S) is probability of detecting the mistakes in message S;
Q(S) is probability of correct reception of the message S.

The value of J(S,/S,) determines a minimum of additional information about

the message, necessary for elimination of losses due to undetected mistakes.
One more result in present chapter is obtaining the expression to simplified
estimation of redundancy required for estimation of efficiency of all code methods

g1 (2" -1
R(S,) =1 (1_P)Iog e

In the work it is shown, that the developed technique allow to estimate the
efficiency of program ways for control of information authenticity based on use of
PR-redundancy.

In the second chapter of dissertation methods and algorithms are developed
to control the authenticity of information in structure of data transfer packages by
principles of using the artificial redundancy.
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Methods and algorithms are developed for control of the information
authenticity on the basis of using the artificial redundancy by mechanisms of
linear, plane and modular summation which eliminate lacks of traditional program
methods. Algorithms of control of information authenticity by summation can
establish not only presence of error in the accepted sequence, but also specify a
position number of mistakes for their automatic correction. Algorithms are based
on the following rules: z, for control of information transfer authenticity; =, for

detecting and correction mistakes of type Q,; =z, for detecting and correction
mistakes of type Q,; =z, for detecting mistakes of type Q,; =, for detecting
mistakes of type Q,.

The technique for realization the general and private solution are developed
for tasks of estimation the efficiency of information authenticity control by
criterion of undetected mistakes for various algorithms.

The total probability of undetected mistakes for rules to control the
information authenticity by linear summation is determined by formula

P, =P +P,+P,+P, ={67[mnp*(1— p)™"*+C2CZp* Q- p)™"* +
+CCip* (@-p)™"*°]1+5,76-10"°}.

In the work the diagrams of algorithms efficiency are investigated by criteria
of control laboriousness and cost of implementation. When using algorithms of
linear and plane summation (77, and 77;) in comparison with other methods

laboriousness and cost of the control is reduced in 2-3 times.
The diagrams of dependence of undetected mistakes probability P, by

control algorithms from probability of mistakes P show, that when probability of

mistakes is in limits 107 —10™ the difference of ability of mistakes detection for
investigated algorithms achieves up to two orders, the laboriousness and cost of
control is reduced in 2-3 times at the expense of automatic correction of mistakes.

The greatest effect on parameter of information authenticity is achieved for
algorithms: 77, — digit-by-digit summation, 77, — numeral summation, 77, — plane
summation.

The analysis of efficiency of algorithms of digital and numerical modular
summation on basis of modules 8, 9, 10, 11 and modules g showed that the greatest
effect on parameter of information authenticity is achieved for algorithms of
numeral modular summation on modules 8, 10 and 11.

It is established, that the developed algorithms find out up to 92% of all
kinds of mistakes and correct single and double adjacent transposition mistakes.

The task is solved for definition the probability of mistakes of the first and
second sorts of algorithms. At realization the algorithm to control of single
mistakes following formulas are got:

For mistakes of first sort:

P,~2P, (1-P,)-107 +P,?-102 +2P, (1-P,)-10™.
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For mistakes of second sort:
P,~(1-P,)*-15:10°+P, (1-P,)-15-10°.
Total probability of undetected mistakes for algorithm is
P, =P +P,~2P, (1-P,)-107° +(1-P, )*-15-107°,

By the submitted technique of solving tasks by criterion of undetected
mistakes probability the efficiency of algorithms constructed for the control and
detection of mistakes of all other kinds is analyzed.

In the third chapter of dissertation methods and algorithms are developed
to control of information authenticity by principles of use the statistical, structural-
technological, program-temporary redundancy.

It is determined, that the algorithms based on mechanisms of use the logic,
technological, statistical connections and properties of information create favorable
conditions for control of data and provide high reliability of information transfer.

The principles are formulated to constructing the software and algorithmic
complex of information control on the basis of databases and knowledgebase (DB
and KB), database management systems (DBMS) and expert systems.

The mechanisms to control the information authenticity are developed by
application the statistical redundancy which is traditionally used in tasks of coding
and compression of transmitting information.

For algorithms, which designing for control of text elements images the
generalized model of estimation of undetected mistakes probability are offered in
follow view:

P, = PW, + P\W,,

where W,, W, are losses coefficients, connected to mistakes of the first and second

sort, which are set in an interval of real numbers [0,1].

Thus, all elements of the controllable text are shared on two classes:
authentic and deformed data.

When number of the first class elements N; is large the averaging of

probability gives
X = N1 pl(l_ PF )Nl + Nl(l_ pl)PFWZ’

where P is probability of that the element is reffered to an incorrect class.
Averaging on elements N, of the second class results to

X, = Nz plpF\Nl + Nz(l_ pl)(l_ PF )NZ'

Calculation of the weighed difference gives

X X
= (L= 2P W, - (1 P, )L~ 2P W,
1 2
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Estimating sum and difference of pW, and (1— p, W, for any P, #1/2
allow to derive W, and W, :

— XN, =X,N; _ XN, =X, N,
' N1N2p1(1_2PF), ‘ NlNZ(l_pl)(l_ZPF)

One more result of issue are the developed algorithms to control of
information authenticity based on use of compression mechanisms such as
methods of Huffmun, arithmetic coding, transformation of Burrows-Wheeler,
Lempel-Ziv and their modification.

In the offered methods a key moment is the definition of bottom and top
probability borders for the control of permitted code combinations and the
estimation of most probable elements of messages given for the control.

To illustrate this phenomenon the curve of function for probabilities
distribution density of transmitted information « depending on received
information £ are constructed. These curves are the diagrams of functions @ («)

and @ (£ /a) for conditional distribution at normal law.

Practical realization of developments show that then limits of possible
deviations are more narrow from controllable value, than more mistakes of the first
sort are detectable by method of two-dimensional regress or then interrelation
between controllable parameters more closely, than value of parameter is
rapprochement to true value.

The general and private solution have been derived of tasks consisting in
finding of optimum borders of conditional moment to minimize total probability of
mistakes during control of the information which calculated by formula

y(a) y(a)
P, =P +P, :g [W(a)da +@-P)1- [W(a)da).
x(a) x(@)

Thus, the estimations of information authenticity are obtained on the basis of
finding the threshold of difference for functions of distributions W (a) and w (g) by
conditional probability of distribution W (g/«).

The task of information authenticity control are solved also on the basis of
structural redundancy from the containers of images in data transfer package.

The following designations for procedures of including and extracting are
entered: E(V,W)=V,, is a procedure of inclusion the structural redundancy in
container of images; D(V,Vy, ):W' (or D(Vy ):W') IS a procedure of extraction
of structural redundancy when needed; « is a scaling coefficient; C is a binary
attribute of similarity for two signals: C =1 if coefficient of cross-correlation is
more than some threshold ¢'; else C =0.

The following variants are proved to working algorithms of control the
information authenticity on the basis of structural redundancy.
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In the first variant the algorithm of control 4;(E,D,C) is based on strictly
convertible process. Thus it is supposed that for any V,, is a display E ! for which

the follow conditions are true: E~*(Vy, )= (Vg ,Wg ) and E(Vg Wg )=Vy,; Elis
computationally feasible; W belongs to a class of structural redundancy allowing
to take true and false images; C(D(Vy, ,Vg J)Wg,5)=1.

In the second variant the algorithm A4,(E,D,C) is based on poorly
convertible process. Thus it is required condition E(V.,W, )=V, . However, note
that even E(V,W)=V,, can not be true by virtue of various sort of distortions Vi .

On the other hand, this requirement is too weak for definition of convertibility. In
this connection it is replaced with the requirement E(V.,W.)=V,,., where

C(Vy.,V,,0)=1.
Another condition of registration the weak convertibility of process in

algorithm 4,(E,D,C) is that for each Vi, there is a display E*, where
E1(\Vy )=Ve,We) and E(Ve ,Wg )=V,,.. Thus E~! is computationally feasible,
C(Vy Vg, 8)=1, C(Vy,Viy,8)=1and C(DVy., Vg Wg,5)=1.

For using the structural-technological PR-redundancy at the control of
information authenticity, algorithms are developed based on built-in expert
systems, knowledge bases, procedures of logic control and structures of data.
Principles of choice of characteristics, criterion and place of realization of decision
rules in structure of examined EDIS are offered. Formulated principles and criteria
serve as bases at constructing algorithms and program modules for systems to
control of information authenticity in EDIS.

The combined approach is offered to using the program and temporary
redundancy for realization of tools of automatic control and restoration the data
and to functioning of protection tools on the basis of PR-redundancy. For
organizational and operative methods to control of information authenticity in
EDIS is carried out the classification.

The system of information authenticity control is constructed on the basis of
programming object-oriented technology and includes thirteen functional and
eighteen applied program modules which are steady to various perturbations and
are capable to save sufficient quality of results in all real conditions.

For developed methods and algorithms to control the authenticity of
information, the comparative analysis of efficiency are carried out.

Rapprochement of experimental values P, to analytical, getting in theoretical

sections of dissertation are checked up by Pearson criterion N* with guarantee
probability 0.9, that confirms good conformity of experimental results to
theoretical.

In the fourth chapter of dissertation methods and algorithms are developed
to control the information authenticity by principles of use the statistical
redundancy on the basis of n-gram language models, models of parsing code and
recognition of text elements.
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Processes of designing of distribution laws simulated for n-gram statistics
serves as the basis for algorithms developed to: revealing of deformed text
elements; clustering, search, structuring; getting the frequency characteristics
which realized at constructing the system of mistakes control and correction.

It is revealed, that the job of control system constructed on the basis of
search, recognition and clustering models is connected to attraction the large
volume of memory. Using the mechanisms and systems of parallel calculation
based on GPU models and CUDA technology is recommended for elimination
such lacks at the control of text spelling.

The estimation of minimized memory is represented by function

nx
FO) =P
Where n is length of codes and has fixed value;
X is variable, designating number of hash-functions.

Principles are proved, models and algorithms are offered for construction
systems of information authenticity control by combine: mechanisms of dictionary,
statistical and hash coding; ways, algorithms and procedures of parallel
calculations.

The unified hardware-software decision for parallel calculations on video
chips NVIDIA are used to constructing software-technical complex (STC) of
information authenticity control (IAC). Feature of system on the basis of parallel
calculations is that during its performance the task of elimination the superiority of
logic flows number above physical devices.

For estimation the efficiency of control algorithms on the basis of parsing
modeling formula is offered to use complete probability of allocation and
recognition a line of words

W =arg rwx PW|AP(A),

where W denotes a researched word as set of text elements W =w,,w,,...,w,;

PW/A) is conditional

predict word probability that word in line A is
represented as W,

PREDICTOR P(A) is g priory probability
of occurrence line A={a,a,..,a5}
in the text.
?

taa of word The job of system to control

of spelling mistakes on the basis of
adjoin_(left, right)

algorithms with parsing codes are
organized on the offered treelike
Fig. 1. Interaction of modules at
parsina codina svstem

null

model

The scheme of functioning
of system based on parsing
recognition consisting of three
modules is illustrated in fig. 1.
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«Word predictor» predicts the following word w,,, given by k-prefix of word-
parsing, then passes control to «Tagger». «Tagger» predicts the POS-attribute t, ,

of the next word, given k -prefix of word-parsing and the newly predicted
word w, ,. Module passes control to «Constructor». «Constructor» grows the

already existing binary branching structure by repeatedly generating transitions
until module passes control to «Predictor».

Further in the work the algorithm of recognition on a basis of neural network
(NN) with associative memory are developed for control of text elements
authenticity. The process of input and control of image signal authenticity on a
basis of NN is illustrated in fig. 2.

Image signal processing

Window

)

Smoothing . .
Discrete Fourie Spectrum
for input window C—>| transformation  [2)
_V
JA N e
,, e
nna T““:V_“S_léﬁz;l_tb_r;e_u_ral_ network framing
ﬁ Recognizer based
| neuronetworking System of
- model » control |

Output of recognizer

Fig. 2. Control of authenticity of text element signal

The technique is offered to estimate the probability of unauthentic recognition
by comparison of recognized text element with special directories of word-forms
and frequency dictionaries of monogram, bigram, threegram, k-gram.

The probability of incorrect recognition on total volume of directory is
determined as

p(r)=1-Q1- p(a))lj(l—((l— p(a)) + p(a=4;)(2p(a)-1))), p(a)<107,

where 7 is a volume of special directory for checking the authenticity of image
recognition;
p(a) is probability of mistakes in text elements during information
transfer and processing;
n is a number of recognized text elements.
To estimate the recognition fidelity of system, where as a reference sample
Is used the authentic text element, the formula is obtained as:

@) =1-0-p@)T . (p@ =a)),

i=1 a; ,ajEA
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where p(a; =4q;) is probability of information occurrence on output of examined

system of information control.

For construction the generalized algorithm of system to process Uzbek
metatext the scheme is offered to definition the hierarchy of classes which
represents a tree with any quantity of branching and on this basis the classification
of controllable objects have been carried out. In the realized system, the necessary
primary data are stored in KB and they are specified during purchase new
knowledge when EDIS works. The real model is formed in KB environment, and
connection with server computer is carried out through inquiries of user.

The developed system consists of the following functional parts: database
that stores reference and evidence data about object, results of their comparison,
conceptual, info logical and physical models of object; static knowledgebase, i.e.
expert knowledge, formulas, facts, dependence, tables; dynamic knowledgebase,
I.e. combined models of NN represented as reference dynamic processes, in view
of partial or complete uncertainty of parameters; the module of logic conclusion
based on algorithm to generating the causal network of events in functional and
structural model; the module of adaptations coordinating job of DB and KB during
logic conclusion depending on a usual situation; the module of explanation, which
represents interpretation the process of logic conclusion; the scheduler
coordinating process of task solving; solver for finding the effective solutions in
the direct, return and mixed statement of tasks.

In the fifth chapter of dissertation the basic approaches and methods are
investigated, and models and algorithms are developed to control and correction
of spelling mistakes in the texts on Uzbek language by multilevel morphological
analysis and using the description of n-gramm word-forms.

As results of analysis of literature the principles, features and lacks were
revealed for the most known methods to constructing the systems of control on the
basis of morphological analysis: splitting of the text into words, comparison to
dictionary, approximated extraction of words roots, «merge» of text with
dictionary, normalization of words.

It is determined, that considered most effective systems are based on
principles of use the two-level models of word-forms analysis, and they are
recommended as the base mechanism at construction of systems to control and
correction of Uzbek spelling.

Hence, at construction of systems to control errors in texts on Uzbek
language greatest theoretical and practical importance is represented by realisation
of multilevel model of the morphological analysis on the basis of synthesis
principles and possibilities of two-level models and ways of word forms analysis.

Developed in the work the multilevel graphic scheme to construct the Uzbek
word-forms represents a sequence of joining the affixes to words roots.

The techniques and algorithms have been designed to formal description and
analysis of Uzbek word-forms and their phonetic changes. Interrelations of Uzbek
affixes are described as multilevel table allowed clearly to parse the given word
from the end, by recursive approach to spread out word on levels and to be
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convinced that spelling is correctness. Developed algorithms and structure of
system to control and correction of spelling are based on obtained theoretical rules.
To estimate probabilities of mistakes occurrence in information the
technique are devised on the basis of n-gramm model.
The average probability of mistake is calculated by averaging the
conditional probabilities of a mistake on all ensemble of the messages:
P= zpai )y Paiaj J
o aj(aj#aj)

where Pojct; is probability of correct reception the ¢;-th message.

In connection with fact that definition of n-gramm mistakes probabilities
bring to processing the statistical data with large volume and labour-consuming
calculations, we carry out special modeling and automation of calculations of
n-gramm mistakes probabilities statistics.

The offered technique determines the value of probability p(a) of

occurrence n-gramms o = ¢, ..., equal to the attitude C(«r) to total number of
all met in aggregate n-gram copies:

__C(a)
p(a) = ZC(“*) :

where o is the copy of n-gram from «general collection of all sequences», differ
from «.

On the basis of conditional probability p(a; =aj|e;=a;Vi#]j) of
mistakes a}‘ the complete probability is got as:
pla; ...a)=pla; =a;|la,=a;Vi# j)pla; =a;Vi=]).

For calculation the conditional probability of erroneous symbols in a string
with view of all previous symbols the rule is offered as:

p(al"'an) = (fg p(ak | al"'ak—l)j p(al) .

Using Markov circuit of (n-1)-th order we got simple n-gram model of
mistakes, which allowed to estimate statistical parameters of examined n-gram.

The modified variant of the system to spelling control are developed on the
basis of framework Sphinx-4 technology, which allows to create modular structure
of system, includes separate components devoted to solution of specific tasks and
adaptation by support of context free n-gram. The shell of system and ways of
description of system kernel are developed, thus it is supposed that the system
functions at support of all component and program modules of framework.

The architecture of developed system on the base framework Sphinx-4 is
illustrated on fig. 3, which includes three primary modules: the FrontEnd, the
Decoder, the Linguist, and also auxiliary modules the Configuration and the
Utilities.
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Fig. 3. Architecture of system to spelling control on the base Sphinx-4

Scheme illustrate relatives between modules and connection of modules
with the basic application. In dissertation we described the functions of basic and
auxiliary blocks of system: the FrontEnd, Decoder and Linguist and their
interaction in framework Sphinx-4.

The function of the FrontEnd is taking one or more text elements (symbols,
letters, words) on input and parameterizes them in a sequence of attributes.

The Linguist is intended to translation the standard language model with
information about n-gram parsing structure from one or more sets of the Parsing-
model in the SearchGraph.

The SearchManager from the Decoder uses attributes received from the
FrontEnd and the SearcheGraph, generated in the Linguist to performing actual
decoding and generation of results.

Carried out tests show that the constructed variant of system improves a
parameter “mistake on word” at recognition and speed of system measured in a
mode of real time twice, in comparison with the system to control of spelling on
the basis of morphological analysis. Let's note, that the work of system was
organized in dual-processor mode with processors CPU 1015MHZ
ULTRASPARC RIIl WITH 2G RAM. Due to such use of modules which are
included in the shell of Sphinx-4, adapted algorithms and stochastic models of
language there is an opportunity to support a wide variety of tasks connected to the
analysis of text, generation of text in speech, speech in text and other tasks of
textual information processing.

For organization of convenient order of processing flows and data loadings
in systems to control of information authenticity on the basis of n-gramm models
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we developed ways of performance the statistical information used in n-gramm
Grammatik and treelike model of its description, which allows to reduce sizes of
processable files by elimination of redundancy in format structure.

In the work the treelike scheme illustrates manipulation with Grammatik
elements for reduction of redundancy.

The constructed format of n-gram Grammatik description allows to support
the various programming languages and to carry out networking processing of
information because the description of n-gramm models is carried out on XML.

In the sixth chapter of dissertation details are stated about development of
classes, methods and software modules of systems to control the information
authenticity on the basis of use PR-redundancy and realization them in structure of
data transfer packages of systems to networking information processing and EDIS.

The complex of software tools are developed for system of electronic
document circulation intended to produce, editing, storage and transfer the
elements of enterprises office-work, created in integrated environment 1C 8.2.
Feature of system realization is that in editors connected to input, set,
transformation of information, the subsystem named CONTROL functions to
control of data authenticity and it consist from the complex of program modules
developed in Borland IDE Delphi.

Developed complex of programs are software which becomes attached to the
basic subsystems and functional tasks of used information system.

It is necessary to note, that the subsystem of information authenticity control
can be used locally as service support for any computer system to processing the
text information and it may be included to structure of functional subsystems of
EDIS or to structure of protocols in telecommunication systems for struggle with
mistakes at Applied and Representation levels of OSI.

In examined EDIS the follow main objects are identified for the control and
they carry out: full-scale search of documents by information from registration
card; journalize the directory of staff positions; writing the directory of standard
phrases and verbal revolutions; regular updating of the directory of organizations;
authorization of employee access rights to system in binding to their functional
roles, i.e. by sections of documents, card files of registration, businesses, thematic
rubricates and other criteria, that allows effectively to use a method of object-
oriented programming, DB and KB.

The software shell of systems to control and correction of spelling mistakes
are developed in environment Sphinx-4 and on the basis of technology CUDA
NVIDIA, for which the modules realizing following functions are common:
module F1 — takes as input a word and analyzed it through the virtual table,
module F2 — realizes a method of binary search in dictionary; module F3 — creates
an array to store and load the dictionary, module F4 — realizes fast sorting; module
F5 — provides replacement of objects, module F6 — checks borders of words;
module F7 — performs binary search in the loaded dictionary; module F8 — checks
spelling mistakes; modules F9-F15 — realize procedures on transliteration of text in
systems of spelling check; modules F16-F20 — realize parsing methods for input
text and carry out procedures of parsing modeling; module F21 — allows users to
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work with document and edit various font properties, add, edit and delete the text
and save it to a file; module F22 — MDI application realizing a word-processor for
editing and formatting the Uzbek text; module F23 — provides correct closing of
all documents, if whole application is closed.

For performance the functions of correction of spelling mistakes, modules
based on the adaptive Huffman coder are realized. Model and algorithm of coding
and compression by rule of Ziv-Lempel are used for convertible transformation.
On the basis of statistical coding model of Lempel-Ziv-Welch the modified module
are realized and principle of its application consists in use of dictionary, storing a
lines of text and containing numbered cells. The module of control are developed
on the basis of simple, self-adaptive and adaptive models of arithmetic coding.

The basic classes are devised, methods and general structure are offered for
organization the functioning of system of Uzbek spelling control, certificates on
registration the software are got. Uzbek spell-checker has ability to check spelling
in both views (Cyrillic and Latin script) and, if necessary, to translate from one
representation to another.

Experimental verification and analysis of efficiency of developed algorithms
and systems to control of text information authenticity were carried out by the data
on functioning systems of activity monitoring at Samarkand State University and
EDIS in Joint Venture «Tasty-Fruit». The results are obtained under conditions
close to practical where: volume of entered information is equal to 10°marks
(about 300 pages of electronic text); value of mistakes probability is P=3,7-107°;
the word in document is assumed equal on the average to 8 decimal marks; the
whole line of document is protected by application of algorithms based on use of
PR-redundancy; during calculation mistakes of processing caused by failures of
electronic devices are neglected.

Table represents results of the comparative analysis of efficiency for
developed algorithms by various criteria. In columns 6 and 7 we give the values of
coefficient for reduction the probability of undetected mistakes errors (coefficient
of advantage for information authenticity), respectively K, =P/P, is theoretical

and K, =P/P, is experimental.

In columns 8 and 9 we give the values of coefficients K, =T7,/T,,,
K, =T,IT, meaning the labor input, in columns 10 and 11 values of coefficients
K., =C,lC,, K, =C,IC, for cost of control. For existing conditions of data

processing on objects we considered, that the labour content of input the
information by keyboard is equal 400 hours, cost of input is equal 60 thousand
sum, labour content of manual control is 350 hours, cost of manual control is 45
thousand sum, labour input of scanning and recognition is 150 hours and cost of
recognition is 25 thousand sum.

It is established, that using of algorithm with linear summation provides: the

minimal probability of undetected mistakes P, ~3-10~°; labour content — 0,5
hours; cost of control — 1 thousand sum.
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Table
The comparative analysis of efficiency of algorithms in systems of information authenticity control

=)

Algorithms to control, detection and Values of efficiency criterion

correction of mistakes

LL

Probability P, Coefficient Labour content of | Cost of control —
K,=P/P,. control - K, K.,
Theor.- P, Exper. Theor Exper. K., K, | K., K.,
P, K, K,
Using the artificial redundancy
Linear summation 10” 2.107 100 200 1,8 1,7 2 2
Modular summation 10°-10° 5.107 1000 5000 2 2 2 2

Using the natural redundancy

n-gram models 10>-10° 4.10° 1000 4000 2 2 3 3

Morphological model 10°® 2:10° 1000 2000 3 3 3 3

Using the structural-technological redundancy

Expert systems and knowledge bases

10°-10° 1.5-10° 1000 1500 1,8 1,7 2 2

Logical control criterion 10° 2.10° 100 200 2 2 2 2
Using the statistical redundancy

On the basis of Lempel-Ziv-Welch 2.10°-10° 6.10° 2000 6000 3 3 3 3

method and Burrows-Weeler

On the basis of arithmetical coding | 3-10°-107 107 3000 10000 3 3 3 3




Using the algorithm with plane summation provides: the minimal probability
of the undetected mistakes — P, ~4-107°; labour content of control — 1,2 hours;
cost of control — 1,5-2 thousand sum.

Using the algorithm with modular summation provides: the minimal
probability of undetected mistakes - P, ~6-10~°; labour content of control - 0,8
hours; cost of control - 1,2 thousand sum.

It is determined, that developed program methods, in comparison with
traditional methods, reduce labour content and cost of control in 2-3 times.

The attitudes of labour content and cost of manual mode of information
system to labour content and cost of semi-automatic and automatic modes testify
values of obtained coefficients decrease almost in 2-3 times.

Rapprochement of experimental values P, to analytical is checked up by

Pierson criterion N? with guarantee probability 0,9. This confirms that
experimental results match theoretical.

Technique of calculating the economic efficiency and efficiency of
implementation are developed for methods, algorithms and software as computer
systems of automation of office-work (EDCS) and adapted data transfer,
processing and analysis in infocommunication networks. It is determined that
value of estimated economic efficiency of computer system for adapted data
transfer, processing and analysis in infocommunication networks in BE
«SamTelecom» and in JV «Lazzat-Meva» by results of data processing represented
in monthly reports makes 5,1 million sums.

CONCLUSION

1. Developed in the dissertation constructive methods, models, software and
algorithms complexes to control of information authenticity by principles of using
of PR-redundancy on the basis of concepts of system analysis, control and
information processing allow to increase efficiency and productivity of EDIS.

2. The estimation of current state of the theory and practice of code,
hardware and program methods of control of authenticity information transfer had
shown insufficiency of existing types of redundancy for providing qualitative
functioning of EDIS. Principles of use of PR-redundancy at electronic documents
for working out applied methods, software and algorithmic complexes to providing
of information transfer authenticity have allowed to design toolkit of development
of existing technologies.

3. Methods of: linear, plane and modular summation; codings by rules of
Haffman, Lempel-Ziv-Velch, Barrouse-Willer, arithmetic coding, statistical
recognition, logic control form methodical bases of use of PR-redundancy for
expansion possibilities of algorithms and software complexes to providing of the
information authenticity during drawing up, transfer and processing of electronic
documents texts.

4. Efficiency of developed algorithms is shown and solutions are got for tasks
of control the information authenticity on the basis of criterion of mistakes
undetecting probabilities. It is established, that they find up to 92 % of all kinds of
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mistakes, capable to correct single, double and adjacent transpositional mistakes, in
comparison with existing methods reduce labour content and cost of control in 2-3
times if probability of mistakes is accepted as P~4-10"°, and also raise the
information authenticity up to three orders.

5. To solving tasks of control and correction of spelling mistakes in Uzbek
texts methods, algorithms and systems are developed included morphological and
n-gram structured models. The developed technique of getting frequency
characteristics of n-gram on the basis of distortions probability parameters
statistics are applied during systematization hash-codes for parsing coding.

6. Interpolation and extrapolation methods of construction the logic and
arithmetic function of statistical recognition are used for working out algorithms to
control of text elements images authenticity. Methods are developed to control
authenticity of alarm characteristics of text elements images in neuronetworking
system to information processing which includes parts of automatic recognition
and control of images signals. Methods and algorithms are realized in the structure
system to control of information authenticity for cases when information in EDIS
Is represented as metatext on the basis of belonging attributes and classification of
metatext on fuzzy semantic hypernet.

7. Methods and algorithms of the control of the information authenticity,
based on methods of dictionary, statistical and hash-codings provide effective
applying of the hardware-software environment of parallel computations NVIDIA
with use of standard libraries of numerical analysis, optimized data exchange
between CPU and GPU for optimization.

8. It is determined that at realization of the system to control of spelling on the
basis of developed ways of description and identification of the software shell,
treelike representation of n-gramm grammar and architecture of framework Sfinks-
4 focused on various language models used PR-redundancy, the number of
undetected errors and cost of realization considerably decreases, and labour content
in comparison with the spelling control system on the basis of morphological
analysis decreases twice.

9. Developed simulating algorithms, complexes of software and systems to
control of information authenticity on the basis of using PR-redundancy have
found practical application in systems of: automated organization of educational
environment in high schools; adapted data transfer, processing and analysis in
infocommunication networks; EDIS of enterprises.

10. The developed software complexes to control the information
authenticity in structure of EDIS and computer system of adapted transfer,
handling and data analysis are implemented in real working conditions in the
Samarkand branch «UzTelecom» of the State committee or communication, for
Informatization and telecommunication technologies of the Republic of Uzbekistan
and in Joint Venture «Tasty-Fuit». Appropriate certificates confirm cost of
economical efficiency of dissertation results.
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