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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh TeMbI JUcCcepTaunMu. B Hacrosiee Bpems i YCUIJICHHS
3amMUTHl  WHQOPMAIMOHHBIX  PECYpCcOB  pa3pabaThIBAIOTCS  TEXHOJIOTHH
OMOMETPUYECKON ayTeHTU(HUKAIMKA JIMYHOCTH, TJA€ OMOMETPUYECKHE JTaHHBIC
yesoBeka MpeoOpa3yloTcs B KpunTorpaduyecKuid K4 WA napoiib. s ux
peanu3alMyd  NPUMEHSIOTCS  UHTEJUIEKTyaJdbHblEe  METOIbl W MOJIENH,
Oazupyromuecs Ha Teopun HelipoHHbix ceteit (HC).

Bompocer obecrnieueHusi 0€30MacHOCTH, B TOM YHKCIE ayTeHTHU(UKALUU
nmosib3oBateiel mpu  obpaboTrke uwHPOpManMH, Obuld  00O3HAYEHBI B
INocynapctBerHoi nporpamme «lludposoit Kazaxcran» m Hanum OTpakeHHE B
Konnenmuu  xubep6eszomacHoctn  «Kubeprutr  Kaszaxcrana». Paspaborka
yKa3aHHOW KOHIENIMU U aHAIN3 HaAyYHO-TIPAKTHYECKUX MCCIIEIOBAHUN B JJAHHOM
0o0JlaCTH  TMOKa3bIBAIOT, YTO MaJI0 HCCIEJOBAaHHBIMM OCTAIOTCS BOMPOCHI
MOBBIIEHUS 3(P()EKTUBHOCTH paCIO3HABAHUS OMOMETPUYECKHX O00pa3oB B
MH(POPMAITMOHHBIX CHCTEMAaxX, YTO U OOYCJIABIMBAET AKTYyaJbHOCTh HACTOSILETO
MCCJIEI0BAHMUS.

CBsi3b TeMbl JMCCEPTAIMM € KPYNHBIMH HAYYHBIMH NPOrpamMMaMu,
OCHOBHBIMH  HAYYHO-HCCJIEA0BATEIbCKMMHU  padoTaMu, NPOBOJAMMBIMH
HAYYHBIMHU y4pe:kaeHusiMu. J(uccepranronHas paboTa MpoOBOAWIIACH B paMKax
Hay4yHO-UccnenoBatenbCkux mnpoektoB KasHUTY wumenn K.M. CarnaeBa
Ne753MOH.I'®.13.13 «MccnenoBaHue BapuaHTOB peaiv3alud U pa3padboTka
neuctBytomero jgaboparopuoro oopasima ON-LINE cuctemsr 6uomerpudeckoro
00€3IMYMBAaHUS  DJIEKTPOHHBIX  UCTOPUH  OOJIe3HEH  JUIsl  MEIUIIMHCKOTO
yupexaeHusi», Ne 757.MOH.I'®.15.MUT.6 «MccrnenoBanue, rapMOHM3AIus,
MoudUKalMs U MMOCTAHOBKA HA YYET TPYyMNIbl CTAHAAPTOB MO OMOMETPUUYECKOM
nojAepxke  MHOOPMAIMOHHOW  0e30MacHOCTH», B  paMKax  Hay4yHO-
uccienoarenbekoro npoekra KI'TY wmm. WM. PazzakoBa «MopnennpoBanne u
aHajgu3 OE30MacHOCTH TpakaaH 1o 0a3e MaHHBIX OWoMeTpHKH KBIprbI3cKon
PecniyOmukmy.

Heas u 3agaum ucciaenoBanus. llenpio paboOThI SBISETCS TMOBBIMICHUE
3¢ (PEeKTUBHOCTU pacro3HaBaHUsI OMOMETPUYECKUX 00pa3oB 3a CUET MPUMEHEHUS
OMOMETPUKO-HEUPOCETEBBIX METOIOB.

3a1auaMu UCCIIEJOBAHUS SIBIISIOTCS:

— pa3paboTka HEWPOCETeBOW  MOJENH, MO3BOJSOMEr  AHPEeKTUBHO
pacro3HaBaTh IMOJb30BaTEIEH HA OCHOBE aHAJIM3a T€OMETPUYECKUX MapaMeTpoB
¢bparMeHTOB PyKOMMCHOTO TEKCTa U3MEHSIEMOTO pa3Mepa;

— CHHXEHHUE Pa3MEPHOCTH BXOJTHOM BBIOOPKH 3a CUET y4eTa KOPPEISIIMOHHBIX
CBsI3el MEXK]y BbIXOJHbIMU curHaiamu HC;

— pa3paboTka MeETo/Ja CHHTE3a KpUTEpUs XHU-KBaJApaT pachpeaesieHui
3aBUCUMBIX JAHHBIX;



— pa3zpaboTka aBTOMAaTU3UPOBAHHOM WHTEIUICKTYaIbHON CUCTEMBI
pacro3HaBaHusl OMOMETPUYECKHX 00pa30B B MHPOPMALIMOHHBIX CUCTEMAX;

— pa3paboTka MeTOIuKH (HOPMHUPOBAHUS OMOMETPUYECKUX 0a3 PYKOTHMCHBIX
00pa30B 1 OTIIEYATKOB MAJIBIICB;

— JKCHEPUMEHTAIILHOE UCCIIEJIOBAHKE aBTOMATHU3UPOBAHHOMN
WHTEIUICKTYalbHOM CHCTEMbI pacro3HaBaHUs OHWOMETPUYECKHX OOpa3oB B
MH(GOPMAITMOHHBIX CUCTEMAX.

HayuyHasi HOBH3HA MNOJYYEeHHBIX Pe3yJabTaTOB  3aKIIOYacTCS B
CJIEIYIOILEM:

— pa3paboTaHa KOMIIO3UTHAs HeWpoceTeBass MOJENb, KOTOpas 3a CYeT
ucnoap3oBanus B ceeprouHor HC Mopnyneil 1oAaroid KpaTkOCpOYHOM MaMsTH, a
TaKK€ 3a CUeT aJanTaliud TapaMeTpoB MOJIEIM K YCIOBUAM CHCTEMBI
OroMeTpudeckoil ayreHTudukanuu, odecrneunBaeT 3pGEeKTUBHOE paco3HABaHUE
MOJIb30BaTeNIe Ha OCHOBE aHaJM3a T€OMETPUYECKHUX MapaMeTpoB (PparMeHTOB
PYKOITMUCHOTO TEKCTa U3MEHIEMOI0 pa3Mepa;

— TPEMJIOKEH METOJ] CHWXEeHHs BxojaHoil BbIOOpkn HC 3a cuer yuera
KOPPEJSIUOHHBIX CBSI3eH MEX Ay BHIXOIHBIMU curHaiamu HC;

— TPEUIOKEH METOJI CHHTe3a KpPUTEepUs XHU-KBaApaT paclpeaesieHui
3aBUCUMBIX JaHHBIX, MO3BOJISIIONINI CYIIECTBEHHO YBEIWYUTH JOCTOBEPHOCTH
OIICHOK MPOBEPKHU CTATUCTUUYECKUX TUIIOTE3;

— pa3paboTaHa apXUTEKTypa aBTOMATHU3UPOBAHHON HWHTEIUICKTyalbHOMN
CUCTEMBI  PACIO3HABAaHUS OMOMETPUYECKHX OOpa3oB C  HUCIHOJIb30BaHHEM
HEUPOCETEBBIX TEXHOJIOTUH;

— pazpaborana MmeToauKa (OpMUpOBaHMS 0a3 PYKOMUCHBIX OOpa3oB U
OTII€YaTKOB TMAJIBIICB.

IIpakTHyeckasi 3HAYUMOCTH MOJYYEeHHBIX pe3yabTaroB. [IpennoxeHHbIC
HEWpOCEeTEeBbIC MOJCIM U METOJbl MO3BOJIWIM pa3padoTaTh MHTEIUICKTYaIbHYIO
aBTOMATHU3UPOBAHHYIO CHUCTEMY pacliO3HaBaHUS OMOMETPUYECKHUX OO0pa3oB IO
OTIEeYaTKaM TaJIbIIEB U PYKOIKMCHOMY IMOYEPKY, KOTOpas IMOKas3ajia OCTAaTOYHO
BBICOKYIO TOYHOCTh PACIiO3HABaHUS, 1 MOXET ObITh MCIOJIb30BaHA JIJISI CO3/IaHUS
WHCTPYMEHTAJIbHBIX CPE/CTB.

JKOHOMHUYECKASA 3HAYMMOCTb MOJYYEHHBIX Pe3yJbTATOB JOCTUTACTCS
BHEJIpPECHHEM  pa3pabOTaHHOW B  JHCCEPTAIMOHHOM  paboTe  CHUCTEMBI,
UCIIOJb30BAaHUEM TMPEACTABICHHBIX METOJIOB M TEXHOJOTMA B Mpolecce
aBTOMATHU3aINU YIIPABICHUCCKUX U MHKEHEPHBIX 3a71a4.

OcCHOBHBIE MOJIOKEHNSI TUCCEPTALMU, BLIHOCUMbIE HA 3AIIUTY.

— KOMIIO3WTHAsi ~ HeHWpoceTeBass  MOJACIb,  KOTOpas  oOecreunBaer
addexkTBHOE  paclio3HaBaHHWE  TOJIB30BAaTEEl  HAa  OCHOBE  aHaluW3a
FCOMETPUYECKUX IMapaMeTpoB (ParMEHTOB PYKOMHUCHOTO TEKCTa H3MEHSIEMOTO
pa3mepa;



— BJIMSIHUE KOPPEJSIUMOHHBIX CBSI3€M MEXIy BbIXOJHbIMU curHaiamu HC
MIPH OLICHKE YHTPOIUH IpeoOpa3oBaTeseii OMoMeTpus-KOI;

— METOJ CHIbKeHHUsI BXxomHOW BeiOOpkn HC 3a cuer yduera KOppensIuOHHBIX
CBsI3ei MEX 1y BbIXOJAHBIMU curHaniamu HC;

— apXUTEKTypa  aBTOMATHU3UPOBAHHOW  HHTEIUIEKTyaJIbHOW  CHCTEMBI
pacro3HaBaHus OMOMETPUYECKHMX O00pa3oB C HCIOIb30BAHUEM HEMPOCETEBBIX
TEXHOJIOTHM;

— MeTonuka (GopMHUpOBaHUS 0a3 PYKOMHUCHBIX OOpPa30B W OTIEYATKOB
MaJbIICB.

JInunplii Briaax couckarenasi. OCHOBHbIC TOJIOKEHUS U PE3YIbTAThI
JUCCEPTAIIMOHHON pabOThl, BBHIHOCHMBIC Ha 3aIUTy, TOJYYEHBl aBTOPOM
camocTosTeNbHO. B paboTax, HamucaHHBIX B COABTOPCTBE, JIMUHBIA BKJIaj
COHMCKaTelIs 3aKiouyaeTcs B cieayromeM: [11] — mpoBeieHbI MCCIeIOBaHUS 10
BBISBJICHHIO aHOMaibHOTO coctosiaus COB, [7, 9, 12, 13, 19] — npoBenen aHaam3
TEXHOJIOTUI pacno3HaBaHus OuoMerpudecknx oOpaszos; [10, 14] — mpoBencH
anaym3 HC m BbIOOp anmroputMoB oOydenws; [3, 16, 17] — mpemmokeH MeTon
cHIKeHUs1 BXoaHoH BeIOOpkr HC 3a cyer yuera KOppEISIIMOHHBIX CBSI3EH MEXITY
BeIXOHBIMU curHanmamMu HC; [1, 2] — npemioskeH CHHTE3 XH-KBaJIpaT KpUTEPHUs
JUIS 3aBHCHMBIX HaHHBIX, [4-6, 8, 15] — mnpoBeacHO ¢dopMupoBanue ©O6a3
PYKOITUCHBIX 00pa30B U OTIEYATKOB MAJIBIIEB.

Anpobdanuu pe3yJbTATOB auccepranmum. Pe3ynbraThl HCCIIEIOBaHUI
JOKJIaIBIBANIUCh, U OOCYXJanuch Ha ceMuHapax kadeaposl «Hudopmarmonnas
6e3onacHocTh» KasHUTY umenu K.W. Carnaesa, kadenpsl «MHpopManimoHHbie
cuctembl u TexHosorum» KI'TY umenu M.Pa33zakoBa, a Takxke MEXITYHAPOIHBIX
koHpepenmmsx «Innovation Challenges In Multidisciplinary Research&Practice»
(Kuala Lumpur, 2014), «MHpopmaliOHHBIE W TEJICKOMMYHHUKAIIMOHHBIC
TEXHOJIOTUU: oOpa3oBaHue, Hayka, mpakTuka» (Anmartsel, 2015); «Indopmaminna
Oesrieka Ta kKoMmImoTepHi TexHosnorum» (Kuposorpan, 2016); MuTennekTyanbHbIe
UH(OPMAITMOHHBIE M KOMMYHHMKAIMOHHBIE  TEXHOJOTUU —  CPEACTBO
OCYILIECTBJIICHUSI TPEThEW WHIAYCTPHAIBHOM PpEBOJIIOIMUA B CBETE€ CTPATETUH
«Kazaxctan-2050» (Acrana, 2017); «AKTyaJlbHI TIMTaHHS 3a0€3MECUCHHS
kibepOe3neku Ta 3axucty iHdopmaiii» (Kues, 2018).

ITosiHOTAa OTpakeHUus1 Pe3y/jbTATOB JAUCCEPTAMM B NyOJIMKAIMAX B
xwypHanax: «M3ectus KI'TY» (4 crateu); «Becthuk HAH PK» (2 cratbn);
«Joxmamet HAH PK» (1 crates); «Journal of Theoretical and Applied Information
Technology» (1 ctates); «3axuct undopmarii» (1 crares); «3sectus HAH PK»
(1 crates), «Intelligent Systems in Cybernetics and Automation Control
Theory» (1 craThs), a Tak)Kke MOATBEPKCHA 2 aBTOPCKUMH CBHJICTSIILCTBAMH Ha
IPOTPAMMBI.

Crpykrypa u 00bem auccepranmu. /{ucceprauusi COCTOUT U3 BBEICHUS,
Tpex riaB W npuioxkeHuid. [lomHBIE 00BEM auccepTanmu coctaBiser 164
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CTpaHMUIIbI, B TOM YKCJIe OCHOBHOTO TekcTa 136 cTpaHul, BKItoyas 56 puCyHKOB U
12 Tabmmi. CiuCOK MCTIOIB30BAHHON JTUTEPATYPHI COCTOUT U3 87 HAMMEHOBAHHI.

OCHOBHASA YACTbH

Bo BBeieHMH 000CHOBaHAa aKTyaJIbHOCTh IPOOJIEMBbI, CPOPMYTHUPOBAHBI LS U
3a7lauM MCCIeIOBaHMsl, Hay4Has HOBHM3HA W MPAKTUYECKas HEHHOCTh MOJYYEHHBIX
pe3yNnbTaToOB, TPUBEICHBI CBeleHUsT 00 ampobaimu paboOThl U €€ CBSI3U C
rOCyJJapCTBEHHBIMU HAYYHO-TEXHUYECKHUMH MpOrpamMMmami, JaeTcs nHdopMaius o
KOJIMYECTBE ITyOTUKAIIHIA.

B nepBoii riaBe onrchIBAIOTCS HHTEICKTYaIbHBIE CUCTEMBI PACTIO3HABAHUS
OroMeTpruYecCKUX 00pa3oB, OA3UPYIOIMHECS HA TCOPHH HEUPOHHBIX CETEH.

HeliponHble ceTH ABIAIOTCS HEIMHEWHBIMH. OTO Ja€T BO3MOXHOCTb
UCIOJIb30BaTh UX CaMOCTOSITENIbHO MU C IPYTMMH TPAIULIUOHHBIMU METOJIaMU.
OHM MO3BOJAIOT OCHAOUTh WM BOOOILIE CHATh MPOOJIEMY «IIPOKISATHS
pa3MEpHOCTH», KOTOpas Mpu OONBIIOM KOJIWYECTBE MEPEMEHHBIX HE MOXKET
CMOJIENTMPOBATh JIMHEHHbIE 3aBUCUMOCTH. B ciydasx, koraa He0OX0IMMO CAENaTh
IpeIBapUTENbHBIA aHATN3 JAHHBIX U HAWTH 3aBUCUMOCTH MEXIY MEePEeMEHHBIMU
HEHpPOHHBIE CETH TIOKa3bIBaIOT BBICOKYIO A(P(EKTHUBHOCTh. AHAIU3UPyEMblE
JaHHbIE MOTYT OBITh HEMOJHBIMH, MPOTUBOPEUUBBIMH U JAXKE€ HCKAKEHHBIMH.
[Tpu cyuiecTBOBaHMM MEX1y BXOJHBIMM U BBIXOJHBIMU JAHHBIMH KakKOW-1HO0
Jaxke He 0OHAPYKUBAEMOUM KOPPEISIIMOHHBIMU METOJIaMU CBSA3U HEMPOHHAs CETh
MOXET Ha Hee HacTpoutbcs. KpoMme TOro, COBpeMEHHbIE HEHWPOHHBIE CETH
00nafalT CIEAYIOIIMMH BO3MOXHOCTSMHU: TO3BOJISIIOT YMEHBIIUTh OO0BEM
BXOJHOW MH(pOpMaIMU, CpaBHUBAsi €€ M COXpaHssl TOJIbKO CYIIECTBEHHbIE
JaHHbIE, TPOrHO3MPOBATh HA OCHOBE BXOJHBIX JTaHHBIX pa3jMuHble CUTyalluH, B
TOM YHUCJI€ U KPUTHUECKUE U T.1I.

Pe3toMupys BblllIECKa3aHHOE, MOKHO CKa3aTh, YTO HEHUPOHHBIE CETH — 3TO
CUCTEMBI, KOTOpPbIE HA OCHOBE aHaliM3a BXOJHBIX JAHHBIX, OOyYEHHUS! CETU NAIOT
pe3ynbTaThl 00pabOTKH, Jla)Ke €CJIM Ha BXOJ€ OblIa TJIOXO CTPYKTYypHUpOBaHHAs
uHpopMarnus. ' TaBHBIM OTJIMYMEM HEWPOHHBIX CETEH OT APYTUX CUCTEM SIBIISETCS
TO, YTO MM HE HY)XHA 3apaHee H3BecTHas Mojesb. HelpoHHbIE ceTu CTposT
MOJIeJIb Ha OCHOBE BXOJHOU nHopManuu. [103ToMy UX MIMPOKO UCMIONB3YIOT IS
pelIeHus 3a1a4 KiacCu(pUKaIluy, TPOrHO3UPOBAHUSI, YIIPABICHUS U, TIO CYTH, OHU
ABJIAIOTCS 0a30M Jie OpraHu3aliid WHTEJUIEKTYaJbHBIX CHUCTEM 3alllUThl
uHdOopMaIuu.

CyiiecTByeT pa3nuyHble NPUMEPbl NMPUMEHEHHUsS] SKCIEPTHBIX CHUCTEM U
CUCTEM TMOJAJCPKKU MPHUHITUS pPEIICHUN (MHTEUIEKTYaJIbHbIX CHCTEM) Jis
obecrieueHuss  WH(POpPMAIMOHHOW  Oe30mMacHOCTM UM KuOepOe30macHOCTH
kommbroTepHbIX cucteM [20, 21]. OmHMM W3 TPUMEPOB HMHTEILICKTYaTbHBIX
CUCTEM SIBIISIIOTCS CHCTeMbl OOHapyxeHusi BropxkeHuii (COB), koTopsie
MO3BOJIAIOT aHAIU3UPOBATh, KOHTPOJIUPOBATh, MPOTHO3UPOBATh M OJIOKUPOBATH



ataku. [lo merony oOHapyxkeHust atak pazuenstor COB, Oazupyromuecss Ha
CUTHATypHOM (IIa0JIOHHOM) M  aHOMajJbHOM TMPUHIMIAX OOHAPYKCHUS
BTOp>)keHH. OCHOBHAsI Wjaesl CUTHATYPHOrO MOJAXOJAa 3AKIK0YAETCS B ONMMCAHUU
aTakd B BHJAE IIa0ioHa (CUTHATYpbI) W €ro TMOUCKAa B KOHTPOJIUPYEMOM
npocTpaHCTBe (Hampumep, B CeTeBOM Tpaduke, MPOTOKOJIAX, >KypHaye
peructpauuu 1 Ap.). CUCTeMbl BTOPOTO THUIIA OPUEHTUPOBAHBI HA OOHAPYKEHHE
aHomasnbHOro  moBeaeHus. OHM  coxepkaT  Tpoduib  HOPMAIBHOTO
(HEHOPMAJIEHOTO) TOBEICHUS CUCTEMbl M OOHAPYKHBAIOT OTKJIOHEHUS OT HETO
[11]. OTm COB ocHOBaHBI Ha TOM, YTO AHOMAJIBHOE COCTOSIHHE CHUCTCMBI
MPOSIBJISIETCS. KAK OTKJIOHEHHE OT HOPMAJIBHOIO IIOBEJIEHHS C KOHKPETHBIM
JMANa30HOM 3HAYEHUN MEPEMEHHBIX M COCTOSHUM, a B aHOMAJbHOM Ciy4ae
HEOOXOJAMMO YYUTHIBaTh OOJ€€ 3HAUUTEIbHBIA JUANa30H MU3MEHEHMs 3HAYeHUN
NEPEMEHHBIX U COCTOSHUM.

JIpyrum sSIpKuUM IIPUMEPOM NIPUMEHEHNS HEUPOHHBIX CETEU SIBISACTCS 3aIUTa
MH(}OPMAITMOHHBIX pecypcoB aBTOMAaTU3UPOBAHHBIX CUCTEM oT
HECAaHKIIMOHMPOBAHHOTO  JOCTyHa, MyTeM  OpeoOpa3oBaHUs  JIUYHBIX
OMOMETpPUYECKUX JaHHBIX YeJIOBEKa B €ro KpUNTOrpauuecKuid KIIkod.
Kpunrorpadguueckas mnopaepxkka OHOMETPUYECKHX TEXHOJOTHH  SBISETCS
BRXHEMIIUM MOMEHTOM, OO0ECHEeUMBAIOIIUM JOBEpUE K OHOMETPUUYECKUM
naHHbIM. Bce 3TO cTaHOBUTCS OCOOEHHO OYEBUAHBIM, KOTJa pedb HJIET O
MpUMEHEHUN OuoMmeTrpun B VIHTEpHETE M WHBIX OTKPBITHIX HH(POPMALMOHHBIX
IPOCTPaHCTBaX. B OTKPHITHIX MH(POPMAIMOHHBIX MPOCTPAHCTBAX KpuUOTOrpadus
SBJISICTCS] € IMHCTBEHHBIM 3((EKTUBHBIM CIIOCOOOM 3aITUTHI, TO €CTh HEOOX0IUMO
OCYIIECTBIATH 3P(HEKTUBHOE CBSA3BIBAHHE OMOMETPHUH C KpUITTOrpaduei.

CyuiecTByroniue B  HacTosilliee BpeMs OHOMETPUYECKHE TEXHOJOTUU
pacno3HaBaHMsl 00pa3oB JensATcs Ha TpH rpynmbl. K nmepBoii rpynmne oTHOCSTCS
TE€XHOJIOTUH, OCHOBAaHHbIE Ha aHAJIU3€ CTATUYECKHUX XapaKTEPUCTHK 4YeOBEKa, a
KO BTOPOW TIpYIIE OTHOCATCA TEXHOJIOTMM, OCHOBAaHHBIE Ha aHaU3e
JUHAMUYECKUX XapaKTEPUCTHK 4YeJIOBEeKAa. B TpeTbell rpynne MOXKHO COYeTaTh
TEXHOJOTUA TIEpBOM W  BTOPOM  TIPYINIBI, TO €CThb  MCIOJIb30BaTh
MyJIbTHOMOMETPUYECKME  TEXHOJOrMU. bt  paccMoTpeHbl  Hambojee
pacnpoCTpaHEHHBbIE TEXHOJIOTMM pAClO3HABaHUS KaK CTaTUYECKUX, TaK U
JTUHAMUYECKUX OMOMETPUUYECKHX O00pa3oB: OTIEYATOK Mayiblia, TEOMETPUS JIUILA,
ceTyaTka rja3a, TeOMEeTpUs PYyKH, PYKOIMCHAs MOANUCh U rosiocoBast ¢pasa,
KaXK7asi U3 KOTOPBIX UMEET CBOM OCOOEHHOCTH, JOCTOMHCTBA M HeAocTaTKu. M3
IIPOBEICHHOIO0 aHaJIW3a CJEAYyeT, 4YTO CTAaTHYECKHE METOAbl II0 MHOTHM
napamMeTpaM yCTYMarT JUHAMU4YeCcKUM. Bo-mepBbIX, camas aeiieBasi TEXHOJIOTHS
pacno3HaBaHusi OMOMETPUYECKUX 00pa3oB MO OTIEYATKAM MAJIbLIEB CTOUT OKOJIO
$100, Torma kak 3aTpaThl Ha CpeJCTBa OHOMETPHUYECKHE ayTCHTHU(HKAIUU IO
roJI0COBOM (ppasze M pyKOMUCHOMY MOYEPKY ropaszio HIKe. IT0 00yclaBInBaeTCs
HaJUYHEM almnapaTHBIX YCTPOWCTB BBOJIAa TOJOCOBOM U PYKOTTMCHOW HH(pOPMAITUH
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B KAPMaHHbBIX KOMIIbIOTEpax U cMapTdoHax. Bo-BTOpBIX, BEPOSITHOCTH MPOITyCKa
«HyX0ro» B CTaTUYECKUX METOJa BHICOKA IO CPaBHEHHUIO C JUHAMUYECKUMH.
Hanpumep,  ayns  ynmoMsiHyTOMl  BbIIIE  TEXHOJOTHM  pacloO3HaBaHMS
GHOMETPHUYCCKUX 0OPa30B 110 OTIIEYaTKaM MajIbIeB OHA COCTaBseT mopsiaka 10,
CToHKOCTh XK€ TalHOTO MATHOYKBEHHOTO PYKOMUCHOTO MapoJisi OMOMETPHUKO-
HEHPOCETeBOM 3alllUThl NIl aTakh CPEIHECTaTUCTUYECKOrO IOJIb30BATEINs
Haxoxures Ha yposae 10°,

B Hacrosmei riiaBe paccMaTpuBaeTCs TEXHOJOTUH PacliO3HAaBaHMS 00pa3oB
HA OCHOBE MOJEJIM HEYETKUX IKCTPAKTOPOB.

Jlnst 3amuThl OMOMETPUYECKHX KOJIOB WCTOJB3YIOT JIMYHBIA CEKPETHBIN
KpUnTorpaguueckuii KoY 4YeloBeKa, K KOTOPOMY TNPUMEHSIOT U30bITOYHBIM
camokoppektupytonuiics koa. OObryHO mpumensitor koasl bUX (boysa-
Yoyxypbl-XOKBUHTEMA) M TMOATOMY TOJy4aroT Tammy B 10 pa3 nnuHHee
CeKpeTHoro kiroya. Jlanee Kk OMOMETPUUECKOMY KOAY MPUMEHSIOT TaMMy MJis
MOJIYYEHUSI «HEUYETKOTO KOHTEHHEpa», KOTOPBIM COXPAHSIOT JJIsi MPOBEICHUS
nporiecca ayreHTudukanuu. [lpu mnpoBeneHuM ayTeHTUPUKALIMU  BBOJST
OoroMeTpudeckuid o0Opa3, OUU(POBHIBAIOT €r0 W TAMMHUPYIOT C COXPaHEHHBIM
«HEYETKUM KOHTEHHEPOM).

«HeueTkue 3KCTPAKTOPb» UHTEPECHBI TEM, YTO IMO3BOJISIOT B SIBHOUW (QopMme
pa3eanTh CTOMKOCTh KPUNTOrpadUyeCKOM 3allUThl OMOMETPUYECKOTO KOJa OT
HaOJIOJICHUSI M CTOMKOCTh OMOMETPUYECKOM 3alllUThl OT aTaK IO0JICTAHOBKU
ciy4aitHeix 00pa3oB «Uyxkoi». CTOWKOCTh Kpunrorpaduueckoi 3amuThl Oyaer
MPOTOPIIMOHANIbHA JUTMHE JIMYHOTO KJTI04a, a OMOMETpUYeCKasi CTOMKOCTh 3aIlUThI
MPOTOPIIMOHANIbHA JUTMHE OMOKOa U MOKa3aTeNsIM CTAOMIIBHOCTH €TI0 Pa3psiioB.

Bo BTOpOIl r1aBe paccMaTpUBAaIOTCS MOJEIM W METOABI PacliO3HABAHUA
OMOMETPUYECKUX 00pa30B C UCIIOIb30BaHUEM HEHUPOHHBIX CETEH.

B obmem ciydae s pacnio3HaBaHUs JIIOOOr0 OMOMETPUYECKOrO 0Opasa
HE0OX0oaMMO mpeoOpa3oBaTh MHOTOMEPHBIMH KOHTHUHYYM OHOMETPUYECKUX
JTaHHBIX oOpa3a «CBoit» B ko1 KpunTorpadpudeckoro kiaroua mocryma [12]. dius
TOTO HYXHO OTCKAaHUPOBAaTh TMPEABSABICHHBIM OuOMeTpuueckuii  00pas,
BBIYUCIIUTh KOHTPOJIUPYEMbIe OMOMETPUUECKHE MapaMeTphl U MPEABSIBUTh UX HA
BXOJ MpeoOpazoBaTeisi OMOMETPUSI-KO/I.

B kauecTBe aHaIM3UPYEMbIX MapaMeTpPOB  PYKOIMHUCHOTO  IOYepKa
UCIIOJIB3YIOTCSI  TE€OMETPUYECKUE  OCOOCHHOCTH  TEKCTOBBIX  (hparMeHTOB
HeomnpeAeneHHol  nnuubl.  [Ipenmonaraercs, dYTO Ha TEPBOM  YpPOBHE
pacrio3HaBaHMsI HEWPOHHAs CETh JOJKHA BBIJICIUTH 3JIEMEHTapHbIC MPHU3HAKHU,
MPEACTaBIAIONIME COOOM 4YeThlpe pazMyHbIM 00pa3oM OPUEHTHPOBAHHBIX
OTpE3Ka, a TAKXKE MYCTYIO U 3al0JIHEHHYIO 00JIacTH.

Jnsg  mocTpoeHuss HEUPOCETEBOW  MOJENM  MCIOJIb30BAJIACh  XOPOLIO
anpoOupoBaHHasT W  HAYYHO OOOCHOBaHHAas  METOMOJOTHS  pa3pabOTKH



3¢ (PEeKTUBHBIX HEHPOCETEBBIX CUCTEM 3aIUTHI HH(DOPMAILIMU, KOTOPAsi COCTOUT U3
JIBYX 3TAIoB:

- 06ocHOBaHME BbIOOpa Hanboee 3PPEKTUBHOTO BUIa MOJIETIH;

- OTIpe/IeNICHrE TapaMeTPOB MO 3(PPEKTUBHOTO BUA.

[Tpu 3TOoM 11 060cHOBaHUS BbIOOpa Hanbosee 3PpGHEeKTUBHOTO BHUIa MOJICIIH
HaMHU HMCIOJIb30BaH CIEAYIONIMI NpUHIUIN — Hanbonee d(PPEKTUBHBIM SIBIIACTCS
TOT BHJl HEHPOCETEBOM MOJEIHN, XapaKTEPUCTHUKU KOTOPOro HauboJyiee MOJHO
COOTBETCTBYIOT  3HAYUMBIM  YCJIOBHUSM TIOCTABICHHOW 3aJaud  3allUTHI
uapopmanuu [10]. B Ga3zoBoM BapmaHTe Mpemiiaraetcs pasIeiuTh MHOXKECTBO
3HAYUMBIX YCJIOBUW Ha KaTeropuu, XapakTepusylolue ydeOHble TaHHbIC,
OTpaHUYEHHs] TMpolecca OOYyYEHHMs, BBIYUCIUTEIIbHBIE MOIIHOCTH, BBIXOJIHYIO
MHPOpPMAIMIO, TEXHUUECKYIO peaau3aluio U chepy NpUMEHEHUs HEMpOCETEBbIX
cpenctB. Takum o00pa3om, 3ajada BbiOOpa Haunbonee 3(PQPeKTUBHOrO BHIA
HEHWPOCTEBOM MOJENIN CBOAMUTCS K 3a7ade MHOTO(AKTOPHON ONTUMHU3AIINH,
OTIHCHIBAEMOM BBIPAKECHUEM:

Ez(ai):iEk(ai)amax, aeA =12l (1)
k=1

rne Ey - wuHTerpaneHeIi KpuTepuii ONTHMHU3AIMH BHAA HEHPOCETEBOIT

MOJIENIU, @; - - BHJ HEMpOCEeTEeBOW Monenu, A, I - MHOXECTBO U KOJUYECTBO
JOIYCTUMBIX BHIOB HeHpoceTeBbIX Moxenedl, E, - K-blif kpurepmii

s dexTuBHOCTH, K — KOIMYECTBO KPUTEPHUEB 3PHEKTUBHOCTH.

B pesynbrare npoBeAeHUs NepBOro 3tana ObUIO OMPEETIeHo YTo, Haubosee
3¢ (PEeKTUBHBIMU BHJIAMU HEUPOCETEBBIX MOJENEH SBISIOTCA  CBEPTOYHAS
HEWPOHHAs CETh U PEKYPEHTHAsI HEMPOHHAS CETh JOJITOM KPATKOCPOUYHOU NaMSITH.
Haubonbiine nepcnekTuBbl MMEET HeWpoceTeBass MOJENb, HUHTETpUpyoIas B
cebe BO3MOXKHOCTH YKa3aHHBIX THIOB ceTeil. B mpoliecce nmpoBeaeHus BTOPOTo
JTana MCIOJIb30BAIKMCh YETHIPE MPUHLMINA aJalTallid CTPYKTYpPbl CBEPTOUYHOM
HEWPOHHOU CETH K 3aJauye OMOMETPHYECKON ayTeHTHM(HUKALMK TOJIb30BATENs Ha
OCHOBAaHHMM aHaJM3a JBYXMEPHOW T€OMETPUU HUX OHMOMETpUYECKHX O00pa3oB,
0TOOpakaeMbIX B OKHE (DUKCUPOBAHHOTO pasmepa. KpoMe Toro ObUT mpensiokeH
€lle OAWH MPUHLHI aJanTaluu: UCIOJBb30BAaHUE CBEPTOYHBIX CJIOEB HE JIOJKHO
HCKQKaTh TIEOMETPUYECKHE MapaMeTpbl MNPU3HAKOB, HWCHOJB3YEMBIX  JUIS
pacro3HaBaHUs PyKOMHUCHBIX CHMBOJIOB.

Ananrtanus 3HaueHuil napameTrpoB HeipoceTeBoil Mmonaenu CNN-LSTM
npoBoJMIach Mo OJIOK-cxeme. B pesynbTaTe MpoBEAEHHs BTOPOIrO 3Tana ObUIH
paccunTanbl 3HaueHus napametrpoB HeipoceTeBort Monenun CNN-LSTM: a, =33,

L, =1089 , K =2, L,;=6, L,,=24, (bxb),=(5x5), (bxb),=(5x5),

d,=d,=2,r,=r,=0, a =15, a, =6wu onpezaeneHa CTPyKTypa aanTUPOBAHHOI1



ueipoceteBoit Mojgean CNN-LSTM (puc. 1).

Kapra ceeprkn Cnoii ceepren  Cnoi ceepriu

“ BelXOqHOK CNOM

BxoaHOH cnoM Eyi+1

s==aIZzs. ] —_— MNonHoCBAIHAA CTPYKTYPa
pr— T 6 xapT 24 gaprel 49+Ey
CeepTHa 1513 Coeprva i
p LSTM »ogymn

Puc. 1. Ctpykrypa agantupoBanHoi HeitpocereBoit moaenmun CNN-LSTM

Oobyuenne wneipocereBoit Moaenu CNN-LSTM  peanusyercs Ha 0asze
0OILIEN3BECTHOrO AJITOPUTMA OOPAaTHOTO pacnpocTpaHeHus omwuoOku. [Ipu padote
C OTIeYaTKaMM TajlbI[eB HEOOXOJIMMO MOJIYyYUTh OHMOMETPUYECKHE MapaMeTphl,
KOTOpble OyayT WHBApUAHTHBI K Pa3MEPHOCTH BEKTOpPAa KOHTPOJIBHBIX TOYEK U
CMEIICHUI0 Tmanbua. Jlnsg »Toro cHavyaja OTKOPPEKTHPYEM KOOPAWUHATHI
KOHTPOJBHBIX TOYEK, 3aTEM HCIIOJIb3YeM JBYMEPHOE AUCKPETHOE OPTOTOHAILHOE
npeoOpa3zoBaHue.

Ha »orane peanuzauuu mpeoOpazoBaTeisi «OUOMETPUSA-KOI» BaKHBIM
BOIIPOCOM SIBIISIETCS BBIOOpP CTPYKTYphl HEMpOHHOU ceTu. JIjis pacmo3HaBaHMs
otnevyatkoB manbiieB 'OCT P 52633.5-2011 pekomeHayeT OTHOCIOWHBIC WU
JIBYXCIIOMHBIE HEUPOHHBIE CeTH. J[Jisi TBYXCIOWHBIX HEMPOHHBIX ceTed (PYHKIUU
KOKJIOTo cios pazaeneHsl. K GyHKIUsAM mepBoro ciiosi OTHOCATCA OOOralieHue
OMOMETPUYECKUX JIaHHBIX M KBAHTOBaHWE OOOTAIICHHBIX JaHHBIX. HelpoHsl
BTOPOTO CJOSi TIPU HEJOCTATOYHOM OOOTalleHUH HCIPABISIOT  OUIMOKU
OMOMETPHUYECKOTO KOjia HEHPOHOB TiepBoro cjios [13, 19].

[IpakTueckne wuccaeAOBaHUS TOKa3ald, YTO OOJIBIIMHCTBO Pa3psioB
OMOMETPUYECKOTO KOJa UMEET BBICOKYIO CTAaOMJIBHOCTh. TOJBKO HEKOTOPHIC
pa3psbl KOIa OKa3bIBalOTCS HECTAOMIBLHBIMU U UX IMOJIOKEeHHE n3BecTHO [13, 19].
[Ipu oOyyeHuu BTOPOH CJION HEUPOHOB KOPPEKTUPYET HECTAOUIIBHBIE pa3psabl U
OJIHOBPEMEHHO X3IIUPYET Bce paspsalbl Ouomerpuueckoro koxaa. Ilocie Bbibopa
KOJIMYECTBA CJIIOEB CETH HY>KHO BHIOPATh KOJIMYECTBO BXOJIOB KaXKJOTO HEHPOHA U
3a7aTh CBSI3U BXOJIOB C HOMEpaMH BXOJOB ceTH. HyXHoe KOIM4ecTBO BXOIOB
oTpezieNisieTcsl HeMOCPEICTBEHHO BO BpeMsi 00ydeHus HelipoHa. [locie oOyuenus
JUISL  KaXJOro HeWpoHa JOMOJHUTEIbHO TOJydaeM TaOJMIy BECOBBIX
K03 PHUIIMEHTOB BXOIAHBIX CBsizel [13].
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Tabnuia BecoBbIX KO3(PGUIIMEHTOB 1 TaOauUIIA CBS3EH HEHPOHOB (hOpMaILHO
OIUCHIBAIOT OOYyUYEHHYIO CeTh. B NBYXCIOWHBIX CETSAX 3TH TaOJIHIIBI CO3AIOTCS
IUIA KaXJI0ro ciosi HeWpoHOB. Ciou HEHpOHOB 00YYaroTCsl MOCIEI0BATEIbHO.
[Tocne oOydeHust mepBOro ciiosi HEHpOHOB MpuMephl o0pa3oB «CBoi» u «Bce
Yyxue» Tpanciaupytorcs ¢ Bxoga HC Ha Bbixoasl HelipoHOB. Takum o0paszom,
MOJIy4YaloT MPUMEPbl OMOMETPUYECKUX KOJIOB, HA KOTOPBIX O00Y4arOTCsl HEWPOHBI
BTOpOro cios [13].

B kaudectBe anroputma oOyueHusi ObLT BBIOpaH aOCOJIIOTHO YCTOMUYMBBIN HE
UTEPALMOHHBIA aIropuT™M OOyYeHHS HEWpoHa. DTOT aJIrOPUTM CTPOUTCS Ha
nos0ope 3HAYEHWH BECOBBIX KOI(PPHUIMEHTOB M WX BEPOSTHBIX 3HAKOB IS
noa0opa 0KHUIaEMOT0 PEUIEHHsI. DTO HECKOJIBKO CHM)KAET KaueCTBO 00Y4YEHHUsI, HO
BEJET K MOSIBICHUIO 3((PeKTa BHICOKOW YCTOWYMBOCTH BhIYMCIICHUH. YeM Ooblie
BXOJIOB y 00yyaeMoro HeilpoHa, TeM BBILIE YCTONYMBOCTh BBIYMCICHUI OyHeT
tem Bbime. [locne oOydeHus cuUCTeMBbl HaM HEOOXOAWMO OIEHUTH KadecTBO
oOydeHus, TO €CTh MIPOBECTH TECTUPOBAHUE MpeoOpa3oBareneii OMOMETPU-KO/I.
Jnst tectupoBanust npuMeHsitoT N; BekTopoB o0Opa3zoB «CBoi» m N, BEKTOpOB
oOpazoB «Yyxoi». Ha puc. 2 npuBeeHa cxema TECTUPOBAaHUS CUCTEMBI.

N1 npamepor

BeRTOpOE

"CBOH"

HcKyCCTEEHHAA Ko (mapoas)
HeHpPOHHAasA
CeTh

"Benbii mym"

N? npamepos

BeETODOE

"YVIERQ ¥ I

+ Pl
Brraacaerne —t

oporgoza Tl-
]

Puc. 2. CtpykTypHas cxema TeCTUPOBAHUS CUCTEMBI OMOMETPUKO-HEHPOCETEBOM
ayTeHTU(DUKaIu

Jlrobass OmomeTpuueckas 3amuTa JOJKHA OBITh CIOCOOHA XOPOIIO
pacno3HaBath 00pa3 «CBoW» W HAAEKHO BBIAEIHATH MHOXECTBO 00pa30B
«Hyxoit» («Bce Uyxue»). O4eBUIHO, YTO CPEIACTBO OMOMETPUUYECKON 3aIUTHI
MoxkeT ommbarbcsi. OCHOBHOM M TMEpBOM 3ajadeil Jjisi OMOMETPUM SIBIISETCS
obecrnieyeHue 0CTymna JOHOPY OmomeTpudeckoro oopaza «Croi». Omudka npu
BBITIOJTHEHUH STOM 3aJlaud Ha3bIBAeTCS OMIMOKOM IMepBOro poja. BeposTHOCTH
MOSIBJICHUSI OIMIMOKU TIEPBOTO poja P; SBIsIETCS OCHOBHOW XapaKTEPUCTHKOMN
3 PEeKTUBHOCTH PAOOTHI CHCTEMBI.
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Btopoit 3amaueit cpeinctBa OMOMETpUYECKOM ayTEeHTU(DUKAIIMU SIBISETCS
NpEnATCTBOBATh JIOCTYIy JOHOpPY oOpa3za «Uyxoit». Ecnu mnpuaepx uBaThCs
TUTIOTE3bl HOPMAJBLHOCTH 3aKOHA pAcCTIpeleeHUs 3HAYCHWA ToKasaTelei
KpUTEpUsT XAMMHHTA, TO MOXXHO BBIYHCIHTh MAaTEeMAaTHYECKOE OXHUIAHHEC
pacnpenesieHus naHHbIX pacnpenenenus P(h(X)) u ero cpemHekBaapaTHUECKOE
oTkJIOHEeHUe. [IpubNMKEHHYI0 OIIEHKY BEPOSATHOCTH OIIMOKH BTOPOTO MpHU
TECTUPOBAHUU MOKHO BBIUUCIUTH O CIEAYIONIeH Gpopmyiie:

SR S e .
o(h()-Var 3 2-6°(h(x))

rae max(h(c)) — MmakcuManbHO BO3MOXKHOE 3HAUECHUE PACCTOSHHUE XOMMHHIa
konoB «Csoit»; E(h(X)) — maremarnyeckoe OXHIAaHUE PACCTOSHUN XIMMHHTA

konoB «Uyxue»; o(n(X)) — cpenHekBaipaTHUHOES OTKIIOHECHUE PACCTOSHUN KOJIOB
«Hyxue».

Ha mnpakTthke 4acTo MOJb3YyIOTCA MOHSITHEM CTOMKOCTH MNpPeoOpa3oBaTelis
OMOMETpUS-KOJ, KOTOpas 0OpaTHO MPONOPLUUOHAIBHA €r0 BEPOSITHOCTH OIIMOKH
BTOpOro pozaa. Cl0KHOCTh pacrno3HaBaHUs OMOMETPUYECKHMX OOpa3oB BbI3BaHA
MHOTUMHU NPUYMHAMH, OJHON KOTOPBIX SIBJIIETCS BBICOKAs pa3MEpPHOCTh 3aJayH.
To ecTb, NPUXOAUTCS YUYUTHIBATH MHOXKECTBO «IUJIOXUX» OHOMETPHUUYECKUX
[IapaMeTPOB, IMOTOMY HEBO3MOXKHO BOCIIOJIb30BATHCS KJIACCUYECKOM JIMHEHHOM
anreOpoili W MHOTOMEPHOM  CTaTUCTUKOM.  YYeT  JOMOJHUTEIbHBIX
OMOMETPUYECKUX [apaMeTPOB HE MNPUBOJUT K O0Jiee€ TOYHBIM pE3yNbTaTaM,
OJIHAKO BCE MPOMCXOAUT C TOYHOCTHIO A0 HAa000poT. IIpomcXoauT HakoIIeHHE
MOrPEIHOCTEN BBIYMCIICHUH. VIMEHHO u3-3a 3TOM CHUTyaluu, W3BECTHOW KaK
«TPOKJISITUE PA3MEPHOCTH», B OMOMETPUU HE YAAETCs MOJb30BAaThCS JIMHEHHOU
anreOpoi M KJ1acCU4ecKoi MHOroMepHoi cratructukoi [15]. Ocnadbuts npodiaemy
«IPOKJISATUS PA3MEPHOCTH» MM BOOOIIE CHATH NMo3BosisieT npumenenne MHC.

B pabGore mnoka3zaHo, 4YTO peajbHasg pPa3MEPHOCTb pEIIAEMON 3aJauu
pacno3HaBaHMsl OOpa30B CBs3aHA CO 3HAYEHUEM BBIXOJHON SHTPONUHU KOAOBBIX
COCTOSIHMM mpeoOpazoBaTenss OUOMETpUs-KOA, MOJIy4YeHHas BO3JCHCTBHEM Ha
Hero obpazamu «Bce Uyxue». Y koma anunou 256 6ut sutponust H Oyner paBHa
256 6utam. DHTpOMUSA OyAeT MaaaTh, €CIIM KO OyAeT He caydaiHbiM [16]:

H(256) ( 256 npu ‘ri,j‘ » 0.0 xoTs1 OBI 47151 OJTHOM TApPBI | # | (3)

Jlns BceX KOJOB C KOPPETWPOBAHHBIMU W HE3aBUCHMBIMU pa3psiiaMU
OHTPOMHSl CBsi3aHAa C TIOKa3aTejJeM CTOMKOCTHM K arakaMm TMoja0opa WIH C
BEPOSITHOCTHIO OMMOOK BTOpOro pojna P,. B o0miemM Bue MOXXHO 3amucarh:
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H(n) = —|092(P2) , (4)
rae N — JiuHa OMOMETpHYECKOro Koja; P, — BEpOSTHOCTh OIIMOKKA BTOPOTO
poJia mpeodpaszoBaTesisi OMOMETPHUSI-KO/I.

BakHbIM MOMEHTOM TPU 3TOM SIBJISIETCS BONPOC BBIYUCICHUS SHTPOIUU
BBIXOJHBIX Onomerpuueckux koaoB [3]. Kmaccuueckwit Merom BBIYMCICHUS
MHOTOMEPHOM SHTPOIHHU C UCTIONIb30BaHuEM (popmynsl [llenHona

2256

H(256) =~ P, -log, (R), (5)

i=1
rae P; — BepoOATHOCTh NOSBICHHS I-TO COCTOSHHS OHOKOJa, TpeOyer
OOJIBIINX BBIYMCIMTEIIBHBIX 3aTpaT M Pa3MEPOB HMCXOJHBIX OHOMETPHUUYECKHUX
JTAHHBIX.

OnHUM W3 BapUAHTOB 3HAYUTEILHOTO CHUYKCHUS OOBEMOB BBIYHCIICHHIA
SIBJSICTCSL TIEPEXOJl W3 TOJIsi OOBIYHBIX KOJOB B TIOJ€ KOJOB PACCTOSHHIMA
X5MMHUHTA.

Ecnu BBIXOAHOW KO MPENCTaBUTh B BHJC JBOMYHOTO BEKTOpa X, TO Mepa
XammuHra 110 Koaa «CBoii» ¢ Beaucisiercs mo gpopmye [16]:

256

h :in ®c,,
(6)

rae 256 — 1uHa CpaBHUBAEMBbIX KOJIOB; | — HOMEp cpaBHMBAEMBbIX pa3psioB;
@ — onepanus CIOKEHU 110 MOLYJIIO JBA.

Jns komoB «CBoi» Mepa X3MMHUHra CKUMaeTcsi (NMPUKUMAETCS K OCH
CUCTEMBbl KOOPJMHAT), TaK KaK INPUMEHEHHWE HEMpPOCETEBbIX IMpeoOpa3oBareseil
JaeT BO3MOXKHOCTH YIIyYIIaTh HMX Kauye€CTBO M HECTAOMJIBHOCTh Ha BBIXOE
npeoOpasoBareis goxoaut 1o 7 out [14, 15]. Eme ogHOM BaKHOW 0COOEHHOCTHIO
pacnpeaenenus X3MMuHra KojoB «Bce Uyxkue» sBIsIeTCS TO, 4YTO OHO OYEHb
XOpOILO OIKCHIBAETCS HOPMAJIBHBIM 3aKOHOM paCHpEAesIeHHs 3HAYEHUWA. ITO
MO3BOJIAET PAcCUUTaTh OXKUAAEMYIO BEpPOSITHOCTH OIIMOOK BTOPOTO poja IIo
dopmye (2).

Jlanee, BBIYUCISAS SHTPOINUIO BBIXOAHBIX KOAOB 1O ¢dopmyne (4), Mbl
(akTHUECKH YMEHBIIAEM JIJIMHY BBIXOJHOTO KOJa JI0 MOJHOLIEHHON pa3MEpHOCTH
3a1a4M, paccMaTpuBas pa3HUILY MEXAy IiIuHaMu kopja. Ilpm Takom merone
OLICHKH Pa3MEPHOCTh pEIIaeMoil OMOMETPUUYECKON 3aJayd MOXKET ObITh OYEHb
BBICOKOM Ja)kK€ MPHU OTHOCUTENBHO MaJbIX JJIMHAX BBIXOJHOIO KOJa, €CIU €ro
pa3psiabl ciiabo KoppeiaupoBaHHBL. [Ipu pocTe KOppelslUOHHBIX CBSI3EH MEXIY
paspsiiaMu  KoJila Pa3MEpPHOCTh pPEIICHHOW 3adaud OMOMETPUUYECKOM 3alluThl
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nagaer. Jlns mnOpoBepKM CTATUCTUYECKUX TUIOTE3 BO MHOTHUX 00JacTsIX
WCCJICIOBAHUIA TPUMEHSIIOT XH-KBaJIpaT KPUTEPH, W OMOMETpHUS HE SBISACTCS
UCKIIoUeHHeM. [Ipu BBICOKOH KOPPETUPOBAHHOCTH JIAHHBIX HCIIOJIH30BAThH
KpUTEPUI XHU-KBaApaT HEIb3s, MO MPUYWHE TOTO, YTO OH paboTaeT TOJBKO B
paMKax TpEeNroyOKEHUsT He3aBUCUMOCTHU. YTOOBI pemmMTh 3TOT BOIPOC Oblia
pa3paboTaHa METOAMKA CUHTE3a XU-KBAAPAT PACTIPEICICHUN 3aBUCUMBIX JaHHBIX
[1, 2].

B pabore mokazaHO, 4YTO YMCIO CTemeHeil CcBOOOIBI XHU-KBajpat
pacnpeneneHus 3aBUCUMBIX JaHHBIX M MX MATEMaTUYECKUE OKHUJIAHUS HWMEIOT
TOYHOE COBMAJCHHE. DTO CBOMCTBO paboTaer i JHOOBIX Kod((UIIHEeHTOB
paBHOM KOppenupoBaHHOCTH. C TOBBIIMIEHUEM KOPPEIUPOBAHHOCTU JTAHHBIX
MIPOUCXOIUT YACTUYHAS yTpaTa KOJIMYECTBA CTereHer cBo0oabl [1, 2]. 3Has uncio
cTeneHel  cBOOOABI M COOTBETCTBYIOHIMH el Kod(ppuIuMeHT paBHOU
KOPPEIUPOBAaHHOCTH JAHHBIX MOXKHO YBEJIHYHTH JOCTOBEPHOCTH OIICHOK
MIPOBEPKH CTATHCTHYECKUX THIIOTE3.

B Tperbeii riaBe mpuBeneHa pa3paboTaHHas MeToauKa (HOPMHUPOBAHUS
OroMeTpudecKoil 0a3bl €CTECTBEHHBIX PYKOIHMCHBIX 00pa30B W MANMJUIIPHBIX
PUCYHKOB OTIEYATKOB MAaJbIIEB, OMKCaHa pa3paboTaHHAs WHTEUICKTyalbHas
aBTOMAaTU3UPOBAaHHASI CUCTEMA PACIIO3HABAHUS PYKOIMCHBIX 00Pa30B U PUCYHKOB
OTIIEYaTKOB TAaJIbLIEB, MPOBEACHO €€ DKCIIEPUMEHTANIbHOE HccaenoBaHne. YToOsl
IPOBECTH  JIOCTOBEPHOE  TECTUPOBaHHE  TpeOyroTcs  HeOosibliue  0a3bl
onoMetpudeckux o0pa3zoB «CBoi» u Oosbiiue 0a3bl OMOMETPUUYECKUX 00pa3oB
«Uyxoit» (ceire 10 o6pasos) [4, 8]. Ecan ¢opmupoBanne 6a3 «CBoil» He
BBI3BIBACT 3aTpyJHEHUN, TO ¢dopmupoBanue 6a3 «Uyxoit» TpeOyeT OOoJbIINX
3aTpaT BpEeMEHHW U Tpyda. BBIXOAOM W3 MaHHOTO TIOJIOXKEHHUS SBIISACTCS
HCIIONB30BAHIE YCEUeHHBIX 0a3 «Uyxoit», comepxkammx 10°-10° 06pasos,
MOJYYEHHBIX B paMkax paboTel cuctemsl [4]. Mwmerommecs 0a3bl MOXKHO
JOTIONHSATh C TOMOIIBIO  CIEUUATBHBIX TEXHOJIOTHM, Hampumep, IMyTeM
CJIy4aitHOro BBIOOpA JIOJEH M IMOJyYeHHEeM OT HHUX CIIy4ailHbIX 0Opa3oB, YTO
BITOJTHE BO3MOKHO IS COOpa PYKOTMCHBIX TTAapOJIeH.

B rmaBe paercs kimaccuUgUKanus —TMOJB30BaTeNe, KOTOPbIE MOTYT
KJIacCU(PUIIMPOBATbCI MO CTAa0MIBHOCTH UX OMOMETPUYECKHX O00pa3oB H
YHUKJIbHOCTH UX OMOMETPHUYECKHX MTapaMeTPOB.

B mepBom cnyuae mns  ¢dopMmupoBaHUsS KiIacCU(UKAIMH HEOOXOIMMO
OIICHUTHh CTAOWIBHOCTH TOJB30BAaTENIed W TOCTPOUTH HUX HOPMHUPOBAHHOE
pacmpezeeHue mokasareis ctabuiabHocTa (puc. 3).
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Puc. 3. DkcriepuMeHTaIbHO MOJIyY€HHOE pacipe/IesieHre 0b30BaTenen
10 CTAOUIIBHOCTH UX OMOMETPUYECKUX 00pa3oB

CronOupl  TUCTOrpaMMbl ~ COOTBETCTBYIOT  KJacCy  CTaOWJIbHOCTH
noJsb3oBatenei. s npoBeaenus kiaccupukauuu pacnpeaeneHue «Bece Con»
OBLJIO PAa3ZEICHO HAa HWHTEPBAJbl, KOTOPHIE pPaBHBI JUCHEPCHH, a LEHTPOM
UHTEpBaja OBUIO MaTeMaThuueckoe oxujaaHue. B wurore Obula moigydeHa
KIaccupukanusi CTaOMIBHOCTH «+3», «+2», «+1n, «O», «—1», «2», «3».
Knaccudukanus 10mKHa CTPOUTHCSA TOJIBKO JIJIs1 A€ECTIOCOOHBIX JIFOACH.

Bo BTOpoM cilydae paccMaTpHBAETCS YHUKAJIBHOCTb OHOMETPHUYECKOTO
obpaza «CBoit», KOTOpas SBJSETCS BaXKHOW XapaKTEPUCTUKOW CHUCTEM
onoMerpuueckoil 3amuThl. OueBHIHO, YTO 3JIOYMBIIUICHHUK Bcerga OyaeT
cTapaTbCs BBIOMpaTh MpU aTakax moa0opa Haubojee BEPOSITHBIE COCTOSHUS
BXOJIOB OMOMETPHUYECKOW 3allUThl, TO €CTh 3JIOYMBIIUICHHUK HMEET MOJEb
cpeanecratuctuueckoro «Cpoero» (ummm monenb «Bce uyxkue») u Oyaet
CTapaTrhCsl HMCIOJb30BaTh €€ MPU OpraHu3aluu aTak. EcTecTBEHHO, YTO 4YeM
6omnpiie 00pa3 «CBoit» OyAeT OTIMYaThCA OT CPEAHECTATHUCTUYECKOro obpasa,
TEM BBIIIE CTENEHb OMOMETPUYECKOM 3alIUTHl. YHUKaJIbHOCTh MOXET OBbITh
MpUMEHEHA JUIsl KJacCu(UKAMu OMOMETPUYECKHX 00pa30B, KOTOpasi MPOBOAUTCS
C TOMOIIBI0  CTAaTUCTUYECKOIO  MCCIENOBaHUS  OONBIIOIO  KOJIMYECTBA
OnoMeTpruyecKkux o0pa3oB.

Od4eBUaHO, YTO Yy pa3HBIX OWMOMETpUYECKUX  00pa3oB  paszHas
MH()OPMATUBHOCTH (CIIOKHOCTH). OUeHb MPOCThIE OMOMETPUIECKUE 00Pa3hI JIETKO
nof0upaoTcsT W HE MOTYT o00danaTh CKOJIbKO-HUOYIb  CYIIECTBEHHOMN
cToiikocThio. UeM ciokHee OuoMeTpuueckuit oOpas, TeM CIO0XKHee ero moadop.
DTO HEMNpeIoKHOE TMPaBWIO CHPaBEIIUBO ISl JIIOOBIX CTaTHYECKUX WIIU
JTUHAMUYECKUX OMOMeTpudecKkux o0pa3oB. CTOMKOCTh OMOMETpUYECKUX 00pa3oB
3aBUCUT OT UX MH(GOPMATHBHOCTH (CIOXHOCTH), TMOITOMY TpH (HOPMHUPOBAHUH
0a3 OMoMeTpUYeCKuX 00pa30B HEOOXOAMMO BHIOMPATH JJIMHY CIOB—IIApOJieH HE
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MeHee 4eM U3 5 OyKB, a MPU UCIHOJIb30BAaHUHU OTIEYATKOB MabIEB UCIOJIb30BATh
HEe MeHee 22 0COOEHHOCTEM.

B rmaBe paercs wiaccupukanus 0a3 €CTECTBEHHBIX OHMOMETPUYECKHX
00pa3oB, KOTOPHIE MOTYT JEIUTHCS B 3aBUCHMOCTH OT THIA OMOMETPUYECKOTO
o0Opa3a, TEXHOJIOTMM TpeoO0pa3oBaHus OMOMETPUYECKOTO 00pasza, MpHU3HaKa
«CBoit» —«Uyxoi», AMHAMUYECKUX OuOMETpuueckux o0pazoB «Yyxoi» B
COOTBETCTBUHM CO CTEIECHbIO KOMIIPOMETALMM TalHBI OMOMETpUYEcKoro obOpasa
«CBoit», Ouomerpuyeckux o060pazoB «CBoil» U 00macTd MOpUMEHEHUS.
CdhopmynupoBanbl TpeOOBaHUS K TEXHUYECKOMY U IMTPOrPaMMHOMY OOECTIEUCHUIO
aBTOMATHU3UPOBAaHHOTO  (opmupoBaHus 0a3bl OMOMETPHUUECKHX TECTOBBIX
ob6pazoB. beumn pazpaboranbl TpeOoBaHUSA K (HOPMUPOBAHUIO 0a3 €CTECTBEHHBIX
OMOMETPUYECKUX PYKOMHUCHBIX 00pa3oB «CBoi» u «Uyxoi», npeaHa3HaueHHbIX
JUIsL TECTUPOBAHUS CPEJCTB OMOMETPUYECKOTO pacliO3HABAHUS.

Takxke ObulM ompefeneHsl TpeOOBaHUS K JOHOpaM OHOMETpUH H
0e30MacHOMY HCHOJIb30BaHUID HX OnoMeTpuueckux o00pa3oB. Ha ocHoBe
c(OpMHpPOBaHHBIX TpeOOBaHUM  pa3padOTaHbl METOJUKH  (OPMHUPOBAHUA
OMoMeTpHUYeCKO 0a3bl €CTECTBEHHBIX PYKOMHCHBIX 00pa3oB U HaNWUISIPHBIX
PUCYHKOB OTII€YATKOB NaJIbLIEB, B COOTBETCTBUU C KOTOPBIMH OIPENIEIICH MOPSIOK
dhopmupoBaHusi OMOMETPUUECKUX 0a3.

COop OnomeTpruecKkux 00pa3oB OCYIIESCTBISACTCS B TP ATalla.

Ilepswiii sman — otO0p AOHOPOB Omomerpuu. buomerpuyeckue oOpasbl
JOJDKHBI  OBITH  MOJY4YEHBl OT JOHOPOB, KOTOpPHIE MOTYT TOJb30BaThCS
OMOMETPUYECKUMH CPEICTBAMH, TIOATOMY JTOT JTAIl SBJISIETCS 00s13aTeNIbHBIM [5].

Bmopoii sman — o0ydeHue aoHOpa U co3jgaHue 0a3pl OMOMETPUUYECKHX
obpazoB «Cpoit». K 00ydeHHIO JOHOPOB OTHOCUTHCS OCBOCHHUE JOHOPOM
IPOrpaMMBbl, YCTPOWCTBA BBOJIA, BBIPAaOOTKA HABHIKOB CTAOMILHOTO HAITUCAHWS
pexoMeHayemoro cioBa. [Ipu co3ganum 0a3el OMomeTpuyeckux oopa3zoB «CBON»
JOHOp AokeH BBecTH 40 oOpa3oB mpeioxkeHHoro ciioBa. Ha nanHom stame
KOHTPOJIUPYIOILlEE JIMIO JOJDKEH CIEOUTh 3a JCHCTBUSAMHM JOHOpA, BECTH
IPOTOKOJ M TpU HEOOXOIMMOCTH TpebOBaTh OT JIOHOpA IOBTOPHOIO BBOJA
OroMeTpuieckoro odpasa.

Tpemuii sman — popMupoBanue 6a3bl OMOMETPUUYECKUX 00pa3oB «UyKoi».
Ha »TOoM sTame JOHOp AOMKEH BOCIPOM3BOIUTH HA YCTPOMCTBE CUMTHIBAHMS,
3aJjaBaéMble TPOrpaMMHBIM MoOJyJieM ciioBa. [IporpaMMHBIM MOIyNb 3agaeT
pa3HbI€ CJIOBA JUIMHOM OT MATH 10 CeMH OYKB, KOTOpbIE HEOOXOAMMO MUCATh OJUH
pas.

Pekomennyemoe Hamu Bpems Ha popmupoBanue 6a3 «CBoit» u «Hyxoi» mo
pa3paboTaHHON METOJIUKE HE JIOHKHO ObITh Oosbine 80 munyT [6]. YBenuueHue
BPEMEHH TPUBOAMWT K yXYANICHUIO KaueCTBa BBOJIMMBIX PYKOIIMCHBIX 00pa3oB.
dopmupoBaHue OHMOMETPUYECKON 0a3bl OTHEYATKOB MAJIbIEB OCYLIECTBISAECTCA
aHAJIOTUYHO.
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B rnaBe onuchiBaeTCs MHTEIJIEKTyalbHasi CUCTEMA PAcO3HABaHUs 00pPa30B.

Cucrema peanusyer ciuefyromui (QpyHKIHOHAT: (OPMUPOBAHUE TECTOBOU
pYKONUCHOM 6a3pl  00pa3oB W 0a3pl PUCYHKOB OTIEYATKOB IMaJbIICB;
pacro3HaBaHUE PYKOMUCHBIX O00pa3oB M PHUCYHKOB OTIIEYATKOB IMAJIbIICB;
TECTUPOBAaHUE  CHUCTEMbl  pacrlo3HaBaHUs  OHMOMETPUYECKUX  00pa3oB  C
UCIOJIb30BaHUEM C(HOPMHUPOBAHHBIX 0a3 PYKOMUCHBIX MOYEPKOB U 0a3 PUCYHKOB
OTIIEYaTKOB MAJIbIIEB.

Cucrema BKITIOYAET CIICAYIONINE MOYJIU U iporpammel [17, 18]:

1) mnporpammHo-anmapatublii  komrieke «HeblipoTect 1.2», xoTopslid
npenHa3HayeH Jias OOydeHUsT W TECTHpPOBAHHsS CpeACTBa OHOMETPUKO-
HelpoceTeBor ayTeHTU(UKAIIMKY JIMYHOCTH 1O PYKOMHCHOMY CJIOBY-Maposo. OH
BKJIIOYAET B ce0si KOMITbIOTEp, TpadUyecKuil IIIaHIIET, MPOrPaMMHBIA MOJYJIb
«HeipokpuntoH-hopMUpoBaTEIh OMOMETPUIECKUX 0a3».

2) mporpamMMHbii  monynb  «Helipokpunton —  ¢dopMmHpoBareiIb
OnomMeTpudecKux 0a3» BKIIOUYAET CIETYIOIINE MOIYJIM U CIIOBAPHU:

— BiolmgDBCreator.exe — mMoaysp npeaHa3HadeH Ui cOOpa TECTOBBIX
pyKOmHMCHBIX 00pa3oB «CBoi» u «Uyxoil»;

— AlmatyTurkestanPenza.exe — moayis mnpeaHasHaueH i cOopa 0Oa3
OJIM3KUX 00pa3oB;

— bnc32.dll — 6uomeTpuko-HeiipoceTeBas OMOIUMOTEKA, MOUICPKUBAIOIIAS
paboTy HEWpPOHHBIX ceTeld (MOJENMpOBaHHWE, OOyYeHHE, TECTHPOBAHUE).
[Iporpamma aBTOMATHYECKH TMpeJiaraeT JAOHOPY OHOMETpUM CcloBa JUIS
BOCIIpOM3BeACHUS Ha rpaduueckoMm utaniiere u3 ciaosapeii: diction full.txt u
Almaty Turkestan_Penza.txt;

— cnoeapp diction_full mpencraBiasier w3 cebs TEKCTOBBIM JTOKYMEHT,
conepxarmii 10 000 coB anmmHO# 0T 4 10 6 OYKB Ha Ka3aXCKOM SI3BIKE;

— cioBaps Almaty_Turkestan_Penza.txt npeacrasnisieT U3 ce0s1 TEKCTOBBIMH
JOKYMEHT, cojiepxkaiuii 597 cios.

3) mporpaMMHO-anmapaTHblii MOAY/Ib (OPMUPOBaHMS 0a3bl €CTECTBEHHBIX
OMOMETPUYECKUX O0pa30B MANMWUISPHBIX PUCYHKOB OTIIEYaTKOB mayblieB. OH
oOecreunBaeT 00y4yeHHE MOJIb30BaTelsl U KOHTPOJIb KOPPEKTHOIO BBOJA 00pPa30B,
3arpy3Ky M BHU3YaJIbHYIO TMPOBEPKY paHee co3gaHHOM ©Oa3bl. [l cOopa
OTIIEYATKOB IaJIbIIEB HEOOXOIUMO IOJKIIOYNTh CKAHEp OTIEYATKOB ITaJIbIICB
Futronic FS80 wu  ycraHOBHTH  COOTBETCTBYIOINWMK  ApaiiBep. Bes
MOCJIEIOBATEILHOCTh JIEUCTBUIA 1O (OPMUPOBAHUIO 0a3 OTIMEYATKOB MAJIBIICB
MOAPOOHO OMKCaHa B IUCCEPTAIUU.

4) Moaynb perucTpanvy OWOMETPHUYECKHMX JaHHBIX OTICUaTKa Iajblia,
00y4eHHUs] HEMPOHHOW CEeTU paclio3HaBaHUIO OMoMeTpudeckoro obpaza «CBoity,
ayTCeHTH(UKAIIMH 10 OTIICUATKY TajbIa.

5) Moayab TECTHPOBAaHUS CTOMKOCTH MpeoOpa3oBaHHMN K  aTakam,
HaIpaBJICHHBIM Ha 110100P BBIXOHOTO KOJIa HEHPOHHOW CETH.
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B pabore ObUIO TPOBENEHO  JKCHEPUMEHTAIBHOE  TECTUPOBAHUE
pa3paboTaHHOMH MHTEJUIEKTYaIbHOU ABTOMATHU3WPOBAHHOM CHUCTEMBI
pacro3HaBaHus OMOMETPHUECKHX 00pa3oB, a UMEHHO:

— chopMHpOBaHa TECTOBAs PyKOMHUCHAs 0a3a 00pa3oB;

— TIPOBEICHO TECTUPOBAHHE CHUCTEMBI PACIIO3HABAHHUS OHMOMETPUUYECKHUX
0o0pa3oB C HCIHOJb30BaHUEM C(POPMUPOBAHHBIX 0a3 PYKOMUCHBIX IOYEPKOB.
Pe3ynpTaThl 3KCHEPUMEHTOB TOKa3ajlyd BEIWYMHY OIIMOKKM BTOPOro poja B
npeenax 10'15;

— chopmupoBaHa TecToBasg 0a3a MANWUISPHBIX PHCYHKOB OTIIEYATKOB
NaJbIIEB;

— TIPOBEIEHO TECTUPOBAHHE CHUCTEMBI PpACIIO3HABAHHUS OHMOMETPUUYECKHUX
00pa30B C HCIOJIb30BAHUEM C(OPMHUPOBAHHBIX 0a3 MANUJUIAPHBIX PHUCYHKOB
OTIIEYaTKOB NaJyblieB. Pe3yabTaThl SKCIIEPUMEHTOB MOKA3aJId BEJIMYUHY OIIMOKH
BTOporo poma B mpemenax 10 Tawke B I7aBe NPUBEICHBI PE3yIbTATHI
CPaBHHUTEJHHOTO aHaiM3a pa3pabOTaHHOM CHUCTEMBbI pacro3HaBaHUS 00pa3oB C
aHalloraMy, KOTOPBIA TPOBOAMIICS TO CKOPOCTH TECTHPOBAHHS M CTOMKOCTU
(BemyuHE OMIMOKH BTOPOTO POJIA).

CpaBHUTENBHBIN aHAMM3 I[IOKa3ad, 4YTO pa3paboTaHHAs HaMHU CHCTEMa
BBIMTPBIBAET 110 BPEMEHM TECTUPOBAHUS U IO BEJIMYMHE OUIMOOK BTOPOIO poja.
Bce Tpm cuctemMpl HWMEIOT BBICOKYI0 MAacCIITa0MPYeMOCTb, TaK KakK HMMEIOT
BBICOKYIO CKOPOCTh paclio3HaBaHUsI.

BBIBO/IbI

1. Pazpabotana koMIO3UTHasi HeWpoceTeBas MOJEIb, KOTOpas 3a CYET
WCIIOJIb30BaHUs B CBEPTOYHONM HEMPOHHOW CETU MOIYJEN NOJITOW KPaTKOCPOYHON
MaMsTH, @ TAKXKE 3a CYET aJalTalli NapaMeTpOB MOJEIN K YCIOBHUSM CHUCTEMBI
GHOMeTpHUeCKOi ayTeHTH(HUKALMH, MO3BONET ¢ TodHOCThIo 107 peammsoBats
pacIio3HaBaHME I10JIB30BATENIEM HA OCHOBE aHAJIM3a FeOMETPUYECKUX ITapaMeTpOB
(parMeHTOB PYKOIHUCHOTO TEKCTa U3MEHSIEMOI0 pa3Mepa;

2. UccnenoBaHo BIMSIHUE KOPPENALMOHHBIX CBS3€M MEXIY BBIXOJHBIMU
CUTHaJaMUd HEHUPOHHBIX CETeH TMpU OIICHKE JHTPONHMH Ipeodpa3oBaresneit
OMOMETPUS-KOJ;

3. [IpensoskeH METO/] CHUYKEHUSI BXOJHON BBIOOPKM HEHPOHHOW CETH 3a CUeT
ydeTa KOPPEJALMOHHBIX CBSA3EH MEXKAY BBIXOAHBIMU CUTHAJIAMH HEUPOHHBIX
ceTel;

4. PazpaboTaHa apxXuTEKTypa aBTOMATU3UPOBAHHON HWHTEUIEKTYaJbHON
CUCTEMBbI  PAclO3HAaBaHUS OMOMETPUYECKMX OOpa30oB C  HUCHOJIb30BAaHUEM
HEUPOCETEBBIX TEXHOJIOTUH;

5. Pazpaborana meroamka GopMmHupoBaHHUS 0a3 PYKOMUCHBIX 00pa3oB u
OTIEYATKOB ITAJIBLIEB.
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6. Pe3ynbTaThl ccefOBaHUN ObUIM peaTi30BaHbI B BUJIE:

— HHTEIUVICKTYaIbHOW aBTOMATHU3MPOBAHHOW CHCTEMBI PACIIO3HABAHUS
pykomnucHeIx 00pa3oB «Hediporect 1.2» ¢ wHCMOIb30BaHMEM HEWPOCETEBBIX
TEXHOJIOTHI;

—  IpOrpaMMHO-aIIapaTHOTO  KOMIUIEKCa  OHOMETpPUKO-HEHpOoCceTeBOM
ayTeHTU(UKAIMKU JIMYHOCTHU 110 oTnedaTkaM nanblieB FINGER,;

— CIeNUaIbHOM METOIUKH (OpMUpPOBaHHUS 0a3 PYKOMHMCHBIX O0pa3oB H
OTIIEYaTKOB MAaJbIIEB.

HPAKTHYECKHUE PEKOMEHJIALIMN

Pe3ynbTaThl HCCIEN0BaHUI UCTIOIB30BAHBI B:

— TOO «QUARES» (Kazaxctan, AnmaThl);

— HUII «Te3uc» KIIN umenu 1. Cuxopckoro (Ykpauna, Kues);

— yueOHOM mpouecce kKadeapsl «HMHpopmanmonHas 0€30MaCHOCTHY
KazsHUTY umenn K.U. Catnaepa (Kazaxcran, Anmarsi);

— yuebHOM mpouecce Kadenpsl «be3omacHocTh  MH(POPMAIMOHHBIX
TexHoJiorui» HanmoHanbHOro aBHalimoHHOTO yHUBepcuTeTa (Ykpanna, Kues);

— B yueOnuke «KonganGanbl Kpunrtosorus: mudpray omicTepin,
PEKOMEHJ0BaHHBIM MUHHCTEPCTBOM 00pa3oBaHus U Hayku PK.

Ha pa3paboTaHHyl0 WHTEIEKTYaJbHYI0 aBTOMATH3UPOBAHHYIO CHUCTEMY
pacmo3HaBaHMsl PYKOMUCHBIX o00pa3oB «Hedporect 1.2» OBUIO MOTy4YEHO
aBTopckoe cBuaeTenbcTBO Ne 1240 ot 08.01.2019 rona.

Ha pa3paboTannblii nporpaMMHO-anmapaTHbli KOMIUIEKC OHMOMETPUKO-
HEHWPOCETeBOW ayTeHTH(PUKAUKA JIMYHOCTH MO oTmnedatkam maibiieB FINGER
ObLI0 MoTy4YeHo aBTopckoe cBuaerenbcTBo Ne 1287 ot 11.01.2019 roaa.

Pe3ynbraThl nuccepTaiuu MOryT UCIIOJIb30BaThC:

- JUIsl pacro3HaBaHMs JIPYTUX OMOMETPHUUECKHX 00pa30B KaK CTaTHYECKUX,
TaK U JUHAMUYECKUX;

- JUISl BHEJIPEHUS B TOTOBBIE CHUCTEMBI, KaK MOJAYJb BBICOKOHAJICKHOMU
OMOMETPUKO-HEHPOCETEBOM ayTEHTU(UKALINH.
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PE3IOME

muccepraumu AnmuMcentoBoit Kynneiz KenecxanoBusl Ha TeMy «Pa3paboTrka
HHTE/UIEKTYaJIbHOI  aBTOMATH3MPOBAHHOM  CHCTEMbI  PACIO3HABAHUS
OuoMeTpuyecKux oOpa3oB» HA COHCKAHME YYEHOW CTENEHH KaHJIWaaTa
TeXHUYEeCKMX Hayk 1o  crnenuanbHoctH  05.13.16 —  «IIpuMeneHue
BBIYUCIIUTEIBHON TE€XHUKH, MaTeMaTH4eCKOTro MOJEIUPOBAHUS "
MaTeMaTUYECKNX METOJIOB B HAYYHBIX UCCIIEIOBAHUSAX Y.

KitoueBbie cioBa: mHpOpManHMoOHHAsS OE30MaCHOCTh, WHTEIUICKTYaJIbHBIC
CUCTeMbI, OHOMETpHUYEeCKHe 00pa3bl, OuoMeTpuueckass ayTeHTU(]UKaIHs,
HEHPOHHBIE  CETH,  OMOMETPHUKO-HEHPOCETeBhIE  TEXHOJOTHMH  3aIUTHI
uHpopMaIuu.

HuccepraniionHass ~ paboTa  TOCBSIEHa  BONpPOCAaM  TOBBIIECHUS
3¢ (PEeKTUBHOCTU pacro3HaBaHUsI OMOMETPUUYECKUX 00pa3oB B MH(OPMAITMOHHBIX
CHUCTEMax Ha OCHOBE MCIIOJIb30BAaHUS OMOMETPUKO-HEHPOCETEBBIX METO/IOB.

B paboTe mocTaBiaeHBI U PEIICHBI CCAYIOMNE OCHOBHBIC 3a/1aUH:

— pa3paboTaHa KOMIO3WTHAas HeHpoceTeBas MOJCHIb, KOTOpas 3a CYeT
VICIIOJIb30BAHUS B CBEPTOUYHOW HEUPOHHOM CETH MOIYJIEH JOITOW KpaTKOCPOUYHOU
naMsTH, a TAKKe 3a CYET aJanTalii MapaMeTpOB MOJEIH K YCIOBHUSIM CHUCTEMBI
onomeTpuyecko ayreHTudukanuu, odecrneunBaet 3Gp(HEeKTUBHOE PaCIO3HABAHKE
MOJIB30BATEJIC Ha OCHOBE aHAM3a TEOMETPHUYECKHX IMapamMeTpoB (parMeHTOB
PYKOTIMCHOTO TEKCTa U3MEHIEMOTO pa3Mepa;

— WCCJIEIOBAHO BJIMSHUE KOPPEISIUOHHBIX CBS3€H MEXIY BBIXOJHBIMU
CUTHAJIaMM HEUPOHHBIX CETe TpH OIICHKE DOSHTPONMHH Tpeodpa3oBaTeseit
OMOMETPUS-KOJI;

— TpeIaracTcs METOJI CHUHTE3a KPUTEPHsS XH-KBaJpaT paclpeieicHHM
3aBUCUMBIX JaHHBIX, TO3BOJISIFONIUN CYIIECTBEHHO YBEIWYUTH JOCTOBEPHOCTH
OIICHOK TIPOBEPKH CTATUCTUYECKUX THIIOTE3;

— pa3paboTaHa apXUTEKTypa aBTOMATU3UPOBAHHOW WHTEIUICKTYaIbHOM
CHUCTEMBbI  paclo3HaBaHUsI OWOMETPUYECKHMX OOpa3oB C  HCIOJb30BAaHUEM
HEUPOCETEBBIX TEXHOJIOTH;

— pa3paboTtana MeToauka (GopMHupoBaHHS 0a3 PYKOMHUCHBIX O0pa3oB M
OTIICYATKOB ITAJIBIICB.

Pe3ynpTaThl B BHJE CIEIHAIBLHOTO aNlapaTHO-TIPOTPAMMHOTO CpEICTBa
owun anpodupoBanbl B TOO «QUARES) (Anmatsr), HULL «Te3uc» KITN nmenn
N.Cuxopckoro (Ykpamna, KwueB) u moka3aaum BBICOKYIO 3((PEKTHBHOCTH
pacro3HaBaHus OMOMETPUYECKUX 00pa3oB. Takke pe3ynbTaThl JUCCEPTAIMOHHOTO
WCCJICIOBAHUS MCTIONB3YIOTCS B yueOHOM mporiecce kadeapnl «ubopmarmonnast
oe3zonacHocTh» KasHUTY wumenn K.M.CatnaeBa (Anmartel) U Kadeapsl
«be3omacHoCTh, MHGOPMAIMOHHBIX TEXHOJIOTHIT» HalmoHanpHOTO aBHAIMOHHOTO
yHuBepcuteta (Ykpanna, Kues).
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PE3IOME

AmumcentoBa Kynmpi3s KeHecxaHOBHAaHBIH —JHCCEPTAlUSHBIH  TEMAaChIHIA
«bHOMeTPHUKAIBIK cypeTTepyay TaaHyy HHTEJVIEKTYAJIBIK
AaBTOMATTAIUTHIPHLITAH  CHUCTEMAHbI HIITEN  YBITYY»  OKYMYIITYYJIYK
JapakaChlH W3JICHUIT allyy YYYH Tajamkep TEXHUKAIBIK WIMMICP aJIUCTUTH
ooronua 05.13.16 - «Mnumuit u3ungeenepae (MWIMMIASPANH TapMaKTapbl O0IOHYA)
ICENTOO TEXHHUKATAPBIH, MaTEeMaTHKAIBIK MOJACIIAOOHY >XaHa MaTeMaTHKabIK
METOJIOPAY KOJIIOHYY»

Hermsru ce3nmep: MaalbIMaTTBIK KOOICY3AYK, aKbUIAYy CHCTEMalap,
OMOMETpPUKAIIBIK CYPOTTOp, OMOMETPUKAJIBIK AHBIKTHITBIH TEKIIEPYY, HEWPOH
TapMakTapbl, = OMOMETPUKANBIK-HEMPOH  TapMaK  MaajbIMaTblH  KOPIroo
TEXHOJIOTHSICHI.

Juccepranmst  KyMyLIYHYH  MacejleCh  OUMOMETPUKANBIK  CYpeTTepy
TaaHYyHYH HATBIMXKAIYyJIyT'yH >KOropyJjiatyy, OMOMETpUKaJbIK-HEUPOH TapMak
BIKMaJIapblH NaliJalaHyy MEHEH MaalbIMaT TYTyMJap/iblHa apHaJIraH.

NmmHe TOMOHKY10i1 HETU3TH MAJIETTEPAN KOOJITaH KaHa YEUHJITEH:

- KypaMa HEeWpOH TapMaK MOJEINb Y3aK MOOHOTTYY 3C OuUp HEHpPOH TapMmak
MOYJIIaphbl KOJJIOHYY MEHEH, aHa OMOMETPUKAIIBIK TACTHIKTOO CUCTEMACHIHBIH
mapTTapbiHa MOJCIb TapaMeTpIepHH anMamTepyy Mener 10™° reomerpHsiibik
napameTpJiepy TajJA00r0 HErM3AeNIreH TaaHyy KOJJOHYYYYHY TYLIYHYLIY TY31Yy
YKa3MallapblH OepOereHu e3ropMe;

- BHTpONMs OMOMETPHUKAJIBIK KOJIEKCHUHHMH 0aa, HEHpOH TapMaKTapblH
OpPTOCYHJIarsl 63 apa TaaCUpH;

- XU-4apybl OeNyIITYypyy Ke3 KapaHIbl MaalbIMaTTapAbl CUHTE3UHE
BIKMAChIH CYHYIII KbIiJIa CTATUCTUKAJBIK TUIIOTE3a TECTH 0aa MIIEHUMAYYIYTYH
AKOTOPYIaTyy MYMKYH;

- HEWpOH TapMaK  TEXHOJOTWSACHIH  KOJIIOHYII,  MHTEJUIEKTYaJJIbIK
OMOMETpPUKAJIBIK YATY TaaHyy CHUCTEMAChIHbIH apXUTEKTYPachl;

- )Ka3Ma CYpeTTepy JKaHa MaH)Ka MaaibIMaT 0a3achlH TYy3YY BIKMACh.

ANMmapaTTeIK-IPOrpaMMalIbIK KapakaTTap aTalblH TEKIIEPYYIeH OTYYre
OLIOJI «QUARES» (Anmatsl), YMb «Te3uc» KIIM M. Cukopckuil aTbiHIarsl
(Yxpauna, KwueB) xana OHUOMETpPHUKAJBIK YATY TaaHyyHY > KOTOPKY
HATBIKAITYyJIyryH KOpcoTTyy. OILIOHIOW 3Jie, JUCCEePTALMSUIBIK H3UJI00HYH
HaATBIMXKAChl, OKyy mporeccuHae «MaanbiMaT KOOMCY3Ayry» Kadeapacania
naigananeuiar  KasHUTY K. WM. CarnaeBa arbiHaarsl (Anmarbl) >kaHa
«Koorcy3tykTy €akToO MaaidbIMATTBIK TEXHOJOTUsNIap» Kadeapcbl  YIyTTyK
aBUalUSIIBIK yHUBepcuTeTH (Y KpanHa, KueB) konaoHynar.
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SUMMARY

of the dissertation work by Zhuldyz Alimseitova on the theme «Development of
intelligent automated system for biometric image recognition» for the
scientific degree of candidate of technical sciences on specialty 05.13.16 —
«Application of computer technology, mathematical modeling and mathematical
methods in scientific researchy.

Key words: information security, intellectual systems, biometric images,
biometric authentication, neural networks, biometric neural network information
security technologies.

The dissertation work is devoted to the problems of increasing the efficiency
of biometric images recognition in information systems based on the use of
biometric neural network methods.

The following main tasks are set and solved in the work:

- a composite neural network model has been developed, which due to the
use of long-term memory modules in the convolutional neural network, as well as
due to the adaptation of the model parameters to the conditions of the biometric
authentication system, provides effective user recognition based on the analysis of
the geometric parameters of handwritten text fragments of variable size;

- investigated the influence of correlations between the output signals of
neural networks evaluating the entropy of biometry-code converters;

- the method of synthesis of the Chi-square criterion of dependent data
distributions is proposed, which allows to significantly increase the reliability of
statistical hypothesis testing estimates;

- developed the architecture of the automated intellectual system of biometric
Images recognition with use of neural network technologies;

- developed the method of hand-written images and fingerprints bases
formation.

The results of the implementation in the form of a special hardware and
software were tested at «KQUARES» LLP (Almaty), at SRC «Thesis» of KPI
named after 1. Sikorsky (Ukraine, Kiev) and showed high biometric images
recognition efficiency. Also, the results of the dissertation research are used in the
educational process of the Information Security Department of KazNRTU named
after K.l.Satpayev and of the Information Technology Security Department of the
National Aviation University (Ukraine, Kiev).
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