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B cBA3M € 4acTOl KOMNpOMeHTaLuel, yTepeil TakKux MAeHTUPUKATOPOB, Kak naposb, MUH-
KOA, NNacTUKOBble KapTbl C K/HOYOM, €-TOKEHOB BCe ualle B KayecTBe WAEHTU(PUKATOPOB
MCNoJMb3yOTCA OMOMETPUYECKME MapameTpbl YefoBeka. ITW napamMeTpbl Hefb3d 3abbiTb A0Ma,
noTepaTb UM NepefaTb APYroMy, TaK Kak OHM HEOTbemsieMas 4YacTb YefioBeka. OTO MOCTaBMO
nepeg Hay4YHbIM 06LLECTBOM BOMPOC UX pacno3HaBaHus.

CLWA un cTpaHbl EBpocot3a MNPUMEHSIIOT «HEYeTKMe 3KCTPaKTOpbl» A1 TOro, 4tobbl
cBA3aTb OMOMETPUYECKMe [aHHble YenoBeka C €ero Kpunrtorpagpuyeckum Kw4vom. «HeueTkue
3KCTPaKTOPbI» paccMaTpMBalOT KaK aifOPUTMbl, KOTOPbIE B YCNOBMAX 3aLYM/IEHHOCTW BbIAENAOT
13 OMOMETPUYECKUX [aHHbIX Cly4yaliHble, pPaBHOMEPHO pacnpejefieHHble NOC/eL0BaTe/IbHOCTM
6utoB. Kpome TOro, OHM MOryT KOMMEHCUPOBaTb OLWMOKM BO3HUKAKOLWME W3-32 TOr0, 4TO
HEeBO3MOXHO abCO/IIOTHO TOYHO NOBTOPHO BOCMPOU3BECTU BUOMETPUYECKUE faHHble [1-2].

B Poccum un  KaszaxctaHe wMcnonb3ywT MpeobpasoBatenn OGuometTpusa-kod. Takue
npeobpa3oBaTenn CTPOATCA C UCMONb30BaHNEM UCKYCCTBEHHbIX HEMPOHHbIX ceTel [3-4]. Ans aToro
CHayana Heo6xo4uMMo BblOpaTb CTPYKTYpPY CBA3eli HEMPOHOB CeTW, 3aTeM ee 00yunTb. ObyyeHue
NPou3BOAMTLCA TaK, 4TOoObl npumepbl 6uomeTpuyeckoro ob6bpasa «CBOM» Ha BbIXOAe
npeobpasosarena faBann KO JIMYHOTO KPUNTOrpauyeckoro Kawua rpaxgaHvHa Poccum umm
KasaxcTtaHa, a fAnd npuMepoB 06pa3oB «YyXoi» Ha BbIXOAe npeobpasoBaTenss noayvanacb
cny4yaiHasa KojgoBasi KOM6GMHaLKS.

[na nonyyeHus ofHOro 6uTa KpUNTOrpagMyeckoro Knwya OAHOro OGUOMETPUYECKOro
napameTpa HeAOCTaTOYHO. [Ns TOro, 4YToObl B «HEYETKUX 3KCTPaKTOpax» MCMpaBisTb OLINGKM
KOLMPOBAHUSA WU HelpOHHOW CeTblo npeobpas3oBaTens «oborawiaTb» BXOAHble GUOMeTpUYecKne
JaHHble  Heob6xoAMMo  0653aTeflbHO  WMCNOMb30BaTb  M3OLITOYHOE 4YWUCIO  OUOMETPUYECKMX
napameTpoB.

KnioueBble cnoBa: ayTeHTU(MKALUA, «HEYeTKUI IKCTPakTop», K/O4, HelipoceTeBble
npeobpasoBaTenn OGMOMeTPUA-KOA, HEWPOCETEBOW KOHTENHep, CaMOKOPPEKTUPYIOLWMNIACA KOA,
NCKYCCTBEHHbIE HEMPOHbI, 06YyYeHNe HellpoHa.
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In connection with frequent complementaria, loss of identifiers such as a password, pin
number, plastic cards with key, e-token, increasingly, the identifiers used in biometric parameters of
the person. These parameters cannot be forgotten at home, lost or transferred to another, as they are
an integral part of man. This has set the scientific community on the issue of their recognition.


mailto:zhuldyz_al@mail.ru
mailto:zakmatalieva@gmail.com
mailto:kboskebeev@mail.ru
mailto:al@mail.ru
mailto:zakmatalieva@gmail.com
mailto:kboskebeev@mail.ru

The US and the EU use "fuzzy extractors” in order to associate biometric data of the person
with its cryptographic key. "Fuzzy extractors" are considered as algorithms, which in terms of noise
isolated from the biometric data random, uniformly distributed sequence of bits. In addition, they
can compensate for the error arising from the fact that it is impossible exactly to be replayed
biometric data [1-2].

In Russia and Kazakhstan use converters biometrics code. Such converters are constructed
using artificial neural networks [3-4]. To do this, you must first choose the pattern of connections of
neurons of the network, and then to train her. The training is carried out so that the examples of the
biometric image "Own" at the Converter output was given code of personal cryptographic key of a
citizen of Russia or Kazakhstan, and for examples of images of "Alien" at the output of the
Converter will get a random code combination.

To obtain one bit of cryptographic key from one biometric parameter is not enough. In order
to "fuzzy extractors"” fix coding error or a neural network transducer to "enrich” the input biometric
data must necessarily use an excessive number of biometric parameters.

Key words: authentication, "fuzzy extractor”, key, neural network converters biometrics
code of neural network container, self-correcting code, the artificial neurons, learning of the neuron.

B HacTofllee BpemMs McCef0BaHUAMM, CBA3AHHLIMM C NMpeobpa3oBaHWEM HeOoLHO3HAUYHbIX
HeuyeTKMX OGMOMETPUYECKUX 06pa3oB JSIMYHOCTU B [AAMHHbLIA Mapofib WAW MOMHOLEHHbIR KoY
3aHMMatoTca B Poccum, benopyccum, KasaxctaHe, CLUA, KaHage, cTpaHax EBpocotosza n KOXHoi
Kopee. Bce npeob6pa3oBaTtenin 6MOMETPUU B KOA [eNATCA Ha «HeYeTKMe 3KCTpakTopbl» [1-2] wu
HeilpoceTeBble npeobpasosatenn 6uomeTpua-kop [3-4]. WMccnepgosatenn CLUA, KaHagbl, cTpaH
EBpocoto3a u HOxHoi Kopew BHecnn OCHOBHOM BKMaf B pa3BUTME TEXHONOTUU «HEYETKUX
3KCTpakTopoB». MWccneposatenamu Poccuun, benopyccum u KasaxctaHa paspabaTbiBatoTcs
HeilpoceTeBble npeobpa3oBaTenn OGUOMETPUSA-KOL. DTWU [BE TEXHONOrMM OTAMYAKTCA TONbKO
MOJIOXXEHNEM KBAHTOBATENS HeMnpepbIBHbIX OMOMETPUYECKUX AAHHbIX.

Ona peweHuna sonpoca maeHtugpukaumm CLUA, KaHaga, ctpaHbl EBpocotosa u HO>kHas
Kopes npegnaraeT  UCNOMb30BaTb  annapat  HEYETKUX  MHOXECTB.  AHI/1043blYHas
KpunTorpaguueckas 06LWECTBEHHOCTb OCHOBHbIM MPEUMYLLECTBOM «HEYEeTKUX 3KCTPaAKTOPOB»
cuMtana WX OTHOCWUTENbHO BbICOKWIM YPOBEHb 3aljMLIEHHOCTM W MPOCTOTY (NpPO3payvyHOCTb)
MCNOMIb3YeMON  3alimnTbl. PUCYHOK 1 noOKas3biBaeT MPUHLUN 3aWUTbl  AaHHbIX «HEYEeTKUX

PrcyHok 1- dopmupoBaHne HEYETKUX KOHTEHEPOB 1 UX UCMO/b30BaHUE
MH®OPMAUMOHHBIE TEXHOJIOMWN, CETU I CUCTEMBbI



UT06bl 3aWUTUTh «Cblpble» 6GUOKOAbI WMCMOMb3YIOT CEKPETHbIA KAy, Ha 3ToT KoY
HaknagblBatoT M0G0 M3ObITOYHBIA CaMOKOPPEKTUPYIOLLMIACA KOZ, CMOCOOHbIN 06HapyXuBaTb Wt
ncnpasnate owmnbkn. O6bIYHO wucnonb3ywTcd Koabl BYX (Boysa-UHoyxypbl-XOKBUHIemMa) WU
nonyyarwT raMMy B [eCATb pa3 [A/MHHee Kofa CEKPeTHOro knwuya. MNMoToOM Ha «Cbipoit» 6GMOKOA
HaknafblBalOT raMMy W MONYYaKT «HEYETKUIN KOHTelHep». «HeuyeTKUin KOHTeilHep» XpaHUTCH B
namsTn cpeacts GMOMETPUYECKON ayTeHTU(MKauumn. Takoh cnocob cumTaeTcs OTHOCUTENLHO
6e3onacHbiM B CLLUA n cTtpaHax HATO, 1 3a py6exxom 3Ta TEXHO/IOTUA aKTUBHO pa3BuBaeTCH.

B npouecce ayTeHTU(pMKaLUU U3 NAMATU U3BNEKAIOT «HEYETKUIA KOHTEMHEP» N ero faHHble
CKNafblBalOT C BBELEHHbIM W OUU(POBaHHbIM GUoOMeTpuyeckum ob6pasoMm Mo Moaynto fAga. Mpwu
3TOM BOCCTaHaB/MBaeTCA M30ObITOYHbIA CaMOKOPPEKTUPYIOWMIACA KoL KpunTorpagmyeckoro
KMtoYa, KOTOPbIA COAEpPXMUT OWWBKKM, yHacnefoBaHHble OT [BYyX OMOKOZOB. 3TO OT 6MOKoaa
(hOopMMPOBAHMSA HEYeTKOro KOHTelHepa ¥ OuMoOKoga ayTeHTUduKauuu. Ecnm ucnpasnswoLas
CNOCO6HOCTb CaMOKOPPEKTUPYIOLLLEerocs Koja 60nblle Yncna Takux OWM6O0K, TO OHW MpPaBATCS.

Cxema npegnaraeMoit 06paboTKn MHPOPMaL MM NoKasaHa Ha PUCYHKe 2.

HaunHaeTcqd cxema C ucnosib3oBaHWA 6e30MacHO cxembl npeobpa3oBaHusA. B Heil ans
yKa3aHus paMOK OCYLLeCTBfIeHUA npeobpa3oBaHUs Heo6XOoAMMO 3afjaTb LONYCTUMYH pasHOCTb
MHOXecTB. HeueTkne npeob6pa3oBaHUsA OCYLLECTBAAKOTCA eciM  BXOLHOe 6GMOMeTpuyeckoe
BO3/eiCTBUE HE CU/IbHO OT/INYAETCHA OT 3TA/IOHHOI0 MHOXECTBa U OHU 6e30MacHbI.

PucyHok 2 - Cxema npeo6pa3oBaHnsi HEYETKUX BMOMETPUYECKUX
AaHHbIX TMYHOCTU B KOJ

ATy TEXHONOTMI0 (haKTUYECKM MOXXHO paccMaTpuBaTb KakK CUHTE3 HEKOTOPOM HeYeTKOW
X3W-YHKLMN, TAe 3afjaHHOW  ANWHbI - BXOAHas nocnefoBaTe/lbHOCTb  MpeaBapuUTeSibHO
KOPPEKTUPYeTCS HEKOTOPbIM JIMHENHO B3BELIEHHbIM KOAOM C OOHapy>XeHWEeM U MCMpaB/ieHUeM
OLWMNBOK.

Mposogumble B KasaxctaHe, Poccum un benopyccuum wuccnefoBaHMa nNokasanu, u4TO
MCNOMb30BaHMEe WCKYCCTBEHHbIX HEMPOHHbIX CeTe B CYLECTBYHOWNX OUOMETPUYECKNX
TEXHONOIMAX faeT 3HauYnTenbHoe MUX ycuneHue [3-4]. OHM B HenpepbIBHOW (hopMe OCYLLeCTBAAIOT
oborawjeHne fAaHHbIX. [Nn8 KOPPEKTMPOBKU BCEX BXOAHbIX OLWMWOOK OKasblBaeTCs A0CTAaTOYHO
[OBYKPaTHOM M36bITOYHOCTU. Hanpumep, HeMpoOHHas ceTb MpakTMYecKn 6e3 owmn60K npeobpasyeT
512 BXOAHbIX OMOMETPMUYECKMX NapaMeTpoB B 256 6UT BbIXOAHOIO KoAa.

HeilpoceTeBble npeobpa3oBaTenn  6GUMOMETPUA-KOL C  TOYKM  3pPeHUA  NOMyYeHus
OMOMETPUYECKMX CBOWCTB Nlyudlle «HEeYeTKMX 3KCTPAKTOPOB». DTOT TE3UC HWUKTO He OCrapuBaerT.
PaccmoTpeB 6MoMeTpuyeckme faHHble, KOTOpble fatoT owmnbku B 50% u 60nee paspsagax buokoda
MOXXHO 3TO JIErKO NPOAEMOHCTPUpoBaTb. Knaccuyeckne camoKOPPEKTUPYIOLLMECA KOAbl HE MOryT
ncnpaeutb 60nblie 50% OWKNO0K. ECnn M36bITOYHOCTb HEMPOHHbLIX CETE MOBbLICUTbL A0 TPex pas
(BX0[10B B Tp¥ pasa 60/blLUe, YEM BbIXO[0B), TO OHM CNPABAAKOTCS C JaHHO NPO6IeMOiA.

Ncnonb3oBaHue 60MbWIMX HEAPOHHbLIX CeTeil MO3BONSET YUUTbIBATb KaK «XopoLiunex
OMOMETPUYECKMMWN AaHHbIE, TaK WU «MNJOXME» N «OUYEHb MN0XUEe» BUOMeTpUYecKne AaHHble. N uem
«XYXe» UCcnofb3yemble 6MOMETPUYECKNE AaHHble, TeM 60nbllad CeTb UCKYCCTBEHHbIX HEMpOHOB
Heo6xoanma u TemM CNoXKHee ee 06y4daTb.



O6wan cTpykTypa CuUCTeMbl OMOMETPUKO-HEWPOCETEBOW ayTeHTU(MKaLMM MNoKasaHa Ha
pucyHke 3.

PucyHok 3 - O6uias CTpyKTypa cucteMbl GUOMETPUKO-HEPOCETEBON ayTeHTU(UKaLNN

Ons peweHns nofgo6GHONM 3afay4M MUCKYCCTBEHHbIE HEMPOHHble CEeTM HU3KON pasmMepHOCTU
HenpurogHbl [3-4].

Ha pucyHke 4 B BuAe CXeMbl MNpefcTaBneH npouecc npeobpa3oBaHUs BXOLHOr0
6uomeTpuyeckoro obpasa B BbIXOAHOW AMVHHbLIA Naponb (Kau).

PucyHok 4 - Cxema 06paboTKu MH(OpMaLUmM B cucteMax 6MOMETPUKO-HERpOCeTeBOA
ayTeHTUnKaLu

O6y4yeHVe WCKYCCTBEHHOW HEMNPOHHOW CeTU AO0/MHKHO MpPOXoauTb 6e3 BMellaTe/NbCTBa
4yenoBeKa, TO eCcTb NapameTpbl CETU AOMKHbI NoL6MpaTbCca aBTOMaTU4ecKun. Monb3oBaTenb A0MKEH
ObITb YBEPEH B TOM, YTO €ro A/IMHHbIA Naposib UKW KU, KOTOPbI/A y4acTBYeT B 06yUYEHUMN CeTU He
Oynet ckomnpomeTuposaH [3-4].

Mpn 00y4yeHWM WUCKYCCTBEHHON HEMNPOHHOW CeTU ee BECOBble KO3I(MMULMEHTbI LO/DKHbI
noabupaTbCs aBTOMATOM OOy4YeHMS Tak, YTOObl KOrjga Ha BXO/e MCKYCCTBEHHOI HEWPOHHON ceTn
NOSABNANCS BEKTOP 3/1eMEHTOB «CBOIi» Ha BbIXOAe AO/MKEH MOABUTLCS AAUHHbLIA Naponb (Knwu). A
eC/IN Ha BX0fax MCKYCCTBEHHOW HEMPOHHOW CeTW MOABNAKTCA BEKTOPA AaHHbIX 06pa3a «Yyxoin»,
Ha BbIX0JaX WCKYCCTBEHHOW HEWPOHHON CeTU [O/MKEeH MNOoABNATLCA «Oenblid WyM», TO ecTb
cnyyaiiHble cocTosiHMA. [na o6yyeHMs Heo6Xo4MMO MO oyepean nopasatb 06pasbl «CBOM» U
«YyxXre» ¢ NPOMeXyTOUYHbIM NMoL60pOM KO3 PULMEHTOB [4].
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Hcnonp3oBanue HelipoceTeBoro odoramieHns Ono-1aHHbIX TpeOyeT HeOOXOAUMOCTh YMEHUS
00y4aTb OIMHOYHBIE HCKYCCTBEHHBIC HEHPOHBI.

CymecTByeT MHOXKECTBO aJITOPUTMOB OOYYEHMsI MCKYCCTBEHHBIX HEHPOHOB M BapHUAHTOB
ucronHeHus1 QyHKUnMU Bo3OykaeHus HelipoHoB. Hampumep, oOyueHne nmepcentpoHa, OCHOBAHHOE
Ha mnpaBmie XeOOa, oOydeHHe mMepcenTpoOHa, OCHOBAHHOE HAa METONE KOPPEKIMH OIIHOKH,
UTEPALIMOHHBINA alTOPUTM OOyUEHUsI OMMHOYHOTO HelpoHa (mepcentpona), oOy4eHne OMUHOYHOTO
HEpOHAa UTEPAIMOHHBIM aJrOPUTMOM TIOMCKAa MAaKCHMyMa KauecTBa OOydeHUs, aOCONIOTHO
YCTOMUYMBBIA HEUTEPALMOHHBIA anroputM oOyueHHs HelpoHa W Apyrue. Mbl HCHOJIB3yeM
abCONIOTHO YCTOMYMBBINA HEMTEPALMOHHBINA aIrOPUTM O0yUYeHHsT HEHpOHa.

UroObl mOTy4YUTh OMOKO KITFOYA TOCTyIa HEOOXOIUMO CO31aTh CETh HEHPOHOB Y KOTOPBIX
YHCJIO BBIXOJOB PaBHA JUIMHE Kitoda. Yem Oosbllle BXOAOB M BBIXOIOB Y HEHPOHHOH CETH, TeM
BBILIE KAYE€CTBO MPUHUMAEMbIX pemeHuil. B Tabnuie | npuBeneHbl TaHHBIE, KOTOPBIE TOKA3bIBAIOT
HACKOJIBKO CHJIbHA TIOAO00OHAS CBSI3b.

Tabmuma 1 - PocT kadyecTBa pemeHuii B 3aBUCUMOCTH OT YHCJIA BXOJIOB U BBIXOZOB
VCKYCCTBEHHOW HEHPOHHOW CETH

Yucno BXOA0B Uucno BEIXOJOB Ommmbka nepsoro pona | Omwudka BTOporo poaa
HEHPOHHOU CEeTU | HEHPOHHOM CeTH (BEpOATHOCTD OTKa32 (BEpOATHOCTD MPOITyCKa
«CBOEMYY) «Uyxoroy)
S BXO/0B 1 BeIXOJ, 2 KJlacca P;=0,1 P,=0,17
48 BXOOOB 1 BBIXOA, 2 KJIacca P1=0,1 P,=0,03
480 BX0J10B 1 BeIXOJ, 2 KJlacca P;=0,1 P,=0,005
480 BX0/10B 256 BBIXOJIOB, P;=0,1 P,=0,000000001
2% knaccos

OOyuenue HelipoHHOH ceTu ipoBoauiiock aaropurmMom 'OCT P 52633.5-2011. J{ns aToro
UCTIONB30BaJIach HelpoHHas ceThb ¢ 480 Bxomamu u 256 Beixogamu. OOyueHue Benoch Ha 20
npumMepax odpasza «Coit» u 128 npumepoB 00pazoB «Uykoi».

Tabmmua 1 moka3piBaeT, 4YTO YBEJNIWYEHHE YHCIA BXONOB JJIsI YWCIA YYUTHIBAEMBIX
OMOMeTpHUeCKUX MapamMeTpoB He o4yeHb 3¢ ¢exkTuBHO. ['opa3no BakHee YTOOBI MapajuIeNbHO C
YHUCJIOM BXOJOB HEHPOHHOMW CETH yBEIMYHUBATH YUCIIO €€ BBIXOAOB. ECiy npu OAMHAKOBOM YHUCIIE
BX00B (480 BXOIOB) YBENUYUTh YUCIIO BBIXOAOB ¢ | 10 256, TO 3TO AACT BBIUTPHILI NPUMEPHO B
MUJUIMAP] Pa3 B Ka4eCTBE MPUHUMAEMbIX HEHPOHHOU ceThr0 pemenuil. Ilpu stom npumepno B 100
pa3 yBEIMYMBAKOTCA BpEeMsi WM APYyrue 3aTpaThl BBIYUCIHUTENBHBIX pecypcoB. TyT BunnHa
SKCIOHEHIUANbHAS CBSA3b Pa3MEPOB MCKYCCTBEHHOIO MHTEIUIEKTAa M KadyeCTBa NMPUHUMAEMbBIX UM
pewrenuit [3-4].

CrnenyrommM BaXHEWIIUM BOIPOCOM  SIBJSIETCS BBIOOP CTPYKTYPbI  HCIOJIB3yEeMOM
HEHPOHHOU ceTH. B nurepaType Mo UCKYyCCTBEHHBIM HEUPOHHBIM CETSIM CETH Pa3AENAIOT Ha OJHO-,
IBYX-, TPEXCIOWHbIe, U ceTH ¢ OonbmmM, deMm Tpu uucioMm HelipoHoB. I'OCT P 52633.5-2011
npeaycMaTpuBaeT JMOO OHOCIOIHBIE, JHOO ABYXCIOHHBIE HeHpoHHBIE ceTu. Ilpm BbIOOpE
IBYXCIIOWHBIX HEWPOHHBIX CeTel (PYHKUMU TNEPBOTO M BTOPOTO CJOEB pasaeneHbl. HelpoHs!
MEPBOrO CJIOS BBIMOJHSIOT cienyromue (GyHkuuu: (QYHKOWIO oOorameHus OHOMETPUYECKHIX
TAaHHBIX U (PYHKLHIO KBAHTOBAHUSI OOOTAIlEeHHbIX JAHHBIX. BTOPOH CJIOH HEHPOHOB MPABUT OLIHOKU
OMOKOIa HEHPOHOB MEPBOTO CIIOSA, €CITU KAUeCTBO 00OTaIeH s 0Ka3aJoCh HEOCTATOYHbIM [4].

Bropoii cnoli HeWpoHOB MOkeT OBITb 3aMEHEH OOBIYHBIM KJIACCUYECKUM KOJIOM,
OOHApY KUBAIOIIUM M HCTIPABISAIOMIM OHOKHA. OIHAKO HEHpOCceTeBOE KOPPEKTHPOBAHUE OLTHOOK
BbIrofHee. IIpuyrHa BHITOJHOCTH COCTOHMT B TOM, YTO MpH OOYYEHHH BTOPOTO CJIOSI HA MpUMEpax
onokonoB «CBOI» OLEHHBAIOT pEANbHBIA MOKa3aTeldb CTAOWJIBHOCTU KaXKIOTO W3 Pas3psaoB
Ouoxona.

IIpn oOyueHHMH BTOPOMY CJOK BBIACNSAIOT Cclenyloiue (QyHKIUU: KOPPEKTUPOBKA
HeCTaOWJIbHBIE Pa3psAIOB W ONHOBPEMEHHO X3INHUPOBaHHE (NEpeMEIINBaHUE) CTaOWIBHBIX U

18 HH®OPMAIIHOHHBIE TEXHOJIOT'HH, CETH H CHCTEMbBI
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HecTaOMIIbHBIX paspsinoB. Bee kiaccuyeckue kompl ¢ OOHapy’KEHHEM M HCIPaBICHHEM OLTHOOK
CTPOSITCS B PaMKax THIIOTE3bl O PABHOBEPOATHOM PACIPENEIeHNH OIIHO0K MEXKIY pa3psaaMH Koaa
[4]. HelipocereBble KOpPpEeKTOpbl OWHMOOK BO BpeMs OOYYeHHsS YYHTBHIBAIOT peEabHOE
pacmpeneneHue TMokasarenedl craOwibHOCTH OuokonoB «CBoity. IloaToMy KjaccHueckue
CaMOKOPPEKTHPYIOLITHECS KOBI IIPOUTPHIBAIOT HEHPOCETEBBIM KOPPEKTOPaM OLIHOOK.

IIpn GopMHUpPOBaHMHU CETH KPOME UHCNA CJIOEB HEHPOHOB CETH HY)KHO BBIOMPATh HYHCIO
BXOJIOB Ka)KIOr0 HEMpOHa M 3a7aBaTh CBS3M BXOIOB C HOMepamu BxonoB cetu. Hampumep, eciu
BCSl HEMpPOHHAs ceTb nMeeT 480 BXOAOB U CpenHsst HHPOPMATHBHOCTb BXOJOB COCTABIISIET MOPSIKA
0.3 6ura, TO moTpedyeTcsl UCMOIB30BATH HEUPOHBI ¢ YUCIOM BXOJ0B OT 1 10 18. 31O 3aBUCHUT OT
Ka4eCTBa HCIIOJIb3YEMbIX HEHPOHOM OHMOMETPHUECKHX MapaMeTpOB M KOPPEISLUOHHBIX CBs3EH
Mexxay Humu. HeoOxoammoe 4Yuciio BXOIOB MOXKET OBITh HAHIEHO TOJIBKO BO BpeMsi OOy4eHHUs
HelipoHa. To ecTh cHauaja ciydaliHBIM BBIOOPOM 3aal0T Majio€ YHUCJIO BXOIOB U TIOTOM, €CITU
Ka4eCcTBO peELIeHUs HIDKE 3aJaHHOro, TO YBEJIMYMBAIOT YHUCJIO BXOAOB HelipoHa. B wurore
MIOJIy4aeTCsl OMHOCIIONHAsI ceTh HeWpOHOB. Kaxkaplii HEHPOH ceTn OyAeT UMETh CBOE YHCIIO BXOOB,
MOJKJIFOUEHHBIX CIy4aiiHO K BxozaM Bceil ceTu. Ilocne oOydeHns s BXOAHBIX CBA3EH KaXKIOro M3
HEHPOHOB JTOTIOIHUTENBHO MOJy4aeTcsi TabJINIa BECOBBIX KO (PUIIEHTOB.

OOyueHHast ceTb OIMMCBHIBAETCS Ta0NMMLAMH CBsI3eH HEWPOHOB W TaOMMIIAMH BECOBBIX
k03 (prumentos. Ecim ceth nByXCIOHASA, TO ST KAXKIOTO U3 CIOEB CO3MAI0TCS TaOJIUIBI HOMEPOB
cBsizell W TaOnMubl BecOBBIX KO3(duumentoB. OOyueHue cioeB HEHPOHOB NPOU3BOAMTHCS
nocienosarenbHo. [locne oOyueHust mepBoro ciosi HEMPOHOB MpuMepbl 00pa3zoB «Croit» u «Bce
Uyskue» TPaHCIUPYIOTCS C BXOJa HEMPOHHOM CETH Ha BBIXOIABI HEMPOHOB. B uTOre mosydaroT
npUMepbl OMOKOAOB U 00yUYarOT Ha HUX HEHPOHBI BTOPOTO CJIOSI.

Tabmuuer cBsizeli HEWPOHHOH CETH M TAaOJULBI BECOBBIX KO3(D(HIIMEHTOB, O0yUEHHBIX
HEHPOHOB, 00OPa3yIT TaKk Ha3blBa€Mble HEHPOCETEBbIC KOHTEHHEPHI. B HelipocereBom
KOHTEHHepe XPaHUThbCA IOCTATOYHO HH(OpMAIMH, 4YTOOBI MPU HEOOXOAMMOCTH MOXKHO OBLIO
BOCIPOM3BECTH MPOrPaMMHO OOYUEHHYIO HelpoceTh 1 mpeodpa3oBaTh OMOMETpHUYECKUE NaHHBIE
YeJIOBeKa B KO €ro Kpunrorpagpuaeckoro kirova nocrymna [4].

BriBoner:

- HeilpocereBble TmpeoOpa3oBaTeNid OHOMETPUS-KON C TOYKH 3PEHHS IOIYyYEHUS
OMOMETPHUECKUX CBOWCTB «HEYETKUX HKCTPAKTOPOBY;

- Oonpme 50% ommuOOK IMO3BOJSIOT CKOPPEKTHPOBATH HEWPOHHBIE CETH C TPEXKPATHOM
U30BITOYHOCTBIO (BXOZOB B TPHU pasa OoJblIe, YeM BbIXOOB);

- Tepexon K HCHOJb30BAHUIO OONBIINX HEHPOHHBIX CeTeH IIO3BOJIIET YYHUTHIBATH
«XOPOLINE», KIIOXUE» U KOYEHb IIJIOXHE)» OMOMETPUUECKNE TaHHbIE,

- yeM OOJibIle BXOOB U BBIXOIOB Y HEHPOHHOM CETH, TEM BBIIIE KAYECTBO MPHHUMAEMBIX
peLIeHui,

- BEIOOP CTPYKTYPBI, HCTIOIB3yEMOH HEHPOHHOH CETBIO SIBJISIETCS] BAYKHEHIITUM BOIIPOCOM.
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