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[lpeagucnoBue

Llenn 1 npuHuuMnel cTaHgapTusaunm B Poccunckon ®egepauum yctaHoeneHsl PegepanbHbiM 3aKOHOM
oT 27 aekabpsa 2002 r. Ne 184-P3 «O TeXHNYeCKoM perynmpoBaHn», a npasuna npuMeHeHUs HaunoHanbHbIX
ctaHaapToB Poccunckon ®egepaumm — FrOCT P 1.0—2004 «CTtaHagapTnsaumna B Poccunckon degepadini.
OCHOBHbIE NONOXEHUA»

CBeaeHUA o cTaHaapTe

1 PASPABOTAH ®egepanbHbIM rocygapcTBeHHbIM ydpexgeHnem «l ocygapCcTBeHHbIN HayYHO-UCCTe-
0oBaTeNbCKUN UCTIbITATENbHBIN MHCTUTYT NPODNEM TEXHUYECKOU 3alinThel MHGopMaLm PeaepanbHOW CryX-
Obl N0 TeXHMYeckoMy N akcnopTHOMY KoHTponto» (Pry «MrHUWKU TTT3N ®CTIK Poccuny»), GeaepanbHbIM
"OCYAapCTBEHHbLIM YHUTaAPHLIM npeanpuatuem «l1eH3eHCKUN HaydHOo-UccneaoBaTeNbCKM 3NeKTpoTeXHUYeC-
KM UHCTUTYT» (PIYTT «[MTHADU»)

2 BHECEH TexHunyeckum komuteTom no ctaHgaptusaunm TK 362 «3awmta MHdopmMaum»

3 YTBEPXAEH W BBEAEH B AEWNCTBWE [MMpukasom ®eaepansHOro areHTcTBa no TeXHNYecKomy
perynmpoBanuntio U metponorum ot 1 aekadps 2011 r. Ne 685-cT

4 BBEOEH BINEPBbIE

VIHgbopMauus ob UMEeHeHUSIX K HacmosuwemMy cmaHoapmy nybrnukyemecs 8 eXe200H0 u3tasaeMoM UH-
opMaylIOHHOM yKalzamerne «HalyuoHarbHbie cmaHoapmsel», a meKkcm U3MeHeHUU U rornpasoKk — 8 exemMe-
CSYHO U30asaeMbiX UHpOpMayUOHHbLIX yKalamernsax «HauuoHabHbie cmaHoapmbl». B cny4dae riepecmompa
(3aMeHbl) Unu ommMeHbl Hacmosuw,e2o cmaHoapma coomeemcemesyroujee yseoomreHue byoem onybriukoeaHo
8 eXXeMEeCSYHO u3oasaeMoM UHpOPpMallUOHHOM yKa3zamerne «HaluuoHanbHbie cmaHOapmabi». Coomeemcemay-
rouast UHgbopmMmauus, yeeooMiieHue U meKkcmal pazMelaromcess makxe 8 UHgbopmMayluoHHoU cucmeme obujea2o
ronb308aHUs — Ha oguyuanbHoOM calime PedepallbHo20 azeHmemaea 1o mexHU4eCcKoMy peaynupoeaHuro U
Memporsnoauu 8 cemu ViHmepHem

© CtaHgaptuHdopm, 2012

HacTtoawmnn ctaHgapT He MoXeT OblTb MOSHOCTLIO UMM YaCcTUYHO BOCTIPOU3BEAEH, TUPaXKUPOBAaH U pac-
MpocTpaHeH B KayecTBe oduLmanbHoro nsganua 6es paspeweHns PegepanbHOro areHTCTBa No TeXHUYECKo-
MY PeryimpoBaHno N MeTPOSIoru
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CopepxaHue

Obnactb NpUMEeHeHns .

HopMaTUBHbIE CCBINKA .

TepMUHBbI 1 onNpegeneHns .

Obo3Ha4YeHNS

ObLWwmne NonoXeHus 6bICTpOFO MOCNMOWHOro 06yqu|/|ﬂ HEUPOHHBIX CeTEN npeo6pa305aTenem

buomeTpusi-koa AocTyna S L e

5.1 Knaccugdukauunsa HernpoceTeBbIX npe06pa3OBaTenem 6momeTp|/|ﬂ -Ko4 aocTtyna.

5.2 PasgenbHoe obyvyeHMe Kaxaoro n3 HeMpoHOB HEUPOCETMN.

5.3 PasgenbHoe oby4yeHne Kaxaoro n3 crioeB HempoHOB HEUPOCETH . Co.

5.4 KoHTponb pasmMepoB U OOQHOPOAHOCTU NPpMMepoB oby4YatoLled BbiIDopKU o6pa3a «CBOM» .

5.5 KOHTpomnb pasMepoB 1 HE3aBUCUMOCTU NPUMepPOB oby4vatollein BeIDOPKN, NpeaACTaBNALIMX Xaoc
cnydanHblx 0bpasoB «Bce «YHyxue» . C. e e e e e e e e,

ABTOMaT 0Oy4YeHUsa 0QHOCNONHON HEUPOHHOM CETH, pa60Ta+0me|/| C HenpepbIBHEIMIA 6M0MeTpI/ILIeCI{I/IIVIM

OAHHBIMU HU3KOIO KavyecTBa. e e e e e

6.1 ABTOMaTM4YeCKUMA CUHTE3 CBSA3EN NepBOro Crnod HEMPOHOB

6.2 ABTOMaTU4eckoe obyvyeHne HeUpPOHOB NEPBOro CNos .

ABTOMaTUYeCKoe 0byveHne HEUPOHOB BTOPOro Crost . ..

/.1 ABTOMaTUYECKUN CUHTE3 CBSA3EN HENPOHOB BTOPOro CNos .

7.2 ABTOMaTU4eckoe obyvyeHne HelpPOHOB BTOPOIO Cros . e e .

Mcnonb3oBaHWe aBToMaTa o0by4yeHunst BTOPOro ¢rnost HEMPOHOB ANS 06y‘-IeHI/IFI OAHOCMONHOWU HEUPOHHON

CETU, OPUEHTUPOBAHHOW Ha PaboTy C AUCKPETHLIMU BXOAHBbIMA AaHHBIMW BBICOKOIO KauecTBa .

8.1 HenpoceTteBas KOppeKTUPOBKA ANCKPETHBLIX BXOAHLIX DMOMETPUYECKUX AaHHbLIX C OUHAPHBIMA
cocTosAHUAMU «O» N «1» B KaxkOoM paspsge . e . e e e e e e,

8.2 OcobeHHOCTU HEUPOCETEBOW KOPPEKTUPOBKU AUCKPETHBLIX BXOOHbIX 6v10|V|eTp|/|L|eC|<|/|x OAHHBbIX
C YACNOM COCTOsIHUA Bonee ABYyX.

ABTOMaTU4eCcKoe NporHo3npoBaHmne KavyecTBa 06yqu|/|ﬂ HeUpOoCeTEeRBOIro npeo6pa305aTenﬂ

buomeTpusi-koa Aoctyna . e, .

9.1 ABTOMaTMYyecKoe NpPOorHo3npoBaHMe CTOMKOCTU K aTakam non6opa e e e .

9.2 OToDOpaxeHWe pe3ynbTaTOB aBTOMaTUYECKOTO NPOrHO3UPOBAHUSA CTOUKOCTU K aTakam non60pa

9.3 ABTOMATUYECKOE NPOrHO3NPOBaHNE BEPOSITHOCTU OLLMOOK NepBOro poga odby4YeHHOro Herpo-
CEeTeBOro npeobpasoBartensd bMomMmeTpua-koa goctyna . e e e e e e e e e e e

9.4 OTOoDOpaxeHWe pe3ynbTaTOB aBTOMaTUYECKOrO TECTUPOBAHMUSA OLLMDOK NepBOro poga obyvyeHHoro
HEMPOCEeTERBOro npeobpasoBartens bMoMeTpus-koa AoCTyna

Mpunoxenune A (cnpaBodHoe) [Mpumepsbl CTaTUCTUK pacnpeaeneHns BXoAHbIX 1 BbIXOAHbIX AaHHbIX

HernpoHa NepBoro Cros Ha pasnnYHbIX 3Tanax obyyeHus.

B 1N N N §

~ O 1 O1 O

-..d

11
11

.12
. 12

12

.12

.12

. 13



[OCT P 52633.5—2011

BBegoeHue

Hactosawmn ctTaHaapT BXOAUT B KOMMMNEKC CTaHOapTOB, YyCTaHaBNMBaKOLWKMX TpeboBaHUS K pa3padboTke U
TEeCTUPOBaHWUIO CPeACTB BbICOKOHaAEXXHOWU DUOMETPUYECKON ayTeHTUdMKaLmn.

BaXXHenLIMM acnekToM A0BEPUSA K cpeacTBaM BbICOKOHAAEXKHON BUOMETpUYeCcKon ayTeHTUdnKaLm siB-
NnaeTcd TO, HACKOIbKO KavyeCcTBEeHHO 0oby4YeH HeUpoceTeBOU npeobpasoBaTtenb buoMeTpusa-kog goctyna. Npo-
Llecc oby4eHUs1 KaXkaoro MCKYCCTBEHHOIo HeUpoHa npeobpasoBaTtens boMeTpua-Koa AoCTyna A0IMKeEH ObITh
MOMHOCTLIO aBTOMAaTU3UPOBaH N 0becnevynBaTh BbICOKUN YPOBEHb BEPOATHOCTU NMPUHATUS BUOMETPUYECKOro
obpasza «CBOW» NP HAIKOM YPOBHE BEPOATHOCTU OLLMOOYHOTO NPUHATUA DUOMeTprudeckoro obpasa «4yxkony,
oueHnBaemon no FOCT P 52633.3.

He BCe N3BEeCTHLIE anropUTMbl OOYYEHUSA UCKYCCTBEHHBIX HEUPOHOB MOTYT ObITh NPUMEHEHLI NMPK 0DyYe-
HAW CPeACTB BbICOKOHaAEXHON BuomMeTpuieckon aytTeHTudunkaumn. HYacts anroputMoB oby4YeHUs UCKYC-
CTBEHHLIX HEWPOHOB HeyCcToUYMBa, U MO3TOMY ODy4YeHWe C UX NOMOLIbHO HE MOXeT ObiTb MOMHOCTLIC
aBTOMaTU3nUpoBaHo. [lpyrasa yactb anroputMoB 00yUEeHUSt UCKYCCTBEHHBIX HEMPOHOB YCTONYMBA, HO HE AaeT
HeobXoaMUMOoro Kavyectea obyvyeHUst HelpoceTeBOoro npecbpasoBaTens buoMmeTpuUa-Kko4 AoCcTyna.

B HacTosleM cTaHOapTe ONMUCLIBAETCA anropuTM 0by4eHus1, KoTopbld 0AHOBPEMeHHO cbnagaeT BbICO-
KOW YCTOMYMBOCTLIO U 0becnevmnBaeT 4OCTaTOYHO BbICOKOE KaueCTBO 0DYUEHUs C yueToM crneundonyeckmnx Tpe-

OOBaHUN K HEUpOCeTEBLIM NpeocbpasoBatenaMm bnomMmeTpua-koa aoctyna, cpopmMynnupoBaHHbEIM B DA30BOM
ctaHaapTte [OCT P 52633.0.

IV
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HAUMWOHANBbHBIWN CTAHOAPT POCCUUCKOWN PEOEPALUMN

3awuTta uHcopmMaLmu
TEXHUKA 3ALLNTBI UHPOPMALIUA

ABTOMaTU4yeckoe obyvyeHue HelpoceTeBbIX NpeoOpasoBaTenen 6uomeTpus-Kog goctyna

Information protection. Information protection technology.
The neural net biometry-code converter automatic training

Ilata BBeaeHna — 2012—04—01

1 Obnactb NpMeHeHuUA

HacTtoawmia ctaHOgapT pacrnpocTpaHAeTcsl Ha cpedcTBa aBTOMAaTUYECKOro obydYeHUs HenpoceTeBbIX
npeobpasoBarenen bMoMeTpusi-koa A0CTyNa, UCMOoNb3yeMble NMpu perucTpauun nons3oBaTtenen nepeq Ux Bbl-
cokoHaaexHoun buomeTpudeckon ayteHTugpukaumnen no FOCT P 52633.0. Bo Bpemsi cBoen peructpaum nonb-
30BaTeNb MNPeabsaBnsieT HECKOMbKO NpUMepoB buomeTpudeckoro obpasza «CBoM» M CBOWM Koa AocTyna.
ABTOMAaT 0Dy4eHUs1 AOMKEH BbINONMHUTL 00YyYeHNe HelUpoceTeBOro NpeocbpasoBaTens boMeTpua-Kkoa A0CTy-
na Tak, YTobbl Npu npeabsaBneHUn npecbpasoBaTento Nnpumepo ocbpasa « CBOU» OH BbldaBall Ha BbIXo4e Ko
aoctyna «CBoW», a npu npeabaBeHUn npeocbpasoBaTteno cnydanHoro ocbpasa «4yxxonm» npeodbpasoBaTtenb
BblAaBall Ha BbiXxode crydauHbIn KoA.

2 HopMaTuBHbIE CCbINKN

B HacTosweM cTaHaapTe UCNoNb3oBaHbl CChIMIKKU Ha cneayolme ctaHaapTh:

[OCT P NCO/MOBK 19794-2—2005 ABTomMaTudeckasa unaeHtudukauns. MaeHtndpunkaymsa dnomMeTpu-
yeckas. PopmaTtbl obmeHa bruomeTpudeckumMn gaHHbiMKU. HacTtb 2. [laHHble n3obpakeHus oTnevartka nanb-
La — KOHTPOJIbHbIE TOYKU

[OCT P 52633.0—2006 3awwuTta nHdopmaunn. TexHuka 3awuntbl MHpopmaumn. TpeboBaHUS K cpe-
OCTBaM BbICOKOHaAEXXHOW DMOMETPUYECKON ayTeHTUdpUKaL N

[OCT P 52633.2—2010 3awwurta nHgopmaumn. TexHuka sawmtbl MHpopmMaunn. TpeboBaHUA K dop-
MUPOBAHUIO CUHTETUYECKUX DUOMETPpUIECKX obpasoB, NpeaHasHa4YeHHbIX ANsl TECTUPOBAHUSA CPEeACTB BbICO-
KOHaQeXHOoW BroMeTpu4eckon ayTeHTUdnKaLmm

[OCT P 52633.3—2011 3awuTta nHdpopmaunn. TexHuka santbl MHpopMauun. TecTUpoBaHNE CTOWU-
KOCTU CpeCTB BbICOKOHaAEXHOWU BUOMEeTpUYECKoN 3aLllnThl K aTakam noagbopa

[TpumeyaHnwume—Ilpn NONb3OBaAHMN HACTOALWMM CTAHOAAPTOM LenecoobpasHo NPoBEepUTb AENCTBUE CCbINOM-
HbIX CTAaHOJAPTOB B WHMPOPMALMOHHOW CcUCTEME ODWero nonb3oBaHus — Ha odwuumanbHoM cante PeaepanbHOro
areHTCTBa rno TEXHNYECKOMY PEryrmpoBaHnio U METPONOrMn B cetn VIHTEpHET nnn No exXxerogHo ndgaBaemMomy MHPOpMa-
LMOHHOMY yKazaTento « HaunoHanbHble CTaHAapPThI», KOTOPbLIM ONYDIIMKOBAH MO COCTOSIHUIO HA 1 AHBApPS TEKYLLLEro roaa,
NN MO COOTBETCTBYIOLWMM €XEMECHAYHO n3gaBaemMblM MHPOPMALMOHHBIM YKa3aTensim, onydbriMKoOBaHHbIM B TEKYLLEM roay.
Ecnn CcCbINOYHBbIN AOKYMEHT 3aMEHEH (M3MEHEH), TO MNPU MONb30BAHUM HACTOSWMM CTAaHAAPTOM CrneayeT pPyKoOBOACTBO-
BaTbCH 3aMEHSIOLWMM (M3AMEHEHHbBIM) CTaHAAPTOM. ECnn cCbiNOYHbIM CTAaHAAPT OTMEHEH B€3 3aMeEHbI, TO NOMOXEHUE, B KO-
TOPOM aHa CCbIfIKa Ha HEro, NPUMEHSETCSH B YacTn, HE 3aTparvBalowWeEn 3Ty CCbITIKY.

3 TepMUHbLI N onpegeneHus

B HacToawem ctaHaapTe NpUMeHeHbl crneayowme TepMUHbI C COOTBETCTBYIOLLIMMI ONpeaeneHnsiMI:

U3pgaHne odbvumanbHoe
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3.1 6buomeTpuldeckune gaHHble: [laHHble ¢ BLIXOAOB NEPBUYHBIX M3MEPUTENbHLIX NpeocbpasoBaTenen
hU3NYECKNX BENUYNH, COBOKYMHOCTb KOTOPLIX 0bpasyeT buomMmeTpmniecknin obpas KOHKPETHOro YeroBeka.
[FOCT P 52633.0—2006, ctatba 3.5]

3.2 buomeTpudeckum obpas: Obpas yenoBeka, NONMy4eHHbIN C BbIXOAOB NEPBUYHLIX U3MEPUTENbHBIX
npeocbpasoBaTenen pusndecknx BennmunH, noasepratcinica ganee macwtabnpoBaHuo 1 MHOW NepBUYHON
0bpaboTKe C Lenbio N3BNEYEHUNA U3 HEMO KOHTPOSTIMPYEMBIX DUOMETPUYECKUX NapaMeTpoB YenoBekKa.

[TOCT P 52633.0—2000, ctaTtbs 3.7]

3.3 npeobpasoBaTenb buometTpua-kon pgocrtyna: [lpeobpasoBaTenb, CNOCOOHLIN NPeodbpasoBbI-
BaTb BEKTOP HEYETKUX, HEOAHO3HAYHbIX DMoMeTpuieckMx napameTpoB « CBOU» B YETKUN OOHO3HAYHbIN KOA
Knoda (napons). NpeobpasoBaTternb, OTKMUKAOLWANCS CNyYanHbIM BbIXOAHBIM KOAOM Ha BO3AEUCTBUE CY-
YaWHOro BXOOHOMO BeKTopa, He NpuHaaneXxawero MHOXecTBy obpasoB «CBOWY.

[FTOCT P 52633.0—2006, ctatba 3.18]

3.4 ecTecTBeHHbIN BUomMeTpnUueckmnm obpas: buomertpunyeckmin cbpas goHopa, NoslydeHHbIN B BUae
BbIXOOHbIX BroMeTpuyecKknx gaHHbIX NepBUYHOro npeobpasoBaTens U npeacTtaBneHHbIA OQHUM U He-
CKOJTbKUMMW NMpUMepamMu.

TOCT P 52633.1—2009, cTaTbs 3.3]

3.5 cUHTeTM4YecKUn BMomMeTpuUeckumn odpas: Gnomertpunyecku obpas, NONy4YeHHbIN MyTEM MMUTA-
LINOHHOTO MOAENUPOoOBaHNA ecTeCcTBEeHHbIX BuomeTpuieckux obpasoB KU NpeacTaBNeHHbIA OOHUM UM He-
CKOMNbKUMU NpUMepamu.

FTOCT P 52633.1—2009, cTaTbs 3.4]

3.6 Oa3a ecTecTBeHHbIX OMOMeTpUuUeckux obpaszoB «Hyxon»: COBOKYMHOCTb €CTECTBEHHLIX BUO-
MeTpUiyecknx obpasoB, UMUTUPYIOLLIMX NpedbsaBlsieMble CpeacTBY ayTeHTUdMKaLnM 3N0yMbILLIIEHHUKOM

(3N0oyMbILLIEHHNKaMKM) criydanHble bnomeTpuyeckme obpasbl Npu peannsaumn ataki nogbopa.
[FTOCT P 52633.1—2009, ctatba 3.5]

3.7 Oaza ecTeCcTBeHHbIX OMOMeTpUuvecKUX obpazoB «CBon»: COBOKYMHOCTb €CTECTBEHHLIX DUO-
MeTpU4YecKknx obpasoB, COCTOALLAA U3 HECKONbKUX NMPUMEPOB OAHUX U TeX Xe buomMmeTpudecknx odbpasos,
npeaHasHauYeHHbIX Anst obyvYeHUsa NN TeECTUPOBAHUS CpeaCcTB DMOMETPUYECKON ayTeHTUdnKaLnn.

[TOCT P 52633.1—2009, ctaTtbs 3.6}

3.8 kputepun XemmuHra: Mepa cpaBHeHUA OBYX KOAOB OAMHAKOBOW ANNHLI, BblYMCIAEMas MyTeM

nogcyeTa pasnnyaroLLMXca pa3psagoB cpaBHUBaEMbIX KOOOB.
FTOCT P 52633.1—2009, cTaTbs 3.16]

3.9 nokasaTtenb cTabunNbHOCTU BMOMETPUUYECKOro napameTpa: XapakrepucTuKa /-ro KOHTponupye-
Moro buomMmeTpmuYeckoro napameTpa, BblMucrsieMas no dpopmyne

) _ GL—Iy}l{oiﬁ (Vi )

c(v,
GCBDH(V[' )

f ?

A€ OyyyonlV;) — CTAHAAPTHOE OTKIOHEHWe /-ro BruomeTpuyeckoro napaMetpa MHoXecTBa obpasoB «Hy-
KOU»;
OcsoilV;) — CTAHOAPTHOE OTKNOHEHUeE i-ro bromMeTpu4eckoro napameTpa MHoXecTBa 0bpasoB «CBOUY.

FTOCT P 52633.1—2009, ctaThs 3.7)




[OCT P 52633.5—2011

3.10 nokasaTesfib YHUKanNnbHOCTU ODMOMeTPUYUYECKOro napameTpa: XapakTepuctuka j-ro buomeTpu-
YecKkoro napamMeTpa, oTpa)Xarwaa oTnudme KOHTPONMpyeMoro napamMeTtpa oT cpeaHecTaTUCTUYEeCKOro 3Ha-
YeHUA 3TOro NapameTpa, XapakTepHOoro And Bcex nonb3oBaTerien, Belumcnsiemas no gpopmyne

_ ‘qu}l{ﬂﬁ(vf ) _ECBUH(V;' )
U(V;) :
GL—Iy}l{oH (V',- )

rae Ey,onlV;) — MatemaTuyeckoe oxuaaHve i-ro buomeTpuyeckoro napameTpa MHoxecTsa buomeTpuyec-
Knx obpasoB «Hyxony»;
oi(V;) — Martemartunyeckoe oxungaHue i-ro BMomMeTpu4ecKoro napamMeTpa MHoXecTBa b1oMeTpuyec-
Knx obpasoB «CBONY.
FTOCT P 52633.1—2009, ctaTtbs 3.9]

Ec

3.11 nokasaTenb KayecTBa OMOMETpPUUYECKOro napamMeTpa: XapakTepucTtmka i-ro buoMeTpnyeckoro

napameTpa, BbluMcngemasi no popmyne

YyKoW

q(vi) =

[FOCT P 52633.1—2009, cTaTha 3.11]

3.12 6uomeTpuUecknn npumep: CoOBOKYMHOCTb BMOMETPUYECKUX AaHHbIX, NONy4YeHHasa ¢ BbIXxo4a
nepBUYHOro NpeobpasoBaTens Npu oAHOKpaTHOM NpeabsaBNeHUN YENOBEKOM CBOEro BUoMeTpmU4ecKkoro ob-
pa3a.

[TOCT P 52633.2—2010, ctaTtba 3.3.1]

3.13 MmopcduHr 6uomeTpuldecknx npumepoB: CosgaHne NPOMEKYTOYHOrO CUHTETUYECKOro BNOMET-
pudeckoro obpasa(oB), OCHOBAHHOE Ha HaXOXAEHUN HEKOTOPOro MPOMEXYTOYHOIO 3HAYEHUS KaXKJoro 13
OroMeTpUYecKUX NapamMeTpoB Napbl bruomMeTpuyecknx obpasoB-poauTenen.

[FTOCT P 52633.2—2010, ctatba 3.3.3]

3.14 buomMeTpuvecKUn npumep-poanTenb: bBUoMeTpUIECKUN NPUMEP, UCMONb3YEMbIA AN co3aa-
HUA DMOMETPUYECKUX NPUMEPOB-NOTOMKOB B NpoLecce MopduHra npmmepoB bnomMmeTpmnyecknx obpasos.
[TOCT P 52633.2—2010, ctatbst 3.3.5]

3.15 bnoMeTpuvyeckum npumMep-noTomMokKk: bruometTpuyecknn npumep, cosgaBaeMbll B MpoLecce
MOpdUHIra napbl DMOMETPUIECKUX NPUMEPOB-POAUTENEN.
[FTOCT P 52633.2—2010, ctaTtbsa 3.3.7]

3.16 QUCKpeTHbIN OMomMeTpUuveckun napameTp: BruomeTpuyecknin napameTp, MHOXECTBO AOMYCTU-
MbIX 3HA4YEHWN KOTOPOro ONCLIBAETCH KOHEYHbIM MHOMXECTBOM.
(FTOCT P 52633.4—2011, cTaThs 3.1]

3.17 HenpepbIBHbIA OUOMETPUYECKUN NapaMeTp: buomMeTpuiecknin napameTp, MHOXECTBO A0MNYyC-
TUMBIX 3HAYEHUN KOTOPOro ONMUChbIBaeTCA KOHTUHYYMOM 3Ha4YeHUN U orpaHnyeHo TOJNbKO TOYHOCTLIO Npea-
CTaBNeHUs oTAeNbHOro 3Ha4YeHUS.

TOCT P 52633.4—2011, ctatbsa 3.2]

3.18 BekTOp OMOMETpUUECKUX napameTpoB: HymepoBaHHbIN HADOP BMOMETPUYECKNX NMapaMETPOB,
NMMEIOLLUX NOEHTUYHYIO MHTEpMpeTaumio 1 dpopmaT npeacTaBneHUs 1 ABMSIIOLLUXCHA HEKOTOPLIM OTobpaxe-
HUEeM ogHoro bruomeTpudeckoro obpasa.

[TOCT P 52633.4—2011, ctatbs 3.3]




[OCT P 52633.5—2011

3.19 BbIXogHou koAa: Koag, nonydaemMmbid Ha BbIXOAe HEUPOCETEBOro npeobpasoBartenss OUOMET-
pUs-Koa AocTyna nNpu BeINONMHEHUX HEUPOCETEBOIO NpeobpasoBaHUS.
[TOCT P 52633.4—2011, cTaTtbsa 3.4}

3.20 HeupoceTeBON DUOMETPUIECKUU KOHTeUHep: OpraHnsoBaHHbIN NO onpeaeneHHbIM npasunam
ONOK AaHHLIX, coaepXalwunni napamMmeTpbl 0OYy4YeHHOro HenpoceTeBOoro npeobpasoBaTtensd dUOMeETpPUs-Koa
OOCTyna.

[FTOCT P 52633.4—2011, ctatba 3.11]

3.21 3alulieHHbIN HEUpPOCETEBOU DMOMETPUYUYECKUN KOHTEeNHep: KOHTEeNHepP, B KOTOPOM HEKOTO-
Pble YaCTW CKPbIThI OT HENOCPEACTBEHHOIO U3YHEHUA NYTEM UCMONb30BaHUA 0OPaTUMOro UMM HeOBbpPaTUMO-
ro NnpeobpasoBaHuUs.

[TOCT P 52633.4—2011, ctatbsa 3.10]

3.22 BecoBoU KoacpduuneHT BXoaa HeupoHa: KoadhduumeHT, B3BewMBaAOLWMA BUOMETpUYECKHE
OaHHbIe, NOCTynawLWmMe Ha oaNH U3 BXOOQ0B CyMMaTopa HENPOHA.

3.23 HeUpoH: CyMMaTop HECKOMNbKNX BUOMETPUYECKUX NapaMeTPOB, Ha BbIX0Ae KOTOPOro NoAKNYEeHa
HenMnHenHagqa noporoeasd PyHKUUA ¢ ABYMSA BbIXOAHBIMU COCTOAHUAMU «O» U «1».

3.24 HeUpoOHHaA ceTb: MHOXeCTBO HEUPOHOB, OOBLEAUHEHHBIX B CE€Tb NYyTEM COeAUHEHNSI BXOAOB HEWN-
POHOB OQHOM0 Crod ¢ BbIXogamMy HEMPOHOB APYroro criod, npudem BXo4bl HEMPOHOB MEPBOro Crod ABNAKOTCH
BXOoO4aMW BCEN HEUPOHHOW CETU, a BbIXOAbl HEMPOHOB MOCNeOHEro crnos ABNATCH BblIXo4aMU HENPOHHOW
CeTMm.

[1TpwnmeyaHune—HacToswun ctaHgapT B npeobpasoBaTensax bMomMeTpmua-kog 4ocTyna pekoMmeHayeT UCnornb-

30BaTb OQHOCMNOWHbLIE U OABYXCINOWHbLIE HEUPOHHbIE CETU. HENPOHHLIE CETU C BONbLUNUM YUCITOM CITOEB B HACTOSLWEM
CTaHgapTe He paccMaTpPuBatoTCA.

3.25 nokasaTtenb cTabMNbHOCTU pa3pAaaa BbIXoAHOro Koaga: [lokasaTtenb, U3BMEHSALWUNCA B Npeae-
nax ot 0.0 (pa3psag abcontoTHo HecTabuneH) Ao 1.0 (pa3psaa NoNHOCTLHO CTabUNEH), BEIMUCNSIEMbIA MO POPMY-
ne

w; =210,9-Py ;[=2]0,5-FP, ], (1)
rAe P, ;— BEpPOATHOCTb NMOoABMEHUA COCTOAHUA «U» B KOHTPONMPYEMOM /-M pa3psaje;
P, ;— BEpPOATHOCTb NOABNEHNA COCTOAHNA «1» B KOHTPOIMPYEMOM /-M paspsaae.

[MTpumeyanwune—[IOna obpazoB «CBon» paspsgbl BbIXOAHOIO koga obbivMHO cTabunbHbl, TO €CTb AN HUX Bbl-
nonHsetca ycnosue 0,5 < w; < 1,0, a ana obpasos «Hyxon» 6ONbLWINMHCTBO Pas3pA[0B BbIXOOQHOIO KOA4Aa HECTAbUIbHbI, TO
eCTb A5 HUX BbinonHsaeTcsa ycnosue 0,0 < w; <0,5.

3.26 oby4yeHue HenpoHa: Onepauns no BeIMUCIEHUIO NMOO Noadbopy BeCOBLIX KOIPPULMEHTOB HENPO-
Ha, obecnevynBatoLllas BbICOKYHO BEPOSITHOCTL 3apaHee 3a4aHHOro BbIXOAHOIMC COCTOAHUS HenpoHa («0» nnu
«1») Npy BO3AEUCTBUM HA Hero npumepamm obpasa «CBON» N PpaBHOBEPOATHLIE BbIXOAHLIE COCTOAHUS («O»
N «1») Npn BO3AEUCTBUM HA HEUPOH NpUMepamMmn cnyHanHbiX obpasoB «Hyxony.

4 O0o03HavYeHUA

B HacToslwemM ctaHgapTe NpUMEHAT cneayowme obo3HauYeHus:

Ny — 4ncrno BXxoaoB BCEN HENPOHHOW CETU;

N, — 4Yncno HeMpoHOB NEepPBOro Crosd HelpoceTn (YUCIOo BbIXOAOB HEUPOHOB NEepPBOro Cros);
N, — 41nCcno HeNpPOHOB BTOPOro €0 HEUPOCETU (YNCIO BbIXOAOB HEMPOHOB BTOPOIro Cos);
L — BECOBOW KO3 PUUMEHT cyMmmaTopa HENPOHA;

N — yncno BXxoaoB oaHoro obyyaemMoro HelpoHa, ncnonb3yemMoro ansa obpaboTkn BuomeTpudecKux
NaHHbIX:

Vv — BXOA4Hble AaHHble 0by4aeMoro HeMpPoOHa;
Y — BbIXOAHbIE AaHHbIE CyMMaTopa oby4yaeMoro HEMPOHa;
®— NoKasartenb cTabunbHOCTU paspsaaa koga « CBoOW» Ha BbIXo4de HENPOHa NEePBOro Crnos;
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E(.) — onepaTop BbIYACNEHNA MaTeMaTUYECKOro OXXnaaHusg;
¢ (.) — onepaTop BbIYUCIEHUSA CcTaHOAAPTHOrMO OTKIOHEHUS;
P, — BEepoATHOCTb OLINOKK NepBoro poaa (OWMboYHbIN 0TKas «CBoeMy»).

5 O6wune NonoxeHNsA ObLICTPOro NOCNONHOIro 00y4YeHUSA HEUPOHHbLIX CeTEWN
npeobpa3oBaTenen OMomMmeTpusa-Koq goctyna

5.1 Knaccudukauma HeupoceTeBbIX NpeobpasoBaTenen bMomeTpua-Koa Aoctyna

5.1.1 HewnpoceTeBble npeocbpasoBaTtenn dbMomMeTpusa-koa AocTtyna KnaccupuunpyoT No BUay BXOAHbIX
BMOMETPUYECKUX NapaMeTpoB cneayowmm obpasom:

- HeuWpoceTeBble NpeobpasoBaTenin, OPUEHTUPOBAHHbIE HA PabOTy C HENPEPbIBHLIMA BUOMETPUYECKN-
MW napamMeTpamMun, UMeLLMMIN, KaK NpaBuio, HU3Koe cpeHee BXOOQHOE Ka4eCTBO;

- HeWpoceTeBble NpeobpasoBaTenn, OpUEHTUPOBAHHbIE Ha paboTy ¢ ANCKPETHLIMU BLUOMETPUYECKUMI
napameTpamMiu, MMerLWLUMIK, KaK NpaBuno, Xopollee cpedHee BXoQHOe KauecTBO.

Cneumnanunsaumnst HEUPOHHLIX ceTen Ha 0BpPabOTKy HeNpPepPbIBHLIX UM ANCKPETHLIX DUOMETPUYECKNX Na-
paMeTpoB OOyCrnoBneHa 3HauYnTeNbHbIM pasnuMynemM anropuTMoB X oDyYeHUS N aBTOMATOB, peannayioLmx
3TU anropuTMBbl.

5.1.2 HeunpoceTeBble npeobpasoBaTtenn BUOMeETPpUs-kog AocTtyna KnaccudpuumpyoT no YMACNy Croes
HEWUPOHOB, cCoAepKalMXCHA B X HEUPOHHON ceTU. PasnuyatoT HenpoceTeBbIE NpeobpasoBaTenun:

- ¢ 0AHOCMONHOWU HEUPOHHOW CETbIO;

- C ABYXCNOWHOW HEUPOHHOW CEeTbIO.

[BYyXCNOWHLIE HEMPOHHBbIE CETU, KaK NpaBUo, CNocobHbI pellaTh Niobble 3aga4vu BbICOKOHaAEXHON DUO-
MeTpudeckon naeHTupukaumm 1 ayteHtudukaumn. dansHenwee ysenmdyeHne 4ucna croes BO3MOXKHO, HO
ana 6onbWMHCTBA BDUOMETPUYECKUX NPUNOXKEHNN ABNAETCH U3DLITOUYHBLIM M HE paccMaTpUBaETCH B paMKax
HacTodLWero craHgapTa.

HeWnpoHHbIE CeTU AOMKHBI OCYLLECTBNATL oborawleHne (NoBbILLEeHNE KavecTBa) UCXOOHLIX BUuomeTpu-
YeCcKUX AaHHbIX. Ecnn yaaeTca pelinTb 3aga4y NOBbILLEHUS KavYeCcTBa UCXOAHbIX BMoOMeTpuYeckmnx AaHHbIX A0
npuemMneMoro kKayectesa ogHOCIONHON HEUPOHHOWU CeThIO, TO NPUMEeHeHUe ANngd pelleHUsa TOM Xe 3adauun ABYX-
CITOMHOWN HEUPOHHOW CEeTU He pekomMeHayeTcHa. KoppekTUpoBKka HE3HAYUTENbHOMO Yncna onbdoK OaHOCNON-
HON HEWUPOHHOW CeTU AOMyCKaeTCsl KnacCuiecKMM U3ObITOYHBIM KOOAOM C ODHapy)XeHUeM 1 UcnpaBneHnem
OLLNDOK.

5.2 PazpgenbHoe oOy4yeHUe KaXXporo s HEUPOHOB HENPOCETI

[Mpouenypa obyvyeHNsa HEMPOHHOW CeTU NpeobpasoBaTena dbMomMeTpuUsa-Koa AocTyna ABNAETCH onac-
HOW, TaK KaK onnpaeTcsi Ha UCNOoMNb3oBaHWUe npumMmepoB obpasza «CBoW» U 3HAHUE Koda AocTyna (BO3IMOXKHA
KoMnpomMeTauus 3TuX aaHHbIX). B ¢Bs3M ¢ aTUM 0byvyeHne OOMKHO NPOBOAUTLCA: B AOBEPEHHON BbIYUCTIN-
TeNbHOW cpee, B aBTOMaTUYECKOM peXnume, npu MUHUManbHbIX 3aTpaTax BpeMeHU, Nog KOHTPOoNeM ACHO-
pa buometpun «Ceon». CoKpalleHne BpeMeHn obyvyeHnst cneayeTt OCyLecTBNSATb 3a CHET HE3AaBUCUMOTO
oby4YeHNa KaXXaoro N3 HEMPOHOB CETU 1N OTKasa OT MHOMOKpaTHOro NpUMeHeHUsa NTepaLnuoHHbIX npoueayp
noabopa BecoBbIX KOSHPULMEHTOB HeUpoHa. bnok-cxema obydyeHUs OOHOro UCKYCCTBEHHOMO HEMPOHA
npegcraerieHa Ha pUcyHke 1.

B ogHOCNOWHBLIX HENPOHHBLIX ceTAX OAUH HEUPOH OTBeYaEeT 3a O4WH pa3psd BbIXoOQHOro Koga. 3agavel
aBToMaTa oby4vyeHunsa ABNAeTCA NOUCK (BblMUCIIEHUE) TakuUX BECOBbIX KOS(PPULNEHTOB HEUPOHa U, KOTOpble
cMellaloT pacnpegeneHne oTKIMKOB cyMMaTopa HeupoHa B 3agaHHOe N3BHEe COCTOSIHME ero BhIXOAHOM HellK-
HenHocTU («O» unun «1»). Nprumep pacnpeaeneHnst OTKNUKOB HeMpoHa Ha obpas «CBon» Ao 1 nocne obyvyeHUs
npuBeaeH Ha pUCyHke 2.

Obyyatolmia aBTomMaT Ao/KeH HabnoaaTte BXoAHble bruoMeTpuieckne aaHHble HEMPOHA, OTHOCSILLMECH
K npumepam obpasa «CBOW» U OTHOCALLMECH K NpUMepaM cnydanHbiX 0bpas3oB «Hyxume». ABToMmaTt oby4veHUs
BUOWT OTKIMKMA Ha BbIXO4e cyMMaTopa HeMpoHa (40 UX UCKaXXeHUa HelMMHENHBIM 3N1eMeHTOM HeUpOoHa).

PakTn4eckn asToMaTt obyveHUs1 OQHOro HEMPOHAa OCMKEH pellaTh 3a4a4y BbiTallKUBAHUA pacnpeaeneHus
OTKIMMKOB HENPOHA Ha npumMmepbl cbpasa «CBon» Ha nepudepunto pacnpeaeneHnsa oTKIMMKOB obpa3oB «HyKony.
BeiTankneaHne HeobxoAMMO OCYLLECTBAATL BbIYUCIIEHUEM MOYTU BCEX (KPOME OQHOI0 — [L,) BECOBbIX KO3 U-
LIMeHTOB cBA3en HelpoHa. Hyneson koapdpuumneHT HepoHa p, HeobxoaAMMo UCMonb3oBaTh ANd NpuBeaeHUs
TOYKN NepekntoveHna HenMUMHENHOMN PYHKLMU B TOYKY, COOTBETCTBYOLLYHO MaTeMaTUdeCckoMy OXUOaHUIo NpuMe-
poB 0bpa3oB «Bce «Hyxuer, ans BeinonHeHusa TpeboBaHma FOCT P $2633.0 no paBHOBEPOATHOMY COCTOAHUIO
«0» 1 «1» BbIX0OAa HeNMpoHa angd obpasos «Hyxumey.
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Obyyaemblin HEMPOH
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PUCYHOK 1 — bnok-cxema 0by4eHns ogHOro NCKYCCTBEHHOIO HENPOHA
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Beixoa HenpoHa
\ 710 1 nocne
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HEeNTMHEeWNHOCTU

PacnpegeneHue

OTKNUKOB «CBON»
nocne oby4yeHus

Xaoc npuMepor

«Bce «Yyxune»
00 v nocne
obyveHust

0,2

O

PucyHok 2 — [Npumep pacnpeaeneHns oTKNmkoB «Ceon» n «4yxon» Ha BbIXoae HEUPOHA
0 U nocne ero obyvyeHus

[TpnmeyaHne—BbiTankmBaHne Ha nepueputo pacnpegenenmns «4Hyxxon» oTKNMkKoB « CBON» MOXET OCYLLE-
CTBNATLCH aBTOMATOM 0b6y4eHuns1 B NoboM HanpaBneHmnm (Kak B NPaByo, TaK U B NEBYIO CTOPOHY (CM. pUCYHOK 2). [ns Toro,
4TOObl NBMEHUTb BbIXOAHOW KOA OTKNMKa « CBONY», 4OCTAaTOMHO CMEHUTb 3HAKN BCEX BECOBbIX KOSMPPULMEHTOB, HAYMHAS C
W, OO W, YTO MNO3BONAET NepenporpaMMmnpoBaTh Ko AocTyna 6e3 nocrneayowero nepeoby4eHmna HEMPOHOB U BCEN HEW-
POHHOWN CETW.

5.3 PazgenbHoe oOy4YeHUe Kaxxaoro Us crioeB HEMPOHOB HENPOCETI

B npoctenwem cnyvyae ogHOCNONHOW HENPOHHON ceTu 0byvyeHne HEeNPOHOB AOTMKHO OCYLLECTBISITLCS
noodepeqHo, B Nopaake yBenmieHnsa HoMmepa HelpoHa B Crloe.

B cnyyae oby4yeHnst ABYXCNOWHOW HEUPOHHOU ceTU 0by4veHne cneagyeT BeCTU, Ha4MHast C HEMPOHOB Nep-
BOro cnod. locne obyvyeHnsa Bcex HEMPOHOB NEPBOro CNod cneayeT OCYLEeCTBNSAThE TPaHCISALUIo NPUMepoB
obpasza «Ceol» 1 NpumMepoB 0bpaszoB «HyXxune» co BXOAOB NePBOro Cnos Ha ero Bbixodbl. [lanee HeobxoaANMO
MPUCTYNUTL K 0OYy4YEeHNIO BTOPOro crnos HenmpoHoB. [na aToro cnegyeTt UCNONb3oBaTh paHee NofyYeHHble AaH-
Hble npumMepoB «CBoOU» U «HyXXKOU» Ha BbIXoA4axX NepBOro Crnod HeUpPOHOB.

6
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O0by4yeHne Kaxxgoro cnos HeMpPoOHOB cneayeT BECTU CBOMM aBTOMaTOM, YYNTbIBAOLLMM 0COOEHHOCTN TOW
AN MHON BMOMETPUYECKON TEXHOMOTMA NP BXOAHbIX AaHHBIX pas3Horo kadecTtBa. [pu obydeHUn Kaxkaoro
CIoA HEMPOHOB HEOOX0AMMO NCMOMb30BaTb CBOW BbIXOAHOW KoAd. BbixogHOM KOO NPOMEXYTOYHOro Cros 4o/S1-
XeH ObITb NOMNYyY€eH OT reHepaTopa crny4YanHbix Yncen. Bece BbixoaHble kogbl 00yveHus (ko NepBoro crnos U koA
BTOPOro crios) A0 KHbI ObITb YHUYTOXEHBI Nocne oby4eHnsa HeMPOHHOW CETMN U NPOBEPKM KadyecTBa oby4yeHns.

5.4 KoHTponb pazMmepoB U 0AHOPOAHOCTU NPUMEpPOB obyUaloLwen BbiIGOpKU obpasza «CBon»

5.4.1 Pa3mep obyuaruienn BbIOOpKU npumepoB «CBon»

[pn obyvyeHU HeobXoaMMo ncnonb3oBaTb He MeHee 11 npumepoB obpasa «CeBonx». Nocne obyueHUs
HEWUPOHHOM CeTU crieyeT KOHTPONUPOBAaTb KAYECTBO OOYyUEHUsI HE MeHEEe YEM Ha Tpex NpuMepax, He y4acTBO-
BaBLUUX B 00y4eHun. INpun BbISIBNEHUU OTKa3a B AOCTYNe He npolwealluni pacnosHaBaHue npumep crneayeT Ao-
0aBUTb B ODyYarLlyo BbIDOPKY. YBenniyeHne obydarowen BblDOPKM Heobxoaumo BeCcTU A0 YCTOUYMBOIO
y3HaBaHUsA «CBOEro» B Tpex-vYeThbIpex cneayrowux noapsig nonbsitkax.

PekomeHayeTca AoobydyeHne cpecTBa BbICOKOHAAEXKHOW ayTeHTUdMKauMm Ha npumepax bruomMmeTtpu-
Yyeckoro obpasa «CBony», NpeabsiBMIEHHbIX NMOMb30BaTENEM Yepes HECKOTbKO YacoB (HECKOMbKO AHEN) nocne
nepBoHavansHoOro obyueHus.

[Tpn HeobXoaMMOCTK nocneayowero 4oobyyeHna cpeacTea (NnepeocdbyveHUa cpeactea) basy nprumMepos
obpasa «CBoW» cneayeT XpaHUTbL B AOBEPEHHON BblYUCIMTENbHOW cpeae. Ecnn XpaHeHue Dasbl OCYLLEeCTBIIA-
eTcsl B HeOBepeHHOW BLIYNCITUTENBHOW cpede, ToO Heobxoauma s3awmTa 6asbl 00y4eHUda OT ee KOMNpoMeTa-
LLAN.

5.4.2 KoHTponb oAHOPOAHOCTU OOy4alLlen BLIOOPKU

[epen kaxxgbiMm obyveHMeM (oobyvyeHnem) cpeacTBa ayTeHTURUKAL MU HEODXOANMO NMPOBEPUTL OOHO-
POAHOCTbL obyvatolen BeIDOPKU. IANda aToM uenu cneayeT BeIMUCNUTE MaTeMaTu4eckoe oXXngaHme Kaxkaoro 1s
KOHTPONIMPYeMbIX BUOMETPUYECKNX NMapaMeTpoB U OTHOCUTESTIbHO HEro BbIYUCIUTL 3HAYEeHUe y2 — OTKITOHEe-
HAe OT UeHTpa buomeTpudeckoro obpasza «CBOU» (OT MaTemMaTuUdeckoro oxuagaHust obpasza «CBou» no
KaXXaoMy U3 KOHTPOTMPYEMBIX NapaMeTpoB).

Npumepbl «CBOM», 3HAYNTENBHO NPEBLILLALME cpeaHeKkBaapaTUYeckoe OTKIOHEHME NO KPUTEPUIO ¥2,
HeobXoaUMOo yaanuTb N3 obydvarollen BeIDOPKU KaK rpybyto omnbky. [lonyckaeTcsl npoBedeHUe NpoBepKU MNo
BXOAHbIM AaHHbIM HEUPOHHON CETKU, a Takke NPOBEPKU MO BbIXOAHBIM OTKITMKAM CYyMMAaTOPOB YXXe 0by4YeHHON
HEUPOHHOWU CeTMu.

5.5 KoHTponb pa3MepoB U HeE3aBUCUMOCTU NPUMEPOB oOyUarLlen BbIOOPKU, NpeacTaBnAOLWUX
Xaoc crny4vyauHbIX obpa3oB «Bce «Yyxue»

Ona obydeHUa npeobpasoBartens bMoMeTpusa-koa Aoctyna HeobxogMmMo MMeTb He MeHee 64 NpUMMepoB
pasfNYHbIX ClydanHbIiX (HE3aBUCUMBIX) ECTECTBEHHLIX BUOMETPUYECKUX 0Dpa3oB «4Hyxkumer.

KOHTpOMNb YPOBHSA B3aMMHOW HE3aBUCUMOCTU 0Bpa3oB «YyXon» crneayeT OCYLEeCcTBNATb B3aUMHbIM
CpaBHEHWEM WX KOAOB Ha BbIXoAde OAHOro paHee obyyeHHOro oAHocnonHoro npeobpasoBaTens bUomeT-
pusa-Ko4 4oCTyna, He UMEeoLEero MexaHnama salwmTel 0T HabnogeHnsa BHYTPEeHHUX AaHHbIX. B oby4atoLen Bbl-
Oopke He ACMKHO ObITb nNap BuomeTpuyecknx obpasoB, UbM BbIXOAHbIE KOAbl MO KpUTEpUto XeMMUHra
BbiNagatoT U3 UHTepBana

_N—ZW N+2m_

2 2

rae N — 4ncno paspsaoB B BbIXOQHOM Koge obydaemoro HempoceTeBoro npeobpasoBaTens.

6 ABTOMaT 0Oy4YeHMA OQHOCNOUHOU HEMPOHHOU CEeTn, padoTaloLlen
C HenpepbIBHbIMY ODUOMETPUYECKUMUN AaHHBIMU HU3KOIro Ka4yecTBa

6.1 ABTOMaTU4eCKUU CUHTE3 CBA3EU NepBOro crnos HeMpPoHOB

6.1.1 MporHosnpoBaHue HeobXoAUMOro Yucna BXonoB 04HOIro HEMPOHa

[TIporHosnpoBaHne HeodXoaMMOro Ymucna BXo40B OOHOMO HelpoHa creayeT OCyLWeCTBNATL Yepes 3ada-
HUe XXenaemMoro BbIXo4HOro kayectsa oby4eHHOro HempoHa Q(y) Ha BeIxo4e cymmaTtopa HenmpoHa y, KoTopoe B
MHBIX CNyvadax criegyeT BblYMCNATL No popMmyne
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_ |Euywon (V) = Ecgon(¥) (2)

OCroit (,V)

Q(y)

Yrcno BXoA0B Y HEMpoHa HeobXoanMMo BbIMUCTIATL No dopmMyne

. "‘1| 2

nxay ) L 3)

E(Q(v)),

rae a, — HOPMUPYOLLMA KO3 PULIMEHT, 3KCrepuMeHTanbHO noabupaemMbln Ana aBToMata oby4veHusa npu
paspaboTke cpeacTBa DUOMETPUYECKON ayTeHTUUKaLKUN Noa KaxKayo DUOMETPUUECKYHD TEXHOMO-
M0 U ANs Ka)Xgoro ¢nost HeMPOHOB;
Q(v;) — nceBaoaUCKpeTHOe BXOAHOE Ka4ecTBO /-r0 BXOAHOro bruomMeTpuyeckoro napaMmetpa HempoHa, Bbl-
yncnsiemMoe no gopmyne

_ ‘qu}l{oﬁ(vf ) — ECBDH(V,F )

GCBDH(VI )

Q(v)) (4)

[TpumedaHnune—BmecTo 3agaHus xenaemoro kavectea 0byveHus HempoHa Q(y) AONyCKaeTCcH 3a4aBaTh Xe-
naemoe 3Ha4eHne BeposiTHOCTU NOsIBNeHns1 olnboK nepBoro poaa P, oby4eHHoro HenpoHa. B 3Tom crny4vae ka4ecTBo 00y-
YEHUS CrnegyeTt HanTu NyTemM peLleHns Cneayrwero ypaBHEHUS:

F,I 1 aqQ(y) 4 t2\ ) 1 (5)
P, ~: - exp| — |dt ; = Do (a,Q(y)).
1 9 % 1[ \ 5 ) 2 O\*~1

rae a, — HOPMUPYOLNKA KO3 PULUEHT, 3KCnepumMeHTanbHo nogbupaemMbeln gna aBToMaTta obydeHua npu
paspaboTke cpeacTBa DUOMETPUYECKON ayTeHTUUKaLKUN Noa Kaxkayo DUOMETPUUECKYHO TEXHOMO-
TMIC 1 ANS KaXKAoro cnost HEUPOHOB.

6.1.2 Bbibop yncna HeMpoHOB B NEPBOM Crloe HEUPOHHOU CEeTH

“Yucno HeMpOHOB B NepBOM crioe HelpoHHoW ceTu N, crieayeT 3afiaBaTh paBHbIM AJSTMHE BLIXOAHOMO KOoAa
[0CTyMa, ecrnv olWnobKn NnepBoro poga oby4eHHOro crio HeMPOHOB OKAa3bIBAOTCA MEHbLLE XXenaeMon BepoaT-
HOCTM OLUMDOKM NepBOro poda Bcero cpeactsa ayteHTudumkaumn. Ecnm BeposaTHOCTb oWMOKM NepBoro poaa
oKasblBaeTcs paBHOW UK BorblLe XenaeMoln, To HeobX04MMO YBENMUYUTL YNCITIO HEMPOHOB B CITIOE Ha YMCNO
M30bITOYHLIX pa3paaoB koga, cnocodbHoro obHapyXuBsaTtb 1 UCNpPaBNATb OWNOKA. Npy NPUHATUM peLlueHns o6
MCMOSb30BaHUM TOro UMM UHOMO KIlacCUYecKoro Kkoaa, cnocobHOro ncnpaensaTh OWMOKA HEMPOHOB NEPBOro
CMos1, MONHOCTbIO CHUMaeTCcs HeonpeaeNeHHOCTb OTHOCUTENBHO ero N3ObITOYHOCTH.

[TpumedvaHnune—IlepBbin CNOW HENPOHOB OCYLLECTBNAET 0boraweHne OTHOCUTENBHO BeaHbIX BXOAHbBIX BNO-
METPUYECKUX AaHHbIX, B CBA3KN C 3TUM YMCIO UCMONb3YEMbIX BXOOOB HenpoceTn N, bepyT 3HauUnTENBHO BonbLUe, YEM YNUC-
N0 HeMpoHoB N, coaepXmT obyvaembln Cnov HenpoceTn. Yem Xyxe BXogHble BUoMeTpuyeckue AaHHble, Tem Gornblue KX
notpebyerca ans oboraweHws.

6.1.3 ABTOMaTu4vecKoe pacnpegeneHue cBfA3en BXo40B HEUPOHOB ¢ MNaallUMN agpecamMu

PacnpeageneHne agpecoB CBA3eN MaalnX BXOAOB HEUPOHOB € BXOAHbIMU AaHHbIMU BCe HEMPOHHOW
CeTN AOJIKHO OCYLLECTBNATbLCA aBToMaTudecku. [ina nepsbiX K = Ny/n HEMPOHOB crieayeT BblOMpaTb BXOAHbIE
CBA3U ¢ HOMepaMu oT 1 Ao n, aanee ¢ Homepamn ot n +1 oo 2 n. CooTBEeTCTBEHHO BXOAHbLIE CBA3UN K-r0 HENPO-
Ha OOIMKHBI ObITb COeaMHEHBI CO BXO4aMM BCEN HENPOHHOW CeTU, UMerLWnMn Homepa oT (Kk— 1) n + 1 ao kn.
OcTaTok He3agencTBoBaHHbIX BXoAoB (N, — kn) HeobxoAnMo 1cnonb3oBaTth ANA PopMUPOBaHUA CBA3EN MO-
cnegyrowmx (N, — K) HEMPOHOB NMEepPBOro Cros.

6.1.4 ABTOMaTu4eckoe pacnpeaeneHue cBA3en BXOAOB HEUPOHOB CO CTapLIUMU agpecaMu

OcTaBlunecs (N, — k) HENPOHOB NEPBOro CrosA criegyeT NogknyaTh K BXo4aM HEUPOHHOU CeTU crny4ak-
HO, MpUYEM aBTOMAT, OCYLLUeCTBNALWMA NogKnoYeHna, Ao/MKeH OQHOBPEeMEeHHO ¢ noaknoYeHUeM BXO40B
KOHTPONMUPOBAaTL YacTOTY UCNONb30BaHMSA BCEX BXOAOB. ABTOMAT POPMUPOBAHUSA ClydalHbIX CBA3EN A0IMKEH
OTKIToYaTh CITULLKOM 4YacTo UCNOoNIb3yeMble BXoAHble AaHHble U YBENMYMBATL YNCIIO NoAKTIOYEHUN pegko Uc-
NoNb3yemMblX AaHHbIX. BelpaBHMBaHME YacTOT NOAKM0YEeHUA OOTKHO OCYLLECTBNATLCA 40 MOMEHTa, Nnoka M-
HUMarnbHasa YacToTa MCNOMb3OBAHUA BXOAOB HEMPOCETU He ByaeT OTNMYaTbCA OT MakCUMallbHOW YacTOThl Ha
nse eguHULbI.
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[Tocne opMnpoBaHnsa criydamHbiX CBA3en NepBoro Cros HEMPOHOB HEOOXOANMMO OCYLLIECTBAATL BbisAB-
NIeHne N YHNYTOXeHMe obLLKMX CBA3EeN B ABYX, TPEX, YeThbIpex HeMpoHax ¢ pAaoM NnexawmmMm HoMepamu.

6.2 ABTOMaTun4yeckoe obyyeHue HeMpPoOHOB NepPBOro crnos

6.2.1 ABTOMaTu4yecKkoe obyyeHUe HEUPOHa CO CTAaTUCTUYECKUM BbIYMCIIEHUEM BeCOBbIX KO3-
dbunyunueHTOB

ABTOMaThI 4Nd peannsaunm ObICTPLIX anroprUTMOB 0by4YeHUA HEMPOHOB AOMMKHbI 3a4aBaTb 3HAYEHUSA Be-
COBbIX KO3(PPULINEHTOB L1, paBHbIMA HOPMUPOBaAHHOMY NCEBAOANCKPETHOMY BXOAHOMY Ka4yecTBY rno dpopmyne
(3), cooTBETCTBYIOLWEro OBMOMETPUYECKOro NnapamMeTpa:

Qvi) (6)

Gﬂymaﬁ(vf)

%

6.2.2 [NpncBoeHne 3Haka BbIMMCNeHHbIM BeCOBbLIM KO3(h(MhULUeHTam

3HaK npu BeCOBOM KO3(pPuUMeHTe cneayeT 3ajgaBaTb UCXOAA U3 3HAKa MaTeMaTU4eckoro oXXngaHug,
YUUTBIBAEMOrO DMOMETPUYECKOrO NapamMeTpa U 3agaHHOro nNpm oby4veHNn COCTOsIHUS BbiXoda HelpoHa. Ang
cymMmMmaTopa 6e3 MHBepCuU BNoK-CXeMbl (CM. PUCYHOK 2) Npu TpebyeMoM cocTosaAHUKU « 1» koaa « CBOM» Ha BbIXO-
[le HenpoHa 3Hak BeCOBOro KoddduLmneHTa i 4omKeH coBnagaTb CO 3HAKOM pa3HULbl MaTeMaTUYeCKNX OXKN-
OaHun obpasoB «CeBon» U «YHyxoh». ns obecneveHusa coctoaHust «0» Ha BbIXoJe HeWpoHa Heobxoanma
MHBEPCUA pasHULbl YNIOMSIHYTBIX Bhille MaTeMaTUuidecKnX oXXngaHua Unim

ecnin «CBON» — «1», T0 sign (u;) = Sign (Ecyou(V) — Eqyyon (V)

ecnn «CBol» — «0», TO sign (u;) = —sign (E. jr\/.) - E, v.)), (7)

Boﬁ( I

L

NPWY YCNOBUU, YTO HENTMHENHBIX 3N1eMeHT HeUpoHa NpUHUMaeT COCTosAHME «1» NMPU NONOXUTENbHBLIX BXOAHbIX
BO3AeNCTBUAX U cocTosAHUE «O» NpU oTpUuaTeNnbHbIX BXOAHBIX BO3OENCTBUSAX.

6.2.3 lNpoBepKka AOCTUTHYTOro KayecTBa oby4vYeHuUA

[Tocne BblYUCIEHNA BECOBBLIX KO P ULIMEHTOB HEUPOHOB C HOMepaMn /i =1, 2, 3,.... N He0DXOONUMO OCY-
LLIeCTBUTb BblYMCIIEHNE HYNEBbIX BECOBbLIX KO3 MPULIMEHTOB 1. Hanee cnegyeT NpoBeCTN TECTOBYHO OLIEHKY
OOCTUTHYTOro KadecTtea obydeHUa no popmyne (2) Unu oLeHKy BepOoATHOCTM OLUMDOK BTOPOro poaa. Ecnu no-
KasaTenu KadecTtsa obyvyeHUs HelpoHa 4OCTaTOYHO BbICOKU, TO 0BbydeHne cneayeT npekpatuTtb. ECcnn nokasa-
Tenn KkadectBa ObOy4YeHUA HeWpoOHa OKa3bIBAKTCHA XY)Xe Mnopora, 3aloXeHHOro B aBToMaTtT obydeHus, TO
aBTOMaT OOy4YEeHUA OOITDKEH YBENMNYNTL YACTIO BXOA0B Y HENMPOHA U BBIMUCINTL AN HUX BECOBLIE KO3 ULLN-
EHThl. YBENUYEHUE YMCia BXOOOB HeMpoHa cneayeT NpoBOAUTb A0 MOMEHTA, Korga KadyectBo 0by4veHus
oKaXkeTcs Bbille 3a4aHHOro aBToMmaTty obydeHUa nopora.

6.2.4 lNpoBepkKa ypoBHA KoppensauMOHHbIX CBA3EeN 00YyYeHHbIX HEMPOHOB

Cny4anHo BblbpaHHbIe Napbl HEUPOHOB, HaxoasLWKMecs B OAHOM cnoe, MUMetoT obLLnue BXOoabl U, COOTBET-
CTBEHHO, BbIXOAHbI€ OTKINUKU HEMPOHOB UMEIDT KoppensaLuoHHbIe cBA3W. [Ans KOHTPONA YPOBHS KOppensLnoH-
HbIX CBA3eW cneayeT BbLINOMHUTL MX BbIMUCIEHUME NPW BO3AEUCTBUMA Ha HEWUPOHHYID CeTb He MeHee
10 000 cny4YanHbIX He3aBUCUMBIX BXOAHbIX BO3AEUCTBUA C HOPpManbHbIM 3aKOHOM pacnpeaeneHus sHavyeHun,
NMMELLINM cpeaHeKkBaapaTuyeckoe OTKIMOHEHWE, paBHOE cpeaHeKkBaapaTUYeCcCKoOMy OTKINOHEHUIO DUOMETPU-
YecKMx napameTpoB 0bpa3oB «Hyxon». [laHHbIe TECTUPOBAHUA cneayeT nonyYvaTh OT reHepaTopa cnyyYanHbiX
MK ncesaocnyvYanHbIX Yucen.

[1pn BBIMUCIEHUAX HEODXOANMMO UCMONb30BaThL NPOBEPKY HE MeHee 128 cnyvyanHo BblIbpaHHbIX Nap HeW-
POHOB. [Na KaXxaon napbl HEMPOHOB NPU BbIYACNEHUAX cneayeT UCNoNb30BaTh BLIXOAbl X CYMMaTOPOB U Aa-
nee cneayeT BbIMUCIATE MaTeMaTUYeCcKoe oXugaHue Moaynd nonyyYeHHbIX KO3 @UUMEeHTOB Koppenauun.

6.2.5 MackupoBaHue KoppensauuoHHbIX cBA3en OOy4YeHHOro HeMpoHa

[ns ucknroveHnsa BO3MOXHOCTU aTaku Ha npeobpasoBaTenb bBUMoOMeTpUs-Kod AoCTyna Yepes Bhlunce-
HUe KO3 PULMEHTOB Koppensaunm y oby4eHHOro HempoHa cnegyeT USMEeHUTh YacTb 3HAKOB BECOBbLIX KO3 u-
UMEeHTOB Ha MPOTUBONONOXHLIE. HacTb M3MEHEeHHbIX 3HAKOB MO OTHOLUEHWUIO K OCTaBLUEUCH 4acTU 3HAKOB
BECOBLIX KOS PULMEHTOB A0MKHA ObITh DONMblUe, YeM cpeHee 3HaYeHUe MoayNs KOPPEnALUMOHHBIX CBSA3EN
MeXay napamm HEMPOHOB, BLIMUCTIEHHBIX Mo 6.2.4. BbIDOp M3MeHAEeMBbIX 3HAaKOB HEOOXOAMMO OCYLLECTBSATL
Cly4yaunHo.

[TpnmedaHnwue—VameHeHne 3Haka 4acTn CBA3EN HENPOHA HA NMPOTUBOMONOXHbIE NULWLAET aTaKyloLWEro yee-
PEHHOCTU B TOM, YTO OH BEPHO HabntogaeT KoahdULMEeHTbl kKoppensaunn. BrknovyeHne mexaHmnama pasmMHOXEeHUs1 OLLMBOK
MeLLaeT aTaKkylowemMy BEPHO BUAETb KOPPEnsuumM Mmexay BbIXogamMmm HENPOHOB. YeM Bbille Ka4YeCTBO MEXaHN3Ma PasMHO-
XKEHUS OLINDOOK, TEM Y MEHBLLUEN YaCTU BECOBbLIX KOIMPMDOULUMEHTOB CrielyeT NCKaXKaTb 3HAKM.
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6.2.6 MNoBTOpHaA npoBepKa KavyecTBa OOYyYeHUA HEUPOHOB

MacknpoBaHune KoppensiLUoHHBIX CBA3EN 0DYYEHHOro HenpoHa no 6.2.5 00bIMHO NPUBOANT K 3HAYUTESb-
HOMY CHWXEHWIO cpeaHero kadectsa obydyeHUsa HenpoHoB. COOTBETCTBEHHO HEODXOAMMO OCYLLECTBUTL MO-
BTOPHLIA KOHTPOMb OCTaTOYHOro Ka4yecTsa oby4veHus.

Ecnu ocTtaTouHOEe Ka4yecTBO 0byYeHUsA OKa3bIBAETCS NMPUEMIIEMbIM, TO HET CMbICNA UCMNOMNb30BaTb BTO-
POW CNOWN HENPOHOB.

[Tpn HegoCTaTOuYHOM KavyecTBe MPUHATUSA peLleHU NepBbIM CIOEM HEVNPOHOB HEODXOONMO MUCMOMb30-
BaTb BTOPOW CNOUN HENPOHOB.

7 ABTOMaTn4yeckoe odoyyeHue HEMPOHOB BTOPOro Cros

7.1 ABTOMaTU4Ye€CKUU CUHTE3 CBA3EeN HEUPOHOB BTOPOIo Crof

7.1.1 3apayu, BbINoNHAeMble BTOPbIM CNTOEM HEUPOHOB

OCHOBHOW 3aga4vyen HeUPOHOB BTOPOro Crnod ABNSETCH NOBbILLEHUSA Ka4eCcTBa pelleHUN, MPUHATBIX HEN-
pOHaMu NepBOro Crod B YacTu CHKeHUA P, — BepOoATHOCTU OLINOOoK nepBoro poaa. Bropoi criot HEMpOHOB
BbINMONHAET PYHKLINIO U3OBITOYHBIX KOAOB C ODHapYXeHUeM 1 ncrpasneHnem olnboK 1, COOTBETCTBEHHO, YMC-
10 BbIXOAOB HENPOHOB NepBoro crod N, MoxXeT ObITb yBenMyeHo no 6.1.2.

OCHOBHOE OTNINMYMNE HEUPOCETEBOIO KOPPEKTUPOBAHUS OLLUMDOK OT UCNOMb30OBaHUSA KIacCUYeCcKnX KoaoB
C ODHapyXeHUeM U UcnpaBneHmemM olnbdOoK B UX MeHbLUeN n3bbITovHOCTU. icnpaBneHne ownbokK, ocylle-
CTBNSIEMOE HEeUpOHaMU BTOPOro Cnosl, Npy oAnHaAKoBOWU M3DLITOYHOCTU obecrnedynBaeT 6onee BbICOKUN YPo-
BEHb 4YMCNAa WUCNPaBMEHHbIX OWMOOK, TaK Kak npu oOy4YeHUM HEWUPOHOB BTOPOro CMNosd aBTOMAaTUYECKU
YUUTBIBAETCS MOMNOXEHNE CTabUNBbHLIX U HECTADUMbHBIX PA3PSA0B B KOPPEKTUPYEMOM KoAe, a TakkKe YPOBEHb
CTabUNbHOCTU TOrO U UHOTO HECTabUNbHOro paspsaa Koaa nepBoro cfiost HEMPOHOB.

7.1.2 BxogHble gaHHble HEUPOHOB BTOPOro cros

B cnydyae ncnonb3oBaHUA ABYXCIOUHOW HEUPOHHOW CeTU COCTOAHUA PaspsaoB BbIXOOAHOMO Koda nepBo-
ro CNOA AOIMKHbI ObITb U3MEHEHBI. HeobXoaMMO NepPenTn OT NPOMEXKYTOUHLIX KOOOB C COCTOSIHUSIMU pa3psaaoBs
«0O» N «1» K 3KBUBANEHTHbIM KOAaM C COCTOSAHUAMU «—=1T1» N «+1».

7.1.3 Bblbop Yucna HeMPOHOB BTOPOro crnos

Bbibop yMcna HeMPOHOB BTOPOroC CNos NOMHOCTLIO MOBTOPAET Npoueaypy Bblibopa Yncna HeMpOHOB Nep-
BOro crnod no 6.1.2.

7.1.4 Bblbop yncna BXxogoB HEUPOHOB BTOPOro Crnos

Hncno BXoAoB HENPOHOB BTOPOTO CIioA Heobxoanmo BelbupaTth B MHTepsane ot 0,2 N, 1o 0,8 N, B 3aBU-
CUMOCTW OT YNCNa gonyckaeMblX OLUMOOK Koga HEUMPOHOB NepBoro cnosi. CeBA3b YMcna BXo40B Y HEUPOHOB BTO-
POro CNost ¢ YUNCNIOM OLUMOOK HEUPOHOB NEPBOro cnos Ans obpasa « CeBon» 3agaeTtcsd Tabnuuamu, a sHavYeHus
OaHHbIX B Tabnuuax noadupatoT 3KcrnepumMeHTanbHO npu  paspadboTke cpeacTBa BbICOKOHAOEKHOW
bnomeTpudeckon ayteHTudukauuu.

7.1.5 ABTOMaTU4ecKoe pacnpegeneHue agpecoB CBA3eN HEUPOHOB BTOPOro Crof

Anpeca CBA3eN HEMPOHOB BTOPOro CMNos € BbIXoAaM HEUPOHOB NEPBOro CMosi BbIOMpaoTCs CryYanHo.
[Tpn 3TOM HEODXOAUMO KOHTPONMNMPOBAaTL OTCYTCTBUE NMOBTOPEHUIN CBA3EN Y KAXKO0M0 N3 HEMPOHOB, a TakXke Ao-
OMBaATLCHA PaBHOW YaCTOThl UCNONMBb30OBAHUA KaXKaoro M3 BbIXO40B HEMPOHOB npeablayLero Cros.

7.2 ABTOMaTU4yecKkoe obyvyeHuUe HEMPOHOB BTOPOro Crios

7.2.1 BbluucneHue Moayneun secoBbiX KoacdppuuneHToB 06y4aeMoro HepoHa

Moaynu BecoBbIX KO3 P ULMEHTOB 0Dy4YaeMoro HempoHa |i; BLIMUCNAT No popmyne

_ do W

Flo;) (6)

L

rae a, — CTabunuanpyroLLnin KoadguLneHT, sKkeneprumMeHTanbHo noabnpaemMbl Ana aBToMaTta obydeHnsa npn
paspaboTKe cpeacTBa ODMOMETPUIECKON ayTeHTUUKaALUK nod Kaxkayo O MOMeTPUYECKYO TEXHOMNO-
FNHO;
m; — MoKasaTeslb CTabUNbHOCTU /-ro paspana BbIXOAHOMo Koda HeMpOHOB NepBOro Crios.
7.2.2 CnyyauHada nogcTtaHOBKa 3HaKoB BeCOBbIX KO3 pULUNEeHTOB
[lepen npoueaypon odyveHnsa HeodXoaAMMO OCYLLECTBUTL CNyYanHYo NOACTAHOBKY 3HAKOB BECOBbIX KO-
apdunumeHTOB HenpoHa. lNocne nonyvyeHus cny4vanHoW nocneaoBaTefibHOCTM 3HAKOB HEODOXOAMMO NPOBECTU
NPOBepPKY BanaHca Yncna rnonoXKUTernbHbIX U OTPULUATENbHBIX 3HAKOB Ha BXodax oby4yaemMoro HenpoHa.
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Ecnu y obyyaeMoro HempoHa YeTHOe YNCNO BXOAOB, TO YACMO NOMOXKNTENBHBIX N OTpULLaTENbHBIX 3Ha-
KOB BECOBbIX KO PUNLUMEHTOB HEUPOHA AOMKHO ObITb 0AMHAKOBLIM. BanaHCMpoBKa NO 3HakaM OCYLLECTBNSA-
eTcH ncnpasreHnem n3dbITOYHbLIX 3HAKOB Ha MHBEPCHLIE.

Ecnu y obydyaemMoro HeMpoHa HevyeTHOoe YUCNO BXOOOB, TO YUCNO NONMOXUTENBbHBIX N OTpULaTEeNbHbIX
3HAKOB BECOBbIX KO3 PULMEHTOB HEUPOHA AOIMKHO OTNMYaTLCA Ha eaAnHULY. BanaHcnpoBKa No 3Hakam ocy-
LLIeCTBNAETCA UCnpaBneHNeEM U3DbITOUHBIX 3HAKOB Ha UHBEPCHLIE.

7.2.3 YcTaHOBKa HavanbHbIX YCITOBUM O0YyUYeHUA HEUPOHA

[Tocne cnyvanHoW yCTaHOBKM 3HAKOB BECOBLIX KOS PULIMEHTOB NPOBOAAT NPOBEPKY Hanbonee BepodAT-
HOrO BbLIXOAHOMO COCTOSAHUSA 0By4YaeMoro HempoHa.

Ecnu Hanbonee BepoAaATHOE BbIXOAHOE COCTOAHUE 0DyvYaeMoro HeMpoHa coBnagaeT ¢ 3agaHHbIM BbIX0-
HbIM COCTOAHUEM paspsida BbIXOOAHOTO Koda, TO BCe 3HaKU BECOBLIX KO3 PULMNEHTOB UHBEPTUPYIOT.

Ecnu Hanbdonee BeposiTHOE BLIXOAHOE COCTOsIHME 0Dy4YaeMOoro HeMpoHa He coBnaaaeT ¢ 3a4aHHbIM Bbl-
XOOHbIM COCTOAHUEM pa3psaaa BbIXOAHOMo Koaa, TO BCe 3HaKU BECOBLIX KO3 PULIMEHTOB OCTABMSIIOT OE3 N3Me-
HEHWUN.

7.2.4 ObGy4aroLasa KOppeKTUpPOBKa 3HaKOB BeCOBbIX KO3t puumeHToB

ObyuveHne NPOBOAAT NYTEM KOPPEKTUPOBKU 3HAKOB BECOBbLIX KOIMPPULIMEHTOB Y YacTU BXOAOB HeUpoHa.
KOppeKTUpOBKY 3HaKa BLIMOMHAKT Tak, YTOObl BEPOATHOCTb MOSIBNEHUS 3aaHHOrC OTKMUKA Ha BbIXoAe HeWpoHa
npwv NpeabsBneHnn npumepoB cbpasa « CBoN» yBenuumBanach (MUCo oNMBOK BbIXOOHOMO KoAa YMEeHbLUIANoCh).

KoppeKTUpOoBKY NPOBOAAT Mo oAHOMY BXoay. Ecnn cMeHa 3Haka BecoBoro koadpdonumeHTa KoppeKkTupye-
MOro BXo4a AaeT obpaTHbIN pe3ynbTaT, TO KOPPEKTUPOBKY crnedyeT OTMEHUTb U NepenTn K KOPPEeKTUPOBKE
3HaKa cneayroLwero BecoBoro kospduumeHTa.

KOppeKkTUPOBKY 3HAKOB BECOBLIX KOS MPULIMEHTOB NPOBOAAT A0 MOMEHTA, Noka He ByayT ycTpaHeHbl Bce
OLUMOKN B KOJax NepBOro Cnost HeMpoHa, BO3HUKaoLME NPy BO3OAEUCTBUN HA 0Dy4HaeMyo HEUPOHHYIO CeTb
BCEMU obyvarownmmn npumepamum obpasoB « CBOWY.

8 Ucnonb3oBaHWe aBTOMaTa 0O0y4YeHUs BTOPOro cnos HeMPOHOB ANnA 00y4YeHUA
OAHOCNOUHON HEUPOHHOU CEeTU, OPUEHTUPOBAHHOWN Ha paboTy C ANCKPETHLIMMN
BXOOAHbIMUN AaHHbIMW BbICOKOIO Ka4yecTBa

8.1 HenpoceteBasi KOpPpPeKTUPOBKa [AUCKPETHbIX BXOAOHbIX OWOMETpUYEeCKUX [OaHHbIX C
OMHapHbIMU cocTOAHMAMM «0O» U «1» B KaXKA0M pa3page

B psige npunoxeHnn bnomeTpuieckne gaHHble ABMATCHA M3HaYarnbHO AUCKPETHBIMU U UMEKOT BbICOKOE
BXOOHOE KavecTBO (Hanpumep, AaHHble O CYLLECTBOBAHMM UMK OTCYTCTBUM OCODLIX TOYEK B KOHTPOMUPYEMON
obnacTun pUcyHKa oTnevartka nansua). B aTom cnyvyae HeMpoHHas ceTb A0MKHA padboTaTth ¢ BXOAHLIMU OAUCKPET-
HbIMA BUOMETPUYECKUMN OAaHHBIMA, UMEeLLMMU ABa COCTOSIHUA: «0» — HeT ocobeHHoCcTen, «1» — 0cobeH-
HOCTb ODHapyXeHa, TO eCTb BTOPOW CNov OObIMHOM HEUPOHHOW CEeTWU, OPUEHTUPOBAHHLIM Ha pPaboTy C
OUCKPETHbIMW JaHHbIMUW NEePBOro CMod, MOXET ObITb MCNOSIb30BAH CAMOCTOATENbHO Kak OQHOCTIONHAsA CeTb Hel-
pPoOHOB. B aTOM cny4ae obyyeHune NepBoro criost CETU HEUPOHOB, paboTaroLWMX C ANCKPETHBIMX AaHHBIMUW, COBMNa-
naet ¢ oby4yeHnemM BTOPOro Cnosl, B COOTBETCTBUM € pasaenom 7.

8.2 OcoOEeHHOCTU HeUupoceTeBOU KOPPEKTUPOBKU [AOAUCKPETHbIX BXOAHLIX OWOMETpUYeCcKUX
AaHHbIX C YUCITOM COCTOAHUN bonee ABYX

B psiae cnyvaeB YMCMO COCTOAHUN ANCKPETHBIX DMOMETPUYECKNX NapameTpoB MOXeT ObITb bonee AByX.
B aTUX cny4asax Heobxognuma nepekoampoBKa AUCKPETHLIX NapaMeTpoB. B HeMpoceTeBLIX NpeobpasoBaTensix
crneayeT UCNoNb3oBaTbh HOBbIM OMHAPHLIA KOO ¢ ANUHOW Koda, PaBHOW YUCY COCTOSAHUA DUOMETPUYECKOrO
napameTpa, 1 eJUHCTBEHHLIM pa3psaoM, UMEIOLLIMM COCTOsIHUE «1».

[Tpumevanune —IlolOCT PNCO/M3IK 19794-2 pucyHoK oTnevaTtka nanbua uMeeT TPU TUna COCTOAHUUN KOHT-
POINbHbIX 0bnacTen (bnoMmeTpUHecKnx napameTpoB), KOANPYIOLWMNXCH KaK:

«00» — obnacTb, rae HeT OCODEHHOCTEMN;

«01» — obnacTtb, rae ecTb TOYKa OKOHYaHUS rpedbHs;

«10» — obnacTtb, rae ectb To4Ka budypkauum rpebHs.

B aTom cny4ae npu KoanpoBaHmMM COCTOAHUW obrnacTten ¢ 0cobbiMM TOYKaMM PUCYHKA OTNeYaTka nanbua anst HeNpo-
ceTeBoro npeobpasoBarens cnegyeTr Ucnonb3oBaTth Apyrme Kogbl BXOAHbIX COCTOAHUN:

«100» — obnacTtb, B KOTOPOW HET OCOBEHHOCTEWN;

«010» — obnacTb, B KOTOPOW €CTb TOYKa OKOHYaHUA rpebHs;

«001» — obnacTb, B KOTOPOW €CTb To4Ka budpypkaumnm rpebHs.
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9 ABTOMaTU4YeCKOe NPOrHO3npoBaHUe KayecTBa OOy4YeHUA HEUPOCETEeBOro
npeodpa3oBartensa O MoMeTpusa-Kog Aoctyna

9.1 ABTOMaTU4YecKoe NpPOorHo3npoBaHue CTOMKOCTU K aTakamMm nogodopa

[Tocne oby4vyeHUsa HenpoceTeBOro NpeobpasoBaTensd bnomeTpusa-koa goctyna (0AHOCNOUHOTO UM ABYX-
CMOWHOro) HeobXoAUMO OCYLLUECTBUTL MPOrHO3UPOBAHME ero CTOUKOCTU K aTakam noabopa cornacHo 6.3

[OCT P 52633.0. lNporHosnpoBaHne HeobXoaMMO OCYLUECTBMSATbL B COOTBETCTBMM C pasgenamn 5 u 6
[OCT P 52633.3.

9.2 OToOpaxeHUe pe3ynbTaToB aBTOMATU4YECKOro MNPOrHO3MpoBaHUA CTOMKOCTU K aTakam
nogbopa

OTobpaeHne pesynbTaToB aBTOMaTUYECKOro NPOrHO3NPOBaHUA CTOMKOCTU K aTakam nogdopa ansa oby-
YeHHOro HenpoceTeBoro npeobpasoBaTtenia OUOMETpUa-Koa OoCTyna AC/HKHO OCYLWECTBMNATLCA C YYEeTOM
kKnaccudukaummn druometpudeckoro obpasa no ero cpeaHen cTabunbHOCTU, cpeaHen YHUKansHoOCTHN, cpeaHe-
My KadecTBy napameTpoB. NHTepdenc oTobpaxeHnsa AoikeH nokasbiBaTb MNOSIb30BaTEN0, HACKObKO napa-
MeTpbl ero bruomeTpudeckoro ocbpasa oTnMYarTCAa OT NapaMeTpoB cpeaHEecTaTUCTUYECKOro NnonbL3oBaTens B
CTOPOHY YIy4YLUEeHUa U yxXyaLeHus.

9.3 ABTOMaTU4YecKoe MpPOrHo3upoBaHUe BEePOATHOCTU OLUMOOK nepBoro poaa oOy4YeHHOro
HelpoceTeBOro npeobpasoBarensa ouomeTpusa-kog gocrtyna

[Tocne oby4eHna HenpoceTeBOro NpeocdbpasoBarend ouMomMeTpusa-koa goctyna (0AHOCNONHOTO U ABYX-
CNMOWUHOIo) HeOOHXOAUMO OCYLLECTBUTL NPOrHO3UPOBaHUE ANA HEero BePOATHOCTU OLIMOOK NepBoro poaa (oLwm-
OOYHOro oTKasa nonb3oBateno «CBon» B Aoctyne). [NporHosnpoBaHne AOMMKHO OblTb OCYLLIECTBMEHO C
MCNONIb30BaHUEM TECTOBbLIX €CTeCTBEeHHbIX bDMomMeTpudecknx obpasos «CBOMN», HEe UCMONbL30OBaAHHLIX paHee
ana obyveHus.

[Tpn HeCOXOAMMOCTU MOTYT ObITb NPUBMEYEHbI AOMONHUTENbHbLIE CUHTETUYECKME BUomMeTpuieckne ob-

pasbl «CBOW», Nony4YeHHble MopduHrom obpasos-poanTtenen, nMbo myTauusmm obpasoB-poaguTenen no
[OCT P 52633.2.

9.4 OtobpaxeHue pe3ynbLTaTOB aBTOMATU4YECKOro TecTUpOBaHMA OWUMOOK nepBoro popa
00y4YeHHOro HenpoceTeBOro npeobpasoBarena bMomMeTpua-Koa gocrtyna

NHTepdenc oTobpakeHnst pesynbTaToB aBTOMaTUYECKOTO MPOrHO3UpoBaHUS BEPOATHOCTUN OLLMDOK Nnep-
BOro poda AoJKeH nokasbiBaTb Nonb3oBaTtento « CBOU» BO3MOXXHOCTb €ro noioXXntenbsHOU ayTeHTUduKaLuum
MNP HECKONBKMX NocneaoBaTenbHbIX NonbITKax. domkHa oTobpa)KaTbCsl BEPOATHOCTbL MOMOXNUTENBHOMN ayTeH-
TUpUKaunm nonbsoBaTtensd « CBOM» NMpu NnpoBegeHnn MM NepBOU NOMbITKA, BTOPOWU NOMNbITKA U BNOTh A0 NATOW
NONbITKN ayTeHTUUKaLUnuM, cneayroLwmx noapsaa.
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[MpnnoxeHve A
(cnpaBo4HoOe€)

[pMepbl CTAaTUCTUK pacnpeneneHnsa BXoAHbIX U BbIXOAHbLIX AaHHbIX HEMPOHa
NepBOro CNof Ha pa3fNU4YHbIX 3Tanax ooy4yeHun

BxogHble buometpuiveckme napameTpbl v;, Kak MpaBuio, UMetoT pacnpeaeneHmne 3HaveHnn, bnmakoe K HopmMarnbHO-

My. [Tpumepsbl pacnpeaeneHnst 3Ha4YeHU DMOMETPUYECKUX NAapaMeTPOB Vi, Vo, Vi, V4, V5 PYKOMUCHOIO obpasa «CBon» m

pacrnpegeneHmne 3HaveHUn Tex e DMoMeTpuvecKux napameTpoB MHOXECTBA cry4vanHbixX 06pa3oB «Bce «Yyxue» npuse-
2

OeHbl Ha pucyHke A.1.
4 v

-4 -3 1 2 3

p(v)

Va V4
0.8 ~\ ‘A —

0,6

0,4

Bce «4yxuner

0

PucyHok A.1 — lNpumepbl pacnpeaenenns 3HaueHn BUOMETPUYECKUX MapamMeTpoB V,, V., Va, V,, Ve
pykonucHoro obpasa «Ceon» n pacnpegeneHmne 3Ha4eHNn Tex xe BUOMETPUYECKUX NapaMETPOB
MHOXECTBA cny4YanHblXx 0bpasoB «Bce «Yyxune»

M3 npumepos Ha pucyHke A.1 BuaHo, 4to buomeTtpunyeckmne obpassl «CBON» MMEIDT NPUMEPHO paBHOE YNCNo BNo-
METPUYECKUX NAPaAMETPOB C MONOXUTENBHBIMU U OTPULLATENBHBIMU 3HAYEHUAMU NX MATEMATUYECKUX OxXnaanmm E(vyq),
E(vs), E(v3), E(v4), E(vs).

Ins Toro, 4tobbl 06yvaemMmbi HEMPOH Ha NpuMepbl 0bpasa « CBOW» C BbICOKOW BEPOATHOCTBLIO AaBarn OTKNUK «1» [B
COOTBETCTBMU C hopmynon (6)], 3aaatoT 3HaKM BECOBLIX KOS PUUNMEHTOB 0O0YyHaeMOro HEMPOHA, 3TO SKBUBAINTEHTHO CMEHE
3HaKa BCEX OTpuUATENbHbIX MareMaTU4eCKuxX OXnaaHum BXodHbIX bBuomeTpuveckux gaHHbix. Pacnpeagenedne aHaveHun
DMOMETPUYECKUX NAPAMETPOB V4, Vo, V3, V4, V5 NOCNE CMEHBbI 3HAKA BECOBLIX KOIMPDOUUMEHTOB HA POHE CYMMAPHOIo pac-
npeaeneHns 3HavdeHnn bnomeTpmnyeckmnx obpasoB «Bce «Hyxune» npuBeageHo Ha pucyHke A.2.

p(v)

2 \gt

A
/ A\ -

0,8
) .
0,4

-4 3 -2 -1 0 1 3 4 v

«1»

«O»

PucyHok A.2 — PacnpegeneHuns s3HavyeHn bBuomMeTpu4ecKknx napameTpos V,, V,, V,, V,, V. NOCNe CMEeHbl 3HaKa BECOBbIX
KOS(PDOUUMEHTOB HA (POHE CYMMAPHOIo pacnpegenenns sHaveHnm bnometpudecknx obpasoB «Bce «Yyxumer
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[Tocne BblMMCNEHNS BECOBOIO Koapdpurumenta HenpoHa no opmyne (5) 1 CymmMmpoBaHuUs BCEX DMOMETPUYECKUX
napamMmeTpoB HEMPOHA MPOUCXOAUT CMELLEHNE MATEMATUYECKOro OXMaaHusa OTKNMKA CyMmmartopa Ha npumepsbl obpasa
«CBOWN» B CTOPOHY Bonee rnyboKoro COCToAHNS « 1» NOPOroBon HENMHENHOCTU 0By4HaemMoro HenpoHa. [NonoxxeHus pacnpe-
OeneHns 3Ha4veHun OoTKNMKoB « CBOM» Ha BXO4Ee HENMMHENHOro 3neMeHTa HeENpoHa, COOTBETCTBYIOLLME pacnpeaeneHusm,
npuBegeHHbIM Ha pucyHKax A.1, A.2, npyBegeHsl HA pUCyHKe A.3.

p{y)
0,8
0,6
) _

«Bce «“yxue»

0,2

_LC?
!
o
!
N

«O»

PucyHOK A.3 — PacnpegeneHne 3HavyeHun JaHHbIX HA BbIXO4e CyMMaTopa HEWPOHA, OBYYEHHOIO C BEPOATHOCTbLIO
0,95 BbigaBartb cocTosiHMe «1» Npun Bo3gaencTemm obpasom «CBOM» M gaBaTb PpaBHOBEPOATHbIE COCTOAHUA «O» 1 «1»
Npuv BO3AENCTBUM CIyYanHbIMM obpasamm «Hyxxue»
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YAK 681.18:006.354 OKC 35.040

KritoueBble cnoBa: TexHu4veckas 3alwunTta nHdopmauuun, buomeTtpus, odbydyeHne NCKyCcCTBEHHBIX HEMPOHOB, HEN-
DOHHbIE ceTn, NnpeobpasoBaTenib bruomMeTpusa-Kkoa AoCTyna
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