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Mpeancnosue

Lenu un npuHumnel ctangaptusauun B Poccuiickon ®efepavuim yctaHoBrneHsl degeparnbHblM 32KOHOM
oT 27 nekabps 2002 r. Ne 184-93 «O TeXHUUECKOM perynmpoBaHiny, a npasuna npuMeHeHnst HauMoHanbHbIX
ctangapToB Poccuiickoit degepaumn — FOCT P 1.0—2004 «CtangapTtusauuns 8 Poccuiickon degepaumn.
OCHOBHbIE MONOXEHNAY

CBepneHUA o cTaHpapTe

1 PASPABOTAH degepanbHbIM rocyaapcTBEHHBIM yupexaeHueM «lfocyaapcTBEHHbIA Hay4YHo-Ucchne-
O0BaTeNbCKUA UCNbITATENMbHBIA MHCTUTYT NpobnemM TeXHUYeckon 3anThl nHgopmauum deaepansHOW Criyx-
6bl NO TEXHUYECKOMY WU 3KCTMOPTHOMY KOHTpomo» (PIY «"THUUU MT3N ¢CTIK Poccunr»), PeaepanbHbiM
rocyfapCTBEHHbIM YHUTapHbLIM npeanpusaTemM «leH3eHCcKUin Hay4YHo-UccneqoBaTernlbCkUi aNeKTpoTeXHUYec-
KU HCTUTYTY (PIYTM «MHU3N»)

2 BHECEH TexHuyeckum komuteToM no ctaHgapTusayun TK 362 «3awurta nHgopmaum»

3 YTBEP)XAEH W BBEJEH B JEWCTBMUE [Mpukasom PegepanbHOro areHTcTBa No TeXHUYECKoMy
perynvpoBaHuio 1 MeTpororun ot 1 gekabps 2011 r. Ne 685-ct

4 BBE[JEH BINEPBbIE

UHbopmalusi 06 UaMeHeHUsIX K HacmosiuemMy cmarnOapmy rybruKyemcsi 8 exe200H0 uU3dasaeMoM UH-
¢hopmauyUoHHOM yKasamerne «HauyuoHanbHble cmaHOapmbi», @ MEKCM U3MEHEHUU U MorpasoKk — & exxeme-
CSIYHO U30asaeMbiX UHDOpMaUUOHHBIX yKazamensax «HauuoHanbHble cmaHOapmebi». B criyyae nepecmompa
(3aMeHbI) unu ommeHsl Hacmosiueeo cmaHGapma coomeemcmayioujee yeedomneHue bydem onybnukosaHo
8 eXXeMeCsIYHO u30asaeMoM UHGbopMayUOHHOM yKkazamene «HayuoHarnbHblie cmaHOoapmely. Coomeemcmesy-
owast UHbopmauyusi, yeedoMIIeHUe U meKcmbl pasMeljaromcesi makxe 8 UHghopMayuoHHol cucmeme obue2o
none308aHusi — Ha oghuyuanbHoM calime ®edeparibHO20 azeHmMemea o MexXHUYEeCKoOMy peaynuposaHuio U
mempornozauu 8 cemu VIHmepHem

© CraHgapTuHdpopm, 2012

HacToswuin ctaHgapT He MoXeT BbITb MOMHOCTLIO UK YacTUYHO BOCTIPOM3BEAEH, TUPAXUPOBaH 1 pac-
npocTpaHeH B kavyecTBe odumanbHoro uagaHunsa 6es paspeluerus GegeparnbHOro areHTCTBa no TexHUYecko-
MY PErynmMpoBaHuic U MEeTPONormn



OB WN =

rocCT P 52633.5—2011

CopoepxaHue

O6nacTtb NpUMeHeHUs . .

HopmaTuBHbIE CCbIMKN . .

TepMuUHbI 1 onpedeneHnst . .

0O603Ha4eHun . .

Ob6wue nonoxeHust 6blCTpOI’O NOCNONHOro o6yqu|/m HeI/IpOHHbIX ceten npeoGpasoBaTeneM

6uomeTpusi-kod goctyna .

5.1 Knaccndpukauns HempoceTeBblx npeoGpa3OBaTeneM 6|/|0M9Tp|/m KO,EI. nocwna

5.2 PasgenbHoe obyyeHne Kaxaoro U3 HeMpoHOB HEMPOCETU.

5.3 PazgenbHoe oby4veHmne Kaxaoro U3 CrioeB HEMpPOHOB HeNpoceTH . .

5.4 KoHTponb pa3smepoB 1 04HOPOAHOCTY NPUMEPOB obyyatoLLein BbIBopKM oGpaaa «CBOM»

5.5 KoHTpornb pa3amepoB 1 HE3aBMCUMOCTY NPUMepOoB oby4atoLLen BeIbopku, npep,CTaBnmou.mx Xaoc
cnyyanHbix obpasos «Bce «Hyxue» . .

AsTOMaT 06y4eHUsi OAHOCNIONHON HEMPOHHON ceTH, paGOTarou.l,em c Hel'lpeprBHbIMI/I 6I/IOMeTpVILIeCKI/IMI/I

OaHHBIMU HA3KOTO Ka4ecTBa.

6.1 ABTOMaTW4YECKWUN CUHTE3 CBA3EN nepBoro cnos Hel/IpOHOB
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ABTOMaTUYeckoe 0byyeHne HelipOHOB BTOPOro Cost . ..

7.1 ABTOMaTUYECKU CUHTES CBA3EN HEMPOHOB BTOPOro Crosi .
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Mcnonb3oBaHue agTomaTa 0by4eHUs1 BTOPOro crosi HEMPOHOB Afs o6yqum| OZHOCIOWMHOW HeVIpOHHOI/I

ceTu, OPUEHTUPOBAHHON Ha paboTy ¢ AUCKPETHLIMN BXOAHbLIMW AaHHBIMW BEICOKOTO KauecTBa .

8.1 HelipoceTeBasi KOPPEKTUPOBKA AUCKPETHBIX BXOAHbIX 6momeTpmquKmx OaHHbIX C 6I/IHaprIMI/I
coctosHuaMU «0» 1 «1» B kKaxkaom paspsge .

8.2 OcobeHHOCTU HeMpoCeTEBO KOPPEKTUPOBKM /J,I/ICerTHbIX BXOAHbIX 6VIOMeTpI/HeCKI/IX AaHHbIX
C YNCrOM cocTosiHUIA Bonee ABYX.

ABTOMaTU4eckoe NporHo3nMpoBaHue kavyecTsa 06yqu|/|ﬂ HempoceTeBoro Hp906p33OBaTeﬂﬂ
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9.3 ABTOMaTU4ecKoe NPOrHO3npoBaHue BepOATHOCTM OWMBOK NepBoro poga 06y4eHHoro Herlpo-
ceTeBoro npeobpasoBaTtens GuomeTpusi-kog 4ocTyna . .

9.4 OTobpaxeHWe pe3ynbTaToB aBTOMATUYECKOro TECTUPOBAHMUS oum6on< nepBoro pona 06yquHoro
HelpoceTeBoro npeobpasoBartens 6uomeTpusa-kog goctyna
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BBegeHune

HacTosAwuit ctTaHgapT BXOAWT B KOMIIIEKC CTaHAAPTOB, YCTaHaBNMBaloLWmx TpeboBaHus k paspaboTtke
TECTUPOBaHWUIO CPEACTB BbICOKOHAAEXHON BuomeTpurieckon ayTeHTudukauun.

BaxHelWwmm acnekTom 0Bepusi K cpecTBaM BLICOKOHaAEXHON B1UoMeTpuUYeckon ayTeHTudukaLmm as-
nsieTcs To, HAaCKONMbKO KayecTBEeHHO 0byyeH HeilpoceTeBoi NpeobpasoBaTens GuomeTpusa-koa aoctyna. MNpo-
Liecc oBy4YeHNs Kaxaoro NcKycCTBEHHOTo HelpoHa npeobpasoBaTens GuomeTpus-koa A0CTyna A0oMKeH ObiTh
MOMHOCTLI0 aBTOMAaTU3NPOBaH U obecneynBaTh BbICOKMI YPOBEHb BEPOSTHOCTU NPUHATUS BUOMETPUYECcKoro
obpasa «CBOM» NPY HU3KOM YPOBHE BEPOSTHOCTU OLLMBOYHOrO NPUHATHUS BuomeTpudeckoro obpasa «Hyxomn»,
oueHmnBaemomn no NOCT P 52633.3.

He Bce nssecTHble anropuUTMbl 06y4YeHWs UCKYCCTBEHHbIX HEMPOHOB MOTYT BbITh NPUMeHeHb! Mpn 0by4e-
HUM CPeacCTB BbICOKOHaAeXHoN BuomeTpudeckoi ayTeHTudukaumn. Yactb anroputMoB oByveHUst UCKyc-
CTBEHHbIX HEMPOHOB HeycToWdMBa, U MOITOMY OBydeHMe C UX MOMOLLbID He MOXeT ObiTb MOMHOCTLIO
asTomaTusnpoBaHo. [lpyras 4acTb anropuTMoB 0By4eHUst NCKYCCTBEHHBIX HEAPOHOB YCTOMYMBA, HO He aaeT
Heobxoaumoro kayectsa obyyeHNs HeMpoceTEBOro NpeobpasosaTtens GMuomMeTpusa-koq AOCTyNa.

B HacToslllemM cTaHAapTe onuckiBaeTcs anropntM obyyeHus, KOTOPLIN 0AHOBpPEMeHHO o6naaaeT BbICO-
KOW YCTOMYMBOCTLIO 1 0becrneunBaeT 4OCTATOMHO BEICOKOE KauecTBO 06yUeHMs C y4eTOM cnelndnieckux Tpe-
60BaHN K HellpoceTeBbIM NpeobpasoBaTensaM GuomeTpusi-kog AocTyna, cpopMynMpoBaHHbIM B 6asoBoM
ctangapte MOCT P 52633.0.
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HAUUWOHANBbHBIN CTAHOAPT POCCUMNCKOWN ®EAEPALUUNMU

3awura uHcgpopmMauum
TEXHUKA 3ALLUNTBI UH®OPMALIUA

ABToMaTUuyeckoe oGyueHUe HelipoceTeBLIX Npeo6GpasoBaTenei 6uomMeTpus-kog AocTyna

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

DaTta BBegeHnss — 2012—04—01

1 O6nacTb NpUMeHeHus

HacToawuin ctaHaapT pacnpocTpaHsieTcsl Ha cpeAcTBa aBTOMAaTUYecKoro obydeHus HelpoceTeBbiX
npeobpasoBartene broMeTpusi-kod AoCTyna, UCNOMb3yemble Mpu perucTpauum nonb3osaTenen nepes ux Bbl-
cokoHafexHon bromeTpudeckon ayteHTudnkaunen no FOCT P 52633.0. Bo BpemaA ceoeit peructpaLm nonb-
30BaTenb npeabsBseT HecKonbko npuMmepoB BuomeTpuyeckoro obpasa «CBoWi» U CBoW Kog AocTtyna.
ABTOMaT 06y4eHNs JoMKeH BbINOMHNTE 0ByyeHne HelpoceTeBoro Nnpeobpasosartens GuomeTpua-koa AoCTy-
na Tak, uYTo6bl Npu NpeabsaBneHun npeobpasoBaTtento Npumepos ob6pasa « CBoM» OH BbiaaBan Ha Bbixoae kog
poctyna «CBoit», a Npu NpeabsiBrieHMn npecbpasoBaTtento cry4yanHoro obpasa «4yxon» npeobpasosaTenb
BblAaBan Ha Bbixo4e CryYalHbli Kog.

2 HopmaTuBHLIe CCbINKU

B HacTosileM cTaHaapTe MCMonb3oBaHbl CCbIMKA Ha criefytowne ctaHaapThl:

FOCT P UCO/MBK 19794-2—2005 AsToMaTuyeckas naeHtudukaumnsa. UoeHtndpukaums dnometpu-
yeckasn. dPopmaTbl o6MeHa BMomMeTprUYeckUMU daHHbIMK. YacTb 2. [laHHble M306paxeHusa oTnedartka nasb-
Lia — KOHTPOmbHbIe TOYKN

FOCT P 52633.0—2006 3awwuta nHdopmauunn. TexHuka awuTtbl nHopmauun. TpeboBaHus K cpe-
OCTBaM BbICOKOHaAEXHOW 61MoMeTpuiecKon ayTeHTudukauum

FOCT P 52633.2—2010 3awuta uHdbopMaummn. TexHnka 3awwmTbl nHdopmauun. TpebosaHus k dop-
MUPOBAHMIO CUHTETUYECKNX BUOMETpUIecknX 06pasos, NpeaHasHaueHHbIX A8 TECTUPOBAHUSA CPEACTB BbICO-
KOHaAeXHol briomeTpuyeckolh ayTeHTUduKaLmMm

FOCT P 52633.3—2011 3awwmTta nHgpopmaumn. TexHuka sawutel MHpopmaumm. TecTupoBaHUe CTon-
KOCTW CPEACTB BbICOKOHAAEXHON BMOMeTpMYeCcKon 3alunThl K aTakaM nogbopa

MpumeyaHue—lpu Nonb3oBaHUM HACTOALWMM CTaHAAPTOM LENecoobpasHo NpoBepuTb ASNCTBUE CCbINOY-
HbIX CTAHAAPTOB B MHGOPMAaUWMOHHON cucTeMe OOLWEro nonb3oBaHua — Ha oduumnansHom cante degepansHOro
areHTCTBa Mo TEXHUYECKOMY PErynMpoBaHuIo U METPONOruK B CeTU MIHTEPHET WM MO eXerogHo usgasaemMomy uHgopma-
LIMOHHOMY yKa3aTento « HaumoHanbeHble cTaHgapTbi», KOTOPbIN ONyGrIMKOBaH NO COCTOSIHMIO Ha 1 siIHBaps TeKyLLero roga,
WM MO COOTBETCTBYIOLLMM €XXEMECSHHO N3gaBaeMbliM MHDOPMALMOHHLIM YKa3aTenaM, onyGMKOBaHHbIM B TEKYLLEM rogy.
Ecnu cCbINOYHbIM JOKYMEHT 3aMeHeH (M3MeHeH), TO MPK MoSb30BaHNM HACTOSALWMM CTaHAAPTOM criedyeT PYKOBOACTBO-
BaTbCsl 3aMEHSIOLMM (MBMEHEHHbIM) CTaHAapTOM. ECnu cebinouHbil cTaHgapT OTMeHeH 6e3 3ameHbl, TO NONoXeHue, B KO-
TOPOM JaHa CChIfIKa Ha Hero, MPMMEeHSAETCA B YacTU, HE 3aTparvBaroLLen 3Ty CCbIKY.

3 TepMuHbI 1 onpeaeneHnaA

B HacToswem cTaHgapTe npuMeHeHbI cneayrouime TepMnHbel ¢ COOTBETCTBYHOLWLMMIK onpedeneHnamm:

WspaHne ocpmumnansHoe
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3.1 6uomeTpuUeckue gaHHble: [JaHHbIe C BbIXOA0B NEPBUYHBIX N3MEPUTENbHBIX NpeobpasoBaTenen
hM3NYECKNX BENTNYMH, COBOKYMHOCTbL KOTOPbIX 06pa3yeT GuomeTpuieckuini obpas KOHKPETHOro Yeroseka.
[FOCT P 52633.0—2006, ctaTbs 3.5]

3.2 6uomeTpudeckuit o6pas: O6pas yenoBeka, MONyYeHHbIA C BbIXOA0B NEPBUYHBLIX USMEPUTENbHbIX
npeobpasoBaTenei pUanYecknx BenNnyMH, nogsepramLwmincs ganee MacitabrposaHuio U MHOM NePBUYHON
0BpaboTke ¢ Lenbio N3BMNEYEeHNS U3 HEro KOHTPOMMPYEeMbIX GUOMETPUYECKUX NapaMeTpoB YernoBeka.

[FOCT P 52633.0—20086, cTtaTbsa 3.7]

3.3 npeo6pasoBaTenb GuomeTpus-koa aoctyna: MpeobpasoBaTenb, cnocobHbIA Npeobpa3osbl-
BaTb BEKTOP HEYeTKMX, HEOAHO3HAaYHbIX BuoMeTpudeckx napamMeTpoB « CBOM» B YETKUIA OAHO3HAYHBIA KOA
kntova (naponsi). MpeoBpasoBaTenb, OTKINKAOLIMACA CryYaiHbIM BEIXOAHBIM KOAOM Ha BO3AENCTBUE Chy-
YaiHOro BXOAHOro BEKTOPA, He NpuHagnexallero MHoxecTsy obpasoB «CBoi».

[FOCT P 52633.0—2006, cTaTbs 3.18]

3.4 ecTecTBeHHbI GUoMeTpUleckuit o6pas: Enometpuyeckuin obpas goHOPa, MONyYEHHbIN B BUae
BbIXOAHbIX GUOMETPUYECKMX AaHHBLIX NepBUYHOro NpeobpasosaTens W NpeAcTaBlieHHbIA OJHUM UK He-
CKOJMbKUMIW NMpUMEpamu.

[FOCT P 52633.1—2009, ctaTbs 3.3]

3.5 cuHTeTMYeckuii GUoMeTpUudeckuit obpas: BromeTpuyeckuini obpas, NonyyeHHbIA nyTem uMuTa-
LMOHHOIO MOJENUPOoBaHUA eCTeCTBeHHbIX BuomMeTpudecknx obpasos U NpedcTaBneHHbIA OQHUM UM He-
CKOMbKUMM NpUMepamu.

[FTOCT P 52633.1—2009, ctaTbs 3.4]

3.6 6a3a ecTeCTBeHHbIX GMoOMeTpuleckux o6pasoB «Yyxoi»: COBOKYMHOCTb eCTeCTBEHHbIX BUO-
MeTpUudecknx obpasos, UMUTUPYIOLLUMX NpeabsBrsemMble CPeacTBY ayTeHTUdMKauMn 3N0YMbILIEHHUKOM
(3MoyMmblLLNeHHKamu) crydaiiHble GuomeTpuyeckue o6passl NpY peanvaauunn ataku nogéopa.

[FOCT P 52633.1—2009, ctaTbs 3.5]

3.7 6a3a ecTecTBeHHbIX 6uomeTpuleckux obpasoB «CBon»: COBOKYMHOCTb €CTECTBEHHbIX BUO-
MeTpudecknx 06pasoBs, COCTOALLAA U3 HECKOMbKUX MPMMEPOB OHUX U TeX Xe BuoMeTpuyecknx obpasos,
npegHasHa4YeHHbIX 415 00y4eHUs Unu TecTUpOoBaHUS CpeacTs BUoMeTpudecKon ayTeHTugukaumn.

[FOCT P 52633.1—2009, ctaTbs 3.6]

3.8 kpuTepuit XeMMuHra: Mepa cpaBHEHMS ABYX KOAOB OAMHAKOBOW OMNWHbLI, BbIMUCAAEMasa NyTem
noac4yeTa pasnuyaroLLMXCs paspsaaos cpaBHMBAEMbIX KOAOB.
[FOCT P 52633.1—2009, ctaTbsa 3.16]

3.9 nokasaTenb cTabunbHOCTU GMOMETPUYECKOrO NapameTpa: XapakTepucTuka i-ro KOHTponupye-
Moro G1MomeTprYecKoro napameTpa, Bbluncnsemas no opmyne

o (Vi)
— “Yyxon \'/
C(Vi) = y—,
GCBOVI(Vi )
roe qumoi(vi) — CTaHOapTHOe OTKIoHeHue i-ro GMOMeTpl/I‘-IeCKOI'O napamMeTpa MHOXecCTBa 06paSOB «l-ly—

XKOM»;
Oceon(V}) — CTAHAAPTHOE OTKMOHEHMe /-ro GUOMETPUHECKOro NapaMeTpa MHoxecTaa o6pasos «CBoi».

[FOCT P 52633.1—2009, ctatbsa 3.7]
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3.10 nokasaTtenb YHUKanbHOCTU GUOMETpUYHECKOTro napameTpa: Xapakrepuctuka i-ro buometpu-
Yeckoro napameTpa, oTpaxaroLas oTrm4Me KOHTPOMPYEMOro napameTpa oT CpeaHecTaTUCTUYECKOro 3Ha-
YeHWUs 3TOro NapameTpa, XapakTepHOro ANA Bcex nonb3osaTtenen, BuluucnaemMas no opmyne

|E gypon (Vi ) ~ Ecaos(¥V; )
() = et Ceei

Syysxort (Vi )

rne qu,mﬁ(vi) — MaTemaTuieckoe oxugaHue i-ro GUoMeTpUYEcKoro NapameTpa MHoXecTBa GuoMeTpuyec-
Knx obpazoB «Hyxoi»;
Ecqoi(V) — MaTeMaTUueckoe oxuaaHune i-ro GuomeTpueckoro napameTpa MHoxecTsa 6uomeTpuiec-
Kux obpaszos «CBOM».
[FOCT P 52633.1—2009, ctatbsa 3.9]

3.11 nokasaTenb KadecTBa GMOMETPUUECKOro NapameTpa: XapakrepucTuka i-ro GomMmeTpuiecKoro
napametpa, BbidMcnseMas no opmyre

(Vj )- ECBoﬁ(Vi )

i)+ Scaon(V;)

|E ,
q ( V/‘) = . Myxoi
Yyxon

[FOCT P 52633.1—2009, ctatba 3.11]

3.12 6uomeTpuyeckun npumep: CoBOKYNHOCTb BUMOMETPUYECKMX AaHHBIX, MOSIyYeHHasi ¢ Bbixoda
nepBuYHOro NpeobpasosaTtens NpyU 04HOKPaTHOM NpeabABNEHUA YENOBEKOM cBoero 6uomeTpuydeckoro 06-
pasa.

[FTOCT P 52633.2—2010, ctaTtbs 3.3.1]

3.13 mMopdmHr GuomeTpUeckux npumepoB: CozgaHue NPOMEXYTOUHOIO CUHTETUYECKOro bromeT-
pudeckoro obpasa(oB), OCHOBaHHOE Ha HAXOXKAEHUN HEKOTOPOrO MPOMEXYTOUYHOMO 3HAYEHUS KaXAoro u3
GromeTpUYEeCcKNX NapameTpPoB Napbl BUoMeTprYeckux ob6pasoB-poauTenei.

[FOCT P 52633.2—2010, ctaTbsa 3.3.3]

3.14 6uoMeTpuyeckuini npumep-poauTenb: BruomeTpuieckuic Nnpumep, UCNonb3yemblli ANa co3aa-
HUS BUOMETPUYECKMX NPUMEPOB-MOTOMKOB B NpoLiecce MopdnHra npumMepos GuomeTpuieckux obpasos.
[FOCT P 52633.2—2010, ctaTbs 3.3.5]

3.15 6uomeTpuueckuin npumep-noToMok: BromeTpudeckunii npumep, cosdaBaembll B npolecce
MopdrHra napbl BUOMETPUYECKUX NPUMEPOB-POAUTENENA.
[FOCT P 52633.2—2010, cTtaTba 3.3.7]

3.16 AUCKpeTHbIN GuomeTpuYeckuit napameTp: BromeTpuieckuii napaMeTp, MHOXECTBO AONyCTU-
MbIX 3HAYEHWI KOTOPOro OMUCLIBAETCA KOHEYHBIM MHOXECTBOM.
[FOCT P 52633.4—2011, cTtaTbsa 3.1]

3.17 HenpepbIBHbLIN GMoMeTpUuyeckuin napameTp: BromeTtpuyeckuii napameTp, MHOXECTBO AOMycC-
TUMbIX 3Ha4Y€HUIN KOTOPOro OMUCHIBAETCA KOHTUHYYMOM 3Ha4YeHUN N OrpaHNYeHo TOMbKO TOYHOCTbIO npea-
CTaBMeHNs OTAEMNbHOro 3HaYeHNs.

[FOCT P 52633.4—2011, cTtaTbs 3.2]

3.18 BeKkTOp GUMOMeTpUYecKUX NapaMmeTpoB: HymepoBaHHbIN Habop BLoMeTPUYECKUX NapameTpos,
NMEIOLLIMX MOEHTUYHYIO MHTepnpeTaunio U doopMaT NpeacTaBneHus U ABMSIOLLMXCA HEKOTOPBIM 0ToBpaXxe-
HWeM ofHoro 6uomeTpuyeckoro obpasa.

[FOCT P 52633.4—2011, cTaTbs 3.3]
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3.19 BbixogHOM kom: Koa, monydyaemblid Ha Bbixode HelpoceTeBoro npeobpasosartens GuomeT-
pus-ko4 AocTyna npu BbINOMHEHUN HEApOceTeBOro NpeobpasoBaHusl.
[FOCT P 52633.4—2011, cTtaTbs1 3.4]

3.20 HenpoceTeBon GUOMeTpUIECKUi KOHTenHep: OpraHn3oBaHHbIN MO onpeAeneHHbIM NpaBuam
6OK AaHHbIX, coepXalumii napameTpbl 00y4YeHHOro HelpoceTeBoro npeobpasoBaTtena GuoMeTpusi-koa
pocrtyna.

[FTOCT P 52633.4—2011, cTtaTba 3.11]

3.21 zawuwWeHHbIA HenpoceTeBOU GuoMeTpuU4eCKUn KOHTeHep: KoHTelHep, B KOTOPOM HEKOTO-
pble YacTU CKPbITHI OT HEMNOCPEACTBEHHOTO U3YUYeHUs1 MyTEM UCNONb30BaHUSA 06paTUMOro unu HeobpaTumo-
ro npeobpasoBaHus.

[FOCT P 52633.4—2011, cTtaTbsl 3.16]

3.22 BecoBoW ko3adcpuuneHT Bxoaa HenpoHa: KoadhduumeHT, B3sewmBaowmin 6uomeTpudeckue
AaHHble, MOCTynaLwmne Ha OAWUH U3 BXOAOB CyMMaTopa HelpoHa.

3.23 HelpoH: CymmaTop HeCKonNbKUX BUOMETpUYECKMX NApaMeTPOoB, Ha BbIXOAEe KOTOPOro NOAKIoYEHa
HenuHenHas noporosasl hyHKUUA C ABYMS BEIXOAHBIMU COCTOAHUAMU «0» 1 «1».

3.24 HenpoHHanA ceTb: MHOXECTBO HEMPOHOB, OO bEAMHEHHBIX B CE€Tb MYTEM COeMHEeHNUS1 BXOAOB Hel-
POHOB OAHOTO CIos € BbIXOAaMU HEMPOHOB APYroro Cros, NpuydeM BXoAbl HEMPOHOB NEepPBOro Crost SIBMSHOTCA
BXOJaMW BCel HeMpPOHHOW ceTu, a BbiIXOAbl HEMPOHOB MOCMeAHero crnos ABMSIOTCA BbIXOAaMW HEAPOHHOMN
ceTu.

MpwumeyaHune—Hacroawumii ctaHgapT B npeobpasoBarensix buomeTpusi-kog AOCTyNa pekomeHayeT Ncnorb-
30BaTb OJHOCMOVHbBIE UMK ABYXCNOWHbIE HEMPOHHbIE ceTU. HelpoHHble ceTu C BOMNbLLUMM YMCIIOM CINOEB B HACTOSILLEM
cTaHgapTe He paccMaTpuBaloTCs.

3.25 nokasaTenb cTabUNbLHOCTU paspaaa BbixoAHoro koga: MokasaTtenb, U3MeHAILWNIACA B Npeae-
nax ot 0.0 (paspsa abcontoTHo HecTabuneHr) Ao 1.0 (pa3psaa NONHOCTLIO CTabuier), BblMUCAAEMBbIN No hopmy-
ne

w; =2[05-P,;1=2(05-P, ], (1M

rae P, ;— BEpOsiITHOCTb NOSIBMIEHUS COCTOAHUA «0» B KOHTPONMPYEMOM i-M paspafae;
P1’ ; — BEPOSATHOCTb NOSIBIEHNS! COCTOSIHUSA «1» B KOHTPONNPYEMOM i-M paspsife.
MpwnmeyaHue—/[na obpasos «Ceony pa3psigbl BbIXOAHOIO KOAa 0ObIYHO CTAOUIBHBI, TO €CThb ANS HUX Bbl-

nonusietcs ycnosue 0,5 < w; < 1,0, a ansa o6pa3os «Yyxon» GOMbIIMHCTBO paspsA0B BLIXOAHOIO Koga HeCcTabunbHbl, TO
eCTb Ans HuX BbinonHsietes yenosme 0,0 < o; <0,5.

3.26 o6y4eHue HerpoHa: Onepauus No BeiMMceHUo 6o noabopy BecoBbIX kK03dhULNeHTOB HENpo-
Ha, obecneyrBaroLLas BbICOKYIO BEPOSITHOCTb 3apaHee 3afaHHOro BbIXOQHOIO COCTOSIHUSA HelpoHa («0» nnn
«1») npv BO34eNCTBUM Ha Hero npuMepamun obpasa «CBOW» U paBHOBEPOATHbIE BbIXOAHbLIE COCTOAHUA («0»
1 «1») Npy BO3AENCTBUN HA HEWPOH NpUMepamMn criydyaHbix o0bpasoB «Hyxoin».

4 O06o3HauyeHus

B HacTosilem cTaHgapTe NpUMeHSIIoT criedylowme 0603HaueHus:

N, — uncno BXoaoB BCeit HeMPOHHON ceTu;

N, — 4ncno HelpoHOB NepBOro Cros HeMpPOCeTU (YMCINO BbIXOA0B HEMPOHOB NEePBOro Cros);

N, — 41cno HeMpoOHOB BTOPOTO CIIOSi HEMPOCETU (YNUCTIO BbIXOAOB HENPOHOB BTOPOro CI1os);

| — BECOBOM KO3ahp1LMeHT cymmaTopa HenpoHa;

N — uucno BxogoB ogHoro obyyaemMoro HerWpoHa, ucnonbsyemoro ansa obpaboTkm GuomeTpuyecknx
OaHHbIX;

vV — BXO[Hble AaHHble 0by4yaemoro HerlpoHa;

y — BbIXOoAHbIe JaHHble cyMMaTopa 0bydyaeMoro HelMpoHa;

®»— nokasarternb cTabunbHocT paspsaa koga «CBoi» Ha BbIXxoae HelpoHa NepBOro cros;
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E(.) — onepaTop BbIYACTIEHUSI MATEMaTUYECKOTO OKMAAHUS
6 (.) — onepaTop BbIMUCIIEHWSI CTAHAAPTHOTO OTKIOHEHUS!;
P, — BEpOATHOCTb OLWNGKM NepBOro pofa (OWMGOYHBIN OTkas «CBoeMy»).

5 O6wue nonoxeHns 6bICTPOro NOCNONHOro 06y4eHUsi HeMPOHHbIX ceTen
npeoSpa3soBaTene 6MomeTpmua-koa AocTyna

5.1 Knaccudukauuna HeipoceTeBbIX NpeobGpasoBatenein GuomeTpusa-kog agoctyna

5.1.1 HelipoceTeBble npeobpasoBareny GuomeTpus-kog AocTyna knaccuduumpyoT no Buay BXOAHbLIX
GuomeTpuYecKnx napaMmeTpoB cneayowmum obpasom:

- HelpoceTeBble NpeobpasoBaTenu, OpUeHTUPOBaHHLIE Ha paboTy ¢ HENpPepbIBHLIMU GUOMETPUYECKU-
MU NapameTpamu, UMeLLMMU, KaKk NPaBusio, HU3Koe cpeaHee BXOAHOE KauecTBo;

- HelpoceTeBble NpeobpasoBaTeny, OpUEHTUPOBaHHLIE HA paboTy ¢ AUCKPETHLIMU BUOMETPUYECKUMU
napameTpamu, UMeroLMMK, Kak NpaBusio, xopollee cpeaHee BXOAHOE KauyecTBO.

Cneumnanusauma HeMPOHHbIX ceTel Ha 06paboTKy HeNpepbIBHBLIX UMM AUCKPETHLIX BromeTpuieckunx na-
pameTpoB 00ycnoBneHa sHaunTeNbHbLIM PasnMunem anroputMoB UX oBGyYeHUst U aBTOMAaTOB, peanu3ayowwmx
3TW anropuTMbI.

5.1.2 HelipoceTeBble npeobpasoBaTeny GuomeTpus-kod Aoctyna knaccuduumpyoT no Yucny crnoes
HEeMPOHOB, coaepXalLMXCA B UX HEMPOHHOW ceTu. PasznunyaroT HenpoceTeBble NpeobpasoBaTenu:

- C OAHOCMONHON HENPOHHOW CETbLIO;

- C OBYXCIOWHON HENPOHHOM CEThIO.

[ByXCroiHble HeMPOHHbIE CeTU, Kak NPaBMno, cCNOCcobHbI peluaTh Nobble 3a4a4m BbICOKOHaAeXHON 61o-
MeTpuyeckon naeHTudmkaumm n ayteHTudunkaumn. JansHenwee yBenuyeHne 4ucra crioes BO3MOXHO, HO
ANns 60MbLIMHCTBA BMOMETPUYECKUX NPUNOXEHUIA ABNSeTCA N3BbITOYHBIM U He paccMaTpuBaeTCsl B paMKax
HacTosiLero ctaHaapTa.

HelpoHHble ceTn AOMKHBI OCYLLECTBAATL oborawieHne (NOBbILWEHWE KayecTBa) UCXOAHbIX BuomeTpu-
Yeckux AaHHbIX. Ecnn yaaeTcs pelnTb 3aaavy NOBbILWEHUA Ka4ecTBa UCXOAHBIX BUOMETPUIECKUX AaHHbIX A0
NpUeMNEMOoro KayecTsa 0aHOCNONHON HEMPOHHOW CeThbio, TO NPUMEHEHUE ANs peLleHUs TOW Xe 3a0avuum AByX-
CroiHOW HENPOHHONM ceTu He pekomeHAayeTcs. KoppekTupoBka He3HauMTenbHOro Yucna ownbok ogHocnon-
HOM HEeMPOHHOW CeTU AOoMyCcKaeTCs KNacCu4ecKUM U3BbITOYHBIM KOAOM C 0BHapyXeHWemM 1 UcnpasreHuem
OoLINBOoK.

5.2 PasgenbHoe o6Gy4YeHue Kaxaoro us HeMpoOHOB HEUPOCETHU

Mpoueaypa obyyeHnsa HepoHHON ceTu NpeobpasoBaTens GuomeTpua-kog AocTyna ABNseTcs onac-
HOW, TaK Kak onupaeTcs Ha Ucrnonb3oBaHWe NpuMmepoB obpasa «CBoN» U 3HaHWe koda AocTyna (BO3MOXHa
KoMnpomeTaLunsa aTUX AaHHbIX). B cBA3M ¢ 3TUM 0ByyeHue AOIPKHO NPOBOAUTLCA: B 4OBEPEHHOW BblUUCIU-
TenbHOW cpede, B aBTOMaTUYECKOM pexuMme, NPy MUHUMAarlbHbIX 3aTpaTtax BpeMeHU, Nogd KOHTPoneM AOHO-
pa 6uomeTpumn «Caoli». CokpalleHne BpeMeHn obyyeHus cnefgyeT OCYLEeCTBAATL 3a cYeT He3aBUCUMOro
0By4eHNs Kaxaoro U3 HelipoHOB CeTU N OTKasa OT MHOrOKPaTHOIro NPUMEeHEeHUs NTepaunoHHbIX Npoueayp
nogbopa BecoBbIX KO3pdULMEHTOB HelpoHa. Bnok-cxema obyyeHUs OOHOrO UCKYCCTBEHHOTO HelpoHa
npeacTaBrnieHa Ha pucyHke 1.

B 0OHOCMOMHBIX HEMPOHHBIX CETSAX OAWH HEMPOH OTBEYaET 3a O4MH pa3spsia BbIXOAHOro koaa. 3agaden
aBTomMaTa oBy4eHUs ABNAeTCs NOUCK (BbIMMCIEHWE) TakuX BECOBbLIX KO3(hULIMEHTOB HelipoHa |, KoTopble
CMeLLatoT pacnpegernieHne oTKIMKOB CymmaTopa HelpoHa B 3afjaHHOe U3BHe COCTOsIHWE ero BbIXOAHON Henu-
HenHocTn («O» unu «1»). MNpumep pacnpegeneHns oTKIMKOB HelpoHa Ha 0bpas «Ceoi» 4o 1 nocne obyveHus
npuBeaeH Ha pUcyHke 2.

O6yJatowuii aBTomar AofmkeH HabnogaTb BxogHble 6uomeTpudecke AaHHbIe HeMpoHa, oTHocsLWwmMeCs
K npumepam obpasa «CBoW» 1M OTHOCALMECS K NpUMepam crlydaiHbIx 06pasoB «Hyxuer». ABTomat obyveHus
BUAMT OTKIIUKU Ha BbIXOAE cyMMaTopa HelpoHa (40 UX UCKaXKEHUA HENTMHENHBIM 3N1eMEHTOM HelpoHa).

dakTnyeckun aBTomaTt 0bydeHUst o4HOro HelipoHa A0IDKEH pellaTh 3aady BbiTankvBaHWUsa pacnpeaeneHus
OTKIIMKOB HelpoHa Ha Npumepsbl obpasa «CBoi» Ha nepudepuio pacnpegesneHns oTkNMKoB 0bpasoB «Hyxomny.
BriTankveaHne HeO6X0AUMO OCYLLECTBIATL BLIMUCIIEHMEM MOYTU BCEX (KPOMe OJHOro — |1,) BECOBbIX koadhdu-
LIMEHTOB CBA3en HellpoHa. Hynesoi ko dULMEHT HENpoHa L, He0BXOAUMO UCNoNL30BaTL ANA NpUBEAEHUA
TOUKM NepekiiodeHNst HeMMHENHOM (PYHKLMKN B TOUKY, COOTBETCTBYIOLLYIO MaTeMaTuieckoMy OXXuaaHuio npumMe-
poB 06pa3soB «Bce «Yyxue», ansa seinonHeHus Tpebosanusa FOCT P 52633.0 no paBHOBEPOATHOMY COCTOSAHUIO
«0» 1 «1» BbIxoga HelpoHa Ans 0bpaszos «Yyxuer.
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PvcyHok 1 — Bnok-cxema o6y4eHUsi OfHOro MCKYCCTBEHHOIO HEMpoHa

pY) | |
/\ Pacnpegenetxue
0,8 OTKNUKOB «CBON»
nocne o6yqeHus
PacnpepeneHue
OTKIMKOB «CBOM»| N\ ~
0.6 [0 oByueHus «I»=
0,4
Xaoc npumepoB
«Bce «Myxme» TN
0.2— a0 wmnocne
oByueHust \
0 :l_—'—l% — - o —— .
-5 -4 -3 -2 -1 0 1 2 3 4 5y
Bbixop HeiipoHa
40 u nocne
«0» HENUHEWHOCTH

PucyHok 2 — lMpumep pacnpegenenvs oTknukoB «Ceon» u «Hyxol» Ha Bbixoge HelpoHa
40 v nocre ero oby4eHus

MpwnmeyaHune—BoiTankmeaHne Ha nepudepunio pacnpeaenenns «Yyxxon» oTkkos « CBON» MOXET OCyLue-
CTBNSATLCH aBTOMaToM 06yyeHus B NioGOM HanpaeBneHnm (kak B NpaByto, Tak v B NIEBYI0 CTOPOHY (CM. pucyHok 2). nsi Toro,
4YTO6bl U3BMEHNTb BbIXOAHON KO OTKIMKa «CBOWY, 4OCTAaTOYHO CMEHUTB 3HaKV BCeX BECOBbIX KO3MMULIMEHTOB, HA4YMHASRA C
W4 0 |, YTO NO3BOMSAET NepenporpaMMnMpoBaTh Kog AocTtyna 6e3 nocneayowero nepeobyHeHnss HeNPOHOB U BCEN Hel-
POHHOI ceTw.

5.3 PasgenbHoe obyueHue Kaxaoro us crioeB HEMPOHOB HelpoceTH

B npocTeiiiemM crniyyae oQHOCNOWHON HEMPOHHOM ceTh 0ByyeHne HeMPOHOB AOIMKHO OCYLLECTBNATLCA
noovepeaHo, B Nopsake yBenmueHus HoMepa HelpoHa B crnoe.

B cnyyae 06y4yeHuns ABYXCOWHON HEMPOHHOM ceTn oBydeHWe crieayeT BECTU, HauUHas ¢ HEMPOHOB Nep-
Boro cnos. Mocne o6yveHNs BceX HEMPOHOB MEePBOro Crnosi cneayeT OCYLECTBNATbL TPAHCSALMIO NPUMEPOB
obpasza «CBoii» 1 NpumMepoB 0b6pa3oB «Hyxune» co BXO4OB NEPBOro CNos Ha ero Bbixoabl. Janee HeobxoaMmo
NPUCTYNAUTL K 0ByYeHUIo BTOPOTo CrNost HEMPOHOB. [1ns 3Toro cneayeT UCNorb3oBaTh paHee nonyyeHHble AaH-
Hble npumepoB «CBON» K «HyXon» Ha BbIXodax NepBoro Cros HEMPOHOB.

6
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O6yueHune Kaxaoro crnos HeMpPOHOB criegyeT BeCTU CBOMM aBTOMATOM, y4UTbIBaOLWMM 0COBEHHOCTM TOM
WU MHOM BUOMETPUYECKON TEXHOSOrMN MPY BXOAHLIX AaHHBIX pasHoro kadectsa. Mpu obyyeHUU Kaxaoro
Crosi HeMPOHOB HEOBXOAMMO UCMOMNBb30BaTh CBOWM BbIXOAHOW KoA. BbIxoAHOM ko4 NPOMEXYTOUHOro crost Aos-
XeH BbITb MOMyYeH OT reHepaTtopa cryvaiHblx Yncen. Bee BeIXoagHble koabl 06y4eHUs (Koa NepBOro Cros 1 kog
BTOPOro CIosl) A0SKHbI BbITb YHUUTOXEHBI Nocne 06y4eHUs HEMPOHHO CeTU 1 NPOBEPKUN kKavecTBa 0byYeHNs.

5.4 KoHTponb pa3MepoB U 0Q4HOPOAHOCTU NpMMeEpOB obyyalollelt BbIGopku ob6pasa «CBo»

5.4.1 Pa3amep obyyamouleinn BbIGopkn npumMepoB «CBoi»

Mpn oby4eHnn Heobxoaumo Ucnonb3oBaTb He MeHee 11 npumepos obpasza «Caoly. MNocne obyyeHus
HeMpOHHOW CeTUn criedyeT KOHTPOMUPOBaTL Ka4eCcTBO 0BYYEHUs He MeHee YeM Ha Tpex NpUMepax, He y4acTBo-
BaBLUKX B 06yveHuUn. Mpu BbISIBNEHUN OTKasa B AOCTYNE He NpoLueALlniA pacno3HaBaHue npuMep crneayeT 4o-
6aBuTb B 0ByvaloLlylo BbIGOPKY. YBenuyeHne obyyarowienn Belbopky HeobxoaAMmo BECTU A0 YCTOWYMBOIO
y3HaBaHusi «CBoero» B TpexX-4eThbipex creayroLwwmx noapsa nonbelTkax.

PekomeHayeTcst goobyveHne cpedcTBa BblCOKOHaOEXHOW ayTeHTUdmnkaumMm Ha npuMmepax buometpu-
yeckoro obpasa «CBoiy, NpeAbsaBNeHHbIX NOMb30BaTeNeM Yepes HeCKOMbKO YacoB (HECKONLKO AHEeR) nocne
nepBoHayanbHOro obyyeHus.

Mpwn HeobxoanmocTK nocnedytoLero AoobyyeHus cpeacTaa (NnepeobyyveHus cpeacTea) 6asy npuMepos
obpasa «CBol» cnegyeT XpaHUTb B A0OBEPEHHON BbIYUCIUTENbHOM cpee. Ecnu xpaHeHue 6asbl ocywecTBnaA-
eTCsa B HeJOBEPEHHOM BblYUCTIUTENbHOW cpede, To Heobxognma 3awmTa 6asel 0byueHus1 oT ee KoMnpomeTa-
Lyu.

5.4.2 KoHTponb ogHopoAHOCTU o6yyalolleil BbIGOpKU

Mepen kaxapiM 0bydveHeM (4oobydyeHnem) cpeacTa ayTeHTUdUKaLmm HeobxoanMo NPOBEPUTL OAHO-
poaHOCTbL 0ByyatoLei BbIGopku. [ns aToi Leny cnegyeT BblMUCIUTL MaTemMaTUieckoe oXxuaaHue Kaxaoro n3s
KOHTPONMUPYEMbIX BUOMETPUYECKMX NapamMeTPOB U OTHOCUTENBHO HETO BBIMUCTIUTL 3HAYEHUE ¥2 — OTKIOHe-
HWe oT LeHTpa BuomeTpudeckoro obpasa «Csoi» (0T MaTemaTuyeckoro oxugaHua obpasa «Csoi» no
KaXkgoMy U3 KOHTPOSIMPYEMbIX NapaMeTpoB).

Mpumepbl «CBO», 3HAUUTENBLHO NpeBbILLIaoLLMe cpefHeKBaapaTUYEckoe OTKIIOHEeHUE No KpUTepuio x2,
Heobxoaumo yaanuTte U3 obydatollei BbIbopku Kak rpybyto owmbky. [lonyckaeTcs npoBegeHne NpoBepKy no
BXOOHbIM AaHHBIM HEAPOHHOM CETW, a Takke NMPOBEPKM MO BbIXOAHbIM OTKIIMKaM CyMMaTOpPOB yxe 0ByUYeHHON
HEeMpOHHON ceTn.

5.5 KoHTponb pazamepoB U He3aBMCUMOCTU NpMMepoB oGyualowwei BbIGOPKKU, NpeAcTaBnAaoLWUX

Xaoc cny4aiHbix o6pas3oB «Bce «UYyxue»

Ons oby4eHus npeobpaszosatens bruomeTpusi-kog 4ocTyna Heobxoanmo nMmeTb He MeHee 64 NnpumepoB
pasnUYHbIX cryvaliHbIX (HEe3aBUCUMbIX) ECTECTBEHHBIX G1MoMeTpuieckux obpasos «Hyxuen.

KoHTponb ypoBHS B3auMHOW He3aBUMCMMOCTU o6pa3oB «Yyxoi» cnedyeT ocylecTBAATbL B3aUMHbIM
CpaBHEHWeM WX KOAOB Ha BbIxode OAHOro paHee oBGYyYEeHHOro OAHOCNONHOrO npeobpasoBatens Guomer-
PUsi-koA JOCTYMA, He UMetoLLero MexaHuama 3alnTbl 0T HabntoaeHUs BHYTPEHHUX AaHHbIX. B oby4atolleit Bbl-
B6opke He AOmkHO GbiTb Nap GuoMeTpudeckMx oB6pas3oB, YbW BbIXOAHbLIE KOAbI MO KPUTEPUIO XeMMUHra
BbiNagaoT 13 nHTepBana

2 2

|:N—2\/N N+2«/N}

raoe N — yucno paspsaoB B BEIXOAHOM koge oByvaeMoro HelpoceTeBoro npeobpasoBaTens.

6 ABTOMaT 06y4eHUs OQHOCNOWHON HEMPOHHOWM CeTU, paboTatowen
C HenpepbIBHbIMU GMOMETPUYECKUMM AaHHBIMU HA3KOFO KayecTBa

6.1 ABTOMaTu4ecKuil CUHTe3 CBSI3ell NepBOro crnosi HeMpoHOB

6.1.1 MporHoznpoBaHue Heo6X0AUMOro Yncria BXo4oB OAHOro HeMpoHa

MporHosupoBaHie HeobXo0AMMOro Y1ca BXOAOB O4HOMO HeMpoHa cneayeT ocyLecTBNATL Yepes 3aaa-
HUWe XenaemMoro BbIXOAHOIO kKa4ecTBa 00y4eHHOro HelipoHa Q(y) Ha BbixoJe cymmartopa HeilpoHa y, koTopoe B
WHBIX Criydasx crnegyeT BblMUCHATL Mo dopmyne
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IEL{y»(oﬁ (y) _ECBoﬁ(Y)I (2)

Q =
(y) Sceoit ( y )

Yucno BXOA0B Y HellpoHa Heo6X0AMMO BbIMMCAATL No (opmyne

2
Qly)
ragl — 2 3
5 ao{E(Q(Vi))} , ©

rae a; — HopMUpyoWwuin ko3 ULMEHT, BKCNEPUMEHTaNBHO noabupaeMblii A4nNA asToMmata obydeHus npu
paspaboTke cpeacTBa GMoOMeTPUYECKON ayTeHTUdMKaLMM Noa Kaxayto GUOMEeTPUYECKYIO TeXHONO-
TAKO U NS KaXA0ro Crost HeMPOHOB;
Q(v;) — NceBOOAMCKPETHOE BXOAHOE KayecTBO i-ro BXoAHOro BuomeTpudecKkoro napaMmeTpa HempoHa, Bbl-
yucnsiemoe no copmyne

_ IEl—Iy)KOlZ(Vi ) - ECBOIZ(VI' )| ' (4)

0030171(‘/1 )

Qv)

MpwuMeyaH 1 e — Bmecto 3aganns xenaemoro kadecTsa obyyeHus HelipoHa Q(y) AonyckaeTcs 3aaaBarb Xe-
naeMoe 3HaueHNe BepOSTHOCTU NOSIBIEHMs olwmBOoK Nepeoro poaa P, 0by4eHHoOro Helipora. B aTom criyuae kauecteo oby-
YeHWs crnegyeT HaMTU NyTem peLueHus Creayiowero ypaBHeHus:

1 1 aQ(y) t2 1 (5)
P o~d L. exp| —— |dt ; == — Dy(aQ(y)),
P !‘) xp[ ZJ 5 o(@Qy))

roe a, — HOPMUPYIOLLMIA kO3 dULIMEHT, BKCMEPUMEHTanbHO noabupaemblii 4N asTomaTta oByveHus npu
paspaboTke cpeacTea GuomeTpudEcKoin ayTeHTUMKaLMK noa Kaxayo 61MoMeTpUIECcKyto TEXHOIOo-
TUO 1 AN KXA0ro Crost HeMPOHOB.
6.1.2 BbiGop uncna HeMPOHOB B NEPBOM CIloe HEUPOHHOMN CeTU
Uucno HelipoHOB B NEepBOM croe HelpoHHo ceTu N, cneayeT 3afaBaTh paBHbIM ANMHE BbIXOAHOTO koAa
[0CTyna, ecnu oLnGKK Nepsoro poga o6y4eHHOro cnos HEMPOHOB OKa3bIBAOTCA MEHbLUE Xenaemoil BeposT-
HOCTW OLWMBKX NepBOro poaa BCero cpeactsa ayTeHTUdMKaumun. Ecnn BeposaTHOCTb ownbkn nepsoro poaa
oKkasblBaeTcsa paBHOM UK GonblLe Xenaemomn, To He06XoANMO YBENUYUTL YACTIO HEMPOHOB B CIIOE Ha YMCIOo
N36bITOYHBIX Pa3pPsA0B Koaa, crnocoBHOre 06HapYXXUBaTb U UCNPaBNATL OWKOKA. MNpy NpUHATAM peluexns 06
MCMOMNb30BaHWUA TOMO WM MHOTO KMaccUYeckoro koaa, crnocobHOro UCNpaBnsTe OWMOKA HEAPOHOB NepBoro
Cros, NOMHOCTbIO CHUMAaeTCs HeonpeaeneHHOCTb OTHOCUTENBHO ero U3BbITOYHOCTH.

Mpumeyanue—Ilepsblil criolt HENPOHOB OCYLLLECTBNSAET OboraweHme 0OTHOCUTENBHO HeAHbIX BXOAHbIX 61o-
METPUYECKNX AaHHbIX, B CBSI3W C 3TUM YMCIIO UCTONIb3YeMbIX BXOA0B HelipoceTn Ny 6epyT sHaumTenbHo Gonblue, Yem unc-
o HelpoHoB N, coaepxuT oby4aembliii croi HEMpPOCeTU. Yem Xyxe BxoaHble GuomeTpuyeckne gaHHole, Tem Gonbe nx
notpebyeTtcsi ansi oboralleHusl.

6.1.3 ABTOMaTu4ecKoe pacnpeneneHue cBszel BXO4O0B HEMPOHOB ¢ MNAALWIUMM aapecaMu

PacnipegeneHune agpecos ceasenl Miagwnx BXOAOB HEMPOHOB C BXOAHBIMU JaHHLIMU BCEA HENPOHHON
ceTu A0MKHO OCYLLIeCTBNATLCS aBToMaTuyecku. [ina nepsbix k = Ny/n HelipoHOB crieayeT BbibupaTh BXoAHbIE
CBS13U € HoMepamu oT 1 ao n, Aanee ¢ Homepamun oT n +1 go 2 n. CooTBETCTBEHHO BXOAHbIE CBA3U K-ro Henpo-
Ha AOMKHbI BbITb CoeAMHEHbI CO BXoAaMmm BCel HEMPOHHOM ceTu, nMetowumu Homepa ot (k— 1) n + 1 po kn.
Ocratok HesaaeincTBoBaHHbIX BxoAoBs (N, — kn) Heobxo0AMMO UCMoNb30BaTh A5 POPMMPOBAHUA CBSA3EN No-
cnegyrowwmx (N, — k) HelipoHOB NEPBOro Cros.

6.1.4 ABTOoMaTunuyeckoe pacnpegerieHue cBs3ell BXO40OB HEMPOHOB CO CTapLMMU agpecaMu

OcraBuwuecs (N, — k) HelpoHOB NepBoro crost cnegyeT NoAkYaTh K BXoAaM HENPOHHOW CETH Cryyait-
HO, Mpu4em aBToMaT, OCYLLUECTBNAOWMIA NOAKTHOYEHUS, AOKEH OQHOBPEMEHHO € MOAKMOYeHNeM BXCO0B
KOHTPOMMPOBAaTL YacTOTY UCMONb30BaHUA BCEX BXOAOB. ABTOMaT POPMUPOBaHNSA CryYalHbIX CBA3EA AO/MKEH
OTKNOYaTh CMMULLIKOM YacTo UCMOoNb3yeMble BXOAHbIE AaHHbIe U YBENNUYMBATL YUCIIO NOAKMOYEHNA peaKko Uc-
nonb3yemMblX AaHHbIX. BbipaBHUBaHWe YacToT NOAKNHOYEHUS A0IHKHO OCYLLECTBNATLCA 40 MOMEHTa, NoKa Mu-
HManbHas YacToTa UCMoNb3oBaHNA BXOAOB HenpoceTn He ByaeT oTNMYaThCA OT MakciManbHON YacToThl Ha
ABe eQuHULbI.
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Mocne chopmrpoBaHUs cNy4vaiiHbIX CBA3EN NepBOro Criosi HEMPOHOB HEOBXOAUMO OCYLLIECTBAATL BbIAB-
NeHUe N YHUUTOXEHUe OBLUMX CBA3EN B ABYX, TPeX, YeTbipex HelpoHax ¢ psiAOM fexallnuMn HoMmepamu.

6.2 ABTOMaTU4eckoe oGy4yeHue HeMPOHOB NepBOro cnos

6.2.1 ABTOMaTUveckoe obyuyeHMe HEMPOHa CO CTaTUCTUYECKUM BbIYUCIIEHUEM BECOBbLIX KOadh-
cpmumeHTOB

ABTOMAaTHI ANA peanuaaunm GLICTPLIX aNrOpUTMOB 0ByUYeHUs1 HEAPOHOB AOKHBI 3a4aBaTh 3Ha4YeHUA Be-
COBbIX KO3(P(PULIMEHTOB |1; PABHBIMA HOPMUPOBAHHOMY NCEBACANCKPETHOMY BXOAHOMY Ka4yecTsy no chopmyne
(3), cooTBETCTBYIOWEro H1oMeTpUYeckoro napameTpa:
- Qvy) (6)

=
qu»(oﬁ (Vi)

6.2.2 MpucBoeHne 3HaKa BbIYMCIIeHHbIM BeCOBbIM KO3 duLumeHTam

3Hak npu BecoBoM koadduumeHTe crieayeT 3agaBaTb UCXOAS U3 3HAKa MaTeMaTU4eckoro oXxuaaHus,
y4nTbHIBAEMOro BMOMETPUYECKOTO NapameTpa 1 3agaHHoro Npu obyyeHnn CocTosiHUA Bbixoda HerpoHa. [na
cymmaTtopa 6e3 nHBepcum 6110k-cxembl (CM. pyUcyHok 2) npu Tpebyemom cocTosiHum «1» koga «CBOM» Ha BbIXO-
[e HeipoHa 3HaK BeCoBOro koadhduumeHTa yu; A0IKeH coBnaaaTb Co 3HakoM pasHULIbLI MaTeMaTU4ECKUX OXK-
OaHuiA obpaszoB «CBol» un «Yyxoi». Ons obecnedeHns coctositHust «0O» Ha BbixoAde HelpoHa Heobxoauma
MHBEPCUS PasHULLbI YMTOMSIHYThIX Bbille MaTeMaTUYeCcKnX oXXuaaHui nnu

ecrn «CBoi» — «1», 10 sign () = Sign (Egeeu(V)) — Eyyyon (Vi));
ecnn «CBoi» — «0», T0 sign (u;) = —sign (Eceoz(Vi) — Eqyyoi (V)):

)

Mpu YCrOBMK, YTO HEMUHEWHBIA SMTEMEHT HEepoHa NPUHUMaET COCTOSIHUE «1» NPU NONOXUTENbHBIX BXOAHBIX
BO34ENCTBUSX U cocTosiHME «O» Mpu oTpuLaTenbHbIX BXOAHbLIX BO3AENACTBUSX.

6.2.3 MpoBepka AoCTUrHYTOro kayecTBa o6yveHUs

Mocne BblMUCTIEeHNS BECOBLIX KO3hULIMEHTOB HEMPOHOB C HOMepaMu i = 1, 2, 3,.... n HeobxoaAUMO ocy-
LLECTBUTb BblM/CNEHNE HYNeBbIX BECOBbIX KOBPULINEHTOB L. [anee cnedyeT NPOBECTU TECTOBYHO OLIEHKY
OOCTUrHYTOro kKayectsa oBy4veHust no hopmyne (2) Unm oLeHKy BeposiTHOCTU olwmbok BToporo poaa. Ecnv no-
KasaTenu kauecTsa obyyeHUs1 HellpoHa A0CTaTOUYHO BbICOKU, TO 0BydeHue cnegyeTt npekpatutb. Ecnun nokasa-
TENn kadectBa oBydeHUs1 HelpoHa OKa3bIBAKTCS XyXe Mopora, 3anoXeHHOro B aBToMaT obyyeHus, TO
aBToMaT 0byYeHUst AOITKEH YBENMNYNTL YACIIO BXOAOB Y HEMPOHA U BLIMUCNIUTL ANA HUX BecoBble Koadduuu-
eHTbl. YBenuyeHne 4ucna BXOOOB HeWpoHa crnedyeT MPOBOAUTbL A0 MOMEHTA, KorAa KavecTBo obyyeHus
oKkakeTcsl Bbllle 3aaHHOro asToMaTty obyyeHus nopora.

6.2.4 MNpoBepka ypOBHA KOPPENALMOHHbIX CBA3eN 06yYyeHHbIX HeHPOHOB

CnyyaliHo BeIGpaHHble Napbl HEMPOHOB, HaxoAsLWMeCs B OQHOM Coe, UmMetoT obLwme Bxoabl 1, COOTBET-
CTBEHHO, BbIXOAHbIE OTKIUKM HEAPOHOB MMEIOT KOpPENSILNOHHBIE CBSI3U. [NA KOHTPONA YPOBHA KOPPENALMUOH-
HblX CBSA3el cneayeT BbIMOMNHWUTL WX BbIMUCHEHWE MpU BO3OEACTBUM HA HEWPOHHYKD ceTb He MeHee
10 000 cnyyaliHbIX He3aBUCUMbIX BXOAHbIX BO3AENCTBUMA C HOPMarbHbIM 3aKOHOM pacnpeaeneHns sHaveHun,
UMerLWNM cpeaHeKBaapaTnIeckoe OTKIOHeHMe, paBHoe cpedHeKBaapaTU4eckoMy OTKIOHEeHUIo BuomMeTpu-
Yeckux napameTpoB 06pa3oB «Hyxoiy. laHHble TeCTUPOBaHUA crieqyeT NofyYaTh OT reHepaTopa CryvanHbiX
unu ncesgocnyyanHbIX Yncen.

Mpw BEIYMCNEHNSIX HEOBXOAMMO UCNONbL30BaTb MPOBEPKY HE MeHee 128 cny4vanHo BblGpaHHbIX Nap Heit-
poHOB. [ins kaxaoi napbl HEMPOHOB MPY BbIYUCTIEHUAIX cnegyeT UCNONb30BaTh BbIXOAbl UX CYMMaTOpOB 1 Aa-
nee cnegyeT BbIYMCMATL MaTeMaTUYeckoe oxuaaHue Moaynsi NoMyyYeHHbIX KoadULMEHTOB Koppenauuu.

6.2.5 MackupoBaHue KOppenALUOHHbIX CBA3e 06Yy4eHHOro HeMpoHa

Ons ucknioYeHUs BO3MOXHOCTW aTaku Ha npeobpasoBaTtens buoMeTpusi-kog AoCTyna Yepes BbiHUCHe-
HWe ko3 ULNEHTOB KOppenauMn y o6y4eHHOro HelpoHa crneayeT USMeHUTb YacTb 3HAKOB BeCOBbIX koaddu-
LUMEHTOB Ha MPOTUBONONOXHbIE. YacTb U3MEHEHHbIX 3HaKOB MO OTHOLUEHUIO K OCTaBLUENCA 4acTu 3HAKOB
BecoBbIX koadhuuMeHToB 4omkHa ObiTb Gosblue, YeM cpefHee 3HaYeHne MoAynst KOPPENALMOHHBIX CBA3EN
Mexay napamn HeMpoHOB, BbIMUCAEHHBIX NO 6.2.4. Bbibop n3MeHsieMbIX 3HakoB He0OX0AUMO OCYLLIECTBNSATb
cryyanHo.

MpumeyaHune—M3meHeHne 3Haka 4YacTy CBsider HEMPOHA Ha NPOTUBOMOSIOXHbLIE NULLAET aTakyiowWero yBe-
PEHHOCTUN B TOM, UTO OH BEPHO HabnaaeT ko3 drumneHTsl koppensiumu. BrrioueHne mexaHnama pasmMHOXeHUs1 oLIMbokK

MeLLAEeT aTakyloLweMy BEPHO BUAETH KOPPEeNALMM MeXAy BbIXoA4amm HEMPOHOB. YeMm Bbille kKaueCTBO MeXaHM3ma pasmMHo-
KEHUA OWMNBOK, TEM Y MEHbLLEN YAaCTU BECOBbLIX KOS(MMULMEHTOB CrieyeT UCKaXaTb 3HaKW.
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6.2.6 MoBTOpHas NpoBepKa KayecTBa 06y4YeHMs1 HEUPOHOB

MackupoBaHue koppensiLMOHHBIX CBA3e 06y4YeHHOro HellpoHa no 6.2.5 06bINHO NPUBOAUT K 3HAYUTENb-
HOMY CHWXEHUIO cpeaHero KavecTsa obyueHusl HellpoHoB. COOTBETCTBEHHO HEOBX0AMMO OCYLLEeCTBUTL No-
BTOPHbIA KOHTPOSb OCTAaTOYHOrO KayecTBa 0byyeHus!.

Ecnu octaTtouyHoe kayecTBO 0byyeHUs1 oKasbiBaeTCs NPUeMIIeMbIM, TO HET CMbICa UCTIONb30BaTb BTO-
PO CrIor HEUMPOHOB.

Mpu HeaoOCTaTOMHOM KavecTBe MPUHATUS PeLLeHWA NepBbiM CMoeM HEMPOHOB HEOBXOAUMO NCNONbL30-
BaTb BTOPOW CITOW HENPOHOB.

7 ABTOMaTMu4ecKoe obyvyeHne HEMPOHOB BTOPOro Cnos

7.1 ABTOMaTU4e€CKUA CUHTE3 CBA3e HEMPOHOB BTOPOro CrNos

7.1.1 3apaum, BbINOSIHAEMbIE BTOPLIM CNIOEM HEUPOHOB

OCHOBHOI 3aa4eit HEAPOHOB BTOPOTO CIOsI SIBMSIETCA NOBLILLEHUS Ka4eCTBa peLIeHUIA, NPUHATBIX Hel-
poHamu NepBoro CNOA B YacTu CHUXeHUs1 P, — BepOoATHOCTU oLluMboK nepsoro poaa. Bropoit cnoit HeMpoHOB
BbINONHAET OYHKLMNIO N3BLITOUHBIX KOAOB C 0BHapYXeHUeM 1 ucnpasneHnem oLnMBoK 1, COOTBETCTBEHHO, YUC-
1O BbIXOZI0B HEMPOHOB NepBoro cnost N, MoXeT BbITb yBenuueHo no 6.1.2.

OCHOBHOE OTNNYME HEUPOCETEBOIO KOPPEKTUPOBaHMSA OLLIMBOK OT UCMIONb30BaHNS KNacCU4eCKUX KOAOB
¢ oBHapyxeHneM 1 ucnpasneHnem owmnbok B UX MeHbluer U3bbiTouHocTu. McnpasneHue ownbok, ocyule-
CTBNAEMOE HelMpoHaMu BTOPOro Crosl, Npu 04MHaKoBOW U3bbITOUHOCTM obecneunsaeT 6onee BbICOKUIA YpoO-
BEHb 4WUCna UCNpaBfeHHbIX OWMDOOK, Tak kKak npu obyyeHWM HEerWpoHOB BTOPOro Criosl aBToMaTUyecku
YUYNTBLIBAETCA NOMOXEHNE CTabUSbHBIX U HeCTabunbHbIX Pa3psA0B B KOPPEKTUPYEMOM KoAe, a Takke YpoBeHb
cTabunbHOCTN TOTO UM MHOTO HecTabunbHOro paspsfa koAa NepBoro Crios HeMPOHOB.

7.1.2 BxopgHble AaHHble HEUPOHOB BTOPOIO CroA

B cny4ae vcnonb3oBaHWA ABYXCITOMHOW HEMPOHHOM CETU COCTOSIHUSI pa3psiAoB BbIXOAHOIO Koaa nepso-
ro crnost AOMKHbI BbiTh M3MeHeHbl. Heobxoammo nepeinTy oT MPOMEXKYTOUHbIX KOAOB C COCTOSIHUSIMU pa3psifoB
«0» 1 «1» K 3KBUBAMNEHTHBIM KOAAM C COCTOSIHUAMM «—1» U «+1».

7.1.3 BbI6op uncna HelipOHOB BTOpOro cnos

BbIGop YMcna HeMpPOHOB BTOPOro Crosi MOMHOCTbIO NOBTOPSAET Npoueaypy Bbibopa uncna HepoHoOB nep-
Boro cnosino 6.1.2.

7.1.4 Bbi6op YMcna BXOAOB HEMPOHOB BTOPOro cnos

Yucno Bxog0B HENPOHOB BTOPOTo crost Heo6xoanMo BeIGUpaTh B MHTepsane o1 0,2 N, 10 0,8 N, B 3aBu-
CMMOCTU OT YMcrna 4onyckaeMblX OLIMBOK koda HePOHOB NepBoro cnosi. CeA3b YMcna BXOA0B Y HEMPOHOB BTO-
POro Crlosl ¢ YMCNOM OLIMGOK HEMPOHOB NepBoro cros Ans obpasa «Ceoi» 3agaeTca Tabnuuamu, a sHa4ueHUs
JaHHbIX B Tabnuuax noabupatoT aKcrnepuMeHTanbHO Mpu paspaboTke cpeacTBa  BbICOKOHAAEXHOW
6romeTpuIecKkon ayTeHTUUKaLnn.

7.1.5 ABTOMaTu4ecKoe pacnpegeneHue agpecoB cBfi3el HEMPOHOB BTOPOro cnos

Adpeca cBsizeil HEPOHOB BTOPOTO CMOS € BbIXOAaMU HENPOHOB NEPBOro Clos BbIGUpalDTCa cnyvaiHo.
Mpu 3TOM HEOBXOOMMO KOHTPONMPOBATL OTCYTCTBME NOBTOPEHUA CBA3EN Y KXKAOr0 U3 HEMPOHOB, a Takxke Ao-
61BaTLCS PaBHOW YacTOTbl NCMOMb30BaHNUA KOO0 U3 BbIXOAOB HEMPOHOB NpeablayLlero cros.

7.2 ABTOMaTUveckoe o6yveHne HEMPOHOB BTOPOro Cros

7.2.1 BbluucneHune Moaynei BecoBbIX koadduumneHToB 06y4aemMoro HeMpoHa

Mogaynu BecoBbIX K03(hULIMEHTOB 0BY4aeMOoro HelpoHa i, BbIMUCIAIOT No hopmyne

_d2 0
_—’

E(w;) ®)

1
rae a, — cTabunuanpyloLnil koadduLMeHT, akcnepumeHTanbHO noadupaemelin Ana asToMmaTa 06yyeHns npu
paspaboTke cpeacTBa BMOMETPUYECKON ayTeHTUdMKaLMM Nog Kaxayo BUoMeTpUECcKyto TeXHOMo-
ruo;
o; — rokasaTteb CTabuiibHOCTY /-ro paspaaa BbIXOAHOMO KoAa HeMPOHOB NEPBOro COA.
7.2.2 Cny4yarHas noAcTaHOBKa 3HAaKOB BECOBbIX KoadhchuumneHToB
Mepea npoueaypoin 0byveHns HeobXoAMMO OCYLLEECTBUTL CryYaliHyo NOACTaHOBKY 3HaKOB BECOBbIX KO-
adbnLMeHTOB HelpoHa. Mocne nonyvyeHnst criyyaikHon NocneaoBaTenbHOCTU 3HaKOB HeO0BX0AUMO NPOBECTMU
nposepky 6anaHca Yncna nonoXUTeNbHLIX M 0TpULATeNbHBIX 3HaKoB Ha BxoAax obyvaemoro HelpoHa.
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Ecnun y obyyaemoro HeilpoHa YeTHOe YUCNO BXOAOB, TO YUCIO NOMOXKUTENbHBIX U OTPULATENbHBIX 3Ha-
KOB BECOBbIX KO3 (PULMEHTOB HelpoHa AOMKHO BbITb 0AnMHaKoBbIM. BanaHcpoBka No 3HakaM OCyLIEeCTBNS-
eTcAa ncnpasneHnem n3bblITOYHbIX 3HAKOB Ha UHBEPCHBIE.

Ecnun y obyyaemoro HelipoHa HeYeTHOe YUCIIO BXOAOB, TO YUCIO MOMNOXUTENbHBIX U OTpULaTENbHBIX
3HaKoB BECOBbIX kK03(hpMLNEHTOB HeMPOHa AOMKHO OTNYaTbCs Ha eauHULy. BanaHcupoBka no 3Hakam ocy-
LecTBMsAeTCA UCpaBneHnemM n3bbITOYHbIX 3HAKOB Ha MHBEPCHBIE.

7.2.3 YcTaHOBKa HayanbHbIX YCNOBUIA 00y4eHUA HellpoHa

Mocne cnyyvaiHoli ycTaHOBKM 3HAKOB BECOBLIX KO3 p1LIMeHTOB NPOBOASAT NpoBepky Hanbonee BepoaT-
HOrO BbIXO4HOrOC COCTOsIHWUA 06y4aeMoro HelpoHa.

Ecnu HanBonee BeposTHOe BbIXOAHOE COCTOSIHNE 06y4aeMoro HeiipoHa coBnNagaeT ¢ 3a4aHHbIM BbIXO4-
HbIM COCTOSIHUEM paspsifia BbIXOAHOMO KoAa, TO BCe 3HaKW BeCOBbIX KO3 MULIMEHTOB NHBEPTUPYIOT.

Ecnu Hanbonee BeposiTHOE BbIXOAHOE COCTOAIHWE 0Oy4aeMoro HeiipoHa He coBnadaeT ¢ 3aA4aHHbIM Bbl-
XOOHbIM COCTOsIHMEM pa3psifa BbIXOAHOTO KoAa, TO BCe 3HaKn BeCcoBbIX KoadhduumeHToB ocTaBnsioT 6e3 u3ame-
HEeHWA.

7.2.4 O6yvaroLlas KOPPEKTUPOBKa 3HaKoB BecoBbIX koadduLmeHToB

OB6y4yeHne NpoBOAAT MyTeM KOPPEKTUPOBKA 3HAKOB BeCOBbIX KO3(hMLIMEHTOB Y YacT BXOAOB HEMpOHa.
KoppeKTnpoBKy 3HaKa BbINOMHSAOT TaK, YToBbl BEPOSTHOCTL NMOSIBIIEHUsT 334aHHOTO OTKNMKA Ha BbiXxode HepoHa
npv NpeabsiBneHnn npuMepoBs obpasa «CBoi» yBenMuMBanack (YACNo oLmMboK BLIXOQHOTO KoAa YMEeHbLUIAsoch).

KoppekTupoBKy NpoBoasAT no ogHomy Bxoay. Ecnv cMeHa 3Haka BecoBoro koadcuumeHTa KoppekTupye-
Moro Bxoda gaeT obpaTHbIi pesynbTaT, TO KOPPEKTUPOBKY criedyeT OTMEHWUTb U NepenTu K KOppeKkTUPOoBKe
3Haka cnegyoLero Becosoro koadduumeHTa.

KoppekTnpoBKy 3HaKkoB BecoBbIX koadhhULMeHTOB NPOBOAAT A0 MOMEHTA, noka He ByayT ycTpaHeHbl Bce
olWnBKN B Kodax NepBoro Cros HelpoHa, BO3HUKaoLMe Npy BO3AENCTBUM Ha 0ByYaeMyto HEMPOHHYIO ceTb
BCEMM oByvaroLmmMmn npumepammn o6pasos «Ceoit».

8 Ucnonb3oBaHue aBTOMaTa 06y4eHUs1 BTOPOro Crosi HEMPOHOB Arsi 06yueHns
OAHOCNONHON HEMPOHHOW CeTU, OPMEHTUPOBAHHOMN Ha paboTy C ANCKPETHLIMMU
BXOOHbLIMU OaHHbBIMU BbICOKOIro KadyecTtBa

8.1 HelipoceTeBasi KOPPEKTUPOBKa [AUCKPETHbIX BXOAHbLIX OUOMETPUYECKUX [AaHHbIX C
6UHapHBLIMU cocTosAHUAMM «0» U «1» B KaXKAOM paspsage

B psige npunoxeHnin GuomeTpudeckne AaHHble ABNAOTCA U3HAYaNbHO ANCKPETHLIMU U UMEIOT BbICOKOe
BXOAHOE KavyecTBO (Hanpumep, AaHHble O CYLLECTBOBaHUM UMM OTCYTCTBUM OCOBLIX TOYEK B KOHTPOMPYEMOWA
obnacTtu pucyHka oTnevaTtka nansua). B aTom cnyvae HelpoHHas ceTb AomkHa paboTaTb ¢ BXOAHBIMU AUCKpeT-
HbIMW BUOMETPUYECKAMN JaHHBIMUA, UMEIOLLMMUN ABa COCTOsIHUS: «0» — HeT ocobeHHocTen, «1» — ocobeH-
HOCTb OBGHapyxeHa, TO eCTb BTOPOW CroW OBbIYHON HEWPOHHOW CceTW, OpPUEeHTUPOBaHHLIN Ha paboTy ¢
ANCKPETHBIMU AaHHbLIMUW MEPBOTO CII0si, MOXET ObITb MCMOMb30BaH CAMOCTOATENbHO Kak OAHOCNONHAs CeTb Hel-
poHoB. B aToM cnyyae obydeHne NepBOro Criosi CETU HeMPOHOB, paboTatoLLMX C AUCKPETHLIMU AaHHBLIMK, COBMa-
AaeT ¢ 0by4YeHnem BTOPOro Crlosl, B COOTBETCTBUN C pasaeniom 7.

8.2 OCco6eHHOCTU HEMPOCETEBOM KOPPEKTUPOBKU [UCKPETHbIX BXOAHBLIX GUOMETpUYEecKUX

AaHHBIX C YACIIOM COCTOAHUI Gonee ABYX

B psige crny4YaeB Yncno COCTOAHUIA AUCKPETHBIX G1UoMeTpuIeckinx napaMeTpoB MoxeT BbITb 6oriee ABYX.
B aTux cny4asx Heobxognma nepekoanmpoBka ANCKPETHLIX NapamMeTpoB. B HelipoceTeBbIx NpeobpasoBaTensx
crneayeT MUCMob3oBaTh HOBbIM GUHapPHBIM Koa ¢ ANWHON KoAa, paBHOM YACTY COCTOSHWUI BUOMEeTpUYecKoro
napameTpa, U eAMHCTBEHHbIM Pa3psaoM, UMEIOLLUMM COCTOsIHNE «1».

MpumevyaHue—TlolOCTP NCO/M3K 19794-2 pucyHok oTrnevaTtka nanbua uMeeT TpU TUNa COCTOSHUIA KOHT-
ponbHbIX obnacTer (GnomeTpryeCcKMX NnapameTpoB), KOAVPYIOLLMXCSH KaK:

«00» — obnacTb, rae HeT 0cobeHHOCTEN;

«01» — obnacTb, rae ecTb TOYKa OKOHYaHUsI rpebHs;

«10» — obnacTb, rae ecTb TouYka budypkaumm rpedHs.

B 3TOM Cny4ae npu KOAUPOBaHMK COCTOSIHUI 0BnacTel ¢ 0cobbIMM TOHKAMU PUCYHKa OTrnevaTka nanbLa Ans Hempo-
ceTeBOro nNpeoGpasoBaTensi criedyeT UCNoNnb30BaTh APYrie Kodbl BXOOHbIX COCTOSHUN:

«100» — o6nacTb, B KOTOPOW HeT 0cobeHHOCTEN;

«010» — obnacTb, B KOTOPOW €CTb TOUKA OKOHYaHWS rpebHs;

«001» — obnacTb, B KOTOPOW ecTb To4ka Budypkauum rpebHs.
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9 ABTOMaTM4eCKoe NPOrHo3npoBaHMe KavyecTBa 06y4yeHUss HEMpPOCeTEeBOro
npeoGpasoBartens 6MomMeTpua-koa goctyna

9.1 ABTOMaTu4eckoe NPOrHo3MpoBaHUe CTOMKOCTU K aTakam nopbopa

Mocne oBy4eHns HelpoceTeBOro NpeobpasosaTens GroMeTpus-ko4 4oCTyna (OQHOCONHOIo UM ABYX-
CMOMHOro) HeoBX0oAMMO OCYLUEeCTBUTL MPOrHO3MpPOBaHWe ero CTOMKOCTW K aTakam nogbopa corfacHo 6.3
FOCT P 52633.0. MNporHosvpoBaHne HeobxoaMMO OCYLUECTBMATL B COOTBETCTBUM C pasgenamuv 5 n 6
FOCT P 52633.3.

9.2 OTobOpaxeHMe pe3yNnbTaTOB aBTOMaTUMUYECKOro MPOrHO3UPOBaHUA CTOWKOCTU K aTakam

nopbopa

OT0o6paxkeHune pe3ynbTaToB aBTOMaTUYECKOro NPOrHO3MpPOBaHUsS CTOMKOCTU K aTakam noabopa ans oby-
YeHHOro HelpoceTeBoro npeobpasoBaTtens GUOMETPUA-KOA AOCTYNa AOMKHO OCYLLECTBAATLCA C Yy4eToM
knaccudukaLmm 6uomeTpudeckoro obpasa rno ero cpefHelt cTabunbHOCTU, cpegHen YHUKanbHOCTN, cpeaHe-
My KadecTBy napameTpoB. MHTepdelic oTobpaxkeHus 4omkeH NokasbiBaTb NONb30BaTENI0, HACKONLKO Napa-
MeTpbl ero GuomeTpuyeckoro obpasa oTNMYaKTCA OT NapaMeTpoB CPeAHEeCTaTUCTUYECKOro Nonb3oBaTens B
CTOPOHY YNYULLEHUS UM YXYALWEHUA.

9.3 ABTOMaTU4eckoe NPOrHO3MpPOBaHME BEPOATHOCTU OWMUGOK nepBoro popa oOGy4YeHHOro

HellpoceTeBoOro npeobpasoBarensi GuoMeTpuUs-koa AOCTyna

Mocne o6y4eHuns HelipoceTeBOro Npeobpasosartens GuoMeTpus-kod 4octyna (0AHOCNONHOro UNN ABYX-
CMONHOr0) HEOGXOAUMO OCYLLECTBUTL NPOTHO3UPOBaHWE A1t HEro BEPOSTHOCTU OLWMBOoK NepBoro poaa (owu-
6o4HOrO OTKasa nonb3oBaTeno «Ceoi» B goctyne). MporHosnpoBaHue AOMKHO OblTb OCYLIECTBNEHO C
MCMOMb30BaHUEM TECTOBBLIX €CTECTBEHHBIX BuomeTpuyecknx obpasoB «CBON», HE UCMOMbL3OBaHHLIX paHee
Ansa obyyeHus.

Mpu HeoBXxoANMOCTI MOTYT BbiTb NPUBEYEHbI AONONHUTENBHbLIE CUHTETUYeCckue BuomeTpudeckue o6-
pasbl «CBOM», nony4yeHHble mopduHrom obpasos-poauTenei, nNubo MyTaunamu obpasos-poauTenei no
FOCT P 52633.2.

9.4 OTto6paxeHne pe3ynbLTaTOB aBTOMaTU4YECKOro TeCcTUpPOBaHUS OWUGOK mnepBOro popa

obyyeHHOro HelpoceTeBOro NpeobpasoBaTens GMOMeTpUA-Koa AOCTyNa

UHTepdeiic oTobpaxeHns pesynbTaToB aBTOMaTUYEeCKOro MPOrHO3MPOBaHNSI BEPOATHOCTH OWMBOK Nep-
BOrO pofa ACMKEeH NokasbiBaTb Nonb3oBaTento « CBOM» BO3MOXHOCTb ro nonoXxuTensHo ayTeHTudukaumum
Npy HECKOMBKMX NocneaoBaTenbHbIX NOMbiTKax. JomkHa oTobpaxaTbCsl BEPOSITHOCTb MNOSIOXUTENbHON ayTeH-
Tuchmkaumm nonb3osartens «CBON» Npu NposeeHUN UM NepBOI MOMbITKX, BTOPON NOMBLITKA 1 BNOTL A0 NATON
NOmMbITKA ayTeHTUdUKaumm, cneayroLmx noapsaa.
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MpunoxeHune A
(cnpaBo4Hoe)

anMepbl CTaTUCTUK pacnpepgeneHUA BXOAHBIX U BbIXOAHbIX AaHHbIX Heﬁpoua
nepBOro CNoA Ha pasfniMyHbIX 3Tanax 06yqe|-w|;|

BxoaHble 6UOMETpUUECKME NapameTphbl V;, Kak NPaBurio, MMeIoT pacnpegeneHne 3HaueHun, 6nm3koe K HopManbHo-
my. Mpumepsbl pacnpegeneHnsi 3HaveHnii GUOMeTPUYECKUX NapaMeTpoB Vi, V, Vs, Vi, Vs pykonucHoro o6pasa «Ceon» un
pacnpegerneHue a3Ha4eHnn Tex xe GMoMeTpPUIECKUX NapaMeTpPoB MHOXECTBA crnyvaiHbix o6pa3oB «Bce «Yyxue» npuse-

AeHbl Ha pyucyHke A.1.

p(v)
V_a\/\ -
0,8 v
2
Vg i
24 | ve
0,6
04
Bce «Uyxue»
B
0,2
[ 7 \
. \ﬁ
-4 -3 -2 -1 0 1 2 3 4v

Pucyrok A.1 — lMpumeps! pacrnpeaeneHns 3HaueHUn GMoMEeTPUUECKNX NApPaMeTpPoOB V,, V,, Vi, V4, Vg
pykonucHoro o6pasa «CBoi» U pacnpegeneHne 3Ha4eHWN Tex e BuomMeTpuyHecknx napameTpoe
MHOXeCTBa cnyqanHbix o6pasoB «Bce «Yyxune»

W3 npumepos Ha pucyHke A.1 BUaHO, 4To GMomMeTpuyeckme obpasbl «CBOM» UMEIoT NPMMEPHO paBHOe uncno 6uo-
METPUHECKMX NapameTpoB C MOSIOXKUTENBHBIMUA U OTPULATENIBHLIMU 3HAUEHUSIMU UX MaTemaTUieckux oxupaanun E(vq),
E(v2), E(vs), E(va), E(vs).

Ons Toro, 4To6bl 06yYaeMbii HEWPOH HAa NpUMepbl 06pa3a «CBol» C BbICOKOW BEPOATHOCTLIO AaBan OTKIMK «1» [B
cooTBeTcTBUM C hopMyrnol (6)], 3apaloT 3Haku BECOBbIX KO3 dULMEHTOR 06yHaeMoro HeMpPoHa, 3T0 SKBUBANEHTHO CMEHe
3HaKa BCeX OTpuuaTtenbHbiX MaTeMaTUHECKMX OXXMOAHWUI BXOAHbIX GuomMeTpuyeckux AaHHbIX. Pacnpeaenenne sHayeHnn
6MOMETPUUECKMX NapaMETPOB V4, Vo, V3, Vi, Vs NOCIE CMEHbI 3HAKa BECOBbIX KO3 ULUMEHTOB Ha (poHe CYMMapHOro pac-
npegenexnuns 3HaueHun GuomeTpudeckux obpasos «Bce «Uyxue» npuseaeHo Ha pucyHke A.2.

pv) Vi
(v
08 Va V3
Ve al
0,6 «1»=
0,4
«Bce «yxne»
1T N\
0,2
N — r—
4 -3 -2 -1 0 1 2 3 4 v
«0»

PucyHok A.2 — Pacnpegenenns aHaueHuii 6MoMeTpuyecKuX NapameTpoB V,, V,, Vi, V,, V5 NOCINE CMEHbI 3HAKA BECOBbIX
K09(hbpULMEHTOB HA POHE CymMapHOro pacnpeaeneHusi aHaueHuin 6uomeTtpudecknx obpasos «Bee «Uyxue»
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Mocne BblYMCNEHNs1 BECOBOTO koadduumeHTa HelpoHa no dopmyrne (5) n cyMMMpoBaHusi Bcex BuomeTprnyeckux
napameTpoB HerpoHa NMPOUCXOAUT CMELLEHUE MaTemMaTU4ecKoro OXMaaHus OTKIIMKa cyMMaTtopa Ha npuMmepbl o6pasa
«CBoli» B cTOpOHY bonee riy6oKoro cocTosiHust € 1» NOporoBor HENMHERHOCTM 00y4YaemMoro HeripoHa. MonoxeHus pacnpe-
JenexHns 3Ha4eHnn oTKNMKoB « CBOM» Ha BXO4e HENMVHEWHOro SrieMeHTa HEMPOHAa, COOTBETCTBYOLWME pacnpegeneHvsiv,
npvBegeHHbIM Ha pucyHkax A.1, A.2, npyBegeHbl Ha pyucyHke A.3.

py)
0,8 AN
\/ «CBoi»
| <-Bon»
0,6 , \ «1» =
0,4 / \
«Bce «Yyxue» \
> / / \\
0 = /’
-4 -3 -2 -1 0 1 2 3 4 y
«0»

PucyHok A.3 — PacnpefeneHne 3Ha4eHWi JaHHbIX HA BbIXOAE CymMmMaTopa HelpoHa, 06y4YEeHHOro ¢ BEPOATHOCTbIO
0,95 BblgaBaTh COCTOsIHME «1» Npy Bo3gencTBUN 06pa3om «CBo» 1 gaBaTb PaBHOBEPOSTHLIE COCTOSIHUSA «0» U «1»
npv BO3AeNCTBUU cryYariHbiMy obpasamu «Yyxne»
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YOK 681.18:006.354 OKC 35.040

KntoyeBble cnoBa: TexHuyeckas sawuTta nHdopmadmm, GuomeTtpust, o6ydeHne UCKYCCTBEHHBIX HEMPOHOB, Hel-
POHHbIE ceTu, NpeobpasosaTtens GuomMeTpuUs-kod A4oCTyNa
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