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BeegeHue

HelpoHHbIE CeTH WUPOKO NPUMEHAKTCHA ONA BLINOMHEHWA CNOXHLIX 3a0ay B Pasnu4HbIX CUTYaUMAX,
Takux kak obpaboTka uzobpaxeHuil 1 eCTECTBEHHOID A3bIKA, & TaKKe nporHocTudeckoe obenyxneadue. Mo-
Oenu Ka4ecTea cMCTeMbl MCKYCCTBEHHOTo MHTennekTa (1) BkntovaloT onpeneneHHble XapakTepyucTUk, B TOM
yucne pobacTHocTe. Hanpumep, ctaHaapT [1], KoTopeid pacnpocTpaHAeT MeXayHapoaHble cTaHaapTel Cepun
SQuaRE [2] Ha cuctembl VA, B cBOEd Moaenu kayecTea onpefensaeT, 4to poGacTHOCTL ABNRETCA OAHOM
W3 XapakTepWMCTHK HagemHoCcTH, CnocoBHOCTE cUCTEMbLI NOJOEPKUBATL CBOW YPOBEHL NPOU3BOAMTENEHOCTH
B pa3NW4HLIX yCnoBuAx mMoxeT BbiTe NPOOEMOHCTPUMPOBaHA C NOMOLWBLI CTATUCTUYECKOrD aHanuaa, o4HaKo
ANs AcKasaTeNbCTBa HANWYUA AaHHOR cnocoBHOGTH TpebyeTca npoeedeHve hopMansHoOro aHanusa, B atom
OTHOLUEHWM (DOPMANbHBIE METOAbl MOTYT KOMDWHWPOBATHLCS C OPYIMMU METOAaMW NOBLILEHWS O0Bepus K
poBacTHOCTY HERPOHHOM CeTn.

dopmaneHeie MeToAel — aTO MatemaThyeckue npuemMel Ana CTPoron cneundukauny v eepudukayuu
MPOrpaMMHLIX U annapaTHblX CUCTEM C LefNblo A0Ka3aTenbCcTBa MX KOPPekTHoCTU. PopMmanbHele MeToabl Uc-
NonbL3ywTcA ANg (DOPMankLHONO PacCy#OeHVS O HEMPOHHBIX CETHX W NPOBEPKU WX COOTBETCTEBUA TpebyembiM
ceoncteam pobactHocTn. Hanpumep, paccMoTpum KNaccUAIMKATOp Ha OCHOBE HEeWPOHHOW CETW, KOTOPLIA
NpUHUMAaeT B Ka4ecTBe BXOAHbIX AaHHbLIX n3obpaxeHue, a B Ka4ecTBe BbIXOAHLIX AaHHbLIX BO3BpaLlaeT MeTKY
13 3agaHHoro Habopa knaccoe (Hanpumep, asToMobune Wy camoneT). Takon KnacouukaTop MoNeT BTk
thopmaneHo NpencTaened B BUOE MaremMaruyeckon MyHKUWMW, KOTopas NpWHWMAET UHTEHCUBHOCTB MUKCE-
nen n3obpaeHUs B Ka4ecTee BXOJHbIX A3HHLIX, BLIMUCIIAET BEPOATHOCTH ANS KaX/A0r0 BO3MOXKHOTO Knacca
13 onpeaenedHoro Habopa v Bo3BpallaeT MeTky, COOTBETCTBYIOLLYIO Hanbonbllen BeposTHOCTW. 3atem ata
thopmankHaa Mogenks MoweT BbiTe ncnone3ceaHa AnA martemaTudeckoro obocHoBaHuA paboThl HEAPOHHON
CETW NPY M3MEHEHMW BXOAHOMO U3obpakeHua. HanpuMmep, Nnpegnonoxmm, 4To NPy Hanu4um KOHKPETHOro M30-
BpaxeHus, ONs KOTOPOro HEAPOHHAs CeTb BbIBOAWMT MeTKy «aBTOMobWNb», MOMHO 3adaTe cneaywlumi Bo-
NPoc: «BbIBOAKT NU CeTb BPYIYI0 METKY, 8CNK 3HAaYeHWe NPOKU3BONLHOIC NWKCENa Ha n300paKeHn n3MeHaeT-
cA?». 3TOT Bonpoc moxeT BbiTh cthopMynupoBaH Kak hopMansHOe MaTtemMariyeckoe yTeepkaeHWe, KoTopoe
ABNSAETCA WCTWHHLIM NMBO NOXHLIM ANSA 4aHHOW HENPOHHOW CeTh 1 M30DpameHus.

Knaccuyecknid nooxon K WCMOMb30BaHWMIO hopmanbHblX MEeTOO0B COCTOUT M3 TPeX OCHOBHLIX 3Tanos,
ONUCAHHBLIX B HACTOAWEM cTaHaapTe. Ha nepeom atane aHanuanpyemMas cuctema dropMansHo onpeaensaeTcs
B MOOEnuW, KOTopas TOUHO OTpamkaeT BCe BO3MOXHbIE BADWaHTLI NoBBAeHMA cucTeMbl. Ha BTopoM 3Tane Tpe-
boeaHue hopmynupyeTcs B BUOE MaTeMaTMYeCcKOro Belpaxenus. Ha saknwoyutensHom TPETEEM 3Tane oguH
W3 (hopMankbHblX METOOOE, HAaNpUMep pelwatens, abcTpakTHas WHTEPNPEeTauMa Wi NPOBEPKa C NOMOLLLH
MOAENM UCMoNe3yeTCA ANd OLEHKKM COOTBETCTBUA CUCTEMBI 3agaHHoMy TpeboBaHUI, YTO NPUBOAMT K AoKa3a-
TenbcTBy NUBO K KOHTPNpUMepY, NMB0 K HEOQHO3HAYHOMY pe3ynbLTaTy.

B HacTosleM cTaHaapTe oNvMcaHbl HECKONLKO AOCTYMHLIX hopmansHeix MeTonoBs. MNpencrasneHs! Kpu-
TepWK, NpMMEHWMbIE 0715 OUEHKU poDACTHOCTM HEMPOHHBIX CEeTer W onpegeneHsl cnocobbl NPoOBEpKN HEW-
POHHBIX CETEN C NOMOLbIO (DOPMarnbHbIX METOA0B HA Kau oW CTagun KM3HeHHoro uukna cuctems! WA, Mpu
WCMOMBL30BaHWK hOopMansHBIX METOOOB MOTYT BOIHMKHYTE CIOMHOCTH C TOYKM 3PEHMA MaclwTabupyemocTu,
OfHAKO OHW NO-NpexHeMy NPUMEHWMbI KO BCEM TUMAaM HelMpOHHBLIX CETel, BbINOMHALMX pasnuyHele 3ana-
YW C HECKONMBKUMK TUNAMK AaHHbIX. opManbHbie MeTOb! YKe JABHO UCTDNb3YIOTCH B TPaaULMOHHBIX Npo-
rPaMMHEBIX CUCTEMaX, OOHaKO WX MPMMEHEHHWE MO OTHOWEHWK K HEAPOHHBEIM CETAM Ha4alloCk CPaBHUTENEHO
HeOdaBHO W BCE elle ABNASTCA AaKTUEHOM 0BNacTL MCcCcneoBaHuiA.

HacTtoswwuia cTaHgapT HanpaeneH Ha To, 4YTobbl nomoys paszpabotyurkam M, koTopbie UCNOMNb3YIOT Hel-
POHHLIE CETU W Nepen KOTOPbIMW CTOWT 330848 OLEHWTL MX poBacTHOCTE Ha COOTBETCTBYOLNX CTAONAX XK3-
HeHHoro yukna cuctemsl MA. Momumo hopmaneHbix METOAOR, OMUMCAHHBLIX B HACTORLLEM cTaHaapTe, bonee
aeTanbHLIR 0630p METCA0B OUEHKM poBacTHOCTM HERPOHHLIX ceTel npeacTaencgH B ISO/IEC TR 24029-1.
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HAUMOHANbHBIAN CTAHOAPT POCCUMMCKOW QEOEPALWNMK

WCKYCCTBEHHbIA MHTENNEKT
OueHka pobacTHOCTH HEMPOHHLIX CETeln
Yacte 2
MeTogonorus MCNonbL30BaHUA hOpPManbHbIX METOA0B

Artificial intelligence, Assessment of the robusiness of neural networks, Part 2, Methodology for the use of formal
methods

Data eBegenna — 2025—01—01

1 Obnactb NnpuMeHeHus

Hactoawwii cTangapT onpedenseT MeToLONoruio NpUMeHeHus (hopManbHbiXx METOQOB ANA OLEHKM
CBOWGTE poBacTHOCTM HEHPOHHLIX ceTeil. OCHOBHOE BHMMAaHWe YAenseTcsa ToMy, kak BoifupaTh W MCNONbL30-
BaTh (hOpManbHbIe METOAb!, @ TaKKe YNpasnaTh UMK ANA NOATESPKAEHWS CBOMCTE poBacTHOGTM.

2 HopmaTuBHbIE CCLINKK

B HacTosuemM cTaHaapTe WCNonb30BaHbI HOPMATUBHBIE CChINKW Ha crneaywlWe cTanaapTsl [Ana aartu-
POBAHHbLIX CCbINOK NPUMEHRAIOT TOMLKO YKA3aHHOE M3faHWe CobifOYHOIo cTaHaapra, ANA HeaTupoBaHHbIX —
nocnegHee nagaHue (BKMK4Yan Bce nameHenuna)l:

ISO/IEC 22989:2022, Information technology — Artificial intelligence — Artificial intelligence concepts
and terminology (VHdopMaunoHHbLIe TEXHONOTWW. VICKYCCTBEHHLIM WHTENNEeKT. TepMuHbl U onpefeneHns)

ISO/IEC 23053:2022, Framework for Arlificial Intelligence (Al) Systems Using Machine Learning (ML)
[BkocuecTema paspaboTku cuctem UckyccTBeHHOro uHTennekta (M) ¢ nenons3cBaHuem malluuHHoro ofyde-
Hua (MOJ]

3 TepMMHbLI M onpeaeneHuns

B HacToAwemMm cTaHoapTe npUMeHeHbl TepMWHBl W onpeaeneHva no WMCO/M3K 22989:2022,
WCOIM3K 23053:2022.

MCO n M3K nogaepxuBaldT TepMUHONorndeckne Basbl gaHHeIx ANS NPMMeHeHUs B cchepe cTaHaapTu-
3auUMK NO CNefYoLWMM aapecam:

- oHnaiH-nnaTgopma MCO: aoetynHa no cebinke: hitp:/fwww.iso.org/obp;

- 3nexTponegua M3K: goctynHa no cceinke: hitp://www.electropedia.org/.

3.1 obnactk (domain): Habop BOIMO¥HBEIX BXOOHLIX OAHHBIX ANA HEAPOHHOW CETW, XapakTepnayemeli
aTpubyTamMu oKpyXKeHWs.

Mpumepsi

1 HeiiporHasA ceme, 8bINOMHANWaA 3adayy 06pabomKu ecmecmeeHHO20 A3kIKA, MaHUnynupyem mex-
cmamu, cocmoswumu uz cnos. Hecmomps Ha mo, YMo KOJIUYeCIT80 BO3IMOXHbLIX PasfiuiHbLIX MEeKCMOoe He ozpa-
HUYEHO, MakcuMankHasa dnuHa kaxdozo npednoxeHus ecezda ozpaHudYeHa. Takum o6pa3oM, ampubymoM, onu-
chigaoWum daHnyro obnacme, Moxem bbime MakcuManeHo donycmumas dnuHa dns kaxdozo nNpednoXeHus.

WNapanue ochuumnansHoe
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2 lMpu 3axeame ofnacmu uzoGpaxeHull nuy mpedyemcA, HanpumMep, Ymobkl paiMep uzobpawerun 6bin
He meHee 40x40 nuwcened. fluya e nonynpogune pacnosHaromcs ¢ bonee HUIKUM YyposHeM MoYHocmU U npu
yenoeuu, 4mo 60bLUHCMEO0 Yepim NULa OCMAarMmCcs pasuyuMbiMu. AHanozuyHeIM o6pazom o6pabameigarom-
CA U YacmuYyHO nepekpbimbie uzobpaxeHus. Kaxk npasuno, dna o6HapyxeHuna Heo6xodumMo, Ymobk! 6bLI10 BUOHO
6onee 70 % nuua. Paxkypcel, Npu KOMOPLIX KaMepa U nuyo Haxodamca Ha odHold ekicome, pabomarom myyule
gcezo, a Npu nepemeweHuy 063opa ebiwe Ha 30 epadycoe unu Huxe Ha 20 epadycos om NPAMO20 HanpaseHUs
Kayecmeo yxydwaemcs.

NMpumedaHue — ATpubyT MCNONB3YETCA ANS ONUMCAHWA OBBLEKTA C KOHEYHLIM Yucnom aTpubyToe, fame ecnu
obnactb MoxeT ObiTb HEDTDBHMHBHHOF‘I.

3.2 arpubyrT (attribute): CeoiicTBo MNK xapakTepucTika o6bekTa, KoTopasa MoXeT BbiTb KONWYeCTBEHHO
WNK Ka4eCTBEHHO pa3nnyMMa YenoBeKOM WNKM aBTOMaTHM3UPOBAHHLIMK CpeacTBaMM.

MpumeydaHdune— Cwm. [5], (3.2), N3MEHEHHLIN — «CYLIHOCTLY 3aMEHEHA Ha «00beKT».

3.3 obnacThb ¢ KOHeYHbIM YHcnom obbekToB (bounded domain): MHOMecTBO, cofepiallee KOHeY-
HOE YKMCNO O0BLEeKTOB.

lMpumepbr

1 O6Gnacme ecex donycmuMbix 8-6umHbix RGB-uzobpaxerull ¢ N-M KONUYeCMeoM NuUKcenel ozpaHuYeHa
pazMepoM, Komopkill He npeesiwaem 25637,

2 Konuvyecmao acex donycmumbix npednoxeHuli Ha aHanulickoM A3bike 6eckoHe4yHo, cmedosamensHa,
danHas obnacmb ABNAEMCA HEOZPaHUYeHHOL.

MpumeyaHwne — KonuiecTso 0DbEKTOB B HEOrpaHW4eHHoW obnacTn BeckoHedHo.

3.4 06BbeKT ¢ KOHeYHbIM Yucnom aTpubyTos (bounded object): O6bekT, NpeacTasnNeHHbIA KOHEYHBIM
Yyucrnom aTpubyToB,

MpumeyaHue— B otnu4ne oT 0BbeKTa C KOHEYHBIM YHCIIOM BTPMBYTOB CYLLECTEYIOT 0BbEeKTEl C HEOTPaHUYEH-
HblM YMCIIoM aTtpudyTos.

3.5 crtabunbHocTb (stability): CeoRcTBO HERPOHHON CETU COXPaHATH HEM3MEHHBIMUW BbIXO4HEIE A&H-
Hble APU U3MEHEHMW BXOAHBIX OaHHbIX.

MpumevyaHwe — B Gonee ctabuneHOW HEMPOHHOW CETH BbIXOOHBIE OAaHHbIE C MEHLLUEN BEPOATHOCTHI NOO-
BEPrHYTCHA UEMEHEHUAM, ECNK HA BX04e W3MEHEHWA NPOSBNAKITCA B 3aWYMISHHLIX AaHHBIX.

3.6 yyBcTBMTENBLHOCTL (Sensitivity): CTenexs, B KOTOPOW BbIXOAHBLIE QaHHEIE HEWPOHHOWM CETH M3MEHA-
HOTCA NMPH U3MEHEHUWN BXO[HbIX AaHHbIX.

MpumevyaHune — B Gonee YyBCTBUTENLHOW HEAPOHHOW CETM BbIXOOHLIE AZHHLIE W3MEHATCA ¢ Bonblwer Be-
POATHOCTBIO, ECAM MIMEHEHWA HA BXOOE ABNAIOTCA MHOPMATUBHBIMA.

3.7 apxurekTypa (cucTteMmel) (architecture): OcHOBHEIE NOHATUA UMK CBOWCTBA CUCTEMbI B €€ OKpYXe-
HWK, BOMMOLLEHHOW B 86 3NEMEHTAX, OTHOLIEHUAX M KOHKPETHbLIX NPUHUKNAX 86 NPOEKTa W Pa3BUTHA.

3.8 penepaHTHOCTB (relevance): YnopsooyeHHas oTHOCUTENbHAA 3HAYUMOCTE BIIMAHWA OOHOMO NOTO-
K& BXOOHLIX OaHHbIX Ha BbIXOOHbIE AaHHbIe HEeWPOHHOW CETW MO CPaBHEHWK CO BCeMW APYTMMMN BXOGHLIMU
AaHHBIMW.

3.9 kpuTepwmia (criterion): MpaBuno, Ha KOTOPOM MOMYT BA3UPOBATLCA CYMOEHUE UNK pPelleHne, WU
Npaewno, nNo KOTOpOMY NPOJYKT, YCNyra, peaynstaT WK npoUecc MoryT BbiTe OLUEHEHBI.

Mpumedadne— OnpegeneHne npueeaeHo & [6], (3.1.6).

3.10 Bpemeunh'le pAaael (time series); PRg nocnegogartenbHblX 3HAYEHMA, XapakTEpMayHLWWX nameHe-
HWE NoKasaTens BO BPEMEHH.

Mpumeyadune — OnpegeneHne npueeneHo e [7], (3.54).

3.11 pocTtmkmmocTe (reachability): CeoicTeo, onvceiBalowee, moxet nu areHt MW goctrye Habopa
COCTOSIHWA B 3a[1aHHOM OKPYKEHUK,

3.12 kyco4HO-NWHEWHaA HEWpPOHHAR ceThk (piecewise neural network): HefpoHHaa ceTe, MCNONLaY-
LAs KyCOMHO-fIMHERHbIE (DYHKLIMA aKTUBALIMA,

MpumeyaHue— Npumepamu hyHKLMA NMHERAHOR akTHBaLUMK AensoTea Rectify linear unit mnu MaxOut.
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3.13 6uHapu3oBaHHaA HelpoHHaRA ceThk (binarized neural network): HelipoHHan ceTb, OCHOBHLIE Na-
pameTpbl KOTOROW ABNSAKTCH ABOMHHBIMK.

3.14 pekyppeHTHaa HelpoHHana ceTbk (recurrent neural network): HefpoHHas ceTk, B KOTOPOW Kak Bbl-
XO[HLIE AaHHbIe NPeasLIaYLLIEro cnos, TaK 1 pe3ynsTaThl NpeabIayLWEero wara BeIMUCNEHWA NOJAKTCA Ha BX0A
TeKkyLeMy Cnoto.

3.15 TpaHcidopmepHan HeApoHHan ceTk/TpaHcdopmep (transformer neural network/transformer):
HeipoHHas ceTs, MCNONL3yOWAA MexaHuaM BHUMaHua (self-attention) onsa onpeaeneHua 3aBUCUMOCTH MEX-
Oy BXOAHbIMW AaHHLIMK BO Bpema obpaboTtkn,

3.16 nposepka c noMmowso mogenu (model checking): [okasarenscTso cnpaseanueBocTy hopmMans-
HOroD YTBEPHKAESHWA TeopKuu.

3.17 cTpykTypHoe TecTupoBaHwue (structural-based testing)™: [luHamudeckoe TecTupoBanue, AN KO-
TOPOTo TECTH ABMAKTCA PE3YNLTATOM aHANU3a CTPYKTYPEI 3NEMEHTA TECTUPOBAHWA.,

MpumeuaHun

1 CTpykTypHOE TECTUROBAHVE HE OrpaHYeH NCNONb3DBAHKEM Ha YPOBHE KOMMNOHEHTOB, 8 MOMKET MCNonkL30BaTh-
CA Ha BCeX YPOBHAX, HAanpuMep NpyM NOKPLITHKA NYHKTa ME2HID, Kak YacTh TeCTUPOBaHWA CUCTEMEI.

2 Metopwka BknioyaeT B cebA TECTMPOBaHWE BETBEM, TECTUPOBAHWE PELLEHNI 1 TECTUPOBaHWE ONepaTopoE.

3 OnpeneneHue npueegexo B [8], (3.80).

3.18 TecTMpoBaHWe Ha ocHoBe cneuucukauun (specification-based testing)**: Tectupoeanue, oc-
HOBHbIM BA3UCOM KOTOPOIO ABMAOTCA BHELWHWE BBOAbI M BbIBOAbI 3NIEMEHTa TECTMPOBAHWA, OBLINHO Ha OCHO-
Be cneundrKaumu, a He ee peanM3auns B MCXOQHOM Kode MNKU UCNoNHAeMOM NporpaMMHoM oBecnedeHun.

Mpumeyauue — Onpenenedne npueeneHo B [8], (3.75).

4 CokpauweHus

B HacToAwem cTaHgapTe NpUMEHEHE CNeadyolne CoKpalleH a:

BHC — ©bwunHapwnaoBaHHble HEMPOHHLIE CETH;
THC — rpadioBble HEMPOHHLIE CETH,

1y — WCKYCCTBEHHbIN WHTEMNekKT,;

KINHC — kyCOYHO-NWHERHLIE HERPOHHbLIE CETH;
MPT — wmarHuTHo-pe3scHaHcHas Tomorpadus;
PHC — pekyppeHTHble HEHPOHHBIE CeTH;
PCA — pagap C CMHTE3UpYEeMOW anepTypon;

UM — waeTuyHo-LenoducneHHoe nMHelHoe nporpaMmmMupoBaHile;
RelLU — dyHkuma aktueaumn RelU;

SMC — zapaya BbINONHUMOCTU MO MOAYIO BbINYKNOCTH;

SMT — TeopuW BLINDAHUMOCTKW NO MOSYMIO.

5 OueHKa pobacTHOCTM

5.1 Ob6Wue nonoxeHUn

B koHTeKCTe HEMPOHHEIX CeTen cneundnkauum pobacTHOCTH 06LI4HO NpeacTaBnsAlT cobon pasnu4Hele
YCMOBWSA, KOTOPLIE MOTYT €CTECTEEHHEIM MW COCTA3aTENbHLIM 00Pa30M M3MEHWTECA B 38BUCHMOCTH OT cde-
pPbl AeATENBHOCTH, rOe NPUMeHAEeTCA HerpoHHaa ceTk (cM. 5.2).

lMNpumepst

1 Paccmompum HelipoHHYH cemek, komopasa oGpabambeieaem MedUUUHCKUE CHUMKU, 20€ 8X00HBIe JaHHBIe,
nocmynasoujle @ HelipOHHYI0 cemb, co6Uparomces ¢ MOMOLLLI0 MedULUHCKO20 yempolicmea, Komopoe ckaHupy-
em nayueHmos. [TonyvyeHue HECKOMbKUX CHUMKO8 0OHO20 U MO20 #e NayueHma, ecmecmeeHHo, He npusodum
K MONyYeHUo UGeHMUYHLIX CHUMKOE. M0 ceA3aH0 ¢ GOIMOXHLIM He3HAYUMELHLIM U3MEHEeHUeM MoNoKeHUa
nayueHma unu oceeLweHuUs 8 KoMHame, ompaweHueM o0bexma unu doGasneHueM Cry4alHO20 WyMa Ha amanax
nocm-06pabomku U306paXeHUA.

¥ CUHOHUMaMUK CTPYKTYPDHOM TECTUPOBAHWA ABNAKITCA TECTMDOBAHIME Ha OCHOBE CTDYKTYDBI, TECTUDOBaAHE METO-
A0OM NMPpo3paYHOro AWLWKa.

**  CUHOHMMOM TECTUPOBEHWA Ha OCHOBE C!"IELI,HdJMKBLLHH ABMNAETCA TECTUPOBaHWE METOOOM 33KDbITOMD ALIWKA.
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2 Paccmompum HelipOHHYH cemb, komopaa ofpaBambiaaem ebixodHkle JaHHkIie damyukoe U Gopmo-
8bIX Kamep caMoynpaensemMoz0 mpaHcnopmHozo cpedcmea. Benedecmeue GuHaMuyHoU nMpupodbl OKpyXaro-
ez0 MUpa, NPUMEepaMu KOMopold MO2ym CAyXUmb No200HLIE YCIOBURA, 3a2pA3HeHUe okpyxarouwlel cpeds! u
yernoeus oceeuweHus, exodHkie daHHele Ona HeUpoOHHOU cemu MO2ym UMemsb WUPOKUE eapuayuu paznudHbix
ampubymoe.

PoBacTHOCTE HEHPOHHOW CeTH, Kak NPasuno, He MIMEeHAETCs BCNeACTBUE U3MEHEHWIA, NPoMcXoaaLlnx
BO BHELUHEM DKpy#eHuu. 3aTem pobacTHOCTL HEMPOHHON CETK MOXKeT BbiTh NPOBEPEeHa HA COOTBETCTBUE U3-
MEHEHWAM TaKWuX YCIOBUA OKPYKEHWS C NOMOLWbKD COOTBETCTBYLWKMX NPOKCU-cneundvkaumin B cdepe npu-
MEHEHWA HERPOHHOW CETH.

Ceoictea pobacTHOCTU MOMyT 6biTe NOKANEHBIMKA UNK rnoBGaneHeiMK [10]. Yawe Bcero npoBepaloTes
nokansHble, a He rmofanbHble CBOMCTBa poBAacTHOCTU, NOCKONbKY WX Nerye onpeaenuTs. CBOMCTBA NOKanb-
HOW poBacTHOCTY 3a0aKTCA B OTHOWEHWKY BLIDOPKM BXOAHEIX AaHHLX M3 TecToBoro HaBopa naHHex. Hanpu-
mMep, ecnit naobpaxeHne NpaBWnbHO KNaccuhMUMPOBaHO Kak aBToMODMNb, CBOMCTBO nokanbHoW poBact-
HOCTW MOMXET yKasbiBaTb, YTO BCE M30BpameHws, CreHepupoBaHHbLIE MOBOPOTOM WCXOLHOMo u3chHpaxeHus
Ha 5 rpagycos, Takke knaccuduuMpyioTca Kak asTomobune. HegocTaTkom nposepkn NoKanbHBIX CBOWCTE
poBacTHOCTK ABMAETCA TO, 4TO rapaHTUK ABNAKTCA NOKansHLIMK ONA NpeaocTaBneHHoNn TeCTOBOW BuIBOPKK
W HE pAcnNpOCTPaHANTCHA HA Apyrve esibopk B Habope padHex. CeoncTea rmobanksHon poBacTHOCTM, Ha-
oBoport, onpegensoT rapaHTiM, KOTOPbIE COXPaHSIINTCS AeTePMNHUDOBAHHO ANS BCEX BO3IMOKHbBIX BXOOHbIX
ganHeix [11]. Ana cdhep NnpUMeHeHKus, B KOTOPLIX BXO4HBIE YHKUMU UMEIOT CEMaHTHYECKOe 3HaYeHne, Hanpu-
Mep cUCTeMbl NpegynpeigeHna CTONKHOBEHWA B Bo3ayxe, mobaneHele CBOMGTBA MOryT DeITk 3agaHel NyTem
onpedeneHna JOMYCTUMBIX BXOOHBIX 3HA4EHWA ONA BXOAHbIX YHKUMA, npednonaraemMblx B peanbHOM pas-
BepreiBaHuK. OnpegeneHue 3HaUMMBIX BXOAHBLIX 3HAYEHWA RABnseTcA Gonee cnoXHOM 3ap0adeil B YCNOBUAX,
Korfla oTaenbHbie PyHKUKA HE MMEKT CEMaHTUYECcKoro aHadeHna. Habop ceoincTe poBacTHOCTY, ONUCAHHBIX
B JaHHOM pasgene, He ABNASTCH MCYEPNLIBAIOW MM 1, BOSMOXHO, B Bygywem DygeT gononHe.

5.2 MoHATKe obnacTH

BonbwuHeTso cuctem KM, BKNoYMas HEWPOHHLIE CaTW, NpeaHasHadYeHsb! Ans paboTel B anpeaeneHHomM
OKPYHEHWW, TE MX SKCNNYATALNOHHLIE XApaKTEPUCTMKA MOy T BhITe ONpeaeneHsl N OUEHEHE! (TUMWYHLIE NO-
KasaTenu oueHKn MoxHO HanTu B ISO/IEC TR 24029-1:2021, tabnuua 1). PoBacTHOCTL, ABNAACE OOHUM K3
KMIDUYEBLIX CBOMCTE HEAPOHHOR ceTu, HeoTaenvma oT obnacTi, B KOTOROA oHa thyHKUMoHupyeT. CylwecTeo-
BaHve obnacTu © KOHEeYHLIM YMCNOM O0BbEeKTOR NoApa3yMeBaeTCsl BO MHOFWX NMPUMOXEHWAX ANA HEAPOHHBIX
cetei (Hanpuvep, knaccudurkauna wacbpaxkeHuih npegnonaraer Hanw4yue vaobpaxeHnii onpeaeneHHoro Ka-
YecTBa W B onpegeneHHom dopmate).

Mapagwrma areHTa, npegcTaeneHHan Ha pucyHke 1 v BocnpowuaseeaeHHas no MCO/MIK 22989, gpemoH-
CTPUPYET, Y4TO areHT BOCTIPUHUMAET CBOE OKPYMHEHWE W NPeanpuHUMasT JencTena ONf OOCTHMEHWA onpege-
neHHbIX uener. B npeacraeneHHon napagurme ocoboe BHUMaHWE YOeNABTCSH Pa3niyHbIM KOHUBNUWAM areH-
Ta I 1 okpykerua. Noxarue obnactn oTpaxaeT orpaHuieHnsl COBPEMEHHOW TEXHONOIMK, KOrfla HelpoHHas
CeTb, ABMAACE OnpegeneHHeiM TMnom arenta MK, TexHmnyeckn cnocobHa JocTHYb 3a4aHHOn Uenu TOMBKO B
TOM criyyae, ecrn oHa onepupyeT COOTBETCTBYHLWMW BXOOHBLIMW OaHHEIMMW.

KoHuenuwus oBnacTy OCHOBLIBABTCA HA CNeayoLMX NPUHUMNAax:

- oBnacTb onpegenserca YeTko yCcTaHoBNEeHHbIM Habopom aTtpubyTos (1. e. obnacte cogepxut oBbexTsl
C KOHEYHBIM Yucnom aTpubyToB);

- cneyndonkauma oGnacty gonxHa ObiTe gocTaTouwHoW gns Toro, 4Tobbl cuctema WA seinonHsana ogHy
WA HECKOMBKO 3a4aHHbIX 38434 Mo HasHa4YeHWIo;

- AaHHbIE, UCcnonb3yeMble AnA obydyeHnsa, AonkHel GblTe PENPE3eHTATUBHLIMKW NO OTHOLIEHWID K OaH-
HbIM, HA OCHOBE KOTOPLIX NpeanonarasTca AenaTth 3aknyeHue.

Onpepenedwe obnacTtu BkMovaeT B ceba ykasaHve Bcex aTpubyToB AaHHLIX, HeobxoauMEIX ANA BOCTU-
WeHWA HEMPOHHOW CeTbiD CBOEN Lenw.

HexkoTopele nonynapHele cepbl NPUMEHEHWA HEMPOHHEBIX CETEH OXBATHIBAKOT NpUnokeHwa B obnactu
3peHwsn, o6paboTtkn peun n pobotoTexHukn. [Ina onucaHwa aTux obnacrteit u, Yto Bonee BaXHO, MX W3MEH-
HWBOCTM, Kak NPaBuno, WCNonbL3yTCH YMCNoBkie atpubyTel. MNpumepamn MoryT cnyxuTe bopma obbekTa Ha
W30BpaKeHHW, MHTEHCUBHOCTE HEKOTOPBIX NUKCENEN WnK aMnnnTyaa 3ByKOBOTO CUrHana.

OpHako gpyrue o6nacTh mMoryT GblTh BbipakeHsl ¢ NMOMOLILK HEYMCNOBLIX aTpubyToB, BKNo4as ob-
paboTky ecTecTBEHHOro fA3bika, rpaduky U macwTabHbiil Kog (MCnonb3OBaHWE aBTOMAaTWYEcKoro obydyeHus
Ha OCHOBE CYLLecTRYWLWero koaa). B atux crnyyasx atpubyTel MOryT 6biTe HEUMCNOBLIMUK, HANPUMEpP CNOBA B
npeanoxeHnr unn pebpa B rpacde.
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OeicTane

QrpyxeHue

Bocnpuatve

Pucyrok 1 — Mapagurma arexta

ATpubyTbl No3sonaT paspabotyuky MM creHepmpoBaTe B 06nacTu 4pyryto CYWHOCTb U3 YKE CYLLeCTBY-
HLWen cylwHoCcTH. ATpuByTe! Qon¥He! BeITE orpadvdeHsl B cneundukaunm pobacTHoCTH,

5.3 CTtabMnuHOCTL

5.3.1 CeolcTBO CTAOMNBLHOCTH

CBOMCTBO cTAaBWNBHOCTW BLIpaXaeT CTeNeHb, B KOTOPOH BLIXOA4HLIE AaHHbIe HEMPOHHOM CeTH OCTakTCS
HEW3IMEHHBIMKW MPU U3MEHEHWKM €& BXOAHBIX OaHHBIX B onpeneneHHon obnactu. MNpoeepka cTabunesHoCcTH B
oGnacTtu, rae NpenonarasTcy coxXxpaHeHue NoBeaeHns, NO3BONAET NPOBEPUTE, MOMKET N COXPAHATLCA WU NPO-
W3BoAMTENLHOCTL. CBOWCTBO CTABUALHOCTM MOXET BhiTh BbIpaXeHo B 3aKpbiTon dopme (Hanpumep, «Haxo-
OWTCA MK U3MEHYUBOCTL HUXKE 3TOrO NOPOrOBOro 3Ha4eHun?» ) NUBo B OTKPLITOM dhopMe (HAaNPUMED, KKAKOBA
camasn bonslian crabunbHas obnacTe?»).

Ans fgokaszaTtensCcTea TOro, YTO HEMPOHHAA CeTh coxpaHseT paboTtocnocobHOCTE NPKU HANUYKMKW 3aLLYM-
JNEHHbIX BXOAHBIX OaHHbIX, AOMKHO BbITk BbipameHo CBOWCTBO cTabunbHocTh. CBoWcTBO cTabunbHOCTU cne-
OYET Mcnonk3oBatk B 0DNacTAX, KOTOPBIE, C TOYKKM 3PeHVA OXMOaeMorc noeedexus, obnagatoT HEKOTOPBIMK
CBOWCTBAMW perynspHocTi. W HanpoTue, B xaoTu4eckown cucteme cnegyet uaberate UCrnone3cBaHWA 3TOrC
CBOWCTEA, NOCKONBLKY 3TO He ABMAETCA peneBaHTHeIM. OOHaxko, Aaxe korga perynapHocTs obnacTh Henerko
noATBEepAWUTL (HanpuMep, B XaOTUHECKON CUCTeMe), CBOMCTBO CTabMNbHOCTH MOXeT BeITk MCNONb3oBaHO ANA
CpaBHeHWA HEMPOHHLIX CeTel.

5.3.2 Kputepuih ctabunsHocTH

Kputepuin ctabuneHoCcTW onpegenser, CoxpaHaeTcs N cBOACTBO CTabWNbHOCTH B KOHKpeTHOR obBnacTuy,
a He Tonbko Ana onpeaeneHHoro Habopa npuMepos UNK Ans nogMmHoxecTea obnactu, HanpuMep Ana obyda-
HOLWKMX MW BanMaauWmodHelx Habopos aaHHuix. Kputepwuid ctabunsHocTy moxeT BbiTe NpoOBEPEH C NOMOLWLIO
hopmansbHbiX METOLOB, ONWCAHHbIX B 6.2,

Kputepuii cTabunbHOCTM JOMKeH onpeaenaTe no KpaiHel mepe obnacTe 3HaYeHWW W NPOCTPaHCTBO
BbIXO4HLIX 3Ha4YeHWN, B KOTOPLIX OH BbIN M3MepeH, a Takke oXxnaaeMoe CBOWCTBO CTabUNLHOCTH.

Kputepuii ctabunbHOCTH MOXeET 6biThb UCMONL30BAH B KaYecTBe OOQHOMD U3 KpUTEepUeB ANA CPaBHEHWA
Mofenen.

Ona cbecneveHns TOMHOCTW CPaBHEHWA Modenein Heobxogumo cobniogeHwe cnefywnx TpeboBaHwii:

- HEMPOHHbLIE CETU BLINOMHAKT OAMHAKOBYK 3aaaqy;

- KpuTepuil cTaBWNeHOCTW MCNONL3YETCA B TOW Xe obrnacTu;

- KpuTEpPWUK CTAaBWNBHOCTH MOATBEPXKOEET TY Xe Lenb.

Hanpumep, ons HEAPOHHOW CETK, BEINOMHAKLWEN KNacCcugukauuio, KpuTepnid ctabunbHOCTH oUeHKWBa-
2T, BLINONHASTCA NW KOHKPETHOE pelueHue ONns kaxaoro exoda B oGnacTu. Ans HeApOHHOK CeTu, BLIMONHAK-
Liei perpeccuio, KpuTepui cTabunbHOCTY OUEHUBAET, OCTAeTCA NW perpeccus ctabunbHol B obnacTtu.

Ons npumMeHeHWA KpUTepUs cTabuNeHOCTH OH JOMKEH ONWPaTLCA Ha paHee CYLEecTBOBAaBLUYIO MHGOpP-
Mauuio 0 NpeanonarasMom BbiXOAE HEMPOHHOW CeTH, KoTopas MoxeT GbiTs M3BecTHa paspaboTunky M unu
moxeT BbiTb onpefenexda apyrum cnocobom (C MCNONbL30BaHWEM CUCTEM MOOENUMPOBAHWMA UMK pellaTtenei).

5



roCT P UICO/M3K 24029-2—2024

Kputepuid ctabunbHOCTU NOAXOOWT ANS OUeHkH poBacTHOocTW B 0BNacTW, B KOTOPOW OXuUOaemMblil OTBET AB-
nseTcsa aHanorvdHelM. Mo 3Tol NpYuyvHe pexomeHayeTca UCNONL30BaTE KpUTepui cTabuneHoCTH Ans nobo-
ro npouecca NPMHATHUA pelweHnid, obpabaTeiBaeMoro HEMPOHHOKW ceTho (Hanpyumep, Ana Knaccugukaumm i
uoeHTUMUKaUnKm).

5.4 YyBCTBUTENBHOCTL

5.4.1 CBOWMCTBO YYBCTBUTENbLHOCTH

CBONCTBO YYBCTBUTENLHOCTH HEMPOHHON CETW BhIPAXKAET CTEMNEHbL, B KOTOPON BbIXOAHLIE AAHHBLIE HER-
POHHOW CETW UIMEHAIOTCH NPY U3MEHEHNK e BXOAHBIX AaHHbIX. [ins oueHKku pobacTHOCTH HEMPOHHOW CETH B
obnacth wHoraa HeoBXxoaMMo NPOBEPATL M3AMEHYMBOCTE CMCTEMB!. [Ns 3ToM LUEenyW cneayeT NpoBoauTs aHa-
N3 YYBCTBUTENBHOCTU N5 ONPEaeneHus TOr0, HACKOMNbKO CUMNBHO MEHSETCA CUCTEMA W KaKue BXOOHbIe faH-
HBIE MOMYT MNOBAWATE HA 3TO OTKNOHEHWE. 3aTeM 3TOT aHanu3 CPaBHWBAETCA € paHee OnpeaeneHHbIM Npea-
nonaraemeiM Nokasartenem NPoM3BoOAWTENBEHOCTH CUCTEMBI.

AHan1a YyBCTEMTENBHOCTW AOMKEH UCNOMNbL3oBaTbea B 0BNacTK, ecnu oH NpuMeHaeTcA AnAa onpegene-
HWA TOro, OCTAETCA N HERPOHHARA CeTk OrpaHn4yeHHoi. Kak u B cny4yae co cBOWCTBOM cTaBUNbHOCTK, aHanu3
YYBCTBUTENLHOCTW Bonblue NoAXoauT Ans obnacrei npuMeHeHus, KoTopble 0GnagalnT HeKoTOopbIMK CBOMN-
CTBAMW PErYNSPHOCTH.

5.4.2 KpuTepuit YYBCTBUTENLHOCTH

MocKonbKy KPUTEDWMIA YYBCTBMTENBHOCTH BhIPaXaeT CBOWCTBO B 0ONacTy (a He B KOHKpeTHoM HaGaope
NPUMEPOEB), Er0 MOXHO MPOBEPUTL C NMOMOLLLID (hopManbHeIX METOL0B, OnucaHHbix B 6.2,

Kputepwit 4yBCcTBMTENBHOCTA AOMKEH ONpenensaTe 0bnacTs, B KOTOpPo# OH BbIN M3MEpeH, U Kakue no-
POy YYBCTBUTENLHOCTHA NOANEXAT NPOBEPKE.

Kputepwil YyBCTBUTENEHOCTH MOXET ObiTe MCNONL30BAH ANA CPAaBHEHWA Pa3NUYHbLIX apXUTEKTYP Hel-
POHHBIX ceTel nnw oByyeHHeIx mogenei. [ina obecnedYeHns TOYHOCTM CpaBHEHWA Moaenen HeobxoauMo co-
briogeHwe cneaywowmx Tpebosanunia:

- HEMPOHHLIE CETU BbINOMHAIOT OOUHAKOBYH 3aaa4y,

- KpUTEPUWIA YYBCTBUTENBLHOCTM WMCMNONL3YeTCA B TOM e obnacTy,

- KPUTEPWIA YYBCTBUTENEBHOCTW NOATBEDHAAET TY e Uenb.

Kputepuii UyBCTBUTENLHOCTH OCOBEHHO NOAXOAUT ANA HERPOHHLIX CeTel, BLINOMHAKLLMX 33034 UH-
Tepnonayuy unu perpeccuid. [ns Takvx 3afad kpuTepuid YyBCTBUTENBHOCTU MO3BONAET NOMYYUTL NpaAMoe
OoKa3aTensCTBO NPOTUE aBCconoTHOW/3TanNoHHOW UCTUHBI, KOTOpas MOXET pacnpocTpaHATLCA Ha oBnacTb.

Kputepuii YyBCTBMTENLHOCTM 0BLIMHO BhipaXaeTCcs B 3aKPLITOR (hopMe Kak NOPOoroBoe aHaveHWe WameH-
YMBOCTW B ONpepeneHHon obnacTi Bapuaumi BXOOHbLIX SaHHBIX,

5.5 PeneBaHTHOCTb

5.5.1 CBONCTEO peneBaHTHOCTH

CeoWMCTBO peneBaHTHOCTM B HEWPOHHOW CETW BbIPAKAET NOPAAOK BAUAHUA BXOAHLIX AAHHLIX HA BhI-
X0AHbIE W MOXEeT ObiTk BeIMUCMEHA ANA Kawkgod eJuHWLbI BbIXOAHEIX OaHHbIXx. PeneBaHTHOCTL BblpaMaeT
WHAMBUOYANLHOE BIMAHWE KAXOOW OWHWUbI BXOAHLIX AaHHbIX Ha Pe3ynsTaT, NonyYeHHbIH Ha BbIXO4HbIX
AaHHBIX. N8 KaxA0ro BeIX0Aa COBOKYMHOCTL BXOAHBIX AAHHBIX MOXET BbITe OTCOPTUPOBAHA NO CTENEHW WX
BO3AEWCTBMA HA 3TOT BbiXxod. CBOACTBO peneBaHTHOCTH NPOBEPAET, YO0BNETBOPAET NK AOCTUIHYTEIA NOPAOOK
TpeGoBanuam, chopMynupoBaHHbiM paspabotumkom M. CeBORCTEBO peneBaHTHOCTH MOMXKHO NPOBEPUTL C NO-
MOLLEID Pa3nWyHBIX METOA0B ANA OUEHKW BNUAHWA KaX 40N edvHULBl BXOAHEIX AaHHbIX, B oTnnyune ot ceoicTe
cTabMNbHOCTW W YYBCTBUTENBEHOCTU CBOACTBO DENEBaHTHOCTH MOMET NPUBECTHU K pa3HoOrnacuam Memay akc-
nepramu, OTBETCTBEHHLIMM 3a ero oueHky. [1Be HEWPOHHLIE CeTH MOTYT MMETL OYMeHb pasHble peaynsTaTthbl No
CBOWCTBAM DENEBAHTHOCTH W NO-NMPEXHEMY CHUTATLCA NpueMneMbiMu. HeoBXoaumMo BKMOYKTE B NPOTOKON
CpaBHeHWs MEeTOZ, paspelueHna NpoTHBOPEYMBLIX pesyneTaToe. Hanpumep, AN pazpelleHus onpefeneHHelx
CUTYauWin NPOTOKON MOXET MCNOMNL30BaTk CUCTEMY rONOCOBAHUS.

CBOMCTBO pENEBAHTHOCTW CREAYEeT WCNONL30BATE B TEX CNyYaRX, KO3 HEAPOHHAS CETh BbINCMHAEST
3afiauy, KoTopasa MoXeT BbiTh BbINOMHeHa Yenosekom. [Ina Takux cnyyaes cnenyeTt KOppekTHo onpeaenuTs 1
NpoeepuTs 0B0CHOBAHWE BhIXOAHBIX AaHHBIX HEAPOHHOW ceTh. CROMCTRO pENeBaHTHOCTY ONpeaensaeT, MOXHO
Ny rapaHTUPOBAaTh NPOW3BOAVTENBHOCTL CUCTEMBI MO NPaBWNbHBIM NpUYuHam, B aTom cnydae pobacTHOCTL
cucTembl ByAeT onpaBaaHa, a He NpPoCcTo 3anABneHa. 3Ta NpoBepka MoxeT ObiTk BLINONHEHa BPYYHYK Yeno-
BEKOM-OMNepaTopom WUNKu aBTOMATUYECKM C UCNONb30BaHUEM STANOHOB, KOTOpble Bbinu NpoBepeHsbl paHee.

6



rOCT P UICO/M3K 24029-2—2024

5.5.2 KputepuiA peneBaHTHOCTH

KpvTepuii peneBaHTHOCTU Bblpa}aeT CBOWCTBO peneBaHTHOCTM B ofnacTi, koTopoe TpebyeT AemoH-
CTPaLMK CBA3M MeXAOy KaxObiM BXOOOM W Bbixofom. [Ans atoro HeobBxogum meTog, cnocobHblil pasnenurs
BNMSHWe Kaxaoro Bxoda. A OOCTMXEHWA 3TOM Lenu MoryT BbiTb MCNoNb3oBaHbl hopMankHble MeTodbl,
OGHOBAHHbIE Ha GVMBOINWYEGKOM, NMOTMHECKOM WGHWCIIEHWM WKW BbIMMGIMTENbHBIX MeTodax. [Tpumepsl dop-
ManbHbIX METOOOB, OCTYNHLIX 4MA NPOBEPKW KPUTEPWA PENEBaHTHOCTH, NPUBEAEHb! B 6.2,

Kputepuih peneBaHTHOCTH JOMKEH oTpamaTs 06nacTts, B KOTOPOW OH BN MaMepeH, n oxuaaeMbie pe-
3yneTatel. ECNu oxupgaemele pesynestaTtsl He MOryT GbiTh onpegeneHsl anpuopK, KPUTEPHA PENneBaHTHOCTH
JOMMKeH No KpaiHei Mepe NpeacTaBNAaTe METOAONOIMI0 OLEHKW pe3ynbLTaToB.

KpuTepuii peneBaHTHOCTH MOXET GbITe MCMONL30BaH ONA CPABHEHWA Pa3fIMYHEIX APXWTEKTYP HEWPOH-
HbIX ceTen unu pesyneTatos obyveHus. [na obecnevenns TOYHOCTM CpaBHEHNS Heobxogumo cobnwaeHue
cneayowmx TpeboBaHuia:

- HEMPOHHbIE CETW BLINOIMHSOT OAMHAKOBYHO 3anady,

- KpUTEPUH PeneBaHTHOCTY UCMONBL3YETCA B TOM e obnacty,

- KpUTEPWA PeneBaHTHOCTM NOATBeRKAART TY Ke Lenb.

Mpumep — fOns HeliponHol cemu, eninonHAoueld 3adavy knaccughukayuy, kpumepuli peneaaHmyocmu
moxem GblmMb UCTOML306aH ONs NPoeepPKU MOS0, PACNOAMKEHL! NU HaubGonee penesaHmMHbIe MUKCENU Ha onpe-
denedHol yacmu udeHmugbulupyemMozo obbexkma (Hanpumep, Koneca dna udeHmudgbukayuu mMpPaHcMnopiNHOz0
cpedcmea). [na HedPOHHOU Cemu, 8bINONHANWEH NPosHOCMUYeCKUU aHanu3 epemMeHHbix padoa, kpumepul
peneaaHmHocmu Moxem 6LIMbL UCNoNL3I08aH ONA Npoaepku coomeemcmeun npedckazaHHo2o cobsimua no-
2UYeckUM ebigodaM, npueMaeMbiM dna pazpabomyuxka MW (Hanpumep, cuzHan, onoselwarowull o nepezpese
dauzamens, KOmMopkLIl ecKope ebIlidem us cmpon).

KpuTepuini peneBaHTHOCTM MOeT GbiTe BLIPAXEH B PasnuyHbIX 3afaqax npu ycrnosun, 4To pesynsrar
MOXeT DbITe NpoaHanuaMposaH paspaboTtunkom M. Kputepui peneBaHTHOCTH MOXET MCNONbL30BaTLCA, Ha-
npumep, B 3agavax knaccudpukauuy, obHapyKeHns, MHTepnonaAuuKn unw perpeccun. Nposepka kpuTepus pe-
NEBAHTHOCTH MO#eT ObITe aBTOMaTHM3NPOBaHa WK Ke OCHOBEIBATLCA HA OLeHKe YeNoBeka ANa onpeaeneHns
TOro, ABNAETCA 1M NOAYYEHHbIA pe3ynsTaT npuemnemsiv. B cnyyae ecnu nposepKka OCHOBLIBAETCH Ha OUEeHKe
YyenoBeeka, NoMy4eHHoe MM pelleHne MOXeT BLITk NepedaHo B Ka4yecTee HOBOro TpeboBaHnsa aAna asToMaTi-
3aUMKM TECTOB B MAKCUMAanbHO BO3MOKHOW CTENEHN.

5.6 JocTHUMMOCTL

5.6.1 CBOMCTBO OOCTUKWMOCTH

CBOWCTBO AOCTHXMMOCTH HEAPOHHOW CETHU BblpaX)aeT MHOTOCTYNEHYATYIO NPOU3BOAWTENbHOCTL CETU B
COUETAHWUW C 86 OKPYXKEHWEM 3KCnnyatauun. 3TOT TUN CBOWCTE NPMMEHWM K cucTemam, paboTarlmMm 8 napa-
OWrme areHTa, Kak NokazaHo Ha pycyHke 1. CBONCTBO JOCTWXUMOCTW NPOBEPAET, MOXKET nu areHt MW goctuye
Habopa coCTOAHWA NPW MCNONB3CBRaHUW HEWPOHHOW CeTH AnA ynpaeneHys coboi B 3aaHHOM OKPYKEeHUW.
CBONCTBO AOCTUMMMOCTU MOXET onpedennTe HaBop cocToanui cBos, koTopeix areHT MW gomxeH waberaTe,
nuBo HaGop cOCTOAHWIA LenK, KOTOPbLIX OH A0MNKEeH JOCTUYb.

05 Belpa}eHWs 3TOro TUna ceoicTea TpebyeTcs onpeaeniTs MOAENb OKPYKEHWA, ONUCKIBAIOLLLYIO BAK-
AHWe geilcTena aredta MM Ha ero cnepyowee coctoaHue. QKpyKeHWE MOMET Pa3BMBaTLCA KakK OeTepMUHM-
CTMHYECKW, TaK M CTOXacTHUHECKW. B OeTEPMUHHMPOBAHHOM OKpPYM¥EeHWH CBOWCTBO OOCTMKMMOCTM MOKa3biBaeT,
moeT nu areHT MW gocTtuye onpegenenHoro Habopa cocToAHWIA,

5.6.2 Kputepwin 4OCTMHMMOCTH

KpuTepuili AOCTUMMMOCTI BbipamaeT CBORCTBO AOCTMHMMOCTH B 3afjaHHoM HabBope HadanbHbIX COCTOA-
HWA. A 0eTepMUHMPOBAHHOID OKPYXEHWA 3TO NPOBEPAETCH C MOMOLWBH METOO0B, ONUCaHHBIX B 6.2.4. InA
CTOXaCTUYECKOTD OKPYKEHUA KPUTEPUWIA BbipayaeT BEPOATHOCTL JOCTueHMA Habopa cocToaHui. [laHHan Be-
POSTHOCTE MO¥ET DbiTk ONpedeneHa ¢ NoOMOLLBI METOAOB, ONUCaHHbeIX B 6.2.5,

KpvTepvuin OCTUXMMOCTY OOJPKEH YOOBNETBOPRTHCA ANA 3adaHHoro Habopa HavanbHbiX COCTOSHUIA,
KOTOPbIA MoxeT OblTe 330aH Kak 4yacTe kputepus. [nA onpegenedud Habopa HavyankHbIX COCTOSHWA, NS
KOTOPBIX HEMPOHHARA CETb YOBNETROPHAET KPUTEPKUID, B KAYECTEE anbTepHaTUBbI MOXHO UCNONb3oBaTs op-
ManbHbie MeTodbl. MNMpeuMylIecTBO UCNOoNLIOBAHWA KPUTEPWA AOCTHMUMOCTI ANA OLEHKW HEeWDOHHOW CeTu
3aKMYaeTcs B TOM, 4TO OH obecneYyrMBaeT MEeTpWKY NMPOM3BOAWTENBHOCTH CETW B 3AMKHYTOM OKpPYXEHWN.
Takum oBpazom, oH MoXeT GbiTs UCMONbL30BAH ANA BbIDAXEHWS CBOWCTE GE30NACHOCTM BLICOKOMD YPOBHA,
BbIXOAALLKWX 38 pPAMKW CBOWCTE BXOAA-BbIX0aA.
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HarpumMep, B cnyyae ¢ CUCTEMOM NPefynpexAeHUs CTONKHOBEHWS B BO3AYXE C NPUMEHEHHEM HelipoH-
HOW CETW KPUTEPWIl AOCTIMUMOCTI MOXET BhipaxaTe TpeboBaHve uaberate AOCTWHEHWA Habopa COCTOAHWIA
CTOMKHOBEHWA C YYETOM KOHKPETHOM MOLENN OKPYKEHWA.

6 MNMpumeHumocTb hopMmanbHbIX METOAO0B K HEMPOHHLIM CETAM

6.1 Tunbl paccMaTpMBaeMbIX HEMPOHHLIX CETEN

6.1.1 ApXuTeKTypbl HEMPOHHBLIX CETEN

6.1.1.1 ObBwue nonomxeHws

Mpw npoekTUpoBaHn M paapaboTke HERPOHHLIX CeTeR MOryT MCNONL30BaTLCA PA3NMYHBLIE TUNbLI APXK-
TekTyp. PopmancHeie MeTodbl Beprndnkaunm HEMPOHHEIX GETEN 3aBUCAT OT ux apxuTekTypel. B 6.1.1 anvck-
gawTcs hopmankHee MeToabl, paspaboTaHHbie ONA Crnegylwmnx apXMTeKTYP HeApPOHHLIX CeTeR: KyCO4YHOo-
NUHERHBIX, BUHAPUAOBAHHEIX, PEKYPPEHTHBIX HEAPOHHLIX CETer U TPaHCIOPMEPHbLIX HEAPOHHEIX CeTel. XoTa
NPeCcTaBNeHHbIA NepeYeHb HEMPOHHBIX CETEeR He ABMAETCA MCYEPNbIBAOLLMM N MOTYT NOSBUTLCH HOBLIE ap-
XUTEKTYPbI M COOTBETCTBYIOWME hopmankHble MeTogel BepuduKkaumm, oH OxBaTeiBaeT OoMbLLIoe KoNu4yecTeo
CYLLECTBYHOWMX apXUTEKTYP HEHPOHHEIX CETEN M NPUMEHAEMBIX METoR0B. Bonee nogpobHan nHgopmauwa ob
YNOMAHYTLIX MeTogax npeacTtaeneHa B 6.2,

6.1.1.2 KyCco4HO-NUHEenHbIE HENPOHHbLIE CETK

KNHC [12] He ucnonsayoT HenvHelHble hyHKUMK, Takue Kak curMounaa unuv runepbonnyecknii TaHreHc,
HO OHW MOTYT NPUMEHATb NMHENHLIe NPeobpa3loBaHnA, Takne Kak NMOSHOCBSA3HbIE MW CBEPTOYHLIE CIIOW, CIou
obrenuHeHws, Takne kak MaxPooling, 1 Takme onepauwnu, Kak nakeTHas HOPManu3auus UK OTCEB, KOTOpLIE
COXPaHAKT Kyco4Hyo niHenHocTe. KITHC coctaensAoT Gonbliyio YacTe COBPEMEHHBLIX HEHPOHHBIX CeTew.

B [13] npeanoxeHsl dopmManbHble mMeToAbl BepudKrKkalumK, KOTopble cHavyana npeobpaayiot KIHC B
MaremaTu4yeckn IKBNBaneHTHEIN Habop NHeNHLIX KNaccuduUKaTopos, a 3aTem UHTEPNPETURYIOT KaxuabIin nu-
HEeWHBIN KnaccuduKaTop No Npu3Hakam, AOMMHUPYIOWKWM B ero npeackasanun, Jpyrue metodel Bepudnkalm
paccmatpusaioT KITHC kak rnoBansHylo oNnTMMWU3aUWOoHHYK 3adady M MCNONbL3YIoT TakoW MeToq, Kak pelua-
Tens SMT. B [14] chopmansHas npoeepka pobacTHOCTW NpeacTasneHa B BUMAE CMELUAHHOW LEenoYUCHeHHOI
nuHerHon nporpamMmel. Opyrie metoasl npeactasnexsl B ISO/IEC TR 24029-1. JononHWTeneHble MeToab!
npoeepkn BkntodatoT Fast-Lin — Fast-Lip [15], CROWN [76] u chopmaneHbii aHanus GesonacHocTu [17].

6.1.1.3 buHapvaoBaHHbLIE HEMPOHHEIE CETH

B BEHC ece onepauun fBNAKTCA JBOUYHBIMK, YTO OENaeT 3TV CETH 3MEKTUBHBIMMK C TOYKK 3pEHUA Na-
MATH W BbIYMCNEHWI, NO3BONAA UCNONB30BATE CNELWAanU3UpPOBaHHbIE ANrOPUTMEl ANS BBICTPOrO YMHOKEHUS
OBOWYHbLIX MaTpul. C Menonb3oBaHWeM TakoW apxMTekTypbl GbINK cO3gaHbl pasnuYHble BGTPauBaemMble npu-
NOMEHWA, HAYWMHASA OT KnaccuduKkauum n3obpax)eHuii 1 3akaH4mBas obHapyxeHnem cbwekToe [18].

dopmansHaa npoeepka Takmx BHC Geina gocturHyTa nyTem co3gaHus ToYHoro npegctasneHua BHC
B Buae Bynesoi opmynsl Takkum o6pazom, YTo Bee AONYCTUMbIE NApbl BXOO0B W BLIXOO0B AAHHOA CETK AB-
nawTcs peweHnamu Bynesoi dopmynsl [19]. 3aTem npoBepKa QOCTUraeTCsa C NOMOLLLI TAKMX METOOOB, KakK
BLIMONHUMOCTE Byneskix hopMyn KU LIeno4vMcneHHoe NuHeiHoe nporpaMmMmyupoBanie [18].

6.1.1.4 PekyppeHTHble HEWPOHHLIE CETK

PHC oBecneymBatoT TOYHYHO M ahhekTUBHYO obBpaboTky nocneaoBaTenbHLIX OaHHEIX BO MHOTMX cde-
pax OeATensHOCTH, BKNOYAn pedb, hUHAHCE! U TekeT. Ha kaxaom spemedHom ware PHC ofHoenaeTt ceoe
BHYTPEHHEE COCTOSAHWE HAa DCHOBE BXOAHbLIX AaHHBIX Ha 3TOM LWare W BHYTPEHHEero COCTOAHWSA Ha Npefbl-
aywux warax. OkoHYaTenkHbIA pesyneLTaT nony4aeTcs No OKOHYaHWK nocrnepoBatenkHon obpaboTku Beex
BXO/HbIX AAHHbIX.

PHC, ncnonbayeMylo B Ka4ecTBe KOHEYHOrO KnaccudukaTopa, MOXKHO paccMaTtpyBaTh Kak MallnHy ©
BeckoHeuyHbIM Yuenom cocToanuid [20]. Ona Takon cucTemMbl © BeckoHeYHbIM COCTOSHUEM KOHEYHEIR aBToMaT
mMo¥eT BTk 0By4eH © MCNOMBE30BAHMEM METOACE aBTOMATU3MPOBAHHOTO DBYYEHWA, TAKWX Kak TEHEBAA MO-
[erb, annpoKCUMHUPYOLWAas PACCMATPUBAEMYIO CUCTEMY. 3aTeM TEHEBYKD MOLeNlb MOXHO MCNOMNb30BaTs ANd
npoeepkn cooteetcTeus PHC cneundimkaunm, HanpymMep ¢ NoMoLbio METOLOB Nposepkn Moaenu. MNomumo
NPCOBEPKM MOAENnu ANA AoKa3aTenkCTBa NoKaneHoW HagewHocTn PHC, nenoneayemeix npy knaccudukay
OaHHBIX W300pameHVit, OaTHMKOB ayamo W asuxkeHus [27] moxeT ObiTe NpumeHeHa abCcTpakTHas WHTep-
npetayus.

6.1.1.5 TpaHcdopmepHbie ceTn

TpaHcthopmepHsle ceTu — 310 TMN Mogenel rmyBokoro obydeHna ¢ apxuTeKTypow kogep-fekogep [22].
C nomouk10 KogWpoBLUKKa TpaHchopMep Ha4ynHaeT ¢ reHepaum npeqcTaBneHuin NNy BNOMeHWA 407 Kaxngon

B
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OTAEeNLHOW YacTk Bxofa. Mpu aTom TpaHcopMaTop UCNONbL3yeT Mogens BHUMaHua self-attention gna arpern-
poBaHKA MHopMaLMK U3 BCex Apyrux YacTein Bxoaa, 4Tobkl creHepupoBaTh HOBOE BHYTPEHHee NpeacTasne-
HWe AnA Bxoaa. 3aTem aToT War NOBTOPAETCA HEeCKONLKO pas napannensHo ANS Bcex YacTel BXoAa, nocnefao-
BaTenbLHO reHepypyA HOBbIE BHYTpeHHWe npeacTtasneHus. [ekonep paboTaeT aHanorm4Ho M reHepupyeT oaHy
4yacTe Buixogda 3a pas. [Npu atom gexkogep obpawaeTtcs K 4PYrMM paHee creHepupoBaHHbLIM YacTaAM Buixoda, a
TAKKE YUUTBIBAET BHYTPEHHUE NPEACcTABNEeHUA, CreHepUPOBaHHbIE KOOWPOBLWMKOM. Takum oBpasom, TpaHce-
hopMeEpBI COOepHaT CNo¥HbLIE CNOW BHYTPEHHEro BHUMAHWA, KOTOPbIE CO34al0T MHOMecTBo npobnem ans
BEpPUMMKALMK, BENIOHYAS NEePEKPecTHYI0 HEeNMHERHOCTE M 3aBNCHMOCTEL OT NepeKkpecTHoro nonoxeHus. Crnow
BHYTPEHHEID BHUMAHKS ABNANTCA Hanbonee cnokHeimn anemeHTamn opmansHon Bepudvkauun pobact-
HOCTH TpaHchopMaTopos.

B [23] npeanaraetca meTtod dpopMmansHoi Bepudmkaumnu pobacTHOCTM TpaHohopMepoB: Ccnoi TpaHc-
chopmepa pasbueaeTcs HA HECKOMNLKO NOACNOEB, U B KaMAOM NOACNOE BLINOMHAKTCA HEKOTOPLIE DnepaLum
Haf HelpoHamu aTora NOACNos. BeinonHAaemeie onepauuy B LENOM AeNSTCA Ha TPY KaTeropuu:

- NWHERHbIE Npeobpa3zosaHKs,

- YHAPHLIE HENWHENHLIE hYHKLWK,

- onepauun B Mmogenu self-attention.

Kaabiit nogecnoil paccMaTpuBaeTes Kak Cogep:aLiuii n no3uuuii B nocnefoBaTenbHOCTH, NpUHYem Kak-
088 MO3NLWA COOEPXKUT rpynny HeMPoHoB. [ANa KaaoR ua 3TUX NO3NLUWA TpaHnLsl BEIYUCTIAKTCA OT Nepeoro
00 NocnefHero Noacnos.

6.1.2 Tun BXoOHbLIX 4aHHLIX HEMPOHHLIX CeTen

6.1.2.1 O6wwe nonoxeHnA

B 3agayu HeWpoHHbIX ceTel BxoguT obpaboTka pasnuuHbiX TMNOB BXOAHLIX SaHHbLIX AMA NOAy4YeHWs
HECKONBbKUX BO3MOMHbLIX TUMNOB BbIXOAHBLIX AaHHbLIX (cM. 6.1.1). TpunoxeHus HEeRpPOoHHLIX ceTeil paboTawT o
TakUMW TUMAMK JaHHBIX, KAk M3obpaxeHue, BpeMeHHoN paf, ecTEcTBeHHBIR A3kbIK, rpathvkn v Tabnuus.
XoTs npeacTaBneHHbIR NepeYyeHb He ABNAETCH MCHePNLIBAKWMM U MOTYT NOSBUTLCH HOBbLIE NPUMOXEHWH, OH
OXBaTblBAGT 3HEYMTENEHYIO YacTk TUNOB AaHHbLIX, NPUIoAHEIX ANA 06paboTku HERPOHHEIMY CETAMMA,

OpHako dhopMankHele MEeToAbl MOTYT MMETL OrpaHWYeHWA Ha TO, KaKON TN SaHHbIX MoeT Dbk ad-
heKTMBHO NpoaHanWanpoeaH. Kak npaeuno orpaHM4eHns HaKkNaabiBakwTCA Ha:

- MacwTabupyeMocTk UX BEIMWCIEHWA B 3aBMCHMMOCTY OT pasMepa BXOLHLIX AaHHLIX (M cneaosaTensHo,
cetn);

- XapakTep BXOOHbIX AaHHbLIX ANA MOOennpoBaHUs BO3MYLLEHWIA.

Mpw npumeHeHVK hopManbHEIX METOA0B WWPOKO PacnpocTpaHeHo orpaHuderHne macwtabupyemocTw,
HerpoHHana ceTe npeaHazHayeHa Ans ogHoBpemeHHon obpaboTkM HeCcKONbKWX BXOOHBIX BeKTOpoR. OgHako
MaTteMaTn4yecku AoKa3laTk CBOWCTBO ANA BCced obnacTy (T. e. ANA KaXaoro BXo4HOro BEXTopa) No CBOEW CyTH
CNOXKHEE, YEM BbIYMCINTL PE3YNLTAT [ANA HEKOTOPbIX TOYEK BHYTpY obnactu.

Bropoe orpaHWyeHVe BbITEKAET U3 xapaktepa obnacTu, NpeacTaBNEHHON BXOAHBIMKW A8HHLIMK, 1 BO3-
MOKHOCTH MOZENnnpoBaTh (PoOpManbHOe 00Ka3aTensCTBO B AaHHOW obnactu. 370 orpaHuyYeHve 3aBucuT oT
npegcTasneHus atpubyToB, KOTOPLIE UCNONL3YIOTCA ONA onucaHua obnactu (oM. 5.2). B HekoTopbix cny4vanx
aTtpubyThl ABNAKITCA YMCNOBLIMM, YTO NO3BONAET NErko CMOAENMPOBAaTE HEKOTOPYH 3HA4MMYH W3MEHYMBOCTL
atpubyToB.

6.1.2.2 [laHHble nzobpaxeHua

BoamoxHocTe cOpaboTkn naobpaxeHuit — ogHa 13 NpUYMH HeGaBHEro ycnexa NpMMeHeHUA HEMPOHHBIX
ceteir. CnocobHOCTE HEMPOHHbIX ceTei obpabaTbiBaTs HECKOMNBKDO TUMNOB M3obpaxeHuin (HanpuMep, ¢ Kame-
pel, MFT, pagapa, rugponokatopa v PCA) paanuyHoro paspeleHnsa Unn gaxe evaeonoToky cnocodbeTeoeana
WX LMPOKOMY BHEOPEHWIO.

C TouKkWM 3peHWs opmanbHOro MeTOAa NOKPbITUE BXOAHOrO NPOCTPAaHCTBA ONPEAEensAeTcs pasMepom
MaTpribl, YMHOMEHHBIM Ha KONMWYECTBO M3MEpPEeHWA Kawgoro nukcend. ObpaboTka Donblinx naobpameHnin
MOMET OKa3aThCA CNOMHOW 3afaqel ANA MHOMMX popMankHeIX METOACE, KOTOPBIE NPVBA3LIBAKDT CUMBON K
KaKAOMY U3AMEPEHWKD KaXOoro Bxona.

Ons gemMoHcTpauuy M3MeHEHWA BO BXOAHOM NPOCTPaHCTBE ANSA M300panKeHun MOXHO onpeaeniTb He-
CKonbko aTtpubyToB. Hanpumep, OCBELEHHOCTE M30BpaKeHns MOXET DbiTe BbipaXeHa U3MEHEHWEM WHTEH-
CUBHOCTW NuKkcenel. MameHeHns okpyxeHus moryT ObiTe Bonee cnoXHsIMKU, OQHAKO NPW UMEKLWENCA BO3-
MOXHOCTH NPOBEOSHUA aHaNMTUYECKOro anpegeneHns namMmeHeHna MoryT BbiTk BeipaXeHsl HENOCPEACTBEHHO
B IHAYEHWAX MUKCENER, YTO NO3BOMAET HANPAMYK NPpUMEHATE dpopmankeHeie meTodel. B cnyvyae HeBoamox-
HOCTW NPOBEdeHUsA aHaNUTUYeCKoro onpedeneHusa HaMeHeHUa MOoryT ObiTh BbipaXeHbl © NOMOLLLIO annpok-
cuMauuKM Modenu, NPUMEHeHHON K 306pakeHunto (HanpumMep, ¢ UCNONb30BaHWMEM MAaCcK1 Ha M3obpameHun).

9



roCT P UICO/M3K 24029-2—2024

6.1.2.3 [laHHble BpeMeHHOro psaga

HepaeHue poctukeHus B oBnacTu TEXHONOTWIA MNPOrHO3MPOBAHWS WNMKCTPUPYIOT NPUMEHUMOCTb
HEWPOHHON CETH K JAaHHBIM BpemeHHénx PAAOR ANA COCTABMNEHUA MPOrHO30B WNK Knaccudukaumin, Kaxasiin
BPEMEHHOR pAA COCTOMT M3 HECKOMbKMX SMEMEHTOB, KOTOPbIE 3anUckIBaloT MHOPMAaLWID, KakK NPaBuno OTHO-
CALLYKOCA K OOHOMY 1 TOMY Xe TUNY AaHHbIX. DOPMATbHBIE METOALI MOTYT NPUMEHATLCS K BPEMEHHBIM PSaam
npy YCroBuK CyLIECTBOBAHUA BO3MOXKHOCTY aHANW3UPOBATL TUM AaHHbIX, XPAHALMUXCSH B KAXKOOM 3NEMEHTE.
B sTom cnyyae pa3mep BXOAHbIX AaHHbIX npefcTasnAeT coBoi Nnpon3seaeHUe ANUHBI KAX40r0 BPEMEHHOMO
paAna, YMHOMKEHHOE HA PA3MEepPHOCTb KaXaoro 3NeMeHTa JaHHbIX.

[Ons npuMeHeHns hopMarnbHbiX METOLOB K A8HHLIM BPEMEHHBIX PAACE TpebyeTcs BO3MOXHOCTbL OCy-
LEeCTBNEHUA MaHUNYNALKWA ¢ MHpopMauven B Kaxgom anemeHTe. O6paboTka BXOLHbIX LaHHbIX MOXET ObITh
GMNOXHOW 3adaqen, NOCKoNbKY WX KONMMHYecTBO MOXET DbiTk NMpoMaBoneHO BonblnM, eCny KaMabii anemMeHT
paccMaTpUBaeTCcA He3aBuCHUMO.

6.1.2.4 [laHHbie ecTeCTBEHHOTO A3bIKa

He#lpoHHele cetn moryT obpabaTelBate TUMNLl JaHHBIX BCTECTBEHHOMD A3bIKa, OCHOBAHHLIX HA TEKCTE W
peun. lLiupokomaciiTabHoe BHeAPEHUE MHTENMEKTYAMNLHbLIX aYJNOYCTPOMUCTE U CNOCOBHOCTE A3LIKOBLIX MOfE-
new reHepMpoBAaTL NErko NOHATHLIA TEKCT HAIMAOHO OeMOHCTPUPYIOT 3Ty cnocoBHoCTh. [aHHbIe ecTeCTBeH-
HOrO A3blKa YaCcTO NPOXOAAT NpefsapuTensHy 06paboTky Nnepen nepenaveil B HEMPOHHYIO CETh.

HekoTopele BAPMALIMK BXOAHBIX O8HHBLIX MOXHO NErko BbIPa3uTe hopMansHo, HANpUMep nyTeMm Lo-
BaBneHunA WymMa k 3anucu. [pyrve Bapualuym MoryT GbiTe HAMHOMO CROXHEs, HANPUMEP yaaneHWe unu ao-
baenexue cnoea B npegnoxexue 6e3 U3MEHEeHWA ero CEMaHTUKU MMM PACCMOTPEHWE PA3HOW CEMAaHTWKW B
npeanoXeHUH ANA PasHbIX AWANEKTOR OOHOTO M TOTO KE A3biKa. PopManbHbIe MeToabl, MPUMEHAEMbIE B 3TO
HacTpoiKe, KacalTCA KaK KOHBeWepa npeasapuTenbHoin 0bpaboTku, Tak U HelpoHHOW ceTu [21].

6.1.2.5 Mpachosbie gaHHbIE

MHC WwKWpoko NPUMEHSIIOTCA B MOMEKYNApHOW BUONOruKM, MCNonbayTea AN BoIABNEHUA MOLUEHHUYE-
CTBa M B COUMankHBIX HayKkax AnA obpaboTku rpadioBkix SaHHBIX ANA paznu4HeIX 3a4ady, TakMx Kak knaccu-
thukauns yanoe, npegckaizaHue ceAzeil W Knaccudukauns rpados. Heckoneko ceolcTe pobactHoctn MTHC
DbinK onpegenexbl Ha OGHOBE BO3MYLUAHLWWX (DYHKLKWIA Y3M0oB, a TakKke BOaMyLWatowWwei CTPYKTYpPHOW uHdop-
mauuw, Takow kak gobasneHvwe unw yganeHue pebep. Boamylienwa, OCHOBaHHLIE Ha NpWaHakax, ABNAKTCA
HenpepbIBHLIMK 1 MOryT dhopmanbHo 06pabaTtbisaTbes aHanoriiHo M3MeHeHMAM UHTEHCUBHOCTM NUKCENen B
13oBpaxeHuax. CTPYKTYPHELIE BO3MYLLEHWA, HANPOTUR, ABNAACL AUCKPETHBIMMK, TPeByioT paspaboTku cneuu-
ANU3UPOBaHHBLIX OPMANLHBIX METOL08.

6.1.2.6 TabnuuHble OaHHLIE

MHorve npuknagHsle cepsl OEATENBHOCTH, TAKUME KAk (DUHAHCHI, 3APABOOXPAHEHUE W MOrUCTUKE, B
3HAUNTENBHOW CTeNeHW 3aBUCAT OT TaBNUYHBIX AaHHBIX, YTO NO3BONAET 3TUM NPUNOKEHWAM KOMBUHMPOBATE
AaHHBIE PA3NUUHEIX TUMOB (HANPUMED, YWUCNOBLIE, CUMBOMEHBIE, TEKCTOBbLIS, KATEFOPWUANBHLIE) U BbIPaXATb
OTHOLUEHUA MeXay anemeHTamu. TabnuuHble AaHHbIe MOryT COAepaTs Kak o4YeHb Bonbluice KOnNWYecTso
CTPOK, T8K U MHOrOa OTKMNOHEHWA BHYTPW KaXA0W CTPOKM, KOTOPbIe NOYTH HE NOOLAITCA NPOrHO3UPOBAHMIO.

MpumeHeHUe opManbHbIX METOA0B K TaBnUuHbIM AAHHLIM C PA3HOPOAHLIMK THNAMW AaHHLIX, Npea-
cTaBneHHbimmn B 6.1.2.2—6.1.2.5, MOXeT NPUBECTH K CNMCEHHBLIM Bbille OrPaHnYeHnsam.

6.2 Tunbl NpUMeHUMBLIX (POpManbHbIX MEeTOL0B

6.2.1 OGwue NONOXKEHUA

6.2.1.1 OBG30p TMNOB NPUMEHUMBIX (DOPMANbLHLIX METOA0B

B 6.2 onucaHel cywecTeyrowme dopmansHele MeToabl, NPUMEHUMBbIE K OUEHKe poBacTHOCTH HENPOH-
HblX ceTeil. 3T MmeToakl MoryT BblTe KnaccupMUMpoBaHsl Ha OCHOBE CNEAYLMX KpUTepUes:

- OHW MOTYT BbITb NOMHLIMKA UMW HENOMHLIMMK;

- OHW MOTYT BbiTe ABTEPMUHWMPOBAHHEIMW MKW HEAETEPMUHUPOBAHHBLIMW,

- OHW MOTYT NMPVYMEHATE BEPUDNKATOPEI, MCNOME3YIWME TECTUPOBaHWEe METOAOM NPo3paYyHoro AwMkKa
WMNK 38KPLITOrO ALLMKAE;

- OHW MOrYT BbiTb OCHOBAaHLI Ha TPaOULUWOHHOW apudMeTUKe BeWECTBEHHbIX YACEN UMK KOMNLIOTEPHON
apudmeTrKe BellecTBEeHHBLIX Y1cer.

6.2.1.2 MNonHble UKW HeNoMHbIe BeEpUUKATOPSI

MonHeie BepudMKaTopsl Aal0T TodHbIe oTBeThl. OHW gokasbiBawT cBoMCTBO pobacTHocT nubo npueo-
OAT KOHTPAPUMED, OEeMOHCTEUPYIOLUI KOHKPETHOE HapylLeHWe 3Toro cBoWCcTBa. HepocTtaTok npuMeHeHus
nonHblx BepudKaTOPOB 3aKNIOYABTCA B TOM, YTO OHW HeadhekTUBHbI NpU npoeepke poBacTHOCTU HEAPOH-
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Hbix ceTel, obecneynBalLMX BbICOKYID TOUHOCTL AN CROXHBIX HABOPOR AaHHbIX. HenonHble BepucukaTopsb
HanpoTHB UCNOMNB3YIOT MeToakl abcTpakuMK, KoTopele MaclwTabupyloTea A0 BLICOKOTOYHEIX HEMPOHHBIX CETEN.
OpHako HenoMHbIe BepuMKaTopsl MOTYT HE AcKa3aTk, YTO CBOWCTEO pobacTHOCTM OENCTBUTENBHO COXpaHs-
eTca.

6.2.1.3 [JeTepMMHMPOBAHHLIE UKW HELETEPMUHWPOBAHHLIE BEpUbUKATOPLI

Korga netepMyHUpOBaHHLIR BepudrKaTop NOATBEMKAAET CBOWCTBO poBacTHOCTH, TO 3TO CBOWCTBO CO-
XpaHaeTca ONS Kaxaoro Bxoda B Npefdenax ykasaHnHow obnactn Bxoga. OfHako HekoTopble MOAEenV, Takue
KaK CETH CMEeLUMBAHWA NAOTHOCTH UKW BApUALMOHHBIE aBTOKOAWPOBLIMKK, MPUMEHAEMbIE B pas3nNUUHbLIX Npen-
METHBIX 0BNacTaAx, Takux Kak NporHo3vpoBaHWe 3anacoe, pacno3HasaHue pedw U reHepaunsa usobpaxeHui,
He OalT AeTEPMWHWPOBAHHLIX BLIXOOAHLIX OaHHbBIX, 8 CKOpPee co3nakT pacnpegenedue. [1na takux ceten dop-
MancHble MeToAsl MoryT GbiTh WCNONL30BaHEl ANA AETEPMWHUPOBAHHOID BbIYMCNEHWA NapamMeTpoB pacnpe-
JeneHys BeIXOAHBLIX AaHHbIX, KOTOPLIE CNpaBeAn1BLl ANs BCex BXOAHbLIX AaHHbLIX (Hanpumep, B BUe CpeaHero
3HAYEeHWs UNKU CTAHOAPTHOrO OTKNOHeHus), Nbo AnA npegocTasneHua OPManbHLIX rapaHThil ux poBacT-
HOCTH C BBICOKOW BEPOATHOCTEIO,

6.2.1.4 Bepwupurkatopsl, WCNONb3yOLWMe TECTUPOBaHWME METOOOM MPO3PaYHOro ALWMKa (pacnonarak-
wue ceBefeHUSMIM O MOLENW) UMK 38KPLITOro ALWKKA (He pacnonaralwve cBefeHuamMm 0 Mogenu)

Beputhvkatopam, WCnonbaywiwum TecTUPOBAHWE MEeToA0M Mpo3padYHoro Awvka, Tpebyetca gocTtyn K
MOOENU (T. 8. K BHYTDEHHEMY NPEACTABNEHUID CETH), BKMIOYAR apXUTEKTYPY U U3yUYeHHbIe napameTtpsl. OaHako
OaHHble BepudukaTopbl He TpebytoT gocTyna k oBy4aowmm JaHHbIM WKW anropuTmy, UCNonb3ayemomy ans
ofy4eHna HepoHHOW ceTU. BepudiMKaTOpbl, MCNOMNL3YIOLWKWE TECTMPOBAHKWE METOOOM NPO3pavyHoroe AUWMKa,
HenpumeHumel B obnacTax, rae pa3sepHyTas MOAENs HeJZoCTynHa (Hanpumep, sawwndposaxa). B Taknx cny-
Yyaax MoryT ObiTb NpUMeHeHbl BEpHUIWKaTOPEI, MCNONb3YHLWWE TECTUPOBAHWE METOAOM 3aKpbITOro AWMKa.
Ons dhyHKUMOHMPOBAHWA Takux BepUUKATOPOB, UCNONL3YILWKMX TECTUPOBAHWE METOAOM 2aKPLITOIO ALLMKE,
TpebyeTca TONLKO BO3MOXHOCTE 3aMycka Mogenu Ha BeibpaHHbIX BXOOHBIX JaHHbIX, 3TO MOXET MPUBOAWNTL
K MeHbLUEH TOYHOCTW 3TOro BepudMKkaTopa OTHOCWTENLHO BepWdUKaTopa, MCNOoNb3YLWero TeCTHpoBaHue
METOAOM NPO3PAYHOro ALLIMKAE.

6.2.1.5 BepudpukaTtopsl apnddMETUKN BELLECTBEHHbLIX YACEN UMK BEPUDUKATOPEI KOMNBIOTEPHOK apud-
METUKWN BELWECTBEHHbIX YNCen

BonblWwWHETBO BepuUhMKaTOPOB NpPeanonaraiT, YTO BLIYMCHAEHWS HEWPOHHOW CETW BbINOMHATCH ©
maeanbHoO apydMeTHKOW BellleCcTBEHHbIX 4ucen (T. e. Be3 ownbok okpyrnexun). Takum oBpasom, rapas-
T pobacTHOCTM BEpPUUKATOPOB HE PacnpoCTPaHAITCA Ha (PakTWYeCKWEe BbIMMCNEHWA, BbINONHAEMBIE C
Wcrnone3oBaHveM apumMeTVKX BEIECTEEHHBIX YWUCEN C NNABAOLWEN 3andAToN, UMK Ha APYTYI0 HECTaHOapTHYIO
KOMMNBbIOTEPHYI0 apuMEeTUKY BeLLleCTBEHHbIX Yncern. [onocoBsle BepUMKaTopkl (CBA3aHHbIE C NPUMEHSIEMON
aputhbMeTUKON), HAaNPOTHE, YYUTBIBAKT CEMEHTUKY KOMNBIOTEPHOW apubMETUKN BELLECTBEHHLIX Yncen W ra-
PAaHTUPYHOT, 4T WX BRIXO[HbIE OaHHBIE OTPaXaT BbiXOAHbIE AaHHbIE HERPOHHOW CETW, BO3MOMHbLIE B paMKax
3TOW CeMaHTUKM. B HEKOTOPLIX CRYy4anx EepUMKaTOPbl MOMYT TakKe YYUTEIBATE U3MEHEHWs B NOpsake Bbl-
YUCNEHWHA (HanpUMep, Koraa UCMone3yTCA TONBKO onepaunu «ocTatok» [24] ¢ NpaBMNLHEIM OKpYTrNeHuem).
B cnyvanx korga onepauuwu [24] c npaBUNbHLIM OKPYIMIEHWEM HE MCNONb3yKTCA, TOraa BeprudHKaTOp MOMET
nNprvbnuanTe OKpyrNeHne, BeIMOMHEHHOE ANA KaK[A0ro onepartopa.

6.2.2 Pewarens

Pewatenu YLNM [25] v 3agada BeINONHAMOCTKH hopmMyn B Teopuax (SMT) [17], [26] oTHoCATCA K chne-
AYHOLWUM MeTogam BepudMKauni: AeTepMMKWPOBAaHHON BepubrKaummn, sepudrkalmm MeTogom NpospayYHoro
AWMKA W, Kak NpaBwno, K NONHON Bepudukaly. OHU KOOWPYIOT BCe BbIYMCMEHWA NaHHOW HEHPOHHOW CeTH
Kak Habop orpaHu4eHnin, a 2atem MCNonbL3yT 3TM OrpaduyYeHns ANA JoKa3aTensCcTea cBoncTe pobacTHoCTH.

B cnyuasax, korga mMetos! NOMHOW BEPUMKALIMKM HEAOCTYNHBI, MCNONL3YIOTCH METOAbl HENONHOW Be-
puthukaymn. Hekotopble HenvHelHble hyHKUMW aKTUBALMK (Takue Kak runepBonuyeckue yHKLAN, BKNOYAR
CUrMOBUAHYIO 1 rMNepBONUMYEcKMA TAHTEHE) CAWULLKOM CROXHL! ANS TOYHOTO KOAUPOBAaHWS, MO 3TOM NpU4uHe
peluaTeny annpoKCHMUPYIOT WX 3BYKOBLIMK abecTpakunamu. [pyrine HenwHelHsle yHKUWK akThBaunK (Takue
kak ReLU) moryT BbITE TOMHO 3aKOAMPOBaHEI.

0ns gokasaTensCTBa 3a4aHHOro CBOWCTBa pobacTHOCTW HEWPOHHAA CeTb W OrPaHuYeHns Ha BXogHble
daHHble KogupyloTes kak aanada YUIM, kotopasa satem moxeT BbiTe MCNoNb30BaHa ANA onNTUMM3aumnm orpa-
HW4eHWs pobacTHocT. CBOMCTBO poDACTHOCTU CHWTAETCH [AOKa3aHHbIM B CIy4Yae, ecrnii rpaHulibl orpaHu-
4YeHWA pobacTHOCTM yAOBNETBOPAKT orpaHudedHusan. Pewartenu SMT cTaeat npobnemy Bepuchbukauun Kak
BOMPOC O BLINOMHUMOCTIW OrpaHNYeHns, KOTopoe BhiNonHAeTes NbGo Het.
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HekoTopele MeTOAbl BKMNIOYAKT CMMBOMWUYECKYIOD NMUHERHYO penakcauui, koTopas BbluucnseTt Bonee
WeCTKWe rpaHuLibl ANA BEIXOA0B HEWPOHHOW CeTH, oTCrexusas ocnabnenHekle 3aBUCMMOCTH MEXAY BXoaamu,
a 3aTeM WCNonb3yeT HanpaeneHHoe YTOMHEeHWE orpaHuYeHuil (YyTOYHEHWE BEIXOOHON penakcauwK nytem pas-
neneHusa Habopa HAaYanbHbIX UMW NPOMEXYTOYHLIX HEAPOHOB) ANA NpoBepKkK cBONCTE GeaonacHocTw [27].
Opyrve meTogbl NpegnaratoT anropuTM, OCHOBaHHbIA Ha SMC, B codeTaHuK ¢ npeapapuTensHoi obpaboTkoii
Ha ocHoee SMC anAa BeIUMCNEHWUA KOHEUYHbIX a6CTPaKUWA ABTOHOMHbLIX CUCTEM, YNPaBnseMmblXx HeWPOHHOM
ceTslo [28].

6.2.3 ABcTpakTHaA MHTepnpeTauva

ABcTpakTHas wHTepnperauuns npeacrasnser cobon o6y ocHOBY ANA aHanuaa SonbWMX K CNOKHBIX
AeTEPMUHUCTCKMX [29] U BEPOATHOCTHLIX [30] cucTeM MacwTabupyeMbiM 06pasom. B KOHTEKCTE HERPOHHBIX
ceTell gaHHbIil MeToq McnonbayeTcs Ans obecnedeHus HenonHoro, AeTepMUHUPOBAHHOMO METOAA NPo3paYHo-
ro AWKKa, KOTOPLIR ocylecTenAeT Beputukauunio pobactHocT Bonblunx HelMpoHHbIX ceTel. MNpouece Bepu-
hUKaLMK 3aKkmoYaeTcs B CrefyloLuem:

- BO-NEepBbIX, NPefocTaseHHble TECTOBbIE BXOAHLIE AaHHbIE N cneyndnkaumns pobacTHOCT B COBOKYI-
HOCTK onpenensT obnacTe, COAEPXALLYH BCE BO3MOKHBLIE BO3MYLLIEHHBIE BXOAHbIE AaHHLIE, KOTOPLIE MOrYT
ObITe NonAyYeHsbl NyTeM U3MEHEHWA BXOAHLIX AaHHLIX Ha OcHOBE chneundukaun pobactHocT. ITa cbnacTs
MO}eT BbITe NpefcTaBneHa TOHHO UMK NPUBNU3UTENLHO C UCNONbL30BAHUEM OMpefeneHHbIX FEOMEeTPUYECKNX
hUryp, Takux Kak NpAMOYTONEHWKWA, 30HO3APEN U MHOTOTPaHHUKX, UMW B BMAE NONB30BATENLCKUX aBCTpakTHEIX
obnacreil AnNA HelpoHHbIX ceTei [31];

- 3aTem 3Ta obnacTb pacnpocTpaHAeTcs Yepea HERPOHHY ceTk Takium obpa3som, 4To KamabIi Cron no-
cnefoeaTensHO NPUMEHAETCA K BXxogHon obnactv, BxogHaa obnacte npeobpasyetca B BbIXogHYIO, cogepxa-
LLYIO BCE BbiXOAHEIE AaHHbIE, AOCTYNHLIE U3 BXOAHOW obnacTu. B 3aBUCUMOCTI OT CROS 3TO MOXKET NPUBECTU
K annpokcumaunam (BeIXOOHbIe aHHbIe, KOTOPLIE HEeAOCTYNHL M3 BXoAHoW obnactu);

- HA 3aKMIYUTENBHOM 3Tane BeIXOAHAR 0BnacTk (PUKCUPYET BCE BOAMOMHBIE BEIXOOHEIE OaHHLIE CETU
Ans BO3MYLLEHWIA BXOOHLIX AaHHbIX, KOTOpble (hOpMUPYHOTCH B COOTBETCTBMW co cneundrkaymamin pobact-
HOGTH,

B meTope abcTpakTHOW WMHTepnpeTauny cylecTBYeT Hew3BemHbll KOMNpoMWEE MeXay TOYHOCTRIO W
mMacwTabupyemocTeio. Hanpumep, npocTele abcTpakTHbie 0BNacTy, Takue Kak AWWKKW, MoryT sepudvumpo-
BATb HEWPOHHBLIE CETU C MUITTMOHAMN HEMPOHOB B TEYEHWE HECKOIBKMX CeKyH/, HO, KaK NpaBuno, ABnaTcs
CAULLKOM HETOYHBIMMW ANA Bepudinkauuy Heobxoanmelx ceoAcTe pobacTHocTy. C apyron CTOPOHLI, NONyonpe-
AeneHHsbie penakcauuu AenaTcA 6onee TOYHLIMK, OAHAKO OHM He MaclTabupylTea Ao Bonbliux ceTtei.
Takum obpasom, knoyom K adidpexkTrBHON BepudMKkaymm ABNASTCH QOCTMMEHWE 3TOFO KOMMPOMMKCEa,

6.2.4 AHanMs LOCTUAHMMOCTH B OETEPMHUHHUPOBAHHLIX OKPYMXeHHUAX

MeToabkl BepudMKaUuUn HERPOHHBIX CETEW HA OCHOBE ACCTUWKHMMOCTU 0BbedUHAT BbIXOAHLIE AaHHbIE
pelwiarenein, onucadHbix B 6.2.2, ¢ MeToAaMu aHanuia fOCTHXMMOCTK, Ans obecrnedvyeHns rapadinm npous-
BOAMTENBHOCTU HEMPOHHLIX CETel € 3aMKHYThIM LWKNOM, hyHKLWOHUPYOLWLWUX B 3a0aHHOM OKpyxeHuu. lNMep-
BbIM LUATOM B 3TOM @Hanw3e ABMAETCA pasfeneHne BXOOHOro NpocTpaHcTBa Ha MHoXecTBOo Gonee menkux
obnacten, HasbiBaeMbix A4enkamy. ONa Kamaoon AYerkn MOMHO WCnonb3oBaTk pewareny ua 6.2.2, 4tobbl
onpenenTe BO3MOKHbLIE YNIpaBNAKUWKME BLIXOOL CETW B onpedenseMoi ew obnacty. JaHHas wHpopmauus
BMECTe € MOOEMNbH OKPYXKEeHWUA NO3BONAET ONpefeniTe annpokCUMaL Wi CBepXY AWAarnasoHa BO3ZMOXHbIX Che-
AyoLmMx cocToaHMA Anst niobon 3aganHon aveinkn. [NosTopeHue 310r0 ANs Beex A4eex B 0bnactu HayansHoro
COCTOSHMA B TEYEHWE HECKONBKUX BPEMEHHbIX LUAroB MO3BONWUT ONpegenuTe annpokcumaunio ceepxy Habopa
OOCTWHUMBIX cocToRHKMiA [32]. Opyron nogxog k atod npobneme cocToMT B ToM, 4ToDObl 3aKogvpoBaTe annpok-
CUMAaLMWIO CBEPXY AVMHAMUWEM OKPYHEHWA KaK OrPaHWYeHns B NporpaMmMe CMeLWaHHbIX LENBIX YMCen 1 MCnonb-
30BaTh MeToA BEPUMUKALMKY CMEeLUaHHBIX UenbiX Yynucen uz 6.2.2 ana peweHus npobnemsl annpokcuMmaunu
CBEpPXY BLIXOAHOM AOCTUKUMOrO MHOMECTBA cocToRAHUA [33].

6.2.5 AHanwu3 AOCTUHMMOCTH B HEAETEPMUHUPOBAHHLIX OKPYHXEHNAX

Ecnv okpyxeHWe ABNAETCA CTOXacTMYECKWM, PELaTENW, YKaidaHHble B 6.2.2, moryT BbiTe 06beguHeHs
¢ MeTogaMu NPOBEpKA BEPOATHOCTHOW MOZENW ANA ONpefeneHds BEPOATHOCTH QOCTMxeHUA Habopa cocTo-
AHWA. AHanorM4Ho MeTody, onucaHHomy B 6.2.4, BXOOHOE NPOCTPaHCTBO AenuTca Ha Habop AYeek, W kaxaas
AYelriKa NponycKaeTcn Yepes pelartens ANA onpeaeneHns BOZMOXHbIX BeIXOOHBIX AaHHbIX HEMPOHHOW CETH.
Mpw NOMOWW AWHEMWYECKOTD NPOrpaMMHUPOBAHNA NPOEEPKa BEPOATHOCTHOW MOAENW ONPEOENAET BEPOAT-
HOCTE JOCTHXEHMA onpedeneHHoro Habopa CoCTOAHWIA M3 3a4aHHOrD Ha4YansHoro cocToAHKA [34]. AganTwu-
pys 3Ty CTPYKTYPY ANns padoTel C AYEMKaMu, a He ¢ OTAeNbHEIMK BXOAHBIMM COCTOAHMAMMW, MOXHO NOMYYUTE
YpeaMmepHo NMpUBNXEHHYID BEPOATHOCTL OOCTWMEHWA Habopa COCTOSHWIA NPU UCMOMbL30BAHWKM HEWPOHHOI
cetu [35].
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6.2.6 MNpoBepka c noMoLW b Moaenu

lMpoeepka c NOMOLILID MOAeny — 370 MeTof A0oKa3aTenbcTBa TOro, 4T0 (popMansHOE BbIpaMeHue
TEOPUKM CNpaBefNWBO NPW OnpeneneHHon wHTepnpetauun. bonee nogpobHyo MHMOPMAUMIC MOXHO HAWTK
B ISO/IEC/IEEE 24765:2017 u B [36]. Teopua BhIpaXAETCH CNOBAPEM CUMBOMNOB, COCTOALLMM M3 KOHCTAHT,
hYHKLMIA W NPeUKaTOB ANS NOCTPOBHUS MPEqNOKEHWA, B KOTOPbLIX (DOPMYNUPYIOTCH YTEBRPKOEHWS O Npea-
nonaraemon cemaHTuke naew. Teopus moxeT BbiTe BblpameHa npeanoxeHWAMN NOrMKW NpefukaTos nubo
wabnoHamn AaHHbBIX. HelApoHHbIe CeTU PACCMATPUBAKTCA B KAY4eCTBe anropMTMOB, NpeaHasHaYeHHbIX ons
oBHapyXeHVa U ucnonb3oBaHus Modenel WwabnoHoe faHHeX. Moaens wabnoHa JaHHeIX CBepaAeTeA ¢ BXOA-
HbIMU JaHHbIMK.

0na npuaHaHus AeVcTBUTENLHOCTM NPOBEPKM Bl JOMKHEI NOABEPTHYTECA BCe moaenw. poeepka ¢ no-
MOLLBEH) MOOENW MOXET DTk MCNONB30BAHA B HENPOHHBIX CETAX 4MA AOKa3aTeNnsCTBa B3aWMOCBA3EH Mexay
pasnu4YHbIMK TUNamy Habopos, KOTopbIE NOAYUHAKITCH HEKOTOPOMY COOTHOLLEHKIO.

MNpumepsb!

1 «Teopus cembur [37] nodvyuHsemcs uHmMepnpemayuu, Komopas peanusyem fpuHadnexHocms U,
npuxHadnewauwux Kk cembe. Takum ob6pasom, Moxem Gbimb dokasaHo, YmMo dea MPOU3E0LHbLIX MUUa AGAIOMCH
nubo He ABNAKIMCH YneHaMmu ceMblu. 3amem npednoxeHue ‘'oduH Yenogex Aensemcs podumenem dpy2ozo Ye-
noseka’ npoaepsiemcst Ana ecex JocmynHbIX nap nuy.

2 lMposepka modenu 6eina ucnone3oeaHa € [38] dna dokazamenecmea CyWeCcMaoeaHuUsa cocmA3amenk-
HbIX 8X00HLIX daHHLIX dna HeupoHHou cemu. Teopus — 3mo A3kLIK, cocmoawul u3 byke, secos U cMewerud,
ONUCKIGaIOWLX HElpoHHYo cemb. MHmMepnpemayus onpedenaemcs Memkol, NPUKPenneHHoll K usoGpaXeHuro
b6ykabl. MoxHo ebiqucnumeL paccmosHue Mexdy kaxdoll 803MOXHOU napoll byke e angasume. 3amem modens
Moxem Obimb npoeepeHa, Ynobsi ybedumscsa @ momM, Yme kaxdoe paccmofHue npeskiwiaem onpedeneHHbIU
nopoz, ycmaHoeneHHb!I pazpaGomyuxom UK. C nomowsr0 HelipoHHOU cemu npedonpedeneHHbie paspadonmyu-
koM MU npeduxamel npogepaIoMca Ha cooOmeencmaeue meopuu.

6.3 KpaTtkoe nanomeHue

Mpu NpUmMeHeHH opmManbHbIX METOA0B AMA OLEeHKW poBacTHOCTH HEeMpOHHbIX ceTeid HeobGxogmmo
YYUTBIBATL HekoTopble acnekTel. C ofHON CTOPOHBI, apxXUTEKTYpa HellpOHHOW CeTl okaskiBaeT BRUsHWe, no-
CKOMBKY KaablH pOpMansHbLIN MeToq UMeeT CBOW CUNBHLIE 1 cnabeie cTopoHbl Npu 0BpaboTke Kaxaon ma-
Tematuyeckon dyHKLMK, UCNONb3yemMon B HEMPOHHOW ceTu. C ApYron CTOPOHbLI, TUN AaHHbIX, UCNOMbL3YeMbIX
B Ka4YecTBE BXOAHbIX AAHHbIX ANA HEAPOHHON CeTW, MOXET OKa3blBaTh BNUAHWE, NOCKONBKY W3MEHYMBOCTh
BXO[HBIX [JaHHBIX, YACMOBON UMW KAaTEMOpUankHbLIA XapakTep W pasmep HanpaMmyio BIKUSIOT Ha 3aTpaTHOCTL
BbIUMCNEHWA U NPOCTOTY (hOpMAanbHOro aHanusa. [1nA pelleHns 3TuxX acnekToB JOCTYNHO HeGKONbKo dop-
ManbHbIX METOAOB: NOAX0Abl C MCNONb30BAHWEM PELIATENS, abCTpakTHan MHTEPNpeTauUvA, aHanu3 JOCTKW-
MOCTH COCTOSHWIA UMW NPOBEPKA C NOMOLLBK MOOENN.

B Hactoswee Bpema Hanbonee pacnpocTpaHeHHble apxXuTekTypel U TUMbl JaHHbIX, obpabatsisaemeie
HEeHpPOHHLIMW CETSMM, MOTYT ObiTe MPOaHANW3WPOBaHLI MO KpaKWHel Mepe ogHUM (DOpPMAanbHLIM METOAOM.
Kaxgblit MeTOq MMEET NpeUMYLLIECTEA U OTPAHMYEHUS (HanpuMep, MacluTabupyeMocTh) U MOXET YA0BNETBO-
PATL DAHOMY UMK HECKOMbKUM KPUTEPUAM, ONWCAHHLIM B pa3fene 5.

7 PobBacTHOCTEL Ha NPOTAXXEHUU XM3HEeHHOro umMkna cucremol MA

7.1 O6wue nonoxeHUs

*Ku3HeHHbIn uukn cuctembl MW, onncadHbiil B MCO/M3K 22989:2022, npeacTtaened Ha pucyHke 2 u
COCTOMT U3 7 cTagui.
B NCO/M3K 22989:2022, nyHKT 5.19, onpeaeneHd Habop poriei  nogponei 3auHTepecoBaHHbIX CTOPOH
g obnactv WK, aknouas noctaewmka MW, npouseoautens WA, paapaBoruuka MW, knventa MM n 1. 4. B Ha-
cToslleM pasgene nogpobHo onucaH cnocob oueHKM pobacTHOCT HEWPOHHOK CETH B NPOLECcCe NPOeKTHPO-
BaHWs W paspaboTku, BepudKKaLMm v BaNMaaLWMmn, pa3BepThIBAHUA U MOHWTOPWHIA 3KCNNyaTaLuu.
13
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PucyHok 2 — lNpumep cTagui 1 BbICOKOYPOBHEBBLX MPOLUECCOE B MOAENN MWU3HEHHOMC UWKna cuetemsl M

7.2 OueHka po6acTHOCTH B Npouecce NPoeKTUPOBaHWA W pa3paboTku

7.2.1 O6wme NnonoxeHus

[Naxe Ha paHHel cTagun pa3paboTki npoBepka pobacTHOCTU HEUPOHHOW CETU MOXET NOMOYbL B e Npo-
EKTUPOBAHMK. Y3HAB Ha paHHel CTaguu O NOoTeHUMAaNbLHBIX HEQOCTATKAX B YacTy pobacTHOCTK, paspaboTymk
W moxeT NpeanpuHATE HeoOxoguMble Wark AnA UX YCTpaHeHWa 1, B CBOKD o4epelb, W3bexaTe HegocTaTouy-
HoW pofacTHoCTK B gansHelWweM (YyCTpaHeEHUE HEOOCTATKOB B 4acT pobacTHOCTW He pacCMaTPUBAETCS B Ha-
cToswem ctaHgapTe). Ha atom sTane npegnonaraetcs, 4Tto ofyyaiowme gaHHBIE W apxXUTEKTYpa HEADPOHHOIA
CETW BCE ELLE OTKPLITHI ANs MameHeHui. @opmMantHele MeTogbl cnocobHbl M3aMepaTe pobacTHOCTL, a Takke
BLISBNATE UCTOYHUKKN €8 NOTEPM, YTo nNpepocTaendaeT paspaboruuky MM eawHyo wHbopmaumio. Hanpumep,
thopManbHbleé MeTObl MOMYT BblAENATE OCOGEHHOCTH, U3YYaeMble HEUPOHHOW CETHID AMNA KOMMbHTEPHOrO
3peHns unu o6paboTku BpeMeHHbIX paaoB. GopmanbHble METOAL! TAKKe MOryT BbIAenATh KNacchl, KoTopble
HEWpPOHHas CeTk HE paanuuaer.

7.2.2 WgenTudpmKauma pacno3HaHHbIX NPU3HAKOE

MaeHTuduKkaumna Npu3HaKkos, pacnosHaHHbLIX HEAPOHHOW CeTbio, no3eonaet paspaboryuky MK nyywe
NOHATL U 06BACHUTH UMK MHTEPMNPETUPOBATEL NOBEAEHWE HeMPOHHOW ceTh. Takum oBpasom, MOXHO Nydwe no-
HATb, KakoW Byner pobacTHOCTL HEMPOHHOW CceTW. 3HaHWe TOro, Kakve NPW3HakW nerde UOeHTHMLMPOBATE,
noaeonser paapaBotduky WM noHATh, B KAKOW CTENeHW HeMpoHHAas CeTb GMOXET BbINOMHMTL GBOK 3afady,
Korga en ByayT npedcTaeneHsl NPOM3BOACTBEHHbIE OAHHLIE.

HelpoHHaa ceTk nonaraeTcsl Ha HEKOTOPLIE NPU3HAKM, KOTOPLIE OHa MOXET M3BNeYk W3 NpegocTas-
AEHHLIX 8A [AHHBIX, HE3aBUMCUMO OT TOro, OCYLLeCcTBNANOCL NK ee obyyeHue ¢ yuuTenem, Gea yuutensa vnu
C NOMOLLLK NOAKPenneHusa. 3TU NPU3HaKKW, KaK NPpaBuMno, HegocTynHel paspabotunky WM Hanpamyio, 1 OHK
He NpefcTaBneHbl B ro CTpYKTYpe B ynobountaemom enae. BMecTo 3TOro OHW BCTPOEHE! B MaTeMaTUUYECKYID
MOAenb, cO3AaHHylo B xofe obydeHus. OTO 03Ha4aeT, 4TO NPU3HaKW He MOryT ObiTh BbIpaXeHsl Henocpea-
cTBeHHO B ynoGoudtaemom evae. OHW npeacTaenaoT cobol MatemaTudeckue apTedakTsl, BblpaXKeHHbIe B
MHOrOMEPHOM NPOCTPAHCTBE.
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@opmanbHble METOfAbl MOrYT MCMOMNbL30BaTk CMMBOMBHLIE UMW PersLWOHHbIe NoAXOAb! AMA YCTaHOB-
nexws cBsav B obnactu Yepes moaenb OT BXOJOB K BbIXoAam HelpoHHoW cetw (Bonee nogpobHo o, 6.2).
37a cBA3k nossonseT paspabortywky MW onpefennTe cTeneHs BNMAHWA KaXO0r0 BXO[A Ha Kaxudblil BeIXOA,.
WayyeHHble npy3Haku B MOLENK OTBEYAIOT 3@ cuny unu cnabocTb Kawaoi oTAenbLHOi CBA3M MexXay BXonom
W BeixogoM. Mpu HaGnogeHuK 3a cBA3AMK MOXHO TalkKe NpocneauTb NOCNeacTBUA M3YHeHHbLIX NPUSHaKoB 1
CnefoBaTtenkHo Nyylle NoHUMaThL UX BKAHKE Ha poBacTHOCTE HEMPOHHOA CeTH.

Ona naeHTUdUKAUWM HEKOTOPLIX W3 W3YYeHHbIX NpU3HaKoB paspaboTtuuk M ncnonbayeT kpuTepuin pe-
nesaHTHocTW. MoaTeepkaeHwe pesynbrarta No KPUTEPWI0 PENEBAHTHOCTM MOXET BbiTh BLINONHEHO BPYYHYHO
(nocpeacTBom NpsMoro nogTeepxaeHus) Nubo asTomMaTYeECKK (NYTEM OLEHKM COOTBETCTEWA LeneBomy no-
KasaTenio peneBaHTHOCTH).

B cny4yae noaTeepxOeHUs BpYYHYIO KCNepT HENOCPeACTBEHHO OLeHWBAET pesynsTaTs no kpuTteputo. Ons
Ny4yLLero noHUMaHKA NOCTABNEeHHOR oueHkn cnenyeT nofaeuts cbocHoBaHWe akcnepTa k oTyeTy 06 oueHke.

B cnyyae asromarnyeckoro NnoATBEpHOEHUS OLEHKa JOMKHA OCHOBLIBATLCS HA YETKOM LeneBom noka-
3aTene peneBaHTHOCTH AaHHbiX. CrenyeT onpenennTe ABHBIA METO] AN W3MEPEHWHA YPOBHSA COOTBETCTBUS
MEXAY PENeBaHTHOCTHI0, M3MEepPAEMOil AN NbbIX aHHBIX, W LIeneBsiM nokasaTenem penesaHTHOCTI. A Tak-
#e HeoBxoAMMOo YCTAHOBWTL NMOPOroBOe 3HaveHue, 4Tobbl NPoBEepUTb, HACKONLKO BLICOK YPOBEHbL COOTBET-
cTBrA. W HakoHel, cnenyeT yKkasaTk Lenesoi NoKasarent penesaHdTHOCTH.

n pumedHaHve — B npouecce noATeepMOeHUs NWYHOCTL W YpOBEHb KOMNETEHTHOCTW OTBETCTBEHHOM nuua
MOryT BbiTh YCTaHOBNEHL! OANA OTCNEXWBAHMA WK QUArHOCTHEN. B cny4ae agToMaTH4eCcKoro NogTeEepPHISHUA NCTOYHUK
Lieneeol peneBaHTHOCTH TAKGKE MOKET BhITh MCNONL30RAH ANS OTCNEXWMBAHWUA UMK QUArHOCTHKN,

7.2.3 MNpoBepKa pa3genMMocTH

Mpoeepka pasfenuMocTh — 3TO MEeTod, UCMOMb3yeMblil B HEHPOHHBIX CETAX, BbIMOMHAKLWMX Knaccu-
thukaymnio. [lna AaHHbLIX HENPOHHLIX CETEN PoMb MOAENU 3aKMi04YaeTcs B NPOrHOZMPOBAHUW KNacca Ha OCHOBE
BXOOHbIX AaHHbIX. [ns atoro knaccudmkaumoHHan mogens 06061 aeT qaHHbIe MeXOy TOYKaMKU AaHHBIX, Ha
KOTOPBIX OHa Bkina obydeHa (M 2a ux npegenamu). YTo KacaeTca KnaccudukaTopa, To Yyem Gonewe Mogens
cnocobHa pasgenaTth Knacckl, TeM adexTreHee ee pesynetat. Taknv obpasom, poGacTHOCTL Takon MOZenu
3aBMCUT OT ee cnocobHocTH 3 eKTUBHO pa3aenATs KNacckl.

Mpu pazpaboTke kKNaccupUKaTOpa PeKoOMeHOYeTCa UCNONB30BaTe KPUTEPHIA YYBCTBUMTENEHOCTH, YTOBLI
onpeaenuTb, Kakue knaccel Bonee wnu MeHee pazfenedbl. [Ins 3ToW UeNW B aHANW3e YYBCTBUTENbHOCTH
cneayet NCnonb3oearTe 0BNacT, NOCTPOEHHLIE BOKPYT TOMEK AaHHLIX B TECTOBLIX AaHHBIX. PasBpoc sHaveHuR
aTpubyTOB CnenyeT NocTENeHHo YBENWYUBaTE ANA CNpegeneHns Toro, Kakue KNacckl HaYMHaIoT Nepecekars-
CA Opyr ¢ gpyrom. [epeceveHue NOHMMaETCA Kak criydal, Korga BbIXOgHbIE JaHHbIE HEMPOHHOW CeTH ans
OAHOTO KNnacca HaYMHaloT NPeBbIlaTh BbIXOOHLIE AaHHbIe Apyroro knacca. [pouece ocTaHaesnuweaeTcs, koraa
BbiXO4HLIE JaHHLIE BCEX KNACCOB NepeceKalTcA Co BCeMM OPYTMMU BbiXOOHLIMKW AaHHBIMK Knacca.

Peaynstartel aHanwaa pa3nenumMocTi OCHOBAHbLI HA NOPSJKE, B KOTOPOM KNAacchl HAYMHAKT Nepecekars-
cA, 1 pazmepe obnactu, B KOTOPOM HAYMHAKT NPOMCXOAUTE 3TK nepecedeHnn. Mo pesynsTatam aHanuaa
YYBCTEWTENBHOCTH MOXHO NPUHATE Mepbl K 00y4Yaow M daHHeIM NMB0 K apXUTeKType HEWpOHHOK ceTn. Liens
COCTOWT B TOM, 4TOBKI YAYyYLWKTE PA3AENUMOCTE KEKA0Mo Knacca nyTem CPaBHUTENBHOMD M3MEPEHUS KEpkaoro
aHanWaa YYBCTBUTENbHOCTH,

7.3 OueHka pobacTHOCTH B npouecce BepudnKaumm n sannaaummn

7.3.1 O6wme nonoxeHns

Ha ctaguu sepudukalm W Banufaunu HEMPOHHAA CeTb TECTUPYeTCs Ha cooTseTcTeue ee Tpebosa-
HUAM W uenam. Ucnone3oeanne qopmansHelX METOLOB HA JaHHOW CTagny He 3aMeHAeT Apyrie CpeacTea
BepudMKaUM M BaNUAaUMM (Takme, Kak cTaTMCTHYeCKOe TeCTMpPOBaHWe WNK nonessie ucnbiTanua). OgHako
thopmanbHele MeTodbl MOTYT AaTb HOBYHO MHbopMauuio o pobacTHOCTH HEWPOHHOW CeTW B npejenax KoH-
KpeTHoi obnacTu. OCHOBHOE NPEUMYLLECTBO NPMMEHEHWUA (DOPManbHbIX METOOOB Ha OaHHOW CTaguK 3aKmo-
YaeTca B TOM, Y4TO OHW NO3BONAKT NpoBoaWThL Gonee ofllee AokaszaTenbcTeO poGacTHOCTHM, NOCKONLKY 3TO
BbINONHAETCA B 06NacTu.

7.3.2 MNMoKpeiTHe YacTel BXxonHoW oBnacTu

BxoaHan obnacTe, B KOTOpoW AomkHa paboTaTek HEWPOHHEA CETb, MOXET DbiTh BhipameHa C pasHou
CTeneHblo CROXHOCTW. HekoTopble M3 HUX onpeaeniTs JOCTATOYHO NErko, Hanpumep AR HeWPOHHOWM CeTH,
BLINOMHAOWEN 3aaa4y perpeccuu no onpeaeneHHomy Habopy AaHHbIX; BCE OHM codepxaTcs B onpeneneH-
Hblx rpaHuyax. B apyrux cnyyasax ato moxet GbiTh Bonee cnoxHbiM. Hanpumep, B 3agayax o6paboTku W3o-
bpaxenui BxogHan obnacTe MOXET XapakTepu3oBaTbCs HEKOTOPLIMKU aTpubyTamn (cMm. 5.2), Ho obuwee onpe-
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fgenexHue obnactv He MoxeT BbiTe NErko onpeaensemMsiM MaTemMaTiyeckim obbekToM. PopmansHbe MeToas!
WCMONb3YIOTCH ANS HEKOTOPbLIX (DOPM rPaHuYHbIX BbIYWMCNEHNIA BLIXOOHLIX AaHHBIX, NO3TOMY criocob onpege-
NEHWs BX0AHOR 0BNacT OKa3biBAET 3HAYNTENLHOE BNMAHKWE HA METOM.

BxogHole o6nacTi onpefenalnTen atpubyTamu, KOTopsIe YKasblBaT NPpOCTPaHCTEO, noanexalwlee ea-
nuaauuu, c u3MeHeHneM Tex aTpubyToB, kOTopele AoMKHEl BeITe orpaduyeHrsl. 3atem hopMansHele METoAb
ucnoneaywTes B obnactax unu yactax obnacTed ¢ MCNONL30BaHMEM KpUTepueB pobacTHOCTM, ONUCAHHBIX B
paagene 5. Cnegyet onpegenuTe 4acTe 0bnactn, gNs KOTOPOW Banvgauus MMeeT CMbLICTT 1 4aeT MOoMe3Hyw
WHpopMaLMIo ANA Nrua, NpoeoaAlero oueHky. Mo6oe Takoe pasneneHne BxodHoM obnacTi Ha YacTH LOMK-
HO BbiTb oBocHoBaHo. B yacTHocTh, B 06OCHOBaHUW SOMKHO ObiTh YKa3aHo, novyemy BblGpaHHbIA KpUTERUIA
cnocobeH oueHnTh poBacTHOCTL AaHHOTO KOHKPETHOrO pasfeneHus BXoaHo obnacTu.

CMbICN MCNOMb30BaHWS (DOPMANbHBIX METOAOB B 4acTu 0BNacTu 3aknio4aeTcs B pacllMpeHnn OLeHKu
poBacTHOCTW B TEX YacTAX, IAe Banvaauns He nposoawnace wnu Beina HenonHoi. B wgeane ougHKa NpoRo-
aUTCA No Beeid obnacTv. OOHAKo Ha NPaKTUKE 5TO YacTo HeocylecTeuMo, ByOb To Ma-3a Toro, Yto obnacTk
HEenerko onpenenuTs Kak equHoe Wenoe, unu 1i-aa pasmepa obnactu.

CnenoearenkHo, NepBbiM LWWAroM SBnAeTcs onpegenedHwWe Yacty obnacTtv, ANA KOTOpoW Banupauws
WIMEET CMbICH U MOXET NPUHECTK NONE3HYID MHMOPMALMID ANS NUUE, NPOBOASALLEND OLEHKY.

[anHyio KoHUenuuio Haunyywum obpasom WNNOCTPUPYIOT OBa pasHoix npuMepa. MNepBelid npumep ©
nerko onpegensemon obnacTbio, a BTOpPOW — ¢ TpyOHO onpeaenaeMon obnacTbio.

B kauecTse Nepeoro NpUMepa paccMoTpUM HEMPOHHYIO CETh, 0DYYEHHYIO MHTEPNONMPOBaTE NOBEAEHWE
MaTeMaTUYeCKOl YHKUAY, NPUHUMAaKLWEN 0Ba BXO4a W BO3BPALLAWEA 0gWH BeIX0S. MpaHuuel, onpegens-
WowKe obnacTb BXOOHLIX OaHHLIX, M3BECTHLI, M OYHKUWSA, KOTOPYH HEeWpOHHAaA ceTb AOMKHA UMWTWPOBAT,
BCerfa onpefenaeTca Mexay aTUMKU rpaHuiamu. B aToM npuMepe Nerko onpefenuTs pasfeneHne BXOOHbIX
AaHHBIX, NPOCTO ONpPeaenus UX rpaHuubl, 3aTtem MOXHO MCNoNb30BaTe hopmankHele MeToALl 48 NPOBEPKU
rpaHuL BeIXOAHLIX OaHHbIX. [MocKonbKy yHKUMA YeTKO onpefeneHa B 3TOM YacTW, Nerko NpoeepuTts, obna-
AaeT N HEAPOHHAR CeTk J0CTATONHOW poBACTHOCTEID (MCNONB3YA KPUTEPWA YYBCTBUTENBHOCTU), 3aTem Bce
MpoCTPaHCTEo MOXET BbiTh pasfeneHo Ha HEeCKONbKO YacTel, KOTOPbLIE MOXHO NPOBEePUTL N0 OTASMNbLHOCTH,
4ToDBI pacwupnTh oueHky pobacTHocTh obnacTu.

[ns BTOPOro NpUMepa paccMOTPUM HERPOHHYH CeTk, KoTopasa Deina oby4eHa knaccuduunpoearts Me-
OWLUHCKME M300Gpax)eHus, AN onpefeneHns COCTORRUA 3A0POBLA OAHOM KOHKPETHOMO YENoBEYECKOIo Dpra-
Ha. Pasamep waobpaxenunin coctaenset 100 = 100 nwkceneil, CHUMKK OENaKTCA C OOWHAKOBOIO PacCTOAHWA,
YrOMN HaKoOHa opraHa Bcerga HaxoOMTCA B LeHTpe UaobpameHus, U Bce W300paXeHns NocTynawT ¢ 04HOro 1
Toro xe yctpoictea. OgHako, NOCKONbKY pasmep W hopMa opraHa y pasHblX NKAEA MOryT BapbMpOBaThCs,
MOMYT BO3HWKHYTE TPYAHOCTH C CNpedeneHWeM EXOdHoW obnactw. Kpowme Toro, 4actTe M3obpameHusa BOKpyr
OpraHa Takxe MOXEeT BapbMpoBaTkcA. B 3TOM cueHapuu Henerko 3apaHee y3HaTb OXWAAEeMOe MoBegeHue
Yyacti BxogHon obnacTu. PopmanbHble MeToabl MOTYT BbiTh WCNOMB30BAHBI ANA PACCMOTPEHUS HEKOTOPbIX
yacTel obnacTu, CBA3AHHBLIX C U3MEHEHWEM NnapamMeTpa, NOHATHOro BanwaaTopy, Hanpumep obkema opraHa
WUNK APKOCTW hoHAa Ha K30BpakeHun.,

7.3.3 MamepeHue Bo3aeUCTBUA BO3IMYLLEHUIA

Onwvpasce Ha onvcaHwe obnacTu, NNaHWPYemMon AN UCNOoML30BaHWS HENPOHHOW CeThH, MOXHO onpe-
[OENWTH TUMbl BOAMYLLEHWA, KOTOPLIM MOrYT NOABEPraThCA BXOAHbIE AaHHLIE HelpoHHoW ceTw. Jlioboe Boamy-
LieHWe MOXET NO-pa3HOMY BIIMATL HA YPOBEHb NMPOM3BOANTENEHOCTM HEMPOHHOM ceTH. PaanuyHoe BNuaHWe
Ha poBacTHOCTb HEWPOHHOW CETWM MOXET OKa3biBaTe M MX KOMOWHaUMA. Ha atane sepudrkalum W Banuaa-
UWK MOMHO OUEHWTL poDacTHOCTL CMCTEMBI MO CRy4asM 3TWMX BO3MYLLeHWA (KOMOWHWPOBaHHBLIM WIK HET).
KMcnonbaysa dopmansHbie MeTogbl, MOXHO npoeecTd Gonee obLylo oUeHKY poBacTHOCTH CUCTEMbl K 3THUM
BO3MYLLEHWUSM.

BoamyweHnsa mMoryT GeITe NONOHKUTENEHBIMK MW HEFETUBHBIMK. OHW Takke MoryT BbiTe NpeAHaMEpEeH-
HBEIMK (HanpuMep, B cnydae spaxaebHOR aTaku) MNK HenpegHaMepeHHLIMK (Hanpumep, B cnydae aedekTos
OaTUMKOB UMW W3MEHEHWUI B OKPYXeHWU). BoamyLLeHns moryT BbiTb MatemaTuieckd onucaHsl nnbo Tonbko
NPOVNMKCTPUPOBRAHKI.

Mpumep — BoamMyleHue paiMbimuA Ha uzobpaweHuU, kak NPasuno, OCHOBaHO Ha caepmke uiobpawe-
HUA ¢ A0pPOM U3 onpedesieHHLIX 3HavYe Ul U CMPoUMmcsa nymem npuMeHeHUs Adpa k kaxdomy nukcema. OdHako
Hanuyue Kanenk Ha NUH3e, 8bI3LIAIWUX HEKOMOPLIU dehexm uzobpaxeHus, MOKHO NPOUNMCMPUpPOsamsb
MoneKo Npednoxue 00HY LU HECKOBKO MacoK, Komopele uckyccmeernHo dobaenaiom kannu K uzobpameHuro,
B nepsom ciyyae skausaneHmHocme oveaudHa, MoCKoMLKY 803IMYUEHUE AaNTemes MamemMamuyeckoll (hyHk-
yued. Bo emopom ciy4yae npumMeHeHue iyHKkUuu & Gonswel cmeneHdu 3agucuim om KOHIMeKcma U MoXem co-
omeemcmeogams 06Le0UHEHUIO HECKONLKUX edUHUL, OaHHLIX @ 0dHO (HanpuMep, cMellUBaHUuIo U3obpameHus
u Macku).
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Ecnu HacTpoiika NpoLecca reHepallii Bo3MyLLIEHHbLIX BXOAHLIX AAHHbIX BAPLUPYETCA OT OAHOM0 NoMb-
3oBaTensa K Apyromy, To AaHHbli npolecc HeoBxoanmMo o6bACHUTL. MpUMEHEHWE BO3MYLLBHUA K BXOOHLIM
AaHHbIM HeipoOHHOM ceTu paccMaTpUBaeTes kak npuMeHeHue yHKUMK K BXOAHBIM AaHHBIM C LBk WX U3-
MEHEHUA.

Mpu KUcnonb3oBaduy hopMansLHLIX MeTON0B ANA OLEeHKM poBacTHOCTH HEHPOHHOH CETH K onpefeneH-
HOMY BO3MYLIEGHWIO OAHWM W3 HEOBXOAWMbIX YCNOBUA ABNAETCA HaMMYMe dhyHKUWK, ONMCLIBaKLLER NpoLect
NpUMeHeHUs Bo3MYLLeHus. [laHHas hyHKUMA OOMKHA ONWPaThes Mo KpaHei Mepe Ha OfUH OrpaHuYeHHbIR
napameTp. OrpaHUYeHHble NapaMeTphl oNpeaenAlTCa MUHUMANEHLIMIA M MAKCUMANbHbLIMA 3HaYeHnaMW. [ns
COOTBETCTBYILMX NapaMeTpoB O0MKHbLI BbiTh YCTAHOBNEHL! MUHMMAMNBHOE W MaKCUMAaNbHOE OTKMNOHEHWS.
OLWH WUNK HECKOMBLKO KPUTEpPUEE OOMKHEI BbITh BhipaxeHsl B ofnacTu (cM. pasgen 5). 3atem cneayeT uc-
nonkL3oBaTk JopManbHLIA MeTon ANA OUEHKW KpMTEPUeR B NpencTaBneHHoi obnactu ¢ paanuyHsiMKU Aony-
CTAMBIMI BO3MYLUEHUAMM.

Onsi oueHkn poBacTHOCTM HEAPOHHOM CETW MO OTHOLUEHWK K HECKONBLKAM KOHKPETHLIM BO3MYLLEHWAM
MOMHO MCMOMNBb30BaTh KOMMO3MUMIO (hyHKUWIA, NpeacTaEnsaowWwmx Kamaoe sosmylieHne. MNpegnoyYtutencHee
UMETL KOMMYTaTUBHYIO KOMMO3ULWIO, XOTH 3TO W He oba3artensHo, MNMpouecc, onucaHHbli B HAaCTOAWEM NOg-
pa3sgene, 3aTemM NPUMEHABTCA K KOMMO3ULMU DYHKLUIA.

7.4 OueHka po6acTHOCTH B NpoUecce pa3BepTbiBaHWA

MockoneKY HEWPOHHLIE CETU ABNAIOTCA HENWHEWHBIMKM CUCTEMAMW, OHW YYBCTBUTENbHLI K HEGONbLUKWM
M3MEHEHWAM 3HAYEHWIA B CBOMX BXOAHBIX AAHHBIX. DT M3MEHEHUA MOTYT BbiTh Bbl3aBaHbL! NpobneMammn ¢ uuc-
NOBOH TOMHOCTLIO, KOTOPaA BO3HWKAET BO Bpema paboTkl HEMpOHHOR ceTu. McTouHMKK npoBnem ¢ YMCnoBon
TOMHOCTbLIO MOryT BbiTh Bbi3BaAHbI:

- KOMNUAATOPAMMW, NEPECTPAUBAILLNMK MW 3AMEHSOLLWMK ONepaumnn (HanpuMep, UCNomnb3yLWKE Co-
BMELLEeHHOe YMHOKeHWe-cnoxeHue [39]);

- onepauwamMi No nepectaHoske bazosoro obopynoBanna (Hanpumep, ANA NoNy4eHusa NPeUMYLIECTB OT
KOHBelepHoih 06paboTiuM);

- ONTUMK3ALKUERA, BEINONHEHHON ANA CHYKEHUS YUCNOBOM TOYHOCTM (HanpuMep, KBaHTOBaHWE, UCTIONE-
30BaHWE MEHbLUVX OnNepauui ¢ NnaBakwen 3anaTon unv onepaynin ¢ (PUKCMPOBEHHON 3aNATON);

- MAMEHEHMEM B MPOLECCe DKPYTNeHus;

- M3MEHEHMEM B peanu3auyvu HU3KOYPOBHEBOro YWCMOBOro oneparopa (Hanpumep, UCnonb3oBaHwue
cTavgapTa, otnu4Horo oT ctaHgapTa IEEE 754:2019, onepartop COOTBETCTEWMA, OMNEPAaTOR G HENPABWIEHLIM
OKpYrNeHWem Unu ¢ Apyroi uHTepnonayuen [24]).

CneayeT yuuTeIBaTh NEPEYMCNEHHBIE Npobnemsl NpyW MHTErpauyrm HeMpPOHHOW CETW B CUCTEMY, B KOTOPOW
MOMKET BO3HUKHYTh OAMH UMW HECKOMbBKO U3 3TUX UCTOYHUKOB YMCMOBLIX NpoBnem. B 4yacTHOCTU, peKoMEHayeT-
Cfl UCNoNb30BaTh (hopmansHsle MeTofsl ANA NpoBepkd ux Bo3gercTsna. [1ns atoil Lenu nogonayT dopMans-
HbI& METOAbI ANA W3AMEPEHWUA rPAHWUL MEKCUMANLHOW OLWKBKWM OKPYINEeHWs | KOTOPLIE BbI3BAHLI NEPECTAHOBKOM
onepauvi N M3MeHeHWeM WCrnons3yemoil apudmetvkn. Ha npaktuke BoibpadHble hopManbHble MeTofb
OLEHWBAIOTCA MO KAKOOMY KPUTEPUIO, paHee UCNonb3oBaBWemMycs Ana NpoBepki Mx PYHKUWOHMPOBaHWA.,

Ans pewerHua onvcadHblx npobnem pazpabotumk M MOXKET BINONHWTL CNEAYIOLLWE ABACTBUA:

- BO-nepebiX, paspaboTtuuk M gonmkeH NnpoBepuTh BNMAHWE EbIBpaHHON MCNONLayeMoil onepauuu. Ans
aToro HeoBXxoOMMO CHaYana onpefenyTe ANA Kaxaor BazoBoi onepauru, MOTyT Ny ee OWWBKKY OKPYINEeHKs
BEITE CTATUYECKKW OTPaHWYeHEl 0BNACTEH NMPUMEHEHUA MM HET:

- B CNy4Yae UMEHLERCA BO3MOKHOCTU CTAaTMHECKN NPUBA3aTE OWWBKY OKpyrmeHus oneparopa, gop-
ManbHBIe BEPUPUKATOPL! OOMKHL! YHNTRIBATE WX B CEMAHTUKE, MCNONB3YEMOR ANA Bepudukaumm
HeWpoHHOW ceTu, Hanpumep, cTaHAapTHEIE apubMeTHHEeCcK1e onepauuK ¢ Nnagawwei 3anAaToi,
TaKMe KaK CNOXeHWe Wnu Jeneque, UMeloT OWWDKyY OKpyrMeHus, koTopas MoxeT BelTk orpaHuyeHa
3Ha4YEHNEM EOUHVLBI M3MEPEHWA, CTOALLEN Ha NOCNeaHeM MEecTe peaynsiara;

- B CnyYae OTCYTCTBMA BO3MOXHOCTWM CTATMYECKW OrpaHudMTs ownbky okpyrneHus, dopmansHbie
BepUhMKaTOPbl AONKHbI NONAraTbCH HAa annpPoKCUMAaLMWI0 CBEPXY HeobxoauMelx onepauui, npego-
cTaensaemMeix paspaboryvkom WKW, Paapabotuvk MW gomker YeTko 3agokyMeHTMpOoBare rinoTesy,
WUCNONb3YEMYH AN TaKWX aNNPOKCMMALUA CBEPXY;
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- BO-BTOpbIX, paszpaboTtuuk WA nomueH onpegennTe BO3IMOXHBLIE CNOCOGEl, KOTOPLIMA NPOLECC WHTE-
rpaumn MoXeT MAMEHATE MMM NepecTpanBaTte onepaunu (Byak TO CTATMYECKK MNKW AMHaMKYecKn). Kak TonbKo
oHKM ByayT MoeHTUhKUUKMpoBaHbl, BepupuKaTop AOMKeH y4ecTk 3T BO3MOXHbIE M3MeHeHWs. B HekoTopbix
cny4asx 3T U3MeHEHWA MoryT DbiTe onNpedeneHHLEIMU UNK HeonpeaeneHHLIMK;

- ECNY M3MEHEeHWs ABNATCA onpedeneHHeIMK, TO BepudpvKkaTop JOMKeH NpoaHanvwanpoBaTke Hen-
POHHYIO CETh HA COOTBETCTBUE €8 MNOBEOEHWIO NOCNE PasBepTLIBAHWA;

- BCNU M3MEHEHWS FBNAKTCA HEONpPEeAENEHHbLIMKY, BEPUUKATOP NOMMEH YYECTb, YTO OHW MOryT
NPOW30NTH, M ONPERENUTE MX BNUSHKE B LenoM. B HeKOTOPLIX Criy4aax MOXHO onpefenvTb Be-
POATHOCTE Hauxyawero cnyyaa ana nwoGoro nopagka BeINONHEHWA onepauun (Hanpumep, koraa
MCNONb3YITCS TONBKO NPAaBUNbHO OKPYrNEHHbIE CTaHAAPTHLIE onepalXy ¢ NnaBallen 3anaTor).
B cnyuasnx, Korga 310 He NPeSCTABNASTCA BO3MOXHEIM, BEpUdMKaTopy CNeayeT nonararscy Ha an-
NPOKCUMALMKID CBEPXY, BLI3BAHHYIO 3TUMKW M3MEHEHWAMMW, NPEeOocTaBNeHHy paspabotunkom MK.
Pazpabortunk MW gomkeH 4eTKO 3a00KYMEHTUPOBATE TWNOTE3Y, UCNONL3YEMYI0 ANA TAKUX annpok-
CAMAaLWA CBEPXY.

7.5 OueHka poBacTHOCTH B NPOLECCE IKCNAyaTauum 1 MOHWTOPWHIE

7.5.1 O6wwre NoNoXeHWA

Kak ToneKo HeMpPoHHaA ceTk pasBepHyTa 1 BBELeHa B 3KCnnyaraumio, ee pobacTHOCTL MOXHO KOHTPO-
nupoeaTth. Ha 3ToM 3Tane HeWpOHHas CETb HE [OMKHa U3MEHATHCH (€8 BeCa W 3HAYeHWA CMeLLeHWs Ans
KaKAOIO HERpOHAa (DMKCUPOBaHLI) NMHO OHA MOXKET M3MEHUTLCS, NOCKOMNBKY HEWPOHHAA CeThb WCNONb3YeT He-
npepbiBHoe obyyeHue. B 3aBUCUMOCTH OT TOrO, M3MEHABTCA MW HEAPOHHAR CeTh, (POpPManbHbLIE METOObI MOryT
NPUMeHSTECH ANA oueHk pobacTHocTU paanuuHbiMKu cnocoBamu. C ogHOM CTOPOHLI, 8CNKY HEWPOHHAR CeTk
HE W3MEHAETCH, BOAMOMHO NPOBECTU OLEHKY pofacTHOCTM B OTHOLWEHWWM HOBLIX BXOAHBLIX OaHHLIX, KOTOpLIE
oHa obpabateieaeT. C Apyrod CTOpOHLI, ECNU HEMPOHHAA CETE MEHAETCH, CNegyeT oUueHuTs ee pobacTHOCTS,
4T0BEI M3MEPWTE BNWAHWE ITOMO M3MEHEHKA,

Heaaeucumo ot Toro, Kak yHKUMOHWPYET HeMPOHHAA CeTk, BAXKHO OTMETUTE, 4TO (hopMankHLIE MeToak!
Beerga TpebytoT 60nNbIUKX pecypcos (T. . BEIMMCIMTENbHON MOLLHOCTW, NaMATA M SHEPMWA) ANS MOHWUTOPWHTa
£€ NOBEAEeHWUSA, YEM Te, KOTOPbLIE UCTIONbB3YHTCA HEMPOHHOW CETLIO Ans paboTel. B aaBucumocTy oT TOro, Koraa
NPCBOANTCA MOHWTOPUHS, YyBENWUYEHWEe KoNM4YecTea credoB moxeT notpebosatk, 4ToBel chopmaneHele MeTo-
Aabl paboTany TONbKo ¢ HEBOMNbLLWUWMKW HEWPOHHBLIMK ceTaAMK. Kpome Toro, Nockoneky hopMmanbHbie MeToabl
AenaTCA Bonee OOPOrocTOAWMMA, YEM OLHOKPATHbLIN BbIBO HEMPOHHON CETH, NPUMEHATE UX C OQWHAKOBOW
4acToToW crioxHee. Hanpumep, HEMPOHHAS CeTb, BLIBOAALAACH Ha NparpaMMUpYEMYI0 NOMb3oBaTenem BeH-
TUMEHYID MaTpuly 10 paz B cekyHOy, HE MOXET aHanNW3NPOBAaTRECA C TOW Xe YacToTol; BMeCTO 3TOro aHanus
MOMET BLINOMHATLEA TOMBKO HAa NogMHOXECTEe ee BelBofos. Mogxons! kK cokpalleHuo cnefos dopManbHbIX
MeTOOOEB, OnNUcaHHble B 6.2, npeacTaeneHel B [40], [41] u [42].

7.5.2 PobacTHoCTb B 0DnacTi akcnnyaTauuum

Korga cuctema BEOAWTCA B 3KCNNyaTauuw, MOXeT ObiTe TPYOHO rapaHTUupoBaTth, 4To oHa pabotaert B
npegnonaraemoin obnacTn npumeHeHns, ANd KOTOpoKl oHa n3aHavancHo Geina onpegeneda 1 nposepeHa. Yeo-
NOBWSA SKCANyaTauny MoryT MaMeHATLeA 683 npeaBapuTensHOro NPporHo3aupoBaHusa. 310 uMeeT Bonbluoe aHa-
YeHwe, ecnu cucTema paboTaeT B OKpYKeHWM OTKPRITOrO Mupa. Ha aton ctaguw oueHka pobacTHOCTW MOoxeT
NOMOYb ONPEeAEenTE BENWYUHY OTKITOHEHWA OT 3annaHupoBaHHoin obnactu akcnnyatauun, Koppektupytowme
AeACTENA (HAanpMMep, ONOBELLEHWE ONEpPaTopa UMK NepekniYeHUe B OTKA30YCTOAYMELIA PEXUM) MOTYT BEITh
NpeanpuHATEl B TOM cry4yae, ecni Tpebyemblil ypoBeHb pobacTHOCTH He AOCTUIHYT.

[MocKkoneKy HEPOHHBIE CETH, KAK NPaBUNO, MMEKT OAWHAKOBYH NMPOWIEOOWTENBHOCTE NPW OOWHAKOBLIX
BXOAHbIX AaHHbLIX, MOHUTOPWUHI WX poBaCcTHOCTU MOXET NOMOYL ONPeAenuTh, ABNSIATCH N BXOAHbIE AaHHble
BCE elle 4yacTbi obnactu, Ha koTopol Beina obyyeHa HelpoHHas ceTe. CBONCTBO nokansHol poBacTHOCTU
MOXET UMETb aHaNOTMYHbLIN pesynsTaT NPy aHanorMyHbIX BXOOHbLIX JaHHbLIX. HanpyMmep, CBOWCTBO CTaBuNbHO-
cTH (CM. 5.3.1) MOXET UMETH MaKCHMansHBIe 3HaYEHWA HA NMPaBUNBHO KNacCUUUWPOBAHHBLIX BXOOHLIX AaH-
HbIX, CPaBHMMEIE C MaKCHMMankHBIMW 3HAYEHNAMW HeNpaBuIbHO KNAcCMULNPOBaHHBIX BXOAHEIX OaHHBLIX,
3T noaxoasbl MoryT BbiTe MCNONbL30BaHbLI [ANA OUEHKM POBACTHOCTH HEWPOHHbLIX CeTel B Tekyllein obnacTu
3KCANyaTauuu.

Mpw oueHke poBacTHOCTK HEMPOHHOW ceTu, paBoTalwlel B HoBoW oBnacTi, cnegyeT perynsapHo cpae-
HWBETE PEe3ynkTaT NPUMEHEHWA KPUTERWA Ha HOBBIX BXOOHBIX O8HHEIX C PE3YNLTATOM NPUMEHEHUS TOMO KEe
KPUTEPUA HA NpeabiayLleln cTaaun XU3HEHHOTo Lukna.
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7.5.3 WameHeHus poGacTHOCTH

Wcnonb3oBaHue HeENpepbiBHOMO 0ByYeHUs U3MeHART NOBEAEeHWEe HEWPOHHON CETU, MOCKONBKY MOryT me-
HATLCA €€ Beca WU 3Ha4eHuA cMelleHnA. MaMmeHeHe BHYTpeHHEeN CTPYKTYpbl HePOHHON CETH MOXET oka3aTb
BNMAHWe (NO3UTHUBHOE UNK HEeraTUBHOE) Ha ee poBacTHOCTL.

Mpu oueHke uameHeHuin pobacTHOCTH HEMPOHHOR ceTK B npouecce paboTel cnegyeT UCNonL30BaTkL Npe-
JonpefeneHHblit HaGop KpuTepres. 3aTem oLeHKa poSacTHOCTU NPOU3BOOWTCH NYTEM CPABHEHWS PasHULLI B
peaynkTaTtax no Habopy KpUTepnes Mexay HOBOW BEpPCWe HeRPOHHOW CeTH 1 Npeasiayllen. [InA npoBepky,
ABMNAETCA N BO3MOXHOE CHUXEeHWe poBacTHOCTH NpUMemMneMsbiM Wi HeT B8 OTHowWweHuW HabBniofaemon pas-
HULUbI, AorkeH DeiTe chopMynnMposaH 4ONONHUTENbHBIA KPUTEPKWEIA.
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MNpunoxenue OA
(cnpaBo4Hoe)

CBeAeHNA O COOTBETCTEBMW CChINOYHBIX MeXoyHapoAaHbIX CTaHOapTOB
HauyWwoHanbHbLIM CTaHgapTam

Tabnwuya [OA1

OfosHayeHue CobINoYHara CreneHs OBo3HaYeHHE M HAMMEHOBaHWE
MEXOYHAPOOHCro CTaHgapTa COCTBETCTEMA COOTBETCTBYHWEND HaUWMoHansHoro CTaHiapta
ISO/NEC 22988:2022 MOD FOCT P 71476-2024 (MCO/M3K 22989:2022) «WcKkyccTBEHHBIN

WMHTENNEKT. KOHL[QHLLHH W TEPMUHONOMA WCKYCCTBEHHOIO WHTEn-
nNeKTa»

ISQ/IEC 23053:2022

*

BETCTEWA CTaHaapTa.

- MOD — mogndiMuvpoBaHHEIR CTaHOAapT.

* CoOTBETCTBYIOLLMA HAUWOHANLHBLIA CTaHOapT OTCYTCTBYET. [0 ero yTBepKOeHWs PpeKoMeHOYeTCs WCNonbL30BaTh
NepeBof HA PYCCKMIA A3bIK JBHHOIO MEX/yHapOAHOIo CTaHaapTa.

Mpumedanue — B HacToswer Tabnuue MCNonb3oBaHo cneaylowee ycnosHoe oDo3HaqYeHne CTeneHn cooT-
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