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Mpeancnoeue

1 MOOIMOTOBINEH O6LwecTBOM C OrpaHUYEeHHON OTBETCTBEHHOCTLH «WHCTUTYT pa3zBuTua uHopMa-
uMoHHoro obwectea» (OO0 «MPUNO») Ha ocHoBe cOBCTBEHHOrO NEpPeBOAa Ha PYCCKUA A3bLIK aHIMOA3bIYHON
BEPCUWM CTaHAApPTa, yKasaHHOro B NyHkTe 4

2 BHECEH TexHu4eckum koMuteToM no ctaHgaptusaunm TK 164 «cKkycCcTBEHHbIA MHTENNeKT»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom denepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynupoBaHnid u metponorum ot 28 oktabpsa 2024 r. Ne 1542-ct

4 HacTtoslWwmiA cTaHOapT MOEHTUYeH MexayHapopgHomy ctaHpapty WCO/M3K 24029-2:2023 «Wckyc-
CcTBeHHbIW MHTennekT (MW). OueHka pobacTHOCTU HEMPOHHBIX ceTei. YacTe 2. MeTogonorua ncnonb3oBaHus
dopmaneHbix metogoBy (ISO/IEC 24029—2:2023 «Artificial intelligence (Al) — Assessment of the robustness
of neural networks — Part 2: Methodology for the use of formal methods», IDT).

HaumeHoBaHWE HACTOALLEro CTaHgapTa M3MEHEHO OTHOCWMTENBHO HAaWMEHOBAaHWA YKa3aHHOro mMexay-
HapOLHOro cTangapTa Ons npuesedeHus B cootBeTcTBue ¢ FTOCT P 1.5—2012 (nyHKT 3.5).

Mpn NpPUMEHEHUKM HacTosLWero cTaHgapTa PeKoMeHAYeTCa MCMOoMb30BaTbh BMECTO CCbINTOYHbIX Mexay-
HapOOHbIX CTaHAapTOB COOTBETCTBYIOLLME UM HaLMOHaNbHbIe CTaH4apThl, CBEAEHWA O KOTOPbLIX NpuBeaeHbI
B npunoxeHun OA

5 BBE[OEH BINEPBBIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHosneHbl 8 cmamse 26 @edepanbHO20 3aKOHa
om 29 uwHa 2015 2. Ne 162-®3 «O cmaHOapmu3zauuu e Pocculickoli ®edepayuuy». WMHpopmauyus ob
U3MeHeHUsIX K Hacmosiwemy cmaHdapmy nybnukyemcs g exe200HOM (0 COCMOSHLIO Ha 1 SHBaps MeKyuweao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHanbHble cmaHlapmei», a oguyuanbHbil MeKkcm usMeHeHul
U ronpasoKk — 8 exXeMecAYyHoOM UHOPMayUOHHOM ykaszamene «HayuoHanbHbie cmaHdapmei». B ciyvyae
nepecMompa (3aMeHbl) Uu OMMeHbl Hacmosuweao cmaHlapma coomeemcemeyroujee ysedomieHue bydem
onybnukoeaHo 8 bruxaliweMm ebINyCcKe eXeMecsyHo20 UHGOPMAUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomeemcmeyrowas UHpopmayus, yeedoMmeHUe U MEeKcmbl pasmMewiarmcs makie 8
uHghopMayUoHHOU cucmeme 0buiezo Nonb308aHUs — Ha oghuyuansHoM caltime @edepanbHO20 ageHmemasa
10 MexHU4YeCKOMY peayiuposaHulo U Memponozuu 8 cemu VHmepHem (www.rst.gov.ru)

© 1S0, 2023
© IEC, 2023
© Odopmnenue. OIBY «MHCTUTYT cTaHgapTusauum», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

HelipoHHbIE CETW LUMPOKO MPUMEHSAKTCHA ANA BLINOMHEHWUS CIOXHbLIX 33434 B PasnUYHbIX CUTYaLMSX,
Takmx Kak obpaboTka nzobpaxeHun 1 eCTECTBEHHOIO A3bIKa, a TakKe NporHocTudeckoe obenyxuearue. Mo-
Lenv Ka4ecTBa cucTeMbl UCKyccTBeHHoro nHTennekta (M) BkntovatoT onpegeneHHble XapakTepucTuKi, B TOM
yucne pobacTHocTe. Hanpumep, ctanaapT [1], KOTOpLIA pacnpocTpaHsaeT MeXayHapoaHbie CTaHaapTbl CepUM
SQuaRE [2] Ha cuctembl M, B cBOE Moaenu KadyecTBa onpenensieT, YTo poBacTHOCTb ABNSAETCA OOHON
M3 XapakTepuUCTUK HadexHocTU. CnocobHOCTL CUCTEMBI NOOAEPXKMBATL CBON YPOBEHb NMPOU3BOAUTEINLHOCTU
B pasnuyHbIX YCNOBUSAX MOXET ObiTb NPOAEMOHCTPUPOBAHA C MOMOLLLK CTAaTUCTUYECKOro aHanu3a, 0gHako
O\ [oKasaTtenbCTBa HANU4YKMs JaHHOW cnocobHocTy TpebyeTcsa npoBefeHMe OpMansHOro aHanuaa. B atom
OTHOLIEHWW bopMarnbHble MeTOAbl MOFYT KOMOWHWMPOBATLCS C APYrMMW MeTo4amMu MOBbILEHWUS AOBEpus K
poBacTHOCTU HENPOHHOW CeTH.

dopmManbHble MeTogbl — 3TO MaTtemaTudeckue npMembl ANa CTPOrol crneundukaunmn n sepudukalmm
NpPOrpamMMHbIX M annapaTHbIX CUCTEM C LeNnbi O0Ka3aTenbLCTBa UX KOpPeKTHoCcTU. dopmMansHbie MeToabl Uc-
nonb3yTca Ana opManbHOro pacCyXAeHUs O HENPOHHBLIX CETAX M MPOBEPKU UX COOTBETCTBUS TPebyeMbIM
ceoncTBam pobacTHocTW. Hanpumep, paccMoTpuUM KnaccuduKaTop Ha OCHOBE HEWPOHHOW CETU, KOTOPLIN
NMPWHMMaeT B Ka4ecTBe BXOAHLIX AaHHbIX M300paxeHKe, a B Ka4ecTBe BbIXOAHbIX JaHHbIX BO3BpalLlaeT MeTKy
13 3agaHHoro Habopa knaccoB (Hanpumep, aBToMOOUNL UM camoneT). Takoln KnaccudpukaTop MoxXeT ObiTh
cdopmanbHO NpeAcTasneH B BUAe MareMaTMyeckor (PyHKUUW, KoTopasi NPUHUMAET UHTEHCUBHOCTbL MUKCe-
nen nzobpaxeHnsa B KaUecTBe BXOAHLIX AaHHbIX, BLIYUCNSAET BEPOATHOCTM A5 KaXO0ro BO3MOXHOro knacca
13 onpegeneHHoro Habopa v BO3BpaLLaeT MeTKY, COOTBETCTBYOLLYI0 Hanbonbllen BEpOATHOCTU. 3aTeM 3Ta
dopmanbHas Mogenb MOXeT ObiTb MCNOMNb30BaHa Ans MaremaTtudeckoro o6ocHoBaHWs paboTel HEMPOHHON
CeTU NPy M3MEHEeHMM BXOOHOro u3obpaxeHusa. HanpuMep, npegnonoXum, 4To Npu Hanu4ymumM KOHKPEeTHOro U3o-
DOpaxeHwns, ONa KOTOPOro HeMpOHHAasA CeTb BbIBOOWT METKY «aBTOMOOWIbY», MOXHO 3afaTb CreaylLui Bo-
NpoC: «BbIBOAWUT NN CeTb APYIyH METKY, €CliM 3Ha4YeHWe NPOoM3BOSIbHOIO NUKCENs Ha n3obpaXeHu n3MeHsieT-
cs1?». OTOT BONPOC MOXET BbITh cAhOPMYNUPOBaH Kak hopManbHOoe MaTeMaTUYECKOE YTBEPXAEHNE, KOTOPOE
ABMAETCA UCTUHHBIM NGO NOXKHbLIM ANA JAHHOW HEAPOHHOW CEeTU 1 n3obpaxeHus.

Knaccuuyeckuin nogxo K MCNonb30BaHWUKO hopManbHbIX METOO0B COCTOMT M3 TPEX OCHOBHbLIX 3Taroe,
OMWCaHHbIX B HACTOSALLEM CTaHAapTe. Ha nepBoM aTane aHanuMavpyemas cuctema hopMansHo onpefensiercs
B MOAENu, KoTopasi TOMHO OTpaXlaeT BCce BO3MOXHble BapyMaHTbl NOBedeHus cucteMol. Ha BTopom aTane Tpe-
boBaHue popmynupyeTcs B BUAe MaTemMaTMyecKoro BelpaxkeHus. Ha 3aknio4mTensHOM TpeTbeM 3Tane OguH
13 chopmManbHbIX METOO0B, HANPUMEpP peluatens, abcTpakTHaa MHTEepnpeTauns UnmM NpoBepka ¢ NOMOLLbH
MOZENV UCNOomNb3yeTca ANs OLEHKN COOTBETCTBUSA CUCTEMBI 3a4aHHOMY TpeboBaHuio, YTO NPUBOOUT K JOKa3a-
TenbcTBY NMBO K KOHTPNPKUMEPY, NMMB0 K HEOQHO3HAYHOMY pe3ynkTaTy.

B HacTosileM cTaH4apTe onucaHbl HECKOMNbKO AOCTYMHbLIX hopManbHbix MeTofoB. [NpencTtaBneHbl Kpu-
Tepun, NPUMEHUMbIE ONSA OUEHKM poBacTHOCTU HEMPOHHBIX CETER WM onpeaeneHbl cnocobbl NPOBEPKU HeN-
POHHbLIX CETEN C MOMOLbLI dOPMalbHbIX METOLOB Ha KaxX4oW CTaguu XU3HEHHOro uukna cuctemsl A, Mpn
MCMNOMb30BaHWM hopMarbHbIX METOLOB MOTYT BO3HUKHYTh CMOXHOCTU C TOYKW 3pEHMs MacluTabupyemocTy,
0QHAKO OHMW MO-MPEXHEMY MPUMEHWUMbI KO BCEM TWUNaM HENPOHHbLIX CEeTeN, BLIMOMHALWMX pa3nuyHblie 3ana-
YK C HECKOMbLKMMW TUNamMu OaHHbIX. PopmManbHble MeToabl YKe 0aBHO MCNOMb3YKTCA B TPAaAULVOHHBIX NMpo-
rpaMMHbIX CUCTEMax, OOHAKO UX MPUMEHEHWE MO OTHOLLUEHWUIO K HEMPOHHLIM CETSM Havarnocb CpaBHUTENBHO
HedaBHO W BCe elle ABNAETCA akTMBHOW 00MacTbi MCCreqoBaHWUi.

HacTtosiwmin ctTaHgapT HanpaeneH Ha To, 4To6bl NOMOYb pa3paboTynkam VI, KoTopble MCNonb3yoT Hel-
POHHbIE CETW 1 Nepes KOTOPbIMW CTOWT 3a4a4a OUeHUTb X pobacTHOCTb HA COOTBETCTBYHOLLMX CTaUAX KM 3-
HeHHoro yukna cuctemsl M. NMomumo opManbHbIX METOOOB, ONUCAHHbBIX B HACTOsILLEM cTaHaapTte, bonee
aeTanbHbll 0630p MeToaoB oueHKkM pobacTHOCTU HelpOoHHbIX ceTel npeacTtasneH B ISO/IEC TR 24029-1.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

MCKYCCTBEHHbIA MHTENNEKT
OueHka pobacTHOCTU HEMPOHHLIX ceTel
Yacte 2
MeTopgonorusa ucnonb3oBaHusA hopManbHbLIX METOA0B

Artificial intelligence. Assessment of the robustness of neural networks. Part 2. Methodology for the use of formal
methods

Oarta BeegeHna — 2025—01—01

1 O6bnacTb NpUMeHeHnA

HacToswwia CTaHOdapT onpependetr MeTogonormo npuMeHeHusA CpOpMal'lele MEeTOAOB OnA OUeHKN
CBOWCTB pO6aCTHOCTM HEFIDOHHI:IX ceteir. OCHOBHOE BHUMaHue yoenaetca ToMy, Kak Bbl6VIpaTb M UCnonb3o-
BaTb cbopmaanble METObl, a TakXe ynpaBnATe UMW ONA NOATBEPXOEHWA CBOWCTB pOGaCTHOCTM.

2 HopmaTuBHbI€ CCbINKK

B HacToswWem cTaHgapTe MCnonb30BaHbl HOPMAaTUBHbLIE CCIMKW HA credytowme cTaHgapTsl [Ana gatm-
POBaHHBIX CChINTOK MPUMEHSAIOT TOMBKO YKa3aHHOe U3gaHue CChITOYHOro cTaHgapTa, ANs He4aTUPOBaHHbIX —
nocrnegHee usgaHue (BKNYasa Bce 3MeHeHus)]:

ISO/IEC 22989:2022, Information technology — Avrtificial intelligence — Artificial intelligence concepts
and terminology (MHdopmaLMoHHbIE TEXHOMNOTMK. VCKYCCTBEHHBIR MHTENMNEKT. TepMUHLI U ONpeaeneHuns)

ISO/IEC 23053:2022, Framework for Artificial Intelligence (Al) Systems Using Machine Learning (ML)
[Oxocuctema paspaboTku cucTem McKyccTBeHHoro mHTennekta (M) c ncnons3oBaHnem MawmnHHOTO oby4e-
Hus (MO)]

3 TepMuHbI U onpegeneHus

B Hactoswem cTtaHpapte npuMeHeHbl TepMuHbl M onpepenedma no WMCO/M3K 22989:2022,
MCO/M3K 23053:2022.

MCO u M3K nogaepxuBatoT TepMUHONOrMYeckne Basbl AaHHbIX ANA NPUMEHeHUs B cchepe cTaHOapTy-
3aLuMuK Mo cnegyrLluM agpecam:

- oHnanH-nnatdgopma MCO: goctynHa no cebinke: hitp://www.iso.org/obp;

- Onektponeana M3K: goctynHa no cebinke: http://www.electropedia.org/.

3.1 obnacTtb (domain): Habop BO3MOXHbIX BXOOHbLIX AaHHbLIX A4S HEMPOHHOW CETU, XapaKTepu3yeMbii
aTpubyTamMy OKpYKeHUS.

lMpumepsbi

1 HelipoHHasa cemsb, eblnosiHAOWaA 3adaqyy obpabomku ecmecmeeHHO20 s3biKa, MaHuMynupyem mekx-
cmamu, cocmosiwumMu u3 crnoe. HecMmompsi Ha Mo, YMo KOUYeCcmeo 803MOXHbIX Pa3/IUYHbLIX MEKCNoe He o2pa-
HUYeHO, MaKcuMarbHas OnuHa Kaxdoz2o0 npednoxeHus eceada ozpaHu4verHa. Takum obpazomM, ampubymom, onu-
chigarowium daHHy obnacme, Moxem 6bIMbL MakcuMansHo donycmumas GnuHa onsl Kaxo0oz20 npeooXxeHUs.

MapaHune ochbuumnansHoe
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2 lMpu 3axeame ob6nacmu uszobpaxeHull nuy mpebyemcs, Hanpumep, YMobkl pazMep usobpaxeHus 6bin
He meHee 40%40 nukceneli. Jluya e nonynpoguns pacrnosHaromcs ¢ 6osee HUIKUM ypoOeHeM moYyHOCmuU U npu
ycnoguu, Yymo 60akIWUHCME0 Yepm 1uya ocmaromcs pasnuyumMesiMu. AHao2u4HbIM obpa3zom obpabameiearom-
€A U YacmUYHO repekpbimbie uzobpaxeHus. Kak npaeuno, dnsa obHapyxeHuss Heobxodumo, ymobkl 66ino eUOHO
6onee 70 % nuya. Pakypckl, Ipu KOMOPbIX kKamepa U nuyo Haxodamcsa Ha odHol ekbicome, pabomarom nyyiie
eceeo, a npu nepemeuleHuu ob3opa ebiwe Ha 30 epadycoe unu Huxe Ha 20 epadycoe om NPAMO20 HarpaseHus
kayecmeo yxyduwiaemcs.

MpumeyaHue — ATpubyT UCronNb3yeTca AnA onncaHusa obbekTa ¢ KOHEYHbLIM YACNOM aTpubyTOR, OaXe ecnu
obnacTe MOXeT BbITb HEOrPaHU4YEHHOW.

3.2 aTtpmbyT (attribute): CBOMCTBO MNK XxapakTepucTuka obbekTa, KOTopaa MOXeT ObITb KONMUYECTBEHHO
UMW KAYeCTBEHHO pasnuynMmMa YernoBeKoOM UMW aBTOMAaTU3MPOBaHHLIMK CPEACTBaAMM.

MpumevyaHme — Cm. [5], (3.2), UBMEHEHHBIA — «CYLUHOCTb» 3aMeHeHa Ha «0bbeKT».

3.3 obnacTb ¢ KOHe4YHbIM Yucnom ob6bekToB (bounded domain): MHOXeCTBO, cofepxallee KOHeu-
HOE YKCIo 0BBHLEKTOB.

Mpumepbi

1 Obnacme ecex donycmumeix 8-6umHbix RGB-u3zobpaxeHuil ¢ N-M Konu4YecmeoM rnukceneil o2paHuyeHa
pasMepom, Komopklll He npeeniwaem 2563 1,

2 Konuyecmeo acex donycmumbIx nNpednoxeHull Ha aH2nulickoM sizblke 6eckoHe4YHo, criedogameribHO,
OdaHHas1 o6i1acmb s18/151€Mcs Heo2PaHU4YeHHOL.

MpumedyaHune — KonmiecTBo 00LEKTOB B HEOrpaHU4YeHHOW obrnacTi BecKOHEYHO.

3.4 o6beKT c KoHeYHbIM Yncnom atpubyToB (bounded object): OBbekT, npeacTaBNEHHbIA KOHEYHbIM
4yucnom aTpubyToB.

MpumeyaHme — B otnudyne oT 06bEKTA C KOHEYHBIM YUCIOM aTPUMBYTOB CYLLECTBYIOT 0BBEKTLI C HEOTPaHWUYEH-
HbIM YWUCIIOM aTpUBYTOB.

3.5 crabunbHocThk (stability): CBONCTBO HEMPOHHOW CETW COXpPaHATb HEWM3MEHHbLIMW BbIXOAHLIE AaH-
Hble NPY U3MEHEHWU BXOOHbLIX JaHHbIX.

MpumeyvyaHune — B Bonee ctabunbHOW HEMPOHHOW CETW BbIXOAHBIE OAHHBIE C MEHbLUEW BEPOATHOCTHEH Noa-
BEPrHyTCS M3MEHEHWUsIM, eCNK Ha BXO4e M3MEHEeHWs MPOABNAKTCA B 3allyMIEeHHbIX JaHHbIX.

3.6 wyBCcTBMTENBHOCTL (sensitivity): CTeneHb, B KOTOPOW BbIXOAHbIE AaHHBEIE HEMPOHHOW CETU U3MeHs-
OTCS MPY M3MEHEHWU BXOAHbIX OAHHbIX.

[MpumeyaHmne — B Bonee 4yBCTBUTENLHOW HEWPOHHOW CETWM BbIXOOHbIE AaHHbIE W3MEHATCH C Bonbluen Be-
POATHOCTLIO, ECMNW M3MEHEHUA Ha BXOAe ABNSIOTCA MHOPMATUBHLIMU.

3.7 apxuTekTypa (cucTembl) (architecture): OCHOBHbIE MOHSATUS UM CBOWCTBA CUCTEMEI B €8 OKpYyKe-
HWM, BOMIOLLEHHON B e 3MIeEMEeHTaXx, OTHOLUEHWAX M KOHKPETHBIX MPUHLMNAX ee NMPOEeKTa U pa3BuTHs.

3.8 peneBaHTHoOCThL (relevance): YnopsigodeHHas OTHOCUTENbHAS 3HAYMMOCTb BIMSHWSA OQHOTO NOTO-
Ka BXOLOHbIX OaHHbIX HA BbIXOAHbIE JAaHHbIE HEMPOHHOW CETW MO CPaBHEHWIO CO BCEMMW APYrMMW BXOLHbLIMU
LaHHbIMU.

3.9 kpuTepwui (criterion): MNpaBuno, Ha KOTOPOM MOryT Ga3WpOBAaTLCS CYXOEHWE WNU pelleHue, Uiu
npaBuno, No KOTOPOMY MPOAYKT, yCIyra, pe3ynsTaTt Ui nNpoLecc MoryT BbiTh OLeHeHHb.

[MpumeyaHune — OnpegenerHve npuBeneHo B [6], (3.1.6).

L) . . -
3.10 BpemeHHble pagsbl (time series): Pag nocnegoBaTenbHbIX 3HAYEHUI, XapaKTepusyoLmxX uamMmeHe-
HWe rnokasaTensi BO BPEMEHU.

MpumeyaHue— OnpegeneHve npueeneHo B [7], (3.54).

3.11 poctuxmmocTtb (reachability): CeoncTBo, onuckiBawLwee, MoxeT nu areHT W noctuys Habopa
COCTOSHWUW B 3aJ4aHHOM OKPYXEHUMW.

3.12 Kyco4yHoO-nNUHeWHasa HeMpPOoHHaA ceTb (piecewise neural network): HelpoHHas ceTb, UCNONb3YHo-
Las KyCOYHO-NMHENHbIe hyHKLMM akTUBaLUN.

MpumeyaHue — Npumepamun yHKLMIA NUHENHOW akTuBauuu asnaoTea Rectify linear unit unu MaxOut.
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3.13 bmHapusoBaHHas HeWpoHHasa ceTb (binarized neural network): HelipoHHas ceTb, OCHOBHbIE Na-
pamMeTpbl KOTOPOW ABMASATCH BOWUHHbLIMU.

3.14 pekyppeHTHasa HeMpoHHaA ceTkb (recurrent neural network): HelipoHHas ceTb, B KOTOPOW Kak Bbl-
XoOHble AaHHble NpeabliayLero cnos, Tak U pe3ynstaTsl NnpeabiayLero wara BblIMMCIeHUn NogaTcsl Ha Bxo4
TeKyLlemMy crnoto.

3.15 TpaHctopmepHasa HellpoHHasa ceTb/TpaHcdopmep (transformer neural network/transformer):
HelipoHHan ceTb, Ucnonb3yowan mexaHn3M BHUMaHun (self-attention) gns onpegeneHvs 3aBUCMMOCTM MEX-
Y BXOAHbLIMWM OaHHbIMK BO BpeMsi 06paboTku.

3.16 npoBepka c nomoukk Mogenu (model checking): [lokazaTensbCcTBO cnpaBeanMBOCTU hopManb-
HOMO YyTBEepPXOeHUS TEOPUM.

3.17 cTpykTypHOe TecTupoBaHue (structural-based testing)*: [lnHamuueckoe TecTupoBaHue, 4NA KO-
TOPOro TeCThbl ABNAIOTCA pe3ynsTaTtoM aHanuaa CTPyKTYpbl aNemMmeHTa TeCTUpPoBaHus.

MpumeyaHunn

1 CTpyKTypHOEe TecTMpOBaHWE He OrpaHUYeHo UCMOMNb30BaHWEeM Ha YPOBHE KOMMOHEHTOB, a8 MOXET MCNOMb30BaTh-
Cs HA BCEX YPOBHSAX, HAaNpuMep Npy NOKPLITUK MYHKTA MEHIO, KaK YacTh TeCTUPOBaHWSA CUCTEMBI.

2 MeToguka BknoyaeT B cebs TeCTMpOBaHWe BeTBEW, TECTUPOBaHWE PELLEHW U TeCTUpPOBaHUe onepaTopoB.

3 Onpenenexve npuseneHo B [8], (3.80).

3.18 TecTMpoBaHMe Ha ocHoBe cneuudgukauum (specification-based testing)**: Tectuposanwue, oc-
HOBHbIM §a31COM KOTOPOTro ABMNSAKTCH BHELLHWE BBOAbI U BbIBOAbI 3NeMeHTa TeCTMPOBaHNA, 06bIYHO HA OCHO-
Be cneyudurKkalumn, a He ee peanusaUnsa B UCXOAHOM KOAe UMK UCNIOMHAEMOM NporpaMMHOM obecnedyeHnm.

MpumeyaHune— OnpegenexHne npueegeHo B [8], (3.75).

4 CokpaweHus

B HacTodawem CTaHOapTe NpuUMeHeHbl cnegyruine CoKpalweHUA:

BHC — BuHapu3oBaHHble HEMPOHHLIE CETU;

THC — rpadoBble HEMPOHHbIE CeTH;

N — WCKYCCTBEHHbIN UHTENIEKT;

KNHC — kyco4HO-NUHEenHble HEMPOHHLIE CETH;

MPT — marHutHo-pes3oHaHcHas Tomorpadus;

PHC — pekyppeHTHble HENPOHHbIE CETH;

PCA — papgap C CMHTE3MpYyeMOit anepTypou;

HUMM — yacTuM4yHO-Leno4YMcrneHHoe NMHENHOe NporpaMmMnpoBaHne;
ReLU — dyHkuma akteaunn RelLU;

SMC — 3agada BbIMONMHUMOCTM MO MOAYIH BbIMYKIOCTH;
SMT — Teopwy BLINONHUMOCTK MO MOAYIHO.

5 OueHka pobacTHOCTH

5.1 O6wume nonoxeHun

B koHTeKcTe HeMpOoHHLIX ceTel cneundukaumn pobacTHocTK 06bIYHO NpeacTaBnsT coboit pas3nuyHbie
YCMOBWS, KOTOPLIE MOTYT ECTECTBEHHLIM UMW COCTA3aTENbHbIM 06pPa30oM U3MEHUTLCA B 3aBUCUMOCTM OT cde-
pbl AeATeNLHOCTU, TOe NPUMEHSIETCA HeMpPOHHAaA ceThb (cM. 5.2).

TMpumepsbi

1 PaccmMompum HellpOHHY cemb, Komopasi o6pabambsieaem MeQUUUHCKUE CHUMKU, 20e 8X00HbIe 0aHHbIe,
nocmynaroujue e HellpoOHHYH cemb, cOBUParOMCcs ¢ MOMOW LI MedUuUUHCKO20 ycmpolicmea, Komopoe CKaHUpy-
em nayueHmoa. lMony4yeHue HeCKONbLKUX CHUMKO8 00HO20 U mOo20 e nayueHma, ecmecmeeHHOo, He npusodum
K nonyYeHur0 UuGeHMuUYHbIX CHUMKOE. 3Mmo C8f3aHO C BO3MOXHbLIM HE3HAYUMENbHbLIM U3MEHEeHUEM MOJTOXEeHUS
nayueHma usiu oceeuleHuUsI 8 KOMHame, ompaxeHuem o6kbekma unu dobaseHueM cryyaliHO20 WyMa Ha amarnax
nocm-ob6pabomku usobpaxeHus.

* CHMHOHUMaMMK CTPYKTYPHOIo TeCTUpOBaHWA ABNAKTCA TECTUPOBaHWEe Ha OCHOBE CTPYKTYpPbI, TECTUPpOBaHWUE METO-
OOM Npo3paYvHOoro AlWnka.

**  CMHOHUMOM TeCTUpOBaHWA Ha OCHOBE cneuwcbmaumm ABNAETCA TEeCTUPpOBaHWeE MEeTOOOM 3aKPbITOro ALWKWMKA.
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2 Paccmompum HelipOHHYHO cemb, Komopas ob6pabambieaem ebix00Hble OaHHLIe dam4yukoe U 6opmo-
8bIX KaMmep camMoynpaesisseMo20 mpaHcnopmHo2o cpedcmea. Benedcmeue duHaMuyHOU npupodsl OKPYXaro-
wez20 Mupa, npumMepamMu Komopoil Mo2ym CRyXumb no200HbIe YC/108US, 3a2pA3HeHUe OKpyXarouleli cpedbl U
ycroaus oceellieHusl, 8Xxo0HbIe daHHbIe Ons HelipoHHOU cemu Mo2ym UMemb LUPOKUe eapuayuu pa3nuyHbIX
ampubymos.

Po6acTHOCTE HEMPOHHOW CETW, Kak NPaBuio, HE U3MEHSIETCH BCNEACTBUME W3MEHEHUH, MPOUCXOOaALLNX
BO BHELUHEM OKpYXeHUWU. 3atem pobacTHOCTb HEMPOHHOW CeTn MOXeT BbiTh NpoBepeHa Ha COOTBETCTBUE W3-
MEHEHUAM TaKuUX YCIOBUA OKPYKEHUS C MOMOLLBI0 COOTBETCTBYHOLNX NPOKCU-cneyudukaunin B cepe npu-
MEHEHWS HEMPOHHON CeTH.

CeoticTBa pobacTHOCTU MOTyT ObITb NOKanbHbIMU UNK rnobansHeiMK [10]. Yalle Bcero npoBepsoTcs
floKanbHble, a He rmobanbHble cBoMcTBa pobACTHOCTM, NOCKONbKY UX Nnerde onpegenuts. CBOWCTBA NoKanb-
HOW pobacTHOCTK 3a4alTCA B OTHOLEHWM BbIOOPKM BXOAHbIX AaHHBIX M3 TecToBoro Habopa gaHHbIX. Hanpu-
Mep, ecnv m3obpaxeHue npaBuMibHO KNaccMUUMPOBAHO Kak aBToMobWIb, CBOWMCTBO nokanbHOW pobacT-
HOCTM MOXET yKa3sbiBaTb, YTO BCe M30DOpaxkeHWsl, CreHepWpOBaHHbIE MOBOPOTOM WMCXCOHOro M3obpaxeHus
Ha 5 rpagycoB, Takxe KnaccuduUMpyTcs Kak aBToMobuns. HegocTtaTkoM MpoOBEepKW NMOKanbHbIX CBOWCTB
pobacTHOCTK ABMAETCA TO, UTO rapaHTUK ABMSATCA NOKalNbHLIMWU ANs NpefoCcTaBneHHOM TeCTOBOW BLIBOPKU
W HE pacnpoCcTpaHAlTes Ha apyrve Boibopkyn B Habope gaHHbix. CBolicTBa rmobanbHol pobacTHOCTU, Ha-
0BopoT, ONpesensitoT rapaHTuK, KOTOPble COXPaHsTCH AETEPMUHMPOBAHHO ANS BCEX BO3MOXHbIX BXOAHbIX
AaHHbix [11]. Onsa cchep npyMeHeHus, B KOTOPbIX BXOAHbIE (hYHKLWM MMET CEMaHTWYECKOe 3Ha4YeHne, Hanpu-
Mep CUCTEMbI NpefynpeXaeHus CTONKHOBEHUS B BO3AyXe, rmobankbHblie CBOWCTBA MOTYT ObITk 3aaHbl NyTeEM
onpegeneHus ONYCTUMbIX BXOAHbIX 3HAYeHWM AnS BXOAHbIX YHKUMIA, npeanonaraeMsix B peansHOM pas-
BepTbiBaHuu. OnpegeneHue 3Ha4YMMBIX BXOOHLIX 3HAYeHU aBnsieTcsl bonee crnoXHOW 3aJadei B yCNoBUSX,
KOrga oTAenbHble PYHKLMN HE UMEIDT CEMaHTWYEeCKoro 3HadveHuns. Habop ceoicTe pobacTHOCTK, ONUCAHHbIX
B JaHHOM pasgene, He ABMSETCH UCHEPNbIBaLWKWM U, BO3MOXHO, B Oyaywem 6yaet 4ONOMHEH.

5.2 MoHATHe obnacTun

BonbwunHeTBo cuctem WA, BKNoYaa HEMPOHHbIE CeTU, NpeaHasHadYeHbl Ana paboThl B onpeneneHHoM
OKPYKEHMWU, TOe WX IKCMNyaTaluWoHHbIE XapaKTEPUCTUKA MOTYT ObITb onpederneHsl U OLgHEeHbI (TUMUYHEIE No-
Kasarernu oueHkn MoxHo HaiTu B ISO/IEC TR 24029-1:2021, tabnuua 1). PobacTHOCTb, ABNSIACE OQHUM U3
KITHOYEBLIX CBOWCTEB HEMPOHHOW CeTW, HeoTaenuma oT obnacTu, B KOTOpoW oHa dyHKUMoHupyeT. CyllecTBo-
BaHWe o06nacTi ¢ KOHEYHbIM YMCIOM ODBLEKTOB NoApasyMeBaeTcs BO MHOMMX MPUMOXKEHWUSX ONS HEeNPOHHbIX
cetell (Hanpumep, knaccudukauma nsobpaxkeHnin npegnonaraeTt HanumuMe u3obpaxeHWin onNpegeneHHoro Ka-
4yecTBa W B onpegeneHHomM gopmare).

Mapagurma areHTa, NpeAcTaBneHHas Ha pucyHke 1 1 BocnpoussegeHHasa no MCO/MOBK 22989, nemoH-
CTPUPYET, YTO areHT BOCMPUHUMAET CBOE OKPYXEeHWe U NpeanpuHUMaeT OeNcTBUSA ANs OOCTUXEHUS onpeae-
NeHHbIX uenen. B npeacraeneHHow napagurmMe ocoboe BHUMaHWe yoenaeTcs paznuyHbIM KOHLENUuam areH-
Ta M n okpyxxeHusi. MNoHsaTMe obnacTi oTpaxaeT orpaHWYeHns COBPEMEHHON TEXHONMOMMK, KOTAa HeMpoHHas
ceTb, ABNAACL onpeaeneHHbIM TUNom areHta W, TexHudeckn cnocobHa JOCTUYL 3a4aHHON Lenn TONbKO B
TOM Cry4ae, ecnuv oHa ONepUpPYeT COOTBETCTBYIOLMMW BXOOHLIMK AAaHHBIMMN.

KoHuenuua obnacTn ocHOBBIBAETCA Ha CreayoLw X NpuHUMNax:

- 0bnacTb onpefenaeTca YeTKO YCTaHOBMNEHHbIM HabopoM aTpubyToB (T. €. 0bnacTb cooepKuT 0bbeKThI
C KOHEYHbLIM YMCMNOM aTpubyToB);

- cneundmkaumsa obnact gomkHa 6biTe 4OCTATOMHOW ANs Toro, 4Tobel cuctema MM BeinonHana ogHy
WUMKU HECKOMNbKO 3a4aHHbIX 3a[a4 N0 HasHa4YeHWUIo;

- DaHHble, UCNoSb3yeMble Ans 00yYeHusi, OMKHbI BbiTh penpe3eHTaTUBHLIMK MO OTHOLUEHWIO K AaH-
HbIM, HA OCHOBE KOTOPbIX NpeanonaraeTca genatb 3aknYeHne.

OnpepeneHune obnacTu BKNYaeT B cebs ykazaHne Bcex aTpubyToB AaHHbIX, HEOBX0AUMbIX ONst 4OCTU-
JKEHUS HEMPOHHOW CEeTLH CBOEW Lenu.

HekoTopble nonynspHele cepbl MPUMEHEHUS HEMPOHHBIX CeTEN OXBaTLIBAKOT MpUNoXeHus B obnactu
3peHns, obpaboTkM peun 1 poboToTexHukU. Onsa onucaHma sTux obnactei U, YTo Bonee BaXHO, UX U3MEH-
YMBOCTH, KaK NPaBUIIO, UCNOMb3YHTCA YMCMoBbie aTpubyThl. NprMepaMy MOryT CRyX1Tb (popma obbekTa Ha
M300paKeHUN, MTHTEHCUBHOCTE HEKOTOPLIX MUKCENEN UMW aMNNUTy4a 3BYKOBOrO CUrHana.

OpHako gpyrve obnactu mMoryT BbiTh BbIpa)eHbl C NOMOLLBK HEYWCIOBLIX atpubyToB, BkMNo4as ob-
paboTKy ecTecTBEHHOro fA3blka, rpaduky U MacwTabHeli kog (Mcnonb30BaHue aBToMaTuyeckoro obydyeHus
Ha OCHOBe CYLLecTByoLWero koga). B atux cnydasx atpubyTel MOTryT OblTe HEYMCIIOBBLIMK, HAaNpUMep CroBa B
npennoxeHun unu pebpa B rpade.

4
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HeilicTeue

OkpyxeHue

Bocnpuatue

PucyHok 1 — lNMapagurma areHTa

ATpunbyTbl No3BonsoT pazpabotynky MW creHepupoBaTh B 06racTi gpyryto CyLUHOCTb U3 yXkKe CyLlecTBy-
loLei cywHOCTU. ATpUBYThI JOMmKHBI GbiTh OrpaHuyeHbl B cneluuduKkaum pobacTHOCTU.

5.3 CtabunbHoOCTbL

5.3.1 CBoicTBO CTabunbHOCTHU

CBoICTBO CTAabUNBHOCTY BbIpa)aeT CTeneHb, B KOTOPO BbIXOAHbIE AaHHbIE HEMPOHHO CETW OCTaloTCS
HEW3MEHHBIMU MPU M3MEHEHUW €€ BXOAHbIX AaHHbIX B onpegeneHHon obnactu. MNpoBepka cTtabunbHOCTU B
obnactwu, raoe npegnonaraeTcs CoXxpaHeHne noBedeHns], MO3BOSISIET NPOBEPUTE, MOXKET N COXPaHATLCA W NPo-
M3BOANTENbHOCTb. CBOMCTBO CTAbWMIBHOCTU MOXKET ObiTh BhipaXeHo B 3aKpbiToN chopMe (Hanpumep, «Haxo-
OUTCS N U3MEHUYUBOCTL HUXXKE 3TOM0 NOPOroBOro 3Ha4eHus?») nubo B OTKpbITON dhopMe (Hanpumep, «Kakosa
camas fonblas ctabunbHas obnacTb?»).

[na nokasaTenscTBa TOro, YTO HERPOHHAA CeTb cOXpaHsAeT paboTocnocobHOCTL NpW HANUYKUK 3aLLYM-
MEHHBIX BXOOHLIX AaHHBIX, AOMKHO BbITh BhipaXeHo cBONCTBO cTabuneHocTu. CBOWMCTBO CTAbUNBHOCTH Che-
AYeT WCMoNb3oBaTh B 00MacTaAX, KOTOPbIE, C TOMKW 3pEHWUS OXMOaeMoro nosedeHus, obnagalwT HeKoTopbIMU
CBOWCTBAMW pErynsapHocTU. Ml HanNpoTuB, B XaOTUYECKOW cucTeMe criegyeT u3beratb UCMOMbL30BaHWUS 3TOrO
CBOWCTBA, MOCKOMbKY 3TO He ABNsAeTca peneBaHTHeIM. OOHAKO, Aaxe Korga perynsipHocTk obnacTu Henerko
nooTBEpAUTL (Hanpumep, B XaoTUHECKOW cucTeme), CBOMCTBO CTabUIbHOCTU MOXET BbiTb MCMONb30BaHO AN1S
CpaBHEHUS HEVMPOHHbLIX CETEN.

5.3.2 Kputepuit cTabunbHOCTH

Kputepuin cTabunsHOCTM onpegensieT, COXpaHsAeTcs M CBOMCTBO CTabUINbHOCTU B KOHKPETHOM 0bnacTu,
a He TOMBKO Ans onpefeneHHoro Habopa NpUMepoR N ANA NOAMHOXecTBa obnacTu, HanpuMep Ansa obyda-
OWMX UNK BanugaunoHHbIX HabopoB AaHHbIX. KpuTepuit cTabunbHOCTM MOXET OblTh MPOBEPEH C MOMOLLbH0
chopmManbHbIX METOLOB, OMUCAHHLIX B 6.2.

Kputepuin ctabuneHoCTM OOMKEH onpeaensaTs Mo kpalHel Mepe obnacTb 3HAYEeHWI U NPOCTPaHCTBO
BbIXOOHbIX 3HA4YeHWIA, B KOTOPbLIX OH Dbl N3MepeH, a Takke oxugaemMoe CBOWCTBO CTabubHOCTH.

Kputepun ctabunsHocTu MoXeT BbiTb MCMOMbL30BaH B KAYECTBE OOHOMO M3 KPUTEPUER AN CPaBHEHUS
MoJenen.

[nsa obecneyeHnss TOMHOCTWU CpaBHEHWst Mogenen Heobxoammo cobnogeHue cnegyowmx TpeboBaHnii:

- HEMPOHHLIE CETU BBIMOMHAKT OAUHAKOBYK 3amady;

- KpuTEpUin cTabUIBHOCTN MCMNOMb3YETCA B TOM Xe obnacTy;

- KpUTEepU cTabunbHOCTWM NOATBEPKAAET TY XKE LeNb.

Hanpumep, onst HEMPOHHOW CETU, BLINONHAWLLEN KnaccurKaLu, KpUTepuin cTabunsHOCTU OLeHNBa-
€T, BbIMOJSIHAETCS M KOHKPEeTHOe peLleHne A5 KaXgoro Bxofa B obrnactu. [Ins HEMPOHHOW CeTU, BbIMOMHSI0-
el perpeccuio, KpUTepuin cTabunbHOCTU OLEHUBAET, OCTAETCS N perpeccusa ctabunsHon B obnacTu.

Onsa npumMeHeHus kputepus cTabMnbHOCTU OH JOMKEH ONMPaThCH Ha paHee CyLLeCcTBOBaBLUYO MHMOp-
MaLuuio 0 nNpegnonaraemMom BbIXO4e HeMPOHHOW ceTw, KoTopas MoKeT BbiTb M3BecTHa paspaboTtyuky U unn
MOKeT BbITb onpefeneHa Apyrum cnocobom (C UCNonb3oBaHUEM CUCTEM MOLENWPOBAHWUA UMY peluaTtenen).

5
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KpuTepuit cTabunbHOCTU NOAXOOWUT ANS OLEHKM pobacTHOCTM B 06MnacTu, B KOTOPOM OXWOaeMblil OTBET AB-
nsgeTcs aHanorMyHbIM. o 3Tol NpUYKMHe PeKOMEHZYETCA UCNONbL30BaTh KPUTEPUWIA cTabunsHocTu gns nobo-
ro npouecca NpuUHATUA pelleHuid, obpabaTeiBaeMoro HEMPOHHOW CeThi (HanpuMep, Ana knaccudukauum m
WAEHTUUKALWK).

5.4 YyBcTBUTENBLHOCTL

5.4.1 CBOWCTBO YYBCTBUTENbLHOCTHU

CBOWCTBO YYyBCTBUTENBLHOCTU HEAPOHHOI CETH BblpaKaeT CTeNeHb, B KOTOPOMN BbIXOAHbIE AaHHbIE Hel-
POHHOWM CETU U3MEHSIIOTCA NPU M3MEHEHUW ee BXOAHLIX AaHHbIX. Ansa oueHkM pobacTHOCTM HEMPOHHOW CeTU B
obnactv uHorga HeobxoaMMO NPOBEPATE M3MEHYUBOCTL CUCTEMbI. [Nsi 3TOM Lenu cneayeTt NpoBOAWTbL aHa-
T3 YYBCTBUTEMNBHOCTM ANA ONPeAeneHns TOro, HacKomnbKo CUMbHO MEHSIETCS CMCTEMA W Kakne BXOAHbIE AaH-
Hble MOTYT MOBMSATb Ha 3TO OTKMOHEHWe. 3aTeM 3TOT aHanv3 CpaBHMBAETCA C paHee onpedeneHHbIM npeg-
nonaraembiM nokasaTtenem Npou3BOOUTENBHOCTU CUCTEMDI.

AHanW3 4yBCTBUTENbHOCTW JOMKEH UCMONb30BaThcs B 06nacTtu, ecnu oH NpUMeHsieTcs aAns onpegene-
HWUS TOro, OCTAETCA NN HEMPOHHAA CeTb orpaHnyeHHon. Kak v B cny4ae co CBOWCTBOM CTabUNBHOCTKW, aHanm3
4YyBCTBUTENbHOCTM OOMblue noaxoawuTt Ans obnactel NpuMeHeHWs, KoTopble 0bnagatT HEKOTOPbIMU CBOWM-
CTBaMW PerynsipHoOCTH.

5.4.2 Kputepuit WyBCTBUTENBHOCTH

MMocKkonbKy KpUTEPUA YyBCTBUTEMNBHOCTU Bbipa)xaeT CBOWCTBO B 06MnacTv (2 He B KOHKpeTHOM Habope
NPYMEpPOB), ero MOXHO NPOBEPUTL C MOMOLLbI0 (DOPMarbHLIX METOLOB, ONUCAaHHLIX B 6.2,

KpuTepuin 4yBCTBUTENBHOCTW AOMKEH onpedensaTs 0b6nacTb, B KOTOPOM OH ObiN M3MepeH, 1 Kakue no-
POr¥ YyBCTBUTEMBHOCTI MNOAMEXKAT NPOBEPKE.

KpuTepuin 4yBCTBUTENBHOCTU MOXET ObiTb MCMNONL30BaH AN CPABHEHWS PAa3NUYHbIX apXUTEKTyp Hel-
POHHbIX ceTer Unu oBy4YeHHbIX Mofenei. [na obecnedYeHna TOYHOCTHM CpaBHEHUA Mogenen Heobxoanumo co-
bnogeHve crnefyowmux TpeboBaHui:

- HEMPOHHbLIE CEeTH BbIMOMHAT OAMHAKOBYH 3a4advy,

- KpUTEpPWIA YyBCTBUMTENBHOCTH MCMONbLIYeTCs B TOW e obnactw,

- KPpUTEPWUIA YYBCTBMTENBHOCTH NOATBEPKAAET TY XKe Lenb.

KpuTepuin 4yBCTBUTENBHOCTU OCODEHHO MOAXOAMT ANA HEWPOHHBLIX CETEN, BbINOMHAOWNUX 3a4a4m WH-
Tepnonauun unu perpeccun. [Ina TakMx 3afad KpUTEpPUA YyBCTBUTENLHOCTM MO3BOMSET MOMy4YuTb NpAMoe
[0oKa3aTensCcTBO NPOTUB abConKTHON/3TanNoOHHOM UCTUHLI, KOTOPas MOXET pacnpocTpaHaTeCsa Ha obnacTb.

Kputepuin HyBCTBUTENBHOCTM OOLIYHO BbipaxaeTcs B 3aKkpbITON (hOPME KaK MoporoBoe 3Ha4eHue M3MeH-
4YMBOCTU B onpeneneHHon obnacTn BapuaLmm BXOAHbIX OaHHbIX.

5.5 PeneBaHTHOCTbL

5.5.1 CBOWCTBO peneBaHTHOCTU

CBOWCTBO peneBaHTHOCTWU B HEMPOHHOW CeTU BbIpakaeT MopAAoK BIUSHWUA BXOLHbLIX AAHHbLIX HA Bbl-
XOAHblE U MOXeT ObiTb BblYMCNEHA 48 KaXKOOW eAMHMUbI BbIXOAHbLIX OaHHbIX. PeneBaHTHOCTb BbipaxaeT
WHOWBWAYaNbHOE BIUSIHWE KaXOO0W eOWHWUUbI BXOAHbLIX OaHHLIX Ha pes3ynbTaT, MonyYeHHblA Ha BbIXOAHbLIX
OaHHbIX. [INs Kaxaoro BbIXo4a COBOKYMHOCTE BXOAHLIX AAHHBIX MOXET BbITb OTCOPTUPOBAHA MO CTEMEHMW UX
BO3ENCTBMSA Ha 3TOT Bbixod. CBOMCTBO peneBaHTHOCTH NPOBepsieT, A0BNETBOPSAET MU LOCTUTHYTHIA NOpsaoK
TpeboBaHuAM, chopMynupoBaHHbiM paspaboTtymkom VA, CBOMCTBO peneBaHTHOCTM MOXHO MPOBEPUTL C MO-
MOLLBHO Pa3niyHbIX METOAOB ANA OLEHKW BNUAHWSA KaXKA0W eOMHMLbI BXOAHBIX AaHHbIX. B 0TnMYne oT cBOWCTB
CcTabuNBHOCTM M YYBCTBMTENBHOCTH CBOWCTBO PereBaHTHOCTU MOXET MPUBECTU K pasHormacuaM Mexady aKc-
nepTamu, OTBETCTBEHHbLIMK 3a €ro OLEeHKy. [IBe HEMPOHHbIE CETW MOIYyT MMETb OYeHb PasHble pesynbTaTthbl Mo
CBOWCTBaM pPEeneBaHTHOCTM W MO-MPEXHeMY CHUTATbCs npuemnemMeiMi. HeobxoOuMMo BKMHOYMTL B MPOTOKON
CpaBHEHUWSA METoA pas’peLleHns NPOTUBOPEYMBLIX pe3ynsTaToB. Hanpumep, ans paspelleHns onpegeneHHbIx
CMTyaL Ml NPOTOKOS MOXET MCMOMNb30BaTb CUCTEMY FONOCOBaHMS.

CBOWCTBO peneBaHTHOCTM CliedyeT MCMOoMb30BaTh B TEX Cryyasx, Korga HeWpOoHHasi CeTb BbIMOMHAEeT
3agady, KoTopasi MoxeT ObiTk BbINONHEHA YenoBekoM. [INs Takmx crydyaes criefyeT KOPPeKTHO onpenenuTs 1
NpOBEpPUTL 0DOCHOBAHUE BbIXOAHbLIX OAHHBIX HEMPOHHON ceTu. CBOMCTBO peneBaHTHOCTW ONpeaenseT, MOXHO
1 rapaHTUpOBaTb NPOU3BOAUTENBHOCTb CMCTEMbI MO NMPaBUIbHBEIM NpUYnHamM. B atom cnydae pobacTHOCTb
cucTeMbl OyneT onpaBhaHa, a He NMpoCcTo 2asieneHa. 3Ta NpoBepka MoOXeT OblTh BhINOMHEHA BPYYHYH Yeno-
BEKOM-OMEepaTopoM UNn aBTOMaTUYeCKM C UCNONb30BaHMEM 3TANOHOB, KOTOPbLIE BbINU NPpOBEPEHbI paHee.

6
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5.5.2 Kputepuin peneBaHTHOCTH

KpuTepuin peneBaHTHOCTU BbipaXaeT CBOWCTBO PeNeBaHTHOCTW B 0bracTu, KoTopoe TpebyeT AeMOH-
CTpauuK CBSI3W MEXOy KaXObiM BXOOOM W BbIXO4OM. [Onsi 3Toro Heobxogum MeTon, cnocobHbIA pasgenvTh
BMMUsIHWE Kawaoro Bxopa. [ns OOCTWXKEHWS STOW Uenu MoryT BbiTb MCMOMb30BaHbl hopManbHble METOAbI,
OCHOBaHHble Ha CUMBONMYECKOM, NOMMYECKOM UCHUCTIEHNN UMK BbIYUCIMTENBHbLIX MeToaax. [pumMepbl dop-
MarnbHbLIX METOA0B, AOCTYMHLIX ANSA NPOBEPKN KPUTEPUSA peneBaHTHOCTU, NpUBeaeHs! B 6.2.

KpuTepunin peneBaHTHOCTM JOMXEeH oTpaxaTb 00nacTb, B KOTOPOW OH BbiN U3MepeH, 1 oXugaeMble pe-
3ynbTathl. ECnv oxmnaaemble pesynbTatbl He MOTryT ObiThb ONpederneHbl anpuopu, KPUTEPUA PENEBaAHTHOCTM
OOMKEeH No KparhHel Mepe NpeacTaBnaTe METOLOMOMMI0 OLEHKN pe3ynsTaTos.

Kputepuin peneBaHTHOCTM MOXeET ObiTb MCMOMb30BaH ANl CPaBHEHWS Pa3NUYHbIX apXUTEKTYP HEWPOH-
HbIX CeTel unu pesynbsratoB obyyeHus. [Ins obecnedyeHnss TOMHOCTU cpaBHeHWA Heobxoaumo cobnwogeHue
cnepywwmx TpeboBaHnii:

- HEMPOHHLIE CETW BbINOMHSAT OAVHAaKOBYH 3adadvy,

- KPUTEPUIA pENEBaHTHOCTU MCMOMb3yeTcsa B TOW e obnacTw,

- KpUTEPUI PENeBaHTHOCTW NOATBEPKAAET Ty Xe Lieb.

TMpumep — Ansa HelipoHHoU cemu, eblnonHarouwel 3adady knaccughukayuu, kpumepull penesaHmHocmu
Moxem 6bImb UCNOML308aH O NPOBEPKU MO20, PAacioNoXeHk! flu Haubonee peflegaHMHbIe NUKCeNU Ha onpe-
deneHHol Yyacmu udeHmudpuyupyemozo obbekma (Hanpumep, koneca ons udeHmudbukayuu mpaHcropMmMHoO20
cpedcmea). Qna HeldpoHHOU cemu, ebiMofIHAWel NPo2HOCMUYecKUll aHanu3 epeMeHHbIXx psadoe, Kpumepud
penesaHmHocmu Moxem 6biMb UCAOIbL308aH On1A NpPoeepKU coomeemcmeus npedckazaHHo20 co6GbImus 1o-
2uqeckuMm eblgodamM, npuemMnemMbiM Ons paspabomuyuxka UW (Hanpumep, cuzHan, onoseujarouwjull o nepezpese
deuzamens, komopskiil cKkope ebilidem U3 cmpos).

KpuTepuid penesaHTHOCTM MOXeT BbiTh BbipaXeH B paznuMuHbIX 3afadvax npu ycrnoBuW, YTO pesynetart
MOXeT BbiTb NpoaHanuanpoBaH paspabotyvkom M. Kputepuidi peneBaHTHOCTM MOXeT MCMNOoNbL30BaTbCH, Ha-
npuMep, B 3agadax knaccudukauuu, obHapyXeHWsl, MHTeprnonauuM unu perpeccuu. MNMposepka KpUTEpUs pe-
NEeBaHTHOCTU MOXeT ObiTh aBTOMAaTU3UPOBaHa UMK e OCHOBLIBATLCA HA OLeHKe YernoBeka AN onpeneneHus
TOro, ABMAETCH NM NOJYYEHHbI pesynsTaTt npueMnemMbiM. B cnyyae ecnv npoBepka 0CHOBLIBAETCSH Ha OLEeHKe
Yyerogeka, Nony4eHHoe UM pelLleHne MoXeT BbiTk NepenaHo B Kad4ecTBe HoBoro TpeGoBaHus Ana aBToMaTH-
3auUuKM TECTOB B MAKCMMAarbHO BO3MOXHOM CTENeHu.

5.6 JocTWXMMOCTb

5.6.1 CBoMCTBO OOCTMKUMOCTH

CBOWCTBO AOCTWKUMOCTN HEMPOHHOW CETWU BblpakaeT MHOTOCTYNEHYATYH NPOWU3BOAUTENBHOCTL CETU B
COYEeTaHWN C ee OKpPYXKeHUeM 3Kcnnyatauuu. 3ToT TUN CBOWCTB NPUMEHUM K cucTeMam, paboTtatowmm B napa-
AWrMe areHTa, Kak nokasaHo Ha pucyHke 1. CBOWCTBO AOCTUXMMOCTW NpoBepseT, MoXeT nu areHT MW gocTtuyb
Habopa COCTOSIHUA MpW MCMONb30BaHWM HEMPOHHOW CETU ANA ynpasBrneHwusi cobon B 3a4aHHOM OKPYMXKEHWM.
CBOWCTBO QOCTMXKMMOCTW MOXET onpeaennTe Habop coctosHuiA cbos, koTopbix areHT M gonxeHd naberats,
nubo Habop COCTOSHMUIA LEenu, KOTOPbIX OH AOMKeH 4OCTUYb.

[na BbipaxeHnsa 3TOro TMna cBoWcTBa TpebyeTcst onpefennTe MOAENb OKPYXEHWS, ONUCHIBAOLLYIO BIW-
sHWe gencTteusa areHTa M Ha ero cnepgyrolwee coctosHue. OKpyKeHWe MOXEeT pa3BMBaTbCH Kak AeTepMUHU-
CTMYECKW, TaK M cToXacTudecku. B geTepMMHUMPOBAHHOM OKPY>XeHWW CBOWCTBO AOCTWMKMMOCTY MOKa3biBaeT,
MOKeT N areHT MM gocTuye onpeneneHHoro Habopa CoCTOAHWNA.

5.6.2 Kputepui OOCTMKUMOCTH

KprTepunin 0OCTUKMMOCTH Bblipa)aeT CBOMCTBO AOCTMXUMOCTK B 3agaHHOM Habope HavanbHbIX COCTOS-
HUK. [1na AeTepMUHMPOBAHHOTO OKPYXKEHUS 3TO NMPOBEPHETCH C MOMOLbLI METOAOB, ONUCaHHbIX B 6.2.4. [1ng
CTOXacCTUYECKOro OKPYXXEHUS KpUTEPWIA BblpaXkaeT BEPOATHOCTb AOCTWXEHUS Habopa cocTosHMIA. [laHHasa Be-
POATHOCTb MOXET BbiTh ONpeaeneHa ¢ NOMOLLbLH METOLOB, ONUCaHHbLIX B 6.2.5.

Kputepuin JOCTMXMMOCTM JOIMKEH YAOBMETBOPATLCA OMs 3afaHHOro Habopa HavamnbHbBIX COCTOSHWIMA,
KOTOPbIN MOXeT ObiTb 3aaH Kak 4YacTb KpuTepus. [Ana onpeneneHus Habopa HadamnbHbIX COCTOSHWUWA, OIS
KOTOpPbIX HEWMPOHHASA CeTb YAOBMNETBOPSET KPUTEPUID, B KAYECTBE ankTEPHATMBLI MOXHO MCNOMNL30BaTL op-
MarnbHble MeToabl. [1peMMyllecTBO UCNONB3OBAHUSA KPUTEPUSA OOCTUXUMOCTW AN OLEHKU HEAPOHHOW CETU
3aknoyaeTcss B TOM, 4TO OH obecneynBaeT MeTpPUKy MPOW3BOAUTENBHOCTM CETW B 3aMKHYTOM OKPYXKEeHWW.
Takum 0Opa3oM, OH MOXeT DbiTb UCNOSB30BaH A8 BbipaXeHWss CBOMCTB ©e30MacHOCTM BbICOKOrO YPOBHS,
BbIXOOSLLMX 332 paMKU CBOWMCTB BXO4a-BbIXo4a.
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HaanMep, B Cny4ae C CUCTEMON npegynpexgeHnda CTONKHOBEHNA B BO3AyxXe C NpuMeHeHuem HepipOH-
HOW ceTn I{pMTepI/IPI AOCTVXKMUMOCTW MOXET BblpaXaTtb Tp86OBaH]/Ie naberatb AOOCTWXEeHWA Ha60pa COCTOSAAHUM
CTOITKHOBEHWA C y4eTOM KOHKDETHOFI MOLENM OKPYXEHUA.

6 MpumeHUmMocTb hopManbHbIX METOOO0B K HEMPOHHBLIM CEeTAM

6.1 Tunbl paccMmaTpyMBaeMbIX HEMPOHHLIX CeTeN

6.1.1 ApxuTeKkTypbl HEMPOHHbIX ceTel

6.1.1.1 O6wme nonoxeHus

Mpy NpoeKTUpPOoBaHUKM U pa3paboTKe HENPOHHLIX CETEN MOTYT UCMONb30BATLCA Pa3NUYHLIE TUMbLI apXu-
TekTyp. PopmMansHble MeToabl BepuduKkaumum HEMPOHHbBIX CETEN 3aBUCAT OT UX apxuTekTypsbl. B 6.1.1 onuckl-
BawTCHA hopmanbHble MeToAbl, paspaboTaHHble AN CrneaylmMx apXUTEKTYP HEMPOHHLIX CETEN: KYCOYHO-
JIMHEMHBIX, OMHAPU30BaHHbIX, PEKYPPEHTHbLIX HEMPOHHBLIX CeTel U TPaHC(OPMEpPHbIX HEMPOHHLIX ceTel. XoTH
npeacTaBneHHbIA NepevyeHb HEMPOHHLIX CETEN He ABMNAETCH UCHEePNbIBAOLWUM U MOTYT NOSABUTLCSA HOBLIE ap-
XUTEKTYPbl U COOTBETCTBYIOLME hopMarnbHble MeTodbl Bepuurkaunm, oH oxBaTelBaeT BoMNbLIOe KONMYecTBO
CYLLIECTBYHOLLNX apXUTEKTYP HEMPOHHBIX CETEN U NPUMEHAEMbIX MeTofoB. bonee nogpobHas uHdopmaums ob
yNnoMsAHYTBIX METOAax npeacraenexHa B 6.2.

6.1.1.2 Kyco4HO-NWHENHbIE HEMPOHHLIE CETH

KINHC [12] He ncnonb3ylT HenMHenHble OYHKUMK, Takne Kak curmonga uinu runepbonvyeckmiai TaHreHc,
HO OHW MOTYT NPUMEHATE NIMHERHbIE Npeobpa3oBaHus, Takue Kak NoSTHOCBA3HbIE UMM CBEPTOYHbLIE CIIOW, CIOM
obbeauHeHus, Takme kak MaxPooling, u Takme onepauum, Kak nakeTHasi HopManuaauus WK oTCeB, KOTopble
COXPaHSAT KyCouHy nuHenHocTs. KITHC coctaBnsoT Bonbluyo 4acTbk COBPEMEHHbBIX HEMPOHHLIX CETEN.

B [13] npegnoxeHbl opMankHble MeToAbl BepudMkaumm, KoTopele cHadana npeobpasytwTt KIMHC B
MaTeMaTWUYeCKN 3KBUBANEHTHLIAN HABOp NUHENHLIX KNaccuUKaTOPOB, a 3aTeM UHTEPNPETUPYHOT KaXAbIA Nu-
HeMHbIA Knaccugukatop no npusHakam, JOMUHUPYHOLLUM B ero npeackasaHuun. [pyrine metoibl Bepudukauum
paccmatpuBatoT KITHC kak rmobanbHylo onTUMKU3aLMOHHYI0 3a4advy M UCMONb3YOT Takol MeTo[, Kak pela-
Tenb SMT. B [14] dopmanbHaa npoBepka pobacTHOCTM NpeAcTaBneHa B BUAE CMellaHHOW LIenoYnUCcleHHon
NUHeRHon nporpammbl. [dpyrue metoabl npegctaenedbl B ISO/IEC TR 24029-1. [lononHWTENbHbBIE METOAI
npoBepku BkntodakwT Fast-Lin — Fast-Lip [75], CROWN [76] n dopmanbHblid aHanua 6esonacHocTtur [17].

6.1.1.3 BbMHapuW30BaHHbIE HENPOHHLIE CETH

B BHC Bce onepauumn ABNAKTCA ABOMYHBIMK, YTO JenaeT 3Tu ceTu 3hdeKTUBHBIMU C TOYKKM 3peHKst na-
MSATW U BbIYWCIEHWIA, NO3BONAS UCMONb30BaTh CNeLUanM3MpoBaHHblie anropuTMbl Ans BbICTPOro YMHOKEHMSA
OBOWYHbIX MaTpuy,. C ucnonb3oBaHUEM Takon apxUTeKTypbl ObiNKM co3haHbl pa3fnnyHble BCTpansaemble npu-
TNOXEHWA, Ha4uHasa oT knaccudukaumm n3obpaxeHun n 3akaH4measa obHapyxeHuem obbekToB [18].

®dopmansHas npoeepka Takmx BHC 6kina gocturHyTa nytem co3gaHvst TouHoro npeacraeneduss BHC
B Buae Oynesoir popmynel Takum 06pas3om, 4TO BCe AOMYCTUMbIE Napbl BXOA0B W BbIXOO0B OAHHOW CETU sAB-
nqawTcs pewennsamy 6ynesoin doopmynel [19]. 3aTtem NpoBepka 4OCTUMraeTcs C MOMOLLbI0 TakMx METOAOB, Kak
BbINOMHMMOCTb DyneBbiX (hOpMyn U LenoYvMcneHHoe NIMHenHoe nporpammMupoBaHnue [18].

6.1.1.4 PexkyppeHTHblE€ HEMPOHHbLIE CEeTH

PHC obecneuunBatoT TouHyH 1 adhdeKkTuBHy o0bpaboTky nocnegoBaTenbHbIX JaHHbIX BO MHOMUX cde-
pax OefATenbHOCTW, BKMYaa pedb, (PUHaHChl U TekcT. Ha kaxaom BpemeHHoMm ware PHC obHoBnsieT cBoe
BHYTPEHHEE COCTOSAIHWE HA OCHOBE BXOAHbIX [JaHHbIX Ha 3TOM Liare M BHYTPEHHEro COCTOSHWA Ha npefbl-
aywux warax. OkoHYaTenbHbIA pesyneTaT nony4YaeTcs No OKOHYaHWW nocnegoBaTefibHOM 0OpaboTkn Bcex
BXOOHbIX AaHHbIX.

PHC, ucnonb3yemyto B KadecTBe KOHEYHOro KrnaccudpukaTopa, MOXHO paccmaTpyBaTth Kak MalMHY C
BGecKoHe4YHbIM YMcnoM cocTosHui [20]. nsa Takor cUCTEMbl C BE@CKOHEYHLIM COCTOAHWEM KOHEYHbIA aBToMaT
MOeT BbiTb 0By4eH C MCNONb30BaHMEM METOLOB aBTOMaTU3NMPOBAHHOIO 0By4yeHus, TakMX Kak TEHEBas MOo-
Oenb, annpoKCUMUPYOLLAaa paccMaTpuBaemMy cUCTeMy. 3aTeM TEHEBYH MoAelNb MOXHO WUCMomnb3oBaTh AnNs
npoeepku cootBeTcTBKUsA PHC cneundpukaumm, Hanpumep ¢ NOMOLLLID METOLO0B NMpOBepkn mogenu. MNomumo
NPOBEpPKM Modenu Ansa AokasaTeNbCTBa fokanbHoW HagexHocTu PHC, ncnoneayemelx npy Knaccudukaumm
OaHHbIX WM300pakeHW, O4aTYMKOB ayguo WM ABukeHua [271] moxeT ObiTb nNpuMeHeHa abcTpakTHasa MHTep-
nperayus.

6.1.1.5 TpaHcchopmepHbie CeTH

TpaHchopmepHblie ceTu — 3TO TUN Moaenei rmybokoro obyyeHus ¢ apxMTeKTypon kogep-gekonep [22].
C nomolLbio KOAMPOBLLUMKA TpaHcOpMep Ha4YMHAaET € reHepauuun NpeacTaBneHnin UNu BNOXEHWA A9 Kax 401
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oTAenbHOW YacTh Bxoaa. [Npy aTom TpaHcopmaTop UCMonb3yeT Mogenb BHMMaHus self-attention gnsa arperu-
poBaHWsa MHpopMaLnmn U3 Bcex OpyrMx Yactel Bxoaa, 4Tobbl creHepyMpoBaTh HOBOE BHYTPEHHEE NpeacTaBne-
Hue Ansg Bxoda. 3aTem 3TOT LWar NOBTOPSAETCSl HECKOMNbKO pas napannensHo Ana Bcex YacTer Bxona, nocneno-
BaTeNnbHO rEHEPUPYS HOBbIE BHYTPEHHWE NpeaAcTaeneHus. [lekogep paboTaeT aHanormyHo U reHepupyeT ogHy
YacTb Bbixoga 3a pas. [1pun atom gekogep obpallaeTcsa K ApYrMM paHee CreHepMpOBaHHbIM YacTsM BbiXxoaa, a
TaKKe YYUTbIBAET BHYTPEHHME NPeacTaBreHns, CreHepMpPOBaHHbIE KOAMPOBLMKOM. Takum obpasom, TpaHc-
chopMepbl copep:kaT CMOXHbIE CION BHYTPEHHErO BHUMAaHWUS, KOTOpbIE CO30al0T MHOXeCTBO npobnem ans
BepudMKaLMK, BKITHOYASA NEPEKPEeCTHYI0 HENTMHEMHOCTL U 3aBUCMMOCTL OT NMepekpecTHoro nonoxeHusa. Cnown
BHYTPEHHETD BHUMAaHUS SBNAKOTCA Hanbornee CrNoXHbIMKM 3NeMeHTaMmu opmManbHoi Bepudukayum pobacT-
HOCTK TpaHcopMaTopoB.

B [23] npeanaraeTtca meToq dpopmanbHOW Bepudunkaumm pobacTHOCTM TpaHCcOpPMEpPOB: CIOW TpaHc-
dopmepa pa3buBaeTcs HA HECKONBLKO MOACMNOER, U B KaXXO0M NoAcnoe BbIMOMHAKTCA HEKOTOpPbIE onepauunu
Hag HelpoHaMK 3Toro noacnos. BeinonHaeMblie onepauui B LENoOM OenaTcsa Ha TPU KaTeropuu:

- NHelHbIe Nnpeobpa3soBaHus,

- YHapHble HeNnuHenHble DYHKUMK,

- onepauun B mogenu self-attention.

Kaxagblid nogcnon paccMmaTpUBaeTCA Kak cogeprkaliii n no3numii B NocnegoBaTenbHOCTM, MPUYEeM Kax-
Jas No3WLUS COOEPXKUT rpynny HeApoHoB. [Ina KaxaoW U3 3TUX NO3WLMIA TpaHKULbI BEIYUCASKTCA OT NEPBOro
00 nocnegHero noacnos.

6.1.2 Tun BXOOHbLIX AaHHbLIX HEMPOHHLIX ceTen

6.1.2.1 Obwme nonoxeHus

B 3agaumn HelpoHHbIX ceTell BXoauT o6paboTka pa3nuuyHbiX TUMOB BXOAHLIX AAHHLIX AMS MNOMYy4YeHUs
HECKOMBKMX BO3MOXHBIX TUMOB BLIXOOHLIX AaHHbIX (cM. 6.1.1). MNpunoxeHnss HEMPOHHLIX ceTel paboTakT ¢
TakKMMK TMNamu OaHHbIX, Kak n3obpaxeHne, BpeMeHHOW psif, eCTeCTBEHHbIA A3bIK, rpadukn unu Tabnuubl.
XoTAa NpeAcTaBneHHbIA NepeyeHb He ABMSAETCH MCHEePNbIBALWMM U MOTYT NOABUTLCH HOBLIE MPUMOKEHWS, OH
OXBaTbIBAET 3HAYUTENbHYI0 YacTb TUMNOB AaHHbIX, MPUTOAHbLIX Ans 06paboTkM HEMPOHHBIMU CETAMM.

OpHako chopmanbHble MeToAbl MOTYT MMETh OrpaHWYeHUs Ha TO, KAKOW TWUMN OaHHbIX MOXeT ObiTb 3d-
deKkTUBHO NpoaHanuanpoBaH. Kak npaBuno orpaHM4eHMs HaknagblBakTCa Ha:

- MacwTabupyemocTb UX BbIYMCMNEHUIA B 3aBUCUMOCTM OT pa3mMepa BXOAHbIX AaHHbIX (1M criegoBaTenbHo,
ceTtn);

- XapaKkTep BXOAHLIX OaHHbLIX NS MOAENUMPOBAHUA BO3MYLLEHWNA.

[Mpy npyMeHeHUK bopManbHLIX METOAOB LUMPOKO pacnpocTpaHeHo orpaHnuveHue MacluTabupyemocTu.
HelpoHHas ceTb nNpegHasHadyeHa AnNS oAHOBpPeMeHHOoW 0bpaboTkn HECKOMbKMX BXOOHbLIX BekTopoB. OaHako
mMaTeMaTU4eckn noKasaTe CBONCTBO Ansi Bcel obnacty (T. e. ANs Kaxk4oro BXO4HOIO BEKTOPA) MO CBOEW CyTK
CNoOXHEee, YeM BblHMCMWTL pesynbTaT Ans HEKOTOPbLIX TOYeK BHYTpKU obnacTu.

BTopoe orpaHuMyeHue BLITEKAET M3 XapakTepa obnactu, NpeacTaBNeHHOW BXOAHLIMM AaHHLIMKW, U BO3-
MOXHOCTM MOoAenupoBaTth hopManbHOe O0Ka3aTenbCTBO B AaHHOW obnacTu. 3TO orpaHuYeHne 3aBUCUT OT
npeacTaBneHns aTpubyToOB, KOTOPLIE UCMONBL3YIOTCH ANA onucaHua obnacTtu (cMm. 5.2). B HeKOTOopkIX criyyasax
aTpmbyTbl SBMSOTCA YAUCNOBLIMM, HYTO NO3BOJISET NErko CMOAENMPOBAaTh HEKOTOPYIO 3HAYMMYI0 U3MEHYMUBOCTb
aTpmbyToB.

6.1.2.2 [aHHble n3obpaxeHus

BoamoxxHocTe 06paboTku n3obpaxeHnn — ofHa U3 NpUYNH HeJaBHErO ycrnexa NpUMeHeHWs HeMPOHHbIX
ceteir. CnocoBbHOCTb HEWPOHHbLIX ceTell obpabaTbiBaTbh HECKONbKO TUMNOB U30DpakeHWd (HanpumMmep, ¢ Kame-
pel, MPT, pagapa, rugponokatopa v PCA) pa3ann4yHoro paspeLueHus unv gaxe BUaeonoToku cnocobeTeoBana
UX LUMPOKOMY BHEOPEHWUIO.

C Toukun 3peHns doopmanbHOro MeToAa MoKPbITUE BXOOQHOMO MPOCTPaHCTBA OMNpPedenseTcs pasmMepom
MaTpULbl, YMHOXEHHBIM Ha KONMWYECTBO U3MepeHUn kaxpgoro nukcens. ObpaboTka Bonbluux n3obpaxeHui
MOXET OKasaTbCH CMOXHOM 3adadveit Ansa MHOrMX dopMaribHbIX METOA0B, KOTOPbIe NMPUBA3LIBAOT CMMBONM K
KaxaoMy U3MepeHUIo Kaxaoro Bxoaa.

[na oemMoHcTpauMm U3aMeHeHWn BO BXOOAHOM NMpOCTpaHCTBe ANns M30bpaxeHWid MOXHO onpeaenTb He-
CKOMbKO aTtpubyToB. Hanpumep, OCBeLLEHHOCTE M30BpaKeHus MoxeT BbiTe Bbipa)eHa U3MEHEHWEM WHTEH-
CUBHOCTW NUKcenen. MiameHeHUs OKpyxeHust MoryT BbiTe Bonee crnoXxHbIMW, OOHAKO MpY UMEKLenca Bo3-
MOXHOCTM NPOBEAEHWS aHaNMTUYeCcKoro onpegeneHms n3aMeHeHnss MoryT BbiTb BblpaXKeHbl HEMOCPeACTBEHHO
B 3HAYEHUAX MUKCEeNen, YTo NO3BONAET HANPAMY NPUMEHATL hopMalbHble MeTodbl. B cnyvyae HEBO3MOX-
HOCTW MPOBEAEHUSA aHaNMTUYECKOro onpefeneHnss UBMEHEHUA MOTYT BbiTk BhIpaXeHbl C NOMOLLLID annpok-
cUMaLVM MOLENU, MPUMEHEHHOM K 30BpakeHu (HanpMMep, C UCMONMb30BaHWEM MacKu Ha n3obpaxeHun).
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6.1.2.3 [JaHHble BpeMeHHOro paaa

HepnaeHue pocTukeHus B 0BnacTtv TEXHOMOTMIA MPOTrHO3UPOBAHUSA WIMOCTPUPYIOT MPUMEHUMOCTL
HEMPOHHOM GEeTW K JaHHBIM BPEMEHHbIX PSA0B AMS COCTABMNEHWUS MPOrHO30B UMK Knaccudmkaumii. Kaxabii
BPEMEHHOW P COCTOWUT M3 HECKOMNBKUX 3MEMEHTOB, KOTOPLIE 3aMUCbIBAOT MHAOPMAaLWIO, Kak NpPaBuUmno OTHO-
CALLYIOCS K OAHOMY W TOMY e TUMY AaHHbIX. POpMarnbHbe MeTOAbl MOTYT NPUMEHATLCS K BPEMEHHbLIM pAgam
npu ycrnoBUKM CyLLeCTBOBaHUSA BO3MOXHOCTW aHanuM3MpoBaTh TUM OaHHbIX, XPaHALLUXCH B KAXKA0M 3feMeHTe.
B atom cnyyae pasmep BXOAHbIX AaHHbIX NpeacTaBnseT cobon npovM3BedeHne ONUHbI KaX40ro BpeMeHHOro
psga, YMHOXEHHOEe Ha pa3MepHOCThL KaXOoro anemMeHTa AaHHbIX.

[lna npumeHeHua opmanbHbIX METO0B K JaHHbLIM BPEMEHHbLIX paaoB TpebyeTcs BO3MOXHOCTL OCy-
LLeCTBNEHUS MaHUMYNAUKWA ¢ MHopMaLMen B Kaxaom aneMmeHTe. OBpaboTka BXOAHbIX AaHHbIX MOXET BbiTb
CNOXHOW 3afayei, NOCKONbKY UX KONMUYECTBO MOXKET OblTh NPOW3BOMBHO BOMNLLUMM, €CI KaXAblIA 3NeMeHT
paccMaTpuBaeTCa He3aBMCHMMO.

6.1.2.4 [JaHHble ecTECTBEHHOrO A3bika

HelipoHHble ceTu moryT obpabaTtbiBaTh TWUMbl JaHHLIX €CTECTBEHHOMO A3blka, OCHOBAHHbLIX Ha TEKCTE U
peun. LLinpokomacLuTabHoe BHEOPEHWE UHTENNEKTYaNbHbIX ayANOYCTPONCTE U CNOCODHOCTL A3bIKOBLIX MO e-
Te reHepupoBaTh NErko NOHATHLIA TEKCT HarnsagHo AEMOHCTPUMPYOT 3Ty cnocoBHOCTh. [laHHble ecTecTBeH-
HOro fA3blKa YacTo NPOXOAAT NpeaBapuTenbHy 06paboTky nepen nepefadeil B HEMPOHHYH CETb.

HekoTopble Bapuauuu BXOAHbLIX OaHHBIX MOXHO Nerko BbipasuTb bopMansbHO, HanpuMmep nytem Ao-
baBneHus Wwyma K 3anucu. [pyrve Bapuaunu MoryT ObiTb HAMHOIO CMOoXHee, HafnpuMep yaaneHue unu go-
BGaBneHne crnoBa B npeanoxeHuwe 6e3 N3MeHeHWs ero CemMaHTWMKW UMK PpacCMOTPEeHWEe pasHOW CeMaHTWKW B
npeanoXeHun Ona pasHbiX QUanekToB O4HOIO W TOro Xe A3bika. PopmManksHbie MeToAbl, MPUMEHSEMBIE B 3TOW
HacTpoWKe, KacalTca Kak KoHBelepa npenBaputenbHoi 06paboTku, Tak U HeMpoHHOW ceTun [21].

6.1.2.5 lpadoBLle gaHHbIE

MHC WwMpoKo NpUMEHSIIOTCA B MONEKyNsApHON BMOnorum, UCnomnb3yrTea ONs BbIABMEHWUS MOLUEHHU4Ye-
CTBa M B coLUManbHbIX Haykax ana obpaboTky rpadoBbiX OaHHBIX ANA PasnMyHbIX 3ajad, Takux Kak Krnaccu-
dmkaumsa yanoe, npeackasaHve ceAsen U knaccudukauna rpados. Heckonbko cBoWcTB pobacTtHocTy MHC
Bbiny onpegeneHbl HA OCHOBE BO3MYLLAOLWMX (DYHKLMIA Y3MNOB, a Takke BO3MYLLaKLWen CTPYKTYPHOW MHGOp-
Mauuu, Takol kak gobaeneHue wnu yganeHuwe pebep. BoamylleHns, oOCHOBaHHbIE Ha NpU3Hakax, ABNAWTCA
HenpepbIBHLIMU U MOTYT hopmanbHo obpabaTbiBaTbCca aHanorm4Ho M3MeHeHNAM MHTEHCUBHOCTK MUKCENEN B
nsobpaxeHusax. CTpykTypHble BO3MYLLEHWSA, HAMPOTKB, ABMAACL AUCKPETHbIMU, TpebyoT paspaboTku cneum-
ann3MpoBaHHbIX hopMarnbHbIX METOLOB.

6.1.2.6 TabnuyHble JaHHbIE

MHorve npuknagHble cepbl OeATENbHOCTM, Takne Kak (PMHAHChl, 30paBOOXpaHeHne W NMOrnmcTuka, B
3HAYUTENBLHON CTENEHU 3aBMCAT OT TABMMUUYHLIX JaHHbLIX, YTO NMO3BONSAET 3TUM MPUNOXKEHUAM KOMOMHUPOBATL
OaHHble pas3nu4YHbIX TUNOB (Hanpumep, YMCNoBbIE, CMMBOMbHbIE, TEKCTOBLIE, KATEropMarnbHbie) U BbipaxaTb
OTHOLUEHUA MeXxay anemeHTaMmy. TabnwuyHble OaHHble MOMYT COAepXaTbk Kak o4deHb Domblioe KOnuyecTBo
CTPOK, Tak M MHOr4a OTKIOHEHUA BHYTPU Ka)XAO0W CTPOKM, KOTOPbIE MOYTM HE NOA4AlTCH NPOrHO3MPOBaHMUIO.

MpyMeHeHne opManbHbIX METO4OB K TAOMUYHLIM OaHHBIM C Pa3HOPOAHLIMA TUMaMKU OaHHbIX, Npen-
cTaBneHHbiMn B 6.1.2.2—6.1.2.5, MOXeT NpMBECTM K ONUCAHHbLIM BbiLLE OTPaHNUYEHUAM.

6.2 Tunbl NPUMEHUMbIX (pOpManbHbIX METOOOB

6.2.1 O6LwmMe NoONoXeHUs

6.2.1.1 OB30p TMNOB NPUMEHWUMBIX (POPManbHbIX METOLOB

B 6.2 onucaHbl cywecTteyowme dopmantHbie METOAL!, MPUMEHUMbIE K OLEHKE poBacTHOCTN HEWPOH-
HbIX CETel. AT MeToabl MOryT BbiTh KNaccuULMpoBaHbl Ha OCHOBE CIlegyloLnX KpuTepres:

- OHM MOTYT BbITE NOMAHLIMW UMW HEMOMHBLIMMU;

- OHW MOTYT ObITh 0ETEPMUHUPOBAHHBIMW UMM HELETEPMUHUPOBAHHbLIMU;

- OHWM MOTYT MPUMEHATEL BepUPMKaTOPbl, UCMOMNb3YIOWKNe TEeCTUPOBaHME METOA0OM MPO3padyHOro sLuKa
VMW 33KPLITOMO ALINKA;

- OHW MOTYT ObITb OCHOBaHbI Ha TPagUUMOHHON apudIMeTHKe BeLeCTBEeHHbIX YMCEN UM KOMMNbITEPHOW
apudMeTHKe BeleCTBEHHbIX YMCEen.

6.2.1.2 TonHble Unu HenomnHbie BepuguKaTopbl

MonHble BepUdUKATOPLl AT ToYHble 0TBeThl. OHM OoKa3biBaloT CBOMCTBO pobacTHocTn NMbo npueo-
OST KOHTPNpMMep, AEeMOHCTPUPYHLLNWA KOHKPETHOE HapylleHWe 3TOro cBoWcTBa. HepocTtaTtok npvMeHeHwus
MOMHbIX BEPUUKATOPOB 3aKMYAETCsl B TOM, YTO OHU HEaDEKTMBHLI NMPU NpoBepke pobacTHOCTU HEpOH-
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HbIX ceTell, obecneynBatoLLKMX BbICOKYH TOMHOCTb ANs CITOXHbIX HABOPOB AaHHbIX. HenonHele BepudukaTopbl
HanpoOTUB MCMOMb3YT MeToAbl aBCTPaKkLMK, KOTOpble MacluTabrupyoTcs 00 BbICOKOTOYHbIX HEMPOHHbIX CETEN.
OpHako HenonHble BepuuKaTopbl MOTYT HE OKa3aTk, YTO CBOWCTBO poBacTHOCTU AeNCTBUTENBHO COXPaHS-
eTcs.

6.2.1.3 deTepMUHMPOBaAHHbIE UK HEOETEPMUHUPOBAHHLIE BepUdUKaTophl

Korga netepMUHMPOBaHHLIA BepuduKaTop NOATBEPXAaeT CBOMCTBO poBacTHOCTK, TO 3TO CBOWCTBO CO-
XpaHseTca Ona Kaxaoro Bxoda B npefenax ykasaHHon obnactu Bxoga. OgHako HEKOTOpble MOAENW, Takue
Kak ceTu CMeLUMBaHUA NNOTHOCTWU UNW BapuauWOHHbIE aBTOKOAWPOBLUMKA, MPUMEHSIEMbIe B Pa3nn4YHbIX Npeg-
MEeTHbIX 0BnacTsx, TaKux Kak NporHo3vpoBaHWe 3anacoB, pacno3HaBaHWUE peyun U reHepauusa n3obpaxkeHui,
He JalT AeTepMUHUPOBaHHbLIX BEIXOOHLIX aHHBIX, 8 CKOpee co3[atoT pacnpedeneHuve. [ng Takux ceter dop-
ManbHble MeTogbl MOryT OblTb UCMOMNb30BaHb! AN AeTEePMUHUPOBAHHOIO BhIYWCIIEHWS] NapamMeTpoB pacnpe-
OEeNeHWs BbIXOAHbIX aHHbIX, KOTOPbIE CNpaBeannBbI ANA BCEX BXOAHbIX AaHHbIX (HanpuMep, B BUAEe CpeaHero
3Ha4YeHWs UMW CTaHOAPTHOrO OTKNOHEeHMs ), Nnbo Ana npegocTaBneHwus dopmManbHbIX rapaHTuin ux pobact-
HOCTHK C BbICOKOW BEPOATHOCTLHO.

6.2.1.4 BepudmkaTopbl, UCNOMb3YyOLWME TECTMPOBAaHWE METOOOM MPO3PayHOro fwumkKa (pacnonaraw-
LMe CBEeAEHMAMN O MOAENW) UMW 3aKpbITOTO sLLMKa (He pacrnonaralwme cBegeHnamMn 0 Mogenm)

Bepudukatopam, Mcnofb3yrolnMM TeCTMPOBaHWE METOAO0M MPO3pavHoro swuka, Tpebyerca gocTyn K
MoZenu (T. e. K BHyTPEHHeMY NpeacTaBleHWUI0 CeTH), BKINOYasa apXuTekTypy M nsyyYeHHble napameTpbl. OgHako
JaHHble Bepudukatopbl He TpebyoT gocTyna K obyqarwwmnM aHHBIM UMW anropuTMy, UCNONb3yeMOMY ATS
0byuyeHna HelMpoHHOM ceTu. Bepudukatopsl, MCnonbaywLline TECTUPOBAHWE METOLOM MPO3paqyHOro SALLMKA,
HeNpMMeHUMbI B 0bnacTax, roe pasBepHyTas MoAenb HeJoCcTynHa (Hanpumep, 3awndpoBaHa). B Takmux cny-
Yyasix MOryT OblTb MpUMeHeHbl BepudUKaTopbl, UCNOMb3YoLMe TeCTUPOBaHWe MEeTOA0M 3aKpbiTOro ALLMKA.
Ang pyHKUMOHMPOBaHNA TakuxX BepUPUKATOPOB, UCMONb3YIOLLUX TECTUPOBAHWE METOOO0M 3aKPhbITOro ALMKA,
TpebyeTcs TONMbKO BO3MOXHOCTb 3anycka MOAEnM Ha BblOpaHHbIX BXOOHbLIX AaHHbIX. 3TO MOXET NPWBOAWTL
K MeHbLUeh TOMHOCTW 3TOro BepumukaTopa OTHOCUTENBHO BepudUuKaTopa, UCNONbL3yLWero TecTupoBaHue
MEeTOAOM NPO3PadHoro AlMKa.

6.2.1.5 Bepucukatopbl apudMeTHKMA BELWECTBEHHLIX Yucen unu eeprndunkaTopbl KOMNLOTEPHOW apud-
MEeTUKW BeLLeCTBEeHHbIX YACen

BonblwuHcTBO BepudukaTopoB npegnonaratwT, YTO BbIYUCIEHWS HEWPOHHOW CeTW BbIMOMHAITCA C
naeanbHOW apumMeTKoW BelwecTBeHHbIX Yucen (T. e. 6e3 ownbok okpyrnenus). Takmm obpasom, rapaH-
T pobacTHOCTM BeEpUMKATOPOB HE PacnpoCTPaHAKTCH Ha (pakTUYEeCcKMe BbIYMCNEHWUS, BbIMNOMHAEMEBIE C
MCnonb30BaHWEM apUMETUKM BELLLECTBEHHLIX YMCEN C NnaBatowwen 3ansaTon, UM Ha OPpYryo HecTaH4apTHYHO
KOMMNBIOTEPHYH apudMeTUKY BeLLLECTBEHHLIX Yncen. [onocoBble BepudMKaTOpbl (CBSA3aHHLIE C MPUMEHSIEMONA
apudMeTUKON), HANPOTKB, YYNTLIBAKOT CEMaHTUKY KOMMbIOTEPHOW apUdMETUKN BELLECTBEHHbLIX YNCEN WU ra-
PaHTUPYIOT, YTO UX BbIXOOHbLIE OaHHbIE OTPaXaloT BbIXOAHbIE AaHHbIE HEMPOHHOW CETU, BO3MOXHbIE B pamKax
9TOW ceMaHTUKK. B HeKoTopbIX cry4aax BepuduKaTopbl MOTYT TakKe YYUTbiBaTb M3MEHEHWA B NopsAgKe Bbl-
YUCMEHWIA (HanpuMep, Korga UCNonNb3yTCH TOMbBKO onepaluy «0ocTaTok» [24] ¢ NpaBUIbHBIM OKPYTMEHUEM).
B cnyyasx korga onepauuu [24] ¢ npaBWUNbHbIM OKPYrNeHMeM He UCMOoMb3yHTCs, Toraa BepudmMkaTop MoXeT
nNpvbnnanTb OKpyrneHWe, BEINMONHEHHOE NS KaX40ro cnepartopa.

6.2.2 Pewartens

Pewatenwn YU [25] n 3agadva BbinonHUMOcTK dopmMyn B Teopusax (SMT) [11], [26] oTHocATCS K cne-
OyloLWwnM MmetTogam sepudukannmn: geTepMMHMpoOBaHHON Bepugukaumm, sepmdmkaymm MeTogom npo3pavyHoro
ALKMKa W, Kak NpaBumo, K NonHon sepudukaymm. OHWM KOOVPYHOT BCE BbIYMCIEHWA OAHHOW HEWPOHHOW CeTu
Kak Habop orpaHvYeHui, a 3aTemM UCNenb3yKT 3TV OrpaHUyeHns 4Na JoKaszaTenscTBa CBOWCTB pobacTHOCTU.

B crniyvasx, korga meTtodbl MOMNHOW BepudMKaunMn HEOQOCTYMNHbLI, UCMOMb3YOTCA METoObl HEMONHOW Be-
pucbmkaunn. Hekotopble HenWHeRHbIe YHKUKMM aKTUBaLMK (Takne Kak runepbonuyeckue QyHKLMK, BKIOYas
CUTMOBWIOHYH W runepBonnYecKnini TAHFEHC) CrWMLLKOM CIOXHbI NS TOYHOTO KOAWMPOBaHWUSA, N0 3TOW NPUYUHE
peluaTeny annpokCMMUPYHOT UX 3BYKOBLIMU abcTpakunsmu. [1pyrne HenuHemHble YHKLMW akTUBALUK (Takne
kak ReLU) moryT BbITh TOMHO 3aKOAWPOBAaHbI.

[nsa gokasaTenbcTBa 3agaHHOroO CBOMCTBA poBaCTHOCTU HEMPOHHAas CeTb W OrpaHUYeHns Ha BXOAHbIe
daHHble KogupyrTcs kak 3agada YLJIM, koTopas 3ateM MOXKeT ObiTb CNOMb30BaHa ANA ONTUMM3aunM orpa-
HU4YeHWs pobacTHocTu. CBOMCTBO poBACTHOCTM CHMTAETCHA OOKa3aHHbIM B Cry4vae, ecin rpaHvubl orpaHu-
YeHus pobacTHOCTWM yOOBNETBOPSAKT orpaHudeHusaM. Pewatenn SMT ctaat npobnemy BepuduKauum Kak
BOMPOC O BbINOMHUMOCTU OrpaHUYEHUs], KOTOPOE BLINOMHAETCA NMMBo HeT.
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HekoTopble MeTodbl BKMHOYAKT CMMBOMMYECKYIO NMHENHYIO penakcauui, KoTopas Bbiuucnaet Bonee
YECTKME rpaHuLbl ANSA BbIXO4OB HEMPOHHOW CeTK, oTcnexusas ocnabneHHbie 3aBUCMMOCTY MEXIY BXO4aMMU,
a 3aTeM UCnonb3yeT HafnpaeBneHHoe YyTOYHeHWe orpaHMyeHui (yToYHeHWe BbIXOOHOW penakcauuu nytem pas-
OeneHus Habopa HavanbHbIX UMW NPOMEXYTOUYHBIX HEWPOHOB) ONsl NPOBEPKU CBOWCTB Be3onacHocTu [27].
Hpyrve meToabl npeanaratoT anropMtM, OCHOBaHHbLIN Ha SMC, B codeTaHuu ¢ npegeapuTensHon obpaboTkon
Ha ocHoBe SMC gns BbIMMCNEHUS KOHEYHbIX abcTpakumii aBTOHOMHbBIX CUMCTEM, YNpaBrseMbiX HENPOHHON
ceTblo [28].

6.2.3 ABGcTpaKTHas UHTepnpeTauua

ABCTpaKTHas MHTepnpeTauns npeacTaenseT cobon obLLy OCHOBY AN aHanM3a BonbLUNX U CMOXHbBIX
netTepMuHUcTCkmx [29] n BeposTHOCTHLIX [30] cuctem macwTabupyembim obpa3om. B KOHTEKCTE HEMPOHHbLIX
ceTel AaHHbIN MeTod UCnorbayeTcs 48 obecnedeHmns HemnonHoro, 4eTepMUHUPOBaHHOIO MeToAa Npo3paqHo-
ro slMKa, KOTOpLIA ocyLlecTBNAeT BepudmKalmio pobacTHOCTU BonbLUMX HENPOHHLIX ceTel. Mpouecc Bepu-
duKaLnKn 3aKn4vaeTcs B cregylolem:

- BO-NEepBLIX, NpefocTaBneHHbIe TECTOBbIE BXOAHbIE AaHHbIE U cnelundukalymusa pobacTHOCTM B COBOKYI-
HOCTW onpegensT 0brnacTb, COAEpPKallyto BCe BO3MOXHbIE BO3MYLLEHHbIE BXOOHbLIE AaHHbIE, KOTOPbIE MOTYT
BbITb NONYyYEeHbl NYyTEM M3MEHEHUS] BXOA4HbLIX AaHHbIX HA OCHOBE cneundukaunm pobactHocT. 3Ta obnactb
MOXKeT ObITb NpeAcTaBneHa TOYHO UK NPUONM3NTENBHO C UCNOMNB30BAHUEM OMpeaeneHHbIX reoMeTpPUYecKux
duryp, TakMx Kak npsaAMOoYrofbHUKWA, 30HO34Pbl U MHOTOTPaHHWKW, UMK B BUAe NoMnb30BaTenbCKUX abcTpakTHbIX
obnacTen Ana HelpoHHbIX ceTel [31];

- 3aTem 3Ta obnacTb pacnpocTpaHseTcs Yepes HEMPOHHYIO CeTb Takum 0Bpa3om, 4TO Kawabl CNon no-
cnepoBaTenbHO NMPUMEHSIETCA K BXOAHOW obrnacTu. BxogHas obrnacte npeobpa3syeTcs B BbIXOOHYIO, coaepxa-
LUYI0 BCE BbIXOAHbIE AaHHbIE, OOCTYMNHbIE U3 BXOAHONM obnacTy. B 3aBMCMMOCTIM OT CNosi 3TO MOXET NPUBECTH
K annpokcumauuam (BbIXOAHbIE OaHHble, KOTopble HeAOCTYNHLI U3 BXOAHOW obnacTu);

- Ha 3aKniYUTEeNbHOM 3Tane BbixogHasi 0brnacTbe (HMKCUPYET BCE BO3MOXHbIE BbIXOAHbIE AaHHbIE CETH
4N BO3MYLUEHWI BXOOHbBIX AaHHbIX, KOTOpble (DOPMUPYIOTCS B COOTBETCTBMKW CO cneundukaumamm pobact-
HOCTM.

B meTome abcTpakTHOWM WHTeprpeTauun cyllecTByeT HeudbexHbI KOMMPOMUCC MEeXAy TOYHOCTHBK M
MacwTabupyemocTeo. Hanpumep, npoctele abcTpakTHele 0bnacTu, Takue Kak SLMKW, MoryT Bepuduumpo-
BaTb HEWMPOHHbIE CETU C MUMNMMOHAMWU HEMPOHOB B TEYEHWE HECKOMbKUX CEKYHA, HO, KaKk NpaBuno, ABnsatTCA
CMVILLKOM HETOYHbIMK A5 Bepudmkauumn Heobxoammblx cBoncte pobactHocTu. C 4pyroil CTOPOHLI, monyonpe-
OEeNeHHble penakcauuun siBnATcA Bornee TOYHBIMKW, OHAKO OHW He MaclTabupyrTca Ao BonblKMX ceTel.
Takum obpasoM, knvom K achdekTUBHON BepudMKaunmM SBNAETCA OOCTUXEHWE 3TOr0 KOMNpPOMUCCa.

6.2.4 AHanus3 JOCTUXKMMOCTU B JETEPMUHUPOBAHHBLIX OKPYXKEHUAX

MeTogbl BepuduKaumMy HEMPOHHBIX CeTEeN Ha OCHOBE AO0CTMKMMOCTM 00beguHAT BbiXOOHbIE AaHHbLIE
peluaTtenen, onucaHHbix B 6.2.2, ¢ MeTogamMmun aHanv3a OOCTUXMMOCTK, Ana obecnevyeHus rapaHTuK Npouns-
BOOMTENBHOCTW HEMPOHHbLIX CETEW C 3aMKHYTBIM LWKIOM, (DYHKUWOHUPYIOLWWMX B 3a0aHHOM OKpyXeHuu. [ep-
BbIM LLUAroM B 3TOM aHanuie ABMNSAeTcA pasgeneHue BXOOHOro NpOoCTPaHCTBa Ha MHOXeCTBO Donee Menkux
obnacTten, HasblBaeMbIX AdYenkaMmn. [Ina Kaxoon syeiki MOXHO MCNonb3oBaThk pelwatenn us 6.2.2, 4yTobbl
onpenenuTe BO3MOXHEIE YNpaBnsoLlne BbIXOO4bl CETU B onpeaensieMoi eto obnactu. JaHHaa nHdpopmaums
BMEecCTe C MOAEnbi OKPYXeHWA NO3BONAET onpeaennTs annpoKCcMMaLuio cBepxy AuanasoHa BO3MOXHbLIX cre-
OYHOLLWMX COCTOAHUI AnsA Nwboi 3agaHHol aYerkin. [ToBTOpeHue 3Toro Ans Bcex adeek B obnactu HayansHoro
COCTOSIHWUSI B TEYEHMUE HECKOMNBKUX BPEMEHHELIX LUAroB No3BONUT ONpenenvTh annpokcuMaLuno ceepxy Habopa
OOCTUHMMBbIX cocTosHUIA [32]. Opyron nogxof k 3Toi npobneme CoCTOUT B TOM, YTOObI 3aKoAUPOBaTh anmnpok-
CUMaLUI0 CBEPXY AUHAMMKA OKPYXEHWA Kak orpaHnu4yeHns B NporpaMmMe cMellaHHbIX LernblX YACen U UCMoMb-
30BaTb METOoA BepudMuKaLnM cMellaHHbIX UenbiX Ynucen M3 6.2.2 ons peweHna npobneMsl annpokcMmMaumnm
CBEpXY BbIXOOHOMO OOCTUXMMOIO MHOXEeCTBa COCTOAHNIA [33].

6.2.5 AHanu3 JOCTMXKMMOCTU B HeAETEPMUHUPOBAHHbLIX OKPYKEHUAX

Ecnu okpy)KeHue siBNSeTCA CTOXacTUYeCKUM, peluaTenu, ykasaHHole B 6.2.2, MoryT 6biTb 06beguHeHbl
C MeTo4aMK NpPOBEPKU BEPOATHOCTHON MOAENW ANA onpeneneHns BepoAaTHOCTY AoCTUMXeHua Habopa cocTo-
AHWIA. AHanNorM4yHo MeToay, onucaHHoMy B 6.2.4, BXogHOE NPOCTPaHCTBO AenvTcA Ha Habop aYeek, u Kaxaas
fiYelKa NponyckaeTcsa Yyepes pelwlaTens AN onpegeneHusi BO3SMOXHbIX BbIXOAHbIX OaHHbBIX HEAPOHHOW CeTu.
[Npy NnomoLM AUHAMUYECKOrO NPOrpaMMMUpoOBaHUA NMPOBEPKa BEPOSTHOCTHOW MOAenu onpenenseT BepodaT-
HOCTb OOCTMXEHUA onpedeneHHoro Habopa COCTOAHMIA M3 3a4aHHOro Ha4YanbHOro cocToaHua [34]. AganTu-
pysl 3Ty CTPYKTYpY AnsA paboTbl C s4eikaMu, a He C OTAeNbHbIMY BXOAHBIMK COCTOSHUSIMWA, MOXHO MONMYYUTh
Upe3MepHO NPUBNMKEHHYIO BEPOATHOCTL OOCTUMXEHUS Habopa COCTOSHWIA NpWU UCNONL30OBAHUM HEWPOHHOMN
cetu [35].
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6.2.6 NMpoBepKa c NOMOLWbLK MOZENU

[NpoBepka c NOMOWbLK MOOENW — 3TO METOL AoKasaTernbCcTBa TOro, YTo popmansHOe BhipaxeHue
TEOpUM cnpaBennvBo Npw onpegeneHHon uHtepnpetaunn. bonee nogpobHy MHMOPMaUUKID MOXKHO HaNTK
B ISO/IEC/IEEE 24765:2017 v B [36]. Teopus BbipaxaeTca CroBapeM CMMBOMOB, COCTOSLWLMM W3 KOHCTaHT,
POYHKLUWIA 1 NpeguKkaToB A5 NOCTPOEHWA NPearnoXeHu, B KOTOPbIX (POPMYNUPYIOTCH YTBEPKAEHUA O Npea-
nonaraeMon ceMaHTuke uaeun. Teopuss MOXKeT ObiTb BbIpaXKeHa NpeanoXeHusasMu Noruku npegukatoe nubo
wabnoHaMmu AaHHbIX. HellpoHHbLIE CETU paccMaTpuBakTCA B Ka4ecTBe anropuTMOB, MpegHasHavyeHHbIX 4ns
oBHapyXeHns 1 ncnonb3oBaHUA Mmofenein wabnoHoB AaHHbix. Mogens wabnoHa gaHHbIX CBEpPSEeTCH C BXOA-
HbIMW OaHHbLIMU.

[ns npu3aHaHua 0ercTBUTENbHOCTHU NPOBEPKKU el OMKHBLI NoABeprHyTLcA Bce Mogenu. [posepka ¢ no-
MOLLbIO MOAENU MOXET BbiTb UCNONb30BaHa B HEMPOHHbLIX CETAX ANA AoKA3aTeNnbCTBa B3aWMOCBSA3EN Mexay
pasnuyHbIMK TMNaMu HaboPOB, KOTOPbIE MOAUYMHSAOTCS HEKOTOPOMY COOTHOLLEHHIO.

lMpumepsbi

1 «Teopus cembu» [37] nodyuHaemcs uHmMepnpemayuu, Komopas peanu3yem fpuHacnexHocms nud,
npuxadnexauwux K cembe. Takum obpa3omM, Moxem 6bime dokazaHo, YmMo dea NPOU3BOJILHLIX TUUa S6MsHMCS
nubo He sensrOMCA YieHaMmu ceMbu. 3amem npednoxeHue ‘00uH Yenogek sisnsemcs pooumenem dpy2020 Yye-
noeeka’ npoeepsemcs dns ecex docmynHbIX nNap nuy.

2 lpoeepka modenu 6bina ucnonk3oeara & [38] dns dokazamenscmea cyujecmeoeaHusl cocmsizamerks-
HbiIX 8X00HbIX 0aHHLIX Ons HelipoHHol cemu. Teopusi — 3mo fA3bIK, cocmoswuil usz 6yke, secoe u cMeweHul,
onuceklearoUWUux HelUPOHHYH cemb. MIHmepnpemauyus onpedensemcs Memkol, npukpenneHHol K u3obpaxeHuro
6ykebi. MoxHo ebivucnums paccmosiHue Mexdy kaxdol s03MoOXHOU napol 6yke e anghasume. 3amem modesns
Moxem 6bimb nposepeHa, Ymobkl y6edumbscs 8 MmoM, Ymo Kaxdoe paccmosHue npesbillaem onpedeneHHbIU
nopoe, ycmaHoeeHHbIU pazpabomyukom MA. C nomouibro HelipoHHOU cemu npedonpedenieHHbIe pazpabomyu-
koM MW npedukambi NposepsoMcs Ha CooMmaerncmaeue meopuu.

6.3 Kpatkoe nznoxeHue

Mpu NpuMeHeHun opMarnbHbiX METOAOB ANA OLEHKW poBGacTHOCTW HeMpPOHHbIX ceTeld Heobxoaumo
YYUTbIBATL HEKOTOpbie acnekTbl. C 0QHOM CTOPOHbLI, apXMTEKTypa HEeMPOHHOW CeTU oKasbiBaeT BNWsAHWE, No-
CKOMbKY Kaablid (OpManbHbIA METOL MMEET CBOW CUIbHble M cnabble CTOPOHbI NpU 06paboTke Kaxaon Ma-
Temartn4eckol yHKLUUK, UCTIONb3yeMOoin B HeMpOoHHOK ceTn. C Opyroi CTOPOHLI, TUM AAHHbIX, UCMOMNbL3YeMbIX
B KAQYeCTBe BXOAHbLIX OaHHbIX ONS HEWPOHHOM CETU, MOXET OKa3sbiBaTb BINUAHWE, NOCKONbKY U3MEHYUBOCTb
BXOAHLIX OAHHLIX, YMCMOBOW UMW KaTeropuarnbHbIA XapakTep W pasMep HanpaMylo BMUSIOT Ha 3aTpaTHOCTb
BbIYMCIEHMIA U NPOCTOTY POPManbHOTO aHanuasa. [ns peweHusa 3TUX acrnekToB OOCTYMHO HecKonbko dop-
ManbHbIX METOAO0B: NOAX0Abl C UCNOMb30BaHMEM peluaTens, abcTpakTHas UHTepnpeTauus, aHanna AoCTUXN-
MOCTW COCTOSIHWIA UMW NPOBEPKA C NOMOLLbI0 MOOEmN!.

B HacToswee BpeMs Haubonee pacnpocTpaHeHHbIe apXUTEKTYPbl U TUMNbl AaHHbIX, oBpabaTbiBaeMbie
HENPOHHLIMK CETSIMW, MOTYT ObITk NMPOaHanM3UpoBaHbLl MO KpalHei Mepe oAHWUM (hopManbHbIM METOAOM.
Kaxablii MeTog MMeeT NpenMMyLLEeCcTBa 1 orpaHmdeHus (Hanpumep, MacliTabupyemocTb) U MOXET yA0BNEeTBO-
PATL OAHOMY WITU HECKOIMBLKUM KPUTEPUSIM, OMMCcaHHbLIM B pasgerne 5.

7 PobacTHOCTb Ha NPOTSKEHUW XKU3HEHHOro LuuKna cuctemsl A

7.1 O6wue nonoxeHnn

HKuzHeHHbIn umkn cuctembl MW, onucanHbin B MCO/M3K 22989:2022, npeactaBneH Ha pucyHke 2 u
COCTOWUT U3 7 cTagui.

B WCO/M3K 22989:2022, nyHKT 5.19, onpeneneH Habop ponew 1 noaponei 3anHTepecoBaHHbIX CTOPOH
B obnacTtu MW, Bkntovyasa noctaewnka W, npoussogutensa W, paspabotymka MW, knnenta MM u 1. O. B Ha-
cTosAWeM pasgene nogpobHo onucaH cnocob oueHKM pobacTHOCTM HeMPOHHOW CeTH B NpoLecce NpoeKkTUpo-
BaHuA 1 pa3paboTku, Bepugukauuu u Banuaauum, pasBepTeiBaHUA U MOHUTOPUHIA 3KCMNyaTaLmu.
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Pucyrok 2 — lNMpumMep cTagui u BbICOKOYPOBHEBLIX MPOLECCOB B MOAENM XXM3HEHHOTO LMkna cuctemel A

7.2 OueHKa pobacTHOCTM B NpoLecce NpoeKTUPOBAaHUSA U pa3paboTku

7.2.1 O6LwKMe nonoxeHus

[axe Ha paHHen cTagun pa3paboTku npoBepka pobacTHOCTM HEMPOHHON CETU MOXET NOMOYb B €€ Npo-
EKTMPOBaHMKN. Y3HaB Ha paHHel CTaaMu O NOTEHLManNbHbBIX HeOCTaTKax B 4acTu pobacTHOCTH, pa3paboTymk
VN moxeT npegnpuHATL HeobxoguMble Warn Ana ux yCTpaHeHus W, B CBOK o4epefb, n3bexartbs HegocTaTouy-
HOW poDaCcTHOCTM B AanbHellWweM (YyCTpaHeHue HeaocTaTKoB B YacTk pobacTHOCTH HE paccMaTpuBaeTCs B Ha-
cToslem cTanaapTte). Ha atom sTane npegnonaraetcs, 4To obyyalrolue gaHHbIe U apXUTEKTypa HEWPOHHON
CETW BCe eLle OTKPbIThl Ans nameHeHuid. PopmanbHble MeToAbl CMOCOOHbI M3MepsATb pobacTHOCTb, a Takke
BbISIBMATL UCTOMHWKM €€ NMoTepu, 4To npegoctaenseTt paspabotumky MW BaxHy uHdopmaumio. Hanpumep,
dhopmankeHble METOAbI MOTYT BbiAENATb 0COBEHHOCTH, M3yYaemMble HEMPOHHOW CETbK ANSA KOMMbHTEPHOro
3peHus UM 0bpaboTKM BpeMeHHbIX psaoB. PopmanbHble METOAb! TakkKe MOTyT BblAeNATh KNacchl, KOTopbie
HENpPOHHas ceTb He pas3nu4aeT.

7.2.2 WpeHTUdUKaUUa pacno3HaHHbIX MPU3HaKoB

MpoeHTudrKkaLmMs NprM3HaKkor, pacno3HaHHbIX HEMPOHHOW CeThH, no3BonseT paspabotuuky N nyuwe
NMOHATE M 0OBACHWUTE U UHTEPNPETUPOBaTh NOBEAeHNe HEMPOHHOW ceTW. Takum 0Bpasom, MOXHO fyvlle no-
HATb, Kakol Bbyaet pobacTHOCTL HEMPOHHOW CETU. 3HAHWEe TOro, Kakue NPU3HaKky nerde MOeHTUULUPOBAaTh,
nozsonsieT paspabotunky MW noHsATb, B Kakoi CTeNneHW HelMpoHHas CeTb CMOXET BbIMOMHWTL CBOH 3agadyy,
Korga el ynyT npeacTaBneHbl NPOU3BOACTBEHHEIE OaHHbIE.

HellpoHHasa ceTb nonaraeTcd Ha HEeKOTopble MPU3HaKW, KOTOpble OHa MOXET W3BMeyb U3 npefocTas-
JNIeHHbIX el JaHHbIX, HE3aBMCMMO OT TOrO, OCYLLECTBAANOCh N ee obyyeHne ¢ yuutenem, 6es y4mTens unm
C NMOMOLLLID NOAKpenneHusa. 3TW NPU3HAKK, KaK NpaBuIo, HeoocTynHbl pazpabotuuky MW Hanpamyto, u oHu
He MpeacTaBneHbl B ero CTpykType B yaobo4ntaemom BrAae. BMecTo 3T0ro oHM BCTPOEHbI B MateMaTUYecKyo
MOLEenNb, CO34aHHY B Xode obyueHus. 3TO 03HaYaeT, UTO MPU3HAKKM HE MOryT BbiTb BbIpaXeHbl Henocpen-
CTBEHHO B ygobouynTtaemom Buge. OHM npenctaBnaoT coboi MmaTematuyeckme aptedakTbl, BolpaXeHHble B
MHOTOMEPHOM MPOCTPAHCTBE.
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dopmMarnbHble MeToAbl MOTYT WCMOMb30BaTh CUMBOMbHbLIE UMK PensALMOHHbIE NMOAXOALl ANS YCTaHOB-
neHust cBsan B obracTh Yyepes Modenb OT BXOAOB K BbixodaM HeWlpoHHoIi ceTu (Gonee nogpobHo cm. 6.2).
OTa cBA3b No3BonaeT pa3paboTunky MW onpedennts cTeneHb BIMAHWA KaxOoro BXoda Ha Kaxabli Bbixon.
M3yyeHHble NpU3HaKK B MOAENU OTBEYAlT 3a CUMY UNK cnabocTe KaXgon oTOeNnbHON CBA3WM MeXOy BXOOO0M
1 BbIXxogom. Mpu HabnogeHny 3a CBA3AMM MOXHO Takke NpocrneauTb NocneacTBra U3yYeHHbIX MPU3HAKoB U
cnefoBaTtesibHO Nyylle NoHWMaThk UX BIUSHUE Ha poBacTHOCTE HEMPOHHOW CeTu.

Ons noeHTUdKKaLUMM HEKOTOPLIX U3 N3YYeHHbIX NMPU3HaKoB paszpaboTunk M ucnonbayeTt KpUTepui pe-
NeBaHTHOCTU. MoaTBepXKAEeHUe pe3ynbTaTta Nno KpUTEPUK PeneBaHTHOCTU MOXET BbiTk BLIMONHEHO BPYYHYHO
(nocpeacTBOM NpPsSIMOTo NOATBEpPXAeHWUs) NMBo aBTOMAaTUYEeCcKU (MyTeM OLEHKU COOTBETCTBUS LIeNeBoMy Mno-
KasaTeno peneBaHTHOCTH).

B cnyyae noaTBepxaeHUs BPYYHYIO 3KCNEPT HeNocpencTBEHHO OLEHMBAET peaynsTaThl Mo Kputeputo. Ans
NyYLIEro NOHMMaHUS NOCTaBMNEHHOW OUEHKU cneayeT 4o6aBWTe 0BOCHOBaHWE 3KCMepTa K OTYETY 06 OLeHKe.

B cny4ae aBToMaTM4ecKoro noATBepKAeHUs OLeHKa J0SKHA OCHOBLIBATLCA Ha YETKOM LieneBoM Mnoka-
3aTerne peneBaHTHOCTM JaHHbIX. CriegyeT onpedenuTb ABHLIA MeTod ANs U3MepeHUs YPOBHS COOTBETCTBUSA
MEXIY PeneBaHTHOCTLH, M3MepseMOoir Ons NiobbIX AaHHbIX, U LEneBbIM NokasateneM penesaHTHOCTH. A Tak-
e HeoBXoAMMO YCTaHOBMTL MOPOTOBOE 3HayeHue, YTobbl MPOBEPUTL, HACKOMBLKO BLICOK YPOBEHb COOTBET-
cTBMA. W HakoHel, crnefyeT ykasaTk LeneBoi nokasaTernb peneBaHTHOCTY.

n puMmedHyaHne — B npouecce noarBepxaeHnA nMYHOCTb WM YPOBEHE KOMMNETEHTHOCTW OTBETCTBEHHOIO nuua
MOoryT BbITh YCTaHOBNEHbI ONA OTCNEXMBAaHMA UM JUarHOCTUKA. B cny4yae aBToMaTtn4ecKoro noarteepXxXageHna MCTOYHUK
LleJ'IEBC!I?I PeENneBaHTHOCTU TakXKe MOXET ObITb MCNONbL30BaH Ana oTcnexunBaHna Unm anarHOCTUKK.

7.2.3 lNpoBepka pa3genMMocTu

[MpoBepka pa3genuMocTU — 3TO METOM, UCMOMb3YEMbIA B HEMPOHHBIX CETAX, BLIMOMHSIOLWMX KNaccu-
dukauunto. [Ana gaHHbIX HEAPOHHBLIX CETER porib MOAENW 3aKNHYaeTCa B NPOrHO3MPOBAaHWIK Knacca Ha OCHOBe
BXOAHbIX AaHHbIX. [iNs aTOro knaccudukaumoHHas Mmogerns 06o0LaeT gaHHble Mexay TOYKaMKU JaHHbIX, Ha
KOTOpbIX OHa Obina obydeHa (1 3a ux npegenamu). Yto Kacaetcs knaccudumkaTopa, To 4eM bonblue Mogenb
cnocobHa pasgensTh Knacckl, TeM adekTUBHee ee peaynstar. Takum obpaszom, pobacTHOCTL TAaKOW MOLENM
3aBMCUT OT ee cnocobHocT 3 EKTUBHO pas3gensaTh KNacchl.

Mpu paspaboTke KnaccudukaTopa pekoMeHAYeTCs UCNOMb30BaTh KPUTEPWIA YYBCTBUTENBHOCTH, YTOOLI
onpegenuTb, Kakue knaccel bonee wnv meHee pasgenedbl. [Ans 3Toi Lenu B aHanuie YyBCTBUTEIbHOCTU
cnenyeT Ucnonb3oBaTh 06nacTu, NOCTPOEHHbIE BOKPYT TOYEK AaHHbLIX B TECTOBLIX AAHHbLIX. Pa3bpoc 3HaveHun
aTpubyToB criefyeT NOCTENEHHO YBEMMYMBATL AN ONpeaeneHust Toro, Kakme Knacchl HAYMHAaKT nepecekaThb-
cqa Opyr ¢ gpyrom. lNepeceyeHune NOHUMAETCHA KaK criydai, Korga BbIXOOHble [aHHble HEWPOHHOW CeTu Ans
O HOrO Knacca Ha4yvHarT NpeBbILLaTh BbIXOL4HbLIE AaHHble ApYyroro knacca. lNpouecc ocTaHaBnuBaeTcs, Korga
BbIXOAHLIE JaHHbIe BCEX KNACCOB NEpPecekalTesl CO BCEMU OPYIMMUN BLIXOAHBIMW AAHHLIMA Knacca.

PesynbraTthl aHanuM3a pa3genumMocTh OCHOBaHbLI Ha MOPAAKEe, B KOTOPOM KIAcChl HAYMHAKT NepecekaTh-
csi, N pasmepe obnacTu, B KOTOPOW HaYMHAalOT NPOWMCXOAWTb 3TW nepecedveHust. Mo pesynbratam aHanusa
YYBCTBMTENBbHOCTH MOKHO NMPUHSATL Mepbl K 00yYatowmMmM aHHbIM MO0 K apxXUTeKType HeilpoHHoh ceTu. Llenb
COCTOMT B TOM, YTODLI yNy4LNTL Pa3nenMoCcTb KaX4oro knacca nyTemM CpaBHUTENLHOTO M3MEPEHUS KaX0ro
aHanu3a 4yBCTBUTEMNLHOCTU.

7.3 OueHKa pob6acTHOCTHU B Npouecce BepudUKaLMM U Banugauum

7.3.1 O6Lwue nonoxeHus

Ha ctaguu Bepudukaumm n BanuiaumMyv HEeMpoOHHAasA CeTb TECTUPYETCH Ha COOTBETCTBMEe ee TpeboBa-
HUAM W Lenam. Mcnonb3oBaHme dopManbHbBIX METOO0B Ha OAHHOW CTaduu He 3aMeHsieT Apyrue cpencTsa
Bepubrkayumn v Banugaummn (Takme, kak ctaTUCTUHeCKoe TeCTMPOBaHWe UMK nonesbie ucnbiTaHusa). OgHako
cdopmarnbHble MeTogbl MOryT AaTb HOBYHO MHOpMaLmMio 0 pobacTHOCTM HEMPOHHOW ceTW B npegenax KoH-
KpeTHol obnact. OCHOBHOE NPerMyLLecTBO NPUMEHEHUS (hopMarnbHEIX METOAOB HA OAHHOW CTaAMMW 3aKMo-
yaeTcs B TOM, YTO OHMW MO3BOMSAKT NPoBOAUTE Bonee obllee foka3zaTenbCTBO poBACTHOCTH, MOCKOMBKY 3TO
BbINOMHAETCA B obnacTu.

7.3.2 MoKpbITUe YacTel BXOOHOW obnacTu

BxogHaa obnacTb, B KOTOpOW OomkHa paboTaTe HEMPOHHAA CeTb, MOXKET ObITh BbIpa)eHa C pazHoN
CTEMNEHbLID CNOXHOCTU. HekoTopble M3 HUX OMPEeaennTe OOCTAaTOYHO FEerko, HanpuMep Ana HEMPOHHON ceTwu,
BLIMOTHAILLEN 3a4avy perpeccun no onpegeneHHoMy Habopy AaHHbLIX; BCE OHWM COAEepXaTcs B onpegeneH-
HbIX rpaHuuax. B gpyrux cnyyasx ato MoxeT ObiTb Donee cnoxHbIM. Hanpumep, B 3agadax obpaboTkmn n3o-
OpaxeHuin BxogHas obnacTe MOXET XapakTepu3oBaTbLCA HEKOTOpbIMK aTpubyTtamu (cm. 5.2), Ho obuiee onpe-
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neneHue obnactv He MOXeT ObITb Nerko onpeaenseMmbiM MaTteMaTndecknm obbekTom. PopmanbHble MeToabl
WCMOMb3yTCA AN HEKOTOPbIX (DOPM FPaHWMYHbIX BbIMMCIIEHWIA BbIXOOHbBIX OaHHbLIX, MO3TOMY cnocob onpege-
JIeHWs BXOAHOW 0BnacTy oKasbiBaeT 3Ha4YUTeNbHOE BNUAHWE Ha MeTo[.

BxoaHble obnactu onpegensiioTca atpubyTamu, KOTopble YKasbiBaloT NPOCTPaHCTBO, Nnoanexallee Ba-
nuaaunm, ¢ M3MeHeHMeMm Tex aTpubyToB, KOTopble AOMKHbI OblTe OrpaHuyeHsl. 3atem opmarnbHble MeToabl
ncnonb3yloTes B obnacTtsax Mnu YacTax obnacten ¢ ucnonb3oBaHueM Kputepues pobacTHOCTM, ONUCaHHbIX B
pasgene 5. Cnegyet onpegennte YacTb 0bnacTv, ONs KOTOPOR Banuaauwsi MUMEeT CMbICN M JaeT MOMe3Hy
WHbopMaLM ona nuua, NpoBoasiLLero oueHky. Jlloboe Takoe pasgeneHe BXOAHOM obnacTi Ha YacTh Jorx-
HO ObITb 0BbocHOBaHO. B yacTHOCTK, B 0OOCHOBaHWW OOMKHO BbITh YKa3aHO, NovYemMy BbIOpaHHbLIA KpUTEpuUit
cnocobeH oueHWUTE pobacTHOCTE 4AHHOTO KOHKPETHOro pasgeneHus BXogHoW obnacTtu.

Cmbicn ucnonb3oBaHMs opManbHbIX METOLOB B YacTu obnacTu 3akn4yaeTcs B pacllMpeHun OLEHKU
pobacTHOCTKU B TexX YacTax, rae BanuaauMs He nposogunack Unu Geina HenonHoi. B ngeane ougHka npoBo-
autca no Bcel obrnactu. OOQHAKoO Ha MpaKkTUKe 3TO YacTo HeocyllecTBUMO, Byab To M3-3a Toro, 4To obnacte
HEenerko onpegennTh Kak eguHoe uenoe, unu us-3a pasmepa obnactu.

CnepoBatensHo, NepBbIM LLAroM ABMNSAETCA onpefeneHne 4actv obnactu, ANA KOTOPOW Banuoauus
WMEET CMbICI U MOXET NPUHECTU NMONE3HYH MHOPMAaLWI0 AN NUua, NPOBOASALLENO OLIEHKY.

[JaHHy KOHUENUWU Hawunyylwnm obpasoMm unmnocTpUpyroT ABa pasHbiX Npumepa. [epBelid NpumMep ¢
nerko onpegensemMoi 0bnacTslo, a BTOPOW — C TPYAHO onpefensemMon obnacTsio.

B kauecTBe nepBoOro npumMepa paccMoTpPUM HEMPOHHYIO CETh, 0BYYEeHHYO MHTEePNONUMPoBaTkL NOBEAEHME
MaTeMaTUYeCcKol yHKLUKU, NPUHUMAOLLER ABa BXOA4A W BO3Bpallakollen oguH Beixoa. [paHuubl, onpegens-
towme obnacte BXOOHLIX AaHHBLIX, M3BECTHLI, U DYHKLMSA, KOTOPYH HEMPOHHAs CeTb AOMKHA UMWUTUPOBATh,
BCErga onpegenseTcs Mexay 3TUMKW rpaHuuaMu. B sToM npumepe nerko onpefennts pasgeneHue BXOOHbIX
OaHHbIX, NPOCTO ONpeaenuB MX rpaHnlbl. 3aTeM MOXHO MCNONb30BaTek OpManbHble METOObl ANs NPOBEPKU
rpaHnL, BeIXOAHbLIX AaHHbIX. [1ocKonbKy OyHKLKWS YeTKo onpefeneHa B 3TOW 4acTu, Nerko nposepuTs, obna-
OaeT N HeMpOoHHas ceTb AOCTaTOYHOM poDACTHOCTLIO (MCMOMb3Ys KPUTEPMIA YYBCTBMTENLHOCTH). 3aTem Bce
NPOCTPAHCTBO MOXKET ObiTb pa3geneHo Ha HECKONbKO YacTel, KOTopble MOXHO NPOBEPUTbL MO OTAENbHOCTH,
4yTobbl pacwmMpuTh oUeHKy pobacTHocTM obnacTw.

[nsa BTOpOro npumepa paccMOTPUM HEWPOHHYK CeTb, KoTopas Obina obyyeHa knaccuguumMpoBaTb Me-
OULMHCKKEe M300paxeHus, Ana onpeaeneHns COCTOAHUA 300P0BbA OAHOIO KOHKPETHOMO YernoBevyeckoro opra-
Ha. Pasamep n3obpaxeHuin coctaenaeT 100 x 100 nukcenei, CHUMKW AenarTca ¢ OAMHAKOBOro paccToAHMUS,
Yrofl HakfoOHa opraHa Bcerga HaxoguTca B LeHTpe naobpaxeHuns, u Bce n3obpaXeHns nocTynakT C OGHOTO M
Toro e yctpowcrea. OgHako, NOCKOMbKY pasMep M hopMa opraHa y pasHbix Mgen MoryT BapbMpoBaThCH,
MOryT BO3HWKHYTb TPYOHOCTW C onpedeneHnemM BxogHow obnactu. Kpome Toro, 4Yactb nsobpameHus BOKpYr
opraHa Takke MOXEeT BapbupoBaTbcs. B aTom cueHapuwm Henmerko 3apaHee y3HaTb OXugaemoe noBedeHue
4yacTu BxogHoW obnacTu. PopmarnbHble MeToAbl MOTyT ObiTe UCNOMNbL30BaHbl AMS PACCMOTPEHUST HEKOTOPLIX
yacTen obnacTu, CBA3aHHbIX C M3MEHEHNEeM napameTpa, NOHATHOro BanugaTopy, Hanpumvep obbema opraHa
WK APKOCTK (hoHa Ha M30bparkeHUu.

7.3.3 N3mepeHne Bo3AeCTBUA BO3IMYLLEHUNA

Onwupasck Ha onucaHve obnacTtu, NNaHWpyeMoin Ans MCNoNb30BaHWa HEMPOHHOWM CEeThbHo, MOXHO onpe-
OenWTb TWMNbl BO3MYLLEHWIA, KOTOPLIM MOTYT NOABEPraTecs BXOAHbIE AaHHbIE HEMPOHHOM ceTu. Jlioboe Boamy-
LLeHWEe MOXET Mo-pas3HOMY BMMUSATb Ha YPOBEHb NPOWM3BOAUTENBHOCTU HEMPOHHOW CceTu. PasnnuyHoe BnNusHWe
Ha pobacTHOCTb HEMPOHHOM CETM MOXKET OKasbiBaTb M MX KoMBuHauusa. Ha atane Bepudukaumm 1 Banvaa-
LUK MOXHO OLEHUTb poBacTHOCTbL CUCTEMbI MO CNyYaaM 3TUX BO3MYLLEHWA (KOMBUHMPOBAHHBIM UITA HET).
Wcnonb3yst hopmanbHbie MeToabl, MOXHO npoBecTu Bonee obuyto oueHKy pobacTHOCTM CUCTEMbI K 3TUM
BO3MYLLEHUAM.

BoamyLLeHWst MOTYT BbITh MNOMOXUTENLHBIMKW UM HeraTUBHbIMW. OHK Takke MOTyT BbITb NpeaHaMepeH-
HbIMK (Hanpumep, B cry4ae BpaxaebHoW ataku) unu HenpegHamepeHHbIMU (HanpuMep, B criydyae aedektos
OaTYMKOB MNN N3MEHEHWI B OKpYXeHnn). BoamylleHns mMoryT BbiTb MaremMaruyeckn onucaHbl Nubo TONbKo
MPOVAMCTPUPOBAHbI.

Mpumep — BoamyuwieHue pa3Mmbimusi Ha u3obpaXxeHuUu, KaK npaeusio, OCHO8aHO Ha ceepmke usobpaxe-
Hus ¢ A0poM u3 onpedesieHHbIX 3HaYeHUl U cmpoumcs nymem fMpuMeHeHus A0pa k kaxdomy nukcenro. OGHako
Hanu4yue Kanesnk Ha JIUH3e, 8bI3bIBAIOUWUX HEeKOmMopbLIlU deghekm uzobpakeHUs:, MOXKHO NMPOUTHOCMPUPO8amb
monbKO NPednioxue 00HY UMU HECKOMTIEKO MacoK, Komophbie UCKyccmeaeeHHo dobassisrom Karnsu K U306paxeHuro.
B nepeom criyyae 3KeuUeafleHMHOCMbL OYeeUOHa, MOCKOMLKY 803MYUjeHUe As/Iiemcs MamemMamuyveckoll (yHK-
yueli. Bo emopom cny4yae npumeHeHue byHkUyuu e 6onbueli cmeneHuy 3agucum oM KOHMeKcma u Mo)em co-
omeemcmeoeams 06bedUHEHUI HeCKOMNbKUX eQUHUL OaHHbIX 8 0OHO (HanpumMep, cMelusaHulo U3obpaixeHus
u Macku).
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Ecnu HacTpoiika npolecca reHepauy BO3MYLLEHHbLIX BXOAHbLIX AaHHbLIX BapbWpyeTCa OT O4HOTO MoMb-
30BaTtens K Opyromy, TO AaHHbli npouecc HeobxoaumMo 0BLACHUTL. NMpUMeHeHWe BO3MYLLEHUS K BXOAHbLIM
[aHHbIM HEMPOHHOW CeTU paccMaTpUBaeTcs Kak NpuMeHeHue yHKLUMA K BXOAHBIM OaHHbIM C LEenbi UX U3-
MEHEeHUS.

Mpu Kcnonb3oBaHWKM opManbHbIX METOA0B AMs OLEeHKN poBacTHOCTU HEMPOHHOW CeTU K onpedeneH-
HOMY BO3MYLLEHWIO OAHUM U3 HEeOoBXOOAUMBIX YCIIOBUIA SBNSETCA Hanu4ine yHKLMKW, ONUCcLIBaoLWLen npoLlecc
NpUMeHeHUsl Bo3aMyLLeHus. JaHHas dyHKUUA O0MmKHa OnupaThbes Mo KpalHein Mepe Ha OOWMH OrpaHUYeHHbIi
napametp. OrpaHudeHHbIe NapaMeTpbl ONpeaensTcs MUHUMANbHLIMU U MakCUMansHbIMIK 3HaYeHuaMu. [ns
COOTBETCTBYHLLMX NapaMeTpoB AOMKHbl BbiTb YCTAHOBMNEHbI MUHUMAMNbHOE U MAKCUManbHOE OTKIMOHEHUS.
OfuH UnK HeckonbKO KpUMTEPWEB AOMKHbI BbiTh BhipaxeHsl B obrnactu (cm. pasgen 5). 3atem cnepyet wc-
nonb3oBaTth hopManbHLIA MeTod AN OLEeHKU KpUuTepues B NpeacTaBneHHoi obnacTu ¢ pasnuyYHbIMU LOny-
CTUMbIMW BO3MYLLEHUSAMM.

Ons oueHKW poBacTHOCTU HEMPOHHON CETU MO OTHOLLUEHWID K HECKOMBbKMM KOHKPETHBLIM BO3MYLLEHWAM
MOXHO MCMONb30BaTh KOMMO3ULMID OYHKLUWIA, NPeacTaBnsalolWnX Kaxnoe Bo3MmylueHue. MNpegnoytutensHee
MMETb KOMMYTaTUBHYH KOMMO3WULIMIO, XOTSl 3TO U He oba3aTensHo. Mpolecc, oNUCcaHHbIi B HACTOSALLEM Noj-
pasferne, 3aTeM NPUMEHSIETCA K KOMMO3WULMKU (DYHKLIWIA.

7.4 OueHKa po6acTHOCTM B NpoLecce pa3BepTbiBaHUA

[MocKonbKy HEMPOHHLIE CETU ABMSKTCA HENMUHEMHBIMU CUCTEMaMKU, OHWM YyBCTBUTEMNbLHbLI K HEBOMbLIUM
M3MEHEeHUSM 3HAYEeHUIN B CBOUX BXOOHbLIX OAHHbLIX. 3TU U3AMEHEHWS MOTYT ObITh BbI3BaHbl Npobnemamu ¢ Jnc-
NOBON TOYHOCTLH, KOTOPas BO3HUMKAET BO BpeMs paboTbl HEMPOHHOW ceTu. MIcTouHMKM npobnemM ¢ YncrnoBoii
TOYHOCTbIK MOTYT BbITh BbI3BaHbI:

- KOMNUNATOPaMK, NEPECTPANBALLMMW UMK 3aMEHSAKLLMMK OnepaLny (HanpumMep, UCNonb3yoLLne co-
BMeLLEeHHOe YMHOXeHne-cnoxeHune [39]);

- onepauMsMu no nepecTtaHoBke HbazoBoro obopynoBaHusa (Hanpumep, 4NA NoONy4YeHUs NPenMyLecTs OT
KOHBeMepHoW 06paboTku);

- ONTUMU3aUMEN, BbINOSIHEHHOM OIS CHWKEHWUST YMCNOBOW TOYHOCTU (HanpuMep, KBaHTOBaHWe, UCMOoMb-
30BaHNe MeHbLUMX OnepauWi ¢ NnaBakLei 3ansaToin unn onepaumnin ¢ (PUKCMPOBaAHHOK 3aNsToN);

- UAMEHEHMWEM B MpoLecce OKpYrneHus;

- \3MEHEHNEM B peanu3auuy HW3KOYPOBHEBOro 4YMCINOBOro onepatopa (HanpuMep, MCNonb30BaHWe
cTaHpapTa, oTnuyHoro oT ctaHgapta |IEEE 754:2019, onepaTop COOTBETCTBMA, ONEPATOP C HenpaBUMbHbLIM
OKpyrneHueM Unu ¢ Opyron MHTepnonsunei [24]).

CrnepgyeT yuuTbiBaTh NepeyncreHHble npobnemMb! Npy MHTErpawmMmM HERPOHHOW CETU B CUCTEMY, B KOTOPOW
MOKET BO3HUKHYTb OfMH UMW HECKOSbKO U3 3TUX UCTOYHUKOB YMCNOBbLIX Npobnem. B yacTHOCTH, pekoMeHayeT-
ce ucnonb3oBaTk hopmarnbHble METOALI ANS NPOBEPKU WX BO3oencTBKA. [na aTon uenu nogonayT hopmarns-
Hble MeToAbl ANS U3MEPEeHUs rpaHvL, MakcumanbHON oWWBKKM OKPYrIeHns, KOTOpble Bbi3BaHbl NepecTaHoOBKON
onepauvii UM M3amMeHeHueM MCMnonb3yeMon apudMeTuki. Ha npaktuke BbiGpaHHble opMarnbHbIe MeToabl
OLEHNBAKOTCA MO KaXOOMY KPUTEPUIO, paHEEe UCMONb30BaBLLUEMYCA AN NPOBEPKN UX (PYHKLWOHUPOBaHKS.

[na peweHns onucaHHbIX Nnpobnem paspaboTtynk N moxeT BhINONHUTL cneayrowne AeACTBUS:

- BO-NepBLIX, paspaboTtumk M gomkeH npoBepuTh BNUsiHWE BuIBpPaHHOW MCNONb3yeMon onepauuu. ns
3TOro Heobxo4MMO CHayana onpenenuTb ANs Kaxaon 6a3oBor onepaunun, MOryT MU ee OLWMBKU OKpYrneHus
ObITb cTAaTU4ECKM OrpaHuyeHbl 0bnacTbio NPUMEeHEeHUs UMK HeT:

- B Cry4ae MMerLLencsl BO3MOXKHOCTU CTaTUHeCKN NPpMBA3aTh OLWWGKY OKpYrieHusa onepartopa, dop-
ManbHble BepuduKkaTopbl JOMKHbI YYUTLIBATL MX B CEMaAHTUKE, MCMNOMNb3yeMon Ans Bepudurkaumm
HENPOHHOW ceTu. Hanpumep, cTaHgapTHbie apudmMeTMYeckne onepaurn ¢ nnaBaloWen 3ansaTon,
Takue Kak CnoxeHve unu geneHve, MMerT oWwnbKy OKpYrMeHns, KoTopasd MOXeT ObiTb orpaHuyeHa
3HavYeHueM edUHULbI U3MepeHus, CTOSILLeN Ha NocrnefHeM MecTe pesyneTara;

- B Cfy4yae OTCYTCTBWSI BO3MOXKHOCTW CTaTM4YeCKW OrPaHWYMTb OLWKMOKY OKpyrneHus, dopmarnbHbie
BEpPUGMKATOPbI OOSMKHBI NonaraTbCs Ha annpoKCUMaLUMio cBepxy HeobXoaMMbelX onepauui, npeto-
cTaensembix paspabotumkom M. Paspabotunk MW gomkeH YeTKO 3aJ0KYMEHTMPOBATL MMNOTE3Y,
MCMNonb3yeMyto Ans Takux annpoKcumMauui cBepxy;
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- BO-BTOPbIX, pa3pabotymnk M gomkeH onpeaenvTb BO3MOMXHbIE crnocobbl, KOTOPbIMUA MPOLECC MHTE-
rpauuu MOXeT U3MEHATh UMW NepecTpavBaTtk onepauum (Byab To cTaTMyYeckn unu guHaMmuydecku). Kak Tonbko
OHW ByOyT MOEHTU(PULNPOBaHbLI, BEpUMUKATOP OOMKEH YYECTb 3TU BO3MOXHbIE M3MEHeHUsi. B HekoTopbix
cny4Jasx 3T U3MEHEHUA MOTyT BbiTh onpeaeneHHbIMA UMW HeONpPeaeneHHbIMU:

- @CNMN U3MEHEHUs ABMSAITCH ONpeaeneHHbIMU, TO BepuUKaTop AOMKEH NpOaHannanpoBaTb Hen-
POHHYH CETb Ha COOTBETCTBME €€ NOBEAEHMID NOCNe pasBepTbIBaHUSA;

- eCnv M3MEHEHUS ABMSAKTCA HeonpeneneHHbIMU, BepudUKaTop OOMKEH Y4ecTb, YTO OHW MOryT
MPOU30WTK, U ONpedennTb WX BAUSAHWE B LenoM. B HekoTopbix cny4asx MOXHO onpedenvTb Be-
POATHOCTbE Hawxygllero crnyvas gns moboro nopsgka BeINMOMHEHWS onepauuun (Hanpumep, korga
MCNONb3YTCHA TONBKO NMPaBUITbHO OKPYIMEHHbIE CTaHAapTHbIE Onepaluu C NnasatoLlein 3anaTon).
B cny4asx, korga aT0 He NpeacTaBnAeTca BO3MOXHbLIM, BEpUMKaTopy cneayeT nonaratbcd Ha an-
MPoOKCMMAaL W0 CBEPXY, BbI3BAHHYK 3TUMW M3MEHEeHUSaMU, NpeaocTaBneHHyo paspabotyuukom .
PaspaboTtuuk MW gomkeH YeTko 3a00KyMeHTUPOBaTh MMMAOTE3Y, MCMOoNb3yeMyto Ana Takux annpok-
cUMaLnin CBEpPXY.

7.5 Ou,euxa pOﬁaCTHOCTVI B npouecce 3Kkcnnyatauum 1 MOHUTOPUHra

7.5.1 O6wme NnonoxeHus

Kak Tonbko HeMpOHHAasa CceTb pa3BepHYTa U BBELEHA B 3KCNNyaTauuto, ee pobacTHOCTL MOXHO KOHTPO-
nupoBaTth. Ha aTOoM 8Tane HelpoHHas CeTb He AOMKHa M3MEHATbCA (ee Beca W 3Ha4YeHMsl CMeLLeHus Ons
Ka)KOoro HelpoHa YUKCHpPOoBaHbl) MO0 OHa MOXET M3MEHUTLCS, NOCKONLKY HEMPOHHAsS CeTb UCMOMb3YeT He-
npepbiBHOe 0by4eHKe. B 3aBMCMMOCTUM OT TOTO, U3MEHSAETCS N HEWPOHHAasA CeTb, (hopMarnbHble MeToabl MOryT
NPUMEHATLCA ANS OUEeHKM pobacTHOCTM pasnuyHbiMu cnocobamu. C 0gHOM CTOPOHLI, €CN HERPOHHASA CETb
He M3MeHSAETCs, BO3MOXHO NPOBECTUN OLEHKY pODACTHOCTU B OTHOLLUEHWUM HOBbLIX BXOLHLIX OAHHbLIX, KOTOpbIE
oHa obpabaTtbiBaeTt. C Apyroi CTOPOHbI, €CMKM HEMPOHHAsA CeTb MEHRAETCH, CreayeT OLUeHUTs ee pobacTHOCTb,
4YTOObI M3MEPUTL BNUAHWE 3TOF0 M3MEHEHMS.

HesaBucrmMo OT TOro, Kak (pyHKUMOHUPYET HEMPOHHAS CETb, BaXXHO OTMETUThL, YTo hopManbHble MeToabl
BCcerga TpebyroT 60NbLIUX pecypcoB (T. €. BoIMUCIUTENBHOM MOLLHOCTW, NaMsTU U 3HEPrK) AN MOHWTOPUHIa
ee NoBedeHUs, YeM Te, KOTOpble UCMOMb3YTCA HEMPOHHOW ceThlo Ana paboTel. B 3aBUcMMOCTK OT TOro, Koraa
NMPOBOAUTCH MOHUTOPWHT, YBENIMYEHWE KOrWYecTBa CnefoB MoXeT notpebosaTk, 4TobObl thopmarnbHble METo-
Obl paboTtanu TonbKo ¢ HEBOMbLINMMW HEMPOHHLIMUK ceTsMWU. Kpome Toro, NockonbKy gpopMaribHble MeTofbl
aenarTca bonee QOPOroCcTOALMMK, YEM OOHOKPATHbIA BLIBOA HEWPOHHOW CETU, MPUMEHATL UX C OQWHAKOBON
4acToToM cnoxHee. Hanpumep, HeMPOHHas ceTb, BbIBOAALLAACS Ha NporpaMMrUpyeMyto Nonb3oBaTeneM BeH-
TUNbHy MaTpuuy 10 pas B cekyHOy, He MOXEeT aHanu3npoBaTbCA C TOW e 4acTOTOW; BMECTO 3TOro aHanus
MO>ET BbIMOMHATHCS TONbKO HA NOAMHOXECTBE ee BbiBOAOB. [1oaxoabl kK COKpaweHuio crnegoB hopmanbHbIX
MEeTOA0B, onucaHHble B 6.2, npeactaeneHbl B [40], [41] n [42].

7.5.2 PobacTHocTb B 06nacTu akcnnyatauyuu

Korpa cuctema BBOAWUTCH B 3KCMyaTauuk, MoOXeT ObITb TPYAHO rapaHTMpOBaTh, YTO OHa paboTaeT B
npegnonaraemMon obnactn NpMMeHeHus, NS KOTOPOW OHa M3Ha4yanbHOo Obina onpegeneHa U npoeepeHa. Yc-
NOBUSA 3KCNNyaTauumn MOryT U3MeHsTbCA 6e3 NnpeaBapuTenbHOro NPOrHo3npoBaHusa. 3To umeeT Bornbluoe 3Ha-
4YeHue, ecrnv cuctema paboTaeT B OKPyKEHUWU OTKPbITOro Mupa. Ha aTon ctaguu oueHka pobacTHOCTM MOXeT
NMomMoYb ONpedennTb BEMWYKMHY OTKIOHEHMA OT 3annaHuMpoBaHHoW obnacTtun akcnnyatauyuu. KoppektupytoLwme
OeNAcTBuA (HanpuMep, ONoBeLLEeHVE onepaTopa Unu NepeknuYeHe B 0TKa30yCTONYMBLIA PeXUM) MOryT BbiTb
npeanpuHsaTbl B TOM crydae, ecnu TpebyeMblil ypoBeHb pobacTHOCTU He AOCTUTHYT.

[MockonbKky HEMPOHHbIE CETU, Kak NPaBuno, MMeT OAWHAKOBYIO NPOM3BOAUTENBHOCTL NMPU OQWHAKOBbIX
BXOAHBIX OaHHbIX, MOHUTOPWUHT UX poBaCcTHOCTM MOXET NOMOYbL ONpeaenuTb, ABNAKTCA NN BXOAHbIE AaHHbIe
BCe eLle YacTbio 006nacTu, Ha KoTopoin Obina obyyeHa HelpoHHas ceTb. CBOMCTBO NOKanbHOW pobacTHOCTK
MOET MMETb aHanOrMyHbIi pe3ynsraT Npy aHanorM4HbIX BXOAHbBIX AaHHbIX. Hanpumep, CBOWCTBO cTabunbHO-
cTv (cM. 5.3.1) MOXET MMETb MakCcMMarnbHble 3Ha4eHUs1 Ha NPaBUIbHO KnaccuULMpPOBaHHbLIX BXOAHbLIX OaH-
HbIX, CPABHMMbIE C MakCUManbHLIMW 3HAYEHUAMW HENPaBWUITbHO KNAacCUMUUMPOBAHHBIX BXOOHbLIX OaHHbIX.
3Tu noaxoasl MOryT BbiTh MCNONBL30BaHLI ANSA OLUEHKM poBaCTHOCTU HEWPOHHLIX CETel B Tekyllen obnacTtu
aKcnnyarauuu.

Mpw oueHke pobacTHOCTW HEMPOHHON ceTu, paboTaroLLeil B HOBOW 06nacTu, cregyeT perynspHo cpas-
HUBaTb pe3ynkTaT NPUMEHEHUS KPUTEPUS Ha HOBbIX BXOOHbIX AAHHbIX C pe3ynsbTaToM MPUMEHEHUS TOro Xe
KpuTepusi Ha NpeablayLen cTagnum XXU3HEHHOTO LuKna.
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7.5.3 UameHeHun poBacTHOCTHU

Vcnonb3oBaHne HenpepbIBHOTO 06y4eHUs M3MEHAET NOBeAeHWe HEMPOHHOW CETU, MOCKOMbKY MOTYT Me-
HATLCS ee Beca W 3Ha4YeHUs cMeLleHusi. iaMeHeHne BHYTpEeHHe CTPYKTYpbl HEMPOHHOM CETU MOXET OKa3aTb
BMUsIHWE (NO3UTMBHOE WUIM HEraTUBHOE) Ha ee pobacTHOCTh.

Mpw oueHKe M3MeHeHWI pobacTHOCTU HEPOHHOW CeTH B NpoLecce paboTkl cneayeTt UCnonb30BaTh Npe-
gonpefeneHHoin Habop kpuTepues. 3aTeM oLeHKa pobacTHOCTM NPOVM3BOAMTCA NYTEM CPaBHEHMWS pPasHWULbl B
pesynbTatax no Habopy KpUTEpUEB MeXZy HOBOW BepCUEN HEWPOHHOW CeTu U npegbiaywei. [Ans npoBepku,
ABMAETCH S BO3MOXKHOE CHWXKEHWEe pobacTHOCTU MpUMeMMEMbIM WM HET B OTHOLEHUU Habnigaemon pas-
HWULbI, JOMKeH BbITh chopMynMpPOBaH JONONHUTENLHBIA KPUTEPUIA.
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CeegeHun

Tabnuuya JA1

Mpunoxenue OA
(cnpaBo4Hoe)

0 COOTBETCTBMU CCLINOYHbLIX MeXOYHAapPOAHLIX CTaHOAPTOB

HauMWoOHanbHbLIM CTaHOapTamM

0O603Ha4YeHmne CCbINOYHOro CreneHb O603Ha4YeHne 1 HaMeHoBaHKe
MexayHapogHoro ctaHaapTa COOTBETCTBUSA COOTBETCTBYIOLLEro HauuoHansHoro cTaHgapTa
ISO/IEC 22989:2022 MOD OCT P 71476-2024 (MCO/M3K 22989:2022) «WMcKyCCTBEHHbIN

WHTENNEKT. KOHHEI'ILLVIVI 1M TEPMUHONOIMA UMCKYCCTBEHHOIO MHTEN-
NeKTa»

ISO/IEC 23053:2022

BETCTBUA CTaHOapTa:

- MOD — mogudmumpoBaHHbIA CcTaHO4apT.

* COOTBGTCTByIOLLlIAﬁ HaUWOHambHbIA CTaHOapT OTCYTCTBYET. Ho ero yTBERXKOEHNA PEKOMEeHOYETCA MCMNONb30BaTh
nepeso Ha pyCCKMI;'I A3bIK 4aHHOIo MeXxayHapoaHOoro craHgapTa.

Il pMmMedYyaHne — B HaCTDFlLLlef;I TaGJ'IVILiE Mcnone3oBaHO cnegyrwulee yCcrioBHoe obozHa4YeHne cTeneHn cooT-
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