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BBeaeHue

Onsa peanu3auum HEKOTOPbIX OMOMETPUYECKMX NPUNOXEHUI TpeOyeTca TakoW YyPOBEHb TEXHUYECKMX
XapaKkTepPUCTUK, KOTOPbI TPYAHO 0BecrnevnTb C NOMOLLBIO OAHON GUOMETPUYECKON XapaKTepUCTUKU. Takue
NPUNOXEHUA NO3BONSAIOT U3berarb UCMONb30BAHUS HECKOMbKUX NPUINOXKEHWUI A1A NPOBEPKN JOKYMEHTOB, YA0-
CTOBEPSAIOLLMX NIMYHOCTB, a Takke Ansa obecnevyeHus 6e3o0nacHOCTM Npu aBuanepenetrax. Kpome Toro, Takue
NPUNoXeHnss HeoBXoAUMbI ANs NOAEN, KOTOpbIe MO TOW MIM MHOW NPUYMHE HE MOTYT NPeaoCTaBUTb Kade-
CTBEHHblEe BuomeTpuyeckne 06pasubl HEKOTOPbIX BMOMETPUUECKUX MOAANbHOCTEN.

Mcnonb3oBaHue 60nbLUOro Yncrna BUOMETPULECKUX XapaKTEPUCTUK, NMOSyYaeMblX B pesynbrare npume-
HEHUS1 HECKOMbKUX HE3aBUCUMbIX AATYMKOB, anropuTMOB MMM MOAANbLHOCTEN, kak npaBuno, obecneunsator
yNy4LLEHNE TEXHUYECKUX XapaKTEPUCTUK U CHIKEHUE YPOBHA prcKa. K JaHHbIM XapakTepucTukam OTHOCATCS
TaKKe 9KCNyaTaLuoOHHbIE XapaKTEPUCTUKN B CNyYae, Koraa AOCTYMHbl HE BCe BUOMETPUYECKUE XapaKkTepu-
CTUKM, TaK Kak 06ecnevymBaeTca BO3ZMOXHOCTb NPUHATUS PELLEHNS O AOMYCKe/HeA0oMnyCcKe NonbL3oBaTens npu
Hanu4yum nboro Yncna xapakTepuCTuK.

B HacTosiLem cTtaHaapTe ycTaHoBMeHbl TpeboBaHUA K pa3paboTke CTaHAapTOB Ha MyNsTMOMOMETpUYe-
CKMEe CUCTEMbI, B YAaCTHOCTM Ha pasfnuyHble TUMbl 06beanHEHUS.
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HAUMWOHANBHBIN CTAHOAPT POCCUMNCKOW ®OEAEPALUUMN

MHdopMaLMOHHbIE TEXHOMOrUKN
BUOMETPUA
MynbTumogarnbHble U apyrue MyfsTUOUOMETPUYECKUE TEXHOSOTMU

Information technologiy. Biometrics. Multimodal and other multibiometric fusion

Hara BBegeHusa — 2013—07—01

1 O6bnactb NpUMEeHeHuA

HacTosiuui cTaHaapT pacnpoCTPaHSAETCA Ha COBPEMEHHbIE pa3paboTku B 06nacTu MynsTUMOAanbHbIX
U APYIUX MyNBTUOUOMETPUYECKUX TEXHOMOTHWIA. B CTaHgapTe Takke pacCMOTPEHbI BOMPOCH! CTaHAapTU3aLmMu
MYNETUBMOMETPUYECKUX CUCTEM.

Hacrosimit cTanaapt ycraHaBnmBaeT TpebGoBaHUsA K ONUCaHUI0 OBLLMX NOHSATUIA METOA0B MyIbTUGMOME-
TPUYECKUX 0ObeANHEHUN, BKIIOYAs MyNETUMOAANLHOE, MYNETUIK3EMMIISIPHOE, MYSLTUAATYMKOBOE, MyrbTHar-
rOPUTMUYECKOE OOBLEANHEHNS], NOTUKY HA YPOBHE NPUHSATUS PELLEHUS U FTOTUKY HA YPOBHE CTENEHEN CXOXKECTMU.

2 TepMmuHonorus

TepmuHbI, NPUBEAEHHbIE B pasgene 3, yCTAHOBMEHbI C LENbI0 pa3aeneHus NOHATUNA «MynbTubuome-
TPUYECKUI» U «MYNBTUMOAATNbHBINY, KOTOPbIE YaCTO UCMONb3YIOT B NUTEPATYpe Kak CUHOHUMbI. B Tabnuue 1
npuBeaeH NepeyYyeHb MOAanbHOCTEN, COOTBETCTBYOLLMIN EanHON CTpykType dopmatoB obmeHa BGuomeTpu-
yeckumn gaHHeimn (ECOOB[) [30]. Pasnuuue mexay TpaguLMOHHON U HETPAAULIMOHHOW MOAANBHOCTAMMU
ABNAETCA CYObEKTUBHbLIM U 00YCNOBMEHO YPOBHEM PA3BUTUSA TOW UINM UHOV OMOMETPUYECKON TEXHOMOTUN.

Tabnuya 1— BromeTpuyeckme MogansHOCTH

EmomeTpmquKaﬂ MOAaribHOCTb EVIOMeTpI/NeCKaH XapakTepucTuka
TpaguunoHHas Inuo
[onoc
Maney

Pa,ﬂ,y)KHaH obornoyka rmasa

CeTyaTKa rnasa

FeoMeTpUs KUCTU PYKM

Mognuce

HeTpaguumoHHas KnaBunaTypHbIA Nodepk

Oeuxexue ry6

Moxoaka

CocyaucToe pycno

AHK

M3paHue ochuumanbHoe
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OxoH4aHue mabnuupi 1

BuomeTpuyeckan MoAanbHOCTL BuomMeTpuueckan xapakrepuctuka
HeTpaguunonHas ¥Yxo
CtynHa
3anax
MynsrumoaanbHOCTL Heckonbko 6UOMETPUYECKUX XapaKTepUCTuK
Opyras —
Mpumevyanune — [daHHas Tabnuua cootBeTcTBYeT NpuBefeHHoi B UCO/MIK 19785-1:2006 Tabnuue 1 «A6-

CTpaKTHblE 3Ha4YeHUA aneMeHTa fgaHHbiX CBEFF_BDB_biometric_type».

3 TepMuHbI 1 onpepeneHun

Mpumevyanune — B HacToAweM pasaene npuseaeHbl ABE KaTeropum TepMUHOB:

- TePMUHbI, OTHOCALLUECA K MyNETUMOAANBHOM U MyNnsTUBUOMETPUYECKOI cucTeMam;

- TEPMUHbI, HE OTHOCSLLMECS K MyNBTUMOAANBHON U MYNETUGMOMETPUYECKOIA cMCTEMaM, HO HeoBxoauMbIe NS No-
SACHEHWSA TEPMUHOB NEPBON KaTeropuun, KotTopble He onpeaeneHsl B [33].

OnpegeneHnsa apyrux TepMUHOB nNpuseaeHsbl B [33].

B HacTOsILLeM cTaHaapTe NPUMEHEHbI Cneaylowme TEpMUHbI C COOTBETCTBYIOLLMMU ONpeaeneHUaMu:

3.1 6uomeTpuueckan xapakrepucrtuka (biometric characteristic): Buonoruyeckas nnu nosegeHyeckas
XapakTepucTuka cybbekra, Nno3BonsaoLwas BuiBUTL YHUKamNbHbIE, CTabunbHble U cobupaemble GuomeTpuye-
CKue Npu3Haku Ans aBTOMaTU4eCKOro pacnosHaBaHus cyobekTa.

MpuMmedaHue 1 — BUONOrUYECKUE W NOBEAEHUECKNE XapaKTEPUCTUKN — STO hU3MYecKUe CBOWCTBA YacTeit
YENOBEYECKOro Tena, (hU3NoNoruieckine U NOBEAEHYECKUE NPOLECCH!, COBEPLIAEMBIE TENOM, U UX KOMGUHALIMK.

MpuMedaHue 2— Pasnuune He o6sa3aTenbHO NpeagnonaraeT MHAMBUAYarM3aLmIo.

Tpumep — Npebeuwikoeass cmpykmypa I'anbmoHa, monozpagusi nuya, meKkcmypa Koxxu nuya, monozpagus
PyKu, monoepadusi nanbya, cmpykmypa padyxHoli 0605104Ku 2/1a3a, cmpyKmypa cocyOucmozo pycsa, CmpyK-
mypa epebewKoeol KoXU nanbyee U j1adoHel U y30p cemyamKu a/1a3a.

3.2 buomeTpuyeckana MoganbHOCTb (biometric modality): BuomeTpuyeckaa xapakrepucruka, npume-
Hsemas B BMOMeTpuYeCcKoM npoLiecce.

3.3 onometpuueckumn npouecc (biometric process): ABTOMaTU4ECKUiA NPOLECC, UCNONb3YIOWUIA OAHY UnK
Honee BUOMETPUYECKMX XapaKTePUCTUK OAHOTO YENoBekKa As peructpauum, Bepucukaumm unm uaeHTudmkaumm.

3.4 6uomeTpuueckoe ob6vegunenue (biometric fusion): KomMGuHaLms AaHHbIX HECKONbKUX UCTOUHUKOB,
T. €. AaT4YMKOB, MOAANbLHOCTEN, anrOPUTMOB, 9K3EMNNAPOB U NPEACTABNEHUN AAHHbIX.

3.5 nocnepoBarenbHan cuctema (cascaded system): Cucrema, ucnonb3yloLas noporn NPUHATUS pe-
LweHua ana GuoMmerpuyeckux o6pasuoB C LiENblo onpeaeneHust Toro, TpedyloTcs N AONOSIHUTENbHbIE BUo-
MeTpuyeckue obpasubl ANst NPUHATUS PELLIEHUA O fionycke/Heaonycke.

3.6 mHoroypoBHeBasa cuctema (layered system): Cucrema, UCNonb3yioLLas OTAENbHbIE CTENEHN CXO-
XKECTU C LeNbio onpeaeneHns noporoB NPUHATUS pelueHusl npu obpaboTke BUOMETPUYECKUX AaHHBIX.

3.7 mynbrranroputmuyeckun (multialgorithmic): Mcnonb3ylowmii HECKONbLKO anropuTMoB Ans obpa-
60TKkKM oaHoro GuomeTpuyeckoro obpasua.

3.8 mynsTubMomeTpuyeckun (multibiometric): OTHocAWMACA K MyNbTUOUOMETPUM.

[l punMedHaHune — B MyJ'IbTVIGVIOMeTpI/IVI pasnuyaloT nAaTb KaTeI'OpI/IVII MyneTUMoOAanbHaA, MynbTU3K3eMMIApHan,
MynbeTUaaT4NKOBadA, MyneTuanropuTMuieckasd u MynsrunpegcraBrieHue.

3.9 mynsTUOMOMeTPUYeckuit npouecc (multibiometric process): Mpouecc, Bkniovaiowmin B ceda npu-
MEeHeHUe BUOMETPUIECKOro 0ObeaANHEHUS.

3.10 mynsTubnomertpusa (multibiometrics): ABTomaTtuueckoe pacnosHaBaHue NMYHOCTU CyObekTa, oc-
HOBaHHOE Ha ero GMonorMyeckMx U NOBeAEHYECKUX XapakTEPUCTUKAX U BKtovalowee B ceba npumeHeHue
GUOMETPUYECKOro 06beMHEHUS.

3.11 mynsTuaksemnnsipubiin (multiinstance): Ucnonb3ylowmin HeCKonbko GUMOMETPUYECKMX 3K3emMnns-
pPOB B paMmKax 04HOW BUOMETPUYECKON MOAANbHOCTH.

2
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lpumep — PadyxHast 060n04Ka 2na3a (neeas) + padyxHasi obonovyka anasa (npaeasl), omneyamok nanbya
(neeo2o ykazamenpHo20) + omneYyamok nanbya (Mpaeo2o yKazamenbH020).

3.12 mynsTumopanbHbin (multimodal): cnonb3ytowmii HECKONbKO pasnu4HbIX GUOMETPUHECKUX MO-
[anbHOCTEN.

lMpumep — Omnevyamok nansya + nuyo.

3.13 mynsTunpeactaenerdue (multipresentation): icnonb3oBaHue HeCkONbKMX nNpeacTaBnexHnit obpas-
LIOB OAHOTO 3K3emnnapa 6UOMETPUYECKON XapaKTEPUCTUKU UNU EAUHCTBEHHOTO NPEACTABIEHUS, ABNAIOLLE-
roca pesynsraTom NONy4eHUs HeCKONbKUX 06pasLioB.

lMpumep — Heckonbko Kadpoe u3obpaxeHus nuya, coenaHHbix eudeokamepoli (603MOXHO, HO He 06s13a-
menbHOo nocnedoeamersibHbIX).

MpumedaHue — Tllpu ucnonb3oBaHuM obbeMHEHUS BUOMETPUS MyNBTUNPEACTaBNEHUS SBNAETCA HOPMOit
MynETUOMOMETPUM.

O6beanHeHMe n HopManu3aumio NPUMEHSIIOT Ansi 0000LLEHUSA AaHHbIX HECKONBbKMX NpeaCTaBneHui oa-
HOro BUOMETPUYECKOro 3Kk3emnnspa.

3.14 mynsTMaaTumkoBbIi (multisensorial): cnonb3ylowmii HECKONbKO AATYMKOB ANs NonyyYeHus o6-
pasLoB 0AHOro GUOMETPUYECKOTo SK3eMnspa.

lMpumepbi

1 Ona nuya: damyuku Ons nosyveHusr usobpaxeHulli 6 uHgpaKkpacHoM u e eudumom Ouana3oHax ONUH
60/1H, OamyuKu O NOJyYeHUs 08yMePHbLIX U MPEeXMEPHbIX U306paxeHull.

2 [lna omneyamka nanbua: onmuyYeckue, sjieKmpocmamuyeckue u akycmuveckue damyuku.

3.15 nocnepoBaTtenbHOe npeactaBneHue (sequential presentation): MpeacrasneHue GuomeTpuye-
CKknx 00pasLoB B BUAE OTAEMbHbIX COObITUI AN UCMONb30BaHUS NpU GUOMETPUYECKOM 0GbEANHEHUN.

3.16 ogHoBpeMeHHOe npeacTaBneHue (Simultaneous presentation): MpeacraBneHue GuomeTpuye-
Cknx 06pasuoB B BUAE OAHOrO COOLITUS ANS UCNOMbL30BaHWSA NPU BUOMETPUYECKOM 06bEeAUHEHUN.

4 O630p MynsLTUMOAANbHbIX U APYTUX MYSILTUGMOMETPUYECKUX CUCTEM

4.1 O6wKe NOnoXeHUs

MoHATUA «MYMBTUMOAANBHbIAY U «MYNLTUOMOMETPUYECKUI» YKA3bLIBAIOT HA NpuMeHeHue Gonee oaHOM
MOZanbHOCTKU, OAHOIO AaTyuKa, OAHOrO 3K3EMMAPA U/ anropuTma B TOW MU MHOM KOMOUHaLMK Ana NPUHS-
TUS ONPEAENEHHOIO PELLEHNUSA B OTHOLLEHUK BuomeTpuyeckon naeHtudukauyum unu sepucbukauumn. Merog o6b-
€MHEHUS HECKOIbKUX 00Pa3L0B, CTEMNEHEN CXMKECTU UM PELLIEHUI O CXOXECTN MOXET ObITb SrIEMEHTapPHbIM
UMK CRIOXHbLIM C MaTemMaTUYeCKOn TOYKKU 3peHusi. B HacTosieM ctaHaapTe noa nioGbiM METOAOM KOMOMHMPO-
BaHWS NOApPasyMeBaeTcs ogHa n3 gopm obbeguHeHus. Metoabl KOMOMHMPOBAHUA PACCMOTPEHbBI B pasaene 5.

MynbsrumogansHas 6uoMeTpus nosisunacb B 70-x rogax XX seka. KoMOGUHUpPOBaHHbIE U3MEPEHUS CTa-
M paccMaTpuBaTbCA Kak NepenekTuBHbIE AnA BMOMETpuYeckux cucrem. CUuTanochb, YTo KOMOMHALUMSA He-
CKOMNbKWX U3MEPEHUI NOBLICUT YPOBEHbL 6€30MacHOCTU NYTEM YMEHBLUEHUA BEPOATHOCTU NOXKHOTIO A0NyCcKa, a
TaKkke ypoBeHb yao6cTBa Nnonb3oBarens nyremMm yMeHbLUeHUs BEPOATHOCTU NOXHOro Heagonycka. NpumeHeHune
JaHHbIX MeToaoB 06ecneynno ycnewHoe BHeApEHUe aBTOMaTUYeCKON CUCTEMBI Pacno3HaBaHUsi OTMNEYaTKoB
nansues (ACPOIT), HayaToe B 80-e rogbl. B ACPOIN paHee He Mcnonb30BanuMCb MynbTUMOAANbHbIE TEXHOO-
TMK, 04HAKO BONbLUMHCTBO METOL0B 00 beANHEHUS, NPUBEEHHbIX B HACTOALLEM CTaHAapTe, YCNELLHO pearnu-
30BaHbl NPY MCNONB30BAHUM TOMBKO OTNEYATKOB Nanbues. HekoTopble BuAbI 00beaUHEeHNs1, peanu3oBaHHbIe
B ACPOI, Bkniovatot B cebs:

- 00beanHeHne n3obpaxeHuii (06pasLoB) ANS co3gaHuUs OAHOTO NPOKATAHHOTO U306paXKEHUSI HA OCHO-
BE CEPUM MNOCKUX OTTUCKOB C NOMOLLbIO YCTPONCTBA, CKAHUPYIOLLETO B PEXUME PEarnbHOro BPeMeEHH;

- obbeanHeHne WabnoHOB NPU MCNOMb3OBAHMU ANTOPUTMOB M3BMIEYEHUA HECKOMbKUX NPU3HAKOB U3
Kaxkaoro nsobpaxeHusa oTnedarka nanbua;

- MynbTU3K3eMNApHoe 06beanHeHne NpU UCNONbL3OBaHUM OTNEYATKOB AECATU NanbLEB.;

- o6beanHeHne MynbTUNPEACTABNEHUI NPU MCNONBb30BAHUM NPOKATAHHBIX U OTTUCKOBbLIX U306 paXkeHuii
OTMNeYaTKoB NanbLeB.;

- o6beanHeHne anropuTMOB C LiENbIo NOBbILWEHNS 3PEKTUBHOCTU (YMEHBLLEHUS 3aTpaT, yMEHbLUEHUS!
KONMMYECTBA BbIMMCNEHUN, YBENUYEHUSA NPONYCKHON CNOCOBHOCTU). B OCHOBHOM YCTPOMCTBA CONOCTABIIEHUSA

3
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NPUMEHSIIOT KaKk Habop MNLTPOB B NOpsKe BO3PACTAHUA BbIMUCIMTENBbHOW CNOXHOCTW. JaHHble yCTpOnt-
CTBA, Kak NpaBuso, peanusyloTcsl Kak codeTaHne OObEAMHEHUA HA YPOBHE NPUHATUSA PeLUeHns u oObeauHe-
HWUS HA YPOBHE CTEMeHel CXOXeCTH;

- 06beguHeHne anropuTMOB C LIENbIO NOBbILLEHNA TOYHOCTU (YMEHbLUEHUSA BEPOSTHOCTU JIOXKHOMO J0-
nycka U/unu BepOSITHOCTMU JIOXKHOFO HEAOMNYCKa, CHDKEHUSI YyBCTBUTENBHOCTU K AaHHbIM HU3KOTO KayecTBa).
YcTpoiicTBa CONOCTaBNEHMS] MPUMEHSIIOT napannenbHO ¢ 06beanHEeHNEM KOHEYHbIX CTENEHEN CXOXKECTH.

MeTtoabl 06veamHeHna cnocodcTeoBanu BHegpeHuto ACPOI, Tak kak oGecnevnnu ynydweHume nokasa-
Tenen TOMHOCTU U 3PPEKTUBHOCTH.

o HacrosiLiero MomeHTa B paboTax no MynsTMGUOMETPUU BHUMAHWUE aKLEHTMPOBANoChb TOSIbKO Ha
YMEHbLLEHUN Yncna OLIMOOK NOXHOIO AOMyCKa M NMOXHOTO Heaonycka. B [65] paccMOTpeHO ucnons3oBaHue
MYNbTUOMOMETPUM B LIENAX YNyyLIeHUa nokasartenen yaobcrea npuMmeHeHusi, 6e3onacHOCTM U TOYHOCTU. OCHOB-
Hble paznuuna mexay MynsTMbMoMeTpuyeckuMu KaTeropusiMu npueegeHbl B Tabnuue 2. Kniovesoii TEPMUH,
onpeaensoLwmii HAMMEHOBAHUE KaTeropum, BblAENEH XUPHbIM LUPUCTOM.

Ta6nuya 2— SnemeHTapHble ABYXKOMMOHEHTHLIE MYIETUGUOMETPUYECKUE KaTeropum

KaTeropusa MoaanbHoCTb Anroputm BroMeTpuUackas XapakTepUCcTUka Aatumk
(Hanpumep, YacTb Tena)
MynsrumopaneHas 2 (Bceraa) 2 (Bcerga) 2 (Bcerga) 2 (onMHo)b)
Mynstuanroputmuyeckas 1 (Bcerpa) 2 (Bcerpa) 1 (Bcerpa) 1 (Bcerpa)
MynbsTuaksemnnspHas 1 (Bceraa) 1 (Bcerpa) 2 3Kk3eMnnApa ogHOM 1 (06b14HO)Y)
XapaKTepUCTUKN
(Bcerpa)

MynstugatymkoBas 1 (Bceraa) 1 (06bi4HO)?) 1 (BCcerpga TOT Xe 3K3eMnnAp) 2 (Bcerpa)

Mynstunpegcraenexme 1 1 1 1

) Bo3sMOXHbI Crydau, Korga ABa obpasua C pasHbiX AaTUMKOB MOryT 6biTb 06paboTaHbl CHadana ¢ NOMOLYbI
OTAENbHLIX anrOpUTMOB «BbI4ENEHUs] MPU3HAKOBY», @ 3aTeM C MOMOLLbI0 O6LIEro anropuTMa conocTaeneHns («nony-
TOPHEI @anropUTM») UMK C MOMOLLBIO ABYX Pa3HbIX anropuTMOB.

b UckniodeHnem sBnseTca cnydail, Korga MynsTUMOAAnNbHYK0 CUCTEMY C OfIHUM AaTUMKOM UCTIONb3YIOT ANS NoMy-
YeHUs ABYX pasHblX MoganbHocTeW. Hanpumep, usoGpaxeHne BbICOKOTO paspelleHUsl UCMOoNb3YOT Afls BblgereHus
nula v pagyXK4 Wnv nnuua u cTpykKTypsl nvua.

©) VICKNIoYEHMEM MOXET ABNATLCS UCMONB30BaHNE ABYX OTAEMNbHBIX JATUYNKOR AN NONYYEHUs OfHOIO SK3eMMMs-
pa, HanpuMep ABYXNanbLEBOro AaT4UKa OTNEYATKOB Nasbues.

MynsTumopanbHble GUoMETpUYECKME CUCTEMBI NPUHUMAIOT BXOASILLMIA CUTHAN C OHOTO UM MHOMXe-
CTBa JaTYMKOB, KOTOPbIE MOMy4aloT GUOMETPUYECKME XapaKkTepucTMku AByX unu 6onee moganbHocTtel. Ha-
npumep, ogHa cuctema, KOMOUMHMUpPYOLWaa MHpopMaLmio 0 nuue 1 paayXHoi obonouke rnasa ans Guomerpu-
YECKOro pacrnos3HaBaHWUs,, pacCMarpuBaeTCA Kak MynsTUMOAanbHas CUCTeMa He3aBMCUMO OT TOTFO, Pa3HbIMK
yCTPONCTBaMM GbInun nonyyeHsl n3o6paxeHnusa nuua u pagy>kHoi o0b0mnoYkKU rnasa unu oHUM U Tem >e. He
Tpebyetcs, UToObl pasHblie u3MepeHus Obinu 06beauHeHbl MatemMaTuyecku. Hanpumep, cuctema ¢ pacnosHa-
BaHMEM OTnevaTka nanbua u ronoca byaer cuuTaTbCs MynsTUMOAANBHON AaXe NPy UCMONb30BaAHUU anropuT-
ma «UJT», no3BonAoLLEro pacno3HasaTb NOMb30BaTenNsi C NOMOLLLIO TOW UNU APYroi MOAANbHOCTMU.
MynbsrnanropurMmyeckue GUOMETPUYECKME CUCTEMbI MONYYaloT OAMH 0Opasel C OAHOIO AaTyuKka M
obpabatbiBaloT faHHbI 06pasel; ¢ NOMOLLbLIO ABYX U Gonee anropuTtMoB. [aHHbli MeToA MOXET ObiTh Nnpu-
MeHeH K noboii MmogansHOCTU. MakcuManbHbli 3PdekT MOXKeT BbITb NONYyYeH NPU NPUMEHEHWUU anTfOPUTMOB,
OCHOBAHHBIX Ha Pa3MUYHbIX HE3ABUCUMBIX MPUHLMNAX (TAKUE anropuTMbl Ha3bIBAIOT OPTOrOHANbLHbLIMK).
MynkTuakseMnnsapHble BUOMETPUYECKUE CUCTEMBI MPUMEHSIIOT OZMH (HECKONBKO) AaT4nK(0B) Ans Nony-
YeHus o6pasLoB ABYX Unu Gonee pasnUYHbIX SK3EMNIIAPOB OAHOMN U TON e BUOMETPUYECKOI XapaKTEPUCTUKM.
Hanpumep, cuctemsl, nony4yatoLime n3obpaKeHns HECKOSIbKUX NanbLEB, CHUTAIOT MYNbTUIK3EMMISIPHLIMU, a HE
MynbTMMoZansHbiMu. OAHaKO CUCTEeMbI, MOMy4aloLlme, HanpuMep, rnocriefoBaTeribHble Kaapbl 306pa)eHuit
nmua unu paay>xKk, pacCcMaTpuBaLOT Kak CUCTEMbI MYyNbTUNPEACTABIEHUSA, @ HEe MYNBTUIK3EMINSPHbIE.
MynbsTnpaTymkoBbie 6UOMETPUYECKME CUCTEMbI MONYYALOT OZIUH U TOT Ke 3k3emnnsip GuoMeTpu4ecKon
XapaKTepPUCTUKM C MOMOLLLIO ABYX UnK Bonee pa3nuyHbix agatynkoB. OBpaboTKy Heckonbkux o6pasLoB npo-
BOAST C NOMOLLBIO O4HOTO anropuTMa UM KoMBUHaLMKU HECKONBKMX anropuTMoB. Hanpumep, npumoxeHue no
pacno3HaBaHUIO NULa MOXXHO UCNOMNbL30BAaTb Kak kamepy, paboTaoLLyo B BUAUMOM AUaNa3oHe, Tak U Kak UH-
dpakpacHyio kamepy, paboTatoLLyto Ha ONpeaeneHHon AnnHe(ax) BOMHbI (BOMH) MH(PPaKpacHOro U3ny4YeHus.
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[na onpegeneHHbIX NPUAIOXKEHWI NPU 3KCNNyaTauyMn CyLieCTBYET MHOXECTBO KOMMNPOMWCCHbBIX peLue-
HWiA, MO3BOMAOLLMX YNYYLUMTbL 9KCNNyaTaUUOHHbIE XapaKTePUCTMKU (TOYHOCTb uaeHTUMKauMmu unm sepudu-
KaLuumn, CKOPOCTb U MPOMYCKHYIO CNOCOGHOCTL CUCTEMBI, YCTOMYMBOCTb K OLLUMOKaM u noTpeBGHOCTL B pecyp-
cax), NOBbICUTb YCTOWYMBOCTb K 06MaHy, yao6CTBO UCNONL30BaHMS, YCTOMYMBOCTL K BO3AENCTBUIO (haKTOPOB
OKpY>XaloLLien cpefbl, CHU3UTb 3aTpathl [44].

[nsa kpynHomacLwrabHbIX CUCTEM pacno3HaABaHWSA SIMMHOCTU CYLLECTBYIOT AOMONHUTENbHbIE TpeboBa-
HUS1, TaKkne kak aPPEKTUBHOCTL PpaboThl U HANMMUKUE TEXHUUECKOW NOAAEPKKU, HAAEKHOCTb, CTOUMOCTL NpU-
00peTeHuns, CTOMMOCTb JKM3HEHHOTO LKA W MIaHOBbIA OTBET CUCTEMbI HA UAEHTUMULMPOBAHHBLIE CNOCOOLI
araku, BMUSIIOLLME Ha KOPPEKTHYIO paboTy cuctembl [44].

4.2 OpHOoBpEMeHHOEe U nocneaoBarTesibHOe NpeacTaBneHus

4.2.1 O606wWeHHan moaesnb MyNLTUOMOMETPUYECKON CUCTEMBDI

O600LIeHHas Moaenb MynbTMBMOMETPUYECKON CUCTEMbI M306GpaXKEHA HA pucyHKe 1. B AaHHOM Moaenu npu-
CYTCTBYIOT TPM GromeTpuueckux oopasua (P, P,, P3) Tpex yHukanbHbIx GUOMETpUIECcKUX MoAanbHOCTe, Kpo-
Me crnyyaes, Korga ykasaHo uHoe. CybbeKT npeacraBnser cucreMe 6MOMETPUYECKYIO(ME) XapakTEPUCTUKY (M).
CyuiecTByeT ABa MeToga NpeaCTaBrieHUs! XapakTepUCTUK B 3aBUCUMOCTU OT CXEMbl cucTeMbl: 1) oaHOBpE-
MEHHbIN 1 2) NOCNea0BaTENbHbIN.

MpumedaHne — MeToa npeacTaBneHNs faHHbIX (OQHOBPEMEHHLIA UNKM NOCHEA0BaTENbHLIA) OTNMYaAETCS OT
MeToaa obbeanHeHns. JaHHaa UHpopMauus NMpUBeAEHa ¢ Lienbio uinocTpauuu akropoB, KOTOpLIE MOTYT BIIUSTb Ha
cXeMy MynsTUOUOMETPUYECKON CUCTEMBI.

4.2.2 OgHoBpeMeHHOe npeacTaBreHue

Mpn ogHOBPEMEHHOM npeacTaBneHuMu NONy4valoT GuomeTpuyeckuii(ne) obpaser(upbl) HECKONMbKMX MO-
JanbHOCTEl Kak o4HO cobbiTUe (Hanpumep, NULO 1 paayXHas 0b0rnoyka rnasa, 3apermcTpupoBaHHbIe O4HOW
kamepoi). Cxembl CUCTEM, B KOTOPbIX UCNOMb3YETCH OQHOBPEMEHHbIN COOP AaHHbLIX, CreayeT NPUMEHSTb B
NPUINOXEHUAX C BbICOKOW NPOMYCKHOM CMOCOBGHOCTLIO 3@ CYET BO3MOXKHOTO AOMONTHUTENBHOIO YCMOXHEHUS!
(ans cuHXpoHu3aumm Habopa o6pasLoB) UK 3a CHET TPYAHOCTU NPU UCTMONbL30BaHWUK (AyarnbHOe B3auMoaen-
CTBME AAaTYMKOB, MOCTAHOBKA NONb30BaTENEeM HECKOMbKMX 3a/3a4).

4.2.3 MocnepoBaTenibHOEe NpeacTaBrieHne

Mpu nocnegosarensHOM npeacraeneHun Guomerpudeckuii(ue) obpaseu(ubl) NONy4alOT OT OAHON UK
HECKONbKMX MOAANILHOCTEN Kak oTaernbHble cobbiTus. MNMocneaoBarensHoe NONMy4YeHne MOXeET ObiTb OCYLLECT-
BMEHO C MOMOLLbIO TPEX CneaylLlmx MeToaoB. MepBbli — MyNbTUIK3EMNAAPHLIA METOA, 3aKMIO4aeTca B
MCNonb30BaHWM ABYX Unu Bonee 9K3eMNNAPOB OAHON MOAAnNbLHOCTKU (HAnpumep, oTnedaTka nNesoro ykasa-
TENbLHOrO Mansua u oTneyaTka NpaBoro ykasaTenbHoro nansua). B gaHHOM npumepe eAuHCTBEHHOE YCTPOR-
CTBO, CYMTbIBAIOLLEE LMPOBOE U300paxxeHne oTne4aTka nanbua, UCnonb3yeTca NoCcneaoBaTenbHO ABaXAbI.
Bropov — MynsTMMOAarnbHbI METOA, 3aKJ04aETCA B MCNONb30BAHMU HECKOIIbKMX Pa3HbIX BUOMETPUYECKUX
MOAANbHOCTE, NOMyYeHHbIX C OAHOr0 Unn 6onee AaTYMKOB, HAaNpUMEpP NOCNeaoBaTENbHOE NONyYEHUE U30-
GpaxkeHuii pyku 1 nuua. TpeTuini — MynsTUAATYMKOBLIA METOA, 3aKM04aeTCA B UCMNONMb30BaHUU ABYX Unu 60-
nee oTAenbHbIX 4ATYUKOB ANA NOMyvYeHUs 0AHON(HECKONbKNX) GMOMETPUYECKON (MX) XapakTEPUCTUKN(MK), HO
He 0HOBpeMeHHO. Bo usbexaHue nytaHuubl ¢ MyNbTUMOAANbHLIM METOAOM, KOr4a BO3MOXHO MNONyYeHue
BuomeTpuyeckon(nx) xapakTepucTtukn(Mk) ¢ Apyx unn Gonee oTaenbHbIX 4aTYMKOB, MYNbTUAATYMKOBLIN Me-
TOZ Ha3bIBAKOT KYHUMOAAMNbHbIA MYNETUAATYUKOBBIA METOA». [pumepamu 4ns pacno3HaBaHus nuUa SBNSIOT-
€A AaTYMKKU ONs NONyvYeHus u3o0paxeHuin B MHPAKPACHOM U B BUAUMOM AManasoHax AnuH BOSH, AATYUKU
ANs NONyYeHWs ABYMEPHbLIX U TPEXMEPHLIX M300paxkeHUi, AaT4yuMKku ANs pacno3HaBaHWA oTnevarka nanbua
(onTu4eckne, aNekTpocTaTu4eckme u akyCTu4eckue).

4.3 B3anmMocBA3b JaHHbIX

B MynbTMMOAanbHbIX GUOMETPUYECKUX CUCTEMAX 0ObeANHAEMbIE AaHHbIE MOTYT ObITh B3aMMOCBA3aHbI
Ha HECKOMNbKMX YPOBHSAX [57]:

- B3aMMOCBSI3b MEXAY MOAaNbHOCTAMMW: JaHHasi B3aMMOCBSI3b UMEET OTHOLUEHWe K BUoMeTpu4eckumM
obpasuam, KoTopble hM3NYECKn CBSA3aHbl (Hanpumep, pedb 1 ABuxeHue ryd nonb3osarens);

- B3aMMOCBA3b, BO3HMKAIOLLAA BCNEACTBUE MAEHTUYHOCTU BUOMETpHYECcKkux 06pasLioB: cryyai B Myrb-
TMANTOPUTMUYECKUX CUCTEMAX, KOraa OgMH U TOT e Buometpudeckuii obpasey (Hanpumep, usobpaxkeHue
oTneyarka nanbLa) unm NogMHOXeCTBO BuomeTpuyeckoro obpasua (Hanpumep, ronoc, korga Becb obpasely
MOXET ObITb UCNONbL30BaH OAHUM anropuTMamu U YacTb obpasua — ApPYyrMM) MCMOSb3YTCA pasHbIMKU an-
ropuTMamMmn U3BMeYeHUs1 NPU3HaAKOB U anropuTMOB COMOCTAaBMEHUs (Hanpumep, COMOCTaBnNeHne Ha OCHOBE
KOHTPObHBIX TOYEK U COMOCTABIIEHNE HA OCHOBE TEKCTYPbI);
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PucyHok 1 — Mogenb MynbTUOMOMETPUYECKO/ CUCTEMBI

- B3aMMOCBA3b 3HaYeHWi MPU3HAKOB: MOAMHOXECTBO 3HAYEeHW MPU3HAKOB, NPeACcTaBASALWNX COBON
BEKTOPbI MPU3HaKOB pPasHbIX MO,qaﬂbHOCTeVI, MoryT ObITb B3aMMoOCBA3aHbl; HanpumMmep, naowagb NagoHu
nonb3oBartesnis (reoMeTpusi KUCTU PyKM) MOXET BbITb CBSI3aHa C LUMPUHOW NnLa;

- B3aVMMOCBS3b 3K3EMM/ISIPOB, BO3HMKAOLWAsA Npy 06LLei TexHrke akcnayaTauuy (HanpyMmep, UCnosb30-
BaHWe OJHOr0 1 TOrO Xe yCTPOoiCcTBa perucrpauun, oOauH 1 TOT Xe YPOBEHb MOArOTOBKM OnepaTopa);

- B3aVMMOCBSI3b 3K3eMMSPOB, BO3HMKAOLAasA BCNEACTBME OCOGEHHOCTEel cybbekTa (Hanpumep, LBET-
Hble KOHTaKTHble JIMH3bl HA 060MX rf1as3ax).

[na onpepeneHns ypoBHS B3avMOCBSA3M HEOOXOAMMO NPOBEPUTL CTEMEHW CXOXeCTU (Un pelleHue o
gonycke/Hefonycke), MMeKLWme OTHOLIEHME K YCTPOCTBaM COMOCTAaB/IEHWS, UCNO/Ib3yEMbIM B CXEME 06b-
eanHeHus. B [57] ykaszaHo, 4TO 06beAuHEHNE B3aUMHO HE3aBUCUMbIX KlaccuumkaTopoB NpUBOAUT K 3HaUN-
Te/IbHOMY YNy4LleHNo 3(peKTUBHOCTU CONOCTAaB/IEHUS.

6
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Ons ABYyX AOCTaTOMHO TOYHbIX KNacCcMUKaTopoB, BKOYEHHbIX B CXeMY 06beAUHEHUS, BLIXOAHbIE AaH-
Hbl€, NONYyYEHHbIE HA OCHOBE BXOAHbIX AAHHbIX OT OBHOFO U TOFO Xe CyGbekTa, MOryT ObiTb B3aUMOCBA3aHbI.
MosTomy LenecoobpasHO paccMaTpuBaTb B3anMOCBA3b OLUMBOK KaccupunkaTopos cornacHo [20].
Koppensauuio Pp, BBIMMCTISIOT NO cdopmyne
f
o = nNC
n t f f’
¢ N-Ng - Ng —nNg,
rA€ N — YMCnOo TECTUPYEMbIX KNACCUUKaTOPOB;
N — obLyee UnCrno BXOAHbIX AaHHbIX;
Né — YUCIO BXOAHBIX AAHHbIX, OLLMGOYHO Knaccupuumpyembix BCeMu knaccudukatopamy npu UCNonb3o-
BaHuu nopora C;
— YUCII0 BXOAHBIX AaHHBIX, NPaBUIbHO KNaccuduumpyeMbix BCEMU KnaccudukaTtopamu npu UCNosnb30-
BaHuu nopora C.

Ng

MpuMmedaHne — DoOpMyny UCMOML3YIOT 4151 BIMUCNEHUA KOPPENSALMK OLUMOOK Ha YPOBHE NPUHATUS PELLEHUS.
5 YpoBHM KOMOUHUPOBaHUA

5.1 O630p

[nsa onpeaeneHus ypoBHei KOMOBMHUPOBAHUA B MYNLTMOUOMETPUUYECKMX CUCTEMAX B HACTOsILLEM pas3-
Jerne npvBeAeH areMeHTapHbI BUOMEeTpUYecKknini NPoLEeCcS, a Takke Ornoku, BXoasiLume B HETo, Ha NpUMepe Cu-
cTeMbl ayTeHTUdMKkaummn. Ha pucyHke 2 nokazaHa 6nok-cxema anemeHTapHoOro GuomMeTpuyeckoro npowecca.

WabnoHb!

CreneHb
Usenevenne CXOXKeCTH CosnapeHue
O6pa3eu NPU3HAKOR Coriocraenetue Pewetue Tocoonamoms
BNaaeHu

PuncyHok 2 — SnemMeHTapHbIii (yHUBepcanbHblil) GuomeTpuyeckuii npouecc

 J

BuomeTpuyeckuii obpasey, nony4yeHHblii ¢ BUOMETPUYECKOTO AaTtyuka (Hanpumep, usobpaxeHue
oTrneYarka nanbua), HanpaenAeTcsa B MOAYMb U3BMNEYEHUS NPU3HAKOB. B Moayne uspnevyeHus npu3HaKkoB
C NOMOLLLIO METOoA0B 006pPaboTKM CUrHANOB NPOUCXOAUT npeobpasoBaHue obpasua B Npu3Haku (Hanpu-
Mep, KOHTPOSbHbIE TOUYKM OTMeYaTka nanbua), popMmupyioulee npeacrtaBneHue, noaxoasawee ans npo-
uyecca conoctaeneHus. Kak npaBuno, HeCKONbKO NPU3HAKOB coOMpaloTcs B BEKTOp npu3HakoB. Ha Bxoa
MOZYNA COMOCTaBMEHUS NOCTYNAET BEKTOP NPU3HAKOB, KOTOPbLIA CPABHMBAETCH C MMeloLmMcs wabno-
HOM. PesynbraToM fIBNSIETCA CTEMNEeHb CXOXECTU, KOTOpasi MCMOMb3yeTCA B MOAYNE MPUHATUSA peLLeHus
AnsA onpeaeneHusa (HanpuMmep, ¢ NOMOLLbLIO MOpora), COOTBETCTBYET NU NPEACTaBNEHHbIN 0Opa3el ume-
owemycst wabnony. Pedynstat AaHHOro pelueHuss ABnAeTc OGMHApHbLIM: COOTBETCTBYET UINU HE COOT-
BETCTBYET.

B MynbTubuomMeTpun BbIAENSI0T HECKONBKO YPOBHEW, HA KOTOPbLIX MOXET NPOUCXOAUTL OObEANHEHUE:

a) YPOBEHb MPUHATUS PELLEHMWS: KAXAbIA SNEeMEHTapHbIi BUOMETPUYECKUI NMPOLIECC HA BbIXOAE Npeao-
cTaBnsieT 6ynes pe3ynsTar; 9TU pe3ynbratbl 00bEAUHSAIOTCS C MOMOLLbIO KOMOMHUPYIOLLIETO anropuTMa, Takoro
Kak norudeckune pyHkummn «M» n <Ny, ncnonb3ya napaMmerpsbl, TakMe Kak nokasarenu kayecrsa obpasua, B
Ka4yecTBe BXOAHbIX AAHHbIX;

b) ypoBEHb CTEMEHEN CXOXKECTU: KaXAbI ANEeMEHTaPHbIA OBMOMETPUYECKUI NPOLIECC, KAaK NPaBUIo, npe-
[OCTaBNAET Ha BbIXOAE OZHY UIU HECKONLKO CTEMEHEW CXOXKECTU, KOTOPble 00LEAUHSIOTCA B O HY CTENEHb
CXOXECTU UMW OAHO peLLeHne, B JanbHENLLEM CONOCTaBNSAEMOE C MOPOroM NMPUHATUS PELUEHUSI CUCTEMBI;

C) YPOBEHb NPU3HAKOB: KaXAblil 9NEeMeHTapHbIN BUOMETPUYECKUIn NPOLECC NPEAOCTaBNAET HA BbIXOAe
Habop NPU3HAKOB, KOTOPbIE 0OLEAUHAIOTCA B OAUH HAOOP NPU3HAKOB UINU BEKTOP;
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d) ypoBeHb 06pa3LOB: KaXKablii SNeMEHTaPHbIN BUOMETPUYECKUI NPOLIECC NPEAOCTABNAET HA BbIXOAE
Habop 06pa3suoB, KOTOpble 06LEAUHSAIOTCA B 0AUH 0Opaseu.

OGbeanHeHNE Ha YPOBHSAX @) U b) nponcxoauT A0 COMOCTaBMEHUS, 00beANHEHNE HA YPOBHSAX C) U d)
NPOMCXOAUT NOCHe CONocTaBneHus. HecMoTps Ha TO 4YTO 00beAMHEeHNE BO3MOXKHO Ha BCEX YPOBHAX, 00beaAu-
HEHME Ha YPOBHE MPU3HAKOB, HA YPOBHE CTEMEHEN CXOXECTU M HA YPOBHE NPUHATUA PELLEHUSA UCTONb3YIOT
Haubonee yacto. Ha pucyHke 3 npeacTaBneHbl pa3fnuyHble YPOBHU O0ObeAWHEHUs ANA MYNLTUMOAAmNbHON
cucremsl [7], [45].

La6noHs! 1
CreneHb
NaBneueHne _ CXokect
Obpaseu 1} 10 1anakos 1 »| Conocraenenue 1 »| Pewenve 1

O6venu- \ Comnapenve
HEeHue >
pewennii / Hecosnapexve

CreneHb

WaBneuyeHue _ CXOXKECTN
OGpaa3ey 2 NPM3HAKOB 2 | ConocraeneHve 2 | PelueHue 2

La6noHbl 2

a)

LLa6noHb! 1

O6pasel 1 r:::::f::? »1 ConocraeneHue 19

O6beaw- CreneHb
CXOXeCTU CoBnageHue
herue PeweHune >
creneHen HecoBnapeHvwe
CXOXeCTU

) J

O6pasey 2 rg::f:::: g ConocraeneHue 24

LLa6noHb! 2

b)

PucyHok 3, nuct 1 — YpoBHU 06beAUHEHNSA ANA MYNETUMOAanbHOW CUCTEMBI
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LLla6noHb!
W3BnevyeHune
Obpasey 1 npu3sHaKkos 1
CreneHb
O6begu- CXOXECTU CoBnageHnue
HeHue ConocraeneHue »| PeweHue >
NpU3HAKOB Hecoenagexue
MNaeneueHue
Obpaseu 2 NpU3HaKoB 2
c)
LLiaGnoHbI
CreneHb
O6beau- WaBnevenme CXOXeCTn CoBnageHue
HeHue NPU3HaKOB ConocraeneHxue »| PelieHue >
obpasLoB HecoenageHue
d)

a) obbeANHeHNe Ha YPOBHe NPUHATUA peLleHUs; b) o6beaNHEHNEe Ha YPOBHe CTEeNEHel CXOXeCTH; ¢) obbenHeHNe
Ha ypoBHe npusHakos; d) o6beanHeHNe Ha ypoBHe 06pasLoB

MpumevyaHune — Ob6pasey 1 1 obpasel 2 Ha pucyHKe 3 ¢) MOryT ObiTb OAHUM 0BpasLOM.

PucyHok 3, nuct 2

[lna 0gHOBPEMEHHOro UInu NOCNeaoBaTensHOro NonyvYeHnss GUOMETprMYECKoro obpasua n3BnekarT npu-
3HaKW 1 COMOCTaBNAOT C LWabnoHom. Py, P, 1 P (CM. pUCYHOK 1) OTHOCATCA K CTENEHM CXOXECTU NOCne cpas-
HeHus ¢ wabnoHoMm. Mpouecc onpeaeneHnst CTENEHEN CXOXKECTU 3aBUCUT OT CUCTEMbI M HE pacCMaTpuBaeTCs
B HacTosLleM cTaHaapTe. 3aTem CTeneHu cxoxectn Py, P, n P; noctynaior B Moaynbk 00beanHeHus ans
nosny4YeHnus UTOroBOro pesynsrata. B mynstubuomeTpuyecknx cucreMax oobeguHeHne MOXET NPOUCXOAUTb
Ha YPOBHE NPUHATUSA PELLEHUSA UMK HA YPOBHE CTEMEHENR CXOXECTMU.

5.2 O0beanHeHne Ha YPOBHE NPUHATUA pPelleHUus

5.2.1 MpocToe 06beaANHEHNE HA YPOBHE NPUHATUA pellueHUA

OO6beanHeHUe Ha YPOBHE NPUHATUS peLLEHUSA NMPOUCXOAUT NOCIe TOro, Kak ANs Kaxaoro buomerpuye-
CKOr0 KOMNOHeHTa OyAeT NPUHATO PeLLEHUE O COOTBETCTBUM, OCHOBaAHHOE Ha BUHApHOM pesynbraTte (CoBna-
OeHune/HecoBnageHne) Moaynsa NpUHATUA peLLeHns [CM. pUCyHok 3 a)].

Ona 6MOMETPUYECKMX CUCTEM, COCTOALLIMX U3 HEOOMBLLOIO YMCra KOMNOHEHTOB, PEKOMEHAYETCS NPUCBO-
UTb MOMMYECKNE NOKA3aTENN BbIXOAHLIM AAHHLIM CONOCTaBNEHUs, YTOObI NpaBuna 00beaUHEHUS MOXKHO Oblno
BbIPA3UTb Kak forndeckune pyHKkuun. 3HaueHus aByx Hambornee 4acto NPUMEHAEMbIX TOTMYECKUX PYHKLUMIA, <Ay
n «UINN», ansa AByx ONOKOB BbIXOAHbIX AAHHLIX YPOBHS NMPUHATUSA peLLeHna NpeacTasneHsl B Tabnuue 3.

Tabnuuya 3 — 3Ha4veHunsA norudecknx PyHKUMn «M» n «UNW» npu obbeguHEHUN peLLeHnin ANA 4ByX BUOMETPUYECKUX
MoZanbHOCTeNR

PelueHune PelieHune PesyneraT o6beanHeHUS Pesynerat o6beanHeHNA
Brometpua 1 BuomeTtpua 2 «U» «UNN»
X X X X
X . X .
] X X .
L ] L L ] L ]

MpumedyaHne — X — HecoBrnajeHue, @ — coBrnageHue.
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[Ana 6GUOMETPUYECKUX CUCTEM, UCTIONB3YIOLMX HECKOSNIBKO KOMMNOHEHTOB, pa3paboTaHbl CXEMbI FONOCO-
BaHWA B Ka4yecTse npasun o0beauHeHus, Hanbonee pacnpoCTPaHEHHbIM U3 KOTOPbLIX ABASIETCA NPaBUIo ro-
nocosaHusi nyrem 6onblumMHcTBa. Iorudeckue gyHkumn «N» n «AJNN» ABNAIOTCA KOHKPETHLIMU NpUMepaMu
CXEeMbl FONOCOBAHUA.

5.2.2 MoaudnumpoBaHHOe 06beAMHEHNE HA YPOBHE NPUHATUA PelleHUA

5.2.2.1 O6ob6LueHHas moaenb

OO0beaMHEHNE Ha YPOBHE NPUHATUSA PELLEHUA OCHOBAHO HA MHAMBUAYANbHLIX ANA kaXaoro obpasua pe-
LweHusx o gonycke/Hegonycke. CyLiecTByer ABa Buaa MoanuuupoBaHHbiX 06beAUHEHUI Ha YPOBHE NPUHSI-
TuA pelueHus: 1) MHOroypoBHeBOe 0ObeMHeHue u 2) nocneaoBarenbHoe o6beanHeHne. B MHOroypoBHEBOI
cMCTeMe NPUMEHSIIOT MHANBUAYANbHbIE ODUOMETPUYECKME CTENEHN CXOXECTU ANA ONpeaeneHust NoporoB Npu-
HATUA peLueHna ana obpaboTtku Apyrnx GuoMeTpudecknx AaHHbiX. B nocnegosatenbHbIX CMCTEMAX UCMONb-
3yI0T MOPOMU MPUHATUA PELLEHUn BuoMeTpuyeckux o6pas3LoB KOHKPETHON MOAANbHOCTU AN ONpeAeneHus,
TpebyioTca Nu AononHuTenbHbie BuoMeTpuyeckue obpasubl Apyrux MOAanNbLHOCTEN ANA NPUHATUA 06LIero
CUCTEMHOTO0 peLueHusi. CxeMbl 00beMHEHUSI HA YPOBHE NPUHATUSA PeLUeHUA ANA BblLLeyKa3aHHbIX BUAOB Npu-
BeAEHbl HA PUCYHKE 4.

5.2.2.2 MHoroypoBHeBas cucrema

HesaBucumo ot Toro, IBNSIETCA N NpeAcTaBneHne 0 4HOBPEMEHHBIM UMW NOCNEAOBATENbHbIM, CTENEHb
cxoxectn P, nocrynaer Ha BX0[ MHOTOYPOBHEBOI cucTeMbl. Cuctema o6pabatbiBaeT CTeneHb CXOXeCTn ¢
y4€eTOM YCTaHOBMEHHOro nopora. Ecnu creneHb CX0XecTu NPOXOAUT KPUTEPUIA/NoOpor AN MOAanbHOCTU Py,
TO Ha OCHOBAHWM BbIXOAHbIX [JAHHbLIX PEryNMPYIOT (NOBLILLAIOT MU NOHWXKAIOT) NOPOr, HEOOBXOAUMBIN AN NPO-
X0oXaeHusi mogansHoctu P,. Ecnn P He npoxoauTt kputepui/nopor Ansa moaanbHOCTH P4, To Ha ocHoBaHuu
BbIXOZHbIX JAHHBIX CIIEIYET MOBLICUTL MOPOT, HEOOX0AUMBIN ANA MOAANLHOCTK P,. Mocne okoHyanus obpa-
GoTkn P, u cOpoca noporoBbix TpeGoBaHMin Anst MOAANLHOCTU P, cTeneHb CxoxecTn P, noctynaer Ha Bxog
CUCTEMbI. AHASIOTMYHO NPOLIECC NOBTOpPAETCA Ans P, n P3. Mocne okoHuanust 06paboTkn moaanbHoCTh Py
NPUHUMAIOT OKOHYAaTENbHOE peLLeHne 0 AOoMyCKe/Heaonycke.

5.2.2.3 NocnegoBarenbHas cCUCTEMA

HesaBucnMMo OT TOro, ABMSETCA NU NPEACTaBlIEHMe OAQHOBPEMEHHBIM UNN NOCeAOBaTeNbHbIM, NOCne-
foBaTterbHble CUCTEMbl OCHOBLIBAIOTCAI HA AAHHBLIX NO KpanHeil mepe oaHoro Guomerpuyeckoro obpasua.
Ecnn nepsbiii 06pasel, He COOTBETCTBYET TpeGOBaHUAM, TO NPOUCXOAUT CONOCTABMEHWUE AONOMHUTENbHbIX
o6pasuios. CornacHo pUCYHKY 4 CTENeHb CXOXECTH P, NOCTynaer Ha BXOJ CUCTEMbI W CONOCTABAAETCA C No-
poroBbIM 3HayeHuem P,. Ecnu cTeneHb CXOXecTW NpesbilaeT noporosoe 3Hadvewue P, To nocneayiouiee
peLleHne NPUHMMAIOT Ha OCHOBaHUM YPOBHS AOCTOBEPHOCTU pe3ynbrara (KOTOPbIi MOXET 3aBUCETb OT Ka-
yecTtBa obpasua). Ecnn ypoBeHb AOCTOBEPHOCTU ABMSAETCH AOCTATOYHBIM, TO NPUHUMAETCA NONOXUTENbLHOE
peLueHne o agonycke. Ecnn cTeneHb CXoXecTn Py He NPEBbLILLAET NOPOrOBOTO 3HAYEHWUA UNW NPEBBILLIAET, HO
OKasblBaeTCA HeJOCTaTO4HO AOCTOBEPHOM, TO MOCNEAOBaTENbHAA CUCTEMA UCNOMbL3YET CTENEHb CXOXKECTU
P,. JaHHbI NPOLECC NOBTOPSIETCA ANA CTENEHEN CXOXeCTH P, u P3. B nocneaoBarerbHbIX cucTemax Moryt
HE UCNOJIb30BAaTLCA CTENEHU CXOKECTU P, U P3, €CNU CTENEHb CXOXKECTN Py NPEBLILLAET NOPOroBOE 3HaYEHUe
1 UMEET AOCTaTOMHbIN YPOBEHb AOCTOBEPHOCTMU.

5.3 O6beanHeHue Ha ypOBHe CTeNneHen CXOXKeCTHn

5.3.1 O630p

Mpu 06beanHEHUN Ha YPOBHE CTEMEHEeN CXOXECTH Kaxaas CUCTEMA NPEAOCTABNAET CTENEHb CXOXECTH
BEKTOpa NPU3HAKOB U BEKTOPA LWAGNOHOB. [JaHHbIE CTENEHW CXOXECTU B AanbHeWweM MOryT ObiTb KOMOUHK-
poBaHbI C LIENbIo NOBbILIEHNSA 3PPEKTUBHOCTHU COMOCTABIEHUS.

C TeopeTuyeckon ToUkM 3peHus BUOMETPUYECKUE NpoLecChl MOryT GbiTb KOMGMHMPOBAHHBLIMKU ANS Ta-
PaHTUPOBAHHOIO NOBbILLEHUS 3D (PEKTUBHOCTU CONOCTABMNEHNSA. CTENEHM CXOXECTH NOGOro KONMYecTBa Npo-
LiecCoB MOTYT ObITb CKOMOMHMPOBaHbI TaKMM 0Bpa3oM, YTO MyNLTUGUMOMETpUYecKkas kKomBuHauus (B cpeaHeM)
Oyaet He Xyxe, YeM NyyLunii u3 otaenbHbix BruomeTpuyeckux npoueccos. OCHOBHOM 3aaadveit sBnsieTcs npa-
BUMbHbIA BbIOOP METOAA KOMOMHUPOBAHUSA AaHHbLIX U MOBLILLEHUSA 3PDEKTUBHOCTU CONOCTABNEHUS.

ANroputM AEncTBUMi AN KOMOUHALMKU CTENEHEN CXOXECTU B MYNbTUBUMOMETPUYECKON cucteMe Aon-
)XE€H COOTBETCTBOBATL XOTA Obl ABYM OCHOBONONAaraowumM npasunamM. Bo-nepebix, KaXablii BUoMeTpuyeckuii
NpoLecC AOMKEH NPeAOCTaBUTL CTEMEHb CXOXECTU, a HE OAHO3HAYHOE pelLueHue O Jonycke/Heaonycke,
nepegarb €ro MynsTubuomeTpuyeckomy KoMGuHaTopy. Bo-BTOpbIX, elle A0 Ha4ana aKcnnyarauum MynsTu-
GUOMETPUYECKOMY KOMOMHATOPY AOMKHbI ObITb NepefaHbl TEXHUYECKUE XapaKTEPUCTUKU (Takue, Kak pac-
npeaeneHns CTeneHen CXoXecTn) kaxaoro GUOMETPUYECKOro NpoLecca B YCTaHOBNEHHOW (hopMeE.
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Kak cucrema sepudpukaumm (1:1), Tak u cucrema uaeHtucpukaumm (1:N) nogaepxumsaior oobeauHeHune Ha
YpPOBHE CTeneHemn cxoxectn. OaHako UAeHTU(PUKALUMOHHbIE CUCTEMbI TaloKe MOTYT MHTErPUPOBAaTh AOCTYMHYIO
MH(pOpMaLMIO HA YPOBHE KaTeropuin (4to asnseTca PopMO YPOBHA CTENEHEN CXOXKECTU C MHOXXECTBOM CTere-
HEW CXOXECTM UMK NPU3HAKaMKN, OCHOBAHHLIMU HA CTEMEHSAX CXOXeCTH). B cuctemax naeHtudpukaumm wabnoH
6GuomeTpuyeckoro obpasua conocraBnserca ¢ wabnoHamu u3 6asbl AaHHLIX, B pe3ynbrate 4yero obpasyerca
pagn creneHen cxoxecrtu. B [23] onucaHbl Tpu MeToaa KOMOMHUPOBAHUA KaTeropui, YCTaHOBMEHHbIX pasHbIMU
KoMBuHaTopamu. B metoae BbicLIei kaTteropum npu o6paboTke pasHbIMU KOMOMHATOPAMMU KaXO0MY BO3MOX-
HOMY COBMaJIeHUIO NMPUCBaAUBAIOT BbICLUYIO (MaKCUMAanbHYIO) kateropuio. [lpy npuseaeHUU K paHXUPOBAHHOWM
nocneaoBaTenbHOCTU NPUBA3KU HapPYLLAKOTCA, a8 UTOFOBOE pelUeHue NMPUHUMAIOT Ha OCHOBE KOMOMHMpOBAaH-
HbIX Kareropui. B meToae noacyera bopaa npyMeHseTca cymma Kateropuii, HasHaveHHas MHAWBUAYaNbHLIMU
YCTPOMCTBaMM CONOCTaBIEHUs As NOACHETa KOMOMHUPOBAHHBIX KaTeropui. MeToa normcTuyeckomn perpeccum
aBnsieTcs 0606LeHHbIM MeToAoM noacyeta bopaa, koraa noACHUTLIBAIOT CYMMY UHAWBUAYANbHBIX KATEFOPUN C
NPUCBOEHHBLIM BECOBLIM KO3(hDULIEHTOM, a BECa ONPEAENSIOT C MOMOLLBIO JIOTUCTUYECKOW PErPECCUN.

5.3.2 Hopmanusaumsa cTteneHem CXxoXecTu

Mpu npumeHeHUn MeToga HopManu3auum CTeneHem CXOXeCTU OCYLLECTBNSAIOT MOMNbITKY pacrnonoXuTb
CTeneHb CXOXEeCTU Kaxxaoro GuomMmeTpuueckoro npouecca B o6weri obnactu. Hekotopble noaxoabl OCHOBaHbI
Ha nemme HerimaHa — lMupcoHa ¢ ynpowyeHnem npeanonoxenui. Hanpumep, npusegeHue creneHei cxo-
XKECTU K OTHOLUEHMAM NpPaBaonoao6ma no3Bonser KOMOUHUPOBATL UX MYTEM YMHOXEHUSI NPU YCIIOBUM Npea-
nonoXxeHna 0 He3asBUCUMOCTU. ,El,pyrue noaxoabl MoryTt ObITb OCHOBaHbl HA U3BMEHEHUU UHbIX CTATUCTUYECKUX
KpUTEPUEB pacnpeaeneHnint CTeneHen CXoXeCTu.

MapameTpbl, NPUMEHAEMbIE NPU HOPManu3auum, MOryT ObITb OnpeaeneHbl C NOMOLLBIO YCTAHOBIIEHHOMW
obyyvatoLlein nocnegoBaTenlbHOCTM UM OCHOBAHbI HA TEKYLLIEM BEKTOPE NPU3HAKOB.

MpuMedaHue — BblMUCNEHHas XapakTepUCTUKa MOXKET OTHOCHUTBLCS TOSBKO K «OLIEHOYHBIM CTEMEHSIM CXOXe-
CTU» 6a30BbIX XapaKTepucTHK BEIGOPKK.

Hopmanuaauus cTeneHei CXoxecTn ceaszaHa ¢ 06beAMHEHUEM HA YPOBHE CTEMNEHEN CXOXECTH, TaK KaK
OHa BMUSIET Ha cnocob KOMOMHMPOBAHMUS CTENEHEN CXOXKECTM U HA TO, KAK OHU UHTEPNPETUPYIOTCS B TEPMUHAX
AKCNNyaTaLMOHHbIX XapaKkTepPUCTUK BUOMETPUYECKO CUCTEMBI cornacHo [36]:

a) CTENEeHU CXOXECTU Ha BbIXOAE OTAENbHbIX YCTPOWCTB CONOCTaBNEHUst MOIYT ObiTb HEOAHOPOAHBIMU.
Hanpumep, Ha BbIXO4€E OAHOrO YCTPOMCTBA CONOCTaBNEHUSA OKAXETCA U3MepeHue pasnuynii (HeCxoxecTu), a
Ha BbIXOAE APYroro — namepeHune 6nm3octun (CXOXecCTH);

b) BbIXOAHbIE AaHHbIE OTAEMbHLIX YCTPONCTB COMOCTaBMNEHNUS MOTYT HAXOAUTLCS HE HA OAHON YUCNOBON
wkane (He B 0gHOW obnacrtu);

C) CTENEHMN CXOXECTU Ha BbIXOAE YCTPONCTB CONOCTABMAEHUA MOTYT UMETb PasnUYHOe CTaTUCTUYECKOE
pacnpegeneHue.

Mo 9TUM NpUYMHaM CTEMEHM CXOXECTU, Kak MpaBuio, HopManuayloTca B ooy obnactb 4o obveau-
HeHusi. Ha pucyHke 5 nsobpaxeHa cxema 00beaMHEHUS HA YPOBHE CTENEHEN CXOXECTH Ansa 06paboTku AByX
BrnomeTpuyeckux obpasyoB ¢ y4€TOM HOpManu3aLuum.

JaHHble

LLia6noHb! 1 XapaKtepusauum 1

\ i

r;:g::::: ? Conoctaenenne 14-# Hopmanuaauusi 19

CreneHb

CXOXEeCTn P CoBnageHue
. eweHue 9
cTeneHei HecoBnaaexve
CXOKECTH
OGpasel| 2 r;:;::::g 1 ConocTasneHve 2¢-»| Hopmanusauun 2 ¢
LWa6BroHu 2 WaGrioHs: 2 PucyHok 5 — Ctpykrypa oGbeamHeHus
Ha ypOBHE CTErneHel CXoXecTn
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B Tabnuue 5 npuseneHsl Hanbonee pacnpoCTPaHeHHbIe METOAbl HOpManu3aLUuu CTeneHen CXOKECTH.
HekoTtopble mMeTogbl 00beANHEHNA HEMOCPEACTBEHHO UCMOMNb3YIOT (OYHKLMU NIOTHOCTU pacnpeaeneHus Be-
posTHocTen (Pr1PB) u TpebytoT npuMeHeHns METOA0B HOPManu3aLuu.

B Tabnuue 4 npuseaeHbl 0003HaYEHUSA, UCMIONb3YEMbIE Takke B Tabnuue 5. B HekoTopbix cnydasx ®rNPB
NPUMEHSIOT AN Npeobpa3oBaHNUs UCXOAHbLIX CTENEHEN CXOXECTU HEMOCPEACTBEHHO B BEPOSITHOCTb JTOXHOTO
Zonycka, YTo NPUBOAUT, TakKMM 00Pa3oM, K MPUHATUIO pelueHns 6e3 HeoOXOAUMOCTU NEPEHECEHUS UCXOAHbIX
CTEneHei CXO0XEeCTU B HOPMUPOBAHHYIO 00NacTb 3HAYEHMI NPW NOMOLLY HOpMAarnW3auui.

Tabnuuya 4 — Obo3HaydeHUs, ucnonb3yemble B (hOpMynax HopManusaLmum cTeneHen CXxoxecTu

O6o3Ha4eHus
CraTucTUuecknA napametp PacnpeaeneHve NnoANMHHbIX PacnpeaeneHue Pacnpen,gijzzgs:Tzng;MHHblx
nonb3oBaTeneun «CcamMo3BaHLeB» W «CaMO3BaHLIEB»

G I B
MwuHMManbHoe 3Ha4eHne Skiin Shin Sin

G 1 B
MakcumManbHoe 3HaueHne Silax SMax SMax

G 1 B
CpefHee 3HadeHue Shean SMean SHean

G 1 B
Meanana Shed SMed Shed

G I B
CTtaHaapTHOe OTKNOHEHWe Ssp Ssp S&p
KoHcTaHTa C C C
orPB PDFC PDF!
LleHTp nepekpbiTua OrPB Scenter —
LLinpuHa nepekpbiTns OrPB Swidth

MpumevyaHne — S — creneHb Nogobus, G — nNofnuHHLIA Nonb3oBaTenb, | — «camo3saHeyy, B — nognuk-
HblA NoNb3oBaTeNb U «CamMO3BaHeLy.
Tabnwuya 5— MNpumepbl METOAOB HOpManU3aLuu CTENEHel CXoXecTu
OnemMeHTbI
MeTog dopmyna AaHHbIX MNpumMevaHue

MuUHUMYM — , B B B B . B paHHOM MeTosle uUC-
MaKkcumyM §'= (S _SMin)/ (SMax_ SMin) SWin; NonNb3yloT 3MNUpUYeckne
(MM) SPhax AaHHble (TeopeTuuyeckue

WM  nNpefocTaBreHHbIe
NOCTaBLMKOM  npepernb-
Hble 3Ha4YeHus). Metop He
YUYUTLIBAET HENMUHERHOCTb

Mokasatens Z

8= (S - SII\/Iean)/SISD

1 .

SMean'
I

Ssp

[aHHbiii  mMeTOn npegno-
naraeT HopMmanbHoe pac-
npegeneHve,  MosBonsieT
OCYLLECTBASITE CUMMETPUY-
HYl0 HOpManusaLmio OoT-
HOCUTENbHO cpepHero
3HaYeHUs, npepnonaraer
crabunbHocTb 0Boux pac-
npeaeneHuid no BbiGopkam

AbcontoTHoe
MeguaHHoe
OTKNIOHEHWe
(MAD)

S/: (S - Sl\BAed)
(C- median|S - SI\BAedl)

B .
Shedt

HanHbil MeTof npepnona-
raet crabuneHocTb o06oux
pacnpefeneHuii no seibop-
Kam
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OkoHyYaHue mabnuupl 5

OrnemeHTbI
MeToa dopmyna aHHLIX MpumevaHue
Mmnep6onuye- , G B aaHHOM MeToAE ucnonb-
€ - _gG G S ;
CKUI TaHreHe §'= 0,5(Tahn(C(S SMean)/SSD)+1) Mean’  [3yeTcq cpefiHee 3HaueHUe
(Tahn) S& U M3MeHeHWe pacnpege-
neHusi npeobpas3oBaHHbIX
AaHHbIX. Metoa  npea-
nonaraeT crabunbHOCTL
oboux pacnpegeneHuit no
Bblbopkam
AJanTUBHBINA 1 < HNaHHbli MeTOn Npeanona-
2 yy=c¢ -
(AD) =i raeT HeMMMHEAHOCTb, BKIIO-
(cm. [63]): Nap=1° yaet B cebs Tpu meToaa
a) 6v||<|§anpa- c+ (1_(;)(nMM c), My> € MofenupoBaHus,  npea-
TU4HBIA (QQ) nonaraeT cTabunbHOCTL
. oboux pacnpegeneHuit no
b) nornyeckuin N 1 BLIGOpKaM.
AD™ J A~ Bm Npp — MokasaTenb apan-
TUBHOI  HOpManuaauuw,
c) magpari 1 (T orasarens vop-
HbIA — NUHER- N um <1 €—— w uunnp
HuIli — KBaZpPa M ' BaHUWU MeToAa MUHUMYMa-
- - e _ A8 MiH
TnaHbii (QLQ) 2 A; Makcumyma; ¢ LeHTp
1 nepeKpLITUA cTeneHen
w —__1-
Nap= 1 Mt c—Z <)+ A= i 1; | cxoxecTn TNOANUHHBIX
2 nonb3oBaTtenei U «camo-
B- InA 3BaHUEB», W — LWMpPUHA
w - .
(C+_j+ (1 C__j(nMM_C__), Nan > (c+—) c nepekpuITUA;, A — Manas
2 BenuyuHa (0,01 no [63])
BuomMeTpuye- PSilI/PSilG’ PDFC; MeTtoa npeanonaraer cTa-
CKkuit Koahdpu- PDFI! 6unsHoCcTbL 060MX pacnpe-
UMeHT yeune- | rae Pg;q — 3HadeHne PDF® npu cTeneHn cxoxecTy S; JeneHuii no Bolbopkam
HUA NpoTUB Pgjr — 3Ha4eHne PDF! npu cTeneny cxoxecTy S,
«CaMo3BaH-
ueBy» (BGI)
BvoAlNn S’ = FAR _ PDF! MeTog npeanonaraeT cTa-
Nopor = cTeNeHb CXoXecTu 6unbHOCTL  pacnpegene-
HUS «CaMO3BaHLIEB»
Metoga nofcuye- N — Kateropus (S), KaTeropusa | MeToa NPUMEHSIOT TOMBKO
Ta bopga rae N — yucno ansrepHaTme npu conoctasneHnn 1:N
MpumeyaHnue — B Tabnuue NpeacTaBneHel ABa TUNa MeToga HopManuaauuu: 1 — MeToa, npeobpasyownii
napameTpbl pacnonoXeHWsa U MacluTaba pacnpefeneHus creneHell CXoXKecTu, U 2 — MeTof, ornpes enstoLLmMii TONBKO
obnacTb NepeKkpLITUA CTeNEHeR CXOXECTW NOAMUHHBIX NoMb30oBaTenei U «caMo3sBaHLeBy. Takum o6pa3oM, METOALI
MUHUMYMa-MaKkcumyMa, nokasatens Z, MAD n Tahn oTHocsiTea k Tuny 1, a MeTogbl QQ 1 QLQ — Kk TNy 2. OBbI4YHO
MeToZ TUMa 2 MPUMEHSIOT Nocne UCMonb3oBaHUs O4HOMo U3 MeTo40B TUNa 1.

5.3.3 MeTtoabl 06bLeaANHEHUs CTeNEHen CX0XKecTH

Ecnu BbIXOAHBIMU aHHbIMM OTAENbHLIX GUOMETPUYECKUX CUCTEM COMOCTaBINEHUA ABNSETCA Habop BO3-
MOXHBIX COBNaAEeHui, a Talkke CTENeHb KaueCTBa KaXKIOro COBMAaJeHusl (CTENEHb CXOXECTH), UHTerpaumus
MOXET ObITb BLIMOMHEHA HA YPOBHE CTEMeHel CXOXecTu. [aHHYI0 MHTErpaumio Takke HasbiBaloT 06beau-
HEHWEM Ha YPOBHE XapakTePUCTUK UINKU HA YPOBHE A0BepUsi. CTENEHb CXOXECTU HA BbIXOAE, NOMYYEHHas C
YCTPOWCTBA CONOCTaBIIEHUSA, COAEPXKUT Hanbonee NOHY0 UHOPMAaLMIO 0 BXOAHOM BMoMeTpuieckomM obpas-
Ue, HO He BkIo4YaeT B cebs uHhopMaLmIo HA YPOBHE NPU3HAKOB U AaTuMKOB. Kpome TOro, npoLe nonyyunTb
[OCTYN U KOMOUHUPOBATL CTEMEHW CXOXECTH, NPEACTABNEHHbIE HECKONMbKMMU Pa3NUYHbIMKU YCTPONCTBaAMU
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conocrasneHus. Becneactene sToro MHTErpauus AaHHbIX HA YPOBHE CTEMEHEeN CXOXeCTu siBnsietca Haubo-
rnee pacnpocTpaHeHHbIM NOAX0A0M B CUCTemax MynbTUMoganbHOn GuomeTpuu. B Tabnuue 6 npuBeaeHsl
OCHOBHbIE MPUHLMMbI HECKONbKUX METOAO0B 00beAUHEeHUs U COOTBETCTBYIOLLME AaHHble, XapaKTepusytoLume
3P PEKTUBHOCTb CONOCTABIMEHUS.

B cnyyae Bepudukaumm npUMEHSIOT ABa MeETOAa 00beANHEHNS Ha YPOBHE CTeneHein cxoxecTn. OauH
3aKMIOYaEeTCA B TPAKTOBKE 06beanHeHUs kak 3aaayum knaccudukaumm, BTOpoil — kak 3agaqu kombuxauum [36],
[39]. Mpun knaccuduUKkauMOHHOM METOAE BEKTOP NPU3HAKOB CO34a€TCA C NOMOLLbIO BbIXOAHbLIX CTEMEHEN CXO-
XKECTU, MONYYEHHbIX C OTAENbHbIX YCTPOWCTB CONOCTaBMEHNs. 3aTeM BEKTOP NMPU3HaKOB OTHOCAT K OAHOMY
U3 ABYX KNaccoB: «aonyck» (NOANMHHBIA NONb30BaTENb) UM «HEQOoNYCKy» («camo3BaHely). Knaccudumkarop,
UCNonb3yeMblil B 3TUX Lensx (HanpuMep, AePEBRO NPUHATUS PELUEHUIA, HEMPOHHAsA CETb, METOA OMOPHbIX BEK-
TOpOB, METOA k-Bnvkaimx cocesen, aHcaMmbnb peLuatoLLMX AEPEBLEB U T. [1.), NO3BONSAET ONpeAenuTh pas-
JensoLLyo NOBEPXHOCTb HE3aBMCUMO OT crnocoba cosgaHus BeKTopa npusHakos [6], [65], [66]. Bcneacreue
3TOr0 BbIXOAHBIE CTEMNEHN CXOXKECTN PasHbIX MOAANLHOCTEN MOTYT BbITb HEOAHOPOAHLIMK (NOKa3aTenNb pas3nu-
ynii unu BrM3ocTu, pasHbie 00nNacT YUCMOBbLIX 3HAYEHUN U T. 4.), U A0 UX NPefoCTaBneHna KnaccudukaTopy
obpaboTka He Tpebyertca. Mpu KOMBUMHAUUOHHOM METOAE OTAESIbHbIE CTENEHN CXOXECTU 00beaNHAIOTCS Ans
CO37aHNS €4MHON CKaNsAPHOW CTENEHU CXOXECTH, KOTOpast BNOCNEACTBUM NPUMEHSETCA ANS NPUHATUS OKOH-
yarenbHOro pewieHus [42]. Ana obecnevyeHma KOMOMHUPOBAHUA CTEMEHEN CXOXKECTN PasHbIX MOAaNbHOCTEN
CTENEeHN CXOXECTU eLle A0 KOMOUHUPOBAHUA B Cry4ae HEOOXOAMMOCTU MOTYT ObITb NepeBefeHsbl B 06LLyi0
obnacTb. 3TO AENCTBME HA3bIBAETCH HOPManU3auuen CTeneHen CxoxecTn (CM. NyHKT 5.3.2 HacTosALWEro cTaH-
aapra wu [27]).

Mpu knaccudukauMoHHOM METOAE MPUMEHSETCA Cxema Moaynst o0beauHeHWs AnS Noucka OnTu-
MarnbHOro knaccudukaropa Ang pasgeneHus nonb3oBaTtenei Ha ABa Knacca: NOANMHHbLIX NOnb3oBaTenew
1 «camo3BaHueBy. [na aToro knaccudukaTop onpeaenseT e 06nacTu NPUHATUSA PELUeHNUst B NPOCTPaH-
CTBE BEKTOpa MPU3HaKOB: MEpPBYI — ANA Knacca NOANUHHLIX NONb30BAaTENE U BTOPYIO — ANs Knacca
«Camo3BaHuUeBy». [laHHble 06nacTu OTAENneHbl ApYr OT Apyra pasjensiolieil NoBepxXHOCTbio, chopMa KoTo-
poli AormkHa ObITb ONTUMU3NMPOBAHA B NpoLecce pa3paboTku CxeMbl MoAYns 06beauHeHus. Pasgensiowasn
MOBEPXHOCTb MOXET UMETbL PasHylo hOpMy B 3aBUCMMOCTU OT CMOXKHOCTU U XapakTepa pacnpefeneHus
AByx knaccoB. OHa MOXeT GbiTb NPOCTOI (HanpuMep, NUHUA B NUHENHBIX AUCKPUMUHAHTHBIX PYHKLMAX)
unu 6onee CrnoxHOW (Hanpumep, Kak B MHOFOMECTHbIX HEMPOHHBIX CETSX U METOAaX ONOPHbLIX BEKTOPOB).
Pasgensiowme noBepxHOCTU MOryT ObiTb ONpeAeneHbl CTaTUCTUYECKUMU METOAaMU, Hanpumep MeToa0M
OTHOLWIEHUA npaeaonoaobusa Herimana — MupcoHa. HesaBucUmMo OT BbIGPAHHOTO METoAa OCHOBHAsA Uenb
3aKMIYAETCA B HaXOXAEHWM pasgensiowmx NOBEPXHOCTEN, yny4Lalwmux npouece knaccudmkauum ans
COOTBETCTBYIOLMX NPUITOXKEHUNA.

KomBuHauMoHHbIE METOALI NPEACTaBNSAIOT CO60I NPOCThie U 3P EKTUBHbIE METOLI GUOMETPUYECKOTO
00beANHEHUS B TOM Cryvae, eCriu CTENEeHN CXOXKECTU OAHOPOAHbI UM MOTYT GbITb HOPpManu3anpoBaHbl. IMeH-
HO M3-3a NPOCTOTbI U P DEKTUBHOCTU KOMOUHALIMOHHBIE METOZbI ABISAOTCA OAHUMM U3 Haubonee 4acTo npu-
MEHSAEMbIX METOA0B B MYNbTUOMOMET PUHECKUX CUCTEMaxX. TeopeTudeckas CTPYKTypa KOMBMHaALMOHHbIX Knac-
cudpukaropos Kurtnepa [42] onucbiBaeT Hambonee pacnpoCTpaHeHHble METOAbl: MPOU3BEAEHME, CYyMMY,
MaKCUMyM, MUHUMYM, yCpeaHeHue. Kaxablii 3 3TuX METOA0B MCMONb3YET NPOCTLIE UMM OCHOBAHHbLIE Ha npa-
BMnax apupmeTnyeckne 4eNCTBUA ANA KOMOUHMPOBAHUSI CTENEHEN CXOXECTU HECKOMbKUX MCTOYHMKOB. OaH-
Hble METOAbI NO3BOMNAKT NPUCBaUBaTb BEC CTENEHU (CTeneHAM) cxoxecTu [1]. Mpn HanM4um GOMbLLIOTO KOMU-
YyecTBa WMHMOPMAUMKM O PaCnpeaeneHun CTeneHel CXOXKeCTU MpUMeHSoT BaiecoBCKMEe CTaTUCTUYECKue
BbIYUCMEHUA NPU KOMOUHMPOBAHUK CTENEHEN CXOXKECTU PA3NUYHLIX BUOMETPUYECKMX YCTPOWCTB CONOCTaene-
HUs cornacHo [3]. B gaHHbIX MeToaax y4MTbIBAETCA OLEHOYHAS TOYHOCTb OTAENbHbIX KNaccuduKaTopos B
npouecce oGbeanHeHus. B obwem cnyyae npouecc 06beanHEHMSA CHMTAIOT BbINOMHEHHLIM No Banecy, ecnu
MMEETCH [OCTATOYHO AaHHbIX Ansi 0Byuerusi. P, (S|G) u P, (S|T) 0603Haualor NnoTHOCTM BEPOSITHOCTY pac-
NPEfEeneHns CTeneHn CXOKECTU S (COOTBETCTBYIOLLETO - MOAANbLHOCTH) UCXOAA U3 NPEANONOXKXEHUA «noa-
MWHHbLIA NONbL30BATENb» U «CAMO3BaHELy COOTBETCTBEHHO. MpocToi knaccudukarop balieca (MKB) npuHu-
MaeT peLLeHne O COBNageHUU/HECOBNAAEHNU, OCHOBLIBASICb HA anoCTEPUOPHLIX MIIOTHOCTAX BEPOATHOCTEN
P(G‘ST Sy SN) 7 P(I‘Sv S, SN). Mpu HepocTaTke AaHHbIX Ans 0ByvyeHus (CTerneHu CXOXECTW Noa-
FNIMHHOrO Monb3oBaTensa U «CaMo3BaHLay COBNagalT) NpPaBuiibHO OLUEHUTb NAOTHOCTbL COBMECTHOrO pacrpe-
JAeneHus, BKMoYalLLyo B ceba HECKONbKO MOAANbHOCTEN, HEBO3MOXHO. Takum 00pasom, anocTepuopHas
BEPOATHOCTb MOXET ObiTb OLEHEeHa N0 NPOU3BELEHWI0 OTAENbHbIX MAOTHOCTEN BEPOSTHOCTM, TO €CTb
P(G[S1, Sy, Sy) =TIR(S;IS) u P(1[S,S,,.... Sy ) =TI(P;S; |1).
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Tabnuya 6— MNpumepsl METOAOB 0GLEAUHEHNS CTEMEHEN CXOXKECTH

TpebyeMble faHHble xapaKkTepusaLmm

Popmyna oObeguHEHUA

Metoa cTeneHemn cXoxXecTu MNepco-
Her | PDFg | PDF, | EER | VgV, e
HankHble
MpocTas cymma 2(, =1...N)S; o)
MuHMManbHasa cTeneHs min(i=1...N)S; 0
CXOXECTH
MakcumarbHas cTeneHb CXOXKeCTH max(i=1...N)S; 0
B3BelLMBaHNe yCTPOACTBOM Y. (i=1...N)WsS; 0
CconocTaBeHus
B3BelwBaHWe YCTPOWCTBOM cOMo- 2(1 =1... N)W,.'S,f 0 o

CTaBneHunsi ¢ obveanHeHnem OMNPB
ANs NPUHATUA peLueHuna no [64]

BsBelUVBaHWe Nonb3oBaTenem 2(, =1... N)Wl.*slf o)

B3BelLeHHOe NpousBeaeHne [Mii=1...N)WS; 0

Cymma BepOH:I'HOCTeIZ NOANUHHBIX 2(’ =1... N)PG|S- 0

nonb3oBaTenei i

CyMMa BepOATHOCTEA «CcaMo3BaH- Z(, =1...N) PI\S. o)

LeB» i

MpoussesneHue BepOﬂT;HOCTeVI nog- [I(i=1.. N)PG|S‘ o

FIMHHBIX Monb3oBaTenei 4

MpousBeaeHWe BepoOSITHOCTEN «ca- [T(i=1... N)P1|s. )

Mo3BaHLeB» 4

BGI [60, 61] M(i=1...N)BGJ; 0 o

OTHoLeHune npasgonogobus no [51] PDFo/PDF,; (o] (o]

k-6nuxaiiumx coceaeit — o

[epeBo NpUHATUA peLueHni — o

OnopHble BEKTOPEI — o

AHanus JUCKpUMMHaHTa — o

HellpoHHas ceTb — o
MpuMmedvyaHue — B Tabnuue ucnonb3oBaHbl cnegyowme 0603Ha4YeHNsI U COKPaLLEHUS:

- | — i-a BomeTpurYecKas CTeneHb CXOXKECTH;

- N —4ucno BxoaHbIX AaHHbIX 06beUHEHUS,

- 8;—J-A HopManusoBaHHas CTeNeHb CXOXECTH;

- W, — J-i BecoBoI KO9(hULIMEHT YCTPOUCTBA CONOCTABNEHUS;

- W,* — /- BECOBOW KO3 MLMEHT norb3oBaTens;

- Wi — /-1 BecoBOW kK0adhpULMEHT yCTpoicTBa CoNocTaBneHns B cnyyae obbegnHeHnsa Or1PB;

- BGI — 6nomeTtpuuecknii KoapULMEHT YCUNEHUA NPOTUB «CaMO3BaHLEBY;

- PDFg — QI1PB BeposaTHOCTeN cTeneHei CXOeCTN NOAMMHHBIX Nonb3oBaTenei AN Kax/aoi pasMepHoCTH,
- PDF; — ®I1PB cTerneHeil CXOXeCcTh «CamMo3BaHUEB» ANA KaX/10i# pasMepHOCTH,

- EER — ypoBeHb paBHOI1 BEpOSATHOCTU OLLNOOK;

- VG — N-pasMepHblil BEKTOP CTENEHe CXOXKEeCTN NOASNMHHLIX Nnonb3oBatenel, rae N — 4ynucno mMoganbHoCTeN;
- V| — N-pasmepHbIil BEKTOpP CTeMNeHeN CXOXECTU «CaMo3BaHLEeB», rae N — 4ucno MoaanbHOCTER;

- N — uncno moganbHOCTEN;

- V| — N-pa3smepHbIil BEKTOp CTeMneHel CXOXECTU «CcaMo3BaHLEeB», rae N — 4ucno MoAanbHOCTER;

- P — 3HaveHune PDF g npu cTeneHmn cxoxectn S;,

Gls;
I's — 3HaveHune PDF; npu cTeneHmn cxoxecTu S;.
li
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5.4 O6beanHeHUe Ha yYpOBHE NPU3HAKOB

Mpu KOMOGUHMPOBAHWM HA YPOBHE NPU3HAKOB 00beaANHEHUe BUOMETPUYECKUX AAHHBIX MPOUCXOAUT Mo-
Cne M3BNEeYeHUs NPM3HaKoB A0 COMOCTaBneHus [cMm. pucyHok 3c¢)]. CyLlecTByeT Heckonbko cnocoboB KomMbu-
HUPOBaHWUA NPU3HaKoB. Hanbonee NPOCTON 3akO4YaeTca B 00beANHEHUU BEKTOPOB NPU3HAKOB (MM HaGopos
NPU3HaKOB, ECIU HET CKPbLITOW B3aMMOCBA3N) U B MPUMEHEHUMN METOAA knaccudukaumm npu3HakoB k o6beau-
HEHHOMY BEKTOPY NPU3HAKOB. B HEKOTOPLIX CNyyasax NpuMeHeHne 06beanHEHUs HA YPOBHE Npu3HakoB Gonee
3P PEKTUBHO, YEM NPUMEHEHNE O0OBLEANHEHMS HA YPOBHE CTENEHEl CXOXeCTU; OHO obecneunBaeT ynydile-
HMe 0BLUMX 3KCMyaTaUMOHHbIX XapakTepucTuk. Ha npaktuke 06beauHeHUe Ha AaHHOM YPOBHE CMOXHO Mpo-
U3BOAWTH MO CReayoLMM NPUYUHAM:

- BEKTOPbl MPU3HAKOB HECKOMbKUX MOAANBHOCTEN MOTYT ObiTb HECOBMECTUMbIMU (HANPUMEP, MHOXE-
CTBO KOHTPOIBHbIX TOYEK NanbLEB U COOCTBEHHbIE KOIMDULUEHTbI N300paXkeHUst nMua);

- B3aMMOOTHOLLEHMSA MeXay NPOCTPAHCTBAMM NPU3HAKOB PasHbIX BUOMETPUYECKUX CUCTEM MOTYT ObITb
HEN3BECTHbI;

- COeAMHEHWe ABYX BEKTOPOB NPU3HAKOB MOXET B UTOre NMPOM3BECTU BEKTOP NpU3HAKOB 6ONbLUION pas-
MEPHOCTH, YTO NPUBOAUT K KMPOKIISITUIO» PAa3MEPHOCTH;

- MOXET noHaaobuTbca Bonee CnoXHoe YCTPOMCTBO COMOCTaBreHns Ans paboTbl ¢ 00beaUHEHHBIM
BEKTOPOM MPU3HAKOB B COOTBETCTBUM C [56].

HecMoTpsa Ha AaHHbIE CNOXHOCTU, 0ObeANHEHNE HA YPOBHE NMPU3HAKOB ObINO NPEeANPUHATO B PasHbIX
ycnosusix. B [5] npueeaeHo onucaHue o0beauHEHUs HA YPOBHE NPU3HAKOB MOAANbHOCTEN MUA U yxa, uTto
SIBNAIETCA CBUAETENbCTBOM 3HAYUTENLHOIO yny4lleHuss npon3soantensHocTu. B [45] npuBeaeH cnocob o6b-
eMHeHns oTrneyaTka nagoHu U NMPU3HAKOB rEOMETPUM KUCTU PYKM OAHOIO YerioBeka Ansa ynydleHus npo-
Lecca cornocrasneHuns. [JaHHble, NpuBeAEeHHbIE B 9TUX paboTax, A0Ka3bIBaIoT, YTO 00beaMHEeHne Ha ypOBHE
cTeneHen cxoxectu adypekTuBHee o6beaMHEHUS HA YPOBHE Npu3HakoB. OaHako B [56] npuseaeHo onucaHue
KOMBUHMPOBAHUA MOAANbLHOCTU NuUUAa U yxa nonb3oBarens (MynsTMOMOMETpUYECKAs CUCTEMA) HapaBHe C
kaHanamu R, G, B nsobpaxeHusa nuua nonb3osarens (MynsTuaaT4MkoBas CUCTEMA) Ha YPOBHE NPU3HAKOB, C
[0Ka3aTenbCTBOM TOr0, YTO Cxema BblGopa Npu3HakoB MOXeET ObiTb HEOOX0AUMON ANA yyULeHns npolecca
COMOCTaBNEHWUSA Ha JaHHOM ypoBHE. Takum 06pasoM, AnA KOMOMHMPOBAHUS AaHHLIX HA YPOBHE NPU3HAKOB
TpebyeTcsi NpUMEHEHNEe COOTBETCTBYIOLLEN CXEMbI BbIGOpa NPU3HAKOB.

Mpu3Hakn MOXXHO KOMBUHMPOBaTL Bosiee CMOXHbLIM COCOOOM Ha ypOBHE anrOpuTMOB NyTEM COBMECT-
HOW perucTpauun. BonbLUMHCTBO anropuTMOB W3BIEYEHMA NMPU3HAKOB TPEOyIOT nokanusaumu OpUeHTMpPOB
Ansa cosganuns obLweli cucTeMbl KOOPAUHAT ANA U3BNEYEHUs1 NPU3HAKOB. B MynsTMBMOMETPUYECKNX CUCTEMAX
OTAEeMbHbIE KOMMNOHEHTbI MOTYT 0BMEHUBATLCA OPUEHTUPAMKU UMK NOAAEPXUBATL UX U3BMEYEHUE HA B3auM-
HOW OCHOBE. OTOT METOA, Ha3bIBAEMbI COBMECTHON peructpauuei, sBnsercst oaHoi us popm KoMGUHMPO-
BaHWS Ha ypOBHE NPU3HaKOB. Hanpumep, anroputm pacno3HaBaHUsi NMULA MOXET NPefOCTaBUTb AaHHbIE O
MOMOXEeHMW rnasa AnA anropuTMa pacrnosHaBaHUA pafyXHoW 0DONOYKM rna3a unu OpUeHTUPLI ryOuHbI B
cucTeMax pacno3HaBaHWUA TPEXMEPHOTO M30BpaXeHuUs nuua MOryT ObiTb NPUMEHEHbI AN UCNPaBNEHUs no-
MOXEeHUA nuua Ha N30BPaXKEHUSAX TEKCTYPbI.

6 [laHHble XxapakTepusaLuuu Assi MyfsTUGMOMETPUYECKUX CUCTEM

6.1 O630p

Ana mynsTMBMOMETPUYECKNX CUCTEM OLHUM U3 Hanbomnee BaXKHbIX ACMEKTOB HOPManu3auum n Komou-
HUPOBAHUA SABMSAETCA MPOUCXOXAEHME NapameTpoB Afisl NPOBeAEHUS HOpManusauunm u/mnu kKOMOGMHUpPOBa-
HuA. B cnyyae KOMOMHUPOBAHWUA HA YPOBHE CTEMEHEN CXOXECTU C UCTMIONb30BAHMEM CTAaTUCTUYECKON TEOpUn
conoctasneHus wabnoHos (06pa3uoB) Tpebytotcst PIPB creneHel CX0XeCTU NOANMMHHBLIX NONb30BaTENEN U
«camo3BaHLUEBy. [pu Apyrux cnyyasax KOMOMHMPOBaHUS HA YPOBHE CTeNeHel CXOXXeCTU, Ha YPOBHE NpU3Ha-
KOB M Ha YPOBHE NPUHATUA PELLEHNUSA BaXHbIMKU NapamMeTpaMu SABMSIOTCS Te, KOTOpble He0BX0AUMO NONyYUTb
npu xapakrepusayuu. Takum o6pasom, 3TOT BONPOC ABMAETCH YHUBEPCATIbHBIM.

B paHHOM pasgene pacCMOTPEHbl UM MpOAHanu3MpoBaHbl [AHHbLIE  XapakTepusauuun, ee
npeanonaraemMbliii(ble) UCTOYHUK(M), CTENEHN €€ TOYHOCTU U ageKBaTHOCTU (HanpumMep, Npu Hanuuuu obpas-
LOB HEBOMbLUKMX Pa3MePOB UMM UHbIX OTPaHUYEHUI K BbiIDopkam 0Bpa3sLoB XxapakTepusaumu), a TaKke Kak aTu
AOaHHbIE NCNOJb3YIOT.
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6.2 MpumeHeHue JAHHLIX XapakTepu3auum Npyu HOpManusaumm U o6 LeanHeHuNn

Mpu obbeguHeHUn HA ypOBHE CTENEHEN CXOXKECTU KOMOMHUPYIOT CTENEHN CXOXECTU ogHoro unm 6o-
rnee ycTpoWCTB COMOCTaBneHusi. B cnyyasx mynstuMoaanbHOro M MyrnbTUanropuTMUMYeckoro 06beiMHeHU
NPUMEHAIOT ABa unu Gonee Noao6HbIX YCTPOWCTB. B cnyyasix MynsTuaaT4MKOBOrO M MHOTO3K3EMMMSIPHOIO
00beaUHEHU U MYNLTUNPEACTABNEHNA, KaK NPaBUIO, NMPUMEHSIIOT OJHO YCTPOWCTBO COMOCTAaBMEHUSA, HO B
nobom cnyyae Moayrnio 06begMHEHUA AOCTYMHO MHOXECTBO CTEMEHEN CXOXeCTU. Pacnpeaenenue creneHei
CXOXECTU YCTPOWCTB CONOCTaBneHnss 06yCNOBNEHO CUCTEMONM COMOCTABMNEHUS, a CTAaTUCTUKA NEPEMEHHbIX,
Kak npasuno, He BXOAUT HU B OAHY o6Lyio obnactb creneHel cxoxectu. Takum o6pa3om, NpoLiecc HopMma-
nu3auuu, onucaHHelin B nyHkTe 5.3.2, HeoGxoauMo NpoBecTn A0 npouecca obveauHeHus. Ansa npoBeaeHus
npoLeccoB HopManu3aumu u o6beauHeHs HeobxoauMo 06s3aTenbHOe HanuuMe JaHHbIX XapakTepusauum,
pPacCcMOTPEHHBIX B HacToAWeM pasaene. CamMblii NPOCTOM BUA TakUX AaHHbLIX BKNIOYAET B ceOsi napameTpbl
pacnonoxeHns unu Gopmbl KaXKAoro pacnpeaeneHns CTeneHen cxoxectu. Hanpumep, B cxeme obbeauHe-
HUA CTEneHen CXOXEeCTU nuua U oTnedarka nanbua OyayT NPUMEHATLCA HEKOTOPLIE anPUOPHLIE OLEHKU MO
MEAWNaHHOMY OTKNOHEHMWIO U aGCONIOTHOMY MeaAUaHHOMY OTKIMOHEHUIO (CM. Tabnuuy 5) Ana OCyLUEeCTBNEHUS
npouecca HopManu3auuu AByX CTENEHeN CXOXKECTH.

Haubonee adhpekTUBHLIM ABMAETCA UCNONb30BAHME MOJSHOW XapakTepuCTUKU pacnpeaeneHust crene-
HEeN CXOXKEeCTU, AOCTYNHOE ANA pacnpeneneHus cTeneHei CXoXeCTU Kak NOANMHHOIO nonb3osartens, Tak u
«camo3BaHua». Takum 06pasom, AaHHbIe xapakTepu3aumm GMoOMeTpUIEecKoin CUCTEMbI NPEACTaBNAIOT cobom
HEKYI0 penpe3eHTaTMBHYI0 CBOAHYIO MH(POPMALMIO O CTAaTUCTUYECKOM pacnpeaeneHun ee BbIXOAHbIX cTene-
Hen cxoxecTn. ShdekTUBHAA U NPOCTas xapakTepu3auus SBMSETCA UHTErpanbHon cdhyHKUMen pacnpeaene-
HUs (UPP), KoTOpas MOXET ObiTb BbiparkeHa G nomouubio N nap (S;, UOP(S))) unu kakoii-nn6o dyHkumoHans-
HOW hopmOoi AaHHbIX (cm. [18], [40]).

7 O6bnacTb NpUMEHeHUs1 U BUAabl CTaHAapTU3aLMm

7.1 O6wWwmMe nonoxeHus

B HacTosiLeM cTaHgapTe npuBeaeHbl CnocoObl KOMOMHUPOBAHUA, MYNbTUOUOMETpUYECKon 06paboTku
W BbINOMHEHUs GuomeTpuyeckoro obbeanHeHusi. C y4eTOM KX CIIOXKHOCTM U KONMMYECTBA HEOOXOAMMO Mno-
HUMaTb, YTO BCE METOAbl HE MOryT ObITb OMUCAHbI B CTaHAapTe. [nA onpeaeneHus METOA0B, KOTOPbIE crie-
AyeT usyyaTtb B AanbHelwem B pamKkax npouecca craHjaprusauuu, Heobxoaumo o6patuTe BHUMaHWe Ha
TpeGoBaHua K onepaTUBHON COBMECTMMOCTU W B npouecce pa3paboTku cTaHaapra OonpeaenuTb TOT MeToa,
KOTOpbIW B BOMbLUEN CTeneHn COOTBETCTBYET 9TUM TpeboBaHMAM, a Takke TPeOOBAHUAM K TEXHONOTMYECKOM
COBMECTMMOCTH.

7.2 O6nacTu peanusauum

B cneuundmkaumto obrnactu npuMeHeHust MOryT GbiTb BKMIOYEHbI 06nacTu npUuMeHeHust paspabarbiBae-
MOro cTaHaapTa. B HeKkoTopbIx Criy4asx B Camux CTaHAaprax ykadaHbl CLleHapuu UCNONb30BaHUS; ANSl 3TOr0
noakomuteT MK 37 paspabaTbiBaeT cTaHAAPTLI HA «NPOUNU NPUNOXKEHNI» . CYLLIECTBYIOT YETLIPE OCHOBHbIX
Tuna paspabarbiBaemMbiX CTAHAAPTOB, OTHOCALLMXCSA K BUOMETPUYECKOMY 0O bEAUHEHUIO:

a) dopmarbl 3anucu. OnpegeneHne n ctaHaapTu3aumsa AaHHbIX, KOTOPbIMU OyayT 0OMEHUBATLCS NPO-
LiecChbl U KOTOpble ByAyT XPaHUTBCA Ha Pa3nUyHbIX HocuTensx. Buomerpuyeckue chopmarbl 3anUCK yCTaHOB-
nexbl nogkomutetoMm (MK) 37/paboyas rpynna (PN 3 1 sBRSOTCA NPUMEPOM AaHHOTO TUMAa CTaHAApTOB;

b) cTpyktypa. OnpeaeneHue nporpammHbIX NOnb3oBaTenbckux uHtepdencos (ANM) ans npoueccos,
dopmaToB 3anucu U Npoueayp uHuumManusauuu (onpeeneHue HadanbHbIX YCIIOBUI) NPOLIECCOB B CUCTEME.
CTpyKTypa nporpaMMHOro uHtepdenca ans Guomerpudeckux npunoxexunin (BuoAri) cornacHo [29], ycra-
HoeneHHasn B MK 37/PI" 2, ABNAETCS NPMMEPOM AAHHOTO TUNA CTAaHAAPTOB;

C) npodunb nNpunoxeHun. CtaHaapTel, YkazaHHbIE B NepeYncneHusx a) unu b), a Tawke uHble cTaH-
4apTbl, KOTOpbIE ABNAOTCA 00513aTenbHbIMKU 4151 ONpeAeneHHOro cLeHapus Ucnonb3oBaHua. Paspaborka MK
37/PT4 ana MOT (MexxgyHapoaHOI opraHusauuu Tpyaa) nacnopra mopsika (cm. [31]) aBnsercs npumepom
JaHHOro TMna CTaHAapToB;

d) kpuTepuii cooTBETCTBUA. ONUcaHne KpuTepueB BbIMOMHEHUSA U PE3YNLTATOB UCMbLITAHWIA, rApaHTUPY-
IOLLMX COOTBETCTBUE cCUCTEeM TpeboBaHuaMm crtanaaproB. [aHHble Tunbl ctaHgaproB MK 37 paspabartbiBaer
Ansa 6uomeTpudecknx opmaToB 3anucu.
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MyneTMGUOMET prUYEcKne CUCTEMbI MPUMEHSIIOT B ABYX CrieayloLmx crny4vasx. Bo-nepsbix, ¢ Lenbio obe-
cneyeHusi BbICOKOM cTeneHn 6e3onacHOCTH, Korga KOMOMHaUMs OMOMETPUYECKMX AaHHbIX NpeaoCTaBnseT
rapaHTuioO HeJonycka «CamMo3BaHLEBY» NMPU CPaBHUTEMbHO HEBONbLLUOW BbIGOPKE OMbITHLIX NONb30BAaTENEi.
B0-BTOpbLIX, NPU NPUMEHEHUM KPYMHOMACLITaOHbLIX CUCTEM MAEHTUMUKALMM, TAKUX KaK CUCTEMbI NPOBEPKM
MPoe3aHbIX JOKYMEHTOB, TA€ MYNETUBMOMETPUYECKYIO KOMBUHALMIO NPUMEHSIOT AN YMEHbLUEHUS BEPOST-
HOCTW HeoMnycKa 1 ANA YNPOLLEHWUA 3KCMyaTaumm CUCTeMbI NPU O4eHb B60NbLUOK BLIGOPKE HEONBITHBIX MOSb-
3oBarenen.

MpyU NPUMEHEHUU KPYNHOMACLUTAGHbIX CUCTEM MAEHTUMDUKALUU MOXET CyLLECTBOBaTb OOMbLUOE KO-
NMYECTBO CUCTEMHBLIX UHTErpaTopoB, NPefoCTaBNALLMX KOMMNOHEHTbI ANA BCeW cuctemsl. Hanpumep, npo-
U3BOAUTENb BMEKTPOHHOr0 GUOMETPUYECKOro AOKYMEHTA U NPOU3BOAUTENb (DU3NYECKOTO JOKYMEHTA MOFYT
pasnuyarbCs, U HU OAUH U3 HUX HE MOXET ABMNATHCH MOCTABLUMKOM, BbIMOMHAOWMM BUOMETPUYECKUE UCTIbITA-
HUA (BepubuKaumo unu naeHTudukaumio). B stom cnyyae gaHHbIi CTaHAAPT MOXET YCNELUHO NPUMEHSATLCS,
ecnu peyvb uaet o MynsTMGuoMeTpun. B CBA3M C 3TUM akTyarnbHOIi ABNsieTcs pa3paboTka craHaapToB Ans
0fHoro unu Gonee npodunein NPUNOXKeHU BuoMeTpUYecKoro 06 bLeUHEHUS.

7.3 Tpe6oBaHuA K onepaTMBHOM COBMECTUMOCTU

Mpu NpUMEHEHNM BUOMETPUHECKOTO 06bEANHEHNUS AOMKHbI NPEAbABNATLCA CrieaytoLlme TpeboBaHus K
COBMECTMMOCTU ANA CTaHAapTM3aLum MynsTUOMOMETPUYECKUX CUCTEM:

a) TpeboBaHMe K MPOEKTUPOBAHMIO U cepTudmKaLun (UNK OLEHKE) CTaHAapTHLIX MyNbTMBUOMETpUYE-
CKMX CUCTEM Ha OCHOBE 06LLMX TPeBOBaHMIA K IKCMNyaTaLMOHHLIM XapakTepucTtukaM. JaHHble TpebGoBaHus
K 9KCMIyaTauMOHHbIM XapakTepUCTUKaM AO0IKHbI ObITb HE3ABMCUMbI OT UCTIONBL3YeMONn BUOMETPUYECKONH MO-
AaneHoctu. Cloga BXOAAT TaKUE XapakTepUCTUKKU, KaKk BEPOSTHOCTb OTKa3a PerucTpauuu, BePOATHOCTb OT-
ka3a cbopa AaHHbIX, BEPOATHOCTb JIOXXHOTO HEOMYCKA, BEPOATHOCTL JNIOXHOTO JOMycKa, NPOonyckHasi cnoco6-
HOCTb CUCTEMbI U YCTOWUMBOCTb K aKTUBHBIM aTakaM «CaMO3BaHLEBY;

b) TpeGoBaHue kK NPOEKTUPOBAHMIO CTAHAAPTHLIX MyNETUOMOMETPUHECKUX CUCTEM C BO3MOXKHOCTbLIO UX
He3aBucuMoro ooHosneHus. Co BPEMEHEM MO Mepe MOBbILLUEHNA TOYHOCTU U CHMXKEHUS CTOUMMOCTU XapaKTte-
PUCTUKU BCEX BUOMETPUYECKUX YCTPOWCTB U3MEHAIOTCA. HO pasBuTHe KaXaoW OTAenbHOW BUOMETpUYECcKon
CUCTEMbI NPOUCXOAMT NO CBOMCTBEHHOW TOMbKO € cxeMe. B CBA3M C 9TUM NPU BO3MOXHOCTU OOHOBNEHUSA
CMCTEMbI YaCTAMM OGHOBNEHUE MYNBTUBMOMETPUHECKON CUCTEMDI B LIENIOM B YCIOBUSIX 9KCNIyaTauum cTaHeT
6onee ynobHbIM;

¢) TpeboBaHNe K NPUHATUIO CTAHAAPTHON MYNETUOMOMETPUYECKON CUCTEMON CTaTUCTUYECKON UHAOP-
Mauuu Mo onpeaeneHHoMy Nonb30BaTENIO, TAKOW KaK CTENEHU CXOXECTU U Bpema 06pabotku. MNpu Hanmuum
TakoW MHOPMaLMM CUCTEMA CMOXET BbITb ONTUMU3NPOBAHA B OTHOLLUEHUM 6€30NaCHOCTU U NPOMYCKHOW Cro-
COBHOCTM ANs TOro, YTO6bl OblNa BO3MOXHOCTb MCMOMb30BaTb TOT TMN GUOMETPUIECKONI MOAANbHOCTH, KOTO-
PbIA NPEeANoYNTaET KOHKPETHbIA NOMb30BaTenb;

d) TpeboBaHue K COBMECTUMOCTU CTAHAAPTHBLIX MYNETUGUMOMETPUUECKNX CUCTEM C CYLLECTBYIOLUMMU
cTaHgapTHbiMM BuomeTpudeckumn cuctemamu. B yactHoctu, B MK 37/PIM 2 onucanbl BUOATU Ana BbIXOAHBIX
[AaHHbIX 3remMeHTapHoi BMOMETPUYECKON cucTembl. B paspabarbiBaembix MynsTUGMOMETPUYECKMX CTaHAap-
Tax unu JOMNosIHEHUSX K CYLLECTBYIOLLUM CTaHAAPTaM A0SKHbI ObITh YYTEHbI ONMbIT NCNOML30BAHUS MOCTABLLM-
koB BuomeTpuyeckux yenyr (MBY) BMoANM n 0coGeHHOCTH CTPYKTYPbl BMOATMW (cm. [29]).

7.4 BoaMOXHbIe BUAbI CTaHOapTU3aLUumn

7.4.1 Ctanpaptusaumsa popmaToB 3anucu

CyluecTByeT ABa TUNa 3MEMEHTOB, BblAeNnseMbIX B CTPyKType. yTemM 3anucu gaHHbIX uHcopmauums
nepegaeTcsa OT O4HOro NPOLEecca K Apyromy, B pesynsrare Yero npoueccsl npeobpasyor oanH Habop 3anucei
JaHHbIX B Apyroi. B HacTosiweM nogpasaene pacCMOTPEHbI 3anNnCH AaHHbIX, CogepKaLlue CPaBHUTENbHO He-
GonbLUOE KONMYECTBO TMMOB 3anucen. Tak kak paccMoTpeHne hopmaTos aaHHbIX 6e3 nepeuncrieHns npouec-
COB HEBO3MOXXHO, TO B AaHHOM noapasgene ykasaHbl OCHOBHbIE NPOLECCHI, CBSA3aHHble C BUOMETPUYECKUM
o6beAnHEHNEM.

Ha pucyHke 3 ykasaHbl crnegyloLiye npouecehl: U3BneYeHme npusHakos, CONOCTaBNEHNE, NPUHATUE pe-
LweHusl, obbeanHeHne obpasyos, 0ObeanHEeHUe NPU3HakoB, 06beAMHEHNE CTENEHEN CXOXEeCTU U 00beanHe-
Hue pelweHnii. [laHHble NPOLUEeCChl Takke NpuBeAeHbl HA PUCYHKE 6.
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N3snevexne Co MpunsiTue
npu3HakoB nocrasrneHme peLueHus
O6beauHenne O6beavHenne O6beauHetme O6beanHeHne
o6pasuos MPU3HAKOB ng(e;)r:(eel:;: peLueHui

PucyHok 6 — MynsTubuoMeTpudeckue NpoLecchl, pacCMOTPeHHLIE B pasaerne 5

B HacrosiLiem nogpasaene pacCMOTPEHbI AEBSATL TUMOB 3aNUCEN BXOAHBIX U BbIXOAHBIX AAHHbIX U NPO-
ueccos: GuomeTpudeckue obpasupbl (BX0AHbIE aHHbIE), BuoMeTpuyeckue LWabnoHbl (BXOAHLIE AAHHBIE), U3-
BNeYEeHWe NPU3HAKOB, CTEMNEHU CXOXECTU, npouecc obbeanmHeHusa obpasuos, npouecc 0O6beaAUHEHUs Npu-
3HaKoB, nNpouecc 06beaANHEHUA CTENEHEN CXOXECTU, NPOLECC 0OBLEANHEHMA PELLEHUii U NPOLECC NPUHATUS
pelieHus. Kpome Toro, Kaxablil M3 NpoLEeCCoB, yka3aHHbIX HA PUCYHKE 6, MOXET Unn OomkeH UMETb AOMNOSTHM-
TenbHble BXOAHbIE AAHHbIE, CBA3AHHbIE C MHULIMANM3auuen, onTuM13aLmein unu cueHapuemM UCNonb30BaHUSA.
B npouecce pa3paboTku CTPyKTypbl CTaHAapTa no GuomMeTpuieckomy 00bLEeaAUHEHUIO AOMKHbI ObITb YYTEHDI
CeMb TUMNOB NPOLIECCOB U AEBATL TUMOB 3aNUCeN.

Ona cokpaweHusa U nocneayiowlero onpeaeneHus Habopa yuuTbiBaeMbIX 3anuceit He Tpebyerca no-
BTOPHOrO OnpeaeneHus TUNOB AAHHLIX, KOTOPble YCTAaHOBMNEHbl B OMOMETpuYeckoM ctaHagapte BuoAMNU u
KOTOpblE HE PEKOMEHAYETCA U3MEHATb MPU UCMONb30BaHUU B MyNsTUGMOMETPUU. TO 0GCTOATENBLCTBO UC-
KnovaeT u3 cnucka sanucer Gmomerpuyeckue odpasubl (TUMbl MCXOAHbLIX U 0O6paboTaHHbIX AaHHbLIX BUOATN)
n GnomeTtpuyeckue wabnoHbl (Tun wabnoHa BuoArM). CreneHb cxoxectn BUOAMU ABNAETCS UCKNIOYEHU-
eM, Tak Kak ee TpebyeTca nepecMOTpeTb Npu pa3paboTke craHaapra Ha MynsTUGUMOMETPUYECKNE CUCTEMBI U
BKITIOYUTb B CMIUCOK MYNbTMBUOMETPUYECKUX 3aNUCEN.

Kpome Toro, Kaxablii Tun npouecca o6beMHEHNS MOXET NOAAEPXXMBATLCA €AUHCTBEHHOI BXOAHON 3a-
nucbio 06beaMHEHUS, B KOTOPOW COgepKUTCA nHpopmauus, 0603HavaloLLas COOTBETCTBYIOLLUIA CLEEHAPUM UC-
nonb3oBaHusA. Takum o6pa3om, AECATL 3aMUCEN, YKA3aHHbIX HA PUCYHKE 7, COCTaBNSIOT ONTUMArbHbIA HAbOop
3anuceit AaHHbIX ANa cTangapTa Ha MynsTUBUMOMETPUYECKYIO CTPYKTYPY. OTH 3anucu crneayeT UCMOoNb30BaTb
COBMECTHO C CYLLECTBYIOLLMMU 3aMUCAMU OTAENbHbLIX BUOMETPUYECKUX CUCTEM ANA CO3AaHUA KOMOMHUPO-
BaHHbIX AaHHbIX.

O6paboraHHbie BXoAHbIe/BbIXOAHbIE AaHHbIE

OnopHbie AaHHbIe

BxogHble faHHbIe Mpu3aHak naenevyeHns
W3BreYeHUs NpU3HaKos npusHakos
BxogHble AaHHble Mokasarenb(1)
COMocTaBrneHus conocTaBneHust
CreneHb(1) cXoXecTu Peluerve
BxoaHble AaHHbIe MpuaHak o6beauHeHus 06beguHeHus 06 obbeauHeHnn
obbeanHeHus NpY3HaKoB CTerneHel CXoxecTu peLueHuit
BxopHble gaHHble PeLueHue o npuHaTUKN
NPUHSTUS PeLUeHUA peLueHust

PVIC)IHOK 7 — 3anucw, onpepeneHHble B CTaHAapTax Ha MyJ'IbTI/I6I/IOMeTpVI‘-IecKVIe CUCTEMBI

3anucu, NnpuBeaeHHbIE Ha PUCYHKE 7, MOXHO COKPaTUTb NyTEM YHUMMKaLUW ONpeaeneHnii NPU3HaKos,
CTeneHeil CXOXECTU U PeLLeHUin ANs NpoLECCOoB, KOTOPbIE UCMNOMNb3YIOT 8TU 3arMUCHU B KAYECTBE BXOAHBLIX U
BbIXOAHBIX AaHHbIX. Hanpumep, pelieHne 06 06beanHEeHUN PELLEHUA U PeLLEHUe O NMPUHATUI PELLEHUSI MOTyT
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obcnyunBaTeCA €AUHCTBEHHON 3anUCLIO O peLueHun. [locne gaHHOro aHanuaa 0CTaeTcs CEMb OCHOBHbIX TU-
NoB 3anuCei, KOTopble TpebyloTca ANSt YNPOLUEHHOW MYrNsTUOMOMETPUHECKON CUCTEMbI, COMMACHO PUCYHKY 8.
JaHHble 3anucu cnegyeT NpUMEHSATL BMECTe C CyLLECTBYIOLLMMM SneMeHTapHbIMU OBMOMETPUYECKUMM 3annucs-
MU (MCXOAHbIE AaHHbIE, 0BpaboTaHHble AaHHbIE U AaHHbIE WAabnoHa). [laHHble 3anucu obecneynBaloT nNpeso-
CTaBNeHne JaHHbIX ANs o6MeHa Mexay npoueccamu.

OnopHbie AaHHLIe O6pa6oraHHblie
BXOAHbIe/BbLIXOAHLIE flaHHbLIE

BxopHble AaHHble

WU3BNEYEHUS NPU3HAKOB MpuaHaku

BxogHble faHHble
COMOCTaBMNeHus! CTeneHu cxoxecTn

BxoaHble AaHHble

obbeavHeHns Pewenua

BxogHble AaHHble
NPVHATUA peLLeHus

PucyHok 8 — YnpolueHHbIii HaBop 3anncel, onpefeneHHbIi B CTPYKType CTaHAapTOB Ha MyrsTUGMOMETpUYEcKUue
cHCTeMbI

YnpoLLeHHbI Habop 3anucer AaHHbIX U NPOLECCOB AN OUOMETPUYECKOTO 00bLEAMHEHUST BKIMIOYAET B
cebsa ceMb SNEeMEHTOB NpoLecca U cemb 3anuceii AaHHbiX. OnpeaeneHne n UCMoNbL30BAHUE ITUX ANEMEHTOB
00ycnoBneHo TpeboBaHUAMMU K PYHKLMOHANBHOW COBMECTUMOCTH, YCTAHOBMEHHbIMK B 7.3. B yacTHoCTH, 3a-
MUCU BXOAHBIX AAHHBIX MOTYT ObITb KOMMMAEKCHBIMUA U COAEPXKATL CReayoLLyo MHMOPMaLMIO:

a) BXOA4HAsA 3anucb W3BMNEYEHUS MPU3HAKOB COAEPXKUT UHGOPMaLUIO O Nonk3osarene, npodune npuno-
SKEHUS N UHYIO MHAOPMALMIO, HEOOX0AUMYIO ANS U3BMNEYEHWUSA NPU3HAKOB B ONPEAENEHHON CUTyaLuu;

b) BxoAHas 3anuCb COMOCTaBMEHUSA SIBMAETCA HELWAONOHHON U MCNONL3YeTCA ANA ONTUMU3ALUN UMK
COBepLUEeHUS NnpoLiecca CoONOCTaBMEHUs!, BKIMIOYAET B Ce6A MHAMBMAYaANbHbIE JaHHBIE KOHKPETHOrO NONb30Ba-
Tensa u Hpopmaumio 0 Npoune NPUNOXKEHUS;

C) BXOAHas 3anucb 06beanHeHnst cogepxuT nHpopmaumio 06 onpegerneHHOM YCTPOMCTBE UMK MOMb30-
Bartene, Heobxoaumylo Ans onTUMM3auum o6beauHEHUs ANsi KOHKPETHOIO Monb30BaTens, npoduns npuno-
KEHUSI nu BuomeTpudeckon koHdurypauum (Hanbonee noaxoAUT Npu 06beaUHEHUN Ha YPOBHE NPU3HAKOB).
Takke faHHas 3anuCb COAEPXKUT anpUOPHYI0 MHdOpMaLMIo, HeoBXoAUMYIO ANS BbINOMHEHUs MatemaTuve-
CKOrO AeiCTBMA NpWU HOpManu3auum u/unu o0beauHEeHUH, YCTAHOBMNEHHbIX B CTAHAAPTE Ha CTPYKTYpYy unu
NPoUnb NPUNOXKEHUN;

d) BxogHas 3anuch peLLeHns CoAePKUT NONE3HYI0 MHAOPMAaLUIO ANs ONTUMU3aLUM NPUHATUS peLueHns
[ANsi KOHKPETHOrO MOMb30BaTeNsA unu Npocunsa NPUNoXxeHus. B aaHHyto 3anucb MOXET ObITb Takke BKITOYEH
TpebyeMblii ypoBEHb BUOMeTpuyeckor 6e30MacHOCTU, KOTOPOMY AOMKHA COOTBETCTBOBATbL CMCTEMA, 0003Ha-
YEHHbIA MaTEMaTUYECKUMMN UMK CTaTUCTUHECKUMU TEPMUHAMMU.

Bce BblLLeyKasaHHbIE 3aMMCK AaHHbIX AOMMKHbI COOTBETCTBOBATL TpebosaHnaM ECPOB[ (cm. [30]), To
€CTb yunTbIBaTh TPEOOBaHWA U3roTOBUTENS (NMOCTABLLMKA), OpraHa no CTaHAapTM3auumn U KOAMPOBAHWS C LIENbIO
nepeaaqu U XpaHeHus 3anucu.

7.4.2 CtaHgapTusauma CTPYKTYpbI

Cneuudmkaums BuoAMNK no [29] B MK 37/PTI" 2 ABnAeTca npuMepom CTPYKTYPbl ANeMEHTapHOro Guomerpu-
4yeckoro npouecca. [laHHasa cneumdukauus BKOYAET B cebA HOMeHKNaTypy, 3anucy AaHHblx, AN 1 cueHapum
MCNOnNbL30BaHWA B YCNOBUAX OOLLIEN CTPYKTYpbI NpUnoxeHus. B HacTosAwem craHgapre AaHHaa cneuudmkaums
npeacTaBnser coboi CTaHAAPTHYIO BBIXOAHYIO CTENEHb CXOXECTW AN KaXaoro 6MoOMETpryYeckoro npouecca
1 BMOMETPNYECKOE peLLEHNE, NPUHATOE B COOTBETCTBUM C TPEOYEMbIM YPOBHEM 6E30MaCHOCTH.

Ha ocHOBe CTPYKTYpbl ONPELENSIOT CLIEHAPUU NCMONMBb30BAHMS ANS KOMOWHMPOBAHUSA 3anNUCceli U MPOLECCOB.
Onsi pasHbiX ypoBHEN 06beanHEHUst MOTYT CYLLECTBOBATb pasHble CTPYKTYPbl. Briok-cxema, AeMoHCTpUpytoLlas
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00beaHEHNE Ha YPOBHE CTEMEHEN CXOXECTH, N300pakeHa Ha PUCYHKE 9. [ing ynpoLLEHWS NOKa3aH NOTOK AaHHbIX
13 OAHOWM GUOMETPUUECKON cucTeMbI. [Npu 06beANHEHNN CTEMEHEN CXOKECTU CYLLECTBYET BO3MOXXHOCTb NMPSAMOT0
BbIBOAA AaHHLIX. TakoKe CyLLECTBYET BO3MOXHOCTbL 06paTHON CBA3W Mexay npoLeccamu.

BxoaHble AaHHble BxoaHble AaHHble BxoaHble AaHHbIe
COMOCTaBRNEHMS obbeanHeHus peLueHus

Ob6bveanHeHue
cTeneHemn
CXOXECTH

MpuHsaTNe

CTeneHn cxoxecTn peleHns

ConocraBneHnve CTeneHn CXoxecTu

4

BbiXogHbIe AaHHble
peLueHus

PI/IcyHOK 9 — Bnok-cxemMa Mcnornb3oBaHusA MyJ'IbTI/I6I/[OMeTpVIHeCKI/IX 3anucen npu 06be,E|VIHeHVII/I
Ha ypoBHe CTENeHen cxoxecTn

B COOTBETCTBUM CO CTPYKTYPOW KaxKaoro Tuna o6beaMHEHUs cTaHaapTHble 3anucu u AW npoueccos
crnefyeT onpefenatb NyTeM COrnmacoBaHUsa Takum 06pasom, YToObl ONTUMKU3UPOBATL peanu3auuio u onepa-
TUBHYIO COBMECTUMOCTb. CTPYKTYpa 00beAMHEHUSA HA YPOBHE CTEMEHEN CXOXKECTU, U300PAXKEHHASA HA PUCYH-
Ke 9, coaepxut o0paTHYO CBA3b Mexay npoueccamu. MNpoueccbl A0MKHLI MMETL 0OPaTHYIO CBA3b Kak Ans
KOPPEKTHON WHULManuM3aumun, Tak U Ans nNpaBuiibHOro MyHKUMOHUPOBaHWUA. Hanpumep, npouecc NpuHATUS
pPeLLEHNsI MOXET UCNOSL30BaTb BEPOATHOCTL NIOXHOIO gonycka (BJ1) ana o6begnHeHnsa CTENeHeR CXOXECTH
1 COMOCTAaBMNEHNUs ANA ynpaeneHusi PyHKLUMOHUPOBAHNEM CUCTEMBbI.

MopobHasa bnok-cxema ansi 00beaMHEHNsI HA YPOBHE MPUHATUA peLueHust nsobpaxkeHa Ha pucyHke 10.
MpuHaTHE peLueHnst HeoBXxoaAUMO, Tak Kak 0ObeAUHEHNE PELUEHUI MOXET UMETb BbIXOAHbIE AAHHbLIE, OTMK-
yawLwpecs oT AAHHbIX OTAENbHbIX OUOMETPUYECKUX CUCTEM, HANPUMEP PAHTOBYIO OLIEHKY UIIU «HECTPOTUE»
peweHusa. Oba noaxoaa aHaNoOrMyHbl C TOYKM 3PEHUS CTPYKTYPbI. Takke CyLLUEeCTBYET BO3MOXHOCTL 00paTHO
CBSI3U Mexay npoueccamu.

CTpykTypa onpegensieT, kakum o6pa3oM Npouecchl COMOCTaBNEHUS, OObEANHEHNSA U PELLEHNUS MOny-
YaloT UHOPMaLMIO APYT O APYre, ECMU OHW UCNOMNbL3YIOTCA B NPUNOXeHun BMecTe. JlaHHbIi npouecc obHapy-
XKEHUSA He0BX0AUM AN yYeTa NPoLECCOB AOCTAaBKW OTAENbHBLIMU MOCTABLUMKAMK. STOT NPOLECC MHULManu3a-
LUK, He yKa3aHHbIN Ha pucyHke 10, oBecneunBaeT BO3MOXHOCTL 0OMEHa AaHHbIMU MEXAyY npoLeccamMmmn Jo ux
COBMECTHOIO UCNONb30BaHuUs. MHnumnanusauus ABnSeTcs 4acTblo CTPYKTYPbI.

BXOQHbIE AaHHbIE BxoaHble AaHHble BxopHble AaHHble
COMOCTABNEHNS o6LeanHeHns peLueHust

OGbepnHeHne
peLleHun

MpuHsiTne
peLueHuns

ConocrasrneHue PelwweHne PelueHne

Y

BbixogHble AaHHble
peLueHus

PucyHok 10 — Briok-cxema UCMONb3oBaHUA MyNETUGUOMETPUYECKUX 3anuceii npu oGbeAnHEHUM
Ha ypOBHe NPUHATUS peLleHus

7.4.3 CtanpapTusauma npodunsa npUnoXeHus

Cneuundukaums nacnoprta mopska MOT (cm. [31]) aBngeTca npumepom npodung npunoxeHus. B Hen
npuBeAEHbl TOYHbIE TpeboBaHMs K Bepudukaymm oTnedyarka nanbsua ¢ nomowso cneyndukaumumn bnoAri
cornacHo [29] u chopmary oOMeHa KOHTPOSbHbIMKU TOYKamMu oTnedarka nansua MK 37/Pl 2 cornacHo [32]. Ona
JaHHOTO NPoMUNA NPUNOXKEHUA UCNOMb3YIOTCA ONPEeAeneHHbIe YacTu paspabdarbiBaeMblX CTaHAAPTOB.
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CTaHgapTHbIN NPOdUNb NPUNOKEHNA 00BbEANHEHUSI MOXET UCMONb30BaTh CNeayoLmMe MOopMbl 3anucei
AaHHbIx AMA:

a) 0cobble YyCTaHOBMNEHHbIE anropuTMbl 00bEANHEHUS ANA NPUNOXEHUS;

b) ycTaHOBNEHHbIN TUN MHAMBUAYANbHLIX AAHHBIX 00bEANHEHUS, KOTOPbIE MOTYT ObiTb UCNONBL30BAaHbI
B npouecce 06beanHEHUS;

C) 3agaHHble YPOBHKU B@30MacHOCTU UNu A0CTOBEPHOCTU BUOMETPUYECKON (MX) peanusaunn(ui);

d) npouecc cornacoBaHusi UK OLIEHKU Ka4yecTBa, Tpebyemblii AN YCTAHOBMNEHHbIX CUCTEM 0ObeAUHEHNS;

€) yCTaHOBNEeHHbIe BUOMETPUYECKNE XapaKTEPUCTUKN ANs npouecca 06beANHEHUS.

7.4.4 CtaHpapTu3aLua COOTBETCTBUSA

B paspabaTbiBaeMblx CTaHAapTax Ha 3anucu AaHHbIX UKW HA CTPYKTYpY BuomeTpuyeckoro obbeamnHe-
HWA crnegyeTt o6paTUTb BHUMAaHWE HA NOATBEKIEHNE COOTBETCTBUSA, B YACTHOCTU Ha:

a) JOMKHbIM 06pPa30M HOPMAarnu30BaHHbLIE CTEMEHN CXOXECTU. Hanpumep, aencreutennHo nu BJ1d 6uo-
METPUYECKOro NPOLEeCcca COOTBETCTBYET 3asABNEHHOMY?

b) BxoaHble faHHbIE 06beAnHEHNUA. HanpumMep, SBNAIOTCA N BXOAHbIE AaHHbIe npouecca 00beguHeHns
CTaTUCTUYECKU 3HAYUMBIMU?

7.4.5 CtaHgapTU3auusa UCNbITAHUA MyNETUMOAANbHbLIX GMOMETPUYECKMX CUCTEM

TpyaHOCTU NPOBEAEHNS UCTIbITAHUA BMOMETPUYECKNX CUCTEM B PEXMME PEANTBHOIO BPEMEHU CBA3aHbI C
Hann4yMem HeCKONbKMX NOCMEeA0BaTENbHbIX AATYMKOB. [Nna ycTpaHeHus aToi npobnemel Heo6xoaumo paspa-
6oTaTb NPOTOKON, ONPeAENALLMIA NOPAA0K PabOThI, KOTOPLIA NPN HEOBXOAUMOCTU AOIKEH YYUTLIBATL FPYNMbI
npoussoaguteneit (N0 0AHOMY ANs Kaxaoi MoAanbHOCTU) U COOTBETCTBOBATL pas3paboTaHHbIM CTaHgapTam.
[ns npoBeAeHUsi aBTOHOMHOTIO UCMbITAHUS TaKKke He0OXxoaAMMO pa3paboTaTb COOTBETCTBYIOWME CTaHAAPThI.

7.5 BbiBOABI

B HacToswem pasaene ykasaHbl Cnocobbl onpeaeneHust COCTaBHbIX 3NEMEHTOB CTaHAapTa, YCTaHaBNU-
BaioLlero TpeboBaHusa kK GUoOMeTpuieckomy 06beANHEHMIO, KOTOPbIE PA3AEnsAIoT Ha ABa TUNA: 3aNUCU AAHHbIX
n npoueccel. Peanusaunsa anroputma o0begMHEHUs, ONUCAHHAs B HACTOSILLEM CTaHaapTte, obecneynBaeTcs
Tpems dakTopaMmu: PyHKLMOHANbHOW COBMECTUMOCTbIO, TEXHONOINYECKOW COBMECTUMOCTbLIO U SKCnnyaTaLuu-
OHHbIMU XapakTepucTukamu. PaspaboTka ctTaHaapTosB Ha BUOMeETpUYeckoe 06beanHEHNE OKaXeET CyLLIEeCTBEH-
HYIO MOMOLLb NOMb30BaTeNsiM GUOMETPUHECKON TEXHUKM.

B HacTosiLLeM cTaHaapTe paccMOTpeHbl 00beauHEHUS HA ypOBHE 00pasLOoB, MPU3HAKOB, CTENEHEN CXO-
XKECTU U NPUHATKMSA peLueHusa. OaHako noaaepxuBaHme Guomerpuyeckoro o6beanHeHns Ha ypoBHe 06pa3sLIoB
UNK NPU3HaKOB MpPKW BbINOAHEHUU TpebGoBaHU (PYHKLMOHANLHONW COBMECTUMOCTU SIBNSIETCA CNOXHOW 3aja-
yen, Tak kak 06beanHeHne Ha ypoBHE NPU3HAKOB TpebyeT co3aaHusi 3anMcy 0 NpU3HaKax, KOTopble SIBMSIOTCS
XapakTepHbIMU Kak AN onpeaeneHHbIX OMOMETPUYECKUX CUCTEM U CUCTEM PETUCTPaLUNM/M3BNEYEHUs, TaK U
ANnS peanusauun cxembl CONOCTaBrneHus ans o6beaMHEHHOro npusHaka (Bektopa). TpeboBaHne noaaepXku
NPOU3BOAUTENAMU AAHHOTO YPOBHA 00bEANHEHUSA OAHOBPEMEHHO HECKONbKUX MOAANbLHOCTEN ABMSIETCA He-
BbIMOSHUMbIM, TaK KaK 3TO BbIXOAWT 3@ PAMKU YPOBHS COOTBETCTBUSA TEXHOMOMMYECKON COBMECTUMOCTH, CY-
LLIeCTBYIOLLIEr0 B HACTOSILLIEE BPEMS HA PbIHKE. TeM HEe MEHee yYaCTHUKM npoLuecca ctaHaapTusauum AOmKHbI
onpeaenuTb HeobxoaAWMbIN NOAXOA K CO3AaHMI0 6a30BOro craHaapra.

O6beanHeHne Ha YPOBHE NPUHSTUS PELLEHUs] SBMNSIETCA AOCTATOMHO NPOCTbIM NPOLIECCOM C MaTemMa-
TUYECKOW TOYKM 3PEeHUs, NOITOMY Ha NEPBLINA B3N MOXET NMOKa3aTbCsl, YTO CTAaHAAPT HA OMOMeTpUIECKoe
obbeanHEHUE B 3TOM cnyvae He Tpebyercs. OTO HEBEPHO, TaKk Kak uHMUManu3auus, cneuudukaums 6es-
OMacHoOCTU U UCNONb3OBAHNE HECKONBKMX OBMOMETPUYECKUX PELLIEHUI MO ONPEAENEHUIO ABNSAIOTCA CIOXHBIMU
npoueccaMu. No3ToMy BKMIOYEHUE AAHHOTO TUNa OObeAUHEHUSI B NPOLIECC CTaHAapTU3aLMKN SABMSETCA He-
06x0aMMbIM.

Co3spgaHue cucteMbl 06bEAMHEHUSI HA YPOBHE CTEMNEHEN CXOXECTU OTHOCUTCSI K NEPBOCTENEHHbIM 3a-
Ja4am B npoLiecce craHgapTusauum oobeamHeHus.
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