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Mpeaucnosue

1 NOArOTOBJIEH HekoMmMep4eckum napTHEpPCTBOM «Pycckoe obLecTBO COAeCTBUA pa3BUTULO Buo-
METPUYECKUX TEXHOMNOIUIA, CUCTEM U KOMMYHUKaUMn» (Hekommepyeckoe napTHepcTBoO «Pycckoe Guometpu-
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OCHOBE COOCTBEHHOrO NepeBoja Ha PYCCKUIA A3bIK aHIMOA3bIYHON BEPCUM CTAaHAAPTA, YKA3aHHOTO B NYHKTE 4,
npu KOHCYNLTATMBHOW Noaaepxke deaepanbHOro rocyaapCTBEHHOTO BIOAXETHOr0 00pa3oBaTENbHOIO YUpPeXK-
neHus Bbicwero o6pasoBaHns «MOCKOBCKUI rocyAapCTBEHHbIA TEXHUYECKUI YHUBEpCUTET uMeHn H.3. Bay-
MaHa (HauuoHanbHbI nccneaoBaTenbCkuin yHusepeutet)» (MITY um. H.O. baymaHna)

2 BHECEH TexHu4eckum koMuUTETOM No cTaHaaptusauum TK 098 «buometpusi 1 GUOMOHUTOPUHI»

3 YTBEPXXOEH W BBEAEH B JENCTBWE Mpukasom deaepanbHOro areHTcTa no TEXHUYECKOMY pe-
rynupoBaHuio u metponorum ot 30 HoAbpA 2018 r. Ne 1045-ct

4 HacTtoawmin ctaHaapT uaeHTudeH mMexayHapoaHomy aokyMeHTty ISO/IEC TR 24722:2015 «UHdop-
MaLMOHHbIE TexHonoruu. Brometrpusa. MynsTMMoganbHble U Apyrue MynsTUOMOMETPUYECKUE TEXHOMOTUUY»
(ISO/IEC TR 24722:2015 «Information Technology — Biometrics — Multimodal and other multibiometric
fusiony», IDT).

JononHMTENbHbLIE CHOCKM B TEKCTE CTAHAApPTA, BblAENEHHbIE KyPCUBOM, MPUBEAEHLI ANA MOACHEHUA
TEKCTa opurMHana

5 BBAMEH IOCT P 54411—2011/ISO/IEC TR 24722:2007

6 HekoTopble 3neMeHTbl HAaCTOALLEro cTaHaapra MoryT ObiTb 06bekTamMmu NaTeHTHbIX npas. MexayHa-
poaHasa opraHusauusa no crangaprtusauum (MCO) u MexayHapoaHas anekrporexHuyeckas komucensa (MIK)
He HEeCyT OTBETCTBEHHOCTU 3a YCTAHOBMEHWE NOANMHHOCTH Kakux-nnbo unm BCeX TAKUX NAaTEHTHLIX NpaB

[pasurna npumeHeHuUs1 HacCMoAWEeao0 cmaHdapma ycmaHoerneHbl 8 cmambe 26 ®edeparnbHo20 3aKoHa
om 29 urwoHsA 2015 2. Ne 162-03 «O cmanBapmu3sayuu e Poccutickol ®edepauyuu». NHopmayus 06 u3-
MEHEHUSIX K HacmosiuueMy cmandapmy nybnukyemcs 6 exxe200HoM (o cocmosHUK0 Ha 1 sHeaps mekyue20
e00a) uHgopmayuoHHOM yKkazamene «HayuoHanbHbie cmaHdapmbly, a oghuyuanbHbill mekem UsMeHeHul
U 110rpaeoK — 8 €XeMeCs4YHOM UHGOPMaUUOHHOM yKka3amene «HauyuoHanbHbie cmaHdapmbl». B criyyae
nepecMompa (3aMeHbl) unu ommMeHbl Hacmosuwiezo cmaHdapma coomeemcemeyrouiee yeedomneHue 6ydem
onybnukoeaHo 8 bnuxaliluem 6bifycKe EXeMeCAYHO020 UHGOPMaYUOHHO20 ykaszamensa «HauyuoHanbHbie
cmaHlapmbi». Coomeemcemeytowias UHghopmayus, yeeOoMrieHuUe U meKcmbi pasMewaromes makxe 6 UH-
¢hopmayuoHHOU cucmeme obLye 20 nonb30saHuUs — Ha ochuluarnibHom caiime ®edepanbHO20 azeHmemea o
MEeXHUYECKOMY pea2ynupoeaHuio U Memposoauu e cemu UlhmepHem (www.gost.ru)

© IS0, 2015 — Bce npaBa coxpaHsioTcs
© CraHgaptuHdopMm, oopmnerue, 2018

Hacrosimin craHaapt He MOXET GbiTh MOMHOCTLIO MM YaCTUYHO BOCNPOU3BEAEH, TUPAXKUPOBAH U pac-
NPOCTPaHeH B Ka4ecTBe 0MLManLHOToO nsaaqus 6es paspelwenns deaepanbHOro areHTCTBa No TEXHUYECKO-
MY PErynupoBaHUIO N METPONOTNK
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BBeaeHue

Ona peanu3auum HeKOTOpbIX BUOMETPUYECKUX MPUNOXEHUA TpebyeTCa Takom YpPOBEHb TEXHWYECKUX
XapakTepUCTUK, KOTOPLIA TPyAHO 0BecneynTb C NOMOLLbIO OAHON BUOMETPUYECKON XapakTepucTuku. Takue
NPUNOXEHUs NO3BONSAIOT U3berarb UCMONb30BAHWSA HECKOMBKNX NPUIIOKEHUIA AN NPOBEPKM AOKYMEHTOB, YA0-
CTOBEPAIOLWMX NIUYHOCTL, 0becneveHnss 6e30nacHOCTU NMpW aBuanepeneTax v yaaneHHon uaeHtTndukaumn.
Kpome TOro, Takue npunoxeHusi HeobxoauMbl ANA NIOAEN, KOTOpbIe MO TOW MW MHOW NPUYUHE He MOryT
npeaocTaBuTh Ka4yecTBeHHble BuomMeTpudeckme 06pasLbl HEKOTOPbIX DUOMETPUUYECKUX XapaKTEPUCTHK.

Mcnonb3oBaHue 60nbLUIOro uucna BUOMETPUYECKUX XapakTEPUCTUK, NMONyYaeMbiX B pesynbraTte npume-
HEHUAA HECKONbKUX HE3ABUCUMbIX AATYMKOB, anropuTMOB MMM MOAANBHOCTEN, Kak npasuno, obecneunsaer
yNy4LIEHNE TEXHUYECKUX XapaKTEPUCTUK U CHWKEHUE YPOBHSA pucka. K AaHHBbIM XapakTepucTukam OTHOCATCA
TaKkKe KCNyaTauuoHHbIE XapaKTepUCTUKU B Cnydae, Koraa AOCTYNHbI He BCce BuoMeTpuYeckne xapakrepu-
CTUKM, TaK Kak oGecneumBaeTcsi BO3MOXHOCTb NPUHATUS PeLLeHns O AoNycKe/Heaonycke nonb3oBaTensa npu
Hanu4um NGOro Yucna BUOMETPUYECKUX XapaKTe PUCTUK.

Cpeaun pasnu4Hbix hOpM MynsTUOUOMETPUYECKMX CUCTEM NOTEHUMAN MyNbETUMOAANBbHBIX BUoMeTpu-
YECKUX CUCTEM, KaXKAas M3 KOTOPbIX UCMOMNb3yeT HE3aBUCUMOE N3MEPEHUEe, pACCMaTPUBAETCA B TEXHUYECKON
nutepartype ¢ 1974 roga [22], [45]. YcoBepLUEHCTBOBAHHbIE METOAbLI KOMOMHUPOBAHUA U3MEPEHUN HA YPOBHE
pe3ynbraToB cpaBHeHus npuseaeHsb! B [15] u [16]. Ha TekyLuem ypoBHE NOHMMaHUA KOMOWHUPOBAHUE HA YpOB-
He pe3ynbTaToB CPaBHEHUS, Kak NPaBuUno, TpedyeT 3HaHMA pacnpeaeneHuii Kak NOANMHHbIX UL, TaK U «CaMo-
3BaHUeBy. Bce 3T U3MEpEeHNs CUMbHO 3aBUCAT OT NMPUIOXKEHUS U OOLIMHO HEM3BECTHBI B NIOOONW peanbLHom
GUOMETPUIECKON CUCTEME.

Mpogomkalorca uccneqoBaHus METOA0B, He TPeDdyLLMX NpeABapUTENbLHOIO 3HAaHUA O pacnpeaeneHu-
AX pesynsTaToB CpaBHEHUs!, U 00 LEAUHEHUI KaK Ha YPOBHE U300paXKeHui, Tak U Ha YPOBHE BUOMETPUYECKNX
NPU3HAaKoB.

YuuTbiBas COCTOSTHUE UCCNEA0BAHMIA B HACTOSLLEE BPEMS B 9TUX BONPOCAX U CUJIbHYIO 3aBUCUMOCTb OT
NPUNOXEHNSA, a TaKke, Kak NPaBuno, OTCYTCTBUE CBEAEHUI, HEOOXOAUMbBIX ANA NPaBUNbHOTO 00beAUHEHUA
Ha YPOBHE pe3ynbTaToB CPABHEHMS, MOXHO CUUTATh, UTO paboTta Hag MynbTUOMOMETPUYECKUM 00beaNHEHU-
€M JOCTUINa BbICOKOTO YPOBHS.

B HacTosiLeM cTaHAapTe ycTaHOBNEeHbl TpeboBaHUs Kk pa3paboTke CTaHAapTOB HA MyNbTUBUOMETPUYE-
CKMe CUCTEMbI, B YACTHOCTU Ha pasriuyHble TUNbl 00beAUHEHMS.
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HAUMOHANBbHBLIN CTAHOAPT POCCUUCKOWN ®PEOEPALUMN

MHdopMaLMOHHbIE TEXHONMOrUKN
BUOMETPUA
MynsTumoganbsHbie U apyrue MynsTMGUOMeTpUYecKue TEXHOSOrun

Information technology. Biometrics. Multimodal and other multibiometric fusion

Dara BBegeHusa — 2019—08—01

1 ObnacTb NpUMeHeHus

Hacrosiumi ctaHaapT pacnpoCTPaHSIETC Ha COBPEeMEeHHbIe paspaboTki B 06nacT MynsTUMOAArbHbIX
U APYrUX MyNETUEMOMETPUYECKUX TEXHOTOTHA.

HacTosiwmi craHgapt ycTaHaBnmMBaeT TPeGOBaHMSA K OMMCAHUI0 OBLLMX NOHATMI METOA0B MYMsTUGHO-
MeTpUYeckux obbeauHEeHUN, BKIOYas MyNbTUXapaKTEPUCTUKOBOE, MYINBTUIK3EMMNISPHOE, MYMNBTUAATYUKO-
BOE, MYJITUANTOPUTMUYECKOE OGbEANHEHUS, MYNETUNPEAbSABIIEHUE, NIOTUKY HA YPOBHE MPUHSTUS PELLEHUS
U NOTUKY Ha YPOBHE PE3YNbTAaTOB CPaBHEHMUS.

2 TepMUHbI N onpeaeneHus

B HacToqwweM pasgene npusedeHbl ABe KaTeropum TEPMUHOB:

- TEPMUHbI, OTHOCALLMECH K MYNBTUMOAANLHON U MyNETUOMOMETPUYECKON CUCTEMAM;

- TEPMUWHbI, HE OTHOCALLMECS K MYNETUMOAANbLHON U MYNLTUOMOMETPUHECKON CUCTEMAM, HO HEODX0A M-
Mble ANA NOACHEHNUA TEPMUHOB NEPBOI KATEropun, KOTOpLIE HE onNpeaeneHsl B [5].

B HacToALweM cTaHaapTe NnpUuMeHeHbl TEPMUHBI MO [5], a Takke cneayowme TepMUHbI C COOTBETCTBYIO-
MMM OnpeaeneHnsiMu:

2.1 NCTOYHUK OuomeTpuyeckux aaHHbix (biometric data source): KaHan uHdopmauun (Hanpu-
Mep, AaTYUKU, TUNbl OUOMETPUYECKUX XapaKTepPUCTUK, anropuTMbl UNU NPeabABMEHUs), KOTOPbIA CO-
JEepXUTCA B NEPBOUCTOUHUKE AaHHBIX (Hanpumep, cobpaHHblie BuoMeTpuyeckue obpasLibl, U3BNEYEHHbIE
OuMomMeTpuYeCcKkMe Npu3Haku, pesynbTaTt CPAaBHEHUSA, PAHT UNKU peLleHune), 06paboTaHHOM anropuTMamu
obbeanHeHuns.

2.2 onomeTpuueckuit npouecc (biometric process): ABTomMaTu4ecknini NPoLecc, UCNOMb3yOLWNI OaHY
unmn 6onee GMOMETPUYECKNUX XapaKTEPUCTUK OAHOIO MHAMBKMAA ANA OMOMETpUYECKON perncTpaummu, sepudn-
Kauumn nnu naeHtudukayun.

2.3 onomeTpuueckoe oobeauHeHue (biometric fusion): KomGuHaums gaHHbIX HECKONbKUX MUCTOYHMKOB,
TO €CTb AaT4YMKOB, TUNOB DMOMETPUYECKUX XapaKTEPUCTUK, anrTOPUTMOB, IK3EMMNISIPOB U NPEAbABIEHUN.

2.4 nocnepoBaTenbHaa cuctema (cascaded system): Cuctema, MCnonb3yoLasa NOporM NPUHATUSA pe-
LweHua ansa Guomerpuyecknx o6pasuoB C LEnbio onpeaeneHus Toro, TpebyTca nu AoNOnHUTENbHbIE B1o-
MeTpuyeckue o0pasubl ANg NPUHATUA PELLEHUS O AOMYyCKe/HeaonyCcke.

2.5 mHoroypoBHeBasa cuctema (layered system): Cucrema, ncnonb3yowasa oTaenbHble pesynsrarhl
CpaBHEHUSA C Lenbio onpeieneHns noporoB NPUHATUA peLleHus npu o6paboTke GUOMETPUHECKUX JaHHbIX.

2.6 mynbruanroputmmuieckui (multialgorithmic): Mcnonb3ayowmin HeCKONbKO anropuTtMoB Ana obpa-
©60TKM ogHOro GuomeTpuyeckoro obpasua.

2.7 mynsTMOMOoMeTpuueckun (multibiometric): Mcnonb3yroLwmii HECKONbKO BUOMETPUYECKUX TEXHOMO-
TUIA, KOTOPbIE MOTYT ObITb KOMOMHMPOBAHBLI HA YPOBHE M306paXeHUin, BUOMETPUYECKUX NPUSHAKOB, pe3ynbTa-
TOB CPaBHEHUA U/MNW NPUHATUSA PeLleHUs.

M3paHue ocpuymanbHoe
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MpumevyaHue — B MynsruBMOMETPUM pasnuyaloT NATb KaTeropuii: MynsTuxapakrepuctukosas (2.10), MynsTu-
3k3emnnsApHas (2.11), mynstuaatyaukosas (2.13), Mynsruanroputmuyeckas (2.6) u mynstunpeabsssneHune (2.12).

2.8 mynsrubuometrpuueckum npouecc (multibiometric process): BuomeTrpuueckuin npouecc (2.2),
BKITIOHAIOLLUI B ce0s1 npuMeHeHne BuomeTpuyeckoro odbeauHeHus (2.3).

2.9 mynstubuometpusa (multibiometrics): ABTomaruyeckoe pacnosHaBaHwe WHAMBUAOB, OCHOBAHHOE
Ha UX NOBEAEHYECKUX U BUONOrMYEeCKUX XapakTepucTukax u BkniovaioLlee B cedba npumeHeHne GuomeTtpuye-
Ckoro oobeauHeHus (2.3).

2.10 MmynsTMXapakTepuCTUKOBLIN; MynbTUTUNOBLIN (Multi-characteristic-type, multi-type): Ucnonbay-
IOLLUMIA AaHHBbIE OT HECKONbKUX TUNOB ODUMOMETPUYECKNX XapaKTEePUCTUK.

lMpumep — Tunbi 6uoMeMPUYECKUX XapakmepucmMuK eKiTio4alom: nuyo, 20510C, naney, padykHyto 060s104-
Ky 2/1a3a, cemyamky, 2eo0Mempuio pyKu, QUuHamMuKy pykonucHol nodnucu/nodnuck, QUHaMUKy Haxamus Kiasuu
Ha Knaeuamype, deuxeHue 2y6, noxodky, cocyducmoe pycno, [JHK, yxo, Hoay, 3anax u mak danee.

2.11 mynbTU3K3eMnnapHbIi (multiinstance): Mcnonb3yowmii HECKONBKO BUOMETPUYECKUX IK3IEMNNSA-
POB B paMKax OZHOr0 TUNa OMOMETPUYECKON XapaKTEPUCTUKU.

lNMpumep — PadyxHas obosnoyka ana3a (neeasy) + padyxHasi o6os104ka ana3a (npaeasy), omneyamox nanbya
(nesozo ykazamenbHO20) + omiieyamok nanwla (Npaeozo yKkazamenbHO20).

2.12 mynsTunpegbasneHne (multipresentation): Mcnonb3oBaHne HeCKONbLKUX NpeabaABneHuin Guome-
TPUYECKUX 00Pa3LIOB OAHOTO 3k3eMnnspa 6UOMETPUIECKO XapaKTEPUCTUKN UM €AUHCTBEHHOTO NpeabsBne-
HUSA, SBNSIOLLErocs pesynsratom cbopa Heckonbkux Guomerpuyeckux oo6pasLoB.

lNMpumep — HeckonbKko Kadpoe u306paxeHuUss nuya, NOJIyYeHHbIX C MOMOWLIO eudeoKaMepb! (603MOXKHO,
HO Heobs13amesibHO nocsiedoeamenbHbIX).

Mpumevyanue — T[lpu ucnonbaoBaHUU 0BbeANHEHUS BUOMETPUSI MYNBTUNPEAbSBNEHNS ABNAeTCA popmoi
MynsTMGuomMeTpun (2.9), ecnu npuMeHeHbl MeToAbl 06befUHEHUS. Heckonbko MeToA0B 0BbeiMHEHNA U HOpManu3auuu
NPUMEHAIST And 0606u4eva AaHHbIX HECKONbKUX FIpe,ElelBﬂeHVIVI OfHOro 6I/IOM9TpI/I‘-IECKOFO aK3eMnndapa.

2.13 mynsTuaaTumkoBbii (multisensorial): icnonb3yioLwmin HECKONbKO AaTUYMKOB Anst c6opa GuomeTpu-
yecknx 0bpasLoB 04HOro GUOMETPUYECKOTO IK3eMnnsipa.

lMpumepsi

1 [na nuya: damyuku Ons nonyyeHus1 uzobpaxeHuil e UHgpaKpacHoM U e eudumom AuanasoHax OnuH
80JIH, amyuKu 015 noslyyeHus1 d8yXMepPHbLIX U MPEeXMePHbLIX U300paxeHull.

2 [lna omneyamka nansya: onmuyeckue, afleKmpocmamuyecKkue U akycmuyveckue damyuxu.

2.14 nocnegoBaTenbHoe npeabABneHue (sequential presentation): MpeabaneHne GuomeTpuIEcKnx
06pasLoB B BUAE OTAENbHbIX COOLITUI AN MCMONb30BaHMS NPU GUOMETPUIECKOM 0GbEAUHEHUMN.

2.15 ogHOBpeMeHHOe npeabsBreHue (simultaneous presentation): MpeavsasneHne GUOMETPUHECKUX
06pasLoB B BUAE OAHOTO COBbITUA AN UCNONb30BaHWSA NpU BUOMETPUYECKOM 0ObeAUHEHUN.

3 0630p MynsbTUMOAANLHBLIX U APYTUX MYNIETUOMOMETPUUYECKUX CUCTEM

3.1 O6wme nonoxeHus

MOHATMA «MYNETUMOAANbHbIN» U «MYNETUOMOMETPUYECKNIN» YKA3bIBAIKOT HA NpUMeEHeHNe Bonee 0gHOro
TMna BMOMEeTpPUYECKON XapakTepuCTUKKU, OAHOTO AaTtyuka, OJHOr0 dK3eMnnspa W/unum anroputma B TOM Uam
WMHON KOMOUHaUUK AN NPUHATUS ONPEAENEHHOrO PeLUEeHNUs B OTHOLLIEHUM BUOMETPUYECKON UaEeHTUuukaLmm
unu sepudpukaumun. Metog o6beanHEHMA HECKONMbKUX BUOMETpUYecknx obpasLoB, pe3ynsratoB CpaBHEHUA
UMW PELUEHUI O CPABHEHUM MOXET OblTb 9NIEMEHTAPHBLIM UMK CMOXHBIM C MAaTEMAaTUYECKON TOYKWU 3PEHUS.
B HacTosilem cTaHgapTte nog niobbiM MeToa0M KOMOMHUPOBAHMSA Noapa3yMeBaeTcs ogHa U3 oopM obbeau-
HeHus. Metoabl KOMOMHMPOBaHUA PaCCMOTPEHbLI B pasaene 4.

MynbsTumogansHaa Guometpua noasunack B 70-x rogax XX eka. KomMOMHMpoBaHHbIE U3MEPEHUA
cTanu paccMatpuBaTtbCsl Kak nepcrnekTuBHbIe Ansi BUOMETPUYECKUX cucTeM. CUMTanock, YTo KOMBMHaUMA
HECKONbKMX U3MEPEHMIA MOBbLICUT YPOBEHb 6E30MaCHOCTM MyTEM YMEHbLUEHUSI BEPOSATHOCTU NIOXKHOIO A0-
nycka (BJ1), a Takke ypoBeHb yno6CcTBa NONL30BATENSA MYTEM YMEHbLUEHUS BEPOATHOCTU NOXKHOTO HEAo0-
nycka (BITH). NprvMeHeHne aaHHbIX METOA0B 06EeCneyYnno ycnewHoe BHeAPEHME aBTOMAaTU3NPOBAHHOM
JAKTMIIOCKONUYECKOW MHApopMauuoHHol cuctemsl (AOQNC), Hauatoe B 1980-e roabl. B AOUC paHee He uc-
nonb30BanUCb MynbTUMOAAMNbHbIE TEXHONOTMU, OAHAKO BOMbLLUMHCTBO METOAOB OObLEAUHEHUS, NPUBEAEH-

2
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HbIX B HacCTofILLeM cTaHAaapTe, YCMEewHOo peann3oBaHbl Npu MCNOMb30BAHWM TOMbKO OTMEYaTKOB NanbLes.
HekoTopble BUAbl 06beanHeHna, peannsoBaHHele B AQMC, BkntovaoT B cebsi:

- 06beguHeHne n3obpaxeHun (GuometTpudeckux 0bpasyoB) AnA co3gaHnMsa 04HOro0 NPOKaTaHHOro M300-
pakeHUs Ha OCHOBE CEpPUU NIIOCKMX OTTUCKOB, NOMYYEHHbIX C NOMOLLbI0 BMOMETPUYECKOTO CKAHEpPa B peXXume
peanbHOro BPEMEHM;

- 06beanHeHne BUoOMeTPUIECKUX LLIABITOHOB MPU NCMNOMNBL30BAHUN anrOPUTMOB U3BNEYEHUS HECKONMbKUX
OMOMETPUYECKUX MPUSHAKOB U3 KXKA0r0 U300paxkeHmsa oTrneyaTka nanbua;

- MyNbTUIK3EMNNSAPHOE 00BbLEANHEHUE NPU UCTONB30BAHMK OTNEYATKOB AECATU NanbLEB;

- 00beANHEHNE MYNBTUNPEABABNEHUI NMPU UCNOMb3OBAHUM NPOKATAHHBIX U OTTUCKOBLIX M300PaXKEHUI
OTMEeYaTKoB NanbLes;

- 00beMHEHUEe anropuTMOB C LIENbIO NOBbILWEHUS 3D(PEKTUBHOCTM (YMEHbLUEHUS 3aTpaT, yMeHbLUe-
HUS1 KONUYECTBA BbIMUCIEHNI, YBENNYEHUS NPOMYCKHON CNOCOBHOCTH). B OCHOBHOM KOMNapaTopbl NPUMEHS-
I0T Kak Habop MNLTPOB B NOPSAKE BO3PACTAHUA BbIYMCIIUTENBHON CROXHOCTU. [laHHblE KOMMAPaTopbl, Kak
npaBsumo, peanu3ylor 06begMHEHNE Ha YPOBHE MPUHATHSA PELLeHMA U 0ObeAUHEeHNE HA YPOBHE pe3ynkLTaTtoB
CpaBHEHUS;

- 00begMHeHne anropuTMOB C LIENbIO NOBLILLEHUSI TOHHOCTM (YyMeHbLueHus B4 n/vnu BJTHI, cHmwxkeHus
YYBCTBUTEMBLHOCTU K AAHHBIM HM3KOrO KayecTsa). Komnaparopbl NPUMEHSAIOT napannensHo ¢ 00beguHeHnem
KOHEYHbIX pe3ynbTaToB CPaBHEHUS.

MeTtoabl 06beanmHeHna cnocobcToBanu BHeapeHuto AQNC, Tak kak oGecneunnu yny4dlleHume nokasare-
new TO4HOCTU U 3PP EKTUBHOCTH.

Jo HacTosiero MoMeHTa B pabotax N0 MynbTUOMOMETPUU BHUMAaHUE akLEHTUPOBAnoCh TOMbKO HA
YMEHbLUEHUMN YMcna OWMBOK NMOXHOrO AOMNycKa U NIOXHOTo Heagonycka. B [64] pacCMOTPEeHO MCnonb30BaHue
MyNbTUOMOMETPUM B LEMAX YNy4ylleHUs nokasatenein yaobcrBa npuMeHeHusi, 6e30nacHOCTU U TOYHOCTHU.
Takke npUMeHeHne MynbTUOMOMETPUU CNOCOBCTBYET CHUXKEHWUID BEPOATHOCTM OLLUMOKKM BUOMETPUYECKON
peructpauun (BOBP), oco6eHHO B BUOMETPUYECKMX CUCTEMAX, TAe He NPEeayCMOTPEHO KOOomnepaTuBHOE UC-
nonb3oBaHue (Hanpumep, CUCTEMbI BuaeoHabnogeHus). MynstnbuomeTpust — 310 NonbITKa nonyyeHus 6uo-
METPUYECKOTO peLLeHns, Jaxe ecnu Obina cobpaHa TOMbKO YacTk MPEayCMOTPEHHBIX BMOMETPUYECKUX Xa-
pakTepucTuk [66].

OCHOBHbIE pPasnUuusa Mexay MynsTMbUoMEeTPUYECKMMUN KaTeropusiMm NnpuBeaeHbl B Tadbnuue 1.

Ta6nuya 1 — 3SneMeHTapHble ABYXKOMMNOHEHTHLIE MYNETUGUOMETPUYECKUE KaTeropum

KaTeropusa Tvn GuomeTpuyeckoit Anroputm OkseMnnap Hatumnk
XapaKTepPUCTUKK
MynbTuxapakrepucTukopas 2 2 2 2
(Bcerga) (Bcerga) (Bcerga) (0BbI4HO)P
MynbTnanroputMuyeckas 1 2 1 1
(Bcerga) (Bcerga) (Bcerga) (Bcerga)
MynbTUak3eMnnsapHas 1 1 2 1
(Bcerga) (Bcerga) (Bcerga) (06bI4HO)®
MynsTugatydukoBas 1 1 1 2
(Bcerga) (0BbI4HO)? (Bcerga, TOT xe (Bcerga)
3K3eMnnsp)
MyneTunpegcTasneHve 1 1 1 1
2 Bo3aMOXHEI criyyqau, korga Asa GromeTpudeckux obpasia ¢ pasHbiX 4aT4MKOB MOTYT ObITb 06paboTaHbl cHavana
C NMOMOLL|bIO OTAEMbHbIX aNropUTMOB BblAeNeHUst BUOMETPUHECKUX NPU3HAKOB, a 3aTeM C NOMOLLbIO 06LLero anroputma
CpaBHEHUA («MOMYTOPHbLIA anropuTM») UMK € NMOMOLLIbIO IBYX pa3HbIX anropuTMoB.
b VcknioueHnem sBnseTcs criyyai, Kora MynsTUXapakTepucTUKOBYIO CUCTEMy C OfHUM AaTYMKOM WUCTIONb3YHT
AN NonyYeHns ABYX pasHbIX TUMOB BUOMETpUYECKNX XapaKkTepucTuk. Hanpumep, nsobpaxeHune BLICOKOrO paspelle-
HWS UCMONb3YIOT ANSA BbIAEMNEHUS NWL@ U pagyXKn Unu fimua v CTPYKTypbl nula.
¢ UcknoveHnem MOXeT SBNSATLCA UCMOoNb3oBaHue ABYX OTAeNbHbIX AaTUnKoB Ans cbopa ofHOro sk3emnnsapa, Ha-
npumMep AByxnasnbLeBoro 6UoOMeTpuYeckoro ckaHepa oTne4aTKoB nanbLes.
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MynsTuxapakrepucTukoBsle BUOMETPUYECKUE CUCTEMBI NPUHUMAIOT BXOASALLMIA CUTHAN C OJHOrO UMK
MHOXECTBA AaTYMKOB, KOTOPbIE MOMNy4atoT GUOMETPUYECKME XapakTepPUCTUKN ABYX Unn 6onee MoaanbHOCTEN.
Hanpumep, ogHa cuctema, KOMOUHMPpYoLas MHEOOPMAaLMIO O NIULE U paay>kHO obornoyke rnasa gns buome-
TPUYECKOTO pacno3HaBaHusl, paccMaTpuBaeTCsi Kak MynbsTUXapakTepMCTMKOBasA CUCTEMA HE3aBUCMMO OT TOrO,
pasHbiMu BMOMETPUYECKUMI CKaHepamy Obinu MonyYeHbl 306pakeHns nuua u pagy>xHon obornoykM rnasa
Unn ogHuM u Tem xe. He Tpebyetcs, 4Tobbl pasHble uaMepeHus 6binu 06beanHeHbl MaTemaruyecku. Hanpu-
Mep, cucTeMa ¢ pacrosHaBaHuem oTnedvartka nansua u ronoca GyaeT cuuTaTbCs MyNbTUXapakTe pPUCTMKOBON
Aaxe npu ucnonb3osaHuu anroputma «ANMM», N03BONAIOLLEr0 pacno3HasaTth Nosib3oBarens ¢ NOMOLLILIO TOro
UK Apyroro Tuna GUOMETPUYECKON XapaKkTEPUCTUKM.

Mynsruanroputmudeckne GUOMETPUYECKME CUCTEMBI NONYHAIOT 0ANH GuomeTpuyeckuin obpaset ¢ oa-
HOro garyuka u obpabarbiBaloT AaHHbIN OMOMETPUYECKMii obpasel ¢ NOMOLLbLIO ABYX U Bonee anropuTMoB.
HaHHbIN MeToa MOXET ObiTb NPUMEHEH K Nobomy Tuny GUOMETPUYECKON xapakTepucTukn. MakcuMmanbHbIv
aPPeKT MOXET OblTb MOSyYeH MPU NMPUMEHEHUM ANTOPUTMOB, OCHOBAHHLIX HA Pa3MUYHbIX HE3aBUCUMbIX
NpUHUMNAXx, Taknx Kak BuomMeTpuyeckme nNpusHaku, KOTopble U3BneKalT u3 GuomeTpuyeckoro obpasua (Ha-
NPUMEpP, KOHTPOSIbHbIE TOYKM OTMEYaTka narbLa no CPaBHEHMIO C U300paxeHnMeM oTnevyartka nanbua) unm
noaxoAkl K CPABHEHUIO (HaNPUMEp, Pa3Hbie anropuTMbl CPABHEHUA KOHTPOMbHBLIX TOYEK).

MynbTnak3emMnnsapHble OUOMETPUYECKME CUCTEMbI MPUMEHSAIOT OAUH (HECKONbKO) AATYUK(OB) ANA NO-
ny4eHusa GuomeTpuyeckux obpasuoB AByX Unu Gomnee pasnuYHbIX IK3IEMNASAPOB OAHON U TOW e GuoMeTpu-
YEeCKOW XapakTepucTuku. Hanpumep, cuctemMsl, nonyyawLme U3oopaxeHns HeCKONbKUX Nanbues, CYUTAIOT
MYNETU3K3EMMNISPHLIMU, @ HE MYTNbLTUXapaKTePUCTUKOBLIMU. OfHAKO CUCTEMBbI, NOMyYaloLwue, HanpumMep, no-
cnegoBarenbHble Kaapbl M300paXkeHui nuua unu pagyxHoi 060nN04Ku rnasa, paccmMaTpuBaloT Kak CUCTEMbI
MYNBETUNPEAbABIEHUS, @ HE MYTBTUIK3EMNNSIPHLIE.

MynbsTUaaTyMKoBbie BUOMETpUYECKUE CUCTEMBI MOTYYAIOT OZIMH U TOT Xe 3K3eMnnap GUOMETPUHECKON Xa-
PaKTEPUCTUKM C MOMOLLbIO ABYX Uik Gornee pasnuuHbiX AatumkoB. O6paboTky HECKOMNbKUX GuoMeTpudeckux o6-
pa3sLoB NPOBOAAT C MOMOLLbIO OZJHOTO anropuTMa unm KOMOMHaLMKU HECKOMNbKMX anropuTMoB. Hanpumep, B npu-
NOXEHUM MO Pacno3HaBaHMIO NULIA MOXHO UCTIONB30BATL Kak kamepy, paboTaioLuyio B BUAUMOM AnanasoHe, Tak
N MHGOPaKpPaCHYIO kamepy, paboTaloLLyio Ha onpeaeneHHoN AnMHe(ax) BOMHbI (BOJH) UH(PPaAKPaCHOro U3ny4eHus.

Ona onpeaeneHHbIX NPUNOXKEHWUIA NPU SKCNIyaTauun CyLLECTBYET MHOXECTBO KOMMPOMMUCCHBIX peLue-
HWIM, NO3BOMAOLMX YNYYLUMTb 3KCNyaTauUOHHbIE XapaKTEPUCTUKN (TOYHOCTb GMOMETPUYECKON WAEHTU-
dukauum unu sepudmkauum, CKOPoCTb U NPONYCKHYK CNOCOBHOCTL CUCTEMBI, YCTOWYMBOCTL K OLLMOKaM u
noTpebHOCTL B pecypcax), NoBbICUTb YCTOWYUMBOCTb k 0OMaHy, yao6CTBO UCNONbL3OBAHMS, YCTOWYMBOCTb K
BO3AEWCTBUIO (DAKTOPOB OKpYXKatoLen cpeabl, CHU3UTL 3atpaTtbl [40].

Ona kpynHOMacLUTaOHbIX CUCTEM PAaCTO3HABAHMA NIMYHOCTU CYLLECTBYIOT AONONHUTENBHbIE TpeboBa-
HUS, Takne Kak apPeKTMBHOCTL paboThl U HANMMUYNE TEXHUYECKOW NOAASPXKKU, HAAEXKHOCTb, CTOMMOCTb NpHU-
00peTeHns, CTOMMOCTb >XW3HEHHOTO LMKS1a W MNaHOBbIA OTBET CUCTEMbI HA U3BECTHbLIE CNOCOOLI aTaku, BNuUs-
IOLLME Ha KOPPEKTHYLO paboTy cuctemsl [40].

3.2 OgHoBpEMEHHOE U nocneaoBaTesibHoe NpeabsABeHUsA

3.2.1 O606WeHHan Mogernb MySIBTUOUOMETPUYECKON CUCTEMBDI

O6o6LeHHas Mogens MynsTMbMoMETPUYECKON CUCTEMBI U300paXkeHa Ha pUCyHke 1. B gaHHow moge-
NN NPUCYTCTBYIOT Tpu Buometpuyeckux obpasua (P4, Py, P3) Tpex yHUKanbHbIX TUNOB BUOMETPUYECKMX Xa-
paKkTepuCTMK, KPOME CrydaeB, Koraa ykasaHo uHoe. CyObekT npenbsBrsier cucreme BGuometpuyeckyo(me)
xapaktepuctuky(n). CyLLecTByIoT ABa MeTofa NpeabsBreHUs BUOMETPUYECKUX XaPaAKTEPUCTUK B 3aBUCMMO-
CTU OT CXEMbl CUCTEMbI; 1) OAHOBPEMEHHDIN U 2) NOCNeA0BaTENbHbIN.

MpumevyaHune — MeTof npeabsBreHNs JaHHbIX (O4HOBPEMEHHEIA UMK nocnefoBaTenkeHbli) obycnaenusaeTt
meToz 06befUHEHNS UM COBCEM OTNMYaeTcs oT Hero. [JaHHas uHopMauusa NpuBeaeHa ¢ Lenblo UNncTpauum dakro-
poB, KOTOpble MOTYT BMUATL Ha CXeMY MYNETMOMOMETPUYECKOA CUCTEMBI.

3.2.2 OgHOBpEMEeHHOe npeabABreHne

Mpu oagHOBPEMEHHOM MpeabABNEHMU NONy4atoT GuomMeTpudeckui(ne) obpaseu(Lbl) HECKONBLKUX TUMOB
OMOMETPUYECKNX XapaKTEPUCTUK Kak OAHO cobbiTe (Hanpumep, Nuuo 1 paayxHas obonodka rnasa, saperu-
CTPUPOBAHHbLIE OAHOI Kamepoii). CXeMbl CUCTEM, B KOTOPbIX MCMOSb3YIOT OAHOBPEMEHHOE nonyyeHue Guo-
METPUYECKUX AaHHBIX, CNeayeT NPUMEHATL B NPUMOXEHUAX C BbICOKOW NPOMYCKHOW CNOCOBHOCTLIO 3a CYET
BO3MOXHOIO AONOMHUTENBHOTO YCINOXHEHUA (AN CUHXPOHKU3aumn Habopa BuomMeTpudeckux o6pasLoB) Unm
3a CYeT TPYAHOCTU NPU UCMONbL3OBaAHMK (AyanbHOE B3aMMOAENCTBME AATYMKOB, MOCTAHOBKA NOMNb30BaTENEM
HECKOMbKMX 3agau).

4



FOCT P 54411—2018

3.2.3 TlocnepoBartesibHOe NnpegbABeHNe
Mpw nocnegoBatenbHOM NpeabsBAeHUM GuomeTpuyueckmii(ne) obpasely(ubl) NosyyaoT OT O4HOM0 UK He-

CKOJIbKMX TUMOB GMOMETPUYECKNX XapaKTEPUCTUK Kak OTAe/bHble COObITWS. MocnefoBaTenbHoe NpeabsBre-
HME MOXET 6blTb OCYLLECTB/IEHO C MOMOLLbLI0 TPEX CrefyloLWUX MeToAoB. MepBblii — MybTUIK3EMNAPHbI
5
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METOA 3aKNYaeTca B UCNONb30BaHUM ABYX UNu Gonee IK3eMNNsSPOB OAHOrO Tuna GMOMETPUYECKOn xa-
paKTepuCTUKN, HaNpumep OTneYaTka NEeBOro ykasarenbHOro nasnbua M oTnevarka npaBoro ykasaTeslbHoro
nanbua. B g4aHHOM npuMepe eAUHCTBEHHLIN GUOMETPUYECKUI CKaHep, NO3BONAIOLLMIA NONY4UTL LUdpPOBOE
n3obpaxkeHue ornevarka nanbua, UCNONL3YIOT NOCNeAoBaTeNnbHO ABaXabl. Bropoil — MmynbTuxapakrepu-
CTMKOBbLI METOA 3aKINioYaeTcsl B UCNOSMb30BAHMU HECKOSIbKMX TUNOB GUOMETPUYECKMX XapaKTEPUCTUK, CO-
6paHHbIX C 0AHOrO MU Bonee AaTYMKOB, HaNpPUMeEpP NOCneAoBaTEeNbHOE MOSNYYEHUE U30OPAXKEHUI PYKU U
nuua. TpeTuil — MynbTUAaTYUKOBbIN METOA 3aKIIOHAETCsl B UCMONb30BaHMK ABYX Unu 6onee oTaenbHbIX AaT-
yukoB Ansi cbopa ogHoi(nx) GuomeTpuyeckoli(Mx) xapakrepuctuku(k) cybbekra, HO He ogHOBpeMeHHo. Bo
usbexxaHue nyTaHULbl C MyNbTUXapaKTEPUCTUKOBLIM METOAOM, KOTAa BO3MOXEH cOOp BuomeTpuyeckoro(ux)
npu3Haka(oB) ¢ ABYX unu 6onee oTaenbHbLIX AaTYUKOB, MYNETMAATHMKOBBLIN METO/, HA3bIBAIOT «yHUXapaKTe-
pucTUKOBbLIN MeToAx. MpuMepaMn AnA pacno3HaBaHMS MULA ABAAIOTCA AATYMKM ANA NONyYeHUs n3obpa-
KEHUW B MH(PPaAKpACHOM M B BUAUMOM AvanaszoHax ANWH BOMH, AATYUKW AN NONyYeHUs ABYXMEPHbIX U
TpexMepHbIX U300paXkeHU; AaTumku ANs NONyYeHusl oTneyarka nanbua: ONTUYECKUE, ANEKTPOCTaTUYECKne
N aKycru4yeckue.

3.3 B3anmocBA3b AaHHbIX

B MynsTMMOAanbHbIX BUOMETPUYECKMX CUCTEMAX 00bEAUHSAEMbIE AaHHbIE MOTYT GbiTb B3aMMOCBSI3aHbI
Ha HECKOSbKNX YPOBHSX [56]:

- B3aMMOCB$i3b MEXyY TUNaMn BUOMETPUYECKUX XapaKTePUCTUK: AaHHAs B3aMMOCBA3b MMEET OTHOLLIe-
Hue k BuomeTpuueckum obpasLiam, KoTopblie (OM3N4ECKN CBA3AHLI, HANPUMEP Pedb U ABMXEHUE ryD nonb3o-
Bartens;

- B3aMMOCBSI3b, BO3HMKAIOLLAsA BCNEACTBME WAEHTUMHOCTU OGuomeTpuyeckux obpasuos: crnydain B
MYNbETUANrOPUTMUYECKUX CUCTEMAX, KOTAA OAMH U TOT Xe BuomeTtpudeckuii obpasel (Hanpumep, usobpa-
KEHUe oTrnevaTka nanbLa) unm nogMmHoxecrsa Guomerpuyeckoro obpasua (Hanpumep, ronoc, Koraa Becb
GuomeTpuyecknini o6paseL] MOXET 6bITb MCNONb3OBAH OAHUM anNrOPUTMOM U YacTb BuoMeTpuyeckoro obpas-
ua — ApyrMmM) UCNOnb3yloTCA PasHbIMW anropuTMaMn U3snevyeHnss GUOMETPUYECKMX NPU3HAKOB U anropuT-
MOB CpaBHEHUA (Hanpumep, CONOCTaBMNEHNE HA OCHOBE KOHTPOMBbHBLIX TOYEK U COMOCTaBMEHUe Ha OCHOBE
TEKCTYpbl);

- B3aUMOCBSA3b 3HAYEHUI BUOMETPUUECKNX NMPU3HAKOB: MOAMHOXECTBO 3HAYEHMI BUOMETPUYECKMX NPU-
3HaAKOB, NPEACTaBnALLUX COOOI BEKTOPbI OBMOMETPUYECKUX NPU3HAKOB Pa3HbIX TUNOB BUOMETPUYECKNX Xa-
paKkTepucTuK, MOryT ObiTb B3aMMOCBSI3aHbl, HAaNpUMep NnoLiajb NajfoHW nornb3oBatenst (reOMeTpus KUCTH
pyku) MOXET ObITb CBA3aHA C LULMPUHOMN NULA;

- B3aUMOCBSA3b 9K3EMNNAPOB, BO3HMUKAIOLLAsi NPy 0BLLEN TEXHUKE SKCnnyaTauuu (HanpuMep, UCnornb3o-
BaHWE OJHOTO W TOTO & ODMOMETPUYECKOTrO CKaHEepa, OIMH U TOT XX& YPOBEHb NOATOTOBKK OMeparopa);

- B3aMMOCBSI3b 9K3eMMNSPOB, BO3HUKaOLLas BCrneacTeue ocobeHHocTell cyGbekta (Hanpumep, UBETHbIE
KOHTaKTHbIE NUH3bI HA 060MX rnasax).

[nsa onpeaeneHns ypoBHS B3aUMOCBA3WM HEOOXOAMMO NMPOBEPUTL pesynbTarbl CPaBHEHUA (Mnu peLue-
HWe 0 aonycke/Heaonycke), UMeloLLMe OTHOLLEHUE K KOMMapaTopam, UCNomnb3yeMbIM B CXeMe 00beanHEHUS.
B [56] ykasaHo, 4TO 00beamHeHne B3aMMHO HE3aBUCUMbIX KIacCUpuMKaTopoB NPUMBOAMT K 3HAYMTENbHOMY
ynyyeHuno 9 eKTUBHOCTU CPaBHEHUA.

[ns ABYX AOCTATOYHO TOYHBIX KIAccUuKaTopoB, BKIIOYEHHbIX B CXEMY 06beMHEHUS, BbIXOAHbIE AaH-
Hbl€, MONYyYEHHbIE HA OCHOBE BXOAHbIX AAHHbLIX OT OAHOTO M TOTO >Ke CyObekTa, MOryT BbiTb B3aWMOCBSA3aHbI.
MoaTomy LenecoobpasHo paccMaTpuBaTh B3aMMOCBA3b OLLMBOK knaccucukatopos cornacHo [20].

Koppensuuio P BbIMMCASAIOT MO dopmyne

o - n-NE
e N-NL-NE+nNE
rae N — Yucno TECTUPYEMbIX KNaccuukaTopos;

N — o6uee Yncro BXOAHbIX AaHHBIX;

N(f: — 4MCNO BXOAHbLIX J@HHbIX, OLLMOOYHO KNaccudULUMPYeMbIX BCEMU KrnaccudumkaTopaMmm npu UCnosnb-
30BaHuun nopora C;

Né — 4MCNO BXOAHbIX AAHHbIX, NPABUIIbHO KnaccudmumupyeMbix BceMu knaccudukaropamu npu Ucnonb-
30BaHuM nopora C.

NMpuMevyaHue — OopMyny UCMONb3YIOT ANA BbLIYUCNEHUA KOPPENsAUMM OWMGOK Ha ypOBHe MpPUHATUS
peLueHus.
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4 YpoBHU KOMOUHaLMK

4.1 O0OwKMe nonoxeHun

0ns onpeaenexnunst ypoBHei KoMGMHAUMM B MyNTUGMOMETPUYECKNX CUCTEMAX B HACTOALLEM pa3sfe-
e NpuBefeH anNeMeHTapPHbI GMOMETPUYECKUII NPOLIECC, a TaKke BroKkK, BXOAALLME B HEFO, HA NPUMEpPe
cucTeMbl ayTeHTudmkaummu. Ha pucyHke 2 nokasaHa Gnok-cxema anemeHTapHOro GUOMEeTpu4eckoro npo-
uecca.

3
S
-4
3

MOMETPUYECKUX CpasHeHue Pewenve
obpasey NpU3HaKoB cpaBHeHun Hecosnapetue

BroMeTpHuecKMit /\  Vaanedexme _ PesynbTar CoenafieHue

PncyHok 2 — BneMeHTapHbIi (YHUBepcanbHblil) GuoMeTpudecknii npouecc

Buometpuueckuii o6pasew, NONy4YEHHbI C BUOMETPUYECKOTO CKaHepa (Hanpumep, U3o0paxeHue oT-
nevyaTtka nanbLa), HanpaensAOT B MOAYMb U3BNEYEHUA OMOMETpUYECKMX Npu3Hakos. B Mmoayne uasneyeHus
BUOMETPUYECKMX NPU3HAKOB C MOMOLLBIO METOAOB 00pabOTKU CUrHANoOB NpoucxoauT npeobpasosaHue Gmo-
MeTpuyeckoro obpasua B GMOMETpUYECKMe Npu3Haku (Hanpumep, KOHTPONbHbLIE TOYKM OTMeYarka nanbua),
dopmupyloLee npeacTaBneHue, NoAxXoAsLLee Ans npouecca cpaBHeHusA. Kak npaBuno, Heckonsko 6uome-
TPU4ECKMX NPU3HAKOB COBMPAIOT B BEKTOP OMOMETPUYECKMX NPU3HAKOB. Ha Bxoa MOAyns CpaBHEeHUst NocTyna-
€T BeKTOp BMOMETPUYECKUX NPU3HAKOB, KOTOPbIM CPABHMBAIOT C UMEIOLLMMCS KOHTPOMbHBIM OUOMETPUUYECKUM
WwabnoHoMm. MonyyeHHbIN pe3ynsTaT CPABHEHUS UCTIONb3YIOT B MOAYINE NPUHSITUSI PELLIEHUS ANS onpeaeneHus
(Hanpumep, ¢ NOMOLLbLIO NOPOra), COOTBETCTBYET NW NpeACTaBNEHHbI OnomeTrpudeckuii obpasel nmetoLle-
Mycsi BUOMETPUHECKOMY KOHTPOSIbHOMY LIAGMOHY. Pe3ynbraT 4aHHOTO pelieHns ABnsaeTca GUHAPHbIM: COOT-
BETCTBYET UMM HE COOTBETCTBYET.

B MynbTUOMOMETPUM BLIAENSAIOT HECKONBbKO YPOBHEN, HA KOTOPLIX MOXET NPOUCX0AUTL 00beanHEeHHe:

a) YpOBEHb NPUHATUA PELLEHUN: KaXKabli NeMeHTapHbIli BUOMETpHUYECcKUil NPOLIECC Ha BbIXOAE NPeao-
cTaBnsieT Bynes pe3ynwTar; 3TU pe3ynbTartbl 06beAUHAIOTCA C NOMOLLBbIO KOMOWHUPYIOLLIETO anropuTMa, Takoro
Kak norudeckue dyHkumm «MU» u «NN», ncnonb3ya napaMeTpbl, Takue Kak nokasarenu kadecrsa Guomerpu-
Yyeckoro obpasLa, B Ka4eCcTBe BXOAHbIX AAHHBIX;

b) ypoBeHb pe3ynsTaTtoB CPaBHEHUA: KAXAbIN SNEeMEHTaPHbIN GUOMETPUYECKUI NPOLIECC, KaK NpaBuno,
NPeaoCTaBnseT Ha BbIXOAE OAUH UM HECKOMbKO pe3ynbTaToB CPABHEHUS, KOTOpble 00bEANHAIOTCA B OAUH
pe3ynbTaT CpaBHEHMSI UMW OAHO peLleHWe, B AanbHElLLeM CPaBHUBAEMOE C NOPOrOM NPUHATUA peLueHus
CUCTEMBI;

C) YpOBEHb BMOMETPUYECKMX MPU3HAKOB: KaXKAbIl SMEeMEeHTapHbIi GUOMETPUYECKUii NpoLecc npeao-
CTaBMSIET Ha BbIxo4e Habop GUOMETPUYECKUX NPU3HAKOB, KOTOPLIE 0OLEAUHAIOTCA B 0AUH HaGop GuomMeTpu-
YeCKUX NPU3HAKOB U BEKTOP;

d) ypoBeHb GMOMETpPUYECKMX 0OPA3LOB: KaXKabli dNeMeHTapHbIM BUOMETPUYECKMIn NPOLECC NPeaoCTaB-
nseT Ha Bbixoge Habop GuomeTpudeckux o6pasuoB, KOTOpble 0OLEAMHSIOTCH B OAUH BMOMETpUYECKUi 00-
paseu,.

ObbeanHeHne Ha ypoBHAX a) U b) npoucxoguT nocne cpaBHEHUsI, 0ObEAMHEHNE HA YPOBHAX C) U d)
NPOUCXOAMT A0 cpaBHEHMS. HECMOTpA Ha TO YTO 0ObLEeAMHEHUE BO3MOXHO HA BCEX YPOBHAX, 00beauHeHne
Ha ypoBHE BUOMETPUYECKUX NPUSHAKOB, HA YPOBHE PE3YNbLTaTOB CPABHEHUS U HA YPOBHE NPUHATUA PeLUEHUA
ucnonb3yloT Hanbonee vacto. Ha pucyHke 3 npeactaBneHbl pasfnyHbie YPOBHU OObEAUHEHNA ANA MYNbTU-
moaanesHol cuctemel [7], [41].
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PucyHoK 3, nUcT 1 — YpoBHU 06beAMHEHUA ANS MYNETUMOAaNbHOR cucTEMBI
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OfiHUM BromeTpuyeckum obpasLioM.

[ns o4HOBPEMEHHOTIO MU NOCNEA0BATENLHOIO NoNyyYeHUs GuomeTpuydeckoro obpasua ussnekawT 6no-
METPUYECKNE NPU3HAKN W COMOCTABMAIOT C GUOMETPUYECKUM KOHTPOMbHbLIM LWabnoHoM. Py, P, n P (cM. pu-
CYHOK 1) OTHOCSITCS! K pe3ynbTaTy CpaBHEHUS NOCIe CpaBHEHUS C BUOMETPUYECKUM KOHTPONbHLIM LLIAGNOHOM.
Mpouecc onpeaeneHns pe3ynsTatoB CPaBHEHMSA 3aBUCUT OT CUCTEMbI U HE PacCMaTpUBAETCA B HACTOALLEM
craHaapre. 3atem pesynbtathl cpaBHeHus Py, P, n P; nmoctynaior B MoAyrnb 0GbeAnHEHUs1 AN NonyveHus
UTOrOBOTO pesynbrata. B MynstTubnomeTpuyeckux cucteMax o6beaMHEHne MOXET NPOUCXOAUTL HA YPOBHE
NPUHATUS PELUEHUS UMW Ha YPOBHE PEe3yrnbTaTtoB CPaBHEHUS.

4.2 O6beaANHEHUE Ha YPOBHE NPUHATUA pelleHus

4.2.1 Npoctoe 06beAUHEHNE HA YPOBHE NPUHATUS pPeLIeHUA

O6beanHeHne Ha YPOBHE NPUHATUA PeLUEHUA NPOMCXOAUT NOChne TOro, Kak Ans Kaxaoro buomerpude-
CKOro KOMMNOHEHTa ByAEeT NPUHATO PELUeHME O CpaBHEHUM, OCHOBAHHOE HA BUHapHOM pesyneraTe (coBnage-
HUe/HecoBnageHne) Moaynst NPUHATUA peLleHuns [CM. pucyHok 3 a)].

Onsa GuomeTpuyeckux cuctem, COCTOSLUUX M3 HEOONbLIOTO YUCNA KOMMOHEHTOB, PEKOMEHAYeTCA
NPUCBOWTb JIOTMYECKME NoKa3aTenmn BbIXOAHbIM AAHHLIM CPABHEHUSA, YTOObI NpaBuna 06beANHEHUS MOX-
HO 6bINO BbIpa3KUTb Kak nornyeckne hyHkuuu. 3HaueHus 4Byx Hanbonee 4acTo NPUMEHAEMbIX NOTUYECKUX
dyHKUMA «U» n «NNU» gna aByx 6r10KOB BbIXOAHBLIX AAHHLIX YPOBHSA MPUHATUA PELLEHUS NPeaACTaBneHbI
B Tabnuue 2.

Tabnuya 2 — 3Ha4eHune norndecknx pyHkunid «M» u «ANM» npn obbeauHeHNN pelleHnit ans AByX TUNOB BUOMETPU-
YeCKUX XapaKTepUCTUK

Peluenie Peletue PesynraTt o6benHeHns
ana 1-i 6GuomeTpuyeckoi ansa 2- 6uomeTpu4eckon Pesynbrat o6beguHeHus «U» 4 «vmm»n
XapaKkTepucTUKn XapaKkTepUCTUKN
X X X X
X . X .
. X X .
. . . .
MpumMevyaHne — X — HecoBnageHue, « — coBnageHue.

Ana 6GuomMeTpuYecKkUx CUCTEM, UCTIONBL3YIOLLMX HECKONBLKO KOMMNOHEHTOB, paspaboTaHbl CXeMbI FON0CO-
BaHWA B Ka4ecTBe npasun ob6beanHeHus, Hanbonee pacnpoCTPaHEHHbIM U3 KOTOPbIX ABMAETCS NPaBuso ro-
nocosaHus nytem GonblumHcTBa. Jlorndeckne pyHkumum «M» n «UNU» ABNSAIOTCA KOHKPETHLIMU NpUMepamMm
CXEMbl rOfl0OCOBaHUA.
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4.2.2 MogucduumpoBaHHoe 06bLeAMHEHUE Ha YPOBHE NPUHATUA peleHus

4.2.2.1 ObobuweHHas mogenb

ObGbveanMHEeHMe Ha YPOBHE NPUHATUS PELLIEHUSI OCHOBAHO HAa MHAWBUAYANbHbLIX AN KaXxaoro Guomerpu-
yeckoro obpasua pelueHusix o gonycke/Hegonycke. CylecTBYIOT ABa BMAa MOAUCULIMPOBAHHbLIX 06beau-
HEHUI HA YPOBHE NPUHSATUS PELLEHUS: MHOTOYPOBHEBOE 00beANHEHNE U NOCNeA0BaTENbLHOE 00bEANHEHME.
B MHOroypoBHEBOW CUCTEME NPUMEHSIIOT HACTPanBaeMble NOPOrk, BbIYUCIEHHbIE C NOMOLLLIO UHAMBUAYASb-
HbIX GBUOMETPUYECKUX PE3YNLTATOB CPABHEHUS AN ONPEAENEHUS NOPOroB NPUHATUS peLueHus ans o6pabor-
KU Apyrux OMOMETpUYECKUX AaHHbIX. B nmocnegoBarensHOW CUCTEME NPUMEHSAIIOT (PUKCMPOBAHHBLIE MOPOrU
GuomeTpuyeckux 06pasLioB KOHKPETHOTO TUMa BMOMETPUYECKUX XapaKTEPUCTUK ANA onpeaeneHus, Tpedy-
I0TCA NW AONONHUTENbHLIE BUoMeTpuyeckue obpasubl Apyrux TUNOB GUOMETPUYECKMX XapakTepPUCTUK ANA
NPUHATMA 00LLEro CUCTEMHOrO peLueHusi. Cxembl 06beAUHEHUS HA YPOBHE NPUHATUSA PELLEeHUS ANS Bbilley-
Ka3aHHbIX BUJOB NPUBEAEHbI HA PUCYHKE 4.

4.2.2.2 MHoroypoBHeBasa cucrema

He3aBuUCMMO OT TOrO, SIBNSIETCA NW NpeabsBreHMe OJHOBPEMEHHbIM UMN NOCNEeAO0BaTENbHbIM, pe-
3ynbTat cpasHeHusi Py noCTynaeT Ha BXOJ, MHOTOYPOBHEBOW cnucTembl. Cuctema oGpabaTbiBaeT pesynsrar
CpaBHEHUA C YYETOM YCTAHOBMEHHOrO nopora. Ecnu pesynsrar cpaBHeHUs NPoxoauT Kputepuii/mopor Ana
TMNa GUOMETPUYECKON XapaKTePUCTMKU Py, TO Ha OCHOBaHWUK BbIXOAHbLIX AAHHLIX PErYNNPYIOT (MOBLILLAIOT
MM NOHWXAIOT) NOPOr, HEOOXOAUMbINA ANA NPOXOXAEHUA TUNa BUOMETPUYEcKoit xapakrepuctuku P,. Ecnu
P, He npoxoauT KpuTepuis/nopor Ana Tuna GMOMETPUYECKON XapaKkTepucTukn P, TO Ha OCHOBaHWUU Bbi-
XO[AHbIX JaHHbIX CMEeAYeT NOBLICUTL NOPOr, HEOOXOANMBIN ANA TUNa GMOMETPUUECKON XapaKTEPUCTUKKN P,
Mocne okoH4yaHus 06paboTkn Py u cOpoca noporos Ansa Tuna GMOMETPUYECKON XapakTePUCTUKK P, pesynb-
TaT cpasHeHus P, nocTynaer Ha BX0A CUCTEMbl. AHANoOrMyHoO npouecc nosropserca ana P, n P3. MNMocne
OKOHYaHuA 06paboTku TUNa GUOMETPUYECKON XapaKTEPUCTUKM P3 NPUHUMAIOT OKOHYATENbHOE PELEHNE O
ponycke/Hegonycke.

4.2.2.3 lNocnegosarenbHas cucrema

He3aBucuMo OT TOr0, ABMSIETCA NU NPeAbABNEHNE OQHOBPEMEHHBIM UNN NOCNEAO0BATENLHBLIM, NOCNEAO-
BaTeNbHblE CUCTEMbI OCHOBLIBAIOTCA HA AAHHBIX MO KpaiHel mepe oaHoro Guomerpudeckoro obpasua.

Ecnu nepsbiii GuomeTpuyeckuii obpaseL, He COOTBETCTBYET TpeGOBaHMAM, TO NPOUCXOAUT CPaBHEHUE
AOMONMHUTENbHBIX BruoMeTpuieckux o6pasuos. CornacHo PUCYHKY 4 pesynbTar cpaBHeHus Py nocrynaer Ha
BXO/, CUCTEMbI M CPaBHUBAETCS ¢ noporom P, . Ecnn pesynsTar cpaBHEHMs NpesbILaeT nopor Py, To nocneay-
loLLEee peLUeHne NPUHUMAIOT HA OCHOBAHUM YPOBHS JOCTOBEPHOCTYN pesynbrara (KoTopas MOXET 3aBUCETb OT
kauecTBa BuomeTpuyeckoro obpasua). Ecnm ypoBeHb AOCTOBEPHOCTU ABNSIETCA 4OCTATOYHbIM, TO MPUHUMA-
eTcs NONoXUTENbHOE peLleHne o gonycke. Ecnu pesynsrar cpasHeHust Py He NpeBbiLlLaeT nopor Ui npesbl-
LLIAET, HO OKa3bIBAETCA HEAOCTATOMHO JOCTOBEPHbLIM, TO NOCMNeA0BaTENbHAs CUCTEMA UCNONL3YET pesynsrar
cpaBHeHust P,. [laHHbIN NPOLIECC NOBTOPSAETCA ANA pe3ynkraTtos cpasHeHusa P, u P;. B nocneaosartenbHbix
CHCTEMAaX MOTYT He UCMONb30BaTLCA Pe3ynkTarThl CpaBHeHUs P,  P3, ecnn pesynsrar cpasHedus Py npesbl-
LUAET Nopor U UMEET AOCTATOYHLIN YPOBEHb JOCTOBEPHOCTMU.

4.3 O6beaAuHeHUe Ha YPOBHE pPe3ysikTaToB CPaBHEHUA

4.3.1 O6LMe nonoxeHus

Mpn o6beauHeHUN HA YPOBHE pPe3ynbTaToB CPaBHEHMS KaXkaas cucTeMa NpeaocTaBnsieT pesynerar
CpaBHEHWA BEKTOpa BUOMETPUYECKUX MPU3HAKOB M BEKTOPa BMOMETPUYECKOTO KOHTPOSIbHOIO WabnoHa. Aax-
Hble pesynkTaTtbl CPaBHEHUA B JanbHERLWeM MOryT ObiTb KOMOWHUPOBAaHLI C LIENbIO NOBbILLEHUS 3pdeKTUB-
HOCTW CPaBHEHMUS.

C TeopeTuyeckoin TOYKU 3peHus BUOMETpUYEecKMe NpoLUecchl MOryT BbiTb KOMOMHMPOBAHHBLIMKU ANS ra-
PaHTMPOBAHHOIO NOBbILLEHUS 9PPEKTUBHOCTU CPaBHEHUSA. Pe3ynbraTkl CpaBHEHUS NOBOro KOnu4YecTea npo-
LeCCOB MOTYT 6bITb CKOMOUHMPOBAHbI TAKUM 06pa3oM, UTO MyNLTUBMOMETpUYeckasi KomOuHauus (B cpeaHem)
OyneT He Xyxe, YeM NydLnii M3 oTAenbHbIX BuomeTpuyecknx npoueccos. OCHOBHON 3agadyeli aBnseTca npa-
BUJIbHBIN BbIBOP MeToAa KOMBMHUPOBAHMSA AaHHbLIX U MOBbILLEHUS 9PPEKTUBHOCTU CPABHEHUS.

Anroputm feicTeui Ansa KOMGMHaLUW pe3ynbTaTtoB CPaBHEHUSA B MyNTMBMOMETPUYECKON CucTeME 40S1-
JKEH COOTBETCTBOBATL XOTA Obl ABYM OCHOBOMONaraloLwmm npaeunam. Bo-nepsbix, kaxablii GUOMETPUYECKUI
npoLecc JOMKEH NPeJOCTaBUTb Pe3ynbTar CPaBHEHUSA, a8 HE OQHO3HAYHOE PELUEHne O JOoNyCKe/Heaonycke, n
nepeaarb €ro MynsTMGUOMETPUYECKOMY CymMaTopy. Bo-BTOpbIX, ewwe 40 Havana akcnnyarauum Mynbtubuo-
METPUYECKOMY CyMMaTOopPy AOMKHbI ObiTb NEPeAaHbl TEXHUYECKUE XapaKTepUCTHKK (TakMe Kak pacnpeaene-
HUSI PE3yNnLTaTOB CpaBHEHUS) KaXaoro GUOMETPMYECKOro npoLecca B YCTAHOBMEHHON dhopme (U ¢ 4OCTaTOY-
HOW xXapakTtepu3auuen).

10



MHoroyposHeBas

Pesynbrar: Het

OfHoBpeMeHHoe MocnepoBatensbHoe

Pi P2 P3
I ,
Pe3synbTtar cpaBHeHUs
"X
PesynbTtar cpaBHeHUs
Pe3ynbTaT cpaBHeHUs
Pesynbrar: [la Pesynbrar: Het

PucyHok 4 — [leTann3npoBaHHoe 06beNHEHWe HA YPOBHE NPUHATUS pelleHns

MNocnepnosaTtenbHas

8T0C—TIvvS d 1001



rOCT P 54411—2018

Kak cucrema 6uometpuyeckon sepucbukauum (1:1), Tak U cuctema GuomeTpudeckon naeHTudmkauum
(1:N) noaaepxualor 06beauHeHne Ha YPOBHE pe3ynbTaToB cpaBHEHMs. OAHaKO CMCTEMbI uaeHTuukaummn
TaKKe MOTyT WHTErpUpOBaTb AOCTYNMHYIO MH(OPMALMIO HA YPOBHE PAHIOB (4TO ABMAETCA (hOPMOW YpOBHS
pe3ynbraTtoB CPaBHEHUSA C MHOXECTBOM Pe3ynbTaTtoB CPaBHEHUst Unu BUOMETPUYECKUMU NpU3HaKamu, OC-
HOBaAHHbLIMK Ha pe3ynbraTtax cpaBHeHust). B cucrtemax naentudukaymm wabnoH Guomerpuyeckoro obpasya
cpaBHuBaIOT C WabnoHamu u3 6asbl AaHHbIX, B pe3ynbrare yero 06pasyeTca psg pe3ynsTaToB CPaBHEHUS.
B [23] onucaHbl Tpu meToaa o6beaAMHEHUs1 PAHIoB, YCTAHOBMEHHbLIX pasHbIMU KOMnapatopamu. B metoae
BbICLLIEFO paHra npu o6paboTke pa3HbIMU KOMNApaTopaMm KaXkaoMy BO3MOXXHOMY COBNAAEHUIO NPMCBanBaoT
BbICLLMI (MakcuMarnbHbIN) paHr. [Npu npMBeAEHUN K paHXMPOBAHHON NOCNEA0BATENLHOCTU NPUBA3KU HapYyLLa-
I0TCAA, 8 UTOTOBOE pELLEHWE NPUHMMAIOT Ha OCHOBE 0ObEAMHEHHBIX paHroB. B meTtoge noacyera Bopaa npu-
MEHSIETCA CyMMa paHros, HasHa4YeHHas MHAMBUAYaNbHBIMU KOMMapaTopaMu AnA noacyera 06bLeANHEHHOTO
paHra. Merog norucTu4eckon perpeccum aensaerca obobLieHHbIM MeToAOM noacyeTa bopaa, korga noacqu-
TbIBAIOT CYMMY UHAUBUAYASNbHLIX PAHIOB C NPUCBOEHHbLIM BECOBbLIM KO3(h(PULMEHTOM, a BECA ONpPeaensioT C
NMOMOLLIbIO NOTMCTUYECKOW pEerpeccum.

4.3.2 Hopmanusauua pesynsraToB CpaBHEHUS

Mpyu npumeHeHun METoAa HOPMAanu3auMmu Pe3ynsTaToB CPABHEHUS OCYLLECTBNSAIOT NONLITKY pacnono-
XUTb PE3ynsTaT CPaBHEHUSI Kaxaoro GuoMerpudeckoro npowuecca B obwen obnactu. Hekotopbie noaxoAab!
OCHOBaHbl Ha nemmMe Heiimana — lMupcoHa ¢ ynpolwieHmem npeanonoxeHui. Hanpumep, npuseaeHue pe-
3ynbTaToOB CPaBHEHUS K OTHOLLEHUAM NpaBaonoaobusa no3Bonser KOMOMHUPOBATL UX NYTEM YMHOXEHUA NPy
ycnosun npeanonoxXeHnda 0o He3saBUCUMOCTU. ﬂpyrue noaxoabl MOryT ObITb OCHOBaHbl HA U3MEHEHUMN UHbIX
CTaTUCTUYECKUX KpUTEPUEB pacnpeaeneHmnii pe3ynbTatoB CPaBHEHUSI.

MapameTpbl, NpUMEHseMbIe NPU HOpManu3auuu, MOryT ObiTb OnNpeaeneHbl C NOMOLLbIO YCTAHOBMEH-
Hov oByvatoLlein nocneaoBaTenbHOCTU UMM OCHOBAHbI HA TEKyLLEeM BEKTOpe OMOMETPUYECKUX NPU3HAKOB.
BblunMCrneHHas XxapakTepUCTUKA MOXET OTHOCUTLCA TONBKO K «OLE€HOYHBIM pe3yrnbTaTtaMm CpaBHeHus» 6aso-
BbIX XapakTePUCTUK BbIOOPKU. HopManusauus pe3ynsraroB CpaBHEHUA CBsi3aHa C 00bEAMHEHUEM HA YPOB-
He pesynbLTaToOB CPABHEHUS, Tak Kak OHA BMUSAET HA cnocob KOMOUHMPOBaHUS PE3ynbTaTOB CPaBHEHUS U
TO, KaK OHW MHTEPNPETUPYIOTCA B TEPMUHAX SKCMIyaTaLMOHHBLIX XapakTePUCTUK BUOMETPUYECKON CUCTEMBI
cornacHo [32]:

a) pesynbTaTbl CPABHEHUSA HA BbIXOAE OTAENbHLIX KOMNAPaTopoB MOTYT ObITb HEOAHOPOAHLIMKU. Hanpu-
MEp, Ha BbIXOA€E OAHOI0 KOMMapaTropa OKa)KeTCs U3MEpEeHMe pasnuuui, a Ha BbIXo4e APYroro — U3MepeHue
CXOXEeCTH;

b) BbIXOA4HbIE AAHHbIE OTAENMbHbLIX KOMNAPaTOPOB MOTYT HAXOAUTLCA HE HA OAHOW YUCNOBOW LWIKane (He
B OHOI obrnacTtu);

C) pe3ysnbraThbl CPABHEHMS Ha BbIXOAE KOMNAPaToOPOB MOTYT UMEThL PA3NUYHOE CTaTUCTMYECKOe pacnpe-
JaeneHue.

Mo aTUM NpUYMHaM pe3ynbTaTbl CPaBHEHUS, KaK NMPaBuo, HopManusylotcs B 0bLyto obnacte A0 06b-
eanHeHus. Ha pucyHke 5 nsobpaxeHa cxema 06beaMHEHWA Ha YPOBHE PE3ynbLTaToB CpaBHEHMA aAna o6pabor-
Kn aAByx GuomMeTpuyecknx obpasuoB ¢ y4ETOM HOopManuaauum.

KOHTPOMbHBIA
watnoH 1

JDaHHbie

xapaxTrepusaLpm 1

BromeTpudeckuii

WsBanevt

|5uomerpme<1:mn H em: |—>| Cpaetenue 1 |——| Hopmanusaums 1
WNaBreu

BHoMeTp Uk oce CpaBHetue 2 |—>| Hopmarnmsauus 2
NpU3HaKoB 2

Coenapietue
Hecosnapenwe

PelueHve

BuomeTpuieckui
KOHTPOMbHbIM
watnoH 2
JaHHble
xapaktepusauumn 2

PucyHok 5 — CTpykTypa 06befjUHEHMUs Ha YPOBHE peayrisTaToB cpaBHeHUs!
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B Tabnuue 3 npuBeaeHsl 0603HaYEHUA, UICMONb3yeMble TaKke B Tabnuue 4.
B tabnuue 4 npuseaeHbl Haubonee pacnpocTpaHeHHble METOALI HOPMANU3aLUMKU pe3ynbTaToB CpaBHe-
HUA. HekoTopble METOALI 00bEANHEHMS HENOCPEACTBEHHO UCNONBL3YIOT OYHKLUMKU NAOTHOCTU pacnpeaeneHus
BeposiTHocTeln (PrPB) u TpedyioT NpUMEHEHNUA METOAOB HopManusauuu. B HekoTopbix cnyyasx ®IMPB npu-
MEHSIOT ANA Npeobpa3oBaHUs UCXOAHbLIX PEe3ynbTaTOB CpaBHEHUA HenocpeacTBeHHO B BIM, yto npusoawur,
TakuMm 06pasom, K NPUHATUIO peLLeHns 6e3 He0bX0AUMOCTN NEPEHECEHUS UCXOAHBIX PE3yNbTaTOB CPaBHEHUS
B HOPMUPOBAHHYIO 0ONACTb 3HAYEHUM NPU NOMOLLM HOPManM3aLmu.
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Tabnuya 3 — Obo3HaveHus, Ucrnonbayemele B opMynax HopMarnu3salum pesynsraTtoB CpaBHEHUS

ObosHavyeHusa
CratncTuyeckuii napameTp PacnpeaeneHue NnoANUHHBIX PacnpegeneHue PacnpeaeneHue noannHHbLIX
nmy, «CaMO3BaHLIEB» UL U «CaMo3BaHLEB»
G | B
MuHuMansHoe 3HayeHue Siin Shin Shin
G | B
MakcumarnbsHoe 3HayeHue Stiax Shax Shiax
G | B
CpeniHee 3Ha4YeHue SMean SMean SMean
G | B
Mepnuana ShMed Shed Shted
G | |
CraHaapTHOe OTKIIOHEHUe S$p Ssp Ssp
KoHcTaHTa C C o}
®rPB PDFG PDF!
LieHTp nepekpbiTua ®1PB Scenter —
LLinpuHa nepekpbiTns GrPB S.idth
MpumevyaHue — S — cTeneHb nogobusa, G — nognuHHoe nuuo, | — «camosBaHeu», B — nognuHHoe nuuo
N «caMo3BaHeL.
Tabnuya 4 — NpuMepbl METOAOB HOPManu3aLumn pesynsraToB cpaBHeHUA
OremeHTb!
MeTop Popmyna aHHBIX MpumeyaHue
r_ (s _qB B _gB B . -
MuHumym — §’= (S SMin) ! (SMax SMin) Shin» | B AaHHOM MeToge uc
Makcumym (MM) SI\B/I nomnb3ylT aMNUpU4eckne
8% | paHHble (TeopeTWUYeCKWe
WnM  npepocTaBleHHble
pa3paboTynkoM npegenbs-
Hble 3Ha4eHust). MeTog He
Y4YUTbIBAET HENMUHENHOCTb
Mokasatens Z S"=(S—Slean)/ Skp Shiean: | OaHHbIA MeToa npepno-
I naraet HopmMmarkeHoe pac-
Ssp
npegenexHve, nossonser
OCYLLECTBMATE CUMMe-
TPUYHYIO HOpManu3sayuio
OTHOCUTENBHO CcpeaHero
3Ha4yeHUs, npepanonara-
eT cTabunbHOCTbL 060oux
pacrnpefeneHuin no Bbl-
6opkam
AbcontoTHoe , s-sB, SBeqi | DaHHbIit  MeTop  npep-
MeAnaHHoe c. median|S — Sﬁedl e} rnonaraet CTaSI/IJ'IbH?CTb
OTKITOHEHME oBoux pacnpegeneHuit no
(MAD) BbiGopkam
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OkoHYaHue mabnuup! 4

SnemeHTI
MeTog dopmyna aHHBX MpumevaHue
MnepGonue- S’ = 0,5(Tahn(C (S - S,\Gﬂean) / SgD)+1) SGean: | B AaHHOM MeTOe MCnomb-
CKWIA TaHreHe sG 3yeTcs cpefHee 3HaqeHue
(Tahn) sb U u3MeHeHWe pacnpefe-
neHust npeobpasoBaHHbIX
AaHHbiX. Metop npegno-
naraeT crabunbHocTb 060-
WX pacnpegeneHuit no Bbl-
Gopkam
AllanTuBHBIRA 1 5 [ [aHHblit MeTog npegnona-
(AD) [62]; = Miams Mym < € W, raeT HeMMHEeRHOCTb, BKITHO-
a) buksagpa- Nap = A; YyaeT B ceba Tpu Metoga
T4HBIA (QQ) Cc+ (1—0)(’7MM —C), m > € A 1 | mogenuposanusi; npeano-
A % | naraer cra6unbHocTs 060-
. 1 nA | "X pacnpegeneHuit No Bbl-
b) noruveckuit Mpp = — = B=— | 6opkaMm.
1+Ae™"Wm ¢ | npp — nokasatens apan-
C) KBagpaTud- 1 w TUBHOMN HOpManusauyuu,
HbIA — NUHeR- _nl\zllM' Myum < (C——) Mgy — NoKasarernb Hop-
Hblil — KBaApa- c 2 Manusauuu npu KUCMorb-
TUYHBIR (QLQ) w w 30BaHUM MeToAA MUHUMY-
Nap =1 Mame (c—;)< Mum < (c+;) Ma-MaKcuMyma;
C — UEeHTp nepeKpbITUsA
w w w w pe3yneratoB CpaBHEHMUS
(°+§)+\/(1_ C_E)(nMM ‘C‘E)v Mam > (‘HEJ NOANMHHBIX AN U «CaMo-
3BaHLUEBY;
W — LUMPUHA NEPEKPLITUS,
A — wManaa Benu4uHa
(0,01 no [62])
BuomeTtpuye- PS<|I /PSlG, PDFC; Metoa npegnonaraer cra-
CKUMiA ko3 K- ' ' PDF! | 6unbHocTb 0Boux pacnpe-
LVIeHT YONEHUA | e Py — anaueHie PDFC npu pesynsrate cpasHeHus S;; AeneHui no BbiGopkam
MPOTU8 «camo- P., — 3HaueHne PDF! npn S
3saHLes» (BGI) S py pesynerare cpaBHeHUs S;
BioAPI S"=FARopor = pesynrar cpasenms PDF!' | Metop npeanonaraet cra-
6unbHOCTL  pacnpegene-
HUS «camo3BaHLEB»
Metog noacyera N — paHr (S), Panr MeToa npuMmeHsaloT Tonb-
Bopaa rae N — 4ucno anstepHaTus ko npu cpasHenny 1:N
MpumevyaHune — B Tabnuue npegctasneHbl ABa TUNa MeToAa HopManusauuu: 1 — MeTog, nNpeobpasyroLLmii
napameTpbl pacnonoXeHnsa u maclutaba pacnpegeneHusi pesynsraToB CpaBHEHUS, U 2 — MeToj, onpegensitowuit Tonkb-
KO 0BnacTb NepekpbITUS pe3ynsTaToB CPaBHEHWS NOANMHHBIX UL, U «camo3BaHLeBy. Takum o6pasoM, MeToasl MM, no-
kasatens Z, MAD u Tahn oTHocsATes k Tuny 1, a metogel QQ v QLQ k Tuny 2. OBbIYHO MeTog Tvna 2 NpUMEHSIOT nocrne
“cronb3oBaHUsA 0fHOro U3 MeTofoB Tuna 1 [62].

4.3.3 MeToabl 06beANHEHUA pe3ynbTaTOB CPaBHEeHUA

Ecnu BbIXOAHBIMW AAHHBIMW OTAENbHbLIX BUOMETPUYECKUX CUCTEM CPABHEHUA ABNAIOTCA Habop BO3-
MO>HbIX COBNAJEHUN, a TAKKE CTENEHb KAYECTBA KaXX4oro coBnageHus (pesynstar CpaBHEHMSR), UHTerpauusi
MOXET BbITb BbINOSIHEHA HA YPOBHE PE3yNbTaToB cpaBHEHUs. [aHHyo MHTerpauumto Takke HasblBaloT 06bean-
HEHMEeM Ha ypOBHE XapaKTepUCTUK UMW HA YPOBHE J0Bepus. Pesynsrar CpaBHEHUA Ha BbIXOA4e, MNOSyYeHHbIN
C Komnaparopa, coaepxuT Haubonee NonHyl uHOpMauud 0 BXOAHOM BuomeTpuyeckoMm obpasue, HO He
BKIOYAET B ce0s nHopMaumio Ha ypoBHE BUOMETPUYECKUX NPU3HAKOB M AaT4nkoB. Kpome Toro, npoLue no-
ny4nTh AOCTYN U KOMOUHMPOBATbL PE3YNbLTaThl CPAaBHEHUS, MPEACTaBMNEHHbIE HECKONbKUMU PA3NUMYHbIMU KOM-
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napatopamu. BcrieacTBue 3T0ro MHTErpaLys AaHHbIX HA YPOBHE PE3ynbTaTtoB CPaBHEHUA ABnseTca Haubonee
pacnpoCTpaHeHHbIM MOAXO0A0M B MYNLTUMOAANBHLIX OMOMETpUYecknx cucremax. B tabnuue 5 npuseaeHsl
OCHOBHbIE NMPUHLIMIMbI HECKONbKUX METOAO0B 00bLEAUHEHUS U COOTBETCTBYIOLUME AAHHbIE, XapakKTepu3syiowme
3(hPEKTUBHOCTb CpaBHEHUSA.

MpumeuvaHue — 3TO cnpaBeanIUBo TONLKO B TOM Crlydae, ecnu paHr W/unu pesynstaTt cpaBHEHUSA [OCTYNHbI
ANA Bcex BUOMETPUYECKUX KOHTPOMbHBIX LWabnoHoB, NPUCYTCTBYIOLUX B Ha6ope BO3MOXHbIX COBNageHun, npefocTas-
NEeHHbIX KaXxAbIM aniropuTMoM.

B cnyuyae 6uometpuyeckoi BepudmkaLum NnpuMeHsIOT 4Ba meToga 06beauHEHUs Ha YPOBHE pe3ynbra-
TOB CpaBHeHUs. OuH 3aKnio4aeTcs B TpaKToBKe 00beAMHEHUS KakK 3agaqm knaccudukaummn, BTOPO — Kak
3agaun kombuHauum [32], [35]. Mpu knaccudUKaLUOHHOM METOAEe BEKTOP OMOMETPUYECKUX NPU3HAKOB CO3-
JAeTca C NOMOLLUbIO BbIXOAHLIX PE3ynLTaroB CPaBHEHUS, MOMYYEHHbIX C OTAENbHLIX KOMNaparopoB. 3arem
BEeKTOp GMOMETpPUYECKMX NPU3HAKOB OTHOCAT K OZIHOMY M3 [BYX KNaccCOB: «A0NYCK» (MOAMMHHOE NULO) Unu
«Hepgonyck» («camo3sBaHely). Knaccudukarop, UCNONb3yeMblil B 3TUX Lensax (Hanpumep, AepeBo NPUHATUS
peLUeHuit, HEMPOHHASA CETb, METOA OMOPHBLIX BEKTOPOB, METOA K-Onmxanumx coceaen, aHcamObnb peLuaioLmx
AepeBLEB U TaK aanee), NO3BONSAET ONpPEAEnUTL Pa3AensioLLyo NOBEPXHOCTb, HE3aBUCUMO OT crnocoba co3-
AaHusa Bektopa Guometpudeckux npusHakos [6], [64], [65]. Bcneacteue 3TOro BbIXOAHbIE pe3ynbrarbl CpaB-
HEHUA pa3sHbIX TUNOB GUOMETPUYECKNX XapaKTEPUCTUK MOTYT ObiTb HEOAHOPOAHLIMU (CTENEHbL PA3NMUUA UNK
CXOXECTU, pa3Hble 06nacTn YNCOBbLIX 3HAYEHUI U Tak Aganee), u 40 ux nNpeaocraBneHus knaccudukaropy
obpabotka He Tpebyerca. Mpu KOMOMHALMOHHOM METOAEe OTAENbHbIE pPe3ynbTaTbl CPaBHEHUSI 0ObeaAUHSIOT
ANA CO34aHNSA €AUHOTO CKansiPHOTO pe3ynbraTta CPaBHEHUs], KOTOPbLIN BNOCNEACTBUN NPUMEHSIIOT A1 NPUHS-
TUSA OKOHYaTENLHOTO peweHus [38]. Ainsa obecneyeHus 00LEANHEHUA PE3ynNbTaTOB CPABHEHUS Pa3HbIX TUMOB
GMOMETPUYECKNX XapaKTePUCTUK PE3ynbTaTbl CPAaBHEHUS eLle A0 00beauHEHUs, B Criydae HeobxoammocTH,
MoryT 6biTb NepeeeaeHbl B 06Ly0 00nacTb. 3TO AENCTBUE HA3bIBAETCA HOpManu3auuen pesynsratoB CpaB-
HeHunsa (cm. 4.3.2 u [27]).

Mpu knaccuukaumoHHOM METOAE NMPUMEHSIIOT CXeMY MOAYyNs 06beauHeHUs ANnsi NOUCKa ONTUMarb-
HOro KnaccudukaTopa 4ns pasgeneHus nonb3oBareneii Ha ABa KInacca: NOASNMHHBIX MUL, U «CaMO3BaHLIEBY.
Ons aToro knaccudukatop onpeaensier Ase 06nacTv NpUHATUSA PELLEeHUs B NPOCTPaHCTBE BekTopa buome-
TPUYECKUX MPU3HAKOB: MEPBYI0 — ATA KNAcca NOASIMHHLIX JIUL U BTOPYIO — ANS KNacca «CamO3BaHLEBY.
HaHHble obnacTn otaeneHbl APYr OT Apyra pasaensaiowei NoBepXHOCTbIO, opMa KOTOPOU A0MmkHA ObiTb
ONTUMU3MPOBaHa B nNpouecce pa3paboTku cxembl MOAYNA 06beanHeHusi. Pasgensiowan noBepxHOCTb MO-
KET MMEeTb pasHyto hopMy B 3aBUCMMOCTHM OT CINIOXKHOCTYN U XapakTepa pacnpeaeneHus aByx knaccos. OHa
MOXeT BbITb MPOCTOI (HAaNpUMEP, NMMHKUSA B NMUHENHBIX AUCKPUMUHAHTHBIX PYHKUUAX) unu 6onee CrnoxHoun
(HanpumMep, Kak B MHOTOCIOWMHBIX HEMPOHHbIX CETAX U METoAax OMNOpHbIX BEKTOpoB). Pasaensiowme no-
BEPXHOCTU MOryT ObITb ONpedeneHbl CTaTUCTUYECKUMU METOAAMU, HANPUMEP METOAOM OTHOLUEHUA nNpas-
aonogobusi Herimana — lMupcoHa. HesaBMCcMMO OT BbIOPAHHOIO METOAa OCHOBHAsA Uenb 3akniodaerca B
HaxoXOEHUN pa3aensaoLLmMX MOBEPXHOCTEN, YNyYdLLAKOLLMX NPOLIECC Knaccugukaummn Ana COOTBETCTBYIOLLUX
NPUNOXEHUNA.

KomBuHaLUuoOHHbIE METOAbI NPeAcTaBnsaT coboi NPOCThie U 3PPEKTUBHLIE METOALI BUOMETPUHECKOTO
06beanHeHUst B TOM Crydae, ecniu pesynsTartbl CPaBHEHUS OAHOPOAHbI MM MOTYT ObITb HOPMaNU3NPOBAHbI.
MmeHHO u3-3a npocToThl M 3PMEKTUBHOCTU KOMBUHALMOHHBIE METOAL! SBMSIOTCA OAHUMM U3 Haubonee va-
CTO NPUMEHAEMbIX METOLOB B MyNETUBMOMETPUYECKMX CUCTEMAX. TEOpETUYECKAn CTPYKTYPa KOMBUHALMOHHBIX
knaccudpukatopoB Kuttnepa [38] onuceiBaeT Hanbonee pacnpoCTPaHeHHbIE METOAbI: NPOU3BEAEHNE, CYMMY,
MaKCUMyM, MUHUMYM, ycpeaHeHue. Kaxablii u3 aTUX METOA0B MCNOMb3YET NPOCTLIE UM OCHOBAHHLIE HAa NPaBu-
nax apudMeTnyeckne aecTBusa Ansa KOMOGMHUPOBAHUA Pe3ynbTaThl CPaBHEHUSA HECKONBbKUX UCTOYHMKOB. [aH-
Hble METOALI MO3BONSIOT NPUCBaNBAaTh BEC pesynkraTty(am) cpaBHeHust [1]. Mpu Hanmuumn 6ONbLLUOrO KONM4ecTaa
MHOpMaLMK O pacnpeaeneHn pesynsratoB CPaBHEHUA NMPUMEHSIIOT BaiieCoBCKME CTaTUCTUYECKNE BblUUCTIE-
HWSA NPY KOMOMHMPOBAHWM PE3YNLTaTOB CPAaBHEHUS Pa3SIMYHbLIX KOMNApPaTopoB cornacHo [3]. B AaHHbIX MeToaax
YUYUTLIBAETCSH OLIEHOYHASA TOYHOCTb OTAENbHBIX KNAaccudMKaTopoB B Npouecce obbeanmHeHus. B o6wem cnyyae
npouecc 06beANHEHWUSA CHUTAIOT BbINONHEHHbIM NO Baliecy, ecnu UMeeTcs A0CTaTOYHO AaHHbLIX ANs 06yyeHus.
P/S|G) n P(S|l) 06o3Ha4atoT NOTHOCTH BEPOATHOCTU pacnpeaeneHus pesynsrata CpasHeHns S (COOTBETCTBY-
tOLLEero /- mModansHOCTK), UCXOAA U3 NPEANnONOXEeHUA «NOAMMHHOE NULIO» U «CaMO3BAHEL» COOTBETCTBEHHO.
Mpoctoii knaccudpukatop bavieca (MKB) npuHumaeT peieHne o CoBnaaeHunM/HecoBnageHMn, OCHOBbLIBASICH Ha
anocTePUOPHLIX MIOTHOCTAX BeposiTHocTern P(G|S,, S, ..., Sy) U P(I[S,, S,, ..., Sy). Mpu HeaocTaTke AaHHbIX
ans obyveHus (pesynbsrarbl CPABHEHMSI MOANMHHOMO NKULA U «CaMO3BaHLay COBMNaJaloT) NPaBUMLHO OLEHUTb
MIOTHOCTb COBMECTHOTO pacnpeaeneHus, BKIO4atoLLYyO B €0 HECKONbKO TUMOB XapakTepPUCTUK, HEBO3MOXKHO.
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Takum o6pasom, anocTepuopHasi BEPOATHOCTb MOMET ObITb OLIEHEHA MO NPOU3BEAEHUIO OTAEMbHbIX MMNOTHO-
Sn) = MP(S{D.

CTei BeposATHOCTH, TO ecTb P(G|S,, S, ...,

S\ =TP(S{G) n P(1|S4, S,, ...

Tabnuya 5— Mpumepbl MeTOA0B 06beMHEHUS PE3YIBTATOB CPaBHEHUS

i — i~ BUOMETPUYECKMIA pesynkTaT CpaBHEHUS,

N — 4ucno BXofHbIX flaHHbIX 00beANHEHUS,

8] — i-il HopManu3soBaHHbIii pesynsTaT CpaBHEHUS;
W, — /- BecoBOM KOS(hpULIMEHT KOMNapaTopa;

W; — i-it BecoBoil KoathULMEHT Nonb3oBaTens;

Meron ®OpMyna 06beAMHEHNS TpebyemMble JaHHble XapaKkTepusaumm
PESYNIBTATOB CPABHEHVA | Her PDFg | PDF, | EER | Vg, V| | MepcoHanbHble
Mpocras cymma > (i=1..N)S;
MuHUMarnbHBIA pesynsTaT cpaBHEHNS min(i =1..N)S;
MakcuMarbHbIA pesyneTaT cpaBHEHUs! max (i =1..N)S;
B3BeluMBaHu1e KoMNapaTopom Y (i=1..N)W;S; 0
BaBelunBaHue KomMnapaTopom ¢ 06b- N (i =1..N)WS; 0 0
efnHeHnem OMNPB ana npuHATUA pe-
LeHus no [64]
BaBelurBaHWe nonb3oBaTenem N (i=1..N)W/s; o
B3BelleHHOe Npou3BeieHne [TG=1..N)ws; )
CyMMa BEpOSATHOCTEN NOASIMHHBIX fnL, Z(/ =1..N) PG|S,- 0
CyMMa BEPOATHOCTEN «CaMO3BaHLEB» 2(/ = 1"'N)P||s,- o}
Dg)c:l]lja:snewe BEPOSATHOCTEN MOASNUH- H(I =1 N) PG|S, o
MNpousBeneHne BepOATHOCTEN «caMo- H(i_1'"N)P||S, 0
3BaHLEB»
BGI [60, 61] H(l =1..N)BG|, ) o)
OTHoLeHWe npaBaonogobus no [51] PDF4/PDF, 0 0
k-6nuxaiiumx cocepnei — o
[epeBo NpUHATUA peLLeHuii — o
OnopHble BeKTOpSI — 0
AHanma gucKpUMUHaHTa — o
HelpoHHasa ceTb — o}
MpumevyaHue — B Tabnuue ncnonb3oBaHbl creayolne 0603HaYeHUs U COKpaLLEHUS:

W/ — j-it BecoBoil KoathULIMEHT KOoMMNapaTopa B cry4ae o6beanHeHns OrPB;

BGI — 6uomMeTpudeckunii KosdOULMEHT YCUNEHNUA NPOTUB «CaMO3BaHLIEBY;

PDF g — ®I1PB BeposiTHOCTE! pe3ynsraToB cpaBHEHUS MOSMAUHHBIX NUL AN KaX40M pasMepHOCTY,
PDF| — ®ITPB pesynsratoB cpaBHEHNUS «CamMO3BaHLEB» ANs KaX4oW pasMepHoCTy,

EER — ypoBeHb paBHOW BEpOSTHOCTH OLLUNOOK,;

Vg — N pasMepHbIil BEKTOp pesysisTaToB cpaBHeHUs NOANUHHBIX UL, rAe N — Y1Crio MofansHoCTel,
V| — N pa3smepHblii BEKTOp pe3ynsraToB cpaBHEHUA camo3BaHLeB, rie N — 4ucrio MoAasribHoCTeH!;
PG|S,. — 3HadeHne PDF g npu pesynerare cpaBHeHus S,

PI|S- — 3HaveHue PDFI npu pesynisrate cpaBHeHUs S;.
I
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4.4 O6beAuHEHUE HA YPOBHE GMOMETPNYECKMX NPU3HAKOB

Mpu KOMBUHMPOBAHMK HA YPOBHE BUOMETPUUECKUX NPU3HAKOB 0ObeanHeHUe BUOMETPUYECKUX AAHHBIX
NPOUCXOAMUT MOCHE U3BNEYEHU BUOMETPUYECKMX NMPU3HAKOB A0 CpaBHEHUs [CM. pucyHoK 3 ¢)]. CyluecTBy-
IOT HECKONbKO cnoco6oB kKOMBUHMPOBaHUA BUOMETpUYECKMX npusHakoB. Hanbonee npocToii 3akniovaercs B
00beaANHEHUN BEKTOPOB GMOMETPUYECKUX NPU3HAKOB (UnM HAOOPOB BUOMETPUYECKMX NPU3HAKOB, ECNIN HET
CKpbITON B3aMMOCBA3K) U B NPUMEHEHMN MeTOAA Knaccudukaumum BUOMETPUYECKUX MPUSHAKOB K 00bEAUHEH-
HOMY BEKTOPY MPWU3HAKOB. B HEKOTOpPLIX CRy4Yasx npumeHeHue obbeauHEeHus Ha ypoBHE GUOMETpUYECKUX
npusHakoB Gonee 3MPEKTUBHO, YEM NPUMEHEHME OOLEAMHEHMS] HA YPOBHE pe3yrnbTaroB CPaBHEHUS; OHO
obecneunBaeT ynyyeHme obLmux aKCnyataunoHHbIX xapaktepuctuk. Korga Guomerpuyeckue npusHaku B
MYSIbTUBUOMETPUMN HE SIBMAOTCA HE3aBUCUMbIMM, yaauHOe 0bbeAUHEHUE HA YPOBHE NPU3HAKOB MO3BONSET
B HEKOTOPbLIX CIy4asix MCMOnb30BaTk 3aBUCMMOCTU Boriee MosfHo, YeM oObeMHEHUE Ha YPOBHE pe3yrnbra-
TOB CpaBHeHus. Hopmanusaumio 6MoMeTpuYeckux NPU3HaAKoB OOBIMHO UCNOMbL3YIOT nepen obbeauHEeHneM
BELLECTBEHHbIX BUOMETPUYECKUX NPU3HAKOB (0COOEHHO B Criydyae CoOeUHEHUA GUOMETPUYECKUX NPU3HAKOB).
OpHako B cnyyae o6beauHEeHUss 4BOUYHBIX BUOMETPUYECKUX MPU3HAKOB HOpManu3aumsa GUOMETpUYEecKux
MPU3HAKOB HE MCMOMNb3YeTCA. STO MO3BONAET AOCTWUYbL fydwen obLwen npoussoautenbHocTu. Ha npaktuke
00beauHeHne Ha AaHHOM YPOBHE CMOXHO peanu3oBartb MO HECKOSIbKUM MPUYMHAM:

- BEKTOPbl GBUOMETPUYECKUX NPU3HAKOB HECKOIIBKNX TUMNOB DUOMETPUHECKUX XapaKTEPUCTUK MOTYT ObITb
HECOBMECTUMbIMU (HanpUMep, MHOXECTBO KOHTPOJSbHbIX TOYEK nanbueB U COGCTBEHHbIE kOIhULMEHTDI
n300paxkeHnsa nuua);

- B3aMMOOTHOLLEHNA MeXAy NPOCTPaHCTBaMM NPU3HAKOB Pa3HbIX BUOMETPUYECKMX CUCTEM MOTYT ObITb
HEU3BECTHbI;

- COEAUHEHMe BYX BEKTOPOB BMOMETPUYECKUX MPUIHAKOB MOXET B UTOre NPOU3BECTU BEKTOP NPU3HA-
kOB OOmbLUOW Pa3MEPHOCTU, YTO MPUBOAUT K «MPOKIATHION Pa3MEepPHOCTH;

- MOXET NoHapobutbcst Gonee CnoXxHbIi KomnapaTtop ana patoTel ¢ 06beAUHEHHBIM BEKTOPOM BUome-
TPU4ECKUX NPU3HAKOB B COOTBETCTBUMU C [55].

HecMOTpA Ha AaHHblE COXHOCTU, OObEeAMHEHUE Ha YPOBHE BGUOMETPUYECKUX NPU3HAKOB ObINO OCy-
LLIECTBIEHO B pasHbIX ycrnosusx. B [5] npuBeaeHo onucaHne ob6beguHeHus Ha ypoBHE BUOMETPUYECKUX NPU-
3HAKOB TMMOB BUOMETPUYECKUX XapaKTEPUCTMK UL U yXa, YTO ABNAETCA CBWAETENbCTBOM 3HAYUTENbHbIX
ynyJlleHui npousesoauTensHocTu. B [41] npuBeaeH cnocob obbeanmHeHust oTneyarka nagoHN M NPU3HAKOB
reoOMeTpun KUCTU PyKM OAHOrO YeroBeka And ynyylieHus npouecca cpaBHeHusl. [laHHble, NPpUBEAEHHbIE B
3TUx paboTax, AOKAa3bIBAKOT, YTO 0OBLEAUHEHNE HA YPOBHE PE3ynbLraTtoB cpaBHeHus addekTusHee obbeau-
HEeHNA Ha ypoBHe GuomMeTpuyeckux npusHakoB. OgHako B [55] npuBeaeHO onucaHne o6bLeAMHEHUSI TUMOB
6UOMETPUYECKUX XapakTEPUCTUK ULl W yXa norib3oBarens (MynbTUOMOMETpUYECKasl CUCTeMa) HapaBHe C
kaHanamu R, G, B nsobpaxeHus nuua nonb3opatens (MynsTuaaTymkoBasi cucrema) Ha ypoBHe Guomerpu-
YeCcKuUx NPU3HAKOB C A0Ka3aTeNnbCTBOM TOTO, YTO Cxema Bbibopa OMOMETPUYECKUX NPU3HAKOB MOXET ObITh
HeoBX0AMMON ANA YNyYLUIEHUS NPoLecca CpaBHEHUS HA AAHHOM ypoBHe. Takum obpa3oM, Ans 00beauHeHus
[JaHHbIX HA YPOBHE BMOMETPUYECKUX MPU3HAKOB TPeOyeTcs NpUMEHEeHne COOTBETCTBYIOLLEN CXeMbl BbiOOpa
GMOMETPUYECKUX MPUSHAKOB.

BuomeTpuueckue npu3Hakm MOXHO KOMOMHMPOBATbL Bonee CrnoXHbIM CNOCOBOM HA YpOBHE amnroput-
MOB NyT€M COBMECTHOW perncrpauuu. BonbLIMHCTBO anropuTMOB U3BMEYEHUS BUOMETPUIECKUX MPU3HAKOB
TpeObyioT nokanusaumu OPUEHTUPOB AN CO3aaHns OOLLEN CUCTEMBI KOOPAMHAT AN U3BNeYeHus duomeTpu-
YeCKUX NPU3HAKOB. B MynsTMBMOMETPUYECKUX CUCTEMAX OTAENbHBIE KOMMNOHEHTLI MOTYT OOMEHUBATLCS OpU-
eHTUpamMu unu NOAAEPXKUBATb UX U3BIIEYEHME HA B3AMMHOW OCHOBE. DTOT METO/], Ha3blBAEMbI COBMECTHOM
perucTpauuen, ABnAeTca oaHON U3 opM KOMOMHUPOBAHKUA HA YPOBHE BDMOMETPUYECKMX NpU3HakoB. Hanpu-
Mep, anroputM pacno3HaBaHUA nuua MOXKET NpeaoCTaBUTb AAHHbIE O MNOJIOXKEeHUU masa and anropyurma pac-
NMO3HABaHUS PaY>KHOW 0DONOYKM rnasa, U OPUEHTUPHI rMyOUHbI B CUCTEMAaX Pacno3HABAHUA TPEXMEPHOTO
n306pakeHns nNuLUa MoryT ObITb MPUMEHEHbI AN UCMPABNEHMUS NOJIOXKEHUS NMLA HA U300PaAXKEHUAX TEKCTYPbI.

5 [laHHble XapakTepusauum 4ns MynbLTMOMOMETPUYECKUX CUCTEM

5.1 O6wwKMe nonoxeHus

Ona MynsTUOMOMETPUYECKUX CUCTEM OAHMM U3 Hambonee BaXKHbIX ACMEKTOB HOPManu3auun um KoM-
OMHUPOBAHMS ABNSETCA NPOUCXOXKAEHUE NapaMeTPOB ANs NPOBEAEHUS HOpManu3auuum u/mnu KOMGUHUPO-
BaHud. B cnyyae KOMOMHMPOBAHUS HA YPOBHE PE3yrbTaTOB CPABHEHMUSI C UCMONb30BAHUEM CTATUCTUHECKON
Teopuu pacnosHaBaHus Buometpudecknx obpasuos Tpedyiorca SrPB pe3ynsratoB CpaBHEHUS NOANMHHLIX
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nuu n «camo3BaHueBy. [Mpu agpyrux cnyvasax KOMGMHMPOBAHUS HA YPOBHE PE3YNLTATOB CPAaBHEHUS, HA YPOBHE
BGUOMETPUYECKNX NPU3HAKOB M Ha YPOBHE NPUHATUA PELLEHUA BaXKHBIMU NapaMeTpamu SBASIIOTCA TE, KOTOPbIe
HeoBOXx04MMO Nony4nTb Npu xapakrepusauuu. Takum 06pa3om, 3TOT BONPOC SABMSIETCA YHUBEPCANbHbIM.

B Hactoswiem pasgene pacCMOTPeHbl W NpoaHanu3upoBaHbl AaHHbIE XapakTepusauun, ee
npeanonaraemblii(ble) UCTOYHUK(M), CTENEHU €€ TOYHOCTU U aAeKBaTHOCTU (Hanpumep, nNpu Hanuyuum G6uo-
METpUYECcKkux 06pa3LoB HEOOMbLUMX PA3MEPOB UM UHLIX OFPaHMYEHUi K BbiBopkam 06pas3LoB xapakTtepu3sa-
Luun), a TaKkKe Kak 9TU faHHbIe UCMONb3YIOT.

5.2 NpumMeHeHMe AAHHLIX XapaKTe pu3aunuu npym HopManu3auum n o6 LegUHEeHun

Mpn 00beaNHEHUN HA YPOBHE Pe3ynbTaToB CPaBHEHWUSI KOMOWHUPYIOT Pe3ynbTaThl CPABHEHUSI OAHOTO
unn 6onee KomnapaTopoB. B cnyyasx MynsTUXapakTepUCTUKOBOTO U MYNLTUANFOPUTMUYECKOTO 0ObeanHe-
HWI NPUMEHSAIOT ABa unu Gonee komnaparopa. B cnyyasx mynsruaaTt4MkoBoro U MHOrO9K3eMNNsIPHOro 06b-
e,D,l/IHeHI/IVI U MynbTUNpeabsBIeHUA, Kak npasuno, NPUMEHAIOT OANH KOMNapaTop, HO B niobom cny4yae Mmoay-
no 00beanHeHNA AO0CTYNHO MHOXECTBO pe3ynbraTtoB cpaBHeHusl. PacnpeaeneHue pesynsratoB CpaBHEHUS!
OT KOMNapaTropoB 00YCMOBNEHO CUCTEMON CPABHEHUS], @ CTAaTUCTUKA NEPEMEHHbIX, KaK NPaBuIio, He BXOAUT
HW B OHY 00Ulyl0 006nMacTb pe3ynsTaTtoB CpaBHEHUs. Takum 06pa3om, NPoLUecc HOpManu3auum, OnMCaHHbIN
B 4.3.2, HE0OX0AUMO NPOBECTU A0 nNpouecca o6beauHeHus. [Ins npoBeaeHnsa NPoLEeCCOB HopManu3auum u
00beanHeHns HeobxoaMMOo 00si3aTeNbHOE HanNMuUe AaHHbIX XapakTepu3auum, PaCCMOTPEHHBIX B HACTOSILLEM
pasgene. CaMblii NPOCTOW BUA TakMX AaHHLIX BKNOYAET B ceba napameTpbl pacnonoxeHus unu popMbl Kax-
[0r0 pacnpeferneHus pesynsraros cpasHeHus. Hanpumep, B cxeme 006beaAUHEHUS) pe3ynbTaTOB CPAaBHEHUSA
nuua n oTneyatka nanbua 6yayT NPUMEHATLCA HEKOTOPbIE anpUOpPHLIE OLIEHKU NO MEAUAHHOMY OTKITOHEHUIO
1 abConNOTHOMY MEAUAHHOMY OTKIIOHEHUIO (CM. Tabnuuy 5) Ans ocyLLecTBNEHUA Npouecca HopManu3auum
[BYX pe3ynsTatoB CPaBHEHUSA.

Haunbonee achdeKkTUBHBIM ABNAETCA UCNONb3OBAHUE MOMHON XapakTEPUCTUKM pacnpeaeneHust pesynb-
TaTOB CpPaBHEHUS, AOCTYNHOE ANA pacnpeaeneHns pesynbTatoB CPAaBHEHUsI KAaK MOAJIMHHOIO Nvua, Tak M
«camo3sBaHLUay. Takum 00pa3om, AaHHbIE XapakTepusaumm BUOMETPUYECKOW CUCTEMBI NPEACTABNSIOT Coboii
HEKYI0 penpeseHTaTUBHYIO CBOAHYIO MH(POPMALIMIO O CTATUCTUMECKOM pacnpesienieHun ee BbIXOAHbIX pe3yrb-
TatoB cpaBHeHuA. ShdeKTUBHAA U NPOCTAan XapaKkTepusaums SBNsIeTCs MHTerpanbLHoi yHKuuen pacnpeae-
nenusi (MOP), koTopas MOXET ObITb BhipaXkeHa ¢ nomoubto N nap (S;, UOP(S)) unu kakon-nu6o dyHkumo-
HanbHOM PopMOoN AaHHbIX (cM. [18], [36]).

B npoueccax, 0CHOBaHHbIX Ha HOpPManu3aumu OueHOK, 00beanMHEHUIO npeawecTeyeT npeobpasoBa-
HWE KaXaoro pesynsrata cpaBHeHus B 00uyl0 obnactb. dopmat 0O6beauHEHUss AaHHbIX, ONpeaeneHHbIN
B MCO/MOK 29159-1*, npeaHasHayeH Ana noaaepxXku noboro u3 obuiensBecTHbIX npeobpa3oBaHuii.
B NCO/M3K 29159-1 ycTaHOBMNeHbl CTAHAAPTU3UPOBAHHbLIE CPeACTBA OOMEHA AaHHbIMM, 3@ CYET Yero
nogfaepXaH MOAYMbHLIA NOAXOA K WMHTErpauum OMOMETPUYECcKUX CUCTEM, NMPU KOTOPOM anroOpuTMbl CpaB-
HEHMS M 00beguHeHUs OCTaloTCH 3alUMLLEHHBIMM Kak OObEKTbl WHTENNEeKTyanbHOM COGCTBEHHOCTM.
B MCO/M3K 29159-1 npeaycmMOTpeHO NpuroxeHue, B KOTOpoM aee (unu 6onee) 6asoBble TexHonoruu cbopa
OGUOMETPUYECKUX AAHHBIX U CPaBHEHUS (Hanpumep, reOMETPUA PYKM M OTNeYaToK nanbua) BbiAaloT CBOM pe-
3ynbTaT CPaBHEHUS, KOTOPLIA NOCTYNaeT B MOAYMNb 00bEAUHEHMUSA, KOTOPbIN OblN MHULMANU3MPOBaH C NOMO-
LLibI0 COOTBETCTBYIOLLEro ak3emnnapa popmara oObeanHEHUs AaHHbIX, onpeaeneHHoro 8 UCO/M3K 29159-1.

* B Poccutickoli ®edepauuu deticmeyem OCT P MCO/M3K 29159-1—2017 «VHghopmaLyuoHHbie mexHomnoauu.
Buomempusa. Kanubpoeka, ayemeHmayus u obbeduHeHue OaHHbiX & buomempuu. Yacme 1. @opmam obbeduHeHus
OaHHbIX».
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