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HALUWOHANbHBIN CTAHOAPT POCCUMCKOW SGEJEPALUUWN

3PTOHOMMUKA B3AUMOJENCTBUA YENOBEK - CUCTEMA
Yactb 310
BUANMOCTb, 3CTETUYHOCTb M 3PTOHOMMUYHOCTb AedeKTOB Nukcenei

Ergonomics of human-system interaction. Part 310.
Visibility, aesthetics and ergonomics of pixel defects

[LaTa BBegeHna—2014-07-01

1 O6nactb NpPUMEHEHUS

HacTosawwunii cTaHfapT ycTaHaB/IMBaeT 3CTeTUYECKOe U 3ProHoOMUYeckoe BAUsiHWe AedeKTOB nuKcenei
Ha COOTBeTCTBME [AUCMJIEEB YCTAHOB/IEHHbIM Tpe6GoBaHWsiM. HacTosiwmnii cTaHAapT He COAEepPXUT
Tpe60oBaHusi, CBA3aHHbIE C AeEKTHLIMY MUKCENSMU, HO NPesyCcMaTPMBAETCsl, YTO 3Ta UH(OopMaLnsi MOXEeT
MCNONb30BaTbLCS NPV NepecMoTpe APYrnx YacTeli cepun ctaHgapToB MCO 9241.

2 TepMuHbI U onpeaeneHns

B HacTosiwem cTaHAapTe NMPUMEHEHbI cliefyol e TEPMUHbI C COOTBETCTBYIOLWMMN ONpeaeneHnsamMmun:
2.1 nukcenb (pixel): HaumMeHbWWIi NPOCTPAHCTBEHHbIV 3M1EeMeHT Aucnnaes, K KOTOPOMY BO3MOXHa
aapecauus, cnocobHblli BOCNPOM3BOAUTL NO/HbINM LLBETOBOW Anana3oH.

MpumeyvaHunsa

1 O6blyHas BbICOTa NUKCENs AJ19 OAHOMNONb30BaTE/IbCKUX ANCTIEEB HaxXOAUTCA B Anana3oHe ot 0,05 mm o 0.40
MM. B MHOronosnb3oBaTtesibCkMxX ANCMENX, UCMOb3yeMbIX Ha PaCCTOSHUW, NPUMEHSIIOTCA 60/blUMe pa3Mepbl MUKCESS.

2 ApantmposaHo ¢ NCO 9241-302:2008. onpepeneHune 3.4.29.

2.2 cy6nukcenb (subpixel): HesaBucumblli agpecyemblii  3N1eMeHT MUKCesnsl, HauMeHbLlni
ajpecyeMblii aneMeHT gucnnes, cnayxawuii Ana NpocTPaHCTBEHHOrO CriaxXuBaHWA LBETOBbIX MepexofoB
WNAN APKOCTU.

2.3 pedekT nukcens (pixel fault): JedekTHbIN NuKkcenb UM cybnukcenb. BUAMMbIE NP HA3HAYEHHOM
pexume paboTbl.

[MCO 9241-302:2008]

2.4 pecpekTHbIi nukcenb (pixel defect): MNMukcenb, KOTOpbIi paboTaeT HeNpaBU/ILHO NMPU agpecaumnn K
BUAeonHGoOpMaLnm.

Mpumep - Mukcenb, agpecoBaHHbIl, YT O6bI CTaThb YepHbIM, ocTanca 6enbiM. Ecnm nukcenb
HUKOTAa He MeHsieT COCTOsiHWe, 3TO. TakK Ha3biBaeMblli, 3aCTbIBLWWIA NUKcenb. ECAn OH MeHsAeT
cocTosHMe 6e3 Hafexalw,ero curHana agpecauum, 3To HeyCTONUYUBbIA NUKCeNb.

[VESA FPDM 303-6]

2.5 nukcenb, 3acTbIBW WA BO BKJKOYEHHOM cocTosHuM (stuck on pixel): Apknii NnuKcenb Ha YepHOM
coHe.

MpumevaHwne - Tukcens, 3aCTbIBLUWI BO BK/TOYEHHOM COCTOSIHUM, MOXHO HabnoaTh Ha YePHOM 3KpaHe.

[VESA FPDM 303-6]
2.6 nukcenb, 3acTbIBWWA B BblKAOYEHHOM cocTosaHun (stuck off pixel): TeMHbIA nukcenb Ha
6enom akpaHe.

MpumeuvaHune - [UKCesb, 3aCTbIBLUNIA B BLIK/IIOYEHHOM COCTOSIHUM, MOXHO Hab/loaaTh Ha 6e/10M aKpaHe.
[VESA FPDM 303-6]

2.7 3acTbIBWUI Tycknbli nukcenb (stuck dim pixel): Cepblii nukcesb, He3aBUCUMO OT TOrO, YepPHbIN
dOoH nnun 6enbli.

M3paHne opuunanbHoe
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MpuMeuyaHue - 3acTbiBWUI TYCKbIA NUKCENb MOXHO HAG/IIOAATb, MUCMOSMb3ys 6enblii U 3aTeM YepHbIii
3KpaH.

[VESA FPDM 303-6]

2.8 pecbekTtHas konoHkal/psg (defective column/row): Llenas kosioHka nnu psg gedeKkTHbIX nukcenei.

[VESA FPDM 303-6]

2.9 HenonHblli nwukcenb (partial): Mukcenn wnn cy6nuKcenn, KoOTopble WUMEKT AedeKTHYI
nopo6nacTb OWMNHBOK.

MpumeyaHune - YacTb NUKCens 3acTblNa BO BK/IHOYEHHOM WIN BbIK/THOYEHHOM COCTOSIHUM, & 4acTb
paboTaeT npaBW/ILHO.

2.10 BpeMeHHOl W wuMNynbCHbI pedekT (temporal and intermittent defect): [edekTHbl
cy6(nukcenb). MNPoOABASAKOWMACA BO BPEMEHHbIX OTK/IOHEHUSAX, He CBSI3aHHbIX C  KakuM-n6o
yCTaHOBUBLUMMCS BUAEOCUTHANIOM.

MpumMmeuyaHune - BpemeHHble feeKTbl MOrYT 6biTb VMMY/ILCHBIMY, MNPOSIBASIOMMUCS BO BHE3arHOM
N3MEHEHUW COCTOSIHSA, UM MEPLAIOLLVMU.

2.11 pedrekTHbI knacTep (defect cluster): Knactep nukceneli, B KOTOPOM umeeTcs 60see OAHOro
nedekta onpeaeneHHoro pasmepa, Hanpumep. 5x5 nukcenei.

[VESA FPDM 303-6]

2.12 koadpduuyneHt 3anonHeHusa (fill factor): BenununHa, paBHasA OTHOWeEHUO NJOWaAN,
npousBojsuieli NoNe3Hy APKOCTb, K NAoWaan, BblgeneHHon ana cybnukcenei.

[VESA FPDM 303-6]

2.13 mypa (mura): 9noHckoe cfioBo, o603Havaruwee gedekT, KOTOpoe afanTMpPOBaHO B aHI/INIACKOM
ANA Ha3BaHVA AedeKTOB MUKCeSIbHOM MaTpuLbl NMOBEPXHOCTN AUCNes, KOTOpble 3aMeTHbl Npu 3ajaBaeMoMm
NOCTOAHHOM CEpPOM YPOBHE 3KpaHa agucnnes.

MpumeuvaHune - [JedekTbl Mypa MPOSAB/AIOTCA KakK HU3Kas KOHTPAcTHOCTb, HEOAHOPOAHble 06nacTu
SAPKOCTUW, Kak npasBuio, 6osiee KpynHble YeM eAnHUYHbIe NuKcenn. OHU Bbi3BaHbl MHOXECTBOM (DU3MYeCKMX (DaKTOPOB.
Hanpumep, B J)XK-mMOHWTOpax, K MpuuMHam [JedekToB Mypa OTHOCAT HepaBHOMEPHO pacnpeferneHHble
XUAKOKpUCTaIINYECKNe MaTepuasibHble M WHOPOAHbIE YacTWlbl BHYTPU XWAKOro Kpuctanna. fedektbl, nogobHble
Mypa, nosiensitotcss B CRT, FED 1 Apyrux ycTpolicTBax 0OTOGPaXeHUs.

[VESA FPDM 303-6]

3 AHanms nccnepoBaHuA

3.1 O6HapyxXeHune NATeH

3.1.1 O6uwune cBefeHNs

O6HapyXeHne nNATeH HEeCKO/IbKO OT/inyaetcss OT O6HapyXeHUss MNPOCTPAHCTBEHHO MNepuoanYecKnx
MuweHeli. O630p uccnegoBaHuii B 061acTU NPOCTPaHCTBEHHO NMepuoAMYecknx MulleHeli 60nee o6LWMpeH,
yeMm uccnegosaHusa B o6nactu nAaTeH. OCHOBHbIMU (hakTOpamu, B/VSAIOWUMU Ha BUAUMOCTb ManeHbKUX
NsATeH, ABASAKTCA pa3Mep MsATHA, MNPOAO/DKUTENBHOCTbL  NATHA, B3auMmopgeicTBue pasmepa MU
NpoAoOIXNTENBHOCTN, 3P eKT CKOLWEHHOCTW, cBeTOBas ajanTauus, pacnosioxeHue B MOJie 3peHUs U
npocTpaHCTBEHHas HeonpeaeseHHOCTb.

NccnepoBaHue npouecca 4TeHua [25] nokasasno, 4TO y YesioBeka eCTb TPV KOHTPAcCTHbIX KaHana,
NPUMeEHSIEMbIX MPU YTEHUW: KaHan SPKOCTU, KPacHO-3efleHbll KaHan W XenTo-CUHWIA KaHan. [lpu
HOPMasnbHOM YTEHUU MPUHMMAETCA UMMY/IbC OT KOHTPACTHOTO KaHasia C caMblM CW/IbHbIM CUTHasoOM, OT
ABYX APYTrMX KaHasioB WMMYy/NbCbl MponyckalTcA. Tak Kak YTeHue 3aBUCUT OT BbIAAB/IEHUS XapaKTepHbIX
ocobeHHOCTeli 3Haka, MOXHO MPeAno/sIokKUTb, YTO TOT Xe caMblii MexaHW3M NpurofeH AN O6GHapyXeHus
naTHa.

Takum o6pa3om, MOXHO MpoaHannM3npoBaTb BAUSHME LLBETOBOrO KaHana Ha obHapyxeHwe NATHa ANA
Tpex KOHTPACTHbIX KAHAa/I0B OTAE/NIbHO, U NSATHO 6yAeT BUAMMO, EC/IN HE MEHEee OAHOro N3 TPeX KOHTPAaCTHbIX
KaHasioB NpousBeAeT CUTHasA, KOTOPbI NpeBblllaeT KOHTPaCcTHbIN nopor.

3.1.2 Pa3mep nATHa

3.1.2.1 O6wmne ceBepeHNnA

Ona mManeHbKnx nNATeH rpaHuua BUAUMOCTU YMeHblUaeTCs, MOCKO/bKY yBefnmuyMBaetcs o061acTb
MULWeEeHN (MPOCTPaHCTBEHHOE CyMMUpoBaHue). Mpu nccnegoBaHum gedeKToB NUKCess paccMaTpuBaloT NATb
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pas/fIMyHbIX TUMNOB NPOCTPAHCTBEHHOrO CYMMMUPOBaHUA: 3akoH lMalinepa, 3akoH PUKKO, S-KONGOYKM U M- 1 L-
KON60oYKN.

MpocTpaHCTBEHHOE CyMMUpOBaHWEe O6bACHAET, novyemy fAedekTbl 3acTbiBaHUA BO BK/OYEHHOM
COCTOSIHUN Ha 4YepHOM (hOoHe 6oslee BUAMMBI, YeM fAedeKTbl 3acTbiBaHWSA BO BK/IIOYEHHOM COCTOSIHUM Ha
6enom doHe. Ha 6esiom dhoHe yepHOoe MATHO U sApKas 06/1acTb BOKPYr HEro CyMMUPYKOTCH, U KOHTpacT
Mexay CyMMWpOBaHHOW o6nacTbio 1 ee (DOHOM 6bICTPO CTAHOBUTCS MEHblUe NMOPOroBOro 3HayeHus, Korga
pasMep CyMMMUPOBaHHOW o61acTu yBennynBaeTcs.

X - AecATUYHbIN orapudm gnameTpa BXOAHOTO CTUMYy/ia MpY MUHUMaAbHOM yrne 3peHus; Y - AeCATUYHbIN
norapncm ALJL

MpumeyaHne - puUCYHOK 13 [29].
PucyHok 1- MpocTpaHCTBEHHOE CyMMUpPOBaHMe Kak (OYHKUMS pasMepa MULLIEHW 1 YPOBHA ajgantauuu

MoporoBble 3HauYeHWUs NOrapMMUYEcKOro npupaleHns (CNAOLWHbIe SIMHUK) U NorapugMUYecKkoro
AekpeMeHTa (wWTpuxoBble NuHuM) A L/L o npeacTaBneHbl yHKuueli gnameTpa BXOAHOro cTumyna Ans

HECKONIbKUX YPOBHeN aganTauuu. NMonHoe cymmupoBaHue (3akoH PUKKO) 3apjaeTcsi Hak/ioHoM 2, O6nactb
NO/IHOTO CYMMMWPOBaHUA YyMeHbllaeTCsa MNpu YBeNWYEeHUN CpefHero ypoBHS APKOCTU. [po6HbI BXOAHONM
CTMMyn nojasasic B TeyeHue 6 cekyHA B Buae Kpyra nepemeHHoro guvametpa (oT 3.6 mMuHyT go 121.0

MWHYT) Ha 10e dhoHa. YpoBeHb agantaumn, Lo. konebanca ot 105 102 ka/m2 Habnwopgatenun - 19 XeHWNH ¢

HOpMas/ibHbIM 3peHWeM, Bo3pacT - 19-26 neT. Kaxwas cBo60AHO paccMmaTpuBasia (hOH Ha pPacCTOSHUMU
18.2 M. Tak, 4TOGbl PacCCMOTPEHVWE BO3MOXHO Obl/I0 LEHTPaNbHbIM ANs TPeX CaMblX HU3KUX YPOBHEN
apantaumn. TecToBoe MATHO MOI/I0 MOSABUTLCA B OAHOM W3 BOCbMMW MOJIOXEHWUI, CMPOEKTUPOBAaHHbLIX Ha
OKPYXXHOCTU BOOGpaxaeMblxX KpyroB paguycamu 3". n 3agava NpUHyAUTeNbHOTO BbiGopa o6HapyxXeHus B
NpocTpaHCcTBE UCMNO/b30Banach /15 OLEHKM NMOPOroBOro 3HavyeHus. MoporoBoe 3HayeHUe GbIIO B3ATO Kak
TouYKa, B KOTOPOil BEPOATHOCTb MPaBUMILHOrO OGHapyXeHUs 6bina 0.5 ¢ MNONpaBKOW Ha cayvaliHyto
NOrpewHoCTb.
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0.5 mc 930 mc

X - obnacTb npupauweHus (rpagyc2); Y - noporosoe 3HauyeHue (log poToH/Cc 1 rpagyc?);
XX . - apkocTb ¢poHa (log cboToH/c rpanyc?) 7.83;
¢ - apkocTb coHa (log boToH/c rpagyc?) 5.94; m - apkocTb poHa (log poToH/c rpagyc?) 4.96; A - ApKOCTb
¢oHa (log poToH/c rpanyc?)3,65;
* - abCconoTHble MOPOroBble 3HaAYEHMNA

PucyHok 2 - CymMMuMpoOBaHUe Ha YPOBHE KO/1604€eK NN 3aKOH PUKKO. NpeAcTaBNeHHbI HenpepbIBHOM
NVHWeli ¢ rpagueHTom 1

Norapudmuyeckas sipkocTb (log coToH/c rpagyc2- ppyroii cnoco6 ANS BblpaXeHUsi OCBELEHHOCTH,
nofo6HbIV TponaHAy) Kak PyHKUMS 061acTv NPOAO/HKUTENBHOCTU ABYX Pa3/INYHbIX BXOAHbIX cUrHanos (1].

3.1.2.2 3akoH Mainepa (BEpPOSATHOCTb NMPOCTPAHCTBEHHOIO CYMMUPOBAHUS).

3akoH [lalinepa npumeHsieTca ANS NATeH 60MbWIOrO pasmepa, KoTopble 67M3KM K rpaHuuam
BMAMMOCTU: OHW MOTYT AOXOAUTb A0 24° B pa3Mmepe B nepudepuiiHom 3peHun. MNpouecc o6paboTkn nocne
CYMMUpPOBaHUA - CYMMUpPOBaHWEe BEPOATHOCTU. bBbINO MaTemMaTuyeckum [AOKa3aHO, 4YTO BEPOATHOCTb

o6HapyXeHUsi Bo3pacTaeT C KBaApaTHbIM KOPHEM M3 UYMcC/ila OTHOCSLIMXCSA K CeTyaTKe rnasa y4yacTBYHOLWNX
KNeTOK HEPBHOTO y3na.

1\A = kp. @

roe / - VHTEHCMBHOCTb NATHA:
A - nnowaab NATHaA;
K P - KOHCTaHTa.

Korga KOHTpacT U SAPKOCTb BbICOKME, 3aKOH I'Ial‘/'lnepa He OKa3blBaeT B/IMAHUA Ha aHanni BNANMOCTU
nukcens.

3.1.2.3 3aKoH Pukko (HelipoHHOe NPOCTPaHCTBEHHOE CYMMUpPOBaHUe)

3akoH Purkko onucbiBaeT BO3feliCTBMSA MPOCTPAHCTBEHHOrO0 CyMMMUPOBAaHUA Ha HENpPOHHOM YpOBHe.
Ecnn nsaTHO co3gaeT M306paxeHuMe Ha ceTyaTke, MOKPbIBalOLWeEN HeCcKoNbKo hoTopeuenTopoB, G/IM3KO K
nopory o6HapyXeHusl, TO K/J1eTKW HepBHOro y3fna MOryT OblTb CBA3aHbl TakMm o6pa3om, 4TO6bl nony4aTb
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BXOfHble BO3eliCTBMSI OT HECKOJIbKMX (hoTOpeuenTopoB M MNPOCTPAHCTBEHHO O6BLEAWHATbL WMNYNbC OT
HECKO/IbKMX hoTopeLenTopos.

B cpoBea BenMUMHa NPOCTPAHCTBEHHOIO CYMMMUPOBaHUA Heboblwas, U HeiPOHHOe NPOCTPaHCTBEHHOE
CyMMMpOBaHMe MPOUCXOAMUT [MaBHbIM 06pa3om B nepudepuitHoii o6nactu 3peHus. B cdoBea HelipoHHOe
NPOCTPaHCTBEHHOE CYMMWpOBaHWe MOXeT Mpou3olTm Tosbko ¢ 2' go 3'. B napacoBea cymmupoBaHue
MOXeT 6bITb A0 30'. [N HOYHOro 3peHus B NepudepuintHOM Nosie 3peHUsi CyMMUpPOBaHNE MOXeET ObiTb [0
2°. BennuuHa HENpPOHHOro MNPOCTPAHCTBEHHOrO0 CYMMMWUPOBAHWUA 3aBUCUT OT WHTEHCUBHOCTU BXOAHbIX
BO34EeACTBUIA.

1-A = kR @
roe |/ - WNHTEHCUBHOCTb nATHA;
A - nnowaab NATHA;

iiR - KOHcTaHTa.

Korga KOHTpacT M APKOCTb BbICOKME, 3aKOH PWKKO He oOKa3biBaeT BJ/IMAHUA Ha aHainu3 BUAUMOCTU
NUKCens, 4YTo [okKa3blBaeTcs (akToOM, 4TO JIIOAM NPU XOPOWMUX YCNOBUAX MOTYT O6HapyXuTb MATHAa,
ob6pasytouwune Bcero 0,5\

3.1.2.4 MpocTpaHCTBEHHOE CyMMUpoBaHue B S-konb6oukax (PPT n nHTepBan cyMMuMpoBaHus)

S-kon60o4Yka MMeeT OTHOLWEHWNE K CUHE-XKENTOMY KOHTPACTHOMY curHany. OHa BHOCUT (818 ManeHbKnx
NATEH) TO/IbKO He3HauyuTes/ibHbIA BK/Ia4 B KOHTpAcT SPKOCTM W HWUKAKOro BKNaja B KpacHO-3efeHbli
KOHTpacT.

Ansa 4JenoBeka paspellarwas CNOCOO6HOCTb MATEH C KOPOTKOBOJSIHOBbIM KOHTPacTOM OCBeLWeHus
onpepensieTca MNPOCTPAHCTBEHHbIM WHTepBasoM S-Ko/n604YeK OrpaHUYeHUSMW ONTUYECKOl CUcTeMbl
yesloBeYEeCKOro rnasa (paccesHue cBeTa, xpomaTuyeckas abeppaums un T1.4.). OCO6EHHOCTM OMNTUYECKOW
CUCTEMbI KOJIMYECTBEHHO MOryT 6bITb onpegesieHbl Kak ®PPT (pyHKUMA paccesaHus Touku) rnasa. VMiHTepsan
S-kon6ouek B hoBea ANS KOPOTKMX BOJIH XOPOLWO HacTpamsakwTcA K PPT. Camas BblCOKass MNOTHOCTb S-
konb6oyek HabnofaeTcsa He B LEeHTpe Mosisa 3peHus, a B akcueHTpucuteTe oT 0.35 ° go ' . MakcumanbHas
NJI0THOCTb He3HaunTesNlbHO Bblle, Yem 10 Konbouek/*, KOTopas 3KBMBAa/IEHTHA MHTepBany, HeMHoOro 6onee
yacTomy, 4Yem ofHa Kon6ouyka B 6'. B UeHTpalbHOM Mosie 3peHus ecTb 30Ha, B KOTOPOW HeT
S-kon6ouek. jnameTp 3TOW 30HbI NpMGAM3NTENBLHO 0.35 °.

Ecnn nATHO 6yAeT MeHblue WHTepBana S-konb6o4yek, TO MPOCTPAHCTBEHHOe CyMMUpOBaHue
npousonget B npegenax goTtopeuentopa. MNpn oueHKe, €C/IN CUHEe-XesNTblli KOHTPAacT MATHa BbIXOAUT 3a
rpaHvyy BWAUMOCTU, Kakme-iInbo nsATHA WAW 3/1IeMEeHTbl MeHblle 3TOro MWHTepBasia [OJ/IKHbl OblTb
NPOCTPaHCTBEHHO CYMMMpPOBaHbl B 06/1aCTb, CTATMBaeMyto Npuban3nTenbHo 6'.

3.1.2.5 MpocTpaHCTBEHHOE cyMMupoBaHue B M- n L-konb6oukax (PPT n nHTepBan CyMMMpoOBaHuA)

M- 1 L-KON6OYKN UMEKT OTHOLIEHME KO BCEM TPeM KOHTPacTHbIM KaHasnam. 3TW KO/6oukn mmeroT
camoe BbICOKOe MNpoCTpaHCTBeHHOe paspeweHne B ¢osea Bcex (hoTOpeuenTopoB U ycTaHaBAMBalOT
abCcoNoTHbIM Npeaen AN YeN0BeUYeCKOl OCTPOTbI 3peHus.

MakcumanbHasa NAOTHOCTb M- 1 L-kon6oyek npnbnmnsntenbHo 120 konboyek/4, kKoTopas 3KBUBasIeHTHa
MHTepBany ofHa kon6ouka B 0.5'. MNpu oOueHKe, eC/IM KOHTpPACT SIPKOCTU WM KpPacHO-3esIeHbIi KOHTpacT
NATHa BbIXOAWT 3a rpaHuLy BUAMMOCTU Kakue-mbo nNATHA WAW 3/1eEMEeHTbl MeHblle 3TOro WHTepBana,
[O/DKHBI TaKUM 06pa3oM 6biTb MPOCTPAHCTBEHHO CYMMMPOBaHbl B 06/1aCTb, CTATMBaeMylo NpnbansnTenbHO
0.5".

3.1.2.6 O6nactb Pukko

O6nactb PuUkko — o6nacTb (B MPOCTPAHCTBEHHOW 06/1aCTW YacTOTbl), B KOTOPO/ NPOUCXOAMNT TOSbKO
yacTnyHoe cymmmuposaHue. Hanbosiee WMpoKass YacTb MexAy MOJSIHbIM U YAaCTUYHbIM CYMMUPOBaHUEM TakK
Xe, KaK Mexay 4YacTUYHbIM CYMMWPOBAHMWEM W €ro OTCYTCTBMEM, 3aBUCUT OT AJ/IMHbI BOJIHbI, APKOCTU U
NPoOAO/HKNTENIbHOCTN CTUMYOB. [N NPakTU4eckKoro rnpuMeHeHUss o06n1acTb PUKKO MOXHO Takum o6pasom
cyntaTtb NpubnMsnTesnbHbIM onpejesieHneM, KoTopoe fob6aBriieT HeonpeAesieHHOCTb K lo6oMy aHanusy
o6HapyXeHns nNATHa (CcM. pUcyHok 2).

HeonpegeneHHocTb B 0651acT PUKKO Takxe 06bACHAET HeKOoTOpble W3 pasnMunii B pesynbTarax
npegcTaB/ieHHbIX UCCNef0BaHNA.

3.1.2.7 MpocTpaHCTBEHHOE CYMMMUpPOBaHNe: KpaTkne BblBOAbI

Mpn aHanuse BUAUMOCTM MNATHA HeEO6XOAMMO  YyuuTbiBaTb  B/INSAHWE  MPOCTPaAHCTBEHHOrO
cymmupoBaHus. 18 LeHTpasbHOro 3peHnsi MPpoCTPaHCTBEHHAsA WUPUHA CYMMUPOBaHUS 6yaeT, no kpaliHel
mepe. 0.5' n camoe 6onblee 2' n 3' A4NA KOHTpacTa SAPKOCTU M KPACHO-3e/1eHOro KOHTpacTa COOTBETCTBEHHO,
6' ANA CNHEe-XeNToro KoHTpacTa.
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3.1.3 NMpoAoO/IKNTENIbHOCTbL MATHA

CamMasi BblCOKasi BblfiB/isieMasi BpeMeHHas 4actoTa HeMHOoro Bbiwe 100 ly. HO AN NpakTU4eckKoro
npumeHeHuUsa npubnansntenbHo 80 Iy. C 605ee HU3KOWM cpefHeli APKOCTbIO MakCuMMalibHas BbifBAseMas
yacToTa yMeHblaeTcs Npuban3nTenbHoO 40 40 'y,

MockonbKy A8 4yacToT Bblwe 10 T4 AeicTByeT  3aKOH Bnoxa, cornacHo KOTOpoMmy
NPOAO/IKUTENILHOCTE MOMEHTA SIPKOCTU SABMSIETCS MOCTOSAHHOIA:

It =kK5 0)
roe / - NHTEHCUBHOCTb nATHa;

f- NPOAO/TXNTENIbHOCTb NATHA:

ks - koHcTaHTa.

Ansa yactoT meHbwe 10 'y nopor o6HapyXeHNs He 3aBUCUT OT 4acTOThl.

3.1.4 B3anmogpgeiicTBme pasmepa n NpoAo/KNTENBHOCTHU

B npegenax 3akoHa bBnoxa u NpoOCTPaHCTBEHHOro0 CYMMWPOBAHWUA COr/lAaCHO 3aKOHY PUKKO U
NpoCTPaHCTBEHHOMY CYMMUPOBaHWNIO Ha YPOBHE KON6GOYeK, BAUSIHUE CYMMUPOBaHUI ABNAETCSA COBOKYMHbIM.
B 6051€ee HM3KNX MPOCTPaAHCTBEHHbIX N BPEMEHHbIX YacToTax AeACTBYIOT He TakMe NpocTble 3aBUCUMOCTMU.

3.1.5 3 heKT CKOWEHHOCTH

Mpy ropusoHTanbHbIX U BEPTUKaNbHbLIX OPUEHTaLMAX NPoAoaroBaTble MULWEHN UMEKT 60osee HU3Kue
rpaHunLbl, YeM Kpyr/ble Uan KBagpaTtHble MULIEHW.

3.1.6 CseToBas agantayuns

NInTepaTypa MO KOHTPAcTHOW AuWHamMWke onpegesiseT npoTuBopevalime OTHOWEHUA  ANs
MaKCMMasibHOW KOHTPAcCTHOW AMHaMWKWU, Hanpumep. 2.5:100, 1:100 n 1:1000. OHW He npoTMBOpeYaT Apyr
APYry, HO o6palalnTcsa K pas/InyHbIM CNpaBOYHbIM CUTyaLUsaM.

B uenax HacTosAuwero craHgapTa HOpMa/bHbIi Anana3oH AWHAMWUKUM  SAPKOCTU  MPUHAT B 3
norapudmunyeckne eguHULbI, yBenmumeascb oT 1.5 norapndmMmnyecknx eguHUL, HUXe SPKOCTHONM agantauunu
K 1.5 norapupmunyeckum egnHnLam Bbllle ASPKOCTHOW aganTtaumn.

Mopor Ana cBeTOBbIX NATEH 3aBMCUT OT SAPKOCTHOW agantauuu. [Ina APKOCTHOW ajgantaumm MeHblue
0.1 ka/M‘ApKOCTHasA aganTauns He okasblBaeT BAUSAHUA Ha rpaHuUy BUAUMMOCTU. [iNSa APKOCTHONM agantaumu
ot 0,1 ka/M2 go 10 ka/M2 cywecTByeT BoO3pacTallias 3aBUCMMOCTb OT SAPKOCTHOW aganTtauuun. [OnsA
SAAPKOCTHO aganTtauunn Bbiwe 10 ka/M2aelicTBUTeNeH 3akoH Bebepa.

roe / - WHTEHCMBHOCTb NATHa;
[/ - NHTEHCUBHOCTb pas3nuMuusa nopora obHapyxeHus;
KA - KOHCTaHTa.

[Ona HopManbHbIX cUTyaumnii npumeHsieTca KA b 100-

Pasmep o6nacTu, onpegensitoweli APKOCTHYIO aganTtauunto, He oxBayeH B AaHHOM oT4yeTe. JlokasbHas
SIPKOCTHasA aganTtaunua NponucxoanuT OAHOBPEMEHHO U HENMPEPbLIBHO AJ/1 Pa3/InyHbIX o61acTeli NoAs 3peHus u
MOXeT YaCTUYHO OGBSICHUTb, MOYEeMy MSTHO onpefeneHHOl SIPKOCTU MOXeT 6biTb ICHO BUAWMO Ha (oHe,
MJ10X0 Pas/IMYMMbIM B OKPECTHOCTU APYIMX 06pa3L,0B 1 HEBUAMMbBIM B Npegenax Apyroro o6pasua sipkocTu.
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1- kon6o4kn; 2 - nasoykn; X - norapudmMmmnyeckas ApKocTb hoHa B KA/MZ;
Y - norapudmMunyeckas noporoBas ApKocTb B KA/M2

PucyHok 3 - Tcuxounanyeckas mogenb NoporoB 06HapyXeHuUa B npegene nonsa 3peHus [26]

a - peakuus nanoyek, JeMOHCTpPUpylowWwas ynaoTHeHne;
X - WHTEHCUBHOCTb CTUMYNa; Y - peakuus Konboyek B

PucyHok 4 - OTBeT KO/I604YEeK Ha UMNY/bCbl hOHA Pas3/IMYHONA NHTEHCUBHOCTY [30]
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BTopoii addhekT cBeTOBOW apanTaumMu - BO3AeliCTBME Ha OCTPOTy 3peHus. OcTpoTa 3peHus
ynydwaetcs c 6osiee BbICOKOl SIPKOCTHOI aganTtauueli npn6nmusmtenbHo o 300 ka/mM2 (41 MosoAblx
COBepLIeHHONEeTHNX, YPOBEHb yBe/M4NBaeTCs C BO3PacTomMm).

Y
1.8

1.6

14

1,2

0,8

0,6
04

0,2

"5 4 3 2 - 101234

1- konbouku: 2 - nanoyku; X - logL, B Munnmnambeprax;
Y - ocTpoTa 3peHus

PucyHok 5 - [lna 3agay pacno3HaBaHUsi Ha OCTPOTY 3peHUs BAUSIET ypoBEHb (POHOBOI sIPKOCTH

[lBa OTBETB/IEHUs1 HarNA4HbI, HUXHEEe NPUHAANEXUT PYHKLUN nasoyvek (CKOTonmyeckasl). a BepxHee -
hbyHKUUM KONBOYeK (hpoTonmueckas). YkazaHbl acMMNTOTbI A/l 060MX HOMUHANIbHBIX MAKCYMYMOB OCTPOTbI
3peHus (cTpenku). Y OTBeTBMEHUS KOMNGOYeK eCTb AJIMHHbLIA ‘NMUHelHbIA" auanasoH nNpubnusnTesbHO B
3 norapugmMuyeckme eguHULbI, 4/ KOTOPOTo aCUMMTOTA Ha (POTOTONNYECKOM YPOBHe Npu6ansnTenbHo 300

KA/M2 ManeHbkasi gyra B HU3KMX CBETUMOCTSAX obycnoBfieHa peakuueli nasodek, n 6onblias S-obpasHas

8
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KpyBasi o06ycnoBsieHa peakuueii kon6ouyek. [Opu3OHTaNbHas CcTpesika 0603HayYeT MakCcuMasbHoe
paspeleHne cucTemMbl Koiboyek 1 nanoyek [1].

X - norapumMmunyeckas ApKocTb, KA/M2; Y - camas BbiCOKas oTo6paxaemMas NpoCcTpaHCTBEHHas
yacToTa, unkn/rpagyc

PVCyHOK 6 -B3aMMOCBS3b OCTPOTbI 3peHusi u sipkoctu [31]
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MoNoXnTeNbHbIN KOHTPACT NpeAcTaBasieT co60li spKoe NATHO Ha TEMHOM ¢hoHe.
—m — Blackwell 1946 (1) YacTb | nonoXnUTENbHbIM KOHTpPAcCT, t=6 C;
-¢--Blackwell 1946 (1) YacTb Il oTpuuatenbHblA KOHTpacT, t=6 c;
—————— Blackwell 1946 (1) YacTb Ill NONOXUTENbHbIN KOHTPACT, t - HEOrPaHUYEHHOE;
— X - BnakBenn 1946 (2) oTpuuartenbHbIi KOHTpacT, t=0,2 c.

PUCYHOK 7 - B3aMMOCBSI3b KOHTPACTHOW rpaHunLbl U )OHOBOW SAPKOCTU (SPKOCTHOW aganTtaumn)

10
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X - yron 3peHus MULWEHN, MUHYTbI: Y - KOHTpacTHas rpaHuua:
-m néska/m2- 2=3426.2591;

— - 16 B kKa/mM2- 2=34,262591;
—A— - 16 B ka/M2- 2=0.342628591;
® /16 B ka/M2- 2=0.003426259;
— 16 B KA/M2- 2=3.426259- 10_s

PI/ICyHOK 8 - B3ammocBsAsb KOHTpaCTHOVI rpaHuybl, CbOHOBOVI APKOCTU U yrna 3peHnsa MUuweHun: oINTeNIbHOCTb
BO3,CI|EI‘/IICTBI/IFI He orpaHun4yeHa

3.1.7 Apantaumsa no KOHTpacTy

ApanTauuns No KOHTPacTy He Takoi 06Len3BeCcTHbIli addekT, KOTOpbIi MOr 6bl BO3AeiCTBOBaTb Ha
o6HapyxeHue nsTHa. OHa MOXeT YaCTUYHO OGBSICHUTb, NovyeMy AedeKTHbI MUKcesb ferdye o6HapyXuTb,
Korga KoOHTpacT fAedekTHOro MuKcenst He C/AUWIKOM OT/IM4aeTcsi OT CPefHero KoHTpacTa nons 3peHus. Y
3pUTENBbHON CUCTEMbl e€CTb [0BOJIbHO OrpaHuyeHHas MYHKUUSA KOHTPACTHOrO OTK/JMKA W BO3MOXHOCTb
KOPPEKTUPOBAaHUS peryinpoBaHMeM YCUIeHUs Tak. 4To6bl OHO 6bLI0 ONTUMasbHO ANs O06HapyXeHus
pas3ninymna No KOHTPacTy BOKPYr CpefHero ypoBHS KOHTpacTa.

JTO MPOTMBOPEYUT MNOMyNsiPHONM 3KCcTpanonsuum 3akoHa BebGepa. XOTss MOryT 6biTb BOCMPUHSTHI
pas3nnyuna B APKOCTU CTOMb Xe Hebonbline, kak 1/100 spKOCTHOW aganTaumun, NlOAN B TO Xe caMoe Bpems
He UMelT B HaMunmn Ty paspellarollyto CNoCO6HOCTb B LLe/IOM Anana3oHe ApKOCTU, a TONIbKO B HEGO/bLIOM
MHTepBasie, BOKPYr aganTauMoHHOro KOHTpacTa.

1
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X

DYHKLNA HMKHETO KOHTPACTHONO OTK/IMKa C/eBa uaeasbHO NOAXOAUT A9 O6HAPYXEHUS pasHULbl B
KOHTpacTe Mexay 2 % n npubnnsntenbHo 25 %. Ho ANnsi KOHTPAcTOB Bblwe 25 % HENPOH MOXEeT TO/IbKO
pearnpoBaTb Ha CBOEM MaKCUMa/ibHOM YpPOBHE.

X - KOHTpacT B %; Y - OTKNUK.

PucyHoK 9 - Mpumep PyHKLMM KOHTPACTHOIO OTK/IMKA C HU3KUM (N1eBasi KpuBas) U BbICOKUM (NpaBasi KpuBas)
KOHTPACTHbIM afanTaunoHHbIM YPOBHEM [27]

3.1.8 NpocTpaHCcTBeHHaa HeonpeaesieHHOCTb

Ana nateH, 6AU3KNX K NOPOry Oo6GHapyXXeHWs, Noporn o6HapyXeHUs CHMXAalTCA, eCnn nosb3oBaTesb
3HaeT NPOCTPaHCTBEHHOE MeCTOMosIoXeHue nATHa. HeonpegeneHHOCTb MO MOBOAY WMHTEHCUBHOCTU WU
KOHTpacTa He CHUXaeT Nopor o6HapyXeHus.

3.1.9 LBeT nATHa

B HekOoTOpbIX OTYeTax coobuiaeTca O 3aBMCMMOCTM OT LBeTa NATHa. 3Ta 3aBUCUMOCTb MOXeT 6osnee
UIN MeHee O6BACHATLCA PasNIMUNAMN B SPKOCTU UM IPKOCTHOM KOHTpacTe.

B [28] noka3aHO, 4TO y YenoBeKa eCTb TPU KOHTPACTHbIX KaHana, NpUMeHsAeMblX NpW YTEHUWU: KaHas
SAPKOCTW, KpacHO-3e/eHblli KaHan W XenTo-CUHWUI KaHan. Mpu HOpManbHOM YTEHUW MPUHUMAETCS UMMNYNbC
OT KOHTPaACTHOro KaHasia C CaMbIM CW/IbHbIM CUTHa/IOM, OT ABYX APYrNX KaHa/ 0B MMMNY/NbCbl NPOMNyCKalTCA.
Tak Kak YTeHWe 3aBUCUT OT BbISAB/IEHUSA XapaKTepPHbIX 0COGEHHOCTEN 3HakKa, MOXHO NPeAnosIoXKUTb, YTO TOT
Xe caMblii MexaHU3M NpUrofeH Ans8 o6HapyXeHus naTHa.

MpuMeHasa [28] MOXHO MPUHATbL cnejylowee: ob6HapyXeHMe MATHA MNPOUCXOAUT OT BOCMPUHATOrO
KOHTpacTa. KOHTpacT BoCnpuHMMaeTcs Yepes Tpu KaHana: 6ecuBeTHbI (APKOCTb), KpacHO-3e/1eHbI U CUHe-
XenTbii. Mpun obHapyXeHUn NATHa BbisiB/IeHNE OCHOBbIBAETCHA Ha KaHasle C caMbiM BbICOKMM KOHTpPacTOM,
KaHanbl C MeHbLWWUM KOHTPAacTOM He BO3fAeliCTBYIOT Ha CKOpOCTb O6HapyxeHus. Kpome Toro,
NPOCTPaHCTBEHHOE paspelleHne CUHe-XesTOro KOHTPacTHOro KaHajla He Takoe Xe Xopollee Kak KaHana
APKOCTU, N He ByaeT CTO/b Xe 3(PdPeKTUBHbIM B OOHapyXeHUN AedeKTHbIX NUKCesieil, NPOSABASAIOWNXCA B
BUAe ManeHbKNX NATEH.

ANns NnpakTM4ecKoro NpUMeHeHNs, MOXHO C YBEPEHHOCTbIO NPeano/IoXNTb, YTO LUBeT 6yaeT BAUATbE Ha
ob6HapyxeHue AedeKTHOro NUKCensa ToNbKo Yepe3 SIPKOCTHbIM KOHTPACT, CO34aHHbIli LBeTaMu.

3.1.10 BbiBOAbI

O6HapyXeHne NATHa 3aBUCUT OT HECKOJIbKMX (PaKTOpPOB, OMMUCaHHbIX Bbille. B criyyae 3/1€KTPOHHbIX
Bugeoaucnnees (AOCTynHasa B HacToslee BpeMs TeXHOMOrnA) cregyrwouime (akTtopbl cHUTAOT caMbiMU
Ba>KHbIMU:

- pasmep NATHa;

- KOHTpacT nATHa.

12
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- ApKOCTHas afjanTaums.

PasHuua mexay MONOXUTENBbHONW M OTpULaTe/IbHOW NOASPHOCTBIO AedeKTHbIX NuKcenel NOMHOCTbIO
06BbsICHAETCHA pas3/inyMeM B ypOBHE CBETOBOI agantaumMm n KOHTpacTa (CM. pucyHok 1).

Takum o6pas3oM, HeT HUKAKOW Heob6xoAMMOCTM onpegenATb pasnuMyHble TpeboBaHuA ANA
NONIOXMNTENIbHOM M OoTpuLaTesibHOW MONAPHOCTU, ecnu TpeGoBaHMsA onpegesieHbl Kak (hyHKLUSA KOHTpacTa 1
SIPKOCTHOI agantaynu.

3.2 BuanmocTb AedeKTHbIX nukcenen

B [9] onucaHo nccnefoBaHne NPOCTPAHCTBEHHOTO CYMMUPOBAHUS, CBSI3aHHOTO C rpaHuLuein BUAMMOCTHY
AedekTHoro nukcena. OH noaTBepAMA rMnoTesy, YTO ANA AedeKTHbIX 3acTbIBWNX MUKCeNneli Ha YepHOM
(hoHe BpeMsi CBETMMOCTM 06/1acTh SABMISIETCSA MOCTOSIHHBbIM. 9TO - pe3ysbTaT, clefylowmnii n3 3akoHa PUKKo
M NPOCTPAHCTBEHHOr0 CYMMUPOBAaHMS Ha ypoBHe dhoTopeuenTopa. Takke BbISBIEHO HECKO/IbKO (hakTOpOB,
KOTOpble BAUSIOT Ha 9KCMEePUMEHTasIbHble YC/I0BUSA; TO eCTb (hakTopbl, KOTOPble J0/KHbI 6biTb BKIOYEHbI B
MoAenb ANS rpaHnubl BUAUMOCTU AeeKTHOro NuKcens:

a) nokasartenu gucnnes:

- uBeT (4NMHa BOJHbI);

- XapakTepucTukn yrna o63sopa;

- (hoHOBas APKOCTb;

- KOO (PULUNEHT OTPaXKeEHUS;

- KO (PULNEHT 3an0Os/IHEHUSA.

b) 0CO6GEHHOCTN 06beKTa NCMbITaHWNIA:

- 0COBGEHHOCTM 3peHuns, Takne Kak ocTpoTa 3peHus.

C) hakTopbl OKpyXatoLwein cpeabl:

- OCBELEHHOCTb 3KpaHa;

- paccTosiHue OT HabnaaTens A0 3KpaHa;

- yron o6sopa.

B [10] onucaHo wuccrepoBaHUe BOCMPUATUSA AedeKTHbIX cybnukceneil B aucnnesax. B kauyecTBe
gvucnnes 6bl1 B3AT O6bIYHbIA COBPEMEHHbIA Aucnnaeli Mo6unbHoro TenedoHa. 3To nogpasymeBaeT
MeHbLWWA pasmep Aucnaes W MNUKCeNss Mo CcpaBHeHWIO C 60slee paHHMMKM uccnefoBaHUsMU. Takxke
BO3/eiCTBMe BHELWHUX OTpaXeHU Ha gucnneli oTaM4yaeTca OT HEMOABWMXHbIX 6ONbLINX ANCNIEEB.

NMpumMmeyaHue - Y BbICOKOKAYECTBEHHbIX MOBU/bHBLIX AucnieeB 6bi1 pasmep nukcensi oT 0,15 mm go 0.30
MM. OTUET He AO/MKEH PacCMaTpUBATLCSA A1 APYTUX YCOBUA.

CpenaHbl cnepylowne BbIBOAbl, KOTOpble AeWCTBUTENbHbI TONBbKO AN ocobeHHOCTelh aucnnes,
KOTOpble MMeN TecTUpyeMmblii gucnnei:

a. aKCcnepTbl UMEKT 3HaunTeNbHO 60lee HWU3KUIE Nopor obHapyXeHus AedeKTHOro MuKcens, 4Yem
HecrneunanucTbl;

b. AedeKkTbl, MoOKpbiBallWWe He MeHee [ABYX COCeAHWX nuKceneil, Bcerga 6O6yayT 3ameTHbI
nosnb3oBatenam. (LUupuHa ypaapa ncnbitaTtesibHOro gncnnes 6elna ognH NUKCenb);

C. 3efleHble cybnukcenn 6yayT 3aMeTHbl 4151 KOHEYHbIX NOMib30BaTenei;

d. 3acTbiBlWME CMHME CYyObNMKCENN HEBUANMBI ANA 60MblIMHCTBA HabogaTenei;

e. KpacHble cybnumkcenu NoYTU HeBUAWMbI ANS HECMeLnanncToBs;

f. ans 6onee perynMpyeMoro uccrefoBaHus TpebyeTca HaliTu 4Y4MCNOBYK MPUEMOYHYI rpaHuyy. Mo
KpanHeli mepe, APKOCTb, pa3Mep MUKCesA N BHELWHAA OCBELEeHHOCTb AO/DKHbI ObITh yNpaBasieMbIMN.

B [11] npoBefeHO XOpOLWO KOHTPO/AUPYyeMOe WuccnefoBaHuWe 3pUTENIbHOTO BOCMPUATUA C LeNblo
YCTaHOBJ/IEHMS 4YUC/IOBOFO MoOpora BU3yaJlbHOrO 06HapyxeHus. [lonyyeHHble pe3ysbTaTbl CpPaBHWUAN C
CyWecTBYOLWNUMN MOAENAMU 3PEHUSA, U OHW CMOINM YCTAaHOBUTb YMC/IOBYID Mogesb AN 06HapyXeHus
AAPKOro AedeKTHOro NuKcens Ha YepHOM (DOHe, OCHOBaHHY Ha apuPMeTUYecKOM CIOXEeHUN BO3AeACTBUNA
NPOCTPaHCTBEHHOIO CyMMMPOBaHUSA, APKOCTHOM ajanTauun 1 3akoHa Bebepa.

1
— e "K' ®
Lth tan2a + Lbk 100 bK
roe: L - noporoBas sipKkoCTb A/ 06HapyXeHUsi AepeKTHOro NUKCens;

1>bK~ ® °HOBas APKOCTb AeeKTHOTro NUKCens;

# - yron 3peHus, CTArMBaeMblili AedeKTHbIM NUKCenem, B rpagycax.

13
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MpumeuyaHue - B aKcnepuMEHTaNIbHOM YC/IOBWW, SIPKOCTHas ajantauus 6blia paBHa qpOHOBOM sSipKOCTU. B
peasibHbIX CUTyauusix sSIPKOCTHasi afantauusi-fioKa/ibHasi CPefHsAst APKOCTb AedIEKTHOTO MUKCEeNst U 061acTi BOKPYr

Hero. TakiM 06pa3oM, TpeTbe criaraeMoe B ypaBHEHUM BO3MOXHO [OXHO 6biTb Ladaptation:

Y MoAenun ecTb criefytoline N3BeCTHble OrpaHnveHuns:

- 6bln1a yTBepXAeHa Mo JaHHbIM TO/IbKO OJHOrO 3KCMEPUMEHTa, U 3TOT 3KCNEepUMEHT Obl1 BbINOJTHEH
TO/IbKO C APKMMU NUKCESIAMN Ha YepHOM (hOHE;

- fOCTOBepHa ANA 340pOBbIX, MOMIOAbIX COBEPLWEHHONETHUX C HOPMa/lbHbIM 3peHuem. [Na NOXWUbIX
nopei nana nogeli ¢ HapylweHNAMN 3peHNA APKOCTHOW nopor 6yaeT Bblwe;

- MPOrHO3MpyeT TOMbKO XYALWMWi cryyail pasnmumMocTu fedeKTHOro NuKcens, To eCTb eANHCTBEHHbIN
AedeKTHbIi NUKCeNnb B YCTAHOB/IEHHOM MECTOMOJIOKEHUW Ha MNPOCTPAHCTBEHHO OAHOPOAHOM doHe. B
peanbHbIX cUTyauusax poH o6bIYHO MPOCTPAHCTBEHHO HEOAHOPOJEH U OObIYHO €CTb BHELWHWE OTpaxXeHus
Ha 3KpaHe W HEKOTOpoe KonmyecTse 6/MKOB B NoJie 3peHNs Nosb3oBaTens. Bce aTo yBennumsaeT nopor Ans
ob6HapyxeHna AedeKTHOro NuKcens;

- He yunTbliBaeT U3MEHEHNEe B OCTPOTE 3pPeHUs KakK PyHKLMIO APKOCTHONM agantauunm.

[laHHble 6bl/IN  COOTHECEHbl C KOHTPACTHbIMW [paHWULaMW, CMNPOrHO3MPOBAHHLIMUW YNPOLEHHON’
hyHKUMel KoHTpacTHoW 4vyBcTBUTENbHOCTU [7] {cm. 3.1.1). Npadhnk M COOTHOWEHME YyKasblBalOT, 4YTO 0b6e
MOJenNu NPOrHo3npyoT BbIABAAOMOCTb Ae(eKTHOro NUKCens 04MHaAKoBO XOPOLLO.

X

KoadhdpununeHT koppensunm r NupcoHa - 0.996 ansa o6omnx ypaBHeHUii. KOHTpacT onpegeneH Kak pasnnyve
B APKOCTU (MATHO - (hOH), pasgeneHHoW (POHOBOW (aganTauMOHHO) APKOCTbIO.

. - haHHble Swinkels;
O - ypaBHeHue Swinkels;
X - ypaBHeHue Barten.

PucyHok 10 - COOTHOLIEeHWe ypaBHEHUI C IMNUPUYECKUMUN JaHHbIMU
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OxunpaeTcsa, 4To Mogenb bBapTeHa MOXHO 60/lee LWWPOKO MNPUMEHATb K PasfIMyHbIM CAy4dasm
AedeKkTHbIX NuUKcenei, TakMM Kak AedekTHble, 3acTbiBLIVE B BbIK/IOYEHHOM COCTOSHUW, nukcenun. OpHako
HMKaKOro SIBHOro NoATBepPXAeHNA He 6bIN0 caenaHo. 3HauMTesIbHOe YNC/I0 NapameTpoB B mogenun bapTeHa
yunTbiBaeT 60MblIYyI0 afanTUPYyeMOoCTb, HO yBenunuymBaeT PUCK OLWNGKA OT MPUMEHEeHUs HenpaBU/bHbIX
napameTpoB.

Monpocunu, 4YTobbl UX UCMbITyeMble OLeHUIN AedekTHble NUKcenu no aeBATMGannbHoOl Wkane. Ans
ncnonb3yemMoro Aucnsies Bce Tunbl AedeKTHbIX MNuKcened wun cybnukcenein 6blan  BUAUMBE  NpU
oTpuuatesibHOMW MNOMSAPHOCTU, Torga Kak Mpu MOJIOXUTENIbHOW MNOAAPHOCTM, 3acTbiBlWIWE B BbIK/HOYEHHOM
COCTOAHUN AedeKTHble CyBMMKCenn € HU3KMM KOHTPAcTOM ObliM MpakTU4eCcKW He3aMeTHbl: U BCe TuMbl
pedeKkTHbIX MuKkceneh O6bIIM NPakTUYECKM He3aMeTHbl MPM CaMOM HU3KOM TecTMPYyeMOM KOJM4yecTBe
nedekTHbIX NuKcenei (3aHuMaroWwmnx He 6onee 0.02 % nonHoW nnowann aucnnes).

X X
Mo3nTMBHasA NONAPHOCTb HeratnBHas NonsipHoOCTb

OueHka pe3ynbTaToB WM306paxeHa Kak rpaduk dQyHkuMn nnowaan aucnnes (%), 3aHAToOl
AedeKkTHbIMN NUKcenamun. PasnnummocTb AedekTHbIX Nukcenen 6bisia oueHeHa Nno AeBATN6anNbHONW WwkKane,
MapKMpoBaHHOW cnepytlowmm o6pasomM: 1 = oyeHb pasgpaxawouwuin, 3 = pasgpaxarwuii. 5 = HeMHOro
pasgpaxatmownii. 7 = 3aMeTHbIi, HO He pasgpaxalowunini. 9 = He3aMeTHbIli. Kaxpgasa Touyka Ha rpaduke
npeacTtaBnsaeTr cpegHee 6o0siee NATM UCNbITyeMbIX, W 3Ha4YeHuWe MNOrPeEWHOCTN - CTaHAapTHblie OWNGKN
cpefHero. JlorapucdMumyeckme NMHUN TpeHaa npubaBneHsbl.

X - NpoueHT nnaowagun gucnnes, 3aHATON AedeKTHbIMU NUKCEeNaMN:
Y - pasnuunmocTb AedekTHbIX NUKceneii:
4 - Hayvasio oTcueTa;

m - Ccy6nuKcenun ¢ HU3KUM KOHTPacTOM, 3acThiBlIME B BbIK/IIOYEHHOM COCTOSIHUW:
A- cybnmkcenun ¢ BbICOKMM KOHTPACTOM, 3aCTbIBLUVE B BbIK/IHOYEHHOM COCTOSIHUN;
* - MUKCenwu, 3acTbIBLIVE B BbIK/TIOYEHHOM COCTOSIHUW;

O - nukcenwu, 3acTbiBWMWE B BbIK/TIOYEHHOM COCTOSAHUN (2 X 2).

PucyHok 11 - Cy6beKkTUBHasA oLeHKa AedeKTOB 3aCTbiBaHUSA B BbIK/TOYEHHOM COCTOSIHUW Ha 6enloM hoHe 1
nedekToB 3aCTbiBaHUS BO BK/IIOYEHHOM COCTOSIHMU Ha YepHOM dhoHe.
[ANns TEXHONOTUA, UCNOMb3YEMbIX B MEAULUHCKUX AUCNIENAX, YTOObI caenaTb BUAUMbIMU HEBUAUMbIE
nedekTHble nukcenun, cm. 3.4.2,

3.3 39cTeTMyockas gonycTUMOCTb AedeKTHbIX Nukcenen

3.3.1 fAnoHcko-kopelickune nccnegosaHnsa 2004

Hisatake n gpyrne aBTOpbl U3y4nnu Nosb3oBaTesIbCKUA Npeaen TepneHns Ans aedekTHbIX Nukcenei c
4 TUMNWYHBIMW 3HaYeHMAMU Ha 15-gliiMoBoM Aucnnee. 4 TUMUYHBIMU 3HAYEHUAMU Ha 8-AOWMOBOM
gvcnnee. 4 TUNWYHLIMW 3HAYEHUAMU Ha 4-A0AMOBOM Aucnsiee U 5 TUNUYHLIMKA 3HAYEHUSAMU Ha 2,2-
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AloimoBoMm gucnnee. KOHTEHT He 6bln nAeHTUYEH paspelatouieli CNOCO6GHOCTU. YTon 3peHus, cTarnBaemblii
OAHVUM nuKcenem, He 6blN MAEHTUYEH pa3pellalolwein cnocobHOCTU. APKOCTb He perncTpuposanacb. Takum
o6pa3om, pesynbTaTbl He MOryT WCMNO/b30BaTbCA AR YCTAHOBJ/IEHUSA MOAeNV BUAUMOCTU fedeKTHOro
nuUKcens, ecnum WUCNoNb3yTCA KpUTepuun ANA Mofenu, yctaHoBrsieHHol [10], HO pesynbTaTbl MOryT
NPUMEHATBLCSA, YUTOObl MOHATbL OTK/IOHEHWSA B AONYCTUMOCTH.

BbiNo HalifeHo, YTO CTArMBaeMblii yron 3peHus gucnsies, paspelweHne AUCNAEs U KOHTEHT BAUSAIOT Ha
npegen TepneHus, Takxe O6blJI0 yCTAHOB/EHO, 4YTO OAuMH o06wwuii npegen TeprneHusa AN BCeX TUMOB
Agvcnnees n 3ajay YyCTaHOBUTb HEBO3MOXHO, HO rnpefgesi TepneHnsa 6yAeT MeHATbCA B 3aBUCMMOCTU OT
pasmepa gucnses, pasmepa NMKCeNa n Tuna KOHTeHTa, 06bIYHO MOKa3biBaeMOro Ha gucnsee.

MoHATMe R-3HauyeHMs 6blno BBepeHo Hisatake n gpyrumu aBTopamu. lNpegen TepneHusa (CKOAbKO
nedekToB foNycKaeTcsa B AuUCnee) onpejesieH Kak YMC/IeHHOe 3HavYeHMe NMOMHOXEHHOoe Ha KoaduuneHT
R. R - dyHKUMA, no KpaiHel Mepe, pa3Mepa naHenun, paccTosHUA OT Habnwgatens [0 3KpaHa,
paspelweHnsa aKpaHa W o6nactm NpuMeHeHusA. Bbinn usgaHbl HECKO/IbKO Tabnuy R-3HaveHwii. Tak Kak
Mo/esib BK/IloYaeT TOJ/IbKO HEKOTOpble U3 NapameTpoB, 3aTparMsarLnx 3CTETUYECKYO AOMNYCTUMOCTb, TO R-
3Ha4YeHNOo He ObI/IO MPUHATO Kak 06w as MoAenb AN 3CTeTUYeCKOo AONYCTUMOCTH.

B [12] wnn [17] nonpocunn UCNbITYEMbIX OUEHUTb WHAMBUAYa/IbHYKO KOMMOPTHOCTb, CBSA3aHHYK C
BUANMbIMN AedeKTHbIMU NuKcenaMu. Bonpocbl 6bln 3agaHbl MOcne TOro, Kak WCMbITyeMble BbINOJIHUAN
BU3yasibHble UCMbITAHUA CO C/ly4yaliHO-CUMBOJ/IbHbIM MCEBAOTEKCTOM B MOJIOXUTENIbLHOW U oTpuuaTenbHOM’
noNsipHoCcTW, wucnonb3ya npoueaypy WCO 9241-3. T[paHuMuya ANA  NOHWXEHHOW UMHAMBUAYaNbHOMW
komdopTHOCTM cocTaBnsAeT 0,01 % pna 4yepHoro doHa un 0.6 % pana 6enoro doHa, rae MNpPOUEHTbI
XapaKTepusyoT, HACKO/IbKO 3HauYMTeIbHas YacTb MOJIHOW 06/1acTy AUcnes NoKpbiTa AedeKTaMu NuKcens.

3.4 3JproHoMunyeckue npojesibl, CBA3aHHblIe C AeeKTHbIM NuKcenem

3.4.1 WNcnonb3oBaHWe B 06LWMNX CAYXEOHbIX Lensax

MonbiTka BOCNpOM3BECTU wuccnegosaHue [14] 6blna npeanpuHATa, WHTepnpeTauus KoToporo
n3naraetca 3a npegenamun fgedeKkTHbIX MNUKceneld B u3HadyasibHOM Tekcte WCO 13406-2. lpoBejeHbl
BU3ya/ilbHble WCMbITAHWS C BbICOKMM 4YUC/IOM MOBTOPEHWUI YynNpaB/iIsieMOro OCBeWeHUss U YCcroBui
paccmMoTpeHus Ha paccTosaHuu. [lonb3oBaTesin, MpPUHUMaBLINE Yy4yacTue B WCMbITAHUW, BbINOJHUAN
BU3yasibHble 3KCM/yaTauuoHHble wucnbiTaHua no UWCO 9241-3 ¢ Haya/lbHbIM YC/IOBUEM OTCYTCTBUA
AedekTHbIX NUKcenen n c norapuMmnyeckn ysennynsaroLLnMMcs Yncsom gedekTHbIX Nukcesnei 4o Tex nop.
noka He Habnwpanocb CyuwecTBeHHOE CHWUXeHune paboTtocnocobHocTu. OnbIT NOBTOPSANCA B
NOMOXUTENBHOW W B OTpuuUaTeNIbHOW NOASPHOCTU. OnNbIT MNOBTOPSANICA C pas3/INYHbIMKM  pasMepamu
AedeKTHbIX NUKcesnei, cpegHUMN YPOBHAMU APKOCTU U APKOCTHBIMWU KOHTpacTamu.

PacnonoxeHve BO3aeicTBUIA AedekTHbIX Nukceneir B 3ajaHUsAX Ha HoOpMasbHOe 4YTeHWe 6bifo
onpefesieHo:

X
X - Konun4yecTBO fedekToB; Y - pe3ynbraT; 1- KOIMYECTBO 06HapPYXXeHHbIX AeeKTOB; 2 - YyMeHblUeHne
VHANBUAYaNnbHOM KOMMOPTHOCTN YTEHUS; 3 - YMEHbLUEHNe CKOPOCTU UYTEHUSA; 4 - KOIMYeCTBO OWNOOK npu
YTEeHUN.
PucyHok 12 - B3anmocBs3b nopora o6HapyxeHuns, KOMQPOPTHOCTU, CKOPOCTU UYTEHUSA N KOSlMyecTBa OWmn60oK
npu uteHnun [17]
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B3anMOCBA3b CKOPOCTW UTEHMA U Konu4yecTBa [fAedeKTHbIX MuKcener 6blna  HalgeHa. bBbino
YCTaHOBJ/IEHO, UYTO 3aBUCUMbIA hakTop - ob6uwas naowaab, 3aHATas gedekramMym MNUKcenen, a He 4ucno
necdektoB nukcensi. 3TO BblpaxeHWe AeNCTBUTENIbLHO ANA AedeKTHbIX Nukcenei nwb6oro pasmepa. Kak
TO/IbKO KOHTPAacT AedeKTHbIX NUKCesiel CTAaHOBUJICA O4YEBUAHO Bbille MOpoOra BUAMMOCTU, OH He OKasbiBasl
fanbHelilwee cyuwecTBEHHOE B/IUSIHME HA CKOPOCTb UTeHUsA. Mopor CHUXeHUs GbicTpoaelictBus 6bin KpaliHe
BbICOK.

KpvBble 3puTeNbHOrO NpeacTaB/ieHUs, NO3UTUBHAsS U HeraTuBHas
X - obnacTb 3kpaHa, 3aHATas AedekTaMmu, B NpoLeHTax oT naowaan; Y - 6bicTpoTa nomcka, CMMBOJ/C; a -
KpuBas 3puTeNIbHOro NpeAcTaB/eHUS, YepHbIli UK 6enblii POoH (MO3UTUBHAA MOMSAPHOCTB); b- kpuBas
3pUTENBHOrO NpeacTaB/eHns, 6eblii TEKCT HA YepHOM (POHO (HeEraTuBHas NONSIPHOCTL);
1- knaccudukauyma geekrtos no NCO 13406-2.

PucyHok 13 - CKOpOCTb UYTeHUs KaK hyHKUMSA obuieli nnowaan pedektoB nukconei [17]

3.4.2 WNcnonb3oBaHue B MegunuuHe

Den Boer un gpyrvue aBTopbl [19] npegocTaBuaM OT4YeT O TOM. YTO B AWUCMIeAX, UCMONb3yeMbIX B
MeANLMHCKUX Lensax, TMNnYHasa noTHOCTb AedekTHbIX nukcenem (B uncne gedekTHbIX NUKcenei)
0.001 %. OHM coobwalT, 4TO A4NA MeAMLUHCKUX Leneli aTo OTHOWeHMe gedeKkTa nukcenss MoxeT 6biTb
ycTpaHeHO B o06paboTke un3o6paxeHus camoli 65M3KO cocefHeld wWHTepnonauuein 6e3  yrposbl
HEo6X0AUMOCTN  AOCTUXEHUA  TOXAECTBEHHOro  KayecTBa C  TPagWLMOHHLIMW  PEHTIFEHOBCKUMMU
KWHousobpaxeHnamu. 3To 6bIN0 onucaHo Ana gucnnesa c¢ 0,155-MMAAUMETPOBbLIM PacCTOAHUEM MexAay
nuKcensimm.

B [18] npegocTaB/ieH OTHeT, YTO Y AnUcCnneeB AN MeAULUHCKOTO NPUMeHeHNs eCTb TUMNYHbIA YPOBEHb
AedeKkTHbIX nukcenen - oAuH AedeKTHbIA MUKCesb Ha ABa MWAAWOHA nukcenein. OHW HawWW pelweHue
npo6nemMbl AedekTHbIX NUKCenel B MaTPUYHbIX AUCHIeAX AN MeAULUHCKOTo NPUMEHEHWUS, WUCMNOMb3ys
MeTo[ WHTepnonauunm «6amxanwmnini cocef» ANTOPUTM MOCTPOEH Ha OCHOBE (MYHKLUUW pacCesiHUA TOUKM
yenoseyeckoro rnasa. OHM oOCyWeCcTBUAM anroputM UM YCNewHO MNpPOBEpPUaM ero npu paccMOTpPeHuu c
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pacctosaHuii 300 MM ¥ Bblle, C AUCMMIESIMU C HU3KMM U C BbICOKMM paspelieHnem. OHU coobwarT, UuTo
BUAUMOCTb fedekTHOro nukcenss 6blia 3Ha4YWTENIbHO YMeHblueHa BO BCexX C/iyyasX, U B 60/blIMHCTBE
cnyyaeB pfedekT MUKCeNns cTan MOJIHOCTbIO HeBUAMMbIM. Ha OCHOBaHUM oOnbiTa C MeAULUHCKUMU
aucnnesmn aBTopbl nosararT, YTO 3TO - AOCTATOYHOE pelleHne faxe AN MeJULUHCKOro NpuMeHeHus c
Hanbonee BbICOKMMMN TpebOBaHUAMMN.

4 0O630p cTaH4apTOB

4.1 MexpayHapoaHblii cTaHgapT MCO 13406-2

4.1.1 Bo3HWKHOBeHMEe 1 Lenb Tabnuy knacca gedektos

OcHoBHasi npuynMHa knaccudukaumm pgedektos nukcenein no WNCO 13406-2 He O6blna 4YeTko
3a0KyMeHTMpoOBaHa.

Knaccudukauyna gedekToB nukceneli 6bina NosHOCTbIO MepecMoTpeHa B 1992 roagy
pa6oueii rpynnoii Pl 2 («Tpe6oBaHUs K BuAeoAUCNIesIM») TexHUUYeckoro komuteta MCO/TK 159. Hosas
Knaccudurkauma npegcrasneHa B tabnuue 1. O6ocHoBaHue 4ns 4 knaccos 6bI710 cnefytolyee:

a) OOKYMEHT TOTOBWU/ICA KakK npunoxeHune Kk NCO 9241-3, o6nacTb MNpUMEHEHUS KOTOporo 6bina
orpaHnyeHa andaBUTHO-LN(POBON TEKCTOBOI Npe3eHTaLnel;
b) 3proHoMMKa paccmaTtpuBanacb cornacHo onpegesieHusasMm no WCO 6385 u ob6nactu nNpuMeHeHus

NCO 9241-3. Torpga Tekylwee rnepefoBoe COCTOSAHWE CUMTANIOCb KakK COOTBETCTBYHLWEE BCEM U3BECTHbIM
3ProHOMUYeckMM TpeboBaHUAM C 6GONbWKWMKU TpaHMLamMu, Hanpumep, WUccnefoBaHWe PEHTreHOBCKUX
M306paxKeHnii He BK/10OYaAN0Cb B 06/1aCTb MPUMEHEHUS;

C) acTeTuM4yeckume N TexHU4Yeckne TpeboBaHUs ABAAIOTCA 6onee 06A3aTeNbHbIMMK, YEM 3PrOHOMUYECKUE;

6)TeKkylwee nepesoBoe NPON3BOACTBO AMCMeeB NpeacTaBsieHo knaccom C;

e)knacc D 6bin onpegeneH kak B 10 pa3 6onblue gedekTHbIX Nukcenei, yem y knacca C;

O knacc B 6bin onpegeneH kak 1/10 uncna gedekTHbIX nukcenei knacca C, yuicno 1/10 He wvmeno
HUKaKUX APYrux npeanocbisiok;

A)He npeAcTaB/INIOCk BO3MOXHbIM MaccoBoe npoussoacTteo XK-gucnnees ¢ KonnyecTsom aedeKkToB
MeHblle, YeM npejcTaBfeHO B knacce B;

h)icnacc A onpegeneH Kak «HOMb Ae(eKToB».

B 10 Xe Bpems TpeboBaHuA k gedpekTaM nukcenen 61 NOHOCTbIO MepecMOTPeHbl, YTO6bl OTPas3nTb
COBpeMeHHOe COCTOosiHMe.

Tab6bnuuya 1- Knaccel gedpektos
MakcuMasnibHOE YMC/I0 KaxAoro Tuna Ha 1 MUAANOH NUKcenei.

Knacc Tun Lvm i Tun il Knactep
A 0 0 0
B 5 50 0
C 50 500 5
D 500 5 000 50

Mnockne naHesnun AO/KHbI COOTBETCTBOBATbL Knaccy A.

MpnmMmevyaHusda

1 MaHenn knacca C paccMaTpuBalOTCA Kak NepefoBble Ha CEeroAHsALWHWA AeHb. Bce knacchl NpurogHbl Ans
60MbLMHCTBA C/lyYaeB NPUMEHEHVS.

2 Tpebyembiii ypoBeHb [AedIeKTOB COAEPXWUT 60/Mblune rpaHvubl A0S 3aWmuTbl OT npobnem yao6eTBa
nosb30BaHWs. BeposaTHOCTb, UTO HeucnpaBHbIli NUKCENb - MUKCeNb nepefHero nnaHa - coctasnseT 0.05.
BepoATHOCTL, YTO NUKCeNb NepeaHero nsaHa ABASETCA KPUTUYHBIM A4/19 YA06CTBa Mo/b30BaHUs (TO ecTb BeJET K
HEKOPPEKTHOV NAEHTU(UKALMN XapaKTePUCTUKN), BbIpaXeHa uncioM B npegenax 10™. O6ujan BEPOATHOCTD.

Vfault X Vforeground X Veritical noP ~Ka 10’ f13*® A™ knacca D.

Takum o6pa3om, M3HavanbHas uenb Tabnuubl B MCO 13406-2 6blna ABOIHON: OTpa3uTb Tekylliee
coBpeMeHHOe cocTosHue (knacc C) u npeAcTaBUTb, YTO faxe 60MblIOe KOIMYECTBO AedeKTOB NUKCENA He
HaHOCUT ywep6 yao6CTBY NO/Ib30BAHUA UM NMPON3BOAUTENBHOCTU.

AHanusnpysi p[aHHoe TMOJIoXeHWe Heob6bXxoAMMO YyunTbliBaTb, 4YTO knacc C  6bls1 COBPEMEHHbIM
COCTOSIHMEM W Nukcesnb nmen 6onbwoi pa3mep 0,4 x 0,4 Mm nnm 6onble. Nukcenn n cybnukcenu 6bian
[0CTaTOYHO 60/bWNMU, YTOObI 6bITb BUAUMBIMU.
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4.1.2 OkoH4yaTenbHasa sepcua NCO 13406-2
Tab6bnuuya 2 - Knaccbl gedpektoB no MCO 13406-2
MakcumanbHoOe 4Yncno gedekToB Kaxaoro tTmna Ha 1 MUAIMOH NUKcene.

Knactep c 6onee yem
Knacc Tun 1 Twn 2 Tvin 3 oaHuM aedpbekTom,
™mn 1wy tin 2

KnacTtep ¢
nedekramn, Tmn 3

| 0 0 0 0 0
Il 2 2 5 0 2
1] 5 15 50 0 5
Vi 50 150 500 5 50

Mnockue naHenn foMXKHLI COOTBETCTBOBATbL KNaccy |. B c/iy4ae HECOOTBETCTBUA MOCTaBLIUK A0/DKEH
yKa3aTb K/siacc gucnses.

Tab6bnuuya 3 - Tunbl gecdektoB no NCO 13406-2

Tun gecbekta Onvcaxne
Twun gpedexrta: 1 Mukcenb, 3aCTbIBWIMIA B COCTOSIHUN BbICOKOIO YPOBHS
Tvn gedekra: 2 Mukcenb, 3acCTbIBLWNI B COCTOSSHUN HU3KOTO YPOBHS
Tun gedexra: 3 Mukcenb wnuM cybnukcenb aHomMasneH, HO He Tuna 1 wnan 2. Hanpuwmep,

cy6nuKcenb 3acTbIBWMWIA UM C HEYCTOWNYNBBLIM AedekToMm

[edexTHbli knacTep [ABa nnu 6onee AedekTHbIX NUKCeNs waM cy6nukcens B npepgenax 6710Kka u3
nukcenen 5x5

MpumeuvaHne - ITO cokpalleHHas Bepcusi nosHol Tabnmusl MCO 13406-2.

Bo Bpemsa pgopab6oTkm MCO 13406-2. HOBeliline AnUCN/IEN UMENN HECKO/bKO AedekTOB Ha MWJ/IMOH
nukcenei. Pasmep n3ydyaemoro nukcens 6bin1 0,3 x 0.3 Mm 1 60onbLe.

4.1.3 MpumeHeHue NCO 13406-2

4.1.3.1 YTBepxaeHune

Ona npomblwneHHocTn ytBepxaeHne WNCO 13406-2 oyeHb BaxHO. CaMble akTyalibHble CXeMbl
cepTudukaymm TpebyroT COOTBETCTBUS TpeboBaHWAM K aedekTHbIM nukcensm no NCO 13406-2. 4Tobbl
nony4nTb cornacue.

MpunmeuvaHne - EBponelicknii 3Hak CE n wBeackuii 3Hak TCO He TPeGyoT COOTBETCTBMS TPE6OBaHUAM K
nedekTHbIM nukcensm no NCO 13406-2. Torga Kak. Hanpumep, Hemeukuii 3Hak GS n amepukaHckuii AAPM Tpe6yroT
COOTBETCTBMA.

4.1.3.2 KOHTpO/Ib KayecTBa 1 rapaHTusa KadyecTBa

Mpun 100%-m koHTpone NCO 13406-2 He mncnonb3yeTtcs. [pun BbIGOPOUYHOM KOHTPO/Ie MCNONb3YHTCA
MeToabl MCO 13406-2 n ap. HekoTopble 13 hakTopoB, BanstoLWmMe Bbl BbIGop MeToaa {aedekTbl, NOA06HbIE
Mypa), He 3aTpoHyTbie B MCO 13406-2. HO. TEM He MeHee, HyXJallwmnecsa B KOHTPOsie Npu NPoOu3BOACTBE
avcnnees. lMoppasgeneHne WCO no knaccam fgedekToB He MNOArOTOB/IEHO B [0CTaTOYHOW Mepe K
cucTemMaM TexXHUYeCKOro 3peHus, OCHOBaHHbIX Ha 3afiayax HeaBTOMaTU3MPOBAHHOrO KOHTpoNnA. B
60/IbWMHCTBE CYLWECTBYOLWMX Mpoueayp KOHTPOAS HEBO3MOXHO pas3/INunTb Tunbl AedEeKTOB B Te4yeHue
pasymMHOro cpoka WwiuM € f[OoNYyCTMMbIM BAUAHMEM onepaTtopa. TpeTuii dakTtop - o6pabaTtbiBatouas
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NPOMBbILJIEHHOCTb YXXe NPpUHANa APYrylo rapaHTUio KayecTBa U MeTO[bl TEXHMYECKOro OMUcaHus, KoTopble
HOBbIli cTaHAapT MCO He 3ameHUn.

4.1.3.306bemM npogax n MapkeTUHT

Ha pblHKe HacTO/bHbIX AUCTJIEEB NMPU3HalOTCA TpeboBaHNA K aedekTHbIM nukcenam no MCO 13406-2,
MponsBoauTenn MoryT, HanpumMep, n3gaBaTb knaccuukaumio gedekToB NUKceneln ANA Kaxaolni mogenu.

4.1.3.4 VccnepoBaHue u paspaboTka

OnpepeneHusa pedekta nukcens no NCO 13406-2 He cTanu O6WENPUHATBIMU B MPOMbILWIEHHOCTIN
KaK TeEXHUYeckue ycsioBMsa AN KOMNOHEHTOB nnn mopaynei gucnnees. NCO 13406-2 cogepXuT NUWb YacTb
Tpe6boBaHWUii AN Npou3BoACTBa OMUCHON KOMMbIOTEPHOW TexHWKW. MepBas MpuyYMHa COCTOUT B TOM. 4TO
pedekTbl, Kak Mypa, He 3aTpoHyTbl B WMCO 13406-2, BTopas npuumHa - nogpasfesieHne Mo kjaccam
necektoB He CBA3aHO [OCTATOYHO XOPOLWO C TEXHOJSIOTMYECKMMWU MPUYMHaAMKU fedeKToB U C MeTogamu,
ncnosib3yemMblX Npu uccnegoBaHnmn 1 paspaboTke An8 BU3yaslbHOro KOHTpoNns o6pasuos guncnnees. TpeTbs
NPUYMHA - MPOMbILWIEHHOCTb Y)XXe NpUMeHnna APYyryto rapaHTuio KayecTBa U MeTOAbl TEXHUYECKNX YCNOBUIA.

4.2 Cepunsa ctaHpgapTtoB MCO 9241-300

NCO 13406-2 6bls1 NnepecMOTPeH N YacTU4YHO 3aMeHeH MCO 9241-307. MexpayHapoAHbIli cTaHaapT
NCO 9241-307 Bknto4aeT B ceba OCHOBHble npuHumnnbl NCO 13406-2

Tab6bnunuya 4 - Tabnuuya 183 «KonunuvecTtBo gedektoB» no MCO 9241-307

Tvn 3
Knacc 3acTbiBlIME B 3actbiBme B K/1acTep c Gonee dem Knacrep ¢
AedpekTo Tun 1 Tun2 COCTOSIHUM COCTOSIHM OAHMM HnC/IoM ZAecpexTamu, N
B BbICOKOTO YPOBHSI  HU3KOTO ypoBHsi  ABKEKTOB, Tvn 1 wn 3
Class,,*.. ™n 2
0 0 0 0 0 0 0
| 1 1 2 1 0 0
{ana
Tuna 1 1 1 3 0 0
3=5 1 1 0 5 0 0
PSU)
Il 2 2 5 0 0 1
{ana
TMna 2 2 5 - 1x Ny 2 X 714 0 1
3=10
PSU) 2 2 0 10 0 1
] 5 15 50 0 0 5
{Ana
TmMna 5 15 50 - 1 x nwu 2 X 71w 0 5
3=100
PSU) 5 15 0 100 0 5
v 50 150 500 0 5 50
{ana
T™Mna 50 150 500 - 1 x n,v 2 X 7t]y 5 50
3=1000
PSU) 50 150 0 100 5 50

Cnepyroume npnMeyaHms oTHOCATCA K Tabnnue 4. ctonbey 4. Tvn 3.

MpumeyvaHnsa

1 [edreKkTbl, KOTOPblE HAXOAATCA HWXKE rpaHnLbl BUAUMOCTU, He YUNTbIBaOTCS.

2 [na 3proHOMMYECKNX XapaKTepUCTUK KOSIMYECTBO, pa3Mep W KOHTpacT NATeH U AedeKTOB NuKcenern He
[O/MKHbI MPeBbIWaTh NOpora yMeHbLUEHUSI NPOU3BOANTEIbBHOCTU.

3  [Ona 3agay uTeHWs Aucnniein noboro knacca no knaccudurkaumm pedektoB nukcenen (0-1V) 6yget
3HauMTeNbHO NPeBbILAaTh rPaHnLy.

4 [aHHble KNnaccbl AeheKToB NoKasbIBatoT:

a) 4TO. AedeKT APKOro cybnukcenss BOCNpUHMMaeTcs 60see 4yBCTBUTENbHO, YeM AeeKT TEMHOro cybnukcens.
Moatomy AedekTbl NUKCeseli OLeHMBaOTCS BOCNIPUHYMAEMbIMW eAuHULLAMN YyBCTBUTENLHOCTM (PSU), rae:

— 1 Tvn 3 3acTbIBLUXE B COCTOSIHUN BbICOKOIO YPOBHA=2 PSU;
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— 1 Tvn 3 3acTbIBLUME B COCTOSIHUMN HN3KOrO YPOBHA=1 PSU;

MoaTomy pasnmyHble kombuHaumm gedektos Tvna 3 B ClassS;j,,,il, Il. Il n IV BO3MOXHbI:

b) 41O, ANA AMChneeB MeHblle 9.1° (23.1 cM) NJIOTHOCTb NUKCenel Bbille N MeHbLUEe YyBCTBUTE/IbHOCTb, YeM A1
auncnnees 6onblle 9.1 (23.1) cM € MeHbLUEWN NIOTHOCTLIO NUKCENeW;

C) onpefeneHve Knacca, KOTopblii OTHOCUTCA K MEPBUYHBIM MPYEMOYHBIM YPOBHSAM MO/b30BaTeN1eid, N Ux 3afaHus
6bl/IN CBsi3aHbl, HaNpUMep, C TEM. YTO K/lacCbl MOTyT OTpaxaTb CrefytoLue ycroBus:

1) Classi-,,,1 0 Ana cneumasnbHbIX eAUHUYHBIX 3afa4y BUAEOAWCMIEEB C OYeHb BbICOKOW YyBCTBUTENIbHOCTLIO U
Heob6X0AMMOCTbIO MUHUMM3NPOBATL OMacHOCTU MpU BOCTPUATAM MHAOPMaUUK, NOAOGHBIX KOHTPOSIO KPUTUYECKOW
MHopMauun B Nnpoueccax, Win MHANKATOPbl KPUTUYECKUX MPOLECCOB C BbICOKUM PUCKOM HempaBW/ibHbIX PELLUEHWUIA, Wn
NnorpeLuHoOCTH, NpucyLLme NpPoLeccy;

2) ClasS)|.,..,, | Ana cneundmyecknx 3afady BUAEOAUCINIEEB C BbICOKOW YyBCTBUTE/IBHOCTBIO U CMeUMasIbHbIM
3HaueHMeM K fedpekTaM MnuKcensi, Takve Kak: BU3yasibHblli KOHTPONb, HabntogeHve, 3afadn MpOBEepKU kayecTsa
N3006paXeHNst C MEHBLUVIM PUCKOM K BPOXAEHHBIM OLUMOKaM B CllydyaB UTEHMS U OWMOOK HabNioaeHNs;

3) Classiw Il gna 06bl4HbIX MONb30BaTENIbCKUX 3afay AWUCMIeeB C YyBCTBUTENIbHOCTBLIO K AeddekTaM MuKcens,
nofo6HO UYTEHWMIO U MpoLleccy TEeKCTOBOW WHchopMauuy, BOCTPUATUIO O6GbekTa WM CUMBOJIBLHOW MHpopmaumm ¢
[0CTaTO4HON 30hEeKTUBHOCTBLIO UTeHUS, YTOObI BO3AeNCTBOBATL Ha 3aaHue;

4) Classi.,,,,i Ill n Classp,»i IV ans 3agay gnucnnees ¢ MeHblUel YyBCTBUTE/IbHOCTLIO K AedpekTamM NUKcens, nogobHo
06paboTke 06LEeCTBEHHOW NHOPMaLMM 1 pekambl, YTEHNIO TEKCTOBbIX KHUT, GbICTPOMEHSIOWMXCA N306PaXKeHWNIA, HO C
[OCTaTO4HO NPOV3BOANTENBHOCTBIO K BOCMIPUATUIO MHhopMaLmn 6e3 anckomdopTa A/151 Nonb3oBaTens.

5 KpuTepuii aproHoMmMyeckon athheKTUBHOCTH, CBA3aHHbIA C MOPOroBbIMY 3HAYEHUAMU AedheKTOB BUANMOCTU 1
pas/inyHbIX 3a4ad, uccnedyeTcsl B HacTosllee Bpems. lMoxasnyiicTa, obpaliaite BHMMaHUe Ha TexHuveckune OT4HeTbl U
NPUIOXEHNS K fIAHHOMY CTaHZapTy.

6 [edpekTbl Tvna 3 BkIOYaOT Tyckable nukcenn 25% <Lx <50% (TeMHble). 50% SLx <75% (sipkue), roe Lx -
CpefiHUii OTKUK MUKCEeNsi Ha MaKCMMaslbHYIO0 SIPKOCTb CUrHana (Hanpumep, 6enblif). HeycToiiuvBble unn mepuatoLive
nukcenu oueHeHbl B 2 PSU. BecoBoii koadhchmumeHT PSU onpegeneH nepej MHOXUTeNeM N B kiacce AedekToB Tuna 3.

7 MHOXUTenb MOXeT MeHATbCA ¢ PSU 1 MoxeT NpuHUMaTb 3HadeHus 71u-Y go 4. 71w-Y pgo 499.

117y=1p70 499. Ec/in knacc gedpekta He cooTBeTcTBYeT O UM |. TO NOCTaBLUMK AO/DKEH OMPEAENUTL Knacc AedekTa, a

TaKke MHOXWUTENb NCik,0>Mi B 3aBUCUMOCTM OT 3aaHHOro pacnpegenexdma PSU.

8 MakcumMasnibHoe uncno AedeKToB, KpoMe TOro, BbIYMC/IEHO CreAy WM 06pa3om:

a) ana gucnnees < 9,1" (23,1 cm) ¢ > 1 MUIJIMOHOM NUKCENeE: MakCUMasibHOE YNC0 AeDEKTOB TMMa Ha MUIMOH
nviKcenei;

b)ana aucnnees s 9,1* (23,1 cM) ¢ S 1 MWIIMOHOM NUKCeneli: MakcMMasibHOe YNCo AeddeKTOB Ha AUCTIel;

c)ana gucnnees S 9,1* (23.1 cm) ¢ S KOOOOO nukceneli; MakcumasibHoe uvcnio gedektoB Tvna Ha 100 000
nukcene;

dana aucnneeB S 9.1* (23,1 cm) ¢ £ 10000 nukceneli: MmakcMasibHoe Yncno gedekTos TMna Ha 10000 nukcene.

MCO 9241-307. no cpaBHeHnto ¢ MCO 13606-2, BBOAUT HOBOe 60J/iee TOUHOE OT/IMUME MeXAy Tunamun
fedekToB. [OCKOJ/IbKY KOHTPO/Ib KayecTBa MpoLEeCcCOB MPOM3BOACTBA W KOHeYHble MNOJib30BaTesin He
CnocobHbl 3 (PeKTUBHO BbINOAHUTL Knaccudwukaunto TUNoB paedektoB no WMCO 13406-2, HoBOe
AonosiHeHne 6yaeT BAUATbL TONbKO Ha nabopaTtopun C COBPeMeHHbIM 060pyfOBaHUEM ANS UCC/ef0BaHUsA
AedekTHbIX nukceneli. MNpeAenbHble 3HAYEHUS KNacCOB M3MeHeHbl U cTann 6osiee CTPOrMMU, OCHOBaAHHbIMM
Ha npuHumnne AJTAPA («HacTONIbKO HU3KO, HACKO/bKO pasyMHO AOCTMXMMO»), 6asupylolieMycs Ha ypoBHe
3aBeplweHHoCcTn npoaykta XK gucnnees Ha pbiHKE OPUCHBIX KOMMNbIOTEPOB. HOBbIE Npefesibl OCHOBaHbl He
Ha ony6/INKOBaHHbIX W MOATBEPXAEHHbIX pe3ynbTaTax MccrnefoBaHWil. MepecMOTp Takke BBOAUT HOBbIN
pacyeT napameTpa, HadBaHHOro PSU. M3meHeHnsa u3 NCO 13406-2 B NCO 9241-307 He OCHOBaHbl Ha
nccnenoBaHnAX, paCCMOTPEHHbIX B HACTOALWEM cTaHaapTe.

CocTosAHMne XK TexHoNoruin 3HaunTenbHO ynydwunnocb ¢ 1998 no 2005 r.r. Menbyalilune nukcenu,
[OCTYMHble B KOMMEPYECKNUX MOTPebuTesIbCKNX ToBapax MMesin paccTosHWe OT nukcens Ao nukcens 0.08
MM W paccTosiHue oT cybnukcens go cybnukcens meHee, yem 0.03 MM. [laHHble NUKCENMN HACTONIbLKO Masbl,
UTO OAMHOYHbIE AeeKTHble Cy6nUKCenn WUAM MNUKCENU He MOrnum ObiTb BUAMMBbIMU faxe Mpu Hauxygumx
YC/0BUSAX.

YacTtoTa nosB/ieHMs  owubGOK B  BbICOKOMpousBoauTenbHbliX  XK-gucnneax - oAVH
He(YHKLMOHMPYIOLWMNI/ TPaH3MCTOP Ha TPU MWAIMOHA NuKcenein. B noTpebuTenibCKUX u3genusax yacrtoTa
nosiBMIEHNS OWNGOK BbICOKA HACTO/MBLKO, Kak OAUH HedYHKLMOHMPYOLWNi TpaH3ncTop Ha 5000 nukcenew, 4to
pacnpocTpaHeHO M MOJIHOCTbIO MPUHUMAaeTCA Nofsib3oBaTenaAMu. Takue Aucnaen AOJ/KHbI NpuHagnexaTb
knaccy IV, ecnun Bce pedekTbl BuAWMbI. Korga MHoroob6euarowme HOBble TEXHOSIOTUU ANA TUBKUX U
yNbTpanopTaTMBHbIX AUCM/IeEeB AOCTUTAIOT pbiHKa B TeyeHne 1-5 neT. TO KONMYECTBO AedeKkTHbIX NuKcenemn
6ypet pactu 1 ganble. HekoTtopble aucnsen He 6yayT cOOTBeTCTBOBATb Knaccy V. ecnm 6yayT nocuntaHbl
BUAUMbIE U HeBUAMMble aedeKTHble NuKcenn u cybnukcenu. Yucno pgedpektoB 6yAeT pacTu, Tak Kak
HecchopmMumpoBaBLUMECA TeXHOMOMMKU aucnneeB 6yayT MMeTb Gonblue AeddeKTOB Ha Hava/llbHOW cTaguu, un

21



FOCT P 55241.4—2012/ISO/TR 9241-310:2010

BC/NeACTBME MNepexofa K T'MGKON 3NeKTpoHuKe. Tmbkue mnsgenunsa 6yayt 6osee YyBCTBUTE/IbHbI K OWIMGKAM 1
N3HOCYy BO Bpems paboThbl.

4.3 MexayHapoaHasa anekTpoTexHuyeckas kommuccusa (MIK)

M3K BbinycTuna ceputo ctaHgaptos MO3K 61747 o XK[. Mpegnonaranocb, Y4TO Kiaccugukayms
pedekTHbIX NUKcenen n aedekToB Mypa 6yayT BK/OYEHbl B AaHHYIO CEpUI0, HO Ha TOT MOMEHT NMPOEeKT eLye
He 6bls1 oNy61MKOBaH.

4.4 Accounauna no ctaHgapTusauum gucnneeB B 0671aCTU BUAEOTEXHUKN U MUKPOI/TEKTPOHUKHN
(VESA). I3amepeHns NNOCKO3KpaHHbIX gucnnees (FPDM)

AokymeHT VESA FPDM cofepXunUT HECKONIbKO pas3/iefnioB, OTHOCALWMNXCA K AeMEeKTHbIM MUKCEAM.

Pasgen 303-6 pgokymeHTa VESA FPDM- n3mMepeHuMe TeXHUYECKUX XapakTepucTuk, dopmanbHO
naeHtuyeH NCO 13406-2. HO He 3aTparmBaeT BeCb CTaHAapT. [leTann M NpUHUMNbI ONUCbIBAOTCA B 06LWMX
yepTax.

Paspgen 303-6B gokymeHTa VESA FPDM pacwwupset rpynny koHuenuuii NCO 13406-2 n onpepgenseTr
rpynnupoBaHve NS paclimpeHns BO3MOXHOCTel UCNOb30BaHNSA aBTOMaTUYECKUX N3MePeHUNA.

Paspen 303-6C gokymeHTa VESAFPDM npepcTaB/ifsieT HOBYIO KOHUENUUo pasgeneHns AedekToB u
onpegeneHns MeToAOB U3MePeHUn 1 cneyndnkaymmn.

Paspen 303-8 pokymeHta VESAFPDM - pacwupeHHas cekuus no wmetojaMm W3MepeHusa wu
cneundurkaynmn gedekToB mMypa.

5 0630p NPoOM3BOACTBEHHOW NpPaKTUKA
5.1 O6wmne NnoNoXeHUn

3aBepweHHOCTb XK TexHoNnornii 3HaunTesibHO yCOBEPLIEHCTBOBaNach, Korga npuwan K gedekTHbIM
NMUKCeNAM, Kak nokasaHo Ha pucyHke 14.

X - rog; Y - pasmep guaroHanu gucnsnes, B glonmax:
Z - NNOTHOCTb AedeKkToB, B AedeKT/M*; a - NAOTHOCTb AedeKTOB

PucyHok 14 - Pa3mep gucnnes U NaoTHOCTb AeekToB B XK-agucnneax
¢ 1980 no 2000 rr. [32]
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B 2005 r., cOBpeMeHHOe COCTOSAHME BbICOKOMNPOU3BOAUTENIbHbLIX AUCNAeeB A9 MeAULUHCKOro
NPUMeEHEHNA - OANH AedeKTHbI TPaH3UCTOP Ha TPU MWUANNOHA nNukcenei [18]. MoTpebuTenbckue nlgenus
MOTyT MMeTb Tak MHOro, kak oguH fAedeKTHblA nukcenb Ha 5000 nukcenei, 4To BCe elwe MNpUHMUMaeTcs
nonbsoBaTenaMu. 118 HeKOTOPbIX TeXHOsoOrMii GyAyuiero oxwupaeTcs, U4TO 4Yncno fdedekTHbIX nukcenewn
6ypeT pactn n ganbwe. HekoTopble Anucnsen He 6yayT cCOOTBeTCTBOBaTb knaccy |V, ecnm 6yayT nocuuTaHbl
BUAUMbIE WU HeBuUAMMble aedekTHble nukcenn u cybnukcenn. Yucno pedektoB 6yaeT pacTu, TakK Kak
HecthopMmupoBaBLUMeCsa TexXHosorMn gucnniees 6yayT nmeTb 6oNblue AedeKTOB Ha Ha4vasllbHOW cTaguu, un
BCNeACcTBME nepexofa K rmbkoi anekTpoHuke. MMbkne nagenns éyayT 6onee YyBCTBUTENIbHbI K OWIMOGKaM 1
M3HOCY BO BpeMs paboThl.

5.2 TexHnyeckoe onucaHune

B npousBopacTBe AuUCN/ieeB TexHUYeckoe onucaHue gedekTHbIX NUKcenei um mypa OCHOBbIBaeTcs B
3HaYUTeNIbHOW CTeneHW Ha CyWecTBYKOWNX MeTodaxX BbIXOAHOTO KOHTPOAA W CTAaTUCTUYECKUX [aHHbIX
BbIXOHOrO KOHTPOA NO KayecTBy.

5.3 OnncaHue 019 KOHEUYHbIX NoTpebuTenei

OnuncaHne pAnNa notpebuteneil 6bII0 OYEHb OFPaHUYEHHbIM WAW OTCYTCTBOBasO, HO CcuUTyauus
yfnydwumnach, U ceiyac nosHoe onucaHue gedekToB NUKcene JOCTYMHO, MO KpailHe Mepe, AN BeayLnx
6peHaoB gucnnees. B npownom cnydanocb, 4To npojasel, gaBajn npejctaBieHne TOro, 4To gucnnen He
nMmeeT AedeKToB, faxe ec/in B PyKOBOACTBE MOJSIb30BaTe/1si UMesIOCh NpeasioXeHne NN ccbifika, B KOTOPOIi
npon3BOAUTENO NO3BONANOCH WMMeTb HeboNblwoe KoNmMyecTBO fAedekTHbIX nukcenein. NCO 13406-2
HenpaBW/IbHO WCMNONb30Ba/sicA AN OonpaBAaHWa TpeboBaHWii OTCYTCTBMSA OLWMOGOK JaXe C HEeCKObKAMMU
OedeKTHbIMU NUKCENAMMN.

Ha pblHKe BbICOKONPOW3BOAUTE NbHbIX AUcnsieeB (MeAnUUHCKMe Aucnneun), rae gedeKkTHble NUKcenn
MOTyT KPWUTUYHbIMW, pacnpocTpaHeHHasi npakTuka cpeaun HEeKOTOPbIX KOMMAHW - NpoBepsiTb KaxAbli
avcnnein nepep nocTtaBkol noTpe6buTento M gaBaTb KapTy € pacnosioxeHuem pgedekTHbIX Nukcenen, c
uenblo npegynpeanTb PeHTreHosiora O pacrnosiokeHUn gedeKTHbIX nukcenel, YTo6bl 4OKTOP MOT MPUHATb
3TO BO BHMMAaHME Npu 3aK/l0YEeHUN NO 3/1IEKTPOHHOMY PEHTIEHOBCKOMY M306paxeHunto.

5.4 BbIXOA4HOI KOHTPO/b

BbIXOAHOW KOHTPO/Ib Ha 3aBOAax-U3roToBUTENAX B 3HAUYUTENbHOI CTENEHN OCHOBbLIBAETCA Ha PYy4YHOM,
BU3ya/lbHOM KOHTpOJie ONbITHbIMK OonepaTopamu. MocnefoBaTeNbHOCTL onepaunii MoxeT 6bITb, Hanpumep,
cnepytouen:

Ha MOJIHOCTbIO YEPHOM AUCTIee NOACUNTbLIBAETCHA KOJIMYECTBO APKUX U TYCK/IbIX AeDeKTOB;

Ha NONHOCTbI0 6eN10M Aucnsiee NOACHUTbIBAETCA KOSIMYECTBO TEMHbIX U TYCK/bIX AedeKkToB;

ec/iu B OAHOM 13 YyeTbipex HabopoB AedekToB NpeBbilaeTca AOMNYCK Ha Ka4yecTBO, AUCIEN
He NPUHMMAaeTCA N OTCblNaeTCsl B OTAEe/ KayecTBa A1 faNbHeWlWero 3ak/1t04eHuns.

[Ons o6HapyXeHuUs TONbKO Tex fAedekToB, KoTopble O6yAyT BWAUMbI KOHEYHbIM MO/b30BaTesNIAM,
KOHTPO/Ib MOXeT MPOBOAUTLCA B YC/NIOBUAX KOHTPOJSIMPYEMOro OCBelWeHUs, Aucniein paccmaTpuBaeTcs
yepe3 PUNbTP HENTpPasIbHOW NAOTHOCTU AN PErYIMPOBKN HYBCTBUTE/IbHOCTU OGHaPYXEHUS.

B 2005 roay, aBTOMaTW4YeCKUiA KOHTPOJIb Haj WCNbITaHUAMW He WUCMOMb30Basca WUPOKo. B
npon3BoOACTBE MUKpPOAUCN/IEEB U AUCTIEEB C OYeHb MasleHbKUM KOMMYEeCTBOM MUKCenein aBToMaTUYeCcKuit
KOHTPOJ/Ib HaA MUCNbITAaHUAMU NpuUMeHancsa 6onee wupoko. OH Mcnonb3oBascsa B cdepax, rae BU3yasbHbIi
KOHTPO/Ib HEBO3MOXEH W/IWN. rAe aBTOMaTUYeCKUii KOHTPOb 6osiee adhpdhekTUBEH, YeM BU3yasibHbili. C 2005
r. ynyyuwmnacb AOCTYMNHOCTb UCMNOJ/Ib30BaHUA CUCTEM aBTOMaTUYECKOro KOHTPONS.

MoaBoAs UTOMM, OrPaHNYEHNA B NPaKTUYECKOM M BbINOSIHAEMOM BbIXOAHOM KOHTPOJIE CU/IbHO BNSAIOT
Ha BCIO lesiTe/IbHOCTb MO MPOU3BOACTBY M Nporpammy pa6oT B 06/1aCTu AedeKTHbIX NUKcenei.

5.5 BXOAHOW KOHTPO/b

BXOAHOW KOHTPO/Ib OCyLiecTBAAETCSA 60NbWUMN KOMNAHUAMWU, TaKUMU KaK: CUCTEeMbl UHTErpupYyoLwmnii
YCTPOWCTB WAW ANCTPUGBLIOTOPLI, MNpWM MNOAyvYeHUW AuUcnneeB OT npoussoguTeneil. MpomblilneHHas
TEHAEHUMA - BbIMOMHATb TOJIbKO 3aK/0UYNTENIbHbIN BbIOGOPOYHbIA KOHTPOJIb WU He BbIMO/HATE BXOAHOM
KOHTpONb Boob6uWwe. Korga o6uee u4ymcno o6pasyoB AN MPOBEpPKM Mano, MPUMEHSATCA Takue
nabopaTtopHble MeToabl kKak WCO 13406-2, ocob6eHHO nNpu nNpPou3BOACTBE HAaCTO/IbHbIX AWUCNAEEB.
KpynHoMaclwTabHblii KOHTPO/Ib NMPaKTUYECKU MOJIHOCTbIO Ga3npyeTcs Ha Py4YHOM, BU3yaslbHOM KOHTpOe.
NHorga B ganibHelilleM KOHTPO/ib YyNpouiaeTcsi MO CPaBHEHUIO C BbIXOAHbIM KOHTponem. [nsA gucnnees
BbICOKOTO YPOBHS KpuUTeEpMeM KOHTPOJSA MOXeT OblTb OTBEPXEHWe AUCh/es, ecnu Kakoh-nmbo u3 TUMNoB
pecektoB o6HapyxeH, Hanpumep, B TeyeHue 15 c. Takume OT/I0OXKEHHble AUCNAEN OTAEeNIbHO M3yvaroTcs
KOMaHAol Mo KavyecTBy.

Ha cneuuanbHbIX pblHKax c6biTa MOXeT 6biTb caenaH 100% BXOAHOW, M nokynatesb MOXeT gaxe
nony4nTb KapTy gedeKkTHbIX Nukcenei (MeanunMHCKoe hopMnUpoBaHMe U306 paxeHna peHTreHa).
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6 PucyHKM 1 onucaHns gedpekTHbIX NuKcesnei
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PucyHok 15 - Mpumep pasnvunii B NPOCTPAHCTBEHHbIX N3MEPEHUSAX MOHOW 06/1acTy AedekTHbIX NUKcenei
B NO3UTUBHOW N HEFTATUBHOW NONSIPHOCTAX

KoathhumynmeHT 3anonHeHns OyaeT BAUATbL Ha (akTMUecKuin pa3mep. B HeratmBHOI nNoONsipHOCTU
Bo3felicTBMe 6yaeT OTK/IOHEHO CyMMapHbiM BO3AelcTBMEeM. B no3MTMBHOI MNONApHOCTU BO3AelicTBue
MOXeT 6bITb 3HAUNTENBHBLIM A/18 TPaHUL, BUAUMOCTH.

Pa3mep cyb6nukcena c pedekTom 3acTbiBaHWA BO BK/HOYEHHOM COCTOSAHUW Ha TEMHOM oOHe -
«apgpecyemblii pasmep» NPoOAOXUTENbHOCTEN cybnukcens «koadcpuymnmeHta 3anonHeHus» cybnukcens.
Pa3mep cybnukcens c gedekToM 3acTbiBaHUA B BbIK/TIOYEHHOM COCTOSIHUM Ha SIpKOM (DOHe - «agpecyemblii
pasMep» cyb6nukcens, pasgeneHHblii «<koadPrLMeHTOM 3anoiHeHUS» cybnukcens.
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PucyHok 16 - OedekT cybnukcens B XXKW. pa6oTatolwem Ha NnponyckaHne n oTpaxeHue, B TEMHOTe

PucyHok 17 - lecpekT cy6nukcens B XXKW. pa6oTatowem Ha NponyckaHve v OTpaxeHue, Npu BHellHel
3acBeTke
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PucyHok 18 - flechekT cybnukcensa B XKW. paboTatouem Ha nponyckaHue u oTpaxeHne, B TEMHOTe

PucyHok 19 - KnacTep getektoB HenonHbIx cybnukcenein B XXKW. paboTatowem Ha nponyckaHue un
oTpaxeHue, B TEMHOTe, NOJIHOCTbIO 6esblii 3KpaH
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PucyHok 20 - KnacTep gedekToB HeENO/IHbIX cyb6nukcenen B XXKW. paboTatouiem Ha nponyckaHue u
oTpaxeHne, B TEMHOTE, NO/THOCTbIO YePHbIli 3KpaH

PucyHok 21 - fechekT, He cBsA3aHHbIV ¢ nukcensmu, B XKW, pa6oTatowem Ha NnponyckaHue n oTpaxeHue
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MpunoxeHne A
(cnpaBo4yHOE)

0O630p cepuun ctaHgapToB NCO 9241

B pgaHHOM npunoxeHun npuBedeH o0630p cepunm cepum cTaHpaptoB NCO 9241 {ee cCTpyKTyp
npeaMeTHol o6nacTu un ctaTtyca ony6/IMKOBaHHbIX U pa3pabaTbiBaeMbiX YacTeid).

Ta6nuuya A.1 - CrTpyktypa cepun cTtaHpgaptoB WNCO 9241 «OproHomuka B3anmMopgencTemns
«4yesioBek-cnuctema»

Homep uvactn HavmeHoBaHue

1 Obuiee BBEAEHME

2 Tpe6oBaHVA K NPOM3BOACTBEHHOMY 3a4aHunio

11 PykoBoACTBO No o6ecneyeHnto NPUrogHOCTN MCNONb30BaHUsA

20 PykoBoACTBO NO AOCTYNHOCTN 060pyA0BaHNA U yCNyr B 06/1acTu MHhopmaLnoHHO-

KOMMYHUKaLUMOHHbIX TexHonorun (MKT)

21-99 Pe3epBHble HOMepa

100 OproHomMmnkKa NporpamMmmMHoOro obecnevyeHus

200 Ye/n0BEKO-OPUEHTUPOBAHHOE NMPOEKTUpPOBaHne

300 TpeboBaHUA K 3/1EKTPOHHbIM Buaeogucniesam

400 MpuHUMNbBI 1 TpeboBaHWA AN YCTPOKCTB (hn3nyeckoro BBoaa
500 Pabouasa ctaHuus

600 Pabouasn cpega

700 LleHTpbl ynpaBneHus

900 TakTubHblEe B3auMoAencTeus

28



FOCT P 55241.4— 2012/ISO/TR 9241-310:2010

MpunoxeHne B
(cnpaBo4HOE)

.ﬂ,eq:)EKTHble NMUKCen B Npomn3BoacTee

TekylWwmnii ypoBeHb KadecTBa AedeKTHbIX MNUKcesieli 3aBUCUT OT CerMeHTa pbIHKA W TeXHOAOoruwu.
HacTosfillee NpuaoxeHue cofepXuT KpaTkoe onucaHwe AOCTYMHOrO B HacToslee BPeMs KayeCTBEHHOro
YPOBHSA B TEPMUHAX, UCMO/b30BaHHbIX B cepun ctaHgaptos VNCO 9241-300.

Ha pblHKE MeAMUWHCKUX AMCNAeeB r/1aBHbIM 06pa3oM npeacTaB/ieH knacc gucnneeB 0. HO Takxke
MOryT BCTPeTUTbLCA aucnsen knacca l. Jucnneam npucsausatoT Knacc 0 no pesynbrtaram 100%-ro KOHTpoONA
npounsBoACTBaA.

Ha pblHke noTpebutenbckmux TB Hanbonee pacnpocTpaHeH knacc |. OTaenbHble U3genmsa MoryT 6biTb
knacca 0. HO 06bIYHO M3rOTOBUTENN He rapaHTUpytoT knacc 0.

Ha pblHKe AucnieeB KOMNbIOTEPOB Hanbosliee pacrnpocTpaHeHbl knaccbl | n ll. Uem MeHblue pasmep
nukcens, To. BeposiTHee Bcero, G6yAeT AONylWeH MeHee BbICOKMIA Knacc. 3TO eCTeCTBEHHO, MOCKOJIbKY
onpegeneHna NCO 9241 He BMOJIHE CBfA3aHbl C BUAMMOCTbIO AedekTHbIX nukcener. OTaenbHble n3genus
MOryT 6bITb Knacca 0, HO U3rOTOBUTE/IN He rapaHTUpyT knacc 0.

Ha pblHKe gucnneeB MOOGWUNbHbIX YCTPOICTB Hanbonee pacnpocTpaHeHbl knaccbl | n Il. Tak Kak
nonb3oBaTesibCkmne MHTepdeicbl 60see cTaTUYHbl, YEM Ha PblIHKE KOMMbIOTEPOB W NoTpebuTenbckux TB,
CyllecTBYIOT 06n1acTu 3KpaHa, rge pgedekTbl MNUKCensa ABNAOTCA 60siee npuemaeMbiMU, Yem B ApYrux
obnacTax.

Ha pblHKe TOBapoOB MPOMbILWJIEHHOrO HasHavyeHus BcTpevatTcsa knaccol 0. I, I n lll B 3aBUCMMOCTM OT
onpegenieHHbIX NOTPe6GHOCTEN.

Ha pblHKe HOBbIX TEXHOJ/IOTUIA BCTpeyatlTcs Bce knaccbl (0T 0 go 1V). 19 HOBbIX TEXHOMOTUIA, KOTOpble
He TakK TOYHO COOTBETCTBYIT onpegeneHusam WNCO 9241, agucnneit mor oduuymanbHO MNONYYUTb HU3KYIO
OLLeHKY K/slacca, Npu 3TOM oka3aTbCs 60/s1ee BbICOKOrO kfacca, u Hao6opoT. B Taknx cnyyasx oueHka knacca
HenpurogHa AN KaYeCTBEHHOrO CyXAeHus. B apyrux cnydasx OLeHKa kjacca MOXeT O6biTb HU3KOW, u
Avcnnein cooTBeTCcTBOBa OLeHKe, HO. TeEM He MeHee, usgesnive Morsio 6biTb NpUeMAEMbIM Ha pbiHKe, Tak Kak
TeXHoMorMa Morna npefocTaBuUTb HOBbIM TuUN  3ajayM WAM  B3aMMOAelcTBMA YCTpOliCTBa, KOTOpble
HEBO3MOXHbI NPU UCMNO/Ib30BaHNUM TPAAULMNOHHBLIX TEXHONOINI gncnnesn. B Takux cuTyauunsx nonb3oBatenu
CKMOHHbI foNycKaTb 60/1ee HU3KYI0 OLeHKY kayecTBa AedeKToB NuKcenen.
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MpunoxeHne C
(cnpaBo4HOE)

MpoeKT Mogenu npuemsIeMoro ypoBHs nukcenen

C.1 O6bwue cBoAeHMUA

KomneTteHTHana pa6ouyasa rpynna WCO He pgoctursia MNOMHOTO KOHCEHCyca O MOJenMpoBaHumn
npuemsaemMoro ypoBHS nukcenei. Pabouyas rpynna npuHAnia pelleHue BKIOUYNTL 06e nNpeasioXeHHble
MOZAEeNN Kak NpuaoxeHune.

He cyulecTByeT [0OCTaTOYHOrO MNOATBEPXAEHUA ANA NOObIX NPefsioXeHHbIX TUMOBbIX MNPOCTbIX
YNCNOBbIX COOTHOLWEHUM MeXay KONMYecTBOM MPUHUMaeMbiX AedeKkTHbIX NuKcenei n pasmepom gucnnes.
HanpoTuB, AaHHble MokKa3blBalT, YTO YPOBEHb BU3yas/ibHOrO KOHTpacTa Mogesieli TOYHO MPOTrHO3UpyeT, YTo
cpefiHee 4MCNO AONYCTUMbIX AedekTHbIX MuKcenelr MeHAeTCA KakK (YHKUMS KOHTpacTta W pgedeKkTtos
pasmepa. Mpegnonaraetca 3HaunTesibHass B3aMMOCBSA3b MeXAYy CPeAHWUM 4YUC/IOM AOMNYCTUMbIX AedeKTHbIX
nuKcenen N COOTHOLWEHNEM MeXAy KOHTpacToM fedekTOB U KOHTPACTHOW rpaHuuein 4na BuANMOCTU.

KoHTpacT onpegensietcsa kak MPOLEHT KOHTpacTa MexAay SIPKOCTbio AedeKkTa W SI0KanbHOW cpepgHeii
APKOCTbIO.

C.2 MNepBasa mojgenb

B uensax BHeceHns nonpaBok B MCO 9241-307. 6bina pa3paboTaHa cnegytouas mogenb AN 3aMeHbl
npumevaHusa 7 B ctaHdapTe. MakcuMasibHOe YMC/0 fedeKTOB BblYNCSETCA cledylowmnm obpasom:

a) Ansa aucnnees > 9.1" (23.1 cM): MakcumasnbHOe KO/NYeCTBO AedeKTOB Ha KnacC Ha MWIINOH
nukcenem:

b) Ana gucnneeB S 9.1" (23.1 cm) ¢ > 250000 nukcenAMuU: MakCuManbHOe 4Yuco AeekToB Ha knacc
Ha 250 000 nukcenei;

c) Ana gucnnees S 9.1" (23,1 cm) ¢ 5 250000 nukcenamu: MakcuMasnbHOe 4Mcno AedeKToB Ha
oucnne.

C.3 BTopasa mopgensb

C.3.1 O6uwmne cBefeHns

Hannyuwwue gocTynHble faHHble Ucc/efoBaHuli - 3TO pe3ynbTaTbl UCCNefoBaHWiA, NpeacTaBNeHHble
Ha SID [13]. MonHble gaHHble 6blNN oueHeHbl cekpeTapuatoM WCO/TK 159 u gOoCTyNHbI ANA AganbHelwmnx
nccnepoBaHuii.

B pe3ynbTaTe aHanusa 3TUX AaHHbIX 6blia BbisiBNeHa ycTolunBas B3aMMOCBSA3b U HE3ABUCUMMOCTb OT
pasmepa gucnnes, paccTosHWA OT 3puTens A0 3KpaHa u Ap. KoHTpacT-rpaHuua-KOHTPacT-COOTHOLWeHNne
06BbSICHSIeT BCe OTK/IOHEHUS [0 TeX NOP. NOKa CpaBHMBAETCS UCMbITaTe/IbHOE N306paxeHune.

B gaHHbIX [13] cywecTByeT AOMNO/THUTE/IbHOE OTK/IOHEHME MeXAY UCNbITaTe/IbHbIMU N306paxeHNAMN -
«CABUT B/IeBO Ha rpaduke AaHHbIX B ABOWHOM slorapummyeckom maclitade».

MpepnonaraeTcs, 4TO 3TOT CABUI-B/IEBO-BMPaBO 3aBUCUT OT KOHTEHTA 3KpaHa W MOXeT Takxke
3aBUCeTb OT BJ/IMAHWSA MacKu, BbI3BAHHOTO KOHTEHTOM, WM MOXeT ObiTb BbI3BAaHO TeM akToMm, 4TO
peanbHasi cpefHsAs SIPKOCTb OLEeHMBAaeTCA NyTeM He permcrpayuun, a NnporHosa.

CABUr MOXeT 6bITb TakXe Bbl3BaH OrpaHUYeHUAMN B ypaBHeHUn [11].

JanbHeliwee n3yyeHne AaHHbIX, BO3MOXHO, OO BbACHUT Apyr1ne B3anMOCBA3N.

Ha aToii ctagun o6uas dopmyna Ana cCpefHEro yucna npuemaembix gedekTHbIX Nukcenen moxer
6bITb NpeAcTaB/ieHa Tak:

N=a R~J

rae /V - aTo cpegHee 4MCo nNpuemMaemMblx AedekTHbIX nukcenei;

R - 3TO coOTHOWEHNE MexXAy KOHTAacToOM AedeKTHOro NMUKCesisi U KOHTPACTHOW rpaHuuein BUAUMOCTU
(BbluncnseTca no [11];

a - NOCTOsIHHAas CO 3HaYeHMSAMU NPUGAM3UTeNbLHO oT 2000 go 20000 B 3aBMCMMOCTU OT KOHTEHTa uUnn
B 3aBMCUCMOCTM OT SIOKaNbHOI cpefHeli cBeTMMOCTMN (CM. BblLe).

b - noctosHHaa co 3HaYeHUAMU NPUGAN3NTENBLHO OT 2.4 A0 2,8.

Ha paHHOl cTaguyn obwee ypaBHEHWE YXe TMPUrogHO ANs8 NpeanpusaTuii, noTpebuTenbCcKux
opraHusauuii 1 ucnblTaTeNIbCKUX CTaHLWUNA.
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Tem He MeHee, BaXHO cpaBHMBaTb O6liee ypaBHEHWE C JaHHbIMU APYTMX UCCnefoBaHuii Ansa Toro,
4YTO6blI NOATBEPANTL 06/1aCTh 3HAYEHUI MNOCTOAHHBIX & U b.

C.3.2 HayanbHble AaHHblE

MpeaBapuTenbHoOe uccnefgoBaHue, MNPOBeAEHHOEe MNOoJ MeHee XEeCTKUM ynpassieHnem, Mo3BOJINI0
NCKMOYNTb HEKOTOPbIE CAyYan UCNbITAHWIA U3 OKOHYaTeNbHbIX UCCiefoBaHni. Takxe U3 npegsapuTesibHOIoO
ncenefoBaHUsA cTanm M3BECTHbl 3KCTPEMYMbI (He TOJIbKO cpefiHMe 3HauyeHus).

HavanbHble gaHHble MOKa3biBalOT 60MbLWY Bapuayuio, HO NOATBEPXAAIOT TOT Xe TUM Koppenauyuwu,
KOTOpPbI/i 6bl1 HalgeH B 3ak/luYUTeIbHOM uccnegoBaHuW. 3TO TakKke WANKCTpUpyeT Heob6XoA4MMOCTb
TWaTe/IbHOr0 KOHTPO/IS KaXA0ro 3KCNepumMeHTa, CBA3aHHOIO C MPUEMNIEMOCTbIO AedeKTHbIX NUKcene.

C.3.3 cnbiTaTenbHble n3obpaxeHuns
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C.3.4 AHann3 gaHHbIX

X - COOTHOLWEHNE KOHTPACTa U KOHTPACTHbIX rpaHul, ;
Y - KONMYEeCcTBO fedeKTHbIX NuKcenei;

A - nsobpaxeHue 3; A - nzobpaxeHue 2; N - nzobpaxeHue 1; O - rpacuk 1; O - TekcT 2; O - TekcT 1;
A - nsobpaxeHue 3; A- n3obpaxeHune 2; A - n3obpaxeHue 1; - rpadmk 1; - TekcT 2; ¢« - TekcT 1;
----------- cTeneHb (TEKCT 2); -------- — cTeneHb (u3obpaxeHue 2); - cTeneHb (TEKCT 2); - cTeneHb

(n3obpaxeHune 2)

PncyHok C.2 - AHanus gaHHbIX
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X

X - COOTHOLEHNE KOHTPAacTa N KOHTPACTHbIX rpaHunL; Y - KONMYeCcTBO AedeKTHbIX nukcene;

X - aHanu3 5 - Bce gaHHble; N - aHanu3 4 - NpuYemseMblii MaKCUMYM;
A - ananus 3 - npuemMseMbli MUHUMYM; ¢ - aHann3 2 - HeraTUBHas MOMAPHOCTb;

O - aHasnm3 1- no3uTuBHAasA NONSAPHOCTb

PucyHok C. 3 - AHanu3 Bcex faHHbIX
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MpunoxeHne D
(cnpaBo4yHOE)

MnaH pekomeHaaumi
D.1 O6uwwune cBepeHunsA
Pa6ouasa rpynna Pl 2 TexHu4yeckoro komuteta WCO/TK 159 npuHsAna peweHwe BKIOYUTL MAaH
pekoMeHgauunii B KavyecTBe MpPuUIoXeHMs. PekomeHAauun OCHOBbIBAlOTCA Ha 0630pe uccnefoBaHWUR,

OTHOCAWNXCA KOCHOBHOMY CoepXaHN HacToAaWwero TeXxHn4eckoro otyeTta.
KBAB*

PrcyHok D.1 - Aunarpamma akTopoB, BAUSIOWMNX HA NPUEMIEMOCTb AedeKTHbIX NUKCenei

D.2 OnpegeneHus, CMMBO/bI U a66peBUaTypbl TEPMUHOB

Cpixei - KOHTPacT nuKcensa Ha ero oHe:

~threshold ~ koHTpacTHasi rpaHuua Bbllle BUAUMOCTU NUKCENS;

L - AIPKOCTb MUKCens;
L bKpg ~ APKOCTb poHa AedeKTHOro NMUKcens:
i A - agantauyMmoHHas SApPKOCTb. ApganTauMoHHas SPKOCTb MOXeT OblTb MNPUGIN3NTENBHO

BblpaXeHa Kak cpefHsAsi CBETUMOCTb 06/1aCcTW, CKOHLEHTPUPOBAHHOW BOKPYr MWKCeNs, U C AUaMeTpom
LeHTpasbHOl 06/1aCTM, B KOTOPOI NpoucxoanT o6paboTka KOHTpacTa B 3pUTENIbHOM CUCTEMe 4esioBeka, U
cooTBeTCTBYlOL el MPOCTPAHCTBEHHOM YacTOTOl, NpeCcTaBASAEMON NUKcenem;

O - 3puTenbHbIN Yron, CTArMBaeMblil AedeKTHbIM NUKcenem, B rpagycax:
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A- 06nacTb fedeKTHOro NUKcens B rpasycax Ha 4yry B KBagparte;
5 - (PYyHKUWSI KOHTPACTHOI YyBCTBUTE/IBHOCTY;
- KO3 OULMEHT, yUNTbIBAIOWMIA UHTErpupoBaHe No NPOCTPAHCTBEHHLIM KOOPAUHATAM;

K? - 4 koatpcpuumeHT npeobpasosBaHus (paBeH 4). BbIBOAMMbIN K3 dhakTopa B3aMMOCBA3N

MeXAy KOHTpacTOM MPAAMOYro/ibHbIX BOJSIH Mwuyencoma u Moaynsuuveli BOIH OCHOBHOrO Tuna mogenun
NpPAMOYronbHbixX BoAH [33]. [34];

SIL(La) - npepen VHTErpMpoBaHMs MO NMPOCTPAHCTBEHHbIM KOOPAWHATaM, Bblle KOTOPOro

MHTerpmpoBaHune No NPOCTPAHCTBEHHbIM KOOPAMHATaM He NPOUCXOANT.

D.3 Bugumble gedekTHbie NMKcenun

0.3.1 O6wwne cBeaeHus

KoHuenuua BuanMbIX fedeKkTHbIX nuKceseli Kak MNpPOTUBOMOJIOXKHAA HeBUAWMbIM  AedeKTHbIM
NnUKcenaM MMeeT NnepBoCTeneHHOe 3HavyeHue. B cepun ctaHgapToB NCO 9241-300 TepMuH
«pedekT nukcensa» 6bln onpegesieH TONbKO A5 0603HAaYEHUA BUAMMbIX AedeKTHbIX NUKCenei.

JedekTHbIi nNukcenb HeEOGXOAMMO paccMaTpuBaTb Npu NO6GbIX 3HAYEHUAX, JaXe eCc/iM OH HeBUAUM
ANA nonb3oBaTens.

HeBugnmble pedekTHble MNMKCeNu nepBoro nopsigka - pgedekTHble MNUKcenu, maneHbkue, nméo
TyCK/ble (HU3Kas KOHTPaCcTHOCTb), HEBUAMMbIe Ha PacCTOSHUN 100 mm ©n 6onee. PaKTUYECKN UX
HeNb3s OGHapPYX1UTb UKW pacCcMOTpeTb 6e3 yBe/IMYNTE/IbHOTO cTekna UaM MUKpockona.

HeBugnmble nukcenu BTOPOro nopsigka - gedekTHble MUKCeNW, ManeHbkne nn6o Tyckble (HU3kas
KOHTPaCTHOCTb), pas3/inuMMblie Ha paccTosaHum 100 MM. HO HeBuAMMble Ha (PAaKTUYECKOM PacCTOSAHMWU OT
3puTens Ao akpaHa. PakTMYeCcKM Mnosb3oBaTeslb MOXeT UX OGHapyXuTb WAM paccmoTpeTb, ecnu 6ypeT
HaxoAuTbcAa 6M3KO OT Aucnses (OH MOXeT nogaTb peknamauuio MNpPou3BOAMTEN0), HO He MoXxeT
06HapPYXUTb UX NPN O6bIYHOM MCMNONb30BaHUN.

HeBugnmble nukcenu TpeTbero nopsgka - fgedekTHble MNUKCenu, KoTopble BUAMMBbI NPU O06bIYHOM
paccTosHUM OT 3puTena A0 3KpaHa TO/IbKO C MOMOLbIO CheuuanbHbIX WCMAbITATe/IbHbIX N306paXeHui,
Bblgenawwmx AedekTHble MNUKCenn, HO HeBMAUMBbI MNpuM O6bIYHOM MNOMb30BaTeNIbCKOM UHTepdelice,
NPYMEHUMOCTN AUCNes N COAEPXMMOM MK306paxeHUs. PakTUHeCKu MNoNb3oBaTesib JIerKO MOXeT HalTu
AedekTHbI NuUKcenb, WCNOMb3ysl, Hanpumep, MOJIHOCTbIO YepHbli WU MNOSHOCTbIO 6Genblii akpaH. Ho
npovssoAnTeNb NPOAYKLUN MOXeET CnpoekTMpoBaTb (DOH MONIb30BaTE/IbCKOro MHTepdeiica Tak. 4TO6bl OH
6bl/1 C HeperympyeMoi 4acToli CTPYKTypOi, KoTopas gesiaeT HEBUAMMbIMU fedeKTHbIEe NMUKCeNun.

HeBugumble nukcenn 4yeTBepToro nopsgaka - fgedekTHble MUKCeNuW, KoTopble BUAUMbI  Npu
aKTU4eCKoOM MNPUMEHEHUN, €CNN He WCNOJMb3yeTCA KOPPEeKTUPYLWNiAi anroputM, HO KOTOpble MOXHO
caenatb HeBUAUMbBIMUW, WCMONL3YA anropuTM, KOTOPbIA MeHsieT SAPKOCTb NuKcenen BOKpYr AedeKTHbIX
nukcenem, Tak 4To AeeKTHbI NUKCeNb CTAHOBUTCSA HEBUAUMbIM.

BnanmMocTb feeKkTHOro NnMkcens - aTo He pu3nyeckan Be/IMUYMHA, KOTOpas MOXeT ObiTb onpejesneHa
B NPOCTbIX TEPMUHAX Kak KOHTPACT SAPKOCTU, KOHTPACT OCBELEHHOCTN UNn efgBa 3aMeTHOe pasnmuyne.

D.3.2 TlpaHuua BuguUMOCTM ANA fedeKTHbIX HEeBUAWMbIX MNUKCenei nepeBoro un BTOPOro
paspsgos

0.3.2,1 O6wue cBepeHus

Mukcenb MoXeT OblTb onpefesieH Kak HeEBUAMMbIA, eC/N ero KOHTPacTHOCTb MEHblUe MOpPOroBOro
KOHTpacTa;

Apixel ~ Athreshold (D-1)
KOHTpaCTHOCTb nukcensa - q)yHKLU/IFI APKOCTU MUKCensa, ApKOCTu (*)OHa n a,ﬂ.aHTaLLMOHHOI‘;I APKOCTU;
epixel (D.2)
KoHTpacTHas rpaHuua - GYHKUMA HecKosbKMX (hakTopoB, cojepxawas, Mo KpaliHeii wmepe,

cnepylowme napaMeTpbl  AeeKTHbIX MUKcenei; pas3Mep NsATHA, MNPOLO/KUTENIbHOCTL  MSATHA,
B3avmogelicTBMe nNsATHA WM MPOAOJ/KMTENIbHOCTM, CcBeToBas  ajantauus U MNpocTpaHCTBEHHast
HEOMpeAenNeHHoCTb; U Criefylole napaMeTpbl 3pUTESIbHON CUCTEMbl YE/IOBEKA; KPMBbIE KOHTPACTHOM
UYyBCTBUTE/IBHOCTM UMW KOHTPACTHOCTb MOAENU (yHKUWM YYBCTBUTENIbHOCTW, XapakTepHoi Ans
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npegnosiaraemMoro nosb3oBatena”. EcAuM oAWMH WAWM ee O[HOrO W3 3TUX NapamMeTpoB MPONYLEHO,
NPYMEHNMOCTb MOAEN OrpaHnyYnBaeTCs yC/ioBUAMU, AR KOTOPbIX aHHas MofeNnb npefHasHavanach.

B uenax HacToslWero TeXHMYECKOro otyeta 6bIIM onpefesieHbl U ONMcaHbl HUXe ABe aHannTnyeckne
MoAenn NporHo3MpoBaHusa noporosoro koHTpacTa. Ctyre~lold.

D.3.2.2 NporHo3npoBaHne KOHTPACTHOW rpaHuubl mogenn 1 (OCHOBaHO Ha AaHHbiX CBWHKeNS
111])

[Ana nNporHo3MpoBaHMA BUAUMOCTWM 3acTbIBWIMX Ha 4YepHOM oHe ApKUX nukceneli Moxer
ncnosib3oBaTbCa crnegytoujas mogenb. 3Ta mogesnb 6bina paspaboTaHa CBUHKENEM U ApyruMun aBTopamun 1
onucaHa B HacTosiwem TexHuyeckom OTuyeTe. PopmMysna B TEXHUWYECKOM OT4YeTe BblpaxeHa B dopme
KOHTpacTa:

C 10~7\ 1bkpa

Threshold (©-3)

baxg tan2a

Mogenb nmeeT cnegytoline U3BeCTHble OrpaHNYeHns:

- noAaTeBepxjeHa AaHHbIMWU TO/MbKO M3 OAHOrO 3KCMNepuMeHTa, U 3TOT 3KCMEPUMEHT BbINOJIHAMCSA
TO/IbKO C IPKUMU MUKCENAMWU Ha MOJIHOCTbIO YEePHOM 3KpaHe:

- peiicTBuTeNbHa TONbKO ANA AedeKToB C pacnpegesnieHMeM 4YacToT MPSIMOYro/ibHbIX BOJSIH B
NpocTpaHCTBEHHOW ob6nacTu;

- pelicTBUTeNlbHa TOMbKO A1 34,0POBbIX MO/IOAbIX COBEPLIEHHONTETHUX C HOPMaslbHbIM 3peHueM. ns
NOXWAbIX I0AEeN N AN noaeln co 3puTesibHbIMU paccTpolicTBamMmu, NoporoBas ApPKOCTb 6yaeT Bbille:

- MPOrHO3MpyeT TOJ/IbKO HamxyAwunin criydyal BUAUMOCTU AedeKTHbIX MuKceneln, npu M3BECTHOM
pasmelleHUn Ha 0Of4HOPOAHOM (hOHe. B peanbHbIX cUTyaunsax, OH 06bIYHO MPOCTPAHCTBEHHO HEOAHOPOAEH
N 06blYHO BO3HUKAIOT BHELWHWE OTPaXXeHWUs Ha 3IKpaHe U HeKoTopoe KOo/M4ecTBO 6/IMKOB B MoJsie 3peHus
nonb3oBatens. Bce 3To noBbIWaeT NOPor o6HapyxxeHnsa fedekTHbIX NUKcene.

D.3.2,3 MporHo3npoBaHNe KOHTPACTHOW rpaHuubl moaenn 1 (0cHOBaHO Ha AaHHbIX BapTeHa [7])

Bo Bpems pa3paboTkM TexXHU4Yeckoro otyeTta Obl10 noaTBepxpeHo, 4yTo CFC mopenn, co3fjaHHble
BapTeHOM. MPOrHO3MpylT BMAUMOCTb 3aCTbIBLWIMX BO BK/IIOYEHHOM COCTOSIHUM APKUX MUKceneli Ha TEMHOM
hoHe C TaKoOW >Xe TOYHOCTbIO W HeonpeAeneHHOCTblO, Kak W Mogenb CBUHKeNs W ApYyrnx aBTOPOB.
YnpouweHHas 1 nonHas mogenu bBapTeHa MOryT MCnonb3oBaTbCsA C TakMMU Xe OrpaHUyYeHUsMU, 4TO U
ypaBHeHue (D.3).

Bonee TOoro, BO3MOXHO, Mogenu bapTeHa MOryT 6biTb WCNOMb30BaHbl B 06/1aCTUM BHe fAelCTBUA
YpaBHeHusa (D.3). TeM He MeHee, 3TO He MMeeT OAHO3HA4YHOro MNOATBEPXAEHUS CO CTOPOHbl aBTOPOB
TEXHNYEeCcKoro otyera.

Nthreshold” — D4

KI'n.2'5 (B4)
Bo3aelicTBMe NPOCTPAHCTBEHHOTO WUHTETPUPOBAHUS MO KOHTPACTYy MOXET 6blTb CMOAE/IMPOBAHO Kak

MHTErpupoBaHMe MPOCTPAHCTBEHHbIX [AbIPOK. ECAM  MUWEHb MeHble npegena MNpPoOCTPAHCTBEHHOTO

VUHTErPUPOBaHUSA . OMPEAENEHHOTO HUXE, APKOCTb BYAET He SPKOCTbIO MULLEHW, & CPeAHell APKOCTbH

MULWEHN 1 ee (hoHa, YCpeAHEeHHOW no o6s1acTv pasMmepa, OnpefesieHHOro npeaesioMm MNpPoCTPaHCTBEHHOTO
MHTerpupoBaHus, SIL. YTO MOXeT 6bITb BbIPaXEHO Tak:

sléa) ecauna < SilL(La)}
v AN (D.5)
, 1, ecnu a>SIL )

MNpefen NpPoOCTPaHCTBEHHOIO WHTErPUPOBaHUS, S”_[LA), 3aBMCUT OT afanTauMoHHOl APKOCTM 1

NPOAO/IKMTENBHOCTM CTMMyna. UTo6bl cnporHo3upoBaTb fAaHHble CBuHkena [11], 6b1710 MCNOMb30BaHO
crnepytouee onpegesieHne No aHasnornm ¢ 3aakoHamu Pukko u Malinepa:

" MonHas MoAeNnb KOHTPACcTHOW YyBCTBMTENbHOCTM AOMXHA BKAOYATh, MO KpaiHel mepe, cnegyowmne GpakTopbl:
onTuMyeckas (YHKUWMS nepefayu MOAYAALMM rnasa, pa3mMep AeEKTHOro MNUKcens, paspellarllas Ccrnoco6HOCTL
(hoTopeLenTopoB rfasa, COOTBETCTBYIOLWMI MNepexof OT SPKOCTM 06beKTa K OCBELWeHHOCTU B ceTyaTke, (yHKLUS
paccesiHWs TOYKM, aKTUUYECKMI pasmep 3pauka, NPUHATWE B pacyeT BHYTPEHHUX WYMOB (06YCNOBNEHbI HelpoHamu),
NMPUHATME B pacyeT BAWSHUSA flaTepasbHOro TOPMOXKEHMS M 6/IMKOB. BOMbWWHCTBO MOAeNeli He NMPUHUMAIOT B pacyeT
N3MEeHEHUI BCex 3TUX (hakKTOPOB, U OHW NOLXOAAT TOMLKO ANS 3[40POBbLIX MOMOAbIX COBEPLIEHHONETHUX C HOPMaNbHbIM
3peHneM. HeKoTopbie MOAENN MO3BOMSAIOT 3KCTPANo/MPOBaTh Pe3y/bTaTbl MOA 4PYTMe BO3PACTHbIE TPYNIibl, UCMO/b3Ys
mMozenu npeo6pasoBaHUs BO3PacTOB.
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1.75, ecnn La< 30

Sil(ta) = 1.75- (3 - iA) W 5-175 ecnm 30 < LA €100 (D6)

0,5, ecnun La > 100

YnpoujeHHas (PyHKLUUA KOHTPACTHOW 4YyBCTBUTE/IbHOCTU, onpegeneHHas BapTteHom [7]. moxeT 6bITb
BblpaxeHa Tak:
C-o.00itfunCi+”~yvoe

S(.U,La,A )~ — =~ — . (D.7)
,_*-0.0S11B

dopmyna perictBuTenbHa ans Habnwogateneli pospacta 20 — 30 neT ¢ Xopowum 3peHuem. AnsA

52007 ~

MOHOKY/IAPHOro 3peHns 5200 3amMeHseTCcAa Ha

O6nacTb A. BO3bGyxXjatlas ceTyaTKy rnasa, BK/IOYaeT He TOJIbKO AedeKTHbI MuKcesnb, HO Takxke U
WNPUHY 061acTn BOKpPYr gedeKTHOro nukcens. Takum o6pas3om, BbICOTY AedeKTHbIX NUKcenen cnegyet
yBenMuutb B 3 pasa.

A - 3a 2 (D.8)

Yy« T

Ecnun d?onpepensieTcsi Kak MUHUMYM AYTU, TOrAa NpocTpaHCTBEHHAA yacToTa B LUuknax/rpagyc. u:

60
21 = — (D.9)
2a
MpumeyaHue - MHorve napametTpbl Mofenn bapTeHa cnepyeT Bbi6upaTb C OCTOPOXHOCTbI. Ecnm

BbIGpaH HemnpaBUNbHbI MapameTp, MPOrHO3 OKaXEeTCs HEeKOPPEKTHbIM. BMeCTO YMpOLWEeHHOW MOAenu TakXkKe MOXeT
MCMONb30BATLCA pacliMpeHHas Mogenb BapTeHa.

D.3.3 TIpaHuubl BUANUMOCTU pfedeKTHbIX TMUKCeNneln TpeTbero W 4YeTBepTOro nNOpsAAKOB
Hepas/inynmMocTun

B HacTosuwee BpemMs He cyuwecTByeT o06Wero aHaJMTUYECKOro meToga [A/18 MNPOrHO3MpoBaHUSA
BUAUMOCTN pAedeKkTHbIX MUKceseldi TpeTbero M 4YeTBepTOro MOPsiAKOB HepasnunymmocTu. CyuecTBytoT
mogenu, nogxogswue ansa if-then aHanusa pasBuTMA NpoAykTa, HO OHWU He UMeloT o6lWero ypoBHS
NPYUMEHNMOCTHU, HEO6X0AMMOTrO ANA NOATBEPXKAEHUSA HA3HAUYEHUSA.

Ecnn Hepa3nIMYMMOCTb TpPeTbero u 4eTBEPTOro NOPsiAKOB ABAAETCA KPUTUYECKON AN1A UCNONb30BaHUSA
avcnnes, npakTUYeckuii TecT Ha 3puTesibHOe BOCMPUATUE [OJDKeH ObiTb MpejcTaBfieH UCMNOJSib30BaHMEM
ABOWHOrO /IeCTHMYHOTO MeTofa, 4TO6bl HaWTW KOHTPACTHYHO TrpaHuly WAW  FPpaHuLy BenYUHbI
pasnuunmocTu. Ecnn 3apaHee ykasaTb UCNbITYEMOMY HaxoXAeHWe YC/IOBHOro AedekTHOro nukcess, nopor
Oo6HapyXeHUss yMeHbllaeTCss, 4YTO MOXeT OblTb UWCMNOMb30BaHO [ANs OpraHv3auuum TecToB MO
HeonpejeneHHoCTH.

D.4 ScTeTnyeckne TpeboBaHusa

B HacTosflllee BpemMs He cyuecTByeT o06lero aHa/IMTUYECKOro meTtoga [A/A MNPOrHO3MpoBaHUs
NoporoBbIX YPOBHel acTeTUYeCKO NnpueMaemMocTy.

JcTeTnyeckas NpuemMsIeMOCTb paccMmaTpuBaeTCs Kak CyObeKTMBHas Be/iMuMHa, KoTopas He MoxeT
OblTb [OCTOBEPHO CMNPOrHO3MpoBaHa WUCXoAsA W3 (MU3NYECKUX NapamMeTpoB Aucnses (BKAKOYas KOHTEHT
gvncnnes) n usnonormyeckux ocobeHHocTel Habnogatens.

Bce unccnepoBaHMs MNokasblBalT, YTO MOPOroBble YPOBHU 3CTETUYECKOW MpueMsieMOCTU Bbille, Yem
rpaHuLbl AN pasnmuMmocTu. He 6b1s10 06HapyXeHo o6Lieii B3aMMOCBA3M A1 pa3HuUbl MexAay rpaHuuamun
BMAUMOCTU U rpaHuuamu npuemaemoctu. Korga konmyectBo gedekTHbIX Nukceneli oto6paxaeT, HAaCKOIbKO
6onblasa YacTb Aucnnes 3aHATa [AdedeKTHbIMU MNUKCeNnsaMun, Ccy6bekTUBHOEe W3MeHeHue pasHulbl
Bapbupyetca mexagy 0% un 0.01% A8 3KpaHOB, Ha KOTOPbIX JIerKO O6HapyXuTb gedekTbl (Hanpumep,
YepHbIi oH), n Mexay 0% wn 0.6% ANA 3KPaHOB, Ha KOTOPbIX AedekTbl BUAUMbBI, HO C HU3KON
KOHTPacTHOCTbIO.

Hanbonee cunibHO Bnawwme GakTopbl - WHAMBUAYA/IbHbIE 3CTETUYECKUE OXUAAHUA W KOHTEHT
avcnnes.

Mpumep 1 - TpaHuua NPUMEeMIeMOCTU BbilWe ANs BUAEO B pealbHOM Macw Tabe BpPeMeHM,
YyeMm AN NpeAcTaBneHns 6e0ro TeKCTa Ha YePHOM (hoHe.
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Mpumep 2 - [Ana noTpe6UTeNbCKUX TOBApPOB WHAMBUAYaANbHbIe OXMUAAHUA CBA3aHbl C
MapKeTMHIOM ToBapa, MO3ULMOHMPOBAHMEM TOBapa, €ro LeHOW W obewaHusmMu. Ha oxupgaHus
4N NpOGeccnoHanbHbIX TOBAPOB MOTYT BAMATbL 0XKWAAHWSA pa6OTHUKOB OT paGoTogaTens Kak
NoCTaBUW MKA MHCTPYMEHTapUs.

Mpumep 3 - ONA fUcnneeB, MCNONb3yeMblX B O6WMX Lensx, 3aCTbiBlWME BO BKAYEHHOM
COCTOAHMU NMUKCeNN 06bIYHO 60Mee 3aMeTHbl M pasgpaxat T 60Nble, YeM NMUKCENU, 3aCThIBLI e
B BbIK/IIOYEHHOM COCTOSSHUU. MMo03ToOMy Aucnien ¢ feheKTamMu 3acTbiBaHWSA BO BKIHOYEHHOM
COCTOSAHMMW, MOTYT GblTb NMPUBEAEHbI B UCNPaBHOE COCTOSHME C NOMOLWbIO MeToAa, KOTOPbIiA
npeo6pasyeT pAeteKTbl MNUKCenel 3acTbiBaHWS BO BKAOYEHHOM COCTOSHWUU B AedeKTol
3aCTblBAHMW A B BbIK/IOYEHHOM COCTOSHUMN.

PekomeHAauun no acTeTMKe OCHOBbLIBAOTCA Ha OTCYTCTBMW O6LLeli MOAENnn N BbICOKONM 3aBUCUMOCTU
OT Ccyb6bekTuBHOro MHeHuss. CyTb B TOM, 4TO6bl AaTb BO3MOXHOCTb MO/MIb30BaTe/Il0 MPUHMMAaTb CBOe
cobCcTBEHHOE pelleHWe, He TMPUHYXAas Mnofb3oBaTeneli kK QopMupoBaHUo efuHbIX 3CTETUYECKUX
Tpeb6oBaHU.

3cTeTuyeckoe KavyecTBO MNpoAykrta crefyeT paccmatpuBaTb  KaK — KOHKYPEHTHbIA, a He
pernameHTUpyOLWmMii Bonpoc. MockonbkKy aHanu3 AedekTHbIX MUKCenei He Bcerga MpocT, MPoOM3BOAUTENN
noTpebunTeNnbCKMX TOBApOB AO/IKHbI AaBaTb KpaTkoe, TOYHOE W flerkoe ANs NOHUMaAHUA onucaHue yucna un
Tna gedekTHbIX NuKcenel, KOTopble MOTyT NOABUTbLCA Ha Agucnnee. MNpounssoguTenn npodeccrnoHanbHbIX
TOBapoOB [O/IKHbI f[aBaTb YyKa3aHuWe Ha TO. 4TO ToBap COOTBeTCTBYeT 3ajayam, AN KOTOPbIX OH
npeaHasHaueH.

PerynsapHana v nonyperynsapHas fesTeNbHOCTb AO/XHa NOOWPSATbL nNpousBoauTeneli obecneumBaTtb
notpe6uTeneii ACHLIM onucaHnem fgedeKTHbIX NuUKcenei.

D.5 3proHoMmuyeckme TpeboBaHusa

D.5.2 MNMepepoBoe MeAULMHCKOE PEHTITEHOBCKOEe AunarHocTupoBaHue

B aHann3e peHTreHOBCKUX W306paXxeHuii pe3ynbTaTUBHOCTb AMArHOCTUPOBAHUS MMeeT HauBbICLIWNI
npvopuTteT. NMOHMXEHHaA pe3y/ibTaTUBHOCTb MOXET yBe/INYNTb PUCK MOCTAHOBKM OWWGOYHOrO AnarHosa u
noaToMy abCoONTHO Hegonyctuma. CHUXeHune 3(hhekTUBHOCTN HexenaTtesibHO, HO MOXeT ObiTb
npuemnemo. [Ns TakuX PEHTTEHOBCKUX W306paxeHWi, rae eAnHUYHbIA AedeKTHbIA NuKcenb MOXeT
npeAcTaBNATb Yrpo3y KayecTBY AMarHo3a, [O/DKHbl 6biTb NpeAnpUHATLI cneynanbHblie AelicTBUS.

[onyckatloTcs cnegytouime AeicTBMS B nopsifke npuoputeTta:

a) pocT yCTOWYMBOCTU MPOTUB AedeKTHbIX MUKCeNnei C MCnonb3oBaHMEM MeTOAO0B pacnpefeneHus
pa6oT: ucnonb3oBaTb AUCMNE C AOCTATOYHO BbICOKOW MUKCENbHOW MMOTHOCTbIO U AOCTATOYHO GOMbWUM
paccTosHnem oT HabnogaTens A0 aKpaHa, YTobbl rapaHTUpoBaTb, YTO eANHUYHbIE 3/IEMEHTbl U eAUHUNYHbIE
pedekTHble NMKCenn HeBUAMMbI. [Na AasibHelWero CHMKEHUS PUCKOB KaXKAblii AnCneln nepep ycTaHOBKOW
cnefyeT NpoBepuTb Ha AedekTHble MUKCeNn 1 NPorpamMHO-peann3oBaHHbIA anropuTMm, KOTOpbIN MeHseT
SAPKOCTb NUKcenen BOKPYr AedeKTHbIX NUKCenel Tak. 4TO BO3MOXHO MUHUMU3NPOBaTb BAVSHUE e eKTHbIX
nukceneim.

b) 6pakoBaTb gucnnen c aedekramu: BbINONHATL 100% BXOAHOW KOHTPO/Nb W 6GpakoBaTb KaxAblii
pucnneli, B KOTOPOM OO6GHapyXeHbl gedekTHble nukcenu. [ANsS HEeKOTOPbIX TEXHONAOrUi pekoMeHayeTcs
NPUMeHSATb HOBbIA aHann3 e ekTHbIX NUKcenen B MHTepBanax, yCTaHOB/IEHHbIX MPON3BOAUTENEM.

C) cHabxaTb KapToi [AedeKTHbIX MuUKcenel: peHTreHonor cHabxaeTcsa KapToi pacnosioxXeHus
nedekTHbIX NUKcenei, WU. korga NpoBOAWUTCS UCCNefoOBaHWe Ha gucnnee, nporpamMmmHoe obecnedveHue
no3sosifeT peHTreHoslory nepemeuwarb 061acTb paccMoTpeHUsa B 06nacTb Auchnes, Ha KOTOpoih HeT
nedeKTHbIX NuKcene.

MpumeyaHwns

1 HekoTopble peHTreHOBCKME N306paxkeHNsa He CTONb TpeboBaTebHbl k HANNYNIO AedeKTHbIX NUKCenein n Moryt
6bITb MPaBUILHO NPOAHANN3NPOBAHbI fJaXe NPV HaNNYMM HEe6ONbLIOTo Yncna BUAUMbIX eeKTHbIX NUKCeNen.

2 [ucnnen, ucnonbsyemble ANA pelanlero GopMUpoBaHUA PEHTFEHOBCKUX W306paXKeHWn peHTreHonoramu,
MMEIT OYeHb CTPOrve TpeboBaHNA, KOTOpPble He BK/IOYAKTCA B HAaCTOAWMWIA JOKYMEHT. [laHHble Tpe60BaHUS BKAOYAOT
B ce6a TpeboBaHUA K XapaKTepucTuKam AUCNIes U K exeJHEBHO Kanubposke gucnnes.

D.5.3 jpyrne KpUTUYHbIE C/yYan NPUMEHEHUSA

Pa6oTofaTteNlb O6bIYHO HeceT OTBETCTBEHHOCTb 3a 3aflaHWe W aHannM3 pUckoB. Ecnu Hanuuune
AedeKTHbIX NUKcene MoxeT ocnabuTb 340poBbe UAN 6e30NacHOCTb NOIb30BaTesisi UK APYroro YenoBeka,
pa6oTogaTento 06bIYHO NMOpyYaeTca aHaN3NpoBaTb 3afjaHns U AelicTBUSA B paMKax 3afjaHus ANA CHUWXKEHUS
puckoB. Ecnu Hanuune fedeKTHbIX MUKCesNeil HECUNbHO BO3AEWCTBYET Ha 340pOBbe M 6€30MacHOCTb, HO
MOXEeT CHU3UTb Pe3yNbTaTUBHOCTb UAN 3P(PeKTUBHOCTL, paboTodaTesib MOXeT pelaTb WAW He pewaTb
aHann3MpoBaTb U NPUHUMATb WM HE NMPUHMMATbL KOppPeKTUpylne geiicTeus.
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CnepyeT Nosb30BaTbCA ycnyramm KBa/MMULMPOBAHHbIX 3PrOHOMUCTOB [A/18 BbIMOJIHEHUA aHanunsa
3apaHnii.

0.5.4 3popoBbe N 6e30NacHOCTb

3a0poBbe M 6€30MacHOCTb MOTYT HaXxoA4UTLCA NOoA Yrpo30oii, ecnn Nonb3oBaTtesb BbINOMHAET 3ajaHus,
B KOTOPbIX Hanunuue pgedekTHbIX MuKcenelr MOXeT W3MEHWTb €ero peweHue win noaBepraetT PUCKY
nosib3oBaTensa Ui Apyrux noge no npuynHe NPUHATUA OWNGOYHOTO peleHns. Ana cuTyauynii Takoro poga
NPUMEHAITCA peKkoMeHJaunun, gaHHblie B nyHkTe D.5.2.

340poBbe N 6€30MacHOCTb TakXe HaxoAATCcs noj yrposoin, ecnu adpekTUBHOCTb CHMXaeTcsa M3-3a
Hanuuns gedekTHbIX NuKcenel. B Takux cnyvyaax pabortogatenb UMeeT anbTepPHATUBbI:

a) ymMeHbwaTb TpeboBaHMA K apPeKTUBHOCTN 3aAaHns, YTOObI MPOBECTN CHUXeHNe 3P PeKTUBHOCTH,
Bbl3BaHHOE AeEeKTHbIMUN MUKCEAMU;

b) ncnonb3oBatb OAWH W3 MeTOAOB, ONUCaHHbIXx B nNyHkTe D.5.2 TllepepoBoe MeguuUMHCKOe
pPeHTreHOBCKOe AnarHocTupoBaHue.

0.5.5 cnonb3oBaHMe B 06WMNX CNYXEOHbIX Lensax

ViccnepoBaHna nokasann MWCKIOUYUTENbHO BbICOKYHD TEPMUMOCTb K Hanuuuio gedekTHbIX nukcenemn
cpeAu COTPYAHUKOB, BbIMOHAOWMNX 06LIne CryxebHble 3aga4n.

C Toukum 3peHna 3PMEKTUBHOCTU U pe3yNbTaTUBHOCTW HET O0YEeBUAHOrO pucka, 4TO Halnyue
YMEPEeHHOro yncna AedekTHbIX NUKCesnein CMOXeT CHU3UTb MPOU3BOANTENIbHOCTb BbIMO/IHEHUA 3af4aHnsA UAn
noABeprHyTb PUCKY 340pOBbe NN 6e30NacHOCTb.

CnepgyeT wvcnonb3oBaTb TPW KpUTepuUs A1 MPOrHO3UPOBAHUA CHMXKEHUS NpOu3BOAUTENBHOCTU
BbINO/IHEHUA 3a[aHNA:

- MOCTOSIHHasi CTpyKTypa. PerynsipHble CTPYKTypbl, Takne Kak JAUHUW WAn rpynnbl  AedekTHbIX
nukcenen, Boo6uie He A0/HKHbI A0ONYyCKaTbCS;

- NpoueHT o6nacty Agucnnesn, 3aHATOW pAedekTHbIMKM nukcenamu. Ecnu pgedekTHble nukcenun
pacnpegeneHbl Ccny4vailHo, Torga ob6buwas naowafb, 3aHATaa AedekTHbIMW MUKCeNsaMU, A0/HKHa ObiTb
MeHble 0.1% oT ob6uwein naowaan gucnnes, MmeHbwe 0.3% B HeraTUBHOW MNONSPHOCTM U MeHblwe 3% B
NO3NTUBHOW NOMAPHOCTHK;

- BEepPOATHOCTb AeMeKTHbIX MUKCeslel B KPUTMYECKUX MECTOMO/I0XKeHUsAx. BeposATHOCTb, 4TO
noBpexXAeHHbIN MNUKCeNb OKaxXeTcsi Ha nNepefHeEM nMfaHe B TeKkcTe cocTaBnseT okoso 0.05.
BepoAaTHOCTbL TOro, 4YTO MNWKCenb Ha MNepegHeM MnaaHe ABAAETCA KpPUTUYeckum Ansa ypob6eTBa
nonb3oBaHna (TO ecTb BefeT K HEKOPPEKTHOW wugeHTudukaunmm xapakTepucTukuM) - YUCNO B

npepene 10-4. O6wy BepoOsSTHOCTb MOXHO BbIUUCAUTbL, Wucnonb3ys cGopmyny P faun X

x Vforeground X Vcritical* Pfault - BeposiTHOCTb AeekTHOro NUKcens.

PasHornacua no Bonpocam 340pPOBbS MOTYT BO3HUKHYTb, €CNiM paboTHUK MMeeT BbICOKME OXWUAAHUA O
KayecTBe MPOU3BOACTBEHHbIX YC/I0BUIA 1 BOCNPUHUMAET Ha/lMune Ha aucnnee AedeKkTHbIX MUKCesnel Huxe
YPOBHS, NPUEMIEMOro AN NPOM3BOACTBEHHbIX YCNOBMWiA. B Takux cuTyauumsx paboTtopartenb [OJIKEH
MCMNOMb30BaTb OA4HO U3 AeNCTBUM, ONUCaHHbIX B NPeAbIAYLWMNX NYHKTAX.

MpumeyaHunme - Hanuume 60NbWOro uYmcna AeeKTHbIX MUKCeneli GyAeT OKasblBaTb BAWSHWE Ha
CPeAHIO APKOCTb U. BO3MOXHO, Ha APKOCTHYH aZanTauuto. Takxke 3To 6yAeT BAMATb Ha (DaKTUYECKY KOHTPAaCTHOCTb.
B cnyuyasx, korga 60onblioe 4Yncno AedekKTHbIX NUKceneli NPUeMIeMo CO CCbIIKOW Ha JaHHbI/A TeXHUYeckuii oTuer,
pa6oTopatento cneAyet OTAeNlbHO MPOBEPSATb, YTO KOHTPAacTHOCTb W CPeAHAs SPKOCTb BCe elie OTBeYawT
YCTaHOB/IEHHbIM TPe6OBaHUSAM.

39



FOCT P 55241.4—2012/ISO/TR 9241-310:2010

40

Bubnnorpadus
O6HapyXeHne nNATeH
[1] http://webvision.nned.utah.edu,’
[2] http://cvfl.ioouclac.uk/
[3] Boff. K.R. & Lincoln, J.E. Engineering Data Compendium: Human Perception and

Performance. AAMRL, Wright-Patterson AFB. OH, 1988.

[4] Wandell, Brian. Foundations of VisionSinauer Associates, Inc. ISBN 0-87893-853-2, USA
1995.
[5] Bruce. Vicki et al. Visual Perception, physiology, psychology, and ecology. 4th ed.

Psychology Press. ISBN 1-84169-237-9, New York 2003.
[6] The IESNA Lighting Handbook. Ninth edition. ISBN 0-87995-150-8. IESNA The Illumination

Engineering Society of North America. New York 2000,

[7] Barten. P. G. J. (2004). Formula for the contrast sensitivity of the human eye. SPIE Vol.
5294.
[8] Blackwell, H.R. Contrast thresholds of the human eye. Journal of the Optical Society of

America. 1946.36.624-643.

BugmumocTb gedekTHbIX NuKcenen

[9] Yoshitake, Ryoji. A study of Quantitative Evaluation Method for Lit Defect of High Density LCDs.
ISO/TC159/SC4/WG2 N 492, May 24. 2001.

[10] Strijk. Ben. (sub) pixel defect perception. ISO/TC 159/SC 4/WG 2 N 706 2004-06-09

[11]

Swinkels, S., Heynderickx. |. & Langendijk, E. (2005). How visible are defective pixels in
highresolution displays? In SID 05 Digest, proceedings of the conference on Society for Information
Displays, pp.386-389,

[12] Mustonen. T.. Lindfors. M., Pixel Defects on a Small High-Density Display - Effects on Visual
Performance and Perceived Quality. In Proceedings of EuroDisplay 2005. Edinburgh. Scotland, pp 572 -
575.

3cTeTnyeckas NpMemMaemMocTb gedeKkTHbIX nukcenen

[13] Hisatake, Y., Miyazaki. T., Yoshitake. R. & Nakano. Y. (2005). The number of sub-pixel
defects that is acceptable for various panel size and pixel sizes. In SID 05 Digest, proceedings of the
conference on Society for Information Displays, pp.390-393.

[14] Mustonen. T,, Lindfors. M., Pixel Defects on a Small High-Density Display - Effects on Visual
Performance and Perceived Quality. In Proceedings of EuroDisplay 2005. Edinburgh. Scotland, pp 572 -

575.

[15] Japan-Korea proposal of pixel defect classification. ISO/TC 159/SC 4/WG 2 N 765. 2004-12-
21.

[16] Lee. Jongseo: New Pixel Fault Classification. 1504C 159/SC 4/WG 2 N 765. 2005-04-18.

OproHomMmyeckune rpaHuubl, CBA3aHHble CAeq)eKTHbIM nukcenem


https://meganorm.ru/mega_doc/dop_fire/postanovlenie_arbitrazhnogo_suda_moskovskogo_okruga_ot_03_12_994/0/postanovlenie_devyatogo_arbitrazhnogo_apellyatsionnogo_suda.html
https://meganorm.ru/list2/64371-0.htm

FOCT P 55241.4—2012/ISO/TR 9241-310:2010
[17] Mustonen. T., Lindfors. M.. Pixel Defects on a Small High-Density Display - Effects on Visual
Performance and Perceived Quality. In Proceedings of EuroDisplay 2005. Edinburgh. Scotland, pp 572 -
575.
[18] Kimpe. T et al. Solving the Problem of Pixel Defects in Matrix Displays based on
Characteristics of the Human Visual System. In Proceedings of EuroDisplay 2005. Edinburgh.
Scotland, pp 52 - 54.
[19] Den Boer. Reference not found. O630p cTaHgapToB
[20] VESA FPDM. Flat Panel Display Measurements Standard. VESA - Video Electronics
Standards Association. June 1. 2001.
[21] 1SO 13406-2:2001 Ergonomic requirements for work with visual displays based on flat panels -
Part 2: Ergonomic requirements for flat panel displays

[22] ISO 9241-300 Ergonomics of human-system interactionsubsenes O630p NpoV3BOACTBEHHO
npaxkTuku
[23] Morozumi, Shinji. Challenge of LCD towards Blooming Flat PC Monitor. Proceedings of

IDRC 1998.

[24] Luke. D. et al. Optical and Electrical Characterization of Particle-Related Defects in Large
Area Inorganic Thick Dielectric Electroluminescent Displays. Proceeding of SID 2003. pp 1114-1117.
[25] Gordon Legge et al. Psychophysics of reading: XL Comparing colour contrast and luminance
contrast. Journal of Optical Society of America A. Vol. 7. No. 10. pp. 2002-2010, 1990,

[26] James A. Ferwerda. Sumanta N. Pattanaik. Peter Shirley and Donald P. Greenberg: A
Model of Visual Adaptation for Realistic Image Synthesis. ACM 1996

[27] Gardner. J.L., Sun. P., Waggoner. R.A., Ueno. K, Tanaka. K,, and Cheng. K. (2005).
Neuron 47, 607-620.

[28] Gordon Legge et al (Psychophysics of reading: XI. Comparing color contrast and luminance

contrast. Journal of Optical Society of America A. Vol. 7. No. 10. pp. 2002-2010,1990,)

[29] Handbook of Perception and Human Performance (1986)

[30] Michael J. Cox: Physiology of Vision & Perception

[31] Journal of General Physiology. 21.165-188.

[32] Morozumi. Shinji. Challenge of LCD towards Blooming Flat PC Monitor. Proceedings of
IDRC 1998.

[33] Peter Barten. Contrast Sensitivity of the Human Eye and Its Effects on Image Quality.SPIE
1999. p 2.

[34] F.W. Campbell and J.R.Robson. Application of Fourier analysis to the visibility of gratings. J.

Physiol.. Vol. 197. P551-566, 1968

41



FOCT P 55241.4—2012/ISO/TR 9241-310:2010

YAK 331.433:006.354 OKC 35.180
13.180

KnioueBble cnosa: MUKCenNb, Cy6|'|VIKC€I'II>, ,U.e(ZbeKTHbIVI nuKcenb, ,U,e(*)eKTHbIVI Knactep, BUWOAUMOCTb.

42



MognwucaHo B neyaTtb 01.08.2014. ®dopmat 60x84'/#.

Yen. ney. n. 5.58. Tupax 33 3k3. 3ak. 3183.

MoAroToBNEHO HA OCHOBE 3NEKTPOHHOI BEpCUU, NPesoCcTaBNeHHOM pa3paboTYUMKOM CTaHAapTa
oryn «CTAHOAPTUH®OPM»

123995 MocxBa. ['paHaTHbIl nep.. 4.

www.gostinfo.ru info@gostinfo.ru


https://meganorm.ru/Index2/1/4293736/4293736916.htm
https://meganorm.ru/Index2/1/4293759/4293759979.htm
https://meganorm.ru/mega_doc/dop_fire_update_01032025/organizatsionno-metodicheskie_ukazaniya_po_podgotovke_vsekh/0/postanovlenie_pravitelstva_rf_ot_02_11_2000_N_841_red_ot_04.html

