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MpeancnoBue

Lenu n npuHumnel ctaHgapTuzauumu B Poccuitckon ®eaepauum yctaHosneHsl defeparnbHbiM 3aKOHOM
0T 27 nekabpsa 2002 r. Ne 184-93 «O TexHU4YecKkoM perynmpoBaHum», a npasuna npUMeHeHus HaLMoHarnbHbIX
ctaHgapToB Poccuiickonn ®eaepauun — FOCT P 1.0—2004 «CrangapTusauus B Poccuitckon ®egepavumu.
OCHOBHbIE MOMOXEHNA»

CBefeHuA o cTaHOapTe

1 NOArOTOBJIEH ®epepanbHbiM rocyAapCTBEHHBIM YHUTapHLIM NpeanpusatueM «Bcepoccuitckuin
Hay4YHO-UCcCneaoBaTenbCkMA  UHCTUTYT  ONTUKO-(busndecknx usmepeHuii» (®ryr «BHUUO®U») Ha
OCHOBe COBCTBEHHOIO ayTeHTUYHOTO NepeBofa Ha PYCCKUA SI3bIK MeXAyHapoAHOro cTaHAapTa, YKkasaHHOro
B NyHKTe 4

2 BHECEH YnpaBneHuem meTponorun defepanbHOro areHTCTea no TEXHNYECKOMY perynmpoBaHuio U
MeTpPOoNornn

3 YTBEPXAEH W BBEAEH B OQENCTBUE Mpukasom ®eaepansHOro areHTCTBa N0 TEXHUYECKOMY
perynuposaHuio U MeTponorum ot 12 niona 2012 r. Ne 179-ct

4 Hacroswni ctaHgapT uaeHTudeH mexayHapoaHomy ctaHaapTy MCO 15367-2:2005 «MNaszepbl n
nasepHble yCTaHOBKM (cucTeMbl). MeToabl U3MepeHuiil hopMbl BOMIHOBOIO (ppoHTa Nyyka nasepHoro uanyde-
Hua. Yactb 2. Jatuukn Woka-MapTtmaHa» (ISO 15367-2:2005 «Laser and laser-related equipment — Test
methods for determination of the shape of a laser beam wavefront — Part 2: Shack-Hartmann sensors»).

Mpy NpUMeHeHUN HacTosLero cTaHgapTa pekoMeHAyeTCst UCNONb30BaTh BMECTO CCbINIOYHBIX MeXay-
HapoAHbIX CTaHAAPTOB COOTBETCTBYIOLLME MM HauWoHanbHble cTaHaapTel Poccuiickon degepaunu, ceeae-
HUSA O KOTOPLIX NPUBEAEHbI B AOMOMHATENBHOM NpUnoxeHun A

5 BBEAEH BMNEPBbLIE

UHbopmayus 06 USMEHEeHUsIX K HacmosiueMy cmaHOapmy rnybriukyemcsi 8 exxe200H0 u3dasaemMom
UHGbOpMaUUOHHOM yKka3amere «HalyuoHarnbHble cmaHdapmabi», @ meKkcm U3MeHeHUll U rorpasok — 8 exe-
MecsYHO u3dasaeMoM UHopMalyUOHHOM yKkasamerne «HauuoHansHeie cmaHOapmei». B crnyyae nepecmom-
pa (3ameHbl) unu OMMEHbl Hacmosiweao cmaHOapma coomseemcmsyowee ysedomiieHue 6ydem
onybuKo8aHo 8 eXXeMeCSIYHO u30asaeMoM UHhOpMaUyUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmbi».
Coomeemcmsyrowas UHhopmayus, ysedoMIIeHUEe U MEKCMb! pasMewaromces maKkxe 8 UHopMayUoHHOU
cucmeme obujea20 Mosib308aHuUsi — Ha oguyuarnsHoM calime DedepallbHO20 azeHmemea ro MexXHU4YecKomy
peaynuposaHuto U Memporioauu 8 cemu VIHmepHem
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HacTosiwuii ctaHgapT He MOXeT BbITb MOSTHOCTLIO UMW YacTUYHO BOCNPOU3BEEH, TUPaXKMPOBaH M pac-
npocTpaHeH B kadecTBe onLMansHOro n3aaHnsa 6es paspelueHna dedepansbHoro areHTCTBa Mo TeXHUYecko-
My PerynupoBaHuio 1 MeTponorim
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Mpeancnosue
K MexayHapoaHomy ctaHpapty UCO 15367-2:2005 «Jlazepbl n nasepHble YCTaHOBKU
(cuctemsbl). MeToabl uaMmepeHU POpMbI BOITHOBOIO (ppoHTa NyU4Ka NnasepHoro
nsny4veHus. Yacte 2. flatumkm Loka-FapTmana»

NCO (MexayHapoaHas opraHusauus no craHaapTusaummn) — BceMupHas deaepaumns HaumoHanbHbIX
OpraHoB Mo cTaHAapTM3aLmMKn (4NeHOB accoumaumm). PaspaboTky MexayHapoaHbiX CTaHAapToB, Kak npasu-
1o, NPOBOAST TEXHUYECKNE KOMUTETLI. Kaxkablii UneH accoumnanmm, 3aMHTepecoBaHHbI B TeMaTuke, 3akpen-
NEHHOW 3a AaHHBbIM TEXHUYECKUM KOMUTETOM, MMeeT npaBo ObiTb MpeAcTaBMeHHbIM B 3TOM KOMUTETe.
MexayHapoaHble NpaBUTENbLCTBEHHbIE U HEeMpPaBUTENbCTBEHHbIE OpraHn3aunu, ceasaHHele ¢ MCO, Takke
npuHumatoT yuacTue B pabote. WCO TecHo coTpyaHuyaeT ¢ MexayHapoaHon aNnekTpoTeXHUYECKOoN KoMnccu-
en (M3OK) no Bcem BonpocaM cTaHZapTU3aLMM B 06M1acTu aMeKTPOTEXHUKN.

MpoekTbl MexayHapoaHbIX CTaHAapToB paspabaTtbiBatoT B COOTBETCTBUM C MPaBUiIaMu, U3MOXKEHHbIMA
B Aupektusax UCO/M3K, vacThb 2.

MpoekTbl MexayHapoOHbIX CTaHAAPTOB, NPUHATbIE TEXHUYECKUMU KOMUTETaMW, pacchinatoT YrieHam
accoumaunm ansa ronocosaHus. MNybnukaumsa npoekTa B KavyecTBE MexayHapodHoro ctaHgapTta Tpebyer
opobperus no kpalHel mepe 75 % 4neHoB accounalmmn, NPUHABLLUX yYacTUe B roflocoBaHUMN.

HekoTopble NonoXeHns gaHHOro craHgapTa MoryT 6elTe npegmeToM nateHToBaHusa. WCO He HeceT
OTBETCTBEHHOCTU 3a MpU3HaHWe Kakoro-nmbo Unm Bcex naTeHTHbIX Npas.

MexayHapogHeid ctaHgapt MCO 15367-2 noagrotosneH nogkomutetoM MK 9 «3nekTpoonTudeckue
cucTeMbl» TexHudeckoro komuteta NCO/TK 172 «OnTuka 1 hoTOHUKaY.

CrtaHgapTel cepun MCO 15367 nog rpynnoBeiM 3aronioBkoM «J1asepkl 1 nasepHble ycTaHOBKM (cucTe-
Mbl). MeToabl M3MepeHuin opMbl BONTHOBOrO (hpoHTa Nyyka NasepHoro Nany4eHns», obLwmm 4ns Bcex cTaH-
[AapTOB YKa3aHHOW cepum, COCTOSIT N3 CneayoLwwmnx YacTen:

-vactb 1. TepMUHONOrUSA N OCHOBHbLIE NOMOXEHUS;

-vacTtb 2. JaTymkm Loka-MapTmana.
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BBegeHune
K MexayHapoaHomy ctaHaapty UCO 15367-2:2005 «Jlasepbl U nasepHble YCTaHOBKMN
(cucTteMbl). MeToabl n3aMepeHU hopMbl BONMTHOBOTO (PPOHTa Ny4Ka nasepHoro
usnydyeHus. Yactb 2. flatumkum Woka-MapTmaHa»

3HaHWe XapakTepuUcTUK Npoliecca pacrpocTpaHeHUa ny4vka nasepHoro UsnydYeHnst Heo6xoaAMMo Kak npu
pa3paboTke U COBEPLUEHCTBOBAaHUM fasepHbIX CUCTEM, Tak U B ccepe NPOMBILLIIEHHOrO UCNOMb30BaHUA
nasepos.

M3BecTHbI YeTbipe rpynmnbl napaMeTpoB, XapakTepnsyoLwmMx NpoLecc pacrnpocTpaHeHus nyyka nasep-
HOMO U3NyYeHUs:

- pacnpegeneHue NoTHOCTU MoLwHocTH (3Heprun) (MCO 13694);

- WWPWHBI, YIMbl pacxogumMoctTn u KoadduumeHTsl pacrnpocTpaHeHus nyvka (MCO 11146-1 n
NCO 11146-2);

- pacnpenenexue BonHosoro poHTa (hasbl) (MCO 15367-1 n HacToswas Yyacte UCO 15367);

- MPOCTPAHCTBEHHANA KOrepPeHTHOCTb MyYKa (noka He cTaHAapTWU3oBaHa).

B npuHuMne nonHoe onucaHune npouecca TpebyeT 3HaHWA PYHKLUU B3aUMHON KOrepeHTHOCTM unu
bYHKLMUN cNeKTpansHOM MITOTHOCTM Mo KpalHe Mepe B 04HOM ronepeyHoM cedeHumn nydka. Hecmotps Ha To,
yTO onpeaeneHue 3TUX pacnpeaeneHnin MoxeT BbITb BbINONHEHO, 3aTpaThl Ha NpoBeAeHne NoA06HbIX aKcne-
PUMEHTOB J0CTAaTOMHO BEMWKW, @ NPOMBbILLMIEHHbIE CPeAcTBa U3MEPEHUIN 3TUX BENIMYMH MoKa HeAOCTYMNHbI.
Takum o6pasom, HacTosiwas YacTb MCO 15367 He pacnpocTpaHsaeTcs Ha yHUBepcanbHble cnocobbl onvca-
HUSA Nydka, a NUWb orpaHuyeHa pekoMeHAaLUsMK Mo U3MEePEHNI0 BOSTHOBOTO (DPOHTA, YTO 3KBUBANEHTHO
pacnpegeneHnto dasbl Ans ny4kos, obnagaoLmMx NpocTPaHCTBEHHON KorepeHTHOCTLo. CneposaTeribHO,
AocTaTovHas TOYHOCTb MPOrHO3NPOBaHNSA PACNPOCTPAHEHUS MyyKa OCTMKMMA TOSMbKO B OrpaHU4eHHOM CIly-
Yae BbICOKOW CTeNeHN NPoCTPaHCTBEHHON KOrepeHTHOCTH.

PasHoobBpasHble cpeacTBa U3MepeHUin rpagmeHTa dasbl N BOMHOBOro (bpoHTa NpUroaHbl Ans onpe-
Aenexus pacnpegeneHnii BonHoBoro ppoHTa nnu dpasel. K Takvum cpegcrsam usmepeHuii, B TOM Yucne, oTHO-
cATCA MHTepdepoMeTpbl NnonepeyHoro casura, MNaptmaHa n Woka-MapTmaHa gatinkv BONMHOBOTO (ppoHTa, a
Tawke MyapoBbli gedrnektomeTp. C NOMOLLbLIO 3TUX CPEACTB U3MEPEeHUA onpeaensaioT rpagueHTbl BONMHOBOTO
hpoHTa nnu casbl, a No NoAyyYeHHbIM JaHHBIM PEKOHCTPYUPYIOT ABYXpa3MepHoe (AByxkoopauHaTHoe) chaso-
BOE pacrnpegeneHuve.

B UCO 15367-2 paccmoTpeHbl TOMbKO AaTyuMku BOMHOBOro ¢poHta MNapTtmaHa u Woka-MapTtmaHa,
MOCKOMbKY MPU UX WUCNOMb30BaHUA MOTyT BbiTb NpoBeAeHbl U3MEpeHUst BOMHOBBLIX (PPOHTOB MYYKOB Kak
MOMHOCTbIO, TaK U YACTUYHO KOTEPEHTHOro NasepHOro n3nyyYeHusi. 3HauyuTenbHOe YUCNO Takux AaT4yMKOB
OCBOEHO MPOMBILLIEHHOCTbIO.

OcHoBHble 4OCTOMHCTBa AaTunkoB MapTmaHa:

- LWWAPOKUIA OMHAMUYECKNA AnanasoH;

- Bblcokas onTudeckas apdekTUBHOCTb;

- BOBMOXXHOCTb BbIMOMHEHUS1 N3MEPEHNIA B My4Kax ¢ YaCTUYHON KOrepeHTHOCTbIO;

- oTCyTCTBUE TPeboBaHWUI CNeKTParbHON YACTOTHI;

- OTCYTCTBMWE HeonpeaeneHHOCTU Npu NpupaLleHnsix dasel B 2w

- BO3MOXHOCTb MOMyYeHUs 1 aHanmnaa BOMHOBOro poHTa No pesynbTaTtam O4HOro N3MepeHus.

CpegacTea NpsIMbIX M3MepeHuiA hasbl UM BONTHOBOTO (OPOHTa TUMa camokanubpyembix nHtepdepomeT-
POB HaxoaaTca BHe obnacTtu npumeHernnsa MCO 15367-2.
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BBeaeHue
K HaumoHanbHOMy cTaHAapTy Poccuiickon ®epgepaummn NOCT P UCO 15367-2—2012
«Jlasepbl 1 NasepHble ycTaHOBKM (cucTeMbl). MeToabl nsMepeHUn hopMbl
BONHOBOro ¢hpoHTa nyyka nasepHoro nany4yeHus. Hactb 2. flatunku
Woka-raprmaHa»

HacToawuia ctaHaapT noAroToBneH B LieNsx npsmMoro npumeHeHust B Poccuiickon degepaumn mexay-
HapoaHoro cTaHgapTa MCO 15367-2:2005 «J1asepbl U nasepHble ycTaHOBKM (cucTeMbl). MeToabl U3MepeHuia
hopMbl BOMHOBOIO hpOHTa MyyKa nasepHoro nanydyeHus. Yacts 2. Jatumkm Woka-MapTmaHay kak oCHOBOMO-
nararwlLero HopMaTUMBHOTO JOKYMeHTa, TpeboBaHUs KOTOPOro AOMKHbI ObiTh YYTEHbI NPU U3FOTOBMNEHUM U

nocTaBKe Ha 3KCNopT obbekTa cTaHAapTU3aLumn No oroBopam (KOHTpakTam).
FOCT P NCO 15367-2—2012 npeacTasnseT cobol NOMHbIA ayTeHTUYHbIN TekeT MCO 15267-2:2005.

\
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HAUWOHANBbHBIN CTAHJOAPT POCCUUCKOMN @GEJEPALUUMU

NA3EPbI U NA3EPHbIE YCTAHOBKU (CUCTEMBbI).
METOAbI U3MEPEHUA ®OPMbIl BOJTHOBOIO ®POHTA MYYKA NTASEPHOIO U3JTYUYEHUA

YacTtb 2

Datumnku Woka-FapTtmaHa

Laser and laser-related equipment. Test methods for determination of the shape of a laser beam wavefront.
Part 2. Shack-Hartmann sensors

Darta BBegeHna — 2013—07—01

1 O6nacTb NnpUMeHeHusA

HacToswui ctaHgapT pacnpocTpaHsieTcsa Ha MeTOAMKA U3MEePEHUIA 1 OLEHKU pyHKLIMK pacnpeaeneHust
BOMHOBOro (hpoHTa B MOMEPEYHOM CEeYEHMMU NasepHoro nyyka ¢ MCronb3oBaHMEM AaTyukoB [apTmaHa u
Loka-MapTMaHa. MNonoxeHnsa HacTosWwero ctaHgapTa pacnpocTpaHstoTCa Ha acTUrMaTuieckue nyykm Kore-
PEHTHOrO N YaCTUYHO KOTEPEHTHOTO HEMPEPBLIBHOMO U MMMYIIbCHOTO Na3epPHOro N3MyYeHus.

Kpome Toro, onmcaHbl HageXHble YUCTIEHHbIE METOAbI 30HaBHON 1 MOAAnbHOW PEKOHCTPYKLMIA ABYX-
pasMepHoro (AByXKoopAMHATHOro) pacnpeaeneHns BONTIHOBOIo hpoHTa ¢ y4eToM HeonpeaeneHHOCTN nsme-
peHni.

JaHHble, onucbiBatoLLmMe pacrnpeaeneHne BoNHOBOro (ppoHTa, NO3BONAT ONpeaenaTb psg ero napa-
MeTpoB, koTopble npusedeHsl B UCO 15367-1.

2 HopmaTuBHbIE CCbINKM

Cnepytowme HopMaTUBHbIe JOKYMEHTBI HeobxoauMmbl Ansi NpUMeHeHNs1 HacTosilwero ctadgapTa. Ans
AaTUPOBaHHbIX CCbINOK CriedyeT NPUMEHSTb TOMNbKO YkasaHHble nagaHus. [ns ccoinok 6e3 aatel criegyeT npu-
MeHATb nocnegHee ngaHve gokymeHTa (Bktovas nobble nonpaeku).

B HacToswem cTaHAapTe UcMnonb3oBaHbl HOPMaTUBHbIE CChIIKX Ha cnedytolume cTaHgapThl:

MCO 11145 OnTuka n onTnyeckne npubopel. llasepbl U 0THocsLWeecs K Nazepam obopyaosaHue. Cno-
Bapb 1 0603Ha4veHnn (ISO 11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary
and symbols)

MCO 13694 Ontuka u ontudeckne npubopsbl. laszepbl U nasepHble yCTaHOBKK (cucTemMbl). MeToabl
n3MepeHnin pacnpegeneHns niaoTHOCTU MOLHOCTU (3Heprum) nasepHoro nydka (ISO 13694, Optics and
optical instruments — Lasers and laser-related equipment — Test methods for laser beam power (energy)
density distribution)

NCO 15367-1:2003 Iasepsbl U flasepHble yCTaHOBKM (cucTeMbl). MeToabl U3MepeHnin PopMbl BOSTHOBO-
ro dpoHTa nydka nasepHoro wusnydeHus. Yacte 1. TepMUHOMOrMS W OCHOBHbIE MOJIOXEHUS
(ISO 15367-1:2003, Laser and laser-related equipment — Test methods for determination of the shape of a
laser beam wavefront — Part 1: Terminology and fundamental aspects)

3 TepMuHbI U onpeaeneHus

B HacTosweMm ctaHgapTe npuMmeHeHbl TepMuHbl Mo UCO 11145, UCO 15367-1, a Takke cneayowme
TEPMUHBI C COOTBETCTBYOLMMU OnpeaeneHUsIMU:

3.1 paccTosiHUA MeXAy aneMeHTamn MaTpuuel (array element spacing); d,, d,: PacctosHus mexay
LeHTpaMmn cocegHUX NUHXOMOB U MUKPOSTMH3 B HaNpaBreHUsaX ocen X u y.

U3paHne odmumanbHoe
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3.2 paccTosiHUe MeXAy 3KpaHOM ¢ cybanepTypaMuM U MaTPUYHbIM MPUEMHUKOM U3NyuYeHUs
(sub-aperture screen to detector spacing); Ly: PaccTosiHne mexay akpaHom ¢ cybanepTypamu (Matpuua
MUKPOINH3 UK 3KkpaH MapTMaHa) 1 MaTpUYHBIM MPUEMHUKOM U3MyHeHUs.

MpumeyaHune—B gatumkax LLoka-MapTmMaHa ykasaHHOe pacCTosiHMe YacTo paBHO POKYCHOMY PacCTOSIHUIO
MWUKPOMMH3bI.

3.3 cokycHoe paccTosiHMe MUKpOnUH3bI (lenslet focal length); f: PokycHoe paccTosHUEe MUKPONNHS
B AaTtyuke LLoka-MapTmaHa.

3.4 wupuHa cy6anepTypbl (sub-aperture width); dg: LUnpurHa anepTypbl MMHXOMNOB B 3kpaHe MapTMa-
Ha 1N MUKPONnH3 B AaTtunke Loka-lapTmaHa, cooTBETCTBEHHO.

3.5 yrnoeon guHamMuyeckuin gmanasoH (angular dynamic range); Bnax: MakcumansHo ncnonbaye-
MbIA YrIIOBOW AnanasoH (yron rnons speHns) aatdnkos MaptMmaHa unu Woka-Maptmanxa.

MpwumeyaHwne—[nsa ksagpaTHbIX anepTyp YIMOBOW AUHAMWHECKUI ANana3oH ONUCHIBAET BblpaXeHune:
dy A

Brmax = 2, d,

3.6 Bocnpon3BOAMMOCTL pe3ynbTaToB U3MepeHUi BonHoBoro ypoHTa (wavefront measurement
repeatability); w, ,,s*: CpeaHee kBagpaTuyeckoe sHauyeHWe pPasHOCTU MEXAY OAMHOMHBIMM focriefoBa-
TeNbHbIMWN pesynbTaTamn U3MepeHnin w,(X, y) 0QHOro 1 TOro XXe BONHOBOro hpoHTa U yCpeHEeHHbLIM BOSHO-
BbIM (ppoHTOM W(X, ¥):

3 S B, YW, ¥) ~ WO Y (2D En(x, ¥ )Wa( X, ¥) - w(x, YN

k
Xy Xy

1 )
Wn ms k E\( ZZEn(X’ y) ZZEn(X,y) »
X y Xy

rae n — HoMep U3MepeHuss;
Kk — 4uCcno nsmepeHuis;

k
D Ep(x, y Wn(x, )
wx, y) ="~

K
D En(x,y)

n=1

3.7 norpewHocTb WU3MepeHun BonHoBoro dpoHTa (wavefront measurement accuracy);
W, rmst YCPEAHEHHOe cpeaHee KBafpaTUYecKoe 3HauYeHWe PasHOCTM Mexay pedepeHTHbIM (ONOopHbLIM)
BOMHOBLIM (PPOHTOM W, U CKOPPEKTUPOBAHHBIM MO Yriy HaKNoHa BONMHOBLIM (hPOHTOM Wy, , MOCTIEe Cepum pas-
NYHBIX yrnoB HaknoHa 6, pedepeHTHOro (0nNopHoOro) gppoHTa:

| s, |2 ZEnx Wil y) = wilx )
X Y

W, rms:kanv SSErxy) ,
Xy

rAe n — HOMep U3MePEeHUA BOMHOBOrO (OPOHTA C YriiamMun HakmoHa 6, , 1 (-)y m
k — 4ucno nsmepeHuin;
Wie, , — CKOPPEKTUPOBaHHLINA NO Yy HaKNoHa BONHOBOW (PPOHT:

Wy, X Y) = WX, y) = ex, - ey, Y-
MpumeyaHwue—Cwm. Tawke UCO 15367-1:2003 (nyHkT 3.4.7).

* B cOOTBETCTBMM C MPaKTWKOI, Crnoxuelencs B Poccuiickon Pefepaummn, W, ms KOPPEKTHEN Ha3biBaTb CXOAU-
MOCTbIO Pe3ynibTaToB U3MEPEHWIA.
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4 O0O03Ha4YeHUA N eaUHULIbI U3MEPEeHUN

Ta6nwunuya 1— OGo3Ha4YeHUs1 N eaMHULBI M3MEPEHUN

Enuhnua MCTOMHUK, B KOTOPOM
O6o3HaveHne NapameTp P npuseneHo
onpegeneHue
E(x, y), H(x, y) PacnpegeneHnne nnOTHOCTU MOLHOCTH (3HEPIK) Bt/cm2, x/iom? MCO 13694
X, ¥, Z MexaHuyeckue ocu (OeKapTOBLI KOOPANHATDLI) MM NCO 15367-1:2003
(nyHkT 3.1.5)
z Ocb nyuka MM MCO 15367-1:2003
(nyHkT 3.1.5)
A [nvHa BONHbI HM —
Z, MecTononoxenune (koopguHaTa) MIocKOCTU U3MEPEHNI MM MCO 15367-1:2003
(nyHkT 3.1.4)
w(x, y) YcpegHeHHasa hopma BONHOBOTO ppoHTa HM MCO 15367-1:2003
(nyHkT 3.1.1)
O(x, y) Pacnpegenenve casbl pag MCO 15367-1:2003
(npumevanue 1
K nyHkTY 3.1.1)
w(x, y) CKOPPEKTUPOBaHHbIN BOMHOBOW (DPOHT HM MCO 15367-1:2003
(nyHkT 3.4.2)
s(x, ¥) Annpokeumupyiowas cchepudeckas NoBepxXHOCTb — MCO 15367-1:2003
(nyHkT 3.4.3)
Rge PacdokycrpoBka unv paguyc Hamnydwen cdepel MM MCO 15367-1:2003
(nyHkT 3.4.5)
Waelx, ¥) ®yHKUMA abeppalyii BONHOBOIO hpoHTa HM MCO 15367-1:2003
(nyHkr 3.4.6)
Wpy HeperynapHocTb BONTHOBOro hpoHTa HM
Wns BaBelweHHas cpeaHsas kBagpaTudeckas gedopmaumsi HM MNCO 15367-1:2003
(nynkr 3.4.7)
d.d, PacctosiHna mexagy anemeHTamm matpuubl MM 3.1
Ly PaccrosHne mexay skpaHoM ¢ cybanepTypamu u matpud- MM 3.2
HbIM NMPUEMHWKOM U3My4YeHus]
PoKyCcHOe pacCcTOsIHNE MUKPOSTMH3 MM 3.3
a, Paswmep naTtHa MKM
dg LWunpunHa cybanepTtypei MKM 34
Brax Yrnoeow guHamMu4eckuii ananasoH Mpag 3.5
(X, yc),-, j KoopguHaTel ueHTponaa B cybanepType i, j, T. €. MOMEHTbI MM MCO 11146-1
Nepeoro nopsgka pacnpegeneHusl NoTHOCTU MOLLHOCTU B
cybanepType i, j
(X, yy),-l j PedepeHTHbIE (ONOpHLIE) KOOPAMHATLI Ny4Ka B cybanep- MM
Type i, j
B, By),- j JlokanbHble KOMMNOHEHTHI FPagueHTa BONMHOBOIO hpoHTa — NCO 15367-1:2003
' (nyHkTe! 3.5.1, 3.5.3)
W, ms BocnponssoauMocTb pesynbTaTtos U3MEpeHui BONHOBO- HM 3.6
ro ppoHTa
W, rms MorpelwHoCcTb N3MEepPEeHNin BONHOBOTO (PpoHTa HM 3.7
B [eomeTpudeckas maTpuua anroputma pPekoHCTPYKUUU —
BOMHOBOIO (hpOHTA
C KoBapwaHTHas matpuua —
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5 MpuHUMN n3MepeHnn BoNnHoBOro ppoHTa Aatumkamm NapTmaHa
u Woka-aprmaHa

MpuHUMN M3MepeHnin BONHOBOro ¢poHTa MapTmaHa OCHOBaH Ha pasgeneHuu OCHOBHOTO Myyka Ha
onpepeneHHoe YUCno «MUKPONYHKOB» € MOMOLLbIO HENPO3PaYHOro aKkpaHa ¢ perysisipHon CeTKON NMUHXONOoB
(patuuk MapTmana) NM60 perynapHoit MaTpuubl MUKPONUH3 (aaTyuk LWoka-MapTtmaHa), npuBoasiuMM K gauc-
KpeTusauun rpagueHTa ycpeaHeHHoro BosiHoBoro poHTa (cM. pucyHok 1) 1 nosbilweHuto achdeKTMBHOCTH

c6opa uanyyeHus.
L :
/ 7

4
/_

/

/Q
=

1 — na3sep; 2 — ocnabutenb usnyveHusi; 3 — maTpuLa MUKPOIUH3; 4 — MECTONONOXEHUE NMPUEMHUKA U3NyJeHusi; 5 — yCTPOUCTBO
cbopa n 06paboTku fAaHHBIX

PucyHok 1 — CTpyKTypHan cxema yCTaHOBKM [ANsi U3MEPEHUI BONHOBOTO (PPOHTa C UCMONb30BaHWEM aTumnka
LLloka-NapTmana

PacnpegeneHne NnoTHOCTUM MOLLHOCTU (3HEpruum) 3a MaTpuuein BocnpuHumaeTcsa u npeobpasyeTtcs B
3NeKTpUYecKkme curHanbl NO3ULMOHHO-HYYBCTBUTENbHBLIM MPUEMHUKOM U3nydyeHus [Jalle Bcero npubopom c
3apsgoBon ceasbio (Aanee — MN3C) — MN3C-maTpuuen nnu matpuuen ksagpaTypHbix NpUueMHUKoB]. Boixoa-
Hble cUrHanbl NPUEMHNKOB MaTpULbl perucTpupytotcs U obpabaTbiBaloTcs yCTpoACTBOM cbopa n obpaboTtku
OaHHbIX.

[nsa kaxgon cybanepTypel, T. €. NMMHX0Na UM MUKPOMWH3bI, NOA BO3AEUCTBMEM KaK USMepsieMoro, Tak u
pedepeHTHOro (ONopHOro) Ny4koB (KenatenbHo, YTOObI NOCneaHUi GbIN KONAMMMUPOBaHHBLIM) ONpeaenatoT
MecTornonoxeHve LeHTpouga. CMeLleHns LEeHTPOUOOB MU3MepsieMoro nydyka OTHOCUTENbHO LEeHTPOUAOB
pedepeHTHOro (OMOpHOro) nydka oTobpakatoT nokanbHble rpagueHTbl BOMHOBOro hpoHTa, MO KOTOPbLIM
HernocpeACTBEHHBEIM UHTErPUPOBAHUEM UMM NYTEM MoAanbHOR annpoKcUMaLUM PEKOHCTPYUPYETCA BOSHO-
BOW PPoHT w(X, y) (cm. pasaen 8).

Tun, HaMMeHoBaHWe NPOU3BOAUTENS N UAEHTUdUKATOP MOAENU CPeACcTBa U3MEPEHUIN, OCHOBAHHOrO
Ha paTtduke MapTmaHa unu Woka-MapTMaHa, Tak xe, Kak pasMepbl MaTpULbl U PACCTOAAHUS Mexay NUHXoNa-
MW/ MUKPOINH3AMU, OOMKHBI ObITh BHECEHBI B NPOTOKO M3MEPEHMA.

6 UsmepuTenbHas ycTaHOBKa U MeToaMKa U3MepeHUn

6.1 O6wue cBegeHuUnA

OcHoBHblE CBEAEHMS, Kacatolecs pasnuyHbIX TUNOB NMasepos, GeszonacHOCTU paboThl ¢ NasepHbIM
n3ny4YeHuem, okpyKatoLei cpedbl, POPMUPOBAHUA Ny4uKa 1 yNpaBrieHUs Ny4kom, ONTUHECKON CUCTEMON U ee
anemeHTamm, o6LLMX TpeBoBaHWM K NPUEMHUKAM U3SyYeHUs MPU U3MepeHUaX rpagueHTa gassl, NpuseaeHs!
B NCO 15367-1.

Bce geTtanu, xapakrepusyoLise npoLecchl AUCKpeTusaLmm (aeneHus) n ocrnabneHus nydxa, 4OMKHbI
ObITb OTPaXKeHbI B MPOTOKOME U3MEPEHWIA.

6.2 MpueMHo-ycunurenbHoe yCTPOUCTBO

MpegHasHavyeHHoe Ans U3MepeHUin BorHoBoro opoHTa no MNapTtmany v WWoky-MapTmany npueMHo-ycu-
nUTenbHOe YCTPOMNCTBO AOMKHO COCTOATb U3 ABYX YacTeu:

a) ycTpoWCTBa AeNeHUs U3MepsieMoro U3nyveHuns Ha Ny4okK nyyei, npeacrasnsiollero coboit cybanep-
TYPHBIA 3KpaH [Hanpumep, MaTpuLy NPenoMsIoWmMX Niv AU pakunMoHHbIX MUKPONMH3 (Aatunk LWoka-MapT-
MaHa) unu nNMHXonoB (aatunk MapTmaxa)l;

b) nosnuMoHHO-4yBCTBUTENBLHOMO yeTporcTBa (M3C-npuemMHmnka n kamephbl), pacnonoXeHHOro Ha pac-
CTOSAHWM Ly 33 YCTPONCTBOM feneHuns nanydeHns (L, moxeT 6biTb paBHEIM f B criydae NpUMeHeHus Aatynka
Loka-MapTmaHa; He UCKkMnoYeHa Takke BO3MOXKHOCTb KOPPEKTUPOBKM 3TOr0 PacCTOSIHUSA).

4
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UyBCTBUTENbHAA MOBEPXHOCTL MAaTPUYHOrO NPUEMHNMKA U3NYyYeHUst AormkHa BbiTb NogeneHa Ha cybanep-
TYpbl COOTBETCTBEHHO cybanepTypam yCcTpoicTBa AefleHNs UsnyveHus. Kak npasuno, B kKa4ecTse YCTPOu-
CTBa MO NepeyYncneHnto a) NPUMEHSIIOT OPTOroHabHYH MaTPULy MUKPOIMH3/MUHXOMOB € (PUKCUPOBaHHBIMM
PaCCTOSHNAMU MeXay ee anemeHTamu d,, dy (COOTBETCTBEHHO B X- U y-HanpasneHusix). B atom crniyyae
YyBCTBUTENbHAsA MOBEPXHOCTb NPUEMHUKA U3NyYeHuss AomkHa 6biTb nogeneHa Ha N x M npsamMoyronbHbIX
cybanepTyp ¢ pacCTOAHAAMU MeXay UX LeHTpamu d,, dy, o6o3HavaeMbIMK Kak (if).

YrnoBon AUHaMUYeCcKUA AnanaszoH gaTyvka HenocpeacTBEHHO 3aBUCUMT OT COOTHOLUEHUSI pasMepoB
NATHA Ha YYBCTBUTESIbHOW NMOBEPXHOCTU MpUEMHUKa WU3NyveHns n cybanepTypbl 3KpaHa ¢ MUKPOrvH3a-
mu/nuHxonamun. Bo nsbexaHne nepesanonHeHUs U3nyvyeHneM 1 HanoXeHnst Ny4koB pasmep NATHa AOSKEH
6bITb MeHblLUEe pasmepa cybanepTypbl. COOTBETCTBEHHO N10KaNbHOMY rpagneHTy BONHOBOTO (hpoHTa npoeLu-
pyeMoe Ha MOBEepXHOCTb MpuemMHuka mlobpaxeHune cybanepTypbl akpaHa (MATHO) cABUraeTcst K rpaHuue
COOTBETCTBYIOLLEN 30HbLI YYBCTBUTENLHOW MOBEPXHOCTU NpuemHuka. MNpu nepecevyeHnn MATHOM rpaHuubl
30HbI €r0 MEeCTOMOoNOXKeHNe He criedyeT yunTbiBaTh Npu 06paboTke pesynbTaTtoB U3MepeHUn. ATOT addekT
orpaHuv4MBaeT yrinoBou AMHaMUYECKAA AManasoH gaTyvka.

Paswvep natHa dp aatyuka Woka-MapTMaHa onnceiBaeT NpubnmKeHHoe BblpaXkeHne:

d, =2 M
4 ds
roe f — dokycHoe paccTosiHUe MUKPOSTUH3BI;
dg — MPUHA CTOPOHbI KBaAPaTHON anepTypbl MUKDOMUHSI,

Mpu aTom npeanonaratot, 4to Ly, = f. CMeLleHne naTHa AX, Bbl3biIBaeMOe foKasbHbIM rpaaneHToM BoSI-

HOBOro (ppoHTa B, B COOTBETCTBYIOLLeN eMy cybanepType, onpeaensioT no gpopmyne

Ax = Byf. )

MakcumanbHo aonyckaemoe cMeLleHe NATHa AX,,,, A0 NepeceyeHnsa UM rpaHuLibl 30HbI onpeaenstoT
no cpopmyne

1 3
Miax = 5 (A= dp), @)
a COOTBeTCTByIOLLlI/IVI MaKcUMarbHbIA TOPUSOHTASbHBIA rPagueHT BOSTHOBOTO (bpoHTa — No cbopmyne
_d A 4
ﬁx, max ~ EX - I @

Ecnu pasmep anepTypbl MUKPOMH3LI dg paBeH PacCTOSIHUIO MeXAy aTieMeHTaMWU MaTpuLbl d,, TO

_d A
ﬁx, max ~ 2_;( - I ®

Takum 06pa3om, Bo nsbexxaHue nepekpeITUA NATHAMU ApYr Apyra HeobxoauMmo, YTobbl (hokycHoe pac-
CTOSIHUE MWKPOSIUH3bI 6bINo MeHblue d 3/2}. Ona AoCcTUXeHWsa NpueMnemMoro AMHamMu4ecKkoro auanasoHa
nNpyY MAUHUMASbHBIX NEePEKPECTHBLIX UCKAKEHUAX AN (HOKYCHOrO pacCTOAHUA A0SPKHO ObITb BLINOMHEHO Hepa-
BEHCTBO:

f<2d,/5M.

[danbHenwee ymeHblweHWe OKYCHOTO paccToOAHUA MO3BONSAET PacLUMpUTL YIMOBOW AMHAMUYECKUA
AnanasoH, HO MpU 3TOM BO3MOXHO BO3pacTaHWe HeonpeaeneHHOCTU uaMepeHuin. Ana BepTUKanbHOTo
HanpaBneHns cnpaseanuBbl BCe BhiLLENPUBEAEHHbIE COOTHOLEHUS.

B cnyyae kpyrnioi anepTypbl MUKPONUH3bLI C AMaMETPOM dg MaKCUMarbHbIA rpaaneHT BOMTHOBOro (hpoH-
Ta ONUCbIBaET BblpaXeHue:

dy A 6
=9x_q20" (6)
BX, max of dS

Ecnu pasamep anepTypbl MUKPONTUH3bI dg paBeH PACCTOSIHWIO MeXAay ieMeHTamu d,, To MakcuMarbHbIi
rOpUscHTanbHbINA rpagnMeHT BOMHOBOro hpoHTa onpeaensoT no copmyne

_d A
ﬁx, max — 2_; - 1’22d— @
S

W, criefoBaTesibHoO, ANA NoMyYeHUs NPUeMsIeMoro AMHaMUYEcKoro AuanasoHa okycHoe paccTosiHue AOIDKHO
6bITb MeHee d§/27\.
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Y patunkos FapTmana pasmep natHa d, NpubnusuTensHo paseH:

d =2MH (8)
o ,
S
rae dg — LWMPWUHA CTOPOHBI KBAPATHOIA anepTypbl akpaHa;
Ly — paccTosHue Mexay 3KpaHOM 1 YyBCTBUTENbHON MOBEPXHOCTLIO MPUEMHIKA U3MYUYEHNS.

MpubnwkeHHoe BhipaxkeHue (8) cnpaBeanuso Tonbko npu Ly >>d flk

CwMeLleHe NATHa AX, BbI3biBaeMOe JIoKaslbHbIM FopU30oHTarbHbIM rpaAueHToM BOITHOBOrO (hpoHTa B, B
cooTBETCTBYIOWEN cyGanepType, ONUCLIBAET BbipaXkeHue

AX = ﬁXLH’ (9)
a MakCUMarnbHbIN |'0p|/130HTaJ'IbeII7I reagueHT BOJTHOBOIoO CprHTa — BblpaXxeHune

By max = - (10)
’ 2Ly ds
CnegosartensHo, Bo nsbexaHne nepekpuiTua NATHaMn ApYr Apyra OTHOWEHWE JOMKHO ObiTb MeHee
d,/2)\. Qna BoCTUXEHUA NPMEeMIIEMOro AUHaMUHECKOro AnanasoHa npu MUHUMaSTbHBIX NepeKkpecTHLIX UcKa-
KEHMAX oTHoLeHue L, /dg AorKHO BbITh MeHee 2d,/5). [lanbHeillee yMeHbLUEHAE 3TOro OTHOLEHWA NO3BO-
nsfeT  paclmpuTb  YINIOBOW AMHAMUYECKWA AManasoH, HO Npu  3TOM BO3MOXHO BO3pacTaHue
HeonpeaeneHHoCTU nsMepeHuit. [lna BepTuKanbHOro HanpaeneHus cnpased/ivBbl BCe BbiluenpuseaeHHbIe
COOTHOLEHNS.
B cniydae Kpyrnion anepTypbl B 3KpaHe AMameTpom dg MakCUManbHLIA rpagueHT BonHoBoro poHTa
onpeaensoT no gopmyne

=9x A 11
=% 1222 (an
ﬁX, max 2LH d)(

CnepoBsartenbHo, Ansl AOCTKEHWA MPUEMIEMOro AUHaAMNYECKOro AuanasoHa oTHoweHwe Ly /dg pon-
XHO BbITb MeHee d,/2).

MpumeyaHwue— QuHamnyeckuii AManasoH MOXET ObiTb AOMOSHUTENBHO PACWMPEH NPY UCNONBL30BaHWUK psiaa
anropuTmoB 06paboTkn N306paKeHUI.

HeOI'Ipep,eJ'leHHOCTb MsmepeHmﬁ 3aBUCUT OT OTHOLUEHNA CUrHan — wym npuemMHuka usnyveHua n 4mcna
ero 3M1eMeHTOB, OXBaTbiBaeMbIX MATHaMK. B yacTHOCTW, HeonpeaeneHHOCTb HaMPsIMYIo CBA3aHa ¢ napaMeT-
pamMu Kak npreMHuKa U3nyvyeHus (pasmep sfieMeHTa 1 oTHOLLIeHWEe cUurHan — LyMm), Tak 1 aKkpaHa (paccTosHue
A0 YYBCTBUTENbHOW MOBEPXHOCTM MPUEMHUKA, PacCTOAHWe Mexay 3neMeHTamu, pasmep cybanepTypbl, a
Ans gatunkos Woka-rapTmara ewe 1 hokycHoe paccTosHue). [ina obecrneyeHuns BICOKOTOUHBIX U3MEpeHuit
HeobxoanMo, 4To6kl hopMUpyeMble MUKPOMIMH3aMWU/NMHXONaMK NATHa ocsellanu/obnyyany no KpaiHei
Mepe no ABa 3neMeHTa NpuemMHuKa B KaXkKaom HanpaBieHun.

OuHamndeckuin ananasoH npeobpa3oBaHUsl MPUEMHUKOM U3MYYEHUS MIOTHOCTM MOLHOCTU/3Heprum
nanyyeHust AomxeH 6biTb He MeHee 100:1, a ero NpocTpaHCTBEHHOE paspelleHe — Mo kKpaliHell Mepe BABOE
Gonee d,, d,.

6.3 U3mepeHus

6.3.1 KOcTtupoBka

Myyok nazepHOro N3ny4eHns 1 onTUYeckas cuctema AomkHel BbiTb CbHOCTUPOBaHbI KoaKcUanbHO cpea-
CTBY M3MepeHUn (pasbl, pacnonoXeHHOMY B ceYeHUN Myyka ¢ KoopaAMHATON Z,,.

6.3.2 YcraHoBka cy6anepTtyp

Mpu perynnpoBske 1 KOHTpose pacnpegeneHuns natTeH, GopMupyemMbix MaTpuLen MUKPOIUH3 UK MKH-
XOIOB, Ha YYBCTBUTEMbHOW MOBEPXHOCTN MPUEMHUKA U3NYYEHNS JOMKHO OblTb YCTaHOBMEHO, YTO OHU LiEH-
TPUPOBaHblI OTHOCUTESIbHO CETKU (MaTpuubl) NpUemMHuKa. B npuHuMne, B Kaxayto 30HY (SYENKY CeTKM unn
3aNeMeHT MaTpULLbl NPUeMHUKA) AOITKHO BbITh BNMCAHO TOMNBLKO OAHO NATHO (pUcyHok 2). LleHTpuposaHue pac-
npedeneHus NsATEH AOCTUralT MonepeqYHblM CMeLleHUEM CeTKU MpueMHuka nmMbo HakMoHOM Bcero
NMpUeMHMKa N3nyyeHus.

MpU CUNBHEBIX UCKaXXEHUSIX BOMHOBOrO (bpOHTa MNsITHA MOTYT MEepeKkpbiBaTbCA UMM pas3BepThiBaTbCA
BAONb COOTBETCTBYIOWMX UM cyBanepTyp, YTO UCKaxKaeT pesynbTaTbl U3SMEPEHWU BONMHOBOro gpoHTa. Bo
nsbexaHune aToro sIBNeHUs cnedyet MacwTabupoBaTth ceTKy cybanepTyp.

Pacnpegenerue nateH E(x, y) [H(x, y) — ANS nMNynbCHOrO U3nyyYeHns] 4oMKHO ObiTb 3aperncTpupoBa-
HO U COXpPaHEeHo B 3NEeKTPOHHOW cucTeme 06paboTku AaHHbIX. MpuMepbl n3MepeHHbIX pacnpeaeneHunin noka-
3aHbl Ha pUCYHKe 2.

6
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!
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M eBn6e3 E 3MNMNE3BM
mBCBIME3E3 C 3ME 3MMNE3E3E 1EEIOE3132CMNCITCESE3BEM
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E 3ME 3MEIE3ELI L 125886
vk3aBnEas E 3MNE TTWITT 1
oTnTn E: 3Q|'|CE TMnAnTT

J

E 3ME mOD"CCEE|]

MBBBBBBB EBD?’SED 3BBBBLW LW TELLEEEEI
a) He-Ne nasep b) AnopaHblin nasep

Ha pucyHke nsobpaxeHsl cy6anepTypHble CETKA MPUEMHUKA U3/yUYeHUs.

PucyHok2 — PacnpegeneHuns nsTeH, NofyYyeHHble C MOMOLLbI0 AaTunka Loka-MfapTMaHa npu nageHny Ha Hero n3nyyeHus
He-Ne nasepa (cnesa) n guogHoro nasepa (cnpasa)

6.4 Kanubposka

MopsAgok KannbpoBKy NPUMeHsEMbIX AaTunkoB MapTMaHa u LWoka-raptmaHa cnepyowmid:

PaccTosiHne LH fomkHO 6bITb onpeAeneHo nyTeM MpPYMEHEHUs CpefcTBa SIMHEVHbIX N3MEPEHWA 60
no pesynbTaTaM U3MepPEeHUiA N3BECTHOTO BOSTHOBOTO thpoHTa. Cnocob kanmbpoBKkM criedyeT yka3aTb B MPOTO-
Kone u3MepeHuii.

JonxeH 6bITb 3aperncTpupoBaH B KadecTBe pechepeHTHOro (OMOopHOro) cqpepuyecknii an NaoCKuii
BOJIHOBO (PPOHT. XapakTepucTrku 1 cnocob hopMUpoBaHUS Takoro BOSTHOBOTO (hpoHTa criedyeT onvcartb B
NPOTOKO/IE N3MEPEHWIA.

PedepeHTHOe (onopHoe) pacnpegeneHve nsateH E(x, y) [H(X,y) — Ana uMnynbCHOro U3ny4veHus] fon-
XHO 6bITb CDOPMUPOBAHO 1 BOCMIPUHATO AATYMKOM TakK, Kak OMMcaHo B 6.2, 1 COXPAHEHO B 3/IEKTPOHHON cuUc-
TeMe 06paboTKM AaHHbIX (CM. PUCYHOK 3).

PucyHok 3 — PeepeHTHOe (ONOpHOE) pacnpeaeneHne naTeH (MCTOUHUK — KOMIMMUPOBAHHBIN My4oK U3NydeHus
He-Ne nasepa), nonydyeHHoe c nomoLlbio gaTumka Loka-FapTMaHa c cooTBeTCTBYyloW el cy6anepTypHOil ceTKoi
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Mpn kanubposke aatuvka Lloka-NapTMaHa BaXHO ucnonb3oBaTh pedepeHTHbIA (ONOpHLIA) My4oK
naeHTUYHOM paboyen ANMHLI BOMHBI, Tak kak abeppaLuum MaTpuLbl MUKPOIUH3 MOTYT NPUBECTU K NOPOXAEH-
HbIM gucnepcuen cmeleHnsM cpokanbHbIX Touek. Cneayet usberatb BO3HUKHOBEHUA NOAOOHbIX 3¢ eKToB.

PedepeHTHBI (OMOpHbIit) U cUrHanbHbIA My4KU MOTYT BbITb HANOXeHb APYr Ha Apyra U 0QHOBPEMEHHO
3aperncTpupoBaHbl, YTO NO3BOMSIET CKOPPEKTUPOBaTb BIINAHWE AUHAMUYECKOW PasbloCTUPOBKU. MNpu 3TOM
3MeKTPOHHas CXeMa NPUEMHO-YCUNUTENBLHOrO YCTPOUCTBA A0MKHA pas3faensiTh CUrHansl, 06pasyemslie ABYMA
ny4kamu, nyTem mMoaynsiumm pecepeHTHOro (ONopHoOro) nyyka.

Twn 1 4NMHa BOMHBI KOMMMMUPOBAHHOIO My4yKa, UCMOMb3YeMOro Npu Kanubposke, A4OIKHBbI BbiThb YKkasa-
Hbl B NPOTOKOIE U3MEPEHUIA.

7 OueHKa rpagueHTOB BOJTHOBOTO (bpoOHTa

7.1 BbluutaHue doHa

Mepen Havanom npoueaypsl OLEeHKU BONHOBOro (hpoHTa n3MepeHHoe pacnpegeneHue nateH E(x, y)
[H(x, y)] BomkHO BbITb CKOPPEKTUPOBAHO ANA yCTpaHeHUa BAUAHUA ¢oHa 1 LWyMOoB. [ins 3T0ro NpUMeHUMbI
nonoxeHust UCO 13694, npegycmatpusarolime nocTpoeHue kapTol hoHa Nbo BblUUTaHUE YCPEeAHEHHOro
doHa, a TaK)Ke orpaHuyeHune nosy4yeHHoro pacnpegeneHna onpeaeneHHbLIM NoporoM NAOTHOCTU MOLLHOCTA
(aHeprum) E . (H,7).
Ons Ogbl‘-lelX NpUMeHeHU npoueaypa orpaHudeHns obecneunBaeT Hagnexatllylo koppekuutio oHa.
3HaueHue 1 BbIGUpatoT TakuM, 4To6kl £, 7 unu H, 7 NpeBbILLan nonoxuresnsHble N1ky LWymMa npuemMH1ka usny-
yeHus. Ecriv npodpunb pacnpep.eneHMﬂ nATeH, ccbopmmposaHHbM MaTpuuen MUKpONUH3/MUHXOMNOB, CBUAe-
TeNbCTBYET O MOABMAEHUN CTPYKTYPLI 3TOr0 pacnpeaeneHus B KpbiNbaAX 3a npegenamn MaTpulbl Unu rno ee
KOHTYpY (4T0 YacTo 06bACHUMO BMUAHUEM AudpakuuM Ny4YKOB, Bbi3biIBa€MOA MUKPOMUH3aMK), HeobxoanMo
npumMeHUTb 66NbLIME NOPOrK AN KOMMNEeHCcaUUn B3aUMHBIX BINAHWUIA coceaHux cybanepTyp.

MpumeHeHHas meToauka KOppeKUUU U BbIBpaHHbIE 3Ha4YeHus E. T (Hyr ) AOIKHBI GbITb YKasaHbl B Mpo-
TOKONE U3MEepeHUi.

7.2 OueHka

OueHka BoNHOBOro hpoHTa MO CKOPPEKTUPOBAHHOMY (T. €. Mocne yCTpaHeHUA BNuaHus oHa) pacnpe-
AeneHuio nateH E’ (X, y) cBoauTca K onpeaeneHqio KoopauHaT LeHTporaa Kaaoro nsaTHa B cybanepType,
T. €. MOMeHTa NepBoro nopsiaka AnsA CoOOTBETCTBYOLEro naTHa (ij) B cybanepTtype:

[ xE'x, y)ixdy [J ¥E(x, y)ixdy (12)
X. = SUM’-’]— n y = subap,l]—
e ” E’(x, y Ydxdy e H E'(x,y)dxdy =
subap, ij subap, i

Mony4yeHHble KOOPAUHATLI MATEH (X, V,); jj BHOCHT B 3anomuHarolliee yCTpOMCTBO. AHanornyHa npoueay-
pa obpaboTkn pacnpeneneHuin nateH E, (x y) [H (x, y)] Ana pedepeHTHOro (ONopHOro) N3ny4eHns.

JlokanbHble rpagneHThbl BOJ‘IHOBOI’O CprHTa By ﬁy),j ornpeaendioT No koopauHaTam LeHTponaoB NATeH
N3MepsieMOro U3Ny4eHUst (X, ¥¢); OTHOCUTESIBHO aHamNoTUYHBIX KOOPAWUHAT LIEHTPOUAOB NATEH pedepeHTHOro
(onopHoro) nyyka (X, y,); no ¢>opmyr|e

ow/oxy _ 1(XC—X,J (13)
(aw/aylj B Bi~ 1y -y, ;

MpwumedyaHne—[nsa nony4yeHnsi BLICOKOW TOYHOCTU onpeaeneHns (OLEHKM) BONHOBOTO (hPOHTa MOXET ObITb
HeobxoaMMa KOPPEKTUPOBKA MECTOMONOXEHUN LEHTPOUIAOB C Y4Y€TOM CUCTEMAaTUYECKOro TpeHAa NNOTHOCTU MOLLHOCTH
(aHeprun) B Nnpeaenax nrowaam kaxgon cybaneptypsbl (cMm. pasgen 9). To xe camoe oTHocuTes k gaTumky LLoka-TapTmana,
B Cryyae HeTo4Horo cobnogenns paseHctea Ly = f.

8 PeKOHCTpyKUusi BONHOBOrO (PpOHTa

8.1 O6uwue nonoxeHusn

MonyyeHHoe cooTHoLeHne (13) NO3BONAET PEKOHCTPYUPOBATL BOTHOBON (PPOHT W(X, ¥) HECKONBKAMMN
yncneHHbIMN MeTodamun. Hanbonee npuMeHsiemoe HenocpeacTBeHHOe (MPSMoe) YNCeHHOe NHTerpnpoBa-
HWe (30HanbHbIA METOA), MaTpUYHbIE UTEPALIUM U MoAanbHble cnocobbl NOATOHKN.

8
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Cnoco6, ucnonbayemblil AN PEKOHCTPYKLMM BOMHOBOMO (bpoHTa, BKMOYAs COOTBETCTBYOWME Napa-
MeTpbl U CTemneHb NOArOHKW, AOMKeH BblTb YkasaH B MPOTOKONE U3MepeHUiA.

8.2 MpaAMoe YncneHHoe MHTErpMpoBaHue (Z0HaNLHLIA MeToA)

C nomotublo noaxoasLleit cxeMel A depeHLMpoBaHna rpagueHTbl BONMHOBOTO (poHTa (B, By )jj B Mec-
TononoxeHuu (i, j) [OMKHbI BBITL annpokcumupoBaHbl. HanGonee noaxoaawasa cxema ,qwcbcbepeHuprBa-
HUS, 3aBucsllas OT npeanofiaraemMoro npuUMEHeHUsl Aatyuka, Ao/MkHa ObliTb ykasaHa B npoTokone
nsmepeHuin. HekoTopble noaxoAel onucaHel B npunoxeHun A (nogpasgen A.1).

Kak npasuno, Habop HaknoHOB BOMHOBOrC (hpoHTa BbIFMAAUT NPOTUBOPEYUBLIM

B, 10x + 0B, 19y
N nNpeacTaBneHne oTAeNbHON MOBEPXHOCTbIO BOSMOXHO TOSIbKO C UCMOMb30BaHWEM MeToda HanMeHbLUUX
KBaapaToB.
MeToA HaMMeHbLUUX KBaApaToB NPMBOANUT K HOPMaIlbHBIM YPaBHEHUAM:

BC'B.w-BTC-1.p=0, (14)

raew= (w', ..., wWM)T — gekTop BonHOBOrO hpoHTa;
B= ([3,1(, QM, [3}1,, [3’}\,”"1 )T — 2NM BeKTOp rpagveHTa BOIHOBOMO (bpoHTa;

B — reomeTpuyeckas matpuua [npunoxenve A (nogpasaen A.2)];
C — wymoBasi maTpuLa Kosapuawuu.

[ns HekoppenuposaHHoro WymMa C cTaHOBUTCA AMaroHanbHON, NPeACTaBnAs Cy4YanHyo NorpewwHocTb
n3MepeHuii B, onpeaensemyto Kak BenuunHY, 0BpaTHYI0 KOPHIO KBaApaTHOMY U3 pacnpeaeneHus NNoTHOCTY
MOLLHOCTWN/3Heprn.

[JaHHble rpagueHTa onpeaenstoT w(X, ¥), TOMbKO eCIK OH HEe NOCTOSAHHLIN. Takum 06pasoM, BelpaxeHue
BTC-'B cTaHOBUTCA CUHIYNAPHLIM 1 CTAHAAPTHBIM MAHERHLIM YPaBHEHNEM, pellieHne KOTOpPoro He MOoXeT
6bITb MONYYeHo HernocpeAcTBeHHO. PekoMeHaoBaHHasA MeToauka pelleHns ypaBHeHNs (14) ncnonbayeT CuH-
rynspHoe pasnoxeHue senuiuHd (SVD) matpuubl B.

MaTpuua B 3aBUCUT TOMbKO OT reOMeTPUM COBOKYNHOCTN MUKPONUH3/MUHXOMNOB Y UCTIONb3YEMOA CXeMb
AndppepeHumnpoBanus, T. e. A4NA NOCTOAHHBIX YCMOBUIN CUHIYIISIDHOE pasfoXeHUe BenYUH A0SKHO BbiTh
BbINOJIHEHO TOMbKO O4WMH pas U Torga nocregyrowmne peKoHCTPYKLUM BOSTHOBOTrO hpoHTa MoryT BbITb NpoBe-
AeHbl 6onee adpdekTnBHO. BMecTe ¢ TeM MaTpUYHbIe UTepaummn MoryT ObITb NPUMEHEHbI 4nA NPAMOro onpe-
AeneHus BeKTopa BOMHOBOro hpoHTa, YTO UCKIloYaeT HeobX0ANUMOCTb CUHIYIISIPHOTO PasfioXXeHUs BEMUYUH
1 npeocTaBnsieT BO3MOXHOCTb B3BELUMBAHNA pPe3ynbTaToB U3SMEPEHUI C UCTIONb30BaHUEM COOTBETCTBYIO-
LUMX 3HAYEHUA oBriy4eHHoCTH.

8.3 MoganbHasl peKOHCTPYKLMS BONTHOBOro (hpoHTa
MoganbHoe npeacTaBneHe onuckiBaeT BOJ'IHOBOI71 (PPOHT pacLIMPEHHLIMU MOMIMHOMaMU:

Wx, y) = ZakPk(x . (19

rae a, — Ko3(PULMEHTBI;
P, — 6asuncHble hyHKUUKM nonmHoma.

HawnBonee obLwue Habopbl 6a3McoB — nonuHoMbl LiepHuke (npunoxexune B) 4ns LpkynsapHbIX gaTyu-
KOB 1 nonuHoMmel JlexkaHapa, SpmuTa unm YebbiweBa Ans gaTyvka NpsiMoyronbHoi hopMbl, COOTBETCTBEHHO.
Ons cneumanbHbIX KOHUrypaumin MoryT BbiTb NoNe3Hbl pasnuyHbie Habopbl. YneHbl hyHKUUU AOMKHBI BbIT
NMWHENHO He3aBUCUMBbI, HO He Hen3bexxHo opToroHanbHbI. MpuknagHoi Habop 6a3ncos AoMmkeH BbITb ykasaH
B MPOTOKONE U3MEPEHUNA.

JlokanbHble rpagueHTbl BONHOBOTO (DpOHTa annpoKCUMUPYIOT cnenymmwm ob6pasom:

6w(x y) S0P, y) , wlx,y)|  P(x,y) (16)
ag n ag
i Z x ¥ Iy i Z oy

KoadduumneHTbl omKHBI GbITb ONpeaeneHbl MeTOAO0M HaMMeHbLUMX KBaApaToB, YTO NPUBOAMT K Habo-
py HOpMaribHbIX YPaBHEHUIA:

BTC-'B-a—-BTC'- B=0, (17)

rae a=(aq, ..., ak)T 1 BbipaxeHue Ans B npuseaeHo B npunoxexHun A (nogpasgen A.2).
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PeweHne ypaBHeHuns (17) moxeT 6bITb 3aTpyAHEHO, €C/IM BO3HUKaeT NoaBbl6opka, T. €. YAC/O0 CMOCOo-
60B, COOTBETCTBYIOLMUX NOJIYHYEHHbIM JaHHbIM, NPeBbILIAET YUCN0 U3MePSAEMbIX ToUeK. Torga 60nee BbICOKUN
nogknacc cnoco60B MOXET UCKa3UTb pelleHne 1 Bbi3BaTb COBMELLEHNE BOTHOBOro dypoHTa. B aTnx cnyvyasx
[O/MKHO 6bITb BbIGpaHO 60/blUee YUC/0 TOYEK AaHHbIX WM HOMEPOB, U hopma MNosIMHOMAa AO0JIKHA OblTb
nccnefoBaHa O4Y4eHb TuWaTeslbHo.

9 MpepacTaBsieHUe BO/IHOBOTO opoHTa

M3 BOCCTAHOBJ/IEHHOIO BOJ/IHOBOrO YpoHTa W(X, Y) AO/KHbI ObiTb BblYTEHbI CPEeAHNE 3HAYEHUSA HaKNOHA
N BEPLWMUHbI, 4TO NPUBOAMNT K CKOPPEKTUPOBAHHOMY BOMHOBOMY (hpoOHTY wc(X, y) [cm. MCO 15367-1:2003
(NyHKT 3.4.2)]. CKOppeKTUpOBaHHbI/i BO/THOBON (DPOHT WM CBA3aHHOE C HUM pacnpegenexune dasbl Pc(x, Y)
[OJ/KHBI 6bITb NpeAcTaB/ieHbl B NPOTOKO/E U3MEPEHUn nnn B Buae tabnuubl faHHbIX, BEKTOPHON Auarpam-
Mbl, TDOEXMEPHOrO pacnpefesieHnsa, y4acTkoB KOHTypa, Wi B BUAe nHtepdeporpammbl (CM. PUCYHOK 4).

Pasmepbl B Mmunanmetpax

PucyHok 4 — Mpumepbl, WAAKCTPUPYIOLLME BEKTOPHYH AvarpamMmy W3MepPEeHHbIX pagMeHTOB BOSIHOBOrO (hpoHTa U
3P-npefcTaBneHne pPeKoOHCTPYMPOBAHHOIO Y CKOPPEKTUPOBAHHOIO BOJIHOBOTO (hpOHTa WC(X, y) W3Ny4YeHWUs AUOAHOr0
nasepa (A= 650 HM), NoNyYeHHbIX C NOMOLLbLIO faTynka Lloka-MapTmaHa

B cnyuyasax, korga poKycMpoBKa M3MeEPSAEMOro a3epHoro nyvyka BaxHa, annpokcumupywuwas chepu-
yeckas noBepxHoOCTb s(X, y) [cM. MCO 15367-1 (nyHKT 3.4.3)] gos/mkHa 6bITb [OMNOJIHATENBHO BblYTEHaA U3
w(X, y) B uensax susyanmsaumm yHKLUM NCKaXXEeHNA BONHOBOro hpoHTa WAF(X, y) (CM. pUCyHOK 5).

Pasmepbl B MunnmmeTpax

BAonb BEPTUKAILHOW OCK PacnosIOXEHbI HEPErysiPHOCTM WPV BOSIHOBOTO (PpOHTA TUNA MUK — BrnaguHa

PucyHok 5 — Mpumep, nnnctpupyowuii 3P-npeactasnexHme hyHkunm wWAF(X, y) NCKaxeHuii BONMHOBOrO (hpoHTa usnyye-
HUSA heMTOCEKYHAHOIO 3KCMMEPHOro slasepa (A= 248 HM), NONYYEHHON C NOMOLLbI0 AaTynka MapTmaHa
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10 HeonpeneneHHOCTb

10.1 OGwue cBegeHUnA

O6wue cBegeHUs, kacaowmecs: UICTOYHUKOB, TpeBoBaHUIA K OUEeHKe U 4OKYMEHTUPOBaHUA Heonpeae-
NEeHHOCTN U3MepeHun BOrMHOBOro poHTa, cogepxarca 8 UCO 15367-1. B 10.2 u 10.5 paccMoTpeHbl TONbKO
NUCTOYHUKN HeonpeaeneHHOCTU, oTHocsALMecs K aaTyukam Loka-MapTmana.

10.2 Cny4vaiHble NOrpewHoCTU U3MepeHun

CnyyaiiHble NorpelHoCcT U3MepeHUii Bbi3BaHbl rNaBHbIM 06pa3oM kpaTKOBPEeMEHHBIMU (hnyKTyaums-
MW N3MEPSEMOro U3Ny4eHUs 1 LyMmaMu npueMHuKa nsnydeHns. iucnepcus BONHOBOro cpoHTa MoXeT BbiThb
BblYMCIIEHA CTaHAAPTHEIMU MeToAaMMU OLEHKU NOrpewwHocTU nNo pacnpegeneHnamM MaoTHOCTU MOLLHOCTU
(aHeprum), Ucnonb3oBaHHLIM ANA OLUEHKU BONHOBOro ¢poHTa. Mpu BLINOAHEHUU YCNOBUA CTaLMOHApPHOCTU
nasepHoro nanyyeHus cratuctudeckme pnykryaumm MoryT 6biTb YMeHbLUEHbI YANMHEHWeM nepuoaa auckpe-
TU3auum Nnbo yBenuyeHnem Yncna noBTOPHbLIX U3MEPEHUN.

CyLecTBytOT ABa rMaBHbIX UCTOYHUKA CTATUCTUYECKOW HeonpeaeeHHOCTH:

a) LYM UK YUCTO cToXacTudeckue saiBneHuns (addekTsl), KoTopble AnNA AaHHOW cybanepTypbl MOTYT
6bITb CBeAeHbl K HYMo NyTeM ycpeaHeHUs:;

b) cmeweHne unu cuctematndeckue seneHus (addekTel), KOTopble NPUBOAAT K HenpasBUIbHOMY
pesynbTaTy n3mMepeHuii Ans AaHHoW cybanepTypel.

MepBbIA MCTOYHWK yXyAwaeT MPEeUnsUoHHOCTL (precision) WU3MepeHun, a BTOPOW — TOYHOCTb
(accuracy) nony4aemoro pesynetata*. OrpaHMYeHHOe YUCIO 3NEMEHTOB NPUEMHUKA N3MTYYEHWUS, NCTIONb3Ye-
MbIX 47151 U3MePEHUIA MECTOMONOXEHUA NATEH, NPUBOAUT K CYLLLECTBEHHOMY PasfnnMuuio BIIUAHUA 3TUX UCTOY-
HUKOB Npu ncronb3osaHun gatynkos Loka-lMapTmana.

BocnponasoAMMOCTb pesynsTaToB U3MepeHuil BONIHOBOTO ppoHTa W, ., MOXET GbiTb B COOTBETCTBUM
¢ 3.6 onpepeneHa kak ycpegHeHHaa cpeaHAsa KBagpaTuyeckas pasHOCTb MeXAy pesynbTaToM O4HOro nsme-
PEHUS 1 CPeIHAM 3HaqYeHeM Af1A TOro e BONHOBOro (ppoHTa. UHTEpBan Ay Mexay usmepeHusmu AoIhKeH
6bITb BIOPaH Takum, YToObI 4ONroBpeMeHHbIMU Apeidamn NnpueMHuka nsnyvyeHns, nasepa u ¢poHa MoOXxHoO
6bino npeHebpeys. OTcHeToB AOKHO BbITh He MeHee 10. ina o6ecneveHns yaoBNeTBOPUTENBHOW BOCMPO-
N3BOAMMOCTU pe3ynbTaToB M3MEpPEeHUA crieqyeT UCNoMnb3oBaTh U3nydYeHue co chepuieckum Unm nnockum
hpOoHTOM.

lMorpelHoCcTb M3MepeHnii BOMHOBOIO poHTa W, ., MOXET BbITb onpefdeneHa B cooTBeTCTBUU € 3.7
KaK ycpeHeHHas CpeaHsis KBaapaTuyeckas PasHoCTb MeXMy pedepeHTHbIM (OMOPHBLIM) BOMHOBLIM (hpOH-
TOM W, 1 CKOPPEKTUPOBAHHBLIM MO HAKIIOHY BOMHOBLIM (DPOHTOM Wj. ,, MOCIe TOro, KaK 3apaHee U3BeCTHbIN
HaKMoH 6, 6bln npudaH pecdepeHTHOMY (ONOPHOMY) BOSTHOBOMY bpOHTY. NHTepaan Ay Mmexay nsmepeHusiMu
[OMKeH 6bITb BbIBPaH TakuMm, 4Tobbl A0NroBpeMeHHbIMU aperidamMu nprueMHuka usnyveHus nasepa u oHa
MOXHO 6bIno npeHebpeyb. OTCYETOB B ABYX OPTOroHasbHbIX HAMPaBNeHUSAX OTHOCUTENbHO OMOPHOMW NNOC-
KOCTW MpUeMHUKa JoImkHO BbiTb He MeHee 10. HaknoH gomxeH BapbupoBaTbcsl B cooTBETCTBUM € 3.5 OT
MUHYC B nax 40 NOC Brax-

PekomeHayemelit cnocob namepeHui W, ms 38KI104AETCA B (HOPMUPOBAHIWM Chepuieckoro BONHOBOrO
(hpoHTa € NOMOLLLI0 HakOHeYHWKa OAHOMOJOBOrO BOJIOKHA, 3aKpenfieHHOro Ha nepeMellaeMoM B X-y
HanpaBreHUsIX CTONMKe B nepeaHei (pokarnbHOM NNOCKOCTH TLATENbHO CKOPPEKTUPOBaHHOM NMH3LL. HakmoH
6, NNI0CKOI BOSTHBI 3a NUH30M CBA3aH € ee hOoKyCHbIM paccTosiHeM f i1 nepeMelleHeM CTonmnka X COoTHoLIe-
Huem: 6, = x/f.

10.3 BnusiHue okpyxatollein cpeabl

Bapualuu pe3ynbTaToB M3MepeHuid MoryT ObiTe BbI3BaHbl M3MEHEHUSIMI TEMMEpaTypbl OKpyXaroLe
cpeabl, BAGPaUMsIMK, paccesiHHbIM CBETOM WM OKpyXKatolWwMm ocselleHnem. MameHeHust TemnepaTtypbl
BbI3bIBAIOT MeNeHHbIe cucTemMaTuieckue cMelleHus (Hanpumep, Apeidebl), U UX cregyeT KOHTPONMpPOoBaTh
[AOMONHUTENbHBIM, YYBCTBATENbHBIM K BapuauMsaM TemnepaTypbl CpeACTBOM MaMepeHuid. Ero nokasaHus
cneayeT UCnonb3oBaTh 4151 KOPPEKTUPOBKM pesynbTaTta usaMepeHuin. Kpome Toro, Tennoeble agpeindbl MoryT
6bITb MAHUMU3UPOBAHBI NpeABapuUTerbHLIM MPOTPEBOM Nasepa UM MPUEMHO-YCUMUTENBHOMO YCTPOMCTRA.
PaccesiHHbIN CBET M OKpyXatolLee OCBELLEHWE YBENMUMBAIOT (DOHOBYHO COCTaBISAOLLYIO CUrHana, nopoxaas
crcTemMaTnyeckne MorpeLlHoCTU OLEHKM MecCTOMOMOXKeHUA LeHTpongos B AaTdvke Woka-MaptmaHa. ®oH

* B 0Te4eCTBEHHON TEPMUHONOTMM NCTOYHUK a) — HeonpeaeneHHoCTb TUna A (Mnv cnyYaiHas norpeLwwHocTb), a uc-
TOYHUK b) — HeonpeaeneHHocTs TUNa B (Mnu cucTemaTtnyeckasi NOrpeLLHOCTD).
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aomkeH OblTb TWaTenbHO U3y4veH, a Bbl3blBaeMaa UM noMexa noANneXut BblHUTAHUIO U3 U3IMEePEHHOro
curHana.

10.4 HepocTtaTku cuctembl c6opa u 06paboTku AaHHbIX

OTHOWeHWe cUrHan — Wym U HeonpeaeneHHOCTb U3MEePEHUA HENOCPEACTBEHHO 3aBUCAT OT NPOCTPaH-
CTBEHHOW pa3spelatoLlen cnocobHocTn aatyuka Loka-MaTpmaHa, orpaHudeHHoro guameTpa cybanepTypsbl,
npouecca ANcKpeTU3aLmUm U HENUHENHOCTUN YCUNUTENS 3NEKTpUYecknx curHanos. pkuttep 8 N3C-npnemHu-
Ke BHOCUT HapacTaloLLylo (Hakannusaemyio, KyMynaTUBHYIO) NOrpeLHOCTb, NOCKOMbKY Bbi3blBAeT Heonpeae-
NEeHHOCTb MecTonosioXkeHna nukcens. Bo usbexaHne 3Toro MoxeT ObiTb Ucnonb3oBaHa UudgpoBast
N3C-kamepa.

Mpumevaunns

1 MorpewHoCcTb KBAHTOBaHWUSA BHOCUT NULLBL HE3HAYUTENBHBIN BKNaA B HApacTalolwyo (Hakannmeaemylo, Kymyris-
TUBHYIO) NOrPELWHOCTb AaxXe Y 8-pa3psagHoro aHanoro-undposoro npeobpasosatens (ALM), ecnuucnonb3yioT BeCb AWHa-
MUYeckuit guanasoH. lNpu Hanuuun 3HaunTenbHOro hoHa MNKU HeXenaTenbHOro OrpaHNYeHNs NONEPEeYHOro CeYeHust
ny4ka (oTceuku ero nepudepuiiHon 1actn) Heo6xogumo npumeHaTs 10- nnu paxe 12-paspsgHoii ALM.

2 Natunkun MapTmaHa MoryT Cnyxutb UCTOHHMKOM HeonpeaeneHHOCTU Npyu onpeaeneHun rpagueHTa BoNnHOBOro
bpoHTa U3-3a Bapraumnii MNIOTHOCTU MOLLHOCTU MO NOBEPXHOCTU OAWHOYHOTO NUHXONA B CErMEHTUPOBaHHOW MaTpuLe.
YkasaHHbI 3hheKT He3HaUUTENEH BO MHOTUX NMPUMEHEHUSIX 3TOro gaTtuymka. Hanpumep, ecnv nnoTHOCTb MOLHOCTY N3Me-
HaeTcs Ha 1 % No NoBepXHOCTU NWHXONa anameTpom 100 MKM Npun paccToaHum Ly = 10 Mm, TO NOMPewWwHoCTL onpeaeneHms
rpagveHTa BONHOBOro (hpoHTa coctaBuT He Bonee 10 mkpag.

3 OCHOBHBIM UICTOYHMKOM HEONPEAENEHHOCTUN YacTO CNYXNT OrPaHNYEHHOE YUCNO NOKPLIBAEMbIX CEHEHUEM MyYKa
3NEMEHTOB NPUEMHUKA U3NYHEHUS.

10.5 HeonpepeneHHOCTU, 06yCcnoBMneHHble Pa3bIOCTUPOBKOW U3MEPUTENIbHOW YCTaHOBKHU

Ans patunkos Woka-MapTtMaHa oco6eHHO YyBCTBUTENEH BKIa B KyMyNsATUBHYIO HeonpeaeneHHOCTb,
BHOCUMBIN pPasblOCTUPOBKaMWN U3-3a MEXaHUYECKUX YAapOB, HeCTabuUnNbHOCTEN TeMnepaTypbl oKpyXatoLen
cpedbl unu aerpagaumeinn matepuanos. OwnbovHas oueHka MeCTOMOSIOKEHUI LeHTPOMAOB B AaTyvKe
LLoka-MapTMaHa MOXeT CRyXuUTb pe3ynbTaTOM HETOYHOCTU NO3ULMOHUPOBAHUA MaTpULbl MUKPOSTUH3 B
cbokanbHOM NNockocTU. AKCuanbHoe cMeLLeHe NPUBOAUT K AONONHUTENbHON NONOXUTENbHOW Unn oTpuLa-
TenbHol pactokycrpoBke. MonepedHoe cMeLleHne NPUeMHUKa U3yYeHUs Ui MaTpuLbl MUKPOIMH3/MUHXO-
NOB BbI3blBaeT WUCKYCCTBEHHbLIA HaKMOH Bcero ny4vka. O6e npuuuHbl He BAUSIIOT Ha (PYHKUUIO UCKaXKeHUN
(abeppauuin) BonHoBoro ppoHTa.

Psaa cuctematuyeckmx NorpeLllHoCTen MOXKeT BOSHUKHYTb 13-3a AOMONHUTENBHOMO NOBOpOTa NpUEeMHN-
Ka U3nyyeHust OTHOCUTENBLHO MaTpULbl MUKPOSIMH3/MUHXOMOB. Pe3ynbTupyioLlas NorpelHoCcTb HeUHTerpupy-
emMa 1 3aBUCUT OT YNCIIEHHOrO anropuTMa pekoHCTPYKLUA BONMHOBOrO (bpoHTa, a Takke OT yrna nosopoTa.

B cnyyae nosieneHust NpeanonoXeHUn 0 BO3SMOXHOCTU pasblOCTUPOBKA U3MEPUTENbHOW YCTaHOBKU
crnegyeT HeMeAJIeHHO NMPOBECTY 3aHOBO ee KanmnbpoBKy.

OTknoHeHne pedepeHTHOro (OMopHOro) nydka oT TpebyeMoro mMoMoXeHUA BOMHOBOro OpoHTa
HenocpeACTBEHHO BHOCUT AONOMHUTENbHYIO aaaUTUBHYIO HeonpeaeneHHOCTb.

11 lpoTokon namepeHnn

B npoTokone n3amMepeHuin AoMmkHbI 6bITb MpUBeAEHbI crieaylolimMe AaHHbIe:
a) obwume ceeaeHus:
1) 3anncb 0 TOM, YTO U3MEPEHNS BbINOMHEHbI B COOTBETCTBUM co cTaHgapToM NCO 15367-2:2005;
2) paTa npoBedeHUst U3MEepPeHUia;
3) HanmeHoBaHWe 1 agpec opraHu3aLuv, BbINOMHSBLUENA U3MEpPeHNs;
4) cbamnnus n nHMunansl onepaTopa;
b) cBeaeHus 06 ucnelTyemMom nasepe:
1) Tun nasepa;
2) npowssoauTens;
3) ToproBasi Mmapka n 0603HauYeHne Moaenu;
4) cepuinHbIn HoMmep;
C) YCrOBMS BbIMNOMHEHUS U3MEePEHUIA:
1) AnuHa(bl) BOMH, NpU KOTOPOK(bIX) BbINN NPOBEAEHbI N3MEPEHUS;
2) TemnepaTypa B KefbBUHaxX (4nNs OMOAHOrO nasepa TemnepaTtypa OXMaXAalowen XuakocTn)
(Tonbko AN AMOOHBIX NTAa3epoB);
3) pexunm usnydeHus (HenpepbIBHbIA UM UMMYbCHBIN);
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4) xapaKkTepucTUKU Nnasepa u ero U3nyveHus:
i) MOLLHOCTb UM 3HEPTUS UINYHEHUS;
ii) TOK UNKN 3HEPTUSA CUCTEMbBI MUTAHUS;
i) sHeprua nMnynsca nanyyeHns;
iv) ANUTeneHOCTb UMNYMbCa;
V) YacToTa cnegoBaHusi UMMYbCOB;
5) mopgoBas CTpyKTypa;
6) nonsapusauus;
7) ycnoBus okpyxaroLlen cpeasbl;
d) cBeaeHnsa o MeToauke U cpeacTBax UsMepeHun:
1) meToauka nsmepeHuin:
i) MapTmaHa;
i) Woka-MaptmaHa;

FOCT P UCO 15367-2—2012

2) NPUEMHO-YCUNMUTENbHOE yCTpOI;ICTBO M cCXemMa guckpeTtunsaunn gaHHbIX:

i) npousBoauTens;
i) obosHayeHne mogenu;
i) pasmepbl MaTpULbl MTMHXOMNOB/MUKPOSNHS;
iv) reomeTpus (bopma) MaTpuLLbl;
V) paccroaHue L;
vi) gatuuk MapTmaHa:
- paccTosHua d,, dy;
- AMaMeTp oTBepCcTUS dp;
vii) gatyuk Woka-MapTmana:
- pacctosaHua d,, dy;
- choKkycHoe paccTosiHue T,
3) TMN NO3MLMOHHO-YYBCTBUTENBHOIO NPUEMHMKA U3MYyYEeHUS:
i) paccTosiHue mexay nuKcensimMu;
i) pasmep nukcens;
iii) AMHamu4vecknin AManasoH;
iVv) NOCTOSIHHasi BpeMeHu;

V) BpeMmsi 3alep>Ku CTPOGUPYIOLLETrO YCTPOUCTBA (TOMBKO AN UMMYbCHBIX N1a3epoB);
vi) ANUTEenbHOCTL BPEMEHHOTO UHTepBana U3MepeHuin (TONbKO AN UMMYIbCHBIX Na3epoB);

4) MecTononoXeHue NoCcKOCTU USMEPEHNI Z,,;

5) onTUYecKne areMeHTbl (hopMnpoBaHna ny4yka n crnocob ocrabnexus:

i) TN ocnabutens;
i) TMN genuTens uanyyeHus;
iii) TN boKycUpyloLLEro 3neMeHTa;

6) Apyrne onTudeckmne snemMeHTbl 1 yCTpOIZCTBa, NCNOoJNb30BaHHbIE NMPU NU3MEPEeHNAX (I'IOJ'IﬂpI/I3aTOp,

MOHOXpoMaTop W np.);
7) kannbpoBka aatunka Loka-Maptmana:

i) TMN 1 ANYHa BOHBI KONNMMUPOBAHHOMO pedepeHTHOro (ONopHOro) ny4ka;
ii) oueHka cpegHero KBagpaTUyeckoro nckaxerus (gedopmaunin) BONTHOBOrO (hpoHTa ONOPHO-

ro nyuka;
i) pata kannbpoBku;
8) BblMUTaHWE hpoHa:
i) MeToaMKa BbIYUTaAHUS;
i) BBIGOP MOpOroBEIX 3HaueHuit E {(H, 7);

9) yMCneHHbIN MeToa PEKOHCTPYKLMN (BOCCTAHOBMEHWS ) BONTHOBOIO (OpOHTa (30HarbHbIA, MoAanbHbIA):
i) 30HanNbHBIN METOA: Pa3HOCTHAsi CXxema, UCNoMb30BaHHasa 415 YNCIEHHOro UHTerpnpoBaHuns

w(X, ¥);
ii) MoganbHbIN MeToA:

- 6basoBag cuctema (Hanpumep, nonMHomel LiepHuke, Nexangpa, Spmuta, Yeboiwera);

- cTeneHb annpokcuMaLuu;
e) pesynbTaTbl UBMEPEHWIA:

1) HeobpaboTaHHble AaHHbIE: MPEACTABIEHNE U3MEPEHHbIX IPaANEHTOB BOMTHOBOTO (hpoHTa By, B,

BEKTOpPHOW AnarpaMmmon [Hanpumep, pucyHok 4ay;

13
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2) BOSMHOBOM (PPOHT: NONyYEHHbIN B BUAE OLEHKN CKOPPEKTMPOBAHHLIA BONMTHOBOW (OPOHT W(X, ¥)
n/inu yHKLMA abeppaLnii BOHOBOro (hpoHTa W (X, ) AOIDKHBI BbITb BUSyanM3MpoBaHbl OAHUM U3 Crieayio-
LWnx cnocobos.:

i) Tabnuubl AaHHbIX;

ii) TpexkoopauHaTHoe (3D) pacnpeaeneHue (Hanpumep, pucyHku 4 n 5);
i) KOHTYp;

iv) UHTepdeporpamma;

3) OUEeHKM BENUYMH, XapaKTepunayroLnxX BONTHOBON (PpOHT:

i) pacdokycmpoBka 1nu paguyc cdpepsbl, obecneunBaowen Haunyylyo annpokcumaumio R
i) HeperynsipHoCTb BONHOBOrO PPOHTA Wpy/;
iii) B3BElUeHHas cpedHssA KBagpaThdeckan geopMaumna w,,
iv) KoadpMLMeHTEI MONIMHOMOB (MPY MoAaribHOW PEKOHCTPYKLMW BOMHOBOIO (hpoHTa);
4) HeonpedeneHHOCTb TUNa A OLEHKU BOMHOBOro hpoHTa W

ss?

, rms*

14
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MpunoxeHne A
(cnpaBo4Hoe)

PekoHCTpyKLMA (BoccTaHOBMNEHNe) BONHOBOro (hpoHTa

A.1 Pa3HOCTHbIe cxembl
MyTeM 4YMcneHHOro MUHTErpMpPOBaHUS! MO M3MEPEHHBIM 3HAYEHMSIM TPaaueHTa B’{(, y Moxet 6bITb NPOBEAEHA PEKOH-

CTPYKUUS BONHOBOIO hpoHTa B onpeAeneHHol Touke ceTku. [ns ynpoweHus o6o3HaqveHnii geneHne HyBCTBUTENbHON
NOBEPXHOCTU NPMEMHUKA n3anydenunst Ha N x M npamoyronbHbIx aneptyp o6o3HaueHo nHgekcamu (ij). OaHako npu oTcyT-
CTBWM cneumnanbHbIX ykazaHuii NpMBOAUMbIE Aarnee COOTHOLWEHUs cnpaBeanuesl M ans 6onee cnoxHelx popm 4yBCTBU-
TeNbHbIX NOBEPXHOCTEN NPUEMHUKOB U3NYYEHUS,

Bo-nepsbix, MCNonb3yioT noaxoasiLyio Pa3HOCTHYIO CXemy Ans annpoKcumammn B’{( Vv
k= k=
Bl = ow zi z’" XM+ j+k o K gl = ow zi Z’" ixM+ jrk ik A1)
X axl]' d ixM+ j Yy F ixM+ j .

X k=-n yl/ dy k=—n

3aecb NopsaoK n + M annpokcMmaummn, PaBHO Kak u 3HaueHns d,, dy, wX wiK, moryT namensitbest npu nepexope ot
TOYKM K TOUKe. bornee Toro, B n w moryT 66T ONpegeneHsl Ana pasnuyHbix cybceTok. HeCkonbKo NONeaHbIX pa3HOCTHLIX
chopmyn Ansi HyBCTBUTENBHOW NOBEPXHOCTU NPUEMHUKA NPAMOYronbHOW hopmbl NpuBedeHsbl B Tabnuue A.1.

Tab6nwuuya A.1— MN3bpaHHble pa3HOCTHbIE CXEMbI ANA UCNOMB30BaHWS NPU PEKOHCTPYKLUMM (BOCCTAHOBNEHWUMN) BOSHO-
BOro ¢ppoHTa

paguent Annpokcumaums MNorpewHocTb
w’ (xg) Po = 1 d d)= 1 1d2 m
E[W(Xo +d,) - w(x,—d,)] = E(M - W) i (%)
W’ (x) =B& ~ 1 LI
0 W(w2 — 8w, +8w_, —w_,) %d x W2(xg)
X
W' (%) =g ~ ﬁ(% — 9w, + 45w, — 45w_q + 9w_, — W_j) %dgw(")(xo)
Xt
W' (xo) =B3 = L(_W — 4w, — 3w,) szwm(x )
2d g 2 1 0 g39x 0
W' (x) =Bg = 1 1
0 0 d—(w1 - W) _Ed W (x)
X
W' (xo) =Po = ! (3w, + 16w, - 36w, + 48w, — 2 ! g% we
W(— Wy wy — 36w, + 48w, — 25w,) ~50%x (xo)
X

HecuMmeTpuyHbIE CXeMbl OCTaOTCA CrpaBenvBbIMU NMPY U3MEHEHUM 3HaKa (B TOM HYKUCe U MHAeKcoB). Henpsimoy-
ronbHble PopMbl MOBEPXHOCTEN TPEBYIOT MPYMEHEHWUS aAanTMPOBAHHBLIX PA3HOCTHLIX CXEM.
AjantupoBaHHasi cxema A0MmkHa ObiTb NPUBEAEHA B NPOTOKOMNE U3MEPEHUIA.

A.2 HopmanbHble ypaBHeHUA

MockonbKy N3MepeHVsi rpaaveHTa BOITHOBOTO (OPOHTa NOABEPKEHO BITUSIHMIO LYMa U APYIMX MCTOUHUKOB Heonpe-
OeNeHHOCTU, PEKOHCTPYKLUUSI (BOCCTAHOBMEHWE) BONTHOBOIO (DPOHTA MOXKET BbITh BbINOMHEHA NULLL NMPU UCNONBb30BaHUN
MeTofa HaMMEeHbLUMX KBAAPaTOB, NPUBOASILLErD K YPaBHEHWIO BUAA

s iM+jkk'2 ESEy jkk'2 (A-2)
X + g <M+ f+ 1
Y kZ ixm+j W kZ bixmej W
2 % =-n =-n .
= 2| B m +|By - 7 =min,
Brms,j i, j=0 X y
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O3HavaloWwemMy HenocpeacTBeHHyIo (MPsIMYI0) peKoHCTpyKumio (cMm. 8.1). HeoGxognmoe ycnoene ans pewexust ypasHe-
Hua (A.2):

V.22 =0, (A.3)
KOTOpOe, B CBOIO ovepeb, NPUBOAUT K HOPMarbHbIM YPaBHEHUAM:
B™B-w-BTB=0 (A4)
¢ 2NM x NM cuctemon matpuy B:
row 1 a,i] a,]] a,]NM
a3
rowi | .. ai"*” a a{*m
_ rowNxM aﬁl\l\//ll
b1 biM
bi"—” bi’"” bi"+m
row 2N x M
p M
NM
Cronbew Cronbeu
1 NxM (A.5)

Mpun n3secTHoW CTaTUCTMKE Pe3ynbTaToB U3MepeHWU BONHOBOIO hpoHTa HaMny4wasa NMHeNHan HeCMeLLLeHHas
OLeHKa W MOXeT ObITb BblMUCNEHa No hopmyne

B'C'B-.w -BTC =0 (A.6)
¢ 2NM x NM koeapuaHTHoW maTpuuer C. B criyuae npumeHeHusi nioGoro gononHuTenbHoro aedekra unu nosiBneHuns

BHELLHEro LyMa ¢ KoBapyaHTHOM MaTpuLieit C,, kK MeHbLUEH cpefHei KBaApaTUHECKOI NOrPelwHOCT NPUBOANT BUHEPOB-
cKas oleHka:

[BTc'B+C,'1-w—-BTC'B =0. (A7)
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MpunoxeHne B
(cnpaBouHoe)

roCT P UCO 15367-2—2012

OnucaHue BonHoBoro ¢hpoHTa nonMHoMamm LlepHuke

MonuHome! Liepruke Z, {p, ¢) 06pasyioT NoNHoe OpTOroHanbHOe MHOXECTBO Ansi BHyTpeHHen obnactm eamHnyHo-
ro Kkpyra B BewwecTBeHHon nnockoctu [1]. CnegosaTensHo, OHM OCOBEHHO LieHHbI MPU PACCMOTPEHUN KPYTOBbIX anepTyp u
MOryT 6bITb NpeAcTaBneHbl B KOMNINEKCHOW dopme:

Z,p, 9) = Ryflp) x&* %0

(B.1)

cn>12>0wvnpu n — lyeTHom. YpaBHeHue (B.1) moxeT GbiTb NpeacTaBNeHo B BELWLECTBEHHON (DOPpME BBEAEHNEM YeT-

HbIX (€) N HeveTHbIX (0) dyHKuMA Z% ° ans kaxagon napel (n, I):

%0(6, #)=Rot(p) { . (®.2)
TouHoe BbipaxeHue Ans pagnanbHbIX NONUHOMOB R,,; NpeacTaensioT cneayiowmm obpasom:
Ry =D 3 CYn - m): pn-2m ©:3)
meo  M!x[05(n + 1) -m]! x[05(n - 1) - m]'
Tabnuua B.1 coaepXuT TouHble BbipaXeHusi psiga nepebix NonnHomoB LlepHuke.
Tabnwnuya B.1— lMepBble NONUHOMBI LIEpHUKE U COOTBETCTBYIOWME TUMbI UCKAKEHWUIA
MonuHom UepHuke BeipaxeHue Tun nckaxxkeHus
Zo, 0 (Zy) 1 UwvnunapwuuHocts hpoHTa
Z1,1e (Zy) p cos (o) BepwwHa
Z1’ 1 (Z,) p sin (o) Haknon
Zy 0 (Z,) 202 — 1 Pactokycupoeka
Z, pe (Z,) p?cos (20) AcTurmatinam
Z; 4o (Zg) (3p% = 2)p cos (o) Koma
Zy 0 (Zg) Bpt —6p2 + 1 Cdepuueckas abeppauys
MpumeyaHune—Ob6osHaueHuss B ckobkax B nepBom cTonbue cooreetcreytoT MCO 10110-5.
Taknm 06pa3om, BONTHOBOW (OPOHT W(p, ) ONMCLIBAETCA NONUMHOMOM LlepHuke B criegylollemM Buge:
(B.4)

W, 9) = Z Zan;xcos(lm ) +apy xsin(/9)] xR, p)-
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Mpunoxenne A
(cnpaBo4Hoe)

CBeAieHUA 0 COOTBETCTBUU CChINMOYHbIX MeXAYHapoAHbIX CTaHOapToB
CCbITOMHbIM HaLUOHanbHbIM cTaHaapTaMm Poccuickon Pepepauum

Ta6nwuuya A1

0603HaYeHre CCbINOYHOro CreneHb
O6o3HaveHne U HaMmeHoBaHue COOTBETCTBYIOLLEro HauMoHanbLHOro craHaapTta

MEeXOYHapOoaHOro ctaHaapTa COOTBETCTBUA

MCO 11145 — *

MNCO 13694 IDT FOCT P NCO 13694—2010 «OnTtuka n ontudeckme npnbopel. Jlazepobl n
nasepHble yCTaHOBKM (cucTembl). MeToabl namepeHuin pacrnpegeneHust
NMOTHOCTU MOLLHOCTU (SHEPIUW) Na3epHOro ny4kay

MCO 15367-1:2003 IDT FOCT P NCO 15367-1—2012 «Jlazepbl 1 nasepHble yCTaHOBKM (CucTe-

Mbl). MeToabl namepeHuin opmMbl BONTHOBOIO (DPOHTAa My4Ka NasepHoro
nanydenus. Yacts 1. TepMMHONOMMSI U OCHOBHBIE MOMNOXEHUSA»

OTBETCTBUA CTaHOAPTOB:

- IDT — ngeHTu4YHble cTaHaapThl.

* COOTBETCTBYIOLWNIA HALUMOHAMNBHBIN CTaHAapT oTcyTcTBYyeT. [lo ero yTBepaeHvsi pekoMmeHayeTcs UCnonb3o-
BaTb NEePeBOJ, Ha PYCCKMIA s13bIK JAaHHOTO MeXAyHapoAHOro ctanaapTa. [NepeBoa 4aHHOro MeXayHapoaHOro ctraHgapTa
Haxogutcsl B PegepanbHoOM MHPOPMaLMOHHOM (DOHAE TEXHUYECKUX PErfaMeHToB U CTaHO4ApPTOB.

MpumedyaHune— B HacTosILWeN Tabnuue UCMNONb30BaHO criegylollee ycrnoBHoe 0603HavYeHe CTENeHn co-
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YOK 537.872:006.354 OKC 31.260 T35

KrtoueBble crioa: nasep, nasepHble YCTaHOBKA, JTa3epHOe U3nyveHne, uasmepeHune, Metognka I/I3MepeHI/II7I,

BOMHOBOW hpoHT, AaTunk LWoka-FapTmara, anepTtypa, MUKpONMH3a, MaTpuLia, HeonpeaeneHHoCTb, Kanubpos-
Ka, 10CTUPOBKA
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