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ctaHaapToB Poccunckon ®egepaummn — FrOCT P 1.0—2004 «CTtaHaapTnsaumna B Poccunckon Pegepadini.
OCHOBHbIE NONOXEHUA»
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2 BHECEH YnpasneHnem metponorum egepanbHOro areHTcTBa Nno TeXHUYeCckoMy perynmpoBaHuio U
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3 YTBEP>XOEH W BBEAEH B AEVCTBWE Mpukazom deaepansHoro areHTcTea no TEXHUYECKOMY pe-
r'YNnMpoBaHuio N meTponorinm ot 25 aekabps 2008 r. Ne 763-cT

4 HacTtosawmn ctaHgapT uaeHTudeH mexayHapogHomy ctaHaapty MCO/MTO 11146-3:2004 «Jlasepbl n
nasepHble yctaHoBKM (cuctemel). MeToabl MamepeHnin LIMPUH, YIIoB pacxoamMocT U KOSPPULIMEHTOB pac-
pOCTPaHeHns NasepHblX NydkoB. YacTb 3: CobCTBEHHas U reoMeTpuyeckasa Knaccugpukaums nasepHbix Nyd-
KOB, cneundunka UxX pacnpocTpaHeHnsa n metoaukn usmepeHuin» (ISO/MTR 11146-3:2004 «Lasers and
aser-related equipment — Test methods for laser beam widths, divergence angles and beam propagation
ratios. Part 3: Intrinsic and geometrical laser beam classification, propagation and details of test methods»)

5 BBEAEH BI'NEPBbIE

ViHcbopmayusi 06 UMEHeHUSIX K HacmosilweMy cmaHoapmy riybriukyemecsi 8 eXke200H0 u30asaeMoM UH-
opMalyUOHHOM yKazamerne «HalyuoHarnbHbIe cmaHoapmbl», @ Mekcm U3MeHeHUU U rMorpasok — 8 exXeMe-
CSYHO U30asaeMbiX UHGhbopMallUOHHBIX yKa3zamersax «HauuoHaneHbie cmaHoapmebi». B cniy4dae rnepecmompa
(3aMeHbl) U OMMeHbI Hacmosauw,e2o cmaHoapma coomseemcemeyroujee yeseoomMmrieHue byoem orybriukosaHo
8 eXXeMeCSIYHO u3dasaeMoM UHDOPpMaUUOHHOM YKa3amerne «HauuoHarnbHbie cmaHoapmel». Coomeemcemay-
fouasl UHgpopmMayusi, yeeOoMIIeHUe U meKecmbi pa3Meljaromcs makxe 8 UHQopMaUUOHHOU cucmeme obuiezo
ro/1b308aHUsT — Ha ouyuanbHOM caume PedeparibHo20 a2eHmcemea o MmexHU4YeCKoMy pez2yrupogaHuro U
Mempornozauu 8 cemu MIHmepHem
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MY PeryimpoBaHnio 1 MeTPOoSIoru
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[lpeagucnoBue

K MexxayHapoaHomy ctaHpapty MCO/TO 11146-3:2005 «Jlazepbl U NasepHble YCTAaHOBKU (CUCTEMbI).

MeToAabl USMepeHU LWUPUH, YINOB PpacxoaAuMoCcTU U KoathPULUUEeHTOB pacnpocTpaHeHUs nasepHbIX

ny4ykoB. YacTb 3: Cob6cTBEeHHaAaA U reoMeTpudeckasn knaccupukauua nasepHbIX Ny4vYKkoB, cneuudmka
UX pacnpocTpaHeHNUa U MEeTOAUKN U3MEPEeHUN»

NCO (MexayHapogHasa opraHmsaumng no ctaHgaptmsaymmn) — BecemupHaa peaepaumsa HauMoHanbHbIX
opraHoB Mo cTaHgapTu3auun (4NeHoB accounaunn). PazpaboTkon MexayHapoaHbIX CTaHAapTOB 0OLIYHO 3a-
HUMAaKOTCHA TeXHUYECKMe KOMUTETHI. Kaxabin YneH accoumnaunmn, 3amHTepecoBaHHbIM B TeMaTUKe, A9 KOTOPOoU
co30aH TEXHUYECKMA KOMUTET, UMEET NpaBo ObITb NpeacTaBfeHHbIM B 3TOM kKomuTteTe. MexayHapoaHblie
opraHusauumn, NnpaBUTeNbLCTBEHHLIE U HEMPaBUTENLCTBEHHEIE, cBA3aHHble ¢ NCO, Takke NpUHMUMaIOT y4acTue
B paboTte. NCO TecHo coTpyaHu4vaeT ¢ MexayHapoaHoW anekTpoTexHudeckon kommuccnein (M3IK) no Bcem Bon-
pocaM cTaHaapTusaumnM B 0bnactn aNeKTPOTEXHUKA.

[TpoeKTbl MeXAYyHapoaOHbIX CTAHAAPTOB pa3pabaThiBaloT B COOTBETCTBUM C NpaBUNamMun, U3NOXKEHHBIMUA B
anpektneax NCO/MOK, vyacTb 2.

[1poeKkTbl MeXxayHapoaHbIX CTaHAapPTOB, MPUHATEIE TEXHUYECKUMU KOMUTETaMK, pacchliNaloT uneHam ac-
counaunm gnsi ronocoBaHua. Iybnukaumsa B Ka4ecTBe MeXxayHapoaHoro ctaHgapTa TpebyeT oaobdbpeHus, no
KpanHen mepe, 75 % 4neHoB accoumalnn, NPUHABLLMX yHacTUe B ronOCOBaHUMN.

[Tpn onpeaeneHHbIX ODCTOATENbCTBAX, KOrga TeEXHUYECKUM KOMUTETOM cobpaHbl gaHHble N CBeOEeHUS,
oTnuyaroLmecs ot onyonnMkoBaHHLIX B MeXAyHapodHbIX cTaHAapTax (HanpuMmep, onucaHue npeamMeTta), Mo-
XeT ObITb pelleHo NPOCThbIM roNOCOBaHNEM YNEHOB TEXHUYECKOTO KOMUTETAa ONYONUKOBaTh TEXHUYECKUA A0K-
naa (TH). doknag HOCUT MHPOPMATUBHBLIN XapaKkTep U He NoaNeXnT 0OCYXOAEHUIO NN NEPECMOTPY, NoKa He
OyOeT yCTaHOBIMEHO, YTO coaepKallasica B HeM MHOpMaLUA ABNSAETCS NpaBUIbHOW U NONE3HON.

MexayHapoaHbin ctaHagapT NCO/TO 11146-3 noarotoeneH nogkommuteToM K 9 « SnekTpoontuieckue
cnctembl» TexHundyeckoro komuteta NCO/TK 172 «OnTnka n goToHUKa».

OaHHoe nsgaHne NCO/TO 11146-3 asnsaeTcs nepebiM coBMecTHbIM ¢ NCO/TO 11146-1 nsgaHnem, Bbl-
nyweHHbIM B3aMeH NCO 11146:1999, coaepkaHue KOTOPOro ¢ TOYKU 3peHUa TeXHUYECKUX acnekToB nepe-
CMOTPEHO N pacLUNPEHO.

CtaHgaptbl MCO nog obwmm HanmeHoBaHMeM «Jlaszepbl U NasepHble yeTponcTea (cnctemel). Metoabl
N3MEepPEHUN WNPUH, YINOB pacxoAuMMOCTU U KO3 PULMEHTOB pacnpocTpaHeHUsa NasepHbIX NyYKOB» COCTOAT
N3 cneayrowmx Tpex YyacTeu:

- yactb 1: Cturmatudeckue (roMmoueHTpudeckne) n cnaboacturmaTuyeckmue nyydku;

- YyacTb 2: AcCTUrmMaTu4vecKue ny4dku;

- yacTb 3: CobcTBeHHas 1 reomeTpudeckasl Knaccugukaums nasepHbiX Ny4vkoB, cneyndunka 1Ux pac-
npocTpaHeHnda U MeTOAUKN U3MEPEHUN.

IV
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BBenoeHve

K mexxayHapoaHomy ctangapty MCO/TO 11146-3:2005 «Jlazepbl U NnasepHble YCTAaHOBKU (CUCTEMbI).

MeToAabl U3MEpPEeHUN LUMPUH, YIMOB PacxoguMocTu U KoadhpUuLuueHTOB pacnpocTpaHeHUs nasepHbIX

ny4ykoB. Yactb 3: CobcTBeHHada U reomeTpuUeckas knaccudcgpunkauma nasepHbix Ny4koB, cneuncduka
UX pacnpocTpaHeHUa U MeTOAUKN U3MEPEHUN»

CBOWCTBA, XapakTepusyloLllme npoLecc pacnpocTpaHeHUa KaXkaoro nyyka nasepHoro nsnydeHus, onu-
CaHbl 4eCATbI0 HE3aBUCUMbIMU NapamMeTpamMu, TeOpPeTUYECKOWU OCHOBOW KOTOPLIX CNYXXUT MeToa onpeaeneHus
MOMEHTOB BTOpPOro nopsaaka. OgHako B CMNy AOCTAaTOYHO BbICOKOW CTENEHU CUMMETPUN DONbLLUMHCTBA Nasep-
HbIX MYYKOB, NONYYMBLLUMX LLUMPOKOE pacnpocTpaHeHne BO MHOXECTBE NPUMOXKeHU, AN MX NoHOro onncaHug
TpebyeTcsl MeHblUee Yncno napameTpoB. KOHCTpYKLUUK pe30HaTopOoB DOMbLUMHCTBA NMPakTUYeCKU UCTONMb3ye-
MbIX NasepoB POPMUPYIOT Ha BbIXOoAEe CTUrMaTUYeCKne (rOMOLEHTPUYECKME) MYYUKA UMK NYYUKN CO cnabbiM ac-
TUTMaTU3MOM.

TeopeTnyeckoe onnMcaHne CTPYKTYPbI Na3epHbIX NYyYKOB U MapamMeTpoB, XapaKTepusyroLnX NpoLecehbl Ux
pacrnpocTpaHeHUs B MPOCTPAHCTBE, TakK Xe, Kak U KnaccudukalMoHHbIE NMPU3HaKKU, OCHOBAHO Ha onpeaeneHnun
MOMEHTOB BTOPOro nopsaka pacnpegeneHna BuHrepa, npuseaeHHoro B gaHHou Yactm MCO 11146.

MeToaukn namepeHun, onncaHHele B MCO 11146-1 1 UCO 11146-2, B OCHOBHOM (HO Heobs3aTe nbHO)
DasnpyoTCAa Ha onpeaeneHnn ¢ NOMOLLBIO MaTPUYHOrO NpUemMHUKa Mn3nyvyeHusa (sHeprun) pacnpeneneHuin
NNOTHOCTU MOLLHOCTU B NnonepeYyHoM cevdeHUn nydka, Hanpumep, ¢ npumeHeHunem N3C-kamep. TOYHOCTL pe-
3yNbTaTOB U3MEPEHUN C NPUMEHEHMNEM YITOMAHYTON MeTOAUKN CUNBHO 3aBUCUT OT YPOBHA NpeaBapuUTeNbHON
00pPabOoTKM NONy4YEHHbIX 3KCNepUMEHTaNbHbIX AaHHbIX, @ UMEHHO, OT BblUUTAHWUA pacnpegeneHnsa oHa U Kop-
pekUunn cMmeLleHnst 6asncHoU NMHKUN. HacTodawmnin cTaHaapT Takke coaepXUT aAeTanbHoe onmcaHue npoueayp
npeaBapuTensHon obpaboTkn AaHHbIX.

B HekoTopbIX crnydyaax TOYHOCTh Pe3ynbTaToB U3MEPEeHUN, BeINONHAEMbIX C MPUMEHEeHNEM MaTPUYHBIX
MPUEMHUNKOB U3NYYEHUS, MOXKET OKasaTbCsl He4oCTaTOYHOW NUBO TakMe NPUeMHUKA NO KaKUM-Noo npuinHam
HeaOoCTYNHbI. BbIXOA0OM 13 3TOro NONOXeHUsA ABNSAeTCS NpUMeHeHne KOCBEeHHbIX MeTo40B onpeaeneHna ama-
METPOB NYYKOB UMK UX LUMPUH B KAYeCcTBe allbTePHATUBHLIX, HO MPW YCNOBUX NONYyYEeHUA CONOCTaBUMBIX MO
TOYHOCTU pe3ynbTaToB U3MepeHUN. HekoTopkle anbTepHaTUBHbIE MeToAbl U3MepeHUn NpeacTaBneHbl B AaH-
Houn YacTn NCO 11146.

MexxayHapogHas opraHusauua no ctaHgaptusaumn (MCO) obpallaeT BHUMaHWUe Ha TOT doakT, YTo BCnea-
CTBUE UCNOMNb30BAHUA AHHOTO AOKYMEHTa MOXET ObITb 331€UCTBOBAH NaTEHT OTHOCUTENbHO YCTaHOBMNEHUSA U3-
MEepeHUN napamMeTpoB pacnpocTpaHeHUs nydyka BOOMb KayCTUKWU, CPOPMUPOBaAHHOU NPOMEXYTOUHOU NUHIOW,
MNPW YCNOBUK, YTO NepeTsKKa Nyyka TOYHO Nokann3oBaHa U 30Ha ee pacnonoXXeHUs UCKYCCTBEHHO popMUpY-
eTCcAa ONTUYECKOU CUCTEMOU, KaK ONMMcaHo B 5.5.

NCO He gaeT HUKaAKUX 3aKNMioYeHUA OTHOCUTENbHO AOCTOBEPHOCTU, NOATBERXKAEHUA, KOMNETEHTHOCTI
3TOro NaTeHTa.

Bnageneuy atoro nateHTta (U.S. N2 5,267,012) 3asepun NCO, 4TO OH 3aKNOYUT NULUEH3NOHHBIE cornatlle-
HUA Ha pasyMHLIe U NpUuemMnemMble CPoKU U YCIOBUSA C XKenatolWwmMMn BO BCeM MUpe. ITO 3adBNeHne BrnagenbLa
OAaHHOIo nNaTteHTa noaTeepXxaeHo U 3aeepeHo ¢ MCO. MHpopmaunio MOXKHO NONYy4YMTb Mo agapecy:

Coherent Inc.

5100 Patrick Henry Drive

Santa Clara, CA 95056-0980

USA

Cneayet 0bpaTUTb BHUMAHUE HA BO3MOXHOCTb TOMO, YTO HEKOTOPLIE YaCT HACTOSALLEro ctaHaapTa Mo-
ryT ObITb NpeaAMeTOM NaTEeHTUPOBAHUS APYIMMU, KOTOPbIE He YKasaHbl Bbille. MCO He HeceT OTBETCTBEHHOCTW
3a Nobble NnogodbHble AOroBOPLI UM NATEHTHI.
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BBegoeHue

K HauuoHanbHoMy cTaHgapTty Poccunckoun ®epepaumn NrOCT P UCO/TO 11146-3—2008 «Jlasepbl
N nasepHble YCTaHOBKU (CcUCTeMbl). MeToAbl U3MepeHUU LUMPUH, YrinoB pacxoguMocTu
kKo3athpMUuUeHTOB pacnpocTpaHeHMUa nasepHbIX Ny4YkoB. HacTtb 3: CobGCcTBEHHanA U reoMeTpuveckKan
Knaccudgpukayma nasepHbIX NyyYkoB, cneuyndpuka ux pacnpoctpaHeHUAa U MeTOAUKU UBMEPEeHUn»

Llenbio HacTodwero ctaHgapTa asngaetca npamoe npumeHeHue B Poccunckon degepaunm mexagyHa-
pogHoro ctaHaapta MCO/TO 11146-3:2005 «J1azepbl U nasepHble yCTaHOBKU (cncTemMbl). MeToabl UamepeHui
LLIMPWH, YITIOB pacXoauMOoCT U KO3 MULIMEHTOB pacnpocTpaHeHUs nasepHbix NydkoB. Hacts 3: CobcTBeHHas
N reoMmeTpuyeckasa Knaccugpukaumnsa nasepHbelX Ny4KoB, cneundprka nx pacnpocTpaHeHUs 1 MeToanKn nsmepe-
HAN» KakK OCHOBbI ANSsl U3rOTOBMEHUA U NOCTAaBKN 0ObeKTa cTaHAapTU3aunum No gorosopam (KOHTpakTam) Ha
aKCnopT.

[OCT P WNCO/TO 11146-3—2008 npeactaBnser cobOOWN  NOMHbIA  QyTEHTUYHBIA  TEeKCT
NCO/TO 11146-3:2005.

Ona ynobcTtBa YTEHUS U BOCTIPUSATUSA K TEPMUHY «CTUTMaTUYECKME» MYYKM B CKODKaX NpuBeaeH NPUHS-
TbI TEPMUH «KTOMOLIEHTPpUYECKME» MYUKN.
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HAUMWOHANBbHBIUWNW CTAHOAPT POCCUUCKOWN PEOEPALUMN

NNA3EPbI U NIA3EPHbIE YCTAHOBKU (CUCTEMDbI)

MeToabl U3MEepeHUN LLUUPUH, YINOB pacxoAuMOCTU U KO3 PULUEeHTOB pacnpocTpaHeHUA
nasepHbIX NY4YKOB

YacTtb 3

CobcTBeHHanA U reoMeTpudeckana knaccugpmkauma nasepHbix Ny4YkoB, cneuyudpuka
UX pacnpocTpaHeHUAaA U MeTOOUKU U3MepPEeHUN

Lasers and laser-related equipment. Test methods for laser beam widths, divergence angles and beam propagation
ratios. Part 3. Intrinsic and geometrical laser beam classification, propagation and details of test methods

Nata BBeaeHnsa — 2010—01—01

1 Obnactb NpMeHeHUA

Hactoawmnin ctaHaapT paspabdoTaH B passutue ctaHgapta MCO 11146-1 [1] Ha meTOoaAbl U3MEPEHWNIA LLN-
PUH (OMamMeTpa) Nyyka, YrnoB pacxoanmMocT U KosoPULUNEeHTOB pacnpocTpaHeHUs NyYKOB NMa3epHOro nanyJe-
HUA. HacToAwnA cTaHaapT COAEPXKUT TeopeTU4eckoe onnucaHne XapakTepucTuK nydka, basupyrolleecsa Ha
MOMEHTaX BTOPOro nopdaaka pacnpegeneHna BurHepa, BknoYvaa reomeTpudeckne 1M cneynpuyHble MMeHHO
ONA NasepHOro U3Ny4YyeHUsa XxapakTtepucTUkM Nydka, a Takke npeanoxeHua no MMeroLllen BaXKHoe 3HavyeHue
npoueaype KoOpPeKTUPOBKN (MyTeM BblHUTAHUS) pe3ynbTaToB BO3AeUCTBUA POHOBOIC U3Ny4YeHUs Ha Npuem-
HO-yCUNUTenbHoe yCTPOUCTBO ¢ BXoaHou 3C-maTpuuen. B HacTodaweM cTaHgapTe Takke npeacrtaBeHbl
anbTepHaTMBHbIE CNOCODLI ONUCaHUs U onpeaeneHnsa napameTpoB CTUrMaTUYEeCKUX U cnaboacTurmaTuyec-
KNX NYYKOB, NPpUroaHble B criyvyasax HegoCTYNHOCTA MaTPUYHbIX NEPBUYHBIX U3MEPUTENbHLIX NpeocbpasoBaTe-
nem Unu nony4YeHUa HeyaoBNeTBOPUTENbHBIX Pe3ynbTaToB.

2 OnucaHve napamMeTpoOB NasepHOro ny4yka MetogomMm MOMEHTOB BTOpPOro
nopsagka pacnpepeneHua BurHepa

2.1 ObnacTb NpyMeHeHuUn

[TouTn NOOOK NMYYOK KOrepeHTHOro MNMU YacTUYHO KOTePEeHTHOro NasepHOoro UsnyvyeHust MoXeT ObITb
npeacTaBieH MakCUMyM OeCATbH0 HE3aBUCUMbIMU NapaMeTpaMn — Tak Ha3biBaeMbiMA MOMEHTaMKM BTOPOIo
nopsigka pacnpegenenuns BurHepa. JlazepHble nyyvkn, obnagarowme HeKOToporo Tuna CUMMETPUEN, CTUTMa-
TU3MOM UNK cnabbiM (NPOCTbLIM) aCTUrMaTU3IMOM, MOTYT ObITb OXapaKkTepu3oBaHbl MEHbLUMM YUCNOM Mnapa-
METPOB. 3HaHMe 3TUX MnapamMeTpoB MNO3BONAeT MPOrHO3UPOBaTb XapakTep pacrnpocTpaHeHUs nydka 3a
npeaenamu nobon beszabeppalMOHHON ONTUYECKON CUCTEMBI.

34echb 1 garnee B HacTosWeM cTaHgapTe TepMUH «pacnpeaeneHme NnoTHOCTU MOLWHOCTU» E (X, V, Z) OT-
HOCUTCHA K HENPEPLIBHLIM NazepamM U MOXET ObITb 3aMeHEH TEPMUHOM «pacnpeaeneHne noTHOCTU SHEPTUNA»
H (X, y, Z) npUMeHUTEeNbHO K UMMNYNbCHBIM NasepaM. bonee Toro, B NPUHATOU CUCTEME KOOPAMHAT OCb Z Nnpak-
TUYECKU NapanneneHa (KonnuHeapHa) HanpasleHUo pacnpocTpaHeHUa nydka, a OCU X U y CInyXXaT ropu3oH-
TanbHOW U BEPTUKANbHOW OCAMU COOTBETCTBEHHO.

2.2 PacnpepeneHune BurHepa

Pacnpeaenexue BurHepa h (x, y, ©,, ©,, Z) ABNAeTCA 0OLWMM 1 MOMHBIM ONUCAHNEM Y3KOMOOCHbIX KOTre-
PEHTHBLIX N YACTUYHO KOTEPEHTHBLIX NMa3epHbIX MYyYKOB B U3IMEPAEMOM nonepeyHom ceveHun. Boobule, aTo pac-
npeaeneHne otobpa)kaeT CyMMapHYHO MOLHOCTb Nydka, NPOXOAsLYHo CKBO3b M3MepseMoe nonepevHoe
ceveHue € ropnsoHTanbHbIM O, 1 BepTukanbHbIM ®, napakcuanbHbIMU yriiamn OTHOCUTENBHO OCK Z, Kak MNoKa-
3aHO Ha pucyHke 1.

U3pgaHne odbvumanbHoe



FTOCT P UCO/TO 11146-3—2008

[TpumedaHnune—Pacnpegenenne Burnepa npeacraenaer cobon QyHKUMIO OT akCuanbHOW KOOPAWHATHI Z,
T. €. pacnpegeneHne BurHepa ogHoro n Toro Xe rasepHoro ny4ka pasrnyHo s ero Ce4eHnmn ¢ pasHbIMM KoopagmHaTamm Z.
CnepoBaTenbHO, 3HA4YEHUSA BENUYMH (NapameTpoB), NONy4YeHHbIe C UCNOMNb30BaHMEM pacnpeaenennst Burnepa rakxe, Bo-
obue roeops, ABNAKTCA PYHKUMAMM OT Z. B HacTosiwem cTaHgapTe 31a 3aBUCUMOCTb OT Z MOXET DbITb MCKMNOYEHA N3 pac-
CMOTPEHUSs], a camMmo pacnpegeneHune BurHepa cooTHECEHO € NPOU3BOSIbHO BbIOPAHHBIM 3HA4YEHNEM Z, COOTBETCTBYIOLWNM
KoopAuHarte no akcnarnbHOM OCKU MONEPEYHOro CeYeHUs Ny4vka, MMEHYEMOrQO «IMIOCKOCTbIO N3MEPEHUNY (NN KN3MEPU-
TENBHOW MNITOCKOCTBION ).

B COOTBETCTBMU C BUTHEPOBCKUM pacnpegeneHmem ans pacnpeageneHna NNoTHOCTU MOLWHOCTU E (X, V)
B MITOCKOCTU U3MEPEHNIN cnpaBeaiMBo BhipakeHue

¢ (1)
E (x,y) = jh(x,y, 0,,0,)d0,d0,.

[TpumeyaHwune—Illpegensl MHTENPUPOBAHUS B ypaBHEHUWU (1) NPaKTUYECKM OrpaHNYeHbl MakCUMarbHbIMU
yrrnamm OTKIMOHEHUS NapakcuanbHbIX NyYen B NasepHOM Ny4Ke; B 3aBUCUMOCTU OT YCITOBUU NOCTAHOBKU 3a4a4M OHU MOTYT
ObITb pacnpocTpaHeHbl 40 BECKOHEYHOCTW.

X, ¥ — KOOPAUHATHLI B NNOCKOCTU U3MEPEHUN;
By, 6, — COOTBETCTBYIOLLME YINOBbIE KOOPAWHATDI

PUcyHOK 1 — KoopauHatb! pacnpegeneHus BurHepa

2.3 MoMeHTbIl NepBOro 1 BTOPOro nopAaakoB pacnpepneneHua BurHepa
MomMeHTBI NepBOrc nopsaaka:

1
(x) = Ejh()g, ¥,0,,0,)xdxdyd ©,d0,; (2)
1
(¥) =5 [h(x1.0,,0,)ydxdyd ©,d6,; (3)
1
(@,) = Ejh(x, ¥,0,,0,)0,dxdyd ©,d0,; (4)
1
(0,) = Ejh(x, ¥,0,,0,)0,dxdyd ©,d0,, (5)
rae P — MOLWHOCTb U3NyYeHUsa B NMyYke, onucbiBaeMas BhlipaXKeHUe M:
P=[h(xy,®,,0,)dxdyd ©,d0, (6)
NN C ydeToM ypasHeHUa (1)
P = [ E (x, y)dxdy. (7)

«MpocTpaHCTBEHHBIE» MOMEHTI (X) U (y) 0ToBpaxatoT NonoXeHue LeHTpounaa nyyka B NiocKoCT N3Me-

PEHWN, a «YrIoBble» MOMEHTHI (®,) U (B, ) — HanpasneHue ero pacnpocTpaHeHUs.

2
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LleHTpUpoOBaHHbIE MOMEHThBI BTOPOro Nopsaka OnCbIBAOTCA BbipaXXeHnem

> 8

Tl 11 1
<xky3®x®y> =5 jh(x,y, @X,®y)(x—<x>)k X
! 8
<y ~(1)) (@, ~(0,)(©, ~(®, ) dxdyd ©,de, ©)

roe K, [, mn n — HeoTpuuaTenbHble uenble Yicna, a k+ /+ m+ n = 2. Obwee 4ncno pasnnmiHbiX MOMEHTOB
BTOPOro nopsiaka paBHO AECATH.

Tpu «NPOCTPaHCTBEHHbIX» MOMEHTa BTOPOro NnopsaKka <x2>, <y2> N (Xy) XapaKTepusyoT MnonepeyHyo

NPOTSHKEHHOCTb pacnpeaeneHns NIOTHOCTA MOLLHOCTM B MIOCKOCTU U3MEPEHMIA; TPU «YrMOBbIX» MOMEHTa
<®§> <®§> Y <®X®y>—paCX0ﬂ,I/IMOCTb nyyka, a YeTblpe CMellaHHbIX MOMeHTa (x®,), <x®y>, (YO, ) 1

(y®, ) — ero da3osble xapakTepUCTIKA B TOM e MIIOCKOCTH.

«['1poCTpaHCTBEHHbIE» MOMEHTbI MepPBOro U BTOPOro NopsakoB MOTYT ObITb HENOCPeACTBEHHO NMOMyYeHh!
Nnpu U3BECTHOM pacnpeaeneHnn NNOTHOCTU MOLWHOCTU E (X, ).

N3 ypaBHeHUA (1) cneayerT:

(x) = % [ E (x, y)xdxdy. (9)

(¥) = 5 [ E(xy)yaxdy; (10)

(x?) = %IE (%, y)(x —(x))? dxdy; (11)
() = 5 [ E o y)x = (x))(y ~(y)) el (12)
(v?) =2 JE(xy)y = (y))* dxay (13)

[1na onpegeneHns octanbHbIX MOMEHTOB BTOPOro nopsagka Heocbxogumo U3MepUTb «NPOCTPaHCTBEH-
Hble» MOMEHTbI B APYrnX ceveHUsX (MNI0CKOCTAX U3MEPEHNA) NyyKka N NPUMEHUTb ONUCLIBaeMoe aanee npasu-
10 pacrnpocTpaHeHss MOMEHTOB BTOPOro NopaaKa.

[Tpnumedvanune—IlogpobHoe onncaHne npoueaypbl onpeaeneHnst BCex AeCAT MOMEHTOB BTOPOIro nopsigka
npuBeaeHo B NCO 11146-2 [2].

2.4 MaTtpuua nyJka
[ecatb MOMeHTOB BTOPOro nopsaaka obpasyloT CUMMETPUYHYIO 4 x 4 MaTpuLy nydka:

(xy)  (x0,) <x® y> )
P:[ ]: ) ) (8 (18]
MT U (xe,) (ye,) (0%) (0,0,) (14)

\<X®Y> (¥0y) (040,) <® )

C CUMMETPUYHON NoaMaTPULLEN «MPOCTPaHCTBEHHbIX» MOMEHTOB

(o)
()

W = (15)
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C CUMMETPUYHON NoAMAaTPULEN «YITIOBBLIX» MOMEHTOB

o /<®§><®y®y>\ (16)
\<®y®y ><®3%>/
1M nogMaTtpuuen cMmellaHHbIX MOMEHTOB
M=/<X®X><X®y>\. 1)
(YOx)XyOy ),

2.5 PacnpocTtpaHeHne U3Ny4eHUsa cKBo3b be3abeppauMOHHbIEe ONTUYECKUE CUCTEMBI

BesabeppalNOHHBIE ONTUYECKNE CUCTEMBI XapaKTepUsyoTca cUcTeMon 4 x 4 maTtpul, S, popMUpyemMbIX
B COOTBETCTBMN C OCHOBHBIMW MONOXKEHNAMN reOCMeTpU4eCcKon onNTuK. PacnpocTtpaHeHne MOMEHTOB BTOPOro
nopgagka ckBO3b TaKylo CUCTEMY OMUCLIBAETCA YpaBHEHUEM

Pﬂut = SanST’ (18)

rae P, n P, . — MaTpuLbl MyyKka BO BXOAHOW U BBIXOAHOW NMOCKOCTAX ONTUYECKOM CUCTEMBI, COOTBETCTBEHHO.

[ToMepbl MaTpUL, CUCTEMBI NPUBEeAEHEI B NPUNOKeHUN A.
2.6 COOTHOLWEHMA MOMEHTOB BTOpPOro nopAagka n (pu3anvyeckuUx napaMeTpoB Nydka

[lecaTb MOMEHTOB BTOPOro NopsaaKka TeCHO CBA3aHbl C XOPOLLO U3BECTHbIMU bU3ndYeckuMm napamMmeTpa-
MU MydKa.

Tpn «NPOCTPAHCTBEHHLIX» MOMEHTa OMNUCLIBAKOT MoNepeYvHyo NMpoTsHKeHHOCTb pacrnpeaerieHus nnoT-
HOCTW MOLLIHOCTM My4Ka B MIOCKOCTU n3MepeHuin. HanpasneHns MMHUManbHOM U MakCUMarbHOW MPOTSHKEeH-
HOCTEN, UMEeHyeMble rMaBHbIMUA OCAMU, BCcerga B3anMHO opToroHanbHbl. Jltoboe pacnpeaeneHne nioTHOCTH
MOLLIHOCTW XapaKTepusyeTcs NPOTSKEHHOCTAMK BAOb ero rnaBHbIX 0cel 1 opueHTauuamMmn nocneaHux. Ln-
PUHa Ny4Ka BAOMb [MaBHOM OCU, BIIKHERN K OCU X NabopaTopHON CUCTEMbI KOOPAMHAT, ONUCLIBAETCA BhlpaXKke-
HUEeM

1
f .
Aoy =272 (<X2> + <y2>)+ Y[(<X2> —<y2>)2 +4((xy)’12 ¢ 2, (19)
a BOOMNb ONUMXKHEN K OCU ¥ — BblpaXkeHNeM
1
f =
doy = 2020 ((x%) +(y? N =A(x*) = (y?))* +4((xy))1? . (20)
2\ /. 2
rae v =sgn(<x2>—<y2>)— <x > <y > . (21)

Ecnu rnaBHble ocu 06pasytoT Yron «+» Unu «—» 4 ¢ OCsIMU X Unn ¥, Koraa <x2> = < y2> , 70 d_, Mo ycro-

BUIO AABNSIETCS1 BonblUen N3 0benx LWNMPUH Ny4ka:

1

dox = 2V2{(x?) + (¥ )+ 2[(xy )} (22)

1

doy = 242{((x%)+(y? ) -2|(xy)p2. (23)
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A3nMyTanbHbIA Yron Mexay rnaBHON ocbio, BNIVXKHEN K OCU X, U CAMOI OCbo X paBeH:

O = 1arctan(2<xy)/ (<x2> . < y2>)), YTO CcnpaBeaiMBO Npu

2
) as
pu <x2> = <y2> ¢(z) =sgn(<xy>)§, (29)
) (CM. pUCYHOK 2). (26)

rae sgn = ((xy)) = ‘

()

PUCYHOK 2 — A3MMyTalnbHbIW YIon v WUPWHbLI Ny4vKa BOOSb MMaBHbIX OCEN
pacnpegeneHns nNoTHOCTU MOLWHOCTK

AHanNorM4yHo TpemMs «yrrnoBbiIMM» MOMEHTaMU ONMUCBLIBAETCHA PacxXoaMMOCTb Mydka, Xapakrepusyemagd
B3aMMHO OPTOroHalnbHbIMU HanpaBneHUAMU MakCUManbHON 1 MUHUMAaNbHOM NPOTAXXEHHOCTEN. DTN HanpaBs-
NeHna HasbIBaTCA «IrMaBHBIMU OCAMU PACXOAUMMOCTU NyYKa» U MOTYT He cOBNadaThb C MMaBHLIMU OCAMU pac-
npegeneHnsa nnoTHOCTU MOLUHOCTU B MJIOCKOCTU U3MepeHUn. PacxoaumocTe Nydka BAOMb HanpaBleHUd
rMaBHOW OCU, BNMXKHEN K OCU X NabopaTopHOWU CUCTEMbI KOOPAUHAT, ONUCLIBAETCS BbipaXKeHUEM

1
.
11 2

O, =22+ (<®)2(> + <®§>)+ 1:[(<®§> —<®;‘;>)2 + 4(<®,,.{®y>)2]E >, (27)

v

a BOONb ONUXHEN K OCU ¥ — BblpaXkeHUem

Ny | —

“l

1
0o, = 2/21((0%)+ (07 ) —<l(0F) - (07 ) +4 (0,0, )1 (28)

2 2
0%)- (07
e r=sgn<®§>—<®§>)—< 2> < 2>. (29)
(©%)-(})
Ecnu rnaBHble OCU pacxoanMOCTU Mydka oBpasyloT Yron «+» Unn «—» w4 ¢ ocaMu X UMK y, Koraa
(0, ) = <® y>, TO ®_, MO YCOBUIO ABNAeTCA Gonbliein U3 06enx pacxoguMocTel nyydka:

0., = 2/2{(07)+ (07 )+ 2|(®X®y>|}; ; (30)
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1

0,, = 2«5{((@,,%) n <®§>)—2|<®X®y)|}2. (31)

A3nMyTarbHbIA Yron pacxoaMMOCTN MeXAy rMaBHOW OCblo, BNMXHEN K OCU X, 1 CaMOWM OCblo X paBeH

Py = 1arctan(2(63))(({-)},)/ (<®§> —<®f,>)), 4TO cnpaBeAIMBO MpPW

2
<®)2(> # <®f,>; (32)
o (0%) - (03]
0e(2) =5gn((©,0, ). (33)
roe sgn(<®x®y>) _ szzy;_ (34)
Xy

l—|eTI:.aIF.')e CMELUdHHbIX MOMEHTA OMNNCBIBACT YCPEAHEHHDbIC cba305b|e XdPdKTEePUCTUMKKU NMYHKa B NMITOCKOCTHU
I/I3Mep8HI/IIz. Hamnquaﬂ AllNMPOKCUMaUUNA STUX XAPaAKTEPUCTUK AOCTUTaAETCAH C UCTNOJT1Ib30OBaAHUEM Cba3OBOFO [a-
pa60n0|/ma C B3AWMMHO OPTOIroHallbHbIMA HaAllpaBIIEHNAAMIA MaKkcUMarnbHOWU 1 MUHUAMAarbHOW KPNABA3HDI.

Obe 3TU KPUBU3HBI MOTYT UMETb HYIEBLIE UMM OTpULATESbHbIE 3HAYEHUS BAOMNb rMaBHbLIX OCENn, NpUYeMm
Hes3aBMCUMO ApYr OT Apyra. HanpaBneHus MmakcumarnbHOU N MUHUAMAaTNbHOW KPUBU3HBLI, UMEHYeMble rMaBHbLIMU
ocAMU pas3oBoro napadbononga, MoryT He coBnagaTbh HUA € rNaBHBIMW OCAMM pacrnpeaeneHnsa NNoTHOCTA MOLL-
HOCTW B NMIOCKOCTU M3MEPEHUI, HA C TMaBHLIMW OCAMM pacxoauUMOCTU nydka. Jns cornacoBaHus asmMmyTalb-
HOro yrna 39TUX TNaBHBLIX OCel C paaunycamMu KpUBU3HBLI ycpedHeHHOro ¢pasoBoro (PpoHTa BAONb HUX
BblYUACTAT MaTpuly C KPUBU3IHBI:

/CXXCXV\ — T\—1 T
C = =(A-A"Y(B-B")A -8B, (39)

\ny ny /

4 0 1\
rae A = W-1; (36)
\_1 0/

B =MW, (37)

Paaunyc KpnBu3sHbl ycpeaHeHHoro dpasoBoro opoHTa BAOMb HanpaBlieHUs rmaBHOW ocu, bnvmxanwen K
oCU X NabopaTopHON CUCTEMbBI KOOPAUHAT, BbIMUCNNAOT Nno dopmyne

R, - ° | (38)

2 2
(Cxx + ny)JFH\/(Cxx _ny) +4C,,

a BOONb rMaBHOW ocK, bnuxkaniuen K ocu y, — no gpopmyne

R, = 2 — (39)
(Cxx + ny)_p\/(cxx _ny) +4ny
Cc,, —C
rae u =sgn(C,, -C,, ) = ——, (40)
‘Cxx _ny‘

Ecnu rnaBHble ocU ycpeaHEeHHOMN (Pa30BON KPYTU3HBI COCTaBMAKT C OCAMU X U ¥ Yron «+» nUnu «—» w4,

T.e.korpa C,, = C,,, TO R, oKasbiBaeTcs BOMBbLUNM U3 ABYX rMaBHbIX PaguycoB (C y4eTOM 3HaKa):

R - 2 ; (41)

X
(Cyx +Cyy) z\cxy
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R, = ° (42)

T (Cw +Cp)-2[Cy |

A3MyTalnbHbIN YroN KPUBU3HBI (pasbl MexXay rmaBHOW OCbo, Dnkanwen K OCU X, U OCbIo X paBeH
1

Pp = Earctan[2CXy/(Cxx -C,, )], uto cnpasearnmeo npu C,, # C (43)
npn C,, = C,,
@ = Sgn(Cyy)- (44)
ny
rae sgn(C,,) = . (45)
Cy|

[pyron gonsnvecknmn napameTp nydka, cCBA3aHHbIA ¢ noBegeHUeM dpasbl U UMeHyeMbIU «MapaMeTpPOoM 3a-
KpydmBaHUa» f, onpeaensawT no gpopmyne

t=<x®y>—(y®x).

I'IapameTp 3dKPY4HNBaHNA NPOoNopUuAAoOHaIIeH OD6I/ITaJ'II::HOIVIy yrnmoBOMY MOMEHTY MNMy4YKa N ABJTACTCAH MHBA-
PAQHTOM TP PACNPOCTPAHEHNN U3TTYHEHWNA CKBO3b CTUTMaTHUYECKNE OINTUHECKHNE CNCTEMDI.

2.7 NHBapuaHTbI pacnpocTpaHeHus

N3 3aKkoHa pacnpocTpaHeHUs MaTpuubl NyYKka BbITEKAeT MHBAPMAHTHOCTb ABYX He 3aBUCALLMX ApYr OT
apyra napameTpoB:

3P PEeKTUBHOIO (AENCTBYIOLLENO) KOS PULUMEHTa pacnpocTpaHeHUs nydka

1
Mz, = 4; [det(P)]* >1 (46)

N cOBCTBEHHO acTUMrMaTnama (MCTUHHOMO acTurmaTnamMa)

g 8;—22((<x2><®)2(> _<X®x>2)+ (<y2><®}2/> —<y®y>2)+ 2((xy O, By) —<X®y><y®x>)j B
~(Mg)* 20, o

[lepBbIN N3 HUX XapaKkTepusyeT POKYyCUpyemMoCTb NMydka.

[Tpnmeyanwune—B bonee LWMPOKOM NOHMMAHUU Mgﬁ CNYXNT 060OWEHHOW MEPOU PaCLUMPEHNSA MyYKa UMK €r0
nokanusaumm B 6rnvXHen n ganbHEn 30HaxX Nons ero pacnpocTpaHeHus.

Y cTUrMaTn4ecKkoro (roMoLeHTPUYeCKoro) nydka aecTtBUTenbHbIN KO3 PULMEHT pacnpocTpaHeHns pa-
BEH NPOCTO KO3 PULUNEHTY pacnpocTpaHeHUsa ny4dka:

Y cnaBoacTurMaTieckux ny4qkoB, obraaatoLumx koadduLmeHTaMm1 pacrpoctpaHenus My, = M, AeicTBu-

TeNbHbIN KO3 PUUMEHT pacnpocTpaHeHnd Nyvka paBeH cpegHereoMeTpuyeckomy KospULNMEHTOB pacnpocTpa-
HEHWS1 Mo 0BenM rmaBHbIM OCSIM My4Ka:

M2y = (M2 -M2. (49)

COOCTBEHHO (MCTUHHBIN) aCTUrMaTU3M XapakTepusyeT Kak BUAUMbBIN, TaK N CKPbITbIA aCTUrMaTU3M My4dka.
[ToUMeHUTENLHO K CTUrMaTUYeCKUM Nydkam cOBCTBEHHO (MCTUHHBLIN) acTUrMaTU3M a TepsieT CMbICI 1 NO3TOMY
ero NPUHUMatoT paBHbIM HyN0. CODCTBEHHO (MCTUHHBLIW) aCTUrMaTU3M MYYKOB CO cNabblM acTUrMaTU3IMOM (Cra-
boacTUrMaTUUHBIX MYYKOB) ONUCKEIBAOT POPMYIION
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1
a =E(M§ -M;)*. (50)

2T PopMynbl MHBaApUaHTHLI NLLL NPU pacnpocTpaHeHnn nydka B besabeppalnoHHbIX (6e3 noTeps)
onTnyeckux cuctemax. NpUMeHUTEeNbHO K APYrMM cMcteMmam OHWU TpebyloT BuaonsmeHeHus. J1lobble coveTa-
HUA 3TUX MHBAPWUAHTOB Takke ABMAITCA MHBaApUaHTaMW.

2.8 ['eoMmeTpUyeckada kKnaccudgpmkayma

[Ty4kn MOryT BbITb KnaccnduLuMpoBaHbl Mo MX NOBEAEHUIO NPU NPOXOXKAEHWUN (pacrnpocTpaHeHWU) B CTUM-
MaTUYeCcKUX UNK cnaboacTurmaTu4ecknx onTndecknx cnctemax. CTurmaTruyeckon siBAsieTcsa onTu4eckas cuc-
Tema, peannsyemas TOJIbKO Ha OCHOBe uaearnbHbiX cepudecknx nuHi. Cnaboacturmartndeckas cuctema
MOXeT ObITb peanusoBaHa ¢ UCMoSib3oBaHMEM MaeanbHbIX LUTMHAPUYECKUX NMUH3 OJUHAKOBOW OpUeHTauun.

[[eomeTpuyeckas knaccudukaumsa ny4ykor basmMpyeTcsa Ha CUMMETPUN pacnpeaeneHni NNoTHOCTU MOLLI-
HOCTIN B CEYEHUNSAX pacrpocTpaHaAoLLLerocs rnydka. TepMnH « CUMMETPUA» paccMaTpPUBAETCA B KOHTEKCTE METO-
a MOMEHTOB BTOpOro nopsagka. PacnpeaeneHme nioTHOCTU MOLHOCT KNaccuUUMpYOT Kak LIMPKYNSApHOE
(KpyroBoe), ecrnv oTHOLLEHWUE MUHUMANBHOWM LUMPUHBI NMyYKa K MakCUMarnbHOW, U3MEepPEeHHbIX B Ce4EeHNAX BAOSb
naBHbIX ocen, bonee 0,87. B npoTuBHOM cnydyae pacnpegeneHue niIoTHOCTU MOLWHOCTU KnaccuduunpyoT
KaKk 3NnNUNTUYecKoe.

[TpumedyaHwne—B aTom cmbicne gaxe pacrnpeaeneHmne nioTHOCTU MOLWHOCTU € NITOCKOW BEPLUMHOW, UMEID-
uiee popMy KBagpara, CHMTatoT LUPKYNAPHbIM.,

AnnunTuyeckoe pacnpegeneHne NIOTHOCTU MOLLHOCTU XapaKTepusyeTcsl ero HanpaBneHHOCTbH, YMC-
NTOBBIM BbIpaXXeHNEM KOTOPOW ABNSAeTcAa asnmMyTanbHbln yron ¢. Mpn pacnpocTpaHeHun nyyvka B cBOOOAHOM
MpocTpaHCTBe pacrnpeaeneHme NiIoTHOCTM MOLLHOCTM MO BCEW ero Tpacce MoXeT ObiTb MO0 NONMHOCTLIO Lp-
KYTIAPHBIM WA SNNUNTUYECKM, NTMOO Ha ee oTAeNbHbIX ydacTKax LMPKYIAPHBIM U SNUMTUYECKAM.

[y4yok cuntaeTcsa cTUrmaTU4eckum (FrOMOLEHTPUYECKUMM), eCrin BO BCEX ero nonepeyHbiX ce4eHnsx no
Tpacce pacrnpocTpaHeHns U3nyv4eHns B cBOOOAHOM NpocTpaHcTBe pacnpeaeneHns NiioTHOCTU MOLLHOCTM CO-
XPaHAT LUMPKYNSAPHOCTb, a NMpu NPOXOXAEHUN CKBO3b LUUNMUHAPUYECKYHO NMUH3Y NMPOU3BOSIbHON OpUeHTaL M
BCe 3MNUNTUYecKne pacnpeaeneHms nioTHOCTU MOLLIHOCTU MO BbIXOAE U3NYyYeHNSa U3 NNH3bl OPUEHTUPOBAHD!
B TOM K€ UM OPTOroHanbHOM HanpaseHnn, YTo U OCb, NapannenbHas UnMHapndYeckon NoBepXHOCTM NINHS3HI.

[yyok cumTaeTcs cnaboacTurmMaTMiecknm, ecnn Bce aNnunTudeckmue pacnpeaeneHnst NAoTHOCTM MOLL-
HOCTM B CeYEHUSIX MO Tpacce pacrnpocTpaHeHns nyvka B cBOOOAHOM NPOCTPaHCTBE UMEIOT OAMHAKOBYHO (UMK
OPTOroHanbHY) a3uMyTarnbHYHO OpueHTauuo (HanpaBneHHOCTh), a NPY NPOXOXKAEHUN CKBO3b LIMNMUMHAPUYEC-
KYO MTMH3Y TOM )K€ opueHTaLmK (HanpaBleHHOCTU), YTO 1 NMyYOK, BCe 3NNUNTUYecKMe pacnpeaeneHns nnoTHoC-
T MOLLUHOCTU Ha BbIXOAEe WU3NYyYEeHUS U3 NH3bI UMEIOT TY K& UMM OPTOroHasbHYHO € OpUeHTauuto, YTo U
LMnHapudeckas NMH3a.

Bce ocTanbHble NMYYHKA CHUTAKOTCH aCTUTMaTUHECKUMI.

[[eomeTpuyeckast Knaccndukauuns nyvyka dasmpyeTcsa Ha COOTHOLWLEHUSAX, BbITEKAOLWNX U3 aHanns3a MaT-
puvLbl Nnydvka. Ecnn Bce Tpu cybmaTtpuusl W, M n U npumepHo nponopunoHanbHbl eAUHUYHON MaTpULLE, TO Ny-
YOK CHUTAOT CTUrMATUYECKUAM (FTOMOLIEHTPUYECKUM). [y4HoK cunTatoT cnaboacturmatuyeckum n pacTAHYThIM
BOONb ocen x 1 y, ecnn cybmatpuubl W, M n U anaroHansHbl. [y4ok Takke cuntaetcsa cnaboacturmaTmyec-
KM, HO MOBEPHYTHLIM Ha asnMyTanbHbIA yron ¢, ecnm cybmatpuua M npubnnsntenbsHO CAMMETPUYHA, T. €. OT-
CYTCTBYET NapamMeTp 3akpydyumBaHuda f, a rnaBHble OCU pacnpegeneHna nNnoTHOCTU MOLLIHOCTU B MITOCKOCTU
N3MEPEHUN, FMaBHbIE OCU pacXoaMMOCTen nyyka 1 pasoBoro napabononga npakTUYeckn CoBnagatoT:

P~QPg ~ Pp. (91)

Bce ocTanbHbIe Ny4Ykn cornacHo reoMeTpudeckon Knaccugpmkaumum cHmTaroTcsl acTUrMmaTuyeckKumMmum,
2.9 Knaccudgrmkauma UCTUHHLIX NYYKOB

[‘'eoMeTpuyeckas Knaccmukalma nydka MoxeT rnpeTepneTb U3MeHeHUd Nocre NPoXoXaeHns ero yepes
onTudeckyo cuctemy. OaHako He Modon NyYOK NpU 3TOM MOXET ObITb NpecbpasoBaH B CTUrMaTUYECKUN (ro-
MOLLeHTpUYecKknin). Bo3MOXHOCTL Nydka ObITb NpeodbpasoBaHHLIM B CTUTrMaTUYECKUN HasblBaeTCA UCTUHHBIM
cTturmatuamom. CnegoBaTenbHo, cnaboacTurMaTMyeckMn U gaxe acTurmaTU4ecKnUin Nyvykn MoryT OblTb Krac-
CUPpUUMPOBaHBLI KAK MICTUHHO CTUrMaTudeckme (roMoLeHTpUYeckue).

[Ty4oK KnaccngunumnpyeTca kak UICTUHHO CTUrMaTU4eCcK Npu cobniogeHni yCnoBus:
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a
2 \2
(Meﬁ‘)

< 0.039. (92)

[TpumeyaHune—Illoporosoe 3HaveHue 0,039 HaxoanTCA B NMNONHOM COOTBETCTBUN C MOPOroM LUMPKYNAPHOCTU
0,87 pacnpegeneHmny NNOTHOCTU MOLWHOCTU. ITU MNOPOroBbLIE YPOBHU FAPaAHTUPYIOT UAEHTUYHOCTL F’EOMETPUYECKU CTUTMA-
TUYECKOIro Nny4vka n NICTUHHO CTUTMaTUYECKOro nydka.

3 KoppektnpoBka BnuaHuA cooHa n cMmeLleHnsa 6a3mcHON NMUHUM

3.1 Ob6wune cBeageHuUn

CuUrHanel, peructpupyemMeie NpUemMHo-yCUnNMTEeNbHbIM YCTPOUCTBOM B Ka4eCcTBe pes3yNnbTaTta U3sMepeHuni
pacnpegeneHusa NnoTHOCTU MOLLIHOCTN (dHeprun) E___ (X, y) unnu H___ (X, ¥), MOTyT ObITb pasgeneHbl Ha ABe
YacTU: «KUICTUHHOE» pacnpegeneHne nNioTHOCTU MOLWUHOCTU (3Heprn) E(X, y) nnn H(x, y), reHepnupyemon Uc-
TOYHMKOM MNy4Ka flasepHoro 1U3ny4yeHusa, 1 BepoaTHoe HeoaHopoaHoe poHOBOE pacnpedeneHne Eq(x, y), No-
poXgaemoe CTOPOHHUMW UCTOYHUKaAMK (Hanpumep, usnydeHne dpoHa UM WymMbl NpUeMHO-YCUNUTENBHOro

YCTPOWUCTBA):

£ eastX: ¥) = E(X, y) + Eg(X, ¥), (93)

rae poHOBBIA cUrHan B CBOHO oYepeab MOXeT ObiTb pasfeneH Ha OAHOPOAHYHO (FOMOreHHYH) KOMMOHEHTY
Ep el X, ¥) (HaNnpumep, caBur 6a3soBon NUHUU), HEOQHOPOAHYHO (HEFOMOTeHHYH ) KOMMNOHEHTY Eg (X, ¥) (Ha-
npumMep, HaknoH 6a3oBON JIMHUA) U BbICOKOYACTOTHbIE LUIYMOBbLIE KOMMOHEHTbI Eg .. (X, ¥):

Ep(X, ¥)= Eg omrsed X ¥) ¥ Eg inplX: ¥) + Eg poise(X: ¥)- (94)

[Tpnumedvanune—OBObIMHO TPETUN KOMNOHEHT opmynbl (54) HE TONBKO HE MOXET ObITb CKOPPEKTUPOBAH, HO B
3TOM MPOCTO HET HEOBXOAMMOCTU. bnarogaps Nnpoueccy MHTErPUPOBaHUS NPU BbIMUCITEHUN NAaPaMETPOB NyYKa LWWyMOBas
COCTaBnsAOWAs SABNAETCHA NCTOYHMKOM ClNyYanHbIX NOMPELWHOCTEN U BNUSIET NULLb Ha BOCMNPON3BOANUMOCTb PE3yrbTaToB
N3MEPEHUN, B TO BPEMSA KaK ABE OAPYIMX KOMIMOHEHTLI MOPpOXAaloT CUCTEMATUYECKMNE MOrPELLHOCTW.

[TpocTpaHCTBEHHOEe pacnpeaeneHne (OHOBOIO U3NydYeHUs XapakTtepusyeTtcd ycpeaHeHHbIM 3HadYeHUeM
MIOTHOCTU MOLWHOCTU Ep ¢4 V1 €M0 CTAHOAAPTHBIM OTKNOHEHWeM E, . Ecnn usmeHeHus nopoxxaaemMoro (ooHOBbIM
n3ny4yeHMeM BbIXOOHOMO curHana npUueMHUKa N3rnyveHud, xapal(repl}lsyerwble Pa3HOCTAMM ycpedHEeHHbIX 3Ha4YeHNU
C BbIXOO0B NOKanNbHbIX YyH4aCTKOB YYBCTBUTESTIbHOW NOBEPXHOCTU NPUEMHKMKA U OOLLIMM yCpeaHEHHBIM 3HAYEHUEM,
MeHee ER’ -, TO (pOHOBOE N3Ny4eHue, nonagarollee B NpUeMHUK, MOXKHO cHUTaTb OJHOPOAHBIM (CM. 3.4).

[lepen npoBegeHMeM OLEHKN NapaMeTpoB nydka HeobXoauMMoO BbINOMHUTL Npoueaypbl KOPPEeKTUPOBKA
BNUSHUA ooHa BO M3beXaHne NosIBNeHUs1 COCTaBMALLMX CUTHAMOB NOMeX B KPbINbsX pacrnpegeneHust, KoTo-
pble Hemnb3d Oblf1o Obl OTAENUTL OT NONE3HOro CUrHana npyu NPoBeaAeHUN onepauun MHTerpupoBaHud. [epBbli
Lar — 37O rpybasa KoppeKkTUpoBKa NyTeM BblYUTAHUS U3 NONYYEHHbIX Pe3yibTaToB U3MePeHU pacnpeaeneHund
MIOTHOCTUA MOLLHOCTMN B CeYeHUN nydka MO0 N3BECTHOIO («KapTUPOBAHHOIO» ) NPOCTPAHCTBEHHOIO pacnpee-
neHna OHOBOTO U3NyveHus, DO ero ycpeaHeHHoro pacnpegeneHus. [Npy HanM4nMmM npuemMHuKa nsnyvyeHuda ¢
MOCTOAHHBIM YPOBHEM LUYMa MO BCen ero YyBCTBUTENbHOW NnoLwagke MOXXHO OrpaHUYnTLCA KOPPEKTUPOBKOW MNy-
TeM BblUUTaHUA yCpeaHEeHHOro ypoBHS ooHa. Bo BCex Apyrnx cny4vasix Heobxoanma KoppeKkums nytTem BbluUTa-
HUA «KapTUPOBaHHOrO» (T.e. onpedeneHHOro 3apaHee NPOCTPaHCTBEHHOro pacnpeaeneHus) NIoTHOCTU
(pOHOBOIc U3Ny4YeHUs.

Oba Bnaa aTuX KOPPEKTUPOBOK (CM. 3.2 1 3.3) NPUBOAAT K CHUXKEHUIO YPOBHS BbI3bIBAEMOU CMELLIEHNEM
norpeLwwHocT B nydwem cnydae go 0,1 3Havawen undppbl Mnagluero paspsaaa, Ho He Bcerga obecnevnsaroT
KOPPEKTUPOBKY BIMUSIHUSA CMeLLeHNs1 6a30BON NMUHUK OT €e HYNEBOro NONOXeHUs.

[1o npuumnHe cToxacTuiyeckou npupoabl POHOBOIO WyMa (CaBUr 0a3oBON NMIMHUK ONpPeaenanT NyTem
ycpeaHeHUa BceX He NoABeprinxca obnyyvyeHuo afieMeHToB (NMKcenen) NnpueMHUuKa UsnyvyeHns), nopox-
aoaeMoro onyktyaunamMmm oKpyXXawwmnx UCTOYHUKOB M3NyvYeHUsl, paccesaHHbIM U3NyvYeHUuemMm Unm apyrumi
MCTOYHNKAMN HEKOTEPEHTHOro U3nyvyeHns nasepa (Hanpumep, gpnyopecueHunen n/unm oCTaTouHbIM NOTO-
KOM namnbl Hakadky), 4OCTaTOUYHO TOUYHOE onpedeneHne casura 6asoBon NMHUN 4OCTUTaeTCca USMepeHUs-
MW pacnpegeneHns nIoTHOCTU MOLLUHOCTU B NOMNEepeyHOM cedeHun nydka. Haxe HebonblUMe CcOBUMMA
0a30BOU NMNMHUKM OT ee HYNEeBOro NoJIoXKeHUs MOTyT NopoXAaaTh 3HAYNTENbHbIE MOrPELHOCTU NMPU OLLEHKe
napamMmeTpoB, XapaKTepusyrLwnx nsmMmepeHHoe pacnpegeneHnue nNiNoTHOCTU MOLWHOCTU. CneaoBaTeNbHO,
ocobeHHO ANnst ManopasMepHbIX NMyYKOB, Korga UX LWAPUHBLI HE NMPeBbIWAaT YETBEPTU NONEPEYHOro pasmMe-
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pa YyBCTBUTENbHOW NNOoLWAaAKM NPUEMHMNKA U3NYyYEeHUs, HeObXOAMMO BbINOMHEHWUE AONONMHUTENBHBIX NPO-
Leayp, onncaHHbIX B 3.4.

[Tpy HagneXxalwen KOPPEeKTUPOBKE NYyTEM BblYMTAHNUA POHOBOMO U3NyYeHUS OCITKHbI CYLLECTBOBATL
oTpuuaTenbHble LUYMOBLIE COCTABMSAOLWNE B KOPPEKTUPYEMOM pacnpedeneHn NNoTHOCTUA MOLWHOCTU. MX
HeobXxoaMMOo BKNoYaTh B nocneayowme cueHKU Ans KoMneHcauum NonoXNTenbHbIX LWYMOBBIX COCTaBNSA-
OLL X,

3.2 pybana KoppekTUpOBKa NyTeM BbIYUTaHUA pacnpegeneHua doHa («kkapTupoBaHHOro» pac-
npeneneHna o OHOBOIro U3ny4eHus)

[lepead NOCTAHOBKOM OCHOBHOIQO 3KCMEpPUMEHTa NO U3IMEPEeHUIo «KapThl» pacnpeaeneHns NNOTHOCTU
MOLLIHOCTM («KapTbl CUrHANoB» ) HeOHXOAUMO 3aperMcTPUpPOBaTh « TEMHOBOE U30DpaXeHUe» («KapTy poHar),
npeacTasnsowlee cobon pacnpegeneHme nNOTHOCTU POHOBOrO U3Ny4YeHUS NPX NepeKkpbiTOM Ny4vke Henpe-
PLIBHOIO Nasepa Unun BbIKINHYEHHOW cXeMe 3aepXKM (3anycka) UMNynbCHOro nasepa.

YcpeagHeHHast «kkapTa poHa» siBnsieTcsl yecpedHeHHBIM pe3ynbTaToM, No KpanHen mepe, He meHee 10 13-
MepeHu (n > 10) pacnpeaeneHnUsa NNOTHOCTU POHOBOIO U3NYyYEHUS:

1 n
Eg(X, y)= - ;EB(Xs.V)f- (55)

[locne KOppPeKTUPOBKU C UCNOMb3oBaHUEM POPMYIbl (55) UCTUHHOE pacnpeaeneHne NoTHOCTU MOLL-
HOCTU («KapTa CUrHanoB») ONMUCLIBAIOT BblpaXeHUeMm

E(X: y) — Emeas(x:' y) T EB (X: y) . (56)

1oy nonagaHn Ha NPUEeMHUK n3ny4vyeHUsa PnyKTynpyroLwmx BO BpeMeHU HeCKOPPEeKTUPOBaHHbLIX OCTa-
TOUHBIX N3NYyYeHNN POoHA, BbI3bIBAKOLLUX UCKaAXKEHNST pe3ynbTaToB U3MepEeHnn, HeobxoanMo BbINOMHUTL He-
nocpeACTBEHHO cneayrwowme apyr 3a ApyroMm 3kcnepuMeHTbl Mo peructpaumm «Kaptbl poHa» MU «KapThl
CUrHanoB». Ansa MMNyNbCHbLIX Na3epoB UM HENPEPBLIBHBLIX Na3epoB € ObICTPOAENCTBYIOLLMM 3aTBOPOM 3TO MO-
XXeT ObITb BbINOMTHEHO LIMKMUYHBIMU BKMNOYEHUSIMA NPUEMHO-YCUNMUTENBHOIO YCTPOWUCTBA C BbINMOMNHAEMbIMA B
peXxume «on-line» BblMUTAHUAMU «KapTbl PoHa» (CM. 3.4).

3.3 Npybasa KoppeKTUpoOBKa NyTeM BbIMUTaHUA YCpeaHEeHHOro pacnpegeneHns ¢ooHOBOro U3ny-
YeHuUs

[na npneMHo-yCcUnnuTenbHbIX YCTPOUCTB C HEM3MEHHbIM (MOCTOAHHBIM) YPOBHEM (POHOBOI0 U3NTyYeHUS,
pacnpeneneHHoro no YyBCTBUTENbLHOMN NOBEPXHOCTUN NPUEMHUKA, MOXKET ObITb NPUMEHEHA KOPPEKTUPOBKA 13-
MepeHHbIX pacnpeaeneHni nyTem BblYMTaHUA ycpeaHeHHOro YpoBHS poHa.

YcpegHeHHbIN No YYyBCTBUTENbHOW NOBEPXHOCTU NPUEeMHUKA rOMOreHHbIM ypoBeHb (POHOBOIO U3NyYe-
HUA Ep ., ONPeaensatT peructpaunen n ycpeaHeHmem no nioiwlagn 3Ton NoBepXHOCTN pe3ynbTaToB, Mo
KpaliHel Mepe, He MeHee 10 n3MepeHnii (n > 10) pacnpegeneHnsa ooHa:

1 I m

EB, offset _mn Z ZEB(X:y);’: (97)
i=1 X,y =1

rae m — oblee Yicno MHAMBUAYanbHbIX (X, ¥) perncTpupyemMblX MPUEeMHUKOM TOYEK.
BblunTaHne ycpeaHeHHoro ypoBHs dooHa NMPUBOANT K CKOPPEKTUpOoBaHHOMY pacnpeaeneHuto

E(X, ¥) = EpeasX. ¥Y) —E(X, y). (98)

BbluntaHue ycpeaHeHHOro ypoBHA oOHa U3 «KapTbl CUTHANOB» He BCerga no3BonsieT CKOpPPEKTUPOBaTh
cMelleHne Da3oBON NIMHUN OT €€ HYNEBOro NoNoXKeHus. [laxe Hebonbwne cMmeleHnsa 6a3soBon NMUHUN MOTYT
lopoXaaTh 3HaYUTENbHbIE NOrPELUHOCTU OLEHKM NapaMeTpoB, XapaKTepu3yioLWnxX n3aMepeHHoe pacnpeaene-
HME NNOTHOCTU MOLLHOCTW. [103TOMY AOMKHBLI ObITh NPUHATEI MEPLI N0 MUHUMU3ALIUA NMOTPELLIHOCTEN, NOPOX-
OaeMblX cMelleHnemM 06asoBoOn NUHUK (CM. 3.4).

[Tpoueaypsbl, ONUcaHHbIE B 3.2 1 3.3, B DONbLUMHCTBE Cry4yaes Mo3BONAT CHU3UTb NMOrPEeELLHOCT 3a CHET
cMelleHns 6aszoBon NHKUK Ao ypoBHS MeHee 0,1 3Havawen undpbl Mnagllero paspsaa. Ansa manopasmep-
HBIX MYYKOB (C LWMpUHaMK nydka meHee 0,25 BXOOHOW anepTypbl NPUEMHUKA N3NyYeHUs ) Heobxoamma Aonon-

HUATENbHAas, bonee TOHKaa npoLeaypa KoOpPekTUPOBKU BNUSIHUA cMelleHns B6asncHOM NUHMK, onucbiBaemMas
B 3.4.
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3.4 ToHKana KoppeKTUpoBKa BIIUAHUA cMeLleHUAa 6a3ucHOMN NMUHUN

3.4.1 O6bwme cBeaeHUs

OboCcHOBaHME HeODXOAMMOCTU U3MepPeHUI pacnpeaeneHunus NIoTHOCTU MOLHOCTU ANA TOYMHOro onpeae-
neHnsa cMmelleHnsa 6a3oBOW NMUHUM OT ee HYNeBOro nonoXeHusa npusegeHo B 3.1. B HegaBHeM npoLlUnom Ans
TOYHOro onpegeneHns cmelleHns 6asoBoU NUHUK NO pesynbTaTaM U3MepeHU pacnpeaeneHna NnoTHOCTU
MOLLIHOCTU UCNONb30BaNuU YeTkipe rpynnbl MeToa0B:

- npeobpasoBaHms Pypbe;

- TUCTOrpamMm;

- CTaTUCTUYECKUX (CTOXACTUYECKMX);

- annpokcumavrunn.

[1sBe nocnegHune rpynnbl METOA0B OTHOCUTENIbHO NPOCTLI (CM. 3.4.2 1 3.4.3).

3.4.2 CtaTUCTUYECKUUN (CTOXACTUUYECKUN) MEeTOL,

PacnpedeneHvne oHa XxapaKkTepusyeTcsi ero CpejHUM 3HaYeHNneM Eg e . M CTaHO@PTHBIM OTKIOHEHU-
eM E, _. MpnbnunsutensHo (NMpeanonoxXunTersHo) oLeHBaemble cmeleHnst 6asoBoit NIMHUM Eg offset 1 YPOBEHbB
Lyma E ~ MOTyT ObITb U3BMEeYeHbl Npn aHanuse Moo HeobnyvyeHHoro n3ocbpaxeHna, NMb6o Heobny4eHHOM
YyacTu BHyTpI/I n3MepeHHoro pacnpegernexus (M. 3.4.3). Bce nukcenu, Ybn ypoBHN E; ;MO LLIKane cepocTu co-
OTBETCTBYIOT HEepaBEeHCTBY

E; i Eg offset T N7ER & (99)

npn 2 < n-<4, cuntatoT 06ny4YeHHbIMU U AOIDKHBI ObITh YYTEHbI NpU pacdeTax LWUpKUHbI nyvka. OcTanbHble NUuKce-
M cunUTaloT HEOBNMYyYEeHHBIMU. YCpeaHeHUe UX BbIXOAHbBIX CUrHArNoB onpeaensieT aHadeHmne cMmelleHnst 0asoBoi
NMUHUK, KOTOPOE cneayeT BblYeCTb U3 pes3yNibTaToB uaMepeHnit. ['1ockonbKy naMepeHHoe pacnpegeneHume nnoT-
HOCTW MOLLHOCTU BCerga npeactarneHo B LUMPPOBOM BUAe, 3Ta npoueaypa HenocpeacTBeHHO HenpumMeHuma
ONs 0bpaboTkM pe3ynbTaToB n3MepeHun. NoaTomMy ocyLlecTBNdeTca AByXpasmepHas (Mo NIoCKOCTU, ABYXKOOP-
OnHaTHas) ceepTka (ycpegHeHuemM cyomaTpuL, U3 n - m nukceneun

n m
r= I+— S=j+—

—~ Z
E. . _ E (60)
b (m+1(n+1) Z Zm”

2 2

a Ansl onpegeneHns obnyvyeHHbIX NUKcenen AomKHO ObITb CODNIOAEHO YCITOBUE
EB, G

, (61)
Jn+ D(m + 1)

E; > Eg oftset T N7

rae 2 <np<4.

CmellieHne NMHUN, KOTOPOoe MOANEXNT BblYUTaAHNIO N3 USMEPEHHOro U3obpaxeHus, B pesynbTaTe ornpe-
AenaoT No ycpeaHeHHoMY Yncny HeobnydeHHbIX nukcenen. OObIMHO 3Ha4YeHUAa m 1 N COCTaBNAT OT ABYX A0
NATU NPOLIEHTOB pasmepa nsobpaxeHna. CBepTKy U300paXeHNA NCNOMb3YOT TONbKO ANa onpeaeneHus Ync-
na Heobny4eHHbIX Nukceneun. MNocneayoLlne BbIMUCIIEHNA PacnpoCcTpaHATCA Ha U3MepeHHoe U3obpaxeHne
CO CKOPPEKTUPOBaHHBIM CMELLEHNEM.

[1Tpunmedanune—OnncanHas npoueaypa pacnpocTpaHseTcs Ha 006paboTKy NOPOroBbIX N306paxeHnn. B npo-
TUBONONOXHOCTb TPAANLUMOHHBIM MeToAgamM 0bpabOTKM MOPOroBbIX CUTHANOB U M300paXXeHUn, Korga NnoporoBbin YPOBEHb
MOXeT ObITb YCTAHOBMNEH NULLIBb A4S LENbIX YMCEr, ONnucaHHas npoueaypa He NpuBoanT HU K NOABNEHUIO AOMONMHUTENbHbIX

NOrpeLwHoOCTEN UBMEPEHUN, HU K NOTEPE MHPOPMALIUW.

3.4.3 MeTopa annpokcumauuu

MeToa annpokcnmMmau i no3BonNseT He TONbKO ydecTb NpudnusnuTensHble (NpeanonoXnUTenbHO) OLeHN-
BaeMble NMpn CTaTUCTUYECKON (CTOXacTUYEeCKoN) 0bpaboTKe BeNMUYUHBI, HO U 0BecnevnTb BO MHOMMX cryvasx
OOCTaTOYHYIO TOYHOCTb KOpPEeKUUn BIUAHUA CMELLEHUS.

[TpunmeyaHue—PacnpegeneHne NNOTHOCTU MOLWHOCTM HeandparnpoBaBLUEro Ma3epHoOro nydka 6bicTpo
YMEHbLUAETCHA N0 Mepe yganeHust oT ero ueHtpa. CnegoBartenbHO, B Cry4asix, KOrga WUPKHA NyYKa HE NPEBLIWLAET MoOo-
BUHbI NONEPEYHOro pasmepa YyBCTBUTENbHON NMOWAAKM NPUEMHUKA N3NYYeHUs], 0ObIYHO CYLLECTBYIOT Y4aCTKU B Npeae-
nax n3aMmepsieMoro pacnpeaeneHusi, KoTopblie He NoABeprarTcs 06nyYeHnto NasepHbIM NYYKOM (Yalle BCEro 3TO YIrNOBbIE

30HbI N30OpaKeHUs).
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OnpepaeneHne cMmellieHns 6a3oBon NMHUN yepeaHeHneM BblIbopku U3 N HeobnydYeHHbIX To4YeK (Hanpumep,
MaTPULLbI U3 N - M NUKCENEeN B KaXKO0M 13 YeTbIpeX YrioBbIX 30H M300paXkeHns) BHYTPU N3obpaxkeHus No3BonsaeT
HenocpeACTBEHHO onpeaeniuTb CMeLLieHUe, KoTopoe HeobxoAMMO BbIYECTb U3 M3MEPEHHOro pacnpeaeneHus.
[Tpn 3TOM OLIEHUBAIOT N BHOCUMYIO 3TUM CMeLleHUeM HeonpeaeeHHOCTb U3MEepPEeHNIA.

lMpumep — Ucnonb3ogarue o0bbivHoU N3 C-kamepbi ¢ ypo8HeM wWyMa 8 OOHY Yughpy HauMeHbUWe20 3Ha4va-
uje2o paspsioa npu n = m = 50 obecnevyusaem U3IMEPEHUSsTI C HECKOPPEKMUPOB8aHHLIM OCMAaMKOM HeorpeoesieH-
Hocmu 3a c4em cmeuwjeHust 6azoesolu nunuu nopsidka 1/100 amou yugpsoi.

QObIMHO M 1 n cocTaBNAT OT 2 % A0 5 % pasmepa nsobpaxeHus. KoppekTHOCTb 3TOro MeToaa AoKHA
ObITb NpOBEpPeHa cpaBHEHMEM CMeLLEeHUS Da30BON NMIMHUNA M3MEPEHHOTo pacnpeieneHnsa co cMeLleHnem, nNo-
NyYeHHbIM ANs TEMHOBOMO U300paXkeHUst NPy 0AUHaKOBLIX 30HaX (nnowaasix) ycpeaHeHUS:

Eoﬁset, meas Eoﬁset, dark ‘ VN
Ep

<M (62)

; O

npudem n, AONTKHO ObITb MeHee YeTbIpex.

Ecnn 370 COOTHOLWEHUE He BLINMOMNHEHO, TO NMNMOO BNNSET 3HAYNTENBHbBIM YPOBEHL OCTATOYHOIO N3NyYe-
HUS1 HE YCTPaHEHHOro nepekpbiTuemM nydka, NMbo nonepedHble pasMepbl NOCNeaHero CULIKOM BeSMKK Mo
CpaBHEHUIO C MonepeYvHbiMX pasMepamMy NpuemMHUKa U3NyYeHUs 1 NO3TOMY YrioBble 30HblI N30DpaXKeHUs
okasanmcb 00NyYeHHbIMN.

B 3TOM cny4yae Heobxoanmo:

a) NPUMEeHUTb POPMUPYIOLLYIO MYYOK ONTUYECKYID CUCTEMY C MUHUMAaNbHO BOSMOXHbBIM paccesiHUeM;

b) nepedopmnpoBaTb NYYOK C MEHLLUIMM pacluMpeHnemM 1nmn BeldpaTb NPUEMHUK U3NTYYEHUNS C YBENU-
YeHHbIM NonepeYHbIM pasMepom;

C) MOBLICUTb YPOBEHb 3aLLULLIEHHOCTU MPUEMHO-YCUNUTENBHOIO YCTPOMNCTBA OT BO3AENCTBUA BHELLHETO
N3NYyYEHUSA U HEKOTePEHTHOro U3NyvYeHust asepHoro pesoHaTtopa.

4 AnbTepHaTUBHbIE MEeTOAUKN U3IMEPEHUU LLUPUHDbI NYYKa

4.1 Obwumne cBeaeHUs

Ecnn nsmeputenbHasa annapartypa ¢ 40CTaTO4YHO BLICOKMMU OTHOLUEHUEM CUrHan — LWyM U paspellaro-
LLier CNOCODHOCTLIO HEAOCTYNHA, MOXHO BOCMNOMNb30BATLCH ONACLIBAEMBIMW B HACTOSILLEM pa3aene anbTep-
HAaTUBHbIMM MeToauKamMn. C NOMOLLbIO OO0CTAaTOUMHO MPOCTOWM annapaTypbl OHM obecneuvynBaloT TOYHOCTbL
M3IMepeHU gnameTpa U LWMPUHBLI NyYka, npueMnemMyro ana MHOrMx npuMeHeH1n nasepos.

OnucbiBaemMble HUXKE METOAUKK He DA3NPYIOTCS Ha onpeaeneHnn MOMEHTOB BTOPOro nopsiaka yHKLUK
NPOCTPAHCTBEHHOro pacnpeaeneHnsa niaoTHOCTU MOLLHOCTU, HeobxoauMbIX Anst cobnogeHus TpedboBaHUN
bopmManmamMa 3akoHOB pacnpocTpaHeHUsa Na3epHoro NsnydeHus.

COOTHOLUeHNe MexXxay 3HaYeHUAMU anameTpa nydka, nonyvyeHHbIMMN ¢ NpUMeHeHnemM MeToda Ha OCHOBe
MOMEHTOB BTOPOro nopsagka n anbTepHaTUBHOU METOAUKA, CUIMBbHO 3aBUCUT OT POPMbl pacnpeneneHns nioT-
HOCTU MoLlHoCcTU [4]. OaHako, Kak BUAHO 13 Tabnuubl 1, cylecTBYeT Koppensauns mexay sHavyeHUsAMU Koad-
bnumeHTa pacnpocTpaHeHnsa nydka, nofyyvyeHHbIMUA OQHOU U3 anbTepHaTUBHLIX MeToAUK, U KIacCUYeCKUM
MeTO40M, ONMUCaHHBLIM B HACTOSLLEM cTaHaapTe.

Koppendauua noaTeepXxgaetca cnegyiouwein popmyrnon

W7 <o (M7 1)1 (63)

rae M? — k03 ULMEHT pacnpocTpaHeHns nyyka, NonyyYeHHbIN /i anbTepHaTUBHOM METOAMKON;

C; — KO3(hPULMEHT KOppenaunum Mmexay 3HadyeHuamn M 2, nonyvyeHHbIMU anbTepHaTUBHON MEeTOANKON,
M cTaHdapTHbIM MEeTOAOM MOMEHTOB BTOPOro Nopsaaxa.

Tabnuwya 11— AnbTepHaTUBHbIE METOANKN — KO3 DULUMEHTBI KOppEnsaynm

AJ'IbTepHaTMBHaFI METOONKd Cf
Bapbupyemon anacdparmel (cm. 4.2) 1,14
AdBrxywerocs peskoro kpas (Hoxa Pyko) 0,81
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OkonyaHue mabnuusi 1

AJ'II::TEDHBTMBHBFI METOOWKA C

[lepemelaemon wenm 0,95

[TpumMedaHne— 3TK 3HAYEHNS C;CNpaBeaIVBbI AN ra30BbIX NA3epoB C YCTONYNBLIM PE30OHATOPOM, MOLLHOC-
Toto go 10 BT (ansa CO, nazepoB go 1 kBr)muc M ° 00 YeTbipex Ans CTUrMaTUYeCcKnX (rOMOLEHTPUYECKMX) NyYKoB. N4

GONbLMX 3HAYEHUIA M2 (I\/I2 > 4) n nasepoB APYyrmx TUNOB 3HAYEHUA KOahdurymneHTa koppensaumm TpebyoT NnoaTBEPXAE-
HUS.

N3 cooTHoWeHUA (63) cnegyet dpopmyna Anst BblMUCNEHUA AMaMeTpoB (LUUPUH) nydka:

d, =i cf(\/M—?—1j+1_, (64)

f L

rae d,— AnameTp Unn WWUprnHa ny4ka, onpegensemsblie -\ anbTepHaTUBHOU METOANKON.
4.2 MeToauka BapbupyemMou amadparmoil
4.2.1 NMpuHUUN nN3mMepeHUn

Bapbupyemyto gunadgpparmy, pasMellaeMyro B NMIOCKOCTU U3IMEPEHUN, NPUMEHSAT Anga onpegeneHus
YacTy MOLLUHOCTU NPONYLUEHHOIo CKBO3b Hee MNMy4vka B 3aBUCUMOCTK OT AMamMeTpa OTBepCTUsA (CM. PUCYHOK 3).
HeckoppekTnpoBaHHoOe (OPUEHTUPOBOYHOE) 3HAUYeHWe anameTpa nydka paBHO MUHUMaNBHOMY AMaMeTpy OT-
BEPCTUA B AMadparmMe, CKBO3b KOTOpoe npoxoauT 86,5 % cyMMapHOU MOLLHOCTU M3MePAeMOoro nyyka nanyde-
HUA. lnameTp nydka paccynTbiBalOT Mo popmyne, npuseaeHHoOU B 4.2.5.

MeToauka npyuMeHnMa NuLlb AMs NYyYKOB, Y KOTOPLIX OTHOLWIEHUE TMaBHbIX OCEe NONepevyHoro cevyeHus
He bonee 1,15:1.

4.2.2 TlpueMHUK nany4vyeHus

[TpMeMHUK n3nyveHnUsa AomKeH cOOTBETCTBOBaThL TpeboBaHMAM pasaenoB 3 U4 MO3K 61040 [3]. Kpome
TOlO:

- Heobxoaumo noateepxaeHue (Mo gaHHbIM cepTUudMKkaTa NpousBoAUTENS UK NYyTEM N3MEePEeHUN)
NTMHEVNHOCTUN 3aBUCUMOCTU BbIXOAHOW BENTUYUHBLI MPUEMHUKA NU3NYyYEeHUA (HanpumMmep, 3NeKTpU4eckoro Ha-
npsaxxeHna unm 34C) oT BXoaHOWU. 3aBUCUMOCTb OT AJTMHbI BOJTHbI M3Ny4YeHUd, HeNMMHEeNHOCTb, Heo4HOPOa-
HOCTb pacnpeaeneHus YyBCTBUTENbLHOCTU NO NMPUEeMHOU nnowaake (3oHHas XapaKTepUucTuka) AOSMKHbBI
OblTb MUHUMN3UPOBAHbLI U CKOPPEKTUPOBaHLI NYyTEM KanubpOBKU BCEro NpUemMHO-yCUNMUTENbHOTO YCT-
POWUCTBA,;

- Heobxoanmo ydoeauTbea B 40CTAaTOUHOCTU JTy4eBON CTOUKOCTU NPUEeMHON NOBEPXHOCTU YYBCTBUTENb-

HOrO 3fieMeHTa BO U3bexaHne ee NoBpeXaeHUN Npu YpesmMepHbIX 00NYHEHHOCTAX, YPOBHSAX MOLWHOCTU (SHep-
rMn);

- 30HHaA XapakTepucTuka AoMmKHa ObiTb 4OCTaTOYHO pPaBHOMEPHOW, YTODbLI NPUEMHUK He pearpoBan
Ha CMEeHY No3ULMOHUPOBaHMSA NMy4Ka, nonagatoLLlero B OTKpbITOe 0TBepCcTUe Anadparmsi;

- pasmep NpuemMHON NnoLwaakm YyBCTBUTENbLHOIO 3neMeHTa OJDKeH ObiTh BblOpaH Takum, YToDbl Npu-
eMHUKOM BocnpuHUManoch bonee 99 % cymMapHON MOLLHOCTU Nydka NasepHOro N3nyyeHus.

4 2 1 3
a) CevyeHvne guadparmel b) Bug ceepxy
(B1a co CTOPOHbLI NPUEMHUKA
N3Ny4eHns)

1 — Bapbupyemas amadparma; 2 — ny4vok; 3 — npuemMHuK UanydeHus; 4 — nasep

PucyHok 3 — Cxema namepeHnmn WnpnHbI Ny4ka rno MeTtogvke Bapbupyemon gnagparvol
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4.2.3 Ouacdparmbl/oTBepcTUA

Mcnone3ytoT Habop AnadpparMm co cTyneH4YaTtblM U3SMEHEHUEM ANaMETPOB OTBEPCTUN B HUX, YTOODLI NMpu
CMeHe odepedHoW guadpparmMel NnponyckaemMaga cneayrowen gnagparmon MOLWHOCTL Nydka cokpaljanach He
bonee 4yem Ha 5 %. [lonyckaeTcs UCNONb30BaHUE MPUCOBLIX Anadpparm ¢ KanndbpoBaHHLIMK MO pasMepam OT-
BEPCTUAMMN.

KoHCTpyKuMa gnadpparmel g4omKkHa obecnevnBaTb COXpaHEHNE HEU3MEHHBIMU BO BPpEMSA NU3MEPEHUA
reoMeTpuieckon PopmMel Nydka U KosdpduumneHTa nornoweHna ero MoLWHOCTU (aHeprun) (T. e. ACNYCTUMO
MCNOMNb30BaHWe BOOAAHOIO oxXnaXaeHus, oTpaxartenen nnu ocnaburtenen B coorsetctesin ¢ MCO 11146-1
[1]).

4.2.4 Metoauka uamepeHun

Cneayet yoeanTbecst B TOM, UTO NNOCKOCTM Anadpparmbl M BXOAHOW anepTypbl NepneHanKynsapHbl K ONTU-
YeCKoW oCcK. 3aTeM HEOHXOOAUMO NMPOBECTU FOCTUPOBKY NMPUEMHMKA N3NTYYEHUS C LIeNbo ero LLIeHTPUPOBaHUS OT-
HOCUTENBHO ONTUYECKOWU OCU C MOorpewHocTbio He bonee 0,1 WKMpUHBI n3MepsieMoro nydka. HanbHeuwas
poleaypa LeHTpUpoOBaHUA CBOAUTCA K YMeHbLUEHUIO OTBEPCTUA B Anadeparme cHavdana o AoCTMKEHUA YPOB-
HA nponyckaemoun e MolHoCTU nopagka 80 % HOMUHaNBHOW, a 3aTeM — K NepemMelleHno ee B NTOCKOCTU
N3IMepeHNN A0 AOCTUXKEHMNA MaKCUManbHOro YPOBHA NpoxXoasien CKBO3b OTBepCTUE MOLLHOCTM.

[1poBepKy NnonagaHnuga Bcen namepsaemMon MOLLHOCTY Ha YYBCTBUTENbHBLIN 3l1EMEHT NPpUeMHUKa BbIMOHA-
10T BBeAeHUeM gnageparmbl KoakcmanbHO NydKy Ha NpUeMHOU nNnollagke YyBCTBUTENbLHOIO 3rnemMeHTa TakK, UTo-
Obl oHa nepekpbiBana o 30 % nnowagn nepudepruinHon Yactn npuemHon nnowagku. Npun sTom He AOITKHO
BO3HUKHYTb 3aMeTHbIX U3BMEHEHNN YPOBHA N3MepPse MO MOLLIHOCTH.

Pernctpupytot sHavyeHne cymmMmapHOU MOLLHOCTU P, Nocrne 4Yero cTyneH4yaTto ymeHbLlaroT niowaan oT-
BepCcTUA anadpparmel TakK, YToObI NpY KaxXaoun Bapuaunn 3ton nnowaan (anamerpa) nsmepsaemas MOLLHOCTb
yMeHbLlanach He bonee yemMm Ha 5 %. PeructpupytoT 3HaueHnsa bnuxkaunwero HanbonbsLero d, 1 brnvxkauiero
HanMmeHbllero d, AMamMeTpoB OTBEPCTUA AnadpparMbl, NPU KOTOPbLIX YPOBEHb MPOMyCcKaeMon erd MOLLIHOCTU
gocTturaeT 86,5 % nepBoHavanbHOro otcyeta. OOHOBPEMEHHO PerncTpupyroT COOTBETCTBYOLIME 3TUM OMa-
MeTpam 3Ha4eHUA MOLHOCTU P, P, nnu aHeprum Q,, Q..

4.2.5 BbluucneHusn

BbluncneHnsa HeckoppekTUpPoOBaHHOIO (OPUEHTUPOBOYHOIO) 3HaYeHNA AnameTpa nyyvka dog = BbINMOTHAT
no popmyne NMHENHOW MHTEePNONALUKA B NPOMEXYTKe MeXay U3BEeCTHLIMU pasMepamMi OTBepCTMi?'l d, nd, nco-
OTBETCTBYIOLLMMWN UM 3apEerucTprupoBaHHbIMUA 3HAYEHUAMN MOLLIHOCTU P, 1 P, OKOIo YpOoBHSA 86,5 %:

Ogg5 = Ay + [(Pgg5 — P10, — 0, (P, —P,)l. (65)
[1pu orpaHudeHnax, npueegeHHLIX B 4.1, BbIMUCNAIOT AUMaMeETP (LUMpUHA) NydKa:
dy =dggs 12 1:14(\/M826,5 —1j+1 . (66)
\/Mss,s - -

4.3 MeTtoauka aoBuXyLLerocs pe3koro kpas (Hoxa ®yko)

4.3.1 MNMpuHUMUN nNaMepeHU

Hoxx ®yko Mcnonb3yioT ANsa nepeceyvyeHnUs ny4vka HenocpeaCcTBeHHO nepeg NnpMeMHON NOBEepPXHOCTLIO
OOCTaTOYHO OONMbLIOKW Nowaan YyBCTBUTENbHOMO 3NeMeHTa CMOHTUPOBAHHOTO NPUEMHMUKA U3NyYeHUs, B
pesyrnbTaTe Yero U3MepgdoT npollegLlyo MOLWHOCTbL B 3aBUCUMOCTU OT MOJTOXEHUS1 pe3koro Kpast Hoxa (CM.
PUCYHOK 4). HeckoppeKkTupoBaHHad (OpUeHTUPOBOYHAA) LUMPUHA NydKka paBHa PacCTOAHUIO MeXady ABYMS
MONOXEHUAMUN PE3KOro Kpad, B 0AHOM U3 KOTOPBLIX NpUueMHUK BocnpuHnumaeT 84 %, aB gpyrom — 16 % npo-
nyckaemon mowHocTu. LUMpurHyY nydka paccyMTbiBaOT No popmynam (67) n (68). [Npn nsmepeHUax annun-
TUYECKUX MYYKOB HanpaBneHUe OABUMXEHUS Pe3Koro Kpas OOMMKHO coBnagaTb ¢ ABYMA IMaBHLIMU OCSAMU
ny4dka.
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1 2 3

D et
T — pe3kmn kpaun (HOX PyKo);, 2 — NPUemMHUK U3NyHeHUs; 3 — NyvoKk;
4 — MexaHU3IM nepemMeLLeHUA HOXAa; & — MUKPOMETP

PucyHok 4 — Cxema namepeHunn LWNPUHbI NMyYka no MeToanke ABMXYLLETroCH Pe3Koro Kpas
(HOXa Pyko)

4.3.2 lNpueMHUK nany4vyeHun

TpeboBaHUA K NPUEMHUKY U3NYUYEHUA U K MPUEMHO-YCUNUTENbHOMY YCTPOWUCTBY B LIENOM COBMNAaaatoT C
N3NOXXeHHbIMU B 4.2.2. [INnHa pes3Kkoro Kpad gomkHa, No KpanHen mepe, nepekpbiBatb gnamMeTp NPUeMHoU no-
BEPXHOCTUN YYBCTBUTENBHOIO 3rieMeHTa.

4.3.3 MeToguka usmepeHUn gna CTUrMmaTuyecknux (roMoUeHTpU4YecKMX) Ny4yKkoB

Peructpupyot s3HayeHne MOLLHOCTU Ny4YKa C BbiBeAeHHbIM 3a ero npeaensl HoXXoM Pyko. MexaHusmom 4
(CM. PUCYHOK 4) HOXK CMeLLaloT Mo ropusoHTanbHOM OCU X 40 TeX NMop, NoKa pe3knn Kpan He COKpaTUT U3Mepsie-
MVYIO nasepHbIM BaTTMETPOM MOLLUHOCTb A0 YPOBHA 84 % nepBoHadanbHOro, Npu 3ToM PUKCUPYETCA NONoXKe-
Hue Xx,. [lepemMelleHne npogokatoT OO0 MONOXEHUA X,, NPU KOTOPOM YPOBEHb M3MEpAeMOU MOLLHOCTU
nocturaet 16 % nepBOHaYanbHOrO.

4.3.4 BbluncneHus

HeckoppeKTUpoBaHHYH (OPUEHTUPOBOYHYIO) LUMPUHY NMyYKa B AaHHOM cedeHUn d, onpeaensatoT no oop-
Myne

d, = 2(x,—X,). (67)

[lpn orpaHudeHnax, npuseaeHHbIX B 4.1, COOTBETCTBYIOLWEE 3HaYeHUe WNPUHBI (AuameTpa) nydka d_
onpeaenstoT No opmMmyne

d. =d, 12 0,81(1/1\/1;% —1j+1 . (68)
Mg L -

4.3.5 MeToguka uamepeHun gna cnaboacTurmatmyeckux nyykoB

[na onpegeneHns WWPKUH Ny4koB d_, 1A dﬁy HeObXoaNMbI NepeMeLLIeHNA PEe3KOro Kpas BAOMb ABYX MMaBHbIX
oceun cedeHna nydka. Metoaunka namepeHun (MCrneltTaHin) U PopMyIbl BbIMUCTIEHUNA Te e, UTO B 4.3.3 M 4.3 .4.

[TonoXeHust rmaBHbIX ocer MOryT BbITb HAWAEHbI cneayrwmm cdpasom:

a) onpegeneHnem ABYX OPTOroHarbHbIX HANpaBneHUN, B KOTOPLIX HECKOPPEKTUPOBAHHBbIE (OPUEHTUPO-
BOYHbIE) LUMPUHBLI NMy4YKa O4WUHAKOBHI;

D) NMOBOPOTOM 3TUX ABYX OPTOroHanbHbIX HanpaeBneHUn Ha 45° Ao coBnageHun ¢ rnaBHbIMU OCAMUA.

4.4 MeToouka nepemMelLlaeMou Lenn

4.4.1 NMpuHUUN U3MepeHUn

Llenb, MOHTUPYEMYIO HA MeXaHU3Me nepemMelleHnda, MCNoNb3YoT AN Bblpe3aHUsa «Monockl» U3 Ce4YeHUs
nydka nepen GUKCUPOBAHHLIM MPUEMHUKOM U3MTYyYEeHUA ¢ DOMbLUOW NMoLWaabo NPUeMHON NOBEPXHOCTU Tak,
YTOOLI U3MEPATL 3aBUCUMOCTL Npollealled CKBO3b Wefb MOLWHOCTU U3MTYYEHUSA OT €€ NONOXEHUSA (CM. pUCY-
HOK 5). HeckoppekTupoBaHHasa (OPUEeHTUPOBOYHAA) LULMPUHA NydKa paBHa PacCTOAHUIO MeXxady ABYMS NOJIOXKe-
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HUAMMW LLEeNn, B KOTOPbIX NponyLlleHHada CKBO3b WeNb MOWHOCTL paBHa 13,5 % ee makcMmarnbHOro aHadveHus.
LLInpuHy nydka Bel4UCNAT No dpopmyne (69). ['Npn nsmepeHUax annunTudecknx Ny4ykoB HanpasneHnua gBuKe-
HMUA Wenn A0JMPKHBI coBNadaTh C ABYMSA IMaBHLIMU OCAMU MydKa.

[Tpnmevanne—Ilpn MCNONb3OBaAHUM NEHTOYHOIO MNPUEMHMKA W3NMY4YEHUS, MEPEMELLAEMOrO0 BMECTE CO
LLeNblo, NyYWNX pe3yrnbTaTtoB U3MEPEHUN AOCTUTAOT ANs NyYKOB DOMbLLIMX JNaMeTPOB.

17 2 3

i
R
S

1T — nepemeltaemas Wenb, 2 — NMPUeMHUK U3NyHeHUs; 3 — Ny4oK;, 4 — MeXaHU3m nepemMelleHns Wenu;, 5 — MUKPoOMeTp

N
2 N
On

PUCYHOK 5 — Cxema namepeHnmn WNpUHbI Nyvka no MeToguke nepemMeLaemon Wenm

4.4.2 lNpneMHUK U3nyvyeHun

TpeboBaHUA K MPUEMHUKY NINYHEHUST U K NTPUEMHO-YCUITMTENBHOMY YCTPOWUCTBY B LENIOM COBMNaaatoT C
N3NOXEHHbIMU B 4.2.2.

[nnHa wenu gomkHa no KkpanHen mepe nepekpbiBaTe AMamMeTp NPUeMHON NOBEPXHOCTU YYBCTBUTELHO-
ro 3nemMeHTa.

4.4.3 Llenb

[OnuHa wenn gomkHa He MeHee 4YeM B ABa pasa NpeBbillaTb NPUMEPHYIO LUMPUHY U3MepAaeMOoro ny4dka.
LLnpuHa wenun gormkHa obiTb He bonee 1/20 NpUMEPHOU LLMPUHBI N3MEPSIEMOTO MyuKa.

4.4.4 Metoauka usmepeHUn AnAa cTUrMatuyecknx (roMoLUeHTpPUYECKUX) NYyYKOB

Llenb BHe ny4yka ycTaHaBNMBAaOT NeprneHOauKynapHO K OCU ero pacrnpoctpaHeHUa 1 U3MepsoT cyMmmMmap-
HYO MOLLIHOCTb, BOCMPUHUMAEMYIO NPUEMHUKOM U3NYyYEHUSA NMPU OTKPBITOM BXOAHOM OTBEPCTUM NPUEMHO-YCU-
NnnUTenbHOro yctpoucTtea (otcueT Ne 1). 3aTem wWenb nepemMellaroT B NIOCKOCTU U3MepPeHUU B HanpasnleHuu,
nepneHanKynsapHOM K OCU pacrnpocTpaHeHnd, Noka rnponyckaHne CKBO3b Hee B OJHOM KOHLLe cevyeHUs He J0cC-
TUrHeT 13,5 % cyMmMapHOM MOLLHOCTK, 3apernctpuposaHHou npu otcdeTe Ne 1. I'pun 3TOM (PUKCUPYIOT NMonoXe-
HUe X, LWenn. To Xe NoBTopAT NpU AanbHeuLleM nepemMeLleHnn LWen 4o NofoXKeHNA X,, COOTBETCTBYHOLLIEro
ee nponyckaHuio 13,5 % cyMmmapHOM MOLLHOCTW Ha APYroM KOHLEe cevyeHUda nydka.

4.4.5 BbluncneHuns

PaccToaHne Mexagy nonoXeHUsaMmn X, U X, X,—X, ABNAETCA HECKOPPEKTNPOBAHHON (OPUEHTUPOBOYHON)
LUMPUHOM Ny4Ka d..

[1pon orpaHn4eHusax, npuseaeHHbIX B 4.1, COOTBETCTBYIOLEE 3Ha4YeHe WNPUHbI (QnameTpa) nydka d_Bbl-
YMCNAKT No popmMmyne

d. —dg— _Q95(JM_§ _1j+1'. (69)

[

4.4.6 Metoguka usmepeHun 4na cnaboacrurmatuvecknux Nny4vyKkon

Ana onpeaeneHnsa WWPUH Ny4YKkoB d_ U dﬁy HeobXoaMMO BBINOMHUTL ABa U3MEPEHUA BOOMb MMaBHbLIX
oceln ceveHusa nydka. Metoguka nsmepeHUn U OPMyIbl BIYACTIEHUN Te e, YToB4.4.4 n4.4.5.

[ToNoXeHnsa rnaBHbIX 0ceit MOTryT ObITb HaWAEeHbI creayownm obpasom:

a) onpegeneHnemM ABYX OpTOroHalrbHbIX HanpaBneHU, B KOTOPLIX HECKOPPEKTUPOBaHHLIE (OPUEHTUPO-
BOYHbIE) LUMPUHBI NyYKa OQNHAKOBBI;

L) NOBOPOTOM 3TUX ABYX OPTOroHanbHLIX HaNpasneHn Ha 45° 0o coBnageHun ¢ rmaBHbIMUA OCAMMN.
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[MpnnoxeHve A
(cnpaBo4HoOe€)

MaTpuubl ONTUYECKUX CUCTEM

besabeppaunOHHbIE ONTUYECKNE CUCTEMBI XapakTepunayoTes 4 x 4-hopmMaTHbIMU MaTpuLaMKn. 3aKOH pacrnpocTpa-
HEHUA N3NYy4YeHUs, NMPUBEAEHHbLIN B 2.5, Ba3npyeTcs Ha 3TUX MaTpuuax U Nerko MoXeT ObiTb UCMONb30BaH AN OLEHKN
CBOWUCTB MNy4Ka. B HaACTOSAWEM NPUNOXEHNN NpeacTaBNeHbl MaTPULbl, Xapakrepuayowmne BONbWNHCTBO HAaNbonee Bax-
HbIX U PaCrnpoCTPaHEHHbIX ONTUYECKNX 3MEMEHTOB, U OnncaHa npoueaypa BblMUCNEHNA MaTpuy, 4ns COCTOAWMX N3 HUX
OMNTUYECKUX CUCTEM.

Martpuuy, XxapakrepumayoLwlyo pacnpocTpaHeHne nyyvka Ha pacctosHue L B cBOBOAHOM NPOCTPaHCTBE, ONUCLIBAIOT
Bblpa)XeHnem

1 0 L O
So(L) = o 10 L A.1
g 00 10 (A1)
0 0 0 1,
TOHKY0 chepUYeCcKyo NMUH3Y ¢ HhOKYCHbIM pacCcTossHMEM [ ONMUCLIBAOT MaTpuLen
[ 0 0 O
S (f = 0 1T 0 O A5
>t -1/f 0 1 0} (A-2)
. 0 -1/f 0 1,
OOVMHOYHYIO TOHKYIO UMNTMHAPUYECKYIO NTUH3Y OMUCLIBAIOT MaTPULIEN
(1 0 0 O
S~ (f, )= ’ 1 09 A.3)
crllo 1) = -1/f, 0 1 0| (A
\ 0 -1/f, O ’I)
rae fy n f, — POKyCHblE pacCTOsAAHUSA B TOPU3OHTANBHOM U BEPTUKANbHOM HanpaBlieHUAX COOTBETCTBEHHO.
LinnnHgpunyeckyto nnH3y, NOBEPHYTYIO HA Yrosl o BOKPYr ONTUYECKOW OCU, OMNMUCLIBAIOT MaTPULLEN
Sreilfe 1, o) = R(a)” Sy, (f,, fy)R(a), (A.4)
(cosa  sino 0 0
—sINo.  COS o 0 0
rae R(o) = ; A.5
Ae Rla) 0 0 cosa sina (A-3)
. O 0 -—sina cos a,

R(a)" — TpaHcnoHvpoBaHHasa matpuua R(o).

MaTpuuy ONTUYECKON CUCTEMbI UNN CXEMbI, COCTOSALLEN U3 HECKOSNTBKNX OMTUYECKNX 3N1EMEHTOB, POPMUPYIOT B BUAE
Npon3BedeHns MmaTpul, XapakTepmayLmx oTaeNbHble 3MIEMEHThI ONTUYECKOW CUCTEMbI. Hanpumep, maTtpuua ontnyec-
KOW CXEMbI B BUAE CPEpUUECKON NMUH3bI C POKYCHBIM PACCTOSIHUEM f, paccTosiHUeM L, OT BXOAHOW (nepeaHen) NnoCcKoCTH
NWH3bI N paccTosiHnem L, OT BbIXOAHOW €€ NITOCKOCTU paBHa

S = Sp(Ly)Ss (NSK(LY). (A.6)
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