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Mpeaucnosue

1 NOArOTOBNEH deaepanbHbiM roCyAapCTBEHHLIM YHUTAPHLIM NpeanpuaTueMm «HayyHo-uccnegosa-
TENbCKUI UHCTUTYT DU3MYECKOW ONTUKKU, ONTUKU NA3epoB U MHGOPMALMOHHBIX ONMTUYECKUX cucTeM Beepoc-
CUINCKOTO HAy4HOTO LeHTpa «locyaapcTBEHHbIW onTnyeckun MHCTUTYT um. C.1. Basunosa» (®Iryr «HANDO-
ONNOC BHL, «FON um. C.1. Basunosax) Ha 0OCHOBE COOCTBEHHOrO NepeBoAa Ha PYCCKUI A3bIK AHINOA3bIYHOMN
BEpPCUM CTaHAApTa, YKa3aHHOTO B NYHKTE 4

2 BHECEH TexHuuyeckum komuteTom no craHaaptusauyum TK 296 «Ontuka u oToHuka»

3 YTBEPXJEH 1 BBELEH B OENCTBUE lMpukasom denepanbHOro areHTCTBa Mo TEXHNYECKOMY pe-
rynupoBaHWIO U METPONorum ot 27 ceHTabpa 2019 r. Ne 819-ct

4 Hactoawumi ctanaapr ABnseTca MoaudULMPOBAHHBIM NO OTHOLLEHUIO K MEXYyHapoAHOMY CTaHAap-
Ty ICO 21254-2:2011 «Jlasepbl n nasepHoe obopyaosaHue. MeToabl MCNLITAHUI MOPOrOBbLIX 3HAYEHUI NO-
BPEXOEHWIA, BbI3BaHHBIX Nla3epHbIM U3nyveHueM. Yactb 2. OnpeaeneHne noporosoro 3HaveHus» (1ISO 21254-
2:2011 «Lasers and laser-related equipment — Test methods for laser-induced damage threshold — Part 2:
Threshold determination», MOD) nytem nsMeHeHusa otaenbHblxX opas, KOTopble BblAENEHbl B TEKCTE KYpCU-
BOM, MCKIOUYEHUS 13 Bubnmorpadmm CCbINOK Ha MEXAYHAPOAHbIE CTaHAAPTLI, HE UCNONb30BaHHbIE B TEKCTE.

HaumMmeHoBaHMe HacCTOALEro cTaHAapTa U3MEHEHO OTHOCUTENbHO HAUMEHOBAHUSI YKa3aHHOTO Mexay-
HapoAHOro ctanaapTa Ansa npueeaeHus B coorsercrane ¢ NOCT P 1.5—2012 (nyHkT 3.5)

5 BBEJEH BINEPBbIE

6 HekoTopble anemeHTbl HACTOSILLETO CTaHAapTa MOryT ObiTb 06beKTaMK NaTEHTHLIX NpaB. MexayHa-
poaHas opraHusauusi no crasgaprusauum (MCO) He HeCeT OTBETCTBEHHOCTU 32 YCTAHOBIEHWE NOANMHHOCTU
Kakux-nubo nnu BCex Takux NaTeHTHbIX NpaB

lMpasuna npumeHeHuss Hacmosweeao cmaHd0apma ycmaHoerieHbl 8 cmambe 26 PedeparnbHO20 3aKOHa
om 29 uwHs 2015 e. Ne 162-®3 «O cmaHOapmu3sayuu e Pocculickoid ®edepayuu». UHgopmayust 06 u3-
MEHEeHUAX K HacmosaweMmy cmaHdapmy nybnukyemcs e exe200HOM (1o cocmosHuIo Ha 1 sHeaps meKyuiezo
200a) uHhopMayUOHHOM yKaszamene «HauuoHanbHblie cmaH0apmbiy, a ohuyuanbHbill meKcm u3MeHeHull
U rNonpaseoKk — 8 €XeMecs4YHOM UHhOpMaUUOHHOM yka3lamere «HayuoHanbHbie cmaHOapmbi». B criyqae
nepecmompa (3ameHbl) unu OMmmMeHbl Hacmosauweao cmaHOapma coomeemcmeyloujee yeedomreHue byoem
onybruKkoeaHo 8 bnuxaliluem 6bilyCKe eXeMeCs4HO020 UHGOPMaUuUOHHO20 yKasamerns «HayuoHarnbHbie
cmaHOapmbi». Coomeemcemeyioujasi UHgopmayus, yeeOoMIieHue U meKcmbl pasMewiaromest maKxe 6 UH-
ghopmayuoHHOL cucmeme obuyezo nonb3oeaHuss — Ha oghuyuanbHoOM catime ®edeparnbHo20 azeHmemea o
MEexXHUYECKOMY peayrnuposaHulo U Memporsnoauu 6 cemu iimepHem (www.gost.ru)

© IS0, 2011 — Bce npaBa coxpaHaoTca
© CraHaaptuHgopm, ocbopmnerue, 2019

Hacrosimin ctanaapt He MOXET BbiTb NMOSTHOCTLIO UIKM YAaCTUYHO BOCTNIPOM3BEAEH, TUPAXUPOBAH U pac-
NPOCTPaHEH B Ka4ecTBe 0hULManbLHOro usnanus 6es paspeluenus degepanbHOro areHTCTBa No TEXHUYECKO-
My PerynumpoBaHuIO U METPONOTMN
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HAULMWOHANBbHbBIN CTAHOAPT POCCUUCKOWN GEQEPALUUMU

OnTtuka n poroHnka
NA3EPbI 1 NA3EPHOE OBOPYJOBAHUE
MeToakl onpegeneHus nopora nasepHoro paspyweHus
YacTtb 2

OnpeneneHne NnOPoOroBoro 3Ha4eHus

Optics and photonics. Lasers and laser-related equipment.
Methods for determination of laser-induced damage threshold. Part 2. Threshold determination

Aara BBeaeHus — 2020—09—01

BHUMAHWE! 3kcTpanonaumsa AaHHbLIX N0 nasepHOMY paspyLUEHMIO MOXET NPUBECTU K NepeoLeHKe no-
pora nasepHoro paspyweHnusa (1/1P). B cny4ae TOkCUYHbIX MaTepuanos (Takux kak ZnSe, GaAs, CdTe, ThF4,
xanbkorenuasbl, Be, Cr, Ni) aT0 MoxeT ObiTb OnacHo Ansa 3a0poebsa [cM. TOCT P 58369—2019 (npunoxe-
Hue A)].

1 Obnactb NnpUMeHeHus

Hacroawuii ctaHaapT onucbiBaeT ucnbitaHua «1 Ha 1» u «C Ha 1» ana onpeaeneHus 3Havenus M171P
ONA nasepHbIX ONTUYECKUX KOMMOHEHTOB. HacToAWwmin cTaHaapT NPUMEHSAIOT 4N BCEX TUNOB NAa3epoB U BCEX
pabounx ycrnoBui.

2 HopmatuBHbI€ CCbINKK

B HacTosLeM cTaHaapTe UCNonNb30BaHbl HOPMATMBHbBIE CChIMIKM Ha CrieayoLLme CTaHaapTbl:

FOCT P 58369—2019 (MCO 21254-1:2011) OnTtuka u ¢otoHuka. Jlasepsl n nazepHoe obopyaosaHue.
MeToabl onpeaeneHus nopora nasepHoro paspyweHusi. Yactb 1. OCHOBHbIE MOMOXEHUSA, TEPMUHBI U OMnpe-
aeneHus

FOCT P 58373 (MCO 11145:2018) Ontuka u ¢otoHuka. Jlasepbl u nazepHoe obopyaosaHme. TepMUHbI
n onpeaeneHus

MpumMmedaHue — MNpu NOMb30BaAHWN HACTOSALLMM CTaHAAPTOM LienecoobpasHo NpoBEpUTL AEHCTBUE CChINOYHBIX
CTaHAapToB B MHHOPMALIMOHHOM cUCTeMe OBGLLErO NONb30BaHUS — Ha oduLmMansHoM caiite defleparnbHoro areHTCTsa no
TEXHUHECKOMY PEryNMPOBaHUIO U METPOSIOTUN B CETW MHTEPHET UK MO eXerogHoMy UHpopMaLMoHHOMY ykasaTernto «Ha-
LMOHalbHble CTaHAapTbI», KOTOPLIA ONyBNMKoBaH Mo COCTOSIHUIO Ha 1 SHBaps TEKYLLEro roaa, U no BbinyckaM exemecsy-
HOTO MHOPMaLMOHHOrO ykasaTens «HauuoHanbHble CTaHAapThI» 3a TekyLui rof. Ecnin 3amMeHeH CebiNouHbIi cTaHaapT,
Ha KoTopblil JaHa HefaTWpoBaHHas CChlifka, To PEKOMEHAYETCA UCMONMbB30BaTh AeCTBYIOLLYI0 BEPCUIO 3TOMO CTaHaapTa
C Y4ETOM BCEX BHECEHHBIX B JaHHY0 BEPCUI0 UBMEHEHWNIA. ECINM 3aMEHeH CCHINOYHBIN CTaHAapT, Ha KOTopbIi JaHa AaTu-
poBaHHas cchinka, To peKoMeHAYyeTcs Nnocre YTBEPXKAEHUA HACTOALLEro CTaHAapTa B CChIOYHbIA CTaHAapT, Ha KOTOPbIA
AaHa faTupoBaHHas ccbiflka, BHECEHO U3MEHeHWe, 3aTparuBaroLlee MonoXeHWe, Ha KoTopoe AaHa CChifka, To 3TO No-
NOXeHWe peKoMeHLYeTCA NpUMeHsATL 6e3 ydeTa JaHHOro M3MeHeHWs. ECrn CcCbiNoYHbI cTaHfapT oTMeHeH Ges 3amMeHbl,
TO NONOXEHWE, B KOTOPOM AlaHa CChINKa Ha HEro, PeKOMeHZYeTcs NPUMEHSITb B YacTu, He 3aTparmBatoLLei STy CChIKy.

U3naHue ocpuumnansHoe
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3 TepMuHbI U onpeaeneHua

B Hactosuwem craHgapre npumeHeHbl TepMuHbl no FOCT P 58373 n MOCT P 58369.

4 MeToabl NpoBeAEeHUA UCNbITAHUNA

4.1 O6wWmMe NPUHLMNBI BbINONHEHUS U3MEpPEeHUin 3HaueHui [1/1P, Bbi3BaHHbIX BO34E€NCTBMEM NA3epHOro
n3nyyeHusa, a Taike mHgopmauma 06 annaparype, noarotoeke u orbope obpasuos npusegeHbl B FOCT P
58369.

4.2 Metoa ucnbiTauua «1 Ha 1»

4.2.1 Mpu npoBeaeHMn UcnbiTaHuA «1 Ha 1» Ha KaXAblii HESKCNOHUPOBAHHDLIN Y4aCTOK HA MOBEPXHOCTU
obpasua B03AEeHCTBYET TONbKO OIMH MMMYNLC Na3epHOro U3Ny4eHna ¢ onpeaeneHHbIMU NapameTpamm nyyka.
Ha ocHOoBe akCnepuMEHTAasbHbIX AAHHbIX CTPOAT rpaduk 3aBUCUMOCTU BEPOATHOCTU Pa3pyLUEHUs OT MioT-
HOCTW SHEPTrUU UMK MIIOTHOCTU MOLLHOCTU.

4.2.2 MapameTpbl UCMbITaTeNbHOro 06opyaoBaHusa npuseaeHol B 6.2.6.5 FOCT P 58369—2019.

4.2.3 MeTtog ucnbiTaHUn

HesKCnOHUPOBAaHHBIE UCTILITATENBbHBIE YYACTKA PA3MELLAIOT B Ny4YKe 1 06My4aioT OAUHOYHLIMU UMNYTb-
Camu Na3epHOro M3ny4yeHusl C PasHbIMW 3HAYEHUSAAMU NNOTHOCTU 3HEPTUM UK NAOTHOCTU MOLLHOCTU. OaHO-
KpaTHOMY BO3AEWCTBMIO NPEABAPUTENbHO 3aAaHHON SHEPTMM UMNYSbCA (MNN MOLLHOCTU Ny4ka) NoABepraoT
MMHUMYM AECATb YY4ACTKOB U ANSA KAXKAOTO y4acTka UKCUPYIOT haKTUHECKOe 3HAYE€HUE SHEPruM UMNynbca
(MK MOLLHOCTH NyYKa), U3MEePEeHHOe BNOKOM ANArHOCTUKM Myyka, a Takke CTeneHb pas3pyLueHus nocne obny-
YeHUA (Hanuuue Unm OTCYTCTBUE paspyLueHusn). 3aTeM NOBTOPSIOT AaHHYIO NOCNEeA0BaTENbLHOCTL ANA APYIMX
3HaYeHWNn SHEePruu UMNyNbLCa MNU MOLLIHOCTU Ny4ka. [lnana3oH UCNONb3yEMbIX 3HAYEHWII IHEPrMU UMNynbea
UM MOLLHOCTM MyYKa AOMKEH ObITb AOCTATOMHO LUMPOKMM A TOro, 4TOObI BKMOYATh HU3KME 3HaYeHUus, npu
KOTOpPbIX pa3spyLUeHUe Ha y4dacTkax He HabnoaaeTcs, U BLICOKME 3HAYEHUA, NPU KOTOPLIX paspyLueHue Habno-
[aeTcsl Ha KaXa0M UCNbITYEMOM y4acTKe.

4.2.4 OueHka pe3ynsTaToB U3MepeHun

[aHHble 0 3HayeHun [1/IP nonyyaloT METOI0M OnpeaeneHust BEPOSTHOCTM paspyLueHus. [ns Toro yYro-
6bl NOCTPOUTL rpacdnk 3aBUCMMOCTU BEPOSITHOCTU Pa3pyLUEHUs1 OT BEJIMUUHLI, B KOTOPOI AOMKeH ObiTb Bbl-
paxeH /1P, BepOATHOCTb paspyLUeHUsi He0BX0AUMO ONPeAEnsTb AN KAKAO0ro 3HaUEHUS NAOTHOCTU SHEPrun
UM NAOTHOCTU MOLLHOCTMW MO Mepe YBeNMYeHUs Kak OTHOLLEHME YMCHa y4acTKOB C pa3pyLueHuem Kk obiemy
YUCHY UCMBITYEMBIX y4aCTKOB. [1pW BLINONHEHUM NIMHEWHON IKCTPANONALIMU AAHHBLIX O BEPOATHOCTU paspyLue-
HWSA 0O HYNEBOIN BEPOATHOCTM pa3spyLLEHUs MOMy4atoT NOpPoroBoe 3Havexune. MNpumep nokasaH Ha pucyHke 1.

B cniyyae ucnonb3oBaHus nNasepHoOli CUCTEMbI C BLICOKOW Bapuaumeit 3Heprum oT UMNynbca K UMNynbcy
Z[0NyCKaeTcs NpoBeAeHNe UCTLITAHUIA C NPOU3BOSbHBIMU 3HAYEHUSIMU SHEPTUU C NOCNEAYIOLENH COPTUPOBKOW
[aHHbIX N0 COOTBETCTBYIOLLMM MHTEPBANamM 3HEPIUM NOCIe NPOBEAEHUSI UCTIbITAHUSA.

MpumedaHus

1 MNpumepbl adheKTUBHON NpoLefypbl U3MEPEHNSA C MaKCMMaribHOW TOYHOCTLIO ANSA 3afaHHOrO Yncna y4yacTKoB
npeacTasneHsl B npunoxeHusax Aun C ans ucnbitaHns «1 Ha 1» n ucneiraHnsa «C Ha 1» COOTBETCTBEHHO.

2 [naMeTp UCMbITaTeNLHOTO MyYka B COOTBETCTBYHOLLEM MOMOXEHUN 06pasLia MOXET NOBAUSTL Ha pesynbrar n3-

MepeHuUi. Takum o06pasom, 3HaueHne anameTpa nydka JormKHO ObiTb MOCTOSHHLIM B X0f4€ NPOBEAEHUS BCeld NpoLeaypb!
U3MepeHus.
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BeposATHOCTb paspylLeHust

1,0 T
0,8
0,6
0,4
0,2
0 T | | 1 | T | L] | 1 | L >
100 200 300 400 500 600 700
SHeprusa, Mk

MpumMeyvyaHune — YcrnoBus UCMbITAHWIA: d%’5 = 1,44 mm, A = 10,6 Mkm, T, = 100 Hc, XBOCTOBaA YacTb = 3,5 MKC
(nasep TEA CO,); obpasupl: KBr okHa, 50 WwT. AnameTpom 40 MM.

PucyHok 1 — paduk ansa onpeaenenuns /1P, NoCTpoeHHLIN
Ha OCHOBe 3KCNePUMEHTANbHBLIX AaHHbIX

4.3 Metoa ucnbitauua «C Ha 1»

4.3.1 ina onpeaenenus /1P npu npoeeaeHumn ucnbitaHuin «C Ha 1» He0O6Xx0AUMO pacLUMPUTL YCTaHOB-
KY 1 HENOCPEeACTBEHHO npoueaypy ucnbitaHus «1 Ha 1». TeM He meHee anAa ucnbitaHuin «C Ha 1» MOXHO Uc-
nonb30BaTh UCNbITaTENLHOE 000pYyAOBaHUE ANS UCNLITAHUI «1 HA 1», ecnu cucTeMa OHNaNH-0OHapY>KeHUs
paspyweHua coeMeweHa ¢ audppepeHumnanbHbiM UHTEPAEPEHLNOHHO-KOHTPACTHLIM MUKPOCKONOM Homap-
ckoro. PekomeHayeTcsi, UtoObl cucTema oHnanH-o6Hapy)XeHUSA pa3pyLleHUst MMena BO3MOXXHOCTb NpepbiBa-
HUA NOCNEAYIOWMX UMNYITbCOB U OCTAHOBKU CHETYMKA UMMNYNbCOB NOCE 0OHApY>XeHUs1 pas3pyLUeHusI.

4.3.2 MapamMeTpbl UCNbITaTENLHOIO 060PYAOBAHUS AOMKHbLI COOTBETCTBOBATL 6.2.6.5 NTOCT P 58369—
2019 n cnegyowmM AONOMNHUTESNbHLIM NApaMeTpam:

a) YNCNo UMNYNbLCOB, Bbi3blBaKOLLEE paspyLleHne S;

b) uncno ucneitatenbHeix y4actkos Nog,, .

MpumeyaHne —IpunposeaeHUn ncnuitaHna «C Ha 1» napaMeTpbl, ykasaHHble B nepedncnenunax d)—g)6.2.6.5
TOCT P 58369—2019, oTHeceHbl K CBOCTBAM TUNUYHOrO UMNYNbCA, onpefeneHHsiM B 6.2.6.4 FOCT P 58369—2019.

4.3.3 MeToa ucnbiTaHui

HeakCnoHMPOBAaHHbIN UCNLITATENBLHBIN YH4aCTOK HAXOAUTCA B Ny4Yke U 06ny4yaercsa cepuei s S uMnynob-
COB CO 3HAYEHWUEM SHEPrUM TUNUYHOTO umnynbca cepun Q.. MNpn BLIABNEHUM Pa3PYLUEHUA C NOMOLLLIO Cu-
CTEMbl OHNAWH-00HAPYXXEHUA A0 3aBepLUEHUs CEPUU U3 S UMMYNbLCOB, NPEKpPAaLLAOT 00nyYyeHne yyacrka u
hUKCUPYIOT MUHUMATILHOE YMCAO UMNYNLCOB N, . . 3aTeM NOBTOPAIOT UCMILITAHUA ANSA PA3NIMYHBIX 3HAYESHN A
3HEPruM TUNKUYHOTO uMNynbca. Yncno S umMnynbLCoB AOMKHO ObITb OAMHAKOBBIM B XOAE BCEN npoueaypsbl
MCNbITAaHWA ¥ BbIBpaHO TakuM 06pa3omM, YToBbl NpU UChbITaHUAX «C Ha 1» BbIABUTbL XapakTep 3aBUCUMOCTU
BEPOSITHOCTM NA3EPHOro paspyLleHnsa obpasua oT NAOTHOCTU SHEPTUM UITU MOLLHOCTM.

4.3.4 OueHka pe3ynbTaToB U3MEpPEHUN

4.3.4.1 Nocne ocmorpa obpasua pesynbrar ucneiraHusa «C Ha 1» NPeACTaBnsioT B NPOTOKONE pesyrb-
TaroB HabnoaeHui B BUAE:

- (@ Ny): Tae N, < S, B ciyuae Hanuumus paspyLUeHus;

- (Q, S), ecnu paspyLueHne He 0GHapYKeHO.
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OLeHKY NONYYEHHbIX AaHHbIX (CM. PUCYHOK 2) BbIMOMHAIOT C MCMOMb30BAHUEM XapaKTepUCTU4ECKON Kpu-
BOW paspyLueHus (M. 4.3.4.2) unu meTogom aKcTpanonaumm (cm. 4.3.4.3).

SHeprus umnynbca, Mk

\
o-1
X X x-2
XX XXXXXH X x
"
Q QAQ_ XX XX K
Q-AQ X X % XX X
X XXX X XXX X X X
X XXXX KXXX XX XXX
XX XXX X X
X X X XX X X (o]
X X o
X X X o
X (o]
T T T T T >
1 10 N 100 1000 10000 100000

Yucno umnynscoe

N — yucno umnynecos; 7 — 6es paspyLUeHus; 2 — ¢ paspyLleHnem

PucyHok 2 — PesynbraThbl HabntogeHuid, nony4eHHsle Npu ucneltaHuax Ha /1P

MepBbii MeTOa obecneunBaeT TOUHOE OnpeaeneHne 3HaveHus /1P, N03ToOMy ero NPUMEHSIIOT Npu NpPo-
BEAEHUM (hyHAAMEHTanbHbIX UCCNEAOBaHUIA U UCTILITAHUM NPOTOTUMHBLIX KOMMNOHEHTOB. MeToa akcTpanons-
uum Gonee npakTUYHbIA ANA onpeaeneHust 3Hadenus /7P npu ucnbitaium «C Ha 1» Ana 6onbworo ynucna
UMMNynbCOB.

4.3.4.2 [InfA OLEHKN NOMNYYEHHbIX AAHHBIX C UCNOMb30BAHUEM XapaKTEPUCTUYECKON KPUBOI PaspyLLUEHUA
NPUMEHAIOT MeTod UChbITaHun «C Ha 1» (cMm. 4.3.3) Ha [1/IP n 3anuCb KOHEYHOro MPOTOKONa pesynLTaTtos
HabniogeHun. Ona OUEHKM C AOCTaTOMHON 3HAYMMOCTbIO MUHMMArbHOE YMCHO Y4acTKOB NM.y noasepraor
UCMBITAHNAM AN ONPeaeneHns KaXoro SHa4eHna sHeprun Q. TMNUYHOTO UMMynbca. MuHUManbHoOe Yncno
y4yactkos Ny, , MOxeT 6bITb NPUBIMXKEHHO BLIYMCNEHO NO CREAYIOLEMY COOTHOLLEHMIO:

NM‘y =5 - uenoe 3Ha4yenue (1+log,q S). )

[nanasoH 3HaYeHMit IHEPruM TUNMYHOTO UMNYMbca Q ., AOMKEH ObITb AOCTATOMHO GONbLUMM, BKNOYas
TOYKWU, COOTBETCTBYIOLLME HYNEBOW BEPOATHOCTU PaspyLUEHUs], @ TaKke TOUkK, cooTBeTcTytowme 100 %-How
BEPOSATHOCTU paspyLUeHus.

3Ha4YeHus BEPOATHOCTH pa3pyLUeHUs A5 ONPEAENEeHHOro Yncna uMnynbcoB N 1 ykasaHHOW SHeprun Q
paccYMTLIBAKOT HA OCHOBAHUM cneayloLero Mmetoga 06paborku u oTéopa AaHHbIX.

Lkana aHeprun pasgeneHa Ha psa uHTepsanos [Q — AQ, Q + AQ), oxBarbiBasi AManNasoH 3Hepruu, Ao-
CTYMHbLIN B UCNbITATENLHOW ycTaHOBKE. [InsA pacyeTa BEPOSITHOCTU pa3spyLUeHUs ANsi ONPeaeneHHoro 3Hade-
HUA 9Hepruu Q u Ana BLIGPAHHOTO Yncna umnynbcos N pesynbrarsl HabnoaeHuii npu Q. , = [Q-AQ, Q+AQ)
BbIOMPAIOT U3 NPOTOKONA pesyrnkraToB HabnoAeHui. Pesynkrarsl Habnogenuin npu N, < N COOTBETCTBYIOT
ydacTkaMm C paspyLLUeHnem, Npy STOM pesyrnsrarel Habnoaeuui npu N, > Nunn S = N COOTBETCTBYIOT y4acT-
kam 0e3 paspyLueHUs B paCCMOTPEHHOM UHTEPBAaNe dHepruu. 3HaueHne BEPOSTHOCTU Pa3pyLUEHNA AN dHep-
M Q paccYUTLIBAIOT KaK OTHOLLIEHWE YUCNa TOYEK, COOTBETCTBYIOLLMX Y4aCTKaM C paspyLueHuem, k obiemy
Yucny TOYEK, PACCMOTPEHHbIX NPU OLIEHKE.

4
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MpumeyaHmne — 3Hadenne AQ BbIGUpaloT Takum 06pa3oM, YToOLI CyLLECTBEHHAs YacTb pe3yneTaToB Habnoae-
HUI Gbina focTynHa Ans onpeaeneHHoro nitepeana [Q — AQ, Q + AQ). 3HauyeHne AQ f0MKHO GbiTb NOCTOSHHLIM B XOf e
npoLeAypbl OLEHKN, OHO OMNpeAenseT CTaTUCTUYECKYHO OLUIMGKY NOpPOroBLIX 3HAUYEHUA.

Mpumep adpchpekTUBHON Npoueaypbl MSMEPEHUS C HaANEXalUMu BLIOpaHHLIMU NapameTpamMu npuee-
AeH B npunoxxeHum C.

McnbiTaHusa NOBTOPAIOT ANA APYrMX 3HAYEeHU dHeprum Q Ana nonydyeHuss Habopa AaHHbIX 3HAYEHUN
BEPOSATHOCTU pa3pyLueHus AnsA BbIGPaHHOro uncna uMnynbcoB N. KoHeuHbli HAbop AaHHbIX NpeAcTaBnser
AUCKPETHBIE AHHbIE HA KPUBON BEPOSTHOCTU Pa3pyLUEHUS!, NOCTPOEHHON OTHOCUTENBHO SHEPIUN TUMUYHOTO
umnyrbca. o 310 KPUBOI 3HAYEHNA SHEPTN Q,y, Qsg M Qgy ANST COOTBETCTBYIOLUMX 3HAYEHUI BEPOATHOCTH
paspywenus 10 %, 50 % u 90 % nony4eHbl METOAO0M 3KCTPaNONALMUMN.

[Mpu BbINONHEHUU NUHENHON IKCTPANONALUW KPUBOIW BEPOATHOCTU Pa3pyLUEHUs 40 HYNEBOW BEPOATHO-
CTU pa3pyLUEeHUA NONy4aloT NOPOroBoe 3Ha4eHue sHeprum (CM. 4.2.4), KOTOpoe A0MKHO GbiTb Npeobpa3soBaHo

B €AMHULbI NOPOroBoro 3Ha4eHUA NNOTHOCTU 3HEPIuKn Hnop nnn Noporosoro 3Ha4eHUA NAOTHOCTU MOLLIHOCTH
E

nop. . . .
MeToa nuHeHon 3KkCTpanonaLun ¢ UCNONbL30BaHUEM ABYX 3HAYEHUI pe3ynLTaToB HabnmogeHuin Bmecre

C 3a/1aHHOM BEpOSITHOCTLIO pa3spyLUeHUs ABNAETCA Haubonee NPOCTbiM Ana 06paboTku aaHHbIX. Mpu 60nb-
LIOM OObeme pe3ynbLTaToB HabMOAEHUI A0NYCKAETCA NPUMEHEHNUE AONONMHUTENbHBIX METOAO0B dKCTpanons-
Lun. Onncanme METOAA IKCTPANONALMK AO0SHKHO ObITb NPUBEAEHO B NPOTOKONE UCMBbITAHMNA.

Ha pucyHke 2 pesynsratbl HabnNIOAEHWI, COOTBETCTBYIOLLME y4acTKaM C paspyLUeHueM, NPeaCTaBneHbl
B BUAE «X», a pesynbrarbl HabnogeHui, COOTBETCTBYIOLUME yyacTkam 6e3 paspylweHus — B BUAe «o». Mpo-
ueaypa OueHku, Ucrnonb3yemasn ans Meroga onpeaeneHusi BEPOSITHOCTU pa3pyLUeHuUsl, NpUBEAEHa No UHTEp-
Bany [Q — AQ, Q + AQ), oTMe4YeHHOMY Ha rpadhuke. Bo Bpemsi ucnbiTaHuA Ans onpeaeneHHONn napbl 4aHHbIX
MOXET GbiTb NONYYEHO HE OAHO 3HaYeHue (Q.,, S) unu (Q,, N,,,)- Y1Cno sHa4YeHuin ansa onpeaeneHHoN
napbl JaHHbIX MOXET ObITb YKa3aHO Ha rpaduke.

Ha pucyHke 2 HarnsagHO NPEACTaBneH CTaHAAPTHbIA HAbop AAHHBIX, MOMYYEHHbIA NPU UCMLITAHWUK
«C Ha 1» Ha [1/IP. Takum 06pa3om, LUKana SHepruM UMNynbLca NpeAcTaBrieHa B NMPOU3BOSbHLIX eAUHNLAX,
KONMYECTBO C YKa3aHUEeM HanuuuMsa WASHTUYHbIX PE3ynbTaToOB HAONIOAEHUIF HE NMPUBEAEHO.

Ons noCTpoeHMA xapakTepucTMiecKkon KPUBOW paspyLUEHUS BbILLEONUCAHHBI anropuTM NOBTOPHO UG-
Monb3yIT ANs BbIGPaHHOTo Yncna umnynbcos N npu onpeaeneHnn COOTBETCTBYIOLLIMX 3HAYEHUA SHEPrun Q, o,
Qo M Qgg. DT 3HAYEHNA NpeobpasoBaHbl B €ANHNLLI, B KOTOPbIX BbIPaXeEHO 3HaueHune [1/IP un rpacuyecku
NpeacTaBneHo OTHOCUTENBHO YMCna UMNYNbLCOB. YNCNo MMNYNbLCOB BLIGUPAIOT TakuM 06pa3oM, YTOObI B BaXX-
HOI 0BnacTn XapaKkTepucTUYEeCKOH KPMBOW paspyLleHust Obino NpeacTaBneHo Kak MUHUMYM MSTb 3HAYEHUI
pe3ynbTatoB HabnogeHwid. JllorapuMmyeckne KOOpANHATLI PEKOMEHA0BAHBI ANA AAHHOIO rpaduka ¢ LUenbio
o6ecneyeHnst BO3MOXHOCTU BbIMONHEHMA NTMHENHON 9KCTPanonAuMu XapakTtepuCcTMUYECKOM KPUBOIM paspyLue-
HUA Anst 6ONbLUIOTO YMcra UMNYNbCOB (CM. PUCYHOK 3).

MpumedaHue — JlorapudMuyeckme KOOpPAUHATHI MOMYT He MOAXOAUTH AN IKCTPAMONsALMK XapaKTepucTude-
CKOIA KPUBOI paspyLUeHUst A YpeaMepHo BOIbLIOTO Ynca UMIYbCOB.

Bo MHOIMX cniyyasx xapakTepucTuyeckasl KpuBasi paspyLUEHUst CXOAMUTCS K TOUKE KOHEYHOW NNOTHOCTH
MOLLIHOCTM, MO (POPME CXOXIAEHUA MOXHO MOSTYYUTb JaHHbIE OTHOCUTENBHO 33/1EHCTBOBAHHBIX MEXaHU3MOB
BCIIE[ICTBME CTAPEHUSA, BbI3BAHHOIO NA3ePHLIM U3NyYEHUEM (CM. NPUNOXeHUe E).
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MNOTHOCTL 3HEpruwn, JJ)K/CM2

A
0,5
0,4
0,3
i —a— -1
i -—--2
i —v—-3
0’2 1 1 Trrrrr] 1 1 LILELBLILILE | T T T rrrrrjf ) 1 LI -
10 100 1000 10000 Ywucno umnynbCcoe

1—90 % /1P, 2—50 % 1/1P; 3 — 10 % /1P

MpumevyaHune — YcnoBus UCnbITaHWi: Todep = 130 dpc, dT.@de) = 87 MkM, A = 780 Hm, f, = 1 kI'U, obpasey; CO
3epkanbHas nnockocTb (Ta,O5/SiO,) Ans usnyueHns 780 HM.

PucyHok 3 — XapakTepucTuieckas Kpusasi paspyLUeHus

4.3.4.3 MNMpu ncnonb3oBaHUM METOAA SKCTPaNonsLMn guarpamma pacnpegeneHus obnacren c¢/6es pas-
PYLLEHMS MOXET ObITb NOCTPOEHA HA OCHOBAHUU PE3YNLTATOB UCTLITAHUS C YMEHbLUEHHbIM 00bEMOM Pe3yrb-
TaTtoB HabnaAEeHUNA.

Mpu ncnonb3oBaHuyu MetToda aKCTpanonsAuMmn UcnbitaHua «C Ha 1» BBIMNOMHAIOT C TAKUM YMCIIOM UM-
NynbCOB HA UCMbITATENbHBIA YYACTOK, KOTOPOE AOMMKHO ObITk JOCTATOYHBLIM ANS onpeaeneHus 3Havenus /1P
npu ucnbiTaHusx «C Ha 1» nyTem 3KCTpanonsummu 3agaHHOro BObLLOro Yucna uMnynbcoB. Cnerka N3MeHeH-
HbI MeToA McnblTaHui (cM. 4.3.3) npeaycMoTpeH Ans BbibpaHHOro Habopa pesynsratoB HabnogeHuin. Mpu
JaHHOM METOAE YMCNO UMNYMbCOB S MEHSIETCA B XOA4€ NpoLeaypbl UCTIbITAHWI, NpUYeM HeoBXoaANMO BbiOK-
paTb S C y4€TOM TOr0, YTO NPU KAXAOM 3Ha4eHun S ByaeT SKCMOHUPOBATLCA CYLLUECTBEHHOE YUCHO YHACTKOB.
Obny4yeHre OTAENbHOIO UCMLITATENBLHOTO Y4HacTKa NPEKPALLAETCH NOCNE AOCTUXXEHUA ONPEAENEHHOro Yyncna
UMMYNbCOB UIM 0BHapY>XeHus paspyLueHus. B npotokone ucneiTaHuin npeacraBneH Habop pesynsratoB Ha-
Griopennit (Q,,. S, xapakTep paspyLIeHNs) C yKasaHWeM SHEPrun TUMUYHOTO UMMYMbLCA, BbIOPAHHOTO YKncna
UMNYNbCOB U XapakTepa paspylleHusi COOTBETCTBEHHO. [na 06pa3uoB ¢ camMoracAwyuMucs MexaHu3mamm
paspyLUeHUA METOA SKCTPANONALMK TAKKE MOXET ObITb MCNONb30BAH B YCTAHOBKAX ANA NPOBEAEHUS UCTIbITA-
HUW Ha [1/TIP 6e3 cucteMbl OHMNaNH-0OHaPYXKEHUsT paspyLUeHns. B 3ToM criydae Kakabii y4acToK NoABEPXKEH
BO3AENCTBUIO BbIOPAHHOTO YMCa UMNYIIbCOB HE3ABUCUMO OT XapakTepa pa3pyLUueHus.

Ana Bcex pesynsraroB HabnoaeHun 3HadeHne sHeprun Q. , Npeobpa3oBaHo B €AUHMLY MAOTHOCTM
3HEPrun UM MOLLHOCTM U NPEACTaBNEHO rpaduyeckn ¢ ykasaHuem BennyMHbl OTHOCUTENbHO YMCna UMMYIb-
coB. [lyTeM oTaeneHus pe3ynstatoB HabnioaeHU OTHOCUTENBHO XapakTepa paspyLueHus rpaduyecku npea-
CTaBMNeHbI y4acTku c/6e3 paspyLueHus. [laHHaa anarpammMa pacnpegenenns (CM. pucyHok 4) no3BonseT aatb
NpUONU3UTENbLHYIO OLIEHKY MOPOrOBOrO 3HAYEHUA NIOTHOCTM dHEeprun Ans 6OnbLIOro YKCna UMMNYMbCOB.
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MpumevyaHune — B cpaBHEHUU C METOLOM C UCNONB30BAHUEM XapaKTepUCTUHECKOW KPUBOW paspyLLeHNss METOA
3KCTPanosnsLMu OCHOBaH Ha 3HaYNTeNbHO MeHbLLEM Yucne ucnbiTaHuii «C Ha 1» U ¢ uchnonb3oBaHeM ogHoro obpasua.
HecMoTpst Ha TO YTO CTeneHb HAAEXHOCTW METoAAa SKCTPanonsauun orpaHndeHa, AaHHbIi MeTod MOXeT ObITb NoaXoas-
MM ANS KOHTPOMA KadecTsa npolecca NPoM3BOACTBA, CepTUMULIMPOBAHHOIO B XOAE MOMHOMO UCTbITaHNs BEPOSTHOCTU
paspyLUEHNS UMW NOATOTOBKM K pacLUMPEHHbBIM UCTBITaHUAM Ha pa3pylueHue. [uarpaMMa pacnpefenerus, nonyvyeHHas B
pesynbsraTte UCMonb30BaHWs METoga SKCTpanonsALmMmn, MOXET UHTEpPNPeTUPOBaTbCA Kak NpUbnnanTenbHas oLeHKa Xapak-
TEPUCTUHECKON KPMBOW paspyLUeHNUs (CM. PUCYHOK 4) N MOXET ObITb NofyyYeHa us daina ee gaHHbIX.

1.2

MNNOTHOCTEL aHepmn, [HK/icMm2
(=] —_
o

o
[=2]

00000000 0Q0

0'4 | | llllllll | IH!IH] ! IIII!II| | IIIIIIII 1 IIIIIII| L

1 10 100 1000 10000 100000
Konuyectso umnynscos

1 — y4vacTkun 6e3 paspyLLeHns; 2 — y4acTKu C paspylueHuem

MpumeyaHune — YcnoBus UCnblTaHUA: Tachep = 130 doc, d-,-’aqoqD =87 MKM, A =780 Hm, f, = 1 k'L, obpasel; CO —
3epkanbHas nnockocTs (Ta,O5/Si0,) Ans nanyderns 780 HM.

PucyHok 4 — [uarpamma pacnpegeneHusa AaHHblX 0 Hanu4yum paspyLueHus
Ha ncnbITaTeNbHbIX y4acTKax

[na ka)qoil ToUkM 3HaYeHue aHeprun Q. , NpeobpasoBaHO B €4MHULY NNOTHOCTM SHEPTUK U MOLLHO-
CTW U NpeacTaBneHo B BUAe rpadpuka 3aBUCUMOCTU 3TOW BENUYUHBI OT YMCna MMNynscos. MNyTem pasaeneHus
pe3ynsTaToB HAONIOAEHMUI N0 XapakTepy pa3pyLueHus Ha rpadpmke BUAHLI 061acTu, COOTBETCTBYIOLLME y4aCT-
Kam c/6e3 paspylueHusi. laHHaa guarpamma pacnpegeneHus (CM. PUCYHOK 4) no3Bonser npubnuantensHo
OLEHUTb NOPOroBOE 3HAYEHUE NAOTHOCTU HEPTUM AN BONbLIOro Yucna MMNynbLCOB.

Kaxabin pesynsrar HabnogeHuin (Q.,, S),, COOTBETCTBYIOLUWIA OTCYTCTBUIO Pa3pPYLUEHUSA, MOXHO CHU-
TaTb NPKU3HAKOM TOro, YTO paspyLUeHMe Mpu MEeHbLUEeM YMCne UMMYNbCOB S AN 3HaYeHus aHeprum Q.
ManoBeposTHO. CreA0BaTENbHO, CUMBONbI, YKA3bIBAIOLLME HA OTCYTCTBME Pa3pyLLEHUs, MOTYT BbiTb NOCTaB-
NeHbl Ha auarpammMe pacrnpeaeneHns B TeX 3HAYEHUAX S, KOTOPblE MEHEE Yucna MMNynbcoB S,. Kaxabii
pesynstat Habnoaennn (Qr,,, N,,u.)y, COOTBETCTBYIOLLIMIA HANMMYUIO PA3PYLLEHUA, MOXKHO CUMTATb NPU3HAKOM
TOrO, YTO 1 NPy GONbLUEM YKUCHE UMMNYNBCOB S ANs 3HaYEeHUs SHeprun Q. , ByeT nponcxoanTb paspyLueHue.
CnepoBaTenbHO, CUMBOJSIbI, YKa3bIBAIOLLME HA HanMumMe paspyLUeHUsi, MOTYT ObITb NOCTaBMEHbI HA Anarpam-
Me pacnpeaeneHus AnsA TeX 3HadeHuit S, koTopble Gonee ynucna uMnynscos N, .. TexHu4yeckue ocodeH-
HOCTW UMM CTaTUCTUYECKMNE PEe3ynbTaThl paspyLLeHusi 06pasLa MOryT OrPaHUYNTb HAUMEHbLLEE YUCHO Ny
KOTOpOe onpeaensercs Npu noMoLLM M3MEPUTENbLHOTO CTeHaa. Kak nokasaHo Ha pucyHke 4, nuHWa pasgena
MOXET BbITb NOCTPOEHA ANA UHAUKALIMU SHEPTUM/MMNYNBbCHOTO PEXMMA, B KOTOPLIX OTCYTCTBYIOT paspyLUeHus
obpasua.
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5 TouHOCTL

CyMMapHY0 NOrpeLuHoCcTb onpeaenstot no FOCT P 58369 ans Toro, 4ToObl YCTAHOBUTb TOMHOCTL pe-
3ynbTaToOB MCMbITAHWIA. B cyMMapHO NOrpeLHoCcT yYNTLIBAOT BapuaLuy YacToTbl NOBTOPEHUSI MMIYNLCOB,
0OLLYI0 SHEPrMI0 UMM MOLLIHOCTL NMyyKa, a Takxe NPOCTPaHCTBEHHOE pacnpeaeneHne U BpeMeHHOe pacnpe-
JerneHne UHTEHCUBHOCTH.

6 Mportokon ncnbiTaHun

6.1 B uenax 4OKyMEHTanbLHOro NOATBEPXAEHUS U NPEAOCTABNEHUS AAHHbLIX U3MEPEHMIN NPOTOKON UC-
NbITaHWUS AOMMKEH BKMNIOYaTh MHPOPMALMIO, YKA3aHHYIO B nepevncneHuax a)—c) pasaena 8 fOCT P 58369—
2019, a TakkKe pesynbrarbl NPOBEAEHHbLIX UCMbITAHWNA.

6.2 IHchopmauua o pesynbratax UCnbiTaHna «1 Ha 1»:

a) MUKPOCHUMOK TUMUYHOIO paspyLUeHUsI UCMbITAaTENbHOro0 y4acTka, Nofy4YeHHbIN C MOMOLLBIO MUKPO-
ckona Homapckoro, ¢ 3Hepruen umnynbca Unm MOLLHOCTLIO MyyKa B AuanasoHe BEPOATHOCTU paspyLUeHnUs OT
20 % a0 80 %;

b) rpadmk ansa onpeaenenus /1P (CM. pUCyHoK 1);

C) PesynbTaT UCMbITAaHNs, NPeACTaBNeHHbIN B BenMuMHe Hy o, Eqqpn, Frop:

d) 4Mcno ncnbITaTenbHbIX y4acTkoB Nyg,,,.

PekomeHnayeTcs 3anucatb B NPOTOKON YCMOBUA U pPe3yrnbTaThbl UCNBITAHUI ANS NPEAOCTaBNeHNns 3akas-
4uky. NMpumep Takoro NPOTOKOMA UCNbITAHUI NPUMBEAEH B NPUNOXEHUK B.

6.3 MHdpopmauua o pesynbratax ucnoitaHnsa «C Ha 1»:

a) KaK MUHUMYM OAMH MUKPOCHUMOK TUMUYHOTO Pa3pyLUEHUS HA UCNbITATENbHOM Y4aCTKe, MONyYeHHbIi
C NOMOLLLIO MUKPOCKONa Homapckoro, C SHepruei umnynbca B AnanasoHe BEPOATHOCTU pa3pyLueHus ot 20 %
00 80 % ANna KaXkgoro 3Ha4yeHUs Yncrna UMNynNbLCOB Ha y4acTok;

b) rpacuk xapakrepuCTuyecKknx KpUBbIX paspyLLEeHNUsi, HA KOTOPOM pe3ynbratkl HabniogeHuin coegnHe-
Hbl IMHUAMW PaBHOW BEPOATHOCTU paspyLleHnsa (CM. PUCYHOK 3), Unu guarpamMmma pacnpegeneHus AaHHbIX O
HanMuun paspyLleHnUsi Ha UCTMbITATENbHbIX Y4acTKax (CM. PUCYHOK 4).

B cnyyae uameHeHns MexaHu3ma paspyLueHuUsi pu pasHoOM Yucre MMNynNsCOB NPeAoCTaBNsAIT KpaTkoe
onucaHue BUAOB PaspyLLEeHUs.

M0 BO3MOXXHOCTH, NOCTABLLUMK UM nabopaTopusi NpeaoCTaBNAET 3aKa34qnky NpoTOKON UCMbITAHUI C 3a-
MUCaHHbIMU YCIOBUAMU U pesynbTatamu UcnbiTaHui. MNpumep Takoro NPOTOKONa UCMbITAHUA NPUBEAEH B NPU-
noxexun D.



rOCT P 58370—2019

MpunoxeHue A
(cnpaBouHoe)

Mpumep MeToaa usmepeHun (McnbitaHue «1 Ha 1»)

A.1 O6Lwme cBegeHUA

B 4aHHOM NpUNoXeHW NpUBeLeH NpUMep MeToAa U3MepeHWs ANs UChbITaHus «1 Ha 1». MeTog CoCTOMT U3 Tpex
OCHOBHBLIX 3Tarnos.

Ha nepsoM aTarne (MHULManM3saumum) paccHmTLIBaIOT UMW ONPEAEenstoT OCHOBHLIE NapaMeTpsl UCNbITaHus!. MHuLua-
nusaLma MOXeT Takxe BKMtodaTs npoLedypy noucka hakTu4eckoro sHadeHns [1/7P MeToaoM AeNeHns Nonomnam ¢ Lenbio
orpeferneHns HTepBaroB NNOTHOCTU 3HEPTUN ANA UCMbITaHuA. Bo BpeMsi NpoLiesyphl MHULMaNU3aLumn ycTaHaBnmBaroT
OCHOBHbIE NapameTpbl UCTbITaHWI Ha OCHOBaHUW NpearnoniaraeMoro NpUMeHEHUs, NONYYeHHOH B Xoae NpeAblAYLIUX 1c-
NbiTaHWi MHdopMaLmMu 06 obpasliax ¢ aHanorM4HOM KOHCTPYKLMEN U MaTepuanamu.

Ha BTopoM aTane o6pa3el| NoABepratoT BO3AEHCTBUIO Ta3epHOro U3Ny4eHUst U NPOBOAST cGOp AaHHbIX.

Ha nocrnegHeM, TpeTbeM, aTane NPOBOAAT aHanu3 cobpaHHbIX AaHHbIX, onpeaeneHue [1/1P W pacyeT TOMHOCTU
pesynLTaToB UCMbITaHui.

A.2 lHMumManusauusa MetToaa UsMepeHus

A.2,1 Obuiee Yncno ncnbiTatenbHbIX y4acTKoB N g

Ecnun ykasaHa nnowaabe nosepxHocT obpasua Aom,, AOCTyI'IHOl71 ANA npoBeAeHUs ucnbiTaHui Ha [1/1P, MOXHO
onpeaeniTs AUamMeTp ny4ka dr,qq, 1 PACCTOSHNE MEX[Y UCNBITATENbHEIMU YHacTKaMU, BblpaxeHHOe YUCNOoM AnaMeTpos
nasepHoOro nyyka dy,.., MOXHO OMpeAenuTb obLyee YNCIO UCMbITaTeNbHLIX y4acTkoB. Ecnn BeIGpaHo NpsMOYrosbHoe
pacronoxeHue UcnbITaTENbHLIX y4acTKOB, UX 0BLLEe YUCIIO BEIMUCNAIOT No hopmyne

Nosw = 4Aonr
‘/_( paccr dTyad)d))z

(A1)

B cny4yae nnoTHOM ynakoBKW UCMBITATENbHBLIX YY4acTKOB OHW pacnonaraloTcs No yrnam LWeCTUYronbHUKa [ecTu-
yronbHas nnoTHoynakoBaHHas (LUTY) ctpykrypa], B hopmyny (A.1) AorbkeH BbiTh BKIIOUEH KoapdrumeHT 2/v3:

Nogy, = 8Aont
‘/g(dpacm' dT,St‘N’)z

(A2)

Mpu pacnonoxenuu LMY 6nmanexallyue ucnolTaTefbHble yHacTKN HAXOAATCH HA pacCTOAHUN dpacm-dT’3¢¢ apyr ot
Apyra B kayecTBe MUHUMAILHOTO YCNOBUA ANA METO/@ YaCTOTL! pa3pyLLEHUs! 3Ha4eHNe JONKHO NPeBbIATL 75, @ dpaccr
AOMKHO HaxoauTkLCA B AnanasoHe ot 1,25 4o 5 ana nyyka ¢ rayccoBbiM NPOCTPaHCTBEHHLIM pacrpefeneHuem.

A.2.2 Yucno 3HaueHMit BeNMYMHbI BO3ACHCTBUA Ny o, PaspellieHne BePOATHOCTH P, YNCNO YyYacTKoB, A0-
CTYNHBIX ANA pa3pyleHus ny

KoHTypHbIl rpachuk, npefcTaBrneHHbI Ha pucyHke A.1, ucnonb3yetcsi 4NA onpeaeneHust paspelleHus BepOSITHOCTH
Ppasp, a TaKKe Y1cna yyacTKoB, JOCTYNHBIX AN pa3pyLeHns NPU OHOM 3HAYEHNN BENUUNHLI BO3AEACTBUA N, Aﬂﬂ 3a-
AaHHOTO 3Ha4eHUA Nyg,,. 3aiaHHoe 3HadeHne Ng, NO3BONAET ONpeAenuTL AUana3oH BOIMOXHBIX 3Ha4eHNi Py Ny
cnepysa no KOHTypy 3Haquvm No6y, cesa HanpaBo Mpu poctaTtouHo 6onbWoM 3HaveHun N o6y CYlllecTByeT 60nbmoe
YNCII0 BOIMOXHBIX 3HAUEHUA ANS Ppao, U Ny, 4TO obecneunBaeT rmbkocTb B BbIGOpe npoekTa ucnbiTaHWid. MNpu MeHbLINMX
3HaYeHusx N, o BbIbOp NpoekTa 6onee orpaHnYeH.

Mpy HanUuUM UCTOPUM UNK NMPU NOJO3PEHUN Ha HaNU4ne gnana3oHa BENUYUHLI BO3AEACTBUA C HU3KOW BEPOSATHO-
CTbi0 pa3spyLUeHUsi (HN3KOBEPOSTHOCTHBIA XBOCT 3aBUCUMOCTH), UCTIbITaTeNb AOMKEH BbI6paTb HaMMeHbLLee AonycTUMOe
3HaveHne P, ;. 3To 0GecneynT BhICOKYI0 OCTOBEPHOCTL AaHHbIX B NPOTOKONE UCMBITaHNA 06 0GnacTi HU3KOBEPOST-
HOCTHOro xBocTa. [pu OTCYTCTBUM COOTBETCTBYIOLLEN UCTOPUN NN NOAO3PEHUN HA HANWYUEe HU3KOBEPOSATHOCTHOIO XBO-
CTa npeanodTUTENLHO BhIBUpaTh Haubonbluee 3HadYeHUn Ny BriGop GonbLuoro sHaveHns ana n, , obecneunsaeT Hau-
6onee TouHoe onpeAeneHne BEpOATHOCTU paspyLeHUn ANSA KaXA0ro 3Ha4eHUs BeNUYUHLI BO3AeNCTBUA [CM. ypaBHEHUSA
(A.5)n (A6)].

Mocne BuiGopa P, pasp (CM. pucyHoK A.1) onNpeaensatoT YUCNO 3HAYSHUN BENUYNHLI BO3AEUCTBUSA, UCNOMbL3YEMOro B
UCNBITaHUK, N, ;. SHaYeHne n, , onpeaensalT HeNOCPEACTBEHHO NO rpaduKy 3aBUCUMOCTH, NPEICTaBNEHHOMY Ha PUCYH-
ke A.2.

Mpumep — Bbibop n u Ppasp npu ucnbimaduu 200 yyacmkoe.

Tpaekmopusi n ann 200 yyacmkoe donyckaem 3HavyeHusi n, ,om 180 S u coomeemcmeyiowjue 3Ha'e-
Hus Ppasp om 0,06 do 0 15. lpu nodospeHuu Ha Hanuvyue xeocmoeou Yacmu ¢ HU3KoU cmerneHbI0 8eposimHO-

9
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cmu pexoMeHOyemesi ucronb308ams 6onee HU3Kue 3HaveHus P, ., komopbie obecrieyueatom 60nbuiee YUCI0
3HaveHull eenu4uHbi eo3delicmeusi. [lpu omcymcmeuu daHHo20 nModo3peHusi NpednoymumesnbHbIM Se1semcst
6onee sbicoKkoe 3Ha4YeHUe Ons Ppaspr Mak Kak oHo obecneyueaem 6oriee 8LICOKYIO MOYHOCMb Pe3ynbLMamoe
ucnbimaHull Ha IJ1P.

n,

0
0
0
0
0
0
0

'y
10

350
9

280

LR N -

JlIIRIRARARRL D

s
N\
N
\\\
S

7
| )z Za
2 ===
= =

PucyHok A.1 — KoHTypHBbIN rpachuk Nosu
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Nepk
68
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60
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52
48
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40
36
32
28
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16

12
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——

0 0.05 01 0.15 0,2 0,25 0.3 Ppasp

PucyHok A.2 — Mpachuk P

pasp OTHOCUTENBHO N

A.2.3 BepxHuii N HNXKHUIA YPOBHU NNOTHOCTYN 3Heprum Hyo,, M Hy

BepxHU 1 HUKHWIA YPOBHWU NNOTHOCTU 3HEpPrun HBepx u H,_ . MOXHO paccumTaTb Ha OCHOBaHUM (paKTUYECKUX AaH-
HbIX, MOMYYEHHbIX B pesynsTare NpeAbiayLWMX UCTLITaHW Ha paspylueHUe Ha ConocTaBUMbIX oGpasLiax. 3HaueHue HBer
COOTBETCTBYET 3HaYEeHIO NIOTHOCTU IHEPTUN C BEPOATHOCTBIO paspylwieHns npnbnusutenbHo 60 %. 3Hauexne H,,, aB-
naeTcsa BrM3KNM K pac4eTHOMY NOPOroBOMY 3HAYEHWMIO, HO Bbilwe ero. Ecnin chaktuueckne gaHHbIe HEQOCTYMNHbI, 3HAYEHUA
Hsepx n H,p MOTYT GbiTb HaliAEHbI NyTEM NMOUCKA METOA0M [IENEHNS Nononam HenoCpPeACTBEHHO Ha UCTIbITYeMoi obna-
ctu. [Mpn npoBeaeHMN Nomcka METOAOM AENEHNSA NONONAM MUHUMANbHOE YUCHIO UCNLITATENbHBIX YYACTKOB AOIMKHO ObiTb
paeHo 15. OnA GonbLKX UchbITaTeNbHLIX 06nacTen Co 3Ha4YeHUem NoﬁLu > 150 ana nposeaeHus noucka AonyckaeTca
UCMonb3oBaTh OAHY AECATYIO YacTb OT ObLLIero Yucna y4acTkoB Noguy-
A.2.4 PaspelueHue nroTHOCTU aHeprum dH

PaspelleHne nnoTHoCTH aHeprum dH BbluucNAOT No dopmyne

S H = Haepx —H yux , (A3)

nB.B

rae n, , onpeaensaloT noA.2.2.

A.3 lNporpaMmMa ucnbITaHUN

Bnok-cxema anroputma o6nyueHus obpasua npuseseHa Ha pucyHke A.3. HauanbHblil ypOBEHb NMOTHOCTM 3HEPrun
H, paBeH ee BepxHemy ypoBHio H . . [locne Bo3AEACTBUA Ha NEPBbIA yYacToK ONPEeAensaioT U (hUKCUPYIOT COCTOsIHME
paspyLueHus. NepemeHHble nf.’ nn;" ABNSOTCS CYETHBIMUA NEPEMEHHBIMM ANsl YACNA Y4aCTKOB ¢/6e3 paspyLeHus cooT-
BETCTBEHHO Ha BbIGPaHHOM ypOBHE NAOTHOCTU 3Heprum H;. ObnyyeHne obpasua Ha i-M ypOBHE NPOAOIKAETCA A0 TEX NOP,
noka He 6yAyT UCNbITaHbI KaK MUHUMYM 12 y4acTKOB U n,P = Ny, WK, B Criy4ae OTCyTCTBUS Habriogaemoro paspylueHus,
n,-G'p= 3/Ppa3p. Mocne Toro kak 06ny4eHns Ha i-M YpOBHE 3aBEPLLEHO M HA yYacTKax ny , Nony4eHsb! paspylleHns, yposeHb
NNOTHOCTW 3HEPTUK yMeHbLUaeTcsl Ha 6H. B criyyae oTcyTcTBUs HabniogaeMoro paspyLUeHns Ha 3/Ppaap yyactkax npu H,
YPOBEHb NAOTHOCTWN 3HEPruM Ans cneaylowero s3Ha4eHusa i ysenuumsaetca Ha 0,50H 1 Ha dH AnA Kaxaoro nocneayoLlero
YPOBHS! NAOTHOCTU 3HEPTUN.

3Ty npoueaypy NOBTOPSIIOT A0 TEX NOp, Noka He ByaeT obnyyeHa BCA UCMbITyemas obnacTb.

1
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H;

+1 = H;+ 8HI2-[2(i - n ) + 1]

A onpeaeneHus
PaccuuTaiite uucno OrpenenvTe nﬂucnap;goaueﬁ Onpegenute
Hauano - y4acTkos, p| JWMCTOYHECTKOR | | nnoThocTv aHepM  |—p]  3HaueHMe || PaccuvTaiite
ucnonb3ys pucyHok A.1 Ppasp: Ucnons3ya vcnonsayiTe P Hoony M H, 3HaqeHve dH
unm A2 pvicyHoK A.1 W PUCYHOK A%aap BOPX " HIK
i=1 -t
]
Y
MoapeprHuTe
ey H%Bep;K:TI:(t;Bnu HOAB:;’F;)KSHH nm S— fa| Sanvumre
BO3AENCTBMIO Y pasp oBHapykeHb n° 3HajeHVs
- BO3AENCTBUIO BO3AACTEUIO ? P unbP
pa Npy MIoTHOCTU NNoTHOCTH NNOTHOCTH PaspyLLIeHNA ny wn;
aHeprvu H; aHeprmmn H;? aHeprun H;?
Ocranack nu
eLLe KaKkas-nu6o Sanmwure |
UCTIbITbIBaemast pesynetars YeenuubTe
obnactb? 3Ha4eHwme i
Ha 1

Ocranace nm
elle Kakan-nubo
UCTIbITHIBaeMan

obnacTb?

Wenonbayiite O
KaK HWKHWIA npeaen
OLIeHKN NNOTHOCTU

3Heprun Hnop

Kowey

A

WUcnonb3ayite
HanMeHbluee
3HaYeHwe
NNOTHOCTU 3HEpPruK,
KOTOPOe MOXET HaHeCTU
nospexaeHue,

KaK BepXHWiA npegen
oueHn Hyop

Hm,p + Gpop < 0

Her

Wcnonbayiite
Hnop - Snop
KaK HWKHWA npeaen

12

OUEHKM NSIOTHOCTH
SHeprun Hnop

Paccuutante
3HaUEHURA
m, b, 6, G
|
flBnsierca Ny 3HaueHue PaccuuTaiite
Hpyop * Opgp GonbiLe 3HaveHne
HaUMEHbLLE#A MNOTHOCTU Hm,p =bim
SHEpIvK, NPU KOTOPOH o
6binio o6HapyxeHo nop
noBpexageHvue?

UcnonbayiTe

Hnop +Onop

Kak BepxXHUi npepen
OLeHKU Hnop

PucyHok A.3 — Bnok-cxema ana ucnbiTaHui
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A.4 OueHKa pe3ynbsratoB UCNbITaHWUI

3aKntouMTENbHLIA 3Tan anropuTMa BKIOYaeT OLEHKY AaHHbIX, COBPaHHLIX B TEYEHUE NpoBefeHUs UCMbITaHWA, Kak
paccMoTpeHo Huxe. [nsa onpefeneHuns BenuyuHel [1/1P 1 NorpeLlHocT pe3ynsTaToB UCTbITaHUiA BbINOMHAKT NMHERHY
3KCTPANONALIMI0 U3MEPEHHLIX 3HaYeHNIA BEpOATHOCTYU paspylieHns. [na Kaxaoro ypoBHA NMOTHOCTU aHeprun H; Habrto-
AaeMyto BEpPOATHOCTb PaspyLIEHNS P; BEIMUCIIAT no (opmyne

nP
Pi=—1 ., (A.4)
nP+noe
! 1
raoe n',? + n,6'p — obLLee Yncno y4acTKoB, 0BMnyYeHHbIX B pesynkraTe NonyYyeHus nf’ YYaCTKOB C paspyLUEHUEM.
MorpeLHoCTb o; ANA KaKA0i ToUKM / B Habope faHHbIX BEIMUCTIAKT Mo hopMynam:
6.p
n; 2 p
c;=,|——+ ¢, korgant >0; (A.5)
P(nP+n6P)
nfint+n;
1 i ]
- 2 P =
o;= ,J&f . Korgant = 0, (A.B)

rae 8)?— OTHOCUTENbHAA NOrpellHOCTb B U3AMEePEeHUN 3Ha4eHUA NNOTHOCTU SHEePrun.

HakroH m un Tovka nepeceveHus b B3BeLLUEHHOW NUHeRAHOW annpoKcUMauum K M3MepeHHOR KpUBOI BEPOSITHOCTU
paspyLUeHWUs BEIYUCAAIOT No hopMynam

b 1 P.H; H; P,
2 2 2 2 || -
AT of \T of i Oi J\'7 Oi
rae
2
1\ (s H Hi
A= Z,-:G,-Z z,.:o? > (A.8)
I ] I
]
2
1 H; P H; P:H;
b==112 =2 —=|-12 =52l A9
2 2 2 2 .
ANT o \T of i Ci )V O (A9)
lMoporoBoe 3Ha4yeHWe paspyLLueHns H,.Iop BbIYUCIAIOT NO hopmyne
Hipop= —2. (A.10)

m

PaccyutaHHOe NMoporoBoe 3HaYeHWe AOMMKHO BbiTb MONOXUTENBHEIM U MEHBLUMM UMK PaBHLIM HaUMEHbLUER Benu-
HMHE MNOTHOCTM 3HEPTUK, Bbi3BaBLUei paspylleHie. Ecrin sHaueHne Hy,, He SBNSETCH MOMOXUTENBHBIM, AaHHOE NOporo-
BO€ 3Ha4YeHUe AOMKHO BbITb MPMPaBHEHO K HAUMEHbLLEl BeNMYMHe NNOTHOCTM SHEPriK, BeidBaBLLel paspyLueHue. Kpome
TOro, MPW HanW4nn [OMOMHUTENbHBIX WUCMBITATENbHbIX Yy4acTKoB AoMmKeH GblTe NpoBEefeH NOUCK MOPOroBOro 3HadeHus
MeToAOM AereHus nononam, npu4emMm Hanbonbluee 3HaYeHUe NIOTHOCTM SHEPrMW NpU 3TOM MOUCKe NpUpaBHUBAETCA K
HaWMeHbLUeMY 3Ha4YeHMIO MIIOTHOCTW 3HEPrUW, COOTBETCTBYOLEH paspyLleHnto, 0GHapyXeHHOMY MpW MpOBEAEHUN U3-
MepPEHWiA.

MorpeLUHOCTb MOPOroBOro 3HAYEHUS Oy, BBIMUCTISIOT MO CriegyoWwmnM dopmynam:

nop
1 [2 2 2 2
GI‘IOP_F b Gm+m Cp s (A11)
roe
(A.12)
n
(A.13)

HwxHWA npefen paccYMTaHHOro MoporoBoro 3HavyeHus Hnop — Opop AOIKEH ObITb NONOXUTENBHEIM U MEHBLUNUM
UNn paBHbIM HauMeHbLUeh BeNnYnHe NIMOTHOCTU SHepruu, Bbi3BaBLUel paspylueHue. Ecnu noboe 13 aTux yCroBuii He
BbINOAHEHO AN HWXHero npegena, HeobxogWMOo 3aMeHUTb 3Ha4YeHue Ha 0.
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Mpunoxexue B

(cnpaBouHoe)

Mpumep npotokorna ucnbitauun «1 Ha 1»

U3amepeHue 3HaueHus [1/1P B xofe ucnbitaHuid «1 Ha 1» — no FOCT P 58369.

WcnbiTaTenbHas opraHusaLmsi

HasBaHue opraHusaguu:

UcnbiTatens/para: XXXXXX !/ pa/mm/rreer
Obpasel
Tun obpasua: nucxopHas gerans,

3epkanbHoe NokpeiTUe Ana 1064 HM Ha cTtekne BK7

MaroToBuTens:
XpaHeHue, ouncTKa: 6e3 cneyunanbHblx TpeboBaHuii
TexHu4eckme xapakTepUCTUKU: «rnyxoe» 3epkano, R > 99,5 % ana 1064 Hm, yron nageHus — 0 pag, cTaH-

AapTHOE NOKpbITUE ANA HOpMalbHOINo UCNONbL30BaAHUA

MaeHTuduKaLnoHHbIR HoMep
Aaetanu:

[aTa n3rotoBneHus: nokpelTue Ne 1187, HaHeceHo aa/MM/rrrr
Cneundukaymns ucnslTaHmA

UmnynecHbld Nd:YAG nasep, COCTOALMA U3 3afaloliero reHepartopa C 3MEKTPOONTUYECKOA Moaynsauunein
[OBPOTHOCTM M YCUIUTENBHOIO Kackafa ¢ onTU4ecKoi pa3easkoil. PaboTa Ha ofHoi nonepeyHol 1 NpodonbLHO| Moae.
QDoKycupoBKa ¢ NOMOLLILIO JBOAKOBEIMYKMOA NUH3bI ¢ f~4ucrnom nyyka, paBHeiM 300.

MapameTpbl Nasepa

AnvHa BOMHbI; 1064 Hm

Yron nageHus: 0 pag

CocTosiHne nonspusauuu: NWHeiiHoe

MWHUMansHoe BpeMs Mexay 5¢

UMNynbCcamu:

OdppeKkTnBHaAA ANUTENBHOCTb 12,7 He (em. pucyHok B.1)
UMnynbca:

AnuTensHocTb uMnyneca: 12 He

O eKTUBHLIA guameTp nyyka 0,34 Mm (cm. pucyHok B.2)

B NJTOCKOCTU MULLIEHW:

14
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MolLUHOCTL, OTH. ea.
A

100

80

60

40 \

_/ ~
0 40 80 120 160 200
Bpems, HC

-

PucyHok B.1 — ®opma umnynsca

X — macwitab gnuHel, MKM; Y — macwitad ANWHbI, MKM; Z — MOLLHOCTb, OTH. &4,

PucyHok B.2 — Npodunb ny4vka

CymMMapHas norpeLuHoCTb

a) CnyyanHas norpewwHocTb

C1abunbHOCTL 3HEPrUM OT UMMYNbCA K UMMYNbCY +3%
CTtabunbHOCTb Npodnnsa OT UMNYFbca K UMMYFbCy 5%
C1abunbHOCTb POPMBI OT UMMYNBCA K UMMYNbCY +8%

b) CuctemaTtu4eckasi NOrpeLHoOCTb
Kann6poeka kanopumeTpa 5%
Koppensiumst kanopumeTtpa KOHTponsi aHepronoTpebneHns +2%
O6Lwasn Bocnpou3BoANMOCTb U3MEPEHUS MMOTHOCTM SHEPrn 122 %

O6Luas norpeLHoOCTb U3MEPEHWS NNOTHOCTU 3HEPTUN +104 %

15
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MeTop ucnbiTaHuA

Yueno umnynecoB Ha oguH obpasely; 25

PacnonoxeHue ucneltatenbHbIX y4acTKoB: MaTpuyHoe, pasmepom 5x 5

MuHUManesHoe paccTosHne MexXay ydacTkamu: 3 MM

Yucro uenbityemeix o6pasyos: 5

ObLLee YnUCrOo UCnbITaTeNbHbBIX Y4aCTKOB: 125

OBHapy»KeHne NoBpexaeHuit: OHNaiH-U3MepeHne paccesHNs, OHnaiH-
cpeacteo 06paboTku n3obpaxeHunin

XpaHeHue obpasLa: ynakoBKka W3roToBUTENs, HopMarbHble
KOMHaTHble yCroBus

McenbitaTensHas cpepa: YucTas, ¢ OTOUNETPOBAHHEIM BO3AYXOM

Ouuctka: yAaneHue Mbifn ¢ MOMOLLbIO OCYLLIEHHO-
ro asota

Pesynesrathl ucnbiTaHu (cm. pucyHku B.3—B.5)

BeposiTHOCTb paspyweHus

A
1,0

. T
7

0.8

0,7 ol

0,6

/
04- /
/

3 .LB,
] ATT
0.2 / gt
0,1
0 i T k TI/I T T T T T ;
0 10 20 30 40 50 60 70

[MnoTHOCTL 3HepruM UMnynbLea, ,l:pKICM2

PucyHok B.3 — Mpaduk pacrnipefeneHns BepoATHOCTU pa3pyLLeHNs,
3HaueHue TP 15,1 Dx/cm?2
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M pnmedarHnune — PaspyLueHme, Bbi3BaHHOE BIITHOMEHUAMU B NMOKPLITUN. PaspqueHMﬂ Bbi3biBaOTCA NOMOLUeHK-
eM Ha 6onee BbICOKUX YPOBHAX MNOTHOCTU SHEPTUK.

PucyHok B.4 — MUKpOCHUMOK, NMOMyYeHHbI C MOMOLLBI MUKPOCKOMa HoMapcKoro

I pnvmedaHune — PaspyLueHme, Bbi3BaHHOE BIKITHOMEHUAMU B NMOKPbITUN. Paspymeva Bbi3bIBAOTCA MNOMOLUEeHK-
eM Ha 6onee BbICOKUX YPOBHAX NNOTHOCTY SHEPIUK.

PucyHok B.5 — MUKpOCHUMOK, MonyYeHHbIV € NOMOLLLI MUKpocKora HoMapcKoro
AN MIOTHOCTKM 3Heprin 30 [bx/cm?

17
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MpunoxeHune C
(cnpaBouHoe)

Mpumep MeToaa nsmepeHus (ucnoiTaHue «C Ha 1»)

C.1 B naHHOM NpUnoxeHWU NpuBegeH NpuMep MeTofa u3MepeHusi, paspaboTaHHOro ANA MU3MEPUTENBHOMO CTEHAA,
npeaHasHaveHHoro Ansa onpegenenuns /1P n cogepxatyero Nd:YAG nasep ¢ BbICOKOA 4acTOTON NOBTOPEHWUA UMMNYbCOB.
CTpyKTypa MeTofa OpUeHTUpOBaHa Ha MOBLILIEHWE AOCTOBEPHOCTU NpU onpeaeneHumn /1P, ucnone3ysa MUHUMansHoe
YNCIO WUCMbITATENBHBIX YHaCTKOB.

Ha nepBom aTane (NOArOTOBUTENBHOM) pacCHUTLIBAIOT UMW OMPefenstoT OCHOBHLIE NapameTpsl ucnbiTaHua. Mog-
rOTOBMTEMbHEIN 3Tan Takke BKIOYaEeT B cebsi nporpaMmy npeaBapuTenbHbIX UCMBITaHWA 4Ms NpuBnvManTenbHOW OLeHKN
[1/1P. Ha BTOpOM 3aTane BbINOMNHAOT geTanbHoe obcnefoBaHWe NoBepxXHoCTU obpasta U cbop AaHHbIX. Ha ocHoBaHun
LaHHbIX, 3anucaHHbIX BO BPeMS MpeablayLiuX LMKIOB UCMbITaHWA, paccHuThiBalOT pekoMeHAYEMbIA YPOBEHb SHEprum
AN NOCNEAYOWMX y4acTKOB Ha NOBEpXHOCTW obpasuia. Mpu BEINONHEHUN pacyeTa HeoOX0AUMO YUNTbIBaTL OCOGEHHOCTM
PYHKLMM 3aBUCMMOCTU BEPOSTHOCTU paspyLUeHUsi OT NIOTHOCTU SHepriu. B HacTosLwem npuMmepe Mogenb ocHoBaHa Ha
TIOrMYECKOi perpeccuu ABOUYHBIX AaHHBLIX. TeM He MeHee Ntobasn cTaTUCTUYECcKan Uu uandeckas Mogenb MOXET ObiTb
ucnonb3oBaHa A5t MOAENMPOBaHNUS NoBeAEHUs paspyLleHns. TPeTbUM (3aKoHMUTENbHBIM) STaMNoM, NPUBEAEHHBIM B NPU-
Mepe MeToge MCMbITaHus, SBNSETCA OLUeHKa coBpaHHbIX AaHHbBIX U pacHeT KpUBOW BEPOSATHOCTU Pa3pyLLUEeHUsI.

C.2 MHuumanusaumna (NoAroToBUTENbHLIN 3Tan) MeToaa usMepeHus

C.2.1 Bo BpemMsa npouefypbl WHALMANM3aLMn OCHOBHblE MapameTpbl UCMbITaHUWA YKa3biBaOT, OCHOBbLIBAsCb Ha
npegnonaraeMom NPUMEHEHWUH, Ha UHADOPMALMK, MOMYYEHHON B XOA€E NpeablAyLLMX UCMbITaHUA aHanormyHbIX obpasLios,
1 Ha 0cobblX orpaHu4eHunsAx ans obopynoBaHUs N3sMepuTerlbHOro cTeHaa.

OnpegeneHus, npueegeHHble B Tabnuue C.1, NpUMeHeHE! B METOAE UCTbITaHWSA, ONUCAHHOM B JaHHOM NpUMepe.

Tabnuya C.1 — OB6o3HayeHUs 1 UX onpeaeneHns, UCnonb3yeMble B METOAE UCMbITAHWIA

O6o3HaueHne Onpeaenexne

N, MuH1UManbHOe YMCNo UMNYNBLCOB ANA OUEHKN AaHHbIX O < N; < S

Aonr Mnowapab obpasya, AOCTYNHOrO ANA UCTIbITAHWUS Ha pa3pyLleHne

Apacer PaccTosiHne Mexay ucnbiTaTeNbHEIMU y4acTkamu, U3MepeHHoe B AnameTpax nyuka dy,qd, (pusunye-

CKO€ paccTosaHne Mexay UCbITaTeNbHLIMU YYacTKaMK, pasfeneHHoe Ha AuameTp ny4ka

dq MuHUManbHBIN UHTEpBaN MeXAy YPOBHSIMU 3Heprumn

PQ) BepoaTHOCTb paspylwenusi nocne N umnynecos (onpefeneHHas Mojens)
oy MorpelHOCTL Npyu annpokeumaun Py (Q)

C.2.2 Obuwee 4ncno ucnbiTaTenbHbIX y4acTkoB N06|.|.| MOXeT 6bITb onpefeneHo, ecnu yctaHoBrieHa nnowagb o6-
pasua Ayqp, AOCTYNHOTO ANS UCMIbITAHWSI HA Pa3pyLLEHNe, AUaMETPa NyYKa dy 4 q, U PACCTOAHUA MEXY UCTIbITaTeNbHBIMM
y4acTkam, U3MepeHHoe B ANaMeTpax J1asepHoro ny4ka dpaeer MU YCNoBUK, UTO NUHeliHBIe pa3mepkl nnolyaau, ao-
CTYMHON ANSA UCNBITAHWA, BENWKW NO CPABHEHUIO C PACCTOSHUEM MEXAY UCbITaTeNbHbIMU yYacTkaMu, MOXHO caenarb
cnepyoLue npubNKeHns.

Ecnu npuMeHeHa NpAMOyrofnibHas paccTaHoBKa UCTBITATENBHBLIX Y4acTKoB, MX obLlee YUCNOo BLIYMCASAIOT No dop-
myne

Aonr .
{dhacer d T,aob) 2

Nogu, = €1

Ecnu ucnbltaTtenbHble y4acTku pacnonoxeHsl no UMY cTpykType, B dbopmyne (C.1) gomxeH ObiTb BBeAeH KOad-
buumeHT 2/V3:

N06 _ 2 AOI'IT . (C 2)
= > )

. ‘/§ (dpaccT dT,3d)¢)

Mpn pacnonoxenuu LUMTY Bee Brnianexalyue ncnbiTaTenbHbe y4acTku HaxoasTes npu d. .. dT:_mb . K metopgam

onpeaenerHns xapakTepucTUYECKON KpUBOM paspyLLeHnsa NpeAbsaBnaeTca cnegylolwiee MUHMManbHoe TpeboBaHUe: 3Ha-
YeHune N,g, AOMKHO NpesbiwaTe 100, a dpacc,r [OMKHO HaxoAUTLCA B AnanasoHe oT 3 A0 5 ANnA My4YKOB € rayccoBbLIM Npo-
CTPaHCTBEHHLIM pacnpeaeneHnem.
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C.2.3 MuHMMansHoe YUCno UMNynbeoB N, Ha y4acToK AOMKHO ObiTh onpeaeneHo B COOTBETCTBUM € Npeanonarae-
MbIM MPUMEHeHNeM 0Bpa3LoB, @ TakKe MOrpeLLHOCTLIO CHETUMKA U MepekmtodaTens UMMyIbCoB CUCTEMbI OHMaitH-06Ha-
pyXeHUsA paspyLueHns. Bo BpeMsi BLINMOMHEHWs GonbWMHCTBa M3Meperuii [1/7P npu ncnbitadut «C Ha 1» N; =1 aBnseTca
NpeanouTUTENbHLIM, TaK Kak 3TO 3Ha4eHe COOTBETCTBYET BaXHOMY Crly4ato UCTbITaHWii «1 Ha 1». OfHako B TOM cry4yae,
Korga npegnonaraetcsi paboTa Npu BLICOKMX HYacToTax NOBTOPEHUS UMMYNLCOB B KUMNOrepLoBOM AWanasoHe, 4OMyCcTUMO
BbIGpaTh Gonee Bbicokoe 3HaveHe N, . Kpome Toro, BeIGop Gonee BICOKOro 3HaueHns N, MOXeT 6biTb HeOGX0AUMBIM Npu
UCMbITaHUM 3IeMEHTOB Nasdepa B crelnansHbIX NPUMEHEHUSX C orpaHnyeHHBIM paGounmm yernosuaMn. MakcumansHoe
YUCNO UMMYNBCOB Ha Y4acTOK S 3aBMCUT OT TOMHOCTW, C KOTOPOW TpebyeTcs aKCTpanonmMpoBaTb XapakTepucTU4eckyto
KpuBYHo paspyLueHusi B oBnacTb 6onbLIMX 3Ha4eHWI Yucna MMMYIbLCOB, M OrpaHNYeHo LienecoobpasHoCTb0 BpeMeHH, He-
obxogMmoro Ans NpoBefeHNs UCTBITaHUI Ha paspyLUeHue.

C.2.4 PaspelueHue 3Heprumn 8Q onpeaenseTcs B 3aBUCUMOCTM OT BOCMPONU3BOAMMOCTU SHEPrUW UCTbITaTENIbHOro
nasepa nocne onTUYeckKon cucTeMbl HOPMUPOBaHUA.

C.2.5 [ins Toro 4toBbl paccumTaTs peKoMeHAYEeMOoe 3HaYeHne aHeprum Ans crefytoLlero UCnbITaTensHoro y4acrka,
HeoBXogMMO WUCMonb30BaTh WHAMBUAYaNBHYIO MOAENb NOBEAEHNS BEPOATHOCTU paspyLueHus Py(Q). Annpokcumupyto-
Was yHKUMA Py(Q) onpeaensieT 3aBMCMMOCTL BEPOSTHOCTU PaspyLUeHNst OT MOTHOCTK 3Hepruu. Hapsay ¢ uucnom
UMMNYNbCOB B AaHHY pyHKLMIO BBEAEH Habop XapaKTepucTUHeckux napameTpos. MorpelHocTb 6y — 3TO BeNuuuHa,
KOTopasi ON1CLIBaET OTKIOHEHUE 3HaYeHNI annpOKCUMUPYHOLLEeH YHKLMM BeposiTHOCTU Py(Q) ¢ y4eToM Habopa napame-
TPOB OT UBMEPEHHbLIX AaHHbIX ANA 3Ha4YeHns N.

B faHHOM npuMepe ANS aHanuaa ABOWYHBIX AaHHBIX UCTONb3YeTCs LNPOKO pacnpocTpaHeHHan ANA SToi 3agaqn
obpaTHas noructuyeckasi PyHKLMS, BblYUcisemas no dopmyne

_exp(ay+ by Q)
Fn(@ = 1+exp(ay+ by Q) ’ (:3)

rae ay M by SBMSIOTCA XapaKTePUCTUHECKUMM NapaMeTpamu, annpoKCMMUPYIOLMMU N3MePeHHbIe JaHHbIe AN 3Haqe-
Hust N. [INsi onpegenerusi norpelHocTy 8y AOMKHO BbiTh UCMOMNB30BAHO CTAHAAPTHOE OTKMOHEHWe annpoOKCUMMPYIOLLei

PYHKLMK.
C.3 HauanbHoe UcnbiTaHue

HavanbHoe ucnbiTaHne HeoBXogMMO ANA NMONyYeHUA AaHHbIX ANA pacHeTa sHa4YeHuit aHepruu, Kotopele OyayT uc-
MoSib30BaHbl B NOCAEAYOWMX UCTIBITaHWSX B COOTBETCTBUW C NPUHSATLIM MeTogoM. [ns aToro HeobXoAUMO NoABeprHyTh
no KpaitHeit Mmepe 10 yyacTKOB BO3AENACTBUIO NocnefoBaTensHOCTENR M3 S UMNYNbCOB, 3HAYEHUS SHEPrUu KOTOPbIX Bbl-
6upatoT TakuMm obpasom, YToBbl oLeHUTL HauBonee sHauMMBId ANa onpeaenenus [1/1P uHTepsBan aHepruil. Takum o06-
pa3oM, CreayeT onpeAenuTh Kak 3Ha4eHUs SHEPrun AN UCMbITaTENbHBLIX YYacTKOB, NMPU KOTOPLIX y4acTku octatorcs 6e3
paspyLUeHWs nocrne Bo3aencTBUA S UMMYNbCOB, Tak U 3HaYeHUs SHEepruu ANa UCTbITaTeNbHBLIX y4acTKoB, NpU KOTOPbIX
MPOMCXOAUT paspyLUeHNe Nocne Bo3AeicTBIUA, No kKpanHelh mepe, N; UMNynbCoB.

C.4 MeToa ucnbiTaHus

B TeveHWe NpoBefeHWs UCMbITaHUIA pe3ynsTaThl TEeKYLero UCbITaHUA UCMOMbL3YKT AN annpokcuMauuu nosege-
HUS paspylleHua obpasla B TeopeTuyeckoil Moaenu. TeopeTndeckass MOAeESb ONUCHIBAET 3aBUCUMOCTL BEPOATHOCTU
oBpasoBaHus paspylierus Py(Q) Ha nosepxHocTu obpaslia oT Yucna umnynbcos N u sHeprum Q. Mogens MoxeT GbiTb
OCHOBaHa Ha onucaHWu MexaHW3MoB 0bpa3oBaHUA paspyLLEHUS UMM Ha CTaTUCTUYECKUX anropuTMax, XxapakTepHbiX Ana
KOHKpPEeTHOro Tuna obpasLa. ANnpoKkcumupytoLLue napameTpbl 415 BoIGpaHHON MOAENM NOBTOPHO paccynTLIBalOT nocne
kaxgoro o6cnegoBaHus obpasLa. 3Ha4eHne aHeprun Qg AN CNeAYHOLEro NCMLITaTENLHOrO y4acTka onpeaenatoT nyTeM
OL|eHKN MoBefeHVs paspyLLUEHUS], NPeACKa3aHHOro ¢ MOMOLLLIO MOBTOPHO pacCcHUTaHHON MoAenu. MMaBHbBIM KpuTepuem
ANA onpeAeneHuns aToro 3Ha4eHNst 3HEPrui ABMAETCA UCNpaBneHne NOrpeLHOCTen dy, N dyp ANA BEPOATHOCTEN 06paso-
BaHUs paspyLLerus Py, (Q) 1 Pyp(Q). STW Lary NOBTOPSIOT A0 TEX NOp, Noka He Gy eT UCnornb3oBaHa BCs UCTIbITaTenbHas
nrolWwagb Unu noka He GyaeT 4OCTUrHYTa HeoBXoAMMasn NOrpeLHOCTL XapakTepucTUHECKoi KpMBOiA paspyLLeHuUs.

HauanbHble xapakTepucTuyeckme napameTpbl NOArOHOYHOW YHKLIMKU BEIMUCIIAIOT C NMOMOLLBIO JaHHbIX, MOSyYeH-
HbIX B XO4 € BbINOMHEHWUS NOpsiAKa NPOBEAEHUA HaYarbHbIX UCTLITaHWA.

Lar 1: nHmumanusaums (nogrotoBuTeneHbIn sTan) [cM. hopmyny (C.2)].

Lar 2: gns sHa4veHuii yncna umnynbcos N; U S BIMUCAKT NOATOHOYHBIE YHKLMK BEpOATHOCTeN obpasosaHus
paspyLueHns Py, (Q) n Pyp(Q), @ Takke UX NOrpeLlHOCTH dy; W dyp NYyTEM MOATOHKA 3HAYEeHWI dYHKLWK K COOTBETCTBY!O-
LemMy nmetoLLemMycst Habopy AaHHBIX.

B npumepe Habopbl NapaMeTpoB ayp, byp W @y , by AOMKHBI ObITh paccHuTaHbl HE3aBUCUMO A1 KaXporo u3
[BYX 3Ha4eHWin Yncna umnynscos [cm. opmyny (C.3)]. Pacyet meTogom utepaLmii Ans JaHHOro cneuuanbHoro cryvas
npusegeH B C.2.

LLar 3: BbIMUCTIAKT 3Ha4eHne BCnoMoraTensHoW nepemMeHHon n. MepeMeHHan n MOXeT NpuHUMaTh 3HadeHne N;
unu S B 3aBUCUMOCTU OT TOTO, Kakas U3 COOTBETCTBYHOLLMX NOTPELLHOCTEN 8y Unu dyp BhiLLie, NO cregytollei popmyne

N, ecrmd, >3

. e (C.4)

N,, BO Bcex gpyrvix criyyasx.

n=
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[vana3oH aHeprum oT Q; A0 Q. KOTOPLIA yKasbiBaeT Ha yBenn4eHne BEpOATHOCTU noBpexaeHus ¢ P (Q;) =5 %
L H <L
10 P,(Qp) = 95 %, fenutca Ha cepuio UHTepBanos crefylolum obpasom:

[Q +i-dy, Q +(i+1)dy), (C.5)

rae j — aTo c4eTHasi NnepeMeHHas AN OTKpbiToro uHTepeana [Qy, dg, /).

LUnpuHy nHTepBana dq 3a4atoT MakCUMarnbHbLIM 3Ha4eHUeM paspelleHns 6Q U AManasoHoM 3HepPriK, AeneHHLIMU

Ha KBagpaTHbIA KopeHb N ¢ ., U BLIMUCASIOT No opmyne
o6y

dq =max SQ,M . (C.8)

,,Nwm

lMpumep — B crniyyae ucnosb30eaHuss nozuveckoli pyHKyuu Auana3oH sHepauu 3adaemcs cnedyrouumu
Apubnu3umenbHbIMU 3Ha4YeHUAMU:

Q- max(— %2’94,0) uQy - max(_ a,,—Tz,M'o} (C.7)

n n

MpumevyaHne — 3Ha4eHUs BEPOSATHOCTU paspylueHus 5 % u 95 % noaxoasaT AnsA BbIOpaHHOW fIorMcTUHECKoi
hyHKUMK. B cnyvae ncnonb3osaHWAa Apyrux Moaenen MoXeT notpeboBatbcs U3MEHNTL 3TU NpefenbHble 3Ha4YeHUs.

LLlar 4: npon3BoIbHO BBIGUPAIOT 0AMH HTepBan [Q;, dg, 1] U3 TeX, KOTOpLIe MMET MUHUMAsTBHOE YNCIIO Pesyrib-
TaTtoB M3MepeHuit, cobpaHHLIX BO BPeMs NpefLIecTByloLMX oGCneioBaHNii. 3HaueHne sHeprun Qyg ANS cneayioLLero
yJacTka 3agaeTca NonoXeHUeM AaHHOTO UHTepBara:

Qus =Q +(r+0,5) dqo (C.8)

LLiar 5: nogBepratoT cneaytoLuii y4acTok BO3EACTBUIO pacCHUTaHHOI 3Heprun Qys. ECn ncneitatensHbie y4acTku
eLLe ocTannch, BoaBpallalTcsa K nepsoMy atany. [pu oTCyTCTBUM OCTaHaBIUBAOT LIUKN U3MEPEHUS U BBIMOSTHAIOT OLIEHKY
cobpaHHbIX AaHHBIX.

C.5 OueHka pesynkraTtoB

Ha TpeTbeM, 3aKiouuTensHOM, 3Tane anropuTma B COOTBETCTBMM € 4.3.4.2 NpoBOAAT OLIEHKY AiaHHbIX NO pesynkra-
Tam BbIMNOMHEHUA U3MEPEHUIA COTMAcHO METOAY UCTLITaHMUIA.

20



rOCT P 58370—2019
Mpunoxexnue D

(cnpaBouHoe)

Mpumep nporokona ucnbiTaHui «C Ha 1»

MamepeHue 3nadenus /1P B xoae ucnoitaHuit «C Ha 1» npoeaeHo no fOCT P 58370.

UcnbiTatenbHas opraHusaums

Ha3ssaHue opraHusayuu:

MenbiTaTens/gata npoBeAeHUst UCNLITAHUS: XOXXXXX / aa/mm/rrrr
3akas Ne: 12345
ObpaseL

Tun obpasua:
M3roToBuTENL/NMOCTABLUUK:
MaeHTUMKaLMOHHBLIA HOMep AeTanu:
Mpoueaypa XpaHEeHUA/MUCTKN:
Cnreuudukaums:

[aTta narotoBneHus:

WcnbitaTensHoe o6opyfoBaHue:

MCTOMHUK nany4veHua

Tun: nasep B pexume Moaynsummn 4o6poTHOCTH
NaroTtoBuTenb:
Mogenb: Spectron SL456-10

MN3mepuTenb MOLLHOCTH

W3rotoBuUTEnb: Coherent, Inc.
Mogenb: J-50MB-YAG"
PekoMmeHayeMas gata kannbpoBku: MM/TTTT

OHnaiiH-u3MepeHne MOLHOCTH

OHepruio UMNyrnbca U3Mepsnu NOCPEACTBOM KpeMHUeBOro coToguoga Bo BpeMs obny4eHns, curHan dotopno-
Aa kanubpoeanu no nokasaHWsiM U3MEPUTENSA MOLHOCTU 0 U Nocne 06ny4eHUa ¢ UCNONb3oBaHUEM NUHENHON UHTEp-
NorsiLMK TEMOBOW MOLLHOCTM.

MapameTpbl Nasepa
HOnuHa BONHBI: 1064 um

Pexxum paboThbi: UMMyYNbCHLIN

* Spectron SL456-10 npuBeaeH B KadecTBe NpUMepa NOAXOAALLEro KOMMepYecki AOCTYNHOM npoaykTa. 3Ta UH-
dhopMaums npefocTaBneHa ansa ygobcTea nonbaoBaTeneii HacTosILLero ctaHgapTta U He sensieTca ogobpeHnem MCO pan-
HOro npogykTa.

** J-50MB-YAG npuBefeH B ka4ecTBe NpuMepa NogXOASLLEro KOMMepPYECKH JOCTYNHOro NpoAykTa. 3Ta nHdopma-
uusi npegocTaBreHa Ans ygobcTBa nonb3oBaTenei HacTosLWwero ctaHjapTa U He sisnsetcsa opobpeHnem NCO aaHHoro
npoaykTa.
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YacToTa NOBTOPEHUA UMNYNBLCOB:
HacTpoitkn napaMeTpoB UCTOMHUKA:
OHeprusa Ha BbIxoae:
AOnutensHocTb uMnynsca (FWHM):
AnutenbHocTb UMNyNbea (3 dekTUBHaS):
Ycnosus Bakyyma:
KoHauuuoHnposaHue:
INasepHoe nanyyeHue:
HacocHas cuctema:
TypboHacoc:
BcnomoratensHblil Hacoc:
Cneuudukauus namepeHus

[nameTp nydka B NOCKOCTH MULLEHN (€72):

[unamMeTp ny4Ka B NNOCKOCTU MULIEHN (3PP EKTUBHLIN):

[MpocTpaHCTBEHHbLIN NpodUnb Ny4Ka:
Yron nageHusa:

Monsapusauus:

Yueno uenbiTaTernbHbIX Y4acTKOB:
MaTpuLa ncneitatenbHbIX y4acTKOB:
PaccTosiHne mexay ncnbitatenbHbIMU y4acTkaMm:
CucTtema oHnaiH-o6HapyXeHus:
Cuctema ocnaitH-obHapyXeHus:
Ycnosua okpyxatoLen cpegbl:
Ouunctka:

MoHTax onTMYeCKnX KOMMOHEHTOB:
3amevanus:

CyMMapHas norpeLlHocTb

a) CnyvaiHble NOrpeLlHoCTy:

OHepreTuyeckas HecTabWUIIbHOCTb OT UMMYNBCa K UMMYIIbCY:
HecTabunbHOCTb NPOCTPaHCTBEHHOrO NPOGUIIS OT UMMyrLCa K UMMYMbCY:

CTabunbHOCTL BPEMEHHOIO pacnpefeneHus oT UMNyIbca K UMNYIbCy:

b) Cuctemarnyeckme norpeLLHoCTM:
KanubpoBka MOHUTOpa U3MEPUTENS SHEPTUM:
OHnaiH-MOHNTOP N3MEpUTENs SHepPruu:

BOCI'IpOVIaBOp,MMOCTbZ

22

10Ty

ot 1 go 50 mIx
10 HC

11 HC

npu atMocgepHOM JaBneHun

365 MKM (HopManbHoe nageHue)
258 MKM (HopMarnbHoe nageHue)
nNpubnmauTenbLHO rayccos Npocunb
(0+1y

nuHeiiHasn

>150

wny

1,5 Mm

paccesHHbI cBeT

Mukpockon Homapckoro (yBenuyeHue x50, x100, x200, x500)

KOMMepYecku JOCTYMNHas NofBuxXHas onpasa

5%
5%
10 %

10 %
8 %
25%
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MpocTpaHCTBEHHEIN NpothKnb Ny4ka B MECTE pacnornoxeHus obpasua

MpumevaHne — dgg5— +/388-344 — 365 MKM; I 1 5pp — id86,5— 258 MKM.

V2
Amnnutyaa, % oT NonHow Wwkankl AmMnnutyaa, % OT NOSHOM LKarbl
7 FAY
— —
- F—
50 7 ¥ 50 7 T
i 1 / 3
v LY / LY
13,5 = = 13,5 — -

Lkana anuHbl, OTH. ea.

LWkana AnvHbl, OTH. ea.

PueyHok D.1 — MNpocTpaHCcTBEHHbIN Nnpodunb

BpemerHde pacnpegeneHmne nMmnynsca B MECTE pacnonoxeHus obpasua

AMnnuTyaa, oTH. ea.
/
1,4

1,2

1,0+

0,8

0,6

0,4

0,2

Lt

|
-60 -40 -20 0 20 40 60
Bpems, HC

MpumeyvyaHnne — AnutensHocTs UMNynbca (FWHM) — 10 He; anuTensHoCTb UMnysbca (athdekTneHas) — 11 He.

PucyHok D.2 — BpemeHHbe pacnpegeneHue uMmnynbsca
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Pesynesrathl ucnbiTaHui
Obpasel;
MaroToBuTens:

Tun obpasua:

XapakTepucTuyeckas Kpueas paspyLUeHus

obpasel 1

MoporoBoe 3HaueHue MIIOTHOCTU 3Hepruum, 4l1>|</cw|2

A
160

140

——— —

—_—r—-2

Tabnuya D.1— MJIP ana AByX pa3HbiX YPOBHEN BEPOATHOCTU paspyLUEeHUS

-
T rrrrrny -

1000
Yuecno nmnynsbcos

17— 50 % noporosoro 3Ha4yeHus; 2 — 0 % NoporoBoro 3HavyeHusa

PucyHok D.3 — XapakTepucTudeckas Kpusasi paspyLleHus obpasya 1

UMCHo UMMYMLCOoB 50 % /1P, Dx/om? 0 % /1P, [Ix/cm?
1 144,5 79,4
2 112,1 49,5
5 98,0 50,0
10 90,4 40,8
22 87,4 37,4
46 85,7 38,6

100 82,1 40,9
220 82,1 40,9
460 82,1 40,9
1000 82,1 40,9
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Ipachukn pacnpefeneHusi BEPOSITHOCTU paspyLleHust

BeposTHOCTL paspyLleHuns BeposTHOCTL paspyLueHus

1— NuHeliHasa annpPoKCMMaUMs BEPOSITHOCTY PaspyLIEHUs; 2 — AaHHbIE UCTIbITAHWUA;
3 — BEpPOATHOCTbL paspyLLeHus

PucyHok D.4 — lpadhmkn pacnpegeneHns BepoATHOCTN paspyleHus obpasua 1
Ha ABYX pasHbix ypoBHsax /1P

Mopdonorusa paspylueHus

a) PaspyLwweHne nokpbiTna obpasua 1 2 b) MoBpexaeHve nokpbITMA obpasua 1 2
B nosioxeHun 95 (nnoTHOCTb 3Heprun 60,1 Dx/cm B nonoxeHun 11 (nioTHocTb 3Heprum 90,1 Mx/cm
nospexaeHve nocne nATM UMMy/IbCOB) noBpexAeHne nocse ofHOro UMnysbca)

PucyHok D.5 — CrtaHgapTHasa mopdonornsa paspyleHusa obpasua 1 Ha ABYyX TOYEYHbIX
yyacTKkax rnocsie pasHoro ymucna umnysibcos
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MpunoxeHue E
(npaBouHoe)

MeTog 3kcTpanonaumMmn ansa ucnbitaHun «C Ha 1»

B HacTosilieM MpUMoXeHUM NpefacTaBneHO ypaBHeHWE, NO3BONAloLLee 3KCTPanonupoBaTk NMOPOroBoe 3HayeHue
Hnop PA3PYLLEHNS NpK UCNbiTaHMM «C Ha 1» Ha GonbLLoe Y1Cno nMnynscos N. Moaens SKCTpanonsLyu ocHoBaHa Ha Tpex
annpoKCUMaLMOHHbIX NapameTpax: Hpqp 1, Hpop « W A, KOTOPbIE MOXHO paccMaTpuBaTL Kak napameTphl, XapakTepusyto-
Lue NoBeAEHUe paspyLLEeHU, U BBIMUCATL No hopmyne

-Hnop,1 - Hnop,oo

Hnop(N) =Hpopo *
1 +% logso (N)

—-d. (E.1)

MNapameTpom Hl.wp’1 npeacraBneHo 3Hadenune /1P npu ucnbiTaHuu «1 Ha 1», Nnpuyem Hnopy(,° MOXHO paccMaTtpu-
BaTb KaKk npefen npoYyHOCTU ONMTUYECKOW NoBepxHOCTU. [MapameTp A npeAcTaBneH NepecevyeHUem KacaTeribHOW TOUKU
(1, Hnop’1) 1 NOCTOSHHBIM YPOBHEM Hnop_,,, (cM. pucyHok E.1), U faHHBIM NapaMeTpPOM ONUCLIBAETCA CHUXEHWE XapaKTe-
PUCTUYECKOWN KPUBOW paspyLLEHMSa ¢ pOCTOM Yucna UMnNynecoB. Tpu napameTpa — Hnop,1' Hnop,,, N A — paccuuTbiBaloT
METOAOM HalMeHbLUMX KBaApaToB, COXPaHAS 3Ha4eHUe NOCTOSHHOW d paBHBIM Hynto. Monyvaemas B pesyrnbrare xapakre-
puUcTUYecKan KpuBas paspyLLeHNs — 310 peanucTU4Has oLeHKa cpoka cnyxobl ucneityemoro obpasya (CM. pucyHok E.1,
annpokcumupytoLasn kpusas). lNMoctoaHHaa d npeactasnena B popmyne (E.1) ANsa cMeLLEeHUA XapakTepucTUYEcKoid Kpu-
BOVA paspyLUEHWUS B CTOPOHY MEHbLUMX NOPOroBbIX 3HA4YEHUI ¢ Lenbio 0603HadYeHna rpaHuy obnactu 6e3onacHoi aKernny-
artauuu obpasla (cM. pucyHok E.1, annpokcumupytowas kpusas co cmelleHneM). PekomeHgyetcs nogbuparb cMelleHne
Takum oBpasoM, YTOObl CMelLeHHan KpuBas nepecekanach ¢ UIMEPEHHON 3KCNePUMEHTaNbHON TOYKOW C HAaMMEHbLLUM

3Ha4eHueM [1/1P.

lpumep — [LaHHble, mosyYeHHbIe N0 06bLIYHOMY NOKPbIMUI0, NpueedeHbl Ha pucyHke E.1. B amom akcne-
pumenme npu nod6ope MemModoM HauMeHLWUX Keadpamoe nosyyatom 3HaveHust Hyo, 4 = 30,0, Hyo, o = 7,19 U
A = 0,778. Takas peanucmuyHas xapakmepucmuyeckas Kpueas paspyweHus cmeuwjaemest Ha d = 1,[5 ans o6o-
3HayeHus obnacmu 6e3onacHol axcnnyamayuu. CmeweHue d = 1,45 coomeemcmeyem nepecevyeHuIo CMeUeH-
Holi xapakmepucmuyeckol Kpueoll pa3pyuwieHusi ¢ HauMeHbWUM 3HavyeHuem [1/IP, usmepeHHo20 Ans1 cepuu u3
100 umnynkcos.

T1/IP npu ucnbitaHum «C Ha 1», OTH. efl.
A

30— Huop1 = 30 o _1
—_-2
—-3

\ A=1log0,6 =0,778

10" 10° 10" 102 10® 10* 10° 10 107 10® 10° 10'® 10M
Yueno umnynscos N

1 — aKCnepuUMeHTarbHble TOYKW; 2 — annpokcuMaums; 3 — annpokcumMaLus co cMelyeHreM

PucyHok E.1 — M3mepeHHoe 3HaueHue [1/TP npw ucnbitaHun «C Ha 1» B 3aBUCUMOCTH OT Yucno umnynscos N
C annpokcumaLumein B cCooTBETCTBUU € popmynoii (E.1) (NasepHoe 3epKano Ans usny4eHns 248 Hm)
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MpunoxeHue F
(cnpaBouHoe)

Mpeo6pasoBaHune AaHHbLIX O pa3pyleHUn B NOKa3aTesnu NIOTHOCTU AedeKToB

B HacTosiLLEeM NPUNOXEHUN NpUBELEHbI pacyeThl, UCMONb3yeMble 4MA Npeobpa3oBaHWsA nokasdaTenei KpMBbIX Be-
POSTHOCTM paspyLLUeHUs B NNOTHOCTb pa3pyLUEHWUA B 3aBUCUMOCTMW OT MIOTHOCTHU 3Hepruun. JaHHas npoueaypa gornyckaeTt
JOCTUXEHWNE BBICOKOW TOMHOCTU M BOCTIPOU3BOLMMOCTH, a Takxe obecneunBaeT BOCNPOU3BOSUMOCTb U COMOCTaBUMOCTb
ANSA pasHoro cTeHAOBOro 06opyaoBaHKUsA HE3aBUCUMO OT pasMepa U Npodunsa ncnonb3yemblx Ny4kos. MpoLeypa cokpa-
LEHWS faHHbIX B OTHOLLEHUW pa3pyLUeHUs Ha NOBEPXHOCTW W OonpefeneHne UCTOYHUKOB MOrpeLllHOCTW NMOTHOCTU pas-
pYLUEHWS!, KOTOpble AenatoT BO3ZMOXHLIM CPaBHEHWE ABYX MOXOXKUX, HO (PU3NYECKN pasnuYHbIX 06pas3LoB, paccMOTpeHbl
B [1].

B3aumopeiicTBMeM Mexay AedeKkTamn maTepuanos npexebperatoT. Takum obpasoM, ecnn gedekTsl, Bbli3biBaro-
LMe paspyLUeHWe Npu onpegeneHHoii NMoTHOCTU SHeprm H, pacnpeaeneHsl B crny4aiHoM nopagke, NNoTHOCTb AeeKToB
D(H) cooTBeTCTBYET pacnpegeneHuto Nyaccora. [anee Ha fJaHHOR NnoLwaan NoBepxXHOCTU A BEPOATHOCTb paspyLUeHns
P(H,A) n nnoTHocTb fedekToB D(H) cBA3aHbl Yepes crnefyoLlee ypaBHeHe:

P(H,A) =1 —exp[- D(H)A]. (F.1)
MocpeAcTBOM PaCLUMPEHNS MOXHO 3anucaTb pesysisTaThl UCTIBITAaHUSA Ha paspyLleHne Yepes BeposTHOCTE. Onpe-

LensAoT 3KBUBaNeHTHYH MIlolaab rayccosa nyyka A Ecnn 6, — n3aMepeHHasi NMOTHOCTb Pa3pyLLUEHWUs, TO BEPOAT-
HOCTb pa3spyLLEHUs BEIMUCHSIOT Mo dhopMyre

3KB,I

P=1-exp(-3,,Ase r)- (F-2)
CneposatensHo, M3MepeHHas MIIOTHOCTb paspyLueHuns §,, NpeAcTaBneHa cresytowum obpa3om:

__n(-P)

m*=

(F-3)

Aaser

Mpw Mcnonb3oBaHUM MyYKa C rayCccoBLIM NMPOCTPAHCTBEHHEIM NpoduneM abContoTHas NNOTHOCTL PaspyLUEHNUs MO-
XeT BbITb BbIpaXeHa kak forapudmuyeckas Npon3sofHas U3MepeHHO NMOTHOCTH 8,

d8p(H)

D (t)=H, 22ml"
I

I

(F.4)

3avacTyto aKcnepUMeHTanbHyo 3aBUCUMOCTL d,, (H;) MOXHO annpoKCUMUPOBaTL CTENEHHOW 3aBUCUMOCTbIO NNOT-
HOCTU SHEpPruu:

8, (H) =a(H) B, (F.5)

rge o 1 f paccunTbIBaLOT MO Haunyuwei annpokcuMaLum UsMepeHui.

Mo copmynam (F.4) u (F.5) BelumncnstoT 3HayeHWe abCconoTHON NNOTHOCTU pa3pyLUeHns:

D(H;) = B 8, (H)) (F6)
unu
In1-P
D) =p(-20=P)), (F.7)
A 3KB,I
Ecnu P << 1, To cOOTHOLWEHWE, NpeAcTaBneHHoe B ypaBHeHUw (F.7), paBHAeTCA:
P
D(H)=p . (F.8)
A 3KB,I

Kak ykasaHo B MpUNOXeHuM A, ANsi KaxA0ro YpoBHS! MIOTHOCTW SHeprun H; Habniofaemasi BeposTHOCTL paspyLue-
HWSA P; NpeAcTaBneHa CNeAYoWUM BblpaXeHeM:
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p
p=_ "
, :

T F9)
i

rae (nP + n,.6'p) — obLee YMCNO y4acTKOB, NOABEPrLLMXCA 0GNyYeHUHD;
n —uncno yuacTkos ¢ paspyLueHuem.

Obwasn nnowaab ckaHUMpoBaHUA A06u.| paBHa (n,P +nl.6-p)-A aks,r, MOSTOMY U3MepAeMYyo NMOTHOCTL paspyLUeHNA
BBIYMCNAOT NO opmyne

Sm(Hi) = i, (F.10)
(nip +ni6'p)'A 3KB,T

ABCONIOTHYHO NNOTHOCTL paspyLueHus, npuBegeHHyto B hopmyne (F.7), BLIMMCISOT No hopmyre

nP
D(H)=p— . (F.11)
(nip + n,-6‘p) ‘A ke,

[ns onpefeneHns abcontoTHOW NIOTHOCTW pa3pyLUEHNS HEOOXOAMMO U3MEPUTB YUCIIO Y4aCTKOB C paspyLLUEHUEM,
3KBMBanNEeHTHYO MNoLlajb rayccoBa ny4ka, a 3aTeM nokasaresb 3, Nony4YeHHble nyTem anmnpokcuMaLmn skenepumeHTarb-
HbIX faHHbIX CTENEHHOW PYHKLMEA. B OTHOLLIEHNM NYYKOB C OA4HOPOAHLIM Npodunem abcontoTHas NOTHOCTL pa3pylue-
HWS HenocpeaCTBEHHO NpefcTaBneHa B ypaBHeHuu (F.10), B koTopoM nnolagb nyvka npuBeAeHa B Buae A, .

Ha pucyHke F.1 npeacraBneH npuMmep pesynsraToB, MOMyYEeHHbIX Ha aneMeHTe U3 NNaBnNeHoro Keapua rnocre uc-
NbITaHUi Npu nanyvennn 355 Hm. AduameTp nydka coctasnseT 0,4 MM Mo ypoBHIo 1/e. PesaynsraThl B3ATH M3 UCMbITaHUA «1
Ha 1» ¢ ucnonb3oBaHWeMm MeToAa, npeacTaBneHHoro B 4.2. BepoATHOCTb paspyLUeHUa cHavana nornyyatot Kak pyHKLmo
MAOTHOCTW 3HEprumn nmnyneca (PomMOkl, BelgeneHHbIe XUPHBLIM), 3aTeM no ¢dopmyre (F.7) BLMUCNSIOT NIOTHOCTb paspy-
LIeHUs (MyCTble KPYXKKK).

B cnyyae pa3pylleHusi B oObeMe Bce UMEET NpsiMYIo 3aBUCUMOCTb C y4eToM obLero obnyyeHHoro obbema Vors,r
ONSA NonyYeHUA COOTHOLLEHMIA TOro Xe BUAa MeXAY BEPOATHOCTbLIO pas3pyLweHUs n NNOTHOCTU AedekToB B o6beme.

MnoTHOCTL pa3pylieHns
BeposiTHOCTb paspylueHus (konu4ecTeo cnyvaes paspylieHus Ha 1 cM“)
| !
1,0 10000
] $°
0,8 ®)
. e 2 2 1000
0,6 O
O ¢ 100
0,4- ooo
0,2 0] ¢ 10
s ] ’ O _ 2
OL_V_Iﬁ_W? T T T T | T T T T | 1_>
0 5 10 15 20

MnNoTHOCTL 3Heprun uMynbLea, ,l:b«ch2

1 — BepOATHOCTb pa3pyLUeHUs; 2 — NNOTHOCTb paspyLLeHUs

PucyHok F.1 — 'padukn BepoATHOCTH paspyLleHns
[AaHHbIe 0 NnoTHoCTU pa3pyLwenus, cornacHo dopmyne (F.7)]
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[1]1 1. NamaHep n coapT. To4HOE, BOCNPOU3BOAUMOE N XOPOLLIO OXapakTepu3oBaHHOEe U3MepeHune NIOTHOCTU NasepHbIX
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KnioyeBble cnosa: onTuka u poToHMKa, Nasepsl, nasepsl M nasepHoe o6opynoBaHue, METOAbLI ONpeAeneHus
nopora NasepHoro paspyLueHusi, onpeaerieHMe NoporoBoro 3Ha4eHus
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