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Mpeaucnosue

1 MOOrOTOBNEH deaepanbHbiM FOCYAapCTBEHHLIM YHUTAPHbLIM npeanpusatTneMm «HayuHo-uccne-
[10BaTenbCKUM MHCTUTYT (pU3UYECKOW ONTUKM, OMTUKU Na3epoB M UHGOPMALMOHHBIX ONTUYECKUX CUCTEM
Bcepoceouiickoro HayyHoro LeHTpa «locyaapCTBeHHbI onTU4eckuin MHCTUTYT uMm. C.U. Basunosa» (®Iryrl
«HNNDOONNOC BHL «MOU um. C.N. Basunosay) Ha 0CHOBE COGCTBEHHOrO NepeBOAa Ha PYCCKWIA A3bIK
aHrMos3bI4HON BEPCUM AOKYMEHTA, YKa3aHHOrO B NyHKTe 4

2 BHECEH TexHuueckum komuteToM No crangaprusauum TK 296 «Ontuka n ¢poToHuKa»

3 YTBEPXJEH 1 BBEJEH B OENCTBUE lNMpukasom ®eaepanbHOro areHTCTBa N0 TEXHNYECKOMY pe-
rynupoBaHuio U MeTponorum ot 27cenTadpsa 2019 . Ne 811-cr

4 Hacrosuuii ctaHaapT SBNAeTCs MOAMMULMPOBAHHBIM MO OTHOLLEHUIO K MEXAYHAPOAHOMY JOKYMEHTY
ISO/TR 22588:2005 «OnTtuka u poToHuKa. Jlazepbl U CBA3aHHOE C HUMK 060pyAOBaHUE. MI3MepeHus u OLeH-
Ka BosaelicTeus abcopbumm Ha onTuyeckme KoMmnoHeHTbl» (ISO/TR 22588:2005 «Optics and photonics —
Lasers and laser-related equipment — Measurement and evaluation of absorption-induced effects in laser
optical components», MOD) nyTem BHECEeHUS1 TEXHUYECKNX OTKITOHEHWIA, KOTOPbIE BbIAENEHbl N0 TEKCTY Kyp-
CVBOM, @ TaKKe U3MEHEHMUS €ro CTPYKTYPbl ANs NpMBEAEHUS B COOTBETCTBUE C NPABUNAMU, YCTAHOBNEHHLIMU
B FOCT 1.5—2001 (nogpasgensl 4.2 u 4.3).

HaumeHoBaHWe HACTOALIEr0 CTaHAapTa U3MEHEHO OTHOCUTENbHO HAMMEHOBAHUS YKA3aHHOTO Mexay-
HapoAHOro craHaapTa ans npuseaeHuns B coorsetcrene ¢ FOCT P 1.5—2012 (nyHkT 3.5).

ConocrasrneHue CTPYKTYpbl HACTOALWEro CTaHAapTa co CTPYKTYPOi NPUMEHEHHOTO B HEM MeXAYHapoAa-
HOTO JOKYMEHTA NPUBEAEHO B AOMNOMHUTENBHOM NpunoxeHuu JA.

CBeaeHust 0 COOTBETCTBUM CCbINOYHbLIX HALMOHATNbHbBIX CTAHAAPTOB MEXAYHAPOAHLIM CTaHaapTaMm, Uc-
NoNb30BaHHLIM B KAYECTBE CChINOYHbIX B MPUMEHEHHOM MEXyHapOAHOM CTaHAapTe, NPUBEAEHbI B AONON-
HUTENbHOM NpUNoXxeHun b

5 BBEJEH BINEPBbIE

6 HekoTopble 3NMeMeHTbl HAcToALWEero ctaHgapTa mMoryT 6biTb 0ObekTamu naTeHTHbIX Npae. MexayHa-
poaHasi opraHu3aums no craHaaptusauyum (MCO) He HeCceT OTBETCTBEHHOCTHU 3a YCTaHOBNEHUE NOANMHHOCTU
Kakux-nubo unm Bcex TakMx NaTeHTHbIX Npas

lMpasuna npumeHeHuss HacmMosAWeeo cmaHl0apma ycmaHoesieHb! 8 cmambe 26 dedeparnbHO20 3aKOHa
om 29 uiwHa 2015 2. Ne 162-03 «O cmanlapmusayuu e Poccutickoli ®edepauuuy. ViHgopmayus 06 u3-
MEHEHUSX K HacmosLeMy cmaHdapmy nybnukyemcs e exe200HOM (1o cocmosaHuo Ha 1 sHeaps mekyuiezo
eoda) uHhopMayUOHHOM yKkaszamene «HayuoHanbHbie cmaH0apmbly, a ohuyuanbHbill MeKem u3MeHeHull
U 1OMnpasoK — 8 E€XEeMECAYHOM UHGOPMaYUOHHOM yka3amene «HayuoHanbHbie cmaHOapmbi». B criyyae
nepecmompa (3ameHbl) unu OmmMeHbl Hacmosuweeo cmaHlapma coomsememsyioujee ysedomreHue 6ydem
onyb6nukoeaHo 6 bnuxaliluem 6biIlyCKe EXeMeCcsyHo20 UHQOPMaYyUOHHO20 ykasamens «HauuoHanbHble
cmaHOapmbi». Coomeememsyowjasa uUHopmayus, ysedoMsieHUe U MeKCMbl PasMewaromes makxe 6 UH-
¢opmayuoHHO cucmeme obuyeao nosb308aHus — Ha oguluaribHoMm cailime ®edeparnbHO20 azeHmemaea o
MEXHUYECKOMY peaynuposaHuio U Memposioauu 8 cemu VinmepHem (www.gost.ru)

© IS0, 2005 — Bce npaBa CoXpaHsOTCA
© CraHaaptuHopm, odopmneHue, 2019

Hacroswwmit cTaHgapT He MOXET ObITb MOMHOCTbLIO UM YaCTUYHO BOCMPOU3BEAEH, TUPAXKUPOBAH U pac-
MPOCTPaHEH B Ka4ecTBe 0puLManbHOro usaanus 6es paspeluenus degepansHOro areHTCTBa Mo TEXHUYECKO-
MY PerynmpoBaHUIO U METPOIIOTUK
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BBeneHue

B HacTosiem cTaHaapTe npefcTaBneHbl CTAHAAPTHbIE METOAbI UBMEPEHUA NOTTOLLEHWS, NO3BONAIO-
e n3bexxarb KOHPNMUKTHBIX CUTYaLIMIE MEXAY NONb30BaTENAMM U MOCTABLLUMKAMU ONTUYECKMX KOMMNOHEHTOB.

Mpu nageHuy nasepHoro rnydka Ha ONTMYECKUA KOMMOHEHT MPOUCXOAUT NOTNOLLEHNE ONpPeaeneHHoro
KonuMuyecTsa SHepruu. B 3aBUCMMOCTM OT MHTEHCUBHOCTW NA3epPHOro Myyka M MormioLjatolwen cnocobHoCTU
maTepuana KOMMNOHEeHTa TemnepaTtypa KOMNOHeHTa ByAeT noBhILATLCA HEPAaBHOMEPHO. Jaxe ecnu nasep-
HbI NYYOK C paBHOMEPHLIM pacrnpeaeneHmeM MIHTEHCUBHOCTM 3anOoSHAET BCIO NMOLWaab KOMMOHEHTAa, Ha no-
BEPXHOCTU ByayT Co3AaHbl TeMNepaTypHbIE rPagueHThl. 3a UCKMIOYEHUEM Cny4YaeB, KOraa marepuan umeer
HE3HaYMTENMbHBLIN KOAPMULUNEHT pacCLLUMPEHUSA, TeMNEepaTypHbIe rpagueHTbl NPUBOAAT K (POPMUPOBAHUIO OT-
HOCUTENbHOrO PacLULMPEHUs], B Pe3ynbTarte Yero BO3HUKAIOT NCKaXeHue, aeopMaumsa 1 uU3MeHeHne CBOWCTB
AByJlyYenpenomMneHnsi KOMNOHEHTOB. NokasaTtent NpenomMneHunsi 6oNbLUMHCTBA ONTUYECKUX MaTepuarnoB Tak-
Ke 3aBUCUT OT TemnepaTypsl. Mpn n3MeHeHnn hopPMbl ONTUHECKOK NOBEPXHOCTU KOMMNOHEHTA B BONMbLUMHCTBE
cnyvaes Bynet uameHeHa dopma U/mnu pacxoguMoCTb NPOLLEALLErO W/UMU OTPaXXEHHOro ny4vka. Ecnum Tpa-
eKTOpUA My4vKa BKNIOYAET NOnspusaTop, pasBeTBUTENL NyvKa Unu AednekTop nyyka, BeIXOAHas MOLLHOCTL/
SHEeprua u/mnu pacnpocTpaHeHne nyyka B Na3epHoi CUCTEME MOTYT UBMEHATLCA. OTU aPdEKTLI MOTyT yBe-
NNYUBATLCA, €CIIM KOMMOHEHT XKECTKO Cxar. Mpu 3HauMTenbHOn gecopMauum Ha KOMMOHEHTe MoryT o6paso-
BaTbCA TPELUUHBI.

KoadbdpuumeHTsl nornowieHus BonblMHCTBA MaTepuaros, Kak NpaBuno, C MOBLbILIEHWEM Temnepary-
pbl CTAHOBATCA TOJIbKO €nabo HenuHenHbiMW. OfHAaKO MPOnycKaloLwme KOMMNOHEHTbI, BbIMOIHEHHbIE U3 NO-
NynpoBOASALLUMX MATEPUarnoB, UMEIOT HEenMUHEelHble KOSMULUMEHTbI NOTMOLIEHNS C YETKUMMU MOPOrOBbLIMM
3HAYEHWSAMM, KOTOPbIE 3HAYUTENBbHO HUXKE TeMMepaTypbl MNaBneHus Marepuana. 370 ABMEHME HAa3bIBAIOT
«KTEPMUYECKUM PA3roHOM», U OHO 3PPEKTUBHO OrPaHUYMBAET HArpy3Ky NO ONTUYECKON MOLLHOCTHU, NPU KOTO-
poi AaHHBIE MaTepuarnsl UCMOMb3YIOT. [10POroBoe 3Ha4eHMe TEPMUYECKOrO PasroHa CONPOBOXAAETCA PE3KUM
yBENUYEHUEM MOTNOLLEHUS, UCKAKEHUSA U NOABNEHUEM TENNOBON NUH3LI. Mokasarenu NpenoMneHna u Koad-
PULUEHTBI IMHENHOTO PaCLLUMPEHUA YYBCTBUTENBHLI K UBMEHEHUAM TEMNEPAaTYPLI, HO He 06A3aTENbHO UMEIOT
OWHaKOBbIE 3HAKM.

VckarkeHne BO3HMKAET Npu HEPABHOMEPHOM 00ny4YeHUU KOMMOHEHTA, M 0COBEHHO €CNU OH CUNBHO CXaT
1 ero pacluMpeHue 3atpyaHeHo. Matepuan 6yaer pacluMpsTbCsi BCNEeACTBME TENNOBOM HArpy3ku, U, eCnu oHa
HepaBHOMEpPHas, KOMNOHEHT OyaeT n3rmbarTbCcsa Unu Ha HeM 006pa3syeTcs NUH3a, YTO NPUBEAET K U3MEHEHUIO
hOpMBI ONTUHECKON NOBEPXHOCTU. Kpome Toro, B cnyyae nponyckaloLwmx KOMMNOHEHTOB CyLLIECTBYET BEPOSAT-
HOCTb TOrO, YTO TEMMNEPATypHas 3aBUCUMOCTb NOKa3aTens npenomreHus Marepuana npusefer kK addexry
TENMOBOW fMH3bI. B LIenomM HepaBHOMEpPHOE pacLuMpeHne NPUBOAUT K MU3MEHEHUIO (POKYCUPYIOLLMX CBOICTB
KOMMOHEHTA. B cnyyae HenuHelHbIX abcopOupyloLmx OKOH 1 3epkan (Hanpumep, Ge, ZnS u ZnSe, UCNONb3y-
emble ¢ MHpaKpacHbIMU Ny4Ykamu) 0OHAPYXKEHO, YTO PACCMOTPEHHbIE 3(phekThbl 0Ka3bIBAIOT 3HAYUTENBHOE
BIIMSIHWE HA PaAcXOAMMOCTb NpoLlleaLlero nydka. B cnyyae nnockux orpaxalwwmx MHTepdepoMeTpudecKkux
KOMMNOHEHTOB Habnoaanocb 06pazoBaHMe BbiMyKION NOBEPXHOCTU. Ha npakTuke gaxe He3Ha4uTenbHOe UC-
KakeHWe NnasepHbIX KOMMOHEHTOB NPUBOAUT K MU3BMEHEHUAM pacxoaMMOCTU U KoadduumeHTa pacnpocTpaHe-
HUA Na3epHOro ny4yka, a Takke K notepe BleOﬂHOVI MOLLHOCTU U3ny4eHua nasepa.

HanpspkeHne B KpUCTannMyeckux KOMMOHEHTaxX NPUBOAUT K MHAYLIMPOBAHHOMY [IBYNy4enpenoMneHuto
1, TaKMM 00pa3oM, K U3BMEHEHUSIM CBOMCTB NMPONYCKAHUSI/OTPAXEHUS, B pe3ynbrare yero oopasyiorcs Qriok-
Tyauuu B BbIXOJHbLIX XapaKTEPUCTMKAxX CUCTEMbI. [laxke OAHOPOAHbLIE Marepuanbl MOTyT JEMOHCTPUPOBaTb
ABynyYenpenoMrieHne B Criy4ae HepaBHOMEPHOW TENMOBO HArpy3ku U KpenmneHusi KOMMOHEHTA, 3aTpyAHSAIO-
wero paclumpeHue matepuana. BoixogHasa MOLUHOCTb fa3epa ¢ ONTUYECKU TOHKUMM Na3epPHbIMU CTEMKHAMU C
HaKa4uKkon UMNYNbLCHOM NAamMnon B HENOCPEACTBEHHON BNM30CTU CO CTEPXKHEM UIN B SNITUNTUYECKOM KBAHTPO-
He 06ycnoBneHa MHAYLMPOBAHHbLIM ABYIyYenpenoMieHueEM C KPyroBon cummeTpuein. UameHeHusa B AByny-
YyenpenoMneHmn o06bIMHO NPUBOAST K UBMEHEHUSIM NPONYCKaHUSA Na3epHOro nyya yepes cuctemy, 0CobeHHO
€CNu B NOCNe0BaTENbHOCTU MYYKOB UMEIOTCSH ANMEMEHTbI, YYBCTBUTENbHBIE K NONSAPU3aLUN.

JedopmMaums, Bbi3BAHHAA HArpeBOM B PE3yNbLTATE€ HEPABHOMEPHOrO OONyYeHUsi, MOXET BO3HUKHYTb
haxe B crnyyae cBOOOAHO YCTAHOBIIEHHBLIX KOMMOHEHTOB. OHAKO OOMbLLYI0 YaCTb OMTUYECKUX KOMMOHEH-
TOB MOHTUPYIOT Ha AiepXKaTerne, KOTOPbIA UCMONb3YIOT AN KOHTPOXS YIIOBOIO NONOXEHUs1 KOMNOHeHTa. Ecnu
OaHHbII Kpenex npensATcTBYET OTHOCUTENBLHOMY PaCLUMPEHUIO, 3TO NPUBEAET K BO3pacTaloLLel agedopmaumum
KOMMOHEHTa npu ero obny4veHuu. Korga aecdopmauumsa AOCTUrHET npeaena ynpyroctu, Ha KOMNoHeHTe obpa-
3YI0TCS TPELLUMHbI. BO3MOXHO, 3TO 0A1HA M3 MAaBHbIX NPUYUH YPE3BLIYANHO HU3KKUX MOPOrOBbLIX 3HAYEHUI pas-
pYLIEHUs, BbI3BAHHOIO Na3epHbIM uanyyeHmem. B oCHOBHOM adhchbekT 0OHApYKMBAIOT B NA3ePHbIX CUCTEMAX
C BbICOKOW 4aCTOTOM NOBTOPEHUA UMNynbCoB, ANMUMHHbIMKU UMNYNbCAMU U HENPEPbLIBHbIM U3NYYEHUEM. ,El,e—
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dopmauus, BbI3BaHHAA HAarPEBOM B PE3YNLTATE XECTKOro KPEnneHnsi KOMMOHEHTA NPU MOHTaXe U/MNK OTCYT-
CTBUU 3a30pa AN TENIOBOIO pacLUMpPEHUs, KOMMOHEHTA UMM KOMOMHaLMN KPENmeHuii, BO3MOXHO, ABNSAETCA
Hanbornee 3HaYMMOMN NPUYMHON OTKa3a NasepHbIX KOMIMOHEHTOB B COCTaBE ONTUYECKON cUCTEMbI. BbizBaHHas
aedopMauuma NnpuBoauT NGB0 kK 06pasoBaHMIO TPELMH B KOMIMOHEHTE, NMMBO K CHMKEHUIO TEMMOBOW Harpy3ku,
npu KOTOPOW BO3HUKAET NnaBneHue.

3 dekThl, BbI3BAHHLIE HATPEBOM, CBOASTCA K MUHUMYMY, €CINU KOMIMOHEHT yaep)uBaeTcsi cBo60aHO, 1
[0BOAATCA A0 MakCMMyma npu CUMbHOM CXaTun. HaBeaeHHOEe BHYTPEHHEE HaMNpshKeHWe matepuana Moxer
ObITb NONOXUTENbHEIM MW OTpULlaTENbHLIM B 3aBUCMMOCTU OT OTHOCUTENbHON PasHOCTU KOIhULIMEHTOB
TEMNMOoBOro paclUMpeHus Mexay aepxarenemM U KOMNOHEHTOM. [OCKOnbKy 3TOT (pakTop ABNseTcA onpeaens-
oMM, HEOBXOAUMO BLINOMHUTE U3MEPEHUE C KOMMNOHEHTOM, YCTAHOBIEHHBLIM B Aep)aTene, npu ycroBusXx,
MaKkCUMarneHO NPUOAMKEHHbIX K pabo4nM YCIIOBUSAM CUCTEMbBI U OKpyXKatoLel cpeabl. Ha npakTuke aaHHbIN
dhakT MOXET caenarb 3aTpyaHUTENbHBLIM UM HEBO3MOXHbIM BbINOMHEHWE HEKOTOPbLIX NpeanaraemMbix n3Mme-
peHuii. Takum 0Bpa3om, HECMOTPS HA TO YTO U3MEPEHUE UCKAXKEHUS SIBNSAETCA CAMbIM OCHOBHbLIM M aKTyarb-
HbIM, MOXET NOoTPeboBaTLCS KOHTPOIb U3MEHEHWIF ABYNYYEnpenoMneHUsi UM U3MeHeHun KoadpduumeHTa
pacnpocTpaHeHusi npoweaLero ny4vka. Mpu sToM onpeaeneHne M3MeHeHUs NOPOroBbIX 3HAYEHUI paspyLue-
HWSA, BbI3BAHHOTO Na3epPHbIM U3NyYeHnem, mexay cBOBOAHBIMM M CXKaTbIMU KOMMOHEHTaMU, HE ByaeT 0Obly-
HbIM, T. K. AAHHOE pa3spyLUeHne ABNAETCH KaTacTPOPUUECKUM.

Bce ykasaHHble ahekTbl NPUBOASAT K COKPALLEHMIO CPOKA CrY>XObl KOMMOHEHTA W/WAKU NBMEHEHWIO Bbl-
XOAHBIX XapakTepuUCTUK nasepHoro usnydeHus [1]. OHM Takxke POPMUPYIOT OCHOBHON UCTOYMHMK pasHornacumn
Mexay nocTaBLMKaMW KOMMNOHEHTOB W W3rOTOBUTENAMW/NONbL30BATENAMMU fasepHon cuctemsl. Kak npasu-
no, adpekTbl 0GHAPY>KMBAIKOTCA B Cryyae fasepHbIX CUCTEM C BbICOKOW YaCTOTON NOBTOPEHUSA UMNYMNbCOB,
ONWHHBIMW UMMNYNbCAMKU U HEMPEPLIBHBIM U3NyYEHUEM (HanpuMmep, TEXHONOrMYECKUe nasepbl Ans CBapku).
OpHako TaKke Habnaanock UX BUSTHUE Ha BbIXOAHYIO MOLLHOCTL/3Hepruto umnynscHeix Nd:YAG-nasepos
OOHOKPaTHOro AeNCTBUSI C MOAYNMPOBAHHON A0BPOTHOCTLIO, paboTarLwmx Ha 1,064 MKM, U HA NPOMycKaHue
W OTKMOHSIIOLLYIO CMOCOBHOCTL NNOCKUX OKOH Ge noj 06ryyeHneM KopoTkummn umnynscamu CO,-nasepa ¢ us-
fiy4eHueM Ha anuHe BosnHbl 10,6 MKM.
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HAUMOHANBbHBIWN CTAHOAPT POCCUNCKOWNW ®EAEPALUMU

OnTuka u oToHUKa
JIA3EPbI N IASEPHOE OBOPYOOBAHUE
MeToabl U3MepeHUA NOMMOLEHUSI ONTUYECKUMU KOMIMOHEHTaMM

Optics and photonics. Lasers and laser-related equipment.
Methods for measurement of absorption-induced effects in laser optical components

Nara BBegeHua — 2020—09—01

1 O6bnacTb NnpUMeHeHus

HacTrosiLumit cTaHaapT yecTaHaBNMBaeT CTaHAaPTHbIE METOAbl U3MEPEHNS N OLIEHKW BO3AEACTBUS NOrMo-
LLieHNs1, BbI3BAHHOTO NasepamMu, Ha ONTUYECKUE KOMMOHEHTBI.

2 HopmaTuBHbIe CCbINIKU

B HacToALleM cTaHaapTe UCMNonb30BaHbl HOPMAaTUBHBLIE CChINKU Ha cneayioLme craHaapTbl:

FOCT P 8.745/ISO/TR 14999-2:2005 ocydapcmeeHHas cucmema obecnedyeHus eduHemea usMmepeHul.
Onmuka u pomoHuka. ViimepchepeHUUOHHbIE U3MEPEeHUS ONMUYECKUX anemMeHmos u cucmem. Yacms 2. 13-
MepeHus u memooOuka OUEHKU pe3ynbmamose

FOCT P 58370 (MCO 21254-2:2011) Onmuka u gpomonuka. J1azepbl u nasepHoe obopydoeaHue. Memo-
Obl onpedenerus nopoaa nasepHoeo paspyweHus. Yacme 2. OnpederneHue rnopo208020 3Ha4eHus1

FOCT P UCO 11551 Onmuka u onmudeckue npubopsbl. Jlazepb! U 1asepHble YCMaHO8KU (CUCMEMbI).
Memoduka uamepeHruli KoaghchuyueHmMa nozoWeHUs N1a3ePHO20 U3JTy4EeHUS OMMUYECKUMU dJIeMeHmamu

FOCT P MCO 12005 Jlasepbi u nasepHble ycmaHoeKu (cucmembl). MemoOdbl uamepeHuli napamempos
nasepHbix nyydkos. Monspu3ayus

FOCT P CO 11146-1 Ilasepbi U nta3epHbie ycmaHoeKu (cucmembl). MemoOdbi usmepeHull LWUPUH, yaiioe
pacxodumocmu u KoaghchuyueHmos pacripocmpaHeHus na3epHbix rny4kos. Yacms 1. Cmuamamuyeckue (20-
MOUEHMmpuYecKue) u cnaboacmuamamudecKkue rnyyku

FOCT P NCO 11146-2 Jlasepbi U na3epHbie ycmaHoeku (cucmembi). Memo0Obi usmepeHull LUUPUH, yarioe
pacxodumocmu u KoaghghuyueHmos pacrnpocmpaHeHusi nasepHbix ryykos. Yacmb 2. Acmusmamu4veckue
nyyYKu

FOCT P NCO/TO 11146-3 Jlazepbi u nasepHbie ycmaHoeku (cucmembi). Memoodb! usmepeHuli WupuH,
yenoe pacxodumocmu u K03ghguyueHmos pacnpocmpaHeHusi na3epHoix ryqdkos. HYacmpb 3. CobcmeeHHas
U eeomempudeckas Knaccugukayus na3epHbix Myykos, crieyughuka ux pacrnpocmpaHeHus u MemooOuku us-
meperuli

MpumMeyaHune —Ipu NoNb3OBaHUU HACTOSLLMM CTaHAAPTOM LienecoobpasHo NpoBepUTL AENCTBUE CCbINOYHBIX
CTaHAapToB B UHOPMALIMOHHON cucTeMe obLLiero nonb3oBaHUsa — Ha opuLyuansHoM caiiTe deaepanbHoOro areHTcTBa No
TEXHUYECKOMY perynnupoBaHunio U METPONOrun B ceTU MIHTEPHET UMK NO eXEerogHOMY UHOPMAaLMOHHOMY ykasaTento «Ha-
LiMoHanbHbIe CTaHAaPTLI», KOTOPLIA ONyGNNKoBaH No COCTOSIHUIO Ha 1 AHBapS TeKyLUero roga, U No BbiNyckam exeMecsy-
HOro MHPOPMaLIMOHHOTO yKasaTens «HaunoHanbHble cTaHAapThi» 3a TeKyLWnii rog. Ecnu 3ameHeH CCbINOYHIA cCTaHaapT,
Ha KOTOpbIN flaHa HefaTupoBaHHas cCbifika, TO peKOMEeHAYeTCsS UCNoNb3oBaTb AEWCTBYIOLLYIO BEPCUIO ITOrO CTaHfapTa
C Y4ETOM BCEX BHECEHHbIX B JaHHYI0 BEPCUIO U3MEHEHWIA. ECni 3aMeHeH CCbINOYHLIN CTaHfapT, Ha KOTOpLIA AaHa AaTu-
poBaHHasA ccuifka, To peKoMeHAyeTCs NCMONb3oBaTb BEPCUIO 3TOMO CTaHAapTa C yKasaHHbLIM BbILLE IOA0M YTBEPXKAEHUS

W3panue ocpuumnanbHoe



roCT P 58563—2019

(I'IpMHSlTMFl). Ecnu nocne yTBepXAeHUA HacToAwero craHaapTta B CChINOYHbIN CTaHAapT, Ha KOTOpI:II7I AaHa AatupoBaHHaA
CCblfIKa, BHECEHO U3MEeHeHUe, 3aTparusarwiee nNofoXeHne, Ha KOTopoe flaHa CChifika, TO 3TO NONOXeHUe peKOMeHAYETCA
NPUMEHATL Ges ydyeTta JaHHOro UsSMeHeHUA. Ecnu ccbinoyHbli CTaHpapT OTMEHEH 6e3 3aMeHbl, TO NoJoXKeHue, B KOTOPpOM
AaHa cCblNKa Ha Hero, pekoMeHagyeTcA NPUMEeHATL B YacTu, HE 3anarV|Batou.|e|7| 3TY CCbISIKY.

3 NMornoweHue

3.1 O6wan nucgopmauuna

MornolueHune aABnseTca pyHaamMeHTanbHbIM CBOMCTBOM Marepuana u HenoCpeaACTBEHHO CBA3aHO C €ro
NEKTPOHHOW CTPYKTYPOW U AJIMHOMW BOSHbI 30HAMPYIOLLIETO U3ITyUYEHUs], a NOrNoLeHNe NponycKaoLwmx nsny-
YyeHue MaTepuarnos — C LLIMPUHOW 3anpeLleHHoN 30Hbl. CnekTpanbHOe NporyckaHne matepuana cxemarude-
CKM NpeacTaBneHo Ha pucyHke 1. ToyHoe pacnonoXeHue n MHTepBan pasHbIX rpaHuL NOTTOLLEHUS 3aBUCAT OT
CTPYKTYpbl Marepuana, Bkrnio4as npumecu. Ecnu Ana onTUYecKMX OKOH UCMONb3YIOT MaTepuarnbl, NPonyckaio-
Lime nanyyeHume B BUAMMON obnactu cnekrpa, KoadhPULMEHT NOrMoLLUEeHUs HE3HAYUTENbHBIN U crabo u3meHs-
€TCSA NPU NOBbILLIEHNN TEMNEPATYPLI. Y Marepuanos, NpornyckaroLmx ynsrpaduoneTosoe unu uHgpakpacHoe
nany4yeHue, KO3PUUUEHT NOMMOLLEHUA 3HAYUTESbHLIN 1 €ro BNUSHUE YYUTbLIBAIOT. KpoMe TOro, BO MHOTMUX,
HO He BO BCEX Crlydasix Matepuansl, NpornyckamoLwme uHdpakpacHoe UsnyyeHue, ABASIOTCA NONynpoOBOAHU-
Kamu U UMEIOT HENMHENHOEe ONTUYEeCcKoe nornoweHune. Tak, NPy HUSKUX UMK KOMHATHLIX TeMneparypax Takue
marepuanel obnagatotr cnabon nornowatoLlen cnocobHOCTbIO, HO NPU MOBbILWEHHbLIX TeMMNepaTypax UMELoT
Nopor TEPMUYECKOTro pasroHa. Npu npesbiLeHUM NOPOroBoM TemnepaTypbl KOIMULMEHT NOMOLLEHUA PE3Ko
BO3pacTaeT, a NPonyckHas CnoCoBHOCTb OKHa CHkaeTca. Kpome Toro, nobas HenuHEeWHOCTb B 30HE najato-
LLero nyyka nposiensietcs B apdrekre NMH3bl, KOTOPast MOXET CYLLECTBEHHO U3MEHATb Ka4eCTBO ny4ka.

Mponyckanwne, %

JnuHa BOMHbI

1 — @neKTPoHHOe MormnoLleHne; 2 — Kpail pyHAaMeHTaNBHOTO NorrolyeHus; 3 — npo3pavHas obnacTb; 4 — NpUMecHoe MOITIoLYeHME;
5 — nornoweHne cBo6ogHbIMU HOCUTENAMU; 6 — MOINOLLEeHME Ha konebGaHUsaX KpUCTaiMYeckon peLleTku

PucyHok 1 — CnekTpanbHoe npornyckaHue cTaHAapTHLIX ONTUYECKUX MaTepuarion

B HacTosiee BpemaA 60NbLUMHCTBO NPONYCKAIOLWMX ONTUYECKUX MaTepuarnoB OKOH SIBMSIIOTCS O4HOPOA-
HbiMK. OJHAKO Ha MOrNoLEHNe B MaTepuanax MoryT OkasblBaTb CUSIbHOE BIUSIHME NPUMECH, NOKaNM30BaH-
Hble 1 AnPPY3NOHHO pacnpegeneHHble B 06beme matepuana. lNpuymHbl BO3HUKHOBEHUS NMOTMOLLEHUS MOXXHO
pasgenuTb Ha psa BO3AECTBUA.

3.1.1 O6bLeMHOe nornouweHue

MHTEHCUBHOCTb BOMNHbI OyaeT U3MeHsITLCS MO 3aKOHy Byrepa u BbluMCRSATLCS N0 hopmyne

1) = Iy €73, M
rae o — WHTEHCUBHOCTL BOSHBLI HAa BXOA€E B cpepy.

O6bemHoe NOrMoLLEHNE MOXET BbITh MOCTOAHHLIM UMW UHAYLMPYEMbIM. HanpumMep, NOrMoLLEHNE B BU-
AUMOi 06nacT MOXET BbITh BbI3BAHO NOIMOLLEHWEM YNLTPadMONETOBOIO M3NyYeHUs!, 0GpasyioLIMM LEHTPLI

2
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OoKpacku (3axeaT 2NEKTPOHOB B BAKAHCUSIX OTPULIATENBHO 3apsPKEHHBIX MOHOB). Kak npaBnno, 3T0 NPOUCXOAUT
B ranoreHuaax (Xxnopua HaTpusi u kanusi), a Take B nasepHom kpuctanne Nd:YAG. MocnegHui npumep ae-
naeTca NPUYNHON, No Kotopon MHorme Nd:YAG-nasepbl CO BpeMEHEM NOCTENEHHO TEPAIOT BbIXOAHYIO MOLL-
HOCTb M B CBA3U C YeM LienecoobpasHo ocHaLaTh naMmnoBbiii kBaHTPOH Nd:YAG-nasepa ynsrpadMoneToBbiM
unerpom. B 6OMbLUMHCTBE CryyaeB LeHTPbl OKPACKW MOTYT ObiTb YHUYTOXEHbI COOTBETCTBYHOLLEN TepMUYe-
CKOIn 06paboTKOMN.

MornoweHne SBnsAeTca PyHKLUMENR Kak aNEeKTPOHHON CTPYKTYPbl Marepuana, Tak u AnNUHbl BOSHbI U3ny-
yeHus. Ecnu aHeprua gpoToHa AOCTATOYHO BENMKa AN TOro, YToObl NPEOAONETb 3aMPELLEHHYIO 30HY MEXAY
BaNEHTHOW 30HOM W 30HOI NPOBOAMMOCTU, BO3HMKAET OAHOOTOHHOE NOrfoLWeHne. 310 B GOnbLUEN CTENEHU
3aBWUCUT OT ANWHbI BOSIHbI 30HAUPYIOLLErO U3NYYEHUS U HE 3aBMCUT OT MMOTHOCTU SHepruu (3akoH Bepa).
[BYX(POTOHHOE MOrMOLEHNE MOXET BO3HUKHYTb NPW OAHOBPEMEHHOM MOrMOLUEHUN ABYX (POTOHOB U B TOM
crny4yae, ecnv CymmMma 3Heprui npeBbILIAET LWMPUHY 3anpeLeHHON 30HbI. [JaHHbIN NPoLEecC ABMSETCA IMHENHO
3aBUCUMbIM OT MIIOTHOCTW SHEPTUU NPU NOCTOAHHOW ANUHE UMMYNbCA.

MHOroOTOHHOE NOrMOLIEHUE MOXET BO3SHUKHYTL MPU OAHOBPEMEHHOM MOrNoLLeHUM POTOHOB U B TOM
cnyyae, ecrnm CyMmMa 3Heprum pOTOHOB MPEBLILLAET LUMPUHY 3anpeLLeHHON 30Hbl. [lJaHHbI NpoLiecc CTaHOBUT-
¢ bonee BEPOSATHbIM MO MEPE YMEHbLLEHUS AMMHbI UMMYNLCA, HO NPU HEU3MEHHOCTU MITOTHOCTU CYMMAapPHOW
3Hepruun. TaKke CyLlecTBYET NPOMEXYTOYHAA ANUHA MOrMOLWLEHUS, A€ SNEKTPOHbI, NOAHATbIE A0 YPOBHEN
SHEpruM BHYTPU 3anpeLLeHHON 30HbI, MOTYT MOrMoLaTk 3aTem BTOpoW (hOTOH U, Takum 06pasom, HacensTb
30HY MPOBOAMMOCTH [2]. Ha pucyHke 2 nokasaHO CpaBHEHWe MOrmoLiaLmMx CBOMCTB obpasuos CaF, npu
N3NyYeHUU C ANUHOW BOMHbI 248, 193 1 157 HM. HWxHAA kpuBas (4Nna M3nyyeHus ¢ ANMHOW BOSHbI 248 HM)
YKa3bIBaeT Ha NOCTOAHHOE MOrMOLLEHNe, CBMAETENLCTBYIOLLEE 00 OTCYTCTBUM ABYX- UM TPEXEOTOHHOIO No-
rnoweHuna. Ona uany4yeHnsa ¢ AnNnMHOM BoMHbl 193 HM MMEET MECTO CUSbHOE 3HEPro3aBMCcMMOE NOrMoLLeHue,
yKasbiBaloLlee Ha ABYXDOTOHHOE MOrMOLEHUE; AN U3NMYyYeHUs ¢ ANUHONW BONHbI 157 HM — TOnbKO cnaboe
ABYX(POTOHHOE MOrnoLeHne, T. K. CyMMapHas aHeprusi AByx h0TOHOB NPeBbILLIAET YpoBeHb Bakyyma. OaHako
TNMHENHOE NOrNOLLEHNE NPU U3NTyYEHNUN C ANMHON BOMHbI 157 HM NpMBMU3NTENLHO B TPU pa3sa Boilue, Yem Npu
U3NyYeHUU C ANMHOMN BOSHbI 193 HM. Kak BUAHO HA PUCYHKE 2, HA KOTOPOM NPUBEAEHbI AAHHbIE, NONYYEHHbIE
ANsA ABYX pa3Hbix 06pa3LoB, NOrnoLeHNe CyLUECTBEHHO 3aBMCUT OT 00pasLoB. 3TO NOATBEPXKAAETCA U3Me-
PEeHUAMU, pesynbTaT KOTOPbIX NPEACTaBneH Ha pUCyHke 3 rpaduKkoM 3aBUCUMOCTW HENUHEWHOTO NOFNOLLEHUA
f%qmp pasHbIX 00PasLOB OTHOCUTENbLHO UX MIMHENHOTO NornoLieHus Ag.

Mornowenwue, %

1 2

2,8
2,4 3
o] N
16-
1,2 4
0,8

i 5
s N

o T T T -

T 17T T 17 177 LI I
0,02 0,04 0,06 0,08 0,10 0,12 0,14
MnoTHOCTbL SHEepruu, ﬂ,)K/GMz

17— o6pasely A npu nanyveHun 193 HM; 2 — obpaseL A Npu usnyveHun 157 Hm;
3 — obpasey B npu usnyyveHnn 157 Hm; 4 — obpasel, B npu usnyyeHmn 193 HM; 5 — obpasel npu nanyveHun 248 Hm

PucyHok 2 — CpaBHeHMWe KoaduLmeHTa NornoLLeHs B 3aBUCMMOCTW OT 3HEPTUU MMMYIbca
W BIMHBI BOMHBI AN ABYX pasHbix o6pasuos CaF,
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Bogpep MPY ManyueHuu 193 Hm, 109 cmB
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PucyHok 3 — 3aBUCUMOCTU KOIPDULIMEHTOB SIMHEWHOIO U HENIUHEWHOrO MOMOLLEHNUA

Ans pasHeix o6pasyos CaF,

CriegyeT OTMETUTbL HanMMuue JIMHEWHOTO COOTHOLLEHUS, YTO YKa3biBaeT HA AOMWUHUPYIOLMIA NPOLIECC
[BYXCTYNEHYaToro norrnoLieHus B OTIM4mne ot cO6CTBEHHOrO ABYX(hOTOHHOTO nornowexus. MoareepxaeHmem
AQHHOTO aHamnM3a Cy>uT CPaBHEHUE Py, B 3ABUCUMOCTH OT ANUTENLHOCTU MMNYNBCA T, KOTOPOE Takxke no-
Ka3blBaEeT JIMHENHOE COOTHOLLEHME (CM. PUCYHOK 4).

33@» npu uanyveHnn 193 Hm, 109 cm/B

3,5+
3,0
2,5+
2,0
1,5
1,04

0,5

0

-60 nc

-14 nc

-4 nc,

1 1 v 1 T 1 r r
0 2 4 6
[AnuTensHOCTb UMNYNbLCa, 108¢c

PucyHok 4 — CpaBHeHUe KoagppuLUeHTOB ABYXEOTOHHOIO NOrmnoLWeHns
ans obpasuyos CaF, npu nanydeHnu 193 Hm

3.1.2 MoBepxHOCTHOE NoMmoLweHue

BO3HWKHOBEHUIO NOBLILLEHHOTO MOITOLLEHUsI CMOCOBCTBYET Hanuuue LiapanuH BbIKONOoK u abcopbupo-
BaHHbIX 3arpa3HeHuin. He Bceraa MOXXHO OYMCTUTL MOBEPXHOCTbL OT NOA0GHOrO BUAA 3arpAsHEHU, NpuBoas-
LLMX K MOBEPXHOCTHOMY nornouieHuio 6e3 ee paspyLueHus. Ha pucyHke 5 nokasaHo nornowieHne, \3aMepeHHoe
Kak PyHKUMA yaenbHOro CONPOTUBIEHMUS ANl MOHOKPUCTaNNU4YecKkoro repmanus n-tuna [3).



FOCT P 58563—2019

Kozt duumeHT nornoLueHus, em!
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ConpotusneHue, Om/cm

1 — normnoLyeHe B BO3AyXe; 2 — MOrMoLeHUe B BaKyyme;
3 — TeopeTu4eckuil npesen hOHOHHOO MOTMOLLEHNS

PucyHok 5 — KoadbpuLmeHT NormoLeHnsa repMaHns n-Tuna Kak yHKLUA conpoTUBneHns
B OKpY>KatoLLeli cpefie 1 B yCroBUsX BakyyMa

BepxHssa kpuBas 0ToBpaXkaeT NornoLueHne, USMEPEHHOE B BO3AYXE, & HUWXKXHAA — MOrMOoLeHne, name-
peHHOe B BaKyyMe. AHanus nokasar, YTo repmaHueBast NoBepPXHOCTb B BO3AYXE UMEET COMN BOAbI TOSNLLUHOWM
100 mkm, aGcopOupoBaHHOW 3TOM NOBEPXHOCTLIO. [JanbHellne 9KCNepuMEeHTbl YKa3biBann Ha TO, YTO AaH-
HbliA CINOIN BOZbl MOXHO BPEMEHHO yAamnuTb MyTEM OCYLUKWA WS OMUCTKM, HO OH AOCTaTO4HO GbICTPO BO3Bpa-
LLAETCS B NPEXHEE COCTOSIHME, €CMNU OCTaBUTb KOMMOHEHT BO BNAaXHOW arMocdepe.

3.1.3 NoanoBepxXHOCTHOE NOrNoleHne

O6paboTka NoBEpXHOCTU Marepuarna npuBoAuT Kk ee aecdopmauum U, kak 6bino aokasaHo, kK o6pa3osa-
HUIO pPaspyLLeHHOro crnosi. Takumu crnoco6amu, Kak NoNMpPOBKa, TPABMNEHME U OTXHMUI, MOXKHO yAanuTb paspy-
LUEHHBIA CNOW, 0AHAKO, KaK NPaBWIO, OCTAIOTCA crnejibl OT Bo3aencTeus. Mpu HenpaBunbHOM BbIGOPE HEKOTO-
pbIX NONMPOBOYHbIX MATEPUANOB NPAMO MOA MOBEPXHOCTLIO MOXET OCTaTLCS CMOW MaTtepuna C NOBbILLEHHbIM
NOrNOLUEHNEM.

3.1.4 Jlokanu3oBaHHoOe nornoweHue

HekoTopble MaTepuanbl CoaepXXaT BKpanneHus oTAeNbHbIX YacTul, pacnpegeneHHbix no Bcemy oob-
emy. Ecnu vactuubl MeHee MUKPOHA, TO NOBbLILLAETCS 0ObLEMHOE NOIMOLLUeHUe 3Toro matepuana. Ecnm va-
CTUUbI HEMHOTO 60nblue, OHX MOTYT NMOrMoLaTh U3nydeHue 6e3 Harpeea OCHOBbI MaTepuana. B atux cnyyasx
BO3HUKHET pa3HOCTHas aedopMauusi, YTO NpUMBOAMUT K KaracTtpoduueckomy paspywieHuio. MNornowaiome
NNAaTMHOBbIE BKIIOYEHUA — OOBLIMHOE SIBMIEHME B pPaHEEe MPOM3BOAUMOM Na3epHOM CTekne, NermpoBaHHOM
HeoAUMOM. HacTuubl NbINU U Pa30PUEHTUPOBAHHbIE KPUCTaNNUTLI SIBMSAIOTCA OCHOBHOW Npo6nemoii B Bbipa-
LLIEHHbIX U3 PACTBOPOB M B NPUPOAHBIX KpUCTannax.

3.1.5 AuHamunyeckoe nornouenue

LIeHTpbl OKpackn MOFYT NPUBOAUTL K BO3HUKHOBEHUIO NOTTIOLLEHUS, 3aBUCALLETO OT UHTEHCUBHOCTU. 3TO
oGHapy>xeHo B kBapLiesom ctekne [4], pybune [5], [6], B nasepHbix kpuctannax Nd:YAG [3] u MgF, [2]. Morno-
LLIEHME Ha LleHTpaX OKpaCKN MOXET UMETb HU3KOEe 3HaYeHUe B 0ObIYHbIX pexxumax paboThl, HO OHO MOXET yBe-
JIMYMBATLCA U UMETb CYLLEECTBEHHOE 3HAYEeHUE NPW BbICOKOW MHTEHCUBHOCTM U3NyyYeHus. Ha pucyHke 6 npea-
CTaBneHo AMHaMu4eckoe nornowueHue B nasepHom crepxkHe Nd:YAG, usmepeHHoe Ha anuHe BonHbl 0,63 MKM
(HWXHAA KpuBas), u NornoLleHne B nazepHom crepxHe Nd:YAG, koTOpbIi noABepranca UMNyNbLCHON Hakauke
(BepxHasa kpusas). [loNONHMTENBHOE NOTMOLLIEHUE BO3HUKAET NPU BICOKOW MHTEHCUBHOCTU U3MYYEHUS.
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Mornowexue, %

N A

1 — nornouyeHve npu o6nyyeHnn Nd:YAG KCeHOHOBOI JTaMIMoi HaKauku;
2 — normoujeHne 6e3 AONONMHUTENBLHOTO 06MyYeHUs

Bpewms, ¢

PucyHok 6 — lNornouwjeHne B nasepHoM crepxHe Nd:YAG Ha anuHe BonHbl 0,63 MKM

WhayuuposanHoe nornowenne 8 MgF, [2], usmepeHHoe Ha anuHe BOfHbLI 193 HM, NoKasaHo Ha pu-
CYHKe 7 B BWAE 3aBUCUMOCTM OT MHTEHCUBHOCTU 30HAUPYIOLLETO U3Ny4YeHUs. STOT PUCYHOK MOKa3bIBAET 3a-
BUCUMOCTb ,D.ByX(bOTOHHOFO nornoweHnUsa oT 3Heprum 1M nosbiLLIEHUE NMOrnoLeHnsa B 3aBUCUMOCTU OT YPOBHA
N3ny4veHusa.

MornoweHwue, %

A
2,0
1,84
-—
1,6 )
—
1,4 —
1,24 —
1,0 T T

T T T T
003 004 005 006 0,07 008 0,09
MnoTHOCTb aHepry, [Hx/cMm

PucyHok 7 — Moeeaerue nornotleHna MgF,, n3aMepeHHOro npu 4nnHe BonHsl
nanyyenns 193 HM

3.1.6 HenuHeitHoe nomouwexHue

CTUMYNMpoBaHHOE GPUNMIO3HOBCKOE U PAMAHOBCKOE PaCcCesHWEe WU MHOTO(POTOHHOE MOrmnoLeHue
MOFYT BO3HUKATb MPU BbICOKUX YPOBHAX ONTUHECKOW MHTEHCUBHOCTU. TN 3heKTbl BO3HMKAIOT BO MHOMUX
ONTUYECKUX BOSTOKHAX U 3(D(PEKTUBHO OFrpaHUYMBAIOT NPONYCKaHME STUX MaTepUanos AN BXOASILLEro nasep-
HOTO U3MNy4eHus.

3.1.7 NornoweHue, 06ycnoBneHHoe CBOGOAHBLIMMN INEKTPOHAMMN

[laHHOE HenuHenHoe NOrnoLLeHUe BO3HUKAET BO BCEX MONYMPOBOAHUKAX U NPUBOAUT K TEPMUYECKU He-
NUHERHOMY NOTFMOLLIEHNIO U TEPMUYECKOMY pa3roHy. Temnepatypa TepMUYECKOro pasroHa, kak npasuno, Ha-
XOAWUTCS 3HAYMTENBHO HUXKE TEMNEPATYPLI NNABAEHUS NONYNPOBOASALLEr0 MaTepuana, Ho CUNbHO OrpaHn4n-

6
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BaeT NpUMEHeHue 3Toro Marepuana. Ha pucyHke 8 nokasaHsl KpUBbIE MOIMOLLUEHUS, UBMEPEHHbIE HA ANUHE
BOSHbI n3nyyeHus 10,6 MKM, B BUAE (DYHKLMM TEMNEPATYPbI OKPYKAIOLIEN cpeabl AN repMmaHna u cenednaa
LMHKa.

KoadbpuumeHT nornoweHus, o'

4000
1 2
3000
2000
1000
0 T T T T 1 T T T T T
300 400 500 600 700 800

Temnepartypa, K

1 — repMaHvin; 2 — ceneHwa LuHKka
PucyHok 8 — KoadhpmumMeHT NornoLeHns B 3aBMCUMOCTM OT TeMMepaTypbl OKpyxatoLlel cpeabl

3.1.8 MornoweHue, 06ycNOBNEHHOE 3NEKTPOHHONU NPOBOAUMOCTbLIO

MMornoLeHne B 3MeKTPOHHO-NPOBOAALLMX MaTepuanax, Takux Kak Metansbl, IBNAeTca PyHKUmen nnas-
MEHHOI YacToTbl U, CEAOBATENBHO, NOABEPXKEHO BIMAHUIO TEMNEpaTypsl Matepuana. [mybuHa o6paboTku
NOBEPXHOCTHOTO CNOsi U TENONPOBOAHOCTbL OKa3bIBAIOT Npeobnasaollee BnusiHue Ha koapduuneHT norno-
LLeHUA MeTannmMyeckmx 3epkarn, XoTs LWepoXoBaToCTb MOBEPXHOCTU TaKXKe MMEET 3HauuTenbHoe BnusiHue [3]
(cM. pucyHok 9). OTO yKasblBaeT HA TO, YTO MO MEpPe HarpeBaHWUs NOBEPXHOCTU, MOrMNOLEHNE YCUITMBAETCH,
YTO B CBOIO OYepedb NPUBOAUT K AOMOSNHUTENLHOMY HarpeBaHuio, Aed)OpMaLui U CHUKEHUIO 3HAYEHUs No-
pora nasepHoro paspyweHnusa (MJ1P). OgHako AaHHble BO3AEWCTBUA MOXHO YMEHbLLUMTb MpU AOCTaTOYHOM
OXITXKAEHUU NMOATNOMKKM.

N3mepeHHoe 3HaueHue MNP, MB/mm2
3

12

10 +

0 T T T
0,5 1,0 1,5
Mornowenwue, %

PucyHok 9 — BosageiicTBue normoLleHuns Ha 3HaveHus MNI1P
npwv AnNnHe BOrHbI U3nyyYeHuns 10,6 MKM
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3.2 U3MepeHue nornoweHuns

Mpu cobnioaeHnn NpaBus MOXHO BbINOSIHUTbL U3MEPEHUS NOITOLLUEHUSA ONTUYECKMX KOMNOHEHTOB B pas-
nuyHbIX Nnadoparopusax. MNpoueaypa usmepenmit onucana B F'OCT P UCO 11551.

OCHOBHbIe NPOGnemMbl NpyU NONYYEHNU AOCTOBEPHBIX €AUHBIX PE3YNLTATOB U3MEPEHUI NOFNOLLEHUS On-
TUYECKNX KOMMOHEHTOB:

- NOMLITKN U3MEPEHUA CO CIULLKOM ManeHbKMM unu OonbLuMM pasMepoM 30HAMPYIOLIEro nATHA. U3-
nyyeHue, pacCceAHHOE KPassMM KOMMOHEHTA, A00aBUT AOMOMHUTENbLHOE U3MEPEHHOE 3HAYEHUE MOITIOLLEHUS.
Hanu4yue TBEpAbIX YaCTUL UM MOBEPXHOCTHbIX LIapanuH MOXET Bbi3BaTb YBENUYEHUE B NMOIMOLLEHUH, B YacCT-
HOCTU eCrnu 30HAMpYioLLee NATHO CPABHUMO C HEOAHOPOAHOCTLIO. ECnu namepsieMblit ONTUYECKUA KOMIMTOHEHT
He OygeT paBHOMEPHO OAHOPOAHbLIM, pasmep 30HAMPYIOLLETO NATHA U ero pasMeLLeHUe MOTyT UrpaThb cylle-
CTBEHHYIO POrb;

- pasnuuusa B kanubpoeke. Heobxoamnmo, Utobbl «CTaHaapTHbI» obpasel, Npu ero UCMonb30BaHUM,
6bIn AeTanbHO OXapaKkTepU3oBaH W UCMbITaH;

- NpoBedeHne N3MepeHuin JonycTUMO C UCMOSb30BAHMEM UMMNYNBLCHOMO UMM HENPEPbIBHOIO 30HAUPY-
IOLLEro nany4eHus. Cnegyer yuutbiBatb, YTO NPOBOAMMOCTL 06pa3sLa MOXET BIUATL HA U3MEPSEMYIO TEMNE-
patypy. Heo6x0a4MMO OTMETUTb, YTO ECMKM UCMONbL3YIOT Gonee TOYHYI0 NPoLEeAYPY UMNYNbLCHOIO U3MEPEHUS,
uenecoobpasHee NPOBOAUTL U3MEPEHUSA B AUANAa3oHe PasfUYHbIX ANMTENBHOCTEN 30HAUPYIOLUX UMNYNLCOB
U/Unu ypoBHEW 3HEPrUM UMMNynbca AnA 06ecnevyeHns Toro, YTobbl pasnuumua Mexay TemnepaTyponpoBoOgHO-
CTb10 06pasua u aTanoHa He NPMBOAMUIN K HENPaBUIbHbIM U3MEPEHUAM;

- U3MepeHue NOrnoLIeHUs cneayet NpoBOAUTbL MPYU OAUHAKOBLIX YCIOBUSIX OKPYXKaloOLWen cpeabl U Ha
TeX Xe AnNuHax BOMH. Pesynerartbl u3MepeHuii, MPOBOAMMbIX B BaKyyMe U Ha OTKPLITOM BO3ayXe, MOTyT ObiTb
COBEPLUEHHO Pa3HbIMU, T. K. OONMbLUMHCTBO NOBEPXHOCTEN agcopbupyior Boay. BoasHow nap cunbHO norno-
LaeT onpeaeneHHble ANWHbI BOMH B MH(ppakpacHOM AuanasoHe. Ha npakTuke pekoMeHAyeTcs npoBoAUTb
M3MEPEHUA B YCIOBUAX, AEHTUYHBIX YCITOBUSIM CUCTEMbI, B KOTOPOMW AOSMKHBI UCNONL30BATLCA KOMMOHEHTbI.

4 UckaxeHune

4.1 O6wasn uHdopmaums

Mpn 0BnyYeHnn ONTUYECKOro KOMMNOHEHTAa fla3epHbIM MYYKOM MaTepuan Ha Ocy nasepHoro nyqka éyaer
pacLumMpATLCA M3-3a Harpesa BCNeACTBUE MOrMOoLLEHMS u3nyyeHusi. BepostHee Bcero, rpaHuLbl KOMNOHEHTA
OyayT ocTaBaTbCA XONOAHBLIMM U3-3a OTBOAA TEMMA OCTaNbHON YaCTbIO CUCTEMBI.

MokasaTenbHbIN Npumep addekTa (06paTMMOro) TENNMOBON NUH3bI B KBAPLIEBOM CTEKIEe Npu 06ny4eHun
nasepHbIM My4KOM C ANMHON BOMHbI 193 HM onybnukoBaH B pabote [2]. M3mepeHusa npoBeaeHbl ¢ NOMOLLbIO
Jaruyuka BonHoBoro doponTa LLaka-laptmana nyteM nponyckaHusi KOSIMMUPOBAHHOTO 30HAUPYIOLLETO Ny4ka
N3Ny4eHna ¢ ANMHOW BOMHbLIT193 HM Yepes ueHTp obpasua.

Mpu NpaBuUnbLHOM PaCMnoONOXEHUN KOMMOHEHTA U OBECNEeYEeHN BO3MOXHOCTU €r0 pacCLUMPEHUs UcKa-
KEHNE MOXET ObITb CBEAEHO K MUHMMYMY (BE€Cb KOMMOHEHT pacLUMpsieTcsl paBHOMEPHO). Ecnu KOMMOHEHT
YAEPXKUBAETCA B CXXMMAIOLLIEM AepXaTene, UCKAXKEHUE MOXET BO3HUKHYTb KaK M3-3a HEPaBHOMEPHOIO pac-
LUMpEeHus, Tak U u3-3a orpaHudeHus, Hanaraemoro aepxarenem. Mpu TpeGoBaHuK U3MepeHun BO3aEHCTBUSA
00rny4eHns Ha KOMMOHEHT B AAHHON CUCTEME HEOOXOAUMO U3MEPUTL UCKAKEHME NPU TEX XKE FTEOMETPUMN U3-
NYYEHUS1 U YPOBHAX MOLLIHOCTU, KOTOPbIE ByAYT NPUMEHEHbI B KOHEYHOW CUCTEME.

Tpu BO3MOXHbBIX BAPMAHTA U3MEPEHUS:

- U3MEpEeHMe UCKAKEHUS B YCNOBUAX CBODOAHONO KpenneHus B Aepxarene (4aHHOe U3MepeHue Ocy-
LLIECTBASIIOT OTHOCUTENBLHO NETKO, T. K. YPOBHM MOLLHOCTU 06y4eHust u reoMeTpum MoryT 6biTh BOCnpoussee-
Hbl. OHaKO Ha NPaKTUKE 3TO HE OYEeHb NPUMEHUMO, 32 UCKMIOYEHMEM aOCOMIOTHON MAKCUMASbHOW MOLLIHOCTU
nasepHOro N3ny4yeHus1, NP1 KOTOPOii n3ny4yeHne ctabunbHO, NPU naeansHoOM aepxarene);

- U3MEPEHME UCKAKEHUN B AepxaTene o6pas3ua npaBUMbHbLIX PasMepoB NPU YPOBHAX 00NyYyeHus, aHa-
TNOTMYHbIX NPUMEHSAEMbIM HA NPAKTUKE;

- U3MepeHMe NCKAKEHNSA KOMMNOHEHTA BHYTPU MOSIHOW CUCTEMbI [BLINOMHNTL AAHHOE U3MEPEHNE MOXKET
ObITb YPE3BbLIYAINHO CMOXHO. TEM HE MEHee 3TO MOCNEeAHWIA criyyan, OT KOTOpPOro 3aBucuT paborta (xapakre-
pUCTUKA) KOMNOHEHTA].

4.2 3mepeHne UCKaxeHua

M3mepeHne nckaxxeHwin NnpoBoaaT MHTEP(EPOMETPOM, BbIOPAHHBIM NO COMMACOBAHUIO MEXay W3roTo-
BUTENEM ONTUYECKMX KOMNOHEHTOB U noTpebutenem (cMm. FOCT P 8.745). fepxatenb KOMMNOHEHTa A0MKEH
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MaKCHMarbHO COOTBETCTBOBATL (MNU ObiTb aHANOTMYHbLIM) AepKaTento cuctemsl. [poctas cxema uHtepde-
pomeTpa MarikenbCoHa, B KOTOPO BMECTO OAHOTO U3 CTaHAAPTHbIX OTPaXKaKLLMX KOMMNOHEHTOB UCMOSb3YIOT
ONTUYECKUI KOMMOHEHT, NpeacTaBrieHa Ha pucyHke 10. OnpeaensiioT aecbopmMaLmio ONTUYECKON NOBEPXHOCTH
KOMMOHEHTa Npun ero obny4yeHnn B yCrnoBUSIX, UAEHTUYHbIX YCITOBUAM paboTbl KOHEYHON CUCTEMBI.

1 — nasepHblil Ny4oK; 2 — onTUYeckas cucteMa Ans KONnMMMUMPOBaHUA Myyka; 3 — CBETOAENUTENb; 4 — MyYoK U3MyYeHNs;
5 — ncnelTyemoe 3epkano; 6 — geTekTop/akpaH

PucyHok 10 — CTaHgapTHas cxema nHTepdepomeTpa MaiikenbcoHa

4.3 NosicHeHune

M3MepeHnss NCKaXKeHNs, BbI3BAHHOTO NpU 0BMyYEHUM NA3EPHOT0 KOMMOHEHTa, 0ObIYHO HE MOATBEPX-
JeHbl JOKyMeHTanbHO. lMpeanonaraercd, 4to OONbLUMHCTBO M3rOTOBUTENEN HE OCO3HAKT BAXKHOCTb 3TOrO
apdeKTa Unu He XOTAT NPU3HaBaTb TOT AIAKT, YTO UX CUCTEMbI YYBCTBUTENbHbI K USMEHEHUIO TEMNEepaTypbl.
Haunbonee ybeantencHbl U NOATBEPXKAEHLI JOKYMEHTANbHO pe3ynkrarbl UCCNEeAOBaHUIA U3rOTOBUTENEN re-
NnI-HEOHOBLIX NasepoB B 1980-X rogax, KOTOPLIE NPUITOXUIN 3HAYUTENbHLIE YCunua ana obecneyveHuns Toro,
YTOObI BbIXOAHASA MOLLHOCTb NTA3€POB HE CHUXANach M3-3a TENNOBOrO pacLUMPEHUss KOMNOHEHTOB. PaHee ans
cTabunm3aumm BbIXOAHOW MOLLHOCTM renMin-HeOHOBOTO na3epa M3roToBUTENU HacTauBanu Ha HeoBxoaAUMOCTU
BPEMEHM nporpesa, coctasnawowee, Hanpumep, 30 MuH. [0 3TOW e NpUYMHE PEKOMEHA0BAHO NPUMEHEHUE
xenesoHukenesoro cnnaea INVAR u kepamuyeckoro crekna ZERODURE B KOHCTPYKUMM 9TUX fa3epos, a
TakKKke NokpbITMA 3epkan — Spectrosil.

[poBeAeHHbIE M3MEPEHNSA UCKaXKEHWUIA, BbI3BAHHbLIX M3Ny4eHUEM C ANMHON BONHbI 10,6 MKM C MCNOSb-
3oBaHneMm CO,-nasepa HenpepbIBHOro AeiNcTenA [3], nokasanu, 4to CcBOGOAHO 3aKPENMeHHbIE MeTannuye-
CKMe 3epkana pacLuMpsioTca paBHOMEPHO, TOr4a Kak cBOOOAHO 3aKpenfeHHbIe repMaHueBbIe NOANOXKKN Npu
pacwmpeHun o6pasyroT BbINYKNYK NOBEPXHOCTb U B UTOrE CUMIIbHO pacTpPeckMBatoTca (CM. pucyHkm 11 n 12).
Kpome Toro, 06Hapy>keHo, 4TO repMaHUeBbIE 3aroTOBKU pa3pyLuatoTea npu 6onee HU3KUx Harpy3skax no mMoLL-
HOCTU, ecnn pacluMpeHue obpasua orpaHMyYeHO UMK eCny YacTb 3aroTOBKU 3aLUMLLEHA OT U3MNy4YeHus.
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MVHTEHCUBHOCTb MHTEP(EPEHLIMOHHOH NONOCHI

max

min

Bpewms, ¢
1 — paspyLueHue

Pucytok 11 — Monocbl mHTepdepomeTpa MaiikenscoHa, NNockui repmaxnit

WUHTEHCUBHOCTL MHTEPdEPEHLIMOHHOM NONOCHI

max

min

Bpewms, ¢
PucyHok 12 — lMNonockl uHTepdepomeTpa MaiikenscoHa, megHoe 3epkarno

Namepenne hopMbl pyGUHOBOrO NasepHOro CTEPXKHS (M NOCNeAyoLEid pacxoguMOCTU BLIXOAHOO NyY-
ka) npu obnyYyeHnn MMNYyNbCHOW NaMnoi HaKauku B 3ANNUNTUYECKOM NamMoOBOM KBAHTPOHE MoKasano, 4To
nasepHbIn CTepxeHb (C NMOCKUM TOPLIOM) PacLUMPANCA HEPaBHOMEPHO. Pesynkrarbl USMEpeHUst nokasanu,
YTO K MOMEHTY OTKPbITUA MoaynsTopa J:l,OﬁpOTHOCTVI CTepXeHb Bbln onTUYECKN BbIMyKnbIM U Npoaomkan pac-
LLUMPSATLCA.

MornoLeHne n3nyyeHus nasepHoro nyya ¢ NPOCTPaHCTBEHHO-OAHOPOAHON MHTEHCUBHOCTBIO MPUBOANUT
K FpaZIMEHTY TeMneparypbl Ha NOBEPXHOCTN ONTUYECKOTO KOMMOHEHTA, YTO Bbi3bIBAET USMEHEHUE TOMLUMUHbI
¥ nokasarens npenomnexHns komnoHeHTa [7]. UccnegosaHna nokasanm, YTo (hakTopoM, ONpenensiowmm Bos-
MOXXHOCTb MCNONb30BaHWA OKHA B BUAE NNOCKONapannenbHoW NNacTuHbl B ANMMHHOMOKYCHON cucteme, Byaer
AIBNATLCS ONTUYECKOE UCKEDKEHME, @ HE paspyLLEHVe, BbI3BaHHOE Na3epHLIM U3NyvYeHneM. AHanus pesynb-
TaroB 3KCNEpUMEHTOB CBUAETENLCTBYET O TOM, 4TO Gonblwaa TeNNOeMKoCT b, Manbieé nornowleHus, KOS(D-
(PULMEHTLI HaNPSHXXEHHOCTH, nokasarenb npenoMnelus u dn/dT Gonee BaXHbl ANS rPaHUL, NPUMEHUMOCTH
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OMTUYECKNX OKOH, YeM Temneparypa nnasneHus, npeaen NpovyHOCTU HA pacTsHKeHWe U MOAynb YNpYyrocTtu,
a TaKke To, 4To obLlee UCKaXKeHUe ANA MOHHBLIX KPUCTAMIOB, Kak NPaBuIo, MEHbLUE, YeM ANS KOBANEHTHbIX
KpUCTannos.

3KCNEPUMEHT NO UCCnefoBaHUIO 06pa3oBaHUA TENNOBOM NUH3bI B XXUAKOCTU, NOMELLEHHOMN B NMOCKO-
napannenbHylo KIoBETY [8], nokasan Hanuuue HepaBHOMEPHOTO HarpeBa B NONEPEYHOM HANPaBNEHWU U ero
3aBMCHMOCTb OT BPEMEHW 00nyyeHus. MNokasatenb npenoMieHus XMAKOCTU U3MEHSIETCA NPU HarpeBaHum
BCMEACTBME YMEHbLUEHUS NIIOTHOCTU C NOBLILLEHWEM TEMNEPATYPDI.

3KCnepUMeHThI Mo UCCNefoBaHNIo AedopmaLIiMKM NMOCKMX METANIMYECKUX 3epKarn, CTOAWUX B nasep-
HbIX nyykax [9], nokasanu Hanuune Tepmoynpyrux aeopmMaLimii, NPUBOAALLIMX K NIOKANbHLIM U3MEHEHUSIM B
reoMeTpun NOBEPXHOCTU. PacCMOTpeHbl cneaytowme Tpu cryyas:

- Npyu HEGOMbLUOM MOTMOLLUEHNN NA3EPHON SHEPrMM M YNPYIoW TeMnepaTypHoi aecdopMaumm noBepx-
HOCTb pacLuMpsAnack HepaBHOMEpHO ¢ obGpasoBaHueM BbINyKNocTu. Mocne BbikNOYEHUS nasepa 3epkano
nNprMoBpeno NPEXHIOW hopmy;

- Bonee BbICOKMX IHEPTUAX NA3EPHOTO U3nydeHus aecopmMauums 3epkarna nposiBNsnach kKak 0CTaTouMHOE
pacLumMpeHne B BU4e BONTHUCTOW CTPYKTYPbl NOBEPXHOCTH;

- MPEBBILEHNN TEPMUYECKN UHAYLMPOBAHHOIO HaNpPsDKEHUsI MpeAena NPoYHOCTM Matepuana Ha no-
BEPXHOCTU 3epkana o6pasoBanucb MUKPOTPELLMHLI, YTO B CBOIO 0uepeab NpUBeno k 6onee BbICOKUM NOTEPAM
SHEPrUn Npyu OTPAXKEHUU U K AanbHENLIEeMY YBENUYEHUIO MOrNOLLEHUS.

Bo Bcex Tpex cnyyasx NOBEPXHOCTb 3epkana Tepsna CBO€ BbICOKOKAYECTBEHHOE ONTUYECKOE COCTOS-
HWe A0 TOro, KaK MHTEHCMBHOCTb Najatowero ceeta Gbina AOCTATOMHOM AN pacnnaBneHus marepuana oT-
paxatoLLeit NoBepxHocTu. IMeHHO NO3TOMY MAaKCUMAarbHLIN NOTOK, AOMYCTUMbIN ANS AAHHOW OTpaXkatoLien
MOBEPXHOCTU, HUXE, YeM NOTOK, Bbi3bIBAOWMIA NnasneHne nosepxHoctu. Ha pucyHkax 13 u 14 npuseaeH
npuMep pe3ynbTaTtoB pacdera 3aBMCUMOCTM BENMUYMHBI TEPMUYECKON Aedopmaumn B LEHTpe MeTannuye-
CKOTO 3epKana oT BpeMeHu npu obnyyerun ero CO,-na3epoM ¢ HENPEPbLIBHBIM U3NY4YEHUEM (ANUHA BOMHbI
10,6 mMkM). Ha pucyHke 13 npeacrasneHa amnauTyaa pacluMpeHusi B LIEHTPe anioMUMHUEBOrO 3epkana npu
00ny4YeHMn Ny4KoM nasepa MOLHOCTLIO 760 BT HenpepbIBHOTO AeliCTBUSI B 3aBUCMMOCTH OT paguyca nydka.

Paclumpenue, Mkm

20
1
16
2
12
3
8.—
4]
I I I |
0 5 10 15 20

Bpems, ¢

1—02cM;2—05¢cm;3—1,0cm

PucyHok 13 — PaclumpeHue B LieHTpe anioMUHUEBOro 3epkana Kak gpyHKuus
paauyca nyuka

Ha pucyHke 14 nokasaHbl KpuBbIE AN 3epkan, U3rotoBneHHbix U3 Ag, Al, Cu, Mg, Si/Au u cranu/Au, npu
0BnyyYeHnmn ny4kom nasepa MoLiHocTbio 800 BT u gnamerpom 0,9 cm.
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Pacwuperue, MKM
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Bpems, ¢
1— ctane/Au; 2 — Mg; 3 — Al; 4 — Si/Au; 5 — Ag; 6 — Cu

PucyHok 14 — PaclumpeHune B LUeHTpe 3epKan, WarotoeneHHbix us Ag, Al, Cu, Mg, Si/Au, ctanu/Au

5 NMokasarenb npenomMneHuna n asyny4venperioMmneHusn

5.1 O6waa undopmauusa

Mokasarenu NpenomMneHma ONTUYECKMX MaTepmuanos 3aBUCAT OT TEMNEPATYpPbl. 3TO 03HAYAET, YTO Nnpe-
TNIOMIIEHME CBETa B MaTepuarne U3MEHSeTCa N0 Mepe TOro, Kak mMarepuan HarpeBaeTca unu nogsepraercs
obnyyeHuto. ameHeHue nokasarens NnpenoMneHus npu n3aMeHeHUn Temneparypbl Ans paga onTUYECKUX ma-
Tepuanos BKIo4eHO B Tabnuuy 1. Bo-nepBsbix, criegyer 0TMETUTb, YTO U3MEHEHUeE NnokKasaTens NpPenoMneHus
npy U3SMEHEHUU TeEMNEepaTypsbl, Kak NPaBuIio, BNUAET CUITbHEE HA U3NyYEHME, YEM UBMEHEHUE KOachdULIMeHTa
TNIMHENHOTO PaCLUMPEHUs, U, BO-BTOPbIX, NIMHENHOE pacLUMpeHne BCeraa yBernMumBaeTcs ¢ pocToM TeMmnepa-
TYpbl, 8 U3MEHEHUA NoKa3aTens NPenoMneHna MoryT ObiTb Kak NONMOXKUTENbHLIMU, TAaK U OTPULIATENBHBIMMU.
3HayeHus1 dn/dT NOHHBIX KPUCTANNOB — OTpULATENbHbIE, TOTAA Kak 3Ha4YeHWs1 dn/dT KOBaneHTHbIX KpucTan-
JI0B — MNOMOXUTENBHLIE.

Ons uccnepoBaHWsa M3MEHEHUI ONTMYEeCKOoro nyTu, obry4aeMoro fasepoM KOMMOHEHTA, UCMOMb30Ba-
nacb nasepHas gonneposckasa uHtepdepometpus [10]. MokasaTens NpernoMneHns UBMEHSIETCS B 3aBUCUMO-
CTU OT TemnepaTypbl AN BbICOKOKAYECTBEHHOTO KPUCTanNM4eckoro Marepuana, matepuana, nosny4eHHoro
npu XMMUYECKOM OcCaxaeHun U3 razoson dasbl (XOI®), n marepuana us cynbuga uuHka, noryyeHHoro
ropsA4nMm NPeccoBaHUeM.
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MokasaHo, 4YTo dn/dT BbILLE ANA KPUCTANNMYECKOro Marepuana u marepuana, nony4eHHoro npu XOre
(104 K-, yem gna matepuana, nony4YEHHOro ropsiuMM nNpeccosanuem (5-10-° K-1).

Koraa onTMyeckmii KOMMNOHEHT NOABEPraeTCsA HePaBHOMEPHOMY OGIYHEHUIO UMM OXNAXAEHMUIO M3-3a Ha-
NPSOKEHUIA, BOSHUKAIOLLIMX B PAAUANbHOM HANPaBNeHN, BO3HMKAET ABYIyYenpenoMmeHue, 4to, kak npasuno,
BNMSIET HA NMOB0E NPOXOAALLEE U3NyYeHue. Ha NpaKkTuke KOMMNOHEHT C MEXaHMYECKMMU HANPSHKEHUAMK ByaeT
NONsApU30BaTh NPOXOASLLEE U3TNYYEHNE, NPN ITOM B OfIHNX Cy4asix OH By1eT OTKNOHATL NPOXOASALUMIA NYYOK,
a B ApYyrMX — W3MEHEHME NOMSAPU3aLMKM MOXET BNUATbL HA NPOMYCKaHWE MydyKa Npu AasibHeWleM pacnpo-
CTpPaHEHUN B ONTUYECKO# cucteme. Ecnu ABynydenpenomneHme NnpoUCXoauT BHYTPU Pe3oHaTopa, 3T0 MOXeT
CUMNbHO MOBMUATH HA BLIXOAHYIO MOLUHOCTb nasepa.

5.2 NU3mepeHue ABysy4YenperioMyeHUsA

Liensio nsmepeHus ABnNAETca KOHTPOMb U3MEHEHUA Nnonsapu3auuy npoLeawero nyyka B 3aBUCUMOCTH
OT ero mowHocTu. Namepenus nposogar no FOCT P UCO 12005.

5.3 NMNosicHeHune

Mpu oNTMYECKOW HaKayke LMIIMHAPUYECKOTO NA3epHOr0 CTEPXHSI BHYTPU MOHOOGMOYHOIO KBaHTPOHA
pacnpefeneHue CBETA HAKAYKM BHYTPU aKTMBHOTO 3MEMEHTA CYUTAETCA OAHOPOAHbLIM. IMpu oxnaxaeHuu
LUUMMHAPUYECKOTO aKTMBHOTO 3NEMEHTa M3-3a nepenaga TeMneparyp Mexay LEHTPOM U KpaeM BO3HUKAIOT
paauvanbHble MEXaHUYECKUE HanpshKeHUs, KOTopble 00yCcnaBnuBaloT HEOAHOPOAHOE ABYNyYENPENoOMNeHne
B aKTMBHOM 3anemeHTe. Ecnu naszep ¢ moaynsumein A0OPOTHOCTU U PE30HATOP COAEPHMUT NONAPU3ATOP, TO UH-
TEHCUBHOCTb BbIXOAHOTO M3Iy4Y€HUs nasepa MMeeT HepaBHOMEPHOE pacnpeaeneHne no aneprype nasepHoro
cTepxHs. Mpu NOPOroBbIX 3HAYEHUAX U3NyUEHUE na3epa BbIXOAUT U3 LIEHTPA NO OCK, HO NO Mepe YBenuyeHust
MOLLHOCTW HaKa4kv BbIXOAHOE U3Ny4YeHUe NMOCTENEHHO 3amnosHAET aneprypy anemMeHTa 6nuke k nepudepui-
HOW 30He B BUAE KOrbLia. K MOMEHTY HACbILLEHUS BLIXOAHOW MOLLHOCTU 60nbLUas 4acTb U3nyyYeHusl BbIXOAUT
U3 nepucepuinHoi 30Hbl anepTypbl CTEPXKHA. ITO 0GBLACHAET, NOYEMY MAKCUMAaNbHasA BbIXOAHASA MOLLHOCTb
LIMAUHAPUYECKOTO Na3ePHOro CTEPXKHSA HUXKE, YEM MOXHO BbIN0 0XmMAaTh N0 0GLEMHBIM KPUTEPUSIM.

Kak TOnbKO onTu4eckas cucrema CTaHeT aHW30TOPOMNHOW, Nioboe n3MeHeHne B HanpaBreHUU UNK Be-
NUYMHE HaNPSXKEHUSI B KOMMOHEHTE OyaeT oTBeYaThb 3a CHUXEHWUE BbIXOA4HON MOLLHOCTU CUCTEMBI. [TokasaHo,
YTO MHOTMEe KOMBUHUPOBAHHbIE Na3epHbIE UCTOMHUKU/MPUEMHUKU MOTYT ObiTh MOABEPXKEHBI AaHHOMY 3chdek-
Ty. Kak npaBuno, MOXXHO CBECTU K MUHUMYMY M3MEHEHUE NONsSpu3auuu Npu TLLATENBHOM NPOEKTUPOBAHUK
ONTUYECKUX CUCTEM.

6 PacnpocTpaHeHue ny4ka

6.1 O6wasn uHgopmauuma

Mpu NpoxoXaeHUKU nasepHOro nyyka yepes ONTUYECKUn KOMMOHEHT hopMa 3TOr0 KOMMOHEHTA BRUAET
Ha xapakTepucTUKM nydka. Ecnu choopma onTu4eckoro KOMNOHEHTa U3MEHSAETCA U3-3a NOTMOLLUEHUA U3NYYEHUA
(pacumpeHnus u T. n.), TO NapameTpbl MPOXOAALLETO Myyka U3MeHATCA. MNo3ToMy uenb AaHHOTO n3mepeHus (Mc-
NbITAHWS) COCTOUT B TOM, YTOObI KOHTPONMMPOBATL UBMEHEHME NapaMETPOB NPOXOAALLET0 UMM OTPAXKEHHOIO
nyyka B 3aBUCMMOCTU OT €ro MOLUHOCTU. Kak u B NpeabiayLmx cny4asx, AaHHble UCMbITaHUA Heobxoaumo
NpPOBOAUTL, MO BO3MOXHOCTU, B pabo4mnx yCroBUSAX, MAKCUMANbHO NPUONUXEHHLIX K YCNOBUAM dKCnnyara-
LMK, CYLLECTBYIOLLMM Ha NPaKTUKE.

MpocTpaHCTBEHHbIE NapaMeTpbl MyYKa, KOTOpble Hanbonee BaXkHbl AN U3MEPEHUA, aHan3a u NporHo-
3upoBaHua GopMbl NMA3EPHOro Ny4ka, MOryT ObITb 06bEAUHEHbI ANA 00pa3oBaHNS UHBapPUaHTa pacnpocTpa-
HeHuA. JpyruMu crnosamu, 310 000BLLEHHLIA NapameTp, KOTOpbili He ByaeT U3MEHATLCA NPU NPOXOXKAEHUU
nyyka yepes 6e3abeppaluoHHYIO OonNTMYECKyto cucteMmy. OfHUM U3 TaKMX NapameTpoB ABNAETCA napameTp
pacnpocTpaHeHns nydka M 2. 3mo omHoweHue npoussedeHuUs napamempos akmu4eckKozo (C peansHbIMU
Molamu) nyydka nasepa K npoussedeHuro napamempoe 0CHOeHO20 2ayccoea fydyka (TEM,y,) aHanozaudHol
OnuHbI 801HbI (cm. FTOCT P UCO 11146-1). Hanuume TemnepaTypHbIX UCKAXKEHUI B KOMMOHEHTAX ONTUYECKOi
CNCTEMbI HEM3OEXHO NPUBEAET K yBENUUEHMIO 3HaYeHua M2 nyuka.

B HeuckaxxeHHOW cucteme npoussefeHne AuameTpa nyvka U ero pacxoguMmoCcTu Nocne NpoXoXaeHUs
yepes oNTUYECKUA KOMMOHEHT OCTAEeTCa HEM3MEHHbIM. B cnyyae uckaxeHus pacxoaumocTb W/unu auamerp
MepeTsa>KKN NTOroBoro nyvka yBenmnimBatoTcs.
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6.2 MiamepeHne xapaKTepucTUK pacnpoCTPaHEHUNA U3fyvyeHust

N3MepeHns LUMpUHBI Ny4ka, yrna pacxoaMMoCTH U napamerpa pacnpoCTpaHeHust Nyyka NPoBOASAT Mo
FTOCT P UNCO 11146-1, FTOCT P UCO 11146-2 w TOCT P UCO/TO 11146-3.

6.3 MNMosicHeHme

CornacHo pasgeny 5, Koraa Ha nasepHblil CTEPXKEHb BO3AEWCTBYIOT UMNYMbChl HAKAYKN B SNAUNTUYE-
CKOM NaMnoBOM KBaHTPOHE, huanyeckasn popMa CTePKHA MEHAETCS, HECMOTPSA Ha paBHOMepHoe pacnpeae-
neHue nanyyeHus Hakadku. Uamernenue pusmyeckort opmbl CTEPXKHSA BIUSET HA PaCXOAUMOCTb U BbIXOAHYIO
SQHEPIUI0 U3ny4eHus npu USMEHEeHU SHEPrun Hakavuku.

ToT chakT, UTO NapameTp PacnpPoOCTPaHeHns Nyuka M 2 — 310 (yHKLMS SHEPrN HAKauKkn UW/Mnn SHeprum,
reHepupyeMon B nasepe, ABASETCS U3BECTHbIM. OTO y)Xe AaBHO U3BECTHO CneLuanuctam, KOTopble 3aHu-
MaloTCSl Na3epHbIMU CUCTEMaMM, Tae 00bluHAA NPaKTUKa — noaaepXKaHue BbIXOAHOW MOLLHOCTM fasepa Ha
NMOCTOSIHHOM YPOBHE U 3aTeM ocnabneHue nanyyeHus BHE pe3oHaTopa BMECTO YNpaBrieHUS BbIXOAHON MOLL-
HOCTbIO MYTEM U3MEHEHUS HaKaqku. MonesHbIM ABNSIETCA NpUMEP U3MEHEHUSI NapaMeTpa pacnpoCTPaHeHna
nyyka B 3aBMCUMOCTU OT BbIXOAHOW MOLLHOCTK (CM. pUCYHOK 15). Ha pucyHke noka3aHo, 4TO napameTp pac-
npoctpaHeHus ny4vka ans Nd:YAG-nasepa HenpepbIBHOIO AeWCTBUSA MEHSETCH B 3aBUCUMOCTH OT 3HaYeHus 2
MPY HU3KOI BLIXOAHOW MOLLUHOCTM Hike 400 B Ao 3HaueHus 3 npu 1 kBT u cBbilwe 3HaveHus 20 npu 6 kBT. 3Tn
3HaAYEHNA TaKKe COOTBETCTBYIOT NEPBOHAYasNbHbIM MCCNEAOBAHNSIM O BbIXOAHbIX XapakTePUCTUKaxX pyouHO-
BbIX NTA3€pOB C MMNYNILCHON HaKa4Kon U Mogynsaumen Jo6pOTHOCTHU.

MapameTp pacnpocTpaHeHus nyuka M2
u

20—

10—

1 T 1T T T T =
01234567

BbixopHasi MOLLHOCTb NyuyKa, KBT

PucyHok 15 — MapaMeTp pacnpocTpaHeHns nydka M2 B 3aBUCUMOCTM OT BLIXOfHO# MOLLHOCTY

YBenuueHue napameTpa pacnpoCTpaHEHUs Nyyka ¢ YPOBHEM BbIXOAHOW MOLLHOCTU/3HEPIUN MOXET Ha-
NPsAMYIO KOPPENMPOBaTb Kak ¢ POPMUPOBAHMEM TENNOBOW NIMH3bI, TAK U C HAMPSPKEHUEM, KOTOPOE NPUBOAUT
K MI3MEHEHUIO A1BYNy4enpenoMneHnsa onTUYECKUX 3NEMEHTOB B TpaKTe ny4ka.

7 3HauyeHue nopora nasepHoro paspyweHus (I1/1P)

7.1 Obwana undopmauma

Korga onTuyeckuii KOMNOHEHT 06ny4aeTcs U3ny4eHMeM C O4EeHb BbICOKUM YPOBHEM MOLLHOCTM, MOF0-
LLeHWe, BEPOATHO, NOBMEYeT 3a cobon kak gedopmaumio, Tak U nnasneHme. TOYHbIN YPOBEHL 00y4eHus, npu
KOTOPOM 3TO NPOWUCXOAUT, 3aBUCUT OT TakUX NapaMeTpoB, Kak ANUTENbBHOCTL U (hOpMa MMNYNbLCA, pasmepsbl
KOMMOHEHTA W YCNOBUA OoXnaxkaeHus. ECnu KOMNOHEHT 3akpenneH cneuuanbHbiM 00pa3om, nopor ans o06-
pa3oBaHKUA TPELLUH, BO3MOXKHO, CHU3UTCSA U BNOSIHE MOXET OMYCTUTLCS HIKe nopora nnaenexust. Lienb aroro
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U3MepeHnss — onpeaenuTb ypoBeHb 06nydeHns, Npu KOTOPOM KOMNOHEHT NOABEPraeTca kKatacTpoduyueckomy
paspyLueHmnio. Tak Kak OKOH4YaTesnlbHOe M3MEPEHUe HanpasneHo Ha onpeaeneHue karacrpouUyeckoro pas-
pyLUeHus, ero, npeanonoXxuTenibHo, OyayT ncnonb3oBark peako. OAHAKO MOXHO MPOBOAUTL OrpPaHUYEHHYIO
npoueaypy 4ns onpeaeneHus, AeiCTBUTENbLHO NK paspyLUeHWe BO3HUKAET Ha YPOBHE Hbke U3BECTHOro. M-
MepeHUs1 BLINOMHSAIOT B YCIOBUAX NPOBEeAEHUs ucnbitTaHni «1 Ha 1» (ogHokpaTHoe aeiicteue), «C Ha 1» (MHoO-
roKkpaTtHoe AeWCTBUE NPU HU3KOW YacToTe MOBTOPEHWUs UMNYNbCOB) unn «R Ha 1» (MHOrokpaTtHoe aencreue
npu 3agaHHOM YacToTe MOBTOPEHUS UMMNYNbCOB).

7.2 U3mepeHus
N3mepenunsa ansa ucnbitaHuin «1 Ha 1» u «C Ha 1» nposoaat no FOCT P 58370.

7.3 MNosicHeHune

B npouecce peanusauuu npoekta CRAFT [11] 0GHapy»eHO0, YTO HE TONbKO ONTUYECKUE KOMMNOHEHTDI
NOrNOLWWAIOT SHEPIUIO HAKAYKM U TPECKAIOTCS NPU YPEe3MEPHO BbICOKOW HArpy3ke no MOLLUHOCTM, HO TaKXe TO,
4YTO, €CNN KOMMOHEHT CXaT B Aepxarene, 3HadeHnune /1P 6bino 3HaYUTENbLHO HKe, YEM B CRyyae ero 3a-
KpenneHus donee cBob0AHbIM cnocobom. MpuknagbiBaHUE YMEPEHHOTO KPYTSILLET0 MOMEHTA K 3a)KMmy aep-
XaTtens, KOTopbli (PUKCUPYET NMUH3Y U3 CENEHMAA LMHKa B TpaekTopun nyyka CO,-nasepa ¢ HenpepbIBHLIM
U3MyYEHNEM, CHIKAET NMOTHOCTL MOLLIHOCTU HEeNPEePLIBHOTO U3nydenus npu [1/1P ¢ 3000 go 133 Br/cm2.

B pesynbrate TEXHUYECKAA XapakTepuUCTUKa U KOHCTPYKLMA AepXKaTensi KOMMNOHEHTA ABASAIOTCA Koye-
BbIMW hakTOpamu B ONpPEeAEneHnn TOro, Kakyl MOLUHOCTb Harpy3ku MOXET BbiAepKaTb KOMNOHEHT 6e3 pac-
TpecknsaHusa. [lokasaHo, YTO NpU NIIOTHOI NOCaaKe KOMMNOHEHTA B AepKaTenb pacTpeckuBaHue NPoMcxoauT
npu 6onee HU3KUX Harpy3kax no MOLLHOCTH, YeM Npu cBOGOAHOM 3aKpeNIIEHUM KOMMOHEHTA.

8 MoacHeHune

OnTtuyeckas copma oNnTUYECKOro U NasepHOro KOMMNOHEHTOB Kak BHYTPW Na3epHOro peszoHartopa, Tak
U BHYTPMW Na3€pHOW/ONTUYMECKON CUCTEMDI, KaK NPaBUIO, U3MEHSIETCS BO BPEMSI TEHEPUPOBaHUA NA3epPHOro
nany4eHus. Yauwe scero aTo npmBoauT NUBO K NOTEPE BbIXOAHON MOLLUHOCTU, NMUGO K CHIDKEHUIO achceKTUBHO-
CTK nasepa, nMbo K CHMKEHMIO MPOMYCKAHUS CUCTEMBI MO CPABHEHUIO C BO3MOXHbIM 3HAYEHUEM ONTUYECKUX
XapakTepUCTUK KOMMOHEHTOB, COCTABNSAIOLLIMX ONTUYECKYIO cucTemy. Kpome Toro, pacxoaMmocTtb nyyka u/mnu
COCTOSIHME monsipusauun nyyka MOryT 3aBUCETb OT BXOAHOW MOLLUHOCTU. KOMNOHEHTbI MOTYT ObITb paspyLUEHbI
npu Gonee HWU3KOW NOTHOCTU MOLLUHOCTU/SHEPTUM, YEM OXMAAETCA UCXOAS M3 OTAENbHbIX UcnbiTaHuii MNP,
BbIMOMTHEHHBIX C UCMONb30BaHMEM CBOGOAHO 3aKpensieHHbIX KOMNOHEHTOB. N3mepeHust AomkHbI ObITb Npo-
BedeHbl Ana obomx cnocoboB 3akpenneHus. Kpome Toro, pekomeHayeTcsl yuUTbiBaTb AaHHble hakTopbl Npu
COCTaBEHUN NPOU3BOACTBEHHBIX ONTUYECKUX TEXHUUECKUX TPeOOoBaHUI AN KOMIMOHEHTOB.
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Mpunoxexnue A
(cnpaBoyHoe)

ConocTaBneHue CTPYKTYPbl HACTOAWEr0 CTaHAAPTA CO CTPYKTYPOI

FOCT P 58563—2019

NPUMEHEHHOrO B HEM MeXAYyHapOAHOro AOKYMeHTa

Tabnuya OAA

CTpyKkTypa HacTosLero ctaHgapta CTpykTypa MexayHapogHoro gokymeHTa ISO/TR 22588:2005

Paszgensbl Moapasaensl MyHKTBI Paszgensbl

Moapasaensl

MyHKTBI

2 — — —

3
4
5 J— P
6
7
8

N[Ol ]DN

ApYrue CTPYKTYpPHbIE SrIeMeHTbI (3a UCKIOYEHNEM NPeUCTOBUS) UAEHTUYHBI.

MpumevyaHue — ConocTaBneHne CTPYKTYp CTaHAapTOB NpUBEAEHO TOMBKO ANA pasfenos 2—8, Tak Kak
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Mpunoxexune Ab

(cnpaBouHoe)

CBeileHUA O COOTBETCTBUM CChINTOYHbIX HALMOHANBbHbLIX CTAHAAPTOB
MeXAYHapOaHbLIM CTaHAapPTaM, MCNOMNb30BaHHbLIM B KAY€CTBE CChITOYHbIX
B NPUMEHEHHOM MeXAyHapoO4HOM CTaHaapTe

Ta6bnuya Ab.1

O603Hau4eHne CChINOYHOTO CreneHb O603Ha4YeHne ¥ HaumMeHoBaHWe CCbINTOYHOro
HaunoHanbHOro cTaHgaprta COOTBETCTBUA MexXxagyHapoaHoro ctaHaaprta
FOCT P 8.745—2011/ IDT ISO/TR 14999-2:2005 «OnTuka n ¢otoHuka. MHTepdepeHUn-
ISO/TR 14999-2:2005 OHHOE U3MepeHne OMNTUYECKNX AMEeMEHTOB U cucTeM. YacTb 2.
M3amepeHnsa n MeTogunka OLEHKU pe3ynsraToBy
[OCT P 58370—2019 MOD ISO 21254-2:2011 «Na3epbl 1 nasepHoe obopygosaHue. Me-
(NCO 21254-2:2011) ToAbl UCMLITAHWIA NOPOroBbIX 3HAYEHWUI NOBPEXASHWUIA, BbI3BaH-
HbIX fla3epHbIM U3NydYeHnemM. Yactb 2. OnpeaeneHne noporo-
BOrO 3HA4YEHUA»
[OCT P UCO 11551—2015 IDT ISO 11551:2003 «OnTtuka U ontudeckue npubopel. laszepbl n
nasepHoe obopygosaHue. MeTog ucnbiTaHWs ANs onpejene-
HUA KoadPPULMEHTa NOrNOLEHNA ONTUYECKUX Na3epHbIX KOM-
NMOHEHTOB»
FOCT P UCO 12005—2013 IDT ISO 12005:2003 «Jlasepsl U nasepHoe o6opyaosaHue. Metoasl
UCTIbITaHWIA ANA onNpeaeneHns napameTpoB NasepHoro nyda.
MNonspusayusa»
[OCT P UCO 11146-1—2008 IDT ISO 11146-1:2005 «J1aszepol n nasepHoe obopyaosaHne. MeTo-
Abl UCNBITAHUI LUMPUHbI, YITIOB AUBEpPreHUMn 1 koadpduumen-
TOB nepepaqn nasepHbix nyyeir. Yactb 1. Cturmatnyeckue u
NpoCTble acTUrMaTYecKne Ny4YKkn»
[OCT P UCO 11146-2—2008 IDT ISO 11146-2:2005 «Jlasepbl 1 nasepHoe o6opyaosaHue. MeTto-
Abl UCNBITAHUIA LWUMPUHLI, YINOB AUBEpPreHUmMn n koadduumeH-
TOB nepefayn nasepHbix ny4yeir. Yactb 2. O6wmne acturmatu-
Yyeckue Ny4kn»
[OCT P NCO/TO 11146-3—2008 IDT ISO/TR 11146-3:2004 «Jlazepbl n nasepHoe obopygoBaHue.
MeToabl UCNbITAHWA LLUMPUHBLI, YINOB AUBEPreHUUMn U koadhdu-
LUMeHTOB Nnepeaadqun nasepHbix nyvei. Yactb 3. CobcTBEHHaAA U
reoMeTpudeckan knaccuukauns nasepHblX Ny4kos, cneyndu-
Ka UX pacnpocTpaHeHUs 1 METOAUKU U3MEPEHUI»
MpumevyaHune — B HacToALe Tabnuue ucnonb3osaHbl cnegyiolme YCnoBHble 0603Ha4eHNA cTeNeHn co-
OTBETCTBUA CTaHLapToB!
- IDT — ugeHTU4YHble cTaHAapTHI;
- MOD — MoaundULMpoBaHHbIe cTaHAapThI.
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