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Mpeaucnosue

1 PASPABOTAH MMaBHbIM Hay4HbIM METPONOrMYeckUM LIEHTPOM «CTaHAapTHLIE CNPaBOYHbIe AAHHbIE
0 (PU3MYECKNX KOHCTAHTAX M CBOWCTBAX BeLlecTB U matepuanosy (THML, «CCll»)

2 BHECEH TexHuyeckum komuteTom no ctaHaaptusaummn TK 180 «CtaHaapTHble CnpaBOYHbI€ AaHHbIe
0 (OM3NYECKMUX KOHCTAHTAX W CBOMCTBAX BELLECTB W MatepuanoBy

3 YTBEP)XOEH M BBEOEH B OEWCTBUWE Mpukasom deaepanbHOro areHTCTsa no TEXHUYECKOMY
perynupoBaHuto 1 metponoruum ot 4 gekadps 2018 r. Ne 1056-ct

4 BBEJEH BMNEPBbIE

lMpasuna npumeHeHus HacmMosAweeo cmaH0apma ycmaHoeneHb! 8 cmamee 26 ®edepanbHo20 3aKoHa
om 29 uioHs 2015 2. Ne 162-®3 «O cmaHO0apmu3sayuu e Pocculickoll @edepayuu». VIHghopmayus 06 usmeHe-
HUSIX K HacmosiweMy cmaHdapmy rnybrukyemcs e exe200HOM (10 cOCMOosHUI0 Ha 1 aHeaps meKyuweeo 200a)
UHGhOpMaUUOHHOM yKa3zamene «HayuoHarnbHbie cmarnfapmel», a oghuyuanbHbeill mekem usMmeHeHud u nonpa-
80K — 8 EXKEMECSYHOM UHGOPMaUUOHHOM yKazamene «HayuoraneHble cmarn8apmbl». B cnydae nepecmom-
pa (3ameHbl) unu ommMeHbl Hacmoswezo cmaHdapma coomeememesyrouee ysedomneHue 6ydem onybnuko-
8aHO 6 briuxaliuieM ebiyCKe EXXeMECAYHO20 UHhOPMaULUOHHO20 yKkazamena «HauuornanbHble cmaH0apmbi».
Coomsemcmeyioujas uHhopmayus, yeedoMIIeHUE U MeKeMbl pasMewaomes makxe e UHhOPMayUuoOHHOU
cucmeme 06uez0 MoMb308aHUs — Ha oguyuanbHom calime dedepasnibHo20 azeHmemea o MexHU4eCcKoMy
pezaynupoeaHuro u Memporsioauu 8 cemu lnmepHem (www.gost.ru)

© CraHgaptuHcopm, odopmneHune, 2018

Hacrosimii ctaHaapT He MOXET GbITh NOMHOCTLIO UM YaCTUYHO BOCNPOU3BEAEH, TUPAXXUPOBAH U pac-
NPOCTPaHEH B KayecTBe ohmLManbHOro usgaqus 6es paspelueHus enepanbHOro areHTCTBa No TEXHUYECKO-
MY PETYNUPOBaHUIO U METPONOTMK
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HAUWOHANbHBIAN CTAHAOAPT POCCUNCKOWN ®EQLEPALUUMU

FocypapcTeeHHasa cucTtema o6ecnevyeHUs eAMHCTBA U3MepeHuni
CTAHOAPTHbIE CMIPABOYHbIE JAHHBIE. MONUBOEH

MapameTpbl KpuCcTarmunyeckon pewetku. KoadpuumeHT NMHENHOrO TENNOBOIO paclupeHna
B AnanasoHe Temnepartyp ot 90 K ao 350 K

State system for ensuring the uniformity of measurements. Standard reference data. Molybdenum.
The parameters of the crystal lattice. Coefficient of linear thermal expansion in the temperature range from 90 K to 350 K

Nara BBegeHus — 2019—03—01

1 O6nactb NnpUMMeHeHun

Hacroawmii ctTaHgapT pacnpoCTPaHAETCSl HAa CTaHAapTHbIE CMIPABOYHbIE AlaHHbIE MonMbaeHa, 6a30Bylo
XapakTepucTuky KOHAEHCUPOBAHHOIO BELLUECTBA — NapameTpbl KPUCTANMMYECKOW PELLETKM M HA AaHHbIE O
BeNnMYMHax koadpduumeHTa NMHENHOro TENMOBOrO pacLuMpeHus B gmanasoHe Temnepartyp ot 90 K go 300 K.

2 HopmaTtuBHbI€ CCbINKN

B HacToswem craHaapTe UCMosb30BaHbl HOPMaTUBHLIE CCbINIKM HA CrieayloLme CraHaapThbl:

FOCT 34100.3 HeonpeaeneHHOCTb usMepeHus. Yactb 3. PyKkOBOACTBO MO BbIPAXEHUIO HEONPEAEeneH-
HOCTM U3MepeHus

FOCT P 8.614 locynapcTBeHHas cuctema obecneveHuna eauHCTBa u3mepeHuin. ocyaapcTBeHHas
cnyx®a craHgapTHLIX CNPaBOYHbIX AAHHbLIX. OCHOBHbLIE NOMOXEHUA

MpumedvaHue — [Mpu NONb3OBAHUW HACTOSALUM CTaHAAPTOM Lenecoobpa3Ho NPoBEPUTL AelCTBUE CCbINOY-
HbIX CTaHAapTOB B MH(POPMALIMOHHOI chcTeMe obLLero NoNb3oBaHUA — Ha oduLmranbHOM caiiTe defepanbHOro areHT-
CTBa MO TEXHUYECKOMY PErYNIMPOBaHUI0 U METPONOTMK B CETU MHTEPHET UNU NO EXErogHOMY MH(OPMaLIMOHHOMY yKasa-
Tento «HauuoHanbHble CTaHAapThI», KOTOPbIA 0NyGnNUKoBaH No COCTOAHWIO Ha 1 AHBapSA TeKyLero roga, U no Bbinyckam
€XEeMEeCSHHOro MHAOPMaLMOHHOrO YKkasaTens «HaunoHaneHble CTaHAapThI» 3a TeKyLWil rod. Ecnn 3aMeHeH CCbiNOoYHbIii
CTaHzapT, Ha KOTOpLIA jaHa HeAaTUPOBAHHAs CCbIfKa, TO PEKOMEHAYETCS UCNOMNb30BaTh AEHCTBYIOLLYIO BEPCUIO 3TOTO
cTaHzapTa ¢ y4eTOM BCEX BHECEHHBIX B AaHHYI0 BEPCUIO 3MeHeHWiA. ECni 3aMeHeH CCbINOYHLIN CTaHAapT, Ha KOTOpLIi
JaHa AaTUpoBaHHas CChiflka, TO peKOMeHAYETCA UCNONb30BaTh BEPCUIO 3TOTO CTaHAApTa C yKasaHHLIM BhILLE FOA0M YT-
BepXKAEHUA (MpuHATUS). Ecnn nocre yTBEpXAEHUA HACTOSILEro cTaHAapTa B CCbUTOYHbINA CTaHAApT, Ha KOTOpLIi AaHa
AaTupoBaHHas CChlifika, BHECEHO 3MeHeHUe, 3aTparusaiolLee NONOXeHWe, Ha KOTOpPOe AlaHa CCbifka, TO 3TO NONOXeHUe
peKOMEHAYETCS NPUMEHATL 6e3 ydeTa 4aHHOTO N3MeHeHWUs. ECnn CChINOYHbINA CTaHAapT OTMeHeH 6e3 3aMeHbl, To Nomo-
XeHue, B KOTOPOM JlaHa CChifika Ha Hero, pekoMeHAYeTC NPUMEHSATL B YacTu, He 3aTparusaioLeil 3Ty CChInKy.

3 O6wune nonoxeHus

B HacTosAwem craHaapTe npuseaeHbl 3HAYEHUA CTPYKTYPHbLIX XapakTePUCTMK METaNM4YecKkoro Monuod-
aeHa (Mo) u gaHHbie 0 KO3 uUMeHTe NMHENHOro TennoBoro pacumpenus (KINTP) no pesynestataM BbICOKO-
TOYHbIX U3MEPEHUI HA COBPEMEHHOM AUdPaAKTOMETPUYECKOM 060pYya0BaAHUM.

OTnuuyutensHble NnpudHakm Mo BbITEKAIOT U3 €ro CTPYKTYPHBIX XapakTepucTuK, BKNYas kpucrannorpa-
dmyeckme, ANEKTPOHHbIE XapaKTEPUCTUKKN, CTPOSHUE U AUHAMUKY KPUCTANMUYECKON PELUETKMU.

MapameTpbl KPUCTANUMUYECKON PELLETKU ONUCLIBAIOT CTPOEHUE KPUCTANNMYeCcKuX BeLwecTs (Tun u pas-
MEpPbl ANEMEHTAPHON AYEUKK) U ONPEAESNAIT X MHOrMe (pusmyeckme CBOMCTBA. ITU JaHHbIE OTHOCATCA K
0a30BbIM XapakTepUCTUKaM KOHAEHCUPOBAHHOTO COCTOSIHUA BeLLeCTBa, oTpaXas 6anaHCc cun NpUTSHKEeHUst

M3paHue ocbuumansHoe
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W OTTA/IKMBAHUA MexXay atomamu. O6bem fueiikn, BblUMC/ISEMbI N0 3TUM AaHHbIM, ¥ 3Ha4YeHus KNTP npu
Ha/IMYMK AAHHBIX A5 Pa3IMUHbIX TeMnepaTyp UCMo/b3yoT NPy NPOEKTUPOBAHMMN MaTepPUaoB, BKIOUYAIOLLMX
MONMGAEH, B pas/inuHbIX ycTpoiicTBax. TemnepaTypHblii Anana3oH, B KOTOPOM WUCMO/b3YHOT MONUGAEHCOAEP-
Xallime matepuasibl, OXBaTblBAET TEMMNEPATYPbl OT NPeAesibHO HU3KUX A0 NPefesibHO BbICOKMX.

MonmbaeH OTHOCST K CTpaTerMyeckn BaxHbIM MaTepuanam. Ero UCMonb3ylT B YACTOM BuAe, B BUAE
nervpytowein o6aBku B CTa/IAX Pa3/IMYHOTO Ha3HAYEHUs!, B BUAE KOMMOHEHTA Pa3/IMUHbIX HEOPraHUYECKUX 1
OpraHWYecknx coeauHeHui.

4 OCHOBHas 4yacTb

B HacTosieM cTtaHgapTe Mo pesynbTataM AU1aTOMETPUYECKUX M3MEepPeHWit KOMNapaTtopHbIM METOAOM
npuBefeHbl CTaHJApPTHbIE CMPaBOYHbIe AaHHble O napameTpax KpUCTas/IM4yeckoil pelleTku M O BenmumHax
KNTP Mo B gnanasoHe ot 90 K go 300 K, paspaboTaHHble B cooTBeTcTBMM ¢ FTOCT P 8.614, TOCT 34100.3.

JocToBepHble AaHHble MOJyYeHbl C UCNOJSIb30BAHWEM COBPEMEHHbIX PEHTIEHOBCKUX AMdPakTOMeTpoB
ONS M3MepeHns CTPYKTYPHbIX XapakTepucTuK MOHOKPUCTa//I0B 1 060CHOBaHHbIX Hay4HbIX paboT.

4.1 MoprotoBka 06pa3LoB

[na unccnegoBaHWs B HACTOAWEM CTaHfapTe MCMosfb3ylT 06pasupbl, Bbipe3aHHble U3 MPYTKOB MO-
nméaeHa, AOMNOMHUTENBHO OYMLLEHHbIE METOAOM 30HHOW MNaBkW, B XOfe KOTOPON BblpaliMBalOT HECKOSIbKO
MOHOKPUCTaN0oB Tuna «MupegmeT». CoaepxaHne npumecein Ha 34 anemMeHTax OLEeHMBalT Mo pesy/nbTaTam
N3MepeHnin MUKpohTyopecLeHTHbIMA MeToAamn, NPOBeAEHHbIMM Ha cnekTpomeTpe M1 «MwucTpanb» dmp-
Mbl Bruker. [nsa aHanv3a 1Cnonb3yloT COCTaB ABYX MOHOKpUCTa//Inyeckmx o6pasuos no 10 nsmepeHusm B
KaXX[JoM Ha BO3MOXHOCTb NpUCYTCTBUA 35 3/1EMEHTOB CrefoB npuMeceil. B pesynbtate nNpoBefeHHOro aHa-
Nn3a o06HapyxmBatoT, YTO N0 BCEM 3/IEMeHTaM OTCYTCTBYIOT MUKPOMNPUMECH, 3a WCK/IHYEeHWeM BoJibhpama
0,055 macc.%. Takum 06pasom cocTas Mo 3TUM pesyfibTataM oueHuBaloT kak 99,945 %, uTo cooTBeTCTBYeT
coctaBy 0c060 BbICOKOUMCTbIX 06pasL,oB MOAMGAEHA.

M3 MOHOKpUCTaNIINYECKUX C/TIMTKOB BbIPe3aroT KyOuku, 13 KOTOPbIX NOArOTaBAMBalOT 06pasLbl 415 PeHT-
FEHOBCKMX M3MepeHuii. [ns BbICOKOTOYHOrO peHTreHorpachmpoBaHnis MCMosb3yoT 06pasubl cdrepuyeckoi
chopmbl, KOTOpas NO3BOSSET Haubosee TOYHO YUMUTbIBATb B/MSIHWE MOI/IOWEHUS PEHTIeHOBCKMX Nyyeli npu
06paboTke AMGIPaKLMOHHON KapTWHbI. AmameTp cdepbl NOAOGUPAOT Tak, YTOObI My4OK, BbIXOAAWMIA U3 KO-
nMaTopa peHTreHOBCKOM Tpy6KM, NMOMHOCTLI0 OMbIBaN o6pasel. Cdepuueckme obpasupbl UMeKT AnameTp oT
0,3 MM go 0,4 MM, 4TO MO3BOMSET MCMOMb30BaTh BeCcb 06beM 06pasua Ans m3mepeHuit. O6bLEM U YCNOBUA
MOJSTHOrO PEHTIEHOBCKOIO 3KCMEepMMEHTAa yCTaHaBNMBAOT OTAENbHO A/1S KaX4Oro KOHKpPeTHOro obpasua no
pesynbTatam npeaBapuTefibHbIX KOPOTKUX 3KCMEPUMEHTOB.

[nsa obkaTkn 06pasLoB cdepbl NCNOMb3YIOT cneunasnbHble YCTPONCTBa, uMmetoLwwmne chopMy MaocKoro -
nvHApa. BTakom ycTpoiicTBe 3aroToBkM (Ky6ruueckoi dhopmbl) Nog BO3AelCTBEM MOTOKA BO3ayxa 6bICTPO ne-
peMeLlatTcs Mo Kpyry, YTO NPUBOAUT K CTAYMBAHUIO YI/10B O NPUK/IEEHHble abpa3unBHble LLKYPKU. MNocTeneHHo
yMeHbLUas 3epPHUCTOCTb LUKYPKW, NOMyYatoT 06pasLibl NPaBuibHON hOPMbI C BbICOKOW YACTOTOW MOBEPXHOCTY.
MpenmyLLECTBO UMEIOT LLKYPKM C alIMa3HbIM ¥ TakKe BbICOKOTBEPAbIM 3/1b660POBbLIM NMOKPLITUEM. VICTOYHNKOM
BO3[yxa CNYyXXWT KOMMpeccop, Hanpumep asporpada.

VCKaXXeHHbIA Cnoli CHMMAalOT TpaBNEHMEM C UCMOMb30BaHWEM TpaBuTeneid, paspaboTaHHbIX 415 BCEX
9/1IEMEHTOB LUECTONW rpynmnbl XMMUYECKNX 3NeMeHTOB Tabnuubl . V. MeHgeneesa (XpoM, MOIMGAEH W BOJb-
thpam), cM. Tabnuuy 1. 119 CHATUA UCKaXEHHOro C/os Ha NOBEpPXHOCTU cdpep ncnonb3yoT coctas N9 3. Cko-
poCTb TpaBfeHua An1S PaBHOMEPHOrO CTpaBAMBaHWsA BblbypatlT ~0,8 MKM/MUH U MPOBOAAT BCTPAXUBAHUSA
obpasuos B npobupke. BBuay TOro, YTo OKOHYaHWe TpasfeHuss (MOSIHOTO CHATUS UCKaXKEHHOro C/05) TOYHO
3admkcupoBatb TPYAHO, pesysbTarbl 06paboTku B KUCMOTax NPOBEPSIT peHTreHorpadmposaHnem Ha and-
pakTomMeTpe Kak npeABapuTe/ibHbIA 3Tan OCHOBHOIO 3KCNepuMeHTa.

Tab6nuua 1— COOTHOLEHVE KOMMOHEHTOB B PAacTBOPE [/18 TpasneHns monmoaeHa

COoOTHOLLIEHNE KOMIMOHEHTOB, A0MN.

BevuectBo
1 2 3 4 5
OpTocpochopHas kucnoTa 15 75 7 2 15
A30THas kucnorta 7 3 1 1 2
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OkoHuaHve Tabnuupl 1

COOTHOLLIEHME KOMMOHEHTOB, [0/

BevuectBo
1 2 3 4 5
YkcycHasa kucnota 3 15 1 2 3
Bopa 1 5 1 2 1—3

MpumeyaHne — lonybbim LUBeTOM BbigeneH coctaB (Ne 3), KOTOPbIM CHUMAIOT MCKaXKEHHbI C/IO C MOBepX-
HocTel cdoep.

[na noAarotoBku 06pasuyoB M YCTAHOBKM WX Ha AUpakTOMETPUYEecKyld CUCTEMY MCMOMb3YHT ONTW-
yeckuii BUHOKYNAPHbLIA CTepeockonuuecknii Mukpockon Tuna MBC, KOTopblii MO3BONSET NpeABapuTENbHO
onpegenuTtb pasmep. Ans nonyyeHus 6onee TOYHOTO pasMepa uccnegyemoro obpasua Ha gudpakromeTpe
NPOBOAAT cneumanbHblii 3KCNepyMMEHT C MHOrOKpaTHbIM A0 180 pa3 NoBOpPOTOM C WHTepBasiom OT 1 fo 2°.
KauecTtBo chopmbl 06pasua OLeHMBAIOT MPU YBESIMYEHWM OMTUYECKOro NpocMoTpa B Mukpockone MBC.
M3 noarotoBneHHbIX 06pasLoB BbiGMpaloT obpasel, ¢ Hanayywen AngpakunoHHOW KapTUHOM Ans 6parros-
CKMX OTpaxeHWid. 3aTemM NMpPoM3BOAAT MOHTaX o6paslia Ha gepxaTeslb TOHMOMETPUYecKoro ycTpoiicTea. Ons
OUUCTKM [epxaTeneil U MOHTaXa MOHOKPUCTAN/IMYECKUX Cep WCMOMb3YT CNUPT U KNei-resib «MOMEHT».
O6pa3eL, NPUKNENBAIOT Ha CNeUMasbHbI AepXaTesb CO CTEKNSHHON HWUTbIO (HUTb U kel o6ecneynBaroT oT-
CYTCTBME [0MOJSIHUTENbHbIX AN PaKLNOHHBLIX Ped)/IEKCOB) W YCTaHaBNNBAIOT Ha TOHUOMETPUYECKYIO TOJIOBKY
OondppaktomeTpa. FOHMOMETPUYECKYHO TONI0BKY (PMKCMPYIOT B NOCaL04YHOM rHe3fde roHMoMeTpa, U NpoBoaAT
IOCTMPOBKY Tak, 4TO6bl 06pasel, nonajas MakCMMasbHO TOYHO B LeHTp (nepeceuyeHne BCeX Ocell) rOHMO-
meTpa.

4.2 JKcnepumeHTasibHas annaparypa

M3mepeHue andpakuMoHHONM KapTHbI 4151 ONpeAesieHust NapaMeTpoB KPUCTA/I/IMYECKOW peLueTkn npo-
BOAAT C MCNOJib30BaHWeM YCTPOWCTB AndhpakToMeTpa M NPUCTaBOK ChneumanbHOM KOHCTPYKUMKW, KOTopble
NO3BOJIAT aHaIM3MPOoBaTb AOCTATOYHO MOJHYK AUMPAKLMOHHYIO KapTUHY MOHOKPWUCTas/IoB B TPEX U3MeE-
peHusix. OCHOBHas LWkana 60bLIOro roHMomeTpa gudpakrometpa XCalibur dmpmbl Rigaku-Oxford Diffrac-
tion, ncnonb3yemoro npu aKcnepvMeHTaslbHOM MpoBepke, obecneynBaeT AvMana3oH BO3MOXHbIX NOBOPOTOB
JeTtekTopa Ao 120°. MoBopoTbl 06pasua OCYLLEeCTBAAIT C MOMOLLbI APYrMX TOHMOMETPUYECKUX YCTPOUCTB
Takum 06pa3om, 4TOObI 3anoNHUTL BCIO chepy n3mepssieMoro obpatHoro (MMNynbCHOrO) NpPoCTpaHcTBa M no-
cne npeobpa3oBaHUn BO3MOXHO OGOMbLUNIA 06BLEM 3NEMEHTAPHON A4velikn. Ona M3nyydeHus oT monmnbaeHa-
aHofa MCMosib3yT PEHTIEHOBCKYIO TPYOKY (O/IMHY BOJIHbI XapakTepucTUYEeCKoro usnyyennsa Kal npuHumatot
3a 0,070932 HM). B ycunvBaroLlyo ONTUYECKYHD CUCTEMY BKIOYalOT rpaddMToBble MOHOXPOMAaTOpPbl U KON-
NIMMatopbl C BHYTPEHHUM OTpPaXKeHMeM. 3a CYET WCMOJIb30BaHUsA XapakTepuCTUK PeHTTeHOUYYBCTBUTE/IbHOTO
3KpaHa OCyLecTBAsAN paboTy ABYMEPHbIA AETEKTOp ANGPaKkTOMEeTpa, OCHOBaHHbIN Ha CCD-TexXHONOrmsXx.
Bca cuctema peructpauum cUrHasioB XxapakTepusyeTcs A0CTaTOYHO HU3KUM YPOBHEM LUIYMOB, YTO MO3BOASET
NpoBOAMTL MCCMefoBaHna 06pas3LoB Masioro o6bema. KOHCTpyKuMn audpakTtoMeTpoB, NMPUMEHSEMbIE B CU-
cTeme, NO3BOMAKT pernctpuposatb oT 4000 fo 5500 6P3rrOBCKNX OTPaXKEHWIn AN pa3nyHbIX 06pasLoB, KO-
TOpble UCMONb3YIOT /1A pacyeTa napameTpoB KPUCTAI/IMYECKOW pelueTkn (pasMepoB 3/IeMEHTaPHON Aveiku)
1 3HaYeHUii koadpcuumneHTos KNTP

[na yBennueHns TOYHOCTU AaHHbIX NPU HOPMasibHbIX YCMOBUSAX U3MEPEHUA HUKCUMPYIOT BbICOKOYI/10-
Bble pedyiekchbl (6051ee BbICOKME MOPSAKM OTPaKeHWn OT cemeiicTBa KpucTannorpacmnyeckmx naockocTei),
KoTopble o6ecneuynBatoT 6/1M30CTb K Yy cKobxeHnnsa 90° u, cnefoBaTteslbHO, MakCMasibHO BO3MOXHYHO TOY-
HOCTb. MOCKO/IbKY MHTEHCUBHOCTb Takmx OGPErroBCKUX OTPaxeHuli Ha nopsgakn cnabee, Yem AN OTPaXKeHWUiA
C Ma/lbiMM MHAekcamu Mwnnepa, To npu pabote gudpakToMeTpa UCMo/b3YT MaKCUMaslbHO BO3MOXHble
3Ha4YeHN ToKa 1 HanpsHXKEHUA PeHTreHOBCKON Tpyokn u/mnn 6onee AnvTenbHoe Bpems U3MEPEHUli B Kaxaoin
Touke 0o6paTHOro NPOCTPAHCTBA, B KOOpAMHATaX KOTOPOro MpoOMCXOAWT npouecc nsMmepeHus. Obuiee Bpems
3KCMepyMeHTa An1a Kakgoro obpasua npy HopMasbHbIX YC/I0BUAX U3MepeHuin coctasnseT ot 80 go 120 u
HenpepbIBHOW paboTbl AudpakTtomeTpa. Bnok-cxema AMpakTOMeTpUYecko cuctembl npejcTaBfieHa Ha
pucyHke 1.
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PucyHok 1 — Brniok-cxema AUpakTOMETPUYECKO CUCTEMBI

[ns npoBeaeHUsi UaMepeHuin n 06paboTku SKCNEPUMEHTASBHBIX AAHHBIX C MOCNEeAYOWUM onpeaeneHu-
€M CTPYKTYPHBIX XapakTepUCTUK, YAOBMNETBOPSIOLMX CTABMIBbHLIM NapamMeTpam KpUCTannMUYeckoil peLueTku,
MCNONb3YIOT aTTeCTOBAHHYI0O MeToauky usMmepeHun [Ne 702/06-09 (®P.1.31.2009.06707)]. ina noBbilweHMUA
[OCTOBEPHOCTU 3KCNEepPUMEHTAaNbHbLIX AAaHHbIX NPOBOAAT CPABHUTENbHbI aHAaNU3 C 3TaNOHHLIMK CpeacTBamMu
M3MepPEHUit: CO CTaHAAPTHbIMKM 06pa3syamMm AMPaKLMOHHLIX CBONCTB MOHOKPUCTaNNoOB, Bkniovasn MCO NPo-4
(MP®-3) kpeMHuit u MCO MPP-9 (MP-1) cunuuma BaHaaUA, KOTOPLIE NpeaBapUTENbHO U3MEPSIIOT HA TOW e
yCTaHOBKe Ansi ee KannBpoBKH.

4.3 OcoGeHHOCTU npoLeaypbl U3MepeHuin

4.3.1 Peructpauuu gudpakumoHHOW KapTUHbI

[ns peructpauun AMpakLUMOHHON KaPTUHbI YCTAHABNMUBAIOT PACCTOSTHUE KPUCTANSIMYECKOro AeTeKTo-
pa paBHbiM 41,5 MM U UCMONbL3YIOT KonnuMaTop ¢ anametrpom 0,5 mm. «ByHkepoBKy» (0ObeaUHEHUE NMUK-
cenen unu pasbueHne matpuubl Ha cyG6noku) yctaHaBnuealotT 2 x 2, ¢ paspeLueHMeM MaTpuubl AeTekTopa
1024 x 1024 nk. [na MonMGAEHOBOrO UCTOYHMKA PEHTFEHOBCKOIO U3NyYeHUs1 3HAYEHUA HaANPSHKEHUS1 U TOKa
ycraHaenueatotr: 50 kB n 40 MA unu 33 kB 1 50 MA, koraa TpeboBanoChb yCTPaHUTb OTPaXXeHUs, COOTBETCTBY-
loLLEe BTOPOI rapMoHuke (A/2).

4.3.2 OcTupoBka o6pasua

KOctupoBky obpasuya Mb npoBoasAT B pexume py4qHOro ynpaesneHus. Kpucrann cymtaerca CbocTupo-
BaHHbLIM, €CNU NPU ABWXKEHUU 1Mo NioBoI U3 ocen LEHTP TshkecTn obpasua coBnageT ¢ nepekpectuem wkan
MMUKPOCKONA U OTKIIOHEHME cocTaBnsaeT He bonee 10 MKM.

4.3.3 YcnoBus usmepeHun

Mpu npoBeaeHUU U3MepeHUit NpU KOMHATHOW Temnepatype 06bIMHO cobMIoaaloT cneayloLme ycrnoBus:

- Temneparypa Bo3ayxa — B gnanasoHe 298 K—300 K (25 °C —27 °C);

- atmocchepHoe aaeneHme — 84—106,7 klMa (690—800 MM prT. CT.);

- OTHOCUTENbHAaA BNAXHOCTb BO3ayxa — He 6onee 80 % npu Temneparype (25—27 °C);

- HanpskeHWe NUTaHus aNeKTpoceTn ans ogHopasHoro Toka — 200—240 B.

C ucnonb3oBaHWeM nporpammHoro obecneyeHus o6pasel, NOBOPAUYUBAIOT NOCNEAOBATENIbLHO CO BCEMU
BO3MO>HbLIMW NOBOPOTaMU, YTOObI 3ahMKCUPOBATL HA AETEKTOPE MHTEHCMBHOCTb OTPaXeHHbIX Audparmpo-
BaHHbIX Ny4yeli ¢ 6onee nonHbIM u3obpaxeHuem cdepbl 06paTHOrO NPOCTpaHcTBa (cdepbl Ssanbaa). Mpu
noBopoTe 06pasua pasnuyHbie OTpaXkaloLue aTOMHbIE NIIOCKOCTN NPOXOAAT Yepes MONoXeHue, Npu KOTopoM
BbINOMHAETCA YCNOBUE, COOTBETCTRYIOLLEE 3akOHy Bbparra-Bynbda. Ha audpakumoHHOi kapTuHe noasnseTca
pacnpeaeneHne UHTEHCMBHOCTU OPEITOBCKMX OTPAXEHWIA, KOTOPbIE (PUKCUPYIOTCA B KaXKA0M (peiime n nepe-
JaloTCA Ha KOMNBIOTEPHOE YCTPOICTBO ANs 3anoMuHaHus, o6paboTkn u aHanumaa.
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Ons npoBepku obpasua Ha COOTBETCTBUE UCCrneayemMoin hasze MOHOKpUCTanna u Anst OLEHKU YPOBHA
COBEpLUEHCTBA 3TOM0 BELUECTBA CHayana OCYLUEeCTBNSAIOT NpeaBapUTENbHYIO CbEMKY C OOLUMM BpeMeHeMm
5—10 MuH ans npoGHOro onpeaeneHWs NnapameTpoB PELUETKM KpucTania KOHKpeTHoro obpasua. Mo okoH-
YaHMKU NepBOM NPeaBapUTENIbHON CbEeMKM OLIEHWMBAIOT OTNUYME NMapaMeTpoB PELLETKM Kpucranmna ot oxmaa-
eMbIX, a TAKKe MPOLEHTHOE OTHOLLEHWE YUCna OTPaXKEHUIA HA ANPPAKLUMOHHON KapTUHE, YAO0BNETBOPSIOLLMNX
BbIGpPaHHOMY TUMNY 3NEeMEHTAPHON AYelikh. 3aTem OLEHUBAIOT Ka4eCTBO AUMDPAKLIMOHHON KAPTUHBI B LIENOM,
BKMoYas hopmy AndpPakLMOHHbIX MAKCUMYMOB. Ha OCHOBaHUM aHanu3a pesynsratoB U3MEPEHUi NpuHUMa-
I0T peLLeHne O ganbHeliwel pabote ¢ JaHHBIM 06pa3LoMm.

Ons o06pasuoBs, BbIOpaHHbIX M3 napTun o6pa3yoB, NPOBOAAT BTOPOE NpPEABApUTENbLHOE PEHTIEHOrpa-
dmpoBaHne ¢ 06Lwmm BpeMeHeM akcno3numn 60—120 MUH ANSA OLEHKU U 3aA4aHUsi NapaMeTpPOB OCHOBHOTO
akcnepumeHTa. CHavana oueHWBaIoT AOCTYNHOE pa3peLleHne U BPEMA IKCNO3NLMKM ANA Pa3HbIX NONOXEHNI
JAeTeKkTopa no yrny ckonbxeHus (6) ana obecneveHus TpebyeMoro ypoBHs CTaTUCTUKN 3MEPEHUS MHTEHCUB-
HOCTEN 3a JOCTYMHOE BPeMS NPOBEAEHUA BCETO 9KCNEPUMEHTA. 3aTem NPOBOAAT OCHOBHOE peHTreHorpadm-
poeaHue o06pasuoB ¢ 06LWMM BpemeHeM akcno3uumm 90—120 muH. Mo OKOHYaHUM 3KCNEePUMEHTa NPOBOAAT
06paboTKy NOny4YeHHbIX AAHHBIX C BblAa4vel hannos, HEOOXOAUMbIX ANA AaNbHEWLEro CTPYKTYPHOrO aHanu-
3a.

4.3.4 O6paboTKa AaHHbIX

OGpaboTKy AaHHbIX U3MEPEHMIT NPOBOAAT C NPUMEHEHMEM NporpaMMHoro nakera CrysAlis. MNapame-
TPbl 9NIEMEHTapPHON AYEeNKU yCTaHaBNMBAIOT nocneaosatenbHo. C ucnonb3osaHuem nporpammbl CrysAlis
OCYLLIECTBAOT NOMCK BCEX BPArrOBCKMX OTPAXKEHWUI HA KaXKAOM bperime U NonNy4aloT NePBUYHLIE AdHHbIE 00
YIMOBbIX NO3NUMAX MAKCUMYMOB 9TUX OTpakeHWi. [lanee yCcTaHaBnNUBAaKOT BAPUAHT 3NEMEHTapPHON SAYEKu,
pasMmepaM KOTOPOW yAOBMETBOPSAIOT 3Ha4YeHUA He MeHee 90 % 3adpukCupoBaHHbIX AUAPAKLUMOHHBbIX pednexk-
COB. 3aTeM YTOYHSAIOT MHCTPYMEHTAalbHYIO MOAENb, COOTBETCTBYIOLLYIO NapaMeTpam peLueTku Kpucranna no
YTOMHEHHOMY Habopy AN PAKLMOHHbBIX OTPAKEHUN, U UCNONb3YIOT NPOrpaMMy AnA NPoBeAEHUA NPOPUNbLHO-
ro aHanusa, COCTOALLEro U3 ABYX 9TanoB:

1) onpeaeneHne oHa 1 rpaHuL AMPPaKUMOHHBIX Npoduneir;

2) MNony4YeHne MHTerpanbHbIX MHTEHCUBHOCTEN.

3aBepLueHne o6paboTku OCYLLECTBASAIOT CneayiowuMmu AeNCTBUAMKU. CHavyana BHOCAT BCE 3Ha4YUMble
nonpasku B MHTEHCUBHOCTMN, 4TOObI N3MEPEHHbIE BENUYUHBI FIpM6]1VI3VIJ'IVICb K KUHEMAaTUYECKON wiKane, 3arem
BBOAAT nonpaeku Ha a¢ppekT JlopeHua n Ha nonspusaumio ¢ ucnosb3oBaHuem nporpammbl CrysAlis.

4.4 Mpoueaypa onpeaerieHUA NapamMeTpPoOB KPUCTAIFIMYECKON peLleTKU

[nsa pacyeta 3HayYeHWit NAapaMeTPOB PELLETKM UCNONb3YIOT 3HaYeHUst yIioB 0 (TeTa), COOTBETCTBYIOLLMX
MakCUMyMam pacrnpefeneHus WHTEHCUMBHOCTEN OpPEerrOBCKMX OTPaXKEHWM, U COOTHOLLUEHME, CBA3bIBAIOLLEE
3HAYEHUS MEXMMOCKOCTHbIX PAcCTOAHWUI C STUMU YrnamMu

2d sin 0 = ), M

rae d — MEeXNNOCKOCTHOE pacCTOSHUE, HM;
0 — yron ckonbXxeHus ny4yei,
n — nopsagok otpaxkenua (1, 2, 3...),
). — ANVHA BOMHbI UCMOMb3YEMOI0 M3NyYeHusI.

Bo3MOXHOCTbL (hUKCUPOBATL OTPaXKEHUSA € Bonee BbICOKMMU NOpsAKaMu, KOTopble 06ecneunBaloT NoBbi-
LeHWe TOYHOCTH onpeaerneHns napaMmeTpoB, 3aBUCUT OT AMNUHbI BOMHbI UCMONb3YEMOrO U3Ny4eHUs1, MO3TOMY
ObINO NCNONBL30BAHO MONUOLEHOBOE KOPOTKOBOITHOBOE U3Ny4EHUeE.

KsagpatuuHaa cdopma ans KyOMYECKOW PELLUETKM, CBA3bLIBAIOLLAA MapameTp peLueTku a U UHAEKCHI
Mwunnepa h, K, | ¢ MEXXNNOCKOCTHbLIM PacCTosiHMEM d, UMEET BUA

1Pk
dhu a? @

MockonbKy Npu U3MEHEHMN TeMNEePaTypbl N3MEHAIOTCA NapameTpbl peweTkn obpasua, T0 UMEET me-
CTO U3MeHeHue HabnaaemMblX 3Ha4eHU yrinos 6 Ansi MakCUMYMOB GPETOBCKMX OTPadKeHUiA. MoaaepxaHme
Tpebyemoii Temnepartypbl MNKW 3a4aHHOTO TEMMNEPATYPHOro pexuma uccregyeMbix 06pasLos NpoBOAAT Ha
andppakromerpe XCalibur doupmbl Rigaku-Oxford Diffraction ¢ TouHoCTbIO 0,5° B AManasoHe TeMmnepartyp ot
298 K no 300 K. Temnepatypy o6pasua n3mepsitoT NOBEPEHHLIM U3MEPUTENEM TEMMEPATYPbl U BIAXKHOCTH
MBTM-7, pasMeLLEHHbIM B HENOCPEACTBEHHON Brn3ocTu oT obpasua ¢ A0BEpPUTENbHOW norpewwHocTbio 0,7 K.
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OndpakumoHHasa kapTuHa u3 gpeinma, 3addMKCUPOBaHHOMO NMPU HEBBLICOKUX yrnax, npeacrasnexa s [1].
dopma aAndppakuMOHHBIX NATEH HA AudpakTorpaMMax NoKasbIBaeT XOpoLLUee KauecTBo obpasua, BbiIGpaHHOro
AN8 NOCneayLwero aHannaa scen AndpakuMOHHON KapTUHbI.

B tabnuue 2 npueeaeHbl AaHHbIE ONpeaeneHns napaMeTpa peLeTkn Ans BbICOKOYINOBOro AunanasoHa
npu 300 K. 310 COOTBETCTBYET YINy yCTaHOBKM AeTekTopa Ha 113° no wkane 26, nossonsiowero 3agukcu-
poBaTb HaubornbLUee YUCNO BLICOKOYINOBbIX pednekcoB. Mocne NOBTOPHbLIX IKCMEPUMEHTOB, MPOBOAUMbIX
npu NoBopoTe obpasLa Ha AepxaTene, u Nocne AONOMHUTENBHON NPOBEPKM IOCTUPOBKKU MPU MOBOPOTE AEp-
Karens, BbIOMpAalOT CpeiHUe 3HaYeHUs Ans kaxaoro obpasua. 3arem BbIOMPAIOT CpeaHee 3HaYEHME OT BCEX
UCCrneaoBaHHbIX 00pa3sLoB, KOTOPOE BKIOYAIOT B Tabnuuy CTaHAapTHLIX CNPAaBOYHbIX AAHHLIX. PacyeT xapak-
TEPUCTUK BOCMPOU3BOAMMOCTU NPOBOAAT MPU MONYYEHUU CPeAHMX 3HAYEHWUW, NOITOMY HEONpPeaeneHHOCTb
0Kas3blBAeTCs BblLLE, YEM HEONPEAENEHHOCTU CNy4YanHoro TUNa, ykasaHHole Ans kaxagoro obpasua.

Ta6nuua 2— PesynbTaThl onpejeneHus NapaMeTpoB KpUCTanIMYECKoli peLLeTkn oGpasLioB MOHOKPUCTANUYECKOro
MonubaeHa no AaHHbIM BEICOKOYTTOBOrO Juana3soHa

Obpasey MapameTp, HM
a 0,314747(2)
b 0,314745(2)
CpepHee 0,314746
Mpwu MedYaHune — B Kkpyrnbix ckobkax npuBefeHbl YMCMOBblE 3HAYEHWS HeonpeAeneHHOCTEN Kaxnol cepum
N3MepeHUi.

B Tabnuue 3 npeacTasneHbl 3Ha4eHUs TapaMeTPOB KPUCTaNMUYECKOW peLueTkn Ana monubaexa, nony-
YeHHble pasnuyHbIMK asTopamMun B AnanasoHe Temnepartyp ot 290 K go 300 K, n pesynbraTbl UCCNEA0BaHHbIX
o6pasuoB u3 Tabnuubl 2.

Ta6nwuuya 3—[aHHble 0 NapameTpax KpUCTanIMYECKOR peLleTku MOHOKpUCTannieckoro MonubaeHa ns 6as faHHbIx
Hay4HbIX paboT W pesynbTaThl UCCrefoBaHHbIX 0Gpa3sLoB U3 Tabnuupl 2

ObpaseL MapameTp, HM Ccobinka
1 0,31472 [35]
2 0,31472 [36]
3 0,31474 [7]
4 0,31470 [41]
5 0,31472 [38]
6 0,31478 [46]
7 0,31475 [40]
8 0,31475 BHHUMMC
CpepHee 0,314752
[1]I'| puMeyaHue — B kBagpaTHbIX ckobkax npuBeAeHbl Gubnuorpadunyeckne cCbinku, KOTopble NpefcTaBneHbl B

AHanu3 3Ha4YeHnin NapameTpoB, NPEACTaBNEHHbIN B Tabnuue 3, NoKa3bIBAET, YTO COOTBETCTBUE AAHHbIX
[0CTaTo4HO BbICOKOE. [103TOMY B Ka4ecTBe CTaHAAPTHOro CNPaBOYHOrO AAHHOTO MPUHMMAIOT 3HaYeHue napa-
MeTpa KpUCTann4Yeckol pewetku (pasmepa aneMeHTapHon auerikn), ans monubaeHa pasHoe 0,314752 Hwm.

4.5 TennoBoe pacwupeHue MonuéaeHa. KoagppuumeHT NMMHENHOro TENSIOBOr0 paclMpeHus B
aumanasoHe temnepatyp ot 90 K oo 300 K

Mpu onpeaenennn koapduuymeHta tennosoro pacwmpernsa (KTP) Mo yuntbiBalOT 3aBUCMMOCTbL €ro
KpUCTannM4ecKon peLueTkn oT Temnepartypbl. Pedynbsratel aHanu3a 3Ton 3aBUCUMOCTU NOAPOOHO OnucaHsbl u
NpoUNMCTpUpoBaHsbI B [1].
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OCOBEHHOCTM TEMMOBOrO PACLUMPEHNUS U ET0 UBMEHEHUE C TEMMEPATYPOIN PACCHUTLIBAKOT B OCHOBHOM C
YYETOM aHrapMOHUYeCckux ahpeKkToB B AUHAMMKE KpUCTannm4eckon pewetku. 3nadyeHne KTP npamo nponop-
LUMOHANBHO KOAPDULMEHTY aHFAPMOHUYHOCTU B PA3NOXEHWU NOTEHLUMANbHOW SHEPTUU U UMEET OUHAKOBbIN
C HUM 3HaK.

Pesynbratbl M3aMepeHuit OTHOCUMTENbHOIO yaAnNuHEHMA u 3HaveHua KTP onpegensior ans monubaeHa
pa3nuyHbBIMM METOAAMMU, BKIIOYAsh PEHTIEHOBCKME Npu pasHbix Temneparypax. [Npu aTOM yCTaHOBMEHO, YTO
monubaeH obrnagaer aHOMarbHO HU3KUM 3HavyeHnem KTP npu noBbILEHHLIX TEMepaTypax.

Ona oueHkn 3HayeHnin KITTP Mo mcnonb3yloT gaHHble O 3aBUCMMOCTU NapamMmeTrpa KpucTaniuM4yeckon
peLleTkn oT TemnepaTypbl. Pe3ynstarbl OLEHKU STUX UCCMeAOoBaHUi B pasnuyHbIX AnanasoHax TeMneparyp
npeacrtasneHsbl B [1].

Ons Temnepatyp B guanasoHe ot 280 K go 400 K npuHumator 0606LieHHble 3HayveHnsa KITTP Mo
(cm. [1]).

3HadveHus KITTP B gnanasoHe temnepartyp ot muHyc 180 K go 2400 K no pesynbsratam gunatomerpuye-
CKMX U3MEepeHuin npeacrasneHsl B [2].

B ananasoHe HOpManbHbIX TEMNepaTyp pe3ynbsrarbl U3MEPEHUN, NpeacTaBneHHbie B [1] u [2], aocta-
TOYHO XOPOLLO COrnacylTcs mexay coboi. Xyallee cornacoBaHue gaHHbIX OTMEeYaercs B 06nacTu HU3KMX
Temneparyp.

Ons copMupoBaHnsa HeonpeaeneHHOCTEN UCNONMb3YOT 3HavyeHua KTP: gaHHble yanuHeHust obpasua
npu AByX Temneparypax. 3HauyeHue pasHOCTW pPa3MepoB K UCXOAHOW BeNWYMHE pa3mepa 3reMeHTapHOW
AYENKN U BENUYMHE PA3HOCTU TeMMEpaTyp NPUNUCLIBAIOT K CepeuHe UHTepBana Temneparyp, npu KoTopbixX
npousBegeHo namepeHune. TOYHOCTb U YPOBEHb JOCTOBEPHOCTU AaHHbIX 0 KTP onpeaenstor MeTponornyecku-
MU XapaKkTePUCTUKAMMN COBPEMEHHBIX AUNAaTOMETPUYECKUX YCTPOWCTB.

Kputepumn ana onpegenexua KINTP npu BbiGope MHTepBana TeMnepaTtyp CBsi3bIBalOT, BO-NEPBbIX, C NPpU-
pPOAON BKNAAOB B TENMOBOE pacLUMPEHNE U, COOTBETCTBEHHO, C XapakTepoM yBenuyeHus sHaveHusa KITP npu
MOBbILLEHUM TEMNEPATYPbI OT aOCOMIOTHOIO HYNSA U, BO-BTOPbIX, C MPUMEHAEMbIMU METOAUKAMU N3MEPEHU
ANS onpeaeneHnsa 3Tol XapakTepuCcTUKU. TPETuin KpuTepuin Ansi Bbibopa uHTepsana onpeaensior u3 ycrioBuii
YCNELLHOW peanu3auun noslyYeHHbIX Pe3ynbTaTtoB Ha NpPakTUKe, BKIOYaa HEOOXOAMMOCTL yYeTa TeNoBoOro
pacLUMPEHNs B PasfUYHbIX TEXHOMOUSAX.

TOYHOCTb pesynsLTaTtoB M3MEPEHUI BCEraa 3aBMCUT OT BbIOPAHHOIO TUNa AMNaToMETPUYECKOro yCTpoi-
ctBa. NMpu nsmMepeHnn CTPEMATCA YMEHbLUMTL TEMNEPATYPHbIA UHTEPBAn, B KOTOPOM NPOUCXOAWT onpeaene-
Hue KNTP. Ina knio4veBbix matepnanoB (K HAM OTHOCUTCSt U MONMMOAEH) M3aMepeHns NPOBOAAT C UHTEPBANoOM
ot 1 o 10 rpag.

Ovana3oH TemnepaTtypHon 3aBucumoctu KJTTP B KpuCTannMyeckom COCTOSIHMM pa3buBalOT Ha Tpu
OCHOBHbIX Cy0-Anana3soHa, Ha KOTOPbIX 3aBUCUMOCTb KITTP oT TeMnepatypbl ONUCLIBAIOT Pa3nUYHbIMU (PyHK-
uusiMu. na Tabnuy cTaHAAPTHBIX CNPaBOYHbIX AAHHLIX yeTaHaenueatot KINTP, ucnonb3ysa temneparypy unm
AnanasoH Temneparyp B6nm3nM KOHKPETHOro 3HavyeHnsi. CBOeoOpasHOi «penepHoi» TOYKOW CYUTAIOT Temme-
paTypy, KoTopas B METPOSIONMM COOTBETCTBYET HOPMAIbHbIM YCIOBUAM U3MEPEHUIA, TO eCTb BONn3n Temne-
patypbl 300 K (27 °C), ucnonb3ya gna cpaBHeHus Hanbonee AOCTYNHbIA Anana3oH Temnepatyp ot 280 K
8o 350 K.

4.6 [locTOBEpPHOCTb AAHHbIX

[oCTOBEPHOCTL MOMYYEHHBLIX AAHHbIX OLIEHUBAKOT MO pe3ynsratam COBMECTHON 00paboTkn ABYX cepuii
U3MEPEHUI U CPABHEHNEM PEKOMEHAOBAHHBIX AAHHBIX C 0OOCHOBAHHLIMU JaHHBLIMU HAy4HbIX pabot. CTaH-
AapTHoe (CpeaHekBagpaTUYeCcKoe) OTKITOHEHWE B YCIOBUSX MOBTOPAEMOCTHU (CXOAMMOCTM) CPEAHUX 3HAYEHUI
no pesynsraram ABYX CEPUN HE3aBUCUMbIX U3MEPEHUI (N0 3—5 ThiCAY PedNEeKCOB B KaXaomn) COCTaBnseT
0,000005 HM npu goBepuTenbHON BepoATHOCTU 0,95 %. Ons obecneyeHnsi BbICOKON A4OCTOBEPHOCTM NOJy-
YEHHbIX pPe3ynsTatoB MPOBOAAT NpeABapuUTENbHbIE U3MEPEHUSI rOCYAapCTBEHHbLIX CTaHA4apTHbIX 00pa3suoB
ANPaKLUMOHHBIX CBOWCTB HA TEX XKe 9KCMEePUMEHTANbHbIX YCTAHOBKAX AN X KanubpoBKu.
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