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HAUMWOHANBbHBIN CTAHAAPT POCCUMCKOMN OSGEAEPALUNMN

lFocypapcTBeHHas cucTeMa o6ecnedyeHust eiMHCTBA N3MepeHuii

CTAHAAPTHBIE CNPABOYHbLIE JAHHBIE.
BAHAOVI

MapaMeTpbl KPUCTANTNYECKON peLleTKu.
KoathhMUMEHT NUHEHOro TENMI0BOr0 pacllMpeHus B amanasoHe Temnepartyp ot 240 K go 400 K

Slate system for ensuring the uniformity of measurements. Standard reference data. Vanadium. Lattice parameters.
Coefficient of linear thermal expansion in the range of temperatures from 240 K to 400 K

Jata BBefeHus — 2019—03—01

1 0O6nacTb NPUMeHeHUs

HacToswumini ctaHgapT pacnpocTpaHseTcs Ha CTaHAapTHble CMpaBOYHble AaHHble BaHagus, 6a30ByiO
XapakTepUCTUKY KOHJEHCUMPOBAHHOIO BELLeCTBa — MapamMeTpoB KpPUCTa/IMYECKON pelleTkM o6pasyos
BaHaaua C HU3KUM CcoAepXaHueM Kucaopoga C WUCNofib3oBaHuemM cdepudeckux ¢opM, WU3roTOBJIEHHbIX
M3 MOHOKPUCTA/INIOB 30HHOW OYUCTKM, U Ha AaHHble O BeAnuYMHax KoagduuueHTa NIMHENHOro TemnsoBoro
pacwupeHuns B ananasoHe temnepartyp ot 240 K go 400 K

2 HopmaTuBHbIe CCbUIKN

B HacToALleM cTaHAapTe UCMOMb30BaHbl HOPMATUBHbBIE CCbISIKU Ha crieaylolme ctaHaapTbl:

FOCT 34100.3 HeonpegeneHHoCTb n3mepeHus. Yactb 3. PyKOBOACTBO NO BbIPaXEHUIO Heomnpeaenex-
HOCTU U3MepeHns

FOCT P 8.614 locypapcTBeHHast cuctema obecneyeHuss efmHCTBa U3MepeHuit. FocysapcTBeHHas
cnyx6a cTaHAapTHbIX CNPaBOYHbIX faHHbIX. OCHOBHbIE MOMOXEHNSA

MpumeuyaHue —lpu NONL30BAHUM HACTOSLLMM CTAHAAPTOM LLENIECO06pa3HO NPOBEPUTbL AEVCTBME CChIIOUHbIX
CTaHAaPTOB B MHCDOPMALWOHHOM ccTeMe 06LLero nosb3oBaHUs — Ha ouLMabHOM caiiTe defepasibHOro areHTCTea
No TEXHUYECKOMY PErysiMpoBaHuio 1 MeTPOJIOrUM B CETU VIHTEPHET WU MO eXEerofHOMy MH(IOPMALMOHHOMY YKa3aTesto
«HaumMoHanbHble CTaHAapTbI», KOTOPLIA OMy6/AMKOBAH MO COCTOSIHWMIO HA 1 sSiHBaps TeKylero roga, v no Bbinyckam
€XEMeCsUHOT0 UHGIOPMALIMOHHOIO YKasaTens «HauyoHalbHble CTaHAaPTbI» 3a TeKyLUWii rof. Ec/v 3aMeHeH CCbIIoYHbI
CTaHAapT, Ha KOTOpbIi JaHa HeAaTMpOBaHHAs CCblIKa, TO PEKOMEHAYETCsi MCMOo/b30BaTh AEVCTBYIOLLYH BEpPCUI0 3TOrO
cTaHfapTa C yYeTOM BCEX BHECEHHbIX B JaHHYI0 BEPCUI0 M3MeHeHU. EC/M 3aMeHEeH CCbIIOYHbIA CTaHAApT, Ha KOTOopbiIl
[laHa [aTypoBaHHas CCblka, TO PEKOMEHAYETCS MCMO/Mb30BaTh BEPCUI0 3TOTO CTaHAapTa C yKasaHHbIM BbIlLE FOA0M
yTBEPXAEHUS (NPUHATUS). ECAm nocne yTBEPXAEHNSI HACTOSILLETO CTaHAApTa B CChbIIOYHbIN CTAHAAPT, HA KOTOPbLI faHa
[laTVpOBaHHas CChblfika, BHECEHO M3MEHEHWe, 3aTparvBatoLLee NoOXeHNE, Ha KOTOPOE faHa CChika, TO 3TO NOJIOXKEHUE
PEKOMEHAYETCH NPUMEHSATL 6e3 yyeTa AaHHOTO WM3MEHeHUs.. ECAM CCbIIOYHbIA CTaHAapT OTMEHEH 6e3 3ameHbl, TO
NOJIOXEHUE, B KOTOPOM AjaHa CCbI/IKA Ha HETo, PEKOMEHAYETCS MPUMEHSITL B YaCTU, HE 3aTparnBatoLLEN 3Ty CChIKy.

3 O6Lwue nonoxeHns

B HacToswem cTaHfapTe npuBefeHbl 3HAYEHUs CTPYKTYPHbIX XapakTepucTUK MeTas/IMyeckoro
BaHagua (V) v gaHHble 0 Ko3adhdmumeHTe NuHeiHoro TennoBoro pacwupennsa (KATP) no pesynbtatam
BbICOKOTOYHbIX U3MEPEHWIT Ha COBPEMEHHOM AndpakToOMeTpruyeckom 060py0BaHNN.

MN3paHne ouymansHoe
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AKTYyaNnIbHOCTb NOJMTYYEHNS TOUHbIX 3HAUYEHWUI CTPYKTYPHbIX XapakTepucTUK MeTananyeckoro saHaams V
N aKTyasiu3npoBaHHbIX faHHbIX 0 K/ITP cBA3aHa ¢ pas/iMyHbIMU NPYUMEHEHUAMMN CM1aBOB Ha OCHOBE BaHaaus
B XUMWW, METAJI/TYPrun, MaMHOCTPOEHWN, aTOMHON aHEepreTvKe, 3N1EeKTPOHUKE.

BaHaguii nmeeT BaxHoe (U3M00rMYeckoe 3HayeHne Aaa PyHKLMOHUPOBAHNSA OpraHn3ma XMBOTHbIX
n yenoseka. OH TOPMO3UT CUHTE3 XUPHbIX KUCMOT, NoAasnseT obpasoBaHue xonectepuHa n MHrMbupyet pag
dhepmMeHTHbIX cuctem. B 70 xe Bpems M36bITOK cogepxaHnsa BaHaAnsa B KPOBU NPUBOAUT K 3a60n1eBaHNAM.

MapameTpbl KPUCTa/I/IMYECKOW peLLeTKM OMUCbIBAKT CTPOEHWE KPUCTaN/IMYeckmx BeLiecTB (Tun u
pa3Mepbl afleMeHTapHOl A4eiikn) 1 onpeAensaT Ux MHorne cusnyeckme CBOCTBa. TN AaHHble OTHOCATCA
K 6a30BbIM XapakTepucTmkam KOHAEHCHPOBAHHOIO COCTOSIHUS BELLECTBa, OTpaxas 6anaHc Cui NpUTSHKEHNA
W OTTaNkMBaHWs Mexay atomamu. O6GbeM fYeiku, BbIYUCASEMbli MO 3TUM AaHHbIM, W 3HaveHuss KNTP
Npu Ha/MuMn [aHHbIX A5 pas/INyHbIX Temnepartyp, WCNosb3ylT Npu NPOEeKTUpPOBaHWM MaTepuasnos,
BKOYaOLWMX V. B pas/IMyHbIX YCTPONCTBax. TemnepaTypHbIlii Anana3oH maTepuasos, B KOTOPOM UCMOMb3YIOT
BaHaWi, ero cnnasbl U COEAVHEHUS, BKIOYAET renveBble Temnepatypbl oT 4 K go 20 K, 25 °C u BbicOoKue
Temneparypsl.

[na nocTtpoeHns 6osiee TOYHbIX TEPMOAMHAMUYECKUX MOAeneli NpoBeAeH CpaBHWUTESNbHbI aHann3
3KCMEePUMEHTa/bHbIX AaHHbIX O MapameTpax KpUCTa/l/IMYeckol peluetkn V ¢ TeopeTU4ecKUMMU AaHHbIMK,
NOMyYEHHbIMU Pa3NNYHLIMW aBTOPaMK1, U CpaBHUTE bHbIA aHann3 AaHHbix 0 KNTP 13 HayuHbIX pa6oT, nosny-
YeHHbIX Ha pa3/INyHbIX OTEYECTBEHHbIX U 3apybeXxHbIX YCTaHOBKaX.

Pe3ynbTatbl 3TMX pacyeToB MCMOMb3YOT NpPU NPOrHO3MPOBAHWM MeXaHWYeCKUX CBOMCTB BaHaavst U
BaHajuiicogepxalynx cniaBos.

4 OcHOBHasi YacTb

B HacToswem cTaHgapTe No pesynbTaTtam LUNaTOMEeTPUYeCcKUX 3MEePEHUn KOMNapaTopHbIM METOA0M
npuBefeHbl CTaHAApPTHbIE CMpPaBOYHble AaHHble O napameTpax KpUCTa//IMYeCKON pelleTkM U O BemumHax
KNTP BaHagus B AmanasoHe oT 240 K po 400 K, paspab6oTtaHHble B cooTBeTcTBUM ¢ MOCT 34100.3 u
FOCT P 8.614.

[locToBepHble AaHHble NOTyYeHbl HA OCHOBE CPAaBHUTE/IbHOTO aHasn3a 3KCMepUMEHTabHbIX AaHHbIX,
MOJTyYEHHbIX C UCMO/Ib30BAHNEM COBPEMEHHBIX PEHTTEHOBCKUX ANPAKTOMETPOB [/18 U3MEPEHUs CTPYKTYPHbIX
XapakTepucTK MOHOKPUCTaNI0B, C 000CHOBaHHbLIMY JaHHbIMW Hay4HblX paboT. Jono/HNTEIbHOE NOBbILLEHNE
[OCTOBEPHOCTU CTaHAaPTHbIX CMPaBOYHbIX [AaHHbLIX MOJlyYeHO MpPU WCMOJIb30BAHUM TOCYAAaPCTBEHHbIX
CTaHAApTHbIX 06pasLoB ANMPAKLNOHHBIX CBOWCTB MOHOKPUCTANIOB, U3MEPEHNs XapaKTePUCTUK KOTOPbIX
NPOBOAAT Ha TEX Xe yCTaHOBKax.

4.1 TMoparotoBka o6pasyos

O6pasubl 419 M3MepeHuit NOAroTaB/MBAOT M3 MPYTKOB BaHaAus Mapkv B3J1-1, fONOMHUTENbHOro
OYNLLEHHOTO MEeTOA0M 30HHOI NNaBkW, B XO4e KOTOPOW BblipallyBaloT HECKO/IbKO MOHOKPMCTa/IO0B, Bblpe3as
13 pasNINyHbIX YacTeli MOHOKPUCTAI/IMYECKNX CAINTKOB KYOUKN.

[na npeunsnoHHOro peHTreHorpadmpoBaHna NOAroTaBAMBAIOT U UCNO/Mb3YIOT 06pasLbl cdepuyeckoi
hopmbl gnameTpom He 6onee 0,3—0,4 MM. YTO MO3BOJISIET KOPPEKTHO YCTAHOBUTL MX Ha AncpakTomeTp U
Hanbonee TOYHO YUMTbIBaTb BAWSHWE MOI/OLLEHNS PEHTFEHOBCKUX fyyeli npu 06paboTke AndpakLMOHHOM
KapTuHbl. [JuameTp cdepbl NOAOMPAlOT Tak. 4TOObl MY4OK, BbIXOAAWMA W3 KOM/MMATOpa PEHTreHOBCKOM
Tpy6KM, MOMHOCTbIO OMbIBan obpasol. O6beM M YyCNOBUA PEHTTEHOBCKOrO 3KCMEpPUMEHTA yCTaHaBnvBaloT
OTAENbHO AR KaXA0ro KOHKpeTHoro obpasua.

[na obkaTkn 06pa3LoB B chepbl MCMOMb3YIOT CreunanbHblie YyCTPoiCcTBa, nMetoLe hopMy NI0CKOro
unnuHapa. B Takom ycTpoiicTBe 3aroToBku (KyGuueckoil chopmbl) nog BO34elicTBMEM NOTOKa BO34yxa
6bICTPO NepemMeLLaTcs Mo Kpyry, YTo NPUBOAUT K CTaYMBAHMIO YI/1I0B O NPUKIEEHHble abpasnBHbIE LUKYPKU.
MocTeneHHo yMeHbLIasa 3epHUCTOCTb LUKYPKW, NOyyatoT 06pasLibl NpaBuibHON (hOPMbl C BEICOKOW YMCTOTOM
NOBEPXHOCTU. MpenMyLLECTBO UMEIOT LLKYPKW C a/IMa3HbIM U TBEPALIM 3/1b60POBLIM NOKPLITUEM. VICTOUHMKOM
BO3flyxa C/YXWUT KOMMNpeccop, HanpumMep A5 asporpacda.

VickaxeHHbIA Croil BaHagus cHMMatkT TpaBneHuem B pactBope HNO3:H3P04:CH3COOH: H20
(10:40:10:40 mn). N aNeKTPONOMPOBKM 1 31IEKTPOTPAB/IEHUS NOBEPXHOCTHOTO C/1051 06pasL,0B U3 BaHaans
NPUMEHSIIOT 3M1EKTPONNT cneaylolero coctaBa: 60 M XI0PHOW kucnoTbl. 350 Mn GyTWALENno30ibLBa U
590 mMAa MeTunoBOro cCnupTa, M0THOCTbL TOKa Okono 16 A/am2. Temnepartypa 3/1eKTponnTa KOMHaTHas,
KaTo4oM SBNseTcA Hepxasewowas cTanb. Npu 06bIYHOM XMMWUYECKOM TpaB/ieHWW BaHagus MNPUMEHSIoT
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CMecCb M/IaBMKOBOW M a30THOW KWUCMOT, COOTHOLLEHUE U KOHLLEHTPALMSA KOTOPbIX MEHSOTCS B 3aBUCUMOCTU OT
XMMWYECKOro cocTaBa BaHaAMEBbLIX CMJ/1aBOB.

[na noarotoBku 06pasLoB 1 YCTAHOBKU VX Ha AN PaKTOMETPUYECKYIO CUCTEMY MCNOb3YIOT ONTUYECKN
GUHOKYNSIPHLIY cTepeockonuyecknii Mukpockon Tnna MBC. KoTopblli N03BONSIET NPEABAPUTENLHO ONPeaeUTb
pasMmep 1 kayecTBo hopMbl 06pasua. 3 noarotoBneHHbIX 06pas3uoB BbIGUpaKT obpasel, ¢ Hawayudlleit
ONPaKUNOHHON KapTWHOW. 3aTemM MpOU3BOAAT MOHTaX o6pasya Ha AepXaTenb TOHMOMETPUYECKOro
ycTpoiicTBa. [1a OUMCTKM AepxaTesneli 06pasyoB WCMOMb3YHT CAUPT, ANS YCTPaAHEHUS MOBEPXHOCTHbIX
NCKaXEHWUN nocne obkaTkm — CMEeCb KUC/OT: A1 MOHTaxa MasblX MOHOKpUCTaInyecknx cdep — Knei-
renb, Hanpumep «MomeHT». Obpasel, MpUKIENBAOT Ha CneuvasbHbI AepXaTesb CO CTEKNAHHOW HWUTbIO
(HWUTb 1 KNeil o6ecneynBaloT OTCYTCTBME LOMNOMHUTENBHbIX AUGPaAKUNOHHLIX PENEKCOB) U yCTaHaBIMBAKOT
Ha FOHMOMETPUYECKYID TOMIOBKY AudpakTomeTpa. FOHMOMETPMYECKYH TOSI0BKY (OUKCUMPYHT B MOCAL04HOM
rHe3fe roHMomeTpa, U NPOBOAAT HCTUPOBKY Tak. 4YTOoObl O6pasel monajas MakCMMasbHO TOYHO B LEHTP
(nepeceyeHune Bcex oceil) roHMomeTpa.

4.2 3JKcnepuMmeHTasbHas annapaTypa

N3mepeHne napameTpoB KpUCTanMyeckol pelleTkn (pasMepoB 3/1EMEHTapHON fAueliku) BaHaaws
NpoBOAAT C WCMNOMb30BaHWeM YCTPOWCTB fAudhpakTomMeTpa W NPUCTaBOK CNeLManbHOW KOHCTPYKLUW,
No3BONAOWMNX  aHanu3nMpoBaTb  AUMPAKLNOHHYIO KapTUHY MOHOKPUCTa/I/IOB U paccuuTbiBaTb ee
XapakTepucTuku, a 3atem onpeaensaTb CTPYKTYPHbIe XxapakTepucTuky selectsa. OCHOBHas Lkana 60bLLIOro
rOHMOMETpa UCMosb3yeMbIX AUPpakToMeTPOoB obecrneyrBaeT AnanasoH BO3MOXHbLIX MOBOPOTOB AeTekTopa A0
120e. MoBOpOTbLI 06pas3Lia OCyLLEeCTBAAT C NOMOLLbIO APYTUX TOHNOMETPUYECKUX YCTPOWCTB Takum 06pasom,
4YTOObI 3aN0NHUTB BCHO Chepy M3MepsemMoro 06paTHoro (MMny/IbCHOro) NPOCTPaHCTBa 1 noc/e Npeo6pa3oBaHuii
BO3MOXHO 6O/bLUMIA 06BEM 3NeMeHTapHol auelikn. Ona usnydeHns oT MonubaeHa-aHoda WMCMOMb3YHOT
PEHTrEeHOBCKYI0 TPY6Ky (A/MHY BOJSHbI XapakTepmncTuyeckoro nsnayyernmsa Kal npuHumatoT 3a 0,070932 Hwv). B
YCUNNBAIOLLYIO OMTUYECKYI0 CUCTEMY BKIHOYAIOT rpapMToBble MOHOXPOMATOPbI U KOMMMATOPbl C BHYTPEHHUM
oTpakeHneMm. 3a CyeT MUCMOJIb30BaHUA XapaKTepUCTUK PEHTTeHOYYBCTBUTE/IbLHOIO 3KpaHa OCYLecTB/AIT
paboTy [ABYMepHOro fAeTekTopa fAudpakromeTpa, OCHOBaHHOro Ha CCD-TexHonoruax. Bca cuctema pe-
rmcTpauuy CUrHasioB XapaxktepusyeTcs A0CTATOYHO HU3KUM YPOBHEM LUYMOB, 4TO MNO3BO/MISET NPOBOAUTL
nuccnenosaHna 06pasLoB Manoro oobema.

KoHCTpyKLMy AN pakTOMETPOB NO3BOAIOT perncTpuposatb nopsgka 900 6parroBCKUX OTpaxeHuii (npm
refieBbIX TemnepaTypax B M36paHHOW NONOXUTENbHOW W oTpuLaTenbHol 061acTv yrnos gudpakuum) u ao
4000—5500 6parroBCKMX OTPaXeHWin ANns pasnnyHbiX 06pasLoB NPy HOPMasbHOM TeMnepaType, KOoTopble
MCMoNb3yIT 4018 pacyeTa napaMmeTpoB KPUCTa/I/IMYECKON pelleTkn (pa3sMepoB a/IeMeHTapHON auelikv) n ans
HOpMasnbHOWN TemnepaTtypbl — BeUUUHbI KITP.

[ns yBenmyeHnsa TOYHOCTU faHHbIX NPU HOPMasibHbIX YCNOBUSAX U3MEPEHUN (PMKCUMPYIOT BbICOKOYT/10BbIE
pednekchl (bonee BbICOKME NOPAAKM OTPaXKEHWIA OT CEMeiCTBa KpucTanorpadunyecknx NaockocTen), kKoTopble
ob6ecneunBaloT 6/1M30CTb K yray ckonbxeHns 90e. MoCcKobKY MHTEHCUBHOCTb TaKMX GP3rrOBCKUX OTpaKeHWi
Ha nopsigkm cnabee, Yem AN OTpakeHW ¢ ManbiMy MHAekcamy Munnepa, To npu pa6oTe gudpakromeTpa
MCNO/b3YIOT MaKCMMasibHO BO3MOXHbIE 3HAYEHWUS TOKA WU HanNpPshXeHW PeHTreHOBCKON TPy6KM H/unu 6onee
ANVTenbHOe BPeMsi M3MEPEHMWIA B KakAOW Touke 06paTHOro NPOCTPaHCTBA, B KOTOPOM Kaxzjoe OoTpaxeHue
COOTBETCTBYET OMpefesIeHHOMY 3HavyeHWo nepefaHHoro UMMysbca, B KoopAauHatax KoToporo npovucxoauT
npouecc mamepeHus. O6Liee Bpemsi 3KCNepuMeHTa AN KaxAoro obpasua npy HopMasibHbIX YCNOBUAX
n3mepeHuii coctaenset oT 90 o 120 4 HenpepbIBHON paboThl guchpakToMeTpa. Biok-cxeMa 1cnosib3yemoro
AndpakTomMeTpa npefcras/ieHa Ha pucyHke 1.
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PUCcyHOK 1 — B/0K-CXeMa yCTaHOBKN — AU PAKTOMETPUYECKOI CUCTEMbI
C 1CM0/b30BaHNEM KOPOTKOBO/THOBOIO M3/TyueHUst

Lna npoBefeHUsi UsMepeHunii nobpaboTKM IKCNEPUMEHTA/IbHBIX AAHHbIX C NOC/eAYOLLMM OnpeaeneHnem
CTPYKTYPHBIX XapaKTEPUCTUK, YAOBMETBOPSIOWMX CTabW/bHLIM NapameTpaM KpUCTasl/IMYECKON PeLIeTKM,
MCMNO/b3YIOT aTTecToBaHHY MEeTOAUKY n3MepeHuin [N&? 702/06-09 (PP.1.31.2009.06707)]. AnA noBbiweHNs
[OCTOBEPHOCTU AAaHHbIX MPEeABApUTENIbHO Ha TexX Xe YCTaHOBKax W3MEPSOT XapakTepuCTUKU 3TasIoHHbIX
CPeACTB U3MEPEHUI - cTaHAapTHble 06pasLbl AN PAKLMOHHBIX CBOWCTB MOHOKpUCTANNoB, BkAuas FCO
MP®-4 (MP®-3) kpemHuii 1 FCO MP®-9 (MP-1) cunnumng BaHaaws.

4.3 Oco6eHHOCTV Npoueaypbl M3MepeHuii

4.3.1 Peructpauuun gnupakLinoHHOK KapTUHbI

Lnsa pernctpaunn gndpakuMOHHOR KapTUHbI YyCTaHaBANBAIOT PACCTOAHNE KPUCTA/IMYECKOT0 AeTekTopa
paBHbIM 41,5 MM, UCNONb3ys KonaMmaTop ¢ guametpom 0.5 mm. YcTaHaBimBaloT «ByHkepoBKy» {06beguHeHne
nukceneli unn pasbreHne maTpuubl Ha cy6-610kM) 2 * 2, ¢ paspelleHnem MaTpuupl feTektopa 1024 * 1024 nk.
[nsa Monm6aeHOBOro UCTOYHMKA PEHTTEHOBCKOTO U3/TyYEeHNS yCTaHaB/IMBAOT TUMOBbIE 3HAYEHNSA HANPSXXEHUs
n Toka: 50 kB 1 40 MA nnm 33 kB 1 50 MA. korfa TpebyeTcs yCTpaHUTb OTpaXKeHUs, COOTBETCTBYHOLLME BTOPO
rapMoHuke (A/2).

4.3.2 KOcTnpoBKa obpasua
KOcTupoBky o6pasua V NpoBOAAT B peXrMe pPyyHOro ynpasneHust. Kpuctann cuMtaeTcs CblocTMpoBam-

HbIM. ecny NMpy ABWXEHUU MO N06OI U3 Ocel LEHTP TshkecTu obpasua coBnageT C NepekpecTvem LiKas
MUKPOCKONa 1 OTKIOHEHWE cocTaBnseT He 6onee 10 MKM.

4.3.3 Ycnosua nsmepeHuii

Mpu NnpoBefeHNn 3MepeHnii Npu HopMasibHO TemnepaType 06bIYHO cOB0AAI0T cneayloLme yCoBus:

- TemnepaTypa Bo3fyxa — B gnanasoHe 297 K— 300 K (24 “C—27 + 2 °C);

- aTtMmocdepHoe faBneHne — 84—106.7 kMNa (690—800 mm pT. CT.);

- OTHOCUTE/IbHasA BNaXHOCTb BO3gyxa — He 6onee 80 % npu Temnepatype 25 °C;

- HanpshxeHwe nuTaHus a/eKTpoceTn A5 ogHodasHoro Toka — 200—240 B.

C wucnonb3oBaHWeM MpOrpamMMHOro obecrneveHns obpasel, nosBopauMBaloT nocnefoBaTeslbHo Cco
BCEMW BO3MOXHbIMW NOBOPOTaMW, 4TOGbI 3adiMKCUMpoBaTb Ha AETEeKTOpe WHTEHCUBHOCTb OTPaKeHHbIX
AndiparnpoBaHHbIX Nydeli ¢ 605ee MOMHbIM M306paxeHVemM cdepbl 06paTtHOr0 MpocTpaHcTBa, cdepbl
OBanbga. MNpu nosopoTe 06pasLa pasnnyHble oTpakarLLe aTOMHbIE NI0CKOCTU MPOXOAAT Yepes NosIoXeHue,
npy KOTOPOM BbINOJIHAETCS YC/I0BME, COOTBETCTBYIOLLEE 3akoHy Bparra-Bynbta. Ha andpakynoHHol kapTuHe
nosiBNSeTCA pacnpefeneHne UHTEHCMBHOCTU GP3ITOBCKMX OTPaKeHW, KOTopble (OUKCUPYIOTCA B KaXKAOM
hpeiime 1 nepefaroTcsl Ha KOMMNbLIOTEPHOE YCTPOMCTBO A1 3aNOMUHaHNS, 06paboTKM 1 aHanusa.
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Lns npoBepkn obpasua Ha COOTBETCTBME McCCnefyemol hase MOHOKpUCTania v AN OLEHKA YPOBHS
COBEepLUeHCTBA 3TOr0 BeLlecTBa CHayasa OCYLeCTBAAIOT NEPBYK MNpeBapuTesibHYI0 CbeMKY C 06LMUM
BpemMeHeM 5—10 MuH An1A NPOGHOro onpefeneHns napameTpoB peLleTkn KpucTanaa KOHKpeTHoro obpasua.
Mo oKoHYaHWUM NepBOI NpeABapUTE/IbHON CbEMKM OLEHMBAKT OT/IMYME NapaMeTpoB peLleTkn KpucTanna ot
0XWAaeMblX, NPOLEHTHOE OTHOLUEHME YMcna OTPaXEeHUn Ha ANMPaKLUMOHHOW KapTUHe, YA0BNETBOPSAOLLMX
BbIOGpPaHHOMY TUMY 3/1eMEHTapHON Aueliki. 3aTteM OLEeHMBAIOT Ka4eCcTBO ANMPaKUVOHHOW KapTWHbI B LiESIoM,
BK/toYasA (hopmMy ANpaKLMOHHbIX MAKCMMYMOB. Ha OCHOBaHMM aHann3a pesyibTaToB U3MEPEHUI NpUHUMatoT
pelleHve o AanbHeliweli paboTe ¢ faHHbIM 06pa3LOM.

[ns obpasua, BbIGPAHHOrO M3 NapTuK, NPOBOAAT BTOPYIO NpefBapuTe/ibHy0 CbeMKy C 06LLM BpeMeHeM
aKkcnosnumnn 60—120 MUH. OSKCnepuMeHTaslbHble AaHHble, MOJIyYeHHble Mocfie CbeMKU, UCMOSb3YIT AN
OLEeHKN U 3ajaHnsa napaMeTpoB OCHOBHOIO 3akcnepumMeHTa. CHavana oueHunBatoT AOCTYMHOe paspelleHne U
BPEMS 3KCNO3ULMM 471 Pa3HbIX NOIOXEHWI feTeKkTopa no yrny ckonbxeHns 0 ansa obecneyeHns Tpebyemoro
YPOBHSI CTaTUCTUKN W3MEPEHMUSI MHTEHCMBHOCTEW 3a AOCTYNHOE BPEMSI MPOBELEHUS BCEro aKCnepumMmeHTa.
3areM MpoBOAAT OCHOBHOE peHTreHorpadupoBaHue o6pasuos ¢ o6wum BpemeHem oT 90 go 120 4. Mo
OKOHYaHUW 3KCNeprMeHTa NPOBOAAT 06paboTKy NONYyYEHHbIX AaHHbIX C Bblgayeli aiinos, HEO6X0ANMbIX ANA
JanbHeliwero CTPyKTYpPHOro aHasmsa.

4.3.4 ObpaboTKa AaHHbIX

O6paboTKy AaHHbIX U3MEpPEeHUI NPOBOAAT C MPUMeHeHneM nporpammHoro naketa CrysAlis. MapameTpbl
3/1eMeHTapHoli  sYeilkn  onpefensloT nocnegosaTenbHo. C  ucnonb3oBaHneM nporpammbl  CrysAlis
OCYLL,eCTB/AOT MOUCK GP3arroBCKAX OTPadKeHWli Ha KaxaoMm cpeiive. [anee onpefensoT a7eMeHTapHYyHo
AYeiky, pasmepbl KOTOPOI yAoBNeTBOPSAT He MeHee 90 % 3adiMKCUPOBAHHbLIX AMAIPAKLNOHHBLIX pedinek-
COB. 3aTeM YTOUYHAT MHCTPYMEHTA/IbHYIO MOAE/b, COOTBETCTBYIOLLYIO NapameTpam pelueTku Kpuctanna no
YTOYHEHHOMY Habopy AN PaKLNOHHBIX OTPaXKEHWI 1 NCNOMb3YHOT NPOrpaMMy A8 NpoBeAeHns NpouIbLHOro
aHann3a, CoCTosALLero u3 AByx 3Tanos:

1) onpepgeneHvie hoHa 1 rpaHuL, NUKoB;

2) nonyvyeHvie UHTErpasbHbIX UHTEHCUBHOCTEA.

3aBeplueHne 06paboTkM OCYLLECTBASAIT CAefylolyMy AeiCTBUSMU: CHayana BHOCAT BCE 3HAYUMble
nonpaskn B MHTEHCUBHOCTU, YTOGbI N3MEPEHHbIE BEMMYMHBI NPUBAN3NANCE K KKHEMATUYECKO Lkane, 3aTeM
BBOJAT nonpasku Ha adhekT JlopeHua 1 Ha nonspusauunio ¢ Ucrnonb3osaHnem nporpammbl CrysAlis.

4.4 TMpoueaypa onpeaeneHns napameTpoB KPUCTANNNUYECKOW peleTku

Ana pacyeTa 3Ha4yeHWini mapamMeTpoB peLUeTKM MCMOMb3YyKT 3Ha4veHus yrnos 0, COOTBETCTBYHLLUX
MakcMMymam pacnpefeneHnst MHTEHCUBHOCTEN OGP3rroBCKMX OTpPaXKeHWl, M COOTHOLLEHUWE, CBA3biBaLlee
3HAYEHUSI MEXMNOCKOCTHbLIX PACCTOSIHWIA C 3TUMK yrnamu

2cfein0 = rik, Q)

rae d — MeXnsoCKOCTHOe pacCcTosiHue, HM;
0 — yron cKo/fibXXeHus nyyei;
n — nopsgok otpaxeHus 1.2. 3...(BO3MOXHOCTb (hMKCMPOBaTb OTPaXKeHUs ¢ 60/1ee BbICOKUM MOPSIAKOM,
KoTopble o6ecneymBaloT NOBbILEHNE TOYHOCTU ONpefenieHns napameTpoB, 3aBUCUT OT AJ/IMHbI BOJI-
Hbl UCMO/Ib3YEMOTO U3/TyYEeHUS):
). — AJIMHA BOJIHbI UCMO/Ib3YEMOr0 U3/TyYeHUs.
Ha ocHoBe cooTHoweHns (1) ANS pasnuuHbiX KpucTassiorpadnyeckMx CUHTOHWIA UCMONb3YHT
dopmyny (2) Ans pacyeta pa3mMepoB 31eMeHTapHoi Aueiikn (a) (kBagpaTuyHble OPMbl AN Kybuueckomn
CUMMETPUN)

aKy6 = +K2+/2. @)

MocKkonbKy Npu M3MeHeHun TemnepaTypbl U3MEHSTCSA napameTpbl peleTks obpasua, MMeeT MecTo
n3MeHeHve HabnwgaemMbix 3HayeHuit yrnos O AN MakCUMyMOB GParroBCKMX OTpaxeHwuid. Mo nsmepsembim
yrnam Ans kaxgo Temnepartypbl Ha OCHOBaHUM hOpMy/ibl 2 PaCCUUTLIBAIOT MCKOMbIE NapameTpbl KpUCTan/in-
yeckoin pelieTkn. Tpebyemyto TemnepaTypy Win 3afaHHblii TEMNepaTypHbIii peXum nccnegyembix 06pasLos
nogaepxusaloT Ha gudpakrometpe XCatibur pupmel Rigaku-Oxford Diffraction ¢ TouHOCTbIO cTabunmnsalmu
TemnepaTyp 0.5 °C Bamana3soHe Temnepatyp ot 297 Ko 300 K. TemnepaTypy 06pa3iua n3mMepsitoT NoBepPeHHbIM
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nsmeputenemMm Temnepatypbl U BAaxHocTM VIBTM-7, pasMmelleHHbIM B HenocpefcTBeHHOW 65m3ocTn oT
ob6pasua c foBepuTenbHOl norpewwHocTbio 0,7 K

Ha gpyrux tunax gndpaktomMeTpoB UK NPeLn3noHHbIX KaMep cneuunasnbHbie YyCTPOoKCTBa perynnpyoT
nojorpeeaemble MOTOKW a30Ta WK renna No BCeM AuanasoHaMm Temnepartyp C TOYHOCTbi cTabunusauum

Temnepartypsbl B npegenax 0,1 'C—0,2 °C.
4.5 3JKcnepumeHTallbHble faHHble

Ha puvcyHke 2 npefcTaBneHbl UACTpaLum AndgpakyMoHHoi KapTuHbl U3 dpeiima, 3adMKCUPOBaHHOTO
MpW HEBbICOKMX yrnax. ®opma AngpakuMoHHbIX MSTEH Ha AudpakTorpaMMax MOHOKpUcTaiia BaHagwst
nokasbiBaeT XOpollee KauyecTBO 06pasLia, BbIGPAHHOTO AJ1f NMOCNefyoWero aHanmsa Beei AndpakLoHHoM

KapTUHbI.
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[Ounarpamma (ha3oBbIX paBHOBECUIA AN BaHaAMsA C HE60/bLWIMM cofiepXaHuem Kuciopoaa npeacraBneHa
B [1]. Mpu aTomM OTMeuvaeTcsi, YUTO HeGoNblUME [O6GABKM KMCIOPOAA CNOCOGCTBYIOT NIMHEHOMY YBENUUYEHNIO
3HayYeHUs1 napameTpa peLleTkn 6Ge3KUCMOPOLHOr0 BaHaaus. JTO MO3BOJSIET OLEHUBATb COAepXaHue
KMcnopoga s aHanusnpyemMbix 06pasLoB U CPaBHUBATL Pe3y/ibTaT C JaHHbIMU XMMUUYECKOTro aHam3a.

B Ta6bnuue 1 npeAcTaBfeHbl pe3ynbTaTbl 06pPabOTKM [aHHbIX ANS Tpex pas/nuHbiX 06pasLoB.
BocnpousBoguMOCTb pe3ynbTaToB A/1sl TPeX 3KCMEPUMEHTOB OYeHb BbICOKAsi, YTO MO3BOJISIET UCMO/Mb30BaTh
cpefiHee 3HaueHue B KauecTBe CTaHAAapPTHOIO CNPABOYHOIO AAHHOTO.

Ta6nuuya 1— MapamMeTpbl KPUCTAINYECKON PELLETKM MOHOKPUCTA/IIMYECKOrO BaHaAWs 4151 BbICOKOYT/I0BOrO
[vanasoHa ¢ yriiom getektopa 113"

O6pasLpb! MapamveTp peLLeTkn, Hv
1 0,303374(2)
2 0.303151(3)
3a 0,303547(2)
3b 0,303571(3)
CpefHee 3HayeHune u3 3a u 3b 0.303559(17)
CpepgHee 3HaueHue no BceM obpasuam 0.30336(20)

MpumeyaHus

1— B Kpyr/bIxX CKOGKax NpuBeAEHbI YNC/TOBbIE 3HAYEHNS HeomnpeaeIeHHOCTel Kax Ao cepum n3MepeHuid.

2 — CpefiHee 3HaueHue Mo BCem obpasLaM BbIYMCSAIOT N0 3HaYeHnsiM 1 v 2 obpasua 1 No cpefgHeMy 3HauYeHUIo
o6pasuos 3a 1 3b.

3HaueHUss napameTpoB KPWUCTa//IMYECKO peLleTkn BaHaAWs 3aBUCAT OT TemnepaTypbl, MeTOA0B
M3MepeHuid ¥“ OT 4MCTOTbl UCCnedyeMbiXx 06pasyoB. XapakTepucTUKM 3TUX 3aBUCMMOCTER  Ans
NOMMKPUCTANN/TMYECKOTO BaHAAMS, MOJyYEHHbIE B psfle Hay4HbIX pa6oT, onucaHbl ¥ NPOWNNCTPUPOBAHbI B
rpacduyeckomMm n TabnnyHom Buge B [1].
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4.6 PesynbTaTbl onpegeneHns KOs PULNEHTOB TENOBOTO pacllmpeHuns

Tennosoe paclinMpeHune BellecTs U mMaTtepuasios n 3HaveHus (K/1ITP) n ero nsmeHeHue ¢ temnepary-
poVi onpefensitoT Ha OCHOBE y4yeTa aHrapMoHUYeckux ah(PekToB B ANHAMUKE KPUCTASIIMHECKON peLueTku.
3HaveHne KNTP npsmo nponopuuoHanbHO KO3 MULMEHTY aHTapMOHUYHOCTY B Pa3/IOXeHNN NOTEHLMabHOM
9HEpPrn 1 UMeeT OAVNHAKOBbIA C HUM 3HaK.

B [1] npvBefeHbl pe3ynbTaTbl aHanusa U3MepeHuin ANnsa onpefeneHvus napaMmeTpoB KpUCTan/Myeckoi
peweTkn 1 KNTP BaHagus pasnuyHbiMu MeTofamu, BK/IOUYas PEHTTEHOBCKME, NPU pasHblX Temneparypax.

Tennosoe pacliMpeHne saHagusa YyBCTBUTE/IbHO K NPUMECAM B Matepuase. YBemueHme cofepxaHus
npumeceii Ha 0,1 % NpMBOAMWT K yBE/IMUEHWIo Tenosoro pacwmpenuns npu T =300 K Ha 30 %. XapakTepucTuka
4yucToTbl 06pasLoB, MeToAbl, WHTEpBaslbl TemnepaTyp, WCMNO/Mb30BaHHble B paboTax pasnyHbIX
nccnegosatenei, A4na onpefeneHnsa KoadULMEeHTOB TENI0OBOr0 paclunpeHns BaHaansa npoaHann3npoBaHbl
1 npeAcTaBneHbl B TabnyuHoli doopme B [1].

B nprBeieHHO HMxe Tabnuue 2 npefcTas/ieHbl 0606 eHHbIe 3HauYeHNs K/1TP B guana3oHe Temnepartyp
oT 220 K oo 400 K.

Tabnunya 2 — 3HadyeHusa KNTP BaHaaus B gnanasoHe Temnepartyp ot 220 Ko 400 K

Temneparypa. K KIMTP. a 10®rpag-1
220 7.65
240 7,71
260 7.76
280 7.80(1)
300 7.84(1)
400 8.5(2)

NMpumeyaHmne — B Kpyrbix ckobkax NpvBefeHbl YNCNOBbIE 3HAYEHVSI HeoNpeaeneHHOCTEN.

[laHHble 0 napameTpax KpUCTa/lIMYECKON pelleTkn W 3HadeHusx K/1TP BaHaaus, npefcTaB/ieHHble B
pa6oTax pas/MuHbIX uccreposatesneli, onpefenaoT ypoBeHb TEOPeTUYeckMx pacyeToB. o pesynbTaram
39TUX pacyeToB CyAAT O Heob6XO0AMMOCTM MNpPOBEAEHUS [OMNOMHUTENbHbIX W MOAPOGHbLIX W3MepeHui
MOHOKpUCTaNIM4yecknx obpasLoB ¢ y4eTOM BO3HUKHOBEHUSI HEIMHENHOrO NoBeAeHUs napameTpoB peLleTku
1 K/ITP B pasnunuHbIxX gnanasoHax TeMneparyp, Tak Kak npu NOHMXEHUN Temnepartypbl NOABIAIOTCA NPU3HAKK
dha3oBbIX NepexofoB, CBA3aHHbIE C 0COOEHHOCTAMM 3N1EKTPOHHON CTPYKTYpbl 3TOr0 3/1eMeHTa.

Mpy paspaboTke TabnuL, cTaHAAPTHbIX CNPaBOYHbIX JaHHbIX WCNO/Mb3YIOT TemnepaTypy Win gvanasoH
TemnepaTyp B6/M3M KOHKPETHOTO 3ajaBaeMoro 3HayeHusl. PenepHoli ToUkoli cumTaloT Temneparypy, kotopas
COOTBETCTBYET HOPMasIbHbIM YC/TIOBUSIM M3MEPEHUIA, TO ecTb B6M3N Temnepatypbl 300 K (o1 23 X pgo 27 X),
ncnosnb3ys ANA cpaBHeHUs Hanbonee JOCTYNHbIA Anana3oH Temnepartyp, B KOTOPOM pesyfibTaTbl U3MepeHuit
[0CTaTOYHO XOPOLLUO COrNacyoTcst Mexay coboii.

4.7 [OCTOBEPHOCTb AaHHbIX

LoCTOBEPHOCTL MOMYYEHHBIX f@HHbIX N0 3HAYEHUSIM BE/INUMHLI NapaMeTpa KpUCcTanInyeckoin peLleTkm
n KATP oueHuBaloT NO pesynbTatam COBMECTHOV 06paboTku pe3ynbTaToB W3MEPeHWint U CpaBHeHueMm
peKoMeHyeMbIX 3HayeHWin C 0O6O0CHOBAaHHbIMU [AaHHbIMW W3 psafa ApYrux uccneposaHuii. AGCONIOTHYIO
norpewwHocTb 0,00022 HM BbLIYMCASIOT NO pe3ynbTatam TPex He3aBWCUMbIX U3MEPEHWIn Npu AOBEpPUTENbHOM
BepoAaTHoCcTM 0,95 %. [nA o6ecneyeHns BbICOKON [OCTOBEPHOCTM MOMYYEHHbIX pe3ynbTaToB NpPOBOAAT
npefBapuTesibHble U3MEPEHUS XapakTepPUCTUK roCyfapCTBEHHbIX CTaHAapTHbIX 06pasLoB ANdpPaKkLMOHHbIX
CBOICTB Ha TeX e 3KCNeprMeHTasIbHbIX yCTaHOBKax.
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