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HAUMOHANBbHBIA CTAHAQAPT POCCUMUCKOWNW PEAEPALUUMU

FocypmapcTBeHHas cuctema obecnevyeHus eQUHCTBA U3MepeHun

CTAHAAPTHbIE CNPABOYHbLIE NIAHHDIE.
BAHAQUUN

MapamMeTpbl KPUCTASINTUYECKON PeLIeTKN.
KoaduumeHT NMHEeMHOro TennoBOro paclnpeHua B auanasoHe temneparyp ot 240 K ao 400 K

State 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

Hara BBegeHunsa — 2019—03—01

1 ObnacTb NnpUMeHeHus

Hacroawuin ctaHaapT pacnpoCTPaHAETCA Ha CTaHAAPTHbIE CrpaBoYHble AaHHble BaHaaus, 6asoBylo
XapakTepucTUKy KOHAEHCUPOBAHHOIO BELUECTBA — NapameTpoB KPUCTannMYecKonm peluetkn obpasuos
BaHaAWsi C HU3KMM COAEpXKaHWEM KUCNopoga C MCMONb30BaHMEM Cdepuyeckux (POpM, U3rOTOBEHHBLIX
13 MOHOKPUCTASINIOB 30HHOW OYUCTKM, U Ha AAHHbIE O BeNMYMHAxX KO3 MPULMEHTA NIMHEMHOro TEnnoBoro
pacwmpeHua B gnanasoHe temnepatyp ot 240 K go 400 K.

2 HopmaTtuBHbIe CCbINIKK

B HacTosLeM cTaHaapTe UCMOoNb30BaHbI HOPMATUBHbLIE CChIMKW Ha crieyiowme cTaHaapThl:

FOCT 34100.3 HeonpeaeneHHOCTb uaMepeHus. Yactb 3. PyKOBOACTBO MO BbIPAXEHUIO HEONpPeaeneH-
HOCTU U3MepeHus

MOCT P 8.614 locypapctBeHHas cuctema obecrneveHua eauHcTBa uamepeHun. [ocyaapcTBeHHas
cnyxba cTraHgapTHLIX CNPAaBOYHbIX AaHHbIX. OCHOBHbIE NONOXEHUSA

MpumeyaHune —IlpunonL3oBaHUK HACTOALLMM CTAHAAPTOM LienecoobpasHo NpoBEpUTL AEACTBUE CCINOYHBIX
CTaHZapToB B MHpOPMALMOHHOI cucTeme oBLLero nonb3oBaHUs — Ha oduumansHoM canTe deaepanbHOro areHTCcTBa
Mo TEXHUYECKOMY PErynupoBaHuio U METPONOrnn B ceT NHTEPHET UMK NO eXerofHOMY UHPOPMaLMOHHOMY yKasaTenio
«HauyuoHanbHble cTaHfapTel», KOTOPLIA onybrnvkoBaH Mo COCTOAHWIO Ha 1 sHBaps TeKylwero rofga, W no BbiMyckam
eXeMeCAYHOro MHopMaLMOHHOro yka3aTens «HaunoHanbHele CTaHAapThl» 3a TeKyLMii rof. Ecnn 3aMeHeH cebinoYHbli
CTaHAapT, Ha KOTOpbIA AaHa HeAaTUpOBaHHas cchbiflka, To PeKOMEHAYETCS UCnonb3oBaTh AENCTBYIOLLYIO BEPCUIO 3TOTO
CTaHjapTa € y4eTOM BCeX BHECEHHbLIX B JaHHYIO BEPCUIO N3MEHEHWA. Ecni 3aMeHeH cChiNoYHbIN CTaHAapT, Ha KOTOPHIi
flaHa AaTupoBaHHas Ccbifka, TO peKOMeHAYyeTcA WCMOoNb3OBaTh BEPCUI0 3TOrO CTaHfjapTa C yKasaHHbIM Bbllle rofjoM
yTBEpXAeHUs (NpUHATUS). Ecnun nocne yTBepxeHnst HacTosILLero cTaHAapTa B CChITOYHbIA CTaH[apT, Ha KOTOpLIA AaHa
JaTupoBaHHasa cchifka, BHECEHO U3MEHEeHWe, 3aTparmsatoLlee NonoXeHne, Ha KOTopoe fjaHa CChifka, TO 3TO MOoMoXeHue
PEKOMEHLYETCA MPUMEHATL Ge3 ydeTa AaHHOrO W3MEHeHWs. Ecnu ccbinodHbll cTaHAapT OTMeHeH 6e3 3ameHbl, To
nosioXeHWe, B KOTOPOM AaHa CChinka Ha Hero, PeKOMeHAYyeTCs NPUMEHSATL B YacTu, He 3aTparnBatoLeil 3Ty CChIrKy.

3 O6wune nonoxeHus

B Hactosiluem cTaHaapTe NpuBEAEHbl 3HAYEHUA CTPYKTYPHbIX XapakTEPUCTUK METaNnM4eckoro
BaHaausa (V) u AaHHble 0 KoadhpuuMeHTe nuHeiHoro Tennoeoro pacwmpenusa (KINTP) no pesynstatam
BbICOKOTOUHbIX U3MEPEHUI HA COBPEMEHHOM AUMDPaAKTOMETPUYECKOM 060pYA0BaAHUMN.

M3paHue ocpuumanoHoe
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AKTYanbHOCTb MONYYEHUA TOUHbIX 3HAYEHMI CTPYKTYPHbIX XapakTepucTuk MeTannmyeckoro saHagusa V
W aKkTyanu3npoBaHHbIX AaHHbIX 0 KITTP cBAsaHa ¢ pasnu4HbIMU NPUMEHEHUSAAIMU CNI1aBOB HA OCHOBE BaHaausA
B XMMUWU, METAMMYPrum, MalUMHOCTPOEHNUM, aTOMHOW SHEPTeTUKE, SNEKTPOHMUKE.

BaHaawui umeet BaxHoe hU3NONOrMYECKoe 3HavyeHue Ansa PYHKLUMOHMPOBAHUS OpraHM3mMa >XUBOTHbIX
n yenoseka. OH TOPMO3UT CUHTE3 XMPHbIX KNCIOT, NOAABNAET 00pa3oBaHUe XonecTepmHa u UHIMBUpyeT psag
hepPMEHTHBIX cUCTEM. B TO ke Bpemsi n3bbITOK CofepKaHsA BaHAAUsi B KPOBK NPUBOAUT K 3a00NEBaAHUSAM.

MapameTpbl KpUCTannMYeckoW pPeLUeTKM ONUCLIBAIOT CTPOEHUE KPUCTanmnuyeckux BELecTB (Tun u
pasmepbl 3NeMEeHTapHON AYENKK) U ONPEAEnsIoT UX MHOTME Pu3n4eckue CBOMCTBA. 3TN AaHHbIE OTHOCATCA
K 6230BbIM XapaKTEPUCTMKAM KOHAEHCUPOBAHHOIO COCTOSHWUA BELLECTBA, OTpakas 6anaHc cun npuTSHKeHUs
W OTTankMBaHua Mexgy atoMamu. OO0beM SAYENKM, BbIYMCHSAEMbI MO 9TUM AaHHbIM, U 3HaveHus KITTP
MNPy HanWuuM AaHHbIX ANA PasnUYHbIX TEMMNEepaTyp, MCMOnb3ylT MNPU NPOEKTUPOBAHWM MaTepuarnos,
BKIIOYaoLWMx V, B pasnunyHbIX yCTPOMCTBaX. TemnepaTypHbIi Auana3oH MaTepranos, B KOTOPOM MCNOMb3YHOT
BaHaAun, ero cnnaebl U COEAUHEHMWA, BKNIOYAET renuesble Temnepatypbl oT 4 K o 20 K, 25 °C u BbICOKMe
TeMneparypebl.

Ons noctpoeHus 6onee TOYHbIX TEPMOAUHAMUYECKUX MOAENEN MPOBEAEH CPAaBHUTENbHLIA aHanu3
3KCNepuMMeHTasnbHbIX AAHHbLIX O NapamMeTpax KpUCTannuueckon pelleTkn V ¢ TEOPEeTUYECKUMU AaHHbIMU,
NONy4YeHHbIMU Pa3NUYHbLIMU aBTOPaMU, U CPABHUTENLHBINA aHanu3 aaHHbix 0 KITTP 13 HayyHbIx pabor, nony-
YEHHbIX Ha Pa3NUYHbIX OTEYECTBEHHBIX U 3apyBOeXHbIX YCTaHOBKAX.

Pesynbratbl 8TMX pacy4eToB WUCMOMbL3YIOT MPW NPOrHO3UMPOBAHUU MEXaHWYECKUX CBOWCTB BaHaausa U
BaHagumcoaepKaLlmx crnnasos.

4 OcHoBHas yacTb

B HacTosilemM cTaHgapTe no pesynsrataM AWNatoOMETPUYECKMX U3MEPEHUI KOMNApaToOpHbIM METOAO0M
npuBeAeHbl CTaHA4APTHbIE CMPaBOYHbIE AAHHbIE O NapamMeTpax KPUCTanNMYecKOn PELLETKM U O BEMMYMHaX
KNTP BaHaausi B gnanasoHe oT 240 K go 400 K, paspabotaHHblie B coorBeTcTBuM ¢ TOCT 34100.3 u
OCT P 8.614.

[ocToBepHbIe AaHHbIE MOMY4YeHbl HA OCHOBE CPABHUTENILHOIO aHanu3a SKCMEepPUMEHTaNbHbIX AaHHbIX,
MONy4E€HHbIX C UCNOSb30BaHUEM COBPEMEHHBIX PEHTIEHOBCKUX AU PaKTOMETPOB ANA U3MEPEHUS CTPYKTYPHBIX
XapaKkTepUCTUK MOHOKPUCTANIOB, C 060CHOBaHHbLIMU AAHHbLIMU HAay4YHbIX paboT. [loNnoNHUTENbHOE NOBLILLEHNE
[OCTOBEPHOCTU CTaHAAPTHbIX CrPaBOYHbIX AAHHbLIX MOMYYEHO NPU UCMONbL30BAHUW [OCYAAPCTBEHHbLIX
CTaHAapTHLIX 00pa3sUoB ANGDPAKLMOHHBIX CBOMCTB MOHOKPUCTAMNOB, U3MEPEHUSI XapaKTePUCTUK KOTOPbIX
NPOBOASIT HA TEX XK€ YCTaHOBKAax.

4.1 MoparoTtoBka 06pasyoB

OGpasubl AN U3MepeHuii NOAroTaBnMBalOT U3 MPYTKOB BaHaaua mapku BOJI-1, AONONHUTENbHOroO
OYULLIEHHOTO METOAOM 30HHOW MNaBKKU, B XOA4E€ KOTOPOW BbIPALUMBAIOT HECKONBKO MOHOKPUCTanNNoB, Bbipe3as
U3 PasfMYHbIX YacTe MOHOKPUCTANNUYECKUX CITUTKOB KyOUKU.

[na npeunsmoHHOro peHTreHorpadupoBaHns NOAroTaBAMBAIOT U UCNOMbL3YIOT 0bpasubl chepueckon
dopmbl guameTpom He Gonee 0,3—0,4 MM, YTO NO3BONAET KOPPEKTHO YCTAHOBUTL UX HA ANIPAKTOMETP U
Hambonee TOYHO YYMTbIBATb BMUSHWE MOIMOLLEHUSI PEHTTEHOBCKUX Ny4ven npu obpaboTtke AudpakLMOHHON
KapTuHbl. OuameTp cdepbl NnoaduparoT Tak, YToObl My4OK, BLIXOAALMA M3 KONMMIMMAaropa PEeHTreHOBCKOW
TpyOKku, NMONMHOCTbIO OMbIBan obpasey. OObLEM M YCNOBUSA PEHTFEHOBCKOrO 3KCMEPUMEHTa yCTaHaBNUBAIOT
OTAENBLHO AN KAXA0ro KOHKPETHOro obpasua.

[nsa obkatkm 06pasuyoB B cdepbl UCNONL3YIOT crieyuansHble YCTPOMCTBa, uMetome hopmy nnockoro
uunuHapa. B Takom ycTponcTBe 3arotoBkuM (KyOuueckoi ¢hopMbl) noa BO3AEWCTBMEM NOTOKA BO3AyXxa
GbICTPO NepemMeLLalTCst MO KPyry, YTO NMPUBOAUT K CTAYMBAHMIO YINOB O NPUKIEEHHbIE abpasnBHbLIE LUKYPKN.
MocTeneHHO yMeHbLUAs 3ePHUCTOCTbL LLUKYPKKM, Nony4aioT 06pasubl NpasunbHON OpMbl C BbICOKOW YUCTOTON
NoBepxHOCTU. MNpeumMyLLECTBO UMEIOT LUKYPKM C anMasHbIiM U TBEPAbIM 311b60pOBbIM NOKpbITUEM. UCTOUHUKOM
BO34yXa CMy>MT KOMMNPECCop, Hanpumep Ansa asporpada.

MckaxkeHHbIN CrOW BaHaaWsi CHUMAKOT TpasneHuwem B pacteope HNO;5:H;PO,.CH;COOH: H,O
(10:40:10:40 mn). Ansa 9NeKTpPONONMPOBKMN U SNEKTPOTPaBIEHNS NOBEPXHOCTHOIO ¢ros 06pasyos U3 BaHagus
NPUMEHSIIOT 3NEKTPONMT CrneayoLwero cocrasa: 60 mn xnopHOM KucnoTel, 350 mn Oytunuennosonbea U
590 MR METMNOBOro CMMPTa, MAOTHOCTb Toka okoro 16 A/am2. TemnepaTypa areKTponuTa KOMHATHasi,
KaToaOM SIBMSETCA Hepxasewowas cranb. Npu OObIMHOM XMMMYECKOM TpaBfieHUU BaHAAWUA NPUMEHSIOT
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CMECb MMaBWKOBOW U a30THOW KMCMOT, COOTHOLLEHWE U KOHLIEHTPaLUMs KOTOPbIX MEHSKOTCH B 3aBUCUMOCTH OT
XUMMUYECKOro COCTaBa BaHaAMEBbIX CMNIaBOB.

Ona noarotoBku 06pasLoB U YCTAHOBKM UX HA AU PAKTOMET PUHECKYIO CUCTEMY UCMOSb3YIOT ONTUYECKUI
OMHOKYNSIPHBIN CTEpeockonuyeckuin Mukpockon Tuna MBC, KOTOpbI NO3BONSIET NpeABapuTENbHO ONpeaenuTb
pasmep M kadectBo dropmbl 06pasua. M3 noarotoBneHHbix 06pa3yoB Bbibupalor obpasey ¢ HaunydLlen
ANPaAKLUMOHHON KapTUHOW. 3aTreM npou3BOAST MOHTax obpasua Ha aepxaternb TFOHUOMETPUYECKOTO
ycTpolicTea. Ons ouncTkKM Aepxatenei obpasuoB MCNONb3YIOT CNUPT, ANS YCTPAHEHUS MOBEPXHOCTHbIX
UCKaXKEHWI nocne obKaTku — CMEeChb KWUCMOT; AN MOHTa)@ Marnbix MOHOKPUCTaANMUYECckux cdpep — knen-
renb, Hanpumep «MomeHT». OGpasel NPUKNEUBaOT Ha CrneuunanbHblli gepxaTtenb CO CTEKNSAHHOW HUTbIO
(HUTb 1 Knen obecnevnBaloT OTCYTCTBUE AOMOMHUTENbHLIX AN PAKLUMOHHLIX PEGNEKCOB) U YCTaHABNUBAIOT
Ha rOHMOMETPUYECKYIO TONOBKY AuppakToMeTpa. MOHUMOMETPUYECKYIO TONMOBKY (PUKCUMPYIOT B NOCag04HOM
rHe3e roHMOMeTpa, M NPOBOAAT IOCTUMPOBKY Tak, YToObl obpasel nmonagan MakCMManbHO TOYHO B LEHTP
(nepeceyeHune Bcex 0cen) roHnomeTpa.

4.2 dkcnepuMmeHTasribHas annaparypa

M3amepeHne napameTpoB KPUCTannMYEeCKOn pelleTkn (pasmMepoB INEMEHTAPHON AYenku) BaHagus
NpoOBOAAT C WCMNONb30BaHWEM YCTPOWCTB AWPpakTOMeTpa M NPUCTaABOK CMeuuanbHOM KOHCTPYKLUMU,
MO3BONAIOLLMX aHanu3MpoBaTb AUMPAKUMOHHYIO KapTUHY MOHOKPUCTANMOB W pacCyuTbiBaTb e€e
XapaKkTepUCTUKKM, a 3aTEM ONpPeaensiTb CTPYKTYPHbIE XapakTepucTukn Bewecrea. OCHOBHAas Lukana 60nbLoro
rOHMOMETPA UCNONb3yeMbIX ANPPAKTOMETPOB 00ECNeYnMBaeT Anana3oH BO3MOXHbIX MOBOPOTOB AETEKTOPA A0
120°. MoBopoThbl 06pa3La OCYLLECTBRSAIOT C MOMOLLBIO APYTUX TOHWOMETPUYECKNX YCTPONCTB Takum 06pasom,
4YT0ObI 3aNONMHUTB BCIO CAhe py M3MepssieMoro 00paTHoro (MMMynbCHOMO) NPOCTPAHCTBA U NOCNE NpeobpasoBaHuii
BO3MOXHO OonbluMin 0O6bEM 3reMEeHTapHOW A4venku. Ons uanydyeHus OT MonmbgeHa-aHoAa MCNONb3yT
PEHTIEHOBCKYIO TPYOKY (ANMHY BOMHbI XapakTepuctuyeckoro nanyvenua Kal npunumatot 3a 0,070932 Hm). B
YCUIMBAIOLLYIO ONTUYECKYIO CUCTEMY BKMIOYAIOT rpaddUTOBbIE MOHOXPOMATOPbI U KONAMMATOPbI C BHYTPEHHUM
oTpaxkeHneM. 3a CYEeT MCNOMb30BaHWUA XapakTEPUCTUK PEHTreHOYYBCTBUTENbHOIO 9KpaHa OCYLUeCTBSOT
paboTy ABYMEpPHOro Aetekropa AudpakToMeTrpa, OCHOBaHHOro Ha CCD-texHonorusix. Bcs cuctema pe-
rMCTpauMM CUTrHaroOB XapakTepusyeTcs AOCTATOMHO HU3KUM YPOBHEM LUYMOB, YTO MNO3BONSIET MPOBOAWUTL
nccneaoBaHusa o6pasyos manoro obbema.

KoHCTpyKUMM AMdpakTOMETPOB NO3BONAIOT perncTpupoBatb nopsgka 900 6parroBCKUX OTPaXKeHUi (npu
renueBbixX TeMmneparypax B U36paHHON MONOXUTENBHOW U OTpULIATENBHOW obnactu yrnos gudppakuum) u o
4000—5500 6parroBCKUX OTPaXKEHU ANS pasnuyHbiX 00pa3LoB NpuM HOpPMAarnbHOW TemnepaTtype, KOTopble
MCNOMb3YIOT ANA pacyeTa napaMeTpoB KPUCTaNSMYECKON PELLETKU (PasMEPOB dNEMEHTAPHON AYeikn) n Ans
HOpMarnbHOW TeMnepaTypbl — BenuuuHbl KINTP.

Onga ysenuueHns TOHHOCTU AAHHbIX NPU HOPMAaIbHbIX YCIOBUSAX M3MEPEHNUI (DUKCUPYIOT BbICOKOYTTOBbIE
pednekcbl (bonee BbICOKME NOPSAAKN OTPAXXEHUIN OT CEMENCTBA KpucTannorpauieckux nnockoCTen), KOTopble
o6ecneunBaloT 6NM30CTb K Yriy ckonbxxeHus 90°. MOCKONbKY MHTEHCUBHOCTb Takmx OP3arroBCKMX OTPaXKeHU i
Ha nopsaku cnabee, YeM ANst OTPAXKEHMIA € ManbiMKU uHAekcamm Munnepa, 1o npu pabore gudpakromeTpa
MCMOMb3YIOT MaKCUMAIIbHO BO3MOXHBIE 3HAYEHWUS TOKA U HAMNPSHKEHUI PEHTTEHOBCKOW TPyOkn u/unu Gonee
ANUTENbHOE BPEMSA U3MEPEHUN B KaXAOW TOYKE 0OPaTHOrO MPOCTPAHCTBA, B KOTOPOM KaXa0€e OTPaXEHUE
COOTBETCTBYET ONpeAernieHHOMY 3Ha4YeHWo nepegaHHOro UMMynbca, B KOOpAMHATax KOTOPOro NpoucxoauT
npouecc uamepeHus. O6Luee BpemsA SKCMEpUMEHTa ANA Kaxaoro obpasua npu HOPManbHbIX YCMOBUSAX
namepeHun cocraesnsaet ot 90 4o 120 4 HenpepbIBHOW paboThl gudpakTomeTpa. bnok-cxema ncnons3yemoro
AndpakTomeTpa npeacraBlieHa Ha pUCYHKe 1.
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PucyHok 1 — Bnok-cxema ycTaHOBKU — AUPaKTOMETPUYECKOW CUCTEMbI
C UCMO/Ib30BaHNEM KOPOTKOBOJ/IHOBOIO WU3/Ty4eHUs

[ins npoBefeHnsA n3MepeHnii MobpaboTkM IKCNEepUMEHTa IbHbIXAAaHHbIXC NOC/eYOW MM onpeaeneHem
CTPYKTYPHbIX XapakTepucTuK, YAO0BMNETBOPSAOLWMNX CTabunbHbIM napameTpam KpUCTas/IMYeckon peLueTku,
MCMNONb3YIOT aTTeCTOBaHHYID MeToAuky uamepeHuii [N9 702/06-09 (®P.1.31.2009.06707)]. AnA noBblWeEHUSA
[OCTOBEPHOCTU [aHHbIX MpeABapuUTesIbHO Ha TeX Xe YCTaHOBKaxX M3MepsT XapaKTepUCTUKU 3TaslOHHbIX
CpeacTB U3MepeHuii - cTaHAapTHble o6pasubl AMdpPaKLMOHHbBIX CBOWCTB MOHOKpMCTanioB, Bkawvas [CO
MP®-4 (MP®-3) kpemHuin n rCO NP®-9 (MPWN) cunuumng BaHagus.

4.3 Oco6eHHOCTU npoueaypbl n3MepeHuit

4.3.1 PerucTtpauun andpakynoHHOW KapTUHbI

Ana pernctpauun gndpakuMoOHHOW KapTuHbI yCTaHaBIMBAKOT PaCCTOSIHNE KPUCTan/Inyeckoro geTekropa
paBHbIM 41,5 MM, ucnonb3ysa konnumartop caunametpom 0,5 MM. YcTaHaBnmBaT «byHkepoBKy» (06beanHeHne
nukcenen unu pasébueHre maTpulbl Ha cy6-610kM) 2 X 2, C paspelleHmem MaTpulbl getektopa 1024 x 1024 nk.
[na monnbaeHOBOro NCTOYHMKA PEHTIEHOBCKOTO U3/IyYEHUS yCTaHABNBAKOT TUMOBbIE 3HAYEHUA HaNPSHXEHUS
nToka: 50 kB 1 40 MA nnm 33 kB 1 50 MA, korga TpebyeTcs yCTpaHUTb OTPaXeHUsi, COOTBETCTBYHOLME BTOPOI
rapmoHuke (J1/2).

4.3.2 HOcTupoBka obpasua

FOcTpoBKy o6pasua V NpoBOAAT B PEXMME PYYHOrO yrnpaBfieHus. KpucTana cunTaeTcs CbioCTUPOBaH-
HbIM, €CiM MpU ABWXeHWU no n6oii M3 oceil LEHTp TsxecTu obpasua COBMAAET C NepekpecTUeM LKas
MUKpPOCKONa M OTK/IOHeHWe cocTaBnsieT He 6onee 10 MKM.

4.3.3 YcnoBus naMepeHuii

Mpv npoBefeHnn n3mepeHnii Npyu HopMasbHOW TemnepaType 06bIYHO cO6N0AAlNT crefyoLmne yCnoBus:

- Temnepartypa Bo3gyxa — B guanasoHe 297 K— 300 K (24 °C—27 £ 2 °C);

- atmocdepHoe gasneHne — 84— 106,7 kMa (690—800 MM prT. CT.);

- OTHOCUTEeNbHasi BAIAXHOCTb Bo3dyxa — He 6osee 80 % npu Temnepatype 25 °C;

- HanpsixeHue nNUTaHWs 3/IeKTpoceTn Ans ofHoasHoro Toka — 200—240 B.

C wucnonb3oBaHveM MporpamMmHoOro o6ecneveHna ob6pasel, MoBopaynBaloT MocsefoBaTe/lbHO €O
BCEMU BO3MOXHbIMU MOBOpPOTaMMK, 4TOObl 3adMKcuMpoBaTb Ha [AETEeKTOPe WHTEHCUBHOCTb OTPaXeHHbIX
AndparnpoBaHHbIX nyyeid ¢ 6onee nNonHbIM M306paxeHnem ccepbl 06paTHOrO0 NPoOCTpaHCTBa, cdhepbl
3Banbpa. MNpy noBopoTe o6pasua pas/inyHble oTpaxarLine aTOMHbIe NI0CKOCTU NPOXOAAT Yepes NosioxKeHune,
npy KOTOPOM BbINOJIHAETCH YCNOBKE, COOTBETCTBYOLWee 3aKoHy bparra-Byneda. Ha gudpakuynoHHol KapTuHe
nossnsieTca pacnpegeneHne MHTEHCUBHOCTU OpP3rrOBCKMX OTPaXeHWN, KOTopble (MUKCUPYIOTCA B KaX[oMm
hpeiime 1 nepefaloTCs Ha KOMMNbIOTEPHOE YCTPOMCTBO A4/ 3anOMUHaHnsA, 06paboTkn 1 aHanmsa.
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Ona npoBepku obpasua Ha COOTBETCTBUE UCCreayemMoin haze MOHOKpUCTaNNa U ANsi OLUEHKU YPOBHS
COBEpLUEHCTBA 9TOr0 BELUECTBA CHayana OCYLUECTBMAT NEPBYIO MPEABAPUTENIbHYIO CbEMKY C O6LWMM
BpemeHeM 5—10 MUH AnA NPOGHOro onpeaeneHus napaMmeTpoB PELLETKU KpucTanna KOHKpeTHoro obpasua.
Mo okoH4YaHWM NEepBON NPeABapUTENbHON CLEMKW OLEHWBAIOT OTNMYME NapaMeTpoB PeLLeTKM Kpucranna ot
0oXXMaaeMblX, NPOLEHTHOE OTHOLLEHWE YUCNa OTPaKEHUA Ha AUMPAKLUMOHHON KapTUHE, YAOBNETBOPSIOWMX
BbIOPAHHOMY TUMNY BNIEMEHTaPHON AYeikn. 3aTeM OLEHUBAIOT Ka4eCTBO AUMDPaKLUOHHOW KapTUHbI B LENOM,
BKNtovasi hopmMy AnPaKLMOHHBIX MAKCMMYMOB. Ha OCHOBaHUK aHanu3a pe3ynsTaToB U3MEPEHUI NPUHUMAIOT
peLueHue 0 ganbHelwen paboTe ¢ AaHHLIM 06pa3LoOM.

Ons o6pa3ua, BbIGpaHHOro M3 NnapTuu, NPOBOAAT BTOPYHO NPeABapUTENbHYIO CbEMKY C 06LMM BpeMeHeM
akcnosuuymm 60—120 MUH. OKCnepuMeHTanbHble AaHHble, MOMyYEeHHbIE MOCNe CbLEMKM, UCMONb3yIoT ANA
OLIEHKM U 3a4aHUA NapamMeTpoB OCHOBHOMO 3KcnepumeHTa. CHayana oueHWBAaKT JOCTYNHOE paspeLueHue u
BpPEMS SKCMO3NLMM ANS pasHbIX MONOXEHUN AETEKTOPAa MO Yriy CKONbxeHusa 6 ana obecneveHns Tpebyemoro
YPOBHSAI CTATUCTUKU U3MEPEHWUA UHTEHCUBHOCTEW 3a AOCTYMHOE BPEMS MPOBEAEHUS BCEr0 JKCMEepUMEHTA.
3aTeM NpoOBOASAT OCHOBHOE peHTreHorpadupoBaHue obpasuoB ¢ o6wmm BpemeHem ot 90 ao 120 4. Mo
OKOHYaHMM BKCMEepPUMEHTA NPOBOAAT 00PabOTKy NONyYEHHbIX AAHHbIX C Bblgauel annos, He0OX0aMMbIX AN
JanbHenLWero CTPYKTYPHOro aHanuaa.

4.3.4 O6pa6oTka AaHHbIX

OB6paboTKy AaHHbIX U3MEPEHUI NPOBOAAT C NPUMEHeHneM nporpaMMHoro naketa CrysAlis. MapameTpbl
3NEMEHTAPHON AYelkn onpedensalnT nocnegosatensHo. C  ucnonb3osaHuem nporpammbl  CrysAlis
OCYLLECTBMAIOT NOUCK GPIrroBCKUX OTPaXKEeHWH Ha Kaxaom dhpenme. [danee onpeaensior 3NeMEHTapHYIO
AIYeiiKy, pasMepbl KOTOPOW yaoBneTBOpPAT He MeHee 90 % 3adukCupoBaHHbIX ANPPAKUMOHHBIX pednek-
COB. 3aTeM YTOYHSAIOT UHCTPYMEHTAamNbHYI0O MOAENb, COOTBETCTBYIOLLYIO NApaMeTpam peLUeTkn kpuctanna no
YTOYHEHHOMY Habopy AMdPaKLUOHHBIX OTPAXKEHUI M UCNONB3YIOT NPOrpaMMy AN NPoBeaeHUsA NPOPUNLHOTo
aHanu3a, COCTOsILLero u3 AByx 9Tarnos:

1) onpeaeneHue oHa u rpaHnL NUKOB;

2) NonyvYeHne MHTerpanbHbIX MHTEHCUBHOCTEN.

3aBepLueHne o6paboTkM OCYLLECTBMAIOT CReaywuMm AENCTBUAMU: CHa4Yana BHOCAT BCE 3HAYUMblE
nonpaBkn B UHTEHCUBHOCTU, YTOObI M3MEPEHHbIE BEMMYUHBLI NPMONU3UNNCH K KWNHEMATMYECKOW LLKane, 3aTeM
BBOAAT nonpaeku Ha a¢ppekT JlopeHua u Ha nonspusaumio ¢ Ucnornb3oBaHuem nporpammbl CrysAlis.

4.4 Mpoueaypa onpenerieHUA NapaMmeTpoB KPUCTAIUTUYECKON PeIleTKH

Ons pacyeta 3HAYEHWn NapaMeTPOB PELUETKU MCMOMNbL3YIOT 3HAYEHWS YINoB 0, COOTBETCTBYIOLMX
MaKkCMMyMaM pacnpeierieHust MHTEHCUBHOCTEN OGPIITOBCKUX OTPaXEHWIA, U COOTHOLLEHWE, CBSI3bIBAIOLLEE
3HAYEHNS MEKMNNOCKOCTHBLIX PACCTOSIHMIA C STUMM YITiaMu

2dsind = nj, 4]

rae d — MEeXnnoCKOCTHOE pacCTOsIHUE, HM;
6 — yron ckonbxeHus nyJen;
n — nopsaok otpaxkeHus 1, 2, 3...(BO3MOXXHOCTb (PUKCUPOBATh OTPaXKeHUS ¢ Bonee BbICOKUM NOPAAKOM,
KOTOpble 06€CneYnBaloT NOBLILLEHNE TOYHOCTU ONpeAerneHus napameTpoB, 3aBUCUT OT AfUHbLI BOM-
Hbl UCMOMbL3YEMOrO U3NYYEHUsI);
A — ANWHA BOMHbI UCNONb3YEMOTO U3FyYEHUS.
Ha ocHoBe cooTHoweHua (1) Ans pasnuuHbIX KpucTannorpauyeckux CUHFOHWMIA WUCNONb3YIOT
dopmyny (2) ans pacyera pa3mepoB aNeMEHTapHON auenku (a) (kBagpaTuiHble hopMbl AnNa KyGuueckon
CUMMETPUM)

aKy6 :dhklvh2+k2+l2' (2)

MockonbKy NpU U3MEHEHUM TEMNEPATYPbI U3MEHAIOTCA NapameTpbl pelueTku obpasua, uMeeT Mecto
M3MeHeHue HabniogaeMbix 3Ha4YeHU yrnoB O AN MakCMMyMOB OparroBCKMX OTpa)eHun. o nsMmepaeMbiM
yrnam Ans Kaxaon Temneparypbl Ha OCHOBaHUM (hOPMYIbl 2 PaCCUNTLIBAIOT UCKOMbIE NAPAMETPbl KPUCTaNIU-
Yeckon peluetkn. Tpebyemyio TemnepaTypy unu 3afilaHHbi TEMNepaTypHbIA peXxumM uccneayemolix o6pasuos
nogaepxueaiot Ha audpaktomerpe XCalibur compmbl Rigaku-Oxford Diffraction ¢ TouHOCTBIO cTabunusauun
Temneparyp 0,5 °C B guanasoHe temneparyp ot 297 K 4o 300 K. Temneparypy o6pasua usMepsitor NOBEPEHHbIM
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usMeputenem Temnepartypbl U BRaxHocTu VIBTM-7, pa3melleHHbIM B HENOCPeACTBEHHOW 6nvM30cTM OT
obpasua ¢ goBepuTebHON norpewHocTbio 0,7 K.

Ha gpyrux Tunax gudpakromMeTpoB Win NPeLn3MoHHbIX Kamep cneluasibHble YCTPOWCTBa perynmpyoT
nogorpeesaemMble NOTOKM as3oTa WU rennst Mo BCeM AuanasoHam TemnepaTtyp € TOYHOCTbIO cTtabunumsauum
TemnepaTypsl B npegenax 0,1 °C—0,2 °C.

4.5 3KcrnepuMmeHTaslbHble faHHble

Ha pvicyHKe 2 npefactaBneHbl unacTpauum AMgpakuMoHHON KapTuHbl U3 dpeiima, 3adMKCpoBaHHOro
npu HeBbICOKMX yrnax. ®opma AnppakuMOHHbLIX NATEH Ha AudhpakTorpaMmax MOHOKpUCTaia BaHagus
nokasbiBaeT XopoLlee KayecTBO obpasua, BbI6paHHOro AAs nocredylowero aHannsa Bcel AudgpakLoHHOM
KapTWHbI.
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[Juarpamma (pa3oBbix paBHOBECHIA 4511 BaHaAWs C HE6OMbLUMM COAEPXaHUEM KUCIOPOAa NpeacTaBeHa
B [1]. Mpu 3TOM OTMeuaeTcs, YTo HebosbluMe [OGABKM KUCIOPOAA CMOCOGCTBYIOT JIMHEMHOMY YBEUYEHMIO
3HauYeHUs napameTpa peleTkn 6e3KUCMoPoAHOr0 BaHagus. 3TO MO3BOMISIET OLEHVBATL COAepXaHue
KMcnopoa AN aHann3npyembix 06pasLoB 1 CpaBHUBATL Pe3y/bTaT CAAHHbIMU XMMUYECKOro aHamsa.

B Ta6bnuue 1 npeacTaBneHbl pe3ynbTaTbl 06paboTKM AaHHbIX AN TPexX pasfiMuHbiXx 06pasLioB.
BoCnpou3BoAMMOCTb Pe3ysibTaToB [/1si TPeX 3KCNEepUMEHTOB OUYEHb BbICOKAasl, YTO MO3BO/ISET MCMO/b30BATh
cpefHee 3Ha4YeHMe B KaUeCTBe CTaHAAPTHOTO CNPABOYHOMO AAHHOTO.

Tabnunua 1— MapameTpbl KPUCTA/I/TMYECKOW PELUEeTKN MOHOKPUCTa/IIMYECKOTO BaHaus AJ/151 BbICOKOYT/I0BOrO
[mnanasoHa c yrniom getektopa 113°

O6pasLpl MapameTp peLLeTky, HM
1 0,303374(2)
2 0,303151(3)
3a 0,303547(2)
3b 0,303571(3)
CpepHee 3HaveHve u3 3a n 3b 0,303559(17)
CpefHee 3HaveHvie Mo Bcem obpasLiam 0,30336(20)

MpumeyaHuns

1— B Kpyr/bIx ckobKax NpyBedeHbl YMCIOBbIE 3HAYEHUS HEONPEeLETEHHOCTEN KaXXA0W cepun 3MepeHuii.

2 — CpepHee 3HadeHve Mo BcemM obpasuamM BbIYMC/ISAKOT Mo 3Ha4YeHnsam 1 1 2 obpasya 1 No cpegHeMy 3HauYeHuo
06pasuoB 3a n 3b.

3HavyeHns napameTpoB KPUCTa/I/IMUECKOW peLleTkn BaHagus 3aBUCAT OT Temnepartypbl, MeTo40B
U3MEepeHuidi M OT 4YMCTOTbI WKccedyembix 06pa3uoB. XapakTepucTvkum 3TUX 3aBUCMMOCTeR AN
MO/ KPUCTAIINYECKOTO BaHaAWs, MOJlyYeHHble B pPsAe HayyHbIX paboT, onvcaHbl U NPOW/IIOCTPUPOBaHbI B
rpacmyeckom un TabnuyHom suge B [1].
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4.6 PesynbraTtbl onpeaeneHns ko3d¢UUMEHTOB TENSIOBOro pacliupPeHus

Tennosoe pacluMpeHune BeLlecTs u marepuanos u 3Hadenust (KIMTP) u ero usmeHeHue ¢ temnepary-
poi onpeaensoT Ha OCHOBE yyeTa aHrapMOHUYECKUX 3PMPEKTOB B AMHAMUKE KPUCTANNUYECKOW PELLETKM.
3HaueHune KINTP npsaMo nponopuyoHanbHO KO3PPULMEHTY aHFAPMOHUYHOCTHY B Pa3NOXXEHUU NOTEHLMANLHOMN
SHEepPrun U UMeeT OAMHAKOBbIA C HUM 3HaK.

B [1] npuBeaeHsbl pesynsrathl aHanusa UsMepeHuin Ana onpeaeneHus napaMeTpoB KPUCTannUYecKon
pewetku u KINTP BaHagus pasnuyHbIMU METOAAMM, BKITIOYAA PEHTTEHOBCKUE, NPU pasHbIX TeMnepaTypax.

Tennosoe pacLuMpeHne BaHaaWsA YyBCTBUTENbHO K NPUMECAM B Matepuane. YBenuyeHue coaepxaHus
npumeceii Ha 0,1 % NpuBOAMT K yBENMYEHUIO TENnoBoro paclumpeduns npu 7= 300 K Ha 30 %. Xapakrepucruka
YuCTOTHI 00pasLUoB, METOAbl, WHTEpBanbl TemnepaTyp, MCMONb30BaHHbIE B paboTax pasnuYHbIX
uccnenosarenei, Ansa onpeaerneHnsa K0adPULMEeHTOB TENNOBOrO pacLUMPEHUs BaHaaAUs NpoaHanu3mpoBaHbl
U npeacTasneHbl B TabnuuHon opme B [1].

B npueaeHHo Hxke Tabnuue 2 npeacraeneHsl 0600LeHHbIe 3HadeHus KINTP B ananasoHe Temneparyp
oT 220 K go 400 K.

Tabnuuya 2 — 3nadeHusa KINTP Banagua B AuanasoHe Temnepatyp ot 220 K go 400 K

Temnepatypa, K KNTP, a 1078 rpag~!
220 7,65
240 7,71
260 7,76
280 7,80(1)
300 7,84(1)
400 8,5(2)
MpumMeyaHue— B Kkpyrnbix ckobkax NpuMBeAeHbl YUCIOBbLIE 3HAaYEHNSI HEONpPeAENEeHHOCTEN.

[laHHbIe 0 napaMeTpax KpucTannu4eckon pewwetku u 3Hadenuax KINTP BaHaausa, npeacTaBneHHbIe B
pafoTax pasnuyHbIX WCCMEeAOBaTenew, onpeaensioT ypoBeHb TEeopeTu4eckux pacderoB. Mo pesynstraTtam
9TUX pacyeToB CyAsT O HeobxoaMMOCTU NPOBEASHUA AONOMHUTENbHbIX W MOAPOOHLIX W3MEepeHun
MOHOKPUCTaNNU4yeckux o6pasLoB C y4ETOM BOSHMKHOBEHUSA HENUHENHOTO NOBEAEHUSI NAPaMETPOB PELLETKU
n KINTP B pasnuuHbix AnanasoHax TeMneparyp, Tak kKak NPy NOHWKEHNU TEMNEPaTypbl NOABAAIOTCA NPU3HAKK
(ha3oBbIX NEPEXOI0B, CBA3AHHbIE C 0COOEHHOCTAMM SNEKTPOHHOI CTPYKTYPbI 3TOr0 SNeMEHTa.

Mpu paspaboTke Tabnuy CTaHAAPTHBLIX CNPABOYHbLIX AAHHBLIX UCMNOML3YIOT TeMNepaTypy Unu AuanasoH
Temneparyp BONu3n KOHKPETHOIO 3aaBaeMOro 3Ha4eHnA. PenepHoi TOYKOM CUMTaloT Temneparypy, kotopas
COOTBETCTBYET HOPMaribHbIM YCIOBUSIM U3MEPEHUIA, TO ecTb BOnu3u Temneparypol 300 K (ot 23 °C pgo 27 °C),
MCNOrNb3yA ANs CPaBHEHUs1 HaMbornee AOCTYNHLIN AMANasoH TEMMNepaTyp, B KOTOPOM pe3ynbrartbl USMEepPEHUin
JOCTaTo4HO XOPOLLO COrnacyloTcst Mexay coboii.

4.7 [NOCTOBEPHOCTb AAHHbIX

J[10CTOBEPHOCTb NMOMNYYEHHbIX AaHHbIX NO 3HAYEHMAM BEMUYMHBLI NAPaMETPa KPUCTaNIMYECKon peLleTku
um KITTP oueHMBalOT Mo pesynsrataM COBMECTHOM 06GpaboTkum pesynbTaToB U3MEpPEHUt U CpaBHEHMEM
PEKOMEHAYEMBIX 3HAYEHWUI C ODOCHOBAHHLIMW JAHHLIMW W3 psaa ApYruX uccnenosaHui. ABGCONIOTHYIO
norpewHoctb 0,00022 HM BLIMUCTISIIOT NO pe3ynbratam TpexX HE3aBUCUMBIX U3MEPEHUI NPU AO0BEPUTENLHON
BeposiTHocT 0,95 %. [na oGecneyeHMA BbLICOKOW AOCTOBEPHOCTU MNOMYYEHHbLIX PEe3ynsTatoB MpoBOAAT
npeaBapuTenbHblE U3MEPEHUSI XapaKTEPUCTUK roCyAapCTBEHHbIX CTAHAAPTHLIX 00pasLoB AUMPAaKLMOHHBIX
CBOMCTB Ha TEX XK€ IKCMEPUMEHTANbHbIX YCTAHOBKAX.
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