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Mpasuna npumeHeHUs HacmMoaweao cmaxHdapma ycmaHoeneHsl 6 cmamee 26 ®@edepanbHozo 3aKoHa
om 29 uwHA 2015 2. Ne 162-03 «O cmaHdapmu3sauuu e Pocculickoll ®ebepayuu». HMHgpopmayus o6 u3-
MEHEHUAX K Hacmosawemy cmaH0apmy nybnukyemcs 8 exezo00HOM (N0 COCMOoAHUIO Ha 1 SHeaps mekyuiezo
200a) UHhopMayUoOHHOM ykazamene «HayuoHanbHblie cmaH0apmbi», a oghuyuanbHbil MexKem uameHerul
U ronpasok — 8 eXEeMECHYHOM UHGhOPMAUUOHHOM yKasamene «HayuoHaneHble cmaHdapmbi». B criyvae
nepecmompa (3ameHbi) Uil OMMeHb! Hacmosweao cmaHdapma coomeememeayiowee yeedomrneHue bydem
onybnuxosaHo 8 bnuxalieM ebIyCKe EXeMEeCAYH020 UHOPMAaUUOHHO20 yKadamens «HayuoHasbHbie
cmaHOapmbl». Coomeememeyrowias uHgopmayus, ysedoMneHue U MmeKemb! pasMeljaromes makke 6
UHgbopmayuoHHoll cucmeme obuieao nNonb3osaHus — Ha oghuyuanbHom calime ®edeparnbHoz20 azeHmemea
110 MEeXHUYECKOMY pe2ynuposaHuUio u Memponoauu e cemu MHmepHem (www.gost.ru)

© Cranaaptuudopm, odopmnenune, 2018

Hacroswmii ctangapt He MOXeT ObITb NONHOCTLIO UMW YaCTUYHO BOCMPOW3BEAEH, TUPAXUPOBAH U pac-
NpocTpaHeH B Ka4ecTse opuumnansHoro usaaHua bes paspelwenus degepansHOro areHTCTea rno TEXHUYECKO-
MY PErynupoBaHvuio U METPONOTrMK
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HAUMOHANBbHBIN CTAHAOAPT POCCUMMAUCKOWN ®ERAEPALUNMN

lMocypapcrBeHHas cucTeMa o6ecneyeHus eqUHCTBAa U3MEepPeHUil

CTAHAAPTHBIE CMPABOYHbIE JAHHBIE.
BAHAOWA

MapameTpbl KPUCTASIUYECKON PEILETKM.
KoathpuuneHT NMHEMHOro TENNOBOIO pacluMpeHna B gnanasone temneparyp or 240 K no 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

Dara eBepenHuna — 2019—03—01

1 O6nacTb NnpuMeHeHUs

Hacroawuii cTaHgapT pacnpoCTpaHAEeTCA Ha CTaHAApTHLIE CMpaBOYHbIE AaHHLIE BaHagusA, 0asoBylo
XapaKkTEPUCTUKY KOHOEHCHPOBAHHOTO BELWECTBA — napaMeTpoB KPUCTaNJM4eckon peluetkn obpasuos
BaHagus C HU3KUM COAEPKaHMeM KUcnopoga € WCNonb3oBaHuem cepudeckux (opm, WU3roTOBNEHHbIX
M3 MOHOKPWUCTannoB 30HHOW OYMCTKW, W HA JaHHble O BenuunHax KoadyuLMeHTa NUHEWHOro TennoBoro
paclMpeHus B gnanasoHe temnepartyp ot 240 K go 400 K.

2 HopmaTtmBHbIE CCbINKU

B HacTosilwem cTaHgapTe UCnonb30BaHbl HOPMATUBHBIE CCLINKK Ha creayoLwue cTaHaapThl:

MOCT 34100.3 HeonpeaeneHHOCTb MaMepeHus. Yactb 3. PYKOBOACTBO MO BbipaXeHWUI0 HeONpeaeneH-
HOCTU U3MEepEHUA

MOCT P 8.614 locypapctBeHHass cuctema obecneveHus eaWMHCTBA W3amepeHuid. [ocyaapcTBeHHas
cnyx6a cTaHgapTHbIX CNPaBOYHbIX AaHHbIX. OCHOBHbIE NOMOXEHWUSA

MpumevyaHue —Ipynonb3oBaHUWN HACTOALWMM CTaHAAPTOM Lienecoobpa3Ho NpoBEPUTL 4ENCTBUE CCLINOYHBIX
CTaH4apToB B MH(POPMaUMOHHOW cucTeme oBLLero none3oBaHWa — Ha otuuynansHom caiTe PefepanbHOro areHTcTea
NO TeXHUYECKOMY perynupoBaHuio U METPONOrMK B CETU VIHTEPHET UMW NO eXerogHoMy UH(OPMaLMOHHOMY yKasaTento
«HayuoHanbHele cTaHAapTeI», KOTOPLIA OnyGrMKoBaH MO COCTOAHUKO Ha 1 sHBapsA Tekylero rofa, W No BbinNyckam
eXeMeCcsAYHOro UHhopMaLMOHHOro YKasaTens «HauuoHanbHble cTaHgapThi» 3a TeKyLuid rof. Ecnu 3aMeHeH cChiNoYHLIA
CTaHAapT, Ha KOTOPbIA faHa HeJaTupoBaHHasA ccblnka, TO PEKOMEHAYETCA WCMonb3oraTh AEWCTBYHOLLYIO BEPCUIO 3TOrO
CTaHAapTa C y4eTOM BCEX BHECEHHbIX B AaHHYH BEPCUI0 W3MeHeHWA. ECni saMeHeH CChiNOYHBIA CTaHAAPT, Ha KOTOPLIN
[aHa [aTWpoBaHHas CChIka, TO PeKOMEHAYETCA WCMNOoMb3oBaTk BEPCUIO 3TOr0 CTaHAapTa € YKasaHHbIM BbilLe rofoM
YyTBEPXAEHWUA (NpuHATMA). Ecnu nocne yTBepxeHna HAacTOSALLero cTaHgapTa B CChINOYHLIA CTaHAapT, Ha KOTopLIW AaHa
faTupoBaHHaA cCbifika, BHECEHO W3MEHeHWe, 3aTparusatollee NONoXeHWe, Ha KOTopoe AaHa CobifKa, TO 3To NonoXeHue
pekoMeHAYeTCA NPUMeHATL 6e3 ydeTa AaHHOMO WU3MeHeHWs. Ecnu cchiNouHbli cTaHfapT oTMeHeH 6e3 3ameHbl, To
NonoXeHWe, B KOTOPOM [l@aHa CCbiNKa Ha Hero, peKoMeHyeTcs NPUMEHATL B 4acTW, He 3aTparvBatolen 3Ty CCbinKy.

3 O6wue NONOXeHUNA

B Hacrosiuem crangapte MpuBEAEHbl 3HAYEHWA CTPYKTYPHLIX XapakTepucTUK METannuyeckoro
BaHagua (V) n pgaHHble 0 KO3(hdPUUMEHTe NUHEWHOro Tennoeoro pacumpenusa (KIMTP) no pesyneraram
BbICOKOTOYHbIX USMEPEHWNIA HA COBPEMEHHOM AUPAKTOMETPUYECKOM 0D0pYA0BaHUM.

M3panue ocpuumnansHoe
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AKTYanbHOCTb MNOMNYYEHUA TOYHbIX 3HAYEHWIA CTPYKTYPHLIX XapakTepucTuk MeTannuyeckoro saHagua V
W akTyanu3MpoBaHHbIX AaHHbIX 0 KITTP cesA3aHa ¢ pasnuyHbIMA NPUMEHEHWAMKM CNNABoB Ha OCHOBE BaHaAus
B XMMUWU, METANMNYPruu, MaLULMHOCTPOEHWUU, aTOMHON JHEPreTUKe, MEKTPOHMKE.

Banaguii umeet BaxHoe (PManMonornvyeckoe 3HavyeHne ana pyHKUMOHMPOBAHMA OPraHM3mMa KMBOTHbLIX
1 yenoseka. OH TOPMO3WUT CUHTE3 XMPHbIX KUCNOT, nogaenseTr o6paszoBaHue xonecrepuHa u UHrmbupyer psag
hepMeHTHBIX cucTeM. B T0 e Bpems uabbITOK CoaepKaHusa BaHaaus B KPOBKM NPUBOAUT K 3aDoneBaHnsaMm.

MapameTpbl KPUCTanNnUYECKOW PELIETKM OMWChIBAKOT CTPOEHWE KPUCTaNMUYecKUX BELLecTB (TUM W
pa3Mepbl ANEMEHTAPHON AYENKU) U ONPEAENAIT UX MHOTUE (PU3UYECKWEe CBOMCTBA. 3TW AaHHLIE OTHOCATCA
K Ba3oBbIM XapakTepUCTUKaM KOHAEHCMPOBAHHOMO COCTOSIHUSA BELLIECTBA, OTpaxasa BanaHc cun NpUTSHKEHUSA
M oTTankueaHus mexay atomamu. OObeMm SfYelkW, BbIMWCMAEMbIA MO 3TUM AAHHbLIM, W 3HadYeHusa KITP
NpWM HanmuMYMuM AaHHbIX A8 PasnuMYHbIX TeMnepatyp, MCNOMb3yT MpU NPOeKTUPOBaHWW MATEPManos,
BKNIOYaOLWmMX V, B pa3nu4HbIX yCTPONCTBAxX. TemMnepaTypHbli AManasoH MaTepuanos, B KOTOPOM UCNOMb3YHOT
BaHagWK, ero cnnaebl U COEAWHEHMA, BKNKOYAET renuesbie Temnepatypbl oT 4 K go 20 K, 25 °C u BbICOKKe
TeMmnepatypsi.

AnA nocTpoeHua Gonee TOYHbIX TEPMOAMHAMUYECKWX MOAENEel NPOBEAEeH CPaBHWUTEMbHLIA aHanua
SKCMEPUMEHTANbHLIX AaHHbIX O NMapamerpax KpUCTaNnmUYeckoi pelleTkn V ¢ TeopeTMyYecKUMK AaHHbIMM,
NOMy4Y€HHLIMW Pa3NUYHbLIMU ABTOPAMM, U CPaBHUTENbHLIA aHanu3 gaHHeix 0 KITP 13 HayyHbix pabot, nony-
YEHHbIX Ha PA3NMYHbLIX OTEYECTBEHHBIX 1 3apyBeHbIX yCTAHOBKAX.

Peaynbrarbl aTUX pacyeToOB WCMOML3YIOT MPW MPOrHO3UPOBAHUM MEXaHWYEeCKUX CBOWCTB BaHagus W
BaHagUICOAePKaLLMX CNIIaBoB.

4 OcHOBHas yacTtb

B HacTosiLem cTaHaapTe no pesynsrataMm AWnaTtoMeTpU4eckux M3MepeHui KOMNapaTopHbIM METOAOM
NPUBE4EHbl CTAHAAPTHLIE CMNPAaBOYHBIE AAHHBIE 0 MapameTpax KPUCTanMYeCKON PeLUETKM M O BENUYMHAxX
KNTP saHagust B avanasoHe ot 240 K ago 400 K, paspaGotaHHbie B cooTeeTcTBuM ¢ MOCT 34100.3 u
rOCT P 8.614.

[l0CTOBEPHbIE AAHHBbIE NOSyYEHbl HA OCHOBE CPABHWUTENbLHOFO aHanM3a SKCMEePUMEHTAmNbHbIX AaHHbIX,
NONYYEHHBIX C UCMNOSb30BaAHMEM COBPEMEHHbLIX PEHTTEHOBCKUX AUIPAKTOMETPOB ANA U3MEPEHUA CTPYKTYPHbIX
XapakTepuCTUK MOHOKPUCTanoB, ¢ 060CHOBAHHbIMW JaHHbIMU Hay4YHbIX paboT. [lonoNHUTENLHOE NOBLILLEHKE
AOCTOBEPHOCTM CTaHAAPTHLIX CMPaBOYHbLIX JAHHLIX MNOMYYEHO NPU MCMONL3OBAHWM TOCYAAPCTBEHHbIX
CcTaHAapTHLIX 00pasuoB AWPaKLMOHHLIX CBOWCTB MOHOKPWUCTANIOB, M3MEPEHUA XapaKTePUCTUK KOTOPbIX
NPoOBOAAT HA TEX e yCTaHOBKaX.

4.1 NMoagroToBka o6pa3uos

O0Opasubl ANA W3MEepPeHWd NOAroTAaBNUBAIOT M3 MPYTKOB BaHagua mapku B3M-1, A4ONONHWUTENLHOrO
OYMLLEHHOIO METOAOM 30HHOIN NNABKK, B XO4€ KOTOPON BbIPALLUMBAIOT HECKONBKO MOHOKPUCTANNOEB, BeIpe3as
13 pasNMYHbIX YaCTEN MOHOKPUCTaNMUYECKMX CIMMTKOB KyDUKK.

JnA Npeun3noHHOro peHTreHorpachmpoBaHua NOAroTaBNMBAKOT U MCNONbL3YIOT 08pasubl chepuyeckon
¢dopMbl Anametrpom He Gonee 0,3—0,4 mm, 4YTO NO3BONAET KOPPEKTHO YCTAHOBUTL UX HA AUDPaAKTOMETP U
Haubonee TOMHO YYWUTLIBATL BNWSHWE NOMMOLLUEHUA PEHTIEHOBCKUX NydYen npu ob6pabotke AMPaKLMOHHONM
kapTuHbl. [uameTp cipepbl noadbupatT Tak, YT0Obl Ny4YoK, BLIXOAALWMIA W3 KONNUMAaropa PeHTreHOBCKOW
TPYyOKM, MOMNHOCTLIO OMbIBan o6paszeu. OObEM M YCNOBUS PEHTIEHOBCKOTO IKCMEPUMEHTA YCTaHABNMBAIOT
OTAENBLHO ANA KAXKA0ro KOHKPETHOroO obpa3sua.

[na obkaTkn 06pasuos B chepbl MCNONL3YIOT CNeuuanbHble YCTPOUCTBA, umetowme hopMy NNOCKOro
uunuHapa. B TakoMm ycTponWcTBe 3arotoBku (KyOudeckoi popmbl) noa BO3AEWCTBUMEM NOTOKA BO3AyXxa
ObICTPO NEpPEMELLAOTCA MO KPYry, YTO NPUBOAWT K CTAYUBAHUIO YINOB O NPUKNEEHHble abpa3uBHbLIE LLKYPKU.
MoCTENEHHO YMEHbLUAs 3ePHUCTOCTL LUKYPKU, NONy4atoT 0bpasubl NPaBUNLHOR POPMBI C BBICOKOR YUCTOTOI
NOBEPXHOCTU. MPEUMYLLECTBO MMEIOT LLKYPKU C anMa3sHbiM 1 TBEpAbIM 3Nb00poBLIM NOKPLITUEM. MCTOUHUKOM
BO3AyXa CryX*MT KOMAPEeccop, HanpuMmep Ana asporpadea.

MckakeHHbIn CnoW BaHaawsi cHumalotr TpasneHnem B pactsope HNO3:H;PO,.CH;COOH: H,O
(10:40:10:40 mn). [ins anekTpONONMPOBKU W ANEKTPOTPABNEHUS NOBEPXHOCTHOrO Cnosi 06pa3sLos U3 BaHagus
NPUMEHSAIOT BNEKTPONUT crneayowero cocrasa: 60 mn xnopHOW kucnotel, 350 mn Gyrunuennosonoea u
590 mMn MeTunoBOro CnupTa, NISIOTHOCTL TOKa OKomno 16 A/am2, TemnepaTypa 3neKTpONUTa KOMHATHas,
KaToaOM SIBMSETCA HepXapetowas cranb. [pu 00bIMHOM XMMWYECKOM TpaBneHWn BaHAAUA MPUMEHSIOT
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CMECH NNABMKOBOW M a30THOM KUCMOT, COOTHOLLEHWE WU KOHLIEHTPaLUMWA KOTOPbLIX MEHAIOTCA B 3ABUCUMOCTH OT
XUMUYECKOrO COCTaBa BaHaAWEBLIX CMNaBOB.

Ana noarotosku 06pa3LOB M YCTAHOBKM MX HA AUPAKTOMETPUYECKYIO CUCTEMY MCNONb3YIOT ONTUYECKMIA
OMHOKYNAPHLIN CTEepeocKonuYeckuii Mukpockon Tuna MBC, KOTOpLIN NO3BONAET NPEBAPUTENLHO ONPEAENAUTL
pasmep u kadecrBo opmbl 0Opasya. M3 noarotoBneHHbIX o6pasuoB BbiOMpaloT oBpasey C Hawnyywen
ANPaKLMOHHOW KapTuHOW. 3ateMm npou3BOAAT MOHTaXK obpa3ua Ha aepxarernb FOHMOMETPHUYECKOro
YyCTpPOWCTBA. [NA OYUCTKWM Aep)kaTenen obpasuoB WCMONb3YIOT CAMPT, ANS YCTPAHEHWS MOBEPXHOCTHLIX
MCKaXKeHWIA nocne obKkaTku — CMEeCh KMCMOT; ANsl MOHTa)a ManbiX MOHOKpUCTannuyeckux cdep — knei-
renb, Hanpumep «MomeHT». OOpaszey NPUKNEUBAKOT HA CNEUMAnbHLIM AepXarternb CO CTEKNMAHHOW HUTLIO
(HUTb U Knen oBGecneunBatoT OTCYTCTBUE AOMONHUTENbHLIX ANAIPAKUMOHHLIX pednekcoB) U ycTaHaBNMBaOT
Ha TOHWMOMETPUYECKYIO TONOBKY AudpakTomerpa. MOHMOMETPUYECKYHD TONOBKY (PUKCMPYIOT B MOCaAO04HOM
rHe3e roHWOMETPa, U NPOBOAAT KCTUPOBKY Tak, 4YTobbl oBpa3sey nonagan MakCMManbHO TOYHO B LEHTP
(nepece4yeHue BCEX OCEN) rOHUOMETPA.

4.2 3KkcnepuMeHTanbHasa annaparypa

MiamepeHue napameTpoB KpPUCTaAnNNUYECKOW peLueTku (pasMepoB SNEMEHTApPHOW fAYeiKku) BaHaauA
NPOBOAAT C WCMNOMb30BaHWEM YCTPOWCTB AUdPaKTOMETpa W NPWCTaBOK CreuuansHOW KOHCTPYKUWK,
NO3BOMAIOWMX aHanuW3npoBaTb AWMPPAKUMOHHYK KAapTUHY MOHOKPWUCTanfOB W paccyuTbiBaTb €€
XapakTepUCTHUKK, a 3aTeM ONPeaensTs CTPYKTYPHbIE XapakTepucTuky selecrea. OCHOBHasA Wwkana 6onbLworo
rOHUOMETPA UCMONbaYyeMbIX ANPPaKTOMETPOR 0BecnevymBaeT AnanasoH BO3MOXHbLIX NOBOPOTOB AeTekTopa A0
120°. MoBopoTkLl 06pa3sLia OCyLECTBNAIOT C MOMOLLBIO APYrMX TOHUOMETPUYECKUX YCTPOICTB Takum obpasom,
4yTOObI 38NONMHUTE BCHO Che py amepaemoro ob6paTHoro (MMNynNLCHOro) NPOCTPaHCTBAa U Nocne Nnpeobpa3oBaHuin
BO3MOXHO Oonblni 00bEeM 3neMeHTapHoW sverkd. Onsa uManyyeHusa oT MonubaeHa-aHoga MCNonb3yioT
PEHTIeHOBCKYI0 TPYOKY (ONTMHY BONHbI XapakTepucTunyeckoro nanyderdma Kal npunumaior 2a 0,070932 Hm). B
YCUIUBAIOLLYIO ONTUYECKYIO CUCTEMY BKIMKOYAIOT rpauMTOBbIE MOHOXPOMATORbI U KONNMUMAaTOPbl C BHYTPEHHUM
oTpaxkeHuemM. 3a CYET UCNONb30BAHMA XapaKTePUCTUK PEHTreHOYYBCTBUTENbHOMO 3KpaHa OCYLUECTBAST
paboTy ABymepHOro Aetektopa AudpakToMeTpa, ocHOBaHHOro Ha CCD-texHonorugx. Bca cucrema pe-
rucTpayun CUrHanos XapaKTepu3yeTcsa A0CTaTOYHO HWM3KUM YPOBHEM LUYMOB, YTO MO3BOMAET NPOBOAUTL
ncenegosanua 0bpasyos manoro odvema.

KoHcTpyKkumn ouchpakTOMETPOB NO3BONSAIOT PErMCTPUpoBaTh nopsaaka 900 BparroBCKux oTpaxkeHuin (npu
renveBbiX TeMNeparypax B M30paHHOW NONOXUTENLHOW W OTpuuaTtenbHoW obnactu yrnos gudpakumum) u ao
4000—5500 H6parroBCKMX OTpa*KeHWn ANA pasnuyHbix 06pa3uyoB npu HOPMAanbHOW TeMnepaType, KOTopble
MCNONb3YIOT ANSA pacdeTa napaMeTpoB KPUCTaNNMYECKOW PeLLIETKN (pa3MepoB SNEMEHTAPHOR AYernKn) 1 Ans
HOpManbLHOW Temnepartypbl — BenuMuKnHbl KITTP.

[na ysennyeHua TOYHOCTH AaHHBLIX NPU HOPMAIbHBIX YCNOBUAX U3MEPEHUA (PMKCUPYIOT BEICOKOYTMOBLIE
pednekcol (bonee BoICOKME NOPAO KN OTPAXKEHWM OT CEMEINCTBA KpUCTaNnorpadmMyeckux nrockocTen), KoTopsle
obecneunBalor 6NU30CTb K Yrny ckonbXeHua 90°. MocKoNbKy MHTEHCUBHOCTL TaKMX OParroBCKUX OTPaXeHun
Ha nopsiaku cnabee, yemM AN OTpa)keHUh ¢ mansiMKM uHaekcamu Munnepa, To npu pabote gudpakromerpa
UCNONL3YIOT MakCUManbHO BO3MOXHbLIE 3HAYEHUA TOKA U HANPSHKEHWIA PEHTreHOBCKON TpyOku w/unu Gonee
ANUTENLHOE BPEMSI U3MEPEHWIA B KaX0i TOYKe 00paTHOro NPOCTPaHCTBAa, B KOTOPOM KaX{4oe OoTpaXeHue
COOTBETCTBYET ONpPeAeneHHOMY 3HAYeHUI0 NepefaHHoro MMNynLca, B KOOPAWHATAX KOTOPOro MpOoWCXoguT
npouecc usmepeHus. OOLlee BpeEMA IKCNEPUMEHTA ANA Kaxaoro obpasua npv HOPMarnbHbIX YCMOBHUAX
namepenuit coctaenset ot 90 o 120 4 HenpepbiBHOW paboTel AndpakTomeTpa. Bnok-cxema ncnonb3yemoro
AndppakTomeTpa npeacraBneHa Ha pucyHke 1.
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PucyHok 1 — Briok-cxema ycTaHOBKM — [UDPaKTOMETPUYECKON CUCTEMBI
C UCMonb3oBaHWeM KOPOTKOBOMTHOBOIO U3STyYeHus

OnanposeneHus namepeHunin n 06paboTkmn IKCNEPUMEHTAaNbHbIX AaHHbLIX C NOCNEAYOLUM ONpeaeneHnem
CTPYKTYPHbIX XapakTepucCTHK, YAOBNETBOPAOLWMX CTabWnbHbIM NapameTpaM KpUCTanM4ecKoW peLueTKu,
MCNONb3YKT aTrTeCTOBaHHY MeToauKy uamepenuin [Ne 702/06-09 (®P.1.31.2009.06707)]. Ans noBbIlWEHUA
[OCTOBEPHOCTW [aHHbIX NPELBapUTESIbHO HA TeX K& YCTaHOBKax W3MEpPSAIT XapakTepUCTUKA 3TanOHHbIX
CpeACTB U3MEPEHMI — CTaHaapTHble 0Opasybl AMdpakLMOHHBIX CBOMCTB MOHOKpUCTannos, Bknoyas MCO
MNP®-4 (MP®-3) kpemuuin u MCO MP®-9 (MNP-1) cunuuna BaHaaus.

4.3 OcoBeHHOCTH NpoLeaypbl N3MEPEHUN

4.3.1 Pernctpauum andpakuMoOHHON KaPTUHbI

Ona pernctpaunm gudpakuMoHHON KAPTHUHBI YCTAHABNMBAKOT PACCTOAHME KPUCTANNNYeCKOro AeTeKkTopa
paBHbIM 41,5 MM, UCTNIONBL3YA KONnMMarop ¢ guametpom 0,5 MM, YctaHaenuearot «byHkepoBKy» (00beguHeHne
nuKkcenen unu pasbueHune marpuubl Ha cyB-bnokun) 2 x 2, ¢ paspelleHuem Matpulbl getektopa 1024 x 1024 nk.
[ns monu6aeHoBOro MCTOMHUKA PEHTITEHOBCKOTO U3MYYEHNS YCTaHaBNUBAKOT TUMOBLIE 3HAYEHUA HaNPSKEHUSA
1 Toka: 50 kB n 40 mA nnu 33 kB 1 50 MA, koraa TpebyeTcsl yCTpaHuTh OTpaXXeHUsl, COOTBETCTBYIOLLUE BTOPO
rapmoHuke (M2).

4.3.2 KOcTupoBKka obpasua

KOcTupoeky obpasya V npoBOAAT B pEXWME PYYHOro ynpaeneHusa. Kpuctann cHMTaeTca CbCTMPOBaH-
HbIM, €CMN NPU ABWXEHMM NO NIOGOW U3 OCEeW LEHTP TMHKECTW obpasua coBnageT C NepekpecTMeM LKan
MMWKPOCKONA W OTKIOHEHWe cocTaenseTt He Gonee 10 MKm.

4.3.3 Ycnosus uamepeHui

Mpu NPOBEAEHNN U3MEPEHWUIA NPWU HOPMaIbLHOW TeMneparype 06bIYHO COBNIAAatoT CneayloLue ycrnoBua:

- Temneparypa Bo3gyxa — B Anana3soHe 297 K — 300K (24 °C—27 £ 2 °C),

- artmocchepHoe pasneHne — 84—106,7 klMa (690—800 mm pT. CT.);

- OTHOCUTENbHas BNa»HOCTb BO3ayxa — He Bbonee 80 % npu Temnepatype 25 °C;

- HanpshKeHue NUTaHusa ANekTpoceTn Ana ogHodasHoro Toka — 200—240 B.

C wcnonbsoBaHweMm nporpammHore obecnedenus obpasey noBopaqnBalOT MNOCNeAoBaTenbHO CO
BCEMW BO3MOXHbIMWM MOBOPOTAMKM, YTOOLI 3adPMKCUPOBATb HA [OETEKTOPE WMHTEHCHMBHOCTb OTPAaMKEHHbIX
auparupoBaHHelx nydeid ¢ Bonee nonHeiM u3obpaxeHuem cdepbl 00paTtHOro npocTpaHcTea, cdepbl
OBanbaa. MNpu noBopoTe 06pasua pasnuyHble OTpaXkatoLme aToOMHbIE MITOCKOCTN MPOXOAAT Yepes NOSoKEHNE,
NP1 KOTOPOM BbINOMHSAETCA YCNOBUE, COOTBETCTRYOLLEE 3aKoHy Bparra-Byneda. Ha andpakynoHHo i kapTuHe
NOAIBNAETCA pacnpefeneHne WHTEeHCUBHOCTW OparroBCKUX OTPaKeHWId, KOTOPbIE OUKCUPYIOTCA B Kawaom
dpeiime U NepeaaloTca Ha KOMMNbIOTEPHOE YCTPOWCTBO ANA 3anoMuHaHnA, 06paboTku n aHanusa.
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Ons npoeepkn oBpasua Ha COOTBETCTBME MCCneayemMoin dpaze MOHOKpUCTANMa W ANs OLEHKU YPOBHS
COBEpPLUEHCTBA 9TOr0 BELUECTBA CHavana OCYLIECTBAAIOT NEPBYIO NPEABAPUTENLHYIO CbEMKY C O0BLUM
BpemeHeM 5—10 MuH ana npoBHOro onpeaeneHns NapaMeTpoB PELLETKM KpucTanna KOHKpeTHoro obpasua.
Mo okoHYaHWK NepBO NpefBapPUTENLHON CLEMKM OLEHMBAIOT OTNMYKME NapaMeTPOB PELLETKM KpucTanna oT
OXWUAAaeMbIX, NMPOLEHTHOE OTHOLUEHWE YMCNa OTPaXKEHWUI Ha AUMPAKLUMOHHON KapTWUHE, YO40BNETBOPAHOLMX
BbIDpaHHOMY TUMY 3NEMEHTAPHON AYerkn. 3aTeMm OLEeHUBAKT Ka4ecTBO ANMPaKLUUOHHOW KapTUHBLI B LLENOM,
BKOYan hopmy AMpakLMOHHBIX MAaKCUMYMOB. Ha OCHOBaHUWM aHaNW3a pesynbTaToB M3MEPEHWI NPUHUMAIKOT
pelwieHne o ganbHeiwen paboTte ¢ AaHHbIM 06pa3uOM.

Ans o6pa3sya, BbIGpaHHOIO M3 NapTuK, NPOBOASAT BTOPYIO NPeARapUTENbHYIO CbEMKY C 06GLUMM BpeMeHeM
akcnoamumm 60—120 MWUH. BKCnepuMeHTanbHble AaHHbIE, MOMYYEHHLIE NOCME CLEMKWM, UCNONbL3YKT ANA
OLIEHKM U 3aJaHUs NapamMeTpoB OCHOBHOIO dKcnepumMeHTa. CHayana OLEeHWBAKT AOCTYNHOE pa3pelueHue U
BPEMS IKCNO3NLMM ONA pa3HbIX MONOXKEHWI LETEKTOPA MO Yy CKONMbXeHUA 8 anA obecneyerus Tpedyemoro
YPOBHSI CTAaTUCTMKNM W3MEPEHWA MHTEHCUBHOCTEN 3a LOCTYNHOE BPEMSA NPOBEAEHMA BCEr0 3KCNEepUMEHTA.
3aTem NpOBOASIT OCHOBHOE peHTreHorpaduposaHue obpasuos ¢ obuwm spemenHem oT 90 no 120 4. Mo
OKOHYaHWK 3KCNEPUMEHTA NPOBOAAT 06pabOoTKy NONy4YeHHbIX AaHHbIX C Bblaaqel hannoe, HeobxoauMbIX ANA
JanbHeALWero CTPYKTYPHOrO aHanuaa.

4.3.4 O6paborka AaHHBIX

O6paboTKy AaHHbLIX U3AMEPEHUIA NPOBOASAT C NPUMEHEHUEM NPOrpaMmHoro naketa CrysAlis. MNapameTpel
3NeMeHTapHOW HYenku onpegensloT nocnegosatensHo. C  ucnonb3oBaHuem nporpamMmbl  CrysAlis
OCYLLECTBNAKT NOUCK OparroBCKUX OTPaXeHWW Ha Kakaom dppenme. [lanee onpeaensaior aneMeHTapHyio
AYENKy, pasmepbl KOTOPOW yaoBneTBopaloT He meHee 90 % 3admKCUMpOBaHHbLIX AMPAKUMOHHBIX pednek-
COB. 3aTem YTOYHAKT UHCTPYMEHTaNbHYO MOAenb, COOTBETCTBYIOLLYH NapaMeTpaM peLueTku Kpucranna no
YTOYHEHHOMY Habopy AUMPaKUMOHHBIX OTPaXKEHWIA U UCNONBL3YIOT NPOrpamMMy ANA NPoBeAeHUs NPOPUNEHOTO
aHanusa, COCTOfILLero U3 AByx 3Tanos:

1) onpepeneHuwe poHa U rpaHuL NUKOB;

2) nony4yeHue UHTEerpanbHbIX UHTEHCUBHOCTEN.

3aeepenne 06paboTkM OCYLUECTBNAIOT CNeaylowmMMn AeNCTBUAMMU: CHavana BHOCAT BCE 3HAYUMbIE
nonpaskM B MHTEHCUBHOCTK, YTOGLI U3MEPEHHBIE BENUUMHBI NPUONM3NNUCL K KKHEMATHUYECKON LIKane, 3atem
BBOOAT nonpasku Ha adgpdpekT JlopeHua n Ha nonapu3aumio ¢ MCnosbs3osaHuemM nporpammel CrysAlis.

4.4 Mpouenypa onpenerieHMA NAPpamMeTPOB KPUCTAIUIMYECKOU PEeLIeTKN

OnA pacyeTa 3HavyeHW NApamMeTPOB PELUETKM UCNOMb3YIOT 3HAYEHUs YrmoB ), COOTBETCTBYIOLUMX
MakCUMyMam pacrnpeneneHna MHTEHCMBHOCTEN Op3rrOBCKUX OTPAXXEHWN, MU COOTHOLLUEHME, CBA3bLIBAIOLLEES
3HAYEHMS MEXNMNOCKOCTHbIX PACCTOAHWIA C 3TUMU yrnamm

2dsin0 = ni, O]

rae d — MeXnnoOCKOCTHOE pacCTOSIHUE, HM;
() — yron CKonbXeHus ny4en;
n — nopapok otpaxeHns 1, 2, 3...(BO3MOXHOCTb (PMKCUPOBATL OTpaXkeHusi ¢ 6onee BbICOKMM NOPAAKOM,
KOTOpble o6ecneqmnBaloT NOBbLILUEHUE TOYHOCTHU ONpeaeneHua napameTpoB, 3aBUCHT OT ANUHLI BON-
Hbl UCMONb3YEMOro U3NyYeHUs);
A — ANKHA BOMHLI UCNOMNbL3YEMOr0 U3NYYeHUA.
Ha ocHoBe cooTHoweHus (1) AnNA pas3nuuHbIX KpucTannorpacuyeckux CUHFOHUA UCMONb3YIOT
copmyny (2) ansa pacuyeta pasmepoB 3NeMEHTapHOW Auelikn (a) (kBagpaTtuyHblie QOpMbl Ana Kybuueckon
CUMMETPUMN)

Beys = 2 +K2 +12. ¥3)

MockonbKy Npu M3MEHEHUW TEMMEepaTypbl UMEHAIOTCA NapaMeTpbl peweTku obpasua, UMeeT MecTo
M3MeHeHue HabnaaeMbIX 3HaYeHWi yrnoe 0 Ans mMakcuMymoB Dp3rroBCKMX OTpa)keHui. Mo nsMepaemMbim
yrnam ans Kakao0u TeMnepaTypel Ha OCHOBaHUM (POPMYNbl 2 paCCUMTLIBAKOT UCKOMbIE NApPaMeTpLl KPUCTannu-
4ecKkon pewetku. Tpebyemyio TeMnepaTypy Mnu 3alaHHbIil TEMNEPATYPHLIA pexuM nccnegyembix o6pasyos
noaaepxueator Ha audpakromerpe XCalibur hupmbl Rigaku-Oxford Diffraction ¢ ToMHOCTBIO cTabunuaayum
Temnepatyp 0,5 °C B suanasone Temneparyp ot 297 K o 300 K. Temneparypy 06pa3ya namepsioT noBepeHHbIM
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nameputenem Temnepartypbl M BnaxHoctu VMBTM-7, pasMmellueHHbIM B HenocpeacTtBeHHOW 6nm3octu OT

obpasua c AOBEPUTENLHON NOrpelHocTsio 0,7 K.
Ha apyrux Tunax gupakToMeTpoB Ui NPeuu3MoHHbIX KaMep cneyuansHble YCTPOICTBa Perynupytot

noJorpeBaemMble NOTOKW a3oTa MMM renus no BCeM AuanazoHam TemnepaTyp C TOMHOCTbIO cTabunusauuu
Temneparypsl B npegenax 0,1 °C—0,2 °C.
4.5 JKkcnepuMeHTanbHbIe OaHHbIE

Ha pucyHke 2 npeacraBneHbl UnniocTpaumumn AudpakyMoHHOR KapTUHbI M3 hpeitma, 3atpuKkCUpOBaHHOTO
npu HEBbICOKMX yrnax. ®opma AupakUMOHHbLIX NATEH Ha AudpakTorpaMmMax MOHOKpWCTanna BaHaaus
nokasblBaeT xopowee ka4ecTteo obpasua, BeibpaHHOro Ans nocneayoLlero aHanusa scen AndpakLnoHHOM

KapTUHBbI. - . - —
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PwcyHok 2, nuct 2

Avarpamma casosblxX paBHOBECKIA ANA BAHAAUSA C HEBONLLUMM COAEpKaHUEM KMCNOopoaa npeacTaBneHa
B [1]. Mpwu aTom oTMevaercs, 4To HebonbluMe A0DaBKkM KMCNopoda CnocoBOCTBYIOT NIMHEWHOMY YBENMUYEHUIO
3HauYeHUss napameTpa pewleTkn Ge3KkucnopogHOro BaHaaus. 3TO MNO3BOMNAET OLEHWBATh COAepXKaHue
KMcnopoga ans aHanusmpyemMbix 06pa3uos 1 cpaBHUBATE Pe3ynsTaT C AaHHLIMU XUMUYECKOro aHanuaa.

B tabnuue 1 npeacrasneHbl pesynsratel 06paboTkM AaHHBIX ANs TPEX pasnuyHbix 06pasuyos.
Bocnpou3soANMOCTb pPe3ynbTaToB AN TPEeX 3KCNePUMEHTOB OYEHb BbICOKAs, YTO MO3BOMNSET UCNONL30BATL
CpefHee 3HayeHwe B Ka4ecTBE CTaHAapPTHOro CNPaBOYHOro A4aHHOIO.

Tabnuya 1— NapameTpbl KpUCTANNUYECKOR PELIETKN MOHOKPUCTANNNYECKoro BaHaaus AN BLICOKOYITOBOro
Jwana3soHa c yrnom getexktopa 113°

O6pas3upl MapaMeTp peLueTkn, HM

1 0,303374(2)

2 0,303151(3)

3a 0,303547(2)

3b 0,303571(3)
CpepHee 3HavyeHue 3 3a u 3b 0,303559(17)
CpepaHee 3Ha4YeHWe no sceM obpaslam 0,30336(20)
MpumMeyvaHua
1 — B Kkpyrnbix ckobKax npuBegeHs YACNOBbIE 3Ha4YeHWA HeonpejeneHHOCTeN KaX 4o cepu naMepeHui.
2 — CpeaHee 3HadeHue no BceM obpasuam BLIMUCNAKT Mo 3HaveHuAM 1 W 2 obpasla 1 No cpefHeMy 3Ha4yeHu

obpasuoe 3a v 3b.

3HayeHuss NapaMeTpoB KPUCTanNnMYecKOW peLleTkn BaHaAuA 3aBUCAT OT TemnepaTypbl, METOA40B
M3MEPEHUA M OT YUCTOTbl uccnenyemblx 00pasuoB. XapakTepucTuku STUX 3aBUCUMMOCTER  Ans
NONUKPUCTaNNYECKOro BaHaaus, NONyYeHHble B pAAe HayyHbix paboT, onucaHbl U NPOUMNICTPUPOBaHLI B
rpacuyeckom u TabnuyHom suge B [1].
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4.6 PesynkraTthbl onpeaeneHua Ko3gpULNEeHTOB TENSIOBOrO paciliMpeHus

Tennosoe pacluMpeHue Bewects U matepnanos U 3Havenua (KNTP) u ero nameHenvwe ¢ Temnepary-
PO ONpPeaensiloT Ha OCHOBE YYETA aHrapMOHWYECKUX 3P EKTOR B AUHAMUKE KPUCTANMUYECKON PELLETKU.
3HayeHune KITP npsmo nponopuroHansHo KO3MULUKMEHTY aHFrapMOHWYHOCTW B PA3NOXKEHUU NOTEHLUMANBHON
BHEepPruM U UMEET OANHAKOBLIW C HUM 3HaK.

B [1] npuBeaeHsl peaynbrartel aHanu3a W3MepeHnin Ans onpegeneHns napameTpoB KPUCTannUYecKow
peweTkn n KNTP BaHagusa pasnuuHbIMU METO4aMU, BKINKOYAs PEHTTEHOBCKWE, NPUY pa3sHbIX TEMNepaTypax.

Tennosoe pacluMpeHne BaHaausA YyBCTBUTENbHO K NPUMECAM B Matepuane. YBenuyeHue coaepaHus
npumecen Ha 0,1 % NpuMBOAWT K yBEMUHYEHUIO TENNOBOrO pacumpenus npu T= 300 K Ha 30 %. Xapakrepucruka
yucToThl 00pa3suoB, METOALI, WHTEpBanNbl TemnepaTyp, WCNOMNb3OBaHHblE B paborax pasnUyHbxX
uccnegosarenen, Ana onpeaenedns Ko @ULMEHTOB TEMMNOBOrO PaclUWPEHUN BaHaama NpoaHanu3upoBaH.b!
1 npeacTaeneHsl B TabnuyHon dopme B [1].

B npuseneHHol Hke Tabnuue 2 npeactaeneHsl 0606LWeHHbIe 3HaueHws KITTP B aguana3soHe Temneparyp
o1 220 K no 400 K.

Ta6Gnuuya 2— 3HayeHus KITP BaHagua B gnana3oHe Temnepatyp o1 220 K o0 400 K

Temnepatypa, K KNTP, a 10-° rpag™!
220 7,65
240 7,71
260 7,76
280 7,80(1)
300 7,84(1)
400 8,5(2)
n pumevaHune — B KpyrnblX ckobkax npueepeHbl YUCNoBblE€ 3HAYEHNA Heonpe,qeneHHoc:Teﬁ_

[laHHble 0 napameTpax KpUCTanmnuM4eckon pewweTtku u 3HadeHuax KINTP eaHagua, npeacTaBneHHbIe B
paboTax pasnu4HbIX MCCrnegoBaTener, ONpeaensloT YpPoBeHb TEOpeTUYecKux pacyetos. Mo pesyneTatam
3TUX pacYeToB CyaAaT O HeobXOAMMOCTM NPOBEAEHWUS AOMNOSHUTEMNbLHLIX WM NOAPOOHBLIX W3MEpPEeHUi
MOHOKpUCTanNnuyeckux o6pa3LoB C y4eTOM BO3HUKHOBEHWUSI HEMWHEWHOTO NOBEAEHMS NAPAMETPOB PELUETKU
1 KITTP B pa3anuuHbix AManasoHax TEMNepPaTyp, TaKk Kak Npyu NOHMXXEHUW TEMNEPATYPLI NOSABNSIOTCA NPU3HAKK
ha30BbIX NEPEXOAO0B, CBA3aHHbIE C 0CODEHHOCTAMU 3NEKTPOHHOMN CTPYKTYPbl 3TOF0 3aNeMEeHTa.

Mpu paspaborke Tabnuy cTaHAapTHLIX CNPABOYHBLIX AAHHLIX MCNOML3YIOT TEMNEpaTypy UNu AManasoH
TeMmneparyp B0Nn3n KOHKPETHOrO 3a1aBaeMoro 3Ha4yeHus. PenepHoi TOYKON CHMTAIOT TEMNEpAaTypy, KoTopas
COOTBETCTBYET HOPMAanbHbIM YCNOBUSAAM U3MEPEHUN, TO €CTb BONu3an Temneparypbl 300 K (ot 23 °C go 27 °C),
MCNonb3ys ANa cpaBHEHWUS Hauwbonee A0CTYNHLIA AWanasoH TEMNEPaTyp, B KOTOPOM pe3ynsrartbl U3MEPEHUI
JOCTAaTOMHO XOPOLUO COrnacyTca mexay cobomn.

4.7 [JOCTOBEPHOCTb AAHHLIX

JIOCTOBEPHOCTb NONYYEHHBLIX AAHHLIX N0 3HAYEHUAM BEMUYUHLI NApaMeTpa KPUCTaNNUYEeCKon peLleTKu
n KNTP oueHuBaOT No pe3ynsrataMm COBMECTHOW 00paboTku pe3ynsraToB WM3MEPEHWA U CpaBHEHMEM
PEKOMEHAYEMBIX 3HAYEHUIA C OOOCHOBAHHLIMM AAHHBLIMM W3 psga APYIMX uccnegoBaHwin. AGCONIOTHYIO
norpewHocTb 0,00022 HM BLIYMCTISIIOT MO PE3ynbLTatam TPeX HE3aBUCUMBIX W3MEePEeHUA NPU AOBEPUTENBHON
BepositHocTu 0,95 %. [ina obecneyeHnA BbICOKOW AOCTOBEPHOCTM NONYYEHHbIX Pe3ynsTaTOB NPOBOAAT
npeaBapuTenbHbIe U3MEPEHUsI XapakKTepUCTUK rocyAapcTBEHHbIX CTaHAAPTHLIX 00pasuoB AUMPAKLIMOHHBIX
CBOMCTB Ha TEX K& IKCMEepPUMEHTAalbHbIX YCTAHOBKaX.
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Bu6nuorpadpusa

[1] Kogecc B.H. Tabnuubl cTaHfapTHBIX cnpaBoYHbIX AaHHbIX, TCCCH 341—2018. Banagwii. MapaMeTpel kpucTan-
nudeckoi pelueTkn. KoadduuymeHT NMHENRHOro TennoBoro pacllMpeHna B AuanasoHe Temnepatyp oT 240 K go
400 K. — M.:@I'YTT «BHUMMC», 2018. — 34 c.
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KniodeBble cnoea: [ocygapcTeeHHass cuctema o0ecnedeHus eauHCTBA U3MEepeHWs, CTaHAapTHble
CNpaBOYHble OaHHbLIE, CTPYKTYPHbIE XapakTepuCTUKA BELECTB, AWMPPakuMOHHLIE CBOWCTBA, NapameTphl
KPWCTannNM4Yeckon peLweTkn, KoadpUUNEHT NMHEMHOrO TENOBOrO PacLUMPEeHWA BaHagusa, MOHOKpUCTann.l,
cTaHaapTHele 00pasybl, BbICOKasA TOMHOCTb, BOCMPOM3BOAUMOCTE U JOCTOBEPHOCTL PE3ynLTaTos
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