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MNpegncnosne

1 PABPABOTAH ®depepanbHbiM rocygapCTBEHHbIM YHUTApPHbIM NpeanpusTieM «Bcepoccuiickunii
Hay4HO-MccnefoBaTesIbCKUin MHCTUTYT METPONOTMYECKOR Cyx6bl» (PIYM «BHUVMC)

2 BHECEH TexHuuyecknum kKoMUTeTOM Mo cTaHgaptmdauun TK 180 «CTtaHgapTHble CripaBoYHble faHHble
0 hU3NYECKMX KOHCTaHTax U CBONCTBAax BELLECTB U MaTepnasioB»

3 YTBEPX/IEH W BBEAEH B AEWCTBUE MNpukasom depepasnbHOro areHTcTBa Mo TEXHUYECKOMY
perynvpoBaHuio n metposiorun ot 13 gekabpsa 2018 r. Ne 1096-cT

4 BBEJEH BINEPBbIE

MpaBuna npuMeHeHNss HaCTOALWEro cTaHgapTa ycTaHoB/EeHbl B cTaTbe 26 ®efopanblioro 3akoHa
0T 29 uioHsA 2015 1. Ne 162-93 «O cTaHfapTu3auum B Poccuiickoin Pepepauun». NHpopmauns 06 nsmeHe-
HUAX K HAaCTosLeMy cCTaHgap Ty ny6nkyeTCca B eXKerogHom (Mo COCTOSAHMI0 Ha 1 AHBaps TekKyLero roga)
H(OPMaLMOHHOM yKa3aTerne «HaunoHanbHble CTaHAapThi», a 0puUNanbHbIi TEeKCT U3MEHEHWUI 1 nonpa-
BOK — B €XXEMECSYHOM MH(DOPMAaLMOHHOM yKa3zaTe e «HauuoHanbHble cTaHaapThi». B cnyyae nepecmoT-
pa (3ameHbl) UM 0TMEHbI HAaCTOALWEro cTaHAaapTa cCooTBeTCTBYylLee yBefoMeHne bygeT ony6anko-
BaHO B 6/1maiilLem BbiNyCKe eXXemMeCsayHOro nHhopMaLMoHHOT 0 Yka3aTens «HaunoHanbHble cCTaHgapThi».
CooTBeTCTBylWasa nHopmauus, yBeJoMIeHne U TeKCTbl pasMeLlalnTCca Takke B MHOpPMaLOoHHOW
cucTeme 06LLEero nofib3oBaHns — Ha ouunanbHoM cainTe Pefepanbiloro areHTCcTBa N0 TEXHUYECKOMY
perynupoBaHuio n MeTposorun B ceTun MHTepHeT (wiviv. gosf.ru)

© CraHpgapTuHdopM. odpopmieHue. 2018

HacToswuii ctaHgapT He MOXeT 6bITb MOTHOCTHIO UIN YACTUYHO BOCMPOM3BELEH, TUPAXUPOBAH U pac-
NPOCTPaHEeH B KAUECTBe OULMANILHOTO N3aaHus 6e3 paspelleHnst defepasbHOro areHTCTBa No TeXHUUYEecKo-
My peryMpoBaHuio U MeTposIorumn
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HALUMWOHANBbHBLIMN CTAHOAPT POCCUMUCKOW SGELEPALWUMU

lFocypapcTBeHHas cucTeMa o6ecnedyeHusi eMHCTBA N3MepeHuii

CTAHIAPTHbIE CMIPABOUYHBIE AAHHbIE.
CUAMLMG BAHALANSA

MapaMeTpbl KpUCTaNINYECKON pelleTkn B Auana3oHe KoOHLeHTpaumnii
oT 20 at. % po 25 atr. % kpeMHus. Koadhh1yneHT NTMHERHOro TeNI0BOro paclinpeHus
B Auana3oHe Temnepartyp oT 20 Kgo 300 K

State system for ensuring the uniformity of measurements. Standard reference data. Silicide of vanadium.
The lattice parameters in the concentration range from 20 at. % to 25 at. % of silicon.
Coefficient of linear thermal expansion in the range of temperatures from 20 K up to 300 K

fata eBegeHns — 2019—03—01

1 O6nactb NPUMEHEHUs

HacToswwmii cTaHAapT pacnpocTpaHseTca Ha CTaHAapTHble CnpaBoYHble faHHble 0 nmapameTpax Kpu-
CTa/IINYyecKoli pelueTkn (pa3MepoB 3/IEMEHTapHOW AuYelikv) NONUKpUCTanIMyecknx o6pasLoB CBEPXNPoOBOAS-
LLIero H13LWero cunnumaa BaHaansa B 061acTvi roMOreHHoOCTH dhasbl CO CTPYKTYpoii A15 1 Ha fAaHHbIE O BeNnym-
Hax koadppuumeHTa NnHeHoro TenoBoro pacwvperns (K/1TP) B gnanasoHe TemnepaTyp ot 20 K go 300 K.

2 HopMaTuBHbIE CCbI/IKU

B HacTosLem cTaHfgapTe UCMOIb30BaHbl HOPMATUBHBIE CChIJIKU Ha Criefytolme cTaHaapThl:

FOCT 34100.3 HeonpegeneHHoCTb n3amepeHusa. Yactb 3. PyKOBOACTBO NO BbipaXeHUo HeonpeaeneH-
HOCTU U3MepeHns

FOCT P 8.614 locypapcTBeHHasi cucTtema obGecneyeHns eamHCTBa M3MepeHuid. ocyaapcTBeHHas
cnyx6a cTaHfapTHbIX CNPaBoYHbIX faHHbIX. OCHOBHbIE MOJIOXEHUS

NMpumeyaHne — TpuU NOML30BAHUN HACTOSILLMM CTAHAAPTOM Liesecoo6pasHo NpoBepuTb AEWCTBUE CCbIOY-
HbIX CTAHAAPTOB B MH(OPMAaLMOHHOI cucTemMe 06LLEr0 NoMb30BaHWs — Ha oduumansHOM caiite deflepasnbHOro areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBAHUIO U METPO/IOTMN B CETU VIHTEPHET WK MO EXErofHOMY UH(DOPMaLMOHHOMY yKa3a-
Tenw «HaunoHanbHble CTaHAAPTbI», KOTOPbIA ONy6AMKOBaH MO COCTOSHUIO Ha 1 SHBaps TekyLiero roga, U no Bbinyckam
€XeMeCs4YHOro MHOPMAaLMOHHOIO yKasaTenst «HayMoHabHble CTaHAAPTbI» 3@ TeKyLuii rod. EC/iM 3aMeHEH CCbI/TOYHBbII
CTaHAapT, Ha KOTOPbI AlaHa HefaTUpPOBaHHAs CCbifka, TO PEKOMEHAYETCS UCMNONb30BaTh AeiCTBYIOL Y0 BEPCUID 3TOMO
cTaHfapTa C y4eTOM BCEX BHECEHHbIX B J@HHYI0 BEPCUI0 U3MEHEHWA. EC/IM 3aMeHEH CCbINIOYHbIV CTaHAAPT, Ha KOTOPbIi
flaHa fjaTupoBaHHas ccbifika, TO PEKOMEHAYETCS UCMNONb30BaTh BEPCUIO 3TOT0 CTaHAapTa C yKa3aHHbIM Bbille T0A0M YT-
BepXAeHWs (NpUHATUA). ECNu nocnie YyTBEPXKAEHUS HACTOALLErO CTaHAapTa B CCbI/IOYHbINA CTAHAAPT, Ha KOTOPbI/A AaHa
[aTMpoBaHHas CCblika, BHECEHO U3MEHeHMWe, 3aTparusalLLee NosIoKEHNe, Ha KOTOPOoe faHa CCblfka, TO 3TO NOMOXeHne
peKkoMeHAyeTCsi NPUMEHATb 6e3 yyeTa JaHHOTO U3MEHEHWS. ECNN CCbINIOYHbIV cTaHAapT OTMeHeH 6e3 3aMeHbl, TO Noso-
XEHMe. B KOTOPOM flaHa CCbI/IKa Ha Hero, PEKOMeHAyeTCst NPUMEHSATb B YaCTW, He 3aTparvBatoLLeii 3Ty CCbIfKy.

3 O6uwwpe NonoxeHms

Cunuumabl NEPEXOaHbIX METasIIoB SB/SIOTCS MHOTO(YHKLMOHANBbHBIMU MaTepuanamu, KoTopble Liu-
POKO MPUMEHSIIOTCS B NMPUGOPOCTPOEHUN (INIEKTPOHUKE), aBuaLMK, KOCMOCE, 3HEpreTuke, 3/1EKTPOTEPMUM,
CTPOUTENLCTBE, MALLMHOCTPOEHNUN U B APYTMX 061ACTAX TEXHUKM U TEXHOMOMUIA.

M3paHue oduymansHoe
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OTAMYUTENbHBIMYM 61aroNpUATHLIMU OCOBGEHHOCTSIMU CUNLMAOB NEPEXOAHBbIX METas/IoB ABMSOTCH:
BbICOKas Xapo- U TEPMOCTOWKOCTb, NpYeMMeMble MeXaHnyeckne XapakTepUCTUKM B LUMPOKOM TemnepaTyp-
HOM MHTepBasie, BO3MOXHOCTb PEry/iMpoBaHus MX 3/1eKTPUYECKUX CBOWCTB. CUAnUMAbl XapakTepusyloTcs
[OCTATOYHO BbICOKMMMW MPOYHOCTHLIMU CBOWCTBAMM, MHOTME M3 HUX UMEKT TemMnepaTypy niaBfeHUs Bbille
1500 °C. OHM ycTOuMBbLI K AENCTBUIO BOAbI U KUC/bIM CpeaaMm.

BONbLWWHCTBO CUMMLMAOB NPOSABASAIOT YCTONYMBOCTb K OKAC/IEHWIO Ha BO3[yxe NpW BbICOKWX Temne-
paTypax 3a cyeT naccusauum 1 oopMUMpPOBaHNA NOBEPXHOCTHOW OKUC/ION MIEHKU, XapakTepuCTUKN KOTOPOL
onpefensoT 3awWuTHble CBOCTBA. [aHHaa xapakTepucThka OCOOEeHHO BaxHa MpW UCMOMb30BaHUU CUAW-
LML0B NpU NPOV3BOACTBE OTHEYNOPHbIX U APYTNX KepamMUYeckux maTepuasnos, a Takke B psfe YCTPOWCTB.
Bbicokne hyHKLMOHabHbIE 3/TEKTPOhN3NYECKME XapaKTEPUCTHKN MO3BONSIOT UCMO/b30BaThb JIEHTLI HA OCHO-
Be coefAvHeHuid Al5 ansi CBEPXMOLLHbIX CONEHOUAOB, NPUMEHAEMbIX ANA Pa3/INYHbIX BbICOKOTEXHOMOIMYE-
CKUX YCTPOWCTB; HU3WWiA cunuumg BaHagus (V3Si) ncnosb3yeTcs v B pas/iMyHbIX yCTPONCTBAX COBPEMEHHOIA
3/1EKTPOHVIKN.

YcoBepLUeHCTBOBaHME CYLLECTBYIOWMX U CO3faHne HOBbIX (PYHKLMOHA/IbHbIX BbICOKOTEMMEPATYPHbIX
MaTepuasioB Ha OCHOBE CU/ULML0B OCHOBAHO Ha pasBUTUM (HN3UKO-XMMUYECKNX OCHOB NOJyYeHNUs TBepAOo-
TeNbHbIX 06LEKTOB C PErY/IMPYEMbIM COCTABOM W CTPYKTYPOIA.

OaHUM 13 npepcTaBuTeneli CMANLUAOB NEPeXoAHbIX MEeTa/INoB ABAAETCA HWU3WWA cunuuug BaHagus
(V3Si). OH NpYHaANexuT K CoeiHEHNSAM CTPYKTYpHOro Tuna Al5 n aBnsieTca MartepuasioMm C BbICOKMMUN 3Ha-
YEHUAMN KPUTUYECKNX NONelt N KPUTUYECKNX TOKOB — OCHOBHbIX TEXHOIOTMYECKNX XapakTepucTuK CBEpXMpo-
BOASALLEr0 COCTOAHMSA. 3HAYEHNs XapakTeprncTK CBEPXNPOBOASALLEro cocToAHns V 3Si HenocpeaCcTBEHHO CBSI-
3aHbl CO CTEMNEHbI0 OTK/IOHEHNSA €ro cocTaBa OT CTEXMOMETPUYECKOTO COOTHOLLUEHNSA KOMMNOHEHT XVMUYEeCKOro
coefiMHeHns. 3amelleHne aTOMOB B CTEXMOMETPMYECKOM COELUHEHWW NPU 3aMEeTHON PasHOCTM aTOMHbIX
paguycoB 31EMEHTOB TakkKe MPUBOAUT K U3MEHEHWI0 pa3mMepoB 3/1eMeHTapHON AYelikn U yHKLMOHabHO
3HAUYMMbIX XapaKkTepUCTUK 3TUX COeAVNHEHWIA.

PesynbTathl Ans V3Si ucnonb3ytoTcs paspaboTynkamMy CBEPXNPOBOAALLMX MaTePUanoB 61arofaps Bbl-
AB/IEHHBIM @aHOMa/IbHbIM TeMnepaTypHbIM 3aBUCYMOCTAM XapakTepuCTUK 3NEKTPOHHON CTPYKTYpPbl U AUHAMU-
KN KPUCTaIINYECKON pelleTkn, KoTopble Oblv 0OHapPYXeHbl B HEM Noc/ie 06HapyXeHNs CBEepPXNpPOBOAALLUX
CBOICTB C MaKkCUMaslbHbIMU 3HAYEHUSIMU CPeay COeAVHEHWIA N CN1aBOB HA OCHOBE BaHaAus. PEHTreHoBCKMe
9KCNEepPUMEHTbI MO3BOMSAKT YCTAHOBUTb 3HAYEHWs NapamMeTpOB KPUCTa/IMYEeCKON peLleTku, OTpaxaroLymx
6anaHc cun NpUTSXXEHUSA 1 OTTasIKMBaHWS aTOMOB B Avelike, U paccunTbiBaTh K/ITP no pesynbrtatam nsme-
peHuii Npu pasnuyHbiX Temnepartypax. CoegnHeHnst TBepAbIX pacTBOPOB Ha ocHoBe V3Si Mcnosb3ylT Ans
NOCTPOEHNA aHanu3a v NMPOBEPKM MoAefleil onMcaHnsa U BbICOKMX XapaKTePUCTUK KPUTMYECKMX NapameTpoB
CBEPXMPOBOAALLEr0 COCTOAHNA U B fPYTNX COEAUHEHNAX CTPYKTYpPHOro Tvna Al5 ¢ MakcvMasibHO BbICOKMMM
KPUTMYECKMMM NapamMmeTpamMu CBepXNPOBOASALLErO COCTOSIHUS.

4 OcCHOBHasi YacTb

B HacTosilem cTaHAapTe nNpuBeAeHbl CTaHAapTHbIE CNPaBOYHble JaHHble 0 napameTpax Kpuctaaamye-
cKoll peweTku V3Si B Ananas3oHe KOHUeHTpaumii oT 20 at. % A0 25 ar. % KpeMHus, NoslyyYeHHble B TOM yucne
C NCMOMNb30BaHNEM PEHTIEHOBCKUX ANhpakTOMETPOB A1 U3MEPEHNS CTPYKTYPHbIX XapakTepuUCcTuK, 1 aHHble
0 BenunuyuHax K/ATP cunuumpa saHaama B gnanasoHe Temnepartyp ot 20 K go 300 K. CtaHAapTu3npoBaHHble
martepuansl paspaboTtaHbl B cootBeTcTBUM ¢ TOCT 34100.3 1 FOCT P 8.614. ina ot6opa Hambonee AOCTO-
BEPHbIX JaHHbIX MPOBEAEH CPaBHUTE/bHbIA aHaNn3 aKCNepUMeHTasbHbIX AaHHbIX C AaHHbIMWU paboT Apyrux
nccneposarteneii [1] n npoBeAeHbl KOHTPO/IbHbIE N3MEPEHUSI TOCYAapPCTBEHHbIX CTaHAAaPTHbLIX 06pa3LoB ANd-
PaKLUMOHHbIX CBOWCTB.

4.1 TMoproToBka 06pa3syos

CTpYKTYpHble XapaKTepucTuki nonvkpuctanioB V3Si onpeaensioT Ha CAUTKax, NosyYeHHbIX NpsMbIM
cnnasjieHMeMm KOMNOHEHTOB B cneunasibHOM yCTpOﬁCTBe BO B3BELWIEHHOM COCTOSAHUN B aTmoccpepe NHEPT-
HOro rasa. Vicnonb3oBaHve yCTPOWCTB NPELU3MOHHON MeTanyprum AO/MKHO obecneymBaTe MUHUMYM yrapa
KOMMNOHEHTOB 1 TpebyeMmblii COCTaB B CANTKaX € TO4HoCTbio A0 0,05 ar. %. Ansa narotoBnexHus V3Si ncnosb-
3yHT MOMOKPUCTA/IIMYECKNI BaHaAWil C cofepXXaHMEM OCHOBHOTO asfieMeHTa 6onee 99.98 % 1 nonynpoBo-
[LHUKOBOTO KpeMHus 99.999 %.

[ns aHanm3a xapakTepucTUK KpUCTaN/IM4yecKol CTPYKTYPbl, MOyYEHHbIX C MOMOLLbI0 AndpakToMeTpoB,
npeaHa3Ha4yeHHbIX B OCHOBHOM A4 NO/IMKPUCTaN/10B, NOJTyYEeHHbIE CZIUTKU ,quGFIT Ha MeJiKue KpuctannuTtbl B
n3MenbyarLLmX yCTpoicTBax (41a coeguHeHunii A15 ncnonb3yoT CTYNKY U3 arata) 1 NpocenBaroT nocneaosa-
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Te/IbHO Yyepes psf cuT ¢ pasmepom sayeek ot 200 o 40—20 mk. [lanee NOPOLUOK 3achbiNatoT B KIOBETY, YM/OT-
HAIOT 1 BbIPaBHUBAIOT C MPUMEHEHWEM NpefMeTHOro ctekna. na npefoTspalleHns BbICbINaHUs nopoLuka u3
KIOBETbI €70 MOBEPXHOCTb MOKPbLIBAIOT TOHKUM C/I0EM JiaKa.

3HauveHus KNTP B gnanasoHe Temnepatyp oT 20 K go 300 K onpegenstoT Ansa AByx rpynn o6pasLios
V3Si. B nepBoii rpynne o6pasubl C HaNn4YMemM HU3KoTeMnepaTypHOro g)asoBoro nepexoia W ¢ MoBbIWEHHbIM
COBEPLUEHCTBOM CTPOEHUSI KPUCTA/I/IMYECKOW peLleTkn, KoTopoe oTpaxaeTcs 6osee BbiCOKMU (Bbiwe 30)
3HAYeHNAMN OTHOLLEHNA conpoTuBAeHus (Npu Temnepatypax npu 295 K u npn 17 K). Bo BTOpOIi rpynne 06-
pasubl C OTHOLIEHNEM COMPOTUBMEHUS MPU KOMHATHOW U HWU3KMX TemnepaTtypax Huxe 10 6e3 CTPyKTYpHOro
nepexoga.

4.2 SkcnepumeHTasnbHas annapaTtypa

B HacTosWwem cTaHAapTe NpuBeAeHbl 3HAYEHNA CTPYKTYPHbIX XapakTepucTuk V3Si no pesynbrataMm KoH-
TPOJIbHbIX BbICOKOTOUHbLIX M3MEPEHWI Ha COBPeMeHHOM AndpakTOMeTpuyeckom 060pyA0BaHN 1 NO pesysib-
TaTaM CpaBHEHWS C 060CHOBAHHbLIMWN ANPAKTOMETPUYOCKMMU JaHHbIMU U3 HAaYYHbIX IMTepaTypHbIX UCTOY-
HWKOB.

[NA BbICOKOTOUYHbIX KOHTPO/IbHbIX IKCMEPUMEHTOB UCMO/b3YIOT U3MEPUTENIbHYI0 CUCTEMY, NO3BOJISAIO-
LLYIO MOAYYUTb JOCTATOYHO MOMHYI0 ANGIPAKLNOHHYIO KapTUHY C NMPUMEHEHNEM KOPOTKOBO/THOBOTO U3/TyYeHUs
PEHTTEHOBCKON TPYOKK, KOTOpas BKIOYAET: UCTOYHWK M3MTyYEHUS, TOHNOMETPUYECKYH0 YacTb, AeTEeKTOpbl OT-
PaXeHHOro M3/y4yeHus, NnporpaMMHoe obecnevyeHne ANs ynpasneHnss paboToi pasnunyHbIxX yacTein gudpak-
TOMETPUYECKOI CUCTEMbI 1 06pabOTK MacCUBOB JaHHbIX U /1 pacyeTa BE/IMUYNH CTPYKTYPHbIX NapameTpoB.

B kauecTBe MCTOYHMKA U3NTyHeHNs B nabopaTopHOM AuchpakToMeTpe NMPUMEHSAIOT repMeTUYHO 3anasH-
Hyt0 TPyOKy, B KOTOPOIA kaTog — BO/Ib(PPaMOBYIO CNvpasib — pas3orpeBaroT I/1IEKTPUUECKUM TOKOM, a MaTepu-
an aHoja BblGUpalT B 3aBMCMMOCTM OT KOHKPETHbIX 3a4a4 nccrnefoBaHns nonnkpuctannia. icnonb3yoTt Anu-
Hy BOSIHbI Ka-n3nyuyeHus. Hanpymep oT MeAHOro aHoJa PEeHTreHOBCKOW TPYyOKM OHa paBHa: a = 0.154059 HM.
VHTEHCMBHOCTb U3Ny4eHUs PEHTTEHOBCKOW TPyOKn onpegensercs HanpsXXeHWem u CUIoi Toka, KoTopble Ba-
pbVPYIOTCS B 3@BUCMMOCTM OT TUNA U 38441 peHTreHorpadmpoBaHus (CTapToOBOW U3MEpPUTENbHON Mogenn).

OCHOBHY!0 LUKay roHMoMeTpa A8 NOPOLIKOBbIX AndpakTtomeTpos, HanpuMep «4POH-4». ncnonb3ytot
ANnA Anana3oHa BO3MOXHbIX NMOBOPOTOB feTektopa A0 162° no wkane 20. B aTux Tunax AudpakToMeTpoB
KOHCTPYKUMA AudbpakTomeTpa Ao/mKkHa obecneumsatb (MpU UCMNOAb30BaHUW U3NTyYEHUS OT MEAHOr0 aHoAa)
dvkcpoBaHme [0 15 6parroBCKMX OTPaXeHUA A4Na cunuumaa BaHaamsa u Ao 14 6parroBCKMX OTPadkeHWn ans
TBEPAbIX PAaCTBOPOB Ha ero OCHoBe. [1N1A NpoBefeHNs BbICOKOTOUHbIX ONpeeneHnii 4oNoHUTEIbHOE BHMAa-
HVe yaenstoT rkcauuy BbICOKOYINOBbIX pediiekcoB (60siee BbICOKMX MOPSAAKOB OTPaXeHwit oT cemeiicTea
Kpuctannorpaduyeckux naockoctein). Ana aTux 6onee cnabbix N0 MHTEHCUBHOCTW OTpadkeHWi (MHorga Ha
NOPSAAKN HUXE YeM A5 OTPAXEHWUI NPU HEBLICOKUX Yrnax, ¢ ManbiMu nHAaekcamm Munnepa) npu pabote and-
pakTOMEeTPOB MUCMOJIb3YOT MakCMMasibHO BO3MOXHbIE 3HAYEHUS TOKa, HanpsXxeHus n/wam 6onee anvtenbHoe
BPEMS 3KCMO3ULIN.

[na KOHTpONA npaBWIBLHOCTW paboTbl AudipakTomeTpa NPOBOAAT U3MEpPEeHMe Tex Xe CTPYKTYPHbIX
XapakTepucTuK rocyjapCTBEHHbIX CTaHAapTHbIX 06pasLoB ANPaKLMOHHbLIX CBOWCTB KpUcTananyeckoi pe-
weTkn (FCCO) B monukpucTananyeckom suae, Hanpumep FCO MP®-4 (MP®-3) kpeMHuit nnm FCO NP®C-23
Kynpat uttpus-6apus, wiv FCO MP® 12 rekcabopug naHtaHa n\mnm gpyrue tunbl CO. Pe3ynbTartbl 3TUX U3Me-
peHuii AOMKHbI NOKa3biBaTb BOCMNPOU3BOAMMOCTL aTTECTOBAHHbIX 3HAYeHWli NapameTpoB KpUCTaIMyeckol
peLueTku.

[Jepxartenb KOBeTbl yCTaHaBNNBAOT HA FTOHMOMETPUYECKYIO FONT0BKY AnchpakTomeTpa, KoTopyto hmkeu-
pyloT B NOCaA04YHOM FHE3[0 roHMOMETPa.

Mcnonb3yloT ocobeHHOCTb hoKycupoBkM No Bparry-bpeHTano, 3aknovaroLyocs B TOM, 4TO B OTpa-
Xatolee nosfioXKeHne NonagaT KPUCTaINTbI, Y KOTOPbIX HOPMaslb K OTpaxatoLiei kpuctannorpaduyeckoii
NI0CKOCTU Mapasiiiesibia HopManu K NoBepxHoCTU obpasua.

BepTuKkanbHy0 pacxoAnMOoCTb B MIOCKOCTW, NEepneHAnKYNsSPHONA K KPyry rOHMOMETpa, OrpaHuumsaioT
wenamm Connepa — HaboOPOM TOHKMX MeTan/IMYecknx naacTMHOK, PacnonoXeHHbIX Ha MasbliX PacCTOSAHUAX
T napannenbHo Apyr Apyry, onpeaensoT oTHoweHnem T71. rae / — ANvHa NNacTUHOK.

[ns nonyyeHns nonHon andpakLyMOHHON KapTWHbI 0bpasel, BpallaloT BOKPYr OCU FOPU30HTasIbHOrO ro-
HVYoOMeTpa C YrnoBo CKOPOCTbIo 0, @ CYETUMK U NPUEMHYIO Lefb (4718 COXpaHeHWUs ycrioBusi (DOKYCMPOBKU B
KaX[ioM Yrni0BOM MOMIOXEHWNW) NEepemMeLLaloT C YABOEHHO! cKkopocTbio 20.

MpefBapvTesibHY0 IOCTMPOBKY NPOBOAAT NPU PaC/ONIOBVHNBAHUM MHTEHCUBHOCTM Najalolero nydka
PEHTreHOBCKUX Tyyeli Npu HyNeBOM yrie nafeHust Ha o6paseL, No CpaBHEHWIO C NEPBUYHBIM NMy4YKOM. TO 06e-
cneumBaeT gasbHelillee NpoBeAeHNe 3KCNepyMeHTOB B aHHOI reomeTpuu no Bparry-BpeHTaHo.
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MuWHMManbHbINA War B gudpakromeTpuyeckoii cucteme, Hanpumep «[POH-4», yctaHaBnusawT 0,01".
Bpemsi usmepeHus B KaXAol Touke B WUCMOMb3yeMOM Auana3oHe YrioB nofoupatoT Takum 06pas3om, 4Toobl
dopma npocunein gupakLMoHHbIX OTPAXEHW AOCTOBEPHO ONpeaensina ux xapakTepucTvki (MPoBOAAT MU-
HUMYM 3—5 nocnegoBatesibHbIX CKaHUMPOBaHWUiA). Biok-cxema ncnonb3yemoro AudpakTomeTpa npegcrasne-
Ha Ha pucyHke 1.

Lna npoBeaeHns nsamepeHuii n 06paboTkm IKCNEPUMEHTA/IbHBIX AAHHbIX C NOC/NEeAYIOLWUM onpeseneHu-
€M CTPYKTYPHbIX XapakTepucTuk, yA0BNeTBOPSAOWMUX CTabubHbIM NapaMmeTpaMm KpucTannyeckoin peLueTku,
MCMOMb3YIOT aTTeCTOBaHHY METOAMUKY N3MEepPEeHUiA.

PucyHok 1 — Bnok-cxema AngpakToMeTpuyeckoii CUCTEMbI C UCMOIb30BAHNEM KOPOTKOBOTHOBOTO U3MYYEHNS

4.3 Oco6GeHHOCTM Npoueaypbl N3MEPEHUA

WccnepgosaHna yrioBoro pacrnpefenerHns MHTEHCUBHOCTEW BCeX BO3MOXHbIX ANPaKLMOHHbIX OTpaxe-
HWIA NOMIMKPMCTaNInYeckoro obpasua NpoBoASAT NO3TaNHO B MOSIHOM AvanasoHe yrioB Andpakuum, Hanpumep
oT 7° o 160e. Ecnu ncnonb3yoTca Metodsl PutBenbaa. To 3anucbiBaeTcsi )OH ANA BCEro guanasoHa yrios
AN paKLMOHHONM KapTUHBI.

Mpwy BbINONHEHNW MpoLeaypbl U3MEPEHUIA B ka4eCcTBe HOPMasibHbIX YC/I0BUA 06bIYHO CoboJaloT cre-
ayioume.

- Temnepartypa Bo3gyxa — B AunanasoHe oT 296 K go 300 K [(23 °C—27 °C) + 2 "C)]:

- aTMocdepHoe aaBrieHne — oT 84 no 106.7 kMa (690—800 MM pT. CT.):

- OTHOCWTENbHAas BNaXHOCTb Bo3fyxa — He 6onee 70 % npu Temnepatype 23 °C—27 °C.

CTabunbHOCTb B 3HAYEHUAX HAMPSHKEHUSA 31eKTpoceTn Ans ogHodasHoro Toka 210—230 B oTcnexmsa-
0T C NOMOLLbIO CUCTEM, CTAOUAN3UPYIOWNX HAMPSHKEHME.

[ns obpasua cTeXMomMeTpuyeckoro coctasa AMCNepcHOCTb NOPOLLKA A0/HKHA COCTaBNATL MeHee 20 MK.
4TO JO/MKHO NO3BONATL PeHTreHorpadupoBaHme 6e3 BpalieHus obpasua. Bo Bpemsa c6opa gaHHbIX gudpak-
LIVOHHOW KapTuHbI 06pa3LoB C 60/1ee KPYNHO3ePHUCTBIMY KpUCTaiMTaMn OCyLLecTBASIOT BpaLleHne obpas-
ua ana 3axsata 6onblieli niowaamn o61yyaemoli NoBEPXHOCTY.

Pe3ynbTaThl M3MepeHns xapakTepucTMK NOMHOM ANPAKLNOHHON KapTUHbI CUaMLKaa BaHaaus BO BCEM
AvanasoHe BO3MOXHbIX YIN0B AnchpakLMOHHOW KapTWHbl Ha npyMepe 06pasLoB CTEXMOMETPUYECKOTO CoCcTa-
Ba UCNOMb3YIOT AN CPAaBHUTENbHOIO aHannsa C AaHHbIMU Pa3/IMyHbIX 060CHOBaHHbIX MCCNefoBaTeIbCKUX
paboT. B pe3ynbtate n3mepeHuii nosy4yaloT 0gHOMEPHOe ceyveHne AMPakUMOHHON KapTuHbI, NpeacTaBns-
foLLee 3aBMCUMOCTb YKC/Ia OTPAXEHHbIX MMMYNbCOB OT yrna nepemelleHus obpasua v getektopa. fanb-
HelilWwyto 06paboTKy AN onpefeneHns napaMeTpoB KPUCTa//IMYECKOl peLleTkn NPoBOAAT C NMPUMEHEeHNeM
KOMMN/IeKCOoB A/11 06paboTKN U pacyeToB CTPYKTYPHbLIX MporpamMM, pesynibTaTbl NPpouICTpupoBaHsb! B [1].
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[na pacyeTa napameTpoB KPUCTa/I/IMYECKO/ peLleTKn UCNOoMb3YT 3HaveHns yrnos 0, COOTBETCTBYIO-
Lme MakcumymaMm pacnpefeneHusi MHTEHCUBHOCTEl BParroBCKUX OTPaXeHWid (C BbluMTaHWeM Bknaja oT us-
nyyenus Kttj). n cootHoweHne Bparra—Bynbda, cBA3bIBAOLEE 3HAYEHUST MEXM/IOCKOCTHbIX PACCTOSHWI C
9TUMK yrnamun. [INa HaxoxgeHWs MakCuMyma OTpaKeHWs WCMONb3ylT NepBylo NMPOM3BOAHYHO NpU aHause
npounnsa NMHUN ANPaKLMOHHOTO OTPAXEHUS, KOTOpas pasBHa HY/l0 B MakCMMyMe OTPaKeHUs.

OnpefeneHve napameTpoB 3/IEMEHTAPHOV Aueiiku NPoBOAAT NoOc/efoBaTe/lbHO OT BCEX OTPaXeHWl
AndhpakTorpamMbl. YTO NO3BOMSET MUHUMU3MPOBaTL BO3MOXHbIE MOTPELIHOCTU MPY NPOBEAEHUN 3KCTpano-
nAauun, a 3ateMm ANs oTpaXeHwi, 3athKCMpoBaHHbIX A1 BbICOKOYI/I0BOW YacTu AUMPAKLNOHHON KapTUHBbI.
PesynbTatbl 3TO 06paboTkn AOMKHBI 06ecneynBaTb AOCTATOYHO BbICOKYH TOYHOCTb KOHTPOJIbHBIX 3KCNepu-
MEHTOB. paBHyto +0.00002 HM 1 Heo6X0AMMYIO ANS YCTaHOBAEHNS 061acTU TOMOreHHOCTU 06pasLoB.

4.4 Tpouefypa onpegeneHns napamMeTpoB KPpUCTasIM4yeckol peLueTkn

O6paboTKy NOYyUYEHHbIX 6O/bLUMX MACCUBOB JaHHbIX NPOBOAAT C NPUMEHEHMEM NPOrPaMMHOro nakerta.
JaHHble 3aHOCAT B TabnuMLpl — npoTokosibl. O6pasel, npoTokoa npeacrasfeH B [1].

Ha ocHoBe cooTHoleHUs Bparra—Bysnbga paccUnTbIBaOT MEXNIO0CKOCTHbIE PaCcCTOAHUSA all , AN1A KO-
TOpbIX UHAEKCH Munnepa h, K, | cBsizaHbl C NapaMeTpamy peLwleTku, KkBagpaTuiHbiMu oopMamu npeacraBe-
HMA 3TOro ypaBHeHus. ns a3 c Kybnuueckoil cuMmeTprein anemMmeHTapHo syelikn napameTp Kpuctannye-
CKOI pelueTku pechriekca ¢ nHaekcamu h, K, / onpefensitoT COOTHOLLEHNEM

(D

rae Ol — yron oTpaxeHwus:
h.k.l— nHgekcbl Munnepa oTpaxatoLleii MI0CKOCTH:
X — ANVMHA BOMHBI U3NTyYEHUS.
[Lns onpegeneHns napameTpa KpMCTa//IMYECKON peLLeTKi NOPOLLKOB MCNO/b3YIOT 3KCTPANOALMOHHYIO
yHkumio HenbcoHa-Paiinu ®(0). cm. [1]. koTopasi N03BoNSSeT MUHUMWU3UPOBATb UHCTPYMEHTasIbHblE BKaAbl
npu onpejenieHnn BEMUMHBI NapameTpa peLueTku

(2)

Wcnonb3oBaHne dyHkuun ®(0) 4OMKHO NO3BOMATL HArNsAHO AEMOHCTPMPOBaTb OnepaTopy Hauune
MHCTPYMEHTasbHbIX (Mpexae BCero, CBA3aHHbIX C annapaTypHbIMU OCOBEHHOCTAMM K cnocobamu dokycu-
POBKM U3/Ty4EHMA 1 YCTAHOBKN obpasuia /15 onpefesieHns Havana LKasbl oTcHeTa B FOHUOMETPE) U HEKOTO-
pbIX cMCTEMaTMYeCcKNX MOrPeLHOCTeNn N oTpaxaTb 3aBUCUMOCTb UX 3HAYEHWU OT yrna gudppakunm. PyHKumUa
® annpokcumupyeTcs NpsAMOW nuHuel. [lanee cTpoutca rpadmk 3aBUCHMOCTM paccuMTaHHbIX NapameTpoB
KpUCTaNIMYeckoi peweTku oT PyHKLuMKM ® 1 NPOBOANTCA NNHEHAA IKCTPanoALMA C MOMOLLbIO MeTofa Hau-
MeHbLUnX kBagpatoB (MHK) B AOCTYMHbLIX NPUMIOXKEHUSAX K NEPCOHaNIbHbIM KOMMbOTEPaM, Hanpumep B Mpo-
rpamme Excel. OTKNOHEHWE 3HAYEHUIA NS KAXKA0r0 OTPaXKEHNSA OT NOJYHEHHOW NPAMOl NokasbiBaeT ypoBEHb
cny4yaiiHoli NorpeLIHoCTy.

Ipadhmyeckasa akcTpanonAuMsa 3HavyeHWin napameTpa peweTkn «a» V3Si, nonyyeHHas OT pasHbIX M/o-
cKocTel K yrny oTpaxeHus 90e no wkane 0. ¢ ucnonb3oBaHnem dyHkuum ® n metoga MHK cyuiectBeHHO
YTOUHAET 3HauYeHWe napameTpa KpUCTa//IMYECKOl peleTku Mo CPpaBHEHUIO CO 3HAYEHUSMM, MOJTyUYEHHbIMU
NpU HEBbLICOKMX Yrnax 0TpaxXeHus. Pe3ynbTaTbl 3TOM 3KCTPaNonauum rpacduyeckn NponaalCcTpupoBaHsb! B [1].

Mprmep onpegeneHns cpefHNX 3Ha4yeHnin napameTpoB peLleTky NOAMKPUCTaNINYeCcKoro CTexnomeTpu-
4ecKoro cuamuuga BaHagua no Tpem KOHTPO/IbHbIM M3MepeHusiM npejcTasneH B Tabnuue 1.

JKCTpanoqvpoBaHHOe 3HayYeHWe napameTpa AN CTeXMoMeTpuyeckoro obpasua CcoriacHo faHHbIM
3ToN Tabnuubl coctaBnsieT 0.47249 Hm. B Tabnuue 1 CKO — cpegHee kBagpaTtuyHoe OTK/IOHeHne. CO —
CTaHAapTHbIN o6pased, h, k. | — nHaekcbl Munnepa. /% OTHOLIEHWe UHTEHCUBHOCTEN K 3HaYeHuio ANs oTpa-
XEHUSI C MaKCMMaJsibHOl MHTEHCUMBHOCTLIO € MHAekcamun Munnepa (210), 20al, 20 — yrosn, COOTBETCTBYHOLLNI
MaKCUMyMy OTpaKeHUS.
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Ta6nnuya 1— CpefHue 3HAYEHUs NapamMeTpoB PeWweTKU NOMNKPUCTANINYeCcKoro CTeXMOMETPUYECKOro cuanuynaa sa-
HaAua no ycpeAHeHHbIM pesynbTataMm Tpex nsmMepeHui

CpepfiHue 3HaveHus 3HaueHus CO MeTponoruyeckne xapakrepucTuku
Himwn  f 0+ 1 A 2061 2
pacuer. CKO il

1 1 1 0 26.643 26.659 0.014 0.017
2 2 0 0 38.040 38.059 0.010 0.018
3 2 1 0 42.743 42.758 0.009 0.015
4 2 1 1 47.058 47.073 0.011 0.014
5 2 2 2 68.750 68.768 0.013 0.018
6 3 2 0 71.985 72.002 0.009 0.017
7 3 2 1 75.161 75.177 0.015 0.016
8 4 0 0 81.387 81.401 0.007 0.014
9 4 2 0 93.602 93.617 0.013 0,015
10 4 2 1 96.655 96.676 0.013 0.020
11 3 3 2 99.736 99.753 0.008 0.018
12 5 2 0 122.776 122.785 0.007 0.009
13 5 2 1 126.482 126.487 0.003 0.005
14 4 4 0 134.500 134.503 0.016 0.003
15 6 0 0 155.996 156.004 0.013 0.008

B [1] rpadhnyeckn n TabnMYHO OTPaXKeHbl AaHHbIE 3aBUCUMMOCTY NapaMeTpoB KpUCTannyeckol peweT-
KW OT cocTaBa M COOTBETCTBYIOLLEE U3MEHEHMe 3HaYeHW (PYHKLMOHA/bHbIX XapakTepucTuK B AuanasoHe
KOHUeHTpaumnin oT 12 ar. % fo 27 ar. % KpemHusi. Bo MHOMMX UccnefoBaHusAX 418 XapakTepucTrki o6pasLos
[OMONHNUTENIbHO UCMNONB3YIOT 3HaYeHe Temneparypbl CBepxnposojdLlero nepexoga (Tc), KOTOpoe Koppesu-
PYIOT C KOHLEeHTpauuein. ®a3osas AgnarpamMma aToro 6UMHapHOro CoeiMHeHNA paccMoTpeHa u npefcTaBneHa B
[1]. 3aBMCUMOCTb M3MEPEHHOTO 3HAYEHNA NIOTHOCTU OT cocTaBa 06pasLoB V3Si ¢ pas/IMYHON KOHLeHTpaLu-
eii kpemHus rpacpuueckn npeactasneHa B [1]. ConocTaBneHne pesynbTaToB CPaBHEHWUA 3KCNepUMeHTaNbHO
N3MEepEeHHbIX 3Ha4YeHWin NAoTHOCTM 06pasLoB C cocTaBamy B 061aCTU FOMOreHHOCTU C pacyeTHbIMK 3Haye-
HUSIMW MIOTHOCTK obecneunBaeT BbIOOP BapmaHTa CTPOEHUS 3/ieMeHTapHol avelikn (Hanpumep, ansa V3Si B
061aCT TOMOrEHHOCTN UMEET MEeCTO 3amMelleHe aTOMOB KPEMHUA aToMaMmn BaHaaus).

[aHHble 06 N3MeHeHUV napameTpoB KPUCTaUI/IMUECKOW peLleTkn No3BONAT onpeaensaTs obnactb ro-
MOreHHOCTV TBEPAOro pacTBopa Ha OCHOBE CTEXMOMETPMYECKOro coeAnHeHus V3Si. 3HaueHue BesnYMHbI
TemnepaTtypbl nepexoja B CBEPXNPOBOJsLLEe COCTOAHNe obecrneunBaeT crnpase/IMBOCTb KOPPESALUN C OT-
KTOHEHVEeM OT CTEXMOMETPUYECKOro COCTaBa M CO CTEMNEHbIO NPOSABEHNA aHOManuy B TeMnepaTypHoi 3a-
BucuMocTu K/ITP B HM3KOTEMNepaTypHoOli 06nacTtu.

Xopoluee cornacue pesy/nbTaToB U3MepeHWii napameTpoB peLleTkn, nosyyeHHoe B pafde uccregosa-
HWIA. B 061acTh KOHUEHTpauuii kpemHusa ot 20 at. % ao 25 at. %, npeAcTaBneHHoe rpaduyeckn n TabnmuHo
B (1). N03BO/IMNO YTBEPAUTL AaHHbIE O NapaMeTpax KpUCTan/M4yeckoi peleTkyn B 061acTi TOMOreHHOCTU B
KayecTBe CTaHAAPTHbIX CMPAaBOYHbIX AAaHHbIX.

4.5 Pe3synbTaTbl onpegeneHnini KoauumneHTa TIMHENHOro TeN/I0BOr0 pacwmpeHns B
ananasoHe Temnepatyp ot 20 K go 300 K

PesynbTartbl, nony4yeHHble aBTopamun psga pabort, no onpegenernuio KNTP B gnana3oHe TemnepaTyp oT
20 K go 300 K Ha o6pasuax coegmHeHnsa V3Si ¢ pasHbIMU KOHLEHTpauusMu KpeMHus, npegcrasrieHbl B [1].
[ina conoctaBneHus pesynbTaTtoB U3MepPEHUii UCNoNb3yIoT ABe NoArpynnbl 06pas3LoB aToro cunvumuaa. B nep-
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BOVi rpynne o6pasLbl, B KOTOPbIX NPY HA3KOW TemMnepaTtype He HabnofaeTcst CTPYKTYPHbI/ (has3oBblii nepexos,
1 06pasLibl UMEKT OTHOLLEHWE CoMpoTMBAEHMUS Npu TemnepaTypax 300 K u 18 K Huxe 10, BO BTOpOIii rpynne
o6pasLbl, B KOTOPbIX Gbl/1 3aMKCUPOBAH CTPYKTYPHbIA Nepexof 1 3HauyeHne 3TOro e OTHOLLIEeHWS CONpoTHB-
NeHuns. Kak npaswno, 6onblue 30.

B tabnuuax un Ha rpadukax B [1] npeactaBneHbl 3HaveHns KTP ana o6pasuoB 6e3 MapTEHCUTHOIO U C
MapTEHCUTHBLIM CTPYKTYPHbIM NepexofoM. PesynbTaTbl B kavkA0N NOArpynne XopoLULo COriacyoTca Mexay co-
60i1. 3HauveHna KNTP gns o6pasuos V3Si06enx nogrpynn — co CTPYKTYPHbIM NEPEXOAOM 1 6€3 CTPYKTYPHOTO
nepexoja XOpoLo cornacylTca mMexay coboli npu Temnepartypax Bbiwe 80 K. laHHble, NpeAcTaB/ieHHble B
Tabnuuax [1]. yTBepXAeHbl kKak cTaHfapTHble cnpaBoyHble AaHHble ana KNTP Huswero cunvuuaa BaHagus
(V3Si).

4.6 [lOoCTOBEPHOCTb AaHHbIX

[0CTOBEPHOCTbL MOJYYEHHBIX AAHHbLIX OLLEHUBAKT MO pe3ynibTaTaM COBMECTHOIN 06paboTku cepuit us-
MepEHU N cpaBHEHMEM AaHHbIX KOHTPOJSIbHbLIX U3MEPEHW MOBLILEHHOW TOYHOCTU (1] C AaHHBLIMU APYruX
uccnegoBatesnbckux pabot. Ans o6ecreyeHnst BbICOKO 4OCTOBEPHOCTU MOJTyUYEeHHbIX Pe3y/ibTaToB NpoBOAAT
npefBapuTesibHblE N3MEPEHUS XapaKTepUCTUK rOCYAapCTBEHHbIX CTaHAAPTHbLIX 06pasL 0B AMDPAaKLNOHHBIX
CBOWCTB Ha TEX Xe 3KCNePUMEHTasIbHbIX YyCTAHOBKAX.
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