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Hay4YHO-MCCNEN0BATENLCKUI UHCTUTYT METPOSIOrMYeckoi cnyxdel» (Pryrn «BHUAMC)

2 BHECEH TexHu4yeckum komuteTom no ctaHaaptusaummn TK 180 «CtaHaapTHble CNpaBOYHbIE AaHHbIE
0 (hM3NYECKMX KOHCTAHTaX M CBONCTBAX BELLECTB U Matepuanos»

3 YTBEP)XKOEH M BBEOEH B OEWCTBWE Mpukasom degepannHOro areHTGTBa M0 TEXHUYECKOMY
perynuposaHuto n metponorum ot 13 gekabpsa 2018 r. Ne 1096-ct

4 BBEJEH BMNEPBbIE

lpasuna npumeHeHus Hacmosweeo cmaxHd0apma ycmaHoeneHb! 8 cmambe 26 ®edeparnibHo20 3aKOHa
om 29 uioHs 2015 2. Ne 162-®3 «O cmaHO0apmu3sayuu e Pocculickoli @edepayuuy. ViHgopmayus 06 uaMeHe-
HUSX K HacmoswemMy cmaHdapmy nybruKyemcs e exe200HOM (110 cOCMosiHUK0 Ha 1 aHeaps mekyweeo eoda)
UHhOpMaUUOHHOM yKka3amene «HayuoHanbHbie cmaH0apmbly, a ohuyuanbHbIt mexem uameHeHul u nonpa-
80K — 8 E)XXKeMECSYHOM UHGHOPMaUUOHHOM yKasamerne «HayuornanbHbie cmaH0apmbly. B criiydae nepecmom-
pa (3ameHbl) unu ommeHbl Hacmoawezo cmaHdapma coomesemcemsyiouwiee ysedomnernue 6ydem onybnuko-
8aHO 6 briuxaliuieM ebiyCKe EXXeMECAYHO20 UHOPMAaLUUOHHO20 yKkasamensa «HauyuoranbHble cmaHfapmel».
Coomeemcemeyrouias UHhopmayus, yeedoMIeHUE U MEeKCMb! PasMewaromess makxe 8 UHOPMayUOHHOU
cucmeme 0buiez0 nosib308aHuUs — Ha oghuyuanbHom calime ®edeparnbHO20 a2eHmcemea o MexXHU4ecKoMy
peaynupoeaxuio u Memposioauu 8 cemu UlnimepHem (www.gost.ru)

© CraHgaptuHdopm, odhopmnerue, 2018

Hacrosiluii ctaHaapT He MOXET GbITh NOMHOCTLIO MM YAaCTUYHO BOCNPOU3BEEH, THPAKUPOBAH U pac-
MPOCTPaHEH B kauecTBe opuLMansHoro usaanus 6es paspelueHns deaepanbHOro areHTCTBa No TEXHUYECKO-
MY pPerysriMpoBaHuio U METPOSIOTUH
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HAUNWOHANbHBIN CTAHAAPT POCCUNCKOWN O®EQLEPALUUMU

MNocypapcTBeHHast cuctema ob6ecnevyeHUsa eQUHCTBA U3MepPeHUn

CTAHOAPTHbBIE CNPABOYHbLIE JAHHBIE.
cununa BAHAOQUA

MapameTpbl KPUCTASNINIMYECKON pPeleTKU B Auana3oHe KOHLUEeHTpaLui
oT 20 aT. % Ao 25 at. % kpemuuaA. KoaddnumeHT NMHEWNHOro TENNOBOro pacliMpeHnst
B Anana3oHe temnepartyp ot 20 K ao 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

Nara BBeaenua — 2019—03—01

1 O6nactb NpPUMeHeHun

Hacroawuii craHgapT pacnpoCTpaHAETCs Ha CTaHAapTHbIE CMPaBOYHbIE AaHHbIe O napameTrpax Kpu-
CTannuyeckon peLeTkn (pPasmMepoB reMEHTAPHON SYeiKM) NONMKpUCTannuMyeckux o6pasyoB CBepxXnpoBoAS-
LLEro HM3LLero cunuumaa BaHagua B 06nactm roMoreHHOCTH pasbl CO CTPYKTYPO A15 1 Ha AaHHbIE O BENUYN-
Hax koadhdpuumneHTa nuHenHoro Tennoeoro pacwmpenus (KINTP) B aguana3soHe Temneparyp ot 20 K go 300 K.

2 HopmaTuBHbIe CCbIFIKU

B HacTofSLEeM CTaHAapTe UCNonb30BaHbl HOPMATUBHbLIE CCbINKW Ha crneayoLlme CTaHaapThl:

FOCT 34100.3 HeonpeaeneHHOCTb usMmepeHua. Hactb 3. PykoBOACTBO MO BbIPAXEHUIO HEonpeaeneH-
HOCTU n3MepeHuna

FOCT P 8.614 locynapcTBeHHas cuctema oGecneveHus eavHCTBa u3mepeHuin. MocyaapCTBeHHast
cny>0a cTaHAapTHLIX CMPaBOYHbIX AaHHbIX. OCHOBHbLIE MONOXKEHUSA

MpumeyvyaHne — lNpu NONb3OBaHUU HACTOALWMM CTAHAAPTOM LienecoobpasHo NpoBepuTL AeHCTBUE CCbINOY-
HbIX CTaHAApPTOB B MH(OPMAaLMOHHOW cucTeMe obLiero nonb3oBaHna — Ha oduymansHom caiite deaepanbHOro areHT-
CTBa MO TEXHUYECKOMY PerynupoBaHuio U METPONOrUK B ce€TU NHTEPHET UNU No exeroaHoMy WHGOPMaLMOHHOMY yKasa-
Tento «HauWoHanbHble cTaHZapThbi», KOTOPLIA ony6nuKoBaH NO COCTOAHUIO Ha 1 AHBapA TeKyLero roga, U no Bbinyckam
exeMeca4YHOro MHopMaLMOHHOTo ykasaTens «HauuoHanbHble CTaHaapThl» 3a TeKyLWWiA rof. Ecnn saMeHeH cebiNOYHbIiA
CTaHAapT, Ha KOTOpbIA AaHa HeAaTMpOBaHHas CChiflka, TO PEKOMEHAYETCA UCNONb30BaTh AENCTBYIOLLYIO BEPCUIO 3TOrO
CTaHfapTa ¢ y4eTOM BCEX BHECEHHbLIX B JaHHYIO BEPCUIO U3MEHEHWUA. ECNN 3aMeHeH CCLINOYHLIN CTaHAapT, Ha KOTOPHLIi
[laHa AaTupoBaHHas cchifika, TO PEKOMEHAYETCA UCMONb30BaTh BEPCUIO 3TOrO CTaHAAapTa ¢ yKa3aHHbLIM BbiLLe rofoM YT-
BepXaeHus (NpuUHATKUSA). Ecnu nocne yTBepXAEHUA HACTOALLEro CTaHAapTa B CCbINOYHLIA CTaHAAPT, Ha KOTOpLIA AaHa
flaTupoBaHHas cchinka, BHECEHO U3MEHEeHMe, 3aTparusaroLiee nonoXxeHne, Ha KoTopoe flaHa cebinka, To 3TO NOMoXeHue
pekoMeHAyeTcA NPUMeHsTb 6e3 yyeTa AaHHOro M3MEHeHUs. Ecrn ccbiNovHbli cTaHgapT oTMeHeH 6e3 3amMeHbl, To Noro-
XeHue, B KOTOPOM AaHa CChifika Ha Hero, peKOMeHAYeTCA NPUMEHSITb B YaCTW, He 3aTparmBaioLLel 3Ty CCbISKY.

3 O6wune nonoxeHns

Cunuuuabl NepexofHbIX METANMNOB SBMSAIOTCA MHOTO(YHKLUMOHANbHLIMU Marepuanamm, KOTopbie Liu-
POKO MPUMEHSIIOTCS B NPUGOPOCTPOeHMN (ANEKTPOHMKE), aBUaLMKM, KOCMOCE, SHEPreTUKE, SNeKTPoTepMum,
CTPOUTENLCTBE, MALLMHOCTPOEHWUM U B APYTMX 0BNACTAX TEXHUKU M TEXHOMOTUA.

U3paHue ocpuumnansHoe
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OTnMYUTENbLHBLIMM BRAaronpUATHLEIMU OCOBEHHOCTAMMU CUNMLUAOB NEPEXOAHLIX METAnNMoOB ABNAOTCA:
BbICOKas XKapo- U TEPMOCTONKOCTb, NPUEMMNEMbIE MEXAaHWYECKUE XapaKTEPUCTUKU B LUMPOKOM Temneparyp-
HOM WHTepBane, BO3MOXHOCTb PEryrnupoBaHusi UX 3MEKTPUYECKUX CBOWCTB. CUMMUMABI XapakTepUsyoTcs
[OCTaTOYHO BbICOKMMU NPOYHOCTHLIMU CBONCTBAMU, MHOTUE M3 HUX UMEIOT TEMMEPaTypy NaBneHUs Bbille
1500 °C. OHU YCTOMYMBbLI K 4€NCTBUIO BOALI U KUCABIM Cpedam.

BONbLMHCTBO CUNMMUMAOB NPOSABNSAIOT YCTOMYMBOCTL K OKUCIIEHWUIO HA BO3AYXE MPU BbICOKMX TEMne-
paTypax 3a c4eT naccuBauuu U POPMUPOBAHNSA NMOBEPXHOCTHOWM OKUCHON MMEHKU, XapaKTEPUCTUKU KOTOPOW
ONpeaensioT 3alMTHblE CBOWMCTBA. [laHHas xapakTepucTuka OCOBEHHO BadkHa MpWU UCMONb3OBAHUW CUIU-
UMAOB MPU NPOU3BOACTBE OFHEYNOPHBIX W APYrMX Kepamuydecknx maTepuarnos, a Takke B page YCTPOWCTB.
Bbicokue pyHKUMOHANBHbIE 3NEKTPOU3NYECKUE XapaKTEPUCTUKN NO3BONAIOT CMONb30BATb NEHTLI HA OCHO-
BE CoeauHeHuin A15 ona CcBEPXMOLUHbLIX CONEHONAO0B, NPUMEHAEMbIX AS1A Pas3fMYHbIX BbICOKOTEXHONOrnYe-
CKMUX YCTPOWCTB; HU3LLNIA cunuumua BaHaaus (V;Si) NCNONb3yeTcs n B pasnuyHbIX YCTPONCTBAX COBPEMEHHOMH
SMEKTPOHMKM.

YCOBEPLUEHCTBOBAHUE CYLLECTBYIOLUMX U CO34aHUE HOBbIX (DYHKLIMOHASbHbIX BbICOKOTEMNEPATYPHbIX
MaTepuanoB Ha OCHOBE CUNTULMAOB OCHOBAHO HA Pa3BUTUM (PUIUKO-XMMUYECKUX OCHOB NMOMYy4EHUNA TBEPAO-
TeNbHbIX 0O BEKTOB C PEryNUpyemMbIM COCTABOM U CTPYKTYPOM.

OOHUM U3 NpeacTaBuTENEN CUNMULMAOB NEPEXOAHbIX METANMOB ABNAETCA HWU3LLMWA CUNUMUMA BaHaauA
(V5Si). OH npuHagnexuT K COeaNHEHUSIM CTPYKTYPHOTO Tna A15 1 SIBISETCA MaTepuanoM C BbICOKUMMU 3Ha-
YEHMAMU KPUTUHYECKMX NONEN U KPUTUYECKUX TOKOB — OCHOBHbIX TEXHOMOMMYECKUX XapakTepUCTUK CBEPXNpo-
BOJSAILLEr0 COCTOSHUS. 3HAYEHNA XapaKTePUCTUK CBEPXTPOBOASILLETO COCTOSIHUA V,Si HENOCPEACTBEHHO CBSA-
3aHbl CO CTEMNEHbK OTKNOHEHUA €ro CocTaBa 0T CTEXMOMETPUYECKOrO COOTHOLUEHUA KOMNOHEHT XMMUYECKOro
coeanHeHus. 3aMeLleHne atoMoOB B CTEXMOMETPUYECKOM COEAMHEHUU MPU 3aMETHOW Pa3HOCTU aTOMHbIX
paauycoB 3MIEMEHTOB TaKKe NPUBOAMT K U3MEHEHUIO Pa3MEepPOB AMEMEHTAPHON AYENKU M DYHKLMOHANBbHO
3HAYMMBIX XapakTepUCTUK 3TUX COSLUHEHUN.

Pesynerathl Ans V3Si ncnons3yiotca paspaboTyukamu CBEPXNPOBOAALMX MaTepnanos Gnaroaaps Bbi-
SIBMIEHHbIM aHOMarbHbIM TEMMEPAaTYPHbIM 3aBUCUMOCTAM XapaKkTEPUCTUK ANEKTPOHHOW CTPYKTYpPbl U ANHAMK-
KW KPUCTaNNUYECKON PELUETKU, KOTOPbIE Obiniv 0GHapYXXeHbl B HEM nocne 06HapPYXeHNSA CBEPXNPOBOAALLMUX
CBOWCTB C MakCUManbHbIMKA 3HAYEHUSIMU CPEAN COEAMHEHUIA U CNNABOB HA OCHOBE BaHaauA. PEHTreHoBCkue
9KCMEepUMEHTHI MO3BOMSAKT YCTAHOBUTL 3HAYEHUSA NAPAMETPOB KPUCTANSIMYECKON PELUETKU, OTPaXKaloLmx
BanaHc cun NpUTSHKEHNUA U OTTanKMBaHMS aTOMOB B a4venke, u paccuutoieatb KITTP no pesynsratam uame-
peHnit NpU pasnuuHbIX Temneparypax. CoeanHeHns TBepabiX PacTBOPOB Ha OCHOBE V3Si Mcnonb3yloT Ans
NOCTPOEHUSI aHanu3a U NPOBEPKU MOAENER ONUCAHUA U BbICOKMX XapaKTEPUCTUK KPUTUUECKUX NMapaMeTpoB
CBEPXNPOBOASILLETO COCTOSIHUSI U B AAPYIMX COeAUHEHUAX CTPYKTYPHOro Tuna A15 ¢ MakCMMarnbHO BbICOKUMM
KPUTMYECKMMU NapamMeTpammn CBEPXMPOBOASILLErO COCTOAHUSA.

4 OcHOBHas 4yacThb

B HacTosiLemM CcTaHaapTe NpUBEAEHbI CTaHAAPTHLIE CNPaBOYHbLIE AAHHBIE O NapameTpax KpucrTannmye-
ckoii petueTkn V;Si B inanasoHe KOHLEHTpauuii ot 20 ar. % Ao 25 ar. % kpeMHUsi, NonyyeHHble B TOM Yucne
C UCNONb30BaHUEM PEHTTEHOBCKUX AU PAKTOMETPOB ANA M3MEPEHUA CTPYKTYPHLIX XapakTepucTuk, U aHHble
o BenuunHax KINTP cunuumaa BaHagusa B guanasoHe temnepatyp ot 20 K go 300 K. CrangaptusupoBaHHbie
Marepuanbl paspabotaHbl B cootBeTcTBUM ¢ FTOCT 34100.3 u FOCT P 8.614. [ina orbopa HauGonee AoCTO-
BEPHbIX JaHHbIX NPOBEJIEH CPABHUTENbHbLIA aHANWU3 3KCMEePUMEHTANbHbLIX AAHHBIX C AAHHBIMU PaboT Apyrux
uccneaosareneii [1]  npoBeaeHbl KOHTPONbHbLIE U3MEPEHUA FOCYAAaPCTBEHHbIX CTAHAAPTHLIX 06pa3suoB And-
PaKLUMOHHbLIX CBONCTB.

4.1 NogroroBka oOpasLoB

CTpyKTYpHbIE XapakTEPUCTUKM MONUKPUCTAnNoB V;Si onpeaensior Ha CNuTKax, NosyYeHHbIX NPAMbIM
cnnasneHMeM KOMIMOHEHTOB B CreuuarnbHOM YCTPOWCTBE BO B3BELLEHHOM COCTOSIHUM B aTtMocdhepe UHEpT-
HOro rasa. Mcnonb3oBaHue yCTPOICTB NPELM3UOHHON METannyprum A0omkHO obecneunBaTb MUMHUMYM yrapa
KOMMOHEHTOB U TPeGyeMblil COCTaB B CMIUTKAX C TOYHOCTbIO A0 0,05 at. %. [ina usrorosnenus V;Si ucnonb-
3yI0T MOHOKPUCTaNNUYECKUil BaHaauii C coaepXxaHueM OCHOBHOrO anemeHTa bonee 99.98 % u nonynpoBo-
AHUKOBOTO KpeMHus 99,999 %.

[Ina aHanu3a xapakTepuCTUK KpUCTaNNM4YeCKoW CTPYKTYPbI, NONYYEHHBIX C NOMOLLLIO AUPAKTOMETPOB,
npeaHa3sHaYeHHbIX B OCHOBHOM A5 NOSIMKPUCTANNOB, NONYYEHHbIE CANUTKN APODAT HA MENKue KpUcTannuTsbl B
M3MenbYalLLmMX YCTPoONCTBax (Ana coegmHeHun A15 ncnonb3ylot CTYNKY U3 arara) U NpoceunsaloT nocneaosa-
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TENbHO Yepes psaa cuT ¢ pasamepom adeek ot 200 oo 40—20 mk. Jlanee NOPOLLOK 3acbinNatoT B KIOBETY, yNnoT-
HAIIOT U BLIPABHMBAIOT C NPUMEHEHUEM NPeaAMETHOrO cTekna. [ns npeaoTepaLLeHUs BbiCbiNaHUsi MOPOLLIKA U3
KIOBETbI €70 MOBEPXHOCTb NOKPbLIBAIOT TOHKUM CMOEM naka.

3Hauenusa KITTP B ananasone temneparyp ot 20 K ao 300 K onpeaensior ana asyx rpynn o6pasuos
V;Si. B nepson rpynne o6pasubl ¢ HanMuuem HU3KOTEMNEPaTypHOro hasoBoro NEPExXoaa U C MOBLILIEHHLIM
COBEPLUEHCTBOM CTPOEHMSI KPUCTaN/IMYEeCKOW peLUeTKU, KOTopoe oTpaxkaerca Gonee BbICOKMMU (Bbiwue 30)
3HA4YEeHUAMMN OTHOLLEHUA conpoTuenenus (npu Temneparypax npu 295 K u npu 17 K). Bo BTopoii rpynne 06-
pasubl ¢ OTHOLLUEHMEM COMPOTUBNEHWUA NPU KOMHATHOW W HU3KUX TemnepaTypax Hwke 10 6e3 CTPyKTypHOro
nepexoaa.

4.2 JkcnepumMmeHTanbHasa annaparypa

B HacTosiLEM CTaHAapTe NPUBEAEHbI 3HAYEHUA CTPYKTYPHBIX XapakTepucTuk V;Si no pesynsrataM KOH-
TPOMbHbIX BEICOKOTOYHBIX U3MEPEHUI HA COBPEMEHHOM AUMDPAKTOMETPUIECKOM 060PYAOBAHUM U NO pe3yrib-
Taram CpaBHEHUs1 C 0OOCHOBAHHBLIMU ANDPAKTOMETPUYECKUMUN AAHHBIMU U3 HAYYHbIX NMUTEPATYPHBIX NCTOY-
HUKOB.

[nsi BBICOKOTOYHBIX KOHTPOJSbHLIX 3KCMEPUMEHTOB UCMOMb3YIOT U3MEPUTENbHYIO CUCTEMY, NO3BOMNSIO-
LLYIO NONYYUTH AOCTATOYHO MOSHYIO ANPAKLMOHHYIO KAPTUHY C NPUMEHEHNEM KOPOTKOBOMHOBOIO U3Ny4EHUs
PeHTreHOBCKOM TPYOKU, KOTOPasi BKIIOYAET: UCTOUHUK U3NY4YEeHUS, TOHUOMETPUUECKYIO YacCTb, AETEKTOPbI OT-
pa)KeHHOro U3ny4YyeHus, NporpaMMHoe obecnedyeHne Ana ynpasneHus paboTon pasnuuHbIX YacTen gudpak-
TOMETPUYECKON CUCTEMbI M 00paboTKn MAaCCUBOB AaHHbLIX U ANA pacyeTa BENUYMH CTPYKTYPHBIX NapameTpoB.

B kayecTBe UCTOYHMKA M3nyyYeHus B nabopaTopHOM AUGPAKTOMETPE NPUMEHSIOT TEPMETUYHO 3anasiH-
HyI0 TpyOKy, B KOTOPOI KaTo4 — BONbPaMOBYIO CNUpanb — pa3orpeBaloT dNEeKTPUIECKUM TOKOM, a MaTepu-
an aHoaa BLIOMPAIOT B 3aBUCMMOCTU OT KOHKPETHBIX 3a4a4 uccneaoBanus nonmkpuctanna. cnonb3yior anu-
Hy BOMNHbI Ka-U3nyyeHusi, HanpuMep oT MEAHOro aHOAa PEHTIEHOBCKO Tpy6Gku oHa paBHa: A = 0,154059 Hm.
MHTEHCUBHOCTb M3NMy4eHUs PEHTTEHOBCKON TPyOKM onpeaenseTca HanpsXkeHWeM U CUNoNn ToKa, KOTopble Ba-
PbUPYIOTCA B 3aBUCMMOCTHU OT TUNA U 3aaa4n peHTreHorpaduposaHuns (CTapToBoW U3MEPUTENLHONW MOAENN).

OCHOBHYIO LLIKany roHMOMETpa Ans NOPOLIKOBbIX AUpakTOMETPoB, Hanpumep «APOH-4», ucnonb3ayior
Ans guanasoHa BO3MOXHbIX NOBOPOTOB ageTekTopa Ao 162° no wkane 20. B atux tMnax audpakroMeTpos
KOHCTpYyKUMa AudpakToMeTpa AomkHa obecneunsatb (NPU UCMOMb30BAHUU U3TY4YEHUS OT MEAHOI0 aHoAa)
dukcupoBaHue 4o 15 GparroBCKMX OTPaXKEHUIA ANns cunuuuaa BaHaausa u Ao 14 6parroBCKMX oTpaXkeHui Ans
TBEPAbIX PaCTBOPOB Ha ero OCHOBE. [ns NpoBeeHNs BbICOKOTOUHLIX ONpeerneHuit 40nonHTeN5Hoe BHUMA-
HUe yaensaioT ukcaumum BbICOKOYrnoBbIX pedhnekcoB (Donee BbICOKMX NOPSAKOB OTPaXKeHU OT ceMencTBa
Kpuctannorpaduyecknx nnockocren). Ansa atux 6onee cnabbiX N0 UHTEHCMBHOCTU OTPaXXEHUIA (MHOrAa Ha
NOPSAAKU HUXKE YEM ANS OTPaXKeHWI NPU HEBLICOKMX yriax, ¢ MansiMu nHgekcamu Munnepa) npu pabote aud-
PaKkTOMETPOB UCMONb3YIOT MAKCUMAarbHO BO3MOXHbLIE 3HAYEHNSA TOKA, HANPsHKeHUsA u/unv bonee AnUTensLHOE
BPEMS 9KCNO3ULIMH.

Ona KOHTpONA npaBunbHOCTU paboTbl ANdPAKTOMETPA NPOBOAAT U3MEPEHUE TEX XKE CTPYKTYPHbIX
XapakTepuCTUK rocyaapCTBEHHbIX CTaHA4apPTHLIX 06pa3LoB AMMPaKLUMOHHBIX CBOWCTB KPUCTaNIMYeCcKon pe-
wertku (MCO) B nonukpucrannuyeckom suge, Hanpumep CO MNMP®-4 (MP®-3) kpemHun unu MCO MPPC-23
Kynpart uttpus-6apusa, unu NCO MNP 12 rekcabopua nantaHa nvnu gpyrue Tunsl CO. Pesynsrartbl 9TUX U3me-
PEHWUI JOMKHbI MOKa3biBaTb BOCMNPOU3BOAUMOCTEL aTTECTOBAHHbLIX 3HAYEHMI NapaMeTpoB KPUCTanmmM4ecKom
peLueTku.

[epxxarenb KIOBETbI yCTAHABNUBAIKOT HA TOHUOMETPUYECKYIO TONOBKY AMMPaAKTOMETPA, KOTOPYIO (hMKCU-
PYIOT B NOCaA04HOM rHE3ae roHUOMETpa.

Mcnonb3yloT 0Co6eHHOCTL OKYCHMpoBKM No Bparry—BpeHTaHo, 3akniovatoLlyocs B TOM, YTO B OTpa-
KaloLlee NonoXKeHne nNonagaroT KPUCTANMUTLI, Y KOTOPbIX HOPMarb K OTpaXkaloLLen Kpuctannorpadu4eckon
NMOCKOCTW NapannensHa HopManu K MOBEPXHOCTK obpas3ua.

BepTtukanbHylo pacxogMMOCTb B MMAOCKOCTW, NEPNEHAUKYNAPHON K KPYry roHMOMETpa, OrpaHu4uBalor
wensiMm Connepa — HabopoOM TOHKMX METANNUYECKMX NIIACTUHOK, PACTMONOXKEHHbLIX HA MarbIX PACCTOAHUSAX
m napannenbHO Apyr Apyry, onpeaensoT oTHoweHnem m/l, rae | — AnvMHa NNacTUHOK.

[Ans nonyyeHnsa nonHown AMGPaKLUMOHHOM KapTMHbI oBpaseL, BpaLLaoT BOKPYr OCU rOPU3OHTANBLHOTO ro-
HUOMETpA C YrnoBoOW CKOPOCTbIO 6, @ CHETUYUK M NPUEMHYIO LUEMb (ANA COXpaHeHUs yCrnoBusa POKYCUPOBKU B
Ka)KgoM YriioBOM MOSOXXEHUM) NEPEMELLAIOT C YLBOEHHOI CKOPOCTbIO 20.

MpeaBapuTenbHYO IOCTUPOBKY MPOBOAAT NPU PaCcnoONOBUHUBAHUM UHTEHCUBHOCTM NajaloLero nydka
PEHTreHOBCKMX Ny4eli Npu HyNeBoM yrie nageHus Ha obpasew no CPaBHEHNUIO C NEPBUYHBIM Ny4KOM. OTO 0be-
cneyuBaet ganbHelilee NpoBeaeHNe 3KCNepUMEHTOB B aHHON reoMeTpum no bparry-BpeHTaHo.
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MUWHMMasbHBIA War B gudpakTtoMeTpuyeckoli cucteme, Hanpumep «[APOH-4», ycTaHasnmeatoT 0,01°.
Bpems n3vepeHVs B kaxkaoli TOYke B MCMOJIb3yEMOM Auana3oHe YIr/0B Nof6upatlT Takum 06pasom, 4Tobbl
dhopma npodnnein AudpakLMOHHbIX OTPAXEHMI AOCTOBEPHO onpedensna nx xapakTrepucTuku (NpoBoaat Mu-
HUMYM 3—5 nocnefoBaTenbHbIX CKaHWPOoBaHuii). Bnok-cxema ncnonblyemoro agudppakroMmeTpa npeacrasne-
Ha Ha pucyHke 1

[na npoBeAeHNs usMepeHuii n 06paboTKN IKCNEPUMEHTA/IbHbIX AaHHbIX C NOCAEeAYIOWMM onpeaeneHn-

€M CTPYKTYPHbIX XapaKkTepucTuK, YAOBNETBOPSIOLMX CTabUIbHLIM NapaMeTpam KpUCTasI/IMYecKoi peLueTku,
UCMNOMb3YHOT aTTECTOBAHHYI0 METOAVKY U3MEPEHWUIA.

PucyHok 1— Brok-cxema gudhpakromeTpuyeckoli CUcTeMbl C UCNOb30BaHNEM KOPOTKOBOJSIHOBOTO W3/TyUYeHust

4.3 Oco6eHHOCTU npoueaypbl U3MepeHuit

ViccnepoBaHna yrnoBoro pacnpefeneHns UHTEHCUBHOCTEW BCEX BO3MOXHbIX AN PaKLMOHHbIX OTpaxke-
HWA NOAVKPUCTaIIMYECKOro obpasLa NpoBOAAT NO3TANHO B MOJIHOM AMana3oHe YrioB Andpakyum, Hanpuvep
OT 7° go 160°. Ecnv ncnonb3yloTcsa MeTodbl PutBenbaa, To 3anucbiBaeTca (DOH A1 BCEro AmanasoHa Yr/ios
ANPaKLMOHHON KapTUHBI.

Mpu BbINOHEHWN NpoLeAypbl U3MEPEHU B Ka4ecTBE HOPMasbHbIX YCN0BWIA 06bIMHO cobojaloT cne-
ayoume:

- TemnepaTypa Bo3fyxa — B AuanasoHe oT 296 K go 300 K [(23 °C—27 °C) =2 °C)];

- atmocdepHoe aasneHne — oT 84 go 106,7 kMa (690—800 mm pr. CT.);

- OTHOCUTEeNIbHas BNAXHOCTb BO3Ayxa — He 6onee 70 % npu Temneparype 23 °C—27 °C.

CTabunbHOCTb B 3HAYEHUSAX HAMPSHKEHUSA 3M1eKTpoceTn Ana ogHodasHoro Toka 210—230 B oTcnexumsa-
IOT C MOMOLLbIO CUCTEM, CTaBUNU3NPYIOLLUX HaNpPsHKEHne.

[na obpasua cTexmomeTpnyeckoro coctaBa AMCNEepPCHOCTb MOPOLLKa A0/MKHA COCTaBNATbL MeHee 20 MK,
4YTO JO/MKHO MO3BOMATbL PeHTreHorpadupoBaHue 6e3 BpalleHus obpasua. Bo Bpems c6opa AaHHbIX Audpak-
LIMOHHOM KapTUHbI 06pasLoB € 60nee KPYnHO3EePHUCTLIMW KpUCTaINTaMK OCYLLEeCTBASAIOT BpalleHne obpas-
ua Ans 3axsata 60nblieli nnowaan obayvyaemoit NOBePXHOCTY.

PesynbTaTbl N3MepeHns xapakTepucTuK NoMHON ANMPAKLMOHHOW KapTWHbI CUNNLMAA BaHaaUs BO BCEM
AnanasoHe BO3MOXHbIX Yr/10B ANPaKLMOHHOW KapTWHbI Ha nNpumepe o6pasLoB CTEXMOMETPUYECKOro cocTa-
Ba MCNOSb3YIT AN CPaBHUTENbHOrO aHanm3a C AaHHbIMU pasinyHbiX 060CHOBAHHbLIX UCCNefoBaTeNbCKUX
pa6oT. B pesynbTate u3mMepeHuii NonyyatT OAHOMEPHOE ceyeHve ANGPaKLMOHHOW KapTWHbI, NpeacTaBs-
olee 3aBMCMMOCTb YMcna OTPAXEHHbIX MMNYNbCOB OT yrfia nepeMelleHns obpasua v getektopa. [anb-
Helilyo 06paboTky AnA onpefeneHns napameTpoB KPUCTa/IMYECKOW peLlleTkn NpoBOAAT C NPUMEHEHMEM
KOMMNEKCOB A1 06paboTKN M pacHeToB CTPYKTYPHbIX NpOrpamMm, pesyfbTarbl MpouaalcTpupoBaHbl B [1].
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Ons pacyeta napameTpoB KPUCTANSIMYECKON PELUETKM UCMONb3YIOT 3HA4YeHUs YrnoB 0, COOTBETCTBYIO-
LuMe mMakcuMyMam pacrpeaeneHus UHTEHCUBHOCTEN BParroOBCKMX OTPakeHUi (C BblMMTaHMEM BKnaja oT Ua-
nyqenus Ko,), n cootHolleHne Bparra—Bynbda, CcBA3bIBaIOLLEE 3HAYEHNUA MEXMTIOCKOCTHbIX PACCTOSHWIA C
STUMK yrnamu. [Ans HaxoxaeHWs MakcuMyMa OTpaXKeHUs UCNOMb3YIOT NepBy0 MPOU3BOAHYIO MPU aHanuse
nNpochunsa NMHUA AMGPAKLMOHHOTO OTPaXEHUs, KOTOPas PaBHa HYMIO B MAaKCUMYME OTPAKEHUS.

OnpegeneHve napaMeTpoB 3NEMEHTapHON AYENKM NPOBOAAT MOCNEAOBATENLHO OT BCEX OTPaKEHUM
aundbpakTorpaMmMsbl, YTO NO3BONSIET MUHUMU3UPOBATbL BOSMOXHbIE MOrPELLUHOCTU MPU NPOBEAEHUM SKCTpano-
nAauMm, a 3atem AnA oTpaeHU, 3aPUKCUPOBAHHbIX AN BbICOKOYIMOBOW YacTu AUQPaKLUMOHHOW KapTUHbI.
PesynbraTbl 310 06paboTkn AOMKHBI 06eCneYnBaTh JOCTATOMHO BbICOKYIO TOHHOCTb KOHTPOMbHbBIX KCMNEpU-
MEHTOB, paBHyto +0,00002 HM 1 HeoBXxo0AUMYIO ANA YCTAHOBNEHUS1 06nacT roMOreHHOCTH 06pasLoB.

4.4 Mpoueaypa onpenerieHUs NnapaMeTPoOB KPUCTANIUYECKON pelleTKU

OB6paboTKy Nony4YeHHbIX 60NbLUMX MACCUBOB AaHHbIX NPOBOAAT C NPUMEHEHUEM NPOrPaMMHOIO NakeTa.
JaHHble 3aHOCAT B Tabnuubl — npoTtokonbl. O6pasel NpoTokona npeacrasneH B [1].

Ha ocHose cooTHoLeHNs Bparra—Bynbda paccunTbIBaIOT MEXMNOCKOCTHbIE PACCTOAHNA Oy, ANSA KO-
TOpbIX MHAEKCH Munnepa h, k, | cBA3aHbl C napaMeTpaMun peLleTkn, KBagpartudHbiMu chopMamMu npegcrasne-
HWSA 9TOrO ypaBHeHus. OAns a3 ¢ Kybu4eckol CUMMETPUEN ANEMEHTAPHON SYEkM napaMeTp Kpucrannmye-
CKOI peLueTkn pednekca ¢ uHaekcamm h, k, I onpenenstor COOTHOLLEHUEM

M/hz +k2 +/? )

oL =
hid 2sinOpyg

rae 6, — Yron oTpaxeHus;
h, k, I — vngekcel Munnepa oTpaxxatoLLen nnocKoCTu;
A — ANMHA BOSHbI N3NY4eHUs.
[na onpeaeneHus napameTpa KpUCTannyeckon peLleTk NopoLLKOB UCMOSb3YIOT 3KCTPaNONALMOHHYIO
chyHkumio Henbcona-Paiinu @(6), cm. [1], koTopasi no3BonsieT MUHUMU3UPOBAaTb UHCTPYMEHTaNbHbIE BKNaAbl
npu onpegeneHn BENUYNHbI MapaMeTpa peLleTku

@

0 sin®

o) = %[(0039)2 . (COSG)QJ'

Mcnonb3oBaHue dpyHkumm @ (0) nomkHO NO3BOMATL HArMAAHO AEMOHCTPUPOBATL Oneparopy Hanuuue
MHCTPYMEHTanbHbIX (Npexae BCero, CBA3aHHbIX C annapaTtypHeIMU 0COGEHHOCTAMU M cnocobamu hoKycH-
POBKM U3NYy4YeHMS N YCTAHOBKU OBpasua ans onpeaeneHus Havana LKarnbl OTCHETa B TOHUOMETPE) U HEKOTO-
PbIX CUCTEMATUYECKMX NMOTPELLUHOCTEN U OTpaXKaTb 3aBUCMMOCTb MX 3HAYEHUN OT yrna audpakummn. PyHKUMA
® annpokcumupyetcs npAMon nuHuen. Janee cTpoutcs rpadduk 3aBUCUMOCTU PaCCYUTaHHBIX NAapaMeTPoB
KPUCTannMYeckon peLeTkn oT oyHkuum ® 1 npoBOAUTCA NMUHENHAA 9KCTPanonALumMs C NOMOLLLIO METOAA Hau-
MeHbLumnx kBagpaToB (MHK) B 4OCTYMHbLIX NPUMOXKEHUSAX K NEPCOHanbHbIM KOMMbIOTEPaAM, Hanpumep B Npo-
rpamme Excel. OTKNOHEHMe 3HaYEeHUI AN KaXaoro OTPaXeHWs 0T NOMyYEHHOW NPAMON NMOKa3bIBAaET YPOBEHb
Cny4anHow NOrpeLlHOCTH.

Mpadhmueckas sKCTPANONALUWA 3HAYEHUN napaMeTpa peweTku «a» V,Si, Nony4YeHHan OT pasHbIX Nro-
ckocTen K yrny otpaxeHus 90° no wkane 6, ¢ ucnonb3osannem gyHkuum © n metoga MHK cyuiectBeHHO
YTOYHSAET 3HAYEHMe napamMeTpa KpUCTannuMyeckon PeLUueTku No CPaBHEHWMIO CO 3HAYEHMSAMU, NOMYYEHHbIMM
NPV HEBBLICOKMX YrMax OTpaXKeHUs1. Pe3ynbrartbl 3TOW 9KCTpanonsauum rpaduyecku NpouniocTpupoBaHsl B [1].

Mpumep onpeaeneHnsa cpeaHuX 3HaYEeHU napaMeTpoB PELLETKU MONUKPUCTANIIUYECKOTO CTEXMOMETPU-
YeCcKOro cunuumaa BaHaausa no TPEM KOHTPOSbHbIM U3MEPEHUSAM NpeacTaBneH B Tabnuue 1.

OKCTpanonMpoBaHHOE 3HA4YeHWe napaMeTpa Ana CTEXMOMETpuYeckoro obpasia cormacHo AaHHbIM
aToi Tabnuubl cocraensiet 0,47249 Hm. B Tabnuue 1 CKO — cpegHee kBagpatu4Hoe oTknoHeHue, CO —
cTaHaapTHbi obpaseu, h, k, | — nHaekcbl Munnepa, / % OTHOLLEHWE UHTEHCUBHOCTEN K 3HAYEHMIO ANS OTpa-
JKEHMA C MaKCUMAarbHON MHTEHCUBHOCTBIO C MHaekcamu Munnepa (210), 20 ,, 20 — yron, COOTBETCTBYIOLLMIA
MaKCUMYMY OTPaXKEHUS.

al?
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Ta6nuya 1— CpeaHue sHaueHUA NAPaMETPOB PELUIETKN NOSIMKPUCTANNMYECKOTO CTEXMOMETPUYECKOTO CUNMLMAa Ba-
HafuA No yepeaHEHHbIM pesynsTataM Tpex 3MepeHni

CpefiHue 3HaueHus 3Havenuna CO MeTponoruyeckue xapakTepucTUkn
Ne n/n h K ! 2¢° 26,1 20°
pacuyer. CKO A

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
1 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] rpadhnyecku n TabnuyHo oTpakeHbl A4aHHbIE 3aBUCUMOCTU NapameTPOB KPUCTaNIMYeCcKon peLueT-
KM OT COCTaBa M COOTBETCTBYHLLEE U3MEHEHME 3HAYEeHU (PYHKLMOHAmNbHbLIX XapakTepucTuk B AuanasoHe
KOHUEHTpauwmii oT 12 at. % A0 27 aT. % KpemHusi. Bo MHOrMX UCCNenoBaHusx Ans XxapakTepucTukm obpasuos
JONOMHUTENBHO UCMONb3YIOT 3HAYEHUE TEMMNEPATYPbl CBEPXMpoBOAsALLero nepexoaa (7¢), koTopoe Koppenu-
PYIOT C KOHLeHTpaumei. dasoBas guarpaMma 31oro OMHapHOro CoeiMHeHUs PacCMOTPEHA U NPeSCTaBNEeHa B
[1]. 3aBUCUMOCTL M3MEPEHHOrO 3HAYEHUA NNOTHOCTK OT cocTasa 06pasLoB V,Si ¢ pasnuMUHON KOHLEHTpauu-
en KkpemHua rpaduyeckn npeacrasneHa B [1]. ConocraBneHne pesynsratoB CPaBHEHUSA IKCMEPUMEHTANbHO
M3MEPEHHbIX 3Ha4YeHUIn NNOTHOCTU 06pasLoB ¢ cocTaBamy B 06nNacTu roMOreHHOCTM C pacyeTHbIMU 3HaYe-
HUAMK NNOTHOCTM 06ecneYnBaeT BbIOOP BapMaHTa CTPOEHUA SNEMEHTAPHON AYenkn (Hanpumep, aAna V;Sis
06nacTu roMOreHHOCTU UMEET MECTO 3aMeLLeHne aTOMOB KPEMHUSA aTOMaMu BaHaAus).

[aHHble 06 M3MEeHEeHUN napameTpoB KPUCTANNIMYECKON peLUeTKU NO3BONSAIT onpeaensatb 06nacTb ro-
MOreHHOCTW TBEPAOro pacTBopa Ha OCHOBE CTEXMOMETPUYECKOTO COEAUHEHUS V3Si. 3HayeHue BenuumuHbl
Temneparypbl Nepexofa B CBEPXNPOBOASALLEE COCTOSTHUE 0BecneynBaeT CnpaBeanMBOCTb KOPPEnaumn ¢ oT-
KNOHEeHWeM OT CTEXMOMETPUYECKOr0 COCTaBa U CO CTENEHbIO NPOSABNEHMSA aHOManuu B TeMnepaTypHoOn 3a-
Bucumoctu KITTP B HU3kOoTeMnepaTypHoi obnactu.

Xopowlee cornacue pesynsTatoB U3MepeHUi napaMeTpoB peLLeTKX, NonyyYeHHoe B psae uccrneaosa-
HWIA, B 0BnacTu KoHUeHTpaumin kpemHus ot 20 at. % Ao 25 at. %, npeacraBneHHoe rpaduyeckn u TabnumyHo
B [1], no3Bonuno yTBepanTb AaHHbIE O MapameTpax KPUCTaNNMYECKON peLueTkn B 06nacT roMOreHHOCTH B
KayecTBe CTaHAAPTHbLIX CNPaBOYHbIX AaHHbIX.

4.5 Pesynsratbl onpegerieHuin koadpuumeHTa NMMHENHOIO TENJIOBOTO pacluupeHus B
auanasoHe temnepatyp ot 20 K go 300 K

Pesynbratbl, nonyyYeHHble aBTopaMu psaa pabot, no onpeaenenuio KITTP B ananasoHe temnepartyp ot
20 K 1o 300 K Ha oBpasuax coeanHeHns V3Si ¢ pasHbIMIU KOHLEHTPAUMAMM KPEMHUA, NPeacTaBneHs! B [1].
[ns conoctaBneHus pe3ynsTatoB U3MEPEHU UCMONb3YIOT ABE NoArpynnbl 06pasLos aToro cunuuuaa. B nep-
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BOM rpynne o6pasLbl, B KOTOPbIX MPU HU3KOW TemnepaType He HabnogaeTca CTPYKTYPHbIN (ha3oBbIl Nepexon
1 006pasubl UMEKT OTHOLUEHUE conpoTuBneHus npu temnepatypax 300 Ku 18 K Huxe 10, BO BTOpO rpynne
o6pa3subl, B KOTOPbIX Obln 3aIMKCMPOBAH CTPYKTYPHbIA NEPEX0A U 3HAYEHME 3TOTO XKXE OTHOLLUEHUS CONPOTMB-
neHusa, kak npasuno, 6onswe 30.

B Tabnuuyax n Ha rpadpmkax B [1] npeacrasneHbl 3HaveHna KITTP ansa o6pasuos 6€3 MapTeHCUMTHOIO U €
MapTEeHCUTHbLIM CTPYKTYPHbIM NEPEXoaoM. Pedynbrathl B KaXKA0N NOArpynne XOpoLLo COrnacyTca Mexay co-
Gon. 3nauenus KITTP ans o6pasuos V;Si 06eux noarpynn — co CTPYKTYPHbIM NEPEX0A0M 1 Ge3 CTPYKTYPHOTO
nepexoaa XopoLlo CornacylTes mexay cobor npu Temnepatypax Boiwe 80 K. [lJaHHble, NpeACcTaBeHHbIE B
Tabnuuax [1], yTBep>XAeHbl KaK CTaHAAPTHbIE CnpaBoyYHble AaHHble aAng KITP Huswero cunuumaa saHagus
(V5Si).

4.6 10CTOBEPHOCTb AAHHbIX

[OoCTOBEPHOCTb MOMYyYEHHbIX AAHHbIX OLEHMBAIOT NO pesynsratam COBMECTHON 00paboTku cepuin us-
MEPEHUA U CPABHEHUEM AaHHbIX KOHTPOSMbHbLIX U3MEPEHUI MOBLILUEHHON TOYHOCTKW [1] C A@HHLIMK APYrUX
uccnegoBarensckux pabor. [Ana obecnevyeHnsi BEICOKON AOCTOBEPHOCTM NOMYYEHHbIX PE3ynbTaToB NPOBOAAT
npeaBapuTENbHbIE U3MEPEHUS XapaKTEPUCTUK roCyAapCTBEHHbLIX CTAHAAPTHLIX 06pa3LoB AUMPAKLMOHHbLIX
CBOWCTB Ha TEX e 9KCNEePUMEHTamNbHbIX yCTaHOBKaX.
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