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MNpeaucnoewne

1 PAZPABOTAH MapHsM HaydHM METRONOTHYECKHM LEHTPOM « CTaHdapTHEIE CNDEB0HHEIE SaHHLIE
0 MIMYECKHE KOHCTAMTAX ¥ CBOACTEAY BELUECTE W MaTepuanoBys (THML «CCOs)

2 BHECEH TexH<eckim koMUTeToM Mo cTangapTriaymnd TK 180 «CTanoapTHeE CNpaecHHbe GanHba
0 (PHINSECKHNY KOHCTAHTAY W CBORCTESN BEUECTE W MaTEpHANOBY

3 YTBEPM¥IOEH WM BBEOEH B OEMCTEBWE NMprxazom $enepantHors areHTCTEa NO TEXHUHECKOMY
PEMYMHPOBIHA ¥ METRONORM 0T 4 gekatpa 2018 r Ne 1056-cT

4 BBEfEH BMNEPBLIE

Mpaguna NPUMENENUA HECMaAWE20 cmardaoma yomanocamers! @ cmamee 26 PedepanbHo2o 28K0Ma
o 29 wama 2005 2. Ne T162-03 « 0 crmandapmudayuu @ Pocculokod Dedepadiuuy. MRDopMaius of uaMene-
HUAX K HACMOAWeMy cmandapmy MySnukyemeca 8 exe20dHon (N0 COCMoaNLo Ha T AMea0R mekyweao soda)
LUHPODMAELLOHHNOM yRazameaens sHayUoHamnbtbe cmaddapimsl s, & OBUUUATLNLID MIEKCIT UAMEHEHLID U Nonpa-
G0N — & ENOMECTUHON UHDODMaLLONHOM YWazamane «HauuoNans+ee CMandapmeis. B CRYWEE NEDECMONT-
0a [FaMEHE) URLY OMdeRb! HacMoRWes0 cmakdapima coomesmomayiowes yeedornerue Bydem anybniko-
BaNG & ANUNATLIENM BRNYCKE CNEMECAYNOZ0 WHGhODMALLOMNKO20 YKAZAMEna « HauuoHanbHeie cimandanmiis.
Coomesmomayiowas uedopMalus, veedoMneHus 4 MEekems DEIMelLalomcs MaKse 8 uHbopMauuoHHol
cucmenms obless NaNLINSaNUA — Ha oghuluansyon cadme PedepaneHoss a2eMMCIas 0 MEXHUYECKoMY
CESFNUDOEIELID U MEMPONGaUY 8 camu HMumepaam {fwww. gost.ru)

& CtampapTirpops, adopanesue, 2018

HacToAlwME CTaROapT He MOKET BeiTe NONHOCTEN WK Y3CTHYHO BOCTIDOH3BENeH, TUPAKMPOBAH W pac-
NEOCTRAHEH B KAYECTRE ohUUMANEHOM NafaKdra Gea paspeieHMs DaaepansHoM areHTCTEA NO TEXHUYECKD-
MYy DEMYIADOBAHKIO W METDONOTAK
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HAUMOHANBHBIA CTAHOAPT POCCHWHCKOWN Q®ENOEPALUMUM

MocynapcToeHHan cUCcTeMa obecnodyeHna eaUHCTES WIMEDEHHN
CTAHOAPTHERIE CNPABOYHEBIE OAHHBIE. MONWEOEH

MapameTphl KPHCTANMAWYECHOW peleTEr. KoaddUMEHT NHHERHOND TENNOBOMS pacwMpeHna
B gManazone Temneparyp ot 90 K go 350 K

Siata system for ensuring the uniformity of measuremenis. Standard referenca data. Molybdenum.
Tha parametars of the crystal lattice. Coefiicient of linsar thermal expansion in the temperature range from 90 K to 350 K

HDara epegexuns — 2019—03—01

1 ObnacTb NpUMEHEHHWA

HacToAWWA CTaHgapT pacnpocTDaHAETCA Ha CTAHZADTHLIE CNpaBcHHBIE JaHHbe MonkbaoHa, Gailoayio
KADAKTEPWCTHKY KOMOBHCHPOBAMHOM BELECTEA — NAPAMETDE KPUCTANMWHECKON DEWETEA KW HA JaHHbIE O
BENHYHHAX KOFDPHUUEEHTA NWHEAHOID TENMORCTO DACIUKMPEHKA B O4anasoHe TemnepaTyp oT 90 K go 300 K.

2 HopmaTHBHLIE CCLINKK

B HACTOALWEM CTAHAANTE MCNONLI0OEAHEl HOPMATHEHEIE CoLINKK Ha CNeqyeWwee CTaMOA0TE.

FPOCT 34100.3 HeonpeaeneHHooTe HaMeperna. HacTe 3. PYKOROGCTES MO BblPaHEHWK HEONDEDENEH-
HOCTH MAMEDEH KR

MoCT P B.614 NocyoapcTeeHHan cucTeéma obDecneqdesda e0dHCTEE HIMepeHdid. MocyoapcTEeHHan
ciywba cTaHOapT s CNPaB0YHEX OAHHL. DCHOBHEIE NOMMEKE KR

Mpumedaspre — MNpy NONEIOSAHMKA HECTOAWMM CTAHOARTOM UENSCoODpEIHD NPOBERHTE D8RCTENE CCBITON-
Helx CTEHOAQTOE 8 WHEODMALWOHHON CHOTEME DDLLSMD NOALIDEEHWA — HE OPMUWENEHOM CaRTS PESEPENEHOND AreHT-
CTEE MO TEXHMHECKOMY PEryNMPOBAHNE M METPONOMMK B 28Tk FIHTEDHET MNW NO SMErcaHoMy MHEOpM ALMOHHDMY yK333-
TENE 4 HAUMOHANEHLIE CTAHOSPTEN, EOTODLIM CNYBNUROBEH MO COCTORHAID Ha 1 AHEBEPA TEEYLWEMD roga. | no Bsnyckam
SHEEMECAYHOID MHEPORMAMOHHDI yREd3aTenA sHaurosankHee CTEHIapT T 33 TERyLMR rog. Ecny 3ameHed coeino4HeR
CTEHOBPT, HE HOTOPSN S8HE HEASTHPOEAHHEH CCRINKE, TO PEEOMEHOWETCR MCNONLIOEATE JEACTEYHIWYO BEPCWD 31O
CTEHOAOTA © Y4ETOM BCEX BHECEHHBIX B OAHHYED BEJCMH HE3MEHEHHR. ECnn 3ameHeH conniyHbIE CTAEHOAPT, HE KOTOpsA
OaHs ASTUPOBSHEES CObINKA, TO PEKDMEHOYETCOH HONONLIDBATE BEOCHED 3TOMD CTAHGAEDTE © YEAZIHHEM ShILUE MOam y1-
BEDEOEHAR [NPMHATHAR). Ecnn nocns yTEEPEOEHWE HACTOALLEM CTEHAEPTA B COBINOHHER CTAHOAET, HE KOTOpRIR 0aHa
OaTHROBAHHEA CObINKA. BHECEHD HAMOHEHWE, ISTPArHERMILEE NONOHEEHNHS. HE KOTOPDE 0aHE CCRANKE, TO 370 Nano=eHWa
DEEOMBHOVETCR NPUMEHETE G83 Y4ETE JAHHOI MaMEHEHHA. Ecni coenoqHBIR CTaHOapT oruarar fea 3ameHs, T0 nono-
HEHHE, B KOTOROM QaH8 COBINKE HA HEMD, PERDMEHEYETCH PWMMEHATE B YBGTW, HE 3aTParMESHIWER 3TY CoObINKY.

3 OBwmKe nonoxeHuA

B HacToAWwen CTEHIAPTE NPHBESEHSE IHAYEHWA CTEYKTYPHEIX XAPAKTEDMCTHE METANNHYEckon Monmkd-
gesa (Mo) 1 ganHeE o K03 OUUBeHTE NMHeRRoro Tennoeoro pacwkupedss (KNTP) no peayneTaTtam Bnicogo-
TOHHLIX HIMEDEHWA HA COBDEMEHHOM JWDPaKTOMETRHEECHOM 0DODYI0EaHH.

CTARHWTENbHLIE NPH3Ha MO BRITEKAIOT M3 8o CTPYKTYDHBIX XADAKTEPWCTIE, BEMTICHAA KRMCTanRorpa-
(PUHECKAE,. ANSKTPOHHEE XAPAKTEDHCTUEM, CTRCEHWE W OWHAMMEY KDHCTAENNWYECKON DeweTrA.

MapamMeTpsl KPUCTANNMWYECKSH DELLETKH ONWCLIBAKT CTPOSHWE KDHCTANMNAYECKKY BRWECTE {THN ¥ pai-
MEPE INEMEHTADHOR AYEAKA] ¥ ONPESENAKNT WX MHOME DHIAYeckie CBONCTEA. JTW JaHHEE OTHOCATCH ®
DE30BLIM KAPAKTEDHCTHEAM KOHOSHCHPOBAHHOND COCTOAMKA BEWECTaa, OTpaMan SanaHns cun NpuTaseHns

Wanauue oduHansHoR
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W OTTANKKBAHWA MeXay atomami. O0bes FYSRKK, BEIYHCNAEMEIA NO ITUM JaHHBER, ¥ 3Hadesdna KITTP npa
HAMAYMA DaHHBIX GNA PAMMYHBIE TEMNERETYE HCNONEIYIOT NDH NDOeKTUDOBAHKNA MATEDHUANCE, BEMHAM0LWLMK
MONWBOeH, B pasnNWqHBlX YeTpoRcTEEX. TEMNepaTypHEIA AManasod. B KOTOROM HCNONEIYIOT MonkBoesconep-
HALLME MATEPHANR, OXBATEBEAST TEMNEPATYDE OT NPEAENEHD HAAKMK 00 NPENENHD BEECOKMX.

MonuEoes oTHOCAT K CTPATErMYEckd BaxHbM Marepuanas. Ero MCcNonsayioT B 4MCTOM BMOE, B BMOE
Nervpyioweil Qobapky B CTanAX DasnHHOnT HaiHadyeHna, B BU0E KOMIOHENTE PAINWYHBIX HEOPTAMUYECKEY |
OpraHHYECERY COBOMHEHMA.

4 OcHOBHAaA YacTb

B HBCTOALEM CTRHAARTE NO DeIyNETATAM QUNATOMETDMHECKUE MIMEDEHMH KOMNADATODHLIM METOLOM
NOMBEOEHE CTAHAANTHEIE CTPABOYHEIER OAHHEIE O NADAMETPAX KOMCTANMMYECHOd PEWETEN M O BenyuMHax
KMNTP Mo B auanaaone ot 30 K go 300 K, paspaboTankeie B cooteeTcTend ¢ FOCT P B.614. TOCT 34100.3.

OocToBepHse OaHHLIE NOMyYeHsl C MCNoNEI0BAHWENM COBPEMEHHLIX PEHTreHoBCKKE gudpakToMeTpoR
ANA HIMEDEHHA CTPYETYPHLIX XaPaKTEDUCTE MOHOKDHCTANNGE M 00CCHOBAHHEY HaY4HEX paboT.

4.1 MogroToexa oSpaiyos

Ona “ccnenoEaMud B HACTOALWEM CTAHIAPTe WCNONBIYIOT ODPIiue, BLIPEIAMHEE M3 NRYTHOD AO-
nuboeda, OoNONHUTENEHO OYMLLEHHEIE METOOOM IOHHDNR NN3BKK, B8 X008 KOTOPOR BIpaliMBEIRT HECKONEED
MOHOEpHCTAnNGE THna «Mapeamets. Cofepsadde NpUMecel Ha 34 aneMeHTax CUeHABanT N PeaynsTaTam
HIMEDEHHA MARDOENYOPECUSHTHRIMK METOZaMK, NPOBEIEHHBIMW HA cnekTposmeTpe M1 aMucTpanss dup-
mid Bruker. 0nA asandaa MononeaysoT CooTan OyE MoHoKpHoTannsYeckdy obpasuoa no 10 nasepeHuaM B
KAMOOM HA BOIMOMHOCTE NQUCYTCTAMA 35 3NeMeHTOR CNeaos apyMecei. B peaynesrate NpoBemeHHore asa-
nuia cBHapYHKMBAIOT, YTO NO BCEM ANEMEHTAM OTCYTCTEYKIT MMEDONPUMECH, 33 MCKNIOYEHUERM BoNsdpama
0,055 mace.%. Tawun obpaios coCTae NO 3THM DEIYNBETATaM CUEHHBAT kak 99 845 % 4To COOTRETCTEYET
COCTARY 0C000 BICOROHMCTEIX oBDaIL0E MonKGIeHa.

M2 M0HOKDMCTANNTMYECKMY CRMTESE BRPe3aioT sy0ued, M3 KOTODLIX NOOrOTABNWEAKT 0BPA LK NS DeHT-
rEHOBCKHE MaMepeHuA. [1NA BEICOKOTOMHOND PEMTIEHOIPAtMpORAHMA MCNoNEWeT DODaNL ChepHYe Ko
DOpMEl, KOTOPAA NOCIBONAET HAMGONEE TOUHO YUMTHEATE BENAAHWME NOMMOWeHWA PEHTIEHOBCKME NyYeR nps
oGpaboTrke gudbpakUMoRKDR KapTHHe. Juametp chepsl nogbupant Tak, 4Tobsl Ny4oK, BRXOOAWKA W3 Kon-
NEMATORA PEHTrEHOBCKOR TRYDKK, NONHOCTEK OMslBan obpazey. Chepryeckne oDPalILE MMEIOT OHaMETD oT
0,3 sma oo 04 pes, 9TO NOABONAST WCMONL30BATE BECL 00LEs 0Dpa3Iua ONA MaMepeHii. O0beM ¥ yCnoBdA
MONHOMD PEMTIEHOBCKOND JKCNEPHMENTA YCTAHABMWEROT OTOEMRHD ONA KAWI0M KoHEpeTHoro obpaiaua no
peayNETaTaM NPEOoaPHTE BB KOPOTHNX JKCHEDUMEHTOE.

Ona obkatin 0bpasyos cepsl MCNONBEIYEET CNEUMaNbEHBIE YCTRORCTEA, HMELLKWE DopY NNOCROTD UKW=
NHHARES. B Takom yCTROMCTEE 3AroToBd (KySKeechol PropMel) Mo BOAOCHCTEMEM NOTORS BOSOYEA BuICTPO Me-
PEMEBLWAINTCA MO KPYTY. YTO NPABSIMT K CTAHHBAHMK YINOE & NPWKNSeHHEIE aBpasnBHpe WKYDEW. [MocTenaHHa
YMEHLLAA AGDHKCTOCTE WEYPKM, MONyY4anT oBpaius NPABUNLEHOW hopEl C BLICOKDN YUCTOTOM NOBEDEHOCTH.
MpedMyLIBCTES MMEDT WEYPKM C ANMaIHLIM 1 TAICHE BRCOKOTRERORM ANsD0POBERIM NOKDEITHEM . MICTOM KoM
BOAOYXA CNYWAT KOMODECCOR, HAaNpUMep asporpada.

HMorameHHslid Cnofl CHMMaIT TRABNEHMEM C© KCNONBI0BAHWEM TRABKTENEH, pazpaboTaHdHelX AnA BoEx
ANEMEHTOR WECTON IpYNNel XMMAYECKMX anemesTob Tadnkue 4. WM. Mewgeneesa (xpoM, Mondboeq W BoOMk-
dipan ), cm. Tatnuuy 1. 0NA CHATHA WCKaMEHHOTO CNOA HA NOBEDNHOCT Cpep WCNONLIYIOT cocTan Me 3. Cro-
POCTE TPABMNEHWS ONA DADHOMEPHOrD CTPABNWMEAMHA BkGUpa0T ~0.8 MEM/MKEH  NPOBOAAT BCTRAXWBAHMA
ofpaiuoce B npobupee. Bernay Tom, 4To0 OXKOHYaHWE TPERNEHWA (NOMNHOTO CHATWA MCKAMEMHOND CNog) TOHHO
3adhMKCHpPOBaTE TOYAHD, pe3yneTaTel 06paboTk B KMCROTax NPoBEpAKT peHTreHorpadMpoBaHyeM Ha qud-
PAKTOMETDE KaK NPEaBapMTensHER 3TaN OCHOBHOM IKCNEPHMEHTE.

Tabnuwua 1 — COooOTHOUSHWE KDMNOHEHTOR B DACTROPS ONR TRSENEHKMA moneiogaxHs

CODTHMUSHRE KDMBOHEHTOS, fulafy] ] 8
Bawesrso
1 2 k! 4 5
OptodocdopHan kmenora 15 5 T 2 15
AZOTHAA KMENOTa T J 1 1 2
2
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COxorvarue madnuis 1

COOTHOLBHWE EOMAOHEHTOR, OO,
BEuymcraa
1 2 3 i B
YHCYCHER KHENOTa 3 18 1 2 d
Baga 1 ) 1 2 1—3

NMpumedanwe — MoNyDeIM LEETOM Beasned coctae (Mg 3] KOTOpDRIM CHAMBEHT WCHSHEHHEE CNOH C NOBSRs-
HOCTEA cthep.

Ona nogrotTopkk obpaslos W YCTAHOBKK HX HA QUEODAKTOMETOMUYECEYIO CHCTEMY WCNONB3YIOT OnNTs-
HECHHA BHHOKYNAPHER CTEDEOCHGNHYECEMA MUKPOCKen Tina MEBC, KoTopeld NOABONAST NPEASapHTENBHD
OnpPeaenikTe paamep. na nonywedna Sonee ToOYHOMD pasMmepa nocnenyemore obpaaua Ha andpakToseTpe
NPOEOOAT CASUMANEHEIR IKCNEDUMENT C MHOTOKRaTHRM 00 180 paz nopopoTom C MATERBanom oT 1 go 2°.
KasecTeo GOpMsl 0Opaiua OUSHHUBAKT MPW YEEMWHYEHHE ONTWYECKOND MpocMoTpa B sukpockone MBC.
Mz noarotoanesssx obpazuos Belfupant obpaley ¢ HadmyHwed addpakudoRHol LapTHHOR ang Gparras-
CEMX OTRaMEHMA. 3aTenM NPOMIBOOAT MOHTAaN 0D0aila Ha JepwaTeNh roHUCMETHYeckorn yoTpoircTea. [na
CHMCTEM OEDHATENEN W MOHTENE MOHOKDUCTANNWHYECKWY COep WCNoNBIYIOT COMPT M KNeR-réns «homedts.
DEpasey NRWKNEHMBAKIT HA CNELMaNesHER QEQKaTeNb GO CTEKNAHHSA HATEO (HATE M KNed obecnedsneant oT=
CYTCTEME JONONHUTENEHEDY OWDPAKUKOHHEY DeNakcos) M YCTaHABNKWBAIOT Ha NOHMOMETDUYECKYID FOnoBKy
puchpakToMeTpa. FoMAOMETPUHECKYIo TONOBKY hMKCHDYIOT B NMOCAO0HMHOM THEIOE TOHWOMETPE, W NEOROQAT
IDCTHPOBKY Tak, 4Tobk obpaley noNagan MaKcHMansHo TOYHO B UEMTP (NepeceusHMe BoeX oCel) roMMo-
MeTpa.

4.2 JkcnepuMeHTan:LHan annaparypa

HamepeHde gRdpakyuoHHON KApTHHE GNA oNpEReneHna NAPaMETPOE KPUCTANNWYECHSR DEWETEW Npa-
BOORT © WCNONLIOBIHHEM YOTPOWCTE GUBPAKTOMETEE W NPWUCTABOK CNeUWansHoN KOHCTOYELMK, KOTOpRIS
MNOIECNAKT SHANKIWPOBATE GOCTATOMHS NONHYH AXREPAKUADHHYIG KAPTHHY MOHOEDHCTANNoa B TPEX WamMe-
peHrAK. CoHOBHAA WEaNa GoneWorn rodvamMeTpa gudpaktomarpa XCalibur dovpse Rigaku-Oxford Diffrac-
tion, WCNOMNLIYEMars NpW IKCNepHMEHTaNLHOR NpoBREpKe, oDECNEYWBaaT JWanasod BOIMOMHEL MOBOpOTOR
perektopa go 120°. MNoaopoTel 0Bpasyua OCYLWECTENRNT © NOMOLW B JDYIUX FOHUOMETDHYECKME YCTPOMCTE
TakKM 0Gpason, 4ToBbl 3anNonNHKWTe BCD chepy HIMepAeMors 0SparHorD (MMNYNECHOIS ) NPOCTPAHCTBA | No-
one Npeobpa’cBaHMEA BOIMOKHD BoNblUHE obuel INeMesTapHod A4eied. Ana dany4edna oT sondineHa-
AHOAA NCNONB3YIOT PEHTTEHOBCKYI TPYEKY (ANWHY BONHLI XAPAKTEPACTUHECKOTD H3AYYEHUA K 1 NpPHHMMaKT
za 0070932 umM). B yCUNHBERIOWYIO ONTHUYECKY) CHCTEMY BEMKHY20T MPaduToBRE MOHOXDOMATODE W KO-
MAMAETOPE © BHYTREHHHM OTpa®EHHEM. 38 CHeT WCNONbICREHMA XAPaKTePWCTIE DEHTTEHOYYBCTEMTEMLHOMD
IEpaHa OCYWaCTBENAN paboTy JEYMEpHER JeTerTop AvdpakToMeTpa, ccHoBaHHbiR Ha CCD-TeXHonorMAx.
BoA cHcTEMa pEMMCTPaLKY CHIHANDE XapakTepuayeTcA A0CTATONHO HM3KMM YPOBHEM LWYMOB, YT NO3BONAET
NPoBOOMTE WCCNEOTBEAHKA SOpaIuce Manoro obbema. KoHCTpYELWMK OrdparToMEeTpos, NpvMeHAEMBIE B Cii-
CTEME, NOIBONRIOT perscTprpoBaTe o 4000 ao 5500 GparmroBCKME OTRAKEHUA ONA DAINHYHLEK 0DDaIL0E, KO-
TOPBIE HCMOML3YIOT GNA PACHETa NADAMETPOR KPHCTANMWHECKDA PEWETEY (DaiMEpon INEMEHTADHON RYEAKK)
M aHaseHAR koaddpuusentos KITTR

Ona yEenMYEHrA TONHOSTA JaHHBLIX NP HOPMansHEX yoNoBHAR HIMEDEHAR DRKCADYIOT BelCORoy o=
Bole pedinekcsl [GONEe BelCOKAE MOPROKKM OTPAKMEHWHA OT CeEMeRcTEa KpdcTannorpadHHeckiny MNocKocTEN),
KOTOpBIE ODECHeSMBRIOT BNKIOCTE K ¥IMYy CKonNesxeHna 307 1, cnedocRaTelbHo, MaKCHMANkHD BOIMOKHY KD ToH=
HOCTE. MoCKONbLEY MHTEHCHBHOCTE TAKHX BPEMoBCKWY OTpaEeHKdl Ha nopAnkk cnabee, Jes ANA oTREMEHWA
C Manssy wegekcamy Munnepa, 1o npw pabote gudpakTomeTpa WohoNsIvIioT MAKCHMaNkHD BOIMOMHEIE
IHAYEHWA TOKA ¥ HANDAKEHWA DEHTreHoBCKoR ToyEsM Winy Gonee ANWUTENsHDE BLEMA H3MEDEHWA B KEO0H
Todke OOpaTHOMS NPOCTRAKMCTES, B EOOPQUHATAX KOTOPOTO NpOHCKOGWT Npouecs naMepennd. O0Wee spama
IECNEPUMEHTA ANA Kaw40ro o6pasua NpU HOpManeHsX YCNOBWAY WiMEpEHWA cocTapnAeT oT 80 oo 120 9
HENpepeiHoN paboTel AddpakToMeTpa. Bnok-cxena QUDDakTOMETDHYECKDH CHCTEMbl NPpeqcTapneHa Ha
pHCyHEE 1.
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B AP

i

FPucyHor 1 — BRok-cxema QuthpakT OMETRHSECHDN CACTEMEI

Ona nposeneHvA MakepeHin W oDpatoTEM JKCNE PUMEHTANEHLIY JaHHBEL C NOCAETYRILLAM ONDEGENe Hil-

8 CTOYETYDHEE XaPakTepHCTHE, YOOBNETROPAKWLMY CTADNNLHBIM NBPAMETREM KDMCTANNKYECKON DELISTHH,

WCNOMNs3AYIOT STTECTORAHHYED METOOMKY damepetii [Ne 702/08-09 (PP 1.31.2000.06707)]. Ona noapiueHMa

OOCTORELHOCTH JHCNEDHMEHTANBMEY DaHHLIX NPOBOAAT CRABHHTENEHEFA AHAMNKA C ATARDHHLIMK CLEICTRA MM

HAMEDEHAA. 00 CTAHOARTHEMA 080a3UaMH AW PAKUMOHHEX CRORCTE MOHOKPUCTANNOS, BENKYan NSO NPE-4

(MPD-3) kpensi v NS0 NPC-S (NP-1) cunvuyi BaHagHA, KOToDbIE NDeJBEARUTENEHS HIMEDAKT HA TOW He
CTAHOBKE AN 28 KANUSDOBKM.

4.3 OcobeHHOCTH NpoUuenypLl MIMepaHHA

4.3.1 PervcTpauui JuppakuHoHHOA KEApTHHE

Ona perscTpaund 4UbpasKuMoHHOR KEA0THHL YETAHARNWBAWT DACCTOAMKE KPUCTANNWYACKOrD QETaKTo-
pa pagHuM 21,5 MM 4 HCNONLAVIOT KONNUMaTop ¢ adamerpom 0.5 M. cByHRepoBry» (O0BEQWHEHNE MKK-
CEMNEd MK paibuedHe MaTprdsl Ha cybBnoky) ycTakaenueaoT 2 * 2, © pajpeileHden MaTpuuls QeTeKTopa
1024 = 1024 nk. Ong MonsEoeHopors HCTOHHKES PEHTIEHOECKOMD MANYHEHHA SHAYEHWA HANEAMEHWA W TORS
yoTaHasnkeanT: 90 &8 1 40 sab Wnid 33 8 1 50 sah, Korga TpedoBanock YCTRAHWTE OTPaMEHHRA, COOTBETCTEY-
MOLLME BTOPON rapmMonnke (U2,

4.3.2 Kctvpoeka obpazua

Kctvpopky obpaaua Mb NpoaodAT 8 peXuME PYyYHOMS yNpaenedua. KpHCTann CYWTaeTcA CheoCTHpo-
BAHHLIM, 2CMW NPA OBMKEHHKE NO MOG0R 13 0ceR LeHTD TAMECTH 00paiua CoBnafeT ¢ NepexpacTMem LKan
MUEPOCKONA ¥ OTKNOHEHWE cOCTABNAET He Sonee 10 .

4.3.3 Yonoswa namepeHHid

MK NEoREOEHAN MIMEDEHUA NEK KOMHETHOR TeMnapaType 0bblYHO COBMOOa0T CRegyiowne YenooHa:

- TeMNEepaTypa Bo30yxXa — B guanaacHe 298 K—300 K (25 °C =27 "C});

- arMocdepHoe DaBneHde — &4—106.7 kMa (690—800 M pT. CT.J;

= OTHOCKHTENEHAA BNAMHOCTE BOagYXa — ve Bonea 80 % npk Temneparype (25—27 “C);

- HEMAPAKEHWE NATAHWMA ANEXTROCETH ONA coHodaanoro Toka — 200—240 B.

C Mcnonk3oeaHuen NporpamMMycro obecnedesina ofipailely NoBOpadWBanT NOCNEA0RATENEHD CO BOE MK
BOAMOEHBIMKA NOR0POTAMM, YTo0R 33dhHECHpORaTE Ha OETEKTODE MHTEHCHEHOCTE OTDAMEHHbIX Oufpand po-
BaHHuIX My4ed ¢ Gonee nondsia @WiobpakeHnam chepew obpatioro npocTpadcTea (odepe Jaanega). MNou
noaopoTe ofpasua paanyyHele OTREHAIDME aTOMMBIE MNOCKOCTH NPOXOOAT Yapesd NONOMEHUE, NDM KoToROoM
BRINONHAGTCA YENOEME, COOTRETCTRYIOWES 3akoHy Bparra-Byneda. Ha audpaklMoHHON K3pTHHE NOABNAGTCA
pacnpegeneHMe WHTeHCHMBHOCTH BparroBckny aTpames il KoTopeIE MUECHDYIOTCA B KawOom (hpeimMe M nepe-
OAKTCA HA KOMMEOTEPHOES YETPORCTRD ANA 3aNaiMHadmng, 0SpaboTkd M adankaa.

4
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IOna npoeepkk 0Gpasya #a COOTEETCTBME WOCTEgYEeMOon aie MOHOEDWCTANMA W ANA OUSHKW yDOBHA
COREPLWEHCTEA ITOM BEWESTEA CHaYana OCyWeCTRMAKT NpeqEapWTanbHyl Chesky ¢ obWWM BpeMEHa
S—10 MuH gna NpoSHOro ONEeaeneHUa NapaMeTpos peleTid KpUucTanna KodkpeTHore obpasua. MNo okom-
YAHWA NEQE0A NDSJEAPUTENLEHOE ChEMKN OUSHHEIIOT OTNHWYWE NAJAMETDoR DeLUETEM KEDHMCTanna oT omuaa-
EMBIN, 3 TAGKE NDOULSHTHOE OTHOLWEHME YACHA OTPaatdil Ha AMpakuMOHHOA KApTUHE, YOOBNETBORSIOLWLMY
BLIGPEHHOMY THMY INEMEHTADHOR AYERA. 3aTeM OLGHHBAINT KAHECTEO QUPPEHLMOHHOR KaPTHHL B LENGM,
BrMk4an hophy QHDDakyMoHHbIX MAKCKMYyMoE. Ha OCHOBaHWE aHanisa pelynNuTaTos HIMepeHnR NprHAmMa-
T pEWeHKdE 0 JansHelWen patoTe © GaHHLIM oSpasuosm.

Ona ofpajucd, BeOpaHHex M3 NapThd 00pasyos, NPoEDSGAT BIODOE NPefBEAPWTENLHOS peHTreHorpa-
thrpoaasse ¢ oSWMM BpEMeHEM IKCosrUri B0—120 MUl gna cUeHEM M JagaHka TapaMeTpos OCHOBHOMD
IKCNEPHMENTA. CHAYANA OUSHWBAKT JOCTYMHOE PAIPBWEHWE W BPEMA JKCNOIALWA ONA PaIHLX NOMOHEHWA
OETEKTORA No yINY CKoNsMednA (H) gna obecneqeHra TpebyeMons YpoRHA CTATUCTRA MIMEDEHWA MHTEHCHE-
HOCTEW 33 JOCTYNHOE BPEMA NPoBedeHWA BCals IKCNEDWMMEHTa. 3aTem NpoBsdAT CCHOBHOS PEHTIEHCTpadH-
poOBaHWE ODDAILU0E C OGWKM BpEMEHER IKCNoIMLMK 90—120 MdH. Mo ORoHYaHKA JKCNePHMERTa NPOBOGAT
oBpaboTiy NoNyYeHHBER QaHHBLIX C Bbidaqel Gannos, HeoBxoduMblx ANA JansHeRWers CTRYKTYPHOMD aHanM-=
=

4.3.4 ObpaboTka QaHHLIX

CEpafoTky DaHHBbIX HAMEPEHWA MPOBOJAT C NPMMEHEHHEN nporpaMmMuore naketa CrysAlis. Mapame-
TPkl INEMEHTADHONA AYESHKK YCTAHABNWBAMT NOCNEOCRATENEHD. C WCNONbI0BAHAEM Nporpamse CryshAlis
CCYLECTRNAKT NOMCE BCEX Bparmosckuy oTpaweHHin Ha £asnom ppeiiie W NonyYanT NePBUYHEIR JaHHbe o0
YITMOBBLX NCIMUWAXY MAKCHMYMOR 3THX oTpaMeHrd. Janee yocTaHaEnNMeanT BAPWaHT INEMEHTADHOA SU8RKN,
pAIMEpaM KOTOROH YOORMETROPAINT IHAYEHHMA He MeHee B0 % JadMKcd POBaHHE QA DAKLMOHHED pednes-
Co0. 3aTEM YTOMHAKT HHCTRYMEHTANLHYID MOOENs, COOTEETCTEYIOWYIO NApaAMETDEM PEIWESTER KPHCTanna no
FTOHHEHHOMY HADOPY OWDpaKLMOHHEIX OTDEMEHWA, W MCNoNLIYHT NPOrPaMMyY ANA NPOSEOeHMA NPOodinsHo-
o AHanKaa, COCTOAWEND M3 By 3Tance:

1) cnpepenerdne GoHa 1 rpadkd QU pakyuosibix npodne;

21 nonyYeHHe MHTEMEaNeHEIX MHTEHGHBHOCTEN,

JapeplieHde COpaboTEM OCYLWECTENAKT CRedysillkumid JeRCTBMAMK. CHaYana BHOCAT BCE JHAYHMBIE
MNONPAEKA B WHTEHCKHBHOCTH, 4To0bI HIMEDEHHEIE BENWYHHE NPRENKIMNKCE K KKHEMSTWHECKOR WRANE, 33Ta
BECOAT Nonpaesd Ha pdoekt NopeHua |1 Ha NoNARPHIAUWD © MCNONLICEaHHEM Nporpammis Crysilis,

4.4 MNpoueaypa onpegensHda NApaMeTPoR KPHUCTANNAYECHON PELLETHH

OnA pacyeTa IHFUEHAN NapaMeTpoR PEWETKA MCHONEIWIoT IHaueEHKa yrnos ) (TeTa), CooTReTCTRYIOWMX
MAKCHMYMaM DACNDESENEHHA WHTEHCHBHOCTER GPEITOBCKAX OTRAMEHARA, W COOTHOWEHWE, CEAILIBAMILEE
THEHEHAA MERNNOCKOCTHEN DACCTORHMA © 3THMK YINaKH

2d sin ) = na, (1)

roe d — MEXNNOCKOCT KO PacCTOAHWE, HM|
B — yron CEOnbMeHHa Nyde,
it — MOPARACK oTpasedna (1, 2, 3...),
b — ONKHE BONHEl HCNONEIYEMOTD WaMyYeHHA,

BodMOMHOCTE (PHECHDCEATE OTPANKEHWA © SONEa BRICOKMMK NCPROKAMH, KOTODbIE COECNeYHBIINT NoBbI-
WEHKE TOHHOCTA oNpadendHda NApaMeTpoe, 3aBucAT OT JNHHE BOMHB HCNONEIYEMOID HIANYYeHKa, NOIToMY
BEING MCNONE30BAH0 MONMHEGEHOR0E KOPOTROBONHOEDE WINYYEHHE.

KeagpatudHan $opMa anA KySWYeckon peweTrd, CEAILIDAMALAR NapamMeTy peleTid 8 W HHOEKCH
Munnepa h, & | ¢ MEXNMOCKOCTHLIM PACCTORMKENM O, MMEET B

1 ek
R {2}
iy &

MOCKoNEKY MPW HWIMEHEHWH TEMMEPDATYPE HIMEHAINTCA NapaMeTpe pEWeTEd 06paiya, TO HMEeeT mMe-
CTO MaMeHEHAE Habnooaemblx IHAYEHIA Yo 8 ANA MaKCHMyM0E SPRIMOBCKAX OTpameHni. [NogaepsaHme
Tpelyanoi TEMNEDaTYPLl WKW IA0aHHore TEMNepaTypHoro pesKiMa nocnedyenbix oOpaiuoe NpoBogAT Ha
puchpakTomeTpe XCalibur dwpmel Rigaku-Oxford Diffraction © ToysocTese 0,5 8 Ananasoqe Temneparyp oT
208 K go 300 K. Temnepatypy 06pasUs ¥3MeplioT NOBepeHHEM HIMERHUTENEM TEMNSDaTYPE W BNaMHOCTH
MBTM-7, pasmeleHHEM B HeNoCPeacTEEHHOA BNMaccTd oT o8paiua C QOBEpUTENbLHOH NOrPeWwHoCcTED 0,7 K.

il
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DuddpakiosHas sapTHHa 3 Dpekma, 3adiMKCAPOBAHHOND NMPK HERBICOKHX ¥INax, npeacragneHa e [1].
Popma DUEPaKLWOHHLIX NATEH Ha QWUDPARTOTPaMMAX NOKAILIBAST XOpolWes KadecTas obpaiua, pelibpaHHor
ONa NoOCAEOYIOWErs a4aniia pcell oubpakMoHHcHE KEDTHHL

B taGnuue 2 npuBEaeHsl JaHHBE ONPEOEneHna NapaMeTpa pelweTEn ONA BCOKOYINoBOND OHanaioHa
Npd 200 K. 370 COOTRETCTEYET YIMY YOCTIHOBKK feTexTapa Ha 113° no wxkane 20, noapocnAmwens aadunkcH-
poBaTe HaWBonbWes YWCNs BecoKDymMosRx pecnercor. Nocne NOBTODHEX JKCNEPAMEHTOR, NEOBOIMMEK
npW NopogoTe oBpails Ha QepwaTens, |1 Nocne gononHWTENLHOA NpoREPKK IDCTHROBKKA NP NOBOROTE O8p-
waTens, asfidpainT cpegaue IHaYeHMA ONA kaxooro obpaina. 3aTen BefupaoT CPEaHEE AHUEHKE OT BOEX
WMCCNER0BRaHHED 0GPaAL0R, KOTODOR BEMDYEH0T 8 Tahnuuy cTaHaapTHER CRPEpodHe famHs. Pacder wapam-
TEQHETHE BOCTIPOMIBOOMMOCTA NPOBOOAT NP HONYYEHAK COBOHME AHAYEHHA, NoITOMY HECNEEOeNEHHOCTE
OKAILIBASTCA BLILLE, YoM HEONPEOENEHHOCTH CIIYYARHOM0 TUNA, YEIIaHHEE ONA kawaoro obpasua.

Tabnwua 2 — F'E!}'MTETH anpegeneHAE mapameTEos K[.II.-'IETB.I"'J'—.H'-IHERI'_'II-'! pewaTEr obpaagose MOHOHDHSTENNMHECKDTD
racnnbaeHa no SaHHLIM EbICOKDYITHIEON qQUENa3nHa

Copasey MNapameatp, 1w
a 0, 3147472}
b 0, 214745{2)
CpaaHes 0.314746
Mpumedsadne — B wpyrnex ciobiad nprBEsgeHsl SHCNOBEIS 3HEHSHWA HEONPEOeneHHOSTER KaEOoR capHn
HAMBDEHWA.

B Tafnuue 3 NpegcTaRne s AHadeHua NApaMeTpos KpMCTannvYeckol peleTid ona Monubaesa, nomny-
HEHHBIE PAINAYH LMY SETODAMA B gWanazome Temneparyp ot 290 K go 300 K, ¥ pesyneTaTel HCCNE00RaHHEIX
OSpaIUcs W3 Tabnuiue 2.

Tatnuua I — JasHes 0 MADAMETRER KPHCTENNWHECKDNA DEWESTEN MOHOEDACTANMAYSCHOMND MOnnBosHa n3 633 gaqHH=R
HEYUHBIE pEGOT 1 PEIYNETATH WECCABOOBAHHLE 0bpayoe Ma Tabnuukl 2

DEpasewy Mapaserg, nu Comnsa
1 031472 [35]
2 031472 [3a]
3 031474 [7l
4 0,31470 1]
& 031472 [38]
G 031478 [48]
T 031475 [40]
:| 031475 BHKMMT
Cpegqas 0, 314752
Mpuumeyadve — B keagpardes croOras NpHEsgaqsl DuinuorpathiHecens coeined, KOTOPEIE NPeicTaansHs 8
[1].

AHANKI IHAYEHHWA NARPAMETROE, NPENCTARNSHHEN B TAANWUE 3, NOKAILIBAET, Y4TO COOTRETCTEME AAHHEBIX
OOCTATOUHD Beicokoe. MoaToMy B KIUECTEE CTRHOAPTHOM CTIPaBOYHONG DaHHOTS NDHHAMAIOT IHABSHWE Napa-
METPA KPHCTANNMHYECKON DEWeTEY [DalMepa aneMeHTapHoH SYeikK), ana Monnioera pasuoe 0,314752 Hm,

4.5 Tennoepoe pacwHpedke monubaeHa. KeaddHUuMeHT MHHEAHOrS TENANOBOMD pAClUMPEHHA B
AvanaszoHe Temneparyp ot 90 K go 300 K

Mper onpegeneqd Kosbduu-MedTa Tennoeoro pacwKpeddn (KTP) Mo yYuTRIBRIOT 38BHCHMOCTE 210
KPHCTANMUYECKON DELATEM OT TEMAePaTYpe. PeayneTatel aHanMia IToR IaBHCUMOCTH NoapoGHo OnMCaked |
NpoUAIDCTpUpoBansl B [1]

B
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CoobeHHOCTA TENNOBOMD PACLWMPEHHA K 8M0 HAMEHEHHE C TEMMEDATYPOA DACCYMTHBEAINT B OCHOBHOM ©
YHETOM AHrALMIHHYECKHY 2 ERTOR B QWHAMKES KDHCTANNWHECKOA pewern. Ivaderne KTP npaso nponop-
LHOHANEHD Ko30MULAEHTY AHMAPMOHHYHOCTH B RA3N0HEHWA NOTEHUWMANEHOR JHEDTHNA 1 MMBET OOMHIKOBEEA
C HHM 3HAK,

FeayneTaTel MIMELEHWA OTHOCHTENEHOMD YANMHEHKA W aHaserrA KTP onpegenawT ona sonuinexa
PAINAYHEIME METOOEMK, BRNICYAR DEHTTEHOBCKME NDW pazHel TeMnepatypax. Mok aToM YCTAHORNEHD, 4T
mMonubged 0BNagacT aHoMAaneHD HUAKMM aHa“edser KTP npe noBsueHHLIX TEMISpaTypax,

Ona cuesHsd aHadeHdd KNTP Mo WononeayioT JadHsEE O 33BMCHMOCTH MagamMerpa KpucTannnHeckon
PRLUETKM OT TEMNEPATYRE, PeaynsTatel OUEHKN 3THE MCCNEO0BaHMA B PAINHUHER JUANAI0HAY TEMNepaTyp
npeacrasnesHs) 8 [1].

Ina Temnepatyp B8 guanazose of 280 K oo 400 K npurdsant obobuerdse aHadeHds KITTP Mo
fem. [10.

JHadeHna KIMTP B granazode TeMnieparyp oT Maayc 180 K go 2400 K mo peaynetaTaM QunartomMatpude-
CEMX MaMepasii NpeacTaaneHs B [2].

B guanaoHe HOpMankHex TEMNEDaTYD PEIVNLTATE MIMEDEHWA, NpedcTaEneqHLe B [1] W [2], accTa-
TOUHO XOPOLLKD COrMacyloTcA Meway coboi. Xygwes cormacopadde OaMHbiX OTMEYARTCA B OBMacTi HWIMx
TEMNEPaTYD.

Ona GopsupoRaHis HEONPEOENEHHOCTER HCNoNBIYIOT aHadeHHa KTP: gandee yanuHesus obpaaua
Npd OBYY TEMAEQATYDAY. 3HAYEHME DAIHOCTH DAIMEROR B MCHOQHOMR BENHYMHE DAIMEDd ANEMEHTADHOR
AYEHRKM ¥ BENHYMHE DAIHOCTH TEMOEDATYD NPUNMCHBAIOT K CEPEOUHE MHTEREANS TEMIBPATYD, NDW KOTODLIX
NPOUIBENEH0 HIMEPeHME. TOYHOCTE M YDOBREHE JOCTOREPHOCTH OamHkix o KTF onpegenanT MeTponoridecm-
M XADAKTEPHCTIUKAMN COBPEMEHHBIX JUNATOMETPUHECKWY YCTRORCTE,

KpuTepud ona onpegenanws KNTP npr euibope dHTEPEANa TEMOEDATYD CEAILIBAKT, BO-NEPBkLIY, C NpMH-
pOAO BENAOOR B TEMNOB0E DACIUMDEHWE W, COOTRETCTBEHHD, C XADAKTEROM YEENWWEHWA aHa4eHHA KITTP npw
MOBELLEHWA TEMNEPATYDE 0T aBCOMMOTHOMD HYyNA W, Bo-BTOPLIX, C NPHMEHASMBIMN METOOMKIMI WMIMEDEHAR
ONA CNpEQeneE A ITON XApaKTEOUCTHRN. TReTHA KpUTEeDdi Ang aebopa MHTEpRANA CNPEdenainT ua YoNoBHA
YCNEWHOA PEANHIALAN NONYHEHHEX PEIYNETATOD Ha NPAaKTWKE, BKNI0YaRA HEotX0OMMOCTE YHNaTa TENnoBsoro
PACLIMPEHAA B PAIHHHLIX TEXHOMOTMAN.

TOUHOCTE PEIYNETATOR HAMEPEHMIR BOEMAA JABUCHT OT BEIDPAHHOrS THNA OUNATOMETPHUYECKOTD YO DOM-
cTea. [NpH NIMEPEHWIA CTPEMATCA YMEHBELLMTE TEMNEPATYRHER WHTEPEAN, B KOTOPOM NPOUCKOOMT ONpenenea-
e KNTRE Ona knicHebslx MaTeprancs (8 MM OTHOCHTCA # MONAGOeH) MIMEDEHKS NPOBOORT C MHTEDEANTM
ot 1 no 10 rpag.

HuanasoH TEMNepaTypHOR aasucHMocT KNTP B ipHCTANNMYEckoM CoOCTOAHKKY pasbuBanT Ha TpW
OCHOBHEN CYB-0MANAIOHA, HA KOTODEX 3ABMCHMOCTE KITTP oT TeMiepatypl ONWCEIBSI0T PAINAEHBMK yHE-
yuAnK. [inA Tabnuy cTasgapTHeX CNpagouHmMe JaHHex yeTadaanqeainT KNTR dcnoneaya Temnepatypy M
0KAaNAaIoH TeMNepaTyD BONWAK KOHKDETHOMD IHaUeHIKE. CroeobpasHol «DenepHois TOMKON CYMTAINT TeMne-
PATYDY. KOTOPAA B METDONOMMH COOTEETCTEYET HOPMANBHEIM YCIOBMAM MIMEDEHHE, TO CTh BONMIKM TEMNE-
parypel 300 K (27 °C), wCcnaneays ONA CoaBHeHWA Havbonee QocTyNHbLIA JManazod TeMnepatyp o 280 K
b0 350 K.

4.6 OocToRepHOCTE OaHHLIX

OocToBepHOCTE NOMYYEHHBIE OaHHEN OUBHKEIIOT N0 PE3yNLTATAM COBMECTHOR oDpaGoTHH 4BYR CEDWA
HIMEDEHKWI ¥ COABHEHNEM DEKOMEHIOBAHHEIX JaHMbX C 0DOCHOBAHHBIMKM OaHHBIMKN HAYYHBX pabor. CTam-
OADTHOR {CREAHEKEA0PATUHECKOE ) OTHMOHEHME B YCNOBMAX NOBTORASMOCTH [CXOMMUMOCTH) CREIHMX JHaYeH 1A
Mo peAyNeTATAM JBYX CEPHA HEZABMCHMBIX H3MEREHHE (N 3—5 TeicAY pedinekcoR B KAXAoH) COCTABMAET
0. 000005 HM Npe QOBEDHTENEHOA BepoATHOCTH 0,95 %, Ana obecnauysHivA BeICOKON DQOCTOBRSDHOCTH Nomy=
YEHHEL pPRIYNETATCE NQOROAAT NPEJBARWUTENBHBIE WAMEREHUA MOCYIADCTEEHHBIX CTAHAAPTHEY obpasyos
O pAKUHNOHHEN CBORCTE M3 TEX ME IKCNE PUMEHTANEHEX YCTAHORKAN ONA HX kanuOpomKA.
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MogroToRreHo HA DCHOBE SNEKTPOHHONA BERCHH. NPESOCTABNSHHGA papaloT KoM CTaHgapTa
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