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HAUMWOHANBbHBIMU CTAHOAPT POCCUMUCKOWNW GEOEPALUMN

FocypapcTBeHHaa cucteMa ob6ecnevyeHus eAMHCTBA U3MEPEHUN

HAUMOHANBbHBLIA CTAHOAPT.
CTAHOAPTHbIE CMTPABOYHbIE JAHHBIE.
TUTAH

MapameTpbl KpUCTaNIUYECKOW peweTkn B AnanasoHe temnepatyp ot 5 K go 300 K.
KoadppuLiMeHT NnMHenHOro TensioBOro paclumpeHusa B guanasoHe temneparyp ot 5 K no 1200 K

State system for ensuring the uniformity of measurements. National standard. Standard reference data.
Titanium. Lattice constants for the temperature range from 5 K'to 300 K. Linear temperature expansion coefficient
for the temperature range from 5 K to 1200 K

Dara BBeaeHna — 2018—03—01

1 O6nactb NnpumMmeHeHust

Hacroawwii ctangapT pacnpocTpaHAeTea Ha CTaHdapTHbIE CnpaBoYHbIE AaHHbIE (aanee — CCL) o Ga-
30BbIX CTPYKTYPHBIX XapakTepUCTUKax TUTaHa — napameTpax KpUCcTannuieckon peweTkun (paamepax anemMeH-
TapHOW siuenkn) B AgnanasoHe Temnepartyp ot 5 K go 300 K, a Takke Ha AaHHble 0 BENMUYMHAX KO3 duumeHTa
NMHENHoro Tennosoro pacwmpenus (aanee — KITP) B ananaszoxe temnepartyp ot 5 K go 1200 K.

Hacroawwii ctaHgapt npegHasHayveH AN npUMEHEHUs B KPMOTEHUKE, NULLIEBOW NPOMbILLIIEHHOCTU, TO-
Bapax HapoAHOro noTpebneHus, a Takke B chepe MeaULMHbI, CYyA0-, aBTOMOOUNECTPOEHUS, HedpTexnmmuye-
CKOW MPOMBILLSIEHHOCTMU.

2 HopmatuBHbIe CCbINKU

B HacTosILEM CTaHAapTE UCMONb30BaHLI HOPMATUBHbLIE CCLIMIKWM Ha crieayioLMe CTaHaapThl:

FOCT 34100.3/ISO/IEC Guide 98-3:2008 HeonpeaeneHHOCTb u3MepeHua. Yactb 3. PykoBoacTBO no
BbIPAXXEHUIO HEONPEAENEHHOCTN U3MEPEHUA

FOCT P 8.614 [ocyaapcTBeHHasn cucreMma obecneveHna eAnHCTBa uaMepeHui. FflocyaapcrBeHHas Cnyx-
6a CTaH4apTHbIX CNPaBOYHbIX AaHHbIX. OCHOBHbIE NONOXEHUSA

MpumevyaHune — [pu NONb30BAHWUKU HACTOSALUM CTAHAAPTOM LenecoobpasHo NMpoBepUTb AEUCTBUE CChbl-
NOYHBIX CTaHAapTOB B UH(POPMALMOHHON cucTeMe o6LLIero Nonb3oBaHUs — Ha oduLUMansHOM caiiTe defepanbHoro
areHTCTBa MO TEXHUYECKOMY PerynMpoBaHuio U METPONoruM B ceT MHTEPHET Unn No exerogHoMy MHGOPMaLMOHHOMY
yKaszaTeno «HaumnoHanbHble CTaHAapThi», KOTOPbIA ony6rukoBaH No COCTOSHMIO Ha 1 AHBaps TEKYLLEro roga, u rno Bbl-
nyckam eXeMecsMHOro MHGOpMaLMOHHOro ykasaTens «HauuoHanbHble cTaHAapThi» 3a TeKyluid rog. Ecnu 3aMeHeH
CCBINOYHbIN CTaHAAPT, Ha KOTOpbI AaHa HegaTUpoBaHHas CChiIKa, TO PeKOMEHAYETCS UCMOSb30BaThb [ eiCTBYIOLLYHO
BEPCUIO 3TOrO CTaHAapTa C y4eTOM BCEX BHECEHHbLIX B JaHHYIO BEPCUIO U3MeHeHUil. ECNU 3aMeHEeH CChINOYHbINA CTaH-
JapT, Ha KOTOpLIA fAaHa AaTUPOBaHHAA CCbINKa, TO PEKOMEHAYETCA UCNOoNb30BaTh BEPCUIO STOTO CTaHAapTa C yKasaH-
HbIM BbilLe rogoM YTBepXAeHUA (NPUHATUS). Ecnu nocrne yTBepXAEHUA HACTOSLLEro CTaHgapTa B CChUTOMHbIA CTaH-
[apT, Ha KOTOpblit faHa AaTUpoBaHHAA CCbifka, BHECEHO M3MEHeHUe, 3aTparuBalollee NONOXeEHWE, Ha KOTopoe AaHa
CChINKa, TO 9TO MOMOXEHWEe peKOMEHAYETCA NpUMeHATL 6e3 yYeTa JaHHOTO U3MeHeHUs. Ecnu ccbinouHblif cTaHaapT
oTMeHeH 6e3 3aMeHbl, TO NOMOXEHWe, B KOTOPOM AaHa CChINKa Ha HEro, PEKOMEHAYETCSl NPUMEHSITb B YacTH, He 3a-
TparuBatoLeid 3Ty CChINKY.

U3panue ocpuumanoHoe
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3 O6wme nonoxeHus

AKTYanbHOCTb AOCTUXEHUSA DONee TOYHbIX 3HAYEHUIN CTPYKTYPHLIX XapaKTePUCTUK XMMUYECKOTO ane-
MeHTa TUTaH Ti CBA3aHa C €ro BbICOKMMM MPOYHOCTHBLIMU CBOWCTBAMM NPU MOBbILUEHHbLIX TEMMepaTypax u
BbICOKOI NNACTUYHOCTBLIO NPU HU3KUX TEMNEepaTypax. BeiCokas KOPPO3UOHHAsA CTOMKOCTb TUTAHA, B TOM YuCne
B PAfe arpeccuBHbIX CPes, CnocoBCTBYET €ro NPMMEHEHUIO B KPMOTEHHBIX YCTPOUCTBAX, a Takxe B NULLEBOI
MPOMBILLIIEHHOCTMW, TOBapax HapogHOro NoTpebneHusa n B MeauumHe.

MCcx0QHON XapaKTEPUCTUKOW CTPOEHUA KPUCTaNMYECKON PELUETKN BELLECTB ABMAIOTCA ee napaMeTpbl
(pa3mepbl anemMeHTapHON AYelkKn), KOTOPbIE ONPEAENAIOT UX MHOrMe husndeckue CBOWCTBA U OTHOCATCH K
6a30BbIM XapaKTEPUCTUKAM KOHAEHCUPOBAHHOTO COCTOSIHMS BELLECTBA, OTpaxas 6anaHc Cun NPUTSHKEHUA 1
OTTankuBaHWs Mexay aroMamu. Beluncnsaemblil N0 9TUM AaHHBIM 0B6bEeM f4eliku, a Npyu HanM4nMn SaHHbIX As
pasnuuHbIX Temneparyp v 3HadeHuin KINTP HeobxoanMbl Npy NPOEKTUPOBAHMK U UCMNOMb30BaHWM MaTeEpPManos
B Pa3NM4HbIX YCTPOWCTBAX B LLUMPOKOM AUanaszoHe TeMmneparyp.

TemnepaTtypHbIi Auanas3oH, B KOTOPOM UCNONb3YETCH TUTAH, BKMIOYAET TemnepaTypbl oT 6nu3kux k abco-
MIOTHOMY HYNIO A0 KOMHATHOW TEMMEepPaTypbl, a Takke A0 NPeaesibHO BeICOKUX TEMMNEPaTyp (HanpuMmep, Npu npu-
MEHEeHUU B pasnunyHbIX getansax asurareneii). 3Hadyenus senuyuuH KINTP ans aHU30TPOMHbIX 9NeMEHTOB C 6onee
HU3KOW CUMMETPUEN BNIEMEHTAPHON SYEelikKu, YeM Kybuueckas, Hanbonee ageKkBaTHO ONPeaensATCA PEHTIEHOB-
Cckumun metogamm [1]. PEHTreHOBCKME METOAbI NO3BOMAOT YYUTbIBATh 3HAYUTENLHYIO aHU3OTPOMNUIO 3HAYEHUI
KITTP TutaHa, Hanu4ne KOTOpOi OnpeaenseTcsa rekcaroHaribHon CUMMETPUEN Ero SreMeHTapHOR AYEHKN.

3kenepuMeHTanbHO BenuuuHbl KITTP ana TutaHa onpeaensanucb U ApyrMMU MEeTogamu, KOTOpble npu-
roaHbl B OCHOBHOM A1 NONMUKPUCTANMMUYECKUX BELLECTB. ST METOAbI AAl0T YCPeAHEHHOE 3HAaYEeHNe BENMUYUHDI
KINTP, kKoTOpoe MOXET He CoBnagaTth Aaxe C YCPEAHEHHbIMU PEHTIEHOBCKUMW AaHHbIMM, TaK Kak nonukpucrarn-
nM4yeckue Marepuansl U3 TUTAHA YacTo UMEIOT 3aMETHYIO TeKCTypy. Kpome Toro, Ha pesynbrarbl U3MEPEHWN,
Hanpumep AMnNaToMETPUYECKUX, MOXET BAUATb HanNUyue nop B NONMKPUCTannax u Apyrux MMKpPO- U Makpoae-
dhekToB, 00pasyOLUMXCA NPy 3aTBEPAEBAHUM UNK NOCHE TepMoMexaHu4eckon obpabotku matepuana. lNoaromy
Haubonee agekBaTHble 3Ha4YeHnA KITTP AomkHbI ObITb OCHOBAHLI HA PEHTTEHOBCKUX (B HACTOsLLEe BpeMs Aud-
PaKTOMETPUYECKNX) U3MEPEHUAX, OCOOEHHO C UCMONMb30BAHMEM MOHOKPUCTANIIOB BbICOKOW YMCTOThI.

MpoMbiwneHHble cnnaebl TuTaHa (BT-1, BT-5 u ap.) Bkno4yaiot WMpokuii Habop A006aBOK K TUTAHY, KO-
TOpbIE 3aMETHO BIIMAIOT HA 3HaYeHust BenuuuHbl KITP 1 Apyrmx BENWYMH, NpuyeM A00aBkU pasnnyHbIX ane-
MEHTOB U3MEHSAIOT €€ NO-Pa3HOMY, Kak B CTOPOHY BOMNbLUMX, TAK U MEHBLUMX OT MCXOAHOrO 3HaYeHus. NosToMy
A8 NPOMbILUNEHHbLIX MarepnanoB Npu cosgadumn Tabnuy CCL kaxabii pa3 onpeaensior TOYHYI0 KOHLEHTpa-
umio 406aBOK B MaTpuLe TUTaHa M NPOBOAAT U3MepeHua BenuuuHbl KINTP ansa pasnuyHbIX KOHUEHTpauun
KaXKgoro nermpyroLLero aneMeHTa B npeaenax 3agaHHoro Mapkow ananasoHa cocraea npuMecu. Torga CCL,
NO3BONSAIOT UCMOMbL30BaTh 3TU AHHLIE TUTAHOBLIX CMNABOB C YY4ETOM CYLLECTBEHHOIO BITMSIHUS KOHKPETHOW
KOHLEHTpaumn (PyHKLMOHANbHO 3HAUMMbIX JOOABOK.

BonbLioi 06bEM TEeOpeETUYECKUX PacYETOB NAPaMETPOB KPUCTaNUYECKUX peLleTok n BenuunH KITTP
No3BONISIET NPOBOAUTL CPABHEHWE PACYUETHLIX XapaKTePUCTUK C IKCNEPUMEHTAmNbHLIMU AAHHBLIMU U CTUMY-
nupoBarb NocTpoeHue Honee aaekBaTHbIX TEPMOAUHAMUYECKUX MOAENEH. YPOBEHb COrMacoBaHHOCTU 3TUX
AaHHbIX MOXET Aocturatb 1 % AnsA napameTpoB peLueTkun, 3 % Ans NNoTHOCTU U He 6onee 10 % Ana 3HaYeHun
BenuuuHbl KINTP (B 6onee paHHUX TEOPETUYECKUX pacyHeTax COOTBETCTBUE C IKCMEPUMEHTAlNbHLIMU 3HAYe-
HUAMMK 4OCTUrano Tonbko 25 %).

TeopeTuyecku YCTAHOBIEHO CyLLIECTBOBaHWE MeTACTabunbHbIX (a3 B TUTAHE, UMEIOLLIMX PA3NNYHBLIN TUN
KPUCTANNUYeCKOW PELLETKU, KOTOPbIE BO3HUKAIOT 3@ CYET HEYCTOMYMBOCTM anbda-casbl B TUTAHe. 310 noa-
TBEP>KAAIOT U 9KCNEPUMEHTaNbHbIE pe3ynbraThl ha3 TUTaHa C PasnUYHONW CUMMETPUEN ANEMEHTAPHON AYEKK.

Hecmotps Ha 6onbLLOe KONMYECTBO ONyONMKOBAHHbLIX PE3yNnbTaToB UCCNEAOBAHMIA, AOCTOBEPHAN MHAOP-
Mauus O CTPYKTYPHBIX U TEPMUUYECKUX XapaKTEPUCTMKAX TUTaHa U CMaBoB HA €ro OCHOBE CTana NoABNATLCA
NULLb B NOcnesHee AecATuneTue. 310 CBA3AHO C TEM, YTO UCCIEeA0BaHUA KPUCTAmNMYeCKON CTPYKTYPbl MOHO-
KPUCTANNOB TUTaHa Obln paHee HeAOCTYMNHbI U3-3a BUAHUA HA MUKPOCTPYKTYPY BbICOKOTEMNepaTypHoro ¢a-
30BOr0O Mepexoaa U BO MHOTMX Cry4asix BBUAY HEOOX0AUMOCTW AONOSIHUTENbLHOW BbICOKOTEMNEPATYPHOI 00pa-
60TkM 006pa3LOB NpY TemnepaTypax HUXe 3TOro nepexoga B arMocdepe OYMLLIEHHOTO UHEPTHOrO rasa. Hosbie
METO/Ibl UCCNEA0BaHUS U COBPEMEHHOE AnbpakToMeTpuyeckoe 000py10BaHUe NO3BONUNN PELLUTL 3aaa4y Mno-
nyyeHusi ote4ecTBeHHbIX Tabnuy CCJl 0 napamerpax KpUCTansIMueckon peLeTku ana TutaHa.

B HacrosiLeM cTangapre npeacraBrieHbl 3KCMEePUMEHTarnbHble AaHHbIE 0 Napamerpax Kpucrannuye-
CKOW peLUeTKM Npu TPeX pasnuyHbIX TemMneparypax 06pasyoB MOHOKPUCTANNO0B TUTAHA, BbIPALLEHHbIX NOCne
JOMOSIHUTENbLHOM YMCTKM METOAO0M 30HHONW nnasku ®IYM «BUAM», a Takke 3HavyeHun senuuuH KITTP 06-
pa3sLoB Ha OCHOBE AOCTYMHbIX HAay4HbIX uccnegoBaHuin. Pesynbratel CCll 0 napameTpax Kpuctanimyeckon
pelueTku TuTaHa obpabotaHbl B cootBeTcTBUM ¢ FTOCT P 8.614 n MOCT 34100.3.
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4 OcHOBHaga YyacTb

Hactosiwumii ctaHaapt pacnpoctpaHsieTca Ha CCl 0 napameTpax KpucTannuyeckon peLueTku TutaHa u
KNTP B ananasoHe temnepatyp ot 5 K go 1200 K.

OcHoBol ans pa3paboTku SABMNAOTCA pe3ynbrartbl, MOJNyYEHHbIE Ha PEHTITeHOBCKMX AudpakTomeTpax
pasnM4YHoro Tuna Anst UsMepeHus CTPYKTYPHbIX XapakTepUCTUK MOHOKPUCTAroB.

4.1 NogroroBka o6pasuoB

MoaroToBky 06pasLoB NPOBOAAT B CNEAyoLLeli nocreaoBaTenbHOCTU: 06pasLbl TutTaHa mapku BT-0 go-
MONMHUTENbHO OYMLLIAIOT METOAOM 30HHOW NMAaBKU, B XOA4E KOTOPOW BblPALLMBAIOT HECKOSIbKO MOHOKPUCTArMOB.

Ons npeun3noHHOro peHTreHorpachMpoBaHus 13 Ka)aoro MOHOKPUCTAarnna Bbipe3aroT KyOuku, n3 KoTo-
pbIX nogrotasnueatot obpasupl chepuyeckoii chopmbl. Takast popma NO3BONAET HAMOONEE TOYHO YyYUTbIBATbL
BITMSIHWE TMOIMOLLEHUS PEHTTEHOBCKUX Nyden npu obpaboTke AU PaKUMOHHOW KapTWHbI, Npu4em guameTp
cchepbl NoaGupaloT Takum 06pasoM, YToObI MyYOK, BLIXOAALLMIA U3 KONMMMATOPa PEHTIEHOBCKOW TPyOKU, non-
HOCTbI0 OMbIBan obpasel. Cchepudeckue obpasubl uMetot guametp He Gonee 0,3—0,4 MM, 4TO ONYCKAET UX
KOPPEKTHYIO YCTaHOBKY Ha AndpakTomMeTp. O6beM 1 yCrioBUs pEHTTEHOBCKOro 3KCNepuMeHTa yCTaHaBnNuBaloT
OTAENbHO AN KAX10ro KOHKpeTHOro obpasua.

Ona obkaTtku o6pasuos B cchepbl UCMONL3YIOT creuuanbHbie yeTporucTea. OHU npeacTaBnsaioT cobon
Kamepbl, uMetoLme opMy MNMNOcKoro UMnuHapa. B Takom ycTpoiicTBe 3arotoBku (KyOuku, 3roToBneHHble ¢
MaKCUMarmnbHO MUHUMATbHbLIM OTKNOHEHWEM OT CpeaHero pasMepa nopsiaka 10 MK, KOTOPbI BOSHUKAET B X0A€
3NEKTPOUCKPOBOI pe3kn) noj BO3AEMNCTBMEM NOTOKA BO3ayxa OLICTPO NepemMeLaloTca no Kpyry U craumsaior
CBOW BbICTYMAIOLLME YITIbl O NPUKINEEeHHY abpa3snBHYIO LLKYPKY. [0CTENeHHO yMEeHbLUIAA 3€PHUCTOCTb LUKYPKK
B kamepax ot 100 go 5 Mk, nony4atoT 06pasLbl NPaBUNbHON (DOPMbI U C BbICOKOW MNAaAKOCTbIO MOBEPXHOCTHU.
MpPEUMYLLECTBEHHO MCMOMbL3YIOT LLUKYPKU C anMasHbiM UK TBEPAbIM 3rbOOPOBLIM NOKPbITUEM. NCTOUHUKOM
BO34yXa CMY>XWT HACTONbHbI KOMNPECCOP, Hanpumep AnA asporpada.

Ons noarotoBku 06pasuUOB M YCTAHOBKU Ha AUDPAKTOMETPUUECKYIO CUCTEMY UCNONBL3YIOT ONTUYECKUN
MUKpockon, Hanpumep Tuna MBC, KOTOpbIil NO3BONSIET NPEABAPUTENBHO ONPeaenuTb ka4ecTBo hopmbl 06-
pasua u NpousBoAUTL MOHTaX o6pasua. [lanee npurotaBnMBalOT HECKONbKO 06pasLoB, NPOBEPSAIOT UX Ka-
4YeCTBO U BbIBUPAIOT MOHOKPUCTANSLI C HAUMYYLLUM COBEPLLEHCTBOM CTPOEHUA (N0 pesynbrataM npeasapu-
TerbHbIX U3MEPEHUI ANPAKLUMOHHON KapTUHbI Ha aAudpakTtoMeTpe). AnA o4ncTku aepxarenein oopasuos
UCMONb3YIOT CNUPT; AN YCTPaHEeHMUs] MOBEPXHOCTHLIX UCKaXEHUI nocne obkatku noadbupaioT CMeCb KUCHOT;
ANs MOHTaXKa MarbiX MOHOKPUCTANMMMYECKUX CPEP NPUMEHSIIOT Knen-renb, Hanpumep «MoMeHT».

Obpasel NpUKNEUBAOT Ha cneuuanbHbIii AepxKaTenb CO CTEKMAHHOW HUTbIO (HUTb M MCNOMb3yeMbli
knein obecnevymBaloT OTCYTCTBME AONOMHUTENbHbBIX AUMPAKLMOHHBIX pednekcos), KOTOPLIN yCTaHaBNMBalOT
Ha FOHMOMETPUYECKYIO rOnoBKy AudpakTomeTpa. FOHMOMETPUYECKYIO FONOBKY (PMKCMPYIOT B NOCAA0YHOM
rHe3ge roHMOMETpa U NPOBOAST KOCTUPOBKY TakMM 06pa3om, 4Tobbl o6pasel nonagan MakCMMarnbHO TOYHO B
LeHTp (nepeceyeHne ocen) roHMoOMeTpa.

4.2 dKkcnepuMeHTarnbHasa annaparypa

OnpegeneHne napameTpoB PELLETKM NPOBOASAT C UCNOMb30BaHUEM YCTPOWCTB AUPaKTOMETPOB, Mno-
3BONAOLMX DUKCUPOBATL U aHANU3UPOBATL ANMPAKLMOHHYIO KAPTUHY MOHO- U nonukpuctannos. OCHOBHasA
LKana 6osbLUoro roHMoMeTpa Ha AucpakToMeTpe AN MOHOKpUCTannoB obecnevymBaeT BO3MOXKHOCTb MOBO-
pOTOB JeTekTopa B npegenax 120°. MosopoTkl 06pasua 0CyLLeCTBASAIOT, UCNONb3YsA APYIME FTOHUOMETPUYECKUE
rOnoBKM, yCTaHaBIMBaeMble Ha 3TOM FOHWOMETpe, TakuMm 06pa3oMm, YTobbl Npu NPoBEAEHUN SKCMNEPUMEHTA
3anonHUTL BCIO cdhepy M3MepSEMOro «obpaTHOro» NPocTpaHcTea (HanpuMmep, aHanM3upyeMbIM1M aTOMHbIMK
NNOCKOCTSIMM MaKCUMMAarnbsHO BO3MOXHLIN 0ObeM anemMeHTapHON siveiiku). KOHCTpyKuMsa audpakToMeTpa no-
3BOMSAET Mony4vartb Ana TutaHa ot 4000 go 6000 audpakuMOHHLIX (BPIrrOBCKUX) OTPaXXeHW B AuanasoHe
Temnepatyp ot 297 K o 300 K, koTopble MCNONb3YIOT ANS pacyeTa napaMeTpoB KPUCTaNMYECKON PEeLLETKM
(pa3MmepoB anNeMeHTapHON AYEenkn).

OuncbpakTromeTpuyeckme CUCTEMbI ANS ONpeaeneHus yrrnoBoro pacnpegeneHns UHTEHCUBHOCTU, Mak-
CMMYMOB W MHTErpanbHbIX MHTEHCUBHOCTEN BPAITOBCKUX OTPAXKEHUI M MOCNEAYIOLWEro pacyeTa napaMmeTpos
KPUCTanmM4ecKoi pPeLUETKM COCTOST U3 HECKONMbKUX OCHOBHLIX M AONOMHUTENbHBLIX YCTPONCTB, KOTOPbLIE UC-
NONb3YIOT pasHble eanHULbI M3MepeHun. Cpeamn OCHOBHbIX YCTPOMCTB: UCTOMHUK U3FYYEHUS, TOHUOMETPUYE-
CKO€ YCTPOWCTBO, AETEKTOP OTPAXKEHHOTO M3IyYeHUs, KOMMbIOTEPLI C KOMMMEKCaMW NporpaMm Ans ynpasne-
HWUS CUCTEMON U ANSA pacyeTa CTPYKTYPHBLIX XapakTepuCTUK BELLECTRA.
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B ka4yecTBe MCTOYHMKA U3NYYEHUSI B PEHTTEHOBCKUX NAaboparopHbiX AUMPAKTOMETPaX NPUMEHSIOT
PEHTreHOBCKYIO TPYOKyY, B KOTOPOW B POfK KaToAa BbICTYNaET BoNbdpamMoBas cnvparsnb, pa3orpesaemas anek-
TPUYECKMM TOKOM. Ha MOHOKpUCTanbHOM AUpakTOMETpe UCMONb3YIOT aHoa U3 MonubaeHa (AnuHa BOMHbI —
0,07093 HM), HA NOPOLUKOBOM AuppakToMmeTpe — aHoA 13 meam (anuHa BonHbl — 0,154056 HM). UHTEHCUB-
HOCTb U3MNYYEHMUS 3aBUCUT OT HANPSDKEHMA U TOKA, KOTOPbIe BapbUPYIOTCA B 3aBUCUMOCTU OT TUNA U 3aaaqu
peHTreHorpadMpoBaHusa (CTapToBON U3MEPUTENBLHON MOAENN).

[na npoBeAeHUs1 NPELM3NOHHBLIX PEHTTEHOBCKMX M3MEPEHUI pPa3MepoB 3MEMEHTAPHON AYENKN K-
CUpYIOT 60MbLLIOE YMCNO BbICOKOYINOBbLIX BP3rroBckux pednekcos (OHM COOTBETCTBYIOT 6onee BbICOKUM NO-
psiAKkam OTPaXEHUI OT CeMelcTBa Kpuctannorpaduyeckux NAOCKOCTeNn), ANsl KOTOPbIX MOrpeLHoCTn (He-
onpeaeneHHoCTM) MUHUMAanNbHbl. MHTEHCUBHOCTb Takux GPArrOBCKUX OTpaXKeHWi Ha mopsigku cnabee, yem
AN OTPAXEHMWI C ManbIMKU HAEKcamu Munnepa, N03TOMY MCNOMb3YIOT MAaKCUMaribHO BO3MOXHbIE 3HAYEHUA
TOKA M HanNpsbkeHust unu 6onee ANUTENbHOE BPEMS U3MEPEHUN (B KaXKAON TOUKE «0OpaTHOro», UMNYNbCHO-
ro NPOCTPaHCTBA, B KOOPAUHATAX KOTOPOr0 NPOMCXOAUT NPOLECC usmepeHus). ObLuee BpeMA AN KaXxaoro
3KCNnepuMeHTa Npu KOMHATHOM TeMNeparype Afnsi MOHOKPUCTaNNOB NepoBCKUTOB cocTaBnsieT ot 90 4o 120 v
HenpepbIBHO. Bnok-cxema ycTaHOBKM — AUPPAKTOMETPUYECKON CUCTEMDI C UCTIONB3OBAHMEM KOPOTKOBOSHO-
BOIO U3nyyeHusa — npegcrasneHa B [1].

OnTtuyeckaa cucrema B AU(PPAKTOMETPUYECKON CUMCTEME AN aHanuM3a MOHOKPUCTanfoB BKMOYa-
€T rpauToBbIE MOHOXPOMATOPbl U KOMSIMMATOPbI C BHYTPEHHUM OTPaXKEHMEM, YTO yBenuyusaeT napan-
NenbLHOCTb Ny4Ka. [IByXMEpHbI AE€TEKTOP B COBPEMEHHbIX KOHCTPYKLUAX AUDPAKTOMETPOB ANS U3MEPEeHUa
AnpaKkUMOHHON KapTUHbI MOHOKPUCTAIIOB, OCHOBAHHbINM HA HOBbIX CCD-TexHonorusix, paboraer 3a cyer
UCMONb30BaHUS XapaKTEPUCTUK PEHTIEHOYYBCTBUTENBHOTO 9kpaHa. Bcs cuctema pernctpauyum curHanos 06-
nagaetr OTHOCUTENbHO HU3KUM YPOBHEM LUYMOB U NO3BOAAET NPOBOAUTL MCCHEA0BaHMA 06pa3sLOoB Manoro
obbema.

[undbpakromerpuyeckasi cuctema ¢ MonubAEeHOBLIM aHOAOM NO3BOJISIET NPOBOAUTL aHaNU3 aTOMHO-KpU-
CTannmMyeckoii CTPYKTypbl Marepuanos ¢ paspeLueHuem He 6onee 0,045 Hm. Mpu 3TOM AONYCTUMBIE pa3Mepbl 06-
nacTemn KOrepeHTHOro paccesiHusi (GNOKOB MO3anku) B aHANU3UPYEMOM BELLIECTBE COCTABMAIOT BENUYNHY, NONY-
UEHHYIO OT [1BYX NAPaMETPOB KPUCTAMNMMYECKON PELLETKM, YyBCTBUTENLHOCTE — OT 1018 anekTpoHoB B 0Bpasue.

Ona npoBeaeHusa uamepeHuii, 06paboTku AaHHLIX IKCNEPUMEHTOB U NOCMEAYIOLero onpeaeneHns
CTPYKTYPHBIX XapakTepuUCTuK, ya0BNEeTBOPAIOWMX CTabUNbHLIM NapaMeTpam KpUCTaniMyeckoi peLueTku, nc-
MOnb3YIOT aTTEeCTOBAHHYIO METOAUKY M3MepeHui [1] ¢ CyWeCTBEHHbIMM AONONMHEHUAMM K HEW. [Ing noBbiLue-
HWA JOCTOBEPHOCTU U3IMEPSEMBIX BEMIMYUH NPEABAPUTENBHO HA TEX XKE YCTaHOBKaX W3MEPSIIOT 3TasloHHbIe
cpeacTBa U3MEpeHnin — ctaHgapTHole 06pasubl AMPPaAKLMOHHBIX CBOWCTB MOHO- U NONUKpUCTannos (cMm. [1]).
PesynkTaThl MU3MEPeHUI U oNpeaeneHnsa CTPYKTYPHBIX XapakTepPUCTUK CPABHUBAIOT C aTTECTOBAHHLIMU 3HaYe-
HUSIMU XapaKkTEPUCTUK rOCYAaPCTBEHHbIX CTAHAAPTHLIX 006pa3uos (aanee — 'CO).

4.3 OCOGE@HHOCTHU BLINOSIHEHUA U3MEPEHUN

4.3.1 amepeHuna yrnoBoro pacnpeaeneHua UHTeHCUBHOCTEN

M3amepeHusi yrnoBoro pacnpeaeneHnss UHTEHCUBHOCTEN BCEX BO3MOXHbIX AUGPAKLMOHHLIX (Bparros-
CKMX) OTPa>KEHWUI MPOBOAAT BHYTPU Cpepbl OrpaHU4EHUA, pagnyc KOTOPO ONpeaensioT BOMMHOBLIM BEKTO-
pPOM PEHTFeHOBCKOIO u3ny4yeHus. Hanbonee TouHble pe3ynbraThl MU3MEPEHUs MOMy4valoT NP1 UCNONb30BaHUK
MOHOKpUCTannMueckux obpasuos. Pesynbrartbl 3TUX M3MepeHuil npeobpasylor B TOM crnyyae, korga Ans us-
MEPEHNIA UCNONMb3YIOT NOAUKpUCTannu4yeckue obpasubl: NPOEUMPOBAHNE B 3TUX IKCNEPUMEHTaX MHTEHCUB-
HocTen AUdPaKLUMOHHBIX MAKCUMYMOB TOMbKO HA OAHOMEPHOE K-MPOCTPaHCTBO (kK — 3HaYeHue MMnynbca,
nepeaasaemMoro ot nagarwLwero KOPOTKOBOSTHOBOTO MOHWU3UPYIOLLIETO M3IYYEHUS KaXKA0W aTOMHON NITOCKOCTH).
3T0 CyLECTBEHHO CHUXKAET KONIMYECTBO HE3aBUCUMBIX OTPAXKEHWUI, KOTOPbIE Pa3peLLaloT u U3MEPSIOT Ha No-
powkoBOoM aucppakTomeTpe.

Ana perncrpauum AndpakyMOHHON KapTUHLI MOHOKPUCTASINIOB pacCTOsIHUE MEeXAYy KPUCTansioMm u ae-
TEKTOPOM JOMMKHO BbiTh HE MeHee 41,5 mMm. Ucnonb3yioT auameTp konnumaropa He 6onee 0,5 MMm. YcTaHas-
nueaiot «GyHKepoBKy» (00beauHeHue nuKcenen unu pasbueHne marpuubl Ha cybbnoku) «binning mogay 2 x 2,
T. €. ¢ paspeweHuem 1024 x 1024 nukcenen. OnpeaensioT TUNOBbLIE 3HAYEHUA AN MONMOAEHOBOIrO UCTOYHU-
Ka uany4eHus, Hanpumep 50 kB n 40 MA nnu 33 kB n 40 MA, anAa yctpaHeHusa Ha AudpakUMOHHOW KapTuHe
OTPaXXEHUI, COOTBETCTBYIOLLMX BTOPOW rapMOHUKe A/2.

4.3.2 lOcTupoBKka o6pasua

KOcTnpoBKy o6pasua BbINOMHSAIOT NOCPEACTBOM CNeLMUanbLHOW KOMaHbl: FTOHMOMETP AMdpaKkTOMETpa
NepeBOAST B MONIOXEHWE, NPeAHa3HaYeHHOe AnA ICTUPOBKM obpa3sua. Mpu 3TOM roHUOMETP NepexoauT
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B PEXMM PYYHOro ynpasneHusi. FOHNOMETPUYECKYIO TONIOBKY C KPUCTAmNNoM 3aKpEnnsT Ha NocagouHOM
rHesge roHnometpa. MonoxeHue KpuctTanna KOHTPONUPYKT HA MOHUTOPE, Ha KOTOPbLIA nepegaeTcs U3o-
6paxkeHne ¢ mukpockona. MMKpocKon, yCTaHOBMNEHHbIN Ha AndpakToOMeTpe, UMEET LUKanbl, LleHa AeneHus
KoTopbIX pasHa 0,01 mMm. PerynupyiloT MUKPOMETPUYECKUE BUHTbI TOHMOMETPUYECKON FONOBKU, Nepeme-
LaoT LeHTp obpa3ua B nepekpecTue LuKan MUKpockona. 3aTeM KOMaHZAOW C py4dHOro nynsta ynpaene-
HWA TOHMOMETPOM KpucTann nosopadmnsatoT Ha 180° BOKpYr OCM rOHMOMETPUYECKOW ronoBku. Onepauyuto
nepemeLyeHunsa obpasLa NnoBTOPAIOT. Te e camble AENCTBUA NOBTOPSAIOT AN YINOB NoBopoTa o6pa3ua Ha
90° 1 270°. Mpu 3TOM PErynupyroT nepemMelleHne obpasua B HanpasrneHuu, NepneHanKynsapHOM nepeo-
HavansHoMmy. Ona perynuposku oBpasua no BbICOTE MCMOMb3YIOT KOMaHAY Py4YHOro MynbTa ynpaBneHus,
nosopa4usatT o6pasew Ha 180° BOKpYr OCK, NEPNEHANKYNAPHON OCU TOHUOMETPUUECKOI FONOBKU. 3TO Tak
HasblBaeMoe BepxHee nonoxeHue obpasua. Mpu perynuposke obpasua no BbICOTE UCNONL3YIOT TPETUN
MUKPOMETPUYECKNI A BUHT FOHMOMETPUYECKOW ronoBku. Kpuctann cuntaloT CbIOCTUPOBaAHHBLIM, €Cnn Npu
ABWXEHMMN 1o noboi u3 ocen LeHTp Tskectu obpasua coBnagan ¢ NnepekpecTUeM LuKan MUKpockona B
npeaenax 10 MK.

4.3.3 YcnoBusi usmepeHuin

Mpu npoBeAEHUN N3MEPEHUI MPKU KOMHATHOW TEMNEPaType COBNIOAAIOT CneayloLwme yCnoBus:

- Temnepartypa Bo3gyxa — 290 K (17 °C);

- atmocdepHoe gasneHne — 96,7 kMa;

- OTHOCUTENbHAasa BMaXXHOCTb BO3ayxa — He Gonee 80 % npu Temneparype 25 °C;

- HanpsXeHue NUTaHWUA SNEeKTPOCETN ANA ogHodasHoro Toka — ot 200 go 240 B.

[pun BbINOSTHEHUM 3MEPEHUI NMPOBOAAT:

- NepBylo NpeaBapuUTeEnbHYIO0 CbEMKY;

- BTOPYIO NPEABaAPUTENBHYIO ChbEMKY.

LeTtanu nameputenbHbIX NpoLeayp COOTBETCTBYHOT [1].

Mo OKOHYaHWMKM BCEro IKCMepUMeHTa NpoBOAAT 06palboTKy MOMYYEHHbIX AAHHBLIX C Bblgayei ainos,
HeobX0AUMbIX ANA AanbHENLWero CTPYKTYPHOrO aHanusa (aetanu npuseaeHsol B [1]).

Mo okoH4aHMKu 06paboTku AAHHBLIX MONYYAIOT aiinbl TPeX TUMOB:

4.3.3.1 OCHOBHOW hain aKCnepuMeHTanbHbIX AaHHbIX, KOTOPbIA COAEPXUT AN Kaxaoro pednekca
crneayoLLMe XapakTepucTukn: nHaekesl Munnepa, uHterparnbsHbl€ UHTEHCUBHOCTU, CTAHAAPTHOE OTKIOHEHWE,
HOMEp, HanpaBnaLLMe KOCUHYCHI.

4.3.3.2 daiin ¢ pacluMpeHueM ¢ onmcaHmem odpaboTkm USMEpPEHMIA.

4.3.3.3 daiin, koTopblii HeoBxoaUM AnA onyBbrnMKOBaHKUSA NOSyYEHHbIX PE3yrnbLTaToOB C YY4ETOM CTaHAapTa,
pekomeHA0BaHHOro MexayHapoaHbIM CO30M Kpuctannorpados. Mpu uccneaoBaHum kaxagoro obpasua co-
XPaHSAIOT BCe AaHHble: AUMPAKLMOHHbIE KAPTWUHBI U CMEKTPbI, YTO NMO3BOMNAET NO3KE BO3BPATUTHLCH K NOBTOP-
HOMY aHanm3y SKCNepuMeHTa B Cry4ae BbISIBIIEHWS CryYaliHbIX OLUMGOK.

4.4 OnpepgeneHue napaMeTpoB KPUCTAINTUYECKON pelueTKn

[nsa pacyeTa napameTpoB KpUCTANNYECKON PELLETKU UCTMONb3YIOT 3HAYEHNUS YINOB, COOTBETCTBYIOLLNX
MakCMMyMam pacnpeaeneHns UHTEHCUBHOCTEN AUMPaKLMOHHbLIX (GP3IrroBCKMX) OTPaXKEHWI, U COOTHOLLEHME,
CBA3bIBAIOLLEE 3HAYEHMS MEXMNIIOCKOCTHbIX PACCTOAHUI C 9TUMUK yrnaMmu (getanu npusenexsi [1]).

4.5 dKkcnepuMeHTaribHble AaHHble
PesynbTathl onpeaeneHust napaMeTpoB KPUCTANNMYECKON PELUETKN TUTAHA B AMana3oHe Temneparyp
ot 5 K go 300 K npueeaeHs! B Tabnuue 1.

Tabnwu ua 1— CTaH,D,apTHbIe cnpaBoYdHble AaHHbIe NapaMeTpoB KpVICTaﬂﬂVIHECKOVI PEeLLETKN TUTaHa B Anana3oHe TeM-
nepatyp ot 5 K go 300 K

Temnepatypa, K a, HM C, HM cla
5 0,295 0,468 1,59
10 0,294650(7) 0,467977(17) 1,588
290 0,295151(8) 0,468483(17) 1,587

AHanus pesynsrartos no Tabnuue 1 npeacraenex B [1].
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4.6 0606w eHne cnpaBOYHbIX AAHHbIX O 3aBUCUMOCTU KO3 huLMeHTa NMIMHENHOrO TENMOBOIo
pacwupeHuns

B Tabnuue 2 npeacraeneHbl 0600LIEHHbIE pe3ynbTaThl Pa3nNUYHbIX UCCNEA0BAHUMI, a TaKKe [aHHble O
3HaveHuAx senuuuHbl KINTP npu Temnepatype 300 K, paccuMTaHHbIX NO PeHTreHOBCKMM AaHHbIM. CpeaHee
3HayeHue aTUX AaHHbIX Npu Temnepatype 300 K nokasbiBaeT cornacoBaHHOCTb C TEMNEpaTypHO 3aBUCUMO-
CTbIO AN CPEAHUX 3HAYEHUA.

Tabnuya 2 — [JaHHble 3aBUCUMOCTU TENMOBOIO KO3 ULUEHTa NUHERHOMO paclunpeHus
OT TeMrepaTyphbl TUTaHa (rekcaroHanbHas asa: anbga-asa u kybudeckas beta-asa)
B Anana3soHe Temneparyp ot 10 K go 1250 K no gaHHbIM [1]

lekcaroHanbHaA ¢asa
TK o 108 K-
10 0,035
12 0,049
16 0,092
20 0,100
30 0,50
40 1,10
50 1,76
60 2,51
70 3,16
80 3,71
90 4,18
100 4,59
110 4,96
120 5,30
130 5,61
140 5,90
150 6,17
160 6,42
170 6,65
180 6,86
190 7,05
200 7,23
220 7,55
240 7,81
260 8,02
280 8,18
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OkoHYaHue mabnuupbi 2

[ekcaroHaneHasa dasa
TK o 108 K1
300, 8,30
anbga-casa
300 ot ol
— 9,60 5,70
350 8,56
400 8,82
450 9,08
550 9,60
600 9,86
650 10,12
700 10,39
750 10,67
800 10,96
850 11,25
900 11,54
950 11,84
1000 12,08
1100 —
Kybuueckas 6eta-gasa
1150 11,91
1200 11,95
1250 12,00
MpumedaHue — ol oy — 3HadeHus KITP, napannenbHele U nepneHanKynsap-
Hble 6a3anbHON NNOCKOCTU 3reMeHTapHOM AYelikn TUTaHa.
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