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1 CyTh pEHTTeHOCTPYKTYPHOI0 AHAJII3Y

PentreniBebkuii  cTpykrypHuii  anam3  (P.c.a) mnpencraBinse  co0oro
JOCITIJIKEHHSI CTPYKTYPH PEYOBHHH IO PO3MOILTY B MPOCTOPI 1 IHTEHCUBHOCTSIM
PO3CISIHOTO Ha aHaJi30BAHOMY 00'€KTI pEHTI€HIBCHKOI0 BUIPOMIHIOBaHHSA. P. c. a.
nopsii 3 HeWTpoHorpadieh 1 enexkTpoHorpadiero € aUPPaKIiiHUM CTPYKTYPHUM
METOJ/IOM; Y MOT0 OCHOBI JISKUTh B3a€MO/Iisl PEHTIE€HIBCHKOTO BUIIPOMIHIOBAHHS 3
€JIEKTPOHAMH PEYOBHHM, B PE3YNbTATI SIKOI BUHUKAE NUPPAKIIS PEHTT€HIBCHKUX
npoMeHiB . Jludpakiiiina kapTuHA 3aJIeKUThH BiJ JIOBKWHU XBUJII PEHTT€HIBCHKHUX
POMEHIB 1 Oy10BH 00'eKTy. J{sl TOCHIIKEHHSI aTOMHOI CTPYKTYPH 3aCTOCOBYIOTh
BUIIPOMIHIOBaHHS 3 JOBKUHOIO XBHIII ~1, TOOTO MOPSIAKY PO3MIpIB ATOMIB.

Merogamu P. c. a. BUBUalOTh MeTaju, CIUIABH, MiHEpajad, HEOpPraHIuHI 1
OpraHivHi 3'€THaHHS, MOJIMEpH, amMOp(dHI MaTepialid, PIAUHU 1 Ta3u, MOJEKYJIU
OUIKIB, HYKJETHOBUX KucnoT 1T.a. Haitycmimmuime P. c. a. 3acTOCOBYIOTH st
BCTAHOBJICHHSI aTOMHOI CTPYKTypu KpucTaimiuHux Tiia. Lle oOymoBieHO Tum,
10 KPUCTAJIU BOJIOJIFOTH CTPOTOI0 MEPIOAUYHICTIO OYI0OBU 1 € CTBOPEHUMH CaMOI0

MPUPOOI0, MatOYM U(paKI(iiiHi TpaTH i1 PEHTTCHIBCHKUX MPOMEHIB.
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Y  PEeHTreHOCTPYKTYpHOM aHaji3l TEePEeBAXHO BUKOPHUCTOBYIOTHCS TpPH
METOJIH:

1. Meton Jlaye. Y 1upoMy BcS METOAI NYYOK BHUIPOMIHIOBAHHS 3
Oe3nepepBHUM CIEKTPOM OXOIUIIOE HEpyXOoMui MoHOKpuctan. Judpakuiiina
KapTHUHA PEEECTPYETHCSI HA HEPYXOMY (POTOILTIBKY.

2. Meton oOepraHHd MoOHOKpucTana. I[lydok MOHOXpPOMATHYHOIO
BUIIPOMIHIOBaHHS OXOIUIIOE KpUCTal, SIKHH o0epTaBcs (UM KOJUBABCS) HABKOJIO
JesIKOro KpucrajorpadgigyHoro Hanpsamy. JudpakxiiiiiHa KapTUHA PEEECTPYETHCS HA
HepyxoMy (oTtortiBky. Hepiiko ¢oTommBka pyxaeTbesi OTHOYACHO 3 00EpTaHHSIM
KpHUCTaJla; Taka Pi3HOBHJ METOAY O0OepTaHHS HA3MBAETHCSI METOAOM PO3TOPHEHHS
1apoBOi JIHII.

3. Metoa nopouikiB uu nojiikpuctams (Metop [ebas-Illeppepa-Xemna). ¥V
IbOMY BCSI METOJl BHKOPUCTOBYETHCS MOHOXPOMAaTHYHE CBITJIO. 3pa3okK

CKIagdacTbCA 3 KpI/ICTaJIi‘-IHOFO IIOPOUIKY YU € ITOJIMKPHUCTAINYHUM arpCraToM.

2 MeToau peHTreHOCTPYKTYPHOI0 aHAJI3y

2.1 Meton Jlaye

Meron Jlaye 3aCTOCOBYEThCS TEPIIOMY €Tari BUBYEHHSI aTOMHOI CTPYKTYPH
KpuctamiB. 3 i JOMOMOrOKH BHU3HAYAIOTHCMHTOHMIO KpHCTala 1IayeBCKHM KJlac
(kpuctamiyauii  knmac®pumens 3 TOYHICTIO JO IIGHTPY 1HBepcii). 3a
3akoHOM®Dpuenss HIKOIM HEMOXXJIMBO 3HAWTU BIJCYTHICTh LIEHTPY CUMETPIl
HajayerpaMme 1 TOMY JOJaBaHHS IEHTPY CUMETpii 0 32-My KpHUCTAIIYHUM
KkJjacam 3MeHiye ix 10 11. Meroa Jlaye 3acTOCOBY€EThCS TOJIOBHUM YHHOM 3apajiud
JOCTIIKEHHS MOHOKPHCTATIB YNKPYTHOKPUCTAIITMYECKHX 3pa3kiB. Y meroqi Jlaye
HEPYXOMHUI MOHOKPHCTAJI BUCBITIIOETHCA TMapajieIbHUM IYYKOM IPOMEHIB 31
CYLIUIbBHUM CHEKTPOM. 3pa3KoM MOXe OYTH SIK 130JIbOBAaHUM KpPUCTAJ, 1 TIOCUTh
BEJIMKE 301XKsI YITOJUKPUCTAITNYECKOM arperari.

dopMyBaHHAIU(PPAKITMOHHOW  KapTHHU  BiIOYBA€ThCS 32  PO3CISHHI

BUITPOMIHIOBAHHS 3 JOBKHHAMU XBHJIb Bif | spmin= | ¢ =12,4/U , ne U- Hampyra Ha



PEHTTeHIBChKOI TpyOI, A0 | >y - JOBXHHM XBUJI, Aa€ IHTEHCUBHICTH pedIieKcy
(mudpakuiiHoro Makcumymy), nepesuirye ¢oH xoda 6 m'sate %. | .q 3a0eKUTH
TUIBKA BiJI 1HTEHCHBHOCTI TIEPBHHHOIO ITydyka (aTOMHOTO HOMEPH aHoja,
HaIlpy>KEHHA 1 CTpyMy depe3 TpyOKy), a ¥ BiJ TOTJIMHAHHS PEHTTEHIBCHKUX
IPOMEHIB B 3pa3Ky i1 kaceTi 3 miiBKo.CrekTpy | smin - | smBiAmoBinae Habip chep
EBanbna 3 pamiycamu Big 1/, 101/1 spmin, mo crocyrothes Bysna 000 1 CP
JOCTIKYBAaHOTO KpUCTAIA.

Icmopuuna oosioka. Jludpakiiis peHTreHIBCBKUX MPOMEHIB Ha KpHCTajlax
Oyna Binkputra B 1912 nHimeupkumu ¢izukamu M. Jlaye, B. @pigpixom 1 IL
Kuinmiarom. HanpaBuBmu By3bKHII ITy4OK PEHTT€HIBCBKMX IMPOMEHIB Ha
HEPYXOMHUI KpHUCTaJ, BOHM 3apeecTpyBajd Ha TOMINICHIM 3a KpHUCTAJIOM
doTomnactTuHl audpakiiiiHy KapTHUHY, fKa CKJIajgajgacs 3 BEJIMKOIo 4Yucia
3aKOHOMIPHO po3TamoBaHuX IuIsIM. KokHa mismMa — ciijg audpakiiiHoro

IIPOMCHAI, pOBCiHHOFO KpuUCTaJIOM. PeHmeeHOZDaMa,OTpI/IMaHa TaKMM MCTOIOM,

HOCHUTb Ha3BY Jayespammu

Jlayerpamma , mudpakiiiine 300pakeHHs HEPYXOMOIO0 MOHOKpHCTaia,
OTpUMaHe 3a JIONIOMOIOK PEHTTeHIBCbKUMX MpoMeHiB. Ha3zBano Ha 1M's
M. Jlaye, 1o 3ampomnoHyBaB METOM, 3a JomoMororw sikoro B. @pimpixom 1 II.
Kuinmiarom Oyma otpumana mnepma JI. (1912). Merox Jlaye mnonsirae B
HAaCTYyITHOMY: BY3bKHMI Iy4OK PEHTIE€HIBCHKHUX MPOMEHIB O€3MEPEPBHOTO CIEKTPY
MOJIA€ThCSI HA HEPYXOMUH MOHOKPHUCTAJ IO NPEIACTaBIs€ i PEHTTE€HIBCHKUX

POMEHIB AUQpaKkUidHi  rpaTy . Judpakiiiina KapThHa, 10 CTBOPIOETHCA

KPUCTAJIOM, PEECTPYETHCS Ha (POTOTLTIBIIL, MOMIIIEHIH 3a kpucTasioM. Ha JI., okpim
LHEHTPaJbHOI IUISIMM, YTBOPEHOI HEBIAXWJICHUM PEHTTEHIBCHKUM ITyYKOM,
3'SIBISIOTBCS MUISIMUA ( Maul. 1), 4KMCIO 1 PO3TAlIyBAaHHS SIKMX 3aJIEKUTh BiJ TUIA
KpHUCTaJa 1 iioro opieHrauii BigHocHO myuka. [losiBa misim Ha JI. MOXKHA MOSCHUTH
CXEMOI0, TpUBENEeHOI0 Ha Mall. 2 . [lydok peHTreHIBCHKUX MPOMEHIB Iajae Ha
KpuctayiorpadiuyHy IUIOCKICTh 1 BiOuUBaeThcs HUMH. BinOyBaerhcs audpaxitis

PEHTICHIBCHKHUX MPOMEHIB,TPUYOMY HAMNpsiM BIJOMTOrO MPOMEHS Ha Mal. 2,

BiAnoBigHO 10 bpera — Bynbda yMoBOW, BiNIOBIIa€ HanpsMy AUGPaKIIHHOTO
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MakCUMyMy, BKJaJ JO SKOTO BHOCATh BCl aTOMH, pO3TallOBaHI Ha
KpucTanorpagivHii TJIOCKOCTI. Koxne CIMEHNCTBO napaesibHO1

KpuctasiorpadivHoi IMI0CKOCTI Jae Ha JI. oHa misMa.

Puc. Jlayerpamma Gepuiny

CimeiicTBO KpucTtamorpadiyHOi TMIOCKOCTI (30Ha, a00 MOSC), MapajieiabHOI
SAKOMY-HEOy/Ib HarpsiMy (OC1 30HHM) B MPOCTOPI, J1a€ BIII3EPKAICHHS Y3/I0BXK THX,
10 HamNpaBJISIIOTh KOHYCA, BICh AKOro 30iraerbcs 3 Biccto 30HM. Ilnsmu nHa JI.,
CTBOPIOBaHI TAKUMHU CIMEHCTBAMH, PO3TAIIOBYIOTHCS IO MEPETUHY I[OTO KOHYyCa
IUJIOCKICTIO (POTOIUTIBKM (30HAJIBHUM KPHUBUM; JUB.(AUBUCA) man. 1 .). Sxuio
NEepPBUHHUNA My4OK 30iraerbcsi 3 BICCIO CUMeTpii Kpucrana, miasmua JL
PO3TAIIOBYIOThCSI CHMETPUYHO BIJHOCHO IIEHTPAIBHOI TUISMH BIATOBIAHO 10
CUMETpIi JaHOTO HaNpsMy B KpUcTadl (maa. 3 ), a YACIO TUISIM TUM OUIbIIIE, YUM
MEHIIIE BIJICTAaHb M1’ aTOMaMH Y3JI0BXK OC1 30HH.

Takum uymHOM JI.  [103BOJIsIE  BU3HAYUTH  HAOpPsIM  OCEM cumempii
Kpucmana, TO0TO 3JIMCHUTH HOro «opieHTyBaHHs». (Lle 0co06nMmMBO moBa)xkHO st
HEOTpaHOBaHUX KpHCTamiB.) Kpim Toro, mo po3mojisy IHTEHCHUBHOCTI B IUISIMI
MOXHa CYAUTH TIPO MIpYy JOCKOHAJICTh KpHCTajga 1 BHU3HAYaTH HOTo JesKi

nedextu: OJOKOBA, MO3aiyHICTh, MPHUCYTHICTH BHYTPIIIHIX aedopmariii 1 iH.
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(muB. Acmepusm ) . JI. mictuTh iH(MOpMAII0 TMPO CHUMETPII0 KpUCTala, aie
OJTHO3HAYHO BCTAaHOBHUTH MO JI. mpuHAaNEeXHICTh KpUcCTana 10 onHiei 3 32 rpyn

cuMeTpii 0€3 J0IaTKOBUX JaHWX HEMOXKJIUBE (IUB. Penmeenigcokuii cmpyKmypHuil

ananiz) .

Konu po3mipu MOHOKpHCTaIa Jy>Ke BEJIHKI, 00 KPi3b HHOI'O MOTJIO MPOMTI
BUNPOMIHIOBaHHSA Ha (DOTOIUIIBIII TOMIIIEHOI IEpell KPUCTAIOM, PEECTPYIOTh
PEHTTEHIBChKI MPOMEHI, BiIOUTI TpaHsaMu Kpuctana. OTpuMaHe T.4. 300pakeHHS,

Ha3nuBa€TbCsA GHinaMOI-O, CIYKUTb IJIA BI/IpiIHeHHH THUX KC 3aBJaHb, II1O 1J1

2.2. Metoa 00epTaHHSI MOHOKPHCTAJIA
Meton oOepTaHHSI € OCHOBHHUM IIIOJ0 aTOMHOI CTPYKTypH Kpuctaii. [{um
METOJIOM BH3HAUAIOTh PO3MIPH E€JIEMEHTApHOI OCEpPEAKH, YHUCIO aTOMIB YH
MOJIEKYJ, IO MpUIAAAI0Th OJHIEI0 ocepenok. llomoracanusM BigOOpaKeHb
3HAXOJATh MPOCTOPOBY TPyIy (3 TOUYHICTIO N0 HEHTpY iHBepcii). Jlani Bumipy
IHTEHCUBHOCTI AU(PPAKUIMHUX MAKCUMYMIB BUKOPUCTOBYIOTh MPHU OOUMCIIECHHSX,

0 3 BU3HAYEHHSM aTOMHOI CTpyKTypu. [Ipu 3HoMIlIpEHTreHOrpaMM METOIOM

oOepTaHHs KpHCTal o0epTaeThCst yu MOTONY€EThCA HaBKOJIO
MEBHOTOKPUCTAIIIOTPAUIECKOTO HaIpsMu npu OTPOMIHEHHI
HOTOMOHOXPOMATHYECKUM 9u XapaKTEePUCTUUHUM PEHTI€HIBCHKUM

BUINPOMiHIOBaHHAM. llepBMHHUI TydoKk BHpi3ye niadparmMoro (3 LMMU JBOMA
KpYyIJIMMH OTBOpaMM) W MOTpamisie Ha Kpuctan. Kpucran BCTaHOBIIOETHCS
HAaroHMOMETPUYECKOM TOJIBLI T€ MO0 OAHA 3 MOro Ba)XMBUX HANpPsMIB (THUILY
[100], [010], [001]) 6ysio 30pieHTOBAHO B3JO0BXK OCl OOEPTAHHATOHUOMETPHUUYECKOM
rojiiBku. I oHnoMeTpuueckas royiBKa € CUCTEMY JBOX B3a€EMHO MEPIEHANKYIISIPHUX
JyT, 10 J03BOJISIE BCTAHOBJIIOBATU KPUCTAN MiJ 32 MOTPIOHE KyTOM CTOCOBHO OCI
o0epTaHHs 1 b1 (o) NEPBUHHOMY y4Ky PEHTTE€HIBCHKHIX
npoMeHiB.I'OHMOMeTprUYecKasi TOJIBKA HABOJUTHCS B TIOBUIBHE OOEpTaHHS
CHUCTEMOI0  IIecTepHi 3  jgomomoror  Motopa.Jludpakumonnas  kapTuHa
peeCTpyEThCSl HA (DOTOIUIIBIN, PO3TAIIOBAHOI MO OCI HMUJIIHAPUYHOIO TMOBEPXHI

KaceTu NeBHoro aiamerpa (86,6 uu 57,3 Mm).
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3a BiICYTHOCTI 30BHIIIHBOI OTPAHKH OpIEHTALS] KPUCTAJIB BHUPOOISETHCS
meronoM Jlaye. 3 1i€r0 MeTO0 B KaMepi oOepTaHHs TepeadadeHa MOXKIHBICTh
YCTAaHOBKM  KaceTu 3  IUIACKOI  IUIBKOIO.JIM(PpakKLMOHHUE  MaKCUMYyMH
HapEeHTTeHOTPaMMe o0epTaHHA PO3TAIIOBYIOTHCS B3JI0OBXK PSIMHUX,
3BaHUXCJIOEBUMHU JIHIAMU.MakCUMyMH HAapeHTI€HOTpaMME pPO3TalIOBYIOTHCS
CUMETPUYHO IIOJO0 BEPTHKAIBHOI JiHII, [0 NMPOXOJUTH Yepe3 MEpPBUHHE ILIsIMA.
Yacto HapeHTreHorpaMMax OOepTaHHS CIOCTEPIraloThesl Oe3mepepBHi CMYTH, SKI
B11I0yBarOThCS 4Yepe3 audpaxiiiitHi MakcuMyMu. [losiBa 1IIUX CMyTr 3YMOBIICHO
MPUCYTHICTIO B BUIIPOMIHIOBAHHI PEHTTE€HIBChKOI TPYOKH O€3MepepBHOIO CIEKTpa

NOPYY 13 XapaKTEPUCTUYHUM.
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Puc. 2 Meron oOepTaHHs MOHOKpHUCTaja: a — CXeMa BHHUKHCHHS

iHTepdepeHIlii B mpoctopi 00epHeHOo1 rpaTku; O - BUJ TUIIOBOI PEHTTEHOTpaMHU
oOepTaHHS.

[Ipu oOepranHi KpucTaja HABKOJIO TOJOBHOTOKPUCTALIOTpadruecKoro
HarpsiMu 00epTaETHCS NMOB'A3aHa 3 HEIO 3BOpOTHA pemniTka. [Ipu nepetuni By3namu
3BOPOTHOI Tpatu cdepu MNOLIMPEHHS BUHUKAIOTH AUQPPAKIINAHI TPOMEHI, SKi
MICTATBCSI MO IO CTBOPIOE KOHYCIB, OCI SIKMX 30Irar0ThCA 3 BICCIO 0OEpTaHHS
KpucTazna. Yci By3iu, nepecideHi ceporo MOMMpeHHs y i1 00epTaHHI CTaHOBIATh
ehekTuBHYy 001acTh, TOOTO BH3HAYAIOTh O00JACTH 1HIAEKCIB JAUQPPAKIIAHUX
MaKCUMyMiB, BWHUKAIOYUX BIJ IOTO KpHUCTala 3a uoro oOepranHs. Jlms
BCTAHOBJICHHSI AaTOMHOI CTPYKTypU PEYOBMHM HEOOXIAHO IHIWLUPYBAHHS
peHTreHorpam oOepTaHHs. [HAWIIUpOBaHHME 3a3BUYAll MPOBOIUTHCA TpadivyHO 3

JIOTIOMOT'O10 YSIBJIEHb 3BOPOTHOI TpaTu. MeTo1oM 00epTaHHs BU3HAYAIOTh NEPioin



rpaTy KpucTaa, siKi 3 MeBHUMHU MeTo10M Jlaye KyTamu J103BOJISIIOTH 3HAUTH 00CST
eJIEMEHTapHO1 SYEeUKH (YKp. KOMIpKH). BUKOpHCTOBYIOUM JaHHI MPO MILIBHOCTI,

XIMIYHUM CKJIaJ, 3HAXO/ISTh YUCJIO aTOMIB B €JIEMEHTApHIN KOMIpIIi.

2.3 MeToa nopouky

[Ipy 3BHYAHOMY METOJI JOCHIKEHHS TMOJIKPUCTATIYHUX MaTepiajiB
TOHKUH CTOBMYHMK 3 TMOAPIOHEHOTO TMOPOIIKY YH IHIIOTOMEIKO3EPHUCTOTO
MaTepiaity BUCBITIIOETHCS BY3bKUM IYyYKOM PEHTTE€HIBCHKUX MPOMEHIB 3 MEBHOIO
JOBXMHOIO XBWIb. KapTuHa audpaxuli npoMeHiB (IKCYEThCS HA BY3bKY CMYXKY
(GOTOTUTIBKM, 3TOPHYTY SIK IWIIHApa, IO OCl SIKOTO  PO3TAIllOBYETHCS
JOCTKyBaHUN 3pa3ok. [IOpiBHSHO pijlie 3acTOCOBYEThCS 3MOMKa Ha IUIACKY
doTorpadiyHy IUIIBKY.

HpI/IHIII/IHOBa CXCMa MCTOAY AaHa Ha pHUC. 4,

Puc. 3 IlpunnumnoBa cxema 3OMKH MeTOJIOM mopomiky: 1 — giapparma; 2 -
MiCIle BXOAy TMPOMEHIB; 3 - 3pa3ok: 4 - MicIle BHXOIy MPOMEHIB; 5 - Kopmyc

kamepu; 6 - (hoTorutiBKa).

Konu mydyok MOHOXpOMAaTHYHUX MPOMEHIB BUXOILTIOE 3pa3oK, M0 3 Oe3midi
MajuX KPHUCTAJIMKIB 13 PI3HOIO OPIEHTYBAHHSAM, TO 3pa3Ky 3aBXKIHU 3HANUAETHCS
BIJIOME KIJIbKICTh KPUCTAJHUKIB, Kl pO3TallOBaHI B TaKWil CIOCIO, JAEsSKi Ipynu
IUIONIMH CTAaHOBUTHMYTh 3 MAJal0YMM IPOMEHEM KYT(, 3a/I0BOJIbHSE YMOBaM
B1JI00paKEHHS.

Omnak y pi3HUX KPUCTAIMKAX AaHATI30BaHl IUIOMIMHI BiIOOpaKeHHS,

CTAHOBJISTYM 1 TOM X KyTq 3 OJHOYACHHUM CIPSIMYBAHHSM MEPBHHHOTO MPOMEHH,



MOKe OyTH TMO-pi3HOMY MOBEPHEHI LIOJ0 LBOTO MPOMEHs, y pe3yiabTaTi BiAOWTI
MIPOMEHI, CTAHOBJISYM 3 TIEPBUHHUM IPOMEHEM 1 TOH XK KyT2(, JISKATUMYTh Y
pi3HUX T1IomMHaX. OCKUIBKM BCl BHUJM OpIEHTAIll KPHUCTAJIMKIB OHAKOBO
IMOBIpHI, TO BIJOWTI MPOMEHI YTBOPIOIOTH KOHYC, BICh SIKOTO 30iraroTbCs 3
HaIpPsIMOM MEPBUHHOTO MPOMEHSI.

[Io6 nmeranpHiIIEe aTH paay BUHUKHEHHI KOHYCIB TU(PaKIIHHUX MPOMEHIB
M OCBITI BIANOBIAHOTAM(PPAKIIMOHHON KApTHUHH, 3BEPHIMOCS HACTYMHIN MOMEII.
Buainumo 13 BeNMMKOI KUTBKOCTI KPHUCTAJIMKIB JOCHIPKYBAaHOTO 3pa3ka OJIUH
JIOCBITYCHUM KPUCTAI.

Hexaii rpanp (100) mporo kpucrana (puc. 5) yTBOPIOE 1 PO3CHIAHHS IX

IICPBUHHOTI'O ITPOMCH: CaMC H€O6XiIIHI/Iﬁ KYT KOB3aHHJ (.

&
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Puc. 4 Cxema, sika MOSICHIOE OCBITJICHHSI KOHYCIB AU paKiiii

B yMmoBax Bij TUIONIMHI CTaHETHCS BIJOWTOK, 1 BIIXUJICHHUN MPOMIHb JacTh
Ha (OTOMJIACTHHII, BMIIIEHI NEPNEHAUKYISIPHO HANpPSIMKy MEPBUHHOTO
OpOMEHs, MOYOPHIHHSA Yy MeBHIM Touli P. Byaemo pnani moBepTaTH KpucTal
HABKOJIO HAMpsIMH MiepBUHHOTO mpomeHs (>0;,>0) B Takuii crocio, mob magarounii
MPOMiHb MOCTIHO CTAHOBUB 3 TUIOMIMHOK BimoOpaxkeHHs (100) kytq (116 MoxkHa
JOCATHYTH, AKIIO JIHIIO >mn, MO JEKUTh y TUIOUIMHI BiTOOpakeHHs, MOBEPTATU

Tak HaBKoJI0 HAanpsiMuO;>0, 1100 BIH OMKUCYBaB KOHYC, CTBOPIOIOYM MOBCSAKYAC: 13



HanpssMOM KyT (). Toxl BiAOMTUN NpPOMIHBb OMHINE KOHYC, BICCIO SIKOTO €
nepBuHHUM TpoMmiHb (>O>0), 1 KyT mnpu BepmuHi jgopiBHIOE 4q. Ilpu
Oe3ynmMHHOMY O0OepTaHHI KpucTajla CJiJl BIIOOpaKEHOro TMPOMEHS Ha
doTorutactuHIi onuie Oe3nepepBHY KPUBY K OKPYKHOCTI (KUIbLIA).

Skmo Kpucranai € iHIIe CIMEHCTBO IUIOMIMH 3 TEBHUMMEKILIOCKOCTHUM
BIZICTaHHIO >0;, CKJIAZIOBUX 3  IEPBHHHHAM  TNPOMEHEM  HEOOXIHUH  KyT
B1IOOpakeHHs(;, TO, MPH IMOBOPOTI KpHUCTajga Ha (HOTOIIACTHUHII BHIfIE HOBE
KaOmyuky i T. Oya. OTxke, 3a BiIMOBIAHOTOMOBOPAYMBAHUM KPUCTATMKA HABKOJIO
HampssMH  TEPBUHHOTO TIPOMEHST Ha (OTOMIACTHHII BUXOAWTH CHCTEMA
KOHIIEHTPUYHMX KU (KUIEIb), 3 IEHTPOM Y TOYIll BUXO1Yy IEPBUHHOTO MPOMEHS.

I Take KuIbLIe y BUNIAAKY € BIAOUTKOM MPOMEHIB 3 EBHOIO JOBKHHOKO XBHJIb
| He Big cuctemu twiomuH 3 iHmekcamu (>hkl). SIkmo manaroumii cynraH He
CYBOPOMOHOXpOMaTHueH (IO 3a36uuali Ma€ MiClle, OCKITBKH BUKOPHCTOBYIOTHCS
xapaktepucTruuHi npoMmeHiK-cepun) 1 y co01 KiJIbKa JOBXWH XBWJIb, TO TYT IS
ONIHI€T U Ti€l X ciMeMCTBAa MapajieNbHUX IUIONIMH HApEHTTeHOTpaMMeE BUIiE
BIIMOBIJHE YHUCJIO CYCIAHIX Kulenb. Yu OynemMo MU MOBEpPTaTH OAWH KpUCTAI
HABKOJIO HANPSIMU TIEPBUHHOTO TTPOMEHSI YU PO3TAITYEMO HABKOJIO I[LOTO TPOMEHSI
0e3:14 ApiOHUX, pi3HA OPIEHTOBAHUX KPUCTAJIUKIB, KapTUHA BimoOpaxeHHs Oyje
IUJIKOM OAHaKoBow. [ TyT pi3HI CTaHOBUINA KPUCTAJIMKIB MIAJIOTY Ta
KPUCTANYHOTO 3pa3ka OyayTh Xiba 110 BIAMOBIIATH IIEBHUM ITOJOKCHHSIM
MIOBOPAYMBAEMOT0 HAMH KpHCTaja — ISl YBard ijies i MOKJIaJeHO OCHOBOIO METOIY
MOPOUIKIB.

[Iparaenns 3adikcyBaTu BiqoOpaXeHHsS BiJ TUIONIWH MiJ PI3HUMH KyTaMH
NPU3BEIO 10 3aCTOCYBAaHHIO 3aMiCTh IUTACKOIO (DOTOIIIACTUHKH, IO JO3BOJISIE
BJIOBJIIOBATH B1I0OpaXEHHS Ha BEJIbMH OOMEKEHOMY Jiamna3oHi KyTiB, BY3bKO1
CMYKKH (DOTOIUTIBKM, Y BUJI IMIIIHJPA, 1 Maifke MOBHICTIO O0TOUye 3pa3ok. llpu
3MOMIII K Ha TaKy IUIIBKY MiClid MEPEeTHHY KOHYCIB IU(PaKIIiHUX TPOMEHIB
TUTIBIII BUXOJSITH HEMOBHI KUIBI, TOOTO PSAJ Ayr, PO3TAIIOBAHUX CUMETPUYHO

1I0JI0 LICHTPY.
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Vros roropoTa odpasiia

Puc. 6.Pentrenorpama nopomky 80% (ZrO,+3% Y,03) — 20% Al,O;

[Tpu Manux KyTKax q OTpUMYBaHi JIiHIT OJU3bKI IO KOJIaM, a KOHYCa 3 KyTOM
4q =180° BoHu ctatoTh npsAsMuMHU. g KyTiB  45°, miHIT 3MIHIOIOTH HaIpsM
paniyca kpuBW3HU. KUIbKICTh JiHIN, K1 YTBOPIOIOTHCS HApPEHTTEHOTPaMME,
3QJICKUTh Bl CTPYKTYpU KPUCTAIIYHOIO PEUOBMHM 1 JIOBXKMHM  XBUJII
3acTocoByBaHuMX mpomeHiB. Illo crTocyerbcs  ckiamHOI  CTPYKTypu Ta
KOPOTKOXBHJILOBOTO BUIIPOMIHIOBAHHS YHCIIO JIIHIM MOXeE JTy»Ke BEIUKE.

JIiH1i peHTreHorpaMu MarTh pPi3HY 1HTEHCUBHICTb 1 IIUPHUHY. [HTEHCUBHICTD
WX JIHIM BU3HAYAETHCS KUIBKICTIO 1 PO3TAlllyBaHHSM aTOMIB B €JIEMEHTApHOI
OCEpEelIKy Ta MoropaccerBarolleld 3AaTHICTIO, a PO3MOJILT IHTEHCUBHOCTI B3JIOBXK
caMuxX JiHIH, T. €. CTPYKTypa JiHii (TOYKOBa, CYIIbHA — PIBHOMIPHHUMA 1
HEpIBHOMIpHE TIOYOPHIHHS B3JOBX JIiHIM) 3aJ€KUTh BIJ PO3MIPIB OKPEMHUX
KPUCTAJIUKIB Ta MOTO OpI€HTYBaHHS. SIKIIO KPUCTAIMKHU pO3TalloBaH1 O€31alHo,
ki po3mipu (miHirHI) Menmie 0,01—0,002 MM, JiHIT Ha pEHTTeHOTpaMMe BUXOISATh

cyuinpHUMH. Kpucranu BelIMKOro po3mipy aioTh HapeHTTeHOrpaMMe JiHii, SKi 3



OKpEMHUX TOYOK, MO3aiK y LIbOMY BHIIQJKy YHCJIO PI3HHUX IMOJOXKEHb IJIOLUIMH 3a
Ti€1 K BETMYMHU JUISTHKU 3aMaJio OCBITH O€3yNMMHHO 3a4epHEHHO] JIiHii.

SIK1o oKpeMi KpUCTalu, IO YTBOPIOIOTH MOMIKPUCTAIN, MAIOTh MTEPEBAKHY
OpIEHTYBaHHS (>XOJOTHOTSHYTas APIT,IpOKaTaHHAs CMyTa TOIIO.), TO, Ha JIHIAX
B3/IOBXK KUIbLISI BUSBJISIOTHCS XapaKTepHI MakCUMyMuUIodepHeHus. Yacto aHami3
pO3TalllyBaHHS IIUX MAKCUMYMIB JIO3BOJISE BUSBIISITH BIJIMOBIAHI 3aKOHOMIPHOCTI B
IIHHIA BKa3iBLI KpPUCTAIMKIBIOIUKpUCTAITHYeckoro pedoBuHu.lllupuna miHii
PEHTTEeHOTpaMH 3aJICKUTH BIJl PO3MIPIB OKPEMUX KPHUCTAIMKIB, JiaMeTpa 3pa3ka i
NOTJIMHAHHS Y HbOMY PEHTIEeHIBCHKHX MNpoMeHiB. Ilpu nyxe manux po3mipax
kprucTanukiB Bix 10° Bix minii po3mIMPIOIOTECS, TPHYOMY, UMM MEHIIE PO3MipH
KPUCTAJIUKIB, TUMOLIBIIE BIUCYBAJIOCS PO3MIMPEHHs JiHIA. basytouuce B 11
3aJIEKHOCTI, MO MIUPUHI 1HTEPPEPEHIINHUX JIHIA MOKHA BH3HAUUTH CEpEeH1
PO3MIpH OKPEMHUX KPUCTAIUKIB.

>2L =>4R +q (1)

BiacTtanp MiX BIJNOBIIHMMHU CUMETPUYHUMM, JIIHISIMU HAPEHTTEHOTpaMMe
BU3HAYAETHCS KYTOM TMPU BEPIIMHI KOHyca AUGPAKIIHHUX TMPOMEHIB 1
CTAHOBHUILIEM IUIIBKM IIOJ0 JOCIIKYBaHOTO 3pa3ka. [li BenuuuHU mMoB'si3aH1
HACTYITHUM TPOCTUM CITIBBIIHOIIIEHHSIM:

Biacranp MK CHUMETPUYHMMHM JIHISIMA Ha pEHTreHorpami, SK ayra
OKPY)KHOCTI, OJHO paJilyCy OKPYKHOCTI R, MOMHOX€HOMY Ha BIANOBITHUN
HEHTPIbHUM KyT4q, T. €. KyT TpH BEpIIMHI KOHyca AUQPAKIIHHAX
npoMeHiB. 2L—BigcTaHp MDK CHMETPUYHUMH JIiHISIMH, OOMipioBaHe 10'
eKBaTOpiaidbHIM Ui peHTreHorpaMu; R—pazailyc HHIIHIAPUYHO (POTOILTIBKU;( —

KyT KOB3aHHS (B pajiiaHax).
Q° =2L 57,4/4R

Bumeykazana ¢opmynia € OAHMM 13 OCHOBHUX PO3PaXyHKOBUX (OpMYyII,
3aCTOCOBYBAaHUX TPH PO3PAXyHKY PEHTTEHOTpaMM MOPOIIKiB. 3 i€l dhopmydi,

3HAIOUM  pajilyc  LWIHAPUYHOK  ITUTIBKM 1  BIACTaHb  MDK  JIIHISIMHU



HApEHTTCHOTpaMMe, MOKHAa BHU3HAUWTH KyT KOB3aHHSA, 4a, IO HBOTO,
BUKOPHUCTOBYIOUM  piBHSHHiABynbe(a-bperra, BignmoBiiHe  BiACTaHb  MIXK
TJIOIIMHAMMU 1 TIeP10U KPUCTAIIYHOIO TPaTH JOCIIIKYBAaHOTO PEUOBUHH.

Jlnsg oOuucieHHs TMepiofiB TpaTH 3pYyYHO KOPUCTyBaTHUCA pedopMOBaHIn
dbopmoro piBHsHHS Bynbeda-bperra, 3amiHOYM B PIBHAHHIMEKIJIOCKOCTHOE
BiJicTaHb >0, BUpakeHe uYepe3 BIAMOBIAHI 3HAUCHHS IEPIOJiB I'paTH Ta IHACKCH
TUTOIIMH. OJIEP>KUMO TaKl pO3paxyHKOBI PIBHSIHHS:

- L ein2(h2a s 24 12\7 2 2y.
I Kyoiuaux kpuctaiis: Sin“(h“+>k*+°)A"/(>4a");
s ain2( (M2l 2V /224 12/52\3 2/ A -
aATeTparoHanbHUX Kpuctamis: Sin“((h*+>k%)/a*+1°/3°)L/4;
a2 2 2 2 12/02\) 2/ -
JUIAreKcaroHaabHuX Kpuctaiis: Sin“(>4(h“+>hk+k®)/(>3a°)+1/3)A"/4;
: o . ein2(h2/a2 s L2 /2 12 /02N 2/ A -

U1 KprcTaniB poMOiunoi cuctemu: Sin“(h*/a”+>k /b +1°/3°)A°/4;

st BimoOpakeHb mepiioro nopsaky (mpu n=1) uyucna hkl y piBHSHHSAX
BIIMOBIAAIOTh 1HAEKCAM 1110 BijOuUBa€e IUIOMIKHI. [[ns BiIoOpakeHb BHUILUX
MOPSAKIB Il YKCIIa PIBHUTHUMYTHCS BiJI 1HJAEKCIB IUIOIIMHI TEBHUM 3araJibHUN
MHOXHHK, PIBHUI MOPSAKY B1IOOPaK€HHS, TOOTO BUXOJATH ILISIXOM MHOMXEHHS
1HJIEKCIB 110 BIIOMBAE IJIONIMHI 3HAYHO B1JOOpa’KEeHHS.

AHani3 HaBeleHUX (opMyJ J03BOJISIE 3pOOUTH MPAKTUYHI BUCHOBKHU. Unm
OUTBIIMKA JOBXMHA XBWJII 3aCTOCOBYBAHMX IPOMEHIB, TO OUIbLIE BiJ LEHTPY
PO3TAIIOBYIOTHCS JIHII, BIAMOBIIHI BIIOOpaKECHHSAM. B caMHX 1 Ti€l K TUIOIIMH
OJIHI€T 1 Ti€l )k Kpuctana. [IpaBUIbHICTH TBEPKEHHSI BUILIUBAE TOTO (PaKTy, 110
BEJIMKIM TOBKMHI XBUJIb BIANOBIJATUMYTh BEJIMKI KYTH KOB3aHHS.

KinmeBoto MeToro poOOTH MO PEHTTC€HOCTPYKTYPHOMY aHaJi3y € BUSHAUYCHHSI
dbopmu 1 po3MIpIB €IEMEHTAPHOI KPUCTATIIYHOT KOMIPKH JOCIIIIPKYBaHOI PEUOBUHU
1 PO3MIIIICHHST aTOMIB BCEPEAMHI II€] KOMIPKH.

Opnak Oe3mocepeqHhO MO PEHTTEHOTPaMi TOPOIIKIB Il MUTAHHS MOKHA
JIOCUTh YCHIIIHO BUPIMIATU TUIBKKA JUIsl KPUCTAJIB, IO HaJeXaTh N0 KyOi14uHOT
CUCTEMI, 1 3 JACIKUMH TPYIHOIIAMH 1 HE 3aBXKIU JOCTOBIPHO-IJISI KPUCTATIB
TEeTparoHaJbHOI 1 T'eKCaroHaJIbHOI cucTeM. JJIsi KpUCTaliB HMKYUX CUHTOHMM IIi

3aBJaHHS MOXHA BI/IpiHII/ITI/I 3a JOIIOMOT' OO MECTOAY l'IOpOH_IKiB.



BucHoBok. 1) PeHTreHOCTpyKTYpHHU aHami3 - oguH 3 AudpaxmiitHux
METO/MIB AOCTIHDKCHHS CTPYKTYPH PEUOBHHU. B OCHOBI IIBOTO METOAY JICKHTH
ABUIE JUQPaKIii PEHTreHIBCBKUX IPOMEHIB Ha TPUBUMIPHIA KpUCTaIIYHIN
PEIITIII.

2) SBumie audpakiii PeHTTeHIBCHKMX IMPOMEHIB Ha KpHCTalaX BiAKPHB
Jlaye, TeoperruHe oOrpyHTyBaHHs sBuIa gaiau Bynasd 1 bperr (ymoBa Byneda -
bperra). fIk MeToa, pPEHTIEHOCTPYKTYpHUU aHami3 po3pobneHuii [lebaem 1
[Ieppep.

3) Meron 103BOJIsIE BU3HAYATH ATOMHY CTPYKTYPY PEUOBHHH, 1110 BKJIFOYAE B
cebe IpOCTOPOBY TpyIy €IEMEHTAapHOI KOMIPKH, ii po3mipu 1 (hopmy, a Takoxk
BU3HAYHUTH TPYITy CUMETPIl KpUCTaa.

PeHTreHocTpyKTYypHU aHali3 1 O Ceil JICHb € HAUMIOMIMPEHIITUM METOJ0M

BU3HAYCHHS CTPYKTYPHU PEYOBUHH B CHITY HOTO IIPOCTOTH 1 BITHOCHY JICIIIEBU3HY.

IIuTaHHd 1JI9 CAMOKOHTPOJIIO

1. B yoMy nossirae CyTHICTh PEHTI€HOCTPYKTYPHOT'O METOIy aHami3y?
2. SIKi BU 3HAETH METOJU PEHTTEHOCTPYKTYPHOT'O METOY aHali3y?

3. Ha3BiTh 0051aCTI BUKOPUCTAHHS PEHTT€HOCTPYKTYPHOTO METOTY aHATI3y.
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