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MornolieHne peHTreHOBCKUX Jlyuen

B OeckoHEYHO TOHKOM CIIO€ IOIIoNIeHHE OyeT BeIpakarhes dl,
€CJIM BO3bMEM 3HAUMMBIH 1o ToamuHe ciroi, To dl = -u | dX , toe dx
— 9TO TOJIIMHA CJIOs, a | — TUHEHHBIN Koed. mortomieHus [cm™]

B 06eckOHEYHO TOHKOM CJIO€ HOTJIoIIcHKEe OymeT BeIpaxarhes dl,
€CJIM BO3bMEM 3HAYHUMBIH 110 TommuHe ciioi, To dl = -p | dx , toe dx
— 9TO TOJIIMHA CJIOsA, a | — TUHEHHBIN Koed. mortomienus [cm™]
XUMHYECKOTO COCTUHEHUS (BBOAUTCS 110 A IUTUBHOCTH —
CyMMHUpYyeM 001ril 3(hHEKT)

L= (MZ V) E iy A

m — mMacca atoma Bozopoaa (mporona H,); N — aucio |1 aToMOB B XUMHUYECKOM
Gopmyme; W', — MaccoBslii koed. mormomieHus | aroma; A; — aTOMHBIH BeC | aToma;
Z — 4ucio GOopMyNbHBIX eIUHUIL, V — 00beM sSTUeHKU



MornolieHne peHTreHOBCKUX Jlyuen

C ogHOM CTOPOHBI, YeM OOJIBIIIE KPUCTAJLI, TEM CHUJIBHEE
MHTECHCUBHOCTH, U TEM ApYE IISATHO, HO C APYTOU CTOPOHBI —
JIy4 BOOOIIE MOKET HE BBIMTH 13 KpHCTaJLlIa

PaHbIiie 115 ucClIe0BaHUM BbIOMpAINd KPUCTAILIbI C
COOTHOIICHHEM ur = 1

Ho celiuac B mpubopax MCIOIb3yIOT OYEHb YYBCTBUTEIBHBIE
JNETEKTOPHI, KOTOPBIE MO3BOJISIIOT COOUPATh HA0OP
MHTEHCUBHOCTEH C KpUCTAILIOB pasMepoM 0,0n MM, a
MOIVIOIICHUEM MOXKHO ITPEHEOPEYb



PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

YactoTa konebaHmsa atomoB ~1013 Iy
YactoTa konebaHuns X-nyyenm ~1018 [y

1S peHTreHOBCKUX NTyYeN aTOMbl KaXKyTCH
CMOKOWHbBIMU, HO CMELLIEHHbIMU U3 COCTOSHUS
DAaBHOBECUS

\/« ®aza 27n (Uj/d) = 4z i U; sind / il A

0 HauanbHas ¢a3a j-ro atoma




PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

E, = E M f
EKp: E f ei4nt(sin9/X)

51

=E,, M1/M f, e“mbIEoM = = ¢ _ repmeparypHsiii koed.

Ho 3T0 cpenHee o COBOKYIIHOCTH, a
Hac MHTEPECYET CpeaHEe 10 BPEMEHHU

T= _f W(U) gl4nUj(sinb/2)
+00

I BEPOSATHOCTb




PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

W(u) = (1/ V2rU2) e-(U3/209)
U2 - JMCIIEpCHs

U — Mar. oxxuganve (CpeIHssl BEIUYNHA )

= (V \/anz)_ j o-(U2/2U?) qidnUj(sind/r) dJ
+00

[Ipn U30TPONHBIX KOJICOAHUSX, T.€. aTOM CHJIUT B TOYKE U
aMILIATY/Ia KoJeOaHMUsI BO BCEX HAIPABICHUSX OJMHAKOBA
(eciii B3Th NPOM3BOIHYIO IO BPEMEHM — aTOM OCTAHETCS B
TOH k€ Touke) o = 0 — CHMHyCHas 4acTh yp-HUs Juiepa = 0



PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

t = (1/\21U2) | V%202 cosanU(sind/2) dU

+I e2%%* cos2px dx = Vn/a - e-(P¥2%)

TabnnyHbIN MHTErpan

T = @-8m2U2(sin0/)?2
3neck B = 8m2U?% — TemIoBOM MHOKUTEb

[Ipn U=0 — 1t =1 ; TermoBsie koneOanusa Bo3pacraror T =1—0



PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

Aimvasz —U2=0.0n A
Cwmmkatsl — U2=0.1-0.2 A

Opraunnka — U2 = 0.n-1 A

TenjioBble KOJIe0aHUA
NPUBOASAT K HCYE3HOBEHUIO
IMUKOB, COOTBETCTBY KOIIMX
MaJbIM d
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PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

y y 87202(sin6/)?
M3oTpomnHbliil TeroBoi Koed.: T = g 8w U Gind/A)

J11s pacyeTa aHrapMOHHUYECKHUX KOJICOaHUM MPUOETaroT K
TepMHHAM OOpaTHOM pPEIIeTKHU: TeMIlepaTypHas IoIpaBKa T
sBisieTcs QyHKIMEH yIia OTpakKeHUs

25iN0/2 = |H, | = [na* + kb* + Ic*|

3oTponHbie KoJIcOaHus 3aBUCAT OT JJIMHBI BekTopa H,
AHU30TPOITHBIE 3aBUCAT €IIIE U OT €r0 HAIIPABJICHUS



PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

AHM30TPONHBIN TEMJIOBOH Koed.: oOparHas cucTeMa KOOpJIMHAT C
ocamu U, U, u U; . U Beipasum Bekrop H uepes Hy, H, n H; —
KOMITOHEHTHI 110 ocsim U

T = @ U4B (H1Z+H22+H3?) _, 1 = g4 (B1cos2al+B2cos2a2+B3cos2a3) H2

6 HEU3BECTHBIX : TPU KOHCTAHTHI TEILIOBBIX KOJIEOaAHMH,
ONPENEHAIOIIMX ITapaMeTpsl (rmonyocu) samumnconnaa By, B,, B; u tpu
HAITPABJISIOIIUX yITa 0Oy, Oy, O3 (YIJIBI MEXKY HAIPABIECHUEM BEKTOPA
H, T.e. HOpMaJIM K OTpakaromeH MIO0CKOCTH, U OCIMU IUIUIICOM 1A



PaccesiHue peHTreHOBCKUX Jlyuemn
peaJjibHbIM KPUCTaJIJIOM

| — uaTeHCcUBHOCTH pedekcoB hK| Berauciennas
|, — unTeHcuBHOCTH peduiekcoB hKl sxcriepumenTanbHas
,=ClI /7 C — dakrop mKabl

In(Z|FB|/Z|F>]) e ?
Pacuer mo MHK _ INnTIse=InX Iy
1929 = " (sino/n)2

=2B
InXIe-InX 1>

BunbCcoH npenioxui

B3ATh 32 | cpennue

InC 3HAYCHHUE Yepe3 MKy

sin/n)2  C, IIOCTENEHHO YTOYHSAS
Curt




DJIeKTPpOHHasA MJIOTHOCTb

JIEKTPOHHAS IJIOTHOCTh — IJIOTHOCTH BEPOSTHOCTH HATMIHS
3JICKTPOHA B MaHHOU equHuie odbema dV = dxdydz saeiiku pemeTku
(06bI4HO cunTaercs B €/A3)

dopmysia CTpyKTYpHOTO (haKTopa OTpa)kaeT JUCKPETHYIO CTPYKTYPY
KpHUCTaJlJIa, IPEJACTaBICHHYK COBOKYITHOCTBIO aTOMOB C Pa3HOM
paccenBarolek crrocooHocThi0. [Ipu Oonee 001IeM MOAX0/1e aTOMBI
3aMEHSIOT Ha HEMPEPBHIBHO PACIIPEICIICHHYIO B KPUCTATIMYECKOM
IIPOCTPAHCTBE AICKTPOHHOIO IJIOTHOCTE P(XYZ)

p(Xyz) — pasmaraercst B TpeXMEPHBIN psif Gyphbe CO CTPYKTYPHBIMU
(hakTOpamMu B KauecTBE Koed.

p(Xyz) = 1V, IIF F,, e-i2n (hxky+iz) =

hkl — 1/V0 ZOZO:Z |Fhkl| g-i2n (hx+ky+1z)+iank
hkl



JKCTUHKLUMA (3KpaHUpoBaHue)

\ / / / Kaxxnoe orpakenue MeHsieT ¢daszy Ha /2

(hkl) JIyu 2 Oyner racuts iay4dl, HO OH BO
MHOT0 pa3 ciiabee (pa3HOCTH (a3 )

Kpucrannel 01049HbBI (KaXKIbIM U3 HUX — ICCSATKH, COTHU
mockoctei (hkl), moaTomy myun He ycneBaroT racuThcs
[IOJJTHOCTBIO



JKCTUHKLUMA (3KpaHUpoBaHue)

OKCTUHKIIMS BHYTPH OJIOKOB — IIEPBUYHAS; MEXKIY COCETHUMU
OJIOKaMH — BTOpUYHAS

3aBUCUMOCTH OT |: c1aObIil peiiekc He BBIMAET ¢ NIyOUHBI OJI0Ka, HO
B TO K€ BpEMs HauOoJsiee CUIIbHBIE peIeKChl Han0O0JIe€ MOIBEPKCHBI
IKCTUHKIIUU

YeM MEHbIIIe qaCTuila, TcM MCHbBIIC BIIMAHNUC SKCTHUHKIINHU

B nopomike — MmajieHbKHE OJJOKM — YMEHBIIIACTCS TTepBUYHAS
KCTUHKIIMS, KPOME TOrO OJIOKH Pa3opUEeHTHPOBAaHBI (HE
napaiebHbIE CETKH) — YMEHBIIIACTCA BTOPUYHASA SKCTUHKIIUA

Y =Y(I, 9) - OKCTUHKIUS , [1ie I — painy ¢ OJI0KOB, g —
rapaMeTp pa3opUCHTHPOBAHUS

B MOHOKPHUCTAJIbHBIX MCTOAAX JJIsI YMCHBIIICHUS HepBI/IIIH()ﬁ OKCTHUHKIINH,
T.C. IJIs1 YBCIIMYCHUA MO3ANMYHOCTH UCIIOJIB3YIOT HAXK/IAK, 30T U T.II.



Npobnema HayanbHbIX (pa3 B PCA

Ecau cTpyKTypHBIE aMILIATYIbl MOKHO HEIOCPEACTBEHHO
BBIYHCIINTh U3 UHTErPajIbHBIX MHTEHCUBHOCTEH, TO HaYaJIbHBIC
(hasbl 0ypy)y U3 OOBITHOTO IKCTICPUMEHTA OTIPEICITUTh HEIb3sI, TAK
KaK Fpgy = | F(hk|)| - gla

dazoBas npobIeMa 3aHUMAET LIEHTPAIBHOE MECTO B CTPYKTYPHOM
ananm3e. [1o cyTu, 11es1bI0 aHaIM3a ABISETCS OThICKAaHUE
CIIOCOOOB pEIICHUS WIM 00X0a 3TOM MPpOoOJIeMBI (CIIOCOOBI

paciu@ppOBKU KPUCTAIUNIMYECKUX CTPYKTYD)

Panee (azoByro npo0OjieMy 4acTO pellaiu, «yraablBasy WM
HaxXo4s PacHoJ0KEHHUE aTOMOB B CTPYKTYPE MO KOCBEHHBIM
JaHHBIM (METOJ NPO0 U OMIHOOK), ITO3HEE MOSBUIIUCH
MAaTEMAaTUYECKUE METO/IbI paCIIM(PPOBKHU



Npobnema HayanbHbIX (pa3 B PCA

Celyac Han0OJIEE YaCTO UCTOJIB3YIOT MPSAMbI€ MeTO/bI
onpeencHus (pa3, OCHOBaHHBIC Ha CTAaTUCTHYECKUX,
TPUTOHOMETPUYECKHX MJIM MHBIX MaTeMaTU4Y€CKHX
COOTHOIIICHUSX MEXAY (PazaMu CTPYKTYPHBIX (PAKTOPOB,
BBITCKAIOIIMX U3 MOCTYJIATOB HEOTPHULIATEIILHOCTH JICKTPOHHOMN
IJIOTHOCTH, HAJIMYUS JTUCKPETHBIX aTOMOB H T. [I.



Stanbl PCA

HavanbHbINM 3Tan aHajin3a — PeIIeHUe CTPYKTYPhl — COCTOUT B
onpeAeICHUN MOJAEIH, T.€. BBISICHEHUM TJI€ KOHKPETHO B
CTPYKTYPE PacCIOI0KEHbI aTOMbI TOT MJIM MHOIO XMMHUYECKOTO
DJIEMEHTA

BTopoii aTam — yToOUHEHHEe CTPYKTYPhl — CBOJIUTCS K OTHLIN(OBKE
MMEIOIIUXCS JAaHHBIX ITyTEM PaCCMOTPEHUS 1I€JI0TO psija
3(p(HEKTOB

PacmmdpoBka 1 yTOUHEHHUE — 3TO [UKIMYECKUM MPOLECC —
OepeTcs MoJienb (IOIMYyCKAeTCs HeMOoIHas ), A1 Hee
PACCUUTBIBAIOTCS TECOPETUUECCKUE HHTCHCUBHOCTH, KOTOPbIC
CPaBHMBAIOTCS C AKCIIEPUMEHTAILHBIMHU — IIEpBasi MOACIb
AOIOJHAETCS U MPOIECC MOBTOPSICTCS



YTOUYHEHMe CTPYKTYpbI

OOBIYHO METO/IbI PACIIU(PPOBKHU CTPYKTYPhI MO3BOJISIOT
ONPEJECIIMTD TOJIBKO YaCTh CTPYKTYPBI, COJIEPKaIIYI0 HAanOoJIee
TSDKEJIBIC aTOMBI, KOTOPBIC 1al0T HAauOOJIbIINKA BKJIa/d B
CTpYKTypHBbIE pakTopshl. 110 (hazaM, BEIUUCIISIEMBIM I10
KOOpJAMHATaM aTOMOB M3BECTHOM YaCTH CTPYKTYPHI, JAJIE€ CTPOST
KapThl Pa3HOCTHOMU 3JIEKTPOHHOM IIJIOTHOCTH

Ap (xyz) =P (okcm) P (BbIY)’

i€ U1l BEIYMCIEHHS P(AKCIT) OEpyT H3MEPEHHBIEC | F(hk|)| , A IS

P (pera) — CTPYKTYPHBIC aMILUTUTY/IbI, BBIYHUCICHHBIC IO
koopauHaraMm. [langee mo Mmakcumymam Ap .,y HAXOAST
HEJIOCTAIOIINE aTOMBL. DTy MPOLEIYPY HOBTOPSIOT HECKOJIBKO Pa3
10 BBISIBIICHHUSI BCEX aTOMOB CTPYKTYPBI



YTOUYHEHMe CTPYKTYpbI

MaremaTH4eCKH CyTh aHAI1M3a CBOJAUTCS K CIEAYIOMIEMY:
YTOYHEHHUE YUCIIOBBIX MapaMeTPOB MPOBOAAT ¢ moMolpio MHK,
MUHUMU3UPYS (QYHKIITOHAT

(I)W = Wg .(|F(I/I3M)| _ |F(Bl>l‘l)|)2’
rJe W — BECOBOM MHOXHUTENb, OOBIYHO CBSI3aHHBIN C TOYHOCTHIO
n3MepeHnus |F(u3m)|. CucreMy TMHEHHBIX YpaBHEHUM PEIIaroT B
HECKOJIBKO MTEpallui, IOKa CABUTY NapaMETPOB HE CTAHYT
MEHBIIIE UX CTAHAAPTHBIX OTKJIIOHCHHUM.



YTOuHsieMble napaMeTpbl

dakTop MIKaIbl; KOOPAUHATHI aTOMOB (JIJIs1 Ka)KA0T0 aToma 3);
TEMI0BbIE (PaKTOPHI (HE Oosiee 6 I OOHOTO aroMa);
3aCEJICHHOCTH (1 JUIs1 Ka)Ka0oro aromMa); BECOBasl CXEMa;
IOIOJIHUTEIbHBIC ITONPAaBKU (HA YKCTUHKIIHUIO, TBOMHUKOBAHHUE

)

CyMMapHO€ YHCJIO YTOUHSEMBIX CTPYKTYPHBIX ITapaMETPOB
IPONOPLHUOHAIBHO YHCTY HE3aBUCUMBIX aTOMOB U MOKET
TOCTUTaTh COTEH U JIaXKe ThICSIY, HO OHO Bcerma (00brdHO B 5-10
pa3) MEHBIIIE KOJIUYECTBA U3MEPEHHBIX CTPYKTYPHBIX aMILTUTY/I.



DaKTOop CXOAMMOCTMH

B xauecTBe MHTErpajabHON XapaKTEPHUCTUKHU MPOLIECCOB OINPEACICHUS
1 YTOUHEHHS CTPYKTYPhl UCHOJIB3YIOT (PAKTOP CXOAUMOCTH, KOTOPBIH
YMEHBIIIACTCS 110 MEPE YTOUHEHUS CTPYKTYpPHI. s XopoI1io
onpeaeaeHHbIx cTpykTyp R = 0,02-0,05.

Z | ||:(I/I3M)| o |F(BI>I‘I)| |

hkl

R =
Z |F(H3M)|

hkl

PacimppoBKy CTpYKTYypbl MOKHO CUYUTATh OKOHYEHHOM, €CJIN:

OTCYTCTBYIOT aHOMaJIMH B TeII0BhIX napamerpax (U >> 0 wimm U < 0;
HET 3HAYUMBIX ITUKOB OCTATOYHOM 3JIEKTPOHHOM MIJIOTOCTH; HET
CEPBHE3HBIX PACXOKACHUH MEeX Iy OTAenbHbIMH |F . | 1 |F
napaMeTpbl BECOBOM CXeMbI U R-(hakTop HE MEHSIOTCS

(BLIq)l :

[Ipu yclioBHUM COOMIONCHUS KPUCTAINIOXUMUYECKHUX ITapaMETPOB



