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Abstract—The features of the Bragg diffraction of coherent synchrotron radiation from the atomic lattice of a
single crystal in the Laue geometry have been studied theoretically, provided that the radiation beam is lim-
ited by a relatively large slit placed in front of the crystal. The method of numerical simulation is used, and
dependences of the intensity distribution are obtained for different crystal thicknesses. It is shown that the slit
edges introduce inhomogeneous intensity distortions inside the Borrmann fan with an angle of 20y, where
Op is the Bragg angle. In the area where the triangles intersect the intensity distribution is similar to that for
the diffraction from a slit in air at a certain (large) distance. An equation for the correspondence between the
distance and crystal thickness is derived, which describes well the numerical calculation results.
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brivxHee none

JTUOPAKIIUA OPAYHI'ODEPA (HNYero He NPOUCXOAMNT)
(IMDPAKLIVA B TAPAJUIEJIBHBIX JIVUAX)  [uchpakumst GpeHens
OTHOCUTCA K CIY4at0, KOTAa UCTOYHUK CBETA M TOYKA (BOSMO}KHa CbOKYCHpOBKEI)
HabnoaeHMa BECKOHEeYHO yaaneHbl 0T NPensaTCTBUA, E,HCIO PaKL WA mpBYHFOd)epa
Bbi3BasLIero Andpakumio. MpakTMYecKU ANA 3TOrO AOCTATOYHO (,U,aﬂ LHee none EDypbe ONTUK3
TOYEYHbIW UCTOYHUK CBETa NOMECTUTb B OKYce cobupatoLLei ’ ’
AMH3b, a ANOPAKUMOHHYIO KapTHHY HCcrenoBaTh B pokanshoii  YTOMN PACXOAUMOCTH =4 / d)

NOCKOCTU BTOPOM cobupatowen NnH3bl, yCTaHOBNIEHHOM 33 aa —
NpenATCTBrem. I || ‘ | | N
| |
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Fig. 3. Dependence on x for the relative SR beam intensity
in the region of distances corresponding to the Fresnel dif-
fraction at 4 = 50 um and photon energy of 25 keV.

Pac4eT no nporpamme XRWP
Oudbpakuma nnockou BonHbl CU
Ha LWenn OTHOCUTENbLHO BonbLIOro
pa3Mepa NokasbiBaeT NPU3HAKN
thoKycupoBKU. To ecTb LLenb
paboTaeT KaK 30HHasA NMacTUHKa

C OAHOU 30HOU. UHTEeHCUBHOCTb

B MakCMMyMe NOYTU B 2 pa3a
oonblle nagaroLlen.

A pacluupeHune nyvykKa npoucxoauT

HE CpPaA3y, 4 Hd OY€Hb oonbLnX
PACCTOAHUAX.



[TapamMeTp z,; HA3BIBAETCS AJIMHOU IU(PPAKLIY

u. [lpu z = z,

KOCUHYC UHTErpan OpeHenss UMEET MAKCUMAJIBHOEC 3HAUYCHUE.
MHTEHCUBHOCTE MakCUMaJibHA TIpu z = 0.7 z; .

/1, w(x, z) = | dx; P(x—xy, 2) 0(xo—|x1))

15 B I

0 5 10 15 20 25 30 35 40

P(x, z) = (ikz) Pexp(inx*/Az)
Xo = d/2, d — pa3mep menu
y(0,2) = (2/)*[C(r) + iS(r)]
.m  C@r)=][ds cos(ns?/2) O(s[r—s])

Fig. 2. Relative intensity of the SR beam at the slit center v — I : 2
in dependence of the distance to the detector (/) and the LS(F) T d-S SIH(RS /2) e(S [.V — S])

contributions to this intensity from the cosine (Z2) and sine
(J3) parts for d = 50 um and photon energy of 25 keV.

r=(z;/2)",

Zj— dZ/Z?\,
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Pacuer BbIOIHEH 110 mporpamme XRWP |
3aBUCUMOCTh HHTCHCUBHOCTH OTPAKECHHOTO
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. PO
au(ppaKLMK MIOCKOM BOJHBI, OTPAHUYCHHON
meaer0. [Ipeanonaraercs nacaipHas s
KOT€PEHTHOCTh, TO €CTh UCTOYHUK CU ’
4-ro MOKOJICHUS. £ 0.6

0.4

0.2

0
—40

X, m

Fig. 4. Dependence on x for the relative intensity of

Fig. 1. Part of the experimental scheme (without a source): reflected (220) SR beam at diffraction in a silicon single
(/) monochromator, (2) slit, (J3) single crystal, and crystal for the range of thicknesses corresponding to the
(4) detector. Fresnel diffraction at d = 50 um and photon energy of

25 keV.



lIpu yBenmueHnn pasmepa e
KapTUHKA I10JIyYaeTCs IIPU OOIBIINX
TOJIIIMHAX KpUCTAJLUIA 7, , IIPUYEM
naxke 0obIle pparMeHTOB KapTUHEI
JUISL AU PaKIMUA Ha BO3AYXE MOXKHO
OOHapYKUTh. | TaBHBIN pe3yiabTaT
TaHHOM padOTHI COCTOUT B YKa3aHUN
HA aHAJIOTHIO JU(PAKIIAM HA BO3IYXE
1 B KPUCTAILIE C TEM OTIIMYHEM, YTO
OTPOMHBIE PACCTOSHUS (IECATKA
METPOB) 3aMEHSIIOTCS HA TOJIIUHY
KpUCTajUia, He 00JIee HECKOJIBKHX
MULIMMETPOB.
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Fig. 5. Dependence on x for the relative intensity of
reflected (220) SR beam at diffraction in a silicon single
crystal for the range of thicknesses corresponding to the
Fresnel diffraction at d = 100 um and photon energy of
25 keV.



P(q,z) = exp(—i[Az/4n] ¢* ) — 0Opa3 Dypre mpomaratopa CpeHeIs
P.q,t,) = F(q)(X,/2g)exp(id)[exp(iG) — exp(—i(G)]| — TO k€ mnd
[pOraraTopa Kpucramwia, mpu 3toM: 4 = (Xo + a )t /2y, G =gt /2y, ,
g = (o + XM, X=(X,X )", o, =qsin(26p), Yo = cosOp,

F(q) = exp(—igt. sinbp), X; = Ky, , 1, — mapamMeTp Au(paKiuy.

Permenue 1 KpyucTaiia W3BECTHO JABHO, €lle B IIEpBOM MoJ0BHHE 20-r0 Beka. OHO
nonydaetcs 0e3 F(q). O1a GyHKIMA IPOCTO CIBUTAeT Hayallo OTCUeTa B IICHTP
nagaTky bopmana. Ho torma gynkuus F(g)exp(id) He 3aBUCUT OT ¢. MOKHO 3aMETUTBH,
yTO IIpH MabIX |g| < X /sin(20z) mmeeM >KBUBaJIeHTHOCTD eXp(—i(r) u P(q,z) mpu

YCIIOBHH, UTO Z = th , (= 2Siﬂ263 COSBB / R@(X)



He Bce coBnagaer ! Y kpucrania €CTb CBOU OCOOCHHOCTH.

1))). OkcroHeHT 2, a He 1. 10 ecTh pealn3yrorcsa + U — pacCTOSHUAL.
JIBE SKCIIOHEHTHI CO3/IAOT IIEPUOINUECKUE OCIIIAIIAN.

JlmiHa skcTuHKIWMY (1Iepuo) Lo = A c0sOz/ Re(y)
CooTBeTCTBEHHO Z = (25In“0p Lo /M) 1.

2))) B kpucramie ecTh HOITIOLICHUE, OYEHD CYIIECTBEHHOE OTIINYME.
OHO pa3HOe JUIS Pa3HBIX 3HAKOB PacCTOSHUSL. MUHMMAIILHOE
IIOTJIOIIEHKE Y OTPUIIATEILHOIO PACCTOSHU. JIJISI IIeIu 3T
He Ba)XKHO, TaK KakK IeJIb OJMHAKOBO pearupyeT Ha 3HaK
paccrosinus. Ecth anamorus ¢ 311. Tam ecTh MoI0KUTEIbHEIE U
OTpHUIATEIbHbIE ITOPSIIKHU (POKYCUPOBKU. M TYT Tak xke.

Ho nmanpHee 1oJie B KpUCTalllle HEBO3MOKHO, KaK U OJIMKHEE II0JIE.




JlabHEe moJjie HEBO3MOXKHO M3-3a MorjionieHusa. Kpucrair Bee ke

He BO3AyX. A OmkHee moJjie popMupyercs OOJbIINMH |g| > X /sin(205p).
B sToM citydae mpomnaratop KpucTaia JMHEHHO 3aBUCHUT OT ¢ a HE KaK ¢-~.
3BeCcTHO, 4TO IIpoIaraTop KpucTaia JJOKaJIM30BaH BHYTPHU Beepa

bopMaHa ¢ yriiom 20z . HeoqHopoJHOCTH Ha KpasX Ie/IM CHavaJjla

pa3BHUBAIOTCS HE3aBUCUMO, ITOKa He IlepecekyTes. O = 7.42°,
Lex =52.7 MM, d/ s1n(205) = 390 MKM.




Eime oqHo orimmuue Kpucrtajuia oT
BO3/IyXa — 3TO BCCbMa BbICOKAA
HYYBCIBUTCJIIBHOCTD K IIapaMCTpaM,
KOHKPCTHO, OTKJIOHCHHUIO OT
BbIITOJIHCHHA YCJIOBUA BpBITﬁ.

Hy}I{Ha CHJIbHAA MOHOXPOMATHU3AIIMA,

TOYHAsl OpUEeHTAIMS KpHUCTalIa

M BBICOKAsI KOr€pEeHTOCTh ITyUKa.
YT0 IOJIyYUTCs, €CIIM ATOr0 He
OyJIeT II0Ka He U3y4ajIoCh.
DKCIEPUMEHT CJeJIaTh HE IIPOCTO.
Bbicokass 4yBCTBUTEILHOCTD HE
BCErla MUHYC, B OyIyILIEM MOKET
IIPUTOIATHCA.
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Fig. 6. Dependence on x for the relative intensity of
reflected (220) SR beam at diffraction in a 500-um thick
silicon single crystal at d = 50 um and photon energy of
25 keV; () exact angular position, (2, 3) crystal rotated
from the exact position by an angle of 5 X 10~ rad to dif-
ferent sides.



lcTopusa Bompoca.

JIMHAMHAYECKYIO TCOPUIO TU(PPAKIIUK INIOCKOM BOJIHBI PEHIT€HOBCKOI'O
M3JIYUYECHUS B KPHUCTAJUIE BIIEpBbIE IIOCTponI JlapsuH B 1914 rony B
IreOMETPHUHU Ha OTPpaKeHUe (clryuar bparra). B reomerpun Ha poX0XKEHUE
(ciryyait Jlays) Teoprro mOCTpOMII DBaJIbI B CEpUU cTareit oT 1916 110
1933 rosioB. CoBpeMEHHYIO (DOPMYIUPOBKY TEOPUU Yepe3 MOIIPUIYEMOCTh
KpucTajuia copmyimmponall JIays B cBoei kuure 1931 roga. 3arem ObpLIN
IPYIryie KHATY, B YaCTHOCTHU 3axapuaseHa 1945 rojga (cam yuran).

B Poccun BaxxHyr0 poib ceirpajia kaura llnackepa 1974 roga (mepBoe
3ganue), 1978 roga (IepeBo]1 Ha aHTJIMICKUI SI3BIK) U 1982 roja
(BTOpoe m3aanue). Camas IoCiIeIHII KHUra Oplia omyOIMKoBaHa OTke

B 2005 roay. llpomararop kpucraiia Ioay4aercs mpeoopa3oBaHUEM
Dypbe U3 aMIUIUTY A6l OTPAXKEHUS INTOCKOM BOJIHBL. ET0 aHATUTHYECKYIO
¢opmy BrepBeie nmojryunia Karo B 1962 rony.




lcTopud Bompoca.

PeansHO mpomnararop KpucTajla CTajad UCIIOIb30BaTh B pacuerax lakaru,
Yparamu, Karo, Hyxosckuii, KoH. ¥ nocieaHux IByX ObLIIM COaBTOPEL, HO
BCEX HE IMUIIY, HET CMBICIA. BpemMsa — koHerr 1960-x, Hadajio 1970-x.

3aj1aya o JudpaKIuy IIy4Ka, OrPpaHUYEHHOTO 1T

CJIbIO, B KPUCTAJLIIC ObLi1a

BIIepBEIE paccMoTpeHa UyXoBckuM B 1970 roay u B 0030pe 1972 roxa.

I IpocTo mokasaim, 4To MOKHO peIIaTh, HO HUKAKUX BEIBOJOB HE CJIC/IAJIN.
DKCIIEPUMEHTAIBHO Y3KVIO IIEIb IIEePe KPUCTAUIOM CTaBAT B METOJIE
CEKIIMOHHOM Tonorpaduu, HO B pacyeTax pa3MepoM IIeIM IIPeHeOPEeraror.
[IIrpoKue 1menn HUKTO B SKCIIEPUMEHTE HE MCIIOJIB30Ball, TAK KAK HE OBLIO
KorepeHTHoCTU. B 1979 roay Muaenbom npeicTaBuil CTaTbio IO (POKYCUPOBKE
HEUTPOHOB 30HHOM INIACTUHKOM HAa OCHOBE IIpolrararopa. HedTpoHEI YTOORI
yOparh IIOIJIONIEHUE. DKCIIEPUMEHT ObLI cAaelaH CHUrupeBbIM 1 CYBOPOBEIM

B 1993 Ha peHIT€HOBCKOM HU3JIYUYEHUU. YTO-TO MOJIYYUIOCH, HO PACUETOB HE
ObL10. JleTanbHbIN pa30op Judpakimu B kpucTajuie nmydka CH, orpaHM4eHHOT O

l[:HpOKOﬁ HICJIbIO CJ/ICJIAH BIICPBLIC.




HoBriii B3rmsa Ha 2phekT 1udpakiimoHHON (POKYCUPOBKU

DpdexT mudpakMoHHON POKYCUPOBKM ObLI YKa3aH B crarbe KoHa
(ecthb coaBTop) B 1977 roxy. DKCIriepuMeHTaILHO OOHapyKeH B 1978
IOy cpa3y B JABYX JabopaTtopusx. OH COCTOUT B TOM, YTO KPUCTAILI
(oKycHUpyeT pacXOoISIIIAICS [Iy4OK PEHIT€HOBCKOI'O U3JIYUCHU.
BriocieacTsue OblIa YCTaHOBJIEHA CBA3B C IMH30M | leHapn,
paccMOoTpeHHOM B ctarke 2000 roga. 10 IUIACTUHA U3 METaMaTeprala,
KOTOpas OTKJIOHSET IYYOK B JAPYI'YIO CTOPOHY. Ceityac eCcTh Apyroe
nonuManue. Kpucraur He (pokycupyer. Ero npomararop Takom xe,
KaK 1 Ha BO3JyXe. 10JIbKO UL IBYX 3HAKOB PaCCTOSHUA. 3HAK (1)
CKUMAET CXOAIIUANCA ITYYOK 110 3aKOHAM I'€OMETHUYECKOM OITHKH.

A 3HaK (—) OTIIpaBJIET IIYYOK Ha3aJl Ha UCTOYHHUK. M pacxomsuimiics
[Iy4OK KaK Obl CHOBA CKMMAETCS KaK B ICTOYHUKE, HO B IPYTOM

MecTe. PaccTossHHE CO 3HAKOM (—) COOTBETCTBYET C1a00OMY IOIIOIICHUAIO
1 B 9TOM BCA (puika. IIoToMy 4TO B TOJICTOM KPUCTAILIE TOJIBKO TAKOM
IpoIiararop 1 ocraercs. J[pyroi ImoJIHOCTHIO IOIJIONIAETCA.







