KoMIiproTepHOe MOJIeIUpOBaHUEe KOTePEHTHBIX A((PEKTOB B ONTHKE
1 KPUCTAJUIOONTUKE CUHXPOTPOHHOIO M3IYUeHHS ¢ porpamMmMor XRWP.

B. I'. Kon, HUAII "KypuaTtoBckuH HHCTHTYT", I. MoCKBa

KorepeHrHad ONTHKA M KPUCTAUIOONTHKA CHHXPOTPOHHOrO H3mydeHHA (CH) ABIATCA aKTyalbHBIMH pa3eIaMH
HaykKH B Poccuu Ormarojapd IUIaHaM I10 CO3JaHHI0 HOBBEIX HCTOUHMKOB CH 4-ro moxomerua: CKIM® u CHJIA. HoBrie
HCTOYHHKH O0TaJaroT BBICOKOH MPOCTPAHCTBEHHOH KOrepPeHTHOCTRIO. HeoOXOomHMMO pelHTh 3334y MOATOTOBKH
CIICIHATHCTOB A4 YCICIIHOH paboThl Ha ITHX HCTOUHHKAX. B&XHO OTMETHTR, YTO YpaBHEHII MaKcBeIa OIUCHIBAOT
porueccel B3auMoaeHCTBHA CL ¢ BEmIecTBOM TONBKO A1 KOTE€PEHTHOr0 H3ITyueHHA. KOMIIBIOTEPHOES MOCTHPOBAHHE
TEOPETHYECKH OIMCHIBAET [THINEL TAKHE JKCIEPHMEHTH. TeopHd HAa OCHOBE ypaBHeHHH MakcBelia pa3BHBAIach C
caMmoro Hauvama, Ho q1i CH 3T0 CTano aKTyaabHO TOIBKO B MOCIeaHHE roAbl HamGomee HHTEPECHHIMH HOBBIMH
KOTEPEHTHBIMH METOJaMH ABIAKOTCA METOZ (Pa30BO-KOHTPACTHOrO H300pakeHHA MHKPOOOBEKTOB H (DOKYCHPOBKA
my4koB CH coCTaBHBIMH IIPETOMTAIOIIHME THH3aMH. UTO KacaeTcs KPHCTAUIOONTHKH, TO 0Ka3a10Ch, UTO HEKOTOPEIE
KOTE€PEHTHBIE 3(Q(EKTHL KOTOpPbIE HAa BO3AYXE PEATHM3VIOTCA Ha OUYEHb OONBIIHMX PACCTOSHHAX, HMEKT aHAIOTH IIPH
IU(PAKIHK Ha aTOMHOH PENIETKE MOHOKPHCTALIOB, B YaCTHOCTH, B KPHCTALTE KPEeMHHA. MOKHO OTMETHTEL H3BECTHBIH
uHTepdepomerp KOHra ¥ Jake JuppakHio Ha MHPOKOi memm. Heo0XoauMo co3JaHue KOMIIBIOTEPHBIX IIPOIPaMM LA
peamM3aiy TakuX METOJ0B. JIaHHBIH JOKIAJ MMEET CBOEH LIENbI0 MPeACTaBHTh HOBYIO IIPOrpaMMy. KOTOPYIO aBTOP
pa3pabateiBacT ¢ 2020 roga. Oxa Ha3biBaeTca XRWP (X-ray wave propagation). B Hel coGpaHbl BMECTE BCE METO/BI
KOMITBIOTEPHOTO MOJETHPOBAHHA, KOTOpPHIE aBTOP pa3padaThIBal B TEUCHHE BCEH CBOCH HAyUHOH Kapheepel. B
HACTOAIIEE BpeMA IMporpaMMa HMEET CBOH CalT B HHTEpHeTe http://xray-optics.ucoz.ru/XR/xrwp.hitm , Ha KOTOpOM
MOJKHO CKa4aTh apXHB IIPOrpaMMbl H JOKYMEHTALMIO, COACPIKAIIYI0 OCHOBHEIC ITpaBHIa pabOTEI C HEH.




CKN®, HoBocubupck,
Haykorpaa Koasmoso
(Cubupckuit KoapiieBom
NcTrounnk @OTOHOB)

E=3GeV

CUIJIA, Mocksa,
Haykorpan lIpoTrBuHO
(CUHXPOTPOHHOE
N3nydaenne u JIA3ep
PEHTTEHOBCKHN )

E=6 GeV
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TOYHHAA TEOPUA N3OBPAXEHWA C NMOMOLLUBHO
MAPABOJIMHECKOW HEMPEPBLIBHO MPEJIOMJIAKOLLIEN
PEHTFTEHOBCKOW JINH3bI

B. I Kon™

Poccuflexutl nayunmll uenmp « Kypuamoscrutl uHemumyme
123182, Mocxkea, Poccus

[Mocrynuna & penaxkneio 30 aesapa 2003 r.

PazeuTa Teopua cdopMupoBaHUA M306PaKeHNA ¢ NOMOLWLIO PEHTTEHOBCKOR NMH3LI, CcOCToAWeR 13 o4eHb Bonk-
Woro 4ucna anemeHTos. Kaxab il anemeHT nMeeT 4BOAKO-BOTrHYThIA napabonuyeckuii npocpune n o4eHs cnabo
NPenoMAAET PEHTTEeHOBCKWEA Ny4oK. Takaa NMH33 MOMET MMETh OTHOCWTENbHO DONbLWYID ANWHY, CPABHUMYIO C
AnwHOR drokyca, No3aToMy npubnwmenne £TOHKOW > NUH3L Henpumednmo. MonyyeHo ToYHoe BblpaeHwe gns
nponaraTopa HeNnpeps BHO NPenoMAALWER NMH3bI, KOTOPBIA ONWUCLIBAET NEPEHOC U3NYHEHWA Yepes npenomna-
oWy napabonuyeckyw cpeay Boisuncned nponaratop w3obpameHns, koTopblil onnceiBaeT hOKYCWPOBKY Na-
pannensHoro NyYka U nepeHoc nsobpamenns (doxycuposky mukpoobbekta), a Takme dypee-npeobpazosanue
YHKUMM NPONYCKaHMA MUKPooDbBLeKTa ¢ NoMmolbd NWH3bLI, JdrpeKTUBHAA anepTypa PeHTreHOBCKOA NUH3LI
NOAHOCTBH ONPeAenAeTCA NOrNOLWeHWeM W3NYHeHNA W He 3aBUCHT OT ee FeOMeTPUYeCcKNX NonepeYHbiX pasMe-
poe. Ecnn 3anucaTe KoMnnekcHbifi NokKa3aTens NpenoMneHwA B Buge n = 1 — 4 + i3, To AWaMeTp ny4xka B
choryce npumepto B 0.83/d pas meHbwe guamerpa acdbdexkTusHoi anepTypul, npuyem ko3addbuUMeHT oYeHb
cnabo 3aBUCKUT oT AnnHbl NuH3bl. HenpepoiBHo npenomnawillas nnH3a He umeeT abeppaunii B TOM CMbICNe, 4TO
BCE NyYW, NpoWeglne Yepes anepTypy NuH3sl, dorkycupyroTca B ogHoil Touke Jlunsa momeT cdoxycuposaTe
u3ny4yeHuwe BHYTpU cebs n obnagaer ceoOlCTBAMMW BONHOBOAA, T & MOMET BOCCTAHABAWBATL CTPYKTYPY Ny4Ka
NpW HEKOTOPbIX 3HAYEHUAX ONUHBI ¢ TOYHOCTEIO A0 WCKaeHWd, obycnosneHHslx nornoweHneM, HeogHopogHoe
NOrNoLWeHWe PeHTreHOBCKMX Ny4eid B NUH3e NPUBOANT K MHTepecHoMy 3dreKTy BM3Yanu3auum Npo3padd Hbix
MukpoobbekToB npu ux cporycnposadHom wsobpaxennu. llpu atom w3obpaxaertca rpagvedT casura cassl,
co3gasaemoi mukpoobbwexTom. ObcymaaroTca ocoberHHocTn dypee-npeobpa3oBaHna, CBA3AHHLIE ¢ NOrnoLe-
HUEM W3NYYEHWA B NINH3E.
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Rocking curve and spatial coherence properties
of a long X-ray compound refractive lens

V. G. Kohn*

National Research Centre ‘Kurchatov Institute’, Kurchatov Square 1, 123182 Moscow, Russia.
*Correspondence e-mail: kohnvict@yandex.ru

Semi-analytical theory of a long set of X-ray compound refractive lenses (CRLs)
based on recurrence relations is developed further. The geometrical aperture,
angular divergence of incident radiation and source size were accurately taken
into account. Using this theory it is possible to calculate the width of the rocking

curve of a long (40.7 cm) Be CRL which coincides with experimental data
obtained earlier. By this approach the transverse coherence length for the X-ray

beam after passing a set of CRLs of arbitrary complexity has been estimated. It
is shown that at the focus this coherence length is equal to a diffraction-limited
beam size (beam size in the case of a point source) and has minimal difference
with the real beam size.



kohnvict.ucoz.ru HACRL parameters, javascript program by Victor Kohn

X-ray CRL Parameters

‘ Help H Input H Exec

14 -- Energy of x rays in keV

58 -- Source transverse size in microns

18088 -- Source angular divergence in urad

1219 -- Distance source to CRL system in cm

1 -- MNumber of CRLs

Si, 51 -- Chemical formula [array]

2.33, 2.33 -- Density (g/ccm) [array]

B, 2.477671 -- Delta x le6 (if you know the exact value)
B, 1.95222 -- Beta x 1e8 (if you know the exact wvalue)
5@, 58 -- Aperture (um) [array]

65.25, 6.25 -- Curvature radius (um) [array]

162, 182 -- Length of one bi-concave element (um) [array]
2, 2 -- Web thickness (um) [array]

1, 1 -- Number of bi-concave element [array]

126.121394, @ -- Distance behind CRL (cm) [array]

B, 8 -- Key of aperture account (@ or 1)

@, 126.11355, 126.11357, 21 -- Variant and cycle parameters: V, min, max, N




kohnvict.ucoz.ru XCRL parameters, javascript program by Victor Kohn

X-ray CRL Parameters

‘ Help H Input H Exec ‘

PARAMETERS OF THE BEAM AFTER PASS5IMNG THROUGH THE CERL SYSTEM.
All distances are counted from the end of last CRL
INPUT: 14 56 18868 1e19 1 Si_T 51 2.33, 2.33 8@, 2.477671 @, 1.95222 58, 586 6.25, 6.25 182, 182 2, 2 1,

RESULTS: Effective aperture and Length (in the case of one CRL) = 84.191 um, ©.0910208 cm
Focus distances zf (True, Geom-Opt) = 126.11356, 126.12139 cm, Web absorption = ©.99443
Data for the POINT source:

Integral relative intensity = 83.726 um, Rocking Curve FWHM = 2.6893 mrad

M= (z + 21)/(z0 + Z8), 70 = 2048.8 cm, Z1 = 0.6051080 cm
Zero distance:

fax of relative intensity = ©.99452, FWHM = 79.886 um, Phase Radius = -126.121 cm
Focus distance:

fax of relative intensity = 126.22, FWHM = 8.62315 um, Depth = 1.9873 cm
Detector distance:

Max of relative intensity = 126.21, FWHM = ©.62317 um, Phase Radius = 126.126 cm

Data for the REAL source:

Integral relative intensity = 83.726 um, Rocking Curve FWHM = 2.6093 mrad

M=(z+ Z1)/(z0 + Z0), 70 = 2048.0 cm, Z1 = ©.0051000 cm
Zero distance:

dax of relative intensity .9%9452, FWHM = 79.0886 um, L _tc((C,S) 7.8153e+16, 77.084 um
Focus distance:

Max of relative intensity = 126.22, FWHM = ©.62315% um, L tc(C,S) 6.1580e+14, ©.60737 um
Detector distance:

Max of relative intensity = 126.21, FWHM = ©.62317 um, L _tc(C,S) 6.1581e+14, ©.608739 um
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Accepted 3 February 2022
Two new methods of computer simulation of synchrotron radiation nano-

focusing with planar compound refractive lenses (PCRLs) are presented. The

Edited by A. Momose, Tohoku University, Japan methods are based on the results of analytical theory. In contrast to previous
works, the new methods take into account the PCRL aperture. It is especially
Keywords: X-ray nanofocusing; computer important at high photon energies, when absorption is low and the calculations

imulations; com d refractive lens; . . ; ; : ;
e e e e o e based on analytical theory, i.e. without taking into account the aperture, give

incorrect results. A computer program was created and specific results were
obtained for a silicon PCRL having an aperture of 50 pm, element length of
102 pm and minimum thickness of 2 pm. For an energy of 50 keV and number of
elements 300, it focuses the beam to 31 nm size at a distance of one and a half
times its length. Analysis of the calculation accuracy for the proposed methods
is performed, as well as a demonstration of the capabilities of the computer
program.

synchrotron radiation; theory of X-ray optics.
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KpuBbl€ OTHOCUTENBHOW MHTEHCUBHOCTU Ha Bbixode u3a Cl1J]
TMna 3 npn E =950 k3B U L = (n/4)L. . YepHaqa nuHUA -- pacuyeT
C YYETOM anepTypbl (MTEPALNOHHbIN). KIpEICHaFI NMNHUS --
pe3ynbTaT aHanuTU4eckon Teopun.



A(I:Z) ZCUB.[](I)/dIIP(I—Il,b)B](xl)A(xl,O).

. x piR\ "
Bo.1(x) = exp (—mamE> s ol (2—??)
b=z Vtz:8%r; ag=1—€r; @& =y +5L_i,
¢, =cos(Liz;), sp=sin(L/iz;), L=pm
il =3 (d; + x*/R)
Pi

Co _ 17 &2 X
A(x,L) = =7 exp (Iﬂ‘ {::L - EJ xi) A(E:U)

C. = cos(L/L.), L.= (piR126)""

E=50keV, z,=50m, »n;= 300,
A=50um, R=4/8=6.25 um, d,=2 um,
pi=d;+A*/4R =102 pm
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PEHTTEHOBCKUH ®A30BO-KOHTPACTHBIN MUKPOCKOII:
TEOPUS U KOMIIBIOTEPHBIN DKCIIEPUMEHT

© 2022r. B.T. Kou'"**

! Hayuonansnotii uccredosamensciuii uenmp “Kypuamoeckuii uncmumym”, Mockea, Poccus
2 Huemumym xpucmannoepachuu um. A.B. Illy6nuxoea ®HHUII “Kpucmanaoepachus u pomonuxa” PAH, Mockea, Poccus

*E-mail: kohnvict@yandex.ru

[Toctynuna B penakuuio 29.01.2022 r.
[Tocne nopabotku 29.01.2022 .
[MpungaTa K nydonukanuu 26.02.2022 r.

TeopeTnuecku aHATM3UPYETCSI HOBBII METOJI PEHTIeHOBCKOH MUKPOCKOITUH C UCITOJIb30BAHUEM CUHXPO-
TPOHHOIO U3IydeHUs1. MeToJ1 UcIToIb3yeT uek (Ga3oBOro KOHTpacTa B OJIMKHEM IMoJie U Uaer HaHoho-
KYCUPOBKH C TTIOMOIIIBIO IJIaHAPHOIM COCTaBHOI MPeIOMIISIONIEH TMH3EI, KOTOpasl CO31aeT BTOPUYHBII MC-
TOYHUK C MaJIbIM TMOMNepeYHbIM pa3MepOM Ha HeDOJIBbIIOM pacCTOSTHUM OT oOpa3iia. BeImoIHEH KOMIIbIO-
TepPHBIII 3KCIIEPUMEHT T10 M300pakeHUI JBYMepHOro (POTOHHOro KpucTamia c¢ rnepuoaoMm (0.5 MKM.
Pa3paboTrana yHUBepcalibHasl mporpaMma Ui MpoBeJIeHUsI KOMITbIOTEPHBIX 3KCIIEPUMEHTOB B 00J1acTH
KOTrepeHTHOI peHTreHoBCcKoi onTUKK. [loka3zaHo, 4yTo MeTo/ oOJ1anaeT BBICOKMM pa3pelieHUeM, JOKalb-
HOCTBIO, OOJIBIIOI CBETOCUJION M cJIaDO YYBCTBUTEJIEH K TOMNEPEYHOMY pa3Mepy peaJlbHOIo UCTOYHHKA
CUHXPOTPOHHOTO U3JIy4eHHUs. DKCIepuMeHTaJlIbHasl YCTAHOBKA MOXKET UMETh HEOOJIbIIKE pa3Mepbl. Mox-
HO TTOJIYYUTDb YBeJIMYeHue u3oopaxeHus dosee yeM B 100 pas3.



A(x, x5) = P(x — x5, z;) a{xi, z;)

ai(x;, z;) = J“b:a P(x; — X0, 2;) T(X,)

z;=20+v2z1, 2i=2021/2;, Xi=(20/2)[x + x5 (21 /29)]

In many investigations (standard) z,>> z;

New approach to experiment z, <<z

(3)
(6)
(7)



E=25keV, z.=30m, = 150, 4=30 pm, R=6.25 pm, =2 pm, p;= 102 pm,
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K TEOPUUNU JUPPAKIINN OTPAHUYEHHDBIX ITYYKOB
CUHXPOTPOHHOTI'O U3JIYYEHUA B MOHOKPUCTAJLJIE
B TEOMETPUN JIAYD
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TeopeTuuecky Mccied0BaHbl OCOOEHHOCTU OpArroBCKoi AUdpaKIIMU KOrepeHTHOIO CUHXPOTPOHHOIO
U3JYYEHUS HA aTOMHOM pelIeTKE MOHOKpHUCTAa/1a B reoMeTpuu Jlays npu yciaoBUH, UTO MYYOK HU3-
JIYUEHUS OrpaHUYEH LIENbI0 OTHOCUTEIbHO DOJILIIOIO pa3Mepa, YCTAHOBIEHHOW Nepel KPpUCTAILIIOM.
Mcnonb3oBaH METO YUCAEHHOTIO MOIEIMPOBAHUS U IMOJy4eHbl 3aBUCUMOCTH pacripeeleHUs HHTeH-
CUBHOCTH [J1s1 pa3HbIX TOJIIMH KpucTawa. [loka3aHo, 4To Kpas 11e/Id BHOCAT HeOJHOPOIHbIE UCKAXKE-
HUS UHTEHCUBHOCTU BHYTPH TPEYroiibHUKOB bopmaHa ¢ yriiom 20, roe 6, — yron bparra. B obiactu
[epeceyeHm s TpeyrojlbHMKOB pacrpeielecHUe MHTEHCMBHOCTU aHAJIOTMYHO TAKOBOMY IpU AU paKLIMU
Ha LLUEJIM B BO3/AyXe Ha oIlpenejleHHOM (0ojblloM) paccToaHUU. [loayyeHa dopmMyiia COOTBETCTBUS pac-
CTOSIHUSI Y TOJILIMHBI KpUCTAJJIa, KOTOpPas XOPOILLO OMMUCHIBAET PE3YAbTAThl YUCIEHHBIX PACYETOB.



0 0.5 1.0 1.5

—40) —20 0 20 40
X, um

Fig. 3. Dependence on x for the relative SR beam intensity
in the region of distances corresponding to the Fresnel dif-
fraction at ¢ = 50 um and photon energy of 25 keV.

Pac4eT no nporpamme XRWP
Oudbpakuma nnockou BornHbl 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
bonblle nagaroLlen.

A pacluMpeHue nyvyka npoucxoauT

HE CpPa3y, 4 Hd OY€Hb oonbLKnX
PACCTOAHUAX.



{] II]?, []4 Dﬁ {]E l[} 1.2 1.4
PacueTt BoINOJHEH 10 nporpamMmme XRWP =

3aBUCUMOCTh HHTCHCUBHOCTH OTPAKECHHOTO
IIy4Ka OT TOJMIUHBI KpUcCTajia /. mpu

o L l‘{]
au(ppaKLKU MIOCKOM BOJHBI, OTPAHUYCHHON
mensr0. [lpeanonaraercs nacanpHas &
KOT€PEHTHOCTh, TO €CTh UCTOYHUK CU

=
4-10 ITOKOJICHUS. £ 0.6

L ——— L — .
u . 2 N T —

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.



| Ipu yBeanmueHnn pasmepa e
KapTHUHKA I10JIyYaeTCA IIPU OOIBIINX
TOJIIIMHAX KpUCTAJLUIA 7., IIPUIEM
naxke 0obIIe pparMeHTOB KapTUHEI
JUISL AU PaKIMA Ha BO3AYXE MOXKHO
OOHapYKUTh. | TaBHEBIN pe3yiabTaT
TaHHOM padOTHI COCTOUT B YKa3aHUN
HA aHAJIOTHIO JU(PAKIIAU HAa BO3IYXE
1 B KPUCTAJUIE C TEM OTIIMYHEM, YTO
OTPOMHBIE PACCTOSHUS (IECATKU
METPOB) 3aMEHSIIOTCS HA TOJIIUHY
KpUcTajUia, He 00J1ee HECKOJIBKUX
MULIMMETPOB.

0 02 04 06 08 10 12

Ix/l, T

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.



KPUCTAJIJIOT'PADHA, 2024, mom 69, No 4, c. 567—574

YUCJIEHHOE MOAEINPOBAHUE SOOEKTA ®OKYCHUPOBKH
PEHTTEHOBCKHUX JIYHEHN C ITIOMOIIbIO PEOPAKIINOHHO-
JANOPAKIIMOHHOU JINH3bI
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Teoperuuecku ucciaenyorcd ocobeHHOCTH POKYCHUPOBKU PEHTIeHOBCKUX JIYUeil ¢ MOMOLIbIO ped-
PaAKLIMOHHO-AU(pPaKLIMOHHOM JIMH3bI, COCTOSLIEH U3 ABYX ACUMMETPUYHO OTpaXKalolluX KpUCTal-
JIOB ¢ (hakTOpaMM aCMMMETPUU, MIPOU3BEIAECHUE KOTOPLIX PABHO €IMHULIE, U ITPEeIOMISIONIEH JIMH3bI
¢ bonbMM POKYCHBIM paccTossHueM. KpucTajuibl MO3BOJISIOT COKpaTUTh POKYCHOE pacCTOSSHUE JIMH-
36l B b° pa3, rae b — dbakTop AaCUMMETPUU BTOPOro KpUCTALIA. BhIMonHeHO fAeTalbHOE YUCIEHHOe
moaenupoBaHue 3ddekra GOKYCUPOBKU U3JIYUYEHUS C IMTOMOILIbIO pedpakKUMOHHO-IU(paKLIMOHHOMK
JIUH3BI, U1 KOTOPOI0 UCIOJIL30BaAIaCh VHUBEPCcAIbHAA KoMnbloTtepHada nporpamMa XRWP, co3nanHag
11 pacueta 3hdeKToB KorepeHTHOM peHTreHoBcKoil onTuku. IlonyyeHsl aHanuTudeckue opMyibl
IIJIs1 ONITUMAJIbHBIX 3HAYEHUH anepTypbl U paauyca KpUMBU3HbL IMH3bI, a TAKXKE JUIS INMPHUHBI CIIEKTpa
U3JIY4EeHUS, KOTOPbI MOXET ObIThH CHOKYCHUPOBaH.



b = s1inBy/s1nB;, = 20
OJIHA JIMH3a 3aMCHSET
400 mun3 o pokyc-
HOMY PACCTOSHUIO,
HO YBEIIMUCHHE

¢ WHTCHCUBHOCTHU
TOJIBKO B 50 pa3.

6 PacueT BBIIIOJI-
e HEH 10 IPOT-
pamMmMe XRWP

Puc. 1. Cxema skcniepuMeHTa: / — TOY€YHbBIM UCTOYHUK,
2 — 1Ie/ib, OrpaHUYMUBaoIIAs NMy4yokK, 3 — IMepBblid KpU-
CTaJlJl, pACLLIUPSIIOLINK NMYYOK, 4 — IMH3a, (POKYCUPYIO-
11as My4yok, J — BTOPOil KPUCTAILT, COKUMAIOLIUI TTYYOK,
6 — QOKyC, T.€. MECTO, 1€ NYYOK CTAHOBUTCS BTOPHY-
HbIM MCTOYHMKOM.
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XRWTP is a short name for X-Ray Wave Propagation Objects definitions.  They are defined in separate files.
In-Line f‘;l.'*l."l.lp, Ir!‘-i' 15 'l,l*il.ﬁ.'i for I.‘[Wn],"l.ltiﬂ.g !]1!.’ Fi],"lﬂl._'i.* PT{T‘E’:;‘Egﬂh{}n, several coects are descnbed by a transmuission Function { TF )
f.“'l'it'flh are taken into account h".- means of various methods (%)= expiC Hx)), where C 15 a |.'-,1:1'|:.131_='-. value, which takes mido account

. ; _ _ ; radiation and matherial properties, while t(x) is a thickness profile.
Source Obj-1 Obj-2 Obj-3 Obj4  Detector ; . ; s |
Such olsects may have many elements of the same kind at the same distance.
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If z, = 0, wave function in front of Obj-1 should be determined . ~ i
in the hle. That allows one to continue computing further. . el

X-Ray Wave Propagation
YHHBepcaJbHasi nporpaMmMa peHtreHoBckol onTukH 1711 CH u XFEL

Ha naHHom cante npeacrtaeneHa HoeadA BepcuAa (06-05-2023) nporpammel XRWP. OHa BeiMMCNIAST pacnpefeneHne MHTEHCUBHOCTH B NMy4dKe
PEHTIEeHOBCKOINO CUHXPOTPOHHOIO uanydeHua (CH), a bonee KOHKPETHO, B Nonepe4yHoM ero CedeHWKn, KoTopoe WaMepAeTCA KOOpAUHATHBLIM
OETEKTOPOM MOCMe TOro, Kak NyyoK npollen 4yepe3 cepud ODBLEKTOB, pacnonoXeHHbIX Mexay WUCTOYHMKOM W JEeTeKTOPOM Ha pasHbiX
PacCTOAHWAX BHYTPU CTaHUMK MCTOYHWKA CW unu Ha CTaHUMKW peHTreHOBCKOro nasepa Ha ceoboaHbIX anekTpoHax (x-ray free electron laser,
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