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In this paper we suggest a method for determining the refractive index of X-
ray radiation for a one-layer medium, having a fibrous and granular structure. It is
shown that the refractive index can be calculated as the ratio of intensities,
measured at the location of the substance on the path of the beam between the
two-crystal X-ray spectrometer and behind it.
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Introduction. A new rapid method for determining the refractive index of
X-rays for non-absorbing fibrous materials first developed and implemented in the
works [1, 2].

For single-layer homogeneous densely packed filaments, it was shown that
the unit of refractive index decrement J can be calculated as follows:

1/1,

- sin(arcsin(/ / 1,) + Ap/ 4)) ’
where A is the half-width of the Darwin table, /, is the intensity of the diffracted

beam in the case, when the heterogeneous material is located after the blocks of X-
ray spectrometer, / is the intensity of the diffracted beam, when the non-homogenous
material is in some way oriented and placed in double-crystal X-ray spectrometer,
where axis of threads are oriented perpendicularly to the diffraction vector.

In this paper we theoretically calculate the refractive index of X-rays for a
medium, having a granular (spherical) structure. Calculations are made for two-
crystal scheme (n,-n) on the anomalous transmission, using crystals of Ge. The
subject material reacts to the X-rays as a diverging lens. Refracted rays, the angle
of which exceeds the angle of half-width of Darwin table for Ge and for a given
wavelength of X-rays, do not provide conditions of anomalous transmission and are
fully absorbed. Thus, placing the subject material between the two crystals, we
observe the decrease in intensity. The decrease in intensity occurs due to the
absorption of rays, refracted in non-homogeneous materials in the second Ge
crystal, that is operating in the anomalous mode. Then, to determine the fraction of
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this absorption, the analyzed material is placed directly in front of the detector
(outside the two-crystal system). Then, the same substance is placed into the two-
crystal scheme, and intensity is re-determined (Fig. 1). The difference of intensities
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Fig. 1. Progress of beam through blocks X-ray spectrometer
and heterogeneous material, located between the blocks.

structure, can be writtenas 6 = f (I /1) .

of the two measurements is the
change in intensity due to
refraction.

In fact, the dependence
of the refractive index decre-
ment for non-homogeneous
non-absorbing (weakly absor-
bing) materials, with granular

Calculation of the Refractive Index for a Homogeneous Spherical Sub-
stance. Assume that some part of the incident beam on the sphere has (R,a, )

radial coordinates (Fig. 2). Then, » = Rsin 8, r, = Rsin 8, r, = Rsin Bsina , where r

is the projection of the sphere radius on xy plane, and r, and r, are respectively

projections of 7 on the x and y.
Denote by 4 the distance from
point A to the xy plane in the
original direction of the beam. Then
% =tgAf , where Ar is the increa-

se after refraction at A4:
Ar =htgApB=Rcos BtgAfS,
r, = Rcos BtgAfcosa ,
r, = Rcos BtgAfsina .
Denote by AfS the angle of

refraction of the beam from its origi-
nal direction. Then, the correspon-
ding projections AB. and AS, on

the xz plane and )z will be

tgAB, =tgABcosa, tgAB, =tgABsina .

Given that in the xz plane the angle Fig. 2. X-ray beams falling on granular substance.
of refraction doesn’t contribute the violation of the Bragg condition of the crystal,

we consider the angle of refraction in the plane xz.

To find the geometric location on the surface of the sphere of those points
that have already breached the Bragg condition, for which the expression A, = A6 is

true, where A@ is the half-width of swing curve of the crystal, we write

toA
tgAp =—‘(.’) 9.
SiIno

From the rule of refraction, it is known that

sin 8
sin(B+AB)

()

=n . Hence we get
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_ n*(1-cos> AB)

tg’ : 2
eh (1-ncosAB)? @
. 2 sin a r
From (1) we obtain cos” A =—————, where k =tgAf. As tgfi =—, then
k* +sin”«a h
2 2
2 r r
tg"p= R 3)
Substituting (3) in (2), we have
2204 2
2 R°n (12 cozs AB) : ' @)
(1-ncosAB)” +n"(1-cos” AB)
sin®
Substituting in (4) expression cos® Aff = s, we get
k™ +sin” a

Rnk

r= .

\/(\/k2 +sin® a —nsina)® + n’k?
This expression represents the geometry of the projections on the equatorial
plane of those points that have already breached the
Bragg condition for the crystal. From Fig. 3 we can
see that those beams that are refracted in the shaded
equatorial plane take part in diffraction, thus,
reducing the intensity of the diffracted X-rays due to
beams, passing through the non-shaded part:

®)

/2

;s 4 I ri(a)da
=2 a0 5 =F(nk).
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Fig. 3. Geometric allocation of Conclusion. From obtained results it follows

points Pt;QieCtion’ described by that with the intensities 7 and I, for a given crystal we
¢ (@) function. can determine the refractive index of the substance for
X-ray emission. To increase the accuracy of measurement of the refractive index
the multichip spectrometer in anomalous mode or multiblock X-ray interferometer
can be used. It follows from the above that one can investigate non-absorbing and
homogeneous substances, such as biological objects in dynamic mode at low
intensities of radiation, i.e. without radiation damage of the investigated object.
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UuUUuUGH L3NMeGLh AEHUUL SNFSOD NLNTNRIE NELSAEL3UL
aunuauseuldy uuur

Uojuwmnwuipnid wnwowplynid b phjuwtdwt b hwnhljuynp dhwotpn
dhowquyph phjdwt gnigsh npnodwb Enwtwl: 8nyg b wpdws, np phijdwb
gnighsp Jupkih Ehwoyb npybu bplyne hutnktuhynipynibiitkinh hwpwpbpni-pintd,
npnughg wnwehtp unnwgynid k, tpp Wynipp nknunpyuws b thugh fwbwwywphh
nkungkiyut uybunpuwswthh Epynt poiptnutph dholi, hull djniup’ nputighg
htwnn:

B. K. MHUP304H, C. H. HOPESH, K. M. TEBOPKIH

OIIPEJEJIEHUE IIOKA3ATEJIA ITPEJIOMJIEHWA HEOJHOPO/JHBIX
BEHIECTB UL PEHTTEHOBCKOI'O U3JIVUEHUA

B nmanHoii paboTe mpemsio)kKeH METOJ  OMNpeAeieHHsS  IOKa3aTens
MPEIOMJICHUSI OJHOCIOMHON Cpeapl, HMEIOIEed BOJOKHUCTYIO M 3E€pHHUCTYIO
CTPYKTYpY, C TOMOUIBIO PEHTICHOBCKUX Jydei. BrIgBIeHO, 4YTO mOKa3arelb
MPETOMIIEHUSI MOKHO BBIYHCIUTH KaK OTHOIIEHHWE MHTEHCUBHOCTEH, M3MEPSEMBbIX
IIPU PACIIOJOKEHUN BEIIECTBA HA IYyTH IIy4Ka MEXAYy AByMS KpUCTaJLUIaMU
PEHIEHOCTIEKTPOMETpPA U 38 HUMMU.





