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The paper shows the pattern of change in the deformation dependences (DD)
of integrated intensity of dynamical diffraction (IIDD) with crystal thickness
and with variation of other diffraction conditions by means of the Chukhov-
skii—Petrashen theory for the DD of IIDD in defect-free crystals. Relying on
this and numerous other experiments with real defective crystals as well as
the results of total integrated intensity of dynamical diffraction (TIIDD) in
crystals with defects without bend, an analytical model of the DD of TIIDD in
crystals with defects is developed, which is feasible for the diagnostics of
structural defects in crystals. The heuristic model constructed for the DD of
TIIDD in crystals with defects considers the DD of reflectivity and absorptive
power of crystal, whose contribution is determined by model parameters (o, £,
Y, ...) for both Bragg and diffuse components of TIIDD. As found, the suffi-
ciently accurate DD description with fixed parameters and single description
expressions is only achieved in certain narrow ranges of deformation radii.
However, these parameters are selectively dependent on each set of parame-
ters of diffraction conditions (wavelengths, crystal thicknesses, reflection
indexes, diffraction geometries, etc.). As shown, the construction of the heu-
ristic model of the DD of TIIDD in crystals with defects as a diagnostic method
has only become possible because we were able to factorize the effect of micro-
defects and deformation parameter on coherent and diffuse components of
TIIDD, separately; but it is important to save non-factorization of their effect
on total IIDD.

B pob6ori 3a momomororo Teopii HyxoBcbroro—Ilerpariensa qia gedopmariiinol
sasesxkuocTu (I[13) inTerpasbHOi iHTeHCMBHOCTH AuHaMiuHOl nudpakiii (III1T)
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y Kpucraiax 6e3 medeKTiB mokasano xapakrep sminu O3 IIIIl i3 ToBIIMHOO
KpucTaay Ta 3 Bapidmiero iamux ymoB audpaxiii. Ha 11iit ocHOBi, a TaK0X 1Ipu
BUKOPHCTAHHI PAAYy eKCIIEPUMEHTIB i3 peanlbHuMHU Ae)eKTHIMU KpUCTAJIaMU i
pe3yJbTaTiB Teopil MOBHOI iHTeI'DaJbHOI iIHTEHCUBHOCTU AUHAMiuHOI AudpaK-
mii (TIIII0) v xpucranax 3 maedekrTamMmu 0e3 BUTHMHY ITOOYIOBAHO aHAIITUUHY
mozens 13 ITIIII y kpucraiax 3 gedeKTamMu, IPUJATHY AJIA AiATHOCTUKY IIa-
paMeTpiB CTPYKTYPHUX AedeKTiB y Kpuctanax. Onep:KaHO eBPUCTUYHI BUpa3U
nns IO y kpucranax 3 aedexramu, 110 BpaxoByioTh [[3 morsimHamIbHUX i
BiIOMBHUX 3MaTHOCTEN KPUCTATIiB, BHECOK SKUX BU3HAUAETHLCA IIapaMeTpaMu
momeui (o, B, Y, ...) K mus Bperrosoi, tak i misa qudysHoi ckaamosoi ITIIITI.
Bceranosieno, 110 goctTaTHBO ToUuHUM onuc 3 mocAraerbes 3 hiKcoBaHUMU I1a-
pamMeTpaMu i €TMHOTO BUAY BUPA3aMU TiJIbKU Y BUSHAUEHUX BY3bKUX AiAa30-
Hax panirmociB gedopmarii. IIpore i mapaMeTpu BUABIAIOTHECSI BUOIPKOBO 3a-
JIeKHUMU Bifi KOKHOTO HA0OpPy XapaKTePUCTUK yMOB Aubpakrilii (moB:KuHU
XBUJIi, TOBIIMHU KPUCTAJIB, iHAeKCiB BimbuBamusa, reomeTpii audpakxiiii Ta
in.). ITokasawno, 110 eBpucTruHOo modoyayBaTu mozaessb 3 ITIII] y kpucranax 3
IedeKTaMu AK IiIATHOCTUUYHUUA METO] BUABUJIOCA MOYKJIUBUM TiJIbKU 3aBAAKU
TOMY, IT1I0 BAaJiocs (haKTopu3yBaTH BILIUB MiKpoAedeKTiB i mapamerpa gedop-
Mairii oKpemMo Ha KorepeHTHY i Ha qudysHy ckaazxosi IIIII]I, ame BOepertu He-
(haxTOpU30BaHicTh iX BIIIMBY Ha cyMapHy iHTeHcuBHicTE ITITIT.

B pa6ore ¢ momorsio Teopun Yyxosckoro—Ilerpainensa aiaa gedopMaiioHHON
s3aBucumocTu ([13) nHTEerpaIbHONM MHTEHCUBHOCTY AWMHAMUYECKOH JUMPaKIIUT
(MU O0) B kpucTaiiaax 0e3 nedeKToB MoKasaH xapaxkTep usmenenus 3 U
C TOJIIIIMHOM KPUCTAJIJIOB U C BapHUalliel Ipyrux ycaosuii nudpakmuu. Ha saToi
OCHOBE, a TaKiKe IPU UCIOJIb30BAHUU PAJA 9KCIEPUMEHTOB C PEaJbLHBIMU Jie-
(beKTHBIMU KpUCTAJLIAMMU U Pe3yJIbTATOB TEOPUU IIOJIHON WHTErpajbHOU WMH-
TeHCUBHOCTU AuHamMmueckoi audpariuu (IIMUII) B kpucrasiax ¢ nederra-
mu 6e3 nsruda mocTpoera ananuTudeckasa momaenb [[3 IIMN]III B Kpucraaiax ¢
TedeKTaMu, IPUTOAHAA AJSA AUATHOCTUKU IIapaMeTPOB CTPYKTYPHBIX Aedek-
TOB B Kpucrayaax. IlosyueHHbIe 9BpUCTHUUYECKY BhIpaskenud nia 13 TN B
Kpucrajiax ¢ feeKTamMu yYuTHBAOT [[3 moraomare sbHBIX U OTPaYKATEIbHBIX
CIIocOGHOCTE KPUCTAJLIOB, BKJIAJ KOTOPBIX OIpPefessdeTcs ITapaMeTpaMé MO-
nmeau (¢, B, Y, ...) KaK 1J1s GPArTOBCKOM, TaK U AJA AUDQPY3HON COCTABISIONUX
IIANI]IT. YcTaHOBIEHO, YTO AOCTATOUYHO TOUHOe ommcaHue I3 mocturaercs c
(buKcupoBaHHBIMM IIapaMeTpPaMU W €QUHOTO0 BUAA BHIPAKEHUAMU TOJBKO B
OIIPeeJIEHHBIX Y3KUX AMAaNa3oHax paamnycoB aedopmarnuu. OgHAKO 3TH mapa-
MeTpHI OKa3BhIBAIOTCA M30MPATEIbHO 3aBUCAIIVMYU OT KaKIOro Habopa Xapak-
TEePUCTUK YCIOBUI AUMPAKIINY (JINHBI BOJHBI, TOJIIUHBI KPUCTAJIOB, NHAEK-
COB OTpakeHUd, reomerpuu gudparnum u ap.). [lokasano, uTo 9BpUCTHUECKHT
noctpouTth Mozesasb I3 IIMU]Il B kpuctaiiax ¢ gedeKramMu KaK JUArHOCTHUYE-
CKWII METOJ] OKa3aJloCh BO3MOXKHBIM TOJIBKO OJyiarofapsa TOMY, YTO YZAJIOCh
daKTOpM30BaTh BIUAHNE MUKPOAe(PeKTOB U IIapaMmerpa Aedpopmalinu OTaeJaIbHO
Ha KOTrepeHTHYIO U Ha auddysHyo cocraBaaomue I[IMNII, Ho ybepeub He-
(haxTOPU30BAaHHOCTD UX BJIUAHUSA HA CYMMapHyI uHTeHcuBHOCTL MM IIIT.

Key words: total integrated intensity of dynamical diffraction, microdefects,
deformation dependences.
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1.INTRODUCTION

The widely used X-ray defect diagnostics, based on the theory of kine-
matic scattering, though having a limited sensitivity, still makes it
possible to determine the degree of crystal structure imperfection.
However, it is non-informative for diagnostics of several defect types,
which are simultaneously present in crystals. Here, for the total inte-
grated intensity R, as well as its Bragg R,z and diffuse R,, components,
the following expressions are used:

R =Ry +R;,, Ry=Rge™, R,=R,(1-e™),
e @l )

Yo Asin20
R, (@1-¢?)
R~ - e*2L

iB

R

iP

(1)

R =Ry + Ry, = Ry, ~ 2L,

where L is an index of power of Krivoglaz—Debye—Waller factor, A is a
wavelength, t is a crystal thickness, 0y is a Bragg angle, xy, is an H-th
Fourier component of the real part of crystal susceptibility, v, is a co-
sine of incidence angle.

In this case, the Krivoglaz—Debye—Waller factor e™” is the only
structurally sensitive parameter, so the information on the total struc-
tural imperfection of the sample can only be found relying on it. Be-
sides, as one can see from formulae (1), in the kinematic theory, the
structure information is factorized with diffraction conditions, there-
fore any changes of experimental parameters on which the dependence
is the same for Bragg and diffuse R; components do not affect the ratio
of coherent and diffuse components.

This makes the total integrated intensity of kinematic diffraction as
non-informative in terms of structure, and defects diagnostics is only
feasible if one manages to separate experimentally R,; and R,, compo-
nents.

Several defect types can only be determined if crystals are investi-
gated under dynamical diffraction conditions.

For example, in the expressions (2) and (3) for total integrated in-
tensity of dynamical diffraction (TIIDD) in crystals with defects, the
parameters describing diffraction conditions are mixed with parame-
ters that are responsible for structure of sample;
for ‘thin’ crystal (u,l <1, I =1t/y,),

R = exp(—uol)[BOe’LIO(hs) exp(—Wyl) + 2LR; exp(—u')], (2)

where B, = 1tC|xHr

/(2sin 20) ;
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for ‘thick’ crystal (u,l > 5, I =t/y,),

J2nCe ™ [y

-L
R =T Ml oo W0 ZIEE I ¢ et |, 3)
4sin26 \/Mthe‘L W, sin 20
lo(x)zl L+ ? st o= 3exp( Hql) — exp(—u, Ce- )
8x 128x 2 1-u,Ce"/n,

As a result, the coherent and diffuse components have much stronger
and different sensitivity to diffraction conditions [1], unlike those in
the kinematic theory (1).

The sensitivity of TIIDD to the thickness, wavelength, angle of beam
orientation in respect to the crystal surface, which is unique and dif-
ferent for various types of defects, permits us to construct a new gen-
eration of diagnostic methods.

The proposed method is not based on the change in the diffraction
conditions but, rather, on the study of defect structure, which is car-
ried out by introduction of controlled crystal macrodeformation.

The theory developed by Chukhovskii and Petrashen [2], which de-
scribes the effect of elastic deformation on the integrated intensity of
dynamical diffraction, is applicable only in the case of a defect-free
sample; its extension to samples with damaged structure implies very
complicated mathematical instruments, which questions the possibil-
ity to use this theory in practical defect diagnostics.

The purpose of this work is to study the basic possibility to describe
deformation dependences (DD) of TIIDD in real crystals; it can also
give results in characterizing crystal defects.

2. THEORETICAL DESCRIPTION
The solution [3] of the Takagi equations in partial derivatives makes it
possible to determine the integrated intensity of dynamical diffraction
for the elastically bent ideal crystal:

R.(M,, My, M,D, B) = "'[1 - exp(-n|B|/2)]e”™ x

XT dEch(M,E)ch[(M /D — 2) In(y1 - (D')? +D)]

(4)
3 J1-¢\1- (DY
where (=x/t, B=Yo/yu» D=BT, D =DJ1+E, M =2ty /Yu|
x01(1+B)t 1-B _ A2 siny[1+7y,y,(1+ V)] _ Tt X
b 1+ 2n|xﬂr2rd YoV,
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y is the angle between the reflecting plane and the normal to the crys-
tal surface, v, =cos(0 + ), ¥; = cos(6; — ), v is Poisson’s ratio, l, is the
linear photoelectric absorption coefficient, ris the radius of the curva-
ture of crystal cylindrical bend, d = a/(h® + E* + 1%)"/?, a is lattice con-
stant, k, k, I are the Miller indexes, y,; is the imaginary part of the
Fourier component of crystal polarizability.

Figure 1 shows DD of IIDD of the ideal crystal normalized to IIDD of
unbent ideal crystal (solid lines): R, (BT)/R,, these were calculated
with the formula from the Chukhovskii and Petrashen paper for vari-
ous thicknesses of the silicon sample and different wavelengths of the
X-ray radiation used.

For different thicknesses of the silicon sample, when 220 Laue re-
flections of FeK-radiation are used, the calculated values of IIDD of

2.5' 220 FeKa 2.5'

4.0 4.04
3.5 3.5
3.0 3.0

o 2.5 o 2.51
Eﬂ 2.0/ Ep 2.0
1.5 1.5
1.0 1.0
0.5 0.5
0.0 0.0

_2 0 2 -2 0 2
BT BT
c d

Fig. 1. DD of IIDD of elastically bent ideal crystal normalized to IIDD of unbent
ideal crystal: R (BT)/R, curves are calculated with the formula from the Chu-
khovskii and Petrashen paper for various thicknesses of the silicon sample
(1—195 um, 2—390 um, 3—565 um, 4—800 um, 5—1110 um) and 220 Laue
reflections of radiation with various wavelengths. Markers represent the DD
R, (BT)/R,, which were experimentally obtained by Kislovskii in Ref. [3].
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Continuation of Fig. 1.

unbent ideal crystal are: R,o(195 um)=1.11-10", R;,(390 um) =2.98-107%,
R,(565 um)=2.4-10", R,;(800 um) =2.64-10", R,;,(1110 um) =2.33-107*2,
For different thicknesses of the silicon sample, when 220 Laue re-
flections of CuK,-radiation are used, the calculated values of IIDD of
unbent ideal crystal are: R,o(195 um)="7.76-10"%, R,,(390 um)="7.55-107%,
R,(565 um)=5.525-10"%, R,((800 um)=2.05-10"%, R;((1110 um)=2.48-10"".
For different thicknesses of the silicon sample, when 220 Laue re-
flections of CuKjg-radiation are used, the calculated values of IIDD of
unbent ideal crystal are: R,y(195 um)=6.755-10"%, R,,(390 um)=6.895-10"°,
R,,(565 um)=6.38-10"%, R,;(800 um)=4.395-10"°, R;((1110 um)=1.58-10"°,
For different thicknesses of the silicon sample, when 220 Laue re-
flections of MoK ,-radiation are used, the calculated values of IIDD of
unbent ideal crystal are: R,o(195 um)=1.53-10"%, R,,(390 um) =2.42-107%,
R,(565 um)=2.91-10"%, R,,(800 um)=38.82-10°%, R;y(1110 um)=3.65-10"°.
In Figure 1, one can see the best fit with experimental DD of IIDD
calculated for thickness of sample £ =390 um. It is also understandable
from Fig. 1 that any change in the asymmetry degree of reflection does
not affect the shape of DD IIDD in the given interval of the range
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change. Their shapes change significantly with crystal thickness
change.

Therefore, to develop the universal model of DD of IIDD it is neces-
sary to introduce multipliers describing DD of both reflective and ab-
sorptive power of the crystal. For the coherent component, they must
be such as to describe correctly all DD of IIDD calculated relying on the
theory [2]; these DD of ITDD are shown in Fig. 1.

So, the analytical type of the proposed model is described as follow:

2 2
R,/R,=(1+0aBT+ BBsz)(l + oc’% + B%J exp(—y’ﬁz"j. (5)
r r r

3. DETERMINING COEFFICIENTS OF THE MODEL OF
DEFORMATION DEPENDENCES OF IIDD

The results of determining the model of the deformation dependences
of IIDD are presented by formulas (6)—(10), (6.1)—(10.1) and (6.2)—
(10.2) for each case illustrated by Figs. 2—6 and Tables 1 and 2.

Solid lines in Fig. 2 are calculated according to theory [2]; the
dashed line was calculated for model (6), the goodness of fitting (GOF)
to the solid line is 0.0145, the dotted line is the calculation for model
(6), GOF =0.0321; the dash-and-dot line is the calculation for model
(6.1), GOF =0.112; dash-and-dot-dot line is the calculation for model
(6.2), GOF=0.109:

R,/R, =(1+1.16BT + 0.74B*T*)(1-"7.37-10° M, /r +

+1.1-10" M2 /r?)exp(-2.15 - 102 M2 /r?), ©

R,/R, =(1+1.16BT +0.74B>T*)(1 + 7.05-10° M, /r + 6.1)
+3.02-102 M?2 /r?)exp(-2.825 - 10" M2 /r?),

R,/R, = (1+1.16BT +0.74B*T*)1-2.18 -10° M, /r + 6.2)

+1.26-10"" M /r*) exp(-1.085-10" M /r?).

Solid lines in Fig.3 are calculated according to theory [2]; the
dashed line is the calculation for model (7), GOF=0.0145, the dotted
line is the calculation for model (7), GOF=0.0872; the dash-and-dot
line is the calculation for model (7.1), GOF=0.116; dash-and-dot-dot
line is the calculation for model (7.2), GOF =0.068:

R,/R,=(1+0.2BT +0.78B’T*)(1 +1.54-10° M, /r +

(7
+9.035-10" MZ/r®) exp(~1.385 - 102 M2 /r?),

R,/R,=(1+0.2BT +0.78B’T*)(1 + 4.21-10° M, /r + (7.1)
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24
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1+ CukK
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0 T T T 1
-1.0 -0.5 0.0 0.5 1.0
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Fig. 2. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R, (BT)/R,.

3

220 Si
t=195um
21 /- TFeK,
3 MoK
\e o
8
1 -
CukK,
CuKB
0 T T T 1
-1.0 -0.5 0.0 0.5 1.0

BT

Fig. 3. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R,(BT)/R,.

+9.99 -10"2 M2 /r?) exp(~1.04 - 10" M2 /r?),
R,/R, =(1+0.2BT +0.78B*T?)(1 + 3.306 - 10° M, /r +

(7.2)
+4.57-10"2 M2 /r*) exp(-5.33 - 10> M2 /r?).

Solid lines in Fig.4 are calculated according to theory [2]; the
dashed line is the calculation for model (8), GOF=0.0181, the dotted
line is the calculation for model (8), GOF =0.117; the dash-and-dot line
is the calculation for model (8.1), GOF =0.0362; dash-and-dot-dot line
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37 220 si
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~
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0 T T T ]
-1.0 -0.5 0.0 0.5 1.0

BT
Fig. 4. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R, (BT)/R,.
is the calculation for model (8.2), GOF =0.103:
R,/R,=(1+0.079BT +1.025B*T*)(1 + 8.62-10° M, /r +

+3.8 10" M? /r*)exp(-2.038 - 10> M /r?), ©
R,/R,=(1+0.079BT +1.025B*T*)(1 +5.78 -10° M, /r + 8.1)
+1.08-10"° M{ /r*) exp(-2.031-10%* M, /r?),
R,/R, =(1+0.079BT +1.025B*T*)(1 + 3.561-10° M, /r + 8.2)

+4.151-10"" M /r*)exp(-1.092 -10"° M /r?).

Solid lines in Fig.5 are calculated according to theory [2]; the
dashed line is the calculation for model (9), GOF=0.007, the dotted
line is the calculation for model (9), GOF =0.062; the dash-and-dot line
is the calculation for model (9.1), GOF =0.02; dash-and-dot-dot line is
the calculation for model (9.2), GOF =0.09:

R, /R, = (1+0.489BT + 0.769B°T?)(1 + 7.61-10° M, /r +

+1.435-10"" M2 /r?)exp(-1.577 - 10" M2 /r?), ®
R,/R, = (1+0.489BT +0.769B*T?)(1 + 4.581-10° M, /r + ©.1)
+7.635-10"” M /r*)exp(-1.418 -10"° M2 /r?),
R,/R, = (1+0.489BT +0.769B*T*)(1 + 3.02-10° M, /r + ©.2)

+2.85-10"” M /r*) exp(-7.88 - 10> M /r*).

Solid lines in Fig.6 are calculated according to theory [2]; the
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1 220 si
t=390 im
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a MoK, ' FeK

1 - o

0 T T T ]
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BT

Puc. 5. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R, (BT)/R,.

3-

220 Si
=800 um
24
Q;.’.
2
o
14
0 T T T J
-1.0 -0.5 0.0 0.5 1.0

BT
Fig. 6. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R, (BT)/R,.

dashed line was the calculation for model (10), GOF=0.17, the dotted
line is the calculation for model (10), GOF =0.15; the dash-and-dot line
is the calculation for model (10.1), GOF =0.04; dash-and-dot-dot line -
is the calculation for model (10.2), GOF =0.16:

R, /R, = (1+0.848BT + 0.686B>T?)(1+1.7-10> M, /r +
+1.82-10" M2 /r*) exp(-1.76 - 102 M2 /%),
R,/R,=(1+0.848BT + 0.686B°T*)(1+ 2.61-10°M,/r + (10.1)

(10)
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TABLE 1. Deformation dependence coefficients for BT <0.75 interval for ab-
sorptive power.

t O(éuKB X B/CuKB X Y,CuKB X a‘:]uKu X B/CuKu X 'YzluKa X O(‘;‘eKu X B;‘eKu X ,Y;‘eKu X
um | x107° [ x107'?| x107*? | x107° | x10 2| x107 2 | x10™°® |x10 | x107*2
1110 7.05 3.02 -23.25 -2.18 1.26 -10.85 -7.37 11.0 -2.15
800 26.1 11.8 -19.1 14.0 2.206 -11.94 0.0017 1.82 -1.76
565 57.8 10.8 -20.31 35.61 4.151 -10.92 8.62 3.8 -2.038
390 45.81 7.635 -14.18 30.2 2.85 -7.88 7.61 14.35 -1.577

195 42.1 9.99 -10.4 33.06 4.57 -5.33 15.4 9.035 -1.385

TABLE 2. Deformation dependence coefficients for BT <0.75 interval for re-
flective power.

t, um o ‘ B

1110 1.16 0.74
800 0.848 0.686
565 0.079 1.025
390 0.489 0.769
195 0.2 0.78

+1.18 102 M2 /r?)exp(-1.91-10" M2 /r?),
R, /R, = (1+0.848BT + 0.686 B>T*)(1 + 1.4 -10° M, /r +

(10.2)
+2.206 -10” M /r’)exp(-1.94 - 10" M /r?).

Figures 2—6 show that model parameters are different for various
wavelengths and crystal thicknesses, i.e. to build the model that could
be used as a method of defect diagnostics, diffraction conditions and
BT interval must be constant.

Deformation-dependence coefficients for interval of BT <0.75 are
shown in Tables 1 and 2.

4. DETERMINING COEFFICIENTS OF THE DEFORMATION
DEPENDENCES OF TIIDD MODEL FOR VARIOUS DEGREES OF
STRUCTURE IMPERFECTION

According to the Chukhovskii—Petrashen theory, the DD of IIDD
shown in Fig.7 have been calculated for Si single-crystal plate of
thickness t = 530 um for the interval -0.781 < BT <0.744 for 220 Laue-
reflection MoK ;- and FeK ,-radiation with y=1.5°.
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2.0{ 220 Si MoK 2.01 220 Si FeK
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1.81t=530 um 1.6 t=530um
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Fig. 7. DD of IIDD of elastically bent ideal crystal normalized to IIDD of un-
bent ideal crystal: R, (BT)/R,.

The solid line in Fig. 7, a is calculated according to theory [2]; the
dashed line is calculated for model (11), GOF =0.000963; the solid line
in Fig. 7, b is calculated according to theory [2]; the dashed line is cal-
culated for model (11), GOF=0.0147 and

R,/R, = (1+0.68BT +0.8B°T?)(1+2.65-10° M, /r +

(11)
+4.71-10” M? /r*)exp(-9.31-10"* M /r?).

Then, the factors of the model of DD of diffuse component of TIIDD
have been determined for these diffraction conditions and the given
interval of BT change by using a somewhat simplified model, with ac-
count being taken of its necessary accuracy (11), through fitting of the
calculated DD of TIIDD (solid lines in Fig. 8) to the experimental ones
(marker on Fig. 8).

The solid line DD of TIIDD in Fig. 8, a is calculated according to
model (12); the dashed line DD of coherent component of TIIDD is cal-
culated for model (12), the dotted line DD of diffuse component of
TIIDD is calculated for model (12), GOF =0.208:

R, =3.39-107(1+0.61BT + 0.64B°T?)(1 + 2.81-10° M, /r) X
xexp(-8.22-10” M2 /r*) + 0.009 - 10" (1 + 0.49BT) x (12)
x(1+2.6-10° M, /r)exp(-6.2 - 10 M2 /r?).

The solid line DD of TIIDD in Fig. 8, b was calculated according to
model (13); the dashed line DD of coherent component of TIIDD was
calculated for model (13), the dotted line DD of diffuse component of
TIIDD was calculated for model (13), GOF =0.158:

R, =2.6-10°(1+0.61BT + 0.64B°T?)(1 + 2.81-10° M, /r) x
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Fig. 8. Deformation dependences (DD) of TIIDD of elastically bent crystal
with defects: R, (BT).

xexp(-8.22-10" M2 /r*) + 0.53-10°(1 + 0.49BT) x a3)
(1 +2.6-10° M, /r)exp(-6.2 - 10'3 M2 /r?).

The solid line DD of TIIDD in Fig. 8, ¢ is calculated according to
model (14); the dashed line DD of coherent component of TIIDD is cal-
culated for model (14), the dotted line DD of diffuse component of
TIIDD is calculated for model (14), GOF =0.149:

R, =2.44-10"°(1+0.61BT + 0.64B°T*)(1 + 2.81-10° M, /r) x
xexp(—8.22-10"* M /r*) +8.91-107"°(1 + 0.49BT) x (14)
x(1+2.6-10°M,/r)exp(-M_./r* -6.2-10").
5. CONCLUSION

A heuristic theoretical model of DD of TIIDD in single crystals with
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defects has been developed.

To determine the factors of the model, we use the Chukhovskii—
Petrashen theory for IIDD for bent defect-free crystals and the results
of the TIIDD theory in crystals with defects without bending as well as
real samples with varying degrees of imperfections and with measured
deformation TIIDD dependences.

The paper shows that by fixing the conditions of diffraction, sam-
ples that differ by defect structure only are described by the same mod-
el and the same factors for DD.

Thereby, it has been proved that the effects of both deformation and
defects on the coherent and diffuse components are factorized sepa-
rately in the model.

At the same time, a marked difference of this effect on Rz and R
components permits one to use DD of their total value (TIIDD) for de-
termining the structure of samples with various types of defects.
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