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Real structu re and clas si cal XRD line pro fi le 
ana ly sis

The term “real struc ture” is of ten used but not clearly de -
fined. We have dis cussed this in re la tion to a short course
on real struc ture of ma te ri als in cluded in Struktura 2009 in
Hluboká nad Vltavou [1]. In XRD, real struc ture is re lated
mainly to lat tice de fects in atomistic scale, and in a larger
scale to size, shape and dis tri bu tion (pos si bly pre ferred ori -
en ta tion) of grains (or crys tal lites – co her ently dif fract ing
do mains) and also their in ter ac tions (re sid ual stress). The
fields of tex ture anal y sis and re sid ual stress anal y sis have
been de vel oped and for the X-ray dif frac tion they con sist in 
mea sure ment of in te grated in ten si ties of se lected dif frac -
tion peaks hkl in de pend ence on the an gle of the cor re -
spond ing lat tice plane with re spect to the sur face and
anal y sis of peak po si tions in the same de pend ence, re spec -
tively.  The anal y sis of lat tice de fects can be done for ex am -
ple by care ful study of dif fuse scat ter ing which is usu ally
pos si ble only for sin gle crys tals or the so-called XRD line
pro file anal y sis. The lat ter pro ce dure was also de scribed
briefly in [1].

XRD line pro file anal y sis can be done di rectly on in di -
vid ual well-sep a rated dif frac tion peaks by de ter mi na tion of 
some rel e vant pa ram e ters as for ex am ple FWHM
(full-width-at-half-of-max i mum), in te gral breadth, mo -
ments – mainly the sec ond mo ment vari ance and Fou rier
co ef fi cients (FC). These pa ram e ters can be sub se quently
an a lyzed and some phys i cal char ac ter is tics like crys tal lite
size and microstrain are de ter mined. How ever, in this pro -

ce dure, for lab o ra tory data Ka2 com po nent must be sep a -
rated ei ther be fore the de ter mi na tion of pa ram e ters or af ter
that which was done in the past. Then it must be con sid ered
that the mea sured pro file is con vo lu tion of phys i cal pro file
with the in stru men tal one con tain ing the in flu ence of ge -
om e try and op tics of the in stru ment and broad en ing of
spec tral lines. There fore, some deconvolution or cor rec tion 
must be per formed, un less the dif fer ence be tween the in -
stru men tal and phys i cal broad en ing is large like for ex am -
ple in re ally nanocrystalline ma te ri als (with the crys tal lites
e.g. be low 10 nm). Some of the meth ods were de scribed for 
ex am ple by Klug and Al ex an der [2]. For approximative
method us ing just line widths there are a few sim ple meth -
ods of cor rec tion of in stru men tal broad en ing. Fa mous
War ren-Averbach (WA) [3] anal y sis con sists of sev eral
steps. Typ i cally, the FC of sev eral dif frac tion pro files of

the stan dard sam ple are de ter mined as co ef fi cients
cor re s pond ing to the in stru men tal pro file, then the FC for
dif frac tion peaks of sev eral re flec tion or ders of an a lyzed
sam ple are cal cu lated and for ex am ple the Stokes method

[see 3] (with a ben e fit of not nec es sary Ka2 elim i na tion) is
ap plied and the fi nally ob tained FC of the phys i cal pro file
are an a lyzed by the WA method. This is a sev eral-steps
pro ce dure with some crit i cal points, mainly the decon vo -
lution of noisy and fi nite pro files.

Ri etveld ana ly sis

In prac tice, we must work quite of ten with heavily over -
lapped pro files, some times even for one phase. In this case,
peaks are usu ally fit ted with some suit able pheno -
menological peak-shape func tions, mainly the Pearson VII, 
pseudo-Voigt or Voigt func tions, de scrib ing quite well
pro files of in di vid ual com po nents. Then, ba si cally, we
could pro ceed as in the pre vi ous case. Of course, by such
fit ting, some pro file fea tures can be masked. Prin ci ple dif -
fer ence be tween the so-called size and strain broad en ing is
its dif fer ent be hav ior in re cip ro cal space, the for mer be ing
con stant and the lat ter pro por tional to the dif frac tion vec tor 
mag ni tude, re spec tively. Sig nif i cant ani so tropy (hkl de -
pend ence) can be caused by anisotropic crys tal lite shape
for the for mer ef fect and for ex am ple dis lo ca tion type in the 
lat ter case, re spec tively.

In six ties, the Rietveld method ap peared [e.g. 4] which
later has be come ex tremely pop u lar. The idea of the
method is to de scribe whole pow der dif frac tion pat tern
with a suit able func tion con tain ing ev ery thing rel e vant in
some, if pos si ble an a lyt i cal, func tion with free pa ram e ters
to be de ter mined. Then, in prin ci ple, all re quired char ac ter -
is tics could be get in a few it er a tions. Of course, it is of ten
not so sim ple. The first aim was to ap ply the anal y sis for
struc ture re fine ment since the in te grated in ten si ties are pri -
mar ily re lated to the struc ture fac tors, that means also
atomic po si tions. Peak po si tions are re lated to the lat tice
pa ram e ters. Quite quickly the Rietveld method was also
used for the phase anal y sis. How ever, since all rel e vant ef -
fects must be in cluded in the pro ce dure also pa ram e ters re -
lated to real struc ture were con sid ered, usu ally in some
more or less phenomenological way. They de scribed tex -
ture, size and strain line broad en ing in some cases also re -
sid ual stress and now a days they are in clud ing also
anisotropic ef fects. Prob a bly, the most pop u lar clas si cal
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Rietveld type pro grams are FULLPROF by Juan Ro dri -
guez-Carvajal [5] and GSAS by Bob von Dreele [6]. There
are also oth ers (see [7, not up dated] for avail able Rietveld
soft ware) like BGMN [8] by Joerg Bergmann, BRASS [9]
and, of course, there is also pow der pat tern fit ting in fa -
mous Jana2006 [10]. There are also com mer cial Rietveld
or mul ti ple pur pose pro grams like TOPAS (Bruker),
High-Score (Panalytical) and oth ers.

Most of these pro grams use the so-called Cagliotti
poly no mial

FWHM rad U V W( ) tan tan2 2= + +q q                 (1)

for the de scrip tion of an gle-de pend ence of in stru men tal
XRD line broad en ing. In case, the cor re spond ing pro file
func tion used is the pseudo-Voigt (weighted sum of Gauss
and Cauchy func tions), we can in tro duce also an gle de -

pend ence of Cauchy-Gauss mix ing pa ram e ter h and pos si -
bly asym me try A as fol lows

h h h q= +0 1 2 ( )rad , 

A A A A= + +0 1 2
22 2/ sin( ) / sin ( )q q                (2)

The pa ram e ters U, V, W, h0, h1, A0, A1, and A2 are de ter -
mined by the fit ting of stan dard dif frac tion pat tern mea -
sured on the same in stru men tal ar range ment as the one
used for the mea sure ment of the in ves ti gated sam ples.
These re la tions are of ten ex tended and used also for the
anal y sis of the phys i cal broad en ing, in last ver sions of the
above pro grams in very flex i ble and more gen eral way.

It seems that the most com pre hen sive de scrip tion of in -
stru men tal ef fects it is the so-called fun da men tal pa ram e -
ters ap proach con sist ing in cal cu la tion of all in stru men tal
and spec tral com po nents. This was in tro duced mainly by
R.W. Cheary and it is used in TOPAS and also in Jana now.

The use of the Voigt or more pseudo-Voigt func tions is
pre ferred now to the Pearson VII. The Cauchy (Lo rentz)
and Gauss func tions can be ex pressed as fol lows

G x
x

HG( ) exp , ln= -
æ

è

ç
ç

ö

ø

÷
÷

=
1

2 2
8 2

2

ps s
s

C x
H

H
xc

c

( ) =

+

2 1

1
4

2

2p
            (3)

where HC and HG are FWHMs of the Cauchy and Gauss
com po nents, re spec tively. 

Ex ten sion of poly no mial (1) is made slightly dif fer ently 
in FULLPROF, GSAS and Jana. In Jana, sim i larly to
GSAS the Gauss FWHM is writ ten as [11]
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where the fourth term is the Scherrer co ef fi cient for Gauss
broad en ing.

The Cauchy FWM is com posed of five terms
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The X terms ac counts for Lorentzian Scherrer par ti cle
broad en ing and stands for iso tro pic and anisotropic part,

re spec tively. j is the an gle be tween the dif frac tion vec tor
and the broad en ing di rec tion. The Y terms de scribe strain
broad en ing. The last term stands for the Ste phen’s strain
ani so tropy, where the anisotropic strain is de scribed by a
sym met ri cal 4th or der ten sor [12] and this con tri bu tion to
FWHM is:

GA
ijmn

i j m nhkl d hkl D h h h h= =s q s( ) tan , ( )2 2        (6)

GSAS [13, more re cent 14] of fers sev eral func tions for
time-of-flight and for XRD and con stant wave length neu -
tron dif frac tion and XRD. Ba si cally, some of them are sim -
i lar as the above func tions used in Jana. They can in clude
pos si ble asym me try, ani so tropy and one of them also ef fect 
of mac ro scopic strain.

FULLPROF uses equa tions quite sim i lar as (4-5).
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where D and F func tions have dif fer ent ex pres sions de -
pend ing on the par tic u lar model of size and strain broad en -

ing. The pa ram e ter x is mix ing co ef fi cient to mimic Cauchy 
con tri bu tion to strains. The met ric pa ram e ters ai are con sid -
ered as sto chas tic vari ables with Gaussi an dis tri bu tion
char ac ter ized by the mean value and the vari ance-
 covariance ma trix [15]. The anisotropic strain broad en ing
is mod elled us ing a quartic form in re cip ro cal space. The
Stephens ap proach can be used as well. FULLPROF of fers
dif fer ent mod els for size (e.g. nee dle-like do mains) and
strain (with dif fer ent sym me tries of strain and lat tice), and
also pos si bil ity to de fine some re flec tion fam i lies (for spe -
cific hkl broad ened or unbroadened) which can sim u late
the ef fect of stack ing faults. The same is pos si ble to in tro -
duce in GSAS. The anisotropic crys tal lite shape is mod -
elled with a lin ear com bi na tion of spher i cal har monic
func tions ylmp nor mal ized ac cord ing to M. Järvinen [16].

The size con tri bu tion to in te gral breadth b is
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The ar gu ments are the po lar an gles of the vec tor h with
re spect to the Car te sian crys tal lo graphic frame, Dh is the
crys tal lite size.

To tal pow der diffracti on pat tern mo del ling and
fit ting

An other way came from the groups pri mar ily deal ing with
the real struc ture. The first one was Charles Houska [17,
18]. As he re al ized the men tioned above prob lems of sev -
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eral-steps WA anal y sis, he tried to de scribe the whole in di -
vid ual pro file by phys i cal func tion. The pro file func tion

P(s = 2 sin q/l) was ex pressed in terms of the Fou rier co ef -
fi cients of in di vid ual com po nents in clud ing in stru men tal
ones (re plac ing in such a way deconvolution with con vo lu -
tion, the way dom i nat ing now a days). The phys i cal FC in -
cluded two pa ram e ters re lated to the crys tal lite size ef fect
and two more or less phenomenological microstrain pa -
ram e ters as fol lows
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where AIc and AIg cor re spond to the Cauchy and Gauss
com po nent of the Voigt func tion used for ap prox i ma tion of 
the in stru men tal pro file, <L> is mean crys tal lite size in the
mea sured di rec tion uL = L/<L>. In te gra tion limit Sc is de -
pend ent on the vari a tion co ef fi cient of crys tal lite size dis -

tri bu tion Vc, Sc = 1+Ö3Vc. The size co ef fi cients As can be
ex pressed as the third-or der poly no mial of u, and there are
two types of strain co ef fi cients
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with the so-called uni form (eU) and non uni form strain (eD)
re lated to the mean-square strain as

e
e

eL

L

U
L

2

2

2= +  (12)

The re la tion is em piric based on many ob served cases.
The func tions were si mul ta neously fit ted to sev eral re flec -
tion or ders or ne glect ing ani so tropy just to a few dif frac tion 
pro files with dif fer ent hkl. The method was later ex tended
with stack ing faults. Ex am ples are also shown in [19].
There is no soft ware cur rently avail able for the method.

Later, Rietveld-type pro grams fo cused on real struc ture 
have been de vel oped by Matteo Leoni and Paolo Scardi in
Trento, Pm2k [20-23] and Gábor Ribárik in Budapest,
CMWPFIT [24-25]. Sep a rately, also quite well-known
sys tem MAUD was de vel oped by Luca Lutterotti [26-28]. 
Each of the pro grams has some fea tures which are com mon 
and also some which are unique. Since we have not been
fully sat is fied with any of these, we have been de vel op ing
our own sys tem MSTRUCT [29-32] writ ten by Zdenìk
Matìj as ex tended FOX sys tem [33] based on Crys tal Ob -
jects li brary. All the above pro grams are freely avail able,
some of them re quire reg is tra tion. 

CMWPFIT, Pm2k and MSTRUCT are ba si cally work -
ing with sim i lar al go rithms  for the de scrip tion of size and
dis lo ca tion broad en ing

To tal for mula for peak pro file is like this, sim i lar as de -
scrip tion by Houska (9)
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with in stru men tal Fou rier co ef fi cients T, size, strain and
stack ing fault FTs AS, AD and AF, re spec tively.

Phys i cal ef fects can be con ve niently mod elled in real
space (Fou rier co ef fi cients). The size broad en ing ef fect is
de scribed by the model func tion for log-nor mally dis trib -
uted spher i cal crys tal lites with two pa ram e ters to be re -
fined—me dian of crys tal lite size and vari ance of the
dis tri bu tion or al ter na tively by the dis tri bu tion his to gram. 

The ex pres sion for the size dis tri bu tion can look as fol -
lows [e.g. 24]
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Very pop u lar and of ten also re al is tic is log-nor mal size

(D) dis tri bu tion with two pa ram e ters m and s
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The strain broad en ing can be de scribed by the dis lo ca -
tion model in clud ing three pa ram e ters—dis lo ca tion den -
sity, dis lo ca tion-cor re la tion pa ram e ter, cut-off ra dius, and
dis lo ca tion types - frac tion of edge dis lo ca tions. As sum ing

prob a ble dis lo ca tion types the con trast fac tors c can be cal -
cu lated in spe cific cases. The strain Fou rier co ef fi cients
can be writ ten as
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where b is the Bur gers vec tor mag ni tude, r is the dis lo ca -
tion den sity, d* the interplanar spac ing of the first or der re -
flec tion, Rc cut-off ra dius (dis lo ca tion-cor re la tion para me-
ter) and f* com pli cated but known van Berkum or Wilkens
func tion. For cu bic ma te ri als, the orientaion fac tor can be
writ ten as fol lows
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h k h l l k

h k l
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+ +

+ +

2 2
2 2 2 2 2 2

2 2 2
,

( )
 (17)

with two pa ram e ters A, B to be fit ted or cal cu lated.
CMWPFIT is fo cused on the anal y sis of some

microstructural pa ram e ters for cu bic or hex ag o nal ma te ri -
als. The whole mea sured pow der dif frac tion pat tern is fit -
ted by the sum of a back ground func tion and ab-in itio
the o ret i cal func tions for size and strain broad en ing. In the
cal cu la tion of the the o ret i cal func tions it is as sumed that
the crys tal lites have lognormal size dis tri bu tion and the
strain is caused by dis lo ca tions. Strain and size anisotropies 
are taken into ac count by the dis lo ca tion con trast fac tors
and the el lip tici ty of crys tal lites. The fit ting pro ce dure pro -
vides the me dian and the vari ance of the size dis tri bu tion



Ó Krystalografická spoleènost

160 Struktura 2018 -  Lec tures Ma te ri als Struc ture, vol. 25, no. 3 (2018)

and the el lip tici ty of crys tal lites, and the den sity and ar -
range ment of dis lo ca tions. In stru men tal cor rec tion is con -
vo luted. There are no other ef fects in cluded. The pro gram
is work ing on-line.

Pm2k [23] has been de signed with mod u lar ity and
expansibility in mind. Three main en ti ties can be iden ti fied
in the pro gram: ker nel, plug-ins and user in ter face. The
ker nel is per form ing non lin ear least squares mini mi sa tion.
Plug-ins are com piled in de pend ently as dy namic load ing
li brar ies and linked to the ker nel at runtime. Us ers can eas -
ily im ple ment their own mod els into the ker nel. There are
quite a lot of in ter est ing fea tures in cluded (im ple mented as
plugins)

• In stru men tal broad en ing: Rietveld-Caglioti for mula.
• Size broad en ing: his to gram model for size dis tri bu -

tion (sphere, cube, tet ra he dron, octahedron, el lip -
soid, hex ag o nal prism, cyl in der, har mon ics),
an a ly t i cal model for size dis tri bu tion (delta,
lognormal, gamma, gen er al ised gamma, York dis tri -
bu tions of sphere, cube, tet ra he dron, octahedron, el -
lip soid, hex ag o nal prism, cyl in der, har mon ics). 

• Strain broad en ing: dis lo ca tions (fcc,bcc,hcp) us ing
the sim pli fied and full Wilkens mod els o dis lo ca tions 
(all sym me tries) us ing har mon ics in vari ant or Green
func tion. Houska-like mod els (Houska, Adler-
 Houska, mod i fied Houska) 

• Stack ing faults for fcc, bcc and hcp o cor re la tion
prob a bil ity, antiphase bound aries. Grain sur face re -
lax ation ef fect

• Ad di tional broad en ing mod els: grain-de pend ent lat -
tice pa ram e ter vari a tion, broad en ing due to
stoichiometry fluc tu a tions. 

The pro grams runs via in ter face but ba si cally runs on
the base of in put and out put file.

MAUD is prob a bly the most com plex pro gram avail -
able for the anal y sis of real struc ture but it does not in clude
dis lo ca tion mod els. Reg u lar schools on the soft ware are or -
ga nized in France. There is no man ual but sev eral tu to ri als
avail able. The pro gram is writ ten in Java and con trolled by
a GUI with many op ti mi za tion al go rithms avail able and
can work with X-ray, syn chro tron, neu tron, TOF and elec -
tron dif frac tion data. It can si mul ta neously fit sev eral dif -
fer ent spec tra, work with the data from 2D de tec tors, with
flu o res cence data. It can fit re flec tivity curves and it can
also make com plete tex ture and re sid ual stress anal y sis us -
ing part or full spec tra. The pro gram is well-adopted for the 
anal y sis of thin film and multilayers and of course
microstructure anal y sis (size-strain, ani so tropy, pla nar de -
fects, turbostratic dis or der and dis tri bu tions) is in cluded.

MSTRUCT pro gram is a sub ject of the course at this
meet ing and dur ing last years dif fer ent fea tures have been
in cluded af fect ing dif fer ent XRD line pro file pa ram e ters as 
de scribed for ex am ple in [30].

Peak po si tions are de ter mined by vari able unit-cell pa -
ram e ters and zero-shift er ror. Spec i men dis place ment er ror 
is not con sid ered for the par al lel-beam ge om e try but in -

cluded for sym met ri cal q-2q scans. For low an gles of in ci -
dence close to the an gle of to tal re flec tion, which are
re quired for very thin films, mainly be low 1°, re frac tion
cor rec tion must be in cluded. Re sid ual stress can in flu ence
the peak po si tions. Peak shifts then can also be anisotropic.
The ef fect of re sid ual stress in the cur rent ver sion of

MSTRUCT is in cluded for sim ple sym met ri cal bi axial
stress in the plane of a sam ple sur face and can be hkl de -
pend ent. X-ray elas tic con stants s1(hkl), s2(hkl) are cal cu -
lated in two ex treme mod els of grain in ter ac tions—Reuss
and Voigt. In the case of lower sym me try, they can be con -
ve niently cal cu lated ac cord ing to [33-35], and then two
refinable pa ram e ters i.e., re sid ual stress and frac tion of the
Voigt-Reuss mod els ap pear.

Peak in ten si ties are cal cu lated by the ObjCryst li brary
from a known crys tal struc ture. The struc tural pa ram e ters
can be var ied when nec es sary. How ever, they are used as
con straints for the peak po si tions and in ten si ties. The ef -
fects of ab sorp tion and tex ture cor rec tion in a thin film can
be in cluded. In gen eral, the tex ture cor rec tion can be ob -
tained from a known model of the ODF af ter ap pro pri ate
in te gra tion over all crys tal lites with dif fract ing (hkl) planes 
per pen dic u lar to the di rec tion of the mea sured dif frac tion
vec tors both for asym met ric and sym met ric scans. In prin -
ci ple any type of the ODF func tion can be sup plied to the
al go rithm and used for tex ture cor rec tion, but only a sim ple 
model us ing the Gaussi an dis tri bu tion of crys tal lites and
pos si ble in cli na tions of tex ture with re spect to the sam ple
nor mal is in cluded. 

Peak pro files are given by nu mer i cal con vo lu tion of a
known in stru men tal func tion and phys i cal pro files in clud -
ing sev eral refinable pa ram e ters. Size and dis lo ca tion-in -
duced strain broad en ing are de scribed above. For some
cases, phenomenological microstrain broad en ing can be
use ful. For this case, the peak broad en ing is mod eled by the 
pV func tion and its FWHM an gu lar de pend ence is given by 
the Cagliotti poly no mial con tain ing only the qua dratic term 
U. This means that the FWHM in re cip ro cal space units is
lin early in creas ing with the dif frac tion vec tor mag ni tude.
The shape fac tor of the pV func tion com mon for all hkl dif -
frac tion peaks can also be re fined. Then re la tions for
microstrain e can be used.
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where jG = 2(ln(2)/p)1/2 and jC = 2/p are the Gauss and
Cauchy shape pa ram e ters, re spec tively.

Anisotropic size broad en ing model was in tro duced in
MSTRUCT. A model of rods and plate lets like crys tal lites
were also com ple mented with quite com mon model of el -
lip soi dal shape.

If ap pro pri ate spe cific model is un known a pos si bil ity
of ar bi trary hkl de pend ent mul ti pli ca tion fac tors for peak
in ten si ties and also peak shifts can be in tro duced.

New non-stan dard mod els in MSTRUCT were de -
scribed in a lec ture at Struktura 2017. These are for ex am -
ple: stack ing faults on pris matic planes in WC, War ren- 
Bodenstein model for turbostratic nanoparticles, con fig u -
ra tion model for de scrip tion of bi modal microstructure, un -
con ven tional anal y sis of nanocrystalline and amor phous
like ma te ri als [36].
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L2

FitExc - program for fitting of diffraction lines in MS Excel 

FitExc - PROGRAM PRO FITOVÁNÍ DIFRAKÈNÍCH LINIÍ V MS EXCEL 

P. Veøtát
1,2

, J. Drahokoupil
3
, O. Heczko
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1Katedra inženýrství pevných látek, Fakulta jaderná a fyzikálnì inženýrská, ÈVUT v Praze
2Oddìlení magnetických mìøení a materiálù, Fyzikální ústav, Akademie vìd Èeské republiky

3Oddìlení materiálové analýzy, Fyzikální ústav, Akademie vìd Èeské republiky

vertat@fzu.cz

Základním krokem pøi studiu materiálù metodami rent -
genové, neutronové èi elektronové difrakce je peèlivá a
korektní analýza jednotlivých namìøených difrakèních
maxim, získaných èasto ve formì jednodimenzionálních

závis lostí I(2q). Pro mnohé aplikace, jako je napøíklad
pøesné urèení møížkových parametrù, stanovení koefi ci -
entù teplotní roztažnosti èi mìøení zbytkových napìtí, je
pak analýza nìkolika málo reflexí naprosto dostaèující. V
moderních komplexních programech je však tato snadná
úloha pro nepøívìtivost a pøehnanou robustnost uživatelsky 
èasto v krátkém èase a pøi vìtším množství dat obtížnì pro -
ve ditelná. Nemalou roli rovnìž mnohdy hraje neza ned -
batelná cena licencí specializovaných programù.

Z tìchto dùvodù jsme vyvinuli vlastní vyhodnocovací
pro gram umožòující pøesnou analýzu jednotlivých difrak -
èních profilù. Tento je vytvoøen v prostøedí MS Ex cel za
užití maker v jazyce VBA. Je tedy spustitelný prakticky na
jakémkoliv poèítaèi vybaveném standardním balíèkem MS
Of fice a díky svému uživatelsky pøívìtivému rozhraní je
ihned pøipravený k analýze difrakèních dat.

V souèasné dobì umožòuje pro gram naètení nìkolika
nejèastìji užívaných typù souborù s namìøenými difrak -

èními I(2q) záznamy (.xrdml, .xy, .xye) a jejich rychlé fito -
vání bìžnì užívanými analytickými funkcemi (Cauchy,
Gauss, Pearson VII, pseudo-Voigt) na základì pøed nasta -
vených èi uživatelsky definovaných charakteristických
spekter užitého záøení. Samozøejmostí pak je pøehledné
grafické znázornìní namìøených dat i fitu, fitování pozadí,
fixování libovolných parametrù, vykreslení rozdílové
køivky èi výpoèet krystalografických faktorù shody. Pro -
gram umožòuje fitování až tøí profilù najednou, tudíž je
možné jej s výhodou použít k rozlišení pøekrývajících se
reflexí a stanovení pomìru jejich intenzit.

V pøípadì zájmu o kopii programu k využití pro svùj
výzkum mùže ètenáø získat další informace na http://peo -
ple.fjfi.cvut.cz/vertapet/ èi kontaktovat autora.

Tato práce byla podpoøena grantem Studentské grantové
soutìže ÈVUT è. SGS16/245/OHK4/3T/14.

L3

Uni ver sal sys tem for ad min is tra tion of sam ples: De vel op ment of ex tended web ap pli ca tion from the
de vel oper's point of view

UNIVERSÁLNÍ SYSTÉM PRO SPRÁVU VZORKÙ: VÝVOJ ROZSÁHLÉ WEBOVÉ
APLIKACE Z HLEDISKA VÝVOJÁØE

K. Poruba
1
, M. Dušek

2

1Vysoké uèení technické v Brnì, 1 548 Antonínská Brno-støed Brno Èeská republika, 601 90
2Fyzikální ústav AVÈR, v.v.i., Na Slovance 2, 182 21 Praha, Èeská Republika

Tato pøednáška bude pøedevším o systému pro správu
vzorkù, který je využíván Fyzikálním ústavem Akademie
vìd ÈR. A to vše oèima vývojáøe, studenta VUT, kluka z
Valašska. Zaèátek tohoto systému je datován nìkde v záøí
roku 2014, kdy jsem ještì jako støedoškolský kluk sedìl v
lavicích a sotva jsem zaèínal s tvorbou webù. Nìkdy v létì
2014 jsem na na dnes již upadajícím fóru JakPsatWeb.cz
dával inzerát, ve kterém bylo, že jako stu dent nabízím
tvorbu webových stránek a jednodušších webových
systémù. Nìkolik mìsícù na inzerát moc lidí nereagovalo,
až v záøí se ozval pan Michal Dušek s otázkou, zda-li ještì
stále nabízím tvorbu webových stránek. Hned na první
pohled mì hodnì udivilo, že na takový inzerát úplnì

neprovìøeného kluka zareguje tak kompetentní osoba ve
svém oboru s prosbou o vytvoøení komplexního webového
systému, který dnes celému oddìlení FZU ušetøí mnoho
práce.

“Dobrý den, poøád ještì nabízíte tvorbu webu? Mám
takový ponìkud specielní požadavek týkající se provozu
laboratoøe.“

Pøesnì touhle vìtou vývoj zaèal. Bìhem následujících
týdnù jsme formovali myšlenku celého systému, jak jej
udìlat, co bude umìt a hlavnì, jak to celé zrealizovat.
Jelikož jsem jednoduché weby s lehkou administrací již
pøedtím dìlal, utvrzovalo mì to v tom, že tento job není až
zas tak z mého pohledu šílená vìc, jak se na první pohled
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zdálo. Z pøedchozích zkušeností jsem docela dobøe umìl
jazyk PHP. Bylo tedy jasné, na èem zaènu stavìt. Jenže
jazyk jsem ovládal na potøeby pøihlášení, páru URL adres a 
nìjaká ta jednoduchá správa zpráv a uživatelù. Ovšem pro
první požadavky ze strany pana Duška to staèilo, takže
jsme se pustili do práce.

Po nìkolika mìsících jsme mìli první verzi, kterou
jsem psal na vlastním nabastleném kódu bez použití jaké -
ho koliv frameworku, které bìží na PHP, což byla asi
nejvìtší chyba a stálo mì to ve výsledku hodnì práce.
Kdybych to mìl pøiblížit, jak velký omyl to byl, tak bych to
pøirovnal asi k motoru dvoutaktní pùlkubíkové motorky.
Pokud bych si chtìl takový mo tor vyrobit, trvalo by to
zcela jistì hodnì týdnù. Po tìch týdnech usilovné práce
bych si øekl - “Ano, povedlo se mi to, ale tady to má
mouchy, tady vlastnì taky a nakonec to pøece jen není tak
dobré, jak jsem èekal”. A potom by pøišel kamarád s tím, že 
si podobný mo tor lepší funkènosti sehnal za pár kaèek u
Èíòana za rohem v sousední vesnici. 

Systém jsme tedy mìli, základní funkènost byla a vše
odpo vídalo zadání. Jako u všech systémù se ale hlavní
nedos tatky projevily až po praktickém použití. Nìco bylo
špatnì navrženo, nìco mìlo být zase jinak, nìco naopak
vùbec nemìlo být. V tu chvíli se kód zaèínal šmodrchat jak
Boloòské špagety pøi pokusu o namotání na pøíbor. Ještì
nìjakou dobu to takhle pokraèovalo, až jsme se dopra -
covali ke stavu, kdy jsem usoudil, že to tak dál nelze. Bylo
pøede mnou tìžké rozhodnutí - zkusit celý kód refaktorovat 

a nebo ho napsat úplnì jinak. Tìžká rozhodnutí bývají
mnohdy na delší èasový úsek, ale v mém pøípadì to bylo po 
pomyšlení, jak jsem nìkteré èásti “velice úhlednì a èistì”
napsal, zcela jasné.

Do hry s tedy dostal další zcela neèekaný faktor -
frame work. Což je laicky øešeno taková souprava
komponent, které se nemusí vymýšlet od zaèátku, ale již
jsou naprogramované a hodnì sofistikovaným zpùsobem
se skládají do sebe a tím vytváøejí nìjakou logickou èást.
Samoz øejmì to zní jednoduše, bohužel tomu tak zcela není. 
Astra v tu chvíli byla už pomìrnì rozsáhlý systém, který
zahrnoval mnoho funkcionalit a nabalování dalších už ho
potápìlo jak ve stránce výkonu, tak i pøehlednosti a
chybovosti.

Nastala tedy asi nejdùležitìjší fáze - pøepis na nový
frame work Laravel. S výbìrem jsem dlouho neváhal, tento
frame work nabízel veškeré funkcionality, co byly tøeba.
Naprosto každá vìc byla novì vìtšinou i koncepènì zcela
jinak, než pùvodnì. Asi nejvíce to pomohlo šablonovacímu 
systému a systému pøiøazování URL adres. Díky tomu jsme 
mohli vypisovat složitìjší tabulky, dìlat složitìjší propoèty 
a mnoho výkonu jsme pøenesli na stranu klienta, což
systému v mnohém pomohlo. Výborná vìc byl taky zpùsob 
emailingu a automatických vychytávek, jako je tøeba
automatická kontrola vzorkù, pùlnoèní emaily a jiné.

O postupu a programování systému se mnohdy špatnì
píše, tento pøípad bude ukázkový. Vìøím, že v živém pøed -
ne su to dokážu i se špetkou humoru shrnout ještì lépe.
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SUBSTITUTION LIMITS IN NEW MINERAL STAROÈESKÉITE
Ag0.7Pb1.6(Bi1.35Sb1.35)2.70S6 

R. Pažout

In sti tute of Chem i cal Tech nol ogy, Technická 5, Praha 6,166 28, Czech Re pub lic
rich ard.pazout@vscht.cz

A new min eral, staroèeskéite, a sul fide of Ag. Pb, Bi and
Sb, was found in Kutná Hora ore dis trict, Czech Re pub lic,
chem i cal com po si tion es tab lished, struc ture solved, pro -
posal for a new min eral sub mit ted to the Com mis sion for
new Min eral of the In ter na tional Min er al og i cal As so ci a -
tion and min eral ap proved.  The sim pli fied em pir i cal for -
mula based on elec tron probe microanalysis is
Ag0.70Pb1.60(Bi1.35Sb1.35)S2.70S6. The min eral be longs to the
fam ily of lilllianite ho mol o gous se ries with N = 4, with a
gen eral for mula Ag+

X Pb2+
3-2X Bi3+

Y S6.The N value rep re -
sents a num ber of octahedra  in two neigh bour ing blocks in
the struc ture (sites M1 and M2, Fig 1), where two main sub -

sti tu tions take place: 1. Ag+ + Bi3+, Sb3+ « 2 Pb2+and 2.

Bi3+ « Sb3+. 
Staroèeskéite is orthorhombic, space group Cmcm,

with a = 4.2539(8), b = 13.3094(8), c = 19.625(1) C, V =
1111.1(2) C3, Z = 4.  The struc ture of staroèeskéite con -
tains four sul fur sites and three metal sites: one pure Pb site
M3 in trigobal pris matic co or di na tion and two mixed oc ta -
he dral sites - each with three atom spe cies: M1 (0.52Bi +
0.356Ag + 0.124Sb) and M2 (0.601Sb + 0.259Pb + 0.14
Bi).  The found min eral is char ac ter ized by Bi:Sb ra tio 1:1

(Bi/(Bi + Sb) = 0.50) and the Ag+ + Bi3+, Sb3+ « 2 Pb2+

sub sti tu tion (L%) equal to 70 %.
Be cause there are sev eral min er als of a sim i lar and very

close com po si tion in the lillianite se ries of sulfosalts (Fig

Fig ure 1. Crys tal struc ture of staroèeskéite
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2), it is nec es sary to de ter mine the ranges of sub sti tu tion
(sub sti tu tion lim its) within which the min eral is de fined.
Em pir i cally it was de ter mined that the name staroèeskéite
would be valid for a lillianite struc ture with com po si tion

AgxPb3-2xBiySb2+x-yS6 with the bound aries  y £ x £ 0.8, and

1-y x £  y £ 2, where the pa ram e ter x = Ag con tent = L% and
y = to tal Bi con tent.  Thus we con cluded that for
staroèeskéite to ex ist, there must be tween 20 to 50 % oc cu -
pa tion of M2 site by Pb, apart from fully oc cu pied M3 site.

Other Pb con cen tra tions in M2 site lead to dif fer ent min er -
als.

1.    R.Pažout, M. Dušek (2010) Crys tal structure of nat u ral
orthorhombic  Ag0.71Pb1.52Bi1.32Sb1.45S6, a lillianite
homologue with N = 4; com par i son  with gustavite. Eu ro -
pean Jour nal of Min er al ogy, 22,741-750.

2.    R. Pažout, J. Sejkora J (2018) Staroèeskéite,
Ag0.70Pb1.60(Bi1.35Sb1.35)S2.70S6, from Kutná Hora, Czech
Re pub lic, a new mem ber of lillianite  ho mol o gous se ries.
Min er al og i cal Mag a zine, 1-26. doi:10.1180/minmag.2017.
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COM PAR I SON OF RE SID UAL STRESSES DE TER MINED US ING DIF FER ENT
METH ODS

J. Èapek, K. Tro jan, J. Nìmeèek, N. Ganev

De part ment of Solid State En gi neer ing, Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, 
Czech Tech ni cal Uni ver sity in Prague
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The ma jor ity of hith erto prac ti cally used dif frac tion mea -
sure ments meth ods and al go rithms for re sid ual stresses cal -
cu la tion as sume case of iso tro pic (non-tex tured) poly-cr
ystalline ma te rial. Due to the com par a tively fre quent ex is -
tence of pre ferred ori en ta tion (tex ture), not only in met als,
it is more than de sir able to have at dis posal a method, pro -
ce dure and even a com pu ta tion al go rithm for proper and
cor rect re sid ual stresses de ter mi na tion. For this pur pose, a
new method was used for de ter mi na tion of re sid ual stresses 
with out ne glect ing the tex ture.

For de ter mi na tion of re sid ual stresses, three meth ods

were used: stan dard sin2y method, method of har monic
func tion [1] and new method based on a model by Dölle [2,
3]. Con trary to Dölle method, the new method de ter mines
anisotropic elas tic con stants as a weighted av er age be -
tween sin gle-crys tal and X-ray elas tic con stants with
weight ing be ing done ac cord ing to the rel a tive in ten si ties

in the mea sured di rec tions. 
The tested sam ples of plate shape were made of AISI

420 (fer rit ic), AISI 304 (austenitic) and AISI 318LN (du -

Fig ure 2. Di ver sity of min eral spe cies from the se ries of lillianite homo logues with N = 4: Star - staroèeskéite, Gus - gustavite, UN -
undersubstituted gustavite, Ter - terrywallaceite, Fiz – fizelyite,  Ram – ramdohrite, And IV – andorite IV, Nak – nakaseite (Cu-rich
andorite VI).


