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SOLVING MINERALOGY PROBLEMS
WITH THE HELP OF THE “ORIGIN” PACKAGE

Abstract. Algorithms for solving typical mineralogical problems associated with quantitative x-ray spectral
analysis and quantitative x-ray phase analysis using the program “Origin” are developed. The calculation of the areas
and midpoint of spectral lines using the tabular processor of the program “Origin” is considered. Various approaches
to determining the parameters of spectral lines using the least squares method using the standard functions of the
program “Origin” were tested. The creation of a user function for approximation of diffraction maxima by the
Cauchy function taking into account the doublet character of Kaseries of x-rays is also considered. Various built-in
algorithms for smoothing functions (based on averaging, polynomial approximation and Fourier analysis - synthesis)
were tested to find weak diffraction maxima against strong noise; optimal schemes for the application of these
algorithms were found. The considered algorithms can be applied in universities when processing the results of
laboratory works on the topics "Analysis of spectra of emission of atoms", "Quantitative x-ray spectral analysis" and
"Quantitative x-ray phase analysis".
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Introduction. In the study of minerals in Geology and Mineralogy, the most important stage of the
analysis is to determine the chemical composition and phase composition of the studied mineral samples.
X-ray spectral analysis is the most common method for determining the composition, it allows to
determine both the qualitative and quantitative composition ofthe sample using the emission x-ray spectra
of the sample [1,5]. X-ray phase analysis is widely used to solve the problem of crystal phases
identification and determination of their relative fractions in minerals. It is based on the determination of
interplanar distances by radiographs, and then a search is carried out on the databases ofthe corresponding
phases [2,4].

The determination of wavelengths in x-ray spectral analysis and the determination of interplane
distances in X-ray phase analysis is based on the application of the Bregg-Wolfe formula, in which the
measured parameter is the position of the diffraction maximum angle on the diffraction graph [3,4].
Quantitative X-ray spectral analysis and quantitative X-ray phase analysis are based on determining the
areas under diffraction maxima and calculating through these areas the ratio of the number of elements or
the ratio of the number of phases. This task is greatly complicated in cases where the diffraction lines of
the phases overlap and it is not possible to distinguish individual lines in simple ways. In this case,
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algorithms based on the least squares method (LSM) or on the methods of solving integral equations by
A.N. Tikhonov regularization methods are used [6,7].

Usually such problems are solved with the help of expensive specialized programs or algorithms and
programs created by users in such environments as Matlab, Fortran, etc. [8-12]. In the latter case, it is
necessary to create long texts of algorithmic programs in programming languages, which can be done by
experienced programmers only. Some tasks of this problem, however, can be performed very efficiently
with the “Origin" package [13,14]; it does not require complex programming, and most of the necessary
computational operations can be performed at the OSD level.

The purpose of this work is to develop a methodology for the analysis of radiographs using the
“Origin " package, in particular methods for the precise determination of the angular position of the
integral intensities and the angular width ofthe lines using the least squares method.

Research methods. In the case of X-ray spectral analysis and X-ray phase analysis, the typical view
of the intensity dependence on the diffraction angle is as in figure 1. The functional dependence can be
represented as several maxima 1-7, located on a smoothly changing background.

Figure 1- Functional dependence of intensity on diffraction angle in case of phase analysis of polycrystalline sample

If the maxima are located without overlap, as in the case of 1, 2, 4-7 in figure 1, then in the “Origin"
environment, it is advisable to calculate the determination of the positions of the lines as the position of
the center of gravity ofthe figure formed by the graph and the background line, and the integral intensity
as the area ofthis figure. To do this, first select a separate line, then find the background value at the edges
of the lines, create a column describing the background as a linear function of the angle, and subtract the
background function from the intensity values (2nd column), writing the result in the fourth column. Next,
the 5th column is created equal to the slow multiplication ofthe elements ofthe 1st and 4th columns. Then
through the menu “statistics\descriptive statistics\statistics in columns” calculate the sum of the elements
of all columns. The area of a line is proportional to the sum of the elements of the 4th column, and the
position ofthe center of gravity ofthe line is equal to the sum ofthe elements ofthe fifth column and the
sum of elements of the fourth column. Thus, you can find the position of the center of gravity of the line
and the area ofthe isolated line.

Results of the analysis of poorly resolved spectral lines. In the case of overlapping lines as in
figure 1 (3rd line) or to improve the accuracy of determining the parameters of isolated lines, it is
necessary to use the decomposition of a complex line into components using the least squares method
(LSM). Then, using the parameters ofthe lines, you can find the positions oftheir center of gravity and the
area of each line. In the package, the LSM is activated using the “analysis\fit multi peaks” menu; next,
select the form of the “Gaussian” or “Lorentzian” peaks. In the case of Lorentzian, the decrease in
intensity from the maximum to the edges ofthe line is slower than in the case of Gaussian.

In the case of Lorentzian, the shape ofthe line is given by the formula:
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In this formula: Xc - position ofthe center of gravity of the line; W - half-width of the line at half its
height; A is the area ofthe figure below the line.
In the case ofa Gaussian, the shape ofthe line is given by the formula

Xc - position of the center of gravity of the line; W - half-width ofthe line at half its height; A is the area
ofthe figure below the line.

In both cases, each line is defined by 3 parameters. Another parameter describes a uniform
background.

To determine the parameters of the lines in the program "Origin" after activating the menu
"analysis\fit multi peaks\" you should specify the number of peaks and their approximate width. Next,
double-click to mark the vertices of each peak. After that, the results of approximation ofthe experimental
curve by Gaussians (Lorentzians) and a table containing the parameters of these peaks will appear on the
graph.

Figure 2 shows an enlarged fragment of the X-ray (peaks 1 and 2 in figure 1) and the results of its
decomposition into lorentzians.

Figure 2 - The enlarged fragment of the radiograph (figure 1) and the results of its decomposition into lorentzians

The parameters of the lorentzians are given in the table inserted in figure 2, and the Protocol of the
“Origin” program on the solution ofthis problem is given in figure 3.

Figure 3 - Protocol ofthe “Origin” program on the solution of the problem shown on figure 2



ISSN 1991-3494 4. 2020

In the case of X-ray diffraction, the shape of the lines is approximated by the Cauchy function in the
best way. This function is described by the Lorentzian squared. Also, the background near the X-ray line
is often described not by a constant, but by a linear function of the angle. To improve the accuracy of
analysis we must take into account the doublet nature of X-ray radiation, namely: instead of one line we
must take into account two. The intensity and relative position of these lines is determined in accordance
with the spectrum of Ka series of X-rays emitted by atom. There is no such function in the library of
“Origin" ready-made functions. However, the program "Origin" provides the ability to create your own
user function. To do this, go to the menu section "Analysis\Nonlinear Curve Fit\Advanced Fitting Tool\".
In the window that appears, through the "Function\" menu, select the creation of a new function, set the
number of its parameters (=7) and write in the window an expression characterizing the Cauchy function
with 4 maxima:

P1 *P2/ (P2 A2 + (x - P3) A2) A2 + P1 * P2/ (P2 A2 + (x - P3 - 0,14) A2) A2/ 2 + P4 *P5 [ (P5 A2+
+ (X -P6)a2)a2+P4*P5/(P5a2+ (X-P6-0,14)a2)a2/2+P7.

The number 0.14, calculated from the table data on the wavelengths of the doublet lines shows the
shift of the Ka2 component of the Ka doublet from the Kal component by the diffraction angle in this
formula; also, the formula takes into account that the Ka2 component is weaker than Kal by two times.

Next, through the “Action\Simulate\” menu, approximate values of the parameters P1 .. P7 of the
user function should be set. After that, the menu item "Action\Fit" is activated ; in the new window that
appears, press the "1 iter" button several times until the approximating curve of the red color approaches
with satisfactory accuracy to the experimental points. The results of the parameter definition can be seen
using the “Action\Parameters” menu.

An example of using this algorithm for the case of the third maximum (see figure 1), which consists
four closely spaced, almost merged maxima from the two phases (two maxima Kal and K & from each
phase) is shown in figure 4.

Figure 4 - The third maximum (shown in figure 1) and results of its decomposition into 2 components using Cauchy-function
for aprocsimation of Ka -double spectra

The parameters ofthe Cauchy function for two maxima with doublet lines earch are inserted in figure 4.

The "Origin" program provides the possibility of smoothing functions in order to suppress noise in
various ways to search for weak diffraction maxima. With these relatively simple algorithms, which are
activated using the on-screen menu “Analisis\smoothing\”, it is possible to smooth functions in three
common ways.
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The first group of smoothing algorithms (S-G - in figure 5) is based on smoothing through averaging
the neighboring values ofthe function. You must correctly select the required number of points to the right
and left of the calculated function value. This number should be increased in case of higher noise.
However, excessive smoothing leads to smoothing and sharp maxima of the function and its sharp step
differences.

The second group of algorithms (AA-in figure 5) draws a polynomial curve through the selected
point and several adjacent points and selects the value of the polynomial at that point as the smoothed
value. It is also necessary to choose the optimal number of points to the right and left of the calculated
value ofthe function.

Smoothing functions based on using the third group ofalgorithms (FFT-in figure 5) are calculated via
calculation of the Fourier image, correcting it in the high frequency domain and constructing a new
corrected function as Fourier synthesis.

These three groups of anti-noise algorithms are activated using the on-screen menu In the Origin
environment. The results ofthese algorithms work are presented in figure 5.
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Figure 5- The results of the application of smoothing algorithms:
S-G - through polynomial approximation; AA - by averaging the neighboring values of the function;
FFT - through the calculation and adjustment of the Fourier image

The best results of smoothing in our case of sharp maxima search against strong hindrances were
reached at use of algorithms of smoothing through approximation (S-G) by a polynomial of the second
order on 5-9 points. They should be applied to the processing of data with the aim of searching for weak
diffraction peaks.

Conclusion. Algorithms for solving typical mineralogical problems associated with quantitative
X-ray spectral analysis and quantitative X-ray phase analysis using the program “QOrigin” are developed.

These algorithms can be also used in universities when processing the results of laboratory work on
the topics "Analysis of the emission spectra of atoms", "Quantitative x-ray spectral analysis" and "Quanti-
tative x-ray phase analysis".

P. T. A6apanmoBl V. b. BuHTtainkun2, M. A. Cangaxmetosl, H. K. Magusposl, M. A. A6gyanuesal

:M. Qye3oB atbiHAarbl OLTycnK KazakctaH MemMneKeTnK yHuBepcuTeT” LLbIMKeHT, KasakcTaH;
2H. baymaH aTblHAarbl Mackey MemMneKeT/IK TeXHUKanbLy yHUBepcuTeT Mackey, Peceit

«ORIGIN» MAKET APUbINTbI MNHEPANOTNA ECENTEP1IH WWELWWY

AHHoTayua. «Origin» 6argapnaMachl apKbi/ibl cananbl X3He CaHAbIK PEHTreHAi CnekTpandblK Tanjay XsHe
cananbl, CaHAblK peHTreHAi asanbik Tangay Hemswje MWHepanorns MeH MaTepuantaHyra KaTbICTbl TUMK
MiHOEeTTepAi Wwewy anroputMaepi asipneHai. Audpaktorpammaga mMakCUMymAaapAbl XXapTblaali aBTOMaTThl i34ey
npoueaypanapbl, «Origin» 6argapnamachbiHblL, KeCTeL MPOLEeCcCopbl, COHbIL W BAe KYPaeni Hemece CMMMETPUSANbI
emec hopmMagars! Cbi3blK KEMeNMeH CreKTpanbAi Cbi3bIKTapabll, aybIp/blK ayjaHAapbl MeH OpTanbiKTapbl ecentenar
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«Origin» 6argapnamacbiHa eHN3WreH cTaHAApTTbl annpoKCUMaLnanaiTbiH GyHKumsnapabl (JlopeHu, Faycc XsHe
6acka) naiganaHa OTbIpbIM, €H a3 KBagpaTTap 34iCiHIH KeEMenMeH CNEeKTP/iK Cbi3blK MapameTpnepiH aHblKTayAblH
TYpni Tacingepi 6akbinaygaH erri. COHbIMEH KaTap, AWMPakuManbiK MakKCMMymAbl annpokcumauusnay YiliH
naganaHylwbl (QYHKUMACBIH K¥pY 3fici KapacTbIpbinAbl, aTanraH 34iC  CMeKTPNiK >K3He Andpakuuaibik
CbI3bIKTapAbIH [31 annpoKCMMAaUMACbIH KamTamacbl3 eTefi, pPeHTreH caynecww, kK - cepusicbiHbIH Ly6neTnk
cUNaTbiH eckepe OTbIPbIN, aNMPOKCUMALUANLIK QYHKUMANapAbl K¥py >Kongapbl KepceTingi. ®yHKUMS MaHAepL
HipHelle XakblH OpHanackaH HYKTenepfe opTtalianayra; TYpni gapexegeri noAMHOMAapMeH annpokcumaumsanayra
X3He (PYHKLMS M3 peTiHAe OCbl NOAMHOM M3HLW TaHaayra, ®ypbe-6eiiHeHiH orapbl XULWKN 6eniriH TYpni
TacingepmeH 6acy apkbiibl ®Pypbe - aHanM3-CUHTE3re HerisgenreH QyHKUMAnapAbl Tencteyw, TYpAi KipikTipinreH
anroputmaepi cblHakTaH eTTi. Ocbl anropuTmaepai  KYWTi Kejepruep ascbiHAa 31ci3  gugpakunmoHabl
MakKcuMyMmaapgbl i3gey YLWiH KongaHy >Xonjapbl KepceTingi; aranraH anroputMmiepAi KonjaHyAbliH OuTaiinbl
cxemanapbl aHblkTangbl. Meican peTiHge «Origin» nakeTiHiH agMenmeH TepT (asanbl MaTepuanibliH “HTaK
YOTirimH gudpakyMoHabl CNeKTpiH Tangay > MbiCTapbl KapacTblpbligbl. ATanraH CNeKTp CNeKTPAi PeHTreHAi
(h1I0OPECLEHTNK Tanday MeH 3epTxaHanapfa peHTreHAi (asanbik Tangay YLWiH KonfaHblnatblH ekl TWUAMK
XYKTeNreH AM(PakTOMeTp apKbiibl anbiHAbl. A3 KBafgpatTap 3fici 6oMblHWa ipikTeneTiH napameTtpnepi 6ap
(DYHKUMSAMEH annpoKcUMMauus HerisiHge KapanavbiM K¥paybllTapra 3/ci3 cnekTpanbAi Keninepgi bigblpaty
XOMbIMEH peHTreHorpammanapisl TanfayAblH atairaH 3fjacTepll KofjaHy epekLuenikrtepi KapacTblpblifgpbl.
KapacTblpbiiraH anropuTMaepai 3aTTapfblH, MuHepanfap MeH MaTepuangapfblH - (asaiblk  K¥pambl MeH
K pbINbIMBIH 3epTTeyre MaMaHAaHraH rbifIbIMU X3He eHfIpIiCTiK 3epTxaHanapja KongaHyra 6onagbl. LarbiH
e3repicTepMeH 33ipneHreH agictemenepgi xpomarorpadus, pagnodusnka MeH 31eKTPOTEXHMKaZarbl eTneni XsHe
WekKTiK Y[epicTepai uMppAbiK ocuunnorpauanay 3ficCiMeH anblHraH 3KCMepuMeHTangbl AepekTepdi Tangay
6apbicbiHAa KongaHyra 6onagsl. CoHbIMEH KaTap, 67N agicTemenepii yHuBepcuTeTTepae 6akanaBp MeH MarucTpnep
OpbIHAAWTBLIH 3epTXaHanblK X/ MbICTap HITWXKECL! eHAey Ke3iHAe «aToMAapAbl Libirapy ChekTprepw Tangay»,
«CaH[blK PEHTreHAi CMeKTpandblk Tangay» »>JHe «CaHAbIK PeHTreHgi (asanblk Tangay», «PeHTreHfi
cnekTpockonusx», «Meccbayapaik CNeKTPOCKONNSA», «DKCMEPUMEHT HITVKENEPLL eHAEY», «ECENTeY MPaKTUKYMbI»
TakbIpbiNTapbl 60libIHWA KoAAaHblnagbl. CunattanraH agictemenepgi naliganaHy 6apbicbiHAa AepeKTepai eHaeyae
eHOEKTI aan KaxeT eTeTiH - KO/IMEH aTKapblnaTblH X/ MbICTap GapblHLIA a3aiTbibiM, X MbIC Ke3iHAe Ke3aehcok
KacanatblH KaTenlikTep asafgbl api gepektepai eHgey Y/epici xxegengetinegi.

TywWH ce3gep: peHTreHAi cnekTpanfblK Tanjay, peHTreHfi (asanbik Tangay, eH Kili KsajpartTap 3gici,
cCUrHangapfbl eHfey, hyHKUUsnapasl TencTey, Wyabl 63ceHAeTY.

P. T. A6gpaumoBl . b. BuHTtaiknn2, M. A. Cangaxmetosl, H. K. Magusaposl M. A. A6ayanueBal

1OHO-KasaxCTaHCKWIA rocyAapCTBEHHbIN YHUBEPCUTET M. M. AyasoBa, LLIbIMKEHT, KasaxcTaH;
2MOCKOBCKUIA rocyapCTBEHHbIV TEXHUYeCKUii yHuBepcuTeT um. H. 3. baymaHa, Mocksa, Poccus

PEWWEHWME 3SAJAY MUHEPANOT N C MOMOL,bKO MAKETA “ORIGIN”

AHHOTaLuMsA. Pa3paboTaHbl anropuTMbl PELLUEHUS TUMUYHBLIX ANS MUHEPaNnorun 1 mMaTepuanoBefeHUs 3afad,
CBSI3aHHbIX C MPOBEAEHMEM Ka4yeCTBEHHOr0 M KOMIMYEeCTBEHHOr0 PEHTIeHOBCKOMO CMEKTPasbHOM0 aHanm3a U Kadec-
TBEHHOTO M KOMMYECTBEHHOr0 PEHTFEHOBCKOrO (Pa30BOr0 aHanm3a ¢ MOMOLLbI0 nporpaMMbl “Origin”. PacCMOTpEHbI
npoLieaypbl NOlyaBTOMAaTUYECKOr0 MOMCKa MaKCUMYMOB Ha AU(paKTorpammax, BelUMCeHre NoLajeid u LeHTpoB
TSDKECTU CMEeKTPaNbHbIX NIMHUIA C NOMOLLbLI TabAMYHOrO mpoueccopa nporpaMmel “Origin”, B TOM 4ucie NUHWIA
CNOXHOW WA HECUMMETPUYHOW (hopMbl. ONpo60BaHbl pa3NnyHble NOAXO0AbI ONPeAeneHns napaMeTpoB CreKTpab-
HbIX MUHWI C NMOMOLLbI0O MeTOoAa HauMeHbLUMX KBaApaToOB C MCMO/Mb30BaHMEM CTaHAAPTHbLIX annpoKCUMUPYHOLLMX
(hyHKumin (JlopeHua, [aycca v Apyrux), BCTPOEHHbIX B nporpammy “Origin”. Takxe paccCMOTPEHO CcO34aHue
(hYHKLMM NOMb30BaTeNs 418 annpoKcUMaLum AngpaKLMOHHbIX MaKCUMYMOB Ha npuMepe yHKUuM Kolm, koTopast
o6ecrneymBaeT Hanbosiee TOUHYH annpPOKCMMaLMI0 CNeKTPanbHbIX U AUGPaKLUOHHBIX MHWIA, NPOAEMOHCTPUPOBAHO
MOCTPOEHUE anmnpOKCUMUPYIOWUX (QYHKUMIA € y4yeToM [y6neTHOro xapaktepa k - Cepuu peHTreHOBCKOro
n3nyyeHns. OnNpoboBaHbl Pas3MyHble BCTPOEHHbIE ANrOPUTMbl CrIAXKMBAHUA (YHKLMWA, KOTOpble OCHOBaHbI: Ha
yCpefHEeHNN 3HAYeHUA (DYHKLMKU B HECKONbKUX COCEAHMX TOUYKaX; Ha anmnpoKCMMauuu NoJMHOMamu pasfiMyHoi
CTeneHW W BbIGOpe 3HAYeHWs 3TOro NOAMHOMA B KauyecTBE 3HauyeHUs (yHKUMW; Ha Pypbe-aHann3e - CUHTE3e C
nojaBfeHNeM BbICOKOYACTOTHOW uYacTu Pypbe-obpasa pasnvyHbiMU cnocobamu. pofeMOHCTPUMPOBAHO npuMe-
HEHMe 3TUX aNropuTMOB AN MOUCKa CMabbixX ANDPAKLMOHHBIX MaKCUMYMOB Ha (JOHE CUJIbHBIX MOMEX; HaliJeHbl
ONTUMabHble CXeMbl NMPUMEHEHUS 3TUX arOpuTMOB. B KavecTBe npumepa pacCMOTPeH aHanu3 AudpakLUOHHOro
CrneKTpa MOPOLIKOBOro obpasya 4YeTbipexdasHoro marepuana € NomoLbio naketa “Origin”. 3TOT cCnekTp Obin
nofyyeH Ha TUMWUYHOM [ABYKPYXXHOM AudpakTOMeTpe, MPUMEHSEMOM AN CMAEKTPalbHOr0 PEHTreHOBCKOro
(h/10OPECLIEHTHOMO aHanu3a ¥ PeHTreHOBCKOro (ha30BOro aHanusa B flabopatopusix. PaccMoTpeHbl 0CO6EHHOCTU
NPUMEHEHMWSI MEPEYNC/IEHHbIX METOLOB aHanu3a PeHTreHOorpamMm MyTeM Pas/ioXeHUs MIOX0 paspeLueHHbIX (Mo
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KpUTeputo Penest) CMeKTPa/IbHbIX AMHWUIA HA MPOCTble COCTABASANOLME C MOMOLLLI annpokcumaumnnm QyHKUueih c
nosf6vpaemMbIMi MapameTpaMu No MeToAy HaMMeHbLUIMX KBajpaToB. PacCMOTPEHHbIE anropuTMbl MOXHO MUCMO/b-
30BaTb B Hay4HbIX W 3aBOACKMX 1abopaTopusx, CMeLuann3vpyrolmxcs Ha M3yuveHWW (Ha3oBOro cocTaBa W
CTPYKTYpbI BELLECTB, MUHEPANIOB U MaTepnanoB. C HeGOMbLUMMN N3MEHEHUAMMW pa3paboTaHHble METOAMKN MOXHO
MCMONb30BaTh MPY aHaIM3e 3KCMEPUMEHTA/IbHBIX AaHHbIX, MOYYEHHbIX METOfaMW XpomaTorpaguu, LudpoBoro
ocumnnorpamMpoBaHns NEPEXOAHbIX W MOPOroBbIX MPOLECCOB B PaavodU3NKe U 3MEKTPOTEXHUKE. Takxe 3Tu
METOAMKN MOXHO MPUMEHSTb B YHMBEpCUTETaxX Mpu 06paboTKe pe3y/ibTaToB BbIMOMHEHUS NabopaTOpPHbIX paboT
BbIMNO/HAEMbIX 6aKanaBpaMi 1 MarucTpamu no TeMam «AHann3 CNeKTPOB NCMYCKaHMS aTOMOB», «KONMYeCTBEHHbII
PEHTreHOBCKMIA CNEKTPasibHbIA aHan3» 1 «Konn4YeCTBEHHbIN PEHTIEHOBCKMIA (ha30Bblil aHann3», «PeHTreHoBCKas
cnekTpockonus», «MecchayapoBcKas CMeKTPocKonus», «O6paboTKa pe3ynbTaTOB 3KCMEepPUMEHTa», «Bbluncau-
TeNbHbIA NPaKTUKYM». [pW MCNOMb30BAHWW OMMUCAHHbIX METOAWMK CBOAWUTCA K MUHUMYMY TPYZAOEMKas py4Has
paboTa npu 06paboTKe AaHHbIX, 61arogaps YeMy YMeHbLLAETCS PUCK ClyYaliHbIX OLWMBOK npw paboTe, YCKOPSETCS
npouecc 06paboTKN AaHHbIX.

KnioueBble CnoBa: PEHTFEHOBCKWI CMEKTpa/ibHbI/i aHa/n3; PeHTreHOBCKMIA (ha3oBblli  aHaM3; MeToA
HaMMeHbLLMX KBa4paToB; 06paboTKa CUrHaN0B; CrAaXmBaHWe (yHKLMWIA; MogaBNEHNE LLYMOB.
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