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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 K, series 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".

Key words: x-ray spectral analysis; x-ray phase analysis; least squares method; signal processing; smoothing
functions; noise suppression.

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 of the 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 of the 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 of the 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.
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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 of the figure formed by the graph and the background line, and the integral intensity
as the area of this 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 of the elements of the 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 of the center of gravity of the line is equal to the sum of the elements of the 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 of the 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 of the lines, you can find the positions of their 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 of the line is slower than in the case of Gaussian.

In the case of Lorentzian, the shape of the line is given by the formula:

— ] —/—
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In this formula: X, - position of the center of gravity of the line; W - half-width of the line at half its
height; A is the area of the figure below the line.
In the case of a Gaussian, the shape of the line is given by the formula
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V=
X, - position of the center of gravity of the line; W - half-width of the line at half its height; A is the area
of the 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 of the 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.
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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 of this problem is given in figure 3.

¢[[23.11 2019 0O8:26 "/Graph2' (24L8810>]

HLorentz<(2> fit to ADGGTYE.RAW_B:
Chi*2/DoF 20257 .41562
R™2 0,01064
Peak Area Center Width Height
1 598,81 28.350 0,36151 1054.5
2 602,98 32,812 1.5178 252,92

Figure 3 — Protocol of the “Origin” program on the solution of the problem shown on figure 2
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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 K, 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:

P1L*P2/(P2"2+(x-P3)*2)"2+P1 *P2/(P2"2+ (x-P3-0,14)"2)"2/2+P4*P5/(P5"2+
+(x-P6)"2)"2+P4*P5/(P5"2+(x-P6-0,14)"2)"2/2+P7.

The number 0.14, calculated from the table data on the wavelengths of the doublet lines shows the
shift of the K,, component of the K, doublet from the K,; component by the diffraction angle in this
formula; also, the formula takes into account that the K,, component is weaker than K,; 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 K,; and K ,, from each
phase) is shown in figure 4.

20 - Data: Datad_B
4 M odel: userd
18 4 | | E quation:

] L Weighting:
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T T T T
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Figure 4 — The third maximum (shown in figure 1) and results of its decomposition into 2 components using Cauchy-function
for aprocsimation of K, —double spectra

The parameters of the 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.




Bulletin the National academy of sciences of the Republic of Kazakhstan

The first group of smoothing algorithms (S-G - in figure 5) is based on smoothing through averaging
the neighboring values of the 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 of the function.

Smoothing functions based on using the third group of algorithms (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 of these 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 “Origin” 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. A6apaumos’, H. B. Bunraiiknn’, I1. A. Cannaxmeros’, H. K. Maausipos’, M. A. Aﬁz(yaJmeBa1

M. Oye3oB arteiHnarsl OHTYCTiK Kazakcran memniekerTik yHuBepeuteri, [lIsivkent, Kazakcran;
’H. Bayman ateiHnarsl Mockey MEMIIEKETTIK TEXHUKAJIBIK YHUBEpCUTETi, Mackey, Pecei

«ORIGIN» TAKETI APKbIJIBI MUHEPAJIOT'US ECEINITEPIH HIEITY

Annoranust. «Origin» OarJapiiaMacsl apKbUIbl calajbl KoHE CaHABIK PEHTTEH[l CIEKTPANbIK TaJAay JKOHE
camaibl, CaHABIK PEHTreHni (QasanblK Tanaay Heri3iHIe MUHEpaJoruss MEH MaTepUaNITaHyFa KAaTBICTBI THIITIK
MIHJIETTepAl LIenly anropurmaepi a3ipiaenzi. dudpakrorpamMmana MakCHMyMAApbl jKapThUIail aBTOMATTHI i31ey
npouexnypanapsl, «Originy» OaraapaamMachIHBIH KECTEIIK NPOLECCOphl, COHBIH 1IIIH/E KYpAeii HEeMece CUMMETPHSIIBI
emec (opMaiarbl ChI3BIK KOMETIMEH CIIEKTPANIbl ChI3BIKTAP/IbIH ayBIPJIbIK ayIaHapbl MEH OPTAJIBIKTAPhl €CeNTeNIl.

— 10 ——
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«Origin» OarmapiaMachlHa CHTI3UITEH CTAaHAAPTTHI AMPOKCUMANMsUIaiTeiH QyHKmsapas (Jlopenn, Mayce sxoHe
Oacka) maiimamaHa OTBIPHIT, €H a3 KBaJpaTTap SIICiHIH KOMETIMEH CIIEKTPIIK CHI3BIK MapaMeTpiepiH aHBIKTayAbIH
Typii Tocimmepi Oakputayman eTTi. COHBIMEH KaTap, MUGPaKOMSIIBIK MaKCHMYMABI allpOKCHUMALUsUIay YIIiH
naipananynmbsl  (QYHKOMACHIH KYpy OfiCi KapacTBIpbULABL, aTaJFaH ofiC CHEKTPNIK JKoHEe IU(PaKIMsIBIK
CBI3BIKTApIbIH 10N AIIIPOKCUMAIMACHIH KaMTaMachl3 €Teldl, PEHIIeH CoyleciHiH K — CepHsCHIHBIH IyOJeTTiK
CHUIIAaTBIH €CKepe OTBIPBII, aNNpPOKCHMAaUMIBIK (YHKIMSIAPILl KYpy >KOIapbl kepcerinai. DyHKInsS MoHIEpiH
OipHele )XakbIH OPHATACKAH HYKTEJIEp/e opTallanayra; Typil Iopexeneri MOJHHOMIAPMEH allpoKCUMAIlsIIayFa
XKoHe (YHKIHMS MOHI PETiHIEe OChl NOJMHOM MOHIH TaHnayra; Dypbe-OelHEeHIH >KOFapbl XHIUTIKTI OeiriH Typii
TaciepMen Oacy apkbuibl Pypbe — aHAIM3-CHHTE3re Heri3AeireH GpyHKUMsIIApbl TETiCTEeYJiH TYpIi KipiKTipiireH
anroputMaepi cbiHakTaH oTTi. OcCbhl  IrOpuTMIEpAl KYIITI KeJepriiep aschlHIa oJci3  Au(pakIHOH/bI
MaKCUMyMJAapbl 137€y YIIiH KOJJAHy KOJIApbl KOpCETiNai; aTajfaH ajirOpUTMACPAi KOJJAHYABIH OHTAHIIbI
cxemanapbl asHbIKTangpl. Mpican peringe «Originy mNakeTiHIH KeMeriMeH TepT (azanbl MaTepHaNIbIH YHTaK
YITiciHiH Au(paKIUOHABl CIIEKTPIH Talfay >KYMBICTApBl KapacTHIPBUIABL. ATanfaH CIEKTP CHEKTPIi pEHTTeHII
(hIroopecleHTTIK Tangay MeH 3epTXaHajapia peHTreHAl ¢as3allblK Talfay YIIiH KOJIAHBUIATBIH €Ki THITIK
JKYKTENreH IU(PpPaKTOMETp apKbUIBl albIHABL. A3 KBaaparTap ofici OOHBIHIIA ipiKTeJeTiH mmapamerpiepi Oap
GYHKUMSIMEH anmpoKCHMAalMsl HETi3iHjAe KapamaiblM KypaybllTapFa oJICi3 CHEKTpabli JKEeJIUIepl bIAbIpaTy
JKOIBIMEH PEHTTeHOIPaMMaJapAbl TajJaylblH aTalfaH oOICTepPiH KONJaHy epeKLIeNiKTepl KapacThIPBLIBL.
KapacTblppuirad  aJropuTMIEpIi 3aTTapAblH, MHHepajlgap MeH MaTepuaniapiblH (as3aiblK KypaMbl MeH
KYPBUIBIMBIH 3€pTT€yre MaMaHJaHFaH FBUIBIMH JKOHE OHJIPICTIK 3epTXaHanapaa Kojnanyra Oomansl. LllareiH
e3repiCTepMEeH 93IpJICHIeH dicTeMenepi Xxpomatorpadusi, paguodu3nka MEH JICKTPOTEXHHUKAIAFbl OTIIENI JKOHE
HIEKTIK yzepicTepai 1udpiblk ocumwiorpadusuiay omiciMeH ajbIHFaH SKCHEPHUMEHTANIbl AEPEeKTepl Tajinay
GapricbiHaa KongaHyFra 6omaasl. COHBIMEH KaTap, Oyl spicTeMenep/i yHUBEpCUTeTTepie OakaiaBp MEH MarucTpiep
OPBIHIANTBIH 3ePTXAHANBIK KYMBICTAp HOTIIKECIH OHJICY KE3iHAE «aTOMAApAbl IIbIFapy CIEKTPJICpPiH Tajimay»,
«CaHIBIK PEHTIeHIl CIeKTPAJIBIK Tajjay» JKOHE «CaHABIK peHTrenai Qasanslk  Tanpay», «PeHrtrenni
CIIEKTPOCKOIHS», «MecchayapIiK CIEKTPOCKOIHI», « DKCIEPUMEHT HOTHKENICPIH OHILY», «eCeNTey NPaKTHKYMbD»
TaKbIPBINITApEl OOWBIHINA KONIaHbUIansl. CHUIATTaIFaH oficTeMeNep i naiaanany O0apbIChIHAA JepeKTepi eHaey e
€HOCKTI KeIl KaKeT eTETiH — KOJIMEH aTKapbUIATBIH XKYMBICTAap OapblHIIA a3alTHUIBIN, )KYMBIC Ke3iHAe Ke3aeicoK
JKacaJlaThIH KaTeIIKTep a3asi/ibl 9pi JepeKTep/ii OHIey YAepicl KeleaeTiie/i.

Tyiiin ce3nep: peHTreHIl CHEKTPAIAbIK Tanjgay, PeHTreHmi (aszajiblK Tajnay, eH Killi KBaaparrap dfici,
CUTHaJIIapbl OHJeY, QyHKUMsUIApAbI TETiCTey, IIYAbl 09CEHIETY.

P. T. A6apaumos’, 1. B. Bunraiiknn’, I1. A. Canzaxmeros', H. K. Maausipos’, M. A. Aﬁz(yaJmeBa1

'FOsxH0-KazaxcTanckuii rocyiapcTBeH bl yHuBepcHTeT nM. M. Ay330Ba, IlIbivkenT, Kazaxcras;
*MoCKOBCKHit roCy/IapCTBEHHBIN TexHn4ecknuil yHuBepcuteT uMm. H. D. baymana, Mocksa, Poccust

PEINEHHUE 3AJAY MUHEPAJIOTUH C IIOMOIIBIO TAKETA “ORIGIN”

AHHOTaHI/IH. Pa3pa6OTaHbI AJITOPUTMBI PCIICHUSA TUINHWYHBIX I MUHCPAJIOTMU U MATCpHUaIOBECIACHUA 3aaad,
CBSI3aHHBIX C MPOBEJICHHEM KaueCTBEHHOI'O U KOJIMYECTBEHHOTO PEHTTEHOBCKOTO CIEKTPAJIbHOIO aHAJIM3a U Kayec-
TBEHHOTO U KOJIMYECTBEHHOTO PEHTIEHOBCKOT0 (ha30BOr0 aHaIM3a ¢ MOMOIIBI0 porpammMsbl “Origin”. PaccMoTpeHsl
MPOLEAYPHI MTOyaBTOMATHUECKOTO IIOMCKa MAaKCUMYMOB Ha JU(PaKTOrpaMMax, BBIYUCICHHE TUIOLIa el U IEHTPOB
TSDKECTH CIIEKTPAJIBHBIX JIMHUM C MOMOIIBIO TaOJIMYHOTO Ipoleccopa mporpammMsl “Origin”, B TOM 4uCIe JMHUNA
CJIO’KHOHM MIJIM HECUMMETPUUHOH (hopMbl. OnpoOOBaHbI Pa3IMYHbIEC TTOX0/IbI ONPEICICHHS TapaMETPOB CIEKTPAIIb-
HBIX JIMHUI C TIOMOIIBIO METO/a HAMMEHBIINX KBaJIPaTOB C HCIIOJb30BAHMEM CTAHAAPTHBIX AMMPOKCHMUPYIOIINX
¢yaxmmit (Jloperma, I'aycca u apyrmx), BCTpoeHHBIX B mporpammy “Origin”. Tarxke paccMOTpPEHO coO3maHUE
(hyHKIIMH ITOTIB30BATENS IS AlNPOKCUMAINK IU(PAKIMOHHBIX MAaKCHMYMOB Ha npuMepe ¢yHkinn Komu, koTopas
oOecriednBaeT HanOoJIee TOYHYIO aNPOKCHMALHUIO CIIEKTPATIBHBIX M AN(PPAKIUOHHBIX JIMHUH, TPOJIEMOHCTPUPOBAHO
IIOCTPOEHHE AaNNPOKCUMHPYIOINX (YHKIMHA ¢ ydeToM ayONeTHOro Xapakrepa K — cepuM PEHTTEHOBCKOTO
n3mydeHnsi. OnpoOoBaHbl pa3uYHbIE BCTPOEHHBIE AJITOPUTMBI CIIIaXHBAaHWUSA (PyHKIMH, KOTOpbIe OCHOBAHBI: Ha
YCpEAHCHUN 3HAYCHMI (l)yHKL[I/lI/l B HCCKOJIBKMX COCCIHHMX TOYKax; Ha alllpOKCUMalHW IMOJIMHOMaMH pa3m/1qH0171
CTCNEeHU M BBIOOpPE 3HAYCHHUS 3TOrO MOJUHOMA B KauecTBE 3Ha4YeHUs (yHKIWH; Ha Dypbe-aHAU3e — CHHTE3E C
MIOJIaBJICHUEM BBICOKOYAcTOTHOM dactu Dypre-oOpasza pasnuuHbIMH criocobamu. [IpopeMOHCTpHpOBaHO IHpuMe-
HEHUE 3TUX AITOPUTMOB JJIS TOMCKA CIa0bIX MU(PAKIMOHHBIX MaKCUMYMOB Ha (DOHE CHIIBHBIX IIOMEX; HalaeHBI
ONTHMAJIbHBIE CXEMbl IPUMEHEHHUS 3THUX aJTOPUTMOB. B KauecTBe nmpuMmepa pacCMOTpPEH aHaiu3 IU(paKIHOHHOTO
CIEKTpa TOPOIIKOBOTO 00Opa3ma dYeTsipex(a3zHOro Marepraia ¢ moMompio makera “Origin”. DTOT cmekTp ObLI
MOJy4YeH Ha THUMWYHOM JBYKPY)KHOM IHM(PAaKTOMETpe, IPUMEHAEMOM JUIS CIEKTPaJIbHOTO PEHTIEHOBCKOTO
(bITFOOPECLIEHTHOTO aHajIM3a W PEHTTEHOBCKOTO (a30BOTO aHaiM3a B Jaboparopusx. PaccMoTpeHBI 0coOEHHOCTH
MPUMEHEHHSI TIEPEUNCIICHHBIX METOJI0OB aHAIN3a PEHTI€HOTPaMM IIyTEM PAa3JIOKEHMS IIOXO Pa3peIICHHBIX (II0
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KpuTepuio Penest) crneKkTpaibHBIX JIMHUHM Ha MPOCTHIE COCTABIIAIOIINE C MOMOINBIO amIpoKCHManuu (pyHKnuen c
noAOMpaeMbIMU TTapaMeTpaMH 110 METOJy HAaUMEHBIINX KBaJPaToOB. PaccMOTpEHHBIE alrOPUTMbBI MOXKHO HCIOJb-
30BaTh B HAYYHBIX M 3aBOJACKMX Ja0OpaTOpHAX, CHEHUATM3MPYIOIIMXCS HAa H3y4eHHWH (Ha30BOrO COCTaBa M
CTPYKTYpPBI BEILIECTB, MHHEPAIOB U MarepuanoB. C HEOOIbIINMU U3MEHEHUSIMU Pa3pabOTaHHBIE METOAUKH MOKHO
UCIIOJIB30BaTh NPH aHAJIHM3€ SKCIEPUMEHTAIBHBIX JaHHBIX, MOITYyYEHHBIX METONaMH XpoMmarorpaduu, HU(GpOBOro
ocIIIIOrpadupoBaHus IEPEXOAHBIX M IMOPOTOBBIX INPOLECCOB B PamMO(pHM3MKE M IJIEKTPOTEXHHUKE. Takke 3TH
METOJIMKH MOXHO NPUMEHSTh B YHHBEPCUTETaX IpHU 00pabOTKEe Pe3ysIbTaTOB BBINOIHEHHMsS J1abOpaTOpHBIX paboT
BBINIOJIHAEMBIX OaKaiaBpaMu M MarucTpamu 1o TeMaM «AHalnu3 CHEKTPOB HCIyCKaHUsI aTOMOBY, «KonmmyecTBeHHBIN
PEHTI€HOBCKUH CHEKTPaJIbHBIN aHann3» U «Koln4ecTBeHHbIH PEHTreHOBCKHU (ha30BbIl aHanu3y», «PeHTreHoBcKas
cnekTpockonus», «MeccOayapoBckas crekrpockonus», «OO0paboTka pe3yJbTaToB SKCIIEpUMEHTa», «Bbrumcim-
TENbHBIM NpakTUKym». [Ipy HCHONB30BaHMM ONUCAHHBIX METOIUK CBOAMTCA K MUHUMYMY TpPyIOEMKas pydHas
pabora nipu 00paboTKe NaHHBIX, Oyarojapst YeMy YMEHBILIAETCSl PUCK CIIydalHBIX OMIMOOK MpHU padoTe, ycKopsieTcs
mporecc 00padOTKU TaHHBIX.

KaroueBble c¢ji0Ba: pPEHTICHOBCKHI CIIEKTPANBHBIA aHAIN3;, PEHTTEHOBCKUH (Da30BBIM aHAN3; METOJ
HaMMEHBIINX KBaJpaToB; 00pab0TKa CUTHAJIOB; CrIaKMBaHUE (DYHKIMH; TTI01aBICHHE IIIyMOB.
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