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Method for increasing the accuracy of quantitative determination of iron by LIBS

The problems of improving the chemometric characteristics of spectral methods of analysis are being inten-
sively studied throughout the world. These problems are especially significant in the field of laser atomic
emission spectrometry. In the article, it is proposed to use sample homogenization by fusion with sodium
tetraborate. The example of iron in a mixture of oxides consisting of Fe,03;, PbO, CuO, CdO and ZnO has
shown that fusion provides advantages over pressing, consisting in increasing the intensity of the spectral
lines and increasing the accuracy of the concentration / intensity correlation, as well as an increase in the total
number of spectral lines, which can be calibrated satisfactorily. Using the probabilistic-deterministic planning
of the experiment and using the composite factor, it is shown that fusion substantially weakens the interrela-
tion of the intensity of the spectral line with the instrument settings, which simplifies the choice of the spec-
trum registration regime. The observed regularities are explained by the high homogeneity of the vitreous
samples, the more complete evaporation of the sample in the laser spark and the absence of interference in the
form of a neat atomized sample, an increase in the density (and hence the concentration) of the sample. In the
course of the experiments it was additionally established that for melting specimens, it was necessary to use
the crucibles from alumina with caution. They dissolve rather quickly in the melt of tetraborate. Nickel cruci-
bles can be used only if nickel is not among the elements that are determined in the sample. Based on the re-
sults of the study, there was made a conclusion about the need study of the proposed methodology and its ex-
tension to other elements of the periodic system for further.

Keywords: iron, sodium tetraborate, regression analysis, laser inducted breakdown spectroscopy, borate
glasses, borate pressing, stochastic-determinated design of experiments, chemometrics, Fe,O3;, PbO, CuO,
CdoO, ZnO.

Introduction

Atomic emission spectroscopy (AES) is one of the most powerful modern methods of qualitative,
semiquantitative and quantitative analysis in many fields of research of materials and processes, in which
chemical substances are present. The wavelength of the light emitted (or absorbed) depends only on the na-
ture of the substance, whereas the intensity is proportional to the molar concentration and essentially depends
on the conditions for recording the spectrum and the chemical composition of the sample. Mutual quenching
or amplification of closely spaced spectral lines of different elements, which significantly depends on the
conditions for recording the spectrum, significantly complicates the interpretation of spectral data. A univer-
sal way to overcome the problems of nuclear power plants is not currently developed [1]. For the calibration
of nuclear power plants, mainly classical methods based on the method of least squares are used. When
searching for optimal parameters for recording spectra, experiment planning, neural networks, and the sup-
port vector method are often used. Considerable attention is paid to the use of Taguchi optimization methods.
Classical methods are characterized by a lack of robustness. Methods based on the planning of the experi-
ment require a large number of experiments and are difficult to formalize for automated processing. Neural
networks, the method of support vectors and other iterative methods of resource-intensive computing are not
always sufficiently developed. Thus, chemometrics used in nuclear power plants needs new methods of data
processing [2, 3], including those based on planning experiments.

The well-known method of stochastic-determinated design of experiment (SDDE) [4] was tested by us
earlier to optimize the recording conditions of spectra in tablets with boric acid [5]. Somewhat later, a modi-
fication of the SDDE method was suggested, consisting in using as one of the factors in the composition of
the sample, with a simultaneous variation in the concentrations of all the components being determined [6].
This paper describes the results of an experimental verification of the combination of the experimental plan-
ning technique proposed by us in previous studies using sample preparation by fusing samples with sodium
tetraborate.
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Design of experiments

To fully test the hypothesis of the possibility of using a composite factor in real spectrometric analysis,
the composition of the samples was given by a fifth-order Latin square. As components, Fe,O;, PbO, CuO,
CdO and ZnO were preliminarily calcined in a muffle furnace at 400 °C for 4 hours to remove a large part of
the absorbed water. The ratios of oxides in the composition of the samples are presented in Table 1. Ele-
ments were chosen for reasons of availability and availability of several analytical lines in the studied area.
The violation of the traditional SDDE sequence in some columns is conceived to simplify the software as-
signment of spectral lines to one of the elements and is not an error.

Table 1

Contains of samples

No. Cdo ZnO PbO Fe 04 CuO
1 0.5 1 1.5 2 2.5
2 2.5 1.5 1 1.5 2
3 2 2 0.5 1 1.5
4 1.5 2.5 2.5 0.5 1
5 1 0.5 2 2.5 0.5

In the experiment design, along with the composition of the sample (factor 1), the tunable parameters of
the LNPP Matrix Continuum instrument were also included. The parameters used included the energy of the
laser pump (factor 2), the delay time of the first gate of the Q-switch (factor 3), the delay time of the second
shutter of the Q-factor (factor 4), the exposition time of the exposition start (factor 5), and the total exposi-
tion time of the CCD- matrix (factor 6). The experimental design is shown in Table 2.

Table 2
Plan of experiments
No. Exp CFezO37 % Etamp, J Q-Swy, Us *Q-Swy, Us ADC, us Expos., ms
1 2 14 100 1 1 1
2 2 15 120 5 3 3
3 2 16 140 10 6 5
4 2 17 160 20 9 10
5 2 18 180 30 15 15
6 1.5 14 120 10 9 15
7 1.5 15 140 20 15 1
8 1.5 16 160 30 1 3
9 1.5 17 180 1 3 5
10 1.5 18 100 5 6 10
11 1 14 140 30 3 10
12 1 15 160 1 6 15
13 1 16 180 5 9 1
14 1 17 100 10 15 3
15 1 18 120 20 1 5
16 0.5 14 160 5 15 5
17 0.5 15 180 10 1 10
18 0.5 16 100 20 3 15
19 0.5 17 120 30 6 1
20 0.5 18 140 1 9 3
21 2.5 14 180 20 6 3
22 2.5 15 100 30 9 5
23 2.5 16 120 1 15 10
24 2.5 17 140 5 1 15
25 2.5 18 160 10 3 1

Note. * — according to the instruction manual of the device, is set as Q-Sw1 +A, in the experiment plan and in the mathemati-

cal processing of the results the value A.
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Results and discussions

Samples of mixtures with a total content of 5 % oxides were homogenized with sodium tetraborate by
prolonged abrasion in a mechanical agate mortar. The resulting visually uniform powder was compressed
into tablets and fused into glasses. Tableted and fused samples were analyzed on a spectrometer according to
the experimental design (Table 2). The intensities of the same analytical lines of iron in the spectra of tablets
and glasses were used as results for calculating the optimal mode for recording spectra using the SDDE
method. Table 3 shows the experimental intensities of the three analytical iron lines obtained for tableted and
glass samples.

Table 3
The intensities of the analytical lines of iron in the samples
Tablets Glasses
No. Exp
232.7297 248.616 298.474 232.7297 248.616 298.474

1 26.7834 22.9738 35.2636 22.5508 24.1649 29.8909
2 25.6672 23.3546 36.3168 23.8812 23.2003 32.0006
3 29.4848 26.9781 42.7758 23.3945 21.9805 31.5691
4 28.1594 24.7665 39.6026 23.5652 20.4546 28.4982
5 24.9612 24.7242 37.8711 16.3399 12.6603 18.4098
6 18.8974 17.0764 27.1332 16.7599 19.7137 24.0915
7 19.5362 17.4471 26.2663 15.1686 13.8483 18.8229
8 16.6779 14.3612 24.7496 15.1585 13.8349 18.3919
9 19.6405 17.0172 26.8478 17.3719 16.4674 23.3113
10 30.1505 26.7803 43.8856 20.561 17.8244 26.7536
11 10.287 7.8714 13.979 9.0879 10.7555 15.8764
12 14.225 11.903 19.0932 11.5943 12.0602 16.6575
13 12.0274 11.1728 17.5459 11.0078 10.4301 11.9687
14 16.431 16.6086 26.8057 14.8919 15.0421 19.9856
15 18.1323 16.042 28.3804 15.1284 14.0509 21.8309
16 6.1737 6.4518 9.3534 5.9302 7.99 10.1474
17 6.2951 5.4398 10.0693 6.6341 7.8844 11.0866
18 8.8737 7.5549 13.4482 7.2166 6.7053 12.4972
19 8.6043 7.0251 11.3069 7.9879 8.239 16.8716
20 11.2234 10.0384 16.8286 9.9273 9.6332 15.8732
21 21.416 17.6696 28.1494 21.1121 22.8646 29.761

22 24.2395 24.1665 41.7188 24,5111 25.2611 38.0139
23 32.954 28.7743 49.9492 25.5413 24.4484 33.2969
24 34.7044 32.4408 53.8776 33.0388 32.2286 43.4539
25 37.7254 33.4022 56.6814 22.0021 19.5015 31.7992

Figure 1 shows the intensities of the Fe line (298.474) for tableted (a) and fused samples (). In general,
because of the congestion, the figure is less informative than the digital data in the table, therefore, for the
remaining iron lines, no figures are given.

Both figures and numerical data show that the average intensity of iron lines for fused samples is lower
than for tableted ones. Apparently, the volume of the evaporated sample in the case of glasses is smaller,
which leads to a decrease in intensity. As practice shows with the instrument, a decrease in the intensity of
the lines usually contributes to an increase in the accuracy of the analysis. It should also be noted that the
intensity of the boron and sodium lines (matrix elements) in the case of glass samples is much higher than in
tableted analogs. The derivation of the partial dependencies and the generalized formula using SDDE is illus-
trated by the example of pelletized samples and the analytical iron line at 248.616 nm. Tables 4-9 show
samples of particular dependences of the intensity of the Fe line (248.616) on the factors considered.
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Figure 1. Intensities of lines Fe (298.474) for tablets (a) and glasses (b)

Table 4
Factor 1. Composition of the sample
No. of The resu.lt No. of The resu.lt No. of The resu.It No. of The result No. of The result
. of experi- . of experi- . of experi- . of . of
experience experience experience experience . experience .
ence ence ence experience experience
1 22.9738 6 17.0764 11 7.8714 16 6.4518 21 17.6696
2 23.3546 7 17.4471 12 11.903 17 5.4398 22 24.1665
3 26.9781 8 14.3612 13 11.1728 18 7.5549 23 28.7743
4 24.7665 9 17.0172 14 16.6086 19 7.0251 24 32.4408
5 24.7242 10 26.7803 15 16.042 20 10.0384 25 33.4022
Med. 24.5594 18.5364 12.7196 7.302 27.2907

The formula of the partial dependence, most accurately approximating the data of Table 4,
1=13.59e 7™ CC*%® R =0.9950, t,=172.771.

Table 5
Factor 2. E of a lamp, J
No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result
of exp. of exp. of exp. of exp. of exp.
1 22.9738 2 23.3546 3 26.9781 4 24.7665 5 24.7242
17.0764 7 17.4471 8 14.3612 9 17.0172 10 26.7803
11 7.8714 12 11.903 13 11.1728 14 16.6086 15 16.042
16 6.4518 17 5.4398 18 7.5549 19 7.0251 20 10.0384
21 17.6696 22 24.1665 23 28.7743 24 32.4408 25 33.4022
Med. 14.4086 16.4622 17.7683 19.5716 22.1974

The partial dependence obtained from this table, 7 =3.402*1.109” . R =0.9952, tz= 179.9879.
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Table 6
Factor 3. Q-SW 1, mcs
No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result
of exp. of exp. of exp. of exp. of exp.
1 22.9738 2 23.3546 3 26.9781 4 24.7665 5 24.7242
10 26.7803 6 17.0764 7 17.4471 8 14.3612 9 17.0172
14 16.6086 15 16.042 11 7.8714 12 11.903 13 11.1728
18 7.5549 19 7.0251 20 10.0384 16 6.4518 17 5.4398
22 24.1665 23 28.7743 24 32.4408 25 33.4022 21 17.6696
Med. 19.6168 18.4545 18.9552 18.1769 15.2047

According to Table 6, a partial dependence is obtained as a function of 7 =0.02046¢ "' &' QS 1%
R=0.8712, tz=6.2610.

Table 7
Factor 4. Q-SW2 — Q-SW1, us
No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result
of exp. of exp. of exp. of exp. of exp.
1 22.9738 2 23.3546 3 26.9781 4 24.7665 5 24.7242
9 17.0172 10 26.7803 6 17.0764 7 17.4471 8 14.3612
12 11.903 13 11.1728 14 16.6086 15 16.042 11 7.8714
20 10.0384 16 6.4518 17 5.4398 18 7.5549 19 7.0251
23 28.7743 24 32.4408 25 33.4022 21 17.6696 22 24.1665
Med. 18.1413 20.0401 19.901 16.696 15.6297

The processing of the values grouped in Table 7 allows one to obtain a particular dependence of the in-

tensity of the analytical line on the delay of the second shutter in the form
1 =18.56¢"7@20WD (OS2 — OSW1)*7* | R = 0.9560, tx=19.2396.
Table 8
Factor S. Delay of the beginning of the spectrum recording, s
No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result
of exp. of exp. of exp. of exp. of exp.
1 22.9738 2 23.3546 3 26.9781 4 24.7665 5 24.7242
8 14.3612 9 17.0172 10 26.7803 6 17.0764 7 17.4471
15 16.042 11 7.8714 12 11.903 13 11.1728 14 16.6086
17 5.4398 18 7.5549 19 7.0251 20 10.0384 16 6.4518
24 32.4408 25 33.4022 21 17.6696 22 24.1665 23 28.7743
Med. 18.2515 17.8401 18.0712 17.4441 18.8012

The delay in the start of the spectrum recording, presumably influencing the intensity of the analytical
line, is described by the formula 7 =18.13¢""'""* 1% R =0.3255, 1z = 0.6306.

Table 9
Factor 6. Exposition time, ms
No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result No. of exp. The result
of exp. of exp. of exp. of exp. of exp.
1 22.9738 2 23.3546 3 26.9781 4 24.7665 5 24.7242
7 17.4471 8 14.3612 9 17.0172 10 26.7803 6 17.0764
13 11.1728 14 16.6086 15 16.042 11 7.8714 12 11.903
19 7.0251 20 10.0384 16 6.4518 17 5.4398 18 7.5549
25 33.4022 21 17.6696 22 24.1665 23 28.7743 24 32.4408
Med. 18.4042 16.4065 18.1311 18.7265 18.7399
78
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Finally, the exposition time of the CCD array of the device is determined by formula
0.2001

T
The final formula determining the dependence of the intensity on the factors under consideration was
obtained using arithmetic averaging:

[ =13.59¢ 1O 13 402 %1.109° +0.02046¢ M Qg1 4

+18.56¢ 0@ 20D (S ) — OSI)" P — 54.2448;

R=10.9816, tr=120.397.
Figure 2 allows us to graphically evaluate the obtained partial dependenciesintensity from the factors
considered.

1=18.15—- , R=0.2328, 1= 0.4263.
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Figure 2. Partial dependence of the intensity of the analytical line Fe (248.616) on the concentration (a),
the energy of the lamp (b), the delays of the first (¢) and second (d) q-switches,
the delay of the exposition beginning (e) and the exposition time (f)
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It is easy to see from the graphs that the concentration of iron and the energy of the lamp exert the
greatest influence on the intensity. The delay in the start of exposition and the total exposition time of the
CCD are insignificant. A similar picture is also observed for the remaining lines of tableted samples.

In the case of vitreous samples, the picture does not change in principle. It can be stated that fusion in-
creases the significance of a particular dependence on concentration, while at the same time negating the in-
fluence of other factors. Thus, it is difficult to optimize the spectrum registration parameters directly from
the SDDE data. There are probably two options for overcoming the difficulties that have arisen: setting up an
experiment with a very small increment of concentration, or mathematically processing the already available
data to reduce the effect of concentration. In the framework of this article, the second option was chosen.
According to the Scheibe-Lomaking equation [7], the dependence of intensity on concentration has a power-

law character: 7 =aC” . Its logarithm gives a function Ln(I)= Ln(a)+ Ln(C)b . If a = 1 (the simplest case)
we obtain the formula Ln(/)/ Ln(C)=2>b, where b can be determined with the help of the SDDE. In fact, the

dependence that determines the intensity of the spectral lines in laser atomic emission spectroscopy has a
more complicated form [2-3] than the Scheibe-Lomaking equation, so the transformation does not complete-
ly eliminate the dependence of intensity on concentration, but allows obtaining significant dependencies on
other factors. Since the partial logarithm turns out to be a negative number, to increase the processing capaci-
ty, both parts were multiplied by —1. For the analytical line Fe(248.616), after the mentioned transformations
of the results and substitution of them in the experimental design, we obtain formulas for the tableted sam-
ples presented in Table 10.

Table 10
The results of mathematical processing to identify significant factors
Factor | Formula | R | tr
Tablets
Conc., % 1=0.5759xe™ "M 5 ¥ 0.9986 618.1563
Energ. lamps, J I'=1/(2.449-0.05844 X E) 0.9941 146.3497
Q-SW1, mcs I=0.1214x "0 5 OSI710474 0.9467 15.8033
Q-SW2-Q-SW1, mcs I =0.6751xe "001XOW20D 5 (OS2 — QSW 1)*05% 0.9962 227.4676
Delay’ mcs I — 0.6565X60.OO3915XT XT70'01115 09281 1 15957
Expos., ms 1=0.6589+5.424x1tx10™* 0.3353 0.6543

The resulting Protodyakonov equation, obtained from these particular functions, makes it possible to
determine parameters optimal for recording the spectrum. The maximum intensity of the Fe line (248.616) is
in the range of concentrations under consideration.

It will be observed at alamp energy of 18 J, the knowledge of Q-SW1 = 100 mcs Q-SW2 = 106 mcs and
an exposition delay of 1-3 us. Similar values are obtained for glassy samples of the same composition. These
parameters were decided to be used for constructing and comparing calibrations for tableted and glassy sam-
ples.

Construction and comparison of calibrations

Calibration was performed in five replicates to evaluate statistical characteristics. The data on the inten-
sities of the Fe (248.616) lines in tableted and glassy samples are given in Table 11.
The coefficient of variation is calculated from the formula

(0)
where G=1/Zﬂ.
n

CV ="
X
The relationship between concentration and intensity was established as a linear function in the MStable
processor Excel. The value of the reliability of the approximation (R?) in all cases was above 99 %.
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Table 11

The intensities of the analytical line Fe (248.616) for the construction of calibrations

C,% Tablets Cy Glasses Cy
0.5 | 14.555 | 14.555 | 13.842 | 14.270 | 14.270 | 0.0183 | 10.956 | 10.956 | 10.956 | 10.956 | 10.956 | 0.0000
1 19.723 | 19.324 | 19.922 | 19.524 | 19.723 | 0.0103 | 15.021 | 15.021 | 15.173 | 15.173 | 15.173 | 0.0049
1.5 | 25.023 | 24.518 | 24.518 | 25.529 | 25.529 | 0.0181 | 19.009 | 19.202 | 19.202 | 19.202 | 19.009 | 0.0049
2 30.537 | 29.328 | 30.235 | 29.328 | 29.933 | 0.0162 | 23.063 | 23.063 | 23.063 | 23.296 | 23.296 | 0.0049
2.5 |33.824 | 34.173 | 35.219 | 35.567 | 33.824 | 0.0212 | 27.321 | 27.321 | 27.321 | 27.597 | 27.597 | 0.0049
R* 10.9937 | 0.9998 | 0.9985 | 0.9960 | 0.9933 | 0.0026 | 0.9999 | 0.9998 | 0.9998 | 0.9999 | 0.9996 | 0.0001

The coefficients of variation for glassy samples are much smaller, and the average accuracy of the ap-
proximation is somewhat higher than for tableted standards.

Conclusion

— The use of SDDE in the classical or modernized version does not allow obtaining a reliable calibra-
tion of the instrument for use in the entire range of settings.

— The upgraded version of the SDDE method allows choosing optimal conditions for recording spectra
for calibrating the instrument.

— The proposed calibration method for tableted and glassy standards allows one to determine iron at an
oxide content of 0.3—2 % in a prepared sample.

— The accuracy of calibration for tableted samples for different lines is 98-99 %, whereas for vitreous
samples it exceeds 99 %.

— The covariation of intensity for the analytical line Fe (248.616) in the glasses is less than in the tab-

lets.
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JIADC keMeriMeH TeMip/i CAHABIK aHBIKTAY/BIH JJIAITIH apTTBIPY dici

CHexTpIik Tangay 9miCTEepiH CHIaTTaMaJIapbIH JKaKcapTy Moceleliepi OYyKi aieMae KapKbIHABI OKBITBUIA B
Ocipece na3epiik aTOMIBIK CAyJEeNeHY CIIEKTPOMETPHUS CAJaChIHAAFBI OCBl Macelelep ©Te MaHbBI3BL
Makanaza YJriHiH TOMOTIEHHM3alMsChIH HAaTPUH TeTpabopaTbIMEH OaiKbBITBHIN OIpiKTIpY apKbUIbI KOJIAHY
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yeoinbuiagel. FeyOz, PbO, CuO, CdO, ZnO TypaThlH OKCHATEPiHIH TeMip KOCIACBIHIAFbl MbICAJIBIHAA
CHNEKTPJIIK KOJAKTAPbIHBIH KAPKBbIHABUIBIFBIH JKOFApJaTaThlH JKOHE KOHIEHTPALMs/KapKbIHIABUIBIKTHIH
IOJIIUIITIH  OCIpeTiH, COHBIMEH KaTap KaHAaFraTTaHAPJBIKTad Ty3eTyAi JKACAaWTBIH IKAIIbl CIEKTPIIK
JKOJIAKTAP/IbIH CaHBIHBIH OCYiH KaMTaMachl3 €TETiH OalKbITYy YpAiCi, mpecTeyre KaparaHia, apThIKIIBLIBIK-
TapbIMeH Oaiikanapl. ToxipuOeHi BIKTHMAaJIbI-ACTCPMUHACITCH JKOCHapiay MeH (GakTopiap KypaMblH
KOJIIaHbIM, GalKBITY CHEKTPIIK >KOJNAKTap KapKbIHIBUIBIFBIHBIH KOHJBIPFBI IapaMeTpIICPiHiH apachlHIaFbl
OalTaHBICTAP/IBI OJICIPETIll, OJ, ©3 Ke3eTiHAe, CIEKTPIEepAi TipKey TOpTIOiH TaHIAyAbl >KEHUIICTTI.
baiikanaTblH 3aHIbUIBIKTAp IIBIHBITOPI3AEC YITiNEpPAIH JKOFapbl FOMOTEHIIUIINH (KOHLEHTpauus), Jla3epIik
YIIKBIHAA YITIHIH TONBIK OyNaHybIH, SIFHM aTOMIajMaraH YJATIHIH [IAlibipaybl TYpiHIETi Keaepriiep
TYBIHIAMaTHIH/IBIFbIH, COHBIMCH KaTap YJITiHIH ThIFbI3JbIFBIHBIH JKOFapiayblH Tycinaipeni. Toxipube
GapbIChIHIA aTyHATaH jKacanFaH OTOAKBIPABI CAKTHIKIICH KOJIAaHYy KepPeKTiri KOChIMINA aHbIKTalabl, cebebi
oJ1ap TeTpabopaT GaNKBIMACHIH TY3€ OTHIPHIII, XKEHI epuii. Erep yiri KypaMmbIH/a aHBIKTAIAThIH 3JIEMEHTTEP
imiHe HUKeNb eHOece, OH/la HUKEIIbJCH JKacalFaH OTOAKbIPIbI KOJJaHyFa 0oianbl. 3epTTey KOPHITHIHIBICHI
OOlibIHIIA YCBIHBUIFAH OIICTEMEHI TONBIFBIMEH 3€pTTEl, IEPHONTHI Kyiiemeri Gacka la sJIeMEHTTEpre
KOJIJaHy MYMKIH/IITIH aHBIKTay KaKeT CKCHIIITiH OaiikaTabl.

Kinm ce30ep: Temip, HaTpuii TeTpaboparhl, KeMiMeli Talmay, JIa3epiiK aTOM-3MHCCHUSIIBIK CIIEKTPaJIIBIK
Tanjay, OoparThl WIBIHBI, OopaTrTapMeH IpecTey, TIKIPUOSHI BIKTHUMAJIBIK-ISTEPMHUHII JKOCMapIiay,
xemomerpuka, Fe,03, PbO, CuO, CdO, ZnO.

B.H. ®omun, C.K. Anga6eprenona, K.T. Pycrem6ekos, A.B. luk, FO.10. Kum, U.E. PoxxkoBoit

MeToa NOBbIIEHUS] TOYHOCTH KOJUYECTBEHHOT0 ONPeieIeHUs Kejie3a
¢ nomouibsio JIADC

IIpoGreMs! yiydmnieHHss XeMOMETPUUSCKUX XapaKTEPUCTHUK CIIEKTPAIBHBIX METOJIOB aHAIN3a HHTCHCHBHO
H3y9aloTcsl BO BceM Mupe. OCOOEHHO 3HAaYMMBI 3TH MPOGIIEMEI B 00JIaCTH JIa36pPHOTO aTOMHO-IMUCCHOHHON
CIIEKTPOMETPHHU. B cTaThe NPeaoKeHo HCIOoNb30BaTh TOMOTCHU3ALMIO NPOOBI ITyTEM CIUIaBJICHHS C TeTpa-
6oparom Hatpus. Ha npumepe xene3a B cMecH OKCHIOB, cocrosiueit u3 Fe,0;, PbO, CuO, CdO u ZnO, mo-
Ka3aHo, YTO CIUIaBJICHHE 00ECIeunBacT MPEUMYIIECTBA Tepe]] IPECCOBAHUEM, 3aKIIFOYAIONIUECs B yBEIHYC-
HMU MHTCHCHBHOCTH CIICKTPAJIbHBIX JIMHUH W TOBBIICHUM TOYHOCTH KOPPEIALMH KOHLEHTPALUS/UHTECH-
CHBHOCTB, a TaKX€ YBEIMYEHHN OOIIET0 YHCIIa CIIEKTPAIBHBIX JIMHUM, 0 KOTOPBIM MOKET OBITH IOCTPOCHA
YIIOBJIETBOPUTENIbHAST KanuOpoBka. C HpPHUMEHEHHEM BEpOSITHOCTHO-JETCPMUHHPOBAHHOTO IUIAHUPOBAHMS
SKCIIEpUMEHTA H UCIIOIb30BaHIEM COCTaBHOTO (pakTopa ITOKa3aHo, YTO CIUIABICHHE CYIIECTBEHHO OCIa0IsIeT
B3aUMOCBSI3b HHTEHCUBHOCTH CHEKTPAIBHOI JIMHUHM C ITapaMeTpaMy HaCTPOMKHU IpHOOpa, YTO YIPOILIAeT BEI-
0op pexuMa perucTpauuu crekrpa. Habmonaemple 3aKOHOMEPHOCTH OOBSACHSIOTCSA BBICOKOI T'OMOTCHHO-
CTBIO CTEKJIOBHAHBIX 00pa31ioB, 6oJiee MOIHBIM HCTIapEHUEM IIPOOBI B JIA3EPHOIT HCKPE U OTCYTCTBUEM ITOMEX
B BHJIC PACNBbUIEHHONW HEATOMU3MPOBAHHOM MPOOBI, BO3PACTAHMEM IUIOTHOCTH (@ 3HAYMT, U KOHLEHTPALHN)
obpasia. B xoae 3KCIEepUMEHTOB JOMOIHUTENBHO YCTAaHOBJICHO, YTO JUIS CIUIABICHHSA 00pasLoB CIEIyeT ¢
OCTOPOJKHOCTBIO TPUMEHATh THIVIM M3 alyH/a, TAK KaK OHU JOBOJBHO OBICTPO PACTBOPSIOTCA B pacIulaBe
Terpabopara. THITIH U3 HUKENS MOXKHO NPUMEHSATH, TOJIBKO €CIIH HUKEIh He BXOAUT B YHCIIO DJIEMEHTOB, KO-
TOpBIe onpeneiorcs B npobde. [1o uToram BBIIOJIHEHHOTO MCCIIEIOBAHUS CAETAaH BEIBOJ O HEOOXOIUMOCTH
JaTbHEHIIIET0 N3ydeHHs MPEUT0KEeHHOI METOIMKY U pacpOCTPaHeHNUS e€ Ha APYTUE HIEMEHTHI IepHoIiude-
CKOM CHCTEMBI.

Knioueswie cnosa: xene3o, Terpabopar HaTpUsl, pErPECCHOHHBII aHAIH3, Ja3ePHBI aTOMHO-IMUCCHOHHBIN
CIIEKTpaJbHBIA aHamu3, OopaTHble CTEKIA, MPECCOBaHME C Ooparamu, BEpPOSITHOCTHO-ISTEPMHHHPOBAHHOE
IUTAaHUPOBaHUE IKCIIEPUMEHTa, XeMOMeTpHKa, Fe,03, PbO, CuO, CdO, ZnO.
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