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The purpose of the article is to develop a technique for determining mass fraction as a
necessary and important stage of a reliable forensic assessment of research results based on
theoretical generalizations and the practice of complex application of gravimetric and
titrimetric methods of analysis using the example of a three-component sulfuric and
hydrochloric acids mixture in an aqueous solution. The reliability of the obtained results and
conclusions is ensured by the use of general scientific and special research methods. In
particular, theoretical methods (analysis, synthesis, comparison, generalization) systematized
the materials that constitute the theoretical basis of the study, empirical (observation,
measurement, comparison, experiment) experimental studies were conducted to clarify the
feasibility of using gravimetric and titrimetric methods of analysis when determining mass
particles of inorganic acids. With the help of special statistical and mathematical research
methods, both the mass fraction of the constituents of the studied mixtures and the research
error were calculated. In general, the application of a complex of methods made it possible to
reach a conclusion about the suitability of gravimetric and titrimetric methods of analysis for
determining the content of inorganic acids in three-component mixtures. Scientific novelty. The
possibility of the complex application of gravimetric and titrimetric methods of analysis to
determine the mass fraction of two strong acids (sulfatic and hydrochloric) in an aqueous
solution in a three-component mixture is substantiated as a necessary and important stage of a
reliable forensic evaluation of research results. Conclusions. Complex application within the
experiment of gravimetric and titrimetric methods of analysis to determine the mass fraction in
a three-component mixture of two strong acids (sulfate and chloride) in an aqueous solution
confirmed the possibility of their use for solving expert tasks. The main advantages of the
gravimetric and titrimetric methods of analysis proposed for use are the availability of
equipment, simplicity, manufacturability, sufficiently high accuracy, which prove the feasibility
of their use for determining individual concentrations of inorganic acids in order to solve the
issue of taking measures to control their circulation. The basic principles of the methodology
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for determining the content of sulfuric and hydrochloric acids in a three-component mixture
are outlined, which will serve as a basis for the further development of methodological
recommendations in this direction. In addition, the selection of the main parameters of the
reagents was carried out and a method was proposed for the quantitative analysis of individual
components (inorganic acids) of mixtures (solutions) - sulfuric and hydrochloric acids in a three-
component mixture, which is based on their sequential separation and allows obtaining the
value of their mass fraction with relative errors 2.4% for sulfate and 4.6% for chloride, which
is within the permissible measurement error (Amex< 30).

Keywords: forensic examination; precursors; sulfuric acid; hydrochloric acid;
gravimetric method of analysis; titrimetric method of analysis; the mass fraction.

Introduction

For research in the field of materials, substances and products examination, substances
are sent to expert institutions, to which, depending on their concentration, control measures
can be taken. These are practically irreplaceable both in industrial and economic activities
(metallurgy, food production, medicine, etc.) and in everyday life, inorganic acids, such as
sulfuric and chloride, which are also used as precursors at various stages of the production of
almost all narcotic drugs and psychotropic substances, including heroin, cocaine, amphetamine,
methamphetamine, phencyclidine, fentanyl, etc.

Inorganic acids are received (such objects are investigated by experts whose expert
specialty index is 8.6 "Research of narcotic drugs, psychotropic substances, their analogues
and precursors") mainly in the form of individual aqueous two-component mixtures. But some
of them contain a strong and a weak acid or two strong acids, which complicates the process of
determining the concentration of each component. That is why the creation of an accurate,
reproducible, express and simple method of determining the mass fraction, in particular of
sulfuric and chloride acids, is a necessary and important stage of a reliable forensic evaluation
of research results.

V. P. Bakhin, V. G. Goncharenko, A. V. Ishchenko, N. I. Klymenko,
V. O. Konovalova, E. D. Lukyanchikov, M. V. Saltevskyi, M. Ya. Segai, other leading
scientists highlighted the conceptual principles of using special knowledge in criminal
proceedings in their works.

Individual aspects in this direction were studied by scientists and practitioners, such as:
the concept and legal regulation of the use of special knowledge, skills and abilities in criminal
proceedings [1]; the concept and correlation of special and forensic knowledge in the
investigation of criminal offenses [2]; principles of application of special knowledge in criminal
proceedings [3]; compliance of Ukrainian legislation on criminal liability in the field of illegal
drug trafficking with international legal acts [4]; precursors and chemicals often used in the

NPLLL « 2022 + 8 « AJFEC | 39



NATURAL SCIENCES

illicit manufacture of narcotic drugs and psychotropic substances [5]; updating the international
paradigm of drug use regulation [6].

Ukrainian scientists are fruitfully working on issues of qualitative [7; 8; 9], as well as
quantitative [10] chemical analysis of inorganic acids.

A significant contribution to the formation and development of the scientific foundations
of inorganic chemistry was made by foreign colleagues [11; 12; 13; 14; 15; 16$ 17; 18; 19; 20;
21).

At the same time, the issue of the complex application of gravimetric and titrimetric
methods of analysis during the study of precursors within the framework of forensic examination
was not covered, and therefore requires a thorough study, determining the relevance of the
chosen topic.

The purpose and tasks of the research

The purpose of the article is to develop a technique for determining their mass fraction
as a necessary and important stage of a reliable forensic assessment of research results based
on theoretical generalizations and the practice of complex application of gravimetric and
titrimetric methods of analysis using the example of a three-component mixture of sulfuric and
hydrochloric acids in an aqueous solution.

To achieve this goal, the following tasks must be solved:

to evaluate the possibility of complex application of gravimetric and titrimetric methods
of analysis during the study of precursors within the framework of forensic examination;

to outline the advantages of the complex application of gravimetric and titrimetric
methods of analysis when determining the quantitative composition of individual components
(inorganic acids) simultaneously present in multicomponent mixtures, and prove the feasibility
of their use;

to single out the main principles and principles of the methodology for determining the
content of sulfuric and hydrochloric acids in a three-component mixture.

Presenting main material

Precursors of narcotic drugs and psychotropic substances in accordance with the
legislation of Ukraine are substances used for the production and manufacture of narcotic drugs
and psychotropic substances, which are included in the List of narcotic drugs, psychotropic
substances and precursors [22].

Accordingly, inorganic sulfuric and hydrochloric acids belong to the precursors [23], for
which control measures are taken when their mass fraction in the composition of the mixture
(solution) is at least 45% for sulfuric acid and 15% for hydrochloric acid [24]. Therefore, the
accuracy of determining the concentration (mass fraction) of these acids in the composition of
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the mixture (solution) and the presence of a clear methodology for its measurement acquires
importance.

The process of researching aqueous solutions of acids, in particular chloride and sulfate,
and evaluating its results will be demonstrated on the example of determining the content of
the components of the test mixture - an aqueous solution of 10% chloride and 40% sulfate acids,
which serves as the basis for further expert research of objects in the form of an aqueous
solution of these acids.

To determine the content of sulfuric acid in the solution, a gravimetric method of analysis
was used, which is based on the precipitation of sulfate ions by a solution of barium nitrate in
the form of barium sulfate (chloric acid does not react with the reagent, remaining in the
solution):

Ba(NOs), + H:SO,  BaSOs + 2HNO3

Barium sulfate fully meets the requirements for sediments: its solubility product is
1,1-1079 the precipitate practically does not dissolve in acids [25], has a well-defined
composition that corresponds to the molecular formula BaSO4, and therefore does not change
during calcination. Accordingly, this compound is a gravimetric form, that is, in this definition,
the gravimetric form coincides with the precipitation form [26]. In addition, it should be taken
into account that BaSO4 crystals are very small and can pass through the pores of the filter
during filtration, and are also easily contaminated by extraneous ions from the solution. That is
why the slow addition of a precipitant is an important condition for the consolidation of crystals
and their purity [27]. The method of gravimetric determination of the content of sulfuric acid
involves six stages of research: preparation of the crucible; sample preparation for analysis;
sedimentation; filtering and washing sediment; drying and roasting; evaluation of analysis
results (Table 1).

Table 1
Methodology for gravimetric determination of sulfuric acid content
Research Research methodology Equipment
stage and reagents

Preparation of | Wash and dry the crucible, place in a muffle | Muffle  furnace,
the crucible | furnace for 20-25 min at t= 500 °C, cool in a | analytical balance,

desiccator, weigh on an analytical balance crucible,  tongs,

desiccator
Sample Place about 0.5 g of the tested test solution in | Analytical scales,
preparation for | the beaker, weigh it. Quantitatively transfer | buks, chemical
analysis the weighing to a 100 cm3 chemical beaker, | glass, glass stick,

rinse the beaker three times with distilled | research  object
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water, transfer the rinses to a beaker and
dilute the solution to 50 cm?® with distilled
water

(test
distilled water

solution),

Sedimentation

Heat the resulting solution without bringing it
to a boil. Take 10 cm® of Ba(NOs), (0,5 M),
solution in a chemical beaker with a measuring
cylinder, heat it and very slowly, drop by drop,
continuously stirring, pour this hot Ba(NO3)2
solution into the test solution removed from
the tile. Allow the sediment to settle and check
the completeness of the sedimentation by
adding a few drops of Ba(NOzs).to the wall of
the beaker with the sediment and see if
turbidity appears. If it appears, add another 5
cm3 of Ba(NOs).and check again for complete
precipitation. Centrifuge the resulting mixture

Chemical beaker -
2 pcs., glass rod,
measuring

cylinder - 2 pcs.,

electric tile,
solution Ba(NO3z),
(0,5 M), the

studied mixture

Filtration and

Filtration should be carried out through a

Beaker, glass rod,

washing of | dense ashless "blue ribbon" filter. After | measuring
sediment pouring the entire solution from the beaker | cylinder, pipette,
onto the filter, wash the sediment in the beaker | watering can,
by decantation. To do this, pour 10-20 cm? of | conical flask, blue
distilled water into a glass, add 3-4 drops of | ribbon filter,
HNOs (0.1 M). Stir the sediment with a glass | solution HNOs
stick, let it settle. Pour the clear solution onto | (0,1 M), distilled
the filter. Repeat the washing two or three | water
times, then quantitatively transfer the
sediment to the filter. Wash the sediment on
the filter with 10 ml of water to remove NOs-
ions
Drying and Place the filter with sediment in the prepared | Analytical
calcination crucible, put it in a muffle furnace at t = 500 | balances, crucible,
°C, for 20 min, then in a desiccator. Weigh the | sediment BaSO,,
cooled crucible on an analytical balance, | muffle  furnace,
record its mass and place it again in the muffle | desiccator

furnace for 10 minutes, cool and weigh. If the
difference between weighings does not exceed
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0.0002 g, it can be assumed that the sediment
has been brought to a constant mass.
Otherwise, the roasting operation is repeated
until a constant mass is reached

results analysis | percent, calculate the error

Assessment Calculate the content of sulfuric acid in

The mass fraction of sulfuric acid is calculated according to the formula (1):

__ m-F-100%

m - sediment mass, g; 9
F - conversion factor;

g - weight, g.

(1) where:

The arithmetic average of the results of five parallel determinations was taken as the
result of determining the content of sulfuric acid - 39.05% (Table 2).

Mass fraction of sulfuric acid in solution

Table 2

Mass of the obtained sediment, g The mass fraction H.SO4, %
0,4712 39,58
0,4549 38,21
0,4775 40,11
0,4641 38,98
0,4568 38,37

We carried out statistical processing of the analysis results (Derffel, 1994) using the

capabilities of Microsoft Excel (Table 3).

Table 3

Statistical analysis of research results
Parameter Indicator
Average value, % 39,05
Absolute measurement error, % 0,95
Relative measurement error, % 2,4
Dispersion 0,64
Standard deviation, % 0,8
Relative standard deviation, % 2,1
Confidence interval, % 39,05 0,99
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According to the results of the study, the obtained value of the content of sulfuric acid
in the mixture is close to the true one and does not exceed the maximum measurement error,
and therefore is permissible, and the determination of the mass fraction of sulfuric acid by the
gravimetric method is appropriate.

The mass fraction of hydrochloric acid was measured in the filtrate obtained at the
previous stage of the study by the Folgard method: an accurately measured excess of 0.1 M
silver nitrate solution AGNO3 was added to the filtrate. The titration was performed without
separation of the AgCl precipitate, therefore, 5-10 ml of nitrobenzene was added to the
resulting mixture. The mixture was shaken well for 30-40 s (while the AgCl precipitate acquired
a flaky structure and was absorbed by nitrobenzene). 2 ml of a saturated solution of ferric
ammonium alums was added to the solution and titrated with a 0.1 M solution of ammonium
thiocyanate with gentle stirring until a weak red-brown color appeared [28].

The mass fraction of hydrochloric acid was calculated according to formula (2):

(2) me:

X = (VAgN03 k —VNH,cNs k)T 100 %,
mHaBa)KKI/I

Vagnos— volume of AgNOs, spent for titration, cm3;

Viracns — volume of NH4CNS, spent for titration, cms;

k - correction factors;

T - titer titrant, for NH4,CNS, g/cm?;

Mwaight — the weight of the substance to be determined.

The result of determining the content of hydrochloric acid was taken as the arithmetic
average of the results of five parallel determinations, which is 9.56% (Table 4).

Mass fraction of hydrochloric acid in solution Table 4
Mass fraction of HCI, %
10,05
9,33
9,45
9,17
9,78
Statistical processing of the analysis results was carried out [29] (Table 5).
Statistical analysis of research results Table 5
Parameter Indicator
Average value, % 9,56
Absolute measurement error, % 0,44
Relative measurement error, % 4.6
Dispersion 0,13
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Standard deviation, % 0,36
Relative standard deviation, % 3,8
Confidence interval (Student's t-distribution), % 9,56 0,45

As with the calculation of the content of sulfuric acid, the obtained value of the content
of hydrochloric acid in the mixture is close to the true one and does not exceed the maximum
measurement error. Accordingly, the use of the Folgard method for calculation (provided that
hydrochloric acid is previously separated from the test three-component mixture) allows
obtaining a satisfactory result.

Scientific novelty

The possibility of the complex application of gravimetric and titrimetric methods of
analysis to determine the mass fraction of two strong acids (sulfatic and hydrochloric) in an
aqueous solution in a three-component mixture is substantiated as a necessary and important
stage of a reliable forensic evaluation of research results.

Conclusions

1. Complex application within the experiment of gravimetric and titrimetric methods of
analysis to determine the mass fraction in a three-component mixture of two strong acids
(sulfate and chloride) in an aqueous solution confirmed the possibility of their use for solving
expert tasks.

2. The main advantages of the gravimetric and titrimetric methods of analysis proposed
for use are the availability of equipment, simplicity, manufacturability, sufficiently high accuracy,
which prove the feasibility of their use for determining individual concentrations of inorganic
acids in order to solve the issue of taking measures to control their circulation.

3. The basic principles and principles of the methodology for determining the content of
sulfuric and hydrochloric acids in a three-component mixture are outlined, which will serve as
a basis for the further development of methodological recommendations in this direction. In
addition, the selection of the main parameters of the reagents was carried out and a method
was proposed for the quantitative analysis of individual components (inorganic acids) of mixtures
(solutions) - sulfuric and hydrochloric acids in a three-component mixture, which is based on
their sequential separation and allows obtaining the value of their mass fraction with relative
errors 2 .4% for sulfate and 4.6% for chloride, which is within the permissible measurement
error (Auwa < 30).
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Nrsunrruneuverh eNPAULLLLNNE3UL LUSUrsLUSNNrONRU L
Jd6MLNRONRE-3UL HPUYPUESMPLUUWUL B ShSPPUBSMPUULUL
UtlaNiueMrh OGSUSGNNoUUUPR

Unpnipyny b. 0.

<nnywdh bwwppwlt b opuyhti intdnyenid 5ddpwpppyh b wnwppyh tnwpwnwnphs
fuwntinipnp  oppiwyny  Hwlly qubguduypti Jwubwpwdup' npwbu wbhpwdbyy U
bwplunp  thnyp  nuipwthnpdwaghypwlwt  quwhwipwipdwt — wpnynitipinh - hnwuwip
hGypwqnipnipywt pbpwgwlwng' hhdudws pnbuwyw ptnhwipwgnidabph U Japinidnipywib
gnwyhdbinpppyuwlwts L iphipppdinphwlyuwts - JGennubnh  gnpstiwlwind  hwdwihn
Lppwndwt Ypw:

<hdbwynpynid £ wyli dhyppp, np uypwgywd wpnynitipbinh b Ggnwywgnyeyniutiinh
hwywuphnypynibt wwwhnydmd £ panhwtnip ghypwywt b hwipndy  hGypwagnipulywi
dtpnntubnh  LYhpwndwdp: Uwubtwynpwwbu, wpbuwlwt dJbpenntbnny (Yapinidnipnit,
upbpliq, hwdbdwinnipnit, punhwipwgnid) hwdwlwnpgyby o hypwaqnipniyeywt inbuwwi
hhdpp Guqunn wnplipp, Guwpwndt) fdyhphly (nhippwplynud, suihnid, hwdbdwigpniggni,
ghippwihnpd)  thnpdwpwpwlywt  hGypwgnpnyaniauln' wwpqupwubine  JGpiniéniypywt
gnwyhdbippplwlwl b iphipppdtypphlywlwt dbnnubiph Yhpwndwl
bywipwlwhwpdwpnyginiup' wbopqwbwlwl prenibtph qubqwdught Jwutiwpwdhbp
nnnpbnt nbwpnid: dptwlwgpwywt b dwebtdwphuluwt  hGpwgnpnygput - hwpndy
dtipnntbnh  oqunypywdp  hwpdwnplyly Gu  puswbu nwunidwuppduwd  fuwntinipntiGpp
pwnunppstbiph  quiquduyhti  Jwubtiwpwdhutibpp, wbwbu L hGypwgnipnieyw
ufuwpwbpp:  <Gnhtwlp quwipu £ wy  Ggpwhwbqdwt, np  JdGennbbiph  hwdwihpp
oqiynwgnndnidp htiwpwynpnyeynit £ iy Ggpwywgtity JGpinidnipyuwt gpuiyhdtipnphyuwywi
L ippippppdapppyuwlwt  dapnntbph  wpynibwdbpnpyut Jwupt' Gnwpwnunphs
fuwnbnipnbpnid - whopqutiwlwt  pRenittph  wwpnibwynipiniip  npnpbynt - hwdwn:
<nnywdnid hhdtiwynpynid £ opuyhti (niénypnid Gplyne nidtn prenittph (unypwippwihti b
hhnpnpinpuyhty)  qubgywéwihti  dwutiwpwdhtbiipn  Gnwpwnwnpps  fuwntnipnp - by
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npngbynt - buywipwyny - Jbpinidmippuwt - gpuidhdbppplwlwt b iphigppdbyphluwlut
dtiennubnh hwdwihn Uppwndwt  htwpwynpnyginiipn'  npwbu nwiypwlwb

thnpdwiptiinuyyniiiinh Yuiippwpdwt pbpwgpnid upuwgywd hprwgnipnipyut wpnynitiptiinh
hnwwihnyput wbuhpwdtpyn b upunp thny, b bwlb Gupwnpdwds hGypwagnipnygniiinh
hhdwt Jpw hwuypwipdmd £ wyn  hbwpwynpnyaggniip' thnpdwghypwlwt - futinhptiiph
(nédw bwwgpwlyny:

Upynid £, np Yhpwndwl hwdwn wnwownlynn Ybpinidnipywi gnuyhdtpnphlulut
b ipphipppdlippppwluts dGennbtph hhduwlwh wnwybinegynibibnt GU' uwppwynpnidubiph
wnluwynygynitip, wwnpgqnuygynitip, wpywnpbhnysnitip, Gpqnppnysynitip, npwbg Yhpwndwib
bwwippwluwytnipynitt hhdbwynptyp' wlopquitiwlywi lrentutinh wnwdhb
Unugbtiipnpuwghwtbph nnnpdwi b JGpoptiiphu ppowbiwnnyeywt Japwhulydwb futinhptinh
[nédwib bwwppwlyny:

Mpdwqdyty Gt Gnwpwnunpps  pwnbnipnmid - dddpuypti  pyp b wnuwppyh
wuwpnibiwlynypyuwt npnpdwt dGennh hhduwlwb ulyqpnitpblipp, npntip hGywaquynid hhdp
bhwinpuwbwt  JdGennwlwtl  dnipbignidubnh  wnwownynipynibbiph  dpwldwt  hwdwp:
Rquwih nipwnpnyeynit £ nwnpdyby nbwliphdblinh hhdtwwt wwpwdbppbph pbyppnyswbp
b wnwowpyyty £ fuwntininnubipp (niénypttinh) wnwtdht pwnwnphstbph (wiopqubwlwb
ppniubph)" sédpughti ppYp U wnwppeyh Gnwpwnwnpps fuwnbnipnnid pwbwlwlw
ybaninidnipywit dGpnn, npp hhduywd thubind npwig htipbnnwywi ppwpwbowipndwt Ypw,
htiwpwynpniysyni £ pruhu uipwbiwg npuwitlg quibquéughtl Jwutiwpwdth wndtpp' 2,4%
unypuiph b 4,6% pinphnp hwdwp, pusp b gipbgnid £ pnyjwippbih upiwwtph swihdwt
uwhdwtblpnid (Axmax < 30):

Pwbwygh puwnbp. nwpwlwb thnpdwptbanyenit, wpbynipunpbtin, déédpwlwi pent,

wnuwyspent, Yaninidniypywi gnwyhdbinphywlwi dbenn, YGpinidniygyut inhipnphdinppywlyws
dtpnn, qutqywdéwihti dwubiwpwdht.
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COBEPLLUEHCTBOBAHUE 9KCINEPTU3bI NPEKYPCOPOB C
NCNoJib3OBAHUEM NTPABUMETPUYECKUX U
TUTPUMETPUYECKUX METOJL,0B AHAJIU3A
Kopomkos U.H.

Lenbto cmambu  Asnsemca paspabomka, Ha npumepe MpPeXKOMNOHeHMHoU cmecu
cepHoli u conaHoli Kucnom 8 BOOHOM pacmsope, MemoOuKu onpedeneHus maccosoli 00/uU, KaK
HeobXxo0uMo20 U Ba¥H020 3mana 00CmosepHOU CyOebHO-3KCnepMHOU OUeHKU pe3y/bmamos
uccnedosaHuli Ha ocHose meopemuyeckux 06006weHUl U NpaKMuKu KOMNIEeKCHO20
NpUMEHEHUS 2pasuMempUYECKUX U mumpumempudeckux memooos avanusa. ObocHosbisaemcs
udes 0 MoM, Ymo 0OCMOBEPHOCMb NOMYYEeHHbIX pe3yabmamos U 8bI180008 obecneyusaemcs
npumeHeHuem 0bWeHAyYHbIX U cneyuaabHblx Memooos uccnedosaHul. B yacmHocmu,
meopemuyecKkumu Memodamu (aHanus, cuHme3, cpasHeHue, obobujeHue)
cucmemamu3uposaHbl Mamepuasbl, COCMAasAoWue meopemuyecKyro 0CHO8Y UCCe008aHUS,
amnupudeckumu memooomu (HabnroOeHue, usmMepeHue, CpasBHeHue, 3KcnepumMeHm) NposedeHbl
3KCnepuMeHmMasnbHble UCCNe00B8aHUA NO YMOYHEHUH UenecoobpasHocmu UChO/b308AHUA
2pasuMempuyeckux U mumpumMempuyeckux memodos8 aHanu3a npu onpedeneHuu Maccosoli
donu HeopeaHuyeckux Kuciaom. C NOMOWbIO CheyuanbHbIX CMamucmuyeckux U
Mamemamuyeckux mMemo0o8 UcCne008aHUs paccyumaHbl KaKk Maccosble 0oaU COCMasaaroujux
uccnedyemblx cmecell, mak u nozpewHOCMb UCCE008aHUA. ABMOp npuxodum K 8bi800Y,
4Mo NpuUMeHeHUe KOMNJeKca Memodos8 No380AUI0 ChOpMyaUPOBAMb B8bI800 O NpuU20OHOCMU
2pasumMempuyeckux U mumpumempuyeckux memo0os aHanu3a onAa onpedeneHus COOepXaHus
HEOpP2aHUYECKUX KUC/Iom 8 MpexKOMNOHeHMHbIX cmecAx. B cmambe obocHosbisaemcsa
BO3MOXHOCMb KOMNIEKCHO20 NPUMEHEHUs 2pasumMempuyecko0 U Mmumpumempuyeckozo
Memo0os aHanusa 0nA onpedeneHus Maccosol 0onu 08yX CUMbHbIX Kucaom (cynbghamHol u
conAHoli) 8 BOOHOM pacmsope 8 MPEeXKOMNOHEHMHOU CMeCu KaKk HeobxoOumbil U BaMHbIl
aman OocmosepHoCmU pe3ynbmamos uccie0o8aHuli, NoMyYeHHbIX B8 X00e BbINOHEHHbIX
cy0ebHbIx 3akcnepmu3. Ha ocHosaHuu 8bINONHEHHbIX uccnedosaHuli noomsepxoeHa
BO3MOMXHOCMb UCNO/Mb30BAHUA NPU peweHuU 3KCNepmHbIX 3a0a4 KOMNIEKCHO20 NPUMEHeHUA
2pasuMempuyecKo20 U mumpumempu4eckoeo MemoOo8 aHanu3a no onpedeneHuro Maccosoli
0onu  mpexKomMnoHeHMHol cmecu 0ByX CUnbHbIX Kuciom 8 800HOM pacmsope. OmmeyeHo,
YMO OCHOBHLIMU —NpeuMywecmsamu npeodnazaeMbix K NPUMEHEeHUI 2pasumMempuyeckoz0 U
mumpumMempuyecKo20 Memodos aHanu3a AsaAomMca 0ocmynHocmes 06opy0o8aHus, npocmoma,
MexHOM02UYHOCMb  MOYHOCMb  npu onpedeseHuu  UHOUBUOYANbHbIX  KOHYeHmpayul
HEOP2aHUYECKUX KUC/IOM npu peweHuu npobnem no KOHmMpoaro 3a 060pomom NnocneoHUX.
M3noxeHbl 0cCHOBHbIe NnpuHYunbI Memoda onpedeneHusa co0epXaHus cepHoli u conAaHol Kucaom
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8 mpexKomMnoHeHmMHoU cmecu, Komopsie 8 OanbHeliwem nociayxam ocHosol paspabomku
memoouydeckux pekomeHOayul. 3HayumesnbHoOe BHUMAaHue ydeneHo, nposedeHuto nodbopa
OCHOBHbIX NApaMempos peakmuso8 U npedsoxeH MemoO KOIUYeCmseHHO20 aHanau3a
UHOUBUOYaNbHBIX KOMNOHEHMOB (HeopeaHu4eckux kucnom) cmecel (pacmsopos) - cepHol u
conaHoli Kuciom 8 MpexKoMnNoHeHMHoU cmecu, Komopblli Ha OCHOBe UX NoCnedo8amesbHo20
pasoeneHus no3sosiAem nojlyyamses 3HAYyeHue Ux maccosoli 0onu € OMHOCUMENbHbIMU
noepewHocmamu 2,4% ona cynbgpbama u 4,6% Ona xnopuda, Yymo Haxooumcsa 8 npedenax
donyckaemoli nozpewHocmu usmepeHus (Axmax < 30).

Knroyesbie cnosa: cydebHas sxcnepmu3a, npekypcopbl, CepHas Kucioma, CONAHAA
Kucnoma, 2pasumempudeckuli mMemod aHanusd, mumpumempuyeckuli mMemod aHanusa,
maccosas 0onA.
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