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Abstract: Environmental problems of big cities are directly related to the high concentration of
population, industry and transport in small areas, which are the cause of a large number of industrial and
domestic emissions. These emissions may represent a different kind of chemical compounds: volatile,
semi-volatile and toxic organic compounds, which can be merged with water and pollute it. As a result
there are several so-called lake-settlers, where contaminated water is stored for further purification. An
annual monitoring of these lakes it is necessary carry out for to prevent the possibility of getting these
compounds in drinking water and harm to the environment. The Environmental Protection Agency
offered EPA 8270S method for determination volatile and semi-volatile compounds in the environmental
objects by GC-MS. However, this technique is not economically profitable, since it requires the use of
expensive reference materials for calibration curve and set retention times of all 210 compounds and
organic solvents for extraction. The aim of this work is to develop a new selective, informative and
efficient green method for the detection of VOCs in water without using organic solvents for extraction
and without require of use expensive standard samples. Method of solid phase microextraction and
GC/MS with identification of peaks by Kovatc’s indices is the most appropriate responding to all requests
for the detection of VOCs in the environment. The green method will enable to determine VOCs in
environmental objects. Results of work included the optimization of SPME parameters and calculation of
retention times of n-alkanes. Using the retention times and retention indices of n-alkanes the dependence
was built, which allowed to calculate the retention times of 210 organic pollutants. Also this method was
successfully applied for analysis of water from Almaty Lake-Settler «Sorbulak» and 68 main organic
compounds were identified, including phenolic compounds, pesticides and polyaromatic hydrocarbons.

Key words: Volatile organic compounds, Kovacs indices, Solid-phase microextraction, Gas
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1 Introduction

Volatile Organic Compounds (VOCs) are carbon-containing compounds that evaporate easily from
water to air at normal room temperatures. VOCs are contained in a wide variety of commercial, industrial
and residential products including fuel oils, gasoline, cleaners and degreasers, paints and pesticides [1].
VOCs are one of the main problems in the environment and their wide distribution has raised major
concemns, in particular with environmental sciences. The main subgroups of VOCs include halogenated
organics, monocyclic aromatic hydrocarbons, organic sulfides and sulfoxides, BTEX, acetone, and esters.
VOCs may be of biogenic or anthropogenic origin. Major anthropogenic sources of VOCs to the aquatic
environment are paints and coatings, gasoline, solvents, industrial and urban wastewaters, urban and rural
run-offs, and atmospheric depositions [2]. The analysis of VOCs is of growing interest due to their impact
on global environmental conditions and human health. Of total dissolved organic carbon, 10% is VOCs in
relatively unpolluted waters and the concentrations are much higher in raw waters from different
anthropogenic sources [3]. Further, for halogenated VOCs, the substitution of halogens is known to affect
the chemical and toxicological propertics in water. Hence, to get deep insight into the occurrence of
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VOCs, analytical techniques at environmental become crucial. Analysis of environmental waters is not a
simple issue, not only because of the diversity of analytes and the range of their available concentrations
but also due to the complexity of the matrix in which they are present. Therefore, choosing appropriate
methods of analysis, determination and identification need to depend on selective, sensitive and cost
beneficial. The most efficient technique for determining and understanding the occurrence of VOCs in
environmental objects is gas chromatography (GC) [4]. In the majority GC apparatus performance in the
determination VOCs carry out with combining classical detectors, such as flame-ionization detector,
clectron-capture detector, and photo-ionization detector. The most popular detector is mass-selective
detector, which has been widely accepted for separation, identification and quantification of VOCs at ng/L
or mg/L levels [5-8]. Sample preparation is the most important step of VOC’s determination in water
samples by chromatographic analysis. The sensitivity of the detector used, appropriate sample preparation
and pre-concentration methods applied become significant for the trace determination of VOC’s. One of
the frequently used methods for sample preparation is Purge and trap technique (P&T) [9-13]. Apart from
sensitivity, P&T has the advantages of precision and possibility of automation. The drawbacks of P&T are
its complexity and the interference of water vapor generated in the purge [2]. According to this method
were detected VOCs such as BTEX, chlorinated hydrocarbons, halomethanes and other volatiles in
waters. A varicty of sample preparation methods is available for extraction of contaminants in water.
However, solid-phase extraction (SPE) is the method of choice that is particularly well adapted to multi-
residue analysis, including a wide range of analytes of different polarities and physico-chemical
propertics, because of the great variety of sorbents available, their larger capacity as compared to
microextraction techniques and moderate consumption of organic solvents and casy automation in
contrast with liquid-liquid extraction [14]. HS analysis is a technique to separate and to collect VOCs in
the gas phase from water samples. HS techniques have been very popular and widely used in the analysis
of VOCs in various types of waters [15]. The next most popular methods of concentration needed analytes
1s solid-phase microextraction (SPME). The advantage of HS-SPME techniques is that the VOCs of the
sample can be analyzed directly without any interference so as to reduce the possibility of matrix effects.
This method is very reproducibility because of the entire analysis occurs in vacuum system. This method
demonstrated good results for determination 53 chloroorganics in wastewaters, treated waters and river
waters from Russia [16]. Studies of Swiss lake waters on contamination BTEX and methyl tert-butyl ether
were carried out by HS-SPME technique with a Combi-PAL auto sampler to the pre-concentration of
waters to obtain good reproducibility. These values were reported to be much better than HS alone. The
method of HS followed by SPME had sample-recovery values of 105-110% with good sensitivity and
reproducibility [6]. HS-SPME method is successfully applied for the analysis of chlorinated volatiles [17],
trihalomethanes [18], BTEX [19-21] in various types of water.

In this paper VOCs determination was carried out by SPME-GC-MS technique. Identification of
VOCs in water was carried out by calculation of Kovats retention indices. This method of identification is
more informative and convenient form of provision reliable data. Retention indices can be taken from
reference books, scientific articles, from the library of mass spectra NIST, or calculated using a
mathematical model. Thus, knowing the Kovats indices of n-alkanes we may calculate the retention times
of organic compounds. There is one requirement for this method is using a non-polar column based on
polydimethylsiloxane.

In this paper we were determined retention times of n-alkanes in the column DB-5MS for carrying
out the calculation of retention times of volatile organic pollutants using Kovats retention index.

2 Experiments

2.1 Reagents and materials

Standard solution of n-alkanes (Cs-Cs) used for calculation of retention times for organic pollutants
with using Kovats indices. Standard solution of PAHs (acenaphthene, acenaphthylene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene) and pesticides (DDT,
DDE, DDD) used for prepare a model sample for assay the results are obtained by calculating retention
times of organic pollutants.

2.2 GC-MS analysis
Analysis of VOC in water samples were carried out using HT280T autosampler (HTA, Italy)
installed on 6890N/5975C (Agilent, USA) GC-MS system equipped with a split/splitless injector and a
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mass spectrometer selective detector was used. The separation was performed with a DB-5MS non-polar
column (30m x 0,25mm x 0,25um). Helium was used as a carrier gas with a constant flow of 1 mL/min.
The temperature program was held at 40°C for 2 min and increased at 10°C/min to 300°C for 30 min,
temperature of MSD’s interface — 240°C. A full-scan acquisition mode (m/z 35-950) was used for
detection, and the sample sizes for n-alkanes were 0.2 pL.

2.3 SPME procedure

The SPME was performed on fiber 50/30 ym DVB/CAR/PDMS during 60 minutes with 90°C
extraction temperature. The evaporator temperature was 240°C. For the calculating retention times of
VOCs we used Kovats retention indices for each compound which were taken from the library NIST'0S.
SPME procedure was used for extraction VOCs in surface water from Almaty city (Kazakhstan).

3 Results and Discussion
3.1 Calculation the retention times of VOCs used Kovats indices

The table 1 shows the results of determination of the n-alkanes’ retention times and number of
hydrocarbon atoms and its appropriate Kovats indices.

Table 1 — The retention time and number of hydrocarbon atoms of n-alkanes

n-Alkanes Koyats Retentiqn n-Alkanes Koyats Retentiqn n-Alkanes Koyats Retentiqn

indices time, min indices time, min indices time, min
Cs8 800 10.38 C20 2000 43.60 C26 2600 53.88
Cl15 1500 32.58 C21 2100 45.50 Cc27 2700 55.37
Cle6 1600 35.08 C22 2200 4732 C28 2800 56.94
C17 1700 37.33 C23 2300 49.06 C29 2900 10.38
C18 1800 39.53 C24 2400 50.73 C30 3000 32.58
C19 1900 41.61 C25 2500 52.33

Using the retention times and Kovats indices of n-alkanes was build dependence, which allowed to
calculate the logarithmic formula. By using this formula we were calculate retention times of organic
pollutants: y = 37.38In(x) — 240.3, where, y - the retention times of organic pollutants, x - retention
indices of organic compounds. In the method of EPA 8270C there is a list of the most of dangerous and
common semi-volatile pollutants (about 250 compounds). Kovats retention indices for each compounds
taken from the library NIST'08. Thus, using Kovats retention indices were calculated retention times of
volatile organic contaminants. For analysis of volatile organic pollutants in water samples was established
SIM method with the base ion and Kovats retention indices of compounds. SIM method was divided into
22 series detectable group. Therefore, when creating a SIM method we should make additional 5 ions
from the beginning and the end of each group. The optimal retention time for each ion (dwell time) was
10 msec. Analysis of the model of water sample contaminated with PAHs (acenaphthene, acenaphthylene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene) and pesticides
(DDD, DDT, DDE). The result of experiment were established that the retention times of organic
compounds obtained by calculation are different by experimental for 15% (Table 2). The greatest
differences were registered for the semi-volatile compounds.

3.2 Screening of volatile organic compounds in Almaty lake-settler using SPME-GC-MS

SPME analysis was performed using parameters which have been defined above in experimental
part. The real water samples were taken from ‘Sorbulak’ lake-settler which located in Almaty city. Itis a
natural closed reservoir to store treated wastewater of the city. There is reset wastewater which traversed
biological and mechanical cleaning. ‘Sorbulak” is considered to be the biggest lake-settler in CIS (Figure
1). The Table 3 shows the results of VOCs analysis in water sampled from ‘Sorbulak’ lake-settler. The
results of analysis showed that the both of water sample from sanitary zone contain volatile organic
compounds, such acetophenone, o-toluidine, 2-methyl-naphthalene, phthalic anhydride, propylthiouracil
and etc.
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Table 2 — Results of analysis of the model of water sample contaminated with PAHs and pesticides

5 Additional CAS Registry | Retention | Calculated retention
No Compounds Basicion | . : . .
ions Number index time, min
1 Acenaphthylene 152 151,153 208-96-8 31.9 31.9
2 Acenaphthene 154 153,152 83-32-9 32.5 327
3 Fluorene 166 165,167 86-73-7 353 352
4 Phenanthrene 178 179,176 85-01-8 39.5 39.8
5 Anthracene 178 176,179 120-12-7 38.5 40.0
6 Fluoranthene 202 101,203 206-44-0 44.5 455
7 Pyrene 202 200,203 129-00-0 451 46.6
8 4.4-DDE 246 248,176 72-55-9 459 471
9 4.4-DDD 235 237,165 72-54-8 47.5 48.9
10 4.4-DDT 235 237,165 50-29-3 49.4 50.3
11 Benz(a)anthracene 228 229226 56-55-3 50.7 524
12 Chrysene 228 226,229 218-01-9 50.8 52.6
e o 55 Image of “Sorbulak™ lake-settler
Satellite image of “Sorbulak™ lake-settler (July, 2013)
Figure 1 — “Sorbulak™ lake-settler, Almaty (Kazakhstan)
Table 3 — Results of analysis of water samples from sanitary zone of “Sorbulak™
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Retention Basic Feale Retention Basi Peak area,
# Compounds ; : : area, # Compounds : ; : 3
time, min ion <107 time, min ¢ ion x10
N-(Dimethyl
8 Diazirine 14.08 14 38.5 42 | thiophosphinyl)-2- 22.38 72 746.6
butylamine
2,3-Pyridine-
9 Dimefox 14.63 44 47.1 43 | dicarboxylic acid, | 22.55 79 49.0
dimethyl ester
Cyclohexene, 1-
3-Amino-4- methyl-4-(1-
10 pyrazolecarbonitrile 1420 10% 512 # methylethyl)-, (R)- (p- 2.1 % wl
Menthene)
11 | 4H-1.3-Benzodioxin 15.03 78 6.2 a5 | 3-Acetyl2Sdimethyl ] o) gg 139 | 686
thiophene
g | ZEyolidmedione, 1- | o 105 89.7 46 | Etamiphyllin 23.02 86 35.1
(benzoyloxy)-
. 3,4-Diamino-
13 Methanesulfinyl fluoride | 15.27 67 11.6 47 1,2,4(4H)-triazole 23.11 99 807.8
o (| ZEIAEIGEL, STURF, | 400 77 31.1 | 48 | trin-Amylphosphate | 23.24 99 | 1318
phenylhydrazone
Phosphonous
15 Benzoin 16.10 105 109.5 49 difluoride, 1,2- | 23.30 69 44.5
ethanediylbis-
Fumaric acid, 3-
jg | 2H-EymnZ60H) 16.19 42 13.9 50 | fluorophenyl  pentyl | 23.37 169 | 41.9
dione, dihydro-
ester
17 | 37-Dimethyl-1.7- 16.45 70 5.9 51 | 1-Butanamine, N-nitro- | 24.03 75| 1019
octadien-3-amine
18 Phenacylidene diacetate 16.56 105 132.7 52 | Dithiobiuret 25.13 119 142.1
g | BEEe-Vimlo-amdo- 16.97 70 1088 | 53 | Uracil, 6-acetamido- | 25.23 127 | 180.8
norbornenol
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Analysis ofreal water sample Selection of common water’s
from lake-settler organic pollutants using the
using SPME-GC-MS method of EPA 8270C

Selection of Kovats
retention indices from
NIST’08

Compare the results of
contaminated water with
PAHs and calculated
retention times (15%)

Method for
screening of VOCs

in water by
SPME-GC-MS
SIM method development (basic ion Establish of retention time and
and Kovats retention indices) indices of n-alkane by analysis of
with 22 detection group of VOCs' ion standard solution

: Calculation of retention time of &

VOCs using Kovats retention
indices and logarithmic formula

Figure 2 — Methodology of screening VOCs in water samples by SPME-GC-MS

Conclusion

This paper conducted a research and defined a set of database of retention time, basic ions, CAS
number and Kovats retention indices of VOCs from EPA 8270C. The compounds were divided into 22
groups to develop sensitivity SIM method for SPME-GC-MS analysis. Methodology for VOCs
determination in water samples was presented in Figure 2.

Using the retention times and retention indices of n-alkanes dependence was built, which allowed to
calculate the retention times of 210 organic pollutants. Also this method was successfully applied for
analysis of water from Almaty Lake-Settler. As a result 68 main organic compounds were identified,
including phenolic compounds, pesticides and polyaromatic hydrocarbons.
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KOMI-I'X-MC 9AICIMEH AJIMATHBI CYTYHJBIPTbICHI CYBIHJIA YIINKBIII
OPTAHHUKAJBIK JACTAYHIIBUIAPABIH CKPHUHHUHI'T

AnHoTanmust. [pi KamamapablH SKOJOTHSUIBIK MOCENENEpl, SIFHH TYPMBICTBIK KOHE OHIIPICTIK KAIABIKTAPIbIH
SKHHAKTAIYBI XAIBIKTHIH THIFBI3 OPHANACYBIMCH, >KOFAPBI MOJIICPIC OHAIPICTIK JKOHE TYPMBICTHIK INBIFBIHIAPIBIH
ccOeO1 OONMaThIH OHIIPICTEPAIH AAMYbI KOHE TPAHCIIOPTTHIH KOl OOJIybIMEH TiKeleH OainaHbIcThl. by KamabIkrap
XHMHSUTBIK KOCBIIBICTAPBIH CYJa EPUTIH I OHBI JACTAWTHIH YINKBIII YKOHE YINKBIIITHIFBI HAIIAP YIIbI OPTAHUKAIBIK
KOCBLIBICTAP TYpPJIEpiHEH OONMybl MYMKiH. HoTmkeciHae, nacTaHfaH CyJpl OJaH 9pi Ta3apTyra apHAIFAH apHAWBI
CYTYHIBIPFBI 06ap. YIbI OPraHWKAJBIK KOCBUIBICTAPABIH aybl3 CyFa TYCY MYMKIHINITITIH KOHE KOPIIAFaH OPTaFa
3aJaJ KeATipyiH O0IAbIpMay VIIiH, OCBIHAAM CYTYHABIPFBIIAP/IBIH >KbIT CAHBIHFBI MOHUTOPHHTIH JKYPTi3y KaXKET.

AKII-H xopimaran OpTaHBI KOPFay >KOHIHACTI arcHTTIT] KOPIIAFaH OPTAJarbl YIIKBINI XKOHE OPTAIIA YINKBIII
OPTAHHUKAJBIK KOCBUIBICTApABI Ta3abl xpomarorpadmsa macc-ciekrpomerpus ([X/MC) omici OofbIHIIA aHBIKTAY
vy EPA 8270S agicin ycbHapl. Amatina Oyt 97ic, KamHOpOBKAIBIK KUCHIKTHI TYPFBI3Y YIIIH Oarajbl CTAaHAAPTTHI
Yarinepai KOJXAAHYAbI, 3KCTPAaKIHA YIIiH O0apiblk 210 KOCBUIBICTAPABIH XKOHE OPTAHHMKAJIBIK CPITKIMTEPIIH yCTay
VaKBITBIH OCITLICY Al KAKET STCTIHIIKTCH SKOHOMHUKAIBIK THIMCI3 O0TBIT TAOBLIAE.

Byt >KyMBICTBIH MaKcaThl Oaraisl CTAHAAPTTHIK VITIICPl KOHE 3KCTPAKI YIIIH OPraHUKAIBIK SPITKIIITEPAL
KOJIAAHYCBI3 CyJarbl YIUKBII OPTaHWKANBIK KOCHUIBICTAPABI AHBIKTAY/IBIH »KAHA CEICKTHBTI, AKMAPATTHI >KOHE
3(PEKTUBTI «KACBID» OMICIH >KeTinmipy Oonemm TaObuiagsl. KoBau ycTay WHIACGKCI OOMBIHINIA MIBIHIAPIBI
anpikTayaeiH [ X/MC  omiciMeH VHIeCIM TamkaH KarThl (Daszajnbl MHUKPOIKCTPAKIHMA OTiCi, KOpIIAFaH opTa
HBICAHBIH/IAFbl YIIKBII OPTAaHMKAIBIK KOCBUIBICTAPABI AHBIKTAY YIOIH OAapIibIK Tajamrapra skayan OEpeTiH ¢H
KoJaitmsl oxic Oosbim Tadbmansl. bynm «oKackLpy o7iC KOPIIAFAaH OPTAa HBICAHBIHIAFHI YIIKBIN OPTAHUKAIBIK
KOCBIIBICTAPABl AHBIKTAYFa MYMKIHAIK Ocpemi. YKYMBICTBIH HOTHXKCICPI KATTHI (DA3aibl MHKPOIKCTPAKIHSIHBIH
TapaMeTpPICPiH OHTAHIAHABIPYIBI SKOHE KAJBINTHI AJMKAHAAPIBIH YCTAY YAKBITHIH CCENTEYIl KaMThIAbL Kambmrs
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

AJIKaHIAPIBIH YCTAY YAKBITHIH YKOHE YCTAYy MHICKCIH KOJTAHA OTHIPHIN, 210 OpraHMKAIbIK JACTaFBIITAPABIH YCTAY
VaKBITBIH €CECNTEYTE MYMKIHAIK OEPETiH ToyenaimK rpaduri Typrbr3bliasl. COHBIMEH KaTap, Oy 97ic AIMAaThIIBIK
«CopOynak» CYTYHABIPFBICBIHBIH CYJIAPBIH TAJNOAY VINIH COTTI KOJJAHBUIABI JKOHC 08 HCTI3TI OpPTAaHHKAJIBIK
KOCBLIBICTAP, COHBIH iImiHAe, (DEHOIIBI KOCBUIBICTAP, HECTHIHUATED, MTOJHAPOMATTHI KOMIPCY TEKTEP AHBIKTAIIBL.

Tyiiin ce3aep: YIIKbINI OPraHUKAIBIK KOChUIbICTap, KoBau MHACKCI, KATTHI (Ha3aIbl MUKPOIKCTPAKIIHS, Ta3/1bI
xXpomarorpa(uss, MacC-CIIEKTPOMETPHSL.

YK 543.31
M.b. AnnvekanoBa
Kazaxckuii HanmOHANBHBIH YHUBEPCHTET UM. anb-DPapadu, Anmartsl, Pecybnmka Kazaxcran

CKPHHUHI JIETYYHX OPTAHUYECKHX 3ATPA3HUTEJENR
B BOAE AIMATHHCKOI'O BOAOOTCTOUMHUKA METOJAOM TOMI-I'X-MC

AHHOTAIHA, DKOJOTHUCCKHC MPOOICMBI KPYIHBIX TOPOAOB HATIPSMYEO CBS3aHBI C BBICOKOH KOHLCHTpALHCH
HACCIICHHUA, PA3BHTOH NPOMBIIUICHHOCTEI) W OOJBIIAM KOJHYCCTBOM TPAHCIOPTA, YTO SABJHCTCS MPHIHHOH
OOJBIIOTO KOTMYMCCTBA MPOMBINUICHHBIX H OBITOBBIX BBIOPOCOB. OTH BBIOPOCH MOTYT MPCACTABIATH COOOH
Pa3MHYHBIC BHABI XHUMHYCCKHX COCOMHCHHH, JICTYYHC, MOJYJICTYYHC M TOKCHYHBIC OPTAaHHYCCKUC COCIMHCHUA,
KOTOPBIC MOTYT PACTBOPATCA B BOJC, TCM CAMBIM 3arps3HAA ¢¢. B pe3yapTare 3T0TO CYIICCTBYIOT TAK HABBIBACMBIC
BOAOOTCTOMHUKH, TJE 3arpA3HCHHAs BOJA XPAHUTCS [ JajdbHEHmed O4yucTku. [l OpeaoTBpalCHUS
BO3MOKHOCTH TIOMATAHHS BPCTHBIX OPTAaHHYCCKUX COCAWHCHHH B THTHCBYK) BOAY M HAHCCCHHA yImepda
OKPYKAOIICH Cpeac, HCOOXOAMMO MPOBOIUTH CHKCTOTHBIH MOHHTOPHHT TAKHX BOJOOTCTOHHHKOB. ATCHTCTBO MO
oxpane okpyxarormei cpeast CIITA mpenmoxkuno metox EPA 8270S mia ompeaciacHus JCTYYHX W TONYJICTYUHAX
OPTaHUYCCKUX COCAMHCHHH B OOBCKTAX OKPYKAIOIMECH Cpeasl METOAOM Ta30BOM XpoMarorpauu ¢ Macc-
cnekrpoMerpraecknM ActekrupoBanueM ([X/MC). OgHAKo, 3TOT MCTOA ABIACTCA 3KOHOMHYCCKH HCBBITOTHBIM,
Tak Kak OH TPeOyeT MPUMCHCHHA MOPOTOCTOAIMMX CTAHJAPTHBIX OOPa3lOB I MOCTPOCHUSA KATHMOPOBOUHOH
KPHBOW, W YCTAHOBJCHHOC BpeMsA yAcp:kuBaHus BceX 210 coeauHEHMH M OPraHMYECKHX PACTBOPHUTEICH I
SKCTPAKIUH.

Lemsto maHHOM PabOTHI ABIACTCSA Pa3padOTKa HOBOTO CEICKTHBHOTO, HH()OPMATHBHOTO M 3(PPECKTHBHOTO
«3CIICHOTO» MCETOAA OOHAPYKCHHUS JICTYUHX OPTAHHYCCKUX COCIMHCHHH B BOAC 0OC3 HCMOIB30BAHHA OPTaHHUCCKUX
PACTBOpHUTCICH MIA OJKCTPAKIMH W JOPOTOCTOSINHX CTAHAAPTHBIX 00pa3moB. Merton TBepmo(a3HOM
MHKPOIKCTPAKuu B couetaHuu ¢ [ X/MC ¢ ompenencHHEM NMHKOB 10 HHACKCY yAcpkuBaHHA KoBaua gBmaeTcs
HAnOOJIee MOAXOMAIAM MCTOJOM, OTBCUAFOMIMH BCEM TPCOOBAHWSAM i1 OOHAPYKCHHS JCTYUYHX OPTAHHYCCKUX
COCOTMHCHHH B OOBCKTAX OKPYKAOIICH CPEOBl. ODTOT «3CJACHBIM» MCTOJ TO3BOIUT ONPSACIHTH JICTYUHC
OPTAHHYICCKHUC COCIUHCHUH B OOBCKTAX OKPYIKAFOIICH cpeabl. Pe3ympraTsl paboTH BKIFOUAIH B CCOS ONMTHMH3ALIHIO
mapaMeTpoB TBEPAO(A3HOH MHUKPOIKCTPAKIHH M PACUCTA BPSMCHH VACPKHBAHHA H-aJIKAHOB. MICMOmB3ys BpeMCHA
VACPKUBAHHSA M WHICKCOB YICPKHBAHHSA H-AJIKAHOB, OBLTA MOCTPOCHA 3aBHCHMOCTB, UTO IMO3BOJIO PACCUHTATH
BpeMs yacpxkusaamsa 210 oprammueckux 3arpsasHuteicH. Kpome T1oTo, 3T0T METOA OBUT YCNCITHO MPHUMCHCH A
aHanmmM3a BOABI W3 AJMATHHCKOTO BOAOOTCTOHHHKA «CopOymak» W ObUTH HACHTHQHIMPOBAHBI 68 OCHOBHBIX
OPTAHHYCCKUX COCAHHCHHWH, B YHCIC KOTOPBHIX (DCHOJNBHBIC COCAWHCHHS, TCCTHIHABI H IIOJTHAPOMATHUCCKUC
YTJICBOJOPOIBL.

Kirouernie ¢i10Ba: ICTyYHC OPTaHHYUCCKHC COCTMHCHHSA, WHACKC KoBawa, TBepao(a3Had MHKPOIKCTPAKIHAL,
ra30Baq XpoMaTorpa(us, MacC-CICKTPOMCTPHAL.




