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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GEOLOGICAL AND MORPHOLOGICAL
AND FLUORESCENT CHARACTERISTICS USED
IN ASSESSMENT OF ALMATY CITY SOIL CONTAMINATION

Abstract. The article presents the data of geological and morphological, and spectral and optical characteristics
of Almaty city soils to establish their differences from typical spectra of natural humic substances. The objects of
research were soil samples and their water extracts from 5 patches of the Almaty city territory. The authors present
the geological and morphological, and physics and chemical properties of soil samples, 4 of which are attributed to
urban soils and 1 — to background soil taken 25 km from Almaty city for comparison. Shown, that the optical density
of the absorbance and fluorescence spectrum of urban soils extracts was decrease upon increasing wavelength of the
absorbed light. This is characteristic of humic substances. However, upon excitation by light with wave length
270 nm in the fluorescence spectra of the urban soils samples the additional peaks in the 330 ... 400 nm are revealed.
This may be due to the presence of organic contaminants of anthropogenic origin: oil products, synthetic surface
active substances or other organic contaminants. The different fluorescence spectra of the urban and background
soil’s samples have been calculated for greater certainty (for clarification). It was found that soil extracts from the
background soil had fluorescence quantum efficiency values as typical for humic substances. These values were
higher in 1.5-3 times for urban soil’s samples which are connecting to organic contamination.

Keywords: geology and morphology of Almaty city soils, spectral fluorescence of soils, geoecology.

Introduction. Violation of many functions of the urban soils often connected to their contamination
by various inorganic and organic pollutants.

The quantitative and qualitative compositions of organic contaminants presented in the aquatic
ecosystems with sufficient accuracy are established by spectral methods [1] and method of georadiolo-
cation in complex scientific applied researches [2].

Research objective is to study geological, morphological, spectral and optical characteristics of ex-
tracts of Almaty city soils to establish their differences from typical spectra of natural humic substances.

Objects and methods of research. The research objects were Almaty city soils, also their samples
and extracts. The soil samples have been taken at 5 patches: four in the city (P. 1-4) and one from outside
the city (P. 5) by the “envelope” method at a depth of 0-25 cm [3] for determination of geological and
morphological and fluorescent characteristics.

The urban soil samples were collected along the Raimbek ave. crossing the city from east to west in
an attitudinal direction. Samples from 3 patches (P.1 — Raimbek ave./Pushkin st., P.2 — Raimbek ave./Sei-
fullin ave., P.3 — Raimbek ave./ Rozybakiev st.) selected near highways with heavy traffic, soil samples
from 4 patch — near the TPP-1 (termal power plant). The control was the background soil (P.5), taken
25 km from the city.
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The aqueous extracts from soil samples in the ratio 1:4 (soil: water) were prepared for assay and
spectral measurements. The distilled water (200 ml) was poured to the pre-sieved (hole diameter 2 mm) of
the soil sample (50 g). Obtained suspension was placed in a rotator and stirred at 120 rpm for 3 hours.
After that, samples were filtered through “White Ribbon” paper filter. The density of upper organogenic
horizons, porosity, total moisture capacity of soils, humus, Ci,, N, were measured in the samples [4, 5].

All soil samples were cut back 10 times with distilled water for spectral measurements. Fluorescence
emission spectra were registered in 1 nm interval on the fluorometer Solar CM2203 in standard quartz
cuvettes at excitation wavelengths of 270, 310 and 355 nm. Electronic absorption spectra were measured
on a double-beam spectrophotometer Unico in quartz cuvettes in 10 mm path length. Optical density
values have been measured at an excitation wavelength of fluorescence by method of the reference
compound. Calculation of the fluorescence quantum efficiency Fy was carried out by the method of the
reference compound, applied for samples of natural water and commercial humic preparations earlier [1,
6, etc.]. An aqueous solution of quinine sulfate was used as a reference compound, because according to
the shape of the spectral line and the position of the fluorescence maximum it’s close to natural humic
compounds [8, 1].

Results and discussion. Based on the soil cover patterns of our city (latitudinal direction in accor-
dance with the general direction of geological structures and zones of major tectonic disturbances),
5 sampling patches for soil samples along Raiymbek ave. from east to west were chosen.

For soils of selected patches in Almaty city territory a lack of natural soil horizons was typical. A
combination of different in color and thickness layers of artificial origin in the profile of soils was noted.
The skeletal material is mainly represented by construction and household rubbish (fragments of rocks,
broken bricks, glass, etc.) in combination with inclusions of fragments of natural soil horizons. Soils of the
selected areas of urban soils are strongly over consolidated from the surface due to high recreational load
and soil trampling, which made it difficult to grow small (active) roots of woody and herbaceous plants.

The soil cover of Almaty city is mainly represented by light chestnut soils.

Geological and morphological characteristics of patches

Geological conditions of P.1 patch: parent rock (soil-forming rocks) — proluvial-accumulative
deposits (mudflow and river), higher loess deposits, positive form of relief. Geomorphology: the relief
form is a slightly inclined accumulative foothill plain (about 720 m above sea level) of the northern
exposure of Ile Alatau. Humidification is automorphic (rain).

Geological conditions of P.2 patch: parent rock (soil-forming rocks) — proluvial-accumulative
deposits (mudflow and river), higher loess deposits, positive form of relief. Geomorphology: the relief
form is a slightly inclined accumulative foothill plain (about 720 m above sea level) of the northern
exposure of Ile Alatau. Humidification is automorphic (rain).

Geological conditions of P.3 patch: parent rock (soil-forming rocks) — proluvial-accumulative
deposits (mudflow and river), higher loess deposits, positive form of relief. Geomorphology: the relief
form is a slightly inclined accumulative foothill plain (about 720 m above sea level) of the northern
exposure of [le Alatau. Humidification is automorphic (rain).

Geological conditions of P.4 patch: parent rock (soil-forming rocks) — proluvial-accumulative
deposits (mudflow and river), higher loess deposits, positive form of relief. Geomorphology: the relief
form is a inclined surface of a hill in the foothill plain (about 730 m above sea level) of the northern
exposure of [le Alatau. Humidification is automorphic (rain).

Geological conditions of P.5 patch: parent rock (soil-forming rocks) — proluvial-accumulative
deposits (mudflow and river), higher loess deposits, positive form of relief. Geomorphology: the relief
form is weakly inclined accumulative foothill plain (about 720 m above sea level) of the northern
exposure of Ile Alatau. Humidification is automorphic and hydromorphic (rain and underground).

We noted that the differences between the patches were of an ecological and anthropogenic nature.

A brief morphological description of the soil patches is presented in table 1.

Thus, Almaty city soils represented natural substrates with a bulk cultural layer, with a large number
of construction and domestic inclusions in them. In the investigated urbansoas in all soil samples there
was an upper crust of a layer of dust and mud, a denser composition, a horizontal structure of soils is
weakly expressed. Zone soil differed from urban soils.
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Table 1 — Geological and morphological characteristics of Almaty city soils

Patch Morphological characteristics

P.1 0-25 cm — artificial bulk soil, inclusions of anthropogenic character are few; 25 cm and below - a light chestnut loose
layer

P.2 0-5 cm — thin crust of dust and dirt, structureless; 5-30 — light chestnut compacted soil, stony; urban soil

P.3 0-5 cm — crust of dust and dirt; 5-30 — light chestnut, dense layer, many inclusions of anthropogenic character, urban
soil

P4 0-5 cm — dry layer of dust and dirt (thin crust); 5-25 — light chestnut, compacted layer, little roots, stony, urban soil

P.5 0-5 cm — dense turf; 5-30 — light chestnut color, dense build-up due to a large number of roots, inclusions of
anthropogenic character, no, referred to zonal background soils

All data on physical and chemical parameters were averaged for the seasons of the year with a
confidence level of P<0.05 and P<0.01. We determined that, according to morphological, physics and
chemical properties they refer to black soil: the density of the upper organogenic horizons did not exceed
1.2+0.5 g/cm’; porosity was 45.9+9.4%; total moisture capacity of soils was 35.7+7.2; humus was
22.9+4.4%; Sy, was 8.7£1.6%; Ny, was 0.48+0.09. Samples of background soil taken about 25 km from
the city, according to geological, morphological, physics and chemical properties were classified as light
chestnut soils, medium loamy soils. They had the soil addition density 1.2+0.6 g/cm’, porosity 58.7+10.8%,
total moisture capacity of soils 26.5+5.0, humus 18.943.4%, C,. 2.8+0.5% and N, 0.33+0.06.

Thus, the research of the physical and chemical properties of Almaty city soils made it possible to
identify their characteristic features: medium loams with a slightly alkaline and alkaline reaction of the
soil medium with low differentiation of soil horizons with considerable dustiness. Dust contributed to the
formation of a continuous crust on the soil surface through this the water permeability of the upper hori-
zon was decreased. It led to a significant deterioration in the ecological state of green plantations: there
was almost no grass and tree vegetation in P.3 and 4 patches. High density of urban soils reduced pore
space and humidity level, which affected the vital activity of soil biota. Low humus content and elevated
carbonates content indicated low stability of Almaty city soils to erosion.

The absorption and fluorescence spectra have been measured in soil samples extracts of Almaty
urban soils and background soil in the Molecular Spectroscopy Laboratory of General Physics Depart-
ment, Physics Faculty, M.V. Lomonosov Moscow State University.

The absorbance spectra of the research soil water extracts are shown in figure 1.

As it happens their optical density decreased monotonically with increasing a wavelength of the
absorbed light. It showed about their similarity with natural humic substances which absorb light in the
ultraviolet and short-wave visible spectral range. It is known that humic substances are macromolecules
without periodic structure [8, 9]. Only a small part of them can be attributed to known classes of chemical
compounds. The greater part is composed of organic molecules of various molecular weights, and
“unclassifiable” chemical composition. Therefore, the absorption spectra of macromolecules’ set with
various compositions are structure-free. The particularity manifested as local maxima in the UV spectrum
only in certain types of absorption spectra of aquatic humic substances (such as from the peat or
lignosulphate) according to these investigations [1, 6]. Humic substances determine the spectral properties
of the DOS (dissolved organic substance) of natural water. DOS in foreign scientific literature is often
called “yellow substance” in English and “gelbstoff” in German. This reason is that the water with a high
humic compounds concentration has yellow-brown color due to the absorption of ultraviolet and blue
light.

The following figures show fluorescence spectra of aqueous soil extracts (P. 1-5 samples) upon
excitation by light with a wavelength of 270, 310 and 355 nm. The narrow line in the short-wave part of
the emission spectra is a line of light Raman scattering by water molecules. Their locations at 290,
340 and 405 nm wavelengths showed in figure 2 a, b, ¢ respectively.

The maxima of difference spectra approximately corresponded the spectral range of luminescence of
contaminants in soil samples from P. 1-4: 330, 375 (the most intense band), and 475 nm.

Table 1 shows the values of the quantum yield of the fluorescence and optical density.
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Figure 2 — Fluorescence spectra of soil water extracts (P.1-5 soil samples) upon excitation

by a light wavelength of 270 (a), 310 (b) and 355 (¢) nm
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The fluorescence spectra of studied Almaty city's soil samples’ water extracts represent a broad
emission line maximum as for the natural humic substances. They depended on the excitation wavelength
(figure 2). The maximum luminescence of humic compounds also depended on the excitation wavelength.
When changing the excitation wavelength from 270 to 310 nm maximum of bands of emission was
shifting towards shorter wavelengths, so-called “blue-shift” of emission spectra [7-9]. At that such “blue-
shift” is most in evidence for the natural seawater samples, aquatic environment with microorganisms and
uncontaminated soil water extracts. We should also mark out that it’s practically absent in humic
commercial solutions of coal origin [6, 8-10].

However, there are some fundamental differences in the fluorescence spectra of urban soil samples
from P. 1-4 and natural humic substances. The additional peaks in the 330 ... 400 nm are revealed upon
excitation by light with a wavelength of 270 nm in the fluorescence spectrum of the P. 1, 2, and 4 samples.
This may be due to the presence of organic contaminants of anthropogenic origin.

For a detailed calculation of pollutants’ luminescence spectral range the difference spectra were
calculated: the difference of the fluorescence spectra between from P. 1-4 soil samples and P. 5 soil
sample. Data are presented in figure 3.

3

Aex =270

Intensity of fluorescence, relative units

325 350 375 400 425 450 475 500 525 550 575 600 625 650 675
Wavelength, nm

——P 1 soil —P 2 s0il P 3 soil —P 4 so0il —P Ssoil

Figure 3 — The different fluorescence spectra of soil water extracts from P. 1-4 upon excitation by light 270 nm wavelength

Table 1 — Spectral-luminescence characteristics of Almaty city’s soils water extracts

Excitation wavelength A, nm | Sample from P. 1 [Sample from P. 2| Sample from P. 3 | Sample from P. 4 | Sample from P. 5
Fluorescence quantum yield F, %
270 4,8 47 2.8 34 1,6
310 42 43 25 3.0 1,4
355 4,5 3,8 3,6 2,5 1,2
Wave-length of maximum emanation, Aepy, NM
270 400 404 443 449 457
310 423 415 422 417 436
355 440 450 440 450 457
Optical density D
270 0,059 0,083 0,066 0,102 0,095
310 0,033 0,045 0,045 0,058 0,061
355 0,015 0,022 0,018 0,032 0,038
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The values of the quantum yield of fluorescence are obtained as typical of humic substances for soil
extract from P. 5. However, the fluorescence quantum yield was higher 1.5-3 times for soil samples from
P. 1-4 than for background from P. 5. This could indicate the presence in soil samples of fluorescent com-
pounds with a quantum yield greater than for typical soil humic substances, such as oil products,
surfactants or other organic contaminants. It is possible that deviation from the norm caused by absorption
and fluorescence of organic contaminants: petroleum hydrocarbons from car exhausts, as soil sampling
sites were located close to the auto ways.

Thus, the soil samples were taken from 5 patches of the urban area along the highway with intensive
traffic (Raimbek ave.) in the Almaty city. The significant soil pollution in Almaty city in the same patches
by inorganic pollutants was found by earlier studies. In particular, by heavy metals through the assay the
spectra of consumption of organic substances by bacterial communities [11].

According to presented fluorescence data these soil samples contained also organic pollutants.
Presumably, these are petroleum products.
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B. H. Mbin6aesa’, K. K. Mysz[blﬁaeBaz, A. K. Tanbi6aesa’,
C. B. ITanaesa*, JI. A. Xynmkya®, K. B. Tie6aen'

AJIMATBI KAJTACBIHBIH TOIIBIPAKTAPBIHBIH JIACTAHYBIH BATAJIAY/JIA KOJIIAHBIJIATBIH
T'EOJIOTI'UAJIBIK-MOP®OJIOTUAJIBIK ’KOHE ®JIYOPECIHEHTTIK CUIIATTAMAJIAP

! AGait arbiaaars Kas¥I1VY, Anmatsl, Kazakcran,
?A. MeIp3axmeToB atbingarsl Kekimeray yansepeureri, Kexureray, Kazakcran,
3 anp-Dapadu areigarel Kaz¥Y'V, Anmarel, KazakcraH,
*M. B. JIOMOHOCOB aTHIHAFbI Mackey MeMJICKETTiK yHUBepcuTeTi, Mackey, Peceit

AnHotanusi. Makanaga AnMarsl K. TOIBIPAKTapbIHBIH TaOUFU T'YMYCTBIK 3aTTap/blH OeNrili CIIeKTpJIepiHeH
afBIPMALIBUIBIFBIH AHBIKTAY YIIIH T'eOJIOTHSIIBIK-MOPQOIOTHSIIBIK JKOHE CHEKTPAJIBIK-ONTHKAIBIK CHIIaTTamanap
OolibIHIIIa MaTTIMETTEp KeNTipiiai. 3epTTey 00beKTiIepi O0JbIT ANMAaThI K. ayMarbIHBIH 5 yJacKeCiHEeH TOIBbIpaK yJri-
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Jiepi MEH Cy COPFBUIAPHI aJbIHABL. ABTOpIAp TOIBIPAK YITUIEPiHIH TeOTOTHSIBIK-MOP(OIOTHSIIBIK KoHE (HHU3HUKO-
XUMISITBIK, KAaCHETTEePiH KeNTipi, OHBIH 4 ypOaHO3eM koHe | - cambICTBIPY YIIiH ANMATHI K. 25 KAIIBIKTHIKTa aJlbIH-
ra" QoHABIK TonbIpak. CiHipy >KapbIFbIHBIH TOJIKBIH Y3BIHABIFI JKOFAPBUIaFaH CalblH 4 ydacKeNepIiH Kajla TOIBIPaK-
TapbIHAH aJIBIHFAH TOIBIPAK COPFBUIAPBHIHBIH (DIIyOpecHeHIMACEl MEH CIHIpY CHEKTpJICPiHiH ONTHUKAJBIK THIFBI3/IBIFbI
TOMEHJIETeHI KOpCeTiai, Oy ryMyCTHIK 3arTapra ToH cumar. bipak 270 HM TOJKBIH Y3BIHABIFBIMEH KO3FaraHIa
yp6ano3eM yuirinepinin ¢uryopecuennus cuekrpaepiage 330...400 HM aymarslHAa Tarsl a KOCBIMIIIA IIBIHIAP aHBIK-
Tanbl. by mIBIFY Teri aHTPONOTEH IIK OPraHUKAaJIbIK JIACTAFbILITAP/BIH OOJybIMEH TYCIHIIpiIeai: MyHal eHIMAEpI,
ITAB Hemece Oacka OpraHUKaibIK JacTarsiTap. HakTeutay yimiH ypOaHO3eM koHE (HOHBIK TOIBIPAKTAPBIHBIH YII-
rijepi yuiH aprypiai duiyopecueniums crnekrpiepi ecenrtenai. Conna, pOHIBIK TONBIpaKTapbIHAH aJbIHFAH TOIBIPaK
COPFBUIAPHI YIIIH KBaHTTHIK ()IyOPECLEHIMSHBIH MOHJIEpl T'YyMYyCTBIK 3aTTapFa TUNTIK OONBIN Kendi. YpOaHozem
yJrinepi ymin 6yn manzaep 1,5-3 ece xoraps! 6051161, OyJ1 OpraHUKaIbIK JacTaFbIIITaAPMEH OaiIaHBICTHI.

Tyiiin ce3mep: AnMaThl K. TOIBIPAKTAPBIHBIH TEOJIOTHICH XoHE MOP(OJIOTHACH, TONBIPAKTAPIBIH CHEKTpa-
IBIK (hITyOpeceHIHACH], TE0IKOIOTHSl.

b. H. MbmﬁaeBa', K. K. My3amﬁaenaz, A. K. Tanblﬁaena3,
C. B. [Tanaesa’, JI. A. Xynmxya®, K. B. Tne6aes'

'KasHITY umenu Abas, Anmvatsel, Kazaxcram,
*Kokimerayckuii yausepcuteT nM. Meip3axmerosa, Kokureray, Kasaxcras,
*KasHY umenn anp-®apadu, Anmarser, Kazaxcran,

‘MI'Y um. M. B. JlomoHocoBa, MockBa, Poccus

I'EOJIOI'O-MOP®OJOI'MYECKHUE U ®JITYOPECHEHTHBIE XAPAKTEPUCTUKU,
HNCIIOJB3YEMBIE B OLIEHKE 3ATPA3HEHUS ITOYB I'. AJIMATBI

AHHoTauus. B crarbe mpeacTaBieHBl JaHHBIE IO TEOJIOr0-MOP(GOJIOTHYECKUM H CIIEKTPAIBHO-ONTHYECKUM
XapakTePUCTHUKAM MOYB I. AJIMATHI UISI yCTAHOBJICHUS UX OTIIMYMNA OT THIWYHBIX CTIEKTPOB MPHPOIHBIX T'yMYCOBBIX
BemecTB. OObEKTaMU HCCIIEIOBAHUN CIY)KMJIM TTOYBEHHBIE 00pAa3libl U MX BOJHBIC BBITSDKKU M3 5 y4acTKOB TE€PpH-
TOpUU T. AlMarbl. ABTOpaMH NPECTaBIEHB reOMOPQOIOTrHuecKre U (HU3NKO-XMMHUUECKHE CBOMCTBA MOYBEHHBIX
00pa3IioB, 4 U3 KOTOPBIX OTHECEHBI K ypOaHo3eMaM U 1 — Kk (DOHOBOU MOYBE, B3ATOM B 25 KM OT I. AJIMarhl st
cpaBHeHus. [loka3aHo, 4TO ONTHYECKAsl IVIOTHOCTh CIEKTPOB MOMVIONMIEHUS U (DIIyOPECIIEHIIMN OYBEHHBIX BBITSHKEK
4 y4acTKOB TOPOJACKHX IMOYB yOBbIBaja C yBEIUYCHHUEM JJIHHBI BOJHBI IMOTIIOMIAEMOTO CBETA, YTO XapaKTEPHO IS
ryMycoBbIX BemiecTB. OJTHako rmpu Bo30YKJEHHUH CBETOM C JUIMHOHM BOJHBI 270 HM B crieKTpe (uIyopecleHIH 1pod
ypOaHO3eMOB BBISBICHBI JOMOTHUTENEHBIC THKU B 00nactu 330...400 HM. DT0 MOXKET OBITH 00YCIIOBICHO HAIMIHEM
OpPTaHMYECKHX 3arps3HUTENCH aHTPOIIOTEHHOTO MPOUCXOKIeHHS: Hedrenpomykros, [TAB wmu apyrux opranudec-
KHX 3arpsisHUTeNei. s yTouyHeHus: OBUIH pacCYMTaHBl Pa3sHOCTHBIE CHEKTPHI (MIyopecleHIn: I mpod ypOaHo-
3eMOB U (hOHOBOH MOYBBL. OKa3a10Ch, YTO JJISl TOYBEHHOW BBITSDKKA U3 (POHOBOM MOYBHI MOJTYYCHBI 3HAYCHUS KBAaH-
TOBOTO BbIXO/Ia (PIIyOpeCIeHIIMN TUIIMYHBIC /I TYyMYCOBBIX BeuiecTB. st mpo0d ypOaHO3eMOB 3TH 3HaueHUsT ObLIM
BhIIIE B 1,5-3 pasa, 4To CBSA3aHO C OPTaHUYECKUM 3arpS3HEHUEM.

KirwueBbie cioBa: reoynoruss 1 MopQoJorus MOYB T. AJIMAThl, CHEKTpaJibHAs (IIyOpPECUEHIMS I0YB, I'eo-
9KOJIOTHSL.
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