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ECOLOGICAL FACTORS’ IMPACT ON THE CONDITION
OF MAUSOLEUM OF KHOJA AHMED YASAWI

Abstract. The article gives the results of experimental and estimated researches on ascertainment of ecological
factors” impact on the condition of mausoleum of Khoja Ahmed Yasawi. Main types of anthropogenic sources,
existing near historical monument area were detected. Chemically polluted precipitation was determined as the main
source of air pollution, generated due to burning of fossil fuel, tires and various waste, accumulation of domestic,
construction and other production wastes, transport emissions. It was ascertained that black dust, greenhouse and
ozone depleting gas, aerosols of acid, salt, hydrocarbon and its derivatives, heavy metals constitute a special hazard
for conservation of mausoleum and its facilities. Vegetation, especially a locust tree was selected for creation of
barrier on the spread of corrosive dust and gas mixtures as absorbents. It is planted along conservation zone border.
We developed the understratum of new composition to plant the locust tree due to absence of fertile layer in the
nekrozem. It represents a mixture of mass. %: vermitea (20), sawdust (20), grey perlite containing waste (5), wood
ash (1), the rest is sierozem (nekrozem).

Key words: mausoleum of Khoja Ahmed Yasawi, monitoring, grey perlite containing waste.

Introduction. As known that the environment, created by culture of ancestors and by human itself is
also important for human life apart from conservation of surrounding natural environment. If the nature is
needed for human for his biological life, but the cultural environment is also necessary for its spiritual,
ethical life, ethical self-discipline and social life. In connection with this the conservation of the
monument of history and culture, namely a mausoleum of Khoja Ahmed Yasawi - an object of world
heritage is an important goal of social political nature [1-3].

The Mausoleum of Khoja Ahmed Yasawi is an irreplaceable monument of architecture of the end
XIV and beginning of XV centuries, the mausoleum has been included in the UNESCO list since 2000
and is under protection of international organizations. Inclusion ofthe object in the list of World heritage -
it is notjust honourable international status, but high responsibility to world community. Conservation of
this uniqgue monument of architecture of the whole religious Islamic world, which is considered to be the
second Mecca, is one ofthe main goals in the field ofthe world heritage safeguard and protection.

This object, being located in the territory, where active economic activity is maintained like other
historical and cultural heritage objects including Kultobe, is under negative impact of factors. Most of
frequent problems are nonobservance oftemperature and humidity regime inside of the building, presence
of rodents, insects, birds, growth of fungic and mold as well as pollution of air basin. In total different
factors both of natural (natural-climatic, biological physical etc.) and man-made origin (pollutant
emissions, vibration, new construction, disturbance of geologic medium, salinity of ground water etc.)
influence the object under study.

From year to year evolutionary transformation of historical territories of Turkistan town accelerates
acceleration of processes connected with impact of anthropogenic factors. And anthropogenic factors rise
by geometric progression, which can result in violation of integrity ofthis unique architectural complex.
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We earlier showed that emissions of production facilities from heating systems of housing complex of
the residential area, surrounding the Mausoleum of Khoja Ahmed Yasawi as well as release from cars
promote quick pollution of frontispieces and they form chemically corrosive environment coupled with
atmospheric precipitation causing destruction of frontal materials (brickwork, plasterwork, modeling,
painted coats, decor) [4-6]. Ecologically corrosive environment accelerates natural destruction of the
monument because of aging process. Thus any ecological damage — first of all, which damages the
monument has to be recorded and conservation measures have to be taken on the facto of damage. Averse
anthropogenic factors affecting the integrity of an immovable historical and cultural monument are
reactive substances in the form of gases and dust, which contribute to the development of corrosion
processes in their building structures especially in the urban environment. [7-8].

In Turkistan, after obtaining the status of an oblast center, the works on demolition of old and
construction of new houses, structures began in the neighboring territories to the monument. In this regard,
while conducting large-scale construction works in large quantities, the emissions come from vehicles,
from furnaces of residential and industrial facilities, from processing plants for various purposes used in
construction as well as from waste generated.

We can note the greenhouse (CO2, CH4, NOx, H2S etc.) and ozone depleting gas (nitrogen oxides,
halogen-containing hydrocarbons, carbon tetrachloride, organic solvents, freon gas, mercapatan, dioxin,
furan etc.) as harmful emissions, concentrated in the air.

There is a need to develop scientifically feasible measures to protect historical and architectural
monuments from negative factors to ensure environmental safety for the Khoja Ahmed Yasawi
mausoleum, including the restored socially significant object Kultobe (old Turkestan). At the same time,
green spaces play a large role in the localization of pollution created by anthropogenic sources. They serve
as a natural barrier to the dispersion of pollutants. As known, the pollution is reduced by 1,5-2,0 or more
times due to screen planting [9-11]. The work objective is to conduct monitoring of the air and searching
the ways to protect the mausoleum complex of Khoja Ahmed Yasawi.

Methods and objects of research. Studies on monitoring of atmospheric air were carried out in
different seasons of the year in years of 2018-2020. Analysis of atmospheric air samples was done for
dust, methane, hydrogen sulfide, sulfur dioxide, ammonia, carbon dioxide, carbon monoxide, nitrogen
oxides, hydrocarbons, dioxin, mercaptans content, from metals - lead, iron, mercury, copper, zinc content.

Gas analyzer TAHK-4 was used to determine gaseous products, volt amperometrical method using
Ta-lab instrument for metals, gravimetric analysis (sulfates, chlorides), photometry (humic acids) and
other classical methods for other components were used [12-14].

We began the work on formation of a green strip from locust tree along the protected area border for
improving the atmospheric air around the mausoleum of Khoja Ahmed Yasawi. The selection ofthis plant
is related to its functional ability to absorb gases and adsorb dusty substances on leaf surfaces [15].

The locust tree was grown from seeds, as they are covered with a very thick dense peel, impervious to
moisture; we carried out their preliminary preparation by hydrothermal method. The seeds were put in the
vessel and hot water with temperature 70-80 °C was poured and kept approximately for 12 hours. Swollen
seeds were mixed with sand and kept in humid condition in the vermitea solution of 0,01% at 20-25 °C
during 4-5 days. Planting of seeds initially was initially in open ground through each 25 cm. Then the
seedlings were transferred to permanent place in the early spring of next year.

In connection with absence of a fertile layer in the soils of the territory designated for planting, an
artificial substrate was used, which has a fertilizing, reclamation and nutritional property. Namely, it is a
mixture of agricultural waste utilization products in the form of worm wee (vermitea), sulfur-perlite-
containing waste from sulfuric acid production, sawdust and wood ash.

For preparation of artificial substrate the sawdust was soaked during 2-3 days with vermitea at mass
ratio 1:1, and it was mixed with sulfur-perlite-containing waste (SPCO), ash and soil, taken from pit
for planting. Correlation of components in a mass %: vermitea: sawdust: SPCO: ash: sierozem
soil = 20:20:5:1:40.

Vermitea is an intermediate product, which is generated when vermicomposting in the production site
of SRI «Ecology» of IKTU KA. Yasawi [16]. It is rich with digestive micro Californian worm, ferments,
vitamins, biological active and other substances. Antibiotic features, are characteristic to vermitea due to
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its composition, which prevent from development of disease-producing microflora, keeping under the
saprogenic processes.

Apart from that the vermitea contains complex mixture of humus substance maromolucules (humic
acid, fulvic acid, humins) of changeable composition and irregular structure. As shown by the results of
our previous experimental studies, vermitea has a growth-promoting effect on plants and increases the
fertility of the soil system [17]. When it is used combined with sulfur-perlite-containing waste, a
synergistic effect arises, as a result of which biological activity is enhanced and the mixture already serves
as both fertilizer and ameliorant [18].

Results and discussion. The feature of atmospheric air state in the environment of Turkistan town
was determined by comparing the actual pollution level with values of the following background
concentrations of pollutants, presented by Republican State Enterprise “Kazhydromet”.

Background concentrationfor Turkistan town:
Dust (suspended substance) - 0,3 mg/m3
Carbon oxide - 0,8 mg/m3
Nitrogen dioxide - 0,015 mg/m3
Sulphur dioxide - 0,05 mg/m3.

As follows from the results of experimental studies in determination of a number of harmful
substances in the atmospheric air at different periods of the year their greatest number is observed in
winter during heating season, which indicates mainly on contribution of electric power plants. According
to the calculated emission data, more than 30 thousand tons of harmful substances are formed annually
only from them. The deterioration ofthe Khoja Ahmed Yasavi mausoleum state, a historical monument, to
a certain extent, evidently, is associated with pollution of town air basin of not only by sources of local
origin, but also by salts, coming from atmospheric air movement from Aral Sea [19]. This contributes to
the rapid contamination of facades and, in combination with precipitation, they form a chemically
aggressive acidic and saline environment, causing the destruction of building materials (brickwork, plaster
work, modeling, painting layers, etc.).

Very often, due to the frequent wind in the town, dust storms are observed with duration of 1,5 to
5,5 hours, consisting mainly of solid particles ofnatural or man-made origin with a radius of 10-6to 10-2cm.

As known, dust in the atmosphere is not only chemically neutral, but depending on its composition, it
can display acidic or alkaline reactions in contact with a water-containing system [20-21]. Many types of
dust are distinguished that differ in both qualitative and quantitative composition. For example, fine soot
dusts, formed at combustion of solid, liquid and gaseous fuels, consist of soot on which harmful
substances of an organic and mineral nature are in an adsorbed state. Such types of atmospheric air dust
can act as an active damaging agent for the monument [22].

Dust samples were collected, which are formed in the surface layer of air during windy weather
(15-20 m/s) as well as in the smoke emissions of a boiler house and individual heating furnaces houses to
characterize the impact of stored waste and other sources near the mausoleum (distance of 150-500 m).
A content of gases, heavy metals (HM) was determined in them. Significant amounts of HM enter the
atmosphere with solid smoke particles from the furnaces (table 1).

The average metal content in dusty smoke particles from a centralized boiler house in micro-districts

Smoke dust composition ~ Concentration of HM, mg/m3 ~ Smoke dust composition Concentration of HM, mg/m3

Zinc 2,679 Cadmium 0,056
Lead 1,875 Mercury 0,001
Copper 0,354 Chrome 0,033
Arsenic 0,120 Nickel 0,098
Iron 3,043 Manganese 0,768

HMs themselves do not directly affect the condition of monument’s materials; their danger lies in
acting as catalysts in many secondary reactions occurring between pollutants in the air [23]. An example
can be oxidation of sulfur oxides to a higher valence form, i.e. SO2to SO3 in the presence of iron,
manganese, etc. Heavy metals can also stimulate the photooxidation of many organic compounds
adsorbed on the surface of solid particles, such as soot [24].
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According to figures from our experimental studies, the amount of dust settling on 1 m2of surface per
week is 1,7-3,8 g at weak wind (up to 2 m/s), at strong wind (25 m/s or more) this content increases in
dozens, hundreds oftimes. Particles from historical ash and other wastes are included in the air at strong
winds. Atmospheric factors have a significant effect on the chemical properties of dust components and on
the nature of its subsidence.

Dust rising from the surface of long-term cluttered ash dump, solid domestic waste (SDW) and other
industrial waste from the protected area consists on average of 30-40% silicic acid, 5-10% lime and
gypsum, up to 5% sulfur, up to 0,3% HM and other harmful substances of inorganic and organic nature.
Considering the chemical composition of soot and other types of dust, we can conclude doubtless that
these dust particles of atmospheric air have a significant aggressive action on the state of a monument
under consideration. In this regard, studies on regular monitoring are necessary both to determine the
qguantitative and qualitative composition of dust and its effect on the stability and conservation of
historical and restoration building materials.

As per a number of indicators, primarily in terms of mass and distribution of harmful effects, sulfur
dioxide is considered to be a number one atmospheric pollutant. It is generated during oxidation of sulfur
contained in fuel and as part of various kinds of waste. Emissions of nitrogen oxides generated during the
oxidation ofatmospheric nitrogen increase in connection with the increase of solar energy flow every year
to the earth surface, with the growth of car fleet and number of heat supply systems. The entry of large
amounts of sulfur and nitrogen oxides into the atmosphere leads to a noticeable decrease in the pH of
atmospheric precipitation. It happens owing to entry of gaseous products above with atmospheric moisture
forming the strong acids - sulfuric and nitric.

Dust particles containing HM play the role of catalysts in formation of corrosive acids. Below are
reactions to the formation of secondary pollutants in the atmosphere:

2502+ 02+ 2H20 —-- 2H2S04;
4NO2+ 2H20 + O2-—--- 4HNO3.

Apart from these basic reactions, intermediate ones also occur in an atmospheric air with formation of
a number of other products. Formation of acids in atmospheric air leads to precipitation of “acid rains”,
i.e. pH changes [25]. Air acidification also affects the state of soils and water, making many components
into a soluble active state, which activates the degradation of structures and decorative ornaments of the
architectural complex ofthe Khoja Ahmed Yasawi Mausoleum.

Presence of the solid domestic waste (SDW) landfill of historical, i.e. long-term nature, leads to the
creation of conditions for generation and emission of greenhouse gases - CO2, CO, CH4, NOx, aerosols of
halogen-containing hydrocarbons and other compounds, which also play a significant role in destruction
ofthe monument’s materials.

MPC excesses of some substances were observed in the surface layer of atmosphere, where the
factors polluting the environment are aerogenic emissions and precipitation containing toxicants. In
accordance with our estimates, annually about 15-20 thousand tons of harmful chemicals are delivered to
the surface layer of the atmosphere of Turkistan from stationary sources, of which at least 4873 tons are
nitrogen oxides, 4623 tons of sulfur dioxide, about 36 tons of heavy metals, including iron, cadmium,
cobalt, copper, manganese, lead, chromium, nickel, zinc. Iron compounds -21,233 t/year (84,7% of the
total heavy metal emissions) are prevailing. 1,1 t/year (4,5%) of manganese and zinc enters the
atmosphere, 0,380 t/year (1,5%) - copper, 0,185 t/year (0,7%) - lead, 0,211 t/year (0,8%) -chrome.

Acerotechnogenic emissions of heavy metals by volume prevail in the eastern part of the town (the
area where the mausoleum is located), they are about 35,2% of all emissions in the town altogether. The
main contributors to atmospheric air pollution by heavy metals are ash waste from a former precast
concrete factory, accumulated in the mausoleum’s protected area, power boilers and furnaces of heating
systems, vehicles (45,6% ofemissions); construction organizations (28,2%) and other households (2,8%).

Based on of experimental and estimated data using «Era-vozduh» program, the nature of pollutants’
dispersion in the surface layer of atmospheric air is established. According to the estimated data, there is
an excess of MPC (maximum permissible concentration) of nitrogen oxides by 15 -2,7 times, carbon
oxides by 6,5 - 25,0 times and sulfur oxides from 5,0 to 6,5 times in the air ofthe Turkistan town. These
data refer to the summer months. On basis of experimental measurements in winter during thick smog, an
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excess of harmful substances (nitrogen, sulfur, carbon oxides) was to be 20-30 times higher than in
summer period. In addition to these pollutants, carbon monoxide, mercaptans, dioxins, hydrocarbons,
hydrogen sulfide, soot particles were detected in the atmospheric air during winter.

For purification the atmospheric air around the Yasawi Mausoleum, there was a need to build up
green areas along the protection zone borders using the locust tree. Formation of a green protecting strip of
locust tree, which acts not only as a sorbent of harmful emissions and a protective fence with its spiny
branches, but also its flowering properties improve the aesthetic and visual perception of the architectural
complex. Conservation of this monument of history, culture and architecture is the main objective to
contribute to development of tourism and international cooperation.

Conclusions

1. Monitoring studies ofthe atmospheric air of Turkistan town were conducted in different seasons of
the years 2018-2019. Based on experimental studies, the following excess concentrations of dust,
including soot, were to be 15-20 times, sulfur oxides 10-12 times or more, nitrogen oxides 18-24 times,
hydrogen sulfide 2-3 times, and hydrocarbons 4-6 times each in comparison with a permissible norm.

2. In order to reduce the impact of anthropogenic factors on the facilities of the mausoleum of Khoja
Ahmed Yasawi complex, it is proposed to build up a green strip of locust tree along conservation zone.

3. Conditions for the phased cultivation of locust tree from seeds are selected.The hydrothermal
method was selected for seed treatment and as a growth-promoting agent, a 0,01% vermitea solution
obtained as a by-product of vermicomposting was selected.

4. A new composition of soil material was developed for planting of locust tree from a mixture of
vermitea, sulfur-perlite-containing waste of sulfuric acid production, sawdust, wood ash and local gray
earth soil. The proposed composition contains components that are characterized by loosening, nutritious,
growth-promoting, fertilizing and a number of other useful properties.

H.M. Ay6akmposl A.4. Akbacosa2 I'.[l. AHap6ekosal, ".A. CanHoBa2

1Ka3ak ynTTbIK arpapbiK yHuBepcuteT Anmartbl, KasakcTaH;
K.A.Acayn aTbiHAarbl XanblkapanblK Kasak-TYpik yHnBepcuteTy TYpkicTaH, KasakcTaH

LLOXXA AXMET ACAYUN KECEHEC1HL, XXATAANBIHA
AKoNnornanbl, ®AKTOPJTAPALLL SCEPL

AHHOTauuma. Makanafa Koxa AXMeT Fcayn KeceHeclull »arfaiblHa acep eTeTll 3KONOruaibiK hakTopnap-
ObIl, 3cepll aHblKTay 6GOMbIHLIA TIXKIpUOENiK X3He ecenTey >KYMbICTapbIHbIL, HITWXKenepi KennpwreH. Tapuxu
eCKepTLULLI OpHanackaH aiiMakka >akblH OpHanackaH aHTPOMOreHMK KesdepAlw, Hensn TYpnepi aHbIKTangbl.
AyaHblL, NacTaHybIHbIL HEM3N Ke3fepi penHae KaHapmaibll, aBTOKeK AoLranakTapbiHbIL, XKaHe apTYpAi KOKbIC-
TapAblL, XKaHybl, TYPMbICTbIK, KYPbINbIC X3He 6acka eHAIpICTIK KanAblKTapAbll XWHanybl, Kefik KypanfapblHbiL
LWbIFapbliiybl HATUMXECIHAE Nainga 60naTbiH XMMUAMBLIK NacTaHraH XayblH-LallbIHAAP aHbIKTanabl. KeceHeHLy X3He
OHbIL, 06BEKTINEpiHiL, cakTanybliHa KYVe wwaljapbl, NapHUKTIK X3He 030H 6y3aTblH rasgap, KbllKbiAap, Ty3dap
aspo30/14apbl, KEMipCyTeKTep X3He 0n1apablL TybIHALILAPkI, ayblp MeTanjap epekLle Kayin TeHAipeTiHi aHbIKTangbl.

Koxa AXMeT ficayn KeceHeC KelleHLL, HblcaHAapblHa aHTPOMNOreHAiK (hakTopnapAbll acepiH asaiTy YLUiH
Kayincisgik aimarbiHbIL, 60bIHAA aK KaparaHHbIL, Xacbl/ XK0NarblH Xacay YCblHblagbl.

TyKbIMfapfaH ak KaparaHibl Kesel-Ke3eLMeH eapy LWapTTapbl TaHAandbl. TykbiMAapabl eHgey YLiH
rMApoOTEPMUANBIK 34ic Taudan anbiHAbl, BEPMUKOMMOCTAYy Ke3iHAe Koca/kbl eHiM peTiHae anbiHraH 0,01 %
BepMuMYall ecimii bIHTaNaHAbIPYLLbI areHT peTiHAe a/lbIHAbI.

ArpeccvBTI LWal MeH ra3 KocnanapbliHbll Tapany >XOofblHAa Kefepri acay YLWiH onapdbl copbuusnayLlbl
peTiHAe 6i3 arawl ecimgikTepiH, aTan ainTKaHAa ak KaparaHabl Taugan angblk. On Kayincisfik aimarbiHbIL, LeKapachl
60ibIMeH OTbIprbi3biiraH. Cyp TOMbIPaKThIL, KyHapnbl KabaTTbiHblL, 60/MayblHa 6OaiinaHbiCTbl 6i3 aK akauus
KeleTTepLl OTbIPrbI3y YLiH Xaua KypaMmabl cy6cTpar asipnedik. On Keneci KOMMNOHEHTTepLU L, MaccasiblK KOCMachl
6onbin Tabblnagbl. %: Bepmuyain (20), araw Kangbirbl (20), "0 pT NepauT Kypamabl Kangblk (5), araw KYni (1),
KafiraH cyp Tonblpak.

2018-2019 xbingpiy, 3pTYpni mesnngepwige TYPpKicTaH KanacblHbIL, aTMoCc(epasblK ayacblHa MOHUTOPUHITIK
3epTTeynep XKYprisingi. Taxipubenik 3epTTeynep HerisiHAe wWal KOHUEHTPAUMACLIHbIL, OHbIY iWiHae ~ie
15-20 ece, KYKIpT okcugiHiy 10-12 ece »k3He ofaH Aa Kem, a3oT okcupaww, 18-24 ece, “topTcyTenHu, 2-3 ece,
KemipcyTekTepgil 4-6 ece apTybl aHbIKTa/iraH.

TywWwH cB3gep: Koxa AXmeT Acaymn KeceHea, MOHUTOPWHT, BepMMYall, M0 pT NepanUT Kypamibl Kangplk.
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1Kazaxckuii HauMOHaNbHbIA arpapHbIii yHUBepeuUTeT, Anmatbl, KazaxcTaH;
MexayHapoaHbIii Ka3axCKo-TypeuKmnil yHusepcutet nMmenm X.A. fcasun, TypkecTaH, KasaxcTaH

BO3LAEVCTBUVE 3KONOTMYECKNX ®AKTOPOB
HA COCTOAHWME MAB3OJIEA XO0XKN AXMEOA ACABWU

AHHOTauusa. B cTaTbe nNpuBeAeHbl pe3y/bTaTbl 3KCMEPUMEHTANlbHbIX WM PacyeTHbIX WCCefoBaHUA no
YCTaHOB/IEHUIO BO3AENCTBMI 3KONOrMYECKMX (haKTOPOB, BUSAIOLLMX HA COCTOsSIHWE MaB3o/ies Xomku Axmeaa scasu.
BbISiBNEHbI OCHOBHble BWAbl AHTPOMOrEHHbIX WCTOYHWKOB, CYLECTBYIOLWMNX BOAU3M 30HbI  HaxOXAeHus
MCTOPMYECKOr0 MamsTHMKA. B KauecTBe OCHOBHbIX MCTOYHWMKOB 3arpsi3HEHMs aTMOC(EPHOro BO3AyXa BblAe/eHbl
XVIMUYECKN 3arpsi3HeHHble 0Cafiku, 06pasyemble BCAEACTBUE CXMIaHUS MCKOMAeMOro TOMAMBA, LUMH U PasnyHbIX
MYCOPOB, CKOMeHWe ObITOBbIX, CTPOUTENbHbIX U APYrUX NPOU3BOACTBEHHbLIX OTXOLOB, 3MWUCCUM TPaHCMOPTHbIX
CPefCcTB. YCTaHOBMAEHO, YTO OCO6YK ONacHOCTb A5 COXPaHHOCTU MaB30fies W ero O6bLEeKTOB NpPeAcTaBastoT
CaXeBble MblX, MapHWKOBbIE U O030HOpa3pyLUalolMe rasbl, a3po30/M KWCNOT, COneld, YrneBoAopoAbl U WX
MPOU3BOAHLIE, TSHXKENbIE METa/bI.

C Uenbl0 CHWXEHWS BO3AENCTBMIA aHTPOMOreHHbIX (HaKTOPOB Ha 06BEKTbl KOMMAeKca MaB3oses XO[Xu
AxMmefia FicaBu NPeAnoXeHo co3faHue 3e/1eHoi Nonockl 13 6eoi akaLmmn B0 OXPaHHOM 30HbI.

Mopo6paHbl yCNoBUA ANS MNO3TANHOMO BbipalMBaHUA 6enoli akaumm u3 ceMsH. [ns 06paboTku cemsaH BblopaH
rMApPOTEPMMYECKUIA CNOCOB, B KAYECTBE POCTOCTUMYNUPYHOLEro areHTa - 0,01% pacTBop BepMuyas, Nonyyvaemoro
KaK N060YHbIA MPOAYKT NPU BEPMUKOMIOCTUPOBAHNM.

[na co3gaHns 6Gapbepa Ha MyTW pacnpoCTpaHeHWs arpecCUMBHOM MbiM M ra3oBbiX NpPUMeceil B KauyecTse
copbupyloWmx KX MNOrnoTMTeNs HaMW BblbpaHa ApeBecHas pacTUTeNIbHOCTb, a WMeHHO 6enas akauus. OHa
BbIC&)XE€Ha BAOMb TPaHWULbl OXPaHHOW 30Hbl. B CBA3KM C OTCYTCTBMEM B HEKpPO3eMe MNIOAOPOAHOr0 C0sl Hamu
paspaboTaH [AnA nocafku caxeHueB 6enoii akauuu cy6cTpaT HOBOro coctasa. OH npefcTaBnseT coboil cMmech
CneayloLMx KOMMOHEHTOB B Macc. %: Bepmuyain (20), onunka (20), ceponepnantcogepxawnii otxos (5), ApesecHas
3o0na (1), octanbHOe cepo3em (HEKPO3EM).

B pasHble ce30Hbl roga 2018-2019 rr. npoBefeHbl MOHUTOPUHIOBbLIE UCCMEA0BaHNS aTMOCHepPHOro BO3gyXa
ropoga TypkecTaH. Ha OCHOBe 3KCMepPMMEHTaNbHbIX WCCMEA0BaHWA YCTaHOBMEHbI CReAytoLiMe MpPEeBbILLIEHNS
KOHLUEHTpaumMmn nblin, BKAKOYas caxy, Ha 15-20 pas, okcugos cepbl B 10-12 pa3 u 6onee, OKCMAoB as3oTa -
B 18-24 pasa, cepoBofopofa - B 2-3 pas3a, yriesofoposoB - 4-6 pa3 no CpaBHEHWIO C AONYCTUMOI HOPMONA.

KntoueBble crioBa: Ma3oneil Xomxu Axmega ficaBu, MOHUTOPWHI, BepMUYald, CeponepavuTCOAepXallnii
0TXOg.
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