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Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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PUBLIC ENVIRONMENTAL MONITORING
OF THE STATE OF SNOWPACK IN NORILSK

Abstract. It is considered that Norilsk ranks second in terms of atmospheric contamination. Industrial
enterprises annually emit large amounts of sulphur dioxide, phenols, and heavy metal particles. The city is located
within the Far North and is distinguished by the harsh climate of the subarctic type. The snow cover can lie from
244 to 277 days. Snow is a good sorbent; therefore, the snow cover accumulates solid and gaseous pollutants that
enter it from the atmosphere with precipitation or are absorbed from it. The purpose of this study was to analyse the
snow cover in the Norilsk industrial region and assess the state of atmospheric air in the winter. To achieve this goal,
it is necessary to solve the following tasks: conduct a literature review on a given topic; take samples of snow in
various industrial districts of Norilsk; study the dependence of the qualitative characteristics of snow on the sampling
site; draw conclusions on the quality of snowpack in different areas of the industrial districts of Norilsk. In the course
of the study, the following methods were used: organoleptic, visual, methods for determining water transparency,
titrimetric analysis, etc. Heavy metal ions and sulphate ions were not detected in the thawed snow, so no industrial
gas pollution was noted in the residential area. Most of the particulate contamination was caused by slagging of roads
to improve vehicle traction.

Key words: precipitation, industrial area, melt water, chemical characteristics.

Introduction. Norilsk is located in the north of the Krasnoyarsk Krai and is the administrative centre
of the district. The region is a zone of permafrost rocks, the thickness of which is 40-80 m. It is one of the
coldest cities in the world. It is much colder than Murmansk, despite the fact that both cities are located
almost at the same latitude. Norilsk is located 300 km north of the Arctic Circle, 2400 km from the North
Pole, and 1500 km to the capital of the Krasnoyarsk Krai. It is considered that Norilsk ranks second in
pollution of air, into which enterprises annually emit large amounts of sulphur dioxide, phenols, and heavy
metal particles. The cold and long winter with January temperatures of -40°C is exacerbated by very
strong winds. The period of severe cold lasts about 280 days, from mid-September to early May, of which
130 days are accompanied by blizzards. The summer period begins at the end of June and lasts until the
end of August. On average, the frost-free period lasts 84 days, and sometimes its duration is reduced to
53 days. The relative humidity is 76%. The snow cover can lie from 244 to 277 days.

Snow is a good sorbing agent, therefore, it imbibes solid and gaseous pollutants from the atmosphere.
It is possible to judge about air pollution from enterprises and transport emissions by the state of the snow
cover. Hypothesis: the snow cover accumulates pollutants found in dust — gas emissions from industrial
enterprises and vehicle exhaust gases. Therefore, the purpose of this study is to analyse the snow cover in
the Norilsk industrial region and assess the state of atmospheric air in the winter. To achieve this goal, it is
necessary to solve the following tasks: conduct a literature review on a given topic; take samples of snow
in various industrial districts of Norilsk (IDN); study the dependence of the qualitative characteristics of
snow on the sampling site; draw conclusions on the quality of snow cover in different areas of the IDN.

Materials and methods. Organoleptic method, organoleptics — a method for determining quality
indicators based on the analysis of sensory perception: sight, smell, hearing, touch, taste. The advantages
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include the availability and speed of determining the quality indicators, as well as no need for expensive
equipment for measurements. The disadvantages of organoleptic methods include the subjectivity of the
assessment, the relative expression of its results in dimensionless quantities (colour — green, red, etc.; taste
— sweet pronounced, mild, tasteless, etc.), incomparability and insufficient reproducibility of the results.

Visual method — a method based on the perception of the appearance and/or colour of an object with
the help of sight. Appearance is a complex indicator that includes colour, odour, turbidity and is
determined visually. With the help of sight, a person receives the most information (70-80%). The
intensity of the liquid odour is assessed using a 5-point system, presented in table 1. The smell of water
should not exceed 2 points.

Table 1 — Odour intensity assessment

Odour intensity The nature of the smell manifestation Odour intensity, points
No The odour is not felt 0
Very weak The odour is not felt by the consumer, but is detected during laboratory analysis 1
Weak The odour is noticed by the consumer if he pays attention 2
Noticeable The odour is easily noticed and leads to disapproval of the water 3
Distinct The odour attracts attention and discourages from drinking 4
Very strong The odour is so strong that it makes water unfit for consumption 5

Transparency is a water quality indicator that allows to simply and quickly control the content of
suspended solids and colloidal impurities in it. Turbidity of water can be caused by the presence of clay,
inorganic compounds, as well as organic impurities or cake organisms, for example, bacteria, phyto- or
zooplankton. Turbidity of drinking water is normalised mainly due to the fact that turbid water protects
microorganisms during ultraviolet disinfection and facilitates the growth of bacteria, as well as for
aesthetic reasons [1-3]. The classification of water by transparency is given in table 2.

Table 2 — Water transparency assessment

Transparency assessment Snellen transparency, cm Suspended solids content, mg/dm?
Transparent More than 30 Less than 3+4
Low turbidity 25+30 Less than 5+6
Medium turbidity 20+25 6+10
Turbid 1020 10+30
Very turbid Less than 10 More than 30

Titrimetric analysis is a method for determining the amount of a substance by accurately measuring
the volume of substances reacting with each other. The main task of titrimetric analysis is not only to use a
solution of precise molarity (fixanal), but also to correctly determine the equivalence point [4,5]. The
different total level of calcium Ca and magnesium Mg salts dissolved in water characterises the so-called
total water hardness. Magnesium and potassium bicarbonates form carbonate (temporary) hardness, which
is completely eliminated with prolonged boiling of water, but turns into an insoluble precipitate with the
release of carbon dioxide [6-9].

By the value of the total hardness, water is distinguished: up to 4 mg-eq/L water is soft; from 4 to
8 mg-eq/L — medium hardness, from 8 to 12 mg-eq/L — hard; over 12 mg-eq/L — particularly hard. The
water hardness of surface sources fluctuates significantly throughout the year; it is maximal at the end of
winter, and minimal during flood periods. In groundwater, the hardness is usually higher (up to 8-10, less
often up to 15-20 dH) and less changes during the year [10-13].
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Salinity (total mineralisation) is a quantitative indicator of the content of substances dissolved in
water. It is also called the total salt content, since the substances dissolved in water are in the form of salts.
The most common inorganic salts (bicarbonates, chlorides and sulphates of calcium, magnesium,
potassium, and sodium) and a small amount of organic matter soluble in water.

Conductivity is used to estimate the total solids dissolved in water. Conductometry is based on the
numerical indicator of this physical quantity. Considering specifically water, which is a solution of a
mixture of strong and weak electrolytes: the mineral part of water is made up of sodium, potassium,
calcium, chlorine, sulphate (SO4*), bicarbonate ions, it can be concluded that these ions determine the
electrical conductivity of water.

Gravimetric analysis is a method of quantitative chemical analysis based on the accurate measu-
rement of the substance mass. It is used to determine the chemical composition of various objects (rocks
and minerals), the quality of raw materials and finished products, the content of crystallisation water in
salts, the ash content of the fuel, and so on. The advantages of gravimetric analysis include high accuracy
(usually the error is 0.1-0.2%) and the absence of the need for preliminary calibration of measuring
instruments. On the other hand, its implementation is often more laborious and takes more time in
comparison with other methods [14-16]. The gravimetric method for determining the mass concentration
of suspended solids is based on filtering a water sample through a filter with a pore diameter of 0.45 um
and weighing the resulting sediment after drying it to constant mass [17,18].

The colour of water is determined photometrically — by comparing samples of the test liquid with
solutions that imitate the colour of natural water. The following equipment, materials, reagents are used
for testing: colour density meter with a blue light filter; sample cells with a thickness of the light-
absorbing layer of 5-10 cm; volumetric flasks in accordance with GOST 1770, with a capacity of
1000 cm®; measuring pipettes according to GOST 29227, with a capacity of 1, 5, 10 cm with divisions of
0.1 cm; Nessler tubes with a capacity of 100 cm; potassium dichromate according to GOST 4220; cobalt
sulphate according to GOST 4462; sulphuric acid according to GOST 4204, with a density of 1.84 g/cm;
distilled water in accordance with GOST 6709; membrane filters No. 4 [6,10]. All reagents used in the
analysis must be of the analytical-reagent grade.

In a Nessler tube, 100 cm of the test water, filtered through a membrane filter, is measured and
compared with the colourimetric scale, viewing from above on a white background. If the test water
sample has a colour of more than 70°, the sample should be diluted with distilled water in a certain ratio
until the colour of the test water is comparable to the colour of the scale. The result is multiplied by the
number corresponding to the dilution [19-21].

When determining the chromaticity using a photocolorimeter, sample cells with a thickness of the
light-absorbing layer of 5-10 cm are used. The control liquid is distilled water, from which suspended
substances are removed by filtration through membrane filters No. 4. The optical density of the filtrate of
the test water sample is measured in the blue part of the spectrum with a light filter at = 413 nm. The
colour is determined by a grading schedule and is expressed in degrees of colour. Organoleptic methods
determine the nature and intensity of the odour [22,23].

The nature of the water odour is determined at 20°C by the smell. In a flask with a ground plug with a
capacity of 250-350 cm?®, 100 cm® of test water at a temperature of 20°C is measured. The flask is closed
with a plug, the contents of the flask are stirred several times with rotary movements, after which the flask
is opened and the nature and intensity of the smell is determined.

Determination of odour at 60°C: 100 cm?® of test water is poured into a flask. The neck of the flask is
closed with a watch glass and heated in a water bath to 50-60°C. The contents of the flask are mixed
several times with rotary movements. Moving the glass to the side, the nature and intensity of the odour is
determined. The intensity of the water odour is determined at 20 and 60°C and is assessed using a five-
point system. For example: at 20°C first tap (Volga river) — no odour — 0 points, at 60°C first tap (Volga
river) — earthy odour — 1 point; second tap (filtered reservoir) — chlorine odour — 1 point; 2 tap (filtered
reservoir) — chlorine reservoir — 2 points.

The Snellen transparency of the waste water, according to the method [1], is determined with the
Snellen cylinder. The test water is thoroughly mixed (shaken) and poured into a cylinder, under which a
text printed in Snellen's font on white paper is placed at a distance of 4 cm from the bottom of the
cylinder. The excess water is drained off with a tap or a tube while stirring continuously with a glass rod
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until the text is readable. The height of the liquid column is read off the scale applied to the cylinder with
an accuracy of 0.5 cm.

The scientific sanitary assessment of water is one of the most difficult problems of sanitary
examination. Snellen font for measuring water transparency [24,25]. The result is expressed in centimetres
as the arithmetic mean of the two definitions. The “cross transparency” is determined using a white plate
with two crossed black lines 1 mm in thickness. This method is used to control the operation of treatment
facilities. In thermal power engineering, the most often used is “font transparency (by Snellen)”, equal to
the height of the water column, through which the standard typographic font with a letter height of 3.5 mm
is still readable [26,27]. The total stiffness is calculated using the formula (Eq. 1):

VXCx1000
22000 ol — 24 (1)

dH = w dm3’

where V' — volume of 0.1 N Trilon B solution used for titration; C — concentration of Trilon B solution;
W — aliquot part of the sample.

The electrometric method for determining salinity is based on measuring the relative electrical
conductivity of water using a special device — a conductometer, which makes it possible to accelerate and
increase the accuracy of its determination in comparison with other methods [28]. The operating principle
of conductometer is based on the direct dependence of the electrical conductivity of water (current
strength in a constant electric field created by the electrodes of the device) on the number of compounds
dissolved in water. A wide range of relevant equipment now allows to measure the conductivity of almost
any water, from ultraclean (very low conductivity) to saturated with chemical compounds (high
conductivity) [29-31].

Drip method. The reaction can be carried out dropwise on filter paper. To do this, a drop of nickel (I1I)
salt solution is applied to a sheet of filter paper, then a drop of an alcohol solution of dimethylglyoxime.
The paper is held over a bottle with a concentrated ammonia solution (in ammonia vapor) until a pink-red
spot appears [32,33].

Results and discussion. Subject of the study: snow sampled from different streets of Norilsk — 50 Let
Oktyabrya, Talnakhskaya, Kirova, Komsomolskaya, Kotulskogo Passway, Metalurgov Square. Study of
the impact on the ecological state of snow cover: industrial emissions — samples were taken near
apartment buildings in the city of Norilsk; transport — samples were taken near the road (on the dividing
strip) and on the streets.

The work was carried out in the spring (March-April). The average daily temperature in the city of
Norilsk in March ranged from -15 to 0 (figure 1).

Average daily temperature, Norilsk March, 2019

-15°¢ Hf——————

-20°C —_ e

123 4567 8 910111213141516171819202122232425262728293031

Figure 1 — Average daily temperature in Norilsk in March
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The pH of the melt water has a value close to neutral and ranges from 7.1 to 8.6, with the exception
of melt water from the snow sampled from the roadways of 50 Let Oktyabrya, Kirova streets and
Kotulskogo Passway (table 3). Since the main salts that determine the salt content are calcium and
magnesium bicarbonates, at a hardness of less than 0.1 mMol/L, the pH value from 8 to 9 is explained by

the hydrolysis of these salts.

Table 3 — Qualitative indicators of the state of the snow cover

Sr. No. Sampling location Freer?ll()l(le/l}jnity, Sillign/iltdy’ pH I-Ill?lr\j[igf/sf’ nslg?rig
Distilled water <0.1 23.5 7.7 <0.1 0

5 50 Let Oktyabrya

5.1 Street <0.1 78.0 8.6 <0.1 3.8

52 Roadside 0.12 90.0 9.0 0.12 496

6 Talnakhskaya (Beginning)

6.1 Street (NTEK, 11) <0.1 66.8 8.3 <0.1 2.4

6.2 Roadside (Talnakhskaya, 10) <0.1 54.5 8.6 <0.1 490

7 Kirova

7.1 Lyceum No. 4 (Pushkina, 8) <0.1 75.9 7.1 <0.1 3.1

7.2 Kirova, 5 <0.1 79.6 9.0 <0.1 154

3 Komsomolskaya

8.1 Street <0.1 56.2 8.3 <0.1 4.0

8.2 Roadside <0.1 75.4 8.1 <0.1 400

9 Kotulskogo Passway

9.1 Kotulskogo, 15 (street) <0.1 67.1 8.1 <0.1 0.03

9.2 Kotulskogo, 5-13 (crossing, road) <0.1 112 9.2 <0.1 160

10 Metalurgov Square

10.1 Street 0.12 90.7 6.0 0.12 0.4

10.2 Roadside 0.3 102.0 7.2 0.3 128

The total salinity of melt water, depending on the place of sampling, is shown in figure 2:
1 — Distilled water; 2 — 50 Let Oktyabrya (street); 3 — 50 Let Oktyabrya (roadside); 4 — Talnakhskaya
(street, near NTEK); 5 — Talnakhskaya, 10 (near Arbat shop); 6 — Kirova (Lyceum No. 40); 7 — Kirova, 5;
8 — Komsomolskaya (street); 9 — Komsomolskaya (roadside);

10 — Kotulskogo 15 (street);

11 — Kotulskogo, 5 (roadside); 12 — Metalurgov Square (street), 13 — Metalurgov Square (roadside).

150
100
5

[=]

0

Salt content, mg/L

Figure 2 — Dependence of the total salt content on the sampling site

From table 4 it can be seen that the pollution of the snow cover with heavy metal ions was not

observed.

Total salt content

1 2 3 4 5 6 7 8 9 101112 13

Sampling point numbers
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Table 4 — Content of non-ferrous metal ions and sulphate ion

Sr. No. Sampling location Pb 2 Fe*? Nit? Y non-ferrous metals | SO42
Distilled water <0.1 <0.1 <0.1 <0.1 <0.1

5 50 Let Oktyabrya

5.1 Street <0.1 <0.1 <0.1 <0.1 <0.1

52 Roadside <0.1 <0.1 <0.1 <0.1 <0.1

6 Talnakhskaya (Beginning)

6.1 Street (NTEK, 11) <0.1 <0.1 <0.1 <0.1 <0.1

6.2 Roadside (Talnakhskaya, 10) <0.1 <0.1 <0.1 <0.1 <0.1

7 Kirova

7.1 Lyceum No. 4 (Pushkina, 8) <0.1 <0.1 <0.1 <0.1 <0.1

7.2 Kirova, 5 <0.1 <0.1 <0.1 <0.1 <0.1

3 Komsomolskaya

8.1 Street <0.1 <0.1 <0.1 <0.1 <0.1

8.2 Roadside <0.1 <0.1 <0.1 <0.1 <0.1

9 Kotulskogo Passway

9.1 Kotulskogo, 15 (street) <0.1 <0.1 <0.1 <0.1 <0.1

9.2 Road at Kotulskogo, 5-13 (crossing) <0.1 <0.1 <0.1 <0.1 <0.1

10 Metalurgov Square

10.1 Street <0.1 <0.1 <0.1 <0.1 <0.1

10.2 Roadside <0.1 <0.1 <0.1 <0.1 <0.1

Thus, the main contaminant of snow cover is solid slag particles, which are sprinkled on roads and
sidewalks to improve vehicle traction and prevent pedestrian injury. Cars, when driving, throw off slag
particles to the side of the road and thereby pollute the snow cover, the pollution of snow with solid
particles depends on the number of vehicles passing along this section of the road.

Conclusions.

1. The pH of the melt water of the snow cover is close to neutral and is equal to 6.0-9.0.

2. Salinity is caused by the presence of ions (Ca+2, Mg+2, HCO3-).

3. lons of heavy metals and sulphate ions were not detected in the melt snow, thus, no pollution with
industrial gases in the residential area was noted.

4. The main contamination with solid particles is due to the slagging of roads to improve the vehicle
traction on the road surface.

H. B. Kapmanosckas, O. B. Hocora, A. B. Kasep3un

Hopuibck MeMitekeTTik nHIycTpusi ”HCTUTYTHL, Hopriteck, Peceit

HOPUJILCKIIETT KAP J)KAMBLIFBICHI KYHIHIH,
KOFAM/JBIK OKOJIOTUAJIBIK MOHUTOPHUHI'T

AnnHoranus. ATMocepaHbIH JacTaHy JeHreii OoiibHma HOpriibCk eKiHI OpBIHAa TYpasl Iel ecenTese .
OHIIPICTIK KOCIMOPBIHAAP JKbUT CaliblH KYKIPT TUOKCHUI, (PEHOJ MEH aybIp METall OeJIIEKTepiH ipi Keyiem/ie ayara
weirapyaa. Kana Kubip ConTycTik Kakra OpHallacKaH JKOHE CyOapKTHUKAJIBIK THIITI KaTaH KIMMaTbIMEH epek-
meneHeni. Kap sxambuirbichl 244-ten 277 kyHre AeiiH »xatybl MyMKiH. Kap — sxakcel copOeHT. COHBIKTaHA Kap
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KAMBUIFBICHI OFaH aTMocepazaH >KaybIH-IIAIIBIH TYPIHAE TYCETIH KATThl JXKOHE TIa3Topi3/l JIaCTarbIlITapP/Ibl
JKMHAN Il HEMECE ©31HE CIHIPIIT aazpl.

3eprreynin MakcaThl — HOpMIIBCK ©HEPKICINTIK ayJaHBIHBIH Kap JKaMbUIFBICBIHA TAJIZdy )Kacay JKOHE KBICKBI
Ke3eH/eri aTMOC(epalbIK ayaHblH KyHiHe O0ara Oepy. ATaaMbIII MaKcaTKa KOJI JKETKI3y VIINiH KeJIeciaei MiHAeTTep Il
mIenry Kaxer: OepiireH TakbIpblll OOibIHINA opeduerTepal capanay; HopuibCKiHIH Typni ©HEpPKICINTIK aynaH-
JlapblHaH (KeIlle )KQHE XOJDKaraJaH) Kap ChIHAMAchlH ally; KapJAblH CanajblK CHIIATTaMachIHBIH ChIHAMA aJbIHFaH
OpBIHFA TOYENALIIriH aHbIKTay; Typui IDN aymakrapbelHAarbl Kap >KaMbUIFBICBIHBIH CallaChlHA KATBICTHI KOPBITHIHIIBI
Kacay.

3epTTey OapbhIChIHIA Kelecineil omicTep KOMTAaHBUIIBI: OPTaHOJNENTHKAIBIK, Ko30€H IOy, CyAbIH Ta3abIFbIH
AHBIKTAUTBIH TOCUIEp, THUTPUMETPIIK Tanmay skoHe T.0. omictep. CyablH Tyci (OTOMETPHSIBIK OIIiCIEH, SFHU
3epPTTENETiH CYWBIKTHIK CHIHAMANAPBIH TaOWFH CYABIH KENTIpiHIICI OONBIN CaHANATHIH E€PITIHIUIEPMEH CalbICTHIPY
apKbUIbl aHBIKTAIABI. EH ajapIMeH CTaHIApTThl epITIHAI JaWbIHAANIb; KEeWiH epiTIHAI KYKIPT KbIIIKbUIBIMEH
CYHBITBUI/IBI; KOJIOPUMETPUKAIIBIK ILIKAJIA JKACATIIbI.

AybIp MeTalul HOHAAPbl MEH Kap CYbIHAAFbl CyJb(ar-uOHAAphI OaiikamMabl, COHBIKTAHAA TYPFbIH ay/laHbl-
HBIH OHEPKOCINTIK ra3gaHfaHIbiFbl OenrinenOeni. KarTel OeiiekTepMeH JacTaHyIbIH ayKbIMIbI OOJIiri KeJik
KYPaJIAapbIHbIH TapTHIMBIH JKaKCapTy MaKCaTbIHJA JKYPTi3UIreH KOJIAaplbl KOXKIay ic-IlapaiapblHa THECU AereH
KOPBITBIH/IBI KaCAJIJIbI.

Tyiiin ce3aep: >kaybIH-IIANIBIH, OHEPKICINTIK alMaK, Kap Cybl, XUMUSUIBIK CHIIATTaMa.

H. B. Kapmanosckas, O. B. HocoBa, A. B. KaBep3un
Hopunbckuii rocy1apCcTBEHHBIH MHAYCTPUAIBHBIA HHCTUTYT, Hopuiibek, Poccus

OBIIECTBEHHBIN YKOJOTMYECKUMA MOHUTOPUHT
COCTOSIHUSI CHEKHOTI'O MTOKPOBA B HOPUJILCKE

Annotanusi. Cuuraercs, yTo Hopuiibck 3aHMMaeT BTOpOe MECTO MO YPOBHIO 3arpsisHeHHs: atmocdepsl. [Ipo-
MBIIIICHHBIE MPEINPHUITHS €KETr0JHO BHIOPACHIBAIOT OOJIBIINE KOJMYECTBA AMOKCHAA Cepbl, ()EHOJIOB M YACTHIL
TsKeNnbIX MeTamwoB. ['opox pacmonoxker B mpenenax Kpaiinero CeBepa M OTIMUYAeTCAd CypOBBIM KIMMaTOM
cyOapkTrueckoro tuna. CHEXHBIH IMOKPOB MOXKET jexarh oT 244 no 277 nueil. CHer — Xopommii copOeHT; cieno-
BaTEIbHO, CHEXXHBINH TIOKPOB HAKAIUIMBAET TBEPIbIE U Ta3000pa3HbIC 3arpA3HUTENIH, KOTOPHIE MOMAJaloT B HETO U3
aTMocdepsl ¢ ocaKaMy Wn abcopOUpyIOTCs U3 Hee.

Lenpto uccnenoBanns ObUT aHATN3 CHEKHOTO MOKPOBa B HOPMIIBCKOM NPOMBIIIZIEHHOM paiioHe W OIEHKa COC-
TOSHHA aTMOC(EpHOro BO3myXa 3MMOH. [l NOCTWXKEHWsS 3TOW LeNU HEeOOXOIMMO DEIIHUTh CIEAYIOLIHE 3amadu:
MPOBECTH 0030p JUTEPaTyphl MO 3aaHHOM TeMme; OpaTh MPOOBI CHEra B Pa3JIMYHBIX NPOMBIIUICHHBIX palOHax
Hopwiecka (¢ ynum m y 000YHH); M3YYHTh 3aBUCHMOCTh KadeCTBEHHBIX XapaKTEpHUCTHK CHEra OT MecTa oTOopa
npo0; caenaTk BHIBOJBI O KAYECTBE CHEXHOT'O IIOKPOBA B pa3inn4HbIX oOnactax IDN.

B xone mccienoBaHHs HCIONB30BAIMCH CIEYIOLIME METOIbI: OPTaHOJENTHYECKUH, BU3YalbHBIH, METOABI
OIIpeJieNIeHNs] IPO3PavyHOCTH BOJIBI, TATPUMETPUYECKUiT aHanu3 u 1p. LIBet Boabl onpenensercss HOTOMETPHUUECKH —
IyTeM CpaBHEHHs OOpa3lOB HCCIEIYyEeMOH XHIKOCTH C PAacTBOPAMH, MMUTHPYIOIIMMH LBET NPUPOIHON BOJBI.
CHauasia ObUT IPUTOTOBJIEH CTAHJAPTHBINA PACTBOP; 3aTeM — pa30aBIICHHBII PacTBOpP CEPHOI KUCIIOTHI; U3rOTOBJICHA
KOJIOpIMETPHUECKas IIKasa.

VoHBI TSDKENBIX METAJUIOB U CyNb(aT-HOHBl B TAJIOM CHETe HE OOHAPY)KEHBI, IOATOMY B KMJIOM paiOHE Mpo-
MBIIIIEHHOH 3ara30BaHHOCTH HE 0TMe4ueHO. ClieniaH BBIBOJI, YTO OOJIBINIAS YacTh 3arpsi3HEHHUS TBEPABIMU YaCTHIIAMU
Obu1a BBI3BaHA 3aIIUIAKOBBIBAHUEM JOPOT IS YIIyUIICHUS TATH TPAHCIOPTHBIX CPEJICTB.

KiaroueBble c10Ba: ocagky, IPOMBIIIIIEHHAs 30HA, Talasi BOJA, XUMHUECKHE XapaKTEPUCTHUKU.
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