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Abstract —In this paper the possibility to reduce CQ emissions
by energy recovery from waste tyres is discussed. &hobjective
of the study is to analyze the end-of-life tyre maet in Latvia, to
assess the amount of used tyres available and tolmdate the
potential reduction of CO, emissions by energy recovery from
tyres in mineral products industry. Calculation reaults show that
an improved collection and combustion of end-of-l& tyres in the
cement industry can save up to 17% of the present@, emissions
in the mineral products industry.
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|l. INTRODUCTION

Every year thousands of tons of greenhouse gas JGH

emissions are released into the atmosphere cotitrgbto

global climate change. In March 2007 the Europeariob)
(EV) endorsed an integrated approach to climate eanetgy
policy that aims to combat climate change and emeethe
EU’s energy security while strengthening its corntpetness.
To start this process, the EU Heads of State antge@ment
set a series of demanding climate and energy s&tgdie met
by 2020. Collectively they are known as the 20-BQ&gets:

contain renewable and mineral fractions that shadt be
ignored [4].

The objective of this study was to analyze the eflife
tyres market in Latvia, to evaluate amount of usges
available and to calculate the potential reductan CO,
emissions by energy recovery from tyres in the a@me
industry.

I1. BIOMASS CONTENT IN ENBOF-LIFE TYRES

The main component of any tyre is rubber. Usuallyber
is made of a mixture of natural rubber (made frarmhber
tree), synthetic rubber, fillers and other chenscalhich
provide the needed characteristics like resistaocabrasion,

xidation, etc. Thousands of different mixtures possible
hich are adapted to different types of producis different
production processes. The typical content of a iyrgiven in
Table | [5].
There are four main rubber types used in tyre privdo:
e Natural rubber
e Styrene butadiene rubber (SBR)
¢ Polybutadiene rubber (BR)
e Butyl rubber (with halogenated butyl rubber).
The first three kinds of rubbers are used for poouy

* A reduction in EU GHG emissions of at least 20%reads and side edges but butyl rubber and haltegrmityl

below 1990 levels;

rubber are used inside the tyre. The typical stmecbf a tyre

e 20% of EU energy consumption to come fronis given in Figure 1.

renewable resources;

e A 20% reduction in primary energy use compared wit
projected levels, to be achieved by improving eperg

efficiency.

In 2008 the total GHG emissions in Latvia were 8,82Gg
CO,-equvivalent, that is 54,7% less than in 1990. Here
from 2000 to 2008 the annual GHG emissions in leatuie
increasing with an average annual growth rate 6#2per
year. In 2008 industrial processes contributed &iff3% to
total GHG emissions and most of industrial GHG einiss
(71,24%) were coming from the mineral products sidu [1]

In this paper the possibility to reduce £@missions by

energy recovery from waste tyres is discussed. altert

industries, such as cement factories [2] and lagrabustion
plants [3], use end-of-life tyres as fuel. Thabak reducing
the consumption of traditional fuels at the sameetreducing

the costs of energy. Used tyres have the advantfge

presenting not only a high net calorific value tisasimilar to
that of traditional solid fuels (coke and coal)t bibey also

1-inner layer (butyl rubber), 2-frame fibre (fahri8-steel cord belt layer
(steel), 4-circle core (steel wire covered withlyel), 5-side edges (natural
rubber), 6-bandage (nylon covered with rubber)ratgetor (synthetic and
natural rubber)

Fig.1. Composition of a tyre [6].
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Initially the natural rubber has been used to emsufound in some plants. Natural rubber is one of nogtortant

resistance

from abrasion, but later,

because of itmsaturated hydrocarbons. Natural rubber is madm fihe

characteristics of durability, the SBR co-polymeaashbeen Hevea brasiliensis tree juice (90-96% of the total natural
added. Nowadays most tyres are made of differgméstyof rubber productionA cut in the trunk of a rubber tree is made

natural rubber materials that have been extractenh fthe

juice of the natural rubber tree.

Natural rubber is elastomer (elastic hydrocarbolymer)

to collect the natural rubber (caoutchouc). Thekyniuice
which comes out from the cuts is collected. Thequis
coagulated with electrolysis or by heating and lastee mass

which is made from milk suspension or latex whi@n de - caoutchouc - is produced.

TABLE |

AVERAGE COMPOSITION OF ENBOF-LIFE EUROPEAN TYRE WITH CARBON BLACK TREAD RESPECTIVELY SILICA BEED TREAD AFTERL0%AND 20%WEAR

LOSS OF THE TREAO5]

Carbon black tread tyre Silica based tread tyre
Components 10% wear 20% wear 10% wear 20% wear
loss loss loss loss
%
Synthetic rubber 22,7 20,0 22,4 20,0
Natural rubber 18,7 21,0 19,1 21,1
Carbon Black 26,1 25,0 19,8 21,1
Synthetic silica 0,6 0,7 7,8 53
Sulphur 14 15 1,4 15
ZnO 1,6 1,7 1,6 1,7
Aromatic Oils 6,9 5,8 57 51
Stearic Acid 0,8 0,8 1,0 1,0
Accelerators 0,9 0,9 1,0 1,0
Antidegradants 1,5 15 1,6 1,6
Recycled rubber 0,5 0,5 0,5 0,5
Coated wires 13,0 14,7 12,8 14,4
Textile fabric 5,3 6,0 52 5,8
Total % 100 100 100 100
TABLE II
CHEMICAL COMPOSITION OF USED TYRE$6]
Content of elements, % Passenger car tyres Truck tgs
Carbon (C) 68-70 60-63
Iron (Fe) 11-12 25-27
Hydrogen (H) 6-6,3 5,3-5,6
Oxygen (O) 3,3-3,8 1,5-2,2
Silica (Si) 1,5-1,9 0,3-0,5
Zinc (Zn) 1,3-15 1,3-1,8
Sulphur (S) 1-15 1,2-1,6
Nitrogen (N) 0,4-0,6 0,3-0,4
Calcium (Ca) 0,2-0,3 0,06-0,08
Manganese (Mn) 0,06-0,07 0,1-0,2

Carbon is the main element which makes up the mmfas
tyre. The carbon content in used tyres is about7@&-
Another important element in used tyres is ironalihian be
up to 27% of the total content of truck tyres. Irmontent is
important to ensure the quality of the end produaen tyres
are used for energy production in cement kilns. Typécal
chemical content of tyres is given in Table Il [4].

There is more synthetic rubber than natural rubbethe
content of tyres of passenger cars. There is meteral

36

rubber than synthetic in trucks tyres. There is csimno
synthetic rubber in the content of tyres for crosentry
vehicles, including cargo transport, agriculturatlandustrial
transport. The exact composition of a tyre is tgjhc not
known due to a commercial secret of the producecoiding
to a study of Anne & Russ Evans [7], the typicahtemt and
weight of passenger car and truck tyres is providedable
Il
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TABLE 1lI

COMPOSITION OF TYRES AND WEIGHT OF PASSENGER CAR RES AND TRUCK TYRES [7]

Component Tyre for passenger car, % Tyre for truck,%
Natural rubber 22 30
Synthetic rubber 23 15
Soot 21,5 22
Metal 16,5 25
Fibre 55 -
Zinc oxide 1 2
Sulphur 1 1
Fillers 7,5 5
Joint carbon materials 74 67

. New 8,5 kg New 65 kg
Average weight of tyre

Old 7 kg Old 56 kg

TABLE IV
COMPARISON OF TYRES WITH COAL4]

Passenger car end-of-life tyne  Truck end-of-yfest Coal
Net calorific value, MJ/kg 30,2 26,4 26
Carbon (C) 69% 61% 64-68%
Biomass fraction (% mass) | 18,3% 29,1% 0%
Sulphur 1,3% 1,4% 1,3%
Emission factor: tCO,/TJ 59* 43* 90-95
Emission factor: tCO,/t 1,8* 1,1* 2,5

* Net emission factors, taking the biomass carbamactount

An analysis carried out on tyre samples in Frartered
little variability in terms of net calorific valuegarbon,
biomass carbon and sulphur parameters. Accordinthito
research [4], the truck used tyres have net cadorilues and
carbon contents that are lower than those of pgsserars
because of the higher proportion of metal in theegy
Conversely, the content in the carbon of biomasgiroris
greater in the case of used truck tyres. Used tysed as fuel
have a high heating value, and it is comparablé wiat of
coal. A comparison of tyres with coal is given iable IV.

I1l. MANAGEMENT OF END-OF-LIFE TYRES

Most products, including tyres, comprise an entiain of
players rather than a single economic operator giagahe
process, therefore the responsibility for waste agament
must be shared equally amongst all economic opsraod
other stakeholders. In Europe, three systems [B{ist

Within those countries operating under a statutegime,
tyre manufacturers have set-up companies to dethl the
management of end-of-life tyres. These companieskdd
with a proper statutory regime, aim at organisirtte t
collection and ecologically sound recovery treattradfrend of
life tyres through the most economical solutionst the end
user, this system guarantees transparency of tustagh a
visible contribution, clearly indicated on the inues.

In Latvia all companies who are producing or impagyt
products in packaging or products potentially hdaas to the
environment are obliged to avoid or neutralize ithpact of
waste on environment. According to the legislafireenework
in Latvia this is done by paying the tax for natuesources
from where the income is used for funding the emvinental
protection projects or by organizing the waste rgansent
system — separate collection, reuse, recyclingigpodal in
landfill by using best available technologies.

e countries with a free market (e.g. Austria, Germany There are three different types of actors involvethe end-

UK);

e countries with a national tax system (e.g. Croatia,

Denmark, Slovakia);

e countries with a statutory ‘take back’ system tlyloa
producer responsibility approach (e.qg.
Netherlands, Sweden, Poland).

of-life tyres management in Latvia (see Figure 2):

e Producers (creators) of the end-of-life tyres

e Waste collectors and management companies
e Processing and recycling organizations

France,
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Fig.2. Actors of the used tyres management systelmtvia.

A. Producersof used tyres

Producers of the used tyres in Latvia are basiaabrs of
cars that are individuals, companies and orgawoizatilike
cargo and public transportation companies, pulllties etc.
Imported tyres are also included in this categdty.can be
seen in Figure 2, a part of the end-of-life tyres delivered
directly to the waste management companies by earsy
partly used tyres are left in the automobile serdbops and
some part are exported — mainly by big companigb i
significant annual amount of waste tyres.

Car services and tyre shops are intermediate badigsg
car users, waste management companies and
organizations. When changing their old tyres to wews car
users can leave the old tyres at the auto sertiopssfree of

recyclin

C. Processing and recycling organizations

During the processing and recycling stage, the adrlde
tyres are transformed into a new product or int@ergyn
Almost all collected tyres except the exported antslare
now processed in a cement factory where the tyeesiged as
fuel.

There are also a few tyre processing companies hwhic
mechanically treat used tyres (chipping or predsitiqs
producing material that can be used for road coostn or
landfill covering works.

8. Assessment of theamount of used tyresin Latvia

According to the information from the organization
Latvijas ZaJais Punkts (first producer responsibility

charge. Later tyres are collected by waste managemé@rganization in Latvia) 15 000 tons of tyres argamed into

companies or delivered directly to recyclers orazig.

B. Wagte collectors and management companies

There is a two-level tyre collection system in LatvThe
first collection level is represented by companigsch are
collecting tyres from waste producers and delivgtinem to

Latvia each year. Respectively, the same amounyreft is
ending their life every year. The exact numbersisgd tyres
are not available because only bigger companies Hav
declare and report their waste amounts.

In order to assess the amount of used tyres inid,aan
indicative calculation based on transport fuel comgtion and

hazardous waste management companies — i.e. tlmdsecthe number of cars that has been actively usethignstudy

level of collection.

was performed. The following data and assumptiorsew

Hazardous waste management companies are conttactedapplied in the calculation:

producer responsibility organizations and therefoeeobliged

to collect used tyres free of charge, except thasportation

costs that has to be paid by producers of used.tfeducer
responsibility is a policy concept designed to edte
manufacturer’s responsibility beyond the sale as& af their

products to include disposal at end of life as well

38

Number of cars with valid roadworthiness test: 5843
Average fuel consumption per car (1/100 km): 8,5
Total fuel consumption per country (I): 1135294117
Number of km to go before the change of tyres: @@ O
Weight of a used passenger car tyre (kg): 8,5
Weight of a used truck car tyre (kg): 65

The calculation shows that the annual amount ofadnd
life tyres is 1197678 which corresponds to 10 1g€etr.

According to waste collection statistics [9], thaaunt of
collected and recycled tyres in Latvia in 2006 veasund
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8000 t meaning that at least 20% of used tyres rere
collected and are ending their life in the enviremmn

E. Environmental impacts of tyres

Each stage of the tyre life cycle is associatedh wértain
environmental impacts. Impacts on the environmertucs
during the acquisition of raw materials for tyreoguction,
during the production stage, transportation, use famally
during the end-of-life tyres processing, recyclmygdisposal.
In this study only the last stage of tyre life ®eVas analyzed
and detailed research on environmental impacts feadtof-
life tyres recycling was performed.

A. Base scenario

The base scenario reflects business as usual agguhat
energy recovery from tyres in the cement industaysat the
present level of recycling capacity. In 2009 theyoting
capacity of the cement industry in Latvia was 4 786 end-
of-life tyres per year.

B. Complete recyding scenario

In the complete recycling scenario it is assumeat il
end-of-life tyres available in Latvia are used aslfin the
cement industry. The annual amount of tyres in iaatg
assumed equal to 15 000 t according to the infoomegtom

In a study implemented by the Swedish Environmentalatyijas Zajais Punkts [11].

Research Institute Ltd, six scenarios for the z#tion of used

In case of this scenario, the current end-of-lifges

tyres were analyzed. The study [10] compares th@anagement system needs to be improved in ordee &ble

environmental impacts of each of the following soenarios
using the life cycle assessment approach:
e Incineration of tyres in a cement kiln;
e Material recycling producing granulates used dmdjl
material in artificial football fields;

to collect all tyres and to avoid them ending thiéé without
being used in recycling or re-used.

C. Extended recycling scenario
In extended recycling scenario the maximum tyrg/clecg

e Reuse of the tyres as drainage material in finalapacity of the Latvian cement industry is considerAfter

covering of landfills;

¢ Incineration of tyres in a district heating plant;

e Material recycling producing granulates used
asphalt;

construction of the new cement factory owned bycthmpany
Cemex, the total recycling capacity is increased up 38R0 t

irper year.

In case of this scenario an additional amount of-@flife

e Reuse of the tyres as filling material in noisdyres need to be imported from other countries.

abatement installations.

The study [10] was based on a functional unit aérl of
tyres collected from the tyre dealers. The reshtsw that the
“Material recycling of tyre granulate in footballiefds
(scenario 2)" is the best scenario, the "Incineranf tyres in
a cement kiln (scenario 1)” is the second bestaiemand that
the “Material recycling in asphalt (scenario 5)”dsfinitely
the worst scenario from the environmental impacditpof
view.

IV. POTENTIAL FOR REDUCTION OFRCO, EMISSIONS BY
ENERGY RECOVERY FROM TYRES IN CEMENT INDUSTRY

As can be seen from study [10] results, one obtw ways
to utilize end-of-life tyres is energy recoveryibgineration in
cement kilns.

Already now in Latvia tyres are being used by teenent
industry and due to the construction of a new cerfestory
the tyre recycling capacity has recently increa3ds: cement
industry is able to use all tyres available in latvSince
cement factories are part of the European EmisSi@ualing
Scheme, it is possible to save L£@missions that are
generated from renewable and mineral fractionstiagisin
tyres.

In this study three scenarios for €@mission savings in the
cement industry in Latvia have been developed:

e Base scenario;
o Complete recycling scenario;
o Extended recycling scenario.

V.CALCULATION OF CO, SAVINGS

CO, emission from fuel combustion was calculated e
scenario using formula (1).
o . . . 73
CO, =B-Q-EF, -10 (1)
CO, — annual C@emission, tCQyear;
B — fuel consumption, t/year;

Q — net calorific value, MJ/kg;
EFco, — CO, emission factor, tC¢TJ

CO, emission factors and net calorific values for syveere
assumed as given in Table IV. €@mission savings were
calculated compared to coal, i.e. if 100% coal used as fuel
instead of tyres and the corresponding emissiotofagere
assumed according to the reference value givenatiomal
CGO, emission calculation methodology (92,2 t13) [12].

A share between passenger car and truck tyres was
calculated based on the information from the Roaaffit
Safety Department of Latvia indicating the numbefr o
passenger cars and trucks with a valid roadworgisinest and
normalized by taking into account the differencenvgight of
each type of tyres. According to the calculatichsg, share of
passenger car tyres is 50,24% and the share df tyves is
49,76%.

The calculation results for each scenario are suizethin
Table V.
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TABLE V
CALCULATION RESULTS OF CQ EMISSION SAVINGS FOR EACH SCENARIO
Fuel Fuel input CO; (tyres) CO; (coal) CQO, savings Potential Potential
consumption savings from savings from
national total mineral
CO; emissions | products
industry CO,
emissions
t/year TJ tCQyear tCQlyear tCQlyear % %
Scenario 1 4785 135 6 986 12 489 5503 0,1 3,2
Scenario 2 15 000 425 21901 39152 17 251 0,2 10,2
Scenario 3 25000 708 36 501 65 253 28 751 0,3 17,0

4. Clauzade C.Using used tyres as sources of fuel. Reference values and
characterisation protocols. Aliapur, R&D, July 2009, 15 p.
V1.~ CONCLUSIONS 5. Edeskéar T Technical and Environmental properties of tyre shreds
Passenger car and truck tyres contain a signifiaamaunt focusing on ground engineering applications, SE-971 87, Luled, 2004,
of biomass in the form of natural rubber. The us&md-of- 111 p.

. . L. . . 6. Positioning used tyresasa major fuel source. Aliapur, 2009, 15 p.
life tyres as fuel instead of traditional fossikefs (like coal) 7. Evans A, Evans RCreating markets for recycled resources. The

can lead to considerable €@mission savings. Composition of a Tyre: Typical Components, 2006., 5 p.
In order to be able to use the end-of-life tyres daergy 8 Country specific implementation and end-of-life tyres (ELT)
L . g management companies [Online]. European Tyre and Rubber
recovery, It Is necessary to organize an efﬁC"_*n.d. well- Manufacturers’ Association (ETRMA), June 2009- [Assed
functioning tyre collection system where the regioitity for 11.08.2010]. Available: http:/iwww.etrma.org/

i ; 9. National waste database - Atkritumi-3 [Online]. iah Environmental,
waste management IS shared equa"y ampngst a!loemon Geological and Meteorological Agency, 2000-2008- cdéssed
operatgrs and other stakeholders. In Latvia Fh?m_n of 11.08.2010]. Available: http://vdc2.vdc.lv:8998/atkm.html
tyres is based on the producer responsibility gwlec 10. Hallberg L.LCA of the utilization of used tyres, Swedish Environmental
However, in practice, the collection system is fupictioning Research Institute Ltd. on behalf of the SwedishreTRecycling

o) Association, 2007, 4 p.
— 0 ’ y
well — about 20% of tyres are not collected and #wir life ;A Report, Latvijas Zaais punkts, 2008, 37 p.

in the environment. 12. Methodology for CO, emission calculation from stationary combustion
From the life cycle assessment point of view energy and industri{al processes, Latvian Environmental, Geological and
recovery by incineration in cement kilns is onetloé best Metheorological Agency, 2009, 8 p.
ways f_or the utiI_ization of end—of—llife tyres. Tma_)re three . Dzene, M.Sc.ing, Researcher
scenarios for using tyres as fuel in the cementistigt were nstitute of Energy Systems and Environment, Rigafifical University
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llize Dzene, Claudio Rochas, Dagnija Blumberga, Maka Ro&, Andris Erdmanis. Energijas atguve no lietoam riepam: neizmantota CO, emisiju
samaziraSanas iespja

Saji rakst tiek patita iesgja samaziat CO, emisijas, atgstot enegiju no lietoim automaghu riefm. Retijuma nerkis ir veikt nolietoto riepu tirgus arial
Latvija, nowrtét pieejamo nolietoto riepu daudzumu un&mat potencilo CO, emisiju samaz@jumu, izmantojot riepasakkurinamo mineélu produktu
razoSan. Vieglo automa®u un kravas masu riepas satur nonigu biomasas daudzumu, kas riepu aastr daligas gumijas veid. Izmantojot nolietats
riepas i enegijas avotu tradiciodli lietoto fosilo kuririmo, piengram, odu vies, ir iesgEjams sasniegt namigu CQ emisiju ietaufjumu. Saj petijuma tiek
piedavati tris sceariji riepu ka kurinama izmantoSanai cementaipnieaba un katram no tiem tiek afiinats sasniedzamais GQGemisiju ietaufums.
Potencilais CQ emisiju ietaugums tiek attieciats uz valsts kofam emisigm un uz minetlu produktu razoSanas siltuficefekta gzu emisigm, iedistot
potencilo emisiju samazigjumu valstsimer. Aprekina rezulgti rada, ka, uzlabojot nolietoto riepu $&ganas sistmas organiaciju un dedzinotas cementa
rapniedba, ir iesggjams ietauft no 3,2%1dz pat 17% no paSré&izm CG; emisigm mineglu produktu raZzoSan Lai vagtu sakt lielako ddu nolietoto riepu, ir
nepiecieSams uzlabot esoSo riepu apsaimniekoSat@asLs jo Sobid aptuveni 20% riepu Latdjnetiek sagktas un beidz savu 0z aplarteja vide.

HNmsze Q3ene, Knayauo Poma, Jaruusi BaymOepra, Mapuxa Poma, Anapuc Opamvanuc. ITosydeHue 3Heprum M3 MCHOJIb30BAHHBIX MOKPbIIIEK:
HEHCNoJb3yeMasi BO3MOKHOCTh COKpauieHust Boiopocos CO,

B aT0li cTaThe HccenoBaHa BO3MOXKHOCTH COKpaIeHus: BEIOpocoB CO, myTéM MOJydYEeHHs SHEPIUH U3 HCIOJIb30BaHHBIX aBTOMOOHJIBHBIX MOKpbIIeK. Llensb
HCCIICIOBaHHS — HPOBECTH aHAIIM3 PHIHKA MCIOJIb30BAHHBIX aBTOMOOMIIBHBIX MOKPBIIIEK B JIaTBUH, OLCHUTH JAOCTYHHOE KOJIHYECTBO MOKPHIMEK H PACCUUTATD
MOTeHIMAIbHOE CHIKeHHs 00béMa CO, B X0JIe MCIIOIb30BaHUS TTOKPHIIIEK B KAYECTBE TOIUIMBA IS MPOM3BOJICTBA MUHEPAIBHBIX MPOAYKTOB. [TOKpBIIKA 1715t
JIETKOBBIX M IPY30BBIX aBTOMOOHJICH COAepKaT 3HAYUTEIFHOE KOJIMYECTBO OMOMACCHI, KOTOpasi B COCTABE HAXOIHUTCS B BUJIEC HATYpaJIbHOM pe3uHbl. Mcnonb3ys
MOKPBIIKH KaK HCTOYHHMK JHEPIMH M 3aMEHssl TPAAMLMOHHBIC MCKONAEMble MCTOYHHMKH DHEPTHU, HAIPHMEp, Yrojb, BO3MOXHO JIOCTHYb 3HAYUTEIBHBIX
cokpamienuii BeiopocoB CO,. B naHHOM HCClieNOBaHUU NPEICTABICHBI TPH CLEHAPHUS IS MCIOJNB30BAHUS MOKPBINIEK B KaYeCTBE TOIUIMBA B MPOU3BOJCTBE
LIEMEHTA M PAcCUYUTAHO JOCTHraeMoe CHMkeHue BbIOpocoB CO, s Kaxkmoro u3 HuX. [loreHuumanbHOe cokpaiieHrue BbIOpocoB CO, COOTHOCHTCS ¢ OOLIMMHU
BBIOpOCAMHU B TOCYZApCTBE U C BHIOPOCAMHU B pe3yJbTaTe MPOU3BOJICTBA MHUHEPATIBHBIX NMPOAYKTOB, M TaKUM 00pa3oM MPOBOAWTCS OLIEHKA MOTCHIHAIBHOTO
CHIDKCHUSI BBIOPOCOB Ha TOCYIapCTBEHHOM YPOBHE. Pe3ynbTaThl pacuéToB MOKa3alM, 4TO, YIy4llas OPraHH3alHI0 CUCTEMBI COOpa MCIO0JIb30BaHHBIX MOKPBIILIEK
U OpPTaHu3ys C)KUTAHME TIOKPBIIIEK B Ka4eCTBE TOILIMBA IS TPOM3BOJICTBA LIEMEHTA, BO3MOXKHO CHU3UTH CylecTByromuii Beiopoc CO, ot 3,2% 10 moutn 17%.
J1ist TOro, 4T00BI COOpPaTh GOMBIIOE KOTUIECTBO UCTIONB30BAHHBIX MTOKPHILIEK, HEOOXOIUMO YIYYIIUTh CYIIECTBYOIIYIO CHCTEMY YIPaBICHHS OTXOJaMH, T.K. HA
JTaHHBIH MOMEHT 0Kko10 20%UCHONIb30BaHHBIX MOKPBIIICK HE CIAIOTCS epepaboTYMKaM H OCTAIOTCS B OKpYXKaromiei cpefe.
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