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This paper is dedicated to the development and testing of the integral methods of calcula-
tion for greenhouse gas emissions estimation at key stages of the production and consumption of
poultry meat under the conditions of the Central Region of European Russia. Five phases of the life
cycle analysis are discussed from the feed production up to final consumption and waste disposal.
Algorithms and examples of the specific greenhouse gas emissions calculation at all stages of the
life cycle of poultry products under the conditions of Central Russia are shown in the text and as a
source of the information industry statistics and monitoring obsen’ations in the frame of the LAMP
project of RF Government were used. Particular attention is drawn to the comparative analysis of
greenhouse gas emissions resulting from the most common technologies of production and consump-
tion of meat products both in Russia and abroad. There are discussed the latest development trends
and potentials for more environmental-friendly poultry production in Russia with purpose of the
main greenhouse gases (C0, CH, and N,0) emission reduction to prevent adverse global changes
in atmospheric composition, climate characteristics and biota. The most problematic environmental
situations include the problems of disposing of manure and other organic waste at all stages of pro-
duction and consumption (5 to 20% of unused waste). Total emissions of greenhouse gases are rang-
ing from 10 to 12.4 kg of CO, per 1 kg of produced and consumed meat products, which is 15-20%
higher than in Western European counterparts. It is important to note that this reflects not only the
environmental shortcomings of the organization of production, but there is significant potential for
increase in its cost-effectiveness by improving the work with organic waste and byproducts.

Key words: Global changes, greenhouse gases, emissions, meat, poultry, feed, agriculture,
processing, consumption, carbon footprint.

One of the major problems of modem society is the ever increasing human popula-
tion and its anthropogenic pressure on environment. Anthropogenic emissions of green-
house gases (GHQG) are representing the most important and the most acute problem of the
modem ecology [11, 12]. Humans need a lot of high quality proteins, which are mostly
obtained from meat, which has as a consequence the main challenge for the modem agri-
culture: the provision of sufficient quantities of safe food to the constantly growing human
population with the efficient use of the limited quantity of natural resources. Currently, the
agriculture sector allocates about 16% of global greenhouse gas emissions, which is com-
parable to greenhouse gas emissions from other sectors of the economy (energy, industry,
transport), and livestock sector is producing more GHG than other forms of food produc-
tion, mainly methane and nitrogen oxide [11, 18].

With ever decreasing area for fodder production, the intensive livestock technologies
are becoming more and more interesting because they are using resources with the highest
efficiency, which has as a result the cheapest product per unit. The poultry production is



the most intensive field of the animal husbandry with the lowest price per unit of product.
For this reason poultry is the most common source of meat in the developing countries
(Fig. 1). As the developing countries have the biggest human population the population
of birds (chicken) is the biggest as well, and because of that the environmental pressure

(which is small when we are observing only one animal) is cumulative and represents
serious problem.

Fig. 1. Global meat consumption per capita in 2009 [7]

Another important aspect is that in the future population will grow, especially in the
developing countries, which in combination with improved economic situation, will result
in the increased demand and consequentially increased production and anthropogenic pres-
sure on the environment (Fig. 2). The Russian Federation will increase total consumption

Fig. 2. Estimation of the meat consumption per capita in 2012 and 2022 [7]

36



of all kinds of meat by 11.8 kg per capita, with the poultry meat share of 56.8% in this
increase. Because of its livestock development program and increase in the production of
meat Russia should have a clear idea about the allocation of greenhouse gas emissions at
each phase of the animal production.

The aim of this work is to develop an analytic algorithm of the main greenhouse
gases emission in all stages of animal (chicken) products life cycle analysis (LCA) ac-
cording to regional typological features of agricultural production in agro-ecosystems
(Fig. 3). The methodology of CF LCA calculation includes the life cycle of a product from
the production of the raw materials up to the disposal ("from cradle to grave”).

Fig.3. GHG emissions and their composition on the main phases of the LCA [20]

Goals and Methods

The goal of this work is to show the calculation procedure for estimations of the
Carbon footprint (CF) of an agricultural product (chicken meat) under the conditions of the
Central region of Russia.

Different GHGs are exhibiting different greenhouse effects so their impact is calcu-
lated through the global warming potential (GWP) which represents effect comparison of
particular greenhouse gas with that of CO, in a 100-year period. GWP of carbon dioxide
is 1, the GWP of methane is 23 and the GWP of nitrogen oxide is 296 (i.e., 1 kg of meth-
ane has the same effect as 23 kg of carbon dioxide) [6]. Unit of measurement of GWP is
kg equivalent of CO0, (kg CO, e). The Carbon Footprint (CF) shows the amount of GHGs
released during production of unit of some good or service expressed in terms of kg CO, e.
As a functional unit we will use 1 kg of meat with bone (carcass weight).
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The Carbon Footprint calculation in the livestock and meat production LCA can be
divided into 5 principal phases (Fig. 4):

Fig. 4. GHF emissions algorithm analysis in the processes of poultry production LCA under the condi-
tions of the Central region of Russia
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Phase 1: GHGs emission analysis at the stages of feed and crop production (for the
poultry production) under the conditions of representative agrolandscapes.

Phase 2: GHGs emission analysis at the stages of livestock (chicken) production
under the conditions of representative farms.

Phase 3: GHGs emission analysis at the stages of meat processing under the condi-
tions of representative plants.

Phase 4: GHGs emission analysis at the stages of chicken meat retail under the con-
ditions of representative supermarkets.

Phase 5: GHGs emission analysis at the stages of consumption.

There are two types of poultry production in Russia: the first type is with feeding
period of 42 days and weight of 1900 g, and the second one is with feeding period of
56 days and end weight of 3300 g. The first method is more intensive and feed- and cost-
efficient than the second one due to different feed conversion (amount of feed needed for
1 kg of growth) in different age of the birds as well as to more efficient and balanced
feeding in the first system (Table 1).

Table 1

The difference in feeding systems between two types of poultry production [15]

The calculation takes into account each stage and includes transportation within the
production chain from the first step up to the defined border of the system (the end of the
chain or the end of the chain segment). Methodology described in this article is based on
IAGRICO, [3].

Practical example of the CF calculation

The practical example has been developed on the basis of the poultry production
in the Central Chernozem region of the Russian Federation (based on data obtained on
the farms of the educational facility «Mumovskoye» in Saratov region, complex data ob-
tained through LAMP field experiments in Kursk region as well as on information received
through LISSOZ [21] program application).

There is also a fixed CF value for the buildings and the equipment, which is dis-
tributed along their whole lifetime, so their CF per unit of product is so small that can be
ignored as a significant factor in total CF of the product.

For this phase in the food chain the most important factor is the emission of C0, be-
cause of fuel consumption (both in tillage and animals feeding) and N,0 emissions result-
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ing from fertilisers production and application as well as transformation of the ammonia
from manure to nitrates followed by denitrification processes.

Phase 1: Feed and Crop Production.

At the start of the GHGs from the feed production's calculation we need to calculate
the needed amount of feed [14] for the animals' growth to the slaughter weight (Fig. 5).
According to the empirical data obtained in Kursk and Saratov regions the medium length
of the feeding period for the chicken is 42 days, at this age the body mass of the animal is
near of 1800-2100 g (we will take 1900 g as a mean weight).

C footprint of the fuel
and energy
C footprint of
l fertilizers
C fotprint of Feed
manure »
X .
C footprint of
pesticides
C fotprint of
transport
1 \ 4
Poultry

Fig. 5. Diagram of the greenhouse gas emissions in the Feed
and Crop Production Phase

During the lifetime animals eat 1.50 kg of maize, 0.7 kg of wheat, 0.4 kg of barley
and 0.8 kg of soybean, GHGe for the given amount of feed is calculated from the emissions
of the production inputs per hectare under given culture. In order to determine the GHG
emission from fertilizers we need to know how much GHGs are released through production
and application of fertilizer. During the process of fertilizers production 6.8 kg CO, e kg-!
of N in the fertilizer is released into the atmosphere [4], and 1% of the N introduced by
fertilizers is released from the soil in the form of N,0. The average amount of N applied
per hectare in the Chernozem region and calculated values of GHG emissions are shown
in table 2.

Table 2
Amount of N applied per hectare and calculated values of GHG emissions
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For the calculation of the C0, emission from fuel consumption we need to multiply
the quantity of used fuel by the factor of CO, release. As far as the main fuel in the
agricultural production is diesel fuel we need to multiply litres of diesel fuel by factor
2.64 (kilograms of released CO, per litre of used diesel). The needed quantities of diesel
fuel for forage crops growing are shown in table 3. The calculated crop yields are the
following: wheat — 6 t/ha, maize — 5 t/ha, barley — 6 t/ha, soybeans — 3 t/ha [20]. From
the data provided we can calculate the CF of every kind of feed per kilogram (Table 4).

Table 3
Amount of fuel used per hectare and calculated values of GHG emissions
Crops Used fuel per hectare (litres) GHG emi(sksgi?oszze)r hectare GHGg?;r:S(T:grgozz)kg of

Maize 120 316.2 0.06

Wheat 73.52 194.1 0.03

Barley 69.05 182.3 0.03

Soybean 65 171.6 0.06

After multiplication of needed amount of feed Table 4

(kg) by CF of the feed (kg CO, e) and supposing that the Carbon Footprint of the
losses in feed amount to approximately 5% we obtain as a specific feeds

result the amount of released GHG in the process of feed
production per animal:

(0.38x1.5 +0.32x0.7 + 0.39x0.4 + 0.8x0.8) + 5%

It is equal to the total CF of 1.65 kg CO0, e from the
feed ingested by animal. Wheat 0.32

Phase 2: Poultry Production.

Concerning poultry as a source of the GHG emis-
sion the main sources are energy consumption for feeding | soybean 0.8
and accommodation of the animals and manure manage-
ment (Fig. 6). Fuel consumption for feeding, manure han-
dling and internal farm transport for the poultry is 0.005 litres of diesel per bird, which is
equal to 0.0132 kg CO, e.

Total amount of electricity consumption per bird is 0.25 kWh. According to the data
for CO, release per kWh in the Russian Federation (provided by [5]) every kWh produced
in Russia emits 0.699 kg C0, e. Multiplying required quantity of electric energy by con-
sumption we get the result of 0.174 kg C0, e released due to electricity consumption in
animal's lifetime. The amount of gas needed for heating reaches 1.55 kWh and of natural
gas which is usually used for heating has CF of 1 kWh equal to 0.19 kg CO, e, so heating
is adding 0.29 kg CO0, e.

GHG emissions as a result of manure handling are almost exclusively important
when N,0 is considered. The amount of nitrogen which is released into atmosphere de-
pends on manure handling and storage practices. In Russia the main way of manure storage
is in form of piles (not protected by any mean with free gas emission from manure). In

Carbon Footprint

Feeds of Feed (kg CO, e)

Maize 0.38

Barley 0.39
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Fig. 6. Diagram of the greenhouse gas emissions at the Poultry
Production Phase

those circumstances 40% of total N is lost and around 3% of this amount is transformed

into N,0, which is equal to 0.004 kg of N or 0.006 kg of N,0 with GWP of 1.78 kg
C0, e. From the given data we can calculate total amount of emitted GHGs in rearing

of 1 bird with weight of 1.9 kg:
1.65+0.0132+0.174 + 0.29 + 1.78
It is equal to 3.91 kg CO, e.

Phase 3: Processing.

The processing represents complex of the procedures, treatments and processes
which are converting animal tissue to the meat (Fig. 7).
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Energy and
fuel ¥
Transport
Waste material
Y
Processing
Consumables
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byproducts
Processed
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Fig. 7. Diagram of the greenhouse gas emissions in the Phase
of Processing



3.1. CF of Animals' Transport.

Vehicles used in animal transport are mostly diesel fuelled. According to European
standards in container transport of chickens the floor space required for one bird varies
within 180 — 200 cm?. Standard dimensions of trailers for animal transport are the follow-
ing: length 13.60 meters, width 2.60 meters and height 2.90 meters. Consumption of diesel
fuel per 100 kilometres fluctuates from 25 to 30 litres, which releases from 66 to 79.2 kg
of C0, e per 100 kilometres. To sum up, transport contributes to the carbon footprint of
meat for poultry from 0.025 kg CO, e per kg of meat per 100 km (single-storey transport)
to 0.0065 kg CO, e per kg of meat per 100 km (four-storey transport), or per a bird — from
0.049 to 0.01235 kg CO, e per kg of meat per 100 km. Normally birds are transported in the
four-storey containers for costs reasons so transport is adding to total CF of meat produc-
tion 0.012 kg CO, e per kg of meat per 100 km.

3.2. CF of'the Processing Energy.

According to literature information [19], the amount of used energy during process-
ing is directly related to the degree of production intensity. Slaughterhouses and meat
processing plants with higher capacity and with more intensive processing, with modem
equipment and higher energy efficiency will result in less energy consumption per unit of
product.

According to obtained data in Russia for meat processing it is necessary to provide
3.8-4.4 cubic meters of water with temperature of 65 degrees per ton of processed meat,
which depends not only on the animal species, but also on the technological level of the
equipment and the intensity of treatment, a more intensive technology. Since for water
heating natural gas is used then the carbon footprint amounts to 0.19 kg CO, e per 1 kWh.
To heat water from 10 to 65 degrees we need 0.0011 kWh per litre per °C, thus, we can
calculate carbon footprint of water heating which is 60.5 kWh/m3.

For heating water for 1 ton of meat production and processing it is released from
43.681 kg of CO0, to 50.578 kg of CO0,. Usage of water vapour needed per 1 ton of meat
varies from 0.4 to 0.5 m3 and the consumption of energy per production of kg of vapour
fluctuates between 0.22 and 0.275 kWh (0.0418-0.0525 kg CO, e).

Consumption of energy for production of water vapour needed for one ton of meat
(24.5 to 36.7 kWh) releases 16.04 to 25.65 kg CO0, e per ton of meat which gives 0.069 kg
CO0, e per 1 kg of poultry meat.

3.3. C footprint of non-edible by-products.

a. The ratio of edible and inedible parts of carcasses in broilers are 75-80% vs.
20-25%, which gives us a value of 1.44 kg of edible parts vs. 0.365 kg of non-edible parts.
Animal waste which cannot be further processed in the meat and bone meal is around 5%
of the total weight of an animal (0.095 kg) [19]. So it can be concluded that CF for kg of
edible parts of one bird is:

((3.91 + 0.012)x(1.44 + 0.095)) + 0.069 = 6.094 kg CO, e

b. Evaluation of non-edible by-products Carbon footprint: In Russia non-edible by-
products is used as a protein feed for animals and because of that their carbon footprint can
be determined by carbon footprint of protein feed component of plant origin which they
replace. As non-edible by products are processed into meat and bone meal with protein
content of 40 to 45% we can replace soybean meal with it in the ratio of 1:1 and to equate
the Carbon footprints of soybean meal and meat and bone meal [19]. In this case:

0.2x0.8 = 0.16kg CO0, e per kilogram of by-product
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Processed Phase 4: Retail.

product GHGs emission analysis at the stages
of chicken meat retail has been done for the
conditions of representative supermarkets in
the Central Region of Russia (Fig. 8).

A

Transport Losses 4.1. CF of the Meat Transport.
In nutrition The processed meat is usually trans-
product ported in trucks with maximum load 10 to 25
v tons. When calculating fuel consumption we
i Retail need to be aware that medium load of meat is
50% of maximum load of the vehicle. Also
Energy consumption of fuel is increasing due to low
and fuel temperature conditions: deep frozen meat in-
v creases fuel consumption by 22%, and chilled

meat by 11% comparing with fuel consump-
tion of equally loaded vehicle without cooling
system [2].

A litre of diesel fuel produces 2640 g
C0,, and vehicle consumption of diesel fuel
at a load of 20 tons is on average 35 litres per
100 km. The medium load factor of the truck
for meat is 50% (10 tons — 10.000 kg), and the consumption of fuel in case of frozen meat
is 30.5 litres per 100 km and in case of chilled meat — 27.75 litres per 100 km, which con-
verted into CO, equivalent gives 80.52 kg for frozen (0.08 kg CO, e per kg of meat) and
73.26 kg of CO, per 100 kilometres for chilled meat (0.07 kg CO, e per kg of meat).

4.2. CF of the Package.

The main purpose of packaging is to protect the meat and meat products from unwanted
impact on their quality, including microbiological and physico-chemical changes. In the
Russian supermarkets, polystyrene plates are used for meat packaging. Carbon footprint of
polystyrene is 3.45 kg CO, e [17] and the average weight of the plates for packing of 1 kg
of meat is 42.3 g (39-43 g).

For wrapping the plates monolayer and multilayer films are used usually from the
following materials: polypropylene, polyethylene, polyvinyl chloride and polyester. Car-
bon footprint of polypropylene (PP) and polyvinyl chloride (PVC) is 3.45 kg COZ e, poly-
ethylene (PE) 3.38 kg CO0, e, polyester (PET) 4.53 kg C0, e [1].

The average weight of films for packaging of the meat is 6.2 g (5.8- 6.5 g) per 1 kg
of meat. From the abovementioned parameters, we can calculate the C footprint: 0.146 kg
C0, e for polystyrene plates and 0.02 kg CO, e for PP, PVC, PE and PET films.

4.3. CF of energy used in the retail sector.

Energy consumption for refrigeration in retail is quite high due to open refrigerators
and it is equal to 0.056 kWh kg-! of meat per day which gives us CF of 0.039 kg CO0, e day!
per kilogram of meat [2] and the total CF of energy needed for cooling and storage is
0.078 kg CO0, e per kilogram of meat.

Around 20% of total meat in the retail is lost due to either damaged packaging, ex-
pired usage date, losses of nutritive values etc., so end calculation of CF at the end of retail
phase will be as follows:

For frozen meat: (6.094 + 0.08 + 0.146 + 0.02 + 0.078) + 20% = 7.7 kg CO, e

For cooled meat (6.094 + 0.073 + 0.146 + 0.02 + 0.078) + 20% = 7.69 kg CO, ¢

Consumer

Fig. 8. Diagram of the greenhouse gas emis-
sions in the Phase of Retail
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Phase 5: Consumption.
After purchasing meat is not prepared

immediately but it is stored in the refrigerator
usually for one day (Fig. 9).

Refrigerator consumes annually
0.78 kWh per liter of its volume, and if we Waste
assume that the average volume of the re- management
frigerator is 145 liters then the annual elec-
tricity consumption makes up 113 kWh, i.e.
0.31 kWh per day (0.22 kg CO, e per day)

[2]. Preparation of 1 kg of meat requires
4 kWh (2.8 kg e CO0, from electricity or
0.76 kg of CO, from natural gas).

From this data we can calculate CF of the prepared meat:

CF of the cooled meat = 7.69 + 0.22 + 2.8 = 10.71 kg of CO0,

CF of the cooled meat = 7.69 + 0.22 + 0.76 = 8.67 kg of CO0,

CF of the frozen meat = 7.7 + 0.22 + 2.8 = 10.72 kg of CO0,

CF of the frozen meat =7.7 + 0.22 + 0.76 = 8.68 kg of CO0,

Content of the bones in the meat (1 kg of meat with bone in carcass weight) of broil-
ers is 15%, swhich together with the packaging represents waste. The CF of the waste and
packaging are calculated at the end of the product's life:

CF of the cooled meat waste = (7.69 + 0.22 + 2.8)x15% = 1.61 kg e CO,

(in the case of electricity)

CF of the cooled meat waste = (7.69 + 0.22 + 0.76)x15% = 1.3 kg e CO,

(in the case of gas)

CF of the frozen meat waste = (7.7 + 0.22 + 2.8)x 15% = 1.608 kg e CO0,

(in the case of electricity)

CF of the frozen meat waste = (7.7 + 0.22 + 0.76)x 15% = 1.3 kg e CO0,

(in the case of gas)

Cooking

Fig. 9. Diagram ofthe greenhouse gas emis-
sions at the Phase of Consumption

Conclusion

According to the performed analysis of the GHG emissions basic sources in the
life cycle of the poultry meat we have concluded that the most efficient way of green-
house gases emission evaluation and assessment is integral algorithm of GHG emission
calculation which is divided into 5 phases of the LCA: (1) feed and crop production,
(2) livestock (chicken) production, (3) meat processing, (4) retail, (5) consumption.
Every phase is characterized by specific emission factors. Regulation of those emission
factors is providing us with means for reduction of this specific anthropogenic impact on
the environment.

The first phase is connected with analysis of the applied fodder technologies under
the concrete soil, climate and agroecological conditions. Those conditions are defined by
maximum essential spatial variability and temporal changes, which determine priorities
in their studying under the conditions of the Central regions of European part of Russia.
We need to take into consideration the difference between traditional and modem ways of
tillage and corresponding GHG emission.

The second phase is characterised with high level of applied zootechnologies
unification with dominating contrast variants of high intensity poultry business (im-
ported bird varieties and housing and feeding technology) with ever reducing seg-
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ment of extensive technologies of poultry business under the conditions of CRER.
Conducted analyses had shown intensive lowering of the CF with replacement of
older technologies by modem ones, chiefly by decreasing growth time and improve-
ment of the feed conversion (42 days vs. 56 days of growing, 1.76 kg of feed vs. 2.1
of feed per 1 kg of weight), which should be included in the efficiency assessment of
the modernisation projects of poultry farms.

The main feature of CRER is low efficiency of the manure utilisation, which results
in high emissions of the nitrogen oxide. This is the field where the implementation of the
intensive technologies of manure handling, utilisation and management will significantly
decrease GHG emission [13].

The third phase shows the highest level of unification between the Russian technolo-
gies and the ones used in Europe and USA, which is giving us an opportunity of application
of European and US CF calculations in our analysis of the GHG emissions. The main dif-
ferences between European and CRER are lower intensity of the non-edible products and
waste rendering and utilisation, which has as a result higher energy consumption per unit
and higher GHG emissions.

The fourth phase in Russia is specific in that way that there are characteristic
market conditions, originating from the differences as well as distances between
the big cities, small cities and villages. In Russia's poultry meat market we have great
diversity of the market subjects (big supermarket systems, local general stores, special-
ised meat stores, farmer's markets etc.). Because of given heterogeneity of the mar-
ket conditions the amount of losses in the processed meat is as high as 20%, which is
resulting not only in the increase of GHG emission, but also in the accumulation of the
organic waste.

The fifth phase under Russian conditions differs greatly from the most developed
countries because of complete lack of the differentiation in the solid waste collection,
which has as a consequence increased value of the CF of meat. To remedy this problem
we need to implement practice of the separation and recycling of solid waste and compost-
ing of the organic solid waste. It is of greatest importance for Moscow region, where high
density of population leads to great quantity of organic solid waste, utilisation of which can
be of interest both for potential investors from financial point of view and for society from
environmental side.

Our analysis has shown characteristic increase of the GHG emission per the unit of
meat production in comparison with almost equal values in Russian and foreign poultry
growth and processing.

The most important problems are in the fodder production, also utilisation of
manure as well as waste from phase 4 and 5. The most typical characteristics for Russia
are great distances, which require consequently greater energy consumption for trans-
port, as well as transport — deriving CF, which must be taken into account when cal-
culating the CF is performed, as well as ideas for reduction through better planning of
the poultry farming, processing and retail systems, which is already showing trend of
improvement.

Above-mentioned differences in the technologies are showing the need for
the modem informational support of CF automatic calculation at all five phases of
the LCA. The algorithms for this kind of calculation are in the developing stage at
the RSAU, and final product is supposed to be in the form of the open source on-line
calculator.
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PACUYET DMHCCHH YIJIEPOJIA B CUCTEME IITULIEBOJICTBA
B YCJIOBUSX LIEHTPAJIBHOI'O PETUOHA
EBPOITEMCKOM YACTU POCCUN

M. CAMAPIKNY!, C. KACTAJIZAN?, P. BAJJEHTUHUA'-3, Ul1. BACEHEB!

(' PTAY-MCXA umenu K. A. TumnpsizeBa;? Bropoii yausepcurer Heanoss;
3 CMCC, YuuBepcuret Tymms)

Cmamvsa nocsawjena paspabomke u anpobayuu UHMESPAIbHOZO CNnocoba pacuema 6bi-
6pOCO8 NAPHUKOBLIX 2a308 HA KIHOUEBbIX CMAOUSAX NPOU3BOOCMEA U NOMpPeOieHus MAca Nmuiybl
6 ycnogusax Llenmpansnoeo peeuona esponetickou meppumopuu Poccuu. Paccmampusaromesi nsamo
CMaouil aHAIU3A HCUSHEHHO2O YUKIA — OM NPOU3B00CMBA KOPMO8 00 KOHEYHO20 NOompeOieHus u
ymuauzayuu omxo008. IIpedcmagienvl aneopummvl U npuMepbl pacyema YOeibHOU SMUCCUU nap-
HUKOBbIX 2308 HA 6CeX 2MANAX MHCUSHEHHO20 YUKIA NPOOYKYUU NMUYe800CMed ¢ UCHONb308AHUCM
OMpacnegvix CMAMUCIUYECKUX MAMepuanos U MOHUMOPUH208bIX Habmwodenui JIAMII 6 pamxax
npoexma Ilpasumenscmea P®. Ocoboe sHumanue o6pawaemcs HA CPAGHUMENbHbIU AHATU3 IMUC-
CUU NAPHUKOBBIX 2A306 6 pe3yibmame NPUMeHeHUs Hauboree pacnpocmpaneHHvlx 6 Poccuu u 3a
pybedcom mexHono2ull npouzseo0Cmsea MsACHOU Npooykyuu u ee nompebdnerus. Obcyscoaromes co-
BPEMeHHble MpeHObl PA36UMuUsl U NOMEHYUAL SKONOSU3AYUU NMUyesoocmsa 6 yciosusx Poccuu
C CoKpaujeHuem 2Muccuy OCHO8HbIX napHukosvix 2azos (C0, CH, u N,0) ona npedomspauyjenus
HeONA2ONPUAMHBIX  2I00ANIbHBIX USMEHEHUTl COCmasa ammocgepvl, Xapakmepucmux KiumMama u
buomel. K naubonee npobnemMuviM 3KOIOSUMECKUM CUMYAYUAM OMHOCAMCS NPOOIeMbl YMUIU3AYUY
nomema u Opyeux OpeaHuUyYecKux omxo008 Ha 6cex Cmadusx npoussoocmea u nompebieHus (om 5
0o 20 % Heucnonvzyemvix omxo008). CyMMapHwiti 00bem blOPOCO8 NAPHUKOBLIX 24308 BAPbUPYEm
om 10 0o 12,4 ke CO,ua 1 xe npousgedennou u nompebrennou MAcHou npooykyuu, umo na 15-20%
sbllle CPeOHUX nokaszameieli Ojid 3andOHOeBPONENCKUX AHAN0208. Bajsxno ommemums, umo 3mo
ceudemenbcmeyem He MONbKO 00 3KON0SUHECKUX HeOOCMAMKAX OpPeaHUu3ayul npou3soocmed, Ho
U O HAIUYUU 3HAYUMETbHO2O NOMEHYUALAd NOBbIUEHUS €20 IKOHOMUYECKOU 3pghexmugHocmu npu
VIAVUMEeHUY pabomyl ¢ OP2AHUYECKUMU OMX00aMU U OCIMAMKAMU.

Knrouegvie crosa: enobanvhvle usMeHeHUs, NAPHUKOBbIE 2A3bl, SMUCCUS, MACO, NMUYbL, KOPM,
cenvekoe xo3aicmeo, nepepabomra, nompeonenue, C-ghymnpunm.
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