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FEASIBILITY OF USING PRODUCTION WASTE AT
A MACHINE-BUILDING ENTERPRISE FOR ENERGY
PRODUCTION

The article provides an analysis of the need and prospects for
introducing elements of the zero-waste production concept to ensure
sustainability of mechanical engineering enterprises and reduce the
negative impact on the environment through waste recycling for energy
production. The main types of waste in the mechanical engineering industry
of Kostanay region enterprises, methods of their disposal and management
are studied using the example of JSC Agromashholding KZ. Using the
developed algorithm by the method of statistical sequential analysis, an
assessment of the possibility of using mechanical engineering waste as
secondary raw materials for generating electricity with the installation of
its own mini-CHP is carried out. Analytical and experimental studies are
carried out using the sequential analysis method, which allows in practice
to take into account the capabilities of an engineering organization in
handling production waste and reduce the labor intensity of production by
several times. The prospects of using sequential analysis in assessing the
possibility of using waste to generate energy are confirmed with satisfactory
accuracy. An integrated approach to waste management is proposed,
taking into account environmental, economic and social factors, which
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allows using waste as fuel and reducing energy costs. The obtained results
can be used by mechanical engineering enterprises to form an effective
abandoned production cycle.

Key words: combined heat and power plant, waste, electric power,
mechanical engineering, secondary energy resources, boiler, steam turbine,
turbogenerator

Introduction

The problem of using production waste at enterprises in the mechanical
engineering industry is becoming increasingly important in several key areas,
each of which plays an important role in modern production and management.
Production waste is a valuable resource that can be recycled and reused in its
various forms [1, p. 18-23].

The mechanical engineering industry is currently one of the major sources of
industrial waste. As of October 1, 2024, there are 32 enterprises operating in the
mechanical engineering industry in the Kostanay region, including 29 small and
medium-sized production facilities (a branch of «Rostselmash» LLC, Kostanay
«Agromekhanichesky Zavod» LLC (production of spare parts for agricultural
machinery), «Kostanay Tractor Planty LLC, «Kompozit Group Kazakhstany
LLC (production of tractors), «Don Mar» LLC (production of trailed shaft
reapers)), and 3 large enterprises («SaryarkaAvtoProm» LLC (car production),
«AgromashHolding KZ» JSC (production of engine components, assembly of
combines and tractors, production of spare parts for agricultural machinery) and
«KamLitKZ» LLC (production of components for trucks)), employing more than
3.5 thousand people.

Thus, the problem of using production waste at mechanical engineering
enterprises is relevant. It affects economic, environmental, legislative, social and
technological aspects. The introduction of innovative waste recycling methods
and compliance with environmental standards are key factors for the successful
operation of modern mechanical engineering enterprises [1, P.124-136]. The
purpose of the study is to analyze and develop a method for an integrated approach
to using production waste at mechanical engineering enterprises in Kostanay region
by converting waste into energy.

Materials and methods

To study the problem, the method of statistical sequential analysis was used,
which involves a sequential selection of factors for studying the problem of
mechanical engineering waste, the choice of a method for efficient waste processing
and subsequent technical and economic analysis [1, p. 202-218].

The algorithm of the method for the efficient use of mini-CHP involves the
following sequential actions:
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1 Determining the energy needs of a mechanical engineering enterprise (or
site).

2 Selecting an energy source.

3 Designing a thermal mini-power plant.

4 Operation and maintenance of the power plant, integration with the power
supply network.

5 Using waste.

6 Feasibility study.

An analysis of the composition of waste was carried out using the example
of the mechanical engineering enterprise JSC “Agromashholding KZ” (Fig.1):

1.829 tons of waste are generated in the form of various oils.

0.906 tons of waste are packaging waste, absorbents, wiping cloths, filter
materials and protective clothing not otherwise specified.

0.138 tons of waste are generated as a result of the production, processing,
distribution and use (pores) of coatings (paints, varnishes and enamels), printing
inks, adhesives and sealants.

0.098 tons of waste are generated as a result of dismantling decommissioned
vehicles and their maintenance.

127 tons of waste are municipal waste.

3.5 tons of metal waste.

Figure 1 — Annual share of waste produced by
JSC «Agromashholding KZ»

The total amount of metal waste is generated during mechanical processing
and varies depending on the volume of metals and alloys to be processed. About
25 % of the metal becomes an irretrievable loss due to corrosion or friction. The
rest is used in foundry production. It is also necessary to take into account the
presence of wood waste that does not undergo the disposal or recycling procedure
at the enterprise. In 2023, their volume at JSC «Agromashholding KZ» amounted
to 535 tons.
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In 2023, hazardous waste in the amount of 6.28 tons, excluding municipal
waste, was transferred to a specialized enterprise TOO «Waste Recycling Factory»
for the purpose of processing. Municipal waste in the amount of 127 tons was
transferred to TOO «TAZALYK-2012» for the purpose of disposal. Figure 2
shows the proportion of waste content depending on the method of their disposal.
Thus, it is clear that 95 % of waste is not recycled and is sent to the Kostanay
landfill, which entails negative consequences for both the environment and the life
and health of people, and 5% of waste is transferred to TOO “Waste Recycling
Factory” for recycling.

Figure 2 — Distribution of waste of JSC «Agromashholding KZ»
by method of disposal

To reduce the negative impact on the environment, it is advisable to increase
the share of waste that can be recycled directly at the enterprise, and one of the
promising methods for increasing sustainability is the reuse of waste as raw material
for energy production [2, P. 242-250].

Modern scientific research and technology seek to create production models
that minimize production waste and maximize the use of available resources,
improving the environmental and social situation of business and stimulating
economic and sustainable development. The main principles of creating waste-
free production include the integrated use of raw materials, the development
of fundamentally new and improvement of existing technologies, the creation
of closed water and gas cycles, cooperation of enterprises and the formation of
territorial production complexes [3, P. 151-157; 4, P. 106—108]. Many scientific
and technological approaches are aimed at minimizing production waste and
increasing the efficiency of natural resource use [4, p. 18-36].

To date, three methods of utilization and thermal disposal of industrial waste
have become the most widespread in world practice and in Kazakhstan:
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layered combustion of unprepared, initial waste in waste incineration boilers
[5, P. 106-108];

chamber or layered combustion of enriched waste, purified from ballast
components and having a stable fractional composition in cement kilns or in
boiler furnaces [6, P. 12—18] ;pyrolysis of waste, both enriched (pre-treated) and
unprepared [7, P. 129-134].

In Kazakhstan, the method of recycling and processing industrial waste
using pyrolysis remains little known due to its high cost. However, enterprises
specializing in the processing of industrial waste using pyrolysis successfully
operate in developed countries such as the United States, Denmark, Japan,
Germany and others [8, P. 347]. During this time, the process of obtaining energy
and heat by pyrolysis from rubber, plastic and other combustible waste has acquired
great importance as an important source of energy resources [9, P. 394-397].

Taking into account all of the above, it is proposed to implement mini-
CHP technology, which allows for the disposal of waste and the conversion of
combustion energy to generate electricity and heat. In addition, to ensure the
environmental safety of the facility, it is necessary to implement a multi-stage
system for cleaning flue gas and disposing of unburned waste, since stations
operating on gas and coal are required to pay quotas for CO2 emissions, [10, P.
89-92; 11, P. 1-2] while for mini-CHPs on solid household or industrial waste,
this is not required.

Results and discussion

To implement the introduction of mini-CHP at mechanical engineering
enterprises, an algorithm has been developed using the method of statistical
sequential analysis for the creation and use of an in-house thermal power plant
for converting waste into energy.

To determine the amount of energy released during the combustion of 127 tons
of various household waste at the enterprise, including paper, plastic, cardboard and
other materials, average values of the heat of combustion for these materials were
used, with the assumption that the actual amount of energy may vary depending
on the exact composition of the waste and its degree of moisture. With known
average values of the heat of combustion of waste materials, and the proportion
of waste from 127 tons: paper — 40 %; textile — 40% and cardboard —20 % and
wood 100 %, calculated by the expression:

Q = (m,‘ﬂﬂpfr ’ f?pﬂpl.‘??’) + {m'lckll:r I{?|'l.'.xl.||
a:a:":”rnurd:l + {mwnnn’ ! qwnﬂd:' (1)
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where: Q — amount of energy, MJ,
m-—mass of the primary fuel source, kg,
q — heat of combustion of the fuel source, kW-h/t.

Approximately 127 tons of various municipal waste and 535 tons of wood
waste, burned with high efficiency, can release approximately 3,395,560 kWh (or
(12,228,040 MJ) of energy, which will allow the generation of up to 68,000 kW
of electrical energy. The results of the analysis performed are shown in Table 1.

To implement the next stage of the algorithm for studying the efficiency of
implementing a mini-CHP using the method of statistical sequential analysis, the
operating principle of the power plant was considered and a technological scheme
of the installation was developed.

Table 1 — Amount of thermal energy released during pyrolysis of enterprise waste

Ne Type of waste q m Q
kW-h/ton | ton kW-h/ton

1 Paper 8700 50.8 441960

2 Textile 6400 50.8 325120

3 Cardboard and other household waste 8700 254 220980

4 Wood 4500 535 2407500

Total: 662 3395560

The developed structural and technological scheme of the mini-CHP assumes
the presence of basic elements and blocks, their functions, principles of operation
of the units and interaction with each other [12, P. 356-358]. The technological
scheme of the mini-CHP is provided in Fig. 3.
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Figure 3 — Structural and technological scheme of a mini-CHP

The main elements of a thermal mini-CHP are:

Boiler unit (boilers): a device where pyrolysis of fuel (waste) occurs to heat
water and then convert it into steam.

Turbines: steam obtained from boilers hits turbine blades, which rotate under
its influence and sets the generator in motion.

Generators: convert mechanical energy obtained from the rotation of turbines
into electrical energy.

Condensers: after leaving the turbine, the temperature of the steam in the
condenser unit is reduced, after which it condenses back into a liquid state.

Emitted gas purification system. Allows for the purification of gases emitted
during the waste pyrolysis process.

To justify the selected equipment, it is necessary to conduct a number of
studies in the future:

Analysis of the thermal balance of the mini-CHP with the determination of
the thermal power that will be generated and consumed during operation.

Selection of electrical equipment according to the relevant required
characteristics.

Analysis and selection of boiler equipment, including boilers, turbines and
other components for steam production.

Research of energy efficiency and environmental friendliness of the elements
of the mini-CHP system.

With the known data on the annual volume of waste (solid municipal and
wood), which is 662 tons, the amount of waste that can be used only on working
days during the year was determined. It was assumed that there are about 260-
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261 working days in a year, and calculations were made using the expression
(tons / day).

vd Mgeneral
d=s —

662 @)

Where: Noenera — number of working days per year, days

N_ ., — total amount of waste per year, tons

Assuming an annual waste supply of 662 tons, approximately 2.54 tons of
waste can be used per day during a working year. The formula (kg/hour) is used
to determine the amount of waste that can be used per hour, assuming an 8-hour
working day.

Viour = V@
hour = Nwd 3)

Vhour = 'T = 0,3175tons /hour = 317.5 kg /hour

where: V, —amount of waste per hour, tons

N, — Number of hours in a working day, hour

Research shows that for every hour of operation, approximately 317.5
kilograms of waste can be effectively used, which is approximately 1680 kWh
(6048 MJ).

Based on the provided data, the proposed boiler model “KE 2.5-140” for
operation on wood and solid waste is capable of burning up to 360 kg of waste per
hour with the required volumes of 317.5 kg of waste combustion per hour. Thus,
one boiler will allow burning about 2540 kilograms of waste during an eight-hour
working day, which is approximately equal to 13439 kW h (48380 MJ) of thermal
energy daily. At the same time, the technological characteristics of the coolant are
observed: Steam pressure - up to 1.3 MPa, steam temperature - 1940C.

The selection of a turbogenerator unit is carried out according to the calculated
capacity of the turbogenerator based on the calculated mass of steam, reliability
conditions, efficiency, rotation speed, permissible temperature and steam pressure.

The calculated mass of the released m  _is determined by:
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1]1.‘-'.-\.'.|.'I! =
Lwal:lrer
G048 M
Meam = —— = 2,63 tons/hour

“4)

where: Q, — energy released during 1 hour, MJ
L, ...~ specific heat of water transformation, MJ/kg.

Based on the estimated steam mass, a steam turbogenerator model “DTEC
NO.15-1.25” was selected, which consumes up to 2.7 tons of steam per hour, which
in turn allows generating about 170 kW of electric power with a voltage of 380 V.
This, in turn, will allow producing about 1360 kW of electric power during an eight-
hour working day, and will provide uninterruptible power supply to the compressor
unit “DEN-160SHM” (consumer) at the enterprise JSC “AgromashholdingKZ”.
When selecting a steam turbogenerator, the required steam pressure at the inlet
was taken into account, equal to 1.25 MPa, the steam pressure at the turbine
outlet was 0.05 MPa, and the temperature of this steam was at least 1900C, while
the previously proposed boiler “KE 2.5-140” emits up to 1.3 MPa and 1940C,
respectively, which in turn meets our requirements.

The condenser unit of the scheme in Figure 3 allows for the efficient use of
steam leaving the steam turbine with subsequent condensation of the exhaust steam
back into liquid form. The optimal solution, according to preliminary calculation
data, would be the use of a condenser that allows condensation of 5 to 800 liters of
steam per minute with subsequent introduction of heat exchangers into this system.

To select a system for cleaning emitted gases, which must be installed in the
mini-CHP scheme to reduce the negative impact of industrial processes on the
ecosystem, the volume of Msp gross emissions of solid particles in flue gases for
solid and liquid fuels is calculated using the formula, tons/year

Msp = B-Ar-f-(1=m)
Msp = 662 - 0.6-0,005-(1 —-0) = 1,986 6)

where: B — fuel consumption per year, t/year,
A_—fuel ash content per working mass, %,
N — proportion of solid particles captured in ash collectors,
f—a_ /(100-Gun) — ash content coefficient,
a_ — proportion of fuel ash in fly ash,
G, — content of combustibles in fly ash (%).
The maximum one-time emission of solid particles is determined by the

formula:
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M = Myr - 1000000
~ T (t-3600) 6
M= H = 00,2652 grams/sec (6)

where: t — operating time of the boiler plant per year, equal to, t =260 - 8 =
2080 hour/year

The gross emission of carbon monoxide and nitrogen oxide for solid, liquid
and gaseous fuels was calculated in a similar manner. The obtained values and the
comparison result before and after filtration are presented in Fig. 4.

The studies show that the main pollutant in terms of concentration and total
emission is carbon monoxide (CO), whose concentration and total emission
significantly exceed the indicators of other substances. With the estimated volumes
of harmful emissions and combustion of 317,0 kg. the volume of gas released
during pyrolysis will be approximately 317,0 m3. As a result, the optimal solution
was chosen to use the smoke filter «kDGRH-K-3500,0 (U)», which combines
several methods of cleaning smoke from pollutants, and allows to reduce the level
of pollution by 93-98%. The total volume of emissions will be 2.0298 tons, which
is 26.96592 tons less than in the absence of these filters.

The final stage is the analysis of the technical and economic feasibility of the
project implementation based on the criteria for detertmining the costs of annual
energy consumption, the costs of waste removal and disposal, the payback period
and the amount of tax for the negative impact on the environment.

Figure 4 — Comparative analysis of the levels of harmful emissions into
the atmosphere using a smoke filter
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The assessment of the costs of energy consumption per day of consumers
connected to the mini-CHP is formed with an assessment of the characteristics of
a consumer with a capacity of 160,0 kW/hour, determined in kW:

pdrq.r = Por * Twd
Paay = 160,0 -8 = 1280,0 ()

where: P aay— POWET consumption during the working day, kW

P, — power consumption per hour, kW/hour;

T ,— number of hours per shift, hour

With the estimated output of the mini-CHP of 1360 kW/h, the condition ,
P,,~1280 kWsatisfies the estimated one.

The volume of consumed electricity per year is calculated similarly, which will
be 332,800 kW. With the cost of one kilowatt of electricity (in the Kostanay region,
the electricity tariff is 33.14 KZT / kW-h), the enterprise annually spends 12,352,471
KZT /year on power supply of the compressor unit, taking into account VAT.

The assessment of the costs of waste removal and disposal by a waste disposal
company consists of the analysis of the cost of waste removal per Im3, which
amounted to 2424.612 KZT, and the cost of disposal of the same 1m3 at a landfill,
which is 1775.771 KZT, including VAT. When removing 127 tons of various solid
municipal waste, their approximate volume is 635 m3. The cost of waste removal
for 2023 amounted to 635 2424.612 = 1 539 627,35 KZT. The cost of waste
disposal at the landfill for 2023 amounted to 635 1775.,77 =1 127 613,95 KZT.
The total cost of waste removal and disposal at the landfill in 2023 amounted to
2 667 241,3 KZT.

An assessment of the costs of purchasing and installing mini-CHP equipment
was carried out, the results of which are shown in Fig. 5.
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Figure 5 — Estimated cost of equipment and types of work for the
installation of a mini-CHP

The payback period of the investment was determined taking into account
the annual costs of waste removal and disposal, as well as energy supply for the
compressor unit, and as a result, the amount of annual financial costs (net profit
PP), compensated by the installation of a mini-CHP, was:

PP =2 667241 + 12352471 =15 059 712 KZT
The cost of purchasing the equipment described earlier will be, or otherwise,
the investment costs of IC, amounted to 44 141 607KZT. The estimated payback
period of the project was:

PBP = —
)
PP = 22221997 _ 5 93 year
15059712

where: PBP — Pay-Back period,
IC — Investment Costs,
PP — Project Profit,
Conclusions
The results of the research demonstrate that the proposed technical solutions
are not only environmentally sound, but also have significant financial attractiveness
with a payback period of less than 3 years. The generation of electricity by a mini-
CHP on waste met the needs of a machine-building plant, using the example of
JSC Agromashholding KZ, by 45-50 %, and an energy survey showed that the
boiler units «KE 2.5-140» and «DTEC NO.15-1.25» have a reserve for further
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efficiency improvement, reduction of carbon monoxide emissions by additional
adjustment of the automatic control system of the filtration device. The energy
use of waste in boiler units as part of a mini-CHP is a relevant and promising area
for both the Kostanay region and the Republic of Kazakhstan.
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B. I1. Maproeckuii!, U. B. Kowkun?, A. b. Ymeeynog®, *A. U. Ycnanosa’,
C. 1. Iywxapes’

'TopaiirsipoB yHuBepcuteti, Kasakcran Pecniy6mukacsr, [lamnonap k.
245A. BalTypchIHYJIBI aThiHIarel KocTaHail OHIpIIiK YHUBEPCHUTET,
Kazakcran Pecniyonukacer, Kocranaii k.

3J1. H. T'ymuieB aTbiHaarsl Eypasust YATTHIK YHUBEPCHTET,

Kasakcran PecniyOnukacel, ActaHa K,

24.12.24 x. bacmara TYCTI.

22.01.25 x. Ty3eTynepiMeH TYCTI.

10.03.25 . OachIn MmIbIFapyFa KaObLIIaH bl

SHEPI'HUSI OHAIPY YIIIH MAIIUHA KYPACTBIPY
KOCIHIOPBIHJA OHAIPIC KAJJIBIKTAPBIH NAWJATIAHY
MYMKIHJITT

Maxkanada mawuna dcacay KoCinopblHOAPbIHLIY MYPAKMbLIbISbIH
KaMmamacwel3 emy JHCoHe 3Hepeusi OHOIpY MAaKcamvlHOA KAIObIKMApObl
Kauma oHoey apKvlivbl Kopuldean opmaza mepic ocepli asanmy yui
KaObIKCHL3 OHOIPIC KOHYENYUSICHIHBLY JJIEMEHMMEPIH eH2i3y KAXnCemminiel
MeH nepchnekmueanapbina manoay sxcacanean. Kocmanaii obnvicvindazul
KOCINOPbIHOAPObIY MAWUHA JHCACAY OHEPKOCIOIHOe2] KAIObIKMApPOblY
Hezizel mypJepi, onapobl Kooeze icapamy dHcoHe backapy odicmepi
«Aepomawxonoune KZy» AK meicanvinoa zepmmenzen. O3ipieHeeH
aneopummoi JHeoHe CMAMUCTIUKANBIK 09UeKmi manoay 90iCiH KOJIOAHA
omulpuin, dcexe wazvin KOO opuamy apyviibl Mawuna srmcacay
KANOLIKMAPIH JNEKMP IHEPSUACHIH OHOIPY YWIH KAUmaniama wuxizam
peminde naudarany MymKiHOicine 6aza Oepindi. AHAIUMUKATILIK JCoHe
mooicipubenix zepmmeynep mizoexmi manoay 90iCiH KOAOAHY aApKblIbl
JHCYpeIZiN0i, 6y moxcipubede 6HOIPIc KANOLIKMAPLIMEH HCYMbLC icmeyoe
MAWuna JHcacay yublMblHblY MYMKIHOIKMeEPIH ecenke anyad JdHcoHe
OHOIpicmiy eHOeK ColbIMObLIbIZbIH OIpHEUE ece MOMEHOemy2e MyMKIHOIK
bepeoi. Kanovikmapowl sHepeusi 6HOIpY YuliH NAudaiany MymMKiHOI2IH
bazanayoa 0otiekmi mandayovl KOJIOaHyOblH dJleyemi KAHa2ammaHapislk
0on0iknen pacmandvl. IKONOSUSIBIK, IKOHOMUKATBIK HCOHE Oy MEMMIK
axmoprapovl eckepe omuipbin, OHOIPIC KANOLIKMAPLIH OACKAPYObIH
KeuleHOi mocili YCblHbLIA0bl, OY] KAlObIKMApObl OMblH peminoe
natoanamyaa MymKkinOik Oepeoi HcoHe IHePSUs WbI2bIHOADbIH A3aUmaobl.
Anvinzan HomudcenepOl MAWUHA JHCACAY KOCINOPLIHOAPbL MUIMOI
KaObIpblI2aH OHOIPICMIK YUKIObL KABINIMACMbIPY YUWIH NATOAIAHA Alaobl.
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Kinmmi ce3zdep: jcvlny 27eKmp cmanyuscol, KaioblKmap, 31eKmp
IHEPUACHL, MAWUHA HCACAY, eKIHULL IHEPSUSL PeCYPCMapbl, KA3aHObIK, O)
mypounacsi, mypoozenepamop.

B. II. Maproeckuii!, U. B. Kowkun?, A. b. Ymeeynoé®, *4A. U. Ycnanosa’,
C. 1. Iywxapes’

!TopaiirsipoB yHuBepcutet, Pecriybnuka Kazaxcraw, 1. [TaBnogap.
245KocTaHalCKHi perHOHABHBINA YHUBEPCUTET HMEHH AXMeTa
Baiitypceiayisl, Pecriyonuka Kasaxcran, r. Kocranaii.

SEBpasuiickuii HanmoHanbHbIH yHHBepcuTeT uMenn JI. H. Tymurnesa,
Pecnyonuka Kaszaxcran, . AcraHa.

IToctynuno B pegaxuuto 24.12.24

IMoctynuno ¢ ucnpasienusamu 22.01.25

IIpunsaro B neuars 10.03.25

HOEJECOOBPAZHOCTH UCITIOJIB3OBAHUA OTXOJ10B
IMPOU3BOJCTBA HA MAIIMHOCTPOUTEJIBHOM
HNPEANIPUATHUN JJIA HPOU3BOJCTBA DHEPI'MH

B cmamuve npuseden ananusz Heobxoo0umocmu u nepcneKxmue 6HeOpeHUs.
IEMEHNO8 KOHYenyuu 6e30mxo0H020 Npoussoocmead 0iisi obecnedenus
YCmMOouyugocmu npeoOnpusmuil MauuHOCmpoenus, U CHUNICCHUS
He2amueHO20 8030€ICMBUS HA OKPYICAIOWYIO CPedy 3d CYen 8MOPULHOU
nepepabomku omxo008 ¢ yeivio noayuenus snepeuu. Mccredosamnvl
OCHOBHbIE 8UObL OMX0008 6 OMPACIU MAWUHOCMPOSHUU NPEONPULIULL
Kocmanaiickot obracmu, cnocobvli ux ymuaiuzayuu u YnpasieHus Ha
npumepe AO «Aepomawxondoune KZy. C ucnonvzosanuem pazpabomanHoeo
aneopumma mMemooom CMmAmMUCmuyecko20 nocied08ameibHo20
amanusa, nposedeHd OYeHKAa B03MOICHOCMU UCHONb30BAHUL OMX0008
MAWUHOCMPOEHUST 8 KAYeCmee MOPUYHO20 Cbipbsl OJisl 8bIpabOmKU
EKMPOsHepeuy ¢ ycmanoexo coocmeenno munu-T3L]. IIposedenvi
ananumuyeckue U IKCHEPUMeHmManibhbie UCCIe008anUs ¢ NOMOUbBIO
Memooa nocied08amenbHO20 AHAIU3A, KOMOPbl N0360/5iem Ha
npaKmuKe Y4umovl8ams 603MONCHOCMU MAUWUHOCMPOUMENbHOU
opeanuzayuu 8 oopawenul ¢ Omxo00ami NPoU3BOOCMEa U COKpawams
MpYOOeMKOCHb 8bINYCKA NPOOYKYUU 8 HECKONbKO pas. [lepcnexmugnocme
npUMeHeHUsi NOCACO008AMENbHO20 AHANU3A 8 OYEHKE B03MOICHOCHIU
UCNONBb3068AHUSL OMX0008 OJIs bIPAOOMKU IHEP2ULU, NOOMBEEPIHCOAEMCSL C
V008IemeopumenbHol mouHocmuio. Ilpednodcen KOMIIEKCHbLIL NO0X00
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K YNPAGNeHUl0 0mxXo0amu Npou3e00Cmed ¢ yuemom IK0L0SUUeCKUX,
IKOHOMUUECKUX U COYUATHBIX PAKMOPO8, YUMo NO380JIAEN UCHONb308AMb
0MX00bL 6 Kauecmee MONIUEA U CHUSUNb 3ampamvl HA IHEPZOHOCUMEU.
Honyuennvle pesynsmamsi Mo2ym 6biib UCHOIb308AHbI NPEONPUATNUAMU
MAUWUHOCIPOCHUS 0151 (POPMUPOBAHUS IPPEKMUBHO20 3AKUHYMO20 YUKIA
npou3eo00cmea.

Knrouesvle cnosa: mennosekmpoyeHmpaib, Omxoobl, 3ieKmpoIHep2Us,
MAUWUHOCIPOCHUE, BMOPUYHBLE IHEP2OPECYPCHI, KOMET, NAp06as mypouHa,
mypboeeHepamop.
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