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Abstract

Purpose and objectives of the work. This scientific paper is devoted to waste treatment issues. The aim of this scientific
investigation ison the basis of prototype analysis to develop a modern waste management technology, which includes
proposals for further exploitation the territory of exhaust Stadnytske landfill. Methods of research: the statistical and
theoretical methods, analysis, comparison. Research results. Neutralization the negative impact on the environment of
the landfill, in the way of conversion the land(fill into the poplars forest; recreation zone creation on the former landfill;
creation of the complex recycling enterprises; formation of the bio-polygon for the production of the natural fertilizers,
installation of the biogas reactors for methane production, decrease contamination by waste water, reforestation of the
territory; gaining the economic benefits by the way second raw material usage. Discussion. Implementation of this
complex for prevention danger for people, first of all. The complex waste treatment technology includes successive
steps that take into account the ecological, economic and social spheres of life. After analysis of economic efficiency of
the cement blocks system and the biogas reactors, we can recommend both for generating income from garbage

disposal.
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1. Introduction

In Ukraine, there are 6.5 thousand landfills and
about 35 thousand illegal, the total area of which is
7% of the country's territory.

Annually Ukrainians produce 700-720 million
tons of garbage of various origins. The total mass of
accumulated waste is already about 36 billion tons
[1]. And every year the numbers are getting bigger.
But, in Ukraine, only 4% of household waste is
recycled at waste incineration plants generating
positive energy.

2. Analysis of the latest research and publications

Four bills have been registered in the parliament,
which are called to introduce new rules for the use
of waste. Among them, the draft Waste Act (No.
4838), the draft amendments to some laws of
Ukraine on the promotion of the use of household
wastes as an alternative source of energy (No. 4835),
on amendments to the Tax Code (regarding taxation
of household waste) (No. 4836), on amendments to
the Budget Code (regarding the use of certain types
of environmental tax) (No. 4837) [2].

The recycling market has become very lucrative
in Europe, while in Ukraine it simply is not
available. Residents of Poland pay about 100 euro

per year for garbage processing, in Ukraine - only
20-30 UAH, the expert noted. Also, for example,
almost 90% of glass containers in Germany are
made from recycled secondary raw materials. And
for each put a plastic bottle you can get a coupon for
50 cents. For 25 years, Germany has managed to
reach 95% recycling and sorting waste, which has
helped to avoid significant environmental problems.

A similar situation has arisen in Switzerland. In
2000, a ban on garbage polygons was introduced.
Garbage that can’t be sorted - burned, and from it
receive electricity and heating for part of the
buildings.

If in Germany the sorting of waste is based only
on the conscience of citizens, then in Switzerland,
the legislation is under its control. For not sorting
garbage is a fine. For every 5 pounds 2-3 francs
(about 65 UAH).

The record winner is Sweden. It recycles 99% of
its waste. In addition, it imports almost 700 thousand
tons of garbage from other countries!

Studies have shown that 4 tons of waste is tone
oil. Currently, there are about 30 power plants in the
country that burn 5.5 million tons of garbage per
year. Waste utilization provides 20% of heat in
Swedish homes, which is about 900 thousand
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households. For example, in Stockholm, 45% of the
supply of heat and electricity is provided by
incinerators [1].

It should be note that Ukraine takes the first
step in the waste management according to the
National Strategy of Waste Management till 2030
(No0.820-p) at the national level [3] and Programs of
Municipal Waste Management at the level of local
executive authorities.

Problem Statement. First, there is no built-up
infrastructure for the separate collection, sorting and
utilization of solid household waste.

Secondly, problems in the legislation related to
the treatment of domestic waste.

So, development and implementation of the
complex waste treatment technology is very
expedient.

3. Purpose and objectives of the work

The aim of this scientific investigation is:

- to analyze issues of the solid municipal
waste landfills;

- to develop the complex waste treatment
technology;

- to make a conclusion about efficiency and
opportunities of landfill management.

4. Methods of research

The statistical and theoretical methods based on
reliable sources, analysis, comparison.

5. Research results

A landfill site (also known as a tip, dump, rubbish
dump, garbage dump or dumping ground) is a site
for the disposal of waste materials by burial and the
oldest form of waste treatment (although the burial
part is modern; historically, refuse was just left in
piles or thrown into pits). Historically, landfills have
been the most common method of organized waste
disposal and remain so in many places around the
world.

Some landfills are also wused for waste
management purposes, such as the temporary
storage, consolidation and transfer, or processing of
waste material (sorting, treatment, or recycling).
Unless they are stabilized, these areas may
experience severe shaking or soil liquefaction of the
ground during a large earthquake.

There are two ways to bury trash:

Dump — an open hole in the ground where trash is
buried and that has various animals (rats, mice,
birds) swarming around.

Landfill — carefully designed structure built into or
on top of the ground in which trash is isolated from
the surrounding environment (groundwater, air,
rain). This isolation is accomplished with a bottom
liner and daily covering of soil. A sanitary
landfill uses a clay liner to isolate the trash from the
environment. A municipal solid waste (MSW)
landfill uses a synthetic (plastic) liner to isolate the
trash from the environment [4]. According to [5] the
placement of municipal solid landfills should be at
distance, not less than: 15 km from the airport; 3 km
from open water reservoirs, resort town, nature
reserves; 1 km from the city; 0.5 km from residential
and public buildings; 0.2 km from the farmland and
railway and highway; 0.05 km from the forest not
intended for recreation.

The purpose of our investigation is to develop a
comprehensive waste management technology and
further implementation of an environmental safe
program for depleted landfills, so the following main
steps must be included:

- Neutralization the negative impact on the
environment of the landfill, in the way of conversion
the landfill into the poplars forest;

- Recreation zone creation on the former landfill;

- Creation of the complex recycling enterprises;

- Formation of the bio-polygon for the production
of the natural fertilizers;

- Installation of the biogas reactors for methane
production;

- Decrease contamination by waste water;

- Reforestation of the territory;

- Gaining the economic benefits by the way second
raw material usage.

In the Fig. 1 we presented scheme of landfill:
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Fig. 1. Landfill scheme
1 — poplars field; 2 — recycling of biowaste (biofertilizers
and biogas) ; 3 — permanent field of collection wastes;
4 — transportation from waste bank to landfill;
5 — transportation separate waste to recycling plants;
6 — waste bank
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Strategy of waste management and exhaust landfill
recultivation:

1. Prepare landfill surface for further use (align
territory).

2. Remove a 1.5-2 meter layer of soil from the
territory nearby and cover the landfill.

3. Plant a poplar.

When creating a series of pyramidal poplars, the
distance between the trees should be 1.5x3 m or
2.5x4 m. The poplar has a long and wide root
system, and, accordingly, the pit should be up to 1
meter deep when planted. Poplar grows well on
fertile soils, which contain turf, peat and sand. If the
soil is heavy — a drainage layer is placed on the
bottom of the hole, they fill one third of the pit.
Light-loving - for poplar alleys choose sunny places.
Water the tree abundantly. About 25 liters of water
are used to water one plant. In the first year after
planting, watered 2-3 times a month, it is also
necessary to water during the drought period.
During the first years of life, the seedlings are
recommended to loosen the circumferential circle
after each irrigation, in order to save more moisture.
In spring, after the melting of snow, this area is
necessarily trumped to a depth of up to 15
centimeters. The same procedure is carried out in
the autumn, preparing the plant for winter. Trees
older than 6 years in the loosening do not need, the
soil near the trunk in this case can be sown with
lawn grass.

4. Construction the bio-polygon.
On the plot of land it is necessary to make internal

drainage. The minimum depth of the excavation for
installation is approximately 1600 mm, width
200x200 m. The bottom is leveled with gravel (or
sand) to a depth approximately 25-30 cm. The height
of the visible part above the ground level is
approximately 920 mm. The pit should be large
enough for installation. In depth, a reserve should
also be made for minor leveling. Before filling with
cement, you need to perform a number of
preparatory works. The first thing to do is to conduct
a geodetic survey of the site, determine the type and
depth of soil freezing, the amount and location of
groundwater. Then, in accordance with the results,
determine the correct load on the future cement.

5. Installation of the biogas reactors.
Biogas reactors can be brick-constructed domes or

prefabricated tanks, installed above or below

ground, depending on space, soil characteristics,
available resources and the volume of waste
generated. They can be built as fixed dome or
floating dome digesters. In the fixed dome, the
volume of the reactor is constant. As gas is
generated it exerts a pressure and displaces the
slurry upward into an expansion chamber. When the
gas is removed, the slurry flows back into the
reactor. The pressure can be used to transport the
biogas through pipes. In a floating dome reactor, the
dome rises and falls with the production and
withdrawal of gas. Alternatively, it can expand (like
a balloon). To minimize distribution losses, the
reactors should be installed close to where the gas
can be used [6].

6. Setting up the process of garbage collection and
its sorting (building up the sorting enterprise if
it is absent).

7. Distribution of garbage by class and its sending
to specially equipped processing plants.

In the Fig.2 we present the distribution of reception
point of the recyclable waste.
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Fig. 2. Map of the reception points of recyclable
materials

8. After analysis, choose the recycling enterprises
which build on the complex territory.

- Analyze types of wastes which come to the
landfill;

- After that we analyze the nearby recycling
enterprises and waste volumes which region
produce, and determine where each type of waste
must be transported;

- Conclude what type of plant we must build based
on analysis.
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9. Coffin production.

When poplars will have grown we will cut them for
production of coffins. The poplar tree has porosity
and humid structure and that is why we cannot use it
for furniture production.

Not all trees together we cut down because this is
can influence on the soil condition (selective cutting
is a prevention of landslides and erosion of soil).
That is why we will cut them in staggered rows.

10. Formation recreation zone

During the formation of the poplar forest, we can
create the small recreational zone. The poplar fluff
will not disturb a good time in the park, because if
do not trim the tops of trees, then the amount of
poplar fluff will not reach critical volumes, and even
the opposite will create a mysterious and unusual
atmosphere.

Thus, the poplar will breed independently and
thereby strengthen the soil planted on the landfill.

11. Receiving the bio-fertilizers from the organic
waste
To build a landfill for bio-waste, technology which
we use based on the composting method (that is,
natural decomposition of organic substances).
Organic waste is placed on a cement area and left in
open air for natural decomposition. Once a year,
these wastes are turned over and the next year they
can be used as a fertilizer. In our understanding, the
bio-polygon includes the allowable amount of
cement lines with a width of up to two meters and
the length permissible range for the proposed
polygon. This choice of parameters is conditioned
by the convenience for the operation of heavy
equipment.

12. Yield of biogas

The digestion period or retention period is typically
between 10 and 30 days depending upon the type of
digestion employed. The anaerobic digestion
systems of today operate largely within the
mesophilic temperature range.

Natural gas is wused for many different
applications such as power generation, domestic use,
transportation, and as a feedstock for the production
of ammonia-based fertilizers. It is the dominant
alternative road transport fuel in addition to ethanol.
Since natural gas contains mainly methane,
biomethane can be used as a substitute. Combustion
of one cubic meter yields 38 MJ (10.6 kWh). Natural
gas has the highest energy/carbon ratio of any fossil
fuel, and thus produces less carbon dioxide per unit
of energy.

13. Assessment of biogas production from landfill.
Amount of biogas from 1 ton of waste during 20
years equal 30-100 m’ [7].

V=S8SxhxdxV,, (1)

where V — general biogas production during 20
years; S — area of landfill; h — height of waste hill;
d — density of waste; V, — specific biogas volume
(from 1 ton of waste).

For analysis we have chosen special landfill near
Vinnitsa city — Stadnytske landfill. The area of the
landfill is 16.0128 hectares, 2 hectares from all area
use for sorting enterprise.

V. =140128x10x2300x30=9.6x10"" (m?)
V.. =140128x10x2300x100=3.2x 10" (m?)

The V ,and V_,  are minimal and maximal

biogas production during 20 years. Therefore, during
1 year V,, =4.8x10° (m’) and V_  =1.6x10""(m?).
Average value during 1 year equals 8.2x 10%(m®).

The landfill biogas has content of methane equals
approximately 60% (4.92x10° m®).One cubic meter
of methane costs 15.50 UAH [8].

So, for all year we will

4.92x10°x15.50=75950000000 (UAH).

This methane we can use as fuel for vehicle.
Average usage on 100 km — 9 m® [9]. It means that
given amount of methane can satisfy movement of
546 000 000 km. If calculate this in gas-cylinder we
will receive: 50-liters gas-cylinder = 0.05 m®. When
compressed 200 times (200 atmospheres) - 200 x
0.05=10 cubes of methane should be placed in the
cylinder [10]. It means that we can fill up
492 000 000 gas-cylinders.

Calculation of the organic waste volume from the
whole landfill:

Ve =Sxhxdxk, )

receive

where V, — organic waste volume from whole
landfill collecting during 1 year (m®); S — area of
landfill; & — height of waste hill; d — density of
waste; k— organic waste coefficient (part of organic
waste from solid municipal waste).

Coefficient k£ includes organic residue, timber and
paper, and equal 0.52.

V,, =140128x10x2300x0.52=1675930880\20
=83796544 (m?).
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The mass of organic waste:
m=pxV,., (3)

where m — mass of organic waste collecting during
1 year; p — density of organic waste;V,  — organic
waste volume from whole landfill collecting during

1 year.
The density of organic waste equals 0.14 (m*/t).

m =0.14x83796544 =11731516(¢)

Biogas reactors profit. Calculation of the biogas
income:

v,

biogas =mxn, (4)

where V,. — volume of the biogas income; m—
biogas

mass of organic waste collecting during 1 year; 71—
amount of biogas generated from 1 tone of the
organic waste.
The 350 m® of biogas generated from 1 tone of the
organic waste.

v, —=11731516x350=4106030656 (m®)

biogas
Calculation the volume of methane present in
biogas:

4

methane

= 77 X Vbiogas ° (5)

where V

wehane — VOlume of methane present in

biogas; 1 — percentage of the methane content in

biogas; V,, .. — volume of the biogas income.

iogas
The approximate percentage of methane content in
biogas equals 80%.

e

methane

=0.8%x4 106 030 656=3 284 824 525 (m?).

Calculation of the methane cost (income after 1 year
of exploitation):

~

N = Vmethane X b ’ (6)

where C — the methane cost (UAH); b — one cubic
meter methane cost.

One cubic meter of methane costs 15.50 UAH.
N=3284 824 525 x15.50=50 914 780 134(UAH).
Calculation the cost of fertilizer from biogas

reactors:

Caznleorgxf5 (7)
where C,— cost of fertilizer from biogas reactors;

7, — the percentage of the dry fertilizer from amount
of organic waste; f — the fertilizer cost from 1 m?.

The approximate percentage of the dry fertilizer
from all amount of organic waste equals 25%.This
explained by drying of the organic fertilizers for
further usage, from the one hand, and by the second
usage of the residue as a substrate for new cycle in
the reactor, on the other hand. The fertilizer cost
from 1 m® equals 250 UAH.

C,=0.25x83 796 544 x250=5 237 284 000 (UAH)

Biogas reactors installation is represented in Fig. 3.
200 m

. Bottom of polygon

. Biogas reactors

I Height

+— Length of polygon

700 m

Fig. 3. Scheme of polygon with biogas reactors

V =z x R*=3.14x4 m’*>x5 m= 62.8 n"’,

where V — is volume of one bio-reactor.

If area of polygon is 140 000 m? then
A = 140 000 m* (4+2)* m? = 3890 — amount of
reactors.

C, =950 y.e. —is cost of one bio-reactor.
C, =3890%x950 y.e.=3 700 000 y.e.=110 833 334 UAH.

Cement blocks profit. Calculation the cost of
fertilizer from cement blocks:

CbZUZXVorng’ (8)

where 77, — the percentage of the fertilizer from
amount of organic waste; f — the fertilizer cost from
1 m’.

The approximate percentage of the fertilizer from

all amount of organic waste equals 95% (relatively
all organic mass become a fertilizer).

C, =0.95x83 796 544x250=19 901 679 200 (UAH).

Cement blocks installation is represented in Fig. 4.
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Fig. 4 Scheme of polygon with cement blocks

CITY POWER

allocation of plot

guaranteed waste volumes
economically justified

permission documentation
conclusion of an agreement with the
investor

making appropriate changes to the
legislative framewerk in the field of
waste management regulation
provision of regulation of the activities
of the waste processing industry

S = 140000 m?, where S — is area of polygon.

V,= 140000 m? x 0.1 m = 14000 m*> — volume of
cement for bottom of polygon.

V,= (200 m x 700 m x 1,99 m) — (199.8 m x
x699.8mx1.99m)=278600m’ — 278240m’* =360 m’ —
volume of cement for borders of polygon.

V; =(@2m x 320m x Im) — (1,8m x 321.8m X Im) =

640 m’ — 579.2 m’ = 60.8 m’ — volume of cement for
one block of polygon.

A =200 m: 4 m= 50— amount of cement blocks.

V... = 14000 m® + 360 m* + 50x60.8 m’ =

17 400 m’® — volume of cement for polygon.
1 ton of cement costs approximately 600 UAH.
C =17400 m® x 600 = 10 440 000 UAH.

6. Discussion

After formation whole unique complex we are
getting benefits. On national level we must analyze
economy operation of construction of this system.

In the Fig. 5 and Fig. 6 present the economic
efficiency of the waste treatment enterprise. In the
Fig. 7 we present the sustainable development of
waste management.

INVESTOR

» conclusion of the contract

» financing for design and
construction

* operation of the obiect

* development and approval of the
project justification

+ investor's choice

* monitoring and implementation

+ informing on the progress of the
implementation

MODERN METHOD

Fig. 5. Scheme of responsibilities
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Fig. 7. Sustainable development of waste management

On polygon we can installation cement blocks for .. ® 560412308
.« . . o1 . 50,91478013

receiving bio-fertilizers or biogas reactors for 50

production biogas and receiving bio-fertilizers. .

After comparative analysis of economic efficiency .

of the cement blocks system and the biogas reactors . 19,9016752 19,591239
(Fig. 8), we recommend install in the waste treatment
0,11083
complex the system of the cement blocks for the ? | i
. o . . o . O B
organic fertilizer production. This choice is explained Costoftallston_ Proftfrom biogas  Profit fiom fetlizers Receipts
by the fact that the payback is higher than when BCementblocs - mBiogasreactors

installing biogas reactors, although, the amount of net .. ¢.8. Economic Efficiency of the Cement Blocks System

income is lower, but the installation itself is cheaper. and the Biogas Reactors Installation
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7. Conclusions

In this scientific work we have analyzed the waste
treatment issues, the world experience of waste
management and on the basis of analysis of
prototype we have developed a modern waste
management technology, which include proposals
for further exploitation the territory of depleted
Stadnytske landfill.

To reduce the number of landfills in Ukraine, it
will not be enough to pass the law, fight corruption,
build plants, establish regular waste collection, to
provide the population with containers. Most people
do not realize the benefits of sorting and recycling
waste. At the moment, Stadnytske landfill has
negative impact on ground water, air, and peoples,
which live near. Therefore, we must use our
complex for prevention dangerous for people, first
of all. After, reducing free wastes, use them as
secondary materials and get from these benefits. It
will be able to improve as the environmental so the
economic sphere.
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Konunenuis pekyabsTHBalii BUCHAKEHOT0 MYHIIMIIAJIBHOT0 MOJIITOHY

HarionansHuii aBianiinuil yaisepcureT, npoci. Jlrooomupa ['y3apa, 1, Kuis, Ykpaina, 03058

E-mails: 'lenyo@ukr.net; *sirotinaio@ukr.net;’olenka.lenysia@gmail

Mera i 3aBaanns po6oru. L{s HaykoBa poOoTa mpucBsYeHa MUTAHHSAM MOBOKEHHA 3 Biaxogamu. MeToro
HayKOBOTO JIOCIIKEHHS € PO3POOUTH CYJacHY TEXHOJIOTIIO ITOBOJDKCHHS 3 BIAXOJaMH Ha OCHOBI aHAJI3y
MPOTOTHUITY, SKa BKJIKOYAE NPOMO3MINI MO0 MMOAAIBINOT eKCIUTyaTaiii TEepUTOpil BUCHAXKEHOTO
CragHULIBKOTO CMITTE3BaIMINA. MeToAM OCHiIKeHHsI: CTAaTHCTHUYHI Ta TEOPETUYHI METOAHW, aHais3,
nopiBasHHS. Pe3yabTaTn gociimkenn. Heirpanizaliss HeraTuBHOTO BIUIMBY Ha JOBKULISL CMITTE3BAJIHINA
LUISIXOM TEPEeTBOPEHHS CMITTE3BAJMINA B JIC TOMOJb; CTBOPCHHS DPEKpeauiHOi 30HH Ha KOJUIIHBOMY
MIOJIITOHI; CTBOPEHHSI KOMIUIEKCHUX MEPEPOOHUX MiANPHEMCTB; (OPMYBaHHS O10MOJITOHY ISl BAPOOHHIITBA
NPUPOAHUX JOOPHB, BCTAHOBJEHHS OiOra3oBHX peakTOpiB A BHPOOHMLTBA METaHy; 3MEHIICHHS
3a0pyIHEHHSI CTIYHUMH BOJAMH; JIICOBITHOBJICHHS TEPHUTOPIi; OTPUMAaHHS €KOHOMIYHOI BUTOAM MUIIXOM
nepepoOku cMmiTTsa. O6roBopeHHs. BripoBamkeHHs bOTO0 KOMITJIEKCY, IEPII 3a BCe, 3a100iranHs HeOe3neKu
s mogei. KomiiekcHa TEXHOJIOTIS TMOBOJKCHHS 3 BiIXOJaMHM BKJIIOYA€ IIOCIIIOBHI KPOKH, IO
BpPaxoBYIOTh €KOJIOTIYHY, €KOHOMiuHy Ta couianbHy cdepu xurtsa. [IpoaHamizyBaBmIM €KOHOMIYHY
e(EeKTHBHICTh CUCTEMH IIEMEHTHHX OJIOKIB Ta 0iOra3oBHX pEakTOpiB, MH MOXXEMO PEKOMEHIYBaTH 0OHIBa
BapiaHTH JJII OTPUMAHHS MPUOYTKY BiJl BUBE3CHHS CMITTSI.

KarouoBi cioBa: Bigxomau, momirox, 6i0q00puBo, 6ioras, peKkyinbTHBAallis, peKpealliifHa 30Ha
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Heap u 3agaum padoThl. DTa HaydHas paboTa IMOCBSAIIEHA BOMpocaM oOpamieHus ¢ orxonxamu. llembio
HAy4YHOTO WICCIIEOBAaHUS SBISETCS pa3paboTaTh COBPEMEHHYIO TEXHOJIOTHIO OOpaIleHds ¢ OTXOAAMH Ha
OCHOBE aHaju3a MMPOTOTHUIIA, KOTOpasi BKIFOYACT MPEIOKEHHS 10 NATBHEUIICH YKCIUTyaTallud TEPPUTOPUU
ncrameHHo CTagHUIKON cBamkd. MeTOAbI MCCIeT0BAHUS: CTATHCTUYECKHE U TEOPETUYECKHE METOIIBI,
aHanu3, cpaBHeHHe. Pe3yabTarsl wucciaenoBaHuii. HelTpanuzanuss HEraTUBHOIO BO3JECUCTBUS Ha
OKPYKAOIIYI0 CPEIy CBAJIKU IyTEM MPEBPAIICHHS CBAJIKH B TOIOJIEBBIC Jieca; CO3/IaHUE 30HBI OT/bIXa Ha
OBIBIICH CBaJIKe;, CO3MaHHME KOMIUIEKCA TepepabaThIBAIOMNX MPEIIPUATHI; (opMHpOBaHUE OHOIIOIMTOHA
JUTS TIPOM3BOICTBA HATYPAIbHBIX YI0OpEHUI; yCTaHOBKA OMOTA30BbIX PEaKTOPOB AJIS IPOM3BOICTBA METAHA;
YMEHbIIIEHHE 3arPsA3HEHUE OT CTOYHBIX BOJ; JIECOBOCCTAHOBJICHHE TEPPUTOPHH; TOTYUSHHE SKOHOMUYECKUX
BBITOJl MyTeM BTOPHYHOTO HCIIONb30BaHUSA ChIpba. OOcy:xkaenme. Peamuzamus 3TOro KoMIUIEKca s
MpeOTBpPAIIEHUs] OMAacCHOCTH IJIsl JIIoAeH, mpexkae Bcero. llociie, yMEHBIIMB KOJMYECTBO CBOOOIHBIX
OTXOJIOB, HMCIIOJIb30BaHNE WX B Ka4eCTBE BTOPHYHBIX MAaTEPHAJOB M IMONyYEHHE OT ATOTO NMPEHMYIIECTBA.
TexHOMOTHS KOMIUICKCHOW TepepabOTKM OTXOAOB BKJIOYAeT B ce0s TOCIEAOBATEIbHBIC OTArlbl,
VUHATHIBAIOIINE JKOJIOTHUYECKYI0, SKOHOMHUYECKYI0O U coIMalbHyr cdepsl xu3Hu. llocime aHammza
SKOHOMHUYECKOW P(P(HEKTUBHOCTH CHCTEMBI IIEMCHTHBIX OJIOKOB M OHMOTa30BBIX PEAKTOPOB, MBI MOXEM
MMOPEKOMEHI0BaTh 002 BapraHTa JIJIs MOYYCHUS JOX0/a OT YTHIIM3alUU MyCopa.

KiroueBble cjioBa: OTXObI, ITOJIUI'OH, 6H0y,Z[06peHI/IC, 61/101"33, PEKYyJIbTUBALIUA, PECKPCAITUOHHAA 30HA.
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