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ENHANCING THE EFFICIENCY OF ENERGY GENERATION SYSTEMS
BASED ON SOLID BIOFUELS: TECHNICAL AND ECONOMIC ASPECTS

Purpose. Comparison of the efficiency of uncertified fuel use in a bicenergy complex of a new type and tradi-
tional thermal energy generation systems.

Methodology. The research is based on mathematical modeling of the bioenergy complex. Indicators of efliciency
of application of continuous solid-fuel heat generators for drying process were studied using experimental and ana-
Ivtical methods.

Findings. 1t has been established that for efficient burning of' solid fuel, it is necessary 1o ensure coordinated control
of individual modules comprising the electrotechnological complex of the solid-fuel heat generator, in particular, to
solve the problem of controlling the rotation frequency of the fan and the dosing screw feeder electric drives, deter-
mining the volumes of dosing the combustion components. The principal task of ensuring energy efficiency of the
solid-fuel heat generator by identifying regulated biofuel dosage regimes, based on the analysis of oxygen percentage
in flue gases, has been solved.

Originality. The efficiency of combustion components rational dosing ensured by implementing regulated modes
of a dosing screw feeder and fan operation has been substantiated by the analysis of flue gases compaosition, which
made it possible to increase the energy efficiency of solid-fuel heat generators.

Practical value. The regularities of biofuel components rational dosage are determined in terms of flue gases com-
position and the physical and chemical properties of the processes in the fuel mixture. The economic expediency and
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nopil, Ukraine, e-mail: kal mki@tnpu.edu,ua

2 — Ternopil National Economic University, Ternopil,
Ukraine

efficiency of drying various materials are considered in the context of biodegradable energy generation systems.
Keywords: solid-fuel systems bioresources, diversification, heat generator, energy efficiency

Introduction. One of the ways to improve the situa-
tion on the energy market of Ukraine is the replacement
of traditional energy sources with renewable sources,
primarily with agriculiure-based bioenergy [1]. Euro-
pean experience shows that with a properly built energy
system, this segment can make up to 40-50 % in the
energy balance ol our country.

In the whole range of energy-intensive technologies,
the use of lump fuel from wood, uncertified fuel (straw,
energy willow, elevator waste, sawdust, wood chips) suc-
cessfully competes with natural gas and electricity. Ac-
cording to the National Academy of Agrarian Sciences
of Ukraine, enterprises of the Agricultural-Industrial
Complex of Ukraine can become fully self-sufficient in
generating heat energy for the rural population using
biomass. In conjunction with the production of biofuels

© Fedoreiko V. 5., Luchko M. R., Iskerskyi L5, Zahorodnii B, 1, 2019
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for internal combustion engines, this can be a significant
contribution to the energy balance of Ukraine and will
create thousands of additional jobs [2].

Mumerous examples of European partners show a
real opportunity for our energy sector to reduce the de-
pendence on hvdrocarbon sources in time. It is possible
o solve current economic, energy, environmental and
social problems in a short time and diversify the genera-
tion svstem by using traditional biomass, various wastes
and novel biomass. Today, 7 % of the territory of Ukraine
is occupied by unauthorized dumps, while disorderly
roadside plantation shocks visitors from other countries.
Hence, ignoring this trend will lead to catastrophic envi-
ronmental consequences [ 3, 4].

It is well-known that Ukraine ranks last in the field
of generating heat from biofuels {below 1 %), while EU
countries (Lithuania, Sweden, Croatia) have passed
50 % mark. Factorial studies indicate that the replace-
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ment of traditional fuels with renewable non-certified
biofuels of local origin will lead to a revolutionary 5—
10-time reduction of the heat energy cost, produce a
practically zero load on the environment, and create ad-
ditional employment opportunities.

The project implementation provides a transition to
a promising energy-saving technology, which fully cor-
responds to world trends — a closed hioresource cyele:
the waste becomes a source of thermal energy genera-
tion. Also, the technologies of utilization and cogenera-
tion of energy are being developed.

Ohbjectives of the article. The aim of the research is to
compare the efficiency of uncertified fuel use in a new
tvpe of bioenergy complex and traditional thermal en-
ergy generation systems, including those for drving of
grain.

Methods. The research is based on the performance
indicators of continuous solid-fuel heat generators for
drying technology.

The proposed technology is widelv used in systems
of thermal energy consumption. The use of continuous
solid-fuel heat generators in such technology allows the
use of uncertified fuel for drying various products (build-
ing materials, sand, sawdust, bulk materials, and others).

Having considered the problems of controlling the
drving process, we established that for the implementa-
tion of energy efficient operating modes of the stationary
dryer, it is necessary to determine the optimum power of
the heat generator electric drives, which would be able
to maintain the temperature in the dryer, taking into ac-
count the moisture content of the drying product, and
provide the necessary efficiency of the fan to supply air
to the boiler and dose screw feeder depending on the
oxvgen content in the flue gases.

Characteristic features of the current level of drying
automalion are:

- application of control schemes only for indirect
quality indicators (e.g. drying product temperature);

- development of the automation system for a spe-
cific type of dryer without the possibility of changing the
technological scheme in order to increase productivity.

At present, the dryers control the input and the out-
put temperature of the heat carrier, as well as the tem-
perature of the drving product heating (the main con-
trolled parameter). The adjustment of the drving pro-
cess according to the parameters is carried out manually
by the operator and allows one only to avoid overheating
the drying product 1o the extreme temperature. With
this approach, the productivity of the dryer depends on
the qualifications of the operator, Thus, there is a topical
necessity to develop universal systems and automation
schemes using serially produced block elements which
allow changing the control scheme not only of the same
dryer but also of the whole class of the most common
tvpes of dryvers, taking into account variants of their pos-
sible reconstruction [3].

The automation of control and management of the
drving process ensures high efficiency of dryers and
preservation of the necessary qualitative parameters of
the drving product. As a result of automation, the oper-
ation factor of dryers and reliability of their work in-
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crease, while the consumption of fuel and electric power
is reduced, and so is the number of auxiliary personnel.

Therefore, increase in the efficiency of energy gen-
eration systems can be achieved through the complete
automation of the process using controllers, regulated
asynchronous electric drives, specially adapted sensors
measuring temperature, pressure, humidity, speed, lev-
el, and others,

Taking into account nondeterministic character of in-
put parameters change, the adapted algorithms of man-
agement and software have been worked out, which to-
gether give an opportunity to rationalize the process of
burning of the uncertificated fuel in the conlinuous vortex
furnace, co-ordinate feeding of combustion products into
the heat-exchanger and define the range of cold air supply
for its heating up to the consumer-specified input tem-
perature. In this case, it is necessary to take into account
the type of fuel, its calorific value, humidity, granulomet-
ric composition of the dry product for the regulated con-
trol of its feeding fan through the cleaning separator. Si-
multaneously, the control system must take into account
the temperatures of the environment, of the dried mate-
rial in the combustion chamber, at the output of continu-
ous solid-fuel heat generator, in drving and cooling zones.
The regulated fans of the vertical combustion chamber
provide the optimum zone of uncertified fuel combustion,
preventing it from moving to the upper part of the heat
generator, where, with the help of the exhaust fan, the pri-
mary mixing of combustion products with atmospheric
air occurs at the temperature of 650-700°C.

The proposed technology involves using continuous
solid-fuel heat generator and is based on vortex continu-
ous combustion, The fuel is supplied with the help of a
regulated asynchronous electric drive, which makes it
possible to fully automate the operation modes of the
complex. In real time, the process controller supports
the parameters of combustion and the supply of hot air
to the consumer [6].

Let us consider drying technology with a continu-
ous solid-fuel heat generator using drying of grain as an
example.

Grain-drying is the most energy intensive seasonal
technological process in the agricultural industrial com-
plex of Ukraine. About 2 billion m’ of natural gas, stove
fuel and diesel fuel are consumed for this purpose, which
results in a sharp increase in the price of products, the
main sources of currency earnings in the state budget [7].

The technological process identifies the following
interdependencies and conditions:

1) the process of grain drying occurs in a flow at vari-
able ambient temperatures;

2) uncertified waste has unstable (random} physical
and mechanical parameters (humidity, temperature,
granulometric composition, calorific values, and others);

3) cereals come with different temperature and hu-
midity, which affects the temperature of the drying agent
and the drying time;

4) cereals dry at different temperatures of the drving
agent;

5) grain loading into the drying machine is related (o
a continuous drying process (Fig. 1).

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 2
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Fig. 1. Structural diagram of the drying complex

For efficient combustion of fuels, it is necessary to
ensure the coordinated management of individual mod-
ules of bio heat generator electrotechnological complex.
In particular, it is important to solve the task of control-
ling the frequency of the fan and screw electric drives
rotation, because these devices determine the volumes
of the combustion components dosage [1].

Therefore, the topical task is to provide certain con-
trolled fuel dosing modes based on the analysis of the
percentage composition of oxvgen in flue gases.

For this purpose, a simulation model of the techno-
logical process was created (Fig. 2). This model allows
reproducing the dynamies of changes in the main pa-
rameters of the technological process and takes into ac-
count the above interdependences and conditions. Since
the processes occurring in the system of heat generation
are non-deterministic and unclearly defined, the tool of

hybrid networks is used for implementation of some
simulation model modules.

Matlab’s Simulink environment toolkit is selected
for the development of simulation models. The simula-
tion model of the drying machine and solid fuel boiler
with integrated control system contains several subsys-
tems, executed by the means of the standard library Sim
Power System, Sim Scape, and Thermal libraries.

The structure of the integrated Binkotel model
(Fig. 2) comprises the following modules:

I. Control system module — Contral Svsiem.

2. Boiler simulation model — Biokore! () venr — fan
combustion efficiency, Q_bio — screw feeder efficiency,
W bio, % — fuel humidity, T_afm — air temperature,
w_arm, % — air humidity).

3. Subsystemns of fans — Vemd [ and Femt

4, Modelsofasynchronous motors ATR56A4( 0, 55kW)
and ATR5644 (0, 25kW).

5. Subsystems of frequency converters -3f-PHMJ
and -3f-PHWM2,

6. Dosing screw feeder model — Bunker Shnek.

In the simulation maodel, according to the algorithm,
combustion efficiency ((_venr) of the fan which feeds air
into the combustion chamber and the screw feeder effi-
ciency (@ _bio) are calculated by the system, depending on
the fuel humidity ( H_bio, %), the air temperature (7_aim,
“C), and the air humidity (w_atm, %). These efficiency
indicators should provide the required temperature in the
combustion chamber ( T, “C) and the temperature of the
heat carrier ( 72, “C). At the same time, the system must
also support, according to the proposed method, the re-
quired percentage of oxvgen in flue gases [2].

The developed model makes it possible to investigate
the parameters of the heat generator when uncertified
fuel is used, as well as check the operation of the system
under normal and critical conditions.

O FA@ f B &2 o [oome = BmBb@s hESE

s B_vesd

Fig. 2. Simulation mode! of grain dreyving complex
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Frequency controlled electric drives of the fan and
dosing screw feeder (-3~PWM T and -3/- PWM2) provide
a smooth adjustment of their working members rotation
frequency by changing the frequency of the supply current
of asynchronous motors within the range of 5—50 Hz.

The simulation process reproduces the operation of
the boiler, the initial characteristic of which is provision
of the necessary temperature for drying the grain.

Designs of modern solid-fuel heat generators in-
clude heat exchangers, and therefore the drying agent is
environmentally friendly, which is important for the
quality of dried grain.

The final cost of grain drying ( P,,,;..) consists of the
cost of fuel (Py.), electricity (Pu..), its transportation
(P o), storage (P,,) and the salaries of operators
(P

Piirving = Frier + Potocy. + Progus + Pgor + Poy. (1)

The fuel cost component (Fg,) essentially depends
on the type of fuel. Diesel, propane-butane, natural gas
are the most commaonly used types of fuel in elevators
for dryving grains.

Let us consider the possibility of using pellets and
grain wasles to reduce operation costs of drving. Com-
pare the costs of fuel {Table 1), The table shows the mar-
ket value of each fuel, the efficiency of boilers, the calo-
rific value and fuel consumption at humidity reduced by
1 % for | ton of grain and the cost of fuel in UAH at
humidity reduced by 1 % for 1 ton of grain.

From this table and Fig. 3, it can be seen that despite
the lower efficiency of the boiler and the increase in fuel
consumption, the cost of pellets and uncertified fuels
{grain cleaning waste) is significantly lower. Thus, the
total cost of grain dryving will be reduced due to the
cheap component of the P And the use of regulated
electric drives will reduce the consumption of electric
power ..

Considering the possibility of using a vortex solid-
fuel heat generator as an object of rational investment
{project). it is necessary to calculate the economic effi-
ciency of its application and several indicators that char-
acterize its expediency [8].

For example, the proposed solid-fuel heat generator
can be used on elevators for drying grain, heating resi-
dential buildings, providing temperature regimes for
various objects [ 1], which will enable to:

- abandon imported fuel (natural gas, coal) com-
pletely;

- reduce the burden on the environment;

- increase the competitiveness of Ukrainian enter-
prises;

- improve the investment attractiveness of Ukraine;

- ereate additional thousands of jobs.

To calculate the expediency of using a vortex solid-
fuel heat generator in the case of using borrowed funds,
the following definitions and mathematical tools may be
introduced [9]: P — the amount of cash income from the
economic activity of the investment object after putting
it into operation; B, — the amount of investment re-
guired for commissioning (investment costs); B, — the
amount of current expenses of the operating object, re-
quired for the production of goods or services, which
produces the created object (operating costs); 4, — the
size of the accrued depreciation of assets created at the
expense of investments; T — the number of vears of the
investment project lifetime;  — index of each year of the
investment object operation.

MNet Present Value of the project (NVPF)

,
P-B,- B
NPV =y e, (2)

=1 [I+ r}‘

The payback period of the project { T,) is equal to the
i (T, =), at which the following equality is true

.
“P-B
B, =Zr_r: (3
ral |{I+r:|
Ratio of Income and Expense (K)

Fuel cost (UAH) al o humidity reduced by 1% for 1 ion of grains

3llh

Dmesel focd (L} Pmpme tuiane  Nasml gs{mY) Pelieis dkg) Lincenifled facls

Fig. 3. Fuel cost (UAH) at humidity reduced b}' 1 % for
I ton of cereals

Table 1
Comparison of costs for different types of fuel for drving cereals
N Title Diesel fuel Propane- | Matural gas Pellets Uncertified
} (L} butane (L) {m’) (kg) fuels (kg)
1 | Heat generation (kW) 10.4 7.25 83 4 28
2 | Boiler efficiency 0.89 0.92 0.92 0.85 0.85
3 | Energy cost 25 12 10.2 2.8 0.5
4 | Fuel consumption at humidity reduced by 1 % 1.533 2,14 .87 413 5.6
fiar 1 ton of grains
5 | Fuel cost (UAH) at humidity reduced by 1 % lor 38,31 25.67 19,06 I1.56 2,58
| ton of grains
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S
- Z!_ ,(l+r)‘

.(B,+B,)

(I+r)

=1

Profitability ratio (g)

T ’::_B
_=m(+ry
By
(+r)

q

Fund profitability of the project (f)

(4)

zr:(ﬂ—B,,)
gt T

i(B&—ﬁ)'
=l T

(6)

Internal rate of return (/RR)

IRR= NPV =Z
(5)

- F-B,-8B, =~

(l+r)'

0. (7)

=1

The calculations were based on the output data pre-

sented in Table 2.

The calculation of the cost estimates for the dryving
complex modernization project are presented in Table 3.

Table 2

Output data for estimating the value of the drying complex modernization project for 2017 ( SPA “Energy-saving
Technologies”, Ternopil region)

Ne Title Unit The value of the indicator as of 2017
. | The amount of dried grain ton/% 91 000
2. | The cost of drying grain services UAH per ton/% 54
3, | Cost of drying on biofuel UAH per ton/% 20.64
4. | Investment costs UAH 5000 000
Depreciation costs UAH 120 000
5. | Discount rate % 20
6. | Index (serial number) of each vear of the object operation Absolute value from 1 and bevond
Table 3
Estimation of the cost of the drying complex modernization project ( SPA “Energy-saving technologies”,
Ternopil region)
Ne Title Formulas for calculation The result of the calculation
I. | Net Present Value of the project (NPV) T PoB:p 809.3 thousand UAH
NPV = _l_ln‘_,i
= ( 1 +r)
2. | The payback period of the project (7}) (T, =1), for which equality is fulfilled 2 years
7
i 3
= (I+r)'
3. | The ratio of income and expenses (K) rop 1.4
(Y
e
(B,+B [)
o (+ry
4. | Profitability rati T 1.8
rofitability ratio {(g) Zpl B,
= (1+71
g ‘_rl ( z )
—
m(+ry
5. | Internal Rate of Return (/RR) T({P-B -B 60.7 %
IRR=NPV=Z—( — 2)
mo (14r)
.| F itability of t i T (P - 97 UAF H
6 und profitability of the project (f) Z(P B.) 1.97 UAH/UAH
reiLl
iw,, -A)
w T
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The data in Table 3 show that the main indicators of
the project are: the Internal Rate of Return (/RR) and
the Wet Present Value of the Project (NPV). These indi-
cators can fully characterize an invesiment project in
terms of its economic efficiency. The Net Present Value
of the project ( NPV amounted to 809.3 thousand UAH
and the internal rate of return (/RR) 60.7 %, which gives
a very high positive rating for the investment | 10].

The vast majority of grain dryers are equipped with
gas burners, For the use of pellets and the elevator waste,
it is necessary to rebuild grain complexes implementing
solid-fuel heat generators.

The estimated cost of rebuilding for 2000 kKW grain
drver will be 3.5 million UAH. These costs will pay off in
less than 100 days of operation of the complex using ele-
valor waste, and in 150 davs of operation on pellets.

These calculations prove the economic feasibility of
the complex conversion.

The project was tested and operated on four elevators
of Kyiv, Ternopil and Chemnihiv regions.

Conclusions.

I. The interdependences and conditions estab-
lished during the analysis of the technological process
allow defining the prerequisites for the development of
an effective system of the bio-energy complex manage-
ment.

2. The proposed technology allows 7-score reduc-
tion of grains drying cost on the condition that regulated
maodes of fuel delivery mechanisms operation be ratio-
nalized based on the analysis of flue gases composition.

3. In case of one’s own working capital insufficiency,
it is possible to consider the issue of vortex solid-fuel
heat generator as an object of rational investment {proj-
ect). Therefore, it is necessary to calculate the economic
efficiency of its application and a number of indicators
that characterize its expediency of investment at the ex-
pense of borrowed funds as an investment object and the
possibility of their returmn.

4. The most objective indicators of the investment
praject feasibility are Internal Rate of Return (/RR) and
Net Present Value (NPV) project cost. They give an ob-
jective characterization of the investment project in
terms of its economic efficiency. The Net Present Value
{NPF) of the project amounted to 809.3 thousand UAH
and the Internal Rate of Return (/RR) 60.7 %, which
gives a high positive rating for the investment.
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Iizpumenns edeKTHBHOCTI
Oi0TBEPIONATHEHHX CHCTEM TeHepamnii eHeprii:
TeXHIYHMI T2 eKOHOMIYHNI acnekTH

B. C. @edopeiina', M. P Tywro®, 1 C. fexepesiudl’,
P. 1. 3azopodnii’
1 — TepHoninbcbKMil HALIOHANEHIA NeJaroriMEuil yHiBep-
curer iMeni Bonoguumpa Mamoxka, s. Tepuonia, ¥Ykpaiua,
e-mail: kaf mki@tnpu.edu.ua
1} — TepHoNiNECEKWIT HALIOHATEHUIT eKOHOMMHNIT VHIBEP-
curer, M. Tepuoning, Yxpaina

Meta. IMTopipHAHHA eheKTHEHOCTI BHKOPHCTAHHA
HecepTH(MNKOBAHOIO NalHea B DioeHepreTHUHOMY
KOMIUTEKCT HOBOTO THIY Ta TPATHITITHHY CHCTEMAX Te-
Hepatil Tenaosol eHepril.,

MeTtonuka. B ocHoBy npouecy MOCTIUUKEHHA [10-
KJIAMEHO MATEMATHYHE MOJEMIOBAHHS GloTenaoeHep-
reTHYHOro  KoMmaekey, JoCniTKeHHA NOKa3HHKIB
e KTHBHOCT] 3aCTOCYBAHH TEEPAOMATHBHHY DloTe-
naoreHepaTopie Geinepeperol Al oA npouecy cy-
WWIHHA EKCNEPUMEHTATEHHUMH H AHATITHMHHMH METO-
JIAMM.

Peayawtan. Beranonneno, mo nns edekTHBEHOMO
FOpiHHA TEEPIOTe Nalea HeobxinHo 3abeInedHTH
YIMO/KCHE KePYBAHHA OKPEMHMH MOLYHMA CIICKTPO-
TEXHOJOTIHHOMD KOMIAEKSY DioTeEnmoreHEpaTOPA, 30+
KpeMa, BHPIIEHHA 3a4a4i PerviloBaHHA YacTOTOI
ODEPTaHHS CICKTPONPHBOLIE BEHTHIHTOPA Ta IHEKA,
IO EHIHAYAIOTE 00 €MH A03VBAHHA KOMITOHEHTIR ro-
piHHA. BupimeHa akrtvansHa 3agada 3abesneqeHHs
CHEProc(PEKTHEHOCTI TEIUIOMCHEPATOPA LUISXOM BH-
IHAYEHHA PErYILOBAHHX PEXMMIB N103¥BAHHA Gioma-
JIMBA HA OCHOBI AHANI3Y BUICOTKOBOTO CKJIAIY KHCHIO B
JHMOBHX Iazax,
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Haywosa nosuasa. OOrpyHTOBaHA eeKTHBHICTE
peanizallil pamoHaATLHOre 103VBAHHA KOMTIOHEHTIR
FOPIHHA 3 BHKOPHCTAHHAM PETYIBOBAHHX PERHMIB
poODOTH WIHEKA NOdadi NAaIMBa TA BEHTWIATOPA HA
OCHOBI AHATI3Y CKAALY THMOBHX Ta3iB, 110 JAT0 3MOTY
MiABHLUIMTH eHeproee KTHEHICTh TRe PIOMATHEHHY TE-
IUIOTEHEPATOPIB.

IMpakTiyna 3naummicTs. Beranonneni sakonomip-
HOCTI pallioHATLHOTO I03YBAHHSA KOMIIOHEHTIB Diomna-
JIHBA 3AIEKHO BUL AHANI3Y CRIALY AMMOBUX rasis i gi-
IHKD-XIMIYHHX BIACTHBOCTEH NPOLECIE ¥ TATHBHIH
cyMimi, JoeeneHa eKoHOMIMHA AOUNBHICTE | edek-
THUBHICTE CYIITHHA PISHHX MATEMANE Ha Dasl DloTeep-
MOMATABHHY CHCTEM TeHepaltil eHeprii.

Kmonogi cnosa: meepdonainenl cucmemi, Glocupo-
sund, dusepcudicayin, menipeenepamop, exepeoegei-
FUGHICM b

[osbimenue >dpeKTHBEHOCTH
OHOTBEPAOTOIIHBHLIX CHCTEM IeHepalHi
SHEPIHH: TEXHHYECKHE W IKOHOMHYECKHE

ACTEKTHI

B. C. ®edopeinca', H. P Tywico®, H. C. Hekepeskuil',
P H. 3acopodnui’
| — TepHONonbekHil HAULMOHANEHBLR NELArorHHecKmil yHH-
RpeperTeT MMeHn Branusupa Nrarowra, 1, TepHonoss, ¥kpa-
uHa, ¢-mail; kal_mki@tnpu,edu,ua
2 — TepHONONBCKHA HALHOHATEHE SKOHOMHYSCKHR YHH-
BepcHTeT, 1, TepHonois, ¥EpauHa

eas. CpapHenme HppeKTHBHOCTH MCNOIB3ORA-
HHA HecepTHOMUHPORAHHOMD TOTUTHEL B GHO3HEpre-
THYCCKOM KOMILICKCE HOBOI'O THIIA H 'I'PS.'J.I’II.[HI'}HHI:[X
CHCTEMAX TEHEPALIHN TETIORNH IHEPTHH.

MeTonnka. B ocHoBv npolecea HocneaoBasHi no-
JIOACHO MATCMATHYCC KOS MD,LI,L‘JIM'[H')H&HHC GHID’I'L‘,IIJIH-
anepreTHYeCKoTo KoMnekea. Meoaenosanme nokasa-
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Teneil MpeKTHEHOCTH NPUMEHEHH TBEPIOTOILUIME-
HBIX GHOTENIOTEHEPATOPOR HEMPEPLIBHOTO AeHCTBIA
U1 MPOLECea CYIIKH 3KCTIePUMEHTATEHEIMI H AHAIH-
THUYECKHMH METOLaMM.

Pesyavrare. Yetanosneno, yro ans aphektieno-
r'o TOPeHMA TBEPAOTD TOMNHEA HeobxoduMmo obecre-
YHTE COIMACOBAHHDC ‘vl"llpﬂl'l.'lﬁﬂllﬂ OTACAEHBIMHA Mﬁ,].l}'-
JAMH WIEKTPOTEXHOTOMMYECKOTD KOMIIeKkca Guote-
MIOTeHePpaTopa, B YACTHOCTH, PEIUEHHE 3a0a4M pery-
JIHPDH.BHHSI YACTOTOMH HpaLLlCHIiil 3.'IEK'I'p0]]p}IHl’hIUH
BEHTHIATOPA W WHEKA, ONMPEIeTAIONINY O0BeMEI 103H -
POBAHMA KOMIIOHEHTOR TopeHHA, PelieHa akTyansHas
3AA48 0DeCneMeHHa 3Hepro3qupeKTHBHOCTH  Tero-
reHepaTopa NYTEM ONpPeAeneHHA PeryTHpyeMEBLX PekH-
MOB 103MpORAHHA DHOTOMIHBA HA OCHOBE aHAIM3A
NPOUCHTHOIO COACPKAHMA KMCIOpOda B JbIMOBRIX
razax.

Hayunaa woBmiHa. O00CHOBAHA SOEKTHEHOCTE
p::a;m;%a:mu p?ll[IrHJHH.'IhH{]I'ﬂ' J],L'I'JHPHHE.HHH KOMITO=
HEHTOR TOPEHHH C HCMONL3OBAHHEM PETVIHPVEMBIX
PEXHMOB PABOTH LTHEKA NOAAYMH TOTUTHEA M BEHTHIIS -
TOpd HA OCHOBE AHAJH3E COCTARA ALIMOBLIX FA308B, 4TO
MO3BATIA0 NOBBICHTE 3HEProadube KTHEHOCTE TBEPIO-
TOMAHBHBIX TEIUIOTEHEPATOPOB.

]'Ipau'rlmecl:an FHAYHMOCTh. YeTaHoBICHB 3AK0HO-
MEPHOCTH PALUMOHATLHOTO 103MPOBAHMA KOMIIOHEH-
TOB GHOTOIUTHEA B 3ABHCHMOCTH OT aHANH3A COCTABA
ABIMOBRIX Id308B H li}HZiHKl.]-XHMM‘-II’.:CKHK CEBONCTE Ipa-
ueccoB B TOMIMBHOH cmeck. Jlokazana 3KoOHOMHYE-
CKad LenecoodpasHocTe M 30upeKTHEHOCTE CVILKH
PATHYHBIX MATCPHATOR HA Dase ﬁ“(}THCleOTﬂI’U'IItIH-
HBIX CHCTEM FeHepatny 3Hepruu.

Kmouesble cnoBa: maepdomoninaie  cucnems,
Ouocupee, OUEEPCHPUKAUNA, INENI0ZEREPAMOP, IHEPI0-
fhexmuanocmy

Pexasendogano oo nyvanicawil  dogm.  mexn.  Hayx
B. A Andpiimyrom. Jama wadxodxcenns pysonncy 21,0118,
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