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The possibilities of increasing the efficiency of heat supply tur-
bines of CHPPs due to the choice of rational modes of operation
of network water heaters are analyzed. With the help of a sofi-
ware and computing complex developed at the Institute of Me-
chanical Engineering Problems of the National Academy of Sci-
ences of Ukraine and adapted by the authors to the operating
conditions of CHPP generating equipment with one or two net-
work heaters, a set of calculation studies of various ways of con-
necting them depending on the outdoor air temperature is con-
ducted in the paper. Areas of positive effect associated with in-
crease in the electric power of the power plant have been estab-
lished. The calculation study was carried out at typical power
plant water consumption from 1000 t/h to 4500 t/h, in the range
of changes in the outdoor air temperature from -11 °C to 10 °C
(heating season) and more than 10 °C (hot water supply). The
load change of the power unit was carried out due to the con-
sumption of fresh steam at a constant pressure and temperature
at the turbine inlet. As shown by the results of the operation of the
T-100/120-130 heat supply turbine in operating conditions with
one or two heat supply steam selections, in the area of positive
outdoor air temperatures above 2 °C, it is advisable to use one
lower selection (with the upper one turned off) for all network
water consumption. At the same time, additional electric power in
the area of outdoor air temperatures above 6 °C can be from
0.25 MW to 2.15 MW. However, when the outdoor air tempera-
ture is less than 2 °C, work with one lower heating selection be-
comes irrational. From the point of view of choosing rational
modes of operation of turbine plants, the most important are the
results of determining the optimal distribution of heat load be-
tween network heaters. The gain in electrical power of the tur-
bine can be up to 2.46 MW in the nominal mode of operation with
two heaters, and up to 7.84 MW in comparison with the use of
single-stage heating. The nature of the influence of the distribu-
tion of the heat load indicates that during deprivation from the
instructional uniform distribution of the heat load between net-
work heaters, it is possible to obtain additional electricity.

Keywords: mathematical modeling, network water heater, modes
of operation, combined heat and power plant, heat supply power
plant.

One of the ways to increase the efficiency of the combined heat and power plants (CHPPs) main
generating equipment is the choice of rational modes of operation of turbine plants taking into account the
consumption of thermal energy by the city's thermal networks, which is determined by the temperature
schedule, the state of the thermal reserves, industrial consumers and directly by the thermal networks, which
have significantly changed their thermal characteristics after putting them into operation [1-5]. This makes it
necessary to adjust the modes of heat energy release in comparison with the given temperature schedule.

Problem statement

The heat supply plant (HSP) of the CHPP works as part of a turbine plant, using a pair of reduced
parameters from the upper and lower heat supply selections.
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The two-stage heat supply plant (Fig. 1) is connected Steam from HEC
to selection 6 of the medium-pressure cylinder (MPC), from
which the steam of high pressure p, (from 0.06 MPa to
0.25 MPa) is received by the network water heater of the up-
per stage NH-2, and to the adjustable selection 7 of the low-
pressure cylinders (LPC), located between the MPC exhaust
and the LPC inlet, from which steam with a pressure p, (from

Rotating regul aing
diaphragm

0.05 MPa to 0.20 MPa) is received by the network water - I;:/I ] E g, e scheme
heater of the lower stage NH-1 [6-10]. L] e
Heaters NH-1 and NH-2 are connected to the network ( |+ g

water in sequence, which ensures the temperature of the net-
work water at the outlet of the heat supply plant, which is de-
termined by the consumer's temperature schedule. To regulate
this temperature, latches 1-3 and jumpers with latches 4, 5 are | Fig. 1. Schematic diagram of the plant for heating

used. network water of the T-100/120-130
Regulation of the amount of released heat is carried out heat supply turbine:
by a rotary diaphragm located at the entrance to the flow part of HPC — high-pressure cylinder

the LPC, driven by a servo motor. By turning the ring of the regulating diaphragm, the distribution of steam flows
in NH-1 and the flow part of the LPC is carried out, on which the amount of heat given to the network water in the
NH-1, and the power generation in the LPC, which is transmitted to the electric generator, depend.

At the same time, the increase in steam consumption in the NH is associated with a decrease in the
steam consumption in the LPC, which leads to the operation of the LPC stages in the power consumption
mode, in which electricity generation decreases. This makes it necessary to choose rational modes of NH
heat release and coordinate their operation with the operation mode of the LPC.

The purpose of the paper

The purpose of the study is to analyze the operation of the heat supply plant using the example of the
T-100/120-130 turbine and to determine the rational operating modes of the turbine when only the network
heater of the lower stage is using and with the optimal distribution of the heat load between the heaters of the
lower and upper stage.

Research methods

To increase the efficiency of the use of steam turbine plants of CHPPs, a mathematical model and a
basic software complex for the study of axial turbines SCAT, developed at the IPMach of the National Acad-
emy of Sciences of Ukraine and adapted by the authors to the conditions of layout and operation of power
equipment of powerful heat supply power plants, are used [2, 11-14].

When creating a flexible mathematical model of a power plant, focused on determining the optimal
operation of a heat supply turbine plant, taking into account the maximum number of factors that affect eco-
nomic indicators, it is necessary to choose a criterion for the efficiency of its operation. At the same time, the
following values can be used as a criterion for operational efficiency in general case: the maximum amount
of electricity produced — N, minimum specific fuel consumption — gy, minimum total fuel consumption —
By, minimum payback period of the CHPP expansion project — ,4pqcx, €tc.

The analysis of the methods of finding a rational mode of operation showed that when solving the
problems of distribution of thermal and electrical loads of CHPP turbines, the method of the experiment
planning is considered to be the most effective [13].

To apply this method, a macro model of the thermal circuit was created, which is briefly described
below and is a "black box" type dependency [11].

Depending on the stated problem, it is necessary to minimize or maximize the nonlinear objective
function. The mathematical statement of the problem of finding the best parameters and profile of a thermal
power plant can be written as follows

N=NX,Y,2);X € XD, (1)
where N is the objective function of the problem to be solved; X is a multitude of structural parameters of the
power plant; Y is a multitude of defined parameters of the state (thermodynamic parameters and efficiency coeffi-
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cient); Z is a multitude of external factors (temperature of outdoor air, parameters and flow of steam in selections,
total flow of steam); XD is a admissible area of N change, determined by the system of nonlinear constraints:
— in the form of equalities

DX, Y,Z)=0,j=1,2, ..., ny; 2)
— in the form of inequalities
[Frin] < FX, Y, Z) < [Finax]; [Unin] < UX, Y, Z) < [Unaxl, 3)
as well as restrictions on independent coupling parameters
Yoini <YVi<Ymaxi 1= 1,2, ..k (4)
and design parameters
Kinin i <Xi <Xinaxi 1= 1,2, .. k. (%)

Equalities (2) include balancing conservation equations, flows, pressures, enthalpy changes for all 7,
elements of the power plant, on the basis of which the mathematical model of the power plant is built. In
these equations, the index j defines subsets X, ¥ and Z, belonging to j - th element of the thermal circuit. De-
sign parameters of the power plant X include both discretely variable (number of included group pumps,
characteristics determining the configuration of the thermal circuit, etc.) and continuously variable parame-
ters. Solvability of system (1) (satisfaction of the relevant constraints of problem (2)) is achieved during
modeling due to the features of the mathematical model of the power plant, associated with the possibility of
constructing such a sequence of these equations, from which the sought Y can be calculated directly. @, — a
set of balancing equations for all elements of the plant equipment.

Inequalities (3) determine the permissible range of change of F(X, 1), ..., U(X, Y) of technological
characteristics and parameters of the power plant. [Fiuinl, [Finaxls [Uninl, [Umax] — minimum and maximum
permissible values of these characteristics and parameters.

The composition of ratios forming the admissible area of problem (1) also includes restrictions (4)
on the independent connection parameters of the power plant elements (according to the terminology of op-
timal design — state parameters and flow characteristics) and restrictions (5) on the design parameters that
determine the area of the heat exchange surfaces, underheating, the number of pumps, the configuration of
the vehicle, etc. This approach to solving the search problem (1), when the thermal circuit is calculated at
each step (conditions (2) are satisfied), is commonly called modeling in the state space.

The purpose of conducting the research is to determine the production of electricity by the power unit
at the given modes of operation of the heat supply turbine plant based on the consumption of fresh steam and
the amount of heat released. In view of this, the criterion for evaluating the efficiency of the heat supply turbine
operation is the additional electric power that is produced at the given mode of operation of the turbine.

Work efficiency assessment criterion

A]\[t = ]Vt - Mm: f(GO; Qtl: QtZ; toa: an):
where N, is the turbine power under specified operating conditions, MW; N;™ is the power of the turbine at the
instructional characteristics of the operating mode, MW; G, is the consumption of fresh steam, t’h; Oy, Oy, is
the thermal load of network heaters no. 1 and no. 2, MW, ¢,, is the outdoors air temperature, °C; G, is the con-
sumption of network water, t/h.

Results and discussion

The calculation study was carried out at the typical network water flow rate for a turbine plant G,
from 1000 t/h to 4500 t/h, in the range of outdoor air temperature changes #,, from -11 °C to 10 °C (heating
season) and #,,>10 °C (hot water supply) [6].

The load change of the power unit was carried out due to the consumption of fresh steam at a con-
stant pressure and temperature at the turbine inlet. Fresh steam consumption for the considered loads in the
adjustable range is equal to [10]:

Gy=295 t/h — the lower value of the turbine adjustment range;

G(¢=440 t/h — nominal operating mode of the turbine;

Gy=485 t/h — operation of the turbine in the mode of maximum power and in the pure condensation
mode (during the calculation study, the operation of the turbine without heat release was not taken into account).

The following modes of operation of the T-100/120-130 heat supply turbine were considered:
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— when releasing heat from the lower selection using the NH-1

O, = Qtl/Qt =1.0;
— when releasing heat from two selections, when network heaters NH-1 and NH-2 are turned on in
sequence with equal heat load (standard mode of operation)

0,=04/0, =05 or Qy=0.=0.50;

— with optimal distribution of heat load between them
Ql = Qlopt >
where Oy, QOp is the amount of heat supplied in the lower NH-1 and the upper NH-2 network water heaters;
0, is the amount of heat released by the heat supply turbine.
Fig. 2 shows the result of a calculation study of the operation of network heaters of heat supply plant

depending on the temperature of the outdoor air and the load of the T-100/120-130 turbine at the consump-
tion of network water G,,=2000 t/h.

N, W ; ’ Al .
Nz, NI Np MW Ny, MW
B | ne o -
e ) RN e o 5 [+
0 | A
N Lk L ——1] = > ne — d__.:#f, It 19 -
A —— T | RER e me e et e R B SN IR B ]2 ki I
| 1111 |aer ® e et 13 -
= ; ~he “"ESEFEEredea ok ] P g
T Zr’ . = i iy i s s il o ol b
-—'—'—'_"__,—-o—'—_h_-'—" . - o n /J\- = ———{"C 1 T L] Z
i - ]2 K T T1 C
| = - = el oz . o e -1 .
171 [ -] I e, o -] i Hi - .
e e iy T RS N T = P L
: ] Tl RN T e
2] - e - e T e 2 1 NN
" o B e L] e TR TR et . \
'3'_/-* |4l < . H‘f oo L S - e wEF )
15 -7~ T-14 : :
N — kN T‘ sl e el T . = ; o o
] = m 0 =] |1 B -
) = R - Y - h
T.,-’ RN x+__—::; = ,f"ﬂ'f NI R T B T
ER =1 = o - B L 1
‘FL- e -‘\‘-L“J" [ 2 I S i =
g S S R I i o =
] Lo el - g T Tee e il
- -
Y \Ix*:' el LT | ” b
[1-5
= 108
05 05 05 0% O7 05 08 0F 09 0% 4 05 oms 08 mm 67 §m 65 om0y om

05 0% 06 08 Q7 0% 03 0% 00 0%

16|
Iy
0y =

a b C

Fig. 2. The influence of heat load distribution between network heaters of heat supply plant on the change
in T-100/120-130 turbine power at network water consumption G,,,=2000 t/h:
a— Gp=295 t/h; b — G"°"=440 t/h; ¢ — G,"**=485 t/h
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Fig. 3. The difference in turbine capacities when working with single-stage and two-stage heating of network water
with equal distribution of the heat load:
a— Gy=295 t/h; b — G"""=440 t/h; ¢ — G,"**=485 t/h;
1 — G,,=1000 t/h; 2 — G,,,=2000 t/h; 3 — G,,,=3000 t/h; 4 — G,,=4000 t/h; 5 — G,,=4500 t/h
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To evaluate the effect when working with one or two network water heaters, the difference in turbine
power AN; was considered. It was obtained when using one heater, when all the heat released to the consumer is
formed in it (Q,, = Q,,/Q, =1.0), or when using two network heaters with an equal distribution of the heat re-
leased by the heaters (Q,, = 0.5 ) at different temperatures of the outdoor air ., and other conditions being equal

AN/ =N/ - N?,
where AN;’ — power increase during the operation of a heat supply turbine plant with one lower network heater
NH-1, MW; N/' is the power at single-stage heating of network water, MW; N’ — power with two-stage heating
of network water and equal distribution of heat load between NH-1 and NH-2 heaters, MW.

Fig. 3 shows the variation of this difference for operating modes of the T-100/120-130 turbine at dif-
ferent flow rates of network water and fresh steam.

It can be seen that for Gy=295 t/h (Fig. 3, a) at the outdoor air temperature #,,>6 °C and G,,=1000 t/h
turbine capacity with single-stage heating of network water exceeds capacity of one with two-stage heating
by 0.25 MW, at 3<¢,,<6 °C the value of AN, reaches its maximum value and equals 0.4 MW. When the con-
sumption of network water increases to G,,=2000 t/h (line 2) and ¢,,>6 °C the power of the turbine plant with
single-stage network water heating exceeded the power of one with two-stage by 0.73 MW, the maximum
excess is 0.8 MW with 7,,=3.5 °C. Zero value of AN;! corresponds to #,,=2.5 °C (Fig. 3, a).

Further increase in network water consumption to G,,=3000 t/h (line 3) at #,,>10 °C leads to an ex-
cess of turbine power in single-stage heating by about 1 MW.

At the values of the outdoor air temperature #,,<2.5 °C, operation of the turbine with single-stage
heating of network water is irrational and leads to a loss of power. So, for G,,=1000 t/h power loss with sin-
gle-stage heating compared to one of two-stage heating can amount to 3.87 MW. This power loss occurs at
toa= -2 °C. For G,,,=2000 t/h, similar power loss is 2.65 MW at #,,= -0.7 °C.

For the nominal mode of operation of the turbine (Fig. 3, b), the excess power during single-stage
water heating in the range of changes in the temperature of the outdoor air #,,>2 °C and network water con-
sumption G,,>1000 t/h is more significant.

For the loss of G,,=1000 t/h at #,,>3 °C, zero power gain is observed.

The maximum gain in power is observed at 7,,=3.5 °C (breaking point of the temperature graph) and
corresponds to AN,/=1.25 MW for G,=2000 th, AN,/=1.7 MW for G,,=3000 t/h, AN,'=2.15 MW for
G.w=4000 t/h. At ¢,,>6°C a possible increase in power will be AN/=1.05 MW for G,,=2000 t/h,
AN;'=1.55 MW for G,,=3000 t/h, AN;'=2 MW for G,,=4000 t/h, AN;'=2.15 MW for G,,=4500 t/h.

At 1,,=2.3°C and G,,=2000 t/h capacity increase becomes equal to AN/'=0, at ¢,,=1.6°C and
Gaw=3000 t/h, AN,*=0, at £,,=3.5 °C and G,,=4000 t/h AN,'=2.15 MW. Power gain range for G,,=4500 t/h is
limited by temperature 7,,>10 °C.

For maximum load mode G,"**=485 t/h (Fig. 3, ¢) with network water consumption G,,<4000 t/h power
increase is not observed in the entire change range of #,.>6 °C. Only for G,,=4500 t/h, AN/'=1.4 MW. For the
range of #,,<6 °C, power increase to AN/'=0.8 MW can be obtained at 7,,=3 °C, and at #,,=1.8 °C we have AN/'=0.

Given the narrow temperature range of the power increase, the error in determining the temperature £,
adjustment accuracy and other operational factors, it should be assumed that for mode of operation of the tur-
bine at G,"*=485 t/h and G,,<4000 t/h capacity increase is insignificant (N=120 MW for both options for us-
ing heating selections).

The use of single-stage network water heating is possible in the range of changes in the outdoor air
temperature ¢,,> -7 °C for G,,=1000 t/h, ¢,,> -3 °C for G,,=2000 t/h, ¢,,>1 °C for G,,=3000 t/h and #,,>1.8 °C
for G,,=4000 t/h.

In order to clearly assess the effect of the T-100/120-130 turbine plant with two-stage heating of
network water, it is advisable to consider the difference in power

AN?=N?- N
at different flow rates of network water (Fig. 4).
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Fig. 4. Increase in power of the T-100/120-130 turbine with two-stage heating of network water compared
to single-stage heating:
a— Gp=295 t/h; b — G"°"=440 t/h; ¢ — G,"**=485 t/h;
1 — G,w=1000 t/h; 2 — G,,,=2000 t/h; 3 — G,,,=3000 t/h; 4 — G,,,=4000 t/h

In the mode of operation of the turbine G=295 t/h (Fig. 4, a), the maximum increase in capacity oc-
curs at the network water flow rate of G,,=1000 t/h and outdoor air temperature of ¢,,= -2 °C. Turbine power
when working with two-stage heating of network water with an equal heat load on both heaters (Q,, =0.5) is

NZ=75.49 MW, with single-stage heating (0, =1.0) the power of the turbine is equal to N,'=71.63 MW. The

maximum increase is AN =3.86 MW.

For nominal mode G,"°"=440 t/h (Fig. 4, b), the largest increase in the power of the turbine plant
when working with two-stage heating of network water with an equal distribution of the heat load between
heaters NH-1 and NH-2 reaches AN’=7.7MW at G,,=1000 t/h, z,=-5°C, 0.:=56.99 MW, when
N’=118.38 MW.

For maximum power mode G,"*=485 t/h (Fig. 4, ¢), AN’=5.76 MW at G,,=3000 t/h, t,,= -4 °C,
0=167.47 MW when N;’=118.45 MW.

The comparison of the modes of operation of T-100/120-130 turbine with two-stage heating of net-
work water at optimal distribution of heat load between network heaters and with their equal load (Fig. 5) is
of greatest interest

A]Vt()ptl — ]Vtopt _ MZ’
where AN — power increase during the operation of the heat supply turbine plant with the optimal rela-
tively equal distribution of the heat load between network heaters, MW; N — power produced by two-stage
heating of network water with optimal heat load distribution between NH-1 and NH-2, MW, as well as with
the option of single-stage heating of network water (Fig. 6)

A]VtoptZ — ]Vtopt _ Ml’
where AN, — power increase during the operation of a heat supply turbine plant with optimal distribution
of the heat load between network heaters relative to single-stage network water heating, MW.

As can be seen from Fig. 5, the greatest gains are achieved in the nominal mode of operation of the tur-
bine plant G,""=440 t/h.

So, at f,, from -7°C to -8 °C and G,,=2000th AN'=2.3 MW (line 2, Fig. 5,b), at 1,,=3,5°C and
Gmy=4000 t/h AN'=2.2 MW (line 4, Fig. 5, b), at 7,10 °C and G,,=4500 t/h AN"'=2.46 MW (line 5, Fig. 5, b).

For the maximum mode of operation of the T-100/120-130 turbine plant G,™*=485 t/h these gains can
be even greater (Fig. 5, ¢) and reach from 2.6 MW to 3.2 MW, but in a small range of #,, from -6°C to -8°C.

It is obvious that the values of power gains will be even greater when compared with the option of
single-stage heating of network water (Fig. 6).
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Fig. 5. The difference in turbine capacities when working with two-stage heating of network water
with equal and optimal distribution of the heat load:
a— Gy=295 t/h; b — G,"°"=440 t/h; c — G,"*=485 t/h;
1 — G,»w=1000 t/h; 2 — G,,,=2000 t/h; 3 — G,,,=3000 t/h; 4 — G,,,=4000 t/h; 5 — G,,,=4500 t/h
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Fig. 6. The difference in turbine capacities when working with two-stage network water heating
with optimal heat load distribution between heaters and single-stage network water heating:
a— Gy=295 t/h; b — G,"°"=440 t/h; c — G,"*=485 t/h;

1 — G,,w=1000 t/h; 2 — G4,=2000 t/h; 3 — G,,,w=3000 t/h; 4 — G,,,=4000 t/h; 5 — G,,,=4500 t/h

In the mode of operation of the turbine G=295 t/h (Fig. 6, a), the maximum increase in capacity oc-
curs with the consumption of network water of G,,=1000 t/h and outdoor air temperature f,,= -3 °C and is
equal to AN;"?=4.2 MW.

For nominal mode G,"=440 t/h (Fig. 6, b), the largest increase in the power of the turbine plant
when working with two-stage heating of network water with optimal distribution of the heat load between
heaters NH-1 and NH-2 reaches AN,”?=7.84 MW at G.,=1000 t/h and 7,,= -6 °C.

For maximum load mode G,"*=485 t/h (Fig. 6, ¢) with network water consumption G,,=3000 t/h
and outdoor air temperature #,,= -4 °C the increase in power is AN,?=6.33 MW.

nom

Conclusions

1. With the help of the software complex developed at the Institute of Mechanical Engineering
Problems of the National Academy of Sciences of Ukraine, calculation studies were carried out to determine
the possibilities of increasing the efficiency of heat supply turbines of the CHPPs due to the selection of
rational modes of operation of network water heaters.

2. Calculation study of the operation of the T-100/120-130 heat supply turbine in operating condi-
tions with one or two heating steam selections showed that in the region of positive outdoor air temperatures
1,22 °C at all network water flow rates G, it is expedient to work with one lower selection (when the upper
one is disabled). At the same time, additional electrical power in the area of outdoor air temperatures #,,>6 °C
depending on G, that is, on the amount of heat released into the heat network can be compared with the
load regulated by the turbine operating instructions (Q;=0,=0.5-0Q,), from 0.25 MW to 2.15 MW. At
1,.<2 °C, work with one lower heating selection becomes irrational.

3. The most important, from the point of view of the organization of rational modes of operation of
turbine plants, are the results of determining the optimal distribution of heat load between network heaters. It
is shown that in this case, the gain in the electric power of the turbine can be up to 2.46 MW in the nominal
mode of operation with two heaters, and, in comparison with the use of one-stage heating, up to 7.84 MW.
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Thus, in the studied range of changes in the outdoor air temperature from -11 °C to 30 °C, there is an

optimum distribution of the load between the network heaters of the lower and upper stages, and the greater
heat load should fall on the lower heat supply selection (Q,, > 0.5).

4. The nature of the influence of distribution Q,, indicates that during deprivation from the instruc-

tional uniform distribution of the heat load between network heaters, additional electricity can be obtained,
and therefore the optimal operation of the heat supply plant should be considered at different thermal and
electrical loads of the turbine. This indicates the importance of creating software for the convenience of pre-
senting the results of numerical studies for their use at the CHPPs during the operation of the power unit in
the future, which will allow the operational staff to choose a rational distribution of loads between network
heaters when changing modes of operation.
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Hinpumenns edpexTuBHOCTI Termnodikaniiinux 6okiB TELL
3a paxXyHOK BHOOPY paunioHAJbLHUX PeKUMIB BiINMYCKY TeMJIOTH

'0. JI. Ily6enko, > S. V. Alyokhina, ' B. M. Iosromanos, ' O. A. BaGenxo, ' O. B. Koty/ibcbka

'THcTHTYT Ipo6neM MammHOGYayBaHHs iM. A. M. ITinroproro HAH Ykpainu,
61046, Ykpaina, M. Xapkis, By. [loxkapcekoro, 2/10

2 VYHiBepcureT npukinagaux Hayk Technikum Wien, Hochstéidtplatz 6, 1200 Bigens, ABctpist

Ipoananizosano modciueocmi niOGUUEHHST eKOHOMIYHOCE MenioQIKayiiuHux mypoiH menioeiekmpoyeHmpa-
Jietl 3a PaxyHOK 6Ub0pY PAyiOHAIbHUX PENCUMIE eKCchayamayii nidiepieauie cimvo6oi 600u. 3a 0ONoMO20H NpoSPAMHO-
00YUCTIOBATLHO20 KOMNIEKCY, po3pobaenozo 6 [ncmumymi npobrem mawuno6yoysanna HAH Ykpainu ma adanmoeanozo
asmopamu 00 ymos excnayamayii eenepyrouoz2o oonraonanus TEL] 3 00Hum abo dsoma mepedcegumu nidiepisauamu, y
Ppobomi npoedeHo KOMNIEKC PO3PAXYHKOBUX O0CHIOMNHCEHb PIZHUX CHOCODI6 iX NIOKIOYEHHS 3ANE)HCHO IO meMnepamypu
308HiUHbO20 NOGIMPA. Bcmanoseneno obaacmi nosumusHoz2o egexmy, nog'a3anozo 3 Nio8UWEeHHAM eeKmMPULHOL NOmyic-
Hocmi mypboycmarnosku. Pospaxynkose 0ocniosrcenHs BUKOHAHO NPU MUnosux 01 mypboycmaHoeKu eUmMpamax cimsoeoi
600u 6i0 1000 m/200 0o 4500 m/200, 6 dianazoni 3minu memnepamypu 306HiuHb020 nogimps 6io -11 °C oo 10 °C (onanio-
sanvHul ceson) i Oinvwe 10 °C (capsue 6odonocmavanis). 3mina HABAHMAIICEHHSL eHep20OI0KY 30IUCHIOBANACS 3A PAXY-
HOK 8UMpamiL C8ixcoi napu npu NOCMItHOMY MUCKy U memnepamypi Ha 6xo0i 8 mypoOiny. Ak nokazanu pezyivmamu po-
6omu mennoghixayitinoi myp6inu T-100/120-130 6 ymosax excniyamayii 3 00Hum abo 0soma mennogikayitinumu 8i0oo-
pamu napu, 6 obaacmi NO3UMUGHUX memnepamyp 306HiuHbo20 nogimps euwe 2°C npu 6cix sumpamax cimvoeoi 800u
OOYIILHO BUKOPUCTOBYEAMU 0OUH HUICHIL 8I00Ip (npu Gi0KIOUeHOMY 6epXHbOMY). [Ipu ybomy 000amKosa ereKkmpuiHa
nomyscricme 6 001acmi memnepamyp 306HiuHb020 nogimps oinvuie 6 °C moowce cxnacmu 6io 0,25 MBm do 2,15 MBm.
Ilpome npu memnepamypi 306HiwHb020 nosimps menvue 2 °C poboma 3 0OHUM HUMCHIM MenioQikayiiHux 8i060pom
cmae HepayioHanbHo. I3 MoyKku 30py 0OPAHHA PAYIOHATILHUX PEXCUMIE eKCHIyamayii mypooycmano80K HAtOinbulL 8axc-
JUBUMU € Pe3YTbMAMU 3 USHAYEHH ONMUMATLHO20 PO3NOOILY MENI08020 HABAHMANCEHHS MIdC Cimbosumu nidiepisaya-
Mu. Buepaw y enexmpuynitl nOmys#CcHOCHi mypoiHu Modice CMaHO8UMU Ha HOMIHANLHOMY PeXCUMi eKCHIyamayii 3 060ma
nidiepisauamu 0o 2,46 MBm, a 6 nopieHsaHHi 3 6UKOPUCMAHHAM OOHOCMYNIHYamMo20 nidiepiey — 0o 7,84 MBm. Xapaxmep
BNIUBY PO3NOOLTY MENT0B020 HABAHMANCEHHS BKA3YE HA Me, WO Npu 8i0X00T 8i0 IHCIMPYKYINIHO20 PIBHOMIPHO20 PO3NOOITY
Men108020 HABAHMANCEHHSL MIJC CIMbOBUMU NIOIepieayamu MOJNCHA OMPUMYBAMU 000AMKOB) eleKMPOeHeP2iIo.

Knrouosi cnosa: mamemamuune MoOeno8ants, nidicpieay cimbooi 600U, pexcumu pooomu, menioeieKmpoyeHm-
panv, mennogikayiina mypooycmanosKa.
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