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ANALYSIS OF THE INFLUENCE OF OPERATIONAL
AND GEOMETRICAL CHARACTERISTICS ON THE EFFICIENCY
OF AXIAL TURBINE STAGE PROFILE CASCADES

Introduction. Bladed rotary machines have been extensively utilized across various industries for over a century,
particularly in axial turbines and turboexpanders, including steam and gas power turbines as well as aircraft gas
turbine engines.

Problem Statement. Advances in modern design methodologies and manufacturing technologies have enab-
led the development of axial turbines with significantly high gas-dynamic efficiency. This efficiency is primarily
determined by irreversible kinetic energy losses in real flow processes compared to ideal, isentropic processes. In
contemporary turbine designs, kinetic energy losses under nominal operating conditions have frequently been
reduced to below 10% . Howeuver, it remains critical to establish the absolute minimum kinetic energy losses achie-
vable in axial turbines under specific operating conditions.

Purpose. This study investigates the effects of operational and geometric parameters — including the effective
stator angle, Reynolds number, and dimensionless conditional rate of thermal drop — on the efficiency of profile
cascades in axial turbine stages of both active and reactive types.

Materials and Methods. State-of-the-art numerical modeling techniques for turbomachinery flow path de-
sign and calculation, implemented through the IPMFlow software package, have been employed in this study.

Results. The research has identified new correlations and mechanisms for enhancing the gas-dynamic effi-
ciency of axial turbine profile cascades. For each examined operating condition and geometric configuration,
profile cascades have been designed based on the principle of “rational” aerodynamic optimization, yielding effi-
ciency values close to their theoretical maximum. Findings indicate that for Reynolds numbers exceeding 5 < 10°,
kinetic energy losses in profile cascades can be reduced to below 2%.

Conclusions. The study has provided new insights and design principles that can be applied to the develop-
ment and modernization of axial turbines, contributing to further improvements in their overall efficiency.
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Bladed rotary machines have existed and been
actively utilized across various industries for over
a century [1—7]. A significant portion of their app-
lications has been concentrated in axial-type tur-
bines and turboexpanders, including steam turbi-
nes [5], gas power turbines [6], aviation gas turbine
engines (GTEs) [7, 8], transportation GTEs, and
other systems [9]. Due to accumulated experien-
ce and continuous research, effective methods
and approaches for designing axial turbines have
been developed [10—15]. Based on these approa-
ches, axial turbines of various types have been
continuously designed, manufactured, and imp-
lemented [16, 17]. Leading companies in this field,
such as General Electric, Siemens, Pratt & Whitney,
Mitsubishi, Rolls-Royce, Ukrenergomash (Turboa-
tom), and Tochenko-Progress, have achieved signi-
ficant success.

The design of a turbine is a complex multipara-
metric problem requiring consideration of nume-
rous factors, including efficiency, lifespan, cost,
mass and dimensional characteristics, and others
[17]. One of the key aspects that receives signifi-
cant attention in turbine design is gas-dynamic
efficiency [18]. Ultimately, the gas-dynamic effi-
ciency of turbines is determined by the irrever-
sible losses of kinetic energy in the actual flow
process compared to the ideal, usually isentropic,
process [19].

Modern design methodologies and manufactu-
ring technologies have enabled the creation of axial
turbines with sufficiently high gas-dynamic effi-
ciency [20—23]. It has become almost standard
for new turbines to exhibit kinetic energy losses of
less than 10% under nominal operating conditi-
ons, and in some cases, significantly lower [24—28].
Despite this progress, the pursuit of further gas-
dynamic improvements in axial turbines has remai-
ned highly relevant and continues to be an active
area of research [29—33]. This raises the critical
question about the realistically achievable mini-
mum kinetic energy loss in an axial turbine under
given operating conditions.

Kinetic energy losses can be categorized as pro-
file losses, trailing edge losses, tip leakage losses,
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secondary flow losses, wave losses, unsteady flow
losses, separation and vortex losses, among others
[25]. This classification remains somewhat condi-
tional, as different types of losses are often inter-
related, complicating the analysis of individual
contributing factors [29]. This study presents re-
search findings aimed at identifying the correla-
tions between various influencing factors and los-
ses, as well as estimating the practically attainable
minimum kinetic energy loss in an axial turbine
stage, without accounting for the spatial struc-
ture of the flow. The research has been conducted
using advanced numerical methods for gas-dy-
namic calculations and turbine flow path design.
To artificially eliminate the impact of three-di-
mensional flow effects, the study has considered
simplified two-dimensional turbine stage geome-
tries, replacing blades with profile cascades. To re-
fine the research scope, turbine stages have been
designed in accordance with long-standing global
expertise and established turbomachinery design
recommendations, including the experience of the
authors [34—41].

The numerical investigation of three-dimen-
sional steam flow and the design of the flow path
of a steam turbine have been conducted using the
IPMFlow software package, which has been
developed as an extension of the FlowER and
FlowER-U programs [37]. The mathematical mo-
del implemented in this package is based on the nu-
merical integration of Reynolds-averaged unsteady
Navier-Stokes equations using an implicit, quasi-
monotonic ENO scheme of enhanced accuracy
and the two-parameter differential SST turbulen-
ce model by Menter [39]. To account for the real
thermodynamic properties of the working fluid, an
interpolation-analytical method has been applied
for approximating complex equations of state,
using the TAPWS-95 formulation and modified
Benedict-Webb-Rubin equations [34, 38]. Com-
putational results obtained using the IPMFlow
software package have demonstrated the neces-
sary reliability in both the qualitative flow struc-
ture and the quantitative assessment of characte-
ristics for isolated turbine cascades and the flow
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paths of turbomachinery as a whole [36]. To ac-
celerate computation time, an original parallel
computing technology has been integrated into
the IPMFlow package [41].

The spatial configuration of the blade row in
an axial flow path has been developed using the
analytical profiling method [37, 40, 41], in which
the blade shape is defined by an arbitrary set of
planar profiles described by fourth- and fifth-
order curves. A limited set of parameterized valu-
es has been used as input data, most of which are
widely accepted in turbine engineering, inclu-
ding profile width, number of blades, inlet flow
angle, and effective outlet angle from the cascade.
This method enables the rapid generation of
complete spatial configurations for a wide range
of axial turbine flow paths, making it a highly ef-
fective and convenient tool for solving gas-dy-
namic design and optimization problems in tur-
bomachinery.

The study has focused on two of the most com-
mon axial turbine stage configurations — active
and reactive types. These stages have been mode-
led using planar profile cascades to eliminate the
influence of spatial effects on gas-dynamic cha-
racteristics, such as tip leakage losses, secondary
flows, and blade row divergence. The dimension-
less parameter u/c,, (where u is the circumferen-
tial velocity of the rotor cascade, and ¢, is the
conditional velocity of thermal drop across the
stage) has been maintained at values of 0.5 and
0.7. The reactivity coefficient has been set to ran-
ge within 0.1—0.2, for the active stages, and wi-
thin 0.5—0.6, for the reactive stages, while ensu-
ring that the exit flow direction remains close to
axial. The study has examined the impact of the
effective stator angle o, (in absolute motion) and
the dimensionless parameters Re, (Reynolds num-
ber at the stage outlet) and A, (dimensionless
conditional velocity of thermal drop across the
stage) on the gas-dynamic characteristics of the
turbine stages. To this end, the following consi-
derations on the variables have been made:
o0, is equal to 71°, 74°, 77° and 80° (measured

from the axial direction);

ISSN 2409-9066. Sci. innov. 2025. 21(2)

« the circumferential velocity of the rotor casca-
de u, with five values taken for both active and
reactive stages;

¢ Three options of P, (the total pressure of the
stagnated flow at the stage inlet);

& Three options of b_(the axial width of the rotor
cascade). y
The total temperature of the stagnated flow at

the inlet, 7" has been kept constant, while the
static pressure at the outlet has been set to ensure
the required u/c,. Using formulas (1)—(3), the
values of the parameters under investigation have
been computed to analyze their impact on stage
characteristics.

Cou =21~z ), (1)
C C
Ao =20t ot (2)
%0 \JyRT,
Reex=(ﬂJ . (3)
“’ ex

where £ is the enthalpy of the stagnated flow at
the stage inlet, /_,_is the isentropic enthalpy at
the stage outlet, a,, is the velocity based on the
stage inlet parameters, y is the adiabatic index for
an isentropic process, R is the gas constant, p is
the density, p is the dynamic viscosity, and C is
the absolute flow velocity.

For each computational point, a new stage de-
sign for the profile cascades has been developed.
The stages have been created following the prin-
ciple of “rational” design using proprietary me-
thods described earlier. Gas-dynamic calculations
have been performed on a structured grid with
approximately 15,000 cells. The dimensionless pa-
rameter y+ near solid surfaces has not excee-
ded 5. To simplify the study, the authors have
used the thermal equation of state for an ideal gas
P = RpT |42, 43], with superheated steam as the
working media characterized by the constants
R =387 J/(kg- K) and y = 1.3. The shape of the
profile stage flow part, which under specific con-
ditions exhibits gas-dynamic efficiency close to
optimal, has been selected based on the principle
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Fig. 1. Static pressure isolines at a,, ;= 71°: a — reactive profile stage; b — active profile stage

of “rational” design. This approach does not rely
on classical optimization methods [3, 5, 14] but is
instead grounded in expert experience and varia-
tional calculations. Stage calculations have been
conducted in a quasi-stationary formulation [44],
where gas-dynamic parameters at the interface
boundaries of the stator and rotor computational
domains have been circumferentially averaged
and subsequently applied as boundary conditions
for the adjacent cascade.

Figures 1—2 provide an example visualization
of static pressure isolines for four computational
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points of profile cascade stages at u/c,, equal to
0.7 and 0.5 (reactive and active stages, respecti-
vely) and @, of 71° and 80°.

The presented static pressure distribution iso-
lines are characteristic of reactive and active-
type stages. In reactive stages, the flow exhibits
a converging pattern in both the stator and ro-
tor (Fig. 1, a, Fig. 2, a). Under these conditions,
the flow accelerates while the static pressure de-
creases. Inactive-typestages (Fig. 1, b, Fig. 2, b),
the flow remains converging only within the sta-
tor grid. In the rotor grid, the flow undergoes
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Fig. 2. Static pressure isolines at a,,, = 80° a — reactive profile stage; b — active profile stage

minimal acceleration, and the reduction in sta-
tic pressure is significantly smaller compared to
the stator. Generally, under identical conditi-
ons, reactive profile stages have exhibited gre-
ater aerodynamic efficiency than active ones
[7,13].

Figure 3 shows the dependences kinetic energy
losses & in the stages on ¢, at various o, and
u/c,. All the presented results have been calcu-
lated at identical values of P, . The kinetic energy
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losses in the stage are determined by the follo-
wing formula:

£ =T 1000 (4)
in iz ex
where £, is the enthalpy at the stage outlet.

The presented results have indicated that for
all configurations of active and reactive stages
and values of o, , the dependence patterns of ki-
netic energy losses & are similar. Within the con-
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Fig. 3. Kinetic energy losses in a stage as a function of ¢,

Fig. 4. Triangles of velocities

sidered ranges, these dependencies exhibit nearly
smooth curves with a single minimum. For the de-
pendencies on ¢, (Fig. 3), at identical o, , the ki-
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netic energy losses in the reactive stages are lower
across almost the entire range as compared with
the active stages. Additionally, for all stages, as a.,,,
decreases, so do the kinetic energy losses. Among
all the analyzed configurations, the lowest losses
have been achieved for the reactive stage with the
smallest o, = 71°.

As previously mentioned, under equal condi-
tions, the higher efficiency of reactive stages has
been well-documented [7, 13, 20] and isexplained
by a more uniform load distribution between the
stator and the rotor, resulting in a convergent flow
character in both components.

The reduction in the kinetic energy losses with
decreasing a.,, p in the authors’ opinion, is attribu-
ted to two primary reasons. First, as a,, decreases,
so does the angle B,,, (the effective rotor angle in
relative motion) in absolute value. This is clearly
visible when comparing the rotor grid shapes bet-
ween the configurations in Figs. 1, a and 2, a (reac-
tive stages) and Fig. 1, b and 2, b (active stages).
Thus, as the angles o, and B, decrease, and so
do the flow turning angles, which reduces shear
between the flow layers and, consequently, lowers
kinetic energy losses.
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Fig. 5. Kinetic energy losses in stage as function of

The second reason is related to the fact that,
under other equal conditions, as the angles o,
and B, decrease, the mean flow velocity in abso-
lute motlon within the stator C and in the mo-
ving coordinate system within the rotor Wincre-
ases. This can be explained by the need to maintain
approximately equal circumferential velocities in
absolute motion within the stator C  and in the
moving coordinate system within the rotor W ,,
regardless of a,, and B, , to ensure the same ther—
mal drop across the stage (the same ¢,, values). The
analysis of the velocity trlangles (F1g 4) has
shown that at the constant circumferential veloci-
ties C, and W ,, the total velocities C and W in-
crease as a, and B,,, decrease, and vice versa. As C
and W grow, the Reynolds numbers increase, which
leads to a reduction in the thickness of the boun-
dary layers and in the kinetic energy dissipation.

Figure 3 also demonstrates that in the initial
part of all dependencies, an increase in ¢, leads to
a decrease in kinetic energy losses. However, after
reaching a minimum, the losses begin to increase.
Notably, the position of this minimum remains
approximately the same across all considered ca-
ses with respect to c,,.
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The reduction in kinetic energy losses with in-
creasing c,, can be attributed to the corresponding
increase in flow velocities within the rotor and
stator cascades. As previously mentioned, this re-
sults in higher Reynolds numbers, which cont-
ribute to a reduction in the boundary layer thick-
ness and, consequently, to a lower energy dis-
sipation.

The minimum in the kinetic energy losses at a
certain value of ¢, followed by an increase in &,
as c,, continues to grow, can be explained by ana-
lyzing the dependencies presented in Fig. 5. In
this case, instead of examining the dependence on
c,» the relationship is expressed in terms of the
parameter A . As evident from Figs 3 and 5, the
trends in both dependencies appear identical.

The minimum values of kinetic energy losses
approximately coincide with A, = 1. This indica-
tes that at A,>1, the flow reaches supersonic
velocities, which leads to the emergence of so-
called “wave” losses [29, 42, 43]. This contributes
to an overall increase in the kinetic energy losses.
As ), continues to increase, the wave losses beco-
me even more pronounced, further intensifying
the kinetic energy losses in the flow.
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Fig. 6. Kinetic energy losses in the stage as function of u

As previously mentioned, within the analy-
zed ranges, for the reactive stage, the global mini-
mum of kinetic energy losses has been achieved at

u/c,=0,7,a,,=71° %, = 1. Furthermore, having
analyzed F1g 3 we suggest that the thermal drop
assigned to the stage (determined by c,,) can be
most efficiently utilized by the reactive stage (at
u/c,,=0,7) To maintain u/c, = 0,7 at a given ¢, it
is necessary to ensure an appropriate rotor grid ve-
locity . However, it should be noted that achieving
the required (high) values of u is often constrained
due to various factors. Figure 6, similar to Figs. 3
and 5, presents the dependencies of kinetic energy
losses & in the stages on u for various o, and u/c,.

The presented results indicate that there is a
velocity range for u (at lower values) in which ac-
tive stages have proven to be more efficient. Fur-
thermore, active stages allow for a greater ther-
mal drop to be utilized at fixed values of u com-
pared to reactive stages. This enables the design
of multistage turbines with a reduced number of
stages, which is advantageous in terms of mass,
dimensional, and cost characteristics.

As previously mentioned, Reynolds numbers inf-
luence kinetic energy losses. Figure 7 illustrates
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the dependencies of kinetic energy losses on Rey-
nolds numbers, based on the flow parameters at
the stage outlet (Re, ).

The dependencies for active and reactive stages
with a,, ;= 71°, which has demonstrated the hig-
hest efficiency, have been presented. To investigate
a broader range of Reynolds number variations, in
addition to the baseline total inlet pressure P, (P,),
two additional pressure levels, P, and P,, have
been considered. Similarly, besides the baseline
characteristic width of the rotor cascade b, two
additional sizes, b , and b ,, have been analyzed.
The relationships between these variations are as
follows: b, <b ,<b  and P/ <P, <P,

The presented results clearly 1nd1cate that for-
similar configurations with identical values of @, ,
u/c, and ¢, kinetic energy losses decrease as the
Reynolds number Re,_increases. Additionally,
Fig. 7 shows two curves that pass through the mi-
nimum points of kinetic energy losses for reactive
and active stages, respectively. It can be stated
with high confidence that these curves coincide
with the isolines of A, = 1. Similarly, other iso-
lines corresponding to different values of A, can
be identified.
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Fig. 7. Kinetic energy losses in the stage as function of Re,

Theoretically, the minimum kinetic energy los-
ses should approach zero. However, achieving such
a result in practice is impossible. Given that the
profile stages for each considered operating point
have been designed based on the “rational” de-
sign principle described earlier, the isolines of the
curves at A, = 1 represent the minimum achie-
vable kinetic energy losses for the corresponding
Reynolds numbers of reactive and active stages.
The authors believe that these results have been
obtained for the first time globally.

Similar to the isolines of A, = 1, it is possible to
construct isolines for other values of A Ta o, in
the context of kinetic energy loss dependencies.
The diagrams obtained in this manner could serve
as a comprehensive data set for designing profile
cascade stages across a broad range of operating
parameters for real flow parts in axial turbines.

Up to this point, the analysis has focused on
the influence of operating parameters on kinetic
energy losses in profile stages. Indeed, this is one
of the primary characteristics determining the
energy efficiency of a stage. For “internal” stages,
meaning those followed directly by additional
stages, efficiency considerations can be primarily
based on this parameter. However, the situation
differs when considering the final stages of a flow

ISSN 2409-9066. Sci. innov. 2025. 21(2)

part — whether within a turbine cylinder or the
entire turbine itself. In such cases, the overall ef-
ficiency of both the stage and the turbine is sig-
nificantly affected by outlet velocity losses:

e - Gal2
h. —h

in iz ex

-100%, 5)

where ¢ _is the kinetic energy losses due to outlet
velocity; C, represents the absolute velocity of
the flow at the stage outlet.

Indeed, in the last stages, the kinetic energy of
the exiting flow is lost, whereas in the internal
stages, this energy is transferred to the subse-
quent stages. Therefore, for the last stages, it is
necessary to reduce the outlet velocity of the flow,
using total kinetic energy losses as the efficiency
criterion:

E-’stz asL + aov’

where &' is the total kinetic energy losses.
Figures 8—10, similarly to Figs. 3, 5, and 6, show
the total kinetic energy losses in various stages as
function of ¢, A, and w.
The presented results have indicated that, un-
like the losses calculated without considering out-
let velocity losses, the gas-dynamic efficiency is

higher in stages with a greater o, Among the
81
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Fig. 9. Total kinetic energy losses in a stage as function of &,

studied cases, the highest gas-dynamic efficiency Using validated numerical methods for gas-
isachieved in the reactive stage at a,,, = 80°. This | dynamic analysis and design of the flow parts in
finding suggests that the design approaches for | bladed turbomachinery, a comprehensive study
internal and last stages should differ. has been conducted on the influence of opera-
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tional and geometric characteristics on the effi-
ciency of blade row stages in axial turbines.

For each of the analyzed operating points, de-
fined by specific operational and geometric para-
meters, blade row stages have been designed ba-
sed on the principle of “rational” design, ensuring
that their gas-dynamic efficiency is close to the
theoretical maximum.

As a result of this study, the following new
findings and patterns have been identified:

1. The kinetic energy losses in the stages reach
their minimum for all cases at &, = 1. These losses
decrease as A, increases from 0 to 1 due to the
increase in flow velocity and, consequently, the
Reynolds number. However, when %, exceeds 1,
kinetic energy losses begin to rise due to wave-
induced losses (flow wave crisis).

2. In general, the reactive blade rows (u/c,, = 0.7)
tend to achieve lower kinetic energy losses as
compared with the active blade rows (u/c, = 0.5).
However, in many cases, due to the inability to
meet the required operating conditions — parti-
cularly the high circumferential velocity u (excee-
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ding 290—310 m/s) — active blade rows (u/c,, =
= 0.5) may exhibit lower kinetic energy losses.

3. A decrease in a,,, leads to a reduction in ki-
netic energy losses in both active and reactive
stages (for both values of u/c,). This effect is att-
ributed to the reduced flow turning angle within
the turning blade rows.

4. For the first time, dependencies of the mini-
mum achievable kinetic energy losses for the cor-
responding Reynolds numbers of the reactive and
active blade rows in axial stages have been ob-
tained. As the Reynolds number increases, these
losses in the stages decrease. At Re > 107, a region
with properties close to self-similarity begins.

5. The kinetic energy losses associated with
the exit velocity are lower for the reactive stages
(u/c, = 0.7). They decrease as o, increases and
the theoretical thermal drop ¢, goes down.

6. The operating and other stage characteris-
tics (u/c,, ¢, ., etc.) affect the kinetic energy
losses and outlet velocity losses in a different way.
Therefore, the minimum (or near-minimum) total
losses in the blade row stages are achieved when
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there is maintained an optimal (rational) balance
between the kinetic energy losses and the outlet
velocity losses.

7. The last blade row stages should be designed
to minimize the total kinetic energy losses, whe-
reas the internal stages should focus solely on mi-
nimizing the kinetic energy losses.

8. When designing real (three-dimensional) sta-
ges, it is necessary to account for additional types
of losses, such as the end losses (caused by secon-
dary flows), the losses due to flow non-uniformi-
ty, and others.

The further research aims to develop diagrams
representing the dependencies of kinetic energy
losses in blade row stages on ., Re, i} The-
se diagrams will serve as a foundational dataset
(a first approximation) for designing blade row
stages across a wide range of operating conditions
in real axial turbine flow parts.

This research was conducted with the support
of the program R&D in the Priority Area of Heat,
Electric, and Nuclear Energy Technologies for En-
suring Ukraine’s Energy Security for 2023—2024.
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AHAJII3 BINIMBY PEJKMUMHIX I TEOMETPUYHINX XAPAKTEPUCTUK
HA EOEKTUBHICTD PEHIITOK [TPO®LIIB CTYIIEHIB OCbOBUX TYPBIH

Beryn. JlonaTkoBi poTOPHI MallMHU iCHYIOTH i aKTUBHO BUKOPUCTOBYIOTBCS Y PI3HUX TAMy35X IMOHAJ[ CTO POKiB, 30KpeMa i
y TypOinax i TypboeTanepax 0CbOBOIO TUILY: IAPOBI Ta ra30Bi eHepreTuyHi TypOinu, aBianiiini razoTypOiHHi ABUIYHH TOLIO.

IIpoGaematuka. CyyacHi METOAM MPOEKTYBAHHSA 1 TEXHOJIOTI] BUPOOHUIITBA 03BOJISIOT CTBOPIOBATH OCbOBI TYpOiHM 3
JIOCTaTHBO BMCOKOIO Ia30/IMHAMIUuHOI0 e(heKTUBHICTIO, SIKa BUSHAYAETHCS HE3BOPOTHUMU BTPATaAMU KiHETUYHOI eHeprii 1o-
TOKY B peasIbHOMY IIpoIieci IIOPiBHSIHO 3 iieaJIbHUM IIPoIiecoM, 3a3Buyail, isoeHTponHuM. Ha cporozai ctasno maiixxe HOpMOIO
Te, 1[0 B HOBUX TYPOiHAX HA HOMIHAJIBHUX PeKUMaX poOOTU BTPATU KiHeTHUYHOI eHeprii Huskyi 3a 10 %. AkTyanbHuM € Bera-
HOBJIEHHS BEJIMYMHU PeaibHOr0, MiHIMAJIbHOTO 3HAYEHHS BTPAT KiIHETUYHOI €HepTil, SIKOro MOKHA JIOCATTH B OCOBI Typ6i-
Hi JUIST BIITOBIIHIX YMOB pO6GOTH.

Merta. /locaipkenis BIVIMBY PEKUMHUX 1 TEOMETPUYHUX XapaKTEPUCTUK — e(DEeKTUBHUIT KyT cTaTopa, yncaa Peiinomnb-
ca it 6e3p0o3MipHOI YMOBHOI IIBUAKOCTI TEIJIOBOTO MEPerajly Ha CTYIeH], Ha e(heKTUBHICTh AKTUBHUX | PEAKTUBHUX CTYTICHIB
peliTok 1mpodinis 0cboBUX TYPOiH.

Marepiaum it MeToau. 3aCTOCOBAHO CydacHi YMCEIbHI METOAN PO3PAXYHKY i MPOEKTYBaHHA IIPOTOYHUX YACTUH TYPOO-
MaIIH, Peari3oBaHuX y BUTJISAII MporpaMHoro komiiekcy IPMFlow.

Peayapratu. OTpriMano HU3KY HOBUX Pe3YJIbTATiB i 3aKOHOMIPHOCTEI Mi/IBUIIIEHHS Ta30IMHaAMIuHO0] epeKTUBHOCTI CTY-
MIEHIB PerriToK MPOoiaiB 0choBUX TYPOiH. [IJIsT KOKHOT 3 PO3TIIAHYTHX TOYOK i3 3aJaHUMU PEKUMHUMH i T€OMETPUIHUMHI
napamerpaMu po3po0JIeHO 3a NPUHIIUIIOM <«PalllOHATIBHOTO» MPOEKTYBAHHS CTYIIEHI PemnTok mpodiiis, razoauHaMiuHa
epeKTUBHICTD AKMX OJM3bKa 10 MAKCUMAIBHO MOKAnBOI. [Tokasamno, mo npu uncaax Peitnonbaca Giapmmx 3a 5 % 106, 3na-
YEHHsI BTPAT KIHETUYHOI €HEPril y CTYIEHsIX PEliToK npoduIie MOKyTh OyTu HIsKYnMU 2 %.

BucHoBKH. 3a pesy/sraTaMi JOCIiIKeHb OTPUMAaHO HU3KY HOBUX PE3YJIbTaTiB i 3aKOHOMIPHOCTEH, sIKi MOKYTh Oy TH 3a-
CTOCOBaHI IMPU MPOEKTYBAHHI I MOZIEpHi3allil 0COBUX TYPOiH 3 METOIO MiABUIIEHHS IXHBOT e(eKTUBHOCTI.

Kmouosi crosa: MeTou IpOEKTYBAHHS, ra30inHaMiuHa e(DEKTUBHICTD, IIPOTOYHA YACTUHA TYPOIHU, AKTUBHUHN CTYIIIHb, peaK-
TUBHUHN CTYIiHb.
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