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DESIGNING OF NON-CIRCULAR AIR INTAKES
FOR SUBSONIC GAS-TURBINE ENGINES

The subject matter of the article is the process of subsonic air intake shaping for gas-turbine engines at the
airplane preliminarily design stage. The goal is to develop a mathematical model for non-circular air intake
shaping for gas-turbine engines on the base of V. I. Polikovskii method of subsonic air intake shaping for high-
bypass ratio turbofan. The tasks to be solved are: to consider the possibility of non-circular shape of the exter-
nal outline of the engine nacelle; to take into account the possibility of non-circular shape of the internal air
intake duct (in the first approximation, the shape of internal air intake duct cross-section is defined in the form
of a rectangular with possible four different radiuses in its corners); to consider the engine inlet spinner pres-
ence. The methods used are: analytical and digital mathematical methods, implemented in MathCAD and Mi-
crosoft Visual Studio systems. The following results were obtained: On the base of the proposed method, new
calculation module for the Power Unit software version 11.8 has been developed (C-language Win32
UNICODE application) having a friendly user interface. Conclusions. The scientific novelty of the results ob-
tained is as follows: 1) mathematical model (algorithm and its program implementation) for non-circular air
intake shaping for gas-turbine engines has been developed considering non-circular shape of the external out-
line of the engine nacelle, non-circular shape of the air intake duct internal outline, presence of engine inlet
spinner, and zero expansion angle in the diffuser outlet cross-section; 2) adequacy of calculation results by the
developed mathematical model is shown by means of comparison with the shape of real air intake, developed
by the Antonov Company. For the following improvement of the mathematical model, it is desirable to add the
possibility of considering S-shape of the air intake duct, defining its length from designer’s considerations, de-
fining a bigger radius of curvature of the air intake lip, and considering the presence of boundary layer bleed-
ing devices in front of the air intake.

Keywords: air intake; gas-turbine engine; air intake shaping; constant length velocity gradient; air flow; pre-
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Introduction

Air intake shaping is an important stage of power
plant designing of almost any airplane. The shaping is
done repeatedly: they vary flight mode and some de-
signing parameters (including the power plant arrange-
ment) with the goal to find the most effective version;
when initial data are corrected in the process of the pro-
ject development and additional experimental investiga-
tion performing. In addition, an air intake operation is
analyzed at various flight modes, under various angles-
of-attack and angles-of-sideslip, and also in emergency
and off-normal situations. The iterations are extremely
numerous at the preliminarily designing stage. Thus,
development of simple, rather exact and quick-
implemented calculation method for conditions of lim-
ited initial data, which allows to reduce expenses of
time and intellectual assets to perform an air intake pre-
liminarily design for a future airplane, is complicated
and rather actual problem. The same method provides
exactness enough to perform term and diploma projects.

Method of V. I. Polikovskii [1] for turbojet engine
air intake shaping is widely known. With small im-
provements it was used in the past [2] and it has been

used nowadays [3] at least in education process. On the
base of this method, the author has even developed al-
gorithm of shaping of annular air intakes for turboprop
engines [4]. In publication [5], modern approach to op-
timization of air intake lips is shown; and in article [6],
optimization of their interaction with engine nacelle and
pylon on the base of flow digital 3D gas-dynamic analy-
sis. But all these publications are devoted to subsonic air
intakes of circular or close to circular cross-section.

In the same time, there are a lot of air intakes of
non-circular or circular, but non-axisymmetric cross-
section, which are arranged above, under or sideways to
fuselage or engine nacelle. In publication [7], complica-
tion and contradictoriness of the requirements to these
air intakes are shown.

Publication [8] contains interesting comparison of
calculation for non-axisymmetric air intakes by one-
dimensional and three-dimensional theory; but only
small air intakes for environmental control system are
considered in the article. In the publication [9], digital
and experimental optimization of S-shaped air intake for
unmanned air vehicle is given. Publication [10] consid-
ers defining of the center line for these air intakes in the
form of a polynomial, and in the publication [11]
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S-shaped air intakes are compared with axisymmetric
ones.

Thus, known publications considering non-
axisymmetric air intakes do not contain convenient en-
gineering algorithm for these air intake designing, that
requires definite changes in design model and algorithm
of designing in comparison with the base one.

1. Problem Statement

We will understand the term «non-axisymmetric
air intake» as: firstly, air intakes of non-circular cross-
section; and secondly, air intakes with curvilinear axis
(of both circular, and non-circular cross-section). These
air intakes are rather often used as dorsal, side, and ven-
tral ones. Of course, to analyze their flow in the exact
statement, it is necessary to consider flow around fuse-
lage or wing surface, located in front of the air intake,
that is only possible by methods of digital simulation
using heavy CAD/CAE systems.

In addition, real designing of air intakes is per-
formed basing on application of digital methods for
solving of gas-dynamic equations taking into account
gas compressibility, its viscosity, and three-dimensional
gas flow. External outlines and shape of inner duct are
optimized from the condition of getting maximal effec-
tive thrust of power plant at specified degree of flow
regularity at the engine inlet. These shaping should pro-
vide not only minimal external drag at Mach numbers
less than critical one, but also high value of the critical
Mach number; which corresponds to appearance of su-
personic flow zones, closed by shocks, and leading to
wave drag appearance on the outer surface of engine
nacelle.

But at the initial stages of designing, this approach
is too labor-consuming. Thus, the goal of the publica-
tion is development of rather simple algorithm of non-
circular air intake designing for gas-turbine engines on
the base of known method V. I. Polikovskii, so that the
flow around the designed air intake can be further simu-
lated and its shape can be corrected.

Initial data for an air intake shaping are: the de-
signing flight speed vy and flight altitude H, the en-

gine diameter by the compressor D, and the air mass
flow G, at the designing flight mode.

During shaping of a gas-turbine engine subsonic
air intake, four problems should be solved: the inlet area
determination; air intake lip shaping; the external out-
lines shaping; and internal outlines shaping.

The inlet cross-section area, m?, is determined by
known formula

where v, —is the air speed in the air intake inlet cross-
section, m/s; p.om — IS the air density in the air intake

inlet cross-section taking into account compressibility,
kg/m?:

1/(k-1)
k=1 2 -2
pcom:pH|:1+TMH(l_Ve):l =

=pH[1+O.2M2H (1—?2)]2'5.

Here py — is the air density at flight altitude,
kg/m® (when there are no more exact date, it is taken
from GOST 4401-81 «Standard atmosphere. Parame-
ters», 1SO 2533:1975 “Standard Atmosphere”);
k=1.4 — is the adiabatic exponent; v, =v./vyg — is
the relative speed in the inlet cross-section, v, =0.2...1
[1, 2].

2. Air Intake Lip Shaping

To avoid flow separation at air intake lip stream-
lining under angle-of-attack or angle-of-sideslip, flow
acceleration is performed in the inlet section. For this
purpose, the area of minimal cross-section is assumed a
little bit lower than the inlet area [1, 2];

F2 = Fmin = k4 Fe f k4 = 0809 .

Let us assume in the first approximation, that the
shape of the air intake duct cross-section is rectangular
one with fillets in corners. It allows simulating of wide
range of non-axisymmetric air intakes, shown in
Fig. 1, a. Fig. 1, b shows shapes, which cannot be de-
fined in this manner, that is a limitation of the model.

For round air intake, diameters of inlet and mini-
mal cross-sections, and also affluence angle B uniquely

determine the radius of inner fillet of air intake lip (Ry).

But for air intake of rectangular shape with specified
radiuses of fillets in its inlet cross-section corners

(Rgj), it can happen so, that the radiuses of fillets in
minimal cross-section corners (R ,,;n; ) (which are equal

to radiuses of fillets in the inlet cross-section corners
minus the radius of inner fillet of the air intake lip
Romini =Re;j —Ry) are negative. Thus, the problem

should be solved in a reverse order: initially we define
parameters of the minimal cross-section (height H,,;, ,

width B,,;, and radiuses of fillets in corners R i),

and only further we can calculate parameters of the inlet
cross-section (height H., width B, and radiuses of

fillets in corners R;).
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Fig. 1. Possible air intake shapes in front view

Depending on the utilization of boundary layer
bleeding from the surface adjacent to a fuselage, we will
consider the following versions of air intakes (Fig. 2).
Let us assume the following designations: n; —is a flag

of the fillet presence (R,;,; and Rg;) in the specific
corner (which is equal to unit when there is a fillet or is
equal to zero then there is no fillet); ny =nj+n, —is
the fillets (R;) by height;
ng =max{(ng +n, );(n, +n3)} — is the number of fil-
lets (R;) by width.

From the elementary geometry, area of a rectangle
with fillets in corners is equal to:

number  of

3
T 2
I:min = I_lmianin _(1_Z]ZRmini :
i=0

n,=1 1 n,=1
0 (D - /Rl/_
1{minl
Re2

n3: 3 n2: \\

e| [min

n;=2 np=2
a n,=0 n,=1
n,;=0 n,=1
n;=2 np=1

d

Nor, parameters of the minimal cross-section can
be calculated (assuming all R,,;,; are defined). As at
this step of the algorithm, we know only the area of
minimal cross-section, it is reasonable to specify the
ratio kgmin =Bmin/Hmin » by which sought height
(H,yin ) and width (B,,;, ) can be calculated:

3
T 2
Fmin "{1_4)2 Rimini
i=0

Himin = :
KB min
Binin = kBminHmin -
n,=0 n,=1 n,=0 n,=0
n,;=0 n,=0 n,;=0 n,=1
n;=1 np=1 n;=1 np=1
b v
n,=0 n,=0 n,= n,=1
n;= n,= n,;=0 n,=0
n;=1 np=2 n;=1 np=2
e f

Fig. 2. Determining parameters of minimal and inlet cross-sections
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In the same time, the height or width of minimal
cross-section can be limited by designer’s considera-
tions, therefore it is necessary to foresee a possibility of
direct defining of the height (H,,;, ) or width (B,,;,) of

the minimal cross-section:

min

Fuin+{1- ]szml

min — '

Hmin

Fuin +{1- jszml

B

H. .. =

min

min

In case of round cross-section, all its radiuses of
fillets are equal to:

At this stage, it is necessary to take into account
limitations of the design model:

Rinino *Rmin1 £Bmin:  Rmino *Rmins <H

min »

Rimin2 *Rmin3 <Bmin:  Rmint +Rmin2 <Hmin-

Now, to calculate radius of the inner fillet of the
air intake lip (Ry), we get the following quadratic equa-

tion:

= (Hpin +ngR )x

F, =H.B +(——1jin

i=0

X(Bmin +nBR1)+(§—IJZni (anml +R1)2
i=0

or

—b++D

aR? +bR;+c=0; D=b?—4ac; (Ry), = :
’ a

. 3
a=nygng —(l—zjzni ;
i=0

where
. 3
b:nBHmin+nHBm]‘n_(2_§jzniRmini )
i=0

¢=HyinBmin —

(1—-)211 R2...

Practically, it is necessary to use the second (posi-
tive) root R; =(R;), .

Only now, parameters of the inlet cross-section can
be calculated:

Rei = Ronini +Ryi i ;
Be :Bmin+nBR1; I‘Ie :Hmin +HHR1 .
Thus, in case of boundary layer bleeding presence
the center of the inlet cross-section is shifted relatively
the center of the minimal cross-section vertically and
horizontally as follows:

0, ny =2; 0, ng =2;
Ay=4R;/2, n,=0; Az=<R;/2, ny+n3>0;
—R1/2,n2:1; —R1/2,n0+n3:0.

3. Shaping of External Outlines

External outlines are shaped by means of compro-
mise satisfaction of two conditions simultaneously: low
external drag and low internal pressure losses. Thus in
addition to the outline smoothness, it is necessary to get
as big as possible radius of curvature in mid-section and
smooth increase in the radius of curvature along the
shell length [1, 2].

There are a lot of analytical dependencies satisfy-
ing these conditions. Elliptical outlines are used in
V. I. Polikovskii method, which practically proof their
good performances for flight Mach number not exceed-
ing 0.75..0.85. In this case, the design is started with
the «skeletal» line in the form of ellipse. Further, an
external outline is put aside normally from this «skele-
tal» line in the form of ellipse too (Fig. 3).

Affluence angle B defines the compromise posi-

tion of the «skeletal» line satisfying the two conditions
simultaneously (low external drag and low internal

pressure losses):
1
kg [—-1,
B= [31/\/6

where kg =26 for flat air intake. Though due to round-
ed air intake lip, the B angle can be decreased in com-
parison to the designing one by the value k3 =5...10°,
that allows to get satisfactory outlines even under low
v, and big B, or H, [1, 2].

Dimensions of the engine nacelle mid-section B,

and H,, are defined analogously to the diameter of the
base method [2]:
m =Ko Dep s kog =1.2...1.3;
H,, =koy Den, ko =1.2...1.3.
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Fig. 3. Design model of non-circular air intake

To plot the «skeletal» line, the ellipse equations
are used, which major semiaxes are equal to L, but

minor semiaxes are equal to B ,o; or Hyo;:

2 2

Y o1, (i=02);
2 2

L (BmOi/z)

2 2

Y o1, (i=13).

Ly (Hpe/2)

External outlines are shaped by the ellipses with
semiaxes Lg; and §;. The ordinates of the ellipses are

put aside normally to the «skeletal» lines

2 2
X5 Y8
2 2

L5 6

To avoid flow separation on the air intake lip at all
operational modes, it is necessary to provide outlines of
air intake inlet section smooth enough. Air intake with
following radius of curvature of air intake lip meets this
condition [1, 2]

Pimin =Kiy/Fe .

Semiaxes Lg; and 3; are determined by known
relations [1, 2]

k; >0.04..0.05 .
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>4

g =Pmin % F-010.025,

&; 5

(lower values corresponds to bigger designing Mach
numbers).

Minor semiaxes of «skeletal» line ellipse are cal-
culated by the formulas

B B H H

Buoi == 8> M =278 55
thus, it is necessary to make sure, that the obtained sem-
iaxes are not less than the halves of corresponding sizes
of the inlet cross-section, otherwise it is necessary to
increase k,g, ko Or §;.

We assume the lengths of all walls of the air intake
are the same and equal to the length of the right wall
(which we assume external wall of the engine nacelle):

2 2
4Bm02 _Be )
2B, tgf

Li=L,=

1

The major semiaxes of the «skeletal» line ellipses
are determined by the known formulas:

L:

Lg = L > (i=0;2);
\/1_(Be/2Bm0i)
L, = Li (i=1;3).

\/1 - (He/ZHmOi )2 |

When the boundary layer bleeding is used, the ad-
jacent surfaces of the engine nacelle can be assumed of
flat shape (for which
8; =Lg =Bmoi =Hmoi =Li =L =0).

Thus, the affluence angles for different walls be-
come different:

4B25-B2) .
B =arctg) —oL—¢ |, (i=0;2);
! 2B,L;

4HZ i -HZ)
B; =arctg| —™—E | (i=1;3).
! 2H,L;

4. Shaping of Internal Outlines

Variation of cross-section area of the internal out-
lines can be assumed in accordance with one of laws
considered before [3]:

9
_ F _ E
FP(X): : ) FV(X): 3 )
oL 1+ Bk
1+ 5 —-1[x Fmin
Fmin
_ F a2
Fpm( )= 3 T (X)
Fz 4
1+(2—1} (%)
lel’l
_ F d?(x
Ron(f)-— = 2
1+(—1J2(§)
)=(n-2 "+ (n-1)N1-pR" +pX;
2
TCDcon L XR)F , for Fpm(i)
F3 con mln F3)
nDcon L XR JEmin _
, fr F,(x
2F3 con mm FS) " )
D¢on 1_L—XR)} Pr X< _Leon
d(i)z Lcon L_XR ’
0, for x> Leon
L—XR

where X =x/(L—xg ) — is the coordinate, counting up-
stream from the diffuser outlet cross-section ratio to its
length;
F,(x) —is the current diffuser cross-section area;
Foin — is the area of the diffuser minimal cross-
section;

F; =ks ann/4 — is the duct cross-section area in
the outlet cross-section of the diffuser (taking into ac-
count compressor spinner);

ks =1 — is the confuser factor, which is equal to
unit, when the air intake duct is absent or short, and it is
greater than unit, when it is desirable to decrease fric-
tion losses in long air intake duct;

n=2..4 — is the power exponent, determining ap-
proximation measure of the modified functions to the
base ones (when n =2, we get the base functions);

p — is the parameter, characterizing tangent inclina-
tion angle to the internal outline generatix near the duct
outlet cross-section, taking into account engine inlet
spinner;

D.,n, — is the engine inlet spinner diameter in the
engine inlet;

L., — is the length of the engine inlet spinner;

d(x) — is the current diameter of the engine inlet
spinner.
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Dimensions of the air intake inlet cross-section are
determined by formulas, analogous to ones for dimen-
sions of the minimal cross-section. Firstly, we specify
the ratio kgy =B;/H;3 , by which sought height (Hj3)

and width (B5 ) can be calculated:

b 3 2

F3+(1—4JZR3i

H, = i=0 ’
kp3

B3 =kg3H3,

where Rj; — are the radiuses of fillets in corners of the

outlet cross-section.

In the same time, the height or the width of the
outlet cross-section can be limited by designer’s consid-
erations, therefore it is necessary to foresee a possibility
of their direct defining:

3 3
T 2 s 2
F3 +[1—4j E R3i F3 +(1—4j E R3i
i=0 . H3 — i=0 )

B;: =
: Hj B;

In case of round cross-section, all the radiuses of
fillets are equal to:

At this stage, it is also necessary to take into ac-
count limitations of the design model:

R;p+R3; <B3;  Rj30+Rj33 <Hj;

It is also necessary, to foresee a possibility of de-
fining the section of constant cross-section of length
L; <L at the air intake duct outlet.

Let us assume in the first approximation, that the
air intake duct cross-section parameters: the side ratio —
kg(x), the radiuses of fillets— R;(x), the width—

B(x), and the height — H(x), are varied by linear de-
pendencies:

L-L;—-Xxg
Rio) =R+ 20— 1),
A+ 1= |3 R2(x)
H(x)= ( 41:0 . B(x)=kg(x)H(x),

where xg =R — is the length of the air intake inlet

section with a single fillet.
Now, the air intake shape can be plotted

yw#JrAY(X): Y3=%(X)+AY(X)?
‘0 :¥+Az(x); 2y = "32(X)+Az(x),

where Ay(x) and Az(x) — are the shifts of the air intake

cross-section center relatively the minimal
section.

Cross-

5. Examples of Calculation Results

The considered method is implemented by Ruslan
Yu. Tsukanov in calculation module of the Power
Unit 11.8 software. The air intake shape is delivered as
a set of arrays of meridional cross-sections, which is
convenient to plot 3D-model. Calculation results ac-
cording to this method are satisfactory conform to
shapes of real air intakes of gas-turbine engines, devel-
oped by Antonov Company (Figs 4, 5).

For example, Fig. 4, a shows calculation result for
air intake of TB3-117BMA-CBM1 engine (H=6 km,
M=0.5, G, =7.8 kag/s) with circular duct and non-

circular external outline, and air intake shape of the
An-140 airplane (Fig. 4, b). Fig. 5,a shows result of
shaping of air intake for the same engine with the duct
gradually transferring from flat cross-section into circu-
lar one and the same air intake shape of the Au-140 air-
plane (Fig. 5, b).

Apparently, a number of additional (manufacturing,
operational and other) requirements, and also results of
wind tunnel and full-scale test at various modes have
been taken into account in real air intake designing.

Conclusion

1. On the base of known method of axisymmetric
air intake shaping for turbofans, the method of non-
circular air intake shaping for gas-turbine engines (di-
rected toward application in practice of multiple calcu-
lations at an airplane preliminarily designing stage in
conditions of incomplete information) is developed.

2. Comparison of the calculation results according
to this method and real air intake shape demonstrated
satisfactory conformation; that is getting the air intake
parameters, which are capable hereafter to meet all set
of requirements, made to them. Some difference is ex-
plained by the fact, that far extensive set of require-
ments, and also results of wind tunnel and full-scale
tests have been taken into account in real air intakes.
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Fig. 4. Air intake of TB3-117BMA-CEML1 engine:
a — with circular inlet (calculation by Power Unit 11.8); b — shape (An-140) [12]

3. On the base of the proposed method, new calcu-
lation module for the Power Unit software version 11.8
has been developed (C-language Win32 UNICODE
application) having friendly user interface.

4. For the following improvement of the mathe-
matical model, it is desirable to add possibility to take
into account S-shape of the air intake duct, defining of
its length from designer’s considerations, defining big-
ger radius of curvature of the air intake lip, and also take
into account presence of boundary layer bleeding devic-
es in front of the air intake.

5. For the following improvement of the air intake
designing method, it is necessary to take into account
results of typical air intake wind tunnel tests or digital
flow simulation, to analyze an air intake operation under
the skew streamlining, and also to consider the unit op-
eration in the off-normal and emergency situations, after
that to update the software.
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MPOPITIOBAHHS HEKPYTJINX 1O3BYKOBHUX
MHMOBITPO3ABIPHUKIB I'A3OTYPBIHHUX /IBUT'YHIB

P. IO. Ilykanoe

IIpenmMeToM BUBYEHHS B CTATTi € MpoIecH NpO]iltoBaHHS HO3BYKOBHX TOBTPO3a0ipHUKIB ra30TypOiHHIX

JBUTYHIB HA €Talli €CKi3HOro MpoeKTyBaHHs JiTakiB. L1110 € po3poOka MaTeMaTHIHOI MOJeTi PO iTIOBaHHS KpPY-
TJIMX TOBITPO3abipHUKIB Ta30TypOIiHHMX ABUTYHIB Ha ocHOBI Meroaa B. I. ITomikoBcbkoro mist mpodiaroBaHHs 10-
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3BYKOBHUX MOBITP03a0ipHUKIB IBOKOHTYPHHUX TypOOpEaKTUBHHUX JABHUTYHIB. 3agadi: BpaXyBaTH MOXIIUBICTb HEKPYT-
7101 ()OpMU 30BHIIIHBOI ITOBEPXHI MOTOTOHJIONH; BPaxyBaTH MOJIMBICTH HEKPYIIIOl GOpMH KaHally HOBiTp03aoip-
HUKa (B mepioMy HaOnmkeHi popMa HOmepeyHoro nepepizy KaHally 3aJa€ThCsl y BUMIISL PSIMOKYTHHKA 3 MOMJTH-
BHMH YOTHUpPMA PI3HUMH 3aKPYIJICHHSIMH y KyTax); BpaXxyBaTH MOKJIMBICTh HasiBHOCTI BX1JTHOIO KOKa KOMIIPECOPA.
BukoprucToByBaHNMH METOAMHM €. aHAJIITHYHI Ta YMCICHHI MaTeMaTHYHI METOIH, IO peaji30BaHO B CHCTEMax
MathCAD i Microsoft Visual Studio. Otpumano HacTymHiI pe3yabTaTH. Ha OCHOBI 3aIIpONOHOBAHOTO METOAY PO3-
poOJIcHO HOBUI pO3paXyHKOBHUI MOIyJs MporpaMHoro 3adesneucHas Power Unit Bepcii 11.8 (Win32 UNICODE
3aCTOCYHOK, Hanrcanuii Ha MoBi C) 3 IpyxHiM iHTepdelicoM kopuctyBada. BuBoan. HaykoBa HOBH3Ha OTpHUMaHUX
Pe3yABTATIB CKIAAAETHCSA B HACTYITHOMY: HA OCHOBI MaTEMAaTUYHOI MOJIENI MPOoQiTIOBAaHHS BICECUMETPHYHHX TTOBIT-
Ppo3abipHHKIB TypOOpEaKTUBHHX JBHTI'YHIB PO3POOJICHO MaTeMaTH4Hy MOJIENb (AJITOPUTM 1 HOro IporpamHy peai-
3a1iio) Ui MPOQIUTIOBaHHS HEKPYIJIMX MOBITPO3a0ipHUKIB Ta30TypOIHHUX JBUTYHIB 3 ypaxyBaHHSIM HEKpyrioi ¢o-
PMH 30BHILIHBOI MTOBEPXHI MOTOTOHJIONHN, HEKPYIIIOi (opMH KaHally NMOBITpO3adipHHUKa, HAassBHOCTI BXiJHOTO KOKa
KOMITpecopa JBUI'YHa Ta HYJILOBOT'O KyTa PO3KPUTTS Y BUXiTHOMY mepepi3i audyzopy. LInsxoM nopiBHSIHHS 3 Ipo-
¢inem noBiTpo3zadipHuka, po3pobieHoro [I1 «AHTOHOBY», MOKa3aHO aJIeKBATHICTh PE3YJbTATIB PO3PAXYHKY 32 PO3-
poOJIEHOI0 MaTeMaTHYHOI MoJeutio. JIsl MonanbIioro BAOCKOHAJIEHHS MaTeMaTHYHOI Mopneni OakaHo IoAaTh
MOXIIUBICTh BpaxyBaHHs S-TIOAIOHOCTI KaHaJy MOBITpo3a0ipHHKa, 3aBJaHHS HOTrO JOBXHHU 3 KOHCTPYKTHBHHX
MIpKyBaHb, 3aBIaHHs OUIBLIOrO pajiyca KPUBH3HHM BX1JTHOI KpallKH, a TAKOXX BpaxyBaTH HasBHICTh MPUCTPOIB 3JIHU-
BaHHS MPUMEXKOBOT'0 IIapy Mepe MOBiTP0o3a0ipHUKOM.

Karou4osi cioBa: moBiTpo3abipHUK; ra30TypOiHHUI JNBUTYH; NpodiiaroBaHHS MOBITPO3a0ipHHUKA; MOCTIHHHUNA
TpaJlieHT MIBHUIKOCTI MO JIOBXKHUHI; BUTPATa MOBITPS; €CKi3HE MPOCKTYBaHHSI.
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