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THE INFLUENCE OF THE GAUSSIAN CURVATURE SIGN
OF THE COMPOUND SHELL STRUCTURE’S MIDDLE SURFACE
ON LOCAL AND OVERALL BUCKLING UNDER COMBINED LOADING

The buckling problem of an elastic compound shell structure with a variable Gaussian curvature of the middle surface, especially the
middle surface meridian curvature sign, under the action of external pressure and axial loading is considered. In continuation of the
previous research of the authors, this paper is devoted, in particular, to examining the influence of the negative Gaussian curvature
sign of one of its compartments on stability.

The solution is based on using the method of finite differences for basic stability equations of each compartment in the case when
one of them can have a negative curvature of the meridian, taking into account the discreteness of the intermediate rib location and
their rigidity from the initial curvature plane as well. The obtained solution allows visualizing the buckling modes under various com-
binations of external loading and identifying rational, according to overall buckling modes, geometric and rigidity parameters of the
system being investigated.

Keywords: buckling, shells, compound “barrel-ogive” structure, Gaussian curvature sign of the middle surface, rational design, com-
bined loading.

INTRODUCTION and space technology, and internal trends in develop-
The study of shell structures with a complex geomet- | ing the mechanics of thin-walled shell systems. The
ric shape of the middle surface for stability is dictated | selection of the effective forms of shell compartments
by the needs of modern engineering, aircraft, rocket | and reinforcing elements depends on the purpose
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of the designed structure and the nature of external
loading [10, 12].

A significant part of theoretical and experimental
studies is devoted to the composite “cylinder-cone”
type structures with zero Gaussian curvature [1, 3,
4, 12, 13]. Recently, the researchers have paid spe-
cial attention to the problems of the compound shell
structures’ stability with the positive [5—7, 14] and
the negative [2, 9, 11] Gaussian curvature. As for the
visualization of buckling modes of shell structures, a
reference should be made to [8, 11, 12, 14].

The purpose of this paper is to study the influence
of the Gaussian curvature sign of the middle surface
of the compound “barrel-ogive” shell structure on
the local and overall stability under the combined ac-
tion of uniform external pressure and axial loads with
the determination of rational rigidity characteristics
of the reinforcing ribs and visualization of the buck-
ling modes.

THE PROBLEM STATEMENT
AND RESOLVENT EQUATIONS

Following [6, 7], and adhering to the terminology
introduced in these papers, in the case of the com-
partment convexity, which corresponds to a positive
sign of the middle surface curvature, the structure is
to be referred to as a “barrel” or an “ogive”, respec-
tively. To simplify further generalizing computations,
the prefix “pseudo” (a “pseudo-ogive” or a “pseu-
do-barrel”) is added to the name of the correspond-
ing shell compartment in the case of a negative cur-
vature of the meridian.

We consider this composite shell structure with
constant thickness h, elasticity modulus E, and
Poisson’s ratio v. The class of medium-length shells
has been considered.

In the elastic region of the material deformation,
this structure is generally under the influence of ex-
ternal pressure g and axial (compressive or tensile)
force T . Moreover, the prevailing effect of the ex-
ternal pressure in relation to axial compression is
assumed, which leads to the buckling modes corre-
sponding to the formation of one half-wave in the
longitudinal direction and n waves in the circumfer-
ential one, along with this n* >>1 [14].

The coordinates along the generatrix of the cylin-
drical and conical surfaces are marked with s and s,
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respectively, the arc coordinate for the cylinder is y,
and the angular coordinate along the parallel of the
conies is ¢ . The middle surface of each shell struc-
ture’s compartment is the surface of rotation with the
following functions of a parallel circle radius in the
cross section, which is perpendicular to the axis of
rotation [5—7] :

— for the generalized barrel-shaped compartment:

r:R[1+Cbursin%J, (D

where L is the distance between the bases, R is the
compartment base radius, C,,, is the relative devia-
tion of the shell generatrix from the cylinder;

— for the generalized ogive-type compartment:

r=coso{s+C0gl1 sinM} , 2)
l1 _lo

where [, and [, are the distances along the axis Os

to smaller and larger bases, o is the cone angle at the

base, Cog is the relative deviation of the shell genera-

trix from the cone.

The restrictions on the shell parameters are at-
tained in [5—7], and the approximate values of the
main curvature radii are obtained on the basis of
equations (1) and (2):

— for the generalized barrel-shaped compartment:

(1+(1”)2)3/2 N L2

. TS
RCbmn2 sin—
L

flz =r1+(r")* = R[l +Char sin%) ,
— for the generalized ogive-type compartment:
2
R (ll - 10)

~
~

1

R =
r

b
Cogllrc2 cos asinolsinQ)

I~22 ~ctg als + Cogl1 sinQY) ,

n(s—1,)
ll _lo .

The signs of parameters C,,, and C,, determine
the Gaussian curvature sign xk = 1/ (RR,) for the mid-
dle surface of the corresponding structure compart-
ment.

In [5—7], the resolvent differential equations of
the main stress-strain state are derived as to the de-

Q=
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flection functions for each compartment:

a, (X)WL () +a, (X)W, (%) +a,(x) W, (%) +

+a, (X)W, (X)+a,(x)W,,, (X)=0, 3)
b, (x)WoIgV(x) +b,(x) Wo'g(x) +b,(x) WO;(x) +

+b,(x) Wo'g(x)+b0(x) Wog(x)=0, 4)

where x=5/L, x=s/l and the variable coeffi-
cients of equations, being as follows a,(x), i=1,4,
bj(x), j=1,4, depend on the geometric characteris-
tics of shells and external loads.

These papers also describe the specifics of applying
the finite difference method to solve equations (3),
(4), and the matrix method of the initial parameter
to take into account the discreteness of the location
of the intermediate rib, including the docking one:

W, ()= W, (0), W, =W, (0), (5

W (1)+ Gy W, (1) = W, (0),

" 6

Wo”;(l) -G, Wog(l) =W,..(0), ®)
where G; and G; are the dimensionless rigidity pa-
rameters of the ribs in the plane of the initial curva-
ture and from this plane, respectively. In this case,
the matching condition of the generalized ogive and
barrel-shaped sections is determined by the equality
of tangent angles B to the middle meridians of the
sections. Therefore, the docking rib location can be
considered locally conical. In this context, the rigid-
ity of the ribs is determined by the formulas:

* 1 * 1
G1:G1—3’G2:G2 >
cos™ B cosP
o D (ED
' Eh R

o DA EDT
2 3,2 :
EhR’(n” +1)

Here ]f”g , ] f”g are the moments of inertia under
bending the rib in the plane of the initial curvature
and, accordingly, from its plane.

In the process of studying the cylinder-cone struc-
ture, we shall follow the idea of [3, 4], where the
docking rib is broken into two parts corresponding
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to its cylindrical and conical component, and, as a
result, the rigidity is considered as

Gl G2
chl,l :7 > chl,Z = 5
¢ G 1 . .G
cone,l — 3 2 “cone2 :
2 cos’a 2 cosa

In this context, matching conditions (5) by means
of the rib are persisted, and the conditions (6) are re-
written as

W (D)4 Gy s Weg (1) = Wi, (0)+ Gy, W7, (0)

cone,2 cyl,2

W, (0) .

Wo’:g, Ok Gcone,IWog )= Wb’;r 0)+G

cyl1

In the case of the “cylinder-cone” structure, the
following formulas are taken

Wbur =W Wog = ‘/Vcone .

ANALYSIS OF NUMERICAL RESULTS

The compound shell structure has been selected for
the numerical implementation, having the follow-
ing characteristics: h =3-10°m, E=6.87-10" Pa,
v = (.32. For the generalized ogive section, one has
defined /, =1.82m , and L=2.5R has been accepted
for the barrel-shaped section. Calculations have been
carried out for the case of boundary conditions cor-
responding to the hinged support of the ends.

In [5, 7], the parameters are specified for the
equally stable “barrel-ogive” structure for the case
where [;=0.451, a=75°. They correspond to the
shell, and its ogive and barrel-shaped compartments
have approximately equal values of critical pres-
sures under the conditions of the hinged support of
the ends. Such a selection is implemented by vary-
ing the parameters of the high profile of these com-
partments. The corresponding parameter values are
Cog = 0.06258642604; C,,, = 0.137.

Equally buckling shells, in particular, are charac-
terized by a total loss of stability, both with the con-
sideration of the intermediate ribs. The mentioned
effect will be visualized below.

We will introduce the dimensionless loads such as
axial force and critical pressure for consideration:

« T q

= — , q* = — ,
Ehz qcyl
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tensile
Cb =0.28, Cog = —0.05482389235;
—— Cb =0.26, Cog = -0.03840286877;
— Cb =0.23, Cog = -0.0137713335;
——Cb =0.22, Cog = -0.005560821646; === Cb = 0.2132271924, Cog = 0;

compressing
Cb =0.29, Cog = -0.06303440404;
Cb =0.27, Cog = -0.04661338062;
Cb =0.24, Cog = -0.02198184521;

a

== Cb =0, Cog = 0.1750704374;
=== Cb = -0.05, Cog = 0.2161229962;

= Cb =-0.03, Cog = 0.1997019727;
Cb =-0.07, Cog = 0.2325440198
C

Fig. 1. Buckling loads with visualization

where

5/2
Y R
Qo =092 (EJ

is the classical value of the critical pressure for a cy-
lindrical shell [14].
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L T*

tensile  compressing
=——Cb=0.2132271924, Cog = 0; === Cb=0.2, Cog = 0.01086020191;
= Cb =0.19, Cog = 0.01907071362; = = = Cb = 0.17, Cog = 0.0354917372;
= == Cb =0.15, Cog = 0.05191276076; = Cb = 0.137, Cog = 0.06258642604;
—— Cb =0.122, Cog = 0.07654429605; Cb = 0.1, Cog = 0.09296531962;

b

COMPARATIVE ANALYSIS FOR

THE EFFECTIVENESS OF COMPOUND STRUCTURES
WITH COMPARTMENTS HAVING DIFFERENT
CURVATURE SIGNS OF THE MIDDLE SURFACES

Figure 1 shows the dependency graphs of the criti-
cal pressure ¢~ from the axial (compressive or tensile)
force T for the shells with different values of rela-
tive deviations from the cylinder C,,, and the barrel
C,, . In all cases, the structure is reinforced with a
docking rib with the rigidity parameters as follows:
G, = 5000, G, = 10. The figure is provided with the
illustrations of visualization of characteristic cases of
buckling modes:

— Figure 1 (a) corresponds to the case of a neg-
ative Gaussian curvature of the generalized ogive
compartment, that is, for the “barrel-pseudo-ogive”
structure. At the same time, a heavy black line corre-
sponds to the “barrel-cone” structure;

— Figure 1 (b) is the case of a positive curvature
of both compartments (the “barrel-ogive” structure).
The dependence for the “barrel-cone” type system is
presented as well;

— Figure 1 (¢) is the case of a negative curvature
of the generalized barrel-shaped compartment (the
“pseudo-barrel-ogive” structure). A heavy black
curve corresponds to the “cylinder-ogive” system.

ISSN 1561-8889. Kocmiuna nayxa i mexnonoeis. 2022. T. 28. No 4



The influence of the Gaussian curvature sign of the compound shell structure’s middle surface on local and overall buckling ...

|- 1 , T*

—— Cb =0.2132271924, Cog = 0, G1 = 5000, G2 = 30;
——— Cb=0.2132271924, Cog = 0, G1 = 0, G2 = 0;
- = = Cb =0, Cog = 0.1750704374, G1 = 5000, G2 = 10;
~—— Cb =0, Cog = 0, G1 = 5000, G2 = 30;

Cb =0, Cog=0,G1=0,G2=0;

=1 0 1 2

= = = Cb =0.2132271924, Cog = 0, G1 = 5000, G2 = 10;
e Cb = 0, Cog = 0.1750704374, G1 = 5000, G2 = 30;

Cb =0, Cog = 0.1750704374, G1 = 0, G2 = 0;
Cb =0, Cog =0, G1 = 5000, G2 = 10

Fig. 2. Buckling loads and visualization of a structure with zero Gaussian curvature

Figure 2 shows the dependencies ¢“ on T~ for the
structures in which at least one section (or both) has
a zero Gaussian curvature. Cases of the structure’
reinforcement with the docking rib having different
rigidity parameters are considered.

Analysis of the results shows that under the com-
bined action of uniform external pressure and axial
compression, a structure having both compartments
with the positive Gaussian curvature is more stable.
With the combined effect of pressure and axial ten-
sion, it is advisable to introduce one of the compart-
ments with the negative Gaussian curvature of the
middle surface into the structure to increase the sta-
bility.

The visualization of the buckling modes shows that
the general instability of the structure occurs when
forming the buckling wave crest with the consider-
ation of the rib for the equally stable “barrel-ogive”
structure (C,, = 0.06258642604; C,,, = 0.137) un-
der the action of uniform pressure and axial com-
pression. Under axial tension for the parameters

Cpr =0.28(0.29),
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C,g ©—0.0548 (~0.063) ;
C,,y =—0.03(~0.05,-0.07),
C,g ©0.2(0.216,0.233),

such a buckling mode is present in case of the nega-
tive curvature of the middle surface meridian on one
of the compartments as well. Compound structures
with just such parameters are the most effective ac-
cording to the stability of behavior in the correspond-
ing ranges of axial force variation.

THE EFFECT OF THE RIGIDITY PARAMETER
OF A DOCKING RIB ON BUCKLING LOADS

The characteristic dependences of the effect of the
rigidity parameters of the rib (in the plane G; and
from the plane G, of its initial curvature) are shown
in Fig. 2 for the shells with one of the sections with
zero curvature of the middle surface. At the same time,
the boundary curves are given in Fig. 3, which separate
the stability region of the structure from the instability
region (dependence ¢" on T™) for the shells with dif-
ferent Gaussian curvature signs of the compartments.
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’I“)(>
-4 -3 -2 -1 0 1 2 3
Cb =0.23, Cog =-0.0137713335
G1 = 5000, G2 = 30; G1 =5000, G2 = 105
G1=0,G2=0;

-4 -2 -1
Cb =0.29, Cog = -0.06303440404
== G1 = 5000, G2 = 30; = ==G1=5000, G2 = 10;

G1 =5000, G2 = 0; —G1=0,G2=0;

4 3 ) = 0 1 2 T
—— Cb =0.137, Cog = 0.06258642604, G1 = 5000, G2 = 30;
=== Cb = 0.137, Cog = 0.06258642604, G1 = 5000, G2 = 10;
—— Cb = 0.137, Cog = 0.06258642604, G1 = 0, G2 = 0;
—— Cb = 0.2132271924, Cog = 0, G1 = 5000, G2 = 30;
----- Cb = 0.2132271924, Cog = 0, G1 = 5000, G2 = 10;
—— Cb =0.2132271924, Cog = 0, G1 = 0, G2 = 0;

1 *
-4 73 2 0 0 1 T
Cb = 0.25, Cog = -0.03019235707
G1 = 5000, G2 = 30; G1 = 5000, G2 = 10;
G1=0,G2=0;

1 1 *
33 ) 1 T

Cb =0.29, Cog = -0.06303440404, G2 =0
—Gl = 0; === G1 =1000; ===@G1 = 2000;
= G1 = 3000 G1 = 4000, G1 = 5000

q*

35F
3

4 3 2 0 1 2 I
= Cb =-0.05, Cog = 0.2161229962, G1 = 5000, G2 = 30;
—— Cb=-0.05, Cog = 0.2161229962, G1 = 5000, G2 = 10;
—— Cb = -0.05, Cog = 0.2161229962, G1 = 0, G2 = 0;
—— Cb =0, Cog = 0.1750704374, G1 = 5000, G2 = 30;

- == Cb=0, Cog = 0.1750704374, G1 = 5000, G2 = 10;
Cb = 0, Cog = 0.1750704374, G1 = 0, G2 = 0;

Fig. 3. Boundary buckling curves for the shells with different Gaussian curvature signs of the compartments
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For the main part of the calculated structures, one
has found a significant effect on the value of the crit-
ical loading for the rigidity parameter in the plane of
the initial curvature G, and an insignificant effect of
the rigidity parameter from the plane of the initial
curvature G, in a certain range of the axial loading
parameter T > T, . For the parameter T >-1, the
effect of the rigidity G, can be significant.

The results of the numerical analysis make it
possible to draw conclusions about the possibility
of rational designing of the reinforced compound
shell structures with different Gaussian curvatures
in terms of the equivalence of the local and overall
buckling modes.

CONCLUSIONS

1. The hybrid analytical-numerical approach is pro-
posed for the problem of the compound shell struc-
ture buckling under combined external loading with

REFERENCES

the influence of the Gaussian curvature sign of the
compartment middle surface.

2. Shell structures with the negative Gaussian cur-
vature of the surface on one of the compartments are
effective under the combined action of uniform ex-
ternal pressure and axial tension, and structures hav-
ing two compartments with the positive curvature are
effective under axial compression.

3. The results of compound structure calculations
are given in terms of equal stability of the compart-
ments. In each case of combining the curvature signs
of shell compartments, the parameters of the mid-
dle surface high profile of the compartments, which
correspond to the visualized effect of an equal global
buckling mode, are indicated both for axial compres-
sion and tension

4. The effect of increasing the docking rib rigidity
allows determining the rational characteristics of the
shell system being studied.

1. Akimov D. V., Gryshchak V. Z., Gomenyuk S. I., Larionov I. E., Klimenko D. V., Sirenko V. N. (2016). Finite-Element
Analysis and Experimental Investigation on the Strength of a Three-Layer Honeycomb Sandwich Structure of the Spacecraft
Adapter Module. Strength of Materials, 48 (3), 379—383. https://doi.org/10.1007/s11223-016-9775-y

2. Boriseiko A. V., Zhukova N. B., Semenyuk N. P., Trach V. M. (2010) Stability of anisotropic shells of revolution of positive
or negative Gaussian curvature. /nt. Applied Mechanics, 46, 269—278. https://doi.org/10.1007/s10778-010-0307-3.

3. Degtyarenko P. G., Gristchak V. Z., Dyachenko N. M. (2019) To the stability calculation of a combined shell structure
taking into account the discreteness location of the intermediate rings. Problems of Computational, Mechanics and Strength of
Structures, Ne 29, 113—131. https://doi.org/10.15421/42190010 [in Russian].

4. Degtyarenko P. G., Grishchak V. Z., Grishchak D. D., Dyachenko N. M. (2019). To equistability problem of the
reinforced shell structure under combined loading. Space Science and Technology, 25 (6), 3—14. https://doi.org/10.15407/

knit2019.06.003 / [in Russian].

5. Degtyarenko P. G., Gristchak V. Z., Gristchak D. D., Dyachenko N. M. (2020). Statement and basic solution equationsof
the stability problem for the shell-designed type “barrel-revived” under external pressure. Problems of Computational
Mechanics and Strength of Structures, Ne 30, 33—52. https://doi.org/10.15421/4219025 [in Russian].

6. Gristchak V. Z., Dyachenko N. M. (2020). Axial force effect on the overall buckling of a compound reinforced shell structure
with the positive Gaussian curvature at an external pressure. Mathematical and computer modelling of engineering systems.
Ed. by V. S. Hudramovich. Riga, Latvia : “Baltija Publishing”, 35—49. https://doi.org/10.30525/978-9934-26-019-3-3

7. Gristchak V., Hryshchak D., Dyachenko N., Degtiarenko P. (2020) Stability and rational design of the «barrel-ogive»
type strengthened shell structures under combined loading. Eastern-European J. Enterprise Technologies, 4/7 (106), 6—15.

https://doi.org/10.15587/1729-4061.2020.209228

8. Hryshchak D. V. (2020) Computer algebra in solving applied problems of structural mechanics with variable parameters:
monograph. Kherson: Helvetica Publishing House [in Ukrainian].
9. Huliaev V. 1., Bazhenov V. A., Hotsuliak Y. O. (1982). Stability of nonlinear mechanical systems. Lviv: Vyshcha shkola, 255 p.

[in Russian].

10. Ifayefunmi O. (2014). A survey of buckling of conical shells subjected to axial compression and external pressure. J. Eng. Sci.

and Technology Review, 7 (2), 182—189.

11. Lukianchenko O. O., Paliy O. M. (2018) Numerical modeling of the stability of parametric vibrations of a high thin-wall shell
of negative Gaussian curvature. Strength of Materials and Theory of Structures, Ne 101, 45 59. https://doi.org/10.32347/2410-

2537.2018.19.45-59 [in Ukrainian].

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2022. T. 28. No 4

37



V. Z. Gristchak, D. V. Hryshchak, N. M. Dyachenko, V. V. Baburov

12. Schmidt H. (2018). Two decades of research on the stability of steel shell structures at the University of Essen (1985—2005):
Experiments, evaluations, and impact on design standards. Advances in Structural Engineering, 21 (16), 2364—2392. https://
doi.org/10.1177/1369433218756273

13. Teng J. G., Barbagallo M. (1997). Shell restraint to ring buckling at cone-cylinder intersections. Engineering Structures, 19
(6), 425—431. https://doi.org/10.1016/s0141-0296(96)00087-9.

14. Volmir A. S. (1967) Stability of deformable systems. Moscow: Nauka [in Russian].

Cmamms Hadiitwaa 0o pedakuii 14. 01.2022 Received 14. 01.2022
Ilicas doonpayrosanns 14.01.2022 Revised 14.01.2022
[lpuiinamo do dpyky 16.04.2022 Accepted 16.04.2022

B. 3. Ipuwax!, mpod., n-p TexH. Hayk, akax. AH BO Ykpainu,

akan. MixxHapoaHoi akaieMii HayK BUILIOT LIKOJIU, 3aCayXKeHUI iy HayKU i TEXHIKU YKpaiHu
ORCID: https://orcid.org/0000-0001-8685-3191

E-mail: grk@znu.edu.ua

JI. B. Ipuwax?, 3acT. IUpeKTOpa AenapTaMeHTy — Hay. YIpaBIiHHA HayKOBO-TeXHI4HOro po3BuTKy OITK
JenaprameHTy ctparerii pechopmyBaHHs OTTK, MiHicTepcTBO 3 MUTaHb CTpaTEriYHUX rajly3eit
MPOMMUCIIOBOCTI YKpaiHU, KaH/. TeXH. HayK

ORCID: https://orcid.org/0000-0001-6474-6926

E-mail: d.hryshchak@mspu.gov.ua

H. M. J’auenxo', noneHt, Kaua ¢i3.-MaT. HayK

ORCID: https://orcid.org/0000-0001-5284-4502

B. B. Babypos’, Hau. ceKTopy

ORCID: https://orcid.org/0000-0001-7202-5133

I 3amopispKuit HaLliOHANBHNIT YHiBEpCUTET

ByJ1. XKyKoBchbKoro 66, 3anopixxks, Ykpaina, 69600

2 MiHicTepcTBO 3 MUTaHb CTPATEriuHUX ray3eil MPOMUCIOBOCTI YKpaiHu

ByJ1. IBana ®panka, 21-23, Kuis, Ykpaina, 01054

3 lepxasHe nianpuemctso «KoHcrpykTopebke 610po «IlisaenHe» im. M. K. Aurens»
Bys1. Kpuopisbka 3, JIninpo, Ykpaina, 49008

BITJIMIB 3HAKY TAYCCOBOI KPUBUHU CEPEAUHHOI MOBEPXHI CKJIALEHOT OBOJIOHKHU
HA JIOKAJILHE TA 3ATAJIbHE BUTTMHAHHA [TPYM KOMBIHOBAHOMY HABAHTAKEHHI

Posrisinyto mpoGiemMy BTpaTu CTiMKOCTI MPY>KHOI CKJIaAeHOI 000JOHKOBOI KOHCTPYKIIiI 3 Pi3HMMMU 3HAKaMM TayCCOBOL
KPUBUHU CEPEAMHHOI ITOBEPXHi, 0COOJIMBO 3HAKAMU KPMBUHU MepUIiaHa CEPeIMHHOI TTOBEPXHI, ITiJl BIUIMBOM 30BHIllITHHOTO
TUCKY Ta OCbOBOTO 3ycusuisl. Po6oTa mponoBxKye nomnepeaHi 10CHiIKEeHHS aBTOPiB Ta MPUCBSIYE€HA BIUIMBY HETaTUBHOTO 3HAKY
rayccoBoi KpMBUHM Ha OJJHOMY 3 BiJICiKiB 000JIOHKOBOI KOHCTPYKIIii Ha CTifKiCTb.

Po3B’s3yBaHHS 0a3yeThCs Ha 3aCTOCYBaHHI METO/Y CKIHUEHHMX Pi3HULb JUISI OCHOBHUX PiBHSHb CTIlIKOCTi KOXHOTO BifICi-
Ky y BUTIAJIKY, KOJI ONTMH 3 HUX MOXe OYTH 3 HETATUBHOIO KPUBUHOIO MEPUIiaHa, 3 ypaXyBaHHSIM AMCKPETHOCTI PO3MIlllEHHS
MPOMIiXKHMX pedep Ta iXHbOI )KOPCTKOCTI 3 TUIOIIMHY ITOYaTKOBOI KpUBUHU. OTpUMaHUii PO3B’SI30K JO3BOJISIE 3MIMCHUTH Bi3y-
aJtizallito (GOpMU BTpaTH CTIMKOCTI [JIsI pi3HMX KOMOiHALlili 30BHIIITHHLOTO HABAHTAXKEHHSI Ta BUSHAYUTU palliOHAJIbHI 3 TOUKU
30py 3arajibHUX ()OPM BTPATH CTiMKOCTi FreOMETPUYHI Ta XXOPCTKiCHI TapaMeTpy JOCTiIKyBaHOI CUCTEMU.

Karouoei caroea: Brpata CTiiiKoCTi, 000JI0HKH, CKJIaJileHa KOHCTPYKILisl «00UYKa-0XUBaJI0», 3HAK TayCCOBOI KPUBUHU CEPEIUH-
HOI MOBEPXHi, pallioHaJIbHa KOHCTPYKIIisi, KOMOiHOBaHE HaBaHTaXKEHHSI.
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