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An efficiency of using of two stiffness rings for improvement of operating reliability of the tank
with real shape imperfection at the action of combination load was evaluated. The computer model
of the tank was constructed in the form of the thin cylindrical shell by of the program complex of
finite element analysis. The tank stability problem under separate and joint action of surface
pressure and axial compression was solved by the Lancosh method in linear formulation and as a
nonlinear static problem by the Newton-Raphson method. The region of the tank failure-free work,
which has the graphical presentation, confirmed the improvement of the tank wall stability due to
the use of stiffness rings, especially in the area of surface pressure action.
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Introduction. Many works were aimed at investigating the thin-walled shell
[1-15], their stability reliability [1, 2, 8], especially the influence of initial
imperfections. One of the approaches is V.T. Coiter’s one [6], which proposed
an asymptotic analysis based on the general theory of supercritical behavior.
Another approach consists in a direct analysis of the nonlinear deformation of a
shell with a curved shape of the middle surface based on one of the grid
methods of discretization of the resolving equations. In present time the
apparatus of nonlinear differential equations are used for full description of the
general laws of the stress-strain state of shells with shape imperfections. The
mathematical methods, which are realized in the program complexes, are used
for solving the shells stability problem and make it possible to investigate
complicated nonlinear systems with multivariant parameters.

In this article the numerical technique for studying the stability of the oil
tank under combined load with application of the program complex of finite
element analysis NASTRAN is presented [7, 10, 12]. The presence of shape
imperfections of the tank wall significantly reduced its stability. Therefore the
strengthening of the wall with the stiffness rings to improve the operating
reliability of the imperfect tank is proposed in this article. The tank stability
problem is solved by the Lancosh method in linear formulation and as a
nonlinear static problem by the Newton-Raphson method. The influence of
stiffness rings on the critical values of the combined load and the stress-strain
state of the tank at different loading steps are investigated. The region of the
tank failure-free work is presented.

© Lukianchenko O.0.



ISSN 2410-2547

243

Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2020. Ne 104

1. Finite element model of the tank with real shape imperfection. The oil

tank is a cylindrical shell with a
radius of R =19,963 m, height
H=17,88 m. The shell
thickness is variable in height
every 1,49 m and is: 15,24,
14,22; 13,0; 11,56; 10,43; 9,46;
8,60; 7,70; 7,53; 7,40; 7,46;
7,16 (mm). The wall of the tank
is made of steel with mechanical
characteristics: £ =2,06:10"" Pa,
1n=0,3, p=7800kg/m’. The

stiffness ring shows a folded

(2) (b)

Fig. 1. Finite element model of an imperfect tank:

(a) side view; (b) top view

cross section in the form of the brand 100x300x8 mm. The rings are made of

steel with the same mechanical characteristics.

The tank calculation model is constructed in a finite element program complex

[10] in a cylindrical coordinate system. The
shape imperfections in the reservoir wall as a
result of the theodolite measurements were
obtained. The shell wall model with
imperfect geometry is represented as a
triangular finite element grid. To visualize the
real imperfections on a certain scale a special
program has been created. Fig. 1 (a), (b)
shows the finite element model of the tank in
different planes in a 1:20 scale.

The simulation of the combined load is
carried out in accordance with a numerical
technique [8, 12], which requires solving
stability problems of the tank under surface
pressure and axial compression separately for
each load.

2. The tank stability under surface
pressure. First, the stability problem of the
perfect tank without and taking into account
the stiffness rings under surface pressure in
linear formulation is considered. To
determine the critical value of surface
pressure, a linear stability loss problem
(Buckling) is solved by Lancosh method.
Fig. 2 presents the first buckling form of the
perfect shell without and with stiffness
rings.

The critical surface pressure value is

L.

(b)

Fig. 2. The first buckling form of the
perfect tank under surface pressure:
(a) without stiffness rings;

(b) with stiffness rings
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qg, =1179,61 N/m” for the unsupported perfect shell and qg, = 4226,44 N/m* —
for the perfect shell with two stiffness rings. The stiffness rings increased the
critical surface pressure by 3,58 times and changed the shell buckling form:
increasing the number of waves both in the circumferential and longitudinal
directions.

The stability of the imperfect tank with stiffness rings under surface pressure
in non-linear formulation is considered. The procedure of solving the non-linear
static problem (Nonlinear Static) by the modified Newton-Raphson method is

applied. Surface pressure is supplied in the form g = qu,, where f— loading

coefficient, qg, = 4226,44 N/m’. Fig. 3 shows the loading curves of the shell

surface pressure for two nodes, in which maximum displacements (m) were
observed at different loading stages.
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Fig. 3. Loading curves of the imperfect tank with stiffness rings by surface pressure

The imperfect tank with stiffness rings in the postcritical state lost of the
stability at the critical loading coefficient B =0,684. The critical (limited) value

of the surface pressure is qi.';’p =4226,44 - 0,684=2890,88 N/m’. The stress-strain

states of an imperfect tank at the different loading stages are shown in Fig. 4.
The maximum equivalent stresses in the wall elements from the outside of
the imperfect shell (Plate Top VonMises Stress) under surface pressure

q =10,05;0,45;0,744,0,684] qS, are o =[0,685;6,531;40,894;65,658] MPa, which
are lower than the design resistance of steel R, =240 MPa.

3. The tank stability under axial compression. The tank calculation
models as a shell and a shell sector are constructed in a finite element program
complex [10] in a cylindrical coordinate system. First, the stability problem of
the perfect tank without and with stiffness rings under axial compression in
linear formulation (Bucling) is solved by Lancosh method. The first buckling
forms of the perfect shell sector without and with stiffness rings are shown in
Fig. 5.
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(2b) (2¢) (2d)
Fig. 4. The stress states (1) and deformated forms (2) of the imperfect tank with stiffness rings
under surface pressure: (a) 0,035¢", 5 (b)0,45¢", ; (c)0,744¢". ; (d)0,684¢",
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Fig. 5. The first buckling forms of the perfect tank sector under axial compression:
(a) - without stiffness rings; (b) with stiffness rings

The critical value of axial compression is PL? =384957,1 N/m for the

unsupported perfect shell and PL? =389612,8 N/m — for the perfect shell with

two stiffness rings. The stiffness rings increased the critical axial compression
on 1,2 %.
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The stability of the imperfect shell with stiffness rings under axial
compression in non-linear formulation (Nonlinear Static) is considered using the
modified Newton-Raphson method. Axial compression is supplied in the form

P= [333, where f — loading coefficient, Pﬁ = 389612,8 N/m. Fig. 6 presents

the loading curves of axial compression for three tank nodes, in which
maximum displacements (m) were observed at different loading stages.

PETSn CE
0055 e

Yaen 2056)

0.0z21

om

oo

", Vsen 1664
0008565 —
100077

T T
00453 noes2 0122 0159 01% 0.232 0.268 0.304 0341 0377 0.414 0.45

Fig. 6. Loading curves of the imperfect tank with stiffness rings by axial compression

Imperfect tank with stiffness rings in the postcritical state lost of the stability
at the critical loading coefficient f..=0,386. The critical (limited) axial

compression value is P;mp =389612,8 - 0,386=150390,54 N/m. Fig. 7 shows the

stress-strain states of an imperfect tank at the different stages of axial
compression loading.

(1)

(2a) (2b) 20) 2d)
Fig. 7. The stress states (1) and deformated forms (2) of the imperfect tank with stiffness rings
under axial compression: (a) 0,05¢", ; (b)0,35g". ; () 0,426¢", ; (d)0,386¢".
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The maximum equivalent stresses on the outside of the shell (Plate Top
VonMises Stress) at different loading stages by axial compression

P =10,05;0,35;0,426;0,386] pjﬁ are o =1[3,144;22,384;151,647;139,736] MPa and
less than the design resistance of steel R, =240 MPa.

4. The tank stability under combined load. The first step of the research is
determining of the critical combination of axial compression and surface
pressure which act on the perfect tank without and with the stiffness rings. The
perfect tank stability problem in a linear formulation is solved by Lancosh
method. The critical combinations of axial compression and surface pressure are
determined by the formulas:

S ~ 50~ 0 o 0 0
[Pcr;qcrj| = |:H aPcr;M(l - OL) qcr] > [Pcr;qcr] = |:H oF,su(- OL)qcrj| >
where ch =384957,1 N/m, qg, =4226,44N/m° — the critical values,

respectively, of axial compression and surface pressure at their separate action
on the perfect tank as defined above; o — a dimensionless combination factor
with values from 0 to 1 in 0,1.

Tables 1 and Table 2 present the combined load values for the various axial

compression and surface pressure combinations [ocPCg; (1-a) qgr} the critical
combined load coefficients for the perfect shell without i and taking into

account u the stiffness rings and the corresponding values of critical combined

5* 0, * 0 * 0. * 0
load [PLV /Pcr;qcr /qcr]’ [PCV/PCV;qcr /qcrj|'

Table 1

Critical combined load values for perfect shell without stiffness rings

0 . _ 0 B ~k . ~% - B
o | [oF: a-ood i [ Fivsdr (B BDsder /90 |
[N/m; N/m?] [N/m; N/m?]
0 [0; 4226,44] 0,279 [0; 1179,18] [0; 0,279]

0,1 | [38961,28; 3803,80] [0,30429] [9848,07; 1265,76]
0,2 | [77922,56; 3381,15] [0,33439| [27354,56; 1186,95]
0,3 |[116883,84; 2958,58] [0,37098] [46389,55; 1174,19] 0,11907; 0,27782]
0,4 |[155845,12; 2535,86] [0,41634) [70506,03; 1147,25] 0,18096; 0,27145]

[0,02528; 0,29949]
[
[
[
0,5 | [194806,4; 2113,22] [0,47391{ [101386,2; 1099,82] |  [0,26022; 0,26022]
[
[
[
[

0,07021; 0,28084]

L
[
L
L

0,6 | [233767,68; 1690,5] [0,54899| [127346,4; 920,95] 0,32685; 0,21790]
0,7 [[272728,96; 1267,931|0,64997] [181138,2; 842,12] 0,46492; 0,19925]
0,8 | [311690,24; 845,297 0,78943| [257255,7; 697,67 0,66029; 0,16507]
0,9 | [350651,52; 422,64] [0,97323] [373700,1; 450,42] 0,95916; 0,10657]
1 [389612,8; 0] 0,988 |  [384937.4; 0] [0,988:0 ]

L
[
L
L
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Table 2
Critical combined load values for perfect shell with stiffness rings

aP..; 11— : "
o | lofmd=edg] | | U] et et /gl
[N/m; N/m’] [N/m; N/m?]
0 [0; 4226,44] I [0; 4226,44] [0; 1]

0,1 |[38961,28; 3803,80] [0,83067
0,2 | [77922,56; 3381,15] |1,04982
0,3 |[116883,84; 2958,58](1,06983

32364,08; 3159,71]
81804,35; 3549,59]
125045,96;3165,10] 0,32095; 0,74888]
0,4 |[155845,12; 2535,86](1,08664[169347,23;2755,57] 0,43466; 0,65198]

[0,08307; 0,74761]

[

[

[

0,5 | [194806,4; 2113,22] |1,098201[213935,61;2320,73]|  [0,54910; 0,54910]
[

[

[

[

0,20996; 0,83985]

— |

— | |

0,6 | [233767,68; 1690,5] [0,99229([231964.,86;1677,54] 0,59537; 0,39692]
0,7 |[272728,96; 1267,93]1,02185| [278687; 1295,63] 0,71529; 0,30655]
0,8 | [311690,24; 845,29] |1,04551( [325875,26; 883,76] 0,83641; 0,20910]

0,9 | [350651,52; 422,64] [1,09505{[383979,19; 462,81] 0,98554; 0,10950]
1 [389612,8; 0] 1 [389612,8; 0] [1; 0]

In the case of considering the tank with the stiffness rings (Table 2) at the
action of combined load with a = [0,1; 0,6; 0,7] the critical load coefficients p
were defined for the shell sector. If we compare the critical combined load
coefficients for the shell without stiffness rings (Table 1) and taking them into
account (Table 2), we see that using of stiffness rings increases the overall
stability of the tank with ideal wall shape. Fig. 8 shows the buckling forms of
the perfect tank with stiffness rings at the different combination factor.

Let's consider the shell stability, taking into account the stiffness rings and
imperfections of wall shape. The stability problem in non-linear formulation
(Nonlinear Static) is considered using the modified Newton-Raphson method.
The critical combined load coefficient B, are determined for the load with a

combination factor values o = [0; 0,3;0,5;0,8; 1] . The critical combinations of
axial compression and surface pressure in the action on the imperfect tank with
stiffness rings are determined by the formula: [ PP gqin? J Bcr|: Cr,qch and

are presented in Table 3 (the values [P:,;qZVJ are shown in Table 2).
As an example, the behavior of the imperfect shell with stiffness rings under
combinated load with a combination factor a = 0,3 is showed. Fig. 9 presents a

loading curves for two model nodes with maximum displacements at different
stages loading. A dimensionless loading coefficient 3 is deposited along the

abscissa axis and maximum nodal displacements (m) along the ordinate axis.
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Fig. 8. Buckling form of the perfect tank with stiffness rings under combained load:
(a) o =0,1; (b) a =0,5; (c) a=0,7
Table 3
Critical combined load values for imperfect shell with stiffness rings
Lk imp . imp . .
o | rder ] fp 0 FTiaa” 1o T g0l gf, ]
[N/m; /m?] [N/m; N/m"]
0 [0; 4226,44] 0,684 [0; 2890,88] [0; 0,684]
0,3 [[125045,96; 3165,10] 0,559 [[69900,69; 1769,29] [0,17941; 0,41862]
0,5 [[213935,61; 2320,73] 0,43 | [91992,31; 997,91] [0,23611; 0,23611]
0,8 1[325875,26; 883,76]| 0,3 | [97762,58; 265,13] [0,25092; 0,06273]
1 [389612,8; 0] 0,386 [150390,54; 0] [0,386; 0]

The imperfect tank with stiffness rings in the postcritical state under
combined load with a combination factor o =0,3 lost of the stability at

B =0,559. The critical (limited) combined load values are presented in Table 3.

Fig. 10 shows the corresponding stress-strain states of the imperfect tank at the
different stages of combined loading.
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The values of the maximum equivalent stresses and maximum nodal
displacements for all values of the combination factor a are given in Table 4.
All values of the maximum equivalent stresses in the shell wall elements are less
than the design resistance of steel R, =240 MPa.
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Fig. 9. Loading curves of the imperfect tank with stiffness rings by combined load (a. = 0, 3)
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Fig. 10. The stress states (1) and deformated forms (2) of the imperfect tank with stiffness rings
under combined load (o = 0,3): (a)p = 0,05 ; (b)B =0,55; (c)B = 0,592 ; (d) B = 0,559
Table 4
a [ P;':np ; qZ’jp Maximum equivalent Maximum nodal
. 2 stresses, MIla displacements, m
[N/m; N/m?] P
0 [0; 2890,88] 65,658 0,0337
0,3 [69900,69; 1769,29] 68,834 0,0362
0,5 [91992,31; 997,91] 102,019 0,0464
0,8 [97762,58; 265,13] 112,706 0,0492
1 [150390,54; 0] 151,644 0,0659
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5. The influent of the stiffness rings on the operating reliability of the
tank with real wall imperfections.

The theory of constructure reliability has one of the basic concepts as a
concept of failure [1, 2, 8]. The failure of the shell in stability is considered,
because this type of failure for thin-walled shell structures is more dangerous.

In our case, the operating reliability of the imperfect tank R is defined as

probability of the shell reaction vector S(t) in the stability region QP during
the time interval [0<7 <t]: R =P, =Prob [S(r) e QM J The probability of

failure is an addition to the reliability function: Pg,; (1) =1-F,. .

An addition the operating reliability of the imperfect tank can be estimated
by constructing the region of the design combined load and the stability regions
of the perfect tank without and with two stiffness rings.

The design combined load from wind pressure, snow and the weight of the
shell coating spacer ring is determined according to DBN B.1.2-2-2006 "Loads
and Impacts" [54]. Its value is [P,;q,.]=[16601,25 N/m; 532 N/m?]. If we take
into account consider the critical values of surface pressure and axial
compression, which separately acting on the perfect tank with the stiffness rings

ch =384957,1 N/m and qg, =4226,44 N/m’, then the design combined load
value is [P,;q, ] =[0,0415; 0,126].

The stability regions of the perfect tank without éo and with stiffness
rings €}, under combined load are shown in Fig. 11(a). Fig. 11(b) presents the

stability regions of the imperfect tank with stiffness rings Q™ and the design
combined load as an area 1.
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Fig. 11. The stability regions: (a) the perfect tank without flo and with stiffness rings Q, ;

(b) the imperfect tank with stiffness rings Q" and the design combined load €,

Design reliability of success work of shell for limit states is P,,. =99,9 %

[1]. Let's consider the reaction vectors S(t) of the perfect tank without and with
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the stiffness rings during time interval|[ 0 < t < t]. They located in the according
stability regions QO and Q, in Fig. 11(a). The stability region of perfect tank
with stiffness rings QO , which is bigger than stability region QO on 65,3%. It

means, the addition of the stiffness rings into the construction raise the tank
general stability, especially, in an area of surface pressure. We see in Fig. 11(b)
the imperfects of tank wall reduced stability region of perfect tank with the

stiffness rings QO on 66,6%. The stiffness rings secure an operating reliability

in general stability of the imperfect tank: P = 99,9+65,3-66,6=98,6%.

suc
However, the stability reserve factor in the area of axial compression is less than
the same one in the area of surface pressure.

Conclusion. Operating reliability, which was presented as a failure-free in
stability of the oil tank with shape imperfections under combined action of axial
compression and surface pressure, was investigated. The efficiency of the use of
two stiffness rings for improving of the tank stability was confirmed. The
developed numerical technique with application of the program complex of
finite element analysis NASTRAN was effective. The critical combined load
values at the solving of the tank stability problem in nonlinear formulation by
Newton-Raphson method were more accurate than the values, which were got
by Lancosh method. The graphically presentation of the tank stability regions
comfirmed the improvement of the tank wall stability as result of application of
the stiffness rings, especially in the area of surface pressure action.
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Lukianchenko O.O.
APPLICATION OF STIFFNESS RINGS FOR IMPROVEMENT OF OPERATING
RELIABILITY OF THE TANK WITH SHAPE IMPERFECTION

Strengthening of the tank thin wall taking into account real shape imperfections at the joint
action of axial compression and surface pressure was offered with the stiffness rings. An efficiency
of the use of two stiffness rings for improvement of operating reliability in the tank stability was
evaluated. The numerical technique for studying the stability of thin imperfect shells with
application of the program complex of finite element analysis procedures was presented. The
computer model of the tank with wall real imperfections were constructed in the form of a thin
cylindrical shell using spline-curves in a cylindrical coordinate system.The tank stability problem
under separate and joint action of surface pressure and axial compression was solved by the Lancosh
method in linear formulation and as a nonlinear static problem by the Newton-Raphson method.
Precritical and postcritical behavior of the shell was considered. The influence of stiffness rings on
the critical values of the combined load and the stress-strain state of the tank at different loading
steps were investigated. The region of the tank failure-free work, which has the graphical
presentation, confirmed the improvement of the tank wall stability due to the use of stiffness rings,
especially in the area of surface pressure action.

Keywords: finite element method, operating reliability, stability, tank, failure-free region, thin-
walled shell, shape imperfection, combined load, stiffness ring.

Jlyk sinuenxo O.0.
3ACTOCYBAHHJ KUIEIb ) KOPCTKOCTI AJI51 IOKPAIIIEHHS
EKCILTY ATAIIMHOT HAJIMHOCTI PE3EPBYAPA 3 HETOCKOHAJIOCTSMHU
POPMU

3Mil[HeHHsI TOHKOI CTIHKH pe3epByapa 3 peajbHOK HEIOCKOHATICTIO GopMu NpH CyMicHii ail
OCbOBOTO CTHCHEHHsI Ta IMOBEPXHEBOIO THCKY 3alPOIIOHOBaHA KiIbLAMH jxopcTkocti. OriHeHa
e eKTUBHICTD BHKOPHCTAaHHS [BOX KUICLb JKOPCTKOCTI JUI1 MiABHIICHHS eKCIUTyaTalliiHol
HaJiiiHOCTI pe3epByapa. IlpeacraBiieHa 4YKcelbHA METOMMKA MOCII/DKEHHS CTIMKOCTI TOHKHX
HEJOCKOHAIMX OOOJOHOK i3 3aCTOCYBAaHHSM IPOLEAYp IPOrpaMHOr0 KOMIUIEKCY CKiHYCHHO-
eneMeHTHOro anamizy. Kommn''orepna Moness pesepByapa 3 peasibHUMH HEIOCKOHAJIOCTAMH CTIHKH
no0yJ0BaHa y BHIJIAI TOHKOI LMIIHAPUYHOI OOOJOHKHM 13 3aCTOCYBaHHS CIUIAWH-KPUBHUX B
LWIIHAPHYHIA cHcTeMi KoopAamHAT. 3ajaya CTIMKOCTI pe3epByapa IpH OKpeMid Ta cyMmicHiM mii
MOBEPXHEBOI'0 THCKY Ta OCHOBOIO CTHCHEHHs JOCIiKyBajgach MeronoM JlaHioma B JiHIAHIN
IIOCTAaHOBLI Ta sIK HeJNiHii{Ha 3a1ada cratiku MeTogoM HetoTona-Padcona. Posrisnyta nokputnina
Ta 3aKPUTHYHA [OBEAIHKA 000I0HKH. JIOCTIIKEHO BIUIMB KiJIelb )KOPCTKOCTI HA KPUTHYHI 3HAYCHHSI
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KOMOIHOBaHOTr0 HABAaHTAXKCHHs Ta HANpPyXKeHO-Ie(OPMOBAHUII CTaH pe3epByapa Ha Pi3HHX KPOKax
HaBaHTaXeHHs. OOnacTh Ge3BIIMOBHOI poOOTH pe3epByapa, sike Mae rpadivyHe MpeCTaBICHHS,
HIATBEPIMIO IIABUIIECHHS CTIKOCTI CTIHKHM pe3epByapa BHACHIIOK 3aCTOCYBAaHHS Kilelb
JKOPCTKOCTI, 0COOJIMBO, B 00JIaCTi /1ii TOBEPXHEBOI'O THCKY.

KarouoBi ciioBa: Meroj CKIHYCHHHX €JIGMEHTIB, HaIilHICTh eKCIulyaTalii, CTiHKiCTb,
pe3epByap, obnactb 6e3BiIMOBHOI POOOTH, TOHKOCTIHHA OOOJIOHKA, HEIOCKOHATICTh (HOpMH,
KOMOIHOBaHE HABAHTAXKCHHSI, KIJIBL[E )KOPCTKOCTI.

UDC 539.3

Lukianchenko O.O. Application of stiffness rings for improvement of operating reliability of the
tank with shape imperfection // Strength of Materials and Theory of Structures: Scientific-and-
technical collected articles. — K.: KNUBA, 2020. — Issue 104. — P. 242-254.

An efficiency of using of two stiffiess rings for improvement of operating reliability of the tank
with real shape imperfection at the action of combination load was evaluated. The computer model
of the tank was constructed in the form of the thin cylindrical shell by of the program complex of
finite element analysis. The tank stability problem under separate and joint action of surface
pressure and axial compression was solved by the Lancosh method in linear formulation and as a
nonlinear static problem by the Newton-Raphson method. The region of the tank failure-free work,
which has the graphical presentation, confirmed the improvement of the tank wall stability due to
the use of stiffness rings, especially in the area of surface pressure action.

Tab. 4. Fig. 11. References 15 items.

VK 539.3

Jlyk sinuenxo O.0. 3acTocyBaHHfI Kijlelb KOPCTKOCTI IJIsl MOKPAaLeHHsI eKCIUTyaTaniiiHol
HaJiifHOCTI pe3epByapa 3 HeocKoHAJoCcTAMH (hopmu // Omip MarepialiiB i Teopist CIOPYI: HAYK.-
Tex. 360ipH. — K.: KHYBA, 2020. — Bumn. 104. — C. 242-254.

Oyinena epexmusnicmb  BUKOPUCMAHHA 080X Kileyb JHCOPCMKOCMI OAsl  NIOBUUWEHHS
eKCnIyamayiiHoi HAOIlHOCMI  pe3epsyapa 3 pPeaibHOl HeOOCKOHANCmIo (opmu npu  Oii
Kombinosanoeo nasanmadicenns. Komn'tomepna mooenv pesepsyapa nobyodosana y euensioi moHkoi
YUniHOpuuHOi 0OOIOHKU 3a OONOMO20I0 NPOSPAMHO2O KOMNIEKCY CKIHYEHHO-CNEMEHMHO20 AHATI3Y.
3adaua cmitikocmi pesepsyapa npu oxkpemiti ma CyMICHIl Oii NOBEPXHEB020 MUCKY MA 0CbOBO2O
cmuchenns gupiuena memooom Jlanyowa 6 AHIUHIT NOCMAHOBYI | K HeNIHIIHA 3a0a4d CMamuKu
memoodom Hviomona-Paghcona. Obnacme 6e38i0M06HOI pobomu pesepsyapa, ska mae 2pagpivne
npedcmaegnenns, niomeepouna nioSUWjenHsi CMIUKOCmi CMiHKU — pe3epeyapa 3d  PaxyHOK
BUKOPUCMAHHSL KINeYb JHCOPCMKOCI, 0C0OIUB0, 6 001acmi Oli NOBEPXHEB020 MUCKY.

Tab6n. 4. In. 11. Bi6miorp. 15 Ha3s.

VK 539.3

Jlykvanuenko O.A. TlpuMeHeHMe KoJiell KeCTKOCTH [JIsl YJY4YIUNeHHs SKCINIyaTalHOHHOM
Ha/Ie’KHOCTH pe3epByapa ¢ HecoBepuieHCTBaMu (popmbl // CONPOTHUBIICHHE MATEPHUAIIOB U TCOPHSI
coopyskeHuit: Hayd.-tex. coopH. — K.: KHYCA, 2020. — Boin. 104. — C. 242-254.

Oyenena d¢ppexmuenocmv — npumenenus 06yX Kojey AHCECMKOCHU O NOGbIUEHUs
IKCHIYAMAYUOHHOU HAOENCHOCU Pe3epayapa ¢ PeabHblM HeCOBEPUIEHCBOM QOpMbl  npu
deticmeuu KOMOUHUPOBanHOU Hazpysku. Komnwviomepnas moodenv peszepsyapa nocmpoena 6 suoe
MOHKOU YUTUHOPUYECKOU 000NO0UKU C NOMOWBIO NPOSPAMMHO20 KOMNIEKCA KOHEUHO-DNEMEHIHO20
ananusa. 3adaua ycmouuusocmu pesepsyapa npu  OMOeIbHOM U COBMECMHOM Oelcmeull
NOBEPXHOCMHO20 O0AGIeHUsl U 0Ce6020 Cxcamus Ovlia peuiena memooom Jlanyowa 6 auHenHol
noCMaHosKke U Kak HeauHeuHas 3adaya cmamuxu memoodom Heiomona-Pagpcona. Obracme
06e30mKasHol pabomel pesepeyapa, KOmopas umeem 2paguueckoe npedcmasieHue, noomeepoula
nogbluieHUe YCMOUYUBOCU CMEHKU pe3epeyapa 3d Cyem UCHOIb308AHUs KOey JICeCmKOCU,
0cobenno ¢ obnacmu 0eucmsus NOGEPXHOCHIHO20 OAGNICHUSL.

Tab6n. 4. Y. 11. bubmumorp. 15 Ha3s.
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