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It’s presented results of the behavior and limit state investigation of thin-webbed I-beams with
transversal corrugations under patch loading action. Numerical analyses via finite element method
(FEM) on physical and mathematical models created according to profiles range of company
Zeman and experimental investigations on two physical models with similar to them parameters
and steel were executed.

At numerical investigations it was ascertained that the loss of web stability can occur both as
the local form of corrugation buckling or the general buckling form for corrugations with the
greater height or thickness. As the investigations result it is proved that normal stresses in the
beam web under local loading reach ultimate strength of the web steel, while significant plastic
strains occur in it and the bearing capacity is lost.

Keywords: corrugated web, web local stability, patch loading, buckling form, effect of patch
loading parameters.

Introduction

The concept of beams with thin transverse corrugated webs to improve
their stability appeared in the 1930s. Nevertheless, the problem of web-flange
conjunction was resolved only in the last years with help of the modern ways
of automated fabrication of structures and their welding. Nowadays, such
beams are being in demand in Ukraine and through the entire world.

The current paper researches the limit state onset conditions of thin-web I-
beams with transversal corrugations under patch loading.

1. Web stability analysis

A numerical analytic method for calculation of local stresses in steel beam
corrugated web at the level, where it joins the flange, under patch loading, is
presented in [1]. The corrugated beam section stresses oy, should not be more

© Bilyk S.I., Lavrinenko L.I., Nilov O.0., Nilova T.O., Semchuk LY.



ISSN 2410-2547 153
Omip matepianiB i Teopis ciopya/Strength of Materials and Theory of Structures. 2020. Ne 105

than steel yield strength f,, according to [2, 3], that is ;5 < f,,. The condition
of non-occurrence plastic stresses was investigated in the papers [4, 5, 6, 7].

We should note, that all previously mentioned articles do not account for
flange bending rigidity and shear force between flange and web, length of
patch loading distribution also. Therefore, it means that results, obtained via
proposed methodic by there, do not have enough scientific justification, and do
not match with experimental testing, so they should be refined.

According to Broude B.M. [8], web bearing capacity does not run out
reaching steel yield strength and even ultimate strength. At the same time at
the level of the web and flange connection the web is crumpled.

Given article considers two types of loading application on top
compression beam flange. The first type (fig. 1(a)) — the loading is applied
through a purlin, welded to transversally located angles. The second (fig. 1(b))
— the loading is applied through a transversal element in the form of a strip.
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Fig. 1. The supporting nodes of purlins on the beam with corrugated web:
(a) through angles; (b) through transversal elements; (c) load action regions

The flange width (I,,) usually is less or equal to 75...80 mm. Thus, in this
paper is considered to take flange width as half of sine wave-length % = 77.5 mm

(fig. 1(a)), and vertical element thickness as [;, = 15 mm (fig. 1(b), (c)).

Below is presented the results of numerical investigations via the finite
elements method (FEM) of corrugated beam web limit state due to local
stability loss under patch loading, distributed on the region, shown on fig. 1(c).

Local stability analysis was performed on physical and mathematical
models (PMM), which had been created according to standard corrugated
profiles range of company Zeman. Used profile models WTA, WTB and WTC
had such geometrical parameters:

- web thickness t,, = [2.0; 2.5; 3.0] mm respectively;

- web height h,, = [500; 750; 1000; 1250; 1500] mm;

- flange width by = 200 mm;

- flange thickness t; = 8 mm;

- f—wave amplitude with the projection length m (fig. 1)

- model length L = 12m = 1860 mm.

Beams were modeled by finite elements of thin shell. The mark of steel
was E335 (f, = 305 MPa).
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The stability calculations were performed in three stages. The 1% stage
included critical stress calculations with the assumption of steel elastic
behavior and geometric linearity of beam models by FEM.

In the 2" stage, the stability analysis accounted for geometric non-linear
behavior of the model and elastic behavior of steel. The results of calculations
showed insignificant effect of geometric non-linear behavior account in
comparison with results from previous stage (the discrepancy is less than 0.3%).

According to the 1% stage results analysis it was arranged, that critical
stresses depends on web thickness,t,,, and loading distribution region length,
l,.So critical stresses increase simultaneously with the web thickness, t,,, and
decrease, when [, rises, and do not depend on the web height (table 1).

In addition, it was found two web buckling forms (fig. 2):

- Local (L) — the buckling locates on the top part of one corrugation.

- General (G) — the buckling distributes through the height of one or
more corrugations.

Fig. 2. (a) local buckling of corrugation; (b) general buckling of corrugation

In the local form of buckling the deformation region does not depend on
the web height and thickness and starts directly under the compressed flange.
The shape of this region looks crumpled (fig. 2(a)).

The form of buckling (local or general) depends on the web’s slenderness

ratio(/'lw = ftl—w) (table 1) and the degree of its fixation from rotational

displacements by flanges. The greater the web’s slenderness ratio and less the
degree of the web’s edges fixation from rotational displacements by flanges
the smaller the probability of general buckling form occurrence.

It is reasonable to calculate critical stresses in PMM with an accounting of
plastic strains by analytic method basing on the results, got according to the
linear theory and FEM.

The main parameters for webs steel is elastic module E, yieldstrengtho,,, and

proportional elastic limit o, = 0.80,. Hereinafter let us use such proportion

T= % , where E; — tangential module, and write it in the next formula [9]:
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(Jy - Jcr)acr (1)
(Jy ~0,)0,
Let us use the formula (1) for critical stresses calculation according to
analytic method o,,* with plastic strains accounting [10]:

ol = 1 +yD' 2

o.,— critical stresses, calculated by FEM with accounting

T =

(Ucr)z .
0.16 63’
elastic strains.

The critical stresses o, values got via formula (2) are shown in table 1. As
we can see, the results are insignificantly different with steel yield strength
value f,=305 MPa(tolerance is less than 0.36%). At the same time, the
critical stress o, obtained via FEM for all models are exactly equal to
Jf» =305 MPa.

where D =

Table 1
Critical stresses of local buckling in models’webs
_ [, =15 mm l, = 77,5 mm
%o) hy, | Local - 50 Local - 50
b mm | buckling MCI;:a l\/flga buckling Mclgé l\/flga
form form
500 L 2566.57 | 304.31 L 2042.87 | 303.92
750 L 2561.30 | 304.31 L 2038.53 | 303.91
WTA | 1000 L 2575.69 | 304.32 L 2046.19 | 303.92
1250 L 2583.86 | 304.32 L 2053.54 | 303.93
1500 L 2588.52 | 304.32 L 2057.54 | 303.93
500 L 3720.48 | 304.67 L 2889.66 | 304.34
750 L 3716.97 | 304.67 L 2879.52 | 304.45
WTB | 1000 L 3727.51 | 304.67 L 2886.38 | 304.46
1250 L 3735.69 | 304.67 L 2893.18 | 304.46
1500 G+L [3737.06 | 304.67 G 2485.89 | 304.27
500 L 5036.89 | 304.82 L 3831.51 | 304.69
750 L 5029.48 | 304.83 L 3813.15 | 304.67
WTC | 1000 L 5040.54 | 304.82 L 3819.13 | 304.67
1250 G+L |5034.86 | 304.82 G 3233.17 | 304.57
1500 G 4159.87 | 304.74 G 2621.63 | 304.34

According to table results we can make conclusion, that beams with
corrugated webs (by profiles range of company Zeman) will be ensured from
local buckling, when web stresses by design loads are less than yield strength
fy- Such beams don’t demand to install stiffening ribs.

2. Investigation of the corrugated web actual behavior

The web stability calculation by proposed above analytic method is
comfortable in use, but does not an opportunity to determine a real boundary
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bearing capacity under local loading action. Therefore, it is important to
investigate web behavior in case of its stresses significant exceeding the yield
strength f,, and nearing to the ultimate strength f,,. In addition, the way of web
failure should be researched.

The main purpose of the 3™ stage was investigation of real web behavior
under local loading action, cross-section geometric and mechanical properties
influence, and loading application schemas. As a result, it were performed
numerical (on four models PMM) and experimental analysis (on two beam
samples PM).

All beams were designed according to profiles range of company Zeman
(table 2) with such geometric characteristics (fig. 3):

*  Flange - by X ty = 200 X 8 mm;

. Span — L = 1860 mm.

F
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Fig. 3. Analyzed beams models schema
Table 2
Model
PMM-1/ PMM-2 /
PM-1 PM-2 PM-3 PM-4
h,,, mm 500 500 1000 1000
t,, mm 3.0 3.0 2.0 3.0
l,, mm 15.0 77.5 77.5 77.5
Ficais t 14.24 20.81 14.54 20.39
Fiexps t 16.0 20.6 — -

To avoid bending moment influence on bearing capacity all beams were
designed with a small span.
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All geometric parameters of experimented beam models (PM-1, PM-2)
match with suitable analytic physical and mathematical beam models (PMM-1,
PMM-2). All beams properties you can find in table 2.

Web flexibility and height influence on bearing capacity were determined
via numerical investigations on additional models PMM-3 and PMM-4.
Explored models had such properties:

- web thickness t,, = [2.0; 3.0] mm respectively;

- web height h,, = 1000 mm.

Both models were loaded across the region with the length [, = 77.5 mm.
The research results were used for calculation of theoretical bearing capacity
for the models PMM-3 and PMM-4.

The mechanical characteristics of the models' steel were got from standard
samples:

- For the web — the yield strength was o,,, = 296.5 MPa, the ultimate
strength o, = 441.8 MPa (sample-1);

- For the flange — the yield strength was o, = 293.9 MPa, the
ultimate strength o, s = 449.2 MPa (sample-2).

Steel behavior diagram was adopted by experimental probation of the
sample-1 (fig. 4). The mechanical characteristics for analytical beam models
(PMM) were taken from experimental beam models (PM).

One of the supports had the possibility to move in a horizontal direction
(rolling support). Models' top flanges were fastened from horizontal
movements. The sections, loaded by vertical loading, were fastened in the
same way to ensure beam behavior with flat bending condition.

All PMM’s were loaded in the middle of its length (fig. 1, ¢) while
numerical investigation. The loading was continuously increasing with the step
t (fig. 5) until bearing capacity failure. All maximum bearing capacity values
of models F;.,, based on numerical investigations results, are shown on
table 2.
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Fig. 4. Experimental diagram of steel behavior
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According to normal stress to step-loading dependence diagram (fig. 5)
stresses value only depends on loading distribution length [, (curves 1, 3)and web
thickness t,, (curves 2, 4) but do not depends on web height h,,, (curves 3, 4).

The dependency of normal local stresses (by the loading action axis at the
level of the web and flange connection) to the value of loading is shown in
fig. 6(a), (b). The failure did not happen after reaching the ultimate strength f;,
according to diagrams. Therefore, the web continued taking increased loading.
It can be explained by that fact, that web takes stresses at the level of the web
and flange connection alongside region with the length S = 26 mm. Moreover,
these stresses do not depend on loading distribution length [, = 15.5 mm or
77.5 mm. For both cases, maximum stresses are reached alongside the axis of
force F application, and they decrease with deviation from this axis. After
having reached the ultimate strength of the web steel o, maximum stresses
stopped increasing, but stresses, at some distance from the force F action axis,
started increasing (fig. 6 (a), (b)). Therefore, the loading force reaches its
maximum value.

After supporting length [, having changed from 77.5 mm to 15 mm

(% ~ 5.17), the crashing force F decreased from 20.81t to 14.24 t (in 1.46

times). It means that critical stresses increase when supporting length [,
decreases. That is why it is recommended to select supporting length [,
according to feasibility study.
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Fig. 5. Stress to step-loading dependency diagram
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Figure 7 shows the mosaics that demonstrate the changing of web stress
condition under increasing patch loading with values of loading distribution
length (I, = 77.55 mm and 15 mm respectively). Besides, it reflects the way
of web stress change with different loadings and loading distribution
lengths [,,.

Figure 7 (a) shows the stresses distribution in the section with maximum
stress 398 MPa, which reached by force (F = 10.9t and 7.2t respectively).
Figures 7, b and ¢, show the stresses distribution in the section with almost the
same stresses of yield line start and end (453 MPa i 451 MPa respectively),
reached by force (F = 14.8t and 20.81 t respectively for b, and F =9.12¢
and 14.24 ¢ for ¢).

According to numerical investigation results, bearing capacity (calculated by
standard codes [2, 3]) failure, caused by patch loading, always happens earlier than
web buckling, regardless of cross-section geometric parameters of corrugated

beam.
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Fig. 6. Local stresses distribution diagrams with different loadings
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Fig. 7. Stresses change mosaic with different loadings
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The PM experimental investigation was performed in the same way to
PMM numerical research. The loading was applied in the middle of beam’s
length by two jack-screws Q = 2 X 25 ¢, and was controlled by mechanical
dynamometer. Reactions and deflections were noted and matched while the
beam was being loaded for accurate beam behavior observing. The beams had
been previously loaded until 20 kN and unloaded after some endurance for
work control of jack-screws and measurement devices. Beams deflections

were controlled by time type deflectometer, because of insignificant beam span
L _ 168
L=l 333).

The flanges were loaded through the steel filler plate with thickness 15 mm
and width 300 mm (the same to flanges). The loading was distributed on the

length [, = 15 mm (for PM-1), andl,, = 77.5 mm (for PM-2).
: |

value and its ratio to beam hei ght(

(a) I, =15 mm (b) I, =77.5 mm

Fig. 8. The local buckling of corrugations
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After having endurance, the loading was the same as in numerical
investigation before bearing capacity failure with the same step (fig. 5). The
limit loading value was established according to the maximum indicator of the
mechanical dynamometer (table 2). The local buckling was occurring at the
moment of bearing capacity failure at the level of the web and flange
connection on the region, limited by corrugation half-wave length. The shape
of this region looks crumpled (fig. 8).

Conclusions

According to theoretical and experimental investigations, the web bearing
capacity failure and its crumpling happen, when local critical normal stresses
o, in the web (at the level of its connection with the flange under patch-
loading) reach ultimate strength of the web steel o,,,,,.

The bearing capacity of I-girders with a transversally corrugated thin web
(from Zeman’s profile range), under patch loading with every distribution
length will be always ensured from failure if normal local stresses in the web
do not exceed the steel yield strength f,,.
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Binux C.1., Jlaspunenxo JL1., Hinog O.0., Hinosa T.O., Cemuyx LIO.

TEOPETHUYHE I EKCOIEPUMEHTAJIBHE JOCJILUKEHHSI TPAHUYHOI'O CTAHY
MONEPEYHO-TO®POBAHOI CUHYCOIJHOI CTIHKHMITPU 11

JIOKAJIBHOI'O HABAHTAKEHHSI

VY crarTi AOCHImKY€ETHCS POOOTAa i IPAaHMYHMM CTAaH TOHKOCTIHHHMX IBOTaBPOBHX 0ajoK 3
HOMEPEYHUMH To(paMH MpU JIOKAJIbHOMY HABAHTAXKEHHi. AHaJi3 MICLEBOI CTIHKOCTI CTiHKH
BUKOHYBABCsSI Ha MOJE/SIX Oalok, sIKi OyJM CTBOpEHI BIiAMOBIAHO [0 COPTaMEHTY rodpoBaHUX
npo¢inie ¢ipmu Zeman. IIpoBoiuiMcs YKMCENbHI JOCTIIKEHHS Ha (i3MKO-MaTeMaTHYHUX i
EKCIIEPUMEHTAJIbHI Ha ABOX (Pi3MYHUX MOJIEIISIX, MOAIOHMX 3a MapaMeTpaMHK i MaTepiaaom.

AHali3 KPUTHYHUX HANpPY)XCHb BHUKOHYBABCS 332 METOJOM CKiHYCHHHX €JIEMEHTIB B
IPUIYLICHHI NpPYXKHOI POOOTH CTali 3 BpPaxXyBaHHSIM SIK I'E€OMETPHYHOI JiHIHHOCTI POOOTH
Mojereii, Tak 1 iX HemiHifiHOCTI. Po3paxyHOK IOKa3aB, IO NPU YMOBI NpPYXHOI poboTH cTaii
BpaxyBaHHs [€OMETPHYHOI HENHIHHOCTI MPAaKTHYHO HE BIUIMBAE HA PE3yJIbTATH.

BcraHoBiieHO, 10 BTpara CTIHKOCTI CTIHKM MOXeE BiZOyBaTHCS SIK 3a MICLEBOK (HOPMOIO
BHUIIMHAHHS, TaK 1 3a 3arajgbHor0 (GopMoro npu Oinbumx ToBUMHAX cTiHKH. [Ipu 36imbuieHHi
JIOBKHHH CIHHMpPaHHs IIPOTOHIB Ha OaJKy BEIHMYMHA KPUTHYHOrO HABAHTAXXCHHsI 30UIbLIyBanacs, a
KPUTHYHI HampyXeHHs B CTiHLI 3MeHInyBaiucs. Ilpu mpoMy i BCiX Mopmeneil BeanduHa
KPUTUYHUX HaNpyXeHb NMPAKTHYHO HE BiApi3HsIacsA Bix Mexi Tekydocti crami f, = 305 MIla
(BigxuiieHHs He Oinbuie HbK Ha 0,36%).

IpexcraBieHi pe3yibTaTd YHUCEIBHHUX Ta EKCIIEPUMEHTAIBHHX JOCIIIKEHb poOOTH
roppoBaHoi CTIHKM MpPH JIOKaJbHOMY HABAHTAXXCHHI. BCTAHOBJICHO, IO IiCIs JOCATHEHHS
TEOPETHYHUMH 1 eKCHEPUMEHTAIbHIMH HOPMaJIbHUMH HANpPY)XCHHSIMH B CTIiHLI BETHYMHH MEXI
MIL[HOCTI CTajJi Hecyda 34aTHICTh MOJeNi He BTPAvYaeThcs, a pyHHIBHE HaBaHTaKCHHS
36ibIyeThest Ha 30-35% BHACIIJOK ITEpepO3NOALTy HAIPY)KEHb B CTIiHIII 10 JOBXKHHI.

Pe3ysbTaTi po3paxyHKIiB i €KCIIEPUMEHTIB CBi4aTh, IO NPH BUKOHAHHI BUMOTH MIIIHOCTI,
3a3HaueHoi Eurocode No. 3, Hecyua 31aTHICTh ro(pOBaHOI CTIHKK Oyj1e 3aBKau 3a0€311EUCHOI0.

KuarouoBi cioBa: rodppoBaHa criHka, MiclieBa CTIMKICTh CTIHOK, JIOKaJbHE HAaBaHTa)KCHH,
(hopMa BUIIMHAHHS, BIUIMB [IAPaMETPiB HABAHTA)XKCHHSI.

Bilyk S.I., Lavrinenko L.1, Nilov O.0., Nilova T.O., Semchuk I.Y.
STRESS STRAIN STATE THEORETICAL AND EXPERIMENTAL INVESTIGATION
OF CORRUGATED SINE-WEB UNDER PATCH LOADING

The article researches the behavior and limit state of thin-web bedl-beams with transversal
corrugations under patch loading action. Web local stability analysis was performed on beam
models, which had been created according to standard corrugated profiles range of company
Zeman. Numerical analyses on physical and mathematical models and experimental investigations
on two physical models with similar to them parameters and steel were executed.

The critical stress analyses were carried out via the finite elements method (FEM) with the
assumption of steel elastic behavior accounting both geometric linearity and geometric
nonlinearity. The calculation shows that taking into account the elastic behavior of steel the
geometric nonlinearity has insignificant effect on the results.

Two buckling forms (local and general for thicker webs) were ascertained while investigating
the stability loss of web. The critical loading's value increases with increasing of purlin’s
supporting length, but the web's critical stress decreases. But for all models critical stresses value
is almost similar (tolerance is less than 0.36%) to steel yield strength f,= 305MPa.

The numerical and experimental investigation results of corrugated web behavior under patch
loading are presented. Established that model’s bearing capacity does not fail after reaching by
theoretical and experimental normal stresses the ultimate strength of the web steel, and ultimate
loading increases by 35 — 40 % due to the stress’s redistribution in the web along the length.

The results of calculations and experiments certificates that when the strength requirement
specified by Eurocode No. 3 is met the corrugated web’s bearing capacity will be alwaysensured.

Key words: corrugated web, web local stability, patch loading, buckling form, effect of patch
loading parameters.
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Bunvik C.H., Jlaspunenxo JI.U., Hunoe A.A.,Hunosa T.A.,Cemuyx U.IO.
TEOPETUYECKOE U OKCIHEPUMEHTAJIBHOE UCCJIEJOBAHUE
MPEJEJBHOIO COCTOSAHUA MMOMEPEYHO-TO®PUPOBAHHOM
CAHYCOUJTHOM CTEHKHU TP JEACTBUM JIOKAJIBHOI'O HATPY KEHUSI
IpexncraBieHbl  pe3ysibTaThl  HMCCIIENOBaHHUsA  paboOThl M MPEACIBHOIO  COCTOSHHS
roh)pHpOBaHHON CHHYCOMJAIBHON CTEHKH OajKy HpH NeiiCTBHY JIOKaIbHON Harpysku. JlokasaHo,
4TO IpH ﬂeﬁCTBHH JIOKQJIbHOI'0O HAarpy>X€HHS HOPMAJIbHBIC HAIPXKCHUA B CTCHKE 6am<14
JOCTHTAIOT IIpefesia IPOYHOCTH CTald CTEHKH, HPH ITOM B HEHl BO3HHKAIOT 3HAYHUTEIbHBIC
IUIacTHYeCKHE AehOpMALMU U HECYIasi CHOCOOHOCTh HCYEPIIBIBACTCSL.
KiroueBble ciioBa: rodpupoBaHHasi CTEHKA, MECTHAs YCTOMYHMBOCTH CTEHOK, JIOKAJIbHOE
HarpyxeHnue, popma BbITyIHBaHNU, BIMSHUE IAPAMETPOB HATPY)KCHUSL.

YK 624.014

binuk C.1., Jlaspunenko JII., Hinos O.0., Hinosa T.0., Cemuyx [IO. TeopernuHe i
JKCIepUMEeHTA/IbHE J0CJIiUKeHHsI TPAHHYHOr0 CTaHy ropoBaHOi CHHYCOIAHOT CTIHKH NpH
il JIoKaJILHOro HaBanTaxenus / Omip marepianiB i eopisiciopya: Hayk.-tex. 306ipH. — K.:
KHVYBA, 2020. — Bun. 105. - C. 152-164. — Anru.

Hagedeni pesynbmamu meopemuunozo i 9KCNePUMEHMANbHO20 O0CHiOdNCcents pobomu i
2PAHUYHO20 CMAHY 20(IPOBAHOI CUHYCOUOANLHOI CMIHKU Npu Oil JOKAIbHO20 HABAHMANCCHHSL.
Hosedeno, wo nopmanvni nanpysicenuss 6 cminyi OaIKu npu JIOKATbHOMY HABAHMANCEHHI
docsealoms Meduci MiYyHOCmI cmani CMiHKU, Npu YboMy 6 Hill BUHUKAIOMb 3HAYHI NAACTUYHI
dechopmayii | Hecyua 30amHicms 8MpavacmobCs.

Tabu. 2. L. 8. bi6miorp. 10 Ha3s.

UDC624.014

Bilyk S.1., Lavrinenko L.I., Nilov O.0., Nilova T.O., Semchuk 1.Y. Limit state theoretical and
experimental investigation of corrugated sine-web under patch loading // Strength of
Materials and Theory of Structures: Scientific-and-technical collected articles. — K.: KNUCA,
2020. — Issue 105. — P. 152-164.

Results obtained via limit state theoretical and experimental investigation of corrugated sine-
web under patch loading action are presented. It is proved that normal stresses in the beam web
under patch loading reach ultimate strength of the web steel, while significant plastic strains
occur in it and the bearing capacity is lost.

Table 2. Fig. 8. Ref. 10.

VK 624.014

Buneixk C.U., Jlaspunenko JIL.U., Hunoe A.A., Hunoea T.A., Cemuyx HU.IO. Teoperuueckoe u
IKCHEePUMEHTATBHOE HCcJIe0BaHue NpefeJbHOro COCTOSTHUSI ropupoBaHHO¥
CHHYCOM/IAJBHOM CTEHKH NPH JeiiCTBAN JOKAIBHOr0 Harpy:keHust / Omnip MaTepianis i Teopis
criopyn: Hayk.-Tex. 30ipH. — K.: KHYBA, 2020. — Bumn. 105. — C. 152-164. — Auru.

IIpedcmasnenvl  pe3yriomamsl MeOPEemu4ecko20 U IKCHEPUMEHMAILHO20 UCCAe008aAHUS
pabomel U NPedenbHO20 COCMOSIHUAL 20(PPUPOBAHHOU CUHYCOUOAILHOU CMEHKU Npu Oeticmeuu
JIOKAIbHO20 Hazpydicenus. JJoKkazano, umo npu Oelucmeuu J0KAIbHO20 HASPYICEHUS HOPMATbHbIC
HANPSICeHUs: 8 cmenke OaKy 00Cmuealom npedena nPOYHOCmU CMAU CMEHKU, NPU IMoM 6 Hell
603HUKAIOM  3HAUUMeENbHble — NIACMmuvecKue  Oegopmayuu U Hecywas  CnocobHoCmb
ucuepnvleaemcs.

Tab6un. 2. Y. 8. bubmmorp. 10 Ha3s.
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