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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SHEAR FAILURE FORM REALIZATION IN CONCRETE

Abstract. The shear is considered as concrete and reinforced concrete elements failure form, which differ
significantly in constructive solutions, load transfer schemes and stress-strain state on shear surface. Conditions and
criterion for shear failure form realization in concrete are formulated. As conditions, it is assumed that plastic

deformation is localized in thin layers on failure surface and that shear stresses 7, are reached J2/3 from their
maximum value. Criterion for shear realization in structurally inhomogeneous materials with different resistance to
compression and tension is simultancous limit state existence over entire shear surface. To determine shear
realization boundary in concrete, concrete plate destruction process under axial compression is analyzed. «Shear —
tear» failure transition region existence is substantiated. Lower concrete destruction boundary by shearing is located
in mixed region stresses close to axial compression, and upper boundary is in uneven biaxial compression zone.
Kinematic concrete elements destruction mechanism under shear is considered as limit macroscopic structure. Rigid-
plastic body concept is used. Plastic deformation is thought to be concentrated in thin layers on fracture surface, and
adjacent areas are considered as hard disks. Sufficiently general technique for calculating strength based on mathe-
matical plasticity theory apparatus, variational method with virtual velocities principle application, discontinuous
solutions, and upper ultimate load magnitude estimate is proposed. Externally brittle destruction character cannot
serve as obstacle to plasticity theory application. As plastic potential, concrete strength condition in revolution para-
boloid form is adopted, which has fairly simple notation in tensor form and experimental confirmation. Strength
problems solution is to write down virtual velocity principle functional for corresponding kinematic fracture mecha-
nism. Functional is investigated for an extremum, which is equivalent to boundary value problem solution. Stationary
state achievement by functional corresponds to plastic deformation power minimum. As an example, solution is
given to strength problem of bent fixed from one end concrete (reinforced concrete) plate, simulating keyed joints.
Realized kinematic mechanism under shear opens fracture surface direction variation possibility by creating lateral
compression, which practical interest is.
Key words: concrete, shear failure form, conditions, criterion, realization mechanism, calculation methods.

Introduction. Concrete and reinforced concrete elements working on shearing forces perception are
widely used in practice, that predetermines necessary for their further study. They differ significantly in
constructive solutions, load transfer schemes, and in shear zone stress-strain state specificity. At the
present time, there is no sufficiently general method for calculating strength of such elements, makes it
possible to take into account their features and determining factors influence. Its creation on basis of
single theoretical basis is an actual task.

Work aim is to determine conditions, criterion and mechanism for realization shear in concrete to
develop a general calculation technique based on deformed solid mechanics.

Research methods. The aim is achieved by analyzing shear phenomenon in concrete [1-4]. Fracture
character and shear zone stress-strain state are considered. To solve deformable solid mechanics equations
[5-7], which in general is complicated problem, simplifications number have been introduced [8, 9]. The
shear strength is evaluated using the variational method [10], virtual velocities principle and discontinuous
solution [8, 9], which allow us to obtain result corresponding to plastic deformation power minimum quite
easily [8-11].
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Results. Concrete fracture forms. Realizable in elastic-plastic materials, among which is concrete,
fracture forms reflect macromechanical bodies behavior in limit state and exert determining influence on
ultimate load magnitude [12]. They differ significantly and as destruction mechanisms components require
use different theories, concepts and approaches to solving strength problems. Tearing, element parts move
in direction perpendicular to destruction surface, remaining slightly deformed. For crushing plastic
deformation zonal placement in destruction area is typically. Bodies behavior in shearing form has its own
peculiarities, having investigated which it is possible to formulate conditions, determine mechanism and
its realization boundaries, and develop calculation technique that takes into account shear specificity.

The shear as fracture form is characterized by one-part movement of element along other and for
plastic bodies is an extension of observed visually directed intense deformation in shear zone (slip) [8, 11].
Plastic concrete properties are limited and depend on stress element state [12]. In biaxial compression,
they are crucial, in mixed conditions stress states their influence is significantly reduced, and plasticity
regions dimensions’ decrease. Externally brittle avalanche shear fracture in a number of cases visually
practically does not differ from fracture by tear (figure 1). At the same time, concrete intensity de-
formation that is fixed in experiments near fracture surface during shear and tear is fundamentally
different.

a b

Figure 1 — Concrete beam fracture by shear (a) and tear (b)

Shear failure form boundaries. Shear boundary location depends on material's resistance to axial
compression and tension, as well as its structural features.

Studies results analysis [1-4, 11, 13] indicates that shear occurs in plane-stressed concrete elements in
biaxial uneven compression, uniaxial compression, and mixed stresses close to axial compression. For
purpose of a shear phenomenon detailed study, it is advisable to consider elements behavior at boundary
of its realization in transition area «shear — tear», where when comparing two forms, their differences and
characteristic features are more clearly visible. The transition area includes destruction under uniaxial
compression (figure 2, a, b), choice is also justified for investigation by presence experimental numerous
materials [11, 13-15].

. F

On
Tn

F

a 0 B

Figure 2 — Concrete destruction prisms by tear (a) and shear (b), plastic deformation localization on shear surface (c)
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As is known, the shear failure form area is determined by real existence slip planes [8, 16]. For
plastic materials, its boundaries are located in biaxial intervals compression and tension [8]. However, for
concrete indicated area is not so wide.

Transition failure area «tear — sheary. When concrete element is uniaxial compressed, its case
fracture substantially depends on cement stone elastic crystalline and plastic gel ratio components. As first
increases, concrete strength increases, and deformability decreases. In direction perpendicular to com-
pression, structural tensile stresses arise around pores and voids, which concentration leads to microcracks
appearance already at initial loading stages. At stresses exceeding their lower limit formation, microcracks
develop moderately.

With achievement of crack formation upper boundary (boundary between moderate stage and in-
tensive stage of cracks growth), process is undamped and breaks from tear [14, 15]. With gel (plastic)
predominance component, bodies fracture mainly occurs by shear. Development possibility and plastic
deformation localization is determined by difference between upper and lower microcracks formation
boundaries. With increasing this difference, material plastic properties increase, shear failure form
probability increases. In the case zones extension insignificant, local stresses decrease, plastic deformation
concentration in thin layers on fracture surface occurs (Fig. 2, ¢) and shear is realized [11, 13].

Thus, under uniaxial compression, there is transition area of «shear — tear» failure. Tearing, there is
great behavior instability and an increase in elements strength scatter. In this case, average maximum load
value corresponds to load at shear. That is, strength evaluation based on shear failure form under uniaxial
compression and throughout transition region is preferable.

Conditions for realization shear. One of mandatory conditions for shear realization in elastic-plastic
materials is plastic deformation localization in thin layers on slip surfaces, which determines bodies
destruction mechanism.

As plasticity condition, it is recommended to use Balandin-Geniev strength condition [16] (figure 3),
which has satisfactory convergence with experimental data and simple record in tensor form.

[Tal
c
0.55
045
On
fe
02 0 0,26 0,9 1.54 2

Figure 3 — Concrete strength condition at resistances ratio tension and compression
Jet / Je=0,]:  emmmm— _ shear realization interval

Interval for concrete shear failure form realization is proposed to be points limited in which tangent
angles i values to envelope of Mohr's circles (figure 3) correspond to their values for axial compression
and tension of plastic materials. Specified limit defines ultimate stress level at shear areas.

Rigid-plastic body concept was adopted (figure 4).

Destruction mechanism and criterion for its use. To use plasticity theory, it is important to consider
features of deformed solid development process limit state. This process leads to macroscopic structure
formation, so-called kinematic mechanism, which development is due to body limit state attainment in the
most stressed and deformed region (fracture area) where large irreversible deformations are localized, due
to which parts separated by fracture surface mutual motion acquire possibility [10-12]. With plastic
kinematic mechanism, deformation process proceeds gradually. Its characteristic feature is simultaneity of
limit state existence over whole failure area, which is impossible with brittle kinematic mechanism with
dominant stress level in tension zone and tear crack formation This plastic kinematic mechanism behavior
is due to sufficient deformed solid plastic deformations resource, that elastic-plastic or rigid-plastic body
diagram with limited plasticity interval can be used.
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T 1'_mzx = j:’j:’. 3

H

Figure 4 — Diagram «Tangential stresses intensity 7 — shear strain velocity intensity / » for concrete

For inhomogeneous stresses states, fracture surface consists of shear and tear areas. It is quite dif-
ficult to determine tear or shear form predominance quite difficult. There is need for qualitative criterion
for using plasticity theory. Following criterion formulation of its applicability is proposed: existence of
plasticity (strength) condition over whole concrete limit state area which completely intersects body,
which development is necessary to make it mechanism. Limit state simultaneity in tension and com-
pression zones is attained at stage preceding shear when compression stresses level outstrips tension stress
level. At same time, externally brittle fracture nature is not an obstacle to shear realization and plasticity
theory applicability.

Shear strength calculation. A sufficiently general and exact calculation theory should explain phy-
sical essence of known phenomenon wide range, predict new dependencies and properties, and describe
with necessary accuracy processes parameters ratio.

In Poltava National Technical Yuri Kondratyuk University developed technique for calculating
strength based on concrete ideal plasticity theory [12, 16], supplemented by its limitations applicability,
considering elements failure stage, design schemes that clearly demonstrate fracture mechanism
kinematics, and using the variational method of determining ultimate load.

Particular element ultimate load calculation is related to its assignment kinematic destruction
mechanism and virtual velocity principle functional recording [9, 10, 12].

The functional for triaxial stress states has form

1=[m| B +0,25(av,1AVY |Avias - [ fys, (1)
sy S,

where m = f, — f..; B :(1"‘}(/(1_?{)2)/3; x=r.17f., f, V,-’ — given forces on body surface

S , and kinematic possible velocities; S Z' — fracture surface; AV, AV,’ — breaks (jumps) of normal and

tangent to surface S ,’ components velocity.
For plane stress states, first term of expression (1) is written:

2 0,5
]l:j.m[ZB(lJrO,ZS(AVt'/AVn')) —I}AVn’dS. ®)
5

On real stress state functional / is zero. Limit load value is found from plastic deformation minimum
condition power by varying geometrical surface parameters S, and disks velocities ratio.

As an example, let us consider bent plate strength problem clamped at one end, which simulates keys
work in elements joints [4, 18-20]. The kinematic plate fracture scheme is shown in figure 5. The un-
known parameters of this problem are limit load ¢,, slope angles & of platform 4B and f of platform BC to

vertical (where ABC — fracture surface), disks velocities ratio kK = Vx / Vy =1g (W+ ﬂ) I and II (figure 5).

— 58 ——
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Figure 5 — Kinematic possible concrete destruction scheme (reinforce concrete) plate, pinched from one end

Compression O is taken into account as an external load uniformly distributed over plate height, and
reinforcement effect in reinforced concrete element is by applying compressive external force in

A!) level [21].

The formula for determining maximum load is written in form:
m [ZB\/(k —tg ) +0,25(kig B +1) +k + tgﬂ} .

q, = -+ 3)
xtg—a+fa(k+tga)i+ka b
tga+tgf tga+tgp

Additional conditions are used in moment form equations applied to key part cut off by surface of
velocity discontinuity ABC. In this case points B, O, D are offered as moment points.

Conclusion. Thus, shear failure form in elastic-plastic materials, to which concrete relates, is
characterized by concentration of directional plastic deformation in thin layers on slip surface.
Neighboring regions in limit state remain slightly deformed and are considered as rigid.

Stressed states interval for which shear is typical as concrete fracture form is narrowed in comparison
with shear realization area in plastic materials. Shear occurs at tangent angles values to envelope of

Mohr’s circles —arcsinl/3 <y <arcsinl/3 and the tangential stresses level on the slip surface

reinforcement ( 4, 4

w2

VJ2/3 <L T, /z'maX < 1. At the same time, lower concrete destruction limit by shear is located in mixed

area stresses states, close to axial compression, and upper one in zone of uneven biaxial compression. As a
criterion for shear realization, limit state achievement (strength condition) is considered, even for a
moment, over entire area that completely intersects body.

To solve concrete and reinforced concrete elements strength problem in shear failure form,
mathematical application plasticity theory apparatus is promising. Using the variational method, solutions
were obtained for strength problems of elements differing in shape, load transfer circuit, fracture zone
stress state, which was confirmed in experiments [1-4, 18-20].

The kinematic mechanism under the shear as a limit macroscopic structure opens fracture surface
varying direction possibility for example, by creating lateral reduction. Slip plane orientation makes it
possible to change elastic-plastic material plastic layer location, taking into account configuration, size
ratio, holes and weakened places presence in bodies, which is of practical interest due to shear cases
variety.
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PEAJIM3AIIMS CPE30BOM ®OPMBbI
PA3PYHIEHUWSA B BETOHE

AnHoTanusi. PaccmarpuBaercsi cpe3 kak (opMa pa3pylieHus OSTOHHBIX M JKeJIe300€TOHHBIX JJIEMEHTOB, CY-
HIECTBEHHO pAa3HYalOUXCs KOHCTPYKTHBHBIMM PELICHUSAMH, CXE€MaMM IMepeladd Harpy3Kd M HalpsLKEHHO-
Je(opMUPOBAaHHEIM COCTOSIHMEM Ha HMOBEpXHOCTH cisura. ChopMynnpoBaHBl YCIOBHS W KPUTEPHH peann3aliu
cpe3oBoil (opmbl paspymieHust B OeroHe. B kauecTBe yCIIOBHH NPHHATHI 0053aTENbHOCThH JIOKAIM3ALMU IUIac-
THUYECKOH Ae(hOpMaIli B TOHKHX CJIOSIX Ha TIOBEPXHOCTH Pa3pyLICHUS] U JOCTH)KEHHE CABHTOBBIMH HAIPSKEHUSIMU

7, YPOBHs \/73 OT UX MaKCHMAallbHOTO 3HadeHus. Kpureprem peanusalnuu cpe3a B CTPYKTYpPHO-HEOAHOPOIHBIX
MaTepManax 3 paSJ’lI/l‘lHI)IM COHpOTI/IBﬂeHI/IeM CXaTuw u paCTSDKeHl/IIO SIBIISICTCA O[lHOBpeMeHHOG CyHJ,eCTBOBaHMe
MPEJCILHOTO COCTOSHHSI 10 BCEH MOBEPXHOCTH caBura. J[jis ompeaesieHus] TpaHHIbl pealn3alud cpe3a B OeToHe
MPOAHATU3UPOBAH MPOIIECC Pa3pyIICHUsS OCTOHHOW IJIACTHUHBI MPH O0CeBOM CxkaTHH. OOOCHOBAHO CYIIIECTBOBAHUE
MEPEXOIHON O0JIACTH pa3pYIICHUS «CIBUT-OTPBIBY. HWXKHSAS TpaHUIAa pa3pylIeHHs OETOHA IyTeM cpe3a pacio-
JIOKCHA B 00JIACTH CMEIIAHHBIX HANPSHYKCHHBIX COCTOSTHUH, MPUOIMKECHHBIX K OCCBOMY CXKaTHIO, & BEPXHSSI — B 30HE
HEPaBHOMEPHOTO JIBYXOCHOTO CxkaTws. KnHeMaTndeckuii MEXaHH3M pa3pylICHUs OCTOHHBIX 3JICMEHTOB IPH Cpe3e
paccMarpuBaeTcsi Kak MpefebHash MaKpOCKOIMHMYECKas CTPYKTypa. VCmonb3yercs KOHLEMIUS JKECTKO-IUIACTH-
yeckoro tena. [lnactuueckas aedopMmaiiis CYMTACTCS COCPEIOTOYCHHON B TOHKHX CIOSX HAa TOBEPXHOCTH pa3-
pYIICHHS, a COCEHNE 00JIACTH PACCMATPUBAIOTCS KaK JKECTKHe MucKU. [IpeanoxkeHa 10CTaTOUuHO OOIas METOANKA
pacueTa IPOYHOCTH HA OCHOBE MAaTEMAaTHYECKOIo alapara TCOPHH IUIACTUYHOCTH, BAPHALIMOHHOTO METOAA C IIPH-
MEHEHHEM MPUHIHKIIA BUPTYaJbHBIX CKOPOCTEH, pa3pbhIBHBIX PEIICHUN U BEPXHEIl OLECHKU BEIWYMHBI MpPEAEIbHON
Harpy3kd. BHellHe XpyNKuii XapakTep pa3pylleHHs HE MOXET CIIY)KUTh MPENSTCTBHEM IMPUMEHEHHs TEOPHU
IUTACTHYHOCTHU. B KauecTBe IIaCTUYECKOTO MOTEHIMAIA IPUHATO YCIIOBHE IPOYHOCTH OETOHA B BUE mapabosionaa
BpallleHHs], UMEIOIIEE JOCTATOYHO MPOCTYIO 3alHCh B TEH30PHOW (OPME M IKCICPUMEHTAIBHOE MOIATBEPIKICHHE.
Pemenne 3aja4 MpoYHOCTH CBOJUTHCS K 3alMCH (YHKIMOHANA NPUHLUIIA BUPTYaIbHBIX CKOPOCTEH IJIsi COOTBET-
CTBYIOIIETO KHHEMATHYECKOTO MEXaHU3Ma pa3pyiieHus. OYHKIIMOHAT UCCIIEAYETCS Ha SKCTPEMYM, UTO SKBHBAJICHT-
HO PEIICHUIO KpaeBoil 3a1aun. JlocTmkeHrne (QyHKIIMOHAIOM CTAllMOHAPHOTO COCTOSIHUSI COOTBETCTBYET MHHUMYMY
MOIIHOCTH TIACTHYECKO# nedopmMarinu. B kadecTBe npumepa NPUBEICHO PEILICHNE 33/1a41 [TPOYHOCTH U3rHOaeMoi
3amIeMIICHHOHM ¢ OJHOTO KOHIIA OETOHHOW (Kele300€TOHHOH) IIACTHHBI, MOJEIUPYIOMEH padoTy MIMOHOK CTHIKO-
BOrO COCQUHEHUs. Peanu3yemplii KWHEMATHUSCKU MEXaHU3M IIPU CPe3e OTKPHIBAET BO3MOXKHOCTH BapbHPOBAHMUS
HAIpPAaBJICHUS MOBEPXHOCTU DPa3pyIlEHHs] MyTeM CO3aHusi OOKOBOrO 00XKATHs, YTO MPEICTABIISET MPAKTHYECKUN
HHTEpEC.

KawueBble cioBa: 0eToH, cpe3oBas (popMa pa3pylIeHUs, YCIOBHS, KPUTEPU, MEXaHU3M pEaIU3alliK, METO-
JIUKa pacueTa.
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BETOHJATBI BY3bIJIBICTAP/IbIH
KECIHI KAJIBIIITAPBIH ’KY3ET'E ACBIPY

Annoranusi.Kecinai pirbicy OeTiHEr KEPHEYINIK TYp ©3repTy KYHi, dKYKTeMeHI Tapary MeH, KOHCTPYKTHBTIK
HIeIIMACPIMEH alphIKIIa aXbIPATHUIATHIH OCTOH/IBI JKOHE TeMipOETOH/IbI ANIEMEHTTEp Il Oy3y KajbIlTapbl peTiHjie
KapacThIpbUIajibl. beToHmarel Oy3bUIBICTHIH KECIHII MINNHAEPIH JKy3ere achlpy MIapTTapbl MEH KpHUTepuiliepi
TyKbipbiMaanrad. apt perinae miacTukanblk aedopMalusHblH Oy3bUibic OETiHAE KyKa KabaTTapia OpHajacy
MIHJIETTIIIr MEH BIFBICY KEpHEYIMEH MaKCHMaJIbl MOHIHAET1 AeHreiire xeryi kaObuiganran. ChlFy MEH CO3yFa Ke-
JIeprici op TYpJ KYpbUIBIMABIK OIpTEKTI eMec MaTepHaiaaparbl KECIH/IIHI )Ky3ere acblpy KpUTEpHidl bIFbICY OETiHIH
Oapiibik OeutikTepiHie Oip yakbpITTa IIEKTIK KyiHiHiH 00Jybl O0ibln TaObuIabl. beToHAaFbl KeCIHIIHI Ky3ere achpy
HIEKapachlH aHBIKTAY MAaKCAThIHJAa OCHTIK ChIFY Ke3iHJeri OTOHJBIK IUIATHHAHBIH OY3bUTy YpAici TanganraH. bysbi-
JYJABIH «BIFBICY-XKYJTy» apajblK OeiriHiH OOJybl HerizJeireH. BeTOHHBIH KeCiHIi apKbuibl OY3bUTYBIHBIH TOMEHTI
HIeKapachl KepHeyJi Kyii apajac aiiMakTapla, ajl )KOFapFbIChl — OIPTEKTI eMec eKi OChTIK ChIFy allMarbIH[a OpHa-
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nackaH. Kecy kesinzeri OETOHIBIK 3JEMEHTTEpAiH Oy3bUTybIHBIH KHHEMAaTHKAJbIK MEXaHU3MI HIEKTIK MaKpOCKO-
MUSUIBIK KYPBUIBIM PETIHJIE KapacThIpbuiaibl. KaTThI-IaCTHKANBIK JeHe KOHUENIUICH Maiaananbuiaapl. [lnactu-
KaibIK nedopmanust Oy3buty OeTiHIH KyKa KabaTTapblH/a KHHAKTAIFAH OOJIBIN ecenTeniHe/l, al Kepliiiec aiiMak-
Tap KaTThl AMCKTEp peTiHIe KapacThipbuiajbl. CO3bUIBIMABUIBIK TEOPUSCHIHBIH MaTEeMATHKAJbBIK almnapaTbl, BHP-
Tyasbl KbULIAMIBIKTAp KOJIIAHBUIFAH BapUALIMSUIBIK dJIiC, Y3UIIC MemiMaepi MeH HIEKTIK KepHEeY MOHIHIH KOFapFbl
Oarachl Heri3iHne OEpIKTIKTI ecenTeyAiH JKaNIIbl dICTEMeC] YChIHbUIFaH. By3bUTyAbIH CHIPTTall MOPT CHIATTAMACHI
CO3BUIBIM/IBIIBIK TEOPHSCHIH KOJIJaHyFa Kerepri Ooja ammaiifpl. [[nacTHKasblK MOTEHIMAT PETiHIE TEH30PIIbIK
TYpZe KapamaibiM ka30ackl MEH TIXpuOenik foneni Oap aifHany mapabosionabl TypiHgeri 0eToH OepiKTIri mapThl
KaObuaHFaH. BepikTik Macenenepid emry OyY3bUTYJbIH COWKEC KHHEMATHUKAJIbIK MEXaHU3MI YIIIH BUPTYAIIBIK
KBULAAMIBIKTAp TPUHLUM (YHKIHOHAIBIH JKazyra casubl. DYHKIMOHAT JKCTpEeMyMFa 3epTTeiell, Oys MeTTiK
€CeNTl IIelIyre 3KBUBAICHTTI OOJbIN TaObuianbl. OYHKIMOHANBIH CTAIIMOHAPIBI KYHI'€ JKETYl CO3BUIBIMIBLIBIK
nedopmanmsicel KyaThIHBIH MHUHHMYMbIHA coiikec Kenei. Mpican periHjie, TYHICTIpUIreH KOCBIHABI KiTeKTepi
JKYMBICBIH MOJEJIbACHTIH, Oip IMICTIHEH KbICBUIFAH MU OeTOH (TeMipOETOH) IUIACTHHACBHIHBIH OEPIKTIri eceOiHiH
wrerniMi Oepinren. Kecinizeri jky3ere achIpblIaThiH KMHEMATHKAJIBIK MEXaHM3M OYHIpIIiK ChIFYy apKbLIbl OY3bLIY
OeTiHiH OaFbIThIH TYPJICHIIPY MYMKIHAIrH Oepe/i, OKI TOKpUOesIiK MaHbI3Fa He.

Tyiiin ce3nep: 6eToH, OY3bUTYABIH KECIHII TYpi, MIAPTTAapbl, KPUTEPHii, JKy3€re achlpy MeXaHHU3MIi, ecenTey
azicTemMeci.
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