182

Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

REFERENCES

1. Lytvyn, O.M. and Matveeva, S.Y. (2011), “Method of surface recovery between strips with help
information about surface on the perpendicular strips”, Control Systems an Computers, vol. 1,
pp- 33-41.

2. Joshua, J. and Darsan, G. (2016), “Digital inpainting techniques — a survey”, Intern. J. of Latest
Research in Engineering and Techn., vol. 2, pp. 34-36.

3. Hays, J. and Efros, A. (2007), “Scene completion using millions of Graphics”, Computer Graphics
Proceedings (SIGGRAPH), vol. 26, pp. 87-94.

4, Bertalmio, M., Sapiro, G., Caselles, V. and Ballester, C. (2000), “Image inpainting”, Proc. of the 27th
Annual Conf. on Computer Graphics and Interactive Techniques, pp. 417-424.

5. Sun, J., Yuan, L,. Jian, J. and Shum, H.-Y. (2005), “Image completion with structure propagation”,
Proc. of ACM Conf. Comp. Graphics, vol. 24, pp. 861-868.

6. Oliviera, M., Bowen, B., McKenna, R. and Chang, Y.-S. (2001), “Fast digital image inpainting”, Proc.
of Intl. Conf- on Visualization, Imaging and Image Processing, pp. 261-266.

7. Lytvyn, O.M. (1992), Interlinacija funkcij [Interlination of functions], Osnova, Kharkiv.

8. Lytvyn, O.M. (2002), Interlinacija funkcij ta dejaki jiji zastosuvannja [Interlination of functions and
some its applications], Osnova, Kharkiv.

VIIK 539.3

KOHTAKTHOE B3AUMOJAENWCTBHUE CJ0SI C OCHOBAHUEM
NP KOMBUHUPOBAHHOM HAI'PYKEHUH
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JanHass paboTa TmMOCBSIIEHa W3YYEHHWIO HEJMHEITHOTO TOBENEHMS CJOs, JIeXKallero Ha YIPYrom
OCHOBaHWUM, MPU IEHCTBMM KOMOMHUPOBAHHOM Harpy3kd — HOpMaJjibHOM M TaHTe€HLMaJbHOW. 3amaya
(GopmynupyeTcsi B BapWallMOHHOM ToOCTaHOBKe. [IpoW3BelNeH YHCICHHBIM aHalu3 HaNpsSKEHHO-
1e(hOPMUPOBAHHOTO COCTOSHUS CJIOS B 3aBUCUMOCTH OT KOY(QULMEHTa TPeHHs M OTHOCUTENbHOM
KECTKOCTH CJIOSl 1 OCHOBAHHSI.

Kniouegvie cnoga: miockasi KOHMAKmHas, 3a0a4a, ynpyeoe ROIYRPOCMPAHCMGEO, NOKPbLMUE, HANPSIdiCeHue,
nepemeujeHue, mpeHue, yOeabHblll gec.

KOHTAKTHA B3AEMOAISA IAPY 3 OCHOBOIO
NP1 KOMBIHOBAHOMY HABAHTAXEHHI

O6onan H. L., I'yk H. A., Ko3akosa H. JI.

Jninponempogcvruil nayionanvnuil ynieepcumem imeni Onecs I 'onuapa,
npocn. 'azapina, 72, m. [[ninpo, 49010, Vxpaina

kkt fpm@ukr.net

PoGora mprcBsiueHa KOCTiKEHHIO HETiHIHHOT MOBEAIHKY Iapy, IO JIOKUTh Ha MPYKHil OCHOBI, MpH
nii KOMOIHOBAaHOTO HABaHTAXECHHS — HOPMAIBHOTO Ta TAHTCHIIATBHOTO. 3amada (OPMYITIOETHCS Y
BapiamiifHii TOCTaHOBIN. 3miMiCHCHWIA YHMCIOBHM aHaJi3 HampyKeHO-ae(OpMOBAHOTO CTaHy MIAPY
3aJIeKHO Big KoedillieHTa TepTs i BITHOCHOT JKOPCTKOCTI apy Ta OCHOBH.

Kniouosi cnosa: nnocka konmakmua 3a0aua, WNPYICHUL HANIGNPOCMIP, NOKPUMMS, HANPYICEHHS,
nepemiujeHHs, mepms, NUMOMA 842a.
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Gagarin av., 72, Dnepropetrovsk, 49005, Ukraine

kkt fpm(@ukr.net

The problem of the layer’s behavior, which lies on an elastic base, under the action of the combined load
—normal and tangential, is considered. This system is modeled the surface of the road. The urgency of
the problem is determined by the need to ensure reliability in the construction of various road
constructions.
Contact area the layer with the base is unknown beforehand; the contact area in the process of loading is
varied. Unilateral contact model is used for this process in the existing studies. It is assumed that the
communication, which act between the contacting surfaces, work in the same direction. Using this
method of simulation the conditions of contact are formulated in the form of inequalities.
Changes in the properties of the system when changing the status of the contact in the process of loading
are provided the non-linearity of such systems. The most significant type of the nonlinearity is
associated with the determination of the existence of the contact failure and the separation of its borders.
To implement it in the design scheme contact elements are introduced formally and are simulated the all
options of the contact opposite surfaces. When the contact is existed, elements falling within the
separation zone are assigned zero stiffness. Slippage in separate zones is assigned the tangent stiffness
of zero values. Various analytical and numerical methods to solve this problem are used; the finite
element method is the most common. At the same time, the classical formulation of the problem of
elasticity theory for a discrete body connection is used, the state of communications specified by various
iterative methods. Such a statement violates the continuity of the process solution and does not always
ensure its convergence.
At the same time, the classical formulation of the problem of elasticity theory for the solid with discrete
connections is used; the state of connections is specified by various iterative methods. Such a
formulation of the problem violates the continuity of the process solution and does not always ensure its
convergence. At the same time, the classical formulation of the problem of elasticity theory for a
discrete body connection is used, the state of communications specified by various iterative methods.
Such the formulation violates the continuity of the process solution and does not always ensure its
convergence. Variation formulation of the problem is used to eliminate this disadvantage, inequality
constraints are attached to the functional, the contact areas and sliding are simulated using special
functions. Using the finite element method for unconstrained optimization problem is formulated as a
finite problem.
A new approach that is proposed in the paper is simulated clutch slippage and stripping special
characteristic functions. This makes it possible to formulate the problem in the variation formulation
without running preconditions. Using the finite element method the problem is reduced to identify the
displacement values on the contact line and the unknown characteristic functions.
Analysis of stress-strain state of the layer depending on the friction coefficient and the relative stiffness
of the base layer is held. Using the proposed model allows to establish a possible separation layer and its
sliding. Variation formulation of the problem used to eliminate this disadvantage, inequality constraints
are attached to the core functionality, and the contact area and sliding simulated special functions. Using
the finite element method for unconstrained optimization problem is formulated as a finite task.
A new approach that is proposed in the work simulates clutch slippage and stripping special
characteristic functions. This makes it possible to formulate the problem in the variation formulation
without running preconditions. Using the finite element method reduces the problem to identify the
problem, the displacement values on the contact line and unknown characteristic functions.
Analysis of stress-strain state of the layer depending on the friction coefficient and the relative stiffness
of the base layer and held. Using the proposed model allows to establish a possible separation layer and
its sliding.

Key words: flat contact problem, an elastic semispace, surface, stress, movement, friction, specific gravity.

BBEJIEHUE

UccnenoBanmsaM KOHTAKTHBIX 3a/ad JUJIS CJIOSI, JIEKAIEro Ha YIPYTOM OCHOBAHHWH, IOCBSIIEHBI
MHOTOUYHUCIIEHHBIE TTyOJMKAIINH, UCTIOJIB3YIOIINE Pa3IUuYHbIe MOJIETHN MTOBEJICHUS paccMaTpUBaeMOn
cucrembl [1-10]. OcobGoe MecTo 3aHMMAOT TOCTAHOBKH 3aJia4, YYHUTHIBAIOIIME TaKYIO
KOHCTPYKTUBHYIO HEJTMHEHHOCTD, KaK HAJIMUKE OJHOCTOPOHHUX CBSI3EH.
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[Ipy KOHTAaKTHOM B3aUMOJEUCTBUU CJIOSI C OCHOBAHMEM 30HA KOHTAKTa 3apaHee HEU3BECTHA,
IIpUYeM OHa H3MEHsieTcs B Ipollecce HarpykeHus. B CylecTBYIOIIUX HCCIENOBaHUIX IMpU
MOJIEJIMPOBAHUHU TAKOI'O MPOLECCA UCIOIIb3YETCsS MOJIENb OJJHOCTOPOHHEIO KOHTAKTA, KOI'/1a CBsI3H,
JNEHCTBYIOIIME MEXKIY KOHTAKTHPYIOIIMMU IOBEPXHOCTSIMU, paOOTalOT B OAHY CTOpPOHY.
MonenupoBaHue TaKuX CBs3€H YCIOBUSI KOHTaKTa (hOpPMYJIHUPYIOTCS B B HepaBeHCTB. [Ipu aTom
HEJIMHEWHOCTh 3TUX CHUCTEM O0YCJIOBJIEHA M3MEHEHUSIMU B CBOMCTBAX CHCTEMBI IPU M3MEHEHUU
COCTOSIHMSI KOHTaKTa B Mpoluecce HarpyxeHus. Haubosee cylecTBEHHBIM THI HEIUHEHHOCTH,
CBSI3aHHBIN C OIpPE/ICJICHUEM CYIIECTBOBAHMS IUIOIIAKKA OTPHIBA U €€ I'PaHull, peau3yercs 3a cueT
(dbopMaIbHOrO BBEJEHUS B PACUETHYIO CXEMY KOHTAKTHBIX JJIEMEHTOB, MOJAEITUPYIOLIUX BCE
BapHaHTbhl KOHTAKTUPOBAaHUS IPOTUBOJIEKAIIUX MOBepXHOCcTe. [Ipm 5TOM KOHTAKTHBIM
JJ€MEHTaM, I[OMNAJAI0IIUM B 30HY OTphIBA, HA3HAYAIOT HYJIEBYIO JKECTKOCTb. AHAJIOTUYHO
Ha3HAYCHUEeM HYJIEBBIX 3HAYCHMH KacaTeJIbHOW YKECTKOCTH MOJENUPYETCsl MpPOCKajib3bIBaHUE B
OT/EJIbHBIX 30HaX [1, 2].

Jlnst pemenus ykazaHHBIX 3a7a4 MPUMEHSIOTCS pa3IMYHble aHAIUTUYECKHE U YHCIICHHBIE METO/IBI,
HaumboJee paciHpoCTpaHEHHBIM SIBJISIETCS METOJl KOHEYHBIX 3JeMeHTOB. lIpu sTOoM, Kak mpaBwuio,
HCIIOJIB3YETCSl KJIacCHYeCcKas MOCTAaHOBKA 3a/ladyd TEOPHUH YIPYTOCTH ISl Tejla C JUCKPETHBIMU
CBSI3SIMH, COCTOSTHUE CBSI3€d YTOUHSIETCS Pa3/IMYHBIMU UTEPALMOHHBIMU METOJaMHU, OCHOBAHHBIMHU
Ha MEePEKITIOUYCHUSIX COCTOSIHUM [3-6].

Takast moctaHOBKa HapylIaeT HEMPEPHIBHOCTH Ipollecca PelIeHUs U HE BCerja 00ecneunBaeT €ro
cxomuMmocTh. Jlisi  ycTpaHeHHMsl 3TOro HeJocTaTka HauOosiee IEepCHeKTUBHOU  sIBIsieTCS
BapuallMOHHAs TOCTAHOBKA 33J]a4M, B KOTOPOI OrpaHUYEHUs B BUJIE HEPABEHCTB MPUCOEAUHSIOTCS
K OCHOBHOMY (DYHKITHOHAITY, & 30HBI KOHTAKTa U MPOCKAIB3bIBAHUS MOJICIIUPYIOTCS CIICITHATbHBIMA
(GYHKIUSMU, 9TO, IPU UCTIOJIB30BAHUU METOJIa KOHEYHBIX 3JIEMEHTOB, MPUBOJIUT K KOHEUHOMEPHOU
3as1aye 6e3yCIIOBHOM ONTHUMU3AIIH.

B macrosimeit paboTe Takoi MOJIXOA HCHOJB3YETCS Ul PELIeHHs 3aJjaud O KOHTAKTe CJos U
OCHOBaHUS IIPH KOMOMHUPOBAHHOM Harpy>KeHHUU.

ITOCTAHOBKA 3A/IAYUA

PaccmarpuBaercs ynpyruid cimodl  ToMmuHOW M, JeXamuid Ha yOpyroM OCHOBaHHM U
HATPY>KEHHBIA  pacCHpeJEICHHON TOBEPXHOCTHOW HOPMAIbHOU q(xl) W TaHTECHIWAIbHOU

HarpysKoit f(x, ).
Paspematomas ~ cucTeMa — ypaBHEHM#l  IUIOCKOM  TeOpUM  YNPYrocTH  Ha  00IacTsX
Q = {x |x={x.,x%,x5}eR’i= 1,2,3} st cnos —o<x, <o, 0<x,<H ¢ maakoi rpaHuneit

KOHTaKTa ¢ OCHOBaHMeM —0 < x, <o, —h<x, <0, h/H >>1 npu —o < x, <o, umeer Bux [7]:

(A + 1) grad divu* + A" +G =0, (1)
riae u' = {ulk U }T — BEKTOp HepeMenienuii k -ro cios, 4, = E, i TR _E
(I+v,)(1-2v,) 2(1+v,)

kodpdunuenter Jlame, E ., v, — Moxynb ympyroctu u koddpduuuent Ilyaccona (k = l,_2)
cootBerctBenHo st cinos (k=1) wu ochoBamms (k=2); G — Harpyska, BKIIOYAKOMIas
COOCTBEHHBIH Bec.
Ha Bepxneii rpanunie I', (x, = H ) ynpyroro ciost BIIOJHSIOTCS YCIOBHS

o) (u)=q(x), —o<x <o,

ol (u)=1t(x), —0o<x <o, )
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k ..
e 0;. )(u), i, j =1,2 — HanpshKeHUs1, BEIPAKEHHEIE Y€pe3 IepeMeNICHHS.

Ha rpanune pasmena ciios W TOJYIPOCTPAHCTBA (x2 :0) B 30HE KOHTaKTa | HMEIOT MecTo

FpaHI/I‘lHBIe YCIIOBUA
ol)=c, uM <0, o¥<0, u?.6¥W=0, k=1,2. 3)

[Ipenmonaraercs, 4ro cymecTtByroT rpanunbsl [, ', I'j, cooTBeTCTBYyIOImMME 30HE CLEIUICHHS,

IIPOCKAJIb3bIBAHUS M OTPbIBA COOTBETCTBEHHO, Takue, uto I'n I, Ll =T, I'.nI'y NI =0.

B 30He cuemienus x, € I' . BBITIONHATCA yCIIOBUS:

u) =u?, ) =ul?, )
|0'1(;) <K 0'92) , |0'1(22) <K ag) ,
rre K —kodppHUIUeHT TpeHusl.
B 30n€e mpockanb3piBanus 11 Beex X, € I
ugl) (xl + ul(l) ) = u§2> (x] + ul(z) ),
o~k |ot) |2 0, 5)
ul = u®
B 30He otpeiBa U Beex x, €1,
a§§) =0, 0'1(;‘) =0. (6)

3mech O'lg.k)

, u®

1

, i, j =1,2 — KOMIIOHEHTBI TeH30pa HANPSLKEHMIA 1 IepeMernennii B cnoe (k=1) u

ocrosannn (k =2).

METO/A PEHIEHUA

Jlns onucaHus HEU3BECTHBIX YYAaCTKOB IpAHMI] BBEJEM XapaKTepUCTUUeCKUe (YHKIUU ISl TOUEK
rpanun ', 'y, ', B BHgE:

1 npm |0'12|2K|0'22, xely,

yl(x)= 0 mpm |0'12|<K|0'22

, xel'g;

(7)
0 mpu o, <0, xe¢l,,

7/2(x)=1 npu 0, 20, xel,.

C ydetrom cooTtHoreHus (7) BapuaiioHHasl TTOCTaHOBKA KpaeBoit 3amaun (1)-(6) OyaeT uMeTh BUI

[8]
W =argmin O(W), (8)

WeW

T )T
MIPH TIpeIBApUTETHLHOM BBITIONHEHUN yelIoBus (4), rae u = {u"} ,k=L2, W= {u,u }
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2()=3

2

€0l ()l ()2 J (gl + o o, +
FG

k
2
k=1 | O

9)

k k k k * k k * .

+j{71K022 (”)ul 7, [0-22 (”)(”2 _qu)+ O, (”)(”1 — Uy )}}dr ;

r
im ou, . . ,
C/™" — K0ophUUMEHTBI KECTKOCTH, &; = g, i,j,l,m=12, u, — BapbUpyeMble 3HAUCHUS
j
v k k o >

nepeMeIeHnil Ha JMHUHM KOHTAaKTa, 0'15. ), 4™ — snavenus HampsDKEHUH M TepeMeleHud u3

obmactu 0 Ha ee I'paHuIiC. HpI/IHHTO corjylamicHue O CYMMHUPOBAHHU II0 IHOBTOPAIOMIUMCH
HHIOCKCaM.

Jns moctpoenusi pemeHus 3anadd (8) OCYIIECTBIISIETCS MEPEXOJ K JUCKPETHOW MOJIENTH C
WCII0JIb30BAaHUEM KOHEYHO-3JIeMeHTHOU ammpokcumaruu [8]. st aToro Ha obnactu Q BBOAUTCS

CeTKa ¢ y3J1aMH B TOUKaX ¢ KoopauHaramu X , s=1L N, rne X, = {xls,lev} , TOTJ]a HEU3BECTHBIE

*
(1)}7HKI_[I/II/I U(X), Gij ()C) , u (X) OpeACTABIAIOTCA B BHUJAC BCKTOPOB, KOMIIOHCHTAMH KOTOPBIX

SIBIIAKOTCS 3HAYCHUA (I)YHK]_II/Iﬁ 3a/la4yi B y3JIaX CECTKU

u={u), o, ={o, ) w =l u =) =)
u =fu) L uy=tu ) =) =) (10)
i,j=12,s=1L,N, k=1,2.

V311, Jexamue Ha rpanune [, HymepyroTcs Kak P:{ DisDyseens pM}, yuciao M BbIOUpaeTcs

IMyTEeM YHUCJICHHOT'O SKCIICPUMCHTA. U3 snemenTOB BCKTOpa P wmor yT OBITH C(l)OpMI/IpOBaHBI BCKTOpPa
C C C C I1 I1 I1 I1 o __ o o o
PC={pf.p5.apl), P ={pl ottt PO = {000l (11)

KOTOPBIC OMMPCACIIAIOT Y3JIbl CECTKH, COOTBCTCTBYIOIMUEC 30HaAM CHCIIJICHHA, ITPOCKAJIbL3bIBAHUA U
OTpbIBa IYTCM BBIYHCJICHUS 3HA4YEHUMN 7 B COOTBETCTBUU C YCIIOBUAMU (7)

[Tocne moIcTaHOBKM KOHEYHO-3JIEMEHTHON anmpoKcuManuy B pyHKIHoHa (9), MHTErpupoBaHus U
BBIIIOJIHEHUS TTPOLIEYPHI (§), MOTYyUUM pa3peniarolyio CUCTEMY YpaBHeHU N -ro mopsiaka

Qu=R, (12)
SKBUBANCHTHYIO yciomio 00 /u, =0, i=1,2, s=1,N, " — 3nauenns yHKkimonama J mocse

IOJICTAHOBKY KOHEYHO 3JIEMEHTHOM AIIIPOKCUMAIIUU W BBIITOJIHCHUA POUEAYPhI UHTCTPUPOBAHUA,
Q — MaTpula KE€CTKOCTH, 3aBUCAIIAA OT 3HAYCHUH BCKTOPOB 7, R- BCKTOD, 3aBUCSIIHUN OT u* .

[Ipu mocTpoeHNH MaTPHIIBI )KECTKOCTH YUUTHIBAETCS, YTO

o=Bu, (13)

S —\T
rae o= {al.js, Lj=L2,s=1,N } , B — ¢yHKIMOHANBHAS MaTpula Kod3()(UIIMEHTOB, TOTydaeMast

13 GU3NIECKUX W TEOMETPHUECKUX COOTHOIICHUH.

I[J'ISI BBIIIOJIHCHHUA YCJIOBUSA MUHHUMYMa D 1o u* , S =1,N HCIIOJIB3YCTCSA MCETOA TpaAuCHTHOI'O

is

CITyCKa
u*(”) — u*("‘l) _ a("‘l)o-("‘l) ) (14)
3nech
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) ={ol ), o =l ol L s=1N,

s

rac 71 —HOMCD UTCpalnu.

Kosdduunent a - OIpEeEIIAECTCS U3 yCIOBUS

" =argmin D (u*("_l) ) (15)

(27

METOOOM ITOJIOBHHHOI'O ACJICHUSI.

3HayeHue GYHKIUU ¥, OIpPEIeseTcs B COOTBETCTBUU C ycloBueM (7).

AJuropurMm.

0. Bamars /=1, n=1, 0,,=q,, oy =t ma Vx el,, u;‘(“):o, 7/,51’1):0, k=12, ¢ —

S

manoe ancno, &\, Aa, .
1. Haxaxom mare no narpyske 2" =" +Ar, A <

2. Tloctpouts ceTky ¢ y3mamMu X, s = LN.

s

o 1 2 1 2
3. CdopmupoBaTh BEKTOp HEM3BECTHBIX U C Y4€TOM YCJIOBHH ul(s) :ul(s), ugs) :ugs), JUISL Y3JI0B

X, ,takux yro X el.

4.  CdopmupoBath cucteMy ypaBHeHHi (12).

(1) (n1) )

5. Omnpenenuts BEKTOp U ', O

6.  OmnpenenuTs BEKTOP ;/,E:’l), X, el', k= 1,2.

7. Ecmm Ely,(ﬂf’l) # 0, To manplle, MHA4Ye HA IMyHKT 1.

8.  Onpenemnts u"" (a("’l),u("’l)) o popmymne (14).

is

c(n.)) (1)

O(n,1 I1(n,1 v |
9. Onpegenuts Homepa y3ios P P p Ha OCHOBAHWH 3HA4YCHUH BEKTOpa 7, .

10. Co3znate y3ibl R.O(”’l), i =1,_2 C COOTBETCTBYIOIIUMU MEpPEMEIIECHUSIMU u;(l)(”’l) ;tuz(z)("’l), u

yamsr P =12 ¢ coorercrByommmy  mepememenmsvm 1, O 54 N

C(I)OpMHpOBaTB BCKTOP HCU3BCCTHBIX U .

(n,l) uik(n,l) _uf"(n,l—l)

1A

|| > &, Ha IyHKT 4, MHAaue Ha MyHKT 1.

11. Omnpenensate o'’ u3 ycnosus (16), moka |

PesyabTaTsl pacuera. C MOMOIIBIO MPEIOKEHHOTO alTOpUTMa OBLIT IPOBEACH aHATIN3 MTOBEICHUS
cinos H =10cm , UMEIOIIETo CIEaYyIoINe XapaKTepUCTHKHU: JJIsl TIEpBOr0 BapuaHTa ObUT BBIOpaH

yaeneHEI Bec ¥, =2.72-107(xe/cm’), momyns FOmra E, =7.6-10°ke/cm’ um kodpurment
Ilyaccora v, =0.28 (a9 OTHOCHUTEIBHO MSTKOTO TOKPBITHS), a JJIi BTOPOro —
7, =2.76-10"(xe/em’), E =7.6-10°kc/cm® m ©,=041 (119 OTHOCHTENEHO TBEPIOTO
noKphITHs). OCHOBAaHHE OINKMCHIBAIOCH CIEAYIONMMH XapakTepucThkamu: E, =7.6-10%ke/cm’,
v,=041 — nna nepporo Bapuanta u E,=3.8-10"ke/cm’, v,=0.35 — s BTOpOTO
COOTBETCTBEHHO. bbu1 BBeneH Oe3pazmepHbldd napamerp y = E,/ E,, npu 5TOM AJis OTHOCUTEIILHO
MATKOTOo MOKpeITUA y = 0.01, a 1711 OTHOCUTENIEHO TBEPAOTO MOKPHITHA y =2 .

Bicnuk 3anopizbkozo nauioHanbHo20 yHigepcumemy Ne 2, 2016



188 Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

Pa3mepsl MonennpyeMoro moiayOecKOHEYHOTO OCHOBAaHUSI BBIOMPATNCH U3 YCJIOBUS 3aTyXaHUS
peleHust MpH MoJHOM cueruieHuu (A =50cm, L=76cm). Pemenus 3amau (8) ocyIecTBISUITUCH ©

MOMOINBIO TIaKeTa MPHUKIAJAHBIX mporpamMMm «Cosmos» ¢ aBTOMATHYECKUM MpeIBapUTEIEHBIM
«CIUSTHUEMY» U «Pa3beUHEHHEM» y3JI0B, COOTBETCTBYIOIINM 30HAM CIEIUICHHUS], TPOCKATh3bIBAHMS
u orpeiBa. Mcmonwp3oBancs miOCKWMii KOHEWHBIM sjemeHT. Ha puc. 1 mpencraBiena mojenb
paccmaTrpuBaeMoi cucteMsl, coaepskamas 1217 snementoB u 1309 y3mos.

A Xy
i(Ke) 111 g(xe/em)
H — —>
a 2b EI,U],yi,i:LZ
h 0 X1
Ez, Uy

A
v

2L

Puc. 1. Cxema HarpyxeHus Ci1os, JIeXKaIero Ha ynpyromM OCHOBaHUU
Bravane wuccrmemoBaioch MOBEIEHHE CJIOSI NPU HAIMYUM TOJIBKO KacaTeIbHOW Harpy3Ku
t(x)(¢=0). Ha pnuc.2-3 mnpuBeeHB 3HAYCHHMS OTHOCHTENBHBIX CMCIICHHI B Clloe
1 2 1 2 9
Au, = (“1( ) (x1)_”1( )xl)/ H, Au,= (uz( ) (xl)—uz( )(x1 ))/ H B 3aBUCHMOCTH OT OTHOCUTEIHHOMU

JKECTKOCTH CJIOS M 3Ha4eHUst Koopduimenta tpeuus K npu t(xl) = toéi(x1 —a), t,=—lke,rne a

— paCcCTOIHUEC TOYKHU ITPUIIOKCHUA CUJIBI OT HAadajla KOOpAuHAT MOJIEJIbHOM KOHEYHO-3JIEMEHTHOM
CHCTCMBI.

4 N\
Au,'10%

/AC %
f x1/H

- J

Puc. 2. OTHOCUTENBHOE TIepeMeIeHHe TOYEK CII0S M OCHOBAHHS Ha TPaHULE pa3zena:
l-mpn K=0.3, y=0.01, ,; 2—npu K=0.7, y=0.01, y,;
3—mpu K=03, y=2,7,; 4—1pu K=0.7, y=2, 7,

U3 npuBeIEHHBIX PE3yIbTATOB CIEAYET, YTO IPU GONBINMX 3HAYEHUX OTHOCHTEIBHON JKECTKOCTH
CJI0sl PACKPBITHE IPAKTHYECKH OTCYTCTBYET, IPU MAIbIX — HMMEET TOT K€ IMOPALOK, YTO H
IPOCKANIb3bIBaHNE, HO HE 3aBUCUT OT K03 duimenta tpenns. [Ipockanp3piBaHue B 000MX ciydasix
UMEeT OJMHAKOBBIA MOPSOK M 3aBUCUT OT Kod(duuueHta TpeHus. Tak, Nmpu H3MEHEHUU
koadduumenta tpenus ot 0.7 go 0.3 mpockanb3piBaHHE U3MEHsIETCs B ~ 1.4 pasa.
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Puc. 3. OTHOCHTENbHOE POCKATIb3bIBAHKE TOUEK CJI0SI U OCHOBAHMsI Ha TpaHKLe pa3jena:
l-mpu K=03, y=0.01, y;; 2—npu K=0.7, y =0.0L, y,;
3—mpu K=03, y=2,7,; 4—npu K=0.7, y=2, 7,

[Ipr KOMOMHUPOBAHHOM HArpy>K€HUHU NONIEPEYHON HArpy3Kou

q(x)=

g npu -b=<x <b,
0 mpu x,>b, x, <-b;

t(x)=t,8(x,—a), b=4cm, a=40cm

pacKpbITUE TpHU OOJIBIION OTHOCHUTENBHON JKECTKOCTH OTCYTCTBYET, NMPU Malod — 3aBUCHT OT
Kod(p(UIMEeHTa TPEHWS W WMMEET NOPSAIOK MpocKalb3biBaHus (puc. 4-5). Ilpockanb3biBanme
yYMEHbINaeTcss B 000MX CIIydasiX IO CPaBHEHHUIO cO ciiydyaeM ¢ =0, HO CYIIECTBEHHO 3aBUCHUT OT
OTHOCHTEJIPHOM JKECTKOCTH CJIOSi M OT KodddummeHta TpeHus. Kpome TOro, pacKpbITHE 30HBI
KOHTaKTa, B OTJIMYMAE OT HAMPSIKEHHOTO COCTOSIHUS, OIpeaeNsercs HaJIMYMeM M BeTUYMHOU
KacaTeJIbHON Harpy3Ku Jake MpU HAJTMYUU MONEPEYHOTO HArpy KEeHHUSL.

Au,"10°

20

g q=-0.5

15

10 r T

5 = 3/’4

0 A~

. 1234567891010213115

Puc. 4. OTHOCHUTENBEHOE TIepeMelIeHIe TOUeK CII0sl 1 OCHOBAHHS Ha TPaHUIIE pa3jea:
l-mpu K=0.3, y=0.01, ,; 2—npu K=0.7, y=0.01, y,;
3—mpu K=03, y=2,7,; 4—nmpu K=0.7, y=2, 7,
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Au,"10°
10 —
0 pd
N X1/H

100123456 ffs 9701112131415
20 ™ J/ENE

. 1
-30 M~

/ | T2

40 9=10.5

Puc. 5. OTHOCHUTENBHOE NPOCKAIb3bIBAHUE TOUEK CJI0SI U OCHOBAHUS HAa rpaHuLIe pa3aesa:
l-mpu K=03, y=0.01, y;; 2—npu K=0.7, y =0.01, ;;
3—mpu K=03, y=2,7,; 4—npu K=0.7, y=2, 7,

Kaptuna HanpspKeHHOrO COCTOSHHSI Ha JIMHUM KOHTAaKTa MpU KOMOMHMPOBAHHOM Harpy>K€HUU
CYLIECTBEHHO OTIMYaercs OT ciydas ¢g=0 — Jgaxe B ciydae t/g=2 OHa oOmIpelensercs

MOTIEPEYHON HArpy3Koi (puc. 6, 7).

01,
40

20

0 an m— 1/H

-20 ] ]
T
-40

NO

Puc. 6. ynkuus 6, = 01(22) -H’/t Ha BepxHeii rpaHHIe OCHOBAHHS:
I-mpu K=03, y=0.0L5,9=0; 2—npu K=0.7, y=0.01, ,, ¢=0;
3—mpu K=0.3, y=0.01, y,,g=-0.5; 4—npu K=0.7, y =0.01, y,, g=-0.5

~

(o~
0,

e ceeaa

x1/H

.é__—

- J

2
22

Puc. 7. ©ynkuus G,, = ).H?/t na BEpXHEil rpaHuLe OCHOBAHUS:
I—npu K=03, y=0.01,7%,9=0; 2—npu K=0.7, y=0.0L y,, ¢=0;
3—mpu K=03, y=00L y,,¢g=-0.5; 4—mpu K=0.7, y=0.01, »,, g=-0.5
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BbIBO/IbI

[IpoBeieHHBIN YMCIIEHHBIN aHAINU3 T03BOJISIET YCTAHOBUTD, YTO:

1) KecTKOCTh €JI0sl CYLIECTBEHHO BIUsIET KaK HA HaJIM4Me OTphbIBA CJIOSl, TAK U HA BEJIMUYHHY
MPOCKAJIb3bIBAHUSl KaK MPH HAIWYMM KOMOMHHUPOBAHHOI'O HArpy:K€HHs, TaK U B CIy4ae TOJBKO
KacaTeJIbHOW Harpy3Ku.

2) mpu KOMOWMHHPOBAHHOM HAarpy>KeHHH YPOBEHb HAMPSIKEHHOTO COCTOSHHS OIpeIemseTcs
HOpMAJIbHOW HArpy3koil Mmpu Harpys3kax, BETMYMHA KOTOPHIX MMEET OJMH MOPSIOK, MPH 3TOM
3aBHCHMOCTE OT KO3 PHUITUEHTA TPSHHS COXPAHACTCS.
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VY cTarTi poO3MIAHYTMH BUIMH MOPYXKHOI MPAMOKYTHOI TpHUILAPOBOi IUIACTMHM i3  TBEPAUM
HAMoOBHIOBaueM, fka nepeOyBae y CTaHi CIIOKOIO Ha MpYXkHiil ocHOBI. [[nd omucy KiHeMaTHKHM IIapiB
npuiinsTi rinote3n Kipxroga. Peakuis ocHoBu omucana monesmo BiHknepa. Ha koHTypi mnactuHm
nependayaeTbesl HasBHICTH TBEpHOl OiadparmMu, fka MEpeLIKOKAe BiIHOCHOMY 3CyBY wapiB. s
MoOyAOBM CHCTEMH piBHAHb PIBHOBAarM BUKOPHUCTAHO BapiauifHuii mpuHOmn Jlarpamwka pazom 3i
CIpOLIYIOUOI0 cMBOJIiKoI0 B.3. Biacosa.

Kniouosi cnosa: Binknepoga ochnoga, cnpowyioua cumeonixa, npunyun Jlazpamoica, zcinomesu Kipxeoga,

HANOGHI0BAY.
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B cratee paccMoTpeH W3rM0O ympyrod MNpSMOYTONBHONW TPEXCIOWHONH TIACTHHBI C KECTKHM
HATOJIHUTEJIEM, KOTOpash HaXOAUTCA B COCTOSHUHM TOKOS Ha YINPYroM OCHOBaHWH. J[nd ommcaHus
KMHEMAaTHKH CJIOeB TPUHATHI runoTte3sl Kupxroda. Peakuns ocHOBBI onricaHa Monensio Buaknepa. Ha
KOHTYpe TUTaCTHHBI TpearojaraeTcs Hajludue TBEpIAOd auadparMbl, KOTOpas MpPENsITCTBYET
OTHOCHUTEJIBHOMY CIBHUTY CIJIO€B. [l MOCTPOEHHS CHUCTEMBbl YPAaBHEHWI paBHOBECUS MCHONb30BaH
BapualMOHHbII npuHIMN Jlarpanxka BMecTe ¢ ynpoiarouieir cumBonukoii B.3. Biacosa.

Kniouesvie cnosa: Bunkieposo ocnoganue, ynpowaiowas cumeonuxa, npunyun Jlacpandica, cunomesol

Kupxzogha, nanonnumens.
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