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Tepnoninbcokuu HayioHATbHUU MeXHIYHUU YHigepcumem imeni leana 1lynios

3CYBHE IIPYKHO-IINIACTUYHE JTE®OPMYBAHHS TIJIA 3
HPAMOKYTHHUM BKIIOYEHHAM 3A YMOB HEITOBHOI'O
KOHTAKTY I3 CEPEJOBUIIIEM

Pe3tome. [Jocniodceno KeazicMamuyHuil pO3GUMOK NIACUYHUX Oeopmayill 6 OKOMi 6epuluH
JHCOPCMKO20 NPAMOKYIMHO20 GKIHOUEHHs, O8I NApanefbHi 2pani AK020 00 HABAHMAMNCEHHs Nepedysanu 6
i0eanbHOMY MeXaHIYHOMY KOHmMAaKmi 3 cepedoguiyem, 08I Opyei napu — He konmaxkmyeanu 3 Hum. Cepedosuuye
88AIICACBCS [0€ANbHO  NPYICHO-NAACIMUYHUM, NAACMUYHI 30HU-KOHMUHYATbHUMY. [lepopmayis 3ymosnena
3CY8HUM HABAHMANCEHHAM, NPUKIAOEHUM HA HEeCKiHUeHHOCMI NapanenvbHo 00 GLNbHUX 8i0 KOHMAKMYy zpaHetl
exmouents. Ilocmasneno Kpaiiogy 3a0auy y HANPYIHCEHHAX 8 KOMNIEKCHIU NIOWUNI NonepeuHo2o nepepizy mina i
38e0eno ii 0o 3adaui Kenouwa-Cedosa. 3natioeno amanimuunuii po3’si30K 3a0aui, GUBHAYUEHO HANPYICEHO -
O0ehopMisHUIL cMaH Mina no3a GKAIOYEHHAM OJisL O0GLILHOL ENUUUHU HABAHMANCEHHS [ O0BLIbHUX CNIBGIOHOUEHD
MidC po3mipamu 6KIHOYeHHA. BusHaueno medcy 30HU NAACMUYHUX Oeopmayiti i 00cCiOxHceHo ii 3MiHY 3i
3pOcmaHHAM HagaHmaogicenHsa. Ilokazano, wo 6inbHI 6i0 KOHMAKMY 3 cepedosuijemM ZSpPAaui 6KIOYEHHs He
OXONNIOIOMbCA NAACIUYHUMU Oeopmayiimy, a epaui, wo pauiue nepebdyganu y i0eairbHOMYy KOHMAKMI 3
cepedosuujeM, uuie YacmKo80 OXONIIIMbCA NAACIUYHUMU 0eopmMayismu.

Knruosi cnosa: ioeanvro npyscHo-niacmuune cepedosuuye, KOHMUHYAIbHI NIACMUYHI 30HU, HCOPCIKe
NPAMOKYMHe GKIIOUeHHs, ,K8A3ICMAmMU4Hull po36UmoK, niacmuuni Oegpopmayii, 3cy6He HABAHMANCEHHS,
mpiwuHy, 2panuysi mexy4ocmi.

V. Valyashek

ELASTO-SHEARING STRAIN OF THE BODY WITH THE
RECTANGULAR INCLUSION UNDER THE INCOMPLETE
CONTACT WITH THE ENVIRONMENT

Summary. Quasi-static development of the plastic strains in the rigid rectangular inclusion tips
threshold, two parallel edges of which were in the ideal mechanical contact with the environment before loading
and two other ones did not contact with it, has been investigated. The environment is considered to be ideal
elasto-plastic one, its plastic areas being continuous. The strain is caused by the shearing loading applied on the
infinity parallel to the contact-free inclusion edges. The boundary task in the strains of the complex area of the
body cross-section is set and reduced to the Keldysh-Sedov task. Analytical solution of the task was found,
stress-strain state of the body outside the inclusion for the arbitrary loading value and arbitrary ratio between
the inclusion, sizes have been determined. The plastic strain area boundary has been found and its change with
the loading increase has been investigated. In the area of the body cross-section the slipping lines of the elastic
area are the segment of the straight line, which compose together with the inclusion unscaled edges the angles
from zero to the straight one. It has been testified that contact-free with the environment inclusion edges are not
subject to the plastic strains, but edges, which initially were in the ideal contact with the environment, are
subject to plastic strain partially. At the initial stage of the boundary development the plastic strains area grow
almost homothetically with the homothetic center in the inclusion tips. This phenomenon is true exactly enough
even for the inclusions, which are of 50 % of the body material yield limit value. If the inclusion width is much
less than its length and its shape it is similar to that of the crack, the picture of the plastic strains development
differs greatly from that of the plastic strain development in the crack threshold.
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Beryn.  JlochimkeHHS NPYXHO-TUIACTUYHOTO  AeQOpMYBaHHS TBEpAUX T 3
KOHIICHTPAaTOpaMH HANpYXXEHb 3aJHIIAETHCS BAXKIMBOIO 337a4Yel0 MEXaHIKH. 3 Oy Ha
noTpeOM MexXaHIKM pyHHYBaHHS TOJIOBHA yBara JOCHIIHHMKIB Oyla 30CEpeKEHOI0 Ha
JOCITIJKEHHI HAaINpY)KEHO-Ie(OPMIBHOTO CTaHy Ta PO3BUTKY IUIACTUYHHX Jeopmaiiid B
OKOJII TpIIMHOMOAIOHUX Ne(eKTiB 1 JTOCTaTHhO TOHKHMX BKIIOYeHb [l]. 3HayHO cnadie
BUBUCHUMHU 3QJIAIIAINCS MPYKHO-TIACTHYHI TIOJIS1 B OKOJII BKIIIOYCHB Ta BHPI3iB, JAICKHUX 32
dbopMOI BiJ MaTeMaTHMYHHUX pO3pi3iB, YW OE3MEKHO TOHKHX BKIIIOYCHb, HAIPUKIIA],
OPSIMOKYTHUX INUIKMH [2], BKIOYeHb OpsIMOKYTHOi ¢dopmu [3]. OnHak KOHIEHTPATOPU
CKJIQJHIMUX (GOpPM YacTO 3’SIBISIOTHCS B PE3ylbTaTi TEXHOJOTIYHMX MPOIECIB MiJ yac
BUPOOHUIITBA MaTepiaiB 1 € KOHCTPYKTUBHO HEOOX1THUMHU. Ix mocmimkenns BaxIuBe i TOMY,
110 Ja€ 3MOTY 3’CyBaTH MEXIi 3aCTOCYBaHHS MPHUITYIICHHS HYJIbOBOI BiJICTaHI Mixk Oeperamu
TPIIIMHN, YMOXIJIMBIIIOE OIIHIOBAHHS MPUNYIICHHS HYJIHOBOI TOBIIMHH JJISI JIOCHUTh TOHKHX
BKJIIOYEHb. Ba)XIMBUMHU Ta HEIOCTATHHO BHBYCHMMH 3aJUINAIOTHCS 3adadi JOCHIJHKCHHS
HanpyxkeHo-nepopmiBHoro crany (HJIC) Tin i3 BKIIOYEHHSMH 32 YMOBHU iX HeiJIealbHOTO
MEXaHIYHOTO KOHTAaKTy 3 cepenoBHileM. HeqockoHanmii 3B’S30K Ha MEXI BKJIIOYECHHS —
CEpEeIOBHILE € JOAATKOBUM JDKEPEJIOM KOHLIEHTpALlii HAlPYyXeHb, 10 MOXE MPU3BOJIUTH 10
Mixk(pa3HUX MIACTUYHUX PO3LIAPYBaHb 1, SIK HACTIAOK, BTPATHU MIIIHOCTI YU (DYHKI1OHAIBHUX
XapaKTEPUCTUK MEXaHIYHOI KOHCTPYKIIi.

Mera po6Goru. JlocmipkeHHS HamnpyXeHO-Ie(OpMIBHOTO CTaHy 1 PO3BHUTKY
IUTACTUYHUX 30H B 1JICAIBHO TPYKHO-IDIACTHYHOMY TUTI 3 JKOPCTKUM TPSIMOKYTHUM
BKJTIOYCHHSIM 32 YMOBH HETIOBHOTO KOHTAKTY BKJIFOUEHHS 3 CEPEIOBHILEM.

IMocranoBka 3axaui. Y pganiii poOoti mpomonyerhes nmocimimkeras (HIC)
HEOOMEXKEHO 1JeallbHO MPYKHO-TNIACTUYHOTO TiMa 3 abCONIOTHO KOPCTKUM BKIIFOUEHHSIM

OpSIMOKYTHOI  (hopMH: |x| <a, | y| <b,

z|<oo. bynemo BBakarw, IO TpaHi BKIIOYCHHS

X =ta, y|£b nepeOyBaloTh B i7€aJbHOMY MEXaHIYHOMY KOHTAKTi i3 CEpeIoBHIIEM 1 MIO

Jpyra mapa Horo mnapajeibHUX IpaHell y =1b,

x|£a3 HUM He KoHTakTye. CepenoBuiie

BBO)KAEMO 1J1CaJIbHO MPYKHO-TUIACTUYHUM 13 3CYBHOIO TPAHHUIICI0 TEKYYOCTi, IO TOPiBHIOE
k . dedopmaris 3yMOBIeHa OHOPIJHUM 3CyBHUM HABAHTAKEHHSIM T,. =T, (7, <k), o nie

HAa HECKIHYCHHOCTI IMapayieIbHO JI0 BUIBHUX BiJl HAIIPYKCHb IPAHEH BKIIFOUCHHS.
KoHIieHTpallisi Harpy>XeHb MPU3BOJAUTUME JI0 TIOSBU B OKOJII BEepUIMH X = ta,y = +b

BKJIIOYCHHS IJIACTUYHUX 30H, SIKI MOKYTh BHSIBUTHCS JIOKQJII30BAHHUMHU Y TOHKHX CMyrax a0o
KOHTHHYaJIbHO PO3MOoJiIeHuMHU. Mixkda3He IIacCTUYHE BiIIapOBYBaHHS TAKOTO BKIIFOYCHHS
y NPUNYIIEHH], 0 BiJ KOXHOi BEPIIMHU BKIIFOUEHHS BUXOIATH /1Bl MJIACTUYHI CMYTH (OJIHA
B3JIOBXK MEKI BKJIFOUCHHS — CEPEIOBHUIIE 10 MOBEPXHI BKIIOUYCHHS, SKa 10 HABAHTAKCHHS
nepeOyBajia y KOHTaKTi i3 CEpeOBHINEM 1 KOTpa BJIacHE ¥ MPHU3BOAMIA 1O IUIACTHYHOTO
BiJIIIAPOBYBAHHS, 1 Ipyra, HaIpaBJIeHa BIIUO cepeOBUIIA ITiJ TYIUMH KyTaMH 10 000X Horo
rpaHeii), JoCHiKeHOo paHinie y po6oTi [3]. Byno nmokaszaHo, Mo JOBXHUHU CMYT TUTACTHYHOTO
BIJIIIAPOBYBAHHS 3HAYHO TMEPEBUIIYIOTh JOBXHHY KOCHX CMYT. 3i 30UIBIICHHIM
HABAHTAXXCHHS IBUJKICTh POCTY CMYT Ha MEXI BKJIFOUEHHS — CEPEIOBUIIE CIIOBIIBHIOETHCS,
CMYTH, sIKi pO3BUBAIOThCS HA3yCTPI4 OJHA JPYTid, HE 3MHKAIOTHCS, TOKH HAaBaHTAKEHHS HE
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JocArae TpaHWIl TeKydocTi marepiany. Ha modatkoBiil crafii po3BUTKY CIOCTepiraBcs
IPOMOPLIHHUN pICT 000X CMYT 1, TOKU X JOBXKHHH 3aJUIIATUCS MaTUMU MPOTU JIHIHHUX
po3MipiB BiroueHHs, pict cmyr Ta (H/IC) onmcyBaBcst JIiHIHHOIO MOJICILIIO IJIACTHYHOT 30HH
(JIMII3) [4].

JIJiss IpSIMOKYTHOTO BKJTFOUCHHSI, IO PO3TJISAAETHCA y JaHii poOOTi, 3aUIIMIINACS
BIJIKPUTUMHU MTUTAHHS MIPO PO3BUTOK KOHTUHYAIBHUX TUIACTUYHHX 30H, MOXIIMBOCcTel JIMIIT3
JUIs 1X aHami3y, Y3TO/DKEHOCTI pe3yJbTaTiB, OTPUMaHUX Yy paMKax HpUIYIIEHb IO
KOHTHHYAIbHHI Ta AUCKPETHO JIHIKHUN XapaKkTep pPO3MOALUTIB MIIACTUYHUX Aedopmaliiii.

®opmadgizania 3agauvi. [locraBumo kpailoBy 3amady y HampykeHHsaX. YacTuny
NEPIIOr0 KBAJpaHTa 032 BKIIOUEHHSM 1 IUIACTUYHOI0 30HOK0 KOMIUIEKCHOI IUIOIIMHU
¢ = x+iy mo3HauuMoO 4epe3 D, THIIO-TPAHUII0 30HU MPYKHUX Ta INIACTHYHUX Jedopmarriii
y mepmioMy KBaapaHTi mo3Hauumo L (puc. 1). Bracmimox cumerpii 3amaui HIC mocuts
JOCTiANTH TiIbKH B obnacTi D . Jlinis L € anpiopi HEB1IOMOIO 1 MOBUHHA OYTH BU3HAUYEHOIO
y mporueci po3B’si3aHHs 3agadi. [loyatkoM miHil L € BepIIMHA BKIIIOYEHHS, KiHIIEM - TOYKa
E(a;b—d), d — npoTsHKkHICTh 30HM B3JIOBXK I'paHi BKIIOYCHHS, sIKA 3aJIC)KUTh BiJl BETMYUHH
MPHUKIIAJICHOTO HABAaHTAKEHHS 1 TEXX MOBHHHA OyTH BU3HAYCHOIO 3a PO3B’SI3KOM 3ajadi.
IToBHa Mexxa obnacti D ckimamaeThes 13 mpomeHss AB, Biapizka BC, minii L, Bigpizka DE,
npomens EA

YTBOpeHa KOMIIOHEHTAaMH TE€H30pa HampyXeHb (PyHKIIis 7(¢)= Tyz (X, ¥) +iTyz (x, 1)
€ B obsacti D aHaNITUYHOIO Ta OJJHOJIUCTOLO, 1 33JOBOJIbHSIE TAKUM yMOBaM [3]:
Imz({)=0, &=iy, y>b;
Re7({)=0, {=x+ib, O0<x<a;
Re7({)=0, {=a+iy, O0<y<b-d;
Imz({)=0, {=x, x>a;
gg;ngyn@. (1)

Bin nocrasnenoi y po6oti [3] kpaiioBa 3amaua mus Qynkuii 7(S) BimpisHseTbes

yMOBaMH Ha JiHiT L

e =k, {eL;

arg 7(¢)=—arg({ —a—ib), {elL. (2)

YmoBu (1) po3’scueno y po6ori [3]. Tyt konkperuszyemo nuiie (2). [lepma i3 HuX €
HaCIiAKOM cmiBBinmHOmEHHA [y0Oepa-Mizeca y IUIacTHUHIA 30HI Ta HEMEPEPBHOCTI
HampyxeHb Ha 11 Mexi L. J[pyra — pesynbrar ymoBu ['eHki [4], sika y JaHOMY BHIIAJIKY
O3Hayae, MO0 JiHII KOB3aHHSA € BIiApI3KaMH TMPSMHUX, IO IMOYMHAIOTHCS BiJ BEPIIUH
BKJIFOUCHHSI.

Tenep Hamia 3anaua 3Beacs 10 Bu3HaueHHs Jinii L, Gynkuii 7(£), sKa 3a10BONbHSE

ymoBaM (1), (2) i 70gaTKOBO YMOBI HEJOCATHEHHS IUIACTUYHOTO CTaHy B obiacti D mo3a
LI€F0 JIHIEIO:

[7({)|<k, {eDngel; (3)
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Pucynok 1. O6macti Di G y miomuHax ¢ i T

Figure 1. D and G areasin ¢ and 7 planes

I3 ymoB (1), (2) BurumBae, mo kKoHGopMHEM 00pa3oM obmacti D y miomuHi 7 € 06iacTh
G, siKa € TOBHICTIO BU3HAYCHA, ii TPAaHUI HE MICTHTh HEBIIOMHX AUIIHOK (puc. 1). OgHak
sniticuroBane Gynkuiero 7(£) xonpopMHE BiOOPaKEHHS HE € 3a1aHuM, TOMy 3a1aua (1) —

(3) HE 3BOUTHCS JO MONIYKY KOH(POPMHOTO BiIOOpaXkeHHs. Alle ii aHAIOTIYHO SK Y poOOTi
[6] MmoxkHa 3BecTH 10 3anaui Kenquma-Cenosa [7].

BBenemo mionpHy AOMOMIKHOTO KOMIUIEKCHOTO Tapamerpa ! Tak, abu Ha wii
oyl obnacti D BignoBimama BEepXHs MiBILIOMUHA H ={Z|Imt>0} (puc. 2). 3apxau
MO>KHA JIOBUTFHO 3apiKCyBaTH MO TPU TOUKHU HA KOXHIiH 3 obnacteit H | [lpuiimemo y nibomy

3B’sI3KY, 1110 ToukaM A, B, C mexi obsacti G BiamoBigawTs TOUKH f =00,f =0,7 =1 Ha
C
1

D K

L

Pucynok 2. O6macte H y IUIOIIUHI ¢

Figure 2. H areain ¢ plane

rpanuni obnacti H. Koopaunatu Ttoyok D i E y muioumHi / TOKU HEBiAOMI. Y IBOMY
BUNaAKy QyHKuigs r=r,(¢f) 1 ii oOepHeHa ¢=7(f) € OJHO3HAYHUMH 1 MOXYThb OyTH

BHU3HAYCHUMU KOMITO3HIII€I0 €JICMCHTAPHUX BiI0OpPaKEHb:
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(GEX T (k> =1%)
t= = = +1. (4)
(k-1,) [\/kz—rirz)(ri—rz) J

Tyt \/k2 +7.0°)(r2 —7°) € aHamTHYHOI y PO3pi3aHiil y3mMOBX Bimpiska [-r ;7. ] H

OpOMEHiB [—oo;—k /7], [k/7, ;+00;] (QYHKI€O, M0 NpuiiMae AiCHI JOAATHI 3HAYEHHS Ha
BEpXHBOMY Oepesi po3pisy [-7,;7,].
I3 (4), noknaBmm 7 =ik i 7 =0+i0, 3HAX0AMMO, 1110
2
ID:(IISZJ , t,=t,+1. (5)
Po3B’s13aBmn (4) BITHOCHO 7, OTPUMYEMO
)= (K + )\t =t )t —t,) — (K + )t —t,/2) ©)
1 27 \Ji(t—t,) ’

Je i \/(t—tD)(t—tE) 1 \/t(t—tE) CIi po3yMiTH aHamiTuyHi B obnacti H ¢yHKuii, 1o

JOPIBHIOIOTH £+ O(t) Tpu f —> 0.
VYBenemo B H HOBY HEBiToMY (YHKIIIFO
A(6) = 7,(6X&, () —a—ib) (7)
1 chopMyIroeMo 1715 Hel KpaioBy 3aauy B 1iid 001acTi.
I3 BimoOpaxxens H wa D ta H ©Ha G, 3n;ilicHoBaHMX QyHKUisMu ¢ (1) iz,(7),
3HaxonuMo 3HauenHs Gynkuii A(¢) Ha rpanumi obnacti H :
ReA =—ar () (o<t <0);
ReA=0(0<1<));
ImA=0(01<zt<t,);
ImA=-br,(t)(1<t<t,). (®)
3’scyeMo noBeiHKY (pyHKLIT A(f) Ha HECKIHYEHHOCTI.
OCKUNbKM  TIpH £ —> © , =M \/; + 0(\/; ) , M — HeHynbOBa KOHCTaHTa 1

7,(t)=1,+0(), TO

ﬂ(t)ZMTm\/;+0(\/;) pH ¢ —> © . 9)

Cuiesignomenns (8), (9) ckinanarots 3amauy Kemaumna-CemoBa mis Gyskmii A(Z) y
BEPXHiH MIBILIONIMHI /.

VY 3B’43Ky 3 TUM, L0 IIyKaHa (YHKLIA HE € OOMEKEHOI Ha HECKIHYEHHOCTI, TO
po3B’s30K 3a1a4i (8), (9) BU3HAYCHMI 3 TOUHICTIO 10 OJIHI€T KOHCTAHTH [7]:

Jr—l(" ar,(pdn T br,(p)dy ]
At)=— L + L + ANt-1, (10)
r \SAl-n(m—1) ,{\/l—n(n—t)

ne A — JnoBinbHA JilicHa crana. BenmnymHy KOHCTAaHTH A 3HAEMO, CKOPUCTABIIHUCH

3HaueHHsIM QyHKUIT A(f) B TOULl, Y AKii BOHO 3a3/1ayeriap BifoMe. OCKUIbKHU 7,(¢) 0OMEKEeHa
1¢,(t,)=a+ib,To 13 popmynu (7) Buruusae, mo A(f,)=0. Orxe,
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( ey f b, ()dn J
NI=nm—-t,)  J1-nm-t,)

Takum unHOM, MOTPIOHUI HAM €JUHUI po3B’ 30K 3a1adi (8), (9) nae dopmyna

Ay N ( ey j br, () j
™ NI=n(—1)0=1) L N1=n01~1,)(1~1)

y K1 CUHTYJISIpHI IHTErpajiy B TOULI / CJIiJ] pO3YMITH Y CEHCI TOJIOBHOI'O 3HAUYEHHS.

(11)

3pobuMo 1Ie KidbKa 3ayBaxkeHb 11040 iHTerpamis ¢opmynu (11). Obunsa interpanu
30DKHI SIK HEBIACTHBI 31 O€3MEXHUMH MeXaMH 1HTErpyBaHHS, OCKUIbKH MiAiHTEerpaibHi

¢yHK1IIi Ha HECKIHYEHHOCTI JOPiBHIOIOTh O(t_3/ 2

2k’

z'l(t)— \/_\/t—t +0(\/t )

). I3 popmymnu (6) BuIUIMBAE, 110

Ipu ¢ —>t, , TOMy OCOOJIUBICTB JPYrOro iHTerpaiga y Touli 7 = ¢, — IHTErpoBaHa. 3 MipKyBaHb

3pYYHOCTI OOYHCIIEHb BapTO 3aMIHUTHU IHTErpaiH i3 0e3MEKHUMHU MEXaMH IHTerpajiamu 1o
CKIHUEHHUX BiJIpi3Kax

I r,(mdn I r,.(mdn I N-n7,(1/m)dn
ANT=n@=t) -0 “1=nm-t)m-0 S1=n0=m)i-tm)

f 7,(m)dn /f \ff(l/ﬂ)dn
> N=n(n—t)m - o NI=n(-tp)(1-t,n

HapemTi 3ayBakmMo, IO Y BIAMOBIIHOCTI 3 BI/I6paHI/IMI/I AQHATITHYHAMH  Ta

OJTHO3HAYHMMH T1JTKaMu KopeHiB y pyHkii (6) y popmyii (11) ciig BBaxkaTH, o
(K" + N =t,) o —t) £ (k" +77) =1,/ 2)
22, \n(n—1,)

7,(m) =

2

i€ 3HaK «T» CTOCYEThCS 1HTerpana no (—o;0), a «-» — 1o (¢,;+0).

H/C 3naiineno. @yHKIIisl HAPpY>KeHb y TapaMeTpU4Hii Gopmi € Takoro:
= () =a+ib+1 (DAQ), t=1,1) (teH) (12)

I3 mepmoi popmynu (12) nerxko 3HaTH JiHIIO L, IO PO3MEXKOBYE 0O0JIACTh MPYKHHUX 1
wiacTuyHuX nedopmarniid. 3Baxaroun Ha Te, mo GyHKIisA A(f) Ha BiAMOBIAHOMY JiHIl L

BiApi3Ky [l;¢,] rpanumi obnacti H € JAiHCHO 3HAYHOMO, a |rl(t)|:k, OTPUMYEMO ii

napaMeTpUIHEe PIBHSHHS

xX=a+ k I;T“’ N (@, (=1 A(2);

K +17° t
y=b+ T*(t—fjl(l) 1<t<t,.

(13)

Ha puc. 3a — 2 HaBeieHO TpaHUII MEXi 30HU MPYKHUX 1 MIACTUYHUX JAedopMariiit ass
KUIBKOX CITIBBIJTHOIICHD IIMPUHU 1 JOBXHHH BKJIIOUEHHS 1 KiJIbKOX 3HAYCHb HAaBAaHTA)KECHHS.
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3a ManMx HaBaHTaXEHb, SIK 1 ciifg Oyjno crmojiBatucs, Gopma MIACTHUYHOI 30HU
NPaKTUYHO HE 3MIHIOETBCS, BOHA 30LIBINYETHCS Maibke TOMOTeTH4YHO. [likaBo, mo 1
TEHJICHIIIS HE3aJIC)KHO BiJ CIIBBIIHOIICHh MDK pO3MipamMH BKJIFOUYCHHS 30epiracThCcsi Ha

TPUBAJOMY Jialma3oHi HaBaHTaXeHHs (HaBiTh a7, =0,5k). YacTuHa BKIIOYEHHS,

(-b)'b
v-b)/b

[=]

-0.2

-0.4

-06

-0.8

08 1 1 1 1 1 1 1 1 i ; ; |

(v-bi/b
(v-b)ib

o
o

02 -0.2

0.4 0.4
-0.6 06

0.8 -0.8

Pucynox 3. I'panuii Mei 30HM NPY>KHUX 1 TUIACTHYHUX Nedopmartii

Figure 3. Boundaries of the elastic and plastic strain area limit

OXOIICHOTO 30HOI0, € THM OUIBIIOI, YMM TOHIIE BKIIOYCHHS, ajlleé MOKH 7, <k BOHO HE

OXOILTIOETBCS 30HOK TMOBHICTIO. Lleil pe3ynmbTaT y3ro/pKyeThbess 3 JAHUMH JTUCKPETHO
JiHiAYacToi Mopeni: cMyrd Mix(a3HOro IUIAaCTHYHOTO BiANIAPOBYBAaHHS TaKOX He

OXOIUTIOOTh BKJIFOUCHHA IIOKH 7 <k . Komn IUpHUHAa BKIIOYCHHA HabaraTo MeHIIIA HOTO

JIOBXUHH b << a, BiAIIApOBaHE B3JOBX OUIBIIMX TpaHEH BKJIIOYEHHS, CTa€ MOMIOHMM Ha
TPIIIUHY JOBXHHOIO 2a, aje KapTUHA PO3BUTKY IUIACTUYHUX JAedopMalliil 3aMIIaeThCs
CYTTEBO BIAMIHHOIO BiJ CIIOCTEpPEKYBAaHOI B OKOJII BEPIIMH TPIIIMHHU, SKI HaBiTh 3a Oylb-
SKOTO MaJlIoTO HAaBaHTAXCHHS OXOIUTIOIOTHCS IUacTHYHMMHU aedopmarismu. Lle, onnak, He
O3Hauae, MmO A 000X 3raJaHUX BHIIAAKIB KapTUHH DPO3MOJUTIB HANpPYXEeHb TEX OyIyTbh
CYTTEBO BIJIMIHHUMH, XO4Ya II€ THTaHHS MOTPeOye OKPEMOro IOCIiIKEHHs. 3ayBa)KuMO

69



BICHUK TEPHOIMIJIbCbKOIO HALIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne1 (69) 2013

TaKOX, IO TEOPETUYHO TIepeadadyyBaHa BiJCYTHICTh 3MHUKaHHA IUIACTUYHHX 30H €
pE3yJIbTaTOM TOTO, MI0 KOMIIOHEHTH HANpYyXEHb y IIEHTpI I'paHeH, SKi 0 HaBaHTa)KCHHS
nepedyBay y MEXaHIYHOMY KOHTAKTI i3 CepeJOBUIIEM, 3aIHIIAIOTHCS BECh Yac HYJIbOBHMH B
nporeci gepopmyBaHHS.

BucnoBku. [locimkeHo KBa3iCTaTHUYHUN PO3BUTOK ITUTACTUYIHUX JedopMalliii B OKOITi
BEPIIMH JKOPCTKOTO TMPSMOKYTHOTO BKIIIOYCHHS, JIBI TapayielbHI TpaHi SKOTO [0
HaBaHTAXXCHHs 1epeOyBalii B 1I€aTbHOMY MEXaHIYHOMY KOHTAKTI 3 CEpeOBHUIIEM, JBi JpYTi
napu — HE KOHTAKTYyBaJH 3 HHMM. 3HAHJCHO aHATITUYHUA PO3B’S30K 3a/adi, BU3HAUCHO
HanpyXeHo-1e(OpMIBHUI CTaH Tifla A JOBUIbHOI BEIMYMHU HABAaHTAKEHHS 1 JOBUIBHUX
CHIBBIIHOIIEHh MDK pO3MipaMH BKJIIOYCHHS. Bu3Haue€HO MeXy 30HHM IUIACTHYHHX
nedopMariiit 1 1ocIipKeHo 11 3MiHy 31 3pOCTaHHAM HaBaHTaxeHHA. [lokazaHo, 110 BiIbHI BiJ
KOHTAKTY 3 CEpEAOBHUIIIEM I'paHi BKIIOYCHHS HE OXOIUTIOIOTHCS IJIACTUYHUME AedopMartisimu,
a JBI IHION TpaHi JMIIE YacTKOBO OXOIUTIOIOTHCS IIacTHYHUMU nedopmarismu. Ha
MOYAaTKOBIA CTaaii PO3BUTKY TpaHUIl 30HU IUIACTHYHHUX JedopMaliidl 3pOoCTaioTh Maibke
TOMOTETHYHO 3 IIEHTPaMH TOMOTETii y BepIIMHAX BKIIOUEHHsS. Ll TeHIeHIist TOYHO
BUTPUMYETHCS HaBITh JJIsl HABaHTaKEHb, SKI CKIanaloTh 50 % BENIWYMHU IpaHMIl TEKydOCTi
MaTepiaiy Tiia.

Conclusions. Quasi — static development of the plastic strains in the rigid rectangular
inclusion tips threshold, two parallel edges of which were in the ideal mechanical contact
others did not contact with it has been investigated. Analytical solution of the task was found,
stress-strain state of the body for the arbitrary loading value and arbitrary ratio between the
inclusion sized was determined. The plastic strain area boundary was found and its change
with the loading growth was investigated. It has been testified that contact free-free with the
environment inclusion edges are not subject to the plastic strains, but two other edges are
subject to the plastic strains only partially. At the initial stage of the boundary development
the plastic strains areas grow almost homogeneously with the homogeneity centers in the
inclusion tips. This phenomenon is true exactly enough even for the loadings, which are of
50% of the body material yield limit value.
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