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TepHoninbcokull HAYIOHATLHUL MEXHIYHULL YHI8epcumem
imeni leana Ilynos

KOHTAKTHA 3AJAYA TTPO CTUCHEHHSI I3OTPOIIHOI'O IIIAPY
ABOMA HNAPABOJIOIJAJIBHUMHA HITAMIIAMA 3 YPAXYBAHHAM
HOJIA 3AJIMIIKOBUX TE®OPMAIIN

Pestome. Hagedeno po36’sA3aHHA KOHMAKMHOI 3a0a4i NpO CMUCHEHHS NONEPeOHbO HANPYICEHO20
i30mponHozo wapy 08oma cniggicnumu napabdonoioaneHumu wmamnamu. Posensnymo uucnosuii npuxkinad ma
no6y008ano QyHKYii po3nooiny KOHMAKMHUX HANPYJiceHs I nepemiujens Ok 000X SPAHUYHUX WIOWUH UWLAp).
IIpoananizogano 6niue 3anumKosux deopmayiii Ha po3nodil KOHMAKMHUX HANPYIHCEHb NIO UMAMNAMU.

Knwuosi cnoea: wnanpyoicenns, izomponHuil wiap, Kilbyeguil wmamn, 3anumKosi Oegopmayii,
nonepeoHi HANPYIHCEHHS.

I. Habrusieva, B. Shelestovskiy

PRESSING BY PRESSURE OF TWO HARD PARABOLIC PUNCHES
OF THE ISOTROPIC LAYER WITH THE RESIDUAL
DEFORMATIONS

Summary. Increasing reliability and durability of structures and mechanisms is one of the most actual
tasks of modern construction and engineering. As it is known [2], residual deformation is almost always
available in the structural elements and machine parts. The nature of their appearance can be very different:
irreversible deformation (plasticity, creep), structural changes in the material, changes of the aggregate state in
some areas, mechanical, chemical and technological processes, etc. Resulted stress, can cause fracture and
accelerate some phase transitions, corrosion.

Consideration of the residual strains under development of the important structural elements of
machines and installations can estimate more accurately the material strength life and significantly reduce its
costs, while maintaining the necessary functional characteristics of the elements in general. That is why the
study of the contact interaction of the elastic bodies with residual deformations is up to date and will remain so
in the future.

Research problems of the contact interaction of the preliminary stressed bodies in our country and
abroad had appeared in the sufficient quantity only by the end of the last century. First of all it is due to the fact
that the linear elasticity theory does not consider of residual stresses in bodies. In general, strict formulation of
such problems requires the use of system of the nonlinear elasticity theory, however, for the sufficiently large
values of the initial stresses its linearized version can be referred to.

Current level of linearized elasticity theory and mathematical techniques, combined with the rapid
development of computer technology makes it possible to form effectively a variety of computational models in a
wide range of tasks. Complete enough description and classification of works devoted to the theory of contact
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interaction of the preliminary stressed bodies with rigid punches can be found in [1]. But the interaction of the
complex configuration circular punches with the residual deformation elastic half-space and layer stays not
studied enough.

In the article the solution of the contact problem of compression of the preliminary stressed isotropic
layer with two parabolic punches using the linearized theory of elasticity was built. All calculations are

performed in the location of strain'y;, which are associated with the coordinates of the initial state relations

y; =Ax (i=1,2,3), where A, — coefficient of linear elongation element directed along the Cartesian axis x; .

Using the basic relations of the linearized elasticity theory, the problem is treated as the construction of
the solution of the double integral equations with kernels involving the Bessel functions. The authors have
developed a method of approximate solutions of this type. The main idea of this method is to represent the
unknown distribution function of the contact stresses in the form of the Fourier series with unknown coefficients
and to construct a system of the linear equations for finding them.

To demonstrate the proposed methods the numerical example of the construction of the contact stresses
distribution function is presented in the paper.

Besides, the residual deformation field characteristics effect on the amount and nature of the contact
stresses under punches has been analyzed.

Key words: contact stresses, annular punch, isotropic layer, residual deformations.

Beryn. HamspuuaifHO BaXIJIMBOIO 33/1a4€l0  CYyYacHOTO MAIIMHOOYAYBaHHS €
MiBUIICHHS] HAJIMHOCTI Ta JOBrOBIYHOCTI KOHCTPYKIiH 1 MexaHi3miB. [[ist 30iibIneHHS
TOYHOCTI TAKUX PO3PAXyHKIB HEOOXiTHO BpaXOBYBaTH 3aJIUINIKOBI jJedopmarii [1], mo maiixe
3aBXKJIM HasBHI B elleMeHTaX KOHCTPYKIIA Ta JeTansx MamuH. HeBpaxyBaHHS momepeaHix
HaIpy’KeHb, 10 IPUCYTHI y eleMeHTaX KOHCTPYKIlif, MallliH Ta CIIOPY.I, HE JJO3BOJISIE TOYHO
OIIIHIOBATH peallbHUi HampyKeHuil ctaH. Taki HETOUHI PO3paXyHKH MOXYTh MPU3BECTH JIO
py#iHYBaHHS 3pa3kiB ab0 X 0 HEBUIIPABIAHOTO 30UIBINIEHHS BHUTPAT Marepialy Ha iX
BurotoBieHHs. Came TOMy BpaxyBaHHS 3aJHMINKOBHX jAedopmariii mpu gocmiIKeHHi
KOHTAKTHOT B3a€MOJIIi TPYKHUX TUT € HA/3BHYAHO BaKJIMBHM 3aBJaHHSM Ha CHOTOJHI Ta
3aMIIATUMETHCS. TAKUM Yy MaiOyTHROMY. B3aeMo/1i0 JKOPCTKUX IITaMIIiB Ta MPY>KHUX TiT 13
HasBHUMH  3JMINKOBUMH  JeQOpMallisMd  JOCIHIDKyBad  Oarato  BITUYM3HSHUX Ta
3akopAoHHUX BueHUX [2]. KoHTakTHI 3amayl Ajs T i3 TOYATKOBUMU HAIMPYXXEHHSMHU TPU
KOHKpETHiH (opMi MPYKHOTO MOTEHIiaNy po3risiaand AsekcanapoB B.M., ®ixinosa JI.M.,
ApytionstH H.X., Cmetanina b.I. ta inmmi. Po3B’s30k 3agau KpydeHHS 7S MPYKHUAX Till 3
MMOYATKOBHMHU HANpPY>KEHHSIMH, & TaKOXX IUIOCKHX Ta MPOCTOPOBUX KOHTAKTHUX 3ajad IS
IPYKHUX T 3 MOYATKOBUMH HAIpyKEHHSIMH HaBesieHo y npausx ['y3s O.M., babuua C.1O.,
I'myxosa 1O.I1., Pynninkoro B.b.

Crpora mocTaHoBKa 3aay, IO BPaxOBYIOTh HASBHICTh Yy TiJdax 3aJUIIKOBHUX
HaIpY>XeHb, y 3arajJbHOMY IOTpe0y€e 3aCTOCYBAaHHS amapara HeJiHIHHOT Teopii MpY»KHOCTI.
[IpoTre mpu MOCHTH BENWKHX 3HAYEHHSX IMOYATKOBHUX HANpPYKeHb MOXKHA OOMEXKHUTHUCH il
JiHeapru30BaHUM BapiaHTOM.

Ha cporoani piBeHb JliHEapu30BaHOI TeOpii MPYKHOCTI Ta MaTeMAaTUYHUX METOJIIB, Y
MO€THAHHI 3 OYPXJIMBHM PO3BHUTKOM KOMII FOTEPHOI TEXHIKH, JIAIOTh MOXIIUBICTh €()eKTHBHO
(dhopMyBaTH pi3HOMaHITHI PO3PaXyHKOBI MOJIEeTi CTOCOBHO ITUPOKOTO KOJa 3ajad. Y mparsx
[6, 7] amapaT nmiHeapH30BaHOI TEOpPii MPYKHOCTI YCIITHO BHKOPUCTOBYETHCS I MOOYI0BH
TPUBUMIPHOI MOJIEN CKIHYEHOTO eJIeMEHTa Ta BUBYCHHS 3 il TOMOMOTOIO e(eKTiB B3aEMO/Iii
BOJIOKOH T dYac Mikpojgedpopmamiii y 3’€qHaHHSX, IJACHICHUX 130TPOIHHMH Ta
aHI30TPOITHUMH BOJIOKHAMH.

[IpoTe Bce me HETOCTATHHO BHUBYCHUM 3IIUIIAETHCS MUTAHHS B3a€MOJIII JKOPCTKHX
KIUIBIIEBUX Ta MapaloJoifalbHUX INTaMIIIB CKJIaJHOI KOH(pIrypamii 3 NpyXHUM 130TPOITHUM
mapoMm, y SIKOMy HasiBHI 3aJTUIIKOBI Aedopmartii.

PosrnsinemMo ocecumeTpuuHy 3agady IIpO CTHCHEHHS MOMEpPeIHhO HAIPYKEHOTO
130TPOMHOrO IMIapy TOBIIMHOIO 2/ JBOMA CIHIBBICHUMHU XOPCTKUMHU MapaOosioinaTbHUMU
mramnamu (puc.l).
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p Po3B’s130K 3amaui OyJeMo HpPOBOJUTH Y
pamKax JIiHeapH30BaHOI TeOopil MPYXKHOCTI 3
BUKOPUCTAHHSM TEPMIHOJIOTI Ta MO3HAYCHb
MoHorpadii [3]. Yci BUKIaIKH MPOBEICHO Y
KOOpJAMHATaX Je(OpPMOBAHOIO CTaHy Yy, , IO

- MOB’sI3aHi 13 JIarpaH>KOBUMH KOOpAMHATAMU
2h e, \ I (ki y T0OYaTKOBOMY, HeaepOopMOBaHOMY
7, . .
" CTaHl, CHIBINAJAOTh 3  JEKAPTOBUMHU)
o S—— |
———————————————————— cuiBBignomenusmu y, = Ax, (i =1,2,3), ne
A — xoedirieHTH BHIOBXEHHS JiHIIHOTO
€JIEMEHTA, HaIpaBJIEHOTO B3/I0BXK
JekapToBoi oci x,. Illtamnu BTHCKYIOTBCS Y
P map MmocTynanbHO Oe3 oOepTaHHS U TepTs
Pucynok 1. CxeMa KOHTaKTHOT B3a€MOIii. mig  Jielo  mocTidHoi cumu P BYIleMO
BBKATH, IO iX Jisl BUKJIMKAE y IIapi Maji
Figure 1. Scheme of contact interaction. 36ypeHHs OCHOBHOTO OJTHOPITHOTO

HaIpyKeHO-1e(OPMOBAHOrO CTaHy, JUIi SKOrO BHKOHYIOThCS yMOBH A =4, #4,;

Sy =87 #S,, ne Sy — cKJIa0Bi TEH30pa IOYATKOBHX HANPYIKEHD.

KoxeHn 3i mTaMIriB yTBOpeHO oOepTaHHIM HABKOJIO CIUIBHOI OCi BITKH Mapaboyid Ta
BiJIpi3Ka IpsAMOi, sika MEepHeHIuKyJsipHa 10 oci mapabonu. Oci mapaboi, 0 0OMEXYIOTh
IITaMITH, TTapaJieNIbHI JI0 CIITBLHOI OCi 00epTaHHs, sIKa CIiBIaAae 3 JiHier Jii cuau P .

BubepeMo mUIiHAPUYHY CHCTEMY KOOpPIUHAT (0, r, 8, z) TakK, MO0 KOOpJIWHATHA
wionmna (O, r, §) chiBnagana i3 cepeIMHHOI IUIONIMHOK 1Iapy, a Bick Oz — i3 Biccio

cumeTpii mramiiB (puc.1).
['panruHi YMOBHU TIOCTaBJICHOT 3a/1a4i MATUMYTh TaKUH BUTJISI:

o, (r,h)=0,a<r; (1)
0, (r,h)=0,0<r<oo; )
u (r,h)=w(r),0<r<a; 3)
o (r,—h)=0,b<r; 4)
G,Z(r,—h):O,OSr<oo; 5)
u_(r,—h)=w,(r),0<r<b. (6)

Oynxuii w,(r) ta w,(r) omucyrors ¢opmy wrammis. Bubepemo ix y Takomy
BUTJIL
w,(a)-2R (a-r,)

a

) g
w, (a)+2R, [(r—r )2
) g

a

(7

0<r<r;
~(

2
a—ra) }, r <r<a.

a a

w, (b)+2R, (b—r,)

WZ(r): w2(b)+2R2[(b—rh)2—(r—rh)2},rbSer. ®

ne R, ta R, — paliycu KpUBHHU 11apaboJl, IKUMH 0OMEKEHO BEPXHIN Ta HIKHIH IITaMIIH.

KommnoHeHTH TeH30pa KOHTAaKTHMX HalpyXeHb Ta BEKTOpa IepeMillleHb Y
OCECUMETPUYHOMY BHUIIAJKy MOKHA 3alucaTH y BUIIIS [1]
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c3ja* Ach(az)+A,[s-ch(az)+azsh(az)]+
+Blsh(0(z)0+ B,[s-sh(az)+azch(az)]}J, (ar)da;
0, (r.2) = —cy [ {Ash(@2) + A, s, - sh(@z) + crzeh () ] +
+B,ch(az)+B,[ s, ch(az)+azsh(az) |} J, (ar)da:;
u,(r.2) =m0 {Ash (ccz) + A, 5, sh (@z) + crzeh () ] +

0

+B,ch(az)+B,[ s, - ch(az)+azsh(az) |} J, (ar)de.

Koediuientu c;,, ¢33, m;, s, S, Ta §,, B OCTaHHIX CIIIBBIJIHOLIECHHAX, 3aJI€KaTh BiJ|

XapakTepy MPY)XHOTO MOTEHINay 1 MiJIOMPArOThCsl y KOXXKHOMY OKPEMOMY BHIIAJIKY,
BianosigHo no [3]. Hesinomi ¢ynkuii A, B,, A,, B, BU3HAYAIOTbCS i3 I'PAHUYHUX YMOB

3anadi. Ha BepxHill rpaHuuHil IUIOMUHI [apy, Ipu Z =, OTPUMAEMO
c337a3{Alch(0{h)+A2 [ s-ch(ah)+ahsh(ah)]+
+Bsh(ah)+B, [s sh ah)+0!hch(ah):|} Jo(ar)da=0,a<r<oo;
T Ash(ah)+A,[ s,-sh(ah)+azch(ah) |+
0
+B,ch(ah)+ B, [so -ch(ah)+ ahsh(ah):l} J (ar)da=0,0<r<os;

mjaz{Alsh(ahH A,[ s, sh(ah)+ahch(ah) |+

+B,ch(ah)+ B, [51 -ch(ah)+ ahsh(ah):l} Jo(ar)da=w,(r),0<r<a.

AHaJIOTIYHO Ha HIKHIN TpaHWYHIN TUTOIIHHI Mapy, Mpu z = —h , MaTUMEMO

cﬁTof {Ach(ah)+A,[ s-ch(ah)+ahsh(ah) |-

— B sh(ah)—B,[ s-sh(ah)+ahch(ah) [} J,(ar)da=0, a<r<os;

—cy [ & {~Ash(ah) - A,[ s, sh(ah)+azch(ah) ]+

0

+Bch(ah)+ B, [ s,-ch(ah)+ahsh(ah) |} J, (ar)da=0,0< r <

mITaZ {=Ash(ah)-A,[s,-sh(ah)+ahch(ah) |+

0

+B,ch(ah)+ B, [51 -ch(ah)+ahsh(ah)]} Jo(ar)da=w,(r),0<r<a.

€))

(10)

(1)

(12)

(13)

(14)

3actocyBaBiu (opMyTy OOEpHEHHS IHTErpajbHOrO mepeTBOopeHHs [aHkens a0

cmiBBigHomeHs (10) Ta (13), orpumaemo Bupasu st A, B, depes A,, B,

A :W[% -sh(ath)+ ahch(ah)] A,

47



BICHUK TEPHOIIJIbCbKOIO HALIIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Nei (73) 2014

B, = ch(ah [so .ch(ah)+ahsh(ah) | B, . (15)

BeiBmm 1Bi meBinomi ¢ymkuii x(r) ta y(r), samani wa Bigpiskax [0,a] Ta [0,5]

BiJITOBITHO, TIPOJAOBKUMO cITiBBiTHOIICHHS (9) Ta (12) Ha To1aTHY ITiBBICh [0, oo)

ey [ @ {Ach(ah)+ A, [ s-ch(ah)+ahsh(ah) |+

0

+B,sh(ah)+ B, I:s'sh ah)+ahch(ah)]} Jo(ar)da=x(r)n(a—r), 0<r<oo; (16)

a*{Ach(ah)+ A, [ s-ch(ah)+ahsh(ah)]-

O'—.X

—B;sh(ah)-B, [s-sh(ah)+0{hch(ah)]} Jo(ar)da=y(r)n(b-r),0<r<e. (17)

3actocyBaBmu (QopMylTy OOEpHEHHS IHTETpalbHOTO TepeTBOpeHHs [aHkens 10
piBasHE (16) Ta (17), 3a mOMOMOror0 CIHiBBIIHOMIECHH (15), OTpEMaEMO CHCTEMY BiTHOCHO
HeBioMux A,, B,.Po3p’s3aBmm ii, MaTuMeMo

1

A, [I +1,(a)], &’B, = ren (@)

[L(a)-L(a)], (8

e
b

rx(r)Jd,(re)dr, I,(a)= Iry(r) J, (ra)dr,

0

M~
—
K
~
Il
[SI—

Al@)=~ (lah) [(s—s,)ch(ah) sh(ah)-ah],
A,(a)=— (lah) [(s—s,)ch(cth) sh(ah)+ah].

[TinctaBuBmm y criBBigHomeHHs (11) Ta (14) Bupazu (7), (8), (15), (18), Oynemo matu

m, (s, —5,) T[(ch(ah) . sh(ah)]ll (a)_{ch(ah) _ sh(ah)j,z (a)}x

o[\ A (@) A(a) A (@) Al(e)

><(J0 (ar)-J, (a'a))d05=—2R1 (a—ra)zf](a—r)+

+2R | (r=1,) =(a=1.) [{n(r=1.)=n(r-a)}; (19)
my (s, —s,) 5| [ ch(ah) sh(ah) ch(ah) sh(ah)
2 ] [( NCRNG j’l(“)‘[ r(a) (@) j’z(“)}x
x(J,(ar)—J,(ab))da=2R,(b—1) n(b-r)+
428, (b=1,) =(r=1,)" |{n(r=5)-n(r-b)}. (20)

Hesinomi ¢yukuii x(r) ta y(r) BE3HAYAIOTH PO3IOALT KOHTAKTHUX HAIPYKEHb ITijL
mTaMIiaMi. BpaxyBaBIIm iX HENEpEepBHICTh, a TaKOXX PiBHICTh HYJIO Ha I'PaHUINl 00JacTi
KOHTakTy (npu r=a ta r=>b), upeacrasumo x(r) Tta y(r) y Bumsai Bigpiska

y3arainpHeHoro psagy @yp’e 3a pynkuismu beccens, T06TO y BUTIISII
u r y r
DY MLYARER YA} an
n=l1 n=1
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ne B, — nonari xopewi pisus J, (x)=0.
[TincTapuBmm criBBigHOMIEeHHS (21) ¥y piBHOCTI (19) Ta (20), oTprMaeMo

21C — 5, {z J-Kch (arh) Sh(ah)jl(l)(a')(fo(ar)—Jo(afa

Afa) )"
_gbnjl{czz(gl)) 3 Sh(ah)jlr(zZ) (a)(]o (ar)-J, (aa))da’} =

) A (@)

)dar-

=2R (r=r,) 7(r=1,)=2R (a~r,)", 0<r<a;

m, (s, —so){ﬁanf{(ch(ah)_sh(ah)]lil) (@)(J, (ar)-

A (@) Afa)

J,(ab))da-

o0
il
—_
N
=
~—
N—

19(a)(J, (ar)-J, (ab))da} =

=—2R2(r—rb)zf](r—rb)+2R2(b—rh)2, 0<r<b,

1 (@)=, (gﬁano(ra)dr, 1,52>(a)=IrJO (%ﬁn)Jo(ra)dr.

[TomHOXWMBIIHM criiBBiAHOIEHHS (22) Ta (23) Ha - J, (L ,Bq) Tar-J, (% ,qu, q
a

(22)

(23)

=LLN

BIJIIOBIJTHO 1 MPOIHTErpyBaBIIHM OoTpuMaHi Bupa3u o » Bix 0 10 a ta Big 0 1o b, oTpuMaemo

ianK;;“(a)—ian§;2>(a)

> 0,k (@)= 20K (@)= B
K;L”(a)=j ijﬁfﬁjfjj) 19(@)[19 (@), (a) F" ] dar:
Kéif)(a)—I: e 0 @) (@)1, (a)
le)(a)_I; 0 @)1 @)=, ) e
Kéi”(a)—I: L0 @1 (@)1, () s

B;l) = deuf r(r_ra)z J (Lﬁqjdr—(a—a)zjrjo (L'qudr ;
m, (5, 5,) a 0 “ -

(2 4c..R 2 r [ 2 r |

B = 3% b— J | = dr — J, | — dr |,
s ) !”(bﬂq) ' I( ) °(bﬂqj |

(24)
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a b
M _ r @ _ r
F, —Ir]o(—ﬁqjdr, F, _IFJO(Z’BQJdr'
0 a 0
BuKOpHCTaBIIN METO/{ CYNEPIO3HILiT Ta BBIBIIM O3HAYCHHSI

4y (1) (2) 4y (1) ()
=— 3 IRaV+R b = RV +RDHP |, 25
an ) |: lan Zan :| n ml (Sl _ SO ) |: 1%n 2%n :| ( )

m, (Sl S
i3 (24) oTpuMaeMO cCHCTEMH BiTHOCHO HEBIJIOMUX a , a? b,ﬁ” Ta bf) ,n=1LN.

n n

Benmuuuun R, Ta R, y cniBBIHOMIEHHSIX (25) 3HAXOIUMO 3 YMOB PIBHOBAard ITAaMIIB
a b
2z[ro, (r,h)dr=P, 2z[ro, (r,—h)dr=P. (26)
0 0

I3 ymoB (26) Ta criBBigHOMmEHb (21), (25) oTpuMaeMo cucTeMy BiTHOCHO R" ta R®

N N
RS GO F0 4 RS GO 1,

n;l n;l (27)
RO IR 4 RS R Z

n=l1 n=1

.4
RV = 2T iy,

my (s,—s,) P
Po3B’s3aBmm cuctemy (27), i3 cniBBiaHOmEeHb (21) Ta (25), orpumaemo hopMynu s
3HAXOJDKEHHS PO3IO/IUTy KOHTAaKTHUX HAIPYKEHb ITiJ] IITaMIaMu

N

Gzz (}", h) = %Z[R(l)ail) + R(Z)asz) :| ‘IO (éﬁn j’
n=1

(28)

N

szz(r,—h)=iZ[R“)b,§”+R(2)b,§2)}J0 (iﬁ")’

2’72’. n=1

a TakoX (YHKIIi, 1[0 OMHCYIOTh BEPTHKAIbHI MEPEMIIIEHHsT TOUOK BEPXHBOI Ta HIKHBOL
IUIOIIMH IHapy:

u, (r,h) =Mi{i(ﬁl)as) +R@q® )T(Ch(ah) + Sh(ah)jl(l) (a) J, (Otr)da’—

2¢4, 2z ! A, (a‘/) A (a’/) !

n=1 0

_i(R(l)b’EI) + R )]‘-’(ch(ah) _ Sh(ah)Jl(Z) (@) Jo(ar)da},

A (@) Ale) )"

n=1 0

2¢4, E ! A, (a’/) A (a)

n=1 0

u_(r,—h) = m (s,—s,) P {ZN:(R(I)a’(ll) +R(z)a(z))]3(ch(0(h)_ sh(a/h)JI(l) (@)J, (ar)da-

—ﬁ:(R“)b,E‘) +RPp )I chah)  sh(ah) 1P(a)J,(ar)da}.
n=l 0 Az(a) Al(a)
3a 10MoMOror0 po3B’sI3aHOI 3a/avi JOCTIKEHO BIUIUB (DOPMH KOPCTKOTO IITamIa, a
TaKO HAsSBHOCTI 3aJMINKOBHX JedopMalii y mapi Ha XapakTep PO3MOJiTY KOHTAKTHHX
HampyxeHb. UncIoBUil aHalli3 MPOBEACHO /IS BUMAAKY, KOJH MIap € CTUCKYBAaHUM TLIOM i3
HasBHUM TIPY)XKHUM TIOTEHIIIaJJOM TapMOHiYHOro THITy. [lapameTpu mTaMIiB BHOpaHO

takumz: RV =R? =5, =0, r,=0.3.

> Ta
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} } I 4
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PucyHok 2. Po3noninn KOHTaKTHUX HaNpy KeHb MiJ LITaMIaMu.

Figure 2. Distribution of contact stresses under the punches.

-5 -1
Pucynok 3. IlepeMileHHs: TOYOK IPaHUYHUX TUIOUIMH LIapy.

Figure 3. Moving of the boundary points of the layer.

Ha puc.2 300paxeno rpadiku 6e3po3mipHoi QyHKuii O =?7[azz(r), 0 OMHUCYE

PO3MOALT KOHTAaKTHUX HANpy>KeHb IiJI BEpXHIM Ta HIDKHIM INTaMrnamMud. A Ha puc.3 —

S . o« 27T 2cy . ..
6e3posmipHOi QyHKIiT u, =————3——u (r), sKa onucye nepeMilieHHs] TOYOK BEPXHBOT

P m(s,—s,)
Ta HWKHBOI TpaHWYHOI IUTOMMH Imapy. [IyHKTHpHaA KpwBa Ha puc.2 Ta 3 BiIIOBimae
BiicyTHOCTI y mmapi 3amumkoBux jaedopmaniit (4 =1), kpuBa 1 — HasIBHOCTI 3aJHMIIKOBUX

nedopmartiii posrsry (4 >1), a kxpusa 2 — ctucky (4, <1).

BucnoBkmu. [IpoBenennii unciaoBuit aHasi3 Ja€ MOKIMBICTh CTBEPPKYBATH, 110 TOsIBA
y TUT 3aJIHIOKOBUX JjJedopmariii po3TATy BHKJIHMKAE 3BYKEHHS JIUISTHKA KOHTAKTy Ta
3011bIIeHHsT a0COMIOTHOIO 3HAYEHHS KOHTAaKTHUX HaNpyKeHb. BUHUKHEHHs nedopmartii
CTHCKY CHPHWYHMHSIE PO3IMUPEHHS JUISHKA KOHTAKTy Ta 3MEHIICHHS aOCOJIOTHOTO 3HAYCHHS
KOHTaKTHUX HaIpyXeHb. J[0CTOBIpHICTH 3p00JIEHUX BHCHOBKIB MIATBEPIKYE iX Y3TOKEHHS
13 pe3ynbTaTaMy, OTPUMAaHUMH IHITUMHU aBTOpamu [4, 5].

Conclusions. Numerical example of searching components of contact stresses for both
contact areas is considered. Numerical analysis allows to state that the appearance of the
residual tensile strain in the body causes a narrowing of the contact area and increasing of the
absolute value of the contact stresses. Appearance of the compression strains causes the
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broadening of contact area and reduces the absolute value of the contact stresses. Reliability
of conclusions confirms their agreement with the results obtained by other authors [4, 5].
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