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Pestome. Y pamkax nineapuzo6anHoi meopii npyjsCHOCMI NpeoCmAagieHd O0CeCUMempudHa 3MIUAHA
3a0a4a npo MUCK NPYAHCHO20 YULTHOPUYHO20 WIMAMAY HA WAp 3 NOYAMKOSUMU (3ANUUKOBUMU) HANDYIHCCHHAMU.
Hocnidocenns npeocmasieti 8 3a2anibHOMy 8U2AA0I 04 Meopii 8eIUKUX NOYamKosux oe@opmayili ma pisHUx
sapianmie meopii MAnUx NOYAMKo8uUx oegpopmayii npu O0BILIbHINL CIMPYKMYPI NPYHCHO2O NOMEHYIATY .

Knwowuosi cnoea: nineapusosana meopiss NPYdICHOCMI, NOYAMKOGI  (3ANUWKOBE) HANPYICEHHS,
nepemeopents Xankeus, inmezpanvhi pigHAnHA muny @pedzonvma, Memoo nocai008HUX HADIUICEHD.

N. Iaretska

ON THE CONTACT PROBLEM FOR A CYLINDRICAL PUNCH
AND A LAYER WITH INITIAL (RESIDUAL) TENSION.

Summary. The article deals with the coaxial mixed type task of measuring pressure of an elastic
cylinder punch upon a layer with initial (residual) stresses within the framework of linear elasticity theory. Two
cases will be viewed in the article 1) the layer is placed on an elastic surface without frictioning; 2) the layer is
fastened to an elastic surface. In general, the research was carried out for the theory of great initial (ultimate)
deformations and different variants of the theory of small initial deformations with arbitrary structure of elastic
potential. It is assumed that elastic potentials are two continuously differentiated functions of algebraic
invariants of the Green tensor deformation (the initial states of the layer and of the cylindrical punch remains
uniform and equal). The research is carried out within the coordinates of the initial deformed state, which are
interrelated with the Lagrangian coordinates (natural state). Besides, it is also assumed that the influence of the
die causes small disorders of the main elastic deformed state.

It is assumed that the elastic die as well as the layer are made of different isotropous, transversely
isotropic or composite materials and they are interacting on one of the die’s surfaces.

The mode of deformation in elastic layer with initial (residual) stress will be defined with the help of
harmonic functions as the Henkel integrals. We should note, although the Henkel-method does not provide exact
solutions, but it lets us reduce the task to the Fredholm equations, which let us use the method of consecutive
approximations. Consequently we got a components of potential vector and tenzor of deformations in the case of
unequal roots of axis-symetrical type task.

So, the received solutions are defined by lines with the help of very many constants. These constants are
defined with regular and linear algebraic systems. The research was carried out on the problem of the influence
of initial stresses on the law of distribution of contact disorders in the elastic layer with initial (residual)
stresses.

The article deals with the coaxial mixed type task of measuring pressure of an elastic cylinder die upon
a layer with initial stresses within the framework of linear elasticity theory. In general, the research was carried
out for the theory of great initial (ultimate) deformations and different variants of the theory of small initial
deformations with arbitrary structure of elastic potential.

Key words: linear elasticity theory, initial (residual) stresses, Henkel transformations, theory of small
initial deformations, Fredholm equations.

YMOBHI MO3HAYEHHSI !
E — mooyns npyscrnocmi 1 pody,
Ai — Koeiyienmu 61006dCENHS, WO SUSHAUAIOMb NEPeMIlyeHHA NOUYAMKOB020 (3ANUMKOB020) CMAHY,
Y; — KOOpOUHamu HO4amro6020 0eghopmMosano20 Cmany;
X; —1azpamicesi KOOPOUHAMU;
h, — moswuna wapy 6 nouamxosomy depopmosaromy cmani;
h, — moswuna wapy 6 neoepopmosarnomy cmani;

JV (X), |V (X) — @yukyii Beccens 0ilicCHO20 Ma YA8HO20 APSYMEHM).



Beryn. JlocmimkeHHs TWTaHb KOHTAaKTHOI B3aeMOJIl TBEPAUX TN € JOCUTH
aKTyaJIbHOIO IPOOJEMOIO y 3B’A3KY 3 THUM, L0 Ha NPAKTUII 1€ HAHNOMIMPEHIMMN crocid
nepeaaBaHHs 30BHIMIHIX cwi. JlaHa mpoOiemMa € akTyaJIbHOIO K 3 TOYKH 30PY PO3BHTKY
dyHaaMeHTaTbHUX PO3POOOK 3 MEXaHIKH TBEPAOTo AePOPMIBHOTO Tijia, TaK i3 TOUKH 30py il
3aCTOCYBAaHHS /10 PI3HUX Tamy3edl cydacHOi TexHikd. OcoOJIMBO HIMPOKE BUKOPUCTAHHS
TEOpisi KOHTAKTHUX 3aay 3HaWILIa y MAIIMHOOYAYBaHHI, OCKUIBKU NEpeJaBaHHs 3yCUIIb Y
By3JIax Ta MeXaHi3MaX MalllUH CYIPOBOJDKYETbCS KOHTAKTYBAaHHSAM JeTajled MK co00r0.
Metoau, 0 pO3BUBAIOTHCS B TEOPil KOHTAKTHUX 3a]1a4, JO3BOJISIOTH 3HAUTH PO3MOILT TUCKY
B MICIIX B3a€MOJii, BHBYHMTH KOHIICHTpAIIl0 HANpPYXEHb Ta PO3POOUTH KpHUTEpil ix
3MEHIIICHHS, a TAKOXK JOCIIIUTH HAIMIPY>KEHO-1e(POPMIBHUHN CTaH B YCHOMY TiJIi.

He 3Bakaroum Ha iCHYIOYI JOCSTHEHHS B TEOPii KOHTAaKTHOI B3a€MOJii MPY>KHUX TiJ,
BCE I€ 3aJIMLIAIOThCA HEAOCTaTHBO po3polsieHi psax mpodiem. Cepell HUX — KOHTaKTHa
B33a€MOJIiSl IPYKHHUX T 3 MOYATKOBUMHU HANPYKEHHSAMH, a CaMe; THCKY MPYXHHUX INTaMITy i
I1apy 3 NOYaTKOBUMHU (3QJIMIIKOBUMU) Hanpyx eHHAMU. OCKIIbKU OJIUH 13 aCHEKTIB Cy4acHOT
npoOiieMr TiepelaBaHHS HABAaHTAKCHHS I[OB’SI3aHUN 13 SKICHO HOBHM IIJIXOJOM —
BpPaxyBaHHAM 3QJIMIIKOBUX HAIIPY)KEHb Yy TUIAX Ha 3aKOH PO3MOAUTY THUCKY B MICISX IX
JOTUKY, TO PO3PaXyHOK BaXKIMBHUX EJIEMEHTIB KOHCTPYKILIA Ta IX CTBOPEHHS O3BOJIHTH
e(eKTHUBHIIlIE BPaxOBYBAaTH MIIHICTh MaTepiajiB IUISIXOM MPABUIBHOTO OIIIHIOBAHHS 3amaciB
MIITHOCTI Ta JOCTaTHBO 3HM)KYBATH IX MaTEpiaOMICTKICTh, 30epirarouu y mijJioMmy MoTpiOHi
(b yHKIIIOHATbHI XapaKTEPUCTUKH.

Ha cporomni ms mpoOiem, siki BiTHOCSTBCS 1O KOHTAaKTHUX 3a7ad MPYXKHHX Ti, y
paMKax KJIaCUYHHMX IOCTAaHOBOK OTPUMAHO PE3yJbTaTH JOCIIKEHb, 1110 OXOIUIIOIOTh HIMPOKE
KOJIO MUTaHb. BOHM 0CTaTHBO BioOpakeH! y YMCICHHUX MyOTiKaIisX NepiOANYHAX BHIAHb.
JletanbHuil orisiz 3a/1a4 KOHTAKTHOI B3a€EMOJIT MPYKHUX TLT 3 TOYATKOBUMH HaNpyKEHHIMHU
npejcTaBieHuil y podotax [1 — 4]. JlocaikeHHs MUTaHHS KOHTAKTHOI B3a€MO/Iii KiHEYHOT'O
MWIHIPUYHOTO MITaMIIa HA MIBOPOCTIP 3 MOYATKOBUMH (3aJUIIKOBHUMH) HANPYXEHHIMU
po3nsiHyTO y poboTi [5]. 3amadi mpo TUCK Oe3 TepTs )KOPCTKOro KPyroBoro IiTamiia Ha Imap 3
HOYATKOBHMH HAIPYKCHHSIMHU MPHUCBsiueHa podoTa [6], y sikiil JiHeapr30BaHa OCECHMETPUYHA
3aj]aya po3B’s3aHa B 3aralbHOMY BUIIIA. Y CTaTTi [7] pO3MIISHYTO MPOCTOPOBY 337ady MPo
TUCK TNPYXHOIO IITamIa JOBUIBHOTO MOMEPEUHOro MEpeTHHY Ha MPYXKHUM MiBIpocTip 0e3
ypaxyBaHHS CHJI TEPTSI.

VY naniilt poGoTi 3 BUKOPUCTAHHSAM CIIIBBIHOILIEHb JIIHEAPU30BAHOT Te€Opii MPY>KHOCTI
[4, 8] mpencraBiaeHO PpO3B’S30K 3MIMIAHOT OCECMMETPUYHOI CTAaTHYHOI 3agadi mpo THCK
OPY)KHOTO IIMUIIHAPUYHOTO IITaMa 3 MOYaTKOBUMH (3aJMIIKOBHUMM) HAINPY)KEHHSMH Ha
NPY)KHUH IIap 3 MOYaTKOBUMH (3aJIMITKOBHMHU) HANPYKXEHHAMHU. PO3TISHYTO BUTIAIKH KOJIH
IIap JIEKHUTh Ha XKOPCTKIM OCHOBI 0€3 TepTs 1 mIap 3aKpillJIeHUH 13 HEo MiCisl BUHUKHEHHS
TaM MOYaTKOBOTO J1e(hOPMOBAHOTO cTaHy. J{OCIiPKEHHsS] BUKOHAHO y 3arajlbHOMY BHTJISIII JUTS
CTHCIMBHMX 1 HECTHCIMBMX TUI JUIi Teopii BENIMKMX MOYAaTKOBUX JedopMaliid Ta pi3HHX
BaplaHTIB Teopli MaJMX TMMOYATKOBUX Jedopmalliii Mpu JOBUIBHIA CTPYKTypl MNPY>KHOTO

HOTEHIialy.
BBajkaeMo, 110 MOYaTKOBI CTaHW y IIapl Ta IITamImi OJHOPIAHI Ta PiBHI, a MPYXKHI
NOTEHIlad — JBiYl HenepepBHO-Au(depeHuiioBHl (QyHKIT anreOpaiyHUX 1HBapiaHTIB

TeHzopa aedopmarniii ['pina [8]. Kpim Toro, mis mtamma BUKJIHKAE B mapi mMaie 30ypeHHs
OCHOBHOT'O HAaNpYKEHOT'O CTaHy, AJIsl SIKOTO BUKOHYIOTHCSI YMOBH

11 22 . 33 .
Sy =8"#0; S7°=0, A4 =4 #A4.
JlocniKeHHsT TPOBEJEHO y KOOpAMHATaX IOYaTKOBOro aedopmMoBaHoro crany Oy,

SIKi TTOB’s13aHi 3 JIarpaH)KeBUMU KOOPAWHATAMH CITiBBigHOmIEHHAMH Y, =A, X, (1=13).

Benuunnu, sKki BIAHOCATBCS JO NPYKHOrO HITaMmma, OyIAeMO 3amucyBaTH Yy
no3HaueHHsx [8] 3 BepxHiM iHaeKcOM (1), a BEMTUYMHM, SIKi BITHOCATHCS J0 MPYKHOTO MIapy —
3 1HAEKCOM (2).

ITocTanoBka 3aaauvi il ocHOBHI cmiBBigHOeHHs1. Hexall npyXHUH LMTIHIAPUYHUNA
mramn (puc. 1) pamiyca R i1 Bucotoro H 3 mMOYaTKOBHMH (3aJTUIIKOBUMH) HaIPYKEHHIMHU
BTUCKA€ThCSA Yy MPYXKHUM IIap MmiJg Ji€l0 CUiIM P micis BUHUKHEHHS TaM I10YaTKOBOI'O



nedopMoBaHOTO CTaHy. TOBIIMHA IIapy B MOYATKOBOMY Je(hOpPMOBAHOMY CTaHI IOB’s3aHa 3
TOBLIMHOIO y HEAE(OPMOBAHOMY CTaHi BiHOIIEHHAM h =2A,h,. 30ypenns mix giero cumm P,

00 TPUKIAZACHA JO0 BUIBHOTO TOPIS UWJIIHAPUYHOTO IITAMIA, BUKIHUKAKOTH HOTO
nepemileHHs y HanpaMky oci Oy, Ha crainy BeaM4MHY & . BBakarumemo, 10 MOBEPXHI 11032

00J1aCTI0O KOHTAKTY 3JIMIIAIOTHCS BUIBHUMH BiJ] BIUTUBY 30BHINTHIX CHUL.

Pucynox 1. Tuck IuliHAPUYIHOTO ITAMIIA HAa MIAP 3 HOYATKOBUMH (3aJHIIKOBUMHM) HAIIPYKCHHSIMHA

Figure 1. Pressure cylindrical punch on a layer with initial (residual) stresses

VY cucremi KpyroBux UWIIHAPUYHUX KOOPJIUHAT (I’, 0, Zi) (i :1,_2) TaKli

MIOCTaHOBIII BiAMOBIAAI0TH TaKi TPAaHUYHI YMOBHU:

1) Ha TOpLI NPYXHOTO LITAMITy Z, = ﬂ eV, = \/E , (i =1 2) :
V.

u’ =—&; QY =0 (0<r<R); 1)
2) Ha TPaHMIIl MPY>KHOTO 1Iapy B 001acTi KOHTaKTy Z; =0

P -uP; QP =9 Q=GP =0 ©<r=R); ®
3) Ha IPaHUL MPYXKHOTO MIapy 1M03a 00JIACTIO KOHTAKTy z; =0 !

% =0 QP =0 (R<r<w); 3)
4) Ha OOKOBIH MOBEPXHI MPYKHOTO IITaMIy r =R

< = H

QY =0; Q=0 (0<z<-) (4)

V.

I
Ha HwmwxkHIl noBepxHI mapy, L0 JEXUTh Ha >KOPCTKIM OCHOBI Ta 3aKpIIUIEHOTO 3

OCHOBOIO, Z, :—ks—hz:—ﬁ, (i:1,2),

V; V;
U =0 QP =0 (0<r<w), (5)
u? =0 u?=0 (0<r<w), (6)
ae z, :ﬁ, (i :ZITZ) TOBIIMHA IIapy B Hele(OpMOBAHOMY CTaHi; n; — KOpEH1 PiBHSHHS
Vi
[8, (2.11)].

YMoBa piBHOBarw, IO BCTAHOBIIOE 3B 30K MDK OCIJaHHSAM 1 PIBHOJIIOYOIO
HaBaHTa)KeHH P Mae BUTIIAL

1
P =-27R*[ pQ¥(0, p)d . (7)
0

JUis  BU3HAUEHHSA HAIMpPYXEHO-AEQOPMIBHOTO CTaHy y MPYKHOMY UWIIHAPI
BUKOPHCTOBYEMO JTiHEApU30BaHi PiBHAHHS [8], 3 SKUX BUILTMBAIOTH BUPA3U JUISI KOMIIOHEHT



BEKTOpa MEPEMIIICHHS 1 TEH30pa HAMPYKEHHS JIs CTUCIUBUX 1 HECTUCIUBHUX Til. [Ipudaomy
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HanpyxeHo-nedopMiBHUI cTaH y MPY>KHOMY IIapi 3 MOYATKOBUMH (3aJIUILKOBUMH)
HaNpy>XCHHSIMU JUIsl HEPIBHUX KOPEHIB N, # N, BU3Ha4MMO 3 [8] uepe3 rapmoHiitHi QyHKIIT y

BUTJISIL IHTETpastiB XaHkens. 3a0BOJHUBIIN TPETIO YMOBY (2), apyry — (3) i ymoBH (5), (6),
HicIIs psily HEepeTBOPEHb MAaTHMEMO

u® = (J qu”)J( p)dn - TF:])G(nh)J (np)dn] (10)

0

2
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1+m m, —1 m, V. V. |
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\/E m, (s, —S3)
s(cthe, —s,cthe,) ora  (5);
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(s,8he;she, — che,cho, )

B (11) 3Hauenns koediuientis n, m, c,, | HaBenmeHiy [8].

Metoa po3B’si3aHHsi. BukopucToByrouM po3B’s3kd i mwmiHApa (8) —(9) i
3a/I0BOJIBHAIOUN TPETIO YMOBY (2) Ta Apyry yMoBy (4), 3HaiiieMo BiacHi 3Ha4eHHs 3agaul (1)
— (6) o BUManKy HepiBHUX KOPEHIiB N, =N,

n(2k +1)

WEm o, :“—Rk, ze J;(n,)=0. 12)

3 nonomororo nepumx yMoB (2) i (3) MOKHa BU3HAYHUTH HeBiomy ¢yHkuito F(7) 3
NapHUX IHTETPaJIbHUX PIBHSAHB JUISl HEPIBHUX KOPEHIB

i (”)J S(mp)dn= (o), (p<D),
. (13)

ZF(H)J (np)dn=0, (p>1),
ne f(p):Sél)(k‘]o(“kp)"‘_E%G(nh)\]o(np)dn.

3actocyBanHs Gopmynu 3BepHEHHs 10 (13) mpuU3BOIUTH 10 IHTETPATBLHOTO PIBHSIHHSA
®penronsma apyroro poay BimHocHO QyHKIT F (77)

F 2e
F=2 S ) + 2 Gmw(uin (14)
0
e
Lo XSin Xcos 'y — ysin y cos X smx
W, (X, y)=[t"cosxtcos ytdt, w,(X,y)= X)zl zz y , Wo(%,0)=—
o _

3a/10BOJILHUBILY JIPYTY IPAaHUYHY YMOBY (2), MAaTUMEMO
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Po3p’si30k (14) Oymemo mIykaTh METOAOM MOCHIJOBHHX HAOIWXKEeHb, B3SBIIU 3a
HYJHOBE HAOIMKEHHS (DYHKITIIO

FOm) 2
— p(m),

e p(m)= gngWo (e M)-

HacrymHi HaOMKeHHST BU3HAYMMO 33 (DOPMYIIOI0
F®m) _27F" @)
u

f

n To
Po3B’s30k (14) 3anmumemMo y BUTIIS

Hm=§#Wm. (15)

BigznaunMo, 110 mporiec MOCTiIoBHUX HaOmmwkeHb (15) 30ikuuit mpu h>1, ame
3Ba)Kal04M Ha TPOMI3JIKICTh JOBEICHHS HOT0 TYT HE HaBOJUMO.

3a/10BOJILHUBILY TEpIl /Bl IPaHW4YHI YMOBH (2) 3 ypaxyBaHHSM OPTOIOHaJbHOCTI
OecceneBux Qynkuiit J, (1, p) Ta 3HaUCHB iHTETpana

G(uh)J,(mu)du

I\vo (M) I, ()dn =y, (0, 1y ).

Jns BusHaueHHs cramux yx;, (1=012,..) oTpuMaeMO HECKIHUEHHY CHUCTEMY
anreOpaiyHUX PiBHSHB

O X + zoaann =B (k=012.). (16)
n=
KoeoiuienTu cucreMu MokHa IPEICTaBUTH Y BUTIISAIL
3E
Oo :BO =0, 900 :_I;
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T 4 ma T j=lo
ne y;(n, pn)_gnjcos tdtjMG(uh)cosutdu.
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[Tpu obuncnenni pynkmii (15) i koedirienTis (17) OLIBIIICTE IHTErPAJiB Y KIHIIECBOMY
BUIVIAAI HE OOYMCIIOIOTHCS, BpaxoByloud ckiaagHicts ¢ynkmii g, (i=214). Towmy,
MOYMHAIOYH 13 JPYroro HAOIMKEHHS, MiMIHTerpaibHi (QYHKIII PO3KIAAIOTHCS y PAIU IO

CTETEHX e 110 JTO3BOJUTH 00UMCIUTH KoedinmieHTn cucremu (17) nabmmwkeno. s mapy,
11O JIEXKUTH HA )KOPCTKiil OcHOBI 6€3 Tepts (5), mpu N, =N, , anpokcumyemo GyHKio ¢ (X)

BHpPa3oM
K sh(xe”) 0,28k” sh(x6")

-1
g (X)=1l-—— n - T (18)
ﬁi+1sh(xe) 1+ﬁzish(xe)
0" 0"
e k=S-S5, o=ty 1
Vi Y,

BuKopuCTOBYIOUM YMOBY PiBHOBAaru, BCTAHOBUMO 3B’SI30K MiXK OCaJIOM TOPIIS IITaMIia
Ta PIBHOIIOYOI0 HAaBaHTAKEHHS P

_ 6nR’E

ol

P Yo-

BusnauuBnm Hepigomi cram y; (i=012,..) i3 cucremu (16), MoxHa OOUHCIUTH
HaInpyXeHO-1e(OPMIBHHUII CTaH K y MPYKHOMY IITaMIli, Tak i B mapi 3a Gopmynamu (8) —
(10), (15).

VY pe3ynbTaTi IbOTO PO3B’S30K MPEICTABICHUHA Y BUIIISAII PsiB Yepe3 HECKiHUCHHY
CHCTEeMY KOHCTAaHT, L0 BH3HAYAIOThCA 13 CHUCTEMH DETYJSIPHUX JIHIHHHUX anreOpaiuHux
piBusHb. [Ipudomy B cuctemi (16) koediuientu 9, 1 9, 3anexkaTh BiJl CTPYKTYPHU MPYKHOTO
NOTEHIiaJly, BUCOTH NPYXKHOTO InTamia /, i TOBIIMHU NONEpPEeIHbO HANPYKEHOrO LIapy, a
BUTBHI WIEHH 3aJI€KaTh BiJ KOPEHIB NN, .

YuceabHuii anais. 3 ypaxysanusum (18) cucrema (16) po3p’s3aHa METOAOM PEYKILi
st motenuiany Tpenoapa (HEOTyKiBChKi Tijia) MPU TaKMX 3HAYCHHSX mapameTpiB: K=n=16;

E o
v=v, =0,3; I=10; 4, =0,7; 0,8; 1; 1,1; 1,2; §=24; | 5=— |. Ha puc. 2 npencrasjieHuii
Cio
2
PO3MO/11JT KOHTAKTHOT'O HAIPY>KEHHS MiJ] IITaMIIOM %633, Jie 3HaYeHHAM A, BIJIOBIJAIOTh

c . . 1
JITH11, TIOYUHA0YU 3HU3Y NOBCPXY, a Ha pHUC. 3 - pPO31I0AUT KOHTAKTHOI'O IMEPEMIIICHHA —Ua,
€

JIe 3HAUEHHSM ), BIJNOBIAAIOTH JIIHIT, IOYUHAIOYH 3BEPXY JOHU3Y.
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Pucynoxk 2. Po3moain KOHTaKTHOTO Pucynok 3. Po3mnoin KOHTaKTHOTO



HAaIpy>KEHHS I1i]] IITaMIIOM TepeMileHHs

Figure 2. Distribution of contact stresses Figure 3. Distribution resistance
movement under the stamp

Ha pucynky 2, 3 myHKTHpHI JiHIl BiINOBIIAIOTh MEPEMILICHHIO 1 HapyKeHHIO 0e3
NOYaTKOBUX  HampyxkeHb (A4, =1), cymimpHi — 3 TOYaTKOBUMH  (3aJIMIIKOBHUMH)

HaIpy>KEHHSIMU.
BucHoBku. [l moTeHIianmiB, IO BIANOBIJAIOTH HEPIBHUM KOPEHSAM N, #n,

(motenmian Tpenoapa — TIO HEOTYKIBCHKOTO THUIY), MPH A, =1 MpeICTaBIeHUN Yy CTaTTi

pPO3B’A30K Yy paMKax JIIHEApU30BaHOI Teopli MPYKHOCTI 3 ypaxyBaHHSAM IOYaTKOBHUX
HaNpy>KeHb HE CIIBMAJa€ 3 aHAIOTIYHUM pO3B’SI3KOM JJIsl JIHIKHOTO  TpPaHCBEPCAIbHO-
130TpornHOrO Tifa (6€3 MOYAaTKOBUX HANPYXKEHb), OCKUIBKH HE CIIBHAJAIOTh BIAMOBIAHI iX
3arajibHi po3B’SI3KH.

BriuB modaTKoOBMX HalpyXeHb Ha HaIlpyXeHO-Ie(OpPMOBAaHUI CTaH MPYNKHOIO
IWIIHAPA, 10 BTUCKAETHCS Y IPYKHUH HIap, MOJSATae y TOMY, II0: MIOYaTKOBI HAIPY>KEHHS B
11api NPU3BOJATh Y BUMAJIKY CTUCHEHHS J0 3MEHILEHHs HallPY)KEeHb Y MPY>KHOMY LITaMIIi, a Y
BUMIAJIKY PO3TATY — N0 iX 30UIBIICHHS, a JJIS MEPEeMIlleHb — HaBIIaKW;, HAWOUIBIINA BIUIMB
[OYaTKOBUX HAIPyKEHb BUSIBJIEHO Ha OOKOBI1H MOBEPXHI IITaMIIA.

[TouaTkoBiI Hampy>KeHHsSI y MPYXHOMY MIapi MPU3BOJAATH IO CYTTEBOI 3MIHHM 3aKOHY
pO3MOALTY KOHTAaKTHUX HalpyXeHb. [Ipy 1bOMy Yy BHIAAKy CTHUCKAaHHS KOHTaKTHI
HaNpYy>KEHHS 3HAYHO 3MEHIIYIOTbCS, @ Yy BHIAAKYy PO3TATHEHHS — 30UIBIIYIOTHCS.
[lepemimieHHst ) y BHUIAAKy CTHUCKAaHHS 3HAYHO 301IBIIYIOTHCSA, 1 MPU PO3TATHEHHI —
3MEHIIYIOThCS.

XapakTep BIUIMBY IOYaTKOBHMX HaIpyKe€Hb HE 3aJI&KUTh B TOBIIMHU wapy. [lis
MOYaTKOBUX HANPY)KEHb BIUTUBAE TUTHKH HA IX BEIINYHHY.

CyTTeBimIMi BIJTMB KUTBKICHOTO XapakTepy MOYaTKOBI (3aJUIIKOBI) HaMpyXEHHS
CTBOPIOIOTh y BHCOKOENACTUYHHX MaTepianax MOPIBHAHO 3 JKOPCTKIIIMMH MaTepiajlaMu;
SKICHUH BIUIMB Ma€ 1IGHTUYHUIN XapakTep.

[Ipn HaOMMKEHHI MOYAaTKOBUX (3&JIMLIKOBUX) HANpPYKEHb [0 3HA4Y€Hb, 110
BIJIMIOBIJAIOTh TTOBEPXHEBIM HECTIMKOCTI Imapy, 3'SBIAIOTECA €QPEKTH «PE30HAHCHOTO»
XapakTepy HE TUIbKM y Iapi, ajie ¥ y NpPYKHOMY LMJIHAPI, SKI MOJSTalTh y TOMY, IIO
Hanpy>KeHHs HaOJIMKaIOThCS 10 HYJIS, a IepeMillleHHs] HEOOMEXEHO 3pOCTal0Th.

Conclusions. For potentials that correspond to unequal roots n, =n, (Treloar potential

— neo Hooke body type), at A, =1 represented in the article solution within linearized

elasticity theory considering initial stress does not coincide with the similar solution for linear
transversally isotropic body (without initial stresses) as they do not match the corresponding
general solutions.

Influence of initial stresses on the stress-strain state of an elastic cylinder punch, which
is pressed into an elastic layer, is that the initial stress in the layer in the case of compression
reduce the stress in the elastic punch, and in the case of stretching increase it. For
displacements, on the contrary, the greatest impact of initial stress was found on the side of
punch surface.

Initial tension in an elastic layer leads to a significant change in the law of distribution
of contact stresses, while in the case of compression contact stresses are significantly reduced,
in the case of stretching — increased; displacement in the case of compression significantly
increases, and in the case of tension it is reduced.

The nature of the influence of initial stress is irrespective of the layer thickness. The
effect of initial stress affects only its value.

A significant influence of quantitative initial (residual) tension is created in the highly
elastic materials compared to more rigid materials; the qualitative effect is similar.

When initial stresses approach the values that correspond to the surface layer
instabilities, effects of the “resonant” character appear not only in the layer, but also in the
elastic cylinder. This means that tension vanish and displacements increase indefinitely.
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