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Tomy mopasnsina po3pobka MeToAIB BpaxXyBaHHA aHi30TPONIT Mpu y3aralbHEHHI MeXaHiuHHX
XapaKTEpHCTHK KOHCTPYKILMHWX MaTepiajiiB JO3BOJMTH YIOCKOHAIATH 3alpONOHOBAHY
METOIUKY 1 y3araTbHHTH ii Ha IMHPLIKHA K1ac MaTepiais.

The new techmque of working out the generalized stress-strawn curve of isotropic plastic matenial
deformation 1s proposed. The analytical parametric account of a curve 1s obtained The algonthm of defiming the
parameter p as a generalized material constant s suggested.
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Teproninvcokuti Oepocasruii mexniynuil ynieepcumem imeni leana Ilynios

OCECHUMETPHYHA KOHTAKTHA 3AMAYA TEPMOIIPYXHOCTI
PO THCK KLUIBIEBOIO IHNTAMITY HA TPAHCBEPCAJIBHO
I3OTPOIITHUM HIAP

Iposedeno 00crIOHCEHHT OCECUMEMPULKOL KOHMAKMHNOL 3ada4t MEPMONPYICHOCI AP0 MUCK KITbYeao20
HAZPIMOZO WMAMRO HA MPAHCEEPCORbHO BRomponnutl wap B npoyect pose'szanna sadayl po3pobneno
MEMOOUKY nOOYOOBU YUCENLROZ0 PO36 AIKY ROMPIUHUX thmezpaneHux pisusns Pesananymo wucnoei npuxnadu
SIOULYKAHHA CUNDBO! MA MEMNEPAMYPHOI CKAGO06UX KOHMAKIMHUX HANDYICEHb NIO WMAMIOM RPU KOHKPEMHKUX
IHAUEHNAX NAPAMEMPIR 3a0a4l

Beryn

TeopeTHYHOI OCHOBOIO PO3paxyHKIB Ha MIIHICTE AcTaleH KOHCTPYKUiH 1 copyA, 1o
NPamoIOTs B YMOBaX 3HAYHHX TPAJI€HTIE TEMIICPaTypH, € 3aJadi Teopii NpYXHOCTI Ta
tepMorpykHocTi. Cepen ocradHix ocobiMBY yBary JMOCHIHHKIB NPHBEPTAIOTh KOHTAaKTHI
3agadi. 30KpeMa, NMPOBOAATBCA JOCHIDKEHHS B3aeMOJAIl OpPYXKHUX TN 13 3aTHINIKOBEMH
JedopmartisiMi, OOYMOBIIEHHMHE NEBHHMH TEXHOJNOTTYHMMH mpouecaMu {1, 2], sanawi 3
BpaxyBaHHSM AHI30TPOMIi KOHTAKTYIOUHX Tin abo temnodiswunux edektis [3], a Takox
3aJ1a4l Ipo B3a€MOIIO TLE HOCHTE CKIAJHOI reOMETPHIHOI KOHCTPYKI.

Mertoro 3anponoHoBaHOl pobOTH i € MochimKeHHA BINMMBY ¢opmu HarpiToro
KUTHLEBOTO INTAMITY, & TaKOX TeINOMI3MYHUX XapaKTEPHCTHK IIPYXHOIO TPaHCBEPCAIBHO
130TPOIIHOTO IIAPY Ha po3HOALI KOHTAKTHHX HallpyXEHb.
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TlocTanoska 3apa4i

PosragHeM0 nNNOCKO NapajelbHHM TPaHCBEPCANBHO {30TPONHMH IDAp CKIHYEHHOI
TOBILMHHK 2/, IHO JIEXHTH Ha aOCOMIOTHO CJIAlKid kopcTkii ocHori. Ilnommuu izorponii
BBOKATHMEMO Iapaje/ibHEMH JO TPaHHYHHX IUIOMMA mapy. Hexait B map canoio P
BTHCKYEThCs abCOMIOTHO JKOPCTKHIL, HATPiTHY N0 TemnepaTypr T.>) , rmajkuil mramm, M0 €
TiJIOM, OOMEXCHUM NMOBEPXHEIO 00ePTaHHS HABKOMO JCAKO 0Ci AIBOX CHPSKEHHX Y BEPUIKHAX
3 BigpiskamMH npsMHX HapaGon, oci AKMX napajelbsHI Xo oci ofepTaHssd, WO chiBmajgac 3
nimiero mii cum P (puc 1). Mix mraMnoM Ta mapoM, a TakoX INApoM i 30BHIMUHIMM
CEpElIOBHIIAMHE 3MIHCHIOETECH TeiiooOMiH 3a 3akoHoM HuioroHa. [loTpibno BH3HAYHTH

pO3NOALI TeMOepaTypH B mWapi Ta QYHKIIO PO3MOALTY KOHTAKTHHX HanpyxXeHb IIif

IOTAMIIOM.
s

(W==V

2h

r O ar, ryb

SN S S S S S SSS

Puc. 1. Cxema KOHTAKTHOT B3aeMOJil KiNbLEBOTO UITAMITY 3 LIAPOM

Bubepemo nuainapauny cucremy koopmusar (O,r,@,z) Tak, mob nnomuna (rOg)
cniBmazana 3 CEpEAMHHOK IUIOMMHOIO mapy, a Bick Oz 3 BICCIO CHMETpI WITAMIY.
BrKoprCTOBYIOUH TpamuIlifini HO3HAYEHHS i KOMIIOHEHT TEeH30pa HATIPYXXCHY Ta BEKTOpa
HepeMillieHs, a TAKOXK TeMIEPaTypH, TPaHK4Hi YMOBH 3a/iadi MOJaMO Y BHIJISLL:

o,.(r,z)=0, 0<r<oo;
z=h o (r,z)=0, O0<r<a, rzb
w(r,z) =w/(r), a<r<b (1)
o,(r,z)=0, 0<r<om;
z=h {w(r,z)z(), 0<r <.
z=h ?£+kT(r z)=kT" r,sSr<r,i=123
& @
z=—h Z—k (T(r,2)-T¥) 0<r<ow.

Tyr k, ta k, — koebinieHTr TennooOMiHy MiX MapoM Ta 30BHIMHIME Cepe/OBHINAMA,
temneparypa sxux T0 1a TPP; k, 1a k, — koedilieHTH TermnooOMiHy Mix WIapoM Ta
mrammoM i  mapomM Ta  OCHOBOI0, Temmepatypu kax T2 ta LY,
r,=0,n=a,nr=>b r=mo.
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Ilpn po3p’s3anHi 3agadi OyleMO BHUKOPHCTOBYBATH OCHOBHI CHIiBRIJHOLIEHHS
TEPMOIIPYXHOCTI, 3anpononoBani B. Hosanbkam B #ioro po6ori [4). 3acTocyBaBud 10 HHX

igTerpansue nepeTsopeHHs Xankesns [5] ta popmyny obepHenns GymeMo MaTu:
2

o.(r.z)= 4,4, !az %(e—%{md‘az]q’(a,z).ﬁ (ra)da;

® 2
o_(r,z) =—fA,A, J'of' [65—2—— d o? ]‘T’(a,z)Jo (ra)da;
0 Z

. ) 3)
wir,z) = BA, fag[e‘ j—;—b*azjf}-’(a,z)Jo (ra)da;
& dz

dz
T(r,z)=B Ias (Cs{a)shpsza + D (a)chpsza)J, (ra)da,
0
TyT

B = Ay 4, (:usz "/‘12)(#52 —1”32);
P(a,z)= Y. (C (a)shuza+D, (o) chp;za).

=135

TemnepaTypHa uacTHHa 3aaa4i
Bumaraioun BHKOHAHHA [PaHAMHHAX YMOB 3ajayi (2) AN TeMIEeparypH, ONEPXKHMO
CHCTEMY iHTErpalbHUX PiBHAHD [ BH3HAYECHHS HEBiIOMUX GyHKIi#H C; (a) Ta D, (a) .

BwjozS [Ci{@)Q.(a)+ Ds(a)R () ), (ra)da =k T,  r,<r<r, i=123, €]
B?as [Cs (2)Q. (@) + D, (@) R, (a)]Jo (ra)da=-k I, 0<r <o, ()
YT

O (a)=pa-chuha+k -shuhe, R (e)=pa shpha+k chpha;  (i=12,3).
CniBeigHomeHHd (4) mpy { =3 MPOJOBKKMO HA BCIO YUCIIOBY [IPAMY.

BD]'O:5 [Ci (@) 0, (a)+ Ds(a)R, (a) ]/, (ra)da =

=k3To“’[x(T’ (r)u(b—r)Jru(rmb)], 0<7 <o,

(6)

YT

(x) = L x>0
=30, x<o.

Nl
Butepemo x'’(r) =1+ a"J, (-IE @, ) ;
n=l

re Jy(@,)=0, a,"" - nesinomi xoedimienTy.

ITicns 3acrocyBanus a0 (5) ta (6) dopMynH oGepHEHHS IHTETPAILHOIO CPETBOPECHHA
XaHkens, OJEPXKHMO CHCTEMY NBOX JiHIHHMX anreOpaiyHumx PpiBHSHL, PO3B’A3aBIIH fKY 1

onepxumo Brpasu it C, (a) Ta D (a) yepes a,”’.
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Thincrapumng 3uaiizicni snavensa C;(@) Ta D;(a) B (4) npa =12, ogepxumo

OCHOBHY PiBHICTb /15 BU3Ha4YeHHS HesifomMux a, npu n=1,N, .

Tobto
Q' (a) R (a)
“olgioflial,
Zama).f(a))_"a 2 (2) R (a) Jo(be) Sy (ra)

A, (@) az__(%)

k,I;"’ kl 1+ klh 1+ klh k,
w2 +k.z;“’[(“""’){le}""{wehﬂ+["‘{1+kzh}+(l”"’){k2}]_ fosr<)

kﬂ;m k,T;m 2hkje, +k, +k, 2hkck, +k, +k, asr<b|’
kT

do=

&)

ae

A"‘ (a) = [(”Sa)z +k;k, ](l — gt ) + px (k3 + k‘)(l T R );
B (@)= ma(l-a™* )k (Lre™™) 07 (@)= ma(i+e ™) ik 1-e™),

Pearmisanito ojiepXan@X PpiBHOCTEH NPOBOAMMO HACTYNHHM HMHOM: Ha BIAPI3KY
0<r <bpuGepemo N, Tovok i, BEMaraouH BuKOHaHHA (7) B IMX TOUKaX, OZEPIKHMO

cHcTEMY N, niniﬁrmx piBusHb 3 N, HEBIOIOMHMH, PO3B’S3aBIIM AKY i OJEPKHMO IMyKaHi
seyeaneK 4, npa n= 1 N, .

Jna simuryxagaa ¢yHKuii po3noAiny TeMIepaTypH B IIapi BUKOPHCTAEMO YETBEPTE
cnisBigHOmeHH: (3).

kh(h+l)+1 k,h(l-%)ﬂ .
T{r.z)=kTh +k,TWh kAT a Do J{w ) x
(nz) =k, 2k k, +kh+kh 0 2Rkk vkhvkh 2 NCRACH

x”a [#sa ( el +e-;15(3ﬁ+z)a) +k, ( FleBa _ (ke )] J. (ba)Jo (ra)

; A, (@) . _(a;,, }2

Po3B’B3aHHNA CHJIOBOT WACTHHM 3ana1i

Bumarajous BHKOHAHHSA TpaHHIHEX YMOB 3ajaui (1) /s KOMIOHEHT TeH30pa
HANpyXCHb TAa BEKTOpa IEpeMilleHs NpHHEJEMO RO CHCTEMH MOTpiliHOro i napHore
iHTerpaNbHUX PiBHAHL

“,d[ 4 .« 2 l=
BAA, 6(0:2 ‘—iz-(ezz—z— ~d a’]‘P(a,z)L_}' J,(ra)da =0, 0<r <o

L 2
{~BA,A, J’a’ (e% - d’az}f’(a,z)lm Jo(ra)da =0, 0<r<a, r2b (8)

2
ﬁA“ fa = (e -—al——b az)‘f’(a,z)Lh Jy(ra)da=w/(r), a<r<b;
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iy d dZ * Sy
BALA, !a E(BF —d azJ‘{’(a,z)|z=_h Ji(ra)da =0, 0<r <o

Z

2

. )
BA, jag—{e'di;—b'az)‘—f’(a,z)
¢ Z =

T ,Jo(ra)da =0, 0<r<eo.

Beismm wesiiomy Qymkuito x(r), Bu3HaucHy Ha NPOMiKKY a <r <b, TPONOBKHMO
Apyre cmBBlIHOUICHHS (8) Ha MPOMIXKOK 0 < r < 0.

A, ja’ (e—jz—zz - d'azj‘?(a,z)lm Jy(ra)da = x(r)[u(r ~a)-u(r-b)], 0<r<w

3acTocoBYIOUH N0 OJEPKaHOI piBHOCTi, a Takox Ao mepmol pisHocT: (8) Ta obox
pisHocTell (9) dopmyiry obepHeHHS IHTErpallbHOrO NMEpeTBOPeHHA XaHKeNs, IpHHIeMo 10
CHCTEMH YOTHPHOX PIBHSAHE 3 YOTHpPMA HEBiIOMMMHA GyHKIIAMHE

C/(a), D{(a), C{a), D,(a).

Z(e,uj —d‘)[c cx) shys hoe+ D, (a)chy,ha] (e,uS —d’)[C; shpsha+D5(a)chysha];

=13

Z‘ul(e,uj )[ " (@) chu hoe+ D, a)shyjha]:-ps(epsz —f)[@(a chusho+D; (@) Sh/.gha]

J=t3

(
>ulen’ —J)[ > (@) shy ha—D, (a)mh,ujh;:ﬂ-———,u5 (exs” ~d')[ G (@) chpha— D (0) shushe; o

713

> {ew 8| C (@) chps ha—D, (@) shps e | =14 (exs” b )| G, (@) husher— D, (@) shygher]

=3

BuGuparoun wesifomy Gyrkuilo x(r), sxa onmcye po3nojin KOHTAKTHHX HANPYXEHD
T LITAMIIOM, Y BHT ST

R EA WA RPN |

ﬂeJ(br,,]N (7.)=Jo(7.) N, (bn) 0,

a, — Heeinomi koedinieHTH, byneMo MaTh

X(a)= F/—{;%——Irx(r),] (I‘O-’)da—
1 a a, 2 o) b
:_ﬂA33A44a4§ 5 (;fﬂ)z‘iﬂjﬂ( a) Jo(ba)R(a,yn}],
a1
YT

R(g,n) =€:—7,, [No (7. ), (%r,, J—Jo (r.)M (%n )]
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Poss’s3aimn cucreMy (10), onepxmmo snavenns s C (@), D (a), G{a), D;(a),
BHKOPHCTOBYIOYH 5K1, TPETE CIiBBiAHOIICHHS (8) 3AIIAMEMO Y BAT A/

5

ey -]
e W) o ftra) st Rl
%3] IO o T

455 0 (2m,26.0) (b-1)"

(AR

#

4

L
R,
L
R

(ra)-J,(ac) (;r.;m:.
o(ra)~.fo(ba)}"

"

PALID 3 ) U el o) 2 Sl
J

B : K@), (aY r<r<y|
b nsr<b
BHKOpHCTaH] NO3HAYEHHA HE HABOJAATHCA Y 3B’ 43Ky 3 0OMeXKeHICTIO 06’ eMy cTaTTI.
BBeneMo no3HaYeHHASA
4
a, . [ Wz, +aPz, + ﬂA’“ (3’] ae z, = 1 (i=12). 63}
6,5 R

Topi s BasHaveHHA koedinientie @’ (i =1,2,3) onepxumo cuispimHOmen S

ia(,)]‘( g e )(1 g ) g (a) {Jo (ra) =y (aa')

o7 @ (2m,2,a) J, (ra)—J, (ba)

}da=B,(r); asr<b, 1=123, (12)

Aae
[(a-r) -(r-n) ]asr<z, o asr<r,
B(r)={(a-r) r,Sr<mn, B, (r)=y(6-1) BSF <G,

. 1S dPe J (o tRi(a)Z (a)+ Qi (a) P (@) J,(ba)
Bt Z} O @) ) az‘(&)z
b

Vs rviah

Bimmykanas mesimomux a'), (1=1,2,3) npoBogMMO aHaNOriHO A0 TOTO, AK ue

poGunoca NpH BiANIyKaHRI KoepiuieHTIB a( )
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Bpaxoryroun (11), Gynxuiro posnonisy KOHTAKTHHX HATPYXEHB TIi/] IITAMIIOM TOJAMO
y BHIIISIL

44,
8,

() =0, ()= 2T a0+ 2 3 a2, () + B T )]

n=]

e 2,00 =1 2r ) - )M n )

b
BHMaraious BHKOHAHHS YMOBH PiBHOBATM ITaMIly 27 Irx(r)dr:—P Ta YMOBH

a
piBHOCTI mHepeMimieHb TOYOK OGNacTi KOHTakTy mpu r=r, Ta r=r, w(r,)=w(s),
NPHAKEMO [0 CHCTEMH GBOX PLBHAHB 3 IBOMa HEBiIOMAMH, 3 AKOi 1 BU3HAUMMO

P 8 A P 0 A
z, =z 3 (2 B, 2 =z 13 @ B 44

""2ma* 44, ' 4B P TP 2za* 44, ' 4B

Anetoni o, =c +o'l, ne

P N
(P) _ 1, a2
0-7—2 - 27[02 ;(Zl an +22 an )Zn(r)’

@ _ B E e o
o, 913(#52 ‘ﬂnz)(ﬂsz"ﬂaz);(zl a, +z,'a’’ +a, ),%’,,(")-

Yucaosnii npuknan
Iposememo gocnipxeHHs BINABY HAABHOCTL NPAMOJIHIHHOI NUISHKA B OCHOBI
KUIBLEBOIO INTAMITY HAa BENHYMHY 1 Xapakrep pO3NOALNY CHIOBOI Ta TEMIEpPATYPHOI
CKJIAJIOBHX KOHTAKTHHX HAIIPY)KE€Hb. 3HaYCHHS TEMIICPATYPHHEX, TEIUIOQIZHIRAX Ta IPYHHHX
niapaMeTpiB BHOpaHO TAKHMH:
L=-087, TL,=T, TL=01T, T,=087,;
k, = 0.01, k, =5, ky =1, k, =0.0%
4, =1.388395, p, =0.705194.
YuycioBr# aHAaI3 PO3rAsAHYTOl 3aAa4i HPOBEJEMO IS JIBOX BHIANKIB:
a) a=04, b=1, r,=07, r,=0.7,
NpAMONIHIAHMH BiAPI30K B OcHOBI NiHil, obepraHHsAM sKoi HaBkomo oci Oz
YTBOPEHO IITAMIL, BIACYTHIEL;
b) a=04, b=1, r, =0.55, r, = 0.85,
B OCHOBI nigil, oOeprasHsM sKoi HaBKOWIO oOCl Oz YTIBOPCHO IMTamMn €
npsMoisiftemif Biapizox [r,,r, ].
Peanizauiio cnisBianomens (7) ta (12) nmposogumMo jig N, =N =9.
Ha pucyHKy 2 npolnocTpOBaHO pO3IOAiA TeMIeparypd B mapi: kpusi 1,2,34 1a 5 €
rpadixamu yukuii 7'(r,z) npu z=h, z =05k, z=0, z=-0.5h Ta z = —h BigNOBiaHO.
Ha pucynkax 3 ta 4 300paxeHo rpadixd CHiOBOI Ta TEMIEPATYPHOI CKIAjOBHX

(P) (1)

QYHKLUI] pO3NOALTY KOHTAKTHHUX HAaOpyXeHb [ WITAMIOM O,  Ta O,,', KPHBi, I03HAYER]

nudporo 1, BUIIOBIZAIOTE BAMAAKY a), 2 — BANAIKY b).
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0 0s 1 15 r 1

Puc. 2 Poznoms reMuepaTypy B mapi

015
(r}
10,
0
[1}14)
0
s |
0
.ﬂx i LA =
04 03 06 07 02 19 » UISM 05 0s 01 03 9 r !
Prc. 3. CHIOBa CKNAN0Ba KOHTAKTHHX Puc. 4 TeMmiepaTypHa CKNaiosa KOHTAKTHHX
HANIPYKEHB } HanpyXeHb

Bucaosxn

IMpoBeneHuif YWCHOBHH anATi3 Aac MOMITHBICT CTBEPIKYBATH, MO TeOMETPis HITaMIy
CYTTEBO BIUIHBAE HE JHIUE Ha PO3MOALI CHJIOBOI, 8 H TeMnepaTypHROi CKHaioBOi KOHTAKTHHX
HANpYXeHb NijJ HITaMnoM. 3okpemMa, npy 30insImenni npsMoNiHiiAOl AinsHKU OCHOBH JiHii,
obepTaHHAM SKOI YTBOPEHO LITaMIl, BifOYBA€THCA 3POCTAHHA EKCTPEMAILHAX 3HAYEHb IHX
dyHKIii Ta SMIINEHAA TOYOK EKCTPEMYMY A0 MEXOBHX TOUOK 0611aCTi KOHTAKTY.

Investigations of the axis — symmetric contact task of thermo elasticity on the heated annular punch
pressure upon the transversal wsotropic ball are carried out While solving the task, the method of bulding
numerical solution of triple integral equations s developed Numerical examples of searching force and
temperature components of contact strain above the punch under certain parameter values of the task, are
analyzed
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