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YUNCJIEHHBIVI AHAJIN3 HATIPAYKEHUN

HA HAKJIOHHO KOHTAKTHOW ITOBEPXHOCTH
TP PACTS>KEHUN JUCKPETHO-HEOIHOPO/JIHOI'O
TBEPJI0OT'O TEJIA

B.JI. Jluavman, A.U. Hocauwesa

DopmyupyeTcs 3aa9a JUHEHHOTO COPSZKEHNUs JJIsi HAIPSIXKEHMH Ha KOHTAKTHOMN I10-
BEPXHOCTH I JUCKPETHO-HEOTHOPOIHOTO Tesia. B cirydae maocKoil KOHTAKTHON TOBEPXHO-
CTH 9Ta 33J1a9a PEIIAeTCs IUCICHHO U aHAJIUTHYIeCKr. Ha 9Toit 0CHOBE IPOBOIUTCS IUCIIEH-
HbI aHa/In3 HAIPSAXKEHUN Ha HAKJOHHOW KOHTAKTHOU IIOBEPXHOCTU B COCAWHEHUU U3 JBYX
PA3JIMYHBIX 110 IIPOYHOCTH YacTeil PU ILJIOCKO JedOPMAIIi.

Kmouesnie caosa: naockas dedopmayus, Heodnopoonoe coedunenue, 3a0a4a COnpatce-

HUA OAS HANPAHCEHUT.

3a/iaua JINHEHHOTO CONPSI2KEHUS JJIst HAIIPSKEHUH Ha I'DAHUIIE MEXK LY IIACTUYECKUMU CPeJia-
MU C Pa3JIMIHBIME [IapaMeTPaMU TEKYJYEeCTH BIIEpBbIe ObLIa [TOCTABJIEHA U B HEKOTOPBIX YaCTHBIX
ciaydasix pereHa B paborax [1-8|, B KOTOPBIX paccMaTpuBaJicsl ciydaii, Korja KOHTaKTHAasl [0-
BEPXHOCTb IJIOCKAs U PACIIOJIOKEHA OPTOIOHAIBLHO HAIIPABJIEHUIO BHEITHeH HAarpy3ku. B paborax
[1-4] s7a 3amaua uccnaenoBatach Upu II0CKOM JlehopMupoBaHHOM cocTosiHuu. OcecummMeTpuy-
Has 3a/[a1a JIMHEIHHOTO COPSI?KEHUST JIJIs HAIIPSIYXKCHUI PENIAIach JIJIs HEOJHOPOIHOTO CILJIOITHOTO
crepxKHsl B paborax |2, 3, 5-8|. Perenust 3a/1aun conpsizkeHus Jijisl HAlPsIzKeHUH 01y 4eHbl B pabo-
tax [1-4| B anamurudeckoii popme. IlepBbie MONBITKY PACCMOTPETD CYIIECTBEHHO DOJIEE CIIOKHBIIT
cJydail, Korja KOHTaKTHasl IIOBEPXHOCTh HAKJ/JIOHEHA K HallPaBJICHUIO BHEIIHER Harpy3KH, cliesa-
Hbl B pabore [9]. B ocHoBe Meroja perneHus 3a/a9n COUPSKEHUsI JJisl HAIPSYKEHUIT SIBJISIETCSI
BBIUNCJIEHE HAIPSI)KEHWIT HAa KOHTAKTHON T'DaHUIE dYepe3 UX 3HAUeHUsl Ha CBOOOIHOI rpaHUIle
Ha OCHOBE HCIIOJIb30BaHUs WHBAPUAHTOB PuMana BJI0JIb XapaKTEPUCTUK. DTO HO3BOJIIET ypaBHE-
HUsI PABHOBECHsI Ha KOHTAKTHOIN [MOBEPXHOCTHU IIPEJICTABUTH KAK CUCTEMY TPAHCIEHIEHTHBIX (He
nuddepeHIantbHbIX) yPABHEHHH, PEIleHne KOTOPOil MOZXKeT ObITh IHUCJICHHBIM N [TPHOJINIKEH-
HBIM aHaJnTHIecKuM. Lleib paboThl — pellieHue 3a1axu CONPsIzKeHUsT JIjIsT HAKJIOHHON KOHTAKTHOM
ITOBEPXHOCTHU B CJIydae IJIOCKOH JepOpMAaIiyl U, Ha 9TOW OCHOBE, MCCJIeIOBAHIE BJIMSHUS HAKJIO-
Ha KOHTAKTHOW TOBEPXHOCTH HA HAIPSKEHHOE COCTOSHUE MATEPHUAJIa COCIUHEHUS IPHU ILJIOCKOM
Jnedopmariun. HanpsizkeHHOe COCTOsTHIE TIJIACTHIECKOr0 YIACTKa IIPH ILJIOCKO gedopMaliun orpe-
Jlesidercd CUCTeMORl ypaBHEHU!:

0oy OTuy

ox + oy =0; (1)

doy  OTay

Oier O = 0; (2)
(0r — 0y)? + 47'§y = 4k2. (3)

OTa cucreMa uMmeeT runepbomdeckuii Tun. Ee naBapuanThl PuMana BIOJIb XapaKTEPUCTUK
(ypaBuenusi 'enkn) musBectubl: o + 2k7y = ¢, rje 7y — yroJ HaKJIOH& XapakTepucTuk (puc. 1) K
ocu Ox, ¢ — NOCTOsIHHAST BJIOJIb XaPAKTEPUCTUKH (3HAK IUIIOC — JJIsl ceMefiCcTBa XapaKTePUCTUK
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Puc. 1. @parMeHT HEOTHOPOIHOIO CO-
eJINHEHNS C HAKJOHHOW KOHTaKTHOM
rpannneii FA u xXapakTepucTUKU CH-

CTeMbl yPABHEHUIT IIJIACTUIECKOTO PaB-
HoBecusi (JimHUM CKOJb2KeHus1). MIT u
BII — menee mpounblit u 6ojiee IpoOdU-
HBII YYACTKHU COEIMHEeHMs

C OCTPBIM YIJIOM 7). YDaBHEHUs] PABHOBECHsl HA KOHTAKTHON I'DAHUIlE MMEIOT BUJI;: a;j, = 0y,

+ ro
Tty = Tyry> T/l OCH KOODJUHAT («',vy") HanpasieHsl BJoJIb 1 OpTOroHasbHO JinHuM F'A (puc. 1).

HyCTb ki — IJTaCTUYIECKHNE IMOCTOAHHBIE, COOTBETCTBYIOIIUE PA3IMIHBIM 11O IIPOYTHOCTHU 9aCTAM
coemunenus, K = k*/k™. B 6e3pasMepHbIX HEM3BECTHBIX YPABHEHUS PABHOBECUS HA KOHTAKTHOIL

rpanutie (yCaOBUs COUPSI?KEHUsT) UMEIOT BUJL:
e S
O'y/ = KO'y/, Tx/y/ == KTm/y” (4)

rJie TWIb/A yKA3bIBAET HA OTCYTCTBUE PA3MEPHOCTH JAHHON BEJIMYMHBI. 3a/1a9a CONPSIZKEHUST st
HAIPsSDKCHUN Ha KOHTAKTHON TpaHune (pOPMYIUPYETCS TaK: HAWTU HAPIZKEHUs 5;, = K 52;,

~+ _ o~ o
U Ty = K’Tx,y, Ha KOHTAKTHOW TDAHUIE, UCIIOJIb3Ysl YCJIOBHs CONpsizKeHusi (4) U rpaHudHbIe
yCJ0BUs Ha CBOOOHON rpanurie. Bymem npemmnosiarars IpaHUYHbIE YC/IOBHUS OJHOPOIHBIMU: Ha,
CBOOOJHONI MOBEPXHOCTH IIyCThb 0y = 0; Ty = 0. VIcmions3ys 5TH yCI0BUS U U3BECTHYIO METOIUKY

[2, 3|, ocnoBanHytO Ha ypaBHeHUsX ['eHKH, MOXKHO 3anucarb cucremy (1) — (3) B Buge:
1+ 2w +cos(2w™ +2a) = K(1 — 2w + cos(2w™ + 2a)); (5)

sin(2w™ 4 2a) = K sin(2w™ + 2a); (6)
3[leChb (v — yroJI HAKJIOHA KOHTaKTHOM moBepxuocTu K ocu Ox.

™

Jlemma 1. Ilpu K € [1;4+00), a € (=7; F) cucmema (5), (6) umeem eduncmeennoe pewerue.

.
4
Jokasameavemeo. SAxobuan cucremsr (5), (6) nmeer Bug J = 16K cos(w™ — wh)sin(§ +w™ +
@) sin(w™ +a—7 ), KOTOPbIil He paBeH HyJIIO IPH COOTBETCTBYIOMUX 3Hauennax «. eiicTBuresbho,
cymecroBanue obaactu AFHD (cM. puc. 1) paBHOCHIBHO TOMY, 9TO w™ + a < 7, OTKy/a Ciie-
JIYeT, 4TO HOCJIEJHUN COMHOXKUTEIb sKOOuaHa He paBeH Hyso. 1o Teopeme o HesiBHOH (yHKIMM
cucrema (5), (6) B okpecrHoctn soboro 3uadenust K nmeer exmuncrBenHoe perrenne. CoobGpa-
JKeHUsI KOMIIAKTHOCTHU TIPUBOJSAT K €JIMHCTBEHHOCTH DEIIeHUs JJisi KaXKJO0ro (@ Ha HPOMEXKYTKe
K € [1;400). O
Pemenne cucremsr (5), (6) pasioxkeHneM B creneHHoi psit 110 napamerpy A = K —1 npusogur
K CJIO?KHBIM BBIPAZKEHUSIM:

wo = Ewk_)\k, wt = Zw;)\k; (7)

_ 1 + cos2a + sin 2« 1 1 sin? 2ar + sin 2« 9
= - 1 A o 8
w 4 cos 2a + 8 (cos 2a ) cos? 2a + (8)

168 Bectuuk IOYpI'Y, Ne40 (299), 2012



KPATKUWE COOBIIEHUA

1 2a0 — sin 2 1 1 1 1 in 2
¥ + cos2a — sin a)\+[ftg2a—f(1+ )( sin 2«

1 3 + DN+ (9)

w

4 cos 2a cos2a’ cos?2a  cos? 2a

ITpu maubix « Bbipaxkenus (7) — (9) MOXKHO yIPOCTUTH, COXPAHUB JOCTATOYHO BBICOKYIO

TOYHOCTB. B 06ImeM cilydae MOMKHO IOJyYHTh YHCIEHHOE DEIeHue, UCIOJb3ysl MTEPAIMOHHYIO
pOIIEy Py, OCHOBaHHYIO Ha cucreme (5), (6):

—(n+1)

+ K(2+ 2sin a)w+<n+1) =
(n)

(2 —2sina)w
= K + K cos 2w+ cos2a — K sin 2a/(sin 2w™

2w+<")) —1- Kcos2w™ " cos2a + sin 2a(sin 2w~ — 2w*(n)); (10)

_(n+1 (n+1)

) cos2a — 2Kw™

+K cos 20" sin 2a — cos 204(2w_<

2w cos 2a = K cos 2a(sin 2+ — 2w+<n>)+

" _sin 2w_(n)) — sin 20 cos 2w, (11)

. _(n) (n)
[TocnenoBarebHoCTh 3Havennit (w™  ,wt ), nosyuennsix no dopmystam (10), (11) us na-

gasbaoro Bekropa (0;0), npu rounoctu 0,0001 crabminsupyercst yxke Ha derBeprom mmare. Ha
puc. 2 moKasaHa 3aBHCHMOCTb OT K ¥ OT @ KPUTHYECKIX 3HAUECHMIT yIvIOB w I HAIPSIYKEHI.
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L et A

|
125 13 1 1.05 11 1.15 12 135 13K

Puc. 2. 3aBUCHMOCTD HAIPSI?KEHNIT Ha KOHTAKTHOW IMOBEPXHOCTU OT KOIDDUIm-

enra K. [opusonTaibnas IyHKTHpHAS IpAMad - yroa §, w™ — junud (a), w' —
munug (b), o, — maans (¢), T4, — auana (d). Yron « npuanMaer snadenns: 1) 5%

2) 10%; 3) 15%; 4) 20°
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The Numerical Analysis of Tensions on the Inclined Contact
Surface at Stretching of Discrete-Heterogeneous Solid

V.L. Dilman, South Ural State University (Chelyabinsk, Russian Federation),
A.I. Nosacheva, South Ural State University (Chelyabinsk, Russian Federation)
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The problem of linear coupling for tensions on a contact surface for the discrete-
heterogeneous solid is formulated. In the case of a plane contact surface this problem is
solved by numerical and analytic methods. On this basis the numerical analysis of tensions
on an inclined contact surface in connection from two various parts on durability at flat
deformation is carried out.

Keywords: flat deformation, heterogeneous connection, problem of interface for
tensions.
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