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Solution of the problem for an interface crack under the action of a harmonic shear wave
is presented. It is shown that the same problems solutions of other authors were per-
formed without taking into account the crack faces contact, and results obtained indicate
the interpenetration of the faces, that is not possible. Thus, it is proved that the problem is
nonlinear because the positions and sizes of the contact zone are unknown and variable
during the loading. The solution is obtained by the boundary integral equations method
taking into account the contact interaction of the crack faces: using the Somigliana dy-
namic identity and the boundary equations arising from them, the transition from the two-
dimensional problem to the equivalent problem at the boundaries of the domain is real-
ized; the vector components in the boundary integral equations are presented by Fourier
series, to prevent the interpenetration of the crack faces and the emergence of tensile
forces in the contact zone the Signorini unilateral constraints are involved. The numerical
solution is performed by the method of boundary elements with constant approximation
of the problem parameters on an element. Numerical researches of the shear wave fre-
quency influence onto the crack faces and adjoining surface displacements, opening and
extent of crack faces contact zone are carried out. The quantitative difference between the
maximum tangential and normal components of adhesion line and the crack faces dis-
placements is shown. It is shown that the position and length of the contact area change
during the load period, and the magnitudes of the contact forces vary along the crack
length.

Key words: Interface Crack, Harmonic Shear Wave, Boundary Integral Equations, Con-
tact Crack Problem, Contact Forces.

Henunelinas 3agaya o MeXMaTEPUAIbHON TPEIIUHE
10/ BO3/ICHCTBUEM BOJIHBI CABUTA

A.B. Menbimkos?!, B.A. MeHBLHI/IKOBZ, 0.10. Knanosa?
! Centre for Micro- and Nanomechanics (CEMINACS), School of Engineering, University of Ab-
erdeen, AB24 3UE Aberdeen, Scotland, UK
E-mail: 0.menshykov@abdn.ac.uk
2 HauuoHasbHbIH aspokocMuueckuii yaupepeutet um. H.E. XKykosckoro
«XaphKOBCKHUH aBHAIMOHHBIA HHCTUTYT», Y. Ukanosa, 17, XappkoB, YKkpanHa
E-mail: v.menshykov@ukr.net.ua

© MeHbluunkos A.B., Menblunkos B.A., Knagosa O.10., 2021

158


https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=12787546200&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=16069061900&zone=
mailto:v.menshykov@ukr.net.ua
mailto:v.menshykov@ukr.net.ua

Menshykov A.V., Menshykov V.A., Kladova O.Yu.

[IpencraBieHsl MaTepuaibl pelieHHe 3afadud O MeK(pa3HOH TpelmuHe MO IeHCTBHEM
rapMOHMYECKOW BONHEI capura. CyIIecTBOBaBIIME paHee pelIeHHsl MOIOOHOH 3amaduu
BBINIOJTHEHBI 0e3 ydJeTa KOHTakTa OeperoB, M, KaK CIEACTBHE, MOIydYEeHBI Pe3yJIbTaThl,
CBHJIETEIBCTBYIONINE O B3aHMOIPOHUKHOBEHHH OEpEroB, 4TO B AEHCTBUTEIBHOCTU He-
BO3MOXHO. CzienaH BBIBOJA O HETMHEHHOCTH 3a/1aud, OOYCIOBICHHON TEM, YTO MOJOXKe-
HHE U pa3Mepbl 30H KOHTaKTa OeperoB HEU3BECTHHI U MEPEMEHHBI BO BpeMeHH. Pemenue
MOTyYEHO METOJOM TPAaHUYHBIX WHTETPANbHBIX YPABHEHUI C y4eTOM KOHTAKTHOTO B3au-
MOJICHCTBUS OEperoB TPEUIHHBI: UCTOJB3YSI cOOTHOIEHUsI COMIIBbSHBI M IpeebHbIe
paBeHCTBa, BHITEKAIONIHE M3 HUX, BBITOJIHEH MIEPEX0 OT 33/1au B IBYMEPHOH 00JIacTH K
SKBHBAJIICHTHOH 3a/iade Ha IpaHUIaX 00JacTH, KOMIIOHEHTH BEKTOPOB CHJI U IlepeMele-
HUIl B IpaHUYHBIX MHTETPAIbHBIX YpaBHEHHSX IpejcraBieHbl psnamu dypwe, nid uc-
KITIOYEHHs B3aHMOIIPOHUKHOBEHHS OEPEroB U BOZHUKHOBEHUSI PACTATMBAIOLINX YCUIIHH B
30HE KOHTaKTa MPHBJIEUYEHBI OJHOCTOPOHHUE orpaHuueHust CuHbopuHH. YHcIeHHOE pe-
IIeHHe MaTeMaTHYECKON MOJETH BBINOIHEHO METOJOM I'DaHUYHBIX JIEMEHTOB C MOCTO-
SIHHOM amnnpoKCHMaluel mapamMeTpoB 3aadyu Ha syeMeHTe. [IpoBeneHbl YnciaeHHble uc-
CIIeOBaHUs OCOOCHHOCTEH CMEIeHUsI OeperoB TPEIUHbBI U NpUIIETaloIIeii K Hell HHTep-
(elicHOH TOBEPXHOCTH NP M3MEHEHHH YacTOTHI BOJHBI CABUTA, UCCIICOBAHUS 3aBUCH-
MOCTH BEJTMYHMHBI PACKPHITUS M MPOTSDKEHHOCTH 30HBI KOHTaKTa OEperoB OT YacTOTHI
Harpy3kd. IToka3zaHa KoIMYECTBEHHAs pa3HUIA MEXJIY MaKCHUMaJIbHBIMHU KacaTelbHBIMU
1 HOpPMaJIbHBIMH KOMITOHEHTaMH TIepeMeIleHH JIMHUY CLEIUICHHs] MaTepuajioB U Ha Oe-
perax TpemuHsl. [IpogeMOHCTpUPOBAHO, UTO MOJOXKEHNE W JUTHHA yJacTKa KOHTaKTa Oe-
PETOB M3MEHSIOTCS B TEUCHHE MEPHOJa Harpy>XEHHs, a BEIMIUHBI KOHTAKTHBIX CHIJ Ie-
PEMEHHBI 110 JUIMHE TPEIIUHbI.

KnroueBble cioBa: MexdasHas TpellMHA, TapMOHMYECKAasl BOJNHA CIBHIa, METOX Ipa-
HHUYHBIX JJIEMEHTOB, 30Ha KOHTAaKTa O€peroB, KOHTAKTHBIE CHIIBL

1. BBenenue

Pe3ysnbTaThl YMCICHHOTO pEIICHUs 3aJa4yd 0 MeK(a3sHOW TPEIIUHE MO JACHCTBUEM
CTaTHYECKOW CIBHTAONIEH HArPy3KH, U3JIOkKEHbI B paboTax [1-3].

[lompITKa YKMCIEHHOTO MCCIEAOBAHMS ApaMETPOB HAIPSDKEHHO-AEPOPMUPOBAHHOTO
cocTosiHUsI OuMarepuana ¢ MexdaszHoW TpemuHoW 0e3 ydera KOHTakTa OeperoB IpH
Harpy)XeHUH BOJIHOM c/iBUra npeanpussra B pabote [4]. [TonydeHHbIe B HEll pe3yIbTaThl
YKa3bIBalOT Ha B3aUMHOE NPOHWKHOBEHHE ITPOTHBOIOIOKHBIX Oeperos, 4ro B I€HCTBU-
TeNBHOCTH Hepeanu3yemo. [locienHee cBUAETENBLCTBYET O HEOOXOAUMOCTH YUYUTHIBATD
HaJleraHue OeperoB MeXMaTepHaIbHON TPEIIMHBI, YTO BO3MOXKHO MPH HETHMHEHHOH I10-
CTaHOBKe 3ajaun [5, 6].

[IpencrapisiemMble B HACTOSIIEH pa0OTe pe3ysbTaThl PEIICHUS HEJIUHEHHON 3am1aduu
TEOPHH YNPYroCTH Jisi Oumarepuana ¢ Mex(a3HOH TPElIMHOW OCHOBAaHBI Ha METOJIC
IPaHUYHBIX HHTErpanbHbIx ypaBHeHuit (I'MY) [7, 8] u meTone uccnenoBaHus HENMUHEH-
HBIX AMHAMHUYECKHX 3a]]a4 MEXaHUKH TPELIUH C Y4€TOM KOHTaKTHOI'O B3aHMMOAECHCTBUS
ux 6eperos [6, 8].

2.@opMyJIHpPOBKA 321241

Meton I'MY mno3BoJiieT yCTaHOBUTH 3aBUCUMOCTb MEXKIY 3HAUYCHHUSIMHU HMCKOMBIX
(hyHKIMIA BHYTPH pacCMaTpUBAEMOM O0JIACTH W WX 3HAYCHHMSIMH Ha TPAHUIIC ITyTEM Iie-
pexoaa oT quddepeHITUaIFHBIX YPaBHEHUH K CISAYIONIMM U3 HUX UHTETPAITBHBIM COOT-
vomeHwsM. [lociemrnee maeT HaM BO3MOXXHOCTH TIOHM3HUTH T€OMETPHUECKYIO pa3Mep-
HOCTbH 3aJ]a4¥ Ha EIUHUITY, & 3HAYUT YMEHBIIUTH 00HEM BEIYHCIICHUH.

Wrak, nepBblil sTan ucnoas3oBanug Meroaa 'Y cocTout B mojiy4eHUH UHTErpajib-
HBIX COOTHOINIEHUH. PaccMOTprM B JIBYMEPHOM IMPOCTPAHCTBE ILIOCKYIO Je(OopMaIiuio
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ABYX JHHEHHO-ynmpyrux moiyrockocreit X, =20, X, <0 ¢ pasHbMH MeXaHHYECKHUMHU
Xapaktepuctukamu (mapamerpamu Jlame A, (4 U IIOTHOCTAMH O ), KOTOPBIE )KECTKO
CLCIUICHBI MEKIy co00it Broms nuHuu X, =0 Besze, 32 HCKIIOYCHHEM MPOMEXKYTKA

—1< X, <1, xoropslii mpeacTaBIseT cOO0ON MEKMAaTepUAIBHYIO TpemuHy. Ileprnenmu-

KYJSIpHO JIMHUM CHEIUICHHS MaTepHaNOB pPACIPOCTPAHAETCS TapMOHWYECKas BOJIHA
CIIBUTa C IMKJIMYECKOH YacTOTOH @ = 27Z'/T , rme T — mepuoxa konebanuii. [lox neii-

CTBHEM IWHAMHYECKOTO HATpY)KEHHS IMPOTHUBOIIOIOXKHBIE Oepera TpemmHbI nehopMu-
PYIOTCSI, YTO IPUBOANT K WX PACKPBITHIO ¥ HAJIETAHWIO C BOSHUKHOBEHHEM 30H KOHTAKTa
Y CHJI KOHTAKTHOTO B3aUMOJICHCTBHSI.

HampspxkenHo-geopMIpOBaHHOE COCTOSIHHE Ka)KI0W M3 TOJIYIDIOCKOCTEH OMUCHIBA-
€TCsl YPaBHEHUSIMH JINHEHHON THHAMUYECKON TEOPHUH YIIPYTOCTH B IIEPEMETIIEHUSIX

(A™ + 1 ™)grad divu™ (x,t) + 2™ AU™ (x,t) =

= p™Ma2u™ (x,1), xe Q™. te[0,),

rae U™ (X,t) — Bexrop nepememennit, m =1, 2; A — oneparop Jlamiaca;

CO CJEIYIOIINMHU TPAaHUYHBIMU YCIOBHAMH:

— Ha JINHUY CLEIJICHUSI MATEPHAIIOB BBINOJIHAIOTCS YCIOBUS [TOJIHOIO MEXaHUYECKOT O
KOHTAaKTa, 3aKJIIOYaIONINecs B HEMPEPBIBHOCTH IIEPEMEILICHUI 1 HANIPSDKEHU;

— Ha Oeperax TPEIUHbI yCUINS MPEICTaBIAeT COO0I CyNnepno3uLuIo CUl OT Majako-
LIEH BOJIHBI ¥ BO3HUKAOIIMX KOHTAKTHBIX CHJI HA 3apaHEe HEU3BECTHBIX y4acTKaxX Halle-
raHusi Oeperos.

IlomuepkHeM, 4TO paccMaTpuBacMas 3ajada SBJISIETCS HEIMHEWHOM, MOCKOJIBKY He-
W3BECTHBI TOJIOKEHHE W Pa3Mephl 30H KOHTakTa OeperoB, M3MEHSIOIIMECS B TEUEHHE
Harpy»KeHUsl, HEM3BECTHBI M yCUJIHA Ha Oeperax, n00 HEM3BECTHBI KOHTAKTHBIC CHITBL.

[lepefinem oT 3aaum B ABYMEPHOW OOJNACTH K SKBUBAJICHTHOM 3aJaue Ha IpaHHIaX
00J1aCTH, UCTIOIB3Ysl COOTHOIIEHUs] COMMIIbSIHBI M BBITEKAIOIINE U3 HUX IPaHUYHBIE pa-
BEHCTBA [UIs TIepeMenieHnii u ycumii [6, 8]. B paccmarpuBaeMoM ciiydae rapMOHHYE-
CKOTO Harpy>KeHHsl TpaHUYHbIC HHTETPAJIbHBIC YPaBHEHHSI UMEIOT BT [6]:

PO WU (XY, @) dy =—%ui“” - [ WP YWy, @) dy+

r(i)cr

+J. uik'* (y)Wij(l) (X,y, @) dy - J. Pi '*(Y)Uiﬁl) Xy, 0)dy, Xe roe, (1)
r r

r(l)cr

. 1
B YU (XY, @,)dy = ) U@ (x) - j U YW (.Y, @) dy -

r(er r@er

_J uiky* (y)Wij(Z) XY, a)k) dy + _[ pik'* (y)UiEZ) (xy, a)k)dY: Xe F(Z)Cr’ 2
r r
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r‘)ik'(l) (y)Uél) (Xa y! a)k) dy = _% uik'* (X) - J. uik'(l) (y)W“(l) (Xa y1 a)k) dy +

r@®er rer

+Hu WLy, dy - [ p UL Y, @)dy, xeT’, (3)
rr rr
~ 1 *
B MU (Y, @) dy ==2u 00— [ U WP (xy,,)dy -
r@er r@er
_J. uik’* (y)Wij(Z) Xy, @) dy + _[ p; ) (y)UiEZ) (X,y,o)dy, xe r, (4)
r r

rre: P (X), p(X), U (X) m U™ (X) — koaddummentsr Pypse yemmii u me-
peMenennii Ha Geperax TPENMHBI U TMOBEPXHOCTH CLETUIEHHUS; Uigm)(x,y,cq() u

V\/ij(m) Xy, a)k) — (yHIaMEHTaIbHbBIC PEIICHUS JMHAMUYCCKON TEOPUH YIIPYTOCTH.

3aMeTuM, 4TO HpexacTaBiicHuE psnamu Oypbe KOMIOHEHT BEKTOPOB CHII U IlEpeMe-
IIeHW B TPAHUYHBIX WHTETPANTBbHBIX ypaBHEeHUs X (1—4) HEOOXOIUMO B CHITy HEITHMHEH-
HOCTH T'PaHUYHBIX YCIOBHH 3a/1a4yH, 3TO €CTh MEPBBIN 3Tall B IPUMEHEHUH METOJa HC-
CJICIOBAHMS HEIMHEWHBIX TUHAMHUYECKUX 3a7ad MEXaHUKU TPEIIMH C yYETOM KOHTAKT-
HOTO B3aUMOJCHUCTBHS UX OEPETOB.

Bropbim 3Tanom sBisercs mpuUBJIeUYE€HHUE OJJTHOCTOPOHHUX OrpaHudeHuit CHHBOPUHU
— JIOTIOJTHUTENBHBIX YCIOBUH [6, 8], HCKIIFOYAIONUX B3aUMHOE MPOHUKHOBEHUE OEperosn
U PacTATUBAOLINE YCUINA B 30HAX KOHTAKTA.

st mpuBeNeHHsT KOMIIOHEHT BEKTOPOB KOHTAKTHBIX CHJI U IEpPEMEIICHUI Oeperos
TPEIIMHBl B COOTBETCTBHE C OrpaHWYeHUIMH CHHBOPHMHHU HCIIOJIb30BAJICS UTEPaLlOH-
HBIH aJITOPUTM JUHAMHUYECKON TEOPUH yIIPYTOCTH:

— 3a/1aeTCsl HaYaJbHOE paclipe/ieliecHHe Harpy3Ku Ha Oeperax TpellnHbl OT Najaromei
BOJIHBI M 33jjaua pemaercsi 0e3 y4era OJHOCTOPOHHHUX OTPAHWYCHHUH, BBIYHCISIIOTCS CO-
CTaBJIAIOINIME BEKTOpa pa3pbliBa epeMEIIeHUH;

— KOPPEKTHPYIOTCSI HOPMaJIbHbIE COCTABISIOIINE BEKTOpA pasphbiBa IEpPEeMEIIECHUH
TakK, YTOOBI YAOBJIETBOPSITH OJJHOCTOPOHHUM OTPaHUYCHUSIM;

— BBIYHUCIIAIOTCS COCTABJISIONINE BEKTOPAa KOHTAKTHBIX CHJI B3aUMOJIEHCTBUS;

— COCTaBIISIIOIIME BEKTOPa KOHTAKTHBIX CHJI B3aUMOJCHCTBUS OEperoB TPEIIUHBI KOP-
PEKTHPYIOTCSI, YTOOBI yIOBJIETBOPATH OAHOCTOPOHHUM OTPAaHUYEHHUSM U 3aKOHY TPEHHS;

— COBepUIaeTCs Mepexo/l K CIEIyIOIeMy UTepalliOHHOMY IIary 10 JOCTIHKEHUS Tpe-
OyeMOll TOUHOCTH PELICHUS 3a/1auu.

Ha BTOpoMm srtane wncnons3oBanus metona MY — ducieHHoe peleHHe CUCTEMBI
ypaBHeHuit (1-4) — UCTONB30BaH MPSIMOM METOJ TPAHWYHBIX 3JIEMEHTOB C ITOCTOSHHOM
anmnpoKcUMalMel mapaMeTpoB 3a1adu Ha ayemenTe [/, 8]. Bepxuuii u HwkHuit Oepera
TPEIIMHBl ¥ JIMHUS CUEIUICHUS MaTepuajoB allpOKCUMHPOBAHBI OJHOMEPHBIMH Tpa-
HUYHBIMH 3JIEMEHTaMHU.

ABTOpBI POBENTH YMCIICHHBIE WCCIIEJIOBAHNS, TIOCBALICHHBIE BBISIBICHHIO OCOOEHHO-
CTel cMelleHuil OeperoB MexxMaTepHaabHON TPELIMHBI M IPUMBIKAIOLIEH K HEH MHTEp-
(elicHOI MOBEPXHOCTH, BENUIMHBI PACKPBITHS OEPEroB M MPOTSHKEHHOCTH 30HBI MX KOH-
TaKTa, BETMYMHBI BO3HUKAIOIINX KOHTAKTHBIX CHJI B YCIOBHUSIX HArpy)XeHHs Oumarepua-
J1a BOJTHOW C/IBMTa.
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3. PacueTHble ucciae10BaHuA.

PacyeTsl BBITOJHEHBI IS TPEIIMHBI-0TPE3Ka JTHHBI 2L =2 BIIOJIb JIMHUH COEUHE-
HUSI MaTepUallOB CTallb — AIIOMUHMN. MaTepHasbl XapakTepU3yroTCs CIEAYIOIUMH Ta-
paMeTpaMu: st cTaid — MoAysb ynpyrocta E = 207 I'Tla, kosddumment Ilyaccona
v =0,288 u otHOCTL P = 7860 Kr/M>; JuIst amroMuUHUS — MOYIIL ynpyroctn E = 70
I'Tla, koappuument [lyaccona v = 0,347 u motnocts p = 2700 kr/me,

Harpys3ka Ha Oeperax TpemuHBI 3afaBajiaCh IO 3aKOHY IUTIOCKOW TapMOHHYECKO

BOJIHBI CABMIAQ, HaHpaBJ’ICHHOﬁ 0 HOPpMAJIM K JIMHUU CHCIJICHUA MAaTCpUajIOB. Yacrora
FapMOHI/I‘lCCKOI‘/'I Harpy3km XapakKTCpUu30BaJlOCh MNPUBCACHHBIM BOJHOBBIM YHUCJIOM

k,L=wl/c,, 3nece C, — CKOPOCTh IOIEPEYHBIX BOJIH B AMIOMHHHH. lIpuBeneHHOE
BOJIHOBOE 4YHCIIO B pacyeTax coctaBisiio K,L =1,0 . Ilomaragock, 4To KOHTAakKT IPOTHU-

BOIIOJIOXKHBIX OEPEroB TPEIIMHBI OCYIIECTBISIETCS C TPEHUEM, MPU ITOM KOd(PHUIUECHT
Tpenwust 3axasancs pasabiM K =0,5.

HccnenoBanucy HampaBieHHsT M BETUYHHBI CMEIICHUN OEperoB MeKMaTepHaTbHON
TPCIINHLBI, TPOTAKCHHOCTL 30HBI KOHTAKTa 6eper013 W BO3HHUKAKIIHUEC KOHTAKTHBIC CUJIbI
Ha Oeperax TpeUIHHBI.

Ha puc. 1 npencraBieHbl pe3ysbTaThl PacUeTHBIX HCCIICIOBAHUI TaHTCHIMATbHBIX
xomnonent nepememennii (U, =U_/L ) Geperop MekmaTepHalbHOW TpPEUIMHBI U
Y4YacTKOB JIMHHM CLEIUICHHS] OMMarepuana MPUMBIKAIOIINX K BEPIIMHAM TPELIMHBI, a
HUMCHHO, pacCripCeAcjICHUA MAaKCHUMAJIbHBIX TAHI'CHUHUAJIbHBIX KOMIIOHCHT HCpCMCIlICHI/Iﬁ
Y4aCTKOB JIMHUU CHCTIJICHUA 6I/IMaTepI/IaJIa B CpaBHCHUHU C IIEPEMCUICHUAMUA IIPOTUBOIIO-
JIO’KHBIX OeperoB BIOJIb JUTMHBI TPELIMHBL. 37ech | 1 2 — nepeMenieHus: OeperoB TPEIu-
HbI, 3- NepeMECUICHUA YYaCTKOB JIMHUH CHCIIJICHUA CTAJIM U aJIFOMHWHHA.

Ha puc. 2 npencraBieHbl paclpeleieHuss MaKCUMaIbHBIX HOPMaJIbHBIX KOMIIOHEHT

nepememmennit (U, =U, /L ) yuacTkoB nuHuM clienIeHHs GUMaTepyana B CPABHEHUH C

MEPEMEIICHUSIMHA TIPOTUBOIIOJIOKHBIX OCPEroB BJOJIb JUTMHBI TPEIIUHBL. 37ech 1 u 2 —
repeMenieHnst 6eperoB TPEIWHEI, 3 — MepeMeleHs] YI4aCTKOB JIMHUU CIETUICHUs CTalll

1 aJIIOMHHUSA.

Ugx1t® | Upx10°
3 3
2 2

2| |
1 1

3 1
3
. ok J—\___ 0 //\‘ N /\\v/
1 2

1 LA A
2 i i i 0 5 0 5 10
-10 5 0 5 X1IL 10 X1I’L

Puc. 1 Puc. 2
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4, 3aki0uenue

B pesynbrare 4MCIEHHOTO PEIICHUsT HEIMHEHHOW 3a/1a4l TEOPHH YIPYTOCTH JIIS OH-
MaTepuanga ¢ MeK(a3HOU TPEUIMHON MPH HArpy>KCHWU BOJIHOM CHIBHTa TOJYYEHBI pac-
MIpeACIICHNs TAHTEHITHATBHBIX 1 HOPMAJIBHBIX KOMIIOHCHT CMEIICHUH OEeperoB TPEIIIHBI
Y JIMHUW CIICIJICHUSI MaTepUasoB, JUIUHBI y4acTKa KOHTaKTa OeperoB, HOPMAaJbHBIX U
TaHTCHIIMATbHBIX KOMIIOHEHT KOHTAKTHBIX CHJI B TCUCHHE TICPUO/Ia HATPYKCHHUSI.

ITokazano, uTto:

— BEITMYMHBI TAaHTCHIIMAILHBIX ¥ HOPMAJIbHBIX KOMITOHCHT CMEIICHHUS OeperoB MeK-
(ha3HO TPEUTUMHBI OTJINYAIOTCS HA TIOPSIOK M 00JIee BHICOKUE 3HAYCHHSI UMCIOT TaHI'CH-
LHMAJIbHBIE KOMITOHEHTEI,

— BEJMYMHBI MaKCHMAJTbHBIX TAHTCHIMATLHBIX KOMIIOHCHT IEPEMEIICHHS JTUHUN
CICTUICHUSI MaTEPHAJIOB U OEPETrOB TPEIIUHBI OTIUYAIOTCS HA MOPSAOK, B TO BPeMs Kak
BEJIMYMHBI MaKCUMAIIbHBIX HOPMaJbHBIX KOMIIOHEHT CMEIIEHUS OeperoB TPEIIMHBI U
JTIUHUH CUEIUICHUS MaTepHAIOB HUMEIOT OJTM3KHE 3HAUCHYIS,

— TIOJIO’KEHHUE W JITHA Y9acTKa KOHTaKTa OeperoB MPUHIIUIHAIEHO MEHSETCS B TEUe-
HHE IIEpHOIa HArPYKEeHNUs,

— BEJIMYMHBI KOHTAKTHBIX CHJI U3MEHSIOTCS KaK 1O JUTHHE TPEIUHBI, TaK U B TEUCHHE
Meproa HArpy>KEHUsI.
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IMogaHo Marepiany pileHHS 3aKadi Ipo MbKMaTepiadbHy TPIIIMHY-pO3pi3 IiJ Ai€r0 rap-
MoHiiHOi xBuii 3cyBy. Iloka3aHo, mo momepesHi pimreHHs MoAi0HOT 3a1adi OysI0 BHKO-
HaHO 0e3 ypaxyBaHHS KOHTAaKTy OeperiB, i, sIK HACTIAOK, OTPUMAHO pe3yJIbTaTH, sKi CBil-
4yaTh O B3a€EMOIIPOHUKHEHHI OeperiB, 0 y AIMCHOCTI HE MOXJIMBO. TakuM YHMHOM JOBE-
JICHO IO 3aj[aya 3 HEeNiHIHOI OCKUIBKU TOJIOKEHHS Ta PO3MipH 30H KOHTAaKTy OeperiB
HEBiZOMI Ta 3MiHHI IiJ Yac HaBaHTAKEHHA. PillIeHHS OTpUMaHO METOIOM IpaHUYHHX iH-
TerpalbHHUX PIBHSIHB 3 YpaxXyBaHHSIM KOHTAKTHOI B3aeMoJil OeperiB TPIlIMHU: BHKOPHC-
TOBYIOYH CHiBBiHOIIEHHs! COMUIBSIHU 1 TPaHWYHI PIBHOCTI, 1[0 BHILUIMBAIOTH 3 HUX, BH-
KOHAHO TepeXiJ BiJ 3a7a4i y JBOBUMIPHOI 00NACTi IO €KBIBAJICHTHOI 3a/adi HA MEXax
o0JacTi, KOMIIOHEHTH BEKTOPIB CHJI Ta IEpeMillleHb Y IPaHUYHHX IHTETPaIbHUX PiBHSIH-
HSX MpeJCTaBilIeHo pagamMu Pyp’e, 1J1s1 BUKIIOUCHHS B3a€MOIIPOHUKHEHHS OeperiB Ta BH-
HHUKHEHHS 3yCHJIb, IO PO3TATAI0Th, y 30HiI KOHTAKTY 3aIy4eHO OJHOCTOPOHHI OOMEKCHHS
Cinpopini. UncenpHe pilleHHS MAaTEeMAaTHYHOI MOJENi BHUKOHAHO METOAOM TPaHUYHUX
€JIEMEHTIB 3 MOCTIIHOIO alpOKCHMAIIIEI0 apaMeTpiB 3a1adi Ha eaeMeHTi. [IpoBeneni uu-
CeJIbHI AOCTIIKCHHS 0COOIMBOCTEH 3CYBIB OeperiB MiKMaTepiallbHOT TPIIMHY 1 PUIIET-
7101 110 Hel iHTepdelicHOi MOBepXHi PH 3MiHI YaCTOTH XBHWJI 3CYBY, JOCIIKEHHS 3aJIeK-
HOCTI BiJl YaCTOTH HaBaHTAXXCHHS BEJIMYMHH PO3KPUTTS 1 MPOTATY 30HU KOHTAKTY Oepe-
riB. [loka3aHa KUTbKICHA PI3HMII MDK MaKCHMaJbHUMH JOTHYHHUMH 1 HOPMAaJIbHUMH
KOMITIOHCHTaMH TIepEeMIIIIeHb JIiHIT 3UeTICHHsT MaTepialliB Ta Ha Geperax TpimuHH. [Ipo-
JIEMOHCTPOBAHO, IIO IOJIOKEHHS Ta JOBKUHA AUISTHKH KOHTaKTy OeperiB 3MiHIOIOThCA
MIPOTATOM TIEPiOy HaBaHTAXKCHHS, a BEIMYMHNA KOHTAKTHUX CHJI TIEPEMiHHI IO JOBXHHI
TPILIMHU.

KiouoBi ciioBa: MixkmarepiaipHa TpillMHA, TApMOHIHA XBHJIS 3CYBY, METOJ TPaHNY-
HUX €JIEMEHTIB, 30Ha KOHTaKTy OeperiB, KOHTAKTHI CHJIH.
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