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AHOTALIA

Po3rnsiHyTO miuocky MilaHy 3ajady Teopli Npy>KHOCTI JIJIsl MIBHECKIHUEHHO1
CMYTH, IO 3HAXOAWTHCS IIiJl BIUIMBOM HABAaHTAKEHHS Pi3HOT MpHUpoOAH. 3a
JIOTIOMOTOI0 ~ 3aCTOCYBaHHSI ~ IHTETPAJIbHOTO  IMIBHECKIHYEHHOTOo  sin-,  COS-
neperBopeHHss Pyp’e BHUXIIHY 3a7ady 3BEICHO JI0 OJHOBUMIPHOI BEKTOPHOT
KpalioBoi 3anmaui. 3amadyy B MpocTopi TpaHcHopMaHT TmepedOpMysIbOBAHO Y
BUTJISIZII BEKTOPHOI KpaloBoi 3amadi. Po3B’s130k i€l 3a1adi 6yno moOyaoBaHO y
BUTJISII CYNEPIO3HUIIii 3aralbHOT0 PO3B’SA3KY OJHOPITHOT'O BEKTOPHOTO PIBHSHHS
Ta YaCTKOBOTO PO3B’S3Ky HEOJHOPIMHOTO pIiBHAHHI. PO3B’S30K OJHOPIIHOTO
BEKTOPHOTO PIBHSAHHSA TMOOYJOBaHO 3a JIONIOMOTOI amapaTy MaTpUYHOTO
TG EepeHIliaIbHOTO YHCIECHHS Ta MOJaHO depe3 (yHJIAMEHTAIbHY MaTPHYHY
CUCTEMY pO3B’SI3KIB BIJAMOBIIHOTO OJHOPIIHOIO MATPUYHOTO piBHSAHHA. Jls
OTPUMaHHS YaCTKOBOT'O PO3B’SI3KY HEOJIHOPITHOTO BEKTOPHOT'O PIBHSIHHS OYJI0
BIIIIyKaHO MaTpuIfo-PyHKIito ['piHa 3a JOMOMOTIOK0 METOIy MAaTPUYHUX
IHTErpaJIbHUX MEepeTBOpeHb. MaTpuirto-gyukiito ['pina 6ymno nodynoBaHo y hopmi
OUTIHIHHOTO  PO3BUHEHHS, 10 CHOPOIIyE mojanbini oOuucieHHs. [licis
3acTocyBaHHSI oOOepHeHoro rmepeTBopeHHs Dyp’e 70 SBHOTO  PO3B’SI3KY
OJIHOBHMIPHOI KpaloBOi 3a/1adi B MPOCTOpi TpaHC(HOPMAHT Ta MiJACyMOBYBaHHS
c1abKo-30DKHUX IHTErpadiB y (opMynax id TEPEeMIlleHb 3aJIMIIAETHCS JIHIIIE
OJIHA HEBioMa (YHKIS TEpeMilleHb M0 KOPOTKOMY TOPIIO IMIBHECKIHYCHHOT
cmyru. [ns ii 3HaX0kaAeHHS OyJ0 OTPUMAHO CHUHTYJSIpHE IHTErpajibHE PIBHSIHHS.
CuHrynspHe IHTerpalibHe PiBHSHHSA OyJI0 pO3B’s3aHO BIAMOBIIHO 10 KOH(Iryparrii
HOPMAaJbHOTO HaBaHTAKEHHA. Koiaum B SApi CHUHTYISIPHOTO 1HTETPAIBHOTO
piBHAHHS HEe OyJl0 HEPYXOMHX OCOOIMBOCTEH, OyJIO 3aCTOCOBAHO METO]
OPTOTOHAIBHUX TOJIHOMIB, IO JO3BOJSE€ BpaxyBaTh [IACHUNA TMOPSIOK
0CcOOMBOCTI HEBIOMOI (PYHKINI Ha KIHISIX MPOMDKKY 1HTETPYBaHHS. Y BUTAIKY
HasBHOCT1 OJIHIET YW JIBOX HEPYXOMHUX OCOOJMBOCTEM B SAJpl CHHTYJISPHOIO
IHTErpaJIbHOTO PIBHSIHHS OyJI0 MOOYA0BAaHO TPAHCLICHICHTE PIBHSIHHS Ta 3HAWICHO
Horo kopeHi. JJis po3B’si3aHHSI CHUHTYJISIPHOTO I1HTErPAJIbHOTO PIBHAHHS OyIio

BUKOPHUCTAHO CIEI1aIbHUN y3araJlbHEHUI METO/.
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TouHnuii po3B’A30K 3ajaul  CTAllOHAPHOI  TEIUIOMPOBIIHOCTI  JIs
MIBHECKIHYEHHOT CMYyTU OYyJIO OTpUMAaHO 3a JonoMoror neperBopers Oyp’e. Lleit
pO3B’SI30K  OyJI0  BUKOPUCTAHO  JJi1  PO3B’s3aHHA  3aJadl  HE3B’s3HOI
TEPMOIIPYKHOCTI  Juisi miBcMyrd. Taki cami KoHQIrypauii HOpPMaJIbHOTO
HAaBAaHTaXEHHS IO KOPOTKOMY TOPLIIO MIBCMYrd OYyJ0 pPO3IJISHYTO UIsl 3ajaadi
TEPMOIPYKHOCTI. [IpoBeIeHO TOCHIIKEHHS HAMPYKEHOTO CTaHy MIBCMYTHU B yCiX
IIUX BHITAJIKaX.

PosrnstHyro  3amayy,  KOJM  yCepeOMHl  MIBCMYTM  PO3TAIllOBAHO
TpaHCBEpCAJIbHY TpIIUHY. Y [aHOMY BUNAJAKY BHXIAHY 3aJady 3BEIEHO [0
OJTHOBHMIpPHOT KpaloBoOi 3aj1adi 3a JJOTIOMOTO0 iHTerpaibHe nepeTBopeHHs Dyp’e,
mo OyJI0 3aCTOCOBAaHO 3a Yy3arajJlbHEHOK cxeMolo. Po3B’si3aHHs 3amadi Oyio
3BEJICHO /IO PO3B’SI3aHHS CUCTEMH CHHTYJISIPHHX IHTETPAIBHUX PIBHSAHB BITHOCHO
oJiHI€T HEBIIOMOI QYHKIIII MEpPEeMillleHb MO0 KOPOTKOMY TOPILIIO MIBCMYTH Ta JBOX
cTpuOKiB (PYHKIIIH TIepeMillleHh Ha TpaHCBepCalibHIM TpiluHi. B 3amexHocTi Bix
KoH(iryparlii mpuKIageHOTO HaBaHTAXXEHHsI TIEepIIe PIBHAHHS 1i€1 CUCTEMU MOXKe
MICTUTH HEpyXomi ocoOnmBOCTI. ToMy MeToa OpTOrOHaJIbHUX TOJIHOMIB Ta
y3araJiIbHeHH MeToj] OyJI0 3aCTOCOBAHO 1O PO3B’SI3aHHS CUCTEMU CHHTYJISPHUX
IHTErpJIbHUX  PIBHAHbL B  3QJEKHOCTI Big KOHQIrypamii MNpHUKIageHOTO
HABaHTAKEHHS 10 KOPOTKOMY TOPILIO IBCMYTH. Takox OylIo pO3TIIHYTO
CUMETPUYHUN  BUIMAJOK  PO3TAIlyBaHHS  TPAHCBEPCANbHOI  TPIIMHU  Ta
NPUKJIAICHHS MEXaHIYHOTO HABAaHTAXEHHS IO KOPOTKOMY TOPIIO MIBCMYTH. Y
IIbOMY BHUMAJKy OJIMH 31 CTpUOKIB (PYHKIIIH TepeMilieHb Ha TPINIMHI JOPIBHIOE
Hy1t0. 3agady Oylno 3BEIEHO [0 pO3B’A3aHHS CHCTEMHU JBOX CHHIYJISPHHUX
iHTeTpanbHUX piBHIHB. KoedilieHTH IHTEHCHBHOCTI HAMPYXKEHBb OYyJI0 00YHCIEHO
JUISL yCiX BUMAAKIB B 3aJICKHOCTI BiJl JOBKUHU TPaHCBEPCATBHOI TPINTUHH.

Knwouosi cnosa: niBemyra, nepetBopenns dyp’e, marpuna-dynkmis ['pina,
CUHTYJISIpDHE IHTETpalibHE PIBHSHHS, METOJ] OPTOTOHAJIBHUX MOJIHOMIB, HEPYXOMI

0COOJIMBOCTI, HE3B I3HA TEPMOMNPYKHICTh, TPAHCBEPCAIbHA TPIIIUHA.



ABSTRACT

The plane mixed problem of elasticity for the semi-infinite strip was
considered under the load of a different nature at the short semi-strip’s edge. The
initial problem was reduced to the one-dimensional problem with the help of the
integral semi-infinite sin-, cos- Fourier transformation. The problem in
transformation domain was reformulated as vector boundary-value problem. Its
solution was constructed as a superposition of the general solution for the
homogeneous vector equation and the partial solution for the inhomogeneous one.
The solution for the homogeneous vector equation was constructed with the help of
the matrix differential calculation and it was given through the fundamental matrix
system for the corresponding homogeneous matrix equation. To obtain the partial
solution for the inhomogeneous vector equation the Green’s matrix-function was
derived by the use of the matrix integral transformation. The Green’s matrix-
function was constructed in the form of the bilinear expansion, which simplified
further calculations. After applying of the inverse transformation to the exact
solution of the one-dimensional problem in transformations domain, and
summation of the weakly convergent integrals the formulae for the displacements
contained only one unknown function of the displacements by the semi-infinite
strip’s short edge. The singular integral equation was obtained for its finding. The
singular integral equation was solved with regard of the normal load’s
configuration. The orthogonal polynomials method was applied when there were
no fixed singularities in the kernel of the singular integral equation. This method
allowed considering the real order of the unknown function at the integration
segment’s ends. The transcendental equation was constructed in the case of
singular integral equation with one or two fixed singularities. The transcendental
equation’s roots were found. The special generalized method was used for the
solving of the singular integral equation.

The exact solution of the stationary thermal conductivity problem was
derived with the help of the Fourier transformations. It was used in the solving of

the uncoupled thermoelasticity problem for the semi-strip. The same
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configurations of the normal stress at the short edge of the semi-strip were
considered for the thermoelasticity problem. The investigation of the semi-strip’s
stress state was provided for all these cases.

The problem when a transverse crack was located inside the semi-strip was
considered. In this case the initial problem was reduced to the one-dimensional
problem with the help of the semi-infinite Fourier transformation, which was
applied by the generalized scheme. The solving of the problem was reduced to the
solving of the system of three singular integral equations with respect to one
unknown displacement function at the semi-strip’s edge and two displacement
jumps at the transverse crack. With regard to the configuration of the mechanical
load the first equation in this system could contain fixed singularities. So, the
orthogonal polynomials method or the special generalized method was applied for
the solving of the singular integral equations. In the case of symmetric location of
the crack and symmetric mechanical load the simplified case was considered when
one of the displacements’ jumps equaled zero. In this case the solving of the
problem was reduced to the solving of the system of two singular integral
equations. Stress intensity factors were calculated for all these cases in regard of
the transverse crack’s length.

Key words: semi-strip, Fourier transformation, Green’s matrix-function,
singular integral equation, orthogonal polynomials method, fixed singularities,

uncoupled thermoelasticity, transverse crack.
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IHEPEJIIK YMOBHHUX ITO3HAYEHD

CIAP — cunrynsapHe iHTerpo-auddepeniiaabHe piBHAHHS

CIP — cunrynsipHe iHTE€rpajibHE PIBHIHHS

CCIIP — cucrema CUHTYISIpHUX 1HTErpo-Aud depeHiianbHuX PIBHSIHb
CCIP — cucreMa CUHTYJISIpHUX IHTETpAIbHUX PIBHSAHD

KIH — koediiieHT IHTEHCUBHOCT1 HANIPYKEHb

1 — xoedimient Ilyaccona

K — cTasia MycxenimBiii
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BCTYII

AKTyaJbHicTh TemH. MimaHi 3a1a4i Teopii IpYy>KHOCTI 3aiiMaloTh BaXJIUBE
MICIIE€ B MEXaHiIi J1eQpOpMIBHOTO TBEPJOTO Tila, 110 MOB’S3aHO 3 iX POJUIIO MPH
MOJICJIIOBaHHI ~PI3HOMAHITHUX I1HXKEHEpHHX 3amad. OCHOBHI MIAXOAU 10
AQHAJITUYHOTO PO3B’S3aHHS TaKOro PpOAY 3ajlad 3acHOBaH1 Ha 300pakeHHI
pPO3B’S3KIB  pIBHSHb pIBHOBaru uepe3 JOMOMDKHI (PyHKIIi (rapMOHIYHI,
6irapMoHi4Hi To110). ['0JI0BHA HE3PYUHICTh LKX MIAXOIB MOJATA€ B TOMY, IO JIJIS
OTPUMaHHSI BHUpPa3iB peajbHUX MEXaHIYHUX XapaKTEPUCTHK MOTPIOHO BUKOHATH

JTOJIATKOBI omepailii, ki 4acTo € JOCUTh HETPHUBIATbLHUMHU.

3anponoHoBaHU y POOOTI MiJIX1J BUKOPUCTOBYE OE3MOCEPE/IHI IHTErpaIbH1
NEpPETBOPEHHS PIBHSAHB piBHOBAru. lLle Hamae MOXIMBICTH MOOYyBaTH B MPOCTOPI
TpaHC(HOPMAHT aHATITUYHUN PO3B’S30K BIAMOBIAHOT BEKTOPHOI KpakoBOi 3amayi
BITHOCHO IIyKaHUX TpaHC(HOPMAHT mepeMilieHb. JJig CHpoleHHs po3paxyHKiB
noOynoBaHo MaTpulio-QyHKIiI0 ['piHa, SKy MOJAaHO Yy BHIJAAI OUTIHIHHOTO
po3BuHeHHs. el migxix MPOJEMOHCTPOBAHO HA PO3B’sI3aHHI MIMIAHUX 3a/]ad
TeOpii MPYKHOCTI JUIS TIBCMYTH, sIKa& € MOJEIbHUM 00’ €KTOM IS BUSBJICHHS

3aKOHOMIPHOCTEH HaIpPyKeHO-1e(pOPMOBAHOTO CTaHY MPYKHUX TiJI.

Sk CBITUHMTH aHaJI3 JITEPaTypH, y JOCIIKEHHI IUIOCKUX MIIIaHUX 3a]1a4
NPYXHOCTI ICHYIOTh HEBHpIIIEHI MpoOJeMu, WO TOTPEOYIOTh PO3BUTKY
AQHAJITHIYHUX METOJIB iX pPO3B’SA3aHHA, SKI O JO3BOJMIIM CHPOCTUTH TOOYIOBY

PO3B’S3KYy Ta BUSIBUTH 3arajbHy SAKICHY KAPTUHY HAMPYKEHOT'O CTaHy MiBCMYTH.

[{um OOTpYHTOBAHO aKTyalbHICTh PO3POOKH HOBOT METOAMKH aHATITHIHOTO

PO3B’s3aHHS TUIOCKUX MIMIAHUX 337249 T€OPii MPY>KHOCTI JUTsI TIIBCMYTH.



