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Bangaune objiacTn JecTpyKIiiuy MaTepHaJia BOJIM3U
BEPHIMHBI MexK(a3Hoii TpelnHbl HA YCJIOBUMA
ee CcTparmuBaHUS

(IIpedcmasaeno waenom-xoppecnondenmom HAH Ykpaunw B. JI. Bozdanosuvim)

B ycaosuazx naockotl dedopmavuu memodom Bunepa—Xonga ebausu sepuwurv, mercdasrot
mpewursl ceuza, bepeza Komopoli 63auUMOOETCMEYIOM ¢ MPEHUEM, 6 PAMKAT KOMNAEKCHOU
MOOEAU BBINOAHEH PACUEM 06AGCTNY JeCMPYKUUY 6 npuse2atoweti ¥ 6EPUUHE HACTNU HAYAND-
HOU 30HbL NPedpaspywenus. B obaacmu decmpykyuu donyckaemes paspué Kak HOPMAAbHOZ0,
max u Kacamesvrozo nepemewserus. Iloayuenv, evpastcerus das pacuema daunsv, obaacmu de-
CMpYKYUY U packpoimus mpewurv.. C nomouwto deopmatuorto2o Kpumepus ucciedosaHo
sauARUE 0baacmu decmpykyuy Ha cmpazusanue mpewursv. OOHAPYIHCEHO, HMO CMPA2UBAHUE
MPEWUHDL NPOUCTOOUTM, 68 PESYALMAME OMHOCUMEALHOZO CO6U2A €€ BEPE206 6OAU3U 6EPUUHDL.

UcciieioBanne HAYAIBHOTO dTalla PA3BUTHUS 30HBI [IPEIpPA3pyIIeHus BOJU3U BEPITUHBI MexK(pas-
HOIi TPEIUHBI B YCJIOBUSIX CJBHUIA, BBILIOJHEHHOE B COOTBETCTBHU C (1], IpejicKa3biBaeT coxpaHe-
HUE KOHIIEHTPAIUU HAIPS2KEHUN 1ocie 00pa3oBaHus 30HbI U, KaK CJIEJICTBUE, HEU30€KHOE TIOSTB-
JIEHWE B MPUJIETAIONieil K BEPIIUHE TPEIUHLI JaCTH 30HbI IPEAPA3PYIIeHNs 00JIACTU ITOBBIIIEH-
HOI jiebopMali MaTepuaja — 0bJIACTH JeCTPYKIuu. B ciydae yrnpyro-ijiacTu4eckoro Teja
3TOT BBIBO/I COIVIACYETCsI C IKCIIEPUMEHTAJIBHBIMHI JIAHHBIMU, KOTOPblEe YKA3bIBAIOT HA CJIOYKHYIO
CTPYKTYPY 30HBI IIPEIpPa3PyIIeHns BOJIU3U OCTPOKOHEUHBIX KOHIIEHTPATOPOB HAIPSKEHUI, CO-
CTOSAMIEH M3 JIOCTATOYHO PA3BUTON IJIACTMYIECKONW 30HBI U BEChbMa MaJjioil 0DJIACTU JIeCTPYKIWH,
[pUJIeraoleii HeloCPeJICTBEHHO K BeplinHe KoHieHTparopa |2, 3|. s yuera nanHoro dakra
OBLI MPEJJIOXKEH PsiJi, MOJIEJIe: MOJIeIb KOTe3UOHHOM 30HBI, COJIEPKAINEN 30HY MPOIECcca paspy-
menus [4, 5|, MOjesIb 30HBI IIpepaspyIleHus] B JMHEHHO YIPOUYHSIOMEMCsl MaTepuaJie ¢ 30HON
paspbixJieHust 6], KOMIIEKCHAsT MOJIE/Ib 30HBI IIPEAPa3pyIleHust ¢ 06aacTbio Jectpykiuu |7, 8.
IIpu pazauaum TEPMUHOJOTMHM WMCXOIHBIE IIPEIIOCHUIKM YKA3aHHLIX MOjejell 03K u Oas3u-
pylorca Ha paszsutruu Moaenn Jleonosa-Ilanacioka—/laraeitia, mpecTaBisdoNeil 300y Mpeapas-
pyIeHus1 JUHWEN pa3pbiBa IepeMelleHns, Ha KOTOPOil 3a/laH0 TO WJIW WHOE YCJIOBHUE IIePexo/ia
MaTepuaJia B COCTOsTHUE TIpeipa3pyiienus. B nannoit pabore meroiom Bunepa—Xorida BbITIOTHEH
pacder 00JIaCTU JAECTPYKIMH BOJIM3U BEPIMUHLI MEK(A3HON TPEIMHBI B PAMKAX KOMILIEKCHOM
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Puc. 1

MOJIeJIU, IPEeIoaramIieii oopa3oBanre 30HbI KOHTaKTa OeperoB m OOKOBOI 30HBI Mpeapa3py-
menns. C ucrnosib3oBanneM J1ehOpMAIMOHHOIO KPUTEPHUS PA3PYIIEHUS UCCIIEIOBAHBL YCIOBUS
CTParuBaHusl TPEIIUHDL.

ITocranoBka 3agauu. [lycts u3 Bepinubl MexX(a3HOI TPEIUHBI, PACIIOIOKEHHON Ha TI0C-
KO TPAHUIIE Pa3/ieia ABYyX PA3JIHIHBIX U30TPOIHBIX YIPYIUX MATEPHUAJIOB C YIPYTUMU ITOCTOSH-
vbiMu G, 11 u (o, Vo, B YCJOBUSX IJIOCKOHN JlechbopMaliuu B MEHEe TPENIMHOCTOWKOM MaTepuaJie
(/17151 OLIPEJIEJIEHHOCTH, B IIEPBOM) PACIIPOCTPAHSIETCs y3Kasl 30HA IIPeIpa3pyIIeHus, JINHa KOTO-
poii 3HAYUTEILHO MEHbBIIE JJIuHbI Tpeniuubl. [Ipeamnonaraercs, 4To pu npeobalaHuy CIBUTA-
IOIUX HAIPY30K Gepera TperuHbl BOIM3N BepIInHbl 00pa3yoT 30Hy KOHTakTa ¢ Tperuem |9, 10],
pasMep KOTOPOii com3Mepum ¢ JInHON camoil Tpermunbl [11]. Besencreue orpbiBHOrO xapakre-
pa pa3BUTHS 30HBI IIPEIPA3PYIINEHUs] OHA MOJIEJIUPYETCs HAKJIOHEHHOH IMOJI YIVIOM (v K TPaHUIE
pasesa cpe IpsMoit JIMHIEH pa3pblBa HOPMAJILHOTO CMEIEHNUsI, HA KOTOPOil HOPMAJIbHOE HAIIPSI-
JKEHUe PaBHO COIPOTHUBJICHUIO OTPBIBY IIEPBOI'O MaTepHaJia o1. BeJuduHa yria ( OIpeIesIsieTcst
U3 YCJIOBUsSI MAKCAMyMa OTPBIBHOIO OKPYKHOT'O HAIPSIYKEHUS.

B613u BepIIUHbBI B COOTBETCTBUY C BHIBOJIAMU IKCIEPUMEHTAJIbHBIX MCCIeioBanuii [2, 3| BHy-
TPU 30HBI IPEIPA3PYIIEHUsT BOSHIKAET 00JIACTb JeCTPYKIUU MaTepuaJia, 0013 1a01asi BHICOKIM
YPOBHEM KaK OTPBIBHBIX, TAK U CABUTOBBIX JIe(POPMAIIHIL, [IOITOMY OYIEM ee MOJIETUPOBATE JINHU-
eit nuHO# d, Ha KOTOPOIl TEePIUT pa3pbiB HE TOJLKO HOPMAJILHOE, HO M KacaTe/IbHOEe CMEIeHIe,
a KacaTeJIbHOe HAIpsZKeHHe PaBHO COIPOTUBJIEHUIO CJBUTY MepBOro marepuaja 71 [8].

[Ipeamonaraercst, 9To JyinHa 00JIACTH JIECTPYKIIMA HAMHOI'O MEHBIIE JJIHHBI KOHTAKTHOHN 30-
HBI U BCeli 30HBI Ipe/Ipa3pyIIeHns], IO3TOMY HCCIIeyeMoe TeI0 MOXKHO paccMarpusarh (puc. 1)
KaK KYCOYHO-OJIHOPOJIHYIO IIJIOCKOCTh, COJIEPYKAIIYI0 HA T'PAHUIE Pasjesa MoJIyDeCKOHEIHYIO 30~
HY KOHTAKTHOT'O IIPOCKAJIb3bIBAHUA OEPEros, B3anMOJACHCTBYIONINX 10 3aKOHY CYyXOI'O TPEHUs, U3
BepiuHbl ) KOTOPO# IO YIJIOM (v K TPAHUIIE PA3JIE/Ia BBIXOIUT TOJIyDECKOHEUHAST IPSIMAsT JIMHUS
pa3pbiBa, COCTOAINASA U3 ABYX yIacTKOB. Ha ydacTke, IPUMBIKAIOIIEM K BEPIIUHE TPEIUHBI, T€P-
[SIT PAa3pblB HOPMAJIBHOE U KACATEJIbHOE CMEINIEHUs, a HOPMAJIbHOE U KACATEIFHOE HAIPSIYKEHUS
paBubl 01 u 71. Ha BropoMm yvacTke TepnuT pa3pbiB JIUIIb HOPMAJIHHOE CMEIEHNE, 8 HOPMAJIbHOE
HAIIPsi?)KEeHNE PAaBHO 07.

JlamHOIt MOJE/IM COOTBETCTBYET CTATHUIECKas KpaeBas 3aJada TEOPUU YIPYTOCTH C IPaHUY-
HBIMH yCaoBusMA [8]:

6 =0, (og) = (1,9) = 0, (ug) = (u,) = 0;

0==xm,  (0g) =(m9) =0,  (ug) =0, 7o = —poy;

0=a, (og) =(r0)=0; O=0qa, op=o01; (1)
0= a, r <d, Trg = T1; 0 = «, r>d, (ur) =0, (2)

rae (f) — ckauok BeamuuHbl f; p — KOIMDMUIMEHT TPEHUs.
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[Tpu r — 0o raBHbIE WIEHB PA3JIOKEHUN HAIPSKEHUN B aCUMIITOTUIECKUE PSIIbI COBITAIAIOT
C IVIAaBHBIMH 4YJIEHAMU Pa3JI0KEHUIl HAIIPS?KEHUN B acCUMITOTHYeCKHe psajapl 1npu r — 0 B 3aja-
Je, aHAJOIUYHOI paccmarpuBaeMoii, B ciaydae d = 0 (6e3 obsacTu JeCTPYKIMU) U ¢ KOHEIHOI
6oKOBOI1 JiHEEll paspbiBa, pemienHoii B [1]. B wacrHocTH,

r

2
) 1
0= a, T — 00, Tr9 = fi(a,e,vi,10)01 + E Ci faila, e,v1, v9) 1™ + 0<—>, (3)
i=1

e e = G1/Go; C; = Jllf)‘i; | — maiizennoe B coorBercTBun ¢ |1| 3HAUeHME BCell JTMHBI 30-
HBI TIPeIpa3PYIIEHNs], 3aBUCAIIEE OT BEJUIUHBI U KOH(MPUTIYPAIMH BHEIIHEH HATPY3KH, 33 1aHHOIM
KO3 DUIUEHTOM HHTEHCUBHOCTH HAIPsKEeHUH Kkj; B KOHIE TPEIIUHLI, KOTOPLIA IIpenoarae-
TCsl U3BECTHBIM M3 DeIleHUs] BHEIHell 3aja4u; \; — npuHaiexkane narepsaity (—1,0) kopuu
ypasrenust Di(—1 —z) = 0;

PG f - TELM) K1 -0) J00) )
Di(—1)’ DN K (-1 J0) MO —A)
1(p) = d%p(p)’ T(p) = To(p) + pT1(p),

To(p) = (1 +x1)Ton(p) + (1 — €)To2(p),
To1(p) = 0,5(1 + x1)?[sin 2 + sin 2p(7 — )] + (1 4 x1)e(1 + x2)(p + 1) sin 2a cos 2pa —
— ¢* (14 x2)*Tos(p),
Toa(p) = 2(1 — €)(1 4+ x1)(p + 1) sin a[2 cos a sin? pa — psin asin 2p(r — a)] —
—4(1 + ex2)e(1 + x2) cos prToa(p) — (1 + x1)e(1 + x2)Tos(p) +
+ (1 4 x1)?[psin 2a cos 2pa — 2sin 2o sin? pac — sin 2p(w — )],
Tos(p) = 2p* sin? avsin 2pa + 2p sin a(sin avsin 2pa — cos a) + 0,5[sin 2p(7 — ) — sin 20,
Toa(p) = p(p + 1) sin® asinp(r — 2a),
Tos(p) = (p + 1){2psin? asin 2pa + sin 2p(7 — )] — sin 2a(1 + 2sin? pa)} + sin 2a +
+ sin 2p(7 — «);
Ti(p) =1+ x1)T11(p) + 4(1 —e)(1 + ex2)(1 + ex2 — e — x1) sin pwToa(p),
Ti1(p) = (1+ x1)*[sin p(r — @) — cos® a] +

+ €*(1 4 x2)?[4p(p + 1) sin? asin? pa + sin? p(7 — @) — cos? a] —

(
—4(1 —e)(1 + x1)[(p + 1) sin? asin® pa + sin pr sin p(7 — 2a)] +
+4(1 — e)?[p(p + 2) sin? asin? pa + sin? p(r — ) — sin® pacos® a] +
+4(1 —e)e(1 4+ x2)[(2p + 1)(p + 1) sin® asin® pa + sin pr sin p(7 — 2a)];
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1 OO:U+1 In G(it)| + targ(G(it
J(x):explgﬂ in G(it)| + targ(@it) o |

2+ (z +1)2
0
A — KopeHb ypasHeHusi ctg At + 8 = 0 na unrepsasie (—1,0). 31ech u HUZKe BBIPAYKEHUST JJIsI
D1(p), G(p), K*(p) u HeKOTOPBIX JPYTUX BEJIMYHH, ONpeieneHHbX B [1], m3-3a rpoMosikocTH
He NPUBOIATCH.
B Touke O’ B coOTBETCTBHM C OOIIMME HOJIOXKEHHSME O HOBEIEHUN HAIPSIKeHUH BOIN3H
OCTPOKOHEYHBIX KOHIIEHTPATOPOB MMEET MECTO KOPHEBas OCOOGEHHOCTDH HAIPSAZKCHMIA:

K
0= q, r—d+ 0, Trg ~ ——, (4)
27(r — d)

rne K — Ko3h@UIMenT MHTeHCHBHOCTH HAIIpsyKeHnil B Komme auann paspeisa OO, KoTopblit
JOJIZKEH OBITh OIpese/ieH B XOJe PEIeHUs 32 1aqu.

Permenne copmynposannoii Kpaesoii 3agaun (1)—(3) Oymem uckarb B Bujie CyMMbI PeIleHuit
CJIeJlYIOINUX JBYX 3ajad. IlepBasi ormmdaercst oT Hee TeM, 4To B (1) BMECTO HOCJIEIHErO YCJIOBHSI
u B (2) BMECTO 1EPBOrO yCJIOBHs IPUHUMAEM

2
O=a, o0p=0; O=a, r<d,  Tg=71—fior—» Cifor, (5)

a Ha GECKOHEYHOCTH HAlpsizkeHusi yobiBaloT Kak o(1/r). Bropas 3amaua — 3aja4a, aHaJIOrHIHAST
ucxoHoi, upu d = 0, pemienre KoTopoii nosiaydeso B [1].

Onpenesienne nmapaMeTpoB 0o0JIaCTH JIeCTPYKIMU. [IpUMeHUB K ypaBHEHUSIM PaBHOBE-
cusl, YCJIOBUIO coBMecTHOCTH JsiecbopManuii, 3akony 'yka u rpanndsbiM yesosusiM (1) mpeobpa-
soBarne Mesnna [12| u yuursiBas Bropoe ycsosue (2) u ycsosus (5), npuxogum K GyHKIHO-
HasibHOMY ypaBHeHui0 Bunepa—Xorda nepsoil 3amaun B mosoce —e1 < Rep < &9 (g1, €2 —
JIOCTATOYHO MaJIble II0JIOXKUTEJIbHBIE YHCIIA):

2
- Ci foid™ _
oF 71 — f101 . iJ2i - _t H(p)®
T+ 211774‘ N 11 gpmH(p)®7 (p),
0 1
+ _ 3ur
(bl (p) = Trg(pd, a)ppdp, q)l (p) 1 ppdpa
— Vl r=pd
1 0 0=«
cos pmrD
Hip) = P20 D) = Daolp) — 4D (p)
sin? p D1 (p)

Dao(p) = 0,5(1 + x1)e(1 + x2)d2(p)s1(p) — s2(p)so(p) + e(1 + x2) X
x cos prr[de” (1+x2) d1 (p)da(p) — (14 x1)*d3(p)ds (p) +2(14x1 )e(1+ x2) cos prss(p)],
Dy1(p) = 4sinprsa(p)[e*(1 + x2)*da(p) + s0(p)] +
+4(1 4+ x1)e(1 + x2)[cos pr sin 2pasy(p) + e(1 + x2)p(p — 1) sin

so(p) = (1+x1)* =2(1+x1)[e(1+x2) +2(1 —e)] sin” pa—[e(1+x2) +2(1—e) ] da (p), (6)

2 asinp(m — 20a)],
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2(1 + x1) cos prds(p) + 4e(1 + x2) sin prdy (p),
2(1 + x1) sinprds(p) — 4e(1 + x2) cos prdy (p),

s1(p

sa(p
2

»n

3(p) = 2sin pasinp(r — a) + psin 2a sin p(r — 2a) — 2p*sin? acos p(m — 2a),

)
)
) =
a(p) = (L4 x1)ds(p) + [e(1 + x2) + 2(1 — €)]d1(p),
) =
) =
) =

w

dy(p) = sin® p(7 — ) — p?sin? v, da(p) = psin 2« — sin 2pay,
ds(p) = psin2a — sin 2p(7 — ), dy(p) = p?sin® o — sin? pay,
ds(p) = psin 2a + sin 2pay, dg(p) = psin® a — sin® p(r — a).

Perenne ypasuenust (6) M0JIy4eHO AHAJIOTUIHO PEIIEHUIO YPaBHEHMsI TAKOTO Ke poja B [13]
U UMeeT BUJI:

+o\_ PH"(p) 11— fioi [ K (p) (-1)
rp) = K+<p>{ Pl [pH+(p)+ <1>}
2

Cifoid [ K*(p) KT (-1-\)
"2 [ph”(p) Sy A»H (Rep <0)

(1 — fro1) K+ 22: Cifod K+ (=1 = \;) 7)

1 (p) = K_(p)H_(p)[ (p+1)H*(— (p+ 14+ M)A+ X)H(=1-N)

=1

(Rep > 0),

2mi zZ—Dp H™(p) (Rep > 0).

—100

Ucnonb3yst acumnrotuky (4) u nHaiijennoe pemenue (7), mosydnm KodhOUIMEHT HHTEHCUB-
HOCTH HAIIPsZKeHWil B KoHIe jmanyu paspbsa OO0

B (11— i) KT (1) G~ Cifosd KH(—1 - \;)
e _@[ H(-1) 2 (14 M) H (=1 - Ai)] ’

[TpupaBuuBast K K HyJ/II0, IPUXOAUM K TPAHCIIEHACHTHOMY YPaBHEHHUIO JJIT BHIYUCIECHUS JIJTH-
HBI 00JIACTH JECTPYKIIAM:

22: C foid K+ (=1 — \g)J1(0)

1+)\ KJF( )Jl()\l) :Tl_flal’

i=1

(@) = exp [ % / (z + 1)lnt]2H—£i(tg)U] i f)z;rg(H(it)) dt]'
0

[TosiBenne 0b6J1aCTH AECTPYKIUK U3MEHSIET HAIIPSIXKEHHO-1e(bOPMUPOBAHHOE COCTOSTHIE BOJIU-
31 BEPIIUHBI TPEIIUHBI, KOTOPOE Terephb Oy/eT OIPeaeaaThCsa MOKA3aTeeM CHHIYISIPHOCTA Ha-
npsizkennii Ay (—1 < Ag < 0), yJIOBJIETBOPSIONIUM yPABHEHUIO

Dy(—1—x) = 0. (8)
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PackpbiTue TpemuHbI M yCJaoBuUsl ee cTparuBaHusi. lIpu npeneGpexkeHun 06JACTBHIO
JIECTPYKIMU PACKDBITHE TPEIIUHBI B €€ BEPIIUHE, COIVIACHO IPHHSATHIM I'DAHUIHBIM yCJIOBHSIM
((ug(r,£m)) =0, (u,(r,«)) = 0), paBHo Hys0. O6pazoBaHue ke 0BIACTH JIECTPYKIIUK IPHBOUT
K HEHYJIEBOMY CJIBHIOBOMY CMEINEHUIO GEeperoB B BepiuHe §, DABHOMY xlimo |(u)y=0| u cBsizan-

HOMY CO CKadKOM KacaresbHOro cMmernennst < u,(0,a) > coornomenuem § = (u,(0,a))/ cos a.
[Mocneqanit MoxkeT OBITH OLpenesieH u3 ero cBsa3u ¢ dyukiueir ) (p), HorydeHHO B X01e pe-
IIEHUS 38/[a9N:

(u,(0,)) :—<a§;"> o a:—wﬁmoy

Ucnonwsyst (7) u ycnopue K = 0, mosryanm:

5= — 2(1—V1) ZCfQ@d K+(1+)‘) )‘z
Gicosa /7H (0 Ji(Ni) (1+Xi)?

CrparvBaHue TPENUHbI [TPOU30IIeT MPU JTOCTUYKEHUH BEJIUIUHON 0 HEKOTOPOI'0 KPHUTUUIECKO-
ro 3HavYeHus: 07 — HpeJeJbHOI BbITsiKKU [14], npescrassitomeii coboii XapaKTepucTuKy Ipo-
YHOCTHU IIEPBOTO MaTepuaJsa. B mpernosioyKeHun MaJoCTH 30HbI NIPeIpa3PyIIeHNs], YTO sIBJIsIeTCSH
YCJIOBAEM TIPUEMJIEMOCTHA PACCMOTPEHHON MOJEH, IPUPABHSIB 0 K 01, MOXKHO HaiTH BEJIUIUHY
paspymiaiolieii Harpy3KH.

AHann3 moJIyYeHHBIX Pe3yJIbTATOB U BBIBOABI. [IpoumiocrpupyeM CjeiACcTBUS U3 II0-
JIY9EHHOI'O pelleHust 3aJa49n 00 obJiacTi JeCTPYKIMU Ha MIPUMEpe TPelIuHbl AauHoil L, pacio-
JIO’KEHHOH Ha IIJIOCKO# IpaHulle pasiesia KyCOuIHO-OMHOPOIHON IJIOCKOCTH, HATPYKEHHOM Ha, Oec-
KOHEYHOCTH CJIBUTAIOmuM HampskenneM ¢ = 0,10y npu v; = 1o = 0,3, p = —0,35 = 0. IIpnu
BBIYKCJICHUSIX JIJIMHBI HAUAJIBHON 30HbBI IIPeIpa3pyIleHus 110 [1] B yKasaHHBIX yCJIOBUSIX HATDYXKe-
HUS MCIIOJIb3YETCsl BhIparKeHHe JIJist KO3 PUIMEeHTa NHTEHCUBHOCTY HAIPs2KeHuii kjr, HailleHHoe
B [11]|. ConporuBienue ciBury nepBoro Marepuasa ObLIO IPUHSITO PABHBIM T| = 50, YTO COOT-
BETCTBYET ero cJaboil MIACTUYHOCTH; IPU MEHBINNX 3HAYeHUsIX T1 (0COOEHHO pu 71 < 07) JJINHA
00J1acTH IeCTPYKIINNA OKA3BIBAETCA OJIHOIO IMOPSIAKA C IJINHON 30HBI Ipeapa3pyIleHus], YTO Hapy-
IaeT UCXOJHbIE HPeANnochlIKn 331aun (d < ) u npejmonaraer HHONH MeXaHU3M DA3BUTHs 30HBI
[peIpas3pyIlieHusi, a UMeHHO, oOpa3oBaHue OoJiee pa3BUTON ILIACTHIECKON 30HbBI, MOJAEIUPYEMOI
JIMHUEN pa3pbiBa KacaTeJbHOI'0 CMEINleHUd [13], B IIPUBEPUIMHHON YaCTU KOTOPOM CyIIeCTBYeT
MaJjiasg 06J1acTh JeCTPYKIMH, TJIe TEPISIT Pa3pblB U KacaTeJbHOe, 1 HOPMAJIbLHOE CMEIeHHS.

Pesybrarsl BBITOJIHEHHBIX BBIYUC/IEHNN TpuBeleHbl B Tabj. 1. CorsacHo pacderam, JIJIHHA
obJracTy 1eCTPYKIUU d, B OTJIMIHE OT JIJTMHBI 30HbI IIpeapa3pyIleHus [, pacTeT ¢ yBeJn9IeHneM KO-
s dunmenTa TpeHusT MeXKIy OeperaMu TPEITUHBI, YTO MOYKET ObITh CBI3aHO C 3aBUCUMOCTBIO OT
TPEeHUsI HAMMEHDIIIEro ITOKa3aTe sl CTelleH CUHIYISPHOCTH HAIpPsIKEHUH A1, XapaKTepusyIole-
0 HAIIPS2KEHHO-1eOpPMUPOBAHHOE COCTOSTHIE BOJIM3U BEPIIUHDI TPEIIUHBI ITOCe 0OPa30BAHMUS
30HBI IpeJpa3pylleHnst. Pa3zmepbl 06/1acTH JeCTPYKIMN, KAK U 30HbI IIPEAPa3pyIIeHusi, PacTyT
C yBeJIMYEHHEM OTHOIIEHUs YIPYIUX MOCTOSHHBIX cpesl G1/Go, T.e. ¢ yBeJMYeHHeM KEeCTKOCTH
BEPXHEr0 MaTepHuaJia IO OTHOIIEHHUIO K IIOJJIOXKKE.

O6paszoBanne 006JlacTH JECTPYKIIUU IIPUBOAUT K OCJIaOJIEHHIO KOHIIEHTPAIMH HAIIPsI>KEeHU
y BEPIIMHBI TPEIUHbI: HAUMEHbIINI KOpeHb A4 ypaBHeHus (8) u3 unrepBasa (—1,0) Gosbiie
HE TOJIbKO HAWMEHBIIEro IMOKa3aTe s CUHIYJISIPHOCTH HAIIPSXKEHUI A mocje 00pa30BaHusa 30HbI
pepa3pyIieHusi, HO U U3HAYAJIbHON CTEIIeHW CUHTYJISIPHOCTH A 10 O00pa3oBaHusl ODEHX 30H:
Adl > A > A
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Tabauya 1

Gi/G:| p | 0 —0,05 0,1 0,15 0,2 ~0,25 0,3 ~0,35

0,1

0,9

a® 67,57 67,37 67,16 66,95 66,75 66,54 66,34 66,14
I/L  6,19-107% 6,06-10"% 5,94-10™ 5,83.107° 5,73.107° 5,64-10"% 5,56-10"° 5,51.107°
d/L  1,94107* 2,02:107* 2,12.107* 2,22.10°* 2,34.107* 2,48-107* 2,65-10* 2,86.107*

%ﬁ 3,83.107% 3,95.107° 4,08-107° 4,22.107% 4,38107% 4,56:107% 4,76.107% 4,99.107%
g1
A -0,5 —0,4963  —0,4926  —0,4888 —0,4851 —0,4814 —0,4777  —0,4740
A1 —0,8422 —0,8514 —0,8610 —0,8712 —0,8821 —0,8940 —0,9073 —0,9230
Aar —0,3435  —0,3221 —0,3008 —0,2801 —0,2613 —0,2460 —0,2353 —0,2283
a® 70,33 70,31 70,30 70,28 70,27 70,25 70,24 70,22

I/L  6,96-107° 7,03-107% 7,10-107° 7,19-107® 7,29-107® 7,43-107% 7,62.107° 7,98107°
d/L  2,14107* 2,33-107* 2,56-107* 2,82.107* 3,16:107* 3,61-107" 4,34-10* 6,97-107*

%ﬁ 7,44-107% 8,19-107* 9,06-107® 1,01-107% 1,15-107% 1,34.107% 1,67-107% 3,25-107>
g1

A -0,5 —0,4998  0,4995  —0,4993 —0,4990 —0,4988 —0,4986  —0, 4983
M —0,8731 —0,8841 —0,8957 —0,9080 —0,9215 —0,9368 —0,9556 —0,9856

Ad1 —0,4880 —0,4875 —0,4871 —0,4867 —0,4864 —0,4861 —0,4858 —0,4855

Takum 06pa30oM, pacCMOTPeHHAs KOMILIEKCHAs MOJEb 30HBI IPeIpa3pyIIeHus COOTBETCT-
BYET CJIEJIYIONIEMY MEXaHIU3MY HAYAJIBLHOIO PA3BUTUS MeXK(A3HOU TPEIIUHBI B YCJIOBUSX CIIBUTA.
Y BepIIUHBI TPEIUHBI 00pa3yeTcs 00/1acTh KOHTaKTa OeperoB n y3Kast OOKOBas 30Ha MIpeapa3py-
IIEHNUs, B IIPUBEPIITUHHON YaCTU KOTOPOU BO3HUKAET 30HA IMOBBIIIEHHON JleopMallnd MaTepua-
Ja — O6.HaCTB AECTPYKIUU, IIPUBOJAIINE K OTHOCUTEJIbHOMY CABUI'Y BEPIINH BEPXHETO U HU2KHET'O
OeperoB — pacKpbITUIO Tperuabl. C yBeJMueHneM HAIPY3KH pPa3Mepbl 30HbI [IPEPA3PYIIeHUs
u 00JIaCTH JEeCTPYKIINU, & TaKKe PACKPBITHE TPEIIUHBI pacTyT. IIpn HEKOTOPOM HAIIPSKEHUN
PACKDBITHE CTAHOBUTCS PABHBIM KPUTHYECKOMY U IIPOUCXOJIAT CTPArUBAHUE TPEIIUHBI B HAIIPAB-
JIEHUU, OIIPEJIEJIsIEMOM OpUEHTAIMell 30HbI IIPe/pa3pyIIeHus, a IPeod/IaIaloNuM MeXaHU3MOM
pa3pylIleHns B PACCMATPUBAEMOIl YaCTH TPEIIUHBI SIBJISIETCS CIIBUL.
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Ymanckut 2ocydapecmeentoili nedazo2uieckuti

yHusepcumem

A. O. Kamiucekuii, M. B. Iyauk, JI. A. Kinnic

BnuuB obJsiacTi gecTpykKilii Marepiaity 0ijiss BepinumHN MiXKda3Hoil
TPIIIMHY HA YMOBHU i1 3pYIII€HHS

B ymosax naockoi degpopmauii memodom Binepa—Xongpa 6ina sepusunu mistcdasdnoi mpiwum 3cy-
8y, bepeau AKoi 63aeM0O0NOMb 3 MEPMAM, 8 PAMKAL KOMNAECKCHOT MOOJEAT BUKOHAHO PO3PATYHOK 00-
Aacmi decmpyruti y npuaezaiti do 8EPUUHY YACTNUHT NOYAMKO80T 301U nepedpylinysarts. B obaac-
mi decmpykuil NPUNYCKAEMBECA PO3PUE AKX HOPMANOHO20, MAK 1 Q0OMUwHO20 nepemiwerHs. Ompu-
MAHO BUPG3YU OASA DOZPATYHKY C0BHCUHU 00AACTG DeCTPYKYIL Ma POSKPUMMA MPIwuHy. 36 dono-
M02010 0epopmayitino2o KpUmepio JdocaiodHcero 6NAUG 30HU JeCMPYKULL Ha 3PYWEHHA MPIULUHU.
Busaeaeno, wo 3pywenns mpiuwunu 6i00Ysaemues 6HACAII0K 8I0HOCH020 3cYy8Y it bepezis binsa eep-
WUNY.

A. A. Kaminsky, M. V. Dudyk, L. A. Kipnis

Influence of the process zone at the tip of an interfacial crack on the
condition of its advancement

The calculation of the process zone in a part of the initial prefracture zone adjacent to the inter-
facial shear crack tip is executed by the Wiener—Hopf method for the plane strain conditions
within a complex model. The crack lips are in contact with friction. The normal and tangential
displacement discontinuities in the process zone are assumed. The expressions for the calculation of
the process zone length and the crack opening are obtained. The process zone influence on the crack
advancement is investigated by the deformation criterion. The fact that the crack advancement is
a result of the relative shear of its lips near the tip is discovered.

ISSN 1025-6415  Jlonoeidi Hauionarvroi axademii nayx Yrpainu, 2014, Neb a7



