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Ha ocHOBaHMM 2HEPreTHYECKOro MoaXo1a K MPOoILeccy XPYIKOro pa3pylleH sl oJIy4YeH HOBbIN SHEPTreTu-
YeCKUil KpUTepUil paspylleHUsT B cllydae, KOTIa Ha MOBEPXHOCTU M30JUPOBAHOUN TPEIIWHBI AeHCTBYEeT

MIPOM3BOJIbHASI HOPMaJIbHAsi CHMMETPUYHAsI Harpy3kKa.
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B coobmeHnn paccMaTpuBaeTcs OOOOIIEHHOE
SHEpreTUIYECKOEe YCIOBHE pa3pylleHus tuma I pud-
durtca [1, 2], SBHO 3aBuUCHIIEEe OT TEPMOAMHAMUYE-
CKUX ITapaMeTpOB MaTepuasa, B ciiydae, Koraa K 1mo-
BEPXHOCTH TPEIIMHBI ITIPWIOXKEHA IPOMU3BOIbHAS
HOpMaJIbHasi CUMMETpUYHAasI Harpy3Ka.

OcHoOBOMOJAramIeMy 3HEPreTUYeCKOMY YCIIO-
BuIo paszpyureHus A. I'pudourca sKkBUBaJeHTEH CH-
JoBoit kputepuit JI. MpBuHa, ycTaHaBIWBAIOIIUIA,
YTO CYIIECTBYET KPUTUUECKOE 3HaUeHIEe KO3 DULn-
€HTa MHTEHCUBHOCTH, 110 JOCTIKEHIUH KOTOPOTO Ha-
YMHAETCSI UHTEHCUBHBINA pOCT TpeluuHbl [3, 4]. dns
0000IIEHHOTO YHEPreTUYECKOTO YCIIOBUS 3TO YTBEP-
XKIeHEe He MMeeT MECTO, MOCKOJbKY MHTErpajl 3H-
TPONIMMUHON COCTABJISIOIIEA BHYTPEHHEW SHEPIUu,
YYUTHIBAEMbIIA B 00OOIIEHHOM YCJIOBUM, HE MOXET
OBITH BBIUMCJICH Yepe3 YITOMSIHYTHIN KO3(OUINCHT.
DTUM 00yCIIOBIMBACTCSI pa3BuBaeMasi B JaHHOM CO-
OOIIeHNN KJIacCUYecKasi SHepreTudeckask KOHIIEII-
1S IIpoIecca XpPYIKOro pa3pylieHus, He TpeOyio-
1asi arpuopu PacCMOTPEHUST ACUMIITOTHUYECKOIO
MIPEACTABIICHUSI KOMIIOHEHTOB pEILICHUSI COOTBET-
CTBYIOIIEH 3a1a41 TEOPUU YIIPYTOCTH B OKPECTHOCTH
BEPIIMHBI TPELIMHBI U ONIMPAIOIIAsICS ITPU BHIYKCTIC-
HUY WHTErpajioB BHYTPEHHEI 3HEPTUU Ha UX KOH-
TYpHOE IIpeAcTaBlIeHIEe 1 ITpuMeHeHne TeopeMbl Ko-
1111 O BbIYETaX.
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D,J'ISI OOJHOKPATHOI'O CTaTUYCCKOIro Harpy>keHus B
N30TCPMHNYCCKOM CJIydac 3TO YCJIOBUEC UMECCT BU

dW =0, W =Ug+yX-A4, ()

raie Uy — BHYTPEHHSISI 3HEprusi tenaa ¢ nedekTom
(TpeluunHoli), Y — yAedbHasi BHYTPEHHsISI 3HEprusi,
3aTpaueHHasi Ha o0pa3oBaHUE EOVHUIIBI TLIOLIALN
MOBEPXHOCTHU AceKkTa X, 4 — paboTa BHEITHUX CUJL.

VYcnosue (1) oTnMyaeTcs OT KJIaCCUYECKOTO YCJIO-
Bug A. I'puddurca TeM, 4TO B KJIaCCUIECKOM YCIIO-

BUU BeauuyuHa Uy — MOTEHUUWANTbHAs SHEpPrus Je-
dopmupyemoro Teia ¢ neeKToM, a B paccMaTpuBac-
MOM YCJIOBMMU 3Ta BE€JIMWYMHA €CTb BHYTPCHHSA
SHEPIuUs, coaepKalas IOMIMO IMOTeHIIUAJIbHOI cO-
CTaBISIOIIEN U SHTPOIUIHYIO COCTaBJSIONIYIO, 3a-
BUCHILYIO OT JIMHEHHOro Ko3(MduieHTa TerioBOro
pacimpeHus 1 aOCOIIOTHOM TeMITepaTyphbl MaTepuaa.

PaccmoTrpum teno, HaxomsIeecs B INIOCKOM Ha-
MpsCKeHHO-Ae(OPMUPOBAHHOM — cocTossHuM. Jis
TeJI, IIOMUMHSIONINXCS 3aKoHy [yKa, B M30TepMUde-
ckoM cnyyae (npu 7' = T = const) BbIpaxeHUE s
W umeer Buz [5, 6]

W = lIGyEde + Ocoﬂz)klj‘g[jsijdy "
. ' %)
T qscv”i”jds, ij=12.
S

B ¢popmye (2) nBa mepBbIX C1araeMbIX IIPEACTaB-
JISTIOT BHYTPEHHIOIO 9HEPTHUIO Tesla ¢ AeeKTOM, TIpU
9TOM TIepBOE cllaraeMoe — MOTEHLUATbHYIO COCTaB-
JISTIONIIYIO, @ BTOPOE — SHTPOITUITHYIO COCTABIISIOIIYIO
BHYTPEHHEI SHEPIuH Teja V, orpaHnYeHHOTO KOHTY-

poM § =S, + Z, rae S, — BHELUHSS TpaHULIA Teaa, a
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2 — xkoHTyp nedekra. [locmenHee cinaraemoe B popMy-
Jie (2) npencTapisieT pabOTy BHEIIHUX CUJI HA TpPaHULIEe
Tena. 3/1eCh MPUHATHI 0003HAYEHUST: §;,€; — KOMIIO-
HEHTbI TEH30POB HaIpskKeHUs U aedopMalii COOT-
BETCTBEHHO, #; — KOMIIOHEHTBI BEKTOpa MepeMelle-
HUS, n; — KOMIIOHEHTBI BEKTOPA BHEIIHEH HOpMau

K TIOBEPXHOCTH TeJa, §; — cumBos Kponekepa, oy, =
=0, — IS IUIOCKOTO HAMPSIKEHHOTO COCTOSIHMS,
0 = 0 (1+ V) — mwst miockoii gedopmauuu, a, —
JIMHEWHBIN KO3(DDUIIMEHT TEIJIOBOTO pacmnpem/m
T, — abcomoTHas Temneparypa, k; = E / a1-v)—

IIJIOCKOTO HAIPSDKEHHOTO COCTOSIHMSA, k; = E / a- 2v) —

IUJIsI TUTOCKO# nepopmatium, £ — MoayJib YIIPYyrocTH,
v — koo duimeHt Ilyaccona.

Ecnu B hopmye (2) mpeHeOpedb BTOPHIM cliarae-
MBIM, TIOJIyYUM BBEIpaxkeHHe Ijisd W, COOTBETCTBYIO-
mIee Kiaccudaeckomy yeaoBuio A. I'puddurca.

Paccmorpum ycnoBue (1) pa3BUTHSI TpeUIUHBI B
YIIPYTOM TeJjie, KOTaa Ha MOBEepXHOCTHU AedeKTa nei-

CTBYET HArpy3Ka, a Ha BHEIIHEH rpaHULE Tenaa S, ne-
peMelileHus1 oopalaloTcs B HyJb. IIpeoObpa3zoBbiBast
BbIpaxkeHue (2) mpu noMoinu ¢hopMyisl [pruHa u ee
CJIEICTBUI, C y4€TOM I'PaHUYHBIX YCJIOBUi TToIyya-
em [7]

ds+v=.  (3)

-1 qSGUu nds — OLOITOkl(ﬁu d;n;
X

Bynem paccmaTpuBaTh OIHOIApaMETPUUYECKYIO

mozneib AedekTa. B aTom cinydae sHeprust W 3aBucur

OT OJIHOTO XapakKTepHOro IapaMeTpa KOHTypa Je-

dekTa a (HampuMmep, TOMYIJIUHBI TPEIIUHBI), T.C.

W =W (a). Toraa ycnosue paspymenust (1) ¢ yue-
TOM BhIpaxkeHUs (3) MMeeT BUI

(U (@) +12(a)

a

0,

1
Ula)= _545(612“1 + Oyt )X, — 4
2
— (011 + Oyuy) dx, + 0‘0171)]‘19S wdx, — udx,,
X

rae 2(a) — mIHa KOHTypa nedexra.

IMycTh ynpyras MaocKocThb, 0CIabaeHHas MPAMO-
NMHEHBIM  paspe3oM  {x,,x,|x, € [-a,a],x, = 0},
noaBepKeHa HOPMATbHBIM YCWINSIM, 3aJaHHBIM Ha
“Oeperax” paspesa, a Ha OECKOHESUHOCTH HaIIpsKe-
HUS 0OpallaloTCs B HYJIb. B 3TOM cilydae rpaHUYHBIE
ycJI0BUs Ha Geperax pazpes3a UMeloT BUJL

+
Gy = yh_)f{loﬁzz = _P(X),
Gy = hm Gy = —P(x), (3)
y—>-0
012 = 01_2 = 0

TIOKJIAZIBI POCCUMCKOM AKAIIEMUU HAYK.
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B BbIpaxeHUsX (5) BETMYUHBL 6;2, Gliz 0003Ha4YaIoT
3Ha4YE€HUs] KOMIIOHEHTOB HaIpsLKEHUSI Ha BEPXHEM U
HIDKHEM Oeperax pa3pe3a COOTBETCTBEHHO. PereHue
9TOi1 3agauu [8, 9] MOXeT OBITh MPEACTABICHO Yepe3

OnHy (DYHKLMIO KOMIUIEKCHOTO MepeMeHHOro Z, (z),
7 = X; + ix,, PETYJSIPHYIO BHE OTpesKa |x| < a:

jp &

Z, = dt, (6)
—a
I1pu sTOM
6, =—-xReZ, o,=Re”Z —x,ImZ],
622 = Re Zl + XZImZI, (7)

2““] = (1 - 2V)RC ZO - XzImZI,
B Beipaxenusix (7) dbyHkuus Z, omnpenensercs
=dZ,/dz, W= E/[2(1+V)].
C yuyeToM TpaHUYHbBIX YCJIOBUH (5) 1 CUMMETPUU

3aIa9y MHTErpajibl BHYTPEHHEM SHepruu (4) IpuMyT
BUII

YCIIOBUEM /|

U (a)
= —I p(xl)u;r (x,0)dx, — 20601T0klju; (x;,0)dx,.

—a

(®)

B BbIpaxkeHnu (8) BeaMYMHA 4; 0OGO3HAYAET 3HA-
YeHME COOTBETCTBYIOLIEI KOMIOHEHTHI TepeMelle-
HUSI Ha BepXHEM Gepery paspesa.

IMycts p(x,) = p = const. Torna BepaxkeHue (6)

NUMECT BUI

a
2
i &
2
TC z _a —a
Bxopsimmnii B BbIpakeHuUe (9) UHTETPAJI MOXET
OBbITh BHIUMCIICH TIPU TTOMOIIU TeopeMbl Ko1iu o BbI-
yeTax.

BribepeM BeTBb KBaApaTHOIO KOPHS B (popMmyie
(9) Tak, 4TOOBI B YKa3aHHOI 00JIACTU BBIITOJHSIJIOCH

Z = ©)

yCIIOBUE Vi=1. 910 yCIIOBHE BJIEUET 3a COOOM BHI-
TIOJTHEHUE CIIeTYIOITNX TPAHUIHBIX COOTHOIIICHUIA:

7-a - (10)

. 2 2
—iya —x;, x5, —>0-.

ITo Teopeme Koim o BeryeTax UMeeM:

VAR zpi > X
Z —a
' (11)
L (JS va &g_,_ ﬂdé
M Ly 6% 2T 572

OU3NKA, TEXHUYECKHUE HAYKU  tom 511 2023
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B Beipaxenum (11) BBemeHBI 0003HAYEHMUSI:

{|§ - z| = 8}+ — OKPYXHOCTb, OpDUEHTUPOBaHHAas MPO-

TUB YacOBOM CTPEJIKU, {|§| = R} — OKpYXHOCTb,
OpPMEHTHpPOBaHHAs IO 4acoBoOii crpenke. Ilpu aTtom
OKPYXHOCTb paauyca R oxBaTbIBaeT OKPY>KHOCTb pa-
JIuyca €.
Boerumcisist uHTerpaibsl B BeipaxeHuu (11) c yue-
ToM ycioBus (10), moirygaem
___ P2
Z

- P ) b,

Z —a

231
==7F
\/z -a \/a —x1

Torna, B cuity niocieaHei opmyisl (7), uMeeM

j\/ tzlllvp\/az —x2.(12)
a —l

HO,E[CTHBJISIH BeIpaxkeHue (12) B popmyiy (8), mo-
cJIe MHTeTPUPOBaHUS HAXOIUM:

hm ImZz, = hm Im

x,—10
|xi|<a

\xl\<a

1-v

u2 (xla =

2
Ul(a) = -n~—a’(p* + 20, Tyko p). (13)
B paBeHctBe (13) mis1 ockoro 1ecopMrUpOBaHHO-

TO COCTOSTHUSI CIIeyeT MpuHSTh ky = E(1 +v)/(1 —2v).

B cootsercTBum ¢ ycinosueM (4) npu X(a) = 4a ¢

y4eToM paBeHcTBa (13) monyyum

2 E Y
Tl-via
B dopmyine (14) orpuliaTenbHbIN 3HAK TIepen pa-
JIMKAJIOM COOTBETCTBYET KPUTMYECKOMY IaBJIEHUIO
P, IeucTBylollleMy Io OeperaM MaTeMaTU4eCKOro
paspesa.

Ecnu B BeipaxkeHuu (2) 1, COOTBETCTBEHHO, B BbI-
paxeHun (4) npeHeOpedyb BTOPHIM WHTETpajioM,
OMpEAEsIONIMM  BHTPONMUNHYIO  COCTaBJISIIONIYIO
BHYTpEeHHeM aHepruu, popmyna (14) npuHuMaeT BUL

—__/QLI
P nl—vza'

PaBeHcTBo (15) mpeacrasiisieT U3BECTHYIO (hOPMY-
JIy, COOTBETCTBYIOIIYIO KJIACCUYECKOMY YCIIOBHIO
paspymeHnd A. I'puddunrca, He 3aBUCAIIIEMY OT Tep-

MOIVMHAMUYECKHMX TTapaMeTpOB MaTepuania o, 1 7.

P’ = —0,Toky £ \/ ((XoToko) += (14)

(15)

Ilycth Temepb HOpMallbHAasg CMMMETPUYHAS Ha-
rpy3Ka, neiicTByiolas 1Mo Oeperam paspesa, mpen-
cTaBJIeHa ITOJJMHOMOM CTerneHu N, T.e.

= ch (a) x|

Torna BeipaxkeHue (6) UMeeT BUL,

JOKJAIBI POCCUMICKOU AKAJTEMUU HAVK. ®U3UKA, TEXHUUYECKUE HAYKH

7=l 1 j& gd&

Z—GHO

ITonb3ysich, Kak U BhIlIe, TeopeMoii Kolu, Haxo-
TIAM:

7

’ZZ _ a2
X (CO (@)(Va’ = 2" +ix) + D C,(a) K, (Z)j:

K,(z)=2"Va’ -2 +i(y,(z) + "),

(16)

lim ImZ, = —C, (a) —2— —
X, —>+0 22
j<a va — X
N n+l
_ Cn(a)Yn(xl)+xl

rae

1/2(1/2-1)...(
8 (k+1)!

[...] 03HAUaeT ey YacTb YHUCIIA.
Torna B cuity mocnenHei oopmysl (7) 1 BeIpaxke-

Hus (16) monyynm

N X n+l
u; ('x190) = —I__Vzcn (a) Mdt

| - Vaz—l‘z

B pasencTse (17) cemyer nonoxuts vy, (¢) = 0.

A7)

Boruucnsas uHterpainsl B BeipaxkeHuu (8), ¢ yde-
TOM npencTtaBiaeHus (17) rmocie npeobpa3zoBaHMii Ha-
XOIUM

n=0
N N
+ Z(;C,, (a) a"H;(Ai (a)+Cy(a))a T, +

N
+ Cy_ (a) aNZC,, (a)a"™'J, y +
N n=0 (18)

+Cy (a) aNHZCn (@)a""J, y a1 + 200, Tokoa X

n=0
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( Joo"'z (a))a” J011+
+Cyoi(@)a" Joy +Cy (a)a" oy |5
rae
5
g) = 22:( 11/2(1/2-1)...(1/2 - k) )
&= (k+1)!

X Copsi (a)az(kﬂ), i=1,..,N.

Jlnst BBIMMCIEHWS BEIMYMH J, , B BhIpaxkeHuH (18)

npu KaxmnaoM ¢pukcupoBaHHoM #n = 0,...,.N umeem
PEKYPPEHTHYIO (HhopMyITy
k+ k+l1 l
g2 = ke = IJ’M " dy,
k + k+2

1
J.y'”k“mdy _
e

0, n+k—yeTHoOE,

= 1-3-5...(n+k)
o , n+k—HedeTHOE,
2:4-6...(n+k+3)
il 1 — 4eTHOE,
n+
= (19)
To =3 . 1-3-5...n
1- , N —HeYeTHOoe,
n+1{ 2-4-6...(n+1)
1-3-5...(n—1)
- , N —4YeTHOoe,
o = 2:4-6...n(n+2)

0, »n—HeyeTHOE.
OtMeTuM, uTO BhIpaxeHue (18) momyckaer aud-
¢depeHLIMpPOBaHNE MO a B 001lIeM BUJE.

HuddepeHuupyst BeipaxkeHue (18), B cooTBeT-
CTBMH C yCJIOBUEM (4) MOJyIMM COOTHOILIEHHUE, CBSI-
3bIBAIOIIEE BEIUUYMHY @ (IOJIyIJIMHA TPEIIUHBI) C Ha-
IPY3KOM, BBI3bIBAIOLIECH €€ PAa3BUTHE.

B 3akiioueHre paccCMOTPUM HEKOTOPbIE YaCTHHIE
cyd4au, WUTIOCTPUPYIOIIKE ITOJIYyYeHHBIM B paboTe
pe3yibTaT.

1. IMycTh pacTaruBaroIas Harpy3ka, IMpYIOKeH-
Hasl K 6eperaM TpelrHbI, U3MEHSIETCS 110 TMHEIHO-

My 3aKkoHy, T.e. p(x)=C,(a)+C (a)x,. Tak Kak
Harpyska pacTsirMBaioiasi, To p(x) =0 mwst Bcex
X, € [a,a]. DTo 03HAYAET, YTO BHIMOIHSIIOTCS PABEH-
ctBa: p,(—a) =dyu p,(a) = d,,tne d, 2 0,d, > 0 (wm
d, > 0,d, > 0) — moOble uncia.

Torna nist koadduumentos C, (a) u C, (a) nmeem

JOOKJAIBI POCCUMCKON AKAJTEMUU HAYK. ®U3UNKA, TEXHUUECKUE HAYKH

G@=22L G-

I[Ipu N = 1 BeIpaxkenue (18) mpuHUMaeT Clenayro-

W BUI:
1— C (a
0(0) = =28 (€ @) 1 + 0 ad)

+ C, (a)a2 (Co(a)Jo, +Ci(a)ad)) +
+C (a)d’ (Cy(a) Joo +Ci(a)al,) +

b=d
20
> (20)

(21)

20 Tykod (—%q (a)aty, +Cy(a) o, +C (a)afo,z)} .

ITo dbopmynam (19) HaxonuM:

Joo =1, Jo, =_§= Jos :§,
. . (22)
Jo==, J,=0 J,==—.
1,0 4 L1 1,2 16

B cuiy paBeHcTB (20) u (22) BeipaxkeHue (21) ns
BHYTPEHHEN 2HEPTUN MPUHUMAET BUT

U(a) = -0V
641
X (dy + dy)(9d, + 7d, + 320, Tyk, ) @

B cooTrBercTBUM € ycioBueM (4) ¢ y4eTOM paBeH-
cTBa (23) monyyaeMm

128u
n(l-v)
2. Mycetb p, (%) = Cy(a) + C, (a) x;. TockonbKy
Harpy3ka pacTsiruBaiolnasi, T.e. p,(x;) > 0 mwis Bcex
X, € |a,a]. DTO 03HAYAET, YTO BBITOJIHSIOTCS PABEH-

(23)

[(d, + d,)(9d, + 7d, + 320, Tyk,)]”

a=v "(24)

ctBa p, (a) =d, u p,(0) =d,,tned, 20, d, > 0 — mo-
Oble yuca.
Torna nig koadduimentoB Cy(a) u C,(a) umeem:
d, —d,
CO (a) = dz, C2 (a) = _% (25)

IIpu N=2uC (a) = 0 BeipaxeHue (18) npuHuU-

MAaeT CIAeAYyIOLIA BUI;
U(a)= I_—V{a2 (—CzT(a)az +C, (a)) X
w

X (CO (a)Jy, +C, (a)d’J, 1) + 26)
+C, (a)a* (Cy (a) Jos + Cy (@) @’z ) + 20 Tokga” X

x(( C22( )a +C0(a)jJ01+C2(a)a ij}

ITo dbopmynam (19) Haxonum

Joo=m J,=-% g =% g -_3
0,0 0,1 2 0,2 2 0,3

8
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J1,0: 5 Jl,l =0, Jl,ZZ%a ']1,3:03 (27)

T
4
T

Jo=% g, =-F gy =K gy -
2,0 3 2,1 8 2,2 6 2,3 48

B cuny paBeHcTB (25) u (27) BhIpaxkeHUe IJisi
BHYTpPEHHEM 3Hepruu (26) UMeeT BUJI
_m(l-v) o

24u (28)
x((dy —d,)’ +6d; + did; + 60Toky (3d; +d))) a”.

Ul(a) =

B cootBercTBUU C ycioBueM (4), C y4eTOM BbIpa-
XeHus (28), moydaem

48u 9
n(l-v) (29)
x[(d, — d,)’ + 6d; + did> + 60, Tyky (3d + )]
Dopmynsr (24) 1 (29) onpenensroT 3aBUCUMOCTh
MTOJTy/UTUHBI TPEIIUHBI @ OT COOTBETCTBYIOIIEH Ha-
IPY3KH, MPUJIOXKEHHOI K 6eperaM TpeIlNHBI, (pU3r-
KO-MeXaHMYeCKMX ITapaMeTpOB MaTepHaa, ero TeM-

nepatrypsl U JUHEHHOTO Ko3(h(PUIIMEeHTa TEIIOBOTO
paciupeHus.

a=Yy
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Based on the energy approach to the brittle fracture process, a new energy criterion of fracture is obtained in
the case when an arbitrary normal symmetrical load acts on the surface of an isolated crack.
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