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In the paper stress-strain behavior of solid during flat strain in case of its volumetric incom-
pressible behavior and ideally brittle destruction is studied. Parameters of the system of differential
equations of balance and its correlations are obtained. In this case, condition of stress and strain ten-
sors axiality is used. Boundary problem for determination of stress-strain behavior at destruction
zone is formulated. As example, equations of ideally brittle out-of-limit deformation of solid in
form of rectangular plate (pillar) during uniform compression are considered. It is shown that when
displacement of side border of the plate is observed, it is possible to predict its destructions.

Key words: brittle destruction, stress behavior, parameters, correlations of the parameters,
boundary problem.

Beeoenue

JlnarpaMMa M3MEHEHUs HaIpSHKEHUH C POCTOM JAepopMaliuii XapakTepU3yeT
U3MEHEHHE COMPOTHUBJICHUS Marepuana negopmupoBanuto [1-4]. Eciu Hanpsokenue
BO3PACTAET, TO 3TO O3HAYAET POCT CONMPOTHUBJIECHUS, €CIIM HANIPSKEHUE MAJaeT, TO CO-
POTUBIIEHHE MaTepHayia AehOPMHUPOBAHUIO TMAAET, TO €CTh MPOUCXOIUT €ro pas-
pymenune. KpuBas 3amnpenenpHOro aehopMHpPOBAHUS MOXKET ObITh moJjiorod. Ecmm
OHa MPEACTaBISAET COOOM OTPE30K BEPTUKAIBHOM MPAMOH, TO 3TOT (aKT OTHOCHUTCS
K WAeabHO-XpynKoMy pazpymieHuto [5-11]. Ilnockas nmedopmarus wumeambHO-
XpYIKOro maTepuajia ¢ 00BbEMHON HECKUMAEMOCTBIO HccienoBaiack B [8]. 3mech
UCIIOJI30BAJIOCH YCJIOBUE HEC)KMMAEMOCTH CpeZbl U JIBa YPABHEHUSI COBMECTHOCTH
nedopmaliuii, coaepkaiiyue Npou3BOAHbIE OT KOMIIOHEHTHI BEKTOpa MOBOPOTa B Ha-
IpaBJICHUH OCHU Z. BbIIu MoiyyeHbl ABE XapaKTEPUCTUKU CUCTeMbl AU(depeHInaib-
HbIX YpPaBHEHHUH UIsl NIEPEMEUICHW WM JIBa COOTHOLICHUS HA HUX, CBSA3BIBAIOIINE
KOMITOHEHTY BEKTOpa MOBOPOTA U YToJl, 3aJal0lKi TJIaBHbIE OCHU TeH30pa aedopma-
muit. B [8] He copmynupoBana rpaHuvHas 3agada, U, KpOMe TOTO, 371€Ch HET ypaB-
HEHUH U1 OTpeieNieHnsl HanpspbkeHuid. B npenaraemoii padore 0y1yT pacCMOTPEHBI
BOIIPOCHI, KOTOpPBIE HE permanuch B [8]: OynyT copmynupoBaHbl ypaBHEHHS ISl OTI-
peleneHus HalpsyKeHUHM W rpaHuYHas 3aJada sl HaXOXKIACHUS W HaIpsSKEHUM,
u aedopmanuii.

Yacmo 1. Onpeoenenue nanpaxcenuil, oegpopmavuii
npu NA0CKOU Oehopmayuu 01 00bEMHO — HECHCUMAEMO20

U0ea1bHO—XPYNKO20 Paspyuiaemozo mamepuaia

[ToctanoBka 3amauu. [lycte paccmarpuBaeTcsi cpena, Mg KOTOPOM B IpsIMO-
YTOJIBHOM IEKapTOBOM cucTeMe KOOpAUHAT X(Oyz BBINOIHSAIOTCS YPaBHEHUS:

g7=0, ex+&),=0, (1)

Ex — &
% =T"cos2Q), Exy = I'sin2Q), F=Fp , (2)

rae Fp — 3HAYCHUE MaKCUMaJIbHOW KacaTeabHOH AedopMalum
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IpY UACATBHO XPYIIKOM pa3pylIeHUU Ha Auarpamme 1 = T(F), rae T — makcumanb-
HOE KacateyibHOe HanpsihkeHue (puc. 1).

v

Puc. 1. Jlnarpamma u3mMeHEeHUs] MAKCUMaJIbHOIO KaCaTEeIbHOIO HanpshkeHus: T
C pPOCTOM MaKCHMAaJIbHOM KacaTenabHOU nedopmanuu (casura) I°

[Tonaraem, uto B nporecce 1epopMUPOBAHUS U Pa3pyIICHUS CPEIbI

2& 2T
— Y —yg20=—— 3)

1g2Q =

rac 0 — YTOJ MCKAY IICPBLIM I'NTABHBIM HAITPABJIICHUCM JIJIS1 TCH30pa HaHpH)KCHI/Iﬁ TG

M OChI0 x, {2 — yroy MeXJ1y MepBbIM TJIaBHBIM HaIlpaBiICHHUEM i1 TeH30pa aedop-
manui Tg u ocpro x. PaBeHcTBO (3) O3HA4aeT TO, YTO INIABHBIE OCH TEH30pOB T

1 T coBmazaroT Bo Bee BpeMs A€HOPMHUPOBAHUS CPEIBL.

Kpome (1)—(3) npeasiaraeM BBIMOJHEHHUE YCIOBUM COBMECTHOCTHU JeopMariuii:

(853; B Ogyy dw, 0

ox oy oy @
Oex Oxy N Oy _ 0.

oy ox ox

rae w, — KOMIIOHCHTa BEKTOpPa I10OBOPOTa
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I({ov oOu
o= X 5)
2{0x Oy

U,v,— KOMIIOHEHTbI BEKTOpa MEPEMELICHUI. A TaKXe MPEANOJIAracM BbINOJIHEHUE
YPaBHEHUW PABHOBECHS:

%Jrafﬂ:o arﬂJr&Q:o

(6)
ox oy ox oy

B [8] cooTHomienus (1), (2) nmoacrasnsiuch B (4). B pe3ynbrare moacTaHOBKU
MOJTy4aJIUCh COOTHOIIICHUS

2T p | sin ZQa—Q — cosZQa—Q _ 0wy ,
i ox oy | oy
i oQ Q] o @)
2Fp sin20 2% 1 cos20 22 (=992
i oy ox | Ox
Cucrema (7) — runepOOIMYECKOrO THIIA, €€ XapaKTEPUCTHKH
dy dy
— =1gQ), —=—ctgQd. 8
o e g 3

Onu, Kak BUAHO U3 (§), COBINAAAIOT MO HAMPABJICHUIO C HANPABJICHUAMU TJIaBHbBIX
oceli Ten3opa aepopmanuii T, . CoOOTHOIIEHNS Ha XapaKTEPUCTHKAX UMEIOT BU] [5]:

w,-Q=¢ w,+Q=n, 9)

rae &, 77— KOHCTaHTHI.

Jns pemieHus 3anad HEOOXOOUMO 3HATh TpaHWYHBIE 3HAa4YeHUs (QyHKIUiA
W, =0, (x, y), Q= Q(x, y). C oot 11ep10 OyIeM CUHMTaTh, UTO Ha TpaHUIle Tena L
3aJ]aHbl CMEIICHHUS

u:u(x,y), v:v(x,y), (10)

re KoopAuHathl X,y € L. Boraucnss nomusie auddepeHunans oOT u U v, IMEEM

du za—udx+a—udy, dVZde+@dy
ox oy ox oy
WIIN
du = gxdx +(exy, -0 )dy, dv=(gxy, + o )dx+&ydy. (11)
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[Toncransas B (11) Beipaxkenus (1), (2), Haxoaum

du=Tp cos2§2dx+(Fp sin2Q—a)Z)dy,

(12)
dv= (Fp sin2Q + a)Z)a’x —T'p cos2Qdy.
2 2
[Monmenws (12) Ha BenMuuHy ds = (dx) + (dy) , IMEEM COOTHOIIICHUS:
ug:—FpCOSZQsin(erFpsin2Qcosg0—a)Zcos¢, 13)
Vg = - sin2Qsing —TI" 5, cos 2Qcos 9 — @ sin g,

I1e Uy, Vg— NPOU3BOAHBIC OT CMEUICHUH U, VIO KacaTelbHON K L, a ¢— yroia Mex-
1y HOpMaJibto K rpanuiie L u ocbto x . U3 (13) Haxoaum

c0s2(Q— ) = (u:q sin g — vy COS(D), o, :_u's cos(2Q— @)+ v sin(ZQ—gp).

r, cos2(Q—g)

(14)

®opmyasl (14) TO3BOSAIOT ONPEAEISATh TPAHUYHBIC 3HAYCHUA yria () ¥ KOMITO-
HEHTBl BEKTOpa MOBOPOTa @, . Jlanblie BO3HHMKAET 3a/1a4a: Kak ONpPENCIIUTh Hamps-

KEHHOE COCTOSTHUE B 00JIACTH pa3pylIeHus?
Jlist onpenienieHust HAMPSHPKEHHOTO COCTOSIHUS UMeeM COOTHoIIeHus (3), TO ecTh
0 = Q, u o0IEnPUHATHIC 3aBUCUMOCTH

ox=0+Tcos20, oy, =0—-Tcos20, 7y, =Tsin20, (15)

rae yron 6= Q(x, y) U3 NPEIbIIYIIEro aHajdnu3a CUUTAETCA U3BECTHOM (PYHKIMEN KO-

opauHaTt X,y . I[loacrasimss (15) B (6) mpu U3BECTHOM 3HAYEHUU yriial = Q(x, y), 1o-
JTy4aeM CHCTEMY YPaBHEHHIA:

8—G+8—TCOSZ<9+8—Tsin26’:2T sin26’%—cos29% ,

ox Ox oy ox oy
) (16)
99 L O in20- L o520 = 27| 052028 +5in2022 |

oy Ox oy ox oy

3nech npasble yactu (16) ¢ Tounocteio A0 T cuuTaroTCs M3BECTHBIMU (PYHK-
musimu. CpaBuuBas (16) ¢ (7), Buaum, uto npasbie yactu (16) COOTBETCTBEHHO paB-
HbI CJIEYIOIINM BbIPAXKEHUSIM

ow, T ~ Jdw, T

oy Fp’ ox T

(17)
p

93



Omnpenensist xapakrepuctuku (16), HaxoauM, yTo OHU coBIAAyT ¢ (8), rae 8 =CQ.
[Tpu 5TOM COOTHOIIEHUS HA XapaKTEPUCTUKAX TPUHUMAIOT BUI:

@ztgﬁ, do+dT= T [80)2 dx—éwZ dy],

dx L'y oy ox

(18)
Qz—ctgé, a’O'—a’T=i 00, dx__@a)z dy |.
dx I'p oy ox

[IpaBeie yactu (18) npencraBusier coO0M BEKTOPHOE MPOU3BEICHUE BEKTOPOB

gradw, = 8(02’ 0w,
ox oy

, 0) u d?z(dx, dy, 0).

OTO O03HA4aeT, YTO NPU UHTETPUPOBAHUH COOTHOLIEHUN HA XapaKTEPHCTHKAX,
NOJIyYeHHbIE HHTETpaJibl OyAyT 3aBUCETh OT IIyTH MHTETPUPOBAHMS, TaK Kak (18) ue-
pe3 BEKTOPHOE NPOM3BEACHHUE CBSI3aHbI € IUIOMIAAAMH MapajjIeIOrpaMMoOB, OCTPO-

CHHBIX Ha BEKTOpax gradw.,ds .
Bo3Hukaer Bompoc: Kak HAaWTW TpaHWYHBbIC 3HAYEHUS (YHKIIMMA GZO'(X, y),
T=T(x, y), Bxoasumx B (18)? ns sToro mmeeM BekTop HampspkeHud Komm Ha

I'paHuLC TCJIa L. Ero KOOpAWHATLI BAOJIb ocen X,y UMCHOT COOTBCTCTBCHHO BHUI:

Py =(o +Tcos20)cos g+ Tsin20sin g, (19)
iy =Tsin20cos @+ (o —Tcos26)sin g,

T€ ¢ — yrojl Mexay HopMaiblo K L u ocsto x. U3 (19) monydaem rpaHuyHbIE 3HA-
YeHUS

T p,); cosg — py sing oo p,J{ sin(2«9—(p)—p,); cos(20 - )
sin2(6-¢) sin2(60-¢) '

(20)

Takum oOpaszom, npumensia (20) u ucnonw3ys (18), ycraHaBiuBaeM HampsHKEH-
HOE COCTOSIHUE B 00JIACTH pa3pyLICHUSI.

Yacmos 2. Onpeodenenue H/[C nnacmunst 6 cocmoanuu
3anpeoenvHoz0 0edopmuposanus npu cxcamuu

JlanHas 3aja4a MMeeT OTHOIICHUE K YCTOMYMBOCTH IETUKOB MpPH pa3padboTKe
MOJIE3HBIX MCKoMaeMbix. OHa HcclieoBajiach BO MHOTHX padortax [12-20].
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Kak npumep npuBeneM ypaBHEHMsS W IIPOCTEMIIEE PELIEHUE 3aJa4d O 3arpe-
JebHOM J1e(hOpMUPOBAHHUH TIACTUHBI MPH TIOCKOW AePopMaIii MpU OJHOPOTHOM
cxatuu. [lycTh B mponecce HarpyKeHHUsl BBITIOJIHSOTCS YCIOBHUS:

Exy =Txy =0. 1)

D710 03HavaeT, yTo yribl Q=6 =0, To €CTh NEPBbIEC IVIABHbIC HATIPABJICHUS IS
TeH30pOB T, M T, cOBIAnaroT ¢ HampaBieHWEM ocu x . [lamee, myCcTh B JOCTUTHY-

TOM HaNpsHKEHHO-Ae(OPMUPOBAHHOM COCTOSIHUU

rae I';— mpeen NpoYHoCTH (cm. puc. 1).

OTtcrof1a HaXOIUM CMEIIECHUS U,V TIPU YCIOBUSIX Exy =07 = 0:
uzrpx, v:—pr.
HanpsixeHue ynoBiIeTBOPAET YPABHEHUSIM PABHOBECHS:

dox _o 9% .
ox oy

Torna
Oy =f(x), Ox :(P(J’),

rae f, g— 3amaHHbie QyHKIUUA KOOPIUHAT.
JlanHast cuTyarus npeJcTaBieHa Ha puc. 2.

NN

v

L

Puc. 2. Ilnactuna BeicoTel A 1 mmpuHbl L cxata
B BEPTUKANILHOM HAIPaBJICHUH YCUINEM O ), = f (x). XapaxTepucTuKamu

cucTeMbl TudPpepeHabHbIX YPABHEHUN CIYKaT JUHUU X = const, y = const
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W3 npeasiaynmx GopmMyi U puc. 2 He TPYAHO 3aMETUTh, YTO JUIsI KOHTPOJIS MO-
MEHTa pa3pylIeHUs] HEOOXOAMMO CIETUTh 32 U3MEHEHHEM OOKOBOTO CMEIEHUS u
Kak ToJsbKO OHO HOCTUTHET KpUTHYECKOro 3HaveHus u=1I", L, tak TyT *e mpo-

W30UJIET pa3pylIeHUe IJIAaCTUHBI.
3ameuanue

W3 npenpiiyiiero aHanusa He BUJHO: KOI/Ia BeJIMUMHA [ TOCTUrHET 3HAYEHUs
I, ? Jlns peuenus 5TOH 3ajauyl CIEAYeT PacCMaTpHBaTh MPEIbIAYIINE PEIICHHS,

Hanpumep, OTHOCAIIMECS K yIPYTrocTH (cM. puc. 1).
JIns ynmpyroro COCTOSTHUSI UMEEM

du = &,.dx + (‘9xy -y )dy, dv = (‘9xy + w, )dx +&ydy .

[TonenuB 3T0 BhIpaskeHUE Ha ds = \/ ( dx)2 + (a’y)2 , KaK ¥ IpexJie, NoJy4aem

Ug =—E COSQ+ (‘9xy - a)Z)sin @, Vg = (5xy +w, )COS(p +¢&ysing. (22)

OTHU COOTHOIICHUS JOITIOJIHAIOTCSA CICOYIOIINMU:

Oy +0 T 2¢ 2T
5x+gy:u, N's—-, A 4 ) (23)
p}f:axCOS(DJrTxySin(P, P,); =TWCOS(0+O'ySin(0» (24)

( p’); , p]); — 3aJJaHHbIE BEJIMYMHBI Ha TpaHule L). B pe3ynbTare uMeeM cemb ypaBHe-

E_,E ,0 ,0. ,0 ,T_ .
xXy' oy oozooxn oy Xy
CucreMa UMeeT eIMHCTBEHHOE pEIlieHNe, U3 KOTOPOro yCTaHABIMBACTCS BemdrHA | .

Hull (22)+(24), ana onpeneneHus CeMH HEU3BECTHBIX € s

Buoieoowt

1. OnpeneneHo HanpsHKEHHO-AE(POPMUPOBAHHOE COCTOSIHUE B 00JIACTH 3arpe-
NEeIbHBIX AedopManuil MpU UACATBHO XPYNKOM pa3pylIeHUH OOBEMHO HEC)KMMae-
MOW CPEIBL.

2. PaccMoTpeHo perieHue 3aa4u 00 OJHOPOJHOM CXKAaTUU TUTACTUHKH B YCIIO-
BUSIX UJICAIBHO XPYNKOIo pa3pyuienus. [lokazaHo, 4To 11l KOHTPOJIS LEeJIMKa MacCU-
Ba FOPHBIX MOPOJ HEOOXOJAMMO CIICIUTh 32 M3MCHCHHUEM €r0 CMEIICHHS B IOIepey-
HOM HaIlpaBJICHUU.
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