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1.1

1.2

1.3

d _

de Vpdv_ o
B+ Qix= O
B+ Qpir= P

(%J.Vpikz X X dv = 0°

p(]h + Gm Um,jrl + Em 'Umjrk) =0

p(]?]"r Sirm Umjrl"r arm?)mjrk) = gkl'
Pu=0

d%J‘vadv = y{At(,,)da+ Ivgdv'
o+ Pfi— v2) = O

t, v+ O(fi— v2) =— @

(%Jv(p X @+ Po)do = fA(px tin)+ Mmen))da + J.V(p x F+ @) dve

myl, i + Emn tnn + p( Zl - C?) =0

my, i + Emn ton + p(ll_ G?) = - p(/ll_ EmnXm, n).
(4a)

JV{ p[(ll_ (?) + Mg,k Emn tmn] + E.lmn%m[p(f‘n_ ”%)4‘ L, k]} dv = 0

(1a)

(1b)

(1)

(2a)

(2b)

(2¢)

(3a)

(3b)

(3c)

(4a)

(4b)

(4e)

()
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(3b), (a) (4b), ) (30), (&) (4c), ’
1.5
A.
i[€+l'+L0']jl— (tmev+ *r)da+
dt v 2V 4 2 rydv = A (n)*V my)°r)da
Vp(f'v+ I*rydv + lq'da+ Vthv, (5a)
r .
B.
Pe— (v r— Gwrm)— muri,i— qri— =00 (5b)
C.
- P&+ tu(vi k= Gimrm)— muri i+ qr+ Ph—
Ofwr+ (Th= Gumxifm)re] + B = 0 (5¢)
2 (5a) :
J.v{_ P&t v+ mur e+ qrr+ o+ [Ofi— v2)+ tw ifvr +
[O(li- )+ muk]ripd = O (b)1
, Piola ,
Ofi— v2) + tur = 0; (01
Pli- ®)+ mu, &= 0; (02
Pe= tuvir+ murir+ qr i+t he (c)s3
(1)
Eringen , (b)1
JV[(— P&+ v r+ mu e v+ qrr+ Bh) = Ewarmtw]/dv = 0, (b)2
(5b)*
(1)
J.Wang  R.S. Dhaliwa¥
) V]
d 1 1
P Vp[e+ AR A 2O'r] dv = fA(t(n)'v+ mnw*r)da+
L O(fe v+ Ior)doe (d)

(1
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1.6

Eringen'” 1992

(1), ,

Ezmntmnrl = gnkltklrm
JV{[— Pe+ tu(vir— Ewrm)+ murix+ qrr+ ] +
[O(fi— v2)+ thowJui+ [O(Li— C)+ mik+ &nntmn]f&d?) =0

(3b),(4b) (5b)*

, Vi k— Cuklrm ,

(1),

( 10D, Eringen . (1)

d _ . e .
1 foldv = fAS da+ J} edv 20
P Si..—- /0 0

O Sii— - @ 20
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A.

CD

- -69( By 09) + %tkl(ﬂl,k— Enirm) + lgmmlrl,k+

CD

- -69( By 09) + %tkl(ﬂl,k— Enirm) + lgmmlrl,k+

(b)1

1
62

e—lzqke, E+

ph, k— &A/uk— ‘eg(ik— 8ilm x1fm) Tk + ‘GQh— @ >0

4 ,

CD

CD

Emnbmnl 1,

qke, E+ Dk k >0'

CD

(b)3

(6a)

(6b)

(6¢)

(7a)

(7b)
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A.

IVP[&\L Wy+ (®+ pxwer/de = y{A[t(,,)'v+ (mewy+ p X tny)er/da+

jvp[f'v+ (I+ p xf)er]dv+ f/lq'da+ Lphdv- (5a)" "

(5a)" "

J.V[tkll}l,k+ (mu+ Gwdwdin) 11,6+ q e+ Ph— P& dv+

Iv[p(fz— ©?) + b, k] vido + L{[ P(li— )+ mu k+ Emntmn] +

gbnnxm[ p(fn,_ U%) + Llin, A]} Tldl) =0 (b)z*
B.
(ba Piola
Ofi— v2) + tuwr =0, (3b)
p(ll_ (?)4‘ my, k+ Emnbmn = 0 (4b)
Pe= twir+ (mu+ Cwimlin) rir+ qr i+ he (5]0)**
(5b)"" (5b)
Pe= tu(vik— Guwtm) + muri i+ qr i+ b (5b)
C.
(b)a"
Pe= tiwr i+ (M + Emmtin) ri b+ G+ Ph— Of1+ (11— Guayfn)]* (5¢)°
(5¢) y
[4] (54"
(5b) [4]
(3b) (4b)
Rz = th, k + 9/, (3b)
P®= mur+ Emulwn+ @ (4b)

[4] , (3b) vy (4b) ry
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; (5b)e
V%zdv = J‘V(L‘kl, K+ 1) vdo, (o)1
Vp mmxrwarido = jvanmxm(tkm b+ @) rido, (c)2
Vp Gridy = L(mkl,k+ Qumntmn + (1) rido* (o3
Vp[v?vl + (B4 Guwnz)rifdv = J.V[tkl, wi+ (M, b+ Gmntmn +

Epmmtin, 1 )71] dv + J.p[fwﬁ (L + Cpiinfn) rifdoe (c)a

JV[ Lk, KU1+ (mkl, Et Gutmm+ G mbkn, k) rl] dv =
IV{[tkzvz+ (mug + Cmxmbin) 1], k= [thvi k+ (mu+
armmmlfkn) ri, 1.]} dv =

fA[lka (mug + CmXmbin) 11, 1 [ day —

L[ bt g+ (mi+  Cmmbin) 1, k] do® (0)s
(c)s (¢)a,
J.v{[tsz,k+ (mu+ Swimtin) 71, 1] + Pfvwi+ (O +
Emkn %) rz]} dv =

fA[lklvl+ (mkl + 8lrm9Cmtkn) rl]dak+

jvp[flvl+ (li+ @uaxmfn)rifdoe (¢)6
) Pe>
Pe= twwn k+ (mu+ Shuimtin) 71 5® (d)
(5a)"" .
26
A.
(%vandv = fAs-dm L%du 0 (6a)
B.
P Spi— /0 X0 (6b)
C.
P Sii— - B 0 (6¢c)

2 7 Clausius Dunem
A. CD
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0, w P
b= h/0, W= e- 00 p= (q/0)- S°
(5b)" " (&) h CD

- '69( B+ NG+ %[tklvl,k+ (mkl + Gmnxmihn )Ti k] + pl 1+ e—lzqze,z 200 (73)**

B. CD

(3¢) (6¢) h, C¢D
P

1 1
- 6(15+ ne + E[U:ﬂ)l,k*' (mu + Gmmbin )7L K] + P11+ @qze,z—

Slfw+ (1= Gudn]+ he B 0 (7
Cc_D .
3
31
J.VP[% >»y+ R Q+ (px Wer—- hjdv =
y{A[t(,,)'v+ Ciny: Q+ (pX t(m)°r+ q°njda+
[ereve Liow (pxg)orian (80)""
Ciwy=nT, L= Ljee, R= Rjeie;, Q= Y ee; T= Ty eee; ,
32
A.
Pfe=vx) + tj; =0 (9a)
B.
O(Lir — Row)+ Tik, i+ thi = sk* (9b)
C.
Pe= 1y, i+ (Tit— tjxk) Qi+ qhk+ (he (90)**
Eringen'”) , (9)""
33
A.
Pfk= )+ tij=- G (10a)
B.
O(Lir— Ru)+ Ty i+ ti— sy =— O(Lj— xfr)° ( 10b)
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C.
Pe= vy i+ (T~ tixr) Grit+ qrr+ b= Fwi— O(Lp— xfr) Qe (10c)""
J.V Frdv = 0, IV Fjpdv = O
(1) .
(2) .
(3) [1] ) CD
CD .
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New Conservation Laws of Energy and C D Inequalities
in Continua With Microstructure

DAI Tian_min
( Center for the Application of Mathem atics &Departm ent
of Mathem atics, Liaoning University, Shenyang 110036,P R China)

Abstract: Existing fundamental laws, balance equations and Clausius Duhem inequalities in continua
with microstructure are systematically restudied, and the incomplete formulations of conservation
laws of energy and related C_D inequalities are pointed out. Some remarks on existing results are

made, and new conservation laws of energy and related C_D inequalities are presented.
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