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Tom tat: 

Bdo cdo giai thjeu mdt sd kit qua nhdn duac trong ddnh gid cdc tinh chdt ca 
ly vi md (hi sd ddn, hi sd ddn hdi) cua vdt lieu hdn ddn nhiiu thdnh phdn ddng 
hudng, vgt lieu tua ddi xirng vd da dnh thi. Cdc tinh todn dd chi ra rdng cdc tinh 
chdt ciia phdn lan cdc vdt lieu da tinh the thudng gap chi cd thi duac xdc dinh vdi 
do chinh xdc tdi hai hay ba chu sd cd y nghia. 

Abstract: 

We present some results on estimating the macroscopic propenies (coefficient 
of conductivity, elastic constants) of disordered multicomponent materials, 
including quasisymmetric materials, and random polycrystals. The numerical 
resuhs indicate that the properties of most prgeticgl pglycrystglline materials can 
be determined with the accuracy only within two to three significant digits. 

L Mddau: 

Xet v$t lieu hon dgn nhieu thanh phin la cac vat lieu ding huang vai cac tinh chit dan 
(dien, nhiet... ) C„ , cac he so dan h6i ko, Ma va ti le th8 tich v„{a = I, ..., n). Lien ket giua cac 
thanh phan dugc cho la ly tuong. Vi vat lieu la hon dgn trong khong gian va theo mgi huang, 
nen no la mgt vat lieu dang huong.vi mo vod cac tinh chit vi mo C", F, //'. Cac tinh chit vT 
mo nay khong ehi phu thugc cac tinh chit va ti le thk tich cac thanh phin ciu thanh, ma con 
vao hinh hgc pha-thuong rat phuc tap ciia vat lieu. Cac ky su thuang su dung cong thiic xip 
xi sau day cho he so dan vi mo, dugc ggi la trung binh cong s6 hgc: 

C ^ - C ^ = Z v „ C _ (1) 
a=l 

hoac trung binh cong dilu hoa: 

/ n \ - l 

C^ ^C"" = 
\a=\ 

S v , C ; ' ; (2) 

va cac cong thuc tuong tu cho cac he s6 dan h6i k', jj\ Trong nhilu truang hgp phuang trinh 
(1) cho xap xi tot. trong cac truong hgp khac phuang trinh (2) cho kit qua tdt ban va nguai ta 
da chirng minh dugc: 

C">C^>C^ (3) 

- dugc ggi la danh gia Wiener hay Voigt - Reuss - Hill [1]. Trong truang hgp tfnh chit cac 
thanh phan khac nhau nhieu, khoang danh gia (3) la qua rong. Hashin va Shtrikman da xay 
dung dugc danh gia hep ban nhieu danh gia (3) cho he s6 dan [2]: 

P c ( 2 C „ J > e > p j 2 C „ J , (4) 
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n f 

Pc(C,)=Z 
a=l vCa+C. c. 

Cn,ax =max{C,,...,C„},C,^,„ = min{C,,...,C„} ; 

va cho cac he so dan hoi [3]: 

A(^.U.aJ)^^"^n(^.U™„)) > 

PM= I •k,, k,{Mo) = -/-lo 
\a=\ k^ -I- kt 

P, ( /". (^n^ax = /^max ) ) ^ /^ ' ^ P, ( / ' • (^m,n ' /'m.n )) ' 

.̂U.)= z 
N" 

a^xfi^+M 
-p,, P.{PO) = PQ 

' J 6^o+12//o 

[̂ max =max{/:,,...,^„},^„,„ = min{^,,...,,t„}, 

[̂ n,ax =max{^|,...,^„},^,„,„ =min{^,,...,;t„}. 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(H) 

Doi vai da tinh the hon dgn tao thanli bai cac don tinh the c6 tinh chat C (la tenxa bac hai 
cho he so dan, va tenxa bac bon cho he so dan hoi), danh gia Voigt - Reuss - Hill co dang: 

(C)>C=>(C- ' ) " ' , (12) 

trong do (.) ky hieu gia tri trung binh lay theo mgi huong. Danh gia Hashin - Strikman cho 

da tinh the ciing da dugc thiet lap [4, 5]. 

Cac nghien ciiu tiep theo tap trung vao kha nang xay dung cac danh gia tot ban va dua 
them vao cac danh gia thong tin ve hinli hgc pha ciia vat lieu [6 - 12], trong do co cac ket qua 
mai cua chiing toi. 

2. Phan tu dac trung va tinh chat vi mo: 

Cho don gian, chiing ta xem xet bai toan dan doi vai vat the B lam tu vat lieu khong dong 
nhat. Cac tac dong ngoai gay ra trong B mgt truong gradient E(A:): 

E(X) = - V - ( P ( X ) , X G B . (13) 

Trong do cp la truong the (dien the, nhiet do...). Dong (dien, nhiet,...) tuong ung J(x) thoa 
man phuang trinh can bang : 

V-J(x) = 0,x eB . (14) 

Dong J lien he vai truang E qua J(x) = C(x).E(x), trong do C(x) la tenxa bac hai va la 
he so dan ciia cac vat lieu thanh phan. Lien ket giira cac pha la ly tuong nen truong thi (p va 
thanh phan phap tuyen cua dong J lien tuc tren mat phan each giua cac pha. Chiing ta chgn 
mot phan tii « tai cho ». chiem viing V trong vat the B. Phan tu dai dien V (ggi tit la RVE) 
phai du nho so \'ai B. nhung ciing phai du Ion so vai cac kich thuac vi mo cua cac vat lieu ciu 
thanli, de V co the thuc sir dugc coi la dai dien cho vat lieu dugc xem xet. Truang « tai cho » 
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tren V dugc ky hieu la (p\x), E*(x), J{x) trong khi do gia tri trung binh tren V, ching ban ciia 

E(x) dugc ky hieu la ( E ) = — jE(x)dx , trong do V dong thai ciing ky hieu thi tich ciia miln 
^ V 

V. Tinh chat « tai cho » C^'', C^, C^, ciia phan tir « tai cho » V dugc dinh nghia nhu sau qua 
quan he xac dinh: 

{ J > C - . { E * ) , (15) 

va qua cac bieu thuc nang lugng: 

{E'>.C^ . (E ' ) = (E- .C= .E ' ) = {J' . C - •J'> = ( J ' ) -{C0- ' - ( J ' ) . (16) 

Tinh chat the hien C , C thuang dugc xac dinh qua cue tri ciia cac p hiim ham nang 
lugng: 

E"-C'"-E"= inf E -C-E 
{E)=E"^ 

J°-(C'0"'-J" - inf(j-C-'-j) . 

(17) 

(18) 

Chii y rang E trong (17) va J trong (18) cin thoa man tuong iing cac phuang trinh rang buoc 
(13)va(14). 

Gid thiit RVE: Tit ca cac tfnh chit thi hien C'̂ '', C"̂ , C\ C'^, C'^ diu hgi tu vai do chinh 
xac tiem can tuy y, khi kich thuac ciia V tang din, tai gia tri ggi la tinh chit hieu qua C cua 
V, con V dugc ggi la mgt phan tir dai dien dac trung (RVE) ciia vat lieu vai do chinh xac tiem 
can do. 

Tuy nhien khac vai quan niem truyen thing ring tinh chit hieu qua ctia vat lieu C^ la duy 
nhat, chiing toi cho rang: 

Gid thuy it ddng nhdt yiu: Tfnh chit hieu qua C eiia mgi phin tu dai dien RVE ciia mgt 
vat lieu hon dgn phan bo trong mgt giai han - ggi la giai ban bit dinh dii vai tinh chit hieu 
qua ciia vat lieu: 

a -E" -E" <E° -C' -E" < C " -E" •E°,VE°, (19) 

vai C va C la cac giai han dual va tren ciia khoang bit dinh do. 

Danh gia cac giai ban bat dinh cho cac tinh chat dan va dan hii ciia da tinh thi hon dgn la 
nhirng ket qua trgng tam ciia chiing toi. 

3. Cac danh gia cho vat lieu dang huong nhieu thanh phan 

Tu bieu dien nang lugng (17) va sir dung truang kha di phan cue Hashin - Strikman ta 
nh^n dugc danh gia tren nhu sau cho he so dan hieu qua ciia vat lieu ding huang n thanh 
phan: 

C " = P , ( 2 C ° ) + 3 
.trc„+2c° o=l 

(c„-C«)ZA^-'XpX.^ 
x,r=i 

(20) 

II 
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X p - Z 
C +2C" C„+2C° 

(21) 

Â =̂ jcpkW^-X^P"^ ya 
(22) 

(p"(x) = - ^ j|x-y|-'dy,V^9"=8,p 
471 

(23) 

trong do C" la s6 duong bit ky, 5ap la ky hieu Kronecker delta, cac chi so /', 7 sau dau phay la 
dao ham theo cac tga do Decac tuong iing. Bieu thiic danh gia (20) c6 cac thanh phan nhieu 
chua he s6 A^'^ mo ta thong ke bac ba ve hinh hgc pha cua vat lieu va se giiip chiing ta xay 
dung dugc cac danh gia tot ban cac danh gia truac day. Bieu thiic danh gia cho eae modul 
dan hii ngoai cac he so A "̂' c6 chua them eae he so B|̂ "' hinh thanh tu cac ham the song dieu 

boa. Chinh nha thiet lap dugc moi quan he bat dang thirc giua 2 loai he so nay chiing toi da 
xay dung dugc danh gia tot ban danh gia Hashin - Strikman (9) cho modul trugt p'^ ciia vat 
lieu dang buong nhieu thanh phan, khi kmin va //,„„, {ki„ax va Pmax) khong thugc ve cung mgt 
pha [8]. 

Chiing toi ciing dua ra dugc mo hinh qua cau long nhau nhieu pha, khi cac he so A^^ co 

the tinh giai tich chinh xac [10]. Trong truang hgp vat lieu 2 pha danh gia tren va dual hgi tu. 
Doi vai vat lieu doi xung - vat lieu co the chia ra nhieu phan the tich bang nhau sao cho khi 
doi cho 2 thanh phan bat ky thi tinh chat vat lieu khong thay doi - cac he so A^'' (va tuong 

ling B^^) chi con phu thugc vao hai tham so hinh hgc// \af [9], (a^^P^ '̂y^a). 

• A ^ ^ = v „ V p V ^ ( f , - f , ) , A r = v „ ( l - v J ( l - v J f , + v j J 

[Af =v„Vp[(v„- l ) f , -v„faAPP=v,Vp[( l -Vp)f ,+Vpf , ] 
(24) 

Chiing toi da nhan dugc cac danh gia cho vat lieu tua doi xiing nam trong danh gia Hashin 
- Strikman. Chang ban danh gia cho he so dan vat lieu tua doi xiing 2 pha c6 dang don gian 
nhu sau [9]: 

Pc{2C")>C'>Pc(2C' - ) , 

Co" =max{v,C, +v,C.^,v^C^ +V2C1}, 

CQ = min< 
C, C 2 J \^\ 

(25) 

(26) 

'2 J 

4. Danh gia cho da tinh the hon don 

Coi da tinh the nhu mgt vat lieu hon dgn n thanh phan, moi thanh phan tuong iing cac hat 
tinh the c6 cung huong tinh the. Khi cho n ^>- cc, vai mgi buong tinh the co mat binh ding 
trong khong gian. chiing ta co dugc da tinh thi hon dgn. 

De xay dung cac danh gia cho cac tinh chit vi mo cua da tinh the hon dgn chiing ta xuit 
phat tu cac nguyen ly nang lugng va nang lugng bii cue tieu (17), (18) (va cac bieu dien tuang 
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irng cho modul dan hoi). Chiing toi sir dung truong phan cue Hashin - Strikman nhu cac 
truong thuc kha di. Ciing tua nhu (20), cac bieu thiic danh gia chira thanh phan nhieu co cac 
thong tin bac ba vl hinh hgc pha cua vat lieu. De danh gia cac thanh phan nay. chimg toi xay 
dung hai gia thilt ca ban: gia thiet dang huong thong ke va gia thiet doi ximg thong ke. 

Gia thiet dang huang thong ke doi hoi cac tenxa dugc xay dung tren hinh hgc hon don ciia da 
tinh the la cac tenxa dang huong. Cu the \'ai bai toan dan hoi ta c6 tir bieu thiic don gian ciia 
tenxa dang huong bac hai tai bieu thiic phirc tap ciia tenxa dang huong bac tam nhu sau [12]: 

[ U— 3SapS,j 9^,dx (27) 

fvi/P" yit'l"^ dx = KP''A.. ^^, 
I T ijmn T klpq a ijmn klpq 

A,.,„„+M?^Ar„+LPjArpq klpq (28) 

trong do : 

A ^ =5,N;:+ S„N- + s,^A';;: + S,^N,;; 

-ijmn 

•^JS; 
(29) 

S A-i7 +S A" +5 A™ +S A'i, 
in klpq jm klpq ^ jn klpq mn klpq 

A"'" = A 
^klpq ^Ipq 

Ak,pq=6,^AZpq+S,„A 

J 

1 

wf;. ^%. jvt/P„dx,V>«(x) = 8,p,XGVp 

(30) 
V|/"(x) = - — f|x-y|dy 

ST: 

Gia thiet doi xiing thong ke doi hoi mgi su doi cho giira hai nhom tinh the bat ky c6 huong 
tinh the khac nhau trong da tinh the hon dgn khong lam thay doi gia tri cac phiem ham xay 
dung tren hinh hgc ciia da tinh the hon dgn. Gia thiet nay dan tai cac phuang trinh nhu (24). 

Cac gia thiet do dan den cac danh gia tua (20) chi con phuc thugc bon tham so hinh hgc 
duong phu thugc thong tin bae ba ve hinh hcg vi mo cua vat lieu. Cho cac tham so nay mgi 
gia tri co the, ta nhan dugc danh gia cho khoang khong xac dinh ciia cac tinh chat vi mo ciia 
vat lieu da tinh thi [11, 12]: 

p,(c^)>c^>Pc(c-) , 

Pe(c°)=((C-C-rV'-C-, 

(31) 

(32) 

trong do C la tinh chat ciia don tinh the ca sa (tenxa bac hai cho he so dan. va tenxa bac bon 
cho he s6 dan hoi). Tenxa dang huong C* bilu dien don gian qua tenxo ding huang C", vai 
bieu thirc cu the phujhugc vao tinh dan hay dan hii, khong gian hai chilu hay ba chilu ; cac 
tenxa dang huong C . C" can la cac lira chgn tii uu thoa man mgt si rang buoc bit ding thuc, 
ma quan trgng nhat la: 
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C >(C)-C- <(C-'Y\ (33) 

Trong nhilu truong hgp. danh gia (31 )-(33) c6 the dugc xap xi bai bieu thirc don gian hon nhieu: 

P , ( ( C ) ) > C ^ > p i { C - ' ) " ' l (34) 

Chung toi cho ring cac danh gia (31)-(34) cho dugc khoang bat dinh ciia cac tinh chat vT 
mo ciia cac vat lieu da tinh the hon don thuang gap - khang dinh can dugc kiem dinli bai cac 
thuc nghem va mo phong s i chinh xac trong tuang lai. Cac danh gia ciia chung toi cho ket 
qua la tinh chit ciia phin lan cac vat lieu da tinh the sir dung trong thuc te. trong do co sat, 
ding,... khong the dugc xac dinh vai do chinh xac cao hon 2 - 3 chii so. 

Mgt si so sanh vai thuc nghiem dii rit tho [13] cho thay cac diem thuc nghiem hau nhu 
phii hit khoang bit dinh dugc cho bai kit qua ly thuyet (31) - (33), xem hinh 1. 

5. Loi cam OTi; 

Chiing toi xin chan thanh cam on Quy NAFOSTED da giiip da chimg toi hoan thanh 
nghien cim nay. 
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Tieu de hinh ve: 

Htnh 1; Cdc diim thuc nghiim duac cd hod trong so sdnh vdi cdc ddnh gid ddi vdi modul dan 
hoi truat cua da linh thi. 

Exp: Cac ket qua thuc nghiem vai modul trugt dugc ca hoa: M^̂ p = j ^ — ^ ; 

SCA xap xi "tu tuong hgp": M (MSCA-M' ) 

f ^ . — ^ . Danh gia dual ca boa: 0 = } ^ , . ^ ^ ,{. Danh gia tren ca boa: 1 = T-.—^ . Danh gia dirai en bna- n = î ^̂  ^ 

Figure 2 
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Htnh 2; Cdc diim thirc nghiim duo'c cd hod trong so sdnh vdi cdc ddnh gid ddi vdi modul dan 
hoi Young ciia da tinh thi. 

( E e x p - E ' ) 
Exp: Cac ket qua thuc nghiem vai modul Young dugc ca hoa: Ŷ ^ = 

exp 

SCA xip xi "tu tuang hop"- V = I^SCA M J 
'^-^ ( E ^ - E ' ) • 

(gU _ p l \ 
Danh gia tren ca boa: 1 = J ^ ^ T — ; ^ . danh gia duai ca hoa: 0 

( E " - E ' ) ' 

• % E ' 
. n _ ( E ' - E ' ) 

(E^' -E ' ) ' 
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