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LI THUYET BIEN DANG PAN HOI CUA MANG MONG
HOQP KIM XEN KE NHI NGUYEN LAP PHUONG TAM KHOI
TU PHUONG PHAP THONG KE MOMEN

Nguyén Quang Hoc!, Pham Phuong Uyén!, Pham Duy Thanh? va Lé Hong Viét
Khoa Vat li, Triong Pai hoc Sur pham Ha Ngi
2Truong Trung hoc phé thdng Chuyén, Truong Pai hoc Sir pham Ha Néi
3Khoa Khoa hoc Tu nhién, Truong ST quan Luc quan

Tom tit. Bai béo trinh bay Ii thuyét bién dang dan hoi va van toc truyén song dan
hoi ciia mang mong hop kim xen k& AB véi cau trdc lap phuong tim khéi (LPTK)
trén co s& phuwong phap théng ké mémen. Mang kim loai va hop kim & dang vat liéu
khéi 1a cac trudng hop riéng caa mang hop kim trong Ii thuyét nay. Két qua i thuyét
thu dugc dugc &p dung cho cac mang cia W va WSi trong d6 c6 so sanh vai thuc nghiém
va tinh todn khéc.

Tir khoa: mang hop kim xen k& nhi nguyén, cau tric lap phuong tam khdi, mang
kim loai, vat liéu khéi, phuong phap thong ké mémen.

1. Mé dau

Phuong phap théng ké momen (SMM) da duoc ap dung dé nghién ciru bién dang
dan hoi cta kim loai va hop kim xen k& & dang vat liéu khoi [1-6].

W va cac hgp kim xen k& cua W nhu WSi, WC 1a nhiing vt liéu c6 nhi¢t do nong
chay rét cao. Tai ap suat P = 0,IMPava T = 300 K, W ¢6 céu tric lap phuong tim khéi
(LPTK) va néng chay ¢ 3690K. Tai P =90 GPa, W néng chay ¢ 4000K [7, 8]. WC 1a vat
liu si€u cung c6 do cung chi sau vat li¢u c6 do cliing cao nhat 1a kim cuong va c6 do bén
dut gy cao hon kim cuong [9, 10].

Pa s6 cac nghién ctiu thuc nghiém va Ii thuyét duoc tién hanh dbi véi mang gan chan
dé [11-16]. Phan Ién cac nghién ciu dé cap dén céc tinh chat quang va dién caa mang
mong ban dan va hop chét. Tinh chit nhiét dong ciia mang kim loai di dugc nghién ciu
bang SMM trong mot s6 cong trinh [17-19].

Trong bai bao nay, lan dau tién ching t6i dua ra Ii thuyét bién dang dan hdi cia mang
hop kim xen k& nhi nguyén LPTK trén co s6 SMM [1-6,17-21]. Céc két qua Ii thuyét
duoc tinh sb d6i véi cac mang W va WSi.
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2. Noi dung nghién cwiu

Xét mot mang mong ty do cua hop kim xen k& AB véi cau tric LPTK. A la nguyén
tu trong kim loai sach A, A1 1a nguyén tu kim loai chinh A ¢ tdm khoi, A2 la nguyén tir
kim loai chinh A ¢ dinh va B Ia nguyén tir xen k& ¢ tdm mat cuia 6 co so lap phuong. Gia st
mang nay ¢ N 16p véi bé day d. Mang mong bao gom 2 16p nguyén tir bé mat ngoai, hai
I6p nguyén tir sat b&é mat ngodi va N —4 16p nguyén tir bén trong. Goi N™, N™* va
N" twong (ng la s6 nguyén tir & 16p ngoai, 16p sat ngoai va I6p trong ciia mang mong nay.

Khoang 1an can gan nhét r, giita 2 nguyén tir X & ap suat P, nhiét do T va & ap suét P,
nhiét d6 0 K trong ca 3 16p tuwong irng théa man cac phuong trinh trang thai sau:

Pv, = 1 oy | 6y Ok Y, =X, cothx,, 1)
6or, 2k, or,
PVX :—]’1)( l@uox ha)OX 8k (2)
6o, 4k, or, )
3 r
trong d6 v, =4Lf_, Uy, 12 nang luong lién két cua nguyén tor X, X = A, A1, As, B,
3v3
O=kyT ks, la hang s6 Boltzmann, k, la thong sé tinh thé diéu hoa,
_hoy, Rk

*x_ m 1a khoi lugng cua nguyén tir X. (2) cho phép xéc dinh r, (P,0),

=20 " 20
K (P,0), 71 (P.0), 7,5 (P,0), y,,(P,0) vado doi yX(P,T).Déi véi lop (¢ latrong hoac sat ngoai),

y;(P,T)z\/”;((L(O)QA (P.T)» AL (P,T) =afy + 26: 70 | o

‘) )™

aly :1+%Y)ﬁ, ayy :%+%Y; 23(YX) +£(Y;)3,

6 2
o= TR 05T ) 505)
e 5300 200 S 2 3
aly =— (1(;3 729(Yx) 323(Yx) +%1(Y)€)3 1:8(YX)4+563(YX) %(Yﬁ)aj
e =8 S () )
T v S 2 () ¥ = oot 3

Déi véi 16p ngoai,
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ypPT)=- Ly
()
Déi vai lop m (m 14 trong, sat ngoai va ngoai),
Le(P.T)=rc(P,0)+ys (P,T),rR(P,T) =r(P,0)+yi(P.T),
s (P, T)=rc(P,T), iy (P.T)=r} (P,0)+yZ (P,T). (5)
Khoang 1an can gan nhit trung binh giira 2 nguyén tr A & 16p m duge xac dinh boi
P =13(P,0)+y"(P.T).KA(P.0) = (1-cf )rA(P.0) +cIr7'(P.0),

LT (P,0)=+3r1(P,0),y" (P, T) = clyr (P,T), (6)

Y8 = x3¢ cothx}2, (4)

, N - ,
trong do ¢, =1-7cg ,cy =2c7,C, =4cg,Cy = N_);‘ la nong do cua nguyén tir X trong l6p

m, NJ 1as6 nguyén tir X trong Iép mva N™ la s6 nguyén tir caa I6p m.
Ning luong tu do Helmholtz d6i véi 16p ¢ ¢6 dang

P = N‘[Zc;w; —ng],
X
Wlo= Nyl ~UL, +3N‘G[X, +In(l—e%)]

(N2 ¢ ¢
- Zefue 5]

X

6N‘G° | 4 2(, Yy 2 ., Yy
SURRETPN {1+—XJYX‘ ~2((1%.) +271~X7;X)[1+_xJ(1+Y;) N
RE 2 2
Ning luong tu do d6i véi 16p ngoai c6 dang
P =N™ (chgy/;g —Tsc”g),
X

P = Ny ~ U + 3N +In(L—e 2% )]. 8)

Trong (7) va (8), ur, :NTmugﬂx,Nm la s6 nguyén tir cia Isp m, u, 1a nang lugng lién két

cua nguyén tir X thugc 16p m, v} 1a nang luong ty do Helmholtz cia mot nguyén tir X
thuoc 16p mvaS™ 1a entropi cau hinh caa hop kim trong I6p m.
Tai nhiét d6 thap, ning lugng ty do ddi vai 16p m ciia mang c6 dang

X
YT =Nyl ~UM +3N"9[XT +In(l—e %)), (9)
Gia st mang mong N nguyén tir, n° 16p va N* nguyén tu trén mdi l6p. Khi do,
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re N (10)

NS
S6 nguyén tir trong cac 16p duoc xac dinh boi
N":(n*—4)NL=(NL—4]NL=N—4NL, (11)
N
N™ =2N"=N-(n"-2)N", (12)
N™ =2N-=N-(n"—2)N". (13)

Nang luong ty do cia mang dugc cho bai
\P — \Plr +\Pngl +\Png —TSC — Nlrl//lr + Nnglv/ngl + Nngl//ng —TS _

=(N—4N" )y +2N"'y™ + 2Ny TS, (14)
trong 6 N = N" + N" + N" 1as6 nguyén tir tong cong, S_la entropi cau hinh caa mang,
w" " ™ tuong ing 1a nang luong ty do ang véi mot nguyén tir cua I6p trong, 16p sat
ngoai va lop ngoai ciia mang mong. Do d6, nang lugng tu do cia mang tng vai mot

nguyén tur la
. - A (15
N n n n
Mai lién hé gitta khoang 1an can gan nhét trung binh & gitra hai nguyén tir, bé day
trung binh b cta hai I6p mang va hang sé mang trung binh & ciia mang 1a

= a - 2a
b= 2b = (16)
3 Ne)
Bé day mang lién hé véi s6 16p boi
d = 20" + 20" + (0" —4)b" = (n" ~1)b=(n" -1)-% (17)
(v =) = ~1)p=(r 1)
Tur do,
n*=l+g=1+£. (18)
b a
Tir d6 rat ra biéu thire nang lugng ty do &g véi mot nguyén tir cia mang
Ezdﬁ—SEWtrJr 2a e 2a anl_ﬁz
N d3+a dv/3+a dJ/3+a N
g (T e (e )
Cr r _TSr Cng ng TS"Q
- d3+a 2 J_+a 2
TS
ey Ts:glj—°. (19)
d«/§+a(; Y N
Moédun Young cua mang co dang
d+/3 - 3a 2a

Ep 28 gt

YAB:d\/§+a & d\/§+§ Y d/3+a

E
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tr tr ng _ ng ngl _ ngl
EY _ZCXEYX’ _ZCX YX’E ZCXEYX'
X X X

1 1], 2(n) e [ Y"j
Etr — , tr - 1 N\ 1 _X 1 Ytr
" 77(01x +yx) ¥ " k;r " (k§)4 " 2 ( " )

2

0 _ - w1 M[ ﬁj "
T A Y e | ey U Sl
ngl __ l ngl __ l 2(}/)”(91) 0 Yngl n 20
Evfl—ﬂ( A fl—ngl 1+ (k;gl) [1+ X2 ](1+YX91), (20)

Trong phép gan dﬁng ba qué cau phéi vi ddi véi 16p trong cia mang,

Ugs == Z<0 (r) = ol (15 ) + 200 (136 ). 16 = V215, (21)

ktr B lz 62¢AB 1 d@ ( tr) + d2¢tArB ( 2“;3) +i dthArB (r2t[3) (22)
oAy ) o e g e
= 3" prs _ 1 d’p (g 1 d @ (rlB d*@lis (g
© 48 au;;;‘ Lo8ng dng® o o8np®  drg Ta8 dr
d*ps (K 3 d*¢ls (e " 3 dox (s (23)
8 tr drtr3 16rtr2 drtrz 16rtr3 drtr !
1 2B 2B 28 28 28
o zi ' prs _ 3(/’23 (rs 1 dz(pgs(rlté + 1 dojg (rlB
© o asoufouy ), 4rfé dig® 25 dig® 2’ drg
+ 1 d3¢XB (8 1 d*gps (s + 1 do (g (24)
T A T
u(t)rA1 = u(t)rA + 3(023 (rf/:i )’ (25)
2 tr 2 tr tr tr
K — kU 1 0 ¢'t°13 — kv d (/)AiB ( ) deiB (rlAi) (26)
AT A+§Z P tr2 =Ky + dtrz + tr drt !
i Uig e |, lia 1A 7Y
i
4
g L R4 _
SRR S § T
&4 lr=r,

o 10 (R) 1 dL(R) s dh(R) s deb(h)
dr lt;s Ar tr2 drtrZ Ar lt;f drlt,& !

4 tr 3 _tr
oot i ( 0 ¢AB ] _ ytr n 1 d ¢’E\B( ) (28)
&4 lr=r,

tr2 tr2 tr3 4
OUy, OU;; A dr1Ai



tr tr tr tr
Ugs, =Uga t 6¢AQB (rlA2 )v

T 2 _tr r tr tr
K _ktr+lz 0" P WL 2d %B(l%)+id%8(%)
A T A 24 au_trz A dr tr2 rtr drtr '

. 0 Jea ) in, 14, 14,
B O B I 7 GO MOl
1A 1t 48 auit;4 . 1A 24 d 1tr4 12!’15:2 drltr3
1 dz(p};B( ), L done (ra)
8y dry’ 8rf;f dry
g Sy o' ppe _ W1 1d%p) 5 (0 ),
2w = Von T 4847 | ou?ouls’ * 8 dry
€ r=ha,
1 ds(PZB( ) 3 dz(ogﬁs( ) 3 d¢AQB( )
4y drf? 8rf,§22 dry’ 8rl‘,§f drf
2

= 4gi, (1) + 30k (1h), Gk==:z§ni,

ktr_40|2 o (ui) 8 d(PXA(Ei) d’pla () 2 depa(nh)
A3 dr™? +3r” dr" dr"2 +rT dr”
1A 1A 1A 2A 2A 2A

. 1d'e; (1£)+_ 2 I’¢fa(nn) 2 d°0k (1£)+_ 2 dgi(rh),

YU ot e af ol dif 9rf,§3 dry,
l d4 N (2;\) 1 d2 A (2;) 1 do (ZA)
trd + tr2 tr2 tr3 tr !
24 dr,, 4r,, dr,, ar,, dr,,
o f|.d4 (1A) 2 d2 n (rlt;\) 2 dg (lA) 1 d3 N (2;)
2A < 9 d tr4 + tr2 d tr2 T d tr + tr d tr3
Ma 3r1A Ma 3r1A Ma 2r2A Ioa

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

trong do o 1a thé tuong tac gira 2 nguyén ta, thugc I6p trong, khoang 1an can gan nhat

« duge xac dinh tir diéu Kién cuc tiéu cia nang luong lién két y7

0X 1

n, la sb nguyén tir

trén qua cau phdi vi thir i, ut,, KY, 71a, 75, 1a nang luong lién két va cac thong sé tinh thé

cuia kim loai sach A trong phép gan dung hai qua cau phéi vi.

Tuong ty, trong phep ge:”m dung ba qua cau phéi vi dbi véi 16p sat ngoai (co su khuyét

hat trén truc z & qua cau phai vi thir hai) cia mang,
ngl _ _Z¢ngl(r) (02981( ngl) 2¢ngl ( ngl) ngl \/_rlngl1

kﬂgl_lz[azwnglJ _ 1 dq)ngl( ngl)+d2¢2%1( ngl)+ 1 d(ngBl( ngl)

- ng12 gl ngl ng12 ngl ngl
auI r;l.B drlB erB rZB erB

)

37)

(38)
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ngl

4 1 2 1 1 1 4 1 1
ngl_iz O'pie | __ 1 dolg (") 1 delg(ng") , 1 d'oi(rg’)
VB = 48 o ngl4 _8 ng12 d ng12 ) ng13 d ngl 48 d ngl4
i uiﬁ eq lg lg le ls g
1 da(ﬂzgl(rznsgl) _ 3 dZ(PRgBl(rangl) 3 d(ozgsl rzngl) (39)
3 2 2 3 !
8yt drdt 16r8%  drgt 16rg"°  drydt
po-Sy Opg | _ 1 Fopng) 1 dopi(ng) 1 delg(ng’),
® e ), T ot ot gt o o
1 a1 ), 1 del() (@0)
4r2ntl dranng 4r2né;12 drznglz 4r2ntlS drzngl !
Ut = st + 2008 (), (41)
2 1 2 ngl(-ngl ngl ( -Ngl
ngl ngl 1 0 ¢:1gB ngl d Pne (rlAi ) 1 dgpAiB (rlAi ) (42)
ekellam | | T et a
i B Jeg - 1A 1A 1A
4 1
7/ngl — 7/ng1 +iz 0 QJZPB —
1A 1A 484 auinlgm .
r=fiy
4 ngl ngl 3 ngl ngl 2 ngl ngl ngl ngl
B ngl+id (DAlB(rlAi )_ 1 d (/)/\B(rlAl )+ 5 d DB ("1A1 )_ 5 d(DAiB (ru\1 ) (43)
_7/1A 24 d ngl4 6 ngl d ngl3 8 ngl2 d ngl2 8 ngl13 d ngl 1
7Y 7Y Ma 7Y Ma Ma 7Y
4 ngl 3 _.ngl.ngl
Yool — ot +£ [& _ ol 1 0ppp (hy )_
2A T 02A 48 4 ouML2 pynet2 —/2A 4t drnet
1 ia ip eq — 1A 1A
1 dom() 1 dep (Y (44)
4r1nA§1;lZ drlr)i;lz 4r1r/1§;13 drlrl\?l
Uz = Ui+ 6ol (), (45)
82 ngl d2 ngl(rngl) d ngl(rngl)
kngl _ kngl +lz goAzB _ kngl + 2 qDAzB 1A n 4 goAzB 1A, (46)
A T A 24 aunng A drnglz r.ngl drngl !
i ig 1A, 1A, 1A
eq—r:ﬁAz
4 ngl ] 4 ngl s,..ngl 3 _ngl/,ngl
}/ngl _ yngl +i La ¢AQBJ _ .,hgl id ¢)AQB (r1A2 ) 5 d ¢AQB (rlAQ )+
1A, T /1A ngl4 — /1A ngl4 ngl ng13
4857 | ouy ali 24 dr}) 12" dry)
2
1 PR 1 depp(nR) (47)
8r.1r1A§;12 drlr;gglz 8rlrg13 drlrgl
4 ngl 4 ngl . ngl
yngl _ }/ngl _,’_E & _ gl +1 d (pAZB (rlAg )
2A, 2A 48 i auir;?lZauinﬁglz i 2A 8 drlnAil4
=hp



1 () 3 dPen(d) 3 de ()

- (48)
1 13 2 12 13 T
4 rl”A*j d I’lr}g 8 I’lr}g d rlr}\gz 8 I’lr}g d rlﬁg
n n ni n n ni 2 n
Uz = Ao () + 3 (). 2 =t (49)
2 ngl(,.ngl 1 ngl 2 ngl (,.ngl 1 ngl
o 4070 (n) & dop(ny )+d o (178 )+ 2 dep (%) (50)
ST e wy a0 o g A
d4 ngl(rngl) d3 ngl(rngl) dz ngl(rngl) d ngl(rngl)
ngl :i (VLI 2 Poan \lia i 2 Pan \lia 2 Paa \lia +
ToB4 dt o ARt o dg ot de)!
4 ngl( .ngl 2 ngl(.ngl 1(.ngl
L OeR(e) 1 oe(s) 1 oen(ud) o1
24 d rzng 14 4 rzng 12 d rzn/g 12 4 rzn;:;]\ 13 d rznf\)l !

o 10GR(ET) o CR(EF) 2 doR(IF) 1 del(ur) gy
9 dre 3y’ de® 3R drY 20y diR®
Tuong tu, trong phép gan dung ba qua cau phéi vi ddi vai 16p ngoai (bo di 1 nguyén
tir trén qua cau phdi vi thir 2 khi tinh ning lwong lién két va cac théng sé tinh thé cua
nguyén tir B va bo di 1 nguyén tir trén qua cau phdi vi thir 3 khi tinh nang luong lién két
va céc thong sé tinh thé cua nguyén tir A; va Az) cua mang,

ni l ni n n N 3 n ni ni ni
Uoe :EZCDAQB (r) =9 (rlBg)+ E?’Aga (rzsg)v e = \/Erlsga (53)
i=1
Ly o _idwﬂé(r&g)idzwﬂ(fz“é)+ 3 dod(ny) (54)
P29 Lhy o dny 4 dre? 49 dre
e 1 > O o | _ 1 doa(ng) 1 dep(ny L d*pu (s
BUa s ap) T g e dy 64 doe
3 PR O deR() O den( (55)
32rg  drg? 64r9?  dryg? 64rg>  dr)g
yngziz 3 pra _ 1 deR(g) 1 diole(ng), 1 dep(nd),
a8 autous’ o A dig® 209 dig? 2ry®  drg’
.3 OB 8 den(m), 3 denoy (56)
16r¢  dr)s® 16r92  dr)9? 16r%  dre
n n 5 n n
ups = ug3 +§§”AlgB (rl,ff ) (57)
2 ng ng ng ng
ng _gng , L az(pzigB ng d qDAxB(rlpx) 3 deiB(rl/i) 58
kAl :kA +EZ 3 no2 :kA + d no2 + opms qrm ) ( )
i ulﬂ eq r=tip rlAi rlAi rlAi
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4 _ng
7ng :yng +i 0 ¢)AiB _
e AT ag4 au{}?"
€4 Jr=r,

1 deR(6R) 1 deR(nE) 1 PeR(R) 1 de(nR)

_ ng
=% T

24 dry* 6ryy  dr}” 16r%  dry? 16r°  dr}
4 ng 3 _ng ng
ng _ ..ng +£Z ago/-\B — 09 4 1 d¢AiB(r1A1 _
Y T oA T g o | Bupraur?? TR
e Jrop,
1 dzgofa(rlr}s? 1 d(P/rA]?B(rlrE
Byt dnyt 8 diy
ni n 11 n ni
uogA2 :u0i+E¢ASB(r1A2)1
2 ] 2 _ng ng ng ng
ng _ ,ng 1 0 ¢2§]B _ Lng d (pAzB(rlAz) 7 d¢AzB(r1A2)
K =i +EZ ou"9? =k 2 dr"9? +2rng dre
i Uiz  ly, 1A, 14, 1A,
ng _ ,,nNng 1 84(p233 L +id4(p233(q?\2)+ > d3¢233(nr£)+
Y1a, = 1A +4_8 oun =7 24 g 12r™ drnos
i i a lr, 1A 1A, 1A
3 dzqof\fs(ﬂli)+ 3 dops ()
16r07  dr)? 16r°  dr
4 ngl 4 nglpngl
7/”91 _7/ngl +£ [ a ¢22gB j _ 7/ngl +1d 602\35 (rlnAg
2A, T /2A ngi2 A, ng12 = /2A nald
48 57| | ou;youy g, 8 dr}
3 dscoﬂfs(rllgz)_F 7 dPo(nh) 7 de(ny)
n n n 3 n !
16!’15 dl‘lAgf 16r1r;22 dl’lAgz2 16rlr,‘§i dl‘lAg
2
ugs = 40 (e )+ 300 (172), 18 =—=n%,
NE)
o :ﬂdzfpﬂi(nlg)+ 8 d(p/ii(rllg)+d2¢23\(r2”2)+£d¢2%(r2”2)
o3 dg® 3y dry dr,3” LA doy
W 1OR(EY) 2 Cel(f) 2 (i) 2 dein(eX),
PR At ey dgp e dg o i
+1(f@30ﬁ)+ 1 fﬁﬂﬂﬁ)_ 1 de ()
24 dr¥* 4r%%  dr)Y? 4% dr)?

, (59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)



ng_ld4¢ng(r1rE)+ 2 d° ng(lr;?) 2 do (1A)+ 1 d° ng(znAg)‘

79 A 3 dr® 3 dr® 2t/ dr)s (68)

Déi v6i nguyén tir X trong tat ca cac 1op
V'x :4(7/1>< +7/2><)- (69)

Moédun nén khéi cua mang mong hop kim AB bang [2,21]
E
TR (70)
trong do6 [2, 21]

Vag =CaVa +CoVg =V, (71)

v, 12 ti s6 Poission ciia mang hop kim AB, v,, v, lati s6 Poisson cta cac vat ligu A
va B. Do ¢, <<, nén v,; ~v,. Médun truot cia mang mong hop kim AB duoc cho
bai [2, 21]

E
G.—__ M 72
B 2(1+vag) (72)

Céc hang sb dan hoi cia mang mong hop kim AB duoc xac dinh bai [2, 21]
C. = Eps (l_ Vas ) _ EneV e c. - Ese (73)
LA (1+ves)(1-2v,g) 1248 (L1+veg)(1-2vy)’ ns 2(1+vyg)’
Van toc truyén song doc V,,, va van toc truyén song ngang v, trong mang mong
hop kim AB tuong trng duoc cho bai [2, 21]

\V; _ 2044AB +ClZAB , V _ C44AB ’ (74)

ABd T

ABn
Prs Prs

\”/‘AB ~ paVo = NV,g, pae 12 khdi lugng rigng cua hop kim AB, p, 12 khdi

AB
lugng riéng caa kim loai chinh A, Vv, Ia thé tich ctia hop kim AB va cac hang sé dan hoi

Cpiongr Cuune duoC cho boi biéu thirc (74)

trong do p,. =

Céch chia mang mong hop kim thanh 16p ngoai, 16p sat ngoai va 1op trong gidng
nhu d4 lam d6i véi mang mong kim loai [17-19]. Cach tinh khoang 1an can gan nhat r,,,
giita 2 nguyén tir X & ap suat P va nhiét do T trong ca 3 16p ciia mang hop kim theo céc
cong thac (1), (2) gidng nhu da 1am ddi véi hop kim khéi [2]. Cach xac dinh d6 doi y, (P,T)
clia nguyén tir X & p suat P va nhiét do T tir vi tri cAn bang doi véi I6p sat ngoai va lop
trong cua mang hop kim theo cong thtc (3) giéng nhu da lam d6i vai hop kim khéi [2]
va d6i vai 16p ngoai ciia mang hop kim theo cong thire (4) gidng nhu da 1am dbi véi ‘mang
kim loai [17]. Cac cong thic (7)-(9) dbi voi niang luong tu do caa cac 16p 1a su két hop
cac cong thirc caa hop kim khéi [2] v & mang kim loai [17]. Cac cong thuc tir (10) dén
(19) trich dan céc cong thire d6i voi mang kim loai [17]. Cong thuc (20) 1a sy két hop
cong thic ciia hop kim khéi [2] va mang kim loai [17]. Céch tinh cac thong sb tinh thé
cua 1p trong theo céc cdng thic tir (21) dén (36) gidng nhu ddi véi hop kim khéi [2].

33



Nguyén Quang Hoc, Pham Phwong Uyén, Pham Duy Thanh va Lé Hong Viét

Céch tinh cac thong sé tinh thé cua 16p ngoai va 16p sat ngoai theo cac cong thuc tir (37)
dén (69) 1a su két hop cdng thac caa hop kim khéi [2] va mang kim loai [17]. Cac cong
thre tir (70) dén (74) dbi véi mang hop kim giéng nhu cac cong thire caa hop kim khéi [2].

Khi bé day du I6n, nang lwong tu do caa mang mong chi c6 dong gop cuia nang luong
tu do cua Ic')rp trong va tré thanh ning lugng ty do caa vat liéu khoi.

Khi nong d6 nguyén tir xen ké& bang khdng, cac dai luong bién dang dan hdi, cac
van toc truyen song doc va song ngang trong mang mong hop kim AB tré thanh cac dai
lwong bién dang dan hdi, cac van téc truyén séng doc va song ngang trong kim loai sach A.

Dé nghién ciru twong tac giira cac nguyén tor W-W, Si-Si, ta &p dung thé tuong tac
cap Mie-Lennard-Jones n-m nhu sau

(1) = an[m(frj _ nm] (75)

trong d6 cac thong sb thé D, ro, m va n dugc cho trong Bang 1.
Bdng 1. Cac théng sé thé D, ro, m va n doi Véi cdc twong tic W-W, Si-Si

Twong tac m n D(10%erg) ro(101°m)
W-W[22] 6,5 10,5 15564,744 2,7365
Si-Si [23] 6 12 45128,24 2,295

Céc két qua tinh s bién dang dan hdi va van téc song dan hoi ctia mang mong W va
WSi duoc tong két trong cac bang tir Bang 2 dén Bang 9 va dwoc minh hoa trén céc hinh
v& tr Hinh 1 dén Hinh 4.

Su phu thudc nhiét do va sb 16p caa modun Young ddi véi W tai P = 0 tinh boi
SMM duoc biéu dién trén Hinh 1. Su phy thugc nhiét do va sé 16p cia médun Young ddi
véi WSI tai csi = 5%, P = 0 tinh boi SMM duoc biéu dién trén Hinh 2. Su phu thudc ap
suit va sb 16p ciia moédun Young ddi véi W tai T = 300K tinh boi SMM duoc biéu dién
trén Hinh 3. Su phu thudc &p suat va sé 16p caa modun Young ddi véi WS tai csi = 5%,
T =300 K tinh béi SMM duoc biéu dién trén Hinh 4.

Su phu thudc ndng do Si va sé 10p cta khoang 1an can gan nhat va khoang 1an can
gﬁn trung binh a, cic médun dan hoi E, K, G va cac héng s6 dan hdi C11, Cuo, Caa, van tdc
doc Vg va véan toc ngang Vn d6i véi mang W va WSi tai P = 0, T = 300K tinh boi SMM
dugc tong két trong Bang 2, trong d6 ¢ két qua ddi voi vat liéu khdi dé so sanh.

Su phu thude nhi¢t do va ) 16p cua van tdc doc va van tde ngang ddi voi mang W
tai P = 0 tinh boi SMM duoc tong két trong Bang 3, trong d6 co két qua dbi vai vat lidu
khéi dé so sanh.

Su phuy thudc nhiét d6 va sé 16p cla van téc doc va van téc ngang dbi véi mang WSi
tai csi= 5%, P = 0 tinh boi SMM dugc tong két trong Bang 4, trong d6 c6 két qua dbi véi
vat liéu khéi dé so sanh.

Su phu thudc ap suat va sb l6p cua van tdc doc va van téc ngang ddi véi mang W
tai T =300 K tinh boi SMM dugc tong két trong Bang 5, trong d6 c¢6 két qua dbi véi vat
liéu khéi dé so sanh.
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Bdng 2. a (csi, n*), E(csi, n*), K(csi, n*), G(csi, n*), Cai(Csi, n*), Ca2(Csi, N*),

tgi P=0, T =300 K tinh boi SMM

Cuaa(Csi, N*), V4 (Csi, N*), Va Vn (Csi, N*) déi véi mang W va Wi

. csi (%) 0 1 3 5
S6 lép

a(10m) 2,642 2,658 2,690 2,722
E(10'°Pa) 38,76 33,91 25,81 19,47
G(10%°Pa) 29,36 25,88 19,99 15,31
10 K(10'%Pa) 15,14 13,23 10,05 7,56
C11(10%Pa) 4,96 4,35 3,34 2,54
C12(10%Pa) 1,93 1,71 1,33 1,03
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Ca44(10'°Pa) 1,51 1,32 1,00 0,76
Vn(10%cm/s) 4,69 4,39 3,85 3,35
Va(10%cm/s) 2,59 2,42 2,11 1,83

a(10"%m) 2,647 2,663 2,696 2,728

E(10%°Pa) 40,39 35,03 26,17 19,35

G(10%°Pa) 30,60 26,73 20,27 15,21

K(10'%Pa) 15,78 13,67 10,19 7,51
C11(10'°Pa) 5,16 4,50 3,39 2,52

30 C12(10%Pa) 2,01 1,76 1,35 1,02
C44(10'°Pa) 1,58 1,37 1,02 0,75
Vn(10%cm/s) 4,78 4,46 3,87 3,34
Va(10%cm/s) 2,64 2,46 2,12 1,82

a(10%m) 2,649 2,665 2,697 2,730

E(10%°Pa) 40,85 35,34 26,28 19,32

G(10%°Pa) 30,95 26,97 20,35 15,18

K(10'°Pa) 15,96 13,79 10,23 7,50
C11(10'%Pa) 5,22 4,54 3,40 2,52

70 C12(10'%Pa) 2,03 1,78 1,35 1,02
Ca44(10'°Pa) 1,60 1,38 1,02 0,75
Vn(10%cm/s) 481 4,48 3,88 3,34
Va(10%cm/s) 2,66 2,47 2,13 1,82

a(10%m) 2,649 2,665 2,698 2,730

E(10%°Pa) 40,95 35,41 26,30 19,31

G(10%°Pa) 31,02 27,03 20,37 15,18

K(10'°Pa) 16,00 13,82 10,23 7,50
C11(10'%Pa) 5,24 4,54 3,40 2,52

100 C12(10'%Pa) 2,04 1,78 1,35 1,02
Ca44(10'°Pa) 1,60 1,38 1,02 0,75
Vn(10%cm/s) 4,82 4,49 3,88 3,34
Va(10°cm/s) 2,66 2,47 2,13 1,82

a(10"°m) 2,649 2,666 2,698 2,731

E(10%°Pa) 41,07 35,50 26,32 19,30

200 G(10%°Pa) 31,11 27,09 20,39 15,17
K(10'°Pa) 16,04 13,85 10,24 7,49
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C11(10'°Pa) 5,25 4,56 3,40 2,52
C12(10'°Pa) 2,04 1,79 1,36 1,02
C44(10%°Pa) 1,60 1,38 1,02 0,75
Vn(10%cm/s) 4,82 4,49 3,88 3,34
Va(10%cm/s) 2,67 2,48 2,13 1,82
a(10%m) 2,649 2,666 2,698 2,731
E(10'°Pa) 41,19 35,57 26,35 19,29
G(10'°Pa) 31,20 27,15 20,67 15,22
K(10'%Pa) 16,09 13,88 10,23 7,483
Khéi C11(10'°Pa) 5,26 4,56 3,43 2,52
C12(10'%Pa) 2,05 1,78 1,38 1,02
C44(10'%Pa) 1,61 1,39 1,02 0,74
Vn(10%cm/s) 4,83 4,49 3,89 3,34
Va(10%cm/s) 2,67 2,47 2,13 1,82

Béng 3. Vu (T’ n*)a va Vn (T, n*) dél. voi thiP: 0 tinh béi SMM

. T(K)
Y S6 16p

100 | 300 | 500 | 700 | 900 | 1000
10 461 | 456 | 450 | 443 | 436 | 432
30 478 | 473 | 467 | 460 | 453 | 449
70 483 | 478 | 472 | 465 | 458 | 454
Ve(10°cm/s) 100 484 | 479 | 473 | 466 | 459 | 455
200 485 | 480 | 474 | 467 | 460 | 457
Khoi 485 | 483 | 474 | 469 | 460 | 458
10 255 | 252 | 248 | 245 | 241 | 239
30 264 | 261 | 258 | 2554 | 250 | 2.48
70 267 | 264 | 261 | 257 | 253 | 251
ValOZem/s) 100 268 | 2,65 | 2,61 | 258 | 254 | 2,52
200 268 | 265 | 2,62 | 258 | 254 | 2,52
Khéi 269 | 267 | 2,62 | 258 | 255 | 2,52
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Bing 4. V4 (T, n%), Va Vi (T, N*) déi véi WSi tai csi= 5%, P = 0 tinh béi SMM

) T(K)
v S 16p
100 | 300 | 500 | 700 | 900 | 1000
10 185 | 183 | 181 | 1.78 | 1.75 | 173
30 184 | 18 | 180 | 177 | 174 | 172
N 70 184 | 182 | 180 | 1.77 | 174 | 172
n10°cmys) 100 184 | 182 | 180 | 177 | 174 | 172
200 184 | 18 | 180 | 177 | 174 | 172
Khoi 184 | 181 | 179 | 177 | 175 | 172
10 338 | 335 | 331 | 326 | 320 | 316
30 337 | 334 | 330 | 325 | 319 | 315
70 337 | 334 | 330 | 325 | 319 | 315
Va(10°cm/s)
100 337 | 334 | 330 | 325 | 318 | 315
200 337 | 334 | 330 | 325 | 318 | 315
Khoi 337 | 334 | 330 | 325 | 318 | 315

Bing 5. V4 (P, n*), va Va (P, N*) déi véi W tgi T = 300 K tinh béi SMM

B P(GPa)
\Y So lop
10 20 30 40 50
10 5,77 6,01 6,24 6,46 6,67
30 5,94 6,19 6,43 6,65 6,86
: 70 5,99 6,24 6,48 6,70 6,91
Vd(10°cm/s)
100 6,00 6,25 6,49 6,71 6,93
200 6,01 6,27 6,50 6,72 6,94
Khbi 6,06 6,30 6,54 6,75 6,97
10 3,19 3,32 3,45 3,57 3,69
30 3,28 3,42 3,55 3,67 3,79
5 70 3,31 3,45 3,58 3,70 3,82
Vn10°cm/s)
100 3,32 3,46 3,59 3,71 3,83
200 3,32 3,46 3,59 3,72 3,84
Khbi 3,29 3,43 3,55 3,67 3,79

Mbdun dan hoi dang nhiét cia W & dang vat liéu khéi tai T = 300 K, P = 0 tinh boi

SMM phut hop 6t véi cac sb liéu khac [17-19, 24] (xem Béng 6).
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Bdng 6. Bt ciia W dang khéi tai T=300K, P =0
tinh béi SMM, LDA[24],TB [24] va theo TN [25-27]
Phwong phap SMM TN [17-19] LDA [16] TB [16]
Br(GPa) 320,03 323,00 333,00 319,00
_ (LDAIa két qua tinh toan trong phép gan dang mat do dia phuong, TB 1a tinh toan
bang phuong phap lién két chat).
Khoang lan can gan nhét a va cac modun E, G, K cia W ¢ dang vat ligu khoi tai
T =300 K, P =0 tinh bédi SMM phu hop kha tot vdi cac thuc nghiém [28-31] (Bang 7).
Bing 7. a, E, K, G cia W ¢ dang khéi tgi T=300K, P =0
tinh béi SMM va theo TN [28-31]

Phuong phap a(10°m) E(10%°Pa) K(10%°Pa) G(10'°Pa)
TN [30, 31] TN [28] TN [28, 29] TN [28]
SMM 2,6443 41,40 31,36 16,17
TN [28-31] 2,7400 41,50 30,00 16,00

Céc hang s dan hoi Cu1, Ciz, Cas clia W & dang vat ligu khéi tai T =300 K, P =0
tinh boi SMM phu hop kha tot vai cac thue nghiém [24, 29, 32] (xem Bang 8).
Bdng 8. C11, C12, Cas ciia W dang khéi tai T = 300K, P =0

tinh béi SMM va theo TN [16, 21, 24]

Purong phip SMM TN [29] TN [24] TN [32]
C11(10'Pa) 5,29 5,27 521 5,29
C12(10'Pa) 2,06 1,94 2,02 1,70
Caa(10Pa) 1,62 1,47 1,60 1,98

Khoang lan can gan nhat cia mang mong phu thudc vao bé day, nhiét do va ap sut.
Khoang 1an can gan nhat cia mang mong tang theo bé day, ting manh theo nhiét d6 va
giam theo &p sut. Khi nhiét do tang, khoang Ian can gan nhét trung binh gitra hai nguyén
tu tang, cac dai luong bién dang dan hoi va séng dan hoi giam. Khi ap SUAt ting, khoang
lan can gan nhat trung binh gitra hai nguyén tu giam, cac dai lugng bién dang dan hoi va
song dan hoi ting. Khi ndng d6 nguyén tir xen k& tang, khoang 1an can gan nhat trung
binh gira hai nguyén tu tang, cac dai lugng bién dang dan hdi va song dan hoi giam. Khi
s6 16p tang cho dén khoang 200 16p (be day khoang 35 nm), cac dai lugng bién dang dan
hoi va song dan héi cia mang mong tién dén céc gid tri caa vat liéu khoi.

3. Kétluan

Bai bao trinh bay mo hinh mang hop kim xen k& AB voi cau truc LPTK va xay dung
Ii thuyét bién dang dan hol Va van toc truyén song dan hoi cia mang nay trén co s6 SMM.
Trong truong hop khi ndong do nguyén tir xen k& bang khong, Ii thuyét nay tro thanh i
thuyét bién dang dan hoi va van téc truyén song dan hoi caa mang kim loai. Khi bé day
mang dua 16n, bién dang dan hoi va van tdc truyén song dan hoi cia mang hop kim xen k&
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tré thanh bién dang dan hoi va van toc truyén song dan hoi caa vat liéu khdi cua hop kim
xen k&. Bai bao tinh s6 d6i véi bién dang dan hdi va van téc song dan hoi cua W va WSi
khi sir dung thé Mie-Lennard-Jones m-n va phuong phap qua cau phéi vi. Mot sb két qua
tinh toan dugc so sanh véi s6 liéu thuc nghiém va tinh toan khéac. Céc két qua tinh toan
d6i véi mang mong ¢ tinh du bao, dinh huéng thuc nghiém trong twong lai.
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ABSTRACT
Study on the elastic deformation of BCC interstitial alloy’s thin film

Nguyen Quang Hoc!, Pham Phuong Uyen!, Pham Duy Thanh? and Le Hong Viet®
'Faculty of Physics, Hanoi National University of Education
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The article presents the theory of elastic deformation and elastic wave propagation
velocity of BCC binary interstitial alloy’s thin film based on the statistical moment
method. Metal’s films and bulk interstitial alloys are specific cases of interstitial alloy’s
films in this theory. The obtained theoretical results are applied to W and WSi films,
where calculated results are compared with other calculations and experimental data.

Keywords: binary interstitial alloy’s thin film, BCC structure, metallic thin film, bulk
material, statistical moment method.

42



