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ANH HUONG CUA SU CANH TRANH TUONG TAC TRAO POI J;-J,
LEN CAC TINH CHAT NHIET PONG CUA CHUOI SPIN S-o
Pham Hwong Thio"
Nguyén Hizu Canh?
TOM TAT

Anh hu"éng cua Sw Canh tranh twong tdc trao doi 1én cdc tinh chat nhiét déng cua
chudi spin gom hai phdn mang khéic nhau dwoc nghién civu trong gan diing tnm’ng
trung binh va gan ding thing gidng spin Sir dung mé hinh Ji1-J, v6id,la hang sé
twong tac trao doi gida spin thir i Véi cdc spin ldn can gan nhat va J,(J,) la hang sé
twong tdc trao déi gifa spin i Vdi cde spin ldn cdn gan nhat ké tiép. Su phu thuge vao
nhiét do va cuong do twr truong ngoai cua cac dai lwong nhiét dong duoc dua ra
trong hai trirong hop (i) 310, J,>0, J,>0 (sdt ti-sdt tiz) va (i) 31<0, J,>0, J,>0
(phdn sdt tie-sdt tir). Trong trong hop (i) trong gan diing truong trung binh, khi Ji
c6 gid tri nho, trat tu tir cia hé c6 thé la feri tir hogc sdt tir ¢ nhiét do thap. Cdc két
qud cia chiing t6i trong triong hop Ji-J; thudc logi sdt tie-sdt tir kha phi hop vé mdt

dinh tinh véi cdc két qua cia nhém M. Hartel cho chudi spin sdt ter J1-J.
Tir khéa: Chuéi spin, cdc tinh chdt nhiét dong, mé hinh Heisenberg Ji-Jz, gan

diing trueong trung binh, Qdn ding thang gidng spin

1. Pt van dé

Céc tinh chat caa chudi spin 1a mot
trong nhitng chu dé nghién ciru rong rai
& ca hai mang 1y thuyét va thuc nghiém
do c6 nhiéu Gng dung day tiém ning
cua chudi spin. Cac nha nghién ctu
dang xem xét chudi spin nhu mot ung
Clr vién diy tiém ning cho céc tién trinh
thong tin lugng tu, vi du nhu st dung
chudi spin cho truyén théng luong tu,
do cac trang thai luong to, tao ra roi
luong tir [1], [2]. Trong sé cac md hinh
duoc st dung dé mo ta va giai thich cac
tinh chat cua hé spin luong tir thi mo
hinh Heisenberg Ji-J; [3] dugc st dung
mot cach rong rai, trong moé hinh nay co
su canh tranh tuong tac gitra tuong tac
ctia mot spin véi cac spin 1an can gan
nhat (J1) va tuong tac cta spin ndy Voi
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cac lan can gan nhat ké tiép (J2). Mo
hinh nay cung cap mot nén tang tot dé
nghién ctru cac tinh chét nhiét dong cua
cac hé tir tinh thap chiéu. Trong nhiing
nim gan day su chu y nay cang duoc
gia tang do su phat trién cua cac vat lidu
tir gan voi mo hinh spin mét chiéu [4],
[5]. Cac phép do su phu thudc tir truong
cua nhiét dung riéng va do tur hoa duogc
nhom cua V. Hardy thuc hién trén céc
tinh thé CazC0,06 [4]. V& mit 1y thuyét,
hop chit nay 1a tap hop cua cac chudi
spin Ising duoc sip xép trén mot mang
tam gidc. Cac tuong tac giita cac chudi
va cac spin trong chudi 1an luot 1 sat tir
va phan sit tir. Phuong phap nhom tai
chuan hoéa va céac tinh toan sd dugc
nhom cua L.S. Campana st dung dé
nghién ctu nhi¢t dung riéng cua
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C6H11NH3CUBT3 va C6H11NH3CUC13
[5]. Hai hop chat nay dugc xdy dung tir
cac chudi spin lugng tir sat tir va duoc
md td bdéi moé hinh Heisenberg di
huéng. Nhom cua F. Heidrich-Meisner
nghién ctu sy chuyén pha ctia mot
chudi spin -1/2 sit tir voi cac tuong tac
trao doi di huéng trong mot tir truong
ngoai st dung phuong phdp nhém
chuén héa ma tran mat d6 v6i mo hinh
Heisenberg J;-J; [6]. Nhom cua M.
Hartel nghién ctru cic tinh chéat nhiét
dong cua chudi spin % véi mo hinh
Heisenberg J;-J,, tuy nhién chi xét dén
trat tu sat tir cua chudi [9].

Trong bai bdo trudc, ching téi da
nghién ctru cac tinh chat nhiét dong cua
chudi spin trong gan dung trudng trung
binh va gan dung thing giang spin sir
dung phuong phép tich phan phiém
ham [7], tuy nhién ching t6i chi xét dén
tuong tac trao ddi gitra cac spin lan can
gan nhit. Trong bai bao nay ching toi
nghién cau anh huong cua sy canh
tranh twong tac trao d6i vung lan can
gan nhat voi ving lan can gan nhat ké
tiép lén cac tinh chit nhiét dong cua

chudi spin tuyén tinh véi hai phan mang
khéc nhau trong mo hinh J;-J; c6 tinh
dén cac thang giang spin cho gia tri spin
bat ky.

2. Mo hinh tinh toan

Chung t61 xét mot chudi spin tuyén
tinh gébm N spin S (mdé hinh
Heisenberg) va N spin o (mo6 hinh
Ising, do d6 0':%) nam xen k& lan
nhau doc theo huéng Oz (hinh 1), nhu
vay téng sb hat co trong hé 1a 2N. J, la
hang s6 tuong téc trao doi gitta spin S;
V6i céc spin lan can gan nhat o7, J,1a
hang sd twong tic trao doi gitra spin
S{ (@=x,Y,2)Véi cac spin cung loai
1an can ké tiép S7,, va J, la hang s6

, Xe e , . 7 .
tuong tac trao doi gitta cac spin o j Vol

cac spin cung loai lan can ke tiép o, .

Iy
________ é p
IS o |
R T >
74

Hinh 1: Chudi spin tuyén tinh gém N spin S va N spin o nam xem ké lan nhau
doc theo truc z’Oz

Hamiltonian cua chudi khi c6 mit tir trudng ngoai h 71 Oz ¢6 dang:
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)s?a%

g+

N N N N
H=-h>S'-h> o] —ZZJl(‘zj ~Zi )aszjZﬂ—ZZJl(‘zj ~Zi
= i1 = -1

N N .
=233, (7, -2,,]) 8787, -22° 3, (|2, - 2,0 ) 0. (1)
=t j=1
Cac thang gidng spin dugc dinh nghia nhu sau:

55 =5 -(S]):68, =565} =8;607 = -(?). @

]

Thay (2) vao (1) ta duoc:

H =—;(hl +8J,(c")+83,(s"))s! —;(hz +8J,(8")+83, (0" o

+8NJ, (" )(87)+4NJ, (S7)(S7) +4NJ, (o }(0") (3)
4% 3,(k,)55" (k)07 (—k,) -2 J,(k,)85% (k,) 55" (—k,) ~ 23" 3, (k)50 (k)60 (~k,),

trong (3)

a 1 a H z l z H
5S! =W;5Skzexp(|k22j), 5o’ =ﬁ;50kzexp(lkzzj),

va

J,(k, ) =3, (exp(ik,a) +exp(—ik,a)) = 2J,cos(k,a),

J,(k,) =3, (exp(ik, 2a) +exp(-ik, 2a)) = 2J,cos(2k,a),  (4)

J;(k,) = J;(exp(ik, 2a) +exp(-ik, 2a)) = 2J,cos(2k,a).
Tur (3) ta c6 truong hiéu dung tac dung 1én mdi spin cua chudi co dang:
+Spin Sy, = B(h +83,(0*)+83,(s7)). (5)
+8pin o1y, = B(h, +83,(s*)+83,(0*)). (6)
2.1. Trong gén diing truong trung binh ~ nang luong tu do cua hé trong gan ding

Trong gan dung truong trung binh truong trung binh cua hé co thé nhan
céac thang giang spin dugc bo qua do d6  duoc tir (3) voi 6S* =0;00° =0:

Fo =~ {Te[oxp(-H) ] =8N3, (0°) (57 + N3, (5°) (57 + a3, (o) o)

A RRAE Ty

(7)
B

Tur biéu thirc nang lugng tu do (7) cia hé nhu ndi nang, nhiét dung riéng
chung ta c6 thé tinh dwoc cac dai lwong trong gan dang truong trung binh. Do tur
ddc trung cho cac tinh chat nhiét dong
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héa twong dbi cua mdi spin trong Iy thuyét truong trung binh:

Tr(a?efﬂ”w )
_ J

m, :<af>—w:b(yz):(a+%)cth(o-+

1
E) Y, — cth Y

2 (8)

m, =(S¢)=b(y,)=(S +%)cth(s +%)yl—%cthﬁ. 9)

véi b(y) 13 ham Brillouin cua di sd y.

2

22. Trong gén diing thiing gidng spin  ¢4c spin S —o sap xep theo mo hinh sat
Trong gan dung thing giang spin, tu H R R do do

chiing t6i chi xét truong hop chudi spin b(yS ) = b(ya) = b(yl) va

v6i md hinh Ising S=0'=% (J,=1,) <gz>:<32>, Trong

va tuong tac trao doi J; - J, thuoc loai  Hamiltonian c6 dang

tuong tac trao doi sat tir - sat tur, lac nay

H=H,+H,, H,=H, +H01,H =H, +H,,

int?

Hoo =8NJ, (S*)(S*)+8NJ, (S*)(s*), H, Zﬂ 5y
H, =-2>3,(k,)88% (k)68 (=K, ), H,, =—2>"J,(k,)5S

kZ

Xét

exp(-=BH) =exp(-pH,) exp(-LH;,) =exp(-BH,) T exp {—

voi T la toan tir thir ty thoi gian a0 0<z < 8 va
Hint(T):H' ( )*Hiz( ),
r)=-2)J,(k,)68%(k,,7)5S* (=k,.7) ——ZZJ
o day )
05 (r) =exp(zH,)oS; exp(—rH,).

Ta c6
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y, =(h, +83,(s

truong hop nay

*)+8J, <s>) (10)

(k,)5S* (k).

B
J Him(r)dr},

0

k ,1')582(—kz,1'),
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, exp{4f%§31(kz)5sz(kz,r)ésZ(—kz,r)dr}
Texp{—IHim(r)dr}:T °ﬂ Z
0 xexp{4I%ZJ2(kz)5SZ(kz,r)ﬁsz(—kz,r)dz'} (11)

:T{exp{{%;(\ll(kzﬁJz(kz))ﬁsz(kz,r)ész (—kz,r)dr}}.

Str dung phép bién dbi tich phan Stratonovich — Hubbard (xem [8])

ool £ A (T3 ool 5+ Sy

[
cho s6 hang exp[...] dudi toan tr B trong biéu thirc (11), & day A 1a ma tran dbi
xung, All 2 1a yéu t6 ma tran cta ma tran AY?, véi (All 2)2 =A, do d6 ching toi
nhan du:(yc

exp(—pH)=exp(-4H,)x
- - 1/2 2
| (dco)Texp{{—%Zcoé(q)coé(—q)+Z(ﬁJ1(kz)+ﬂJ2(kz)) 0% (a)5S" (q)} (2

trong (12) g5 (q)1a phép bién d6i Fourier cho bién truong (szz () trong khoang
0<r<g:

o (0)= 77 o ()™, (13)
2zm .y , -
& day cac tan s6 1a @=——, m=0, £1, £2,...; g 1a véc-to song hai thanh

phan §=(k,,®), 5S;(q) = ﬁ'lje'masg (r)dz va
0

J.(d(D) .[ d¢7s (q O)H_[ ﬂ(q)J' (q) (14)

—0 k#0 —o0

Voi;° (q) va o5 *(q) 1a phan thyc va phan 4o ctia bién truong ¢ 2(q),

@ (q) = 95° (q) +ig*(q)- (15)
Tir (12) chang t6i tim biéu dién tich phan phiém ham cho ning luong tu do:
F=—kTINZ=—kTInZ,+In{e”n) =F +In(e’)  (16)

va

In{e"=) =In [ (dg) exp{zl{—%z(p; (Do (@) - Iim[qos]H, )
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S6 hang thtr hai 1, [¢,] trong (17) 1a phiém ham tuong tac:

. (18)

0

Iim[qoslz—ln<T exp{@(ﬂal(kz)+ﬂ32(kz>)”2<o; (&)582(6)}>

Theo [8], trong phép gan ding Gaussian bac 1, phiém ham logarit trong (18)
dugc biéu dién trong dang chudi nhu sau:

_Iim[(ps]:4i$2(ﬁ\]1 (k,)+83, (kzl))m---(ﬂJl (i )+ 43 (k. ))1,2
m=2 =G
X?’él (ql)-"(oszm (qm )5(601)5(0)2)5“(21 + kzz)bl(yl)a

VGi b(yl) va b™ (Y,) 12 ham Brillouin va cac dao ham cép m cua ham.

(19)

Tinh toan tich phan phiém ham biéu dién trong (17) véi |, [o.] dugc cho trong
(19), chung t6i nhan duoc biéu thirc ctia ning luong tu do caa chudi spin khi ¢ tinh
dén cac thang giang spin:

sh(S+1/2
Foan (3, 3,)((5°)] 2| OV
B sh(/2)

Do tir hoa toan phan cua hé duoc dua ra boi

j+%kzln(1—ﬂb'(yl)(Jl (k)+3,(k)))-(20)

Z,-:<S"Z> 1 oF

o,

mg = =
N N
sh(S+1/2)y,
+26[|n(sh(yl/2)
N,

3. Céc tinh toin s va thao luin

Dé tinh s ching t6i biéu dién cac
dai luong nhiét dong theo don vi cua
hang sb twong tac trao doi |J1| hoic |y,
tic 13 cac tham sé nhu cuong do tur
truong ngoai duoc biéu dién 1a h/|Jy,)|
do cam tu 1a |12, nhiét do la
kgT/|J12|, nang luwong tu do 1a F/|J1 2|,
ndi nang la U/|J12| va nhiét dung riéng
Clkg. Dé c6 thé dua ra duoc su phu
thuoc nhiét do va tr truong ngoai cua
cac dai lugng nhiét dong chung toi st
dung phan mém tinh toan s& matlab,
viét chuong trinh dé giai s6 hé phuong
trinh phi tuyén (5) va (6), tir 46 tim dudi

= —16(3,+3,)b(y,)b(

A (kz)+Jz(kz))b"(yl)%
oh TN 189, (k)+ 3, (K,))D'(v,)
dang sd cac dai lwong nhiét dong cua
chudi spin véi sy canh tranh tuong tac
trao doi J1-J, (J, dugc xét theo Jp).
3.1. Trong gédn diing trwong trung
binh (MFA)
a. Trwong hop twong tdc trao doi
sat tir - sat tie: 31>0 va J,>0
Hinh 2 biéu dién sy phu thudc vao
nhiét do cua cac dai luong nhiét dong
khi khong c6 tir truong ngoai Véi céc
gia tri khac nhau cua Jy(J>>0) va J;>0
duoc giir khong doi, ¢ day chiing toi lay
J,=J,. Dya vao hinh 2.(a) c6 thé thay
la trong truong hop J;>0, cac spin S va
o sap xép theo trat ty sat tir do d6 My
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va M, _nhan céac gia tri duwong, luc nay cling c6 thé thiy c6 chuyén pha bac hai
J1-Jo b6 tro cho nhau, J; cang 16n cang  trong hé, dinh cua duong biéu dién
gia tang trat tu tir co trong hé, ddn dén  nhiét dung riéng Co/ks tng voi nhiét do
nhiét d6 Curie ting theo J,. Pong thai  chuyén pha caa hé.

0 -
= 2t
\Q
o
B o —
=
<= -4}
= Fol|lJh|
-5} ‘
My,
4 _
6 % 2 6
kT | kT
(a) (b)

Hinh 2: Sy phu thudc vao nhiét do cua cac dai lwong nhiét dong cua chudi spin trong
truong hop J1>0, J,>0: J,=0,1J; (duwong lién nét); 1;=0,531 (duong dirt nét), J,=J,, &
day h=0, S=1, c=1/2

b. Truwong hop tuwong tdc trao doi phan sat tir - sat tir: J1<0 va J,>0

1
My
0.5
E’_“-’
ot premeemeeme e
my,, f‘r,I .
20,5 b
4 0 2 4 6 8
kBT/\J]\ kBT/\Jz\

Hinh 3: Su phu thuoc vao nhiét do cua cac Hinh 4: Sy phu thuoc vao nhiét do cua
dai lwong nhiét dong ciia chudi spin trong — dg tir hoa trén moi phdn mang ciia chudi
trieong hop J1<0 (khéng doi), 3;>0: Jp=- spin trong trwong hop Jo>0 (khéng doi),

0,131 (duong lién nét); 3,=-0,531 (duwong dirt ~ I1<0: cdc dwong di tir trdi qua phdi lan

nét), 3,=Jy, ¢ day h=0, S=1, c=1/2 lwot vng voi J1=0; J1=-0,1J2;J;=-0,5J2;
va 01=-1,20,, ¢ ddy J,=J,,h=0, S=1,
o=1/2
Hinh 3 biéu dién sy phu thudc nhiét giit khong ddi. Dya vao hinh 3 ¢ thé
do cua cac dai lugng nhiét dong khi thdy 1a trong truong hop J1<0, cac spin
khong co tir truong ngoai vai cac gia tri S va o sip xép theo trat ty phan st tu,

khac nhau cua J; (J2>0) va J1<0 duoc do d6 Myg nhan cac gid tri duong va
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My, Nhan cac gid tri am, vi S=1 va
1 . . \ . x- .
o= > nén hé tao thanh mot chuoi feri

tir, c6 cac tinh chat giéng nhu mot chudi

1 i

\WOS
my,,
0.5
=]
=
o — |
03 2 4 6

k, T/

Hinh 5: Su phu thuoc vao nhiét do cua do
tir héa ciia chudi spin trong truong hop
Jo>0 (khéng doi), J1=-0,01;: cdc duwong
di tir trdi qua phdi lan leot iing
voiJ,=0,13,; J,=0,5J2; J,=J,; va
J,=1,23;, ¢ day h=0, S=1, c=1/2

5
4,
3,
=)
=_ 2}
[\
1
l"\l
= 0
o

U /1]

0 2 4 6
k T,

Hinh 7: Su phu thuoc vao nhiét do cua
nhiét dung riéng ciia chudi spin trong
triweong hop Jo>0 (khéng doi), J1=-
0,010J,: J,=0,5J, ¢ day h=0, S=1,
o=1/2

Hinh 4 biéu dién sy phu thudc nhiét
dd cua cac do tur hoa khi khong céd tu
truong ngoai véi cac gia tri khac nhau

sat tir (tuy nhién khac nhau vé trat ty
tu), J, cang 16n cang gia tang trat tu tir

c6 trong hé, dan dén nhiét do Chuyén

pha tang theo J;.
0
B Us V-]
;N
)
=

F )
&
=

0

YA
4}
0 1 2 4 5

3
kTN,

Hinh 6: Sy phu thugc vao nhiét o cua cdac
dai lwong nhiét dong ciia chudi spin trong
trieong hop Jo>0 (khéng doi), J1=-0,010:
cdc dwong di tir trén xuong dwdi lan luot
ing v6i J,=0,51p; J,=Jp; va J,=1,20,, ¢
day h=0, S=1, o=1/2

0 2 4 6
kT,

Hinh 8: Su phu thuoc vao nhiét do cua do
tir héa ciia chudi spin trong truong hop
J>>0, J;=-0,010J;: J, =0y, ¢ ddy h=0,
S=1,0=1/2. Puong lién nét irng voi trit
fw sdt tir va dwong dirt nét uwng voi trat ty
feri tir cua hé khi ksTI|J2| nho
cua J;(J1<0) va J,>0 duoc gitr khong
d6i. Tur hinh 3 c6 thé thay 1a khi J;=0,
hé tré thanh 2 chudi spin S va o hoan
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toan doc lap véi nhau va c6 nhiét do
chuyén pha khac nhau (lac ndy chudi
spin S va ocod thé co trat ty sit tir
(TT.) hoic feri tr (T¢d,)). Khi
J; #0 (3:1<0), tirc 1a c6 twong tac trao
do6i gitra spin Sva spin o, ching toi
dua ra cac truong hop sau:

+ Néu J; 16n (vi du nhu [J4=0,5J,):
trat ty to trong hé luc nay la feri tu,
nhiét do chuyén pha ting dan khi |J4|
tang dan. Nhu vay co thé thiy |J;| cung
cd thém trat tu feri tir cia hé.

+ Néu J1<0 va c6 gia tri nho so Voi
J2 (]91]=0,01J;), tr hinh 5 ching ta c¢o

1

0.8}

0.6

kT,

Hinh 9: Su phu thuoc vao nhiét do cua

do

tir hoa cua chudi spin voi cac gid tri khac

nhau cua tir truong ngoaihy =0 (dwong lién
nét) va h1=2, h,=0,8n1(duwong dirt nét) trong
truong hop J,>0, J1=-0,01J,: J,=0,5J,, ¢

dayS=1,0=1/2
trwong  hop  J1=-0,01J,,
chung t6i tiép tuc xét sy phu thudc vao

Trong

nhiét d6 cua do tr hoa vdi cac gia tri
khac nhau cua tur truong ngoai voi trat
tw ban dau cua hé 1a sit tir dugc biéu
dién trong hinh 9 va hinh 10. Trong
hinh 9 h;>0 va h,=0,8h;, trc 1a cac spin
ctia 2 phan mang déu huéng theo hudng

138

thé thay 1a do tuong tac trao d6i phan
sat tir gitta S- o rat nho so voi tuong tac
trao doi sit tir S-S (J2) va o—o (J,)
nén ciu tric tir ciia h¢ co thé 1a trat tu
sat tir hogc feri tir. Dya vao hinh 5 ¢
thé thay 1a néu ban dau hé co trat tu sat
tir thi khi nhiét d6 tang dan thi do tir hoa
caa spin m,_giam dan vé 0 va sau d6
ddi hudng, Iuc nay hé chuyén tur trat tu
sat tir sang feri tir. Do d6 & duong biéu
dién sy phu thudc vao nhiét do cua noi
nang (hinh 6) va nhiét dung riéng (hinh
7) xuat hién cac diém gian doan ¢ng voi
su thay ddi trat tu tir trong hé.

1

h, = 0,8k, >0
0.5 :

k T/,
Hinh 10: S phu thuéc vao nhiét do cua
dé tir héa ciia chudi spin khi cé tir
truong ngoai hi=2, trong truong hop
J>>0, J;=-0,01J,: J; =0,5J,, o day
S=1,0=1/2

cua tu truong ngoai, do cd tur truong
ngoai du I6n nén khi nhiét d6 tang lén
khong xuét hién trat tu feri tir nhu trong
trrong hop khong c6 tur truong ngoai.
Trong hinh 10, biéu dién sy phu thudc
vao nhiét do cua do tur hoa khi h;=2,
h,=0,8h; (cac spin déu huéng theo
hudng cua tur treong ngoai)vah;=2, hy=-
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0,8h; (spin S hudng theo hudng cua tir
truong ngoai, spino hudng nguoc Voi
huéng caa tr treong ngoai), tur hinh 10
ta co thé théy la trong truong hop h;=2,
h,=-0,8hy, khi c6 tir truong ngoai du 16n
céc spin o ban dau hudng theo hudng
cia spin S nhung sau d6 s& dan xoay
theo hudng nguoc lai (do J;<0),
|m00|dat dén gia tri  cuc dai
(max (Jmy,|)=0,5) va gia trj giam dan
vé khong khi nhiét do dat t6i nhiét do
chuyén pha).

3.2. Trong gan ding thing gidng
spin (SFA)

1

0.8F
0.6
S
0.4

0.2}

2
kT |

Hinh 11: Su phu thuéc vao nhiét do cua
dé tir héa ciia chudi spin trong MFA va
SFA khi khong co tir truong ngoai, o
dayS = o=1/2

Tur hinh 12 ¢6 thé thay thang giang

spin ting dan tir gia tri 0 ung véi nhiét
do kgT /J, =0va dat dén gia tri cuc dai
tai diém chuyén pha cua hé trong gan
ding truong trung binh. D6 1a boi vi
trong tinh todn ctia chiing toi trong gan

ding thang gidng spin cho nang lugng
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Trong gan dung thing giang spin,
chiing t6i chi xét truong hop tuong tac
trao d6i Ji-J, thudc loai sat tur-sat tur.
Hinh 11 va hinh 12 biéu dién su phu
thuoc nhiét do cua do tir hoa va thang
giang spin trong gan dung trudng trung
binh (MFA) va gan dung thing giang
spin (SFA). Tir 2 hinh nay c6 thé thiy
trong SFA do su xuit hién cua cac
thing giang spin da anh huong dén trat
tu tir cia hé, lam giam nhiét do chuyén
pha (trong MFA khong c6 cac thang
giang spin).

50001

40001

£ 30001

an

2000} 3

1000} 0 3 4

£
kT |

0

0 1 3

2
ke, T/\J |
Hinh 12: Su phu thuéc vao nhiét do cua
thang gidng spin ciia chudi spin trong SFA
khi khong co twr truong ngoai, o ddy
S=0=1/2
tw do va da ldy (S*)~(S*) . Vén dé

nay s& dugc ching toi giai quyét trong
bai béo sau.

Cac duong biéu dién su phu thudc
vao nhiét do cua cac dai lugng nhiét
dong cua chudi spin sit tir trong gan
dung truong trung binh va gin dung
thing giang spin kha phu hop vé mat
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dinh tinh véi cac két qua cia nhom M.
Hartel [9].

4. Két luan

Dua vao m6 hinh Heisenberg Ji1-J2
chung t6i da nghién crtu &nh hudng cua
su canh tranh cac twong tac trao doi
gitra cac spin 1an can gan nhat (J;) va
cac spin 1an c4n gan nhat ké tiép (J, va
J,) 1én cac tinh chat nhiét dong cua
chudi spin tuyén tinh trong gan ding
truong trung binh (MFA) va gan dung
thang giang spin (SFA). Cac két qua
tinh s6 da chi ra su phu thudc vao nhiét
dd va vao tur truong ngoai cua cac dai
lugng nhiét dong trong 2 phép gin

ding nay. Trong MFA, khi J;-J; thudc
loai phan st tir - sat tir va |J;| nho, ban
dau hé c6 thé c6 trat tu sit tir hodc feri
tr, dudi anh huong cua nhi¢t do va tur
trudng ngoai, s& co cac chuyén pha trat
ty trong hé, dan dén cac diém gian
doan trong cac duong biéu dién cac dai
lugng nhiét dong. Tu céc Kkét qua tinh
sO chiing toi dd so sanh cac két qua
trong MFA va SFA khi J;-J; thudc loai
st tir - sat tir, chung toi thiy rang cac
két qua cua ching toi kha phu hop vé
mit dinh tinh v&i cac két qua ctia nhom
M. Hartel.
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INFLUENCE OF COMPETITION BETWEEN J;-J, EXCHANGE
INTERACTIONS ON THERMODYNAMIC PROPERTIES
OF S—o SPIN CHAIN

ABSTRACT
Influence of competition between J1-J, exchange interactions on thermodynamic
properties of S—o spin chain are investigated in mean field approximation and spin
fluctuation approximation using J1-J, model, here J; is exchange interation constant
between a i"spin with nearest neighbors and J, (J,) is exchange interation constant
between the spin with next nearest neighbors. Dependence on temperature and on
external magnetic field strength of the thermodynamic quantities are given in two
case (i) J;>0, J,>0, J,>0(ferromagnetic-ferromagnetic) and (ii) J1<0, J,>0, J,>0
(antiferromagnetic-ferromagnetic). In (ii), the magnetic order of the system can be
ferromagnetic or ferrimagnetic in range of low temperature. Our numerical results
in case of ferromagnetic — ferromagnetic J;-J.are in agreement with ones of M.
Hartelfor the J;-J, spin chain.
Keywords: Spin chain, thermodynamic properties, Ji-J,Heisenberg model, mean
field approximation, spin fluctuation approximation
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