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1. M DAU

Khi nghién ctu cée vit ligu tir loai RE-TM (RE = kim loai dt hidm, TM = kim logi
tiép), ngui ta thudng gXp hién twomg t4i dinh hwémg spin. D6 1A hién twomg ciu tric |
4 khi nhiét 45 thay dé. Cfu tric géc hay ciu triic cone cda m men t¥ trong mét tinh 1
tryc dwge d¥c trung béi géc 0 tao gira m6 men tir va tryc ¢ cda tinh thé. Tai mdt nhigt
a6, gbc 6 dwge xdc dinh tir ditu kign cue tiéu cda n¥ng lwong ty do.

Ning lrgmg ty do cda hé hai phan mang RE vd TM dwgc biéu dién bing cdng thérc:

F(6,T) = Fre(6,T)Fra(6,T)
véi Frp(9,T) = —ksT n Z(6,T)
Fry(0,T) = Kirasin® 0

trong dé kp 13 hing 88 Boltsmann, 6 1A géc gira mé men t¥ vA tryc tinh thé. Véi mét |
hiém 4%t & trang théi multiplet cor bin tach béi trudmg tinh th

241
Z(0,T)= ) exp
i=1
& day J 13 83 lugng bk todn phin cda ion, Kyra 13 hing 83 i huéng bic hai cda phar
kim logi tryc tiép (1A déng gép chd yéu vio ning lwong di hwémg cda phin mang TM).

Ei(8,T)

Céc mérc n¥ng lwgng E;(6,t) dwgc x4c dinh t¥ viéc chéo héa Hamiltonian cda ion 4f.

N=Y Bror+2(g-)usJ i,
o
88 hang d3u 12 Hamiltonian trudng tinh thé, trong d6 Bj's3 trudng tinh thé, O 1A cée ¢
twong dwong Stevens. S lwgng céc théng 56 BX* dwoc gibi han bdi tinh d&i xtmg cda ti
vA sy déng gép yéu (c6 thé bd qua) cda c4c théng 85 bic cao. S3 hang thir hai trong bié
(5) bidu di2n twong téc trao ddi giira spin dit hiém va trudmg trao d& H., giy bdi phén
TM, g Ia thira 83 Lande cia ion dit hidm. S§ hang ndy drge viét trong trutmg hop trudmg
¢t hai chidu nm trong mit phing z - z dwéi dang

¥ =gupJ " Hon = gup Hyn(Js sin 6 + J, cos §)
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trudmg phin t Hp lién b véi H, béi biu théc

Hm=2(9~1)Hu/g (Y}

w viy gifra dic tramg cda cu tréc t¥r (gbc cone 6) vi cc thdng 88 d¥c trung cda vit lidu
lién quan chit ché. Mt b chc thong s3 trudmg tinh thé B® vi trudmg trao d&i H.. cho
dinh ning lwong ty do vA gid trj géc 4 twomg ¢mg théa min didu kign cyc tidu n¥ng
m&i nhiét 49. Ngwoc lai, tir sy phy thuge nhiét df cda géc # xéc djnh tir thye nghigm, ta
iém tra d chinh xc cda céc thong 53 vi mé (BM, H..) m8 ¢4 v4t ligu. C6 mft s8 phép do
au xéc dinh géc 4 nhwr do dwdng cong tir héa cda miu dom tinh thé trong tir trwdmg cao,
‘men xoin co hoc, phén tich ph8 Mossbauer v.v... Gi4 trj géc léch dinh hwémg spin trong
dwgc xéc dinh t¥ phép do két hop thinh phin song song (M) vA thanh phin vuéng géc
i tir trwdmg ngodi cda m& men tir trén miu bdt dinh hwémg. Diy 1A phép do twong d5i don
khéng 43i hdi céc m&u don tinh thd.

2. TAO MAU BOT DINH HUGNG

wong phép ché tao mEu b3t dinh hwéng dwoc tém tit nhw sau: V4t lidu sau khi di xi 1y
dim bio don pha, dwgc nghién nhé thinh nhirng hat bgt c6 dwdng kinh nhd hom 50 ym
mbi hat b3t 13 mjt don tinh thé. Bdt kim loai dwyc trén véi epoxy rdi dinh hwéng va héa
ng tir trwdmg 20 kOe, tai nhiét 6 ma phwong d? tir héa tring véi tryc tinh thé, thudmng
| ¢ cda cdu tric hexagonal ho¥c tatragonal. Miu cé dang try, phwong dinh huémg vudng
‘ tryc, Chi tiét vE phwong phép tao miu b3t dinh huwréng c6 thé xem trong (1].

|

" 3. PHEP DO M;; VA M,

ong céc phép do M;; vd M, miu dugc djt vA quay trong ti trudng véi tryc quay I3 tryc
u. Gid tri M;; dwgc do bing céc c¥p cudn Helmholts c6 truc song song véi ti tredmg. Gid
dwoc do bing céc cip cugn Helmholts 6 tryc vudng géc véi tir tredmg (hinh 1a)

} do ti 4§ trwéc dsy cha phdng thi nghiém vit Iy Nhigt ¢ thip chi cho phép do M), (Chi
m tham khdo [2]). Chéng t8i da 14p thém céc c¥p cudn Helmholts <6 tryc vudng géc véi
ymg dé do M. Cic phép do M;, vi M, déu dya trén nguyén lj cdm émg. Khi miu dich
tir tdm mdt c¥p cun Helmholts ndy dén tim mét cip cudn Helmholts khic, mé men t¥
miu giy nén mgt sust dign déng cdm g

M dH, dr
Cind = —

i dr odt @)

16: r 1a c4c truc toa dp z, y, z

H, 12 dji lwgng d¥c trung cho két cZu cda h§ cupn cAm g dwgce x4c dinh 1A tir trudmg
wrong 5 do h§ cugn cAm ¢mg sinh ra khi cé ddng dién cAm émg i chay trong né.

51



Tich phin tin hifu cim ¢mg d6 ta thu dwgc tin higu 3 1§ tryc tiép véi mé men tir M

v / sixadli= T‘.[ﬂ.(z,) — H(z)) M

f

trong do A 13 h§ 88 cda méy tich phan; z;, za 1A vj trf cda miu tai thdi diém ¢, va t5, k
chuyén theo tryc zo. Céc vj trf ndy dwoc chinh sao cho tin higu cdm mg thu dwoc 14 cyc 4
hiu u dwoc ghi lai trén mdy ty ghi X —¢. D&i v6i phép do M/, hé 88 f{H.(zq) - H,(z,)
x4c dinh thong qua phép do véi miu chudn Ni sach d biét d§ t¥r héa riéng. Viéc chun t
M, dwogc thyc hign bing cch so sénh véi tin higu My, do trén cing mét miu nam chi
ctu trong di%u kién hoin todn khéng cé tir trudmg ngodi.

Nh& c6 mét h¢ 1 nung bao quanh bubng miu, cic phép do M, va M, c6 thé dwgc th
trong ddi nhigt d tir 77K dén 1000K, trong ti trwdmg cho dén 7,5 kOe. D3i v6i céc miu b
hwéng, trong thue t&, nhiét 43 do cao nhit ma miu chiu dwoc phy thudc vao vit ligu két
dung dé ché tao miu (thdng thudmg phép do thuc hién trong khodng nhiét dd ti 77K dén

4. NGUYEN LY XAC DINH GOC LECH ¢

Gid s tai mét nhiét 43 ndo 6, vat liu ta dang xét c6 cdu tréc géc, tirc 12 phuong dé
lich khdi tryc ¢ mgt géc 6. Khi d6 dwdmg cong My, () biéu dién sy phy thusc cda than
song song cda mé men t¥r nhw mét ham cda géc p tao béi truc ¢ va phuwong tir trudmg sé
€6 cuc dai tai géc ¢ = 0 m c6 hai dinh d3i xtrng nhau qua truc ¢ twong ¥ng véi cic gée ¢
(hinh 1b). Tuy nhién céc dinh ndy thudmg khéng dd nhon sic dé c6 thé xéc dinh chinh x4c

DGi véi thanh phin vudng géc véi tir trudng cda mé men ti, ta c6 nhin xét khi t
tir héa tring v6i huéng t¥ trudng ngodi, mé men tir cda csc d6 men déu tring véi phuc
trwdmg, téc 1a My = 0 (hinh 1b). Cin lru § trong cic trudmg hop = 90°, 180°, va 27
ciing bing khong béi vi c&c d6 men déi ximg nhau tao nén c4c tin hiéu M, ba tr¥ nhau. R
trén dudng cong M. () chiing ta cé thé xic dinh géc p ma tai d6 M, = 0 tirc 1A c6 thé x4
gbc léch 6.

Sy két hop hai dwdmg cong M;/(p) v2 M (p) cho ta gid trj déng tin cdy cda géc léck

Ciing cin néi thém ring gi¥ta M, v md men xon co hoc L dé giir mau & trang thi ;
men t¥ M cda miu tao véi phuong ti¥ trudmg géc a c6 méi lién hé

L=M Hsina=M, H

Nguyén I xéc dinh géc léch 6 tir dudng cong M, (p) di dwroc mdt nhém téc gid khi
biy trong [3]. Tuy nhién cong trinh d6 chi giéi han trong trudmg hop don gidn 13 mau cé c3
don d5 men. Trong thyc t&, céc vit liéu ma ching ta khdo sét, m¥c di c6 kich thuéc hat ¢
42 dwgc coi nhw mdt tidu tinh thé nhung chwa dd nhd 42 cé thé coi 1 don 45 men. Hom ni
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thudmg c6 mgt mére 49 bEt ddng nhit dinh. Trong céc v4t ligu ndy 49 dich chuyén véch
khéng chi phy thudc vdo tir trudmg ngodi md cdn phy thufe vdo che yéu t8 khéc nhv sai
ang, bién hat, pha phy v.v... M&i quan h3 giira tir tridmg vd dang dwdmg cong My (p) va
do 46 tré nén phic tap vi cin dwge xem xét t mb
én twomg hai dinh d3i xtmg nhau qua géc p = 0 cda dwdng cong M(p) chi xust hién
ot khodng d¢ lém tir trwdmg thich hep. Néu tir tredmg qué 16m, do sy bio hda tir, M,
 khong dé trong mot khokng géc rong. Néu tir trwdmg qué nhé, trong mdi hat bdt, lrgng
¢6 m& men t¥ dinh huéng theo hai phwong (—6) va (+6) xdp xi nhau. Tdng M/, cda hai
men ndy khong dat curc dai tai o = +60 mi tai p = 0.
Gi v&i dwdmg cong M (), 48 16n cda tir tredmg ciing ¢6 nhirng 4nh hwdng twong ty. T
qué 16m 8¢ 1am b3o hda t¥, két qud tin higu M, Iludn bing khéng. T¥ trudmg qué thip
dd dé 1am djch chuyén véch d3 men, do d6 ngay cé trong truwdmg hop ti trudmg tao véi
g6c +0 (t&c 13 tring véi phwong dé tir héa) khang phi ¢4t cd cdc 46 men déu c6 md men
g song véi tir trrong md vin cdn cé mdt lwomg céc d6 men c6 md men tir dinh hwémg theo
g d6i xfmg qua truc ¢, két qud 14 M, cda todn miu khic khong tai p = +0.

M

My

40 - a~_+40 v(*)

(a) (b)

fink 1: Phwong phép x4c djnh géc léch  cia md men t¥ khdi tryc tinh thé tir céc dwdng cong

p) va M (p).
): M6 t4 phép do My, va M,; (b): Dang dutmg cong My, () va M (p)

. cfp cudn diy do M;;; 2. c¥p cun diy do M ; 3. miu

'6m lai, d¢ phép do dwgc chinh x4c, t¥ trwdng phdi dd lé6m dé dich chuyén vich d6 men
¢ phii nhd hom t trwdmg bio hda. Trong thuc té, véi nhirng vat ligu dj hwéng lém, ching
wdmg gip trudmg hop véi ti trwdmg cyc dai t6i 7,5 kOe, khi quay miu theo mét chitu nio
A s theo chitu im sang dwong) dwdng cong M, (p) cht truc hodnh tai ¢ = —6, nhung
; Bt truc hodnh tai ¢ = 0 vA p = 6. Cdn khi quay theo chi¥u ngwoc lai, dwdng M, (p) chi
uc hodnh tai o = 6. Hién twomg ndy dwoc gili thich nhu sau: xét chidu quay tir 4m sang
B, tai vi trf o = —0, tir trwdmg 7,5 kOe dd dé tao nén trang thdi ma trong céc hat bdt chi
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t5n tai mot logi d6 men c6 mé men t¥r song song véi tir trwdmg. Tidp tyc quay miu
p =0, do co ché ham djch chuyén véch, sy phét trién cda céc d8 men c6 m8 men tir din
theo phuong § bj tré, tai vj trf ndy lrgng 48 men theo hai phwong (—6) va (+6) khdng bk
két qui M, cda hai loai 45 men theo hai phwong d6i xtmg khéng trigt tiéu nhau. Ticp
mBu dén vi trf o = 0 do hién twyng tré, trong céc hat bét lic ndy khéng chi cé céc 45 me
men ti theo phwong § ma vin cdn mét lrong nhit dinh céc 43 men c6 mé men t¥ theo
—6. Thanh phin M, giy béi loai 45 men ndy lam cho M, tdng cong khic 0. Dya trén c
tich ndy, ching t3i vin cé thé x4c dinh dwgc géc 8 c trong trwdng hop da d6 men. Kk
@ = 0 dwge x4c dinh tir diém cit truc hodnh cda dwdmg cong M, () do tai nhiét d3 ma
bigt chic ring mAu c6 cfu tréc don tryc. Gi trj 6 xéc dinh bing cich nhw viy I3 déng
néu thda min céc digu kién:

- Véi tir trudmg thip c& 4-6 kOe, dwdmg cong M (p) vin cit truc hodnh tai cdn
= —0 ho¥c p = +6 tiy theo chidu quay miu.

- Dudmg cong M//(p) twong tmg cé dinh tai p = £6.

5. MOT sO KET QUA MINH HOA

K&t qud do My, () v My (p) cda miu (Dyo,3 Ero,s)sFe14B tai céc nhiét d3 khéc nh
tir trwdmg 7,5 kOe dugc trinh biy trong hinh 2. D3i véi miu ndy, ti trudmg 7,5 kOe d
nén trang thai don 48 men tai vj trf p = +6. Hinh 3 13 d5 thj biu dién sy phu thujc |
cda géc lgch 6 trén miu (Dyo,z Ero,s)s Fe14B theo két qud cda ching t5i va theo Ibarra
két qua rdt phd hop véi nhau.

M3t v{ dy dién hinh cda trudmg hop da dé
c4p dén & trén 13 m&u DyFe; Ti. K& qui do M,
M, (p) cda miu DyFe;; Ti tai céc nhiét d$ kh
trong tir trwdmg 7,5 kOe dwoe trinh biy trong
Hinh 5 13 d8 thi M, (p) cda mu DyFe;; Ti t
nhigt 45 100K & céc ti trudng 2, 4, 6 va 7,5 |
c6 nhin xét, trong khodng tir trudmg 4-7,5 kOe
cong M (p) cit truc hodnh tai cing mét vi
—6 = —30°. Tir trwdng cAng cao, ddng cong
cang ¢ xu huéng cit truc hodnh tai ci ba di
0, 0. Hinh 6 13 db thi 6(T) cda miu DyFe,
dinh dya trén céc 13p ludn trinh bdy & phin 4.

[M(don vi tay §)
(Dyy pEragsFer®

6. KET LUAN

K&t qud do trén cic miu chuin cho thiy
c6 d3 tin cdy cao. Thiét bj c6 thé dwoc st dung
c4c nghién céru co bin ciing nhw nghién céu ¥
c4c vit ligu tir.

30 60 930 120 150%(°)

Cic téc gid xin chin thanh c4m on sy qu

Hinh 2 Duwimg cong My/(p) va giip d& cda Gido sw Tién si Than Dic Hien
M () cda miu (Dyo,2Req s)2Fer4B tai  ddng nghiép & phong thi nghiém V3t Iy Nhist d
céc nhigt 43 khéc nhau, do trong tirtrudmg  cAm on xuéng VH 16 Dai hoc Téng hop Ha Nb
H = 17,5 kOe céng céc chi tiét cda hé do.
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0y, ,Erpg), Fe, 8

béi ndy

b 14
?

r

50 100 150 200 T(K)

h 8: St phy thugc nhidt d3 cda géc léch
5u (Dyo,2Ero,8)2Fe14B theo két qui cda
8i va theo Ibarra [4]

{don vj tiy y)

Dy FeyTi

\\’ ‘t'
60 -30 0 30 609(°)

nh 4: Dudng My)(p) va Mi(p) cla
yFey; Ti tai céc nhiét 4§ khéc nhau, do
¥ trudmg H = 7,5 kOe

M (don vi tiy ¢ )
DyFeTi
H=75 kQe T:100K

H=6 kOe
H=4 kQe
H=2 kOe

-40  -20 0 20 40 0(°)

Hinh 5: Duwdng cong M (p) cia miu tai
ciing nhiét 43 100K, do trong cdc ti trudmg 2, 4,
6 va 7,5 kOe

6(°)
90 I
DyFeyTi
60+
30+
0

000 R0 200 T(K)

Hinh 6: Sy phy thudc nhiét d§ cda géc lgch
6 trong mu DyFey; Ti
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DETERMINATION OF THE CONE ANGLE STRUCTURE OF THE MAGNETIZ,
VECTOR IN THE SPIN-REORIENTATION TEMPERATURE REGION

Pham Hong Quang, Nguyen Hoang Luong, Nguyen Phu Thuy,
Nguyen Minh Hong, Le Duc Tung
Faculty of Physics, Hanos Unsversity

The principle of the method for determination of the cone angle structure of the mag:
vector in an uniaxial magnetic material based on the measurements of parallel and perp
magnetisation components of an aligned powder sample is presented. The reliability of th
method has been ill d by the results obtained on different rare earth t
metal intermetallic samples.
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