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>fßÝ´�7á�÷*A5�'�­�ëê. ��1ÌÚ¿��A©O´�Ñ>fßÝÚ16fßÝ�Ä

�¢�. ü�B�Dè7á  Tm �¬ (�¬ 1, ²þâ» 100 nm, �¬ 2, ²þâ» 10 nm) �ù	 — b	��1Ì

¢�L², 7á  Tm L¡���1Æ5�äk7á�A�, 6 s U�äk�w7á�C�>fßÝ np, ê�©O

� 2.434×1028/m3 Ú 1.701×1028/m3. 
�¬�¿��A¢�ÿ�7á Tm �16f´>f - �Ç.�, 16fß

Ý nH =©O� 8.032×1024/m3 Ú 7.679×1024/m3, ==´¤�¡NC�>f - �ÇG�. ,	,   Tm �>�Ç'

��N�� 3 �þ?. ¬âB�z¦>fßÝ np ~�, >�Ç σ ~�, 16fßÝ~�, 
¿�Xê RH O�.

'�c: B�¬7á  Tm, >fßÝ, ù	 — b	��1Ì, ¿��A

PACS: 73.63.–b, 71.20.Eh, 71.10.Ca, 42.25.Bs

1 Ú ó

B�á��Ô5ïÄ9ÙA^¯K´�cv
à�Ôn¥�9�¯K. Dè��õ¬á��>!
^A5Ä�þ®²�Ù, 

)�Dè��C¤B
��â�>!^A5¬k�oCz, ��\/@£
á�5U, ´��ïÄ�¯K.

ÄuA^�I�, é7áá��ïÄ<�Ï~
'�5­é7á�¬�>�Ç σ(>{Ç ρ) �ÿþ,

��'5é>fßÝ n ��'ÿþ. 
A^7ág
d>fíN�.é7áá�?1©ÛïÄ�, �­
��Ônëþ´gd>fßÝ n. §Ø=3gd>
f�.nØ¥äk­�¿Â, 
��´7ágd>
f�.���Õáëþ, ���û½
7áá��
÷*A5. ØÓ7áá�>!^A5��OÙ�

3u>fßÝ n �ØÓ. �â7ágd>fíN�
., d>fßÝ n �±¦Ñ�7á�'�Ù¦Ôn
þ, ~X, O>f�k��» rs, ¤�Uþ EF, ¤�
Å¥ kF, ¤��Ý vF, ¤�§Ý TF �Ônþ. (½

>fßÝ n ���!�­��¢��{´¿��
AÚ7á���ÇªÌÿþ [1a].

7ágd>fíN�.Ì�·^uw7á,

±9�
wè7á, Dè���>�Ç�w7á
$ 2—4 �þ?, áua7á. ·�æ^��Çª
Ì¢�Ú¿��A¢���{é>fßÝÚ1
6fßÝ?1ïÄ. ·�QïÄLØÓâ»�D
è7áD (Dy) B�¬¬Ná��>{Ç�§Ý
�Cz [2]. ¢�uy(fÑ�>{Ç ρpho(T ) �
§Ý,p
O�. �¬>{Ç�ÿþ�3 (0.8—

252)×10−8 Ω·m ��, NyÑa7á�A�. ¢
��uy²þâ»� 10 nm ��¬��{>{
Ç ρ(0) �� 98.6×10−8 Ω·m, 'Ù¦�¬��{>
{Ç���êþ?, ù´B�z¦>fU�CÄÑ
y��Ú½�z>f�¢�~y.

éDè7á  (Tm) �ïÄõ�u Tm �zÜ
Ô9�, Tm ��
õUá� [3], é7á Tm �ï
ÄÌ�5­�^5�'�ïÄ [4,5]. �©ÏLéü
�ØÓâ» (100 nm Ú 10 nm) �B�7á Tm �
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¬�ù	 — b	��1Ì¢�¦Ñ>fßÝ, ©
ÛïÄDè7á Tm �>fßÝA�, ±9¬âB
�zé÷*A5�K�. >�Ç¢�uyDè7
á Tm �B�¬NÑ$5�`u��N, ¬âB�
z¦>�Ç��~�; ¿��A¢�ÿþ�Ñü�
�¬�16fÑ´>f - �Ç.�, ¬âB�z¦
¿�XêO�, 16fßÝ~�, é¢�y��©
Û�Ñ, ¿��A¢�ÿ��´¤�¡NC�16
f�ßÝ.

2 ¢ �

·��ïÄ¥uy, õêDè7áü�á�
3�í¥4´�z, Ø¨��, 
 Tm B�¬¬
N�¬Ø´�z, �±?1¿��AÚ��1Ì
¢�. �¬´^�>�lf�( (SPS) Eâ��
� [4,6]. ��.Ò� SPS-5.40 MK-IV/ET. d��U
3��^�e��Ñâ»þ!�B�á�. ±pX
Ý (> 99.99 wt.%) 7á Tm o¬�¬N (²þâ»
� 1000 nm) ���, 3pX�í�oe|^pU�
Ä¥�Å, ï� 50 h ��, ò®"C\M�Ü7�
ä, 3 500 MPa ØrÚ 573 K e, ^ SPS C�¯�
�(¤����¬N�¬á�, ïÄ�ü��¬©
O�: �¬ 1, 3 573 K ¯��(��²L 773 K 9
?n (²þâ»� 100 nm); �¬ 2, 3 573 K ¯�
�(, �²9?n (²þâ»� 10 nm). �¬��»
� 20 mm ���¡, �¬ 1 �þÝ d = 2.26 mm, �
¬ 2 �þÝ d = 2.08 mm.

¬N�¬�b	 — ��1 — ù	��1Ì¢
�æ^�´F��9 (ShiMaDZu) úi UV-3101PC

1Ì¤, Å���� 2500—200 nm, ¢�´3¿§
^�e?1�. ¬N�¬3b	 — ��1 — ù	
ÅãÃß�, = T (λ) = 0.

ET9000 X�>Ñ$5�ÿÁXÚ�±�gÄ
zÿÁ¿��A!^>{!I-V A5�. ·�æ^

TÿÁXÚ, 3¿§e?1
�6>�ÇÚ¿��
A�¢�ÿþ.

3 (J�?Ø

3.1 ������ÇÇÇ111ÌÌÌ

ü� Tm �¬3 200—2500 nm ���1Ì¢
�­� R(λ) Xã 1 Úã 2 ¤«. 3ù�Åã7
á�¬�ß�Ç�", ��Ç R(λ) $u 50%, �
ªÇO� (Å�~�), R(λ) ~�, L²�¬�L¡
áÂÚÑ��ªÇO�
O�. ��Ì­� R(λ)

3 840 nm NCk��CÄ´du¢�¥C�1

¤�. ����Ì�A��;.7á���Ì�q.

7 á � ¬ � � �Ç4 � � é A X ù « 7
á � � l f � � ªÇ νp(½ � ªÇ ωp, é A Å
� λp). �¬ 1 (573 K �(, 773 K ?n) ���
Ç4��´ R(λ) = 3.439%, éA λp = 214 nm,

ωp = 8.808×1015 Hz. 
�¬ 2 (573 K �() ��
�Ç4��´ R(λ) = 2.383%, éA λp = 256 nm,

ωp = 7.363×1015 Hz. ü��¬���Ç4��é
A�Å�Ñ3b	Åã, �w7á�b	ß�4�
��C (λp: Li-200 nm, Na-210 nm, K-310 nm, Rb-

360 nm)[1b], ùwyÑ Tm �7á5. ,��¡, é
un��7á3$ªe��Ç R(λ) Aé�, A�
� 100%, 
 Tm ���Ç3$ªe�k�� 50%,

ùL² Tm �¬L¡é$ª1f�áÂÚÑ�'
n�7á���õ, aqu��N. d�lf��
�ªÇ ωp ��±O�Ñ�¬�>fßÝ [1b], �

�¿��A�>fßÝ�«©, òd�lfN��
�Ñ�>fßÝP� np,

ω2
p =

npe2

ε0m∗ , (1)

Ù¥ e ´>f�>Ö, ε0 ´ý�0>~ê, m∗ ´
>f�k��þ, Cqæ^>f·��þ, ù�, �
±¦Ñü��¬�>fßÝ©O� 2.434×1028/m3

Ú 1.705×1028/m3, ¿�uL 1 ¥.

L 1 ü�¬�²þâ»!�lf��Å� λp!�lf���ªÇ ωp!>fßÝ np!

O>f�k��» rs, ¤��» kF Ú ∆k

�¬ ²þâ»/nm λp/nm ωp/1015 Hz np/1028 m−3 rs/nm kF/109 m−1 ∆k/106 m−1

1 100 214 8.802 2.434 0.214 8.97 2.96

2 10 256 7.363 1.705 0.241 7.96 3.59
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ã 1 �¬ 1 ���1Ì

ã 2 �¬ 2 ���1Ì

�
B u © Û ' �, l � ¬ � ( � � � ±
¦Ñ>fßÝ, Tm ´8��È(�, ¬�~ê
� a = 0.354 nm, c = 0.556 nm[7a]. Tm ��kz>
f´ 6s2 >f. �8��È(��NÈü� V , Ù
¥¹k 6 ��f, Z = 6, z��f�zü� 6s >
f, ù�¦Ñn�� Tm ¬N�>fßÝ�

n0 =
2 × Z

V
=

2Z

3
√

3
2

a2c

= 6.63 × 1028/m3. (2)

d (2) ª�Ñ�(J�L 1 ¥ü��¬�>fß
Ý3þ?þ´�Ó�, ùL²ÏL7á���1
Ì���´�Ü���>f3ü NÈ¥�ê8,

ù´ÎÜ7á�gd>fíN�.�; 
�, ü�
�¬�>fßÝþ�un�¬N�>fßÝ n0,

L²>fßÝ�¬â~�
~�. d>fßÝ, �
�O�ÑÙz�O>f²þÓâ�NÈ9��
¥�»� [1c],

rs = 3

√
3

4πnp
. (3)

d (3) ª�Ñ�ü��¬�O>f²þ��¥�
»�L 1. �À��» 0.0529 nm �', 7á Tm �

O>f�»��o!Ê�, �w7á���¥�»
k�Ó�êþ? [1d], `²lL¡�1Æ5�5w,

Tm äk7á�A�.

3.2 ¿¿¿������AAA

¿��A¢��>6� 10 mA, ^|�� 0—

2.0 T, 
�16f´>f - �Ç.�. ã 3 ´ü��
¬3¿§e�¿��A¢�(J, ²w�LyÑ�
~¿��Ay� [8].

éu�^5�7á½��N�¡ (þÝ� d),

òÙ��3 x-y ²¡S, x ��Ï>6, ÷R�u
�¡²¡� z ��\^| B; K>6 Ix!¿�>
Ø Vy = VH Ú^| Hz nö´p�R��, §��
¿�Xê RH �m��5'X�

RH =
Vyd

IxBz
. (4)

ù�¿��A�î�>{ÇÒ�

ρxy = RHBz. (5)

,
, 3c^5�7áá��¬p, î�>{Ç ρxy

���Ø
�)þª¥�~5�	, �,	O\

��¬�^zrÝ��k'��~�, Ï~¡��
~¿��A (anomalous Hall effect). $|��~¿
��A V -B ���Ç'p|��~¿��A V -B

���Ç�. du$|��~¿��A�gu^z
rÝ Ms k', �¡�gu¿��A (spontaneous

Hall effect); <�æ^²�úªLãp|��~¿
�>{Ç ρxy �^|��5'X [8]

ρxy = RHBz + 4πRsMs, (6)

Ù¥ Rs ¡��~¿�Xê, Ï~§�u~5¿�
Xê RH ����þ?±þ, �r�/�6u§Ý;

Ms ��Ú^zrÝ. (6) ª�Òm>1����u
	^|�"��î�>{Ç ρ0, éAu�~¿��
A����å V0, d (4) Ú (6) ª�±íÑ¿�>
Ø Vy �^| Bz �'X�

RH =
d

IxBz
(Vy − V0). (7)

lã 3 wÑü��¬$|��~¿��A���
p|��~¿��A���$:3 0.2 T NC, �
â ET9000 X�>Ñ$5�ÿÁXÚÿþ�êâ,

�d (7) ª¦Ñ�~¿�Xê RH. ¿��A¢�
�Ñü��¬�16fÑ´>fÚ�Ç, ù´d
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u Tm k 2 � 6s >f, 3 k �m¤�¡NC, k
� 6s >f¢S´W�
 6p �, 
3 6s �ºÜ/¤
�Ç, ��e¡ 3.4 �O�. ù�3�¬¥A�Ó�
�3ü«16f: 6s �ºÜ��ÇÚ 6p �.Ü�
>f. b������N��, 16��ÇÚ>f
�ê8A�´�Ó�, 
¢��Ñ16f´>fÚ
�Ç, d RH �¦ÑéA�16fßÝ

nH =
1

eRH
. (8)

L 2 ¥�Ñdÿþêâ����¬ 1 Ú�¬ 2

�(J. ��7á�¿�Xê RH � 10−12 m3·
C−1, � � N � ¿ � X ê RH � 10−4—10−2 /

m3·C−1[9a]; Ü7 MgB2 Ú Mg0.93Li0.07B2 �¿�
Xê RH � 10−12 / m3· C−1 Ú>�Ç σ � 103—

104 / (Ω·cm)−1[10]. ��N�>fßÝ3 1018—1022

/ m3 þ?, lL 2 wÑ7á Tm �16fßÝ nH

'��N����ü�þ?, 
��X�¬¬âC
[
~�.

L 2 �¬ 1,2 9�
Ü7�16fßÝ nH, ¿�Xê RH,

¿§e�>�Ç σ Ú>{Ç ρ

�¬ nH/1024 m3 RH/10−7 m3·C−1 >�Ç σ/105 (Ω·m)−1 >{Ç ρ/10−6 Ω·m

õ¬ Tm — — 14.2 0.704

�¬ 1 8.032 7.771 2.476 4.039

�¬ 2 7.679 8.129 2.162 4.625

MgB2
[10] — (20—50)×10−5 12.5—26.3 —

Mg0.93Li0.07B2
[10] — (12—60)×10−5 7.69—14.3 —

ã 3 Dè7á Tm ¿��A¢� V -H ­� (a) �¬ 1; (b)

�¬ 2

,	, �±wÑ, XJæ^ã 1 Úã 2 ¥$|�
¿��A���êâ, d (4) ª¦Ñ�¿�Xê RH

�½��� 1—2 �êþ?, @�¦Ñ�´Éc^

5K��16fßÝ, 'þã� nH �¬� 1—2 ê
þ?.

3.3 >>>���ÇÇÇ

d ET9000 X�>Ñ$5�ÿÁXÚÿ���
¬ 1 Ú�¬ 2 �>�Ç©O� 2.476×105 (Ω·m)−1

Ú 2.162×105 (Ω·m)−1,�3L 2 ¥. L 2 ¥��Ñ

Ü7 MgB2 Ú Mg0.93Li0.07B2

[10] �>�Ç, ±�
'�. õ¬7á Tm 3¿§�>�Ç� 1.42 × 106

(Ω·m)−1 (=>{Ç 70.4.×10−8 Ω·m)[11]. 
���
�N�>�Ç σ � 102—105 (Ω·m)−1[9b] þ?, �
�7á�>�Ç� 107 (Ω·m)−1[9c], 7á Tm �>
�Ç0u7áÚ��N�m, A�áua7á. 

��X�¬¬âC[, ¬âB�z¦�7á Tm �
>�ÇÑk~�.

l¿��A¢�¥·��ÑB�¬7á Tm

�16fßÝ nH '��N��o�þ?, >�Ç
'��N�� 5 �þ?.

3.4 k ���mmm¤¤¤���¡¡¡NNNCCC���>>>fff

w7áÚB7á�>fßÝ n 3 10×1028/m3

þ? [7b], ¿�Xê RH 3 10−10 m3·C−1 þ? [7c],

�lfN��Å� λp �� 0.1 µm[7d]. �L 2 ¥ê
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â'�, w7á�>fßÝ n ' Tm ¥>f - �Ç
� 4 �êþ?, ¿�Xê RH ' Tm � 3 �êþ?,


�lfN��Å� λp ´�Ó�þ?, ùL²é
un�7á
ó, ÏL��1Ì¢��Ñ�>fß
ÝÚ¿��A¢��Ñ�16fßÝ´�Ó�, =
d (1) ª���>fßÝ np Úd (8) ª���1
6fßÝ nH �Ó, ¢�ÿ��Ñ´7á����
Ü>f3ü NÈ¥�ê8, = nH = np = n0. �
éuDè7á Tm, (1) ª��� np Ú (8) ª��
� nH w,´Ø�Ó�, >fßÝ np = n0 '16
fßÝ nH �A�êþ?.

lU�Ø��Ýg� Tm 7á�Ä�>!^
A5, Tm ´Dèx��, ÙU�(��A:´ 4f

>f�U�Ä, ��Ýp, 6s >f�U�°, ��
Ý$. ��¡, k�U 4f � 6s >fU�3 k �m
,
��k�U, l
�),z, ¦�16>fê
8~�. B�¬â(���§ÃS¦� Tm 7á�
��.�e�Ñ��, ?3���>f�[£Ç�
", Ø2´16f. ,��¡, ·�b�==´¤�
¡NC�>f½/Ú�Çâ´16f, ù� (8) ª¥
� nH ==´ k �m¤�¡NCþfz�G�:é
A�ý¢ r �m�16fßÝ. 3 k �m¤�¥�
�» kF, �Ù3ý¢� r �m�>fßÝ np �'
X� [1e]

k3
F = 3π2np. (9)

k �mÙp�«���´�¬N�(�k'
�, Tm ´8��È(�, ¬�~ê� a = 0.354 nm,

c = 0.556 nm. §��m¬�´{ü8�, z��:
éXXü��Ó� Tm �f, �Ä§��´�m�
1�Ùp�«���´

π

a
=

π

0.354nm
= 8.875 × 109 1

m ,

π

2c
=

π

0.556nm
= 2.825 × 109 1

m ,
(10)


�¬ 1 Ú�¬ 2 � kF ©O� 8.97×109 m−1

Ú 7.96×109 m−1, �¬�¤�¥3 c ��Ñ�L

1�Ùp�«>., = 6s �º�G�: (E1, K1)

�Uþ�u 6p �.�G�: (E2, K2) �Uþ, ù
� 6s �vW÷>f, k�>f�ÒW�
 6p �, a
quwè7á��¹, ¿��Aÿ���Ç16f
´ 6s ���ÇéA�ßÝ.

b�¤�¥�» kF ~�� k′, ¦�ÙéA

� n′ (= 6s >f¥�16f�ßÝ) � np ���
u nH, d (9) ª�±�Ñ

k′3 = 3π2n′ = 3π2(np − nH). (11)

du nH ' np �o�þ?, 16f�G�Óâ�¤
�¥L¡�þÝ�

∆k = kF − k′

= kF − kF
3

√
np − nH

np

= kF − kF
3

√
1 − nH

np
. (12)

�V?êÐm, ��?�þ

∆k = kF − kF
3

√
1 − nH

np

= kF − kF

(
1 − nH

3np
− n2

H

9n2
p

+ · · ·
)

≈ kF × nH

3np
. (13)

d (9) Ú (13) ª O � � Ñ � ¬ 1 Ú � ¬ 2

� kF ©O� 8.97×109 m−1 Ú 7.96×109 m−1, ∆k

3 106 m−1 þ?, êâ��uL 1 ¥. 16f�G
�Óâ�¤�¥L¡�þÝ'¤�¥�»� 3 �
þ?, ¤�¥L¡k�UUCG��>fÚ�Çé
A�L��UþþÝ δE �§Ý T k',

E =
~2k2

F

2me
,

δE =
~2kF

me
δk = kBT,

(14)

=

δk =
mekBT

~2kF
, (15)

Ù¥ me ´>f�þ, kB ´À�[ù~ê, 3¿
§ 300 K d (15) ª¦� δk ©O� 3.81×107 m−1

Ú 4.26×107 m−1. 
 ∆k 3 106 m−1 þ?, �u δk,

`²==?u¤�¡���S�G�:�>fÚ
�Ç´16f, ¿��A¢�ÿþ�=´ùÜ©>
fÚ�ÇéA�ßÝ.

,	, ���J�´, 7á��|^^5Ò´
d¤�¡NC�>f�z�, �´éf; 
Dè7
á�c^5´d�÷��� 4f >f�z�. ;.
7á�16f´¤�¥S�¤k>f, �>5r;


Dè7á Tm äk 6s2 >f, §�16f�´¤
�¥L¡�>fÚ�Ç, �>5'7áf.
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4 ( Ø

ïÄDè7áB�¬ Tm �>fßÝ, �¬ 1

�²þâ»� 100 nm, �¬ 2 �²þâ»� 10 nm.

Dè7á Tm �¿��A¢�Ú��1Ì¢��
¿Â3u�«ÑDè7á Tm �¬NÑ$5�á
ua7á, 0u��NÚ7á�m, 
L¡���
1Æ5�äk7á�A�.

� ¬ � � � 1 Ì ¢ � L ², l L ¡ � 1
Æ 5 � 5 w, Tm ä k 7 á � A �, � l f N
� � � ªÇ ωp © O � (� ¬ 1) 8.808×1015 Hz

Ú (� ¬ 2)7.363×1015 Hz. d � � 1 Ì ¦ Ñ D
è Tm � ¬ � � � 6s > f � > f ß Ý np, ä
k � 7 á � > f ß Ý � Ó � þ ?, np © O
� 2.434×1028 m−3 Ú 1.701×1028 m−3. 
¿§>

�Ç σ ©O� 2.476×105 (Ω·m)−1 Ú 2.162.×105

(Ω·m)−1, ¬âB�z¦�¬�>fßÝ np ~�,

>�Ç σ �~�.

¿��A¢��Ñü�7áB�¬ Tm �¬
�16fÑ´>f - �Ç.�, ¿�Xê RH ©
O� 7.771×10−7 m3·C−1 Ú 8.129×10−7 m3·C−1,

1 6 f ß Ý nH © O � 8.032×1024 m−3

Ú 7.679×1024 m−3. 16f ß Ý nH ' > f ß
Ý np � 4 �êþ?, L²7á Tm �16fßÝ
éA�==´¤�¡NC�G�. ¬âB�z¦¿
�XêO�, 
16fßÝ~�.

�öa��®ó��ÆA^ênÆ�ë7ûÆ¬é�

¬ÿþ��Ï.
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Abstract

Electron density is an important parameter for the macroscopic properties of metal. The reflectance spectrum measurement and

the Hall Effect measurement are basic experiments for obtaining electron density and carrier density. Two samples (sample 1:100 nm,

sample 2:10 nm) of nanostructure block rare earth metal Tm are studied. Their reflectivity spectra show that the surface reflection of Tm

metal possess metallic optical properties in a region of infrared-ultraviolet, the electronic densities np of 6s band are 2.434×1028/m3

and 1.701×1028/m3 similar to that of alkali. The carriers measured by Hall Effect experiment are of cavity tipe in the two samples, and

the carrier densities nH are 8.032×1024/m3 and 7.679×1024/m3 respectively. They are only states near the Fermi surface. In addition,

the conductance of Tm block is three orders of magnitude higher than one of semiconductor. The grain nanostructurization makes

electronic density np, conductance σ, and carrier density nH decrease, but Hall coefficient RH increase.
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