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�©ÏL¢�ÚnØïÄ
K� “nÜJ” ©l�Ï�9ÙÔnÅn. ©Û
�Ä\�Ý!���âº�Ú�
Ýé©l�m�K�, ¿|^6N�.é©l�m���, é¢�(J?1½5)º. (JL²3�ÄªÇ�½�,

N!�Ä\�Ý´�� “nÜJ” ©l���Ì�Ãã. �Ä\�Ý�3���.�, �pud�.��, “nÜJ”

©l�Ì�ÔnÅndé6Ån=C�AÛW�Ån, ��Ä\�Ýé©lK�C�, ��âº�é©l�K�O
�. �ÏLN!��â�º�5UC©l�J. ��!��â�Ý'� 1 �, E¬Ñy “nÜJ” ©ly�. O���
âº�½�Ý�±r? “nÜJ” ©l.

'�c: �âÔ�, “nÜJ” ©l, ©l�m, ©lÅn

PACS: 45.70.−n, 45.70.Mg

1 Ú ó

�âÔ�´lÑ�N�â�8ÜN, §2��
3ug,.¥, X÷ , u¶� [1]. �âÔ���Ä
1�3ó�!à�!��)�þäk­��A^,
XÀ¶!á�©l!�¬��� [2]. �C, <�Á
ããån)�Ä½^=L§¥�âÔ��º�©
l, ¿ÏLUCö�ëêÚÙ¦K�Ï�5O\½
~�©l. ��8c��, E,vkÝºé©l�
A�N��{, Úé©lÅn�"y?�Ú½5n
) [3].

Ï~�¹e, ����â¬3�ÄL§¥£Ä
����â�þÜ, ù«©�y�¡� “nÜJ”
©l [4,5]. “nÜJ” ©l´�Ä�â·ÜÔ���
Ì�y�, ÏéK� “nÜJ” ©l�Ï�9Ù/
¤�ÔnÅnÉ�¯õÆö�2�'5. K��â
Ô�©l�Ï��õ, X	.°Äëê (\�Ý!
ªÇ), �âÔ��5� (X/G!�ÝÚº�), m
Y�í, �â�ê, Nì>.^�, NìSÜ�Þ
� [6−10]. 8c, �þ�¢�Ú�[^5ïÄ “nÜ
J” ©ly�, ©l��8Ïu�«ÔnÅn, XA
ÛW� (½'¦)!é6!ÿ�/¤!và±9m

Y�í2å�AÛå�m�¿��. Ù¥, AÛW
�Úé6´)ºR��ÄXÚ©l'�ÊH�Ô
nÅn [11−13]. AÛW��duâfº�ØÓ, �
�âféN´ÏL�Yeá��âf�e�. ��
Ä�âÔ��, �âKl�8�=C�DÕ� [14],
3K)äL§¥, âfm/¤���YÚåâf
W�, 
�âf�N´ÏL�Y'¦���â�e
�, ����â�XL¡�þ$Ä/¤ “nÜJ”
©ly� [15,16]. é6����âK3�ÄL§¥
Ñy¥m�°«��þ$Ä, >��Ä«��e$
Ä [17]. 3é6�^e, �âf�¥m«��þ$Ä
��âKºÜ, ,�Ïº���ØU÷>��e$
Ä�.Ü
Ñy “nÜJ” ©l.

©l´d�ÄÚå�, �Ä��ª (R��Ä
½Y²�Ä) Ú^� (�Ä\�Ý!ªÇ!�Ì) é
©ly�åXû½5��^. Vanel � [18] ïÄ

�ÄªÇé©l�K�, L²
3ØÓªÇ��,
�âKÐy�$Ä�¹´ØÓ�, X3$ª, �â
KÑy¤æy�; 3¥mªÇ, SÜ6ÄE,�3,
�´vk¤æÑy; 3pª, A�ÑypÝÃS�
G�. Schroter � [19] ïÄ
�Ì�A, L²3$�
Ì?, ¬Ñy��âfþ,�L¡� “nÜJ” ©
l, 3��Ì?, K¬Ñy��âþ,�L¡� “�
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nÜJ” ©l. Cooke � [20] ïÄL², 3$º�'
~!$\�Ý�¹e, �â�©lE,´dué6
Úå, é6¦��âÚÙ±����â±Ó���
Ýþ,, �´ù«þ,Ø´ëY�, 
´m�5�
�Fªþ,. Duran � [21] JÑº�©l�¦�!
��â�º�'�u�.� 2.8. ,
d�.��
�Ñ�3X�õÉÆ [22], ~X, e�âmØ´;�
ü�½ö��âØ´��, Duran �.¥�â�k
S­|�´Ä¤á, T�.º�'AXÛO�. ¹
�, 3éõº�'�u 2.8 �¢�Ú�[¥, E,�
±*	�º�©l. d	, mY�íÚ�âK��
þé©l/ª�kX­���^. Yan � [9] L²,
��âÔ�?u6zG��, mY�í��U/¤
KíØFÝ¦��â�e$Ä, �)” �nÜJ “�
A. Jiang � [10] L², �âKþÝéÙ$Ä�ªk
�r�K�, �'u�þé©l�A�K��I�
?�Ú[��?Ø. ��, ¦+kc�ïÄ®²�
«
­�uy, �du�âÔ�©lL§�E,5,
¦<�éÚåº�©l�ÔnÅn9��©l�
Ì�^�Ï��@£�Ø�õ, ~X, N!=�K
�Ï�3�o��S, =�Åné©låÌ��^
�. Ïd, k7�ÏL¢�½�[é�âÔ�©l
A5�?�Ú�ïÄ.

�
�« “nÜJ” ©l�Ì�ÔnÅn9�
Ù�A�N�Ï�ëê��, �©ÏL¢�ÚnØ
é “nÜJ” ©lL§?1
XÚ�ïÄ, �	
�
Ä\�Ý, �!��â�º�Ú�Ýé©l�m�
K�, ¿|^6N�.é©l�m�CqO�, é
¢�(J�Ñ
½5�)º. (JL²: 3ªÇ�
½^�e, N� “nÜJ” ©l�Ì�Ï�´�z
�Ä\�Ý Γ , � Γ �u,��.��, é6Ån
é©låÌ��^; � Γ �ud�.��, AÛW
�Åné©låÌ��^. ¿�, �
Ï�é©l
�K�§Ý�¬�X Γ �Ld�.�
u)UC,
=��â�º�é©lK�C�, \�Ýé©l�
K�C�. 3�½��SO\��âº�½�Ý¬
r? “nÜJ” ©l. ��!��â�Ý'� 1 �,
E¬Ñy “nÜJ” ©ly�.

2 ¢ �

¢�C�Xã 1 ¤«, &Òu)ìuÑ��u
&Ò, ²õÇ��ì��¿Ñ\�-�ì��Ä²
�þ, ë���S»� 39.2 mm �ÀæNì, Nì

.´^¾Ü7��±~�·>©l. �âC3Àæ
Nìp. �Ä�þk��\�ÝDaì, §�\�
ÝÿþO�ëÿþ�Ä\�Ý. W\�âÔ���
þ^°Ý� 0.05 mg �÷�U²¡þ. W\�pÝ
^��Î�°Ý�iIkºÿþ.

¢�æ^L\�.XÚ. À^o���ØÓ�
>b��â, �»©O� 3.5 mm, 6.3 mm, 9.51 mm,
12.69 mm. K�â�ko«, ©O´�»� 0.5—
0.6 mm >b�â, 0.5—0.6 mm Àæ�â, 0.8—
1.0 mm >b�â, 0.8—1.0 mm Àæ�â. >b
�âÚÀæ�â��Ý©O� 2.3 × 103 kg/m3

Ú 2.5 × 103 kg/m3. z���â©O�\o�ØÓ
��âK¥?1¢�, kr��â�\Nì�.Ü
¥m �, 2�\��â, z�gÑ�±�âK�
pÝ H = 45.6 mm, �ÄªÇ�± f = 60 Hz Ø
C. &Òu)ì�>Øl 0.7 V m©O\, ¥mm�
� 0.1 V, l 1.0 V m©P¹. z��>ØéAu�
��z��Ä\�Ý Γ = 4π2Af2/g �, Ù¥ A ´
�Ì, f ´�ÄªÇ, g �­å\�Ý. ^¦LP¹
z�� Γ e��âl.¡�³Ñ�âKL¡¤^
��m, z���m­Eÿþ 5 g, ���Ñ�ê
â� 5 gÿþ�²þ�. ¢�¥, ^\�ì\��
í±~�·>, æ8êâc�ý9¤ì 10 ©¨�
m±~�Ï¤ìSÜ�­½5���Ø�.

ã 1 ÿþ�âfþ,�m�¢�C�ã-�ì

3 ¢�(J�?Ø

3.1 ���ÄÄÄ\\\���ÝÝÝééé©©©lll���KKK���

ÏL¢�·�©O�Ñ
o���â3Ó�
��âK¥�þ,�m t �\�Ý Γ �'X­�,
Xã 2 ¤«. lã¥�±wÑ, ��âþ,�m�
X�Ä\�Ý�O�
¥~�ª³. � Γ $u,
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��.��, ��âþ,�m� Γ �Cz'�¯
a (ã¥�>�ÍÜ©), = Γ O\���þ, þ,
�m%~��é�. � Γ pud��, ��âþ,
�m� Γ �Cz��Ú (ã¥m>�²Ü©), �o
Nþ´3Åì~�. ÏLé¢�y��*	©Û,
·��Ñd(J´du3ØÓ�ÄrÝ��, �
âÔ�SÜ�$ÄG�ØÓ, ���Ï�é “nÜ
J” ©l�K�§ÝÚÌ�ÔnÅn�Ø�Ó. ¢
�¥, ·�U�Ù�*	�, 3 Γ ��� (&Ò
>
Ø� 0.7 V, �A�\�Ý�� 1.4), �â3Ù �
NC�����Ä, Nì>��â3�e£Ä�L
§¥3?¿pÝ?ó�?\Nì�SÜ, �âKL
¡Ñy¤æy�. � Γ ÅìO�� 1.9 �m (d�
&Ò
>Ø�� 0.9 V), �â�$Ä\¯, ²w��
>��â÷Xì9�e$Ä. � Γ UYO�� 3 �
m (&Ò
>Ø3 1.6 V �m), ¤æy���, �â
$Ä�ì�, �âÔ�SÜ'�tÑ, �E,ké
6�3. 2O� Γ , ²w�����âNX��l
.¡, �âC�£Cå5.

ã 2 ��âþ,�m��Ä\�ÝCz­�

3�ÄL§¥, duì9��ÞÚmY�í�
�3, �/¤é6, ·�¤*	��>��âó�
?\NìSÜy�®3 Cooke ����. [20] ¥�
@�´��w£Ú¤1$Ä��Ï, �´��é6
��Ï. Ó�, ·�*	��¤æy��´dé6
��é^=�)�, �â�m*d�p�>¿±å
ÿ�/ª�p�^ [23]. Ïd, 3�$�Ä\�Ý�
�, é6é©låÌ���^, ��â3é6��
Äeþ,��âKL¡, \�Ý�O\éé6�O
\k���K�. ¤±, \�Ýéþ,�m�K�
��; 
3�p�Ä\�Ý��S, �,��3é

6, �\�Ý�rÝ¦�â�$Ä\¯, �â�m
C�tÑ, Ñy�Y, ¤æ¤I��|±å��, �
â�W¿�Y. d�, AÛW�Åné©låÌ�
��^, \�Ý�O\3O�
�â�W�gê�
Ó��O�
�Y. Ïd, \�Ýé��âþ,�
�mK�C�. ��âþ,�m� Γ �ù«Cz
3Ù¦�âK¥�Ñ�±*	�, Xã 3 ¤«, d
� d = 0.5—0.6 mm >bK� Γ -t ­�ã. ��, ù
«Cz5Æ´��â�5�Ã'�, äkÊH5.

ã 3 �Ä\�Ýé�âfþ,�m�K�

Ïd, 3ªÇ�½� (f = 60 Hz), �Ä\�
Ý´�� “nÜJ” ©l�Ì�Ï�. 3$\�Ý
��, é6´��©l�Ì�Ån; 3p\�Ý�
�, AÛW�´��©l�Ì�Ån. Clement[24]

�<�L², 3p�Ä\�Ý?, AÛW�Ån
��ØÓº��âmu) “5Ó�A” ½ “'¦�
A”, l
/¤ “nÜJ” ©l. 
3$�Ä\�Ý
?, ��©l�´�âÚì9m��ÞÚå�é
6 [25,20]. Vanel �< [18] ÏL¢��L²��Äª
Ç f = 40—75 Hz, �Ä\�Ý Γ ≈ 4 �, ¿Ãé6
�3, AÛW�ÅnåÌ��^.

¢ S þ, � � Ä r Ý � � �, � â m t Ñ
Ñ y m Y, m Y � í é © l � � � ) � ½ � K
�. � é u · � ¤ ï Ä � � � º � � K � â 5
` (= 0.5 mm), mY�í�)�KíØFÝ¿Ø
wÍ, �±�Ñ [8,9]. mY�í�éâf$Äå��
Þ{å��^.

�,, �¢�(Ø´ïá3��âK�êv

� (��u 10 �) �Ä:þ�. Ï��âÔ�
�$Ä�ªr�/�6u�âK�þÚ�Ä\�
Ý [8,24]. e�âK�ê��, K3�$�ÄrÝe
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¬Ñy “�âíN” y�, =�â?u��6zG
� [26]. �k��â�êv
�, �âKSÜâ¬Ñ
yà8�, ?
kL¡¤æ!é6�y��) [10].

�
Ïé Γ -t ­�¤�Ì�5Æ, ·�éz�
^­�?1
O�Å[Ü, ý�Ü©­�ÑCq
ÎÜÓ��[Ü�§. ± D = 6.3 mm, d = 0.8—
1.0 mm �Àæ�âK�~, Xã 4 ¤«.

ã 4 Γ -t ­��[Ü. ç�/�¢�ÿþ­�, J��O�
Å[Ü­�

ã¥, ç�/�L¢�ÿþ­�, J��LO
�Å[Ü­�. Γ -t ­��[Ü�§�

t =
a

bΓ + c
, (1)

ùp a = 36.55, b = 0.76, c = −1.02. éuÙ¦­
�, a, b, c ���k¤ØÓ, �� a, b, c ´Ú�â�
�5�k'�~ê. ��, ��âþ,�m�\�
Ý�O\¥�g�'�'X~�. Ó�, Liffman �
< [27] 3ïÄ�âXÚ�©l�A�, ��Ñ
�
�âþ,�m�\�Ý¥�g��''X.

3.2 ������âââ���»»»ééé©©©lll���KKK���

3Ó���âK¥, o���â3Ù¥�þ,
�m�,Ñ�X�Ä\�Ý Γ �O\
~�, �3
Ó�� Γ e, §��þ,�m´ØÓ�, =3W¿
pÝ�Ó�¹e (H = 45.6 mm), �A�²þþ,
�Ý�Ø�Ó. �
�B©Û, ·�ò Γ -t ­�=
�¤ Γ -v ­�, Xã 5 ¤«, �âK� 0.8—1.0 mm
�>b�â. ã¥�*	�, 3$\�Ý��, o
���â�þ,�Ý�O��, �Ä�þ�ÌX�
�â��»��, Ùþ,�Ý���Czª³. ù
Ú Cooke �< [20] 3���.¥�Ñ�(Ø´��
�. 
3 Γ ���«�, o���â�þ,�Ý�

�O²wO�, ���Ì��â�»���Ý��
�5Æ. ©Ol�$Ú�p\�Ý��5w, �Ý
� Γ �O\Cq��þ,. ��â�»��, ��
��Ç��, ��âþ,��¯. ¿�, 3$ Γ ��
S����Ç��up Γ ��S��Ç. ��, 3
$ Γ ��S, �ÝÉ Γ �K���, É��â�»
�K���; 
3p Γ ��S, �ÝÉ Γ �K�C
�, É��â�»�K�C�. ù�l��ý¡L
²
: 3$\�ÝÚp\�Ý��, ��©l�Ì
�Ån´ØÓ�. 3$\�Ý«, dì9�Þå�
��âKSÜÑyé6, ��â3é6��Äe�
´�X��â�þ$Ä, ��â��»é©l��
^��; 
3�p\�Ý��, AÛW��A¦�
�â��»��K�XÙe��Y���, ?
K
�W¿AÇ, é©l�K���.

ã 5 ��â²þþ,�Ý��Ä\�Ý�Cz­�

3.3 ������âââ������»»»ééé©©©lll���KKK���

ã 6 L²
�»� 6.3 mm �>b��â©
O3�» 0.5—0.6 mm Ú 0.8—1.0 mm �ÀæK
¥, ��âþ,�m��â�»'�Cz'X. w
,, 0.5—0.6 mm ��âK�©l�m��u 0.8—
1.0 mm �âK�©l�m. ��, ��â�º�é
©l�måX­��^. Ï~, <�ÊH@���
â�þ,�m��»'�O\Cq���~� [28].
,
, ·��¢�L², ù«`{´kcJ���,
§�·^u�±��â (�âK) º�ØC
UC
��âº���¹. ���â�º�UC�, O\
�!��â�»'��±¦��â�þ,�mC
�, l
é©lk³��^. ±ã¥� A, B ü:�
~, B :' A :��»'�, �ÙéA�þ,�m
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%' A :�þ,�m�éõ. ù«y��Ó�Ñ
y3>b�âK¥. ��, O���âº�é “nÜ
J” ©lkr?��^. d	, ã 6 �L²��âþ
,�m��»'Cq��Cz, dy�� Vanel �
< [18] �(Ø´���.

ã 6 ØÓ�âK¥, ��âþ,�m��!��â�»'Cz­�

3.4 ������âââááá���ééé©©©lll���KKK���

�
Ïé�âK�á�é “nÜJ” ©l�K
�, ·�rz����â©O�3o«�âK¥ÿ
þ��âþ,��m. ã 7 L«�»� 6.3 mm �
>b��â©O�3o«�âK¥²þþ,�Ý
��Ä\�Ý�Cz'X. w,, 3º��Ó��
¹e, �âK��Ý (Àæ�Ý�u>b�Ý) ��,
��âþ,�Ý��, ©l�m��. ù�, 3�±
��â�ÝØC��¹e, þ,�m��Ý'�~
�
~�. ùTÐ�kc Liffman �< [27] ¤��
(Ø��, ¦�ÏL¢��Ñ��âþ,�m��
Ý'�O\Cq¤²���''X~�. �¤±Ñ
yù«�O´Ï� Liffman �<´3�±�âK�
ÝØC
UC��â��Ý, 
·��¢�´�±
��â��ÝØC
UC�âK��Ý. Ïd, é
uØÓ�Ý��âK (Ù¦Ï�ØC), þ,�m�
±��Ý'�O\
O\. �,, I��Ñ�´, e
��â�Ý��, =$u��â�Ý¦±��â�
NÈ©ê, K��âØ¬þ,, 
´¬e�Ñy “�
nÜJ” �A [9].

d	, ¢�*	�, >b�âK¥�>b��
â3¢���S?¿���Ä\�ÝeÑ¬þ,
��âKL¡, ¿Ü©³ÑÊ33L¡. ��, �
�!��â�Ý'� 1 �, E,¬Ñy “nÜJ” ©
l. dy�Ø|± Shinbrot �< [29] �(Ø, =��

Ý'�C 1 �, ��â�3�âK¥Øä�é6Ì
�, Ø¬u) “nÜJ” ©ly�.

ã 7 ��âþ,�m���â5�Cz­�

4 6N�.CqO�

�Ä�âÔ�·ÜÔ, du�â�m���5
-EØä��Ñ�â�ÄU, ��u�âmkÅ¢
{å��^, ù«5�¦�Ä��âÔ��6N�
aq [30]. du·�'%�´�âKSÜ�$Ä, ¤
±�r��â��ë�Ô, �Ä�ÄL§¥��â
�þB���â�L§. ù��±Ø�Ä�âK�
�N$Ä�ª!�Ä\�Ý��±9�âKSÜ
��â�$ÄG�. édL§, ·�r*dmkÅ
¢{å�^���âw¤´6N, $^6NÄåÆ
nØé�ÄL§¥��â3��âK¥�þ,�
m�CqO�.

4.1 666NNN{{{åååúúúªªª

éu$Ä�6N5` [31], §�åÆ5�¥'
�­��Äk´�Ý, §´6N.5�þÝ. �6
N3\�½~�$Ä�, éÙ¥�ÔN��)\�
Ý, \�Ý�6N�Ý�¦ÈB´6N�.5å.
Ùg´Å5, §¬�)6N�Å5å, ´6Né/
C��Þ{|�þÝ. .5åÚÅ5å�'�¡�
Xìê. §´3å²ïG��.5å�Å5å'
��þÝ. ØÓ6N�XìêØÓ. e6N�Xì
ê�$, KT6N±Å5å�Ì; eXìê�p, K
T6N±.5å�Ì. 6Ä�6Né3Ù¥·��
ÔN�k{å��^. éu$Xìê6N, {å�
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l stokes ½Æ, �L«�

f = cvRη, (2)

Ù¥, f �ÔNÉ��{å, v �6N��Ý, R �
6N¥ÔN�º� (éu¥N, ´¥N��»), η �
6N�Å¢Xê, c �~ê. éupXìê6N, Ù
{å�6N�Ý�²�!ÔNº��²�!6N
��Ý¤�', L«�

f = cv2ρR2, (3)

Ù¥ ρ �6N��Ý, Ù¦þÓþ.

4.2 ©©©lll���mmm���CCCqqqOOO���

Äkr�âK��¤$Xìê6N, �Ä��
â�gB�L§, ��»� R ���â36N¥±
Ð�Ý v0 �þ$Ä, duÉ�­åÚ6N{å (m
Y�íÚ��â{å) ��^�ªþ,
 x ål�
·�e5. 3dL§¥, r]�{å^²þ{å�
O, ¿dÄU½nk

1
2
mv2

0 = mgx +
v0

2
Rηcx, (4)

)�

x =

1
2
mv2

0

mg +
v0

2
Rηc

, (5)

��â��þ m �

m =
4
3
πR3ρL, (6)

ª¥ ρL ���â��Ý. �²L N gù��B�,
��âþ,��âK (pÝ H) L¡. K

N =
H

x
, (7)

r (5) Ú (6) �\ (7) ¿�n�

N =
3πH

2

(
ηc

R2ρLv0
+

4πg
3v2

0

)
, (8)

��â�þ,�mÚþ,gê¤�', =k

t ∝ 3πH
2

(
ηc

R2ρLv0
+

4πg
3v2

0

)
, (9)

2^pXìê6N�.�CqO�. r (4) ª
¥�mà"�^ (1) ª�O, ����âþ,�m
�

t ∝ 3πH
2

(
ρSc

RρL
+

4πg
3v2

0

)
, (10)

Ù¥ ρS ��âK��Ý. 3Ù¦þØC��¹
e, (9) Ú (10) ªL²: (a) ©l�m���â��

Ý (ρL) Úº� (R) �O\
~�; (b) ©l�m�
��âÐ�Ý v0 O\
~�; (c) �âÔ��Å¢
Xê η O\, ©l�m t ~�; (d) �âK�pÝ H

O\, ©l�m t O\; ù
(Øþ��c¢�(J
���.

��â�é��âþ,�ÐÄU´��Ä\
�Ý Γ ¤�'�, =k

v2
0 ∝ Γ, (11)

Ïd,

t ∝ Γ−1. (12)

��, ü«�¹O����âþ,�mþ��Ä\
�Ý¤�'. ùÚ·��¢�(J�Î.

,
 (10) ªL²�âK��ÝO�, ©l�m
O\. ù�·��¢�(J�gñ�. ��, A^$
Xìê{åúªO��(J'pXìê{åúª
��J�Ð, L²3�Äe��âÔ��±Å5�
Ì�6N��q. �´, Å56N�.�Ñ�©l
�m (�ª (9)) vUNyÑ��â��»Ú�Ý�
K�. ¤±, dO��.�Ø
n�, 6NÚäk�
½º�!�ÝÚMÝ���â.¾��3�
�
É. ¢Sþ, ·��6Né3Ù¥$Ä�ÔN�{
å�(�ÌX6N�Ý��, du.5éÔN{N
�Uå��, ÔNþ,�m��. 
éu�âÔ�
NX, 3�Ä�L§¥, ��âe����â��
é��âk�þ�íå�^, ¦��â�ÄUO\,
¿���â��Ý��, .5��, -E¥D4�
��â�Uþ�õ, ��âþ,��¯. Ïd, 6N
�.¥�Ñ
��â�MÝ´��dgñ(J�
Ì��Ï, �k�?�Ú�ïÄ.

5 ( Ø

�©ÏL¢�éK� “nÜJ” ©lÏ�9©
lÅn?1
&?, ¿A^6N�.�½5©Û.
(JL², 3�ÄªÇØC�¹e, �Ä\�Ý�
3,��.:, §¦ “nÜJ” ©lÅn9Ì�K
�Ï�u)UC. ��ud�.:�, ��âº�
é©l�mK�C�, 
�Ä\�ÝéÙK�~�,
Ì�©lÅndé6Ån=C�AÛW�Ån; �
�âþ,�mÚ\�Ý¤�'; O���â�º
� (�»�u 0.5 mm) ½�Ý (Ø�u��â�Ý
Ø±ÙNÈ©ê) �±r? “nÜJ” ©l; Å56
N�.U
�Ð)º�Äe�âÔ��©lA5,
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Experimental and theoretical investigations of the
effect of “Brazil Nut” segregation in vibrating

granular matters

Peng Ya-Jing† Zhang Zhuo Wang Yong Liu Xiao-Song
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Abstract

Size segregation is one of important properties of vibrating granular matters. It is significant to understand and study the segrega-

tion mechanisms and parameter range of controlling factors of mixed granular matters for the development of industry, agriculture and

pharmaceutical. In this paper, we investigate the influence factors and physical mechanisms of “Brazil Nut” segregation experimentally

and theoretically. The influences of vibrating acceleration, sizes and densities of large and small granules on the segregation time are

analyzed. The hydro-model is used to evaluate segregation time and explain the experimental results qualitatively. Results show that

the vibration acceleration is a main controlling factor for “Brazil Nut” segregation in the case of fixed frequency. There is a critical

acceleration. When the acceleration is larger then its critical value the main physical mechanism changes from convection to filling

voids, and the effect of acceleration on segregation decreases, while the effect of size of large granule on it increases. Furthermore,

“Brazil Nut” segregation still arises when the density ratio is equal to 1. The increase of the size or density of small granular may

enhance “Brazil Nut” segregation.

Keywords: granular matter, “Brazil Nut” segregation, segregation time, segregation mechanism

PACS: 45.70.−n, 45.70.Mg
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