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��
©flf H2D+ ����N��p�^�¢�ïÄ. �ã
 H2D+ éUNÔn�+���5, {ã

CAc�é H2D+ �ïÄ, ©Û
3¢�¿^�e H2D+ �/¤Ån, �Ñ
Ù��N��p�^�)¥Õ�¿�
UÌ. ?1
9Ï¢�, ¦ D2

+ ��Ó�N�u)�^, ¿|^ù�(JÚÙ¦©Û�?n�{, ò H2D+ � D+

UÌ¥ D2
+ OêÜ©�
�Ø. ¢�2gy¢
©flf��N�p�^��6�A��3, æ^nN�6�A

é'��{�ª(½
 H2D+ (�/GÚ��. é H2D+ ¥Õ�¿���lf�6Ì/G��~y��
?Ø
Ú©Û.

'�c: ©flf H2D+, ¥Õ�¿, nN�6³, ìq(�

PACS: 92.20.Rf, 36.40.–c, 61.48.–c

1 Ú ó

<�é H+
3 9Ù�zÓ �©flf�¢�

ïÄéõ�ÿ�8¥3n«lf H+
3 , D+

3 Ú HD+
2

þ [1−3], é H2D+ �¢�ïÄ�õæ�£;��
ª, ùÌ�´Ï�¢�¥lf�) H2D+ �Ó�,

¬Ø�;�/·\ D+
2 , J±òÙl H2D+ ¥©l,

lK�¢�(J. ·�c¡�ïÄ�Ó�æ^ù
«�ª, ©O4 MeV þ?�XÀ H+

3 , D+
3 Ú HD+

2

�å6����N��p�^u)¥Õ�¿, ±
d�Ä:, ©Û?Ø
ùn«©flf�/¤Å
n, �â�ÔUÌ©Ù, (½
§��(� [3−5],

¿1�g|^¥Õ�¿Eâ(½
Ó �©fl
f HD+

2 �(�/ª [5]. �k��Ã{£;�Ï�
´ H2D+ TT´�«�~��©flf, 3UN
ÔnÚUNzÆ¥äkÞv��/ , �@�
´1���z(S©f�Ô [6], 3õ�©f��
z©2¥åX'���^, ¿�3(S�¥kép

�´Ý. C 10 c5cÙ´Cünc, <�é H2D+

q?1
�«*ÿÚïÄ: 2011 c, �
é��
þð(�ïÄ, Chapillon � [7] �\&ÿïÄ
�
1(� (protoplanetary disks) ¥� H2D+; 2006 c,

Vastel � [8] ± H2D+ �ïÄé�, 3¢�¿�[@
Ï(S/¤�üC�; 2010 c, Sochi Ú Tennyson[9]

3é°�U?��SïÄ
 H2D+ ��Ä=Ä1
Ì; 2005 c, Kokoouline Ú Greene[10] ^nØ��
ªïÄ
 H2D+ �©)EÜ (DR) �A; 2004 c,

Strasser � [11] é H2D+ � DR ¢��
�[�ï
Ä, uy HD2

+ ©)�Ù(�ªu�GAÛ(�,

¿��?u¥%��/ké��VÇ. ù
ïÄ
é H2D+ �ÔnA5±93UN?z�+���
^Ñ�?
�Ú.

�©3�Ó¢�^�eé D2
+ Ú�Ó���

%��p�^?1
ÿþÚïÄ, ¿ëìd(JÚ
Ù¦©Û�{ò·\ H2D+ å6¥� D+

2 �K�
^Ü¤�©)��ªØ�. 3(½ H2D+ zÆ(�
�, æ^
·�JÑ¿���ÐA^�nN�6�
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A(½©flf(���{, ¿¢���
 H2D+

�(�/GÚ��. ¢�ÿþ��
 H2D+ �zÆ
áN(�, ¢�ÿþ
¤k� H+

3 9Ù�zÓ �
©flf�(ÜU�(�. ¢�C�±9¢�L
§¤I�����¢�^��¢y�¢��n3
·�±c©Ù¥k�[0� [3−5], d?Ø�Lõ�
ã, �3�9��©�'�/��·�`².

2 H2D+ Ó �©flf�/¤Ån

3(S�¥, ���~���A´ [12]:

H+
3 + HD → H2D+ + H2 + ∆E, (1)

Ù�A�¡ a = 3 × 10−10 cm3·s−1. duù��A
3(S^�e´Ø�_�, ¤± H2D+ äk�p�
´Ý, ~�^5��&Ä(S�m�üCÚ/¤�
�é�.

3¢�¿^�e, 3pªlfXÀ��í>
l¬�)�þ� H+, H+

2 Ú H+
3 lf, XÀ��í

>lÓ�¬�)�þ� D+, D+
2 Ú D+

3 lf, ù

lf3pªlf·Ü�, ¬/¤�¹ H2D+ 3S
��X�Ó �©flf [3]. �9/¤ H2D+ �Ì
���A�:

H+
2 + D2 → H2D+ + D, (2)

H+
3 + D2 → H2D+ + HD, (3)

D+ + H2 → H2D+ + hν, (4)

D+
2 + H2 → H2D+ + D, (5)

D+
3 + H2 → H2D+ + D2, (6)

H+
3 + HD → H2D+ + H2. (7)

�,, ��3Ù¦/¤ H2D+ ��A�, �±þã
��A��Ì.

±þ�A�, §��>f�EÜ�A)¤¥5
�©fÚ¥5�f�L§�Ó�?1:

H2D+ + e = H2 + D ½ 2H + D, (8)

H2D+ + e = HD + H ½ 2H + D. (9)

� � © f l f � E Ü � A � Ç �
� 10−6 cm3·s−1[13]. ��5¿�´, H+

3 �EÜ
�A3 Admas Ú Smith[14] � VT-FALP ¢�*	
¥, 3 95—600 K §Ý��, ÙEÜ�A?1��
~ú. Ùþ��=�� 10−11 cm3·s−1, ��$u

Ù¦©flf�EÜ�A�Ý. éu H2D+ ��
�aq�(J. ¤±, éulf?u�Ä-u�
� H2D+, A�é�u)�>f�EÜ©)�A,

¦� H2D+ 3lf¥�´Ý�p, �BÚÑ
½�rå6. Kevin � [15] 3 1992 c;�ïÄ
Ï
L H2 Ú D2 ·Ü/¤ H+

3 , HD+
2 , H2D+, D+

3 ��A,

��3 300 K §Ýe, Ù�Ô'~ÚnØþ�ÚO
�Ô'~����, �y¢
 HD+

2 Ú H+
3 �q, A

�é�u)�>f�EÜ©)�A, l¦)¤
� H2D+ k�p�½5.

H+
3 ÚÙÓ �©flf�ù�A5, ¦§¤

��½��ìqlf, ¿±§�¥%�±/¤�
fê���ìq. �duù��Ï, ¦§�¤�é
(SzÆÚ(SÔnÆÑé��©flf. Ó�
�´·�é H+

3 9Ó �©flf?1&¢ïÄ
��Ï��.

I�`²�´, du^©ÛìÃ{ò H2D+

Ú D+
2 «©m5, H2D+ �å6¥³7�\ D+

2 . �

©l¢�(J¥ D+

2 é H2D+ ¥Õ�¿ÿþ(
J�K�, ·�üÕ?1
�Ó^�eXÀ D+

2 �
¥Õ�¿ÿþ, ¿ëìÙ¦k��©Û�{, �ª
(½
 H2D+ ¥Õ�¿UÌÚ(�.

3 H2D+ ��N��p�^

MeV þ?�©flf3?\�N�, lf�
Ý v ��uq>f�¤��Ý e2/~, �qØv±Ú
åwÍ��éØ�A, = e2/~ ¿ v ¿ c. 3ù�U
þ��, ÙåP>f����¡'Ð¼�¡� 3—4

�þ?, �¦]m���Ü>f/¤�àØì3á
å¥Õå�^e�¿ª©m, du�m4á, ©f
lf=ÄÚ�Ä�K���Ñ [16,17]. ù�L§¡
� “¥Õ�¿”, ´ìq��N�p�^����
+�, H+

3 , D+
3 Ú HD+

2 �zÆ(�Ò´d¥Õ�¿
EâÄk(½� [17,4,3].

3.1 H2D+ ���¥¥¥ÕÕÕ���¿¿¿���ÔÔÔUUUÌÌÌ

ã 1 ´ 1.5232 MeV � H2D+ å²��%��
3 0◦ ��Ñ���fUÌ, Uþdp©E·>©
Ûìÿþ. Xã 1 ¤«, ¤���UÌ´;.�¥
Õ�¿�ÔUÌ: MeV ?� H2D+ ²L%��, ü
�åP>f3q�cA��á=�l, n�àØ
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3¥Õ½å�^e×�©m, é H2D+ ¥��f,

ã 1 ¥UÌ�ü�Ì¸©OéA3�%X�m�
÷å6����c�����f. I��Ñ�´,

�, H2D+ �å6¥¹k D+
2 , �éu�fUÌØ

¬�)?ÛK�.

ã 1 1.5232 MeV Uþ\�� H2D+ �f�¥Õ�¿UÌ

ü�¸�m�Uþ� ∆EHmax = 10.23 keV, U
þ¸��p° (FWHM) � 2.2 keV. ¢�¥��p
Oê� 9987. �fUÌ��f�Uþ¸må±9
Ì¸/G�åû½ H2D+ �(�, ò3�!?Ø
©Û. ü�Uþ¸�mÑy
���¸, ù´3q
�cA��fÐ¼>f¤�¥5âf�3q��
A�q��>f�@Ü©�ë��¿��f�U
Ì, éu��q�â¬k�Ì¸ [17]. ¢�¥æ^
�q�´ 3 µg/cm2 �%q, ÙþÝ=� 100 Å (1 Å

= 0.1 nm) �m. ²w/, p$U¸��Ô'~�
3²w��O, ùÒ´�>lfBL�N��)
��6�AE¤�(J, H2D+ ÏL%��)��
é H+ �6|�©Ûò3e©?1©ÛÚ�ã. I
��Ñ�´, é(á H2D+ �(�/G, �6�A
òå��©���^. 3©Û?n�6�A¥,

òæ^©z [3] ¥JÑ�)ûnN¥Õ�¿��6
|�., |^T�.é H+ ?1
�¿UÌ�nØ
�[, �¢�(J?1
é', �ª(½
 H2D+

�(�/G.

ã 2 ´3�Ó^�e H2D+ � D+ ��¿UÌ
©Ù. D+ �m�Ý� H+ ��, E¤"Ý��±9
NC�õ� D+ ?\·>©Ûì. Ó� D+ �©E
Ç' H+ ���, E¤ D+ �UÌ©E' H+ �U
Ì©E�. �¤���UÌ©EEv
Ð, v±é
ü�¸ ��Ù/EOÚ½ . I��Ñ, Ï�6
�AE¤�p$¸�Ô©Ù��Évk²wNy
Ñ5, $�ÑypUàÑp��~y�, ò3©Ù
�Ü©?1?Ø.

ã 2 1.5232 MeV Uþ\�� H2D+ �f�¥Õ�¿·ÜU
Ì, �¹ D+

2 ��fUÌ

��ÿþ�UÌ´ H2D+ Ú D+
2 �·Ü¥Õ

� ¿ U Ì, ∆EDmax = 8.68 keV, U þ ¸ FWHM

� 2.9 keV, ¢�¥��pOê� 88605. �
¼
� H2D+ �(ÜUÚAÛ(�, Ò7LòüÜ©©
lm, �d, ·��
X D+

2 3�ÓÁ�^e�¥Õ
�¿, ÿ� D+ �UÌ¸, ¿3¢ÿ�é'Ä:þ
O(¼��é'~, òÙ��^ãÌ)Û��ª¼
� H2D+ � D+ Ìã.

D+
2 ��N�p�^�� D+ UÌ´�{ü

�¥Õ�¿UÌ, ü�¸�m�Uþ� ∆Emax =

8.15 keV. �d�� D+
2 �Ømå� 1.32 Å.

ddwÑ, 3 H2D+ �·Ü D+ UÌ¥, D+
2

��N�p�^��UÌ¸ '·Ü D+ ¸ S
£ (8.68 − 8.15)/2 = 0.26 keV. @où�Ï�¬
é H2D+ � D+ S£�)õ�� �, Ò��Ñù
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ü�Oê��é'~. ùpI��Ñ, ù� ��
é´'���, Ï�3ÿþ¥, z�Oê:�ÿþ
må� 0.3 keV, ù� ��u��Oê:. ��

O(¼�ý�� H2D+ � D+ Ìã¸må, ù� 
�7Lí�Ñ5.

�
¼�ÿþ(J¥ D+ �UÌ¸��Ô
¥ H2D+ � D+ êþ, ·�^ HD+

2 ��¿�Ô�
¡�'�. ù´du3��¢�L§¥, C�é D+

Ú H+ �©EUå�±ØC, ¢ÿÚnØÑ`²,

3¥Õ�¿¥, du3�%X�¿�Ô����
þ!©Ù, \þÁ�C�é,«lf�©EUå�
´�½�, ¦�3Á�ÿþ�Ü��½��¹e,

éÉ�©flf (H2D+, HD2
+) �ÿþ¥, ��Ô

�'~o´�½�. äN3 H2D+ ½ö HD2
+ þ,

�Ò´`, é�«©flfó, éAu�½êþ
� H+, o¬&ÿ��½'~� D+ �Ô. 3(�
aq�ØÓ�©flf¥, ù�'~�éu©f
lf¥,«lf�¹þ�´¤�'~�. ùÒ¦
·��±ÏL H2D+ ¥Õ�¿¥ H+ �OêÚ
HD+

2 �¿UÌ¥ H+ Ú D+ �'~±9 H2D+

� HD+
2 ¥ü«�Ô�¹þ'~, U'�O(/¼

� D+ �·ÜUÌ¥ H2D+ � D+ ¤Ó�'~9
êþ.

3 HD+
2 �¥Õ�¿UÌÿþ¥, ¥%¸��

pOê' CDmax/CHmax = 168027/49763 = 3.38,

3 H2D+ ��¿Ì� H+ �¥%�pOê� 9987.

�Ä�±þ�A�Ï�±9'~, ±dí���
� H2D+ � D+ �UÌ¸�¥%OêA� 16878.

ddw5, 3¢�¤ÿ�·Ü� D+ �UÌ¥, D+
2

��z�Ó�õê, ù�ÎÜlf¥lf«a©
Ü�¢S�¹. Ï�lf¥/¤ H2D+ �, ´d
�íÚ�í·Ü�>l, ,�²L©f�A/¤�,

�X©Ù�1 2 !¤ã. >l�í¬�)êþ�
õ� D+

2 lf. ù�, �â¢Sÿþ�UÌ¦^p
d[Ük[ÜÑ·Ü D+ UÌ, ,��â¢Sÿþ
� D+

2 ��¿UÌ[ÜÑ D+
2 �¿��zÜ©�U

Ì, ëì¢ÿ�UÌOê©Ù±9�Ô��é'~,

�ªæ^pd[Ü©)��{��� H2D+ � D+

UÌ¸, Xã 3 ¤«.

ã 3 ��éu��ÿþ¼��UÌ, ã 3 �
¸  £
 0.29 keV, ù´�Ø
 D+

2 �K�/¤
�. ù� H2D+ �(J¥, D+ �UÌ�ü�¸ �

Uþ� ∆ED max = 9.26 keV, D+ Uþ¸� FWHM

� 2.9 keV.

ã 3 ¢ÿ H2D+ � D+ UÌ²Lpd[Ü�Ø D+
2 � D+ U

Ì���� 1.5232 MeV Uþ\�� H2D+ ��f�¥Õ�¿
pd[ÜUÌ

3.2 H2D+ ���AAAÛÛÛ(((���

Äk, V¸(��UÌ�ÙL²Ø�3 H-H-

D+ ½ H-D-H+ �/(�� H2D+. �, H+ �¥m
 �Ñy��¸, �æ^�þ�q��, ù�¸ 
�=��. Gaillard � [16] é H3

+ �aq�-E¢
���Ñy�q�(J.

·��½ HD+
2 �(�3©)c���n�

/, � C2v é¡(� [10]. 3�¿L§¥, ü«�
Ô D+ Ú H+ 3¢�¿X�N\ÄU©O� 8.68/2

Ú 10.23/2 keV, �d��B¼��%Xü��Ô�
¿��ÄU. b��¿c H-H Ú D-H �Ømå©
O� rH-H Ú rD-H, 3^O�Å�[��Éå9$
ÄL§�uy, �)ù��ÔUÌ©Ù� H2D+ (
��±kü�, ù�y�� HD2

+ aq¢�¥��
/´��� [3], =ü«Ð©Ømå� H2D+ (�
�¿��)�Ó��ÔUÌ©Ù. ùü« C2v é¡
� H2D+ (�, Ù¥�« a (�¥, rD-H = 1.29 Å,

rH-H = 0.99 Å, ��Ømå'��Ømå�; ,
�« b (�¥, rD-H = 1.09 Å, rH-H = 1.23 Å, ��
Ømå'��Ømå�, §��LØÓ�Ôn¹Â,

=3 H2D+ (�¥, =azÆ�(Ü�;��¯K.
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Ccé H2D+ �Ù¦ïÄ¦·�éù�¯K
k�ÐÚ�íä: 2004 c, Strasser � [11] é HD2

+

Ú H2D+ � DR ¢��
�[�ïÄ, uy H2D+

©)�Ù(�ªu�GAÛ(�, ¿��?u¥%
��/ké��VÇ, �Ò´`3 H2D+ ©)�,

��zÆ�ä��VÇé�, L² H2D+ ©)�,

HD++ H �©)VÇ��, ý«��Ø�éu��
Ø(Ü��;�
. ù¦·�knd�&(� a ´
�(� H2D+ (�/ª. éù�(Ø���|±,

ò^·�JÑ�)ûnN¥Õ�¿¥�6�A�
�ª?1íä [3], ^·���.���UÌ/G�
¢Sÿþ��¿UÌ?1'���ª�±y¢. ·
�òl�6�AÑu, l�6�A�(Jþ���
½(� a ��(5.

Ö�>Ö� “¯” �>âfBL�N�, ¬¦
NC�>fu)��»���� £, Úu��>
f4z��,, ¬é��ÏL�lf�) =Ú{
¢�^, <�¡���6�A. 3©flfÏL�
N�, �±/¤�þ�!÷v±þ�¦����'
�$Älf, ¤±�ìq�¥Õ�¿���A:�
�Ò´wÍ��6�A [16,17].

nN¥Õ�¿�?n�6�A��.3©
z [3] ¥k�[�0�Úí��ª, �.²u��
¢S�¥Õ�¿UÌÎÜ�éÐ. 3ùp·��Ú
^ù��.�é H2D+ æ^ù��ª����?
n(J. ã 4(a) ´ H2D+ (� a �¥Õ�¿���
[�6UÌ, ã 4(b) ´ H2D+ (� b �¥Õ�¿�
��[O���6UÌ.

¢ � U Ì ¥ H2D+ � H+ p $ ¸   O ê
' � CL/CH = 9987/7187 = 1.40. é ( � a,

U ± þ � ª O � �, O � � � é á N � �
' [3] (� é O ê ') � CL-relative/CH-relative =

1/0.74 = 1.35. � é ( � b, U ± þ � ª O �
�, O���éáN��' [3] (�éOê') �
CL-relative/CH-relative = 1/0.52 = 1.92.

O�(J a �~�Cu¢SÿþUÌã(�,

 b Kk���O. ù�(J���/y¢
(
� a ��(5.

ùp, ·��ª�Ñ�¢�(½� H2D+ �(
�/G, ÙØmå©O�

RH-H = 1.29 Å,

RH-D = 0.99 Å.

¢�¤ÿþ�ù�Ømå(�´ H2D+ �
-u��²þ�. ©z [18] @�-u�� HD+

2

Ú H2D+ õ± 1A′
1 (ν = 9), 3A1, 3B1, 3B2 ���/

ª�3.

e¡é¢�¥uy� HD+
2 � H+ ��6�

A�éu H2D+ ��6�Ar�õ�y�?1)
º [3]. �X·�ÿþ�@�, 3 HD+

2 �(�¥,

rD-H/rD-D = 1.3, = rD-D Ú rD-H ��O�é��,

3 H2D+ �(�¥, rD-H/rH-H = 0.8, \þ�¿
¥ rD-D �Cz�' rD-H �Cz�,  rD-H �Cz
q' rH-H �Cz�, ù��(J´N´n)�.

¢�¥, ·�vk*ÿ� D+ �UÌ��6�
A. 3·��é H2D+ ©flf�õgÿþ¥, 
�ÔUÌÑvk�6|E¤�Ì¸�wÍCz. ·
�@�ùÌ�Äu±en��¡��Ï: D+ �©
EÇ' H+ �©EÇ$. ¦+¥Õ�¿�¢�^�
®²�~��, �U
ò D+ �p$UÌ�Ù/©
EÑ5, �é�C 0◦ �¿� D+ 5ù, Ø� D+ �
Ô=¦vk�6|��^�¬?\&ÿ�� (p©
E·>©Û¤), C�Ã{òÙ��©m, ¦+?\
&ÿ��� D+ �Ô�êþ (A��) Ú�Ó^�
e?\&ÿ��� H+ �êþ (A�) kêþ?�
�O, �ÒXc¡¤ã, ù
lfUÌ�OêÌ
�´d D+

2 ¤�z�, \þü�UÌ�Ì¸ �q
k�N �, �

�6�A�K�; Ùg, éî�
�Ý�Ó�lf�Ô, �Ý¯� (pUà�Ô) ?\
©Û¤ì��Ô¬õ
, ¤±$�¬ÑypU¸'
$U¸�p��~y�; ,�����Ï´, �
�� H+ 3�¿¥÷ 0◦ ����½�C 0◦ ��$
1�, Ù{�ü��Ô D+ Ú H+ ¿Ø´��$Ä
�, E¤Ø5K��6|, �Ä� D+ Ú H+ �©l
�Ý' H+ Ú H+ �©l�Ýú, �¦ù«�6|
 l��, l4�/~�
 D+ ÏL%��É�
�6|�½��^.

¢����Ømå´�Ä-u��²þ�, ¥
Õ�¿��ÿþ�ØmåÒ´?\q]mù
-
u�� “¯ì”[17]. nØþ, �Ä-u�Æ· t ∝ 1

ν
,

 ν ∝ 1/
√

µ, ν ��ÄªÇ, µ ��ÄØf�òÜ
�þ. `²XJ3lfn«©flf�Øf�Ä
-u�´���, ATÿþ����Ømå�u�
�Ømå½���Ømå. �¢�(J%´���.

ùL², é H2D+ ó, H Ø�N´É-u?u
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ã 4 1.5232 MeV H2D+ 3 100 Å%�¥¥Õ�¿�3�6|�^e 0◦ �� H+ �[O���éUÌ (a) (� a ��[O
��6�AUÌ; (b) (� b ��[O��6�AUÌ

�p��Ä�.

�d, ·��¤
é H+
3 9Ù¤k�zÓ �

©flf(ÜU�AÛ(��ÿþ, �Ñ
���
êâ. �é H2D+ �ù�¢�(J, éUNÔn�
UNzÆäk�~��¿Â, Ù(�êâ�Äg
��ÿþ�(J. ¢�¥, æ^�9Ï¢�ÚUÌ

)Û�©Û�{, ±9æ^�6�A�.5(½n
NÉ�©flf(���{, éaq�ïÄÚ(J
©ÛäkéÐ�/��^.

��¢�ó���
oA�Æ�fØ�ÆEâïÄ¤

·>\�ì|�NP��È4�Ü�|±, 3dL«a�.
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Abstract

The Interaction between molecular ion H2D+ and ultra-thin solid film is reported for the first time. The importance of H2D+ in

the areas such as astrophysics is stated and the study on H2D+ of recent years is outlined. The formation mechanism for the H2D+

under laboratory conditions is also analysed. The structural pattern of H2D+ and the mean internuclear separation are determined using

Coulomb explosion technique. Once again, the existence of wake effects in the interaction of molecular ions with solid is confirmed

and three-body wake effect module is used to determine the geometric structure of H2D+. Finally, the unusual structure of the wake of

energy spectrum for the heavier ions in the H2D+ Coulomb explosion is discussed.
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