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�� ���������� He, Ar 	
��
�������	����, ��

������� !"#�#�����$#�%&'()*	+,-.: (1)/012

%&�34	56-., 789:#;	��<�=� He .>	
�, 7?@ABC

�DEFG, HIJKL��<�=	MNHMN. (2)O	PQRSTU	V@WT

X��Y1	TZ. (3)7[\]A, He$ Ar	^_7%&'(	`4AJKab�c

	de�; fg�����	h�B%&	h�ijkDlm. (4)7012� He, Ar,

CH4	n@o�X>p#�(qrst��uv�)��w�xy$z{L|}�C}	

~�^_�FQ���, ���7	���@.

��� He Ar � Ar ��� �	
� �
���� ��������

��������	
��
�, ������������������� ��!"

#$%&. ��'#���(����)*+, ��	�,-.�/0��1����23

���45[1�4]. � 1981 � Holub 6[5]7��89:;��	<=>� Rn �45, ?@*+

��A
Bσ �CD>, RnEFG45. 1983�Honda6[6]��8HI;J�KL�	<=>

He, Ar �MNO�. P?@*+�QR�ST�U�VWXYZ[\R]^_`�a`*b.

cd���*+ He, Ar�MNO�e��	,-�fgR]�
. hZiIj��k	R]/0

���45lm� Oziman"o�	45(stress emanation)[7]. ��pBIFqrGs���k	

lm. tu, iI�	45Ev�!]��Gs�wxyzi{p|}W~����.

�!]�����, �
���%W���
Bp!]�����������. o�,

!]���|���	-����p�A%W�����. ��hZ������;J�	�

G�h��.�, ^hZ�;���;��;���	�����.��� . D¡, ¢£p

��;����, ¤¥�8¦H§¨/©ª�«¬­®.

¯;«¬°¤pBI�;. jZ±²³ U, Th, K, $��´µ���¶·¸¹�.�º»

N530¼�½� He ¾ Ar. � , ¿.��À®���¸¹(ÁÂ�Ã)�ÄÅB�G�ÆN

530¼�Ç��È� He ¾ Ar. ¼�, �¯¾ÉÊ�Ë��Ì� He ÍÎÏ Ar ®ªÐ�Ñ.

�¯ÒÓÔR]�, À®��¨/©ª��h�	ÕD�¸¤p�Ö�, ^¡×ØÓÔ©ª

�ÙÚ^4`-�. iS{�.Ewx�	�����45
��
�. �Û�Ü�ÝÞ¯

2001-11-24 ��

* ������	
��
�(���: 49672163)
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��¯ÒBßà�FG�ÉÊá�â, iS{oSTÔãäå8�æ�<=. ¼�, ¯Ò{0

8�;��	���45
����gç�èé«êë.

1 ��������	
��

|��1ªZ%ìíÜ 130 kmÜî¯Ò1�ïðñÒ. òÒ1¯�ÉÊóô 1)õ%, 1955

���ö4`R 1200÷ø, óô¯G� 500~1000 t�� 8ø, 1000 t�°�� 2ø. ò1³¯

�ùpúZÝÞ¯�, ö� 7ù¯, P� 4, 6ûùo.Ô¯ù. 4ü¯ùý 2.5~3.2 m, pVÔ

ù, þ��4`ÉÊóô. 6 ü¯ùe4`�©óô. ���¨/°, ïðñÒV�ªZ�b

���, P�	û
A�o�
���(Ïï����(. �b�����©� F1 ��, F

�óôàã�� F1 ����Ï�
���(. o8��¯�ÉÊóô���3, �!]°�

�ÓÔe��©óô� 6ü¯ù"o 4ü��¯ù��Qù(�!]°�o8��¯ù�Q^

�ÓÔ�¯ùno¦Nù, ^��Q�¯ù�no�¦N¯ù), jZ 6ü¯ù�ÓÔ, � 4ü

¯ù�À®©ª{�08À®� 	Õ!("#°.Ao 4 §(: $%Q	(��	ã�(�

Q	&�(�'(�Q(). ×Ø>© 6 ü¯ù)Ôb�ÙÚ, P°©¯ùÀ®©ª��	Õ

D¤4`���*+. ,éÔ-8iS�!]./, ÉÊóô���0é�Aõ%. o8ÚB

1�2 4ü¯ù�ÓÔ¸óô���3, 3� 4ü� 6ü¯ù
�45Ó678, 9ò78�

°h 4ü¯ù:B�;Î<=â�>?@8, ABÉÊ�á��#. iC=â, o"#äå8

B§Ò�s��«êD. |}�STÔEÜîÒ1ïðñÒ� 2602Ô1(−30 mFG), 3601Ô

1(−100 mFG). h 2602Ô1ÚHRûøÔS, ¸Io 8 d. J�KL�p, �áNâST�

��MN°, ¿hO 2§«¬�Ô¯78PP3602Q7 2)Ï 2306R7 3)ÚH8ST��.

ST�Gj"#(xÜî¯Ò� LZL-902 UVW�XY(),Z[.®¸�G He, Ar)'

0�, �
� ��\�]6[8]^R_`�~�. o8~��a, �ibcdefZ®ªÐ�

�'�%d�BI*ghÑF2�� , ¤{p��i�ST� He, Ar Ñ�Ç���jkÑ

ÚH���� . ���?@d>lÚHYm�*g:

s a aHe (He He ) / He ,δ = − (1)

s a aAr (Ar Ar ) / Ar ,δ = − (2)
40 36 40 36 40 36 40 36

s a a( Ar/ Ar) [( Ar/ Ar) ( Ar/ Ar) ] / ( Ar/ Ar) .δ = − (3)

P��j s, aA�Ã*ST�Ç�nA.

2 ������ He, Ar, CH4 ��	
�

��?@oZ* 1, ?@*+:

2.1 ������, ���	 He 
��


He� 2§®ªÐ, 3He, 4He. �#p�p�qr0A, ±�ÍÎst, u�[#� 10−6G

s. ^ 4Hep U, ThN53�o&-�À®vw�α�½x-�. ¼�, Bß$y� He{pz

1) ���������	
���
�	���������, ��	������(� !"#$ !%&#)'�()

*+�
,�-.�/0�����, 12�3�456�%"7/�89:;, <=12>?@ABCD�E/FG

2) �
�*+���, HIJ�KLMNOP

3) �
�*+���, HJQNOP
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4He. ¼o¯��ù��Í²� U, ThnA, $�¯��ù¤{|�}BSË�Í²� He, P

ÍÎBß� 10−4Gs, �F�ÍÎ(5.24~10−6)Ìi÷, ¼�F�0A��hP��.���À

Y. jZHe��Ghp 4, 3Ë��2��O��(0.2 nm), ¼�, ±Ë���������E	.

�!"�74l8Ò1Gs��	� He45
��
�, �"8�
�8[9,10].

9ïðñ 26027=â��Bø δHe�GÑ$"����(� 1, * 1)°.��x, �¦N

� 4 ü¯ù, ���Z>© 6ü¯ù)Ôb����+�� He ­%. 9ò7 2 øÔS�?@

4l, He­%�p×Ø�	ã�(�*+^*+�. 9* 1.��x, 4ü¯ù 6-4â��δHe

Ñ, 9�BøÔS¸� 49.12%�� 8 d[ 37.16%; ^ 7-1â�j 15.43% �x8 56.24%, 0

oa��Ñâ. He��ª�*+8 10 m. ��®¸, 6ü¯ù�)Ôb¤��ÙÚ8 9.6 m, �

�Ñ*+���A?�. ¼�, ���Q¯ù��	ã�(, Àu�+�� He ­%, ^¡ He

45�V�ª�p×Ø>©�Q¯ùÓÔb�*+^*+�.

� 1 ���� 2602�� 4�	
��
�� He��
A- AS- AT- ASSS� HeUVWXYZ[δ He�\]YZ� 36, −85^ 36, 85

o8���a, l� 3§áN7� He, Ar¾ CH4�6Ñ��g�� 2. 9iC6Ñ�°.

��xH§Ô1 He ­%A���¤pHÀ�®,  ¡, 9� 2-d3(δ He)�.��x, � 3601

Ô1 He�­%Àu��	ã�(.�x, ^¡¿.��)Ôb[� 150¢200 m£�x.
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� 1 ����	��������������� !"#$%

_ 1`a0b _ 2`a0b
*+c dec

CH4/% δ He/% δ Ar/% (40Ar/36Ar)g CH4/% δ He/% δ Ar/% (40Ar/36Ar)g

4-1 0.00 −0.12 298.70

4-2 80.00 3.26 −0.91

4-3 100.00 3.17 −0.98 763.60 100.00 3.26 −0.89

4-4 65.00 4.40 −0.81 414.28

4-4 90.00 2.93 −0.74

4-5 96.00 3.00 −0.93 521.74 100.00 2.40 −0.85

4-6 100.00 2.33 −0.36

4-7 40.00 1.85 −0.40

5-1 80.00 4.85 −0.85 450.00 100.00 2.43 −0.32

5-3 30.00 2.89 −0.41 326.31 100.00 2.31 −0.87

5-4 55.00 3.45 −0.95 325.71 80.00 3.31 −0.83

5-5 40.00 1.28 −0.45 385.71 65.00 1.18 −0.49

5-6 91.00 4.86 −0.90 521.05 98.00 0.96 −0.71

6-2 100.00 3.69 −0.98 452.50 96.00 4.69 −0.88 443.70

6-3 25.00 31.46 −0.52 320.00 0.00 14.06 −0.34 385.26

6-4 45.00 49.12 −0.47 350.00 15.00 37.16 −0.45 338.88

6-6 60.00 12.12 −0.55 346.00 20.00 7.17 −0.23 333.00

6-7 100.00 3.13 −0.95 502.00 100.00 3.41 −0.85

7-1 12.00 15.43 −0.23 323.00 78.00 56.24 −0.66 415.55

7-2 0.00 1.42 −0.15

7-3 40.00 2.30 −0.10

7-4 0.00 0.50 −0.12

7-5 20.00 11.80 −0.14 300.00 42.00 3.98 −0.13 357.03

7-6 0.00 5.58 −0.026 266.00 360.50

7-7 1.00 −0.12 16.00 3.40 −0.044 330.00

7-8 0.00 0.09 −0.048 294.00 0.00 0.61 −0.077

8-1 323.00 40.00 −0.32 −0.080

8-2 1.00 0.72 −0.028 315.00

8-3 0.00 0.35 −0.064 325.00

8-4 0.00 0.11 −0.020 338.00

8-5 0.00 1.08 −0.096 337.00

8-7 46.00 2.47 −0.45 369.00

8-8 0.00 3.82 −0.15 326.00

9-1 85.00 63.80 −0.87 400.00

9-2 100.00 105.80 −0.60 397.90

9-3 92.00 25.91 −0.44 381.42

fgh 2602

9-4 100.00 63.90 −0.81 407.50

4-2 47.96 −0.27 424.00

4-3 8.35 −0.99 430.00

4-6 100.00 67.05 −0.96 546.00

3-1 100.00 3.73 −0.97 471.00

3-3 2.30 −0.87 438.00

3-4 100.00 37.74 −0.91 487.00

2-1 100.00 1.40 −0.47 342.00

2-3 100.00 3.29 −0.95 683.00

1-1 50.00 0.96 −0.52 373.00

fgh 3601

1-2 95.00 2.15 −0.84 453.00



R � 6 � 	
 
 ��

 ������� He, Ar ���� 483

&� 1

_ 1`a0b _ 2`a0b
*+c dec

CH4/% δ He/% δ Ar/% (40Ar/36Ar)g CH4/% δ He/% δ Ar/% (40Ar/36Ar)g

1-3 95.00 −3.89 −0.89 527.00
1- 45.00 2.91 −0.45 300.00

9-2 43.00 0.83 −0.50 366.00
9-3 95.00 2.21 −0.82 455.00
9-5 0.00 0.04 −0.02 330.00
9-6 75.00 1.48 −0.76 450.00
9-7 2.00 0.10 −0.08
8-1 72.00 4.68 −0.85
8-2 60.00 21.82 −0.62
8-3 3.00 7.78 −0.12
8-4 9.00 4.89 −0.11
8-6 15.00 34.20 −0.09

fgh 3601

8-8 47.00 10.95 −0.52

� 2 ����	����δ He, δ Ar , (40Ar/36Ar)s' CH4#()�

	 b1, c1, d1
� A-ASi\]�j 1
� A-AS-AT-ASSSWX\]k�l�. m�	 a1
WX

A-ASi\]�n� AroYp�qb
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2.2 Ar ��������	
��
����

����, Ar ����	
��
�������������. ��� 36Ar, 38Ar �
40Ar 3����� . !� 36Ar, 38Ar�"#$ %�, �&'()� �. 40Ar�#$* %

�, ��+,-.� K ���� 40K /012�. �&'3 45, ��� 40Ar 67�89.

Cameron[11]:;<= >?@AB 40Ar/36Ar CDE 2F10−4, GHI[12�14]JK, Ar ���L

MNOPQ, !RS Ar� 40Ar/36ArCD�TUD� 0.94[14], V turnerW[15]� PepinW[16]XY

�Z+TUD 0.83 ��[\. X], ^E&'45 40Ar/36Ar CD_` 1 ��>��. a?�

Ozima[17], Hamanoy[18]]b Hart[19]�cdef�>?gh, i�GHI�jYNO[20]kPQ�

lm�&'no� 40Ar ��pq&89�, !��r�s&'tduvwcd. xcd�
40Ar/36ArCD�_` 1efwyz{|^� 295.5[21].

J`}V��2~, Ar�2��\`��d[22], ������. ���2�� 3�: (1) #

$* %�: �2�}�&���-. 40K/0��� 40Ar; (2) ���: �2�}�&���

-.�uvw��8��X��� Ar, ���8����#$ % Ar[22]. (3) cd�: �2�

}�&����p�&��5, �`&����d ¡¢v�(cd Ar, £¤, i��yz

¥¦§̈ ©ª«�¬v�yMcd Ar. EB�­®?, ¯¦«¥¦§̈ ©�uv�cd°±E

(cd, 1¯�²uv�°±EyMcd.

;³X~, ���� Ar��]�< �´ �.
40Arg = 40Arr + 40Ari + 40Araa, (4)
36Arg = 36Ari +36Araa, (5)

!�µ¶ g, r, i, aa�·MP��d�§#$* %�§���§(cd� �. j¸³, ¹B

#$* % 40Arr¤, ��� Ari �(cd� Araaº»¼k�"#$* % Ar, ½=6²]µ

¶ oP¾. º©(4), (5)¿ÀÁ :
40Arg = 40Aro+

40Arr, (6)
36Arg = 36Aro. (7)

�(6)¿¹](7)¿, º©, ��� Ar���CDÀ½]P¾E:

(40Ar/36Ar)g = (40Ar/36Ar)o+
40Arr/

36Aro, (8)
Â�X~, �ÃÄ#Å¨Æ�©Ç�X��� Ar, Èj³������byzcd��»�

Ar �¬=.´ �:

Ars = Arg + Arae, (9)
ºÉµ¶ s, g, ae�·MPE©Ç�§����yMcd� �. �`yzcd��Ê AraeË

Ì(0.934×10−2)C���� Arg(Í� 10−4~10−5ÎÏ�Ð)ÑÒ�, %£, (9)¿�� Arae¬vÎJ

`�ÓÊÎArs��Ôc�ÕÖ. ×cd ArÔ_�, Ars[J�Ø_. %£, Ù!Mv(2)¿XÒ

�δ Ar Ú�ÀÛ_(ÜD³ÚÛÝ); Þ�, ×Ä#Å���yM��d, 1��ÎØß�, º

© Ars[JØc, �>XÒ�δ Ar�ÀÛc(ÜD³àá��à0f); :;(9)¿, ©Ç�� Ar

���Ù�Â�� :
40Ars = 40Arg + 40Arae, (10)
36Ars = 36Arg + 36Arae. (11)

âã

(40Ar/36Ar)s = (40Ar/36Ar)g+(40Ar/36Ar)ae. (12)
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�`�yMcd�(40Ar/36Ar)ae = 295.5, %£, Ã(12)¿½ä, Ä#Å���ÎÚc�, y

M�dAr¬vÎÚß�, XÒ�(40Ar/36Ar)s DÚ¡å (40Ar/36Ar)g, æç(40Ar/36Ar)sÀÚÑ(�

���, �`#$* % Ar� 40Arr�89, x!���CD(40Ar/36Ar)gCcd�(40Ar/36Ar)ae

CD(295.5)ÑÒ�). Þ���.

Ãè 2-a1, b1, c1Ôéê�ëw, Ar���C�ÑDì, ���δ AríDìb���ÑDì

k��î&�`ï�/ð¢wñ�òï¢, �À�~�`
�ó#ì��ô(è 2). ºPQ Ar

��b!����c_�
�ó#õö«Ì���¶÷.

2.3 ������ He, Ar, CH4���	


�øùï�¢, �`}�úû7�üý, þd*Ô�, X]Ä#Å����Ìí, º�©

Ç� Ar� ���2�Ä#Å���d, �!δ ArDØc(à 0�à0f), ���CD�í,

�º���� He��$�Ô�. ×�`õö	
���, δ He, δ Ar, CH4%3�Dk
�` 0.

�
�Æ�¢, }�i7�örüý, ��r���½]ó#A2, Þ��©Ç���Î

�`�W��, 1�`}��d���V�d��¬=, xδAr DV Ar ���D��`�W

��. %E He, Ar� CH4������ ��·E 0.2, 0.28b 0.32 nm, a�, He��þ�â

�, %£, ×����J` Ar V CH42~ip��ª���, He ��cÎ��$, 3 �D

 ù.

�ª!¢�õöòï¢, ��"

#$c, yM�d Arae ¬vÎð_,

1}����� Arg%"#$c. ×

CH4%&w 100%�, Ar����ör

��}���� Arg��´ , %£,

º� Ar ���CD(40Ar/36Ar)g�â

Ñ, ��δ Ar D� 0 à−1 �à0f,

'¾BRSDÒ(). �` He ��


�Æ�¢*+�Òó#, ��²»

�¢�!Î�/(è 2-d1, d2, d3).

�p�
����, J`��,

�³� He, Ar, Ar���]b-.Î

�[J��, ½]Ãè 1, 2³� A-A’

�à/�è(è 3)'¾A2, Ãè 3½

ëw HeÍÍ�
�Æ�¢Q'�$,

1 Ar ����âcD0'¾�
�

ó#�õöòï¢. ArV CH4�Ð�

1Q'�Þ[�.

2.4 ��
�������δδδδ He, δδδδ Ar� CH4������������ !"�	


Ã2°�34³^E, øùï�¢§
�Æ�¢§
�/ð¢§õöòï¢\û�T5�

6�. 7WDè(è 2)�89PQ�:�Ð6"Â£�;<. £¤, �:½]	
=��>D

�?���. Ãè 2�i½]ëw]�(,:

� 3 ����� He, Ar � CH4 �	
�

������ 1, 2 � A-A��	
��
���������; δ He,

δ Ar, CH4 ���
�� 36, −85 � 36, 85; (40Ar/36Ar)s ���
��

25, −85 � 25, 85
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(1)���� Ar����	
��
�. �� 2-b1, b2, b3, c1, c2, c3����������

�� Ar����
��
�. ������
��� !"�##�
�$%.

(2)&'�He, Ar, CH4()��*+#�. �,-������, �
./�0�1 2

3“456.0”�$7. 89, � CH4,-�� 2-c2��, �:;< 6 =&>?@ABC� 4

=&>�,  23#DEFG?@A� CH4 -HI�JK. LM#N�
./�0� 24

56.0$7�O52P. Q�, �#R
.0STU�VWMXHYZ�. [LNYZ�\

\��]^ He, Ar_ CH4�,-��� `.

(3),-�(� 2)��abc�de�fg�1�#h�Ci�. �� 2��jk��,-

e�abclfgmm�#h�Ci�, ��n�?@AFG, op“X”q. LN2Prst

&'� CH4, He _ Ar �()*uv�@w
.�xy, [zn��v�{|
.�xy, }

��� �~��
.Ci:#����. LNCi������������ He �(�

Ar����,-��Q����(��[23�25].

��Q�, L���*u��}�"�L�,-����#R�'&'��6����

����, [zn����S�TUw. ¡VW���, LM#¢�C£Q*¤���.

3 ��������	
 He � Ar �
��

3.1 ��(��)����	
��
 He � Ar ��
��

3602@¥¦<§¨�iF��, S��#E© ª����S�«¬­ 2~9 m� F1®¯

«>. °±iF��¦<6�²³V´, [µ�­¶�V´. � F1«·�¸¹¬º» 85 m¦

¼|½ , ½ &�­ 13 t, 6 d¾¼|¿ 2À½ . �¬¿ 2À½ 3 m¦ÁÂ3¿ 1RÃÄ

��ÅÆÇ. &>@ÈAÉÊi¸ËÁ, ÃÄÌÁÍ 1 m @#ÀÎ, ÏÐp3 10 RÃÄbÑ

Ò 120 m. �ÌR@Î%�ÓÍ3ÔNÕÖ�×h , ØÙ��Ú � Q(L/min)bÃÛ�

S(kg/m)b&ÜÝÞ�σ (Mpa)bß� t(à), He_ Ar, á� He_ ArMâãä�åæç¦. èÄ

é+-ê<� 2. ­3ë�����!"���ìí, î3#íê He, Ar�áïÕÖ���ð

ñbòñ:ì�(� 4). �� 4������µ$7:

(1) δ He�δ Ar��óô:ì(� 4-1). (2) ÃÛ�(S)�δ He��
�4:ì�, �δ ArM

ðÀõeìí(� 4-2a, 4-2b). (3) ß�(t)�δ Ar��
�eq:ì, [�δ HeöMó÷:ì�

ðÀõe(ø� 4-3a, 3b). (4) ��ä�� He, Ar��ùMðÀõeìí(� 4-4a, 4-4b). ��

4-4a, 4-4b�ðñlòñ�����, ;��ä�ú¨�1û, δ He_δ Ar-ùM��-. LR

����3#Rü5-�ýr�þ�2P. �­, �Ò���½ ���, ����M#R�

þ����ÕÖ, 	�TU
î�, 55¼2, ���Ú �î­½ �
1mm��¼|�

�. �1����¨, �^3½ ������
, 	�* 2&b���½ ; :ô, �1

��Ú ��*¨, 	�¼|3�þ�½ ��. ­�, Ò���*�á�. ���ÆÇ��

����
���. �­���½ ���, 4M
.�Þ���, �¼|½ B�# �,

&'n!�Ð"#·, ���Ú �$XHD, %��
.Ó��&�¾��'���¨�

 2(� 2-c1, c2, c3l� 3). É<^(!�)^ He�×�, *"+£,-&'#·B¾.#D

K ∆t 1�S����
.���/4ìí. �[���½0�&B�HD��Ú �M*�

12ýr�. Q�, L3MD����¼|¨�, 456¨½ �þ�{�. ��, °±��
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��î­����
M�#h�*�7�, ��Ú ��
.�ô8X He �9¾�Ô. î­

½ ���:;�
`°, :X�µ, He�X����±��<=�. (5) &�ÜÝÞ��á

!>RÕÖ�:ì�H?(ø� 4-5a, 4-5b).

� 2 �������	
��
����

� � ��� ��	
 ��
� �

�� ��

δ He/% δ Ar/% S/kg·m−1 σ/MPa Q/L·min−1 t/�

1 24.70 −0.88 10.1 0.60 20.21

2 18.97 −0.83 5.4 0.67 2.56 26.95

3

4 19.05 −0.79 4.9 0.56 4.20 26.96

5 17.70 −0.76 4.5 0.53 5.52 27.62

6 17.84 −0.77 7.5 1.05 4.54 31.74

7 17.64 −0.74 5.9 0.94 2.54 32.14

8 6.17 −0.64 2.0 0.50 2.75 31.75

9 16.18 −0.70 3.9 0.32 3.78 32.35

���

3602

10 14.50 −0.93 3.0 0.29

1 −0.42 −0.48 3.0 0.41 33.1

2 −0.29 −0.25 2.2 0.40 31.07

3 −0.19 −0.13 2.3 0.4 31.56

4 −0.55 −0.47 1.9 0.41 20.17 23.88

5 −0.62 −0.61 2.5 0.4 18.08 29.26

6 −0.67 −0.75 2.2 0.4 9.65 23.30

7 −0.74 −0.77 1.8 11.80 23.18

8 −0.67 −0.85 1.9 0.41 43.78 24.47

9 0.74 −0.68 1.9 0.55 24.19

10 0.87 −0.90 0.76 16.12 23.30

11 0.38 −0.59 1.74 0.25 0
12 1.26 −0.82 4.41 0.24 12.99

13 0.32 −0.59 5.24 0.21 16.57

14 2.17 0.43

15 0.47 −0.57 2.1 0.28

16 2.40 −0.65 2.46 0.29

17 1.67 −0.54 3.27 1.11

���

2603

18 0.95 −0.83 5.08 0.25 18.46

��@A�±: He, Ar, ß�_ÃÛ���î­��½ ���B��
, [��ä�l

&ÜÝÞ�u�îÕC�
.

3.2 ��(��)����	
�� He, Ar 
����

2603 DETU��<FGHIJ0�6�oK¥, ^(L¼|^ 9 Àþ¨½ . ÔM`,

#NO,­M�þPQ¥, �RhSTÓ@. ��, ÆÇ
îÓ�13��¨�UQ�. 	


î*V 2�µ2P:

(1) ��Ú �jkX6�¥¨�Ô, WÔÄ�����X�^½ ����
(� 2),

	M�L#À
î^��!�#¦¼|^YZ[é�½ . (2) ��
î¥��� He \�*

u±�I<6�oK¥, [zI<¨���]�, Q�δ He-M÷-(� 2, � 5). (3) He_ Ar

����
�:ì�(� 5). (4)&'�ß�$�^. L�2Pù�±*��¼|½ , [z�


î^��$_T!�¼|^½ , u`3 1 Ra�1�3b"�Ðp3 18 RÄ, ÈÁ3
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�����

120 m. Q���ê<� 2. ��, �2cnde�&'�·f�(¼g, �hi3C�ºj,

k(�±�¦_T��¶�oK�$7. ¾`'¼2�DE4MOlå�#Rm�énJõ

opq�Ý¶��(Jõ�r>�Ý¶#¹), ���WÔ*�<6�oK¥S�ÕÖ$7. �

¶�oK��mm��
�]s, }:tu���K���v�]s¨�ä^. É<¨��

��Ú [}&'S�wgxy:X, ¦<46�V´, LÎ}¨���(*�zäÁ&'

���í{. É<He�|�XCH4D�Ô, �(}¤~��¨��, }����He<���,

ú�, }á�(��-X¨���nD�Ô. L��M¶�¥�$%.

3.3 ������� He, Ar �����������

��@A�±, &��� He � Ar ���½ ��
î��2��(þ��î`. É<

HeM
.Þ��#N
�, [ ArM
.�&�&'#·���
�, ��, ����½ �
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� 5 ��������������� 6���� !"# He, Ar$%	&'�
()�*�+

He, Ar���
M����. � 3602&E, ¿#ÃÄ�@Î���u¬½ % 3 m, ���Ä

��δ He_δ Ar-����-r�. �T�, 1=Ä�δ He-��­ 23.4~28.0, [δ Ar-��

­−0.83~−0.97, !"�é+-(�­ 24.7l−0.88(� 2), L�R-�Q�Ä��-:Xù�<

M�-(ú¨_úD), �1�Ä:
�ÃÛ�(10.1 kg/m)lß�(20.21à)$M�LÀ×��M

�-(� 2). Q���É�L�0���½ PQ�Ö-����­��¥(­3âá�Ö, �

�δ He-h� 22.5 ~ 30.0, [δ Ar-h�−0.80�−0.95��); LÎ3����δ He-¨< 30

lδ Ar-D<−0.95�h­PQ¥. [�<¨ÔÖÃÄ, 9 2, 3, 4, 5, 6, 9Q���δ He-�

12.5�22.5��; δ Ar-�()��(−0.5�−0.8��)$���§, á���ÃÄ�RÎ��-

XÁæ��¥��, $�#�ÃÎ�%�δ He-D< 12.5, ��LR$7¥h­*�h¥. á

���!�¼|YZ½ �¶�Ó&oK¥#2��æb"¥(� 5).

��Q�, ���*�oK¥�δ He, δ Ar$7�&b��½ �ìí�Ù<� 3�.

, 3 �����δ He, δ Ar-.	�/&'�
()�*�+

� � � � � � � �
����  !" ��#$��

δ He δ Ar %&#$ '()
 ��*+,-"

,-� >30 <−0.95 ./ '( 0/

12� 22.5330 −0.830.95 0/ '( 45 !�

567� 12.53225 −0.530.8 / '( 89:;<
="'(�

67� 12.530 −0.43−1.0 > '( ?

@"AB�
 !�

CD� 03−0.1 −0.93−0.1 > AB ?

4 ��

(1) �&'
./�0, He �±��¼�, á¼�����¼�
.���� [� ,

áÞ�ö�
.¨D�ì; Ar ��(����� ¡�&'�
.�&VW� ¡�ìí.

(2) �?@A&'���� He, Ar�(, �&��½ �×
î���¨�¢�£-, !"�

ô8
. ¡CAX��ë:;. ��¤{C£:XH�¥, He, Ar, ß�lÃÛ����p

­�¦���½ ��×�§¨©. (3) &'���� He, Ar_ CH4,-��<3��|'�


.�w´ ¡$�TU�
`r�, ���­áï
��|'
.w´:� ¡�ª×«
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¬#N§�
�.

�� ��������	
��
����������������, ����� 

!�" #��$��%&'�(�)�%*+�,-./���
01; � 1986219903

45, 6789:;<=;>?@ABC%DE�����, FGHABIJKLMNOP

4��, QKLM��RSTU=<VWX, Y-Z[\]^_`a�����01bcM

<VTd. ef, g��6789:;<=;>?@ABChijkl�mno:p, hq8�

rst�uv�wxy�"z{/kl, 67�|n9}D~Hkl
01. �O�
n�Z

������“��”45��
, �e�Q����.
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