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ŹRÓDŁA JONÓW  
 

 ���������
	��������� ��������� �� ���������������	�����	��� !	 �"��#��%$�	���&'�( )	���	+*, !����-	.�0/�&"1 �
spektro 2 �"$3�����4�5�����/6�7�"	8�9���:����&��;�7 =<>� ?�	��7 =�A@�	�������B�C����D#�	����E��>�� !�"F� 2&" !G7�� !�.�H =� 2>I  J 	B�K�L	��H�� !�B���0���M��*N� 2 ���0$�/PO7���������Q�9������ : 

• Komora jonizacji 

• R FS�
	�� �+F%�T$3��	�F%&'�U V����7��� W3��FS�
	�� �0��&0����*X ,� �Y/�&7 N��@�	B����&T/�&�1 �3��0/ �
obszaru jonizacji 

• R FS�
	�� H@��� !�"F��:����&T/ W(��FS�
	�� ?��� 2 �:�3��&T/ �Z/�&7 N��@��� !<"$[������0/ � �P !�E�7F%<���������
–
�7	B��&0�\<�G�&7 =�8���0$�����:���M�" N<M�@��� !�7F0��-	��� N�M��*]��FB$3����%$�	"$^/�&0�����E_

 

• R FS�
	��>�����0/��"�H =���0�\	B�3��&T/`����T/a��b�\����	����8�������+��@� c  d H���T$�	��-����>�"	+��	 2 �"$3�^/PO����H���K	Z��������be  
• 

J 	"$�<������H N� &\	���F%��P f$���@� ��������� �g�����P��@� h
+ i �Y/�&�1�����\��&0��@� ���OH�������K	�������0$�	�&7 S��H@.�H =�7F%��L	����B�7�) !�"�7F� j�9+���0�
 

• k <��%$��G0lb�H�������m�����\�L��@HY� i  
• n FS�
	�� �) !���7F� o�������� W�� F% 2 ��^/5�3��� !��	�&p�( Z�Y/�&" ]��@�	���� ��� ��	������)�7	7$� 2 ���� i �g	�Fq m&0�\���0$���&0�7F%��-�r��.�0/s#"	H��	����B�4�7��#��T$�	���&p�( t+��	��u����0/��	��� !��&0�T/��0�\&0����v

 i domieszek 

• Rozrzut energetyczny wytwarzanych jonów ∆U 

• n �H��	��b���G�l Wg*c��# �Y/���	B�(�7�G0l0_ O7�������K	
η - stosunek liczby �Z/�������+��F%���	��0/�&�1 ����7��� �� *c !&0�7#0/ 	"$� 2 ��� *c��# &0�\���T$���&0����F+#�B�g<7$g��/�&71P����T$�	���&T�\��T/\&71P��bO"�������
	

 

• w 	H�"�7�G0l ��FS�
	���������7��-
-optycznego k – stosunek liczby jonów �Z/�������-	x���\��0/�&71���� O7�������y	z� ����T$�	�&7 Y���@��� ]�"F%0��	+�"�8�{�P !�E�7F� i ��&\	���F%0�P |$[�B�}*c !&0��#0/̀ �������� ��0�P��$3	E�~/�&�1���O�������*N�b���3���.�7��0$�&��>&0�\	��7� I 
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�����  � �"¡�¢�£�¤V¥§¦©¨�ª7¤E«%¬8�¤�ª"¤4¡[¤.®%¯���°3¢�ªx±!«�¤�²:°g³µ´�¶�«��E«�·7¢�¸>·"¤�¶�£�¢��¤�ª�±N�>��¦N��®%¡(¶�¢�ª"¤�¸>±
¨

joni
«0¤�²'°9³ ¹0¡3¶gº�̧�±!�.ªH±=�+̧

elektronów lub impaktem elektronowym, Y¬Hª7¤�¦N��«7±!¢�ª�¤ «\¢�¹T¡�¤�»K¤ ´�¶�«���« ¼`¥½�>¾À¿�ÁC¥ÃÂ}Ä�¨ ¤ º�£�¢H¹"®%¢�ª�¤�¦!¢�ª�¤ ´�¶�«���«
BLEAKNEYA i NIERA. Jest najpowszechniej stosowana w spektrometrii 
mas.  
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 � � ¶���£+¦=�u°�¢�ª��� «Hª�¤B°3£�º:°g�q¹7±��q¢���¶�«0���¤�ª0¬ ¯�¤�¶(ª�±c®
	g®%¤7¡�¢�£H¤��'¨Y®B¡��¶^¬ ��¸4±f¡3º:°��
elektrony 

�́¶�«T¬�¹�́�±!��¹0«\¤.ª��  ®�±=�+¶gº�ª�®�º ¤�ª�¢x£"¬ 	ǵ�ºT»
¤�́�®�±P��¦!��®B¡3¶�¢�ª�¢�a�B°���ª7¤¹"®�º\¡���® ¶��̄"ªH±=²T¬ �́¢"¡��+ª�²p°3¤�»��� 4̧±���£�«T¬ �.¦!��®B¡3¶�¢H£�¤�̧4±��4¿À¡(¶3º�̧4±!��� ��¦!��®B¡3¶�¢�ª���
wchodzi w ko

¦,±f«'°��q«��q«�ª�¤B°g£�º °g³�²T¬H¸4±Ã¹"±��  � ¶���£�¦!��²0«�³�¹%¡���²0«7®%¤�¸4±  ��¤�«7±N�
gazowej. ¾½¶�¢�²0��¹;°�¢�ª�±!«�¤�²'°U± ²0«�³�¹%¡���²0«\��® ´�¶�«\��«5��¦!�.®B¡3¶�¢+ª�¬ ¸b¢�¯�ª�¤�¢�´�±!¹0¤��qª7¤���¶gºHª"²7±N�¸b�H²���¤�ªH±,®�±�®:a¤�ª0¡�¢�-�B°����q®%¤�¯�£"¬7¸ ��¦!��®B¡g¶�¢+ª���¸ ¸b¢�¯�ª�¤D«8b±!³�«�¤�����¤�¦���¨�®B¡���¶��%°£�»�º���¢� !�

λ 
°9�H¹T¡m´�¢�)±]³�«�¤�ª�¤D« ¸b¤H¹0³

m i 
H́¶���£�®%¢� \²"±!³D��¦!��®B¡3¶�¢�ª�º#" «!��¢�£�ª�±!�D«
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równaniem de Broglia: 
 

 λ = h/p = h/mV 
 ¥½¦!��®B¡3¶�¢+ª�¢�̧ ¢ ��ª7��¶��±c±���� �!" ¢�£�́�¢�P±N¤�£�¤ £�»�º���¢� !� ��¤�¦c±

λ=0,27 nm, a o 
energii 70 eV –

��¨����;ª�¸��	����¯0�+¦,±\£"»�º��H¢  �� ��¤�¦c±���¦!��®B¡3¶�¢�ª�ºZ°3��¹T¡ ¶�«���£�ºM£H»[º��x¢� �²�±P±N³�«\¤��  ²0«�³�¹T¡��H²0«0²�� ¨E¡�¢4 ¹"®�º0¡���®>±cª0¡���¶����+¶���ª�²p°(±���¤�¦N¤M°���¹T¡ «0¤+®S» �H²�¤�ª�¤D±7¹T¡[¤B°g�¹"±�� ��¤�¦!³ «�»y¢�¯0¢�ª�³ � 
�£"¬ °9�H£.ª�¤ « °��T° ²T«!��¹T¡�¢� �²"±
ν

¸b¤ ��ª���¶���±��
hν ¢�£�´7¢�P±=¤�£�¤8°g³�²\³�´�¶�«��B°� \²"±cº;��¦!��®B¡3¶�¢�ª�ºV ²0«�³�¹T¡���²0«\²0� ¨�¡�¢�¸b¢�¯���´�¶�«���®%¤"«0¬8�¤��°��B°µ��ª���¶��+± � ���\�E¯���¦c±M·���£E«7±!� ´�¶�«���®%¤�«\¤.ª7¤ Z¬�¹%¡�¤�¶�²0«�¤B°�³�²0¤ ±c¦N¢� !� ��ª7��¶���±c±X¨)¡�¢¸b¢7¯��>ª7¤�¹T¡�³+´�±��ta¬H·�±!²7±=�>�+¦N��®B¡3¶�¢�ª�º�«�²0«�³�¹0¡���²0«7®�± 	N°�¢�ª�±!«0¤H²p°g¤��

 
 
    

                hνννν 

M   →→→→      M+   +    e-         
 
Przy

ª�±!¹"®�±c¸ ª�¤�´H± ��²7±,ºV´�¶�«T¬�¹�´�±!��¹0«�¤B°�³�²�¬�¸ ��ª���¶��±!¤µ��¦!��®
tronów jest mniejsza ¢�£ ��ª���¶���±c±8°g¢�ª�±!«�¤�²'°(±�²0«�³H¹T¡���²0«7®�±��À¾�¶�«T¬ ´�¢�£�Y¬\¯�¹0«�¢�ª0¬�²��;ª7¤�´�±���²"±!¤�²��A£�»�º���¢� ��

��¤�¦c±"�+¦=�+®B¡g¶�¢.ªHº>¹T¡�¤8°9�A¹"± �µ«7·0¬\¡§¸ ¤�»K¤���m«\³�¹0¡��H²0«"®�±7¹\³�� ´H¶�«0��«H¶�¢�²0«T¬�¹T¡[���o£+¦=¤V¡^¬�² �
elektro

ª��� �t¼o¦N¤r²0«\³�¹0¡���²0«��+®D¢�¶��¤�ª�±!²0«�ª0¬�²���¹0«0��¶�¢�®�±!� ¸ ¤�®%¹"±c¸�º�¸ «7ª�¤B°g£+º:°g�¹"±����´�¢+·�¦c±|¯7º���� � " �
 

 ¾½¶K«0¬V£�¤�ª0¬H¸ ´�¢"¡��+ª�²p°3¤�¦!��±\ ¹T¡[¤�»
�B°½¡���¸4´7��¶�¤�¡gº�¶�«��u¦,±!²0«7·7¤M°9¢�ª��� Y¬\¡©�¤+¶�«�¤�ªH¤ °g��£�ª�¢�¹0¡�²0� ²0«\¤�¹�º 	g´�¶�³�£ °9¢�ª�¢�Y¬
I+
�r±)¢�·:°��"¡[¢� 0²7±

V 
°���¹%¡u´7¢�)±!³�«�¤�ª7¤ «²"±� 7ª�±!�.ªH±=�+¸

p 
±7́�¶�³�£���̧ H́ºT»K¤�́H®�±

i równaniem: 

 
      I+ = N⋅⋅⋅⋅p⋅⋅⋅⋅i⋅⋅⋅⋅V 
 
w którym N 

¢�«�ª�¤�²0«�¤M¹0¡�¤�»~¬-�¹7´���»
²0«T¬Hª�ª�±c®)´�¶�¢+´�¢�¶�²p°�¢�ª�¤�¦Xª�¢� \²"±
. ��¶��bª�¤�ª�±!¤�¡[����¢DY¬Hª�±c®%¤�¨À¯��r´�¶�³�£V°9¢�ª�¢�Y¬{°g��¹%¡§P´�¶�¢�¹0¡Z´�¶�¢+´"¢+¶�²p°3¢�ª7¤�¦cª0¬ £�¢²"±� 7ª�±!�.ªH±=¤µ´H¶���·�®�±0±8£"«7±���®�±S¡���¸4º>¸ ¢�¯"¦c± L��°3��¹T¡+«�¤�¹%¡�¢�¹0¢��¤+ª�±N�b¡�����¢b¡^¬H´�º � ¶���£�»K¤°�¢�ª����£H¢µ´�¢�¸4±!¤�¶�0�±c¦!¢� 0²7±!¢0 ¬T²����

 � « Y¬7®S»X¬\²��rL¤+¶(º�ª�®%¤�²��q²"±� �ª�±!��ª�±!¤  ¹"´���®B¡3¶�¢+¸b�"¡(¶�¤�²���¸ ¤�¹�¨�´�¶�«T¬ ��ª���¶��+±~±
strumienia el

��®B¡3¶�¢�ª��� ¶���Pª7�B°������ "ä§°�¢�ª�±=«\¤�²p°(±tºH¦N����¤  �¶���£�ª�±!¢�°���£�ª�¤ ª7¤¡̂ ¬�¹"±!³�²�²0«�³�¹T¡[��²0«���®mb́�¶�¢��¤�£�«�¢�ª�¬�²��P£�¢ � ¶���£�»
¤Z°�¢�ª��0 �
 

�0¢+ª�±=«�¤�²p°�¤ ��¦N�+®B¡g¶�¢�ª7¤�̧4±5́�¶�«\�.·H±=����¤  ��¤"«7±]� �H¤E«�¢���B°�̈ £�¦!¤"¡�� �x¢ ¡���̄ °��B°
zastoso

�¤�ª�±!�q¢���¶�¤�ª�±!²0«�¤ ¹"±��q£�¢ ¹7º�·�¹T¡�¤+ª�²p°(±  ��¢.¶3̧4±!� ��¤�«\¢���B°�̈Y·�³�£ � ¡���«¡�¤�®�±!²�� ®B¡��+¶�� b̧¢�̄�ª�¤ ¢�£�́7¤�¶�¢�-¤�� ·���« ¶�¢�«7®S»©¤H£�º  L¤
runkach wysokiej ´�¶�E¯Hª�±�� �0��£�ª�¤ « ¸b¢�¯�¦c± Y¬�²�� ¸b¢�£"¬ �g±c®%¤�²'°U±X¨ ¶�¢�«�¹0«\��¶�«\¤B°g³H²T¬�²�� «�¤

kres 
stosowania metody El polega na desorpcji  próbki z ogrzewanego 
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¯�¤+¶gª�±c®%¤>¶���ª�¢0L� ��¢�¨SP´�¶�¢��¤�£�«�¢+ª"� �x¢��´�¢�·�¦c±=¯�� P±!³"«7®�±B��¦!��®B¡3¶�¢+ª��0 �
 

 Á}¬7´7¢�-� ´7¤�¶�¤�¸M��¡(¶^¬ � ¶��%£���»x¥����
   

 

∆∆∆∆U ≤≤≤≤ 1 eV 
I+ = 10-9 ÷÷÷÷ 10-10 A 
ηηηη = 10-4 ÷÷÷÷ 10-5 
  
 
 �����	�
�������������������������� ��� � ��!"�#�$��%�&(' )�*,+�!-�.� %/*,�0� ���01,2�3��4�
�5� ��*,��!76
jonowego: 
 8:9�;4< 9�=?>A@CB D�>FE�GIHJB

 - K ;�G�L�MNB�O K >FB�LQPSR�B�=�;�G�B TIB�U4>�MV9XW:B O0@ZY G�;[W\PVOI;4RI@C9#]
temperatury (ok. 2000oC) –

< ;�̂�_̀ @ WaB M�<b@CB4T�B Uc9-;(< 90=?>.@d@
→ zmiana >�;�M�ReHfBcG4ghU�Y�Oi=�;cjIL0@(94_k94R#=.>�;(T0EIW Wl]A;(T�@mMcgn]Ao�LN9#]pU�B�MqWr@ko�MNLI9s94_Z94R#=A>�;4T�;IWt9#]

→  M0<�T�@k9�]uO�MN9�T�@C9 T�B0=FY�^N9�T�@CB K >�o�G4g ]F;vTV;XWw9�U�; WwPVL�x0;cGyMVo�L�9�U�; MI9 D�>FE�GXHzB @W\PVG-B�]{TI;�jNL0@|D�>�E�GXHzB"}
 

 
Elektrony wtórne -

W K >F;�L�9cO0@k9~]F;4T�@mMVB�Ln]?@�G4gI^No�>F;4_C9�;cG-U(>�PiWaB#]Fo�94_k94R#=.>�;�T�PW\=FE(>?TI9�� K ;IW:OQ=FB�]uocLI9�MIB4>FEIWrT�;�W W\PcT�@dRIg�]F;4T�@�MIB�L�]?@
;(�0;�]uY�=?T�PIL�x�LQMIocOQ=F9�L�MN94RU�B�M0g(��]FB4R >�EIW T�@C9�^ TIB O�RIg�=F94R W\Pc��@ ]FB4Tc@mB @mL�x M ��>�MI9�UcEXW O�M�L�MV94_d@dT94_C94R#=A>�;4T�;IW\PVL�x�}��I;4T�@CMIB�L�]FB�U�B�M�ghW D�>�E�Gv_C9 K ;IWr@�T�T�B�;�G���P#WwB-�sO�@CY�]F9�G0PcT�@k9WtMIGXH�gI^ K @C94>fWa;0=?TV9#]\Wr@Co�M0RI@�9(_m9(R#=A>F;4TV;XWw9#]�9(<b@�=�;IW:B4T�9#]tM�RiB0=�;�GyPy}��7_C94R#=.>�;�T�PW\=FE(>?TI9 <�;�U�o K ;IW:;-Gc;XWwB�� ]A;4Tc@mMIBcL$]AY W L�BXH5P�< ;4�IO�MVB4>�MI9 Ri;4<�;�>�P
jonizacyjnej. Jony uzyskane w procesie jonizacji elektronami wtórnymi < B#]Fo ��B4>FG�MN; G4gI^�P >�;�Mc>�M0gN= 9�TI94>FU�9�=�PXLQM�T�Py��W\P�Wa;XH�gn]Fo�LQP Mc<bT�@C9#].O�M�9�T�@C9MIG�;4_dT�;�jNL0@ >�;�MVGyM�@Z94_CL�M�9�] O K 94R#=.>�;4<�90=?>Ag ��B�TIB4_C;�U4@CB Gc; B��I9�>A>�B-L�]?@
chromatycznej w optyce). W 

TI;4>.< B4_dTQPVL�x�WtB�>.g-TcRiB�L0x K >�BcLQP�D�>�E-GIHfB[�-� -� ��� W:O�M�PVOQ=.RI@CL0x�94_k9(R#=A>�;vTVEXW ;4��9�L�T�PIL�x�W Ri;(< ;4>�MV9�].;4T�@CMIB�LQP�]?T�9#]�O�=�B4T�;IW�@Co
elektrony wtórne. 
 
Energia elektronów pierwotnych –

TIB0=FY�^N9�T�@C9 K >�o-G(g ].;4TI;IWa9�U�;W\PN=fWaB4>�MVBvTV9�U�; W�D�>�E�G4_C9�]F;4TIE�W�M�B(_m9�^¡Pw;�G�94TV9v>�U4@d@#94_C94R#=.>�;(TIE�W K @C9�>fW:;0=ATiPNL0x(}
(prze

RI>�E#] L�MQPcT�TVP TIB ]A;(T�@mMVB�L$]FY ]A9�OQ= ¢AgcT�RiL$]Fo 94TV9v>�U4@d@ 94_C94R#=A>�;�T�g
pierwotnego).  
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 � B >�PVO�g�T�RIg K ;IWwPN^V9#] K >�MI9cG-Oi=�BIWr@k;4T�; =�P K ;IW:9 RI>�MQP�Wa9 _d@CL�M���P ]A;4T�EIW

K >�;-G(g�Ri;IWtB�T�PVL�x K >�MN9�M GcBvT�P Oi=?>Agc<b@C9�� 94_C94R#=.>�;�TIEIW � K >�o�G K gQHzB K RI@�� � K >�M�POQ=�BXH5P�< L0@Cj�T�@k94Tc@�g K >FE4��RI@�W D�>FE�G4_Z9 ]F;�TIEIW ��U�G0P M�<b@Z94T�@CB O0@CY T0B K @kY�L�@k9
K >�MiPIO K @m9cO�MIB#]Fo�LI9�9�_k9�Ri=?>F;�TVP → energia kinetyczna.  
 � 94< K 9(>�B�=Agc>FBbD0>FEcGXHJB�]F;4TIE�W  –

G�gX^iP:W K H5PiWlT�B W\PVG�B#]?T�;�j���D�>FE�GIHfBq@�T�By=�Yy^V9�T-@Z9K >�o-G(g ]A;(TI;IWa9�U�;�<�Bh]F9�U�;�=�9(< K 9�>�B�=.g�>FB"��B�W O�MNL�MI9�U�E4_dT�;�j�L�@/=F94< K 9�>�B0=?gc>�B
pracy komory jonizacyjnej. Temperatura robocza komory wynosi zwykle 
ok. 200o � }���M�>�;�Oi=�=�94< K 9(>FB0=Ag�>�P K ;IWa;cG4gn]A9 WtM�>�;�O�= K >�Y�G4Ri;cj�L0@aW�P K HfP#W�g
gazu z komory →

O K BcG-9(R�U�Y�OQ=�;�jNL0@ U�ByM�g�W Ri;4<�;4>�MN9
→ zmniejszenie TIB0=�Yy^N9�T�@CB K >�ocG4g ]u;(TI;�W:9�U�;�}  

 8:B�M�G�; K >�;IWaBcGyMVB4T�P G�;�D�>FE�GXH B�]F;4T�EIW g�_k9cU�B�>�;yM K >FY�^N9vTc@`g~@ K >�MI9cG-;cOQ=FB#]F9 O0@ZY
do obszaru wysokiej K >�E�^�Tc@ K >�MI9�M O�MNL�MI94_d@dT�P Ri;4<�;v>�P�]A;4T�@CMIB�LQP�]?T�9#],} � BO0RIgN=�94Rr>AgVL0x�ga=�9v>.<b@CL�M�TI9�U�;�L�MIo�Oi=�9�L�M�RI@�_�^N9#]FOQMN9�OQM#P��VL0@C9#]4; K gIOQMNLiM�B�]uo RN;�<�;�>FY]F;4T�@CM�B�LQP�]?T�o�� W W�P�T�@dRIg LQMV9�U�; U�ByM K ;�G�G�BIWtB�T�P ]A;4T�@CMIB�L�]?@ M�;cOQ=FB#].9WtMc�I;�U�B�LI;4T�P W L�MVo�OQ=�9�L�M�RI@�L0@CY0^IO�MN9�} � 9�U�;�>F;�G�MVB#]?g 90¢F9(R#=
W�P�>FE�^cT�@C9vTc@mB�< B�O
jest odpow

@C9-G(T�@C;qO K ;0=�Y-Uc;XWwB4T�P:W =�94< K 94>�By=.g�>FB�L�xaW\PN^IO�M�PVL0xy}  
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8:G0Pc�XP[].;4T�@CMIB�L�]uB K >�E4��RI@ K >�MI94��@Z9�U�BXH B K ;cG L0@Cj�T�@C94Tc@k94< B0=.< ;�Oi¢F94>�PVL�M�T�Pc<��TIB4_C9�^IB0Hz;4��P[;cL�M�9(RI@ W:B�� ���
3 -104-

RI>�;0= T�@C9 Wr@CY4RiO�MQPVL�x�W\PVG�B#]?T�;�j�L�@
].;4T�@CMIB�L�] @z�T�@C^ W M#W\PcReHdP�< D�>FE�G4_C9 �7_ K ;�G ;(�-T�@�^I;(TVPc< L0@Cj0Tc@m9�T�@C94< } �7>�;���_C94<�94<
technicznym jest skon

Oi=A>.g�;XW:B�T�@C9 K ;XHzo�L�MI9(T�@kB D�>�E�GXHzB ]A;4T�EIW � K ;�GL0@Cj�T�@C9vTc@m9(< B�=A<�;�OQ¢�9�>�PIL�McT�P�< ��M B4TVB4_d@ MNB0=�;4>�94<q�iWlR#=�E(> Pc< L�@kj�T�@Z9vT�@Z9 K ;IW @5T�T0;��PV�tM�>�9cGvgcRi;XW:B4T�9 K >�M#P�TVB#]?<bT�@C9#](G�;����
-5 mm Hg. 

 �7>�;4��_Z94< =�94T MV;�OQ=�BXH >�;�M#Wr@ko�MNB�T�P K >�M�9�M gc<b@C9�O�M�L�MN9�T�@C9 <b@CY�GyMiP Ri;4<�;4>Fo
joniza

LQP�]?T�o�BlB(T0B(_̀ @CMNBy=�;
rem otworu o 

�VB4>FG�M�; < BXHz9#] j�>�9�G4T�@CLVP �����
µm) i 

zastosowanie pomp o 
�0B(>FGyMN; W\PVO�;4RI@C9#] W\PVG�B#]?T�;�j�L�@ G-; gIO0g�T�@CY�L�@kB

nadmiaru gazu. � ��T�@ĈI94Tc@k9 =�94< K 9�>�B0=?g�>�Py� gIMiPIO�RiB�TI9 K >�MN9�M B�G4@CB��IB0=�PVL�McT09 >F;�M K >�YŷVB4T�@d9
analizo

W:BvTV9#] K >�E���RI@IWr>FByMqM�U�B�MN94< T0;�j�TVPX<�� K >F;XW:B�G�M0@�G�; K ;#]ABIWr@CBvTc@mB~O0@ZY
skup

@C9 � ]F;�TIEIW �ARI_CB�OQ=�94>FEIW ��} � ; T�@C94Ri;4>�MiPVO�=ATI9 M$].BIW�@CO0Ri; < ;�̂�T�BW\PV9�_d@̀ <�@dTI;IWaB�� K >�MV9�M W K >F;IW:B dzenie rurki ogrzewanej do wysokiej 
temperatury (250° C) oraz omywania strumieniem suchego azotu w K >�MN9�L0@ W K >�ocGyMc@C9�}  
 �
WaB K >�MiP�ReHJB�G0P�=�9�U�;�=�P K g�D�>FE�G�9XH ]u;�TIEIW � ���	�\@
� � ����;4< EIWr@m;(T09 �IY�G�o�WG�B4_CO�MV9#]4L�MVY�j�L�@$W\P�ReH B�G�g�}

 
 
 � ����������������������! �"#�!$%��&('����*)!+�',+
-�+�./��0!. 123�54	6*�87:9

 
 ; <>=�?A@B<DCBEGFIH�JKED@�LMCKE>NPOQ=SRKET?UCWVPVXRGOZYI[ O>\]NQ?MR>^`_SCaOB\bN�[c@>=XY>LBO>\]RGOd@e<IRKE>f`?UC>^
g RG=ihjRd[kCGO>\]Cl[m\on>?DFI\pVXRGOIR`[:NWV#q`^r_sR>^DHKO>FI\M\ut]R>vMfD\]R`[:Nw=xYDLZOr@MfZyz=xRKE>?`C{ViYI[|VXRGOIY`[}[HI?r@U^DFAC~OINWV�[�\]nT?Uf`N8<ZRI[m\�OKO`@|�`@U��_SCGFI\]N|^ICGhlNwVXCGF�^A_xR>^ZH>O>FI\�\�tbRBv`fD\]RI[:NwV�RPOIYI[<IRI[:^r_XCWVXn>f`@UfDy [ FARGhjRG=x?IN VXRPO>\]?`CBfr@�V#OZNWV �>=xYKEd��CP��; <>=xC~FW_�@MfIN VXN>EPOICGF?IC~=xYI[lOIR�[ <>=XR>fMN(^Z\]NwV�RPO>\]?MC>f,V�\*q>VXCGFe\>[ fr?UC>^D\]N g R~=ihlRI[�C~O>\�C�[m\]n>?ZFI\`VXRGOZRI[:NrVhlC h�\]NWVX^`f`N [c@>=XY>LBO>\]NGO>\�N hjC>^ �SN g NGFW_�\�?IRD_SRP<IRI[�@M��������YI[mOZN <(=x?A@Uf`?`@>OI@
efektów izotopowych: 

 
A. �5�G�K�P ¢¡K£ ¤G¥P¦Z§Z¨d©�ªI¥G«j¬W�¬P®K¬G¯p°²±�±�ªK±�®~¬d©�³T¦>§K®K¬W�p¥�®K´G« ±uµZ©�®P±*¬W#¨(¦B¬ «

chwili ich powstawania w komorze jonizacyjnej 

 ¶~·d¸W¹Iº¼»r½ ¾I¿Z»WÀ�ÁWÂiÃÄ¿`Å�½,Æe½`¹M½`ÇXÈ>ºÉºwÃAºÉ¹M½WÂxÊË»ËÀW¹M½,Æ|¾U¿UÅ�ÌWÂXÍÏÎ*ÊË»UÐ�ÆX¿>¹M·`Å Ì`Á ¾DÇSÀ�ÊA»WÀ�ÊI¹MÁ
zakrzywiania ich torów -

ÇX·I¸W¹M½AÈD¿�ÑTÒ¼ÍÓÇs·d¸W¹{ÊA»`ÐÕÔcÍWÌIÖM×aº¼½ØÅ5ÌAÀ�ÊWÌAÂiÃAº¼½�ÆX¿>¹AÊ�¾ZÇxÀÄ½,ÆsÑDÁ
przez szcz

½UÒ¢ºÉ¹MÙÚÃ{¿>Ôc¿>ÇxÊ�Æs¿T¹IºoÀÄÍA»ËÊ�Æi¹M½,ÆiÖcÛ À,Å�º¼ÁËÀWÃAÜÝÀÞÂxÊIÔ ¹MÍ`Ò�½W¸ÄÊ�ÂsÍUÃØÑD¿>ßDÇsÍAà¹MÍ`¾Dº¼ÙA»Uº¼Í�Å�ÊA»`º�ÁAÈDÍ%ÆXÁA»A½rá�ÍAß`ÊÝ¾ZÇXÍÏÅ�ÑZ¿D¾I¿IÑZ¿DßIº�½`âAÌAÂ�ÅØ¿ ¾DÇSÀÄ½,ÆxãA»`º�Í|ÆS¿T¹M·`Å ÀäÃ{¿>Ôc¿>ÇxÊÆX¿>¹Iº�ÀÄÍA»WÊ,Æå¹M½�Æ ÑZ¿ ÜIÃ�Î�ÍAÑTÜ ÆX¿>¹M¿UÅ�¿
-
¿>¾AÂxÊA»WÀW¹M½AÈZ¿ æWÇX·ZÑUÎçÍ ßMÊÏÎ�¿ ¹MÍ,Æ�Å�º�Ù`Ã�ÌAÀÄ½`Ö�Û¾ZÇxÀÄ½A»`ºbÅ�¹AÊMÔ ßU¿`Å�º�½`Ô ¾ZÇxÀ�Ê`¾UÍAÑTÃAÜ ÜAÀ�Ê{ÌdÃ{Í`Ô�Ê Å5ÊIÇs·d¸W¹Iº¼½U¹Iº¼½ Ô
ÍWÌ »`º�ÙW¸

szych w ¿IÂiÇxÀ�Ê`Ô
Í`¹M½�ÆIÅ	º�ÁWÀÄ»A½�ÆX¿>¹M¿UÅØ½,Æ
. 
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B. ���P¦��T³����P®P±¢¬ © ¥²¯�´(« �¥²®~´(« «l³Z«z¥
	��P®K¬ ¤P¯ §U¬D§ ¤~¥��*¬ ��>°�®K¬D©�³T¦>§>®P¬±�µD©�®P±¢¬A ¨>¦K¬m« ¥��>µ>§��~¯ §U¬��>¯#´��
	��  

 �������������� ��"!$#&%(') )�+*�'",-�/.0�1 ��324�5 (#76���8:9);('<�=2?>@%(�+;),BADC �5E�;('&�58$'��F2G�� �,H'<�
%I2:,
'���J�8K'(#LC�,H�=2�>M%N8�O�P) �,-�Q,H%"RS!��58K#TC '<�5�-��P" )�MU(%),���*V���M;W#YX�Z[�\;('<%('����],^ (#_J

omory 
jonizacyjnej 

!?8̀ �"a4,B�=2�> !b#��̂ Jc� 2G�� &# 6���C�;W!��/.0� C 6&�/CT ��=2D�M*5�H���/.d��U(%),S�
* ��;�,
;W#)�T�Y!48?,̂ ,fe)8�O�*/.d� g46
9@ �J=! h  �� 8K#&;"9M MJ�9 6��5 �,HP(�L2Gi

. j *5�H�M�/.0��U(k !�� 2���;W!
��%('c#=CT,�U<%",-�l8�O�P" )�V*5�H�D8$O�P� (#&%"RV�T��;�X
mn��!���� '��oCp'&�5�HAM*59V ��3!$��q5P<�V��AM;W!̀ ��U�k
;W!48?9@�r,H�� �,H�1�5�H�5J=!48$�� �O�C  �,H�l2���;c!s2��M*5 ���J(��C��tC Jc�"P�*"#

m miejscu przekroju 6��56M8$'<��%('@ "�@����Cu,H>�')J�,vqwCx#&*M�=2: "�@U(kpe�8`OM*/.0�3E�AM*Y'),H�o8$O"P) ��S*5�H�o8$O)P" c#<%"RS���@;�X
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C. ���������	��
�� �������������� �������! #"$���%������&	��' ()�	���*(+��������'���(+���,&-��' �. �/���10+�324�1�����  

 5 6���*@�5E� (#T;"6��@;(O5E *"'),H�/.0�Q &�u24�  (#
-
6)��C ��*59 2?>�%�'���J�8$'W#LC�,H�� �,H�3,�%�R�!��58$O�CSq)�

przez to i 
'� ���%('@ ��3Cp#@8�OYP) �,-�5 �,H�+���@;

-
.0��*59M ��5JF6�8$'���;c!:8$'<�� � (#Mq�') )�=2�*�9 2�>�%(#

;",HA C Jc�5�T�58$'�� 2��5 @,�'��@%W# 2  ��=2 qo, 6)��C ,���8$'<%�R� �,-��Cx#Yq ��E���%� (#  )� U(%),H�5 �Jc��%�R
Jc�5�T�58K# ,F �� ������J=!?8`�
*@��%�R e@8$OM*/.0��X 5 %(���]9 ')�r �,-�=2�;('��5 @,�� *@� �r,^ �,^�r9M�
C�6W.v#LC�9\.b��*�9� @JcO/C 6M8$'(�@;(!?8$'&�5 M &#&%)Rt ����B��PW#_C Jc�����58$'<�o2?�� �,�'&��%W# 2  )�=2 e"8�O@*/.b�
2��5 �O�C 9<!:8$'W#@�u#LC �Mk %",HU� �,H�� �,H�o8$'(AM*597698 -5 RM���S�58`�"' ;c!$�@;(�(C���k[2��5 �, ')9=2:>�%W#T�
�)';W!48?9@�r,H��:u���B�5J=!48$�5 )O�Cf�o )�"!`AYP&�5 �,v9  @,B� Cu,HA5Jc;c'=#)�  �, P;6<8�8

µA. 

 

 
D. = �!>&�� ��?7(+���@������(BA��	(C�@�����<&� ���(+�! #���D2/E��#��F��G�	�H�I�	�J"K��
	�L���!"/A!M�����(+�

���/E#�N�O24�������I��F��  

 mn�5�H��P� ��MU<kQC ��8K!���U<%",[ ��)!�A�P(�� �,H� 6�8�>�*�9_2?�5 ���C �@�
� Cx#<!�C �58$'&�� ����M�tC e"8�O@*5�H�
od zmian na

6�,HA�%),B�76�8$'W#&;�6�,H�M;('<�=2?>@%(�M���7 ���;",  ���'=C A �"a��5J=!49D )�56�,-A�%",H��C ���M�nX
P à �5J=! !$�5 D6)�5�H�M���+ )�VCp'�8̀ ��U(%),B�+ )�"!̀ AYP&�5 �,-�+6�8�>�*�9S2��5 )�/C��M���VC #<!�C���8$'<�  &�
�M�
6�8$'<��'\e@8$OM*/.0�3C � ,H�58$Al'LCu,HA5Jc;('<�� �,H�D;",HA+ ��56@,BA�%),�� 6M8$'W#&;�6�,H��;('��L2G>@%����M�r2��5 (# ,
2���;W! ;"6���C �@*
��C��� &# '"� ,H�5 )�5�r, C .d��;" &�
U<%", ���� �,H;"J�9 2�>�%W#&%�R 9�Jw.0��*�9
�56(!b#�%('@ ��M��� e@8$O�*�.b� 2��5 )O/CTq '<��%�R��M*�'�>�%W#)� , 6)��*�%('&��; '"� ,H�5  ���6�,BA�%),H�
6�8$'c#�;�6@,��@;('��=2�>�%����M��X1Q<��P��5�̂ ,MCu,H*5�T�1���@;l�"!48$'W#@�r9 2?�5�u#V')� ,��� �,H�=24>�%D ���6�,HA�%",-�
6�8$'c#�;�6@,��@;('��=2�>�%��V6M8$'W# ;c!��/. #@�  ���!̀ AYP&�5 �,̂ 9

pola magnetycznego, to  zgodnie 'r!�����8?,H>V�
�� �,H;"Jc��C �5 �,H�_Cu,->Y'&�5J�2G�� ��
wych 

�  �,H�=2�;('��D���@;W#_;(> ���� �,H;"Jc��C��5 ��
 �� Jc�5�H�5J=!̀ �58$'<� 6�8$'W# Cx#&P�;('c#�%�R  ���6M,HA�%",H��%�RMX j EM8̀ �Y' �Y!48$'W#@�T�  (#  )�

 
kolektorze nie odzwierciedla zatem stosunków izotopowych w badanym ����'),H��XSR �)!$A�P��� �,B� 6�8�>�*�O�C 2��  &�/Cp#&%"RF�M* 6&�/C ,H�M*��=2?>@%W#�%�RV,H'��"!`��6��5� ��P&�=2�;('W#@�
;(> C ,HA5Jc;('<��qQ @,�P C #@ �,^Jc�/.0��E(# !�� ' '���C �58b!���U(%),�!K#&%�R ,H'��"!���6�O�C C �M��'),H�
*��56M8`�/C ��*�'��5 (#@� *M� e)8�O�*/.0� 2?�� "O�CTX hpE(# 9� �,^J� �>@k C #@8`OYP@ �,H�� �,H� ����;
� P��=2�;('c#�%�RYq5;W!`��;�9 2��V;",HAV��E���%� �,H�\C #W.d>�%(') �,B�D�T�"!$�@*
AD9�'W#&;)J�, C �5 �,B�oC ,B*5� �T��;
*58`�
�@>1'"� ,H�5 /#� ��)!�A�P(�� �,H� 6"����� ���M�5 ���!K#&%('@ ��M��� 6M8$'W#�9&;(!$�5�-�� &#/�  ���6�,HA�%), 9
6�8$'c#�;�6@,��@;('��=2�>�%(#)�oX
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���������	��
 � �
 ����������� ����� ����� ��� ��� � !"��#%$
 

 &('*),+.-/'*+10325476�89' :;)=</>@?BA 6C-*8@<@D -FE@AF)HGI' 2KJ - LM6CA@DN032POQ- 6R-F8/03LSA/TM6%0
powierzchniowej. Jonizacja powierzchniowa lub termoemisja jonowa E@-*U3'WV/A 89A E@-@DX2QG=A@DXA*8;0ZY�6[-*89<@D 8@A E9-@DN0\'*)=LST/]/8/0^TP03A_?`A 25GIA_?B'/VW-

 podczas 
podgrzewania go do wysokiej te

+1Ea'*)[APGCYb)H4dcfe96,A@Dg0h29OQ-�GI-�L@-/2QG[A_?i-�-W>*O@)H4SG['
przez Gehrkego i Reichenheima w 1906 roku i zastosowane w 1918 roku E/)=LS'/L jk'*+�E@25GI'F)=A D 6,';V/- 2PE9'*OlGC)=-WVF)=APmC03' +.A/2/c jn'*+1Ea2KG='*) 2QGoDg0p'*)[>/L90 ?DX<@D^TKLKAW2;qsr@'t+.'/G=-/>WA�-PGC)=LK49+N4QDuA*8/0pAv6,-F8@<@D >*)[-/VWJ�Gw'*),+.-b'x+1032M6�0y8/0p'z+{-/r@'
| 4a}~L@A/2QG=-W2K-@DXAx8@A�>/- | A

dania wszystkich pierwiastków. 
 � 'PG[-/>WJ�GI'F),+.-/'*+1032�6�0W+.-dr;8@A�2KLSTKL@'/VW<*U�8/0\'�?iAPGoDX-�-PGC)=LK49+N4�DXAW}~6C-*8K4�>/-W>/A/GC8/03'+{'9G=A*U�0(A*U�OQA*U�0hTKL98@4@T9]WqkTK-�6,';25G�LlD{03J/L@Ax8P'�L�8/032POQJ�'F8@'*)[V*03J6[-*8;0hL@A;TM6�0yAPGI-*+{<@D
tych pierwiastków.  
 
 �F���s�X�n���k�y�����f�u�������f�������g���1���f�k���(�� �¡£¢y��¤g���*���*�g�¥¤�¦

 
 
 §¥¨I©*ª ©*«9©l¬[P¨�®K¯±°

 stanie podstawowym lub w stanie wzbudzonym w ²@³ ¨,´@®/µ3/¶9µ�·�¸Pµ\ ²�¹ ©@°Nµ ³Fº=² ¶P»W®/µ3¼ ª ³ ¨[½*¾�·�¨ º ½/¶9µ ³ ¾ ³ ´l¨ º ©¿® ¹/º=²@³ ¶/»@©/À ² ¼/¶�° ¬,©F®À/©/ÀW½P¨C®/µiÁÃÂy¨ º ½/¶@©x®a¯ ¹/º=²a³d² ½P¨I©*ª ³ ¾ ³ ´l¨ º ©F® ¹bº=² ¯QÄo¼;¶ ² ½ ¹ ©@°gµ ³*º=² ¶/»/®/µ\½ ª ³ ¨[½*¾�·xÅ¹/º=² ¯ ¶ ² ¯;ª °~¯@À ² µ ³ ¾h½ ¸Pµ3 ³ ® ³*º[Æ µ3½ º[Ç °.®@½ ¹;º ½/¶5¯ °Ã¯7¬RÈS¶Pµ\½ ³ ¾ ³ ´l¨ º ©F®/· ²
powierzc

»/®/µ�ª ³ ¨[½*¾�·WÁ�É º ©/¶ ³ ¸ ¨ ³ ® ¹;º=²@³ «/µ ³/Æ ½ ¸S½*ª{© º=² ·K¨�®/µ ³ ÅX¬ ³dÊS³ ¾�µ ¹/º ½/¶@½² °gµp¼ ² ½F®@½ ² ¬[©F®/µ ² ½W¶�¬R¼ ½P¨[©*ª�· V⋅e (gdzie V 
¬ ³ ¸5¨ ¹ ©P¨ ³ ®a¶M¬[½_Ä ³ ª ¬[©*®/µ ² ½b¶�¬�µ

atomu, e -
Äo½WÀ*·;®/́@µ ³ ª ³ ¾ ³ ª ³ ®K̈[½ º ®K̄9ª{Ëu«@/À ² µ ³ °Ã̄;́Q©*®9½*®9½�́Q©;̧ ² ¨ ³ ª ³ ® ³xº=Æ µ�µ¹/º=² 5̄Ä̀ ¼/¶ ²S³ ®/µ3½ ³ ¾ ³ l̈́ º ©¿®;· ºIÇ °{® ³ ¬ ¹/º ½/¶5̄ °�̄Ì¬[È@¶9µh½ ³ ¾ ³ ´ tronu z powierzchni 

metalu ϕ⋅e oraz energii wzbudzenia atomu Ue (gdzie ϕ
¬ ³ Ķ̈ ¹ ©d̈ ³ ®@¶M¬[½_Ä ³ ª°Ã̄7¬[È@¶Pµ3½ ³ ¾ ³ l̈́ º ©¿®;· ² ¹ ©@°gµ ³*º=² ¶P»/®/µ̂ ª ³ Ï½¿¾�·WÅ U - ¹ ©/¨ ³ ®9¶M¬[½_Ä ³ ª ° ² «/·9À ²S³ ®/µp½

atomu). 
 Í ½ º ·/® ³ ´ ³ ª�µ3¸M¬�µn¬[©*®;· À/©/ÀW½P¨C®/µ ³/Æ © ² ¹ ©@°Nµ ³*º=² ¶P»W®/µgª ³ ¨I½*¾�· ª{© Ê ®a½ ² ½/¨ ³ ª² ½ ¹ µ3¸@½/Î�°�© ÆWÇ ¾�® ³ ¬ ¹ ©W¸5¨I½/¶9µÏ°tÐw© º ª�µ ³ ®Wµ ³Fº3Ç °g®@©WÈK¶9µ  

 
ϕϕϕϕ⋅⋅⋅⋅e+Ue≥≥≥≥ Ve 
 Ñ ³/ÊS³ ¾�µk½P¨w©*ª ®/µ ³Ò² ®@½l¬,Àx·Ì¬ ³ ¸Pµ3�° ¸5¨[½*®;µ ³ ° ² «W·@À ² ©x®a¯;ª Ó Ue=O), wówczas ¹/º ½/¶@½ °u¯7¬[ÈK¶9µ3½ ³ ¾ ³ ´l¨ º ©*®W· ² ¹ ©@°gµ ³Fº=² ¶P»W®/µÔª ³ ¨[½*¾�·WÅ ϕ⋅e ¹ ©@°gµZ®/®a½ «@̄aÎ ®/µ ³ª1®;µ ³ ¬Ŗ ² ½�®/µ ÊX³ ® ³Fº=Æ µ\½Ã¬[©F®/µ ² ½;¶M¬�µ�Á  
 É º ©/¶ ³ ¸ ¨ ³ ® ² ½/¶P»9©/À ² µ�¬Õ· Ê ° ®/µ ³/² «K̄S̈�°Ã̄a̧@©*́@µ3¶P» ¨ ³ ª ¹@³Fº ½/̈C· º ½/¶9»*ÅX¬ ³ ÀF®@½*́
wytwor ² ©F® ³ ° Ç °̂ ¶ ² ½/̧ ¬[©¿®K̄ ² ©;̧K̈=½l¬[¼ ² ½;½/ÀW̧K© º «@©@°X½x® ³ ®@½ ¹ ©@°gµ ³*º=² ¶/»/®Wµ
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ª ³ ¨=½*¾�·WÁ��n© ¹ µ ³*º © ¹ ©/À@°~¯ Ê ¸ ²S³ ®;µ ³ ¨ ³ ª ¹@³*º ½9¨,· º ¯ ¹ ©_°u©/À*·Ì¬ ³ °�¯ ¹ ½ º ©@°X½x®/µ ³
zaadsorbowanej warstwy jonów. 

 
Stosunek liczby jonów dodatnich n+ do liczby atomów neutralnych na, ¹ ½ º ·7¬R¼;¶5¯@¶/» ² ¨ ³ ¬�¸K½xª ³ ¬ ¹ ©@°Nµ ³Fº=² ¶/»/®/µ1° ¬ ³ À nostce czasu, nazywamy ¸5¨I© ¹ ®/µ ³ ª ¬[©¿®;µ ² ½W¶M¬�µ ¹ ©_°gµ ³Fº=² ¶/»;®/µ3©_° ³ ¬ µ�© ² ®9½/¶ ² ½*ªN¯ ¾�µ ¨ ³Fº ¼ α

Á��f¨w© ¹ µ ³��¬[©*®/µ ² ½W¶�¬�µ ¹ ©_°gµ ³*º=² ¶9»W®/µ3©_° ³ ¬P°Ã¯ º ½ Ê ½Ô¸9µh ºIÇ °{®@½*®/µ ³ ª �K½F® Æ ª�·/µ º ½��  
 















 −−⋅=+= ϕV
kT
eexpA

an
n	

 

 

W równaniu tym A oznacza stosunek wag statystycznych stanu 
jonowego i atomowego. Lic ² «a½�¬[©¿® Ç ° À/©/ÀW½P̈C®/µp¶9» ¹ ©_°̂ 5̧̈w½l¬[¼/¶5̄a¶/»�° À/½F® ³ ¬¨ ³ ª ¹@³Fº ½P̈�· º=²a³ ² ½*¾ ³/Ê ¯ ©WÀt°X½ º [̈©/ÈS¶Pµ�°Ã̄ º ½ Ê@³ ®;µp½ (V - ϕ), gdzie V oznacza ¹ ©P¨ ³ ®@¶M¬C½_Äd¬R©x®/µ ² ½/¶M¬�µ�Á�
 ½*¾ ³/Ê ®9©/ÈKÎ�¨[½	¸ ² ¶ ²@³WÆ/Ç ¾�®/µ ³ °Ã¯ º ½��9®/µ ³	² ½ ² ®@½W¶ ² ½	¸Pµ\	À*¾p½¸P·;«@¸5¨[½x®@¶M¬�µ�© ®;µh¸9´@µ�ª ¹ ©P¨ ³ ®@¶�¬[½*¾ ³ ¬[©¿®;µ ² ½;¶M¬�µ�Å´l¨ Ç*º[³ ¹ ½ º ·Ì¬[¼ ² ¹ ©@°gµ ³*º=² ¶P»W®/µª{½�¬R¼;¶5¯@¶9»X°�¯5¸K©*´@µ ¹ ©P¨ ³ ®a¶M¬,½@Ä@°Ã¯7¬[ÈK¶9µp½ ³ ¾ ³ ´l¨ º ©F® Ç °.Á�¥¾3½P¨ ³/Æ © ¨ ³dÊ�¹/º=² ¯�� ºIÇ À_Äi½W¶/»¬[©*® Ç ° ¨ ³/Æ ©�¨H¯ ¹ ·�®/µ ³ ®@½*¾ ³/Ê ¯�©/¶ ²S³ ´@µ °~½/Î�¬C©*® Ç ° °gµ ³ ¾p©x´ º ©P¨�®;µ ³ ®@½_Ä`½/ÀW©@°~½F®K¯a¶P»xÅ¹ ©*®;µ ³ °~½ Ê ¹ ©@°~¸Q¨[½l¬[¼ ©x® ³ ¹Wº=² ¯ ² ®9½/¶ ² ®bµ ³ °Ã¯ Ê ¸ ² ¯9ª ¹ ©P¨ ³ ®@¶�¬[½*¾ ³ ®/µ Ê ¬R©F®@¯
pojedynczo zjonizowane. 

 É ºB² X̄°�̄K̈i°X½ º=² ½F®/µ�·�¬[©*® Ç ° ª ³ =̈©WÀ/¼X¬[©*®;µ ² ½W¶�¬�µ ¹ ©@°gµ ³xº=² ¶P»W®/µ3©@° ³ ¬y«@½ º À ² ©Ô°~½ Ê ®a¼º ©x¾h ©WÀ ÆFº �̄°X½ ¹ ©/̧5̈[½;Î ² °gµp¼ ² @́· ¶9» ³ ª�µp¶ ² ® ³WÆ ©FÅN° ¬R½x́@µ ³ ¬�«@½/ÀW½*®9½ ¹/ºIÇ «;́Q½² ©;̧5̈I½_ÄB½ ®@½F®/µ ³ 9̧µp©*®9½ ®@½ °�Ä Ç @́®9© � ºIÇ À_Äi½ ¬[©*® Ç °.Á��k½ ¹/º=² 9́̄ÏÄi½/À Àx¾h½ ¶ ³/² ·xÅª{½�¬R¼;¶ ³/Æ ©�«a½ º À ² ©	®/µp̧9́@µ ¹ µ ³*º °u̧ ² ¯ ¹ ©P̈ ³ ®9¶M¬[½_Ä9¬[©F®/µ ² ½;¶M¬�µoÅ/°Ã̄;®9©/̧ ² ¼;¶5̄��xÅ��������gÅ
przy naniesieniu 

®9½ ®/µ3Î °X©*¾ Ð º ½xª{©@°~¼ º © ² ö°X© º · ¶/»/¾3© º @́· ¶ ³/² · 5̧̈[© ¹ µ ³��
jonizacji powierzchniowej α wynosi zaledwie 10-4, podczas gdy przy ®@½*®;µ ³ ¸9µ ³ ®/µ�· ®P½ ¨= ¸K½*ª.¼ ®/µ3Î ¸Pµ3½ º ¶ ² ½F®/· ¶ ³/² · α ��� Á�
9¬,½@°Nµ3¸9´Q© ®@½*¾ ³/Ê ¯¨oÄ=·;ª{½/¶ ² ¯@Î ¨H¯9ª�Å ÊS³ ¶9»/¾p© º=³ ´ ¶ ³/² · ¬ ³ ¸5¨ «9½ º À ² µ ³ ¬ ¾\©P¨C®_¯ µ ¹ ½ º ·Ì¬ ³ °¨ ³ ª ¹@³Fº ½P¨�· º=²a³ ®;µ Ê ¸ ²a³ ¬�®;µ Ê ¨ ³ ª ¹@³*º ½P¨C· º ½ÔÀ_¯S¸S©/¶M¬[½/¶�¬�µK®@½Ô½P¨I©*ª ¯PÁ��kµ3½ º ¶ ² ½¿®Ô¶ ³/² ·®@½P¨w©*ª1µ3½/¸Q¨�Å"¬,½*´Q©�ª�®/µ ³ ¬s¾\©P¨�®K¯dÅ ¹ © ² ©/¸Q¨[½l¬ ³ ®@½�®;µh¶9µKÀ;©�ª{©*ª ³ ®S¨�· º © ² Äi© Ê@³ ®/µp½�¸9µp
na atomy. 
 
 Í 9̄« Ç*º ª{½9̈ ³*º µp½_ÄI·WÅ{®9½ l̈́ Ç*º ¯ ®@½x¾ ³/Ê ¯ ®@½F®@©;̧Pµ3Î «9½/ÀW½*®a¼ ¹Wº=Ç «/́QFÅ ² ½*¾ ³dÊ ±̄©*À°gµ ³ ¾�·�¶ ² /̄®W®/µ�́ Ç °.Á���Ä Ç °.®ā_ª1µ ² ®/µ3¶/»�̧K¼��P°u½ º [̈©;ÈKÎ ¹Wº ½/¶5̄Ô°Ã̄7¬[ÈK¶9µp½ ³ ¾ ³ l̈́ º ©*®W· ²¹ ©@°gµ ³Fº=² ¶/»/®/µ@̈ ³/Æ ©�ª.½P̈ ³*º µp½_ÄI·�© º ½ ² ¬ ³/Æ ©�̈ ³ ª ¹a³*º ½P̈C· º ½�̈I© ¹ ®/µ ³ ®;µh½ Á�.½P̈ ³*º µh½@ÄB½*ª�µÏ½*́@µ�ª1µKª.© Æ ¼FÅ9«āaÎ�� ¹ ¾p½P̈H̄;®9½FÅÏ°u©*¾ Ð º ½*ª Å5̈[½*®@̈I½*¾�Å º[³ ®xÁ  
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�¿Ð ³ ´l¨H¯�°{®a½ ¹;º ½/¶K½�°~¯7¬RÈS¶Pµ3½ ²�¹ ©@°Nµ ³Fº=² ¶P»W®/µ�¬R©x®/µ ² ½P¨=© º ½�©x´ º=³ È9¾h©F®@½.¬ ³ ¸Q¨f¸K¨I½*® ³ ª¬ ³/Æ © °^½ º ¸5¨i°u¯ ¹ ©_°gµ ³xº=² ¶/»;®/µp©@° ³ ¬�µ�¶ ² /¸K¨=© «@½ º À ² © ² ®@½;¶ ² ®/µ ³ º[Ç/Ê ®/µ�¸9µp ©WÀ¹/º ½/¶a¯ °Ã¯7¬RÈS¶Pµ\½ ϕ⋅e
À*¾3½�¶ ² ¯@¸Q¨ ³WÆ ©�ª ³ ¨=½*¾�·WÁ��½ ¹bº=² ¯9´ÏÄi½WÀFÅK° ¨ ³ ª ¹9³*º ½/¨C· º ½/¶/» T< ������� � �
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*<;98O>%b9+|2_F�>E ,Af+9>EA}46Z[G`*~-CG'A Q9 d"9$'&�>.A *�+E-1"10 0

wyniku wydzie
D6(.-94?(�Z/4?��b%(927"'0 =I+9$98O2I(9Z�q1(E #2C>E-94�(�0�&�"Ê1-1( 4�+9bP #27>10�(E-94�($9>/F�(EDo4�Q9 d"%$'&)(PcV=% #2[G5Dr>5b'&KGC89@�$5+�0�&�"Ê1-1(�c�*�>9ZhFj2B0�GÎ1D?> -94?>981+�0�G7qCZO21> -946q�0Z/=C>ÊBF, d+EA�>IF{ #21>�2�4o-%-OG5A�4sQI d"9$'&)(EA

i jonów. � -9-I;X27(ED?>9Fd;zF�>9b9+iFHG5=%J�QI #"%$9>1&%*<>9ZOF\1(E �$927+ A�(1&�> 2/J1qhG1894?> (P-1(EDo4?21+10�(P-1>k*�Z9J9\CZ[F�(E-C8:*{4lcj=9 #21>98I4?�/F{-94?> �O�
µg/mm2 

przy powierzchni nici ok. 5 mm2. 
 �! #"%$'&)(i2j*,+.-9462C(98:*�;�=1+10�4r>E #2789@9-54r+10�;�A�(h*�;� #"10�-94?>9qi4PZB0�+k*a>e2�&�>MZhF, �+.-CG�T���+-1(B*�0�(9q5-94?>B*,ZO2hG18I@�0�(%$�FHGC89@�Q9 d"9$%>'&%-I(ED?>9q[G�2C(3Do4?8O2[GCg%�

 
 

• � +.-94?>98O29-1+%v7g�8O27�%Z[Fd>B*�0�GIA�4?(P-OG�=9 #"P\1>E^Ic�0 2B0�4r;92I^1J�2�8O2hG5A QI �"9$'&�+A�JCZ/4�\CGCg &)(/F)0�> $9+ $%>EA�+.-OF�+10�(P-94?(PT � Z[F<-94?>B*<> 27(/F�>.A ^h+E-94?>98O2I-I+9v1g0�=9 d+10�(9$921>E-54r( vIDKJ12[G =9 �"9qI-94r+10�>B*�(EDo\/+Rc|0 =9 #2hG
padku jej braku, ^h+E-94?>98O2I-I+9v7g�+/FK0�4?>E #(.-94?(�ZI=1>E^BF< #+EAf>/F< ,Jj=1+9$98h27(9Z�0�G'A�4?(E-[Gf=9 d"E\9^14NT
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• �
> 0�27bEDr�9$PJ -1( 0�GC$�254?>EDr(E-546> ZI4r� $EJ1qC>B* 4oD?+9v78/4 b9(921"/021(5(9$%ZO+E {\1+10�(.-'GC8/@ 0 bE #21>B*�;98[GC89@ Z/4r� 8h21�9v78/4?(%8/@ Q5 #"%$'&)( =% #�%$E^h+5vOg=1+EA}=1+10�(E-94�(i0 +E\IZO27(3 #27>|*�+E-94?21(98 * 4x=1+10V4N-9-1( \OGCgmA�+9qID 4 0V4?>�$PJ1qO(���0Q9 d"9$ED�>t2f\1+EA}\/(. �$9+10�(E-94?>EA >ED?>E^BF< #+P-1(.A�4O-546>_Af(tFd(E^14?>9b9+�0�(E ,J5-9^1J�� T

 
 

• W przypadku stosowania dyfuzyjnych pomp olejowych zwykle w Q9 d"9$'&�(98/@_2�*<+E-94r2C(98:*�;i=I+'0�4?>P #2O89@5-94?+'0];X=I+10�Z[Fd(B*,;j*�+E-'Gt0��9bED�+10�+%$9+P #"I02Y=C(3 +EDr>k* J�+9ZI4?(S$1&KGC89@Y-I(_0�&�"E^1-94?>z4IbP #21>B*�;98[GC8/@�ZI46�|8O27�9v18I46(589@ QI �"9$1&�(RT
� &l+ 0��%bED?+10�+9$%+E d"'0 $9(B*,> 0V4�>E #2789@1+'&d^14e$ED?( =9 �(10V4?> ^h(9q7$9>B* Do4?8O29\1G
masowej w obszarze mas od 12 do kilkuset. 

 
• �

QI #"5$ED?>�2L*a+P-94?27(S8 *�; =I+'0�4?>P #2O89@5-94?+'0];W0 G1ZOFd�P=9J
*�>��~>
	#>ÊBF}=1(EA}4?�98/4�� cB̂Fd"E HG +98O2[Gk0�4?v18/4?>�Af+9q9-1(�JIZIJ9-I;9g9c!ZOF#+5Z9J
*�;98z$ED�(�̂h(/qC$9>B*V=5 �"E\9̂14!-1+10�GJ9̂s&)(9$�0�&)"Ê14?>E-%T�n7>S$.-/(.̂m0 =9 #2OG5=1(%$Ê1J�ZhF#+9ZIJ%-9̂h+10�+ Dr+IF,-OGC89@ =9 �".\1>Ê21(58/@I+9$92I4�2k0�GÎ1Dr> ĥ+E-546>%8O2I-I+9vOg 8O2OGCZO2C8[21>.-94r( 8O21�5vO8/4YQ5 #"%$'&)( =5 #2OG
-D?>9b9(B*<;98[GC89@z$5+�0�&)"Ê14?>E-�c =/+.-94?>'0](�q 8O2O�%v18I4SFd>MbP #27>B*<;iZ/4r�m4�+9Z/4�(9$'&)>�-I(-94?8/@j=1+.=9 H27>9$E-546+jZIJ9\1Z[Fd(E-18 *�> Af+9b9;�2�-5468I@j=1(E #+70�(9g5T

 
 

 � 	�����s	�� ���������s� � ���� ��������� ����� ���
 

 � +E^s&)(9$.-1+%vOg (P-1(.D 4?2OG 4627+9F#+E=I+10�>B* =% #2[G 21(9ZhF�+9Z7+'0](E-94KJ F�>E ,Af+9>EA}46Z[G`*~-CGC8I@Q9 d"9$%>'& *,+.-/"10 *�>%Z[F +5b3 d(E-94�8O2O+P-1(  �"10�-94?>9q 	{ d(E^h8:*�+E-I+10�(3-
iem mas, 21(58/@I+9$921;98[G5A 0 =9 �+98O>%ZI46> =I(E �+10�(P-94?( \1(9$%(E-I>B*m=5 �"E\9^14��#2IA�4?(E-I( ZI^s&)(9$PJ0�4r;92I^14s*�+E-C+'0]>B*P0 8O2C(9Z/4?>
� T���\CZO>P l0VJ`*,>YZI4r�Y27(989@1+%$92O;581>�0 8O2C(9Z/4?>iJ9\I+9q7>3-54r>=9 d"3\5^14E0 D�>E^1^14 4 27+/Fd+3=�c�^BF#"P HGL&l(IFl0�4?>B*�=1(E {J`*a>�T

�
*�(10�46ZI^h+mF#+|*,>5Z[F ZO2C8O2O>%b9".D -54o>0�(9qI-I> $EDr( =94?>P l0�46(5Z[F<^h"'0 + Af('&KG'A 8946�9q7(E #2C> (

tomowym, dla których 0�2CbED?�S$.-1(  d"9q9-94?81( A�(9Z�=C+EA�4?�9$92OG =/+5ZO2O8O2C>9b%"EDo-OG9A}4�4?21+/Fd+P=1(EA}4E*�>9ZOF]$3J1q7(PT
  � Fd+9ZIJS-5^14�4oD?+9v78/4?+10�>�*�+E-I"10�cV d>B*,>5Z[F< �+'0�(P-OG189@�-/( ^h+ED?>E^BF#+. #21>�ZI=/>.^BF, d+EA�>/F  ,J%c
powinny od

=1+10�4?(S$5(9gjZ[Fd+9Z9J9-9^h+EA 4 D?+9v78/4�+'0 GIA�cS #2C>98O2[Gk0�4?vO8I4r>j0�GCZOF#�.=SJ`*a;58CG5A0 \1(%$9(P-1>B* =9 �".\181>PT ��2I-I(98O2C( F�+Pc q1> =I+EA�4?(E Z[Fd+%Z/J9-9^1J 0�G1Z7+E^h+9v78940�4r>E #2789@1+'&d^h"10 0 0�4r$.A�4?> A�(5Z9cM=I+92B0�(.D6(k*a;58CG +E^1 d>9v/Do4?g Z/^s&)(9$ 4?21+/Fd+P=1+10�G0�4r;92I^14/*�+E-C+'0]>B*�=1(%$9(B*,;58O>B*�-1(�^h+.D6>.^BF#+E ~c�=1+10V4o-94�>E-� #"10�-94?>9qi+E^1 d>9v/D?(9gi+5$3=C+
-0�4r>9$E-54PZOF#+5Z9J9-I>E^zDo4?8[2I\OG}*,+.-/"10 +e$%(E-OG18%@eA�(9Z7(989@%c =I(E ,J`*,;98[GC89@|2|(P-1+9$�G 0*�>9$E-I+9ZhF#81>j8O21(5Z/J%cI(p0�4?�98�Z/^s&)(

d izotopowy analizowanej próbki. 
 nO>9q7>EDo4�0 Z9=1>E^BF< �+EAf>/F, #2C> -94r> 27(989@1+%$92I4�0�G5 �"9q9-94?>P-94?> A�(9Z5c Fd+ Z[F�+5Z/J%-1>E^0�GCZ1+E^h+9v78/4e0V4�>E #2789@1+'&�^h"O0 0 \/(5$S(.-CG�A 0�4r$.A�4?> +E^1 d>%v/D?( *<>9$P-1+98O21>5v9-94r>
stosunek n1/n2 liczby jonów o masie M1, 

>EA}4 Fd+10�(E-OGC89@ 2 0�&)"Ê1-1( 0
jednostce czasu, do liczby jonów o masie M2

cP>EA}4 Fd+10�(E-OGC89@Y2�0�&)"Ê1-1(Y0
tym samym czasie. 
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�
GI #"Iq9-94?>P-94?>iA�(9Z%cy4?ZhF{-94?>B*,;58O>�0 =% #+581>9Z/4�>�Z7(EA�>k*�>EA�4?Z:*{492}0�&)"E^1-C(Y0�G5-94o^h(�2

	d(E^BF,J�c q7> -1(9Fd�9qO>P-94?( >.A�4 F#+10�(P-CGC8I@ =9 #;%$9"10 *<+E-I+'0 G18I@ Z7; +%$10� �+/F,-54o>
proporcjonalne do pierwiastków kwadratowych z mas - podobnie jak ma 
t
+ A}4?>B*�ZO81>_=% #2[G�0�G5=O&KGk0�4?>_8O21;%ZOF�>%8O25^O+I0]G'A b9(/2IJ%T

 
 
�
(E^s&)(9$9(k*,;98�0�GI d"/qI-94?>E-94?>_A�(9Z5c'21(%8I@/+5$�2C;%8O>Y=1+9$%8O27(9Z�0�GI=1(. #+O0�(E-94?( *�+E-1"O0�2=1+10�46>P #2789@9-94j(P-1+%$/G�cYA�+9qI-/( +E^1 #>5v/Do4?g ZI^s&l(5$ 4 21+/Fd+P=1+10�G =9 #"P\9^14�0 8/@h0�4oDK4=1+98O2C;/F<^h+'0�>B* 0 G129-C(S8O27(B*<;98YZI^s&l(5$m4621+IF#+P=I+10�G�0�46;92I^147*a+P-1+10�>k*� �>B*�>9ZhF{ #+10�(.-/>k*

na kolekt
+E #27> 4 A}-1+9q1;98 2I-1(ED�>92/4?+P-I; 2 =I+EA�4?(E �"10 0�(E HF�+9vOg =S #27>92+9$E=I+10�46>%$E-54:0�ZI=1"'&�8O2hG5-S-54 �̂ #"10�-OG

√M1/M2 . 
 � 0�2CbED?�%$E-94r(k*a;58�$%(B*�;981>�ZI4?��0�=5 �+'0�(%$92/4?g_=1+E=% d('0�̂147$9+YA�4?>P #27+3-C>9b%+_Z[F�+9ZIJ%-9̂1JA�(5ZM-94?>m+/F  #2[G5A�J
*<>mZ/4?�Pc%*,(.̂iA�+/qI-I(�\OGeZ7;9$92/4?g%c�=9 �(10�$92I4 0]>B*�0�(P HFd+Sv78/4PFd>Sb%+Z[Fd+9ZIJS-5̂1J%cS*�(Ê14%0�GCZ[Fd�P=9J
*,>L0 \I(

danej próbce. Do otrzymania prawdziwej 0�(E �F�+9v78/4_0�2CbED?�9$P-1>B*�21(10�(P HFd+Sv78/4L=1+%ZO218[2C>9b%"ED
nych izotopów w badanej =9 d"3\C8O>Y^7+E-94?>98O29-C(�*,>9ZOF ^h(EDo4 \5 �(98:*�(_Z9=I>E^BF< �+EA�>/F< {J_=% #2[G�J1qhG18I4KJjZ[GI-IF�>/FHGC8O25-CGC89@

mieszanin badanych izotopów, ale i taka kalibracja nie eliminuje 0�ZO2OG1ZhF,^14?8I@�\h&��9$%"10�=% #2[G5 #21;%$EJ�T
 

 � +E\5 �>�QI �"9$'&)+M*�+P-1"10 =1+10V4N-9-1+ \'GCgmF#(E^ Z/^h+E-CZ[F< ,JI+10�(P-1>Pc�(P\OG�J9Af+9q/Do4 0V4�('&�+$9+E^s&)(9$.-/> 0�GC2/-I(98O2C(E-94?> A�(5Z =I+'0�Z[F�('&KGC89@ 0 -54 A *a+.-1"10jT�n7>9$P-CG5A 2=1+9$5ZOF#(10�+10�GC89@�0�(P <JS-5^h"O0jc!*a(.^146> A�J1ZI4�Z/=C>'&�-94?(9g QI �"9$'&)+�*�+3-C"'0fc *�>9ZhF *�>Sb%+$EJ1q7(�0�GC$%(B* -C+9vOg%T � 2hGCZ/^h(P-94?>�\C+'0f46>.A =5 �;9$EJ�*a+P-1+10�>5bS+�+
 du

q[G5A -1(/F��9q7>P-94oJ29-C(98O29-94?> J9=% #(9ZO2C8O27( Af>/F#+%$/G  �>B*�>9ZOF, �(%8 * 4}+E �(92 J9Aj+9q/Do4 0V4?( $9+E^s&)(9$P-94?>B*�ZO21>
wyzna

8O27(P-94?> Z[Fd+9Z9J9-9^1J -1(9F#�9q1>�� 0�4?;921>E^ *�+E-1+10�GC8I@Ec�+9$P=1+10�46(%$9(k*,;987>Sb%+0�2CbED?�S$.-CG5A�2C('0�(P HFd+9vO8I4r+EA =I+9ZO278O2C>9b%"EDo-CGC89@j462C+/Fd+3=C"'0fT
 

 

 ����� ���
	�� ���� ����� � � ��������� ��� �"! � �#�$�%� &'� �)(  
 * +-,/.102+43658749 5894:;04<>= ?A@8BDC8749'E @F,HGI3�J-KD<;.-J;0L<M= NO@8J2KP.432<QNR3 C8BSC87UTV,W@8J>38?�K
powoduje rozpad jonu molekularnego na wiele fragmen

THXZYA["+4@-\-,WX657UTHX8,/0L<M=]J-KDC874KDC-5Z0̂ TV,R9458JL@_G2@_@258J438BDCM̀ba-c]de,W.bC4Yf3-G-ghNV@8J-KP.L3-<QNiKj<M=4CF?kKl<;.
nej (CI) J43-5fNV@8J-KD.43-<mNRgkC8BSC87UTR,H@8J>X4Y
NRC2n'To@MTV,W.;0>?]38J-KSC_YpKD58?�3q[ZY 7UTWX8,W0>? @8r>n;C�,sY�9tNOCkn-Klu

jon v Bw92r NO@8J;0;x @ ?�32nMKDC .UYpKPg-.L38J>CUN Y @874,HC-\MBS@8J;0 nM+4@6n;X�r . ?�3-n4g<'.Lg-n'TyC-<;.>71@ZŶ g
r>3-5638J4CUNzn-9-r4n;TH3FJ4<QNiK v J>3UNV<'.4u2\;<MKDCUNh{_|~}pNR3871@
,HC-.M92BPTH3MT�365-5-04<mNiKNO@8J-9 ��|6x�c �;@FJ;0 TyC ?�3UNOg ?�J-KDCUNOn;.4g C�JMC�,WG8KSu K n;g .43>TWC8? E�3MTsYpKlC1N,W@-.>+>@-.MJ>34Ŷ 38BwJ4C J-KP: Y YpKl58?A3-<M= ��B�c��4C-n1T�TO@ NOC658J43 . ?ACMTH@I5]��?�KDu87474KDCUN
jonizacji". 
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* NO@8J-K .43-<mNiK <-=4C8?�KD<;.>J>CUN NO@FJL0 n4g Yh0;T�Yf38,W.43FJ4C J43 n>749;TOC87 .45-C8,W.LC �NO@8J-KD.;@4Yf3�JMCjN�<;.Lg-n'TyC-<;.>74K . @8r>C-<MJ40>?�K^Y `-,HX658BDC�NR@8J>38?�K]+-KDC ,sY^@MTiJ;02?�K�c'*`-,HX-58BSC NO@FJ4X4Y n1TsYf38,W.L3 nMKDu Y KSu-< Y 38,R96J674K 9-?A@M:>B K YpKP3jN g6<bC 71@�B KD.mN u�NO@FJ4X4Y .<'.Lg-n'TyC-<;.>7138?�K Y @IG�,O38J-KD<;.4@8J>CUNhNOC-G6@�<;.Lu-\;<>Kwc * T 0Z? <;C�B 9�71@
nieczne jest Y 0bTsYf@�,W.4CFJ-KDC Bl@87138B J-KDC <MKD\MJ-KSC8J-KD3
Y 0Ln'Ty38,W<;.L3UNOg-<4@#Y 0Ln4@874KDC-G2@ 38r40�.45-C8,W.LCFJ-Kl3r;01Ew0 <;.;u2n;TWCFc^d�,W.;0 <MKD\MJ2KlC8J-K 9 ,W.buI5�9�����do3 \M,HCI5�J-KD3 58,O@2G-3 nUYf@8r>@-5FJ43"NOC-n;T,W.bu-5F9p5 .>KDC-n>KlgMT/0L<-=p<;.4u2\;<MKb?�? c��e,HX65ZE�@ NV@FJ4X4Y�?�94n>KMr10ba TW3�7 .b3F+-,W@jNRC87UTH@4Y 38JLC

 38r;0�Bl@8713�B J2KPC 9;TV,W.;0>?]3-a <MKD\-J-KDC8J-KSC TOC-G6@ ,W.bu-5F96ch�4C-5FJL0Z? . ,O@-.UYpKlg-.b3 � NOC-n;T9-?�KPC2n;.;<;.LC8J-KDC�Y `>,WX258BDC J2KPCbY KDC8B 74KDCUN +294n'.>74KU@k74,H3;Y u25M.>KU@87>cI}^<>?kc
 

 
 

 
   
 � KD\MJ2KPCFJ-KDCfY�+-9Ln;.4<;ChNVC-n'TF,W.bu6589�}	� do3]3 +L@ .b3�J-KSgk,W.4u-589k}	�

-3 Pa.  
 � KD\MJ2KPCFJ-KDC�n-9-r4n;TH38J><QNiKjN @FJ-KD.b@ZY 38J4CUN Y C4Y�J>gMTV,W.�+-94n;.>74KjN C6n1T�J-KlC4YpKDC8B 71g�<;.Lu-\;<>Klg<MKD\>J-KDC J2KP3 G23 .29 ,WC63-G89 NRg-<bCIG2@�Ke58BD3MTyC-G6@�+-,W.bCI52C Ŷ n;.'0Ln;TV74K ? G-3-. ,WC63-GF9tNOg-<;09-BDC-GFJ-KDCfNO@FJ-KP.b3-<mN KLC8BDC87UTR,H@FJ438?�K Yf<>=4@65 .Lg-<'02?�K452@�+-9Ln;.M74K v � B x�c�
~387]9;TsŶ @8,W.L@8JZ0NO@8J Y CUNV5-.MKDC�Y 71@8B K .mNVu +-,W.4C-56C Y n;.10Ln'TV7MK ? . K J-J;0-?�K <;.bg-n;THC-<;.>7138?�K G-3-.29,WC23IG�9tNRg-<bC6G-@F[ T�Yf@8,W.4g2<;C6G-@ Y THCFJ nM+>@-nbX8r�[ +4@ n4C8,VK K ,OC-3�71<QNiK�[ +-BD3-.>?]u
joni
.M9 NRg-<bg c
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* ,HC-3871<mN 32<M= <M=LC8?�KD<;.>JZ0L<M= +2Bl3-.>? 0 . <;.bg6n'THC-<;.>7138?�K 38J>38B KD.;@4Yf3�JMCjNnM92r4n'TO3�J4<QNiK +L@ZY^n;TH3UNOg 52@I523MTiJ-KDC K�9tNVC ?�J4C NO@
ny, utworzone w wyniku +-,W.bCFJ-KDC-nMKSC8J-KS3 +6,W@MTy@8J696[ @I52C ,sY^3FJ-KD3 NV@ J29 Yf@-5-@F,R71@4Y^C-G6@F[ +2,W.'01E g-<;.LC8J-KD3o[+-,W.bCFJ-KDC-nMKSC8J-KS3 E�3-5896J-71X4Y K TV+6cf* +-BD3M.>?kKDC r4@4Y KDC8? ?�@-G-g nMKDu .-JL3UNO5I@bY 36aTH387U:bC#J-KDnM71@2C JLC ,HG6CMT/0L<;.-J4C C8BDC87UTV,O@8J;06[8TW.jY�cFC8BSC87UTV,W@8J;0 THC ,V?�KD<;.>J>CFc�� g�TO@�<;.4u

-\;<>KD@ZY^@ nM+>@4Y^@8BwJ-KD@8J>C C8BDC87UTV,W@FJ;0 9Z:10jYf3 J4C 52@ N @�J-KP.L3-<QNiK +-KDC ,sY^@MTiJLCUN)[�BDC-<;.
przede wszystkim elektrony wytworzone w reakcjach jonizacji. Te wolne C8BDC87UTV,W@8J40 ?A@IG2g +-,W.;0UE g-<;.432a nMKlu 5-@ <;.Lg-n'THC6<;.bC87

 z utworzeniem jonów 
ujemnych. 
 � K BDC +-,O3�7UT/0b<;.-J2KPC�Y^n;.'0Ln1TR74KDC .jY�KDg-.M74K n4g .b56@8B J>C 56@ Y 0bTsYf38,W.L3 J2KP3�NV@

nów 5-@-563MTVJ-KS<M=6[-TO@�56@ +>@4Y n1TO38J-KD3]NO@8J>X4Y 9tNVCF?�J;0b<-=�J-KSC-.Mr>u-5FJ4C n4g�Y <;.Lg-n'TyC-<;.b<;C
ugrupowania o charakterze kwasowym lub przeniesienia elektronu z .4C4YpJ>uMTR,W.2J;04<-= +M@4Y E�@87 .2J43UNO5F9tNOg-<;04<>= nMKDu Y +-Bl3-.>?�KDC +-KDCF,sY KD3-n1TR71X>Y
elektroujemnych. 

� TsYpKDC ,H5-.4C8J-KSC TW@ ?�@-:>J43 94\;<>KP\>B KPa�� 38J-Kl@�JL0 +>38,W.;0Ln'TH@
-C8BDC87UTV,W@8J>@4Ŷ C J43jNHE 3MTsYpKDCUN#NVC-n'T�Yh0;T�Yf@F,W.'0>a +-,W.4C-. @I52C8,sYf38J-KSC +6,W@MTO@�JI9 @25<'.Lg-n'TyC-<;.>74Kh@ <-=43F,W3�7UTWC8,W.LC 7tYf32n4@ZYh0>?�� <;.bu-n1TO@ n-+4@>Ty0Z713 nMKDu TWC-:�365-5M04<mNRu38J-KD@FJ-9 56@ <'.Lg-n'TyC-<;.>74K @8rL@UNOu TVJ4CUN [ �e3>TW@8?�KD3-n;T 38J2KP@FJ;0 J-KDC +L3 ,W.10Ln'TO@
- C8BDC87UTV,W@8J>@4Ŷ C v 3FJ-KD@8J>@8,O@-5FJ-K 74K x ?A@-G-g +4@4Y n1TO34Y 36a�Y Y 02J-K 749 +2,W.4C8J-KSC-nMKDCFJ-KS3

elektronu lub rezonansowego wychwytu niskoenergetycznych 
elektronów termicznych. 
 
 �	��
��������

:  ������������� �"!$#%��&(')�*�+#-,.��/1032  
 46537.598;:=<3>@?3ACB3<EDGFIHKJC>�L3:MH.FONPJCQ@N3RS59TU:VN6H3LSQXWZY3AC>EW�FO<3H[:O\]:_^`TZ5[aCF9LOb*Y3:V5�AGWc>]adL[QAe5�F9fgNPJCQihE^3<]H[:V5ifE8VF3\kj.NgH[LEFlJm>=L3:nH6F�NPJCF�598V59foa)Ap>9LEF9Tq:6rts%8nu

 

     CH4 + e- → CH4
+ + 2e- v awAeHxj�TZF�L6j Jm>�L Ty>98V59fEz38VF9AdL6j h[̂3<3H]:_5 z38V53{OF|D~})ApF"{=TZ59L6a�F3NPJd:�b�{ED�BEW�L�:�5 WLEF3\gaĈ9YOz�JCQ3Nxj.N3R�AC53F9fgN�JmF�N3RO�

 

 CH4
+ → CH3

+ + H 

     CH4
+ → CH2

+ + H2 
 
Przede

W	\6HgjE\ga)fE:;T�JC53<9LSF9fWc5oJC<]H[:V5	W�Ae53F=fgNPJĈlJm>=L
-
N6HSQ3\xap5ON6H]fgFZHy:�L�LSj|TU:oN6HSQ

-\xap53N6H[fgF9Tq:6TZ5[aeF�L3zOb.<3FoJCQ3N�JC>9L�TZ5]apF9L3:;z3T ���
5
+ : 

 CH4
++ CH4 → CH5

+ + CH3 
 � Ae5�F9fgNPJĈ H TZ5]apF�LE59T W�N3RS>"<3H[: apF9fo7E5 :;LOL6j \[f�D�F3<9L3:;f Y38�F3H[T�j�b
fragmentacyjny kation metylowy CH3

+: 
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CH3
+ + CH4 → C2H5

+ + H2 
Jon C3H5

+
zEaGW	>�AeHxjy\3:_̂ZW f.>�8_5gJ�L6jSN3RiAC5"F�f.N J)FON3RlJ)>�L

-
N6H.QO\xap53N6H[fgF��

 

      CH2
+ + CH4 → C2H3

+ + H2 + H 

      C2H3
+ + CH4 → C3H5

+ + H2 
 � H.{98V̂3<9LSF :;L6aC59LE\xjkWZLE> ��� W�\6H6jS\ga)fE:VN]R�a j|N]RqJm>�LEBEW HEF98V5376j >O<(N]: � L3:V5�L3:VF ��� F
ry
\[z3L3fEz YS>�L�:M7.5oJ Y�AeHE5O<3\xapFEW�:_>9L[> W�:V<�TZ> Y�8MF3H[T�j J)>9L�:MHEF�NPJd:(N3RE59TU:VN6H[L[5gJ

metanu otrzymane przy 200 µ
hEF�A r��
	 �1F]u

�
�%AeHxj JdTUz J)Q3N�JC>�L �c�

5
+ o LEFoJ�W�j.7E\6HS5oJ�:�L6ap5�LS\xjoWyL]> � N]:�H.F��	�	�� b9W�HS{98V^3<�LEF�:;L6a�59LE\xj WZL[> ��� JC>�L3z@�

2H5
+ 

wynosi 83%, a C3H5
+ - 14%. 

 
 

 
 
 � WK:V^"fg\gH.> � N[:6YOAeHxj�Y[F3<9fgBEWyb|HcW�j JmQ3awfE:V59T W�^�{98V>6W�>�<3>9AeB.W�LEF3\oj.N6>9Lgj.N]ROb

pod-
czas jonizacji chemicznej metan

59T L[F3\gae^�Y3z J)5 Y�AeHxjgD�Q3N6HS59L3:V5�Y3Ap>�ap>�L3z <O>NxHSQ
steczki analizowanej substancji w reakcji typu kwas-zasada z jonami 

gazu re
F3{9z JmQ�NE53{O>�b]LOY

�
�
  

 
M + CH5

++ MH+ + CH4 
 
 � Y3A�Hxj�YEFO<9fEzlW	̂O{�8�>EW	>O<O>�ACB|W L[F"\xjSNE>+L|j.N[R�� � bPJC>9L3:nH.F3NPJCF�N]RS59TU:VNxH[LEF

 
spowoduje oderwanie jonu wodorkowego: 
 
 RH + CH5

+→ R+ + CH4+ H2 
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Powstawanie jonów ujemnych: 
 � 5 W�\6HgjE\ga)fE:VN[R {3F3HSF3N]R Ae5OF3{9z J)Q3NxjSN3R=b aGWc>9AeHSQ3NxjSN3R Y]>�<3N6HEF3\ J)>9L3:VHEF3N�Jd:N]RS59TU:VN6H[L[5oJZY38VF3H]Ty^�J)>9L3:VH3z JCQ3NEQ b \.Q >9h[5ON]LS5 L3:V\]fg>�59L[59AC{35]aejSN6H[L]5�598_59foawAe>�L6jYE>3N[R[>3<3HEQ3NE5 N6HE^ � N[:V>6W	> WZY�AC>3\xa H fgF]ae>O<]j ?3ApB3<|D�F J)>=LEBEW rC> 5=LE5�Ae{9:�:>9h3L�:M7E>=L]5 J L]F \]fEz6ap59f 8;:VNxH�L6jEN[R HE<O59AeH.5��6u�b F=8M5 Y�AeHE53<O5 Wc\6HxjS\6a)fE:;TW�j.aGW	>=AeHE>�LE5 W Y�:M5=AGW	>]adL6jSN]R Ap5"F=fgNPJCF3N3R JC>9L�:MHEF�NPJd:�b W foapB�A jEN[R YE>EW	\xapFoJwQ598V59foawAe>9LEj > L3:_\]fE:V5oJZ5=L]5=AC{9:;:

�
s*8�59foawAe>=LSj ae5 TZ>O{3Q hSj � W�jSN3RgW�j

cone przez NxHSQ3\xa�53N6H[fg^
�
�*Ae>ON653\�aC59L <98VF WK:�^9fg\gHE> � N]:9H W�:_Q3H]fgBEW Y3AC>EW�FO<3H[:9<O>I<OF98V\6H.5"{�>

rozpadu tak utworzonego ujemnego jonu molekularnego M-. W L3:V59foapB9A jSN3R YOAeHgj3Y[FO<9fgF3N[R N6H�zxD�> ��� <O5]ae5�fgN�J :KJC53\ga@W�j.7S\6HEF L3:M7 <98VF JC>�LEB]W
dodatnich. 

 � 53\gaCFEW�:VFoJwQ3N TZ>37[8;: Wc5 AC>3<3HEFoJC5 HEF3N[R[>|WcF9L3:_F \]:V̂ 598_59foa)Ap>9L[BEW W�>�hE5ONNxHSQ3\xa�53N6H.59f[b W H6F=8�537[L]> � N]: >O< 59L[5�Ap{9:;: a jSN3R Y3:V5�AGWc\6HxjSN3ROb TZ>37E5=T�jHEF�>9h[\659AGW	>EW	F � adAeHxjqTy>�7[8;: W 5 YOAp>3NE53\xj��
 

 
• 

598V59foa)Ap>9L|j aC59A)Tq:VN6H]L[5�b�a_J
�
ap5�b�foaeB=A jEN3R 5�LE5�Ae{9:VF�fE:;LE53a jSN6H3LEF�J)53\ga�L�:M7.\6H.F

od ok. 1 eV (1 eV = 98 kJ⋅mol-1
u b9TZ>O{OQ H.>3\6apF � W�jSN]RgW�jSN6>�LE5@Y3AeHS53HNxHEQ�\xaC53N6H[fE:.r a�H�W

�
Ap5�HS>9L[F9LE\.>6W j W jSN"RgW j6a�598V59foa)Ap>9L3z6u*:.Y3A H.59fg\gHgaCF]D�N3: � J)5

w anionorodniki 
 

• elekt
Ap>9L|j > 5�LE5�Ap{9:;:̀ YE> � Ae5O<9L3:_5oJ�TU:V̂3<3Hxj JC5O<9L6j3T F fE:;8;fEzE\.5]a~5��HEF3N[R]>EWKz J)Q \]:V̂ JCF9f }eF98VF :IY3AeH.59fgF3H]z J)Q 59LE5=AC{9:V̂ N6HEQ�\xap5"N6H.N.5 h[53H

"kolizji". 
 
• �

8VF 5=8M5=foa)Ap>9LEB6W >�JC5O\6H.N6H.5ZWZ:V^9fg\6HxjSN3RK5�L]5=Ae{9:_F3N]R�N6H.QO\xap53NxH[fE:�\gaCFoJCQi\]:V^
"przezroczyste"; wchodzimy wtedy w obszar mikroskopii 
elektronowej. 

 46>=LSj z J)59TqLE5�TZ>3{OQ�YE>EW	\xapFEW	F � AeBEWZL3:V537	W Ap5"F=fgNPJCF3N]R�a j�YOz f WcFO\
-zasada z 

jo
LEF9Tq:9Y38VF3H[T�j {3F3H3z�Ae5OF3{�z JCQ3NE5�{3>

� W mieszaninie metanu (75%) i tlenku 
azotu (N2O - 

�����iu�\6H.N6HE5�{"B=8�L�:�5 D�F]aGW	> LSF3\6aê�Y3z Jm5 Jw>9L3:VHEF3N�JmF N3RS59TU:VN6H3L[FY3Ap>|W F3<3HEQ3N.F <�> YS>|W \xapF�L�:MF�aCF9flJC>9LEBEW z Jw59TUL6jSN]R�bxJwF9fi:
dodatnich. W gazie Ae5�F"{=z J)Q3Nxj|T Y[> W�jSN3RxWljEN[:�5 598�59foawAe>=L]BEW > TyF|D�5 J 5�LS5�Ap{9:;: HSF3N3RE>O<3HEQLEF3\gaC^9YOz JCQ3NE5iAC53F9fgN�JC5��

 
 
N2O + e- → N2O

- 
 
N2O

- + CH4 → N2 + CH3 + OH- 
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� Y38VF]H[TU:V5X\6Q�ae537q>�hE5ON]LE5@:;LOLE5ZJC>�L6j
�
�1>3<�F�awLE> ��� ae5�{"> z3f�D�F3<9zXLEFyJm>=L3:MHSF3NPJw^N]RS59TU:VN6H[L[Q�JC>9LSB6W�z JC59TqLSjSN3R	W�j�L3:;fgFZH�JC53< LE>3N6HS53\3LE5oJ=>�hS53N3LE> � N]:o5�8_5�fgadAC>�L[BEW> TyF|D�5oJ(5�LS59AC{9:;: rp<3> W�jSN3RxWlj6atz 598V59foa)AC>=LEBEW�u :qH6F�\EF3<O>|Wc5O{3> JC>9LOz v � -, Ae5�F"{=z J)Q3N.5O{3>@HE5@H W�:_Q�H[fgF9Tq:O>@N3REF=ACF9foae5=AeHE5`f W F � L6j�T W fE8VF3\xjSN6H3L[5oJ AC5�F9fgNPJd:

kwas-
HSF3\EF3<3F

� �
H]:V^9fE:O>=h]5�N3LE> � N[:�TZ53apF9LOz@TU:V53\6H.F�L3:;L[F apFUJw53\xa >3<�YE>EW�:_53<9L3:;FapF9fo7.5 <O> >]awAeH6j[T�j W	F�L3:�F�J)>9LSB|W <O>3<OF]awL3:�N[ROb1NE> z3Ty>�7[8;: WK:VF L[F]a jSN3R3Tq:MF�\xap>|WKQH[TU:VF�LE^�AC5oJC53\xadAp>EW	F9L6jSN3RUJC>9L[BEW HIz JC59T

nych na dodatnie i odwrotnie, bez fg>9L3:V53N6H[L[> � N]:6zE7gjEN[:VFX:�L�L]5�{">�{OF3H[ziAe53F3{=z JCQ3N653{�> �  
 

 
IV. JONIZACJA PRZEZ BOMBARDOWANIE 

     SZYBKIMI JONAMI LUB ATOMAMI (SIMS, FAB) 
 
Spektrometria maso

W F�JC>9L[BEW W�apB�AwL6jEN3RyW N]:V59f�D�5oJ-TyF]a)A jSNxj�r���������� b
Liquid 

Secondary lon Mass Spectrometry) i bombardowania szybkimi atomami 
(FAB, Fast Atom Bombardment) polega na zogniskowaniu na próbce >3<9Y[>EWK:M5O<9L�:�>	W�:VQ]H[fE: Jm>=LEB6W�8;z3hKNxH.Q3\gae5=f�>9hS>oJC^"a L6j.N]R

.  
 ��YS59foa)Ap>9TZ5[adA):V^iTZF3\�JC>9LSB6W

wtórnych (SIMS, Secondary lon Mass Spectro-
metry) 

\6ae>3\3z Jm5�\[:M̂ZaGj[8;fg>�<3>�N]:VF|D[\gaeFED jSN3R
�
4.53\xa�>9LEF�\xH.NxH.53{�B98;L3:V5 Y�A Hoj.<3F]awL3FqW

bada
L3:VF3N[R YS>|WK:�5=AeH6N3R�L3: Y3AeHS5EW�>O<3H.Q3NxjSN3ROb L[F]ap>9Tq:MFO\ga L3:_5 TZ>37[L[F JC5gJ\xap>3\.>|W F � <O> \]zOh[\xapF9LENPJd: L3:V5�Y3AeHS5|W >3<3HEQ3NxjSN3ROb F W�:V^3N <�> HoWK:MQ3H[fgBEW

organicznych, p
>9L�:�5EW�F37 F9fEz3TUzO8;z JCQX>�L[5 D�F3<�z3L3fE:OY[>3N]R[>3<3HSQ3N65XHXY[F3<OFoJCQ3NE5 JWK:�Q3H[fE:-JC>9LEBEW

�
4.>�L�:MH.FONPJCF YOAeH653H 	�
� Jm5�\xa�W�jS<OFoJdL[F a j�8�fg> <=8MF Ap>3H6aGWc>�AeB]WHEFEWK:V5�ApFoJCQONxjEN[R J)>9L6jcW L3:�5=8M>[adL6jEN3R�AC>3H[YOzE\6H.N6HEF98;L3:;fgF3N[R

�  
 � :nQ[H]fgF >9h[>oJĈ]adL6jSN]R F]ap>9TZBEW JC53\ga�>]awAeH6jOT�j W�F�LEF Y3AeHS53H@JC>�L3:VH6F�NPJ)̂ F�Ap{3>�L3z=b
niekiedy ksenon

z
�
4E>9L6j \6Q Y3AeHgjS\3Y3:V53\6HEF9LS5 AeB373L�:MNEQ Y[>]ap5�LSNPJCF|D�BEW AeHŜ3<�z

kilku do kilkunastu kV i ogniskowane na analizowanej substancji. �%A�HE53N3RS>3<3HEQ3N Y�AeHE53H fg>9TZ>=Ae^ fg>=8�:VHxj JdL[Q�bJC>9L6j \6Q HS>9h[>oJC^]adL3:VF�LE5�W W�j�L":;fEzW�j�TU:VF�L6jZD�F3<�z3L3fEz�TU:V^3<3Hxj N6HEQ3\gaC53N6H3fgF=TU:[: JC>9LEF9Tq: b3F=8M5�:VN]R�YE^3<KJ)53\ga[JC53\6HEN6HS5
w
jS\6apF�ApN6H.FoJ)Q3Nxj <O>XH.F3N3RE>EW	F9L3:VF@fE:V59Adz�L3fEz�>3{9L3:V\]fg>EWcF�L3:VF

�
�1>3H.>3\6apF|D�5ZJ)>=LSj \EQzE\[zxW F9LE5UH WK:VQ]H[fE:6YE>�<3NxH.F3\ZY3AeHS5oJ � N[:�FiTU:V^3<3Hxjy5=8M5=foa)Ap>3<3F9Tq: �  

 �-53F=fgNPJC^ZHE>9hE> J)^]awL3:�F=L3:�FiTZ>37[L[FZHEF9Y3:V\EF � LSF3\xap^9Y3z JCQ3N.>��
 

 

   Ar(szybki)
+ + Ar(powolny)  →→→→ Ar(powolny)

+  + Ar(szybki) 
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 � :nQ[H]fgF >9h[>oJC^]adL6jSN]R F]ap>9TyB|W�b z[<35�AeHSFoJCQ3N W Ap>3H6aGWcB�A F9L[F98;:VH6>EW	F=L]5 J\]z�hE\xaCF=LENPJd:�W�N]:_59f�D�5oJ*TZF]awA jSNxjOb6Wlj6a�W	F9AeHEFU}pF98V^Xz[<35�AeH.5�L�:M>EW	Q b"foapB9AeFXY[>EW�>O<9z J)5W�j�AeH3zSNE59L3:�5ZHqAC>3H6aGW	>�AdzlJw>�L[BEW :.N6HEQO\6aC5ON6HS5�f

�
4E>�L6jy\EQXYOAeHxjS\3YO:�5O\6HEF�L[5ZW Y[>�8 z598V59foawA jSN6H3L6j[T :[fE:M5=Ae>EW	F9L[5	W \xatAe>�LE^�F9LEF98;:nH.F]ap>9AeF
�  

 
Do bombardowania kor

H6jS\ga)L3:_5oJC\6HE5~Jm5O\ga zE7gjEN[:�5 N6H6Q�\6ae59f >9hE>oJŵ]a)L6jSN3R L�:M7JC>9LEBEW�b3{3<3j.7ZW�aC59Lq\3YE>3\EB=h zOL3:;fgF�\]:V̂ {�AC>9TyF3<3H.5�L�:MFUD�F�<�z�L
ku elektrycznego W Y3ACB9h�fgF3N]R L3:�5=Y"AeH.5EW	>3<3HSQ3NxjSN3R

�
�y5�a�>3<3F 	�
 � Y3ACFEW�:V5 L3:�5 Y[>EWc>"<=z J)5JC>9L3:VH6FON�J :�bxHyAC>3Hxa�W	>9Adz�\6QXhS>|WK:�5=T W j�AeH�zENEF9LE5lJ)>=LSj J zE7 W�L3:;T :_\6adLO:�5gJ)QONE5

�
4E5O\6a

to bardzo dobra metoda wytwarzania pozornych jonów molekularnych \]z�hE\xaCF=LENPJd:�Y]>=8MF�AwLSjSN3R > <�zE7xjSN3R TZF�\6FON]R N6H.Q3\gaC53N6H[fg>EW�jSN3R
� �

>O<3F[a)fg>EWcQfg>9A�Hxj � N]:VQUJw53\xa Ty>�7[8;: W > ��� >[a)AeH6j[T�jkW	F9L3:_FXW WK:V598 z Y"AeHgj�Y]F�<9fgF3N3RX\gadA)z�TU:V59L3:;FJC>9LEBEW foaeB9A j T�>�7.5 h6j � \gaCF9h3:;8�LSj Y3AeHS53H <EDez[{9: >9fEAe53\�N6HSF3\3z
�
�Z5[aC>3<OF 	�


B W�j�TZFO{3FlJw53<�LEF9f	H.F3\xaC>�\6>EW	F9L3:_FiAC>�H[YOzE\6HSNxHEF=8�L�:�fgBEWyb]f6awB�A jSN3RlJw>�L6jqf.>�TiY"8�: f[z�J)Q
widmo 
 

 
V. DESORPCJA LASEROWA 

 
�
53\.>�A)YEN�J)F 8VF3\65�Ap>|W F r �

�
u*JC53\ga�\]fEz.ae53N6H�L[Q TZ5]ap>3<OQI>]awAeH6j[T�j W	F�L3:�FiJC>9L[BEW W

fazie gazowej. Impulsy laserowe o energii 106-1010 W/cm2
\6Q

ogniskowane na powierzchni 10-3-10-4 cm2
Y�AeB�h3fE:�b H.F�H W�jEN6H.FoJ \xapF|D�5oJ

�� TUYOz38V\xjKap5XYE>EW	>3<�z JCQZW�j�AeH3z
cenie kilku pikomoli substancji w formie jonów :.>9h[>oJC^]adL6jSN]R�N6HEQO\6aC5ON6HS5�f�b"fgaCB�AC5i<O>O<"F3adf.>EW	>XAC5OFO{�z�JwQUHE5i\E>�h[QZW�>�h[\6HEF�AeHE5i>:VN]R	HoWK:V^9fg\6H.>�LSj�T \gaC^3765�L3:;z	adzE7ZLSF3<iYE>6WK:M5=A H.N]R3L�:MQiY3ApB9h3fE:

�  
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 �y5]aC>3<OFiaeFKJC53\xa*zE7�j W	F�LEFi<�>Xh]F�<3F��iYE>EWZ:�59AeH.N3R3L�:]:.F9L[F98;:MHgjq8�>9fgF98;L[53{3>i\[f�D�F3<�zY3ApB�h�fE: bgJCF9fiL3Y
�
:;L3fE8;z6H�Jd:xW TU:;LE5=ACF|D�F3N3RX:[>�Ae{3F�LE598;8;:gW fg>=TZB9AwfgF3N]R

� �
\gaCFEW�:VFoJwQ3N<|Dpz[{3> � � }eF=8�: 8VFO\659ACF H.F Y[>9TZ>�N6Q aC5oJ TZ5]ap>3<]j Ty>37]L[F Y3AeHS59YOAe>EW	F3<3H[: �W�j�hO:VB�ApN6H.Q Jw>9L3:MHSFONPJC^

�
��>�L3:V5EW	F37 :;TUY�z38�\ 8VF3\65�Ap>|Wlj : <">�\xapF�ApN6HEF9L6j \xjS{�LEF]DawAGW�FoJwQ�h[F9AC<3H.>�fEAeB3a)fg> b-TZ5]ap>O<3F �

�
Wlj3T�F�{3F F9L[F98;:MH.F3ap>9ACBEW > JC5O<9L[>3N6H.53\3LE5oJ

detekcji lub analizatorów czasu przelotu jonów. 
 46>=L3:MHSF3NPJCF�Y"AeH.53H�<O53\.>�AwYENPJw^�8VF3\.5�Ae>EW	Q�W TyF]a)A jSNxj(r � 
 �

�
�Gb

Matrix-assisted 
Laser Desorption/lonization) polega na zmieszaniu analizowanej 
subst

F=LENPJd:�H Ap>�H.aGWc>�Ap59T TZF|D�jEN[R N6H[Q3\gae5�N6HE59f >=Ae{OF9L3:VN6H3L6jSN3ROb HoW	F9L6j�TTZF[a)A jSN6Q+bU\[:;8�L�:M5 F�hE\.>�Awh3z�JCQ3N6Q YOAe>9Tq:V5�L�:�>EW�F=L3:�5 Y3AeH6j <|DpzE{O> � N[:�}pF98;:U8VF3\E59ACF
(zwykle w zakresie UV). Napromieniowanie tej mieszaniny laserem po 
uprzednim odparowaniu rozpuszczalnika powoduje nagromadzenie w L3:V5oJ <�zE765 J :;8V> � N[:`5=L]5=AC{9:;:�:�W�H�h3z[<3HE5�L3:V5 598_59foa)Ap>�LEBEW W N6H.Q"\gae5�N6H]fgF�N3RTZF[a)A jSNxj

�
4E>9LEj z.aGW	>9AeHS>9L[5 Y3AeHE53H Y3AeH.5�L3:V53\[:�59L3:_5 Y3AC>]aC>=L3z TU:V^

dzy }p>]ae>EW�H�h3z[<3H6>�LEQXT�F[a)AejSN6QiFXF9L[F98;:VH6>EW	F=L]Qi\3z�h]\gaeF�LEN�JCQXz"8V5O{3FoJwQ LSF3\xaC^=Y"L�:M5�<35
-

sorpcji. Schemat tego procesu przedstawiony jest na rys. po
L3:V7E5oJ

�  
 

 
 
Zalety metody MALDI: 

• 
TZF]awA jSN6F+b6W�jS\xaĈ=Y3z J)Q�N6F�W�H3LEFON6H[L6j3T L]F�<�Tq:VF9AeH.5ZW�\xa�>3\]zOL3fEz�<3>iF�LEF=8�:nadz=b
rozdzie

8VF JC5O{3> N6HEQ3\gaC53N6H[fE:@Tq:M̂�<�Hgj \E>9hEQ+b@N.> >O{9AeF�L3:VN6HSF a�W	>9AeHE5=L3:V5F3{9AC53{OF]apBEW :6zgD�F]aGWK:VFiYE>6Wc\xapF6W�F=L3:V5�JC>9LSB6W�Tq>�8;5�f�z98;F�A L6j.N]R��
 

• 
L3:V5 JC53\6a fg>9L3:V53N6H3LS5 <3>3\gadAeF J)F9L3:_5�<|Dpz]{�> � N3:�}pF98;:-8VF3\.5�ApF�<3>�N6HÊ3\gaC>]aw8�: W�> � N]:F9hE\6>�AwYENPJd:[fgF]7E<35O{3>�F9LSF98;: awz��

 

• 
zE<3FoJw5I\]:�̂�W ap5�L�\3YS>3\EB9h�HE<35O\6>=AdhE>EW	F � :OH�J)>9L3:VHE>EWcF � h3:�F|DpfgFI>�TZF3\.F3NOR
do �

	�	�	�	�	
�
F�blY]>=L3:�5EWcF�7 Y3Ae>ON65�\̀ aC59L L3:_5 H.F98_537xj F�L�:�>3<�W D F � N[: Wc> � N]:

absorpcyj
LSjSN[ROb]F9L�:6>3<iAp>]H[TU:VF9AeB.W NxH.Q3\gae53NgH[fE:oF9LEF=8�:nH.>6WcF9LE5oJ=\]z3hS\xapF9LENPJd:��
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•   wy
\.>9fgF N6H]zgD�> � �

-
HSF YS>9TZ>3NEQ TyF]a)A jSN6j H f W	F3\[z L3:;fg>]a j�L[>|W 53{3>TZ>]7[8;: W	5lJC53\6aEWlj[f]A j W	F�L3:V5iY3:;fg>9Ty>98;:6h3:VF|D 5�f

�  
 
 

 
 
 
 

VI.  TERMOSPREJ (TSP) 
 � Ty5]ap>3<]H[:V5 aC59A)Ty>3\3Y3AC5oJ�r�� � ��uIAe>3H.aGW�B�AUHSFEW�:V5�AeFoJwQ3Nxj \6B98K:�F�LEF=8�:VHE>EWcF�L[QY3ApB�h�fg^ Jm5�\xa YS>9TUYE>EW	F=L|j \]:;8;L3:_5 >O{9AeH.5EW	F9LEQ HSF YE>9Ty>ON6Q Y3ApQ"<�z
elektryc

H3LE53{O>(\6aeF=8M>EW	Q�fgF�Y3:;8VF9ACQ�:*Ap>�H�Y6jO8VF9L6j H`YOAp^"<=fg> � N[:MQ~LEFO<3<3?oWZ:V^9fg>EW	QW fg>9TZ>=AeHE5 YOApB�7�L3:V>EW	5oJ � �
�
��>EW	\xapFoJw5 F359AC>3H.>98 H <�Ae>�h3L6jSN3R fEAp>9Y[598V59f[bHEFEWK:V5�ApFoJCQONxj Jw>9L6j : N6H6QO\gae53N6H[fE: hEFO<3F9L[5oJ Y�AeB�h3fE:X>=AeF3H AC>3H[YOzE\6H.N6HEF98;L3:;fgF

�v {9AeHS5|WcF�L3:V5 Y]>�<3N6HEF3\ Ap>3H3Y6j�8MF�L3:VF JC5O\xa fg>9L�:M5�N6H]LS5�b F9h6j H6F�YE>�h3:V53{OF �
kondensacji aerozolu. Po

W \xapFoJ)Q3N.5iJC>�L6j \.QXW�j�h3:�5=ACF9L[5 :�Y3AeHgjS\3Y3:V53\6HEF9L[5XW
kierunku analizatora przez popy

N]REF3N6H :+598�59foawAe>�<�j >O{9L3:V\]fEz JCQ3NE5
���

Ap>9Y[598;fE:F359AC>3H.>98�z \.Q YE>9TUY[>EWcF�LS5 W \]Y[>3\6B�h N]:VQ={|D j YOAeH.5�H >3aGW�B=AIz3TU:V5O\6H.N6HE>9LEjLEF9YOAeH.53N[: W <]jS\6Hxj
�
�y5�ap>3<OF apF Jm5�\6a NxHS^3\xa�> z|7gj W	F�LEF <3> \]YOAeH.^37

enia 
spektrometrii mas z metodami chromatograficznymi. 
 
 

VII. ELEKTROSPREJ (ES, ESI) 
 
Metoda elektrosprey (ES, ESI) polega na wprowadzeniu strumienia N]:V53N6Hgj > L�:M5EWK:�598;fE:;T Y�A H.5�YxD j WZ:_5 reHoW�j|fE8�5 �

-10 µ/min) w silne pole 598V59foawA jSN6H3LE5 YE>O< N[: � L3:V5�L�:M5=T F�awTZ>�\x}p5�A jSN6H[L|j|T
. Pole elektryczne jest 

wytwa
AeH.F�LE5 Y"AeH.53H YOAeHxjgD�>�7S59L3:_5 L[F9Y3:_^ON]:VF

� - �
f � TU:V^3<3Hgj fgF9Y3:;8VF�AeQ F598V59foawAe>3<OQ�>iYOAeH65=N]: WZL6j�T�H[LEF9fEzOb]YS>|D�>]7.>9LEQ	W >3<98V53{EDG> � N]: 	=b � -2 cm. 
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 ��>=8M5XYS>|W >3<�z JC5iF9fEz3TUz�8MF�NPJC^ D�F"<=z"L�fgB6W W�YS>6W�:V59A�H.N]R3L3:V>6Wc5oJ[W�F9Ap\xa�W�:V5�N]:_53N6H6jLEF(fg>��EN]z fgF9Y3:;8�F=A jOb1foapB�AeF a�>XW�F9AC\

twa ulega rozerwaniu, a znebulizowana N]:V53N6H a�W	>9AeH6j \xatA)z3Tq:M5�� L]F]D�F3<3>EW	F=LSjSN3R fEAe>�YE598V59f
� v <9Y[F9AC>EW�j W	F�L3:�5Ae>3H[YOzE\6H.N6HEF98;L3:;fgFIH.F|W F9A aC5�{">XW fEAe>9Y[598;fgF3N[RIYE>EW	>3<9z J)5 :VN]RIfEz3ApN6H.5�L�:M5IF37 <9>TZ>=TZ59L6awzObUW foapB9A j�T \]: D j >O<9Y6jSN3REF�L3:VF fEz38V>9TqhE>6W	\[fE:V53{3> H[h38;:M7SQ \]:V^ <O>YE>3H[:V>9TUz \]: D fg>9RE53Hxj J�L6jSN3R re\[Y]B J LS> � N[:nu fEAe>9YE5=8M5=f : \]YE>EWc>"<=z J)Q :VN]RAe>3H.5�AGW�F�L3:V5

� �
AC>=Y38�5 Ty>3{3Q W ap5�L \[YE>3\6B�h z�8M5O{3F � fgF3\[fgF3<3>EW	59TqzAe>3H.\6HEN6H.5�Y3:VF9L3:�zK<">iNE>�ACF3HKaC>XTiLO:�5gJ)\6HgjEN3Rif[AC>�Y[5�8_5�f�F37y<O> Ty>9TZ5�L6awz�{3<|jyY[>�8�5

elektryczne na ich powierzchni 
\6aeF=L3:�5 \[:V^ W�jE\gaCF9ApN6HEFoJCQ3NE> <�z|7.5+bXF�h|j\]YS>|W >3<3>EW	F � <O53\.>�A)YEN�J)^ JC>9L[BEW

�
4E5�7.598;: W N6H.Q"\gae5�N6HEN65 JC53\6ayW�:_598V5 TU:V5oJC\ENTZ>�{3Q3NxjSN3Riz38V53N JC>�L3:MH.FONPJd:�b|ap>i>]awAeH6j[T�F9L[5	JC>9L6jqh[^"<�Q WcBEW	N6H.F"\qTU:VF|D j	D�FO<9z3L[59f

wielokrotny. 
 v awAeHxj�TZF�L3:V5ZJC>�LEBEW�WK:�598V>9fEAp>]adL3:V5@L[F|D�FO<3>EW	F9L6jSN3RXz3Ty>�7[8;: WK:�F L3:V5 a j�8;fg> H W�:_^9f

-\xHS59L3:_5 N6H�zxD�> � N[:Gb�8V5ON6H�AeBEWZL�:M537�F9L[F98;:VH6>EW	F=L3:V5@N6H.QO\xap53N6HE59f >`hEF�Ae<3HS>@<9zE7xj
ch TZF�\6F3N[R�N6HEQ3\gae5ON6H[fg>EW�jSN]R�HEF�YE>9Ty>3NEQ F9LEF=8�:VHEF]ap>�AeBEW > H�LEF3N6H�L3:V5 L3:V7.\6HxjOT

nominalnym zakre
\[:M5 TZF3\

� �
F98_5�7gj YEF=TU:V^]aCF � b 7E5 TU:V5�AeH6>�LEF W\]YS59foa)Ap>9TZ5[adA):;:�TZF�\ WK:�598;fg> � � TyF3\xjKJw>

nu nie odpowiada jego masie w Da, 8V53N6H	\gaC>3\[z"L�fg>6W�:[TZF�\xjy<3>�D�F3<�z3L3fEz
m/z w Th. 
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�%A�H6j[f�D�FO<��
 

 � F|D�B37[T�jOb*7E5�Jm>�L >$D F3<9zOL3fEz
z1, którego zmierzony stosunek m/z wynosi 

m1 Th, odpowiada jonowi molekularnemu o masie M Da, do którego z38V53{|D >iY"AeHgjgDGQON6H.5�L3:;z
z1 
Y3AC>]ap>�LEBEW

�
�1apQO<��

 
 
Z1m1 =M+z1mp 
 
mp 

>3H3LEF�N6HEFiTZF3\E^iYOAe>[aC>9LOz
�  

 46>=L >O<3<OF98V>9LEj~>3< Ap>�H W	F37.F�LS5"{�> > r�J
- 1) pików, w kie

Awz3L3fEz WK:V̂9fg\6HxjSN3R
mas, ma zmierzony stosunek m/z równy m2 

�-R :98;:VN6H3hÊ D F3<9zOL3fgBEW
z1 – j. �1apQ3<��

 
 
 m2(z1 - j) = M + (z1 - j)mp 
 � YOAeH65=fg\6HxapF|D N659L3:_FiY]>EW�j.7S\6H6jEN[RiAeB6WKLEF��K>]awAeHxj�Tqz J)5�\]:V̂��

 
 
             z1 = j(m2 - mp)/(m2 – m1) i M = z1(m1 - mp) 
 
 

 
 

 � Y3A Hgj[f�D�F�<�H[:_5`LEF(A jE\3zOL3fEz YE>EW�j.7E5gJ b1YE>O\kDpzE{9z JwQ3NX\[:M^ Y�:�fgF=TU:=>
m/z 939,2 i �

���
��b � r�J��

�
u bU>3a)AeHgj3Tqz J)5 \]:V^ H

1= 6(1372,5-1,0073)/(1372,5 - 939,2) = 
18,991, w za

>9fEApQ3{98V5�L3:;z ���
�
� B6WcN6H.F3\@Ty>]73LEF(YOAeHxj�Y3:�\.F � 8�:VN6H�hÊ D�FO<9zOL3fgB6Wfg>98V5oJdL6j[T Y3:;fg>9T W {=Adz3Y3:�5

� �
TyF3\xj�fgF[7E<353{O>XHXL�:MN[R�TZ>37[L]F�>9h�8�:VN6H6j � TZFO\ÊNxHSQ3\xa�53N6H[fg>|WcQ

M. 
� AC53<�L3:VFZW	F9A�aC> � � >]awAeHxj�TZF�LEFUHS5ZW�\6HgjE\6awfE:VN]RZH[TU:V59AeHS>9L6jSN"R

pików wynosi 17827,9 Da z odchyleniem standardowym 1,9 Da. 
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�
H[:�^=fE:|ap5oJ�TZ5[ae>3<3H[:V5@TZ>37�LEFX>9fEAp5 � 8;: � L3Y � TyF3\xjqN6HSQ3\xap5ON6H]fg>.W	5@h3:VF|D 59f�F]7q<9>YE>9L[F3< �

�
	 f

�
F�blH {9ACF9L�:MNEQ W�j|f]A j W	F98�L[> � N[:�AeHS^3<�z Y3:;fg>9TZ>98;:�bHEF Y]>=TZ>3NEQ

analizatora kwadrupolowego. 
 v Y3ACF3N.>EW	F9L[> F98V{">=A j6awT�j�b HEF YE>9T�>3N.Q foapB9A j.N3R TZ>37[L[F >9fEAe5 � 8;: � TyF3\6jNxHSQ3\xa�53N6H3fg>6Wc5 \]zOhE\xa�F9LENPJd: YOAeH.53H YOAeH.59fg\6HgaCF|D�N65�L3:V5 >�hS53N3LE5oJ�W WK:V<9TU:V5 s ���

serii pików wie
8V>9fEAe>]awL3:_5 L[F|D�FO<3>EW	F9L6jSN3R W Y3:;f > Y[>oJC5O<]j�LEN6H6j[T D�F3<�z3L3f[zre<�59fg>9LgW	>98;zEN�J)^]u
� �

:�59foapB�Ae5 H F98V{">=A j6awTZBEW z3TZ>37[8;: WK:MF J)Q ApBEWZL3:V537<359fg>=LxWc>98�zENPJC^�W�:V<9T s ��� TU:V53\6HSF9L3:;L|j
� �

5�W�H.{98_^3<�zXJC5O<9L[F9f LEF HoD�>�7S>9L[> ���WK:�<9T fgF]7.<35O{3>�H.5 \]f�D�F3<9L�:�fgBEWybW ap5�L�\]YS>3\6B�h TZ>]7�LEF F�LEF98;:MHS>|WcF � a j�8;fg>
proste mieszaniny. 

 
 

 
 
 
 
 

VIII. PLAZMA WZBUDZONA INDUKCYJNIE 
(lCP) 

 � AeBO<|D�>�JC>�LEBEW H Y38VF3H]TyQ W�H[hOzE<3HE>=L]Q : LE<�z3fgNxj�JdL3:_5Ir���� ��ulz3Ty>37]8;: W�:_FX\6H6j�h3fgQI:JC53<9L[>3N6H.5O\]L[Q F�LEF=8�:VH.^ 8�:VN6H[L6jSN3R Y3:V59AGW�:_F3\xawfgBEW TZ5]apF98;:VN6H3L6jSN3R H <9zE7[QNxH�zxD�> � N[:�Qi:6Y�Ae53NojgH�JmQ �  
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 � ?[ApB3<98V5 a j�T H�LEFoJw<9z JC5 \[:M^ Y[F98;L3:;f

�
<�> Y38_F�H[T�j JC5O{3> YxD�>9Tq:M5=L3:�F Jm5�\6a

wprowadzony roztwór analizowanej próbki w postaci aerozolu po z3Y3AeHS53<�L3:;T Ae>]H[Yxj|8M5=L3:;z
�
46F=f�YE>=fgF]H.F9LE>iLEFiA j.\[z3L3fEz�YE>EW�j.7E5 J b]f WcF9AeN.>6WcF AwzOACFHEFEWK:V5�ApFoJCQON6F Y38�F3H[TZ^(J)53\gaK>3ae>3N6HS>9L[F N.5EW�fgQ�b�YOAeH.53H foaeB9ApQ Y3AeHS59YxD jkW	F Y3ApQ9<

zmienny o 
N6H.^O\xap>]aw8�: W	> � N]:[AeFO<9:V>EW	5oJ � �*AeQO<ZaC59LlW�H3hOzE<3HSF YOAeHS5�Hq: L[<�zOf6N Jw^XY[>�8_5

magnetyczne o 
8�:�L3:VF3N3R \]: D AeBEWZLS>98�53{ED jSN

h do rury, które z kolei powoduje A)zSN]R >�h3AC>]ap>EW j JC>�LEBEW W Y�8MF3H[TU:V5
� v <�<�H[:VF|DGj W	F

nie to jest optymalne W	BEWcN6H6FO\�b {3<�j N6HS^3\xaC>[a)8;: W > � N[: Y3ACQ3<�z : A)zSN]R3z JC>�LEBEW \EQ AeBEW
ne, a 

impedancje generatora i plazmy odpowiednio dobrane. W wyniku wzbu-<3H.59L3:�F Y38VF�H[T�FX>�{�AeH.5EW	FX\[:V̂X\]:;8;L3:�5 :�JC5oJ1ap59TUYS59ACF]awz"ApF@TZ>37S5@Y3AeHE5=fEAe>3N6Hgj � ��	a jS\]:V̂3Nxj
�
b F H[L[FoJC<�z JCQ3NE5 \]:V̂ W L3:V5gJ NgH6QO\gae53N6H[fE:~z38V5"{=LEQ Jm>�L3:VH.F"N�Jd: HW�jS<OFoJ�LS> � N[:�Q�h38;:M\[fgQ ��	�	 � :*Y3AeHS5|W F3{3QXJw>9LEBEW Y[>oJC5O<]j�LEN6HE> LSF|D�F3<�>|W F9L|jSN]R

�
�
H[:�̂=fE: ae59Tqz Ty>�7[8;: Wc5 JC5O\xaq\[Y"AeH.̂37E5=L3:�5 ?�AeB3<|D F JC>�LEBEW HS5 \]Y[59foawAe>=TZ5]adAp59T

mas (ICP-MS). 
 


