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IJ?>BKEH<B?

F_`^mgZjh^gZy � hj]ZgbaZpby� ih� klZg^ZjlbaZpbb � �BKH�� y\ey_lky

\k_fbjghc� n_^_jZpb_c� gZpbhgZevguo � hj]ZgbaZpbc � ih� klZg^ZjlbaZpbb

�dhfbl_lh\�qe_gh\� BKH��� JZajZ[hldZ� f_`^mgZjh^guo� klZg^Zjlh\

h[uqgh� hkms_kl\ey_lky� l_ogbq_kdbfb� dhfbl_lZfb� BKH�� DZ`^uc

dhfbl_l�qe_g�� aZbgl_j_kh\Zgguc � \� ^_yl_evghklb �� ^ey� dhlhjhc� [ue

kha^Zg� l_ogbq_kdbc � dhfbl_l �� bf__l� ijZ\h� [ulv� ij_^klZ\e_gguf � \� wlhf

dhfbl_l_�� F_`^mgZjh^gu_ � ijZ\bl_evkl\_ggu_ � b� g_ijZ\bl_evkl\_ggu_

hj]ZgbaZpbb�� bf_xsb_� k\yab� k� BKH�� lZd`_� ijbgbfZxl � mqZklb_� \

jZ[hlZo�� Qlh� dZkZ_lky� klZg^ZjlbaZpbb � \� h[eZklb� we_dljhl_ogbdb�� BKH

jZ[hlZ_l� \� l_kghf� khljm^gbq_kl\_ � k� F_`^mgZjh^ghc

we_dljhl_ogbq_kdhc �dhfbkkb_c��FWD��

Ijh_dlu� f_`^mgZjh^guo� klZg^Zjlh\ �� ijbgylu_ � l_ogbq_kdbfb

dhfbl_lZfb �� jZkkueZxlky� dhfbl_lZf�qe_gZf� gZ� ]hehkh\Zgb_�� Bo

him[ebdh\Zgb_� \� dZq_kl\_� f_`^mgZjh^guo� klZg^Zjlh\ � lj_[m_l

h^h[j_gby� ih� f_gvr_c� f_j_� ���� dhfbl_lh\�qe_gh\�� ijbgbfZxsbo

mqZklb_�\�]hehkh\Zgbb�

F_`^mgZjh^guc � klZg^Zjl�BKH� ����� [ue� jZajZ[hlZg� L_ogbq_kdbf

dhfbl_lhf�BKH�LD����³G_nl_ijh^mdlu�b�kfZahqgu_�fZl_jbZeu´�

I_j\h_� ba^Zgb_� hlf_gy_l� b� aZf_gy_l� BKH�H� ��������>hi��������

l_ogbq_kdhc �ihijZ\dhc�dhlhjh]h�hgh�y\ey_lky�

BKH� ��� khklhbl� ba� ke_^mxsbo� qZkl_c� ih^� h[sbf� gZa\Zgb_f

“ LZ[ebpu�iZjZf_ljh\�g_nlb´�

- QZklv����LZ[ebpu��hkgh\Zggu_�gZ�klZg^Zjlguo�l_fi_jZlmjZo����K�b

60°F

- QZklv����LZ[ebpu ��hkgh\Zggu_�gZ�klZg^Zjlghc�l_fi_jZlmj_����K

Ijbeh`_gb_�:�gZklhys_c�qZklb�BKH����y\ey_lky�kijZ\hqguf�

M>D����������������������

>_kdjbilhju� � g_nl_ijh^mdlu � � baf_j_gb_ � � iehlghklv� �fZkkZ �h[t_f�� � lZ[ebpu

�^Zggu_��



ISO 91-2:1991

iii

<<?>?GB?

LZ[ebpu�� ij_^klZ\e_ggu_ � \� BKH�H� ��������>hi�� �������� [ueb

jZajZ[hlZgu� ^ey� klZg^Zjlguo� l_fi_jZlmj � ���K� k� bkihevah\Zgb_f

^Zgguo��ihemq_gguo�^ey�klZg^Zjlguo �l_fi_jZlmj� ���K�b� ���)� �\� �����b

����� ]]�� I_j_kfhlj� lZ[ebp� ^ey� ^\mo� ihke_^gbo� l_fi_jZlmj� [ue

hkms_kl\e_g� :f_jbdZgkdbf� bgklblmlhf� g_nlb � \� khhl\_lkl\bb� k

jZajZ[hldhc � gh\uo� ^Zgguo� GZpbhgZevguf � [xjh� klZg^Zjlh\ � �KR:��� Z

lZ[ebpu� [ueb� ij_^klZ\e_gu� \� BKH� ����������� LZ[ebpu� ^ey

klZg^Zjlghc � l_fi_jZlmju� ���K� g_� [ueb� ih^]hlh\e_gu� gZ� hkgh\Zgbb

ihemq_gguo� gh\uo� ^Zgguo�� gh� gZ� bo� hkgh\_� Bgklblmlhf � g_nlb

Kh_^bg_ggh]h� Dhjhe_\kl\Z� [ueb� jZajZ[hlZgu� ijhp_^mju� j_ZebaZpbb� k

ijbf_g_gb_f � \uqbkebl_evguo � fZrbg�� dhlhju_� [ueb� him[ebdh\Zgu� \

hdly[j_� ������Wlb� ijhp_^mju� j_ZebaZpbb� [ueb� jZajZ[hlZgu� \� dZq_kl\_

klZg^Zjlguo � ijhp_^mj� ^ey� ij_^hklZ\e_gby � ihevah\Zl_eyf � \hafh`ghklb

jZajZ[hldb� k\hbo� kh[kl\_gguo� fZrbgguo � ijh]jZff� beb� khklZ\e_gby

lZ[ebp� ^ey� l_fi_jZlmju� ���K� beb� ^ey� bkihevah\Zgby� ijb� jZkq_lZo� [_a

khklZ\e_gby�lZ[ebp�
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L:;EBPU�I:J:F?LJH<�G?NLB�

Q:KLV����L:;EBPU��HKGH<:GGU?�G:

KL:G>:JLGUO�L?FI?J:LMJ:O����K

1 H[eZklv�jZkijhkljZg_gby

GZklhysZy� qZklv� BKH� ��� hlghkblky� d� ijhp_^mjZf� j_ZebaZpbb� k

ijbf_g_gb_f � \uqbkebl_evguo � fZrbg� ^ey� \g_k_gby� ihijZ\hd� agZq_gbc

iehlghklb � b� h[t_fh\� gZ� klZg^Zjlgmx� l_fi_jZlmjm� ���K� �kf�

ijbf_qZgb_� ����JZkkfZljb\Z_fu_ �ijhp_^mju� j_ZebaZpbb�g_� ho\Zlu\Zxl

iheguc� ^bZiZahg� lZ[ebp�� ij_^klZ\e_gguo � \� �� qZklb�� gh� ij_^gZagZq_gu

^ey� l_o� lZ[ebp�� dhlhju_� \� khhl\_lkl\bb� k� qZklvx� �� bkihevamxl � ^ey

i_j\bqgh]h� bkihevah\Zgby �� Djhf_� lh]h�� jZkkfZljb\Zxlky � ijhp_^mju

j_ZebaZpbb � ^ey� kemqZ_\� bkihevah\Zgby � kfZahqguo� fZk_e�� dhlhju_� g_

\dexq_gu�\�BKH������������kf��ijbf_qZgb_����

GZklhysZy� qZklv�BKH� ij_^gZagZq_gZ � ^ey� klZg^Zjlguo � l_fi_jZlmj

20�K� ijb� bkihevah\Zgbb � l_o� `_� jZkrbj_gguo� ^Zgguo�� dhlhju_� [ueb

bkihevah\Zgu�^ey�lZ[ebp��ij_^klZ\e_gguo�\�BKH������

IJBF?Q:GBY

���Ohly�klZg^ZjlgZy �ghjfZevgZy�l_fi_jZlmjZ�^ey�baf_j_gbc�iZjZf_ljh\

g_nlb�� mdZaZggZy� \�BKH� ������ khhl\_lkl\m_l� ���K�b�ij_^gZagZq_gZ� ^ey

ijbf_g_gby�gZ�f_`^mgZjh^ghf�mjh\g_��\uy\e_gh��qlh�__�bkihevah\Zgb_

g_� y\ey_lky� iheghklvx� ijb_fe_fuf� b� \� jy^_� kemqZ_\� bkihevamxl

klZg^Zjlgmx �l_fi_jZlmjm����K�

��� LZ[ebpu�� hlghkysb_ky� d� kfZahqguf� fZkeZf�� b� klZg^Zjlgu_

l_fi_jZlmju�� jZ\gu_� ���K� b� ���)�� ijb]h^gu� ^ey� ijbgylby� \

i_j_kfhlj_gghf�ba^Zgbb�BKH������\�ijhp_kk_�_]h�ih^]hlh\db �
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2 GhjfZlb\gZy�kkuedZ

Ke_^mxsbc� gb`_� klZg^Zjl� kh^_j`bl� iheh`_gby�� dhlhju_

ihkj_^kl\hf� kkuehd� \� ^Zgghf� l_dkl_� khklZ\eyxl� iheh`_gby� ^Zggh]h

f_`^mgZjh^gh]h� klZg^ZjlZ�� GZ� \j_fy� im[ebdZpbb � � mdZaZggh_� ba^Zgb_

[ueh� ^_ckl\mxsbf �� KlZg^Zjl� ih^e_`bl� i_j_kfhljm�� b� klhjhgZf�

mqZklgbpZf � kh]eZr_gbc� gZ� hkgh\_� wlh]h� klZg^ZjlZ� j_dhf_g^m_lky

\uykgblv� \hafh`ghklv� ijbf_g_gby� kZfh]h� ihke_^g_]h � ba^Zgby

mdZaZggh]h �gb`_�klZg^ZjlZ��KljZgu�qe_gu�BKH�b�FWD�\_^ml�mdZaZl_eb

^_ckl\mxsbo�f_`^mgZjh^guo�klZg^Zjlh\�

BKH� ���������� LZ[ebpu� iZjZf_ljh\� g_nlb�� QZklv� ��� LZ[ebpu�

hkgh\Zggu_�gZ�klZg^Zjlguo�l_fi_jZlmjZo����K�b����)

3 Bklhqgbd� ijhp_^mj� j_ZebaZpbb� k� ijbf_g_gb_f

\uqbkebl_evguo�fZrbg

3.1 Ijhp_^mju� j_ZebaZpbb� k� ijbf_g_gb_f � \uqbkebl_evguo � fZrbg

[ueb� him[ebdh\Zgu� Bgklblmlhf� g_nlb
1
� \� klZlv_� �� �� hl� ;�,���� ]�� h

iZjZf_ljZo� g_nlb�� ³Ijhp_^mju� j_ZebaZpbb� k� ijbf_g_gb_f

\uqbkebl_evguo� fZrbg� ^ey� \g_k_gby� ihijZ\hd� gZ� iehlghklv� b� h[t_f

ijb� l_fi_jZlmj_� ���K´�� H[hagZq_gby� r_klb� ijhp_^mj� j_ZebaZpbb

khhl\_lkl\mxl � h[hagZq_gbyf� lZ[ebp�� ke_^mxsbf� aZ� h[hagZq_gbyfb

lZ[ebp�� jZkkfZljb\Z_fuo � \� �� qZklb� ^Zggh]h�f_`^mgZjh^gh]h � klZg^ZjlZ

b�y\eyxlky�ke_^mxsbfb�

LZ[ebpZ� ��:�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

                                                          
1 KlZlvy  �  3� h � iZjZf_ljZo � g_nlb � fh`_l � [ulv � ihemq_gZ � hl � � ba^Zl_e_c � � Bgklblml

g_nlb �  61 New Cavendish Street,  London W1M8AP, <_ebdh[jblZgby �
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ih^ijh]jZffu� 7$%� ��$�� G_nlv� kujZy� h[s_]h� ijbf_g_gby �

IhijZ\dZ� gZ� baf_jy_fmx� iehlghklv� hlghkbl_evgh� iehlghklb � ijb

l_fi_jZlmj_����K

LZ[ebpZ� ��:�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

ih^ijh]jZffu� 7$%� ��$�� G_nlv� kujZy� h[s_]h� gZagZq_gby�

IhijZ\dZ�gZ� h[t_f�ijb� l_fi_jZlmj_� ���K� hlghkbl_evgh�iehlghklb

ijb�l_fi_jZlmj_����K

LZ[ebpZ� ��<�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

ih^ijh]jZffu� 7$%� ��%�� Ijh^mdlu� h[s_]h� gZagZq_gby�� IhijZ\dZ

baf_jy_fhc� iehlghklb� hlghkbl_evgh � iehlghklb� ijb� l_fi_jZlmj_

20�K

LZ[ebpZ� ��<�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

ih^ijh]jZffu� 7$%� ��%�� Ijh^mdlu� h[s_]h� gZagZq_gby �� IhijZ\dZ

gZ� h[t_f� ijb� l_fi_jZlmj_� ���K� hlghkbl_evgh� iehlghklb� ijb

l_fi_jZlmj_����K

LZ[ebpZ� ��'�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

ih^ijh]jZffu� 7$%� ��'�� KfZahqgu_� fZkeZ� h[s_]h� gZagZq_gby�

IhijZ\dZ� gZ� baf_jy_fmx� iehlghklv� hlghkbl_evgh� iehlghklb � ijb

l_fi_jZlmj_����K

LZ[ebpZ� ��'�� Ijhp_^mjZ� j_ZebaZpbb� ^ey� klZg^Zjlghc

ih^ijh]jZffu� 7$%� ��� '�� KfZahqgu_� fZkeZ� h[s_]h� gZagZq_gby�

IhijZ\dZ�gZ� h[t_f�ijb� l_fi_jZlmj_� ���K� hlghkbl_evgh�iehlghklb

ijb�l_fi_jZlmj_����K

Wlb�ba^Zgby�\j_fy�hl�\j_f_gb�i_j_ba^Zxl��?keb�\�wlb�i_j_ba^Zgby

\ghkyl� ihijZ\db �� lh� Bgklblml � g_nlb� m\_^hfey_l� h� gbo�� b� \uimkdZ_l

baf_g_gb_� d� wlhc� qZklb� BKH� ��� kh� kkuedhc� gZ� wlb� ihijZ\db� b� ^Zlm

i_j_ba^Zgby��Ihevah\Zl_eb�^he`gu�[ulv�m\_j_gu�\�lhf��qlh�hgb�bf_xl

kZfh_�ihke_^g__�i_j_ba^Zgb_�
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Kibkhd� hi_qZlhd� [ue� him[ebdh\Zg � Bgklblmlhf � g_nlb� \� yg\Zj_

����� ]h^Z� b� jZkkueZ_lky� \f_kl_� kh� \k_fb� dhibyfb� klZlvb� ��� h

iZjZf_ljZo�g_nlb��Ihevah\Zl_eb�gZklhys_c�qZklb�BKH����^he`gu�[ulv

m\_j_gu�h�lhf��qlh�\�kibkhd�hi_qZlhd�[ueb�\g_k_gu�ihijZ\db�

3.2 LZ[ebpu� ��:�� ��<� b� ��'� �� ba� \ur_mdZaZggh]h � i_j_qgy� lZ[ebp�

^he`gu� [ulv� bkihevah\Zgu � ^ey� ijh\_^_gby� ij_h[jZah\Zgby� gZ� hkgh\_

gZ[ex^Z_fuo �ihdZaZgbc �Zj_hf_ljZ�beb�baf_jy_fuo�agZq_gbc�iehlghklb

ijb� l_fi_jZlmj_� bkiulZgbc� hlghkbl_evgh � iehlghklb� ijb� l_fi_jZlmj_

20 K�� ?keb� ih� \oh^ghc� i_j_f_gghc � ihemqZxl� agZq_gb_� iehlghklb

kdhj__�� q_f� ih� ihdZaZgbyf� Zj_hf_ljZ�� �� b� �� klZ^bb � ^he`gu� [ulv

hims_gu�� K_jbb� lZ[ebp� ��:�� ��<� b� ��'� � ^he`gu� [ulv� bkihevah\Zgu

^ey�jZkq_lZ�dhwnnbpb_glZ �ihijZ\db�gZ�h[t_f�^ey�\g_k_gby�ihijZ\hd�gZ

h[t_f�ijb�l_fi_jZlmj_�bkiulZgbc �\f_kl_�kh�agZq_gbyfb�iehlghklb �ijb

l_fi_jZlmj_� ���K�� Ijhp_^mju�� ij_^klZ\e_ggu_ � \� wlbo� lZ[ebpZo�

h[mkeZ\eb\Zxl� bkihevah\Zgb_� ijhp_^mj�� mdZaZgguo � \� lZ[ebpZo� ��:� b

��<�� gZ� dhlhju_� k^_eZgu� kkuedb� \� BKH� ������ b� gZ� gbo� ^he`gu� [ulv

lZd`_�k^_eZgu�kkuedb�

IJBF?Q:GB?� ��� >ey� ijhp_^mj� j_ZebaZpbb�� hlghkysboky� d

ij_h[jZah\Zgbx� ihdZaZgbc� Zj_hf_ljZ�� bkihevamxl� dhwnnbpb_gl

h[t_fgh]h� l_jfbq_kdh]h � jZkrbj_gby � ^ey� kl_deZ�� jZ\guc� ��� × 10-6°K -1.

Wlh� agZq_gb_� \� g_agZqbl_evghc � kl_i_gb� gb`_� khhl\_lkl\mxs_]h

agZq_gby�� mdZaZggh]h � \�BKH� ������ jZ\gh]h� ��� × 10-6
�K

-1
��Wlh� jZaebqb_

dhwnnbpb_glh\� g_� y\ey_lky� agZqbl_evguf � \� kemqZ_� jZagbpu� [hevr_c

qZklb� agZq_gbc� l_fi_jZlmj �� ihemq_gguo� gZ� ijZdlbd_ �� <� wlhf� kemqZ_

fh]ml� [ulv� \g_k_gu� ihijZ\db� iml_f� \uqblZgby� ������ ���� 5
�Θ����� ba

agZq_gbc�ihdZaZgbc�Zj_hf_ljZ�i_j_^�ij_^klZ\e_gb_f �lZ[ebp���:����<�b

��'� b� \g_k_gb_f� agZq_gbc� \� khhl\_lkl\bb� k� ihdZaZgbyfb� Zj_hf_ljZ� b

BKH� ������� ]^_� 5
� ij_^klZ\ey_l� kh[hc� agZq_gby� ihdZaZgbc� ]b^jhf_ljZ�
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b� θ� ij_^klZ\ey_l� kh[hc� agZq_gby� l_fi_jZlmju� bkiulZgbc�� _keb� f_`^m

aZbgl_j_kh\Zggufb� klhjhgZfb� kms_kl\m_l� ^h]h\hj_gghklv � h� lhf�� qlh

agZq_gb_� jZagbpu� l_fi_jZlmj � �θ� ����� y\ey_lky� ^hklZlhqguf� ^ey� lh]h�

qlh[u�hrb[dZ�\�bghf�kemqZ_�kqblZeZkv�agZqbl_evghc �
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IJBEH@?GB?�:
�bgnhjfZlb\gh_�

;B;EBH=J:NBY

[1] BKH������������Ihkm^Z�eZ[hjZlhjgZy�kl_deyggZy��:j_hf_lju

h[s_]h�gZagZq_gby��QZklv����L_ogbq_kdb_�mkeh\by�

[2] BKH�����������:j_hf_lju�kl_deyggu_��KlZg^Zjlgh_�agZq_gb_

dhwnnbpb_glZ�h[t_fgh]h�l_jfbq_kdh]h�jZkrbj_gby��^ey

bkihevah\Zgby�ijb�ih^]hlh\d_�lZ[ebp�iZjZf_ljh\�`b^dhkl_c��

[3] BKH�����������G_nl_ijh^mdlu�`b^db_�b�]Zahh[jZagu_�

KlZg^Zjlgu_�mkeh\by�baf_j_gbc�


