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�����������FMECA�ALARP�k-�ÌÍ������ 

ABSTRACT 

An efficient flight-safety risk assessment model using the lowest cost can 
reduce flight accidents and the loss. The model includes two parts, risk 
measurement and risk analysis. If the flight-safety risk factors can be strictly 
monitored and the appropriate measures can be adopted while failure occurred, 
flight accidents will be greatly decreased. Due to the serious defect of using the 
RPN, which was calculated from the product of the scores of measurement 
factors, the traditional FMECA principle is not applicable to the risk analysis of 
aviation industry requiring much higher safety concern. Thus, we developed a 
model applying the coordinate combination method and the Euclidean distance 
formula to combine the scores of measurement factors to measure the risks. Also, 
we modified the ALARP approach to establish the risk analysis model. Then the 
operating of the risk analysis diagram (RAD) was interpreted. That is, an elastic 
monitoring/controlling mechanism would be established to timely monitor the 
status of each risk factor. Hence, we first obtained the scores of each 
endogenous measurement factors of each risk factor screened from the expert’s 
questionnaire survey. Next, we employed the statistical k-σ technique to draw 
the RAD for each risk factor. A practical study for technological risk factors of 
flight-safety was presented in this paper. By operating this model, the risk 
manager can appropriately adjust the k parameter to set up the upper-bound 
threshold of level of risk to efficiently monitor the risk level and adopt the 
corresponding measures of risk treatment to find out the extraordinary hazards 
as early as possible. In this study, the quantitative risk analysis method was 
used to measure and cope with the risks. This is different from the conventional 
manner of the qualitative risk analysis. So, the contributions of this study may 
provide help for the related departments in civil aviation to manage the risks of 
flight-safety. 

Key Words: Flight-safety risk assessment; FMECA; ALARP; k-σ; Coordinate 
combination method 
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!�"# $%%&&'()�����*�+,-./01�������2345+

678��9:;
<=>��?@�ABCD+EF;GH?@3IJKL"MN,O

PQR��ST (incident) "SK (accident) UV�W5X��YZ;
<��?@AB

CD�[-\]+^_`abc�d�ef+ghU+����9:iEj\klmn�

op�IqrsCD�d+EtcuPv�w�+xy	kl���[-z{�|3kl 

(risk) r}�~�Z������� [1]+0��E���r�~�+������ Bell�

Schleifer [2] �_Y
� Risk Management (1995) r�Z�����~� riskx#�}+[

? risk��	r#��� ¡¢£�¤¥+-��r~�¦	§¨©��+Yª«?Sd

¬"?­,®+¯°± Webster ²³´�~�µ¶-·¸ (1) �7¹º�»¼"¼N��
½(2) �7i¾�¼N¿ÀxÁ<ÂÃ�Ä�Åkl�]Æ�YÇ+kl�ÈÉÊiËÌ
Í�ÎÀ�mÉ [1,3,4]+ÏÐÑ�imµËklÒÓ�ÔÕ7[Ö×ØÖklÙËÚ�Ûi

m ��ÜÝ�ÞßklÙËàl�á7�â�ãä�åæklÙç�è7é��Â~k

l�Üê�§Üêkl�ëì�íìkl�îï×ð�klHUm+xñklmÉ�ò\

óôõö[��õöw�,~� 

wV÷Iqø��ùú�§ùúû���klmnopÌüýþ [5]+þ�¾�t�b

c���cuPv�¾�$iÐ�U+�.	
àºmn (PHA)�KLàºmn (FHA)�

��àºmn (OHA)�N�
mn (FTA)� i�Àmn (HRA)�KL�Õ���mn 

(FMEA) H+7ñÔ��Í�®+¶	Y�����"���7
��+"�	Ymn�

w�ÌÍ,÷�|3��û���klmnÔ�ò\_��ò ��U!�+i"#�

1981 $ Hathaway H  [6] ;��%òû�&'()*��õö+¦	j\ FTA Ô�*ø

&'N(�+?�,�-a./KLUã�YÇ+0±123 (4 90$) 
5+ò\_�

�ò Ô(�û���klmnÔ�iÐÉ67ÈµPHA�SSHA (û�×8û�àºm

n)�IHA (9(àºmn)�OHA�FTA� FHAH�YZ PHA� IHA:\3û�;<�

�+SSHA�FTA� FHA:\3û�,=��+IHA� OHA6:\3û�eQ��+,

:\3û������67 OHA� FTA>È+Ì?�9m$	E@Ãmn6[� 

ABkl��¤¥�C�\_DE4FÝ��G���!�i�	HI$J7U

S+¯IK	X_L�E9Õ�§�0ÕFMNO���PQRSÕ�kl���� [7]+

K|TDEU�G�kl��UõöVW$�X3@ÃYZ�mn"SKIJ[�\?

]^�_%+.ßí`�abcH�def�dgh�i7j�dklH+mnMoËk

l�ÎÀFò\ùúop�p�klÒÓ�dUqe�mn� [8-13]+6çr¾Iqrsò
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\ùúop�p�DEG�klsùU¢Õqe+tIubv���¾wG�STxy3

�z��UZ+{7|3U�N}UG���,~�G���+��G�SK�¯-qe

r45�G�klÒÓ�d+�-US�_3G�kl?@�0~+EF./�sù�m

nkl+Ôi±E�qøU��klX��klCDP�+?ç+�Vw�[-_3eq

ri��ùúG�klÒÓ¢Õ+t±ç�sùkl�mnkl����V�q�m�#

9mµ�r���+/¤5kl�~��M9klmn�é�mÉ�+���F�ò �

�!klmn�ò\¤�+t��V¢Õ¤¥U9�Ù�>����V¢ÕqeUÔ�×


�Ù���6p��C­���×��Ù�[�r��×e�� 

1.2 ���� 

4D 79$i²f [14] �kl¤¥�pDEò ������U[+^��7��ð

�U�õö+.��������i²fHI U�ò û���klmnÔ(��V

 [15-18]�,klmnop¡ò\_DEF�ò ��U!�+6i"#�4D 88$�¢�

�94F£�G�kl��dÀUef¤6��¥�Ur\¦ [19]+çè�ÑDE
F�

§¨;kl��op�¥ô�Z©F�§¨34D 88 $�^�prsG���klÒÓ

û� (FORAS) [20]+ª¢���;«¬­�G���®¯U"°+,±²Y,Å�û��

 ­U��³´×µ+�p�z^,�ø:{�¶5·�+Et���G���MNUw

��FORAS	�3GF��¸1 (FOQA) =¹�r9m+¦	j\STA¥À�STI

J�i¾ÃÁ#�À
qR�klº» (risk matrix)+�mÉøG���!
IJ�G�

STÇ¼�=½kl¾Ú (risk index)+¿�6mnG���kl�éÀ+x	DEF�§

¨ò\ùúklmn3G�kl��!�vÁ�+G§¨÷�çû��ÂÃÄ�­��Å

ÆÃ�¥-�¿Ur�_Ír���ÇÈF�§¨è�prs Airbus §¨
ÉIUÊ!

��CDû� (LOMS) [21]+ª¢ËÌG�®¯Í (AFDR) �F�Í��CDû�(ACMS) 

�YZ+�p�ÎëúYÏ�Ð;mn+EÄzÑøG�®��IÒkl
_+t�pr


¶5ë�+E~ÓG���CDÔ��6��!�ÕÖ� 

D� EvansH  [22]+Ale� Piers [23] m�~øE���61lÚ�UklÖ¥�]^

×D�Ø§Ù��Ú� (public safety zones, PSZ) ��P+YE�Ø6Z�ÔÛ�§ÜU

uÝ6 PSZ+]^ç PSZ Þ4�ßàá¿À�klâ+m�efSKÇ¼�SKÚ��

SK;¢H�#8¢Õ+t0± Jones-Lee � Looms;Þã_×Däå Gatwick � Luton

�Ø PSZEÞ4
p��æ*´Ñ+�çèS 60� �ßæ�é6 10−6�klâ6G�3

G PSZEIJSK�klêßâ�ë� Evans [24] ìí\×D 1993$
§î�ãï��S

KUJðñâò 744,000×ó6F�SKJðñâ+tÔ?R��ômn�õ~ PSZE

Þ4�klÒÓ�ö~klDdP��def [10] è~øÉ÷�õö+YEDEøù�Ø

úã6Z�+��ûü6g 4.8§Ü�ý 3§ÜºþÚ�U��� ���klp�Ó½+

�� 10−3� 10−4>#H�Êklâ+èSÐD��Ø�HU# klâ���+KYe

��í�kl;�P�+.���Ø"���Ø�	d��G
ÚEUã�+"�9mí 
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�1l��
F¶5�âG�HP��HelmreichH  [25] ÙÍIqørsEÊ!����

��  (LOSA) YZ+�mnF�§¨Uû���×��Vú�Ô��6 LOSA 

methodology+tefrs�N���X�¢Õ��	C�F�§¨�G��ê+YG�

YZ��á6��NS´Ñ���r�G�ST���G�zÑ�G�®¯Í (����

8) CDYZ�r�ÃG�CDYZH�È�á+YZ�[rÈ^6 LOSAYZ��[-

�á+¦É÷�D��94F£
d~UF�§¨G�Î���×Î ��û�� 

!DD"#�Ï$ (NASA) 3 1997$E���ZfÎ%[&Î ÃF�����û

� (ASRS) F!D FAA Ê'��ëF����ë=¹ (ASAP)+t()U� ­_7*

À�1+,+�4FN}"F�§¨Î ��G�ST+x-�U� ­���Ø���

 ­�F�§¨�E./­×�0­��1ØH�ç�+23F�ÍG�ST��û�4

¸Z� (ECCAIRS) èefrsª-ÃÎëG���û�+Ep�23
4¸D"U�G

�YZ��g×G�YÏ�Ù5+YZ×D4F£ (CAA) ^?
efU	dÃG�ST

��û� (MOR scheme) ,��3�6�7!��F�§¨�7!��F�G�­8f³

'�!D FAAè3§9 2000$ 11: 21;ÙÍ<$r=�67!��F�§¨G��ë

=¹ (continental airlines ASAP) ��ë7!
ÚF���ST��û�+�6õ~G��

P"GF�d·��¥-°±�7� ASAP�p�
�6µ0~kl�klmn�>�¶

5�ë�7�ÃU0é×?��@p×�Å­�U�klST�âé�sù�#û�UA

��0~û��BÞß�û�ÃHC< [26]� 

DE��94F£è34D 89$	ÕÖD�D�+'��ëOG�Î���Q�OG

�Î ��û� (CARE system)QUef+E?GF0­�GF�d­�F+ ­��G

­�
. ­�1ØHU� ­�Î ��
ÈG�STYÏ,efU�YZH+¶-ß

/ Ô¢!5UÎë��û�,���+��94F£"F�§¨tÌ�±EIXU��

� ­+,J��94F£ì7Þß[ë0±xñ���G�STUS���K�´Ñ×

mn+t�øU�²ö�L��bc�·� [27]�Ç$+��94F£ì��õõ�Øk

l���M [19]+YZ
ò\�klsùÔ�7klº» (risk matrix) ��
�N (tree 

diagram) ��º»��	O;SKUA¥¿À�
i¾IJSK��½�P¸ÒÓµè^

OG�klâQSKA¥¿ÀRSKIJ�½Q+YZSKA¥¿À�SKIJ�½$m

�S+,þR 3 × 3 Uklº» (.T )+t�G�kl¿Àm6 A�B�C�D�E �#

HS+YklÒÓ��.Tµ 

A S�¥ÀµU�Vv�WX�U&¼S

T+�¨��'9�´ÑÙB S¥ÀµU�Vv

3YXSTU¥��YSTÙC SZÀµU¢U

�N}Z]USTÙD S[Àµ\¨]�,+Ì

U7pr
�ëUSTÙE S�[Àµ^��=

!X�UST� 
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1. ��$%&'()*+,-��—./0��$%*12�34�56)789:;

&*+,-��<3=>?�@<�A@ (S1)#3BCD&,- (EFGHIJK)L

56-M)N��@ (S2)#OP,- (FGHIQRJK):;A5)S5T-)N�U

@ (S3)#V�,- (FGHIQRJK):;S52-)WM)N��@ (S4)#2+,- 

(:;HIXY)Z[2+\]<:;S5WM)^ 

2. ��$%_`abc_`def�g)��$%12��g)$%hij��k&�

l—./0��$%_`'<HImnoij��k&de!�)=pqr+s<3=

>?��!�#A1- t_uvwNA2- xy^ 

3. z{j|}34~—./0��$%_`'<	�4�z{_`�A�}j|<3=>

?���k#G1-������k�3�z{NG2-��L�z{^ 

4. ��$%}_`H�—./�A��k�<��0��$%_`}H�+s<3=>?

U��k#W1-�NW2-VNW3-�^ 

m����������./<��;����&��������<�� 19/<

������ K��>¡�� (flight operation risk analysis system, FORAS)<¢	£¤

¥¦§¨©ª9_«¬­��Hf®¯6°i���V<	�±²³�´µ�¶­ K¤

¥¦}A·��¸¹��^º»��������<3m������=>? AgBgCg

DgE ¼@<½¾¿�À��ÁÂ�Ã^ÄÅ FORAS >¡��Æ	
���¯6} K

�?�����} !<�¢Ç��ÈÉ���ÊË�ÌÍÎ?ÏÐ [28]^ÑÒÓ [29]Ôm

&ÕÖ×JØ�HI����&�����<½ÙÚ FMEA®3Û�VÜÝÕ� (RCM)

­ÞßHI¥à&��áâ<ãäØ TOPSIS�&å¶­Öæ RPN}çè^ 
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éÚ��êX����ëìíî3ï<ðñòó¤¥ôØ­ !��}õö<�

FMEAgFTAgFORASg�����®��ÁÂ�÷<ÄÅø3_«?!ù�� !õö<

½V FMEA	äØ RPNúª­Êû��ü<ýþ��ê���}��N�½��	äØ

	%H�}
�­�û��ü<ý
_`êÀ��ü���EÀ���ª�D}EÚª�

�N�i��ÁÂ��L���ö�U
 !�"}��>¡��^��<¢�õö}!

ù��øE��)E�ÚJØ����������<�����©ª��L� !"#

$
����}%&���k<���L�_'()*+},-.�^/9���$0}

Z_<ø	£%&}������9Z[<142d34¢���}���k�56A·

-qH7­cd89��$0<:�;<��$%i=w��>¸)¸¹õK&V<�3

?u@���$0}_`�®A$12��&.�^½Í<LB	HI)¤¥CD��


78 (EFGR7HgIRKJK�÷) &�L>¸�¶øM�A·NH}OqP7�<

78�L>¸56�Q»¢�OqP7�<�cêX}>¸�R<�S½�L©ª}T�

;�<×UVêX0W�k}Xú��^��<��Yâ5!ù���� !ZÉ<×2

d��
����[�\S�_'½�d]4}.4<̂ 89��$%i=w��>¸)

¸¹õK&V<Ô	A
_wü�Þß}`�^ 

1.3 ��������	
��
 

òab�cd_«}0WeÉg��®12�>¡ (FMECA) fg	£0WeÉ®�

�>¡ (FMEA) 9_«�­<ÄÅ FMEA Ë�*h	i 1950 di�Ø�¤¥¦j 4

��&0W>¡�<u" 1960di�[�12�>¡ (CA) ��; FMECAË� [5]<ýE

©	 FMEA) FMECA+k>ø	�lm7Ê)n�Oo}0W>¡?j<u" 1970d

i�p?qrlJ&s%7Ê®n�Oo9�Ø<þj�	t£Ì��
s%}u�g3

4_`0W}eÉ<�c�;��ü} !�" (measurement factors)<EF0W_`'

}12�g0W}_`H�®_`0W'}j|�÷<­>¡¬s%}0W�v×w¬�

�}-x)Öæy8<�z{0W}ã�_`�?us%|wJK}´µ<1s%}S~

��º�����b (RPN) ­��0W�ª}�'�¶<RPN	£�
 !�"& !

üê���^3	ã�}lm7Ê)n�Oo<1����}Ý�]4.4[��Ú<�

��Ø��
�lmg7H)��}�Å,�g�Å0WgTa���g�ØÃ KE�

)©ª�A÷ú�<�_`0W)çA}��<������}���?��EÀ'(�

�}��$0^ 

�£i RPN }JØj�	��0Wå�}���¶<½*+çè�	 !ü&e}

ê�KØ<¢�ê���JØ����� !�
l`�12}çA<��}�}12�

(0.8) P}�}_`H� (0.1) ê�Ù(®}�}12� (0.1) P}�}_`H� (0.8) ê�
Ù(<�Ã} RPNüA� (0.08)<�½����ª�D�	��êÀ}ËÉ^3	���

©ª�	E���¢�ê���}<�?12�� (0.8) }����	�0B�!��X
�®2è©ª}A%<�3P12�}� (0.1) }����êw×B��?"#�¢%�
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�< ëw¬¡A�¢ÝËÉ­£¤¥��Ø RPN ¦?�� !�
l`ê���}ç

è^ 

ãÃ< ë§?â;���� !ZÉ} !�"<�"0W_`'}12�®0W

}_`H�a<¨�E©���� ª}2��g��_`0W'}j|��g0W_`

}«�gc��}0W��	�
}¬­®B>¸¬­}0W¯>�÷�"^��°3_

' FMECAúª�s%g7H®��Í±�Ø��}\S.4<��&ilm7Ê®Oo

��}�Ø^ 

*'<��>¡õö&A}ALARP (as low as reasonably practicable) ��úª [30-33] 	

²�i³ò&�L´µ
�9_«¬­}<�Ød¶�����·µ<ãm��·µº©

ª�}¶�>¸;b%=p (regions)<$%=pø7�½��}qr<��©ªÃ�Q»

Í±}��·µ9¹!}=p­�����º
���ª�D<�� 29/<�>¸;U

%=p (3ºEÀ}¶�>;b%) Ã?µ<����>&?¿»3¼T=p (broadly 

acceptable region, BA-region)g��Úª��½=p (as low as reasonably practicable region, 

ALARP-region) ®L�¬¾=p (intolerable region, INT-region)<½e}>ô¿�?��

ô��·µÀÁ (threshold)<�V}���v¿ (risk status line, RS-line) �i.Í±}�

�·µ�v<��=p}ÂÃ¾¿��# 

1. ¿»3¼T=p (BA-region)#Ä RS-line¹!�=pd<��©ªÃÅ�ÌÆ0
��

��}��·µ4Ýx��=pó�3<�E¶�ÇÂÈ��@���}ÉK^Ê�0


����ðñ}���k	�iEöj�}�v^ 

2. ��Úª��½=p (ALARP-region)#Ä RS-line¹!�=pd<��©ªÃ�
��

=p&������1[]4<2d3Ë½��·µ}Ìù��<×Í!�ÎÚ; �

Ï���<7�@�0Í±��·µ&ü<�½ÒÐ BA-regionËÐ¼b^ 

3. L�¬¾=p (INT-region)#Ä RS-line¹!�=pd<��©ªÃ�¶EÊ; iÑ<

Ò�����}å�)@���}ÉK<)ÃSÅ��Ó�)ÓxÔJ}Õ�<ÖÕ|

×}��·µíu ALARP-region) BA-region'°��½ØXÔJ^ 

ÍÙ�<��©ª���i+k>}�����ªv�<ø	Úi���A}ª£<

��
EÊ; ®����}-x)@���&y8<Û½	�RS-lineÜ¼b INT-region

) ALARP-region}�Ýkd<¢�¦�ÜÞß^ 

£i�� ALARP ��� (��àUá���) 	£³òâã�Lk (HSE) i 1990

di9_«¬­��5ª�L}��>¡õö<�V&ä§´�i.��·µÄ´<�å

§´×æ��çYÂÃ<àUá�Ëèé&ê�Üë�Üê<þÅ	�ìí��·µ}Ü

��î^��< ëw¬¡A��>¡� (ïÃ3�ðñ� 7)<m>&��ä§´?ò�

�·µÄ´ó®å§´?ò��ô�Ä´ó&ÂÃ<­�� !�"&S�~c½õ~}

EÀ̂ Ê� ë�ð� FMECAË�V !�"}�~a<×ÙÚ ALARP��úª
�<

�c�Úö÷ñ�& LOSA�R<­������ !ZÉ&â5®��>¡& K^ 
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� 2  ALARP ��� (
��
����) 

��������	
��
 

 øù��������g����®������÷j�KA�Ã<½aãô��


�� !�"P�
Ä´}ÂÃ<�ä'yZÉ&â5P¾¿^ 

2.1 ������������ 

1. ������ (flight-safety risk factors<ú�����)#	Äâ;�L©ªKJ�û¼

üý)e¼FG}����&þÚ<EF»~�� (�H�7H}0Wg�. K}A

�÷3û¼¿Ì®�S¬0W&_`ú�Ã) ®�~�� (�H¯6�²��;�}

��g¯	ëù��÷L�û¼�S½çA)
�Ã)<þ	E��
�5?g¯	g

H�g��<:�½�L�¿»�ö}��øõ&<m¢�»~®�~�L���;	

-q��$%)$0_`}47��<��=w��>¸)¸¹õK�<2dÈ\Sþ

}0W)çA�k<×ch-qþ:;�12}��_`d~�&?����^��<

 ë9w¬&������A�P����A�	ö�êÀ�Ã}<Å	��A�}�

Ø�iÞ�mþ°�?,-~�}õK
ð­�Ö^ 

2. ���� (flight-safety risks)#£i��FG��KJ}�
����<2dø�34

_`0W)çA}�k (�H�®0W12�)<�¢��kmâ;56-M)7H�

,}üý (�0W'(j|�)<�������^½'(,A����
�����

�}FG��<��7¢'(	õ3,�~}^ 
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3. ������ (risk assessment)#�äØ!ù��>¡}Ë�­����·µÄ´<×

�ô�3¬¾®E3¬¾&ô�ÀÁ (threshold) K?��>¡&º»}×��&^þ

EF�� ! (risk measurement) ®��>¡ (risk analysis) �%k><�� !	�

���·µü®����ÀÁ}×�<���>¡�	¾¿3¬¾PE3¬¾��}�

ªú�Ã^ 

4. 0W)çA (failure)#	Ä������&_`E� �)çA}�k^ ëm»~�

L��}E� ���c�~�L��}çA��Ó�&?0W<����}0W�k

3�µ�~��>¸)¸¹õKVÈ_!<��3��"#þ}0W12��^ 

5. 0WeÉ (failure mode)#Ä4öR®"�¬0W)çA_`}�vÃ^�HªÙâ}

#$g_ÉH%r&} KA�g[¹á}L�|w'@)()}*,÷<¢�#$g

 KA�gL�|w'@®*,÷�v<��?0WeÉ^ 

6. ���� !�" (risk measurement factors<ú� !�")#ÄØ­ !����}

µ��"<þ°	â5ZÉ}Ú+�"<>Çö#A?ó` (endogenous)  !�"<

EF��2��g0W'(j|�g0W¯>�g��$0_`H�÷<×�7�ö�

"} !ü��,eó×E
çÂÌÉ<µ��
����}2��AvÌ�<�½�

�,eóÝxEÌ<×E2��©ªÃ&Â-)�� K�çÂ�Q (ý��½v×A

�,e'��>ß��Q&)^�?a` (exogenous)  !�"<EF0W12�®0

W_`«�<�ö�"} !ü
2í0
����B>¸'}Ù(&EÀ�2d�Ì

É<µ��
����&ñ'Ça>¸Ù(<½0W12��34EA�<¢�~
F

Gu0W_`«�}ÌÉ^ 

7. ��ô� (risk gradient, RG) Ä´#£ó` !�"& !ü9¯Ú�;<þ	���

�·µÄ´}Ú+^RGÄ´}��3Ø­¾¿���������>¡�}X.~<

RG Ü�./½�
ó` !�"& !üê�®/Î�<00����~/ RG �Ã

Îö�X.~^m9����� RGÄ´ü}+sº¶å���À�ô�}����u

&^ 

8. ��Þ� (risk magnitude, RM) Ä´#£a` !�"& !ü9¯Ú�;<þ�	�

���·µÄ´}j�­²^ 

9. ��·µ (level of risks, LoR) Ä´#	£��Þ�Ä´QÚ��ô�Ä´'9�;<Ø

­"�������&���vÃ^1 LoR üÜ�<�./0
����Ü��j�

�vN &<�Ü���L�v^ 

10. ��2�� (importance, Im)#	Ä��������L©ªKJ�9��}Ñü>!

/2)94_'}0ì��<�HªÙâ�����©ª�}0ì/2�&^1½0

ì��}�<~./0����} Im}�<½ê�}���ªv�~�Î?11N 

&�./0����} ImÎ�<½ê�&���ªv�~Î?ê2^ 

11. 0W'(j|� (severity, Sm)#Ä������i_`0W'<½34:;'(j|
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}üý��^Sm}+s3+�56}WM®2+7H},A<s�OP}T-)34

}�,÷^1�
����i0W_`':;-M),A}��}+<�./0��

��} Sm}�N &�½ Sm~}�^� SmÎ�Ã<½ê�}���ªv�~Î?1

1^ 

12. 0W¯>� (detection, Dm)#Ä��>¸)¸¹56	�4�}¬­®)}5¯®È>

¸¬�
����m_`0W}��<EF>¸¬½_`0W}ú�geÉ®12�

÷�&<Ê�����½3B>6¬0W�k}¯­��^1�
����}¬­®

~B>¸¬½0W�k<��0
����} DmÎ�N��½ Dm~Î�^DmÜ�

./½7�jHÎ+<½���ªv�~ê�®�Î?11�^ 

13. ��$0_`H� (probability, P)#¢	ÄL8~��$0}_`H�<	Ø­��

�A,e (�Ad) óL8_`¥¯$0})Å�^ 

14. 0W12� (criticality, Cm)#Ä�����>¸)¸¹õKd<�$
����&0

W�k9�EÀ12��}=&®:;<^<i
�EÀ}12�v���EÀ}�

ªy8Ã�&^A�3m0W12�>?b%÷@ (�¼@)<½V*�@�i. Cm

?*�ÃN &<�i. Cm?*�Ã^µ�3m()ò=#ó�k�õi*�@}0

W12�<�m()òOP*,ó�k�õi*�@}0W12�^CmÜ�./Ü�

0>�]4�
����^ 

15. 0W_`«� (frequency; Fm)#Ä�$���! (�?���@Ag�Ødeg?�

��sd)]4,e÷) ó�
������_`0Wab}�Ê�R<þ3BCE

À} Cm��>&Êû&^FmÜ�./0
����Ü¶�1[]4^ 

2.2 ������� !" 

 ëDEK��� 3 9/<j�E©U%k>#(1) ù�?������}Ì�<×
Èî�E<ëì%��FS��A$}´%V<Qª¬��FG��$0}��<Å�G

HÃ}�ö�?IJ<�K¨L�A}>ö´µ<�YkFG��}����Y½&S<

��LMA�̂ ?� ëj�ð�ò±¥JN
 (IATA) & HOMEI>ö´µ [12] V}H�

öK?ÍµÞß}qr<×O×Ç��}PG�Q�¸<�A���RS¬�Ø}��H

����� ( ëÓ������&)^(2) 
���9RS¬­}�������
ó`
�� !�" (EF Im<Sm® Dm)  !§ï&PG�Q�¸<�QíTQª'ãäØ�

Êfg�¬�
ó`�� !�"}UÓ !ü ( X ) ®´µV (S)<�[�$0H��" 

(P) �����ô��ô� (RG) Ä´ÀÁ}â5^¼íäØa`�� !�"& !ü
(EF Cm® Fm) �Êû¬��Þ� (RM) Ä´^*'m RM Ä´ÙÚ RGÄ´���¬�

�ô��·µ (LoR) Ä´ÀÁ<�â5¬�� !ZÉ^(3) Wn�
����&��>
¡� (RAD) �����>¡P K¾¿<*'KAÍµ&Þß^ 
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2.3 ��������	
� 

 ë&���� !ZÉj�	£Ç���Ä´9¯;#��ô� (RG) Ä´®��
Þ� (RM) Ä´^½V RG Ä´Ô£ó`�� !�"} !üäØ§´¯Ú�9¯Ú�

;<� RMÄ´�£a`�� !�"} !ü9¯Ú�;<*'ãm RMÄ´® RGÄ

´QÚ[­�;��·µ (LoR) Ä´<½QÚ
��� 49/^��)��~§´¯Ú�

¾¿&^ 

       

 � 3  �������	� � 4  ��
��
����� 

2.3.1 ���� (RG) ����	 

§´¯Ú� (coordinate combination method) &¯Ú
��� 49/̂ ½V RGÄ´	

£ ImgSmgDm® P÷�
ó`�� !�"}%& !ü<�º§´¯ÚË��;��

ô�¥e (risk gradient space) �<�À� 59/ (X#��ô�¥e��?�Ý¥eÃ)<

ãQ»YÚZ[@A (Euclidean distance) CÉ�Êû¬ RGü^\]�û×���# 

ù�Êû�
ó`�� !�"&UÓ !ü mX ®´µV X
mS <UÓü mX i.^p

PG°�0
�� !�"PJ§ï}þV_�<�´µV X
mS ~i.^pPG°�0


�� !�" !ü}A`��^¼íäØÉ (1)gÉ (2) �¬�
����&$
�� 
!�"&��ôÀÁ ( L

mX , U
mX )<µ�1��2��}UÓ !ü? mI ®´µV? I

mS <

� ( I
mm

I
mm kSIkSI +− , ) �?� m
����2��&��ô !ÀÁ^ 

� X
�� !�"&�ô !ÀÁ )( X
mm

L
m SkXX ×−=  (1) 
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� 5  �������	
���
 

� X
�� !�"&�ô !ÀÁ )( X
mm

U
m SkXX ×+=  (2) 

½V<k ?��>¡&47a�ðb^X i.ó`�� !�" ( mI ) mS ) mD ) &

ÌbNm ?� m 
����^¼í<äØ� 5 &§´¯Ú�m9�ó`�� !�"}

 !ü¯Ú; nÝ��¥e� (n = �� !�"%b)<�V}$Aè�i.%&���

�}��ô�Ä´ü<½@Aúè (Ä��ô�? 0.0 &è) )*s�� !èÜb~.

/½��ô�Ä´üÜ+<�V Gè (´µù×') �?��ô�Ä´*+}Aè<þ.

/	*ö���v}Aè<)�Ü¼b G è<½ÜöX.~^9�m9�ó`�� !

�"�ôÀÁ¯Ú (combine) [­<�?0 m 
����&�ô��ô�Ä´}§´ 

),,,( PDSIRG L
m

L
m

L
m

L
m NÀ�®<m9��ôÀÁ¯Ú[­<�?�ô��ô�Ä´}§´

),,,( PDSIRG U
m

U
m

U
m

U
m ^*'<ãäØYÚZ[@ACÉ�É (3)gÉ (4) &½É<�3Êû

¬�¯Ú§´ ([ PDSI L
m

L
m

L
m ,,, ], [ PDSI U

m
U
m

U
m ,,, ]) Púè§´)*s !è§´}��ô

�Ä´��ôÀÁ ( L
mRG , U

mRG )<�ÉV>ck>�?´µùÉ"^ 

( )
( )∑

∑

=

=

+−

+−
=

X
x mm

X
x m

L
mL

m

xx

Pxx
RG

1

2minmax

2
1

2min

1
,   m∀   (3) 

( )
( )∑

∑

=

=

+−

+−
=

X
x mm

X
x m

U
mU

m

xx

Pxx
RG

1

2minmax

1
22min

1
,   m∀  (4) 

���x�����	
�� ( mI 
 mS 
 mD )�P���������������



������� �	
��� �
�� ���
��	��

�158� 

��� 0.0 ~ 1.0���m�� m���� � max
mx 
 min

mx !"�#� x���	
��

$%&	
�'%(	
��)%(	
�*+,�-./�0123 (0.2, 0.1, …)�4

,56�#����	
���	
�78�%9+:�;<=>��	
��	
�?

9� 0.2/ 0.1�@A,B�CDEF/EGHI�JK�LMNO%(	
�*+P�

-.Q) RGR+S�TU (<VW-.TX)�=>Y���� $Z[�TU�\]?

��!^_`ab$cd�<=>��efgThijklm$Zn (3oplm$qc

r
st/u�vwx) �yz{|}U RGR+$��� �b�~���=>Y��

�� $Z[�}9�<=>��efg��#�}Ehi�p}m$Zn������

 �b�Q��LJ����� 

�J�L�  �{|������	
�� (�� mI 
 mS ' mD )����������

5 ���>c�$��Q��7� m ���� �i�	
�$S�� ( L
mI , 

U
mI ) = (0.40, 0.55)
���� ¡�	
�$S�� ( L

mS , U
mS ) = (0.45, 0.75)���¢

£�	
�$S��( L
mD , U

mD ) = (0.61, 0.78)�¤������ = 0.06�����¥�

R+$*+12 (¦�§���) � ([ L
mI , L

mS , L
mD , P], [ U

mI , U
mS , U

mD , P]) = ([0.40, 0.45, 

0.61, 0.06], [0.55, 0.75, 0.78, 0.06])�P%(	
�*+�-. ([0.0, 0.0, 0.0, 0.0], [0.0, 

0.0, 0.0, 0.0])��Y���� $��¥�R+�¨b©ª«�  ( L
mRG , U

mRG ) = 

(0.429593, 0.607659)Q 

2.3.2 ���� (RM) ����	 

��¬� (RM) R+$­�®i¯°±���	
��$	
�²*+12³´1

2)sQµ¶b RMR+·¸¹°��£º/º»¼���¹�]���$½�@A'�

���¾�¿À8Q�ÁÂ��£º����½�� (Cm) $	
¼�EL���ÃÄ�
����¾�ÅFÆÇ�� RMR+$&(¯Èu?ÆÇ$�ÉÊ,ËÌ�LÍ��$�

�½��	
�ÎÏÐ¿'�#¦$����¾��ÑÒ¯��!^_Ó`$Ô:

(basis)�;<ÁÂ$��£º¼�N_ÕÖw×�ØÙ}��ÚÛ�78$ª«�<ÜP

�#¦$��ÝfÞß�3�Ò³�àc�Láâã��efg|	
R+,�äå�æ

Láâç,èéêë�ì����/íî� $ïðQ 

ñ�ò���� ���½��$óô�tõ7ö3÷= 1ø���ù��� ��

ú£º=ûJ�ü�µýÒþb,O��½��!�E�v� (3�v�)�Á�v�,Ü

�cá�°£º/º»��	
�£º¼���3��½��èéø	
½�ü$@��

��8�����
èéø
½�ü$@���8��§�
èéø��½�ü$@��

�8����
èéø��½�ü$@���8����
èéø�E½�ü$@���

8��L�vQ)?��!^b,BÀ�g�hiO�E�$v�!"�����!^�

�ò�E�$S��3���'�§����%b�$ INT-region����'�����

���$ ALARP-region��L����%¨�$ BA-regionvQ/gÅ,ËÜP��	


(<���.) $á�¿óô�£º¼�Qb��zóô��½��$á�Ï�,���¦
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Y?� ¦à�!<"8¤E#$ÆÇá�<,��%&O���½���	
¼� (�

.) _�#¦$��¾�'�*+$12Q 

���RMR+�()Å¯Oò�±���	
��$	
�²*+12³*�12

��&+à� (5) ö,k�_-.*+/%(	
�*+$-Ô./VW�<� RMR+

����*+12�>c�3� 6 (+:0�)Q 

 

� 6  �������	
�� 

( )
( )∑

∑

=

=

−

−
=

Y
y mm

Y
y mm

m

yy

yy
RM

1

2minmax

1

2min

,   m∀    (5) 

���y�±���	
�� ( mC / mF )�m�� m���� � max
my 
 min

my !"

=>� y�±���	
��$%&'%(	
����!12!��+:0��Q&�

L���� 

�J����7��½�� mC = 0.55 '����¾� mF = 0.70�����¬�12*+

� mRM (0.55, 0.70)�ç7���½��%&	
� max
mC = 1.00
��½��%(	


� min
mC = 0.00
%&����¾� max

mF = 1.00'%(����¾� min
mF = 0.00��

Ob���34� (5)�,ô RMm = 0.6295Q 

�%�5k¨b©��6:R+ª«ê7Ò��!^��89b:´5k�¨b©

RGª«' RMR+�!"34� (6)
� (7) �� (;<÷=>�) �<,óôQ 















+
××=

U
m

L
m

L
mmL

m
RGRG

RGRM
LoR 2 ,  m∀   (6) 















+
××=

U
m

L
m

U
mmU

m
RGRG

RGRM
LoR 2 , m∀  (7) 
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��� L
mRG 
 U

mRG !"�¨b©��¥�ª«� L
mLoR 
 U

mLoR !"�¨b©��6

:ª«� mRM ��Í�����¬�&(/ÁÂ£ºÛ����¬�&(Q 

�J���?@�J��AB L
mRG = 0.429593
 U

mRG = 0.607659�ê mRM = 0.6295��O

���34� (6)
� (7) ��<,ô¨©��6:ª« L
mLoR = 0.521433 êb©��

6:ª« U
mLoR = 0.737567Q�±��7��Â£º�¼����½��¹CD mC �

= 0.75�¤����¾� mF = 2ÂE365F = 0.0055�� mRM (0.75, 0.0055) = 0.5303�

¤Gàt�� U
mRG ' L

mRG ���ô U
mLoR = 0.621389
 L

mLoR = 0.439299�;< RS-line 

= U
mLoR  = 0.621389���HÚÛb©��6:ª« U

mLoR = 0.737567��U�¨©�

�6:ª« L
mLoR = 0.521433�´Ë RS-line¯I4 ALARP-regionQ 

?��!^������¥�R+$S� ( L
mRG , U

mRG ) JKTLMN*+O$PQ

(<T�M 1.0)���#¦���6:R+S� ( L
mLoR , U

mLoR ) JK�FÆôTRS�;

<b©��6:R+�ª« U
mLoR FTô}9�UVW�$��£ºXÒ�iY±qc�

���� $��Ó`XÒ� (Zg,*�#[� 7_� 8)Q 

2.3.3 �������� 

O��_±���	
��GËS\�)!"]G��!^� (risk analysis diagram, 

RAD) (;<÷=) �N*+���¥� (RG) R+�Ëê^*+���6: (LoR) R+$

cd��y��R+¯{|_`Za$�) RAD�$b7|+���Ó`XÒ$'�Q 

+àJ��´óô$¨b©��6:ª« ( L
mLoR , U

mLoR ) = (0.521433, 0.737567)�Ë

ê¨b©��¥�ª« ( L
mRG , U

mRG ) = (0.429593, 0.607659)�<,b7k�� RAD�c

d�¿ef/»#ÁÂ��£º	
$¼��)¤ RAD�,ág���efg$Bì!

^_efQ;<&Â£º$¼��ô� L
mLoR ¯9� 0.521433$h��=>Y���� 

¯Ý? BA-region $ij���efgcEhiÜPkl��ÝfÞß��m� 2 �$

RS-lineI4 BA-regionQ)��£º¼�� U
mLoR ¯U� 0.737567$h��=>Y���

� ¯Ý? INT-region$ij��u RS-linegI4�S���)��efg�¦Y�f

�ÜP´|,Ëno/p9�U��ij$kl��ÝfÞßQ��£º��¼�¯��

�����$h��=>Y���� ¯Ý?�� ALARP-region$ij�yuq��e

fgrh½YÓ`�S�$��ij (3stÓ`$Âu/vwÓ`$Í�v)�ÑxEL

8iybÜPklp9��$ÝfÞß�,¯��£º	
�z�Mb©ª« 0.737567

$h���ThiÜP{|}�$j��Ë~�ÈuFTÛ U
mLoR �)st�? �$�

�Q�Ob�����	
���()_�� RAD�$b7á³�Lµ����Q 

������ 

°���Òþ
��m��
Fq
1�'�ùv�xÈ��� �ÃÄ)­��m
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E�8������efÒþWW�òzE�8�)�$���
i������
i�

E�ÚÛ78$��©��)+à����� ����u´ð?�$��6:����

¿tËefY�
i��,�����Ò�����	
_!^$²9��������

��$���²� 3���'�Q 

3.1 ��������	 

°�ÃÄ��$��� 	
�m�òõ�$��E����tõ�89�¶���

F (IATA) $ HOMEI (human
organization
machine
environment and insufficiency) !

��$�ù (machine) � �Ëê;H��2���´a8ø����ef;H� ü�

�¡
ø���É¢£��£ºa�ü���êø¤�£º�  V3.0üv [19,27,34]�!�¥

¦kÃÄ����ù��� �3= 1 ��¡§Q�L¨©ª�k 47 «¬­ (Y�3÷

= 2)��®#¯�����°±��®e��
²³_´µ¶J
���®e'þý��

_��·�F��v�|¸¹º�� 80.9���%O¬­»º¼�
0Ýf�7¼¦ø|

ÃÄüg� 3!�ø½c¾üg� 2!�ø¿|ÃÄüg� 1!�¹Àö!^�ÎÏ�


+:Á'ÂÃS�3= 1´>�tõPÃÄª«�&� 2.50!g (��|ÃÄg_½c¾

g����) =>Y���� {|ÃÄ�)ÄÅ��²�-�� 7
9 ����� $

ÂÃS�¨�|�ÆÙ 2.50Ç(g (®��ÎÏ�	
�M 2.50¤+:Á}&´�)��

GËÈÉ�Q�Â�&H
Ê�ËÌÊ$�0)Í3hiÎs/ÏÐ$���ÔtbËÒ

%ÑÆÇ�-�¨�¹Òf�ª¥¦kÓ§����ù��� 3= 2�´>Q 

� 1  �������	
��
������ 

�      � ��� ��� 	
��* 

1.
����������������� 2.87 0.47 2.76 ~ 2.98

2.��� �!"#$���%& 2.87 0.47 2.76 ~ 2.98

3.'()*+,-. 2.89 0.39 2.80 ~ 2.98

4./012-. 2.84 0.49 2.72 ~ 2.96

5.3�45-. 2.87 0.41 2.77 ~ 2.97

6.���67 (89:;<:;=:) 2.63 0.59 2.50 ~ 2.77

7.>?@ABC-. (DEFGHI) 2.53 0.76 2.35 ~ 2.71

8.0J-. 2.87 0.41 2.77 ~ 2.97

9.KLMN-. 2.53 0.80 2.34 ~ 2.72

10.OP�  2.97 0.16 2.93 ~ 3.00

11.Q�3R-. 2.92 0.27 2.85 ~ 2.99

12.ST%&OPUKV 2.76 0.54 2.63 ~ 2.89

13.WXYZOPU[\] 2.76 0.63 2.61 ~ 2.91

14.^_U`%ab 2.66 0.67 2.50 ~ 2.82

*cdef� α = 0.1g 



������� �	
��� �
�� ���
��	��
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� 2  �������	
��
������������������ 

�  �  �  �  �  �  �  � 
��	
(RGm), k = 1

���



(Im) 
�����

�
 (Sm) 
����


(Dm) 
�������� (m) 

��� ���������������

��

��

(P)
 ! 
"# 

$! 
"# 

%&

'(

F1�)*+ 0.80 0.14 0.83 0.12 0.64 0.23 0.0198 0.5282 0.7944 0.2663

F2,-� 0.81 0.12 0.79 0.14 0.55 0.19 0.0198 0.5075 0.7572 0.2497

F3./0123 0.74 0.15 0.71 0.17 0.47 0.20 0.0198 0.4254 0.7110 0.2857

F4�45678 0.81 0.12 0.79 0.14 0.52 0.18 0.0198 0.5021 0.7435 0.2413

F59478 0.72 0.16 0.69 0.17 0.48 0.19 0.0198 0.4083 0.7017 0.2933

F6:;78 0.72 0.15 0.70 0.16 0.45 0.19 0.0198 0.4122 0.6936 0.2813

F7<=78 0.74 0.17 0.74 0.15 0.46 0.20 0.0198 0.4268 0.7190 0.2922

F8>-?@78 0.63 0.20 0.62 0.20 0.48 0.19 0.0198 0.3350 0.6744 0.3394

F9ABCDBEF78 0.75 0.14 0.78 0.13 0.48 0.15 0.0198 0.4724 0.7111 0.2387

F10GHEIJKL78 0.84 0.10 0.83 0.13 0.49 0.22 0.0198 0.5290 0.7602 0.2312

F11M;CNO1PQ78 0.70 0.16 0.71 0.15 0.49 0.16 0.0198 0.4227 0.6871 0.2644

F12RSKL78 0.74 0.14 0.77 0.15 0.43 0.20 0.0198 0.4474 0.7130 0.2655

F13TUVW78 0.70 0.15 0.69 0.17 0.45 0.18 0.0198 0.4004 0.6826 0.2822

F14XKYZ(TCASCASDE) 0.73 0.14 0.73 0.16 0.44 0.19 0.0198 0.4320 0.6999 0.2680

 

3.2 ����������	
�� 

��������	
��
	
����������������������

��
� !"#$�%&'()*+,-.�-/012�345	
�������

��678945:;	
���� (<��=%�>��?) ����@ABCDE�

FG�� ImHSmI DmJK5��
��� (BCDEL�MNO 3)P0QR 55SBC�

TUVWXY��Z[\] 19SH^_`abcd 12SHeVfZ[I/g\]`��

h]i\] 24S�jk 47S�lU 2S�mnopq�*r�%�sjk 45S��s

jk>t 81.8��TDEuvwxMO 2yz (4���{|}t 0.00 ~ 1.00
~)P 

�O 2 (3 k = 1) #�� Im
���� 0.63 ~ 0.84
~�Sm
���� 0.62 ~ 0.83


~��z�����I%��v�����* 0.5 �"�� Dm
����� 0.43 ~ 0.64


~��z���E\]�Q���	
���%����������������T

�45	
�������
� ¡�¢O45	
��
:;	
�����£¤�

¥P¦���=%�Q;�>§¨©ª«Janic [35] F¬­®¯°±² 1965 ~ 1998³´µV

W¶= (air accidents) �·�¸¹�º»�¼½¾¶=·�
¿~~½ (time intervals) 
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®ÀÁÂ�8�º»�F¿~ (Ã) tÄÅÆ5�VW=%�>®ÀÇ��M� (8)�È�

´µ¤=%�> (probability of global air accidents) �ÉÊP 

tetTP ×−−=≤ 020.01)( , 0≥t     (8) 

TU t«¿~ (FÃ§)P67½Ã (t = 1) #ËQ;��=%��> P = 0.0198�½Ì

(t = 30) #ËQ;��=%��> P = 0.4512�½ÍÎÌ (t = 180) #ËQ;��=%��

> P = 0.9727�½³ (t = 365) #ËQ;��=%��> P = 0.9993P�&'ÏÐÑ:�Ò

Ã��Ó���E����%3 t = 1� P = 0.0198P 

ÔÕ§¨45	
��
Ö�×	
Ø� (RGm) ÙÚ�ÛÜ 145	
��
�×	


Ø�ÙÚ��� ÝÞt«F1 f F10 f F2 f F4 f F7f F12 f F9f F3 f F5 f F14 f F6 f F11 f F13 f  

F8��zßF1�àáâã	
���
U
mRG �ä�o�ÜOzå5	
��#æçtäè

éê¤o�7	
[ëoìí�îTïðñr�éòó9��T�����H%��v�

��I%�����¼îôõTö	
��2���÷ßF8øùúûüýã	
��þ#

æçtä�èéê¤o�Ü¢O	
[ëoîTïð�éò#t����bT���º�

løùúûüýQ;%�¿���ùüý#�¢�
%P÷����í��	®éê¤�

©°PT
��	~��#A�ßF10¶
�����üýã	
��
	~��tä�o�

Ü��Õå5	
����2
�Euv��ð ALARP-region��i¼ñTö	
��

2� �67T�ð INT-region� BA-region��i�¼îôõñ���È��Õ	
[

ëo�r���Ü�	
��
�Euv���ð INT-region���P 

3.3 ����������	
�� 

< º»�	
Ø� ( mRG ) !!?�í"À#	
$� ( mRM ) !!�%��óË&
'	
®¯`()�¹!P÷�4ÑVWXYIeVZ[�éî����E�E*��+

,çt�-'��./ë01�����23��4®�536ý'7�H8��9:�

�;<I[�=°�%>��53�}��©�2;3�EIE*uv�+?o�tÜ@

#&'Aá
����E*�+
%�B��I%�Q;C>�+�DE±²��%&'

(FÏÐ�+FFG�P 

HIJKÏÐ45	
��
%�B�� (Cm) 
L,���t 0.50 (�M�%�B
������L,��N�O*�PQ~��Ó�©#ý§�2)���%�Q;C>�

����R3©ª��ÏÐÒÃ���
�Q���%��S¶�%3 Fm = 1
�365Ã

= 0.00274PÔÕTI89U!V#��W� (5) #�45	
��
 mRM = 0.353559�X

¢ð� (6)H� (7) 7#�Ö�×	
�"!!�MO 3P 

�OU#A�Y�45	
��%�B��,ÏÐt 0.50�÷y�'
Ö�×	
�

"ÙÚI	~��þ�yZ[����u#	
Ø�!!�y\��2�sv���]s

v^#_`«��a��b�
	
Ø�Ö�Y�T	
$�¼a�÷T	
�"þ#Ë
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��c�MÜî�a	
��
	
®¯`()��dóË\��2P�O 3
�×	


�"ÙÚ#���T� eÞt«F8 f F5 f F13 f F7 f F6 f F3 f F11 f F14 f F12 f F9 f F1 f F2 
f F4 f F10��]edÝÞi��M%�B��I%�C>
�a�Æù�÷���f28

9	
®¯`()�ä��è�gM�×	
�"ÙÚh  (M F10)�OzÜ�	
��

hN�¼îôi���T	
�"Æ}�Á���]uvj#�	~��
�2�'k

l�M F10
	
�"	~�� (0.126805) tä��%T�×	
�"ÙÚj�\�ä 

oP 

� 3  �������	
����
����
������������� 

�������� 
��	
 (LoR), k = 1 ��
��

���(m) �����

(Cm) ���* 
������

(Fm) 

����

(RM) 
���� ���� � !" 

F1 0.50 0.00274 0.353559 0.282375 0.424742 0.142367 

F2 0.50 0.00274 0.353559 0.283752 0.423366 0.139614 

F3 0.50 0.00274 0.353559 0.264678 0.442439 0.177761 

F4 0.50 0.00274 0.353559 0.285056 0.422061 0.137005 

F5 0.50 0.00274 0.353559 0.260129 0.446988 0.186860 

F6 0.50 0.00274 0.353559 0.263603 0.443514 0.179912 

F7 0.50 0.00274 0.353559 0.263408 0.443709 0.180301 

F8 0.50 0.00274 0.353559 0.234660 0.472457 0.237797 

F9 0.50 0.00274 0.353559 0.282246 0.424872 0.142626 

F10 0.50 0.00274 0.353559 0.290156 0.416961 0.126805 

F11 0.50 0.00274 0.353559 0.269320 0.437798 0.168478 

F12 0.50 0.00274 0.353559 0.272658 0.434460 0.161802 

F13 0.50 0.00274 0.353559 0.261431 0.445686 0.184255 

F14 0.50 0.00274 0.353559 0.269860 0.437257 0.167397 

*#����� (Cm) $���%&'�( 

3.4 ����� (RAD)    ���	���� 

î�45��	
���	
®¯`()mùZ�� nÈK�	
�oËpq�

Ðr�!"
Ö�ls�5	
���Q;%�.T	
�"����*ÐrÙÚ¿�7

`t¿��_``/u�vÓP&'(wx ALARP ÉÊ�yf	
Ø� (RG) I	
�
" (LoR) ¾5!!2z{� RAD|��}Ü|289	
�®¯I()
~�gM| 7H

| 8 yz�TU�U!¢O	
Ø� (RGm) !!�����Oz RG !!�h���	


/ë����¢Oßhèéê¤ão�67È���ñN��$/ë�()�	
���
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_
�h����T	
/ë��IeÞ�i��ñ�P� RAD|#æÖ�×	
�"

ÙÚ®�KÎ	,�ø��Ö®�t INT-regionHALARP-regionI BA-region��Ò



%��E�o���7F RS-lineO
�� RS-line�ð�a�	,�Ty¢O��dIy

`53�	
/ë�����¼a�÷��N�89%�s`��&s�9����çå

RS-line��ð�Î	,I�Îdu��P�����l RS-line�ð RAD|
��P	

,����hN�89�&s��9��_
���N�P 

 

� 7 �F1 ������	
��
�      � 8 �F8 ��������	
��
� 

¦� RADUKÎ	,��d��F| 7
ßF1�àáâã	
��tgG�
��

M()�/¿#F	
�"!!������2��T'���ð�Î	,« 

1. D°��	, (INT-region)«! RS-line�� 0.424724oP�ßF1�àáâã	
��

� RS-line�ðÜ	,:¿��	
[ëo��������`�§�&¢����5

3í�� ¡�¢ 	
�ù��B�o£¦`��53¤¥¦få5ÐÓ��PP§

M¤¥åA����9¨g�©8pª«�ª�¬T%�
/O�ª­*��T RS-line

Xj' ALARP-region� BA-region¿ó®�T¯°^1�±²P 

2.  ¦#ë9�­	, (ALARP-region)«! RS-line³� 0.282375¦ 0.424724
~oP

�ßF1�àáâã	
��
 RS-line�ðÜ	,:¿��	
[ëoîÜ]ÁÂ
	


/ë������53B�()�vÓ�.t¿´µT%��Æ}ÁÂ�� RS-line

¶·¸ INT-region��`¹�À#ª^vÓ�2¢ å5	
���	
�"��¦T

º» BA-regionÔ¸P 

3. ��#Ô¼	, (BA-region)«! RS-line  � 0.282375 oP����E�E*\]X


�EßF1�àáâã	
����Q�T RS-line�ðÜ	,:¿�	
[ëo½�

53 nå5	
��Ëpq�Ü	,:�	
/ë��7#���N�¾�¿53¢
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� ¡	
�ù��67å5	
��¹À�	
Á��/��è�
��oP 

aë�Tö��	
���	
®¯`()
Á�|zIG��`�goaP| 7�

y�����	
��Uè�ä�� RGo
|z��| 8��è�ä  RGo
|z�

TÂ����	
��
|zT�Ã RG!!{|�i�ÜÄ|
~Æ}P�ÜÄ|6#

��	
��� RG	~du�h·�� (Ô¸ 1.0/)�M| 7
 (0.5282, 0.7944)��T

î`�	
�"	~��j�ñtÅÆ (M 0.424742 − 0.282375 = 0.142367)�_
�� RG

	~duh·¸���M| 8
 (0.3350, 0.6744)��Tî`�	
�"	~��j�hÇ

È (M 0.472457 − 0.234660 = 0.237797)P�]ºÉuv`��[ë�î�ßñèéê¤ã

���	
���í"ïðßñÊË
éòo�ã�Ìë�¼Í�P 

Î?��ÜÄ|6#��«�¼a�	
$� (RMm = 0.353559) 
Ö�ñèéê¤

�	
��T�×	
�"ÙÚ�õñ�èéê¤o
�×ÙÚ2�  (M 0.424742 �

� 0.472457)�ÏÐ�G�î�ñèéê¤�	
���TÑ9���E�+y���	


�"��iFñ �ÙÚ�8ð INT-region��]�Ò�Ó´Ô#��	
[ë�ë�P

gMßF1�àáâã	
��tñèéê¤o�T�× RG�t 0.7944�õßF8øùúû

üýã	
��tñ�èéê¤o�T�× RG�t 0.67442���÷ßF1�àáâã	


��
�×	
�"ÙÚt 0.424742��õßF8øùúûüýã	
��
�×	
�

"ÙÚ 0.472457 2� ��Ozî�ßF1�àáâã	
������E	
�"�½

�& 0.424742¿�7í"Õð INT-region�	
/ë�� ��î�ßF8øùúûüýã

	
��þN�&' 0.472457�b��óN�53 INT-region�	
/ëvÓP 

Ö
���	
[ëo#yf��
	
��Ç�28945	
��
	
�o®

¯����'�`å53×c�	
/ë���67��	
/ë��
`f�Øî45

	
��
���E��uv��ð�Î	,�r��.7¦��ða�	,:�÷�d

u�� �aj#Ë���c�/ë©�P§MßF1�àáâã	
���Y�T RS-line

��ð INT-region�TNçT%�B��b��53�a�ªÙ���iÏÚ���PX

o�î��a�	
���T�¤��a�T	
/ë��j��¼a�	
[ëo#Û

Ü	
Ø�����2	®��	
�����ñèéê¤o������ñ�èéê¤

o��®�ïð�a�éÝo��§MßF1�àuáã	
���éê¤õßF8øùúû

üýão2���Y� RS-line ac��ð ALARP-region�÷E	
Ø� (RG) !!��
 #A��Þ�éÝ�b���Ào#Ë��õ�o�2�r�����ßàir�¿~

�Ào�()�H�oîT()�
¸á�J�÷î�o�()©�#Ë�¼îô��â

��r�67T�¿~��&�ãà�i��ab��Z[P 

äå��	
/ë��&��5�t-/�æç�T����è��	
/ëb��

�	�Jj�éêëÒ�í"�iìð� í��&'��îïñðñ
	
/ë���

òó�÷�&�	
[ëo#ÛÜ&'yôá�	
9�Ç��t¿�ç45	
���

���E�E*uv��89t¿�õî�F´)45	
���	
��P¦��a�

��	
/ë��>éõ	
øöH	
 ¡H	
÷øI	
®ùJúû�¢ 	
�
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©°��o��N�89�&`s��9��6�¬8�ü�òóP 

3.5 ��
��
������ 

&'y��
��	
��Ç�Z��F k-!"Z��ë2áô�	
[ëo#�F

Dx kw¸2&'	
®¯�¹�PO 47�z��a kw¸Ö�Tî45	
��
Ö

�×	
�"!!�ýþÆùÁÂ�l k w¸Æ� (1.0 → 0.5) ¿��T�×	
�"Ù

Ú�Æ �MßF1�àáâã	
����×	
�"ÙÚ� 0.424742 Æt 0.389377�

ÜOz F1	
���	
)�ÙÚiÆ�i �%�I�E��uv& 0.424742F�ó

N53 INT-region 	
/ë��o�Æ�½�&' 0.389377 ¿�í"iBÊô53��

�¥%�Q;�vÓ P_
�l k w¸Æ� (1.0 → 1.5) ¿��Oz#F53ñÇ��

	
)���
��MßF1 �àáâã	
����×	
�"ÙÚ� 0.424742 Æt

0.459124�ÜOz F1 	
���	
)�ÙÚÆ�ñ���%�I�E��uv&

0.424742 F�¿7N53 INT-region �	
/ë��o�Æ�®�& 0.459124 F�óN

�53���¥%�Q;�vÓ P 

¦� k w¸�ÆùîÖ�×	
�"ÙÚ
	~��Æù (��
t	
)���)

�ýþji�;�ab��Æ}Pl k w¸Æ� (1.0 →0.5) ¿�MßF1�àáâã	


���	
)���� 0.142367 Æt 0.071636�T	
)������ 

(0.142367 − 0.071636) ÷ 0.142367 = 49.68��Ü��Õ�ð ALARP-region ��i�Æ�

0.4968���z F1	
���	
)����ÆÆ �����ñBÊ�	
)���P

_
�l kw¸Æ� (1.0 →1.5)��Oz	
)����������ñÇ��	
)�

��P 

�ý§Ok°��«kw¸h�¿�Oz k-!"Z:yé	�c&¸�ñ��`f�

��	
®¯��d��ÈOz�õñ��+,-.Kî:;	
��������@A

õ>��
\ØîÜJ�	
���í"�qñBÊ�	
/ëo����81#ë�í

�P_
�k w¸h�¿��¼îô#F�qñÇ��	
/ëo� P�%�k w¸h

�¿��T	
)����hÅÆ�RS-line�h��8ð INT-region�À#Õ�53ñB

Ê�	
/ë���Fïîå	
���()o��í"
�BÊ�_
�kw¸h�¿�

�Oz	
[ëo�=°�h
�Ç�P÷ kw¸Y�aõ>�Dx�T)���D¢ (�

D�) õ>þi��a�	
���\��a�Æ}��]�Ò#��	
[ëo�Dx

kw¸�¿�w��67î��a�	
��
	
o�`=°�'���53ñBÊ�

	
()©��tñÇ�o�	
[ëcd`ô�ý����¤ {Ft�$P���

��Øîè�ñ� RG�	
����T)���Dxõ>ñ��%
\`53ñBÊ�

	
)���ó�@��Mî�àáâH¶
�����üýJ	
��Pkw¸Æù


ýþwxMO 5yzP 
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� 4  k �������	
��
����
����������� 

k = 0.5 k = 1.5 ����
����

(m) 	
 LoR �
 LoR �
��
�
��
�� � 	
 LoR �
 LoR �
�� 

�
��
�� �

F1 0.317741 0.389377 0.071636 49.68 0.247993 0.459124 0.211131 48.30 

F2 0.318509 0.388608 0.070099 49.79 0.249631 0.457486 0.207854 48.88 

F3 0.308897 0.398220 0.089323 49.75 0.221487 0.485630 0.264143 48.59 

F4 0.319160 0.387957 0.068798 49.78 0.251593 0.455524 0.203931 48.85 

F5 0.306679 0.400438 0.093759 49.82 0.214361 0.492756 0.278395 48.99 

F6 0.308354 0.398763 0.090410 49.75 0.219910 0.487207 0.267297 48.57 

F7 0.308241 0.398876 0.090635 49.73 0.219704 0.487414 0.267710 48.48 

F8 0.294059 0.413059 0.119000 49.96 0.175541 0.531577 0.356036 49.72 

F9 0.317827 0.389290 0.071463 49.89 0.246995 0.460123 0.213128 49.43 

F10 0.321560 0.385558 0.063998 49.53 0.260005 0.447112 0.187107 47.55 

F11 0.311359 0.395758 0.084399 49.91 0.227651 0.479467 0.251816 49.47 

F12 0.312837 0.394281 0.081444 49.66 0.233638 0.473480 0.239842 48.23 

F13 0.307309 0.399809 0.092500 49.80 0.216367 0.490751 0.274384 48.92 

F14 0.311451 0.395667 0.084216 49.69 0.229383 0.477735 0.248352 48.36 

� 5  k �����
���������� 

k������ 
���� 

� � ↔  � � 

���
�� �� �  

!" INT-region#$ �% �& 

��'()* +,- + . 

/����0�1� 23,- 23 . 

 

F��gî�45	
��
	
$� RMm��3 0.3535592§¨�÷�M�ÈK

����c��l���E��Ñ9�PQ~��#ý§�45	
��� RMmuv�

X²f&Ç�
º»G#�'45��	
����M	
�"	~�Fï4]Æ}Á

Â�£¦Øî�a�	
��6#53�a� kw¸��t	
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