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Ì�ïÄ
õD(�Ó�^e�·ÜD(�NÝ�µdL§�ýÿ�{. Äk,�O¿�¤
�½Â���
D(���^e��NÝÌ*µd¢�, ¼�
<óÜ¤�·ÜD(���^e�·ÜD(�NÝ (½¡o�NÝ)

αT µdêâ��¤·ÜD(���¤kü�D(��üÕ�^���NÝ αi (i = 1, 2, 3, · · · , K; K �·ÜD(
��¥ü�D(���oê) µdêâ. ��, [�©Û
ü|µdêâ�m�'X, JÑ3®� αi �Ä:þ|^
õ��5£8�.ýÿ αT. ��, )û
XÛ(½�.¥éA� αi ��� ωi (i = 1, 2, 3, · · · , K) �¯K. ïÄL
², ±¤JÑ���(½�{ïá�õ��5£8ýÿ�.U
��¤õ/ýÿ·ÜD(���^e�o�NÝ
µd�.

'�c: D(�NÝ, Ì*µd, ýÿ�., õ��5£8

PACS: 43.50. Yw, 43.50.Ba, 43.50.Qp, 43.50.Rq

1 Ú ó

�Ï±5, �éü�D( [1] ½A½D(
 [2] �^e�D(�NÝ¯K, ïÄó��õÛ
�3éD(�NÝÌ*µd�{��*ýÿ�.
�ïá [3−5] ü��¡. �XïÄó��FÃ�\,

�IÆöÊH¿£�yk�D(�^Jþ��N
�A (½�A) 'X�. [6−8] "y[��\�Ä:
nØïÄ�Ünk��©ÛØy. ù
�.3¦^
^�Ú·^��þþäk²w�Û�5,¢SA^
¥²~Ñy�.ýÿ��¢SN��½µd��
mýéØ����¯K. eæ^ù
�.½þµd
½ýÿ<+3õ« (½õ�) D(Ó��^e�
�NÝ, Ù(J7½¬Ø¦<¿.

ü�(Ú|Ü(©O�)ü�D(Ú·
ÜD( [1,9]. |Ü(Q�±�ØÓ(«a�
|Ü, q�±�Ó«a(êþþ�|Ü. d|Ü
(�)�·ÜD(ä�fúa�þ��E£

5, <�Ø�U
²waÉ��«(Ñ|©��
3, �U
³/�<²�éØÓ(Ñ|©�5
ÚÄ�A5 (±Y5!�ÝÚÑN�) ?1{ü£
ã. �
�(µd<+3E,D(�¸¥��N§
Ý, I	ïÄ<
ºYmÐ
|Ü( (combined

sources ½ mixed sources) �^e�·ÜD(�NÝ
ïÄ [1,9].

20V 70 c�, ·ÜD(�NÝïÄÌ�´
éü«9ü«±þa.�ÏD(�Ó�^e�
<+�N§ÝmÐ2���¬N�. ù��ã¼�
�ïÄ(ØÌ�k·ÜD(�NÝpuü�D(
�NÝ [10]!·ÜD(�NÝ$uü�D(�NÝ
����. ©z [11] :ïÄ
�ýD(Ú�ÅD
(�Ó�^e�<+�NÝ. ©z [8,12,13] ïÄ

p(Ø?�ýD(Ú�ÅD(�Ó�^e�<+
�NÝ!�ýD(ÚÀÂ5D( (Xl(!=ñQ
(!�A(�) �Ó�^e�<+�NÝ. AO�
��J�´, Taylor[1] æ^Ê«ØÓ�êÆ�.ï
Ä
�ÅD(Ú�ýD(�Ó�^e�·ÜD(
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�NÝ, [�'�
Ê«�.�µd�ýÿ�J,

�·ÜD(�NÝ�½þïÄJø
ë�.

�c, k'·ÜD(�NÝ�ïÄÿ�²(«
© “ü�D(” � “·ÜD(”. ïÄ<
�~ò�
´D(½c´D(w� “ü�D(”, ò�´D(Ú
c´D(�Ó�^e�E,(�¸w� “·ÜD
(”. ¯¢þ, �´D(��Ò´�«�ý1¨D(
Ó��^e�·ÜD(. d	, yk�·ÜD(�
NÝ�.�õ´�â@Ï��¬N�êâ[Ü
¤�, "y���nØÄ:±97��©ÛÚ�y
L§, �.��(5��~¦, ýÿ°Ý�Ø
n
�. ISéD(�N�A�ïÄÿ?uåÚ�ã,

�é|Ü(�(ÆA5!·ÜD(�NÝ�µ
d�{±9·ÜD(�NÝýÿ�.�ïÄÿØ
õ�. ,, �Xó�z?§�FÃ\¯, <�D(
3êþÚ«aþ�FèO�¯¢, ½��¦·�
l|Ü(��ÝÑu�\mÐ·ÜD(�NÝ
�Ì*µd��*ýÿ�{ïÄ.

�©�O¿?1
�½Â���D(���
^e�<+�NÝÌ*µd¢�, ¼�
ü�D(
���<óÜ¤�·ÜD(���^e�<+�
NÝµdêâ. ÏL©Û·ÜD(o�NÝ�ü�
D(�NÝ�m�'X, ïÄ
(½�� ωi �ä
N�{, ±õ��5£8�.é�½Â���·Ü
D(���^e� αT ?1
½þµd�ýÿ.

2 ·ÜD(�NÝ

·ÜD(�NÝ αT, ½¡o�NÝ (total an-

noyance), �^uL�ÚÝþ<+3|Ü(�^
e��N§Ý. |Ü(¥, �ü�D(Õá
�^�<+��N§Ý�ü�D(�NÝ (single

noise annoyance), αi (i = 1, 2, 3, · · · ,K; K �|Ü
(¥ü�(�oê). αT ¿�´ αi �{ü�
\. �þïÄ(JL², <+3E,(�¸¥��
N§Ýuz�Õá�^�D(. Ïd, 3�ä
(�¸�N� αT �, <�¬Ã¿£�/ò¤k αi

�pU\. dd��, ½þµd αT A±¼� αi �
cJ, &¢üö�m½þ'X�5Æ5, é αi �U
\L§?1êÆï�.

8c, �é αT ï�L§�ïÄÿ?uåÚ�
ã. yk�.3O�°Ý!¦^^�Ú·^��

þ�Ø�Ó. Ù¥, õ��5£8�.Ø=�Ä�
|Ü(¥z�ü�(�Õá5, �o�
 αi

é αT �z�J��É5 [1], T�.�êÆL�ª
�

αT =
∑

i
ωiαi, (1)

Ù¥ ωi (i = 1, 2, 3, · · · ,K) �ïþ1 i «ü�D(
üÕ�^� αi é αT �z���.

À�Ü·� ωi éO(ýÿ αT �'�,  ωi

�ü�D(g��(ÆA5���' [1]. XÛ3
®� αi Ú αT �cJe�(À�éA�|Ü(
¥� αi � ωi, 8cEÃ½Ø.

3 Ì*µd¢�

3.1 DDD(((������

3.1.1 ü�D(���À�
ïÄ¥¦^�ü�D(���g Sound Ideas

úiúÙ�Ï^ 6000 X�(Ñ�á¥. ¤k(Ñ
�áþ�V(�êi&Ò, æ�ªÇ� 44100 Hz.

²�EfÑ���Å/'é, l¥]À
 300 ã
(Ñ�á. ��, �â “�3A5!���” �
�K, é¤]À�(Ñ?1��, ����(Ñ¡
ã��þ� 15 s. ��(Ñ¡ã� A O�(Ø?
3 50—75 dB �m, *	��Å/, ± “Å/¸� 
u&Ò�§¥ã” �IO, �ª]ÀÑü�D(�
� 159 �.

3.1.2 ·ÜD(���<óÜ¤
�ÅÀ�n�ü�D(��, |^ CoolEdit

Pro. 2.1 ^�?1��Å/· , N!�Ñ;Ñþ
�·� �, ��Ü¤���(Ø?, ¼�dn�
ü�D(���Ó�^/¤�·ÜD(�� 53 �,

z�·ÜD(���Â���½� 15 s.

3.2 µµµdddLLL§§§

�gÌ*µd¢�æ^²Ly¢�J�Z�
Ê?�óºÝ [9] ïþµdöéD(����NÝ.

TºÝæ^ “A�Ø�N”!“��k:�N”!“¢
3k:�N”!“�©�N”!� “�~�N” Ê�Ø
Ó�á�5ïþD(���<�N�äN§Ý. �

¢yµd(J�êizL�, ©O± 1—5 ��
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êéA�óºÝþd$�p�Ê��?. äNµd
�{Xe: �µdö�fzã(Ñ, �â�óºÝ
�½zã(Ñ���Ù�N�äN§Ý¿± 1—5

��êé���Ñµd. µdL§¥, #Nµdö
3?¿�m?�®�Ñ�µd�.

ë�¥u<¬�ÚII[IO GB/T 10220

5a(©Û�{oØ6éµdö<ê�5½, �
â�c3�¸D(�N�A�¬N�ïÄ¥¼�
� “�Nèx��N�ö35O�c#þ��N�
ÉØ¬éN�(J�)wÍK�” �(Ø [9], lQ
²ë\L(ÑÌ*µd¢��Æ) [14−16] ¥]À
Ñ 10  c#3 20—28 �!�Nèx!få�~
�k¿�2gë\µd¢��Æ)|¤µd�|,

Ù¥I!åµdö� 5 <. ,	, �gµd¢��
;���
� ú?|��Nó�!3¢�L§
¥KI©uÚ£ÂL�!ö�(Ñ��£���
�¢�KI<. �Ä�µd�|¥¤kµdöÑA
ä�Ó�]�Y²!¦�U;��«�µdök
'�Ï��Uéµd(J�)�K�, ë� GB/T

141955a(©Û: µd
Ào��Ô, a(©Û`
Àµd
�K6Ú GB/T 162915a(©Û: ;[�
Ào!�ÔÚ+n�K6, �½
µdö�ÔOy,

�¤
é¤kµdö��Ô.

���µdö�Ì* �Ú�< Ð�Ué
µd(J�)�K�, ò�gÌ*µd¢��O
�V_¢� (double-blind trials)[17] . 3��¢�L
§¥, Ø�µdöÚ¢�KI<Jø?Ûk'(
Ñ���£ã!©|�¹ÚÂ�^S�äN&E,

z µdöÂf����Â�gS�©|�¹�
�ØÓ.

� ( � µ d ( J �  ½ 5, ÷ v é µ d ö
� A ? 1 © Û � ^ �, ò z �(Ñ � �  E Â
� n g, z   µ d ö I � µ d �(Ñ� �êþ
� 3 × (159 + 53) = 636 �. e��Â�m�� 2 s,

K��µd¢�Ñ�� 3 h. �;�fú�N, �â
ügfÑ�mØ�L 30—40 min �IS.~, ·�
±ügfÑ�mØ�L 35 min �IO, �â Fisher

¢��O�K, |^�Î|�O [17] (½��©|,

±���Åz�O(½���|�k�µdgS
Ú|S���Â�gS. ©|�, z|þk 106 �
(Ñ��. ¤k(Ñ��²dO�Å� 24 bit(k
D� Behringer HA4700 . 16 Ï��Åª��ì�,

² Sennheiser HD250-II .Ä�ªp�ýÞ��Å
£�.

µd¢�3S·�ÊÏ�mS?1. ¢�¿�
.D(3 16—8000 Hz �ª�Sþ$u{II[I
O NC205Ì*µd¢�¿¿SD(IO6¥5½
�#N�. Ó�, �â GB/T 13868 5a(©Û: ï
áa(©Û¢�¿����K6é¢�¿ÙÛ!
µdö�R!¢�KI<�R!(Ñ��£��
������ ��?1
Ú�Sü. ¢�¿¿S
§Ý�� 22 ◦C,�Ý� 45%—50%, 1ìþ!!Ï
ºûÐ�ÃÉ�.

µd�ªm©�c, |^ûð B&K úi)�
�;�<óÞ(&Òæ8ìæ8V�?�(&Ò
¿?1¢�i�, N!O�ÅÑþ��Åª��ì
ÑÑõÇ�T� �,¦V�(Ø?�±3µdö
��É�Ä����S. ��, �µdö3�½ 
�Ò�, ���Å. ���µdö�m�pK�, µ
dö�Rm�� 1 m. z��Rþ��çÚÚùÚ
�)��|, I�W��L�eZ. çÚ)^uW
�L�, ùÚ)^u?U®W��(J.

3.3 µµµdddêêêâââ©©©ÛÛÛ

Äk, é�©µdêâ?1Ø�©Û, GØ
Ã��µdêâ. 8|µdêâ�Ø�Ç©O
� 24.5%, 36.5%, 34.3%, 30.8%, 26.0%Ú 19.0%, Ã
�µdêâ�GØÇ©O� 13.0%, 17.5%, 16.5%,

15.8%, 14.3%Ú 11.0%. ¤kµdêâ�oØ�Ç
� 28.5%, oGØÇ� 14.7%. �|µdêâ±¿�
A&ÝXêL��S3��5&Ý©O� 80.8%,

90.4%, 94.9%!85.9%, 94.3%Ú 90.2%, � |êâ
S3��5&Ý�²þ�� 89.4%; ±���Ú
�XêL��µdö&Ý©O� 80.8%, 90.4%,

94.9%, 85.9%, 94.3%Ú 90.2%, µdö&Ý�²þ
�� 84.4%. dd��, µdêâ��5ûÐ, �&
Ýp.

��, �â GB/T 11792 5ÿÁ�{�°�Ý:

3E5½2y5^�e¤�ÿÁ(J��É5
�u�Ú�ªÿÁ(J�(½6(½z�D(�
���N�A��ªµd(J, 6§Xã 1 ¤«.

ã 1 ¥� X1 Ú X2 �µdö�Ñ�,�D(��
��N�A�ü�µd�, r �E5�, CrR95(3)
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�TD(��äkn�µd���E5�.4
�. 3÷vE5^��cJe, ùn�µd��
4�Ø�L CrR95(3) �VÇ� 95%.

��, �	z|µdêâ¥ØÓµd�EÑ
y�VÇ�nØ��©Ù�[Ü`Ý, u�µdê
â�k�5. ±1o|µdêâ�~, µ = 2.7177

Ú σ = 0.4250 ©O�T|µdêâ�þ�Ú��,

VÇ p = 0.05 L²b�u���&Y²� 95%. T
|êâ¥ØÓµd��VÇ©ÙXã 2 ¤«. l
ã 2 �±wÑ, T|êâ¥ØÓµd�± 95%�V
ÇÑlþ� µ = 2.7177, �� σ = 0.4250 ���©
Ù, `²µdêâ©ÙÜn.

ã 1 ÷vE5�.4� CrR95(3) µd(J�(
½6§

ã 2 1o|µdêâ¥ØÓ�NÝµd��VÇ©Ù
µ = 2.718, σ = 0.425, p = 0.05

n þ � �, 3 é �©µ dêâ ? 1 Ø � ©
Û!GØÃ��µdêâ��, ±E5�.4
� CrR95(3) (½z��(Ñ���<�N§Ý�
µd�. ïÄL², þãµdêâ�©Û�?n�
{�Æk�.

4 ·ÜD(���NÝµd��©Û
�ýÿ

4.1 αT ��� αi ���'''XXX

�gÌ*µd¢�¥, µdöé¤kü�D(
���<óÜ¤�·ÜD(���<�N§Ý�
µd�Xã 3 ¤«. dã 3 ¥êâ:©Ù��é 
���, αT pu αi (i = 1, 2, 3).

ã 3 αT � α1, α2, α3 �'X

'� αi (i = 1, 2, 3) ���� αi,max Ú��
� αi,min! ² þ � αi,mean Ú ¥  ê αi,median!
4 � ρα Ú I O � αi,SD � αT � � � � �, w
, αi,max � αT ���C, Xã 4(a) ¤«. ± αi,max

ýÿ αT, ýÿØ� εα � αi (i = 1, 2, 3) �4� ρα

(ρα = αi,max − αi,min) �Cz�¹Xã 5 ¤«. w
,, αi,max p�
 αT �¢S�, Ùp�§Ý� αi

(i = 1, 2, 3) lÑ§Ý�O\Ñk�). ��,

�|Ü(¥z«ü�D(Õg�^�� αi

(i = 1, 2, · · · ,K) ��C, ± αi,max ýÿT|Ü(
�^e αT ��J�Øn�. ²©Û@�, 3
± αi,max ýÿ αT �, Ø
ù��<�N§Ý�p
�ü�D(±	, ¿��Ä�|ÜD(¥Ù
¦ü�D(�Ué αT �K�. w,, αT ´ αi

(i = 1, 2, · · · ,K) �p�^�(J, ÏA± αi

(i = 1, 2, · · · ,K) ��5\�Ú5ýÿ αT.

4.2 æææ^̂̂õõõ������555£££888���...ýýýÿÿÿ αT

®�|ÜD(¥z�ü�D(üÕ�^
���NÝ� αi (i = 1, 2, · · · ,K), æ^õ��5
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£8�.ýÿ|Ü(�^e�·ÜD(�NÝ
�, ÄkI�(½�.¥éA αi (i = 1, 2, · · · ,K)

��� ωi (i = 1, 2, · · · ,K).

8c, (½����{Ì�kÌ*D�{!�
*D�{ÚÌ�*(ÜD�{, Ù¥�*D�{Ì
��)CþXê{!Y�{u{Ú��{ [18].

� � � � � � � � � � ������
� � � � � � � � � � ������

� � � � � � � � � � �������

� �� � 	 
 � �� � 	 
  �
� �� � 	 
 � � �� � 	 
 � �  � �

� �� �� � 	 � �

� � �
� � �

� � �
ã 4 αi (i = 1, 2, 3) � αT � ' � (a) αi �
� � � αi,max! � � � αi,min Ú αT; (b) αi � ² þ
� αi,mean!¥ ê αi,median Ú αT; (c) αi �4� ρα!
IO� αi,SD Ú αT

�©¥, 3(½�� ωi (i = 1, 2, 3)�, �Å]
À
 20 �·ÜD(�� (�Ó·ÜD(��oê
� 1/3) Ú���A� 60 �ü�D(��. Ï αi

(i = 1, 2, 3) é αT ��^5Æ��, �ïÄ�ò αi

(i = 1, 2, 3) ©Ow��Ã.!¤�.Ú�½.�
I. ��, ©O±4�C�{Ú�5'~C�{é
µdêâ?1Ãþjz?n. ,�, ©Oæ^C
þXê{ÚY�{u{¼�éA α1, α2, α3 ��
� ω1, ω2, ω3. w,, æ^ØÓ�µdêâ?n�
{�±¼�ØÓ����þ Ωmnl = [ω1, ω2, ω3],

¤�(JXL 1 ¤�. 3d, �þeI m = 1, 2, 3

©OL«�Ã.!¤�.Ú�½.n«�Ia.;

n = 1, 2 ©OL«¤æ^�4�C�{Ú�5'
~C�{ü«Ãþjz?n�{; l = 1, 2 éAC
þXê{ÚY�{u{ü«��(½�{. ��,

ò Ωmnl �\ (1) ª, O���µdö3<óÜ¤
�·ÜD(���^e�o�NÝ. '��.ýÿ
� α′

T �Ì*¢�µd� αT ��C§Ý, =�(
½�én�����þ.

� � � � � � �� �� � � � �−
� � ��� � �� � �� � �� � �

ã 5 ± αi,max (i = 1, 2, 3) ýÿ αT ��ýÿØ�©Û

é¤k·ÜD(��, |^äkØÓ���þ
�õ��5£8�.O� α′

T, ÏL α′
T ýÿµdö

3<óÜ¤�·ÜD(���^e��NÝµd
� αT. ©Û���þ�ØÓ���¹eT�.3
ýÿ αT ��²þýéØ��²þ�éØ�, ØÓ
�.ýÿ5U�'�(JXL 2 ¤�.

dL 2 ¥�êâ��, 3nÜµd αT �, I
ò αi (i = 1, 2, · · · , K) ��¤�.�I, ±¤k
µdöé αi (i = 1, 2, · · · , K) µd(J��â²
þ���éAT�I��, æ^4�C�{é¤
kµdêâ?1Ãþjz?n. d�, ±CþXê
{(½���þ Ω211, ò Ω211 �\õ��5£8
�.ýÿ αT, �.ýÿ� α′

T �µd� αT �²þ
Ø�� 0.24, ²þ�éØ�� 6.79%. dd��, æ
^ Ω211 �ýÿ�J�Ð, Xã 6 ¤«.
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L 1 |^µdêâ(½���þ�äN�{9�A����þL«

αi �Ia. (�þL«) µdêâ�Ãþjz?n�{ (�þL«) (½����{ (�þL«)

�Ã. Ω1

4�C�{ Ω11
CþXê{ Ω111

Y�{u{ Ω112

�5'~C�{ Ω12
CþXê{ Ω121

Y�{u{ Ω122

¤�. Ω2

4�C�{ Ω21
CþXê{ Ω211

Y�{u{ Ω212

�5'~C�{ Ω22
CþXê{ Ω221

Y�{u{ Ω222

�½. Ω3

4�C�{ Ω31
CþXê{ Ω311

Y�{u{ Ω312

�5'~C�{ Ω32
CþXê{ Ω321

Y�{u{ Ω322

L 2 äkØÓ���þ�õ��5£8�.ýÿ5U'�

��
ω1 ω2 ω3

²þý ²þ�é

�þ éØ� Ø�/%

Ω111 0.32 0.31 0.37 0.24 6.83

Ω112 0.35 0.35 0.30 0.25 6.93

Ω121 0.32 0.32 0.36 0.24 6.83

Ω122 0.35 0.35 0.30 0.24 6.93

Ω211 0.31 0.29 0.40 0.24 6.79

Ω212 0.35 0.35 0.30 0.24 6.94

Ω221 0.25 0.32 0.43 0.24 6.82

Ω222 0.35 0.35 0.30 0.24 6.93

Ω311 0.25 0.31 0.44 0.24 6.83

Ω312 0.35 0.36 0.29 0.25 6.95

Ω321 0.53 0.23 0.24 0.27 7.72

Ω322 0.17 0.43 0.40 0.24 6.82

� � � � � � � � � � �����
�

� �
� 	� 
 	� � �� �

ã 6 õ��5£8�.�ýÿ� α′
T �¢�µd� αT

�'�

5 ( Ø

�©|^Ì*µd¢�é�½Â����ü
�D(���<óÜ¤�·ÜD(���<�N
�äN§ÝÐmµd, ¼��þµdêâ. 3d
Ä:þ|^õ��5£8�., ïÄ
3®�ü
�(�NÝ αi (i = 1, 2, 3, · · · ,K) �cJeý
ÿ·ÜD(�NÝ αT �¯K. ïÄL²: ·ÜD
(�NÝ�ü�D(�NÝ���'; αT pu αi

(i = 1, 2, 3, · · · ,K) �� αi,max ���C; αi,max ¬
p� αT �¢S�, αi (i = 1, 2, · · · ,K) *d��
C, ± αi,max ýÿ αT ��J�Øn�. �©¤æ^
�±µdêâ αi(i = 1, 2, 3, · · · , K) (½õ��5
£8�.���þ��{, {ü´1, �ö�5r.

±d�Ä:, |^õ��5£8�.�±¤õýÿ
ØÓa.!ØÓêþ�ü�D(Ó��^e�
o�NÝ. ,	, �©æ^
�\Ün�Ì*µd
¢�6§Ú�Æk��µdêâ?n�{.

�©¤mÐ�ïÄó�Ø��Ö
·ÜD(
�NÝïÄ¥�Øv, �U
��½Ün�D(
���Y!mÐk��D(��Jø�Æ�nØ
�â. �'ïÄ(JØ��±��A^uE,D(
!E,�¸e�D(µd�ýÿ, ���E,(
�D(��Jø#�OK, �8c�3mÐ�(
µ*�OïÄJønØ��.
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Abstract

In this paper, noise annoyance from a mixture of multiple single sources is studied with emphasis on subjective evaluation and

objective prediction. From 10 subjects, annoyance values for all single and artificially combined noise samples are collected using the

semantic differential method with a suitable verbal scale. We propose a novel method to determine the utility weights of a multivariate

linear regression model by comparing the total annoyance αT of the combined noise sample to every single annoyance αi from its

componential single sound sample. This method predicts αT on the premise of given αi. Our results demonstrate that the multivariate

linear regression model and the calculated utility weights provide a good and conceptually simple framework to predict the total noise

annoyance.
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