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.

, ,
. ,

. ,
.

,
( . 5.3.2). ,

–
. « »
. , , .

5.1.

.
,

. , ,
(Alvord, Morgan, Cartright, 1997), . 5.2 5.3.

.
– –

0,2 , (Alvord, Farmer, 1997).
. –

– ,
. ,

.
, , ,

(
).

.
( ) ,

.
.

(
, ).

.
. , , , ,

.
(Pirzanski, 1997).

5.1.1.

. 1976 .
, (NAEL),

(Coogle, 1976),
. ( .,
), ( ., ),

, , ( .,
CROS), . . 5.4

, .
, .

, .
,



, .
5.4.

(
, , )

, :
.

,
,

.
( , ,

) ( ).

, ( . 5.5 ).
, , ,
.

,
. , ,



. 5.4
. . ,

.
, , ,

, .
,

(Kuk, 1994; Meredith
et al., 1989). ,

, . ,
5.3 5.7 , ,

. ,
, ,

( ., , , , CROS-A CROS-B).

, , ,
. , ,

, ,

,
,

. 5.3.
(Alvord, Morgan,

Cartright, 1997).
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–

(Juneau, 1983).

5.1.2. ,

, ,

. ,
, full-concha ( , , ),

half-concha ( - ).
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, .
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, .

, ,
. ,

(a)

. 5.5.
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. ( )
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. ( )

.
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, , ,
, . ,

, ( .
5.8).

5.2.

,
- ,

, ,

.

, .
. 5.7,

.

( 2
5 –

). , , -
( 800 2500

1500 3500 – ),
. ,

, ( , 0 1 );

.

5.3.
, ,

, , , ,
, ,

. .
, ,

. 5.3.1 5.3.3. ,
.

.
,

(Alvord, Doxey, Smith, 1989).
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250 500 1000 2000 4000 8000125
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– .
( ., ) L ( ) A (

) ( Beranek, 1954):
Ma = 1,18*(L/A) ..... 5.1
/ 4,

. 1,18 / 3.
, , .

d ( ), l ( ), :
Ma = 1500*l/d2 ..... 5.2

, 20 2 7500 .
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, , , .
,

( ,
– ). 0,4

. , 21,6 ,
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5.1. ,

, .

5.1. ( )
. ,

(Dillon, 1985; Upfold, Dillon,
1992).

-

( )

( )

250 500 750 1000 1500 2000 3000 4000 6000

-4 -2 -1 -1 1 0 0 0 0

1 26700 -5 -2 -1 -1 1 0 0 1 1

2 7000 -11 -3 -1 -1 1 1 1 1 2

ROS
( /

-
)

4700 -16 -11 -4 -3 2 4 2 -1 0

3,5 2400 -21 -12 -6 -4 1 2 2 1 1

( )
2100 -23 -13 -3 -3 1 6 4 -1 1

( )
800 -30 -22 -15 -13 -7 0 2 0 0

, ,
, . 5.1,

. ,
,

– . ,
, .

: « »

, , «
».

. ,
.

. (
, .)

2- 3 -1
, .

, –
. , , ,
( 500 ). , ,

, ( 1500 ) (Tecca, 1992).
, , ,

. ,
( . .

). , ,
. , 2- 3 ;

, .
. ,

, . ,
,

! ,
/ , , 5.3.3, ,

.

2- 3 .
( , . 5.1).
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.
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. ,

,

,
. ,

.

, ,
,

.
. 5.11

(REOG) ,
. , ,

, .
,

,
.

,
,

,
,

. 5.11.

, (Killion,
1988). , . 5,12,

. ,
,

.
. 5.13

(Dillon, 1991).
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,
, , .

�

;
.

, ,
. ,

. . 5.14
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(Dillon, Macrae,
1984).

.
, ,

, ,
. , OSPL90

, , .
, ,

–
.

, ,

-20

-10

0

10

20

30

125 250 500 1k 2k 4k 8k

( )

(
)

0º

120º
170º

. 5.14.

,

( . . 5.12), 0º, 120º 170º.
,

, . 5.12,
90º.



( . . ),
0 , .

, Cox, Alexander (1983) Kuk (1991) ,
. Lundberg et al. (1992), ,

, .
. ,

, , ,
, .

, !
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, , .

:

� - .

� ,

.

.
,

, .

,
.

, ,
.

.

, , ,
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,
. – .

, 6.

?
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, .

. ?
( ) ,

. , .

(von Bekesy, 1960). ,
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, , . . ,

. ,
, .

[ ] [ ]? ,
(300
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, ,

[ ] (Killion et al., 1988).
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.

1. [ ] [ ] , .
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.
3. . , ,

, [ ] , [ ].
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315 ,
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, , , .

Mueller (1994) Pirzanski, Scollie (1998).
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.

. . 5.16
, ,

. [
, . 5.1 5.2.

.

] , 1
,

.
3,5

. , (
)

.

(r = 0,63).
2 .

,
. , ,

. 2
,

3 ,
.

– 7 .
, ,

.
, ,

.
,

.
,

! ,
,

,

(Bryant,
Mueller, Northern, 1991; Killion, Wilbur,
Gudmundsen, 1988).

,

. - ,

,
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,
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(Oliveira, Hawkinson, Stockton, 1992). ,

, ,
.

, ,
(Killion, Wilbur, Gudmundsen, 1988; Revit, 1992). . 5.17

. (
) .

.
40 250 500

.
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( ,

) , ,
.

,

.

(Sweetow, Valla, 1997).

, ,

(Mueller, Hawkins, Northern, 1992; Revit, 1992).
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, .

A

. 5.17. ,
( ) ( )

, ,
.

,
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, .
. ,

2
(MacKenzie, Browning, McClymont, 1989).

5.3.3.

4.3, ,
, ,

.
(

)
. [ 4,

. ,

.
( ) ,

. ,

. , .

( ., Gatehouse, 1989; Kuk, 1994),
, ,

.] . 5.3, 5.4 5.5 (
) , ,

. ,

. . 5.3
« » « » ,

. Kuk (1994) ,
« » .

( « » - . 5.4)
5-10 (Kuk, 1994), -

, . ,
.

5.3. ( )
( ) ,

. ,
(Dillon, 1985). /

.

( )

500 750 1000 1500 2000 3000 4000 6000

65 66 64 60 56 41 45 50

1 65 64 61 58 52 39 45 47

2 60 60 57 54 49 36 41 48

3.5 51 53 52 48 43 31 35 41

41 43 42 40 34 23 26 37

5.4. ( )
( ) ,

(Upfold, Dillon, 1992).
.

( )

( )

250 500 750 1000 1500 2000 3000 4000 6000



�

62 56 56 56 47 41 23 24 12

�
62 54 52 49 44 33 24 22 13

1,5 14200 61 57 54 53 48 37 26 25 15

2 8000 54 50 46 46 42 33 24 23 13

ROS 4700 44 42 40 38 38 32 19 16 12

2100 42 41 40 39 36 31 17 16 13

5.5. ( )
( ) ,

(Upfold, Dillon, 1992).
.

( )

( )

250 500 750 1000 1500 2000 3000 4000 6000

�

58 52 49 52 45 39 31 33 13

�
52 48 44 45 42 37 23 28 11

1,5 14700 47 47 44 45 39 34 28 31 12

2 7800 44 41 38 38 38 32 21 27 17

ROS 4500 39 34 31 31 29 26 15 23 7

, . 5.3-5.5,
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. 3
3 , . . . ,

3 ,
. , ,

, , ,
, ,

.
,

.
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, .
, ,

,
. ,

, , ,
4.3.3.
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10 .

. 5.3 , . .
. ,

7 . ,
,



(Killion, Wilson, 1985). ,
,

( )
(Killion, Wilson, 1985).

, ,
.

, ,
– , .

( ,
).

6 ,
, . .

6 (Dillon,
).

(Macrae, 1981).

,
.

.

.

5.3.4. Y-
( )

,
– !

. . 5.18
. Y-

, , , ,
. 5.1, . Y-

, (Cox,
1979). , ,

Y- , .

. - Y-
,

. ,
Y- .

.
, ,

Y- !

5.4. : ,

.
:
� 8-15 ( 1 ), ,

� 17-25 ( 1,3 ),

� 35-45 ( 1,93 ),

.

. 5.18. Y-
( ) ,

.



75 , 60 85 (Cox,
1979). ( 10 20 ) .

,
. 5 12 ,

1,5 .

, . .
. , ,

.
, .

. 5.6
, NAEL. #13

( ) 2
#13 (Flack et al., 1995).

, .
,

.

5.6. ( ) (Westone, 1996).

( ) ( )

#12 2,16 3,18

#13 1,93 3,10

#13 1,93 3,31

#13 1,93 3,61

#15 1,50 2,95

#16 1,35 2,95

. ,
. .

5.4.1.

.
( ), ,

, ,
.

, ,
, .

, ,
( . ). , , .

,
, .

3 ,

6 .
?

.



,
,

. , , ,

, , .
, .

, .
, .

.
:

= 20.log10 (do/di ) ... 5.3
,

. ,
- fh. .

(Beranek, 1954):
fh = c.loge(do/di)/(2�l) … 5.4,

– , loge – (
[ln]). , , . ,

2 , 4 25 1520 .
.

, . 5.19,

: - ,
, . ,

,
(Killion, 1981; Dillon, 1983; Killion, 1988).

.
.

, .
,

:
� ( 15-

22 ),
.

� . ,

,
.

,
, , , .

, .
. , ,

.
, ,

, (Libby, 1982).
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:
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. 5.20.
4 , ( )
( )

.

.
.

43

2

(a)

43

2

( )

-4

-2

0

2

4

6

8

10

125 250 500 1 k 2 k 4 k 8 k

( )

()

2

14

11

8

5

. 5.21.
4

2 .
(

) .



10 , 4 .
,

.
, -

, ,
(Killion, 1988).

. 5.7 ,
,

#13. ,
, ,

(Dillon, 1985).
( )

, . ,
,

.
, ,

. , ,
ER-12 HP.

. 5.7 #13,
#13 .

:

.
. ,

(Killion, 1988).

. 5.7.
( ) #13 (2 ) (Dillon, 1985; Dillon,

).

( )
250 500 750 1000 1500 2000 3000 4000 6000

Libby 4 -1 -2 -3 -3 -1 -2 6 10 6

Libby 3 -1 -1 -2 -2 1 1 5 5 2
CFA #2 0 0 -1 -1 0 -1 4 6 4

CFA #3 0 0 -1 -1 0 -1 4 6 2

2 4 0 -11 -13 -12 -10 -1 -1

#13 0 0 0 0 0 0 0 -1 -5
6C5 0 1 0 0 0 0 -4 -6 -11
6C10 0 2 0 -2 -1 -5 -10 -12 -17

1.5 LP 1 3 0 -9 -10 -9 -10 -10 -12

:
.

, – - ,
, ,

.

, .
. . 5.22

. 6 5 6 10

. , 6 ( - Cut)
, 5 10 (Killion, 1981). 6 5

, #16 14 , 3
(Killion, 1988). 6 10 #19



13 #13 13 ,

3 .

,

5.4.2.

,
-

(Killion, Wilson, 1985).
,

Etymotic Research,

( ),

.
:

ER12-1

,
,

.

6
500 , 13
1000

40
2,5 (Dillon,

,
: ER12-2

2 15 , 1
3 (Dillon, ).

, (Macrae, 1982).
2 ,

; .
: ER12-3

1 2 20-25 ,
500 4 (Dillon, ; Killion,

Wilson, 1985).
25 4 1500 (Killion,

Wilson, 1985).
,

1.5 LP

1.35

14

1,9

1.0

1,9

13

0.9

1,5

12

6C106C5

. 5.22.
,
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( Etymotic Research; Killion,
1981)/
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2 . ( . 9.1.4,
).

« » : ER12-4
2 35 ,

500 5 (Dillon, ).
, ER12-2,

, 2 .

5.5.

, ( . 2.6.2 2.7).
, ,

.
,

. 1, 3 5

. ,
2

. . 5.24 1500 ,
( )

( ).



:
.

� 1 , 2 ,

.

. ,

,
,

,
.

�

2 ,
1 ,

.

,

,

,

.

. 5.8

( ) .

. 5.8. ,
. ,

; .
Knowles Inc.

: 1000 ( ), 3300 ( ) 4700 ( ).

( )
( )

250 500 750 1000 1500 2000 3000 4000 6000

330 ( ) 0 0 0 -1 -1 -1 -1 0 0

680 ( ) 0 -1 -1 -3 0 -1 -1 0 0

1500 ( ) -1 -2 -3 -7 -1 -2 -4 -1 -1

2200 ( ) -1 -1 -2 -6 0 -3 -3 -4 -1

330 ( ) 0 0 -1 -3 -1 -1 0 -1 0

680 ( ) 0 0 -2 -6 -1 -1 -1 -1 -1

1500 ( ) -1 -2 -6 -11 -3 -1 -2 -4 -1

2200 ( ) -3 -4 -9 -16 -4 -1 -1 -5 -1

, ,
.

,
,

- .
(

). 2,08,
1,78, 1,37 1,12 , (Van Vliet, 1996).
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, ( .
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1. .
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, .

, . . . (
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2-4 , .
( / .) ( . .

4 2 ).
.

( ),
. ( ) 2-4

,
.

#13. [

, 2 3

HA2.
(#13), .

#13]. . 5.9
. ,

2-4
.

, , #13,
, ( . . 5.7). , 1.5

LP 500 2
2 .

. 5.9. ,
( 4 2 )

.

2-4 ( / .)

4 12

3 4

CFA #2 7

CFA #3 7

11

#13 -1

6C5 -6

6C10 -7

1.5 LP -1

, . 5.9.

.
5. . ,

. , . 5.8
. - ,

,
. - ,

.
- , ,

.
,



, ,
. 5.8.

: .
,

.

5.8.

,
. ,

.

5.8.1.
.

.

� ,

. , ,
, .

« », ,
.

�

,
.

.

� ,

( ), . .
.

(Alvord & Farmer, 1997).
( . 5.8.3), .

,
. -

.
. Sullivan (1995)

, , -
.

� , ,

.
.

,
. -

. , ,

, .
, , ,

, . ,

. :

. . ,
.

( - )



. ,
, « » ( . light – ).

, .
.

, ,
, . ,

,
, .

( ) 5
. ,

,
.

. . ,
, .

(Schimanski, 1992).

.
. (

) ,
. , -

(Morgan, 1994)
(Agnew, 1986). , .

( )
:

� -

.

� ,

(Westone, 1996).

� ,

.
,

.
. ,

. ,
.

. ,
6 (0,25 ).

, ,
.

,
( ),

. ,
( ).

, .
.

,
. ,

.
,

( . . ).

. ,
( . 5.8.2).

. 7-10 (
) ,



. , .
/ ,

,
.

. .
, , , .

. ( ).
, .

. , !
. ( ),

. ,
.

. , .
.

. ,
.

,
(Pirzanski, 1997).

. ( .
5.10.3).

.
.

, ,
.

.
?

, :

� , –

.
� –

, .
.

5.8.2.

, .
(

) .

. ,
(Pirzanski, 1997). ,

, , ,
5 .

,
(Pirzanski, 1997,

).
.

� 5 ;

� ( .,

Otoform A/K, Westone, Silicast, Steramold, Otosil, Dahlberg) (Pirzanski, 1997);
� .

, ,
, .

,



. ,
. ,

,
(Oliveira, 1997). ,

25 ( )
10% (Oliveira, 1995).

,
- ,

,
(Griffing, Giles, Romriell, 1998).

,
, 25-

(Pirzanski, 1996). ,

, ,
, , , . .

(Fishbein, 1996). Pirzanski (1997) ,
,

,
.

? ,
.

(Martin, Pirzanski, 1998).

(Griffing,
Giles, Romriell, 1998). , ,

,
,

( ).
.

. ,
,

(Fifield, Earnshaw, Smither, 1980).
;

.
:

1. , .
, 2 3.

2. .
,

.
. .

. 5
200 ,

. 2.
3. . ,

, ,
.

.
. .

. Fifield, Earnshaw, Smither (1980).

, ,



(Macrae, 1990; Pirzanski, 1997, ).
,

.
,

. ,
, ,

,
(Macree, 1990).

5.8.3.

. ,
:

� ( ., Blend™, Audalin™)

.

� - ( ., Amsil™,

Copolsil™, Otoform-K™, Silisoft™) .
-

.

� ( ., Otoform

A/K™, Reprosil™) .

.
,

,
.

.
. , .

, . . . ,
,

( 5.8.2). Pirzanski (1997, )
,

,
.

, –
(Staab, Martin, 1995).

.
.

: ,

�

� -

�

�

� ,

, , ,
(Macrae, 1990).

.

.
,

, ,
. .

48



0,1 % (Nolan,
Combe, 1985; Nolan, Combe, 1989). , -

0,5% (Nolan, Combe, 1985), 2-5% (Agnew,
1986; Nolan, Combe, 1989).

. ,
, .

, .
.

,
. [ - ,

, - ,

(Nolan & Combe, 1985)]. ,
.
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.
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. ,
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. , .

.
. ,
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� - ,

,

� – .
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�

�

�

� ,

�

�

,

( -
) ( )

,

( )
Rx, Polysheer, Polysheer
II, Ultraflex, Superflex,
Polyplus,
Synth-a-flex II, Formaseal,
Satin Soft

40 - 50

( )
Vinylflex II, Vinylflex,
Marveltex, Marvel Soft,
Vinyl Flesh, Formula II,
Flexible Plastic

�

�

( )

,

� ,

,

�

:
,

.
�

–
24 .

( -
)

� M-2000, W-1, MSL-

90, JB-1000,
Softech, Soft
Silicone

� Medi-Sil II, Mediflex,

Emplex, Frosted Flex
� M.D.X, TFC

� Bio-por

20-40

50-70

70

�

/

�

�

�

,
� –

(
- )

Microlite, Excelite

� , , ,

.

( )
�

� , ,

�

�

� ,

,
. ,

. (
), .

. ,

.
,

(Creel,
Desporte, Juneau, 1999).
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Curran (1990a, 1990b, 1991, 1992).
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