
88˹

 

AÌW 1:y 1ÌfÀÌ� Á )#�0Y MÊNÌ¯ )Z/�ÌBf& ÊÀÌ] Ä] ,ZÌ� �fQ] f2Y�7 �{ ^-f$7 3|7
 Ä°47 15¯ )Z/ �Z:f0Y >W)588(

LZ6ËZQ É�Ì»Y Zj$1
,ZjZ:4 m1? É.Z# |5v» 2

Ã|Ì°" 
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,3Ì/] h$=�j ,LY�ËY $. Z<�] È<Y�� k��» �ËYETY 7-�Ì� É�Z� �ËYE/TY = hZXËZ/j �#Z+ $1l3» ,] Y$ Z<�] |Ì214 = É$=Y�T ÉZ#

 Ê» LZD< |Ì214 |#. .)�Y .�H#Y$ =. ¾-�Y.�l< $. ,k|# ¾ËY ,] Ê]ZÌ-�. È»�( .ETY ,V=Y .�H#Y$ Ã�/] �ËY 7-�Ì� É$= = .1m1» ÉZ#
 LZ/Ì» È/»Z<�] ÉY�/mY = ,†Y$Y ,&=. .�H#Y$ = |3-�# $Z+ VZ@ $. $1D+ {Z:< �Y ÊXÌ�= RS� $. ,+ )�Y Ê5Ë|' $. h|/»|3¸] = h|/»

 )/�Y Z<�/] |/Ì214 = É$=Y�/T ÉY�/] )�Y.�] �Y u_ É01213°4 È3Ì»� $. ¾Ë1< ÉZ/5-�Ì� = Z/�=$ É�ÌU$Z°] ÉZ-�Y$ .$. g1-¸/�

=|v» Ê-]1A$ Ç.16Z428Ê» )�Y.�] �4 ÈËZ_ |"$. .$Y. LB Ê<Z/°» )ÌX'1» = 7'$ ,)�Y.�] m=$ ,] Ê´-�] ,+ .1� .OËY�/� $.
Ê» �ËYETY |Ì*� Z<�] ,] g1-¸� CË|H4 .�°¸5� ,�4(Z] )�Y.�] )]1A$ $. ,Ê¸+ |]Z .¾ÌËZ_ )]1A$ LYEÌ» $. ,+ Ê2Z@ $.É0�<Y ,�4

^D? ÉY�] &�( Ê» �#Z+ L.�+ ]ZË |]5.[
,�$E» $. )]1A$ LYEÌ» ,m14 C]Z' �#Z+ �Y u_ ,Ã|� )�Y.�] g1-¸�)Ê-3� )�Y.�] m=$ ()/�Y.�] �Y u_ ,¸"ZT!] ZË)m=$

ÃEÌ<Z°» )�Y.�] (Ê» C:-3» Ê]1°Ì2Z� ,<Z?$Z+ ,] CË|H4 hZÌ¸5� &Z6<Y ÉY�] .1� .Ê» ,Ì"14 LZ::v» Ã�/Ì?P ÉY�/] ,+ |33+ ,É�Z

 Ê» g1-¸� )]1A$ .=|@ )�ËZ]13|"$. )�4 ÈËZ_ (g1-¸� )]1A$ )�Y �-/] EÌ< CË|H4 hZÌ¸5� &Z6<Y ÉY�] = |�Z]);1/< ,] ,-�]
g1-¸� 7'$ (¾Ì10Z413|"$. )�4 ÈËZ_ (|�Z]]26.[

7-�Ì� �Y Ê°Ë ^D? ¾Ë1< ÉZ# ^D? ,g1-¸� L.�+ Ê» EÌ< LB È3Ì/] ÈS:< ¾-TZË ,+ )�Y VZÌ� �-�] ¾+ )?Z� ,Ê@Y�A $. |<Y14
 .�]$Z+ =f?Z� .1H/] ÉY�] 7-�Ì� ¾ËY ^D? Ê*Ì+ ÉZ# |/3+ 7#Y�/T $1D/+ Z<�/] )X3/" ,/] Y$ LB .=$= È3Ì»� ,g1-¸� L.�+ .

VZÌ� É$=Z¢3T ^D? $. Ã.�-�U $1A ,] ,+ )�Y ÊËZ/�=$ �Y Ê°Ë É�Z� Ê/» Ã.Z*-/�Y É�$=ZD/+ = ÊËY%c .Y1» L.�+ .1/� .m=$

^D? )?Y13°Ë = &Y$B m=$ ^Ë LY13� ,] VZÌ� �-�] L|� .$Y. (Z/] Ç.�Z] Z] Y$ .Y1» )]1A$ �#Z+ )Ì¸]Z' ,+ )�Y Ã|� ,-?Z3� .
^D? |3ËY�T $.,É.=$= ÉY1/# Ê]. ,g1-¸� ÈÌ2=Y )]1A$ ,g1-¸� ÊËZ/< )]1A$ ,É.=$= ÉY1# ÉZ». |3<Z» Ê¸»Y1� ,g1-¸� L.�+

 ̂ D/? ^Ì-3Ì/� ,Z<�] hZXËZj .Z6ËY É=$ �] g1-¸� ª5� = OÌv» ÉY1# ÉZ». = ÊH�< )]1A$ = L|/� É0�/<Y k��/» LYE/Ì» 
|<�Y’» .�Ì_ ÉY�] ÊjZË$ V|» ^Ë ÈX�14 )�Y C°D» $ZÌ�] C:-�» ÉZ#�Ìr-» È5# Z] {ZH4$Y $. ,2“�» ¾ËY È-�]Y= ÉZ#�Ìr-» Ê3Ì] .

m=$ Ê?�] ,Q �UY �Ì_ ÉY�] Z# f?Z� Ê3Ì] ÊH/�Z3» )/'. ÉY$Y. Ê/2= )/�Y ,/-TZË ,X�14 É0�<Y k��» = ^Ì-3Ì� ,Ê*Ì+ ÉZ#
 |3-�Ì<]4.[
-» m=$ m=$ ,É�$=ZD+ h(1�v» Ê*Ì+ ÉZ#�-»Y$Z_ É$=Y�T OËY�� Ê�$�] ÉY�] V=Y| )/�Y É$Z»B ÉZ# .)/ÌX'Y= m=$ ¾/ËY $.

Ê» LZÌ] É�Hm È2.ZX» ^Ë ^5+ ,] Ã|Ë|_ )/�Y Ã|� ŠZv2 LB $. ,2“�» Ê¸"Y hZÌj�T ,+ .1� .Ê/4$Y�@ C†Z�/» É$Z/»B C/Ì¸v4
 �Y ÉY�] W¸cY ,+ )�Y ÊjZË$ O]Y=$ É.Y|X4 È†Y$Y &E¸-�»)�Y C°D» �Ì�*4 = Ã.Z*- .É$=Z¢3T GË�� ÈX�14 Z] Ã�=�»Y m�Y.�/_ ÉZ/#

,<ZËY$ &�< .Z6ËY = ÉY ,°H� |3<Z» Ê�13�» m1# É$=Z3T ÉZËYE» �Y ,,A1]�» ÉZ#$YETY ,/] {1/]�» C†Z�/» C/@ ÉY�/] ÊH�/� ÉZ/#
V|» 7-�Ì� É�Z� Ê» Ã.Z*-�Y = Z#|3ËY�T = Z# .1� .,�156» ,Ê�13�» ÊH�� È°H� ^Ë � �  ÉY �´Ë|5# ,] C�-» Ê4ZH�Zv» �"Z3

 )�Y Ê-�Ë� ÉZ/<=�< ,ÌH� ,+ )�Y .Ã.Y. LZ/Ì» .1/m1» Ê4YP {ZH4$Y Ê¸H' �<Y. •Ì# L=|] )�Y $.Z' ,�156» ¾ËY Y$ ,2“�/» ÉZ/#
 |3+ š*@ .1? $. = dD+]10.[

�Ì_ ,CÌ¸v4 ÉY�] ÊjZË$ = É$Z»B ,ÊDËZ»�B ÉZ/�=$ �Y É$ZÌ�] LY�´D#=ƒ_ Z#�Ìr-» É�Z�2|» = Ê3Ì]^D? É¾+VZÌ� �-�] ÉZ#
 �Y |/34$ZH� Z/<B �Y Ê?�] ,+ |<.�+ &Y|'Y :É. = �/3Ìm EÌ¸D/Ì»)1988(LY$Z/°5# = .Z/�Y�_ ,)1994(„LY$Z/°5# = Z/Ì-» É. )1996(„

)Ë$Z<=�<1_1�)1999(„LY$Z°5# = C~54 )2000(Ê'.Z" ,)1383(„uÌ]Z_ = N=$Zm)2006.(
,°H� �Y EÌ< É$ZÌ�] ¾Ì::v» �» ÊH�� ÉZ#,3Ì»� $. �l< .$1» kY|#Y ,] Ê]ZÌ-�. ÉY�] Ê�13 Ã.�+ Ã.Z*-�Y É�$=ZD+ ÉZ# ,/+ |/<Y

LB �Y Ê?�] �Y |34$ZH� Z# :LY$Z°5# = &!�Y)2003 (LY$Z/°5# = q/<Y� ,Ê/3Ì»� WÌ/� hZXS' L.�+ ^D? v�< Ê3Ì] �Ì_ ÉY�]
)2002 (? $. �Y1» ÉZ# �-»Y$Z_ �Y g1-¸� L.�+ ^D? ÉZ# ,�?Z� Ê3Ì] �Ì_ ÉY�] = N1/¸Ì]1+ ,)]ZY �-�] m=$ ,] L.�+ ^D

 EË$)2003 (LY$Z/°5# = g$1/-<$Y ,ZË1/# L.�+ ^D? |3ËY�T $. Êm=�? )]1A$ LYEÌ» Ê3Ì] �Ì_ ÉY�])2004(É�Z�/2|» ÉY�/]
 ̂ D? Ê°Ì»Z3Ë. ZÌ21*Ì-�1´<B ,�Z3UY ÃZÌU g�Z< ÈË( L.�+)Ê/Ë=$Y. Ê#ZÌU ^Ë(g$1/-<$Y = g$1/-<$Y ,)2007(^D/? |/3ËY�T $.

�+ q<ZË = 1°33Ì4$Z» ,ZË1# g�Z< ÈË( L.)2006 (LY$Z°5# = É1<1_ = ,�3m )?$. ÈDË$ L.�+ ^D? q3#B ¾ÌÌX4 ÉY�])2006 
=2007 (�Ì_ ÉY�] ,'$= )]1A$ = Z». Ê3Ì] �Ì_ = ‘$Z' Ê-]1A$ )H�< Ê3Ì] ,m1U g�Z< ÉZ# ^D/? ^Ë $. Ê´<�T 1/Ë=�°Ì» ¾/+

Ê†!?.
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h$=�j ,] ,m14 Z] k|# ,Ã|� LZÌ] ÉZ#�Y )�Y h$ZH� ªÌ:v4 ¾ËY :�Ìr-» ¾Ì] {ZH4$Y .Z6ËY ^D? |3ËY�T $. �Y’» C:-�» ÉZ# L.�+

 f?Z� Z] VZÌ� �-�] m=$ ,] g1-¸� ^D/? ^Ì-3Ì/� ,É0�<Y ,Ê*Ì+ ÉZ# ^D/? )/ÌT�o = L.�/+ )/]ZY �-�/] OËY�/� $. ¾/+
 ̂ D? m=$ LY13� ,] Ê#Z´DËZ»�B W�Z3» É0121_14 Z] ÊH�� È°H� ¾-TZË = V=Y|-» L.�+ �Ì_ $1l3» ,] C:-�/» ÉZ#�Ìr-» Ê3Ì]

^D? $.g1-¸� L.�+.
�Á� Á {Y-&Z/

ÊmÁ�y Á ){Á�Á )Z/�f&Y�ZW ZZKf0Y 
^D? Ê]ZË�$Y ÉY�] ¾+^D? É$Z+ )ÌT�o �Ìr-» $Z/Q ,Z# ^D? V1�v» LYEÌ» �l< �Y ¾+ ^D/? ^Ì-3Ì/� )Ì*Ì+ ,Ã|� ,L|/�

 )T�U $Y�' Ê�$�] .$1» Ê*Ì+ f?Z� = ÊT��» É0�<Y LYEÌ» .u_^D? �ËZ»�B �# &Z54Y �YL|/� fzD/» = g1-¸/� L.�/+
 ̂ D? LZ»� �Y |/<.1] h$Z/H� Ã|/� ,-T�U �l< $. ÉZ#�Ìr-» ,Ê��1»B É1´2Y �# ÉY�] ÊËZ/< )]1A$ LYEÌ» = L|� :}=�/? q/3#B

 ̂ D? )ÌT�o $ZÌX» LY13� ,] V1�v» ^D? ^Ì-3Ì� )Ì*Ì+ LY13� ,] �ÌzH4 q3#B ,¾+ LY1/3� ,/] É0�/<Y Çƒ/Ë= k��/» ,L|�
Z�Ê*Ì+ f?Z� LY13� ,] g1-¸� CË|H4 WË�j = É0�<Y f? .

Ê» ,H�Zv» �Ë� O]Y=$ ^5+ ,] $1+%» Êm=�? ÉZ#�Ìr-» .1�]6,19,22:[
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,O]Y=$ ¾ËY $.POR V1�v» }=�? q3#B (kg/m2.s),dm^D? V1�v» &�m Ã|�(kg) ,bA^D/? G/S:» RS� ¾/+

(m2),t^D? LZ»� L|�(s) ,ER�ÌzH4 q3#B (kgv/m2.s) ,vmÃ|/��ÌzH4 )/]1A$ &�m (kg) ,SCE = k��/» Çƒ/Ë
É0�<Y (J/kgv),Q,/l*v» ,/] É.=$= ÉY1# Ê].(m3/s),PaC=PvC$Z/z] = Y1/# Çƒ/Ë= ÉZ/»�U )/ÌT�o W/Ì4�4 ,/] 

)(J/kg°C ,ahY1# ª¸S» )]1A$ )^D? ÉY1#/kg$Zz]kg(,inT,/l*v» ,] É.=$= ÉY1# ÉZ».(°C),aTÉY1/# ÉZ/». 
OÌv»)°C(=hVY1# ÇƒË= 76@)m3/kg()�Y .Z/] �/]Y�] W/Ì4�-] $Z/z] = Y1# ÇƒË= ÉZ»�U �Ë.Z:»16/1004=)(J/kg °C 

8/1828,)�Y HRY g1-¸� CË|H4 WË�j)|"$.(,HR 2Z� |Ì*� Z<�] L�= 7)g(=RW ,Ì2=Y g1-¸� L�= (g))�Y .
Ê» LZD< ,-�%U hZX2ZS» Ê�$�] ^D? .�°¸5� $. É.|X-» C»Y1� ,+ |#. ¾ÌÌX4 �:< Êm=�? ÉZ#�Ìr-» = g1-¸� L|� Ã|33+ ÉY

|<$Y. .�Y )�Y h$ZH� C»Y1� ¾ËY ¾Ë�-5/» :g1-¸� �-�] ª5�(db)OÌ/v» ÉY1/# ÉZ/». ,(Ta)OÌ/v» ÉY1/# ÊH�/< )/]1A$ ,
(RHa)Z». ,^D? Èl*v» ,] É.=$= ÉY1# É¾+(Tin)g1-¸� ÈÌ2=Y )]1A$ LYEÌ» ,(MCin)g1-¸/� ÊËZ//< )]1A$ LYEÌ» ,
(MCf)É.=$= ÉY1# )��� ,(Vin)]2,6,24. [
1:y Ê/Z´:2Z&*8 E¯ 

�ËZ»�B &Z6<Y ÉY�] ^D? �Y VZÌ� = )]ZY �-�] ÉZ# LY$Z/°5# = Ê'.Z" O�14 ,+ Ê#Z´DËZ»�B VZÌ� �-�] ¾+)1383(
�|� Ã.Z*-�Y ,)�Y Ã|� ,-?Z)C°�1.(^D? ¾ËY Ã|3». ,] E/6» ¾+ Ã�/_ Z/] É01Ì*Ë�-<Z� ÉY g�/v-» $1/41» = .�/´H:� ÉZ/#
,� h$|' ,�ZT hp2$=. =rpm2800)�Y .Ê» ¾Ì»Z4 Y$ &�U ÉY1# Ê4$Y�@ Ç$1+ ^Ë |3+ .^D? Èl*v» GS:» RS� ÉY$Y. ¾+

m216/0×16/0Ê�°¸_ u3m �Y = Ã.1] kZ*� N!U)�Y .
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C°�1-^D? Ê¸+ ÉZ5< Ê#Z´DËZ»�B ¾+)1-,,<ZËY$ 2=3-,V�-3+ 7-�Ì� = Z#�´�@ VZ�4Y ,,Ë%r4 GH3» 4-,Ã|3». 5-,�4$13ËY 

6-,Ê4$Y�@ Ã$1+ 7-,Z3�$ZDT 8-,Z3�.Z] 9-^D? Èl*v» ¾+10=11-= ,Z». �´�@ 12-ÊH�< )]1A$ �´�@ (

Ä0-50 )*Z� Ã{Z&8 )ZV/Z´f�{ Á �Á� Z/

,�Ì+ $. ,Z<�] ¾ËZH5+ È¸Ì�= ,] )�Y.�] �Y u_ g1-¸� |� É$Y|/´< e$E] Ê°Ì-�!_ ÉZ# .)/]1A$ �#Z/+ �Y É�ÌU1/¸m ÉY�/]
 ÉZ». $. = |� ,-�] 7°v» ,^Ì-�!_ ¥$¦. ,g1-¸�C°4|� É$Y|/´< ,<Z?.�� $..�ËZ/ B &Z/6<Y �Y C/H' ^D/? ÉZ/# ,L.�/+

,<15< h|» ,] = Ã|� }$Z? VZnzË �Y g1-¸� ÉZ# .=|@12€Z4Y ÉZ». $. )�Z� ).=|@C°20(Ê» ÊËZ». V.ZX4 ,] |Ì/�$ .ÉY�/]

 ,<15< �Y g1-¸� )]1A$ ¾ÌÌX4 ÉZ#10h|» ,] ,+ |� Ã.Z*-�Y Ê»�U 24ÉZ». = )�Z� C°130Ã.Y. $Y�/' Ê#Z´D/ËZ»�B €ZmY $. 
|� .

V|» �Y Ã|� É�Z� ,]ZD» g1-¸� ¾+ )�1_ ÃZ´-�. ^Ë �YST50] ,¾_Y0 $Z5<ZË )+�� �ËZ»�B &Z6<Y ÉY� |� Ã.Z*-�Y Z# .ÃZ´-�.

 )�Y $Y=. Ê°Ì-�( ^-¸c =. ÉY$Y. $1+%»]1.[,<15< L.�+|Ì*� ÉY�] ^/Ë �Y ,CË|/H4 WË�/j ÈH/�Zv» $1/l3» ,] ÊDËZ»�B ÉZ#
|Ì*� )+�� )?Z� Ê#Z´DËZ»�B ¾+KETT V|» ¾_Y0 PEARLEST |� Ã.Z*-�Y .}$Z? �Y u_ ,<15< L.�+ |Ì*� ÉZ# ,Ã|/�

|Ì*� Z<�]Ê» )HY LB L�= = Ã|� Y|m Ê-�. m=$ ,] ,-�°� = 72Z� .1� .
Ã�Y|<Y ÉY�] ^D? €Z4Y ÉY1# ÊH�< )]1A$ É�ÌU )]1A$ ^Ë �Y ¾+ Z3�Lutron HT-3005|� Ã.Z*-�Y LY1ËZ4 $1D+ )?Z� .
Ã�Y|<Y ÉY�] Ê2Z/-Ì6Ë. Z3�Z». ^Ë �Y OÌv» ÉZ». É�ÌULutron TM-915 |/� Ã.Z*-/�Y LY1ËZ/4 $1D/+ )?Z/� .,/] $1/l3» 

Ã�Y|<Y ^D? Èl*v» C?Y. $. .Y1» �-�] L1-� �Y Ê�Z< $ZDT )TY É�ÌU Ê2Z-Ì6Ë. Z3�$ZDT ^Ë �Y ¾+Testo 505-P1 )?Z/� 
|� Ã.Z*-�Y LZ52B $1D+ .Ã�Y|<Y ÉY�] ^D? Èl*v» �Y Êm=�? ÉY1# Ê]. É�ÌU )��� ^Ë �Y ,¾+ Ã�/_ Z3� ÉYLutron A-M-

4202|� Ã.Z*-�Y LY1ËZ4 $1D+ )?Z� .
�Á�d]�� ZZKf0Y ,Z5]Y )Y-/ )Z/ ^-f$7 �fQ] Ä] Ã|7 

�ËZ»�B &Z6<Y �Y u_ VZÌ� ÉZ# Ê3v3» ,É�Z� Y1# )��� È�zD» ÉZ#-ª/5� ÉY�/] VZÌ� $1+%» OËY�� )v4 $ZDT )TY ÉZ/#5,
5/12=cm20V=|m $. LB ZËZ-< ,+ |»B )�. ,] 1)�Y Ã|� ,†Y$Y .

Ä°47 )Y�] �*-&8 Ê]-ÀJ& Ê4J] )Z/ 
15� $Z-?Z� ,°H� Ê» C°� $. ,Ë(|3Q ÊH�� ÉZ#2)�Y Ã|� Ã.Y. LZD< .É.=$= .Y|/X4 Z/] �]Y�] ,+ .$Y. L=�< )*# V=Y ÈË( Z/#

)�Y .&=. ÈË(,&1� ÈË( = )�Y V=Y LZ/3_ ÈË( ,)�Y &=. LZ/3_ ÈË( .V=|m $. Z# �ËZ»�B Ã.=|v»2)�Y Ã|� Ã.Y. LZD< .,/]
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