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QO "Ovm|t sy=Qi =Q 45�DPM� xDUUo R=i pOt u=wva =@ 44u} Qr} w= |=y pOt
|Ov@xm@W w u=} QH |xUOvy O=H}= Qw_vt x@ 46C}@to Q=Ri=sQv R= |R=Ux}@W u}=
u}=Q@=v@ "CU= xOW xO=iDU= u=} QH |OOa |R=UpOt |=Q@ Cv�wri Q=Ri=sQv R= w u;
R= xO=iDU= =@ TBU w xOW O=H}= C}@to Q=Ri=sQv QO 1 pmW =@ j@=]t pOt |xUOvy
|xm@W '2 pmW "CU= xDiQo CQwY |Ov@xm@W |r}]DUt wCN=wvm} Q}e |xm@W
"OyO|t u=Wv =Q =wy ?=@L |xOQB Qw[L uwO@ |=yCr=L |=Q@ pOt |D=@U=Lt

[29]"RNG pOt C@=F ?}=Q[ "1 pwOH
C1" C2" Cv C� �k �"

1=42 1=68 � 100 0=0845 � 1=393 � 1=393

32uiQOu=i u}vJty [25]"OW s=Hv= Ovry QO 31Qt=Qm pik QO �2005� u=Q=mty w
=Q =wy ?=@L |xOQB R= lJwm T=}kt |=yV}=tR; '�2017� 33s=}r} w x=Qty x@
36R}vOrw= w uiQOu=i [2]"OvO=O s=Hv= Ovry 35hrO QO 34TQ=DrO QO swri l} QO
|xOQB |=wy u=} QH MQv Q}}eD QO OQmrta Cw=iD |@=} RQ= Qw_vt x@ R}v '�2018�
u=} QH MQv =yu; QO xm OvO=O s=Hv= |QDW}@ CkO =@ |Qo}O |=yV}=tR; '=wy ?=@L
MQv V}=Ri= xm O=O u=Wv u=W}= C=ar=]t G}=Dv "Ow@ Q}eDt ?=@L |xR=Ov= w =wy
|QwW Pwiv =@ xr@=kt VwQ l} u=wvax@ =Q =wy ?=@L |xOQB OQmrta ,=twRr =wy u=} QH
|UQQ@ QO �2018� Qr} w w 37|vwy=tw= 'ui QO u=i u}vJty [26]"OWN@|tv Ow@y@
'|v=Q|DWm |=ypik R= |Q=OQ@xQy@ |] QO ltv Pwiv QO Q=PoQ}F-=D |rY= |=yQDt=Q=B
|QwW Pwiv Vy=m |=Q@ umtt |=ys=Ok= R= |m} u=wva x@ =wy ?=@L |xOQB |wQ Q@
u=Qo}O \UwD xm =Q '=wy ?=@L |xOQB =@ |@}mQD |=ys=Ok= w =yKQ] w OvOW RmQtDt

[7]"OvOQm u=}@ xYqN Qw]x@ 'Ow@ xOW V}=tR;
VwQ T=U=Q@ |OOa pOt l} R= xO=iDU= =@ R}v �2020� u=Q=mty w 38utOrw=
|m}rwQO}y pQDvm [27]"OvDN=OQB =wy ?=@L |xOQB sDU}U |UQQ@ x@ Sv=Qo q � Qr} w=
|=ysDU}Uwm = R= C_=iL w u; |ivt C=a@D R= uDU=m Qw_vt x@ =} QO ?; |wQW}B
|xwLv |v}@V}B w u; QO QF-wt |=ysR}v=mt QDy@ xJ Qy CN=vW sRrDUt '|rL=U
|=yQ=R@= xrtH R= xm |OOa |=ypOt R= 'syt u}= x@ p}v |=Q@ "CU=yu; |Q=PoQ}F-=D
xmv}= x@ xHwD =@ 'u}=Q@=v@ "OwW|t xO=iDU= 'CU= |D=ar=]t u}vJ s=Hv= QO pw=ODt
=} QO ?; R=QD Q}}eD %p}@k R= '|}=yQDt=Q=B Q}F-=D |UQQ@ x@ xDiQo CQwY C=ar=]t ?r=e
?; R=QD Q}}eD Q}F-=D 'Q[=L |xar=]t QO 'Ov=xDN=OQB |QwW Pwiv QO |t}rk= C=Q}}eD w
Q=Ri=sQv QO |OOa pOt l} R= xO=iDU= =@ |QwW Pwiv QO =} QO ?; |r=oJ w xv=NOwQ
x@ =wy ?=@L |xOQB Q}F-=D R}v w |Oa)@ wO u=} QH l} |R=Ux}@W =@ 39Cv�wri T}Uv=
|=y?; QO |QwW Pwiv R= |Q}owrH QO u} Q}W w QwW ?; u}@ |@=@L j}=a u=wva

"CU= xOW |UQQ@ |L]U

=yVwQ w O=wt "2
u=} QH Q@ sm =L CqO=at "1"2

u=}@ 2 |x]@=Q CQwY x@ 'xDiW; u=} QH Q@ sm =L <=k@ CqO=at '|rm Cr=L QO
[28]:OvwW|t

:�|oDUw}B� sQH |=k@ ��
uj;j = 0 (2)

:swDvtt |=k@ ��

�(@Ui
@t

+ Uj
@Ui
@xj

) = � @P
@xi

+ (�� �0)gi

+ @
@xj

�
�@Ui
@xj
� �uiuj

�
(3)

'\UwDt Q=Wi Q=Okt P 'xi CyH QO \UwDt CaQU |xir-wt Ui '=yu; QO xm
|xir-wt gi '`HQt |r=oJ �0 '|rLt |r=oJ � 'ROrwv} Q |=yVvD��uiuj

"OvDUy |m}t=v}O CHRr � w xi CyH QO pkF ?=DW
k � " |oDiW; pOt ' 'k � " |oDiW; |=ypOt u}@ R= xm CU= QmP u=}=W
'Standard k� " |oDiW; |=ypOt '|rm Qw] x@ "CU= xOW xO=iDU=RNG40
|=Q@ p=kDv= CqO=at w xDW=O u=Um} pmW Realizable k� " w RNG k� "

87



"""x
v=NO

wQu
}Q}W

?;
R=QD

Q}F- =D
|U

QQ@

"|RQt \}=QW "4 pmW

"=ypOt |xm@W R= pqkDU= |UQQ@ "5 pmW
xO=iDU= =@ u=W}= [11]"CU= xOW xO=iDU= �1987� =mQ}H w =D} Q; |y=oW}=tR; G}=Dv
=Q u; Pwiv jta w pmW Ovv=t QwW |xwo |rm X=wN 'u=} QH Q@ sm =L CqO=at R=
Pwiv pw] u=wD|t =yu; T=U=Q@ xm OvDi=} CUO |]@=wQ x@ C}=yvQO w |v}@V}B
x@ u=wD|t QwmPt \@=wQ |xrtH R= "OQw; CUOx@ |@ wN ?} QkD =@ =Q |QwW |xwo
xv=NOwQ |xv=yO QO �� |OOa Q=Okt '=yu; G}=Dv j@] Q@ xm OQm xQ=W= 8 |x]@=Q

"CU= QiY Q@=Q@
�� = 1� F 20

�3 [1 + �2q2
r(

�
1� � )2] (8)

x@U=Lt 12 |r= 9 \@=wQ j@] qr w �2 '� 'l} QDt}UvO OwQi OOa F0 'u; QO xm
"OvwW|t

F 20 =
q2
f

( �s��f�f
)gH30

(9)

� = h1
H0

(10)

�2 = 1
c

+ 4=3
1� c (11)

qr = qs
qf

(12)

|r=oJ �f 'QwW ?; |@O qs 'u} Q}W ?; |@O qf '12 |r= 8 \@=wQ QO xm
Qy QO QwW ?; |xwo |wQ u} Q}W ?; `=iDQ= h1 'QwW ?; |r=oJ �s 'u} Q}W ?;
Qy |=Q@ |D@=F ?} Q[ R}v c w xwo lwv QO u} Q}W ?; jta H0 'xv=NOwQ R= `]kt
QO w c � 0=9 Q=Okt xwo lwv l}ORv `]=kt QO ,qwtat xm CU= xv=NOwQ R= `]kt

"pOt |xUOvy "1 pmW

"=wy ?=@L |xOQB uwO@ |=ypOt |D=@U=Lt |xm@W "2 pmW

"=wy ?=@L |xOQB =@ pOt |D=@U=Lt |xm@W "3 pmW

"OwW|t xOy=Wt =wy ?=@L |xOQB =@ pOt |D=@U=Lt |xm@W R}v '3 pmW QO
|xOQB uwO@ |=ypOt =@ =wy ?=@L |xOQB =@ |=ypOt |D=@U=Lt |xm@W Cw=iD
|xOQB OwHw p}rO x@ '=wy ?=@L |xOQB =@ |=ypOt QO xm CU= u}= QO =wy ?=@L
|D=@U=Lt |xm@W x@ R=}v '=wy |xOQB =@ OQwNQ@ QO u=} QH MU=B C}ty= w =wy ?=@L

"CU= \=kv Q}=U x@ C@Uv =wy |xOQB h=Q]= QO QDR} Q
4 pmW j@=]t |RQt \}=QW 'C}@to Q=Ri=sQv QO pOt |xUOvy O=H}= R= TB
u} Qr} w= |R=iOvJ pOt R= xO=iDU= =@ Cv�wri Q=Ri=sQv QO TBU w xOW p=ta= u; x@

"CU= xOW pL k � " RNG |oDiW; pOt w
VwQ R= " 'k CqO=at pL 'l}�wm VwQ R= swDvtt CqO=at pL |=Q@ u}vJty
xO=iDU= Q=Wi � CaQU p=YD= |=Q@ pBt}U VwQ R= w pw= x@DQt CUOq=@ hqDN=
'5000 '4000 |=ypwrU O=OaD =@ xOW QmP |=ypOt xmCU= QmP u=}=W "CU= xOW
=@ |D=@U=Lt |xm@W xm CU= u; R= |m =L G}=Dv w OvOW |UQQ@ 11000 w 8000
8000 pwrU O=OaD =@ |}=ypOt u}=Q@=v@ "CU= xm@W R= pkDUt '8000 pwrU O=OaD
|y=oW}=tR; G}=Dv =@ =wy ?=@L |xOQB pOt |xm@W R= pqkDU= G}=Dv "OvOW O=H}=
5 pmW QO u} Q}W ?; |OwQw R= |QDt 8=55 C}akwt QO �1997� =D} Q; w =O}=U;

[30]"OwW|t xOy=Wt
=@ |OOa pOt G}=Dv |xU}=kt R= 'pOt K}LY OQmrta R= u=v}t]= Qw_vt x@

88



2/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "=ypOt |m}rwQO}y w |m} R}i |=yQDt=Q=B "3 pwOH

Lr(m) Hf (m)
�S qa qs qf pOt

(kg=m3) (m2=s) (m2=s) (m2=s)
14 0=16 1002 0 0=0006 0=003 1
12 0=13 1002 0 0=0006 0=003 2
8 0=10 1002 0 0=0006 0=003 3
8 0=10 1004 0 0=0006 0=003 4
8 0=10 1006 0 0=0006 0=003 5
8 0=10 1008 0 0=0006 0=003 6

12=5 0=45 1002 0=002 0=00125 0=00682 8

x@ "OW xDiQo Q_v QO u=Um} xv=NOwQ ?; R=QD RH x@ xOW QmP |=ypOt |=Q@ \}=QW
QwW ?; |r=oJ '=} QO ?; R=QD 'u} Q}W ?; |@O |=Q=O =ypOt |xty 'Qo}O CQ=@a
u}vJty "OvDW=O Cw=iD Qo}Om} =@ xv=NOwQ ?; R=QD QO \ki w OvOw@ x@=Wt u} Q}W w
=yu; xm OvOW O=H}= 6 |r= 3 |=ypOt R}v =} QO ?; |r=oJ Q}F-=D |UQQ@ Qw_vt x@
l} "OvDW=O Cw=iD =} QO ?; |r=oJ QO \ki w OvOw@ u=Um} \}=QW =@ |oty R}v
?=@L |xOQB QF= |UQQ@ Qw_vt x@ '3 pwOH QO 7 pOt C=YNWt =@ j@=]t R}v pOt
u=tR Vy=m Qw_vt x@ xm CU= QmP u=}=W "OW O=H}= |QwW Pwiv R= |Q}owrH QO =wy
Q_v QO T=}kt lJwm |m}rwQO}y \}=QW =@ |Oa)@ wO |=ypOt 'C=@U=Lt sHL w

"OvOW xDiQo
ZQa QO |@O qs 'xv=NOwQ u} Q}W ?; OL=w ZQa QO |@O qf '3 pwOH QO
'QwW ?; |r=oJ �s '=wy ?=@L |xOQB OL=w ZQa QO |@O qa '=} QO QwW ?; OL=w
QmP u=}=W "OvDUy xOW pOt |xv=NOwQ pw] Lr w xv=NOwQ u} Q}W ?; jta Hf
pw] 'C=@U=Lt sHL w u=tR Vy=m |=Q@ xOW s=Hv= |=y|R=UpOt QO xm CU=

"CU= xOW xDiQo Q_v QO pOt Qy =@ ?U=vDt �Lr� xOWpOt |xv=NOwQ

EL@ w G}=Dv "3
|QwW Pwiv QO xv=NOwQ ?; R=QD Q}F-=D |UQQ@ "1"3

w 2 '1 pOt xU '=} QO QwW ?; |wQW}B u=R}t QO xv=NOwQ ?; R=QD QF= |UQQ@ |=Q@
QO QwmPt pOt xU QO QwW ?; |wQW}B u=R}t "OvOW O=H}= 3 pwOH \}=QW =@ 3

"OwW|t xOy=Wt 7 pmW
pOt QO xm CU= u}= Qov=}@ '3 pwOH j@=]t 1 pOt |R=UpOt R= pY=L G}=Dv
T=U=Q@� 0 299 l} QDt}UvO OwQi OOa w xv=NOwQ R=QD QDt 0 16 `=iDQ= =@ pw=
pO=at xv=NOwQ R=QD =@ u}vJty w xOw@ QDt 3 OwOL QO QwW ?; |wQW}B '�9 |x]@=Q
CQ=@a x@ "CU= xOQm Pwiv u} Q}W ?; QO QDt 1 65 OwOL QO QwW ?; 'QDt 0 13
"CU= xDi=} Vy=m �45 u=R}t x@ |QwW Pwiv 'xv=NOwQ R=QD �19 Vy=m =@ 'Qo}O

QwW ?; Pwiv u=R}t w xOW O=H}= QDt 0 10 |xv=NOwQ ?; R=QD =@ R}v swU pOt
pOt QO |QwW Pwiv pw] "CU= xOw@ QDtm u}W}B pOt wO =@ T=}k QO Cr=L u}= QO
u}= QO "CU= xOw@ QDt 0 57 OwOL QO 'QDt 0 10 pO=at |xv=NOwQ R=QD =@ swU
�81 u=R}t x@ |QwW Pwiv 'pw= pOt x@ C@Uv xv=NOwQ R=QD �38 Vy=m =@ R}v Cr=L
'|QwW Pwiv u=R}t QDy@ |xU}=kt Qw_vt x@ "CU= xDi=} Vy=m pw= pOt x@ C@Uv

"OwW|t xOy=Wt 8 pmW QO pOt xU Qy G}=Dv
?; R=QD V}=Ri= <=R= x@ xm CiQo xH}Dv u=wD|t =ypOt G}=Dv T=U=Q@ u}=Q@=v@
|=vat x@ Pwiv V}=Ri= u}= "OQm Oy=wN =O}B V}=Ri= QwW ?; |wQW}B u=R}t 'xv=NOwQ

"|HvUCLY |=Q@ pOt C=YNWt "2 pwOH
F0 H0(m) qs(kg=m3) qf (kg=m3) qs(m2=s) qf (m2=s)

0=40 0=13 1002 999=5 0=0006 0=003

u=Q=mty w =D} Q; |y=oW}=tR; pOt G}=Dv =@ |OOa pOt G}=Dv |xU}=kt "6 pmW
"�1987�

�1987� =mQ}H w =D} Q; [11]"OQ=O c = 0=5 |@} QkDQ=Okt xv=NOwQ |xv=yO |m}ORv
|QwW |xwo Pwiv pw] C@Uv xm OvOQm x�=Q= =Q |Q=Owtv '12 |r= 8 \@=wQ Q@ xwqa
u}=Q@=v@ "O=O|t u=Wv ROrwv} Q OOa ?UL Q@ =Q (L0=H0) xwo lwv QO ?; jta x@
�1987� =mQ}H w =D} Q; \UwD xOW x�=Q= Q=Owtv w 12 |r= 8 \@=wQ R= xO=iDU= =@
C=YNWt =@ |v=} QH u}=Q@=v@ "OQw; CUOx@ =Q �L0� |QwW |xwo Pwiv u=R}t u=wD|t
xOW xDiQo Q_v QO u=} QH |=Q@ 12 |r= 9 \@=wQ TBU "OW xDiQo Q_v QO 2 pwOH
xv=NOwQ ?Yt |=Q@ 8 |x]@=Q C}=yvQO =D 'OvOW x@U=Lt 2 pwOH C=YNWt j@]
xHwD =@ '11 |x]@=Q QO �2 Q=Okt uOQw; CUOx@ |=Q@ xm CU= QmP u=}=W "OwW pL
Q_v QO 0=5 =@ Q@=Q@ c Q=Okt 'OwW|t pL xv=NOwQ `]kt |=Q@ 8 |x]@=Q xmv}= x@

"CU= xOW xDiQo
8 |x]@=Q '2 pwOH |=yxO=O j@] '12 |r= 9 \@=wQ |x@U=Lt R= TB u}=Q@=v@

:OwW|t p}O@D 13 |xrO=at x@
1� 0 402

�3 [1 + 4=66� 0 22 � ( �
1� � )2] = 0 (13)

=@ u}=Q@=v@ "CU= � 'xv=NOwQ ?Yt `]kt |=Q@ 13 |xrO=at pwyHt =yvD u}=Q@=v@
`=iDQ= Q=Okt xH}Dv QO "OwW|t swrat h1 Q=Okt Ck}kL QO � Q=Okt uOQw; CUOx@
"O};|t CUOx@ |R=UpOt |=Q@ QwW ?; |OwQw QO QwW ?; |xwo |wQ u} Q}W ?;
sRq |OOa pOt R= xO=iDU= =@ |QwW Pwiv u=R}t uOQw;CUOx@ w |R=UpOt R= TB
'OvwW xU}=kt �1987� =mQ}H w =D} Q; |y=oW}=tR; G}=Dv =@ xOt; CUOx@ G}=Dv CU=
pOt =@ |OOa pOt G}=Dv 'u; j@=]t xm OwW|t xOy=Wt 6 pmW QO u; G}=Dv xm

"OQ=O |v=wNsy |y=oW}=tR;
AJCtU R= u} Q}W ?; |OwQw =@ |Oa)@ wO |=ypOt '1 pmW =@ j@=]t u}=Q@=v@
|UQQ@OQwt u=} QH xmv}= x@ xHwD =@ "OvOW O=H}= CU=Q CtU R= QwW ?; |OwQw w
|oDiW; pOt 'u} Qr} w= pOt |=yC}r@=k x@ xHwD =@ =Pr 'CU= |R=iOvJ u=} QH l}
T=U=Q@ w ?=NDv= Q[=L VywSB |R=iOvJ u=} QH |R=Ux}@W |=Q@ RNG k� "
\}=QW w =ypOt |m}rwQO}y w |m} R}i |=yQDt=Q=B "CU= xOW xO=iDU= u=} QH \}=QW
xv=NOwQ ?; R=QD QF= |UQQ@ Qw_vt x@ "CU= xOW x�=Q= 3 pwOH QO u=} QH |x}rw=
|t=tD w OvOW O=H}= 3 pwOH j@] Q@ 3 w 2 '1 |=ypOt '|QwW Pwiv u=R}t QO

89



"""x
v=NO

wQu
}Q}W

?;
R=QD

Q}F- =D
|U

QQ@

"l} QDt}UvO OwQi OOa x@ xv=NOwQ R=QD x@ |QwW Pwiv pw] C@Uv Q=Owtv "9 pmW

"QwW ?; |wQW}B u=R}t "10 pmW

xm Cio u=wD|t u}=Q@=v@ "Ovm|t Pwiv u} Q}W ?; QO QDt 1=065 OwOL QO QwW ?;
|wQW}B u=R}t '=} QO ?; |r=oJ �0=2 V}=Ri= <=R= x@ 3 pOt =@ xU}=kt QO 4 pOt

"OwW|t QDW}@ �86 '3 pOt x@ C@Uv QwW ?;
pO=at '1006 kg=m3 =} QO ?; |r=oJ =@ 5 pOt QO QwW ?; |wQW}B u=R}t
Q=Okt x@ =} QO ?; |r=oJ V}=Ri= =@ R}v 5 pOt QO u}=Q@=v@ "CU= xOw@ QDt 1=49 =@
x@ C@Uv �162 Q=Okt x@ =} QO QwW ?; |wQW}B u=R}t '3 pOt x@ C@Uv �0=4
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