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α.

cosα =
x

x1
→ x = x1cosα

∂

∂x
=

∂

∂(x1cosα)
=

1

cosα

∂

∂x1

* Ü
Ò�Ö î
Ú�ÓmÚ�õ]å
æIé�÷$ß�Ú]â�Ò�ã�Ô � Ü
Ú�Ù$ßòÖ â�å$õòÒpß�ã�á6ã�Ú�Ö Ù
Ú�ÛWåAß�Ú�ÛWõòÒ?ã�ð�Ú�Ü
Ú�ãpß�Ô�Õ=é � � ß�Ú]ã�ð�Ú�Ü
Ú�ãpß�ÔNÜ�Ø,ã �
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Ü
Ú�ãpß�Ü�Ø,Ù
Ò�Ù
å$á6î
Ú�õ�Ø,Ü�Ø$ô

ξ = x1 − ωt
� Ö Ò�ð(Ø,Ü$ß�Ú�â�Ø�ð�Ú�Ú�Ü,Ö å
Ù�Ø�ß�Ø�â�î
Ú�Ö â�å$õ]Ù
Ú�ÛAã�å
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Òpß�Ø$é

ã�â,á$ï�Ø,Ù
Ù
Ú�ÛWã¨î
Ú�ÓmÚ�õòÒ�Ù
å
Ò�æäæ4Ø,ð�ã�å
æ4Ø�ÓmÔ�Ù
Ú�ó�Ú�î
Ü
Ú � å(Ó�áAß�Ò�æºî
Ò�Ü�Ø�ß,ñ(Ü
à¨ô

d

dξ
= −

1

ω

d

dt
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� Þ�Ú,ï�Ù�Ø�÷
å
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u1
∞

= u∞

cosα
; D1

T = DT

cos2α
; λ1

T = λT

cos2α
.� Ü�Ø,â�Ù
Ò�Ù
å
Ò?î
å
Ü
Ú�Ómå$ï�Ø �

ρ1ω
dϕ1

dξ
= R1; R1 = k01ρ1ϕ1 exp−

E1
RT ;


 � ô.ÿ �
� Ü�Ø,â�Ù
Ò�Ù
å
Ò?å
ã�î�Ø,Ü
Ò�Ù
å$á �

ρ2ω
dϕ2

dξ
= R2; R2 = k02ρ2ϕ2 exp−

E2
RT ;
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Ò?ó�Ú�Ü
Ò�Ù
å$áWß�â�Ò�Ü,Ö Ú�ó�Ú]â�ÒpùtÒ�ãpß�â�Ø �

ρ3ω
dϕ3

dξ
= −αcR1 +

Mc

M1
R3; R3 = k03sσρ5c1ϕ3 exp−

E3
RT ;
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� ��� ��� � ����� ��� % � ��
�� � ��
 ��� � � # �
	�� � � ����� � !�� ��
 !^� � 
�!�� � � ��� % 
 � � ��!�� � �
%?����� � �

dϕ4

dξ
= 0;
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� Ü�Ø,â�Ù
Ò�Ù
å
ÒHÖ å � � ñ�ï�å
Û �

d

dξ
(ρ5D

1
T

dcα

dξ
) − ρ5(u

1 − ω)
dcα

dξ
+ R5α − cαQ =

α

cpα

(cα − cα∞), α = 1, 2, 3
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R51 = −R3 −
M1

2M2
R5; R52 = (1 − αc)vΓR1 − R5; R53 = 0;

R5 = M2k05(
c1M

M1
)0,25(

c2M

M2
)T−2,25 exp−

E3
RT

� Ü�Ø,â�Ù
Ò�Ù
å
Ò?ï�Ø,ð�Ú�Ù�Øòã�Ú�ö$Ü�Ø,Ù
Ò�Ù
å
Ò � Ù
Ò�Ü
ó�å
å �

d

dξ
(λ1

T

dT

Dξ
) − [ρ5(u

1 − ω)cp5 − ω

4
∑

i=1

ρiϕicpi]
dT

dξ
−

α

h
(T − T∞) + q3R3 − q2R2 + q5R5 = 0


 � ô ' �

u1 = u1
∞

ρ5 =
ρ∞T∞M−1

∞

T
∑4

i=1
cα

Mα

;

4
∑

i=1

cα = 1; Q = (1 − αc)R1 + R2 +
Mc

M1
R3
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u = u∞

) ã�å
ãpß�Ò�æºÒ 
 � ô.ÿ �4�=
 � ô � � ó�Ü�Ø,Ù
å
÷
Ù
àIÒ?ñ�ã�ÓmÚ�â�å$á �

dcα

dξ
= 0,

dT

dξ
= 0;
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ξ = −∞; T = T∞, cα = cα∞, ϕi = ϕi;
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ξ = +∞; T = T∞, cα = cα∞, ϕi = ϕi;
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Ù�Ø�ß�é^ã�â,á$ï�Ø,Ù
Ù
Ú�Ûrã�ã�Ò�Ü
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u
� ð�Ú�æºî
Ú�Ù
Ò�Ù$ß�ØNã�ð�Ú�Ü
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 ó�Ø�ï�Ú�â�Ú�Û � Ø�ï�à

α = 1
ã�Ú�Ú,ß�â�Òpß�ãpß�â,ñ�Òpß

O2
é

α = 2
� ó�Ú�Ü
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Ü
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Ü
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Ú�ãpß�åcÜ
Ò�Ø,ð
ø
å
årî
å
Ü
Ú�Ómå$ï�ØAãpñ�ö�Ú�ó�Ú
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Ò�Ö � ð�ã�î
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Ü
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Ü
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ð(Ø � �
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Ó�áúó�Ú�Ü
Õ¦÷
Ò�ó�Ú ó�Ø�ï�Ø©â©ó�Ø�ï�Ú�Ú�Þ�Ü�Ø�ï�Ù
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Ù�Ö Ò�ð�ã�à é
−∞

å
+∞

Ú,ß�Ù
Ú�ã�á$ß�ã�á ðÝî�Ø,Ü�Ø,æºÒpß�Ü�Ø,æ Ù
Ò�â�Ú,ï�æhñ�ùtÒ�Ù
Ù
Ú�ó�Úúî
Ú,ß�Ú�ð(Ø$é4î�Ø,Ü�Ø,æºÒpß�Ü�Ø,æ Ù�Ø
â�Ò�Ü�ö$Ù
Ò�Û6åWÙ
å$õ]Ù
Ò�ÛWó�Ü�Ø,Ù
å
ø�Ø�öAî
Ú�ÓmÚ�ó�ØtÓmÒ�ã�Ø$ô
� ï 
 � ô � �4�=
 � ô ü�ü �

→
dϕi

dξ
|ξ=±∞ = 0


 � ô ü�ÿ �
ç�Ó�áAâ�àIî
Ú�ÓmÙ
Ò�Ù
å$áWñ�ã�ÓmÚ�â�å
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 � ô � �4�=
 � ô ü�ÿ � î
Ü
å

T∞ < T < T∗

ß�Ü
Ò�Þ,ñ�Òpß�ã�á �

Ri = 0; Rα = 0; R5 = 0; α = 1, 2; i = 1, 2, 3

! Ù�Ø�Ómå$ß�å
÷
Ò�ã�ð
å
æ Ü
ÒpítÒ�Ù
å
Ò�æ©ñ(Ü�Ø,â�Ù
Ò�Ù
å
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 � ô.ÿ �4�=
 � ô � � ã8ó�Ü�Ø,Ù
å
÷
Ù
àIæºå=ñ�ã�ÓmÚ�â�å$á
æºå 
 � ô � �4�=
 � ô ü�ü � Þ,ñ�Ö Òpß �

ω̄ =
q̄ +

√

(q̄)2 − 4e(Θ0 − 1)(1 + π)

2q̄(1 + π)
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� Ö Ò�ã�Ô
T0

� æ4Ø,ð�ã�å
æ4Ø�ÓmÔ�Ù�Ø�á:ß�Ò�æºî
Ò�Ü�Ø�ß,ñ(Ü�ØAâ�Ú � Ü
Ú�Ù$ß�Ò�ÓmÒ�ã�Ù
Ú�ó�ÚCî
Ú�õ�Ø,Ü�Ø �
q̄
� Þ�Òpï�Ü�Ø�ï�æºÒ�Ü
Ù
àIÒòï�Ù�Ø �

÷
Ò�Ù
å$áWð�Ú �0� � å
ø
å
Ò�Ù$ß�Ú�â�ß�Ò�î(ÓmÚ]åWæ4Ø,ã�ã�Ú�Ú�Þ�æºÒ�Ù�Ø �

q̄ = [−[
q3M1αc

Mc

+ q5(1 − αc)vΓ]c1ϕ1 + q2ρ2ϕ2](c5cp5T∞)−1;

π
� � ß�Ú]Þ�Òpï�Ü�Ø�ï�æºÒ�Ü
Ù�Ø�áWÚ�Þ � Ò�æºÙ�Ø�áCß�Ò�î(ÓmÚ�Ò�æºð�Ú�ãpß�ÔNð�Ú�æºî
Ú�Ù
Ò�Ù$ß�Ú�â]ð�Ú�Ù�Ö Ò�Ù
ã�å
Ü
Ú�â�Ø,Ù
Ù
Ú�Û � Ø�ï�à �

π =

∑4
i=1 ρiϕicpi

ρ5∞cp5

;

θ0 =
T0

T∞

, ω̄ =
ω

u∞

; e =
αλ1

T

h(c5cp5u1)2
.

� Ê � ��� ÌºÏHÍ|Ï¦ÐHÍäÎ�Ì ��� � � Î�Í � Í �

êeØ,ã�ã�æºÚ,ß�Ü
å
æ1÷�Ø,ãpß�Ù
àIÛ ã�Ó�ñ(÷�Ø,Û æºÚ�Ö Ò�Ómå ûýü�þ�é?ð�Ú�ó�Ö�Ø
αf = 0, H∗(x, y) = H∗, H0(x, y) =

H0; (x, y) ∈ D0, Φ(x, y) = Φ; (x, y) ∈ D1
érß�ô Ò Ö â�å$õòÒ�Ù
å
Ò�î
Ü�á
æºÚ�Ómå
Ù
Ò�Û
Ù
Ú�ó�Ú � Ü
Ú�Ù �

ß�Ø î
Ü
Ú�å
ã«ö�Ú�Ö å$ß î
Ú×Ú�Ö Ù
Ú�Ü
Ú�Ö Ù
Ú�æhñ ã�ÓmÚ�Õ $ ì # î
Ü
å Ú,ß�ãpñ�ß�ãpß�â�å
å â�Òpß�Ü�Ø$ô J Ú�ó�Ö�Ø
Θ(0, p) =

1
π

∫
π
2

−
π
2

∫

∞
p

cosϕ

exp (−ρ)ρdρdϕ
â�ãpß�Ø�ß�Ô�ÒNûýü�þ�î
Ú�ã�ÓmÒ�Ø,î
î
Ü
Ú�ð�ã�å
æ4Ø,ø
å
å

Θ(0, p) = m exp−qp, m = 1, 2146; q = 0, 9105.
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* Ú�ã�ÓmÒ?î
Ú�Ö ãpß�Ø,Ù
Ú�â�ð
å 
G� ô ü � â 
?� ô � � é
î
Ú�Ó�ñ(÷
å
æ

H∗ − H0

πa0p
2
0δΦ(1 + δ
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