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HJI�K*LNM�OQPSR 3%465UT
V OXW�YZO&[\K T�V(]%T O&[\^_I�`*[SaUb&L\Mdc*Oe`�f�g�hQL\^_b&Y�OjikI T�VlT
V O T
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g�M_b&`*h�O&M_O�^ V `Cik[qI�[rHJIZK\sutvg�[\m 3%4:465QT�V Opb&`*M_M�O�^�wx`*[\m\IZ[\K
hy`Sm\L\Y�g T IZ`*[

d(εc)
`�f T
V Ozgb T I{c*OU^ T M�O�^�^

σc

s

g�w\wxO�g�M_^ T
V g T fE`�M�Y�g�M�K�OjmNO�fE`*M_h|g T I�`*[N^2fEO�i}O&MXg�b T IZ[ ] h�~�`*^�IZ[�b&M�`�^�^ ]%� M�IZm\K*O�^�b�g[ � O
b&M�O&g T O�mus�� V I�^|YZO�g�mN^ T ` T
V Ovf�g�b T `*M

d(εc)
IZ[ T M�`Sm\L\b�O&m+IZ[���t����s�� V IZ^�f�gb T `�M|I�^

gvfEL\[\b T IZ`*[rikI T
V c�gY�L\O�^zIZ[ T�V OyIZ[ T O&Mdcg�Y
[0, 1]

g�[\m � O V g�cSI�[\Klg�^�M_O&w\M_O&^�O�[ T O&m�IZ[
HJI�K\s�P ]�� I�I:�<s
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� V O}^ T M_O&^�^¥I�[ T
V O�hz~*`�o � M�O¦I�^

σc

g^�K�IZc*O�[zIZ[�§G~S^ T O�h ��¨ �©s¥�¥g�ªGI�[NK
0 ≤ kc(0) ≤ k0 «¬¦®s ��¨�]%� �JO&[\^_L\M�O�^ T
V g T

0 ≤ kc ≤ k0

g T gY�Y T I�h�O&^&sJ¯°[yf�g�b T « kc

b�g�[ � O�^�O�O&[�g�^ T
V O
w\M�`*K�M�O&^_^±`�f T
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kc ≈ k0

T
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h|g�½_`�M�I T ~|`�f T
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(a)

(c)

(b)

actin myosin head

61õìî<ù#ò�æK+ I"ä�å#ò�æ>æ�í#õ)('æ>ò�æ>è�ðeú°ñ.ò�÷>é�
(æ>ò�æ¿í#æaïLé<ò�
Øñ�ð°õìé.è#ú�

å#é�
(é<î<æ>è&æ>é<ù#úgð é¶ñNð°õ�
(æ�ò ñ�ð°æ "ä�å#æ>èzð°å&æ �lò ú½ðeæ>ø_ùlñ�ð õìé<è~é.ïpý D �Ç÷Qñ�è�ó)æ�ò æãêeò õÈð ð°æaèõìè~ð°å#æ�ïLé<ò�

τ̇c = r

(
kcε̇c + σ0|u|+

r
− τc

)
.

ý M �
!�ú ú�ù 
(õìè#î�ð°ålñ�ð

ε̇c

õûúÇó)é<ù#è#í&æ>í ý
|ε̇c| ≤ a

���_êÇæy÷Qñ.è�ú å#é:êtð ålñ�ð
σc

õûú$ñ.ëìú�é�ó)é<ù#è#í#æaíó �zù&ú õìè&î�ý M �Çð°é(é<ó&ð°ñ.õìè

|τc| ≤ max

{
sup

t

|kcε̇c + σ0|u|+|

α|ε̇c| + |u|
, |τc(0)|

}
≤ max{σ0 +

k0

α
, |τc(0)|}.

äHñ.ç_õûè#î�õûèzölñ.ò�ð õì÷aù#ëdñ.ò
|τc(0)| ≤ σ0 + k0/α

êpæ�ú æaæ�ð ålñ�ð
|τc| ≤ σ0 + k0/α

ñ.ëÈêgñ �Kúå#é<ëìí&ú�
�¡æ ÷Qñ�è?ïLù#ò½ð°å#æaòzõìè�ð°æaò ö#ò�æaðzð°å#æqñ.÷ãð°õÈô<æ ÷>é<è&ú�ð°õÈð°ù&ð õûô.æÑëdñQê ó � ÷aé<è#ú õûí#æ>ò�õìè#î

τ̃c =
τc + kcξ0

�%ñ.è#ízò æãêeò õûð õìè#î�1 �Kú½ð°æ�
 ý D �gñ.ú




˙̃τc = kcε̇c − (α|ε̇c| + |u|)τ̃c + (σ0 + k0ξ0)|u|+, τ̃c(0) = τc0 + kc0ξ0,

k̇c = −(α|ε̇c| + |u|)kc + k0|u|+, kc(0) = kc0,
σc = d(εc)τ̃c + µcε̇c.ä�å#õìú�ú�å#é:êeú¿ð ålñ�ð�ñ.è ñ�ö#ö#ò é.ö#ò õìñ�ð°æNò�æ>í#æ
�lè#õÈð°õìé.è�é.ï

σ0

ñ�ëìëìé:êeú�ð°éz÷>é<è&ú õìí&æ>ò
ξ0 = 0õìè ý D �1��êeå#õû÷�å�êÇæ¿å#æ>è&÷>æaïLé.ò�ð°åzí#é¶÷aé<è#ú õûí#æ>ò���+è_ð ò éKí#ù#÷aõìè#î

εe
c

í#æ
�lè#æaí ó �
τc = kcε

e
c� è#é�ð°æ�ð°ålñ�ð

εe
c

÷>ñ.è�ó'æ¿ú æaæ>èÖñ.ú�ð°å#æ�æ>ëìñ.ú�ð õì÷�ölñ.ò½ðeé.ï
εc

� ñ.è#í�ú ù#ó#ú½ð°õÈð°ù&ð õìè#î(õìè~ð°å&æ
�lò ú½ð�æaø_ùlñ�ð°õûé<è�é.ï�ý D �ÇêÇæ�é.ó&ð�ñ.õûè

ε̇e
c = ε̇c +

σ0

kc
|u|+ −

k0

kc
|u|+εe

c.
ý + �

��é:ê �%í#æ �lè&õìè#î
εc = εe

c + εp
c

êpæ�ålñQô<æ
ε̇p

c = −
σ0

kc
|u|+ +

k0

kc
|u|+εe

c.
ý,3 �

�



ÿpé<è#ú õûí#æ>ò �lò�ú�ð�ð°å&æ�÷Qñ.ú�æ
d(εc) = 1

�ä�å&æ�õûè�ð°æ>ò�èlñ.ë 
(æ>÷�å#ñ.è#õì÷>ñ.ë#ö)é:êpæaò$÷aé<ò ò�æ>ú�ö'é<è&í�üõìè#îGð°éGð å#æ¿÷>é<è#ú½ð°õÈð°ù&ð õûô<æ¿ëìñ:ê�ý D �põìú�î<õÈô<æ>è�ó �

σcε̇c =
∂
(

kc

2
(εe

c)
2
)

∂t
+ µcε̇

2
c + kcε

e
cε̇

p
c − k̇c

(εe
c)

2

2

=
∂
(

kc

2
(εe

c)
2
)

∂t
+ µcε̇

2
c + kcε

e
cε̇

p
c +

(εe
c)

2

2

(
(α|ε̇c| + |u|)kc − k0|u|+

)
.

� �qý,3 �gêÇæ¿ålñQô<æ
kcε

e
cε̇

p
c = k0|u|+(εe

c)
2 − σ0|u|+εe

c,å#æ>è#÷aæ�ð å#æ�ïLé<ëìëûé:êeõìè#îNæ1��ö#ò æaú ú õûé<èÖå&é<ëìí#úgïLé.ògð°å#æ 
(æ>÷�ålñ.è&õì÷Qñ�ëWö'é:êÇæ>ò I

σcε̇c =
∂
(

kc

2
(εe

c)
2
)

∂t
+ µcε̇

2
c

+
(εe

c)
2

2

(
k0|u|+ + (α|ε̇c| + |u|)kc

)
− σ0|u|+εe

c.
ý�4��

�¡æyå#ñ:ô.æyð°å#æ�ïLé<ëìëûé:êeõìè#î¿ð°å#æaò5
(é�
(æ>÷�ålñ.è&õì÷Qñ�ë)õûè�ð°æ>ò�ö#ò æãð�ñ�ð õìé<è I 1
2
kc(ε

e
c)

2 ñ.ö&ö'æ>ñ.ò ú�ñ�úñzïLò�æ>æ(æ>è#æaò î����4êeå#æaò æ>ñ.ú
µcε̇

2
c + α|ε̇c|kc

(εe
c)

2

2

õìú�ñ�è&é<è#è#æaî�ñ�ð°õÈô<æ¶ö#ú�æ>ù#í#é�ü+ö)é.ð°æaè_ð õdñ.ëé.ï í&õìú ú�õìölñ�ð°õìé.è 1ä�å&æ>ò æãïLé<ò æeð°å&æ�ú�æ>÷aé<è#íØö&ò õìè&÷>õìö&ëìægé.ï)ð°å&æ>ò5
(éKí �Kèlñ�
(õì÷>ú"õûú"ú°ñ�ð õìú*�læ>í 
6%ù&ò�ð°å&æ>ò5
(é<ò�æÏð°å&æÏð°æaò5
(ú

(k0|u|+ + |u|kc)
(εe

c)2

2
− σ0|u|+εe

c

ò�æ>ö#ò�æ>ú�æ>è�ð �
æ1�&é.î<æ>è#é.ù#úæ>è#æaò î�� ��í#ù#æ~ð éqð å#æzæ>ëìæa÷að ò õì÷>ñ.ëgõûè#ö#ù&ð� ��é<ò æzö#ò�æ>÷>õûú æaë����Çú õûè#÷>æ
εe

c = τc

kc

êÇæ ÷>ñ.èò æaêeò�õûð æØý 4��gñ.ú

σcε̇c −
∂
(

kc

2
(εe

c)
2
)

∂t
= µcε̇

2
c +

(τc)
2

2kc
(α|ε̇c| + |u|) +

(
k0

2

τ 2
c

k2
c

− σ0
τc

kc

)
|u|+,

ý 7 �
êeå#æ>ò�æ�õÈðeñ.ö#ö)æQñ�ò úpð ålñ�ðeú é�
�æyæaè#æ>ò�î��~÷>ñ.è~ó'æ�ú�ù#ö#ö#ëûõìæaí ð°éGð°å#æ�ú>�Kú�ð°æ�
 é<è#ë���êeå&æ>è
u > 0

ñ.è&í
0 < τc ≤ 2σ0

kc

k0+kc


äHñ.ç_õûè#î¶õìè�ð°é(ñ.÷a÷>é<ù#è�ð�ð°å#æ�1_ð�ñ.ò�ëìõìè&îGæ ('æ>÷að��4ý 7 �gó)æ>÷aé�
�æaú

σcε̇c −
∂
(
d(εc)

kc

2
(εe

c)
2
)

∂t
= µcε̇

2
c +

d(εc)(τc)
2

2kc
(α|ε̇c| + |u|)

+ d(εc)

(
k0

2

τ 2
c

k2
c

− σ0
τc

kc

)
|u|+ − ε̇cd

′(εc)
τ 2
c

2kc

,
ý � �

êeå#æ>ò�æ�õìèRé<ò í&æ>ò¶ð°é¡ú ñ�ð°õûú�ï �oð å#æ ú�æ>÷aé<è#ítö#ò�õìè#÷aõìö#ëûæ~é.ïyð°å&æ>ò5
(éKí �Kèlñ�
(õì÷>ú
d(εc)

õìú÷�å#é<ú æaèÑú é¶ð°ålñ�ð
αd ≥ |d′|

 �+è ð°å&æÏú�æ>ø_ù#æ>ë4ð°å#æ¿ô�ñ.ò õìñ�ð°õûé<è#úgé�ï
d(εc)
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cm
∂v
∂t

− div(σm.∇v) + Iion(v, w) = Iext in ΩH ,
∂w
∂t

− R(v, w) = 0 in ΩH ,
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ä4êÇé ïAñ�
(õìëûõìæaúÏé.ï�
�ñ�ð°æaò õdñ�ëpëdñQêeú(ñ.ò�æ ïLò æ>ø_ù#æaè�ð°ë��Pù&ú æ>íÔõìèoð°å&æ�ëûõûð æ>ò°ñ�ð°ù#ò�æØïLé<òNð°å&æ

�éKí#æ>ëûõìè#î�é.ï(ú é.ï�ðÑð õìú ú�ù#æ>ú��Gèlñ�
(æ>ë���� � é�é.è#æ���ü �eõûôKëûõìè 
�ñ�ð°æaò õìñ.ëìúÖñ.è#í���æ>ò�é<è#ílñ�ü
�¡æaú�ð 
�ñ.è#è 
�ñ�ð°æaò õdñ�ëìú � D + � D 7 � M 3 � 3 ��� ��+èzð°å#õûúe÷>é<è�ð°æ1�Kð

W e ñ.ö&ö'æ>ñ.ò ú�ñ.ú�ñ¶ëìõìè&æQñ.ò÷>é�
Nó&õìèlñ�ð õìé<è~é�ï1ð å#æ�ïLé<ëìëûé¹êeõûè#î�ð æ>ò5
(ú
W e
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(æað°ò�õì÷Nö&ålñ.ú æaúÏêÇæ�å#ñ:ô.æ

V̇ (t) = 0 � è#ñ�
�æaë����]ñ�÷aé<è#ú�ð ò°ñ.õûè�ð�ð ézó'æ(æ>è&ïLé.ò ÷>æaí é.èqð å#æ(ð õìú�ú ù#æ¶í#õûú ö#ëìñ.÷>æ�
�æaè_ð ú
� ñ�è#íRð å#æzõìè�ð°æaò èlñ�ëgö#ò æaú ú�ù#ò æ

Pv

÷aé<ò ò�æ>ú ö)é<è#í&ú¶ð éÑð°å#æ �]ñ.î<ò ñ.è#î<æ 
Nù&ëûð°õûö#ëìõûæ>ò�ñ.ú
üú éK÷>õdñ�ð°æ>í êeõûð°å ð°å#õûú�÷aé<è#ú�ð ò°ñ.õûè�ð  � � ÷aé<è�ð°ò ñ.ú�ð��Wí#ù#ò�õìè#î�è#é<è�ü,õìú é:ô.é<ëìù 
(æað ò õû÷�ö&ålñ.ú æaúýAæ ��æa÷að õìé<è¶ñ.è&í��lëìëûõìè#î �WêÇæ�ålñQô<æ
Pv = Pext

êeå&æ>ò æ
Pext

æ>ø_ùlñ.ëûú
Par

é<ò
Pat

ñ.÷a÷>é<ò�í#õìè&îð°éNêeå#õû÷�å�æ1�Kð°æ>ò�èlñ.ëW÷aé�
(ölñ.ò�ð5
�æaè�ðg÷>é�
 
Nù&è#õì÷>ñ�ð°æaúÇêeõûð å ð°å#æ�ô<æ>è�ð ò õì÷aëìæ /��é<ò æaé¹ô.æ>ò��í#ù#ò õûè#îNñ�ëìëlö#ålñ�ú æ>úÇð°å#æ�õìè�ð°æaò èlñ.ë%ö#ò�æ>ú�ú ù#ò�æyî<õûô.æ>úpñÏèlñ�ð ù#ò°ñ�ë)ó)é<ù#è&ílñ.ò��(÷aé<è#í#õÈð°õìé.è�õûèð°å#æ�ïLé<ò�

J−1(F · Σ · F T ) · ν(t) = −Pv ν(t),

ý D�� �
é<è ð å#æÏö#ñ.ò�ð�é.ï�ð å#æ ýLí#æaïLé.ò5
(æ>í �gó)é<ù#è#ílñ�ò���÷>é<ò�ò æaú ö)é<è#í#õûè#î(ð é�ð å#æÏæaè#í#éK÷Qñ.ò�í#õìù 
 �
ν(t) í#æaè#é.ð°õûè#îÏð å#æ�ù#è#õûð½ü+ëûæ>è#î.ð å¶è#é<ò5
�ñ.ë#ô.æ>÷að é<òpö)é<õûè_ð õìè#î¿é<ù�ð+êgñ.ò�íØêeõûð å�ò�æ>ú�ö'æa÷aðgð é
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ð°å#æ�ð°õûú ú�ù#æ�
������  � ��� �� ���  &� ��� � ���
	 %#��� � ���� 
�+è é<ù#òÇú õ�
(ö#ëûõ(�læaí(ôKõìæãê é.ïWð å#æ�ó#ëûé�éKíØ÷aé�
(ölñ.ò�ð5
�æaè�ð°ú�êpæ 
(éKí#æ>ëlð°å&æ�é<ö)æ>è#õûè#îNñ�è#í÷>ëìé.ú ù#ò�æÖé.ïyð å#æÖô�ñ.ëÈô<æ>ú�ó �Ôò�æ>ëìñ�ð°õûé<è#ú(ú õ�
(õìëìñ.ò�ð é ð°å&é<ú æÑñ�ò õìú�õìè#îqõìèRð°å#æ)1�õìî.è#é<ò õûè#õ÷>é<è�ð�ñ�÷að ö#ò é<ó&ëìæ�
  ��ñ�
(æ>ë�����÷>é<è#ú�õìí#æaò õûè#îRð å#æ ó#ëìéKéKí � é¹êÕëìæQñQôKõìè&îÔñoô<æaè�ð°ò õû÷>ëûæ
q = −V̇

êÇæ�êeò�õûð æ




q ≤ 0
êeå#æ>è

Pv = Pat

ý��lëìëûõìè#î �
,

q = 0
êeå#æ>è

Pat < Pv < Par

ýLõìú�é¹ô.é<ë#Hö#ålñ.ú�æ>ú��
,

q ≥ 0
êeå#æ>è

Pv = Par

ýAæ ��æa÷að õìé<è �
.

ý D�� �

��é:êpæãô<æaò��lò æaëdñ�ð õìé<è ý D�� �"õìú�è#é.ðÇò æaî<ù#ëdñ�ò��_å#æ>è&÷>æyõÈðÇõûúÇè&é.ðpö&ò°ñ.÷ãð°õì÷>ñ.ëlïLò é�
 ñ�÷>é�
(ö#ù�üð�ñ�ð õìé<èlñ�ë'ö)é<õìè�ð�é�ï4ôKõûæaê{ñ.è#ízñNò æaî<ù#ëìñ.ò õ(/>æ>í ô.æ>ò�ú õìé.è�õûúgè#æaæ>í#æaí�ýLú æ>æK61õìî  7�ü+ó ��/� æð°å_ù#ú�õìè#ú½ð°æQñ�í�ù&ú æ




q = Kat(Pv − Pat)
êeå#æ>è

Pv ≤ Pat,
q = Kp(Pv − Pat)

êeå#æ>è
Pat ≤ Pv ≤ Par,

q = Kar(Pv − Par) + Kp(Par − Pat)
êeå#æ>è

Pv ≥ Par,

ý M'& �

êeå#õì÷�å�õìú�í#æaö#õì÷ãð°æaíÖó � ð°å&æ�ú�é<ëìõûí~÷>ù#ò½ô<æ�õìè#6Hõûî  7�ü,ó "ä�å#õûú�ú>�Kú�ð°æ�
 í#æ �#è#æ>ú
q = f(Pv, Par, Pat),

ý M D �
èlñ�
(æ>ë����"ð°å#æzó#ëûé�éKí � é:ê ñ�ú�ñÑò�æ>î<ù#ëìñ.ò�ïLù#è&÷að°õûé<èoé.ï�ð°å#æzö#ò�æ>ú�ú ù#ò�æ>ú(õìèoð°å#æ ð å#ò æaæ÷>é�
(ölñ.ò½ð 
(æ>è�ð°ú� -�ù&ò õìè&îÑæ ��æ>÷ãð°õûé<èRñ.è#í �lëûëìõìè&îRý M'& �¿÷>é<ò�ò æaú ö)é<è#í#úGð°éÑëûõìè#æ>ñ.ò�ëìñQêeúêeå#æ>ò�æ�ð°å#æ�÷>éKæ �(÷aõìæ>è�ð ú�ñ.ò æ�ò æaëdñ�ð æ>í¶ð°é�ð°å#æ�ò°ñ.í#õûù#ú$é.ï ð å#æ�ô�ñ.ëÈô<æ>ú���ú�æ>æ � + D��  -�ù&ò õìè&îð°å#æ�õûú é:ô<é.ëìù 
(æað ò õì÷zö#å#ñ.ú æaú���ð°å#æ ÷>é<è&ú�ð°ò ñ.õìè�ð �

q = 0
��õìú�ò æaëdñ(��æ>í�ù#ú õûè#î¡ò�æ>ëdñ�ð°õìé.è

q = Kp(Pv − Pat)
êeõûð å

Kp


�ù#÷�åoú5
�ñ.ëìëûæ>ò�ð°å#ñ.è
Kar

ñ.è#í
Kat

��êeå#õì÷�å�÷>ñ.èoó)æõìè�ð°æaò ö#ò�æað°æaí�ñ.úeñ¶ö)æ>èlñ.ëûõ0/>ñ�ð°õûé<è ú�ð ò°ñ�ð æ>î���
�������� � ����	��  � �  ������	� &� �
�+èÏé<ò�í#æ>ò�ð é�é.ó&ð�ñ.õûè�ñ.è�ñ.÷>÷aù#ò°ñ�ð æ�ò æ>ú�ö'é.è#ú æ$é.ïKð°å#æ�
(é�í#æaë<í#ù#ò�õìè#îeè#é.è�ü+õûú é:ô<é<ëûù 
(æað°ò�õì÷ö#ålñ.ú�æ>ú � ñ.è#í�ö#ñ.ò�ð õì÷>ù&ëdñ.ò�ë��yí&ù#ò õûè#î�æ ��æ>÷ãð°õìé.è � êÇægñ�ëìú é�è#æaæ>í�ð é 
(é�í#æaë�ð°å#æ$æ��Kð°æaò èlñ�ëó#ëìéKé�íz÷aõìò ÷aù#ëdñ�ð°õìé.è �&êeå#õû÷�å�ñ.÷a÷>é<ù#è�ð ú�ïLé<ò�ð å#æ�ô�ñ.ò�õdñ�ð õìé<è&ú�é.ï

Par

ñ.ëìé<è&î¶ð å#æ�÷Qñ.ò�í#õdñ.÷÷��K÷>ëûæ� !�è�æ1�Kð°æ>è&ú õûô.æzëìõûð æ>ò ñ�ð°ù#ò�æ�æ1��õìú�ð úNé<è�ð å#æØïLé<ò�
Nù#ëdñ�ð°õìé.è ñ�è#ío÷Qñ.ëûõìó#ò ñ�ð°õûé<èqé.ïñ.ò�ð æ>ò õìñ.ë�ö#ò æaú ú�ù#ò æZü � é:ê ò�æ>ëìñ�ð°õûé<è#ú�õìè ð å#æØïLé<ò�
 é.ï�ð°õ�
�æZü+í#æaö'æaè#í#æ>è�ð �K-�þ�ú��"é.ï�ð°æaè÷Qñ.ëûëìæ>í � � õìè&í#ç.æaú ú æaë 
(é�í#æaëìú �� � æ�ålñQô.æ ñ.ëìú�é¡æ���ö)æ>ò�õ�
(æ>è�ð°æaí êeõûð°å D -Õñ.ò�ð æ>ò�õdñ.ë

�éKí#æ>ëûú � èlñ�
(æ>ë����)êeõûð°å é<è&æNú ölñ�÷>æGô�ñ.ò õìñ.ó#ëìæÏõìèÑñ�í#í#õûð õìé<è ð°é ð°õ�
�æ � é.ï�ð°å#æNð��Kö)æí#æ>ú�÷>ò õûó'æaízõìè � D�M#� �&ó&ù&ðgð°å&æyú ÷>ñ.ò ÷aõûð���é.ï]÷Qñ.ëûõìó#ò ñ�ð°õûé<è¶ílñ�ð°ñNñ.è#í~ò�æ>ú ù&ëûð°ú/
Øñ.ç�æ>úgú�ù#÷�å
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���������
	

����������

Pv
����� ������� ���

Pat

����� � ���

Par

Par

Pat

q = −V̇v

Pv

� ��� ��� �

6Hõìî<ù&ò æ 7 I !�é.ò�ð°õû÷gñ.è&í 
�õÈð°ò ñ.ë�ô.ñ�ëûô<æaú 
(é�í#æaë#� � ����
(æ>÷�ålñ.è&õìú5
 ñ.è#í ��� ��ïLé<ò5
Nù&ëdñ�ð õìé<èñ.ú�ñ¶í&é<ù#ó#ëûæ�÷aé<è�ð�ñ.÷ãð�ö#ò é<ó&ëìæ�
 ��ýdü"ü>�pò�æ>ëdñ�ð°õìé.èqý D�� �Çñ.è#í¡ý � �pò�æ>ëdñ�ð°õìé.èqý M'& �1

�éKí#æ>ëûúGö#ò æaú æaè_ð ë��oõûèlñ.ílñ�ö&ð°æaíPð é æ>ú�ð õ�
�ñ�ð°õûé<è�ö#ù&ò ö)é<ú æaúØñ.è&íPêÇæzí#éqè#é.ðGïLù#ò½ð°å#æaòò æ>ö)é<ò½ð�é.èzð å#æ¿÷>é<ò�ò æaú ö)é<è#í#õûè#î¶ú õ�
�ù#ëdñ�ð õìé<è&úgõìè ð å#õìú�ölñ�ö'æaò�
� õìè#í#ç�æ>ú�ú æ>ë)ñ.è&íGú õ�
(õìëìñ.ò]ëìù 
(ö)æ>í 
(é�í&æ>ëìúHñ.ò æpé.ï�ð°æaèGù#ú æaí¶ð é�ò æaö#ò æaú æ>è�ð$ó#ëûé�éKí � é:êñ.è#ízö#ò æaú ú�ù#ò æ�õìèzñ.ò½ð°æaò õìæaú�"ä�å#æaú æ 
(é�í#æaëìúg÷>ñ.èzó'æ�í&æ>ò õÈô<æaí�ïLò�é�
 æaëìæa÷að°ò�õì÷>ñ.ë ÷aõìò ÷aù#õûðñ.èlñ.ëûé<î<õìæaúpêeå#æaò æ�÷>ù#ò�ò æ>è�ð�ñ.è#í~ô.é<ëûð°ñ.î<æ�ò æaö#ò æaú æaè_ð�ñ.ò½ð°æ>ò�õdñ.ë � é:êTñ.è#ízö#ò�æ>ú�ú ù#ò�æ��%ò æZüú ö)æ>÷að õûô.æ>ë���"ä�å#æeé<ò õûî<õìè#ñ.ë�õûí#æQñ�ú�ïLé.ò�ú ù#÷�å 
�éKí#æaëìú�êÇæ>ò æH�lò�ú�ð$ö#ò�é<ö'é.ú æ>í(ó ��1� ��ñ.ëìæaúõìè D � +.+Nñ.è#í ïLù&ò�ð°å&æ>ògí#æãô<æaëìé<ö)æ>ízó �B�  6%ò ñ.è#ç(õìè D�� � �  6lé<ò 
�é.ò æ�í&æað�ñ�õìëìæaí õìè�ïLé<ò½ü

Øñ�ð õìé<èzñ�è#í ò�æaïLæaò æ>è&÷>æ>ú�é<è � õìè#í&ç.æ>ú�ú æaë 
(éKí#æ>ëûú��&êÇæ¿ò æaïLæaò�ð°é¶æ� î � M � +'3 � 3.7 ��4 & � 
�+è�é.ù#ò�ú õ�
Nù#ëdñ�ð°õìé.è#ú���êÇæ�ù#ú æaí�ð å#æyð°å#ò�æ>æZü+æ>ëûæ�
(æ>è�ð � õûè#í#ç.æaú ú�æ>ë 
�éKí#æaë í#æaö#õì÷ãð°æ>ízõûè
6Hõìî<ù&ò æ � "ä�å#æ�÷>é.ò ò æaú ö)é<è#í#õûè#î¶ö#ò æaú ú�ù#ò æZü � é:êTò�æ>ëdñ�ð°õìé.è~ò æQñ�í#ú

CṖar +
Par − Pve

Rp
= (1 +

Rc

Rp
)q + RcCq̇,

ý M.M �
êeå#æ>ò�æ

Pve

í#æaè#é.ð°æaúGð°å#æ~ô<æaè#é<ù#ú(ö#ò�æ>ú ú�ù#ò æ Pä�å#õìú¶ò æaëdñ�ð õìé<è¡õìúGé<è#ë�� ô�ñ.ëûõìíoí#ù&ò õìè&îæ ��æ>÷ãð°õûé<è �4èlñ�
(æ>ë��Öêeå#æ>è
q > 0

�-�ù#ò�õìè#î�õìú�é¹ô.é<ëìù 
�æãð°ò õû÷Nö#ålñ�ú æ>ú�ñ.è#í ô<æaè_ð ò õû÷>ù#ëìñ.ò
�lëìëûõìè#î ��ñ.ò½ð°æ>ò�õdñ.ë ö#ò æaú ú ù&ò æ�õìú�õìè&ú�ð°æ>ñ.í�í#æ>ú�÷>ò õûó'æaí ó �

CṖar +
Par − Pve

Rp
= 0.

ý M +��
��é.ð æNð°ålñ�ð�êÇæ¶ù#ú æGð+êÇé ú�ù#÷�å 
�éKí#æ>ëûú�ð°é~ò�æ>ö#ò�æ>ú�æ>è�ð�ó)é.ð å ð å#æGú��Kú½ð°æ�
(õì÷¶ñ�è#í ö#ù#ëÈü

�é<è#ñ.ò��Ö÷>õìò�÷>ù#ëìñ�ð°õûé<è#ú�Nä�å#õìúyð å#ò æaæãü,æ>ëìæ�
�æaè�ð�� õûè#í#ç�æ>ú ú�æ>ë�
(é�í#æaë�ålñ.ú¿ó)æ>æaèqïLé<ù&è#íð°é¶ó'æ�õìè~æ���÷aæ>ëìëûæ>è�ð�ñ.î<ò�æ>æ�
�æaè_ð � ñ�ï�ð°æ>òpö#ò é<ö)æ>òeñ�í ��ù#ú�ð5
�æaè�ðeé.ï]ð°å#æ�ò�æ>ú õûú�ð°ñ.è#÷>æ¿ñ�è#í÷Qñ.ölñ�÷>õûð°ñ.è#÷aæ(ö#ñ.ò°ñ�
(æað æ>ò�ú � êeõÈð°åÑ÷aëìõìè&õì÷Qñ�ëA
(æQñ.ú�ù#ò æ�
�æaè�ð°ú��4ú æaæ � 3 7 � ��+è 6Hõûî<ù#ò�æ �ð°å#æ�ñ.ò�ò é:êeú�ïLé<ò

C
ñ.è#í

Rp
õìè#í#õû÷Qñ�ð æ�ð°å#ñ�ðeð°å#æaú æ¿ø_ùlñ.è�ð°õÈð°õìæaúe÷Qñ.è�ñ.ëûú é¶ó'æ�ô�ñ.ò�õìæ>í~ð éñ.÷>÷aé<ù#è�ð�ïLé.ò�è#æ>ò½ô<é<ù#ú�ú��Kú½ð°æ�
 ò�æ>î<ù&ëdñ�ð õìé<è 

D �



Rp

Rc

C

q

Par

Pve

6Hõìî.ù#ò æ � I$ä�å&æ +¹ü+æ>ëûæ�
(æ>è�ð�� õìè&í#ç.æaú ú æaë 
�éKí#æ>ë!

�������� � ��	� ����� � ����� �� � �������
��è#ëûõìç.æÇïLé<òHð°å&ægô<æ>è�ð ò õì÷aëìæaú���êpæ�í&é�è&é.ð"÷>é.è#ú õûí#æ>ò�ñy÷aé<è�ð°õìè_ù#ù 
 
(æ>÷�ålñ.è&õì÷>ú 
(éKí#æ>ë�é.ïð°å#æ�ñ�ð°ò�õdñ�ñ.è&í(õûè#ú�ð æQñ.í�ñ.÷a÷>é<ù#è�ð$ïLé<ò�ñ�ð ò õdñ�ë&÷>é�
�ölñ�ò�ð 
(æ>è�ð ú"ó �(ñ�ú ú ù 
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(é<ò æ÷>é�
(ö#ëìæ1� ó'æaålñQô�õûé<ò � ð å#æ 
(éKí#æ>ëûõìè#î�é.ï�ñ�ð ò õdñ�ë$÷aé<è�ð°ò ñ.÷að õìé<è�÷aé<ù#ëûí�ó'æØö'æaò�ïLé<ò�
�æaíù#ú õûè#îØñ & - 
(é�í#æaë"ýLèlñ�
(æ>ë����lñNð°õ�
�æZü+í#æaö'æaè#í#æ>è�ð �A-yþ ��
����� � ��������"!&- � ������	+��	
�����
ä�å#æ�ó)é<ù#è#í#ñ.ò��¶÷aé<è#í#õÈð°õìé.è#ú"ù#ú æaíØïLé<ò"ð°å&æ�ú½ð°ò ù&÷að°ù&ò æeð�ñ.ç�æ�õìè�ð éÏñ�÷>÷>é.ù#è�ðpð°å&æeïLé.ëìëìé:êgüõìè#îGð+êÇé�ö#å&æ>è#é�
(æ>è#ñ I

•
ð°å&æ�ó#ñ.ú æ¿é.ï1ð°å#æ 
 �.é�÷>ñ.ò í#õûù 
 õûúgïAñ.ú�ð æ>è#æaí�ð éGð°å#æ�ñ.ò½ð°æ>ò�õìæaú�ñ�è#í~ð°å#æ�ô<æaõìè#ú L

•
ð°å&ægñ.ö)æ���é.ï&ð°å#æ 
 �<éK÷Qñ�ò í#õûù 
Tõìú4ñ.ë�
�é<ú½ð4ú�ð°õûëìë�ñ�ëìé<è#î�ñ�÷>ñ.ò í&õdñ.÷�÷��K÷aëìæÇêeå&æ>ò æ>ñ.úð°å#æ¿ólñ�ú æ 
�é:ô.æ>ú�
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