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1.1 û˝�œDñí

ÊÅÒÀ¢Ü�d.2, ��−0�G|cû˝ÏãíÉœAÓ, çR Dornbusch `¤k

1976 �FªŸ5 �ã‚D−0�G� (Expectations and Exchange Rate Dynamics) ød� Í7

A* Muth (1961) T|Ü4ã‚Ü� (rational expectation theory) 5(, ÿ˛ú%ÈçÆßÞ

Õ·4í	à, ¤6=Uç6bÕÕ[J Dornbusch (1976) ú¬Víã‚$AFSàíÚ¢

ã‚cz (regressive expectation hypothesis), 7ZSÜ4ã‚cz,�à: Gray and Turnovsky

(1979)DWilson (1979) ÿJ Dornbusch (1976) í_�dÑÜ�-Z,ª7n�ãeƒí0˝

4 (permanent)ŒÞØ"Fùêí−0�G|c,!‹êÛ, Ü4í¬V}ø\�d•„Vn

bõlíŒÞ\µm7Ñpw8ÑÕ¯2,Þú8ÑÕ¯íZ‰, ¬Vø}^£J%Fdíã

‚, *7Z‰…™í%ÈWÑ, U\µþ„ÏW, %ÈñÍZlW|c� 7(, Ï��� �ÈY

(1988) ¢ø �\µFv»ºí�µ^‹� (intertemporal mix in policy preannouncement) ùp

Gray and Turnovsky (1979)DWilson (1979) í_�, Vzp �\µFv»ºí�µ^‹� ú−

0�G|c¥@í	à� F‚í �\µFv»ºí�µ^‹� uN, \µç�°vµø¬V, ø

Ê„V.°v…ÏWs�.°\µ, U¬Vú„V�¹¯ã‚^‹, ¤¸ Gray and Turnovsky

(1979)DWilson (1979) É�ÌkÀø\µ�µ^‹í}&çÍ�F.°� Liaw (2000) 6{%

ø �\µFv»ºí�µ^‹�8Jùp2
ßãÍTíÂj−0ñ„,V«n �\µFv»º

í�µ^‹� úÀ¢−0�G|c¥@í	à�
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Í7,H Gray and Turnovsky (1979)� Wilson (1979)�Ï��� �ÈY (1988) £ Liaw (2000)

ú�µ^‹í}&, îcì\µç�k\µ�µ(}k„Vüìv…üõÏWl‡F�µí\

µqñD™¾×ü, OÊÛõ%Èþ}2, Ê\µç��µk„V/v…øªW\µÏWv, �

<¬V}ó]\�í�µÑö, O�<¬V!k\�J%í]ç.7, *7.ó]\�}]è

wÛVÏW9‡F�µí\µ; ÇÕ, ?ª?ÄÑ\µç�k\µ�µv, „püµø¬Vw\

µ™¾×ü, {¤��·}¨A\µç�í\µ�µ−£.üì4,7.üì4ÄÖíùp, 6

U)ÅÒÀ¢íû˝æ‡y)JQ¡Ûõí%Èþ}� â van der Ploeg (1989) FÔí\µ%

ÈçWäªø, Ü4í¬Vø},lÏ\DÊ…sö�=)\�íœ0,79l�F¥@, Will-

man (1987) †u«n.üì4í−0ñ„Äáæ‡,!‹)ƒ: 	ì−0„�íÄávœD¬

Ví3h“¿œ077óÉ� i¢Bñ‡Ñ¢, Ê,ñ%È£ÅÒÀ¢ä�2, ø\µ.üì

4¥_ÄÖÑp5?íd.1.Ö, Î7¨Ö‡ÞFTƒís¹d.JÕ, þ� Obstfeld and

Rogoff (1986)� Daniel (1989)� ÅçM (1993)� "dÄ� ÅçM� ˝�õ (1994)� Chang and Lai

(1997) J£†:\ (2002)�, w2, †:\ (2002) †ø �\µFv»ºí�µ^‹� 8Jùp

ÅçM (1993), "dÄ� ÅçMD˝�õ (1994) í_�2, V}&\µç�\µÏW™¾×ü

�.üì4v, ú−0DÓg�G|c¥@í	à� ß@,H �\µFv»º�µ^‹�íû˝

Ïã, …dÒø Liaw (2000) 2
ßãÍTíÂj−0„�_�8Jô., }�V«n (1) Àø

\µ�µ.üì; (2) \µFv»º.üì, úÀ¢−0DÓg�G|c¥@í	à� 1

…du}ûı,Î…ıíé�JÕ,�ùı†ÑÜ�-Zí�
, 1«nÊÀø\µ�µ-

úÀ¢−0�G|c¥@í	à� �úı†Øk�ùıín�, }&\µFv»ºí�µúÀ

¢−0�G|c¥@í	à� |(,�ûı†Ñ…dí!�D�n�

19õ,, …díû˝3æ6ªzuø†:\ (2002) íÜ�-Z8Jô.B2
ßãÍTíÂj−0„�, V«n

ó°íæ‡�
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1.2 d.�è

−0�G|cªzu 1970 �H2‚J(ÅÒÀ¢ä�|ÏÆíû˝3æ5ø� Êo‚í

d.2, −0í|c˜�×_×Ûú�|c�G: (1) |c¬� (overshooting): −0s‚í¥

@×kÅ‚í¥@, Í(yÀ|ËMÚ|cƒÅ‚Ì©í®Ä� ¥jÞíd.¨� Dornbusch

(1976), Calvo and Rodriguez (1977), Kouri (1976)�; (2)|c.£ (undershooting): −0s‚í

¥@ükÅ‚í¥@, Í(yÀ|ËMÚ|cƒÅ‚Ì©í®Ä� ¥jÞíd.¨� Bhandari

(1981), Frenkel and Rodriguez (1982)�; 2 3 (3) �=|c (cyclical adjustment): −0�=/MÚ

Ë�¡Å‚Ì©í®Ä� ¥jÞ|O±íd.çR Niehans (1977)� 4

w¡, Aoki (1985) øO±í Dornbusch (1976) _�I‹^£, 5 6 WJ«nãeƒíß×D

−0�G|cíÉ[� Êv¹��í�d2, FêÛ7ø_d.,„{n�í−0|c˜�,µ

ÿu−0.ckÅ‚Ds‚|Û7j²ó¥í¥@,7/Ê|cí�‚, −0}y‹±×Å‚

íÌ©®Ä� Aoki ø¥�−0|c�G˚5Ñ �˜²|c� (misadjustment)� FwÑ˜²|c

Ûïóç½b, ÄÑs‚í¥@}�#%È˜Ïím7; Ä¤, ²µ6@N¬_çí\µJfn

C¾Î˜²|cíêÞª? (Ü 415)� 7

âk Dornbush `¤DÜ4ã‚Ü�íõ., Gray and Turnovsky (1979)D Wilson (1979)

Y� Dornbusch (1976) í_�dÑÜ�-Z, VTÜãeƒí0˝4ŒÞØ"ú−0�G|c

¥@í	à, !‹)ƒ: ç\�ç��µøk„V/v…Ó‹ŒÞX#¾, ¬V)ø¤8Ñ(,

Ü4íFbø^£J%Fdíã‚,ª7Z‰w%ÈWÑ, à¤ø}¨AØ"4ŒÞ\µþ„

ö£ÏW, −gÿ˛%lWd||c, ßÞF‚ �„,Æl9�� í^‹� ÅçM (1993), "d

29õ,, Ê BhandariD Frenkel and Rodriguez í�d2, −0ª?|Û|c.£, 6�ª?|Û|c¬�íÛï�

3c˝�õD"dÄ (1990, Ü 118)�

4c˝�õD"dÄ (1990, Ü 107–108)�

5Aoki Ê�ø�2TƒFí_�[ Obstfeld and Rogoff (1984) í�“_�, OFÊék2¢Tƒ Obstfeld and Ro-

goff í_�[ÄA Dornbusch (1976) í_��

6c˝�õD"dÄ (1990, Ü 118)�

7c˝�õD"dÄ (1990, Ü 108)�
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Ä� ÅçMD˝�õ (1994) †ªø¥ø Gray and Turnovsky (1979) £ Wilson (1979) íHT8

JØk, �J}&: ç¬VÞú\µÏW™¾×üDÏWvœí.üì4v,%ÈñÍø}àS

Ä@|cí{æ, 6*7îó7Àø\µ�µí�G|cêò� Ï��� �ÈY (1988) †Øk

7 Gray and Turnovsky (1979) £ Wilson (1979) íe…,íÇ �\µFv»º�µ^‹� íl´,

é¬V°vã¯¥@±¡.øíÖ½ã‚, *7¨ÿ7rÖîóªhí−0|c�Gêò�

hš (1988) 6{%ø �\µFv»ºí�µ^‹� ùp Gardner (1984) íÀÓÂj−0

„�D Lai and Chang (1997) í2
ßãÍTÂj−0„�’ß ¯�©_� (portfolio bal-

ance model), Ê\µÏW™¾Dvœ·„�.üìí‡T-, 6)ƒ7IA˚¶í!‹� †:

\ (2002) †øÅçM (1993), "dÄ� ÅçM� ˝�õ (1994) íT¹ªø¥‹Jô., ø �\µ

Fv»ºí�µ^‹�D �\µÏW™¾.üì� sáæ‡8J!¯, 6ˆ�7−0�G|cí

e…�
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Ü�_�D.üìí\µ‰�^‹}&

2.1 …dí_�-Z

…díÜ�-Z[J Liaw(2000) í2
ßãÍTÂj−0„�_�Ñ!�, 1 8Jô.B

.üìíÕ”-, V*9®�í\µ‰�^‹}&, ¤ø_�¨Ö-��_cì:

1. …Å[øü�Ç[%ÈñÍ�

2. ��
Ò	’Aâ|c, =U…Å%ÈTkk}ÿ“�

3. \µç�ÊÀ¢Õ−
ÒS¦2
ßãÍT, =U%�×íŒì (�å)\’…×í�å

(Œì) F‹JJ�, _UÅÒYX¯\Ì©�

4. ¬VúÓgD−0íã‚$A˘kÜ4ã‚í���

d7J,í�_cìJ(, BbªJUàJ-�_(�úb (log-linear) j˙�, V[ý¤

øü�Ç[%ÈíÌ©É[:

δ(ec + p∗ − p) + β[i − i∗ − i∗(ec − e f ) − ėE

f ] = 0 ; β ,δ > 0 (2.1)

m − p = −λi + φy ; λ,φ > 0 (2.2)

yd = u + γ y − σ(i − α ṗE) + µ[δ(ec + p∗ − p)] ; 1 > γ ,α > 0 , σ �µ > 0 (2.3)

1Liaw(2000) íÜ 99 2{Tƒvdí_�[–ÄA Lai(1990)�
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ṗ = k(yd − y) ; k > 0 (2.4)

J,‰b,Î7…Å±ñ‚0 (i)DÕÅ±ñ‚0 (i∗) 5Õ, F�‰bîJAÍúb[ý� w…

‰bFH[í<2}�à-FH:

y = k}ÿ“íF),

yd =,¯Û°,

u =,¯Û°íAê4X|,

ec = ¼“−0 (J…Þ[ýíÕÞg�),

e f =À¢−0 (J…Þ[ýíÕÞg�),

p = …Å|¨¹í…Þg�,

p∗ = ÕÅ|¨¹íÕÞg�,

m = ±ñŒÞX#,

ẋ = dx/dt , (x = e f , p) = x ‰bívÈ‰�,

α = ¾‘6í,X|I‘ÊÅß¹,íªW�

� (2.1) ÑÅÒYXìçíÌ©‘K� � (2.2) ÑŒÞ
ÒÌ©‘K� âk\µç�ÊÀ¢

Õ−
ÒS¦2
ßãÍT, =U%�×íŒì (�å)\’…×í�å (Œì) FJ�; ]7,

ÅÒYXìçø¯\Ì©� âk2
ßãÍTíÂj−0„�íÅÒYXìç¯\Ì©, ]7,

Ê¤�„�-íŒÞX#™¾ÑøÕÞ‰b� � (2.3) Ñ,¯Û°íì2�, âk|¨£ª¨

˘k%�×>q; ]7, wF_àí−0Ñ¼“−0� 2 � (2.4) †Ñ¼¹g��G|cj˙�,

w2 k H[¼¹g�í|c§� (0 < k < ∞); ç¼¹
Ò��çÛ°v, †…ÅÓgø},

Ù�

2�É…Åíã‚¦Œ�30\qìA α ṗE í%Èj4,~ÌcË“�

6



2.2 ‹\X|™¾5Ó¾í.üì4

ÊÛõþ}2, ç\µç�k� 0+ v�0, øÊ„V� T + vÓ‹‹\X|í™¾; Í7,

|�v‹\X|FÓ‹í™¾ÑS? u´êr·.J‹ã�? ¦�9‡¬VÌ¶üø� …�ø

«nÞú.üìí‹\X|™¾-,%ÈñÍí�G•‘ÑS? cq¬V“¿� T + ví‹\

X|™¾ø}�*©/íÌ�}º (continuous uniform distribution), wœ0ò�ƒb (proba-

bility density function) ×Û�-í�G:

f (u) =
1

(u1 − u0)
; u0 ≤ u ≤ u1 (2.5)

,�2, u1 Ñ‹\X|™¾í,Ì, u0 u‚�C-Ìí‹\X|™¾�

âk¬V.?¦³� T + vJ(ö£í‹\X|™¾,7‹\X|™¾í‰�¢}úÀ¢

−0� Óg£‚0�F	à; uJ, BbÛl°�¬VúkÀ¢−0� Óg£‚0ã‚í|c˜

��

íl, ø� (2.3) Hp� (2.4) ª):

ṗ = k{u + γ y − σ(i − α ṗE) + µ[δ(ec + p∗ − p)] − y} (2.6)

yú� (2.1)� (2.2)� (2.6) ¦‘K‚�M, ª):

δ(ec + p∗ − pE) + β[i E − i∗ − i∗(ec − eE

f ) − ėE

f ] = 0 (2.7)

m − pE = −λi E + φy (2.8)

ṗE = k{uE + γ y − σ(i E − α ṗE) + µ[δ(ec + p∗ − pE)] − y} (2.9)

� (2.7)–(2.9) 2, âk m � y � ec � i∗ D p∗ îÑÕÞ‰b; Ä¤, ¬Vúk¥<‰bíã‚M

}�kõÒM�

I x̂ E H[ã‚%È‰b x E íÅ‚Ì©M, †…d_�ã‚%È‰bíÅ‚Ì©Mx�J

-Ô4: ṗE = ėE

f = 0 / pE = p̂E� i E = î E� eE

f = êE

f � ø¥<4”Hp� (2.7)–(2.9) 2, †ª
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°)J-Å‚Ì©íÉ[�:

p̂E =

(

σ

σ+λµδ

)

m −

[

λ(1 − γ ) + φσ

σ+λµδ

]

y +

(

λ

σ+λµδ

)

[

uE + µδ(ec + p∗)
]

(2.10)

î E =

(

γ−1 + φµδ

σ+λµδ

)

y +
uE + µδ(ec + p∗ − m)

σ+λµδ
(2.11)

êE

f =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(m − p∗) +

[

(β−λδ)(1 − γ ) − φδ(σ+βµ)

βi∗(σ+λµδ)

]

y

+

[

(λδ − β)

βi∗(σ+λµδ)

]

uE +

[

1 −
δ(βµ + σ)

βi∗(σ + λµδ)

]

ec + 1 (2.12)

â� (2.10)–(2.12) ªJ°):

∂ p̂E

∂uE
=

λ

σ+λµδ
> 0 (2.10a)

∂ î
E

∂uE
=

1
σ+λµδ

> 0 (2.11a)

∂ êE

f

∂uE
=

λδ − β

βi∗(σ+λµδ)
≷ 0, J β ≶ λδ (2.12a)

â� (2.10a)–(2.12a) ªøç¬Vã‚‹\ç�Ó‹‹\X|í™¾v,Å‚7k, }¨Aã‚

ÓgDã‚‚0í,¯, Oúã‚À¢−0í	à†²ìk’…��˙�íóú×ü,J’…

��˙�óúœ× (ü) , †}û_ã‚À¢−0-� (,¯) �

âk…d.−£Åqß| (y)� ÅÕÓg (p∗)D¼“−0 (ec)�ÕÞ‰b‰�ín�; ]

Ñ7%(WdíjzjZ, Bbø� (2.10)–(2.12)�“[ýà-:

p̂E = p̂(m, uE) (2.10b)

î E = î(m, uE) (2.11b)

êE

f = ê f (m, uE) (2.12b)

8



QO, Bbªø¥Vn�¤ø%ÈñÍí�G4”�íl, â� (2.8) ªJ°): i E = (1/λ)(φy−

m + pE), yøwHp� (2.7)D (2.9), †ªªø¥ø� (2.7)D (2.9) Jä³��[ýà-:







ėE

f

ṗE






=







i∗ β−λδ
λβ

0 −
k(σ+λµδ)
λ(1−kσα)













eE

f

pE







+







1
λ
(φy − m) − i∗ + ec(

δ
β

− i∗) + δ
β

p∗

k
1−kσα

[uE + (γ − 1 −
φσ
λ

)y + σ
λ

m + µδ(ec + p∗)]






(2.13)

I l H[¤�GñÍíÔ4;, †â� (2.13) ª)J-íÔ4j˙�:

(i∗ − l)
[

−
k(σ + λµδ)

λ(1 − kσα)
− l
]

= 0 (2.14)

Ê (1− kσα) > 0 ícì-,3 BbªJ)ø¥_�GñÍ�ø_£;Dø_Š;, Ä¤%Èñ

Íx�ï¶éì (saddle-point stability) í4”� �-, BbI l1 > 0 > l2, †â� (2.14) ª):

l1 = i∗ > 0 (2.15)

l2 = −
k(σ + λµδ)

λ(1 − kσα)
< 0 (2.16)

Ä¤, â� (2.13) BbªJ°)%ÈñÍí�G˜�Ñ:4

eE

f = ê f (m, uE) + C1el1t + C2el2t (2.17)

pE = p̂(m, uE) +

(

l2 − l1

β − λδ

)

λβC2el2t (2.18)

� (2.17)� (2.18) 2í ê f (m, uE)D p̂(m, uE) H[ e f D p íÅ‚Ì©M, C1 £ C2 †Ñ&j

¡b�

3BbJcì (1 − kσα) < 0, Ê p u_l²‰b (predetermined variable) í8”- (ÄÑÅqÓg×ÛîM|c

íÔ4), †%ÈñÍ}|Ûs£;; 'péË, ¤véì;íbñükl²‰bíbñ, †}UêrãøíÌ©j

.æÊ� Ìc Burmeister (1985)D Buiter (1984) ízp�

4Ìc Gandoflo (1980, Ü 263–265)�
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�-, Bb‚àÇ 2.1 £Ç 2.2 Vzp¥_%ÈñÍí�G4”� íl, â� (2.13) Bbª

J}�)ƒI ėE

f = 0D ṗE = 0 5F� eE

f D pE  ¯F$Aí*�, }�IwÑ ėE

f = 0(

£ ṗE = 0(,7¥s‘(íé0}�Ñ:

∂pE

∂eE

f

∣

∣

∣

∣

∣

ėE
f =0

=
i∗λβ

λδ − β
≷ 0,J λδ ≷ β (2.19)

∂pE

∂eE

f

∣

∣

∣

∣

∣

ṗE=0

= 0 (2.20)

â� (2.19)� (2.20) ªø, ėE

f = 0(é0Ñ£CŠ, êrâ β £ λδ íóú×üV²ì,J’…

��4óúœ× (β > λδ), † ėE

f = 0(ÑŠé0; ¥5,J’…��4óúœü (β < λδ), †

ėE

f = 0(Ñ£é0; ÇøjÞ, ṗE = 0(†Ñ®�(�

Çâ� (2.13) í�ø�ªø: ∂ ėE

f /∂eE

f = i∗ > 0, Ä7ÊÇ 2.1DÇ 2.2 2, ėE

f = 0(¬

j (˝j) í–�×Û ėE

f > 0 (ėE

f < 0) í!‹, ¤ÑÇ 2.1DÇ 2.2 2, ėE

f = 0(¬j (˝j)

–��G¶å%¬ (%˝) íŸÄ� Î¤5Õ, â� (2.13) í�ù�6ªnj, ṗE D pE �Š²

íÉ[: ∂ ṗE/∂pE = −k(σ + λµδ)/λ(1 − kσα) < 0; uJ, Ê ṗE = 0(,j (-j) í–�

x� ṗE < 0 ( ṗE > 0) í4”,¥6ÿuÇ 2.1DÇ 2.2 2 ṗE = 0(,j (-j) –��G¶å

%- (%,) íÜâ� yâ� (2.13) ªR):

∂pE

∂uE

∣

∣

∣

∣

ėE
f =0

= 0 (2.21)

∂pE

∂uE

∣

∣

∣

∣

ṗE=0
=

λ

σ + λµδ
> 0 (2.22)

� (2.21)� (2.22) éý,ã‚íØ"4‹\\µú ėE

f = 0(.}�F	à, O}¨A ṗE = 0(

%,���

âk l1 > 0 > l2; Ä¤,%ÈñÍY¹íñø‘Kÿu C1 = 0, à¤BbÿªJ°)é

C1 = 0 íF� eE

f D pE  ¯5*�,v*�˚ÑéìG• (stable arm), BbIwÑ SSE (,

SSE (u%ÈñÍY¹íñø�G˜�� *� (2.17)� (2.18) ªJ°)ï¶˜� SSE (íé0
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Ñ:

∂pE

∂eE

f

∣

∣

∣

∣

∣

SSE

=

(

l2 − l1

β − λδ

)

λβ ≷ 0,J β ≶ λδ (2.23)

� (2.23) éý, SSE (íé0«e’…��4óú×ü7ì,J’…��4óúœ× (β > λδ),

† SSE (ÑŠé0, àÇ 2.1 Fý; ¥5,J’…��4óúœü (β < λδ), † SSE(Ñ£é0,

àÇ 2.2 Fý� y6, â� (2.17)� (2.18) ?ª°)é C2 = 0 íF� eE

f D pE  ¯5*�,v 

¯*�˚Ñ.éìG• (unstable arm), BbIwÑ UU E (, wé0Ñ:

∂pE

∂eE

f

∣

∣

∣

∣

∣

UU E

= 0 (2.24)

� (2.24) éý, UU E (Ñ®�(� ¥<˜�u°íÔ�u: Jï¶˜� SSE (íé0ÑÚ¡(

|ê, /J.éìG• UU E (íé0dÑêàíÚ¡(� 5

øï‹\ç�k� T + v…�|ö£ÏW‹\X|™¾í��, †F�í¬VúÓgD−

0íã‚ÿ}Ê8Ñ´Ð5(, ¢yxeêrãøí?‰� <u5], Î7j|ã‚À¢−0

eE

f Dã‚Óg pE íøOj5Õ, Bb´.âj|õÒÀ¢−0e f DõÒÓg p íøOj, n

ªéBb7jc_%ÈñÍí�G«T¬˙�

íl, BbI x̂ H[õÒ%È‰b x íÅ‚Ì©M, †…d_�õÒ%È‰b5Å‚Ì©

Mx�J-Ô4: ṗ = ė f = 0 / p = p̂� i = î� e f = ê f � ø¥<4”Hp� (2.1)� (2.2)�

5â� (2.17) £ (2.18) ª):

lim
t→−∞

(

ṗE

ėE

f

)

=

(

l2 − l1

β − λδ

)

λβ =
∂pE

∂eE

f

∣

∣

∣

∣

∣

SSE

,

lim
t→∞

(

ṗE

ėE

f

)

= 0 =
∂pE

∂eE

f

∣

∣

∣

∣

∣

UU E

13



(2.6) 2, ªJ°)J-Å‚Ì©É[�:

p̂ =

(

σ

σ + λµδ

)

m −

[

λ(1 − γ ) + φσ

σ + λµδ

]

y +

(

λ

σ + λµδ

)

[

u + µδ(ec + p∗)
]

(2.25)

î =

(

γ − 1 + φµδ

σ + λµδ

)

y +
u + µδ(ec + p∗ − m)

σ + λµδ
(2.26)

ê f =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(m − p∗) +

[

(β−λδ)(1 − γ ) − φδ(σ+βµ)

βi∗(σ+λµδ)

]

y

+

[

(λδ − β)

βi∗(σ+λµδ)

]

u +

[

1 −
δ(βµ + σ)

βi∗(σ + λµδ)

]

ec + 1 (2.27)

â� (2.25)–(2.27) ªJ°):

∂ p̂
∂u

=
λ

σ + λµδ
> 0 (2.25a)

∂ î
∂u

=
1

σ + λµδ
> 0 (2.26a)

∂ ê f

∂u
=

λδ − β

βi∗(σ + λµδ)
≷ 0,J β ≶ λδ (2.27a)

â� (2.25a)–(2.27a) ªøç‹\ç�Ó‹‹\X|í™¾v,Å‚7k, }¨AõÒÓgDõ

Ò‚0í,¯, OúõÒÀ¢−0í	à†.üì�

°Ü, âk…d.−£Åqß| (y)� ÅÕÓg (p∗)D¼“−0 (ec)�ÕÞ‰b‰�ín

�; ]Ñ7%(WdíjzjZ, Bbø� (2.25)–(2.27)�“[ýà-:

p̂ = p̂(m, u) (2.25b)

î = î(m, u) (2.26b)

ê f = ê f (m, u) (2.27b)

QO, Bbyªø¥n�¤ø%ÈñÍí�G4”�íl, â� (2.2) ªJ°) i = (1/λ)

(φy − m + p), yøwHp� (2.1)D (2.6), †ªªø¥ø� (2.1)D (2.6) Jä³��[ýà
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-:






ė f

ṗ






=







i∗ β−λδ
λβ

0 −
k(σ+λµδ)
λ(1−kσα)













e f

p







+







1
λ
(φy − m) − i∗ + ec(

δ
β

− i∗) + δ
β

p∗

k
1−kσα

[u + (γ − 1 −
φσ
λ

)y + σ
λ

m + µδ(ec + p∗)]






(2.28)

I n H[�GñÍíÔ4;, †â� (2.28) ªJ)ƒJ-íÔ4j˙�:

(i∗ − n)

[

−
k(σ + λµδ)

λ(1 − kσα)
− n

]

= 0 (2.29)

Ê (1 − kσα) > 0 ícì-, BbªJ)ø¥_�GñÍ�ø_£;Dø_Š;, Ä¤¥_%

ÈñÍEx�ï¶éìí4”� �-, BbI n1 > 0 > n2, †â� (2.29) ª):

n1 = i∗ > 0 (2.30)

n2 = −
k(σ + λµδ)

λ(1 − kσα)
< 0 (2.31)

;W� (2.28), BbªJ°) e f D p íøOj, ¢ÄwÔ4; n1� n2 D l1� l2 Mó°; Ä

¤, øõÒÀ¢−0DõÒÓgíÔ4;òQJ l1� l2 ‹J¦H, †ªø e f D p íøOj[ý

A:

e f = ê f (m, u) + D1el1t + D2el2t (2.32)

p = p̂(m, u) +

(

l2 − l1

β − λδ

)

λβ D2el2t (2.33)

� (2.32)� (2.33) 2í ê f (m, u)D p̂(m, u) }�H[ e f D p íÅ‚Ì©M, D1D D2 †Ñ&

j¡b�

J\µç�k� 0+ v…�0, øÊ„V� T + v…Ó‹‹\X|í™¾, †â� (2.17) £

(2.18) ªJqì¬Vã‚À¢−0Dã‚Óg5|c˜�Ñ:

eE

f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + C1el1t + C2el2t ; T − > t > 0+

ê f [m0,
1
2(u0 + u1)] + C∗

1 el1t + C∗
2 el2t ; t > T +

(2.34)
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pE =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) +
(

l2−l1
β−λδ

)

λβC2el2t ; T − > t > 0+

p̂[m0,
1
2(u0 + u1)] +

(

l2−l1
β−λδ

)

λβC∗
2 el2t ; t > T +

(2.35)

úkJ,s�ícì, ��õÛb^k:

1. âk%ÈñÍŸlTkÅ‚Ì©/ŸlíŒÞX#™¾Ñ m0� ‹\X|í™¾Ñ u0,

]Ê 0− v…,À¢−0DÓg}�Ñú@Om0� u0 íÅ‚Ì©À¢−0DÅ‚Ì©Ó

g�

2. Ê 0+ B T − ív¨q, âk\µþ„Z‰7UŒÞX#D‹\X|í™¾EH&Mk

Ÿlí®Ä; Ä7, Êvv¨q, ê f D p̂ Fú@íŒÞX#D‹\X|í™¾EÑm0 £

u0�

3. âk¬V“¿ T + v…í‹\X|™¾}�*øÌ�}º, wœ0ò�ƒbà� (2.5) F

ý; Ä¤, ¬Vã‚ T + v…í‹\X|™¾4Ñ¤}ºí‚�M: uE = 1
2(u0 + u1),7

¥£uBbqì T + v…5(ív¨q, eE

f í
Ò!bÑ ê f [m0,
1
2(u0 + u1)] 5ŸÄ�

4. &j¡b C1D C2 Fú@íu, ˇ÷O ê f (m0, u0) £ p̂(m0, u0) í�G˜�,7 C∗
1 D

C∗
2 Fú@íu, ˇ÷O ê f [m0,

1
2(u0 + u1)] £ p̂[m0,

1
2(u0 + u1)] í�G˜��

;WÓgîM|cíÔ4� Ü4ã‚5©/‘KJ£ñÍY¹í‘K, Bbª�â-�û

_Ì„‘KV°�C1 � C2 � C∗
1 � C∗

2 û_bM:

pE

0− = pE

0+ (2.36)

pE

T− = pE

T+ (2.37)

eE

f T− = eE

f T+ (2.38)

C∗
1 = 0 (2.39)

ø� (2.34)� (2.35) £� (2.39) í C∗
1 = 0 Hp� (2.36)–(2.38); wŸ, yø êE

f (m0, uE) −

êE

f (m0, u0) = [(λδ −β)/2βi∗(σ +λµδ)](u1 −u0)� p̂E(m0, uE)− p̂E(m0, u0) = [λ/2(σ +
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λµδ)](u1 − u0) Hp, †� (2.36)–(2.38) ªJJ�-5ä³��[ýÑ:













0 (
l2−l1
β−λδ

)λβ 0

0 (
l2−l1
β−λδ

)λβel2T −(
l2−l1
β−λδ

)λβel2T

el1T el2T −el2T

























C1

C2

C∗
2













=













0

λ
2(σ+λµδ)

(u1 − u0)

λδ−β
2βi∗(σ+λµδ)

(u1 − u0)













(2.40)

‚à Cramer ¶†, â� (2.40) ªJ°�| C1 � C2 � C∗
2 , …b}�u:

C1 =
l2(u1 − u0)(λδ − β)

2βi∗el1T (σ + λµδ)(l2 − l1)
≷ 0 ,J β ≶ λδ (2.41)

C2 = 0 (2.42)

C∗
2 =

−(u1 − u0)(β − λδ)

2βel2T (σ + λµδ)(l2 − l1)
≷ 0 ,J β ≷ λδ (2.43)

ø C∗
1 = 0 £ C1 � C2 � C∗

2 5M}�Hp� (2.34)� (2.35), †ª)ƒã‚À¢−0Dã‚Óg

ípü|c˜�Ñ:

eE

f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) +
l2(u1−u0)(λδ−β)

2βi∗(σ+λµδ)(l2−l1)
el1(t−T ) ; T − > t > 0+

ê f [m0,
1
2(u0 + u1)] −

(u1−u0)(β−λδ)
2β(σ+λµδ)(l2−l1)

el2(t−T ) ; t > T +

(2.34a)

pE =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) ; T − > t > 0+

p̂[m0,
1
2(u0 + u1)] − λ(u1−u0)

2(σ+λµδ)
el2(t−T ) ; t > T +

(2.35a)
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°|ã‚À¢−0Dã‚Ógí|c˜�(, QOBbyV°�õÒÀ¢−0DõÒÓg

í|c˜�� Y� (2.32)� (2.33), BbªJqìõÒÀ¢−0DõÒÓgí|c˜�Ñ:

e f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + D1el1t + D2el2t ; T − > t > 0+

ê f (m0, ur ) + D∗
1r el1t + D∗

2r el2t ; t > T +

(2.44)

p =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) + (
l2−l1
β−λδ

)λβ D2el2t ; T − > t > 0+

p̂(m0, ur) + (
l2−l1
β−λδ

)λβ D∗
2r el2t ; t > T +

(2.45)

,�25 ur [ý\�õÒ5‹\X|™¾� úkJ,s�ícì, ��õÛb^k:

1. âk%ÈñÍŸlTkÅ‚Ì©/ŸlíŒÞX#™¾Ñ m0� ‹\X|í™¾Ñ u0,

]Ê 0− v…,À¢−0DÓg}�Ñú@Om0 � u0 íÅ‚Ì©À¢−0DÅ‚Ì©

Óg�

2. Ê 0+ B T − ív¨q, âk\µþ„Z‰7UŒÞX#D‹\X|í™¾EH&Mk

Ÿlí®Ä; Ä7, Êvv¨q, ê f D p̂ Fú@íŒÞX#D‹\X|í™¾EÑm0 £

u0� Ä5, Ê T − v…5‡, õÒ|c˜�Dã‚|c˜�êró°�

3. Ê‹\ç�ö£ÏWØ"í‹\\µ5(, w\µÏW™¾�ª?|˛¬Ví<e, Ñ

°øO“–c, BbqìDã‚|c˜�.°í&j¡b D1 � D2 � D∗
1r £ D∗

2r � w2,

&j¡b D1 D D2 Fú@íu, ˇ÷O ê f (m0, u0) £ p̂(m0, u0) í�G˜�,7 D∗
1r

D D∗
2r Fú@íu, ˇ÷O ê f (m0, ur ) £ p̂(m0, ur ) í�G˜��

4. âkÊ T − v…5‡, õÒ|c˜�Dã‚|c˜�êró°, ]õÒ|c˜�2&j

¡b D1 � D2 }�Dã‚|c˜�í&j¡b C1 � C2 ó°�

âk T − v…J‡, õÒí|c˜�Dã‚í|c˜�êrø_,7&j¡b D1 � D2 í

M“˛°|; ]7, BbÉÛ°j&j¡b D∗
1r £ D∗

2r ¹ª� ;WÓgîM|cíÔ4£ñÍ

18



Y¹‘K, Bbª�â�-íù_Ì„‘KRû|&j¡b D∗
1r £ D∗

2r 5M:

pT − = pT + (2.46)

D∗
1r = 0 (2.47)

ø� (2.45) £ (2.47) Hp� (2.46) 2, 1;W� (2.42), †ª°| D∗
2r íM, …u:

D∗
2r = −

(

ur − u0

βel2T

)(

β − λδ

l2 − l1

)(

1
σ + λµδ

)

≷ 0,J β ≷ λδ (2.48)

B¤, Bb˛øõÒÀ¢−0DõÒÓg|c˜�2F�í&j¡br¶j|� ø¥<¡

bMHp� (2.44) £ (2.45), †ªø¥<‰bípü|c˜�[ýÑ:

e f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) +
l2(u1−u0)(λδ−β)

2βi∗(σ+λµδ)(l2−l1)
el1(t−T ) ; T − > t > 0+

ê f (m0, ur ) − (ur −u0)
β

(

β−λδ
l2−l1

) (

1
σ+λµδ

)

el2(t−T ) ; t > T +

(2.44a)

p =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) ; T − > t > 0+

p̂(m0, ur) − λ(ur−u0)
σ+λµδ

el2(t−T ) ; t > T +

(2.45a)

�-, Bbø»ºÇ$Vzp‹\ç�„püµø¬VøVbÓ‹Öý‹\X|™¾í8

$-,%ÈñÍí�G|c¬˙� JÇ 2.3 £Ç 2.47k, cì%ÈñÍŸlPk ėE

f = 0(m0)

(D ṗE = 0(m0, u0)(í>õ Q0− õ,võíã‚À¢−0Dã‚Óg®Ä}�Ñ eE

f 0− D

pE

0−� âk¬Vã‚A T + v…–,‹\ç�í‹\X|™¾øâñ‡í u0 Ó‹Ñ 1
2(u0+u1);

Ä¤, ÊÇ 2.3 £Ç 2.4 2ªú| ṗE = 0[m0,
1
2(u0 + u1)](, 6 v(D ėE

f = 0(m0)(ó>

k QE

∗ õ, ¤õ†u¬Vã‚ T + v…5(%ÈñÍíÌ©õ, wFú@íã‚À¢−0Dã

‚Óg}�Ñ eE

f ∗ D pE

∗� Bb*� (2.13) ªJÀUø−, ėE

f = 0(m0)(í ¯D u ÌÉ; F

J, Ç 2.3 £Ç 2.4 21„™ý ėE

f = 0(m0)([ u íƒb�

6â� (2.13) í�ù�ªJ°):
∂pE

∂uE

∣

∣

∣

ṗE=0(m0,u0)
= λ

σ+λµδ
> 0, ¤H[ã‚íØ"4‹\\µ}U ṗE =

0(m0, u0)(,��
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àÇ 2.3 £Ç 2.4 Fý,A 0+ B T − ív¨q, âk¬Vã‚‹\ç�5‹\X|™¾E

}TGÊ u0 ®Ä,%ÈñÍí
Ò!bJ Q0− õ[ý; Ä5,A�µBÏW‹\X|™¾Ó‹

ív¨q,ñÍíã‚�G•‘øˇ÷O Q0− õ«�� OA T + v…–, Ä¬Vã‚‹\X|

í™¾øâñ‡í u0 Ó‹Ñ 1
2(u0 + u1), ]%ÈñÍí�G«T¡5õø�‰Ñ QE

∗ õ; F

J, Ê T + v…–,ã‚‰bí�G•‘}ˇ÷O QE

∗ õ«�� y6, âkã‚‰bFZA5�

GñÍx�ï¶éìí4”, ]k T + v…ÛøñÍ£, SSE[m0,
1
2(u0 + u1)](, ´†ñÍ

Ì¶Y¹�

Bk�µ<ã‚‰bí�G˜�ªk T + v…, øñÍ£, SSE[m0,
1
2(u0 + u1)] (á?

ÄÊ 0+ B T − ív¨q, ñÍíã‚�G•‘[ˇ÷O Q0− õ«�, 7*Ç 2.3� Ç 2.4 B

bªJêÛ, É�˜� (i)� (ii) £ UU E(m0, u0) (�ú�|c˜�n�ª?ø%ÈñÍ£ƒ

SSE[m0,
1
2(u0 + u1)](, OÄã‚Óg®Äx�îM|cÔ4, ]k�µív…,ã‚Óg.

)��� FJ, É�.éìG•UU E(m0, u0)(n¯¯k�µv…,ã‚Óg.)��íb°�

;WJ,í}&, ªøÊ‹\ç��µív…, ¬Vã‚%ÈñÍ}âÇ 2.3 £Ç 2.4 5 Q0−

õ®�%˝ (¬) �&B Q0+ õ� 7(, Ê 0+B T − ív¨q, •O.éìG• UU E(m0, u0)

(, â Q0+ õ•² QE

T õ� 7Ê T + v…, ÖÍ¬Vã‚‹\ç�kvv…, }ø‹\X|

í™¾âñ‡í u0 ÓÑ 1
2(u0 + u1), Oâkã‚À¢−0Dã‚ÓgÊ¤vÌ.ª��; Ä

¤, ¬V}ã‚ñÍETGk QE

T õ� A T + v…J(,ñÍuJ QE

∗ õdÑã‚‰b�G•

‘í¡5õ, 7 QE

T õ¢Pk SSE[m0,
1
2(u0 + u1)] (,; FJ, ¬Vã‚%ÈñÍø}•O

SSE[m0,
1
2(u0 + u1)](,A QE

T õMÚ%ã‚íÅ‚Ì©õ QE

∗õ���

,HFn�íu, ç‹\ç��µøk T + v…Ó‹‹\X|í™¾, ¬Vã‚%ÈñÍ5

À¢−0DÓgí|c˜�� Í7õÒ|c˜�¢uàSá? ÖÍ‹\ç�k� 0+ v…�µ

øk T + v…Ó‹‹\X|í™¾, OwõÒÏWí™¾×üº„püzp, Í7¬Vº'ü

ìíø−,A T + v…–‹\X|í™¾n}‰�; FJ, k 0+ ív…J£ 0+ B T − ív¨

q,ã‚í‹\X|™¾ÿuõÒí‹\X|™¾� Ä¤, Ç 2.3 £Ç 2.4 2, Q0− õFú@í

ã‚À¢−0®Ä eE

f 0− Dã‚Óg®Ä pE

0− , ÿuõÒÀ¢−0®Ä e f 0− DõÒÓg®Ä
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p0−� ÊÇ 2.3 2, ç β > λδ, Äã‚Óg®Äx�îM|cíÔ4, }U%ÈñÍâ Q0− õ

®�%˝�&B Q0+ õ� ÊÇ 2.4 2, ç β < λδ, %ÈñÍø}â Q0− õ®�%¬�&B

Q0+ õ� A 0+B T − ív¨q,%ÈñÍõÒ5��˜�ø}•O.éìG•UU E(m0, u0)

(, â Q0+ õ�B QE

T õ� Bk T + v…5(,%ÈñÍõÒ5|c˜�¢}×ÛS�|cê

òá?

Ñ7�“}&, …�cqõÒ‹\X|í™¾É�ú�ª?í®Ä, }�Ñ ur = u0� ur =

1
2(u0 + u1)� ur = u1, Ê¤8”-,øï‹\ç�k T + v…�|ö£ÏW‹\X|™¾í�

�, †Ê T + v…5(, õÒÀ¢−0DõÒÓg5|c˜�, øªO‹\ç�F�|í‹\X

|™¾5��8J–}Aú�8”, }�zpà-:

1. J T + v…5(,‹\ç�ö£ÏWí‹\X|™¾, £àþ}×VFã‚íÑ 1
2(u0 +

u1) ®Ä, †õÒíÀ¢−0DõÒíÓgk T + v…J(í|c˜�, Zu‡ÞFRû

íã‚‰b|c˜��

2. J T + v…5(,‹\ç�FõÒÏWí‹\X|™¾Ñ u1 ®Ä, ¸¬V9lFTíã

‚1.ø_, †%ÈñÍ|�íY¹P0øu ė f = 0(m0)(D ṗ = 0(m0, u1)(í>

õ Q∗ õ� FJ,ã‚˜Ïí¬Vø^£wWÑ, ÊÓgx�îM|cÔ4-,ñÍ}â

Ç 2.3 £Ç 2.4 5 QE

T õmÈ®���B SS(m0, u1)(,í Q′
T + õ� A T + v…5

(,%ÈñÍø}â Q′
T + õ•O SS(m0, u1)(, MÚ•²Å‚Ì©õ Q∗õ�

3. J T + v…5(,‹\ç�FõÒÏWí‹\X|™¾&MkŸlí®Ä u0, †Ê\µ

ÏWv…,%ÈñÍ}â QE

T õ�&�ƒ SS(m0, u0) (,í QT + õ, ¹|�í Q0−

õ�

;WJ,ízpªø: ç%ÈñÍÞ@‹\ç�0˝4‹\\µØ"í\µ�µv, .�

’…��4íóú×ü, Ê‹\ç�ö£ÏWí‹\X|™¾¸¬V9lFdíã‚êrø_

v, õÒÀ¢−0ímv¥@M [eE

f 0+ − eE

f 0−(m0, u0)]DÅ‚Ì©¥@M {eE

f ∗[m0,
1
2(u0 +

u1)]− eE

f 0−(m0, u0)} (Q0− → Q0+ → QE

T → QE

∗) ×Ûó°j²í•‘; ]7, É}×Û|
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c.£,7„�˜²|cí¥@êÞ� ¥5,J‹\ç�ö£ÏWí‹\X|™¾¸¬V9lF

díã‚1.ø_v, õÒÀ¢−0ímv¥@M [eE

f 0+ − eE

f 0−(m0, u0)]DÅ‚Ì©í¥@

M [e f ∗(m0, u1)−eE

f 0−(m0, u0)] (Q0− → Q0+ → QE

T → Q′
T + → Q∗) ×Ûó°j²í•

‘, OºDÅ‚Ì©í¥@M [e f T +(m0, u0)−eE

f 0−(m0, u0) = 0] (Q0− → Q0+ → QE

T →

QT +) í‰�j²ÌÉ; ]7, 6É}×Û|c.£ (Q0− → Q0+ → QE

T → Q′
T + → Q∗)

C|c¬�(Q0− → Q0+ → QE

T → QT +) í¥@,7„�˜²|cí¥@êÞ�

QO, Bbø� (2.34a)ã‚À¢−0k 0+B T − v¨qí|c˜�úvÈdø¼£ù¼

�}, ¹ª°)¤v¨qã‚À¢−0í|cj²£|c§�Ñ:

ėE

f =
l1l2(u1 − u0)(λδ − β)

2βi∗(σ + λµδ)(l2 − l1)
el1(t−T ) ≷ 0,J β ≶ λδ; 0+ ≤ t ≤ T − (2.49)

ëE

f =
l2
1l2(u1 − u0)(λδ − β)

2βi∗(σ + λµδ)(l2 − l1)
el1(t−T ) ≷ 0,J β ≶ λδ; 0+ ≤ t ≤ T − (2.50)

âJ,s�ªø, Ê 0+ B T − ív¨q, ç’…��4óúœ× (β > λδ) v,ÓOvÈí%

¬,ã‚À¢−0}M/-•, /-•í§�BVB0; ¥5, ç’…��4óúœü (β < λδ)

v,ÓOvÈí%¬,ã‚À¢−0}M/,¯, /,¯í§�BVB0� |(, â� (2.34a) ?

ª°| T + v…J(ã‚À¢−0í•‘:

ėE

f = −
l2(u1 − u0)(β − λδ)

2β(σ + λµδ)(l2 − l1)
el2(t−T ) ≷ 0,J β ≶ λδ; t ≥ T + (2.51)

ëE

f = −
l2
2(u1 − u0)(β − λδ)

2β(σ + λµδ)(l2 − l1)
el2(t−T ) ≷ 0,J β ≷ λδ; t ≥ T + (2.52)

Ä¤, Ê T + v…J(ív¨q, ç’…��4óúœ× (β > λδ) v,ÓOvÈí%¬,ã

‚À¢−0}M/-•, O-•í§�BVBM; ç’…��4óúœü (β < λδ) v,ÓOv

Èí%¬,ã‚À¢−0}M/,¯, O,¯í§�BVBM�

wŸ, BbyVn�ã‚Ógí|c˜�� íl, Bbln� 0+ B T − v¨qí•‘� â

� (2.35a) ª°):

ṗE = 0; 0+ ≤ t ≤ T − (2.53)
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p̈E = 0; 0+ ≤ t ≤ T − (2.54)

J,s�éý, k 0+B T − ív¨q,ã‚ÓgÓvÈ%¬}	ì.‰, ×Ûø‘®�(•‘�

wŸ, BbyVhôã‚ÓgÊ T + v…5(í•‘, â� (2.35a) ª):

ṗE =
−l2λ(u1 − u0)

2(σ + λµδ)
el2(t−T ) > 0; t ≥ T + (2.55)

p̈E =
−l2

2λ(u1 − u0)

2(σ + λµδ)
el2(t−T ) < 0; t ≥ T + (2.56)

J,s�éý,A T + v…J(,ã‚Óg},¯, /òƒÌ©Ñ¢, w,¯§�BVBM� B

kõÒÀ¢−0DõÒÓg5TÜj¶ó°, Ä¤.y;H�

ã¯J,ín�, Bbªøã‚À¢£õÒÀ¢−0�ã‚£õÒÓgívÈ˜�, }�Y

’…��4íóú×üú`kÇ 2.5 £Ç 2.6 2� Ç25˜� (A)[ýÊ 0+ B T − ív¨q,

%È‰bíã‚M (6ÿuõÒM);˜� (C) †[ýç‹\ç�FõÒÏWí‹\X|™¾Ñ

u1 v,%È‰bíõÒ•‘;7˜� (B)� (D) †}�H[ÏWí‹\X|™¾Ñ 1
2(u0 +u1) £

u0 v,%È‰bíõÒ•‘�

2.3 ŒÞX#™¾5Ó¾í.üì4

Ê…�³BbFb«níu,ŒÞç�k� 0+ v…�0, øÊ„V� T + v…Ó‹ŒÞ

X#í™¾,7FÓ‹í™¾Ö›†„µø¬V, Ê¤8”-,%ÈñÍí�G•‘¢}×ÛS

�êòá? ¬VÊÞúŒÞX#™¾.üìí8”-, cq� T + v…víŒÞX#™¾6�

*ø©/íÌ�}º, wœ0ò�ƒbEøwqìà-:

f (m) =
1

(m1 − m0)
; m0 ≤ m ≤ m1 (2.57)

,�2, m1 ÑŒÞX#™¾í,Ì, m0 Ñ‚�C-ÌíŒÞX#™¾�

Ñn�¬V�ÉkÀ¢−0� Óg£‚0íã‚|c˜�, Eâl«n\µ‰�ú%Èñ

Í5Å‚Ì©^‹£%ÈñÍ5�G4”� íl, Eú� (2.1)� (2.2)� (2.6) ¦‘K‚�M, ª
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):

δ(ec + p∗ − pE) + β[i E − i∗ − i∗(ec − eE

f ) − ėE

f ] = 0 (2.58)

mE − pE = −λi E + φy (2.59)

ṗE = k{u + γ y − σ(i E − α ṗE) + µ[δ(ec + p∗ − pE)] − y} (2.60)

Ê� (2.58)–(2.60) 2, âk u � y � ec � i∗D p∗ îÑÕÞ‰b; Ä¤, ¬Vúk¥<‰bí

ã‚Mÿ�kõÒM�

wŸ, BbEI x̂ E H[ã‚%È‰b x E íÅ‚Ì©M, †Å‚Ì©Mx�J-Ô4: ṗE =

ėE

f = 0 / pE = p̂E� i E = î E� eE

f = êE

f � ø¥<4”Hp� (2.58)–(2.60) 2, †ª°)J-Å

‚Ì©É[:

p̂E =

(

σ

σ+λµδ

)

mE −

[

λ(1 − γ ) + φσ

σ+λµδ

]

y +

(

λ

σ+λµδ

)

[u + µδ(ec + p∗)]

(2.61)

î E =

(

γ−1 + φµδ

σ+λµδ

)

y +
u + µδ(ec + p∗ − mE)

σ+λµδ
(2.62)

êE

f =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(mE − p∗) +

[

(β−λδ)(1 − γ ) − φδ(σ+βµ)

βi∗(σ+λµδ)

]

y

+

[

(λδ − β)

βi∗(σ+λµδ)

]

u +

[

1 −
δ(βµ + σ)

βi∗(σ + λµδ)

]

ec + 1 (2.63)

â� (2.61)–(2.63) ªJ°):

∂ p̂E

∂mE
=

σ

σ+λµδ
> 0 (2.61a)

∂ î E

∂mE
=

−µδ

σ+λµδ
< 0 (2.62a)

∂ êE

f

∂mE
=

δ(βµ + σ)

βi∗(σ+λµδ)
> 0 (2.63a)

â� (2.61a)–(2.63a) ªøç¬Vã‚ŒÞç�Ó‹ŒÞX#í™¾v,Å‚7k, }¨Aã‚

Óg£ã‚À¢−0í,¯, O}û_ã‚‚0í-�; ]ªø¬Vã‚ŒÞX#™¾íÓ‹

.x�ŒÞ2
 (monetary neutrality) í4”�
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°šË, âk…d.−£Åqß| (y)� ÅÕÓg (p∗)D¼“−0 (ec)�ÕÞ‰b‰�í

n�; ]7, �-ÑWdjzjZ, Bbø� (2.61)–(2.63)�“[ýà-:

p̂E = p̂(mE, u) (2.61b)

î E = î(mE, u) (2.62b)

êE

f = ê f (mE, u) (2.63b)

QO, Bbyªø¥n�¤ø%ÈñÍí�G4”� °šË, â� (2.59) BbEª°): i E =

(1/λ)(φy − mE + pE), yøwHp� (2.58)D (2.60), †ªªø¥ø� (2.58)D (2.60) Jä³

��[ýà-:






ėE

f

ṗE






=







i∗ β−λδ
λβ

0 −
k(σ+λµδ)
λ(1−kσα)













eE

f

pE







+







1
λ
(φy − mE) − i∗ + ec(

δ
β

− i∗) + δ
β

p∗

k
1−kσα

[u + (γ − 1 −
φσ
λ

)y + σ
λ

mE + µδ(ec + p∗)]






(2.64)

I l H[¤�GñÍíÔ4;, †â� (2.64) Eª°)J-íÔ4j˙�:

(i∗ − l)
[

−
k(σ + λµδ)

λ(1 − kσα)
− l
]

= 0 (2.65)

°Ü, Ê (1 − kσα) > 0 í‡T-, BbªJ)ø¥_�GñÍE�ø_£;Dø_Š;, Ä

¤%ÈñÍEx�ï¶éìí4”� �-, BbEI l1 > 0 > l2, †â� (2.65) ª):

l1 = i∗ > 0 (2.66)

l2 = −
k(σ + λµδ)

λ(1 − kσα)
< 0 (2.67)

â� (2.66)D (2.67) ªø,ŒÞX#™¾5Ó¾.üì8”-�GñÍíÔ4;D‹\X|™

¾5Ó¾.üì8”-�GñÍíÔ4;êró°� ;W� (2.64), BbEªJ°)%ÈñÍ

í�G˜�Ñ:

eE

f = ê f (mE, u) + H1el1t + H2el2t (2.68)
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pE = p̂(mE, u) +

(

l2 − l1

β − λδ

)

λβ H2el2t (2.69)

� (2.68)� (2.69) 2í ê f (mE, u)D p̂(mE, u) }�H[ e f D p íÅ‚Ì©M, H1 £ H2 †Ñ

&j¡b�

â� (2.64) BbªJ}�)ƒI ėE

f = 0D ṗE = 0 5F� eE

f D pE ¯F$Aí*�, B

bE}�IwÑ ėE

f = 0(£ ṗE = 0(,7¥s‘(íé0}�Ñ:

∂pE

∂eE

f

∣

∣

∣

∣

∣

ėE
f =0

=
i∗λβ

λδ − β
≷ 0,J λδ ≷ β (2.70)

∂pE

∂eE

f

∣

∣

∣

∣

∣

ṗE=0

= 0 (2.71)

â� (2.70)� (2.71) ªø, ėE

f = 0(é0í£CŠ, Eâ β £ λδ íóú×üV²ì,J’…�

�4óúœ× (β > λδ), † ėE

f = 0(ÑŠé0; ¥5,J’…��4óúœü (β < λδ), †

ėE

f = 0(Ñ£é0; ÇøjÞ, ṗE = 0(EÑø‘®�(� Î¤5Õ, â� (2.64) ªR):

∂pE

∂mE

∣

∣

∣

∣

ėE
f =0

=
β

β − λδ
≷ 0,J β ≷ λδ (2.72)

0 <
∂pE

∂mE

∣

∣

∣

∣

ṗE=0
=

σ

σ + λµδ
< 1 (2.73)

� (2.72)� (2.73)[ý,ã‚íØ"4ŒÞ\µíõlø}U ṗE = 0(%,��, Oú ėE

f = 0

(í	à†be β D λδ íóú×ü7ì,J’…��4óúœ× (β > λδ), † ėE

f = 0(ø

}%,��, /w%,��íÙ�bœ ṗE = 0(%,��íÙ�Ñ×� 7J’…��4óúœ

ü (β < λδ), † ėE

f = 0(ø}%-���

øïŒÞç�k� T + v…�|ö£ÏWŒÞX#™¾í��, †F�í¬VúÓgD−

0íã‚ÿ}Ê8Ñ´Ð5(, ¢yxeêrãøí?‰� <u5], Î7j|ã‚À¢−0

eE

fDã‚Óg pE íøOj5Õ, Bb´.âj|õÒÀ¢−0 e f DõÒÓg p íøOj, n

ªéBb7jc_ñÍí�G«T¬˙�

7â� (2.72) ªø, ç β > λδ, †
∂pE

∂mE

∣

∣

∣

ėE
f =0

> 1; Ä¤,
∂pE

∂mE

∣

∣

∣

ėE
f =0

>
∂pE

∂mE

∣

∣

∣

ṗE=0
�
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íl, BbI x̂ H[õÒ%È‰b x íÅ‚Ì©M, †…d_�õÒ%È‰b5Å‚Ì©

Mx�J-Ô4: ṗ = ė f = 0 / p = p̂� i = î� e f = ê f � ø¥<4”Hp� (2.1)� (2.2)�

(2.6) 2, ªJ°)J-Å‚Ì©É[�:

p̂ =

(

σ

σ + λµδ

)

m −

[

λ(1 − γ ) + φσ

σ + λµδ

]

y +

(

λ

σ + λµδ

)

[u + µδ(ec + p∗)]

(2.74)

î =

(

γ − 1 + φµδ

σ + λµδ

)

y +
u + µδ(ec + p∗ − m)

σ + λµδ
(2.75)

ê f =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(m − p∗) +

[

(β−λδ)(1 − γ ) − φδ(σ+βµ)

βi∗(σ+λµδ)

]

y

+

[

(λδ − β)

βi∗(σ+λµδ)

]

u +

[

1 −
δ(βµ + σ)

βi∗(σ + λµδ)

]

ec + 1 (2.76)

â� (2.74)–(2.76) ªJ°):

∂ p̂
∂m

=
σ

σ+λµδ
> 0 (2.74a)

∂ î
∂m

=
−µδ

σ+λµδ
< 0 (2.75a)

∂ ê f

∂m
=

δ(βµ + σ)

βi∗(σ+λµδ)
> 0 (2.76a)

â� (2.74a)–(2.76a) ªøçŒÞç�Ó‹ŒÞX#í™¾v,Å‚7k, }¨AõÒÓgDõ

ÒÀ¢−0í,¯, Oº}û_õÒ‚0í-�; ]ªøõÒŒÞX#™¾íÓ‹6.x�Œ

Þ2
í4”�

°Ü, âk…d.−£Åqß| (y)� ÅÕÓg (p∗)D¼“−0 (ec)�ÕÞ‰b‰�ín

�; ]Ñ7%(WdíjzjZ, Bbø� (2.74)–(2.76)�“[ýà-:

p̂ = p̂(m, u) (2.74b)

î = î(m, u) (2.75b)

ê f = ê f (m, u) (2.76b)

QO, Bbyªø¥n�¤ø%ÈñÍí�G4”�íl, â� (2.2) ªJ°): i = (1/λ)

(φy − m + p), yøwHp� (2.1)D (2.6), †ªªø¥ø� (2.1)D (2.6) Jä³��[ýà
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-:







ė f

ṗ






=







i∗ β−λδ
λβ

0 −
k(σ+λµδ)
λ(1−kσα)













e f

p







+







1
λ
(φy − m) − i∗ + ec(

δ
β

− i∗) + δ
β

p∗

k
1−kσα

[u + (γ − 1 −
φσ
λ

)y + σ
λ

m + µδ(ec + p∗)]






(2.77)

I n H[�GñÍíÔ4;, †â� (2.77) ªJ)ƒJ-íÔ4j˙�:

(i∗ − n)

[

−
k(σ + λµδ)

λ(1 − kσα)
− n

]

= 0 (2.78)

Ê (1 − kσα) > 0 ícì-, BbªJ)ø¥_�GñÍ�ø_£;Dø_Š;, Ä¤¥_%

ÈñÍEx�ï¶éìí4”� �-, BbEI n1 > 0 > n2, †â� (2.78) ª):

n1 = i∗ > 0 (2.79)

n2 = −
k(σ + λµδ)

λ(1 − kσα)
< 0 (2.80)

;W� (2.77), BbªJ°) e f D p íøOj, ¢ÄwÔ4; n1 � n2 D l1 � l2 Mó°; Ä

¤, øõÒÀ¢−0DõÒÓgíÔ4;òQJ l1 � l2 ‹J¦H, †ªø e f D p íøOj[

ýA:

e f = ê f (m, u) + J1el1t + J2el2t (2.81)

p = p̂(m, u) +

(

l2 − l1

β − λδ

)

λβ J2el2t (2.82)

� (2.81)� (2.82) 2í ê f (m, u)D p̂(m, u) }�H[ e f D p íÅ‚Ì©M, J1D J2 †Ñ&

j¡b�
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J\µç�k� 0+ v…�0, øÊ„V� T + v…Ó‹ŒÞX#í™¾, †â� (2.68) £

(2.69) ªJqì¬Vã‚À¢−0Dã‚Óg5|c˜�Ñ:

eE

f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + H1el1t + H2el2t ; T − > t > 0+

ê f [
1
2(m0 + m1), u0] + H∗

1 el1t + H∗
2 el2t ; t > T +

(2.83)

pE =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) + (
l2−l1
β−λδ

)λβ H2el2t ; T − > t > 0+

p̂[1
2(m0 + m1), u0] + (

l2−l1
β−λδ

)λβ H∗
2 el2t ; t > T +

(2.84)

úkJ,s�ícì, E��õÛb^k:

1. âk%ÈñÍŸlTkÅ‚Ì©/ŸlíŒÞX#™¾Ñ m0� ‹\X|í™¾Ñ u0,

]Ê 0− v…,À¢−0DÓg}�Ñú@Om0 � u0 íÅ‚Ì©À¢−0DÅ‚Ì©

Óg�

2. Ê 0+ B T − ív¨q, âk\µþ„Z‰7UŒÞX#D‹\X|í™¾EH&Mk

Ÿlí®Ä; Ä7, Êvv¨q, ê f D p̂ Fú@íŒÞX#D‹\X|í™¾EÑm0 £

u0�

3. âk¬V“¿ T + v…íŒÞX#™¾}�*øÌ�}º, wœ0ò�ƒbà� (2.57)

Fý; Ä¤, ¬Vã‚ T + v…íŒÞX#™¾4Ñ¤}ºí‚�M: mE = 1
2(m0 +m1),

7¥£uBbqì T + v…5(ív¨q, eE

f í
Ò!bÑ ê f [
1
2(m0 + m1), u0] 5Ÿ

Ä�

4. &j¡b H1 D H2 Fú@íu, ˇ÷O ê f (m0, u0) £ p̂(m0, u0) í�G˜�,7 H∗
1

D H∗
2 Fú@íu, ˇ÷O ê f [

1
2(m0 + m1), u0] £ p̂[1

2(m0 + m1), u0] í�G˜��
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;WÓgîM|cíÔ4� Ü4ã‚5©/‘KJ£ñÍY¹í‘K, Bbª�â-�û

_Ì„‘KV°� H1 � H2 � H∗
1 � H∗

2 û_bM:

pE

0− = pE

0+ (2.85)

pE

T− = pE

T+ (2.86)

eE

f T− = eE

f T+ (2.87)

H∗
1 = 0 (2.88)

ø� (2.83)� (2.84) £� (2.88) í H∗
1 = 0 Hp� (2.85)–(2.87); wŸ, yø êE

f (m
E, u0) −

êE

f (m0, u0) = [δ(βµ + σ)/2βi∗(σ + λµδ)](m1 − m0)� p̂E(mE, u0) − p̂E(m0, u0) =

[σ/2(σ + λµδ)](m1 − m0) Hp, †� (2.85)–(2.87) ªJUà�-5ä³��[ýÑ:













0
(

l2−l1
β−λδ

)

λβ 0

0
(

l2−l1
β−λδ

)

λβel2T −
(

l2−l1
β−λδ

)

λβel2T

el1T el2T −el2T

























H1

H2

H∗
2













=













0

σ
2(σ+λµδ)

(m1 − m0)

δ(βµ+σ)
2βi∗(σ+λµδ)

(m1 − m0)













(2.89)

‚à Cramer ¶†, â� (2.89) ªJ°�| H1� 8 H2� H∗
2 íbM, …b}�u:

H1 =
(m1 − m0)

2λβel1T (σ + λµδ)

[

λδ(βµ + σ)(l2 − l1) − σ i∗(β − λδ)

i∗(l2 − l1)

]

> 0 (2.90)

H2 = 0 (2.91)

H∗
2 =

−σ(m1 − m0)(β − λδ)

2λβel2T (σ + λµδ)(l2 − l1)
≷ 0,J β ≷ λδ (2.92)

8ø� (2.66)� (2.67) Hp� (2.90) 2í}ä [λδ(βµ + σ)(l2 − l1) − σ i∗(β − λδ)] ªøw“�A:

−
λδk(βµ + σ)(σ + λµδ)

λ(1 − kσα)
− λδβµi∗ − σ i∗β < 0, ÇÕ, âk l2 < l1, ªø: H1 > 0�
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ø H∗
1 = 0 £ H1 � H2 � H∗

2 5M}�Hp� (2.83)� (2.84), †ª)ƒã‚À¢−0Dã‚

Ógípü|c˜�:

eE

f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + (m1−m0)
2λβ(σ+λµδ)

[

λδ(βµ+σ)(l2−l1)−σ i∗(β−λδ)
i∗(l2−l1)

]

el1(t−T ) ; T − > t > 0+

ê f
[1

2(m0 + m1), u0
]

−
σ(m1−m0)(β−λδ)

2λβ(σ+λµδ)(l2−l1)
el2(t−T ) ; t > T +

(2.83a)

pE =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) ; T − > t > 0+

p̂
[1

2(m0 + m1), u0
]

− σ(m1−m0)
2(σ+λµδ)

el2(t−T ) ; t > T +

(2.84a)

QO, BbyV°�õÒÀ¢−0DõÒÓgí|c˜�� íl, Y� (2.81)� (2.82), Bb

ªJqìõÒ−0DõÒÓgí|c˜�Ñ:

e f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + J1el1t + J2el2t ; T − > t > 0+

ê f (mr , u0) + J ∗
1r el1t + J ∗

2r el2t ; t > T +

(2.93)

p =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) +
(

l2−l1
β−λδ

)

λβ J2el2t ; T − > t > 0+

p̂(mr , u0) +
(

l2−l1
β−λδ

)

λβ J ∗
2r el2t ; t > T +

(2.94)

,�25 mr [ý\�õÒ5ŒÞX#™¾� úkJ,s�ícì, E��õÛb^k:

1. âk%ÈñÍŸlTkÅ‚Ì©/ŸlíŒÞX#™¾Ñ m0� ‹\X|í™¾Ñ u0,

]Ê 0− v…,À¢−0DÓg}�Ñú@Om0 � u0 íÅ‚Ì©À¢−0DÅ‚Ì©

Óg�

2. Ê 0+ B T − ív¨q, âk\µþ„Z‰7UŒÞX#D‹\X|í™¾EH&Mk

Ÿlí®Ä; Ä7, Êvv¨q, ê f D p̂ Fú@íŒÞX#D‹\X|í™¾EÑm0 £

u0� Ä5, Ê T − v…5‡, õÒ|c˜�Dã‚|c˜�êró°�
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3. ÊŒÞç�ö£ÏWØ"íŒÞ\µ5(, w\µÏWb¾�ª?|˛¬Ví<e, Ñ

°øO“–c, BbqìDã‚|c˜�.°í&j¡b J1 � J2 � J ∗
1r £ J ∗

2r� w2, &

j¡b J1 D J2 Fú@íu, ˇ÷O ê f (m0, u0) £ p̂(m0, u0) í�G˜�,7 J ∗
1r D

J ∗
2r Fú@íu, ˇ÷O ê f (mr , u0) £ p̂(mr , u0) í�G˜��

4. âkÊ T − v…5‡, õÒ|c˜�Dã‚|c˜�êró°, ]õÒ|c˜�2&j

¡b J1 � J2 }�Dã‚|c˜�í&j¡b H1 � H2 ó°�

ó°Ë, âk T − v…J‡, õÒí|c˜�Dã‚í|c˜�êrø_,7&j¡b J1�

J2 íM“˛°|; ]7, BbÉÛ°j&j¡b J ∗
1r £ J ∗

2r ¹ª� ;WÓgîM|cíÔ4£

ñÍY¹‘K, Bbª�â�-íù_Ì„‘KRû|&j¡b J ∗
1r £ J ∗

2r 5M:

pT − = pT + (2.95)

J ∗
1r = 0 (2.96)

ø� (2.94) £ (2.96) Hp� (2.95) 2, 1;W� (2.91), †ª°| J ∗
2r íM, …u:

J ∗
2r = −

(mr − m0)

λβel2T

(

β − λδ

l2 − l1

)(

σ

σ + λµδ

)

≷ 0,J β ≷ λδ (2.97)

B¤, Bb˛øõÒÀ¢−0DõÒÓg|c˜�2F�í&j¡br¶j|� ø¥<¡

bMHp� (2.93) £ (2.94), †ªø¥<‰bípü|c˜�[ýÑ:

e f =























ê f (m0, u0) ; t = 0−

ê f (m0, u0) + (m1−m0)
2λβ(σ+λµδ)

[

λδ(βµ+σ)(l2−l1)−σ i∗(β−λδ)
i∗(l2−l1)

]

el1(t−T ) ; T − > t > 0+

ê f (mr , u0) −
σ(mr−m0)(β−λδ)
λβ(l2−l1)(σ+λµδ)

el2(t−T ) ; t > T +

(2.93a)

p =























p̂(m0, u0) ; t = 0−

p̂(m0, u0) ; T − > t > 0+

p̂(mr , u0) − σ(mr−m0)
σ+λµδ

el2(t−T ) ; t > T +

(2.94a)
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�-, BbEø»ºÇ$VzpŒÞç�„püµø¬VøVbÓ‹ÖýŒÞX#™¾í

8$-,%ÈñÍí�G|c¬˙� JÇ 2.7 £Ç 2.87k, cì%ÈñÍŸlPk ėE

f = 0(m0)

(D ṗE = 0(m0, u0)(í>õ Q0− õ,võíã‚À¢−0Dã‚Óg®Ä}�Ñ eE

f 0− D

pE

0−� âk¬Vã‚A T + v…–,ŒÞç�íŒÞX#™¾øâñ‡í m0 Ó‹Ñ 1
2(m0 +

m1); Ä¤, ÊÇ 2.7 £Ç 2.8 2ªú| ṗE = 0[1
2(m0 + m1), u0](D ėE

f = 0[1
2(m0 + m1)](

>k QE

∗õ, 9 ¤õ†u¬Vã‚ T + v…5(%ÈñÍíÌ©õ, wFú@íã‚À¢−0D

ã‚Óg}�Ñ eE

f ∗ D pE

∗� Bb*� (2.64) ªJÀUø−, ėE

f = 0(m0)(í ¯D u ÌÉ;

FJ, Ç 2.7 £Ç 2.8 21„™ý ėE

f = 0(m0)([ u íƒb�

àÇ 2.7 £Ç 2.8 Fý,A 0+ B T − ív¨q, âk¬Vã‚ŒÞç�5ŒÞX#™¾E

TGk m0 ®Ä,%ÈñÍí
Ò!bJ Q0− õ[ý� Ä5,A�µBÏWŒÞX#™¾Ó‹

ív¨q,ñÍíã‚�G•‘øˇ÷O Q0− õ«�� OA T + v…–, Ä¬Vã‚ŒÞX#

™¾øâñ‡í m0 Ó‹Ñ 1
2(m0 + m1), ]%ÈñÍí�G«T¡5õø�‰Ñ QE

∗ õ; F

J, Ê T + v…–,ã‚‰bí�G•‘}ˇ÷O QE

∗ õ«�� y6, âkã‚‰bFZA5�

GñÍx�ï¶éìí4”, ]k T + v…ÛøñÍ£, SSE[1
2(m0 + m1), u0](, ´†ñÍ

Ì¶Y¹�

Bk�µ<ã‚‰bí�G˜�ªk T + v…, øñÍ£, SSE[1
2(m0 + m1), u0] (á?

ÄÊ 0+ B T − ív¨q, ñÍíã‚�G•‘[ˇ÷O Q0− õ«�, 7*Ç2.7� Ç 2.8 B

bªJêÛ, É�˜� (i) � (ii) £ UU E(m0, u0) (�ú�|c˜�n�ª?ø%ÈñÍ£ƒ

SSE[1
2(m0 + m1), u0] (, OÄã‚Óg®Äx�îM|cÔ4, ]k�µív…, ã‚Óg

.)��� FJ, É�.éìG• UU E(m0, u0)(n¯¯k�µv…,ã‚Óg.)��íb

°� ;WJ,í}&, ªøÊŒÞç��µív…, ¬Vã‚%ÈñÍ}âÇ 2.7 £Ç 2.8 5

9â� (2.64) í�ù�ªJ°):
∂pE

∂mE

∣

∣

∣

ṗE=0(m0,u0)
= σ

σ+λµδ
> 0, ¤H[ã‚íØ"4ŒÞ\µ}U ṗE =

0(m0, u0) (,�� 7â� (2.64) í�ø�6ªJ°):
∂pE

∂mE

∣

∣

∣

ėE
f =0(m0)

=
β

β−λδ
≷ 0, ¤H[ã‚íØ"4Œ

Þ\µ, ç β > λδ(β < λδ) v, }U ėE

f = 0(m0)(, (-)�� ÇøjÞ, ç β > λδ v, Bb6ªJ°):

∂pE

∂mE

∣

∣

∣

ėE
f =0(m0)

>
∂pE

∂mE

∣

∣

∣

ṗE=0(m0,u0)
; ]7, Ê’…��4óúœ× (β > λδ) v, ėE

f = 0(m0)(,�Ù�bœ

ṗE = 0(m0, u0)(,�Ù�Ñ×�
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Q0− õ®�%¬�&B Q0+ õC Q′
0+ õ� 7(, Ê 0+ B T − ív¨q, •O.éìG•

UU E(m0, u0)(, â Q0+ õC Q′
0+ õ•² QE

T õ� 7Ê T + v…,ÖÍ¬Vã‚ŒÞç�k

vv…, }øŒÞX#™¾âñ‡í m0 ÓÑ 1
2(m0 + m1), Oâkã‚À¢−0Dã‚ÓgÊ

¤vÌ.ª��; Ä¤, ¬V}ã‚ñÍETGk QE

T õ� A T + v…J(,ñÍuJ QE

∗õd

Ñã‚‰b�G•‘í¡5õ,7 QE

T õ¢Pk SSE[1
2(m0 + m1), u0](,; FJ, ¬Vã‚%

ÈñÍø}•O SSE[1
2(m0 + m1), u0](,A QE

T õMÚ%ã‚íÅ‚Ì©õ QE

∗õ���

,HFn�íu, çŒÞç��µøk T + v…Ó‹ŒÞX#™¾, ¬Vã‚%ÈñÍ5

À¢−0DÓgí|c˜�� Í7õÒ|c˜�¢uàSá? ÖÍŒÞç�k� 0+ v…�µ

øk T + v…Ó‹ŒÞX#í™¾, OwõÒÏWí™¾×üº„püzp, Í7¬Vº'ü

ìA T + v…–ŒÞX#í™¾n}‰�; FJ, k 0+ ív…J£ 0+ B T − ív¨q,ã‚

íŒÞX#™¾ÿuõÒíŒÞX#™¾� Ä¤, Ç 2.7 £Ç 2.8 2, Q0− õFú@íã‚À¢

−0®Ä eE

f 0− Dã‚Óg®Ä pE

0− , ÿuõÒÀ¢−0®Ä e f 0− DõÒÓg®Ä p0−� ÊÇ

2.7 2, ç β > λδ, Äã‚Óg®Äx�îM|cíÔ4, }U%ÈñÍâ Q0− õ®�%¬�

&B Q0+ õC Q′
0+ õ� �&íÙ�Ûe�µ�ÏWŒÞX#™¾Ó‹ÈívÈÅs7ì�J

�µ�ÏWŒÞX#™¾Ó‹ívÈBÅ (s), †%ÈñÍø�&B Q0+ (Q′
0+)õ� A 0+B

T − ív¨q,%ÈñÍõÒ5��˜�ø}•O.éìG• UU E(m0, u0)(, â Q0+ õC

Q′
0+ õ�B QE

T õ� ÊÇ 2.8 2, ç β < λδ, %ÈñÍø}â Q0− õ®�%¬�&B Q0+

õ� A 0+ B T − ív¨q,%ÈñÍõÒ5��˜�ø}•O.éìG• UU E(m0, u0)(,

â Q0+ õ�B QE

T õ� Bk T + v…5(,%ÈñÍõÒ5��˜�¢}×ÛS�|cêò

á?

Ñ7�“}&, …�cqõÒŒÞX#™¾EÉ�ú�ª?í®Ä, }�Ñ mr = m0 �

mr = 1
2(m0 + m1) � mr = m1, Ê¤8”-,øïŒÞç�k T + v…�|ö£ÏWŒÞX#

™¾í��, †Ê T + v…5(, õÒÀ¢−0DõÒÓg5|c˜�, øªOŒÞç�F�|

íŒÞX#™¾��8J–}Aú�8”, }�zpà-:
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1. J T + v…5(,ŒÞç�ö£ÏWíŒÞX#™¾, £àþ}×VFã‚íÑ 1
2(m0 +

m1) ®Ä, †õÒíÀ¢−0DõÒíÓgk T + v…J(í|c˜�, Zu‡ÞFR

ûíã‚‰b|c˜��

2. J T + v…5(,ŒÞç�FõÒÏWíŒÞX#™¾Ñm1 ®Ä, ¸¬V9lFTíã

‚1.ø_, †%ÈñÍ|�íY¹P0øu ė f = 0(m1)(D ṗ = 0(m1, u0)(í>

õ Q∗ õ� FJ,ã‚˜Ïí¬Vø^£wWÑ, ÊÓgx�îM|cÔ4-,ñÍ}â

Ç 2.7 £Ç 2.8 5 QE

T õmÈ®���B SS(m1, u0)(,í Q′
T + õ� A T + v…5(,

%ÈñÍø}â Q′
T + õ•O SS(m1, u0)(, MÚ•²Å‚Ì©õ Q∗õ�

3. J T + v…5(,ŒÞç�FõÒÏWíŒÞX#™¾&MkŸlí®Ä m0, †Ê\µ

ÏWv…,%ÈñÍ}â QE

T õ�&�ƒ SS(m0, u0)(,í QT +õ, ¹|�í Q0−õ�

;WJ,ízpªø: ç%ÈñÍÞ@ŒÞç�Àø0˝4ŒÞ\µØ"í\µ�µv, .

�’…��4íóú×ü, ÊŒÞç�ö£ÏWíŒÞX#™¾¸¬V9lFdíã‚êrø

_v, õÒÀ¢−0ímv¥@M [eE

f 0+ −eE

f 0−(m0, u0)] C [eE ′
f 0+ −eE

f 0−(m0, u0)]DÅ‚Ì

©í¥@M {eE

f ∗[
1
2(m0 + m1), u0] − eE

f 0−(m0, u0)} ×Ûó°j²í•‘; ]7, É}×Û|

c.£ (Q0− → Q0+ → QE

T → QE

∗) C|c¬� (Q0− → Q′
0+ → QE

T → QE

∗),7„�˜

²|cí¥@êÞ� ¥5,JŒÞç�ö£ÏWíŒÞX#™¾¸¬V9lFdíã‚1.ø

_v, Ê’…��4óúœ×í8”-, õÒÀ¢−0ímv¥@M {[eE

f 0+ − eE

f 0−(m0, u0)]

C [eE ′
f 0+ − eE

f 0−(m0, u0)]} DÅ‚Ì©í¥@M [e f ∗(m1, u0) − eE

f 0−(m0, u0)](Q0− →

Q0+ C Q′
0+ → QE

T → Q′
T + → Q∗) ×Ûó°j²í•‘, OºDÅ‚Ì©í¥@M

[e f T +(m0, u0) − eE

f 0−(m0, u0) = 0](Q0− → Q0+ C Q′
0+ → QE

T → QT +) í‰�

j²ÌÉ; ]7, 6É}×Û|c.£ (Q0− → Q0+ C Q′
0+ → QE

T → Q′
T + → Q∗)

C|c¬�(Q0− → Q0+ C Q′
0+ → QE

T → QT +) í¥@; ÇøjÞ, Ê’…��4ó

úœüí8”-, õÒÀ¢−0ímv¥@M [eE

f 0+ − eE

f 0−(m0, u0)] DÅ‚Ì©í¥@M

[e f ∗(m1, u0) − eE

f 0−(m0, u0)](Q0− → Q0+ → QE

T → Q′
T + → Q∗) ×Ûó°j²í¥
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@, OºDÅ‚Ì©í¥@M [e f T +(m0, u0) − eE

f 0−(m0, u0) = 0](Q0− → Q0+ → QE

T →

QT +) í‰�j²ÌÉ; ]7, 6É}×Û|c.£ (Q0− → Q0+ → QE

T → Q′
T + → Q∗)

C|c¬�(Q0− → Q0+ → QE

T → QT +) í¥@,7„�˜²|cí¥@êÞ�

¤Õ, Bb?Eª¡Î‡ø�5T¶, °|ã‚£õÒÀ¢−0�ã‚£õÒÓg5vÈ˜

�, âkbç«�j¶éN,]cøã‚£õÒÀ¢−0�ã‚£õÒÓgívÈ˜�}�ú`

kÇ 2.9� Ç 2.10 £Ç 2.11� Ç25˜� (A) [ýÊ 0+ B T − ív¨q, ç�µ�ÏWŒÞ

X#™¾Ó‹ÈívÈœÅv,%È‰bíã‚M (6ÿuõÒM);˜� (A)′ †[ýÊ 0+ B

T − ív¨q, ç�µ�ÏWŒÞX#™¾Ó‹ÈívÈœsv,%È‰bíã‚M (6ÿuõ

ÒM);˜� (C) †[ýçŒÞç�FõÒÏWíŒÞX#™¾Ñ m1 v,%È‰bíõÒ•‘;

7˜� (B)� (D) †}�H[ŒÞç�FõÒÏWíŒÞX#™¾Ñ 1
2(m0 + m1) £ m0 v,%

È‰bíõÒ•‘�
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� ú ı

\µFv»º5.üì4}&

3.1 ‹\\µ\µ™¾�µ.üì5\µFv»º

…�ø«nç\�ç�k� 0+ v…�µøk� T +
m v…Ó‹ŒÞX#í™¾, k� T +

u

v…Ó‹‹\X|í™¾ (cq T +
m < T +

u ),Bk‹\X|Ó‹íç�×ü, „püµø¬V,

Ê¤8”-, ø}U%ÈñÍí�G•‘¢×ÛS�êòá?

âk‹\ç�Ê�T +
u v…FÓ‹í‹\X|™¾1„püµø¬V;]7,� T +

u v…‹

\ç�FõÒÓ‹í‹\X|™¾ (ur − u0) ªJÑLSíbM� �-, Ñ7%(Wdízp

jZ–c, BbY�Ï��� �ÈY (1988) íTÜj�,J� T +
u v…‹\ç�FõÒÓ‹í

‹\X|™¾ (ur − u0) Ñ (u1 − u0) v, I¤‹\X|™¾íÓ‹Ù�DŒÞX#™¾âm0

Ó‹Bm1 íÙ�êró°�

*� (2.25) £ (2.27) BbªJø−, Ä@ŒÞ\µD‹\\µíØ", |(Ì©íõÒÓg

DõÒÀ¢−0í|cÙ�Ñ:

p̂(m1, ur )− p̂(m0, u0) =

(

σ

σ + λµδ

)

(m1 −m0)+

(

λ

σ + λµδ

)

(ur −u0) > 0 (3.1)

ê f (m1, ur )−ê f (m0, u0) =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(m1−m0)+

[

(λδ − β)

βi∗(σ + λµδ)

]

(ur −u0) ≷ 0

(3.2)

]7,JDŸlíÌ©ó�ªœ, ªø|(íÌ©íõÒÓg®Äøì,±, OÊ’…��4ó

úœ× (β > λδ) v, |(Ì©íõÒÀ¢−0®Äª?,±, 6ª?-�; ¥5,JÊ’…��
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4óúœü (β < λδ) v, |(Ì©íõÒÀ¢−0®Äøì,±�

ÇÕ, *� (2.32)D (2.33) ªø,%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, õ

Òï¶˜�íƒb�Ñ:

p − p̂(m, u) =

(

l2 − l1

β − λδ

)

λβ[e f − ê f (m, u)] (3.3)

âk…dÉ«n ur }��k u1 � 1
2(u0 + u1)D u0 ú�‹\X|™¾8”v, õÒÀ¢

−0 (e f )DõÒÓg (p) í|c˜�; ]7,Þú¤ú�‹\X|™¾8”-,%ÈñÍÊŒ

Þ\µD‹\\µí\µ™¾Ø"5(íõÒ¶(®���Ù�, ª}�zpà-:

(A) J ur = u1:

ú@ŒÞX#í™¾â m0 Ó‹Ñ m1,‹\X|í™¾â u0 Ó‹Ñ u1, / m1 − m0 =

u1 − u0 = dk í8”, â� (3.3) ªJR)¶(®���íÙ� ∂e f /∂k .â¯¯:

−
∂ p̂(m, u)

∂k
= λβ

(

l2 − l1

β − λδ

)[

∂e f

∂k
−

∂ ê f (m, u)

∂k

]

(3.4)

â� (3.4) ªJR):

∂e f

∂k
=

∂ ê f (m, u)

∂k
−

1
λβ

(

β − λδ

l2 − l1

)

∂ p̂(m, u)

∂k

=
∂ ê f

∂m
∂m
∂k

+
∂ ê f

∂u
∂u
∂k

−
1
λβ

(

β − λδ

l2 − l1

)[

∂ p̂
∂m

∂m
∂k

+
∂ p̂
∂u

∂u
∂k

]

=
λl2[δ(βµ + σ) + (λδ − β)] − βl1(σ + λµδ)

λβi∗(σ + λµδ)(l2 − l1)
≷ 0;

Jβl1(σ + λµδ) ≷ λl2[δ(βµ + σ) + (λδ − β)] (3.5)

� (3.5) ÀUËµø: Ê� T +
u v…,øïÛWF�|ö£ÏW\�‹\X|™¾í��u u1

v, J’…��4óúœ× (β > λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5

(, Fú@í|�õÒï¶˜�ª?¬�, 6ª?˝�; ÇøjÞ,J’…��4óúœü (β <

λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒï¶˜�.ì

¬��
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(B) J ur = 1
2(u0 + u1):

ú@ŒÞX#í™¾âm0 Ó‹Ñ m1,‹\X|í™¾âu0 Ó‹Ñ 1
2(u0 +u1), † dm =

dk, du = 1
2dk, "Î� (3.4)D (3.5) íRÜ, ªJ°)¶(®���íÙ� ∂e f /∂k .â¯¯:

∂e f

∂k
=

λl2

[

δ(βµ + σ) +
(λδ−β)

2

]

− βl1(σ + λµδ)

λβi∗(σ + λµδ)(l2 − l1)
≷ 0;

Jβl1(σ + λµδ) ≷ λl2

[

δ(βµ + σ) +
(λδ − β)

2

]

(3.6)

� (3.6) 6ÀUË×Û: Ê� T +
m v…, øïÛWF�|ö£ÏW\�‹\X|™¾í��u

1
2(u0 + u1) v,J’…��4óúœ× (β > λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™

¾Ø"5(, Fú@í|�õÒï¶˜�ª?¬�, 6ª?˝�; ÇøjÞ,J’…��4óú

œü (β < λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒí

ï¶˜�.ì¬��

(C) J ur = u0:

ú@\�‹\X|™¾&MÊŸlí u0, ŒÞX#™¾â m0 Ó‹Ñ m1, † du = 0 ,

dm = dk, "Î� (3.4)D (3.5) íRÜ, ªJ°)¶(®���íÙ� ∂e f /∂k .â¯¯:

∂e f

∂k
=

λδβµ(l2 − l1) + σ(λδl2 − βl1)

λβi∗(σ + λµδ)(l2 − l1)
> 0 (3.7)

� (3.7) 6ÀUËµø: Ê� T +
u v…,øïÛWF�|ö£ÏW\�‹\X|í��u&MŸ

lí\�‹\X| u0 v, .�’…��4íóú×üÑS (β ≷ λδ),%ÈñÍÊŒÞ\µD

‹\\µí\µ™¾Ø"5(, Fú@í|�õÒï¶˜�.ì¬��

J,ízpÀUË×Û:J’…��4óúœ× (β > λδ) v, |(Ì©íÀ¢−0®Ä

.Oª?,±, 6ª?-�,7/Ê� T +
u v…, ÛWF�|ö£ÏW\�‹\X|™¾í��

u u1 C 1
2(u0 + u1) v,%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�

õÒï¶˜�.Oª?¬�, 6ª?˝�; OJÊ� T +
u v…, ÛWF�|ö£ÏW\�‹\X

|™¾í��u u0 v, †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�

48



õÒï¶˜�.ì¬�; ÇøjÞ,J’…��4óúœü (β < λδ) v, |(Ì©íÀ¢−0

®Äøì,±,7/Ê� T +
u v…, .�ÛWF�|ö£ÏW\�‹\X|™¾í��u u1 �

1
2(u0 + u1) C u0,%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒï

¶˜�øì¬�� !kJ,ízp; �-, Ñ7WdíjZ–c, BbøJ �’…��4íóú

×ü (β ≷ λδ) �D �ŒÞ\µ£‹\\µ5\µ™¾^‹íóú×ü� s�™ÄdÑ–}�

GÇ$!ZíÄù� 1

Ñ7bnjc_%ÈñÍí�G«T¬˙, Bbln�ã‚À¢−0 (eE

f )Dã‚Óg (pE)

|c˜�, QOyVn�õÒÀ¢−0 (e f )DõÒÓg (p) í|c˜��

(I) ’…��4óúœ× (β > λδ), /‹\\µí\µ™¾^‹6óúœ×:

ú@\µç�¹¯ê0Ø"4ŒÞ\µD‹\\µí¾7, Êê0ív…,ã‚íÀ¢−0

.Oª?×Û��í,±, 6ª?×Û��í-��¥uâk, âÇ 2.7DÇ 2.8 Bbø−, .�

’…��4íóú×ü, ÀÖê0Ø"4ŒÞ\µí¾7ø}¨Aã‚íÀ¢−0k�µív

…��í,±, /�µDÏWívÏBü,ã‚íÀ¢−0,±íÙ�ø}B×; ÇÕ, âÇ 2.3

Bb6ø−Ê’…��4óúœ× (β > λδ) v, ÀÖê0Ø"4‹\\µí¾7, ‘.¨A

ã‚íÀ¢−0k�µ5Ò��í-�, /�µDÏWívÏBü,ã‚íÀ¢−0-�íÙ

�ø}B×� ÛÊ\µç�°vê0¥sá\µ5\µ™¾Ø"í¾7; éÍ, ã‚íÀ¢−

0k�µ5(ímÈƒ�u,±´u-�, ÿêr²ìk¥sáØ"4\µ�ý^‹íóú×

ü� à‹ �ŒÞ\µí´�ý^‹� óúœ×, †´^‹uã‚íÀ¢−0,±, Oà‹u �‹

\\µí´�ý^‹� óúœ×, †´^‹uã‚íÀ¢−0-•�

!kJ,ízp, BbªJ)ø: Bb¢ªOŒÞ\µD‹\\µí�ý^‹�×�ü, d

Ñy�–}�G!ZÇ$í™Ä�íl, BblVn�ŒÞ\µ�ý^‹óúœ×í8”�

1¤T �ŒÞ\µD‹\\µ5\µ™¾^‹íóú×ü� 4u‡úÊ� T +
u v…, ÛWF�|ö£ÏW\�‹

\X|™¾í��u u1 C 1
2 (u0 + u1) ¥s�Õ”Vì2í� J‹\\µí\µ™¾^‹óúœ×, †}

û_ SS(m1, u1) (D SSE[m1,
1
2(u0 + u1)] (˝�; ¥5, JŒÞ\µí\µ™¾^‹óúœ×, †}û_

SS(m1, u1)(D SSE[m1,
1
2(u0 + u1)](¬��
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(A) ŒÞ\µí�ý^‹óúœ×:

Ç 3.1 £Ç 3.2 2, cqŸl%ÈñÍPk ėE

f = 0(m0) (D ṗE = 0(m0, u0) (í>

õ Q0− õ, ã‚íÀ¢−0®Ä£ã‚íÓg®Ä}�Ñ eE

f 0− £ pE

0−� J\��µøÊ„

V� T +
m v…Ó‹ŒÞX#í™¾, â m0 Ó‹Ñ m1, /k T +

u v… (cq T +
m < T +

u ) Ó

‹‹\X|í™¾, O‹\X|™¾Ó‹íÙ�1„püµø¬V� âk\�k�µ5(BŒ

Þ\µÏW5‡,ŒÞX#£‹\X|í™¾Ì„�F‰�, ]%ÈñÍøˇ÷Ê Q0− õV«

�; Ê T +
m B T −

u ív¨q,ŒÞX#í™¾˛Ó‹Ñ m1, 7‹\X|í™¾E&M.‰, ¤

ø¨A%ÈñÍí ėE

f = 0(m0) (%,�B ėE

f = 0(m1) (, / ṗE = 0(m0, u0) (6}%

,�B ṗE = 0(m1, u0)(, Ê¤v¨q, kÇ 3.1 2,%ÈñÍø}ˇ÷Ê ėE

f = 0(m1)(D

ṗE = 0(m1, u0)(5ó>õ Qm õ (Ç 3.2 2Ñ Q′
m õ) V«�; k T +

u v…, ¬Vã‚\�í

‹\X|™¾Ñ 1
2(u0 +u1); Ä¤, Ê‹\\µÏW5(, ¬Vã‚%ÈñÍí ṗE = 0(m1, u0)

(ø}y�%,�B ṗE = 0[m1,
1
2(u0 + u1)](, / ėE

f = 0(m1)(&M.�; Ä¤, Ê‹\

\µÏW5(, B|�Ó¢Ì©ÕG®Av,%ÈñÍøˇ÷Ê ṗE = 0[m1,
1
2(u0 + u1)] (

D ėE

f = 0(m1) (5>õ Q∗ õV«�� âk%ÈñÍx�ï¶éì54”, ]k T +
u v…,

.âø%ÈñÍ£® SSE[m1,
1
2(u0 + u1)] (,, ´†%ÈñÍÌ¶Y¹� *Ç 3.1 £Ç 3.2

ªJõ|, Ê T +
m B T −

u v¨q, %ÈñÍø•O˜� (iii) �² SSE[m1,
1
2(u0 + u1)] (,

í QTu õ; 7Ê 0+ B T −
m v¨q, Äã‚À¢−0×ÛmÈ|c, 7ã‚Óg×ÛîM|

cíÔ4; Ä¤, %ÈñÍø}•O.éìG• UU E(m0, u0) (�²˜� (iii) ,í QTm õ�

²k5, %ÈñÍã‚5�G˜�Ñ: Ê\µ�µ5Ò, kÇ 3.1 2, ¬Vã‚%ÈñÍø}â

Q0− õ®�%¬�&B Q0+ õC Q′
0+ õ (Ç 3.2 2Ñ Q′′

0+ õ), k 0+ B T −
m ív¨q, •O

UU E(m0, u0)(, â Q0+ õC Q′
0+ õ (Ç 3.2 2Ñ Q′′

0+ õ)•² QTm õ, Ê T +
m B T −

u ív

¨q,ã‚%ÈñÍ•O˜� (iii), â QTm õ�² QTu õ, /ã‚Ê T +
u v…5(,%ÈñÍø

•O SSE[m1,
1
2(u0 + u1)](,A QTu õ•² Q∗õ�

QO, BbyVzp%ÈñÍíõÒ�G•‘; âk¬Vø−Ê T −
m v…5‡,ŒÞX#D

‹\X|í™¾î&MÊ m0 £ u0 ®Ä, /Ê T +
m B T −

u 5v¨q,ŒÞX#í™¾˛Ó‹Ñ
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m1,7\�í‹\X|™¾E&MÊ u0 ®Ä; Ä¤,%ÈñÍÊ T −
u v…5‡,%ÈñÍã‚5

|c˜�6uõÒí|c˜�� ²k5, Ê�µ5Ò, kÇ 3.1 2,%ÈñÍ}â Q0− õ®�%

¬�&B Q0+õC Q′
0+õ (Ç 3.2 2Ñ Q′′

0+õ), Ê 0+ B T −
m ív¨q, ø•OUU E(m0, u0)

(, â Q0+ õC Q′
0+ õ (Ç 3.2 2Ñ Q′′

0+ õ)•² QTm õ; ÊŒÞ\µÏW5Ò (T +
m v…),

%ÈñÍPk QTm õ� Ê T +
m B T −

u ív¨q,%ÈñÍø}•O˜� (iii),A QTm õ�²

QTu õ�

âk%ÈñÍx�ï¶éìíÔ4, 1/¬Vã‚\�í‹\X|™¾Ñ 1
2(u0 + u1); F

J, k T −
u v…,%ÈñÍ.â£® SS[m1,

1
2(u0 + u1)] (,� Í7, A T +

u v…5(,%È

ñÍõÒ5�Gø}ÓOõÒí‹\X|™¾ ur í.°7.°, �-, Bb}�J ur = u0 �

ur = 1
2(u0 + u1) £ ur = u1ú�Õ”Vzp%ÈñÍõÒí�G|c˜�:

1. Jk T +
u v…(,‹\ç�F�|ö£ÏWí‹\X|™¾��Ñur = 1

2(u0 + u1), †

%ÈñÍÊ T +
u v…5(,%ÈñÍø}•O SSE[m1,

1
2(u0 + u1)](, â QTu õ•²

Å‚Ì©õ Q∗õ, õÒÀ¢−0®ÄM/-�, õÒÓg®ÄM/,Ù�

2. Jk T +
u v…(,‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = u1, †%Èñ

ÍhíÅ‚Ì©õøu ė f = 0(m1)D ṗ = 0(m1, u1)(5ó>õ Q∗∗ õ� âkõÒ

5‹\X|™¾¸¬Vã‚í.ø_; Ä¤, ÊÏW‹\\µ5Ò,%ÈñÍø}â QTu

õ®�²˝�&BQ′
Tu
õ; QO, y•O SS(m1, u1)(, â Q′

Tu
õ•²Å‚Ì©õQ∗∗

õ�

3. Jk T +
u v…,‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = u0, †%ÈñÍ

híÅ‚Ì©õÊÇ 3.1 2Ñ ė f = 0(m1)D ṗ = 0(m1, u0)(5ó>õ Qm õ (Ç

3.2 2Ñ Q′
m õ)� ÄõÒ\�X|™¾D¬Vã‚.ø_, ÊÇ 3.1 2, k‹\\µÏW

5Ò,%ÈñÍø}â QTu õ®�²¬�B Q′′
Tu
õ (Ç 3.2 2, Ñ Q′′′

Tu
õ); 5(, ÊÇ

3.1 2, y•O SS(m1, u0)(â Q′′
Tu
õ (Ç 3.2 2, Ñ Q′′′

Tu
õ)•²Å‚Ì©õ Qm õ

(Ç 3.2 2Ñ Q′
m õ)�
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(B) ‹\\µí�ý^‹óúœ×:

"ÎŒÞ\µí�ý^‹óúœ×í_�}&, ÊÇ 3.3 2, BbªJRø: cqŸl%È

ñÍPk Q0− õ, Û\�k� 0+ v…�µ„Vø}Ó‹ŒÞX#£‹\X|í™¾, ¤ï,

}û_¬Vã‚%ÈñÍâ Q0− õ®�%˝�&B Q0+ õ,7Ê 0+ B T −
m ív¨q,ã‚%

ÈñÍø}•O.éìG•UU E(m0, u0)(, â Q0+ õ•² QTm õ, k T +
m B T −

u í‚Èq,

ã‚%ÈñÍø•O˜� (iii)∗, â QTm õ�² Q∗
Tu
õ, âk¬Vã‚ T +

u v…5(,‹\X|

í™¾ø}Ó‹Ñ 1
2(u0+u1); Ä¤, k T +

u v…5(,%ÈñÍø}•O SSE[m1,
1
2(u0+u1)]

(,A Q∗
Tu
õ•² Q∗õ�

J,í}&†u\�õlFv\µ»º5(,%ÈñÍíã‚�G•‘,7%ÈñÍíõÒ

�G•‘, "ÎŒÞ\µí�ý^‹óúœ×íéNRÜ, Bbªzpà-: Ê 0+ B T −
m ív

¨D T +
m B T −

u ív¨q,%ÈñÍã‚í|c˜�¹uõÒí|c˜�,7�É T +
u v…5

(%ÈñÍõÒí�G•‘, BbYHI ur = 1
2(u0 + u1) � ur = u1 £ ur = u0ú�8”V

‹J«n:

1. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = 1
2(u0 + u1), †%ÈñÍø}

•O SSE[m1,
1
2(u0 + u1)](, â Q∗

Tu
õ•²Å‚Ì©õ Q∗ õ,!‹=AõÒÀ¢−

0®ÄM/-�, õÒÓg®ÄM/,Ù�

2. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñur = u1, †%ÈñÍø}â Q∗
Tu
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®�²˝�&B Q∗∗
Tu
õ; QO, y•O SS(m1, u1)(, â Q∗∗
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õ
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Tu
õ; QO, y•O SS(m1, u0)(, â Q∗∗∗

Tu
õ•²Å‚Ì©õ Qm

õ�

YWJ,ízpªø: Êø_õl2
ßãÍTíÂj−0„�Åð³,Þú\µç�‹

\\µ\µ™¾�µ.üìíFv\µ»º, k (A) ’…��4óúœ× (β > λδ), ‹\\
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µí\µ™¾^‹óúœ×, /ŒÞ\µí�ý^‹6óúœ×í8”-, õÒíÀ¢−0í

mv¥@M [e f 0+ − e f 0−(m0, u0)], [e′
f 0+(m0, u0) − e f 0−(m0, u0)] C [e′′

f 0+(m0, u0) −

e f 0−(m0, u0)]DÅ‚Ì©í¥@M {e∗
f [m1,

1
2(u0 + u1)] − e f 0−(m0, u0)}(Q0− → Q0+�

Q′
0+ C Q′′

0+ → QTm → QTu → Q∗), [e∗∗
f (m1, u1) − e f 0−(m0, u0)](Q0− → Q0+� Q′

0+

C Q′′
0+ → QTm → QTu → Q′

Tu
→ Q∗∗), .O×Ûó¥•‘, 7/�‚y‹±×Å‚

Ì©; õÒÀ¢−0®Äí|c*�, ÿu Aoki (1985) F‚í �˜²|c� ¥@; OJ%Èñ

Í• (Q0− → Q0+ C Q′
0+ → QTm → QTu → Q′′

Tu
→ Qm) C (Q0− → Q′′

0+ →

QTm → QTu → Q′′′
Tu

→ Q′
m) í˜�, †À¢−0ímv¥@M [e f 0+ − e f 0−(m0, u0)], É

}DÅ‚Ì©í¥@M [e f m(m1, u0) − e f 0−(m0, u0)] C [e′
f m(m1, u0) − e f 0−(m0, u0)] ×

Ûó°j²í•‘; ]7, É}×Û|c.£C|c¬�,7.}×Û˜²|cí¥@� k (B)

Ê’…��4óúœ× (β > λδ), ‹\\µí\µ™¾^‹óúœ×, /‹\\µí�ý^

‹6óúœ×í8”-, õÒíÀ¢−0ímv¥@M [e f 0+ − e f 0−(m0, u0)]DÅ‚Ì©í

¥@M {e∗
f [m1,

1
2(u0 + u1)] − e f 0−(m0, u0)}(Q0− → Q0+ → QTm → Q∗

Tu
→ Q∗),

[e∗∗
f (m1, u1) − e f 0−(m0, u0)](Q0− → Q0+ → QTm → Q∗

Tu
→ Q∗∗

Tu
→ Q∗∗),·×Ûó

°j²í•‘; ]7, É}|Û|c.£í¥@� OJ%ÈñÍ•(Q0− → Q0+ → QTm →

Q∗
Tu

→ Q∗∗∗
Tu

→ Qm) í˜�, †À¢−0ímv¥@M [e f 0+ − e f 0−(m0, u0)] E}DÅ‚

Ì©í¥@M {e f m(m1, u0) − e f 0−(m0, u0)}, .O×Ûó¥•‘,7/�‚y‹±×Å‚Ì

©; ]6y�|Û Aoki (1985) F‚í �˜²|c� ¥@�

(II) ’…��4óúœ× (β > λδ), /ŒÞ\µí\µ™¾^‹6óúœ×:

"Î_� (I) íéNRÜ, ÊÇ 3.4 2, BbJcqŸl%ÈñÍPk ėE

f = 0(m0) (D

ṗE = 0(m0, u0) (í>õ Q0− õ, ã‚íÀ¢−0®Ä£ã‚íÓg®Ä}�Ñ eE

f 0− D

pE

0− ; †ªJ)ø%ÈñÍã‚í|c˜�×_×Û-�í|c˜�: \�Jk� 0+ v…�µ

øÓ‹ŒÞX#D‹\X|í™¾, †¬Vã‚%ÈñÍø}â Q0− õ®�%¬�&BQ0+�

Q′
0+� Q′′

0+ C Q′′′
0+ õ, k 0+ B T −

m ív¨q,ã‚%ÈñÍø•O.éìG• UU E(m0, u0)
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(, â Q0+� Q′
0+� Q′′

0+ C Q′′′
0+ õ•² QTm õ; ÇÕ, k T +

m B T −
u ív¨q,ã‚%ÈñÍø

}•O˜� (iii), â QTm õ•² QTu õ� âk¬Vã‚ T +
u v…5(, \�‹\X|í™¾ø

}Ó‹Ñ 1
2(u0+u1); Ä¤, k T +

u 5(ív¨q,ã‚%ÈñÍø}•O SSE[m1,
1
2(u0+u1)]

(,A QTu õ•² Q∗õ� 2

J,í}&†Ñ\�õlFv\µ»º,A\µ�µ–,%ÈñÍã‚í�G•‘,7�É

%ÈñÍõÒí�G•‘, Bb"Î_� (I) íéNRÜ, ª}&à-: k 0+ v…� 0+ B T −
m

ív¨q£ T +
m B T −

u v¨q,%ÈñÍã‚5|c˜�6EuõÒ|c˜�,7�É T +
u v

…5(,%ÈñÍõÒí|c˜�, BbYHI ur = 1
2(u0 + u1)� ur = u1 £ ur = u0ú�8

”V‹J«n:

1. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = 1
2(u0 + u1), †%ÈñÍø}

â QTu õ•O SSE[m1,
1
2(u0 + u1)](•² Q∗õ�

2. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñur = u1, †%ÈñÍø}â QTu õ

®�²˝�&B Q′
Tu
õ;A T +

u v…5(, ø•O SS(m1, u1)(•² Q∗∗õ�

3. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñur = u0, †%ÈñÍøâ QTu ®�

²¬�&B Q′′
Tu
õ;A T +

u v…5(, ø•O SS(m1, u0)(•² Qm õ�

YWJ,ízpªø: Êø_õl2
ßãÍTíÂj−0„�Åð³,Þú\µç�‹

\\µ\µ™¾�µ.üìíFv\µ»º, k’…��4óúœ× (β > λδ), ŒÞ\µ

í\µ™¾^‹6óúœ×í8”-, õÒÀ¢−0ímv¥@M [e f 0+ − e f 0−(m0, u0)],

[e′
f 0+ −e f 0−(m0, u0)], [e′′

f 0+ −e f 0−(m0, u0)] C [e′′′
f 0+ −e f 0−(m0, u0)]DÅ‚Ì©í¥@

M {e∗
f [m1,

1
2(u0 +u1)]−e f 0−(m0, u0)} , {e∗∗

f (m1, u1)−e f 0−(m0, u0)} C {e f m(m1, u0)−

e f 0−(m0, u0)} ×Ûó°í¥@; ]7, É}|Û|c.£ (Q0− → Q0+ C Q′
0+ → QTm →

2*J,ízp, BbªJø−: âk%ÈñÍ|�íï¶˜�%¬��,/ UU E(m0, u0)(ÊŸÓ¢Ì©õ Q0−

õ¬jí®��G¶åu%¬j��; ªJRø: Ê� 0+ v… (¹\µç�*9Fv\µ»º�µ5Ò),%Èñ

ÍÉª?ßÞŒÞ\µí�µ^‹óúœ×í�GÇ$!Z (¹ Q0+� Q′
0+� Q′′

0+ C Q′′′
0+ õÉª?PÊ Q0−

õí£¬j);7.ª?ßÞ‹\\µí�µ^‹óúœ×í�GÇ$!Z�
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QTu → Q∗, Q0− → Q0+ → QTm → QTu → Q′
Tu

→ Q∗∗, Q0− → Q0+� Q′
0+ C

Q′′
0+ → QTm → QTu → Q′′

Tu
→ Qm) C|c¬� (Q0− → Q′

0+� Q′′
0+ C Q′′′

0+ →

QTm → QTu → Q′
Tu

→ Q∗∗, Q0− → Q′′
0+ C Q′′′

0+ → QTm → QTu → Q∗,

Q0− → Q′′′
0+ → QTm → QTu → Q′′

Tu
→ Qm) í¥@, 7„×Û Aoki (1985) ˜²|

cí¥@�

(III) ’…��4óúœü (β < λδ):

"Î_� (I)� (II) íéNRÜ, ÊÇ 3.5 2, BbJcqŸl%ÈñÍPk ėE

f = 0(m0)

(D ṗE = 0(m0, u0)(í>õ Q0− õ,ã‚íÀ¢−0®ÄDã‚íÓg®Ä}�Ñ eE

f 0−

D pE

0− ,Þú\�k�0+ v…�µÓ‹ŒÞX#D‹\X|í™¾,¬Vã‚%ÈñÍø}â

Q0− õ®�%¬�&B Q0+ C Q′
0+ õ, yâ Q0+ C Q′

0+ õ, •O.éìG• UU E(m0, u0)

(•² QTm õ; 5(, y•O˜� (iii), â QTm õ•² QTu õ; |(, y•O SSE[m1,
1
2(u0 +

u1)](, â QTu õ•² Q∗õ�

J,í}&Ñ\��µõlFv\µ»º,%ÈñÍã‚í�G•‘,7�É%ÈñÍíõ

Òí�G•‘, Bb°ší"Î_� (I)� (II) íéNRÜ, ª}&à-: k 0+ v…� 0+ B T −
m

ív¨q£ T +
m B T −

u ív¨q,%ÈñÍã‚í|c˜�6EuõÒí|c˜�,7�É T +
u

v…5(,%ÈñÍõÒí|c˜�, BbYHI ur = 1
2(u0 + u1) � ur = u1 £ ur = u0 ú

�8”V‹Jzp:

1. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = 1
2(u0 + u1), †%ÈñÍí|

c˜�, ø}â QTu õ•O SSE[m1,
1
2(u0 + u1)]•² Q∗õ�

2. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = u1, †%ÈñÍí|c˜�ø

}â QTu õ®�²¬�&B Q′
Tu
õ; QO, y•O SS(m1, u1)(•² Q∗∗õ�

3. J‹\ç�F�|ö£ÏWí‹\X|™¾��Ñ ur = u0, †%ÈñÍí|c˜�ø

}â QTu õ®�²˝�&B Q′′
Tu
õ; QO, y•O SS(m1, u0)(•² Qm õ�
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YWJ,ízpªø: Êø_õl2
ßãÍTíÂj−0„�Åð³,Þú\µç�‹

\\µ\µ™¾�µ.üìíFv\µ»º, k’…��4óúœü (β < λδ) í8”-, õÒ

À¢−0ímv¥@M [e f 0+ − e f 0−(m0, u0)] C [e′
f 0+ − e f 0−(m0, u0)]DÅ‚Ì©í¥@

M {e∗
f [m1,

1
2(u0 + u1)] − e f 0−(m0, u0)}( Q0− → Q0+ C Q′

0+ → QTm → QTu → Q∗),

[e∗∗
f (m1, u1) − e f 0−(m0, u0)](Q0− → Q0+ C Q′

0+ → QTm → QTu → Q′
Tu

→ Q∗∗) C

[e f m(m1, u0) − e f 0−(m0, u0)](Q0− → Q0+ C Q′
0+ → QTm → QTu → Q′′

Tu
→ Qm)

·×Ûó°j²í¥@; ]7, õÒíÀ¢−0.}×Û˜²|cí¥@, 7É}�|c¬�

(Q0− → Q′
0+ → QTm → QTu → Q′′

Tu
→ Qm) C|c.£ (Q0− → Q0+ → QTm →

QTu → Q′′
Tu

→ Qm , Q0− → Q0+ C Q′
0+ → QTm → QTu → Q∗, Q0− → Q0+ C

Q′
0+ → QTm → QTu → Q′

Tu
→ Q∗∗) í¥@êÞ�

3.2 ŒÞ\µ\µ™¾�µ.üì5\µFv»º

…�ø«nç\�ç�k� 0+ v…�µøk� T +
m v…Ó‹ŒÞX#í™¾, k T +

u v

…Ó‹‹\X|í™¾ (cq T +
m < T +

u ),BkŒÞX#™¾Ó‹5ç�×ü, †„püµø

¬V, Ê¤8”-, ø}U)%ÈñÍ5�G•‘×ÛS�|cêòá?

âkŒÞç�Ê�T +
m v…FÓ‹íŒÞX#™¾1„püµø¬V;]7,� T +

m v…Œ

Þç�FõÒÓ‹íŒÞX#™¾ (mr − m0) ªJÑLSbM� �-, "Î‹\\µ\µ™¾

�µ.üìíFv\µ»º5éN}&, BbEY�Ï��� �ÈY (1988) íTÜj�,J�

T +
m v…ŒÞç�FõÒÓ‹íŒÞX#™¾ (mr − m0) Ñ (m1 − m0) v, I¤ŒÞX#™

¾íÓ‹Ù�D‹\X|í™¾â u0 Ó‹B u1 íÙ�êró°�

*� (2.25) £ (2.27) BbªJø−, Ä@ŒÞ\µD‹\\µíØ", |(Ì©íõÒÓg

DÀ¢−0í|cÙ�Ñ:

p̂(mr , u1)− p̂(m0, u0) =

(

σ

σ + λµδ

)

(mr −m0)+

(

λ

σ + λµδ

)

(u1 −u0) > 0 (3.8)

ê f (mr , u1)−ê f (m0, u0) =

[

δ(βµ + σ)

βi∗(σ + λµδ)

]

(mr −m0)+

[

(λδ − β)

βi∗(σ + λµδ)

]

(u1−u0) ≷ 0
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(3.9)

]7,JDŸlíÌ©õó�ªœ, ªø|(Ì©íõÒÓg®Äøì,±, OÊ’…��4ó

úœ× (β > λδ) v, |(Ì©íõÒÀ¢−0®Äª?,±, 6ª?-�; ¥5,JÊ’…��

4óúœü (β < λδ) v, |(Ì©íõÒÀ¢−0®Äøì,±�

ÇÕ, *� (2.32)D (2.33) ªø,%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, õ

Òï¶˜�íƒb�Ñ:

p − p̂(m, u) =

(

l2 − l1

β − λδ

)

λβ[e f − ê f (m, u)] (3.10)

âk…dÉ«nmr }��k m1 � 1
2(m0 + m1)D m0 ú�ŒÞX#™¾8”v, õÒÀ

¢−0 (e f )DõÒÓg (p ) í|c˜�; ]7,Þú¤ú�ŒÞX#™¾8”-,%ÈñÍÊ

ŒÞ\µD‹\\µí\µ™¾Ø"5(íõÒ¶(®���Ù�, ª}�zpà-:

(A) J mr = m1:

ú@ŒÞX#™¾â m0 Ó‹Ñ m1,‹\X|™¾â u0 Ó‹Ñ u1, / m1 − m0 = u1 −

u0 = dk í8”, â� (3.10) ªJR)¶(®���íÙ� ∂e f /∂k.â¯¯:

−
∂ p̂(m, u)

∂k
= λβ

(

l2 − l1

β − λδ

)[

∂e f

∂k
−

∂ ê f (m, u)

∂k

]

(3.11)

â� (3.11) ªJR):

∂e f

∂k
=

∂ ê f (m, u)

∂k
−

1
λβ

(

β − λδ

l2 − l1

)

∂ p̂(m, u)

∂k

=
∂ ê f

∂m
∂m
∂k

+
∂ ê f

∂u
∂u
∂k

−
1
λβ

(

β − λδ

l2 − l1

)[

∂ p̂
∂m

∂m
∂k

+
∂ p̂
∂u

∂u
∂k

]

=
λl2[δ(βµ + σ) + (λδ − β)] − βl1(σ + λµδ)

λβi∗(σ + λµδ)(l2 − l1)
≷ 0;

Jβl1(σ + λµδ) ≷ λl2[δ(βµ + σ) + (λδ − β)] (3.12)

� (3.12) ÀUËµø: Ê� T +
m v…,øïÛWF�|ö£ÏWŒÞX#™¾í��u m1 v,

J’…��4óúœ× (β > λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(,
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Fú@í|�õÒï¶˜�ª?¬�, 6ª?˝�; ÇøjÞ, J’…��4óúœü (β <

λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒï¶˜�.ì

¬��

(B) J mr = 1
2(m0 + m1):

ú@ŒÞX#í™¾â m0 Ó‹Ñ 1
2(m0+m1),‹\X|í™¾â u0 Ó‹Ñ u1, † dm =

1
2 dk , du = dk, "Î� (3.11)D (3.12) íRÜ, ªJ°)¶(®���íÙ� ∂e f /∂k .â¯

¯:

∂e f

∂k
=

λl2[
δ
2(βµ + σ) + (λδ − β)] −

βl1
2 (σ + λµδ)

λβi∗(σ + λµδ)(l2 − l1)
≷ 0;

J
βl1

2
(σ + λµδ) ≷ λl2

[

δ

2
(βµ + σ) + (λδ − β)

]

(3.13)

� (3.13) 6ÀUË×Û: Ê� T +
m v…,øïÛWF�|ö£ÏWŒÞX#™¾í��u 1

2(m0+

m1) v, J’…��4óúœ× (β > λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø

"5(, Fú@í|�õÒï¶˜�ª?¬�, 6ª?˝�; ÇøjÞ,J’…��4óúœü

(β < λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒíï¶

˜�.ì¬��

(C) J mr = m0:

ú@ŒÞX#í™¾&MÊŸlí m0, ‹\X|í™¾â u0 Ó‹Ñ u1, † dm = 0 ,

du = dk, "Î� (3.11)D (3.12) íRÜ, ªJ°)¶(®���íÙ� ∂e f /∂k .â¯¯:

∂e f

∂k
=

l2(λδ − β)

βi∗(σ + λµδ)(l2 − l1)
≷ 0,J λδ ≷ β (3.14)

� (3.14) 6ÀUËµø: Ê� T +
m v…,øïÛWF�|ö£ÏWŒÞX#™¾í��u&M

ŸlíŒÞX#™¾m0 v,J’…��4óúœ× (β > λδ), †%ÈñÍÊŒÞ\µD‹\

\µí\µ™¾Ø"5(, Fú@í|�õÒï¶˜�.ì˝�; ÇøjÞ,J’…��4óú

œü (β < λδ), †%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒï

¶˜�.ì¬��
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J,ízpÀUË×Û:J’…��4óúœ× (β > λδ) v, |(Ì©íÀ¢−0®Ä.

Oª?,±, 6ª?-�,7/Ê� T +
m v…, ÛWF�|ö£ÏWŒÞX#™¾í��u m1

C 1
2(m0 + m1) v,%ÈñÍÊŒÞ\µD‹\\µí\µ™¾Ø"5(, Fú@í|�õÒ

ï¶˜�.Oª?¬�, 6ª?˝�; ¥5, ÛWF�|ö£ÏWŒÞX#™¾í��um0 v,
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m v…, ÛWF�|ö£ÏWŒÞ
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û_¬Vã‚ÊŒÞ\µÏW5(B‹\\µÏW5‡,%ÈñÍøˇ÷Ê ėE
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f = 0[1
2(m0 + m1)](5>õ Q∗õ«�,7ã‚%ÈñÍ5Ì©õÑ Q∗õ,
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u v…, .âø%ÈñÍ£ƒ SSE[1

2(m0 + m1), u1] (,, ´†%È
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Vã‚%ÈñÍøâ Q0− õ®�%¬�&B Q0+ õ, k 0+ B T −
m ív¨q,ã‚%ÈñÍ

ø•O.éìG• UU E(m0, u0)(, â Q0+ õ•² QTm õ, k T +
m B T −
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m )–BÓ¢Ì©ÕGÈ,À¢−0ø}M/-�,7Óg®Äø}M/,Ù,
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m v…, ÛWF�|ö£ÏWíõÒŒÞX#™¾��Ñ m1, †Ê\µÏWv,%

ÈñÍø}â QTm õ®�²¬�&B Q′
Tm
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"ÎŒÞ\µí�ý^‹óúœ×í_�}&, ÊÇ 3.7 2BbªJ)ø: cqŸl%Èñ
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Q0+ õC Q′
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ÈñÍø}•O SSE[1
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õ¬jí®��G¶åu%¬j��; ªJRø: Ê� 0+ v… (¹\µç�*9Fv\µ»º�µ5Ò),%È
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(III) ’…��4óúœü (β < λδ):

"Î‡Þ_� (I)� (II) íéNRÜ, ÊÇ 3.9 2, BbJcqŸl%ÈñÍPk ėE

f = 0(m0)

(D ṗE = 0(m0, u0)(í>õ Q0− õ,ã‚íÀ¢−0®ÄDã‚íÓg®Ä}�Ñ eE

f 0−

D pE

0− ,Þú\�k�0+ v…�µÓ‹ŒÞX#D‹\X|í™¾,¬Vã‚%ÈñÍø}â

Q0−õ®�%¬�&B Q0+ C Q′
0+õ, yâ Q0+ C Q′

0+õ•O.éìG• UU E(m0, u0)(

•² QTm õ; 5(, y•O˜� (iii),A QTm õ•² QTu õ; |(, y•O SSE[1
2(m0+m1), u1]

(,A QTu õ•² Q∗õ�

J,í}&Ñ\��µõlFv\µ»º,%ÈñÍã‚í�G•‘,7�É%ÈñÍõÒ

í�G•‘, Bb°ší"Î_� (I)� (II) íéNRÜ, ª}&à-: k 0+ v…£ 0+ B T −
m í

v¨q,%ÈñÍã‚í|c˜�6EuõÒí|c˜�,7�É T +
m B T −

u v¨q,%ÈñÍ

õÒí|c˜�, BbYÍI mr = 1
2(m0 + m1) � mr = m1 � mr = m0 ú�8”V‹Jz
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1. JÛWF�|ö£ÏWíŒÞX#™¾��Ñ mr = 1
2(m0 + m1), †%ÈñÍø}â

QTm õ•O˜� (iii) % QTu õ��;A T +
u v…5(,‹\X|í™¾˛Ó‹Ñ u1,%

ÈñÍø}•O SSE[1
2(m0 + m1), u1](, â QTu õ•² Q∗õ�

2. JÛWF�|ö£ÏWíŒÞX#™¾��Ñ mr = m1, †%ÈñÍø}â QTm õ®

�²¬�&B Q′
Tm
õ,7(•O˜� (iv), â Q′

Tm
õ�² Q′

Tu
õ,A T +

u v…5(,‹

\X|í™¾˛Ó‹Ñ u1,%ÈñÍø}•O SS(m1, u1)(, â Q′
Tu
õ•² Q∗∗õ�
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’…��4óúœ× ’…��4óúœü

‹\\µí\µ™¾^‹óúœ× ŒÞ\µí\µ™¾^‹óúœ×

ŒÞ\µí�ý^‹óúœ×: |c.£ (Ç 3.4) |c¬� (Ç 3.5)

˜²|c (Ç 3.1� Ç 3.2) (Q0− → Q0+ C Q′
0+ → QTm (Q0− → Q′

0+ → QTm →

(Q0− → Q0+� Q′
0+ C Q′′

0+ → QTu → Q∗, Q0− → Q0+ QTu → Q′′
Tu

→ Qm)

→ QTm → QTu → Q∗, Q0− → QTm → QTu → Q′
Tu

→

→ Q0+� Q′
0+ C Q′′

0+ → QTm Q∗∗ , Q0− → Q0+� Q′
0+ C |c.£ (Ç 3.5)

→ QTu → Q′
Tu

→ Q∗∗) Q′′
0+ → QTm → QTu → (Q0− → Q0+ → QTm →

Q′′
Tu

→ Qm) QTu → Q′′
Tu

→ Qm , Q0−

|c¬� (Ç 3.1) → Q0+ C Q′
0+ → QTm →

(Q0− → Q′
0+ → QTm → QTu |c¬� (Ç 3.4) QTu → Q∗, Q0− → Q0+

→ Q′′
Tu

→ Qm) (Q0− → Q′
0+� Q′′

0+ C Q′′′
0+ → C Q′

0+ → QTm → QTu →

QTm → QTu → Q′
Tu

→ Q∗∗, Q′
Tu

→ Q∗∗)

|c.£ (Ç 3.1� Ç 3.2) Q0− → Q′′
0+ C Q′′′

0+ → QTm

(Q0− → Q0+ → QTm → QTu → QTu → Q∗, Q0− → Q′′′
0+

Q′′
Tu

→ Qm , Q0− → Q′′
0+ → → QTm → QTu → Q′′

Tu
→

QTm → QT u → Q′′′
T u → Q′

m) Qm)

‹\\µí�ý^‹óúœ×:

|c.£ (Ç 3.3)

(Q0− → Q0+ → QTm → Q∗
Tu

→ Q∗, Q0− → Q0+ → QTm

→ Q∗
Tu

→ Q∗∗
Tu

→ Q∗∗)

˜²|c (Ç 3.3)

(Q0− → Q0+ → QTm → Q∗
Tu

→ Q∗∗∗
Tu

→ Qm)

[ 3.1:‹\\µ\µ™¾�µ.üì5\µFv»º
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’…��4óúœ× ’…��4óúœü

‹\\µí\µ™¾^‹óúœ× ŒÞ\µí\µ™¾^‹óúœ×

ŒÞ\µí�ý^‹óúœ×: ˜²|c (Ç 3.8) |c¬� (Ç 3.9)
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…Ë“ubzp…Åíã‚¦Œ�30 π̇ E 5FJ\qìA α ṗE í%Èj4�

íl, Bbcì�¼íI’X| (˛�œÂqe) Ñõ”‚0 (i − π̇ E) íÁƒb, w2 π̇ E H

[…Åíã‚¦Œ�30 [c˝�õ (2004, Ü 41–44) ]� wŸ, Bbcì…Åí�¼Î7}²

Åqí�¼˛�œÂqedÑI’X|5Õ, ÇÕ6}²ÅÕí�¼˛�œÂqedÑI’X

|; *7, Êþ„¦AÍúb‡, …Å�¼úÅqøO4Óg®Äíã‚M5E ªqìA:

5E = αP E + (1 − α)(Ec P∗) (A1)

w2 α H[…Å�¼íI’X|I‘Ê˛�ÅqœÂqe,íªW, (1 − α) H[…Å�¼í

I’X|I‘Ê˛�ÅÕœÂqe,íªW, P E H[þ„¦AÍúb‡, …Å�¼úÅqœÂ

qeg�íã‚M, Ec H[þ„¦AÍúb‡í¼“−0 (J…Þ[ýíÕÞg�), P∗ H[

þ„¦AÍúb‡, ÕÅœÂqeíg� (JÕÞ[ý)�

Uà-�úLSù_£õb x D z·}A
í¡N�:

ln (x + z) ∼= ln (x 0 + z0) +
x 0

x 0 + z0
(ln x − ln x 0) +

z0

x 0 + z0
(ln z − ln z0) (A2)

1cì–áv, P E0 = P∗0 = E
0

c = 1, †ªø¦¬AÍúb(í…Å�¼úÅqøO4Óg®

Äíã‚M π E [ýA:

π E = αpE + (1 − α)(ec + p∗) (A3)

w2 π E = ln 5E, pE = ln P E, ec = ln Ec� |(, yø π E úvÈ�}, ¹ª°)…Åíã‚¦

Œ�30 π̇ E = α ṗE�
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