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੨ڤ

ਔӀццǴ΋ᙯ౳ӧѠεޑϤԃӭ൩ाၸѐΑǴ೭ࢤਔӀёᇥךࢂΓғനк

ჴޑ΋ࢤǴவ΋ঁԾаߙޑࢂࣁϿԃǴᙯᡂԋࣁ΋ঁᔉளࡘԵޑεΓǶӧ೭ࢤਔ

໔ύǴന۩ᅽޑ೽ϩ൩ૈࢂӧ΋ঁ໒ܫԾҗޑᕉნௗڙӚԄӚኬޕޑ᛽ǶவΓᜪ

Ꮲس໒ۈǴ΋ၡډ࿶ᔮ૽ޑسግǴӆډ୘ࣴ܌аϷ಍ीᏢำޑ೭ࢤਓำǴύ໔Ψ

όЮၶډ೚ӭ຦Γ࣬շǴόፕࢂӕᏢߏৣࢂ܈Ǵ΋ၡ΢೿๏ךӧόӕय़ӛ೚ӭ௴

ᆾǴЀځा੝ձགᖴѠε࿶ᔮޑߏৣسᙗഏǴך٬ӧ࣮ࡑӚᅿ٣௃ਔԖ׳ӭόӕ

ᢀᗺǶޑ

Զӧ೭ࢤਓำύǴനགᖴޑΓವၸࡰޑךܭᏤ௲௤ጯܴਗԴৣǴӧεѤঅಞ

ଯ฻಍ीᏢਔߡᆶԴৣ่ጔǴԶፎጯԴৣᏼҺࡰޑךᏤ௲௤ǴךࢂΓғ଺ၸന҅

ዴۓ،ޑϐ΋Ƕӧ؂ԛ૸ፕਔǴ೿ёаᡏ཮ډጯԴৣჹౢ཰аϷᏢೌޑᇡࢂޕӭ

ሶޑుࠆǴԴৣᕴૈࢂ΋ᇟၰઇޑךӚᅿޓᗺǶԶጯԴৣӵӕཁР΋૓ޑ௲ᏤǴ

Ψᡣךӧ೭ࢤਔ໔ᇡ᛽ډՖ܌ࣁᒏ଺ᏢೌࣴزǵӵՖѐ೛ۓ᝼ᚒаϷӵՖѐᇥܴ

΋ঁ٣ࡺǶߚதགᖴጯԴৣᜫཀ྽ࡰޑךᏤ௲௤ǴԖாૈӧךғڮύࡰᗺ଎ࢭǴ

ჴךࢂ΋ғޑᄪ۩Ƕ

ନԜϐѦǴךΨाགᖴךӃޑ߻ჴಞϦљ )XQ1RZǴགᖴϦљ๏ךჴಞᐒ཮Ǵ

ᡣૈךӧಃ΋ጕୖᆶѳѠ໔ޑᝡݾǴаϷ௲཮ךӵՖ଺ғཀǴך٬ჹѳѠ࣬ᜢౢ

཰Ԗ׳ుޑᇡޕǶӆޣǴךΨाགᖴ୘ࣴޑ܌ӚՏλԴᗥॺǴགᖴգӚՏӧ೭ᜤ

ዖޑᅺγਓำύǴᆶ࣬ךϕઉ᝝ǵވ኷ک૸ፕΓғǴ҂ٰεৎԋࣁεԴᗥਔǴፎ

ձב૶λך׌ǶനࡕǴךளགᖴޑךৎΓǴགᖴޑךৎΓӧޑךᏢಞғఱύǴவ

҂๏ךၸҺՖᓸΚǴ٠ЪЍޑך࡭Ӛᅿ،ۓǴᡣૈךค៝ࡕϐኁӦז኷ᏢಞǶ

ғڮᕴࢂόᘐ࿶ᐕѨ௳ǵҍᒱǴԶӧ೭٤࿶ᡍࡕǴૈӧภधύᏢډ௲૽Ǵ೭

ϐǶࠀ຾΋؁ǶӅ׳೼৩ǶԭЁंᓐǴޑזനߏԋࢂ೚܈
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ᐜϺ

ᒿ๱ࣽמᆶਔжޑᄽ຾Ǵ٬Ҕጕ΢ѳѠ຾Չ੃຤ς࿶кѾӧ౜жΓޑғࢲϐ

ύǴჹٮޑ୍ܺ܈ࠔౢܭᔈ୘ٰᇥǴᒧ᏷уΕѳѠࢂߡ΋ঁख़ाޑᒧ᏷ǶԶ΋

૓ԶقǴѳѠ୘ᆶٮᔈ୘܌ᛝुϐӝऊӭࣁΠӈΒᅿǺԏ੻ϩ٦ӝऊᆶۓڰೕ

຤ӝऊǶҁࣴزӧၗૻჹᆀЪѳѠ୘ёа،ۓӝऊϣ৒ޑ௃ݩΠǴ೸ၸ΋යޑ

6WDFNHOEHUJ JDPHޑБԄ؃ှѳѠ୘ᆶ୍ܺගޣٮӧԜΒᅿӝऊΠޑ،฼ՉࣁǴ٠

ЪନΑሽ਱ϐѦΨ఼ᇂ୍ܺࠔ፦ǵѱ൑ወΚ฻Ӣન຾ΕԵໆǶҗܭѳѠ୘Ԗၨଯ

ճዎཱུεϯޑӃ຾ՉѳѠ୘ߡॺךǴࣁϐՉޣٮፋղΚǴ٠Ъёаቹៜ୍ܺගޑ

،฼ࡕ؃ှǴձёှр܌ԖኳࠠޑᡂኧǶ่ࣴ݀زᡉҢӧ࣬ӕޑᕉნ೛ۓϐΠǴ

ѳѠ୘ᒧ᏷٬Ҕۓڰೕ຤ӝऊёаᕇளനଯޑճዎǴՠԜਔ୍ܺගޣٮճዎၳ߈

ܭ �ǶԶӧ٬Ҕԏ੻ϩ٦ӝऊਔǴӧ΋ୖޑۓኧᕉნ೛࿼ϐΠǴѳѠ୘ᆶ୍ܺග

ೕۓڰॺว౜ନΑӧךኳԄǶԶޑϕճࣁၨࢂق೿ૈ٦Ԗ೽ϩճዎǴ࣬ჹԶޣٮ

຤ӝऊΠϐ୍ܺගޣٮճዎҗܭճዎ߈Яࣁ �ϐѦǴወӧѱ൑ሡ؃ໆǵ੃຤ޣჹ

ѳѠࠔ፦аϷ୍ܺග܌ޣٮගٮϐ୍ܺࠔ፦ϐ௵གࡋᆶѳѠ୘ᆶ୍ܺගޣٮճዎ

Ԗ҅࣬ᜢǴԶᆶ੃຤ޣჹሽ਱ޑ௵གࡋԖॄӛᜢ߯Ƕ

դ༙އ땻ѳѠ࿶ᔮǵ6WDFNHOEHUJᖻֽǵӝऊ೛ीǵ୍ܺࠔ፦ǵᚈᜐᐱ՞ѳѠ
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$EVWUDFW

:LWK WKH GHYHORSPHQW RI WKH WLPHV DQG WKH WHFKQRORJLHV� FRQVXPLQJ JRRGV RQ GLJ�

LWDO SODWIRUP LV IDPLOLDU ZLWK PRGHUQ SHRSOH� 2Q WKH RWKHU KDQG� WR MRLQ D SODWIRUP RU

QRW LV D FULWLFDO LVVXH IRU WKRVH VXSSOLHUV RI VHUYLFHV RU SURGXFWV� ,Q JHQHUDO� WKHUH DUH

WZR PDLQ FRQWUDFWV EHWZHHQ D SODWIRUP DQG VHUYLFH SURYLGHUV� UHYHQXH�VKDULQJ FRQWUDFW

DQG IL[HG IHH FRQWUDFW� ,Q WKLV UHVHDUFK� ZH WU\ WR GLVFRYHU WKH GHFLVLRQ RI WKH SODWIRUP

DQG WKH VHUYLFH SURYLGHU E\ FRQVLGHUDWLRQ RI SULFH� PDUNHW SRWHQWLDO�DQG VHUYLFH TXDOLW\ RI

ERWK ILUPV XQGHU V\PPHWU\ LQIRUPDWLRQ YLD D 6WDFNHOEHUJ JDPH� :H IRFXV RQ WKH SURILW�

PD[LPL]LQJ SUREOHP IRU WKH SODWIRUP ZLWK PRUH EDUJDLQLQJ SRZHU LQ WKH PRGHO� RQFH ZH

VROYH WKDW SUREOHP� ZH FDQ REWDLQ DOO WKH RSWLPDO VROXWLRQ RI WKH PRGHO� $OVR� XQGHU WKH

VDPH SDUDPHWHU VHWWLQJ� IL[HG IHH FRQWUDFW LV D PRUH IDYRUDEOH FRQWUDFW WR WKH SODWIRUP RYHU

WKH UHYHQXH�VKDULQJ FRQWUDFW� VLQFH LW ZLOO FKDUJH QHDUO\ DOO UHYHQXH WKDW VHUYLFH SURYLGHU

PDGH� %\ FRQWUDVW� XQGHU UHYHQXH�VKDULQJ FRQWUDFW� LW LV SRVVLEOH IRU ERWK ILUPV WR JDLQ D

SDUW RI WKH UHYHQXH DQG LW ZRXOG EH D IDLUHU FRQWUDFW IRU ERWK ILUPV� :H DOVR IRXQG WKDW

SRWHQWLDO PDUNHW VL]H DQG WKH FRQVXPHU VHQVLWLYLW\ IRU WKH VHUYLFH TXDOLW\ RI ERWK ILUPV

KDYH SRVLWLYH UHODWLRQV ZLWK WKH SURILW RI WKH VHUYLFH SURYLGHU DQG WKH SODWIRUP DQG KDYH

D QHJDWLYH UHODWLRQ ZLWK WKH SULFH VHQVLWLYLW\ RI WKH FRQVXPHU XQGHU ERWK FRQWUDFW W\SHV

H[FHSW WKH SURILW RI VHUYLFH SURYLGHU XQGHU IL[HG IHH FRQWUDFW ZLWK DOPRVW � SURILW�

.H\ZRUGV� 3ODWIRUP HFRQRP\� 6WDFNHOEHUJ JDPH� &RQWUDFW GHVLJQ� 6HUYLFH TXDOLW\� 7ZR�
VLGHG PRQRSRO\ SODWIRUP
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$EVWUDFW LY

ࣛݦ Y

ࣛݦמ YLLL

՜ࣛݦ [

&KDSWHU � ඔܧ �

��� ୏ᐒزࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ޑҞزࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ᄬࢎزࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ፕЎࢎᄬ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

&KDSWHU � ӛၘҵ஑ �

��� ѳѠ࿶ᔮ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ѳѠᜪࠠ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ѳѠࢎᄬ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ѳѠޑᝡݾᆶۓሽ � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ѳѠᆶٮᔈ୘ࠔޑ፦ � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ѳѠޑӝऊᒧ᏷ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ኧॶϩ݋Бݤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� λ่ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Y
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&KDSWHU � આपࠥڌ ��

��� ኳࠠ೛ۓᆶଷ೛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WDFNHOEHUJ JDPHϐᙁϟ � � � � � � � � � � � � � � � � � � � � � � � ��

����� ኳࠠଷ೛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ѳѠ୘فޑՅ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ୍ܺගفޑޣٮՅ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ੃຤فޑޣՅ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ಄ဦۓက � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ሡڄ؃ኧ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԋҁڄኧ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ӝऊᜪࠠ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ԏ੻ϩ٦ӝऊ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ೕ຤ӝऊۓڰ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ୍ܺගޣٮኳࠠ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ѳѠ୘ኳࠠ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ኳࠠ؃ှᆶ૸ፕ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ؃ှന፾ԏ੻ϩ٦ӝऊ � � � � � � � � � � � � � � � � � � � � � � � ��
������� ԏ੻ϩ٦ӝऊΠ୍ܺගޑޣٮ،฼ � � � � � � � � � � ��
������� ԏ੻ϩ٦ӝऊΠѳѠ୘ޑ،฼ � � � � � � � � � � � � ��

����� ؃ှന፾ۓڰೕ຤ӝऊ � � � � � � � � � � � � � � � � � � � � � � � ��
������� ฼،ޑޣٮೕ຤ӝऊΠ୍ܺගۓڰ � � � � � � � � � � ��
������� ฼،ޑೕ຤ӝऊΠѳѠ୘ۓڰ � � � � � � � � � � � � ��

��� ኧॶϩ݋Бݤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&KDSWHU � о႒ࡱڬ ��

��� ኳࠠࢬ؃ှำ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ۓᅿӝऊኳࠠϐኧॶ೛ٿ � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊޑ௵གࡋϩ݋ � � � � � � � � � � � � � � � � � � � � � ��

����� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆ S ჹѳѠ୘ǵ୍ܺගޣٮճዎ

ቹៜޑ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋ β ჹѳѠ୘ǵ୍ܺගޣٮճ

ዎޑቹៜ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ԏ੻ϩ٦ӝऊ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋ γ ჹѳѠ୘ǵ

୍ܺගޣٮճዎޑቹៜ � � � � � � � � � � � � � � � � � � � � � � � ��

����� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦ϐ௵གࡋ λჹѳѠ

୘ǵ୍ܺගޣٮճዎޑቹៜ � � � � � � � � � � � � � � � � � � � � ��

����� ԏ੻ϩ٦ӝऊ ޣٮჹѳѠ୘ǵ୍ܺග܄ਏ౗ٮ፦ගࠔቷ୘ٿ�
ճዎޑቹៜ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������� ԏ੻ϩ٦ӝऊ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ჹٿቷ

୘ճዎޑቹៜ � � � � � � � � � � � � � � � � � � � � � � ��
������� ԏ੻ϩ٦ӝऊ �ѳѠ୘ࠔ፦ගٮਏ౗܄ჹٿቷ୘ճ

ዎޑቹៜ � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ݋ϩࡋག௵ޑೕ຤ӝऊۓڰ � � � � � � � � � � � � � � � � � � � � � ��

��� ӝऊኳࠠϐКၨٿ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&KDSWHU � ૦ࢣ԰ܧ؀ ��

��� ፕ่زࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ଅ᝘زࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ڋज़زࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ҂ٰࣴزБӛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

ӛၘࡥݱ ��

ྡྷࣛ $²આपϡڬҒՄঐ ��

$�� ന፾ԏ੻ϩ٦ӝऊޑ௢Ꮴ � � � � � � � � � � � � � � � � � � � � � � ��

$���� ୍ܺගޣٮӵՖ،ۓന፾ुሽᆶࠔ፦ � � � � � � � � � � � � � � � ��

$�� ന፾ۓڰೕ຤ӝऊޑ௢Ꮴ � � � � � � � � � � � � � � � � � � � � � � ��

$���� ୍ܺගޣٮӵՖ،ۓന፾ुሽᆶࠔ፦ � � � � � � � � � � � � � � � ��

YLL

http://dx.doi.org/10.6342/NTU202301988


GRL���������178���������

ࣛݦמ

��� ᏾౛زᄬǴҁࣴࢎزࣴ � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ፕЎࢎᄬǴҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ᆛၡύ໔୘ޑ୷ҁࢎᄬǴ6DUNDU HW DO������� � � � � � � � � � � � � � � � �
��� ӭᜐѳᆵޑ୷ҁࢎᄬǴ)LVKHU������ � � � � � � � � � � � � � � � � � � � �

��� ԏ੻ϩ٦ӝऊ � ወӧѱ൑ሡ؃ໆᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆᆶѳѠ୘ܜԋКٯϐᜢ߯Ǵҁࣴز
᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁࣴز
᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ܜԋКٯϐᜢ߯Ǵҁࣴ
᏾౛ز � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁࣴ
᏾౛ز � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶѳѠ୘ǵ୍ܺග
᏾౛زճዎϐᜢ߯Ǵҁࣴޣٮ � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱
ϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ǵ୍ܺග
᏾౛زճዎϐᜢ߯Ǵҁࣴޣٮ � � � � � � � � � � � � � � � � � � � � � � ��

���� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ܜԋКٯ
ϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱
ϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ԏ੻ϩ٦ӝऊ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮ
ճዎϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ԏ੻ϩ٦ӝऊ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ
߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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���� ԏ੻ϩ٦ӝऊ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎ
ϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ԏ੻ϩ٦ӝऊ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵ
ҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ � ወӧѱ൑ሡ؃ໆᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶѳѠ୘ǵ୍ܺග
᏾౛زճዎϐᜢ߯Ǵҁࣴޣٮ � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ǵ୍ܺග
᏾౛زճዎϐᜢ߯Ǵҁࣴޣٮ � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮ
ճዎϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ೕ຤ӝऊۓڰ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎ
ϐᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ወӧѱ൑ሡ؃ໆჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ � � � � � � � � � ��
���� ੃຤ޣሽ਱௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ � � � � � � � ��
���� ੃຤ޣჹѳѠ୍ܺࠔ፦௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ � ��
���� ੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ ��
���� ୍ܺගࠔޣٮ፦ගٮਏ౗܄ჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ � � ��
���� ѳѠ୘ࠔ፦ගٮਏ౗܄ჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛ � � � � � ��
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՜ࣛݦ

��� ѳѠᜪࠠǴ%HOOHIODPPH DQG 3HLW] ������ � � � � � � � � � � � � � � � � � �
��� ӚЎ᝘ࣴزЬᚒКၨǴҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � ��

��� ኳࠠႣ೛ୖኧ೛ۓǴҁࣴز᏾౛ � � � � � � � � � � � � � � � � � � � � � ��
��� ወӧѱ൑ሡ؃ໆ S ᆶӚϣғᡂኧޑᜢ߯Ǵҁࣴز᏾౛ � � � � � � � � � ��
��� ੃຤ޣሽ਱௵གࡋ β ᆶӚϣғᡂኧޑᜢ߯Ǵҁࣴز᏾౛ � � � � � � � ��

��� ԏ੻ϩ٦ӝऊኳࠠΠୖኧᆶቷ୘ճዎϐᜢ߯ � � � � � � � � � � � � � � ��
��� ೕ຤ӝऊኳࠠΠୖኧᆶቷ୘ճዎϐᜢ߯ۓڰ � � � � � � � � � � � � � � ��
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&KDSWHU � ඔܧ

��� ಝ௵қҷ

ӧ౜жΓޑғࢲύǴᒿ๱ᆛၡೌמᆶඵችࠠЋᐒ฻ࣽޑמදϷǴѳѠ٬ޑҔ

ς࿶кѾ๱؂΋ঁΓޑВதϐύǴόፕࢂ१ǵՊǵՐǵՉǵػǵ኷೿ёаӧЋᐒ

΢೸ၸӚᅿѳѠ $33ֹԋ੃຤ǶӧѠ᡼Ǵգёа΋Ԑଆ׉೸ၸ )RRGSDQGDႣुԐ

ᓓǴམ४ 8EHU߻ѐ΢੤ǴԆ္ୂ໕ਔ೸ၸጺҜᖼނ �6KRSHH�ᖼວཥՊܺǴ٠Ъ

ӧ ,QVWDJUDP΢ᜢܻݙ϶୏ᄊǴΠ੤ਔӆ٬Ҕ )XQ1RZႣऊဌۭࡪነ୍ٰܺӳӳܫ

᚞ǶࡐᡉฅӦǴѳѠܭ౜жΓޑғࢲύԐςתᄽ࣬྽ख़ाفޑՅǴՠѳѠ߈ߚ٠

ԃωр౜ނౢޑǴѳѠ߈ܭԃޑጲࠁว৖ЬाٰࢂԾޑמࣽܭ຾؁ >��@Ǵ٬ள੃

຤ޣჹܭӚԄѳѠޑёௗ࣬܄߈ჹܭаޑ߻ஆ϶ޗǵࢂ܈۫ڹᒵቹ஥рચ۫฻ܺ

୍࣬Кࢂεεගϲ೚ӭǶ

Զ΋ঁ୘཰ኳԄऩा೏ᆀࣁѳѠǴ߾ԿϿाೱ่ٿᜪΓჹޑ୍ܺ܈ࠔౢࢌܭ

๏ᆶሡ؃ٮ >�@Ǵӵೱ่ౢࠔᇙ೷୘ᆶಖᆄ੃຤ޑޣጺҜᖼނǵೱ่ਜ୘ᆶ᠐ޑޣ

$PD]RQ฻ǴԜջᆀϐࣁᚈᜐѳѠ �WZR�VLGHG SODWIRUP�ǹԶऩѳѠೱ่ӭٿܭБǴ

ӭᜐѳѠࣁ೏ᆀ߾ �PXOWL�VLGHG SODWIRUP�Ǵ<RX7XEHೱ่ቹॣബբǵ᎙᠋ޣаϷቶ

֋୘฻ѳѠ΢ୖޑᆶޣ �SDUWLFLSDQWV�Ƕ>��@ԶѳѠޑԋҥคᅪ෧եΑ੃຤ޑޣཛྷ൨

ԋҁǴΨவύԋࣁວ፤ᚈБϐ໔ޑᐏኺ >��@Ǵ೸ၸ೭٤ѳѠ஥ٰޑӳೀǴΨ٬ள

࿶ᔮᡏسၮբӦࢬ٫׳ᄣΨ׳Ԗਏ౗܄Ƕ

ೕጄٰ൞ӝѳѠύӚࡋڋޑሡा೸ၸ΋ঁӝ፾߾Α٬ѳѠૈ୼໩ճၮբǴࣁ

Бճ্ᜢ߯ޑޣᇨӢǴനޔௗޑ೽ϩΨ൩ࢂѳѠ୘ᆶວ፤ᚈБޑӝऊࡋڋޑ೛

ीǶӝऊޑ೛ी߾ӵӕ =KDQJ HW DO������ೕ຤ӝऊۓڰаࢂزࣴޑ� �IL[HG &RQWUDFW�

ᆶԏ੻ϩ٦ӝऊ �UHYHQXH VKDULQJ FRQWUDFW�ࣁЬǴԶޣࡕΨёаஒځགྷԋ΋ᅿܜա

ӝऊ �FRPPLVVLRQ FRQWUDFW�Ƕ࣬ჹܭӃزࣴޑ߻ӭ๱Ꮐܭሽ਱ुۓǴՠჹܭѳѠ੃

�

http://dx.doi.org/10.6342/NTU202301988


GRL���������178���������

຤ٰޣᇥǴѳѠҁيΨࢂ੃຤ࢬำޑ΋೽ҽǴࡺҁࣴ׆زఈૈ୼ۯ՜ၸ۳ޑ૸

ፕǴନΑ૸ፕၸ۳ᏢޣჹٿܭᅿӝऊޑКၨǴ٠Ъ૸ፕѳѠᆶ୍ܺගࠔޑޣٮ፦

٠Ъ٬Ҕόӕޑሡڄ؃ኧѐኳᔕѱ൑౜ݩǴය೚ૈ೸ၸҁࣴزග׳ٮуుΕޑѱ

൑ࢰჸǴΨૈံىၸ۳ࣴزၨࣁલЮϐ೽ϩǶ

��� ಝ௵ݦϡ

ҁࣴ׆زఈ೸ၸࡌҥ΋ঁх֖ѳѠ୘ǵ୍ܺගޑޣٮᖻֽኳࠠǴԶ੃຤ޑޣ

ೕ຤ӝऊǵԏ੻ϩ٦ӝۓڰǴ٠ЪԵቾόӕӝऊᜪࠠȐۓ،܌ኧڄҗሡ؃߾Յف

ऊȑаϷӚঁճ্ᜢ߯Γ۶Ԝϐ໔ϕ࣬ቹៜޑᜢٰ߯௖૸ӧᖻֽύ܌ԖفՅޑന

፾،฼ࣁՖǶӧҁࣴزύ׆ఈૈֹԋаΠҞޑǺ

�� य़ځܭճዎኳࠠǴ٠Ъޑय़ჹ܌ޣٮᄬόӕӝऊᜪࠠΠѳѠ୘аϷ୍ܺගࡌ

ჹޑሡڄ؃ኧύԵቾ੃຤ޣჹሽ਱ޑ௵གࡋǵჹѳѠ୘аϷ୍ܺගࠔޣٮ፦

ࡋག௵ޑ

�� ೸ၸ 6WDFNHOEHUJ JDPHޑБԄ؃ှѳѠ୘аճዎཱུεϯ߻ࣁගϐΠᆶ୍ܺග

፦ࠔғрϐ֡ᑽ୍ܺሽ਱ᆶ़܌ᛝुϐന፾ӝऊаϷ܌ޣٮ

�� ӧόӕӝऊϐΠǴଞჹኳࠠύѳѠ୘ᆶ୍ܺග܌ޣٮय़ჹϐӚ໨ୖኧ຾Չ௵

གࡋϩ݋Ǵᢀჸӧόӕୖኧ೛ۓΠჹന٫،฼ޑቹៜ

�� ೸ၸКၨቷ୘ӧόӕӝऊаϷόӕୖኧΠޑ،฼Ǵගٮჹჴ୍ࣚڀԖཀကϐ

ᆅ౛ཀ఼ᆶࡌ᝼

��� ಝ௵ైྦ

ᆕᢀӃ܌߻ॊϐࣴز୏ᐒаҞޑǴҁፕЎࣴࢬزำӵΠǺ

�� ཛྷ໣ѳѠ࿶ᔮ࣬ᜢፕЎ຾ՉࣴزǴΑှᏢೌ΢ӵՖ૸ፕԜᅿ᝼ᚒǴ٠Ъ੝ձ

๱ᏀܭӝऊКၨϐ೽ϩǴаԜࡌҥࣴز୷ᘵǶ

�� ฼ኳ،ޑೕ຤ӝऊΠۓڰࢂ܈ӧय़ჹԏ੻ϩ٦ӝऊޣٮᄬѳѠ୘ᆶ୍ܺගࡌ

ࠠǴ٠ЪયΕ੃຤ޣჹޑ୍ܺܭሡڄ؃ኧǴԶѳѠ୘ᆶ୍ܺගޣٮஒӧԜᕉ
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ნΠཱུεϯԾޑيճዎǶԶࣁΑᙁϯ૸ፕǴҁࣴزଷ೛ԜѳѠࣁ΋ঁᐱ՞ޑ

ᚈᜐѳѠǴ٠Ъа 6WDFNHOEHUJ JDPHޑБԄٰ຾Չϩ؃ှ݋Ƕ

�� ଞჹόӕኳࠠύޑӚᅿୖኧ຾Չፓ᏾ٰ଺௵གࡋϩ݋ǴᙖԜϩځ݋ჹѳѠ୘

ᆶ୍ܺගޣٮճዎޑቹៜǴᙖԜЇрᆅ౛ཀ఼٠ගٮჴ୍ࡌ᝼Ƕ

კ ���� ᏾౛زᄬǴҁࣴࢎزࣴ

��� ӛైྦܧ

ҁፕЎஒϩԋϖঁക࿯Ǵӵკ زࣴޑᆣፕǴᇥܴҁፕЎࣁҢǶಃ΋ക܌���

ङඳᆶࣴز୏ᐒǴ٠೛ۓҁࣴࢎޑزᄬǶಃΒകࣁЎ᝘ӣ៝Ǵࣴزᆶ௖૸ၸѐ࣬

ᜢϐЎ᝘ǴவύΑှډၸ۳ᏢࣚࢂӵՖ૸ፕ࣬ᜢ᝼ᚒǶಃΟകࣁኳࠠ೛ीǴஒᇥ

ܴҁፕЎӵՖ೛ۓѳѠ୘ǵ୍ܺගޑޣٮϕ୏ᜢ߯ǵኳࠠଷ೛฻Ǵ٠Ъࡌᄬж߄

੃຤ޑޣሡڄ؃ኧǶಃѤകࣁኧॶϩ݋Ǵ೸ၸኧॶϩ݋БݤଞჹҁЎኳࠠ؃ှǴ

٠Ъӆа௵གࡋϩޑ݋БԄှ؂ঁୖ݋ኧᡂϯჹܭѳѠ୘аϷ୍ܺගޣٮճዎޑ

ቹៜǴ٠૸ፕୖኧᡂϯჹѳѠ୘аϷ୍ܺගޣٮՉࣁԖՖቹៜǶനࡕǴಃϖകࣁ

่ፕᆶࡌ᝼Ǵ೸ၸҁࣴزϐ่ፕගрᆅ౛ཀ఼ᆶ่ፕǴёբࣁჴ୍ࣚ࣬ޑᜢ،฼

ୖԵǶ
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კ ���� ፕЎࢎᄬǴҁࣴز᏾౛
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&KDSWHU � ӛၘҵ஑

��� ӌറߣح

ᒏѳѠǴਥᏵ܌ 5RFKHW DQG 7LUROH������ᆶ (LVHQPDQQ HW DO�������ۓޑကǴѳ

Ѡёࣁ΋ᅿ୍ܺቷ୘ࢂ܈ᐒᄬ٠வύೱ่Βᅿࢂ܈ӭᅿՉࣁΓ �DJHQWV�Ǵவύύϟ

ӚБٮޑሡҬܰǴӢԜΨёаஒѳѠຎࣁ΋ঁҬܰޜ໔ �PDUNHWSODFH�Ǵᡣٮ๏ޣ

�፤Б�ᆶሡޣ؃ �ວБ�ёаӧԜ຾ՉҬܰ >��@Ƕ

����� ৭पߣح

ѳѠਥᏵόӕޑҔ೼ёаϩࣁόӕޑᅿᜪǴਥᏵ %HOOHIODPPH DQG 3HLW]������

Ǻ೬ฯᡏѳѠࣁϩᜪǴεठ΢ёаϩޑ �+DUGZDUH�VRIWZDUH V\VWHPV�ǵଛჹѳѠ

�0DWFKPDNHUV�ǵҬܰѳѠ �([FKDQJHV�ǵ3�3ѳѠ �3HHU�WR�SHHU PDUNHWSODFHV�ǵ൞ᡏ

ু኷ѳѠ �0HGLD DQG HQWHUWDLQPHQW SODWIRUPV�ǵЍбѳѠ฻ �3D\PHQW V\VWHPV�Ǵ၁

ಒᇥܴஒ߄ܭ ���ύඔॊǶќѦǴ(YDQV DQG *DZHU������ޑൔ֋ύΨஒѳѠ٩ྣф

ΠӈѤεࠠᄊࣁόӕϩޑ܄ૈ �W\SRORJ\�ǺҬܰѳѠ �7UDQVDFWLRQ SODWIRUPV�ǵബཥ

ѳѠ �,QQRYDWLRQ SODWIRUPV�ǵ᏾ӝѳѠ �,QWHJUDWHG SODWIRUPV�ᆶ׫ၗѳѠ �,QYHVWPHQW

SODWIRUPV�Ƕ

߄ ���� ѳѠᜪࠠǴ%HOOHIODPPH DQG 3HLW] ������
ѳѠᅿᜪ ᇥܴ ጄٯ
೬ฯᡏѳѠ ٬ำԄ໒วૈޣᆶಖᆄ٬ҔܭޣѳѠ΢Ҭܰᆶϕ୏ $QGURLGǵ3OD\6WDWLRQǵ/LQX[
ଛჹѳѠ ٬ѳѠ΢όӕဂᡏ໔ૈֹԋ҅ዴޑȨଛჹȩ٠຾Չϕ୏ 7LQGHUǵ���ΓΚሌՉ
ҬܰѳѠ ԋҬܰߦշȨ፤ৎȩᆶȨວৎȩ຾Չሽ਱ଛჹ٠ڐ %RRNLQJǵ7DREDRǵ$PD]RQ
3�3ҬܰѳѠ ޣ຾٬Ҕߦ �SHHUV�໔ޑҬܰǴӅ٦۶ԜၗྍǴёаຎࣁ $LUEQEǵ*UDEǵ8EHU

ଛჹѳѠᆶҬܰѳѠޑ΋ᅿ੝ٯ
൞ᡏু኷ѳѠ ٬ϣ৒ගܭૈޣٮѳѠ΢ගٮബբϣ৒๏᎙᠋ޣ 7LN7RNǵ<RX7XEH
ҬܰѳѠ ගٮວ፤ᚈБ΋ᅿҬܰޑБԄߦ຾Ҭֹܰޑԋ $SSOH 3D\ǵ0DVWHUFDUGǵ$OL3D\
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კ ���� ᆛၡύ໔୘ޑ୷ҁࢎᄬǴ6DUNDU HW DO�������

����� ྦైߣح

Զ҅ӵ߻ॊǴѳѠ٩Ᏽೱ่ޑᜢ߯ΓኧໆޑόӕΨёаϩԋᚈᜐѳѠ �WZR�

VLGHG SODWIRUP�аϷӭᜐѳѠ �PXOWL�VLGHG SODWIRUP�ǶԶᆛၡѳѠ೭ঁཷځۺჴёа

வ 6DUNDU HW DO�����ᆛሞύ໔୘ޑډග܌ύزࣴޑ�� �F\EHUPHGLDU\�ѐ଺ۯ՜ǴԜ

ጇᇡࣁᒿ๱ѦхفՅຫٰຫख़ाǴࣁΑ෧ϿҬܰԋҁǴᆛၡύ໔୘ૈڗளޑᐒ཮

Ψ཮ຫεǴԜࣴزගٮΑ΋ঁࡐᙁൂޑኳࠠǴӵკ ޣύඔॊΑғౢځҢǴ܌���

�SURGXFHU�ǵ੃຤ޣ �FRQVXPHU�ᆶύ໔ޣ �LQWHUPHGLDU\�ޔޑௗᆶύϟᜢ߯ǴԶ೭ኬ

΋ঁ୷ᘵǴӵޑᚈᜐѳѠزࣴࢂᄬΨࢎޑ 5RFKHW DQG 7LUROH������ቚуΑѳѠӛځ

дୖᆶޣԏ຤ޑ೽ϩࢂ܈ӵ +DJLX������ஒԜࢎᄬᆶ໺಍୘۫຾ՉჹКǶԿܭӭ

ᜐѳѠ �PXOWL�VLGHG SODWIRUP�ǴਥᏵ +DJLX DQG :ULJKW������ۓޑကࣁǺȨ΋ঁ೸ၸ

ೱ่܈ঁٿӭঁόӕᜢ߯࠼ဂٰബ೷ሽॶޑಔᙃǶȩ܌аᚈᜐѳѠځჴΨёаᇥࢂ

ӭᜐѳᆵޑ΋ᅿ੝ٯǴ)LVKHU�����ࢎ׎კޑ΋ঁᙁൂޑΑӭᜐѳᆵٮЎ᝘ύගޑ�

ᄬǴ߄౜рӭᜐѳᆵૈ୼ೱ่όӕဂޑວБᆶ፤БǴԶߚѝԖൂપঁٿဂᡏǴԶ

όӕޑວБϐ໔ࢂ܈፤Бϐ໔Ψૈ୼೸ၸѳѠ຾Չϕ୏ �კ ����Ƕ

��� ہϡዊહ԰Ԏߣح

ᜢܭѳѠᝡޑݾЎകёᇥ࣬ࢂ྽ᙦ൤ǴԶӧගډᆛၡѳѠᝡݾਔǴᆛၡਏ

ᔈ �QHWZRUN HIIHFW� ܄ᒏᆛၡѦ೽܌ࢂ܈ �QHWZRUN H[WHUQDOLW\� ΋ۓ཮ࢂЎ᝘ύ܌
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კ ���� ӭᜐѳᆵޑ୷ҁࢎᄬǴ)LVKHU������

ගޑډ೽ϩǴ܌ᒏᆛၡਏᔈջࣁѳѠύҔЊޑቚуჹܭѳѠሽॶቚуޑਏ݀Ǵ

ਥᏵ %HOOHIODPPH DQG 3HLW]������ޑਜύ܌ॊǴਥᏵᆛၡਏᔈբҔޑჹᡏဂඹό

ӕǴёаӆϩࣁಔϣᆛၡਏᔈ �ZLWKLQ�JURXS QHWZRUN HIIHFWV�аϷаϷၠಔᆛၡਏ

ᔈ �FURVV�JURXS QHWZRUN HIIHFWV�Ƕ&DLOODXG DQG -XOOLHQ������ࣴزΑ໔ௗᆛၡѦ೽܄

ჹଛჹѳѠޑόֹӄᝡݾǴԶӢࣁҔЊёаӧόӕѳѠύ଺ᒧ᏷Ǵࡺр౜Αӭ

ख़֡ᑽ่݀ޑǴԶ΋ঁԖਏ౗֡ޑᑽѱ൑่ᄬ཮аᐱ՞܈ჲэӸӧǶќѦǴӵ

5RFKHW DQG 7LUROH������ޑ࿶زࣴڂவ΋ঁᐱ՞ѳѠኳࠠբࣁ୷ᘵ໒ۈǴӆЇΕό

ӕѳѠޑᝡݾǴ௖૸੃຤ޣჹѳѠޑӭᘜឦՉࣁ �PXOWL�KRPLQJ�аϷ٬Ҕ 5DPVH\

SULFLQJٰϩ݋ᐱ՞ቷ୘ޑՉࣁǴว౜όѝ۸၈ࡋଯޑວБ཮Ԗճܭ፤БǴΨᡉ

ҢрວБޑӭᘜឦՉࣁ཮Ԗշܭ፤Бፓ᏾ሽ਱่ᄬ٬ϐჹ׳ځуԖճǶӕኬӦǴ

$UPVWURQJ������Ψࢂவ΋ঁᐱ՞ኳࠠрว٠૸ፕൂ΋ᘜឦՉࣁ �VLQJOH�KRPRQJ�ޑ

ᝡݾаϷ܌ᒏȨᝡݾ౟ᓍ �FRPSHWLWLYH ERWWOHQHFNV�ȩǴӧԜኳࠠύǴऩࢌ΋௼ဂޑ

ቸ܄୼ଯǴ߾ѳѠ୘཮ЬाӛѳѠޑќѦ΋Бԏڗ຤Ҕٰံຠቸ܄ଯޑ௼ဂǶӧ

ჴ᛾ϩ݋΢Ǵ5\VPDQ������ࡰр࡭Ԗӭ஭ߞԖьޑ੃຤ޣǴ໼ӛ٬Ҕځύ΋஭Ծ

ρၨୃࣁӳޑьТǴΨ൩ࢂӸӧൂ΋ᘜឦՉࣁǶќѦǴ+RJHQGRUQ DQG <XHQ������

ϩ٤ٗ݋ӸԖѸाӸӧޑԋϩ �´PXVW�KDYH´ FRPSRQHQWV�ޑѳѠ໔ޑᝡݾǴόѝ૸

ፕѳѠǴΨયΕග٤ٗٮගٮѸाԋϩٮޑᔈ୘຾Չ૸ፕǴว౜ӧᛝ࿿ᐱৎӝऊ

୘Ψ཮ӧ໔ௗᆛၡਏٮᕇճǴԶԋϩගکᎍ୧ǵሽ਱ޑΠǴѳѠૈԖၨଯݩ௃ޑ

݀ၨեਔགྷᒧ᏷ၟѳѠᛝ࿿ᐱৎӝऊǶԶ +DJLX�����வᐱ՞ѳѠࢂΨӕኬزࣴ�

բࣁଆᗺ໒زࣴۈᚈᜐѳѠύౢࠔӭኬ܄ჹሽ਱ᆶᝡޑݾቹៜǴᡉҢ྽੃຤ޣ

ୃӳౢࠔӭኬ܄ਔǴᐱ՞ѳѠёаவғౢޣБᕇڗၨεճዎǴΨ௢Ꮴр྽ѳѠ
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੃຤ୃޣӳౢࠔӭኬ܄ਔǴऩჹວБ௦ڗఠሽ฼ౣǴ཮Ꮴठ፤Бᙯ౽Կځдᝡ

ೕኳ࿶ޑࣁӭᘜឦՉࣁᆀϐޣሽ਱ǴբޑၨଯڗჹວБ઩ࣁѳѠǴӢԜ֡ᑽݾ

ᔮ �HFRQRPLHV RI VFDOH LQ PXOWL�KRPLQJ�Ƕ5RJHU DQG 9DVFRQFHORV������߾ӧᐱ՞ᚈᜐ

ѳѠࢎޑᄬ૸ፕѳѠύ΋Бٿ܈Бޑၰቺ॥ᓀǴࣴزᡉҢԏڗҬܰ຤ �WUDQVDFWLRQ

IHH�ёа෧጗ՠคߔݤЗၰቺ॥ᓀޑวғǴऩԏڗຏн຤ �UHJLVWUDWLRQ IHH�߾ၨૈ

ᕇճǶޑԶᗉ௞ၰቺ॥ᓀǴ຾ԶගϲѳѠޣᆶୖޑӳؼډפ

��� ܘϡՎ࣓؝԰൰ߣح

ӧၸ۳زࣴޑύǴѳѠᝡࢂ܈ݾѳѠۓޑሽ૸ፕନΑሽ਱ϐѦǴΨӣ૸ፕډ

੃຤܌ࣁ೽ϩǴಃ΋೽ϩٿࣁ፦ΞёаϩࠔǴقԶޣ੃຤ޑ፦ǴԶჹѳѠࠔᒏ܌

ϐౢࠔޑ୍ܺ܈ࠔ፦ǴԶಃΒ೽ϩࣁ߾ѳѠҁيගࠔ୍ܺޑٮ፦Ƕ$YLQDGDY HW DO�

������ӧࣴزύஒ੃຤ޑޣሡڄ؃ኧ೛ࣁۓȨѳѠࠔ፦ǵ୍ܺࠔ፦Ϸሽ਱ȩڄޑ

ኧǴԶѳѠ୘ᆶ୍ܺගޣٮाϩձ،ۓӚԾࠔޑ፦аϷሽ਱ǶӧԜࣴزύǴϩձ

૸ፕΑࠟޔ᏾ӝǵϩዎӝऊǵѳѠന፾ӝऊ �ӧᕇளى୼ၗૻΠǴѳѠૈᕇڗനε

ճዎϐӝऊ�Ǵ೭൳ᅿόӕӝऊϐΠǴঁٿቷ୘ޑϕ୏ᜢ߯ᆶ،฼ǴӕਔҭԵቾډ

ᚈБၗૻόჹᆀϐ௃׎ǴޔᢀԶقǴѳѠ୘ᆶ୍ܺගޣٮӧֹӄࠟޔ᏾ӝϐΠǴ

᏾చٮᔈ᜘ᕇளനεޑᕴճዎǶऩޣٿϩձբ᝺ளঃऩؒԖ፾྽ޑᇨӢ่ᄬǴӧ

΋૓ܜޑԋӝऊύǴ୍ܺගޣٮ཮٩ᒘѳѠ୘܌ගࠔޑٮ፦Ǵऩࠔ፦ό୼ଯǴ߾

཮ଏрѳѠǴؒԖӝբޑਏ݀Ƕ೸ၸന፾ӝऊۓुޑǴӧΠෞቷ୘ᜫཀගٮ೽ϩ

ၗૻޑ௃ݩϐΠǴᚈБࣣԖёૈගଯനಖޑճዎǶќѦǴ=KDQJ HW DO�������Ψ௖

૸ΑόӕӝऊϐΠౢࠔࠔ፦ჹѳѠޑቹៜǴ཮ܭΠ΋λ࿯ံкᇥܴǶ

��� तغϡ؏ৗߣح

ӧѳѠ΢ǴӚБޑ៾ճက୍ᜢ߯аϷၯᔍೕ߾൩ࢂѳѠޑӝऊǴԶӝऊύ

നख़ाޑ೽ϩΨ൩ࢂѳѠӵՖӛȨ٬Ҕޣȩ઩ڗ຤ҔǴԶѳѠ၀ӵՖ೛ीᆶӚ

Бޑӝऊࢂ܈বᅿӝऊჹѳѠၨԖճ൩ঁࢂཀကୢޑᚒǶӵ &DFKRQ HW DO�������

а 8EHU ӝऊޑჹѳѠന፾ࢂሽۓሡᚈБ຾Չ୏ᄊٮᇥܴӕਔჹٰٯᄬᖐࢎޑ

٠ᆶځдӝऊᜪࠠ࣬ϕКၨǴϩձࣁǺȨۓڰೕ຤ӝऊ �IL[HG FRQWUDFW�ǵ୏ᄊπ

ၗӝऊ �G\QDPLF ZDJH FRQWUDFW�ǵ୏ᄊሽ਱ӝऊ �G\QDPLF SULFH FRQWUDFW�ǵܜաӝऊ

�FRPPLVVLRQ FRQWUDFW�کന፾ӝऊ �RSWLPDO FRQWUDFW�ȩǴࣴزΨᡉҢନΑന፾ӝऊϐ
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ѦǴۓڰೕ຤ӝऊࢂനૈௗ߈ന፾ӝऊޑ΋ᅿӝऊᜪࠠǶ=KDQJ HW DO�������Кၨ

ѳѠБӧٿᅿதޑـӝऊ �ԏ੻ϩ٦ӝऊ �UHYHQXH VKDULQJ FRQWUDFW�ǵۓڰೕ຤ӝऊ

�IL[HG IHH FRQWUDFW��ύޑᒧ᏷аϷғౢޣӵՖ،ࠔࠔౢۓ፦Ǵࣴزว౜྽ౢࠔࠔ፦

೏Ѧғ๏ۓǴѳѠ཮ᒧ᏷٬Ҕԏ੻ϩ٦ӝऊǴԶᡣғౢޣԾՉ،ࠔۓ፦ਔǴۓڰ

ೕ຤ӝऊԖёૈ཮ޑ٫׳ࢂБਢǶ;X HW DO�������زࣴ߾ӧගٮғᗲ१ޑࠔѳѠǴ

௦ڗჹջஒډයޑғᗲ१ࠔ຾Չफ़ሽ฼ౣਔǴғᗲౢٮࠔᔈ୘၀ᒧ᏷႟୧ሽ਱ӝ

ऊ �ZKROHVDOH SULFH FRQWUDFW�ࢂ܈ԏ੻ϩ٦ӝऊ �UHYHQXH VKDULQJ FRQWUDFW�Ǵว౜ԏ੻

ϩ٦ӝऊόፕӧՖᅿ௃ݩΠࣣჹٮᔈ୘ԖၨӳޑቹៜǴԶೡ୧ܰ׳ᆭޑ१ࠔёа

ჹ੃຤ޣ઩ڗၨଯߎޑᚐǴ຾΋؁ගϲѳѠޑճዎǶ

��� עо႒Ӄࡱڬ

ӧᖻֽ౛ፕϐЎ᝘ύǴऩคݤ໩ճ؃р࠾ഈှ �FORVHG�IRUP VROXWLRQ�Ǵ߾཮ሡ

ाһᒘኧॶϩ݋Бݤჹኳࠠ຾Չၳ߈ǴԶҗ 3RZHOO����ኧॶБޑว৖рٰ܌@��<��

ݤ &RQVWUDLQHG 2SWLPL]DWLRQ %\ /LQHDU $SSUR[LPDWLRQ ीޑـ΋ঁதࢂߡ�$/>2%&�

ᆉБݤǶ೭ࢂ΋ঁ٬ߚҔఊࡋΠफ़ޑीᆉБݤǴ೸ၸॏжޑБԄᕇளᜪ՟ఊࡋΠ

फ़ޑ΋ঁၳ߈Ƕ&2%</$೸ၸ nᆢ٠Ъࢂ n+1ঁᗺϐൂݤ׎ �VLPSOH[ PHWKRG�຾

Չၳޑ߈΋ঁന٫ϯБݤǶԶ 7DQ HW DO�������>��@ύΨКၨ ጕߚдځک$/>2%&

дځܭਏૈǴ&2%</$࣬ჹޑᚒϷԋҁཱུλϯୢᚒୢ܄ӧ؃ှጕݤന٫ϯᄽᆉ܄

ᄽᆉݤǴࣣᛙۓԖ࣬ჹӳ่݀߈ၳޑǴЀځ྽ᡂኧኧໆόӭϐਔǶԶၸѐޑᖻֽ

Ў᝘Ǵӵ 3HUU\������܌᏾౛рٰޑᖻֽኳࠠीᆉБݤǴࢂ܈ 3HUU\������ଞჹࠄ

ύ୯ੇᅕ៾ݾ᝼زࣴޑаϷ &KDW]LJLDQQLV HW DO�������ჹуஏ೤ჾࡩ᝜฼ౣزࣴޑǴ

ࣣԖ٬ҔԜБݤჹኳࠠ຾Չ؃ှǶ

��� б؀

ၸѐӧѳѠޑᖻֽࣴزύǴεठ೿཮வѱ൑่ᄬ໒ٰۈ૸ፕሽ਱ǵࠔ፦฻Ǵ

ӆ٩ᏵࣴزЬᚒޑόӕ຾Չঅ҅Ǵҁࣴ׆زఈӧᚈᜐᐱ՞ѳѠࢎޑᄬΠ௖૸ቷ୘

฻Ǵ٠ЪуΕჹѱ൑ወΚۓ،፦ࠔаϷࡋڋሽ਱،฼ǵӝऊޑ �PDUNHW SRWHQWLDO�

߄ـКၨёޑдЬाЎ᝘ځǴᆶز຾Չࣴۓ೛ޑ ���Ƕ

�

http://dx.doi.org/10.6342/NTU202301988


GRL���������178���������

߄ ���� ӚЎ᝘ࣴزЬᚒКၨǴҁࣴز᏾౛

ಝ௵ڂ؅
Ў᝘ ᐱ՞܈ᝡݾ ғౢࠔޣ፦ ѳѠࠔ፦ ӝऊКၨ ѱ൑ወΚ
&DFKRQ HW DO������� ᐱ՞ ค ค Ԗ ค
=KDQJ HW DO������� ࣣԖ Ԗ ค Ԗ ค
$YLQDGDY HW DO������� ࣣԖ Ԗ Ԗ ค ค
ҁࣴز ᐱ՞ Ԗ Ԗ Ԗ Ԗ

��
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&KDSWHU � આपࠥڌ

ҁࣴز๱౳ܭόӕࠨऊࢎᄬΠǴѳѠ୘ǵ୍ܺගޣٮаϷ੃຤ޣϐ໔ޑ،฼

ᜢ߯Ƕҁኳࠠࢎޑᄬࣁ΋ঁ 6WDFNHOEHUJ JDPH ـ� ������ǴӧѦғ๏ޑۓӝऊᕉნа

Ϸԋҁ่ᄬϐΠǴѳѠ୘ǵ୍ܺගࣣޣٮा଺рཱུεϯӚԾճ੻ޑന٫،฼Ƕ

��� આपࠥԎ԰ࠥࡈ

ҁᖻֽࣁ΋ঁ຾Չ΋යޑ 6WDFNHOEHUJ JDPHǴӧԜᖻֽύԖΒঁވৎ཮຾Չ،

฼ǴϩձࣁѳѠ୘аϷ୍ܺගޣٮǴԿܭ੃຤תޣᄽϐفՅǴҁኳࠠஒаሡڄ؃

ኧޑБԄѐڅฝǶҁ࿯ஒӃଞჹᖻֽኳࠠύ཮٬Ҕޑډ಄ဦ຾ՉۓကǴаុࡕߡ

ள௢Ꮴᆶ૸ፕǶ

ҁᖻֽኳࠠஒ٩ྣΠӈ໩ׇ຾ՉǺ

�� Ѧғ๏ۓӝऊᜪࠠǴϩձࣁǺԏ੻ϩ٦ӝऊǵۓڰೕ຤ӝऊ

�� ѳѠ୘،ۓӝऊϣ৒ǴаϷѳѠ୍ܺࠔ፦

�� ୍ܺගۓ،ޣٮሽ਱аϷ୍ܺࠔ፦

�� ੃຤ޣਥᏵሽ਱ᆶࠔ፦،୍ܺۓሡ؃ໆ

�� ѳѠ୘٩ྣӝऊϣ৒ᆶ୍ܺගޣٮϩଛᔼԏ

����� 6WDFNHOEHUJ JDPHҮࡼถ

ӧቷ୘౛ፕύǴԖਔ཮ၶډᝡݾቷ୘ӧѱ൑΢ϐၗૻࢂόჹ฻ޑǴࢌࢂ܈΋

ঁቷ୘཮ਥᏵќѦ΋ঁቷ୘ޑ،฼Զܭϐࡕω଺،ۓǴ೭ᜪୢޑᚒӧࣴزύ೯த

��
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೿཮೏ඔॊԋ܌ᒏ 6WDFNHOEHUJ JDPHୢޑᚒٰѐϩ݋Ƕ6WDFNHOEHUJ JDPHࢂҗቺ୯

࿶ᔮᏢৎථ༣լᅟن਱ܭΒΜШइ ��ԃжѰѓගрǴЬाёаϩވঁٿࣁৎǴ΋

ޣሦᏤࣁ �OHDGHU�Ǵќ΋Бၟࣁ߾ᒿޣ �IROORZHU�Ǵӧ೭ঁᖻֽύǴၟᒿޣ཮ਥᏵ

ሦᏤޑȨӃȩ଺рۓ،ޑωȨࡕȩ଺рԾρޑ،฼Ƕӧҁࣴز๱ᖻֽύǴѳѠ୘

ջࣁѱ൑ύޑሦᏤޣǴԶ୍ܺගၟࣁ܌ࣁ߾ޣٮᒿޣǴ཮ਥᏵѳѠ୘܌๏рޑచ

ҹԶࡕ଺рჹдԾيനԖճޑ،฼Ƕ

����� આपࠥࡈ

ΑૈܴዴКၨόӕӝऊࣁ �ԏ੻ϩ٦ӝऊǵۓڰೕ຤ӝऊ�ࡋڋΠǴ཮ӵՖቹ

ៜѳѠ୘ǵ୍ܺගޣٮаϷ੃຤ޑޣ،฼Ǵ؃ࣁኳࠠᙁϯԶ଺рΠӈଷ೛Ǻ

�� ೭ࢂ΋ঁ΋යኳࠠ

�� ኳࠠύၗૻӄ೿Ϧ໒೸ܴ

�� ғౢޣගٮӕ፦ౢࠔǴ٠ЪΨଷ೛੃຤ࣁޣӕ፦

�� ѳѠ୘ॄೢۓڋӝऊ

�� ჹ੃຤ٰޣᇥǴሡ؃ໆᆶሽ਱کѳѠ୘ᆶ୍ܺගޣٮϐࠔ፦Ԗᜢ

�� ኳࠠज़୍ܺڋගޣٮѸ໪ԿϿԖȨॄߚȩޑճዎǴցځ߾ό཮຾Εѱ൑

�� ੃຤ޣሡ؃җሡڄ؃ኧ،ۓǴЪቷ୘Ѹૈᅈى੃຤ޑޣሡ؃ǴΨ൩ࢂቷ୘٠

คౢૈज़ڋ

�� зғౢԋҁࣁ΋ঁதኧǴԶ؃ࣁኳࠠᙁϯǴࡺҁࣴزஒϐଷ೛ԋ �

����� ϡई֢࣓ߣح

ӧԜኳࠠύǴ၀ѳѠ୘ࣁ΋ঁᐱ՞ѳѠǴѱ൑ύѝԖ೭΋ঁѳѠёٮҬܰǴ

ॄೢೱ୍่ܺගޣٮаϷ੃຤ޣሡ؃Ƕ೭Ψ಄ӝ౜ჴύ੃຤ޣதԖൂ΋ᘜឦՉ

ࣁ �VLQJOH�KRPRQJ�ޑՉࣁǴΨ಄ӝᆛၡѦ೽ޑ܄౛ፕǴऩ΋ঁѳѠ٬Ҕޣຫӭޑ

၉Ǵځ཮ڀ׳ᝡݾΚǴനࡕΨёૈᏤठᐱ՞่݀ޑǶܭኳࠠύǴҁࣴزଷ೛ѳ

Ѡ୘ૈۓ،߻٣ҁԛᖻֽाᛝुՖᅿӝऊ �ԏ੻ϩ٦ӝऊǵۓڰೕ຤ӝऊ�ǴаϷ

��
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ӝऊᛝुޑϣ৒Ǵӵԏ੻ϩ٦ӝऊύܜޑԋКٯаϷۓڰೕ຤ӝऊύޑѳѠ٬

Ҕೕ຤ �SODWIRUP IHH�ǴΨӢԜёаᇥѳѠ୘࣬ჹ୍ܺܭගޣٮԖၨεޑ᝼ሽૈΚ

�EDUJDLQLQJ SRZHU�ǴΨёаᇥࢂᖻֽύޑሦᏤޣ �OHDGHU�ǶԶѳѠ୘ନΑा،ۓӝ

ऊޑೕ߾ϐѦǴΨा،ۓԾࠔ୍ܺޑي፦Ǵҁࣴزύ೛ۓຫଯࠔ୍ܺޑ፦཮஥ٰ

ຫଯޑԏ੻ǴՠӕਔԋҁΨ཮ᒿϐ΢ϲǶ

����� ൰ۗϡई֢ۄࢲش

୍ܺගޣٮӧኳࠠύॄೢᅈى੃຤ޣሡ؃Ǵ٠Ъሡा೸ၸѳѠωૈௗ᝻ډ੃

຤ޣǴԶ୍ܺගޣٮ཮ޕၰѳѠ໒рࢂޑՖᅿӝऊǴฅ୍ܺۓ،ࡕගٮሽ਱аϷ

፦ǶӧԜࠔޑ୍ܺۓ، 6WDFNHOEHUJ JDPHޑኳࠠ೛ۓύǴ୍ܺගࢂޣٮ΋ঁၟᒿޣ

�IROORZHU�ǴѝૈਥᏵѳѠ୘аϷѱ൑܌ගޑٮӝऊаϷሡڄ؃ኧ຾Չ،฼Ƕ

����� ϡई֢ۗۏݯ

ҁࣴܭزኳࠠύଷ೛ѱ൑ύԖ΋ဂӕ፦ޑ੃຤ޣǴЪ཮ਥᏵሡڄ؃ኧܭѳѠ

΢຾Չᖼວ،฼ǴନΑ୍ܺሽ਱ϐѦǴӕਔΨ཮ӧཀѳѠ୘܌ගޑٮѳѠࠔ፦Ǵ

аϷ୍ܺගࠔ୍ܺޑޣٮ፦ǶନԜϐѦǴҁࣴزΨ೛ۓѱ൑Ԗ΋ঁወӧޑᕴሡ؃

ໆǴԜջ੃຤ૈޣᖼວޑᕴໆ΢ज़ǹӕਔΨଷ೛੃຤ޑޣሡ؃ࣣૈ୼೏ᅈىǴΨ

൩ࢂᇥቷ୘٠ؒԖౢૈ΢ज़Ƕ

��� ᐥڦԎ৤

ӧҁࣴزϐኳࠠύǴᆶѳѠ୘࣬ᜢޑᡂኧஒаΠ኱ l߄ҢǴԶᆶ୍ܺගޣٮ

࣬ᜢϐᡂኧ߾аΠ኱ p߄ҢǴӢԜǴҁ࿯ΠБ಄ဦϐΠ኱ i ∈ {l, p}Ƕ

�� ኳࠠѦғୖኧ �H[RJHQRXV SDUDPHWHUV�

� SǺወӧѱ൑ᕴሡ؃ໆ

� βǺ੃຤ޣሡޑ؃ሽ਱௵གࡋ

� γǺ੃຤ޣჹѳѠ୘୍ܺࠔ፦ޑ௵གࡋ

� λǺ੃຤ޣჹ୍ܺගࠔ୍ܺޣٮ፦ޑ௵གࡋ

��
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� αiǺቷ୘ගࠔ୍ܺٮ፦ޑਏ౗܄

�� ኳࠠ،฼ᡂኧ �GHFLVLRQ YDULDEOHV�

� pǺ୍ܺගޣٮӛ੃຤܌ޣ઩ڗϐ୍ܺሽ਱

� wǺѳѠ୘܌ԏڗϐԏ੻ϩ٦Кٯ

� fǺ୍ܺගޣٮЍб๏ѳѠ୘ߎۓڰޑᚐೕ຤

� qiǺቷ୘܌ගٮϐ୍ܺࠔ፦

�� дϣғᡂኧځ �RWKHU HQGRJHQRXV YDULDEOHV�

� πiǺቷ୘ᕇளϐճዎ

� RlǺѳѠ୘Ծ੃຤ޣБᕇڗϐԏ੻

� RpǺ୍ܺගޣٮਥᏵӝऊᕇڗϐԏ੻

� ciǺቷ୘ග܌୍ܺٮय़ჹϐԋҁ

� DǺჹ୍ܺޑᕴሡ؃ໆ

��� ٧٩᫸ڬ

ҁࣴزᆶӃ߻ &DFKRQ HW DO�������ǵ;LDR HW DO�������ǵ+X������฻Ў᝘ჹሡ؃

ኧрวǴ٠ЪୖԵڄሡ؃ޑ܄ႜӕǴӕኬҗጕۓ೛ޑኧڄ 0LWUD������ჹሡڄ؃

ኧύወӧѱ൑ᕴሡ؃ໆޑ೛ۓǴӆԵቾ੃຤ޣჹܭѳѠ٬Ҕࠔ୍ܺک፦ޑा؃

�$YLQDGDY HW DO�������ǵ/L DQG ;LDR�������ǴࡌᄬΠӈሡڄ؃ኧǺ

D = S(1− βp+ γql + λqp) �������

ਥᏵԄ ������� ёаว౜Ԝሡڄ؃ኧҗٿ೽ϩ܌ᄬԋǴ΋ࢂѱ൑ޑወӧሡ؃ໆ

SǴ٠Ъ೛ۓ S > 0ǹќѦ΋೽ҽࢂ߾ඔॊ੃຤ޣჹܭሽ਱ǵѳѠࠔ፦ǵ୍ܺග

ࡺኧύς࿶ау෧ဦඔॊᡂኧ໔ϐᜢ߯ǴڄܭǴҗࡋགำ௵ޑ፦ࠔޣٮ pǵqlǵ

qp ኧ߯ޑ βǵγǵλࣣ೛҅ࣁۓኧǶନΑሽ਱Ψܴᡉ҅ࣁኧϐѦǴҁࣴز೛ࠔۓ

፦ޑᡂኧ qlǵqp ࣣεܭ฻ܭ �Ǵ߄Ңࠔ፦നৡ൩ࢂ �ǴԶѳѠ୘୍ܺࢂ܈ගٮ

ཀᜫޑ୍ܺ܈ࠔჹౢޣ፦ૈ୼ቚу੃຤ࠔቚуޣ �GHVLUH�>�@ ǶନԜϐѦǴࣁΑ

҅தӦඔॊ΋ঁሡڄ؃ኧǴሡा௓ڋሡ؃ໆॄߚࣁϐኧǴࡺҁࣴزΨӧԜा؃

1− βp+ γql + λqp ≥ 0Ƕ

��
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ӢԜǴҁࣴزा؃ӵΠ܌Ңϐज़ڋԄǺ

ql, qp ≥ 0 �������

1− βp+ γql + λqp ≥ 0 �������

��� њө᫸ڬ

ࣁՏ୍ܺԋҁൂޑޣٮѳѠ୘аϷ୍ܺගۓύஒ೛ز؃ᙁዅኳࠠǴӧҁࣴࣁ

�ǴԶӚԾޑԋҁ໨ clǵcp ѝکӚԾࠔޑ፦ qlǵqp ԖᜢǶԶ၈ӵӃ߻ $YLQDGDY HW

DO�������ǵ/L DQG ;LDR������ǵ=KDQJ HW DO�������ǵ'HVDL������฻ࣴزǴҁࣴزӕኬ

ԄǴ׎ΒԛԄޑ፦ࠔ୍ܺࣁကۓኧࣣڄԋҁޑޣٮኳࠠύஒѳѠ୘аϷ୍ܺගܭ

ϩձӵΠ܌ҢǺ

cl =
1

2
alq

2
l �������

cp =
1

2
apq

2
p �������

ύځ al, ap ڋǴЪሡज़܄ਏ౗ޑ፦ࠔٮҢΑ၀ቷ୘ග߄ al, ap > 0ǴԶԋҁڄኧύ

ޑ 1
2Ǵ໻ࣁࢂΑӧ༾ϩૈࡕᕇள΋ঁၨࣁᙁዅޑԄη܌଺ޑፓ᏾Ƕӵ߻य़λ࿯܌

ॊǴҁࣴزӕኬଷ೛ ql, qp ≥ 0Ǵόฅऩр౜ॄኧࠔޑ፦ǴନΑᜤаှញϐѦǴΨ

ाбрԋҁǴᡉฅࢂόӝத౛Ƕ

ௗ๱ǴஒԄ �������ᆶԄ �������ଞჹӚԾࠔޑ፦ᡂኧ຾Չ΋໘༾ϩǴёளǺ

∂cl
∂ql

= alql �������

∂cp
∂qp

= apqp �������

ԜջගϲൂՏࠔ፦܌ሡाޑᜐሞԋҁǴёа࣮р྽ al ܈ ap ཇଯਔǴቷ୘ࠔޑ፦

ᜐሞԋҁΨຫεǴԶኳࠠύΨ௓ڋ alǵap ౜ޑ፦ԋҁሀቚࠔǴᙖԜඔॊᜐሞ҅ࡡ

ຝǴԶࠔ୍ܺځ፦ᡂኧ qlǵqp Ψӕኬा೛҅ࣁۓኧ �ӵԄ ������Ǵаዴߥ΋໘చҹ

ૈԖ๱҅ዴ܄ޑ፦Ƕ

��
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��� ؏ৗ৭प

ҁࣴزϩձ௖૸ᛝुԏ੻ϩ٦ӝऊۓڰکೕ຤ӝऊਔǴѳѠ୘ǵ୍ܺගޣٮ

аϷ੃຤܌ޣ଺рޑՉࣁǴԶԜΒᅿӝऊᜪࠠΨܭჴ୍΢ၨத୺ՉǶӧԜ΋යޑ

ᖻֽኳࠠύǴ੃຤ޣਥᏵሽ਱ pаϷѳѠ୘୍ܺکගࠔޣٮ፦،ۓനಖޑሡ؃ໆ

DǴࡺനಖ܌ޑᕇளޑᕴᔼԏஒࢂ pDǶӕਔǴѳѠ୘ᆶ୍ܺග܌ޣٮᕇளϐᔼԏ

Ƕڋϣ৒ᆶϩዎᐒޑӝऊٿҁ࿯ௗុϟಏܭஒزೕጄǴҁࣴ܌җӝऊϣ৒ࢂࣣ

����� ؊๋оӐ؏ৗ

ԏ੻ϩ٦ӝऊ �UHYHQXH VKDULQJ FRQWUDFW�ࢂ΋ঁ࣬྽தޑـӝऊᜪࠠǴӝऊύ

཮ܴٮۓᔈ᜘ύفޑՅӚԾёаவ੃຤ޣჹౢ܌୍ܺ܈ࠔбрߎޑᚐύᕇளӭϿ

КٯǴӧҁኳࠠޑ೛ۓύǴջࣁѳѠ୘аϷ୍ܺගޣٮϐԏ੻ϩ٦Ƕٮᔈ᜘ޑᆅ

౛ૈޣ೸ၸᔼԏϩ٦ӝऊٰ᏾ӝ٠ගٮٮᔈ᜘ύӚفՅӝբޑᇨӢǴ຾Զཱུεϯ

@��<ϐ΋ǶݤБޑᔈ᜘ᆅ౛΢όਏ౗ٮ،ှࢂ᏾ᡏճዎǴΨޑᔈ᜘ٮ

ӧԏ੻ϩ٦ӝऊύǴѳѠ୘аϷ୍ܺගޑޣٮԏ੻ࣁǺ

Rl = wpD �������

Rp = (1− w)pD �������

ύځ w ∈ [0, 1]Ƕ

����� ཽԎஂۏ؏ৗ

ќ΋ঁதޑـѳѠ٬Ҕӝऊۓڰࣁೕ຤ӝऊ �IL[HG IHH FRQWUDFW�ǴԜᅿӝऊࣁ

ѳѠ୘ӧ΋ޑۓڰࢤය໔ӛ୍ܺගޣٮԏߎۓڰڗᚐϐ຤ҔǴԶԜ຤Ҕ٠ό཮Ӣ

གྷԋѳѠ٬Ҕ຤ǶځϐኧໆԶᡂ୏ǴΨёаஒ୍ܺ܈ࠔ୧рϐౢ܌ޣٮග୍ܺࣁ

ӧۓڰೕ຤ӝऊύǴѳѠ୘аϷ୍ܺගޑޣٮԏ੻ࣁǺ

Rl = f �������

Rp = pD − f �������

��
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ᡉӦǴfܴࡐ ≤ pDǴӢࣁѳѠ୘܌઩ޑڗ຤ҔόૈКᕴԏ੻ٰளӭǴց߾ѱ൑ό

ёૈԋҥǶ

��� ൰ۗઆपۄࢲش

୍ܺගޣٮӧҁኳࠠύஒ೸ၸѳѠග୍ܺٮ๏੃຤ޣǴ୍ܺගޕૈޣٮၰѱ

൑ሡ؃Ǵ٠Ъ຾ՉۓሽǹନԜϐѦǴ୍ܺගޣٮΨा،ۓԾ୍ܺޑيНྗǴ೸ၸ

ճيεϯԾཱུࣁ฼،ޑޣٮճዎǶӢԜǴ୍ܺගي፦ǴٰཱུεϯԾࠔሽ਱ᆶۓ،

ዎڄኧǴ٠๏߻ۓॊϐሡڄ؃ኧज़ڋԄаϷӝऊୖኧޑज़ڋԄǶ

ऩஒኳࠠ೛ࣁۓᛝुȨԏ੻ϩ٦ӝऊȩǴ୍ܺ߾ගޑޣٮ،฼཮ਥᏵΠӈճዎ

ኧǺڄ

PD[
p,qp

πp = Rp − cp = (1− w)pD − 1

2
apq

2
p

= (1− w)pS(1− βp+ γql + λqp)−
1

2
apq

2
p

V�W� p ≥ 0

qp ≥ 0

1− βp+ γql + λqp ≥ 0

�������

ऩஒኳࠠ೛ࣁۓᛝुȨۓڰೕ຤ӝऊȩǴ୍ܺ߾ගޑޣٮ،฼཮ਥᏵΠӈճዎ

ኧǺڄ

PD[
p,qp

πp = Rp − cp = (pD − f)− 1

2
apq

2
p

= pS(1− βp+ γql + λqp)− f − 1

2
apq

2
p

V�W� p ≥ 0

qp ≥ 0

1− βp+ γql + λqp ≥ 0

�������

ӧҞ኱ڄኧύёа࣮ځډ౐ੋډሡڄ؃ኧޑ೽ϩǴԶሡڄ؃ኧ܌ඔᛤޑሡ؃

ໆ༈Ѹளࢂ΋ঁεܭ฻ܭ ӧࡺ፦Ǵࠔޑۓ،܌ѳѠ୘ډ౐ੋځࣁኧǴՠΞӢޑ0

ಃ΋໘؃ှࢤਔ٠όமॐځॶԋҥǴΞѳѠ୘Ԗၨεޑѱ൑ΚໆǴځࡺёа೸ၸ

��
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ፓ᏾дۓޑሽаϷᔼၮ฼ౣٰቹៜ୍ܺගޣٮǴࡺҁᖻֽ཮ӧಃΒ໘؃ှࢤѳѠ

୘ޑന፾،฼ਔӆஒሡڄ؃ኧޑज़ڋԄયΕԵໆǶ

��� આप࣓ߣح

ӧҁࣴزύǴѳѠ୘Ԗ࣬ჹၨεޑፋղΚǴૈ٩ྣӝऊޑᅿᜪ،ۓӝऊϣ

৒ǴᙖԜཱུεϯԾޑيճዎǴԶ੃຤ޣ཮೸ၸѳѠ຾Չ୍ܺޑᖼວǴࡺѳѠҁي

ाᛝुՖޣٮჹ୍ܺගۓ،ᖼວሡ؃ǶӢԜǴѳѠ୘཮ޑޣ፦Ψ཮ቹៜ੃຤ࠔޑ

ᅿӝऊǴаϷჹ੃຤ޣ཮ගٮӭӳࠔ୍ܺޑ፦ǶନԜϐѦǴࣁΑዴ୍ܺߥගޣٮ

཮຾Εѱ൑ǴӧҁᖻֽύѸ໪ӧኳࠠύߥ᛾ πp ≥ 0Ƕ

ऩኳࠠ೛ࣁۓᛝुȨԏ੻ϩ٦ӝऊȩǴ߾ѳѠ୘ޑ،฼཮ਥᏵΠӈճዎڄኧǺ

PD[
w,ql

πl = Rl − cl = wpD − 1

2
alq

2
l

= wpS(1− βp+ γql + λqp)−
1

2
alq

2
l

V�W� 0 ≤ w ≤ 1

ql ≥ 0

1− βp+ γql + λqp ≥ 0

πp ≥ 0

�������

ऩኳࠠ೛ࣁۓᛝुȨۓڰೕ຤ӝऊȩǴ߾ѳѠ୘ޑ،฼཮ਥᏵΠӈճዎڄኧǺ

PD[
f,ql

πl = f − cl = f − 1

2
alq

2
l

V�W� f ≥ 0

f ≤ pD

ql ≥ 0

1− βp+ γql + λqp ≥ 0

πp ≥ 0

�������

��
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��� આपچ٩԰ਲܧ

����� оӐ؏ৗ๋؊ࡍрچ٩

ӧԜλ࿯Ǵҁࣴز཮Ӄ؃ှ୍ܺගٮ୘ޑന፾ᒧ᏷ࡕǴӆஒԜှжΕѳѠ୘

ኧ཮಄ӝԄڄǶӧ؃ှԜୢᚒਔǴሡ؃ޑኧϐύǴ؃ှѳѠ୘ന፾ӝڄճዎޑ

ډ����� �����฻ज़ڋǴ٠ЪѳѠܜԋϐКٯ wΨ཮ϟӧ �ᆶ �ϐ໔ǶፎӃஒҞӀ

೛ीޑϐѦǴԏ੻ϩ٦ӝऊى໪ᅈڋज़ޑኧڄ฼ǴନΑሡ؃،ޑޣٮӧ୍ܺගܫ

Ψा಄ӝԄ Ƕڋज़ޑ଺܌�����

������� ؊๋оӐ؏ৗЖۄࢲش൰ۗϡ็ࠀ

җܭԜᖻֽࢂ΋ঁၗૻֹӄޑ 6WDFNHOEHUJ JDPHǴࡺҁࣴزஒӃϩ୍ܺ݋ගٮ

εϯдཱུࢂҞ኱൩ޑޣٮӝऊǴԶ୍ܺගۓӆՉ؃ှѳѠ୘၀ӵՖुࡕ฼،ޑޣ

ԾޑيճዎڄኧǴӵΠ܌ҢǺ

PD[
p,qp

πp = Rp − cp = Rp −
1

2
apq

2
p

= (1− w)pD − 1

2
apq

2
p

= (1− w)pS(1− βp+ γql + λqp)−
1

2
apq

2
p

= (1− w)pS − (1− w)Sβp2 + (1− w)Sγqlp+ (1− w)Sλpqp −
1

2
apq

2
p

s.t p ≥ 0

qp ≥ 0

1− βp+ γql + λqp ≥ 0
�������

ௗ๱Ǵߡё೸ၸ ..7చҹ �.DUXVKȉ.XKQȉ7XFNHU FRQGLWLRQV�ٰפ൨Ԝڙज़ڋ

ϐߚጕ܄ೕჄୢᚒϐཱུॶᗺ �၁ߕـᒵ $�����Ǵёа؃р୍ܺගޑޣٮਥᏵѳѠӝ

ऊаϷ੃຤ޣሡڄ؃ኧ܌଺рޑന٫ሽ਱аϷࠔ፦НྗࣁǺ

��
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p∗ =
ap + apγql

2βap − (1− w)Sλ2
=

ap(1 + γql)

2βap − (1− w)Sλ2
�������

q∗p =
(1− w)Sλ+ (1− w)Sλγql

2βap − (1− w)Sλ2
=

(1− w)Sλ(1 + γql)

2βap − (1− w)Sλ2
�������

∗ᢀ΢ٰ࣮Ǵpޔ ک q∗p ܄ਏ౗ޑ፦ࠔޑޣٮҗ୍ܺගࢂǴࣣޑ΋ኬࢂϩ҆ޑ

�ap�аϷ੃຤ޣჹ୍ܺࠔޑ፦௵གࡋ �λ�ᆶሽ਱௵གࡋ �β�ܜکԋКٯ �w�΋ӕಔ

ԋǴՠϩη೽ϩ൩Ԗ܌όӕǴp∗ ନΑ཮ډڙԾࠔي፦ޑਏ౗ׯ܄ᡂϐѦǴΨ཮ڙ

ा؃ǴԶޑ፦ࠔჹѳѠޣ੃຤ډ q∗p ޣ੃຤کǵѱ൑ወΚελٯԋКܜډڙ཮ࢂ߾

ჹѳѠаϷ୍ܺࠔ፦ޑ௵གࡋቹៜǶ

������� ؊๋оӐ؏ৗЖ࣓ߣحϡ็ࠀ

җܭӧԜλ࿯ύς࿶೛ۓѳѠ୘཮ᆶ୍ܺගޣٮᛝुԏ੻ϩ٦ӝऊǴࡺѳѠ

୘཮׆ఈ೸ၸुۓ΋ঁനӝ፾ܜޑԋКٯ wаϷѳѠ୍ܺࠔ፦ ql ٰཱུεϯԾޑي

ճዎ �ӵԄ ന፾،฼ޑޣٮ஼୍ܺගޕॊ�Ƕӧ܌����� (p∗, qp∗)ࡕǴѳѠ୘ջёਥ

ᏵԜ຾Չ،฼Ǵࡺௗ๱ஒখখ؃܌ளޑ (p∗, qp∗)஥ΕԄ �����Ǵ٠຾΋؁଺΋٤᏾

౛Ǻ

PD[
w,ql

πl = wpS − wSβp2 + wpSγql + wpSλqp −
1

2
alq

2
l

= wp∗S − wSβp∗2 + wp∗Sγql + wp∗Sλq∗p −
1

2
alq

2
l

V�W� 0 ≤ w ≤ 1

ql ≥ 0

1− βp∗ + γql + λq∗p ≥ 0

�������

྽࣮ډԄ ୢޑ،ाှځᢀ΢཮᝺ளޔԄਔǴڋኧаϷज़ڄҞ኱ޑඔॊ܌�����

ᚒᆶԄ �����ႜӕǴՠёа࣮ډԜೀуΕΑҁࣴزჹሡڄ؃ኧޑज़ڋǴԜਔஒ၀Ԅ

ᆶӃ߻ӧಃ΋໘ࢤளрϐ୍ܺගޑޣٮന٫،฼ (p∗, q∗p)่ӝǴׯቪӵԄ ܌�����

ҢǺ

��
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1− βp∗ + γql + λq∗p

= 1− β(
ap(1 + γql)

2βap − (1− w)Sλ2
) + γql + λ(

(1− w)Sλ(1 + γql)

2βap − (1− w)Sλ2
)

≥ 0

�������

ԄډᡉฅӦǴёа࣮ࡐ ኧǴڄ΋ঁҞ኱ޑ܄ጕߚ΋ঁࢂᚒ཮ୢޑඔॊ܌�����

٠ЪᏱԖߚጕޑ܄ज़ڋԄǴ೭٬ளԜୢᚒคޔݤௗ٬Ҕ ..7చҹ؃ှǴҁࣴزஒ

ӧΠ΋ക೸ၸኧॶБ؃ှݤǶ

ќѦǴҁࣴزΨགྷᜢډݙѳѠ୘ޑ،฼཮ӵՖቹៜ୍ܺډගޑޣٮ،฼Ƕӧ

೭ঁᖻֽύǴ୍ܺග࣬ޣٮჹܭѳѠ୘ࢂឦܭ΋ঁ࣬ჹ೏୏فޑՅǴҗѳѠ୘Ӄ

฼཮ਥᏵ،ޑޣٮǶ୍ܺගڙόௗ܈ڙѝૈᒧ᏷ௗޣٮӳӝऊϣ৒Ǵ୍ܺගۓ،

੃຤ޣሡ؃ԔጕаϷѳѠ୘ӝऊୖޑኧǴѝाᕇள೭٤ၗૻ୍ܺගޣٮ൩ёаஒ

ϐ஥ΕԄ �����аϷԄ �����ύٰ؃ளന፾ሽ਱ᆶ୍ܺНѳǶҗܭӧԜᖻֽύၗૻ

ന፾ሽ਱ᆶനעΨёаࡺ཮೭ኬ଺،฼Ǵޣٮၰ୍ܺගޕаѳѠ୘܌Ǵޑჹ฻ࢂ

፾୍ܺНѳ྽ԋ΋ᅿڄኧۺཷޑǴΨ൩ࢂ p∗(w, ql)ک q∗p(w, ql)ǶନԜϐѦǴΨё

аჹڗځ΋໘ୃᏤኧǴѐᢀჸ྽ѳѠ୘ׯ׳ӝऊୖኧਔǴ୍ܺගޣٮ཮ӵՖᡂ୏

дޑ،฼ǶԶ྽ฅǴ೭ኬޑᡂϯΨ཮ቹៜډѳѠ୘ཱུεϯԾρճዎޑՉࣁǴ܌а

೭Ψ൩ࣁࢂՖӧԄ �����ύǴҁࣴز཮ޔௗஒ p∗ک q∗p жΕҞ኱ڄኧϐύǶ

∂p∗

∂w
=

apSλ2(1 + γql)

(2βap + (1− w)Sλ2)2
�������

∂p∗

∂ql
=

apγ

2βap + (1− w)Sλ2
�������

∂q∗p
∂w

=
−2Sλβap(1 + γql)

(2βap + (1− w)Sλ2)2
�������

∂q∗p
∂ql

=
(1− w)Sλγ

2βap + (1− w)Sλ2
�������

வ΢ӈ༾ϩ่݀ջё୍࣮ܺـ،฼ࢂۓ،ޑޣӵՖډڙѳѠ୘ޑ،฼Զׯ

ᡂǴΨ൩ࢂᇥѳѠ୘ځჴૈ୼೸ၸፓ᏾΋٤ୖኧǴٰׯᡂ੃຤ޣനࡕ཮ᕇளܺޑ

୍ሽ਱ᆶࠔ፦Ƕ

��
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����� ৗ؏ۏԎஂཽࡍрچ٩

࣬ჹܜܭԋޑԏ੻ϩ٦ӝऊǴѳѠ୘ऩᆶ୍ܺගޣٮᛝुۓڰೕ຤ӝऊǴځ

ԏΕٰྍ൩ٰࢂԾܭӝऊύ܌ᛝुߎۓڰޑᚐǴԶ೭฽ߎᚐ٠ό཮ᒿ๱୍ܺගٮ

ՖǴωࣁ฼،ޑޣٮᡂϯǶԶӕኬӦǴѸ໪ाӃΑှ୍ܺග܌ቚ෧ԶԖޑԏ੻ޣ

ૈ௖૸ѳѠ୘၀ӵՖᛝुӝऊǶ

������� ཽԎஂۏ؏ৗЖۄࢲش൰ۗϡ็ࠀ

҅ӵԄ ፦ԋҁࠔҗᎍ୧ᕴᚐǵࢂኧڄճዎޑޣٮᚒǴ୍ܺගୢޑᄬࡌ܌�����

аϷ೏ѳѠ୘ԏޑڗೕ຤܌ᄬǴख़ཥ৖໒Ԅ ճዎཱུεϯୢᚒǺޑॊ܌�����

PD[
p,qp

πp = Rp − cp = (pD − f)− 1

2
apq

2
p

= pS(1− βp+ γql + λqp)− f − 1

2
apq

2
p

= pS − Sβp2 + pSγql + pSλqp − f − 1

2
apq

2
p

V�W� p ≥ 0

qp ≥ 0

1− βp+ γql + λqp ≥ 0

��������

ӕኬӧጕޑ܄ज़ڋԄϐΠǴёа೸ၸ ..7చҹٰפ൨Ԝڙज़ڋϐߚጕ܄ೕჄ

ୢᚒϐཱུεॶ �၁ߕـᒵ $�����ǶှځӵΠǺ

p∗ =
ap + apγql
2βap − Sλ2

=
ap(1 + γql)

2βap − Sλ2
��������

q∗p =
Sλ+ Sλγql
2βap − Sλ2

=
Sλ(1 + γql)

2βap − Sλ2
��������

ёа࣮ډԄ Ԅک������ ������ᆶӃܭ߻ԏ੻ϩ٦ӝऊှޑ �Ԅ �����ǵԄ ������

Μϩ࣬՟Ǵ୷ҁ΢ѝৡӧϩዎКୖٯኧ wԶςǶ

��
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������� ཽԎஂۏ؏ৗЖ࣓ߣحϡ็ࠀ

ӕኬӦǴӵӃ߻૸ፕԏ੻ϩ٦ӝऊΠѳѠ୘ޑ،฼Ǵ΋ኬёаӃӣ៝ډԄ

ᚒǴ٠ЪஒԄୢޑඔᛤ܌����� Ԅک������ ޑҢ߄܌������ (p∗, q∗p)жΕёख़ཥ่ᄬ

рѳѠ୘ޑ،฼ୢᚒǴ٠ЪયΕӃ߻ჹሡڄ؃ኧޑज़ڋǺ

PD[
f,ql

πl = f − cl = f − 1

2
alq

2
l

V�W� f ≥ 0

ql ≥ 0

1− βp∗ + γql + λq∗p ≥ 0

��������

ԜಃΒ໘܌ࢤाှ،ୢޑᚒǴӕኬࢂӧѳѠ୘Αှ୍ܺډගޣٮӵՖ଺،฼

ۓ،Ǵ೸ၸࡕ ql аϷ f ٰཱུεϯԾيճዎǶΨӵӕӧ૸ፕԏ੻ϩ٦ӝऊਔ܌य़ჹ

ஒӧΠ΋࿯ᙁϟ૸ፕኧॶϩزԄϐୢᚒǴҁࣴڋज़܄ጕߚኧаϷڄҞ኱ڋज़ߚډ

Ƕ่݀ޑ؃р܌Ǵ٠ӧΠ΋ക৖౜ݤБ݋

��� עо႒Ӄࡱڬ

җܭಃΒ໘ࢤѳѠ୘܌଺ޑ،฼٠ؒԖഈӝှ �FORVHG�IRUP VROXWLRQ�ǴӢԜሡ

ा೸ၸኧॶϩ݋Б߈ၳٰݤന٫ှǶӧԜǴҁࣴزஒ٬Ҕ 3RZHOO����ว৖܌@��<��

рٰޑኧॶБݤ &RQVWUDLQHG 2SWLPL]DWLRQ %\ /LQHDU $SSUR[LPDWLRQ �&2%</$�ჹҞ

኱ڄኧ຾Չጕ߈ၳ܄Ƕҁࣴزஒ٬Ҕ 5ᇟقύޑ QORSWU঺ҹǴӵԜߡёӧ ᕉޑ5

ნύ٬Ҕ 1/RSW �QORSWU ��������೭ঁ໒ྍߚޑጕ܄ന٫ϯޑኳࠠ৤Ƕ
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&KDSWHU � о႒ࡱڬ

��� આपچ٩հࣨ

ӧҁࣴزϐኳࠠύǴѳѠ୘Ӣॄೢۓڋӝऊϣ৒ԶԖၨεޑፋղΚǴ٠Ъӧ

ၗૻ೸ܴჹᆀ߻ޑගϐΠǴёа೸ၸԾޑي،฼ቹៜ୍ܺډගޑޣٮ،฼Ǵࡺѝ

ा๏ۓӳӧՖᅿӝऊᕉნϐΠǴӆ೸ၸኧॶБ؃ှݤѳѠ୘ޑന፾،฼ࡕǴߡё

ᑽ่݀Ƕ֡ޑኳࠠനಖډפ

��� Ҳҡ؏ৗઆपҮࠥࡱڬԎ

߄ ���� ኳࠠႣ೛ୖኧ೛ۓǴҁࣴز᏾౛

ୖኧ Ⴃ೛ॶ

S ��

β 1
20

γ 1
20

λ 3
20

ap �

al �

Ǵӆவۓϐ೛ۈ߃Ѹ໪Ӄଞჹୖኧ଺΋ঁزǴҁ่ࣴ݀ޑݤБ݋؃ኧॶϩࣁ

Ԝ่݀рวǴ௖૸྽ѱ൑ᕉნᡂϯǴΨ൩ୖࢂኧᡂϯਔǴҁࣴ܌زඔॊޑኳࠠ཮

଺рՖᅿ،฼ǶӧԜǴҁࣴز௦Ҕ /L DQG ;LDR������ܭЎകύჹୖܭኧ܌଺ޑଷ

೛բࣁ୷ᘵǴ٠ଞჹҁࣴزϐሡڄ؃ኧࠠᄊ຾Չ٤༾ፓ᏾Ǵୖኧ೛ۓӵ߄ ܌���

ҢǶ٠ଷ೛ѱ൑ወӧሡ؃ໆ S = 20ǵሽ਱௵གࡋ β ᆶჹѳѠ୍ܺࠔ፦ϐ௵གࡋ γ

ࣁࣣ 1
20ǴԶᆶჹനಖ୍୍ܺܺࠔ፦ϐ௵གࡋ λࣁ 3

20Ǵ೭٤ኧॶࢂҁࣴز೸ၸჹྣ

/L DQG ;LDR������Ўύޑሡڄ؃ኧᆶҁࣴزϐሡڄ؃ኧԶٰǶനࡕǴᑽໆගࠔٮ

��
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፦ਏ౗ୖޑ܄ኧ ap = 8ᆶ al = 6Ƕ

��� ؊๋оӐ؏ৗϡ࿙ҙחо႒

ௗΠٰޑക࿯ஒӃ૸ፕԏ੻ϩ٦ӝऊύӚঁୖኧޑᡂϯ཮೷ԋኳࠠ֡ᑽ่݀

ԖՖᅿቹៜǴϩձ཮૸ፕወӧѱ൑ሡ؃ໆ �6�ǵ੃຤ޑޣሽ਱௵གࡋ �β�ǵ੃຤ޣ

ჹѳѠ୘୍ܺࠔ፦ޑ௵གࡋ �γ�ǵ੃຤ޣჹ୍ܺගࠔޣٮ፦ޑ௵གࡋ �λ�аϷ୍ܺ

ගޣٮᆶѳѠ୘ӚԾගࠔٮ፦ޑਏ౗ࡰ܄኱ �apǵal�Ƕ

����� ؊๋оӐ؏ৗ �ሯϬڑպץ٧٩ S я࣓ߣح땿ۄࢲش൰ۗݢ
༄ϡૄٳ

კ ���� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ߯Ǵҁࣴ
᏾౛ز

ӧԜλ࿯Ǵҁࣴزஒወӧѱ൑ሡ؃ໆୖޑኧ೛ۓጄൎவ S = 14΋ၡ೛ډۓ

S = 30Ǵٰ࣮ѱ൑ύѳѠ୘аϷ୍ܺගޣٮ཮ӵՖϕ୏Ƕӵკ ҢǴёа࣮܌���

Ǵ྽ډ S ຬၸ ��ਔǴ୍ܺගۈޣٮԖ҅ޑճዎǴӧԜϐ߻Ǵճዎࣣࢂ཮೏ѳѠ

୘๏ԭϩϐԭوܜǴ೭߄Ң୍ܺගޣٮӧѱ൑ϼλਔ٠คፋղΚǴࣗԿΨό཮ᒧ
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᏷຾Εѱ൑Ǵډޔѱ൑୼εǴѳѠ୘ᇡډޕᡣ୍ܺගޣٮගٮ΋ࠔۓ፦٠Ъ೸ၸ

ճዎϩޑ٦БԄёаཱུεϯԾيճዎϐਔǴѱ൑ૈߡ໒ۈၮᙯǶ

ନԜϐѦǴΨёа࣮ډ྽ѱ൑ወӧሡ؃ୖኧ S ຬၸ ��ਔǴ୍ܺගޣٮճዎ

ᒿ๱ѱ൑ወӧሡ؃ܭҗࢂຬၸѳѠ୘ճዎǴ೭ۈ S ගଯਔǴѳѠ୘ჹ୍ܺගޣٮ

ٯԋϐКܜ܌ wΨᒿϐΠफ़ კـ� ����Ǵ೭ࢂҗܭӧѳѠ୘ޑ౳္Ǵ୍ܺග܌ޣٮ

ϐሽ਱ۓ، �p�ᆶࠔ፦ �qp�Ǵࣣࢂ w ک ql ΢ϲǴΨ٬ޑወӧሡ؃ໆܭኧǴҗڄޑ

ள੃຤ޣჹሽ਱ǵࠔ፦௵གܫޑࡋεਏ݀ගଯǴऩԜਔѳѠ୘ᒧ᏷ࡐڗܜଯޑ wǴ

཮٬ளሽ਱࡚ᗊ΢ϲ Ԅـ� ������Ǵ຾΋؁Ꮴठሡ؃ DΠफ़Ǵόـள཮٬᏾ᡏճዎ

ѳѠ୘ࣣ཮ᒿ๱ࢂ܈ޣٮǴόፕ୍ܺගډനεǴќ΋Бय़ǴΨёаᢀჸࣁ S ΢ϲ

კـ� ����ǴԶග׳ٮӳࠔޑ፦ǴӕਔΨԏڗၨଯϐሽ਱ კـ� ����ǶࡺӧԜኳࠠ

ύǴёаᇥ྽ѱ൑୼εਔǴѳѠ୘཮ᒧ᏷Ȩᡣճȩ๏୍ܺගޣٮǴаᕇள׳ଯޑ

ճዎǶҁࣴزஒወӧѱ൑ሡ؃ S ᆶӚϣғᡂኧӧԏ੻ϩ٦ӝऊύޑᜢ߯಍᏾߄ܭ

���Ƕ

კ ���� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆᆶѳѠ୘ܜԋКٯϐᜢ߯Ǵҁࣴز᏾౛

��
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კ ���� ԏ੻ϩ٦ӝऊ �ወӧѱ൑ሡ؃ໆᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁࣴز᏾౛

߄ ���� ወӧѱ൑ሡ؃ໆ S ᆶӚϣғᡂኧޑᜢ߯Ǵҁࣴز᏾౛

ϣғᡂኧ ᜢᖄ܄

πp ҅࣬ᜢ

πl ҅࣬ᜢ

w ॄ࣬ᜢ

D ҅࣬ᜢ

p ҅࣬ᜢ

qp ҅࣬ᜢ

ql ҅࣬ᜢ
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����� ؊๋оӐ؏ৗ ח࿙ҙݥہۗۏݯ� β я࣓ߣح땿ۄࢲش൰ۗ
ૄٳ༄ϡݢ

ӧԜλ࿯Ǵҁࣴزஒᜢݙ੃຤ޣሽ਱௵གࡋ β ჹճዎޑቹៜǴஒୖኧ β வ

β = 0.03೛ډۓ β = 0.065Ƕ཮௦ڗ೭ঁጄൎǴࢂҗܭ྽௓ځڋдᡂኧόᡂਔǴऩ

ஒ β ೛ۓऊК ����λਔǴᄽᆉݤ཮ᆉрന፾ w = 1ǴԶ೭཮٬ளሽ਱р౜ॄॶǴ

೭ၴङΑኳࠠޑ୷ᘵଷ೛ǴΨόӝத౛Ǵࡺҁࣴزஒவ β = 0.03໒ۈ૸ፕǶ

კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ߯Ǵҁ
᏾౛زࣴ

ӧკ ���ύǴёа࣮ډ྽ሽ਱௵གࡋຫଯਔǴჹܭѳѠ୘ǵ୍ܺගޣٮϐճ

ዎࣣࢂԖॄय़ޑቹៜǶሽ਱௵གࡋ β Πफ़ޑሽ਱ډௗӦቹៜޔගଯǴ཮ޑ Ԅـ�

������ǴԶ୍ܺගࠔޑޣٮ፦Ψӕኬ཮Πफ़ Ԅـ� ������ǶԶ࣮ډჹѳѠ୘܌೷ԋޑ

ቹៜǴ྽੃຤ޑޣሽ਱௵གࡋຫଯਔѳѠࠔ፦ӕኬΨ཮Πफ़ǴԶܜԋϐКٯϸԶ

཮ᒿϐගଯǴډޔ β ऊϲԿ ����а΢ਔǴܜԋКٯ w཮ගଯډ΢ࣚ w = 1Ǵ೭ࢂ

Ӣࣁሽ਱௵གࡋ β Зሽ਱Πफ़ϼӭ໾্ߔΑࣁගଯ཮٬ளሽ਱Πफ़ǴԶѳѠ୘ޑ

཮೸ၸ߾ճዎǴيԾډ wޑගϲٰܢᎍሽ਱Πफ़ϐਏ݀ კـ� ���ᆶკ ����Ǵՠӧ

ሽ਱ޣคճёკԶό຾Εѱ൑Ƕ੃຤ࣁ཮Ӣ߾ޣٮϐΠǴ୍ܺගݩ௃ޑԋၸଯܜ

௵གࡋ β ᆶӚϣғᡂኧӧԏ੻ϩ٦ӝऊύޑᜢ߯ஒ಍᏾߄ܭ ���Ƕ
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კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ܜԋКٯϐᜢ߯Ǵҁࣴز᏾౛

კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣሽ਱௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁࣴز᏾౛
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߄ ���� ੃຤ޣሽ਱௵གࡋ β ᆶӚϣғᡂኧޑᜢ߯Ǵҁࣴز᏾౛

ϣғᡂኧ ᜢᖄ܄

πp ॄ࣬ᜢ

πl ॄ࣬ᜢ

w ҅࣬ᜢ

D ॄ࣬ᜢ

p ॄ࣬ᜢ

qp ॄ࣬ᜢ

ql ॄ࣬ᜢ

����� ؊๋оӐ؏ৗ חҮ࿙ҙܘՎࢲشߣحяۗۏݯ� γ я࣓ߣح땿
ૄٳ༄ϡݢ൰ۗۄࢲش

ௗ๱Ǵҁࣴزஒ૸ፕ੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋ γǴλᆶ β ک γ ሡࢂࣣ

�Ԗঁ΢ज़ࡋགำ௵ޑ፦ࠔჹ୍ܺޣኧǴԶଷ೛੃຤ୖޑኧύڄ؃ Ǵҁࣴزஒϐ

೛ۓӧ ����ǴᙖԜᢀჸٿቷ୘ӵՖਥᏵ੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋ γ όӕޑ

ٰ଺،฼Ƕ

ԜѦǴΨёа࣮ډҗܭ੃຤ޣჹܭѳѠࠔ፦ޑ௵གࡋගϲΑǴҁࣴ؃܌زр

ϐѳѠࠔ፦ ql Ψᒿϐගϲаᅈى੃຤ޑޣा؃ კـ� ����ǴԶ ql ΢ϲΨ຾΋؁ޑ

ගϲΑ pک qp�ـԄ �����ǵԄ ������ǴΨ٬ள γ ᆶኳࠠ܌ᆉрϐճዎև౜҅ӛޑᜢ

߯ კـ� ����ǶӕਔΨёаӧკ ຫଯਔǴନࡋག௵ޑ፦ࠔჹѳѠޣ྽੃຤ډ࣮���

Αࠔ፦և౜ԋߏǴ੃຤܌ޣय़ჹϐሽ਱Ψӕਔ཮և౜ԋޑߏᖿ༈Ƕ

�ऩᑽໆࠔ፦௵གࡋϐୖኧ �γǵλ�ϐኧॶၸεǴ཮Ꮴठኧॶϩ݋р౜όᛙۓϐ่݀ǴΨඤᆉр
ӳೀǴޑ஥ٰ܌፦ࠔቚуܭԋҁᇻեޑ፦ࠔϐΠǴቚуۓӧ၀ୖኧ೛ࣁӢࢂճዎǴ೭ёૈޑதεߚ
٬ளኳࠠ؃рϐࠔ፦ၸεᏤठϐ่݀Ƕӵკ ���ύǴёа࣮ـ γ ᆶճዎև౜ᜪ՟΋ᅿࡰኧԋߏϐ
ᜢ߯Ǵ೭܈೚൩ࢂ྽ γ ၸεਔ཮٬ှр౜ၸεϐኧॶϐচӢǶ
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კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճ
ዎϐᜢ߯Ǵҁࣴز᏾౛

კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵ
ҁࣴز᏾౛
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����� ؊๋оӐ؏ৗ חҮ࿙ҙܘ൰ۗՎۄࢲشяۗۏݯ� λяߣح
࣓땿ۄࢲش൰ۗݢ༄ϡૄٳ

ᆶӃ܌߻૸ፕޑ γ ႜӕǴୖኧ λࢂҔٰᑽໆ੃຤ޣჹ୍ܺගࠔޣٮ፦ϐ௵ག

ϐΠǴऩஒۓ೛ޑǴԶӧኳࠠႣ೛ୖኧࡋ λୖኧޑ೛ۓၸεǴӕኬ཮٬ள pǵqp

ॄࣁϩ҆ၸλǴࣗԿޑ Ԅـ� �����ǵԄ ������ǶࣁࡺΑ࡭ߥၨࣁԖཀကޑ૸ፕǴҁ

Ⴃ೛ϐ܌ஒӧኳࠠزࣴ λ߈ߕ຾Չ௵གࡋϩ݋Ǵஒ λޑ૸ፕጄൎ೛ۓӧ ����Կ

����ϐ໔Ƕ

კ ���� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճ
ዎϐᜢ߯Ǵҁࣴز᏾౛

ӵკ ���ග୍ܺډ၉Ǵёа࣮ޑϐ୍ܺຫ௵གޣٮჹ୍ܺගޣҢǴ྽੃຤܌

ԋܜന፾ޑ؃ள܌ճዎΨ཮ᒿϐගଯǴࣗԿଯၸѳѠ୘ǶΨёаவኳࠠύޑޣٮ

Кٯ wᆶ λޑᜢ߯ύ࣮рǴ྽྽੃຤ޣჹ୍ܺගޣٮϐ୍ܺࠔ፦௵གࡋຫଯǴѳ

Ѡ୘Ψ཮फ़եჹ୍ܺගޣٮϐܜԋ კـ� �����ǴᙖԜගϲځന፾୍ܺࠔ፦ӕਔΨ

஥ٰሽ਱ޑ΢ϲ Ԅـ� �����ǵԄ �����ᆶკ �����Ƕ
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კ ����� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ܜԋКٯϐᜢ
߯Ǵҁࣴز᏾౛

კ ����� ԏ੻ϩ٦ӝऊ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ
߯Ǵҁࣴز᏾౛
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����� ؊๋оӐ؏ৗ �Ҳᄻ࣓Վۄܘ൰߉వՒя࣓ߣح땿ۄࢲش൰
ૄٳ༄ϡݢۗ

ҁ࿯ஒ૸ፕ୍ܺගޣٮᆶѳѠ୘ගࠔ୍ܺٮ፦ޑਏ౗ୖ܄ኧ �apǵal�ǴӵԄ

Ԅک����� Ԝॶڋज़زኬᇮǴԶҁࣴޑኧڄҢǴ೭ঁୖኧೕጄΑቷ୘ԋҁ܌�����

ԋޑаၨեݤคځࣁΚຫৡǴӢૈޑ፦ࠔٮҢ၀ቷ୘ග߄߾Ǵ٠Ъኧॶຫε҅ࣁ

ҁගٮ΋ࠔޑۓ፦Ƕ

������� ؊๋оӐ؏ৗ ૄٳ༄ϡݢవՒяҲᄻ࣓߉൰ۄܘ൰ۗՎۄࢲش�

კ ����� ԏ੻ϩ٦ӝऊ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎϐ
ᜢ߯Ǵҁࣴز᏾౛

ӵკ ����Ǵёа࣮ډ྽୍ܺගࠔޣٮ፦ගٮਏ౗܄ �ap�ຫৡਔǴόѝቹៜډ

ԾيճዎǴΨቹៜډѳѠ୘ޑճዎǴΨӢࣁගࠔޑ୍ܺٮ፦ԋҁၸଯǴΨ٬୍ܺ

ගޣٮᜫཀගࠔޑٮ፦फ़եǴ྽ࠔ፦फ़եԿ �ਔ კـ� �����ǴҗܭѳѠ୘Ԗၨଯ

ܺࣁ཮ჹߡѳѠ୘ࡺኧǴڄ፦ٰቹៜሡ؃ࠔٮ೸ၸගݤคޣٮፋղΚǴ୍ܺගޑ

୍ගޣٮ຾Չԭϩϐԭܜԋ კـ� ����ѓΠᙔጕ೽ϩ�Ǵ୍ܺගߡޣٮคճёკǴ

ଏрѱ൑ǶҗԜёޕǴӧҁࣴزϐኳࠠ೛ۓϐΠǴ྽୍ܺගࠔޑޣٮ፦ගٮਏ౗

ҁᒲǶޑԖӧѱ൑ғӸؒࢂёаᇥޣٮၸৡϐਔǴԜ୍ܺග܄

��
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კ ����� ԏ੻ϩ٦ӝऊ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁ
᏾౛زࣴ

������� ؊๋оӐ؏ৗ ૄٳ༄ϡݢవՒяҲᄻ࣓߉൰ۄܘՎ࣓ߣح�

კـ ����Ǵёа࣮ډѳѠ୘ࠔ፦ගٮਏ౗܄ alǴჹ᏾ᡏճዎޑቹៜ٠όεǴ

྽ al եډ΋ঁำࡕࡋǴճዎߡό཮ԖϼεޑᡂϯǶԶΨёаவკ ǴѳѠـ࣮����

୘ࠔ፦ගٮਏ౗܄ al ፦ࠔѳѠ୘ޑന፾ک ql Ψࢂև౜ॄӛᜢ߯Ǵ྽ගࠔٮ፦ޑਏ

౗ຫৡǴ܌ගࠔޑٮ፦ԾฅΨຫեǴԶሽ਱ԾฅΨࢂԋΠफ़ϐᖿ༈Ƕ

��� ཽԎஂۏ؏ৗϡ࿙ҙחо႒

҅ӵӃ߻૸ፕԏ੻ϩ٦ӝऊ΋ኬǴҁࣴزӧԜஒҔӕ߄ ڰ೭ಔୖኧჹޑ���

Ǵ૸ፕወӧѱ൑ሡ؃ໆ݋ϩࡋኳࠠ຾Չ௵གޑೕ຤ӝऊۓ �6�ǵ੃຤ޑޣሽ਱௵ག

ࡋ �ȕ�ǵ੃຤ޣჹѳѠ୘୍ܺࠔ፦ޑ௵གࡋ �Ȗ�ǵ੃຤ޣჹ୍ܺගࠔޣٮ፦ޑ௵ག

ࡋ �Ȝ�аϷ୍ܺගޣٮᆶѳѠ୘ӚԾගࠔٮ፦ޑਏ౗ࡰ܄኱ �apǵal�฻ୖኧჹኳࠠ

֡ᑽޑቹៜǶӧ೭ኬޑኳࠠڄኧ೛ۓϐΠǴҗܭၗૻֹࢂӄ೸ܴǴЪѳѠ୘Ξڀ

Ԗၨଯޑ᝼ሽΚǴӧज़୍ܺڋගޣٮѸ໪ԿϿԖ҅ޑճዎ߻ޑගΠǴ୍ܺගޣٮ

߈ௗࡋᑽճዎ۳۳೿ཱུ֡ޑ ��Ƕۓڰೕ຤ӝऊύӚୖኧޑᡂϯჹٿቷ୘ճዎޑᜢ

߯ёـკ ����Կკ ����Ƕ

�Ԗਔኳࠠ཮ှрܴᡉ౦ܭ ӧ຾ՉࣁӢࢂճዎॶǴ೭ޣٮග୍ܺޑ� &2%</$ኧॶϩ݋Бݤॏ
жਔډפ୔೽ന٫ှǴՠऩவόӕޑଆۈᗺ໒ۈ຾Չཛྷ൨ߡԖёૈډפჹѳѠ୘ճዎ׳ԖճޑᗺǶ

��
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კ ����� ԏ੻ϩ٦ӝऊ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛

კ ����� ԏ੻ϩ٦ӝऊ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶቷ୘ࠔ፦ᆶሽ਱ϐᜢ߯Ǵҁࣴز
᏾౛

��
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კ ����� ೕ຤ӝऊۓڰ �ወӧѱ൑ሡ؃ໆᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ߯Ǵҁࣴ
᏾౛ز

კ ����� ೕ຤ӝऊۓڰ �੃຤ޣሽ਱௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ߯Ǵҁ
᏾౛زࣴ

��
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კ ����� ೕ຤ӝऊۓڰ �੃຤ޣჹѳѠ୍ܺࠔ፦ϐ௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճ
ዎϐᜢ߯Ǵҁࣴز᏾౛

კ ����� ೕ຤ӝऊۓڰ �੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋᆶѳѠ୘ǵ୍ܺගޣٮճ
ዎϐᜢ߯Ǵҁࣴز᏾౛

��
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კ ����� ೕ຤ӝऊۓڰ �୍ܺගࠔޣٮ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎϐ
ᜢ߯Ǵҁࣴز᏾౛

კ ����� ೕ຤ӝऊۓڰ �ѳѠ୘ࠔ፦ගٮਏ౗܄ᆶѳѠ୘ǵ୍ܺගޣٮճዎϐᜢ
߯Ǵҁࣴز᏾౛

��
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��� Ҳ؏ৗઆपҮՔॲ

җܭӧ૸ፕۓڰೕ຤ӝऊਔǴ୍ܺගޑޣٮճዎ൳Яӄ೽ࣣ೏ѳѠ୘ԏڗ

ϐΠǴКၨѳѠ୘ۓрวǴ૸ፕӧ࣬ӕᕉნ೛ࡋفޑӧԜவѳѠ୘زҁࣴࡺǴو

௦ڗόӕӝऊ܌஥ٰޑճዎǶ

ҁࣴزว౜Ǵӧ࣬ӕޑङඳୖኧ೛ۓϐΠǴჹڀܭԖၨଯፋղΚޑѳѠ୘ٰ

ᇥǴ࣬ჹܭᒧ᏷ाϩዎޑԏ੻ϩ٦ӝऊǴᒧ᏷௦ۓڰڗೕ຤ӝऊ೿ࢂճዎၨଯޑ

ᒧ᏷Ǵՠӧ߻ॊޑኳࠠ೛ۓϐΠǴჹ୍ܺܭගٰޣٮᇥ߈ЯࢂคճёკǴऩ׫৔

ኳࠠύǴᡉҢѳѠ୘ӧ௦ޑزёૈ൩ό຾Εѱ൑ΑǴԶӧҁࣴࡐ߾཮Ǵޗ౜ჴډ

ճዎǶӢԜǴيԖ،฼ᡂኧǴᙖаനεϯԾ܌ೕ຤ӝऊਔǴ൳Яёаඓ௓ۓڰڗ

ऩा׎ԋ΋ঁჹѳѠ୘ᆶ୍ܺගޣٮ೿଼ӄޑѱ൑Ǵ௦ڗԏ੻ϩ٦ӝऊޑБԄ࣬

ჹۓڰܭೕ຤ӝऊၨૈวච۶ԜߏޑೀǶ

კ ����� ወӧѱ൑ሡ؃ໆჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛

��
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კ ����� ੃຤ޣሽ਱௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛

კ ����� ੃຤ޣჹѳѠ୍ܺࠔ፦௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛

��
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კ ����� ੃຤ޣჹ୍ܺගࠔޣٮ፦௵གࡋჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛

კ ����� ୍ܺගࠔޣٮ፦ගٮਏ౗܄ჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛

��
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კ ����� ѳѠ୘ࠔ፦ගٮਏ౗܄ჹόӕӝऊճዎޑቹៜǴҁࣴز᏾౛
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&KDSWHU � ૦ࢣ԰ܧ؀

຾؁ǴΞᒿ๱ޑמԃٰᒿ๱ࣽ߈ &RYLG���ࣝ௃ޑว৖Ǵᎍ୧ѳѠϯ܌ࢂ܈ᒏ

2�2�RQOLQH�WR�RIIOLQH�ޑጕ΢ጕΠ᏾ӝΨᒿ๱ਔޜᕉნ׳ޑॏԶຫวጲࠁǴౢ܈ࠔ

ቷ୘ٮගࠔౢ܈ցуΕѳѠ຾Չᎍ୧ǴԶѳѠᆶ୍ܺࢂ༈Ѹளᒧ᏷ޣٮගޑ୍ܺ

ϐӝऊۓڋԾฅ཮ࢂ΋ঁளᇡ੿૸ፕޑ᝼ᚒǶ

��� ಝ௵ܧ؀

ҁࣴز೸ၸϩձ௖૸аԏ੻ϩ٦ӝऊۓڰ܈ೕ຤ӝऊࣁ୷ᘵঁٿޑ 6WDFNHO�

EHUJ JDPHኳࠠǴ௖૸੃຤ޣਥᏵቷ୘୍ܺࠔ፦ǵаϷሽ਱ޑόӕ،ۓाᖼວӭϿ

୍ܺǴҗ୍ܺܭගޑޣٮ،฼ёаᏤр΋ঁ࠾ഈှǴԶڀഢၨଯፋղΚޑѳѠБ

ۓुޑё೸ၸӝऊϣ৒ߡ ۓ،� w܈ f �аϷගٮϐѳѠࠔ፦Ǵፓ᏾୍ܺගޣٮᆶ

੃຤ޣ໔ٮޑሡǶ

ҁࣴزว౜ӧᛝुԏ੻ϩ٦ӝऊਔǴѳѠ୘ᆶ୍ܺගࢂޣٮ΋ঁϕ࣬٩ᒘޑ

ᜢ߯Ǵջ٬ѳѠ୘ޑ᝼ሽΚၨଯǴΨඓඝ୍ܺගޑޣٮճዎڄኧǴѳѠБӧ΋٤

੝ਸ௃׎Ǵӵወӧѱ൑ሡ؃ໆࡐεǵ੃຤ޣሽ਱௵གࡐࡋե܈੃຤ޣჹ୍ܺࠔ፦

௵གࡐࡋଯਔǴѳѠ୘ࣗԿ཮ᜫཀᡣճ๏୍ܺගޣٮǴԏڗၨեޑաߎǶҁࣴز

Ψว౜ٿቷ୘ޑճዎև౜΋ঁ҅࣬ᜢوޑ༈Ǵӕਔճዎᆶወӧѱ൑ሡ؃ໆ �6�ǵ੃

຤ޣჹѳѠ୘୍ܺࠔ፦ޑ௵གࡋ �Ȗ�ǵ੃຤ޣჹ୍ܺගࠔޣٮ፦ޑ௵གࡋ �Ȝ�և౜

҅࣬ᜢǴԶᆶ੃຤ޑޣሽ਱௵གࡋ �ȕ�ٿکቷ୘ග୍ܺٮНྗޑਏ౗܄ �apǵal�և

౜ॄ࣬ᜢǴ٠ஒ่݀ᕴ่߄ܭ ���Ƕ

��
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߄ ���� ԏ੻ϩ٦ӝऊኳࠠΠୖኧᆶቷ୘ճዎϐᜢ߯

ୖኧ πpǵπl

S ᜢ࣬҅ࣁࣣ

β ᜢ࣬ॄࣁࣣ

γ ᜢ࣬҅ࣁࣣ

λ ᜢ࣬҅ࣁࣣ

ap ᜢ࣬ॄࣁࣣ

al ᜢ࣬ॄࣁࣣ

ќ΋Бय़Ǵӧ૸ፕᛝुۓڰೕ຤ӝऊޑ௃׎ਔǴҗܭѳѠ୘ඓඝӄ೽ၗૻǴ

٠Ъा،ۓჹ୍ܺගޣٮԏڗ΋ঁߎۓڰᚐ f ຤ҔǴ೭൩ᏤठѳѠ୘ёаᅰޑ

ܺܭճዎջёǴՠҗޑ༾ᖓޣٮ຤ҔǴѝሡ੮๏୍ܺගۓڰޑ၀යڗӦԏૈ܌ځ

୍ගޣٮϐճዎ߈Яܭ �Ǵ೭཮٬ளѱ൑ᜤа೏ࡌҥଆٰǴӢԜۓڰೕ຤ӝऊ่

݀٠คࡐݤӳӦ፾Ҕӧ౜ჴޗ཮ύǶՠ࣮ډѳѠ୘ҁޑيճዎǴவ ���࿯ύёа

࣮рځჴϝ཮ᆶӚঁୖኧޑᡂϯԖᜢᖄ܄Ǵ߄ ���಍᏾Αۓڰೕ຤ӝऊኳࠠΠୖ

ኧᆶቷ୘ճዎϐᜢ߯ǶᕴٰޑᇥǴ࣬ჹۓڰܭೕ຤ӝऊǴԏ੻ϩ٦ӝऊၨૈჹሸ

�DOLJQ�ঁٿቷ୘໔ޑᇨӢ่ᄬǶ

߄ ���� ೕ຤ӝऊኳࠠΠୖኧᆶቷ୘ճዎϐᜢ߯ۓڰ

ୖኧ πp πl

S ᖿܭ߈ � ҅࣬ᜢ

β ᖿܭ߈ � ॄ࣬ᜢ

γ ᖿܭ߈ � ҅࣬ᜢ

λ ᖿܭ߈ � ҅࣬ᜢ

ap ᖿܭ߈ � ॄ࣬ᜢ

al ᖿܭ߈ � ॄ࣬ᜢ

��� ಝ௵៪ၘ

�� ࣬ჹځܭᎩЎ᝘໻૸ፕӧόӕӝऊΠۓޑሽᆶճዎཱུεϯୢᚒǴҁࣴز௦ڗ

όӕޑሡڄ؃ኧǴό໻Եቾሽ਱ǴΨӕਔԵቾ୍ܺගޣٮаϷѳѠ୘܌ගٮ

ϐࠔ፦аϷѱ൑ޑሡ؃ወΚǶ

�� ೸ၸ 6WDFNHOEHUJ JDPHޑБԄᇥܴѳѠ୘ӧၗૻ೸ܴჹᆀޑ௃׎ϐΠǴऩ௦

��
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ޑԏ੻ϩ٦ӝऊڗคճёკǴԶऩ௦ޣٮБԄ཮٬୍ܺගޑೕ຤ӝऊۓڰڗ

БԄ߾ӸӧӚԾวචځሽॶ٠Ӆബճዎޑёૈ܄Ƕ

��� ಝ௵झٻ

�� ܌аϷቷ୘ޣଷ೛੃຤زǴҁࣴࣁՉޑΑൂપКၨቷ୘ӧόӕӝऊᜪࠠΠࣁ

ගٮϐ୘ࢂࣣࠔӕ፦ޑǶ

�� ҁࣴزଷ೛ѱ൑ϣޑѳѠࣁ΋ঁᚈᜐᐱ՞ѳѠǴ୍ܺගޣٮᆶ੃຤ޣѝૈӧ

ԜҬܰǴՠჴ୍΢ϝԖ੃຤ޣό೸ၸѳѠԶޔௗᆶ୍ܺගޣٮҬܰϐ௃׎

�� ҁࣴزஒѳѠ୘ᆶ୍ܺගޑޣٮϕ୏ඔॊԋ΋ঁ΋යኳࠠǴՠܭჴ୍΢Ǵٿ

ቷ୘ᛝुӝऊࡕǴϝ཮ԖុऊᆶցϐୢᚒǶ

�� ҁࣴزଷ೛ቷ୘ؒԖౢૈज़ڋǴՠჴ୍΢୍ܺගٮቷ୘཮ӢΓΚǵޜ໔฻Ӣ

નӸԖ܌ᒏౢૈ΢ज़

�� ҁࣴزଷ೛୍ܺϐғౢԋҁࣁ΋ঁதኧǴΨӢԜஒϐவኳࠠύ۹ౣǴՠӧ౜

ჴޗ཮ύёૈ཮р౜ᜐሞԋҁሀቚϐ௃׎

��� ݂ϵಝ௵Ӄب

ҁࣴز൩ѳѠӝऊۓڋӵՖቹៜѳѠ୘ǵ୍ܺගޣٮаϷ੃຤ޣሡޑ؃೽ϩ

଺Α؁߃ϐࣴزǴҗܭኳࠠࢂଞჹ౜ჴШࣚᙁϯϐ่݀Ǵࡺჴ୍΢ϝԖځдӦБ

ё஥ံىǴҁࣴزӧԜࡌ᝼҂ٰϐࣴزёவΠӈ൳ঁБӛ຾Չۯ՜Ǻ

�� ԵቾӭයኳࠠǺҗܭჴ୍΢ӝऊᛝुόѝ΋යǴ୍ܺගޣٮᆶѳѠ୘த཮ሡ

ाၠයӝբǴ҂ٰࣴزё຾Չόӕӝऊܭӭය܈คज़ӭයኳࠠύޑКၨǶ

�� ԵቾၗૻόჹᆀǺҁࣴزϐ೛ࣁۓ΋ঁၗૻ೸ܴჹᆀޑኳࠠǴՠჴ୍΢୍ܺ

ගޣٮёૈ׳ຠ߈੃຤ޣǴԶѳѠ୘཮ಕᑈ׳ӭӝբቷ୘ޑᎍ୧ၗ਑ǴԶ೭

٤ၗૻ٠όӅ٦Ǵ೭ёૈ཮ᏤठᚈБჹ҂ٰሡ؃ϐႣෳԖ܌όӕǴΨёૈ཮

ԖᆶҁࣴزόӕϐՉࣁᆶ฼ౣǴёࡑ҂ٰ຾΋ز؁ࣴǶ

��
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�� Եໆӭኬౢکࠔ౦፦੃຤ޣǺҁࣴࡰز૸ፕൂ΋ӕ፦ϐ୍ܺᖼວǴаϷӕ፦

ޑόӕޣ฻ભǴаϷѱ൑ύ੃຤܈ᜪձࠔё൩όӕౢزǴ҂ٰࣴޣ੃຤ޑ܄

ୃӳ܈ဂᡏ຾Չӵৡձۓሽ฻ӝऊ೛ीǶ

�� ԵቾѳѠ໔ϐᝡݾǺҁࣴز૸ፕ΋ঁᐱ՞ϐᚈᜐѳѠǴԶѱ൑ύѳѠᗨԖё

ૈӢᆛၡѦ೽܄Ԗ܌ᒏЬࢬѳѠǴՠӭኧਔ໔ϝԖځдᝡޣݾǴࡺѱ൑தࣁ

ჲэ܌܈ᒏᐱ՞܄ᝡݾǴ҂ٰϐࣴزёۯ՜Կό΋ኬޑѱ൑่ᄬύ૸ፕѳѠ

ᆶځӝբቷ୘ޑՉࣁᆶ฼ౣǶ

�� Եቾჴᡏ೯ၡǺӧ౜ჴШࣚύǴ੃຤ޣाᖼວౢ୍ܺ܈ࠔόࢂ΋ۓा೸ၸѳ

ѠǴΨёޔௗӛౢ୍ܺ܈ࠔϐගޣٮ຾ՉᖼວǴ҂ٰࣴزёଞჹόӕ੃຤ޣ

ୃӳǴ૸ፕӵՖ຾Չጕ΢ጕΠϐѱ൑୔႖ǴаཱུεϯѳѠ୘୍ܺࢂ܈ගޣٮ

ϐճዎǶ

�� ԵቾѳѠᆶ୍ܺගޣٮϐӝբǺӧٮᔈ᜘ᆅ౛ύǴத૸ፕӵՖ٬᏾చٮᔈ᜘

ϐճዎനεϯǴԶࡕӆ૸ፕӵՖϩዎǴԶӧѳѠ࿶ᔮࡋفޑΨࢂႜӕޑǴҁ

᏾ঁࣁցૈࢂӝբޣٿёа૸ፕزஒፋղΚӄኧ๏ΑѳѠ୘Ǵ҂ٰϐࣴزࣴ

ѱ൑ബ೷׳ଯౢޑॶǶ

��
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ӛၘࡥݱ

>�@ $ඏංඇൺൽൺඏ� 7�� &ඁൾඋඇඈඇඈ඀� 7�� )උඎർඁඍൾඋ� *�� ൺඇൽ 3උൺඌൺൽ� $� &RQWUDFW GHVLJQZKHQ

TXDOLW\ LV FR�FUHDWHG LQ D VXSSO\ FKDLQ� (XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

��� ������� ���±����

>�@ %ൾඅඅൾൿඅൺආආൾ� 3�� ൺඇൽ 3ൾංඍඑ� 0� 7KH (FRQRPLFV RI 3ODWIRUPV� &DPEULGJH 8QLYHU�

VLW\ 3UHVV� &DPEULGJH� 8QLWHG .LQJGRP� �����

>�@ &ൺർඁඈඇ� *�� 'ൺඇංൾඅඌ� .�� ൺඇൽ /ඈൻൾඅ� 5� 7KH UROH RI VXUJH SULFLQJ RQ D VHU�

YLFH SODWIRUP ZLWK VHOI�VFKHGXOLQJ FDSDFLW\� 0DQXIDFWXULQJ 	 6HUYLFH 2SHUDWLRQV

0DQDJHPHQW ��� � ������� ���±����

>�@ &ൺංඅඅൺඎൽ� %�� ൺඇൽ -ඎඅඅංൾඇ� %� &KLFNHQ 	 HJJ� &RPSHWLWLRQ DPRQJ LQWHUPHGLDWLRQ

VHUYLFH SURYLGHUV� 7KH 5$1' -RXUQDO RI (FRQRPLFV ��� � ������� ���±����

>�@ &ඁൺඍඓං඀ංൺඇඇංඌ� 3�� %ൺඅൽංආඍඌං� )�� *උංඏൺ� ,�� ൺඇൽ /ං� -� 'LYHUVLILFDWLRQ DFURVV PLQLQJ

SRROV� 2SWLPDO PLQLQJ VWUDWHJLHV XQGHU SRZ� -RXUQDO RI &\EHUVHFXULW\ �� � �������

W\DE����

>�@ 'ൾඌൺං� 3� 6� 4XDOLW\ VHJPHQWDWLRQ LQ VSDWLDO PDUNHWV� :KHQ GRHV FDQQLEDOL]DWLRQ

DIIHFW SURGXFW OLQH GHVLJQ" 0DUNHWLQJ 6FLHQFH ��� � ������� ���±����

>�@ (ංඌൾඇආൺඇඇ� 7�� 3ൺඋ඄ൾඋ� *�� ൺඇൽ $අඌඍඒඇൾ� 0� :� 9� 6WUDWHJLHV IRU WZR�VLGHG PDU�

NHWV� +DUYDUG %XVLQHVV 5HYLHZ ��� �� ������� ��±����

>�@ (අ 2ඎൺඋൽං඀ඁං� )�� ൺඇൽ .ංආ� %� 6XSSO\ TXDOLW\ PDQDJHPHQW ZLWK ZKROHVDOH SULFH

DQG UHYHQXH�VKDULQJ FRQWUDFWV XQGHU KRUL]RQWDO FRPSHWLWLRQ� (XURSHDQ -RXUQDO RI

2SHUDWLRQDO 5HVHDUFK ���� � ������� ���±����

>�@ (ඏൺඇඌ� 3� &�� ൺඇൽ *ൺඐൾඋ� $� 7KH ULVH RI WKH SODWIRUP HQWHUSULVH� $ JOREDO VXUYH\�

7HFK� UHS�� 7KH &HQWHU IRU *OREDO (QWHUSULVH� �����

��
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>��@ )ංඌඁൾඋ� &� &UHDWH PXOWL�VLGHG SODWIRUPV WR EDODQFH GHPDQG DQG FDSDFLW\� $PHULFDQ

-RXUQDO RI ,QGXVWULDO DQG %XVLQHVV 0DQDJHPHQW �� � �������

>��@ *ඈඅൽൿൺඋൻ� $�� ൺඇൽ 7ඎർ඄ൾඋ� &� 'LJLWDO HFRQRPLFV� -RXUQDO RI (FRQRPLF /LWHUDWXUH

��� � ������� �ȉ���

>��@ +ൺ඀ංඎ� $� 0HUFKDQW RU WZR�VLGHG SODWIRUP" 5HYLHZ RI 1HWZRUN (FRQRPLFV �� �

������� ���±����

>��@ +ൺ඀ංඎ� $�� ൺඇൽ :උං඀ඁඍ� -� 0XOWL�VLGHG SODWIRUPV� ,Q :RUNLQJ 3DSHU ������� +DU�

YDUG %XVLQHVV 6FKRRO�

>��@ +ൺ඀ංඎ� $�� ൺඇൽ :උං඀ඁඍ� -� 0DUNHWSODFH RU UHVHOOHU" 0DUNHWLQJ 6FLHQFH ��� �

������� ���ȉ����

>��@ +ඎ� -� 5HVHDUFK RI UHYHQXH VKDULQJ FRQWUDFW PRGHO XQGHU WKH OLQHDU TXDOLW\�GHPDQG

LQ VXSSO\ FKDLQ� $SSOLHG 0HFKDQLFV DQG 0DWHULDOV �� ������� ���±����

>��@ .ൾඇඇඒ� 0�� ൺඇൽ =ඒඌආൺඇ� -� 7KH ULVH RI WKH SODWIRUP HFRQRP\� ,VVXHV LQ 6FLHQFH DQG

7HFKQRORJ\ ��� � ������� ��±���

>��@ /ൺඇ඀අൾඒ� 3�� ൺඇൽ /ൾඒඌඁඈඇ� $� 3ODWIRUP FDSLWDOLVP� 7KH LQWHUPHGLDWLRQ DQG FDS�

LWDOLVDWLRQ RI GLJLWDO HFRQRPLF FLUFXODWLRQ� )LQDQFH DQG 6RFLHW\ �� � ������� ��ȉ

���

>��@ /ං� +�� ൺඇൽ;ංൺඈ� <� $ OLQHDU GHPDQG�TXDOLW\PRGHO RI LQFHQWLYH DQG SHQDOW\ FRQWUDFW

LQ VXSSO\ FKDLQ� ,Q ���� 7KLUG ,QWHUQDWLRQDO 6\PSRVLXP RQ .QRZOHGJH $FTXLVLWLRQ

DQG 0RGHOLQJ ������� SS� ���±����

>��@ 3ൾඋඋඒ� 0� 0� $QDO\]LQJ WKH VRXWK FKLQD VHD ILVKLQJ GLVSXWH DV D FRPSOH[ JDPH�

(IILFLHQW VDPSOH DOORFDWLRQ YLD D UHVSRQVH VXUIDFH PHWKRGRORJ\� DU;LY SUHSULQW

DU;LY����������� �������

>��@ 3ൾඋඋඒ� 0� 0� $SSOLHG *DPH 7KHRU\" &RPSXWDWLRQDO 7HFKQLTXHV WR 2SHUDWLRQDOL]H

&RPSOH[ *DPHV� 3K' WKHVLV� *HRUJH 0DVRQ 8QLYHUVLW\� �����

>��@ 3ඈඐൾඅඅ� 0� -� '� $ 'LUHFW 6HDUFK 2SWLPL]DWLRQ 0HWKRG 7KDW 0RGHOV WKH 2EMHFWLYH

DQG &RQVWUDLQW )XQFWLRQV E\ /LQHDU ,QWHUSRODWLRQ� 6SULQJHU 1HWKHUODQGV� 'RUGUHFKW�

����� SS� ��±���

��
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>��@ 3ඈඐൾඅඅ� 0� -� '� 'LUHFW VHDUFK DOJRULWKPV IRU RSWLPL]DWLRQ FDOFXODWLRQV� $FWD

1XPHULFD � ������� ���ȉ����

>��@ 5ඈർඁൾඍ� -��&�� ൺඇൽ 7ංඋඈඅൾ� -� 3ODWIRUP FRPSHWLWLRQ LQ WZR�VLGHG PDUNHWV� -RXUQDO

RI WKH (XURSHDQ (FRQRPLF $VVRFLDWLRQ �� � ������� ���ȉ�����

>��@ 5ඈർඁൾඍ� -��&�� ൺඇൽ 7ංඋඈඅൾ� -� 7ZR�VLGHG PDUNHWV� $ SURJUHVV UHSRUW� 7KH 5$1'

-RXUQDO RI (FRQRPLFV ��� � ������� ���±����

>��@ 5ඈ඀ൾඋ� *�� ൺඇൽ 9ൺඌർඈඇർൾඅඈඌ� /� 3ODWIRUP SULFLQJ VWUXFWXUH DQG PRUDO KD]DUG�

-RXUQDO RI (FRQRPLFV 	 0DQDJHPHQW 6WUDWHJ\ �� ������� ���±����

>��@ 5ඒඌආൺඇ� 0� $Q HPSLULFDO DQDO\VLV RI SD\PHQW FDUG XVDJH� 7KH -RXUQDO RI ,QGXVWULDO

(FRQRPLFV ��� � ������� �±���

>��@ 5<8� &� 5HYLHZ RI UHYHQXH VKDULQJ FRQWUDFW� (YDOXDWLQJ LWV UROH IRU VXSSO\ FKDLQ

FRRUGLQDWLRQ� 7KH -RXUQDO RI ,QGXVWULDO 'LVWULEXWLRQ 	 %XVLQHVV ��� � ������� �±����

>��@ 6ൺඋ඄ൺඋ� 0�� %ඎඍඅൾඋ� %�� ൺඇൽ 6ඍൾංඇൿංൾඅൽ� &� &\EHUPHGLDULHV LQ (OHFWURQLF 0DU�

NHWVSDFH� 7RZDUG 7KHRU\ %XLOGLQJ� -RXUQDO RI %XVLQHVV 5HVHDUFK ��� � �������

���±����

>��@ 6ංආඈඇ� &� 3�� ൺඇൽ %අඎආൾ� /� 0DWKHPDWLFV IRU HFRQRPLVWV� 1RUWRQ� 1HZ <RUN� �����

>��@ 7ൺඇ� <�� 7ൾඋൾ඄ඁඈඏ� '�� ൺඇൽ 'ൾඅඈඇ඀� $� /HDUQLQJ OLQHDU SURJUDPV IURP RSWLPDO

GHFLVLRQV� $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV �� ������� �����±

������

>��@ :ංඇඌඍඈඇ� :�� ൺඇൽ *ඈඅൽൻൾඋ඀� -� 2SHUDWLRQV UHVHDUFK DSSOLFDWLRQV DQG DOJRULWKPV�

&HQJDJH /HDUQLQJ� ,QF� �����

>��@ ;ංൺඈ� '�� .ඎൺඇ඀� ;�� ൺඇൽ &ඁൾඇ� .� (�FRPPHUFH VXSSO\ FKDLQ GHFLVLRQV XQGHU SODW�

IRUP GLJLWDO HPSRZHUPHQW�LQGXFHG GHPDQG� &RPSXWHUV 	 ,QGXVWULDO (QJLQHHULQJ

��� ������� �������

>��@ ;ඎ� &�� )ൺඇ� 7�� =ඁൾඇ඀� 4�� ൺඇൽ 6ඈඇ඀� <� &RQWUDFW VHOHFWLRQ IRU IUHVK SURGXFH VXS�

SOLHUV FRRSHUDWLQJ ZLWK D SODWIRUP XQGHU D PDUNGRZQ�SULFLQJ SROLF\� ,QWHUQDWLRQDO

-RXUQDO RI 3URGXFWLRQ 5HVHDUFK ������� �±���

��
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>��@ =ඁൺඇ඀� -�� &ൺඈ� 4�� ൺඇൽ +ൾ� ;� &RQWUDFW DQG SURGXFW TXDOLW\ LQ SODWIRUP VHOOLQJ�

(XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK ���� � ������� ���±����

��
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ྡྷࣛ $²આपϡڬҒՄঐ

$�� рࡍ؊๋оӐ؏ৗϡՄঐ

$���� ܘ԰Վہ࿠ࡍԎрࠀڈ൰ۗҰۄࢲش

ӧ๏ۓԄ ೕჄୢᚒǴ܄ጕߚޑڋज़ڙ΋ঁࣁǴԜڋज़ॄߚکኧڄҞ኱ޑ�����

ӧԜ٬Ҕزҁࣴࡺ ..7చҹ �.DUXVKȉ.XKQȉ7XFNHU FRQGLWLRQV�ٰפ൨ట؃ϐཱུॶ

ᗺǴ२ӃǴଞჹҞ኱ڄኧ຾ՉΒ໘༾ϩа؃ளੇځහંତ �+HVVLDQ PDWUL[�ǴҔа

ղ᠐Ҟ኱ڄኧࢂցࣁпڄኧ �FRQFDYH IXQFWLRQ�Ǻ

H =




∂2πp

∂p2
∂2πp

∂p∂qp
∂2πp

∂qp∂p
∂2πp

∂qp2



 =



−2(1− w)Sβ (1− w)Sλ

(1− w)Sλ −ap



 �$�����

ਥᏵ΢Ԅ่݀ǴёаीᆉрԄ $���� ΋໘ЬηԄޑ �ILUVW SULQFLSDO PLQRU � ࣁ

−2(1− w)Sβ ک −apǴਥᏵԄ �����ԿԄ ȨॄኧȩǴԶࣁࣣޣٿޕёளۓ೛ޑ�����

ऩाᡣڄኧࣁпڄኧ �FRQFDYH�ǴځΒ໘ЬηԄ �VHFRQG SULQFLSDO PLQRU�ሡाࣁȨ҅

ኧȩǴࡺΒ໘ЬηԄǴΨ൩ࢂԄ ՉӈԄॶޑ����$ 2ap(1 − w)Sβ − [(1 − w)Sλ]2 ा

εܭ႟Ǵ࿶ၸ᏾౛ёаளډӵԄ చҹǺޑ����$

2apβ − (1− w)Sλ2 > 0 �$�����

྽΢ԄԋҥਔǴߡёаᇡࣁ FDQFDYHڄޑԄӸӧǴࡺёа٬Ҕ ..7చҹٰ؃

ှ೭ঁୢᚒǶௗុԄ �����ǴёаቪрѬޑ ODJUDQJLDQ IXQFWLRQǺ

��
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L(p, qp, u1, u2, u3) = (1− w)pS − (1− w)Sβp2 + (1− w)Sγqlp

+ (1− w)Sλpqp −
1

2
apq

2
p + u1p+ u2qp

�$�����

ௗ๱Ǵჹ΢Ԅ؃рځ΋໘చҹ �ILUVW�RUGHU FRQGLWLRQ�٠ቪр ..7చҹǺ

∂L
∂p

= (1− w)S − 2(1− w)Sβp+ (1− w)Sγql + (1− w)Sλqp + u1 = 0 �$�����

∂L
∂qp

= (1− w)Sλp− apqp + u2 �$�����

u1p = 0 �$�����

u2qp = 0 �$�����

p, qp, u1, u2 ≥ 0 �$�����

࿶ၸीᆉၸࡕǴନΑ u1 = ک0 u2 = 0௃ݩϐѦǴځᎩ௃ࣣݩ཮วғҟ࣯ϐ௃

ёૈӸӧϐೀǴԶ྽ှߚǴӢԜࣣ׎ u1 = 0ǵu2 = 0ਔǴஒԄ ک����$ $����࿶ၸ

΋٤ᙁൂޑжኧၮᆉࡕёаቪԋǺ

1− 2βp+ γql + λqp = 0 �$�����

(1− w)Sλp = apqp �$������

ԜਔǴ൩ёа؃ှᖄҥБำԄа؃ள୍ܺගޣٮਥᏵѳѠ୘ӝऊޑۓ،܌

(p∗, qp∗)ӵΠǺ

p∗ =
ap + apγql

2βap − (1− w)Sλ2
=

ap(1 + γql)

2βap − (1− w)Sλ2
�$������

q∗p =
(1− w)Sλ+ (1− w)Sλγql

2βap − (1− w)Sλ2
=

(1− w)Sλ(1 + γql)

2βap − (1− w)Sλ2
�$������

೸ၸᢀჸ (p∗, qp∗)ޑϩ҆໨ǴΨёаว౜ϩ҆໨൩ࢂӃܭ߻Ԅ ကۓ܌����$

��
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ኧǶॄࢂ፦٠ό཮ࠔሽ਱ᆶߥచҹǴΨዴޑ

$�� рཽࡍԎஂۏ؏ৗϡՄঐ

$���� ܘ԰Վہ࿠ࡍԎрࠀڈ൰ۗҰۄࢲش

ӕኬӦǴࣁΑ೸ၸ ..7చҹٰ؃ှԄ �����ڄҞ኱ډᚒǴளӃ࣮ୢޑඔॊ܌

ኧޑΒ໘చҹǴΨ൩ੇځࢂහંତ �+HVVLDQ PDWUL[�ǴӵԄ ҢǴҔаዴᇡ܌����$

၀Ҟ኱ڄኧࣁпڄኧ �FRQFDYH IXQFWLRQ�Ǻ

H =




∂2πp

∂p2
∂2πp

∂p∂qp
∂2πp

∂qp∂p
∂2πp

∂qp2



 =



−2Sβ Sλ

Sλ −ap



 �$�����
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