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ȵ 1Ȳ� ɉʊ�  

 

ŴɟȯǳǏQȍǻPçȀ=I2_ 24Ʃʹºám±Ư=M.áĞǏKłɓ<b

(1)'ƥƳJQŜʹȾ 5.5¦´KĩĐ<bI.a(2)EŴɟȯǳǏmȾ 8òQŴŅŸ

©ƞɚPĀĞ(3)K<bI1`'ĴSQŴȷǁī]ŴȷȍMLmęʔȒŴȋŻdƮ

?aȍÉNv_ba(4-6)EŴŅŸ©ƞɚmǘȏǚNQɭǹȏǚ(7-9)]ǂʜvĦ��

iyǘȏ(10, 11)'˗đǛn�¤��g��¤w�¢ɱ(12-14)P-9_b'Wb_d

ɂvčcAD�i����ȏǚPɰcba(9, 12, 13, 15)EŴŅŸ©ƞɚPɐ`ʞ=Ω

ȍ?aʲȼMÉJQǂʜvĦ��iyǘȏNʽȈP-`'˗đǛn�¤��g

��¤w�¢ɱPƚēmD[mǘȏǚKM`Ůa(16-18)E 

˗đǛn�¤��g��¤w�¢ɱQ©ƞɚmĀĞKMaŴȷɂɏm©ćʡ

ȒØņdȄ><AaƿǘɱJ-a(19, 20)P'ŧƀ<baǴǱØQŴȷɲˋmg�

�¤w�¢n�¤��ÝȳˈǄPƒɽ=DǐʙȒǽ.ˏħNʽ_baEBmD

['ŴŅŸ©ƞɚmʕǨ£ĝʗPŴȷǣʯNĿĤ?aĪč'ùèMǘȏõƻd

Ů_bM.ȍÉPŏM2_@Ƀ˔<ba(21, 22)E 

ʢřm˗đǛn�¤��g��¤w�¢ɱQŴɜáNƐß=D 1 Ƴmg��

¤w�¢n�¤��ÝȳˈǄKÅɲˋNʒ¸=DŋǄƸʹJ˗đǛʢˈdɰ/

���¤�¤ʢˈǚJ-aP'ŴȷɂɏmØņdƷ?ˏħNʽȈP-aWKP

Ȝ_bI1`'���¤�¤ʢˈǚdŶȅ=Dw¤±¢w��£���¤�¤

ʢˈǚPɔǀ<bD(23)EǘȏǉȒʯÂmŴȷd 2 ƣď˚É0R'œŴɢȆįŴ

áɞˋKBmŋˋN-DaŴĳɞˋML˛2_ˎǌ���¤�¤ʢˈdɰ/ƣ

ǚJ'���¤�¤ʢˈǚNǐUaKǴǱǣŠQǣSMaE<_NʝŜJQ'2

Ƴmg��¤w�¢n�¤��JǘȏǉȒʯmŴȷdƍeJ˗đǛʢˈdɰ/

�i�¤�¤˗đǛʢˈǚ\ɔǀ<bD(23, 24)E�i�¤�¤˗đǛʢˈǚQ�



 

 2 

��¤�¤ʢˈǚNǐUIŴȷØņˏħP^`ǣʯNʪ?aKĩĐ<bI.a

(21, 25, 26)EXD'Koruth_QˇǘŸŴŅŸ©ƞɚŻɕdŋʎK=Dn�¤��ƃ

ɱJ'WmƃƅmƮõŸdĩĐ=I.a(27)E 

�i�¤�¤˗đǛʢˈǚNʺ?aĴSmĨȡń˔JQ'2Ƴmg��¤w�

¢n�¤��PĎ¥mǒǈáNʰɑ<bDƶ»¨JɰcbI.a(21, 27-29)EɡŞ

ÉJQ 2 Ƴmg��¤w�¢n�¤��QȊMaŴɜ˚œŅáKŴĜɜ'ŴŅ

¬ˁmœŅ×KĉŅ×ML˛Nʰɑ<b'n�¤��QBbCbˈǑȒNˁˆ

<bDƶ»KMa(27, 30)E?Mcc'Ĩȡń˔KɡŞÉQʢˈȃĭPȊMGI1

`'ń˔JŮ_bDɄƻdBmXXɡŞTȅ.aWKQJQM.Kɔ0_baE 

BWJ'ȞȬmëƯy���K=I'"ʢˈƩmi¢�¤~¢yNʺ?aɷ

ĞdʬǍ÷=Dǒǈń˔���dǆȻ='#�i�¤�¤˗đǛʢˈǚK��

�¤�¤˗đǛʢˈǚmǴǱõƻ£ŁàŸdǃʄ=DEǌmy���K=IA

ˈǑȒƶ»dɡŞNʝÁ=Dǒǈń˔���Tƙɧdɰ.'BǴǱõƻNʺª

?aĞĽdʬǍ÷=Dƶ»JČ˗đǛʢˈǚmǴǱõƻ£ŁàŸdǃʄ=DE

M1'ƳȞȬQƢǬĵŀöǹń˔Ôȁļĕ½N^`Ƅʆ<bDöǹń˔ʀȇN

ǙGIńƤ=D˚ƢĵȞȵ 136-4Ċ Ę 
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ȵ 2Ȳ� ȞȬ"˝ʢˈń˔ȅǒǈ���mǆȻ  

 

2.1� ɉɾ  

ƥřɡŞJɰcbI.a˗đǛn�¤��g��¤w�¢QŴɟáNƐß=

Dn�¤��KÅɲˋ˚®Nɗʯ˛Nʒ¸=DŋǄƸʹJ˗đǛʢˈdɰ.'

©ƞɚmΩȍNʺª?aŴȷɂɏmǴǱdɰ/EŴɟámn�¤��KÅɲˋ

mŋǄƸmʹNQȔɝ£ȷɖ£˕MLmˈǑƈƇmȊMaǇ)MɂɏPĿĤ='

ȗêĝʗKvM=DĪčQBbCbmɂɏmƈƇÓmɈĔPĝʗàÅmi¢�

¤~¢yKMaE 

WbXJm˗đǛʢˈNʺ?aĴSmĨȡń˔Q'g��¤w�¢n�¤�

�'Ŵȷ'ŋǄƸdĎ¥ǒǈáNʰɑ=IɰcbI.a(21, 27-29)EǒǈáǪǢQ

˓Ĭǒdȅ.I1`'Ĭ÷���j�ǮŠN^GIɈĔKMaɂɏƈƇdʉƞ

=Iʢˈń˔PɰcbI.a˚ȿǒmōˈǿ˝Ⱦ 1 �S/cm'Ȅȁ˓Ĭǒmōˈ

ǿ˝Ⱦ 20 mS/cm Ę̠ đǛʢˈJΩȄ=Dx×¤�ǵN^GIɂɏNQ©ćʡȒ

M}¢�qĲŸPȄ>aP'ČʯÂJΩȄ?aǵʴ˚9Q˛Qɂɏi¢�¤~¢

y˚R '̨ˈǟŦŠ˚Ie˛1^SʢˈƩʹ˚9t˛NǐÉ?a(31)E 

 9Q = R£Ie2£9t ˚Wsec˛ 

n�¤��ÝȳˈǄN22aˈǟŦŠd IK=DĪč'ČʯÂJmˈǟŦŠ̊ Ie˛

QˈǄmˈǟŦŠ˚I˛NǐÉ='ʖˆ˚d˛m 2¯NąǐÉ?a˚Ie = I/d2˛W

K2_¼žmʯÂJȄ>aǵʴQʖˆ˚d˛m 4¯NąǐÉ?aE 

 9Q = R£̊ I2/d4 £̨9t ˚Wsec˛ 

m¤�mǚð2_ˈǟÓP¥łmĪč'ˈģQi¢�¤~¢yNǐÉ?aE

WmWK2_n�¤��ǴǱń˔Qi¢�¤~¢yPń˔ȃĭN^GIȄȁȒ

ȺĠdʦɛ=M.ƶ»Jɰ/ŵɷP-aEëƯy���K=I'ń˔Nʬ=D
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ǒǈń˔���dǆȻ?aD[N'ʢˈƩmi¢�¤~¢yNʺª?aɷĞd

ǃʄ='ń˔���mʬǍ÷dġaȞȬdɰGDE 

 

2.2� ǅɷ  

2.2.1� ˗đǛn�¤��g��¤w�¢  

g��¤w�¢KQɂɏNǹȁȒk��p¤dª0Iȟİ='ʿā?aǘȏ

ǚd./En�¤��d¶=Dƭëm©ƞɚǘȏQ 1982 ŜN Gallagher _N^

GIˇǘŸ§ŅŸ©ƞɚÉNɰcb'k��p¤ǨNQȗǟˈǟPȅ._bD

(32)EȗǟˈǟJmg��¤w�¢Qàʘ˘ʱPŵɷJ'ŝȺMŴȷØņ]čÇ

ȍm�yqMLPʈˑK<bDEȀĤJQ˗đǛˈǟ(33-35)'äåæĢ(36)MLd

ȅ.Dg��¤w�¢ǚPʸΩ<b'ɡŞǘȏNŶȅ<bI.aE 

˗đǛˈǟdȅ.Dn�¤��ǘȏQ 1988 ŜN Borggrefe _N^GIĩĐ<

bD(35)EȀĤJQ§ŅŸ©ƞɚ]ŴƂɀöMLĴSmȍÉNʬŶ<ba^/N

M`'˗.ƮõŸKŁàŸPĩĐ<bI.a(37, 38)E˗đǛˈǟKQ 100kHzI

100MHzm˗.đǛƝdƮ?a³ǟˈǟKłɓ<baE̠ đǛˈǟdüô?aK

ɂɏJQ�f��¤õƻKΩǵõƻPȄ>a(20, 31)E�f��¤õƻKQɥĹɞ

mɛèǄdȄ>aȀʎJ'200kHzº¨mđǛƝJɻŊ<baP'300kHzº§N

MaKΩȄ=M.WKPȜ_bI.aEΩǵõƻQʢˈʯÂmɀɘ���Jm

ˈĽƏöN^GI˗đǛk��p¤Pǵk��p¤˚x×¤�ǵ˛NĲƔ<b

aȀʎdƌ?En�¤��ˈǄNƒ=DŴȷɲˋJΩȄ=Dx×¤�ǵQ¾ō

N^GIđĠmŴȷT¾Ɩ<ba(39)Eʢř'�� º§mǵNƬˉ<baKɀɘ

mĲŸȟİPȄ>Ļ['
� º§J}¢�qʔPǰȑɨNĲŸ=I©ćʡȒ˃

ņ˚ǵæĢ˛NɣaE=2='đǛƝP˗SMasLk��p¤¾ƖN˂?a

ˈóƕķPĴSM`'}¢�qʔĲŸ˚ǴǱ˛mǣ<PǠSMaEWb_mW
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K2_ɡŞÉJmŴɟn�¤��g��¤w�¢ǘȏQ'¥ɦȒN 500kHzñū

mđǛƝŘħm˗đǛˈǟPȅ._ba(31)E 

 

2.2.2� �i�¤�¤˗đǛʢˈǚ  

ʝŜ'ŴɟáN 2 Ƴmg��¤w�¢n�¤��dƐß='ǘȏǉȒʯÂm

ŴȷdBbCbmÝȳˈǄJƍZ^/NĢł=I˗đǛʢˈdɰ/ǘȏǚPɔ

ǀ<b'ɡŞÉTmŶȅPĩĐ<bD(23, 24, 27)EWmƣǚQ 2HmǞŸˈǄdȅ

.aWK2_�i�¤�¤˗đǛʢˈǚKĒRb'ǞŸˈǄP 1 HJ-aʢř

m���¤�¤ʢˈǚ^`\ǵæĢÆȅPǣʯNʪ?aKĩĐ<bI.a(21, 25, 

26)EXD'̌ ǘŸŴŅŸ©ƞɚŻɕdŋʎK=Dn�¤��ƃɱJ'Wmƃƅm

ƮõŸPĩĐ<bI.a(27)E¥ƣJ�i�¤�¤˗đǛg��¤w�¢ǚJQ'

Ŵȷơɳ£ŴŅȮľMLmʲȼMčÇȍmýˀP˗S'Èȅǋƴ'ʢˈƣǚ'

��}�¢rwy��MLNʈˑP-aWK2_'ȀƩǲJQ¥ɦȒMǘȏǚ

K=IɡŞÉNŶȅ<bIQ.M.E 

 

2.2.3� ńõˈģ˚Root Mean Square Voltage: RMS-V˛  

³ǟˈģQđƯȒNǄŸPĲ÷?aEńõˈģÓQˈóPśĥÓdKațʹ

mˈģÓK<b'ĝʗàÅN22aƭĵˈģÓ˚Vp˛KQȊMaEțƩˈģd

ƩʹJȫè=Iśĥ=D\mPńõˈģÓJ-`'ǍŤ³ǟǛJQ Vp d 1/!2

Ñ=DÓKĎȶKMaEÉ0RŇšȅmėȅˈģQ 100 V KɾcbaP'Wb

QńõˈģÓdȢ=I1`'ƭĵˈģÓQ 141.4VJ-aE 

 

2.3� ƣǚ  

2.3.1� ʢˈƶ»  
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ń˔ǒǈmȄȁ˓ĬǒǥŠdʉȹ?aD[mv¤��¤}¤1^Sǒǥ��

}¤'ǒǟ�¢�dáʯN{��=D��y��qɶń˔ȅǒǈ˚50820812 

cm N̨Ȅȁ˓Ĭǒdȅž=DEg��¤w�¢n�¤��QÝȳ���ʷ 4 mm

J'Ȅȁ˓ĬǒJˈǄÝȳdäþ?aǋədƮ?ai�t¤w�¢n�¤��

Cool Flex ˚St. Jude Medical˚SJM˛ɶ˛d 2 Ƴȅ.DE˗đǛΩȄɴɑQ

IBI-1500T12˚SJMɶ˛dȅ.'g��¤w�¢n�¤��NȄȁ˓Ĭǒdǯǟ

?ai�t¤w�¢�¢�Q Cool Point˚SJMɶ˛dȅ.DE 

 

2.3.2� ˗đǛʢˈƶ»˚�y�ʢˈ˛̊ ġ 1˛  

2 Ƴmi�t¤w�¢n�¤��dBbCb˗đǛΩȄɴɑmʢˈ�¤�K

ɗʯŋǄƸdƒɆ?ar�j¢��¤�NƒɆ=DE2Hmn�¤��ÝȳˈǄ

dń˔ǒǈmǒşʯ2_ 3 cm'̍ ǄʹʖˆP 5 cmKMa^/ń˔ȅg¤�JÏ

Ƌ='ÝȳˈǄʹJm�y�ʢˈdȾ 2ȦʹɰGIˈǑƌǉ̊ i¢�¤~¢y'

ˈģ˛dǦł=DE�y�ʢˈKQǴǱɱƤɰȗñNi¢�¤~¢yÓdȠʆ

?aD[mʢˈJ-`'0.5 WműťM˗đǛˈǟdȅ.Ii¢�¤~¢yÓd

Ǧł?aEWm˂m˗i¢�¤~¢yQg��¤w�¢n�¤��mơɊ]Ý

ȳˈǄmŴȷNŋ?aʨŠMģȚd'Ãi¢�¤~¢yQƱƒȚMLdȢĖ?

aE 

 

2.3.3� ńõˈģÓmȸç  

mw yu¤�˚WaveAce 1012'Teledyne Lectoyμɶ˛JǦł=Dʢˈĝʗ

ám peak to peakˈģÓ˚Vpp˛2_ƮõˈģÓ˚RMS-V˛dº¨m^/Nȸç

=DE 

RMS-V (V) =˚Vpp 8 1/2˛ 8 1/!2  
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2.3.4� Ȅȁ˓Ĭǒ£Ǣʴmǃʁ  

ǥŠʉƞɴɑ'ǒǥ��}¤'ǯǟ�¢�dʃɑ=D��y��qɶń˔ȅ

ǒǈN'Ȅȁ˓ĬǒmǢʴd 2,000 mL2_ 6,000 mLXJ 1,000 mL@Hʉƞ=

DE2 Ƴmn�¤��mÝȳˈǄdǒǈáJǒşʯ2_ 3 cm'2HˈǄʹʖˆ

P 5 cmKMa^/ń˔ȅg¤�dȅ.IĢł=DEȄȁ˓ĬǒmǢǥQ 37 K

='�y�ʢˈƩmi¢�¤~¢yÓK Vpd 6ĝ'BbCbíƥNǦł=DE 

 

2.3.5� Ȅȁ˓Ĭǒ£ǢŠmǃʁ  

ń˔ǒǈáNȄȁ˓Ĭǒ 6,000 mLdȅž='Ǣǥd 12 '24 '37 K 45 

NǥŠʉƞɴɑdȅ.Iu¢� ¤�=DE2Ƴmn�¤��ÝȳˈǄQǒşʯ

2_ 3 cm'2HˈǄʹʖˆP 5 cmKMa^/ń˔ȅg¤�dȅ.IǒǈáNĢ

ł=DEČǥŠJm�y�ʢˈƩmi¢�¤~¢yÓK Vpd 6ĝ'BbCbí

ƥNǦł=DE 

 

2.3.6� ɅʀŀȒǃʁ  

Ȅȁ˓ĬǒmǥŠ1^SǒʴN18ai¢�¤~¢yÓ'ńõˈģÓmǐʙ

Qɐ`ʞ=m-aèƜèƹ˚Repeated measures ANOVA: MANOVA˛Jɰ.'ɒ

ʹǐʙNQƭŎ �¯śĥŔm Tukeym HSDǃłdȅ.DEČƝÓQśĥÓ7ǉ

ǩÕŔJɲʂ=DEɅʀ|��Q JMP 9.0J (SAS Institute Inc., Cary, NC, USA) d

ȅ.'PÓ˚p<0.05˛dɅʀŀȒƮžŔ-`Kìł=DE 

 

2.4� Ʉƻ  

2.4.1� Ȅȁ˓Ĭǒ£Ǣʴ  
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i¢�¤~¢yÓQ 2,000 mL̋ 74.073.7�'3,000 mL̋ 68.271.6�'4,000 mL˝

66.871.8�'5,000 mL˝64.371.5�'6,000 mL˝64.072.1�JƮžŔPv_bD

˚MANOVA P<0.0001˛̊ ġ 2 ĘRMS-VQ 2,000 mL 2̋9.471.9V'3,000 mL 2̋8.5

71.7V'4,000 mL˝27.772.3V'5,000 mL˝27.172.1V'6,000 mL˝26.872.3V

J'i¢�¤~¢yÓKĎǇNƮžŔPv_bD˚MANOVA P<0.0001 Ę 

 

2.4.2� Ȅȁ˓Ĭǒ£Ǣǥ  

i¢�¤~¢yÓQ 12 ˝84.271.7�'24 ˝70.870.8�'37 ˝64.072.1

�'45 ˝56.571.2�JƮžŔPv_bD˚MANOVA P<0.0001 ĘRMS-V Q

12 ˝30.270.2V'24 ˝27.570.3V'37 ˝24.770.1V'45 ˝23.870.3V J

-GD˚MANOVA P<0.0001˛̊ ġ 3 Ę 

 

2.5� ɔŊ  

2.5.1� Ȅȁ˓Ĭǒ£ǢʴmŨˍ  

ǒǈámȄȁ˓ĬǒǢʴPŏM.sLi¢�¤~¢yQ˗ÓdȢ=DEˈǑ

ƈƇ˚R˛Q R=�£L/S˚ƈƇǿ˝� [�m]'ʷ<˝L [m]'ˋȫ˝S [m2] ˛J

ɲ<baE?Mcc'i¢�¤~¢yQōÅmʷ<NǐÉ='ơˋȫNąǐÉ

?aEµĝ'ǢʴPŏM.ĪčNi¢�¤~¢yP˗ÓJ-GDmQ˗đǛˈ

ǟmʢ`ʩ˚ơˋȫ˛PǽSMGDD[Kɼ<baEǢʴmĮôN¿GIi¢

�¤~¢yÓQÃ¨?aP'ǢʴĮôN¿/i¢�¤~¢yÓmÃ¨ŚQŬ)

NɍŎ=I.aE4,000 mL˚66.871.8�˛K 5,000 mL˚64.371.5�˛JQȾ 2.5

�mŔJ-GDmNŋ='5,000 mLK 6,000 mL̊ 64.072.1�˛JQȾ 0.3�Js

WŔPv_bMSMGD˚P=0.9980 ĘWb_mWK2_'µĝmń˔ȅǒǈd

ȅ.aĪč'Ȅȁ˓ĬǒmǢʴQŏMSK\ 5,000 mLº§ŵɷJ-aWKPȢ
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Ė<b'Ȅȁ˓Ĭǒd 6,000 mLȅ.aWKJǢʴPi¢�¤~¢yÓNª0a

ŨˍdŏMS?aWKPćəKɔ0_bDE 

 

2.5.2� Ȅȁ˓Ĭǒ£ǢǥmŨˍ  

ǒǈámȄȁ˓ĬǒǢǥmÃ¨N¿.'i¢�¤~¢yÓQ§Ʀ=I.DE

µĝǦł=DȺĠáJQ'i¢�¤~¢yÓKǢǥQʏmȘʺdȢ=D̊ R=-0.98'

P<0.0001 Ę¥ɦN'ǢÅmˈǑmǟb]?<QƈƇǿmʡƝJ-aōˈǿJɲ

<baP'25 mȄȁ˓ĬǒmōˈǿQ 16.0 mS/cm'40 JQ 20.8 mS/cmJ'

ǢǥPÃ.Kōˈǿ\ÃÓJ-aWKPȜ_bI1`(40)'µĝmʀǦɄƻKč

ɤ?aE 

Öř´mÅǥQ¥ɦN 36I37 J-`'ÅǥmȺĠĳmȄȁ˓ĬǒǢǥJń

˔dɰ/WKQi¢�¤~¢yÓPĵQSĳbaD[ȀńȒJQM.E?Mc

c'µĝmń˔ȽN1.IQȄȁ˓ĬǒmǢǥQ��mÅǥKĎȶJ-a 37 

ñūdɇƋ=I˗đǛg��¤w�¢dɰ/WKPʲɷJ-aKɔ0_bDE 

 

2.6� ŎƊ  

˗đǛʢˈmǴǱõƻNŨˍdª0ai¢�¤~¢yNQȄȁ˓Ĭǒm"Ǣ

ʴK#ǢǥPʺÍ='ń˔dʥ[a§JQ"Ȅȁ˓Ĭǒdùèʴ˚µĝmǒǈ

JQ 6,000 mLº§˛ȅ.I'#Ȅȁ˓ĬǒmǢǥQÅǥKĎȶm 37 ñūNɇ

Ƌ?aWKPʲɷKɔ0_bDE 
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ȵ 3Ȳ� ȞȬ#˝�i�¤�¤˗đǛʢˈǚK���¤�¤˗đǛʢˈǚ

mǐʙ  

 

3.1� ɉɾ  

ŴŅŸ©ƞɚmʕǨPŴȷ¬ŐNĿĤ?aĪč'˗đǛn�¤��g��¤

w�¢JùèMǘȏõƻdŮ_bM.ȍÉdɃ˔?aEWbQŴáɞˋNȉɑ

=Dn�¤��ÝȳKÅɲˋŋǄƸmʹJʢˈdɰ/���¤�¤˗đǛʢˈ

ǚJQ'ǴǱØPǣʯɂɏNʪ=M.D[Kɼ<baEBWJ'ǘȏǉȒʯÂ

mŋˋKMaʯÂ˚É0RŴěɜámŴĳɞˋ]ŋ×ŴŅm¬ˁML˛2_�

��¤�¤˗đǛʢˈdˎǌɰ/ƣǚPɔǀ<bD(23)EWmƣǚQw¤±¢w

��£���¤�¤˗đǛʢˈǚKĒRb'Ŵáɞ×2_m���¤�¤˗đ

ǛʢˈǚE8JQǴǱPăRM.Ŵĳɞ×ˏħN©ƞɚmʕǨ£ĝʗPĿĤ?

aȍÉMLJõƻPƯŪJQa(14, 41)Eµĝ'ȞȬ"JǆȻ=Dǒǈń˔���

dȅ.I'�i�¤�¤˗đǛʢˈǚKw¤±¢w��£���¤�¤˗đǛ

ʢˈǚmǴǱõƻKŁàŸmǃʄdȖȒK=IȞȬdɰGDE 

 

3.2� ǅɷ  

3.2.1� w¤±¢w��£���¤�¤˗đǛʢˈǚ˚ġ 4-A˛  

w¤±¢w��£���¤�¤˗đǛʢˈǚQŭƷm���¤�¤˗đǛʢ

ˈǚdŶȅ=DʢˈǚJ-`'ǘȏǉȒʯÂmŴȷd 2 ƣď˚É0R'œŴɢ

ȆįŴáɞˋKBmŋˋN-DaŴĳɞˋML˛2_ˎǌ���¤�¤˗đǛ

ʢˈdɰ/ƣǚJ-a(23)EŴȷd 2 ƣď2_ǴǱ?aD[ǴǱǣŠQ���¤

�¤˗đǛʢˈǚ^`ĵQSMaE 
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3.2.2� �i�¤�¤˗đǛʢˈǚ˚ġ 4-B˛  

ŴɟáN 2 Ƴmg��¤w�¢n�¤��dƐß='ǘȏǉȒʯÂmŴȷd

BbCbmÝȳˈǄJƍZ^/NĢł=I˗đǛʢˈdɰ/ǘȏ(23, 24)J-`'

Ŵȷ¬ŐmȌĲNŋ=IƮõKɔ0_ba(21, 25, 26)E¥ƣJ'˗đǛˈǟP��

�¤�¤ʢˈǚNǐUI˗ŉŠKMaD[Ny�¤����ȀʎdƷD='Ŵ

ȷơɳ'ŴŅȮľMLmʲȼMčÇȍmýˀP˗SMa(21, 42)EȀƩǲJQÈȅ

ǋƴ'ʢˈƣǚ'��}�¢rwy��MLNʈˑP-aWK2_¥ɦȒMǘ

ȏǚK=IɡŞŶȅ<bIQ.M.E 

 

3.2.3� i�t¤w�¢wy��  

˗đǛʢˈN^GIȄ>DΩǵõƻN^GIg��¤w�¢n�¤��ˈǄ

Kƒɽ=I.aŴȷɂɏmǥŠQ§Ʀ?aE70 J�h��¢Pƹç='80 

º§JQɯƽŧƀPȄ>aWKPȜ_bI1`(31, 43)'n�¤��ÝȳKɂɏʹ

mi¢�¤~¢yP§Ʀ?aD[˗đǛʢˈmɇƋPğˇKMaEXD'īƽ

ȍmΩȍ�yqP˗XaD[(44)'˗đǛΩȄɴɑQg��¤w�¢n�¤��

ÝȳǥŠdȕɸ=Içódïů=I.aEWmĪč'ŴȷǣʯmǥŠQǵæĢ

dȄ>a 60 NQɣ_M.D[ǘȏõƻNʽȈPȄ>aE 

ɯǟʣŠPʣ.Īč'n�¤��KɂɏƒɽˋQɯǟN^GIäþ<b'ƒ

ɽˋ^`ǣʯmǥŠmƣP˗SMaEn�¤��ÝȳˈǄmǥŠd 50 ρŠN

ÏGI\ǣʯŴȷmǥŠQ 20 º§˗ǥKMaWKP-`'ɬ.Ŵȷ˚ŴƂȷ

ML˛JQŴĳɞǥŠP 80 Nʪ?aD[ŴĳɞKƒ?a˓ʩ]ȤɃɂɏPǴ

Ǳ<bI'˓ʩɳľ]ȤɃ˘ȎMLmčÇȍdƷ=/aE¥ƣ'n�¤��Ý

ȳđĠmɯǟʣŠJʧ.Īč'n�¤��ÝȳˈǄQäþ<bNS.D[ɂɏ

ǥŠKmŔQŏMS'n�¤��ÝȳǥŠm§Ʀ'?MccɂɏɲˋǥŠm§
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ƦNKLXaD['ǣʯŴȷmǵæĢNQɣ_M.(31)Ei�t¤w�¢wy�

�QȄȁ˓ĬǢdn�¤��Ýȳ2_ŦïȒNĚŌ?aWKJ'n�¤��ƒ

ɽʯÂmŴȷɲˋdäþ='ɯƽŧƀMLN^aˈǄƒɽʯÂmi¢�¤~¢

y§ƦdƆï=MP_˗k��p¤m˗đǛˈǟdŴȷǣʯTüô?aD[ǵ

æĢP^`ŴȷǣʯTʪ?a(45-48)E 

 

3.2.4� y�¤����Ȁʎ  

i�t¤w�¢wy��Qn�¤��ÝȳKɂɏɲˋmǥŠ§ƦdƆï='

ǣʯŴȷmɂɏǥŠd§Ʀ<AIǵæĢN^aɂɏĲŸdćəK?a(46, 47)E¥

ƣ'˗đǛΩȄɴɑJm��}�¢rQ'n�¤��Ýȳ1^SʹƒȒMɂɏ

ɲˋmǥŠJ-`ǣʯŴȷmǥŠĲ÷m��}�¢rQJQM.EXD'�h

��¢ƹçȶN^an�¤��Ýȳmi¢�¤~¢y§Ʀd¿c@NǣʯŴȷ

ǥŠm§ƦPΩȄ=ŮaEǣʯŴȷmǥŠPǗǲNʪ?aKȯĺ'ɂɏQy�

¤����˚ǒɪǑǶΩ˛ȀʎdȄ>'ŴȷɎɇdƎǫ<AIŴȷmơɳNɣ

a(21, 42)E 

 

3.3� ŋʎKƣǚ  

3.3.1� œŅɢȆįŴȷéǷÆƀ  

ƢǬŕ˓ɖ{¢}¤J˓ɖȅNƗç<bDȗūm�}ŴɟdƴƠK=Iȅ.

DEʣ]2NœĉmãöɚNŴȷÏʍǢ˚Na+ = 120.0 mEq/L, K+ = 16.0 mEq/L, 

Mg2+ = 32.0 mEq/L, Ca2+ = 2.4 mEq/L, HCO3
- = 10.0 mEq/L and Cl- = 160.4 mEq/L, 

buffered with 95% O2 and 5% CO2˛dǜß='Ǔä¨NIń˔ŅTȧʠ=DEî

Țū'œŅɢȆįdé`ç=Iń˔ȅŴȷéǷdÆƀ=̊ 47éǷ'14.672.5 mm '̨

37 mȄȁ˓Ĭǒdȅ.IźǥǈJŰǥ=DE 
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3.3.2� ń˔ȃĭ  

Ȅȁ˓Ĭǒd 37 JÏƋ?aD[mv¤��¤}¤1^Sǒǥ��}¤'ǒ

ǟ�¢�dáʯN{��=D��y��qɶń˔ȅǒǈNȄȁ˓Ĭǒdȅž='

��y��q�¤�ɴɑJœŅŴȷéǷdǒǈáNȉɑ=D˚ġ 5 Ęg��¤

w�¢n�¤��QÝȳ��� 4 mm JȄȁ˓ĬǒN^aäþǋədƮ?a 2

ȩ˒mi�t¤w�¢n�¤��˚NAVISTAR THERMOCOOL˝Biosense 

Websterɶ'Cool Path Duo˝ SJMɶ˛dȅ.DE˗đǛΩȄɴɑQ STOCKERT 

J70˚Biosense Websterɶ˛K IBI-1500T12˚SJMɶ˛dȅ.'g��¤w�¢n

�¤��NȄȁ˓Ĭǒdǯǟ?ai�t¤w�¢�¢�Q Cool Flow˚Biosense 

Websterɶ˛K Cool Point˚SJMɶ˛dȅ.DE 

 

3.3.3� ˗đǛʢˈƶ»  

ɡŞÉm©ƞɚǘȏdɰ/˂mʃłdĂɔNçóQ 30 WXDQ 40 W'ʢˈ

ƩʹQ 60Ȧ'i�t¤w�¢�¢�ǟʴd 15 mL/è'XDn�¤��ÝȳǥŠ

§ʽd 45 Nʃł=I'i¢�¤~¢yKn�¤��ÝȳǥŠm��}�¢r

¨N˗đǛʢˈdɰGDEŴȷdƍeJŋˋKMa^/Ŵáɞ×n�¤��

˚Biosense Webster˛KŴĳɞ×n�¤��˚SJM˛dBbCbń˔ȅg¤�J

ÏƋ='ŴȷɲˋN|��NƒȚ?a^/ȉɑ=DE 

�i�¤�¤˗đǛʢˈǚ˚BIP-4˛̋ Ŵáɞ×n�¤��d˗đǛΩȄɴ

ɑmʢˈ�¤�'ɗʯŋǄƸdƒɆ?ar�j¢��¤�NQŴĳɞ×n�¤

��dƒɆ=I�i�¤�¤˗đǛʢˈd 60ȦʹɰGD˚ġ 4-B Ę 

w¤±¢w��£���¤�¤˗đǛʢˈǚ̊ SEQ˛̋ ǒǈáNŋǄƸ̊ ʶ

Ƹ£10×5 cm˛dʃɑ=DE2Ƴmn�¤��Q.@b\˗đǛΩȄɴɑmʢˈ
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�¤�NƒɆ='r�j¢��¤�NQŋǄƸdƒɆ=DEëĝʢˈK=IŴ

áɞ×n�¤��KŋǄƸʹm���¤�¤˗đǛʢˈd 60Ȧʹɰ.'ŢQɆ

Q 2 ĝȖmʢˈK=IŴĳɞ×n�¤��KŋǄƸʹm���¤�¤˗đǛʢ

ˈd 60ȦʹɰGD˚ġ 4-A Ę 

 

3.3.4� ǴǱõƻmǃʁ  

˗đǛʢˈū'Ŵáɞˋ1^SŴĳɞˋNŧƀ<bDǴǱØmĵQ<̊ ʷũ'

ȝũ˛dʀǦ=DEŢQɆQ 2 Ƴmn�¤��JƍXbDŴȷǴǱʯÂdȌȁ

ǃƼȅ���¢r�i�Jé`ç='ŴȷơˋJmǴǱØǣŠ1^SŴȷįÿ

dǦł=DEʀǦNQ�hx}��py˚��� 19979'w¢¡Ǧłμɶ˛dȅ

.DE˗đǛʢˈN¿GIȄ>DǵæĢĲŸʯÂQɸɹȒNǰȑɨĲŸdƷ=

DʯÂKłɓ='ǍřŴȷNŋ?aʛɌdĭȈK=DE 

 

3.3.5� ŁàŸmǃʁ  

ɸɹȒNǵæĢĲŸPàŐNǤGI.aĪčdʐįŸǴǱKìł='ʢˈ¬

NŴȷɂɏ2_mǶΩˌΩȄ1^SŴȷơˋJmɂɏƎǫdƷ=I.aĪčN

y�¤����Ȁʎ-`Kìł=DE 

 

3.3.6� ɅʀŀȒǃʁ  

ƝÓQśĥÓ7ǉǩÕŔJɲʂ=DEŴȷįÿ'ǴǱØmĵQ<˚ʷũ'ȝ

ũ'ǣŠ m̨ǐʙNQ Studentm tǃłXDQWilxosonmǃłdǉƳèŖN^G

IʬŃÈȅ='ʐįŸǴǱʪƀƝKy�¤����ȀʎΩȄƝmǐʙNQ Fisher

mǍȠǃłdʬȅ=DEɅʀ|��Q JMP 9.0J (SAS Institute Inc., Cary, NC, USA) 

dȅ.'PÓ˚P<0.05˛dɅʀŀȒƮžŔ-`Kìł=DE 
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3.4� Ʉƻ  

3.4.1� ʢˈɗƪ  

Čʢˈ�¤�Jm˗đǛʢˈƤɰƝ'ȅ.DŴȷéǷįÿQº¨mʢ`J-

GDE 

BIP-4: ʢˈƝ 68ĝ˚30W:34ĝ'40W:34ĝ '̨įÿ 14.372.4 mm 

SEQ˝ ʢˈƝ 26ĝ˚30W:13ĝ'40W:13ĝ '̨įÿ 15.272.7 mm 

BbCbmʢˈĝƝKŴȷįÿNɅʀŀȒMŔQv_bM2GD˚ʢˈĝ

Ɲ˝P=1.0000'Ŵȷįÿ˝ P=0.1104 Ę 

 

3.4.2� ɲˋǴǱõƻ˚BIP-4 vs. SEQ˛̊ ġ 6˛  

ŴáɞɲˋmǴǱØ̊ ʷũ8ȝũ Q̨BIP-4m30WJ5.59±1.8184.3971.51 mm'

40WJQ 6.1971.3985.22±1.18 mm'SEQm 30WJQ 4.5171.3583.75±1.05 mm'

40WQ 5.4071.2384.6571.06 mmJ'ʢˈǚmʫ.^aɲˋǴǱØmĵQ<N

ŔQv_bM2GD̊ 30Wʷũ̋ P=0.0659'ȝũ̋ P=0.1767'40Wʷũ̋ P=0.0901'

ȝũ˝P=0.1519˛̊ ġ 7 Ę 

ŴĳɞɲˋJQ BIP-4m 30WQ 6.40±1.6985.22±1.47 mm'40WQ 6.79±1.63

85.7271.46 mm '̨SEQm 30WQ 5.3871.5384.5271.31 mm'40WJQ 5.957

1.5884.9071.16 mm˛J'ŴáɞɲˋKĎǇNʢˈǚN^GIǴǱØmĵQ<

NŔQM2GD˚30Wʷũ˝P=0.0717'ȝũ˝P=0.1478'40Wʷũ˝P=0.1344'

ȝũ˝P=0.0856˛̊ ġ 7 Ę 

 

3.4.3� ǣʯǴǱõƻ˚BIP-4 vs. SEQ˛̊ ġ 8˛  

ǴǱØmǣ<Q BIP-4m 30WJQŴáɞP 5.33±1.40 mm'ŴĳɞQ 4.86±1.62 
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mmJ'40WmŴáɞQ 5.80±1.47 mm'ŴĳɞP 4.96±1.34 mmJ-GDESEQ

m 30WJQŴáɞP 3.3871.77 mm'ŴĳɞQ 2.8771.20 mm'40WJQŴáɞ

P 3.9071.77 mm'ŴĳɞJQ 3.0870.61 mmJ-GDE40WʢˈJQ BIP-4P

SEQ ^`]]ǴǱǣŠQǣ.ÙďN-GDP'ɅʀŀȒƮžŔNQɣ_M2G

D˚30W˝Ŵáɞ˝P=0.1481'Ŵĳɞ˝P=0.1017'40W˝Ŵáɞ˝P=0.1564'Ŵ

ĳɞ˝P=0.0138 ĘŴáɞ×KŴĳɞ×mǴǱØmǣ<dôȸ=DɈǴǱǣŠJ

Q BIP-4P 30WJ 9.36±2.09 mm'40WQ 10.30±1.78 mm'SEQQ 30WP 5.53

71.84 mm'40WQ 6.9872.01 mmKM`'BIP-4mǣʪŠQ SEQNǐ=IƮž

NĵJ-GD˚30W˝P=0.0216'40W˝P=0.0362˛̊ ġ 9 Ę 

 

3.4.4� ŁàŸ˚BIP-4 vs. SEQ˛  

ʐįŸǴǱØ˝30W'40WK\N BIP-4NmvɻŊ<b'SEQJQv_bM

2GDEBIP-4JmΩȄːŠQ 30W˚11/34ʢˈ'32.4%˛K 40W˚12/34ʢˈ'

35.3%˛JĎȶJ-GD˚P=1.0000˛̊ ɲ 1'ġ 10-A Ę 

y�¤����Ȁʎ˝30W'40W K\N BIP-4 mvJȄ>'SEQ JQv_

bM2GDEBIP-4 m 30W JQ 2/34 ʢˈ˚5.9% '̨40W m 5/34 ʢˈ˚14.7%˛

NɻŊ<b'̃ Hmk��p¤JΩȄːŠNŔQv_bM2GD̊ P=0.4275˛̊ɲ

1'ġ 10-B ĘM1'ŴȷįÿQy�¤����ȀʎdƷ=DŴȷéǷQ'y�

¤����ȀʎdȄ>M2GDŴȷéǷ^`\ɬ2GD̊ 12.271.6 vs. 15.572.4 

mm'P=0.0149 Ę 

 

3.5� ɔŊ  

3.5.1� �i�¤�¤˗đǛʢˈǚKw¤±¢w��£���¤�¤˗đǛ

ʢˈǚ  
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�i�¤�¤˗đǛʢˈǚJQ 2 Ƴmg��¤w�¢n�¤��ÝȳˈǄʹ

J˗đǛˈǟPǟbaD['Ąƣmn�¤��ÝȳˈǄđĠmˈǟŉŠP˗S

M`'ŴáɞˋKŴĳɞˋJ¬ŴNď2/ŧǻJǵæĢ˚ǴǱØ˛Pŧƀ<b

aE¥ƣJ'w¤±¢w��£���¤�¤˗đǛʢˈǚQŴáɞˋKŴĳɞ

ˋ2_ˎǌ���¤�¤˗đǛʢˈdɰ/D[ˈǟŉŠQÝȳˈǄ¸ʝNv_

bamvJŋǄƸNď8IƉƜ?aEWm 2 Hmʢˈǚdǐʙ?aK�i�¤

�¤˗đǛʢˈǚJQ 2 Ƴmn�¤��ÝȳˈǄʹN˗đǛˈǟP˅¬?aD

[���¤�¤˗đǛʢˈǚNǐUIŴȷáJm˗đǛˈǟŉŠQ˗.(25)E 

µĝmǃʁN1.I\�i�¤�¤˗đǛʢˈǚJw¤±¢w��£���

¤�¤˗đǛʢˈǚ^`\ǣ.ǴǱØPŧƀ<bI1`'ŭƷmȞȬĩĐ(21, 25, 

26)Kčɤ=I.aEXD 40WʢˈJmǴǱØP 30Wʢˈ^`\ǣŠNɣGI1

`'ʢˈk��p¤NǴǱǣŠPÊĿ=I.aWK(49)\ȠʆJQDE=2='

�i�¤�¤˗đǛʢˈǚKw¤±¢w��£���¤�¤˗đǛʢˈǚJm

ŴȷɲˋmǴǱØviz˚ʷũ£ȝũ˛NQŔPv_bM2GDEWbQŴȷ

ɲˋNƒ?aˈǄˋȫP 2 HmʢˈǚJĎ¥J-aWKdąƨ=I.aKɔ0

_baE 

 

3.5.2� ʐįŸǴǱØKy�¤����Ȁʎ  

ʐįŸNǴǱØdŧƀ?aWKPJQbRŴȷmLmŐN©ƞɚʕǨ]ĝʗ

PĿĤ=I\˗đǛn�¤��g��¤w�¢ɱJǘȏJQaćəŸP-aE

µĝmȞȬJʐįŸǴǱØdŧƀ=DmQ 2 Ƴmi�t¤w�¢n�¤��d

ȅ.D�i�¤�¤˗đǛʢˈǚJ-GDEƳȞȬN1.IŴŅɳľmĀĞK

May�¤����ȀʎQ 2 Ƴmi�t¤w�¢n�¤��dȅ.D�i�¤

�¤˗đǛʢˈǚJɻŊ<bI1`'ʲȼMčÇȍNɣaýˀŸP˗.WKd



 

 18 

ȢĖ=I.aEy�¤����Ȁʎdĝʭ?aD[mŁàƌǉmǆȻQµūm

ǃʁʈˑJ-aE 

 

3.6� ŎƊ  

�i�¤�¤˗đǛʢˈǚQ���¤�¤˗đǛʢˈǚ^`ǴǱØQǣʯT

ʪ='ʐįŸǴǱQ^`˗ǿNȄ>aPĎƩNy�¤����ȀʎmΩȄ�y

q\Įĵ=DEŁàMn�¤��g��¤w�¢ɱƤɰmD[NQ�i�¤�

¤˗đǛʢˈǚmŁàƌǉmǆȻPŵɷJ-aE 
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ȵ 4Ȳ� ȞȬA˝�i�¤�¤˗đǛʢˈǚmǐʙ˚BIP-4 vs. BIP-8˛  

 

4.1� ɉɾ  

ɡŞm©ƞɚǘȏJ 2 Ƴmi�t¤w�¢n�¤��dĎƩNÈȅ?aWK

Q'i�t¤w�¢�¢�P 2 ĈŵɷKMaWK2_\¥ɦȒJM.E˗đǛ

g��¤w�¢Nȅ._ban�¤��QȄȁ˓ĬǒdəöȒNn�¤��Ý

ȳ2_ŦïĚŌ=IˈǄdäþ?ai�t¤w�¢n�¤��ms2'əöȒ

MÝȳˈǄmäþǋədƮ<M.�¢£i�t¤w�¢n�¤��P-aE 

ǉǩȒMÝȳ���ʷ 4 mmm�¢£i�t¤w�¢n�¤��QÝȳˈǄđ

ĠmɯǢ^aĆöȒMäþõƻmvJQùèNäþ<b@'˗đǛΩȄɴɑm

ǥŠu¢� ¤�ǋə¨JQÃçóNKLXaĪčP-aE¥ƣ'Ýȳ���

ʷ 8 mm mĵĦ���n�¤��Qǉǩ���n�¤��^`\ˈǄmɲˋȫ

PĵQ.D[ÝȳˈǄʯmäþõƻPĮ0IÝȳˈǄmǥŠ§ƦPƆï<b'

ǉǩ���n�¤��^`\˗.k��p¤dçóJQ'ĵQMǴǱØdŧƀ

?aWKPćəJ-a(50, 51)E 

 

4.2� ǅɷ  

4.2.1� ĵĦˈǄ�¢£i�t¤w�¢n�¤��˚8 mm���˛  

2Ƴmi�t¤w�¢n�¤��dȅ.a�i�¤�¤˗đǛʢˈǚm/c 1

Ƴmn�¤��di�t¤w�¢�¢�©ɷm 8 mmĵĦˈǄ�¢£i�t¤w

�¢n�¤��J¹ȅćə2'?Mcc'i�t¤w�¢n�¤��d 2 Ƴȅ

.D�i�¤�¤˗đǛʢˈǚKĎǇmǴǱõƻPŮ_ba2ǃʄ?aE 

 

4.3� ƣǚ  
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4.3.1�  œŅɢȆįŴȷéǷmÆƀ  

ƢǬŕ˓ɖ{¢}¤J˓ɖȅNƗç<bDȗūm�}ŴɟdƴƠK=Iȅ.

D˚46éǷ'14.572.3 mm Ęȵ 3ȲKĎǇNŴȷÏʍǢdãöɚ2_ǜß='

Ǔä¨NIń˔ŅXJȧʠū'é`ç=DœŅɢȆįd 37 mȄȁ˓ĬǒJŰ

ǥ=DE 

 

4.3.2� ń˔ȃĭ  

ȵ 3ȲKĎǇNȄȁ˓Ĭǒd 6,000 mLȅž=D��y��qɶń˔ȅǒǈá

Nv¤��¤}¤1^Sǒǥ��}¤'ǒǟ�¢�d{��='��y��q

�¤�ɴɑJœŅŴȷéǷdÏƋ=DE 

g��¤w�¢n�¤��Qȵ 3ȲJȅ.DÝȳ���ʷ 4 mmmi�t¤w

�¢n�¤��˚NAVISTAR THERMOCOOL˝Biosense Websterɶ'Cool Path 

Duo˝SJMɶ˛2ȩ˒KĵĦ 8 mmˈǄdÝȳNɴȚ=D�¢£i�t¤w�¢

n�¤��̊ Dual-8̋ SJMɶ m̨ʀ 3ȩ˒dȅ.DE̠ đǛΩȄɴɑQ STOCKERT 

J70̊ Biosense Websterɶ˛dȅ.'i�t¤w�¢�¢�Q Cool Floẘ Biosense 

Websterɶ˛K Cool Point˚SJMɶ˛dȅ.DE 

 

4.3.3� ˗đǛʢˈƶ»  

çóQ 30WXDQ 40W'ʢˈƩʹQ 60Ȧ'i�t¤w�¢�¢�ǟʴd 15 

mL/èNʃł=DEŴáɞ×Ni�t¤w�¢n�¤��̊ Biosense Websterɶ˛

dȉɑ='ŴȷdƍeJŋˋKMa^/Ŵĳɞ×N\/ 1 Ƴmi�t¤w�¢

n�¤��˚SJM ɶ˛XDQĵĦˈǄ�¢£i�t¤w�¢n�¤��˚SJM

ɶ˛dȉɑ=DE.@bmn�¤��\ń˔ȅg¤�Jȅ.I{��=DEŴ

áɞ×n�¤��dʢˈ�¤�'Ŵĳɞ×n�¤��dr�j¢��¤�Nƒ
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Ɇ='ƳǃʁJQº¨m 2HmɂvčcAJ�i�¤�¤˗đǛʢˈdɰGDE 

" BIP-4˝4 mmi�t¤w�¢n�¤��˚Ŵáɞ× -̨ 4 mmi�t¤w�

¢n�¤��˚Ŵĳɞ×˛ 

# BIP-8˝4 mmi�t¤w�¢n�¤��˚Ŵáɞ×˛- 8 mm�¢£i�t

¤w�¢n�¤��˚Ŵĳɞ×˛ 

 

4.3.4� ǴǱõƻ£ŁàŸmǃʁ  

˗đǛʢˈū'Ŵáɞˋ1^SŴĳɞˋNŧƀ<bDǴǱØmʷũKȝũd

ʀǦ='ŢQɆQŴȷǴǱʯÂdȌȁǃƼȅ���¢r�i�Jé`ç=IǴ

ǱØǣŠ1^SŴȷįÿdǦł=DEʀǦQ�hx}��py˚��� 19979'

w¢¡Ǧłμɶ˛dȅ.Iȵ 3 ȲKĎǇNɰGDEXD'ʐįŸǴǱØKy�

¤����Ȁʎ\ȵ 3ȲKĎǇNłɓ='ìł=DE 

 

4.3.5� ɅʀŀȒǃʁ  

ƝÓQśĥÓ7ǉǩÕŔJɲʂ=DEŴȷįÿ'ǴǱØmĵQ<˚ʷũ'ȝ

ũ'ǣŠ m̨ǐʙNQ Studentm tǃłXDQWilxosonmǃłdǉƳèŖNčc

AIʬŃÈȅ='ʐįŸǴǱʪƀƝKy�¤����ȀʎΩȄƝmǐʙNQ

FishermǍȠǃłdʬȅ=DEɅʀ|��Q JMP 9.0J (SAS Institute Inc., Cary, NC, 

USA) dȅ.'PÓ˚p<0.05˛dɅʀŀȒƮžŔ-`Kìł=DE 

 

4.4� Ʉƻ  

4.4.1� ʢˈɗƪ  

Čʢˈ�¤�Jm˗đǛʢˈƤɰƝ'ȅ.DŴȷéǷįÿQº¨mʢ`J-

GDE 
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BIP-4: ʢˈƝ 68ĝ˚30W:34ĝ'40W:34ĝ '̨įÿ 14.372.4 mm 

BIP-8˝ ʢˈƝ 28ĝ˚30W:11ĝ'40W:17ĝ '̨įÿ 15.171.9 mm 

BbCbmʢˈĝƝKŴȷįÿNɅʀŀȒMŔQv_bM2GD˚ʢˈĝ

Ɲ˝P=0.3755'Ŵȷįÿ˝ P=0.1089 Ę 

 

4.4.2� ɲˋǴǱõƻ˚BIP-4 vs. BIP-8˛  

ŴáɞɲˋmǴǱØ̊ ʷũ8ȝũ Q̨ BIP-4̊ 30W J̨ 5.59±1.8184.3971.51 mm'

BIP-8˚30W˛JQ 5.4671.6984.44±1.04 mmJ-GDEBIP-4˚40W˛JQ 6.19

71.3985.22±1.18 mm'BIP-8˚40W˛Q 5.9571.4384.9271.03 mmJ-`'ʢ

ˈǚmʫ.^aɲˋǴǱØmĵQ<NŔQv_bM2GD̊ 30Wʷũ̋ P=0.8645'

ȝũ˝P=0.9346'40Wʷũ˝P=0.6235'ȝũ˝P=0.4463 Ę 

ŴĳɞɲˋJQ BIP-4˚30W˛Q 6.40±1.6985.22±1.47 mm'BIP-8˚30W˛Q

8.3472.1484.7670.93 mmJ-GDEBIP-4̊ 40W Q̨ 6.79±1.6385.7271.46 mm'

BIP-8̊ 40W˛JQ 8.6472.3784.8270.94 mmJ'30W£40WK\NŴĳɞmʷ

ũQBIP-8PBIP-4^`ĵJ-GDP'ȝũNŔQM2GD̊ 30Wʷũ̋ P=0.0138'

ȝũ˝P=0.4304'40Wʷũ˝P=0.0073'ȝũ˝P=0.0580˛̊ ġ 11 Ę 

 

4.4.3� ǣʯǴǱõƻ˚BIP-4 vs. BIP-8˛  

ǴǱØmǣ<Q BIP-4̊ 30W J̨QŴáɞP 5.33±1.40 mm'ŴĳɞQ 4.86±1.62 

mmJ'BIP-8̊ 30W˛JQŴáɞP 3.7671.48 mm'ŴĳɞQ 2.5571.11 mm J

-GDEBIP-4˚40W˛mŴáɞQ 5.80±1.47 mm'ŴĳɞP 4.96±1.34 mmJ'

BIP-8̊ 40W J̨QŴáɞP 4.4171.41 mm'ŴĳɞJQ 3.1371.19 mmJ-GDE

30W'40W K\NŴĳɞ×mǴǱǣŠP BIP-4 J BIP-8 ^`ǣ.ÙďdȢ=D

P'Ŵáɞ×JQŔPv_bM2GDE̊30W̋ Ŵáɞ̋ P=0.0769'Ŵĳɞ̋ P=0.0291'
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40W˝Ŵáɞ˝P=0.1123'Ŵĳɞ˝P=0.0160˛̊ ġ 12 Ę 

Ŵáɞ×KŴĳɞ×mǴǱØmǣ<dôȸ=DɈǴǱǣŠJQ BIP-4˚30W˛

J 9.36±2.09 mm'BIP-8̊ 30W P̨ 5.9872.09 mmJ-`'BIP-4̊ 40W Q̨ 10.30±1.78 

mm'BIP-8˚40W˛Q 7.5472.25 mmKM`'BIP-4mɈǴǱǣŠQ BIP-8Nǐ

=IƮžNĵJ-GD˚30W˝P=0.0412'40W˝P=0.0376˛̊ ġ 13 Ę 

 

4.4.4� ŁàŸ˚BIP-4 vs. BIP-8˛  

ʐįŸǴǱØQBIP-4JQ 30Wm 11/34ʢˈ̊ 32.4% '̨40Wm 12/34ʢˈ̊ 35.3%˛

NɻŊ<bDEBIP-8m30WJQɻŊ<b@̊ 0/11ʢˈ '̨40WJ1/17ʢˈ̊ 5.9%˛

ɻŊ<bDEy�¤����Ȁʎd¿GDʢˈQ BIP-4 m 30W JQ 2/34 ʢˈ

˚5.9% '̨40Wm 5/34ʢˈ˚14.7%˛NɻŊ<bDP'BIP-8JQ 30W˚0/11ʢ

ˈ '̨40W˚0/17ʢˈ˛K\Nv_bM2GD˚ɲ 2 Ę 

 

4.5� ɔŊ  

4.5.1� ĵĦˈǄ�¢£i�t¤w�¢n�¤��Ki�t¤w�¢n�¤

��  

Ýȳ���ʷ 8 mmmĵĦˈǄ�¢£i�t¤w�¢n�¤��QˈǄɲˋȫ

PĵQS'ÝȳˈǄmq¤�¢rõƻPĵQ.D[˗k��p¤m˗đǛˈǟ

dçóćəKM`'ĵĦmǴǱØdŧƀJQaEi�t¤w�¢n�¤��Q

ñʟmʢ`'ŴȷǣʯmǴǱØŧƀPćəJ-aE 

µĝmǃʁJQ 2 Ƴmi�t¤w�¢n�¤��dȅ.a�i�¤�¤˗đ

Ǜʢˈ˚BIP-4˛KŴáɞ×Ni�t¤w�¢n�¤��'Ŵĳɞ×NĵĦˈǄ

�¢£i�t¤w�¢n�¤��dȅ.a�i�¤�¤˗đǛʢˈ˚BIP-8˛J

ĎȶmǴǱõƻPŮ_ba2ǜȖ=DP'BIP-8mǴǱØǣŠQ BIP-4NăRM
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2GDEWbQ�¢£i�t¤w�¢n�¤��ÝȳˈǄmäþPĆöȒJ-

aD[KŷcbaEǺN'Ŵĳɞ×Jm BIP-4mǴǱǣŠP BIP-8NǐUIƮž

Nǣ.WK2_ŴȷǣʯNŋ?aĵQMǴǱõƻQəöȒNÝȳˈǄdäþ=

MP_ʢˈdɰ/i�t¤w�¢n�¤��PƮ?aǺŲKŷcbaE 

ŴĳɞˋmɲˋǴǱØʷũQ BIP-8J BIP-4^`ƮžNĵJ-GDP'WbQ

n�¤��Ýȳ���vizN^a\mKɔ0_b'ŴáɞɲˋmǴǱØvi

z̊ ʷũ£ȝũ K̨Ŵáɞ×ǴǱǣŠQ BIP-4K BIP-8JŔPM.WK2_ BIP-8

JmŴáɞ×mǴǱØŧƀNăW?ŨˍQʽłȒJ-GDKɔ0_baE 

 

4.5.2� i�t¤w�¢n�¤��mǴǱõƻKŁàŸ  

˗đǛˈǟN^GIȄ>Dx×¤�ǵQǵ¾ōN^GI¾Ƙ<baEŴáɞ

KŴĳɞmn�¤��ƒɽʯÂJȄ>DǵQŴȷm¬ŴTBbCb¾Ƙ<bI

ʐįŸǴǱØPŧƀ<ba(31, 39)EµĝmǃʁJmʐȂŸǴǱQ BIP-8̊ 40W˛J

1/17ʢˈ˚5.9%˛NɻŊ<b'BIP-4˚40W˛m 12/34ʢˈ˚35.3%˛NǐUIƮ

žNŏM2GD̊ P=0.0384 ĘBIP-8J 8 mm���mĵĦˈǄdȅ.DŴĳɞ×

mǴǱǣŠP BIP-4 KǐUIǣʯNăeJ.M.WKdąƨ=DɄƻKɔ0_

baEBm¥ƣJ'y�¤����ȀʎQ BIP-8JQ 30W'40WK\NɻŊ<

bM2GDEWb_mWK^`'i�t¤w�¢n�¤��mŴȷǣʯɂɏN

ŋ?aǵæĢĲŸmǛăõƻQ�¢£i�t¤w�¢n�¤��NǐUI˗.

WKPȠʆ<bDE 

 

4.6� ŎƊ  

i�t¤w�¢n�¤��KĵĦˈǄm�¢£i�t¤w�¢n�¤��d

ȅ.D�i�¤�¤˗đǛʢˈǚQ 2 Ƴmi�t¤w�¢n�¤��dȅ.D
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�i�¤�¤˗đǛʢˈǚNǐUIǣ.ǴǱØŧƀNQɣ_M2GDEɲˋǴ

ǱØvizQĎȶJ-aWK2_ŴȷǣʯNŋ?aǴǱõƻQi�t¤w�¢

n�¤��PƮ?aǺŲKŷcbaE  
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ȵ 5Ȳ� ȞȬB˝Dual bathń˔���dȅ.DǴǱõƻKŁàŸmǃʄ  

 

5.1� ɉɾ  

�i�¤�¤˗đǛʢˈǚQ 2 HmˈǄJŴȷdƍv'ǞŸˈǄd 2 HÈȅ

=Iʢˈdɰ/ƣǚJ(23, 24)'ɡŞÉJQ 2 Ƴmn�¤��QBbCbȊMaŴ

ɜ˚œŅɢȆįŴáɞ×KBmŋˋKMaŴĳɞ×ML˛Nʰɑ<baE�i

�¤�¤˗đǛʢˈǚNʺ?aĴSmĨȡń˔JQ'Ď¥mǒǈáN 2 Ƴmg

��¤w�¢n�¤��dʰɑ=IɰcbI1`(21, 27-29)'ɡŞÉmƶ»KȊM

GI.aE2Ƴmn�¤��dĎ>ǒǈáNʰɑ=Iʢˈ=DĪč'̠ đǛˈǟ

m¥ʯQŴȷɂɏNǐUIƈƇmÃ.ŴȷđĠmȄȁ˓Ĭǒd¶=I¾ō=I

.aWKPŽł<b'çó<bD?UImk��p¤PŴȷg��¤w�¢N

ǡʑ<bM.Kɔ0_baEBmD[Ĩȡń˔JŮ_bDƌǉȶdBmXXɡ

ŞÉTŶȅ?aWKQJQM.E 

Łł=DǴǱØdŧƀ?aD[NQn�¤��ÝȳˈǄdǘȏǉȒʯÂmŴ

ȷɲˋTʬŠNģȚ<AaWKPʲɷKMa(52, 53)EŴȷɲˋNŋ?an�¤�

�ÝȳɩʲdʤɆȒNłʴʅËćəMƅɱQ 2012ŜNɡŞōß<bDEn�¤

��ÝȳˈǄmŴȷɲˋNŋ?aɩʲQr��ƝJɲ<b'u¢}q��l¤

yKĒRbaEŁł=DǴǱõƻdŮaD['ɲȢr��ƝPɣʬȺĠKMa

^/g��¤w�¢n�¤��mu¢}q��l¤ydʉƞ='˗đǛʢˈP

ɰcba(54)E 

BWJ'ń˂mɡŞǘȏN^`ʝÁ=Dń˔ȃĭdâȀ?aD['ΔɢN"

Dual bathǒǈń˔���K#u¢}q��l¤yʉƞɴɑdBbCbɔǀ£Æ

ɶ=DEDual bathǒǈń˔���JQ 2Ƴmg��¤w�¢n�¤��dˈǑ

ȒNˁˆ<bD˜HmǒǈáNʰɑćəJ'sW?UIm˗đǛk��p¤P
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ǉȒŴȷd¶=I¾ca^/ʃʀ<bI.aE 

Dual bathń˔���KŭƷm Single bathń˔���JmǴǱõƻ£ŁàŸd

ǐʙ?aD['ǴǱõƻNŨˍdª0aĞĽm/c"˗đǛçó'#ʢˈƩʹ'

Au¢}q��l¤yPĎ>ƶ»KMa^/ʃł='ǃʄdɰGDE 

 

5.2� ǅɷ  

5.2.1� Dual bathń˔���  

Dual bathń˔���QɡŞÉmn�¤��˗đǛg��¤w�¢ǘȏdǊÒ

?aD[NʸΩ=DE2Hm��y��qɶŎǒǈ˚24818812 cm˛JŴȷé

ǷdƍeJÏƋ?aEǒǈáNQBbCbȄȁ˓Ĭǒdȅž='ȊMaŴɜd

âȀ?aEŴȷdÏƋ?aˋNQŎȰdʃ8I-aP'2HmŎǒǈNßGDȄ

ȁ˓ĬǒQˈǑȒNˁˆ<b'Ŵȷd¶=I˗đǛk��p¤P¾caD['

ʢˈk��p¤msWàIPǉȒŴȷd¶=I¾ō?aE̊ ġ 14-A'C Ę 

 

5.2.2� n�¤��ÝȳˈǄƒɽó˚u¢}q��l¤y˛  

ŴȷɲˋNŋ?an�¤��mģȚmρŠQŴȷǴǱõƻNŨˍdª0aĞ

ĽK=IĩĐ<bI.a(53)EʨŠMģȚQŴȷȮľMLʲȼMčÇȍdƷD?

ŹbP-`(55)'ģȚP©ùèJ-GDĪčQÜèMǘȏõƻdŮNS.K<b

aWK2_(56)'Łł=DǴǱØdŧƀ?aD[NQn�¤��ÝȳˈǄdǘȏ

ǉȒʯÂmŴȷɲˋTʬŠNģȚ<AaWKPʲɷKMa(52-54)E 

µĝ'{¢v¤mÀɍN¿/ǎvJȄ>DˈǑƈƇmĲ÷2_ˈģÓNĲƔ

?ay��i¢t¤xdŶȅ='u¢}q��l¤ydłʴ÷?aD[mʉƞ

ɴɑdÆɶ=DE 
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5.3� ŋʎKƣǚ  

5.3.1� œŅɢȆįŴȷéǷmÆƀ  

ȵ 3 ȲKĎǇNƢǬŕ˓ɖ{¢}¤J˓ɖȅNƗç<bDȗūm�}Ŵɟd

ƴƠK=Iȅ.DEŴȷÏʍǢdãöɚ2_ǜß='Ǔä¨NIń˔ŅXJȧ

ʠū'é`ç=DŴȷéǷ˚n=6˛d 37 mȄȁ˓ĬǒJŰǥ=DE 

 

5.3.2� ń˔ȃĭ˚ǒǈń˔���˛  

Single bathń˔���˚SB˛̋ ǒǈámȄȁ˓Ĭǒd 37 JɇƋ?aD[m

v¤��¤}¤1^Sǒǥ��}¤'ǒǟ�¢�dáʯN{��=D��y�

�qɶń˔ȅǒǈ˚50820812 cm˛NȄȁ˓Ĭǒ 6,000mLȅž='��y��

q�¤�ɴɑdȅ.IŴȷéǷdǒǈáNÏƋ=DE 

Dual bathń˔���̊ DB˛̋ ¥ʛNŎȰdʸ8D 2Hmń˔ȅmŎǒǈ̊ 24

818812 cm˛JŴȷéǷdƍeJÏƋ=DEŎǒǈQWbXJÈȅ=Dǒǈm

ȾúèmĵQ<J-aEBbCbmŎǒǈNQȄȁ˓Ĭǒd 37 JɇƋ?aD

[mv¤��¤}¤1^Sǒǥ��}¤'ǒǟ�¢�dáʯN{��=DEX

D'ŴȷéǷmǥŠÃ¨dʼ7D[ŎǒǈđĠmĵǒǈ˚50820812 cm˛N\

Ȅȁ˓ĬǒdǧD=v¤��¤}¤JÏǥ=DEŎǒǈNQȄȁ˓Ĭǒd 3,000 

mL@H˚ʀ 6,000 mL˛ȅž=DE 

 

5.3.3� ˗đǛʢˈƶ»  

�i�¤�¤˗đǛʢˈǚ˚BIP˛̋ g��¤w�¢n�¤��ÝȳˈǄm

Ŵáɞˋ'ŴĳɞˋNŋ?au¢}q��l¤yQƒɽóʉƞɴɑ̊ YO technica

ɶ˛dȅ.IBbCb 20g Nʉƞ=DEÈȅ=Dɴɑ˚2 Ƴmi�t¤w�¢

n�¤��'˗đǛΩȄɴɑ'i�t¤w�¢�¢�˛KʰɑQȵ 2 ȲKĎǇ
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K=DE 

˗đǛçóQ50W'ʢˈƩʹd60ȦK='i�t¤w�¢�¢�ǟʴQ15 mL/

è'n�¤��ÝȳǥŠ§ʽd 45 Nʃł=I'i¢�¤~¢yKn�¤��

ÝȳǥŠm��}�¢r¨N�i�¤�¤˗đǛʢˈdɰGDE 

���¤�¤˗đǛʢˈǚ˚UNIP˛̋ Ŵáɞ×mŎǒǈáJu¢}q��

l¤yP 20 gKMa^/i�t¤w�¢n�¤��˚SJMɶ˛d{��=DE

\/¥ƣmŎǒǈáNQŋǄƸ˚ʶƸ£10×5 cm˛dʃɑ='˗đǛΩȄɴɑm

r�j¢��¤�NƒɆ=DEi�t¤w�¢�¢�Q 15 mL/èK='˗đǛ

çó 50W'60Ȧʹm���¤�¤˗đǛʢˈdɰGDE 

ƳǃʁJQ'ǒǈń˔���KɂvčcAIº¨m 3 Hmƶ»J˗đǛʢˈ

dɰGD˚ġ 14 Ę 

" �i�¤�¤˗đǛʢˈǚ + Dual bathń˔���˚BIP-DB˛̊ n=30˛ 

# �i�¤�¤˗đǛʢˈǚ + Single bathń˔���˚BIP-SB˛̊ n=30˛ 

A ���¤�¤˗đǛʢˈǚ + Dual bathń˔���˚UNIP-DB˛̊ n=30˛ 

 

5.3.4� ǴǱõƻ£ŁàŸmǃʁ  

˗đǛʢˈū'ŧƀ<bDǴǱØmʷũKȝũ˚BIP˝Ŵáɞˋ1^SŴĳɞ

ˋ'UNIP˝Ŵáɞˋ˛dʀǦ=DEH5NŴȷǴǱʯÂdȌȁǃƼȅ���¢

r�i�Jé`ç=IǴǱØǣŠ1^SŴȷįÿdǦł=DEʀǦQ�hx}

��py˚��� 19979'w¢¡Ǧłμɶ˛dȅ.Iȵ 3ȲKĎǇNɰGDEX

D'ʐįŸǴǱØKy�¤����Ȁʎ\ȵ 3ȲKĎǇNłɓ='ìł=DE 

 

5.3.5� ńõˈģÓ£ńõˈǟÓmȸç  

ʢˈ¬NĝʗàÅN22a peak to peak ˈģÓ˚Vpp˛dmw yu¤�
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˚WaveAce 1012'Teledyne Lectoyμɶ˛dȅ.IʀǦ=DEXD'˗đǛΩȄ

ɴɑd¶=Iʢˈ¬mi¢�¤~¢yÓdʤɆȒNu¢�×¤}ÏĿ='m�

�i¢JńõˈģÓ̊ RMS-V K̨ńõˈǟÓ̊ RMS-C d̨¨ʂN^`ȸç=DE 

RMS-V˚V˛ =˚Vpp 8 1/2˛ 8 1/!2 

 RMS-C˚mA˛ = 1,000 8 RMS-V / i¢�¤~¢y 

 

5.3.6� ɅʀŀȒǃʁ  

ƝÓQśĥÓ7ǉǩÕŔJɲʂ=DEʢˈ�¤�N^aˈǑȒƌǉ˚ëƯi

¢�¤~¢yÓ'ńõˈģÓ'ńõˈǟÓ˛'Ŵȷįÿ1^SŴáɞ×mǴǱ

Ø˚ʷũ'ȝũ1^SǣŠ˛mǐʙQèƜèƹ˚ANOVA˛Jɰ.'ɒʹǐʙN

Q Scheffemƣǚdȅ.DEŴĳɞ×mǴǱØmǐʙQ Studentm tǃłdȅ.'

�i�¤�¤ʢˈǚJmŴáɞ×KŴĳɞ×mǴǱǣŠmǐʙNQŋŶm-a t

ǃłdʬȅ=DE 

Ʌʀ|��Q JMP 9.0J (SAS Institute Inc., Cary, NC, USA) XDQ SPSS 14.0

˚SPSS Institute Inc., Chicago, IL, USA˛dȅ.'PÓ˚p<0.05˛dɅʀŀȒƮž

Ŕ-`Kìł=DE 

 

5.4� Ʉƻ  

5.4.1� œŅŴȷéǷ  

BIP-DB'BIP-SB'UNIP-DBmŴȷįÿQBbCb 18.072.1 mm'17.972.1 mm'

17.772.2 mmKŔPM2GD˚ANOVA P=0.8396 Ę 

 

5.4.2� ɲˋǴǱõƻ  

ŴáɞˋmǴǱØmĵQ<Q BIP-DB J 5.2970.4784.7770.45 mm'BIP-SB
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JQ 5.2970.6684.6870.63 mm'UNIP-DBP 5.1170.6184.5470.45 mmJʷũ

KȝũK\ŔPv_bM2GD̊ ʷũ̋ ANOVA P=0.414'ȝũ̋ ANOVA P=0.225 Ę

ŴĳɞˋmǴǱØQ BIP-DBJ 5.2770.6784.7170.56 mm'BIP-SBJQ 5.377

0.9184.8370.73 mmKĎȶJ-GD̊ ʷũ P̋=0.653'ȝũ P̋=0.480˛̊ ġ 15 Ę 

 

5.4.3� ǣʯǴǱõƻ  

Ŵáɞ×mǴǱØǣŠQ BIP-DBP 5.6070.56 mmKƭ\ǣS'H.J BIP-SB

P 4.7170.64 mm'UNIP-DBQ 4.2470.58 mmJ-GD˚ANOVA P<0.001 ĘŴ

ĳɞ×mǣŠQ BIP-DBP 5.0170.61 mmK BIP-SBm 3.9870.69 mmNǐUI

ĵJ-GD˚P<0.001˛̊ ġ 16 ĘXD'BIP-DBK BIP-SBJQŴáɞ×mǴǱǣ

ŠPŴĳɞ×^`\ǣʯNăeJ.D˚BIP-DB˝P<0.001'BIP-SB˝P<0.001 Ę 

ʐȂŸǴǱØNɣGDʢˈKy�¤����y�¤����Ȁʎd¿GDʢ

ˈQ.@bmʢˈǚJ\ɻŊ<bM2GDE 

 

5.4.4� ˈǑȒƌǉ  

ëƯi¢�¤~¢yQ BIP-DB P 110.577.2�Kƭ\˗S'H.J BIP-SB J

92.075.6�'UNIP-DBP 84.974.7�J-GD˚ANOVA P<0.001˛̊ ġ 17 Ęʢ

ˈN¿/i¢�¤~¢ymÃ¨ÓQ BIP-DBQ-16.375.2�'BIP-SBJ-12.273.8

�'UNIP-DBJQ-10.172.0�J BIP-DBPƭ\Ã¨=I1`'H.J BIP-SB'

UNIP-DBJ-GD˚ANOVA P<0.001 Ę 

RMS-VQ BIP-DBP 75.772.5 V'BIP-SBQ 68.072.1 V'UNIP-DBQ 66.87

2.0 V J'BIP-DB Pƭ\˗S'H.J BIP-SB'UNIP-DB KɆ.D˚ANOVA 

P<0.001 ĘRMS-CQ BIP-DBP 738.8725.5 mAKƭ\ÃÓJ'BIP-SBJ 807.5

723.0 mA'UNIP-DBQ 829.7723.4 mAJƭ\˗ÓJ-GD̊ ANOVA P<0.001˛
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˚ġ 18 Ę 

 

5.5� ɔŊ  

5.5.1� Single bathń˔���K Dual bathń˔���  

Dual bathń˔���JQ 2HmŎǒǈQˈǑȒNˁˆ<bI.aD['sW

àImʢˈk��p¤PŴȷd¶=Iŋ×mn�¤��ˈǄN¾caE¥ƣ'

Single bathń˔���Q2Ƴmg��¤w�¢n�¤��KŴȷéǷPĎ¥mǒ

ǈáNʰɑ<bI.aE37 N18aȷɂɏmōˈǿPȾ 1 mS/cmJ-amN

ŋ=I'Ȅȁ˓ĬǒmōˈǿQȾ 20 mS/cmJ-aWK2_(40, 57)'˗đǛˈǟm

¥ʯQƈƇmÃ.đĠmȄȁ˓Ĭǒd¶=Iŋ×mn�¤��ÝȳˈǄT¾ō

?aćəŸP-aEWbQ*ŴȷéǷ+ƈƇK*Ȅȁ˓Ĭǒ+ƈƇm 2 Hmƈ

ƇdƮ?a«êĝʗKvM?WKPJQ'Single bathń˔���JʀǦ=Di¢

�¤~¢yQčƀi¢�¤~¢yKMaEWmD[N Single bath ń˔���m

ëƯi¢�¤~¢yP Dual bath ń˔���NǐUIÃÓJ-GDKŷcbaE

Dual bathń˔���mëƯi¢�¤~¢yQ Single bathń˔���NǐUIȾ

20�˗S'ɡŞJmëƯi¢�¤~¢yÓ˚ǅO 100I120�˛Nʝ.WK2_

Dual bathń˔���QɡŞÉNʝÁ=Dń˔���J-aWKPȢĖ<baE 

µĝmǃʁJQ'ǴǱØQŴáɞ×1^SŴĳɞ×K\N BIP-DB P BIP-SB

NǐUIǣʯNʪ=I.DERMS-VQ BIP-SBNǐUI BIP-DBJ˗ÓJ-`'

Dual bathń˔���JQsW?UImʢˈk��p¤PǴǱØŧƀNǡʑ<b

DɄƻdąƨ=D\mKɔ0_baE?Mcc Single bath ń˔���dȅ.D

�i�¤�¤˗đǛʢˈń˔JQ'ŧƀ<baǴǱǣŠPʨŏʅË<bI1`'

ǴǱõƻNʺ?aƌǉdBmXXɡŞÉNȅ.aWKQǜždɷ?aKɾ0aE

µū'ɡŞÉNʝÁ=Dń˔���dȅ.D�¤}mɫȫPʲɷKɔ0aE 



 

 33 

¥ƣJ'ŴȷɲˋǴǱØmĵQ<˚ʷũKȝũ˛QŴáɞˋ1^SŴĳɞˋ

K\NsWĎȶJ-GDEBIP-SBJŴȷǴǱNǡʑ<bak��p¤P BIP-DB

NǐUIŏM.Īč'BIP-SBmɲˋǴǱØQŎĦKMaWKPɔ0_baP'

ŔPv_bM.ĀĞmɼƧNQɣ_M2GDE 

 

5.5.2� u¢}q��l¤yKŁàŸ  

µĝmǃʁJQ BIP-DB'BIP-SB1^S UNIP-DBm.@bmʢˈǚJ\ʐȂ

ŸǴǱØKy�¤����ȀʎQɻŊ<bM2GDEȞȬ#JQ 30W 1^S

40W m�i�¤�¤˗đǛʢˈǚ˚u¢}q��l¤yƱʉƞ˛JʐįŸǴǱ

ØKy�¤����ȀʎPɻŊ<bDEʢˈ�¤�N^aǴǱõƻmȘʫdƧ

_2N?aD[˗çó˚50W˛dȅ.DP'ʐįŸǴǱØKy�¤����Ȁ

ʎPɻŊ<bM2GDmQu¢}q��l¤yd 20 gNʉƞ=DWKPʺª=

I.aKɔ0_b'ǴǱõƻNŨˍ?aĞĽK=Iu¢}q��l¤yP-9

_bI.aWK(53, 58)Kčɤ?aE 

u¢}q��l¤yKǴǱõƻ£ŁàŸmʺʤQµūmǃʁʈˑJ-aP'

u¢}q��l¤yPŁàM˗đǛʢˈNƮȅJ-aćəŸPȢĖ<bDKɔ

0aE 

 

5.5.3� Dual bathń˔���Jm�i�¤�¤˗đǛʢˈǚK���¤�

¤˗đǛʢˈǚ  

�i�¤�¤˗đǛʢˈǚQ���¤�¤˗đǛʢˈǚNǐUIǴǱØPǣ

ʯNʪ?aWKdȞȬ#JȠʆ=DP'Dual bathń˔���JĎǇmǴǱõƻ

PŮ_ba2ǜȖ=DEBmɄƻ'µĝmǃʁJ\ BIP-DBmŴáɞ×ǴǱǣŠ

P UNIP-DBNǐUIƮžNǣS'ĎǇmɄƻJ-GDWK2_ǣʯŴȷɂɏN
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ŋ?aǵæĢĲŸd\D_?õƻQ�i�¤�¤˗đǛʢˈǚmƋHǺŲKɔ

0_bDE 

 

5.6� ŎƊ  

Dual bathń˔���QɡŞNʝÁ=DȃĭdâȀ=I1`'�i�¤�¤˗

đǛʢˈǚJmǴǱõƻ'ŁàŸmʅËNʬ=Dń˔���J-aćəŸPȢ

Ė<bDE 

Single bathń˔���JŮ_bDǴǱõƻ£ŁàŸmƌǉ˚ƝÓ˛dBmXX

�i�¤�¤˗đǛʢˈǚNȅ.aWKQJQ@'Dual bathń˔���dȅ.

DƢDMˈǑȒƌǉmǆȻPŵɷKŷcbaEXD'u¢}q��l¤yPŁ

à2HõƻȒMn�¤��g��¤w�¢ǘȏNňª=ŮaćəŸPȢĖ<b

DE  
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ȵ 6Ȳ� ɈƊ  

 

ƳȞȬQƢ=.˗đǛn�¤��g��¤w�¢ǚJ-a�i�¤�¤˗đ

ǛʢˈǚdǆȻ?aD['"ǒǈń˔���mǆȻKɡŞNʝÁ=Dń˔��

�Tmƙɧ'#�i�¤�¤˗đǛʢˈǚK���¤�¤˗đǛʢˈǚmǴǱ

õƻ£ŁàŸmǃʄdɰ.'ǌmɄƻdŮDE 

�i�¤�¤˗đǛʢˈǚ˝�i�¤�¤˗đǛʢˈǚQ���¤�¤˗

đǛʢˈǚNǐUIǴǱØQŴȷǣʯTʪ=I1`'ŴȷɲˋmǴǱØmĵQ

<˚ʷũ£ȝũ˛NQŔPM.WK2_'ŴȷǣʯTmǴǱõƻNÛbDʢˈ

ǚK.0aEXD�¢£i�t¤w�¢n�¤��NǐUIi�t¤w�¢n

�¤��QǣʯǴǱPćəJ-aD[i�t¤w�¢n�¤��dȅ.D�i

�¤�¤˗đǛʢˈǚJQʐįŸǴǱd˗ǿNȄ>aP'ĎƩNy�¤���

�ȀʎmΩȄ�yq\Įĵ?aE 

Dual bathń˔���˝ΔɢNɔǀ=D Dual bathń˔���Q�i�¤�¤

˗đǛʢˈǚJmǴǱõƻ£ŁàŸmʅËNʬ=Dń˔���J-aWKdƧ

_2N=DEDual bathń˔���dȅ.D˗đǛʢˈJQ Single bathń˔��

�NǐUIǴǱØPǣʯNʪ=I.DWK2_'Single bathń˔���JŮ_b

DǴǱõƻ£ŁàŸmƌǉ˚ƝÓ˛dBmXX�i�¤�¤˗đǛʢˈNȅ.

aWKNQſʲJMSIQM_M.E 

 

µūmʈˑ  

ȞȬ#JQy�¤����ȀʎKŴȷįÿKmʺʤPȢĖ<bDP'y�¤

����ȀʎmΩȄƶ»K±ǦĞĽmǆȻNQɣGI.M.EŁà2HùèM

ǘȏõƻdŮaD[NQ'˗đǛʢˈN^GIŧƀ<baǴǱØmǣŠdƓł
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?aƌǉmȠȱ\ʲɷJ-aE 

µūQʢˈ¬mi¢�¤~¢yɃƩȒĲ÷MLNȚȖ=Iy�¤����Ȁ

ʎ1^SǴǱØǣŠKmʺʤdǃʁ='�i�¤�¤˗đǛg��¤w�¢ǚ

dŁàõƻȒNɡŞŶȅ?aD[m'ǕȅŸ-aʢˈƌǉmǆȻdȖƌ=D.E 
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ʌʚ  

ƳȪdɁ0aN-D`'ƳȞȬmůƌōăSʊƟmůƾʻdʓ`X=DƢǬ

ĵŀøŀʯÏÖŀȥ ǖ®˄ɠƛƑdQ>[';ƌō.DEQX=DɮĀȗıÝ

Ȅ'ń˔Nûó=I¨<GDĵŀʾȄ'ŀʯŀȄM_SNƢǬøȏȄûưƁȌ

ʾmʵưÞţƅŗ'ʺÍɕmȓǇNǣʌ.D=X?E 
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ɲġmʇƧ  

 

ɲ 1˝  BIP-4K SEQJmʐįŸǴǱØKy�¤����Ȁʎmǐʙ  

ʐįŸǴǱØQ BIP-4m 30W˝11/34ʢˈ˚32.4% '̨40W˝12/34˚35.3%˛Nv

_b'SEQJQ 30W˝0/13'40W˝0/13JɻŊ<bM2GDE 

y�¤����ȀʎQ BIP-4 m 30W˝2/34 ʢˈ˚5.9% '̨40W˝5/34˚14.7%˛

JΩȄ='SEQJQ 30W˚0/13 '̨40W˚0/13˛K\NȄ>DʢˈQM2GDE 

 

ɲ 2˝BIP-4K BIP-8mʐįŸǴǱØKy�¤����Ȁʎmǐʙ  

ʐįŸǴǱØQ BIP-4m 30WJ 11/34ʢˈ̊ 32.4% '̨40Wm 12/34ʢˈ̊ 35.3%˛

NȄ>'BIP-8 JQ 40W J 1/17 ʢˈ˚5.9%˛JɻŊ<bDP'30W JQ 0/11

ʢˈJ-GDE 

y�¤����ȀʎQ BIP-4m 30WJ 2/34ʢˈ̊ 5.9% '̨40Wm 5/34̊ 14.7%˛

JΩȄ=DP'BIP-8JQ 30W˚0/11 '̨40W˚0/17˛K\NɻŊ<bM2GDE 

 

ġ 1˝  ń˔ȃĭ˚ȞȬ"˛  

2Ƴmg��¤w�¢n�¤��dǒşʯ2_ 3 cm'n�¤��ˈǄʹʖˆP 5 

cm KMa^/ń˔ȅg¤�JÏƋ=DE1 Ƴmn�¤��Q˗đǛΩȄɴɑm

ʢˈ�¤�NƒɆ='\/¥ƣQÅɲˋŋǄƸdƒɆ?ar�j¢��¤�N

ƒɆ=DE�y�ʢˈ˚0.5W˛d 2ȦʹɰGDE 

 

ġ 2˝Ȅȁ˓ĬǒǢmǢʴKi¢�¤~¢y  

Ȅȁ˓ĬǒmǢʴĮôN¿GIi¢�¤~¢yQÃ¨=DE5,000 mL K 6,000 

mLJQi¢�¤~¢yPsWĎȶJ-GDE 
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ġ 3˝Ȅȁ˓ĬǒmǢǥKi¢�¤~¢y  

Ǧł=DȺĠá˚12 I45 ˛JQǢǥKi¢�¤~¢yQʏmȘʺdȢ=D

˚R=-0.98'P<0.0001 Ę 

 

ġ 4˝�i�¤�¤˗đǛʢˈǚKw¤±¢w��£���¤�¤ʢˈǚ

mǅɷ  

�	
 � w¤±¢w��£���¤�¤˗đǛʢˈǚ˝�Ƴmi�t¤w�¢n

�¤��dŋˋKMa^/Ŵáɞ×1^SŴĳɞ×mɲˋNBbCbmn�¤

��Ýȳdń˔ȅg¤�JÏƋ=MP_ģȚ<ADEǒǈáNQŋǄƸ̊ ʶƸ£

��8	�34˛dȉɑ=DE�Ƴmn�¤��QBbCb˗đǛΩȄɴɑmʢˈ�¤

�NƒɆ='r�j¢��¤�NQŋǄƸdƒɆ=DEëĝʢˈJm˗đǛˈ

ǟQŴáɞ×mn�¤��ˈǄKŋǄƸʹJǟb'�ĝȖmʢˈJQŴĳɞ×m

n�¤��ˈǄKŋǄƸʹJ˗đǛˈǟPǟbaE�

�	
 ��i�¤�¤˗đǛʢˈǚ˝�Ƴmn�¤��ˈǄdŋˋKMa^/NŴ

ȷdƍv'Ŵáɞ×i�t¤w�¢n�¤��d˗đǛΩȄɴɑmʢˈ�¤�'

r�j¢��¤�NQŴĳɞ×mi�t¤w�¢n�¤��dƒɆ=DE˗đ

ǛˈǟQ �Ƴmn�¤��ˈǄʹdǟbaE�

 

ġ 5˝ń˔ȃĭ˚ȞȬ#˛�
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Ïǥȅ�¤}¤dʃɑ=DǒǈáNȄȁ˓ĬǒdǧD='��y��q�¤�

ɴɑdȅ.IŴȷdȉɑ=DEn�¤��Qń˔ȅg¤�JÏƋ='ÝȳˈǄ

dŴȷɲˋN|��NƒȚ<ADE�

�

ġ 6̋ ˗đǛʢˈN^`ŧƀ<bDŴȷɲˋǴǱØmǐʙ̊ �.����65	
 �1-0 �̨

�.���'1-0 ʢˈN^`ŧƀ<bDǴǱØmȇÚm¥ÉdȢ?E.@b\ ��2 J


� ȦʹʢˈdɰGDEŴȷɲˋNŧƀ<bDǴǱØmĵQ<QsWĎȶJ-G

DEġ¬mǲQĭȈdȢ?E�

�

ġ �˝ŴȷɲˋmǴǱØviz˚ʷũ£ȝũ˛mǐʙ�

�.��� K 1-0 JɲˋǴǱØmĵQ<˚ʷũ£ȝũ˛NŔQM2GDE�

�

ġ �˝˗đǛʢˈN^`ŧƀ<bDǴǱǣŠmǐʙ˚�.����65	
 �1-0˛�

�.���'1-0 ʢˈN^`ŧƀ<bDǴǱØmȇÚm¥ÉdȢ?E.@b\ ��2 J


� ȦʹʢˈdɰGDEǴǱØǣŠQ �.��� P 1-0 NǐUIĵJ-GDEġ¬m

ǲQĭȈdȢ?E�

�

ġ 
˝ɈǴǱǣŠmǐʙ˚�.����65	
 �1-0˛�
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Ŵáɞ×KŴĳɞ×mǴǱǣŠdôȸ=DɈǴǱǣŠQ �.��� P 1-0 NǐUI

��2'��2 K\NƮžNĵJ-GDE�

�

ġ ��˝ʐįŸǴǱØ1^Sy�¤����ȀʎmŴȷơˋÚ�

�	
 �ʐįŸǴǱNʪ=DŴȷơˋÚ˚��2£�.���˛̋ ǰȑɨNĲŸ=DǵæĢʯ

ÂPŴĳɞ×2_Ŵáɞ×XJàŐNăeJ.aE�

�	
 �y�¤����ȀʎdƷ=DŴȷơˋÚ˚��2£�.���˛̋ Ŵȷǣʯmɂɏǥ

ŠPǗǲXJ§Ʀ=IΩȄ=DǒɪǑǶΩN^GIŴȷɊɇPƎǫ£ơɳ='

ȭǝ÷dƷ=I.aE�

 

ġ 11˝ɲˋǴǱõƻmǐʙ˚BIP-4 vs. BIP-8˛  

ŴĳɞˋmʷũQ BIP-8P BIP-4NǐUIƮžNĵJ-GDP'Ŵĳɞˋmȝũ

KŴáɞˋmɲˋǴǱØmʷũ£ȝũQ BIP-4K BIP-8JŔQM2GDE 

 

ġ 12˝Ŵáɞ×KŴĳɞ×mǴǱǣŠmǐʙ˚�.����65	
 ��.���˛�

Ŵĳɞ×JQ BIP-4mǴǱǣŠQ BIP-8NǐUIƮžNĵJ-GDP'Ŵáɞ×

mǴǱǣŠQ BIP-4K BIP-8JɅʀŀȒƮžŔNQɣ_M2GDE 

 

ġ 13˝ɈǴǱǣŠmǐʙ˚�.����65	
 �1-0˛�

Ŵáɞ×KŴĳɞ×mǴǱǣŠdôȸ=DɈǴǱǣŠJQ �.��� P �.��� Nǐ
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UIƮžNĵJ-GDE�

 

ġ 14˝ʢˈƶ»mǅɷ˚ȞȬ&˛  

A. �i�¤�¤˗đǛʢˈǚ  + Dual bathń˔���˚BIP-DB˛̋ 1ʛNŎ

Ȱdʃ8D 2Hm��y��qɶŎǒǈJŴȷéǷdƍeJÏƋ='2Ƴmn�

¤��dŴáɞˋKŴĳɞˋNBbCbŋˋKMa^/{��=DEu¢}q

��l¤yQ 20 gNʉƞ=DEŴáɞ×mn�¤��d˗đǛΩȄɴɑmʢˈ

�¤�NƒɆ='Ŵĳɞ×mn�¤��QÅɲŋǄƸdƒɆ?ar�j¢��

¤�NƒɆ=DE2HmŎǒǈQˈǑȒNˁˆ<bI.aE 

B. �i�¤�¤˗đǛʢˈǚ  + Single bathń˔���˚BIP-SB˛̋ ��y

��q�¤�ɴɑdȅ.IŴȷéǷdÏƋ=DE2Ƴmn�¤��d BIP-DBK

ĎǇNʃɑ='˗đǛΩȄɴɑNƒɆ=DEu¢}q��l¤yQ 20 gNʉƞ

=DE2Ƴmn�¤��KŴȷéǷQĎ¥mǒǈáN-aE 

C. ���¤�¤˗đǛʢˈǚ  + Dual bathń˔���˚UNIP-DB˛̋ ��y

��q�¤�ɴɑJŴȷéǷdÏƋ=DEŴáɞ×mŎǒǈNi�t¤w�¢

n�¤��dʃɑ='u¢}q��l¤yP 20 gKMa^/ŴáɞˋN{��

=DE\/¥ƣmŎǒǈNQŋǄƸdȉɑ=DE 

 

ġ 15˝ɲˋǴǱØmǐʙ  

Ŵáɞˋ˝BIP-DB'BIP-SB 1^S UNIP-DB mǴǱØ˚ʷũ£ȝũ˛NŔQM

2GDE 

Ŵĳɞˋ˝BIP-DB'BIP-SBmǴǱØ˚ʷũ£ȝũ˛NŔQM2GDE 
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ġ 16˝ǴǱǣŠmǐʙ  

Ŵáɞ×˝BIP-DB mǴǱǣŠPƭ\ǣS'Ɇ.I BIP-SB'UNIP-DB mˎJ-

GD˚P<0.001 by ANOVA Ę 

Ŵĳɞ×˝BIP-DBmǴǱǣŠQ BIP-SB^`ƮžNĵJ-GD˚P<0.001 Ę 

XD'�i�¤�¤˗đǛʢˈǚJQŴáɞ×mǴǱǣŠPŴĳɞ×NǐUI

ǣʯNăeJ.D˚BIP-DB: P<0.001'BIP-SB: P<0.001 Ę 

 

ġ 17˝ëƯi¢�¤~¢ymǐʙ  

ëƯi¢�¤~¢yQ BIP-DBP 110.577.2�Kƭ\˗S'H.J BIP-SBP 92.0

75.6�'UNIP-DBJQ 84.974.7�J-GD˚ANOVA P<0.001 Ę 

 

ġ 18˝ńõˈģÓKńõˈǟÓ  

ńõˈģÓ̋ BIP-DBP 75.772.5 VKƭ\˗S'BIP-SBQ 68.072.1 V'UNIP-DB

Q 66.872.0 VKɆ.D˚ANOVA P<0.001 Ę 

ńõˈǟÓ̋ BIP-DBP 738.8725.5 mAKƭ\ÃÓJ'BIP-SBJ 807.5723.0 mA'

UNIP-DBQ 829.7723.4 mAJƭ\˗ÓJ-GD˚ANOVA P<0.001 Ę 
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