
�5#,�  
�� �8' 

 

 

 

 

 


�������	)&�����-�(/�/<7�=0� 

?�����
92.%���:4/!<�>��13 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2022$ 9* 
6" +; 



ďÁ 
KHP]_J8^?À«".1wxÏf¾Û�ÛĨĒ#Īå  
Ĳz�#=YBĜî×ªga#ĤāÛ�Ĩ"ī�1êñ 

Ď¦� ÊĦ 

 

� Æė½$®Ç.0,Ø�Ùq-A^P[CHK4øm"�� KHP]_J8^?À«

".1wxÏf¾Û�ÛĨĒ#Īå�.&²Ąĕl  =YBĜî×ªga#Û�Ĩ�/

÷y��ĤāÛ�Ĩ#Ý±"���ēĠ��,#� u 6ô�Ì·���1� 

� Üě#²ě4;L[>_æ!oĮ�/áđ�1�� Û�Ĩ$Í�!Û~�ĘĨ4Ò+

1� 
��1ĭ¨"ħď!ÜáĨ��1�¾Û�ÛĨĒ$A^P[C[�Ğ4¾ÛÞµ

"� Û�Ĩ4Ø��1Ø�ċā#`ð� Ý± ��Ĳùª Ĳëª�Û�Ĩ#ÿ£n

4Ø��1� 
��1�Û�Ĩ#ÿ£n".��Ü²#áė-XJ[#ËĔ
��1�

+ �#ħď²$d�,�32��!��*� ¾ÛÞµb�$°�!Û#yt04ĐØ

��1�+ =YBĜîàę#êñ"ī��, �,¬~!ċā��1�Ĳz��i$þ

Å ���,�'�#ģz
þÅ�$!� þÅģz 7X[N6Bģz(=YBģz)
Õ

����1���� Ĳz���Ü#��$ =YBĜî×ª(Tg)4�"��Ü²
���

1�+ Ĳz�Ü²#áđ"$=YBĜî4Ă¶�1� 
c�Ð� �
1� 

Æêñ�í$ KHP]_J8^?À«".�� ¾Û�ÛĨĒ#A^P[CHK4ø

m�� wxÏ4�0f�1� ".�� Ôióý-ÔiQZ:V#.	!¡|#Č±


cď!KHP]_J8^?À«".1wxÏf¾Û�ÛĨĒ4Īå������ Īå

4��¾Û�ÛĨĒ"���²Ąĕl4ĉ���²Ąĕl��KHP]_J8^?À«"

.1wxÏf¾Û�ÛĨĒ4â��z�Ĩ#ä!1 7X[N6BTZBG\^<Z@U

_#Û�ĨØ�4ĉ����#Ø��/¯/2�Û�Ĩ ½ß�¯/2�Ĳz�Ĩ#TZ

BG\^#Û�Ĩ.0 =YBĜî×ªga�ĐØ�21Û�Ĩ#��ģz �*0 Ĥ

āÛ�Ĩ4÷y���÷y��ĤāÛ�Ĩ$ ��2,×ª#aÂ"h��Ö¥�1r�

4ì����#r�
�#e#Ĳz�Üě�,ì�2 `Ĉæ!r���1� 4Ã/�

"���*� ĤāÛ�Ĩ#×ªk�²4Ċ�1ī¼4Ã/�"��� 

õ 1ô$©ė��0 Û�Ĩ-ù Ø�#ħď² Û�Ĩ#đÈÀÓ"���ĖÃ4� 

Æė½#êñ#�Ï !��ăÄ-Æêñ#çæ"���Ġ'��1� 

õ 2 ô�$¾Û�ÛĨĒ#�á-Ø�ÀÓ Īå��KHP]_J8^?À«".1w

xÏf¾Û�ÛĨĒ#Ìġ"���Ġ'��1�¾Û�ÛĨĒ$§Ě�2��1Ø�ċā

�$!��+ Ćj�!�2%!0*�5�d� Īå4��¾Û�ÛĨĒ#čjĢï"

���,Ġ'��1� 



õ 3 ô�$Īå��KHP]_J8^?À«".1wxÏf¾Û�ÛĨĒ#²Ąĕl"

���Ġ'��1�òC[#Û�Ĩ ÎÙÜě��1�³ıĥ#Û�Ĩ4 Īå��ċā

�Ø�����#þÉ�/Īå��ċā#ùª ëª4ĕl���1�ùª$ 20�50K �

�0.8ĳ 50�130K��0.3ĳ 130K�300K��0.2ĳ� ®Ç#¾Û�ÛĨĒ ()�ö�

����ëª"���$ 20�100 K�û�1.1ĳ 100�300 K�û�0.9ĳ� ®Ç#¾Û

�ÛĨĒ#ëª Ñĝ�� �¥ ´�ëª !����� �� Ø�ëª
ĀÛ�Ĩ

"�+1A^P[#Û�Ĩ#}�"k����1� 
Ă
/21� 

� õ 4 ô$TZBG\^�.& �#<Z@U_# Tgga#Û�Ĩ"���#đÈ-Ý±

4Ġ'��1�{ô�Īå� ²Ąĕl4��KHP]_J8^?À«".1wxÏf¾

Û�ÛĨĒ4â�� z�Ĩ#ä!1 3 ðİ#7X[N6BTZBG\^<Z@U_     

(PS A-300 PS A-500 PS A-1000)#Û�Ĩ4Ø�����#Ø�þÉ Ĳz�Ĩ#TZBG

\^(h-PS) TZBG\^#XMU_��1;G[R^D^#Û�Ĩ�/ z�º�đÈ4

â�� Tggb#Û�Ĩ4và������ Tggb#º�Û�Ĩ4 Tgga"�»�1� 

".0 Tg ga�ĐØ�21Û�Ĩ#��ģz �*0ĤāÛ�Ĩ4÷y���÷y��

ĤāÛ�Ĩ#×ªk�²$ d*�"é/2��1�ü!z�Ìġ4,�z�²=YB 

��r�4ì���*� ×ª
aÂ�1"�2� ĤāÛ�Ĩ
Ö¥�`�n"ğ��

���r�$�­��1� ,Ă¢���1� 

õ 5 ô�$TZ9EOG\^ 9EOG\^ 2,2,4-9EWG[S^F^#½ß#Û�Ĩ

n4â�� {ô#TZBG\^ �Í#đÈ�/ ĤāÛ�Ĩ4÷y���*� ÷y

��ĤāÛ�Ĩ#þÉ.0 �#Ý±4õ 4 ô#TZBG\^ �#<Z@U_ Ñĝ4

���1���� TZ9EOG\^ú TZBG\^ú#ĤāÛ�Ĩ#×ªk�²$Ü

ě#ąãÚğp#º1ć�4ĖÃ�1 Landauáė"���� ¹¼ £¼#ī¼�Ċ��

 4ì���1� 

õ 6ô$õ 4ô õ 5ô �Í#¸į� 6ðİ#èĩÞĲz� 8ðİ#;BI[úĲz

� 7 ðİ#ĥ�ÜúĲz�#�Ē 21 ðİ"���z�º�đÈ4ĉ� ĤāÛ�Ĩ4÷

y������ ĤāÛ�Ĩ#×ªaÂ"h�Ö¥�1r�
 `Ĉæ!²ě��1� 

4Ġ'��1�õ 5 ô �Í"�� ĤāÛ�Ĩ#×ªk�²$¹¼ £¼#ī¼�Ċ�

1� 4ì���1� 

� ga#� .0 KHP]_J8^?À«".1wxÏf¾Û�ÛĨĒ4Īå ²Ąĕ

l4ĉ������ Tg ga�ĐØ�21Û�Ĩ#��ģz��1ĤāÛ�Ĩ4Í�!Ĳ

z�"£��÷y� ĤāÛ�Ĩ#×ªk�²#r�
`Ĉæ!²ě��0 �#r�4

ī¼�Ċ�1� 4Ã/�"����2/#þÉ$ Tg ga#Ü²-=YBĜî"���

áđ�1� "�!
0 ¤Çæ"$¿��Üě4j1Ĭ#¹Î"!1 Ă
��1� 



 Abstract 

Construction of a top-loading adiabatic calorimeter equipped with a refrigerator and  

study of the configurational heat capacity of polymer above the glass transition temperature 

Eri Nishiyama 

 

This paper describes the development and performance evaluation of a top-loading adiabatic 

calorimeter with a refrigerator, which simplifies measurement preparation and sample setting. I also 

described the characteristics of the configurational heat capacity calculated from the heat capacity 

above the glass transition temperature. This thesis consists of six chapters. 

When we understand the properties of materials from an energetic aspect, heat capacity is a very 

important physical quantity from which various thermodynamic quantities can be obtained. An 

adiabatic calorimeter is a type of measurement device that measures heat capacity by placing the 

area around the sample cell in an adiabatic state. This device has the ability to measure absolute 

values of heat capacity with high accuracy and precision. The absolute value of heat capacity has 

often been used as the basis for final judgment of the theory of physical properties and the validity of 

models. Therefore, its importance is still not lost. Moreover, it directly reflects the vibrational state 

of matter, so a detailed analysis of the heat capacity can reveal vital information about vibrational 

state of the constituent atoms or molecules in the condensed state. 

Polymer solids generally have a mixture of crystalline and amorphous (glassy) parts. The physical 

properties of many polymer compounds change around the glass transition temperature (Tg). 

Therefore, it is essential to consider the phenomena that occur near the glass transition and the 

properties above the glass transition temperature (Tg) in order to understand the properties of the 

polymer. In other words, if we can analyze the heat capacity above the glass transition temperature 

in detail, we can deepen our understanding of polymers.  

In this study, I developed a top-loading adiabatic calorimeter with a refrigerator. This adiabatic 

calorimeter simplifies sample setup for adiabatic calorimetry because of the top-loading system, and 

its refrigeration unit eliminates the need to replenish refrigerants such as liquid nitrogen or liquid 

helium. The performance of the developed adiabatic calorimeter was evaluated. I measured the heat 

capacity of amorphous polystyrene oligomers with different molecular weights using the top-loading 

adiabatic calorimeter with a refrigerator. From the heat capacity obtained from these measurements 

and the heat capacity of high molecular weight polystyrene obtained in the literature. The increased 

partial heat capacity from the glassy state of the heat capacity observed above Tg was calculated by 

estimating the heat capacity of the vibrational part. The increased partial heat capacity above Tg, is 



called the configurational heat capacity (Cconfig). The calculated configurational heat capacity 

showed a tendency to decrease with increasing temperature. This property was also shown in 21 

amorphous polymers in this thesis and many molecular amorphous solids. This fact suggests that it 

is a general property to decrease Cconfig with increasing temperature. I also found a function that the 

temperature dependence of Cconfig can be expressed by a power function and a logarithmic function. 

Chapter 1 is the introduction. This chapter explains the meaning of heat capacity and its feature in 

physical property, the importance of accurate measurement, and the method of analyzing heat 

capacity. It also describes the background that motivated the research for this thesis and the purpose 

of this study. 

Chapter 2 describes the principle of adiabatic calorimetry, the measurement method, and the 

structure of a top-loading adiabatic calorimeter with refrigerator that I developed. The adiabatic 

calorimeter is not a commercially available measuring device, so it must be made by the researcher. 

It is also described the manufacturing process of the adiabatic calorimeter developed this time. 

Chapter 3 describes the performance evaluation of the developed the top-loading adiabatic 

calorimeter with a refrigerator. The heat capacity of an empty cell and that of benzoic acid, a 

reference material, were measured with the developed device. Based on the results, the accuracy and 

precision of this developed device are evaluated. The heat capacity measurement imprecisions were 

±0.8% at 20-50 K, ±0.3% at 50-130 K, and ±0.2% at above 130 K.  The values were almost 

equivalent to those of conventional adiabatic calorimeters. The accuracy of the heat capacity from 

the benzoic acid measurement results were about ±1.1% at 20-100 K and about ±0.9% at 100-300 K.  

The accuracy was somewhat worse than that of the conventional adiabatic calorimeter. However, as 

an absolute value of heat capacity, this device can measure the absolute value of heat capacity with 

sufficient accuracy. 

Chapter 4 describes the analysis and characteristics of the heat capacity of polystyrene and styrene 

oligomers above Tg. We measured the heat capacity of three amorphous polystyrene oligomers (PS 

A-300, PS A-500, and PS A-1000) with different molecular weights using the adiabatic calorimeter 

with a refrigerator. From these measurements and the heat capacities of high molecular weight 

polystyrene (h-PS) and ethylbenzene, the monomer of polystyrene, I used molecular vibration 

analysis to reproduce the heat capacity below Tg. Based on the vibrational heat capacity below Tg 

reproduced by molecular vibration analysis, I calculated the configurational heat capacity (Cconfig), 

which appears only in liquid state, from the absolute value of the heat capacity for polystyrene and 

styrene oligomers. The evaluated configurational heat capacity as a function of temperature showed 

the same trend as that of molecular glasses with simple molecular structures known so far. I also 



discuss the meaning of the trend of the configurational heat capacity decreasing with increasing 

temperature. 

In Chapter 5, heat capacity values from the literature for 2,2,4-isomethylpentane, isobutylene, and 

polyisobutylene were used to calculate the configurational heat capacity from the same analysis as 

for polystyrene in the previous chapter.  From the calculated configurational heat capacity results, 

its characteristics are compared with those of polystyrene and its oligomers. I show that the 

temperature dependence of the configurational heat capacity for polyisobutylene and polystyrene 

systems is expressed as a function of exponent and logarithm based on Landau theory. 

Chapter 6, the configuration heat capacity was calculated by molecular vibration analysis for many 

polymers using the same method as in Chapters 4 and 5. It is then stated that the general tendency of 

the configurational heat capacity to decrease with increasing temperature is a general property of the 

polymers. As in Chapter 5, I show that the temperature dependence of the configurational heat 

capacity can be expressed as a function of exponent and logarithm. 

Based on the above, I developed and evaluated the performance of an adiabatic calorimeter with a 

refrigerator using the top-loading method. The configurational heat capacity, which is the portion of 

the heat capacity increase observed above Tg, was then calculated for various polymers. I have 

shown that the trend of the temperature dependence of the configuration heat capacity is a general 

property and that this trend can be expressed by a function. These results lead to an understanding of 

physical properties and glass transitions above Tg.  
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previous studies reveal that molecular vibration analysis can
accurately determine the heat capacities of almost all main-
chain-type polymer solids in both crystalline and amorphous
states. This suggests that molecular vibration analysis is an
appropriate general method for determining the heat capa-
cities of such solids. Therefore, it is assumed that the absolute
heat capacities of main-chain-type polymer solids that
have not been observed can be reasonably predicted from
their 1D- and 3D-Debye temperatures, the degrees of freedom
of their skeletal and group vibrations, and the heat capacities
of their group-vibration contributions, which were previously
obtained via molecular vibration analyses of the absolute heat
capacities of many linear polymer compounds.

This study proposes a method for predicting the heat
capacity of main-chain-type polymer solids based on mole-
cular vibration analysis. The heat capacity is predicted by
applying the proposed method to poly(4-methyl-1-pentene)
(P4M1P) [29], poly(vinyl benzoate) (PVB) [30], and poly(1,4-
butylene adipate) [31], for which the absolute heat-capacity
values have been measured over a specific temperature range.
The reason for using the above three substances to verify the
prediction is that there are no data below 80K even though the
absolute value of heat capacity is measured over the 100K
temperature range. The lack of heat-capacity data below 80K
means that a regression analysis of the skeletal-vibration mode
of heat capacity at low temperature cannot be performed, so
the heat capacity can only be predicted. In addition, since the
temperature dependence data of the heat capacity are over
the 100 K temperature range, the precision of heat-capacity
prediction can be shown over a wide temperature range. The
validity of the heat-capacity prediction method is verified by
comparing the expected and measured heat capacities.

Materials and methods

Heat-capacity prediction method

Calculation of the heat capacities of a polymer below the
glass transition temperature

A detailed explanation for the molecular vibration analysis
is described in reference [27]. Only the necessary expres-
sions and outlines are given here. The isobaric heat capacity
of polymer solids (Cp,cal) below Tg is given by:

Cp;cal ¼ CV ;group þ CV ;skeletal þ Cp # CV
! "

: ð1Þ

The first, second, and third terms on the right-hand side of
Eq. (1) are the heat capacity of the group-vibration
contribution determined by the Einstein equation (Eq. (4))
[15], the skeletal-vibration contribution determined by the
Tarasov equation (Eqs. (2) and (3)) [18, 19], and the
correction term determined by the Nernst–Lindemann

approximation (Eq. (6)) [17], respectively. The total number
of vibrations is divided into Ngr group vibrations and Nsk

skeletal vibrations, as follows: 3N=Nsk+ Ngr, where N is
the total number of atoms in the repeating unit.

CV, skeletal is expressed by the Tarasov equation [18, 19] as:

CV ; skeletal ¼ Nsk D1
θ1
T

# $
# θ3

θ1

# $
D1

θ3
T

# $
# D3

θ3
T

# $% &% &
:

ð2Þ

Equation (2) comprises three parameters: Nsk, the 1D-Debye
temperature (θ1), and the 3D-Debye temperature (θ3). The
1D and 3D-Debye equations (for D1 and D3, respectively)
are given by:

Dm
θm
T

# $
¼ 3mR

T
θm

# $m
θm
T

xmþ1ex

ex # 1ð Þ2
dx: ð3Þ

The heat capacity of each group-vibration contribution can
then be obtained by Eq. (4):

CV ; group ¼ R
θE=Tð Þ2exp θE=Tð Þ
exp θE=Tð Þ # 1½ '2

; ð4Þ

where θE is the Einstein temperature. The heat capacity
calculated by Eqs. (2)–(4) is the CV heat capacity, which can
be expressed as:

CV ¼ CV ;skeletal þ CV ;group: ð5Þ

The difference between Cp and CV is usually determined by
the Nernst–Lindemann approximation [17] as:

Cp # CV ¼ 3RA0CpT
! "

=Tm; ð6Þ

where A0 is an approximately universal constant (= 3.9 × 10−3

K mol J−1), which is determined by applying Eq. (6) to solid
polymers [32]. Tm is the estimated equilibrium melting
temperature, and R is the gas constant. In the case of
amorphous polymers, Tm is calculated using the relationship
of the approximate expression Tg= (2/3)Tm, which is well
known in the field of research on amorphous solids [33, 34].
The application example is molecular vibration analysis of
polyisobutylene (PIB) [27]. As in the results of molecular
vibration analysis of a series of main-chain-type polymer
solids, PIB shows good reproducibility of the heat capacity.

Prediction of the heat capacity of a main-chain-type
polymer below the glass transition temperature

Ngr, CV,group, Nsk, θ1, and θ3 in Eqs. (2) and (4) are used for
predicting the heat capacity of main-chain-type polymer

M. Yokota, I. Tsukushi
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Heat-capacity prediction method

Calculation of the heat capacities of a polymer below the
glass transition temperature

A detailed explanation for the molecular vibration analysis
is described in reference [27]. Only the necessary expres-
sions and outlines are given here. The isobaric heat capacity
of polymer solids (Cp,cal) below Tg is given by:

Cp;cal ¼ CV ;group þ CV ;skeletal þ Cp # CV
! "

: ð1Þ

The first, second, and third terms on the right-hand side of
Eq. (1) are the heat capacity of the group-vibration
contribution determined by the Einstein equation (Eq. (4))
[15], the skeletal-vibration contribution determined by the
Tarasov equation (Eqs. (2) and (3)) [18, 19], and the
correction term determined by the Nernst–Lindemann

approximation (Eq. (6)) [17], respectively. The total number
of vibrations is divided into Ngr group vibrations and Nsk

skeletal vibrations, as follows: 3N=Nsk+ Ngr, where N is
the total number of atoms in the repeating unit.

CV, skeletal is expressed by the Tarasov equation [18, 19] as:

CV ; skeletal ¼ Nsk D1
θ1
T

# $
# θ3

θ1

# $
D1

θ3
T

# $
# D3

θ3
T

# $% &% &
:

ð2Þ

Equation (2) comprises three parameters: Nsk, the 1D-Debye
temperature (θ1), and the 3D-Debye temperature (θ3). The
1D and 3D-Debye equations (for D1 and D3, respectively)
are given by:

Dm
θm
T

# $
¼ 3mR

T
θm

# $m
θm
T

xmþ1ex

ex # 1ð Þ2
dx: ð3Þ

The heat capacity of each group-vibration contribution can
then be obtained by Eq. (4):

CV ; group ¼ R
θE=Tð Þ2exp θE=Tð Þ
exp θE=Tð Þ # 1½ '2

; ð4Þ

where θE is the Einstein temperature. The heat capacity
calculated by Eqs. (2)–(4) is the CV heat capacity, which can
be expressed as:

CV ¼ CV ;skeletal þ CV ;group: ð5Þ

The difference between Cp and CV is usually determined by
the Nernst–Lindemann approximation [17] as:

Cp # CV ¼ 3RA0CpT
! "

=Tm; ð6Þ

where A0 is an approximately universal constant (= 3.9 × 10−3

K mol J−1), which is determined by applying Eq. (6) to solid
polymers [32]. Tm is the estimated equilibrium melting
temperature, and R is the gas constant. In the case of
amorphous polymers, Tm is calculated using the relationship
of the approximate expression Tg= (2/3)Tm, which is well
known in the field of research on amorphous solids [33, 34].
The application example is molecular vibration analysis of
polyisobutylene (PIB) [27]. As in the results of molecular
vibration analysis of a series of main-chain-type polymer
solids, PIB shows good reproducibility of the heat capacity.

Prediction of the heat capacity of a main-chain-type
polymer below the glass transition temperature

Ngr, CV,group, Nsk, θ1, and θ3 in Eqs. (2) and (4) are used for
predicting the heat capacity of main-chain-type polymer

M. Yokota, I. Tsukushi
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CV� = CV, skeletal + CV, group     (1-12) 

Cp , CV 1čHǋ�ǎŠȗ(Cp - CV)cor 2
Nernst-Lindemann Ǭ� [1-15]/A'*ş1A�/

Ũ=BED( 

(Cp - CV)cor = (3R A0 Cp T ) ⁄ Tfus  (1-13) 

��+
A0 289ŅǵƏ.ÿĺ(Ȧ3.9×10-3 mol J-1)+�C
ĕ(1-13)Hâ¡Ƞº÷/ǹƊ�D

�,+Ūÿ�ED[1-16](Tfus 2ĳÿ�EDđǊǆǔųĔ
R 2ŧ¡ÿĺ+�D(ȓŇǥȠº

÷1êÔ
Tfus 2ȓŇǥâ¡1ƔƟºǾ+A�ƓBE*�DǬ�ĕ Tg = (2/3) Tfus 1ȇ©HƊ

�*ǖƥ�D[1-17,1-18]( 

1960 Ē�1 W�nderlich 1ƔƟ1Bõ:'$žĂǿ1º÷ĲÉǔŒ[1-19]2
ƮŇƁĩ


ȓŇǥƁĩ/ȇGB�
40 Ɲț��1Ƞº÷â¡1žĂǿH¶ƅ+�D�,2
Yokota B

/A'*łB1/�E$[1-20�1-27](êÔ/A'*2
Ƞº÷â¡1žĂǿH�Ŵ�D�

,2Ñƾ+�D�,>Ƙ�E*�D[1-28]( 
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1.4 ŎǠĻ1ƐƏ 
� ŎƔƟ1ƣ�1ƐƏ2
Y�q�]bfHƧ¨Ê�
Ŵÿ�/Ű¡Ơƫ?Ű¡r~Mx

1ǎ±2�ǐ.fbq��eK�UĿĕ/AD·¸ŝ�ĽžçžǿǖHȅƎ�D�,+�

D(�E2
Ľžçžǿǖ1ȄĒ/G$'*1ñ�.d�w1 1 (+�D)Ǎƹ1ũƊÊ


/Ö�*1ÏCƭ;/ć�*
ñ�.Âǲ,.D( 

Ğő1Ľžçžǿǖ+2Y�q�H]bf�D1/Ëŀ1B 1 ŀ11C
]bf/ȇ�

*ŽƷ2ģǐ+�D("�*
āų��+ŴÿH�Dń2
žǿǖ1Ŏ¡H·?�$=/

·ö_�T/
ťŀ
ąÃ,�*Ű¡ƠƫHǎƯ�Dģǐ2�D(:$
Ű¡Ơƫ1Ŭź

��(77K ��)+2Ű¡Ơƫ/1GC
Ű¡r~MxHĉ³�Dģǐ2�D(�1A�/Ŵ

ÿ�
Đ/ąÃHǎ±�Dģǐ2�D�,
ǬĒ
Ƞ§/.'*�$Ű¡r~MxH¤Ɗ

�Dģǐ2�D�,.-/ǞȚ2�D(�Ŀ+
�� 20 Ē�B�1·¸ŝĭǈ1ǲš/A

C
ĲÉ>Ċ.�ň ¿ǶųĔ2 4K 1�G@D 4K ·¸ŝ2
û§/ƔƟā�s�+Ǧ³

+�DA�/.'$( 

A'*
Y�q�]bfHƧ¨Ê�D$=/
fbq��eK�UĿĕ/�D�,
Ŵ

ÿ�/Ű¡Ơƫ?Ű¡r~Mx1ǎ±2�ǐ/.DA�
·¸ŝHÏC��$Ľžçžǿ

ǖHȅƎ�D(:$Ħƾ2Ǆ,��,.�
Ğő1Ľžçžǿǖ,ÕƤ1ȠƨĔ�ȠƕĔ

+Ŵÿ2+�DǍƹHȅƎ�D( 

·¸ŝHÏC��$�,/A'*
ąÃ�Ű¡Ơƫ?Ű¡r~Mx HÿŌƏ/ǎ±�D

ģǐ2.�
Ű¡Ơƫ1Ŭź(77K)��1ųĔHȄńȆ
ûÿ�$ƁĩHª(�,2+�D

y~bf2�D(:$
ňǬ
§Ŗ2Ƞȟ�*�DŰ¡r~MxHąÃ,�*¤Ɗ�.�

$=
u\fȔ+>y~bf2�D(�

�à
Y�q�]bfHƧ¨Ê�
ąÃ1ǎ±2�ǐ/.D�,/AC
�:+2ȉB

E$�/�1Ĭ��,2+�.1'$Ľžçžǿǖ2
ð�1�/,'*>Ŵÿ2�?�

�.C
ũƊÊ/Ċ�Ǭ)�$,Ǖ�D(�

� ƣ�1ƐƏ2Q}\ǫƛųĔ(Tg)��+ǓŴ�EDžĂǿ1ìÇǻº(ǼƹžĂǿ: Cconfig) 

1;HÏC¹�*
"1ųĔ¦øĦHłB1/�D�,+�D(ð�1Ƞº÷ÊÔſ2


Tg ��, Tg ��+2ñ��ſĦ2îÊ�D$=
Ƞº÷Hŏļ,�*ǹƊ�DêÔ/2


Tg ��1ſĦ>ǽǐ,��D(�1�
Ƞº÷1ǼƹžĂǿ/ȇ�DƔƟ2�E:+8,

I-ǇGE*�.�("1ƆƋ,�*
ǼƹžĂǿHƥ¹�D$=1s�\}L�H-1

A�/ǘÿ�D12łƕ+2.1'$$=+�D(²8-1Ʀ+Ǯ7$A�/
žĂǿ1

º÷ĲÉǔŒ2
ƮŇƁĩ
ȓŇǥƁĩ/11GB�
ð�1Ƞº÷â¡1žĂǿH¶ƅ

+�D�,2łB1/�E$(�E2
ǼƹžĂǿHƥ¹�D$=1s�\}L�2Ė�

DA�/.'$�,HĨØ�*�D( 
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� ƣ�1ƐƏ2
ǼƹžĂǿ1ųĔ¦øĦH¶ƅ�Dȇĺ/(�*ŘǗ�D�,+�D(

â¡Ɓĩ1žĂǿ1ųĔ¦øĦHǋ�
ekLze�?_}^oze�
"�*JL�Z

{_L�ze�1A�/
¶ƅ�D�,1+�DȇĺHǑ¹��,2+�E3
Tg ��1

ſĦHACƆǔ�D�,/(.2D(:$
ĈőƏ/2 Tg ��1žĂǿ1�Ŵ/(.6D

�,2+�
ľ$.ſǥÅĪ1ıŜ,.D,ƻ�BED( 

� ƣß1ƐƏ2
ǼƹžĂǿ1ųĔ¦øĦ1ƀġ,"EHǋ�ȇĺ2
�ǁƏ.Ħǥȇĺ

+�D�,HƘ��,+�D(ƙù1Ɛı�7�ĿÖ2
Ǒ�%�E$Ħǥ?ƀġ1Ņǵ

Ħ
ư�Ħ
�ǁĦHłB1/�D�,+�D(ƅńź+žĂǿ2ğBED
+�D%�

ð�1Ƞº÷/(�*
ǼƹžĂǿHƥ¹�*
"1Ħǥ,ųĔ¦øĦHǋ�ȇĺ/(�

*ŘǗ�
�ǁĦHłB1/�*��$�,ƻ�*�D( 

� ŎǠĻ2
´ 6 Ƣ1BŚĪ�E*�D(ƵǕ,.Dƣ 1 Ƣ/Ʋ�*
ƣ 2 Ƣ/fbq�

�eK�UĿĕ/AD·¸ŝ�Ľžçžǿǖ1ȅƎ
ƣ 3 Ƣ/ȅƎ�$Ľžçžǿǖ1Ħ

ƾǚ§
ƣ 4 Ƣ/v~\a��Ʃ1ǼƹžĂǿ1ƥ¹
ƣ 5 Ƣ/v~L^pa��Ʃ1Ǽ

ƹžĂǿ1ƥ¹,ųĔ¦øĦHǋ�ȇĺ/(�*Ǯ7*�D("�*
ƣ 6 Ƣ/ǼƹžĂ

ǿ1Ħǥ,"1ųĔ¦øĦHǋ�ȇĺ1�ǁĦ/(�*Ǯ7*�D( 
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ȃ 2ȁ� liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ5ʄǠ 
2.1 ƜɃ 
2.1.1 ŷǏĐǏɻɉ0liy��kN�YŹńX�OS`fil5ǒŒ 
� ŷǏĐǏɻɉ6�ÒʑȐ5ǑǗĢKǭΔ"G�/±ǜ�HG�ƆBƇâ�,Ƈǜ2ȾȦ5 1,

/�G[2-1�2-8]�ȾȦ0 .ǯȀ (56 1950 ŀ¥/�G��&5ǔȬ5ǒŒKƹǜ"G(A

3ǖĎ/BțȜǢ3ʄǠ�ɮAEH.�G[2-9�2-15]� �5ȾȦ5ǒŒ6�ǏĨɻ5ȚĮ¼K

0.5ʣ¦Í5ǯŃ/ǀŃ5ʆŴ0 .�ǁĥ/�G� ǏĨɻ�EŏEHGWxaRp�W�6�

æĢǏàĢ3��.ƆBɺɃ2ɻ/�F�Ǒɕ5ÒȤǧ3��Gǟ2Gǧ5ǧĮǢ2ģĥŗKƱ

ĥ"G�0�/�G��5D�2õÌǢ2Ŋß3á��ŷǏĐǏɻɉ/6�]�y�KŷǏǓŜ

3·+(>>�102�106ǵ5Ɓʅʜđ/ǚ!Gɯ�ǏǖɓKɆǁ/�G�0�žE�32+.�

G[2-16�2-18]�>(��5ǁĥ3D+.�U�`ɛǶCȘƂæ�ǧÔʒ21��>�>2�öɦ

ɰǷ5ǏàĢ5ǭΔK"G�0�/�G[2-11, 2-12, 2-19�2-24]� 

� liy��kN�Yń5X�OS`fil6�ÔÇ�ʕƭ�ǰƭ215�>�>2­ǀĦʟ/

Ł�±ǜ�H.�G��5X�OS`fil5ǒŒ6�ƬɜǢȌê2ů°/]�y�Kbil"

G�0�/��ŔɃ3ŕ!.­ǀ3"7C�Ðì"G�0�/�G��5Ƥȩ6�űİÇC�ŗ

ğų�źɋ5D�3�ǁĥƁʅ�ʊEH.�GÊýØǜĦʟ5ēû3ǒ3ě�2ØǊ02+.�

G��E3�­ǀ/ �°ŝ/�2�ȘƂC�ƛȂ2ƍ§�/°ŝ�ŖÐ (U�`ǓŜ5Ǒɕ

21�liy��kN�Yń5X�OS`fil/ �ǭΔ/�2�φăƽ�ǑɕBŴĚ�ĠĎ

"G� 

� liy��kN�Yń5Ǐɻɉ6 Handa� 1984ŀ3 Tian�CalvetǏƺƌǏɻɉKʄǠ (5�

ƆÖ/�G[2-25]�ŋ6­ǀʡč�/°ŝK (�ƞ
2ƯCåŬƮĄǑ5ǏĨɻKǁĥ ([2-10, 

2-24,2-26�2-28]� &5ō�TsukushiE6 1998ŀ3ÖA.liy��kN�Yń5ŷǏĐǏɻɉ

KʄǠ �ŎƎ5ƠǄǢ2ŷǏĐǏɻɉ0ýȄ5ȏŃ/ǁĥ/�G�0Kǯɍ ([2-12]� 

� ƊǭΔ/6�liy��kN�YŹń5ŷǏĐǏɻɉ3ÐÑƤKóF¤�(ȾȦKʄǠ (� 

ÐÑƤKŮɝ (ŷǏĐǏɻɉ6�Hikawa E3D+.�"/3ʄǠ�H.�G[2-11]� � �

ʄǠŇƁ6ÐÑƤ5zimɶÔ5ũã�ě���ŷǏÚŐ36�2F5ĸĜ�ŔɃ/�+(� ɡ

ŀ�ÐÑƤʄǠ5A�> �ɮƨ3DF�ĳ2�ũã/­ǀ3Ðì�öȩ2ÐÑƤKģ´3ɖÈ

/�GD�32+(�ÐÑƤKŷǏĐǏɻɉ3óF¤�GØǊ0 .6ě��¦�5 2Ǌ�ŧ�

EHG� 

1) Ƽ®ǿȔCƼ®z�P�215īÝKĥƈǢ3ɀÅ"GŔɃ�2��0�  

2) Ƽ®ǿȔ5ƲǊ(77K)DFB­�ǀŃKʂƁʅģĥ (ǓŜ/·,�0�/�G�0� 

>(�ǒ3�ÐÑƤKóF¤�G�03D+.�Ɔɡ�´Ɩ�ʡʠ .�GƼ®z�P�KīÝ

0 .±ǜ 2�(A�[`l5ʘ/BØǊ��G� 

�  
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2.1.2 ŷǏÚŐ5îǗ0ǏĨɻ5ǁĥŹƴ 
� ŷǏǓŜ6�Ȑ5ĂĊ�EǏ5ÓÈF�2�ǓŜ/�G��5ǓŜKĦʟ/Ħǖ"G(A3�

]�y�b�5ĂĊKǨǽǓŜ3 �ŷǏ^��m5ǀŃKb�0ý!ǀŃ3ÚŐ .�G� 

� ŷǏÚŐ5Ɲŝ3,�.6�ŎƎ5Ǐɻɉ/6�ÍɶŷǏ^��m5¾ʘɶÔ(Side)5ǀŃK]

�y�b�3Į .ÚŐ �ŷǏ^��m5£5ɶÔ6ŷǏ^��m5¾ʘ3Į .ǀŃÚŐK

 .�(� ǀŃÚŐ36�ǏʕĮ0ģĥ ( DCt��M�yK±ǜ .�ɔ5wN�msiX

�Toa�(ɔļɵƤƝ)/ÚŐ .�G� ]�y�b�0ŷǏ^��m6�ǏʕĮ0ıȟ3D+

.�X�OS`fil0ŔǌǢ3ǏǢ3ŬȜ�H.�G� 

� liy��kN�YŹń5X�OS`fil/6�Ɲɫ��b�5ǀŃ3Į . SideKÚŐ �

ƩF5ŷǏ^��m6 Side5ǀŃ3Į .ŷǏÚŐK"G�ÚŐŹƴK±��06/�2�� 

&�/�ÍɶŷǏ^��m5�ʘɶÔ(Top)5ǀŃK�]�y�b�5ǀŃ3Į .ÚŐK .�

G�ÍɶŷǏ^��m¾ʘɶÔ(Side)0ęɶŷǏ^��m�ʘɶÔ(Block)6�ÍɶŷǏ^��m

5�ʘɶÔ(Top)3Į .ǀŃÚŐ .�G� >(�ÍɶŷǏ^��m5łʘɶ(Bottom)�ęɶŷ

Ǐ^��m5¾ʘɶ�łʘɶ(Outer)6�ÍɶŷǏ^��m¾ʘɶ(Side)3Į .ÚŐK .�G

[2-12]� 

 

 

 

 

ċ 2-1� ǏʕĮ5ɷȟ5ơńċ 
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2.1.3 ŷǏĐǏɻɉ3��GǏĨɻǁĥ0R�f�v�ȡĄǁĥ 
� liy��kN�YŹńKǜ�(ǏĨɻ5ǁĥ6�ɩĽ5ŷǏĐǏɻɉK±ǜ (ǁĥŠƴ0

ý!/�G[2-29]� čà�ĥ5ƍ§�/ǁĥ�HGĥčǏĨɻ Cp6�Cp = E / T0 .ȼ"�

0�/�G���/� E 6ŷǏǓŜ�/]�y�3á�(ʕƭRp�W�/�F�_���Ǐ

0 .á�EHG� T6á�(_���Ǐ3D+.Ęæ (ǀŃ/�G� 

�  E 0 T 6&H'H�_���ǏKá�GÜō5Rp�W�ĺ�ǀŃĺ/�F�ŏEH(Ǐ

Ĩɻ6ȚĮ¼02G� 

ŷǏƴ3DGǏĨɻ5ǁĥ6ƥ5D�3Ⱥ+.�G� 

1) ŷǏǓŜ3 (�/�ĥ5Ɓʅʅʎ/]�y�b�5ǀŃKǁĥ"G� 

2) ŷǏǓŜK·+(>>�_���ǏKá�.Žǀ"G� 

3) ɋĥ (ǀŃ3ɱ (E�ŷǏǓŜ�/�ĥ5Ɓʅʅʎ/]�y�b�5ǀŃKǁĥ"G� 

ŷǏƴ/6�1)�3) KȥFɢ .�ǏĨɻKǁĥ .�G� 

� ċ 2-26ŷǏĐǏɻɉ/5ǏĨɻǁĥ5ơńċ/�G� 

� ÖƈǀŃ Ti�,>FáǏÜ5ĥĽǀŃKǁĥ"G�ŷǏÚŐ�ǗŚǢ3ȺJH.�.�ǋŬɈ

/ǀŃǁĥ�Ħǖ/�.�H7�ǀŃ6ïĪ3�ĥ02G� � �ǖĦ36ŤŢǀŃɉCu�

f�ȟ3,2�+.�G��mȟKɩ (Ǐ©ı3DGǏǆHC�ǨǽǓŜ5�ĤÉŗ5(A3

b�ĂF5��ĳɻ5ƭ®Kɩ (Ǐ ŭ3ª�ǏǆH��D8ɞİ3DGǏǆH��G�,>

F�ŷǏÚŐ/BÚŐ �H2�ǏǆH�ĠĎ �]�y�b�5ǀŃ6ȡC�3�Ž>(6�

ʉ"G��50�5ŷǏÚŐ�3��GǀŃ5ƁʅĘæKǀŃm�wl0��� 

ċ 2-2� ŷǏĐǏɻɉ/5ǏĨɻ5ǁĥ5ơńċ 
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� ÖƈǀŃKǁĥ (ō�_���ǏK]�y�b�5u�f�ȟ3ɩʕ .á�.�G�u�

f�ȟ3á�GʕƺKSw3 (ō�ĿȻǓŜ�ǯɍ�HG0ƆȖǀŃ Tf�Ʊ>G�ĥĽǓŜ5

ǀŃ Ti�D8 Tf6�ǀŃm�wlKɆĬ"G�03DFƱĥ .�G�ŷǏÚŐ5�ĤÉ/�ǀ

Ńm�wl5�ŽC�ʉ�ĠĎ"Gēû6�ɤá5¹Ƨ�ŔɃ32G� 

� _���Ǐ Q6�u�f�ȟ3ëá (Ŀď5ʕč V�Ŀď5ʕƺ I��D8ʕà5ëáƁʅ t

5Ǻ0 .ȇÓ/�G� 

Q = V I t     (2-1) 

�HE5¼�E�ĿďǀŃ(Ti + Tf) / 23��G�ȝǏĨɻ6 Q /(Tf � Ti)3D+.Ʊĥ�HG� 

�5ɉȇ6�td[��5My�Z�^��dwlPQM(LabVIEW��National Instruments Japan

ǳɁ)K±ǜ .Ⱥ+(� 

� áǏÜ5ǀŃ T1Kǁĥ �b�5u�f�3ɩʕ .Rp�W�Ká�G0ǀŃ��Ž �]

�y�5ŗǓCb�5ɋɉ3ŕ!(ȡĄƁʅ5ō3Rp�W�Ká�(ō5ǀŃ T2 ¤ɡ3��

.ǄĿȻǓŜ02G�Rp�W�Ká�.�G0�5ǏǆH5ě��KƧǯ3ɅǺBGŹƴ62

�5)��Rp�W�Ká�.�GƁʅ6ƬɜǢǫƁʅ/�G�0�E�Rp�W�5ëá�Ǫ

ʅǢ3ȺJH(0ȧ�.�Rp�W�Ká�GÜō5ǀŃ5Ɓʅ³ĠŗKɀę .�&5�Ǌ3

��GǀŃ T1i0 T2fK±+.Ŀď5ǀŃK� Tm = (T1iʤT2f) / 20 .�G� 

ŷǏƍ§�0���06�ęǞ�EǏǢ3ġȀ (Ȑ/�G(A�á�EH(Rp�W�6"

<.b�5ǀŃ�Ž3ñſ�HG(,>F�Q =  E )�>(�T1i0 T2fDFǀŃ�Ž T6¦�5

ń3D+.ưAEHG� 

 T = T2f 	 T1i           (2-2) 

 (�+.�ǀŃ T1i�E T2f>/5Ŀď5ǀŃ Tm3��GĿď5ǏĨɻ�¦�5ń3DFŏ

EHG� 

C (Tm) =  E / T    (2-3) 

�5D�3ŷȜǢ3Rp�W�Ká�.�&5,1�ǏàĢǢĿȻǓŜKĦǖ .&5Ƈʊ5

ǀŃľ5ʅ5Ŀď5ǏĨɻ¼KŏG5�ŷǏƴ5ĒƊîǗ/�G�>(�b��D8]�y�3

á�(ǏRp�W� E6�ŷǏǓŜ�/6"<.b��D8]�y�5ǀŃ�Ž T3±JH

G(A� E� TKƧǯ3ǁĥ"G�0/�ŏEHGǏĨɻ6ȚĮ¼02G�>(�ǏǆHKƛ

àĳ2�"G�03D+.�ʡȏŃ�ʡǯŃ5ǁĥ�/�G� 

� ŷǏƴ3��.]�y�5ǏĨɻKǁĥ"GŠʛ6�>#��E�!A]�y��È+.�2

�ǓŜ5]�y�b�5ǏĨɻKǁĥ �ƥ3]�y�K]�y�b�3ÈH.ǁĥK"G�]

�y�ǁĥƁ3ŏEHGǏĨɻ6]�y�)�/2�]�y�Ĩć�D8Ǐ ŭU`(He)5ĩ�

KĀL/�G� (�+.�b�0Ǐ ŭU`5ǏĨɻKĺ Ņ��03DF]�y�5?5Ǐ

ĨɻKŏG�0�/�G� 

� ǖĦ36ŷǏÚŐ5�ĤÉ�3DGǏǆH��G06���&5ě��6 1mK/hƉǂ5ǷŃ/

�G(A�ŷǏĐǏɻɉ6èÔ3ŷǏǓŜK·+.�G0��G�&5(A3ŷǏĐǏɻɉ/6�
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U�`ɛǶǊɡ¿/ǏàĢǢ3ʗĿȻǓŜ3�GǑɕ�ĿȻǓŜ3ȡĄ"Gʏ3�Ǒɕ�Eǚ!

Gőĳ/ȬǠǢ2ǠǏǖɓCāǏǖɓKǀŃm�wl5Ęæ0 .Ɇǁ"G�0�/�G�U�

`ǊǶɛɡ¿5ȬǠǢ2ǠǏǖɓCāǏǖɓKR�f�v�ȡĄ0D8�ǀŃ0Ɓʅ3³Ġ"G

5/� H (T, t )0ȼ"0"G0� H (T, t )6�ǀŃm�wl5ƁʅĘæǕ(dT /dt)0ǏĨɻǁĥ

/ŏEH( CpKǜ�.� 

 H (T�t ) =
Cp (dT / dt) dt      (2-4) 

0ȼ"�0�/�G� 
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2.1.4 liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ 
 

 

ċ 2-36�liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ5É®ÏǨ/�G� ċ 2-25

A6ǏɻɉƊ®(X�OS`fil)� B6]�y�b�5ǀŃCb�;ëá (Rp�W�Kǁ

ĥ"Gǁĥ^`j�/�G� >(�ŷǏǓŜKÚŐ"G(A3B±ǜ�H.�G� C6Ǩǽ�

�y(ƳĉɛǨǽ��y0f�~Ôğ��y)/� D6 4KÐÑƤ5[�y�i]�/�G� Ǐɻ

ɉƊ®5Ɲɫ3,�.6ōɣ"G� 

ÐÑƤ¤liy��kN�YŹńŷǏĐǏɻɉ5É®5ʄǠ3,�.6ÐÑƤ5ȗ?ɠ?K

Ā@ǏɻɉƊ®5Ɂ°�ǏɻɉƊ®Íɶ5Ɂ°(b�f�`jNiX5Ɂ°0]�y�b�5Ɂ

°)�ɉǁć5Ȭãɉǁ^`j�5ʄǠ5ě�� 3,3Ô�EHG� 

 

 

 

 

 

 

ċ 2-3� liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ5É®ÏǨ 
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2.1.5 liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ5ʄǠʚǥ 
� ÐÑƤ¤liy��kN�YŹńŷǏĐǏɻɉ5É®5ʄǠʚǥ6ě��Ô�.¦�5ʚǥ

3Ô�EHG� 

X�OS`fil(ǏɻɉƊ®) 

ǏɻɉƊ®Íɶ5ʄǠʚǥ0 .�b�f�`jNiX0]�y�b�� 

& .�ɉǁćȐ5ʄǠ/�G� 

 

2.2Ȋ¦ʉ/6�&H'H5ʚǥ3,�.ɣ<G� 

2.2Ȋ/6ɷȟBĀA(�X�OS`fil5ʄǠ3,�.ɣ<G�2.3Ȋ6b�f�`jNi

X5ʄǠ�2.4Ȋ6b�f�`jNiX5Æ3óF¤�G]�y�b�5ʄǠ3,�.5ɏž/

�G�& .�2ȁ5Ɔō6ŷǏÚŐð8�ǏĨɻǁĥKĀL)ɉǁćȐ3,�.ɏž"G� 
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2.2 X�OS`fil(ǏɻɉƊ®) 

 

 

� ċ 2-4 6X�OS`filƊ®5ŷʘKơńǢ3ȼ (ċ/�G�X�OS`filƊ®6�

ǈȰ/ǲ�H.�Gb�f�`jNiXKòȒ"GÍȅ0�&5ę¾5ęȅ3Ô�G�0�/�

G�Íȅ0ęȅ6&H'HǔȀ3ƭĪǓŜK·,�0�/�G�ęȅ6ūƭô(H-2)�E�Íȅ6

ūƭô(H-1)�E�»×3f�~Ôğ��y0SO���f��Ǩǽ��yKȗ?ûJ$.ūƭ"

G�0/ȑ 10-6PaǷŃ>/Ǩǽ3ɡ�ƿčǓŜ3/�G� 

� Íȅ36�b�f�`jNiX(A)�]�y�b�(F)�ŷǏ^��m(D-1�D-2�E-1�E-3)��

G�  

� ŷǏ^��m5¾ʘ(E-2)�łʘ(E-3)��D8ę¾(D-2)5ɶÔ6�Ľ3jY`/Íȅ3üG (

ǓŜ3�G�ŷǏ^��m5x�iX(D-1)0liy(E-1)��D8ǁĥ"G]�y�KÈHG]�

y�b�(F)6�b�f�`jNiX5Æ3óF¤�.�G�]�y�Kbil"G0� 

ċ 2-4� liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉ5ŷʘ5ơńċ 
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]�y�b�É®(F)0ŷǏ^��m(D-1�2�E-1�3)�Íȅ3óF¤�EHG�ęȅ36 4Ɛ5

ɞİ^��m(G-1�G-4)��G�ƤćKǹÂ"G0��ęȅ6Ľ3ūƭ�H.�G�]�y�K

Ðì"G0�36���ĳɻ5z�P�U`KǏ ŭU`0 .Íȅ3ıÈ .�G�ǏĨɻ0

R�f�v�ȡĄ5ǁĥKȺ�ʏ36�ŷǏǓŜ3"G(A�ÍȅBūƭK .�/�G)�Ǩ

ǽ3ɡ�ǓŜ3"G� 

� ÐÑƤƊ®6Íȅ5Ƣ3óF¤�.�G�[��mzim5ȃ 1`j�_(I-1)0ȃ 2`j�_

(I-2)5Ɔ­ÙɱǀŃ6�&H'H 40K0 4.2K/�G� [��mzim5ȃ 2`j�_(ǀŃ�Ɔ

B­�2GɶÔ)5Ȃ36�Ǐ©ıKÚŐ"G(A5Ǐ©ıU`ıÈħ(J)0Ǐ©ı/b�ĂɟKÐ

ì"G(A5ɿȟ(K)5�Ȃ�óF¤�.�G�K5£Ȃ6ɞİ^��m(G-1)3ŬȜ�H.�G� 

� b�f�`jNiX(A)6�ƤƗǢņŃ�ʡ��Ǐ©ıǕ�­�Îȅň5`j��`ʀƘ(ǦŌʥ

�15mm)//�.�G�b�f�`jNiX5Ƙ5ĂF36 11Ɛ5ÎǤǓ5ɞİǏ^��m (C)

��F�úÎǤ5�36`�t�O�^���f�KɷȦ (�`�t�O�^���f�06

ʕǰƶ5ñİǕ�ʡ�ñİ^�l0Ǐ©ıǕ5­�ŷǏ^�lKĚɺ3ɺ4(ƝɫK .�.�

^��m5âƑKʡA.�G� Block�Top��D8]�y�b��E5��mȟ6É.�b�

f�`jNiX5ÆȂ5Ǐ ŭɿx�iX(N)0b�f�`jNiX5`j��`Ƙ5ɨ�/ʍ

Ɓ�Ǐ ŭK�$2�E�r��hiX^��(B-1)Kɩ .ę;ɷȟ .�G� 

Íȅ6w��_ (L)K\�Ɂ5 O ��Y/^�� �ūƭ"G�0/ǨǽǓŜK·+.�G�

b�f�`jNiX5�¾36`j��`Ɂ5{��a(M)�¤�.�G�b�f�`jNiX

KÍȅ3ŪÈ �w��_Kp_/Čĥ"G0��5{��a6Ȭǌʂ�E«8(ǓŜ/ČĥK

�HG�&5ȘƑ�{��a�Ä5ǓŜ3ŞI�0"Gà3D+.�b�f�`jNiX��ÿ

�3ť ��EHG�032F�Ǐ ŭ5ɿx�iX0ɞİ^��m(G-1)5ʅ5ƤƗǢŬɈ�Ű

Ć�H�]�y�b�3óF¤�EH(ŷǏ^��mC]�y�b�;5Ǐ©ı�ŰĆ�HG� 

� ŷǏ^��m6"<.ɿɁ/�ʈȹ�ɞİǏɳȶ5ɆǊ�Eɼ�iVKź .�G�>(�u

�f�ȟ6^��mÉ®3ďȄ32GD��Ļ�.�G�Top 0 Block 5u�f�ȟ6�ǦŌ�

0.11mm5��O�mȽɄ5��Uo�ȟK±ǜ �Side�Bottom�Outer36M���ȟK±ǜ

 (�ɞİ3ª�ǏǶãKš�G(A�Outer K`�t�O�^���f�/Ʉ+(��E3�

b�0^��mʅ�>(6^��mʅ5ǀŃĺKƙÓ"G(A5ǏʕĮKóF¤�(�ǏʕĮ6�

Side0 Top5ʅ5ǏʕĮ0u�f�ȟKʋ�.�ɨ�/ǦŌ 0.11mm5��O�mȽɄ5ɿȟ3

ÕFƅ�(��HE5ɿȟ6ŬǩÝ(GE 7031)/ƌ4.��mȟ0 .�ɨ�/Ǐ ŭK�$2�

Er��hiX^��3ŬȜ (�b�f�`jNiX3ŬȜ�H.�2��ŷǏ^��m5

Side(E-2)�Bottom(E-3)��D8 Outer(D-2)5úɶą�E5��mȟ6�ý!ǨǽŃK·+.�G

��mȟıÈȲ(B-1)Kɩ .r��hiX^��3ŬȜ .�G�Side0 Top5ʅ5ǏʕĮ6�

ɨ�/ɿȟ3ÕFƅ�#�Íȅ5ǨǽŃK­��$2�D��X�OS`fil�EÓ .�X

�OS`fil5ę¾/ǦŬ�ÕFƅ�.ŬȜ .�G� 

� ɞİ^��m5ƋŶ0 .�(G-1)0(G-2)36ɿ�(G-3)36M��oP�K±ǜ (� 
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(G-1)�(G-2)3,�.6ȼʘ3ɼ�iVKź �ɞİ3DGǏǶã3DGŉʙKš�.�G� (G-1)

0(G-3)6�&H'HÐÑƤ5[��mzim5ȃ 1`j�_(I-1)0ȃ 2`j�_(I-2)5Æ3�G

ɿɁ5�O��(K)3&H'HŬȜ�H.�F�Ǐ©ı3DGǏ ŭć05ƤȩBƑ( .�G�

Ǐ©ı5ȯ�ɿCM��oP��ɞİ^��m3±ǜ�HGǗǝ6�5(A/�G� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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2.2.1 u�f�ȟ5ŷǏ^��m;5Čĥ 
ŷǏ^��m36ŷǏǓŜK·,(A3u�f�ȟ�Ļ�H.�G�ǜ�(u�f�ȟ6 

�0.11 mm5��O�mȽɄ�H(��Uo�ȟ>(6M���ȟ/�G�u�f�ȟ6ŷǏÚ

Ő C"�ǠǏɻ02GD�3�ŤŢ¼Kɉȇ (�/ɴ8�Top�Block36��Uo�ȟK�

Side�Bottom�Outer36M���ȟK±ǜ (�u�f�ȟ6�E�!A�ŬǩÝKǜ�. 2Ɗ

K 1Ɗ3 �ɶą5ǅ(ľ 0.7mm�ƽ� 0.35 mm)3�ŬǩÝ GE7031(GENERAL ELECTRICǳɁ)

0ɸɹRh�Kƾ%(B5(3 : 25®ǺƾûƬ)K±ǜ �ČĥK (�GE70316ŎƎ�E­ǀǁ

ĥ/ǜ�GŬǩÝ0 .ȯ�ǜ�EHGB5/�G��Ȯ5ŬǩÝ/6­ǀ/ǏòȤ5ĺ3D+

.Þ�H. >��E/�G�GE70316­ǀ/B6�H#�ɼĴ3D�2!@5/¡ĉBǜ�

(� 

ǨǽǓŜ�/ǁĥK"G(A�u�f�ȟ�ǽ�3ƻ�(ǓŜ/�G0�ʕƺKƺ (Ɓ3�

Ǐ5ɥ�ē�2�2Fu�f�ȟ�ÕH. >�� (�+.�u�f�ȟ6ƻ�2�D��>

(�4!H. >J2�D�3Ʒś �ČĥK (� 

ċ 2-4 6u�f�ȟKČĥ ȖJ+( Block 5ÏǨ�ċ 2-5 6u�f�ȟKČĥ"G(A3ǜ

�(ŬǩÝ(GE7031)/�G�ċ 2-5 3ǲ .�Gɶą5ł5ɶÔ)�/u�f�ȟ6ȑ 2m 5ʂ

�K±ǜ .�G� 

 

 

 

 

 

 

 

 

 

 
ċ 2-5� u�f�ȟKČĥ Ȗ�(ŷǏ^��m (Block) 

ċ 2-6� ǜ�(ŬǩÝ (GE7031) 
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2.2.2 u�f�ȟ5ŬȜ 
u�f�ȟ0ɿȟ6��O�mȽɄK�ȓC"F(Ɣń¨ǳliy��ǳɁ�ǥ5ȍ�: #100)

/6� .�EŬȜK (�ǜ�(ɿȟ6�0.11 mm/�G�6L)K2!@D�3ȟ36L)

¤�ǜ|�`l(ěƸʕƤǛƚƔń¨ǳɁ)K,��6L)ɽw��r�g(HOZANǳɁ)K±ǜ 

.�G� 

u�f�ȟ�Eɿȟ3ÕFƅ�(ɶÔ36ȚȢȓKĻ�.ČĥK (�ÕFƅ�ɶÔ�&5>

>^��m3Čĥ . >�0ıɩɶÔ(ÕFƅ�ɶÔ)0Ɗ®�ŬɈ"G�03DF�ʕƺ�Ɗ

®3ƺH. >��u�f�ȟ3ʕƺ�ƺH2�2G(A/�G�>(�ȚȢȓ6ȷ�C:H3

���0DF�ǎȱ5ĻȓK±ǜ (�u�f�ȟ6 2ƊK 1ȗ/�F�ŬȜɶÔ6#E"D�

3 �u�f�ȟ5Čĥ5Ɓ0ýƞ3ŬǩÝKǜ�.ȟ�ƻ�. >J2�D�3^��m3Č

ĥ (� 

ċ 2-75ǡ�ɶÔ�ȚȢȓ/u�f�ȟ�Eɿȟ3ÕFƅ�(ɶÔ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-7� u�f�ȟ�Eɿȟ3ÕFƅ�Ȗ�(ŷǏ^��m (Outer5łɶ) 
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2.2.3 ǏʕĮ5Ɂ° 
ŷǏÚŐ6�b�0ŷǏ^��mʅ�D8ŷǏ^��mýė5ǀŃĺK�of� 2�E�ǀ

ŃĺK2�"D�3�u�f�ȟ/_���ǏKǠǚ�$G�03D+.Ⱥ2+.�G�ŷǏÚ

ŐK"Gʏ����5ǀŃĺKƙÓ"G53ɺɃ2ǏʕĮKɁ° (�Ɂ°3ǜ�(ɼĴȟ6X

���ȟ(Ni 90%�Cr 10%)0[�`f�f�ȟ(Cu 55%�Ni 45%)/��Ź0B�0.125mmKǜ�

(�X���ȟ0[�`f�f�ȟ3 (Ǘǝ6�2,5ûɼ5ŬɈɶÔ6ǀŃĺ�ǚ!(0�

3c�{iXâƑ3DGɘʕà�ʡ�(A/�G� 

� X���ȟ0[�`f�f�ȟ5�Ȃ5ȽɄKu�f�ȟ�ɿȟ0ýƞ3 .6� �ɲÕ2

ǀŃ/6L)¤�KȺ2+(�ǐ¾6X���ȟ0[�`f�f�ȟK6L)¤� �B�ǐ¾

6X���ȟ0ɿȟ�[�`f�f�ȟ0ɿȟK6L)-� (� 

ŬȜ (ȟKM��[~�m 570(AREMCO PRODUCTS.INCɁ)K,�.ɿȈ3ÈH(�M��

[~�m 5706ʡȨǏŗR�V^ŬǩÝ/�Ƽŗ/�FȚȢŗ3ÃH.�G�ɿȈ5ě��6b

�3óF¤�GǏʕĮ5?�0.8mm5ɾȈK±��&5£6�1.0mm5ɿȈKʂ�6 5mmǷŃ

3 .±ǜ (� 

 

 

 

 

 

 

 

 

 

 

ċ 2-8� ǏʕĮ5ơńċ 
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ċ 2-86ǏʕĮ5ơńċ/�G�ɗȰ5ȟ6X���ȟ�ʖȰ5ȟ6[�`f�f�ȟ�ʢȰ

5ȟ6ɿȟKǲ .�G�>(�ʢȰ5Ĉɇ�ɶÔ6ɿȈ�ɾȈKǲ .�F�ǈȰ/ĔEH.

�GɶÔ6ȚȢ(M��[~�m 570)Kǲ .�G� 

ċ 2-85D�3ŬȜ (ǏʕĮ6�ǍŝǉKǜ�. 100�/ 60Ô�Ǎŝ �Ǎŝō�Ǎŝǉ5

ʕǃKÕF&5>>5ǓŜ/ħǀ>/ÐC (� 

� °Ɂ (ǏʕĮ6��XhQiXK .�X���ȟ0[�`f�f�ȟ�,2�+.�G�

0�&5£5ȟ6ȚȢ�·(H.�G�0Kǯɍ (�>(�ɘʕàBǁĥ ��Ź5ɿȈ�ý

!ǀŃ5ēû6 0.00mV�ǀŃ�ǟ2Gēû6¼� 10�/ȑ 0.6mVĘæ"G�0Kǯɍ (� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-9� °Ɂ (ǏʕĮ 
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2.2.4 ŷǏ^��m5óF¤�(X�OS`fil) 
ǏɻɉƊ®5ŷǏ^��m5óF¤�6�>#�Outer5�3 SideKjY`/üF���Side

KóF¤�Ȗ�( Outer5ǓŜ3"G�ƥ3�Ǐɻɉ5Ɗ®¾34!KóF¤��&54!0 Outer

3��.�Gǻ3jY`Kɩ .�OuterKƊ®3óF¤�(�Outer5ɶą5�ɶ36 Bottom

�E5��mȟKɩ"(A5ǅK�C"F/°ŝ (� 

&H'H5ɶą��ĝ3�GD��Outer�ɶ0 Side�ɶ5ʅ6 31 mm/�Outer5�ɶ0Ǐ

ɻɉƊ®05ʅ6 40 mm3·,D�3 (�ǏɻɉƊ®3ŷǏ^��mKóF¤�Ȗ�(ÏǨK

ċ 2-103ǲ"� 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-10� ŷǏ^��mKóF¤�(ǏɻɉƊ® 
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2.2.5 [pXf�ɷȟ(X�OS`fil) 
� Side-Bottom5ǏʕĮ�Side-Outer5ǏʕĮ�u�f�ȟ�EÕFƅ�( Bottom0 Side0 Outer

5ɿȟK&H'H��mȟ5�Ȃ3ŬȜ ���mȟ5£Ȃ6X�OS`fil�ɶ5r��h

iX^��//�(ƭĪŗK·.G[pXf�3óF¤�(�ċ 2-116[pXf�5ÏǨ/�G�

ċ 2-115Ĺ5ÏǨ6[pXf��ǏɻɉƊ®3óF¤�EH.�GǓŜ�ċ 2-115ø5ÏǨ6

[pXf�KǏɻɉƊ®�E6# �ǏʕĮCu�f�ȟȄ3,2�+.�G��mȟ5£ȂK

ŬȜ"GɶÔ/�G�[pXf�6 2,�F 1,6ǏʕĮ0ǀŃɉ3,2�+.�G��mȟK�

B� 1,36u�f�ȟ3,2�G��mȟKóF¤�.�G�[pXf�36 10Ɗ5v��

,�.�F�v� 1,3Į .��mȟK 1Ɗ�6L)Kǜ�.óF¤�(�óF¤�(¬ȦK

ǏʕĮ0ǀŃɉ5[pXf�6ċ 2-123�u�f�ȟ5[pXf�6ċ 2-133ǲ"�ĒƊǢ3

6��mȟ6 2 Ɗ 1ȗ25/�ý!Ǹʝ5u�f�ȟCǏʕĮ�ǀŃɉ5ȟ6ʐFû�D�3 

(� 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-11� [pXf� (Ǐɻɉ¾) 
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ċ 2-12� ǏɻɉƊ®5[pXf�5ɷȟċ (ǏʕĮ) 

ċ 2-13� ǏɻɉƊ®5[pXf�5ɷȟċ (u�f�ȟ) 
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2.2.6 ǏʕĮ5óF¤�(X�OS`fil) 
ċ 2-145ɗȰ/ǲ (ɶÔ3 Side-Bottom�Side-Outer5ǏʕĮ�Top-Side5ǏʕĮ5 Side¾

KM��gOl(ƀĄʡÔğƔń¨ǳɁ)K±ǜ .óF¤�(�M��gOl6æĢñŕȐŬǩ

Ý/�Ý(R�V^ƣȪ)0ǮæÝ(��M�mM��)K 1:1/ƾ%.�±ǜK (� 

Top-Side5ǏʕĮ5 Side¾6ȟKǏɻɉ5Ɗ®5�ɶ>/ɩ �Ɗ®0ęɶ5ĕǞ6R�V^

ȐŬǩÝ5XOiXPR�m(Ɣń¨ǳʌǣ[��ojNɁ)Kǜ�.�Ɗ®KǨǽŅ� (0�

3�ǨǽǆH�ɘ�E2�D�3 +�F0ČĥK (� 

� Outer5ę¾3`j��`Ɂ5ɞİ^��mK 3Ɛ�óF¤�(� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-14� ǏʕĮ5óF¤�¬Ȧ (ǏɻɉƊ®¾) 

Outer 

Side 

Bottom 
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2.2.7 f��n�~iX` 
Side5ǏʕĮ6Ǐɻɉ5Ɗ®¾�Top5ǏʕĮ6b�f�`jNiX¾3Čĥ .�G�&5

(A�Side0 Top5ǀŃĺKɉǁ"G(A36�ǏɻɉƊ®5ę¾3f��n�K°FŬȜ"G

ŔɃ��G�>(�b�f�`jNiX6]�y�bil5ʏ3ţ�ĺ "G(A�f��n�

/óFę öȩ3"GŔɃ��G� 

f��n�~iX`6ɞİǏ5ŉʙC¯ɉ2qOaKʈ�(A3`j��`Ɂ5ȉ(μ 115mm�

Ƣ 75mm�ʡ� 60mm)3ÈH��36ǠƵ`h���KóF¤�.ǀŃ�/�G)��ĥ3·(

HGD�3 (�`j��`5ȉ3ǏʕĮ5ȟKɩ"(A�4.2mm5m��/ǻK 3�ş�ʄ�

(� 

 

 

 

Side5ǏʕĮ5[�`f�f�ȟ0ɉǁć�E5��mȟ�Top5ǏʕĮ5[�`f�f�ȟ

0ɉǁć�E5��mȟ�Side5ǏʕĮ5X���ȟ0 Top5ǏʕĮ5X���ȟKf��n�

~iX`5Íɶ/ŬȜ (�Top5ǏʕĮ5ȟ6óFę Köȩ3"G(A�ĒǤKǜ�.°ŝ

 (�Side5ǏʕĮ5[�`f�f�ȟ�ɉǁć�E5��mȟ�ɉǁć�E5��mȟ�Side

5ǏʕĮ5X���ȟ6]�y�bil5ʏ3�óFę 6 2�(A�ĒǤȬ®3ČĥK (�

Side5ǏʕĮ5X���ȟ6ĒǤ5Ɗ®0ɼĴ5ɼËɶÔ3ŨL/ČĥK (�Top5ǏʕĮ5

ȟ64!/0AG�03D+.�óFę Köȩ3 (�>(�&H'H5ȟȬ®3ȰK,�.�

6# (ʏ3ȟ�ç×/�GD�3 (�ɉǁć�E5ȟ6óFę�2�5/�ĒǤ5ȿ¾36

L)/Čĥ (� 

ċ 2-166ɉǁć�E5ȟKĒǤ5ȿ¾3ŬȜ (ÏǨ/�G� 

 

ċ 2-15� f��n�~iX`5ęɶÏǨ 
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� ċ 2-176f��n�~iX`Íɶ5ĒǤ5ȼ¾/ċ 2-186f��n�~iX`5ɷȟċ/�

G�ċ 2-185ĒǤ�E�3Ó.�Gǡ0ɗ5ȟ6ɉǁć3,2�Gȟ�Ĺ¾�EĒǤ3Čĥ .

�Gȟ6ǏɻɉƊ®�E5ǏʕĮ5ȟ�ø¾�EĒǤ3Čĥ .�Gȟ6b�f�`jNiX�

E5ǏʕĮ5ȟKǲ .�G�>(�ǏʕĮ5ɗȰ5ȟ6X���ȟ�ʖȰ5ȟ6[�`f�f

�ȟKǲ .�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 ċ 2-17� f��n�~iX`Íɶ5ĒǤ (ȼ¾) 

ċ 2-16� f��n�~iX`Íɶ5ĒǤ (ȿ¾) 
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Ĥŝ (f��n�~iX`6ǏɻɉƊ®5b�f�`jNiX5ŪÈô3ɡ�3óF¤�

(�ċ 2-196ǏɻɉƊ®5��E5ÏǨ/ƮȰɶÔ6b�f�`jNiX5ŪÈô/�ɗȰɶ

Ô3f��n�~iX`KóF¤�(� 

 

 

 

ċ 2-18� f��n�~iX`Íɶ5ĒǤ5ɷȟċ 

ċ 2-19� f��n�~iX`5óF¤�¬Ȧ 

ɉǁć 

ǏɻɉƊ® 

b�f�`jNiX 

f��n�~iX` 

b�f�`jNiXŪÈô 
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2.2.8u�f�ȟ0ɉǁćȐ5f��n� 
X�OS`fil5�ɶ5u�f�ȟK>0A.�G[pXf�3ŬȜ"G��mȟ5£Ȃ

6�ǦŬɉǁć3ŬȜ 2�/ċ 2-203ǲ"D�2f��n�K¢ .�ɉǁć3ŬȜ .�G�

�5f��n��ɶą5ɺ?3D+.ŷȟ . >��0Kʈ�(A3�`��_j�y0�ʘ

j�yK±��ɉǁć5�iX3óF¤�(� 

ċ 2-206ɉǁƤćKȦ�.�G�iX5ȿ¾3ČĥK (f��n�/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-20� u�f�ȟ5[pXf��E5ȟ0ɉǁć5ʅ5f��n� 
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2.3 b�f�`jNiX 
2.3.1 Block5f��n�°ŝ0ǏʕĮ5óF¤� 
� Block59(ɶÔ3 Block5��mȟ5f��n�K°ŝ (�ȚȢǑɕ/�GʔƫKμ 3cm�

Ƣ 2cm3Õ+(B5K 2,�ŬǩÝ(GE7031)Kǜ�. Block59(3Čĥ (�ʔƫ5�3ɿȆ

j�y�ɽw��56L)Kǜ�.�f��n�K°Ɂ .�G� 

 

 

 

ċ 2-21� Block5f��n� (ɷȟÜ) 

ċ 2-22� Block5f��n� (ɷȟō) 
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Block59(36 6�ş�ǻ�ʄ�.�G�3�ş36b�f�`jNiX3üF��G(A3

ǜ�G�Ǿɘ5,�.�G4!KóF¤���œɡ�5ǻ5 1,�E Block5u�f�ȟ�E�

�mȟ3ÕFƅ�(ȟK 2Ɗ�Ó (�& .�&H'H5ȟK Block59(5f��n�3Č

ĥ (� 

>(�Block59(5f��n�36b�f�`jNiX3Ļ�¤�.�G��mȟ(2Ɗ 1ȗ

5B5K 1,)K 1Ɗ#,3Ô�.&H'HBlock5f��n�5ɿȆɶÔ36L)/óF¤�(� 

� Top-Block 5ǏʕĮ5 Block¾6 Block5ł3ɿȆj�yK±�óF¤�(� 

� ċ 2-236ǏʕĮKóF¤�(ō5 Block5ł/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-23� ǏʕĮKóF¤�(ō5 Block5łɶ 
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2.3.2 Top5f��n�°Ɂ 
Top5�ɶ3,�G��Y3f��n�KɁ° .�óF¤�(�f��n�/6�b��D

8 Top�Block5ŷǏ^��m�EÓ.�GǀŃɉ�u�f�ȟ�ǏʕĮ5��mȟKb�f�

`jNiX�Eęɶ5ɉǁć3,2�G��mȟ3ÕFƅ�.�G�]�y�bil5ʏ36]

�y�b�5u�f�ȟK,�ę "GŔɃ��G(A�f��n�KɁ°"G�03D+.�

]�y�bilKDFȌµ3 (� 

f��n�/±ǜ"Gjw��^�lKμ 3 mm�Ƣ 14 mm�í� 1mm3Tif�/ÕFó

+(�>(�f��n�KóF¤�G Top5�ɶ5��Y6í� 3 mm�4!5ʅ5ʅʎ 

13.5 mm/�+(�ÕFó+(jw��^�l54!K,�GɶÔ36ëK,��&5ɶÔ3m

��/ǻK��G5)��ǻK��GÜ3V�/�E�!A�ĳ �=?K,�(��=?K¤

�(ɶÔ3�1.2 mm5ě��/m��Kǜ�.�ǻK��(�jw��^�l5�ɶ3ǮɿȟK

ɩ"ǻK&H'H 4�ş�í� 1mm5ǨL�3m��K±���0.3mm5ǻK��(�ǻ36

&H'H5ȟK,2�(A3ǮɿȟKɩ (�Ǯɿȟ6óF¤�(Ɓ3ȼ3ÓGɶÔKĳ ɺ2

GD�3 .6L)-�K (�ċ 2-245ǡ�ɶÔ�jw��^�l/�F�ɾȰ5ɶÔ�Ǯɿ

ȟ/�G�>(�ċ 2-256f��n�5ơńċ/�G�ċ 2-255ɗ×/ǲ (ɶÔ�6L)-

� (ɶÔ/�G� 

 

 

 

 

 

 

 

 

 

 

ċ 2-24� Ĥŝ (f��n�5ÏǨ 

ċ 2-25� f��n�5ɷȟċ 
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� f��n�KóF¤�G Top5�ɶ5��Y36ǻ6ʄ�.�(5)��4!5ǅ6,�.�

2�+((A�r�mfiyK±� 6�ş34!ǻKɁ° (�(ċ 2-26) 

ÓƎ��+(f��n�64!K±� Top5�ɶ5��Y3óF¤�(�ċ 2-276f��n�

KóF¤�ȖJ+( Top5�ɶ5��Y/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Top5��Y5f��n�3b�f�`jNiX�E5��mȟK6L)/,2�(�&5ʏ

3���mȟ5ȽɄKÞ� (ɶÔ� Top5ɼĴɶÔ3Ň(E2�D�3(ȚȢK·,D�3)�

Ʒś (� 

� ƥ3Ɂ° .��( Cell-Top�Top-Block5ǏʕĮK&H'H Top¾3óF¤�(�ȓC"F

ċ 2-26� Top5�ɶ��Y3p_ǻKɁ° .�Gƞğ 

ċ 2-27� f��n�KóF¤�( Top�ɶ5��Y 
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/ Top¾5ɿȈKĳ #,Û+.���Top5��Y5Ƣ3��.�Gǻ3ǏŬɈKD�"G(

A3ť ɠL/�F�FÈGǷ5ě��3 �ŪÈ (� 

� Top5f��n�36ċ 2-28/ǲ"¬Ȧ3ǏʕĮC��mȟK,2�)�ƮȰ5ȟ6 Top��

Y5Ƣ�E5ǻKǲ .�F�ƮȰ/ĔF,: (ɶÔ6f��n�KóF¤�G(A3±ǜ 

(ɶÔ/�G�>(�ɗȰ/ĔF,: (ɶÔ6ǏʕĮKóF¤�(0�I/�F�ɗȰ5×ë

ɶÔ64!ǻ5Ɂ°KĞŲ �±ǜ/�2�2+. >+(ɶÔ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-28� Top5f��n�5��E5ơńċ 
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2.3.3 b�f�`jNiX5ÆȂ�EǏɻɉƊ®ę>/5��mȟ5Čĥ 
b�f�`jNiX3 2ƊK 1ȗ3 (ɿȟK 2,�10ƊK 1ȗ3 (ɿȟK 3,�ŬǩÝ/

ČĥK (�ŬǩÝ0 .GE70310ɸɹRh�K 3 : 25ßû/ƾ%(B5Kǜ���E�!A�

2ƊK 1ȗ3 (ɿȟ�EĻ�,�ČĥK (�ȟ�ɺ2E2�D�3 .Čĥ .���&H

'H5ȟK 1ƪǥ6 7Ă�2�11ƪǥ6 6Ă�12ƪǥ6 8Ăb�f�`jNiX3Čĥ (��

H)�ʂ���mȟK±�Ǘǝ6���mȟúɶ¬/5ǀŃ32!>$G�03D+.�ʡǀɶ

Ô�E5Ǐ5ƺÈKʈ�(A/�G� 

b�f�`jNiX5643ǽ�(ǻKɩ .�ƥ5ƪ3ǶG5/�G��ɼĴɶÔ3�(+

.��mȟ5ȽɄ�Þ�H. >J2�D����mȟ3jw��j�yKĻ�.�Eb�f�

`jNiX5ǻ3ɩ (� 

Top-Side5ǏʕĮ5 Top¾5ȟKb�f�`jNiX5645ǻKɩ .��ɶ>/ɷȟ (�

£5��mȟ06ǟ2F�b�f�`jNiX3Ļ�¤�G�06$#3�ÓƎG)�Ɔǫ5ʂ

�/�ɶ>/ɩ (���mȟ5�ɶ6R�V^ȐŬǩÝ5XOiXPQ�mKǜ�.ǽƭ�ɩ

E2�D�3 +�F0ČĥK (� 

ċ 2-296��mȟKĻ�(b�f�`jNiX5ơńċ/�ċ 2-30���mȟKĻ�Ȗ�(

b�f�`jNiX5�ɶÔ/�G�>(�ċ�5ʖȰ5ȟ6 10Ɗ 1ȗ5ɿȟK�ȞȰ5ȟ6

10Ɗ 1ȗ5ɿȟK�ɗȰ5ȟ6 Top-Side5��mȟKǲ .�G� 

 

�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ċ 2-29� ��mȟKĻ�(b�f�`jNiX5ơńċ 



 40 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

ċ 2-30� ��mȟKČĥ Ȗ�(b�f�`jNiX5�ɶÔ 
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2.3.4[pXf�ɷȟ(b�f�`jNiX) 
� b�f�`jNiX5ÆȂ5ǏʕĮ�ǀŃɉ0u�f�ȟ�E5��mȟKb�f�`jNi

X5�ɶ5[pXf�3ǏɻɉƊ®0ýƞ3 .óF¤�(�[pXf�6 2,�F 1,6Ǐʕ

Į0ǀŃɉ5ȟK�B� 1 ,36u�f�ȟKóF¤�(�[pXf�36 10 Ɗ5v��,�

.�F�&H'H36�ȼ0ȿ5Įŕʆ¶�"�3J�GD�3�A~H�J�K5Ɋù�,�.�

F�v� 1,3Į .��mȟK 1Ɗ�6L)Kǜ�.óF¤�(�óF¤�(¬ȦKǏʕĮ0

ǀŃɉ5[pXf�6ċ 2-313�u�f�ȟ5[pXf�6ċ 2-323ǲ"�A�B6�À0 .

ȟ6óF¤� 2�+(�>(��5Ɓ�Top 5u�f�ȟ�EÕFƅ�(ɿȟ6b�f�`j

NiX5��mȟ;0�f��n�/ÕFƅ�G�02��ǽ�/ŬȜK (� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-31� b�f�`jNiX5[pXf�5ɷȟċ (ǏʕĮ�ǀŃɉ) 

ċ 2-32� b�f�`jNiX5[pXf�5ɷȟċ (u�f�ȟ) 
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2.3.5b�f�`jNiX;5 Block�Top5óF¤� 
ɷȟ21�Ĥŝ ( BlockKb�f�`jNiX3jY`Kǜ�.üF��(� 

ċ 2-336b�f�`jNiXK��E?(ċ/�G�ċ 2-335ɗ×/ǲ ( 3�ş34!K

óF¤�(�4!KóF¤�G¬Ȧ6à���ş3½E#3ďȄ32GD�ɷȦ (�4!6Ǐ

©ıKD�"G(A3��,�ȠA(�b�f�`jNiX¾KóF¤�Gʏ�jY`5Ș8ǥ

�b�f�`jNiX5ę¾3Ó2�D�3ƷśK (�b�f�`jNiX�E Block>/5

ʂ�6"<. 21mm3ș� �ƮĿ3,G (�ċ 2-346 BlockKóF¤�Ȗ�(b�f�`j

NiX5ÆȂɶ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-33� b�f�`jNiXK��EɅ(ơńċ 

ċ 2-34� BlockKóF¤�(b�f�`jNiX5ÆȂɶ 

BlockKüF��G(A 

4!KóF¤�( 
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TopB Block0ýƞ3jY`Kǜ�.óF¤�(�Top0 Block5ʅ6 9mm3ș� �ƮĿ

3óF¤�(�b�f�`jNiX0 Block5Ɓ6jY`5Ș:ǥ� 2�ş/�+(��Top0

Block5ēû6Ș8ǥK 1�ş3 .óF¤�(�ċ 2-356 Block�TopKóF¤�Ȗ�(b�

f�`jNiX5ÆȂɶ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-35� Block0 TopKóF¤�(b�f�`jNiX5ÆȂɶ 
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2.4 ]�y�b� 

 

�  

� ċ 2-366Ɂ°ɨ�5]�y�b�5ÏǨ/�G� ]�y�b�6��3�5ÏǨ5(A)�(B)�

(C)/Ɲŝ�HGb�Ts�0�(E)�(F)/Ɲŝ�HGb�Ɗ®5 2,5ɶÔ/Ɲŝ�H.�G� ɼ

Ĵɶą6"<.ɿɁ/�b�5ȼʘ6�ɞİ3DGǏ5ǶãKš�G(A0�ɼĴȫʞKʈ�(

A3ɼ�iVKź .�G� ]�y�KįÈ"Gb�Ɗ®5ÍĨǺ0ɕɻ6�&H'H 5.30cm3

0 60.585g/�+(� 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-36� b�Ts�0b�Ɗ®5ÏǨ 
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2.4.1 ǡɼŤŢǀŃɉ5óF¤��  
]�y�5ǀŃKǁĥ"GǀŃɉ/�G�ǡɼǁǀŤŢ®(B)6�b�Ts�5�ɶ3�GǀŃ

ɉ}�g�3ČĥK (�±ǜ (ǡɼŤŢǀŃɉ6 ITS-90/ǀŃƓƧK�H( Lake ShoreǳɁ

K±ǜ (�ǡɼŤŢǀŃɉ6�ǡɼ5ʕƭŤŢ�ǀŃ3ª+.Ėá"G�0KØǜ (ǀŃɉ

/�G�ģĥŗ�ȯ�5/�őĲ2ǀŃĘæ215ȏĪǁĥ3ɲ .�G� (�+.�ƠǄǀ

ŃɉCȏĪŘǀƟ5ǀŃÚŐ213±ǜ�H.�G�ǏŬɈKD�"G(A3�Ë®Ǣ36Mv

Re�Y��`Kȷ�Ĕ+(M��}O�KǡɼŤŢǀŃɉ3�^�32E2�D�3Ļ�,�

G�03D+.�ě��5ɑŵKȺ��ČĥK (�MvRe�Y��`6r�mfOy5ʦĐ

Kǜ�(� 

ċ 2-376ǡɼŤŢǀŃɉ3M��}O�KĻ�.�Gƞğ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� z�P�U`ʓĊƭ�(ǀŃ 293K�čà 0.1MPa)/�ɽûɼ5 O��YKw��_3Ļ�,�

.�b�Ts�5ȵ(C)K 12Ɗ5p_/Čĥ �O��Y�ďȄ3ǇHGD�3ČĥK (�b

�	Top5ǏʕĮ5b�¾6�ǏʕĮ}�g�(D)3ǏŬɈ"GD�3�ČĥK (� b�Ts�

6�ŷǏ^��m5 Top5Æ3^��m36ŬɈ 2�D�Ʒś .�jY`/üG"�03D

FČĥ (� 

� ]�y�Ĩć(E)5ę5ȼʘ3�24Ω/m 5M���Ɂ5u�f�ȟKĻ�(� Ļ�Ȗ�(u�

f�ȟ5ŤŢ¼6 96.7Ω/�u�f�ȟ5Ȃ6ɿȟ3ÕFƅ�(� 

ǡɼŤŢǀŃɉ�EǦŬ/.�G2Ɗ5ȟ3ʂ��ȑ30cmɿȟK&H'H1Ɗ3Į .2Ɗ�

ɉ 4ƊK6L)/óF¤�(�ǀŃɉ3ʡ�Ǐ�©JE2�D�3"G(A3ǀŃɉ�EÓ.�

Gȟ5ƕÄKv�bil/6�?�&5ǓŜ/6L)-�K .ŬȜK (� 

ċ 2-37� b�Ts�3ǀŃɉKóF¤�.�Gƞğ 



 46 

6L)¤�K (ɶÔ�Eȑ 1cmÆ50�I�EŬǩÝ(GE7031)Kǜ�. 3Ɗ5ɿȟK ĺ 

2�D�3Ʒś 2�E>0A�ǀŃɉ5óF¤�G÷5�3ŬǩÝKǜ�.Čĥ (��H6�

b�0ǀŃɉ5ǀŃ52!?KèÔȯ�"G(A/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� ]�y�Ĩć59(KĤÉ3ȠAȖJ+(E�ʕƺ5��XhQiXKȺ+(�ǀŃɉ�EÓ

.�Gɿȟ09(�EÓ.�Gɿȟ5?K6L)-�K .�G�0(6L)�9(3,�.�

2��0)�ǀŃɉ0ǀŃɉ}�g�5ǏŬɈKD�"G(A3Ļ�(M��}O���ǀŃɉ�

EÓ.�Gɿȟ3ɈH.�2��0Kǯɍ (�>(�ǡɼŤŢǀŃɉ5ŤŢ¼�ħǀ/6 100

ʧ150Ω/�G�0Bǯɍ (��H6�ǡɼŤŢǀŃɉ���@4Ƨ �ŤŢ¼/�G�0K

ǲ .�G� 

ċ 2-39� ǡɼŤŢǀŃɉKǀŃɉ}�g�3óF¤�(b�Ts� 

ċ 2-38� b�Ts�5ɽûɼKóF¤�(ɶÔ 
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2.4.2 u�f�ȟ�ǏʕĮ5óF¤� 
� b�5u�f�ȟ5ɿȟK 2Ɗ5�*5 1ƊKɨ�/ 2Ɗ3Ô�H�$.�Éɶ/ 3Ɗ32G

D�3 (�3Ɗ3ÕFƅ�(u�f�ȟ6 Top5f��n�/ 4Ɗ3ÕFƅ�(�ĒƊǢ2ǁ

ĥŬȜƴ3 2Ȃğƴ0 4Ȃğƴ��G�2Ȃğƴ6ʕčKǁĥ"Gɷȟ3ʕƺ�ƺH�ʕčʉ�

5(AɎĺ�ǚ!. >���Ź�4 Ȃğƴ6ʕčKǁĥ"Gɷȟ3ʕƺ�ƺH2�5/�ɷȟ

5Šʅ6Ė�G�Ɏĺ6ǚ!2���H�u�f�ȟK 4Ɗ3ÕFƅ�(Ǘǝ/�G� 

� b�5u�f��E5��mȟ6]�y�bil5Ɓ3,�6# K"G��b�f�`jN

iX¾5��mȟ6ĒƊǢ3ę"�062�5/óH2�D�3ĸĜK (�f��n�5Ǯɿ

ȟ5Ȃ3Ļ�¤�GD�3 .��mȟK6L)/óF¤�(� 

� Cell-Top 5ǏʕĮ5b�¾(ɾȈ�0.8mm /Ɂ° (¾)K�ȓC"F/ě��K�J$ČĥK

 (�óF¤�(¬Ȧ6ċ 2-405ɗ×/ǲ .�GɶÔ/�G�ɾȈ6ɿȈ3Ƭ<.ƒE��(

A�ƃ�E2�D�3Ʒś .óF¤�.�&5ō�ɉǁćK,�.ǏʕĮ�ŬɈ �Ƨ �¼

�Ó.�G�0Kǯɍ (� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

ċ 2-40� b�5ǏʕĮ5óF¤�¬Ȧ 

Cell	Top5ǏʕĮ5

b�¾KóF¤�( 
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2.4.3 b�f�`jNiX;5]�y�b�5óF¤� 
� b�f�`jNiX5 Top 5�3]�y�b�K Block�Top 0ýƞ3 .jY`Kǜ�.ó

F¤�K (�Top0]�y�b�5ʅ6 16mm3ș� �ƮĿ/Ľ3Čĥ (ʂ�/�G�0

Kǯɍ (� 

� ċ 2-416Ĥŝ (b�f�`jNiX5ÆȂ/�G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-41� Ĥŝ (b�f�`jNiX5ÆȂɶ 



 49 

2.5 ɉǁćȐ 
� ǁĥȐ/�ǀŃǁĥ3ʆ .6�ITS-90 /ǀŃƓƧK�H(ǡɼŤŢǀŃɉ(Lake Shore ǳ)K

±ǜ �TinsleyǳɁ5ǀŃ ƺx�i_(5840DĐ)Kǜ�.ǀŃKǁĥ (� ]�y�b�3ë

á"GʕƭRp�W�5ʕč0ʕƺ5ǁĥ6�d�`��f�(2400Đ KEITHLEYǳɁ)K±ǜ 

(� d�`��f�6�ĉɚ5ʕč0ʕƺKǁĥ0ʕƺ5ëáKýƁ3Ⱥ��0�/�G� ǁ

ĥȐ�E5¸ù(ǀŃɉ5ŤŢƬ�b�3ëá (ʕƺ¼0ʕč¼�ŷǏ^��mʅ5ʕ¬ĺ21)

6�GP-IBK¢ .td[�3Ɋʁ�ȼǲ�HG�td[�/6�National Instruments Japanǳ�

ʄǠ (^`j�ʄǠdwlPQM LabVIEW™K±ǜ .�ǀŃǁĥCëáRp�W�21��

ɬ5ǁĥů°KȬãæ (� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-42� TinsleyǳɁ5ǀŃ ƺx�i_(5840DĐ) 

ċ 2-43� d�`��f�(2400Đ KEITHLEYǳɁ) 
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� ŷǏÚŐ^`j�6�2.1.2/ɣ<(D�3�b�0ŷǏ^��mʅ5ǀŃĺKǁĥ"G(A3�

ǏʕĮ�&H'H5ɶÔ3óF¤�.�G�±ǜ .�GǏʕĮ6�­ǀ�Eħǀ¤ɡ>/5Ł

�ǀŃȋĊ(20K�Eȑ 300K)/�£5ǏʕĮDFBǀŃĺ3Į"Gɘʕà�ƬɜǢě���X�

��-[�`f�f�ǏʕĮKǜ�.�G� 

� Cell-Top5ʅ�Top-Side5ʅ�Top-Block5ʅ�Side-Bottom5ʅ��D8 Side-Outer5ʅ5Ǐ

ʕĮ�E5^Yn�6�&H'H3Įŕ"Gnq~�l��f�K±��ɐ?óFKȺ+(�n

q~�l��f�6�KEITHLEY Ɂ5 2182 ĐK±ǜ (��5nq~�l��f�6Ɔěʕč

10 V/Mn�YÓà�/�G�&�/�ǏʕĮ5ɘʕà3Įŕ"GMn�YÓàK�PIDÚŐK

ĦȺ/�G CHINOǳɁ5k_f�ŦǲɑȊɉ (DB1130-A30)3ŬȜ �PIDÚŐKȺ+(�ÚŐ

�H(¸ùKǦƺʕǃ3ŬȜ"G�03DF�ŷǏ^��m3ƺ"u�f�ȟ5ʕƺɻKɑŵ 

.�G�Ǧƺʕǃ6ȳƮʕğĸƚǳɁ5 35-0.5AĐK±ǜ (� 

� ǦƺʕǃK±ǜ .�k_f�ŦǲɑȊɉ�EÓà�H(ʕč3Ƭ² (ʕƺK�ŷǏ^��

m3Ļ�H(u�f�ȟ3ƺ"�03D+.�]�y�KŷǏǓŜ3·,D�3 (�]�y�

KŷǏǓŜ3·,(A�ɋĥKĘƄ/�GɶÔ62,�G� 1,ǥ6nq~�l��f�/�G�

nq~�l��f�5Óàʕč6�Èàɘʕà Vin3Į"GMn�YÓà Vout/�F� 

Vout = a Vin + b0 .ȼ"�0�/�G�Õǐ b0Á� a6ɑŵ"G�0�/�G�B� 1,6�

k_f�ŦǲɑȊɉ5 PIDÚŐt���f�/�G� 

� ŎƎ5ŷǏĐǏɻɉ5ŷǏÚŐ36��3ěºʕƤɁ5ȏĪ2Mn�Yʕčɉ/ȺJH.�(

��ȏĪMn�Yʕčɉ5ǚǛ�Ʀ3ª��k_f�ÚŐKȺ+.�G� 

� ċ 2-44 6ŷǏÚŐKȺ+.�Gɉǁć/�Ĺ�E KEITHLEY 2182�ȳƮ 35-0.5A�hq�

DB1130-A30/�G� 

 

 

 

 

 

 

ċ 2-44� ŷǏÚŐKȺ�ɉǁć 
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ǏʕĮ6 Top-Side6 Top¾�Cell-Top6 Cell¾�Side-Bottom6 Side¾�Top-Block6 Top¾�

Side-Outer6 Side¾5ǀŃ��Ž"G0�ʕ¬ĺ�ɔ5¼32F�B��Ź5ǏʕĮ¾3ʕƺ�

ƺHGD�3ɋĥ (�ŷǏ^��m36u�f�ȟ �2�(A3^��m6ǀŃK��GŹ

ÿ3 �ɑŵ/�2�� (�+.�ŷǏÚŐKȺ�(A36�]�y�5È+.�Gb�5ǀ

Ń3Į .ĂF5^��mʝ6�ĳ ­�ǀŃ3 .ÚŐK"GŔɃ��G(A3��Ɋ5D�

2bijN�Y02+.�G� 

� &H'H5Ƥć6ǁĥ3Įŕ"Gɋĥ3ĘƄ �ɑŵ (�ɋĥ6ǁĥ5ǘĕ3ûJ$.&5

Ɓ5Ɔɲ2ɋĥ32GD�ĘƄ"GD�3 (� 

� Ǩǽūƭ��y6ěʇǨǽƤćɁ°şɁ5ɂûÔğ��y(TG220FCAB)K±ǜ .�G�ūƭ

ɪŃ6ǿȔƭ®/ 220 L/s�Ùɱčà6 1×10-6Pa¦�/�G� X�OS`fil3ɋȦ .�G

ÐÑƤ6�ķɒǙŸƔń¨ǳ(ǖ:M�siX�X�OSƔń¨ǳ)5X�OS�o 4KÐÑƤ HR05

K±ǜ (� ÐÑƤKħǀ�Eã� �Ɔ­ǀŃ3ɱ"G>/ȑ 1ɭʅ��+(� 
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2.6 ]�y�bil 
b�5�/ǏĿȻKż�ɱŝ"G(A5[�gX^��U`�ŔɃ/�F�77K(Ƽ®ǿȔ5Ʋ

Ǌ)¦�5­ǀ/Bǁĥ"G(A36�10K¦�/Bƭ®ǓŜ/�Gz�P�U`Kb�3įÈ"

GŔɃ��G�&5(A�z�P�U`Kǂ( (ǋȴtiX5�/]�y�Kbil (� 

b�59(5ŬɈ"GɶÔ3�E�!AO�_P�KĻ�.���O�_P�KǇ"D�3 

.9(KʃA(� 

]�y�b�Kb�f�`jNiX5b�3��EóF¤�(�b�f�`jNiX3�E�

!AóF¤�.�Gb�0]�y�b�5ʅ36�p_ǻ�Õ+.�F�ĉ .ÈH.��D�

32+.�G�óF¤�5ʏ36� +�F A2�0Ǐ©ı�ř�2FƧǯ2ǏĨɻ�ưAE

H2�5/�ƷśK .óF¤�(� 

&5ō�ċ 2-455ɗȟ5D�3 .b�5u�f�ȟKb�5�ɶ�Top5ǨL�5ǻKɩ 

.�Top5f��n�3ŬȜ (� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ċ 2-45� b�5u�f�ȟ5ɷȟċ 
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2.7 ±ǜ (ɼĴȟ�ŬǩÝ 
� liy��kN�YŹń3DGÐÑƤ¤ŷǏĐǏɻɉK°ŝ"G(A3�±ǜ (ɼĴȟCŬ

ǩÝK¦�5ȼ 2-13ǲ"� 

 

 

ȼ 2-1 ±ǜ (ɼĴȟ�ŬǩÝ 

ąþ Ɂɫǳþ Ɍȕ 

jw��h��x 

(PFAƛȕh��x) 

w��ĸƚƔń¨ǳ ęŌ 0.7mm�ÍŌ 0.5mm�10m 

əƛȕéɧžh��x 

ȨǏ�Įȸąŗ3ÃH.�G 

ǠƵ`h��� 

("*I�GƏ  

          }�Ol) 

Ɣń¨ǳǬĵ í� 12mm 

jY` 

(nO��Ȑ) 

 ȑ�0.285mm 

6L) 

(ɽw��r�g) 

HOZANƔń¨ǳ �0.6mm 

ŝÔ Sn/3 Ag/0.5 Cu 

ȓC"F 

(ǭǱ|�t�bil) 

Ɣń¨ǳliy�� ǥ5ȍ� #60�#100�#180 

ǋȴtiX Ma��Ɣń¨ǳ 700mm�700mm 

Ƌɕ� ��Rh�� 

M��}O� 

(ƚäǜM��Ȇ) 

ŻƊɁȆƔń¨ǳ 30cm�25m 

í� 15�m 

Ǯɿȟ  �0.3mm 

ƤƗǢņŃ3ÃHĘň 3�� 

ɿȆj�y 

(ıʕŗɿȆȎǩj�y) 

Ɣń¨ǳĭĶɁ°ş 25mm�20m 

í� 0.03mm 

ɾȈ Ɣń¨ǳo�[ �0.8mm�0.1mm�100mm 

(ęŌ�í��ʂ�) 

ɿȈ Ɣń¨ǳo�[ �1.0mm�0.15mm�500mm 

(ęŌ�í��ʂ�) 

ɿȟ Good fellow Cambridge Limited �0.125mm 

polyimideȽɄ 0.01mm 
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M���ȟ Good fellow Cambridge Limited Ni 95%�(Al+Mn+Si) 5% 

�0.125mm 

polyimideȽɄ 0.008mm 

[�`f�f�ȟ Good fellow Cambridge Limited Cu 55%�Ni 45% 

�0.125mm 

polyimideȽɄ 0.01mm 

X���ȟ Good fellow Cambridge Limited Ni 90%�Cr 10% 

�0.125mm 

polyimideȽɄ 0.008mm 

��Uo�ȟ Good fellow Cambridge Limited Cu 86%�Mn 12%�Ni 2% 

�0.125mm 

polyimideȽɄ 0.01mm 

M��[~�m 570 

(AREMCO-BOND 570) 

AREMUCO PRODUCTS.INC �ƼŗR�V^ȐŬǩÝ 

ȨƮ�Ȩȸąŗ3ÃH.�G 

M��gOl 

(M��gOl  

      `f�g�m) 

ƀĄʡÔğƔń¨ǳ æĢñŕȐŬǩÝ 

ŝÔ �Ý:R�V^ƣȪ(50%) 

� �  ǮæƋ:��M�mM��

(50%) 

MvRe�Y��` 

(APIEZON H Grease) 

ŻæȏĸƔń¨ǳ ±ǜǀŃȋĊ:-15�250� 

ʡǨǽ^`j�ǜ 

XOiXPQ�m Ɣń¨ǳʌǣ[��ojN JBPQ�m^��a 

R�V^Ȑ�ƼƾûŬǩÝ 

vT��Ƽ ŻƊǱǴĸƚƔń¨ǳ �æŗƼǓɼĴǱ� 

(ǭǱÝÈF) 
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ā 3ĀKIR[^J;\@Ë±&36z{ÜfÉë�ëĴğ'ć°]ø° 
� ÔĀ"(�2 Ā"ěl��KIR[^J;\@Ë±&36z{ÜfÉë�ëĴğ'þFZ'ë

§Ĵ#ęĐ'¹Ē9Ģo�6�0'¤ºĽĳ'ë§Ĵæ¥&��!į*6�æ¥"µ476ë§

Ĵ(B\RZ#B\RZFZ9�8��ë§Ĵ"
6��'�0�B\RZ'.'ë§Ĵ9µ6

�0&(�
4��0�þFZ'ë§Ĵ(B\RZFZ'§�x9SY=V?E"ç���ë§Ĵ)

9æ¥�6·Ĝ�
6� 

� -��¤ºĽĳ(jå"'ë§Ĵ1 ���300K fĭ-"(�õõĪû1%�¤¥�!�6

�0�ë§Ĵ'ÚèB\RZ#�!3�ñ�476� 

 

3.1 þFZ'ë§Ĵ 
� þFZ9æ¥��å°ą�( 20	300K "�ë§Ĵ'æ¥(ÍåË�"æ¥���-��FZ

§�x9SY=V?E(×� 0.1MPa�å° 290K)"ç��!�6�Éëì¼a"B\RZ9�ë�

6�'å°#Éëì¼a"B\RZ9�ë��³'å°'­�T (�jå(20K	150K)"( � �

�T =1Kü°�Ŀå(150K	300K)"(�T =2	3Kü°&�!æ¥9ĕ��� 

� 2.1.2"Ġį�!�63�&�Éë�ëĴğ"(å°LYPK9#�!�B\RZ9�ë��y

)å°LYPK9#6��79ď5Į�ĕ��#&3�!�ë§Ĵ9ă|�!�6� 

� B\RZFZ'å°(FZ&�5f��óĵÁÀå°ğ9ñ�!æ¥���óĵÁÀå°ğ'

ÁÀr9câQYID"ĥ.�5�ĥ.���ÁÀr�4å°9ă|�!�6�ÁÀr#å°'

Ĺp(�ĹÆ9�Ļ±"¬ķ�!ĭi�6ĺ&ð�6Ó 'Ĥ­�Ó1ª���#"ö47!�

6�H>OC>P�Ļ±"b
47!�6� 

� æ¥9¢06�&�æ¥�6å°"'å°LYPK�¤¥�63�&�ÉëC^ZL9�¶�

!�6MNTZKW^G^'ġ¥9ı~%r&�Ò9����'ġ¥�ı~%r"%�#�å°

LYPK't��¸ê&�8�!�-���7&h��ë§Ĵ1 �����6�0�Þø%ë

§Ĵr9á06�#�"�%��-������'å°ą�&}�!��¶'ġ¥9�
�æ¥

9�!�6� 
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� 3-1 þFZ'ë§Ĵ'å°�� 
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� þFZ'ë§Ĵ'å°��9� 3-1 &ù��Ďī(ë§Ĵ�Ûī(å°"
6�B\RZFZ

'Õĩ(+#:$Ķ"
6�0�æ¥��å°ą�"(B\RZFZ'ë§Ĵ'å°��(�å

°�Ŀ�%6&�7!�ë§Ĵ'`Íî(a�5�_¥'r&ĭ �3�%�Ķ'ë§Ĵ'��

#+,����#%���-��æ¥��å°ą�"(�å°LYPK' �%��(ĝ47%

����å°LYPK'��(�B\RZFZ�4'ēòô%òë-�(�ë9�Î�!�6#

đ
476��74'�#�4� 

(1) B\RZ'ë§Ĵ(�B\RZ#B\RZFZ#SY=V?E9�/wk'ë§Ĵ (Ctotal) �

4B\RZFZ'ë§Ĵ(Ccell)#SY=V?E'ë§Ĵ(CHe)9�ĉ&­�²��#&35µ6�

#�"�6� 

Csample = Ctotal – Ccell – CHe       (3-1) 

 

(2) B\RZ9FZ&©v�!æ¥��#��20Ł300K'å°ą�"Ğæ�76�õĪû�ĊÐ

��?XEĪû%$"Ğæ�76ēòô%òë]�ëïĨ(�B\RZ�4'C@MZ#đ
6

�#�"�6� 

� g`�2�'�#�øģ"��� 

� µ47�þFZ'ë§Ĵ35ć°9ă|���ć°'ă|(�(�0&�æ¥"µ47�þF

Z'ë§Ĵ9 4�'å°ą�&}�!�ë§Ĵ'¦ľr9�}é4�&yï�63�&�®}×

9ĕ���®Ñč9µ���'�®Ñč(B\RZ'ë§Ĵ9ă|�6ĺ&1·Ĝ%Ñč"
6� 

0K	27K(ÂÆĹÆ�27K	350K( 3Ý	5Ý'�Ļ±9ñ����'ĊØ9ga&ù�� 

0K	27K"'å°ą�"µ47��®Ñč 

� � (3-2) 

27K	350K'å°ą�"µ47��®Ñč 

� � �    

 

±(3-3)9�®}×�!�µ47��Ļ±'pÆ( 27K	100K"�a0 = -3.1981×10-1, a1 = -2.1494×10-1, 

a2 = 1.5517×10-2, a3 = -1.6379×10-4, a4 = 6.9824×10-7, a5 = -1.0533×10-9�110K	200K"�a0 = -51.629,  

a1 = 1.869, a2 = -1.7541×10-2, a3 = 9.0693×10-5, a4 = -2.4349×10-7, a5 = 2.6391×10-10���!�200K	

350K'å°ą�"�a0 = 11.318, a1 = 2.7818×10-1, a2 = -8.3193×10-4, a3 = 9.023×10-7 , a4 = 0, a5 = 0"


6� 

þFZ'ë§Ĵ'ć°(�-5��®Ñč'ć°)(�þFZ'æ¥"á0�ë§Ĵ (Cexp) #�

®}×9ĕ�á0�ë§Ĵ (Ccal) '­9þFZ'æ¥"á0�ë§Ĵ (Cexp) "�6�#&3�

!�á0�� 

(ć°) = ((Cexp � Ccal) / Cexp )   100       (3-4) 

(3-3) 
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� � 3-2 (�d�'æ¥"µ47�þFZ'ë§Ĵ'ć°'@XP"
6�� 3-2 35��®Ñ

č�4'­(�20	50K"�0.8ŀ�50	130K"�0.3ŀ�130K	300K"�0.2ŀ"�´Ö'Éë

�ëĴğ#+,�Ă'ć°"
��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3-2 þFZ'ć° 
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3.2 ¤ºĽĳ(ÚèB\RZ)'ë§Ĵ 
� ķò��ęĐ'ć°#ø°9øģ�6�0&�ÚèB\RZ#�!ñ�476�Ć��ÿÚè

¿Ė÷ý½(NIST)�ĦÇ��¤ºĽĳ9mñ�!ë§Ĵæ¥9ĕ���æ¥��å°ą�( 20	

300K"�ë§Ĵ'æ¥(ÍåË�"ĕ��� B\RZFZ'B\RZ�v�!�%�Ĳ}&(�

�ë³&ë¯ė&�İ�6Ïĸ9"�6��Ì��6�0&SY=V?E(×� 0.1MPa�å°

290K)9u����B\RZ9u����#&3�!·Ĝ#%6�ã�ĚÞ��³'B\RZ'

ĩĴ( 3.6569g"
6��  

B\RZ'.'ë§Ĵ(wk'ë§Ĵ�4B\RZFZ#SY=V?E'ë§Ĵ9²��#

&3�!�á0�� 

Csample = Ctotal – Ccell – CHe� � � � (3-5) 

¦ĺ&(Ý'3�&�!�ã�ĚÞ2�B\RZ'ĩĴ9ă|�!�6�þFZ'ë§Ĵ(g

a'±(3-6)3�&Ę��#�"�6� 

Cempty cell = Ccell + CHe cell full     (3-6) 

(3-5)(3-6)±35B\RZ'.'ë§Ĵ( 

Csample = Ctotal – Cempty cell + CHe cell full – CHe cell part      (3-7) 

#Ę��#�"�6� 

�'±' CHe cell full� CHe cell part(àk'ì¼Ëü±35�r9á0�ĚÞ9���Cempty cell( 3.1

Ą"'ć°9á06ĺ&á0��®Ñč(±(3-2),(3-3)))9ñ�!ă|9�!�6� 

�74'r35�ã�9ĚÞ��B\RZ'.'ĩĴ�á06�#�"�6�(� 3-3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  

� 3-3 B\RZ'SY=V?E'ã�ĚÞ 

empty cellの熱容量

He	cell	full

sampleの熱容量

sample

(3-6)

(1)����

He	cell	partC	sample	=	C	total	–	C	cell	–	C		He	cell	part

C	sample	=	C	total	–	C	empty	cell	+	C	He	cell	full	–	C		He	cell	part

C	total	=	C	cell	+	C	sample	+	C	He	cell	part

C	cell	=	C	empty	cell	–	C	He	cell	full	

C	empty	cell	=	C	cell	+	C	He	cell	full

C	sample

(3-7)

(3-6)	’

(3-6)	’
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� 3-4(¤ºĽĳ'ë§Ĵ'å°n£¹"
6�3.1Ą"Ġį�!�6��æ¥"µ47�ë§

Ĵ(B\RZ#B\RZFZ#SY=V?E9�/ë§Ĵ"
6�#�4�B\RZg�'ë§

Ĵ9�ĉ&­�²�!�B\RZ'.'ë§Ĵ9µ�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� � 3-5( US Calorimetry Conference [3-1]�Ã¡�6¤ºĽĳ'¯é��7�ë§ĴÑč�4'

q�'J^GU<\K'±­R[IK9ù�!�6� �74'J^G(1#1# IPTS-68&� 

�!����ú��'æ¥(Ê��å°EA^Z(ITS-90)&� �!ĕ��� �74'J^G9

ú��'J^G#ßĬ�6�0&�g�'Èí&
6¾ļ&´�!�ITS-90 &�Ä9��[3-2	

3-4]� 

� ¯é��7�Ñč�4'ë§ĴJ^G'±­(ø°)(�20	100 K"Ĉ�1.1ŀ�100	300 K"

Ĉ�0.9ŀ"
���´Ö'Éë�ëĴğ'ø°#ßĬ�!��«�»�ø°#%������ø

°'r�'1'(DSC%$e'ë§Ĵ9æ¥�6ęĐ&ß*!�1Ù+$ª�%r#%�!�5�

ë§Ĵ'ċ¨r9Ŀø°"æ¥"�6ęĐ#�!(��}%¹Ē91�#Ċħ"�6� 

� ±­� ����#�!�æ¥ć°�Čë§Ĵ&�06B\RZ'ë§Ĵ'��&n£�!�

6�#�đ
476�d�'æ¥"wk'ë§Ĵ&�06FZ'ë§Ĵ'��( 80ŀg`"
6� 

� d³�wk'ë§Ĵ&�06FZ'ë§Ĵ'ßî9ä4�3�&�B\RZFZ9ÅĔ�6�

#&3�!�Å�"�6#đ
!�6� 
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� 3-4 ¤ºĽĳ'ë§Ĵ'å°�� 
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İ 4į \bGLdf7Ĝ��ŧĿĔÁũ(Cconfig)$Ĳ� 

� ôį�%�\bGLdf
1'�$?bD]h$@aGŚĨĎÎ(Tg)tj$ĔÁũ#��

�Ş)4 ,��QMXehP;fBíÏ#14��ÿrìĔ±Ĕũō(İ 2į�İ 3į�

ŭĠ�ÛŁŎ�7ŐŞ)7Ĝ���\bGLdf?bD]h$ĔÁũď¾7Ņ�� �$ď

¾ĸø êĘ�Ö25�ŷ�»ũ\bGLdf$ĔÁũ13�\bGLdf
1'�$?

bD]h$ Tgtj�ŋď�54ĔÁũ$¶�Ŧ��,3ŧĿĔÁũ(Cconfig)7Ĳ���  

İ 1į�Ş)�1�#�ŷ�»$ Cconfig$ĖØ
1'�»ũ�¼Û#���$ŀÄ%��

5,�* 8!Ņ65��"� ôį�%�\bGLdf$�»ũ�¼Û/¤.� Cconfig

$ĖØ#���Ş)4  

 

4.1 EfXc 

� EfXc%öJhùÏvħ$�»ũ$ğ"4 3ĪŶ${�»ũ$:`cW9G\bGL

df(PS A-300�PS A-500�PS A-1000)7}Ĝ�� ,���52$EfXc%ĸñ��4�

 $"�:KAO;MA7}Ĝ�� PhKŌ÷#%��$q#ŷ�»ũ$:`cW9G

\bGLdf(h-PS)[4-1] �\bGLdf$`S]h��4>LcZfIf[4-2]7Ĝ�� 

¬ 4-1#\bGLdf >LcZfIf$ýŢÏ7Ħ� PS A-300 PS A-500%ÀĎ�%

Č|ė��3��5�5$�»ũ% PS A-300%Mw = 4.53×102 g mol-1�PS A-500% 

Mw = 5.89×102 g mol-1 ��4 ,���»ũ�Ë% PS A-300%Mw/Mn =1.17�PS A-500%

Mw/Mn =1.14 ��Mw%�»ũ$ŨũÍ°�Mn%�»ũ$éÍ°��4 ċ�ŇāÔ$ŏë

$-$ŕũ%�5�5�PS A-300% 4.20698 g�PS A-500% 4.44025 g����  

 

 

 

 

 

 

 

  

 

 

 

 ¬ 4-1 >LcZfIf \bGLdf$ýŢÏ 

ethylbenzene PS A-300�PS A-500�PS A-1000 
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� PS A-1000%ÀĎ�­|ė�����.�PS A-10007ūňÁ©#�5�ūÁ©� Ef

XcHc#�5�EfXcHMQ7Ņ��ď¾�� ūÁ©%ŪÉģĥ� :cChc�

ĉĊ7���2}Ĝ��ūÁ©$Ũ�% 4.42386 g��¹
�%¬ 4-2#Ħ�  

 

 

 

 

 

 

PS A-1000$-$ĔÁũ%�|$ĔÁũ�2EfXcHc Yb=^@G�ūÁ©$ĔÁ

ũ7Ð�� #1��ą.�  

Csample = Ctotal – Ccell – CHe – CCu� � � � � (4-1) 

¿Ű#%Ā$1�#���ċ�Ňā0�EfXc$ŕũ7Ĳ����4 ĭHc$ĔÁ

ũ%tk$Ï(4-2)1�#ņ�� ��
4  

Cempty cell = Ccell + CHe cell full     (4-2) 

,��ūÁ©7}Ĝ��ď¾��Ű$ĔÁũ%tk$Ï(4-3)$1�#ņ�� ��
4  

Ctotal = Ccell +Csample + CHe cell part + CCu    (4-3) 

(4-2)�(4-3)Ï13EfXc$-$ĔÁũ% 

Csample = Ctotal – Cempty cell – CHe cell full – CHe cell part – CCu      (4-4) 

 ņ�� ��
4  

�$Ï13EfXc$-$ĔÁũ7Ĳ��4�.#�ą.4ĔÁũ ��% CHe cell full� 

CHe cell part��4 ,��CCu%}Ĝ��ūÁ©$ĕŕũ7Ĳ��4� #13�œê�$ū

$ĔÁũ$Ĳ�Ï[4-3]7Ĝ��ą.4� ��
4 ,�����EfXc$ŕũ,�%

ĕŕũ/ą.4  

 

¬ 4-2 ūÁ©$Åć(�) PS A-10007�5�ūÁ© 



 67 

�2��.�ūÁ©$ŕũ(Cu+Air cu full) Hc$-$ŕũ(Cell+Air cell full) Hc#ū

Á©�EfXc�Yb=^@G�Đ���ėÝ$ŕũ(Cell+Cu+Sample+He cell part)7ď¾�

�
�  

ūÁ©$¹
��ŕũ ū$ÃÎ7Ĝ���Á©$mĭ$|ī7ą.4 �$Á©$m

ĭ$|īŦ��ĭă�Đ��5���µ¡$ŕũ7Ĳ���ūÁ©$-$ŕũ�����

ūÁ©$ĕŕũ7ą.4 ą.25�ĕŕũ�2œê�Ģ25��4ū$ĔÁũ$Ĳ�Ï

#s����CCu7ą.�  

Ā#�PS A-1000$ŕũ ÃÎ�2|ī7Ĳ����$�7Ĝ�� cell part$|ī7ą.

� ă|$ėÝíĩÏ13�CHe cell part7ą.�Ňā7��  

CHe cell full#Ů��%�EfXcHc$�Áī7Yb=^@G�Đ���µ¡$ĔÁũ7ă

|$ėÝíĩÏ13ą.��4 �52$�13�ċ�7Ňā��EfXc$-$ŕũ�

ą.4� ��
4 ¬ 4-3�4-7#ōĲ$i~7Ħ�  

PS A-1000$µ¡�ċ�ŇāÔ$ŏë$Ũũ% 3.5528 g����  

PS A-1000$�»ũMw �$�ËMw / Mn%��5�5 1.01×103 g mol-1 1.16��4  

PhKŌ÷#}Ĝ�� h-PS$�»ũ%Mw = 3×105�9×106 g mol-1 ����  

 

 

 

 
¬ 4-3 EfXc$-$ŕũ$Ĳ�íć 1 
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¬ 4-4 EfXc$-$ŕũ$Ĳ�íć 2 

¬ 4-5 EfXc$-$ŕũ$Ĳ�íć 3 
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¬ 4-6 EfXc$-$ŕũ$Ĳ�íć 4 

¬ 4-7 EfXc$-$ŕũ$Ĳ�íć 5 



 70 

4.2 ĔÁũ 

� QMXehP;fBíÏ#14��ÿrìĔ±Ĕũō7Ĝ����»ũ$ğ"4 3ĪŶ

${�»ũ$\bGLdf(PS A-300�PS A-500�PS A-1000)$ĔÁũď¾7Ņ��  

ŏë7HMQ��Ô�@aGŚĨĎÎrŜ�Ķ 2.2K/min$šÎ���7�� ď¾ĎÎ

ĳ«% 28 K�310 K����  

  �  

 

 

� ¬ 4-8#ìĔ±Ĕũō�ď¾7�� PS A-300�PS A-500�PS A-1000$ĔÁũ$ĎÎ�¼

Û7Ħ� űŃ% PS A-300�ĻŃ% PS A-500�ķŃ% PS A-10007Ħ���4 ,��� � �

220K�280KrŜ#@aGŚĨ#x�ĔÁũ$Úđ"¶¹�Ŋ25�ď¾13 Tg%��5

�5 PS A-300� 219K�PS A-500� 237K�PS A-1000� 270K���� >LcZfIf�

h-PS$ Tg%�êĘ�´¦�5��4��>LcZfIf% 115K[4-2]�h-PS� 373K[4-1]�

�4  

� h-PS$ĔÁũ$ď¾ĴÎ%�>LcZfIf�PS A-300�PS A-500$ĔÁũ$ď¾ĴÎ

 *+¢���4 >LcZfIf�PS A-300�PS A-500�PS A-1000$ Tg%�@aGŚĨ

ĎÎtk�>fKcVhĽ¨#14łĠġ"ĠĔĚŔ�ŗ�4ĎÎ�2łĠġ"¥ĔĚŔ

�ŗ�4ĎÎ#�3·64�ĠĔ/¥Ĕ/ŗ�2"�ĎÎ ���4  

¬ 4-8 PS A-300�PS A-500�PS A-1000$ĔÁũ$ĎÎ�¼Û 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 71 

4.3 �»ã�Ō÷ 

Tgtj�ŋď�54ĔÁũ$¶�Ŧ�$ŧĿĔÁũ(Cconfig)7á��4�.��»ã�Ō

÷� Tgtk$­|ėÝ$ĔÁũ7�Ě��  

 

4.3.1 Tgtk$ĔÁũ$Ĳ� 

� Tgtk$ĔÁũ7ōĲ�4�.#��»ã�Ō÷7Ĝ�� ĔÁũ$ĹÆ�$�»ã�

Ō÷%��|ŪÉ�2Ēÿ�¡ĕ�,��Yokota2$ģĬ#13�ĸñėÝ
1'Ųñŕ

ėÝ$oŬ±ŷ�»$¸�$ĔÁũ7āĤ#�Ě�
4� �ï2�#�5��4[4-4�

4-10] �$œê#Ħ�5��4�»ã�Ō÷#³����Tgtk��Ě7��\bGLd

f$ĔÁũ$�7Ĝ��  

�»ã�Ō÷$ŀ	í ßć7ŉĶ�4 tk$Š3#"4  

Tgtk$¾īĔÁũ(CV)#%�ã�ţ�$Âl$-�¤,5��4 �52$ã�$Âl

%�ĵ�|7w64ã�#1��ě�4ú»ã�ĔÁũ (CV, skeletal)  �`S]h,�%�

»�$½Į��ã�#1��ě�4BchXã�ĔÁũ (CV, group) #��4� ��
4  

1���Tgtk$ĕŕ$¾®ĔÁũ(Cp,cal)%�¾®ĔÁũ(Cp) ¾īĔÁũ(CV)$Ê7ņ

�ŇāŴ�Ā$Ï$1�#l	254  

Cp,cal = CV,group + CV, skeletal + (Cp - CV)cor           (4-5) 

CV, skeletal%�Debye$Ï[4-11],�% TarasovÏ[4-12]$��5�7Ĝ��Ć¾�54ú»ã

�Âl$ĔÁũ7ņ���4  

CV, group%�EinsteiníĩÏ[4-13]7Ĝ��Ć¾��BchXã�Âl$ĔÁũ7ņ�  

(Cp - CV)cor% Nernst-LindemannŜy#1��ą.�ŇāŴ��4(Ï(4-6))  

(Cp - CV)cor = (3RA0 Cp T ) ⁄ Tfus   (4-6) 

A0%¾é(3.9×10-3 K mol J-1)��R%ă|¾é�Tfus%ńŌĎÎ��4  

ã�`hR$é(�ã�é)%�»
1'`S]h�$�»$é(N)#1���3N ņ��

 ��
4 �ã�é(3N$łĝÎ)$ú»ã� BchXã�$Âlę%tk$1�#�

��ú»ã�(Nsk)  �»�ã�(Ngr)#���ą.4� ��
4  

3N = Nsk + Ngr     �  (4-7) 

 ĕŕ$ Nsk Ngr%��5,�$�»ã�Ō÷$ĸø7ĺ¡����2��.êĘ�Ć.

25��4[4-14] pª$\bGLdf$Ō÷$µ¡�ľ3ŝ��z(C6H8)#%�»� 16��

¤,5��4$��ã�é 3N% 48 ��Ō÷7�� Ngr = 42 Nsk = 67s���Ō÷

7Ņ��  

Tgtk$ĔÁũPhK(Cp(exp))$ď¾�7�»ã�Ō÷��Ě�4Ű#%�Ua_hK 
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�� Nsk�θ1�θ37Ĝ�4 �$ 3�$Ua_hK%�ŲļÒªÌ�÷#1��Ć¾��  

� ¬ 4-9% PS A-300$ď¾�2Ö25�ĔÁũ �»ã�Ō÷13�Ě��ĔÁũ7Ăś

��/$��4 ¬#
���Ŗn%Ō÷#Ĝ��ď¾�2Ö25�ĔÁũ(Cp(exp))��ļ

%�»ã�Ō÷�2Ö25�ĔÁũ7Ħ���4 ĻŃ$ļ%ú»ã�ĝõ$ĔÁũ    

(CV, skeletal)�ĄŃ$ļ%BchXã�ĝõ$ĔÁũ(CV, group)�þŃ$ļ%BchXã�ĝõ$

ĔÁũ ú»ã�ĝõ$ĔÁũ7Ř��¾īĔÁũ(CV = CV, group + CV, skeletal)����ûŃ$

ļ%¾īĔÁũ#(Cp-CV)ŇāŴ7�	�Ö25���»ã�Ō÷�2Ĳ���¾®ĔÁũ

(Cp,cal)7ņ���4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¬ 4-9 PS A-300$ĔÁũ$�»ã�Ō÷ 
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ď¾�2$ĔÁũ(Cp(exp)) Ō÷�ą.�ĔÁũ(Cp,cal)$őÊ7Ħ���4 őÊ%tk

$(4-8)Ï13Ĳ���  

(Cp(exp) −Cp,cal) / Cp(exp)      (4-8) 

¬ 4-10#(4-8)Ï13Ĳ��� PS A-300$őÊ7Ħ� Tgtk$W;MO;fB$őÊ%

�5,�#êĘ�´¦�5��4EfXc ¢ĩÎ$�ĚÛ����  
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¬ 4-10 PS A-300#
�4êĘ �»ã�Ō÷�Ĳ���ĔÁũ$őÊ 
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¬ 4-11%>LcZfIf�PS A-300�PS A-500�
1' h-PS$ĔÁũ7, .�/$�

�4 ¬ 4-11$þŃ%>LcZfIf�űŃ% PS A-300�ĻŃ% PS A-500�ŖŃ% h-PS

$ĸø7�5�5Ħ���4 ,��¬ 4-11 m$ļ%�Tgtk�$�»ã�Ō÷#14Ĕ

Áũ$iĞ�ĚÛ$1�ĸø7Ħ���4 ¬13�!$EfXc�/�»ã�Ō÷� Tg

tk$ĎÎĳ«#
��ĔÁũ71��Ě���4  

 

 

 

 

 

 

 

 

 

¬ 4-11 >LcZfIf�PS A-300�PS A-500�h-PS$�»ã�Ō÷�2Ö25� 

ĔÁũ(Cp,cal) ď¾�2Ö25�ĔÁũ(Cp(exp)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

250

200

150

100

50

0

∆C
 / 

JK
-1

m
ol

-1

6005004003002001000
T / K

h-PS

Ethylbenzene

PS-A300

PS-A500

C
 /

 J
 K

-1
 m

o
l-1

 

PS A-300 

PS A-500 



 75 

4.3.2 ŧĿĔÁũ(Cconfig)$Ĳ� 

� Tgtj$ĔÁũ%�Ï(4-5)#Ħ�1�#�­|$ĔÁũ(Cp,cal)#ŧĿĔÁũ(Cconfig)7�	

����4 u¾�4  

Cp(exp) = Cp,cal + Cconfig = CV, skeletal + CV, group + (Cp - CV) cor + Cconfig    (4-9) 

Ï(4-9)�2�(Cp - CV)$ŇāŴ$�%�Tgtk�/tj�/}Ĝ�4Ï�·62"� ��

Ü§�%Óų%"� ŀ	254  

� CV, group$Ŵ%��Ã#�	&�@aGŚĨ$Óų7��4 ����CV, group$Ŵ%�»

�$½Į��ã�7�ð���4�.�@aGŚĨ#14ã�é$·�%ĂśġÇ��"

���4[4-15] ¿Ű#�@aGŚĨ#x�BchXã�#14ĔÁũ(CV, group)($Óų%�

Ĉé 400cm-1$ŵ²�ó¹ "3�@aGŚĨ$Óų�Ĉé 10cm-1$·��ó¹ "4 �

527ŀÞ�4 �Tg�Ô�$BchXã�é�·��4� #14ĔÁũ·�$Óų%�

EinsteiníĩÏ$ĖØ#1���CV, group�ó¹ů·��� ��/ŧĿĔÁũ($Óų%Ķ

1% Ŋī/4� ��
4  

� �52$å¾�%�Tg tk�$ĔÁũ$�ĚÛ$ĴÎ7kª4���4�.�Ō÷$Ĵ

Î#%Óų�"� �ì�
4  

� @aGŚĨ$Óų7ó/��4$%�ú»ã�$ĔÁũ(CV, skeletal)��4 ĕŕ% Tgtj

$ĎÎ�%ř��4 �,3�Tgtj$PT<ĎÎ% Tgtk$ĎÎ13/{�"4 ŀ	

254 PT<ĎÎ%� ĎÎ#
�4 CV, skeletal7Ć¾�4$��4��PT<ĎÎ�{�

*!�¢�ĎÎ�$ CV, skeletal%¹
�"4 �5#/��62��Tgtj$ CV, skeletal%�Tg

tk ¢� DebyeÏ,�% TarasovÏ�ņĚ�
4 u¾���4 DebyeÏ0 TarasovÏ

$Ûŕj�ĎÎ�jî�4#�5� CV, skeletal%¶����� ����ŷĎüů#Ŝ��#

�5��CV, skeletal$¶�ę%Õ�#Ç��"3�CV, skeletal%ŷĎüů�%�i¾�(ŷĎüů

�) "4 ~	&�CV, skeletal�ŷĎüů�$ 90%$�#"��µ¡����2 100K$ĎÎ

jî� CV, skeletal$¶�% 2%��4[4-14] �,3�Tgtj$ CV, skeletal7�­|ėÝ$ CV, skeletal

 ¢� DebyeĎÎ�ņ�54 CV, skeletal�Ŝy7��/�Tgtj$ Cp, cal� (Ï(4-5))%��5,

�$�»ã�Ō÷�Ö25�őÊĳ«� "4 �$1�#�Tgtj$ Cp, cal7­|$ĔÁ

ũ7�Ě�4�.#Ĝ��łĝÎ(Nsk) DebyeĎÎ(θ1�θ3)�Ŝy���Ě��/�CV, skeletal

%Ķ 2%$őÊĳ«��Ě�
4 ŀ	254  

� tj$1�#�Tgtj$ CV, skeletal CV, group$å¾�%�Tgtk�$ĔÁũ$�ĚÛ$Ĵ

Î7kª4���4�.�Ō÷$ĴÎ#%Óų�"� �ì�
4 ŀ	��4  

� >LcZfIf�PS A-300�PS A-500�h-PS$ Tg#
�4 CV, skeletal$�%�ŷĎüů�

ŸŻ1mol ��3$łĝÎ RŹ$ 95%tj��4� �6��� ������>LcZf
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If�PS A-300�PS A-500�h-PS$ CV, skeletal%�Tgtj$ĎÎ�%�ż≦1%$őÊĳ«��

Ě��
��4 �ì��Ê�ç	"� ŀ	��4  

 

 

� ¬ 4-12%>LcZfIf�PS A-300�PS A-500�h-PS$ Tgtj$ŧĿĔÁũ Cconfig$Ď

Î�¼Û7Ħ��/$��4 ¬m$þŃ%>LcZfIf�űŃ% PS A-300�ĻŃ%� �

PS A-500�ŖŃ% h-PS$ĸø7Ħ���4 Cconfig%Ï(4-9)�2Ĳ��� ¬ 4-12#Ħ�

1�#Ĳ�����$ĕŕ#
�� Cconfig%ĎÎ$jî  /#čÈ�� �»ã�Ō÷�

%�ã�ţ�7Œ¨ã� ��à���4�.�Ï(4-9)�ōĲ�54 Cconfig#%��»$Ų

Œ¨ã� Ľ¨gâèţ��¤,5��4 ŀ	254 ď¾ĸø ���Cconfig%�Tg�

Úđ#¶����4� 13�o#��»g�»$Ľ¨gâèţ�#1��ě�4 ŀ	

��4 Cconfig���%��|ġ"<_hF���-#��$��>fQeVh$Ů�7t

k#Ħ�� #1���Cconfig#���ŀÄ�4  

� >fQeVh(S)%�i¾®�k�$¾®ĔÁũ(Cp) Ï(4-10)�ņ�54  

 � � (4-10) 

����T%ĎÎ�qrev%�şŤĩ$Ĕũ�H%>fKcVh��4 �$>fQeVh(S)

7ŧĿ>fQeVh(Sconfig)#�¾®ĔÁũ(Cp)7ŧĿĔÁũ(Cconfig)#Ŀ
æ	4 �Cconfig

%Ā$1�"Ů�#"4  

� �  (4-11) 

dS =
(δqrev ) p
T

= dH
T

= Cpd lnT

Cconfig =
dSconfig
d lnT
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¬ 4-12 >LcZfIf�PS A-300�PS A-500�h-PS$ŧĿĔÁũ$ĎÎ�¼Û 
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Cconfig%�Sconfig7ĎÎ$łēÆé�×��4� �Ö4� ��
4 �,3�Sconfig% Cconfig

7ĎÎ T ��3��$�7 T �ī��4� �Ö254 ńŌĎÎ Tfus#
�4 Sconfig%�

ńŌĔ(ΔfusH)7ńŌĎÎ Tfus ����Ö254ńŌ$>fQeVh(ΔfusS) ı��"4 

Cconfig%�Sconfig$ĎÎ�¼Û7Ħ�òļ$äļ$�
7ņ���4 ������ĎÎjî

#x� Cconfig$čÈ%�Sconfig$òļ$äļ$�
�čÈ�4� #ÆÙ���4 1���

ŷĎüů�%�ĕŕm$�»�!$1�"ŧĿ0£
#/"3�4$��4���$é%

|īi¾��%ł� jů�¼¯�4 ŀ	254 �������3�4ŧĿ$é >

fQeVh$Ů�7Ħ��[cN]f$Ů�Ï SŻkBlnW (kBź[cN]f¾é)13�Sconfig

%i¾$�#"3�ó¹�#ť�4ií�äļ$�
��4 Cconfig%Ie#"4  

�52$� 13�ĎÎ�jî�4#�5�ŧĿĔÁũ�čÈ��i¾�#Ŝ��� 

%ºÑ��4 ŀ	��4  
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Ġ 5ğ ]d=JYMfh:Ď��Řıą¿Ś(Cconfig):�ċ�7Ŝà 
� �ğ")�]dGMfh�4+�(?dD^j&��!�@cGŎĚĀÉxl"ŀā�

87ą¿Ś�5�Ü�ŗ�:�»Ü�Łí"�ċ"�7#y½��(Cp - CV)ļø:�§�!�

¾ā(ą¿Ś�5(Æ:#7�#&46�þ~ĈÖ&ćÑē%ą¿Ś(ŗ�(Řıą¿Ś)

:ġ����/��ġ���Řıą¿Ś)�ĀÉlä##2&ÿÅ�7ćÑ:Ę����

(�¤)�Řı>hQgWj
é¸�:Ú��#:Ę©�!�7�êğ")�ĀÉ
lä

�7#Řıą¿Ś
ÿÅ�7�¤
�(u(�¢Ć"2£��¤
ľ587�#:Ę�%


5�Řıą¿Ś(ĀÉ�¼Ô:Ļ�Ŗ�%Ŝà&��!ĲÁ�7� 

 

5.1 EhZe 
� PjKŁí&=JYKh[5-1]�2,2,4-=J_Me\hKh[5-2]�]d=JYMfh

(PIB)[5-3](ňá(ą¿Ś(PjK:Ď���=JYKh) PIB(`T^j#�!�2,2,4-=

J_Me\hKh) PIB (L=^j#�!(Õ§:2���85(ňá(ą¿Ś(PjK

)ā½�(½¯ą¿Ś(Cp(exp))#�!Ù	�#
"�7�áĉ46�PIB(ĤÔā½#�ß

qā½�5û1� PIB(�»Ś)�8�8Mv = 1.35×106�Mw = 1.56×106"����­ 5-1

&=JYKh�2,2,4-=J_Me\hKh�PIB(óŒÊ:Ę�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 ­ 5-1 =JYKh�2,2,4-=J_Me\hKh�PIB(óŒÊ 

2,2,4-isomethylpentane 

PIB 

isobutane 



 81 

­ 5-2 &Łí"�Ď��=JYKh�2,2,4-=J_Me\hKh�PIB (ą¿Ś(ĀÉ�

¼Ô:Ę��`T^j��6(ą¿Ś:åė&�!�Řıą¿Ś(ùŐ:¿æ&�7�1

&�2,2,4-=J_Me\hKh(ą¿Ś)�áĉ[5-2](`eą¿Ś: 2 "�7�#&46�

`T^j�|&�!�7� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

­ 5-2 =JYKh�2,2,4-=J_Me\hKh�PIB(ą¿Ś(ĀÉ�¼Ô 
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5.2 �»Ü�Łí 
5.2.1 �»Ü�Łí&47 Tgxm(ą¿Ś(�ċ 
� =JYKh�2,2,4-=J_Me\hKh��4+ PIB( Tgxm(ą¿Ś:Ġ 4ğ(]dG

Mfh#£ô(ØŤ��»Ü�Łí(Øý"�ċ��� 

ą¿Ś(ā½�(Cp(exp)))�Tgxm")÷(4	&Ļ�7� 

Cp(exp) = Cp,cal = CV,group + CV, skeletal + (Cp - CV)cor � � � � � (5-1) 

CV,skeletal)�=JYKh# 2,2,4-=J_Me\hKh&��!) DebyeÊ[5-4]:Ď�!�50K

xm(}Ā"(šįÌªÇ�í&4�!Ð��PIB&��!( CV,skeletal(�)�Ïì(Ũ�

»( CV,skeletal:ġ��7ş&Ď�58!�7 TarasovÊ[5-5]�5û1���(Łí"ªÇ�

í�7ş&ÒĽ%Vc_jK)�DebyeÊ") 1�(3÷�PU=ĀÉ"�7 θ3)�TarasovÊ

") 2�(1÷�PU=ĀÉ"�7 θ1�3÷�PU=ĀÉ"�7 θ3)"���� 

(Cp - CV)cor) Nernst-Lindemannő{&4�!û1�ļøţ"�7(Ê(5-2))� 

(Cp - CV)cor = (3RA0 Cp T ) ⁄ Tfus   (5-2) 

PIB(´¢�(Cp−CV)ļøţ"�7 Nernst-Lindemannő{Ê:ŖĎ�7ş&ÒĽ% Tfus)xm

(ő{Ê:Ď�!ġ���� 

Tg = (2/3)iTfus� �     � (5-3) 

�(Ê(5-3))šèŌ®~(ĖĞ�ř")4�ĕ58!�7ĪŧÊ"�7[5-6,5-7]�����

PIB(4	&Âęē%�»óŒ:Ú�Ũ�»( Tg# Tfus)� 

Tg = (1/2)iTfus� � � � (5-4) 

(Ŝ�&�7�#
ÛÞ�8!�7[5-8]��(oŜ��5û1� Tfus:(Cp - CV)ļø(ş&

w��!�PIB(�»Ü�Łí:ĺ��� 

(5-3)Ê"û1� Tfus = 401K�(5-4)Ê"û1� Tfus = 300K"����PIB) Tfus = 401K�  

Tfus = 300K(oã(´¢"2�ą¿Ś&��!ĸ¹%�ċÔ:Ę��� 

� Tg xm(ą¿ŚPjK(ā½�(Cp(exp)):�»Ü�Łí"�ċ�7ş&)�Vc_jK

Nsk�θ1�θ3:Ď�7��( 3�(Vc_jK)�šįÌ(ªÇ�í&4�!ü½��� 
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Ļ 5-1 &�3 �(ĆŌ(�»Ü�Łí&47ªÇ�í"Ð58�Vc_jK(Nsk�θ1�θ3)

(īî:Ę�� 

Ļ 5-1� =JYKh�2,2,4-=J_Me\hKh�PIB(�»Ü�Łí(Vc_jKj 

 

� PIB (PjK&Ŝ�!)�Ŕ�&�í�8�PjK[5-9]#£��:�Ď�!�7�Nsk&

��!Ļ 5-1&Ę��x·(�:�Ď�!Łí:ĺ	#�ą¿Ś�(.#;$
ï»Ü�ď

ì(Àn"�7 100Kxm(ĀÉ")ą¿Ś:�ċ"�%�%����(�1�Nsk)Ļ 5-1

&Ę���
ºË"�7#Ĳ
587�/��=JYKh# 2,2,4-=J_Me\hKh( θ3

)�u(�»Ô®~"Ð58��#£�ĀÉģ¬%("��(Łíīî)ºË%2(#Ĳ


!�7� 

� ­ 5-3)=JYKh�­ 5-5) 2,2,4-=J_Me\hKh�­ 5-7) PIB(ą¿Ś(�»

Ü�Łí(ńĩ:Ę�!�7�­p(�)=JYKh�△) 2,2,4-=J_Me\hKh� 

) PIB(áĉ(ą¿Ś"�Cp(exp)&ĔË�7�­ 5-3(=JYKh)�­ 5-5(2,2,4-=J_Me

\hKh)�(ĮĹ(į) DebyeÊ46�­ 5-7(PIB) (ĮĹ(į) TarasovÊ�5û1�ï

»Ü�&47ą¿Ś(CV, skeletal):Ę�!�7�úĹ(į)�Einsutein ãěÊ�5û1�Ce

jZÜ�&47ą¿Ś(CV, group):Ę�!�7�öĹ(į)�CV = CV, skeletal + CV, group"Ńġ�

8�½ĝą¿Ś:Ļ�!�7�ðĹ(į)�Ê(5-1)�5û1� CV&(Cp - CV)ļø:�
�

Tgxm(�»Ü�Łí(Ńġīî(Cp,cal):Ļ�!�7� 

­ 5-3 (=JYKh( 115K�­ 5-5 ( 2,2,4-=J_Me\hKh( 165K�­ 5-7 ( PIB

( 200K&��7ą¿Ś(¸�%¶�)�@cGŎĚ&472("�7� 

­ 5-4)=JYKh�­ 5-6) 2,2,4-=J_Me\hKh�­ 5-8) PIB(áĉ(ą¿Ś

#Ńġ��ą¿Ś(Æ(ùĊ�(Cp(exp)- Cp,cal) / Cp(exp)�5Ńġ��ņÆ:Ę�!�7�Tg

xm(ªÇ�í���#áĉ�(ņÆ)�=JYKh")±8ũx��2,2,4-=J_Me\h

Kh")±5ũx��PIB")±2ũx�"�����85(īî)��8/"&áĉ"�»Ü

�Łí
³¦�8!�7EhZe#£��ċÔ(ģ¬�"���[5-9�5-11]�=JYKh(

ą¿Ś(�ċÔ)�}Ā±3 Tgvő")ĸ�%�����8)�Tgvő(ą¿Ś
�>h

KeWjİ¨&47ĵĒē%Ēą(ÍŢ:��!µ��7�#
�«"�}�»�¢Ć"

)4�ľ587ċŊ"�7[5-12]�ł�Ý
7#�ĵĒē%ĒąŚ)�äĀã¤") Tg&ő

 θ1 / K θ3 / K Nsk 

isobutane � 133 6 

2,2,4-isomethylpentane � 117 7 

polyisobutylene 668 75 7 
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�ĀÉ&%7.$¸��%7�1�Tgxm( Tgvő"ŀā�87ą¿Ś)�Ü�œ�ďì

(0"Ð587ą¿Ś462¸��%7��8
�Tgvő3 Tgxm"ĦĬē%�Æ
č�

7Čď"�7� 

� ą¿Ś(ĭÂ�)}Ā")šÈ&Ä���1�ā½��ą¿Ś#Ńġ�5û1�ą¿Ś

(Æ
Ä��!2��(ņÆ)¸��%7#Ĳ
587� 

 

 

 

 

 

 

­ 5-3  =JYKh(ą¿Ś(�»Ü�Łí
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­ 5-5 2,2,4-=J_Me\hKh(ą¿Ś(�»Ü�Łí 

 
 

­ 5-6  2,2,4-=J_Me\hKh&��7áĉ#�»Ü�Łí"ġ���ą¿Ś(ņÆ 
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­ 5-7  PIB(ą¿Ś(ĀÉ�¼Ô 

­ 5-8  PIB&��7áĉ#�»Ü�Łí"ġ���ą¿Ś(ņÆ 
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5.2.2 Řıą¿Ś(Cconfig)(ġ� 
� Ġ 4ğ(]dGMfh�4+�(?dD^j(´¢"ŉň��4	&�PIB[5-13]( Cconfig

:Ńġ�7´¢"2�é2@cGŎĚ(ÍŢ:��!�7Ü�(ą¿Ś)�ĆŌ�~&z

97ï»Ü�(ą¿Ś(CV, skeletal)"�7� 

� =JYKh�4+ 2,2,4-=J_Me\hKh(Tg&��7CV, skeletal)�ŨĀñŝ�(ŬR per 

degree of freedom per mol)( 90ũxl:�1!�7��8)®~(ą¿Ś:�ċ�7�1(

ĵďÉ(Nsk)#PU=ĀÉ(θ1�θ3):�(//Ď�!�Tg xl(ļøţ:¥1�Ü�ŗ�(ą

¿Ś(Cp, cal):�ċ�!2�Cp, cal)ħ 2ũ(ņÆģ¬"�ċ"�7#Ĳ
!4��#:Ę�!

�7�Tg&��7 PIB( CV, skeletal)ŨĀñŝ�( 75%"����PIB( Tgxl(ā½éŨ

ĀÉ"( CV, skeletal(�) Tg"( CV, skeletal&ù-!é¸"2 6%µ��7 ĳÔ
�7�#:

Ę�!�7��85(īî46�CV, skeletal(¶�
é2¸��´¢"2�Tgxl( CV, skeletal

(¶�)ò' 2ŭ3%x�"�7#Ĳ
587��8)�»Ü�Łí&47 Tgxm(Ü�(

ą¿Ś(�ċ�(ś(ņÆ#£ěÉ"�7��(�1�Tgxm# Tgxl") CV, skeletal
¶

��%�#y½�!Řıą¿Ś(Cconfig)(ġ�:ĺ��� 

 

 

 

 

 

 

 

 

 

 

 

 

­ 5-9 )=JYKh�2,2,4-=J_Me\hKh�PIB &��! Tgxl(Řıą¿Ś Cconfig

(ĀÉ�¼Ô:Ę��2("�7�Cconfig)]dGMfh#£ô&�xm(Ê�5ġ���� 

Cp(exp) = Cp,cal + Cconfig = CV, skeletal + CV, group + (Cp - CV) cor + Cconfig    (5-5) 

 

 

­ 5-9 =JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś(ĀÉ�¼Ô 
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­ 5-9 &Ę�4	&�Cconfig)ĀÉ
lä�7##2&ÿÅ�7��8)��Ĩ%�»ó

Œ:Ú��»Ô@cG3]dGMfh#�(?dD^j( Cconfig "Ð58��¤#£ô"

����/��]dGMfh#£ô&�ĆŌ:ó×�7�»(Ř¤3Řı(à)�ĀÉl

ä#�&µ
!��
�½158�~ĝ(p"(Ř¤3Řı%("����)lŝ&�ŕ

�7#Ĳ
587��(ĈÖ)�ŨĀñŝ"Řı>hQgWj
é¸�:�7�#:Õ§

�7��/6�Cconfig)ŨĀñŝ"Ig&ő ���/6�ĀÉlä##2&ÿÅ�7�#

)ºË"�7#Ĳ
587� 

=JYKh�2,2,4-=J_Me\hKh�PIB( Cconfig)�ą¿Ś(ùŐ
 ĳ%ĀÉģ¬

") 20%ŭ50%(Æ
����/��õŏ:¡EhZe( Tg"Ŀï��� Cconfig(ĀÉ�

¼Ô&��!2�=JYKh�2,2,4-=J_Me\hKh�PIB "kĶ�%�����85

(īî)�¡`T^jaRNQ(�»óŒ
£�"��!2��»Ś
¶97#�»śi

�»ś(Ĕs�Ď
¶��7�#:Ę©�!�7� 
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5.2.3 Cconfig:�ċ�7Ŝà 
� êĢ") Cconfig(ĀÉ�¼Ô:Ļ�Ŝà:ĲÁ�7�Cconfig(ĀÉ�¼Ô:Ŝà"Ļ��

#
"�8*�Tg:ō
7ĀÉ"(ą¿Ś:�ċ�7�#
 ĳ&%6�Ãìē&) Tg:

ō
7ĀÉ"(ą¿Ś:rā�7�#
"��ĥÉ(Ũ�ëâ�×,#�%�7�#
"

�7#Ĳ
!�7� 

� Ġ 4ğ�4+Ġ 5ğ"2ėŅ"��4	&�Cconfig(ćÑ)�ĀÉ
lä�7##2&ÿ

Å�7�#"�7��(ĀÉlä##2&ą¿Ś
ÿÅ�7ÔŌ:Ļ�Ŝà#�!ĕ58

!�7()�FbNQAj`Pe&46Ļ�87ą¿Ś(ŨĀ�(Ê[5-15]#�ĴĐăő�

:Ňå�7 Landau Čň&��7ą¿Ś(ŨĀ�(ĀÉ�¼Ô[5-16]:Ļ� 2 ĜŦ(Ŝà(

¢Ń 3�(Ŝà"�7� 

� FbNQAj`Pe)�Š»GWh%$>SeBjĂ|&lŝ
�7Ħ(Ü7ķ�:Ň

å�7ş&�4�ŖĎ�87`Pe"�7�FbNQAj`Pe&46Ļ�87ą¿Ś)�

ĀÉ
 0 K") 0 J/K"�7
�ĀÉ
lä�7&�8!ą¿Ś
µ¸�7��(µ¸)Ā

Élä&Â�!ő{ē&ÛàŜàē%¶�:�7��5&�ĀÉlä�7&�8!��7

ĀÉ"ą¿Ś(ñ¸�:#6��(Î�ĀÉlä##2&ą¿Ś
ÿÅ�!����(ċ

Ŋ)�ĀÉ(T)lä&Â�!�ő{ē& 1/T 2&ù��7�¢"ÿÅ�7�īň#�!�Cconfig

(ªÇ�í")�FbNQAj°ą¿Ś(Ê:Ď�!2�Cconfig(ĀÉ�¼Ô:�ċ�7�

#
"�%���� 

� ��"�Landau Čň&² �ą¿Ś(ĀÉ�¼Ô(Ê:Ď���Landau Čň&��!�

ĀÉ(T ))�Ê(5-6)&Ę�4	&�ε(Ì&Ýġ�7� 

�         (5-6) 

 

��"�Tk)k½(ĀÉ"�7�ą¿Ś(¶�)�ĀÉŪTū(¶�&ÂÓ�7 ε(¶�&

Â�!�(5-7)Ê/�)(5-8)Ê:Ď�!Ļ�87� 

tª(Łí")�Řıą¿Ś(Cconfig)&Ąă:Ë!!�7�1�êì(ą¿Ś(ţ: Cconfig

ı�Ý
��Cconfig(ĀÉ�¼Ô:Ļ�Ê)xm(4	&%7�          � � � � � �    

      (5-7) 

  (5-8) 

 

��"�a�α�b�A�B)�½à"�6�Cconfig(ªÇ�í&��7X<NO<hCVc_

jK"�7�Ê(5-7)�(5-8))��8�8 ε (ÛàŜà#ÂàŜà"Ļ�87�Vc_jK

Tk:¥17#Ê(5-7)(X<NO<hCVc_jK) 4 ��Ê(5-8)(X<NO<hCVc_

jK) 3�"�7� 

Cconfig = Alogε
−1 + B

Cconfig = aε
−α + b
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­ 5-10)=JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś:(5-7)Ê��/6Û

àŜà"ªÇ�í��īî:Ę�!�7�­p(į)ªÇ�í&��7kđ�éŖ%X<

NO<hC(Cconfig,cal)īî:Ę�!�7�/��­ 5-11)�Cconfig# Cconfig,cal(Æ# Cconfig(

ù(�%9��(Cconfig - Cconfig,cal)/ Cconfigū"�7ņÆ:Ę�!�7�­ 5-1046 Cconfig)Ûà

Ŝà(Ê(5-6)):Ď�!4��ċ�8!�7�#
9�7�­ 5-11(ņÆ)�Cconfig
Ä��

ç(ĀÉ:Ş�!�ħ±5%x�"���� 

­ 5-12�4+­ 5-13)=JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś:Âà

Ŝà(Ê(5-8))"(ªÇ�íīî#�Cconfig &Â�!(ņÆ:Ę�!�7�(5-8)Ê"ªÇ�í

��īî)�(5-7)Ê:Ď��´¢#£ô&�Cconfig
Ä��ç(ĀÉ:Ş�!�ħ±5%x�

"�6�4��ċ�!�7�#
9�7� 

/��=JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś(Vc_jKj:Ļ 5-2

&Ę�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

­ 5-10 =JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś( 
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­ 5-12 =JYKh�2,2,4-=J_Me\hKh�PIBŘıą¿Ś( 

ªÇ�íīî(Ê(5-8))  

­ 5-11 =JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś( 

ªÇ�íīî(Ê(5-7))#ā½�(ņÆ 
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­ 5-13 =JYKh�2,2,4-=J_Me\hKh�PIB(Řıą¿Ś( 

ªÇ�íīî(Ê(5-8))#ā½�(ņÆ 

Ļ 5-2 =JYKh�2,2,4-=J_Me\hKh�PIB(X<NOhCVc_jK 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alogε−1 + B isobutane 2,2,4-isomethylpentane PIB 

Tk 7.568 8.678 10.92 

A 127.9 100.5 95.90 

B -79.09 -58.64 -56.11 

aε−α+ b isobutane 2,2,4-isomethylpentane PIB 

Tk 11.88 13.45 22.50 

a 249.9 222.6 277.7 

α 0.6374 0.7230 1.113 

b -30.98 -17.13 -5.820 

%

T / K
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5.2.4 Cconfig:�ċ�7Ŝà (]dGMfh) 
£ô&�!�Ġ 4ğ"ġ���>Me[hIh�PS A-300�PS A-500�h-PS(Řıą¿

Ś:ªÇ�í���­ 5-14�4+­ 5-15)>Me[hIh�PS A-300�PS A-500�h-PS(

Řıą¿Ś:ÛàŜà(Ê(5-7))"(ªÇ�íīî#�Cconfig &Â�!(ņÆ:Ę�!�7�

/��­ 5-16�4+­ 5-17)>Me[hIh�PS A-300�PS A-500�h-PS(Řıą¿Ś:

ÂàŜà(Ê(5-8))"(ªÇ�íīî#�ņÆ:Ę�!�7�­ 5-14#­ 5-16p(į)ªÇ

�í&��7kđ�éŖ%X<NO<hC(Cconfig,cal)īî:Ę�!�7�­ 5-15#­ 5-174

6 Cconfig)ÛàŜà#ÂàŜà($�52�4��ċ�8!�7�#
9�7�600K "(

h-PS(ņÆ
¸��%�!�7Čď#�!)�2#2#( Cconfig(�
šÈ&Ä���1�

Å�(Hf
ņÆ#�!¸��%�!�/	�1"�7� 

­ 5-14#­ 5-16(ªÇ�í"Ð58�Vc_jK(�:Ļ 5-3&Ę��ċçă")u(

ĆÔ�#(ĔŜ3�Vc_jK�(ĔŜ:å5�&�7�#)"�%����/��Řı

ą¿Ś:ÛàŜà#ÂàŜà"ªÇ�í:�!Ð58��X<NO<hCVc_jK(Ć

Čē%Õ§&��!)�ċĈ")åė&Ňå�7�#)"�%��Řıą¿Ś�5ġ��

7Řı>hQgWj
é¸�:Ú�#Ĳ
8*�ŨĀñŝ"Řıą¿Ś) 0 &%7)�"

�7�����ªÇ�í:ĺ��īî:ŨĀť±&ļ·�7#�Řıą¿Ś)ŋ(�#%

���4�!�ċçă") 2 �(Ŝà)åė%ĆČē%Õ§:Ú�%���Ĩ&Řıą¿

Ś:4��ċ�7��(¾Ďē%Ŝà"�7#ł
7� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
­ 5-14 ethylbenzene�PS A-300�PS A-500�h-PS(Řıą¿Ś( 

ªÇ�íīî(Ê(5-7)) 
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­ 5-16 ethylbenzene�PS A-300�PS A-500�h-PS(Řıą¿Ś( 

ªÇ�íīî(Ê(5-8)) 

 

­ 5-15  ethylbenzene�PS A-300�PS A-500�h-PS(Řıą¿Ś( 
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Ļ 5-3  >Me[hIh� PS A-300� PS A-500� h-PS(X<NOhCVc_jK 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aε−α+ b ethylbenzene PS A-300 PS A-500 h-PS 

Tk 16.65 7.581 11.03 31.53 

a 319.6 256.8 292.1 437.1 

α 0.4534 0.3420 0.3795 0.5361 

b -66.75 -30.04 -47.26 -86.82 

Alogε−1 + B ethylbenzene PS A-300 PS A-500 h-PS 

Tk 9.120 0.8956 1.814 16.04 

A 333.8 378.7 375.7 286.7 

B -246.6 -106.5 -132.2 -177.8 

­ 5-17 ethylbenzene�PS A-300�PS A-500�h-PS(Řıą¿Ś( 

ªÇ�íīî(Ê(5-8))#ā½�#(ņÆ 
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Đ 6 ď ê�(ŋ�±*ĿĜú·ł(Cconfig) 
� Đ 4 ď	Đ 5 ď%+	��"�*ŋ�±&�*ClKhr*EkOĶċõ¿(Tg)zu%«

��7ú·łÎ�(ĿĜú·ł : Cconfig );	Ó�ľ�*ú·ł*õ¿�²É+ Tg zv%+¬

��(�&{µ�$	Ē�;��
Ã58� Cconfig +õ¿*uÛ)}!$ô»�7�&	0

�	Cconfig +ÒØŅØ3¹ØŅØ%ĦĀ%�7�&;	Ü5�)��
 

� áď%+�85*üÅ�sĢĆ(ÉĲ%
7�&;ĉ�17�1)	ĀÞù%Ĉ58$

�7ú·ł*ĩã��ğ(	%�7��®�*ŋ�±��û)"�$	Tg zu*ĿĜú·

ł (Cconfig);Ē��	�*õ¿�²É;	ÒØŅØ3¹ØŅØ%¤½�ã;Ĥ!�
 

� ĿĜú·ł;ñ1�Lpcm+	zv)Ċ� 21 čŉ*ŋ�±%
7
øĖ;Ŋæ&�7

ćŃýŋ�±%+	gl 1-bVp poly(1-butene) (PBE)	gl=HlmŀiSm poly(methyl 

acrylate) (PMA)	gl 1-dFPp poly(1-hexene) (PHE)	gl?Qcnp polyisoprene (PIP)	

glaT�_Zm poly(vinyl fluoride) (PVF)	glco`np polypropylene (PP)* 6 čŉ


glBOVmŉ+	glIlJlY poly(glycolide) (PGL)	glco`CkHXp

poly(propiolactone) (PPL)	glbSokHXp poly(butyrolactone) (PBL)	gl]nokH

Xp poly(valerolactone) (PVL)	glDcokHXp polycaprolactone (PCL)	gl@pWD

\kHXp polyundecanolactone (PUDL)	glXlWD\kHXp polytridecanolactone 

(PTDL)	glepRWD\kHXp polypentadecanolactone (PPDL)* 8 čŉ
glŀ�ûŉ

+	glCFMXliSnp poly(oxytrimethylene) (PO3M)	glCFMVXkiSnp

poly(oxytetramethylene) (PO4M)	glCFMco`np poly(oxypropylene) (POP)	glC

FMiSnp-CFMVXkiSnp poly(oxymethylene-oxytetramethylene) (POMOM)	g

lCFMiSnpCFMBSnp poly(oxymethylene-oxyethylene) (POMOE)	glCFMB

S n p  poly(oxyethylene) (POE) 	 g l C F M 2,6- N i S m -1,4- a A Z n p

poly(oxy(2,6-dimethyl-1,4-phenylene)) (PODIMP)* 7 čŉ%
7
 

  

6.1 Lpcm 
� ĿĜú·ł(Cconfig);Ē��� 21 čŉ*ŋ�±*ú·ł+	�8�8zv)Ċ�Ùþ*�

(Cp);�ă��
øĖ;Ŋæ&�7 6 čŉ*ćŃýŋ�±+	PBE[6-1]	PMA[6-2]	PHE[6-3]	

PIP[6-4]	PVF[6-5]	PP[6-1];	8 čŉ*glBOVmŉ+	PGL[6-6]	PPL[6-7]	PBL [6-7]	

PVL [6-7]	PCL [6-7]	PUDL [6-7]	PTDL [6-7]	PPDL [6-7];�ă��
 

7 čŉ*glŀ�ûŉ+	PO3M [6-8]	PO4M [6-9]	POP [6-10]	POMOM [6-11]	POMOE [6-12]	

POE [6-10]	PODIMP [6-13];ă�$Ē���
�85*ŋ�±*éĻÀ;¦ 6-1 )Ċ�
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 ¦ 6-1 ĩã)ă�� 21 čŉ*ŋ�±*éĻÀ  

poly(1-butene) 

(PBE) 
poly(methyl acrylate) 

(PMA) 

poly(1-hexene) 

(PHE) 

polyisoprene 

(PIP) 

poly(vinyl fluoride) 

(PVF) 

poly(glycolide) 

(PGL) 

polypropylene 

(PP) 

poly(propiolactone) 

(PPL) 

poly(butyrolactone) 

(PBL) 

poly(valerolactone) 

(PVL) 

polycaprolactone 

(PCL) 

polyundecanolactone 

(PUDL) 

polytridecanolactone 

(PTDL) 

polypentadecanolactone 

(PPDL) 

poly(oxytrimethylene) 

(PO3M) 

poly(oxytetramethylene) 

(PO4M) 

poly(oxypropylene) 

(POP) 

poly(oxymethylene-oxyethylene) 

(POMOE) 

poly(oxymethylene-oxytetramethylene) 

(POMOM) 

poly(oxyethylene) 

(POE) 

poly(oxy(2,6-dimethyl-1,4-phenylene)) 

(PODIMP) 



 100 

6.2 �±Ó�ĩã 
�ŋ�±* Cconfig +	�%)�±Ó�ĩã)4!$Ã58$�7ú·ł(Cp,cal)[6-14,6-15]

&	Tg zu*öµ%*ú·ł(Cp)&*¼;&7�&)4!$Ē���
 

"06	Cconfig = Cp   Cp,cal &Ħ��&�%�7
 

 

6.2.1 �±Ó�ĩã)47 Tg zv*ú·ł*�Ā 

� PO3M[6-8]	PO4M[6-9]	POE[6-10]* 3 čŉ*ŋ�±)¹�$+	�1$�±Ó�ĩã;

Ĥ!�
�±Ó�ĩã%*	�ŋ�±*j\hrw*´ğª)��7ImrcÓ�)Ąâ

�7ġĄ¿&ú·ł+	Ùþ[6-16]%�6Á$58�ġĄ¿&ú·ł;�ă��
æ±Ó�

)Ąâ�7ú·ł+	glŀ�û*�±Ó�ĩã%Ã58�sì� Debye õ¿&tì�

Debye õ¿*¾©�;ă�$Ē���[6-16]
(Cp-CV)ħíň+	�80%*ŋ�±*�±Ó

�ĩã%ă�58� Nernst-Lindemann ĸ~À;�ê)�ă��
Nernst-Lindemann ĸ~À%

ă�58� A0 2���(A0 = 3.9 × 10-3 mol J-1);ă�$�7
�±Ó�ĩã%Ã58� Tg z

v*õ¿ē¥)��7µ¨ú·ł*īĒ�&¶ö�*ĭ¼((Cp(exp)  Cp,cal) / Cp(exp))+±2Ō

%
!�
�*ĭ¼+	�80%*ŋ�±*�±Ó�ĩã%Ã58�ĭ¼&�đ%
7


���!$	PO3M	PO4M �4-	POE *�±Ó�ĩã)47 Tg zv*ú·ł�+	ú

·ł;4��Ā�$�7&Ī�7
 

� Đ 3 ď* Cconfig *īĒ[6-17]%Ĺ.�4�)	ûĲ��)|Ö�7æ±Ó�*ú·ł

(CV,skeletal)+	EkOĶċ*ÂŇ;à2��7
áď%�ã�� 21 čŉ*ŋ�±)"�$	

j\hr
�6*�ġĄ¿(Nall)	æ±Ó�*ġĄ¿(Nsk)	æ±Ó�*ú·ł*à¯�

(CV,skeletal,MAX = NskR)	EkOĶċõ¿(Tg)	Tg )��7æ±Ó�*ú·ł(CV,skeletal (Tg))	

CV,skeletal,MAX *� 	CV,skeletal (Tg)��17��	��$EkOĶċõ¿(Tg))"�$	øĖ;

Ŋæ&�7 6 čŉ*ćŃýŋ�±+Ħ 6-1 )	glBOVmŉ* 8 čŉ+Ħ 6-2 )	glŀ

�ûŉ* 7 čŉ+Ħ 6-3 )Ċ�
 

� ŋ�±+ Tg zu%ě£3Ð×ļ�;°17*%	ûĲ*æ±Ó�*ú·ł(CV,skeletal);ò

17 θ1 & θ3 +	Tg zu%+	Tg zv*�462��(7&Ğ�587
sÚ	CV,skeletal +	

ûĲ*æ±Ó�*ġĄ¿)¹Ç��à¯�;Ñ"
���!$	Tg %* CV,skeletal ��%)à

¯�)ĸ��)(!$�8,	Tg zu* CV,skeletal +/&<'¬:5(�
�8+	�±Ó�

ĩã* Debye jWm3 Tarasov jWm%Ħ�87 CV,skeletal �	à¯�* 85Ō;Ĵ�7&	õ

¿*uÛ&&2)ě3�)ŋõèņ�)ĸ#�$��üÅ�
7�1%
7
"06	�

*ú·ł*ÉĲ+	§�*ú·ł; Tg zu)ħ­�$2Ó�ľ�*ú·ł+	�Ā%�$

�7&�Ĭ�7åÏ&(67
ŋõèņ�+	1mol	1 ġĄ¿
�6ï�µØ(ŎR)*�&

(7
Ħ 6-1	6-2	6-3 46	áď%ĩã*¹ı&�$�7 21 čŉ*ŋ�±* Tg %* CV,skeletal
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+ŋõņą�* 85%;Ĵ�$�7
�8+	Tg zu%ĕ 4Ōzv*ĭ¼ē¥% CV,skeletal ;�

Ā%�7&���&;Ë¢�$�7
 

 

 

 

  

  

 

 

 

 

 

 

 Nall Nsk CV,skeletal(Tg) 

J K-1 mol-1 

CV,skeletal,MAX 

J K-1 mol-1 

CV,skeletal(Tg) 

CV,skeletal,MAX 

Tg 

K 

Tfus 
K 

PBE 36 7 52.6 58.2 90% 249 411 

PMA 36 10 77.1 83.1 93% 279 473 

PHE 54 12 86.4 99.7 87% 223 411 

PIP 39 9 63.4 74.8 85% 200 301 

PVF 18 4 31,5 33.2 95% 314 473 

PP 27 5 38.4 41.6 92% 260 460 

 Nall Nsk CV,skeletal(Tg) 

J K-1 mol-1 

CV,skeletal,MAX 

J K-1 mol-1 

CV,skeletal(Tg) 

CV,skeletal,MAX 

Tg 

K 

Tfus 
K 

PGL 18 6 46.6 49.9 94% 318 506 

PPL 27 8 59.7 66.5 90% 249 366 

PBL 36 10 73.5 83.1 88% 214 337 

PVL 45 12 86.7 99.7 87% 207 331 

PCL 54 14 100.2 116.3 86% 209 342 

PUDL 99 24 173.8 199.4 87% 227 465 

PTDL 117 28 202.5 232.7 87% 229 368 

PPDL 135 32 237.4 265.9 89% 251 370 

Ħ 6-1 ćŃýŋ�±*�±Ó�ĩãėä 

Ħ 6-2 glBOVmŉ*�±Ó�ĩãėä 
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¦ 6-2 PBE *ú·ł*�±Ó�ĩã 

 

 

 

� ¦ 6-2�6-22 )	áď*ĩã)ă�� 21 čŉ*ŋ�±*ú·ł*õ¿�²É;Ċ�
 

¦ 6-2�6-22 )��$	ĳx+ĩã)ă��öµ�5Ã58�ú·ł(Cp,(exp))%	Ě+�±

Ó�ĩã�5Ã58�ú·ł;Ċ�$�7
ęģ*Ě+æ±Ó�Ąâ*ú·ł(CV, skeletal)	

ðģ*Ě+ImrcÓ�Ąâ*ú·ł(CV, group)	ëģ*Ě+ImrcÓ�Ąâ*ú·ł&æ

±Ó�Ąâ*ú·ł;ĵ��µĎú·ł(CV = CV, group + CV, skeletal)	��$çģ*Ě+µĎú

·ł)(Cp-CV)ħíň;��$Ã58�	�±Ó�ĩã�5Ē���µ¨ú·ł(Cp,cal);Ħ�

$�7
¦w*	ú·ł�È÷(«�+EkOĶċ)}�2*&Ğ�587
¦46�±

Ó�ĩã�5Ē���ú·ł+	Tg 462��õ¿%+	¶ö*ú·ł;4��Ā�$�

7�&�:�7
 

 

 

 

 

 

 

 

 

 

 

 

 Nall Nsk CV,skeletal(Tg) 

J K-1 mol-1 

CV,skeletal,MAX 

J K-1 mol-1 

CV,skeletal(Tg) 

CV,skeletal,MAX 

Tg 

K 

Tfus 
K 

PO3M 30 7 50.1 58.2 86% 195 308 

PO4M 39 9 63.5 74.8 85% 189 330 

POP 51 12 83.7 99.7 84% 198 296 

POMOM 51 12 83.7 99.7 84% 189 296 

POMOE 33 8 57.2 66.5 86% 209 328 

POE 21 5 37.5 41.6 90% 232 342 

PODIMP 51 14 111.6 116.3 96% 482 535 
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Ħ 6-3 glŀ�ûŉ*�±Ó�ĩãėä 
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¦ 6-3 PMA *ú·ł*�±Ó�ĩã 

 

¦ 6-4 PHE *ú·ł*�±Ó�ĩã 
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¦ 6-5 PIP *ú·ł*�±Ó�ĩã 

 

¦ 6-6 PVF *ú·ł*�±Ó�ĩã 
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¦ 6-7 PP*ú·ł*�±Ó�ĩã 

 

¦ 6-8 PGL *ú·ł*�±Ó�ĩã 
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¦ 6-9 PPL *ú·ł*�±Ó�ĩã 

 

¦ 6-10 PBL *ú·ł*�±Ó�ĩã 
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¦ 6-11 PVL *ú·ł*�±Ó�ĩã 

 

¦ 6-12 PCL *ú·ł*�±Ó�ĩã 

 

200

150

100

50

0

C 
/ J

K
-1

m
ol

-1

350300250200150100500
T / K



 108 

 

 

 

 

 

 

 

¦ 6-13 PUDL *ú·ł*�±Ó�ĩã 

 

¦ 6-14 PTDL *ú·ł*�±Ó�ĩã 
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¦ 6-15 PPDL *ú·ł*�±Ó�ĩã 

 

¦ 6-16 POM3 *ú·ł*�±Ó�ĩã 
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Figure 4 Heat capacity of polypentadecanolactone
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¦ 6-17 POM4 *ú·ł*�±Ó�ĩã 

 

¦ 6-18 POP *ú·ł*�±Ó�ĩã 
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¦ 6-19 POMOM *ú·ł*�±Ó�ĩ

ã 

 

¦ 6-20 POMOE *ú·ł*�±Ó�ĩã 
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¦ 6-21 POE *ú·ł*�±Ó�ĩã 
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¦ 6-22 PODIMP *ú·ł*�±Ó�ĩã 
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6.2.2 ĿĜú·ł(Cconfig)*Ē��  
ì)	�8�8*ŋ�±*ĿĜú·ł;Ē���
�ŋ�±* Cconfig +	�%)�±Ó�

ĩã)4!$Ã58$�7ú·ł(Cp,cal)[6-19,6-20]&	Tg zu*öµ*ú·ł(Cp)&*¼;&

7�&)4!$Ē���
"06	Cconfig = Cp   Cp,cal %Ħ��&�%�7
 

¦ 6-23 + 6 čŉ*ćŃýŋ�±(PBE	PMA	PHE	PIP	PVF	PP))"�$	¦ 6-24 +

8 čŉ*glBOVmŉ(PGL	PPL	PBL	PVL	PCL	PUDL	PTDL	PPDL))"�$	

¦ 6-25 + 7 čŉ*glŀ�ûŉ(PO3M	PO4M	POP	POMOM	POMOE	POE	PODIMP)

)"�$	Cconfig = Cp   Cp,cal 46Ē��� Cconfig *õ¿�²É;Ċ�$�7
 

¦ 6-23 w*hrH+	�8�8�+ PBE	�+ PMA	�+ PHE	�+ PIP	�+ PVF	

+ PP * Cconfig ;Ħ�$�7
¦ 6-24 w*hrH+	�8�8�+ PGL	�+ PPL	 

�+ PBL	�+ PVL	�+ PCL	�  + PUDL	  + PTDL	�+ PPDL * Cconfig )¹Ç

�$�7
0�	¦ 6-25 w*hrH+	�8�8�+ PO3M	�+ PO4M	�+ POP	

�+ POMOM	�+ POMOE	�  + POE	  + PODIMP * Cconfig ;Ħ�$�7
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 6-23 ćŃýŋ�±*ĿĜú·ł*õ¿�²É 
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¦ 6-24 glBOVmŉ*ĿĜú·ł*õ¿�²É 

¦ 6-25 glŀ�û*ĿĜú·ł*õ¿�²É 
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� 21 čŉ*ŋ�±(øĖŊæ�5(7ćŃýŋ�±: 6 čŉ	glBOVmŉ : 8 čŉ	gl

ŀ�ûŉ : 7 čŉ)*�.$*ĿĜú·ł+	õ¿*uÛ&&2)ô»��
�8+	Đ 5

ď%Ċ��gl?QbSnp	glOSnp	�4-�*ClKhr[6-17,6-21]3�±ÉE

kO[6-22,6-23]&��� %
!�
�85*ėä�5	�±Ó�ĩã)ª#�$Ã58�

ĿĜú·ł(Cconfig)+	sĢĆ)õ¿*uÛ&&2)ô»�7�&���!�
 

� �*ĿĜú·ł*sĢĆ(üÅ�ó�*ú·ł*üÉ%
7�&;ĞÍ�	§�3ï�

*ú·ł&îķ�$	ĿĜBpXo`r&*Ņ�;Ğ¸��
§�&+Ľ!$ó�+	Þ

ń&&2)ĿĜ(�±*ŁÆ�Ĝ3	 �);¬�7ě£ļ�3Ð×ļ�;Ĥ�
¾ĥú�³

%+Þń+¬Ø&�$¡08$�(�*%	�*ě£qÐ×ļ�)¹Ç�7ú�³Ć(Õ

�+	ĿĜ*Ø*«�&Ğ�7
§�ýÌ%+	Ĕ)��58�B[mGr+Ó�ļ�)

�Ý�87
į£Ó�±)ª#� Debye jWm3 Einstein jWm+	§�*ú�³)��7

�ľB[mGr;Ħ�ªáāİ%	�*āİ)ª#�$Ó�*ú·ł3BpXo`r;ī

Ē�7�&�%�7
§�ýÌ%+	Ó��$�7�±q×±*¾©Ć(ŁÆ*�Ĝ+¬

:5(�
���!$	Ęī�³)��7BpXo`rµĝÀ%
7fmUhp*À � � �

SŎkBlnW (kBōfmUhpµØ)*Ņ�)��$	ŁÆ*�Ĝ)"�$*ĿĜ*Ø(W)+ 1	

"06ĿĜBpXo`r+ 0 &(7
�*sÚ%	ï�ýÌ%+×±q�±+āÊĆ)+

ġĄ)���&�%�7�1	āÊï�*ĸ~%+ĿĜ)Ņ��7ú·ł+sµ)(6	

ĿĜBpXo`r+õ¿* 2 y*ĺØ)î��$«��	sµ�)ĸ#�$��
�85

§�&ï�*ĿĜBpXo`r*üÅ;ĞÍ)�87&	ĿĜBpXo`r�5Ĩ�ó�

ýÌ*üÅ+	õ¿*uÛ&&2)ĿĜú·ł+ô»�7*%	§��5ó�)(!�Þ

ù%+õ¿uÛ&&2)È÷)ĿĜBpXo`r�uÛ�7�	ìĐ)«�ÿ�º��(

!$	
7sµ�)ĸ#�$��&�9)
7
 

� �±ÉEkO*ėä&�$	Ùþ[6-22])�*4�(� �Ā8$�7
ĿĜú·ł+	

ĿĜBpXo`r;õ¿*¹Ø%Ä���ł%Ħ��&�%�7
"06	ĿĜBpXo

`r*õ¿¹Ø�²É;Ħ�ßĚ*ÔĚ*��;Ħ�$�7
ĿĜBpXo`r�ŋõè

ņ%sµ*�"06	à¯�)(7&	�*ÔĚ*��+	õ¿�u�7)"8$ô»�	

0 )ĸ#�$��
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Đ 5 ď%Ĺ.�4�) Cconfig *õ¿�²É;�Ā�7ŅØ&�$	Ġąùĸ�;ĮÜ�7

Landau āİ)ª#��ÒØŅØ&¹ØŅØ;ă��[6-18]
Landau āİ)ª#� Cconfig *õ

¿�²É*À+zv*4�)(7
 

       (6-1) 

      (6-2) 

��%	a	α	b	A	B +µØ%	Cconfig *¤½�ã)��7a>TV>pI^kirR%


7
À(1)&À(2)+	�8�8 ε *ÒØŅØ&¹ØŅØ%Ħ�87
̂ kirR ε +	À(3)

*4�)õ¿&Ņ��$�7
 

    (6-3) 

��%	Tk +µØ%
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0�	¦ 6-26	¦ 6-27	¦ 6-28 +	21 čŉ*ŋ�±* Cconfig ;ÒØŅØ%¤½�ã��

ėä%
7(À(6-1))
¦ 6-26	¦ 6-27	¦ 6-28 w*�8�8*coTX+Ē��� Cconfig

;Ċ�	¶Ě+¤½�ã%à2�!�ßĚ(Cconfig,cal);Ċ�$�7
0�	¦ 6-29	6-30	6-31

)+	Cconfig & Cconfig,cal *¼*îÿ%
7ĭ¼;Ċ�$�7[=(Cconfig - Cconfig,cal)/ Cconfig]
 

¦ 6-26	¦ 6-27	¦ 6-28 *�hrH%Ħ�87ûĲ+	¦ 6-22	¦ 6-23	¦ 6-24 &��

ûĲ;Ħ�$�7
¦ 6-26	¦ 6-27	¦ 6-28 46	21 čŉ*ŋ�±*¹ØŅØ*ĭ¼ē¥

+ĕ±4 %%
!�
21 čŉ*ŋ�±)¹�7À(6-1)*ÒØŅØ*ĭ¼ē¥2	¹ØŅØ&

��Č¿%
!�
"06	¹ØŅØ&ÒØŅØ+�85 21 čŉ2*ŋ�±* Tg zu%Ă

�7 Cconfig ;4��Ā�$��
 

  

 

 

 

 

 

 

 

 

Cconfig = aε
−α + b

Cconfig = Alogε
−1 + B
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¦ 6-26 ćŃýŋ�±*ĿĜú·ł*¤½�ãėä(À(6-1)) 
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¦ 6-28 glŀ�û*ĿĜú·ł*¤½�ãėä(À(6-1)) 

¦ 6-29 ćŃýŋ�±*ĿĜú·ł*¤½�ãėä(À(6-1))&öµ�*ĭ¼ 
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¦ 6-30 glBOVm*ĿĜú·ł*¤½�ãėä(À(6-1))&öµ�*ĭ¼ 
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¦ 6-33 glBOVm*ĿĜú·ł*¤½�ãėä(À(6-2)) 
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¦ 6-35 ćŃýŋ�±*ĿĜú·ł*¤½�ãėä(À(6-2))&öµ�*ĭ¼ 
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¤½�ã46Ã58�^kirR�;	6 čŉ*ćŃýŋ�±)"�$+Ħ 6-4 )	gl

BOVmŉ* 8 čŉ)"�$+Ħ 6-5 )	glŀ�ûŉ* 7 čŉ)"�$+Ħ 6-6 )0&1

�
 

 

 

 

 

 

 

 

 

 

aε−α+ b PBE PMA PHE PIP PVF PP 

Tk 4.876 3.888 12.22 2.265 1.861 3.919 

a 386.6 735.6 409.7 411.8 418.8 453.7 

α 0.1546 0.1348 0.3274 0.1367 0.1094 0.1369 

b -182.4 -372.8 -131.1 -189.6 -226.4 -236.6 

Alogε−1 + B PBE PMA PHE PIP PVF PP 

Tk 6.202 12.41 16.05 1.665 7.255 10.36 

A 71.50 121.6 115.1 67.76 58.98 76.79 

B 142.5 203.4 158.0 174.5 108.6 125.4 

aε−α+ b PGL PPL PBL PVL PCL PUDL PTDL PPDL 

Tk 6.014 6.099 4.929 3.944 3.967 3.769 2.159 9.254 

a 563.7 353.0 691.6 727.4 573.3 1976 3192 2661 

α 0.1499 0.1771 0.1668 0.1485 0.1488 0.1399 0.1117 0.2131 

b -266.1 -131.3 -306.8 -335.8 -253.0 -989.8 -1735 -1148 

Alogε−1 + B PGL PPL PBL PVL PCL PUDL PTDL PPDL 

Tk 19.20 9.363 11.26 22.50 22.62 22.12 26.94 17.78 

A 99.86 71.10 133.0 123.8 97.71 324.0 434.0 604.7 

B 164.6 152.5 230.1 182.5 155.2 439.8 542.2 854.7 

Ħ 6-4 ćŃýŋ�±*a>TVpI^kirR 

Ħ 6-5 glBOVmŉ*a>TVpI^kirR 
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aε−α+ b PO3M PO4M POP POMOM POMOE POE PODIMP 

Tk 2.246 2.598 2.456 2.266 2.680 5.403 47.54 

a 515.0 558.5 404.6 1049 705.3 305.5 460.8 

α 0.1231 0.1289 0.1224 0.1201 0.1234 0.1741 0.4303 

b -251.1 -274.5 -204.3 -541.9 -357.1 -116.1 -147.2 

Alogε−1 + B PO3M PO4M POP POMOM POMOE POE PODIMP 

Tk 20.51 15.35 4.750 13.68 6.794 10.64 58.11 

A 75.23 87.37 63.82 157.2 111.4 60.36 165.8 

B 119.0 139.6 135.1 249.9 219.5 122.8 173.6 

Ħ 6-6 glŀ�ûŉ*a>TVpI^kirR 
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