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The Effects of Households’ Characteristics on Simplification of Food
Consumption

Nobuko NGANGA

Faculty of Home Economics
Kobe Women's University, Suma Kobe 654-8585

Abstract

Currently in Japan, “cooked foods™ and “eating-out™ are replacing the “home cooking™ in the households. The
behavior is due to women’s career advancement, downsizing of the households, among others. Thus, the diet
inclines towards simpler and convenient food preparations. Therefore, this study classifies home cooking expenses
into raw food materials that require cooking and those convenient foods. It also clarifies the impact of the household
factors on the expenditure in home cooking categories, cooked food, eating-out and other foods applying Linear
Approximate Almost Ideal Demand System (LA/AIDS).

The income elasticity of the raw food materials, convenient food, and cooked food in all age groups of household
heads was less than | for necessity goods. However, the income clasticity of eating-out in all ages was greater than
1 for luxury goods.

In all age groups, the household size’s effect on the expenditure share of eating-out decreased due to the economics
of scale of the large households eating at home than eating-out. This effect was higher for the young households.
The results also indicate, the number of earners’ effect in the expenditure share of eating-out increased in almost all
age groups, since the time spent on household work by employed wives decreased.

Keywords: simplification of food consumption, Linear Approximate Almost Ideal Demand System, household size,
women’s career advancement
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Abstract

Background: Sarcopenia is age-associated loss of skeletal muscle mass and muscle function leading to frailty,
insulin resistance and type2 diabetes in the elderly. It is a critical challenge to prevent sarcopenia to extend healthy
life expectancy in the rapidly aging Japanese society. Objective: This study was carried out to examine the impact of
the intake of milk containing branched chain amino acids (BCAA) including leucine, isoleucine and valine, which
is the main amino acid of skeletal muscle on serum and body composition. Participants: Subjects were 22 healthy
female and male aged from 67 to 87 years who gave consent to participate in the present study. Measurements:
Blood analysis and body composition were compared between before and after the intake of milk for two months.
Nutrient intake was analyzed by brief-type self-administered diet history questionnaire (BDHQ). Results: Leucine
in serum (115.9+25.4nmol/ml) increased significantly after intake of milk (128.6+21.3nmol/ml) (p<0.05). Weight
(56.8+9.8kg), body mass index (BMI) (24.1+2.2kg/m?), fat mass (18.5+4.3kg), body fat percentage (32.6+5.4%),
and the intake of cereal (433.7+203.3g/day) decreased significantly after the intake of milk (55.4+9.6kg, 23.542.2
kg/m?, 17.1+4.5kg, 30.8+6.0%, 346.1+133.7g/day, respectively) (p<<0.05). Muscle mass had no change after the
intake of milk. Conclusions: Intake of milk for two months significantly increased leucine in serum, and decreased
fat mass, though muscle mass had no change in the Japanese elderly.

Key words; milk, leucine, fat mass, Japanese elderly

Introduction

It is known that muscle mass in eighties is
almost half of that in forties". This age-associated
loss of muscle mass and declining muscle function
called sarcopenia impaired the physical activity
and independence which would causes frailty and
decreasing quality of life in the elderly®. The loss of
muscle mass would also be a pathogenic factor for
insulin resistance and type2 diabetes which might
cause mortal diabetic complications as coronary heart
disease, diabetic nephropathy and cerebrovascular
disease™”.

Sarcopenia is caused by multiple age-related
factors such as declining in nervous system and
hormone secretion, deterioration of muscle cell
proliferation, physical inactivity due to chronic disease,

insufficient intake of energy and protein®. Sarcopenia
refers to low lean mass, but sarcopenia can occur also
in the overweight by excessive nutrient intake which
is called sarcopenia-obesity. It exacerbates the decline
of muscle mass and strength due to physical inactivity,
and it worsens insulin resistance and the risk of type2
diabetes®.

The effective treatments for sarcopenia are
taking resistance exercise, sufficient nutrition, and
the prevention of chronic disease which would
cause inactivity and frailty”®. Since branched chain
amino acids (BCAA) including leucine, valine and
isoleucine are main amino acids of skeletal muscle,
muscle protein synthesis is regulated by BCAA,
especially leucine, it could be considered that the
intake of leucine combined with resistance exercise
is an effective treatment for sarcopenia with muscle
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synthesis”'”. Moreover, muscle damage induced
by exercise is reduced by the supplementation of
BCAAW I‘IZ)_

In this study, we investigated the effects of intake of
milk containing a lot of BCAA and compared between
before and after the intake of milk in body composition
and blood analysis in the Japanese elderly. Our basic
research findings will support the promotion of milk
intake and exercise for prevention of sarcopenia, which
is a critical challenge for us in rapidly aging Japanese
society.

Methods

We carried out this study in accordance with the
Declaration of Helsinki. This study was approved and
carried out according to the guidelines of the ethics
committee of human research of Wayo Women’s
University. The subjects gave written consent to
participate in the study. This study was carried out in
2014.

Subjects and body composition

Subjects in the present study were 22 healthy
elderly individuals (15 females and 7 males) aged from
67 to 87 years (76.9+£5.0: Mean+S.D.), who lived in
Kanto area of Japan. Weight, lean mass, muscle mass,
muscle mass percentage, fat mass, body fat percentage,
and estimated bone mass were measured by multi-
frequency segmental body composition analyzer
(TANITA MC-190). Height was measured and body
mass index (BMI, kg/m?) was calculated.

Analysis of Food and nutrient intake

Brief-type self-administered diet history
questionnaire (BDHQ) was conducted for analyzing
food, energy and nutrient intakes'""'*. The subjects
were requested to answer the questionnaires which
contain the kinds of food, amount and the frequency
the subjects had for the previous one month of the
investigation. 4 page sheets filled by each subject was
sent to the EBN JAPAN (DHQ Support Center, Tokyo,
Japan) which analyzed energy intake, nutrient intake,
kind of food and amount of food.

Intake of milk and blood analysis

Subjects took 180ml/day regular milk for two
months. The timing of taking milk was not defined.
Before and after the intake of milk, blood sampling
was carried out approximately 2 hours after breakfast.
Blood was analyzed by SRL Co., Ltd. (Tokyo, Japan).

Statistical analysis

Body composition and blood analysis values were
compared between before and after the intake of milk.
Two-tailed paired student’s t-test was performed and
p<0.05 was considered significantly different.

Results

Body composition

Tablel shows body composition before and after
the intake of milk. The values of weight (56.8+9.8kg),
BMI (24.1£2.2kg/m?), fat mass (18.5+4.3kg), body
fat percentage (32.6+5.4%) before the intake of
milk significantly decreased after the intake of milk
(55.449.6kg, 23.5+2.2 kg/m?, 17.1+4.5kg, 30.8+6.0%,
respectively) (p<0.05). Lean body mass (39.3+7.6kg
vs. 39.3+7.6kg), muscle mass (37.2+7.3kg vs.
37.2+7.2kg), and estimated bone mass (2.1+0.4kg
vs. 2.1=£0.4kg), were the same before and after the
intake of milk. The values of muscle mass percentage
(67.245.8%) after the intake of milk were significantly
higher than the values before the intake of milk
(65.5+5.2%) (p<0.05).

Analysis of Food and nutrient intake

Nutrient intake was shown in Table2. Energy
intake before the intake of milk (1920.5+624.9kcal/
day) and carbohydrate (266.6+99.6g/day) decreased
after the intake of milk (1860.6+663.3kcal/day,
240.2+96.9g/day, respectively). The intake of protein
(77.1+25.3g/day), mineral (20.6+=5.4g/day), cholesterol
(407.8+£137.9mg/day) increased after the intake of
milk (85.3+£39.6g/day, 23.3+9.6g/day, 483.7+305.5mg/
day, respectively), though there was no significant
difference. Food intake was compared before and after
the intake of milk (Table3). The values of green and
yellow vegetables, other vegetables, beans, sea foods,
eggs, dairy, sweets increased after the intake of milk,
but there was no significant difference. The values of
tubers, oils and fats, fruits decreased after the intake
of milk. The intake of cereals decreased significantly
after the intake of milk (433.7+203.3g/day vs.
346.1+£133.7g/day) (p<0.05).

Analysis of blood

Analysis of blood was shown in Table4. The values
of serum albumin, total cholesterol, LDL-cholesterol,
HDL-cholesterol, triglyceride and calcium were almost
the same before and after the intake of milk. Table5
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Before taking milk

After taking milk

Weight (kg) 56.8 £ 9.8 554 = 96
Fat mass (kg) 185 +4.3 171 = 45"
Body fat percentage (%) 32.6 £ 54 30.8 +£6.0"
Muscle mass (kg) 37273 372 =72

Muscle mass percentage (%) 65.5 = 5.2 67.2 = 58"
Lean body mass (kg) 30376 39.3 =76

BMI (kg/m?) 241 =22 23,5 = 22"
Estimated bone mass (kg) 21 =04 21 £04

Mean=S.D.

# : Significaant difference before and after the intake of milk (p<0.05)

BMTI; body mass index

Table2. Energy and nutrient intake

Before intake of milk

After intake of milk

Energy intake (kcal)

Protein (g/day)

Fat (g/day)

Carbohydrate (g/day)

Mineral (g/day)

Saturated fatty acid (g/day)

Mono unsaturated atty acid (g/day)
Poly unsaturated atty acid (g/day)
n-3 fatty acid (g/day)

n-6 fatty acid (g/day)

Cholesterool (mg/day)

Dietary fiber (g/day)

1920.5 + 624.9
77.1 = 25.3
54.6 = 17.9

266.6 = 99.6
206 =54
147 £ 57
19.1 = 6.6
134 + 3.9

2709
10.6 = 3.1

407.8 = 137.9

146 £5.2

1860.6 + 663.3
85.3 £ 39.6
576 + 20.1

240.2 = 96.9
23.3+96
15.3 £ 5.5
197 = 71
14.2 + 54

3317
10.8 = 3.7

483.7 £ 305.5

15173

Mean=S.D.

Table3. Food intake

Before intake of milk

After intake of milk

Cereals (g/day)
Tubers (g/day)

Green and vellow vegetables (g/day)

Other vegetables (g/day)
Qils and fats (g/day)
Beans (g/day)

Seafood (g/day)

Meats (g/dav)

Eggs (g/day)

Dairy (g/day)

Fruits (g/day)

Sugar (g/day)

Sweets (g/day)

433.7 = 203.3
51.7 + 43.3
101.9 = 50.3
186.1 + 112.8
11.0 £ 5.1
704 £ 56.5
87.0 = 34.6
816 + 73.2
40.6 + 25.7
147.0 = 83.8
1895 + 114.5
545 + 345
55.0 = 414

346.1 £ 133.7*
387 £ 287
111.9 + 56.9
208.9 + 150.9
0.8 5.5
84.9 = 58.6
125.0 = 102.9
64.5 = 32.9
43.8 = 28.0
163.2 = 101.7
163.9 + 84.5
5.95 + 3.51
67.6 = 63.3

Mean=S.D.

¥ ; Significaant difference before and after the intake of milk (p<0.05)
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Table4. Blood analysis

Before intake of milk

After intake of milk

Albumin (g/dl) 43 =03 43 +0.3
Total cholesterol (mg/dl) 210.0 = 334 213.7 &:85:5
LDL-cholesterol (mg/dl) 1224 = 33.2 125.9 £+ 31.3
HDL-cholesterol (mg/dl) 59.7 £ 13.9 60.3 = 14.5
Triglyceride (mg/dl) 152.1 £ 51.5 155.9 + 63.5
Calcium (mg/dl) 95 %= 0.3 9.5+ 04

Mean=S.D.

Table5. Blood analysis in essential amino acids

Before intake of milk

After intake of milk

Threonine (nmol/ml) 1247 = 30.8 130.7 = 26.8
Valine (nmol/ml) 2279 + 39.2 236.0 = 364
Methionine (nmol/ml) 270 £ 6.1 28.5 = 6.2

Leucine (nmol/ml) 1159 + 254 128.6 = 21.3*
Phenylalanine (nmol/ml) 61.9 = 11.0 66.7 = 10.6
Histidine (nmol/ml) 78.0 £ 7.8 777 =389

Tryptophan (nmol/ml) 54.6 £ 114 55.3 £ 10.1

Isoleucine (nmol/ml) 67.9 = 16.9 720 £ 15.9
Lysine (nmol/ml) 199.9 = 40.2 2074 = 325
Total BCAA (nmol/ml) 4116 = 78.2 436.6 = 71.0

Mean=S.D.

* ; Significant difference between before and after the intake of milk (p<0.05)

BCAA; branched chain amino acid

showed the values of essential amino acids in serum.
The values of threonine, methionine, histidine and
tryptophan, were almost the same before and after the
intake of milk. The values of valine, phenylalanine,
isoleucine and lysine increased after the intake of
milk, though there was no significant difference. Total
BCAA, valine, leucine, isoleucine increased after
the intake of milk, and especially leucine increased
significantly (115.9+25.4nmol/ml vs. 128.6=21.3nmol/
ml) (p<0.05).

Discussion

In the present study, we tried to show basic research
results for the formation of public health policy for the
prevention of sarcopenia. Intake of 180ml regular milk
a day for two months increased leucine level in the
elderly. Many studies in humans and animals reported
that the intake of leucine in the meal stimulated protein
synthesis in skeletal muscle via rapamycine-sensitive
pathway, and the peak of protein synthesis was 30
to 60 minutes after leucine administration'®*". Our
results showed that the intake of milk for two months

increased significantly leucine level in serum, but the
average of muscle mass was exactly the same after the
intake of milk. Shad et al. have shown that more intake
of leucine would be required to respond to exercise in
the elderly in comparison with the protein synthesis
in the young®**. Muscle protein synthesis should be
stimulated and muscle mass should increase, if the
older subjects intake more milk along with exercises.
We will confirm this hypothesis in the next study.

Our results indicated that fat mass and weight
decrecased significantly after the intake of milk.
Jiao et al. study using animals showed that leucine
supplementation decreased lipogenic enzymes
such as fatty acids synthase and acetyl-coenzyme
A carboxylase leading to the improvement of lipid
metabolism?®?
explained by this mechanism. However, the significant
decrease of cereal after intake of milk might be the
reason for the decrease of fat mass. It was reported that
leucine supplementation enhanced leptin sensitivity by
promoting leptin signaling®®. Fat mass decreased by
the intake of milk, because leucine supplementation
decreased fat mass directly, or leucine decreased intake
of cercals by enhanced leptin sensitivity leading to

. The results in this study could be
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reduction of fat mass indirectly. Decrease of fat mass
would lead to prevent sarcopenia-obesity.

In the present study, we showed basic dietary
habits in the elderly for preventing sarcopenia. We
would like to confirm the obtained results in this
study by undertaking another research project with
greater number of subjects. We hope our results could
contribute to the formation of public health policy for
increasing healthy life expectancy in the rapidly aging
Japanese society.

Conclusion

Our study showed that intake of 180ml/day
regular milk for two months increased significantly
leucine level in serum. Fat mass, weight, body
mass percentage, and intake of cereals significantly
decreased after the intake of milk, though there was no
difference in muscle mass. Muscle protein synthesis
should be stimulated and muscle mass should increase,
if the older subject’s intake more milk along with
exercises. We will confirm this hypothesis in the next
study with greater number of subjects.
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High-Temperature Expansions of Frenkel-Kontorova Model Using a
Numerical Analysis of Cumulants

Kazuhiro TAKAHASHI

Faculty of Home Economics
Kobe Women's University, Suma Kobe 654-8585

Abstract
High-temperature series expansions of the Frenkel-Kontorova (FK) model are investigated: Power series
expansions of Takahashi-Mannari-Ishii is extended to first eight order terms of cumulants. A numerical analysis
of cumulants on FK model having the density p=2/3 is carried out. Free energy is obtained numerically in the first
cight order cumulants. The specific heat of FK model based on the expansions is discussed.

Keywords
high-temperature expansions, Frenkel-Kontorova model, one-dimensional superionic conductors, free energy,
specific heat

1. [FLBIC

Frenkel-Kontorova (FK) €7 W&, 234 (HRKae) TORPNIZNTFHRMAT > 2 v (b)) iz
HBETNTHE, NAZLBMEEHERM AT W hbWEL > TVEETVTHLHL, 22OHA

HITHILTHADBEKD LIRLEVERT, FKEFTVIE, 4D HFTHWONLTWSE, V2

IAT74 Y FDOLBVFKET N (a=b) LLTIE, BHHEFR>—RICHEMEEDOE TV HH Y, sin-GordonE
THWELTHESNT VS, ¥ =, IRATAy MEHTHFKET NV (a+b) 1213, —RLElA 4 2 EEEDOET
WHHY . ZLDMFEN DL Y YV BEEDET VIOV ER TV A,

A R EARIT, R TR TR MA A4 L IR FHEEH ST 2T A+ 505, —RICEA
F 2 BEAR T, WEY A A 2 B OMESERZ A TEML ., By A 4 A ORMAAL T 62T D0 %
AR T > e TEMTHEFKETVEL S,

e BT A OB RIS B W TE SO ELTDH D, AR L0 IEIZF 5 L7z, ¥ Scheider-
Stoll? {&sin-GordonE 7V O ) F DM RO T, +orHim TIE AR 7> Yy VDR EIZNSWEL,
IAT4 v FDBRWFKET N (a=0) OFIRERTITOWHRO#iIEH E C:Rd7-, Takahashi-Mannari-Ishii®
X SIREROLEESISICRESE FKETN (a=b, a+b) IZ#IG L, NFREERB XXy 2V Bl
ERZTV AR AV F —BIVRBAEORD ¥ 205 2 FETRATNTETROZZ — IS, BiRERO )
i BEHORBABVIEERVWRHREE525,
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AIH5E T2, Takahashi-Mannari-IshiiOff9E % S HIEE S5, SAT4 v A THRIZBWT, 8kRD
Fa2 LT PETRD, COHEOFEMEZF L. SimERHTIE, — &I, BROKREFHALE, LR
B HEEFSBUCHIML B B HHHEC B, £2 T SHIE BROE—A BIUF I 25 b2 EHE
WIZXDRDSB,

2. EFIVEERER

FKEFWEHAEUTH Sh SN EEROEE JERICLLZCOSRORBHA T v Vb5,

Vo= Y (- x, —a) + 23 (1-cos X x,) o
2 F 2% b

ZIT x EnFEHOR T OFE, pld SRR, UdEBRORMART > vV ORS TH D, WIKIREL %
ZAHE BB EDRMART Y e iud, U=0. R FIERMea T, NRAMI LA B R ITH
1 u=0. FRTFIZFHbDET Y L ¥ VDIKIZE S, DL, TR, 220 e bBLU20DFEF>
YANDEE, u UDKEZDFERFVIZEST, H4OwRDL B ZRTIEDWFFIN S,

R HERR x =na+y BEH|L y THELE,

V=2 T =) 5 T -c0s 4,) @)
¢ ~ 25 +an, a=21% (2b)
n b yn ) b

Lk, 220 MO, p=b/a. 3IEBORMAETY vV HEMLZ DO FERTBEELTWES, —kICEA
F EBEEOETNIIEBWTIE, U2 05<p<l THwbh A,

2.1 mmERDTGE

B ORMAET Y VHBHEMEHLID NSV ETZE, PaERIcBWTI, SR HEEBORR T~
XNV EBHINELBWEA NG, (2a) OFVHZ IEHEIH, F20eHEIHE L, FKRODRHE. &5
2 Al AV F—2 HB R T 5. Y

FOGERMEZ ZIEBRT 232V V IZB 5T TRl b LI BT 2.

Z, = Z ,{exp(zv,)>, exp(—7N ) (3a)
z, =fGXP(—ﬂVO)1:[ dy, (3b)
A, = Zi [4 exo = p7OTT @, G0
vy =2cos g, T=ﬁ% (3d)
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ZZT P=1/k,T. ki3 RNy = @8 TRIRETHS, £72 NIk, ROKTHEET, ZOL X,
HHZ &L F—1,

F,=—k;T In Z,

U
= —k,T InZ) + —N + AFE (4a)
2 P
AF, = —k,T In<exp(zv,)), (4b)
LETD FOERTIR <1 BB ZE L, Indexp(7v,)) % tTRET S L.
Z-P
AFE = —k,T In (1 +Z = @)
TP
= -kT2 St (5)

T il Y <v1P>O (& pRODE=AZ b, u ld pROF2LT7 Y FTH S
2.2 E—XArb
A LR o, ZHAL cos ¢, THEHMERTLE, pROE—AZ M,
Py =2 ... 2 <cos ¢, ... cos .2,

= NZ nz ;; ;<exp( iﬁj 8,2,

(6)

}_’%H%c f:f:‘L\ Jm=i1'6§)za)o y”%7'—])l%‘}%tx
1
Y, =—F7=2 Y, exp( ign)
W% !

EHWBEX (6) DIEHBIICHTH P EFRETE S, EHIT, ¢lZ2WTONE RS Tt liT5 &,

Cexp( iy 08,),=exp([],) (8a)
1=1

P
n, —n,|o,0, +ia no (8b)
1 =1

K
F‘D:?Z

=1

T M~

Eleh, 1275 L B A VAL, IRD A3 .

o'j = O (SC)

J=1
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F7-
k=2’ kBT (8d)
ub’
THbH, K FHAFEHOZ AN F—OIEETATr—VENLREEL-TWA,
3 (8a) & (8b) 2Bk, K (6) 5 pIRDE—A L M,
’ ’ 1
<V1P>0=§...§ ;H'é z—pexp( Fp) (9)

LD AT R (8e) BT I ERIE KT
PBAY VBRI, 0,=21ThH A5, &R 80) 12 k), HRADE—4 ¥ M. V17 D=0, L% 5. fo
T BERDE—RAY POAHBZ ANF—IIHE5T 5,

23 X1 LTFb

Fa2 A7 ML R G ICEDWT, AV IMHEREIND, SIRDF2 LT P TERLE,
ﬂ1:y3=ﬂ5=#7:0 (1021}
My =V (10b)
pa =<0~ v 2 (10¢)
He = (v, 6>0 _15<V14>0 vy 2>0 +30 v, 2>3 (10d)
=715, 28¥, 6y (7,2 =35 D7 + 42047, %> (v, 2>~ 630¢v, 2> (10e)

THb,

3. X1 LT DB ERET

el BB OREE, IR TV AR LVHIET 5720, 8IRDF 2 57 Y FETEHET L. 247 2 MIBUAEMAT I
XVRDD @FE-ER D5 p=1DRIZBWTITo72F 245 PO AT % p=2/3R KT %, p=1
LTI, X (2h) b a=2rk%0, ahBEHOLX, exp@uni)=1THdH0H, E—A X OEFHHEIZBVT, X

(8b) DI, O Dia HAHDF G137\ LL, p=2/3R Tl a=32THY, BEaIIH L. expBnri)=

(1) "&%b, E—AY FOFEIIBWT (aHPLDOFHEZMD AN L LB 5.

K (10b) ~K (10e) TRIND LI, pROF2 LT X M pRUTDE—AX PTRBEN D pROE—
AP0 KX O IZRTENE Int & ol EOWTOEEMDEFEPLETH L.

it i Cid, CoOBHEMEMATINCE L. X (10a) ~3 (10e) I2EpIROF 2 A7 b2 RDD. H
HZANF—IIRBEERTHE00, TP, N>oTH FBNICHHITE, E-T, pikF¥F 2577
OFHETER T BN AT EZRkD 5,
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%2855 FOBIRIFCIE. T %27 SONIZOWTHEAE AL . 25 & R T BOVIE oS T
ERDBIEEE Do

ST 6ROF 2 85 MBI, ZOFMEL AR R T RS, 200 KISk KR R
ELL 6KOF 2555 ORISR L HBL . BT AIE1T
) 6RDF 2157 bDOEEHOFH

D {00y} EPVTORIK Do, - 0 EWRT A ERILE S,

@ {1y, o} EOVTORL, 6RO EEAE IO ORI H 22T 2.

=t Z{exp(Fﬁ)—15 exp(T, +T,)+ 30 exp(l,, + Ty, + 1, )}

T h6
2° W m

He

- e Ewim)exp(-m)(-1)" -

72U FEAPOr,dThZEhA (10d) FUOFVH, F2HPOZE—AY MO, ThD, T/, 583
HHRDIDD2RDE—AY MDD Iy Typn T ERELTW S w(m)id, FEANCBWC I, =L+, =
L+, 4, =mE BB OB THL, 2D, 6HDOEZHEMOFHHE, “Hohw (m)" ZH. exp(-mk)iZ
DVTOIDDOHTEME T 5. COHETIE E, k. TLIZEEMEZFHTHLEI RV "Hhw (m)" 2
I FIZID BRI LAAELTBE, A AV F—REOWE, « 2 E&LHNFEE, X 0D
&0 mlZ2WTOI2DOHITE T 50 EEROBIEE HIZFORTRANT T 0 7 AZ{ER LAt 5L 720
i) ¥ 57 ¥ bONIZ HBI$ % 50> Bofi ¢ A7

PROE—=AZE, R (9) . OFZHEAMOMRE, —BIC, KT BENCHETIERQ, (V)L
Q,(Nexp(—kN), @, (N)exp(-2k N), R EORBMEEECEOMELRDL, k>0 0, MO
Fid, NEHR LT L, BRI T2, 22T, NOEXQ, (NIZ2WTE 2 5. TG
RO, 6RDE—AYFTEL Q,(N)id NZ2WTOIRDOERIZARLZ LA H 5. 2ED. Q, (N)=
beN'+b g, No+b N+bo DIEE LT WA RATIIIZET R 5 L. 6RF LT ¥ FORMEIZB VTN, NOTHIIE
ZIZHA D 2F), HHZAVF—ENICHBITEREERTHL I L2 RAEL TV 5 BUEMATIZB T
I3, SORICHIERT S,

KT BNEIT 8L,
Mg = Ag(N) (12)
At 5. 20WT A (N)DRBEEBIIB (N ZFHH T 5.
Bg(N) = Ag(N +1)— 44(N) (13)

B(N)D £ 1B MISETWTHL I LT, AN, NV, NP REOHIZEThTO AW I L HATE
Do T NIES WEMITIZH A, 6IRF 24557 FONIZHHI T A2 HEASHEELEIETE S,
SOOI, SREFTOF ATV M RROAR T AN F—, LA E 45,
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4. BREEBE

41. Fa L POBEREOHER

k=165 LWk =31TOB(N)DE B % RUIR T CUMGK, EFTMIZHON T AR TH B, T2,
CUMG6TAY — L7 AR 2,

_|Bg(N)-CUM6 |

ERR
CUM6 |

(14)

EHWEERH OB AR 2 1T o720 R ZRUIRL TV Lo BHEER RIS, MR E L SN H ¥ 5122
N—EHIEDTWT WS, GHRRELIRAIZR R 5,

x1 HEF 6ADFLLTH

k=16 k=31
CUM6=-0.1041923089 CUM6=0.5537246438
N BUHER (k=16) ERR Bt (c=3.1) ERR
2 040631061 490E+00 0.56862008 2.69E-02
3 -0.28533513 1.74E+00 0.55251846 2.18E-03
4 -0.04767414 542E-01 0.55381003 1.54E-04
5 -0.12052791 1.57E-01 0.55371902 1.02E-05
6 -0.09972078 4.29E-02 0.55372525 1.09E-06
T -0.10536622 1.13E-02 0.55372427 6.66E-07
8 -0.10389451 2.86E-03 0.55372477 2.34E-07
9 -0.10426380 6.86E-04 0.55372492 5.00E-07
10 -0.10417381 1.78E-04 0.55372441 4.21E-07
11 -0.10419709 459E-05 0.55372418 8.46E-07
12 -0.10419110 1.16E-05 0.55372540 1.37E-06
13 -0.10419891 6.34E-05 0.55372438 4.75E-07
14 -0.10418621 5.86E-05 0.55372420 7.99E-07
15 -0.10419502 2.60E-05 0.55372540 1.37E-06
16 -0.10419198 3.14E-06 0.55372414 9.05E-07
17 -0.10419770 5.18E-05 0.55372469 7.53E-08
18 -0.10418438 7.61E-05 0.55372510 8.17E-07
19 -0.10419914 6.56E-05 0.55372469 7.69E-08
20 -0.10418489 7.12E-05 0.55372420 7.98E-07

k=16TRIN=11L LD L &, 10 REDO#RETDH S, BRI/ SWRT- BN T, AT IDRLTY
LD be k=31TId, N=5L LD L&, 10 BREDORETH 5, 2200 E TId, HidlZEFH B
Bl oTwWa,

CONHRIZE S LI, N=20L L. 8RDF 245 ¥ METOTRTORBOF 245 MIOWT, it
BEfTo7,
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4.2 LD REFER
PROF2 LTV e 4 =g NEL, WEIOETRzg BV 5L, BT AN F—AF 1&,
- _ e p2 s 4y 96 .6, T 8 (15)
AF;)— NkBT(z!r + 4!1' + 6!T+ SET)
TRE D, 3 (15) OHBZ RNV F—FH 2L RBC I3,

1 0 o  AF

C,= kg ———{TZ—(—”)} (16)
N oT oT T

LEID RETRICEERRLE, W C, /k, 1,

4 2n
Col by =143 —2_© (xz 2 ‘12")

nm1 (2n)! Ok ok k2"
4 1 U 2n 62 6
= 1# . {KZ— —(4n-2)xk—gq,, +2n(2n-1 } 1
n=1 (2”)’( K‘J axz 92n ( L ) oK q3n H( n )QZn (17a)
1
U, :,u(b; nt (17b)

Libo BEEMEIC LY RO HBHT AV F—% b LI, BB E AV TE R L 2.
p=3/2, U=0.16*0D & E DI DM EKAEZ KUR o BBOWE I A — b SHHEE, k, THS
NTV5. 2RDF 2 LT FETOEPHHKRF2 LT Y METORME T, AMHDEVDOMRAIRLTH S,
(LU Tty SHOHE2UELL 40T 63RITEL 8UEMETET)

(a) (b)
1.06
1.03 .'
U/ub?=0.16 - U/ub2=0.16 .,ﬁ
i
" .l s
o 1.04 - o 1.02 A
= A2RET X . o 4 A2RET
g > e,
- 3 o ® g ‘e
& mARET = . Wy 4 WARFET
1] O e =u A
= mET £ A e *
K] *62 z [ *6RFET
£ 102 &= I S '._ ,I'_' y ‘&
3 e 3 MET E o e o 4
g b J * ) ®8RFET
w 5 b4 o A
b T N
A
1 T 1 : ! . \
1 2 3 4 5 6 7 8 1 15 2 25 3
Normarized temperature K Normarized temperature K

Bl HEBOGREKTME.  p=3/2.U/ub?%. (3 RETHE 1=« =8. (b)if(a)DiEXE.

1 (a) &0, KAOY =27 X0 il Mo+ 58 il P T X TORPO# R —H LT D% i
EETFTW e, 28IERL 45E A ED RO EPIINIZ, FHROEPUN ST TN LA G H 5, K1
(b) &, 4%, 6 UL, UGEBOR R EFE L W70 RRM O FIRZILALTRLT WV 50 FAF%E
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TH LSRR L 228K PO KR, 4UEEL L 6UGEPDMIZH D 6IRODEPITEVHR E LR 2T A,
EBOFPART e VDORES, U, 2/hEts

103

T 72y p=3/2, U.=0.10720 & X DD RIEKAIEE

102 B21ZR . MIDMHRERETEE, &EEFMNICHAD
g e | MAVRE 0T VD, 70, KEBOFRE BT S
& A EET | 4o PO, KBOY—2 O il T—5
é . T Lewsciabbs. UbASEBE, RO
g

TRUVERZL5ZATWAZ EIZR D,

099

Normarized temperature k

2  EEEOBEEFEM, p=3/2. U/ub®=0.10.

5. %&8

IAT4y bl TAFKEF VORI M %17 -7z, Takahashi-Mannari-Ishii® O 78 % % & (2588 X4,
p=3/20FRIZDOVWT, 8KDF 245 FE TRz F2 47 7 FOFUEGH I, BfF-EEKY 25, p=1®
RIZBWTTo 7R p=2/3RIZIR L, BUEATZTo 720 pIROF 2 57 Y O S EHOFHHZ "HAR
w (m)" WV, 12OACESB|A, X (1D TEHET2. SOFEE, AHZAVF R BERTH LI L
WHHL, PHWR TRNOFTE T, 245 Y FONIZHIT 25250 X CRO 2 BT Th 5. 1 EH
EL.OIRDF 2572 MIOWTHRHEL . TR R L DT, AT M E T 7, MIRELRUIRLTY
%o k=160 H. N=110 LONTHIX#ER, 10BETH L, RILIZEFIHEMEIR L5, «=3.1T,
N=6LL LONTHIA 10 ~10"FEEE ISR 2TV Do ARG, BNFENME, N—ooo, TRDLRE R
A AR T BNZOWTOM TR IR TE S,

N=20THtfL7c* 27 v b2 &Il ROAHZANVF—, BIORBAOGBEEIT-120

p=3/2, U=016n*D L EOLBORERFEZFT L, HRAZHUIRLTWS, BBOE—7ED)EW
TR TIE A2 DEPOH R LD L., 2ZREPTLRVHEREGI TS, WEETIFAE, KKRDE
PLOFRBMUZERDEPDFE R ST TV RAFFETH LLFHE L 728 BB #E A 1L, 4UEPLE6
WEBOIZH S, 6ROEPDOFITENZ LD h o7z BROEPEFLLFE LS LIZLY, miEH
DIRDECD, LVWSDNITHRo7c, EHIC, MR TF VY VO KELEUNLY ISR, p=3/2, U=010n"
Z2oWTHBORERFEL R Lz fiREM2IIRLTWS, M1 (a) OfREETL L, oY -~
INERET 42O EPOFELS —HLTBIIRROEPSKIRE T, LOKEREIRTELI L5 H»
%,
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PR E L7z AL, 201248 O F-H2HERHIH D MR L 2 W EEFBHBITH Y, FHIZ2H B OHE~A
e L. ERG R, RERHIA2 RS2 Y L, FEREEICI2AEMNELIT 72 WHE R EOH
BEOEREZFAKRBIN SV BEZIRAEDZOD TN —F I3 H L TR L2
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