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Isolation and structure determination of minnamide A which has unique biological activity
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Performance Analysis for Lossy-Forwarding
Relaying in Nakagami-m Fading Channels

Shen Qian*
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Abstract—Lossy decode-and-forward (DF) relaying, also known
as lossy forwarding (LF), has attracted much attention since it
can significantly enhance the transmission reliability and expand
the communication coverage at a small increase on computational
effort compared to its DF counterpart. Meanwhile, it can further
simplify the operations at the relay node by removing the
error-detecting operation, e.g., cyclic redundancy check, which
is usually encompassed in the conventional DF. Due to these
advantages, LF has been intensively investigated with the aim of
its applications to various cooperative communication networks
having different topologies. This paper offers a comprehensive
analysis on the LF relaying strategy and makes comparisons
between LF and DF. As expected, the performance enhancement
of LF over DF has been demonstrated in the exemplifying
scenario. LF has great potential to be applied in future 5G
wireless communication networks, e.g., device-to-device, vehicle-
to-vehicle, and machine-to-machine communications.

I. INTRODUCTION

A promising cooperative technique called lossy forwarding
(LF) relaying [1] has gained a lot of attention recently, since
it improves throughput efficiency and reduces the outage
probability, compared to the conventional decode-and-forward
(DF) relaying [2]. Unlike the conventional DF strategy [3], the
decoded information sequence at the relay (R) is interleaved,
re-encoded, and transmitted to destination (D), even though
errors may be detected in the information sequence after
decoding at R. Iterative processing between two decoders at
the destination, one for decoding the signal received via the
source (S)-D link and the other for that via the R-D link, with
log-likelihood ratio (LLR) exchange via a LLR modification
function improves decoding performance. The LF technique
can be viewed as a distributed joint source-channel coding
system with side information [4], [5]. It has been found that LF
can achieve turbo-cliff-like bit error rate (BER) performance
over additive white Gaussian noise (AWGN) channels [6].

In [7], the initial idea for LF is provided by utilizing
Slepian-Wolf type cooperation for wireless communications.
The coding algorithms are proposed for fading relay channel
in [8] with the purpose of achieving the turbo processing gain.
The key concept of the coding technique for LF is introduced
in [1], where it assumes that the relay does not need to
necessarily recover the information sent from S perfectly. In
[9], a three-node LF relaying over Rayleigh fading channels is
studied by identifying the relationship between the DF protocol
and Slepian-Wolf coding [10]. However, a drawback of [1], [9]
is that the admissible rate region is determined by the Slepian-
Wolf theorem which does not perfectly match the problem

* Assistant Professor, Dept. of of Information Systems Creation

setup, since only the information of S needs to be recovered
at the destination. Zhou et al. [2] eliminate the aforementioned
drawback by utilizing the theorem of the source coding with
side information in the network information theory. Based on
[2], the technique is further extended to multiple access relay
channel (MARC) [11], where a pair of correlated sources
are transmitted to a destination with the aid of one relay.
Furthermore, He et al. [12] and Qian et al. [13] apply the
LF technique to multi-source multi-relay systems.

This paper discusses in detail the theoretical performance
limits of LF relaying, including theoretical performance limits
and comparisons among different relaying schemes. In the
paper, we provide a general study of the state-of-the-art in LF
cooperative relaying. More specifically, we start by introduc-
ing some information-theoretic preliminaries, e.g, distributed
lossless source coding and distributed lossless source coding
with a helper.

II. INFORMATION-THEORETIC PRELIMINARIES

In this section, we present some important information-
theoretic preliminaries, which will be utilized in the perfor-
mance limit analyses of LF. To be specific, we provide the
achievable rate region for distributed lossless source coding
and distributed lossless source coding with a helper. Also, we
introduce Shannon’s lossy source-channel separation theorem,
which is used to measure the lower bound of distortion,
occurred in the S-R links.

A. Distributed Lossless Source Coding

In this subsection, we introduce two important theories
related to distributed lossless source coding. The first one
considers the transmission of correlated sources, where all the
sources need to be perfectly recovered at the destination. The
second one considers the transmission of correlated sources
with a helper. The difference in the two cases lies in that
the helper does not need to be recovered in the second case.
Its functionality is just to help the recovery of the correlated
sources.

1) Slepian-Wolf Coding: Distributed lossless source cod-
ing system is depicted in Fig. 1. Let {X7, X3,..., X},
be a sequence of jointly independent and identically dis-
tributed (i.i.d) discrete random tuples generated by the sources
Xq,Xo,...,Xn with a joint probability density function
(pdf) p(x1, 2, ...,2N). According to the source coding the-
orem, if all the sources are encoded together, a sum rate
H(X1,Xs,...,Xy) is sufficient to achieve lossless decoding.
However, if the sources are independently encoded with rates
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Fig. 1. Distributed lossless source coding.
R
Independent
Sources
Correlated
Sources
H(X1|X2)  H(X+) R
Fig. 2. The achievable Slepian-Wolf rate region for two sources.
Ri,Rs,..., Ry, we get the following achievable rate region

originally introduced in [14]:

Theorem 1 (Slepian-Wolf Theorem): Let H (X (S)) denotes
the joint entropy of the tuple (X, : j € S) and
S¢ denotes the complement of the set S. A sequence
{XH X3, ..., X§1%°, of discrete random tuples is drawn
according to (X1, Xo,...,Xn) ~ p(x1,29,...,2N), Where
Xi € X, n = 1,2,...,N. Then, for any rate tuples

(R1, Ra, ..., Ry) that satisfy
STR; > H(X(S)|X(5%), ¥SC{1,2,....,N}, (1)
JjES

the error probability of joint decoding (JD) at the destination
can be made arbitrarily small.

An achievable Slepian-Wolf rate region for two correlated
sources, i.e., X; and Xy, is illustrated in Fig. 2. It can be
observed that the rate region achieved by applying JD is
larger compared to independent decoding and the improvement
depends on the correlation between the two sources.

2) Distributed Lossless Source Coding with a Helper: The
Slepian-Wolf coding assumes that all the correlated sources
need to be recovered at the destination. However, in coop-
erative relaying with the aim of higher diversity, relay(s) is

X .
——L 4 Encoder 1 i»
XQ X2

" Encoder 2 — Joint s
Decoder
X X
—N- Encoder N {J =N,
Y
—Encoder N+1

Fig. 3. Distributed lossless source coding of an arbitrary number of sources
with a helper.

(are) only serving as helper(s), see Fig. 3, where the helper
Y can be the network-coded version of the estimates of
X1, Xo,---, X in multiple access relay channel (MARC),
for instance. In the presence of the helper, the achievable
rate region will be further enlarged compared to that without
any helpers by following the theorem of conditioning reduces
entropy. More details on this are offered in the following
theorem:

Theorem 2 (Distributed Lossless Source Coding with a Helper):

Let {Xi, X4 ,...,X§, Y}, be a sequence of jointly
iid discrete random tuples generated by the sources
X1,Xo,...,XN,Y. The achievable rate region for the
lossless recovery of (X1, Xo,..., X ) with a helper Y is the
set of rate tuples (Ry, R, ..., Ry11) that satisfy

Z]ESR]- > H(X(S)|U,X(S%)), VSC{1,2,...,N},
Ry > I(Y3U),

@)
for some conditional probability mass function (pmf) p(u|y)
with [U| < Y|+ 2N — 1.

The achievable rate region for lossless source coding of one
source with a helper is shown in Fig. 4. It can be seen that
the achievable rate region is larger than that of Slepian-Wolf
coding (referring to Fig. 2) because there is no need to recover
Y. The achievable rate region for distributed lossless source
coding with more than one helper is unknown in general even
in the case of single source.

B. Shannon’s Lossy Source-Channel Separation Theorem

The concept of LF allows intra-link errors in the network.
The information transmission in the source-to-relay (S-R)
and relay-to-destination (R-D) links can therefore be modeled
by Shannon’s lossy source-channel separation theorem. The
theorem states that the transmission of a message from a
transmitter to a receiver with a distortion D, needs to satisfy

R.R(D) < C(v), ©)

where R, is the spectral efficiency including the channel code
rate and modulation order, R(D) is the rate-distortion function,
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Fig. 5. The block diagram of the three-node one-way relay system.

and C(+) denotes the channel capacity (Gaussian capacity or
constellation constrained capacity) as a function of receive
SNR 7.

In LF, we focus on discrete binary sources and therefore,
the distortion is expressed as:

R(D) =1— Hy(D), ©)
where Ho(D) = —Dlog,(D) — (1 — D)log,(1 — D) is the

binary entropy function. With the help of (3) and (4), we can
derive the relationship between the distortion and receive SNR:

Dmin - { Hgl(l_C(V)/RC)v forOS’Y<’Y*

0, fory > 7", ®)

where v* is the minimum SNR required for zero distortion.

III. ONE-WAY RELAY NETWORK

In this section, we focus on the theoretical performance
limits of the three-node LF relaying system, as shown in Fig. 5.
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A. System Model

1) LF System: In the three-node one-way half-duplex relay
system, the source S and relay R cooperatively transmit a
message to the destination D, as shown in Fig. 5. To allow
transmission orthogonality, we assume that a time-division
channel allocation is considered. Therefore, two time slots are
needed for one transmission round. During the first time slot,
S first performs channel coding and modulation, denoted as
&1(+), on the original information sequence uj. The coded
and modulated signal x; = & (uy) is then broadcast to both
R and D. During the second time slot, R first conducts signal
demodulation and decoding, denoted as D; (-), on the received
signal yg. The estimate of uy, i.e., us = D1(yo), is then in-
terleaved, re-encoded, and modulated to signal x5. According
to principle of LF relaying, the coded and modulated signal
Xo is always transmitted to D, no matter whether us contains
decoding errors (such errors are referred to as intra-link errors)
or not. It should be noted that the decoder output at R is
correlated with the original information sequence sent from S,
which is referred to as source-relay correlation and represented
by bit-flipping model (equivalent to binary symmetric channel
(BSQ)).

2) Channel Model: The S-R, S-D, and R-D links are as-
sumed to suffer from independent Rayleigh block fading or
Nakagami-m block fading. Therefore, the channel gains keep
constant within one transmission block but vary transmission-
by-transmission. The received signals at R and D can be
expressed as

yo = V/Go - ho - X1 +ng, (6)
=+/G1-hy-x1 +ny, @
Y2 = /G2 - hy - X2 + 1y, ®)

where h; and n; denote the complex channel gain and the zero-
mean AWGN vector with the variance o per dimension, with
i € {0,1,2} denotes the S-R, S-D, and R-D links, respectively.
Without loss of generality, it is assumed that 03 = 07 = 03 =
Noy/2. We also take into consideration of the geometric gain
of each link, which is denoted by G,. With d; denoting the
distance of the corresponding link (referring to Fig. 5) and G,
being normalized to the unity, G, and G2 can be defined as
Go = (dy/do)" and Gy = (d; /d2)", respectively, where [ is the
pathloss exponent and empirically set to 3.52. The geometrlc
gain between two nodes with distance d is written as G = (%)L,
Note that we assume the transmit power per symbol at S and
R is the equal, denoted as F.

With the definitions introduced above, the instantaneous
and average receive SNRs of S-D link are expressed as
v1 = Gi|hi|?Es/Nog and 7, = G1FE,/Ny, respectively.
Similar definitions apply to 7o, 7y, Y2 and 7.

B. Achievable Rate Region Analysis

Similar to the channel gain in block fading, the intra-
link error probability p stays constant over one transmission
block, but varies transmission-by-transmission. The relation-
ship between p and the instantaneous intra-link SNR can be
found in (5). The correlation between u; and uy is purely
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characterized by p, where p = 0 indicates perfect decoding
at R, and 0 < p < 0.5 indicates that intra-link errors appear.
Assuming that u; and us are described with rates R; and Ro,
respectively, the evolution of the achievable rate region for R
and R, is provided in Fig. 6.

1) Exact Rate Region: According to Theorem 2, successful
recovery of u; via JD at D can be achieved if Ry and Rs

satisfies
Ry >
Ry >

where 0o is the estimate of uy at D. Let H(up|t2) and
I(ug;1013) denote the entropy of u; conditioned on Gz and
the mutual information between us and w9, respectively.
The relationship between u, and 1, can also be expressed
as a bit-flipping model with a error probability «, where

€ 10,0.5]. It is easily found that H(ui|tz) = Ha(a * p)
and I(ug;0y) = H(Gg) — H(Gz|us) = 1 — Hao(ar), where
axp=(1—a)p+ a(l —p) is the binary convoluation of «
and p.

Let R denotes the achievable rate region defined by (9).
For the purpose of better illustration, we divide the entire rate
region into five sub-regions, R,, Ry, R¢, Rq and R, as shown
in Fig. 7. From this figure, we have Rpr = R. U R4 U R..
According to the discussions presented above, Rpr can be
expressed even in an explicit way as

H(u1|ﬁ2),
I(ug; 0z), ©)

R2217

Hs(p), for
Rlz{ 0< Ry <1. (10)

Hy[Hy ' (1 — Ry) *p], for

C. Outage Probability Analysis

1) Relationship Between Ry, Ry and Their Corresponding
Instantaneous Channel SNRs: Following Shannon’s source-
channel separation theorem, if the fotal information transmis-
sion rates satisfy

Rch,l S C(’Vl)? (1])
RR.p < C

the error probability over S-D and R-D links can be made
arbitrarily small.

In the theoretical analysis, we only consider the equality of
(11). The relationship between rate R; and its corresponding
instantaneous SNR ~; is given by R; = ®;(v;) = %, with
its inverse function ; = @, YRy = C~Y(R;R.;), where
i = 1,2 and C~1(-) denotes the inverse function of channel
capacity.

2) Outage Probability Calculation: Based on the exact
achievable rate regions, the exact outage probability can be

defined as
PEE —Pr{0 <p<0.5, (Ri,R2) ¢ Rr(p)}
=Pr{p=0,(R1, R2) € Ra URs}
+Pr{0<p<0.5,(Ri,R2) € Re URp}
=Pr{p=0,(Ri,R2) € Ro}+Pr{p=0,(R1,R2) € Ry}
P Py
+Pr{0 < p<0.5,(R1,R) € Ro}
P a
+Pr{0 < p<0.5,(Ry,R2) € Ry},

Py

12)

Py, Py, Pog, Poy, Pray, Piyre, Pogy and Py can
be further expressed as

P .=0, (13)
-1 ®51(1)
Py = ,ieXp [_‘1’1(1)} / exp(— 22
Y2 201 0 V2 (14)
X [1 - exp(f(p1 E — 2272 )} dve,
71
-1 7' (1)
P4 = ,ieXp [_@2(1)] / exp(—22)
Yo Y2 0 Yo (15)
[1 OV X (£ LG5 P

ey 21
Py = / / exp(— 1 2)
YoV2 Yo V2 (16)

Py =0, (17)
1 dTH(1)] oW
P = g [ ] [T
1 Yo 0 Y1 (18)
71 o
x |:1 _ eXp(—¢2 []‘ 7¢1(’yl)] ):| d71,
Y2
1 et
Poapy = — exp(—12)
Yo Jo Yo (19)
71—
X [1—exp( o — 1(70)])]61 )
Y1
and
¢ ey
=l [ / T
Yot BT 1—P1 (70)] Yo N1
— ®y D,
|:1 _ exp( (70) (71)] ):| d'Yld'YO
Yo
(20)
respectively, with W (o, 7o) = Ho{Hy '[1—®1 (y0)]* Hy *[1—

Do(72)]}-
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Fig. 7. The achievable rate region for S and R, divided into five sub-regions.

D. Nakagami-m Fading Channels

In this subsection, we investigate the outage performance
of the three-node LF relaying network over independent
Nakagami-m block fading channels. The outage probability of
LF relaying with Gaussian codebook capacity over Nakagami-
m block fading channels can be calculated in the same way
as in the Rayleigh block fading case only by replacing the
Rayleigh distribution with Nakagami-m distribution.

Fig. 8 presents the outage performances of LF relaying
based on Gaussian codebook capacity and constellation con-
strained capacity, denoted by “P-Y, GCC” and “PLY,, cCC”
in the legend, respectively. The Monte Carlo simulation results
well match the theoretical outage probabilities. The gap be-
tween the curves of “PLY,, GCC” and “P%Y,, CCC” is minimal.
This is because that, in the low SNR region, the difference
between Gaussian codebook capacity and constellation con-
strained capacity is negligible. Moreover, in the high SNR
regime, even though the difference between Gaussian code-
book capacity and constellation constrained capacity increases,

10°
—PLF , theoretical
X Pout, GCC, Monte Carlo
pie P(';Et, CCC, Monte Carlo
2 -1
=10 ¢ 1
Qo
©
Qo
e
o
(0]
()]
&
3
102 m 1
-3 % I
10
-5 0 5 10 15

Average SNR of S-D Link (dB)

Fig. 8. Comparison between the Gaussian codebook capacity and quaternary
constellation constrained capacity based outage probability of the LF relaying,
where mg = ma, m1 = 1, and Go = G1 = Ga.

the S-R link error probability p approaches 0, resulting in
lossless transmission over the S-R link.

1) Optimal Relay Location: Fig. 9 shows the impact of the
location of the relay on the outage performance, where 7, = 1
dB. R is assumed to be located in a line parallel to the S-D
link. R moves between x = 0 and x = 1, as shown in Fig. 9.
The distance between the relay and the line connecting S and
D is set at 1—10 of the length of the S-D link. It is found that
when R is closer to S, LF and DF show the same performance.
This is because it is less likely that errors happen in reliable
S-R transmission. Therefore, R becomes active in DF relaying
in almost all the transmission rounds, which makes DF and
LF relaying exhibit almost the same outage performance.

On the contrary, when R moves closer to D, the probabil-
ity that error occur during S-R transmission increases with



18

Outage Probablity
iy

=
S,

-
On
&

6 I
0% 0.2 04 0.6 08 1

x-coordinate of relay

Fig. 9. The optimal relay positions of the LF and DF relaying where m; =
1. The vertical lines indicate the points where the outage probabilities are
smallest.

degraded S-R link quality. In this case, R keeps silence in
DF relaying with a high probability, which results in better
performance of LF relaying over DF relaying. With LF, so
long as my = mq, the midpoint is optimal for R (R has the
same distance to S and D) in terms of outage probability.

From Fig. 9, it also can be found that, with LF relaying, the
outage curves are symmetric to the midpoint between S and
D. Since the errors happened in the S-R transmission can be
corrected at D with JD, the quality of the S-R and R-D links
becomes equally important, which results in the midpoint for R
being the optimal. Moreover, for guaranteeing the same outage
performance, LF relaying can search for (or locate) a relay in
a larger range than DF relaying. This is a significant advantage
especially in natural disaster situations.

IV. CONCLUDING REMARKS

In the paper, we have provided a comprehensive study
on the achievable rate regions and outage analyses, where
LF is adopted at the relay nodes. We have exploited the
theorem of source coding with a helper to determine the
achievable rate region of the three-node network while we have
leveraged Slepian-Wolf theorem as an approximation. Source
coding with multiple helpers remains a challenging problem
in the performance limit analysis for multi-relay scenario. The
simulation results has demonstrated that LF outperforms DF
in general regarding the outage probability at the sacrifice of
slightly more power consumption.
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Integrable Hamiltonian systems and their perturbation problems

Hidekazu ITO*

1. IFL®IC

ANTHROIT S BIF I E 2 FHBKDPIEHE > TH2 5 60 FLL
AL, SHCRERFHAT—Y a vy TOFHMTEZLD
WEEIDRU SN 720, FFEE (2020 4) 12 FITIFBEER T
PIE 2] WNEREY) 2O EFELIRD, ZTORIMIHA
RN Z L AT LW W ET. TS DRI
BEESERENOININH 2 Z IIMEND D TEAD, K
HHFEHME, T OM#E)E KL TW»AEEALANE [TiE5 )10
EHI 2D, o ORROREICE 17 Hidic#ld=a— b
VIHERHOET. —a— P rRAIFEEAIE LB, BERIBW
TH5 HORZERAM ORI DI L 72 - 7R A2 Al D LT
B, BFELYHY, I SITIEEN TR O TESEIEHE W
WEEEZHORPOFKELTEE L.

BUEOZER T D72 h22 S 5% (Dynamical systems) & IFIE
NAERERH Y 9. —a— b roOEEREANE, HEFIICE -
THEHEWIEET 5 KGRORED, REHIZEIT 5 2 B (i
HE) 2EAEERORN (W ARAR) - THEITAZ L
ERZTINET. Thik g otRThh, FATW5D
VAT b (e ZEBER) AWK T 5T ARTOER (BEAR)
DB HHFHTONE L HEN G 2 S, T OEKERZDE
E—EIZEE 0 9. ZTho 0EBOMRE, bhbho—
ED XS TRV KHEOMASHLWEDTIED D AN
fAIFTEL N o - RO O#E) & 72 5 & % 5 58 UIXfli 8 clk
HoFEEA.

RN, ZoXS BkEimiEIc ko TXiEh b v
AT LD LT, SN AR OMORRFSE Gl
REIDBE) , B2 WVIXGHROM KL (MEERIOLE) %1
LET. ZULT, 1o OfuE O %2 BUAIIsaRkd 261584
5% R, HDWVIIRICHER OO E T, EERMY
FFERIZRRE L IIEN D TIEIC & > TEAMIZREZ KD Z T &
MNTE, TNEMBDEOBEIIZDOH DRbIF T, Famn
5Z D &5y HRRIIFIIT, EBOHRBSL %GR L
TWABAHERDIEL AL IZEANIZH 2N TEEHA.
ST o C
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L7=Mo>T, NFROMEEIX, ZOX5 BRI Z 2D
TERVHED SIFRRDMOETNED XS 72d D0 RS DI
THRZILHDEBVWAET

ARTIE, RADEFHZOSHBEPSOT 70 —F %8
EUTHFEREWO RHEOMAEITS L L HIT, FEHOWFIRE
WIZDOWTORNZITVZ0WEBWET.

2. REAZENINL NV AZER

nEHD R FET S DIEANZ &> THE/EMZ IELH S & &
OB AR, ER my DFIEK P DAEZ g = (X, vi,2x) €R®
ETBE, MDEIIZETET.

) Gmyemy (qx — q1)

. mqu:_lgz gk —ail?
ZZT, GIIAESIER, Ry () EERMS2RL, G =
dar/di®, |qr—qi| ERZ MV gu—q D/ VA (RE) &KL
F9. TNRREAFLIIZEIT S n K- FRATT. KBRO
56, KEGOERIZMOBBIZIEARTERBIZKE VDT (RIZ
RKEVDIIART, TOEEIKRGOWTHD 1), Py Z2KEGE
U, MOREKOEEEZ 0 &3 2EMZTI &, (1) DELZE my
THEE

(k=1,...,n)

m(qx —q1)
—W (k=2,...,n)
ey, 1AL P WERHERESE T L L EERL, KB
WHHIEL TWD & AT 2 IR T, 2 REE 1 X650t
IE, 5RO ORIK L KBG L OHSALE g — g (EFF108 (O
75 —HE) 12, KR AR T AEMNBE R Z e ath
MO ET. ZhE IRETES] RTHY, ITNEAHIRLED
W (7272 U772 5122 DI ORE L L TRE S DI TIE
2N T EITRSTHEZD &, REIRARIKE), KEDOE
D OREMBEZ R 222 h, Ty 75 —OEANCHRS L
£9 GREOHT, KEOHLRIIKEVWDT, ZNWT 7T —
OIFEADFRNZ DN o722 EFEZLNTVET) . LHL, &b
OTRWIRHIORDEE 2 E X 5 &, WEEHE L 72 KIKDE &%

(2) G1=0, Gk =
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METEAVBDIZRDET. Z0k5 I THREARITEN] &
ZHAEAR LT ET. &b, (1) I2BWVWT =2 OEAIIL
EDESRELELELTY, g—q BT 7T — BT 5
FBEAZEZU, Py & P, DEEFD x = (m1q) +maq2)/(my +my)
Mi=0%2Wr-ThroRkBMTEET.

ZDEDME RN RERD ik LT, EHEiEwEIFENns
FEPRBE S NVBEEC ORI R E B E5ATEEL
7o £z, =a— b OEHABRRNOKREE N 2ERT HHT
777 v aARN I VBRI S E ML TN E
Uz, BAAIZ, (1) 1E pr=mge CEBE) 2 H< L,

. O0H . o0H
qk:T7 pk:_r (k: 7~-~7n)
3) Pk | n qk Gy
H(g.p)=75 L —|p>~ ¥
k=1 my 1 lax—ail

CHITFET. ZO1THOWMA HERNREHEZN NIV =TV E
THENINVVREPE, ZOHBEROEE TS H DFEHLR
(q(t),p(t)) IS TARERZ LD D £T. 5O8E, H(q,p)
DO 1EIFRDOEH T ILF—, FE2HEIRT VY yILT L
¥F—Thbh, HEITNo285bE eI X LF—%2KLTVE
T g pe W3 IRTERZ MVRDT, (3) 1% 6n sz 1 BEHK
NHBERNTH Y, ROMEE 3n HOEB q1,...,q0 ITE>THE
INBZ LS, TNEHBEEINDNINV N VYRTHDL LV
FT. BB LS 2RISR TEET. o Z ek
12 ITDESIZRDIRT B D13 T, bhbh W Ao Rk
& U RS 2 Bz ARE D S I3V E & 5 W R AVREL
TE5DLIITT. £bSA, EHRBOMEM HEARD LS
12, MERBOAGETALITKBTESREH D 9. 25, (1)
(H2WIF (3) BIEMEOWMH FEATT. ZoZeid, n=3
DG, D0 3KRMELRKETE 2D TIERVA»E WD HHfE
WZDRDIBDTTN, TD LI RFEZADDR->TVWERA. HE
B2, 19 #fRIZAR T >4 L (H. Poincaré) 13N 3L b VRADIE
TERPNEARHRAEZEL, THEBUT a(>3) KREEIX
RETEDRAADRNZ 2R LUE LA W), Ry ouhL
IS FIERNBHCRELREHEEL - RKEHET K7 VRN
VPR R ETHHELTTN, W ARADROEEMILE W
D, BAAFINRBLAD S DR ZHEEL, ZNBSHDOIFERE
WO RN BICRELTWE T 1017

A5 XD UBKL T UEWETH, Moz 31
FUR ) ORTEL ZLIZRIEIERFANH Y . Th
1, IEHEZH NS B D HilE O FMEA U X > THERDEH1E
LORNIEIZHY 7. DEVDEBOLHEITS &, —BITH
DHBRDOFIEEL LD TLEVETH, NI VRTIHH
ENAINVIZT Y HEHFLOVEAMIZE>TEESERRIVWOT
T INET TV a RN TERET, T EEZEAL SO
HWMTHI 0 TTH, BEMZIXIS»D TR 2d-T, %
NPREIRI-ND LD BB EZZTWD, LVWAET. 50
Bit, YTV Ty ok (E¥ERGE) LN, 1980 4
RUBEIZY > TV T T 1w Z8MFE L IEEN D B AFEL T
FFT VIS Fiz, NINFNVRRAAT— - FTTT UV
HEROMIED B ENEE, Tabb 2 MERihiigefog

EDLETERINZHIEBMPEZTEE VI EMB20-0 F
T, 20 &S BENHEOMRIEFED R ST, Yy
DTFEREIFIEFRSBIIHELERIFLTVET

3. HBBEREMDBORE

— IR BER D EEMFEN DT, T2 OB R E D
CHMBIZHZMITTAEL & 5. BEZORMPNZIEFHHN 0 >0
DN OIRET, BELVRENL v > 0 TIREIT 2 & 574 MRl
) 2E25e, TOEBMIINFOMOE x & L, BOIRIHOIR
MEZ e>0&35E, x DEBIMD SRR

(4) ¥ = —w’x+ecos v

WIZHEWET. Tt e=04R o XHREE LT, —#ED coswr
sinot D1 EESGE LTHEZALN, >0 DEEO—REIX

. €
x(t) = Cy cos Of + Cosin Of + ——— cos vt
©

YY)
YREDET. TUT, t=0Tx=¢&, k=0 LA

n . €
1 = COS W + — SIN Wf + —5——— ( COS VI — COoS ¢
x(7) S % T2 ( )

(5)

. e .
— &Ecoswr + %sm(ot—o— sin ¢ (v— o)
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D, e NEABITNILTE, REFH vV 2 0 180122
NTIRFOIRIFIZMAKTZ2Z 7DD 9. ZTHIFHEHR
(FfR) mpiEn, M2 & ORI 2 W) O i IS
ERIFTZEIFEILHONTVET

AU >Rz FHcsRERNTLEIN? HlziE, -
B REONEFEI (KBGO D 2H 2 FE) 1X5:2108<, Hi
BRI O 60 AETIFIFRT & F UM BRGRICZ D £9. b
IR T2, SBREZHEMAETIVERD &
IBBRMEL T, MEWMRLITES Do720, WITR2IED
W2 I T2 DT 5 Z 2 E FARICHERE 2 Tn
ZROVDTT. EE, KELAKREOMIZEZ {FHET H/NKEIX
FIZKRGERENS DRI E > THEEILTWS L EF LTS
ZEMTEETH, NREDODHOHRTZDREFHIBAED
AERARE 1: 1% 1:2, 1:3, 2:3RZEVERIZEVD
DIFMEHZ DI NZ E DM SN TWET. Zhid 19 g FA
Xh, =22y ROMKR (Kirkwood’s gap) LIFIENTWET.
X7, TROBIZLZDISREREHY, Thodb LROHE
L OMDILIEL S DOBEERZLTWEEEZ ST,

B U 72 EHRBI O 2 R TR (5) TR, HRHC 02— vE D
B, ZHiEv R oIz 2E 0 RLET. TOEKT
UNE e8] & UTROARLE e OGRS FRINES. /N
BREOHEBOYE, TOMEEINT A —2IZBEUTERLT
FT O E 7 — ) T e LTRT &, ZORBUTDWTHRRD
INDEEDBNE T, ZHNEREDECE TS DN EOREE] &
LTRLFONTWEEDTTY, —REHafETH D 2h s,
BUA LD N OHE L WA D TY. 2z DWW T 20 i
FEIZ D K 5%, R TEEEIZ L ->Talliz<
W1 20D Sl A s 3 AL O/ NUR IR ERIAFAE LTS
2 DBUFR BN IR ONE Lz, ZOY AT AL L TOfiE
FHEFEHAME (quasi-periodic solution) &IFENZEHDIZZRD £,
Z OFERIX, 1950 £z a3 7 (AN. Kolmogorov) 12 &



DIRIEX 3, 77— /) K (VI Arnold) & E—¥%— (J. Moser) (2
&£ o THIZ 2% DEL R OIEREL S DR S Nz 6 DT D310
%S DT % LT KAM #i 2 XN, TOHSHETE
FXERAMCHEEREITTOET NI | Z ZCcHBE A
HERFIAMRIE TR T OB —c0o <t < oo IZHOZDIFHE LT B ED
T, HHE2 OEARSNIL N VROEEIE, ZZTREND
A HIR O FIIISA % D3 H 72 AL S BT H MRIF 7 D% ]
FROE T E 5 Z L BRI 1 E 19, iz, /N
BOR 0B & Glk 97 i R o HELK 2R IR 3 (KRR IL E B 2
DIEFFENRICRD, ZOMBROEHATESL r—AIZhD £7.
B, EBRIIZBUENZFAEPRE S D 72 0121%, HE ST A —
ZIIMD TNS W EAIBET, HEIIEATEEEA. 20
SR EfFd 2Mawe LT, #7481 ¥ 37 (NN. Nekhoroshev)
1%, DY ERIREO S D +oEWE &, BRI+
EVWRHOM (72 UARKR) 2ot 8EzsI a2
TR LIS BIEREMEE L S L2 D). 25 KAM BlER»
Nekhoroshev P, & SIZIFBUHREDEORBIZE O X £
PREUEFEIT & 5T, KIBRIZZ D5 10 FHAFFLEE 13 2R [
ZERRIMIKEIHAED LRI L3, TOREL LT
BOoBRWTHAILEXLNTVWEST D, 270U, NNEED
HERANDEZE L\ o 72 & D BE 2R DN 2 5720\ EREEL TV
ZDITEDY EVA. 7, HTEEUEORHAT —L T
REMOBER BRI FIERARLEMVEZIVFL L EHR
SNTVWET. ZO k5%, MROEEOEM X 2IRET 5121,
HHEREN O & & O & 5 R I T 2 EFEOHLE TIEA T4
T, BAINTWARAVWS ZIEARMENH D TT. KEHZEDO K
J MR TR TH, 3G RIS fifE AR T
X, (4) DESREIBRPSFITRETERNI AR DFE
T, FNSEANIL D VIPEROW TR — O dub i E
RN 5 VRN

4. NEZDOEEIBH

RETERVMS HERNROMAENET 720121k, FIH
BED LS bho iz WO, X oIZF DM TOMODZEE) %
N5, LWHEZHFPEARNTT. ZOHE, NRIZZSERI1EN
IR GB)DESIT I EOMDHREARIZEL TEZ D DN
BT, 3) DFBED q,pr (k=1,...,n) DTRTOEREED
7z 6n IRICZE M % 17218 (phase space) & \WWE T, EFE DAL
TIIAHZER LR EE 2 0hE UERA. TOHZE/[ICE
WOOR R (#ik U T\W A1) R (b5 T >0 T
WARICR->TL 2T, ZORM T CRUHEE EVIREI NS
) B THEED & <o) OREXTT. n ARRIEIZ X T
FRISAFEL 2RAD, Fil 3 AMETE I ROELOEDLY %
Fd Y — 5 TR S 2 IR S 0, F I AR LR Tl E A
iz £910),

I 6 DROEETOMDIRD N Z @ 57-DDEHR L
LT, BEEZERIZ X - Tla AR % & 0 il (EHER) 12
BTV TATTHRBHY ET. ZHNIERT 0 L DAG
L, =237 (G.D.Birkhoff) IZ&>T/N3I)LFVRDGEIZ
LRI B0 TY, HRONFERWETEEBIZL>TWVWS
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HEDTY. ZOMREZFEMROEHETDN IV ~ VROGEIZHR
RBEUTFDESIZ2D £7.

H 5O TEDREED (q1,...,qn,P1,- - Pn) € R¥ =R" x R"
THA SN 2n WITHZEMT, FE (¢,p) = (0,0) € R % YA
FUIZEDONIN MU
(6) { e =Hp,, px=-Hy  (k=1,...,n),

H(q.p) =Hy(q.p) + H3(q.p) + -
BFEZET. ZIT, Hy(q,p) (d=2,3,..) & q1,-.,qn, P15+ Pn
B3 d IRIFRARTY . Hy, (0,0) = Hp, (0,0) =0 72D T, fiEh
IZ (g,p) = (0,0) &P, &<Ig,

n

(7) Hy(q.p) =},

k=1
DELEEEZDE, (6) DNINVIN=TYH%EZIDH, CHE#
A TR

W

5 (a; +7)

) G = 0P, Pr = — g (k=1,...,n)

LY, ZNEnfONHEINZRIREITH D, ZOMIE

qr (1) = Cy cos ayt +C, sin g, pr(t) = —C sin it 4+ C; cos wyt,

720, & (q(t),pi(r)) A ¢ + p? = EH BB &
X9, LEdioT, k=1,....n TRTEEGDED L, R (9(1),p(r))
I AHZERT R T

G+pi=c >0(EE)  (k=1,....n)

LS TEHINDEG LEFEET. TNl >02%5 kD
dAZETBE, dRTLb—52%DL D, Y AFLELTOMR
(q(1),p(t)) I d RGP —F A LOBWIEIZR D £T. n=d=2D
HBAETHONE, o & o PWERBLRSIX, HH0AT >0
FAELT, qit+T)=qt), pt+T)=p(t) 75 EM#ETS
N, o & o PREELEA S, U CRAIIZIE R ST
2, 2E b= F A EEAPFBICHEORL THEICAR D 9. Zh
% YEREIBGE & O E T

PAEIEAIER (8) IZDWTDELTYD, LR (6) ITxL
Ti&, FHEEW (VT VI T 14y IEW) (q,p) = @(x,y) 217
moT (6) BIRD KD ITEMT 5 N TEET.

2 1 (G.D. Birkhoff 4715y NIV b U3 (6)-(7) 1ML T,
AL U 725% (8) DIREIE w), ..., 0, D35AF

0< ¥ [kl <d BT IERDUH k... ky IEHTL T
ORI
L kjoj 70

BT 510F, ESZ IR 2R EXEZS L (¢, p) =
P(x,y) = (x,y) +--- BEIELT

{Iﬂ¢@W)—Mﬂ+OGX+MV“)

T=(T1,..., ), T = E(x%-i-y%)

L TE5. a

BLET, R IR B & ko BB HER IR 3- 5 A~ i
LLTERINDZZILZVWWET., ZNIFEBMOTREE WS Z &

(10)
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CAUTY. F72, M (9) & d ROIEIESRM L IFIENE T
h(T) ZNINV DTV ETHNINLVRIT

oh

=hgyk, Yk = *Txk =—hgx, (k=1,...,n)

oh
11 = ——
(1) i I
L0, B (x(1).y(0)) KT

a7,
— =xi +yk =0
dr XXk T Yk Vk

LR ET. Lo T, 5 i3RI > TARELRDT, (10) D
fRISAERD L & LA, n LFOWRITED b—F A E&H< JH
B80S F 7 IRHESTHABE IS R D £ ZOFHEE, hEANIND
ZTVETBENINPVREFIABATH L EVVET. Lzdio
T, HENIDV =T VT 2RIQERFD R & PTRIIT 8-
TV LABRELDTT. (10) D THEINIZNIN =TV
H% dIRON—TEHER LT ET. L <IZ, o,...,0, B’F
BRI, RO k.. k, 2EBBETLEE,

(12) ¥ kjoj=0 253D k=0(i=1,....n) DL EDAK
j=1

LB SIE, ENETTHEEWRBETH 2WMEY NI
F=7 > h(t) CEBLTERZZ IRV ET. 2L, ZorE
D @ DA (x,y) DRFHEHIZ 2D, POKT 2 LIERS
DT, HZNINVDZT V& 520 H FEIEE X 4 & 1 #
BIZRBZEDRINZDOITTIEHD D FHA. EBE, E¥EH @
DR BEER " AN E LTET &, RRONRITIX
Y kjo; B, FEIIGSAE (12) RO o722 LTH, 20
INGEEE 0 ICERET 2 DTN RORENEL 5D TT. £z,
FEEROMDERH L LTH, HBEARIZEROARES NI b
=7V () TERITEZE LT, ThA AN CIRIEN 2 M
TTPHUATRERIRSFEVZ RN BND EEZEZSNTVET.

D& S BB IEIRIRIZBWT, BRIV DT Y
H(q,p) TR UTEM (12) BE YD & Lk &, M7 IR
2 (q,p) = (x,y) IZ& > T H(@(x,y)) =h(1) L TEZDIFW
MBHEETLEID? ZHIZDWTIRDFERD LD LD FT.

R 25) fRITHIAN IV =7 2R (6)-(7) 1T LT, &ff (12) A
WOIOET D, ZOLE, H(p(xy) =h(t) £7%5% &> wf#
WEHEZ M (¢, p) = o(x,y) DFIET B 720121%, R (6)-(7) A
n A D BB IS 7R R SE — R 2 R0 Z L DO +4)
Thbd. O

ZIT, % (6) BRI LI, (6) DE (q(t),p(t)) 12> TE
DIERAE R G(q,p) DZ&TT. £z, T o BRI
BT & 3ATH) (0Gi/dz)) H3FEHIKDFIE 1L ey L CTRE n
EEDILERRUET. 272U (q,0) = (215520, Znt 1y - -, 220)
TT. (FEIZE 520 NIV VRDONAINL =T VIEED
ROB MO TY. n kR (1) DGE, NIV b=TrideT
FNE—TUED, TOEFEIIC, HEEAY ML, fEERRY
MLOENZEN 3 DDRHE (1) DEFEDITR->TWET. Z
NoIRENETNHEBOLAEANTTIGE L TWET.

h(T) ZNINVR=ZT UV ETDERINUTE, o D nflDHE—
M5 DT, EH 2 OIEHELEWMPPORT 5720121 n fHD

D OEAENBERZ LIFHSLTTA, ThiE+a5%Mz
HR5DIITT. ZOMBITZENE TIEH MO IMSGKMZFHL
7 ETRENTWE UAS, T ORI 2D B CEE S
LZLIZEILIZEDT, SEIFnBbbhREInTVET
OLI8)19) 7, N— O 7 MM IR R R B
WA DIFE 2 E 2 DRI 39,

7B, ZOEHIZENS o lOE MBSO &
T, 7Y i) e wsEEE2ES, Lo23NILEY
ROV T (Liouville) DREIETOAFEIME L IFIXN D EH%E
WZLET. Z02E, Gy,...,G, DRRETHR VA (FRI&E
WH) TIE, & OEHARELRI L - TIRIZT TIORA = G
F TR HIE L IEEN D E DI 5 Z ehRENEd (VY
EoL - 7= )L RO D), GREET & 2 RO MRER 72461 &
LT U 2 RRTE (b 2\ 37 775 — ) & Z Ok TH
BT £9) . EH2 IETOMELRESICETHELZS
DIZR->THY, AORTIETDRESIZE 1 ML ADE
OB RPENBIZE B0 53, BErbiiic & - T
FEAHDPUR AR SN D Z & 2R U HARRRERIZZ > TV E
. 72, NINPMUEREB)UELVOEKR TS R 51E, TD
READEL TH MR 2] RO, HEIRTEEZ ]S 7=
DO E2 G272 L1120 £,

ARTIE, REDZOHBEREZETES & WS BAD SN
U, BBICIEERE I BT 25O EHA L E Lz, ¥
ROMED HEHARBR % FBR T 2 W0 HRERPEHEOHD
BUIZK LT, ORI EEWE XD ESHMIZILIZHD F
. ZZCHLY RIFAEREMAMC S, BERICH DL X1 S 2
2 ADSE B AE & B 3 RIEIZ B I U o R TIA L Bih,
SEIERMEPOHENITONTVET.
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Vibration control of an overhead crane by elimination of the natural frequency component
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Fig.1 Analytical model of overhead crane
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Fig. 2 Graphs of modified Legendre polynomials
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Fig. 3 Simulations using target trolley trajectories which derive apparent

external forces not having the natural frequency component.
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WUNENEREIT > TWHI 2R LUk, Blllayr v b, A—2
Ty bV, FHAT =Y a R SRR LK ERIRIC T D1
INENERPESZ <AThbhTnad., K3 EEho a2, 77 b
ML REREE, TV MATEILIELDOTHD (BEIC
FHANFE LD LOMETE) . /2, Zholbcy, TR v
7774 MR%E FEBIC K AMUNE N ERVEEZIThivcly, 2
NETIZSEETERPERABBRE SN TN S.

HA SRR DT DWNE D FEFRIC 2 ENTEY, &<
12 2008 AFIZFEAMENS BT CTEBRF# A7 —3 = > (International
Space Station, LA, ISS) TOFEERZ[AHB L. —orvmvcy
I Marangoni Experiment in Space (i@, MEIS) | 1% ISS IZ#5# &
Mo AR TE1E9 ) YIOFRFIER L L THEH 240, 2008 4
225 2013 4FE TORICREF 130 B b R SERNTDONIZ. Fio
IMEIS| L4hZd, [Marangoni UVPJ, [Dynamic Surf] & o7z
Tavel MR [EEH )] TEEINATHD. BFETE, FEHM
HOFHAT—v a3 ThsdHRE 2 %5 (Taingong-2) TR
BT 2FEBRZT->THEY, BLOMPNIELTHLIN FH T
[MEIS] & TDynamic Surf| (23 CHEEENDIICET HH/NES
FEBRZET-oTEBY, ARTIEIhoDTm Y= M THLATZAR
BT 5. ek, TEE ) TIrbneERCIEE Y7 v VS
fEas =2y hELTEBY, UBIEE Y7 v MVEOBENO XK
EHRICOWTEHERT .

1.3, RhOREELEHA

AR & B0, B7 7 v MAVBORRENORERIRIE, 71 A
JOMEZE AT BPREL 0D EIREFRIMN L0 D. R EMSE
BOBRFEIEL D b AT D LRE WL T, iAEEES ST M
EEHICEZ, 2O XD RIBHRENE &I TV 5. IRER
WCIES ESE Y = PFE LY, BHEEEZ > TWDH D,
COBGEIET H - 0I2IE, RENTED XS Ritivnd 4 T
DINEHDMEN D L. WRAVOEE Z FHIT D TR E AFET
DN, FEESTRITIEL O 2t L TR IR CTH D720, K

Rl =T n =T E AT HLENRH D &5 25l TR
bEVHHTIER. D7, REEITEOEELS OFRICIL,
WM EZELS FTIHE A 25 Z L B TE 5 PTV (particle tracking
velocimetry) <° PIV (particle image velocimetry) 73 & < IV 541 5 18],
PTV X° PIV TIZ, MAVBITHUN R (b L—H%—hi+ LI Eh
%) AL, ThEL—P—A MaRT 7 THRIAL, B
IR Code L7z Mol 2 ke 32 (K4). K& S0/
G7e b O & BIRTIVE, B L—V =R TR H LT L <BRET
L7020, bL—H—RFORELZHNORE L R T LN TED.
Bl 20X, WG Ar CHEB AR L, ThO ZHoBE@HETo -
L—H—Ri T OEMN AX ThHDE X, bL—H—R T BT
TOREN AX/At ERED. 22T, AXIEHEGEEONT hLEE
LCOENTH D72, PTV, PIV CHLNLEEFHL <Y b
BThHD (W ATHR—BOEAEIZTIRIT). PTV & PIV OEWT,
R LD h L —T =R OEMORKD S ThHD. PTV TlE, fHxn
FL—H—RF a2 L, FRb—o—o0B X% L TEM ARG
5. ZHUTH LTCPIV TiE, #5 GEFIZ5ELUE) o hr—3—
KRR L C—o DB 42155,

IS OABUEFHIIFETILIEE, 28O N L —F—hi &R
WCHATT 2728, ZRERFHINARETH Y, EFRICFHIZITX
1, BEA» OB TROEEHFRAFERICAEOND. £, HHEO

o O Particles in
Camera the 1st frame
(N

O Particles in
the 2nd frame

Tracer
particle

2nd frame Velocity filed

lllumination area
K4 rL—Y—HFERAVEZRAOARLIAFEOEXR
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Top-view cameras
Ch2 Ch3

Hod disk

@Ty
Liquid (O / K
bridge
T
£
[0}
S
Side-view
camera
IR camera Cold disk
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Diameter, D
<

(2) Measurement devices

B5 (WEBREELHRODEEL () ELEFHAEE

T AT EEEICER T, RO EMBREERRESD 2 &
HT&E DI PTV R PIV O Z 4L b OF IR, 22 BRI HHE 7R s
EETHRIENORE R DT OEEZ PN B NTERTHD. 20D
7= [MEIS] <° [Dynamic Surf] (2B TH, ZiHOFHUTIENR
BRI, WAOBEEFHIAThITEBY, ARETIEZER O ORfEER
D—HBEABITT 5.

2. ARAE
2.1. EBEE

1SS O AARERM XX 5] 101E, SEIEREHRMAOT v n
BHishTky, ZoPIERERTFERICFHELE Db H 5.
ZHUE Ryutai 7 v 7 EIRIEN TR Y, REEATICET M/ ES
KL Z 2 TN, Ryatai 7 v 7 11, IR ELERBRIEE (Fluid
Physics Experiment Facility, LA, FPEF) <CHE[{# UG L HEEE (Image
Processing Unit, LA I IPU), fU/NE ) #HI2EE (Microgravity Measure-
ment Apparatus, LA F MMA) 22 EEZMO 1752 LN TE, Zih
DL ARl L CERBR T (B5(1)).

[ 5(2) (L FEAeFH A OB T 5. L FPEF N 7 L 3
SULTAAT ST 7 AT T 4 A7 OBICERR S 1L, B T-~v
F o FE LI Lo THA, %3513 ITO (indium tin oxide) D & — % —
R TMEEND. FD7®d, UBIET VI =T AT 4 AV &8/
T 4 27 (cold disk), 77 AT T 4 A7 ZMET + 27 (hot
disk) LIRS, ZRENOWRELX T, ThtT2&, T4 A7 MOR
FEEIAT=Ty-Tc £ ERIN, ZNBREEDTORE )LD,
AWNEAERCTHEA ST + 227 OE DX 10, 30, 50 mm D
WA TH Y, IBHEOSE S HIZHRKT62.5mm ThDH. Hi I
TRRATRE RO B S, RRTH S mmBEETHY, ZhiEs
ER 7k %2 WA IEMUNE ) FER 7 5 TEO D TH .

WEHCIZ 7 7 > MV O R D ZFEO > ) a— A A Ll

Shic. ThEno7 7 v bV, Pr=67,112,207 Th 522
INHDVY a—r A A VR, RGO OO, a— =
FLEETHEI AT 7 UV ABO N L —H—R F R S T
5. WNGoBlE, EEON AT ERNTIThbh, NET ¢+ %
I EEFEY T, 20 LI s/ =Hd CCD W AT
(top-view cameras) 728, RFEOHMRREHOHEOKBLZITHZ &
<, PL—V—RTOBEXERETLIILENTE D, WHEOMHE
12X H 9 —2,CCD B A TN A1 50 TH Y (side-view camera) ,
TAVURIERIR & BRI OBED IR Sz, £,
WA o A h R O E A T 5 72 o O RSV IR E R (IR
camera) LIV T HNTWD. ZHHDH AT TRE S /-miE
T—41%, IPU 4 LT LICEBnT< 4. IPU 251, (31T Y
TNEA LNTHEBENEEEINS D, # FICWaRoREHoTh
RUICTH &R, FHTERBTZS.

2. 2. EREHR

1SS 2% g-¥ v & — (g4jitter) EPREND T v & L7 I E O
HEMEET D, TORKIE, 1SS WO OET), 7 L —0ihH),
RSO Ry ¥ 7728 ThY, IND g v ¥ —& 552107 T
TLRARFRELE W o TRV, RIEZ ETOT 4 A7 DI L Hfil L
MR ZRFET 20X BHORERIOHTHD. £Dizd, 4
WO RERANIMbD D &, WHREXMEERR 2R T, MmELTL
FORNDD D, EBPILFIZ, MMA C FPEF £ O g7 — %
EE=XY 7L, BMORBIZRHM LIS, MEEZELS T ED
xR & o CRABICERPNEMN Sz (IMEIS) TlE—E72, 5%
BRECHRIE SR LT LED P I 7 AR o728, ZOFERITWVE
IR TH D).

ISS N g- v X —BRBEIIHEMIC Lo T R&ES AL, &<t ”7
N—DIRFNER T 5 g-¥ v X —I3B EHOMMIT TRES BA s,
I N—DIEIIZ LD g-¥ v Z — O HIE0.06~4 Hz F2 £ TH 5
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D, T OJEMEECT IR N E ) RO OB A IREE &b O
ThHM 20, TELHET gV vy X —ORBEMZ 572012,
AWUNE R L — Ot EREF I TP, 22T, 1SS T
%70 = UHEVERE (Greenwich Mean Time, UL T, GMT) 2ERH &
NTHEY, KIFEBRIL GMT 21:00~6:00 Z A2 K 47z, GMT & H
ARFEAERE (Japanese Standard Time, PLF, JST) ORIZIE 9 BEflf o F

nnHv, 5F D IST6:00~15:00 ZAIZERDM TONIZZ LT D.

AWUNEAFERIZTRT, RIMRICH 25Tt 2 —n b
bCiTbhie. FERIXET, BMHEOBE»BIED. TR,
W7 4 AZEMLTIREETH Y, 2o 2 BE SEan bREIICY
Va—Ud AV ahed. 20L&, [IEBIRATHIENB LN,
ZOLETREN DKW ERET 2 LERH 5. 20 ik
T4 A7 MICIREZZ N L TR 2 B /ESE, ZOMCk > T
KIEIMINBENRCY, T4 A7 EZH L TCRBERASES, L
IBLDTHD. SEICTLHLMHICHIZ 203, ZhbDTrEX
B ARTCERECTbhR QIR b, Z ZICMUNEERFA OR
HENH L. W EIL, &7 1 A7 ORERFTE OIS X
DICHIET L, WAL OB &I E ST NI ET D E TR
L. EOWH, WATRETHRNEBLEL, fTHOT — &% 205+
L. WEEIDFFTIRY, 74 A7 IREOME L BIEL B VIRL, I F
SERFMOT =X ERGT D, BBEICKEEZEILL, W7 1 A2
ZEHCT—HOERPKE T &7 500

3. BREER
3. 1. TREMRBROERSEMS

w77 v MAVEBORIEN ORER IIRIE, T 4 A7 WOWEZE AT
DML, HOEMAEMEEBZ L EEFRP CIRBIRICEERT 5.
[Z1TH ) TIIbNMUNENERTIE, SESEREMFETIOHERN
FHEEFHRILTEY, K6 ZZDOHND T = 20°C OFREZ S L T
Ty hLEbOTHAHRLRL = 2T, MEhT L o & HARENRE
RNT A= THDHT AT Mb (aspect ratio) THY, LLTFDO X
T 4 AV ERIZKT 2AmS L LTERIND.

A= (%)

F 7z, X 6(1) OffEdhLiEE i~ 7 > = =% (critical Marangoni number)
LN bR e ThY, XKD TF v e Q oL A/
NAEOFEE LTUTFDO LI ICERIND.
:‘aﬁA]([M2)
pra

Ma. = Re.Pr (6)

T, IREMIERB OB EIICB T D AT T 4 A 7 BHRE
EAT, LI, ZOLEDLA JVAEITEER VA ) )V XL Re, T
HDH. ABFFETHASNEZS Y a—r 3 A VOB EE, EEICK
TOERRENWZD, TORKMEE LT, LFOLICHT 1 A
7 REEZ KT D Bk EE O A A

7 - YT +v(Ti) @)
2
DT, {TEORE T ok 5 Bk,
25-T
T)=v(25°C —— 8
W(T) = )Xexp(2731547TJ ®

THEd 52 &N TESD. 22T, v(25°C) 1T 25°C IR T DY
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M6 BHEDTARNY FLAIZHTZMBRIS I _H Ma, &
QBRFRBEARKAL OTOY b

A= FANOEETH D, B E LS OWEIE, TRT—E
CEL, TG (Blfbs: LRSS ob 2 n /E
Wz, o, REESET A7 LE DR PR E N TND.
RN O KR AFERBFICER T 5 &, AN iRE 4
L. Z O f 2T ORTHER UL LE, 7 A7 Mgk L
T7ry hLELORK6(12) THD.

_ (D)2
o~ Ma,

F Je ©)

B 6 (1) 123\ T, Ma, % A TR IZ L2 E /R & PEEN TR Y
TR LD TOBERCIRHAVLER, Lo I RAEIEER & 22
0, HNZEMBICB O T ORZEEEN RS S, Kelk, &
EFXERTT U P (25°CIZBWT Pr=67, 112, 207) L5 4 %
7 EPE (D=10,30,50 mm) DOFEREZFEELDEZHLDOTH LA, W)
IR A WD Z L2k o T, REIREA O R E A R
HTENTES.

A<0.5 DFEWEIEIZEB W, EOEMHFICHT D Ma. b A OB
EEBIZHFATHD LW ZERDD. X6) D, ZoZE{kix
AT. v DEBL L), HOLWEHI T NERTHH Z ENTHRTED
D3, V OZEGIE AT, OEIZH X T/NE W2, Ma. DAL AT O
WONELBEATHLZ ENbo TS, DF Y, WO
RI72 8 ST 5 &, X 0/NSWEEE) ) TREE RS AR L E1
THENZD. K6Q)ITBWT, A4<0.5 OFWIKFETIE F.  HH
WA LTS ZERbDR, Zok, REEEEUMCLIE
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(V) V) Vi)

M7 &750 FLRBRERORERAROD S ESEHRPHEX

HENOWHAIZRELS LTS Z ERHERENTND.

I IIEE 2 2R &V, IREY Y A 7 LG ME— Nom 7
ETHRMST 6T AW ZE) Z o 7 ICIINRENE (standing-wave
type, LAF, SWZAY) L[R! (rotating-wave type, LA T, RW 7il)
DZONH L. SW BLOIREFE TI%, oLl @ 5 5 E o W Tt
NWAEERD TS, —7, RW BoOEE T, 2ENETmIcm
W 2., ZNDDREY A TOHFRT Twave (F) ) &9 HiFEH
M sTWD O, RENTKE T B b b2 Rk
D (hydrothermal wave) WEFET H72DTH LA, E OFEAMIC
WCEZ ZTHIBRARRWZ LT D, m [TRAED A ICAFIET D
WEOHTH Y, BHMEEED.

B 7 IESESERRETE B LIEHERTHD. BRI b
L— =K T2 MEAT 4 A7 LIC CCD 7 A T TRE L, 1/6 EH)
JAH S L ORI L E R LTV D, HREEO FLEIIT RS, &
DX DRI N L —H—h T BMBAT D ENTES, KPR
TEFA B S 5. 2 ORA RIEFIROZE LIRS, RE) ¥
AT EEFNT— REE B 5 Z Enthks. [K70)-3) Okt
RIEFEIROTBIRIZATE, FEE, —ARTH Y, 35T 585 mE—
REiZZznZhm=1,2,3 Ths. £z, K 701) Tidhi - REERFIR
R0, K 73) TIEEATBORLT RIEEB O TERNEEL TN DTz
W, SW BOIREFESEL CODIENDND. K 7(2) TIEAEMHF DKL
FARAE RIS SR 7 7 TS IEHE L T D728, RW T R B i 124 3
Eha. ZNHORERND, 0L ZIRBEE V- THE S EAM
FRNTFEL TND I ERN DD, JETHAE— N m 13RO R S
BFEL, ABNPINEmPREL, ABKENE m PN EL 2D
MRS D Z ENHMBILTND. X6 D A<0.5 DEMETIE, 4DH
MEEHBITm P46 1 ETHDTLZ ERHERINTNHRL F
7o, RN ERRAE T, RW BOREBIF L0 b SW RO RS
DIFE D BHB LT 2 & DAV ) 25ROl 25 o Ml 1 J25R TR
WENTWEA, PARZHANEIXEZH L 2SN TR,

A<0.5 DEWERAETIE, 77 MR ET 4 A7 EENR R > T
t Ma, & F. O AT DBUEISEWIEFER TE 2V, —J7, 4205
DREWEIETIY, FEBREMIZ K > TEEIRIE O RLE O 23
KESHERY, LIT42150 I2BWTT T2 MO RENIEE
ThD. TT72 MNVED Pr=112,207 DA IITIRBNE R I H E

VLTS, Fx06 TELLoTND, THICXLTT T b
VIR Pr=67 OE, A~ 1.5 TREARESKH 13 [22%L,

For02 T—ELR->TWVND., ZDXEI REBEVRENT-OIL, fil)s
[ DR OREE DBEWICRK S D 2 L BABIE TH L M o7
2, FOFMIC OV TEBIRT S,

3. 2. BhoafRLatAlkER

AWUNEHEBRTHEA S AEBICE, MET + 27 EERIC
@Cd)ﬁ%7#ﬁ@ﬁf%nfwé#,_namﬁf7iﬂﬁm
DR E IR Z ZRITCHNFHIT D eIl Sz, )8 1XEHA
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(1) Pr

Velocity magnitude
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207

(2) Pr

© Velocity magnitude
[mm/s]
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9 RBRKEOKRARNRD 3-DPTV

Mg X2 (1X8(2). ZofFix =%t PTVI (LLF, 3-D PTV)
Lo THLNTZLDTHD.

3-DPTV X, Wi AS NIz b b —Y —hi 7 & B DO A
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WFHb0OTHY, TOERMFH 7T (1) B ATKIE, (2)
hirfrity, (3) R iBEF, (4) =WorEHMETH L. I 2 FKIE
TUE, RAENICEE ST EERE2 D A7 TIREL, T b 0l§
Lo (B vVEAL) L 2EMNORERE (A — MVEAD) B
T 272D AT NRT A= EFHNT D, RICHED AT TR S
NI EC R ——k 2L, &L CEb 08X &8
T5H. WEIS, WATRETHBLED AT NRT A—=2EHNT,
i Lok L—H =k OB E Z, ZRITOZEFENOB) X T
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BRI, BEY I 2= a VREERE LIS —BLTEY,
JE D O EHIAM T Ao AL 72 126

X 9 X IRBIFIRE O F K /17 % 3-DPTV TRl LR TH v,
HESY NSO 16 IRENAM Z & ORI A{bZ R L TnD. FE
B4 D=30mm, H=45mm (4=15) THV, ATILAT LY
bOTNCREVRIEDT T ABIE () Pr=67 & (2) Pr=207
THY, TN 6 THREEWE F 32 L& 2 5 Thn
FEICHIELTWD . 26DV EHL L B JEHE— Fim=1
D SW B OIREE Td U, PRAVIEH— D L8l J5 1) Wr i CTHRE) L T
Wa. X9k, ZOWmIZHEESY ML ERELELOTHSL., =
OWiE EClie — VIROME 2R T 2 2 N TE (READBHRA
F), TR & & IS MBI N TN D Z bbb, K9(1)
D Pr=67 OFFRTIE, 7= /WIROFEZHHT 1+ 27155 INEL

(11 (IV)

EHAISER - (1) Pr=67 &£(2) Pr=207.

F 4 A (Fb k) imhrs TEIELTHSE2, K 9(2)0

Pr=207 OFERTIE, v— /LROWEEDBINEAT « 27 [l SmH
FAAZA (EPST) IEHFLTRBY, 2ok 2o
DFEVWRE 6 OIEBNEEEE F. 0OBWOFINTH D Z & BARMET
B D2 o7z, ZORRIE, W O FK ik 7 i O 5 10 O K
WTT 2 MEITERAFET 22 L 2R LTS,

BAERN DN & EREICHIIT 5720121k, boRERERT 4 2
7 (BE£E 10mm P L) 2T 20ERH L, KRERT 4 A7 T
7 AT MO Z T 2T NEREIINEA TS 5.
AR THONTRHERITE SITMNENRREORELZZ b DT
b Y, WUNEN IR X0 RN O R F IR 5O AR L EEBL G OfiF
IZIESWEnz 5.
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FERN Ot AL D ZIRICH 7231728 E3Thodvrz. BIE, KRS
B9 5 HKIER O FHEHEBR 72 ¥ = 7 b [Japanese-European Re-
search Experiment on Marangoni Instability (GE##:, JEREMI)J & Ftif
SReRAL 2021 AELIRED FEHEIC T TR TH Y, EJ EF O
TERENHIF SN TWD.
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Discovery of Intermediate-mass Black Hole Candidates in the Galactic Center
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Characterization of the near-interface microstructure of a-Si:H/c-Si heterojunction solar cells

based on positron annihilation spectroscopy
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UCHERR L [1, 2], 2014 FEIZIXZENE T 1S FME O e -7 Si
KEGE M O e BT 25.0% %2 %EHE T D 25.6% & R L72[3].
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Uy RNTA R T 204 8 (LLF, X7 294 b) K]
DERMIEKBSE MO FMEE LTHEA SR TEY[S], a7 *
HA K& Si-HISC & DX T MM K » TEBRINER 30% % /2 5 i
BN IR R B R A BR S 3 B & A R [ O WF FEHE B TR I8 12 78 o
TWaI[6, 71. T72db b, Si-HISC 1384 2B KdEho T H
FRCEERMEZY HDO2oH VY, X 5RHEMFOR L~
WERPEIfFERL TS,

B 11T Si-HISC DREAREE & 5HET 2 2R F— N FEA ¥ 7
Z L% Y. Si-HISC IZHE W T e-Si R\ IHiE S H72/E & 10 nm
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W23 7272 Intrinsic a-Si:H J& (i J8) 2% c-Si i X & A#hfE(k
(Passivate) 75 2 &, BL W a-Si:H & ¢-Si DY R¥ ¥ v T OFHE
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11/2 | 0.32 - - - FREEDT Y Y v RAKBERICEE,

TEA6:HI1STHRIIRIE L 72,
12/14| 3.16 2.7 34.9 119 18 |/ RN P v 7T EREL,
LicRE 2,

6
L —2019%7813R
—2019%7H15H
4 ——20194e8 A 19H
g 3 —2019%9F 218
R —2019%F12F 148
#

+ 2 4 6 8 1012141618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

FFfE(s)
1 BRBERERIC 3510 B HE) ORI 2k

BEHIZ ) A I ENC LE- T2 JRAE, /A~y s
OFRIMLOEIT 7 bl > TLEY, I ENSCOONE Uz
ZEICRDRNERTH D EHEH S T

7A 15 BO 2 BIHOREERBE CIE= > DU L7z, FIRNE L
TIEAT & (BEAIMAGELE) Jeic 7 7 4 » X Ol B,
ELIETYAVIHTFICHOR VL O E AW 0IZ, 0V 7 LDk
7> 5 BRALAI T 2 WAL ZE R AL, Hk & R B D8 iR
FIGHERZ Licled Bz biiz. 22T, A7 LA8ERIZO Y v
7 XD EDE LBIERWER RN DI AT 2 E AL
HZEELT.

8 A 31 HOBBERBR Tl v P v LBRILFI & v 7 o7 SEE N
WHLZ, 22T, A7 78T 2R CEHERALZE Z
5, WAl PN5S &R bNDIRENMTE L Tz, EHICEE & 8)
WrLi=& A, A0 Y=l ¥ —0ORETIXET BN RO > 72
B, A7 RN LAEORSEEIITET 2R Y725 7%

Moz, ZOZEnD, BEIFA Y=/ X —DEHETERIY, 1
ARSI 8 A0 L7z PNSS O 3 illit & 72 v, i bR o
BEGRSOSPE Z 272 Z EXFRRTH D LB b, 5% ILH
WHIPNSS b PICiEMME LT 2L L Lz

9 A 21 H 2 [8 B ORBERER TSR S B IZ 7 RV D3R
WLz 2/ AVOREOBINEFRHEETH D LE2 bR,
SOLIDWORKS %> Marc {Z K 2 G JIfENT 235 2 AL D R EB DI
BISHB DN TNWD T ERmhote. 2O &b ) AN RES
FREIET 2L L (K2).

BR L AVERWBREERBRZ 1T o7, LvL, oA Cil
LR O B CRBNMREIR & b 2 FRIC L DAV HKRE,
HH EFICEEL R, 11 A 2 AOBERR CIIAKERZICT
VUV L, CTHNIEATALIZDH D OV Il LIS
U R Al & U IR L EFE O H RN RRIENRRTH D LB
O, TOZTENLZ Y UNEOO Y U ZIZHL 7Y ADBH &
BEILTHZ & & L. JURDRRE ol Bbhd 0V v 7 %K
3R

12 A 14 B ORRBERER TI3R K% 18 I T/ TR E L7z, i
HE LT, RGO U NRIEIZ T LA DL T =) B —
MNTARBHANTN 2 Z LB 5 &, ZDORNBRRO MR
ERETTIRIEN A LT H OB MR SOG 2k 2 L7z ATt
DD, SHITA VI Z—=PRENT L0 EKRKROEIN %%
JCA P2 Z—RNO OV I RAE LN, O 7R
fil e & 720, WERLE R O B ORI RRIRIC K o TR & 72
AEEELEZOND. DOV XL
DIFHOHVOYUBREFER LIz, M T, AT =l X —DRENL
Bl bHIT, AFMOLHR EEZTTHHEROD WL
HHOH ORI ET 2 R R b L L 22 5.

TV OMREETMT D ECTRIEDRITEE R T A—F L

NI

(a) i ELm

(b) LB
M2 JALVOKE

.". v o
B3 112 Efi ok (= DU g) %icElR L0V v



DN, vy VAT TIRREPE R & R D R
RN Z T 25 2 L R —RBIZITbh T D, B L=
VywﬁﬁK%wTi’hiTﬁNT%tiﬁ’%ﬁ@bi?wk
REONTN, TORERER/NS W EBbh 23 EBROKERIC
LCHIIEZEIT) 2 L2k » T, FRPEPEAER F“F?jh’—@%:u”j%ﬁot
ZOREREK 47T, Wb 8§ HIGHE FEUFEORMMB AL
LML TVDDR, SHOENRIICT THE LR RN
VDTS ERGT LI LR TE.

PAED XD IR H CITBRBER R IC C = v O R
i&@,ﬂ%hﬁﬁ%%%%#é%mﬁéﬁwot.%@—ﬁ?
h—% A 8L ALE 509 kNs LA E & 72 0, HEED 50 kNs & 2T
HIENTE, 2L, FEFRGEEZRICO WL E R LED
SHAROND D LRS-, 2O - HIEICE L TiE
T A ENREAMINTGET 52 Lic kY, VEEREREIEZ £
Liz. F, =P BRI H 20 BBRI OB 2T oI LI
Koo DR AT B A REE A R L.

3. LRIty MEERAWLS0kNs ST > O MBS BREE R O T
NAT Yy Rayy b2V ORI O — 2 & L TREHMZ IR
WIENET G D, ZAUTIRE T 2 DR TR 535 A —
ZTHY, BAEWNI~NERBEE G2 5. BEOBRTRD L, Bk
Fil & RELOIRAEIA TH D O/F IRBERIBIC KR & B e 5 2 53
TA=LZTHY, BBENRICHRETD. ZOO0F 2k DHIhiz>
THRBHZIGEE IO W T OIS 70D . o, BRHRREE
XEERREL 7 LAV OBRFHIB W T O BRERAIRRERE D, 2
NHEEFE 2 CT2I8FETIE, BT 77 X VIEERIEIRA— & F
T DEEBRE 7 LA v ~Oi A& REz T, ZRueoO L~k y b
5% O T2 S5 3B T o B A Tk & B g L0,
Ty NEE IR ORI EAC 2 B 2 5 72D O BB FiE O —FE T
HY, HFEMIEEERLE LTERSNDS LUbt y MEEKICONT
OBMGTRAZ MR FETH M. BEERES VA v o E B
S & LTH D, BERRE O S BTt > TREAZIEL TV
A Ly MEICK D BIEMITT 5 2 & T, BEERE O %
B L R R O %R IEEEIC B 5 T — 2 R— 2 B BT 5.
NAT Uy Rary hmr P OBRBERBEL L Z 0T — 2 _X—2
ZRO LAY D T & THERMRER M2 %R U 7= 115 o B 4 #E 1
L, OWTITFEHOREILIBEEEZRD L2 N TE L. LLERN
2018 AEFEICRA%E LI FHEOMIE TH 5. Loy L7ads & S fighr ol

L~

= =
= 5]
a

=
N

FrHHE R AT [

=
[S]

=

0 50 100 150 200 250
T IR B A B [kgfsm?]

X4 2019 FERKT L YL O PEHEROEEE 2R
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BEPLEEFELARTERORVEEEZE L TV DR ThoTz. L
ALy MEIZBW TR R BEN S, Lokt b BIRDN
T _RE R E LT ORER R 2 IZHER LT &0 ) FRED
HHNTWD., ZOMELLTLNLty FEEOBENEIEE VD
FEERD OB — I TH DA, 2018 4EFEICHIFE LIty —ic
IIRFEETH 7. 22T 2019 FEITIE, 2018 FEITBAFE L 7= fif
B —/WZ Sussman & OFHIHE T L) X L0 G2AL L AT
V= VDORREToTZ., ZHUCEY, I EWEEEEZ S - ToA
TV oy Rary bz ORRBERBRRE R © SRR 1B A
55z &fﬁﬁf“ﬁtfiof:.

(2 CBEIZIR 7223, 2019 4FJE Gl h— & /LA > 7L A 50 kNs
WDNAT Yy Ralry N2y ORI EIT- 726
O FREERBR OGS RICK LT, RO ULty MEICE DA
MiFEEZENT 228 7T, 2009 FEICHE LIz P Ui 5F
PR IBRE A L. = P OIS H - o CITiiE b
FORCHRIS 72 EITRIFFT 2D T TURLHELTR, EORHE
MEER/ NS0 & b 5B O 5 B4 2RO, R0 THiIE %
119 2 & THRBERBURE R 2 %I OFEMICH W, 22 Tibh
TR 2 X 5 IR T. fESn =R RE -2 b
5 OBV WICITEELZETL2H00, SHOKRME UV OR%
Wbl THELRIBAERT — X EH/DHIENTE.

DT Y

4. 34LERIEHIZ U DR

WS FORER, h—F A /LA 50kNs DTV Vv & EHLT
L-olciE, LA 26kg BB LR o7-. Z ORI Z v
7 (BLF 2019 % > 7 LR 1F, 2018 “FFERR R DERLFAI & > 7 (LA
F2018 7 LIES) ZAIC, IMEOR S ZK 2 50 1940 mm ~
MRS 5L THNEBEZ 4L ~EIER L. # V7RO #EDR
UESHEE X 2018 % > 7 LAl — & Uiz Bk D & o 7 (Ll K O i %
X6 KO 7R,

BHIE L7t & v 7okt L CitERBZ Efi L2 & 25, 1o
THEHZAMLIZZ 7 SIN 2 DETEMN 53 MPa THRIJ T L £ -

- (X 8). FHADI, 5.3 MPa TOIFE & ZHH D UIR+ o EE
14
ERE
=1 ° oo
2
208
%_; 0.6
4_)?
[ 0.4
=
B2
=
0
0 50 100 150 200 250

T IR B A B [kgfsm?]
X5 2019 FEEPHFE = > ¥ L O PREE 1H I

B 6 B&iAIC
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X7 Zrr7oeRx (E:2018%>7, F:2019%27)

FRELAY 0.016 &7 o To3GAITITEN LT, S BITEBREDN 0 DR
IZ MS (Margin of Safety) <0 & 725 Z L 23 rho 7o, fim & L THIE
EAM S TN ) BITEAIEN Y, A LOnHEWERED L
FZEBRREREEZLND. ZORMEE LT, ¥ 7 ilEEHO
NUOEXZ2M{ICLE. 2B EOREE) DDA T O T
OHNWRSIZHHIT L EVI AN S MDD THS. DRl
HOESZ# 215 LimZ v 7% SIN3 KOVS/N 4 & U TIER LT
\ZEIE BT O 2% O CAD Wi % R~ .

&2 7 MBS X A8 2 H 1 CFRP (Carbon Fiber Reinforced
Plastic) Z %\ T\ 5. ¥ > 7 S/N3 2} 4|2 CFRP (HyEJ12M65PD,
FHE 7 R 380 GPa, BRJE 0.096 mm) % FfJE K [-55/0/55], T 6
JEEE AT, LavL, CFRP 28 130 °CCOMBEAIEIZ K & < IX
fii L, @R O EIR T~ H LZERICR 2 2RO EETOW
FNBECTE. ZOFLEZT T, BUSHE FIF 572010, ki

PERNME L, RE ﬁFWCWPGMMB%O%%ﬁW%ﬁﬁle%,

WJE 024 mm, LLF TR &FES) ZAff@tk[-55/55]C 2 @& & 17

72. TR ~OE T RO CHOILEIZ KX > T CFRP O O UEILLH B
W5 &0 MBIEMRR L, S5ICHERRICO Lz, %
BERBRCRIBE AR <M TE 2 L L, ¥ 7 SIN3 KTV 4 ZHWn

9 WELHIZ v 7 DEDOWIE

TRBERBR 2 FEME L. LavL, 8 A 18 B ¥k ERBRIC TR %S
FOREAEEMNIAE L. X, BEAINHL X 2 7 EENK
36°CE &<, FEBIAEHIZZ 7 [EHMNT <IZ ER U CTHSRMIE
N DOWENREE T2 Tho7z (K10). TOXEE LT, #19

RIS v 7 ~REBEIZE D 5T, %> 7 IRER 20 °C%x HEEID
WHZITV, RS L CTEFICARBEET S 2 L8k,

2019 4= 8 H 31 H ORBERBR TIX, 8 A 19 H L FERIZH v 7 ~ff
WA AT THHZITW RS LEM L. HEE L TREAR
AR ET, EFICRAKETITALIED, ZORKIIEDNTHD &
Bz bbb, LL, ZOHETIHITE EIFRBRICE O TRB A
W7 EEiTH BT A2 Licenicw, EFOHD BT 4@
D0, BFEICHD LIFRBRE1T 9 5E1C i%@&/7%ﬂﬁ&%%
RIRT TR B0,

BbA 2 7 DRSHRET 22 & TRE 34 L ~O KRB L%
L, BELIERIRE (= BN XER Z 7 HE) 132018 7~
7 EHB LT L7 5L o7, BBBRIZBNT, 7 HDK
JR° CFRP OEINEDOERNHAE L2, TNENWEL L7 4
V7 SIN3 KON 4 L BRI TRERMES R T &, RBERBRICE
WCTHY =V EDORFE RSB TE L 2MRB L. Fiz, Bk
RBRICBWTH X7 L LTIRERICHEATE A L 2B TE .
PENBTL EFRBICCIN DX v 7 2 VT HRER < R
TE, Hb LT 2T 2N R bDTHDLEEZLD.

5. #&8

BIEEE 15 km & HEEIZ S B2 5405k 4 b 2, Bkl & v
THEHIT VU VAT ARREREEL, =Y ROBELAIZ
VI DOREUE - BEALEIT o2, SHITL-ULE v MEIC L BRE
B ORI Y — L ORI Y AT,

BRALH & 7 OBFIITRI L, =2 VU BREERBRICRB O TRy
PEDFAM & 58 T TE 728, =0 DU IER S L v #TH LT
BELT, é%@éﬁl%%k&%ﬁ%ﬁkﬁot LhrLohnb

H OB T B2 E LIS Ltk S 578 5 REUIZ D720
THIFHLDEETD.

2E XAk
[1] E. Buchean, et al., SpaceWorks Enterprises, Inc., 2014.
[2] M SHtdE, WEEH, KBRFKR, @B 2F7 77 2 Vpik
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DNA O L —H = FHHEFRICEE D =2 —"T & A A

Hrar A 7 Uy RO B

AR AT, BB T2, /NI O, Al B4, FERE S, b SRMES, R L1

A New Paradigm Based on Laser Molecular Beam Deposition of DNA:
Creation of Novel Hybrid Thin Film Materials

Nobuyuki MATSUKI"!, Katsuhiko ARIGA?, Akira ONO?, Atsushi KAMEYAMA®,
Tomomasa SATO?, Shigeo YAMAGUCHI® and Tsutomu YOKOZAWA?

1. #8

BUE, AEERLEREMOERITF L, Thb 23Rk T 2700
ERGFHEHNC L D82 RIERER FORELED LN TN D, £ 1
12, O X5 kRER 7 L E Sh 2 ISMpl &R

# 1 EEDTFHENC L 22 ORUEES LD T /3 AHi[1]

HERERI 3R TS 2B
HEWEBMEE. T A VA - Ml R
F. NBEENGR, LA - DRTEE oo b -
FLIE - 9~ — o —JESR . DNA v — 747
v —

A - B - e oY, IR - RIT
RS

RTF RERL (BFREEGT) | ERA K
(RS IRM & Te) . KL, VOC 48
A, A2 EBER ) T X
B IR R SR
LB R ER

ANTLHEE (O~a 70w RED O Db
Rr7 . B - #miiaa Ry b
NAT Yy REHR - £

T A= 2T A KSRy b
53 FBEIR
Fatyplifaarea—y [PNATYES—F, Hila Eay
DNA v 7 XTF KF o7 ffaT >
7. g T v 7

DNA A hbL— DNA AU 43 (2D -
3D F /R E)

TR Y
o

L7 Ry

WE A E
VT s

TRV X — A E

IZES
TIFalaRT 47 A
T—

DFURT 47 A

NAFF T

Z O
FEREVERS

LR BRI R
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Engineering

PHER HGURFR P IR AR
JN—T V= — [ENERSEIEN  WE - AR TEE R
E¥ET /7 —%7 7 F =7 AWy T v — T
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Group Leader, Nano-Materials Field, Supermolecules Group, International
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LROTNA A% BB T DB, BEXUE SRR LS D
SINDZERMESNDTZD, ERDOT A A LBFED ENIE
L LTSN TWD Z ENEELL. ARG FHEIZ L 24
TR T RO REEZHWT, ThEEREFICEBRmT LT
NA ZZERT D56, ZOREAEEE LTER LIRS L)1,
IR (Reaction part) « {5328 (Transduction part), &8 (Substrate
part) M5 ALD EAMESEEIND.

B.BV A
V‘A..b

DFEBH - DFRIG
[ | > V

— — EMLFHESEBR
ES LB UERE

R F

FUGED - (ERDERRAEIS % 3255
IBELEBICERE - EREMNS
LIEDERESZERETS

B 1 AR FMBHC BN T2 7 3 A A D FE AN 1

£ 1 OTFT A A —FAE 5L, DNA (Deoxyribonucleic acid,
TAF ) RERR) T AR T N A R DRG0 B OME
PlHCEENTEDY, ZhORSHOFIBEER FME L L CER
ENTNDHZ ENDID.DNA K2 -T A F 2 U R—A (HRKE),
VU, BLXOTY R THLTT = AT T =(G), £L
TEUIVUIREETHDL Y b (O F I (MmbiEksn, &
YOBMLIEREREZH S &0 T HEERKWEDO—>Th 5. 2-7T 4%
TUR—=RD SPEIICY VBB AT REE L, AT A,
G, C, TD 5 LWTNADHEIENFES LT AR AL [F7 4%
VIR VAT R THY, ZOEREMEFNLNE HICY VERIE
oy &S L CHBERE A L 1 ARDIRFEIR 81 L 72 72 6 D 7% DNA
WD ThH D | AHDNA YT 5. AL TiZ2>DkE
fid, CL GIE3 SOKE/KETCENETNIFEEGT S THRAINE
k) OMEEA LTS, I AEDNA L A G C TEHLXY
LAF R (FAFTT7F /v —U Vi dAMP, TAF 7T
vV U dGMP, TA XY F Y — U VR dCMP, FI Y
YU g dTMP) LR Y AT —VRERN - ELRIEO T TR
FAET D LRI AT —VEEHROM X2 L > TERZ O



WA THHEA L, FefRIC DNA 13 2 Ao “HiheriE & L ¢
WEIND. 2O EISHEHESE Z RIS EEIE, BT (XL
Z) O ETFHEEHATCRAL 7oL ) EEThY, BEHTD
Mk (&9 SA) ) OESNR 7 VAT R LOKRE-EEY, X
FEF 23 U RS I TN ENY T 5.

NTEWFEB L OEET TEOERICH > T DNA Z{LEOME
WU - S - ERITTE ZHINABRE S D L, DNA OfEo
REMEH S, BT /N RAEMAT 5 THEREMEM B & L-CRIA
TERWEALINENIBIRREIND L O o72[2, 3].
DNA ([C XY RBLE WD ERiEL LTUTO X I b o HifFS
nTns.

L ESRE M & 2 DOZEL[4-6] 5. GrffbitEri2]
2.7/ Mk 7] 6. F T34 A[13]
3. E 8] 7. G =14, 15]
4,53 FiRak[9-11] 8. DNA F&ZiE [16]

INSDOHEREERT D7 A AZAF-T 272921, DNA %4y
T LoV T BN R HHERE T 2 Bk S .
EHe, FEMR EIZ DNA #8342 Jik & LTIk DNA ks A v
a— MNERA VI Vv MEICX > TEBM L2, wRE(LSE
DFER R TH o720, T OJFE T — R IR f P 1
PEEBD ZENRETH 7. = 2 TARBFFETIE, &l S B
AR T B O WAL ) 2 % L CE - EAEFLETH D
L — W —y 7R HEfE % (Laser Molecular Beam Deposition: LMBD)
[I7NCHER L=, BEEZEICE T, MY FoS L X— X
0 bRV T R X —FHE O IR L — Y — A GRS R T -
RFR RS 972 2 LIS K o THEH S+ D 284 3l L > D Jebi b~
TR LAV TR I L N DHEES 5 2 AR TH H[18,
19]. L L7226, DNAIZKT 2 L—F —Z ORI TR0 E
it 51 23D CIR S THR VD [20, 211, % OF 7 H#iPH CIEER S
PRI & 172 DNA BRSO MMEIC BT 2 & Ash L e s T
DR,

ARFFEIE, LMBD (2 X - T, DNA MA_—R L /e o 7= Hiar e e
PEFEREIEO IR Z HHE L, DNA EIEOER Y ot 2 &k 2 R %
T5Z L, BIOERLS N7z DNA IO #EHMEIC SV TR A 15
HZLEBME LT LE.

2. RBAE

2, 3 IZAMFFE CTHUZ LMBD 25 O EBIIX 3 L O EL
BHAZNZTNRT. ¥ =R TRy THERIC L o CTHEREEE
% 4x10° Pa |CHERFTREZR F ¥ /R —NEBICIE, LEBICHER ZHRY
FFTeAmNE =% HET LEHRH Y, THICIX4FEHO Y —5
AR Z Bilis - AR TE B X —F > P AL —RBRRE I T
5D (REBRTEZIEEOZ —7 v hORER). Fv o " —lEIZ
A5°DMET]Y 1T ONToEMATT 7 AKEBUT, FEEHE
BFR L —F— (R :808nm) ¥ —~7 » b EICL U XTHHRL
Sy MR FLAE R SR S RUBSEE LT v N — NI R
D AT B ALK ERIREY IR = 2 — 2 &LV 0.1 A/s OREEECEHI
AREL 72 o T D, FEE FICII AT v B 78— & — Rl o |

71

B~ A7 BRRELTHY, KW E~05n -8R ZEfHRT 5
T v —OFEEEE O E L HIC, BERICZ OB RS
EHETENT Z LIk > T, B 4 1SR LD IS HMR BB
ERRANCEA L2 1T ) Z LR FRETH D (v A7 245 EE
FICEIE S5 2 L2 L0 BBIROREZE A2 A3 5 EHER &
EE). AREBRTIILTORMIZ L > TREF A FERIL 7.

[FE£#K] Si(100) n-type 42 mm X 19 mm X 0.5mmt % 7 & k>, =X

J o=k, BRAKIZ LD iR T — 7 e VI TR S kI

ERANT —~BfMfFCr— ey 7=Re N LAET v

AN=IZEA (AARBEEER L2 L).

[EAGR ] =R (23 °C)

[# =75 FHER Y71 BRI DNA B3 2K (MP Bio Japan)

[L—F—] PE R R IR R L — P — (& @ 808 nm,

Directphotonics, DIRECTBOND 800), /) 1.8~2.5 W

[BURLHEE] R RURGEFE 0.48 Als

[~ o 2] WEATIC B~ X 7 2 R E T 74—

VU, R & T L0 77 um/s O TR B~ A 2 &

PIC D (GEWZEE D) Jrii~#hns U RIHERS A 17 - 7.

e B (RIS —(CEODHFTEE)

o
Y
KBIRETFIRIE

R THES

=45y bR
(B4 HEDNA)

/
HA—=Fwv K T
HIL—tI il

X 2 LMBD %5 O A =0

X 3 LMBD % & o 48l 5 H
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Si substrate |

]

4 RO~ 2 7 FEERENC & 2 RER R o 815K

Flo, HIBEOTZDICF v A MEIC Lo THEAITo72. /S IC
AP L 9T, BMK IS SR R DNA By R % ViR S C
PERLL 72980 & Lok & AR Si(100) bk B~ F L7=%, > U b
TV T 1o U7 B PR # IS FEAR & 0 C 96 IR AR FF L CHIME S
7.

Casting method
(for comparison)

Salmon sperm DNA
solution

(DNA 20 g in purified
1 mLH,0)

Dry at RT,
Tlatm
for 96 hrs

|
5 F v A NMECLDIEBETakE A

BB 1T DL TSR 02 0 7 15 T HERE I o Wy 1 314l %
1To7=.
[FETEAR] BT A 6T
[FRMLS] 7 BMEE (AFM)
(] fib et B A5
(RS G ifiE] 7 — U =B HRA G Je R (FT-IR)
[DNA 73 -8R HM] 7 41— 2 7V EX K Eh %

(1) FEt RN % TE buffer ## (10 mmol/L Tris-HCI (pH
8.0), 1 mmol/L EDTA™ (pH 8.0)) (2 X~ T¥afig LI
LAY

Q) BXIKEVHT T —27 v (1.4%) : 7 A —20.7g
% 500 mL TAE /&% (40 mmol/l Tris-acetate, | mmol/l
EDTA™) |Z¥fF L CIER L7,

(3) EAIKEN Ny 7 7 —BHE « LAL TAE iR

(4) DNA A R~ —7%— : Gene Ladder 100 (Nippon Gene) 5
ul

(5) BRKENSME - 100V, 30 min

(6) Yetrtitdk : SYBR Safe DNA Gel Stain
SCEDTA: ethylenediaminetetraacetic acid

3. ERAERBE L OB

PUTIZHEWTIE, LMBD BXUF ¥ A MEICL W ERE -8
B2 Z 4L LMBD # 5, v 2 MR L IR 5.

6 il B 53T L 0 B L 72 LMBD I 0 R 4347 2 4
B ORI - T, ITFEMRORBIEER & 22> TR Y, KR
B TR =4 — LA E~ A 71T X o O R 4 R T
ETHDLZENDLND. ZOEWEERIBEME L DNA A2 7 3o
2T DRI LEAR T RIRBERTH L.

70k, EERAGTHEHNC LV EFHE L7 LMBD ML ¥ v 2
MO WIE IR 7 2 7 7 A V&R LTS, 100 nm A — % —D
A3 d D DIzt L, LMBD M CIXIZIZME / A R HPHNERE
O ER->TEY, FFEICFHARARENHFEOLNLTWVWDLIZ L 2R
LTW5.

MBD #IZDWT, ERMICKTO RMS (F/h—5) 77 %A
AT 5 & L big, BREIEF L2 RMS 7 7 X ADOE L Z R~
5720, 8D X HITHEEL RMS 7 7x AL OMFEE Ty R L

LI B AL B
—~15F LMBD
e [
c
g 1 | Least square fit .
2 .
§0.5 i LMBD film ]
E [ Sisubstrate

0e Ll 1]

PR PRET N T T SN T [T NN T T [N WY W S
0 5 10 15 20 25
Lateral distance (mm)

B 6 fibEFBEET & 2 IR A A I AE R

Casting

Height (a. u.)

LMBD

0 02 04 06 08 1.0

Distance (mm)
7 EFREATHIC L LEWHEIR T 7 7 7 A L.

10""l""l

—————]
E 8 * LMBD_
?
E 6 * o
o)
= 2 ]
o
0 P B S RS R
0 500 1000 1500

Thickness (nm)

8 AFM (2 X v FFilll L 7= LMBD #if# RMS 7 7 % &



oo W7ay hhbbnd ko, BEEOEKIZHES RMS 7 7 %
A DR KRBT 72 <, 4~9 nm OHFPHICNE->TWD. =D
£ 912 nm LUV OSSR S N TN D Z LD, BIOBEENEE
A BERICRE LA m Ao 2L b ThDL LEALN
5.

PALEORERING, LMBD 5 305 <0 2 1f 1 AR T A 2
EWVWIOERRE LN, ZNITINZ T, Bk S - #EE2 DNA O
DI HEEEHEFE L T D008 9 &0 9 A DNA OFEBEZTE A &
LD OAERLFEHTHD. 9 {Z, LMBD L ¥ v 2
NERED FT-IR WA fLZ753. LMBD #ED ZA~7 kL
1, BEEO/NSWERSY Dy B R E WA 2T T 7 kA L
MRAZBENTRLTHY, BEEOBEINCE L TARY MO
BRRLZ RS 2N SRS LTV 5. BRI e — 2712
DNWTEEZAFL, N DG HER22]2 R 2ICE L DT,

a8 aa a 7 [] o Jiof 1}
—_—
1L ]
@ [
Q L
o [
S05[F ]
5 [
n B
el [
< I
0 1 1 o [ A
1800 1600 1400 1200 1000 \/ 800

Wavenumber (cm™")
9 MBD I L OF v A MO FT-IR WL A7 kL.

2 RAMIN ' — 2 (L &R E & OxIS[22].

o | e Gk omE— 1)
1 1700 Guanine (C=O stretching)
2 1653 Thymine (C=O0 stretching)
3 1603 Adenine (C=N stretching)
4 1488 Cytosine (in-plane vibration)
5 1420 Cytosine and Guanine
6 1221 Phosphate antisymmetric stretching
7 1083 Phosphate symmetric stretching
8 1050 C-O deoxyribose stretching
9 1014 P-O or C-O stretching
10 963 C-C and C-O of deoxyribose skeletal motion
11 938 Adenine-Thymine base pairs
12 835 Deoxyribose phosphate

9 1B, Fx A MEBREOWINART MUIZBWTHA TV
No.6~12 O —27 73 LMBD #EOWIL AT hLZBNTE L
WO LTWDLZ Enbnd. MElEL OGN LHEIND Z

73

X, UV UBEABEI SN T WS, b H DNA & Rk IC
Bl 2 TG B O XIS BWREL TWDH EWNWI T ETHD. No,
1~5 O E— 7122, Tk LMBD 5 & % v 2 il Tk o 812
PIEIERFFES N TWAZ &b, A G, C, THEME ISR T
WA EEDNS. DNA #EEICKIT 5 U VISR {E LTV 5
LHEER SN D, EOBREOEILEL (Base pair) £ CTH A
ELTW D EHERBT D 0IT> 727 T a— A7 VERKIKE £
DB A 10 1ZRT

Base pair

M I II III IV

M: Marker (Gene Ladder 100)
Source DNA

II:  Target DNA after IR laser irradiation
III:  Laser-deposited film

IV: Casting method

=

B 10 7 v — AR EN & O dC .

B 10 O L—2 TIZIEH 7R HK DNA 12X 5 A AT 7 e
VRMBNTEY, 700 FEHX LA FOfE~ OF X D DNA 843 5UEH
WKEENTWDZ ERNbND. L= IVIEF v 2 MEIC X 5k
OFERTH Y, FEEIZIEREDO L — U #hPHIC A X T 7N
ROHBL LTV 5. ZHAUTRBDKIEIK 2 il S H 7% v X h
Zxt L CTHESNIEREETHD. L= 111F, IR L—F—% R
L7z =57y LU DNAKIZ L DR THY, L—
VX LMBD IO R TH L. ZHHONThO L — il b
Wy RiZBATWenWZ &b, 4—4 v hELTIR i 2%
1772 DNA JFEE, 8L 2 5 288 U CHR RIS HERE S 4 7= i
TlE, DNA I 100 3R L0 132 2/ & 25t & T ik
L7eiy, HLVEARB /-SRI L COERA v F—T L —T =
VEBISRNE ) REEICETHMLIE I LN ELLND.

PLEDRER S, LMBD & H 72 DNA MEEAEREIZERIZ BV T,
T A= =LAV TR R E O BEEERES RSN D D00
U VRSO IR S 0P, A, G, C, TS I35 2 &
Nbhrot-. ZOEKIE, IR L—HF—ICk b2 =4y FNENRE
PEAATSHETWD Z &I bnd aletEn @y, A, G, C, T
Feti it oo B A R U 7 M REME IR A i3~ % H 19 Ch VAR ER
SFHELIERARETH A3, JFE DNA D% 54 /5 L 7= DNA
12X DERERIE R E HIET ETIIRETHD. T 0, Hizle
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TR —FOEANEMEDDLZ ENLETHD.

4. #Fiza7 Ta—FOKRE

LMBD (2 X = TJFE DNA O Lk 85 4 P57 L 7 DNA [E (R R
ZRHT 572012, IR L= —IC L 28R T ETITR L, Kk
DNA ILB-Z D54 A=V R L0 Dl nWiil-/e 7 7' n—F Mgt L C
W5, ORISR & L THEIT B IvD OB, Matrix-assisted pulsed
laser evaporation (MAPLE){E CTd 5[20]. HEFEWE LV b L—H—)
WALRE S B <, L0 BB LT WEE Matrix (REFF) & L CHE
BB L EHILRALY =7y FaERT 5. 2o —7 v bC
BHZEHTL—F—&2 W45 L, 9 Matrix [ —HF -0
TN E N TBEROEREZ AL, HEDE LT OBREIERRE
WML ES D KO LTHERGAICHET S, Zo7rkRC
L0, HEREHEIZ L —V — X2 L B0 R E TR
ICHERR S D,

Beilt, ZEFE 5132 O Matrix % AV 72 LMBD (2 X %5 DNA HUJEE
EEp & B L7z, RO FT-IR AX7 R V2BV TIK 9 1 No.
6~12 [ZFY T 2 W B — 7 BB BN D A4 e k5 R 3 O th
HTEY, HEDLEZ AHEREMO R &R RO 24T 72
MO ELED TN D.

5. #E

AHFFETIL, DNA ZHEREMEL L LcHiar/eT 4 203 % B
fi L, LMBD % ]\ T DNA BRI 2 QI 5 0P8 24T > 72, %
RGO DNA & J50EHE LT, R4 —F —% 72 LMBD (2
E0F ) A= — LT R R Z AT D EERERIE SN
7. Loy L7ed s, FT-IR AX7 ML DO3Hrns b JEEF DNA Ok
DHEFF SN TWRWZ L RS S L7z, BUE, #Hilc/e 7 7V m—F &
L C MAPLE {0 21D TR Y, A LA YIRS R O vtk
DTWD. HkiE, HERRMOR#E & FEM RN 2TV -> D
LMBD (ZJ % DNA [BE KM D RNE T = & 2 S22 m i) THFE %
HEREE5.

6. HiEt

ARG ToER e An 3L RMFZE A OBIRIC LY Eiisniz. X
KENEBR T & SR8 E W2 Wi A EE A S
WD & DG L B 5. DNA O GBEICOWTIHRET S -
oA ENE N EEERFIRBIUE ~—F B o AFSEET Rl A
BEERICESBHOEEZERT D, AFRICOVWTEER IS %
T & o EEL B RFRHE R BUS TR F 4%, @
WBHE FOLLERPLAFHRIO L VELB L BT 5.

S5 XAk

(11 (E) = por & — - PEEEANRR A B S8 B A BT I AT 78 & o
4 — (TSC) ffii, “EWBERE 2RI LT /A A58 O HAlT iR
REIZF T, TSC Foresight, Vol. 23 (2017).

[2] R. Hoffmann, DNA as clay, Am. Sci. 82,308-311 (1994).

[3] N.C.Seeman, DNA in a material world, Nature 421, 427-431(2003).

[4] S. Kelley and J. Barton, Electron transfer between bases in double
helical DNA, Science 283, 375-381 (2021).

[5]1 HAH =, &0 1EHE, BB 817, KRE E—, B E—,
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[11]

[12]

[13]
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AV THME AR T2V a7 Y UG OER L
RIS AFREFE O JEIT & D HEA O i

ANHOERT L
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Fabrication of Josephson junctions with new barrier materials and evaluation of junctions by
two-dimensional scan of external magnetic field

Norimichi WATANABE"

1. #E
ZonBIEREERTHEWIERBARAZEEBEEZ LTV LD R
Tak TV UBELVWIN, Frld, FURAEARO a7 Y
VA OBREEERIE L TE[1-3]), RO RAEAROY a kT
Y UHERA TR BIREBMIC Nb, b RN TR OMEHI LT
N =T LEANIZL OPREHEROSE E 0 b X< BIERM:
DOFBIELENZ &S, Nb/ALAIO/ND DY a &7 Y VA
B bEMERENTEY, BREET VX VEKEREDOT LY br
= AL FIAENTNWDE[4-T], Va7 Y U EAEDIEH
& LTI, ARBER e & OBRE5 7 8685 O Bt A3 AT RE 7 R B O g5
LY THSH SQUID (HmEE TR 7) . KNG E. Hm
HBEZ [FIRHICEB TE 5 SFQ (Bl 1) [ L FEEih Ty
L HARET O Z VI X SRR B R A B T & DR AR 2R e
End H[8-10],

WA, Va7 YU EARD PR AR TRETHDLMBILT VI =
T B F REVERARHT B & X T AR AR/ AR A i oD B
Va7 Y UBEA ORI AT TN A[11-16], Ttk
(G R AR BAE R E D Y a7 Y VA TR, EAITA
AT AEFERINIBER 2 FUIN L CHEG & AL B B AR TR A il 3
LI IRy BBEEELR SO Ly han=7 RTSHSNA R,
Wetky a &7 Y VA TIE, AN TBOBMEMENC ko THS 23
NHBIEBTSIE S D 7, AT/ A 7 AR/
REMMNT AAMAEZROEEDLZENTE, VAT LAOWMEEN
FHIR T A Z bty a7 Y v iER2 L7 ba=7 X(C
ISR BRFENITOR TN D,

ez 1T, Nb/AI-AIO/Nb ¥ a7 Y A EZERIL, Yatk 7Y
VHER BN D AR B OB FFEIZ OV THIE L TE 2, V3

t 7Y RS R D BRI E IS Ko TEM S D D8,

Tat T Y CEROBFATIREIL, EE ., A I AT
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B2 Yat7 YU HESOBEAEICEATIC Z M 6N
WHHZFNML TV a7y BROEHZT

Ra—HapbHMT 52 k) Va7 Y VEROEREITV,
M1DOEIRT TV R—=T 7 =T — 0 LRI D 8RR R
BT 52 LI RV EEO RRERER SN D[17], Tk L
THA R, B2 IR &9 IS IS ATIC ZH M & AN IR %
Mg 2282k a7 Y VBROLEREITV, YakT
TR O W ITHE R AT A T LT & o, SMIRER A ot
THZEICEY, Va7 Y VEROBABEICENTLY ZLD
HWREHDLZENTE D, BIZIE, BABKRORRZYVa TV
PG OREREFVRFIEZWE L2 E . IMBR % “ ke EE L=
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N, —RECTEBELEGEIV b, WRICY a &7 Y UEROBS
W%ﬁt@%AW%WTﬁ%ﬁwﬁéz&mféén&1%0it\
Vatk 7Y UHAOBGHICEEICAMSMALENLTY a7 Y
/%ﬁ@&ﬁ%@%ﬁmtyaﬂ7/y%ﬁ®ﬁﬁﬁﬁﬁﬁﬁmo
WTOWFFRDBEFNILD ROA[20]. P2t 7 Y oA RERA
WM Z T, FRICHEAEIS AT Z2SMBRE S M2 5L T
Vaktr VU oBREEMRTHZ LITLD, Vat7yy%m@ﬁﬁ
BSKIFIEIC DWW T, KV EZL OFEREHLZ ENFAREICZR D
[21-24], =2 T, ABETIX. T OIS 2 #6107 u;)j
MPAGEMLCYak” Y CEREZERT 5 L0 ) BE O Tk
% BRI R R SRRSO Y 3 B 7 Y S O
WCHH L, MY a7 Y USRI 2 BB BN O R TR
ZREFEZBET S 2 & & BRICHIEZTT > TV D,

2. EH/MER

NS, K3IR UL etEy a vy Y VA ZERT 272
WO de ANy ) 7EEEON S BIFE1T 572, Nb, Al Ni 23k
ECEXLANYHZ Y TEEZFLTEY, HFARy XU U TEODIH
KB EEE O CGREBIABET 5 2 LA TE HMEIC> T
DT, MEZEEESTICREEAERT 22 N riETHD, R

BIRZMEEZED TIEDT =Ry LR T TEHES EE{T-oTEY,

BIFEELZEE L 2.0 X 10° PaFLEETH D, Nb DAy XY 7 L— h
1%, Ar A AJE 1.0 Pa, FRMIFEE-320 V., EMETR 0.5A O L X2 1.24
nm/s, Al DAy Z U 7 L— M Ar T AJE 4.0 Pa, B2HRFEE-350
V. BEHER 02 ADEEIC05 nm/s, Ni DAY XY T L— |
1%, Ar #AJE 5.0 Pa, [2HREE-260 V, EMRFER 0.2 A O & % 0.05
nm/s Th oz, WIT, FEICND EFTmA Ny Z ) o JHEET

Nb/AL-AIO/Nb ¥ =& 7V AR ZERL L, ﬁZA/ﬁ)/yﬂﬂ
THERDY a7 Y VAR ER IR TE 50021772,
Nb/AI-AlO/Nb & e 0 Wiring Nb JB D% @ O IL, T Zh
300 nm, Snm, 50nm, 100nm CTH», 7+ hU VT T 74—k
DRI D Y —= 0 7RIV BB LRI KD B s ik A (R

L72[25], FFORESIE, 75umX75um TH 5,

AN TR \‘I!‘

"

o

M3 WY a7 Y AEEEERT D20
FlzAR ey 2 ) v 7 ikE

R AN

3. EER
X 412, 42K CHIE LY a v 7 Y U0 OER-EESE 2R
FT.V=0T,.1.1l mA OBEEBE RSB SN TEY 27 mVOF v v

TERESBH SN TS, 20X, HCrh Eiffz a4
Vo 7¥,BERNTS, BERYE N RVEGHAOKRE /AT
VAEFOBR-BIERMEERTVa Y Y U AERTE DS Z
LR TE 2, &b, YVak 7Y U HEAOHEAEICEATIC =)
B2 BANEHRES H, Hy, ZFIINLC, Yat 7 Y VEROEFH%1To
Too WEMPEK 51T T, HSME H 7m0 508779
R=T 7= RE = DAL =7 LTI PREIE TS

ZENDL B bR AN TREMMERITE TS EHEl S NS,
o ! :
| b
/ - 7 X:: 1 H:lV/d?V”
Y: 1 mA/div

4 FHi
L 7= Nb/AI-AIO/Nb ¥ a &7 v U4

SEH BT Ay # Y v 7 E 2 DT ERL
O - R

800

H, [A/m]

[mA]

-800
-800 Hy [A/m] 800

B5 Hiziosrb Ly # Y o 7 EEE D TE
L7 Nb/AIFAIOUND ¥ a8 7 Y VG ERNLD Y a k&
7Y VRO IR TR AL

B D BTz 2y &2 ) v ZHEE G Nb/AL-AIO/ND ¥ = &
TV UEAPMERTE D 2 L T E 720 T, RIZ, Nb/Ni/Nb ¥

WY av 7y CEAOEREIT -, (BRI ZHF - olrmigE 2 X
6 127, [Rl—FEMK Ric

. BEOBMEY a v T Y U EARER SR
THE Y, Nb/Ni/Nb DO L, 24 300 nm, 3 nm, 50 nm
Th b, HFEOHEZEIL, Nb/AI-AIOYNb {7 ot 20 L & &
Uk oic, Bmigibikic k- Titla7z, K 7(a)iX. Nb/Al-AlO/Nb
TatkTy Y UBEASOBIREmLEORFREO R TFEMBETECTHY |
X 7(b)ix. Nb/Ni/Nb ¥ =7 & 7 ¥ 5 OBMEEAL#% O 5% 2 1 Ot
FEMBETEETH L, KI@IKBWT, EFFEOBROLONY 2



N T g A AL-ALO, 7 B Ni IZZ 2 Calkh & (R

Nb

Nb2Os

Nb

M6 g7 m o A CUERL L 72 30RO Wy i A i

X7 s b7 e A CERLZY a7 Y UoESORE#E
MO G E  (a) Nb/AI-AIOYNb P a7 Y U #HAED
Bl E  (b) Nb/Ni/NblEY a & 7 v S ok R

T Y UBATHY . T OREIIBmER LA XV itk S 7 sk
(Nb,Os) TH D, KIOITBNTIE, ¥ a3t 7 Y AN OB
Fefl SISO R HERER . M 7(a) & ik L TRESELLTY
D LR brG, Zhid, Nl OBMBERICRR LD LEX, BT
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AFM IS NI MR D 2 % B U C BB AL 2 1T VO R L 7 il 5
Ni Wi 2 B imEs k32 & Ni RS KR LR AN TLED 2 &0
bhrroje, £ T, Ni OBBEELOEEZ WS TR ERT a &2
TRy a &7 Y A OIEREAT > 7, BiizIC/EHR L 7= Nb/Ni/Nb
WlEy a7 Y UG OME A 8 ITRT, FHEMD Nb 4 15 300
um DT A ARG == T L, FDOT A RO Nb O R
Nb/Ni/Nb DOFfENEZ flii L7z, 7 A LR Nb J&DEEIE 300 nm,
Z D LICER L 7= Nb/Ni/Nb JE O A& F=1E, 50 nm, 3 nm, 50nm T
b D, EAEBIIBmEEILIETIERS X I ALy F U Ik 0
BRI LIS O 5y & B D B CERL L 72, IR L 13 T ¥R FE A D Nb
L Wiring J8 & 7% Nb EAERK L2V E S ISR 272072101
1To7-, THEBEM Nb @aE /¥ —=0 7 L TER LMY a &7
Y UBEA ORBIRE O TFEMBETE AN 9 IZRT, T4 RO Nb
JBOFEE L, BRI L% D REBEBICKE RZ(LITR LT NiJE
OB OEBEZR Y RN CETHERS LN TEE, &5
2, 4 EIcky ERLZEEY a7 Y U EGOERICET
DIEPARE L L A, F—EREICER L1 7@ 3 TOR
a7 Y VERICBWT, 1 QBRIEOFIRERA SO, &
FRFCBWTH—RFERERAANETE VDI ENnD, B—2n
VT RBN/ERTE TS EEZLND,

Nb,Os Ni

cy
.

.
.
.
(Y
.
.
cy
.

X8 TFESBMONbEE T A IRICF —= 7 LTHE
#i L 7= Nb/Ni/Nb Bt~ 5 & 7 V7 L8 8 0 30BHI i [

300 pm

K9 TEHEMONDBZ T A L RICNNE == LTHE
#1172 Nb/Ni/Nb Bt~ 5 & 7 v U8 03B 4411 0 %
PR TH
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4. ®5

Ni IR Z2F+ 50— Ry 7 HFRORA S &Y v 73EE % 5
7212305 B NB/NUNb BtEY o &7 Y U OER 2T > 72, F
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1 |N12-RO 129 - - - 129 1.00 433 55 31 298 69
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6 |N22-R8-1 129 7.3 159 1.24 | z4%6¢,| 38 I 25 361 76 radius
7 |N22-R8-2 131 7.1 8.6 188 1.44 488 80 I 21 384 79
8 [N22-R8-3 131 6.7 7.9 7.4 205 1.57 493 79 I 18 386 78
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AT NERIEIIR 7 E OB ERRER LG A THEY | EFERMS
ELTHRM S TV MBIEME o — Y —[F TR (2n=24)
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H. rhamnoides OWEREFANIZ % 53 % DNA ¥ — 5 — DRI O L
1%, Persson and Nybom (1998) |Z X % A A2 ¢ 5972 RAPD (Random
Amplified Polymorphic DNA) ~ — % —® OPD,;5-600 T 52, Zd
% . Sharma et al. (2010)(X A4 A IZHF A 72 —D>0D RAPD v — 1 — & #
& L3 Korekar et al. (2012)1Z =50 A A (ZH R 72 RAPD ~ — 1 —
ZHAE LU Das et al. (2017)iE—D> D A A KA 72 ISSR (Inter
Simple Sequence Repeat) ~— 4 — & #E L TV AU, L4 Tl
Zhou et al. (2018)ICZ & » T—2D X A |{ZH R 72 RAPD ~—h — )8
s STV AU X BT H. rhamnoides DT FE H. salicifolia 1235
WCIE, Rana et al. (2009) (2 X > T—2D A A K7 RAPD
V= —=BRHREINTWVAI, 5D DNA ~— I — D7)
SCAR (Sequence Characterized Amplified Region) ~— 7 —1{t &1 T
WHbDbLH 5,

BE# D DNA ~— B — 134 %« BMEN LTV 2 MEHZ F5 v TR
HWANCAEZ 2 DNA ~— 0 —TH D05, o RH-0m Tl
RNZENEL, R BREHAL TS (R 1) 120 TEs
VMRS B R A AT HE 72 DNA ~ — 1 — X7 (E L7e hvo 72 CRFER)
T TR TIE, A BBR AW L7e—20D RAPD v — U —Th
% OPAH03-5000'8) & Hi{f £ TIZ SCAR ~— 7 —fb&hTwnAan
OPD15-600120> SCAR v —# —{L&AT\V, HIGFIFH DRV, v—x
U — OMERERR] ~ — 7 — DB R & R e, FORER,. OPD15-600 Hi
KD SCAR v = — TR EREM LTV D (R 1) 2B T
SERICHMERERE B ATHE 22 L D TH o7, SEIOFERITL L D —x
U — O EE 2 MERERR B 2 FTREIC ™ 2 WREMEA R L TR Y, 4% O
=R — D FRECREEES~OFHARHHFTE D,

2. MMEREK

(1) MM

WAETHERSNIZAF 16 DY —_) —O 8z E L THE
Braitolz (R 1D, =Y —ORIFIIREERFOREARF v
SRANTBWTAT LTz, OPAH03-500 @7 v —=1 7'{Z{% Pollmix.
Botanitseskaja, Prevoskhodnaya, Leikora Z, OPD15-600 @2 1 —=



> 72X Pollmix & Tolme % V7=,

F1. SEHOHARICAWN S —AN)—DRE

No. 43 & BHE
1 #+2Z  Tolme nv7y
2 Tarmo PR MAN
3 Rudolf PRSI
4 Pollmix FAY
5 AR Sunny berry av7
6 Botanitseskaja ov7
7 Otradonaja ov7
8 Morimorinaya ov7y
9 Chuiskaya ov7y
10 Prevoskhpdnaya av7
1 Tyt J4USUE
12 Terhi PSSV
13 Hergo Fay
14 Leikora kA
15 Frugana N4
16 Shiyou FE

(2) DNA#itH. RAPD-PCR & DNAY A—=>%

5 HIZERE L 724 W 3E)> 5 DNeasy Plant Maxi Kit (Qiagen) i C
FAFED DNA ZHitH L7z, 10 X7 LAF Rinb b oD v %
LT T A ~—0PDI5 (5-CATCCGTGCT-3") & OPAHO03
(5'-GGTTACTGCC-3") % > T RAPD-PCR %17~ 72, BUGEMLAL &
SCISIEEE 12D T Persson and Nybom (1998) U2NZHE U 7=, B iE
DNA WiJT1% 1.4%7 H 7 — A7 V& T BRIk EC sl Lz,
DNA OB IF=F Yy A7 a~ A FEKR (0.5pg/m) b LI
SYBR Safe DNA Gel Stain (ThermoFisher Scientific) % 7z,
HAy & L7 DNAWIR X7 vy Z—I2 X0 810 H L, QIAEXII Gel
Extraction Kit (Qiagen) # MW\ T~ == 7 /Wt -> T 1T > 72,
i U 72 DNA W7 1380k LV DNA A & & IR IE O R %
17> 72#. TOPO TA Cloning Kit for Sequencing (ThermoFisher
Scientific) # HWWC~v=a 7 Wl E- /0 —=2 T %{ToT=, Z
DO BB & KGR O B35 12, 2019 4F B TR0 AT 36 [E 48 D
B EZIT CEA L7227 U — o R F L NRIERR & 9 Baggs 240
ALz (K2),

(3) aABm=—PCR., 75 R I FIK LIEXEBINDRE

TTAI Ry Z—|ZfiAENT: DNA Wi OES A ar=—
PCR (2 L » THEFR L7z, =21 =—PCR |Z{% EmeraldAmp PCR Master
Mix (Takara) % H\\\7=, H—~ /WA 7 T —DFEIL, 94°C « 5 5%
iR L 7274 . 98°C - 10 FPIH], 55°C - 30 0, 72°C - 45 B % 30
PA I NAT o IT, 72°C 5 r R R IUG & L, B0 DNA B
FBREAESR TS EEZEx b2 r =—2 6 QlAprep Spin
Miniprep Kit (Qiagen) WV T~===a 7 WIZE->TT T A I R
ML, EXKENC X DHE L RENEEIT o7z, 77 A FICHA
S 7= DNA B A O IEESIZ, £ 8 /7 n—r T HOU T 4%
BN Lo gl L b RE ST,
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4) T4 <7—mE%it. PCR LB DNA B DEXIKE

WIE SN 7 a— v OO LRSI GeneStudio Pro &
TT R TN EIToTz, @D &I Clastal W% FlVCHolg LU, 3
BN OMERZAT > T2, BFONIHREESZ S L 1T, Primer3 21
EANWC,. 74V — KT T4 ~v—5FHEL IV NN—XT T A ~—5FH
ERRE LT, b=~ A 7 T — i d Rk & RIS RR E T PCR & i L
72 PCRIZIZ ZFESHD DNA AR Y A T —E | Tag DNA Polymerase with
Standard Taq Buffer (New England BioLabs) & Tks Gfle DNA
polymerase (Takara)Z FHV 72, #ElE DNA Wi 1X 2% 7 T e — X 7 v %
FIWTHTV, SYBR Safe DNA Gel Stain 12 L » T L, #
BEiTo 7,

2. 019 EETFHEMARMAEDNHREZ T THEA
L=t (A7 )—2A~A2F  BYMNUIEERRE S HEES

3. HBREER

(1) OPAH03-500

OPAHO03-500 (37 1 > 7 v FTHK I NIzl LR < A A TR R
M7 RAPD v—H—& L TRWE Sz (¥ 3),

Botanitseskaja, Prevoskhodnaya, Leikora ¢ =DM A A FhFfHIZ D\
T OPAH03-500 # 7 m—=> 7 Lz, =F VU AT a~A FEKE
D bR E OV DNA et 3ETdh 5 SYBR Safe DNA Gel
Stain % V72 & Z A OPAHO03-500 XA A TH BT
DL Dol & HITA A Pollmix 235\ T % OPAH03-500
Bowv—=27 Uk, WS ZRE L, EfE7e DNA Wi EiX
492bp Th o7z, A AFHTE L A A SRR CHIEE A O ik 21T - 7=
L ZBEWNFEE LR NPT, DI D, OPAHO3 37 =—1U
7 B LA R B 2 R R O IR A D ZE RS FET A b D L
£z b, £ 2T, OPAHO3 @ SCAR < —h —{LIT R L &
HNTEDT, LD ERITITD RN ST,
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500bp

3. 754 <Y—OPAH03 # R /- RAPD-PCR E#NDER
®)/84 —> M: 100 bp Ladder, 1-16 [E& 1 DREZDHIE
* (& OPAH03-50 #7~9 . DNA DRHBIZIETTF O LTOY
A4 FEFERAL.

(2) OPD15-600

A AGFED Pollmix (ZH W\ TR W S iz 4 AR ) RAPD ~ —
71— OPD15-600 T % 31 AT 72 dhfEIZ 350y Tl Pollmix
PISMZ Tolme IZEB W Ch SNz, £ 2T, ZOZoD R TH
Hi S 412 OPD15-600 DM FLRH 2 L7 L 7z, i O Mg R E A3 42 <
A U C. IEfE7: DNA Wi 1% 603 bp Th -7z, W& LKA
EHEL T4V —RTITA v —5SHEL V=TT 1 ~—5FH
ERF LI, 2RO EHWEPCR 21T-o7- & 2 A, - adhfliic
BV T DNA OBIEARD B HER0, 4 A MFEICHIIRZ: DNA O
HIENBO SN HDD, —HD A AGHFEIC S T2 DNA D1
BAREESNDGEEREND -T2 (K4),

d L
A A
l 2 3 45 6 7 8 91011 1213 14 15 16)

O S S e S R el B eeh et G D

J ¢
A A
Ml 2 3 aVls 6 7 8 01011 12 13 14 15 16

B 4. OPD15-600 DIEHEFICEDEHREH L TS1v—%H
WTITo7= PCR DKl (A) £5HFET DNA DIBIENR 51 5 45]
(B) AW=FRADERIEL A XD —E D HIETDNADIBIEAR
Y (%3]

—J7. AW AD AT T DNA O#ENED 5508, A
To A AGBFRO A LBV T DNA OBEABIEShieho7e 7T
A~ — LB A D B EEAFIE L2, OPDI15-600 (% Pollmix & Tolme
WZOFMHEDH RAPD ~— I —ThH o773, H LV SCAR-v—
77 —1% Tarmo & Rudolf IZEB W T HMHFIREE 2o 72, S RIO Z 5

DT T A ~—FAHrEDHEITE D PCRIZL - T, OPD15-600 © SCAR
~ = — LI E o 2 L 7B, AEIBA% S 7z SCAR v —
N—1F =Y — D RRE LG ~ERTE S THEEND D, 4
%, SHICL < OMFERECARLE R OMERED B L T 25 H &
WT, ARIPA%E &7z SCAR ~— I — DA &2 FEHNSHGE L TV

SMERD D,

Mangla et al. (2019) Xt~ F YVIZ0Ai T 2% H. rhamnoides ssp.
turkestanica \Z 3BT, FEDEE OB LIMEHES LN TR TIT N
& DBELE L MERERRR DNA ~ — 0 —JE0 0% 7 S o3 MERER] © K
ERBREZDITTHERNZ EDE, =Y — DM IR
ZoltbDEBEZXHND I EEWE LTV AR, OPAH03-500 &
OPD15-600 DT FERLFI % P iE L 7= 4 B O RIE Z oL &2 7T 5
HLOTH Y, MRS DNA ~—h — ORISR Z L 23k L
Tn5b, =Y =DM bBRRTRZ 0, 4 b0 bR THTh
HEEZOLNDZ LI, FEHC Y —_Y =30 oE T L L
B AREMEN B 2 D, KRERBIROIEN R THLZ L2 EBKRL
TWHR Wy — 7 o —% W7 ) AR S ohiz =
CTAT DAY ) == TR THIE SN2 SCAR Y — I —%&
W57 E SRIOBIERREFEILY — Y —o Rk BB oo
ERBET TR, U — O LR ORI BV CH —B)
LRBAEREED B B,

4. BHiFF

2019 - ToERF e AT SR MATJE D Bk & 15 0 | ToEaF e pn BIAR & 45
PR VAL L BT £, MEY bBRFHICHREH P L L
FET, LT, 7V =0 _RUFL/PRERIRE O BERITI AN
LHLRUNTIER L, MEEREETHY £7,

WHIEE Ty =Y —DHFEICHEED Y . & bICiT ol Lz 4 B
HBEASA BETFETrZ T A—H4), REINESA HETYE
Iy ATHAE) B SA RAELET RS T A=A,
B S A GRE LY r s 7 A ZWE) EERS A (BE L
FTR s T AUHE) . PSS A RELIY T r T T AEHE)
SO DI L L E T,
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Investigation of Relationship Between the Response and Fourier Spectral Ratios Based on Statistical
Analyses of Strong Motion Records

Haizhong ZHANG *

1. Introduction

It In both seismic design and probabilistic seismic-hazard analysis, the
response spectral ordinate at a particular level of damping is always used
to measure the ground-motion intensity [l]. In the construction of
ground-surface response spectral ordinates, site effects are typically
characterized as the ratio of the response spectral ordinate on the ground
surface to bedrock based on the scaling law borrowed from the Fourier
spectral ordinate [2]. This means that the response spectral ratio (RSR) is
assumed to purely represent the effect of site conditions and be
independent the earthquake scenario for linear analysis. This assumption
is widely adopted in ground motion prediction models as well as seismic
codes [3-6]. In the Japanese seismic code [7], the RSR model is
constructed even by considering the RSR to be identical to the Fourier
spectral ratio (FSR) [8-12]. However, Zhao et al. [13, 14] found that in
contrast to the FSR, RSR is dependent on the earthquake scenario even for
linear analysis based on site-response analysis of several single layer
elastic soil sites that were subjected to a suite of seismic motions at rock
sites. Bora et al. [15] have further pointed out that the RSR may
significantly differ from FSR particularly at short periods based on
random vibration theory. Subsequently, Stafford et al. [16] presented a
theoretical explanation for why the two spectral ratios are different and
why the RSR depends on the magnitude and distance of the earthquake
scenario for linear analysis based on random vibration theory. Nearly all
the aforementioned researches are based on theoretical analysis using
random vibration theory or one-dimensional wave propagation theory.

This study aims to statistically compare RSR and FSR using the actual
ground motions recorded at natural nearby soil and rock sites. The rest of
the paper is organized as follows. First, the nearby soil and rock sites as
well as ground-motion records utilized in this study are detailed in
Sections 2 and 3, respectively. Then, by analyzing seismic motions
recorded on nearby soil and rock sites in Japan, the relationship between
the two spectral ratios and the dependence of the RSR — FSR relationship
on earthquake scenario and oscillator damping are investigated, in Section

4. Finally, the conclusions are presented in Section 5.

2. Nearby Soil and Rock Sites
To systematically compare RSR and FSR, as many nearby soil and rock

sites as possible are selected from the K-NET, KIK-net of Japan [17]. The

Assistant Professor, Dept. of Architecture
* Professor, Dept. of Architecture

Yan-Gang ZHAO™

soil and rock sites are selected that have surface-layer shear wave
velocities below and greater than 400 m/s, respectively, to meet the
definition in the Japanese Seismic Code [7]. In addition, to reduce the
path effect on the spectral ratios, the soil sites are selected to be as close
as possible to the rock site. Moreover, nearby soil and rock sites are
selected that have sufficient strong-motion records for statistical analysis.
A total of 10 pairs of nearby soil and rock sites satisfy the above
conditions. Among the selected 10 pairs of soil and rock sites, the farthest
distance from the rock to soil sites is 4.16 km, and the shortest distance is
0.01 km. The surface-layer shear wave velocities of the selected soil and
rock sites vary from 70 to 260 m/s and from 440 to 1800 m/s, respectively.
The selected 10 pairs of nearby soil and rock sites are numbered from 1 to
10; information for each pair of soil and rock sites, including the station
code; coordinates; distance from the rock to soil sites; surface-layer shear
wave velocity, S; and average shear wave velocity in the upper 30 m, V3,
are listed in Table 1. For each pair of soil and rock sites, the upper line

represents a rock site, and the lower line represents a soil site.

3. Ground-Motion Database

To systematically compare RSR and FSR, it is also necessary to select a
large number of strong motions recorded on the 10 pairs of nearby soil
and rock sites. To reduce the source effects on the spectral ratios, the
ground motions from the same earthquakes that are simultaneously
recorded at both the rock and nearby soil sites are selected. In addition, to
control the signal-to-noise ratio and reduce the effect of noise, ground
motions are selected that have peak accelerations above 5 gal. Moreover,
to reduce the path effect on the spectral ratios, ground motions are
selected that have epicentral distances that are more than 10 times the
distance between the rock and nearby soil sites and less than 300 km.
Finally, 510 ground-motion records from 232 earthquakes are selected
from the K-NET, KiK-net [17]. Each ground-motion record has two
components: NS and EW. Thus, there are a total of 1,020 earthquake time
histories used in this study. Figure 1 shows the distributions of
magnitudes, Mj, and epicentral distances of the used earthquakes. Here
the magnitude, Mj, represents the Japan Meteorological Agency
magnitude. The earthquakes have a wide range of magnitudes and
epicentral distances. Because ground motions with a small magnitude can
barely be recorded at a large epicentral distance, few such records are
obtained. Generally, the selected ground-motion records are with
reasonably balanced distribution with respect to magnitude and epicentral

distance.
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Table 1 Information for the selected 10 pairs of nearby soil and rock sites.

Station ID Coordinates -- Site Conditions
Name Code Long. Lat. Distance (km) S (m/s) V3o (m/s)
1 AOMHO03 140.9896 41.234 4.10 530 653.7
AOMO006 140.9972 41.1976 100 264.8
2 CHBH20 140.0997 35.0882 3.04 1800 1909.1
CHB020 140.1022 35.1155 150 134.4
3 ISKHO04 136.7176 37.1902 4.16 440 443.5
ISK006 136.6897 37.1602 260 344.0
4 YMGHO1 131.5618 34.0494 3.22 1000 1387.7
YMGO13 131.5348 34.031 70 185.4
5 NGSH06 129.8625 32.6999 4.15 900 1421.1
NGS010 129.8763 32.7353 150 371.6
6 GIFH20 137.2531 35.7991 0.84 460 809.9
GIF010 137.245 35.8029 150 440.9
7 GIFH14 137.5174 36.2493 0.01 440 627.4
GIF004 137.5174 36.2492 230 452.7
8 ISKHO07 136.6357 36.515 3.07 440 440.0
ISK010 136.6431 36.5419 110 388.2
9 SRCH10 142.0085 42.993 0.03 480 1026.8
HKDI123 142.0085 42.9933 110 627.1
10 MIEO14 136.1687 34.0638 0.02 880 1009.4
MIEHO05 136.1689 34.0637 170 590.1

In addition, all the selected ground-motion records are consistently
processed. A baseline adjustment is applied to all records to remove
long-period noise, and a low-pass filter with a corner frequency equaling
10 Hz is used to eliminate low-period noise. Because the corner frequency
is 10 Hz for all the records, spectral ratios at periods larger than 0.1 s

should not be severely affected by the low-pass filter.
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Fig. 1. Distributions of magnitudes and epicentral distances of the

selected earthquakes.

4 . Results of the Statistical Study
4.1. Comparison between the average RSR and FSR

To compare the RSR and FSR, the response spectra and Fourier spectra
of all selected ground-motion records are computed. For the response
spectra calculation, a 5% oscillator damping ratio is adopted. The Fourier
amplitudes are smoothed using the Parzen window function with a
bandwidth of 0.3. Then, the geometric means of the two components in
EW and NS directions for each seismic record are calculated. Finally, the

RSR and FSR are obtained as the quotient of the spectra for the soil sites

compared with those for the rock sites. The representative comparison of
the average RSR and FSR for the 10 pairs of nearby soil and rock sites is
shown in Fig. 2. Because the corner frequency of the low-pass filer is set
to 10 Hz, and the upper bound period considered in seismic engineering is

generally not above 10 s; this study focuses on the period band from 0.1

to 10 s.
6 3
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Fig. 2. Comparisons of the average RSR and FSR for the 10 pairs of soil

and rock sites.

It is observed that the average RSR and FSR have similar overall
shapes, and the maximum values of the two spectral ratios occur at
approximately the same period, when the spectral ratios have obvious
peaks. The spectral ratios for 5 pairs of sites represented by the left
column of Fig. 2 have obvious peaks, whereas those for the right column
show no obvious peaks. For the cases with no obvious peaks, the two
spectral ratios have nearly the same values; however, for those with
obvious peaks, the two spectral ratios can be obviously different.

To explore the reason why no obvious peaks are observed, shear wave

velocity profiles of the 5 pairs of soil and rock sites are analyzed. As



presented in Fig. 2, although the surface-layer shear wave velocities of the
5 soil sites are below 400 m/s, the soft layers are very thin. The
thicknesses of the soft layers that have a shear wave velocity below 400
m/s are only 4 m for GIF010, 12 m for GIF004, 3 m for ISK010, 2 m for
HKDI123, and 4 m for HIEHO5. This leads that the site’s fundamental
period may be smaller than 0.1 s and could not be observed in the period
0.1—10s.
4.2. Effect of input rock motion

To investigate the dependence of the RSR — FSR relationship on the
earthquake scenario, the selected ground motions in the previous section
are classified into three groups according to magnitude and epicentral
distance. Figure 3 shows the number of earthquake records in each group.
Groups 1, 2, and 3 represent seismic motions with a small magnitude and
short distance, seismic motions with a large magnitude and short distance,
and seismic motions with a large magnitude and long distance,
respectively. Therefore, by comparing the results from groups 1, 2, and 3,

the effect of magnitude and epicentral distance can be investigated.
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Fig. 3. Number of records in each group

The RSRs and FSRs belonging to the same group for each pair of soil
and rock sites are averaged, respectively. Then, the average values of 5%
damped RSR and FSR for each group are compared. Figure 4 shows the
representative comparisons for the 5 pairs of soil and rock sites, in which
the RSRs and FSRs have obvious peaks. The results of some groups for
some sites are lacking This is because among the selected seismic motion
data described in the previous section, there are no data belonging to these
groups for these sites, although seismic records are selected as much as
possible. By comparing the results of groups 1, 2, and 3 in Fig. 4, it is
found that at periods longer than the site’s fundamental period 7}, the
difference between the RSR and FSR decreases as the magnitude and
epicentral distance increase. A representative ratio of RSR to FSR at 2 s is
used to quantify the agreement between the RSR and FSR at periods
longer than the site’s fundamental period 7 It is observed that all the 2-s
ratios approach unity with increasing group number.

In addition, the comparison of each group in Fig. 4 shows that the
overall shapes of RSR and FSR are very similar, and their maximum
peaks occur at approximately the same period with FSR consistently
exceeding RSR. The ratio of the maximum peak values and ratio of the
periods between RSR to FSR for each group are calculated. The period
ratios for each group are near unity, and the maximum peak value ratios

for each group are smaller than unity.
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and rock sites for which the spectral ratios show obvious peaks.

Moreover, the results of the 5 pairs of soil and rock sites, in which the
spectral ratios have no obvious peaks are analyzed. For these sites, the
RSRs are nearly identical the FSRs and approximately equal to unity for
each group. The dependence of the RSR — FSR relationship on the
magnitude and epicentral distance is not that obvious as for the results in
Fig. 4. Nevertheless, for long periods, the difference between RSR and
FSR tends to decrease as the magnitude and epicentral distance increase.
Although, for sites MIEO14 and ISKHO07, the shapes of RSR and FSR for
group 3 are more jagged, and the difference between RSR and FSR in
group 3 is larger compared with those for groups 1 and 2. This is perhaps
because that there is only one earthquake for group 3 for the two sites, and
the spectral ratios of the single earthquake cannot be smoothed by the
average as for other groups that have many earthquakes.

It is known that FSR purely reflects site effects and is independent of
the earthquake scenario for liner analysis. However, Fig. 4 shows that not
only the RSR but also the FSR varies with the magnitude and epicentral
distance. This occurs because the soil behaves nonlinearly when subjected
to strong earthquake motions, or when the incident angles of seismic
waves are different. As the analysis is based on real seismic motions
recorded on natural sites, these effects can hardly be removed.

4.3. Effect of the Oscillator Damping Ratio

As the RSR is dependent on the oscillator damping ratio, the RSR-FSR
relationship should also be dependent on the oscillator damping ratio. To
investigate the effect of the oscillator damping ratio, three values of the
oscillator damping ratio, 1%, 5% and 10%, are considered in the
calculation of RSR. The averaged RSRs with different damping ratios are
compared with FSRs for each pair of soil and rock sites.

The RSR is dependent on the oscillator damping ratio. The RSR values
approach those of FSR upon decreasing oscillator damping, and this trend
is most prominent near the maximum peak. Three representative values of

the RSR-FSR ratio at 0.1 s, the maximum peak, and 2 s are selected to
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further investigate the dependence of the RSR — FSR relationship on the
oscillator damping ratio. The RSRs and FSRs at 0.1 s and 2 s as well as
the calculated ratios of RSR and FSR for these periods are provided in
Table 1. Most of these ratios approach unity with decreasing oscillator
damping ratio, which supports that the idea the RSR values approach
those of FSR with decreasing oscillator damping ratio.

In addition, for all oscillator damping ratios, the two spectral ratios
have very similar overall shapes, and the shape of the RSR is relatively
flatter. The maximum peaks for RSR and FSR occur at approximately the
same period with the FSR peak consistently exceeding the RSR peak. To
further investigate the relationship between the maximum peaks of RSR
and FSR, their maximum peak values and corresponding periods are
obtained. Then, the ratio of the maximum peak values and the ratio of the
periods between the two spectral ratios are computed. All the period ratios
are very near unity, and all the maximum peak ratios are smaller than
unity. This indicates that the maximum peak values for the two spectral
ratios occur at nearly the same period with that for FSR consistently

exceeding that for RSR for any damping condition.

5. Conclusions

The This study statistically investigates the relationship between the
RSR and FSR by analyzing a lot of seismic ground motions recorded on
10 pairs of nearby soil and rock sites in Japan. The following systemic
relationships between the two spectral ratios are found.
(1) The shape of RSR is very similar to that of FSR. When the two
spectral ratios have obvious peaks, the maximum peak values of RSR and
FSR occur at approximately the same period with that of FSR consistently
exceeding that of RSR.
(2) The relationship between RSR and FSR is dependent on the
earthquake scenario and ultimately the magnitude and epicentral distance.
For long periods, the difference between RSR and FSR decreases with
increasing magnitude and epicentral distance. This trend is particularly
prominent for spectral ratios that have obvious peaks.
(3) The relationship between RSR and FSR is dependent on the oscillator
damping ratio, and RSRs generally approach the FSRs with decreasing
oscillator damping ratio. This trend is particularly prominent for spectral

ratios that have obvious peaks.
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Shigeo Yamaguchi*, Seiji Yoneda**, and Tadzunu Suzuki***,

1. HIROHME
fEk, DNA OHMESHITH LAY A T —BHEHS
(PCR) £TlE, 94 COMIRIZE > T, DNA % A4
O ARBHITEEE (1) SERITRNEENDLD, 20
BEVEIZIT DNA OIGSCEEROKIE 2 EORMBENR & 5.
2 TH AL, @RI A TS R e CoOtRE)
Z VT2 DNA OZEME S OSBRI 42 5 R ORI 217 -
T&Te.

2. EEER

FEBRI7IEIT, DNA CBERTR ENRA SN KRR &~
A7 BF 2=, T 2—7 % A CIRE
S5 Z & T DNA OZEN: - g 21T o 7=, R0 AR A
ONRBINE 225 2. 5 2 LIS X 0 25 - HlRAR I 2 i~z

B2, REEMERHCIV T O, MBS F 22— D
DNA Iz b D=V —%2FE L, ZORE~= /L
X—& DNA OZM: & HliE & OBIRMEZFH-<7-.

ZOHANTTIE, IERER N, RO B, @R
LB TE B, I8 A AT PCR % (LT #58) PCR
%) CliE, AT 2EEROEMLIRE THh 5 37 CIZERTE
L7 B oo iR B 1 2 3% i LA T o7

P58E) PCR 1AL 2 Bk p TRe (EM—>T =—V v 7 - fil
£) 1200 TRY, 1ZUHIZ, EENC L0 EMEAEITH.
ZO, MHREMREICCT ==Y VR OMEE{TH. 2
D2EMEE 1A 7 VT D,

PRE) 1 A7~ DNA [z S B EE— R % —
BT 7ZFE LD (K1), HRICHW=RIE, 388 1 )8
W72 v DNA Iz B AIREI= /L% —& LT, R’
NHROBND,

A% EXEIEH TR

Professor, Dept. of Electrical and Electronic Information
Engineering

W ERETER LR

Associate Professor, Dept. of Electrical and Electronic
Information Engineering

& = Epacyctef AL = 8m’mf3A%At

ZIZT. m:Fa2—T7NODNA @EE, A Fa—T7D
IEEMRIE, £ Fa—7 OIEESTH 5,

oF 100000

XK1 EE=rL¥—

£, KER T, ~A 7 0Ty TRIESKEE R %
WL HEE) PCR # 0 DNA OB 21T~ 72, Z O,
ARFE (A 7T > 7)) NI ST BRI N C
¥y 7Y —ERKEIZAT O EETH Y | BMEEGAF
U= BRukEETH 5, £io, ~A 7 aF v 70058k
BT, DNA 23553 7 7 ek LG LR 64y
ffSiL5H, FDt%, LED SN K> TRAET 288
BRI L DM 2T 5,

b= U5 = W e S5
Guest Researcher, Research Institute for Engineering
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PV A L —H =2 R LT OSBRI F6 J OB ARAT

HE WA A BRI

AR FEEETT RAAS SRR
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1:%2'{ ’?J‘_E%—‘S***** %‘F %E*****

Development and Analysis of Chemical Reaction Triggered by Ultrashort Laser Pulse

Izumi IWAKURA * Sentaro OKAMOTO* *

Takayoshi KOBAYASHI* * **

1. #&E

FHALED 05 FIRT A L0 6 BRI AV E W 10-fs 231 R
L= —HE D &, IREAEZHIZ CHoriRBA MK T 5.
Zoab—L v My RE AL SOSCRI TS, BBIGE b,
HBISE bR DEIOMISEHRETE 5 BRI,

2. " 10-Ffs /L REDFEED

AR 10-fs 7OV ANTIE L AR 3T AR » 7 IR (NOPANZ K0 36 A=
SH. BARAIZITOE I (SpectraPhysics, Spitfire Pro) 2B RS 15
800-nm /L AN (8L ARFRERRE] 100 fs, #R03RL=R 1 kHz)Z 554y B
T2 0L, —HOrULASIE BBO fEEICHESEL, 400-nm /LAY
B ZE ML 7= (NOPA H§IEE) . 17 O/ SV 237 74 7 HRIZEE L,
A WV 2 AT 4RI (525 ~725 nm) 12 A 72(NOPA ff k). Jg/E&
72 NOPA #lE Y& NOPA Fli Y L4723 6.5° TBBO M5l AKL,
NOPA Fli Y% 42 B3R 272~ C " By HE IE L 7=, B IE L 7= W i 1 6
PV AIED VAN, [ETRE 7 & AT R SR A il L C A LTz

A VIZE NSV IGERRHZ Y E LT R 0T UL AR DS 10 fs &
BAHIOIT, BARBELFEL 1 mm OESOA MR ECIEPITIRAL, BE
WP WA LT, 56 e 38 A B B oy D — ME AR L
TNV ARERELIZEZA, 9.5 fs LHEESNTZ. ZORRKIZHASET ]
VAN AL 10-fs 7SV 2T D, 2SNV ANGRIE 4 \FRA LT A 50 Z
AREBOAL, fEEEIER, BXO, R 7 - 7a—7 LRI A LE.

AR ALFHE

Professor, Dept. of Chemistry

PR AL

Professor, Dept. of Material and Life Chemistry

PolE R WAL R

Associate Professor, Dept. of Material and Life Chemistry
s BIR TEATTERT

Guest Professor, Research Institute for Engineering
ok SBFJER TTIERT

Guest Researcher, Research Institute for Engineering

Keiko ORISAKU™* **

Kotarou OKAMURA * * ***

Shoji AKAT****  Shigeru OKADA****

Sena HASHIMOTO™ ****  Atsushi YABUSHITA ** ***

3. AR 10-fs /NILAKDBETIC K HRERHZLY
BE1BFNAY ) — VIR AT LS, 1.1 mM (1.1 g L) Thotz.
22T, 1.5 mM O 1AZ =V R Z##E L, 10 mm x 10 mm x 40 mm
DOEMELHFEEMZ 0.5 ml FAL, 28 m] ecm™ DAl 10-fs 7 LA EE
RN U T2 L RS IREE] - 48 IRE[A]) . SEHRSRBHAR 10 35121, IR A HK
3.5 em LZE0 &L EEGICHE B AT HH L AR 7=, BT HY L7 BRI A a1
"H-NMR A7 bL & X s RS fEAT O R0, EWEFEDOR AT

HHZENRENTZ (K 1).

O!;ONHPh CHyOH
Bg(r'.‘)o SPh  RA[#R10-fs/ LR
OBn 28 mJ/cm?
661.8 g/ mol
1
IULRK

H1. a8 10-fs /LA DBHICKIB1ORERKRAL

4. fERIEHE

L — =30 a T B 220 A B 2, SR A LA S O TR R A
FET B —V —Fl " T, W, bLE, KR, K-,
[ A TS S T 5. E2ADY, RFIE TR 25 3.5 cm
Lz VBEENICR T LT, 207, — ik —H —Fi
Fl AL LT IR DR Tl i T HH L Q2 E B 2 HiD.

FT, L= =TT — a0 BERE L. LHREX 0.5, 5, 12,
13, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 28, 29 mJ cm 2 [ZR% EL,
AR D EBRAATIooTo. ZOREE, HFRE K ST &L LEICH 23

R D EBREA T o7z, ZORE R, B RIKS T B &S
FrH L, ZhETICRESNTOET 7 —2a BEE® m) cm)P0
10 5y D1IOREDL—HF— e AN THRS AW T 228, BEO,
R DESITKIELARNZ DD, 77—y 2 C LATREIE S E T
EHEBELT-.
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WA AR AFEZRET LT, BE LAY ) — VIR DR TE %, 0.2, 0.4,
0.8, 1.1, 1.5 mM IZFHHEL, O EREIToT2. TORER, 0.4 ~
1.5 mM WFNOEIEZ AW ThH RV EMICH 2 L7z, LaL,
0.2 mM DOVEIE BT b AT H LZedo 7z,

SOOI AFNE, BV OIRIKFNE, WA RE L.
DOFER, HER G BHRE IR D, L BEICR Sasr ii L=. 7=,
BP9 NMR F2—7"+10 mm x 10 mm x 100 mm O 17 /L Kk
YL WT AT, B LB LT, — 5, B
WCRL TR AR PE S BLNTZ. AZ ) — )b, X ) =)L, 2-T 1R ) — )b,
TRV EEBEL THWESA T, 'L EEBISRE &S L.
s, 7, 1,4 OAXH, vouk i) —, RUBy, rxy,
IaaR )V AEEREE U THWEG AT ST LR o7z, 2
DFERIE, GBRUTALFEREE N T~ ARy TR & A A T 2856
[ZDTx, AT LI LB L TED.

X0 BRI AR RERERAT 2 B 09I, R T T u—T R BT B
AZ)—NEER (1.5 mM) ZF#EL, LR 1 mm OFEAH TR/
0.4 ml FH AL, HIEREHT A, IS R A2 K20~ R 2
W i 2 AR (K 2a) I BLAV DRI OMIR BN I, /A XTI, Al 10-fs
FOVAN B E D ae— L U NI S 720y TR B A B L T B,
TIT, IO~ U EREER N T VAL, ab—L Ui s
N0y THREV A RAT L7Z(XI2b). Z DR R, $ELEAY ) — L DT~ Tk
P75y FAREN (X 2¢,d) 2%, HEK, [FFICae—L UMl SiiTns il
PRSI,

200 600 1000
IEIERSPE (fs)
(b)
50.6 1032
. Vas C-0-C
= 822
Ho'3 Vs C-0-C [\vc'o
® ol
500 1000 ) 1500 2000
B (em™)
(c)
3
8
A
I»
n 500 1000 1500 2000
S (cm ™)
(d)
; 4 — 1040
2 Yc-0
o 1470
§ i dcy
¥ 0 T T T
™ 500 1000 1 1500 2000
HE (cm™)

M2. Ko7 JO—JEBRER
(a) ERRIZEWRAELTILL. ) T7—ILEHFBmARY ML,
SIYXVARG ML @©O#F1 A2/ —L

INHOFERING, LN ORGHEZZLZL TV, /I 10-fs 7L 20
DOHESEOM EAERZELY, FIZIEH10 C-0-C fHHA% / —L
D C—0 FEENOEDIXINDFEDNRITIVFE L DT~ AEMER T
REhnae—L Nl Eh, KIS B R LXF =KL, #ik-
WIEALIZBWTHEL, B, WO LSz, S5kl
ToBEL, BROY, IR VB R TIHOSAL, AR S, b LKL, R
LLTENZ.

5. f&i#m

B 1135075 661.8 bV, FE, bLIL, L FTMEAT 5L,
SALT DL RALLTCLES. F, OB | 1IN e BE 358,
B 1 O MBOG T 5. ARBFFETIE, AT 10-fs 7LV AE IR
T5L, B RRAL, BHEAHELTRHT 2282 RWELE. 08
LTI, RERERE A CHRERLOF RS TIETHS
EVIRRMBY, R DY T NS TH AR IE AT (58 L7 plUE
IER AT CEDLVIR MDD,

DL, "I 10-fs S 2 E v e, BSOS DNEVZ LD R BOE)
&b, HRIGEERIDEIRINC LD DR R &b RARDE3D S EL T,
SALEF R TEDIEE LM Uz, BUEIE, Bz iObERE R B O 568,
BRI 21T > T,

(1) S. Hashimoto, A. Yabushita and I. Iwakura, Transient process

spectroscopy  for the direct observation of inter-molecular
photo-dissociation. Structural Dynamics, 4, 054901 (2017).

(2) I. Iwakura, K. K.-Orisaku, S. Hashimoto, S. Akai, K. Kimura and A.
Yabushita, Formation of thioglucoside single crystals by coherent
molecular vibrational excitation using a 10-fs laser pulse.
Communications Chemistry, 3, 35 (2020).

(3) H. Masuhara, Time-resolved spectroscopic and imaging studies on
laser ablation of molecular systems: from mechanistic study to bio/nano
applications. Bulletin of the Chemical Society of Japan, 86, 755-783

(2013).
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Using Modeling and Simulation for the Research of Enterprise Robot

Nobuaki ISHII

1. FLC®HIZ

MENRFTFHEFICRE SN [E¥Ea Ry kR
(LT, AREFFE) T, ZAETAMIMED R C& i AEREMRER,
ﬁ%$¥%ﬁ&@éiéi&ki¢®ﬁ§-Hﬁ%ﬁofwé.ﬁ
RALRTE, 0T (£ DA »#—x v M), ALHGE (AD, By 77—
27l BN RE L C & s E Bl (ICT) 233 KIT 9403k
B RIC LD RENZ2 DA DAY 2D, B H L ZOEICE
ICT Tt b+ &/ « %« MOEKRZRMS - B OHFHRIHE TN,
IRbZEAA LRy bR AL 72 80, B, &%, B, #HE
REF - BRALHEO S EIERGH CEEREBRECHND
5 ICT WHEALA SN BT 5. L, TofERFKxIzEn L H
R RIZTIE, BBOEE MR, Fr BEOSN RO E
¥Ry SAERIRE L, ABITZICEERT DR ARk
LD,
ZOEIRRUTIZH - T, RIFETIE, ICT FHfbthaz AM
HELARLADH S, ANMFLOICT AEICTS Z &2 BIRIC
ZOREHOAIROIME KW LT B8 A VIR A 2B 6 26T
Z kLT g

—WEEE D [T E%E (Vol. 2)) WM
LT MM NTRERR L-. EMEED [ THE (Vol. 3))
Lo, £¥aRy MFIEORLEN, BIO, AU TRZEL T
2 ZAR N TARO P AlIZ Y 722 [o047 « BHR] IOV TEEL
Tote. AR, AL ICT HAEMSOBAND, ¥n Ry
MFE~DET Y /&I ab— gy (LLF, M&S) OIEH®
AREMEIC O W TEREIT .

T, ¥rRy FolEL

2. REORY MIBHFIHRERTET—FORMEOVLES
INET, B MRy b ALSHZIELDE LS ESE R
BN ANTERICHAS A TWS. LrLInbid, BEiiios s
bl LIZBER —HBER D DB 72 5 N LIROFE A H L &
25, 6T, BMEREMBERENENNIES L LI-sE S L TR
%LTHD,W%@%%-%%,é6_1A%&@##bU%¢b

R REE TR

Professor, Dept. of Industrial Engineering and Management
“ERERR LR

Visiting Professor, Research Institute for Engineering

Masayuki MATSUI **

& LI rgEiE D 2.

7oz, A NN—=7 4 VHNT AT L (CPS: Cyber Physical
System), IoT (Internet of Things), Digital Twin, Industry 4.0 7¢ &,

AR ZE ] & PR 22 2 > 722 o AR EAR DBFSE - BRFE DS 2R, #E
R, EHRICRERA LR FEGZTWD, LinL 2B, #ah,

TN XL, waPyr, TarIanl, BEgiiehne L
WER—JIRER D ML R NTRZAEE LTS, £ I
AN OERZ SN L, ZOERMZE AL & OBIRAB BRI

RENTWRW. FWRX D &, #igdl, Alig, B, 2I2=7—
Tarnd, NHMOBRBZKBRT 57— FOMEARELTWD.

FHPEAN Y ICT AEMZOTERIZLETH D 2 LIFRHIEVW R .
L= REBT Vv —F CTh R FHITO A TIE, AMICR T
HDH %5 ICT WEHEDOREIUIAWRETHAS S . — LT, 7T—ME
Y7 IRET TR —FTHY, BRI AT AL MTERPER.
LaL, ﬂﬁﬁkﬁ’f%i&iﬁﬂﬁif‘% LR, AEFLO LY Bnihas

LD, T— T TEATSTHD.
INHLOZ ENLARIIZETIE, KM1IZRAT L211E, ZaE THE
—HRERO M E L TERANLERORIZ, AMOBEZ Kk 5

T — hOWEEBETE DM E LT RARZ I 72 ST o TR
PlaZR iz, T7bb, TRENATIEE, GHIEMERHZPLE L
T%%LTwéﬂﬁ%&t//ﬁ FEEGDEHIERIKL, Th
ZHRELDBOT R E LCABOBS 2 KM LT — koMl %
mDAné_kﬁm%éFnﬁ~%@ﬁj%Mzé%m?%é.:
DANTARAF—AIC LD, ICT FH LALRICBWT, K0 AR -+
BERLHDOHDHNLIROFRENEIEED EB 2TV HM 2
R B 7R AT OO BB A SO D AL A IR 2 2R RS
EZoNBHN, LT TIE, M&S OFMICONWTELREZIT).

EALFR

%HAET
Al —ER L

BIER

Y, £ Y

K1 ATARBEGRHO A F— A

NRAH
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3. MSICkBABDEED R

M&S 2B 2E7 Y o 7120, ihgdl, ik, AlE, A7—2
FLVE LD, a3a=r—varorawAndY, £ DA
T HRNEEBEABERNLETAMELN TV, fEbN-E
FNhERNZYIab—2a T, VAT AOENNOE MR
BICBT 2 MANET 5. ZOMREMIFILE, ALRE, a7
HEHEW AT L, FEICHHTS. LY RVEEE TS
TOIIIENTZET VOER E VR 2 b—v 3 v U U O R
RETHLHN, ZIIE7 — bOEERH L. bbb M&S 15,
K2Rt Lo, RHgFgiion—REELT7— oY 7 FEED
Wi PR o TR VP, ANM O EZ K 5 i i O A &
L CHEERERNYHFCX 5.

M&S

7—hoME ¢ oAyl

M2 EFV o7&V alb—a ol

31, ATAEO ZAHREREIC M&S DY TIEDEZRAZ DT
BB, ZoOFITIE, BERNLO 0T 7 —#72 8L HEERH D IX
AN RT DI 2b—varyF AL ET v EHNTY
Ralb—=varETY, ZOMROGHICESNTERZO DFE
WEEITO ZEEZRLTWND.

FTRDLLOH « HERTIE, AMOEEZ KB LEZET LE RN
THMERV AT LOFBT —H 2 Ial—ra itk VREL,
T O EMEERIZ KD AL HE e & OBIREA A FIH L72g s 517
. MEERIE, v al—va VRS EBRREIZONT,
AN OHW 2 /T 22 LD, T L TorT —2Icik3%, Al
HHNIAMPNEHROLOOBBREEITH . BERETHERE L
THERIEZ DI, ZORENSH - EHRIEZOND.

ZOEIIE, M&S & ZAR AN TP RIAO 4T « B BSRIZH W
52E7T, EFT V7 &E L TCALKICABOBERZERY Az,

NS LR CHOH D ICT HAEMLEOEBUZL S ZENTES.

Al —ER Zpd

SRal—var s U
Sy B :
B — YRal—vay || TS
AN

P Si —>
oTF —4 T e
ETTVT

PRab—vari Ut
BEF B

Y —E B/ RE | [oTF —#

X3 ZFIRIREE & M&S O&EI DB

4. TNETORERE

AHFIEIE, 2016 45 10 H £ 0 TR NICRE S [
Ry FERHFGERT] &2 POIcED TW D, BIERMEOR ETH D
75, AMERE O E~OPRE, MORDORERLMMFL TV D, 2019
ELIED ERFEREIT, KORICARL TS,

Ishii, N. and Ohba, M., A method of supply chain evaluation based on
the structure of an information network, Procedia Manufacturing,
39, 1501-1509 (2019).

Shiokawa, H. and Ishii, N., A Method of Collaborative Inspection
Planning by Integrating a Production Planning System, Procedia
Manufacturing, 39, 727-736 (2019).

Matsui M. and Ishii N., A Demand-to-Supply Enterprise robot and its
ODICS 11 type for convenience store application, Procedia
Manufacturing, 39, 381-388 (2019).

M. Matsui, Theory, Formulation and Realization of Artifacts Science:
3M&I-Body System, Springer (2019).

MFFIEZ, FAHEY, RF-HEEE, £ErRy FoB%E Q) :
Ea—<F A XA NH=W R ARy ML 2EHEEOH - Hik&
WFIRIDFJEIEG], BRI E B2 2020 BFEMZEHE LS, B-1.4,
(FEAETE K (2020).

MHIEZ, ittt c B 2 RSB 01 —RaR~7
<y TR, AAVACEHE L ANTIR R A B E—,
811 sG> 77 LA, B3-1 (2020).

FIEZ, B ANTEROD D&Y, hde 2 EPEE D A LA
VHHE, B S S 2 7 7 Ly A, B-322 (2020).
KT, FHIEW, KEMOMIES 7T A F = — A58 v
U — 7 fifEREA, 55 11 BIfgERES 2 T 7 L X, B-3-5

(2020).

5 F&H

ARWFFETIE, RO NTARBENER & MAER O ML L & 6%
AL, TNENNEBNIESIELL THDRWIZEBR LTS, £ L
THH ZFEODT D ol & LT AR 03030 2 437+ 4 B3R % N
AT ZHAREE 2R L, AR RAIZE B L72WFE 2 it D T
5.

KW TIE, ZO e LT, M&S DIFHIZ DN TELEEIT- 7.
ARFFETIE, AR ERCZO®H D, AMTLO ICT HAMS
DEBEHIE L, B2EIE 77— FREAT DA EH ST
%z Lok e LTl

SE XM

[1] IFEZ, AJHEW, IREE, o Ry oS, T
7%, 2(12), 158-159 (2019).

[2] AHEY, BIFEL, Bu Ry & e - BHER, MR
T22HF2E, 3, pp.127-128  (2020).

[3] Greenwood, A. G., A specification for effective simulation project
management, Proceedings of the 2020 Winter Simulation Conference,

2482-2492 (2020).
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Higher Order Structures and Function Formed by Polypeptide Folding and Integration

Atsushi KAMEYAMA® Hisayuki MORIT™*

1. %8

KTm =y MERIZ. Z 23 7 BRBMERIC SRR Lok C
T IvA FHMEICER L, TOREREGRMEE, <7 F FHO
ER - BRBREOMY, B IO OB RREICES LT
FBLT D0 THREDOHMEEZ AN L T2, 7 I mA FE#EIE—&IC,
BOORIERREE D D 200 FIELL B FE CRIRWASTF R - 2 TR
CORFHEAIS K VIERS D FAT/WPAT B o — MEER S HIC
BRI L7, M) ClEZRERMELZ > (Fig. D, ZHA—HKMN
TS D LD THREETH Y . 7Y A < —HERAE 7R

EEZLOFRKDREIC D 2 LNmbnTnDd, ThHET, 73
A RIHED 5y TG I & OTRAERERE ORI 28 30 HAL TV 228,
HATE LM FIENRENTH D Z L OREMRiTiTEEL <. 8
16 b R FEaEam 3 ke L T,

AERE
J@H@aq‘ ~ ‘_
{_@’ﬁ BRI —FOBR
RURTFE
tw-peg;
Nk E— o
RTFE

W — O M

Fig. 1. Hierarchical structural formation of amyloid fibril.

=BT, T RMEORE RERBEIX L EDORD

BENZWIEORFICZR > TR Y . T ZFH LA RGBT E o B
ERWEENTNE YD, ORI REFRNL, RIFFETIEI LY
T4 TuA L DOESEIER L= ) v EH 6 T S LT T
FEEZAR L, TOEBBEDOHRIZ OV TR EIT-o TS, 4
FHENL 6 T X BRIRIERT T NOT X BEELS OiE W & R &
OB, WO Y O EEMIC OV TG LT,

IR ALFEE

Professor, Dept. of Chemistry

BB ALTEE

Assistant Professor, Dept. of Chemistry
TEBERR LSERT

Guest Professor, Research Institute of Engineering

Michio INAOKA™™ Akira TAKAHASHI™

2. 67/ BMBRERTFFEOER

VIV T 4T aA U NliE, T T =V (Ala) -7 U v (Gly) kD v
(Ser) =7V 2 (Gly) =7 T = (Ala) =7 U 2 2 (Gly) DY K LE
FINZL Wbivd, 07, R TIE I OESIZW L2 ic i
Crofiddzfo>4 Mot ) &6 6 7 2 BRIRIENTT M, B
KO T LT Y VERERNRT T ROGREIT- 72
(Scheme 1), FT-IR, 'H-NMR, ¥ & 8 ESI-TOF MS A7 hLIEIC
X, BO 6 7 I VEIREST T RERGHR SN Z L 2R L
7

H—PNH—CH—C——NH cHzfr.‘A-NH—CH—G-'-NH—CH,—C*-NH CH—C-v-NH—CH,—C—‘-OH
APE-1 Py B 8 tlzﬁz Ly 8 & b 1
P ala ey 0 9B gy | ma ' Gl
Ser('Bu)
. H—rNH—CH—C—NH—CHZ—C-NH—CH—C-‘-NH—CHQ-CLNH (:H—c-.-NH—CHQ—c—t-cH
APE-1 1 &H, B 8 CH, “i °: eny B 8
" Aa  cly on Gy ' Ala ' Gl
Ser{OH)
H—*—NH—CH;— -NH_CH_C_FNH_CHZ-C_NH-CH_E-FNH_CHI_C_“H_CH_C_OH
APE-2 ﬁ (l:Hz b: 6! Ch, o: &, b
oy ' Gly ' Ala ‘' Gly ' Al
Gly
Ser('Bu)
C HNH— —NH—CH—g 4 __,____.____H
APE.2' MNHGHrG—NH—CH—G ENH— GHZC NHCH c NH—CH, g HH: cH c 0
CHz ; : H; O H H;
on | Gly ' Ala ’ Gly ' Ala
Gly
Ser(OH)

H‘fNH CH— C—NH CHQ-C‘—NH—CH—CTNH CHZ—CJ-NH—(IIH—CA-NH—CH;—C——OH
APE-3 3 &n B ", ai Ly, of :

Ala ' Gy = Al : Gy ' Aa ' Gy

Scheme 1. Structures of the serine-containing peptides.

3. RIF FEOEHEEETE

F9. FT-IR HIEIC X 2 RG22 17 > 72, BEHE D, Wi
1T pv— MEEO T TRERAICL > THTRERHR>TND L
& 1630 cm™! & 1700 em™ (3T (2T B & — MEEICHRT 5 e —
IIMRLND T ERFESN TS Y, £, 1650 ecm™ I TF
Fﬁﬁ?%w772“%LtW®C#)E%@Ew7ﬁﬁﬂé
APE-1 @ FT-IR TiE, 1630 ecm™ & 1700 em™ fF3Ti2 B — 7 AABAREIC
b, WiEAT B °/~M%:E%ﬁ;ﬁizbﬂxé_kmmﬁénto —
JiVAPE:2 TIEINHDOE— 2713/ ES<72 0 . & 5121650 cm™ f+3iT
DY — I RELNE N -T2 (Fig. 2)o DI MG, APE-1 D5 A
F 0 HAI AR BRI E N TR STV D 2 LR STz,
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gs | Anti-parallel /-sheet
Amorphous /
06 A f
05 J APE-1
504- \4
03 - 3 APE-2
0.2 - ‘
01 1
0 T T . T T
1800 1750 1700 1650 1600 1550 1500

Wavenumber (cm™)

Fig. 2. FT-IR spectra of APE-1 and APE-2.

WIZ, IEA XABREGEL (WAXS) HIE I k5T F REO LR E
P AT 272 2A, WTFROXRTF FIZBWTHN 42~4.6 A D
G d \ZFY 95 B — 2 BB vz (Fig. 3) o ZAUEWFEAT B v —
MEEDIEARBENLTH D 2 DOT F NEHM O — 1 72 BEBEIZ R Y
L (Fig. 4), &2TOV > FIICHB O TH VT B v — MEEDNEK &
NTWDLZENRBRINTZ, —F E—7 DR ILTENLT 7 AL —
INEDBEENKREL BARLZ b pARNE, TZT, %
WAXD A7 MK L TH—T T 4 v T 4 v T &4TH 2 & TH
FEMEICHRkT 28— 2 23 L (Fig. 3). Tl Scherrer ©0%
WCERMRE O A X2 RS o 72,

KA

Dy = ——
B cos@

2T, D lFEBREDOY A X (A), BIEE—27 OAilE (rad)
0 1 Bragg f4 (rad) , 2L X MROWE (154 A) , BLOK ILEHK (2
ZTIX 094) ThD, TORERAE Table 1 IZF &7z, Ser MIEHD
OH 7% -7 F L3 ('Bu) TR# Si72 APE-1 @ Dy lE 116 A, APE-1
D Dy 1L 28.6 A THY | APE-1 ODFNEM LT <, L K& Atk
FENTEREND Z Ll pmote, 2D DD, APE-1 Tl Ser
IEHD Bu OBKMEFERICEY B — FHDRAZ v X 7 &
LTWD Z R Ehic, £7-, APE-1 (X APE-2 & I~ WfiFAT
B¥— MEEHROE— 7 N KE < Lies > TEREED Y
A XX APE-1 ODFFRREVWT ERRIBI N, THid, 6 7 /g
FRIEDES R WAATIZ A TEWTAT B o — MEEO T, Ser {4

APE-1 1\ APE-1’

30
26 (degree)

APE-3

./ Peak 1 \~V
: N P
Peak 2, J__";,:\_:,-uf-‘** oW
0 20 30 40 50 0 20 30 0 50
26 (degree) 26 (degree)

Fig. 3. WAXS profiles of the obtained peptides.

Table 1. Curve-fitted WAXD profiles

Peptide Peak d Peak area Dy
No. (A) ratio (%) (Ayw

APE-1 1 4.56 32 116
APE-1’ 1 4.25 15.7 28.6
APE-2 1 4.45 4.7 52.4
2 5.54 1.1 85.6

APE-3 1 4.18 1.7 149
2 4.55 3.0 95.9

a) Calculated from Scherrer’s equation.

o CHy o

H 2 H H
H,N/ln‘c/ \cnfg\rld/é"‘ﬁ/u\cnfg\ /é"‘i/n\cn,’g\o

; 6 | g 4
6\§/cn,_?/t“.\cﬂ,ﬁ\§/cni_?/é %")c\ﬁ/cnl_*/&\c",m, 456 A

Hy i % ] 1 Hy

=

! Bu | { OBu |
cHy | i He i cHy; | H
i -} -G | ] i i ]
N H\g/N\CH:E\N/AH\é/N\:H,J\ - H\:/"\c":g\p

¢

: 6 | i $
6‘\E/‘:"lu/H‘\{I:'_("\c/‘:"lN \CI")'\g/c"‘.u/&\c“*""*

H
2 CH, GHa CHs
O'Bu

Fig. 4. Speculated anti-parallel S-sheet structure of APE-1.

DOBUKYE Bu ££AY APE-2 [IZHA_THWICEHISALET 5O T, 18
DFVAT p— MEBEBEIRICER LT o 2 3B b D,
F 72, APE-1 1% APE-3 & H_T b RO h O BRI IE O F A )Y
K&, 6 7V BERESTF ROy & LT, MIEH Bu L%
AT 5EU Y (Ser (Bu) # 1 2EHT 252 & CHERBSHEN R LT
DT DR E T,

Pk, REFETIIS VT 7 4 T uA rOEN -SRI EE R
TR E R L TCWDLXTF N EET Mt Le, EESI O Rz
EVVER 6T ) MEESTF FEOBKREZITV., £ D51
1 R & ERRFE O MBI W TRREF L. Ser IS0 Bk ME
REENT T FOERILERET L2 2P LT LT,

6. ZEXM

(1) O. Rathore and D. Y. Sogah, Nanostructure Formation through
B-Sheet Self-Assembly in Silk-Based Materials, Macromolecules, 34,
1477-1486 (2001).

(2) T. B. Yu, J. Z. Bai and Z. Guan, Cycloaddition-Promoted
Self-Assembly of a Polymer into Well-Defined  Sheets and Hierarchical
Nanofibrils, Angew. Chem. Int. Ed., 48, 1097-1101 (2009).

(3) H. Morii, M. Nara, S. Konakahara, T. Tsuji and T. Shimizu, Infrared
Studies on Amyloid Structure of Insulin, Peptide Science 2014, 307-308
(2015).
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Primary Energy Consumption of Central Air-conditioning in a Detached House
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LTWab.

3. AMARDEIEFMETILE ZDOHY
ARWFIECTIE, HARBEOME T — & % HV 72 XGBoost |Z & 2 il
FEIET LV EBERET D, BIETHICE T MDA X0 bRV &g
ERTWVD SVM & DB ATV, XGBoost DL Z HeiBd 5.
T VBB OBRICIE, BHERRE EE L CREEAICBVNTT
AT HT 2 EEGDOH 2 RINT D E ML EZ 1TV, Al
T =& LA ORRGET — 2 & B L CHERE A FHIIT S Z L T,
BEOT =2 IS R WPLRE OB WET VA2 G 5 I7EE AW
5.

AR RE LR
Professor, Dept. of Industrial Engineering and Management
TEREER LR

Visiting Professor. Research Institute for Engineering

Hirohisa HIRAI® Masanobu MATSUMRU™

WMHBHEEOBRIUCHOWTE, WY DRWVWE L DMBIEEL LT
115 MBI EZ WS . HIFIC OV T 1991 42205 2015 4E £ TO
25 FMOT — & ZEH LTz, 25 [ &V o BRI O MG IR T —
AaEANDZET, HEREOY L TAENEL IR YT —4
ELTCHARBEEMRTE S, —5T, RFREN R MM E —
FEIC L CET N EMET 2 & THEMELS 22 RERH L. 2 2
T, KRBT O R22 5 STEEOT — ¥ v b &2E L Txbik
T5.

— T, BIPET ST D T — 2k, FEEIE I TR
PEAR EH DM D 720 & D) KT — % 2 » b (Imbalanced
Data Sets) & FEIXN 2 55 &2 b o, AL TIXZ OARBHHT — &
Tty MCHTDMRKDO—>2L L THREFEIN TS SMOTO
(Synthetic Minority Over-sampling Technic) F{£E % HW T %,
XGBoost (337 4=~V ADRNWTFETH 2B, EEHD /T A —

AP L DT a—= 0 IPNETH Y, ZHARET IERICEE
FTHIELEZW. IEL, R CIEROR AR E L TREN 8
T A =BT 74V METHIE L. 7B, RIFETHND /A /38—
NG A= B ERE, KREE, RRIRERERDD.

4 EFESHT
41 T—32 1ty FOFRA

Hi# NEEDS-Financial QUEST2.0 7> &M BT — 4 ZINEE L=,
T—HEy NIBEMNEE T 1 FRIOZROMBIRET — %+ v b
pl, 24 ERTDEE DL DM BIRET — % & » b p2, 3HERTOAEEL D A
DMBIIET — 4 b p3, 2 BHIOHDOMBET —4 €Y b p2 &
BIMLZMEEEST — 2+ > b ppl &, ppl ICHEIZ 3EROHD M
BT — 2% v b p3 2B L EMHRIET -2 F pp2 D 5
FiSE & ARk L7z,

HFETMCEETHIMBHE (ETVICHTHANT—4) ©
FEEIE 115 L L7z, K1, R2ICKEMLT—Z 2y For¥E Ok
BipEddE & BIPFEREE) OB ERT.

F 1 BEMOMELK AL
TBHEE AR |EIFEE [ —E R

FEEIEE R 135 170 335 449

BIERSE 30 22 12 16
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#2 FEHOT—F v b EBER AL AL
= fE T2 s} pl p2 ppl | pp2
JEmIEE 2 512 512 512 512 512
B|HEE

TR EESE 15 FE T2 30 30 30 60 90
P JE@IZEEL=Z] 667| 667| 667| 667 667
- 1281 P2 1 2= 22| 22| 22| 44| 66
= pE 2] 1316]1316] 1316[ 1316/ 1316

P JE{E 2E 10 2
migEeE | 12 12 12 24 36
o — % [FE@IFEL=2 1691[1691] 1691[1691[1691
== mEs | 16 16 16 32 48

42 EASMER LB - BR

421 FEDEVICKDEASNBEREBRE - BE
XGBoost & SVM D FIEIZHEWIZ L D A5 H2 5, XGBoost D {4

42 (False Positive Rate)lZ SVM D Z i1 & 0 HAKWE il & 77 L7256
CITMBIEE 3 A IR MIEE LB L R OB SN ELERTH
0, BRERRNC BV CRIER IS EE R MR RO — o Th 5.
ZOBEBPERIZE LT, XGBoos IX SVM £V HRVMEE R L THE
9, XGBoos WENTWD Z LRSI,

422 ZHMOT—4ty bERVWEERIESMER LR - BR
XGboost & W26 ARBhpESE, B, HE¥B IOy —t

AFEORTIZEBWC, BED 1 FERIOAOT =2y kpl ZHWN

tﬁuw%ﬂﬁwwﬂ&m3%ﬁmtﬁuibhﬁwm%TLt
LVERIO B DT — 2% v b pl ZHWIZEED EEM‘?%HFE

L, ATHIZE L R CRE R & e o7z, b b, BEFEEISTVT —

2y bERWIEO N, BIEFENLEN -T2y FEH
HE0G, HETHMBENRN EEZEKRLTVWS
—HBEET -2y FERAWEESES & SO OFEREIC

bbb =4ty VERWEEAEZKKT S &, 2 OEKE

JEZDi b T =4y EHWTZEE DX D DS @ O E T R %

~ LTz

423 EHEBERICL D FHNBEDRE - BF

XGBoost DR D —> L LT, EYFHBIORRICKE < FET

DEERETE DHEND L. KIFRICBWT, BIETMTE

TAERAEMT LICE LD IERER 3 ITRT.

#£ 3 fE B R WS R AT o Al R
= i i T
TEE  FLEEIERLEAEMIE | |RRnpERiat
T I P
AVAZY MARL Yy Y
x5 SITERTE  |RRAADEREE
(A% [BI7EE  [RREEEEANE |REAEENDE

EHERMBIREOM R E W THhD L, EROBEMRERNLTND.

TR AN B ORI E AR B PE 3 C6F 3 1, R ECH 1 N7, EI5eE
THINLE 3 EMCEEARMBIEE eo TV D, REARNITH KR
X, BRI 2 RER TR ST TH 5. Lz > TRIRFIIED
VEARICK LTRSS 725 EBEELOT L 25, ST HILEIEE
b LRERFRE OB ITEE AT 2M0EN D R &
CLTHBLZENRLEHEIZORNR DL ENIFERSEZHIN TN

Sie
>

(N
Pen

ﬁ

5.

Flo, BAFABPEHERIC oW TIE, BRESHTEDE 2 (7

WCAZE T 2 EBEEHK L Ipo TV L. HRIFAL SRS WIE
INEL, AFFABESROERITITKAE ST 2L ERDH D

I6IT, BLmEEA RN EETIE -ICT 7 s
TWo. 5t ke A LRI SIFE 2 7 Lm TEl - 72 fETH
20Tt EEORD & IFIE OB RICHER 2 3K b i
572U

Db R0 SR B CIIN RE O D, AR A fEO R,
AR ETIE, 7 LEoEd, KBREOHRICKR A [T 2%
PERRIR SIS,

£ v—ERETIIE zﬁtc%ﬁiéﬁﬁﬁiiiézktt%ﬁ? V- 1"
7. T OWEITERE AR & G pE THl o 2 E T . R AR DA
MERD D HBEBEORZIVDOIIMHEETHY, ﬁﬁﬁﬂié?‘ﬂb\iﬂﬂjﬁff
D ERMENEAT D, P REORENRNATEY, ZYRHR
BELNTZEEZD.

5. 58

ARWFIE T, BEWEEE 2 W 7 A R EORE P AT T L 2 IRE
L, R¥EDOMBET — % 2 W BEERIC LV IREET Lok
ERGE LT, AT —AT 4 v 7 ARO—FETd S XGBoost 1514
‘@$Kﬁwfﬁwﬁﬁ%%L§VM;@%@nt%%&&ok;%
MCAWSE T =%ty Mz oW TiE, HAEE LY L ZHH, Huv
T=H X0 BH LT =X 2 ANTIE D BEETHAORBEREE
LHZlboaEhi. £, BRI L CRIETMICEE MBS REC
DOWTHH LT LTz,

SHOMIE LT, R¥EBOMRR EMET —2 S DT —%
EHWEETMET AL ERI LTS

SE X

[1] E. 1. Altman, Financial ratios, discriminant analysis and the
prediction of corporate bankruptcy, The Journal of Finance, 23(4),
589-609(1968)

[2] J.H. Friedman, Greedy function approximation: A gradient boosting
machine, The Annals of Statistics, 29(5), 1189-1232(2001)

[3] T. Chen and C. Guestrin, XGBoost : A Scalable Tree boosting System,
KDD '16: Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining August(2016),
785-794, https://doi.org/10.1145/2939672.2939785Cornel  University,
(2016)

[4] C. Cortes and V. Vapnik, Support-vector networks, Machine Learning,
20(3), 273-297(1995)

[5] M. Matsumaru, T. Kawanaka, H. Katagiri and S. Kaneko, Bankruptcy
prediction for Japanese corporations using support vector machine,
artificial neural network, and multivariate discriminant analysis,
International Journal of Industrial Engineering and Operations
Management (IJIEOM), 1(1), (2019).

[6] Y. Wang and X.S. Ni, A XGBoost risk model via feature selection
International Journal of

Database Management Systems (IJDMS) ,11(1), 1-17(2019)

Bayesian hyper-parameter optimization,
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Theoretical Design and Its Application in Microwave, Millimeter-wave, Terahertz-wave, and Light-wave
Passive Devices for Next-generation Wireless Communications

Chun-Ping CHEN" Shigeki TAKEDA™ Tetsuo ANADA™
1. #E TaANE LY, AR E AT — MEEO SR DT, AR
LA, ARSI (5G & beyond 5G), HEH IR LAN, # WO AR 2 ERHS 5 Z ENARETH B, Alal, EHEOR

L —Hp D) REMBEEBOVFEFEIMEL TV D, 56
RIS TIX 24.25~31.0 GHz, 31.8~33.4 GHz, 37.0~43.5 GHz,
45.3~50.2 GHz, 50.4~52.6 GHz, 64.0~76.0 GHz, 81.0~86.0 GHz O
WO HARGT SN TWD. FHiiz2 U A4 ¥ L AMRERE >~ AT A
DA 72 R+ BRI ET T, BEREEE T V21256 LTl
ANEL - AEAR R FS KON PEREA L o0 FE S AR A i o TR L R AT O BR
FERRDODLNTND. 5%, SHICIVENLT TV RIS
WCRIAATRE 72 REER AN O o ¢, SJR/EIRBt Y 22k 57+ b
= v 7k (MPhC/DPhC) |XFEMIE[RIKIC BB R EE 2 Ric+ 2 &
PEIFF STV S, 20 MPhC HEEDEERI AN R v v TR,
2018 AEJE THMFIEHT 7 v ¥ = 7 MFFSEHA I TH B T L7=[1].
F 72 MPhC SR &350 1%, K48k PCB 564 2, SIW (Substrate
Integrated Waveguide, /14 Post-Wall-Waveguide) # X Ok 7e~ 1
s A MYy 7 (MSL) &HEFERRRTHD. AMETIE, MSL
FbIRIC X D IEH#F MPhC A > 7 A VB k@i~ ¢ v & % Step
Tune Method & FEIEILD 22 B :—&i?ﬁ@%@%g@ﬂilﬁﬂﬁ%ﬁ
I[2]. ZAUFRERD X D ITHEE SR E —EIckiEl GRE) T5

Kb iz, B&Ehtiﬁt@%@ﬁ‘]ﬂ“ﬂz@&%ﬁm@ﬂﬁ () +22&
TV, mERELATTRE, HOoRKFROGEE A SEDL L
tﬂ‘}%ﬁ“é P, E‘x“.d‘@uiu_ IEARIE OHIR EFIZE TS, 2 2Tk

O ERERDH 2R T D FEMIECIR2] 2 2 ).

2. MPhC FEM4&ERR b BPF DRET
MPhC FIEE 13 Q FrtEa L, mEHE M IZHB W\ T, MSL HRE

WER  EREIER LR

Associate Professor, Dept. of Electrical and Electronic Information
Engineering

TEEMIER (BEERD)  MERIIRETAENEAT

Guest Researcher, Research Institute for Engineering
TEBNER MER)IRSE TSR

Guest Researcher, Research Institute for Engineering

RBHETIE, BERIEZ 5 2 5 2O AEITHING, BET 541
IRk T L O/NEAATHIE R L, &R0 EB T RE BB DR
FEME (S-/3F A —&) LIERILRSZ B L TEMBA L I a2 — 3
UHRER A B L CRGET . — 7, ROy R 2 L— X TR
Al tool (HLHYTFIE~EHT O FIE, S IR bR e ¥ — i
LFE) BDRARAENLTVDD, HDHWVIFAECHO R Z—n Y
T ZT RV, AT 4V EEOREERE L
MXbEOPMESH TS, LL, ZEROLVEMRET LT
AT DR Z 45 212130 e © OFFHRERER & GHRME Y Y — X 2L,
T RTOMEENT A —Z & RIRFIZ T 2 FIEELT LD
LIEE ARV, ERENAMEAGE LN VWELH D, FFIC, MPhC £
FIOLDBE, 64bit-PC(AE Y 192GB) THH L THE ALY, L
NHEY T NOF =B = TRMERTFLND LIXRG 2. filx
X, MPhC #3ED K 9 Iz A v v = (35 ZoEE+5%
FL (Nx XNy XNz= 1053 X444 X32) Ti%, HEHEHE CHEICHET
XAHEEY I 2 L—HIIFELRNOT, BRI 2L —HIZX
2% M0 3 LR B O L RE R OBREAEERD (X yva
BA AT 2 5129 5 EFARERITA 16 (512720, FAE VTN
8ffIZ7e D). BEHEFENIEMT 2R FIEIZERMIC 1R,

B 5 DI Q. 36 L OHLIRZRM DO FE S B my; DRREHTF v — b &Y
fiid4 22 &T, METHEERFH, HOEMICIREIND &)k
RaffoTnd., AWMETHE, il LT, 25GHz FIZBT D
MPhC K35 D N=3 Bt #57 = 7L &R AR A b & 728 o #ihli@is 7 «
B EFEEATHINC RS WTERENT 5.

?E%‘s“é%&?ro)%iﬁ

ARG TS L7 N B E e A RSB
AL, DTo 4 RICERNSNS.
(1) 4456 Qe, FEAFREL mij 72 & OWEIMEE & AT A — & O%f
JEBAR N EIRAIC D2 ) T VRIS T A= F NS,
(2) MPhC-BPF O FHIIBWT, T RTEMM S I 2 L—F Li#E
B — AT 2 D Tlid e <, SME Qe fifl & LR EHH OFE A 4R 2K my;

HEEIE 7 ¢ V2 DR
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DRI T ¥ —F2boNCOMETLZLICKY, HERTA—Z
DRAERFHE WA A2 LR CIRIET 2. £ ORR, HES
T A —Z OFRERECE EIE L, GRS A OB A M D Z & A TEE
(3) MPhC-BPF O BH-oii g O Zkiz %t L Th, SHEE Qe, HEEFHR
Bomy DEHTF ¥ — FBUTHESNT, HEROET A—C L D
BEROMENRTA—FZZRGITREIND. S HIZ, MPhC #IEIC
& D RRMA RS D EEA IR T — N (EANHEE LRI O TMy, B
E—R) WA T A UK BPF %, Cameron %8128 %5 —
BALFERATINCIE SN T, BN T2 L —Z 2/ L, MPhC ##
G BPF OB AT 9 [4]. 703, fEAATHNC IS < GBI
KO HIMAEEE 7 o VX OFRFEmAE AL, HITHHAE
(Inversion), FH{EIZEH#2 (Similarity transformation)ds I OMEIESR Z & (2
5y El(Partitioning) SN 7R IEFFEZ BRIV S 2 &N TX 5. %
7o, ZOREEATHI O BEF LA SRR 0 AR A B & h o JL iR &
DfE A& EWL, FIIREZNAYGENT 5 2 & A RIS L
TEREGATHN O BB RS ERFENRG LN D.

@) ORI N T, BRI 2 b — g v ORERN

EAECATHNOAR BRI — BT 2 L 5 ITHEE ST A — X Z s
5., ZorE, KEBETOMHBILI S DHEOWE ST A L7720
T, FIENH LR Y — A OHIKICRD.

4. FZEHH

3.CIR A3 EHFNEIC I - C BPF O/ N7 A —2 %KD, &
BRI 21— &%ﬂ%u\fﬁ)ﬂﬁﬁﬁﬁi L5 Z Lk Dy, FHEs
JBARA MR L D 3 Bk BPF % b 8%k f, = 24.5GHz
Taxal L7z, 3 B BPF OflifiX & Eifi 4 X 1(a)(b), 7 /L2 D
JEEREZ I WIS 52 5. 7 4V Z ORENT A =2 2R 11T
D TWD. GREF L7 4V X NICB N T, 3 DOk E
BLH, Fobi=7MT 2 OBBREEE —BK LTS, £,
T ANE EH BRI F L2720, EBED BPF (ZIEHEMN e
PCB 7 REAICL > CIERITE D Z L&A T 5.

5. TTU

{48 PCB JE AR 12 MPhC # % [ 350005 35 P9 7R 3 B AR A g
AR 2 E A ELE L, Ak Ak — b2 F o 3 Bty
Womih 7 ¢ Vv F EERE Lo, E£70, AT S ARERHE, B
BRI 2 b —va VT K DB 0, RERFHED FIEZ i
LTz, AWE CITHIEOBIR L, BSR4k ~_720%, 367228

MERIIRE e 2 MREICERTTETHD.

SEXH

[1] ZRHEPTR, BT, Ty, SV - 7 I~y sl
DEBT A b= VG T A A O LIS HIZBE T S S,
PR R LR SE T AT, No.39, pp.130-131, 2020.

[2] BRFEF, et. al, REAITHNCIES S BIR T + b= v 7 KA
S DUES Y WO ORI T ¢ L 2 OB PR ER, T RS
F LS C, VolJ103-C, No.8, pp.356-365, Aug. 2020.

[3] J. S. Hong, M.J. Lancaster, Microstrip Filters for RF/Microwave
Applications, John Wiley & Sons Inc, pp.104-116, 2001.

[4] R. J. Cameron, R. R. Mansour, C. M. Kudsia, Theory and Design of
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|
HEh e -22 2EARY
(@) &/ 7+ b=y 77 1 V2 OMHEIX
L. |
7 l2 I\
»qk N =
A k

b) @B 74+ b=y rfEMm7 420 K (RO 1-1°1)

) —
=3 w

S-parameters(dB)

) @B 7+ b=y ZiEf T 1V F O BERE
1 %EF L 3 B EREME R 7+ b=y Z M7 4 VX O
X

FTIHFF LSRR 7+ b=y 7R T 4 VX OENRT X —X
(BN :mm)

a D d 1 wi 15 wy
3 12 0.6 | 5.624 3.15 592 | 243
L, L, HM X T A — & RT/duroid5880

25.5 19.5 £=2.2%0.02, & =0.508mm

Modern Microwave Filters and Systems Applications, John Wiley & Sons
Inc. Hoboken, New Jersey, pp.544-552, 2007.



117

ERRAE A IR G R EAR B4~ 20798 (1)

(EREAS

A8J5T AEET

EAREFRT

Study on Protective Clothing to Prevent Infection for Healthcare Workers (1)

Ayano DEMPOYA"

1. XRDOER

AR, AR T M B EE SRR BHE BERE (SARS), Bl o m
F AV AEGE (COVID-19) 72 &, JiH 5 W T A OB 8
KoM - FrEEPEN A& 2 E L, ML > TWn5. bRE
2BV TS COVID-19 OURATHA], JEIEEIHEE L 2B T3
57280, %< OEREFEENMEAA#E (PPE) 25 ML, BiEMk
VAT ARRIZKY, REEELE ool HrEUEYIE ORI
AR PWEBRIC W T, MR LB I RN IS 3 5 R 3
Fx, WA TOICPPEZEM L, BEOBELR LINEIE
DEVMEEL L BIC, BEREXEEZITDRITER B0
ERUEFE~DOA Z Ea—flETIE, #EROEHIZEY, 12
W FO b RO IR Y AE < KRB DEN, R 2 X0
AN LR 270, TEhx iz vy, TERASKREE 7 CEENE
IZOWTORMBEY OiF), EOBAEECHD Z & BMBERD—
DL LTEF LN Y. BREIRE AR OB A b L 22 BT 5 AT
FEIW < OB B, BiEROEE - B ERSEWZ Sl L Vs
KMERCHEBEDENEMDBHNONTVWAEZ ENERTHL LB X
ERTND Y. EREEHE O RIERE DL, FihE%s
WZBGREL, PR OPCIET 255 2 LN TE S, WA AR
HREERT D EBRRDOND.

2. AEOBEMEAE

ARWFFETIE, WA - HHURYE SIS D ERICE A L, B
PEFEH R & DO —RAIEH DSR2 3R - AT HEIc4 T
HBEIZ OV TR L, ERIEER ORISR 2 W Bh#E RO
WEREIRETHZEEHMNET D, 20w, EREFE? LM
B E L CERDPETONZLLTO 2 K220 TR 5.
2.1 BHHENR O BhEME R

BisRAs OB X2 < SESET D720, A MEET IS K~
MWINBIENEBET S, £z, ZRTEEMITICE Y, BB O
VER = 2 R M+ 5 7k 2 At L, S22 5.

“RrRlBhEL SRR

Assistant Professor, Dept. of Architecture
“EBHER LT

Professor, Research Institute for Engineering
THIR REER

Professor, Dept. of Architecture

Yukiko UCHIDA™

Shizuo INVAMOTO™"

2.2 BRSO & B 12 < & 0iHh
B aE RO & M2 S xckET 5720, Bi#RE AR
2B ISR DOFOM Z 21T SIZ o0 THRFHT 5.

3. 2020 FEDHRLSHDRE

2020 FEORIRE LTHE, FaHlD 72 O F5 7150 R AR 1R
Ta b A VEOHBERERRRETHS.

BHEMEREAIC DWW T, ZGTEMEMRT 2 W e T ERIZ L 0,
EBT v kL EBER L. £ SRR R A SR 4 S AT 5
ExERETETICEE-TELT, REEE L TR EZED DT
ETHD. MEEYIC SOFHEICHOWTIE, £ P#RS HEE
BRCRAETHEOIRE, TOED D 5 S SFHIE A, MER
THEF 2 2020 FRFR S THE Lz Y. BUE, & OISR AT
HHEDTND.

LI v U A L R EYE OURAT0VE B A ZIKEE, 2020 4
EORREE S LI, TNENOEREREZITV, FONTRERNOH
RO ER - RET LIz,

A

ERO WU TIHE W& E LR it
PRSI, ) R 22 FVEN Se e, BT IR o0 BAR 75 A kK,
FIR R B T B ARRICELS BALHE L EF £,

ARIFGED — L, —RRARRAE A B AREHE R S RS A1 60
JAERLRE RS PR 2 BT 5 72 O RZEFE A X > TIT
bhlztboTT. ML THEHRFWZLET.

(& 3CHk)

[1] BAREE T, WHET, HEXE FIE-—, EREFEICE
V2 R G A R LSRG B R IR O BUIR I 351F 2 R D> & DB FE AL
RESFERTRS - TR~ OB EROGRICHIT T, AARBE
B2k, 48 (9), 493-499 (2020).

[2] WHISET, fth 7 44, Bt SR BRI X~ 5 R IEFE ~D
A B a—4%b &I Lo MERM, BARPESE:SE 43
[FI4ER K4S, 26Pp-D17 (2016.9)

[3] WHIET, BUERATY, f 4 4, EEYBEMRAS RO E R - 0
PRSI BE S 2 WP JERRME S R B B 58, 62 (1), 44-53 (2021)
[4] BT T, SEAPILEYE, WHE=ET, NEIR T, B RE A
REOFHIIEICB N TRAETIRED D 2 S SFHM, B AHRMER
THH B2 2020 FRAER RS FE LT, 46 (2020.6)
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Development of Low Cost CFRP Structures for Micro Rocket

Takuma MASAI"

1. #E8

AR, N T v —REESCHFTER BT o THike 2 HEC T ke R IE D
BB OB - fTH LIFRIEEIC R > T D, LALZhbo
EITIRNMw ry MR KUEEDHTH EIFICHREL LTHITH L
FonLZENRTIRTHDID, F7H EIFREH-CHuE X R H RIS
IVkESINTLEY, B/NUHEME LTI IO 0RIROEHK
FEREE A LR, HR DR OO DI, BNV
HH EFHHAT, ooz M/ ie > hOBEREEN T
W5 RT3 2 MED T2, kER R BRI A e To e, il
BBz NeGaHl- h—F2Lax NBNEMiE 2B A7) v Ra
Ty Mifgﬁ SNTWD. —H TEHRAFEEOHER AN Z EB LT
HIEOICITERANEBEOMRKBLETHY, =V DK
LB, vy PREOBRELOEEL LD, LirL, k1D
2y N OBELDOTZD O TEITZL < IThIL T D23, k= X Mu
B LICAFTE - BRI RS IAT D ORIz LTV Aoy, 2o
7, Ehst@ElkzEmL, vs v MMEEKRD Carbon Fiber
Reinforced Plastics (24 T CFRP) {b~DAFFEBAFE A FelZ D CToRd.
ARG T, FFICELAZ v 7 EOREHICHVW SIS CFRP AL D
BAFE (22 T2 OBRFEMERE 2 73

2. CFRRERQ L ORRER

o5y MEERO CFRPALICE LTI, M7 v —T7 k0T
FEATEHI[], RICRESND & ICHEDOHEY D CFRP LIZH
LT, —HOB®REHTWD. —F, ZhbaidEds L TR

T, vy MEEKREL LTRSS L7201, ZhbolERz
FEOT DO ORRERS MRS L 5. RN REE S 7 TR

2L O E R TEIEL, ZofaficixhntAAvnsind
DR—KITH L. ZhFEMEHIE—EOARORETITR, |
RN T, BB DITE L R RS - 0Bk - Ba R
RELBRDLHEELHD. TORD, /\E C A 2 RICERT D
ZLRFREL RSN UCHEAKEETICHLONDL ZEICRD. Al

*EAMTER  TAERTIERT

Research Institute for Engineerin
HEEUR  BEAR TEER
Associate Professor, Dept. of Mechanical Engineering
TEhEC B TR

Assistant Professor, Dept. of Mechanical Engineering

Atsushi TAKANO™

Ryuta KITAMURA™*

ITEMER TR ZH L TWA Iz, ik, @B Tl
ENHZEiTRD. CFRP ®H v 7 L& BRI UM T, MR
2% (LLF CTE) AR & #7220 (#21F CFRP ® CTE=0PPM,
AL ® CTE=23PPM), HLiERECoBRIE IR EZE (LI , HbE b
WM ZAT S, LT, mOBUSHRREAL, ﬁ&%ﬁ%%%%&?“é
AR AT A D, ThOOMEEMRT 501,
Ui & CFRP ICTHRUET 5 2 &N —2DfifREK L 72 5

3. CFRP &4 LS 1EHER

NI, TOWENPSHHREREZ L TBY, ZORKEREZD
FF CFRP (T THGE L72E (WHIN TEOHD X 113 X512,
SMBAR ZBHIEIC TRRIET 5 2 &2 572, RUEIERT 2 EA
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Reports of Annual works of the Techno Circle “Tuku-Ken”
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Annual Report of “Kanagawa University Space Rocket Club” in 2019
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Activity Reports of Kanagawa University Robot Project
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Professor, Dept. of Mechanical Engineering
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President , Robot Project

eRy ey MRIEE

Vice President, Robot Project
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use of transition-metal catalysts as powerful tools for carbon
-carbon bond forming processes in academic and industrial
research. Microwave irradiation, solid-phase assistance and
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