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Abstract

Studies in this dissertation are mainly focused on the detection mechanisms and
techniques of the ultrasound and thermal waves. The main contents of this dissertation
can be divided into three parts: (1) design and development of automatic ultrasonic
thermometry; (2) theoretical calculation of localized heating caused by interaction of
ultrasound and microcrack; (3) two-dimensional thermoelastic analysis of Diamond/Si

structures heated by a pulsed Gaussian laser beam.

1. Automatic ultrasonic thermometry

In chemical, metallurgical and nuclear industries, the online control of high
terperature over 1000°C is often required to guarantee production safety and save
energy. However, the conventional methods of temperature measurement, such as
thermocouples, radiation pyrometers and pyrophotometers etc., for their deficiencies
or susceptibilities to fume and mist, can not work durably in high temperature and are
hard to realize on-line control.

Over the past three decades, ultrasonic thermometry has been evolving as a new
temperature measurement technology for environments where conventional methods
have failed to operate satisfactorily. The principle of the ultrasonic thermometry is

that the velocity of sound in any object is a function of temperature. Although



ultrasonic thermometry has been studied widely abroad, it is still at the primary stage
in our country. Among all kinds of ultrasonic thermometers, ultrasonic thin-wire
thermometer is most widely used, where the sensors are usually thin wires (the
diameters are about 1-2 mm) of refractory metals. Since the diameters of the sensors
are small, the acoustic impedances are small. Thus, the thermometer is sensitive to the
contact condition. Contact at high pressure often affects the ultrasound eche heavily
and induces big error to the measurement. Moreover, most of the ultrasonic
thermometers now are with lower automatization, lower accuracy and difficult in
online control.

A thermometer, which can automatically measure temperature by using a
pulse-echo technique and zero point-around (ZPA) method, is described in this paper.
The sensor is a graphite bar with a 10 cm diameter, which was heat-treated at about
3000°C. Since the graphite bar has a big acoustic impedance and good properties of
radioresistance and corrosion resistant, the system is immune to contact and can work
well in high temperature and hostile environments. On the basis of ZPA method, we
further bring forward a new way to automatically measure the sound velocity and
temperature. The experimental and theoretical results demonstrate that the

thermometer is capable for automatically and durably measuring temperature with a

time resolution of 0.2 M s.

2. Theoretical calculation of localized heating caused by interaction
of ultrasound and microcrack

As a novel hybrid ultrasonic/infrared nondestructive technique, ultrasonic
infrared (UIR) imaging has obtained much more attention recently. In this method,
first, short ultrasound pulses are infused into a tested sample. Then, due to the
interaction of the ultrasound with the defects (mainly are cracks) in the sample, the
ultrasound energy transforms into heat energy. As a result, an increase in temperature
takes place in the vicinity of the cracks. Next, this local temperature increase is

imaged by an infrared camera, by which the locations and sizes of the cracks are



detected. As for the explanation of the mechanism of the localized heating, some
qualitative presumptions were presented, however, up to now, no further quantitative
explanation or theoretical calculation has ever been given because of the difficulty in
obtaining the analytical solution. This impedes a better understanding and application
of this new technique.

The interaction of the crack surfaces in the process of wave propagation is
essentially a contact-impact problem. In this paper, based on the three-dimensional
transient elastodynamic equation, according to the contact-impact theory and the first
law of thermodynamics, a simulation of the dynamic interaction process of the crack
surfaces during ultrasonic wave propagation is performed by finite element method.
The frictional heating taking place at the crack surfaces during the wave propagation
is then quantitatively calculated. Besides, the influences of the amplitude of the
exciting pulse on temperature and contact pressure at crack surfaces are also discussed.
The theoretical results show that by using the method a good simulation of the
dynamic interaction process of the crack surfaces during wave propagation can be
accomplished, in which the crack surfaces may contact, stick, slip and separate with
each other; and the computational results can be used to quantitatively explain the

phenomena observed in UIR and are helpful for better understanding and application

of this new technique.

3. Two-dimensional thermoelastic analysis of Diamond/Si structures
heated by a pulsed Gaussian laser beam

Recently, diamond thin films are widely used in thermal managements of
microelectronics and optics due to the large heat conductivity, and the measurement of
its thermal diffusivity (heat conductivity) are attracted considerable attention.
However, the high thermal diffusivity, transparency and small thickness of the
diamond film make the thermal diffusivity of the thin film even more difficult to be
measured than for other materials. Big errors arise when characterizing the thermal

diffusivity by present photoacoustic and photothermal techniques.

vi



For the difficulty in obtaining the analytical solution, the thermoelastic analyses
for multilayered (bilayered) structures heated by a pulse laser beam have only been
studied theoretically by few authors. In the works, either the thermal diffusivities of
the films and substrates are small, or the film has a much smaller Young’s modulus
but a much larger coefficient of thermal expansion than the substrate. For
simplification, the thermal diffusions or the interaction forces between the film and
substrate are neglected. However, as to the diamond/si structures, the above
simplification is not applicable any more.

In this paper, based on the two-dimensional (2D) axisymmetric transient
thermoelastic equation, according to a 2D model for multilayer thin films irradiated
by a circular Gaussian laser beam, thermoelastic analyses for the bilayered structures
of transparent diamond films on silicon substrates are performed by numerical
simulations of the finite element method. Then the influence of the heat conductivity
variations of the diamond film on the surface displacement of the bilayered structures
is also calculated. The results show that it may be a good method by using the
attenuation curves of the surface temperature to characterize the heat conductivity of
the diamond film, on condition that the temperature can be accurately measured; the
normal displacement of the surface of the bilayered structures does change with the
variation of the heat conductivity of the diamond film, and 20 % accuracy can be
obtained by using the curves of the normal displacement to characterize the heat

conductivity of the diamond film.
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Beah, XBUKAEE T RIER A/D BHER, S ADBRITHE, TN
REEW A/D SERAREAL, HEMENZRSA A ® BT, R A/D HfE 58K,
EVAE VRS R . R RN, A/D ¥RERA B iR B AR

EERS EEREFW TR, APEdafFaan S8 AEtMNERE
BT HF LA 60 ms FUIARRKME 5 NBASE AREFEML, HEET
280H: HRERXFHRBHTHKEPRENMNFELERA. BEEL &%
BRGREESCIEA.

#2.1 8021 RE+E VO BOIEEREETR

/O sk | 1/O #4F AR R L)k

280H 5 REFEGHISFR MR E R
281H 5 BRSNS RS TS EFRARESMARE
285H g 8 B FEME TR i 8 TR
286H 5 8253 MbLiE B A 1R ¥ 8253 TR ak
287H 5 8253 BEw /BB TR 5 8253 #HIF it HVIE
280H i REFREHFHR T A/D HAb k&
283H % A/D & RIG B AR E i A/D 2 K 8 i
284H % A/D 552 B U FHER EADERES
285H i 8 I FRBANE S & 8 M FEHHA
286H [ N OA R # A/D FERAT
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.

for (int j=0; j<m_nSample; j++) IE2/¢ 352

{

_inp(NBASE+6) : IETETEHE. AD ERSEE

IBIREHT, IR &k DMA
/RERERE SHMAEE, BRA0EHE

_outp(NBASE,():

_outp(NBASE+1,ContainMyTunnel&0x1):

m_nMyCircleCount = j*m_nDelayStep; /BERB AN, B-RERMER
m_nMyCount = j*m_nTrans; Uk &4yl

outp(NBASE+6,3); HI%FE 8253 EH/T BUAS A Rt
_outp(NBASE+7,0x74); ST 1 ERE, THEFR2
_outp(NBASE+6,1);

_outp(NBASE+7,(nTime 1&0xff));

_Ooutp(NBASE+7,(nTime1>>8)&0xff):

/AR AR  HHE E A
VB EUEE 1 BT B AL
HEVHELEE | A EE R AL

_outp(NBASE+6,3); IR 8253 52 I/ AR A AP RS bk
_outp(NBASE+7,0xbd) TR 2 A, TR 2
_outp(NBASE+6,2): IR R 2 T RERES
_outp(NBASE+7,(nTime2&0xf)); (5% 2 (i BB
_outp(NBASE+7,(nTime2>>8)&0xfY); BV EEE 1 U BAH{ER A\

_ocutp(NBASE+S,(m_AndContain+1)&0xf); HE “1” FHRRNIBSE

for(int k=0; k<m_nMyCircleCount; k++) {}  /BIUCKFEE M Ar SERT

_outp(NBASE4); HAFE A (AT)
for(int i=0; i<m_nTrans; i++) HEREEL TS
{
_inp(NBASE+3); PG b AR I\ T B 3
_inp(NBASE+4); A1 B CVANTES =L 6
dof

IFEFHAT A/D §iH
m_nSignTransform = _inp(NBASE): HEH A/D FH 58 bR & A
m_nSignTransform = m_nSignTransform & 0x40;

}while(m_nSignTransform == 0); R AD TR AR5
m_nLowByte =_inp(NBASE+3); T A/D F 8% R T A
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m_nHighByte = _inp(NBASE+4); HEEL A/D F 0 45 R F
m_nHighByte = m_nHighByte&0xf; AR TR (12 Lo )
m_nContainerData = m_nLowByte + m_nHighByte * 256; /&5 #: %+ 4%

*(p+i+m_nMyCount) = (m_nContainerData - 2048) / 4.096; /A He y TRME HARF

}

_outp(NBASE,0); & 1R A
_outp(NBASE+5,m_AndContain&0x{f): 1148 1 E R 5 P
Sleep(m_trans_cycle); JTAEET 60ms

(2) FH Ba)IRERN EHRR
R AT X B I B I R SR R R B A R ST Rvt I B AR A A v Sk v
& (0, BRXFETF[SHT BERENE. A ERED () XA 8253 HAM

SER/VH40EE O kB, B253 FEZMRB XA T TELR 0 GHEEHR~=E il
HRY BEHART, WBEANEHTEE, RN NIRRT, LB
{575 B I 559 GATE AR TaT, 8 zF i 1 %, B
Flik 0 28, Hrohom— BRI, Wi EEA O 0, AR R,
FE-AERFBRTPIAERE N EIMERE RN, 1155155 GATE AT#H|
W, 2 GATE AfiRHFE, $EH¥, 4 GATE Amm T, . K
VU B A TS AR R S BT B BB AR R 74HC393 T AL HUT SRR
MRES, WS RERN 0.1 ns. BAN, A TREGERL, BRINXBT
LRESMWEFWAER PHENNEAE. #—SRITER P REERBUE
it BB AR, BITTSCIIE R B3R E. A Tirh B B4R, %
R R B S R T RER T B FHRR . XHS S8 FEREFD TR,

......

m_nSumTime=0; HRMAER I

_outp(NBASE+5,0): HEE L RSB I
_outp(NBASE+5,0x40&0xff); ARETRBR O HES ARLE, firits
for (int i=0: i<m_nRepeat; i++) HEBRT R
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_outp(NBASE+6,3): /TR 8253 FE I /v B AR YA A TE Ak
_outp(NBASE+7,0x30); HETHHER 0 BIE, LAFR 0, ik
_outp(NBASE+6,0); IERV R 0 HEET R
_outp(NBASE+7, m_nTimeOne&0xff); HET AR 0§ ECE R
_outp(NBASE+7,(m_nTimeOne >>8)&0xff) : /Git$13% o iHE¥ME & /\fr, FE-o#
_outp{NBASE+5,0x41&0x); JIFF R R 8 A i

for(int j=0; j<500; j++) {} R ER R — 2 R
_outp(NBASE+5,0x40&0x£f); (1% b S S i

Sleep(m_trans_cycle); //3EHT 60ms

m_nCount = _inp(NBASE+5): VR 74HCI93 il HE

m_nTimeTwo = m_nCount * 0.1; B RME , B AR 010 s)
if(m_nTimeTwo > T2MAX) 1B EERE S LRI

m_nTimeOne = m_nTimeCne + (m_nTimeTwo - T2MAX);
else if(m_nTimeTwo < T2MIN)

m_nTimeOne = m_nTimeOne - (T2MIN - m_nTimeTwo);

m_nTime = m_nTimeOne + m_nTimeTwo; I ST A R A
m_nSumTime = m_nSumTime + m_nTime; PR BT 2 SRR
}
m_nSoundTime = m_nSumTime /m_nRepeat; MR BT
SetTimer(15, m_timespan, NULL); I S B AR AR [ 5h B e

(3) AN EEFR R

G X B RN @ RETAEF & T Windows95/98 i 1F & 4 iy I 4 B AF
&, FUERT AR TREEERERTRER, FULZEHR, TR ISR,
IR AR T REEWRARET X, & e 8 F iz R e gl
THGRES, TLEN. BRREFRARER. RTERERGSEENGHL
Y. BRBUEE TS HIRERE . REAGRRESE. EHNEE (#%
R) . BRI A SR ULBHEFEEHGS. IS HanTEE
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BoF HEAHamlERA

SN EIE. B iA] R RARE () 5o Euf) | M7 i A R (BRIAG0 ms)
ERNEAN RIS ER S EN MBS EE. A, BT XRPREEEER
2Hh ATEHEMEETE (REq ), BRAT IREFNEERE LECRZE
REROE, ERANEROTEIRANTREXER. 2 adlRARER,
BABAEFTEREFT. BIRMERERLT. $ELE. @Rl X—%5
BREFAES.

B FWindows200028 X T/03% D B3V, B AT REHM R A ER BT T
Windows95/98%ERA T . Bkt — PR EEMREWNIEF (VXD FRAE
= A AR IR IR F LAE T Windows2000 % 4.

2.4 JRESEE

ERRERI . SERBRTERLE, BEUZAGN T RS %. R
WHRBME 2.15 UK, BitEHL. mBRL. B8 (PZD). ABEENPEN
BOYULAL . HeREAR N BRI, PoARRRR R O LN 11 KHz, AR
MEAEIE R OREARR, S IR 0.28 m, SRBEE 23 0.07 m, 4 BB R %,
BESENEKBRILE, TUSERIBERER S HE. BT LhER, &
I TH 1.5 m. HRE% 10 om A B, %0 B2 3000°C K4,
R RIFHOSALGTEMAER. OTHIERRSRE S OMF 2.75x109%C, B
B4 20°C~1000°CH), FTCl i TR S R P 2540 7T 8 A3 . BkAh,
A2 BT L R JR % 60 ms BBk E RIS, T RET 1 60 ms 2 i
FIEFITE L5 m BB AR . T iR R iR, 7Bk L b in i 46
AE0.28m, FiLUAEEMETHEEARSES.

o — N I S
T

X)) H R hBiE #p

215 ARERERE

PSR ST, P AL B 07 {0 B 14 e e B
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BoE HEPKaRER

t, EEEFS-ERNE—TLEAEAERNES . H—FHE, BIEE
AEEFRREH AR FEEARTERNE. LRLED, BIARET
YERRE B T 4K 48 /S U L B AR IERE B ShERERII B, 75 BRERAE /) SiFE 25 o
SZHKRE. 8T UNEBTHE MEUBEEMRT 0210s.

R 22 BB FRIAEE TS R R LW E DA% c aTiRiE S
KEER TRHHE

21C,

C = (2-10)
2L+ C At

AFLAABEK, CAHERMMEMER, A OENTERNEHTLE. BF
2.2 WA, EREABREVMERES BTUEEEA, FPEN 430°C AR X
H14.2 us, BEMEEFAE, BUERAD, £HEH 605C 0, #WbT 2 us.
HZXR, FEEERYIEERE A RESSLD, EiEN 430°CEBEME 1905
m/s, WEMEEE R, FEEMZ IS,

R22 HHREHE

HEHE (o FERELE (us) PR (mfs)
wE O
s) KHE  BRUH Te HEgde

=R 25 1560.2 0 \ 1923 1906

190 1566.8 6.6 5.36 1914 1900

250 1568.6 8.4 7.26 1912 1897

310 1570.8 10.6 9.40 1910 1894

430 1574.4 14.2 11.85 1905 1891

605 1572.4 12,2 10.29 1908 1893

2.5 HEiHT RRAE
251 BESH
BTN 2. 16 Bk, TRE—8S (0<z<z,) e, S5

mmuﬁﬂ%ﬂmﬁﬁq;*M—%ﬁ(QSNq)%@%%Wqﬂ@ﬁ%%ﬁ

k]|



BB RN AMRREA

By B (z,<z<L) REEEATHESS, DHGEH IR &
FREA] F R BT AR RIA R RIE A

8 . or. k 8T o, 8T

__(krm)+_____+__(kz_)=() (2-113

or " Or° ¥ O 8z T Oz

k,w@—]:n,.-t»kza—Tn,:q (0<z<z, Hr=R,) (2-12)
or oz

k,a—Tn,+kz£nz=O (zo8z<z, Br=R) (2-13)
or oz

k9w vk, L e )T, -T) (zy<z<LBr=R) (2:18
or oz

b, =nfo(T,} + T, XT, +T,) (2-15)

KPPk, Bk, ARAGMAMSRER, ¢ hBREE, .. 0, hr. 2 TERYE,

RAREFRE, nhRE, fABRET, o YEGEHER, 7 0REEE, R,
AH B,

Zy Z, E(z) L

| A
° I —

q z z+dz T,

K216 Eibuh BT

AXERABHENRARMY (&, =k, =k) HENESRRE L. ZERYy K
FRITIHAEI AR R, WX 23~25 fin (RERBL BN HALERE TR
BB, BALFRPRIEREATEHRS). Bib, BT AR SRR A BRI
b, FrLE S AR ER IR, BUREME L E g, ASCRHAER
BIRETHRERRARKES.

HRIEOUGRET AN (211D ~ (2-15) R, BT miast, Bre4E,
BiE

R, =Q(k§1)+£§_{ 0
r or

+__(k6_T) (2-16)
ror o oz

T T
Ry =k%]-1—n,+k%~—n,—q (2-171)

r Z
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or oT

Ry =k=—n, +k—n, (2-18)
or oz
Ry, 2L, +k§£n —(h+h )T, -T) (2-19)
or oz
REINKEEE
[Raw,dQ + (R w,dT + [Rew,dl + [Ryw,d1 =0 (2-20)

A @, ~ o, AMTERE. EXNERERT BO7R (2-1D) RAF &4 (2-12)~

(2-15) AFEEHEGF EBIMBEX EFHRE. ¥ (2-16) ~ (2-19) ARA
(2-20) AT 2 B I M E Al 45

b, aa;, T ar T
L( @2 ) (k )Q+ia),(karnr+kaznz)dl"

wk 0T aT T
+ T dQ j 2(k kazn,»q)dr+L2m3(k  +h——n)dl
+La)4(k—~n +k%zln —(h+h )T, - T))a’[“ 0 (2:21)

ARC =+, +T,. $EBFEEEAERANRTE, KPR oR & SERs T aE
HITHT BT 7 HH{E 8 E

T=) N{r,2)T, =NT* (2-22)
i=1

AHN=[N,N,--N, 1, n, ABARTGHE AN N0 H CUBEYE (K
BEREO. FML &R FEN R

®, =N, (j=12-n) (2-23)

W) =0, =0, = -, (2-24)

A AR EREMBEFHT AR, B (2230 & (2-24) FistfeA (2221
AHAEA—RARTHERN

KT =P (2:25)

KK Hynxn MHAESESE, T=[TT7 - I,] Hnx 13 MBS, PA ax]

33



FoE BFEBEIfERA

BEEMET. EFEK. PRLTETERN

ON, aN aN. oN
K, ki — N, dQ N, (h+h)IN 4l (2- 26)
ZL( or 6}' 57. oz ‘_ a ) +Z'[ (s k)

=Y [.Ngdr+ 3, [ aN 0 + Y [ A NT,d0 (2-27)

B =12, n, rECHRITHPLANE. BidRE DFIEETH (2-25)
R BAREn MY ENRESE: T=[1LT, T

B 2. 17 ir AR SBEFRTHEUNIFER, bFRx#ReE, RKxMel1/8
BARELGANTER, il o8 T 2004, 28l gie 20 4, it
FNEYRELTTEY 60000 A, A 66531 A, WBENFEE IR 66531 PHE, HE
FrH R ERE ¢ EREDP AR BHRERE., ARANAEE TSR
#Bhm (r=R,) BEEREIGLME 2.18 Fror. BEF, 7RE8S
FEBAKNEERE, HARBERIMEER BT, B2 19 A6 BEdmn
BERE (FLEE-REBE) g, hETH, FRERNERTRE, 2
16 8P AT I AL R A 15

A TRIEEETENERY, RIAREMRNARERRN (r=R))BEET
£ aRR, o AT B P R A 8 R A R B SR R R R L 4 4 e {0
AGBE 1~2 om FENE, M TEBEERRBIMEARHATBIE. B—8
MEREHZE 3 REENERSICTFHEUW IR R, B2 20 5 THEE
e Cr=Ry) MEKERITHE S LGN EME. WETME G HES R 5980
BEERYABRE, BRUtREAESLRNEEZ MARENT 25%. i, A8
RS A, N T AL RN ER MR E L. B 7R it 2000
CHIER, HEMTENE, Ky, BT EAELER B RE BHT
IRIBTSE VT B0 A BRI 7 dh 2% B HE P SR iR A0 O T LA AT 5B o

#23 MMEHEMM

wBE O 27 127 227 327 527 727

k Gwiim - 0)) 129 118 106 95 77 64
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E-E BEREasiEsi

£24 By

B (T -13 265 817

BEEH 0.49 0.54 0.64

#25 MRAEH

RE (C)

25 100 200 400

650

B (whim® . CY)

3.9 7.3 8.4 9.2

9.4

E217 RERFRTRENSRRE

840 1
560

480
400
3201
240

e (T

160+
804

000 025 050 075 100 125 150
HEEE (m)

B 2.18 A7 BN BRI 43 A el 2

BE (C)

000 025 0850 075 100 125 150
ShRTE A (w}

2,19 SR AR A Lk
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2.52 B REETE

B 2.21 FoR A MACEEIR FE % 3000°C HA B B RE R A th 2 105), iy
BT AA SRR A REE MR ERY, FEEAN 300°CHTFERME.
BT IR E BEME T RBEASS, FUHSE SHBREEENLEETH
Fl, WEEHEIRENTLATZBEARTT, RIS M A =

C= (2-28)

o =

WA RER SR EEEEHA B, Bk, AU REELFIER
R, NP ERBUER, p HEE.

BE (C2
]
=]

000 025 050 075 100 125 150
HEEN @

112,20 B FIR A TR IS T B S B

Wl 2.16 PR, IHHSAER — B dz, WTEdz WHMEE N EG),
MR AR —/ DK FTE R A

2
E(z)
Jo)

dt = dz (2-29)

[0, L} A%t LRI s, ENEI8 A B A BT Pt

24p
t = LL—d (2-30)
E(z

TS T 2R A e B
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(2-31>

1 L
RRR G e
AP A=t -1, t, AZRMNFREREMRKATEN, E, AZRTARIOHEME
BE. RASAHEEARTE B, B

&hr, 1 1 L
Ar=2p-| 3= - (2-
‘ ﬁ(§2(45(zi)+JE(z;+,>) JE_J o

R QAT XRN, AP K. HE 221 FRME-THERARN R
BETHENES, RERENE RLERAREBE T ROTHITENE
E(z;) o PSP QRN 150, A% 0.01 m, =4 E LT A BIHR 2

MF 6.4X10°, HMERIEIRMEEDT 25X10°, HEARLERE FHENB0E
BB, FERMA (2-100 BT RAFEE. HPEETHECRIE (2-28)

Rt H18
@bﬂW“
C = ————- -
S o =1906(n/s) (2-33)

Erf R EEE R EERTE 2.2,

0.67 4
0.664
0.654
0.64
0834
0.62 4

E ¢ 10* Pa)

LR
o o o
28382

0.584

"0 260 400 SO0 80O 1000
W TC)

221 HEHENE—REdE

MR, SRNEHENER S EEYSBMNT, AELRESHRE
ZHENRENT 1% KB FEN RFEEKIER—, FRHTABNE-T
MERAEE L 300°CRGFER/MEN S, JWEI BTN TX—A.
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BoF HEEEINEBER

b, BT RIS 5 RN A A S, R R AT BEALTE E - T IR AN ETE .
MTEER &M AN BUER D, FLE, M 200C £ 300C, WBIEE-7 8
8, R 1.5 m P AN ENERT 18 us; FBETTHEA 300C~1000CH,
ENZUEE 81 nszF. Bk, AXGHHKER 0.2 vsHEIHRRGARR
4, £ 20C~300°CEERA, WRAHFRLIE 3.2°C, 7F 300C~1000CH, 4
HEWIA 1.7°C.

i, BAFEH, EHTHRENER, PZTHELTHEARETN A EHIEE T
7, PRGN BT, BAGHEN PZT #TRIFAHBNAEEARES
ff7 LINBOs A4y He B 85«

2.6 it

HPE IR R 40 SR BRI — M RN B A, AEABF THRYTE
HMFIRENA, ERAMBEFGENE. BaTMREIEI kS EESa
ERREE . LA R RoxT 4h Bt b B R s 5.

AEEHR H —F DUAAE G 5 20 3000°CHIE 2L 10 om OB Bl Rl
BT RAETEA B AR T A B . B ST g
WM BREOEERME RS, b TRBEEEARL, B RFNHSE
PEBE Ol 3850°C) . AR ROTUAES PEAE Rt it B, {950 iU R ke 4
FEMEN LR RBERS, BSRES TEF TR R4 B% 0 i,

AERVRIGIR T R RGN TR LR, AR
BRSO TAR B R %5, 8021 B B R INE R . B )
WRERIIBARR, LUMEET Windows95/98 A LF BT M &% it M an bl 2. 1t
Bb, AREE PR — PRI T O T R ST I LU S Rk SR S B 1Ty
.

ERREVBRMLZIE, BT IR LR M TAE T H IR
WUE, WD HSEas 4 R 5 AR 8,

D. 8 RETERE, ATKMEER AR, WESHRBR NS,
LERMWERTHE, FHPBBERLT 02us.

2). T A RN ETER A 300°CHAEMR /MY, AT s
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BoE BEAEEIRER

BH AN REETRLE RS 1.

3). HEEN 20CELE) 300CH, REBRERLUERT 18 us, BE
M 300°CZ{E 1000C, RAFNELERT 81 ns. Eik, %IERHTE 20
T~300CHEEKN, EiRSFEAE 3.2°C, £ 300°C~1000CH, MELHEA
ik 177C.

4). WHTHRMER, PZTRESHBRETAEKIER IE. fIUER
BUENET, LIRS PZT #H1TRFAQANBAE B AR ) LINBO; &
WAE eSS

5. BRKATENHH, FWEMNRFEEIE.

5% 30wk
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B=F EFEESREEREERR RN

R=F HFESIEEGMAELHHRAMER L

3.15|8

EFR, EAELSMBREARME D —F R R LR A, 3lREXEN,
HERAEFRETREARARRIRN, BFlS6E (EERR) HE
BRI, PERERE L N IRRE, (EBRAE X R~ M BIR A T, BTl AR B AL B
AERIGHEAL BRI S XTEAE SRR BRI, TS s
PEARRE. AR, T RMTERRE Y, BIEAhE, RMRAN SN REDE
BHITHMER.

T BRI, ZERmERe R, XTREENRHETH
B, BATCHRT SRt TN, Hh, @R 5 o A 3 i
PR BT TR L, b A A B AR R . T B L
REAE RS B AR b4, B EAFUE R T 4040 B 0T 18] 73 2 1 7 Do
S EHAALL, SRR R A CREED 19— B R S TR
B BMBIEETE . R A R R AL AR R AR B R A
RO ZZMARET, THIN RGN EAMIES), FUE O ER
B BB 2, R P T R A I 220 X R b R 1 L £ R S S AR
AR, DRERGARAMERA . BRI R HLEE M RN &R
VM RAL . SN, UL E L MERIG BB R AR, R4 T R )
IR AE AR A, BT IR BT 00 e . SRAS A AS Th I 4 1 IR (R S b
BT, DRE-FURE R R AR S E oA, sk
BRIRT R s, FUE A T I A BN AR 5 R A R . B
by BRI P R B SR AR AAR A, A A o ST e T AR
RRAREESITHHEY, SHREBRYE, TEFEBRNRE.

A RERAEFSSTE P MR, 8RR T 5 AR
SRR A2 i) 0 1 D B T {0 800 1 T 3 A 7 D440 R 300 7 o 6 0
FEGEF RO AR . ERRE. B -ERER, BaeE
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B EFARTREAHELRERRNERTE

AT TR BE P Lagrange Fe-F:1 IAIMNAR K Lagrange Fe 7> 1915 AT
SRR R R EAER R E . B, SRS EE o R fd )
ST TR o O B8 She R 04 A 5 T M09 ey AR B AR 37 ihrh A0 T B AR T DA 4R /S
MFEE, EAN (BEXD) EXHEMNESTFEERD. TRHZENIE
BRAREEFRESRARS AT A EENZAELREE. 5T REER
[, Lagrange o FiA{CIk MM AEL— MBS, Bl K@TIBERESR
HIEREAT . KA Lagrange TFIET LAEBLEME M 38 A R ESHME
. BT R ET T S A BB GERREMS), #E8tEEnn.
st HRIREETEERNATE, BARBER—F R, INIRK Lagrange
RTERB T RBIEMN Lagrange MPEE SR L, IR T WL LFRY
HEEAMRA, AR EMRIENEL. ST, M Lagrange /T
ZERTETSHISRRE, BIEM TEMETEL Al ER. #U %
7, TleREE s TR SRS .

FEHER R AT VMM £, Coulomb FEEMERI® R R A py gzl 20
BIEFA . Hd, Coulomb BEHHANE TRIGEA., LS, RELAE
MR AR TE-RRAE (RABERD W, B MBI AH LR ER
&, HBBRMsBELEER A, SIERREMIEL . Coulomb BEEZ RG]
BELAGEBRBFNMR, BEATIIANT ) FEEEER )L LREs
. B—aMEEMEBRERLAHEEN, MM nERE N EEmR T RE.
B, VDm0, X M E S B K T A . 7T A PR ALY (38
# Coulomb EEEAEAL) AYTR M T35 OB A BRIRAT 4 L5 - M AT 4 9 4H
A, Michalowski % A% M 7Esc 3 v R IREDAERAR N M RO R TN £
R BT MO A FRBORE AN, YMEEBVIFRER hE) X
REERAY WAL L AT S . TUZEIRBE AR, tREBEE MR 32 MM L T R KR
FIEFK “BHE” (grinding down). FRESHAFRGE R R RN, o3BT #E
Rtk TUATESEAULER, AR TEMNSE. Bk, /68 b Emd g
RUBEE CHia) RTEMERRETER, TREEEREX RS 5 R B
SRS, BURER- PR ERMF M E . R TR
Mep, BERENNT—2HHETRBE GEEER), FUmkiimEEe
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FEE BERIERGHELEERRNELT Y

JEIRE). MELEL Coulomb BEEEAIT S, SMATEES T T EA R EI N
EM.

WY RBARMMEE, FAHF TSR A R R, F,
EMEREREXEE, B, SRR THSHEMEREEDY, Ky s,
KT (node-to-segment) BERTGH:E (pinball) i T &% T34 (2 32 B
- B0 R PR FEVE S DA IV £ B BE B S . BB A2 AN
T R-8 TR A Newton-Raphson i REER BB FIE R, THMEH T8
BMEREELOYETE, HH SRR AEERR. R, TR
READE—EW, FEHLHEEEE R T .

Blte, BTREIHERE, RHLRATARY R BB REE, 7
LI REAER LR P R A&, BRI A T R
AT BN RAGREE8, A80R 3% P T iR S vk e R A b BE R S S R 44 3
Ttk DT R-Rnik b B R, B, ROREAAEEE, T
B, UIRHURBEELON A, WIBROI S B, RS BN RN EE
e HBIKQBHELY, AEMREERAHET RS,

3.2 BN R KR R AT

3.2.1 FRETEEN

T WEFAMEAYE N, BT 7RENIRE M SR X U B
KU E 2, B CEPEENTE. x XK, HA0R s ek ginp
M. ERSHEETES, FRPGE PR R KRR RS 1
L R CTE AR A B R A A B O LR Y A AR T R TR A
o, FRAERTRL LS R EYER T AL, ey T i a8 hETR
PRI AL R OB o TR R AR IR - SRR S adkE ST A
B AR, WK T R N AR A A B BEAUCH A i
m, SEAME BT TR . EAXE SN YA R A RS T BAR
B3 oA 10 B8 T TR — AR SR 20 oy B ) R R e A P 1Y 2 Sl AR —
AR, WAL R UEUE Ak i B A R R A B
3.2.2 Bsh hEGERARLIER
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FoE HEESREAMNREE RO TR

BY RS A ¥ RENERT I ROEREENS BT,

1. K

DX R R A A AT B AR R 4 7 TR A B TT T 40 R B 2 45 £, T 8 7
RETUR A BB, XML NS EERE A, DA NS, £F
AWKET R, LR R . MIn I8 RS SRl iy, i
WARRATT RS Tt FIFES S _ERIAMRAT RN 3 A . R, Mk
RESMAERREERE, B8 SNBSS E.

2. DWEMBRRETANE

FIRITCAH B H LA AT T 4 B R 1B, X 2 I 5 S J

BARERE. Ba® AT ARB S BIIRE, NISTEHA— S5 8 0 7 T

A
U
u=|v |= Na* (3-1)
W

AN ARERBIIE, JIERTERI R, HEEOE %7 AL TR B
%E,%u%iﬁ%ﬁﬁ@ﬁ,ﬁﬁ%%ﬁﬂﬁ%ﬂ*%$ﬁﬁﬁ—ﬂﬁ@n
3). LW RSB RRNAE
MRBEDZLONTE, BBRTAE— T8 e Bk &y
€ = Hu=HNa’ = Bq* (3-2)
B =HN (3-3)
Uiﬁﬁ*.H%&ﬂﬁﬁﬁ%ﬁﬁ?ﬁ&%ﬁﬁyB%%ﬁﬁﬁﬁgﬁﬁﬁ
AR PRAY BRI 3L
4). LAV s REN N
%%?ﬁﬁ(&ﬂ)&(&ﬁ,#Eﬁﬁﬁﬁ%%%@ﬁﬁ,Wﬂuﬁﬁﬁ
BhBa RETRTNE—AN AN B o

0 = D¢ = DBa® = $q° (3-4)
S =DB (3-5)
ﬁ*Dﬁ%ﬁﬁW,S%Eﬁﬁwuﬁﬁﬁyﬁﬁﬂ¢fm%ﬁﬁﬁ%ﬁ%~&
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BoF BEFNSERARRLREEANNRTE

BE, WHMATHENERN A RER. MBRTAFENNE, WAL
bR 38 S AT REAE ) ZE R H R TR A,

5). TR TR

ERIUGHR, T A ATHER A E AT, ER—EP . |

BRAHs M AEE, WHERUB e M AN FAFRESR
a‘=[a a; a;...a;] (3-6)
F=[F, F, F,..F,] (3-7)

HERRTT, B LR RIER RS BRI R, thE o H7ER
o LB IE TR DARE S T 2050 B D AE RS AR B X — % B, Sfedgr 45

RAB " 5WE N F ZEKNXRR. BEERL ®¥AFRAERE NS, B
HOER . RRTRERMB N a", WREEER, 4

@) F=[ () odd (3-8)
X" WENESBINE, Ko XRTRIEY

¢ = Ba"* (3-9)
BG4 & (G9) AN G8) A, EREla Ma" S8rT%, NETE

(@) F= (a‘f)T(‘[leBTDBdﬂ)a’ (3-10)

BTEME «" ZEBEM, (3-10) LA

F = [ B DBdCa" (3-11)

"
F=k‘a* (3-12)
k= [ B"DBAQ (3-13)

X G-12) AN RABESTEDZAMXRR, HF & N8 eHIBER: .
PRTCRIBERENE R T SOTHIRIE R A, BRIV, R4 A7 L A R AT
MBS RN FAi B R RE R R T RTHRAR . KN, HE
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BT HEAEIREGRRNERSERNLLTY

FIHEEEL,

8). HREWEEA

EHRAATT, BXHRE VAN TEHE, BEREELERTET L
Hs %R (BEETERN . KERFTURBEREN BHEHSHNANBETFLE S
by BRI REA . FTERER, RERNRESSHT S8 EETT
BERWANMIE RO ERTERTY (BT #HiE%.

HERTAE R M(xy,z) LERERE p. Hp SIS HS SBETN
R . NIRRIEREISBEN, &
@) R =) p (3-14)
RP e HETTARUBIBIE, o hM ENEEES BT, BIS W &
WE (3-1) &, B
u = Na"™ (3-15)
£ (3-15) RN (3-14) R, TH
(@) R = (Na")T'p =(@*)'N"p (3-16)
HTFRAS o™ AERYE, (3-16) TS
R*=N"p (3-17)

EFEUH BB B RN E T S BRRIER R, AR FRE
TR A AR AR TT A, SRR A R

RN, ATHERTREES p, RIEER p, B S8 RERS, R
(=3 Iy
R'=[N"pds (3-18)
RVE=LNTpde (3-19)
0. BUBETEHE
BOELARBRIS Ao, PETMa AT, BRI HHAG e A B, B
MR (3-12) RAKBT n METRIREE, EL (317) ~ (3-19) KBS
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HZE HABTEEENELRIRRGER T

HOEWHBHONT ST, WEBRIEEY S PEHE. BEEEFREAENMY
I RSB 55 BHE g MRK.
W R EEEm DRI, WAL
F)+F} 4t Fy =,

1 2 .. P
Frz +Fiz + +Fiz RZ (3-20)

...........................

A F RERIA LT TR NB A BEES LR, PR T %

s RIS A BT LR B R . TR (3200 RN M@
MPETTRE, SRESHTTE, TURSLA MR 3-200 RFETEE, B
B ARUTF G12) AW AN EFARBEHE, BREBE ST REET
#HE, B

KU=P (3-21)
P
K, Kp, - K,
K= K2| ]fzz KZI (3_22)
Kl] KIZ Kfl
WA LI A
K=Yk =Y [ B"DBIO (3-23)
e=1 e=1
Us[a,a,a,-q] (3-24)
P=[RR A R] (3-25)

HoA KA BRIERE, IR, & HETRIEEN: U RN SR

BHEEH B R PE TE A 52 RIS BN, P oo SRR SRR o B S B b
BT R BRI, BHERTRE K, R E R, DM j A
AP AR T HAR Y S B, T8 i A B LU 18 b s &
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R HARS ERENEURBEARNEL TS

XA BRIEREEEEXNFE. HEERENBTEENCLSHR. HE
(321) FRETALB U RFRMN, B REZLVETREMNTHEET AL
Fo, 0 R RS 22 0 LT 7 AR AN ER o R BV AT SR 49 2 0 0 R A e R 4
.

(320 AP, GRSMRAETRART (R R AR, TSR A L SRBE.Z T
. BUAME (3-21) ARTFHREE— M Z0BESTE . TR
REAVRGHERAE HH R BB R RO T T B, SR R LR T R
PIRE R R RS, B L% BB AR BN, WBIIRA BT T M BB T3
FHYE . RITEIURIRE, HES| I NMREBRIES, 3 T8 H 2 Sy
HABR R AP R AR AL TR . Rk, MR DS RABA A (3-21) 8,
AR ETRUES DO RERTHE. #E G-19) R, BitEEEEH
B EEMBEEF P A

P, = -i [ AN NicdQ = - MU (3-26)

e=}

R p SIHRVEE, a° HEBTTA ARSI, U S5 s E I, M %
BAERBRERE, WRIAR

M=iLdWMm (3-27)
e=]

g4 (321) B (3-26) X, W5
MU+KU=P (3-28)

LB BRI — AR T AR GXRZRTEEZ0).
3.2.3 #ksh ¥ RN R R

XF (3-28) APRMBEMSHIRE, B REEENI IR0, G
R RARER B B2 AT 02 e, 7 BB #7155 S A
ﬁoﬁﬁﬁﬁ%ﬁ?ﬁ¢ﬁﬁ.ﬁH%%Eiﬂﬁﬁm%Eﬁﬁim%M%Eﬁ
HJTHE, RZ DML — S B R U R IB S R L R — R B B e
ﬁﬁﬁﬁ\ﬁE&MﬁE%%ﬁ%ﬁn*@%ﬁ&Nwmmkﬁ%%ﬁﬁﬁ%&
REIF RN R A,

48



5=F BAUSREARBRLRRERNRIL Y

). FLESE
EFLENST, MEEUNEFEUTEMIBU ER5

ﬁt = —1? (U.-—At - ZU: + Ur+m) (3-29)
At
. 1
U = _Z—E(UHN - U;-Ax) (3-30)

KA PR, #3290 RARAREI (328 &, BETESE
R, ETFTRBABM. EEEHIR, BHEE— SRS, Bk
1=O0W, AT HHEARZLB U, , BT M EE S U, 4, RHMEU_, .

AREHELETART U HEETELAL, %
2
Uy =U,~ AU, +92’—L?0 (3-31)

FoENERE B REE, SR RRBAEM M EAETRER TR RN,
HBLPERME AT EHAT R RS, A SRR e, it HE g
HRAREHRIRE . BT, thOEvE R SR 1, Hoad 26K Ar db
i 2 Courant FRR1Z, Ep

At<l, IC (3-32)

1, ABNRTT R, Coan AVEIP BB KFEH, 1 & i PR Rk, Cra
PTG ol ZE S ETER (0] L B A RS R RN AR BRiR 22 Hol ALY
FLEE A RIE A TR A 1 M R AR

2). Newmark ¥

Newmark BRZMESR bR MBS —F, &8 L F %S Al
EERE

U =U,+[(1~8, + 58U, 1At (3-33)

U =U, +U A +[(1/2-a)U, +all,, AL (3-34)
ﬁ*aﬂ&%ﬁﬁ%ﬁﬁﬂ%ﬁﬁ%iﬁﬁmméﬁn%a=u&&ﬂmﬁ,ﬁ
%&ﬁ¢®%ﬁ&~#%zmmn%5amﬁaaumw+&wwrwmmmf
SR TAIRGEN . KT, T3 eIk s R, i TR I e R 36,
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B=F HEEEE AR SRR Y

Bl 7riE B TR k. Newmark FikUIS MIBESEFERZEAH, ®ET
HHERIEN EABETURARBEOR S K. 9K, Eik LRGeS
BT RS BIPR .

3.3 MR AR R HER

BRI P —REEA R H 2 SRS MBS, WE S a8
AT, ROREBTRETEM, #4, BERRESRE. WA HRA
ARCH R, W 3.2 WA, TR TR SR 0 = eptaah 12
BRTHRTES S

MU+KU=P+R, (3-35)

ARURUSHIRTSEBANERIIE, M, K, REPSIHFEBERE,

m&%%u&%&%%ﬁﬁﬁﬁ%ﬁﬁﬁﬁuEW(}%)ﬁiM,%ﬁ%ﬁ%
EMAOR . ATHETHE, BB L. FEARESSIH 4 MR 7, FEA
MEL%%ﬁﬁ%ﬁ%iﬁﬁﬁM%ﬁmWﬂmiﬁﬁM@L%ﬁﬁﬁﬁﬁﬁi
BICHUNR T, BEAh, IR RIBE0T, LIF BB EIREN 2 M E S,
331 HMEE

T MERE M- A, BRI ErX®E, 3y |,
Ei%ﬁﬂ*,ﬁﬂﬁﬁﬁ?ﬁ?ﬁ%k%—%%ﬁﬁﬁwq$kﬁm%mﬁﬁ
@W%ﬁﬁi%%%ﬂ@?ﬁ%e&ﬁ&%&&EEEUMﬁi%ﬁﬁEEE
7 0 L B D A e b e 1

(® (b)

Bl 3.0 B
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F=E #FEGIEREEBRMRNGL T

mE 3.1 () B, SFAEE—H&n,, EEirERtLELSHE S
REEER . Wom h 5 n BIEKEY A, BEFESHE m, a8 T, BeH
EATRn, (MRAT S, AEBTEORBAF BTN, NWHZETESE
Wrin), WEELFRHbR,

(c;x5)-(c, xe,)> 0, (3-36)

(€, x5) (sx0,) >0 (3-37)
R e ¢, AT e i, HRREm WHHE, W8 HAEh (Hm 15
[n) TEBTe, LEHRE. B8 (3-38) X, BIATHIR ¢+ 1 20% 5 n TSR,
HHERL

(c;xc,,) <0 (3-38)
R (3-38) RKE, Wn, 58T e MM,

T BB R, R — RS E R, I N N S E LS
ﬁiﬁﬁmﬁﬁ&ﬁﬁﬁﬁﬁﬁﬁ%ﬁaltt,%ﬁéﬁ&ﬁ%iﬁ@i%%d\ﬁﬁﬁlﬂﬂ,
BB MRS A

J=3lrEm-plirEm-pl, (3-39)
AF G M N HRELEE, rafiie HE—MINBRE, p AN A
n B ERE, ME 3L (b) BiR. MM 4545 . n) B E T

0

5_;_@“"”)'[!"’(5:,%)}*0’ (3-40)
or .
?n(gc:nc)'b_r(éc,ﬂc)]:()' (3'41)

EILKHA Newton-Raphson iR EAEE RS (3-40), (3-41) W, EorE3)
B AR (£, n,) . HE—, BiER g, TRTH

&n =”m'[P"’(§c:77c)]' (3-42)
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B HERIREANBARHERANILUHE

A n, AEMSLANERA M. B TR SRR ERGA TR TAE L
AR B A BFER B, BIEEFPLUER, RAZMRFHE, XEAE
TG AR
3.3.2 B A

V). ¥EmEs

FXFKATIRE A (penalty method) Rt EEAFmMEEM Y., EH
ERZOBEERENMENY AS M2 [E XE—E /M EmEmRE., Y8
MR BRERS TEF AN, RIELEFET TSRS 585 5N
B, HEXSFERMERMEXBEEREME. T, SRE LS, ifEmEE
ﬁ$m¢§%§ﬁ,#ﬂ%&ﬂ%@ﬁk¢5%ﬁi&m%,ﬂ%*%,ﬁMﬁ
ﬁmﬁiﬁtﬁﬁ@ﬁEEME%EE%&ﬁ,Mﬁﬁ%mim&ﬁ§Mﬁ&
SR

Jos = K8y My (3-43)
Kk, AEmEMRE, 2X%
kg =7 KAV, (3-44)

K*&,Kﬂ&%%%%iq?ﬁ%ﬁﬁ%%ﬁ%ﬁﬁi,W&ﬁﬁﬁ,m%
RCIES

SRR A ERER DS £, KRS, FRER. SER D TiE— S
G-A7) NHRU BB RBENTEMT AT e RA T A . 4%, WERE
%ﬁﬁE.MQMﬂEEWﬁmiﬁuﬁ#m,W%&ﬁ%M,TﬁWWWEH
J A B .

NI

T 9K TR B BERAT g 5 BIBYEAT A BARMERS 2, Curnier SR R
EAHAEBER Y, QRO RERERMNEE () B FEMENRYE
%%,#%%@WWE%W@E@%%%&%%(%ME%%@%%)%&E%
ﬁ(%@%ﬁ%%%ﬁﬁﬁﬁﬁ@ﬁﬁ%k#ﬁwﬁﬁ,E%K@%ﬁﬁﬁﬂ
MEDT.
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= BEARSIEE4NNGREREANERTE

ER A E IR £ B ERANA
fa=—kbu, (@=¢,7) (3-45)
AF () AEMAE FRIARRER, £, 25 FHE U RS AR, EEECh 0.01~
0.1 BRNEMFEMNEE: Au, AUV RNBRE.
AT AR A BT, AT RIREELF, 15 B BT AR
(R ERIREE) WM&
Fy=JU P+ -u 1,1 (3-46)
R, ABERRY, fR S (2 =) SRR REE R AR 7.
MR F, <0, NEEMELTHRARS, sbt, FEEE DM (3-45) RFIR.
MRF, 20, WERTMATEBRE. 1, FRUEBEE A SHER
YRS (Aul) FBHEEES (Au®), B
Au, = Aut + Au®, (@=¢.7), (3-47)

H—E, NARRERERRES (345), (3-46) AR, WitEARBHER
AR 7y 1)

fe=ual I 2N 12 (@=¢.7) (3-48)
Reb p, hB RS,

BT LIREE, TH% ¢ MR e+ Ac BEZ 50 ) FBAL 0 A3 B,
BE St + M EL WA n, SETE#EM, BIEr+ A 25 0, AR AL B T

He o BALEAMEA, WA S0, THMA— FRITTH T B4 — 4 28 5548,
FTUAZE ¢ Bor+ Ar 3, n, TTHESHIA ARG F R T, B, MY R, B
TR B R Ae FHRIE TR E

Ae=r(E™ 0™ = r(g,ml) | (3-49)

&m0 B(EDY ™) Sy B B S e A 3 3 70 2 BB AL b F AR . 3t
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B HAESIERANMEARER RO

—iF, FH 345 XHEREERED A
fr=fl-khe (3-50)
AF fo A HEWERTMY A e, MEES, & AVEMRIE. LSRR

SREBENEE T RMR.
FER AN G-46) AEKSERBBRELY, 0

Fo=f—u 15" (3-51)
A £ AT+ MR T o, EoEREMS.
WRE, <0, MMF R0, SR8 e b TFRERE. HH, ERHFAT A1
TR [, SRREE S A%, i
S = f = f —k Ae (3-52)
MRF, 20, WAY fin, 58T e b FRBIRA. BIT (3-48) =, WHHE
ATV in RS 1 K

et .
f;wAf::udlfm Ff R (3_53)

1/
FEEAEE, BRAE £, FHSZRENE DR T 5 RS
ML - PRRERRERATHERT () MEAYAL, WA, BT

ERBEERY o, WHERRE p, K, WTHEBHIE L5 S 540 B B A
HERZE. AT FRERAZNL, U EERPHMD. BEEERIULEER
Bu, H
=gy +(u, -, )e ™ (3-54)
v=Ae/At (3-55)
AHBA—FRER, v I S0, 5EBT RS R,
R, B EME LE R (FR) BT (3-36)~(3-55) B, B
ﬁﬁﬁ%ﬂﬁﬂ%R.ﬁ—ﬁ%%%ﬁ%ﬁ&ﬁ%ﬁﬁ(}ﬁ)ﬁ,ww*ﬁﬁ
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BEE ArES RRARRSRNERNEL Y

HEAETHIRR SR, URBIERG B EaE .
333 BREMRRBEZHHHE

BRERERE, NRAREEHLHEEIN 25 EEERA. 1E 20K E
BB, WHIEAD ¥ E— A, BBRERAS S s e, Bik
Kk, WAL R+ ACBTR), W B, 55 R FEARSERL, HAT M E 4 Ac,

Mﬁﬁiﬁ@&ﬁmﬁ%ﬁ—ﬁﬁ,Eﬁﬁﬁﬁﬁﬁ%%ﬂﬂﬁﬁﬁqﬁm
g=tHy, (3-56)

ﬁ¢wﬂwm%ﬁﬁﬁ§,r%%ﬂﬁoﬁiﬁﬁﬁﬁiﬁﬁm%ﬂﬁEW¢

%MEi.m%%mﬁiﬁﬁﬂMﬁﬁtﬁ%Wﬁﬁk¢%qn%ﬂﬁ%ﬁn5

RIS, TR B B R TR AT B A E P TR B T80 B A |
iﬁﬁﬁUE@%%%H%%%E%%%%E%%&%%%ﬁmﬁﬁﬁﬂﬁ
A

Cé+Ld=-H, (3-57)
ﬂ¢¢ﬁﬁ$ﬁ§ﬂﬁ,£anﬁﬁE§%$ﬂ%.Hﬁ&ﬂ@@%é%#
LHHRBFFIE: LRCDRNHESERERSERER, T45%FE Y

av\'(oNY (onY(an) (aN\'(on
=2l “((a‘] (‘aﬂ*(iaﬂ (E)+[E?J (a—zﬂd‘" %)
C=3. [ peN"Nav . (3-59)

b, pMeRAMBRESRY, BRALN: N ABRESE. hTE

RS AL DR B LB, TTIRATT 360 1 B R 7] AR (AR JLANES
B0, BrEAE L b B R e B B X 35 4 B 20 o 5 v e i 22
A, ERXEZHEPYLETREMMESSEERIT 2N T8, TR
BEBHH RGBSR SR, XERS B S,
334 RBHEREZ SR

1. sRKfgFr ik

FICRA T OENGR (3-35), (3-57) BARM. W7E 0%, MR ¢
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B=% EFESIERERREBNRRMELHY

RifFEELES W4 HIRRH
U’ =%(U"A‘ —2U'+ U™y, (3-60)
At
$ =L (@ -3, (3-61)
24t

B (3-600 AN (3-35) R, # 3-61) RN (3-57) R, LEIAE
U™ =M™ [A*(P'+ R') - (KAt* -2MYU' - MU 1, (3-62)
Y =@M L 2C (H — LD )AL . (3-63)
M, WRPMERMER (3-62), (3-63) B, BILik/REE, BIW IR
BRORIE . ERRTEH R, 75 KA b B IvE B % R~ RAR 4t
DR BER . A T HERRCIR A e O 8, E— DR (BERK) EHE
B 16 M50, 7ERMGIR I, t R R 40 i A% L T R B £ i
BRAT A . WRTATE, WA R BCEBAE Courant H1 1),
2). ik B |
BN ENERDL, TR HS HRINER + A HZIR RSP ER.
a HEMT R RAMS PYY AR 3-62) A, HEABUTY,
b #X IR, BESZRIENET R, FRIT (3-36)~(3-38) AT
RYE LR EHEMPT R (AT,
¢ MTRAEEMATA (B, R 340~G-42) XitgsEE, #¥
R (3-43) R (3-44) R IFEEmEM
d AA (3-49) X rEUIRZBBE, FRE G5 RHWFERE O
GEREE: DR
e. MM (3-52), (3-53) Rt H#. BT,
£ (3-56) RIHHSHEEEIARBTE, HAA G-63) NitHEEE
PIRED
B3 a~f W B PR TR it
ER—REE, U LEEMPHRRRRENTEHEL eRe . T
EA AR ER. MARERERFSZHE), HBERSEHAR. R,
AW BREE DR MR ERRR LR ERN, WKLY RS TAE S8R,
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=% HFECICEARRERANERNER S

A%, B RNTERBERANERICYBRAAEENE L RTHE, |
A BRI R T E e S 1%

3.4 HELH

BETEEABCAK 8 cm, K5 om, £ 2 mm B4R, 2B i —
K5 mm B, BOTREMBL, WHEKA 12 F24 mm. SEELW
HEE, ERENRERRG,(1x 1’ EHFEETREWGEDIKE @),
Gl

a(t) = A, sin(2aft), >0, (3-64)
KH f=20kHz, A, =2~50 pm. EEARYIAREEH 20°C. T 8 3 AAT AL

TR AR PR, FFEERGCRE LR S AT (R R AL AR
BER), BITBEAN 12000 4, HFEEAFRSETEN 54, BT
BELH 2004, MRS RERDE 32 Fix. FAIGKRIEYESSNE
BLPUR, WRERL XERGEERANSTHEERY, BX0.1.

B 3.2 ERmssrEE

#3101 ERYESHT
#ES R iy - B/ B Poisson S BRAL TR/
Wem'C’ I-kgtc! kg * m® GPa ¥ MPa

170 870 2.7e3 70 0.3 310
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FEE  HERDSEAHREAE RN Y

FAYMESRM, B -6 AU HBNESRESR TR EEBER (E
BEREFEUED, I 3.3 Bz, K (9)~(h) X R R F % 0. 002~0. 13
ms, B4R E BB IRIES 50 pm. AT WA R IRAE, B
AR A B S RS R, £ () b, BEKOABEHRY
&, FEIRBBMLEITHRS. £/ (o) THREECABREERMEMIAL,
HERE ERERM, BRE. WG, BEESINAEEE, Er5AsEE
EHEER, BREEROESES 08 O~0 Fir.

ey {(=0.03ms
W
i
AR T
o TN
Al

) =009ms

ety

L —

@ (=01ims
)

V. i
il . -

{d} 1=002ms (hy #=013ms

A 33 BRSNS (WEHRIE 50 pm)

] 3.4 Fr hREF RGBT R PR AR EE R LR E,
HE (1) WETH 2.4 mm BHEE0H0 50 um BEHRIE; B (1) #RT
1.2 mm FIRBER 10 pm BhiRE. BB R, EEERERTES,
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HEMHANRERANFT WA -2, FRRBAFROLEHIEMN, e, BE
FERBEREZ (WE (1) PRAWEERETEHR L TRmMEs, B (g
A (h) FRICEETEANFEFRANES, B (1g TRATHRASIRER
W), WA AN, E (1a) Fir, BEATE 0.02 ms BEEHTHE
AR, FRAEBERENR, WE, MEERKENT KNRRER, HaEER
EEHAE, €8 (10 f (IR PRE (BEEE) 230LEATH 10CRE
16°C. SELfFEH, HEREEHETENHE, RERBEERT & B (D B
FHZEEE (1) EERRLL B4, BTE (D PHERMRBRERBSERTRE
C1) HEFRA, ATIERERRE KN AR RER EEEE B R MR
REMEEESRS/DTFE (1) HEMNE. 8 (D) P, 7045 ms HES
BELAENY STER. B, U ESHT R A EIVETT R R R
R G R B IREE B T B I L R AT R s R L

B 3.5 ARURE—K (A) BERREREERHLHER (REK 2.4 m,
WRIHRIR 50 pm), HFE (@) FiRhRaEMR S GERRD T E )
g, B (b)) AHEMRESRE, B (o) HHBEEAML. hE (2)
W4, EAKERN D AR B, EAATE0]l ms RAEXREM. MTE
SCGERELHE . SIERAEIYN 03, FiLliZANTIEL ) (BENTD DMTE%
FHERN AR 03, HARNNNAKEEREBRE (B (3-51) ~ (3-53)
AE. B (b) BAHBHMER T ZAWEMREZERE, Hp “1” R
RS, “27 RoRiEH, 37 RFXAE. BB b)) TH, EEERTIEY, &
R A, e, BERNESHER, MERAEREN REEmTEER
ARFEEERE, BEMBBRAESREEPIHBITESR. B TR, £
MRVETT R P N R R ) B, GG, BB RBEZHTEM. B (o
AEAMBSEREE L, BdEESEE () M (b)), WEHHERIIZER
FIRSEEL A KRBTSR, HREREMAKEEAINFEDN 48RS,
T RS, ZANEEREAR, EEFREEE 5150 8 B8N ) AR
SEHEE (I (3-56) RFTR): MAEMABRBERMN, HTFH0yHERN, &
RAREREEES . EHEANREREENBER LA M.

B 3.6 BT A MERE— A (B) MHZRBIEBE i sk, BBy 1.2
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mm, BEIIRIED 10 pm. SETL, BAMEEBEEERBR AT, T
FLMBEERE OF x ¥7H), & AKEESN T, AREE BT
TFER. WEFR, EEE%A0.12mm &, KEEHL D2 TEETRT, X
B HARAER (B) MEEHERS, HRBXANBMRENI R, HE
BRORAZEN, MATEE THREDL, ENEERR/ES R TE N,
B, BB 2R AR AL SR W s TR 42

B 3.7 B AR LE— 8 (C, D) RSB F e sER
EiE, HeF, B (a) XA 24 mm L B (b) XA 1.2 mm MBI, B
WL, FERMBMRENK, BRAKTREDMZRERF. 78 () &, #
IR 2 pm B, 75 0.3 ms MY % AUB R FHEEZ K 0.5°C; T 48RRI 2 50 pm
M, A7 0.3 ms RZIEASRE LA TH25C. B b) FRNREE5E (2) %
1l

Bl 3.8 IR AMBY LR — & (B, F) AAREERIEEF T RBEAEE N
Sr#gk, H, B () IR 2.4 mm OHEL; B (b) X 1.2 mm HEL. GE
A, FEMMRENER, REREERNIEERS. T8 () F, L%
FhRIE A 2 um B, SR BRIEFRL L2 30 Mpa: 1 48HRIE Y 50 pm B,
HEKERMMATIE230MPa kS, B (b) FIRHASS5E (2) 20, ERX
RN 1295 200 MPa, 3R 3.1 W41, SHEREE S 310 MPa, XE¥UE
P R W R IR IR 0 SO pm B3 Y BN TE_E k1 Y 0 B R 2, BT LATERAT
KBS, FRERARLRHE RN B R TR A SR, KT, &k
HHP, BRATKEH ARG EN HEF IR, BB K EFHE M —
AN R BN AR SERTEREOERER. Fit, ER s ERE
BN R . A B P A L R 4 S 6 T b e
o B 3.9 B RO Y 87 MR AT ML, HPRLgHE 12 mm, B
FAYRIED 10 pm. BB LZRARMMB ALK, MAHBAETIE 2.6 Gpa
KA. ETXHER, 7£%E PR THRRARSRL 0.5 mm A Y G
F LR

3.5 &it
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AENZHHESNEFEHE, ETNREEREAHEREER, TS
TR EME RS, RAERTRETENE, BT SERRECPRT
FYRB S 1 I AR LA R B SR AR B P B B R, R E B W H TRAR
HRAREE RS, A0 T RHRIE N RGBS h BOB . AT I S
REH:

1. REAFMHET S, TRFRERMRGERIME BT RET R A NS
B, HiE, BBRBESHIER, WRIFHER I ERHMORE RS T
BAER. HHERTUT BBBEEFLIAEEART RS,

25, AIHGHE A HEATU LB T AEW . B B R MRS R AR RS
BRI —RE AEEA . BREREBERN, Ei, FXHTEER
f ST S FE A 7 4T SR BRI R R B A ML) A R # Bl AT TR A AR,
Big kMR- FELARAEA, AFERMERE XA EHESER.

3. BB R REEE RN ANERRE: BHRRIRES L, Ry
RERE RN 2 REF®. Bit, ®@E5DE, \ERRERASH
FRREEE. 57, MERCROERMNAMHA, MUERHTRSE
Gakhe s FiN

. BEERBERIRE I REN— MR DRI T2 KR, B,
AR EBERPREK BT EENTR. B, BELMERERTH
REEAE AT REAR 52K B T A= # . BAFHE H— AW R E R R AT Y
REEMNEHER. FRESERTHOAERERNS EHTAPad.

S). BREMBLANNLEFHIRMITHEAER, Ait, HNIERR
B—RERBRA AN MEELAREEE, $AREEN AT TE LAY
Zil

6. 0 T e A MBI R S PR R BT AR TP BB LA T S A B LR
L BB BSR4 A R T B IR A
MEEG (LA ~LESHE), BEURE LR EEER Y AN EE.
LF UL, A SCHBE T SR R AE . A, — T kT SRR RO
RYFIR BRI IR, 7 — 7718 & TR % AN B B R B w
BHEK (10 ~20msd, B, THRARKFEE LR TR LB B,
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(b) t=004ms (d) t=0.08ms

(&) t=011ms (0 t=013ms (9) t=0.16ms (h) t=0.19ms

0

a.o?
in.a
Al
q
¥y
1.2 |
bl |I
3

(@) t=0.02ms (b) t=0.18ms (c) t=019ms (d) t=022ms

a.m
0.3
.4
Fo.m)
1.2
22

23

(e) t=026ms (f) t=031ms (9) t=039ms (h) t=045ms
an
#3,4 ROEKEEHRERRILBESTE: (1) LK 2 4w, BHRE 50 um: (1D
P 1.2 mm, BBHIIE 10 pm
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1204 —— sy

EMN S (MPa)

AF S0 m

04

T
0.2 03

Bt 8 (ms)
(a)
A soum
34
]
-
# 21
1
01 02 03
& [8 (ms)
(b)
m.
=50
284 Amsum
T
g 244
22 4
20_
0.4 02 03
Ft i (ms)
(c)

B35 BECRE— K (ABALRE KR AL B2 (BB 2. 4 mo, WURHRIE 50 pm):
(a) BMEEETIAR ST (b) BMRETRE, KF “1”7 REME, “2” ZFES, 37
REHE (o) BBERER 3L 4
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T T T T T T
0.0 0.t 02 03 04
B (ms)

3.6 BERE—rm (B) FHEREBHAH (BEHK 1.2 mo, #HRIE 10 pm)

40
9
% 30
20
00 o4 02 03 00 01 0z o3
B IR (ms) B fl (ms)
(a) (b)

3.7 BARiEA RARTRBEEW: (2) BYK 24mm: (b) LK 1.2 mm

250
204
o 150 w
: 3
R 100 R
B i)
o L
0.0 01 02 o2 00 o1 02 03
T (& (ms) gt (ms)
(a) 1§}

B 3.8 WRENRARTEAMAOES: (2) B 24mm: (b) HLK 1.2 mm
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S 15
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# 00
=
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-154
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>_

-3.0

00 01 o0z 03 D04
B Bl (ms)

B 3.9 HEURE Y BTN i
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W 3.10 B, MM A A, MERERIFL T RTAT LN, HAFEEE

EV R m FIRTHIREE (3-36), (3-37) BA. EUFAT, A Tan HE

EF (S “BE7 e MR E SO AE TR EM R T E, /D
h-c

- Tz
|c,.|

d= i=1,2,3,4,

AFARHETAm BAAT R0 KER, ¢(=1,2,3, 4P THKRE, W
Kl 3.10 Fr.

B3, 10 HAREaTRATORAREE

b, UHREZREMAM TR —A, RS AI M BT, DI
WRn, REBMETEHANURSBENTES, PR,

B3 1 BEMEAAEREREMNRRRE

$5h, SEMETARIETLRBORY, WA 3.0 FR, SE, TR
KENABTRAEL (3-36), (3-37) Wik, AR HEBLRE BTN
B 28R, M0 F iR R 2R HE 2 To3d e B3R M B 4 th 47 R R4
FERRUL, ERIZ RSB REEENSIA. BR, HBMET LG R R

68



F=% BFESIEEANRLRTRANEILTY

B, XFHAEEERIEFE M. W), WETE AR R MR L. BT,
ERABGTEY, AR ERARENMENS, BANENTE, —BH
BEHTLHRL (3-36), G3DFHR, MABEM AR TIELERHLE (3-36), (3-37)
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415]F

SRIEHE ST BERAM NS SR 58 T4 T80 o8
MAEEIRU. R, EEE. AT BIRBEXN T RAES, 4154 NE M
FRE (WESE) HEMMEERERNETD. BT, HEOGERRTER
EH—STRZA, UAPRSEIT IR SRAERAT BE, Bk, FRE
RERIA B/ EUERT BRI THRAREAE RN ERH IS
BIRALE,

BRbBORMER B AR R B M (BB AR R
Kt E RS, BT RIAMBAKL. REESESYERMEAEN, BERR
WBBAER. HTEEMBENGH, BT 3 iR 55 R
MBHASHEBE R X, At SEANREY, FiEEsashEsy.
HE, RTRABOEER TAMBARHE, SFRTHSTHTAESY, &
M, BT RAENTAR AR, 36T R Bkt 1 T 5 J2 M/ 1 5 1 ) 038 1
B, B RBRSMBIRRE, Rosa B4 TRIMBE RN AT AR T 27
BB/ BN BT TIE. Coulette BHE T kb Mot/ F 1EREUN
TRRES MBI R TAE, DRSBTS E e, bToL L
RIMEPHME GRE) REA MRS SRR, DT HKEE,
BN ARG WSk, A THERADHHRSHE, Hu S35 S YR
THENYT. BT ROMOABK AR A FRARMEEEL N TR, 5T Bk
B, BAVRERENEEERARRE. AT, STERGARSH, bT
SRIE BB BRIEE K AHESRIE RS SR LR 2R
B, MERAEENEESEERNEH AR N SELBER, T ERE
WA RE N RIE A T S RIR/REEH .

EET TR AHES) ) EH BRSO SOLER T E B
BUE R S HNARRE, RAH RS ETEE T ook A T 4RIE
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IR/ T SNSRI R AELBG . - SR T SREEREK#
#FRENENAFALEHRNRERARUBMER,. L, dTFAKEERS
SRIGEREAERFEWR ENERNE, WHATRL, BEA/EEH
BT AT

4.2 BB

W 41 FiR, S—HBEEARESE (n B ARRERN, #8R
B RERT AL A EER A R R B A R BB E RN BB A %R
Hry, TR 32 L Hvh gy BB A R0

kR B
AR R, T
d, v
d?
| | L
g | i ]
|
dn [ ]
A

4.1 TRMBRENSHTRER
QB
2,
AHRBE RS HEHRERIER R

@mﬁ=fﬂﬁ&ﬂw#Mn%{§m~mm+mﬂwoM@

o = i=1

Qr,z,t) = exp(~r’/r})exp(-f)g (1), (4-1)

RH B, (1=12--m) KB iBENFREABKERE, d, 08 BN RERE (s
R METEZYREN, B4 “BiB” #8), 0, WESE— g
WEIRRER, o) MBKBOCH SARERM, HF Q— JFERMTE, TRk

gy =1exp(~tft,)/r? (4-3)
R, ARk LA L R RSB T, (2, 0) R — BRI
my MO
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1L T0,50 __002,0)
ot X,

i i

VT (r,z,8) - (4-4)

AH o AMEHRT BRE, o AMHERERE. AUEEMEILE, #
FRUMH RS EHERELX.
HAEY NG EMAE u, (r,2,1) BR AN H S

ou

(A + V(Y )+ GV, — p,— = (3, +2G)a VT, (4-5)

AP u, AR, p AMRIER, 4G, AHEORERH. ZREEGYSERY
FRMARIEN

T,(r,2,0)|,.0 =0, (4-6)
oulr,z,t
u(rz o= 2020 o (47)
ot
Tl”l:d, = T;'o»l z=d; ? (4-8)
a‘T: _ a‘T;-z-l
K'EFZ_ z=dy T K{+I—E zod; * (4-9)
aT, aT,
E]==°=El==L=0’ (4-10)
oT,
all ' .
o [’-Ro ‘ (4-11)
Bilaed; = Yist| sma; 5 (4-12)
T i smis = O iy sty » (4-13)
T rsi|sctd; = Tra(inty| 2ed, » {4-14)
auzi
O il =0 = A48; + 2G, 52 -(34,+2G)a, T, = 0, (4-15)
ou,. oOu,
Gni' 2= =G1' = + == ‘_'05 -
om =G ( P ) (4-16)
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Ou
O-rri,r=R = 4.6, +2G; ar‘ -4 +2G)a T, =0, (4-17)
r
ou, u, ou,
QP =—Lg o F 4-18

Ao AT, o AMEMHREKRE, o Mu, H50080 (W) Rl o

M) RSB, RAL SHARSMERRER, B (4-8) 1 (4-9) K45

JFEEARSREA A R R AL R IR AR A, (4-10) AT (4-11) R
BEM, (412) ABARERENABEEEL, (413) B 414 RINFR
HRIR 7 EE R, (4-15) ~ (4-17) RFEFRSRTHEH.

BHEKTTRE (4-4) J (4-5) BBV ES. X CRAH R THETE
XA LB RRIEAT R BT, NEEEH (B RE) Bt
A — MR E BN A . ARIEIAN R B, B RS AR S E ML
HEN

Cé +L%, =H, (4-19)
A e, hFRREDIE, &, = db/d HY REEFLEIE €, LA H, 4
BARE, Bk B RAEFERE, THRFEN

By
C. =Y [ oeN"Nav, (4-21)
H =% [ pON"dv. (4-22)
AF ¢ AFEHOLER, N BT RHFIRE.
R, RS R AR RN
MU +KU, =P, (4-23)
ﬁ¢v;ﬁihﬁﬂ%ﬁﬁ&ﬂ&MﬁEﬂ%:M“K;ﬂlﬂﬁﬁﬁﬁﬁ‘
RIS R EATHERE, FT4MRIRIEN

M=y L p,NTNdV | (4-24)



AUE REBOLERTHSRA/RENRB W

k.= [.B"DBav, (4-25)
P=Y [ B"De,dv, (4-26)
o B A D 4 5 P e R M AR, €, A BIIE BT AR (L BT 5 |2 BV BE AR 3]
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.. 1 5
U :ZF(U’ YU+ UMY, (4-28)

B 427 AN (4-19) REE (428) RN (4-23) &, BEEASE
Y =@ 4 2CT(H' - LE )AL, (4-29)

U™ =M [ AP - (KA - 2MYU' - MU'™)]. (4-30)

Bk, BEBIIAIERIAREAERBESIERKE (429 M (430) FHX, B
TEPRF I REAE

43 WHERKITR

T BAER (SRAREAEEE) RETSEREN NHERES, 4
— OB A ST B R R TR, T A R B AR 5, TRER
BIRE S i SR B AR IR, B LUK Y R0 4 K B0 S R B B T R 2
ARAETH— MR RARR. RRERETOME (=0, 2=0) KR
Bu, AALFFOHRBABH R, FREWHBREE R Q0% AR

RSB E 4-1 i,
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WM, BEFEEEAMTES. BT, ROHEAARREERNR TR
by FRERERTATR A2 R, FEFRITREERBHESA, B
B A3 AN A 1B B (OB RO ) o 7+ B BT A O B v 6 () | FHR ] o, R TR AR 42,

SHIECA 8.0ns I 30 pm, XMRIKEEEQ, N 1.5x10° . HERBIRIIGIRERN 0

CTo KA—F 1.6 GHz M ERK 1G WFEMTENRE A, & 42 Firk
E AR R AR REE. AR, NEEESRIEER
W— XSRS . TP AR EEREEBAEEMER AT T —HER
&, Ak, EXSFRBAERFRERS, METEFEEF LR ST RAER
RRm ) W4 LU N B

Fa1 &RL, EASEEALBESE

WA SALE R
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FRE (kgm?) 3500 5702 2330
HESE Wm'K) 2300 1.632 148
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HEHAEE K 1.0x10° 4.3x10°® 6.95%10°
MR (Nm?) 1.076x10" 1.21x10" 1.31x10"
FlaLvyae 0.194 0.366 0.266
HRKREE (m™) 1.0x10°

F42 WHEETHERRY ,
fg WREMEm)  EN O EAFEEm) BERER (um)

Bl ks 500 153 900 900
#i2  &RlA 1500 (53 500 1700
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4.3.1 BE LA

B 4.3 B 3 MIRARESER, KB (2) ~ (&) 45X R %]
8.2ns, 25.2ns, 60.9ns & 102 ns. fHETEMI AT W& RIA/AE T EEEHEX B
AR IR U RO KR RRE S AR . B () fiw, SRR
BTH— M EEXEE SR E M. R, 5 FERAEELEIEE KR
TR, AESRAEETNT BEERLERZFPARE. 0B ) FiF,
HELTBAT &N aEBREE, RANCEERPERBE R LUFHTHA4
pm. REMARBEER (¢) KA (d) PRI, i, HEETE, 40
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