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Abstract

This dissertation consists two parts: The first is The research and application of
trigonometric function type basic function method in incompressible viscous flow, and the
second is The research of hemodynamics, hemorheology and pathology at early stage of Portal
hypertension.

These two parts are independent with each other. The main idea of the second part was put
forward by Professor Yan Zongyi, who was my pre-mentor. We did animal experiments and [
constructed biomechanical model in details based on the experiments. Unfortunately, Dr. Yan
passed away in Aug. 2002, and the project came to an untimely end when we just did animal test.
In Sep. 2002, Professor Wu Wangyi became my present mentor. From then on, I emphatically
researched the theory of Base Function method in viscous incompressible flow proposed by Dr.
Wu, and discussed the application on the hemodynamic research of aneurysm, which is the first
part and also the chief part of my thesis. The main content of the two parts are introduced as
below:

Basic Function method is an innovative numerical method proposed by Professor Wu Wangyi.
This method can directly discrete differential operator on unstructured grids. Because the basic
function method is forwarded on the unstructured grids, it can handle complex boundary, and
apply self-adaptive remeshing technique to improve the precision of numerical results. Moreover,
the scheme precision on the boundaries is the same as that inside by using this scheme. After the
one-dimension, two-dimension or three-dimension unstructured grids are generated, the expansion
of basic function is used to approach the exact function. Any orthogonal and complete family of
functions can be used as basic function. In the diploma thesis of Lin Guang™, Xie Wenjun'"", Li

Junxiu!™!

,et.al, the basic theory of Basic Function method was put forward, many kinds of

one-dimension, two-dimension and three-dimension inviscid compressible representative flow

were calculated numerically, the high accuracy and resolution of which were quite satisfactory.
Basic Function method is developed into incompressible viscous flow in this paper. By using

], an innovative numerical method—trigonometric

artificial compressibility proposed by Chorin!"
function type basic function method is constructed to deal with incompressible viscous flow. First,
area coordinate and volume coordinate are used in two- and three-dimension flow to construct
central and upwind schemes of derivative of first order trigonometric function type basic function;
then, artificial compressibility coefficient is introduced, and the technique of flux splitting method

and the combination of central and upwind schemes are applied to construct the trigonometric

function type basic function scheme for solving two- and three-dimension incompressible

I
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Navier-Stokes equations. To prove the method, flows in two-dimension channel and
three-dimension pipe are solved numerically, the velocity and pressure distribution of which
calculated by our method are quite same with the exact solutions of Couette flow and Poiseuille
flow except in the areas of entrance and exit. After the method is proved elementary, the
hemodynamics in two- and three-dimension aneurysms are researched numerically by making use
of the trigonometric function type basic function and unstructured grids generation technique. In
steady flow, the distribution of velocity, pressure and shear force in the two- and three-dimension
aneurysms are calculated, and the influence of the shape and Reynolds number of the aneurysms
to the hemodynamics is studied. Some two-dimension results accord with the numerical results
from Ref.[56] quite well.
In the first part, the innovations include:

(1) The trigonometric function type basic function scheme for solving incompressible
Navier-Stokes equations is constructed for the first time, that is a kind of new numerical
method with a lot of features, such as high precision, little computation load, easiness for
handle complex boundary, unified and standard scheme, et.al.

(2) Steady hemodynamics in two- and three-dimension aneurysms are calculated numerically
with the new scheme, and the influence of the shape and Reynolds number of the aneurysms
to the velocity, pressure and shear force is researched. The same kinds of study of the
three-dimension aneurysms have not been found inside or outside of our country, and the

results have instructive signification to clinic therapy.

In Appendix I, the inviscid supersonic flow around a three-dimension sphere is also solved by
using trigonometric function type basic function, unstructured grids generation technique and
adaptive remeshing method. The three-dimension unstructured grids are generated by advancing
front method and Delaunay triangulation mentioned in Ref.[11], which combine the advantage of
the two methods --- using advancing front method to set points and Delaunay triangulation to link
the points. The numerical results are comparatively satisfactory, whose accuracy and precision are
better than that in Ref.[11]. It should be point out that polynomial was used as basic function and
no adaptive remeshing method was used in Ref.[11], but trigonometric function is used as basic

function and adaptive remeshing method was used in this paper.

Portal hypertension (PHT), as a kind of diseases with a high incidence of occurrence all over

the world, badly affects the patients’ health. The hemodynamic and hemorheologic research plays

an important role in exploring the pathogenesis of PHT, assessing the risk of hemorrhage induced

v
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by the complications, selecting the scheme and time of surgical operations as well as evaluating
the curative effects of medication. Most of the PHT is caused by liver cirrhosis. In the second part,
the carbon tetrachloride-induced hepatocirrhosis rats model is prepared at first. Then, many
hemodynamic parameters of the main blood vessels in rats’ portal vein system, such as diameter, length,
blood flux, blood pressure, are measured at both normal and hepatocirrhosic stage. Many hemorheologic
parameters, such as blood viscosity, hemotocrit, RBC’s deformability, fibrinogen, hemoglobin and
electrophoresis rate, are also measured, and the morphology of liver is studied. In our
hepatocirrhosis models, the abnormity of the hemorheologic index is earlier 2~3 weeks than the
form of pseudolobuli in morphology which is the morbidity character of hepatocirrhosis. By using
the full-scale hemodynamic parameters measured, new global biomechanical models for both
normal and hepatocirrhosic rats are established, which use flow resistance as basic component.

This biomechanical model can solve other hemodynamic parameters that couldn’t be measured

directly, and also can explain the occurrence of PHT reasonably.
In the second part, the innovations include:

(1) The abnormity of the hemorheologic index is earlier 2~3 weeks than the form of the morbidity
character of hepatocirrhosis, that will have instructive signification to clinic diagnosis and
therapy.

(2) The hemodynamic and hemorheologic parameters in normal and hepatocirrhosic stage
measured by us are more comprehensive than ever, and basing on the parameters, the global
biomechanical models of liver portal vein system are established, which can simulate both

normal and hepatocirrhosic state and provide a kind of new method to research PHT.

In the first half year of 2002, Dr. Tan Wenchang helped Professor Yan Zongyi instruct me to
research two subjects about fractional calculus. In Appendix II, the problems in the viscous
Newtonian fluid and the second grade fluid are expanded to the generalized second grade fluid
with fractional derivatives. The generalized second grade fluid model with fractional derivatives is
founded to study separately the decay of vortex velocity and diffusion of temperature in a
generalized second grade fluid and the Rayleigh-Stokes problem for a heated generalized second
grade fluid, the exact solutions for velocity and temperature field of which are also successfully
obtained. The exact solutions mentioned above are the main contributions of mine in Appendix II.
Key Words Basic Function Method, Aneurysm, Viscous Incompressible Flow, Inviscid

Compressible  Flow, Artificial Compressibility Coefficient, Portal
Hypertension, Hemodynamics, Hemorheologics, Pathology, Animal Test,

Fractional Calculus, Generalized Second Grade Fluid
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HEAL R I S DY A . AR R AR RO iy, A AR, A BT R o R A
P o o — RO AT Rt ik B0, e R S A R T AR AR DAL R 046 R i
I ) DI R R HERE, F i SRS SR AR I E B BB AR R TR A AT N TR
i, AR ELSE R T . 5 Delaunay J7iEAALL, ‘BRI LLE AR RS SOMAN T E S|
AN R R Y < AN -4 1197 e e € = Wy S 2l I (E P T B2 SN B BN N
€, AEMACRWARK, SO AR T R NI A
MEL E o #r o] LUE e, A vE e VL3R 4 T — MR 4r i A 507 A, i
Delaunay 77 V& — PR GF (P& 78 FETIX—FF i, 5840 LR ARt
177 A0 50, 1A Delaunay = A6 7750 45 Ui AT H:, 7R AN NAE 4l
TGS TN, i sof o vor ok vk e B = e
A DA i = Y A R A% IR T SR SR AT v AR VL
Delaunay J7VE45 G %, HARDZEAT
(1) Bl Jt 25 52 1145 i H Delaunay 77 V538 F2 42 1 R 46 P A% 5
(2) T JGUf A FEATHE B, PRUEIA S B S8, W BRI SN R IT s
(3) BEPLS PR, 1 G RIAR T ;
(4) MNHTHT ) DRI N S HERE AT £, ISR EZHERE T 20, — R A 245 5
(5) % kgl AT HIWr, HIBRASG I S, JFKEEF N I 551 Delaunay 454
o, A ECHTIR A, BT R R = AR R TR R S A S E AT B FR G
A IR T A 5
(6) mH (4. (5) HAIFHTA AR A E, Rk A R e
N HTASCEEA BB AT TER

§2.2.1 Delaunay — ffi {0 IF) LA J BE K % ot

Delaunay = ffI {77 VAR T4 5 AR Pl ARALHOE T R, JEHLE 4
Jit Dirichlet HUSALEIN: 0 T R4 K —4LA { P}, nr LU Pl — &
B I, AR DAL A 28R { B | Pt — AN, HLZBIR R (04— A5 R R
LK A B L5 { P} o U S B BT o RSB BRHE  Z ATE, BT
1 Voronoi Z14JE (Kl 2-1). & ZFH, Voronoi ZiJE IR —510#S & LE N
DA SEHLRTWIAS BRI RV 1 P T, SSOREIRT AN SRR AN ORI
FERG DR, AN P RBE = A1k T o X2 Delaunay = # 44 FE AR S5,

B b s BE AT DAAE S, ] Delaunay — fAbyAE P oo — /N EZE KM
JTi: B A= TG HIT IR B AL A E R I, 7E = R T R I A Y
AR PR IT I AMEBR AR & e A . X /& Delaunay J7yER S FEAE . T



BN L e VAT

Delaunay = ffi 40 A& A2 Blod B2 AT 2 B LV, H AR 52 W BE BT 1) 7 v 02
Bowyer 525,

¥l 2-1 Voronoi % i1 & Delaunay = fi{t. 570

§2.2.2 FHIL S SAR AR I A%

B 1) = S DX 3 TN A F — AN ) = A T T AL R P il T, 2 7 a5
FEY AT A 05

¥ Bowyer 5032, 1EK0 5 51 Delaunay J5 i Btk 2 B, DA 254
TE— IR AR RN X8, RN TO7 S04 56 4 9 LA DU T, 1B
I A% o

XA AT, BATER KA, -0 hAA AR TG, A5 IER
g R gn 5 X, FRATIN T S I T S g 5ok FH A (1 2-2)

-1 -2 1
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|
|
|
|
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S - —f 1 — =3
-
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-7 =
K 2-2 Y Tess g K 2-3 DUTHIAR H TR 45 5 R G
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121 Bowyer 5%, BRlA S AR SR H AR 5 N R R DY T AR
PSN S RS EVTRINEER LB UR/ N E A E/RE AT (AP SURRIE

{IhDAE bR SMEER AR, AR TTIIPYAN S R ST DA AR e 5 )

XY SRR FTT I DY AN GG o, BRA % R 2-3 (P64 T R i o5, 4% LIt

L x »y z
N Y2 > 1 1 Y A N
AR ARY =< Ve Bl ek, AR VR,
X3 V3 Z3
1 x, y, z,

WSS Bk PR RS . XkE, EINTA G S CLRT, ST M BT NN (H
BB TC 5N 0 Foniz s ) oot HAHAER):
R 2-1 HBWIHE 5T 1 s 45 74

ot | AhD RAMERREAR AR R FHRB 70
1 (xyz), r -1,-2,-3,-5 3,0,0,0
2 (xyz), r 7,-6,-5,-2 0,3,6,0
3 (x2), 7 2,-3,-5,-7 0,2,5,1
4 (xyz), r -6,-7,-8,-4 0,0,6,0
5 (xz2), 7 4,-3,-2,-7 3,6,0,0
6 (xz2), 7 4,-6,-7,-2 2,5,0,4

N LZGE SIS e, 1 TR 2D SRl e 4l AN FE 45 i AR s s b A% . 42 1R

Bowyer 59%, sl ARk ARG

1. $ZBENL— U AR T, B ERIMERE S OSFHdEAL WRAE, 4k
S, HBHRB N MERRE SR BRIl 1k

2. VAR DY AR D BE i, S HOARSE I TT, AIWrE AT AR S A A
gl i, WORANEL S, WS IEIZAN T 10 (48R, e im) 5 —ANJ7 1) iR Es,
DU A S DY T A O 5 )OO —Fe A -, BB R 7 1) #4558 A ks

3. S B IX L DY A B ICHIGE AT B, TR AN RV =T 4R
ThE, BUPTE Delaunay 5% 5

4. 4 Delaunay “% i (8F—N AR5 A4l OB R, A2 B i DY TR A4 B G 5

5. RPFrEOCHATRERE, AR EIREAR S R, WX AR R
HE U PR, ¥ LA S MRS S, 35T R EERNZ M A AT

P RS ) T R A DR AR A2 T PR 5 B LA R R A () DY T A o R ER R D R -

1o AR — NI = A 2 SRS TSI — AN oorh, it iz
BAICAFAE, 15 WIRAAFAE
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2. RAEAERL S ICAEF A DAL A s AR R, [N F e gk Ay
EE

- B PO, HBIPAT RS AR AE

4. 20 FIRACHE, BRSSO A RICIT R, AR S DX X AN R
JCHEAEIL SO, HEAEIX IR, BATRATE R 0 brid, KeJaE M 1 hsid. Kpr
AR ARG S XL e PR, LR EARIE N 0 R
TCAIE HAEL S A B8 s, #H) 0 ARad, 1 M2 ARic ol 1 B ICAIAR
HAGELF M, #1400, BERPrESoohrid e, X, &A1
BRI AT FOC LU AR A SR, 93 T RIS

5. FrARRCH O M ICHEEAE DA, R e AT IR RIS IR, O BB 4
XA £

6. K55 2 BN LA AR S AER, RS iR R OCEE, YR .
A, A B T I R AR SR A, LT BROC AR TSRS

£ MR, 5N EES s, A SR T R eI S, U

ﬁtﬁﬁAgﬂﬁﬁIMwmyéﬁmgﬁﬁ,ﬁgﬁﬁﬁﬁﬂﬁﬁﬁﬁ,ﬁﬁ
AT ERENEA IR T

§ 2.2.3 WA s AE L = A4k
2231 =HET st

T A SO0 BB & B AR R B RV R i U7 2, PR A0 200 1 5%
P4 s A B AL TR PR RUBE 23 A A I o T SRS IV 2 o RS U BRI 22 A Jl ] 194 4
I5f, FRATTAT DA H — S AR 1) 1 IRt i ERE S, REREATH
Delaunay /5 VIEHAL KAE N 5K 2B 1% B IE N WA I, AT BLR ) RS A
PONSB L

B SRS A RS LS, R AT — fUR 5 I 2 E0 3R A e il 1 2 P Ad {8 1y
RN, BARRKEZRZ: 1) SREAE AN 2 Mg, K@iz 5o
I 2] B9 DU T A DY A 1 I A ol R AR RS 489 A 1 B3 DY A DY 1 A B A4 AR PR 268 564
AR T 2T 5 AS DY AR s AR s 2) Wiz sl b4 T e A {E 143 20 BT s 1)
RIEZH, fHEHA X2

Op = (50 XV ygep +0c XV ypgp + 05 XV yopp + 64 X Vipep )/VABCD (2.2.1)

b, 6, MIRES PIRESEL, 8,0+ 65+ Son O NI ERITIINY
AR Ay By C. D ERIRIESEL V pep M SR BITTEBL Vipep « Vipsp >
Vicor~ Vipep M P 5Z75 5 PR BT DU T T R BCE DY T A4 AR

2.2.3.2 HEREAE N R SE R
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F ¥ A KRR T A ) P HERE AR OB 45 R B T, JRAT AR N IS ER A IR

MHTAT IR R A=A A D HERE R, BT ABC (WH 2-4 Bor)
CPEREREL 0% SR P BN, A0 1A i P2 A A& (1 m) fig
PERER IR/, DLk 2R st 2 1 1 0D

B O JEI ABC WIAMEIBIFI L, r R HAMEFIER, ON A I K6 RS
PTG BBl DX A P8 (0 A2 o ) i, H T S IR (EL, I LIS BI e O B RUE
235(0), M O BIEA LB OP, (A h L

r, %50<8(0)<r
h=150) %r<s8(0)<3r
3r, %3r<8(0)

ZPTUAS b AR X FEI RG], 2ok Tk ooid
T .

% AL SIS E:, FHI ABC HEREAE B
B m P IFIN, 2P A AR T ABC (=N
RGBS FT DU T 44 .78 PABC, 44K,
X IEAS G RAE T, BT A AT YRR, 0 SRR TR A A B 1%
FLICH A STHTHY A, X EAT PO RTH REE R KT, A R PO ANRES S R ORT
BTG, T AR R (R HT Y RO S M OB SR TC . 0T = A e R, IR AR
vk SR Ko 1 H, R AR B A ] — S MR BB i A, Xl
Z PN RV R A, DLW W A 17 2 B 58 HE 8 n T I A

AR H T R AR 10 5 SOk AR Al R, AN R AR G IR e v
RS T SR L B T, TR 5 8T 45 mUT Delaunay J7 5% N #S
DR e b 87 3L 2 5 s ) A R S0 SR o A EH AT 1) SRR I, AN A
WY e /N R THIAE A9 A SR TR ACHERE S 17152 P A TR] IS AN o (R — A 1] [r) i gt
PERGHTIGS R, URERE 2, WERE R TR, SRS TR A P R Rk
ITHERR . 248K, T DRUERI RS ST, 0T AR Bt 45 iR AT AL B A
2-4, M ABC HEBERGR PG, i AR, ISR EMREES,
LLP ORIy, 056, ARARAERR, AR EA LR TN, A, WA
P, 776, WX PYIRIPR PABC BEATFIWT, A& A 4 mifn T HAMERR A,
RA, WHEALER P, W PRAE B S G INBISMERR T . IR P AEIL
LT, BN R S AL FAEE LN, RN T 055, , W P AR N
AN TR A AL S A TR AR I, SR Delaunay 75 AUHEAT IS,
AT 1 8/ B DXl 8 22 ) 08 A DU TR 70086 7, SR, PR RS ST TR ) 808t &
BEAT IX 6 A HRRIH Wi ) A B AN K

K] 2-4
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2.2.3.3 W4 R = AR R R H IR R

Y MNETEHERE— I, A OB 4 mia, B SN 1H Delaunay 77 =UhN
NB =L S5, TEROB I SE R o PN 45 o 048 N b R 5 i TR BT R 3 s
ARG PR, XEEA LR T

LRI GHTEROE, R EAT R T o T IRATEERE, — 2 n) F
)2, AT A MR RIS 5 T AR BIHERE, DRI SE T AR A S AN
BRI TH AT A P 254, X SEAN T BRI T LSS AN BB PRI T T o BT I HT VR K Hh
A0 B AN T BR PR THT (R HR G PR8I A B D T AR e o

HUVEAN BT, AT A T IR &5 R ddi A, LRI AT TP AN A TR ER
[fA Lk, e e e

2.2.3.4 WS RDGTIE AL PR

FE M L IRDX A Z A, X1 MRS R AR R B R DI, HfE S o7 — e PR R
P IEIT T SRR E T, KT IX L 5 b B — SORF R A B . A SO T
X LG 7 IR T PR TT, SR EUAE L AR A I N IR 285 A N R s 1R 7 v ke A 45 kA
R RS LI e 1k

§ 2.2.4 4t —Af ARG R WA IR A

G et T N I 15 DI Sy vl G s SR D T (Ve 22 oy 5 A il = S E T A
A 55, SRJ5 ] Delaunay = A4k 720t 46 fb AT %4

FEAE IR SR AR I, 1 eI A S Delaunay 72538 £ 42 R UG P #%
SR T A A B TR HT 42 HRTS S5 A% PRI A5 JE DRI [ P et 7 A 3 1 25
R BTES AU Delaunay 7205 INMRE R, FREE AT AT L AL EEATT
BT TCIRRT AR I ARES , SRS =R B & 05, AT I RS Sk o T
BT AE IR 2 AN SR AR G A AT v VI e ey S NS R, i e
Delaunay J7VEEN A% &R, DIMIAEAERERS, v DA— R — 2= A — 4
45 Rl IXFEAMN RS 4 i RO 0 A AR e 25k ST I WA, 1 EL IS (0 28 et
PR, AERCHE S, ARBCEREED . TS A% IR, [FFERH Laplacian Ot
A A .

§ 2.3 = AREEREAILIE

WIATHTd, AR SR TR A = A R EOX —1E A8 56 & R EOGAE ek £,
RUBIFFE—BRG FE ) = A1 oR B pR S 2, X DR R B RS FE A LG, —BoRG FE
0 B B0 5 A IR T B, B PR G S AN KR, DRI BT R B S5 ) 0 Y
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FEAB d /b o 214 SRORE R F 3 ) 58 4w DA b 5 3 AR R T s D A 1 7 ¥
INCAE . FETE BN A7 B F R B = AR, XRIRA S MBI . 2
FIRXFEPIAY, FRAT TN F A A A RIS 0 — RS 5 1 566 e 250k =
NTBRATI AR FE IRk 5 2% (1) = 4 I 8L 1) DU TR B
§ 2.3.1 ESLRREUNIE LT
X e ), PATHE D 4 S DU TRA LT, AT, SRR

$ ™ (x, v, z) EFFET ZL2 003 A, 3, 2)

£ (x,9,2) = ﬁf(xf,yf,zi)¢[(") (x,.2) 23.1)

XA £ (x, v, 2) R ESERRE) n Tl BRI, £ (x, v, 2) FESSTTT A LRSS
TESLREUE fixy.2).

HERRAL 9" (x,,2) WA R I A8 58 4% bR KU, 5 s FH IR R 02 22 101X

R S TE G R DV I PR 2T E W I IR E ATENE X (SPSE SeF -
n WA FEAEEON, nIA A FE B E T s, m oo R, X =Y
LD THAR BT, m=4.

§ 2.3.2 AEZEHE W% b S HRH Lo ORI I RS 2
FIRTERA IR A IE FE SR PR 1T R R R, R R TR R AR — A
BRAIG TG, fE=4em b, AR, FATE TG E AR AR
2.3.2.1 BRI ST
W 2-5 proc ARG, AT HAPE—r P, AT A bR
L=V,/V (i=1234)
Hod v ok & P SERTIS @ AN 55 A = AN TH S RS B DY T AR, 7 k384N Bt
R
SR, WUMARUAAR L, L,, Ly, L, Z 7] HH
L+L,+L,+L, =1
BUDYASARR AR bR, AT = AN LT
RAARKE L, 5 EHAAARRZ AR G R A
L =a,+bx+cy+d,:z (2.3.2)
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d,0,0,1)

1i,0,0,00

200,1,0,00

Bl 2-5 DY A G AR AR s i ]

Horr
x/ y/ Zj 1 y/ ZJ
a Lx b——il z
P ey T Yi Zilr b 6 Vi Zi
X Vg 1y z
1 x, z I x, vy,
1 ' 1
01—51 X, z|» d, =—§1 X, Y,
I x z L x

30,0, 1,00

(2.3.3)
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I x, v z

. 1 x, 4 A
i y=1f % Vi E (2.3.4)
6|l x, y, z

I x, vy z

AT IXEeES, NIHIRARE T-HAT I B it .
2322 —rREpR B I SRR IE
—rE T, 3.D)RAE R

fOx,p,2) = Zf (X 3,2)8" (x,,2) (2.3.5)

8" (x,y,2) 72— B =R BRI R R H, S AEARRRARFR R (R 5 U m] 284U
T .

" (x,v,2) = ! [1 + sm(—L )— cos(—L )] (i=1,2,3.,4) (2.3.6)

(2.3.5) N1 —Fr FHON -

1) 4 @
L =3 f302) M
1) 4 @
af Z f(x.,y.,z,) ¢ (2.3.7)
1) 4 @
T rapez)
2P 04" ”[cos(—L )+s1n(—L )]—
- ox 4
@)
o _Z [cos(—L )+ sm(—L )]— (2.3.8)
oy oy
04" _mr Ty O
% " [cos(2 Ll.)+sm(2 L)] .
o), i oy oo g e
ox oy oz
(O] 4
%:12 Sy, )[cos(—L )+s1n(—L )b,
I 7 Ty 4 sin(®
53 2 G rzleosy L) +sin L)l (23.9)
6/;(1) = EZA‘:f(xl,yl,z )[cos(—L )+ sm(—L )d,

R FE, FeATm] LAk (2.3.9) 1 B S50k -
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2 () (O] 2 4
L L)Y ez eos L) sinE L)

ox® ox ox
o fM o of" . atd r . 2
o 25( & ):?;f(xiayiﬂzi)[cos(zl’i)_Sln(ELi)]Ci (2.3.10)
o’ fM o ofV,. at r i 2
-9 _T vz )eos(EL ) —sin(ZL)d,
5.7 aZ( P ) 2 ;f(x, Vi Z,)[COS(2 i) s1n(2 Dl

TR A SR A — AN DY A o EAT

2323 —rAaoig s (10
W n A NI, WHEZSE N DIAFERSEE

{yv}oﬂ%wNHmﬁE%ﬁ,KiWWIﬁmoq%%ﬁn%@%rﬁﬁ

ox"

m

ﬁoTﬁnﬁﬁﬁnL%@oﬁﬁ%ﬁMﬂ?ﬂ%*nﬁL%@ﬁﬁ[?f]o

m?ﬁﬂw%[?7]%@@%ﬁ%%@,ﬁﬂﬁ?ﬂw&%ﬁﬁ%o

m

X
TR0
oS C: gl 2.3.11
fom} ﬁ:lZIA%Laxjm} e
. " »

i=1 A,

2324 —rim Ak ki (LU 10-)

FEZESYT7 A A0 RS TS T A, 4 A AN S 8 AT 1) T
RAEA G, EXmdak, BT m ER LR E S R P R OC, B
TfAr e 3 AR S5 R4 A IR0 XU T B R

H T A ARG R bR T B XU X, FRATTARE A o R () A
Wo MWWIBL 125 by PRAA A I R BRI 40 A 2 s 0 X E A

PAKE 2-6 Fros it —4EDX o1, Rk mUA B 4 N5t e (i=1,4) o 47 x il
SN B UL [ PR GV R EZF R (e 32 P S 9 i E R B ETves s LT TR A Qi B2
53> FITE KUHIAR P53 o

BATGINDRNERE ol o WK 2-6 FToR, X1, HIGe MBI R T o NV
A e, AEFIEIX I TR 4, , 5 e, RETRAR 4, AL, Mo = 4,, /4, > Wa A
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JEROREA I AR

ay 3R 0 A 1o FE=ZERASH, WXREN I ERILL . BA 50K T4
ORI B Ok T KRR, — i 2 aa ks 500 -

U+ e;
" f 1 Lailonf
LR : 23.12
B 2312

2

SeRAT pe &

Z__,.—f_,-’
.-F-
2

2-6 G5 AL W R XX 4k

QR BATTIBCE WIRBOR VA, G2 7 Fr S 2 S ] X

{amf] _ ﬁl_“'ﬂamf (2.3.12b)

m
Oox ;

[, b s =Cad ] DAYE S —Ffe ) S B0 &0
KoEN, o B 1 K, WREE(2.3.122) 5548 4 i :(2.3.11), 11 o
Uk 0 IF, 438 )R 20(2.3.12b) S AR Sy rhoea g 2K

2.3.2.5 =HEARET R A b B O ORI XS 5K
P IR TET AR, JATT AT AR Y = AEAR S5 A B B S U — il

s R XU K
— o g
orl 1w e Jj=123
Ly (2.3.13)
8xjm ) Z 1 4 Aei 8xjm ) X, =X,X =Y, X, =2
A

i=1 e

(m Jy IEHEH, ASCHCT 802, RIAD .
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— i3t R =X
o"f v 1 Yool amf(l) ) J=123
- = - Z_” - (2.3.14a)
axj . ZN:ain i=1 Ae, axj ., X =XX =V,X =2
~4,
— i A XA 5K
or 1 &i—a [T j=12.
A _ - Z n - (2.3.14b)
axj il_ani i=1 e ij xl :x’xl :y,X3 =z
A

§2.3.3 4YE= PR BUE R LI IE
X Y, BATPRE VS X > =R R, AR, R ASERR

K g™ (x,y) FEITIEAT BLSE R H Ax, y):

CRO R WICRATALCRY (23.15)

S £ (x, ) SR ESLREU n YL REAHL, £ (x, y) RS S RS T
FSERRAUE foy)e 24 n BORTRNESEEUN, AT AR AIE T R 2, m 29Tt
R, X T YRR, m=3,

E e, BATRA AR . 7EE 2-7 s =M pocrh, nrbh
JE SN ZSIE PR E— P IR ARAR A -

E=A]A (i=12,73)
EMMHRAR . P A4 2 =MIERITEA, 41, Ax A3 50 aliE P R =A
JE = AT RESO — A TERI 0 B = AN = ATEMTH R . T A+ Ao+ A3=4, K
BE=ANIRAAR S, &, & PAISCR:
Sito+é =1

HIE AT DL, R = AN AR AR AR, A PSS ML 1.
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2(0,1,0)

A

3(0,0,1) £,=0 1(1,0,0)
2-7 ZAITER TG A AR AARR N

AR AR DR &, 55 LA AR Z TRIIR) SR R N

S =a,+bx+c,y (2.3.16)
Hrp
_ 1 p oo _ 1 23.1
ai_B(xjyk_xkyj)a i_B(yj_yk)o Cj_B(xk_xj) ( 3. 7)
L x  y
I x;

A 7R, NN FHAT B = A R R A A
—rER T, (231505 K

TALESVEDWICHATEND (2.3.19)
B (e, ) R = A0 R AR S, TR F 925 51,

40 (x, y) = %[1 N Sin(% E)- cos(% &) (i=1,2,3) (2.3.20)

A HES H(2.3.19) 30— B S HOM B S A0 -

aj;:) :%iﬂxi,ya[coﬂ% )i EN,
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gl 7§ Z e sind®
5 = g 2 G leosy ) sin )l 2321)

aaf:” =%if(w»[eos(%&)—sin(%é)]bf

o f - =%2i Sy )leos €)= sin(-£)e/ (2322)

R L)Lﬁ??ri’ﬂf—/\:ﬁ% TR IEH AT .

FAT A vy DA [ A3 ) — Al 45 A A% B (R 2% i S i) — B rp L SR

R v
— Bl
1c €
" f vop [ om f<‘> j=12
= 2.3.23
o et (L) e
i=1 Ae[.
(m N IR, ASCHCT B2, RFED S
— [ A =
1U+
m N M -
{a {1} _ ez {Gf] ( J=12 J (2.3.24a)
a3 . NERN =Y
i=1 Ae,-
— i X =
m e 10T N 1_ el amem " -
o"f| _ 1 Zl a, | "f [ J=12 J (2.3.24b)
ox " ) il—af =1 A ox " ., X =XX% =Y
~ 4

§ 2.4 ZHERTELERIK N-S FREERHEWE
§2.4.1 #HITHE
S HEREPEAN AT R 4 S N-S J7 R4

Vev=0
(2.4.1)

p(g—j+\70V\7):pﬁ—Vp+yV2\7
Horp, o Sy RS 28 BERRG M R B, v R SRS I, p AR, F ik
Tyl AEARSCH R
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XA DI B p, U, SKWFLIRHEK S L T4k
x'=x/L, y =y/Lz =z/Lt =tU_/L,
p=plp, p=plpUl) (2.4.2)
u =ulU, v=v/U, w =wlU,

A R4 5 AN S 4g i sl < [ — AN JEAR R 2250, RIS TR AN T s 7,
PRI, AEJ7 R s TR B AN ARG . A T gtk al @, X IRATRH AT
F &1t 735 5 127100 Rg AULIN [] S 28000 B RE 2L P 7 Rt b, SRR D7 FR A1 AR XU 22
S AT DATE B TR) HERE (R I R0 s ) R B[R] 20 3K i

KHAN T4tk BIGEN, TTHEQANTTEN CHBERME, ¥k
ENAE] 7 HLPE:

la—ijV0\7=0

Q% (2.4.3)

a—v+\7oV\7 :—Vp+LV2\7
ot Re

Xz S ERNIR], ¢ RESEE], BN THR4atE R=5, M DUMEm AR, A
[F T ARAS BECAN BB . T BIHUE, 75 SCHERI16]H A LU S 4R .
MR SCHR[ 161 A AT FE,  BI/INRZEBER, T BB S, Tl E B1E
1 2 10 28] ARSI HE BIEUEARTE 1 2] 10 Z 4],

§ 2.4.2 il o R0E KL R A A R A

FAPRERG A O] R 43 80 (1) N-S 7 A2 0C5 A XU R 5 A2 5, 5 n] LU iiid &
P BANRACBE T R (2.4.3) 0 ARG T REAARF 55, 0 Ho R TR T — [ dde X,
A2, ORISR ] kg 2, Mad IR AR R B o (.
2421 FIEE R

T8, AT N-S TR (2.4.3) KA VUE E D RE AR KGR &7
FEE NG — 0 =4 N T4 a8 N-s 7 e, R2Ue

%§Q+§Q+dE—E)+dF—EJ+&G—GJ:

ot Ot ox oy oz

EWHN T, I, =diag(O,L,11); ZHEIHEW T L,=0 .

0 (2.4.4)
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p Pu By Bw
u u’+p uv uw
Q: b E: b F: 2 b G: b
v uv vi+p vw
w uw W w+p
(2.4.5)
0 0 0
AR 0 Y- /A % - /AR B S -7}
Re| v, ox Re| v, oy Re| v, 0z
WY Wy Wz
0
o ="
Re| v
w
E-E F-F -
% R o( V)+5( v)+a(G G,) ’ (2.4.6)
ox oy oz
(2.4.4): TR - QQZ_thgg. (2.4.7)
or ot
AP EHE G, (2.4.7) AT
AQ=-A7-R (2.4.8)
¥ (2.4.6)=KE N
R=A6—Q+Ba—Q+C6—Q—HM—HV—HZZ (2.4.9)
ox Oy 0z ”
/\EP:

0O g 00 00 g 0 0 0 0 p
Aza_EZIZMOO’Bza_FZO\/uO’C:a_GZOWOu,
0 0O v u O o0 (1 0 2v O o0 (00 w v

0 w 0 u 0 0 w v I 0 0 2w
0 0
uyy & 1 uzz
, H =— 2.4.10
. H, Re vy, “  Re|v. ( )
Wyy wzz
4 R=R1+R2, /\EP R1 ABETL, R2 JophbEm, Hp
R1=A6Q+B 0 C6Q R2=-H -H, -H_, (2.4.11)

Ox oy oz

WA —Frim K& AP RT, FH—Frarois b #E R2,
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1. R1 Wb
T4 4, BAFE—AZT FHIER,, 1S

A=RA R, HHA, =diag(2,',2>,2.°, 2" A WEFHEHRE, If FLRAFHEIE

1A
A=A =u, A =u+ut+ B, A =u-Jul+p (2.4.12)
FZIE . SURFIEME, nTRLEE A 3
A=A +A (2.4.13)
A =diag(A,.... 1) A=A, £|4))2
AT =RAR -, A=A"+A4 (2.4.14)
/%\Cx :*\ﬂlz +ﬁ ’ JH\IJ:
0o 0 C, el
3 4
0 0 1+Mx 1+M’“
: “
R = 20 VA, VA, ) (2.4.15)
p 3 B )
0 2 WA, WA,
B B
2
_an &Y 228 e g 0
B B B 2
2252 o p e 0 22C (1+2)
S I B I
ac.(1+H| 20+u> 1 p)- 2C,u 2C. 0 0
B B
2
st p-2Et e 0 0

(2.4.16)
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A 0 0 0
A:Rxo L 0 0 .
00 4 0
0 0 0 4
2 2C?
XH%?QMﬂ%Q— ;WA—&> 22 (4 - Ay) 0
120000+ 5 -2 sy,
i g B g
At W 2Cu ul’ 0
(1+u—),[20+—)—] +(1+—)4,]
s BB g
2
1 i (1-+f§§)v »
= - | - XV 3 4 xuV
sl 5t AL A 2
u
1 _
= LINIRIRN ranrenat AR
uZ
. (I+—)w _4Cxua) A+
TGk B G -aahy T B
s P 2C o 0
2C,ue — (A + A
260 33 v AAY) g A
FEQAINDT, A=A "+4", (i=1234),
A0 0 0 A 0 0 0
m_Rxo A, 2 0 R, A:RXO A, 9 0 R,
0 0 A" 0 0 0 A 0
o 0 0 i 0 0 0 A

[, BWLLSY: B=R AR,
Hoh A, = diag(2,,24,%, 4,04, ) o B IORFERINE, Jf FLRAMRHAT

1 2 3
, —/1y =v, Zy =v+

A

/Q'\Cy = V2 +IB ’ HIER%E,F:
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4C A1+

(2.4.17)

T (2.4.18)

(2.4.19)




JEROREA I AR

A 0 0 0
gop|0 2 00 -
Mo 0 4 0
00 0 4
2 2C %y
z<1+%>cy<ﬂg +A)—— = (b =2) 0 20,7 (A=) 0
2
\4
(I+—)u
—4AC 4C,
[;”AQ +2 /f (s, =44 - ;,”% +
2
G s «;@a+%? 2Cu o, 0
5 ;
_ 1 VA,
- A ast 20 [(+—2
4Cy(1+ﬁ) ﬂ ﬁ ’
C v 0 0
ﬂ I —] N
2
v
_4C 0 (1+E)a) 3 ) —4Cvaﬂl .
st i) A =441 V; ¥
B B 0 o 4Cyﬂ1(1+z)
2vaa) 3 ﬂy y3+ 4 y4
(2.4.20)
EQRA200 0, A, =4"+4", (i=1234),
A5 0 0 0 A0 0 0
B" =R, g ﬂé ;ﬁ g &*,BZ&)S ﬂé ;_ 8_&* (2.4.21)
3 3
0 0 0 4° 0 0 0 A,

K CENh: C=RAR,
Hr A = diag(lzl,izz,/”t;,lf) Jy C HIRFERERE, H H RIS RS :

=2 =0, A=+ o’+pB, A'=w-o +p (2.4.22)
AC. = Jo* + B, WK
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4 0 0 0
cop|0 A 0 0L
00 4 0
00 0 4
WD+ 2)- 220 -0y 0 0 207G -A)
B B
“Cd, (1+“;)u ”
A -2 e
s (BA —2A7) . 1 A+
2cua)(M ALY 4CZ/11(1+?) 0 xﬂu(u oA
— 1 2
= & 4 1+ “c
4Cz(1+?) - ,Bzv’iz +2 ﬂﬁ A =205 - ,ngwﬂg+
0)2
2cva)%/1 ALY 0 4CZ/12(1+?) zcﬂv%/1 i)
o’ o 2Cw oA’
1 24— 2C.[(
(+ﬂ)ﬂg[(+ﬁ) ﬂ]+ . . z[(+ﬂ)ﬂg
A o, 2Cw ol
1 220+ —) === 2,
(+wﬂ)[(ﬂ)ﬂ] ﬂ)]
(2.4.23)
EQA423)F, A =4"+A", (i=1234),
A5 0 0 0 A0 0 0
C*" =R, 0 4 0+ 0 R, C =R 0 & 0_ 0 R.” (24.24)
0 0 A5 0 0 0 A 0
o0 0 0 A 0o 0 0 A

W R1 A5 A

RI=RI"+Rl' =(4"—= o0 +B"—= 0 +C” Q)+(A‘ 0 +B —= Y +C~ Q) (2.4.25)
ox oy ox oy 0z

X RUTRT RT3 53l R XA AR 730 s 2, B1(2.3.14) F1(2.3.14b) K (m=1) .

2. R2 WAb3E
XEREPEI R2 K —FrHoig =, J1(2.3.13) 20 (m=2) .
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2422 O] EFEmAA N-S 77 Fedt s Hokg R ik
L ETA T, AT PAYS = AN AT I 4E AR N-S 5 2 — B 3 el £k X i

ik (RO Wk

ox

Qn+l :Qn—AT

~ 0'H
ox?

J

oy

0°H
oy’

10U+ e .
Lo I e j=123
ox; ) ZN:aj" o A, | Ox; ) X, =X,X =V, X; =2
o A,
- e; .
o0 1 il—af 00" Jj=123
Ox; . ﬁl—ai’ o A, ox; . X, =X, X, =V, X; =2
i=1 Ae
1c o
oO°H| 1 i 1|0’HY Jj=123
asz . ZN:L i=1 Ae‘. asz " xl :x’xl :y’x3 =z
A,

i=1 A,

J

(A+(6_Q)1U+ +B+(8_Q)1U+ +C+(_Q)1U+

0
Oz

(A-(a—Q)IU' T
ox oy

0
Oz

azH 1C
0z* J

)
J

(2.4.26)

(2.4.27a)

(2.4.27b)

(2.4.27¢)

(2.4.26)F 2 AT RS EER, AR BEAS o] PRl PR 8l — B = A1 ph R A 3 R

Aokt 1o

§ 2.4.3 LA EARVIUG A
2.4.3.1 LR 5AE

ASCHIER R, Fisa Irid S (3 5 2 00 Wy i [ BE S A i 5 o AETHA
L BRI RS I I A R HERE B, R R INEME IE . X
FAL RS AL T S LB A R, (BN S8 W v SIS LU 75 2 (1 i o

1. [ BEL S

XFFRETEAN AT IS AR, AERET E A% ARG B 251, R

u=v=w=90

2. i At CRAIE A D
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SN IR AT S, e HAE R, I RN AR LA
VLR

INEZYS
p=Po, u=U, v=0, w=0 (2.4.29a)
Po R U B85 9 3l oA AN VIR s D R~ 38 T8 A
2 A
ou ov ow
=0 L _o0Z -0 2.4.2
=0, ox 0, ox 0, ox 0 ( %)

2432 HIHEAM:

AT BN J LA A0 #4278 5 10 o FRATTRIRE AR B (14 1E 1) 7 VAT 4R
BB TR gh AT AR, BT S sl A& T IEg R, #RETS 2
ME— ()8 W Ak o A 3RATE Wi, AR SCR S A A I HIUE S, BRI x 1F
Jiml, WG E&AE R

p|t:0:poo =k

W, o=w, =0 (2.4.30)

XA B A, N ARAN R ) R HE AN TR a6 25 AF o

§ 2.4.4 AT R N-S J5 P23 R £ X T S FE
1. PIREARR: TEILS 2.2,
2. BV
(1 CHie=r"NZIKEER 0" (n=0 WRIUNHIMED, Ke=1"+At ZIHK O
1A O™ =0"+A0;
(2) XBRSARYE Q" P HE W E AT, 4, BY, B, CTFIC;

(3) AR 0" MR 0 e 92, Lm%e, g
ox oy Oz

0°H 0°H . 0°H
H =k F8E , il ;
o’ oy® oz’

(1) Xﬁ?'rﬁ‘r@bﬁﬂlﬂ%%ﬁ%ﬁg—f, aa_f*”%g’ AT A S A AR
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(5)

(6)

(7

RGP AR B 200 X T B R R AT AR BEAT AT 2, R T (2.4.27) A1
(2.4.27b) 2073 ) SR %Y R AE 25 7 ) PR P — ¢ 30 et 31 S 20

(yws | (s Oyw gngsmmnstin e (L), (Lyv-
ox oy oz ox oy

o9
Oz

)lU— :

(

0*H . 0*H
l:] 2 9’

s e g 2L, O g FIF (2.4.270) K
Ox oy 0z

BN AR I — PR A R 2 U

P R FEUE SR ST (2.4.26), KH QO WM&, JFh I E EH
O 1H;

ERE—HIEAN 2, E R BUE A B SRR B R 1k

§2.5 ZHERAIELE AR N-S AR R EER 9HE
TYEREE AT R 4RI N-S T REA A RN S IAN TRgabEmiE, 5=
HETE LT 19(2.4.3) X JE AR A »

lg—p—i-VO\?:O

gr 1 (2.4.3)
L T eVi=-Vp+—V7

ot Re

SR I B v 2 TR )
U A G e N RSP E R N-S TR
[ 90,00 AE-E) OF-F)_, (2.5.1)

" ot

or ox oy

R : 1, =diag(01)), EW: 1,=0, ¢ WHH], <. BRI,

|

p
u | E=
v

Pu pv . 0 | 0
w+p |, F=| w |E =—|u. |,F =—/|u 252
P 5 " Re|l | " Re| "’ ( )

uv vi+p v, v

TR e B 1,-0.

4 R=

O(E-FE)) N o(F-F))

] I)—]\IJ AQ:_ATRO

ox oy

RfW%ﬁ:R=AaQ+B§Q—@QX—GQ , (2.5.3)
0 oy g

X
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0 g 0 0 0 p
Hrp, Azg—E: 1 2u 0, B:Z—Fz 0 v ul,
Q 0 v u Q I 0 2v
0 0 1 0 OH 0
Esz u, :—H, F =—\u, |= ) H:L u (2.54)
Re Ox Re| 7| oy Re
v, v, v
FRiEm%: A=A4"+4", B=B"+B ,
R=(A+8—Q+B+8—Q)+(A‘8—Q+A‘8—Q)—Hm—H (2.5.5)
Ox oy ox 0 >

WA () A Hog
A=RA R, B A =diag(,' 2., 2.7) A A WRIERPE, If FLRAFREHEAL:

Al =u A2 =u+Ju’+ A7 =u—Ju*+ 2.5.6
, B, . B (2.5.6)

X

0o C. e
2 3
R =| 0 1+“;‘ 1+“2‘ (2.5.7)
\/E vﬂ,xz V/1X3
B B
2
—%ES; —mﬁcgvzikxnép
&1:___L_T_20+M/ﬁp2%ﬂ 2C, 0 (2.5.8)
u
4C 1+
B —2(1+u2/ﬁ)—2%” 2. 0
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A 0 0
A=R|0 4, 0 R
0 0 A4
u2 2C Zu 2
2(1+?)Cx(ﬁz +A)——— (A, - 4) 2C7(4 —4) 0
2 2 2
(1+ ul, YA [2(1+ ) - 2Cu,, 2cx[(1+“’1x ),
B B B B
3 2 3
=;2 (1+u/1x )13[—2(1+”—)—2CX”] +(1+”/1x ] 0
4C (14 u ) B B B B
B
uZ
aC (g _ACw,
Yh o B aroaal) 1 u’
p p i ACA0+2)
2Cxuv - (ﬂ’ //Lx2 +ﬂ’32’x3)
- 2 (/,1’2/7”)52 +/13/1x3) ﬂ ?
(2.5.9)
NHkK B:

B=RA,R, . HH A, =diag(,' .4, 4,") 1 B PRIV, I HRAHEE (i
1 2 3
A, =, A, =v+v:+ B, A, =v— v+ B (2.5.10)

AC, =+ f ., WA
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24 0 0
B=R|0 4, O0|R
0 0 A4
2 2C %y
2(1+VE)C))(/12+13)_ . (4, —43) 0 2Cy2(/12_ﬂ“3)
2
y
_acun, W . 4C uy
ARSI (LA =440 Vo —— A+
Vi B 4C 4, (1+—) B
2C, 2C
1 Bl TS ENP R M A 440
V2 IBZ 277y 377y IB 277y 37y
4Cy(l+ﬁ)
(1+£),1 [2(1+ﬁ)—2cyv]+ 0 2C [(1+£),1
BT B s
VA’ v 2Cv VA’
1+ ﬂy)ﬂz[—2(l+g)— ﬂy] +(1+ ﬂy)/%]
(2.5.11)

CHEANTT I AEAAA N-S U5 R B R ek o SN RA R CRED k.

+8_QIU+ +5_QlU+ —8_QlU— —5_QlU—
KA (ax) +B (ay) JJ{A (ax) +B (—) ﬂ

Qn+1 — Qn _AT ay
aZH 1C aZH 1C
- 2 + 2
ox oy

(2.5.12)
FAVC L
aQ U+ 1 N aé’,- 6Q(1) K j:1,2
= :ﬁz n | 2= (2.5.13a)
ox; ) Zaﬂ' o A, | Ox; ) X, =X,X =y
o A,
- [ .
@0 __ 1 il—ai’ oQ" J=12 (2.5.13b)
éxj ) Yl-a T Ae, axj . X, =X, X, =Y
i=1 A
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cu| 1 a1 [eno| j=12

{&2}"N1;Z:{&2} [%=Lm=yj (2.5.13¢)

J A ZZIZT ’ ; )

(2.5 12 BRI, LB I P AR 0 2) W f6 oA U 4
Akt X

§2.6 BELERESH

g T B6AIE = £ BR B pR B A Y S = RS YE N AT IR R S R A R, A
SCHERE LU AN s A7 FRAC P SPAT PR AL R 0 — S AT B K R, 5 R iR
SR 5 PORS PEAS T TR B0 K R 8l VARBOR . CEBiRD . ¥ L 2
SRR BE BRI E A RE, R PR T R —f B R AR . B R=0.002m,
U,R
1%

L=40R, BT 5% Re=400, IR %€ X Re = MR Yy =3.5%x10°m? - 57",

HHEEEU, =0Tm 57
BATRA = A R BEE R (2.5.12 F12.4.26 30 Hi -k 561,
HARIBE WA E SRR, B0 T A = eRk s Bk o, 0K = 4EDTRE
WHRFAI: BEHLE u=v=0 (=4 w=0)
A& p=Py, u=U, v=0 (—=4E1 w=0)

tﬂm&tpw,gﬁzaéﬁzo <zﬁﬁmgfzo>
ox X ox

H Pi=1.176kPa (—4k), Py=3.136kPa (—4§),

KR BRATTHL L/R=40, Jr LUX 2 — NI Z4ERRE MBI . Br T AN H A
AR /N DX 358 P 3t 3 ) R 351 T S e 35059 20t [ ) o A IO R, TR
T PN B 5 AE P 446K 22 380 DX s 1R i s R 48 ) P B U B o L o AR
IXRER 5T, FRATTAT DAE Ik bE A8 A0 Adh R0 JE BRI 114D 38 88 551 T A 5 R PRt sy il
S R ) 3 A 55 AR 1 B R ) A S BN DR AE O A B = £ iR 2500k
PRECAE VSRS AN O] e 4 i sl b i e AT

1. CYERIE N L)

ARFREE L TE A A 2-6-1, LA A sl R S5 s, x #iPPAT
TPART 105 y BT TP AR o B 2-6-2 9 PR ) 25 R 26 4 A1 B 1] 2-6-3
ST A R EGEEUE T 1) =0 LI Jus x AR th 42 5 PR v 45 R
ML, & 2-6-4~2-6-8 JE N BU#E B 73 Ai——70 3l R 0.1R. 0.5R.
R+ 2R F 4R KEIIEEHIH, &l 2-6-9 24 x=0 A5 T 75 1 B 30 1h 5 e 1%
TSR LS, 1 2-6-10 24 x=0. x=-5R M x=5R bt 1 bb g . B
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VIR IR JORE L RS ) 43 4 Ry SPIIEE Uy 1 pU " IH— 1L

2. [ N I 3))

ARFR At S P 18] 2-6-11, 51 v A i, o VR T 1)
FREHAIFRYE, ASC RO FRIE z=0 LIRSS M. K 2-6-12 4 A
7=0 ISR A, P 2-6-13 B VT 55 H FA s il Adk 1 I 0 4% 1
W IR, B 2-6-14~2-6-17 & N\ 1 BEH 0 AT——20 Bl EEN
1 0.1R. 0.7R. 2R M1 4R AbHEEEHITH, Kl 2-6-18 2 x=0 bt 5L T f5 i is
FEE A T 5 A RS B AR B LR, B 2-6-19 4 x=0. x=-5R J x=5R AbikiJi
IR . B X I 2o M R . SRR 740 l3% Ry SP3EE Uy

il pU02 H—4k.

MEL BB LA H, A PR 4k S R A R A [ A T S BT
A3 R ORI 43 DX IR PR T BE 40 A (] 2-6-9+ 2-6-10 FIE 2-6-18. 2-6-19),
PR s 1T x FlAR A i (&) 2-6-3 FE 2-6-13) FHZEES R M 7R H- 37 1) 45
RE0W6. MANABRHEEZ S (K 2-6-4~2-6-8, [ 2-6-14~2-6-17) N
PN B s ERT,

BB R (02 52 280 N-S e, WA MUEmIIN S, ke 1s 2
B ERET WON ORS00 AR 23 W6 R 45 SR ] = 1 o 5 oR B0k A B
BRUREPEAN ] R 4880 7 T2 B 1), AT
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Bk | o113+ 0207+ |0223%+ | 1685+ | 1.683% | 1.686% | 0.01647 0.001461 | 0.001087
0.012 0.025 0.029 0.143 0.125 0.128
Wik | 0.108 £ 0116+ |0.160% |1.134% | 1.128% | 1.129% | 0.01329 0.009930 | 0.002736
0.023 0.029 0.037 0.098 0.189 0.115
faidhk | o114+ 0.153+ | 0208t | 1.191%+ | 1.187% | 1.185% | 0.01123 0.003453 | 0.001009
0.009 0.189 0.133 0.063 0.114 0.102
3k
‘
O1R
%@% 4 %.5 E%% JHIE R ik
1 = = I = 1 I 2 _:l—a>
JI5 = B ik OxR; OsRs O4Ry4 Ok 3 Qo
—
Oin 5 ik 5 ik T
I 1 6 I 1 7 I 1 ]0 1
1 | 1 | 1 | LI
OsRs OsRs OR; OnRy
%@%8 J 9%%%
1 I 1 ] 1 I
OsRs QoRy O1o0R10
2-1  IEHAHOUTF T THR K R g 4 AR

§ 23 EEBFERTHXRBFIIERKRFEAREY H FHEE
§2.3.1 IEH NGO PRI AR SRR 1 L s i

(D

(2)

(3

MK 2-1 B, BEEEK. S REK. 55 bk e i i e A 2=
N2, AR N A PR L e I e e, B T TR OR SEEAR  f
SPRANAT, DUOWNE B I LU g o h (M B 1 25 Bk A
JR KA K Z Ak, 3B — /N MR e HEN — S0 B A iU, 72
REESVFRVE I A, X ER 70 M T AR ANID . A, AT B K
Sk BATE KRG RSk BRI A G Iash ik A ik
1K 5

W T IR K R SRl 4, DL BAT TR AR L e, IS ik R
P IBKOMT Pt I A ) LRV N BT T, 2 ) 5 T sl ke o PR s A
FICANRURE, DIEEATT (1) IR I = 2 ki F I, 2 Ja ST T3
KERIBE, SRR, e ST ERIBGE K, X PR 2 1 L84h
NIRRT SC LA R B 110 AR ) 75 572

MK 2-2 WTLLE I, MIRTESIRK. 5 E bk ek /o hk . BT 1Eik e ~
ik, IS JEE I, i B 2-1 R R AL A A
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(4> MF2-18]2-3 FH, YT INEE]— e R, BB SZIEE,
T (1) SEAAASE TR R A TV B8 00 ST B I PR AR RS N A BT AN [

§2.3.2 IEHEDL NI TERIK R S0 G A 1 ML 50 ) 2 2 500 K
AR T m AL oS E, AT

Pi-P, =01 R (2-3-1)
P, — P3; = O Rix (2-3-2)
Pi—Pi=0 R (2-3-3)
Pi— Ps = Os Ry (2-3-4)
Ps— P = Os Ry (2-3-5)
Py~ Ps = Qs Rs (2-3-6)
Ps- P71 = Qs Re (2-3-7)
P;— P =01 Ry (2-3-8)
Py— Py = Qs Rg (2-3-9)
Py — Py = Q9 Ry (2-3-10)
Py — Pi1o = Q1o Rio (2-3-11)
Pio— P, = On Ri (2-3-12)
Q=03 = O (2-3-13)
Os= 06 = O7 (2-3-14)
Os= Qv = Qo (2-3-15)
Oin =01+ 0+ Os+ O (2-3-16)
On= 0>+ Os+ Oy (2-3-17)
On= 01 + Qu (2-3-18)
O12 = Qout (2-3-19)

R 2-1 2] 2-3, HAGEATAT DL E B0 S E RN & Gl Dy L vFED
[
(1) FJy: BEESMKE P TSR Py NIEEKE Py EKIE Ps.
WK Pr FAG K s Po, Pro, 22 BB NK R LA 1) s 77 o ik LA A 5
(2) JiE: H3RE 0, BiRE O, MElkiiE Qs HiiE Qs Hifftlkit
= 07, MIRE Qo, MiFtlkiiE O, [THEHIKME O, HITE On;
(3)  MAEFANR GBI R =0.15939L/D* #1452, AFEhlik R, MBIk R,, M
WkR,, HEMKR,, HEMKR,, SNk R,, WAFHIKR,,, FITHHIKR,, -
FRIEFRATA AR (2-3-1) £(2-3-19)30, w LA R HELSZRF R
(2-3-1). (2-3-5). (2-3-8). (2-3-11) A (2-3-12) K
1 (2-3-1) 3K, nf Bk : Ri=0.1436 (HF3hIKD (2-3-20)
1 (2-3-5) 3K, nIBAsKH: R4=0.02677 CJEH KO (2-3-21)
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H1 (2-3-8) 2, nfBAsK H : R=0.03080 ' #ffi) (2-3-22)
1 (2-3-11) 28, Af SR H: R10=0.02158 (k) (2-3-23)
i (2-3-12) 2, AT LUK : R)1=0.0007326 (] k) (2-3-24)
MR TCIE RS, A, FATTBEITSEyi b R AL A P R PH R
LMK FR: R=cR  (c MBEIERXD) (2-3-25)

R4 (2-3-200 £2(2-3-25) X, LA TRIGR,, R,, R,, R MR, ,
A3k B E R AL ¢1=2.310, ¢4=2.316, c7=1.870, ¢1=1.922 Fil ¢;;=2.091, HEfjsk
HAEIE R AL ¢ MIE S br 7

c=2.102+0.1873 (2-3-26)

I (2-3-1) F] (2-3-26), FTLUGKIE 2-1 8 B . RS I

BN 1728
(1) = (ml/min/100g)
0,=58.2  (JEzhfikO
0s=48.7 (B3O
0s=76.0 (sl
(2) J&JJ (kpa)
P=1030 (D
Ps=10.29 (B
Ps=10.67 (i)
(3)  itkH (kpaxminx100g/ml)
R,=0.04271 (3K
R=0.1312  (JB»)
Rs=0.04954 CHahlk)
R¢=0.1491 (E)
Rg=0.02087 (Jinzhlik)
Ry=0.1061 (
R1,=0.003739 CFf)

§ 2.4 RFFELIER TEORRAIBTI IRk R F R R IEE
§ 2.4.1 JHAELL 7

(5] 2-2 FEFFAEAL 7 ISR TR I R G . N3 2-2 i A Y, T
BEAL 7 FEIIN, S K L TR S ARG, o S g ok s B P R, R 7 47
IR A A, A 3 RS K i I, 3 Ao M g ek I I L R A0y, T
K i HRE 5 | A B — A L EE SR, DRIk, 7EiX L, FRATEE R sk s ik
[ TR IFIE, SRB TR ZM G
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WA 2-1 1) 2-3, HET3ATA LAE 8 w320 & (1 A5« Py, Pa, P3, Ps, Py,
P99 PlOa Qla Q3a Q49 Q69 Q7a Q9a QlOa Qlla QlZa El 5 Eza E47 Es 5 E77 Eg 5 an El °

N3l
{1
o BEE Rl
W3 ik 4 s 5 IS 2 L5
WESK | R OB Ok i OnRi> Oou
” ik o M Lo
OsRs OR
SIEUIEISEES
Wshik , B g Il AL
IQsR:; IQ9R9I IQIOIéIO
2-2 JFAEAG 7 R T I Tk 2R e A A Y
MRYE T AL sy iE, AT

Pi-P,=0 R (2-4-1-1)
P, — P; = O R (2-4-1-2)
Pi—Py= 0 Ry (2-4-1-3)
Pi— Ps = 05 Rs (2-4-1-4)
Ps— Py = Q4 Ry (2-4-1-5)
Py — Ps = Qs Rs (2-4-1-6)
Ps- Py = Qs R (2-4-1-7)
Py— Pio = O Ry (2-4-1-8)
Pi— Py = Os R (2-4-1-9)
Pr— Py = Oy R (2-4-1-10)
Ps— Py = O Ruo (2-4-1-11)
Ps- P» = On Ru (2-4-1-12)
0= 05 = s (2-4-1-13)
Os = O (2-4-1-14)
Os= Qo = Ouo (2-4-1-15)
Oin =01+ 0, + Os+ O (2-4-1-16)
On + 0= 0, + Os+ O (2-4-1-17)
Opn= 01+ 0On (2-4-1-18)
012 = Qout (2-4-1-19)

WIERATGCHER (2-4-1-1) £ (2-4-1-19)28, T LLE sk B E 920 R
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A (2-4-1-1), (2-4-1-5), (2-4-1-8). (2-4-1-11) F (2-4-1-12) =:

H1(2-4-1-1D X, nf LK : R1=0.07420 (3K (2-4-1-20)
HH (2-4-1-5)3, AT RASK H 2 R=0.009034 I k) (2-4-1-21)
1 (2-4-1-8)3X, AT LAsK H: R=0.002224 (HF#IIK) (2-4-1-22)
HH (2-4-1-11) 3K, 7] AR H 2 R10=0.005805 (i ik ) (2-4-1-23)
HH (2-4-1-12) 5, "] AR H: Ry1=0.002073 (i IIKD (2-4-1-24)

LG 2.3, FRATIMARBE LS BEL R AL P RE R 385 AL 2 M5 &R
R=cR  (c WEBEIFER%) (2-4-1-25)

R4 (2-4-1-200 %2(2-4-1-25) 3, DU REM =R R, R,, R,, R, M
R, » AT 43 HISR HME IE R B ¢1=1.596, ¢4=1.490, ¢;=1.523, c10=1.681 fil ¢;;=1.333, #t
MR A8 I R E e I R bnifE 22
c=1.525+0.1162 (2-4-1-26)
H (2-4-1-1) F| (2-4-1-26), ALK K 22t K E A . AR
N TIPAEe %8
(1) ¥i®= (ml/min/100g)
0,=98.9  (JEshlk>
0s=85.8 (Bl
0s=133.0  (mshlio
(2) KJ) (kpa)
P;=7255 (JBD)
P=7334 (B
P=7.016 ()
(3) ¥ibH (kpaxminx100g/ml)
R,=0.01809  (j#ahfik)
Ry=0.04111  (J})
Rs=0.01995 C(Hahfk)
R¢=0.05719 (%)
Rg=0.01514  (Jigzhk)
Ry=0.02937  (Jii)
R1,=0.009039 (/)

§2.4.2 iHgfk 12 4

2-3 AL 12 R R BT TER Ik R BRI . SR 2-2 nf LG,
JHAEAL 12 FI, i T bk s g T E Rk IR KON i ik ), A #
Jok TR ORI iz ok S R IE L R, R R A R AR B3, mTREE R I A
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Bl MRS, ™ E AN S0 SR I 5Kt L. X, NAZIE L TAE AL 7 I
SN2 NSRRI, FEIXEL, FRADRE S IR ki k . sk i ik =)
I 55T TR IOT I, SRR 2 I SR A

s
it 2 T
Mgk, pri; OuRiz 3 Qo
‘g O:R OsR OnR
ﬂlﬁiiﬂj]% 1 2 33 P 2 }1(1
N R N o
QSRS Q6R6 %EﬂgﬁE%%K
o OrR7. 9
o s, | | g
OsRs QoRy QiRio 10

B 2-3 FHEEAL 12 e IRPHT T o bk 2R G AR Y

Y5 2-1 1) 2-3, HyFA 10T LLE R R0 & (1) &0 5 Py, Pa, Ps, Py, Ps,
P99 P109 Ql: Q37 Q49 QG: Q7: Q97 QIO: Q119 le: El 5 Eza E47 Es 5 E7 5 Eg 5 ]?1091?11 o
MR Rk s E, AT

Py - P, =01 R (2-4-2-1)
P, — Py = O Rip (2-4-2-2)
Pi—Py= 0 Ry (2-4-2-3)
Py— P; = 03 R3 (2-4-2-4)
Pr— Ps = 04 Ry (2-4-2-5)
Py — Ps = Os Rs (2-4-2-6)
Ps- P = Qs Rs (2-4-2-7)
P~ Py = 07 Ry (2-4-2-8)
Py — Pg = 0Os Rg (2-4-2-9)
Ps— P7 = Q9 Ry (2-4-2-10)
P7;— Pio = Q1o Rio (2-4-2-11)
P~ P, = On Ru (2-4-2-12)
0= 0 (2-4-2-13)
Os = Os (2-4-2-14)
Os = Qv (2-4-2-15)
On=0+0 + 0s+ O (2-4-2-16)
Ont Q07+ Ost Qo= O + Os+ Os (2-4-2-17)
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On =01+ Qu (2-4-2-18)

012 = Qout (2-4-2-19)

WIERANTGCHER (2-4-2-1) F(2-4-2-19)20, 7T LLE sk B E 92 R
I (2-4-2-1). (2-4-2-5), (2-4-2-8). (2-4-2-11) 1 (2-4-2-12) X

H1(2-4-2-1) 3, nf LK H 2 R1=0.03605 (3K (2-4-2-20)
H(2-4-2-5)2, AT LLsK Y : Ry=0.001561 i k) (2-4-2-21)
H(2-4-2-8)3, AT LAk H: R7=0.001411 CH O (2-4-2-22)
1 (2-4-2-11) 3, AT LK : R10=0.0008873 (I /ik) (2-4-2-23)
1 (2-4-2-12) 50, AT BASK H : R11=0.002140 ([ Tig kO (2-4-2-24)

W ELSEIRBE R RIS Py PH R i A2 et OC R
R=cR  (c WBIER%) (2-4-2-25)

Rl (2-4-2-20) F(2-4-2-25) X, DAL JREME RN R, R,, R,, R M
R, » W43 SR B IE R EL ¢1=1.000, ¢4,=1.063, ¢;=1.298, ¢10=0.880 il ¢;,=1.220, #F
117K B IE R EL ¢ M3(E bRt 2=
c=1.092+0.1507 (2-4-2-26)
X (2-4-2-1) 2 (2-4-2-26), WJLASKRHE] 2-3 thid Je 3L e i g . s (1)
M5 )% 24
(1) ¥ii= (ml/min/100g)
0,=247.7  (JREHIKO
0:=236.5 (Bl
0s=288.5 (sl
(2) 71 (kpa)
P=6281 (B
Ps=6.245 (H)
P=6.466  (in)
(3) #itBH (kpaxminx100g/ml)
R,=0.004250 (RZhHK)
R3=0.009645 (i)
Rs=0.004603 (3K
R¢=0.01017  (F)
Rg=0.002988 (Ji5hik)
Ry=0.008728 (Jig)
R1,=0.01716 CHTJI)
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§2.5 AT SITIE

§ 2.5.1 WE TR HAB IS T 22 280 R B EED

(D JiE
< 2-4
M (ml/min/100g)
1K= BH 1% F 2 JHAEAL, 7 AL 12 JF
B ik 58.2 98.9 247.7
B B ik 48.7 85.8 236.5
W5 ik 76.0 133.0 288.5
(2 &
*2-5
&1 (kpa)
IR BH 1% L 4L JHAEAL 7 JHAEAL, 12 )5
JI 5 i 10.30 7.255 6.281
H B ik 10.29 7.334 6.245
Wz ik * 10.67 7.016 6.466
FFRILE A S, ** 4 L8 46 i
(3> FLSEHH
#* 2-6
JitFH R(kpaxminx100g/ml)
1A B BH 1% L L JHAEAL 7 JHAEAY 12 #
JH I 0.003739 0.009039 0.01716
JHF T T 0k 0.0007326 0.002073 0.002140
JH B ik 0.1436 0.07420 0.03605
I 0.1312 0.04111 0.009645
I ik 0.04271 0.01809 0.004250
JE Ik 0.02677 0.009034 0.001561
B 0.1491 0.05719 0.01017
A B ik 0.04954 0.01995 0.004603
H ik 0.03080 0.002224 0.001411
17} 0.1061 0.02937 0.008728
W5 ik 0.02087 0.01514 0.002988
Wi bk 0.02158 0.005805 0.0008873
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§2.5.2 5w
1. KEEEALET ST TR K R Sl = L

(D

(2)

(3

4

(5

(6)

W 2-1 Frow, FEREACH T Tk 1) A 8 LU 1E 5 I BT R, IR AL
FEE RS, [ F Mk I 900 B 2> o T A D1 Sy JEFAE A BRF ) 5 Sk 005 L g A P 388 o
M HL S JE, Rk Bk R S i ik, SO R K R
AR R IR BE RS , T R SRR, A T T ik o v

2 2-1 P, FHAAEOL T, RRURFBI K i B 2o =, R A 1Y)
INEE, SEEGESA, M TE RO SR, S i Rk,
XA WAL PR O I BE ) B A, 1R KL b, TS 1 A )
i, i BT K e RE AR A T RO SRR TR, A5 o i s ad
1MLy, RIS kS 1] K g A AR AR R, CALEREIT
LSRG, b0 W 8 i v s B A NS kA ik R A7 7RO,

WIZE 2-1. 2-4 fliow, FEATEEAL 7 FAD 12 J5 B shk. B DL B & bk & )
B, I ECT AN RIRR R ) R K ke, S DR A 1T DK A B 1 n
B S FIAERST, N E FR KR R A 3, ™ E ik 2 3
R b AR Y 1t 22T,

MK 2-1. 2-4 ATLLEH, HHAEAHS 0T BBk BRIk i) iy A
A ORI FERE N, RV e 1 B ot A BEL ) 388 - 3000 S A B4 1R B J T 5 |
AECIP), A 7 LR IO I S, m) S B0 ot A2 R R g Dy e e b S5
ﬁ[m] 3

WG T RE E NS, Rash ik N Ik oRn 28 ok iy () i 522 8 B Ak e 14
I, A RE T RIS i 3R B e 3 D8 IR A7 AE 728, i HRF R AL,
MRS By, W F R v B0 A ] (R

TEE A4 1) I 5 A8 A m] LS 2 (1) £ FERARRE « 1t T T TN
JHF 070 52 PR 982 5 RS PP SRR T B, VORI 4 oA U I 7B PR 1) S AL
il TNy WIEAZ IR 2, 5 RS N I B 4N L ATl s ik ok, 20N I
I ARSI, DASRAN Tkt 30 1) e B0,

2. REUAEAL FT A [ i kR S0 s 77 LU AR

(D

(2)

(3

WA 22 WU, ATRBACRRRERET, I T TR, (eI
BT, T TFAERINAS 3 6%, L R IL R 1k
AR UL, 3505 BURE B LA RIS 141929,

WF 22, 25 WU, ETTHKERIR BN R, R k.
ISR K 4 11 18 8 S B B2 6 I T
WH 22 WU, 6] TEGE IR CHUBFBELL 12 FD, 1 TRRBKIE 85 T
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EEE T e )75 1) A P P e Nt 7 R BN R b
15, IR A A, Wl REIE R E Al s RS, R
SR e R L 7S AR S T,

(4) MK 2-2. 2-5 wJLUEH, IR, —SSaifiki i o niE Eahik. )
K B Bk B K B AT B BEAR, 5 AT SCHRIR 3 P 9% 113 e
ISP B BT R B IR 4

3. REUHAEAL FT 5 [ 135 kR STt L LE AL

(1) MK 2-6 W] LUEH, FFREAERE DL B 15 bR R R BEL AT AT D v
FCA I K AR A IR RIS A0 3 A% A A, T RO BELRE A T3 IR ) 5 4,
X5 1T b e A T 8 Ty 2,

(2) MK 2-6 n] LLE Y, AL 15 KR St FL A I R s ) 97 BEL AR AT AN
FIREREI R, QAERTahlk. sk, Bk, Bailk. Bk, sk,
Pk L S B, XU ERTREA DL R, IS AR M5 ) 0L
WATRCORREE T by, 3 BUIAE FARKE, B

4. PHT JERSOMERF K] b B2 A A AL 908 XT84 0 R T ik ot ‘67 BHL 1 ) 18
T S BRANT I ) e 5 TR el AR T ST A A5 T A

5. ARSI A3 L A R 5 1) LBl 0 5 SRR IE 4 O ik P i asimi 1), A
AL T T i vty R RE MLV J0 A A AT SR R T T T B A AL & s s g O
FUIM WS AT KRR NI RS, h TR K Rk, 25 M
R S BRI A AR W) 5 A, i DURE S AR (1 T Ik R ekt
RO FRIFFTT K ey i A R R AR AL 0 b B o A SCRR A B
RN TR KR SIS A28, T IEH I L 7 KT
A 12 TR BT B R Ge A Y, B B il (R s R AN ) &, Il
LUK B AR TC R AR R (250, JEXH T T e A 1) ZE A o PRAPERE
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F=F MFRLK R MR AEFERESF LR

§3.1 MtRlERE
§3.1.1 KK
E FHREMEAE R Wistar KR 110 2, AT 350+25¢g, g 37N H (hEE2

BEEE B SEI B e ) .

§ 3.1.2 SEEIAH

3.1.2.1 PUSALE (CCly, 2088l S e e, BRI Orira)

3.1.2.2 37~40% M (/R SGMO . IR, rhPEm i

3.1.2.3 ARG Y. RIARL Yl

3.1.2.4 JHE, JHERE, APEERK

3.1.2.5 15%PVP ¥%¥: (15g PVP, 284mg Na,HPO, , 68mg KH,PO, , 0.38¢g
NaCl, T 100ml Z&8i/K+H, 1 10%NaOH il pH {HZE 7.4, BiEEN
300mOsm/Kg, #4/& 4 15mPa's, MW=30Kda)

3.1.2.6 %35 PBS: (140mM NaCl, 2.7mM KCI, 10mM Na,HPO,, 1.8mM
KH,PO4, pH7.4, 295mOsm/kg)

3.1.2.7 RN 1g BB T 100ml A FEEKd, KB, AR,
4°C {17, #%H

§ 3.1.3 SIS

3.1.3.1  JefFEMET (HA Olympas 22 77 i)

3.1.3.2  WGP-300 7K = H SR R 72 4

3.1.33  1130/Biocut Y]} Hl

3.1.3.4  JbiU” LBY-N6A A Jig#h i goks B2

3.13.5  JERE

3.1.3.6  3F-2 M Uyfehda mnd B0l CIEnt B LU 77D

3.1.3.7  LBY-BX2 MBOGATHIAL (LR RIAE A w7 i)

3.1.3.8  F-820 MBRTHEY (HA Symex 2 w7 i)

3.1.3.9  ZHHLIKIX LIANG-100 (& HR2EEE 22 = b

§ 3.1.4 SCH v
3.1.41 LSRR I ST

BT K BB ML 0 o B R RE AL 4, SHRZH 20 IE R R (10 K, ASZATA
AREED FOBHPEXT FEAL (10 H, B 1. 5 #HATAe A% FvEgE, 0.12m1/100g 5LED;
FFREALZH oy i 24 4 5. 74 8. 10w 4H, FF4H& 15 KRR FFEfL4d KR DA
60%[ VD S AL BRI, A8 1. 4 JEAT B RyESE, 0.30ml/100g SREPY; JE4ER
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TH 10%1 L A KK (CEERH a0 . FEHZEME 2. 4. 5. 7+ 8. 10w
A, R IEE KO AT LA
3.1.42  JRBEAEUEE
1. RRIDUFHZ, WHIRM SRS Er2eik, D25 4 RRUH
2. BRI AL R 24U Fs
(1) BUFHZ, K/ 1.0x0.5%0.5em’;
(2) ALY IR SRR (10% T ) e 3 HELE, FHZ
TR 7KW 25 FEE 5
(3) ARG, BT R E A 60% MR 2 /N ] 70%
AR 4 /NI B 80% AR A B S FH 95% 10K 70 PR IX
B, KR 45 40l ARG 100%W5RS 2 WS ORI, AR IRIE D 20 4y
B
(4) WAL HRIEN, R K S 41288 P R 31— H 2R3
Wb, RRGRIL 20 43l DMER N R IAT I v LS R B2 (1)
TR,
(5) HAHLYH AR, CDUED
(6) EAEYIAHLEYI R, AR 5-10pum.
3. XYIAT ARG AL (H-E) G (0 00 52 JHF20 o (1) 475 100«
(1D T DA S IR RIS, AR IR 10 434,
(2)  ZMIRTCIK OIS 2 2R, BRI 8 434,
(3) £495%. 90%. 80%. 70%BHAEWIREAIK, BEK 5 0%,
(4)  PAKVE LIRS, NFEIEAK;
(5) N\ Mayer Z3AKE (CR4ififz) 5 708, HRKMPERE;
(6) LK, N 1%L, et 7 73k,
(7)) HRIRNZEEK. 80% . 90% . 95% ks 2 0/, JIFHRs B Yok
R
(8)  LWIRTCIK LMK, FFIK 5 43%8h, SWIR —HAGEW], FRHK 10 53450
(9) KB ECH, AUV =2, ek, e B
4. XPUNAAT RARPRLL Gt W8 I A1 A AR [ A 400«
(1D BT R 2R 2R, RER 10 4080
(2) SWRIRTCKCIEVER = H2E, BRIR S 7%
(3) £95%. 90%. 80%. 70% BfEWIRE G NK, BEIK 2 434,
(4)  JKPE LIRS, NZEK;
(5 AN 1%RIRPELLHH, 37°C, 30 7%k
(6) ANZEWKUEEFRMA, KRN 70%. 80% . 90% . 95% Wik & 2 74h,
PR B AT G R

o
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() APIRTK SEEHK, B 10 70h, Zpix —HZRIEW], HR 10 73
Bl
(8) R B, BERVIA DR =, Wb e, o dr .

3.1.43  MLEIAR A FR AR I
1. A IR B P

MR B BB I, APkt B 1 ml A JE 507" LBY-N6A T jigh%
FULVECRS LB A % % 10 871, 100s™ B4 URG G & 2 R ECE AN IERE,
W =k, S RBCFIE.

2. LU0 AR IR 2

Pkt o AL B E AR E N, WA 3/4~4/5 B RIIE,  Hi g H
B e 1, BB IR TG 2" 3F-2 B2 D BRI T B O L T A B 4
EREN, WHUERES, XFRORCE, 10000rpm B0 5 208l L0 40 s AR R
HAENNCAIER AR MR =5, g R BCr .

3. MZREFYE R e )

PRI 2 (INEBS G, B IR Al . REHEAEE T 56 CHIK
WA S e, DA AR, FREEAT 10000rpm B0 5 4B, 12
KA UTE 2, Bl S R A 4t (s s B BRI AR =%, Ml 2
PSS ILER
4. AT RS L AR S e

£ F-820 IR VF 000 % i A BT 20 40 Mo V- Fi it 21 2 15 1= 1 e
5. ZL41 AR T B i

B 20 pl 4215 2.5ml (1) 15%PVP 250G, TG40 M EE G WU 600ul
BIF AN AL R LBY-BX2 B AL EOGATH A, 2 e V)AL 2y = 505
y =1000s™" T L4 AR T Fa %0 DI M 40 41 i s AR FE 4R 44 IDI.

6. 2140 HL VKGR [

(1) B M, HAERER/KEE—K (1000rpm, 5min), 7 L
s

(2) F 9% (w/v) EBE W 700K 40 I IE A 2% 10/mil )

(3)  WEFHILE: BEAKOK T BN E ARk D EME, B
WANER 2R E b, H3 BB, 5 TR
MR HE 2R B J5 BELR 10 1710 PR &R E, BUF I & 3% 70 # 0k
2 AT

(4) KM BE L B A E RN UKD, DR KNSR N,
P iE BRI S, ARV E b

(5) BERWEEE 10 400, WEHE 30T, 40V MHBET, #id
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o E 22

ESEIERIE?

§3.2 MELER
§ 3.2.1 Jpg B2 T THIP I 45 R

<
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B
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3-1  KEUATE (*P<0.05) BRI H] R A2 4L

KEITE (*P<0.05) B THEAL ] AR,

3-2
(P 3-3~F& 3-6 JLE8 117 7T “BHE™)

M 3-2 P 3-3 if DUEH,  IEH K RIAFIE R4 6,

AL, R,

(D

JIPAEAZ 2 s 2H K B JT U 5 T B A L ) A 22 5

1.12g.
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P 3-2 FpE 3-4 prow,

iti o S g R A
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X BEZHL A4 ¢ A5G P<0.05) K BRI AL 1) A RRURH 0 2 T S 16K,
FFE 12.6+1.67g SAYAIARTLM, hZEws, LA i B
CRYERELR, TR K 2 TR A
(4) BT HFREAL 7 8, il 3-2 F13-5 FoR, K RURIITR R B3Ok, &
AR IEH NP, T 18.45+2.55g, EAKSIHIRELLth, %%k
Fran IR, KA W AT YERE AL, A 5 48 o s
(5) Wl 3-2 80 3-6 i, AR 10 AU, 2] B AR,
R WA N G, IF5S I R, ]
FK 70 4 SRR B s, RS 7 B RIS AT 46 /)N, EE 17.44+1.90g.
3.2.1.3  FFHEMA L B2 s
(/& 3-7~1& 3-18 ML.5E 118-119 7T “Fff &)
B 3-7~K] 3-18 1, AT LLE 3
(1) KB 2 A IR R G AR TE |, AAET A DX B0 40 it 30
DEIRINIAZ 5
(2) A 4~6 RN S R A TE &, /N 9 JH 40 B s IR AR 5 A,
I RT DLIRBE I I 20 B LS ST 40 B P 23 2450, T8 DORH 28 P9 e S 4 A 1 4
(3) 7~10 JAHEAL AN S50 ML 8, 2 %A T IEE g5,
T A L DR ek X O3 AR 19 T TR IR A 4 (FE R AR 212
fegetarh, ImiRCEEE T, 1 BREEAE, MARRE RS E) A
FIE T AERG T 4380, T BOR/INANGE (R S G I (A1 8, FROM AR N BRI
AR () FF N AR Tk D, (ESRZE I AT W] B4 %2, S B 2R (g AT AL

§ 3.2.2 IMLIEIRAL 2 J7 1] I 45 R
3221 A4 FRbR AR L B K
*3-1 FAlBmEmR =S H8E (s£x)

ZH ) MM MmaEl A4iiER AR AIMURSEE (mPa.s)
# (10" (g/L) (%) (g/L) 10/s 100/s

EH 4 (normal)  7.55£1.10 1344133 5136%£203 2602072 1054132 5224036

XM (control)  7.5241.09 13314149  52.07+£198  3.03+1.07 10974141  53840.59

L2w* 7.68+1.44 12.55+£1.76 42.05%£1.55 2.8710.85 10.33+1.40  3.87%0.55
L4w 7.70+1.28 12.22+1.45 36.21+1.23 2.24+0.63 9.80+1.36 3.924+0.71
L5w 6.81+1.69 11.94+1.36 37.87£1.55 1.90+0.30 9.971+1.68 3.51£0.53
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DI of RBC (%)

L7w 6.53+1.31 12.831+1.66 46.12+1.78 2.124+0.57 9.17£1.56 3.97+0.45
L8w 6.16+1.42 12.891+1.44 40.13£2.94 1.80+0.63 9.85+2.02 3.04x0.81
L10w 6.391+1.40 12.61+1.14 33.3242.77 1.41£0.48 9.87+1.70 3.01+0.76

*Low: HFAEAL 2 4L, BORRUHEALREANSS 24 2 J, e ARRHE

54 - —=—50/s 1.1
d ma [
e > 09
36 g 8-8 I
WANE
30 - ~
¥ 0.6 |
24 r = % 05
18 - = B 1
2L = 04
g 03
6 r & 02
O L L L L L L L J
normal cont L2w L4w L5w Léw L7w L8w Llow normal cont L2w L5w L7w LI0w
Kl 3-19 S 41K B 2040 i AR T Fr 20l ] 3-20 #4520 K R 2140 o H vk R 1 AR AL

3222 MIRAR AR WFAE
MFE 3-1 & 3-19. 3-20 A LLAEH:

(1D AL 2 FAT 4 FIA R 2rgn it s e A AW 25, 5 M. 7 1. 8
JAFD 10 FFREfZH 20 40 B BB B0 T R BRria s, B E LA A
WEMG %7 R (5 1IEH X AL 4LiE ¢ K5 P>0.05);

(2> JHAE A A4 20 DR B R I £ 2 1 3 e 8 B S A T 0 B A .(P<0.05), L2 )
I T RRAR, 2028 5 A B AL, T AR A 25 20 1) (1) i 21 2 1 5 = 22 7
AN B ZE(P>0.05);

(3)  HIEWH R A, HAEAAE DL KRR ZLA0 MR AR TR SR 251058 4 Ji
TR 25 1 5 BRI (5 1 X IR 2L 4L TR) ¢ A9 36: P<0.05), 42 6~7 Jilila T
VAR, B XRGERER, & 10 BRI B AR (5 7 IR
PRI ZH [ LI ¢ 45256 P<0.05);5,

(4) WK 3-19 AT, EmUIARRT, iR B0 ig B 507 2w 5 JF
IHHILREG, & 5w BT i, SX A7 B2 22 R (P <0.05);
ARV ZETR, ALK BRI 2040 B8 TE 3 BOUAE Sw Ja IH A HE BRI,
& Iw EBTTR, Tw LU LI ARG 4 S 0k IR A (R AR A B T 2
(P<0.05), 1M Sw LAHT )AL 21 5 60 FECZH 18] 1) 22 e AN (235 (P>0.05) ;. ASK
56 v A A0 25 2H K B 2040 i S AR TR R # (IDD B W AIG T B 4H.(P<0.05),
FEAE Sw LAG I &4 308 2% .

(5) R 3-1 AT WL, 2w Rl 4w A (1)UL 21 4 2 1 DR 2 S 0 BV A W B 1 22
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F(P>0.05); {HAE Sw-10w 4R AF 4 (A sl o s B BRI, IF HATFest
BRI, 5 A R AR B R St 2 7 (P<0.05);

(6)  SXTIRA N WAL, JHAEA A 2 4 RS B (A = RY)IR 2R A R
s, EEAnERAEE (P>0.05);

(7> il 3-20 A7, X HRALRT 2w FTAE AL L 21 40 0 L KR 5 W B IR 25 5
8 Sw. 7w F1 10w FFAEA0 AL 0 2140 i ik % B S a1, 500 A AN 2w 41
(AR W] 0 22 5 (P<0.05) o #2718 : ASEEG IR A AL K B, AER 5 )
W, TR 21 A0 PR R 1 £ 40 2 T A R S 1

§3.3 #ER51TE
§3.3.1 K SUATAEAL AR (K] ) £

DA e — Mo PR A 2 258, AR ST A A PR IR A A AR I 228 RV
DU Sl s P 3850 ) 1 2k v 2 ] 5 S A0 G P R P IR BRI i 2 A (1) 388 A T 41
etk e Ja TEROR/INGS T B REAL . H R 1R 7 22 R FH DY A S5 AR 400 i
SRS TR A I 20%~60% KR, F 3~7 R RIS —, — M, — /&
Ji BB DL IR e S A e 3 A, 5~7 JRInT s BB/ N, 7~12 A RTRT TR R 2R g
1.

KSR AT 60% DY EALBRAEY) M B S KR, O 10%I10R TE
JSOK BRI A2 P PR PR A AR . 3 1 S, KRR B T AR TR (AN 3
SRR, FEMhEEEE, SRR ZE; 2 BRI 3 K s, WE
WIFUR N %, 2R G5 M AR IE 5, PRI DX R 1 400 i o B> s TR R A A2
4 IR AR AR B2 N B, PRI AR UR i 3 e, /&
FAPBEACTE &, JE /N P40 e s I B S R R A8, ] ILIRBE IR 40 i LA % i
RIS 2445, WA IXATR NIRRT 4Era A (2 2005 7 FIRFRELL K U AE
W BT I, 1SR TFAAI I 1/2~3/5, IR K2 IE RIS 2 4%, 1 Htk
WA 10%~15% KK RIF R BRI mseT; 1. IR R 4E] B A4,
TE— L OB BN (4-5 20, TFAIIBIIRZER 73 24505 W, 10 FHaE K
SR E AR RS, RS 7 R BT, FeF4ift (540 e, O
J T LAY BN, R T AR PR R R BB AR . (R, AR SE B0 AL 1T 5
JHAEALTE BT I 2 g K BRAE I S I 10 J8 (X BER 1)

AT (P R T 4 P () R, 1T LG i 25 R 21 40 i s Y59 A (R R P
[R5, DRI AT T 0 38 27 DR It A8 2 i U A BRARL R A 20

§ 3.3.2 K BUTFRE AR 1 B 300 14l PR AL Y00 A 5 A
F 3 B A A L 30T 14 J S RE S 5 BT 32 ol PR R 5 Jl A 28 K707 ) i [ 24 42
H e 5 DR MR AR 7 % S 8 Ak, I, AE AR T A0 28 Get o I PR i
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WAL A S SR AR, PTREA BY 148 3 Ik PR AT AZ (K L 32 W iR

KZHWFEAAE, AR A MR RE I RORE 22 v TR 2T 40 i
WAL RE I WA T 1R, 120 M s B W A2l o ASBIFSU3E i X A A K B 22 20
W A ML 90 A2 7 25 B AR GUARGT N i A I A FEFASE A 5 U ) 20 2 M 2 R 4 I
(RBEACANI] s, TIZE AN AR TR FR £ M 20 2 ORI I i 2T 4 1 1 D B/ 2 2 1) 5
4~5w HILT W BEE N MR AR AR e, (A2 2Pz, H
i A AN AR LSRRGS . LTRSS . LR R ) e K 5 BT 25 1)
Ko ro et qed s, e AaE MR R IR, i SRRk 5 A B A 4
IR B R . LN MIARTEFE BN e 1 B R B2 TR — SRR, X2 i
TGS LSRRI 25 L, TR T “BpLrain” %, BT 2o4n
SRR TERE BT E. LA 2L & S LA A R B RGIE B e el L, A
PNy AR AR D) e O R R 6 - S VAV AR N A== g
NRERELRE AR, ARSI I ARG R AR AN S R AL

AN, LLANMI VK SER AR W], 5 DL R A A K R PR £ 40 i F Dk R A 3 1
/1P =2 s A1) OB TR ER 0 ) | PN O 1T =4 B DO N EEAT B A K11
AW BRI, ndedk. WAL, DL, AR Ikt N R, s B
IR P At P A TR PR 45 AN 20 R IR RS A B LA A A B3 I R B AR BLAA L (7]
(VPR IR TTRER oY s ZNEAR Y UF & SR S0 -35S5 N )2 [P DR
Hh T R I P 2 0 1 PR A 13 18, B SCRIRTE 1) B I 240 B SR B (1 AT
n@/a\[_%]o

B REHEA I R, R BB BN 2 /i 2w 2ita,
FLAMBARAR 7 T 20t BB S 0 5 o DAL, T 0 R A = 5 S H ) R A il
W] REAT B A AR (K S A IR T o

§ 3.3.3 KB4k T2 R S ST 1 P O g 2 27 50 R FG 5 L0 AR 2 A 1) 5K R

FELT PSR 4 J B 5 FHREIT AR L AN v A0, 20 A i, Z0 A0 s
B LA AR TR A ISR 2T A B 1 It i DA S A R 58 55 IR0 A8 5 2 K0 ) f
FERE, 2 6~T FaT . SRR BRI EE, AT AT K ERUH
AL BT S0 MO AR SR b e, AE T2 BT R B AR (B (5 7 8 e
A AT 2~3 ), Ml 7 R, DI, R AR A S
(IR, vl REXT A A BT AL SR AL By o 5 Ak, e S 00 PP A s 82 5
WO AR 2 AR AL, e AT AR B (ARG IV A S b 1) 5 5 R L 5
HREMIIHERE LA oG, DI, et MR AL 2 4 S USR], thml fexs )
Wi JET Sh RE 4 7 AR PR (L35 B, AT 38 e JEPASE A FR) I P 7 2

111



BN e VAT

R
IE
(Q\
\b

B3 & Rt —F 6 T

§4.1 B4

JHF T T Ik = 9 (Portal hypertension, PHT) 2 tH A48 Fl 9 1 — P WA <
2R, TCEFERE NI AR IR . MR BN ) 5 R AR O T R PHT 1Y
RIFHLER, ST E I RRE L fE R, PR I T AR A F AR HLLL 24
5 P YT R T T TR X

PHT 1) =R 5 D A . A SO i Al e kK a1 1 2
BN S b o4k 27 ) Jo n DU S B 5 R s MR R e e vad A AL .
AT S 2 AN ] AR A A 2 1 K Bl DY A B A RS AR, SR 1 1 A
A IR AL R B2 IR 00 T T D Bk 3R 40 2 8 S ML R LA s RS S Iy M sy 4 I
WS 2250 I HIE T AR R . TANRIRRL, LTl As e I3 4F ek
R IMLLEE 2040 M FR K 3R 550 WK MR AR 2 S 4 IGAMNRATTIE W 1E 5 &
ANV JEE HASEA B0 BUFE A AL 25 0 1 ARG BARREAT T IH I AU S
NS

) P TS0 55 14 4 T £ U 17 Pk 2R B8 A5 PR I 9 3 7 2 Bl , AR ST T LA
T BE R FEAS TC A HL e ] IS ASEADL I R S AN [R] JH A AR S 1 R BT ] ik R 456
(RIREARAEN) ) 2 B, A2 A R] DK e ek A ()28, IR0 T i ik e
HS i FR) R AR AL 5 B RE

AR B A AR 27 S B0 AN A LA, AT YR I e K U R A i 230
PR AR 2 e br i, IR TS 4% b S 0 R S AR /N 3K — JHE R A 3 A
MEZ AT 2~3 J, XANIGRIEAR WL A SRS .

§42 AEHSEFEZCFHS
EIX B, AR 1) 3 EANFr ST A -
1. JHEEAGIN, MR AR e bs e W I T AR A R AT 2~3 i, X —
R BN IS AL I PR WG T 4 8 S
2. RSCINEL T IE KRR AR O B LA TR B A ¥ M S 2 5

112



BN e VAT

BOAMBRAL 280 JFAERIERE b 5 T 3 ik R e A4 )~
B, RERIIN AU E HOIRAS MR ACIRS, BRI A 5 1T Mk e
BAESRAL T Fopr (i ig 42

§43 H—THITIE
TSR 4 1 L B AR (I TRV 2 YRR B, AS S TARE AR5 5835, W
VEZ WL AR I
V. FE 9 v e B 2 5 Y U A 2 g T L g A Dt 2 T
TR 254 T I RE AL AR (I3
2. AT WA EARREFTREAL I 2 254k, 0] LAEAT ) T 925 7 T (1 SE 56
WL K EARE T (kR W55 KRR,
3. 3537 10 JALL_ AR BUIFREALRER, 0052 TR 056 300 5L 25 JFF 9 7 BB 1 9
BN METRAR S IR AR A
4. PAERIEN ) O B TR RS, IER LB TR I HL,
TR A T ARG HAE T A B iR s
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B I 8BRS ET LBk 6 & A

B @
§1.1 515

Navier-Stokes 7 2 2 AR /) F P R KB sh 542, (2 A5 H MR A £V 4K
LT A 86K, BBH BRI R — b5, A ER 2 X
.

FRE, Ao TILI. 6. BT RAREY IANE S AR, &5
BABM AR, B R . ST EER. £ TRE, TEHT ARG
B AR, AT SRR AR TR A AR, R 5 — A 38 4 A % A AR R R
TUAB SR LR 0 2, B M ILT 3 A A B AR 0 R K AR, e
Maxwell #A! . k422 4= Oldroyd-B AAAEA 4, X SRR L Fof S 29
w38, CNE AR — KA R R R R AL ) B K A, A2 R AR
JE A SRR 20 Bk 5 Ak ) A A L,

IR AR AT ST R A0 50 ) 2 S, DR 0 S Ao 2 )
R, BBBRRIE. EARR. RG. THEEOAR, AEEMRBEAMX R
XOFFR P PR TH S TBAR, TR0 h & 52 M54k 24 A
M AR 1 ) T I ) R, AN IR R A B b BG4 )
&, ,

W3 I P R X ARG, o AR 1 G AN RN ) A A2, &
5T M-S A T AR, B T R Ak e SRR A 4E R
S x TR BRI S BN, Stk T IR ELA Ak B 0485 2
A2, BPiZ 2 6945 4] 7 A2 R 3N 89 1Rk o7 A2, AR 474049 Laplace &
iAo Hankel K4k, 1337 R4 E AR BB YRR, matF2Regr L=
H-iAk Rayleigh-Stokes 19148, FI#F-3-h T 2 A 1o B 5205 20692 3 5 42, AR
J& A Bl 4 # A5 449 Laplace Z #i#= Fourier E3XE 4%, KB T Ashed AL,

§ 1.2 AHCHISEEERE
AL, XPRG PR RAR TS S T F 2908 I X3E . Rajagopal W9 T —
I FARALE DU A R B0 4 1F R A E % 3 3h™, Erdogan 55 T =it A4 ) 11
SR ) 8], Rajagopal 55 Hayat 25 A\ 735 %%2 T Oldroyd-B i {4 () — L& fa] 2
TN, B A N RV A AR A BRI T R SRS A AN ] e A 0,
WSR3 H AR 23 5 N B Bt 4 A Maxwel LR SR IR AR IR A ) 7
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FEFF, MITEESL T SCprkh s AR (0 20 5bh e B, JFEse 7 AN Fish &
PR AR e wsh

J15h, Palade 55 N 735K 70 BB B 00 5 LN BUASRDRG s ARG E b, A
T 5580 B A5 ROV R TTARRZAE K S Maxwel LR S 14
(¥353 2 3 BB AL I 2 C APl 20 TR RHI RO, thIE T 55— 30
(37 o s SR

§ 1.3 FEARTTFEE AL FRA
AT R4 IR AR B A by 7 R n) e s o B,

T=-pl+uA, +aA, +a,AS° (1-1)
X T AN S5k E, -p IR, VRSB EE, A, FA, alE Xy 22,
A, = gradV + (gradV)", (1-2)
A, = 621 (1-3)
X HLV 2R )
a, A o, EMBRPERE, M REL WP
£20, o, >0 Ml o +a,=0 (1-4)

ST, TR PMRIER, A, e ORI,

A, =D'A, +A, (gradV)+(gradV)" A, (1-5)

X H D’ Riemann-Liouvill 73 $fr S50 7, Hog SO,

DL 0)= 54 ﬂﬁij(—>ﬂf@wr ©<B<D (1-6)
HrpT(e) X718 Gamma BKEL, S8y iR 2.
U SIIGE S erIpig = DIE

p%¥:v¢ (1-7)

XH p ZWAREE, D/Dr £¥WIFSE, V& Laplace H 1.
LTI R:
V.V =0 (1-8)

A LT R B TR, S BN AR BT A 5 0 A )y
FideR!;
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7(1) = pe(t) + o, D, [£(1)] (1-9)

X e AUIN Ty, e WUINAR, w WKTEREL o A BRI E RS, 507
FE(1-9) 1, 4 p=1 It A & B —frifi i
TU):y80}+E§%%2 (1-10)

Hor E RSt R4 M a,=0 8L B=0 iF, BIAE R 584 PR Pk At 44 .

B X IMRAARREE R RARE T 8

ATHAA (1-9) AR G R, W5 T ) L Frim i ia 30 (13 5 A
FE A R . G I 3l 7 FE 1)  [A] AR Fe i Hankel 2845, )] [B) A8 S A5
BB FHY) Laplace A2k, FIH B HY Laplace A8 e85 7581 X Mittag-Leffler B
B, XTSRS NS 2B T RSN IRE R, o3 b 1o BN B R 2 BRI
R FE I 5 . — S8 A TS 2 5 L35 ] 1 b AR SC 45 SR s i B,
Fetecau 25 N 55 B P A4 11038 B0 10 8 Bl R, B 9 i), 4 gkt vk 2
WA R IR AR S o SO0 JE AP B ORE B AR (1) ) 2R PSR AL T I AT
H

>~No

§ 2.1 Hrppiny
2.1.1 HE
GG X iR imiie s, ERIIaIN 2R T, BOE AN I 4,
BRI FR . TEAAAAR R (r,0,2) &, B LLRIR N
v, =0,v, =ao(r,t),v, =0
"X AR AL TR -

0 .o(r,t) 0  o(r,t)

T, = pr—I 1+ o,D,"[r—(—=2)] (2-1)
or r or r
B s E g
ow(r,t) 1 0, ,
- = 2-2
P, > ar(r T,4) (2-2)

Horbo(r, 0) B HIRE IS0, o o 40 TR IR BERRAE . 4521 RARA(2-2)
Ko, AL

da(r,t) _ o 1

or -
X v=ul/p,a=a,lp. WIS
a(r,0)=T,/2r) (2-4)

2
+aD/ )=+
(v +aD, )(8r2

)o(r,1) (2-3)
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FETCIFIEAL, MERBE E ARIL S AT AT

8a)(r 1)

o(r,t),——= -0 M roow,t>0 (2-5)

2.1.2 MY
B0, TATHEE LR s P e S .
P 4 RTG53 32 S A v LU ¥ ),

o(r,0) =06, /2mr) (2-6)
O(r,1), 8(9(gr,t) -0 Y r—>o0,t>0 (2-7)
r
M5 Fourier A, ELES MFEH 7 FE vl 5 Syt R U,
69((9;’, 1) B (8_+ )9( N+ 1% [80)(r 1) a(r, t)] h(r,t) (2-8)
t 7o or r

X e ML, B =k/(pc) s kj‘j%)@'ﬁz:ﬂ‘$’ o NIEEE, YEE. hi)h
RSN ARSCPAE ARG, B hrglh 0o WEAX LE, (2-8)2 5 ik

PV 12 2 S I B BT R R 10, AT, 11T S R 0 1
(r,t) I WA HE, R AR A RIZ S I, Mot 2-8)
SEHB IS 0r.0) 5 A A,
§2.2 RARHIE

SIMFRRMSE: o =28 =00 <o R0 5 Rl i

AT LAE >, S D A S B T N [v /T, 17 o F Ay S

F MG, A2 N-S TR 1 R A5 kA i 48500 9 i D 70408y, IAe(2-1)
A o M1 (1-10) sUPRIREFAIE RS E MZ%E —DNHER T MM a=E/c, ¢

REENA /T, V7 B R “BF” R/E N Ll Lo a0 R e
N B T REAE MR AT Cufal Sl L, DU A EMICRIL S “*7):

90D _ (14 pp? )(8—22 + 2 Lo (2-9)
or: ror r
o). 220D g M op s o0,t>0 (2-10)
7"
w(r,0) =1/ 27 2-11)
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FZ

T REAEEI I AT IR A

7 DU N Yk Miller-Ross 1 % 51 4% 80 3 31 (Sequential Fractional
Derivatives) *%. & T 6 B HASR %, 51T F Hankel 25 #1271,
EAHN: o, (E0)= j 1, (&) (r, Odr = H{o(r,t)} (2-12)

WA wo(r,t) = Té]l (&)o, (£,1)dE (2-13)

X J (&) HEF—I—Hr Bessel BREL AL
1d, 6 dJ,

L=, =0 2-14)
O w 10w o, 7, 0'ow o0 o

s N (o L

—jJ(fr)d(r 80y [ 2,z ar j LMD 2 g g (2-15)

W& E e = —HE 0} = 0,200

(2-15)=U M HE T I 2 FH 2(2-10)F1(2-14) o
XF(2-9), (2-11) A Hankel 1E748 4, FEFRIAH (2-15)8, 3P
COED | (14D, e, (2001 = 0 (2-16)
0, (E,0)=1/27& (2-17)
B0, (£,5) = Lo, (6,0} = [0, (.0t 0, (5.0 MBBEL s WERB R,
12-16) K15 S Laplace A5, T A17st, Tkl

- 2/71 1
ED) = e nE ") TR E

(2-18)

N T K1 w, (£, ) 135 Laplace 284t , i HL SR H) B9 8509 Laplace 48 #eH: 75124, #4.(2-18)
A5 i M Taylor 208, I -

2 ﬂl 2k+1) s
@)= é(””‘f = ;( D T ey (2-19)
L o S P R K 301 TS
2 £ e e ("7 )
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o BB ISR I Laplace A2, w153

0= 52( D et w OB E, O n Y] (220)
S, =3 . ST Mitag-Lefller B, 37 (2:20) AL
Ff VRIS T S, Mlittag-Leffler %) Laplace M Hfty— i T B HE

L'y (Sf!;t;,m b=, Det’)  (Re(s) > | (2-21)

XF(2-20) 3 M Hankel 385748 , 7] F 108 A 48 S0k 3K (2- 13) T 73 155 17 FRDRE A i «
ar,f) = 217[J'Jl (’f)i(_l:,) §2ktk[E1—ﬂ,l+ﬁ((k) (_néztl—ﬁ) _i_negztl—ﬂEl_ﬂ’zw(k_l)(k) (—Ufztlfﬁ)]df (2_22)

BRI, 4n=01, 2-18)X4LA4:

— 1

@,(&,8) = m (2-23)
XF(2-23)30H s F1E 53738 Laplace 132 #fll Hankel W48 #eJ5, 1R 5432

1 r
w(r,t) = g[l —exp(— Z)] (2-24)
B (2-24) AL N B A I T AT n) 15 21 28 B 2R 0RG P AR TF) Reiner-Rivlin i3]
251
w4 g=1, (248)5%%%7:

1+77§
0, (&,5) = 27[5 inEi i E (2-25)

XF(2-25) 01 s A1 E 43 A Laplace ¥ A5 # F1 Hankel W48 4 )5, Al LA#3 3

o= [, (rf)exr)(—lfn o5 0 (2-26)

H52-26) AL AT RT3 T B2 Fetecau 25 AT B RIEIES
M,

§ 2.3 KRS

2

SIANERNZE: 0 =D o =2 o o LMo iog)8)st
6,1, T, 14 1%
TS BT NG, B S <)
aed ﬂ2<i+r )0+ [ 24D - ALy (227)
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(1), a‘gg’t) 50 M o0t 0 (2-28)
r
0(r,0) = 1/(27r) (2-29)

F3
ol -/ Y i
& 1% g cvl,

oa(r,t) a(r,t)

2 fro=nl o r I’ (2-30)
(2-27)= AT A
o0(r,t) , 8> 0
” _ﬁz(arz+rar)9(r,t)+f(r,z) (2-31)

h T RRMTSRAR, KFQ2-29), (2-31)IHAS )48+ /F Hankel 483027, M55
FEQ-3D)FTE UK H ) Hankel 254y :

B 0,(E,1) = T;»JO (&)0(r,t)dr (2-32)

WA T O(r,t) = T;}O (&0, (&, 0dé (2-33)

IXHL T (&) NERE—IEEY Bessel K%L
XF(2-31)xflcn | Hankel [IE78 4%, R JETim4c4(2-28)=, £IEHHT:

LD 1 520,60 = £, (2-34)

b £,(E,0) 28 f(ny)IP) Hankel 2848, K5 (2-22)XARA R (2-30)H, 15331:

['e]

x o 1\k
erO (&r)x {I xJ, (xr)z%x%tk [El—/},Hﬁ’k(k) (=)
0 k=0 :

0

fi(S,t) =

7,
47

2,1 (k) 2,1- 2
+mxt ﬂEl—ﬂ,2+ﬂ(k—1) (=t =P )dx}* dr

(2-35)

L HE SR RE b 21 Bessel R 3 4 24 2127
erl’ (xr)=J, = xrJ,(xr)

W) 5AF(2-29)04F Hankel 1FA8 1] 15
0,(£0) =1/ 21 (2-36)

1 (2-34). (2-36): K153

0, (£, =" [ﬁ [ £ Enerdr) @37)

T (2-34)%F |30 4F Hankel 37250, AT/
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o0

0(r,1) =§ [e 750y (&Vde+ [ &,(&) 1] (e drldg (2-38)

0

K (2-35) AN L3, RT3 93 A1 -

o(r,1) = i [e 751, (&r)ds + 4777;2 [&,e&) e [r1y (&g (r,7)drdTdé

(2-39)
Hrp

© 0 _1 k
glr,r)= J.sz (Vx)z%xy{fk [El—ﬁ,H-ﬁk(k) (_sztl_ﬁ) + nxzrl_ﬁEl—ﬂ,2+ﬂ(k—l)(k) (_sztl_ﬂ )]dx
0 k=0 .

(2-40)
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2-5 ANJF] BT o BEINTE] ¢ R0 A1 it 25 2-6 ANJF] A R BB IR 1) £ FR) 53 A1 26

A (2-22) F(2-39) Zpnlgs T BRI i is 3 b 1 A 5
Sy AT i, R B 3 Matlab BB SN T 7EAS R 20 R 20 B S840 1% g owt
THUSE 7y R 1 20 1) 3 AT )5 o

K] 2-1 AT 2-2 45 H T 1658 4R ImILE B o(r, ¢) BEZE AR 5 7 B9 HORAE
Mo A ihgerhal &, &Y, BEE r B3N, BTN 2FERET,, o(r,b)
SN O BWIHG I, T IRAR TR A, R SE M BEAS - I HS I B s )
KT co(r, 1) TES N B —AE 5 TP ATk, BHZRTCH AL ER/CN 0, ek a2
A SCER25] P S L A — 3. A 2-1 HOE T BUE H, SR,
it e (A2 AR B, RIAERE PR e RARLBR R, a8 S50 5 e AR oS . PR R S e )N,
B T R eI . T L, BB, SRR A N R, L T M
&, 2 p=1 I, TERUARI IR, [z, SN, TR RN )R
5, 2 B=0 I, SERRRE AR AR ] 2-2 BRI TS TR 2 6 R R A
A R m, T LUE Y, BESE I TR IO HERS , TR0 2 1 i it 20 58 % ik
/N, TR T IRAR PR T VR

Kl 2-3. K 2-4 RARZSECT, WY 0(r,0) BEZ3 [R1AZ 5 r (R3G I0T 3E9k )
Ao B 2-3 25 T 7 B WA B NI A gk i e, A A LA
e, SBOK, TEBERE (R30S R R R, SRR IR R A N 2, 2
BN, U RS, AR RREPE RSO U o 1] 2-4 S AN TR I 20 R
Wbt r B EER 2R, BT LUt B IR RE S, R 1) S il R R 1
X T A S AR AE FRPRE PR SR e ) 1 5T

K] 2-5 R 2-6 435t T AR5 R BE B =0.1 LA, WIIENE o(r, ) PG
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35 0(r,0) BEINT8) ¢ (RISE Ik, 45 45 i i DO W B BAT AN HE AL, I i) ¢ s
[ ARAR r 3 KB — B A5, Toie 18 FE i i il BE I TR S, B RN %,
SR W PR (KRG B AN T AL 1) A 4 o

AATIE M 70 B AR 73 8 5, R 22 ML RDRG I 2P WA RN U A3 21 2y
o H)) T SRR, SR T B A I U R ) AR YL P
T 45 RS AT 2, IS 1E 2B 0T ORGSR A K ) S R R I TR K i

/,
G

E=T AT XK RY Rayleigh-Stokes o]
§ 3.1 WU 5

A P Stokes 2F— ) M7 45 #04 FHF) Rayleigh-Stokes [l @il X A4 7
S A B P T 45 82 e PR, o AR AL, StokesPOR A AR SR H TR
Bl SR T BTk, AR ARSI AR, BhAh, AR RIE S
JrRREELL N-S TR m—Fi, DAL, A% 48 BRPRG B i A 4 AR ANIE 1Y) . Rajagopal
EACRILT B A T R AR, TR, Fetecau ORI SE4E LY R
B2 I AR B,

AN EEWIT T BN BRSO, ZAE)T AR . T
W) SRR I FR Y, AR GIN T 73 B iR 43, I (1-9)
KA KRR, B THE RPN LR Stokes 25— i) URIT A 4
) X AR Rayleigh-Stokes 1) £ 1348 5 47 R B2 3 o 38 3 AL 50 7 R
()27 [A) AL S A Fourier 1E 527848, N [A] AR 4570 £ ¥ 5 25 (1) Laplace 424k, FJH]
BIHGY Laplace A8 4% I5 1) X Mittag-Leffler B4, KT g AT & Fn 453 1
WBN GRS N 45 21 1 4 SR8 aT VR A SC s Rl i 90, B
Fetecau %5 NP/ S i AOsS s, kGbER Wik Stokes 25— i) 8
2 R4S

§ 3.2 AT AHCEIM) X Bk Stokes 25— ) @l
3.2.1 Y

A1 FEAE (v,2) 7 [ JE BRSSPI L ) SC Bk v R i st 44
THRA TEIERE, BUESE =0 N %, ISR LLUERE U Uty J7 A3, 3
Yy a] Ros 0y

V =u(x,t)] (3-1)

K w2y y MERTTIPEE, j aE y JT IR N
R.G-DA -9, RN o RISy
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ou(x,t) 5 0°u(x,t)

T, =T, = +aD/ =5 (3-2)
X
HeNhrEYNE. BG-1) , 3-2) A3 1-7)R, a5
éuéx ,1) _ v+ )6 u(x t) (33)
t
b v=ul/pa=a,lp
FH I IR S AT RN 554N -
u(x,0)=0 x>0 (3-4)
u(0,6=U >0 (3-5)
[ I 2 B AR A1
u(x,l‘),M -0 3 x>0 (3-6)
BINERNBHL o =L =3 p 100U m v R v gy
U v v v

SRR E RN ), S5 D7 AT o BN i ) B4 [v /U217 10 f B Loy
AR R JE RN o B T REANE il A Cufai Sl I, LU a4 B

5 ),
GO _ (14 o1y D ()
ux,0=0 x>0 (3-8)
u(0,0)=1 >0 (3-9)
u(x, 1), a”(x D50 % xo0 (3-10)

AT T RERS SR AR, A5 I Fourier 1F5%48 45

EAHN: U&= \/; ! u(x,t)sin(x&)dx = F, {u(x,1)} (3-11)

WARIRA . u(x, 1) = \/%IU@J) sin(x£)d& = F," {U(&,1)} (3-12)

XF(3-7) At (3-8) A H Fourier 1F5448#(3-11)x, FHHFIH(G-9). (3-10)zL, wf
DECED

def D - 21D/ YW, z)+f§ (3-13)
U,0)=0 (3-14)

X LT # Fourier 1F 52735 # f) = 2 %
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F{f"(0)} ==& FA{f(x)} +\/%§”(0) (3-15)

&iﬂ;@:uwam:?wW@@m;%w;om%@ﬁwsﬁﬁﬁﬁﬁ,

0

R 5000 B0 S 40 Laplace 484, nJ45.

Tl |2 S ;
U(g,S)_\/;S(S+77§2sﬁ +E2) (3-16)

h T RAFUE,s) I3 Laplace 248 #e, X AR R B 0¥ Laplace A #HuH 15, ¥
(M@ﬁﬁ%@%nmmﬁﬁmT

U(.s) = J}S ng - ;—g()fmm(jﬂégw (3-17)
ﬁBJﬂﬁLﬁ*@LWMmEﬁ,Tﬁ:

U0 =23 ER e ) (3-18)
;@?EM();h(;/ﬂmeMm%mmﬂ%ﬁm,E%ﬁ(&m)ﬁ%
ROBFFRI T 1 S, Mlittag-Leffler () Laplace MAEHe A EE AR (LA

—HR-2)R).
X (3-18) A Fourier 1E5210 484, Fl AR ek (3-12), W1HHEY
PR T i
u(x,t) = - J' s1n(§x) Z( 2<k+l)tk+1E1—ﬂ,2+ﬂk(k) (_ngztl—ﬂ Y& (3-19)

0

ol = =1 HT, ﬁﬁ(3-17) AR

UEs) = |2 3 i
U(g’S)_\/is(s+77§2s+§2) (3-20)
XF(3-20)201 s A1 E 2 i Laplace A8 F Fourier 1E5Z4 AR f5, 1R 5153 %

[37],

e =1- 2 [ exp £ az 621

G20 AL R, BTBAE ] Fetecau 5 A % — Bril iRk e 7
[37]

P4 =0 H a,=0, WA TSI Stokes 25— i, J7FE(3-19)
T
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u(nt) == j:l(l —exp(~&21)sin(Ex)dé
T N

. (3-22)
=1-= [ —exp(-¢ n)sin(&x)ds
T S
(3-22)x 7Rl 5 A i R
u(y,n)=1- erf(%) (3-23)

Hrh erf(y) 22 Gauss IRZ AL, XhE 2 JL AR IAAE 44 (1) Stokes & — [ @

3.2.2 WY
W% Fourier i, L MFEHITRER S Ky PP
k. 0°0(x, t) v ou(x,t),, r(x,t) 00(x,t)
cp@x c[éx]+pc:6t
X 0=0(x,0) IR, u(r) EHEG-19)NAS M, ¢ ME, &
o3, p WIS, BN rocy) AR, AT B AR AL A,
B roe) B 00 MBI EF, (3-24)50 5 F0RS PE LR S 28 i B A4 1) RE =7
FERARE, SR, T aUh s KB EE uCe,nt) M Amag gz, A
TR AR RN 2 T AR, S (3-24) AR RS 0(x, ) HHABAA
[A] o
FH N 4] 55 A R A

(3-24)

0(x,0) = 0 0 (3-25)
00, =T, £>0 (3-26)
Ep/SuP I
o), 205D o g (3-27)
X
SIATRABE: 0 =L oy U U U ety
T 1% 1% cT k
(3-24) ~ 3-27):NnT LA CBAR AL, ArEA B “*7):
La O(x,1) ov(x,t).,  00(x,t) i
oo e T, (3-28)
0(x,0) = 0 >0 (3-29)
0(0,1) =1 £>0 (3-30)
R d SaL) N T (3-31)
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= g(x,t)=m[a”gc’t)]2, (3-28) T 5 N+
1.0°0(x,1) _ 36(x,1) _
Pr ox? g1 ot (3-32)

% (3-29) F1 (3-32) FEH Fourier 1E9%48 4, FFFIH (3-15) & (3-30).
(331 X, w153

LD, Lo @n- ( g (D) (3-33)
0.(£0)=0, £>0 (3-34)

Hrbo (&0 g (&0 3HEO(x, ) g(x,)ff Fourier 1E5%45 . H(3-33),
(3-34) UnTfi

0,(E )= j[ 65+g (&, 0))es " dr (3-35)
Xt (3-35) W H Fourier 1F5%10 48, {88 ] #5295 BE 343 Aii -
O(x,1) = \/ZTSin(Cfx)egd”Pr ‘j[ ELSCJF& (&, 0))e" " dedé (3-36)
Ty o V7T Pr

§ 3.3 WHAALI) L Hrim ik 1) Rayleigh-Stokes [r] i
3.3.1 #EY

WAHE & A H AR L R(x>0—oo<y<oo z>0) X ks
TR, AT A T3 IR, BUELE =07 N Z, I RSSRUESE Uy J5
a8, SRR N:

V =u(x,z,t)j (3-37)
[ 3.2.1 ALk, BhE iy REnl fithh
au();:tzﬂt) ( + D )(_2+i)u(x z t) (3-38)

H v=ulpa=a,/p
GIFSEINSUE S
u(x,z,0)=0, x>0,z>0 (3-39)
u(0,z,t) =u(x,0,t) =U, t>0 (3-40)
H R 5AT
ou(x,z,t) ou(x,z,t)

, >0 X xX*+z2°>0 (3-41)
ox 0z

u(x,z,t),

2 2
l,x*zﬂ’z*zﬂ,t*ztU ’nzalé , I)—l\IJEE
U 1% 1% 1% 1%

TENSHEERI T : o =
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JiFE (3-38) ~ (3-41) XA 151 FIC A 7 RERT e MR 4 Chy faj e i,
DU A B ENId S “*7):

ou(x,z,t) ., 00 0
——=={+nD," ) (—+— ,Z,t 3-42
= (1+nD, )(8x2 aZz)u(x z,1) (3-42)
u(x,z,0)=0 x>0 (3-43)
u(0,z,0=u(x,0,/)=1 t>0 (3-44)
u(x,z,1), ol 2,1) : Uzl o w2y 22 50 (3-45)
ox 0z

h T W TRk AR, BATT5 I\ - 4E Fourier 1F 5% A8 #ul),
EAR . U(E,¢,t)= ETTu(x, z,t)sin(&)sin(gz)dxdz = F, {u(x,z,t)} (3-46)
a 00

WA u(x,z,t)= % j j U(&,¢,t)sin(&x)sin(g)déde = .7 {U(E, ¢, 1)} (3-47)

X (3-42). (3-43)2UM x , z ZFEAE Fourier [E5%45#, FHFIH (3-44). (3-45)
K, PR R AR -

WD __(14gp/xg +eWE g+ 2 E 1) (3-48)
! T &
U(0)=0 (3-49)
5L 14 Fourier [E3X 25 el T 324 7Y,
Fs{@+@}=—(§z+gzw+£@ (3-51)
ox~ Oz T

é¢

0

B U,6.s) = LUE G0 = [ UG g.ndt UG .0 NREH, s R4

0

B8, IR0 509 S350 Laplace 284k, Al45:
77 2(&% +¢67)
U(s,6,s) = 2 2 2 2 3-52
S R N W s (-2
KT REFU(E,¢,5) ) Laplace W48 #e, 1x HLR ] B #UY Laplace 28445 15, 44(3-52)
A0 g Taylor 2050, N

— 2062 +¢%) 1 1
U 25 = X 2 2 2 2
e e @ e @ o) 559
2 2 S—ﬂk—ﬁ'—l
_ _D)F (&2 2y k+1
P e Nl
X EB K Laplace W48, w1
U crt) = ﬂ%i%@z FYE L D& 4 g (3-54)
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Xt (3-54) A Fourier 1E5Z0T AR #t, A B AR RIEN(3-47), IAHHE L7 KRS
i -

u(x’z’t)_”ij‘jsm(éx)sm(gz)kz(;( (&2 4¢Py k+lE1 ﬂ%ﬂk(k) [=n(E> + ¢ ) Yede

(3-55)
B, 4 =1, (3-52) RAIfijtbh:
= 2(8° +¢%)
U(E.c.s) = 3-56
o) s+ 1@ + )5+ @ 4] (3-30)
K (3-56) XA s &, ¢ 4 M Laplace i 48 # 1 Fourier 1F3%0 A8 e, w45,
) m@)m@) £+’ _
u(x,z,0)=1-— ! j exp(— 1+n(§2+g2)t)dgd§ (3-57)
*%Hﬂ%%ﬁﬁi%%ﬁﬁ,%TUﬁﬁmeu%Aﬁ%:MﬁW%ﬁE%

[37]

3.3.2 IREY

f L 5
k [826’(x22 1) 07 H(xzz t)] 1% {[8u(x,z,t)]2 +[8u(x,z,t)]2}+ r(x,z,t) _ 00(x,z,t)
o4 Ox 0z c ox oz oc ot

(3-58)
X 0=0(x,z,0) BIREY, u(xzt) 2ZHG-55RNEHHEEY, rezt) NS
o, AELLU R TS g 25

VIR S
0(x,z,0)=0 x>0 (3-59)
0(0,z,t) = 0(x,0,¢) =T, t20 (3-60)
EESUP G
O(x, 2,1, 202D 0020 o w2y 2 g (3-61)
X oz
TG RN S T -
2 2
g 0w o U U W U
T, U 1% v 1% cT k
L “x7, JrRERAE Oy
1 0°0(x,z,t) 0°0(x,z,1) ou(x,z,t),, ou(x,z,t),,, 06(x,z,t)
_ b b + 2 b + b b + 2 b — b b 3_62
Pr[ o’ oz’ I+mil ox Il 0z I ot (3-62)
0(x,2,0)=0, x>0,z>0 (3-63)

00,2,6) = 0(x,0,0) =1,  ¢>0 (3-64)
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O(x,z,1), -0 Y4 x*+z22>0 (3-65)

00(x,z,t) 00(x,z,t)
ox oz

ou(x, Z,t)]2 +[8u(x,z,t)

~ = Py, (3-62) Xafkly:

/Q“\g(X,Z,t) = 771{[

1 0°0(x,z t) 0°0(x,z,1) _00(x,z,t)
[ P e
X} (3-63) (3-66) 1 Fourier 1547254k, 0 (E,6,1) = F {0(x,z,t)} » HHFIH (3-51)

R (3-64), (3-65) X, T[15:

(3-66)

W (4670, s, )—ipfzgggz +g (&) (3-67)

6.(0)=0 (3-68)
i g, (86,0 = ﬁ (x, z,1) sin( &) sin(gz)dxdz (3-69)
M(3-67) (3-68)H] fi ;'co

0. =e T j R (3-70)

y TPr &g
XJ EAE Fourier 15X 38 #t, ] SKAHR 1

0(x,z,t) _2 j j sin(&x) sin(gz)e € j 2 e, g.(&,¢,0)]e ) M drdéde
Tyo o 7Pr a_‘,‘g

(3-71)

§3.4 #ip

AR B AR i O INE LB AR AR G &, FEITT T 24
ST 2 AR T N )T X B s B I GO 1 i i aE FH A By
SHF) Fourier 1E5X42 A1 2 H Laplace A8 # P8 K15 1 14 F5E 47 IR 37 1O RS A
fifto LLEAEZ ORGSR TR LE R, A B0 AR S R BT ] )2

WAk, AR50 T8 U A B AE R 80 5 2 3l 7 o AR 20 AE A SR 3
RTTTHERAS T, H a5 5. sk 1 is H - 3 iR o 1a 5, R 4 iRl
PEA R AR N Z B IR 205 3 B A ) AR, EEA T U
B L rim A, SIS T S B I A T 3 1) S IR R A
St B I FH)T CZBrifk Rayleigh-Stokes 1) 78

X ARSI B, 7O I R A A B S B s B T
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R, B2 st iy R A2 0 B oo Tk, FFAIH] 70 B 3401 Laplace 42
e Hankel A2 #, 1530 1 i it 5 FEL I 3 RORS Wl i o

RIS T 52 PP TS B (R SCBrifit/R (1) Stokes 25— [] il J 32 s 5t
SO N )T SCBAUAA Rayleigh-Stokes [7) R 1Az B 1 UMM BE 9 L [AIFE S T
XF I ) A - b e His sh e, Rl is 2 b S 208 Fourier 1E9%42
ORI Laplace 22 #e B SR AT 1 140 By RIRLSE 370 XD R i 17 o

PASROFT 4 R DN i 1 48R A > S PR G 00, B U RAT 2 4, X0
BB OR ARSI 0 A M R A T BB 1 ig 4
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