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7V Python &, ZOXHRREDEVE, TRTOIYADETL T, ¥EHK%

MOTWET,

@ Python T. REESHEED

@ U % Python TfEY £ . numpy D meshgrid i¥, [RAZT LD x DE|
L IRAZLDyDER] 2E5EETT, ZO2D20RIZ, EIDREZDE
FELL, IRTOIYADEIN—EIZHEINET,
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( m

import numpy as np # BOFRDEE numpy Z np EUTED
x = np.arange(0, 60, 10) # A 0, 10, -, 50 (60 [FASERLY)
y = np.arange (40, -10, -10) # JbA 40, 30, -+, 0 (ALZELEID)

X, Y = np.meshgrid(x, y) # NRTED x DFRE y DR

H = 100 - 0.01*X**2 - 0.02%V**2 # YRZEDET (B2 DRERAL)
print (H)

print (H[2, 3]) # EHS 2178 - ENS 35U (0 H'5)

RITHER

F2LAUHMN, AUV THTEE UK, 68. @ [.] & /M (68.0) &L
TEHELAZLEWSEHTTY, vy % 40 6 -10 2012020k, RFEELEU I
= EIZT5720TY, H[2, 3] & ENSHAT 270D, EN6HZT 350D
DI AT, Python 20 N6 Z5DT, £ 320077 (y=20). EH
54 2HDF (x=30) T, 8312V ET,

FEMROKIEX, matplotlib £\ EED contour THIX E T,
, EE3
import numpy as np
import matplotlib.pyplot as plt # EZHN<EEZ plt &LTHED
x = np.linspace(-100, 100, 201) # 1 m C&I(C 201 {@
= np.linspace(75, -75, 151) # b5, 1 m CT&IC 151 @
, Y = np.meshgrid(x, y)
100 - 0.01%X*%2 - 0.02%Y**2
, 10, =+, 90 m DFEEREHE., BWICETDHFZDITS
plt.contour(X, Y, H, levels=range(0, 100, 10))
plt.clabel(c)
plt.gca() .set_aspect('equal') # HRAAEEILD 1 m ZEUKRTIC
plt.show()

ET76¢, M3 LAUKODESHRORMNETE XY (ZDARDXIL, Python
THUEZREARDHIINXELZEDTT), levels=range(0, 100, 10) I&
[0 726 10m ZX1iZ, 100 DFF] (90) Tl LWHEKTT, np.linspace

0O H I X<
nm o
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. X CDDENSKRDY DEETE, MIALZSKODTELL ST EZEY
9, (-100, 100, 201) &5, —100 75 100 £FTH 201 /& (1m &) T
9, set_aspect('equal') 2Ehd L, HAEALEILDO I1m ORI NLEN ST
NI, FEROTNBDNATRZET,

CZFTTHS
G LEROMEERH. REP® Python TEIDREESEEENNIEHS
TY, CDEIE. A TESROEZENDET,

© XTR3

@ 2 DNEBORK
CZETRTEAZTBY] 0L, 22008 x, y 2HRDZ L, 1 DOEMN

REDXFEV %, 2DODEBOBEE (2 THEH) LV x T, BEROLHETZ f
L3BHLE, x, y EANTHTL %%

flz, y)

LEX (27 - Zv IR -TA] LRAET, 1 DOEHDEE f(x) (3-3) D,
Mo ZDHIIN2 DR ERTT, ERDIUDEFI 2 h &5 LEIOBEIZT
5L,

h(x, y) = 100 — 0.01z2 — 0.02¢>

T, h(30, 20) & Tz = 30, y = 20 & A& XOE] T. h(30, 20) — 83
T7,

Mo ZOHDMEFIZIZBEEAHY) £9, ZORTIK 1 D2ONRNDIEHE «,
2 DDOMWIANDFERE y TY, 7z& 21X h(20, 30) iX. A 20m, LA 30m D
Fr72 DT,

h(20, 30) = 100 — 0.01 x 20% — 0.02 x 30> = 100 —4 — 18 = 78
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T. h(30, 20) =83 LiFbMVET, X2 TlL D3 (z=20D%, y=30D
7) W78 TT,

HUEIICEAT, GMEROI LK[UBRPK[EN 1 DREDZDE, 2 DDOEHK
DT (8-0 DANT—15), 2 ODDEHROBEHIZ, RD 438D TEEET,
33T I&R-777 -REk ALILEE->TWS] LZAEZDERUTTY,

&®UA FEOWTIE Gy eyl ek ARV

= h(z, y) =100 — 0.012% — 0.02y%> EOBFHTEHETE S
x % 2 (XE®E - Python) TAT LD

ENAE 2 RO
FEERoHX 3 =3I &, BULAT

®/3 2 DODNEHOBEHD. 4:8YDERLA

O =0k, 1M

ZERERATRLET., X 80m DEEMRIE. Th(z, y) = 80 1245 K
(z, y) 22EWEDZMK TT. REEHUL T, CAREIANET,

100 — 0.01x2 — 0.02y2 = 80 XM 80 DEDR

MIEL 7= (Wi

0.0122 +0.02¢2 = 20
0.0122 4 0.02y% — 80 # /- L /=)

22 y2 Mm% 20 Th-o7-

+ =1
2000~ 1000 (0.01 = 20 = 1 = 2000)
x 2 Y 2
(4472) +_<3L62> =1 V2000 ~ 44.72, /1000 ~ 31.62

REORIE 4-8 DZHDAT, a =44.72, b =31.62 DENDTT, X
80m DEEFHRZ. HRIEITHERE 44.72m, FEILIZHERE 31.62m OZHTY,

©
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y (m)
40 :

30 |

20

10 |

0 i

—10 1

—20 1

—30 |

—40

—50 —40 —30 —20 —iO 0 1‘0 2‘0 3‘0 4‘0 5‘0
z (m)
K7 5 80m DESE (FF) &, RADHER 44.72m, BEILDOFR 31.62m Dz, =
(30, 20) 1%, 7=FAOMME (80m LYUBLA 255,
ENDEX ¢ TH, BAILIIIZERTEX 7, 0.0122 +0.02y? = 100 — ¢
Z 100 —c Thd L,

GG =1 o=y Tar o

a
LRYET, c VATV (W) 13X 100 — e BAX LY, ZHEIZRE LY
E¥, YOBXTE b+a=+0.01+0.02~0.707 2D T, E&ifE. RUF
DEANKE IR EEZTAHALEDTT,
=T ¢ (m) 90 80 70 60 50
HAD¥Z a (m) 31.62 44.72 54.77 63.25 70.71

BEALD¥E b (m) 22.36 31.62 38.73 44.72 50.00
=4 EEHBOIHEDFERE, 8-1 DERDEL (44.72, 54.77 12E) &, ZTHB5KRHTz,

(30, 20) 3 80m DHMOMMENZH B L., RTHIDENET, = = 30,
y=20%ANBL,

0.01 x30%2+0.02x202=9+8=17
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T, 20 L D/NIVDT, ZHORDEDIZ 17 +20=0.85 T, 1 LV/NILAQ
DET, ZEORAIK. EEGES, BOETT,
© VO :1D2ZiEHBE. HDSDREHK

2DDEHEDOH 1 2RESZBITIEDD &, FRYIZ 1 DDOERHDOEIZL
DET, ZeZ2E N 20m OFF (y=20) 2, HAILEF->THEL L eE
ZFET, ylZ20 2 AN L,

h(zx, 20) = 100 — 0.0122 — 0.02 x 20% = 92 — 0.01x2

T,z ZITOBIEICZY) £, 3-9 DR vy = az? + ¢ T. a=—0.01, ¢ =92
DFKTT, Wz, y=20D~ETHOETY >~ XD ODOKTT,

BU LT, EA30m DFf (x = 30) 2FdLIZEHEL & X,
h(30, y) = 100 — 0.01 x 30% — 0.02y% = 91 — 0.02¢/?

TYo IEDEXFIF EZEOBELTHONVET,

BT (m) mE (m)
100 100
y =20 T3 - z =30 TY3
83— " h =92 0.01z2 8317 h=91-0.02
| ! .
! A
60 60 N
| Y
! A Y
40 40 | %
| Ay
! Ay
20 20 3 N
i Ay
‘ i \
‘ xz (m) ‘ : y (m)
30 60 90 20 40 60

K8 2 DmtYO, ZlFdbA 20m DFFZERAIC. BIFERA 30m OfzrgdbICtI> 72
Do EB5E, £(30, 20) DLED 83m (FHRUL\EH) &S,

2O0F) Ok, ¥boE 4 (30, 20) DE (BX83) 2@VET, £NTF
TOMEXE [ZOENCEHANEDL XD, DTS 7DMEXIE THEANED &
XDIK] TT, TD2ODMEX%, TNTNHSD (BEH &) TRKDBEDMN, KD

@
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8-2 DIRMHDTT, [1D2%IEDHT, &5 12 FEMNT] A 82DV X
2D 9,

@ 3 DOEROBME . SIEE

HEORDBEEIX. KOLEDERF (x, v) I THR, EN6DEY 2 THE
Y ET, BEEZDIIAEHETIE. BMrVESENEAENZDT, XHIFDIEL IF
EEN BV ET, TDEIREIX. 300 (x, vy, 2) EAND L 1 DDA
HTL< %, 3D2DEHDEL T (z, vy, z) TT®

e ZIE, HHHEDRE ((C) 2 &X 2z (m) ZIJTHRE-T,

T(x, y, z) =18+ 2z

ZoklUET, K (2=0) 1218°C, X 1m T20°C, XH# (2 =2.5) T
23°C TY, 22D 2%, Mm EABITLIZ2°C ENB | LWSEKTT,

2 ODEHOEHTIE, AUEIDORERIE TR (FEH) 1. FU /A
3ODEHDOEHT, AIVEORzEMEDD L, THI IRV ET, ZhzH
il (22BbDHA) LVVET, ZOEET 20°C DAL, 18 + 22 = 20 16
z=10DfFENT, 20°C ODEEFEIX TENS 1m OFEIDKFELE] TY.

Yy
y

A \
~, 9
1 22°C (2 =2) ~q

20C (z=1)

EEDK (18 C)

9 £ :T =18+2zDEED. 20°C & 22°C O=fEm (KFELRME). & :
f=x24+2+22M, f=1-4-90DHER FE1-2-30K) %=, 2=0D@AETHI>
=ty .
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LEEAKELREIZRSRWEREIY 9, =& Z2I1E.
flz, y, z) =2® + y* + 2°

i, 4-13 TEAZ TRENSOHERED 2 3] TT, f=4 OFE@IE. FKAN
SDEEEED 2 /N 4, DF DN 2 DEELWEDZEDRDT, E2D
ROBTT, NIRBEROEDYDHBZIP, NILEFDOEHY DEAL (8-4)
&, FLMNSOEEREZ T TIRESDT, FEIIFIKIZZRY 9,
BFLWHKICEDS &
MBEE 2O Xk, ANBEDM%E 1 23D L, HTL3EMPb 5L 1212k
3L NKRETT, FROWUORIE, EAR (v, y) THHETIXZTA, LA (b
MNEITL D) Tld, ROMEIX THE LY TOES ] O LD RERDLWVEIZRY £9,
ZITIDETIE, EFROWZE, &I 00fF (RAEIZ 100m, FEALIZH 70.71m D72
M) ORBIZITTEZTHET, ZOL5IZ, BEHRICANT IWEOMDHFEZ, B
DEFEHE VVET (3-3 LRAUZ LIE),

EEENZVNTHED KEOBHESHSDESSH

R? ECEBEINLBER f LEH c izl {(z,y) | flz,y) = ¢}
 f DEERR (level curve) &\, 3 B F(x,y,2) IR L.
{(z,y,2) | F(z,y,2) = c} 2%AiH (level surface) &\5, FA%K

z= f(z,y) DZZ 7%, zyz ZEIANOHETH 5,
ROTRZ21(E. 2 DDA (2, y) ZLEEHED (FE). [{(z,y) | f(x,y) =c}]

[ Tf(z, y) =cllRBDR (z, y) EZEHEHZED] 5T, FEAZ [FAL
Hl EL0FEHD, FEED level [F IBEIDKE], 7S5 TIFMmE] (F. ZD
BEOENIAED &,
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2 DDNEH DR E FEHR

c2D0DH (z, y) EANDE 1 DOBEBRETLSZEFYZE, 2 DDOEH
DB f(z, y) EWDo B CDHRIFIEENKE (COFTIFRMNE).
- AVEDRERALBEDESR. R f(z, y) = c THRED. BTDOER
SERIRNDSR WO DFEOIEFRIFER.

-1 DDEHZEIEHDE. HDO5D 1 DOEHOMEE (F1V0O) (CR3,
*3DDEHDEE T (z, y, 2) Tld ACEDSOEFY IFE (FiEm)
1275,

.

[ @ CoBTHTSRECER

2 DDEHDEE 2 >OBEAND L, 1 DDBENHETL %Y, f(z, y) &
&<,

EF5iR ALEY (AUHE) 0fE2EAZR. REROSER. [BEOSEKEAL
e,

BHAE BOFHSREDIZETALAER, 2 O0EROERD IS 7 (HH).

V0O 1 °20Z¥E2EHTTXS, 1 2OZKOE, Lz ~TOETY > =,

3 DODEHDRE - HHEE 3 2DET 1L ODEMHE5XFY, BUENENESE
Y () AEEHE.,

B BRI ANTIVE (Bofl) D#iFH,

HHTHT=E 8-1

SmHH TT - TYvIATA
Bk 2 D0 =, y AN

e FITHTLS 28 (2 2D
f(aj7 y) ZEOBE) . IBEBNKE

HEE function of two vari-

ables
\ J
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@ FIRETIEULHIHELS

m FIEE1 2 SOEROBEROE N

EBDW h(z, y) = 100 —0.01z% — 0.02y2 T. h(40, 10) & h(10, 40)
2RO, LH5OBHAENELEL &,

MoZD12HM x (F), 2200y (). ZhZhRIZA
ns.

y (m)
50

40 |

30 |

20 |

10 |

z (m)

h(40, 10) = 100 — 0.01 x 402 — 0.02 x 102
=100 —16—2 =82
h(10, 40) = 100 — 0.01 x 10% — 0.02 x 40?2
=100—1—-32=67
h(40, 10) = 82, h(10, 40) = 67, 3~ 40m - 4t~ 10m DFF
DIE D HE
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¢ ULRATECS 1

EBDIT, h(50, 20) & h(20, 50) 2K, b 5DEHRNEONE
2FL XD,

.

m flE2 XRHAEOREIL—73

#£2DEHI1Z, B21Z =100-0.01*%B$172-0.02%$A2"2 & ANT, G6 %
TI¥—ULELA, FSICA->TWSRE, FEDEEE2EL 15,
$ HIDVAFT (11780 - AFD) FEHT., DVTVRVFTZFA

A B C D E F G

F5 1k EEDF1 (2) &
BE#D A5 (y) =&
5

10

Y

D o0 B~ W N =

F5 O F 20T, B$1 X F$1 (F1 1% 40)
7125 22D T, $A2 1% $A5 (A5 i% 10)
100 — 0.01 x 40% — 0.02 x 10% = 100 — 16 — 2 = 82

=100-0.01*%F$1°2-0.02%$A5"2, fEld 82

.

¢ ULRATEZS 2

FURT, D3IZA->TWERE, DIDEZZEZEL £,
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O FIFE 3 HEEORETZHDER

EFROWLD, & 60m OFEHRONZE, RDOEZHDOFIZER L. RAEAD
$Ea LFILDFEED EROEL &S UNMNIE26FT),

T\ 2 y\2
(3) +(3) -1
@DFIE, h =60 LBVTHEL., GIMN 11245 L5 1b5,
y (m)

40 1

20

0 i

—20 |

—40 1

—-60 —40 —20 O 20 40 60
z (m)

100 — 0.012% — 0.02y? = 60

0.0122 +0.02y%2 =40 (#IEL /)
22 2

Y .
= 7] © z
1000 = 5000 1 (@d% 40 Th-o7)

a =v4000 ~ 63.25, b = v2000 ~ 44.72

HPEDHE 63.25m, FALDERE 44.72m (a = 63.25,
b=44.72 D7ZHA)

-

¢ URATECS3

EFROWL®D, HX 90m OFEHRORE, HIE 3 LRUEZHOMIZER L.
REDHERE o LFILD¥EED 2ROEL &5 UNEE2H/ET),

\_
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M fIRE 4 ZESHEORH<H S, IROBIELEAS

FEDILT, 70m DESHENS 60m OEEHRETHFEHDIES %2, EH
DL X LENED L X TRD, EHLONENEZFEL LD, FERIE
FOME (7T0m : a =54.77, b=38.73, 60m : a = 63.25, b = 44.72)
EENET,
EX=BXDZE{-HEBOEY (35, BIDELIZ. LH6%
10 m,
=N % %

A —

JEENSDEERE (m) ?m

B EDEYX 63.25 —54.77 = 8.48, X 10+ 8.48 ~ 1.18
it BEDE Y 44.72 — 38.73 = 5.99, X 10+ 5.99 ~ 1.67
BIEH 118, b3 1.67. dLAEDRIFES BE

.

¢ ULRATECS 4

EEDILT, 90m DEEHENS 80m DEEHE TOEHDMEX %, HiE
NEH L X LEIAEL L XTRD, EHO0ENEZ2FLES (90m:
a=231.62. b=22.36, 80m : a = 44.72. b=31.62),

\
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m BIES &RHOSERROBAERDED ~

£2D57H (y=10) T, 85m DEFHINED = 2, LHRVDIAD
Mz EoT<SHATEOEV EL &S UMEE 1ALET). &/ ADoK
DAL DNE /1300 ~ 36.06 L 5REL &5,

ONFIE, 85 2IEXH 2 ODT A& XML, HTROE 3,

=< (m)
89 ...
85 """""""""""':::' ;; """""""""""
82 e
o0 CCERDDD

30 40

r=30T89, =40 T8274NDT. ZNM%ES
10m T89—-82=7F»5%, 85 £TIL89—-85=4 T3
x%30—|—10x§%30+5.7:35.7

#135.7m, AYDME 36.06m & DH AWK 0.4m

\_

¢ ULRATECSS N

£20D317H (y=30) T, T0m OEFEEFHINED ¢ 2ROEVEL LD
UNBEE 1RIET), F/z. AYDME V1200 ~ 34.64 L < 5XREL &,
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o BIE6 t1vOnREK

FRDILIIDOWVT, ROBWNIZEZEL &5,
(1) 4t~ 10m DFr (y = 10) TERAICY > Z8) ADxXzkd, 2D Lk
TEINZ2m IRz (x>0) 2RDEL XD,
(2) AN 20m Off (x =20) TREALIZYI> 281V ODR %KD, £D L
TEINT8m IL45 y (y>0) 2RDEL &I,
QD FIE, EDAEXFIEEANS L, FYOXFEITORIC
25,
(1) h(z, 10) = 100 — 0.01z2 — 0.02 x 102 = 98 — 0.0122
98 — 0.01z2 = 82 75 0.0122 = 16, 2 = 1600, = = 40
(2) h(20, y) =100 —0.01 x 202 — 0.02y> = 96 — 0.02y>
96 — 0.02y% = 78 75 0.02y% = 18, 2 =900, y = 30
(1) h =98 —0.0122%, = =40
(2) h=96—0.02¢% y =30

\.

¢ ULRATECS6

EZDIWIZONWT, (1) y =30 TH-Z0HODHKEL, EIN 66m
5 x (x>0), (2 =40 T~V ODRKEL., 53N 66m 127
5y (y>0) 2kdDEL LI,
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O BIRET7 3 DOZEHOEKEEiEm ~

ROFINIEZEZEL & D,

(1) MEDBREMN T(z, y, 2) = 18+ 2z (C. 2z IFEMSDEY (m))
DX, BY 15m DEEL., 22°C DEERE2ZFZEL &,

(2) flz, y, 2) =22+ Y2+ 22 D, f=4 OFEHEIZELARETTH,

OOEz., SEHIF [ZOEIIRZHELTEDEED],
EEZEN S REK

Kt 2=25:23C
--------------------------------- 2=2:22C

--------------------------------- 2=1:20C

z2=0:18C

(1) T=184+2x15=21, 18 +22=2275 2=2
(2) 22 +y? + 22 =41% TREANS DD 2 TAY 4], BEEEL 2
(1) 21°C, 22°C OHMEEIX, K75 2m DFEX DKFEAE
(2) FRRzEHLET S, ¥F2 DEROE

2 LRATETST .

(1) SEDEBENT =17+2.52 (C) DX, X 2m DEE L, 20°C
DEEEEEZEL LD, (2) f=a2+y>+22 D, f=25DEEHIZ
EABETE N,
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M fflfE 8 RSHDOEEHORIN<

XEEOEEMHIE 4hPa T2 IZhVTHY £7, HiS A TR LAY D
FERE TOEREA 200km, #i B Tl 100km TU =z, ThZh,
100km & 7= V) KEAMA hPa b2 0 &K, EHRLS 2D DTVDIEE
LONEZXEL LS,

LERIT. REOEER. MOBMIEEVIEE, SEDEDY H

(X)) AKX,
1012 1008 1004 1000

200 km
Hoe A 100k ‘iﬂz,.ﬁB

A:4+200x 100 =2 (hPa)
B:4+100 x 100 =4 (hPa)

A (3 2hPa, B % 4hPa, KEDNEDHY HMNKE B DIEH HY
AR 72 D g

¢ URATEZS S

4hPa T DFEFEHF T, HiE C TlXED 250km, #i5 D Tl 125km
TU7, 100km &72Y) ODKEDEALE KD, ADELS 2D RTVDIZE
H6NEZEL &I,
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A FERZPTLNECS D

@ M2 CDHRDIEFEZANHDZD

X h(20, 30) ix. B~ 30m. LA 20m OFFDE X 2H 5 83,

O h(20, 30) i&. B 20m. 4t 30m OFf, 100 —4 — 18 = 78,
Mo ZD12DMx (BB), 2200y (db) TY, EHRDOLILEF L FEL
THMBLNI DT, ANPLD LENEDY £,

N
A FERZXPFNETS a

@ FERMIRNBHERES

X 80m DiFE 90m DIEDN, H S HTRDH-> TWVWAHHIFE ML,

O BEIDLMNIFEMRIE. RDSZA,

1 2DOBFRDOEIIE 1 DT RDT, HEIDHMND 2 KOMAHEU R %@
5ZlidHY ERA (RDHET, AULBIDMNAXDBITRD I LiE &
WNKIZED L &R D),

(
.




8% HB1E <TADEHDOWMS

A FERZPTLNECS

QA m DN ERBRNTHAS

X EOBAEL 5mm Z»n6,. 2 DOOMKDRDAXIXEL,

O 10m JrnHiE 20m Z & DT, BUHEMN T, 20m &
EDIFDIN2EA,

BROAI THIDE-HEOEY] TY, HEOMER (3-5) &. AV m

TeNDOEE = ENDET,

I(

A FERZPTLNEZS

@ SHARDEMNTTHERY S

X BPHART, FHIDRPRESRZENS, FHINR.

O AT FESKROMEMN <, ATHAND,

ERARIK, REESIZE->T, AURTERIZERAZVDPEPONIZRZ
OUET, M2 3ERMSRAKTTN, RLIZRLDIIILLEDIRK
T9,

o
A FERZRTNETS

G RDITDBSZILDETERS

X R2T. fTOBFBNKEZ 6 THDIE D ML,

O dtz EICHiNRE=DT, FTOESNHRIWVIZEE, 6 T7HIE y=0,
RAEDITDEBIEITASZETH, ZORDRTIK, #HKEFEUL<IL%E
HIZUTOVET, AFD y D E R THENIDET,

-
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$ MNene, C3TIC2 B3 2FHATLEW, o & y TIERL, IEHD

RADEFI&fF->THELTLEVET,
\ J

& YR - TETIECSES N

XEH : EFERIEREOEER

REEOMR (ZEMR X 1 EOKENRA U EKALKRT. REDES
BMTY., KEFOREXTIE, 4hPa Z2IZHIWEE, 20hPa Z 2 12KV
THAVTHY £T, EERDOE-AFIFE. KEDEDY FHNAXL,
ZERe T HNENDT, BAAGES R £7 (8-4),
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) 2owc. 130, 40) & h(40, 30) KD, EHSOBFAEIEL

L5 (@FIRE1)).,
B 22 E2iaoTvaRy, E20fErEaxL x5 (@FE2)).

B :zown. B3 10m 0SERORE ZHOBIER L. REOREL
MiOEEERDIL LS (MEE2ET) (@FRES).

O cowc. 60m OEEENS 50m OEHEHE TOTHOMES &, B
HYENTRD, LbonanEzzl s (60m: a= 6325, b= 44.72,

50m : a=70.71. b=50.00) ((@fFIzE4]),

B 220450 (y=20)T. 90m OFFEHEHES « &, LBYOVADME
EFOoTSHATRO2EVEL &S UMIEE 1 1ET). AHDfEIX v200 ~ 14.14
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58 TEN 1A ODFELRALICRY, BEEEOWAINEDEE[EZ FT, HEY
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¥9, WOWIE12TEH., YBAEIZEST, bHBSHWEMHETL BDTT,
ENSIRODZAXE, MIIZE-2THENNET,

O EROBN< T, 2 DDFREHD
o TALD Tl HKIDOLET, P 2BE2HADREEFEILDIFIZZE- T, F5
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LLEUTY, MOETIEy=20DFF., z ZINEDLEINSTT,

HEOR 85m DESMHR 80m DFSR Ik 1mbiY)
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&1 OVOTHLOIDFmAEY . 2 KDEFESEOBD. DR (5-1 DFIDES EFAU
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[ @ 354 WLWOHEE TR0 O]

E L HEFEOMK TIL. FE5/#IES25 10m 28 F5F2D 1D
) IZHADPNTOET, BLDOANE, EEROOFV HERT, LI
BREYMNEGALY ET, TE, HHIFID L THRDZDIE, W28 [HD
RRIZZ 572K T, HADRRZIZ > THROITEDIR, FEILDIRIZZ->T
FOIXILDIR, ZOETESMEBS L. 2D [FRIZE -] IT&FTED
. RCTEHETXSL5ICULAZEDTTY, 84 Tlk, 2 2DREMAED

BT, EDAEIPVBIFARNERDET,
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RDET. RERT\ED

© RDFICEOTE, FICEL>TE

8-1 Tl WDBEI=RFAEDRIZLUEL, 5 (£ 2) PERD z, 17 (£7T)
WD y T, MIKEFEU LSIZ, b2 BIZTE2D, EOFIFE y AAREL
B5EDITHNET, POEDLY &2 1m JEIFHRLUAZRN. ROKXTY,

D4 =100-0.01*D$172-0.02*$A4"2
A B C D E F
1 y\ 2z 28 29 30 31 32
2 22 82.48 81.91 81.32 80.71 80.08
3 21 83.34 82.77 82.18 81.57 80.94
4 20 84.16 83.59 83.00 82.39 81.76
5 19 84.94 84.37 83.78 83.17 82.54
6 18 85.68 85.11 84.52 83.91 83.28

72 FEROWDEET (m) DR, 11T7HIC 2. AFIIC y ZAN, B2 IC
=100-0.01*%B$172-0.02%$A2"2 E ANTERBAICIE—UE ($1X. JE=ULTE 11T
& - AFIEIRUIZEFICT DHD) ., BR/N—IE P(30, 20) DY X D4 (EE) DR,
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bz EIZUZDT, [TOBEBBSNKRIWVZLEIZRY EY, ZOXRT, P (D4,
HE) DORN1ImEL I RAUTFOARERY (B4, AL YY) ABIKZ
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RETELR S, WODZEL =E4-D4, FhDZEI =D3-D4 L ANZET,

82.39 — 83.00 = —-0.61 RN 1Im: FAUGTOEERY - P
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BEAN1ImESG LK 0.61m, kAN 1mED LK 0.82m THY 3, FEGEHEHN
SEiAE —0.62, —0.81 LIEFAUTTY, @ETE? 0B £9 515
Y1m S &, HiZ0.61m, dbi% 0.82m TA3%, dLDIEH>H& T,
KELZDIZ, [FIZZ2>TE XX y BIEFS>TOT, FZZoTHS L EIZ o
PIEFO>TWVWBHILTY, RDLET IfTIZE->TER LD FIlE>TERL
51 ZEMW, NENEIEDTI1IDETENT] ZLRDTT,
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JEA D FCEFS>TEA
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8% HB1E <TADEHDOWMS

o HDIR B30
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%, LDIFHINRE] LY ET,

BERYDETREFEL DL
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5hd),
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Python T, RDEZED

KDEL, Python TEFHETE X7, ReKz—EITHEL. TIlto4E
LI ZE SR, FLOTLEYET,

( m

import numpy as np
np.set_printoptions(precision=2, suppress=True) # /5 2 {IXTHERR
x = np.arange(28, 33) # A 28~32 m
y = np.arange(22, 17, -1) # dLHSEA 22~18 m (MEERUAEET)
X, Y = np.meshgrid(x, y) # NAZED x & y DR
H = 100 - 0.01%Xx%2 - 0.02xYx*x2 # FRDILDEITDFER
east = H[:, 1:] - H[:, :-1] # AERY -89 (TICEF>TEH)
north = H[:-1, :1 - H[1:, :] # EERY -89 GFICEF>TE)
print (H[2, 2]) # 3176 351sH 1 (30, 20) DET
print (east[2]) # y=20 DTN, /A1 m DE
print(north[:, 21) # x=30 DFID, LA 1 m DE

- J

RITHRER

83.0
[-0.57 -0.59 -0.61 -0.63]
[-0.86 -0.82 -0.78 -0.74]

np.meshgrid Ik, RDOI AT LIZ, ZOYAD x & y 2Nz 2 DDR%EE
LETY (8-1), HL:, 1:1 & 27D, 2FdN6E], HL:, -1] &
[£IDITD. WHIFABEDF| ZRNZED] TT, 2220< &, EDYATE
(G2 —H2) 128Y) £9, Python Tlk, 7LFDESE 0 NSHZ50D
T. H[2, 2] #RD 3T 3%, DY P TT,
217D 4 DDEIE, y =20 DITT. = N 2875 29, 29 15 30, 30 05
31. 3156 2ANEALLEZDETT, PHORNEDERR. 320D —0.61
TT, 317D 4 2OHUL, = = 30 DFIT, ENGIEIZ y »¥21 26 22, 20
NS 21, 19056 20, 18 06 19 NLITEAZ L XDETTY, P odbnED
ZiX 220D —0.82TY, £b56E, RTKRDAZELRIUTT,
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EORY Az 25T, Pz, y) POERN Ax EAZ L XDEHFDRZ, 1
TEOHELET (5-3 LRIU®YA), y I ZHADETRUIETT,
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BN Ax BAZR (y i

h(z+ Az, y) =100—0.01(z + Ax)? —0.02y>
e+ Az, y) (@+Aop-002?

h(z, y) = 100 — 0.0122 — 0.02y> EEDH

EDOHX-TDA, 100 &

#=-0.01(z + Ax)? + 0.012?
—0.02¢y% I3 2%

#=-0.01(2zAx + Ax?) Mo D 2 FhFN
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— =—-0.02z — 0.01Ax
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Az 2 01T RGEDITS L, —0.01Az X 0 ITEDK DT, EOD
RKix —0.02x TT, RDOOQD ¥ FVY] LEAUTT, Az =1 D& XX
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3fFHT, —0.02y2 WEZAZZLIZFEHLEL &S, y BIEEF>TWBDT,
—0.02¢2 1%, EDFHERERUCHMTT, IEEF>TVEIXELEITOERIE. OXF
HTHASDTY., 2FY. SDOHIDHLFEAUT, MHT2L 012N FT,
BRIE S

ZDESIT, EPDXFERIEDT, 1 2OXFEIFL2HMLTHAITES L
. WD (NATRA) LVnET, MR Ik ks LWSEKRT, 12
DEAXIZZ TN L > TENTHD, LWVWS LT,
h#ax CRBOLEZEDE, RDISIZEXET,

(y I3 EDHTEL)
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{ ox Alggo Ax
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WIAEIK &, IREIMAC LAY 9,

EENRZAVTVNECREFIVY

A FERZPTNECS D

IEHEXFETHOT D

0 o\ _ 2
X 8_m<x y) =2zxy+x

0
@) 8—93(3329) = 2xy
x CIRMDTSLE, yldibFzo/-8TT, 322 OWHD 62 125D L
BUT, yidcHUZEE, BOWMODESIZ y FTHMOLTIEWITZ
TA,

N
A FERZPTLNEZS ~

-

ESHEXFREITDIEZERT
0, 2\ _ 2

X %x(:c +y?)=2x+y
O 9 2y _

O 85c(w +y°) =2z

x CRMADTDLE, 2 1308 TT, MeMaddL 0TT (5-4),
®ODHEDIKT, —0.02y> NOZIHETHAZILERVHELEL &5,
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A FERZPTLNECS

d& ozFtED
2 s~ dh
X h=100-0.01z% — 0.02y* T, de = —0.02z
xr
O @ = —0.02z
ox

hiZax & yd2O00EHDOER DT, [y 21kd] ZeWNbhd 0T
E2xF9, PVODORh=92—-0.0122 DL ST, BEMN 1Dk
RS d THhEVERA,

A FERZPTLNEZS

I(

ENRTOfED

X FEEOILDEMIKIE —0.6

O (30, 20) TOERDIKIE —0.6, HDIKIE —0.02z T, HFTTEDD
RS OMEIR, RITEIZREY £T, @DROMED L SI1Z, ©=—-20 T
404 (EVIR) TY, EE2E22L XX EOEDENEKRTEX X
L&D,

o
A FERZRTVNETS

PEDREHIEMNTEND
o . _
X B sin(2z + 3y) = cos(2z + 3y)

O a—i sin(2z + 3y) = 2 cos(2z + 3y)
sin DHFE 22 4+ 3y & © TEDLBZNDT, HF%E x TRMD L/ 2 2T
9 (5-6 DAEBBERDOMD). y TRMDT DL XITNTEDIE3 T,
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A FERZPTLNECS ~

2 EIDEMAE 2 REEEMNZD
X f=z?yT il (2zy)? = 4x2y?
Y Ox2
82f B
E; Eﬂ;'—-gg(zwy)—-ZQ
87{ D 2] 1% 2 ERESTEENSETE, 1EDOELE 2 ETS
2
DTEDY EHA (550 % LREL).

N
A FERZPTNESS ~

.

ROEDEE

X DRz, RO FEL) —B2] TRDD

O deoiRid TEEZY -89 MEEEUL, EA4L)

ZDEDERIZ, bz EIZUT, EDFIEE y HRELZD XD ITHENRTY
F9, TERY VLKL, BAEAZEIIRY, AEMHEICRY ET, R
2EBL X3, LoD ELTHENDEL &I,

Ve

Q 154 BEROERE TFHZELEHD]

INEZ B EDHEBITIE, S IN1FETLIREEZ, SHIORY -8
DEY - SNHEE 1 DFOEXTHANE U2, ANV ERITEE X,
ENDERMEIZTAZTHELERTT, EULRILEIZ VL LEIIEZL
5. BRINED S EZDONESL SDFVRDN, BRSRR>TUEVE
T RHDIE. 2D M1 DOFOEZTHEANS] 2, RDETHITS AIETY,
ZUT 83 Tld WK O2EDRENRRIIED> L XDEE, 107
DIANAER (RHS) 22ZLabEhERkDENE L 2FTET,
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& YR - TETIETS5ES

@ KkDFEHL, KEHES LD (P h-12)
BNKOFTIE, QD &5 IZEDRHS1E 0.

O _ Ly TF. AUES RS, PITERAL .

Oz
EHTF. KAOHRIL. EOFIEL K% AE T

NeZlF5DT, TIFEES/ESNTVET,

DN AR (EEE) TKEOEINTS
IDE., BEDENIZEMND D LKNRNTER VEWE LA X < g
BITMHTY,

@ D [DV) 2, TXNVF—DREEHTRDS (W H-11)
KENS, A (ky = 100N/m), £ 1, 1E

A B (kg =50N/m). &2 DIEIZD3 L, & A

112 F;,=2N, f2IZF,=1NDOAH%THA .
XTI ET, BRARF +F,. 3hBi “f%
P;@tfﬁ@ﬂit IERIC 2 E BT RLF—

I3, @Um—n—& hﬁ(5ﬂ)tkﬂf§£ ﬁf
&@T\é%f F

(Fy + Fp)? n F#
2% | 2hkg

fﬁ;ﬁ;&i@fﬁg?ﬁ%ﬁﬁétﬁ3+%::3 =0.03m. F,

Ky 100
B+F F

ka kg

U =

2IEDT F, CRES TS L

WMAdTde. TOHDRDEEITRD |, TNPYHE 51-11 DART 4

7,

=0.03+0.02=0.05m
TT, ZHE R1EEH2BTREEY (R ADDY, h A&
BoOOUDHM) V-7~V EIUTT, NEMDHZIEDT 1 ODHTIR

Y7 —)DEET, BDIXY)OEHADZDODAZFETEDIZFEDN
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& M - TETIEZS5ES ~

® LSYIVRRD [HEIET 5 H]
AR BPRNY AVOFIZIE, FFYYRAEZ (MOSFET) &5 EEA
fA+REEEA>TVWEY, NIV IRZRER/RNDER I X, 7—h&
W AADEE Vg & HOBIDERE Vpg D 2 D THRE S, 2 DDE
WOBBTE, Vo &1EDT Vg TIRES L ;égs SHEaY 22
BUREVN, AODEEDNI BEE, ENZTRELERDOEL

IZTE 50 (BiETSH) 2RULET,

® BHOWEEROIIS
FYRVEEIE, NS B (ER) OBIS X

I 2WNR/=RTT, S XI5 (2, y) T
REB, 2O00FBOEKTT, QAL
X, BOFIZF-T TEERY —BES R

DNEELDL, YDSL (S INAIZE ...
20 20 20 200 200

DB TRIREIBEIZZRYET, Zh 0 0 180 0
3 90 EROETHBE > EOTT, O BB

. oI TOf : 5EBY -BES
IZZ->TEE X 3y TY, WATDY

v hNEDEX, BEENEROAZE RO
FREHELLIZ. ZOEZFMEDOATY

i—a—o
@ k5t BE) : &2 1 29F2F2 53

BCEREIR 2G5 L & 2ok (BHiofE. EF) 240
BAl6, MEBRENETEDEN] 2HNET, EPDFEHEZIEDT

12 EZZEZDEDY ., 2EVREHSEBREL VO ET, FiIE
oP

7®5v:4“UV%@£??Q@E@k%mﬁﬁﬁa\Tm&wcﬁ
DET, W DEDREMVRFIZThZL XX, 8-3 TEXET,
- J

@
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v EX[ERE 82 MFE &

=%

8D =zowo. K (20, —10) DELYOEX (m) DETT G ., 745 y),
(1) BLiY - &RV EDET, (2) MERYDEEZ 2 TH->T. (20, —10)
DEDK L IDFEE RBE YV EL & 5,

¥\ T 19 20 21

-9 94.77 94.38 93.97

—10 94.39 94.00 93.59

—11 93.97 93.58 93.17

a flx, y) =223y — bxy? + y IZDWT, of & 9f ERODEL &S,
Ooxr Oy

B =zown. & (-10, —20) o O Oh wskay, D L % LbA

Oor Oy
EDEZIDRODEREZEVEL &5,

O somsE. 2oy TRERESLEL LS.
(1) f=e3*siny (2) g = sin(x + 5y)

4,3 azf 82f -
B -0 o Bk 200RED 2 EORHHNELN L
EHENDEL &S,

B 7z v ) =Py 0T 300mEESERD. K (1, 1, 2) TOM
ZEELEL LD,

.*ﬁp——[WJf V=100, R=200 %0 2L » 9P wgp

oV — OR
BEESVEL LD,
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FrL2Y

B 5100 b = 60— 0.012% — 0.01zy — 0.02% (m) . £ (10, 10) TO
B, HOR, KOREROEL LS, BT, 25 5BATTH,

2 3 o*f O*f , . i
B -- VD o g & 2OOIRED LAOEHA EROEL £ 3.

) =xosoENE p = p, — 1030 x 9.8 x = (Pa) (z LM%, m, ¥k

@lggéﬁw\mngcéaﬁﬁ

DEEE 1030kg/m?® ¥ Lk) TF, P,
Ooxr Oy

MM Pa ENEMMEBEZEL &9,

(@ SAUHEY TEBLSICHORAER?
(] SEH0BOENS, HORL DR EJ 2 1253mA L ND,
> 70 R—I
L] E2&kdT 1220 EB» T RBI EHEL. ATOEDERES
A5, > 75 R—
[ 2 EDm#HH 2FHE L TIERIZE SRV L E2HEND, 3 DDEKD

2IFZ 5, > 81 R—T

RO LALDIRMBI 2 (20D > 721, 8-3 Tl RBRDITEAL L X
DEDY /e, D2 2DRMNOMANLTS L,
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E£ 18 E<TADEBOWMS

WD :

DUENWZESDEIL

@ EL3A Cosomic (344) @8 ED ED Eh € @) G

or=tnr Al 5-4 | 8-6 | 8-7 ] 8-13 ]
- N
@ COETTERLSICRBIL
o BIBDIZDUEARZ L XDEM,E, ROBLLIDEDZL
BTRELND,
o 2T, ELDEL., I 2EDTHh EE) DizbY
FegtETE %,
o HEAE L RS 2 W2V ILTHEFE-T, ohRy b
DFOEFXPEBOMHER (YaLT7Y) 2RkdDEND,
. )
@ 1gTr?
8-2 T, E&NID P(30, 20) Tl A1 m AR
EDIRH —0.6, DA —0.8 2L ? 9
Hnry £FU 7,
T, PHASEA1ImM, dEkAN1m, o 83.00—» !
FVAEANRLZDITEL L, BXIFE P(30, 20) RAIm
NEFIEDZTUED. 2DDFNS,

RO —0.6, LDk —0.8, JLED~
HETTECTIZTL LM, a7

8-2 Tl NENZ DT 12 FEMN T Z & T, HDIFEILDIRZ FI % 123K
DFEUE, T, RYBIZILEHLS & XE, BEAICABIEG ZENFLAET

o
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T, BAY FOFilE, BEOUNRARIZEY £79, THTIEINSBREOE I
ETORIGHEDOREIE, AKIZALT2TATHET,

© /4 B

WhE%E, BRedbic BEOUM HREET
FERFIED FERFIC[E] D LLFDOIIND

1 WDEDEN, BARFICDUT DENDIHMH.

A Po>THEDS BRBHDYINDEE, RTHANELD

8-2 DERDILDRNS, PDELYD4AXAZITEMOELET (117

DIZED z. AFNZALD y., k),
@ P B3) »oEALITR (C3), %

=C3-B3 Rk L 5., A = c
O C3»5in1vR (C2), % A 3

_C2-C3 RDT. DEFTS, 2 21 8218 8157
€ P roitENT R (C2) ADE 3 20 8300  82.39

- . . B2 12 =100-0.01%B$1°2-0.02%$A2"2
=C2-B3 &, @< 6RXR&LS,

O =01 —0.6 LALDIK —0.8 D]

—14r%, <&,
\ J

Di% 82.39 —83.00 = —0.61, @£ 81.57—-82.39 = —0.82 T, /=3 & —1.43
TY, OQDILENDT AL DEE, 81.57—-83.00=—-1.43 T, Qr F->%~<H
UTd., @D —1.4 L%, 0.03 LAV EHFA,

AN, C3 ETavr— (82 LEILR),

P i3 B3 (&),
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ZDETIE, WD2HDEDREKIZDAULTOEDL-> L EIDE{E, 8-2 DR
R EMAEDETROET, B2k, LTHEER [LUE] T, T0EL
BEnG, BETETHERLZ TYaiTlofEY ) EHTXET,

KKK K KRDETTA, [HTHMNS] [FTHNS] DEIL. 8-2 DIRMS &
EUE - DIEZITHEDD EHICEXZ U, [RTh2S ] OBIE, 1ETH
MO THERELRTT,

@ BLEZES CosTES. BICRARCE

B FRHUD:E»21LEDT 1 2FTH»LTHMD TS, RO
h = 100 — 0.01z2 — 0.02y% ™ P(30, 20) Ti%. HODIK —0.6, LD
—0.8,

&) EVEE (DLOZEL) 26, BRUEBNIRETEMTES Ay~ f/(z) Az

@ crmons: Y- P @wREoncy. BaETEAIR).

OAy hOB L, = 0.30m. Ly, = 0.25m. 30° - 45° : FOEE p = Jb, 1
FIDIZBZT. 2FIDIFOURITEEIL 2L XDFOHEE,

FHRTEEOER, TRy FD det J = 0.0530.

314 TEERZE I EDIESDXE 1 DOBMTRLAZED,

O BE0EL

@) RRHDEIEE, REALICHITFS

o BRIEDITETC DL, FAEATHSIEANETDERU
PNSALED Y AN, BEDIZEF>TSEATE, EA LI AEATH»SIEA
1 AEATEH, BRBIZEBHRIIFEILCTYT, SXIBMAITCHRELZDT. B
WRIBADE XL, EDERBEH>THERUTT, 06, RRDODEIE, B
DESIT TEADE] & THADEL] 22T, ZLETHIEI VD TT,

@
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Q 77 1 81.57 — 83.00 = —1.43
(—0.61—-0.82 £RAUL)

82.18 81.57
@ 4t 1 81.57 —82.39 = —0.82
-~ (z = 31 DFT)
P 83.00 82.39
_—

@ A : 82.39 — 83.00 = —0.61
B2 RD4DODYR, BEHOEAL (BSTTDRMR) 1E RADELE (F) CIADE
£ () DRzUVEIS. TCo7zUHELL,
DI, Qr@nThENE, 82 DIRTREBEE Y £, 82 TEALLISIT,
AN 1m#EAZE XDOZEMIE THRDOKRX 1m| TREVWEZWROONET (5-8 D
[DUBENIED, ENERUTT,

ROMXBEANEALZRS (K
%3 —0.61)

HADZE ~—-06x1=-0.6

DX AEANEALZRET (K
%% —0.82)

~ANDZEfL ~ —-0.8x1=-0.8

RI2DDEAL ~ —0.6 + (—0.8) = —1.4 20% 77 (RYi% —1.43)

@ITHE? &AL [HORXEANEALEEX +HEDIRXENEALZREX
T, BEZF —14, 2V 1.4m TH3 (K% 1.43m)] T,

PLIND. 2 DDODIF

ALEDE —1.43 £, 0.03 ZIFHBVET, DIFIE22HY ET, 1 2D,
IRBP NSIERNZEDULTOEDEILTYT (8-2 DIROMIK), 1m #ELH
WZIZ, EORIE —0.6 125 —0.62 IZED->TWE ET, 2 DDk, @Dk
D 1#&iE. P DFI (x =30) Tld<, BALIREARLT] (z =31) THW
TWbZLTY, L6, ORI ZEI TR NIV ET (OTHE
DET).

®
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O LOEZE. INBESBIREHD

HERIFALNDIZ, RERFESIZERAET. AU LS, > &ZILDEE, P
DI IELZITERNE, FORREALREET, TORDN-0 XX, HOIR
LIEDIRD 2 >THREY £7,

A 1:-0.8
% St S R P ERUSTOFE

BA L, dEA T
—0.6+ (—0.8) = —1.4

BA1:-0.6

B3 PDESD, ESHIR (o MDLTIE. A1 EIA 1 DELELT £, SLEROH
EDEAIC T5&SE] 183 RROZDIFE>TENS),
SESBIROETIR, EAEL L, BALZEIICHAILTTNY (EX —0.6), b
ANEDEHBHILTTNY £ (EX —0.8), A Az, b~ Ay EAZ L XD

ZAbi,

Ah=—0.6 Az +(—0.8) Ay
T, BROERS T2V TT, APDOLDEIZD U > TWEDT, iREDT
NOREF, AUThET, TE, PIEVFRIZY, WOmEERIZEISERY
=
D%, P TOEEHE (Eo N\DA) EWVWWET, F5ET, HFIIVHIE
AELKZIERE R L XTE LA (5-3), HRED 2 Rothk», HFE T,

SELDSEY &, BEDEDY S

O ELRTZE<T L, EFEAEALETRRS

HRIZHICERURY d ZIT#EA THEHDIRX d +LDIRX d] OFFE L, AY
DEALE K 6RET, RFETE Python TEFETX 9, Z 2Tk Python
T. d%1, 01, 0.01 2ELULTHET,
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( m

def h(x, y): # FROWLWDET (m)
return 100 - 0.01xx*x2 — 0.02%y**2
for d in [1, 0.1, 0.01]: # BAEIAL d m ED

approx = -0.6xd + (-0.8)*d # RDIRx d + LDIkX d
real = h(30 + d, 20 + d) - h(30, 20) # AHDE(L

gap = real - approx # INn

print(d, round(approx, 6), round(real, 6), round(gap, 6))

KITHER

1 -1.4 -1.43 -0.03
0.1 -0.14 -0.1403 -0.0003

0.01 -0.014 -0.014003 -3e-06

def l&. BEATCHEHEZ/ESEXHT. h(30, 20) L THLHI 83 MR->TX
F9 (33D TANDLHTL %)), round(--, 6) 1N 6 AL TIZHDD
A TY, -3e-06 I —3 x 1075, 2% Y —0.000003 D £ TT,

EOCRT d
(m) T (2 DDIR) FHOEIE In
m
1 —1.4 —1.43 —0.03
0.1 —0.14 —0.1403 —0.0003
0.01 —0.014 —0.014003 —0.000003

#1 dz §ICIBE. FREFHDELIR {5 2. TN 5 1285,
RORBELFL, THDANYVETT, d % 5 12758, BEEDEDIR 1274
DETH THUE G 1SRV ET, THIEdD2FIHHILT, § o LFEN
IBBDTY, Eno, AULDEMALS, RXEALRY] OLLUET, X
LAETS Y ROONET,
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FENDAETE
ReIDEAFEZEAZTH, ALEZLETFETEEY (Im 2, FBHPEAN
BELEXE, BEAERIEIYATAIITS),

EHH (Az, Ay) F18 0.6 Az —0.8Ay ALDZAL
JbEE (1, 1) —0.6—-08=-14 —1.43
R (1, —1) —0.6+0.8=0.2 0.17
e (—1, 1) 0.6—0.8=—0.2 —0.23
mrg (—1, —1) 0.6+08=14 1.37

£2 4 DOBRBHOEF, BEAEDEDULENY, BEAEDEVSEA NS (TEE
(0, 0) IZFFEDIFS).

YomrxErTy, $hiE —0.03 TT., FEROLORTIE., TheXbALHE
5L, RDELIIZBRVET (E-2HVZWTHEIMDET),

T =—-0.01Az%2 —0.02 Ay?
THIE Az, Ay D 2FODKXI I UNLZVDDTT,
O IH-HEOTNE. E5EDBH

W DEDENRBRIZHALTOEDS, BELRHIMN NI ~EDTh (38
#)] TY., AROKE UAFBOKEE, (ELEIREIN->TROET,

T
¥ r=5.0cm (341 0.05¢cm. 1%)
h
58 h=20.0cm (N 0.2cm. 1%)
T HEV = m2h lE A% INs?
.

4 FFEEETE 1% FORESKEMN>TUFR o> ES. HFERENEZTINDD,
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BBV = mr2h = 7 x 5.02 x 20.0 ~ 1570.8cm? T9, ¥R LEX%, %
NEN NENEIEDT) DLEZELXDEDLY S (8-2 DR, BE) &%
RO F T,

oV h %1EDT r TRESD
— =2mrh = 27w x 5.0 x 20.0 ~ 628.3
or (cm?2)

- & IEDT h TRES
OV 1 — 1 % 5.0% ~ T8.54 ' o
oh (cm?2)

DQLAEIL : EEXThHh, &2
AV ~628.3 x 0.05 + 78.54 x 0.2

DT
AV ~31.42 +15.71 =47.13 ARFED T (cm3)
AV 47.13 L
v ~ 15708 ~ 0.030 b EDHETHS (3.0%)

MRLEXEHEAEF 1% KX UT, RGIZHELTAET,
T % 5.052 x 20.2 ~ 1618.4 cm?
ThiE 47.6cm?® (3.03%) T, FHELIAE>TVET,

TNORTOEAEDE

EREBIE, RELSTHEZLENILTHEILEHIDET, 400D
FHAEDODEERHETHELTAZT AFIZHEE BAlIzgYX, CHliZ
=PI ()*A2"2*B2),
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## (cm) =< (em) #1E (cm?) INOEE
5.05 (+1%) 20.2 (+1%) 1618.4 +3.03%
5.056 (+1%) 19.8 (—1%) 1586.3 +0.99 %
495 (—1%) 20.2 (+1%) 1554.9 —1.01%
495 (-1%) 19.8 (—1%) 1524.1 —2.97 %

%3 £LEDEKIEF 1570.8 cmd, WEIFAKRTVWITNIE, 2 DEERAUAISICINZES
(9 £3%), MIMENRS &, FIEHULE>TH 1% IC125,

_Ar Al
é?;’%%\@th—rJrT’G%‘2><1+1:3\2><1—1:1\ _9241=-1,
T

—2—-1=-3 (%) &. REIZFEUCEN EXT,

ZETELE, EH&EE
WEDEEE, XFDEFX V =ar’h ThoTHAET,

AV ~2nrh Ar + wr? Ah BEXTN, &22/27

AVN 2wrh Ar . 7r? Ah
Vv = mrih mr2h
AV Ar Ah

bV e il 5L
% . + . oL

W% V = nr?h Th

A N A . N
STy regoThofia) 1%), 5" 3 (B OThONE] 1%) TF.

HEEDOTHDEIEIX 2 x1+1=3 (%), 2RTH<ERRZ THd 2 Flzw<
DTY, N6, AEOFEZ EREICRDZVEXE, B3 LV EE2THRL
I £95,

@ Eo&myL

TN IE6D%] OLHE 2RULTELTHS 4
L VED3% I EEEBIL (AUATI) BREFTTNELED,

LIFAKRZIZTHTT, fAEE TN XDIES5DX (3-14 DIEESR
) DI, ThOBMEINTAESDRS, ThN-ELFHTHBHELED
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ZLEHVET, TOLXIE TNTIhDEEEZ 2FLTZLTNGS
bl 2ERDIESOXDENGIZRBZILNHMONTVET, ARERS
V22 112 = VB~ 2.24 (%) TY. BROERP TIHBOKRET EED
fEh Al LUTHEDNET (K DULVERIZ, KEDOHEDAT).,

/_________________
\-_

CCEXTTtHo

G BIRHDEILZE TROIRXBAEATZRS +HIELDIRXIEAEATERE ] TR
BEY., BREDGHOYAZHETINETATY ., CO%IE. CDELEZE
XNTES, ORY FOBEICEVET,

([ ) £ - EiRE - Y IE1T5

O 215  NEBBLOELEE, RTEL

O~@TE-/7-LEE, CARBBICEFEZ W TEXET, 5% (5-8)
Tl FADALDENE do, dy &EX. dy=f/(z)de &RUE LA, 22
DE x. y THRED f(x, y) Tl&. x Ndx., y PN dy ZITRARFIZED- 2L
X0 fOEME, RDEIIEZET,

_0f 4,4 8
df—awdm+8ydy

IhE fOLRMy (TAVIA) LVnET, (2] 1k TRTOEE 2RI

B, LV SEKTT, 8-2 ORHAIE (10208 T . 2B (285

) T

ROHHFE, 1 DT OMNDET

O vz aryE e BHLELEO [ OB HORXENAR
£3),
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[2) gfdy ey 2 dy B LEE 20 f OB LR X EAE AR
’YX),

@ 2o ERABIENLAELXOBIE 200k LE (DOKE. QDS
T2HR) o

EZ&DIAS, dh = —0.022 dz — 0.04ydy T, P Tid dh = —0.6 dz — 0.8 dy

T¥, de=dy=1%Ahd% —1.4 T,

/2. P CoOEYHE (OQDtk) ORiE, &3z z&LT,

2 =83 —0.6(z — 30) — 0.8(y — 20)

TF. P26 (2 — 30, y—20) AL L XDBEX %, 2MHD- LUETE
W2EDTTY,
TN 3 DTH
3 ODEOBH f(z, y, 2) 556, BN 1D3252ITT,
f x + afd + of dz

d o) el
1= oy 7T 8z
BUDICES &
dr. dy & NEADHLOBR) LHEEL S, 2HAORIE [AF ~ ] L3O
ATF. <bULIL AftafA +gLAy®Tﬂ# 4B /AT - Ay

FUEES 01ETC L X, f@FéWQT*éjtwmiT(®®§T LB
@2ﬁ®L*focﬁ0Pt){7ﬂﬁ8f 8f#%% IZOWTYNE R EDDH
B (= DRTHT < SERETATES) b SRACE ST,

O e EEH< EXD. BIOEDDE

VS5 X AN, EROWLO P30, 20) H56, THE (0, 0) ~NEoTHEXET,
14302, BAN3m, A 2m EDEITY, HFELTHS t 2ERDOEFTIE.

r=30—3t, y=20—2¢t

T, VIIADEIIX 10HZV M m DEITEDL>THSTLED,

@
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S

20

P (t=0.83m)|

y (m)

10 |
t=5 (95.75m)

ATRE

0 10 20 30 40 50
xz (m)

B5 YSTANDESE (T5TF), RIF5m TEDFESHE. BLIGEDEFEEFESHD
BNEHY . RIEPDRD,

B At DHEIT, 2 1 de — S Aty iEdy = W dt 2EDY 7 (5-8),

INEL2WHDORIANT, ﬁﬂ(lig: dt Th¥Y iﬂ‘od
dh:%dw—kg—;bdy 25
dh %i—i dt + Z—Z% ds ?i: dy ., dt DHVEDEALTE
((11—? gz ((ilf + Z—Z% W% dt Tho7e

dh_ ohdz  Ohdy
dt Oz dt Oydt

IhEEEE (WAX YD) W ET (EEET chain rule), 5-6 DA
Dy (EEZ2DRSENTIE) M, 2HIZE>7-EDTT, tHh6 x &i@-
h NTSEEE, t S y 238> T h NTSHEED, 2O00EDDE-LUET,




8% F 1 E<TADEHOWMS

z ()

dx Oh
y \6\&’)
h (&Y)
x %
e oh

el

<

y (k)

E16 E8ERD 2 DO, LOMIE 192 x 521, TOMlE M9 x 281, BTEITHTFT, 2

DDEERT,

_ o dx dy )
V73A®%é\azz—s\azz—Z??oﬁﬁwt% (t=0. P) I&
dh .
Fri (—0.6) x (—3)+(—0.8) x (—2) P TD220F&, 2 DDHEX
=18+16=34 1412 3.4m En%

HENDIZ, z. y ZILDORIZANTHS, t THHLET (5-6),

h=100—0.01(30—3£)2—0.02(20—2t)2 ¢ ORI/

dh ERBIBOBS (hHOHS
~ = 0.06(30 — 3t) + 0.08(20 — 2¢)

di —3, —2 BMI)

t =0T 0.06 x 30 +0.08 x 20 = 3.4 SRR L AU

2;@Y CRILEZICRY U, EEHEZFEZIX, X2 AN TEMALZLTE,
REERIDONTIEZFITHETE T, HLRIGEDIDSLRPDEREDT, 5
51 (x =15, y=10) 1213 0.06 x 15+0.08 x 10 =1.7 T, 152 1.7m
& ERITRY T,

BLUHKICES &
o,y A t1OTIRAERL, 200EM u, v TRELE XL, v 2IEDT u TRES L
7T, AURBRY I £T,

oh _onos  ohdy
ou Oxdu Oydu

IHEEHRBL LUET, 8-6 % 8-12 T, BEZRUNAS (. y 2BEEr, 6 T
&) LEITHEVET,

@
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@ TIETH : RS ELAIITH

BET& (7-2) LYHEE 1% (-7) TF-/k, 2 200FHOORY FOfi%
EZ2%T. BOAZ 0, OLDALR 0, LT5L, FOME (z, y) IZRORT
BEYDET 4-7- W 77 OIEEENS),

x = LycosB; + Lycos(6; + 0,), y = L,sin6; + Lysin(6; + 6,)

zHyb, 0, L0, D2ODEHDOEHTY, 7-2 T [8-3 THEI] LHEKL -
EV AT, 2 &y 2T NTWVRMAOULET., AV 7V TENY £7 (5-15:
sin DA M cos IZBDIE, STT VDL X),

15108 : BZIFET
(—0.3915, 0.3245)
2508 : OUEZFET
(—0.2415, 0.0647)

F(z, y)

Ly =0.25m
0, = 45°

L, =0.30m

B
7 2 DOEEOONY ~DEE (7-2 - ¥R -7 EEAUE) . FNSHBKROKRENIBET

. BORHFOUEGTZEA SY7UHEYELIZESOFOEE (PIEITHIM 2D
DF)o
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4 DDIRMWS

Op=0,+0, LEXZET, 0, 21LDT O, TRMBD TR L X, 0, DFE%
0, CRMDTZL 1 TYT (AREBOMS).

o

a% = _Ll Sln 01 — Lz Sll’l 912 92 %i&)éo (COS U>/ = —sinu
1

ox L sind 0, %15, Lycosb I3H%

—— = —Lysin

00, e DT O

0

8_0y = L;cos0; + Lycos by, 0y 21k B, (sinu)’ = cosu
1

o 0, #1E®H B, L, sin 0, 38

—y:L2cos(912 ' ‘ ! L

00, DTO

WMoz, TATES

B do,. OU% do, ZHREHCAUET L, FOMBOEIZEMAT

_ Oz ox 8y 8y
dz = 5g, 401+ 302d92’ v = 3q, 20,

2Oo0DHIF, T-1- 727D [FFIXXT M) ODRZDEDTT,

do, + = qo,

or Ox

da de, 80, 00,
—J , J =
dy do, 9y 9y

90, 00,

. R 2 W NRTATH T A3, 7-2 - M H-7T OV AEIFHTY, [FIRETS
P8 (1700 z, 21700 y), FIEHITE (171D 6,. 25DH0,) T
T, 17D TBAZTZ2ELAZLIDFOHE ], 25HIE TOUATEELEZLE
XOFDEX] T, T2DFVHEEFEUTY,
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BRUENES D, EHLDHD

0, = 30°. 0, = 45°(0,, = 75°) & AN %7, sin 30° = 0.5, cos 30° = 0.8660,
sin 75° = 0.9659. cos 75° = 0.2588 T,

Ox

90, — —0.30 x 0.5 —0.25 x 0.9659 = —0.3915 1178 15

1

ox ~

— = —0.25 x 0.9659 = —0.2415 1178 25

00,

g—ey =0.30 x 0.8660 + 0.25 x 0.2588 = 0.3245 2 178 158
1

oy _

0. = 0.25 x 0.2588 = 0.0647 2 178 2 5o
2

g —0.3915 —0.2415
0.3245  0.0647
7-2 T [FOMEDKNZ 90° [T | HETHE- 2 J WE A-TD T &, U

7OUEIUTTY, 7-2 TR (MEFHDEE) NS, 22 TR (RS NHE
DEUK, 2BYDIEY BT, BCHFFHIMNHETE/ZDTT,

7-2 DFIR : 12 DOZEAEIZTZ LEICR S

72 DEVHIZE S LT, 12 DOBEIOADNY BB EZFONS
RENXIE, 2 LBETADY S, SO LEMSEE->TXHALENIDSON
8-3) LMELE LA, WEMESA AP = Jd6 1k, 2WHOR (LE) 20
NDTY, TNTHENRZEE U2, W2 RE dt ThhiX, 7-2 - Y H-7
Dp=Jb (FOEE=JxBHOHEE) 125 2T (ODEHELAL),
HCeLHMDET, BEOUE 0.01rad (10.57°) ET &,

J 0.01 B —0.3915 x 0.01 + (—0.2415) x 0.01 B —0.00633
0.01 0.3245 x 0.01 4+ 0.0647 x 0.01 0.00389
T, IEEEZORXTARLEIZFHEL ZFDE XX (—0.00636, 0.00384) (m)

T, L<E&E>2TVET,

@
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, (Eme= ] -
import numpy as np
L1, L2 = 0.30, 0.25 # DTORY (m)
tl, t2 = np.radians(30), np.radians(45) # BEOUDA (rad)
sl, c1 = np.sin(tl), np.cos(tl)
s12, c12 = np.sin(tl + t2), np.cos(tl + t2)
J = np.array([[-Li*s1 - L2%s12, -L2%s12], # 1178 : x DR

[ Lixcl + L2xc12, L2xc12]]) # 217% :y DRHSD

print(J.round(4)) # YIETTS (UNVEEE 4 fIEXT)
print (round(np.linalg.det(J), 4)) # VIET7Z (®)
print(J @ np.array([0.01, 0.01]1)) # WAZDUEILIZEE

RITRER

[[-0.3915 -0.2415]
[ 0.3245 0.0647]]

0.053
[-0.00632963 0.00389217]

np.radians [JEE I VT VIZETEHTT (6-9), 0.053 13 0.0530 DI &
TYT (BED O IXFFRRINL), T-11 OFEEHFE (a—bY - T 7V VIK)
Tl 2D J %, BOAPEDLLSECIZFHELVELTHEVET,

O TIETY | INSHEREDEE

7-4 T, TAIRE TEEMNMIZIZRE0] 2RTLZOVOE LA, YIETHOD
TFIRIE,. AOHEEDFEERTL £ 9,
AOR (0, 0,) . ZTHEOFBROLEDELELZET, NIREFK (1 do,.
=T db,) OHDADHETHI2ENT L, Fid. JD 1FID% do, &L =%KH
&, 25 % db, EUALKRENDL S, NI BRFETEIAKOFEZEHE T (£
w5 dp = Jd).
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do, ——

01 FOFATIIRH
AOAR (FHE do, do,) (T#% | det J| d6, d6,)

8 ADARDINESLBERAT () k. FOHZBATIE. JD2DO0F (FREL BTEK
E<EIEDRI L) BOL<B3FTEERE (R) IC32%.
T-4 DBV, 2AKDFNND L ZFTHELFOHEEX €& LEDRAFDHEHED
|det J| & T,

[ FAENT S/NIREE ~ |det J| x db; db, ]

YALFHOFHR det J 2P AETYEVVET, YIALT UL (BhTE
DINX ZEEN, BT 2ED/NI REBEDMZIZR D0 OFERTT,
TRy h T, RO EBYTT,

det J = (—0.3915) x 0.0647 — (—0.2415) x 0.3245 = 0.0530
BLOU% 0.0lrad $ODHFETE NG L. FHFHEAFHOEEIL, KDL B
YT,

0.0530 x 0.01 x 0.01 = 5.30 x 10~¢ (m2)

#5.3mm? TF 42O ERYICHEL CHEHEELRDS & 5.33 x 1076

m?),

TEOF EHETB L. det J = L, Ly sin 6, 1270 £9 (EEHE 4-9 &5,
BIRE 6), W3 73-7T CTRAZLEBEY, OUNDUX->T 0, N0 I1EI< L, ¥a
Y V3 0IEDE, FOFRTMUAKIEOSNET (74 OREZRE),

@
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y = rsin6

17 (x 2 r. 6 TR
w5)

2170 (y & r. 0 TR

BEEOYIET7 VIE r

FHEROEZ, BENSDEH r & A 0 TRIBEEZE (4-15) TE, AULD
IZEZET,

x =rcosf,

Ox Ox )

9 = cos 0, 90 = —rsin6

oy . oy

Iy = sin 0, 20 = rcos 6

det J = cos O x rcos @ — (—rsin6) x sin 6

det J = r(cos? 0 +sin® 0) = r

)

T EIIMTITOL (7-4)

cos20 +sin?0 =1 (4-8)

YACT VIR r T, 206, r & dr, 0% d0 RUEZTTXBNI LA A

NVOEHEIL, rdrdf T,

Y

<" rdo ) dr

x

7=2CTdr. #rdo D
EIES=yapi

miE ~ rdrdo

29 BEEDNSRYA IV, HA dr. BZAFCHADES rdo (42 DHESFHOI).
SIS A LIEE, BIU do TEEAEL.

9TE, AWK, Z=THdr. ENNOEY rdo O, IZEEAFTT,

TEZTH, YAILTUTEXTE, Bl rdrdd T, 20 r 2% 86 DE

AT, HPEROMEE - A2 RDZ EXIIKEREEE2LET (r 250d L,

@
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MOEBEMNEL KRN, 7-4 DAF LT P> ZEETOESICEYYIY
TVUNHTL S (8-3)] EMELAZDIE, ZDILTT,

@ comuUEW

2O2DERDTA 5 —EH
@DTHh —0.03 &, 5-17T D57 T —FER%E 22T S &, 2 BDORM
S (8-2) 2E-TEITET,

Af =~ aan: + gAy + (2 RDIR)

ox Oy
1/0%f o*f 0 f
ROE) — 2 o'
(2 ROIHE) 2<a Ax? 425 S AvAy+ o Ay)
82h 82h 8%h
mowlcik. 20— .02, — _0.04 RDT,
EROUTE, Fg =002, 7o =0. 53 =—0.04 ZOT, 7>

1
ZOBRDHIE 5(~0.02A27 — 0.04A9?) = —0.01Az% — 0.02Ay* T

T, Ax=Ay=17%56 —-0.03T, —1.4—-0.03=—-1.43 &, AYDIHE
W5 EDEVET (EFRDOWLIE 2 XRZDT., I TKRDY),

_________________________________________________________________

EFIEENZVNTHED BALOKRESSDESH

NEZ AN — U ITREETHY., T VoEEELT
dU — (8—[]) a7 + (8U) dV e E£Xh5, dU RE2MHTH 5

oT oV

M, B SQ Kﬁ:% oW iméﬁ%ﬁﬁ\fli&‘z‘o BREH (u, v) — (z, y)
—7 N ( ) ==

DYILT V& —8(% ) LEL,

R ATDOVIE TEHTHEE] (Bl 9), MREE] (X, LWEDRELITTRESD
BT, TONSBEEIEMD dU 2765 (Z2WMD). BPAERL KEOZE
A7 (BIU) TENEDDDT, MO TIXRWEIC § ZES (8-7. ¥HE

#0), XY 5 -k det J.
o(u, v)
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" @ EoEHYEL

2RI R>TVWEPERNIITS

ydx +xdy i1, f—scy@éﬁ’ﬁlﬁj\dff'd‘(af g—i—x) —7%. ydx

EIITIEH EAR f ORI %&‘)iﬂi/u 6L df = Mdz + Ndy

ne. M=% N_% ppr 820 2 EORMSIZIEE: X 61

E ox oy

L] DS ROAMEY ILDIETENSTY,

E oM  9*f  9*f ON
I

dy Oydx Oxdy Oz

ydx TlZ M =y. N=0T, 88]\; 1. g];f—OGOD’C‘\ D RAVASEJcx
hoo BIRTRS, INS BB EBIZESTAELULAGFHITIZUDHEEDLY D
FOE]ITRY, BIZEY FXA. 2O TRITNE BETEDY ET. W
B A-40F = (y, z) DHEF ydo + xdy BEIZE ST, Fy = (—y, z)

DHFEIZETLEDL>=DIE. ZDEHTT (87810 T<HLK),

PRI df — 6’f gf dy (1 0FODTALERT)
RE A—VVNZ% & (V=mr2h D&EEF)
— dh _ Ohdz  Oh o v woricpidT. 29

dt ~ oz dt  dydt
YaETs RS ZLENZTI ((T=HT<3E. JI=8hHJT=)

N

75T dp = Jd6 (RMAETHIXARI FIVT)
a7y det J =INELREBEDEER, BEECTIE r (1) rdrdo)
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s

@ cosTHTSEIEE A

2D TRTOERERABIALBHP UL XL df = SLdz + FLdy,

BEm A -2ED 1 ROTELS T, HILWBIFA LS ZS SR MH, B 2
RIthR,

ESHE ZEDBIOERCTRED LXDOWHDXFY), BT LIIMIT, =27,

YIETTH HTL 2EZEMNTETRMS LU THENRTF], THHTLSE, 7N
BhTE,

YIAE7Y YavFdlorsiR, N RERE (KE) MME/IZR5 5,

HTH7=% 8-3 HTHiT=E 8-3

N

B 7E =3
BHE T4 T BHETAZSTLE

A
BN 2y, x. y 2FAE . e
Bk varryy, Yavs
N N - L X
df OLBPLEEIO f O det J SIDFFFIRT, /NS RERED
Z1k, Jo

FEE total differential

HEE Jacobian
J g J

(

@ 154 EOTLTE [FNOEDYA) )

EAWMOBMOERE S = ab 2, DI LU TEN>TRDEF, £ T
a=10.0cm, # b=20.0cm T, £5 5% 0.1cm FTULMFHEDLNE L
F9. THOEEIE ZTH1%. MR 0.5% T, 2o dS =bda+addb
es=abThar, © =% Luoe mroTIL VbizAK
¥<{T1405=15 (%) TY, AL 01lcm DFTHLTE, FEEDIES
M, BETRREIIHSDOTT, BHRDERT NINDIZTWNIREIZ

. TWVRWIZIENE ] DIk, ZD-HTTY,
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® BIRETR LA LS

m flE1 2HH T BTOELERBEED

F&DI h =100 —0.0122 — 0.024% ® P(30, 20) 5, B 0.5m,
FEAN03mEAZT, XD ELWMHTREE Y., KAYDEHLELS
NELU XD,

2 SDEHMARIEDSDT. £MH dh_?daﬂr?dy
12, PTORE de = 0.5, dy = —0.3 (FEIEY 1 FR) 2AND,
oh oh
SOIR 1 o = —0.6, — = —0.
E) P ook 5, — 06 3y 0.8

dh = (—0.6) x 0.5+ (—0.8) x (—0.3) = —0.30 + 0.24 = —0.06

A% : h(30.5, 19.7) =100 — 9.3025 — 7.7618 = 82.9357, =l
—0.0643

#70.06m TA%% (A% 0.0643 m)

-

O BIE2 2HHPOREE>TED

f(z, y) = 22y D&MHERD, (2, 3) H5 = 30.01 5%, y 2 0.02
NoeXD fOZEREHEVEL LD,
£9 2 2DREMH =KD, 2WHORICANS,
% = 22y, 8f = 22 DT, df = 2zydx + 22dy
(2, 8) Ti& df — 12dx + 4dy
df =12 x0.01 +4 x (—0.02) = 0.12 —0.08 = 0.04
A 2,012 x 2.98 — 22 x 3 = 12.0395 — 12 = 0.0395

df = 2zydz + 22 dy, ZAbIFH 0.04 (KL% 0.0395)

-

&
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DUEBIWzEEDZEAL

¢ ULRATECS 1

FEHRDOILDA (10, 30) "6, H flz, y) = zy® DEMH %KD,
AN1m, IEAN05mEAET, & (1, 2) M5 2 %30.02, y A4 0.01
IR 2MATRES Y., K SNATEED fOEAERED
HDEMELSONREL &9, DEL LD,

\_ /L J

¢ ULhATECZS2

M fIRE3 BENGHYA (BIFEDR)

WE Uk, B % RESEHEINETH,

(@),
dV = 2xrhdr + mr2 dh
milE V = nrth Thar, W _gdr 4
\% 7 h

d—“//:2x2—|—3:7 (%)

B 7% K%< B

-

HEDEE V = nmr2h T, ¥E%2 2%, B53% 3% Kx<lZh>TL &

NITEDRZDT, 2% VThoT, THhoEENRIZT S

ARYIZEHET S L 1.022 x 1.03 = 1.0716 T, 7.16% T,
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M FIE 4 BEDGEDHYA (DYEDR)

2
B P= L T BEVORNEI 21%. B R 12 2% 0P

R
HYZET, BADOTIIE. VHIEAKRX S TE % T,
HYVEORTIE, DB, EEDRTYAFRIIARD, VWHIF

ARZVDTHIE, 22D FTHREUEIIHNS L X,

2
dP = %/dv — %dR
V2 dP _dV dR
‘IJ = —— N . = — — ——
mdz= P — Thd L = 2 —=—

WHIFAKRZIWVDIE, VAR +1%, RN 2% DL X :
2x1—(-2)=4 (%)

WBIFAKRES TR 4%
-

J

V=12V, R=6Q TAYIZHET DL, 12.122 - 5.88 = 24.98 (W] T,
ELD24W &Y 41% KX 72D FT,

¢ ULATECDS3 ¢ ULRATECS 4
PH’@“L\O)fZISEV:%wrZh’C\ ¢ BEp = T HEm
BN 2%, BXNN1% K%< 7 +05%. BB VIZ+*1% OTh
NTWB L%, HBIZNE % 3 WHY R ET, BEOTAL
nETH, BISAK S < TR % T

\_ J U J
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N
FEDILDEE, ©=30—-3t, y=20—-2t (t1I7) LE&XFT., t=5
DLEO. HEIOEDBES S b, WHETROEL £,

s v dh Ohdz  Ohdy
1 15 Ris SR NN \ﬁw\/ —_— == —_—
SFARHTEDSOT, il = —— 3y dt i11ES
Z DRZIDIGFITRD 5,
t=5DEFHF:2=30-15=15 y=20—-10=10
59" 0.02x15-=-03 2" 0.04x10=—04
ox Oy
dz dy
XY ——=-3, —Z=—
BESET N T
dh
3 = (70:3) X (=8) +(-0.4) x (-2) =0.9+ 0.8 = 1.7
15312 1.7m O#EX TEMNS
- J
¢ ULBZATETSS N

FEROIWLDEEZ, 2 =10+2t, y=30—-3t (t1F9) &XFd,t=0
DEXDEINEDLDIEI %2, BEEETRKDEL &5,

1\ J
BIRE S DEE, AT LIZRIZLTAET (EXRLDORIZANT, HX IEH
BTRDE),

Bl ¢ (%) 0 5 10
BAT (2, y) (m) (30, 20) (15, 10) (0, 0)
&X h (m) 83 95.75 100
BIDEDLEX

3.4 1.7 0
(m/4%3)

F&4 BELEISEDSFERNDZSRY, ENSESTFIAD>TNS, TALE (¢ =10) Tl& 0,

®
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o FIE6 ORvY~OYIETIERES ~

2 DOEEIDTRY FOBIZOWT, ROBVIZEZEL &9,

(1) L; =0.30m, L,=0.25m, 6; =0° 6,=90°D&XDYILST
FlJE, YarvrdetJzkDEL LD,

2)XFDEFE det JEFHEL, L L,sin0, IIR2ZLEHIDEL &S,
(1) @D 4 >DRBHDRIZANDB, 6, = 90°, 1T .
yo FUE 0y Oy (2) AT HIIHNFTOE (7-4), MEEE (4-9)
sin(A — B) = sinAcos B—cos AsinB T & ® 5, sinf; % s;.
cos O, & cip DEDIHELIEL,

(1) sin0° = 0. cos0°=1, sin90° =1, cos90° =0

179 :-0.30x0—-0.25x1=-0.25, —0.25 x 1 = —0.25
2179 :0.30x1+0.25x0=0.30. 0.25x0=0
det J = (—0.25) x 0 — (—0.25) x 0.30 = 0.075
(2) det J = (—Lysy — Lysy5) Lycyy — (—Lgs1a)(Lycy + Lycyy)
= —LyLys1¢15 — L¥sypciy + LiLysipe; + Lisipcyy
= L Ly(519¢; — C1951) (L2 D2 ODHEIFEZ )
= L,L,sin(0;, — 0;) = L;L,sin 0, (NIEEHE)
(1) Jix147® (—0.25, —0.25), 2 17 (0.30, 0),
det J = 0.075, (2) detJ = L,L,sin6,

- J
ZDEXFF(0.30, 0.25) (m) (ZHY., OUREAIZHA>TVWET, (2) D

AT detJ = L;L,sin90° = 0.30 x 0.25 = 0.075 T, YIL7 VM bHiE
ARZD (FENPWLIZABRICETS) BETT,

®
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¢ ULRATECS6 <

AUORY QBT 0, = 90°, 6, =90° DEXDYILHH J &, ¥
a7y detJ 2ROFEL XD,

¢ ULRATECST .

IT2DEX%, KENSGDA o TRIT L, FOMBIIRORITRY
7.

x = L;cos0; + Ly cosp, y= L;sinf; + Lysinyp

0, & o TR L=V ICiTs J 2E) ., XFDOEE det J Z25HHEL T,
sin12IZFzEHEL LD,

_________________________________________________________________

OLDfAL, Yaery
BlE6 (2) DRIZ, WAWBRROUDAEANET (L,L, = 0.075),

VOUMDA 0, 0° 45° 90° 135° 180°
det J 0 0.05630 0.075 0.0530 0

B (90°) TOBIFAKRXL, DUX-ELX (00 D EEARELE
(180°) IZ0TY, 0 DEHETIX., FREHIMIIZESLTELEITEHEA
(7-4 DEBEES),

N e e e e e e e e e e e e e e e e e e e e e e e et~
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M BIE7 dp=Jdd T. FOEFSIEFETS

0, = 30°, 0, = 45° DTRY hDMi (J I 1178 (—0.8915, —0.2415),
2 178 (0.3245, 0.0647)) T. B% 0.02rad. O'U% —0.01rad @ %
T, FRENEITEBE ETH,
2 DDH =R UEIT DT, &5 DFFI0F dp = Jdo
T. frLFloRE (7-2),
dz = —0.3915 x 0.02 + (—0.2415) x (—0.01)

— —0.00783 + 0.00242 = —0.00541

dy = 0.3245 x 0.02 + 0.0647 x (—0.01)
= 0.00649 — 0.00065 = 0.00584

F13#49 (—0.0054, 0.0058) (m) B< (KLIZFHHT DL
(—0.0055, 0.0058))

.

O FIRE 8 BEEAED Y A L DEIE

BERET, rR255 21T, 0860, 5 6, +0.05 (rad) FTDIN
IRZANDOEEE, VALY VEF-TREEVEL &5,
EREEIRY N X2 XONIZEREIE. YILT Y X drdf, 16
BEAEDY AT Vit r 72D T, HEHE ~ rdrdb,
dr =0.1. d9 =0.05, r =2
Hf& ~ rdrdd =2 x 0.1 x 0.05 =0.01
Wrd:B5XHOHEE (4-2) DET,
% x (2.12 — 22) x 0.05 = 0.01025
#70.01 (£A%41%0.01025)

.

®



8-3 &My : YLV IzETDEAE

BANVDEAFD r=2.05 2> &, 2.05 x0.1 x0.05=0.01025 T, -
VEVWET, dr 2N THIEE EDr 2o TELNNINILIRY
i'@”o

¢ ULRATECS 8

LRy hofi (0, = 30° x =3rcosf, y=2rsinf (72
0, = 45°) T, 8% 0.01rad. O MOERE) DY a7 V%KD,
U#% 0.02rad BIL £, FiI& r=1,dr=0.1, d6 =0.1D%
NZTELS EFETEIETH, 1IVOEEEZRBEYEL &9,

¢ ULRATECS9

HEKAEDENX, ROATRINET (WEE n (mol), EE T (K],

#H V (m®), R = 8.31J/(molK)),
p:T
n=1. V=0.0224 DX %0 <@> ERD. BHRESVEL LS.
ot/

ETO VIR TVEEDTEL] LWHH, VERLAT T TR
WMAT 5.

Opy nR 1x831 nR Sl
<8T)V_ v = Oozea = o7 (S ATERRSR)

% 871Pa/K, ABEZ AT ICIEEE 1K EF 5 L. EHIEKN
371Pa E#%




8% HB1E <TADEHDOWMS

© FIE10 3 SOTHOLMS (82) N

BEAERDOEDEEV =abc T, 2TCa %1%, Eb% 2%, B3I ck
0.5% KEIEMD>TUFEVEL 2, AREIFIIAT % KX SFHEINE T
3 ODEHTE., 2WNITEMN 1252571 (®), VThoT
ElEnRIZT 5,

dV = bcda + acdb + abdc

dV_da  db de

- _ X \
Mld% V =abc THhd & v a+b .

d—‘yz 1+2+0.5=3.5 (%)
#18.5% KX< 7% (K4iF1.01 x 1.02 x 1.005 = 1.0354 T
3.54 %)
N J

¢ ULRATESS 1

¢ UATECS10
BEAHROHoON-ZF)DEE
Bl 9 DEBTME (n=1) T, m = pabc T. BE p 7 1%.
T — 273, V = 0.0224 DL % a. b, ¢ MENTN 0.5% KX
o <§_€>T £ RO, BHRES CFNTVB &%, ERITA %
FL &I, THETH,
q JAN .
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EENRZIPTVNECREFIVY

A FERZPTLNECS D

E2MN%. RWMIOMEELS

X =974
Oy
O df=da +§f y
Y

i}it?"ﬁ:tbf% ZARIZIERY 8 A, IRXEALERY] 2UET,
dr, dy 2Ehd e, BELHEEIPRINVEZIIIALRIZY X7,

-

N
A FERZPTLNEZS ~

DYEDREZ., OTHETIISHET

X p:‘T/fx m&EVE 1% ThENT, 1-1=0%

O WHBIFAKRZVWTNE1+1=2%

FThid, AKX INBILENIENEILEHY T, m » +1%.
VIR —1% 722, 2O0FTNEEILCAE (BEE2AXTIAI) I

EF9, WHIFAKRIVTHIL, EEDORETI2LLTROET,
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A FERZPTLNECS

Y IETHINTEF
= O Oy .
oxr Ox
4= /2 N It
O 1Dk DRSS 56." 0,
FIRETL 38 (z. ). FlIZEHTE (0. 0,) TT, Ahhzde,
Jd6 OFHENELENNET, T1HDIEEATEELAZL XOFOE X

LRATELL, EULMDOoNET,

-
A FERZPTLNEZS

BEEDIEXES

X E%1°ETOT, do, =1
O do, =1°= %O ~ 0.0175rad
sin DR DS cos 127 5DI%, A ST TV TlEINS L XTT (5-15),

v
EDEFFAND L, FOEFEINHETHERISHTLEVET,

-
A FERZPTLNEZS

EIHET. RADEZEEND

dh Ohdzx
O dh _ Ohdx Ohdy

it oz dt oyt
6y ERETEDLD XL t D6 h  NDENR22HY ET (K6), @
FOEBEDR%=-UET,

-

&
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A FERZPTLNECS ~

BERDY 1 IVD r Z25ND

X IGEERED & A VOEREI drdo

O MEZEDXAINOEEIL rdrdd (YT VW r)

U do TE. MINFEX AN GRDES rdd) RSBV ET, r
b, 8-6 THOHEHBEZ KDDL XIZ, EULWVEIZRY FHA, B
ATERDTET :drdf iF m (RY) T, EHED mM? IZ2Y EFEA,

N
& Y8 - TETIRTSES ~

® uikRy b YabFHEHELDIITS
THEOURY hOFE, o RBTZoTHITES, IV a—
ik, TOLEXDOEHOAMNS Y AT J &Y., ZFLVFOEE
MOBEOAEES § = J1p (7-5) TROET, ANEDZL J &
ZhBNT, DHEE 1 BIEME~ATES < VEL T, BEN6
SOEEFORY NTIE. FOMBLAY (6O08) % 6 DOEHD
BTRBS L. 6176 FIDOYICHAFIEHENET, YILTUH0 2
EVEBEZS (@) RESAVES I, BHETUERDET,

® ih3 - EBL 2D [ThOTHE)
MEXES L X, TEILI (22 TOTIRET) LWSIE (A
%) EROET. L 2EAROBROKEPES &, »HLEEIIAN
rons, @0 S~ 227+ S s wgongsmronss
DEVOLLThIEE WD £9, 2ok, EOFiEE T RWIZ
EBRENERDZBETY, BROHETE, BES L ERFHOTH
M, BHELABHYENOThE, AUSETEES Y 27T,

©
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& YR - TETIETS5ES

©® VIV VDKM ARIEDTHEBD TS50 (P #-2 - #-10)
HEEOT Y Y Y OhORMKIE. EH p. B V. BE T HREICE
HY) ET, BHBESHERS pV = nRT DBERHZDT, 32055 2
DERDBZEFRYMREY T, ENSHAETIR. [FEEIEOTE
GRS | (%)V@;a o, % kD E BT B £ 3 (IR
9), & zlE, HEELEOTEELE LT3 % (BNICSAELTHT
%) &, EHEIEOTRELZ LT % (AMEHiz03) Tk, &
Ex 1K LIF2DIChELRROE (ERILE L EELE) b0 F
T, ENEEDELXIE SEBSL SATANEEET 52T, %
S DBEMRNBZDTY, WES Y —XOBAETI, 2MHL. LHTS
CEBEBVAERMAZ., ESIABENET,

O aMHL TEIZESBVE] (8-T NDFE)
LDEX h OZAL dh E2MHRDT, PHASTEEZ T, LOEEE-
TE., BIDE{NEEHIZFAL 100m —83m = 17m TY (DTRX
(BXIIGFRETITRES]), —H. HVEEOVIZETEDY T,
B -4 DF F) = (y, «) Tk, 4% ydz + zdy 13 zy DLBHRD
THEIZEST, Fy=(—y, =) CREWOTIIRVDTETEDY £L
2o ORI AE%E, 87810 TEUET,




8-3 &My : YLV IzETDEAE

(@ 354 AUKTSE. TIELFHIRADEGATENS A

UCRATEIS TTH, 5T20EE %, OUDA 6, TiER<, KEM
5D ¢ (=0, +0,) TRLEUKZ, FUB. AUEETE, 138D
BOAEEZDL, VAL JOHOEIIEDY £, 30° - 45° DEE

(p="T5°) 76,0, & o TRHHS LKL JIE 1170 (—0.150, —0.2415),
2 178 (0.2598, 0.0647) TH., @D J D 2 FIDIXR U T, 1FDHETH
HLAWET, 0, ZEREITLEX, o 21kHD (5 T2lAXEEZTIC
EAFIZEI) D, O, 21D (5 T2HWV - L EIZHS) AL N6
T9,
FNTE, YALT7V3EL 6% L L,sin(0UDA) =0.0530 TY, F
DENT /NI ZEEDERIE, ADEVAIZLST., BIOWZIITHRES
DT, WHA TR [MI% DN PODERGTT (FFED (82)
EEU),

N J

v EX[ERE 83 DEEH

&K

B =zowns (20, —10) B5. BHA05m, HA ImERET, BIOE
ba2MATREEVEL LS.

B) jo, v =Py pemsERD. (1, 2) 25 @ A10.01. y #5003 5% 7%
XD fOEERBEVELL D,

B uomE v = mrh T EEN05%. BIN2% KETRTVEL
X IR % THETH,

Q=i-_ ’C BIE VI £1%, 4 R £1% OFThais ) 255, B
ROTRIE, WAk < TH% T,

®
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B scowunrs o= 20440 y=10+1¢ (t135) LHEXET, =0
DLXDBEIDEDBES &, EPAETROEL &5,

B o=y romi (L, =0.30m, L, = 0.25m) T, 6, = 60°, 6, = 30° DL X
DY ALFHE, YA 7 aERODFEL & (sin60° = 0.866, cos 60° = 0.5),

SAROHR V = %abh T, EOZATO a & b 1% T, HX bt
2% KRETNTVRZ L X, HEIE % ThE T,

FrLY

B rizme ouky Lok (0, =60°, 6, =30°) T, A% 0.02rad. VL%
0.04rad EF ¥, FELNZTHL LFATIETH,

B viE6 2) 1cnboT. mRY FOBOY LT VAt det S = L, Ly sin 6,
LR3Ik, QD4 DORESNS, TERTIHELTHRIDEL k5. K
OIEER (4-9) EHEVET,

sin(A — B) = sin Acos B — cos Asin B

O mesmomms v = "L ©F, n=1, R=8.31, p=101300Pa
p

@t%@(%Q Ekid, BHRESVEL 15,
P

EHEOGRON 2 Y OBEE p= - TROXT, HE m |2 £05%,
ETa-#b- &Y cll 1% TOOTAHY 2 FT, BEOTNE VI
AKE TR % T2 (BIFE 4 LB 10 DEAZH EMAEDED),

(B 5iE5 o (2 =303t y=20-20) T, =100 ED D’ 238

d¢
HETRD, TORREEVEL &I,

©



8-3 &My : YLV IzETDEAE

(@ ZUHZY TEBLSICROENE?
O nnHoZits, BROELLOE{D: LETREE NS,
- 102 R—=Y
] &85 T, BLOELEZDEDY FEHETX %, - 109 R—Y
[ &gy Y aLF5IT, FOBX LEEOMBER (Yar7y) 2k
5, - 113 R—J

~

\
@ EWAE 1 2T ODEDELE] Fokh, 84 Tk, YoM
\( DY, ZOELENOLIFARXIL RENEEZ S L,

v
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E£ 18 E<TADEBOWMS

LWEILARRET :

L)fg grad

QEL3R Cosofic (35 @ @F R BB e
cozns:ic (CH) G C) CB CGB

@ coETTERLSIEBIL
o FEROMKIZ, R—DBENYIIUDHIAE (EEHREE
A) anXIHd,
o RO L IDIRE M NTHE grad 27D, EDMRAZDIRE
NETIHETX 5,
[ WD cos DFEMNS, WHIFARRAX LEFROM X %
FEAL, F=—gradU 2 EOYBEOREFEZ 5,

@ IFTm?

8-1 M- TX/=FE/DIL
h = 100 — 0.012% — 0.02y% D

HIETY (2 I3HEA, y 13, / N

BfilE m),
TELE 100m

mP (x=30, y=20, &%
83m) DRIEIZ, R—IEZ > |
LEXET, Ak YOHE \T\
XZENDIZUDHSETL & D,
EEERHNDOEmEAN, £2579<
EMNDTU &I,

©

x

fkOMRITESR (10m Z&),



8-4 LW5[FARBME : At grad

3-5 Tld. EFEHROEMNEFVAZERENEZLFVOE L, 82 Tk, EAE
D EXDREANEL L XDRE, RS THZITKDEL, AP TlX ED
WA —0.6, LA —0.8 TU =, 8-3 Tlk, HEALIZAUTOEAZ L EZD
BIXDEE, 2ODENSZUETREE Y £ U4,

WD ETIE, BEZITTRL, HODIAIITHITET, AXITE->T, |
DEIXIHBENVET, ZOETIE WHIFARLRRIEIESLSH. TDRIEEN
EiIrabhz, ROREALDIRD 2 DOEMNERKDE T, HAIF RHOREILDIK
A2, 1ARORENCRY £9, TORME, FEHREEADAE ZANTY
£7,

ZORENE, WLWOHKEZITDOEDTIEH Y FXA, R—IVDEND X, F
NN dEE, EBFOMAE, B2 THOMASIIE. ENhERUEZTHRED X
T, WS 1 E5DH-4ICHTX~ F=—gradU @ grad 7. ZDETEBZ R
EIC9,

O BWEES CosTES. BICEARIE

35 FOEX=BIDE{-BIEALEY, SEROMMSEZVFIEE, K

=W

48) AODAXDEX 1DEHIX (cosh, sin ), tan O IFIDIEX (tan45° = 1),

#42) MM ad-b=a,b, +a,b, =|d|bcosd, EfMLSHO,

B THOBOESE (TLFIORMEI. 17X 15RS, ~2ZDONHE,

EHZ&ODIL A =100 —0.0122 — 0.02¢y% (m), EERIE. AUEIDREHEA

PET, ZOWTIRZM,

B D ENZEDT 1 2ZFEMNY, EHROWLDOA (30, 20) T, EDOIK
g =—0.02x = —0.6, LDk oh = —0.04y = —0.8,
ox oy
Oh Oh
[ 3-3 |

25 WA de, N dy #EL &, dh = %dx + a—ydy0 /= (30, 20) »
S5EAN1Im, t~N1m T, —0.6—-0.8=—-1.4 (m),




8% F 1 E<TADEHOWMS

A Po>THLELD RICKR—ILEBWT, BENBEATERELD

ABT3E0 TUX (X215 TVIR), W~y U—E, & (2~3

fit). SEss

@ TLE0EDTOTITAEANT, HLEFED

O NrSEUEIDOFE XA, WSV THESL, BYEEXT,
3AFIZS (A EER).

€ TLXDOFEHOTOFIzEAE AN, 2 ODAXIZETZ, @&V
BLT. $ERE3IXETS,

O v F2E5EROLICTSLEX, FRIILT, BERVIILDAEEE
LEBEROAE . NEBETEINS S,

1]

\\[\
BHASRIZECS ENSRIEZECS (HFOBENESIR)
\_ J

EDMEIFHTE, E—REE3EFESHMLEEADRIIZEN) ELOHET (E—FE»D
VEND TETEEINTNEILEHYET, BLODOEEIeRET), FE5i
DERFEUESIZRDOT, EERILTH>TEN>TEH, EIETAH) EHA, TH
512F. FEHEPOSVBIEAR B BNIME, DX VEAIZELONOBIXA
T, ZOHIF2E, ZOET, MBEAD3BY CHEMDET,
KAKKAKRDETYTH, [HTHNS ] DBRIZEEROKZITT, [FTHNS]
DEIFRFTE L, A (4-12) OFHEEZTTHDL LSIIEXE LA, [XTH
N3] DEEIE, 1ETHNSR S THERIKTT,

@



8-4 LW5[FARBME : At grad

B HEniEa

() S EACEND e

Q F—-ILAEHRZAETE, HREICHECD

FEOLDOHMET, FERDE (10m Z&) IZR—IEBWES, EDEXI(
ENDIIUDEIZNE, REITHXZATAETT, CoTALEIDEBY, YO
TH., TORZEIEERMEEAIZ. BNEIAMITET,

B 1 ABROR (BUR) [CEVWZR—IVAEERYIZUSHIEE (AL IDKH), IRNNE
BRFIFERS D\, F5i8 GO, 10m &) & FTR? OMEERIU, EDKED
tH., T ERDPESREERICRND,

K106, RD3D2DZEenhHnt £7,

@ xEix. CheSEBLEA.
EERHLEARDT, RAREENS Zo T <HANARSIAE (BEAHS
RzmX) ik, 2AlLdhTnzxd,

© LLEOHORHHEY,

ZoWix, BEARLVEIDOIES M F W (ZHEHNFEILRIZOSINTVWS) D
T, ELOMEDIES HETY. FHGOMEEE L>TOET (3-5).

@
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(3 PERAMEL ;1 EA AN
EEREDYIVE, LORIIZERNHY A, BORR—IVIEE
MY EH A

O Lt ESREEADVEEASRON

ROoTALIDTULEDLSIZ, EORIREEZET, EoRIRDESHFIZ
FZFUWVEN DFTREMRIZIRY FT, LRVDESHRLDEINDESL 1m, F
EROEMN (B o 72RY) 2d L UET,

10m 9m 8m

2 ToAROESE @GO, 1mC8), COEL. ROESEICENEESICIm T
B, BEICEGE. WSEABVES d CROSSEICE<. & 0 EHThTESE.
4 wanneEnRL,

cos 6

ROEEHIZEL L, BXEFH 58 1m TN ET, YOAXIEATE.

T25EIEEL Im TY, BB5DIK TIETITELRITY,

. . 1
s FEMRLEAIECL, RY d TEL, IROMBEXZ —

d
d

EANSCH 0 ZITThTED EA=ZAFORIODIL,

cos 0

4-8), ROIEX 1L
o EEMIZoTHED L (0=90°)., WOXTERDEFHIIENLR, KD
fEX 1% 0,
cosO1F 0 =0°DLEINVHIFAKREL (1), O MKREILRBIFENIL LY &
T 0o, SRRLEMIEDDOD, WHIEARTT., TLUT. TOL XD

o



8-4 LW5[FARBME : At grad

DIEE L 12 SEEOMA AL NIEAE 4D EF. 350 A EL

FEE EEUTY,

A > 2 ILORETE, HOEFHYDEFVAA T2 RN 83 TEALLD
2. EORMR (BFHE) LAREET, TEVATIE. EEEEIRIEETRER
T, ZMo, WOEDHTE, WHIKARIZTMEE. TORZBEIFEH
LEATT, A=t WHIFAARIZTREIIZENDIZLDHET,
BLAKICES &

R—BERY IZLHZEXIE. WHIFARIIT2HAXTY, TH. EAYELER—
Vi, B GEE) o< DT, Z0H L EEBMEEADEXITHNY O35 LIk
MEY EHA, EERLEADAIDREZL>TTFEDIE, B-o< VENEKD, A
Y DBRNEED LS 1T, BOETIIZESEDTY, TOET [ENZHT] L1
LEF, 2o LBOAR—ADESYIZUHIAENI L TT,

EDEETDIRE. AIRT

&.

O HDIRELDIRELATKEN : AEE

= P (30, 20) T, HEDIKIX —0.6, LDIRIFX —0.8 TL = (8-2), [BEA 1m
HEHE 0.6m T3] [HEAN1mEDHE 0.8m TA5] LWHEKRTT, 20D 2

DDEANT, 1 KDERENZLUTAET,

<8h Oh

55,5§>:(—O6,—08)
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R—ILDAEF (0.6, 0.8)

mroms |
%851 (83m)

grad h = (—0.6, —0.8)
WEIRARRLEY (RE 1)

JEDIR —0.8

E3 =P OEOREIDIR (REDXKE) EHARDE. FHUVWKEH grad b (L85, FHUE
ik, P&@3%ERrEAT. LWsFARREYDAES, K-k, ZOKRS (AL
DER) A& B, [EEAZ>T<ENSIET (REDSH) Sl PLInTuns,
K3DLEHIZ, TOXRHIFIEEHMLELEAT, R—INENZHXDL &
HERNEMONTVET, 2%V, WHIFARAREYVDODEETYT, EXIX

V0.62+0.82 =11=1T%,
ZDEHIT, B h ODREDEZXENEZREZ, h ORE (Z51F0) 20,
gradh LEXF9, Iy N T4 F] LiEAZT (gradient DED 4 XXF),

oh 8h>

gradh = (a, a—y

ALV 2RI SEAR TROEE | OF%KTHENET ((FEROZXDOV
1) BEOARIE, BEXDOREIZIT TR, WHIFARBRLEYDHRELF -
FREITY, @3 h BRI LIZRED 1 DOETIH, grad h (F5AFT LI
RED 1ARDKREHTT,

EPDRTEE>TAET, ERDIUTIE. EDRTERDISIZHRDET
(8-2),

@



8-4 LW5[FARBME : At grad

Oh oh

g = 0025, 5.=-004y,  gradh=(-0.02z, —0.04y)
& (x, o) B h (m) grad h EX (RO&AY)
(30, 20) 83 (—0.6, —0.8) 1.0
(40, 0) 84 (—0.8, 0) 0.8
(0, 30) 82 (0, —1.2) 1.2
(20, 10) 94 (—0.4, —0.4) 0.566
(0, 0) 100 (0, 0) 0

F1 FROUDVWK DO DEDEE. TELETIE gradh =0 (EDETICEIRMERL),
(40, 0) & (0, 30) IFEINZIFAL (84 m & 82 m) TITH, KOAIIX
0.8 12T, IDIEFS>NETT, M1 CThEEDEHNVBEN>ZDERU
T7,
RORNEE | ROMENS, ZT grad 2K D

RO ILOHIE P, RLEOEHE, BEOBEIETIE. BIPEENRIILL, B
FoHENKDEDE (R) ZIIVRHD ET, TOL XX 82 TEAZIDIT,
ROLRZYES LOETREMA 2 REL Y £9, RFE T, A1 omEN (T

DEFSNRKIVIZLHE), FIZFENSCEALNR, R POELYDOEIZ 10m =
CIZANET,
A B C D
1 1 &> xz =20 xz =30 x =40
2 y =30 78 73 66
5 y =20 88 83 76
4 y =10 94 89 82

#®2 RP (C3: T 83m) DEHLYDEE (M), RDIRIFER () DZE. LDIRIEE
T (&) OENSKD D,

&
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APOEEDOT AL 20m IZBENTWAEDT, HDIKIFE =(D3-B3) /20, LD
WIZ EDITNSE TFTDTEOWT =(C2-C4) /20 TROF T,

HDIR (76 — 88) ~20 = —0.6 JLDIR (73 — 89) ~ 20 = —0.8
gradh ~ (—0.6, —0.8) T, RTKDAELRILUTYT (EZRDILIE 2 RXRAZD
T, EEDETHL X HEBVET), HIKDT—ENSIEDRE2HE TSV 7
F7z78, REFHDIVE2—2E, ZDOLHIZET grad 2RODTVET,

O COAEDRE. AR TRES : AAEAMS
RTEOATERVAIIZED & RIFN<DOTL &5, EOHE 2, BRI 1 DX
Flé=(e,, e,) CRUEXT . BNOSERVIZAH O DAILS, €= (cos b, sinb)
TY (4-8), /=& ZI3ALHIE 0 = 45° T, é=(0.707, 0.707) TY,
IOAMEIIT, FORY s EITEAET, L. We,s, tine,sBAKRT
IR EY. 8-3 D&M DRNIT, dx =e,s. dy=e, s EANET,

h h

dh:éldx+g—@/ 8-3 D&M
ox Oy

h h
dh = g—xems + g—yeys B e s dtne,s AL
dh Oh oh HEAEEY s Th>T, 1m®»biY
— = e, +——e¢
s ox oy Y 2L~

DI, gradh & e D&

d—h =gradh-é
s (4-12)

3fFHT s THho=DlE, IROMEXMN IImEALLXIIEINENETED
B0 EN6TT (3-5), 417HDELIE. 2 DODRHMDEDZE D LehF Tk
U, DEVABETT, 7-3DEWVATIX 11T (gradh) X 1% (€)] D&
T,

oh Oh

AE e (RY¥1) NELLXDIR  gradh-é=——¢, + —¢
ox oy Y

©@
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ZORDEE, € DEZDERES (1525 VSA) LVWET, HOIR (¢ T
DR 1 & = (1, 0) D& ZXDHAE . LD (y TORMS) 1& €= (0, 1)
DEXDHMEYHTT, A, RedD 2 ODDREEZTELZIT, LR
EDIRTHRETHE S LD ITULARHZDTT,
= P T, LRDREENDD

LB € = (0.707, 0.707) DIRIFE, KDL BY T,
gradh - € = (—0.6) x 0.707 + (—0.8) x 0.707 = —0.424 — 0.566 = —0.990
8-3 Tlk. A Im, N 1mEL L, B -14mEbYVE LA, IO
LEHALEIIZ VIZ+12 = V2 = 1414 (m) BOT, 1m $7=Y Tl
—1.4-+1.414=-0.990 TY, AUEXITARY £ U7
MEZELT. WEIFARBRETEIHNT

RETET, 0% 0° 26 15° $OEILT, ROMEDREZEY £9, E FTIIHE
MODDH, KEIZ1mEARZLZIDEIDEEZ, EROUDKTHEL £7,




8% HB1E <TADEHDOWMS

D2 =-0.6%B2-0.8%*C2
E2 =(100-0.01*(30+B2) "2-0.02*(20+C2) ~2)-83
A B C D E
1 6 (°) €y e, Ikgradh-é HADE
(m)
2 0 1.000 0.000 —0.600 —0.610
5 45 0.707 0.707 —0.990 —1.005
8 90 0.000 1.000 —0.800 —0.820
11 135 —0.707 0.707 —0.141 —0.156
14 180 —1.000 0.000 0.600 0.590
17 225 —0.707 —0.707 0.990 0.975
20 270 0.000 —1.000 0.800 0.780
23 315 0.707 —0.707 0.141 0.126

#*&3 A2(C0. A3[C =A2+15, B2 [C =COS(RADIANS(A2)). C2 [C =SIN(RADIANS(A2))
EAN, 25178 (845°) FTFAIE—UT, DEREDIF 45° C&DTRIF (dLEk - 4t -
ItFE-- D 8 DOEE),

D Fl& E Flid, /MNEE2HMETIREHEUTY . EFIRDLTHEDIK L
DORENHMN > TWENET, EOREIZE<TH L., THIINI RV ET
(8-3). DT 71295 L, RDLHITRY T,
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233°: WE[FARBLEY (R 1)

143° 11k 0 323°:3R 0

53°: WBIFARBETY (R -1)
0 90 180 270 360

B4 5P T, AT0IECETDR, BEVRITIRETED 15° CEDE, LWEIRFAKEW
DIE 233° (FL\E) T, gradh = (—0.6, —0.8) DET, RN 0 D 2 DNDET (HAH)
X, ESROET,

RETTTING, RDIENDOMY T,

@ VHIEAELREYIX233° DHEYT, Hidbr5 L1,
gradh = (0.6, —0.8) DX DAF 233.13° T, EXX 1 TL&, W
HLIFAZRAX X grad DE X, ZD L XD grad DEXTY,

O “HLUEARRTYIR, TORND 53° T, FIE —1.
R—IVHEEN B A% T,

© 50 ITRBAEN2DOHS (143° & 323°).,
A0 DEFIEATE, BIREDY EA, FEMOME T,
233° — 143° = 90°, 323° — 233° = 90° DT, EFHIRODM X grad
CEMATY,

757D, cos DITT (4-8) #EN233° FSHUAFBICRZET., TOD

FiE RTOPBZDOBETHEIDET,

( )

CCETTHS

G EEROBRICR—ILDOATENET IH T, ROIREILDIRNS grad Z1F
Y, EDATDIREWBECEHETENIEFTSTY . CDFlE. @t grad @
BINVNSFARRONE, RTHEIDET,

&
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[ ) HED cos TREHH S

@ gradh - € = |grad h|cosf
4-12 T, AL TRIXEKE X X cos (2 DDRHDEDA)] LEFITHLF
VFEFUz, eDEXIX172DT, gradh & e DEIDAZ 0 £ LT,

grad h - € = |grad h| |€| cos 0 WEDE S 1 20/ (4-12)

grad h - € = |grad h| cos 0 elFRX1%4mTle =1

T9, TITOIX ENSIEIN-7/2ATIER<. grad DREIDSED-> 72
TY, |grad h| FZDRTRE > BURDT, KiF cosf ZIITEDY 7,
4 DTZTM cos DIE>7=DI%, TD=HTT,

é (RT 1)

6 | gradh 0=0° IR =|gradh| (\E[FABRLELY)
P cosé 6—90° 15— 0 (ZEEOET)
0 =180° 1R = —|gradh| (WEIFARHRTY)

EEE0EE (0 =90°)
B5 1RIE. ¢ % grad DESICEE UEBORES (cosd) 12, |gradh| EHFEED, ¥
ROBIEARVDIL, el grad ERUAETDES,
cosO X —1MmS 1 ETOEZLY, 0 =0 TVWHIFAKAREXL, 6 =180°T
WHIFANILS, 0=90°TO0TT, ZN6, RD3DDI LM, EARIL (¥
ATREEE) TEVWZET,
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( )

WHIEAREREY X grad h DREIX T, ZDIRIL [grad h|
WHIFARLBTYIE —grad h DHEX
(R—IVIIEEREEAIL, 2RMAENEND)
FEd gradh LEA (NED 0 DEE)

- J

@FTHE? DEZTT, A=)t —gradh = (0.6, 0.8) DAEX, DV
EREEADAIIZEN)IEUOET, BEENSRTE>T<HANANS @S
(30, 20) TldH Y FE A, EROUOEFRIIZHT, FHLOREDIES M
ROT, R—=VIFAf] (y DAEE) ANADAUF [ XIENRSDTT,
[EEMEEA] I BEThh»SDBRTIIRT, FThM2DBRTIIETRE LA,
R TlE. FEMOMAE e ITEDLFHINEDLSZW (JR0) DT, gradh-é=0
T, NED 0 RHEMA (4-12-7-3) 2DT, grad LESHFIIEATY, 3@
DT, AUz E LA,

ROKESZE, AETED &

lgrad h| 1&, WHIFARLREEZDIROMBEETY, HEIN m OIROAEE o« &
$5&, tana=m TY (4-8), M P Tlk|gradh| =1 4DT, tana=1T
a=45° T3, HIZ ImEL L 1m EMNS, FE2OXLRIIFEEALPET
T (FEROWLIE FFELPTVEIICAIZLTHY £9), |gradh| =1 1% T1°]
Tida< MmELE 1m E23%] EWHIERTT,

0 3 }ED AR ZHEE

HBEDOHFDBED LS. BT (x, vy, 2) CTREDIH T (x, y, 2) IZE. FEC
NHY ET, RSN 3 DIZREETITY,

oT 0T 8T>

gradT: (@, a—y, E

AEaERUET, &Y 1 DKH € DEAIZDEZFIX. ROATY,

&)




8% F 1 E<TADEHOWMS

rad T *—8—T —1—8—T —l—a—T
g ©T oz 8yey 9z =

5 LEICEHT, grad T IZWHIEARIZEAIMELAX, TORINEZA
DEITT,

3R TIE, FAUBREOREZMEIE, MTIHREIZZRY £7 (8-1: F{EH),
LEHLFEUHEET, grad TIREEBEEATT,

ez f=22 4+ 2+ 22 (RENSDEHD 2 3]) OFMEEIE. Az FD
LITRHEHRDETTY, RS T 5L,

grad f = (2, 2y, 22) =2(z, y, 2)

T, BEEDOANFE ST SEMNIRHTY, BROEEEAIZ, ANEWVTWVE
T, (1,2, 2) Clkgrad f = (2, 4, 4), EXIZ V41 16+ 16 =6 TT,

DM © f AR UEDE
(Ekom) ZHo7zt7vA
IRVVKRED @ grad f

GkomEEAIC, HAN)

6 f=2+y?+ 2% DHEEE CGROE) Z. z=0DFESLRE T >, BFIF fO
B, grad f IIFHEEMEEA (KRENIHESH THW\ 2, FE 2 OEDLTIIRT 4),

Q TI35 VRN ZUMARZEES

A atEd & X, fh2bld T TRWS T 5] Ty TRBSD T2 (2 TRES
T5] D3 ODEEE, BABICIBEICIZFLE I LTHENE LA, 20 3 20#E%
WAREED] &2, 1ODEESTEXZT,

o 8 9 of of of
v=lara- 5 Y=l o

) =grad f




8-4 LW5[FARBME : At grad

VEFT3LV0ET, BHAEWZTE ON—7) IZIZTWBD I NS, TDE
BICXIEND DT o72, EEIAGNTVWET, VAR IFT77 -7 L5
A, grad f L E-7Z<FEULEDTT,

V ik TNZEIFTIIETERNTEHY) XA, [HIBEENRZS, ThE «-
Yy z CTRMDLTHENRS | L\ D, FEMEA> TORVEKTT., 26, A
B E B\ Ve, BBV fVIE 2oL B6MRH3EDTT (fV I,
FEMEMD U TWRWERDE ETY),

vV OESH B %z BIE
Vf A grad f &El 8-4
V- F S divE (bXHL) ¥ 8-9
V x F [E#E rot F' (53 L3z 8-10
STSVTY (FbYDE
V2f e 8-12
B D)

F4 VEFESADDEEZH, COARTIE. Z&ILTEHRHS grad - div - rot ZFEIZfEL,
SHEIC V DETHZUNRD, PEBEOERPENETIE V RL<FEOND I8 115D
—Vp & —gradp).

O MEICE T B4R

METIE, BT LICHRED 1 20 (KRBT A NVF— - & - BE - JUE)
Mo, BT EDRE (1 - B - BORN - EReBTH) A WETHESH
£, EhE, BHBTHHME (—grad) (2. FHYEPIRIEEEMS @I FT,
A=V 5 E LEUTT,




8% HB1E <TADEHDOWMS

D MBEIRIVF—EN: F =—gradU

WEE 51-4 Tl 7 FANIRHBE dr TT 245D, MBEZALF—UD
W 725123, DFY F.dif = —dU TU#%, dU = gradU -d7 (4 DIZU
HORE 3RKTIZLEBED) £ 5RBE, F=—gradU TTY.

MEDE DEADABZAINF—IX, U =mgz (zIZEYX) TY., REIT

. RDESITHRY 7,

ou_,  oU_,  oU_
ox ' oy 8- 9

= —gradU = —(0, 0, mg) = (0, 0, —myg)
ETEZIIIKREY mg D, DEVEANTY, BROMELHINF —DRDH
AR
U:%Mﬁ+f% F=—gradU = —k(z, y)

T, WOLREA (FRDOERLBZREIDA) N3IXEETHTT (FlE6),
@ Eli&EH : E = —grad ¢

B¢ (V) (774, BRMEDEM VERUED) &, HFTHERES 1D
DETY, EBIZ E =—grad¢ (V/im) T. BLEDOEOFMSEOFTATX £
T, BRYED [FEAMEEBE]AMRIEA] X [FERL grad XEA] OZ
£ TY,

BT 100V
"< 0.01
______________________________________ 75V fEl m
¢ = 10000y
—————————————————————————————————————— 50V )
&% £ TAS
""""""""""""""""""" 25V 10000 V/m
y \ \ \
B OV

B7 2FXV\DESKRHR (BN 0.01m, BERIOV & 100V) OEINDES FHOKE) &F
Bhf (ROAR), BEIIFEMBEEEAT, EMOEVES ERAL,

&
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7 DIROMTIE, FTORPSNDEX% y (m) 2 LT ¢ = 10000y (V) T
4, grad¢ = (0, 10000) DT, E = (0, —10000) (V/m), T izk
vV 100

¥ 10000 V/im C, @RWHED E = — 7= 001 LRIUTTY,

QBELEDFN : ¢=—kgradT

6-3 Tl&k, MROFE2FRNLEE NREDMEX AT E] (7—Y ZDi%E)
LEOFE UL, BOBNERE ¢ (Wm2) (I1m?2 2 1#IGEBSE) THRT L, 3
R Tl

[ =—kgradT ]

T, k (W/(m-K)) [3BEER (IXREBD k LIZFIDED) TY, Bk BRED
BN SRV, FREEEAIZ BEDOTHN) ANRRIELRNET,
6-3 DMANX (EX 0.2m, AAI20°C, 4MII0C., 2> 27V —b k=1.6) Tk &
X T =20 —100x 72DT, grad T = (—100, 0, 0) (K/mJ, ¢ = (160, 0, 0)
(W/m2) T9, 6-3 LR U 160W/m? », AEE (x DEX) IZHENET, 20D
A&, 8-13 DEAERDERKUIRY £7,

gl:iof:ﬂw)tlﬁ@}j_:jj p (Pa] £FEUTY, 8-2 T. KDOEX DM X DRMS I

p

5, = P9 (zZEmX), #OMXIZ0TULE, ZN5

gradp = (0, 0, —pg) = pg
T, EARETFTAAEAN> TOWBIZAAICHEZ, AIUEHOE (ZBFEHE) I3/KET
T (m H-12),
@RECR : BREHTH —% grad p
XEEOSERIL, S p OEHHTT, ZRL. SEOHOFHSIEFTA
BEXNET, B8 Lkg bV LA 5 < 20N (REEEN) —%gradp
(p BESOEE, ¥ 12kg/m?®) T, SERLERIC. BREOES 2AXET,

&
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\
i E DR
4hPa CEDZEERD

A<M 200 km 25,
S[UEIEE S ZER 1kg 72V
// 0.0017N (0.0017 m/s?)

1004 1000 4K

8 JLHERDEJENFEDY (RAE). [IEMEES (ALY IDRMR) [FFEHR (%D
18 CEAICESEARA, HBEDE FHOXRD) FEAEN, FEHELLRDICHETD
TREC D,
4hPa (400Pa) Zr DFEMOMMN <A 200km 25, ZEK 1kg HV D

IEEIIRDEBY TT,

lgrad p| = 400 -+ 200 000 = 0.002 Pa/m, 0.002 = 1.2 = 0.0017 m/s?

INSKRZFETH, [MRESH < LEOVEIZZRY 75,

72720, ZEROREIZ. ZOHDMEXIZES>TIIRE FEA, HIKNEIEL TW
5DT, ¥R TIFEBSEBINENTNET 4-14 DI Z L0V FYDH),
EZETIE. BUXIZE ALFEERITE TR, HIE O Tld, M e OEET
FOOSNT, FEMRERBDICHEY > TEKEANRE ZAX T, FEROHIE
FOFHE AR, LV REFMOS VAL, |grad p| BRIV E AL
XV, WS LT,
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BRTCRE D REM X Hem
=X h A= DX —grad h EEi
LB AL F— . .
- I F F = —gradU EU U DM
CA VA E5E E = —grad ¢ EEAE
BE T Eomh q g=—kgradT FRmE
KU p LR EBTH —% gradp S

&5 YPEICHTLS 38E. ENE B THZAEEIC, THRYUAHRRIFEELS I KEDIE

N

FHEmEEM,

FLWHAKIZES L

YAREHNTE, HEHDER (—grad) TEIF2HIITRHY HA, 2EZIE S
TEERN (8-5) 1k, LARKDARIZE R £ A, AETETSHTIE, W
FNALTEETE, LAREDOEMN0IZRY T (8-7), ARTEIFZ,ES M.
TEXEDORVEN) DFRS, rot F =0 MESINTRAMTSNET (8-10), RDH
BT rot A0 TEAMTEF RO LNHY 7§ (8-7 - 8-11),

_________________________________________________________________

(Q Kt DF=N

HE -8 - :gradf=0 DX

grad f =0 DFETIE, EOMEIITERNHY
EFHA, TOLIRRAITIE HE (FbY &
DEWV), ADE (FbHY XVEY) DIEH
2, g (&5 DENRHY T, KX H5
MEIEL TR, ThEEADEE ITE
DEENBRTT, BDOSDFITIZTTVS
DT, BABLEVVET, f=22—32 D
FEMNIEDRTY (MOEMRE f=1, 2, 3.
B f=—-1, -2, -3 DEER),




8% F 1 E<TADEHOWMS

P e T T i e

2EBOEBDID &5 BENENITRENE, 2 BOFRMS (8-2) %
N7ATH (NvEFFIENS) DEFE (7-8) DRSTHREY T, 22
CHEEROCTELE, 2D EEROADE, ELAEMN 1 DTORLIRTY,

@ to&mY L
HDOETOSBIEARVF: 575 VY 2DRERHIE
EBRDILUDOFEE, o9 <LE
rz+y=50 E->TVWEY, ZDEDE
T, WHBIFABWVAIZEZITLE S, BE
H L, FEMEBUDLHNZIEEINE
HYET, OVHIZABVETI. EIXER
R 69, ZoLBLTVET, T2
Tld. EEREEAL gradh (F) 1% &

LHEATY,
EBORE g=z+y=50 L RsL, BEALEHIE gradg = (1, 1)

TY, ZH6#ERATIE, gradh & gradg WETT, 58 pu (I 2-)
#ffi->T gradh = pgradg LET E7. KO TEL L —0.022 = u.
—0.04y — pu BOT, —0.02z = —0.0dy. 2%V x = 2y TF. HORIZ
AN & 3y=50T, y=16.7, x=33.3, §X1%83.3m TT (KDK
WIRODRRAY 83.3m DEER), ZDAEEIFIT I VI 2DRERBIEL W
W, pu BREFEBEVVET, ZKOFEMETIIN LEXEIH, 780D
BEEED X LIFHDEDTY, METIK RESEZLEDTIXNF—DF
T, WHIFARBZ DR TV AZ2 INT L XITHENET (I #-15),

S R R R R R R E  E EEEEEEEENESEE—S——————————————————



8-4 LW5[FARBME : At grad

[ (B SHBEDTVTHES AZOHREHSOESS )
25— bz, y,2) KU, Vo = 224+ 92251 9% 4 4 0
ox Oy 0z

e, gradg LEEL, BANT ML e DFEOD G HM 7 HREUX
Vop-e THEZONDS, Vo id ¢ DIEMBENRERERDAAEZAE, TD

REIBIRROEMEBIZFLL, FH ¢ = —E ILEETH D,
R TN F GRS EIC 1 DOBEDNREDED (FT - BE - EURE,

CCD ¢ IFBRIICHNESBN) e XFD i jo klFz -y 2 DATORS 1
DERED €, €,. €, (4-13) BDT. V¢ FZDAD grad ¢ TDED, [HA
WA [FAEHD (@), MEMEARAELDAMB] FVSFARRLEY
(®), MEhm] 1FEEm (©).

- J

D x
Oh Oh
R gradh = (5, o S) @RS S =E,)
HEHS grad h - € = |grad h|cos 0 (€ IEI:E'&' 1)

WEIRARREE LYk grad. FTYIE —grad. IRkl |grad |

L5 - SEm grad £ EfA (W1E0)
T3 Vf=gradf
e F=—gradU, E = —grad¢. ¢=—kgradT
. J
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[ @ cosTHTSRILE

A BFRTHRE S f ORMS 2L R-EH grad £, WHIFARIZHEZSH% %
[, BEYXZZOLXDEIADEY, /551 Tk,

AEWS EX1DORH e DEXIEG L XD, 1HVDEDLY S, grad f - &,
EE@E 3 X7TT. AUEOSEBALE (B - SEMERL), 2 KT TIREE
R (FER - EER),

TS5 RSO 3 ODBEELENAETE V., VS =grad f,

DS (HBas) grad f =0T, HIEXITIEENSY, FIOEXITIZTHIS A,
[UEEESN [JEDETEIMNBIND S, FEHFLEEMAIZ., BONIEIANEL,

FHTH/=E 8-4 MH Tz 8-4

) BHh 77
BHk IV K- T -
B S & AT
I‘ad f B G, RS e~z v :u? jﬁﬁf;f ;9 . gjo.
g M, Wb IZARICHA B S

EE gradient _
"8 ZEE nabla, del

S J

(@356 FISEVSERE

V OFEE. 19 DN ITAIZ, A FVRETANT Y ROBFEE -
MEZEMNMENIUDE L, 7AIVT VY RDODNIN M VIE ZAF 2
2B ULERDRESZMN, A2V NIV ROTA D, WEDFEID=
ABRDETILDZ, LEIZ6NTWET, [F7F] 05 &Rk, 1870
EIA, T4 MDEAD, BHREWETE (N—7) IZIZTWBR I M6,
ZTDETEDLAZ L >TRELVAZEDEESTY, X7 AV IE, F
MOHFTIDERIZE>TVET, FILVESIE DMV FEDRL
ZRITHRE > TVWAEDTIHERL, 2 SADADMENLZNSDUTDOHIC
HoTW\W>/=DTT,

©
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@ FIRETIEULHIHELS

M BIRE1 FEOLOEER N

EBZODI h =100 —0.012% — 0.02y% D (20, 10) T, gradh, VWb

ARIZEY) DIRORE X, R—HEN)IEUHBASERDEL & 5,

@, RS —0.02z, —0.04y IZHEDfEE AND, HKiE grad

EX, A=t —gradh DEX (®),

r TR —0.02 x 20 = —0.4, y TREHH —0.04 x 10 = —0.4
£¥ /(-0.4)2 + (—0.4)%2 = 1/0.32 = 0.566

grad h = (—0.4, —0.4), 1% 0.566, A"—JLiZ (0.4, 0.4) DEX

(ALE)
N J

M BIRE 2 M=%RHTIRERDD (HEHS) N

FEZDILDE P (30, 20) (gradh = (—0.6, —0.8)) T, (1) 4L, (2)
FICEG L XDRERD, EUNTUNEEZEL &I,
@, MXEEX 1DEM LT, gradh-é, ERO6EY, &
BHTY,
(1) & = (0.707, 0.707) T

(—0.6) x 0.707 4 (—0.8) x 0.707 = —0.990

(2) é=(0, —1) T(—0.6) x 0+ (—0.8) x (—1) = 0.8

(1) —0.990 (FY) (2) 0.8 (£Y)
S J
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¢ ULRATEZS1 ¢ ULRATEZS 2
EROWDE (—10, 15) Tt FROIWLDE (20, 10) T. (1)
grad h, WHIFARLR LY DIR b, (2) EAEICED & XDR%E
DREX, R—=IVWENDY LU KD, EUNTUNEEZE
DEMEIERDEL &S, LU&> (grad i36IE 1 TK

D7),
\_ J J

M BIEE3 LWsIFARRLEY SIROAE ~

FEDILDE (10, 20) T, WHIFARLREYVOAEE (BEX 1 DK, Z

DIFDIEX L AE, R—ILDEZXE2RDEL &I,

®, kYikgrad DEAXT, £X 11295123 grad 22 DEX

Th?, AElXtana = HX (4-8),

gradh = (—0.2, —0.8), £X /0.04 + 0.64 = 1/0.68 = 0.825
EX1:(—0.2+0.825, —0.8+0.825) = (—0.243, —0.970)
tano = 0.825 £V, BH®MD tan ! T o = 39.5°

£V (-0.243, —0.970), fEX> 0.825 (¥ 39.5°), A—ILiL
(0.243, 0.970) D X

QY URATESS 3 .

FEHERDOWLDE (20, —15) T, WHIFARREVDHEE (BX 1 DXEHH),

ZTORDEX L HE, R—IOMEXEZROEL & I,
. J

©
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.

o fIE4 SEEOHS <

FEEDILDE P (30, 20) (gradh = (—0.6, —0.8)) %@2EEHDM >

£ 1oORATEL SEROEROME Y EROEL 1.

®. ZE#RE grad LEA, (a, b) LEALEHD 1% (b, —a)

(ANMNZT, FEDRBEEZS).

(—0.6, —0.8) X Ef : (—0.8, 0.6). TDKHD (0.8, —0.6)
—0.6

B (~0.6) x 0.8+ (~0.8) x (~0.6) = 0, ¥ =~ = —0.75

(0.8, —0.6) (£7=1% (—0.8, 0.6)), #&X —0.75

¢ ULRATETS 4 .

FROLDE (20, 10) (gradh — (—0.4, —0.4)) %3BZEHHOM X
% 1 >OREITE, BHGOBGOMES g—g ERDEL L,

-

M BIRES XDOBE (2 DDZEH - 3 DDEE) ~

ROBEBOEEE, () DETRDEL &S, (2) FEIERDEL XD,
(1) f=2%y+3y (1,2) (2 T=22+2y2—2 (1,1, 2)
@ ®, ENDOXFRIEDT BWERAUICRT). 123 2FHH
35 (8-2),
(1) T2y Byldz 25 EBVDTO), y Ta®+3
B(1,2) T@2x1x2 1+3)=(4, 4)

(2) (2z, 4y, —1) IZANT (2, 4, -1). EX

VA+16+1=121=4.58
(1) Vf=(4,4) (2 VI =(2, 4, —1), EX 458
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¢ ULRATECSS

ROBEBDOAEE, () DETRDEL &5, (2) FRIERDEL & D,
(1) f=zy?>+2z (2,1) (2) T=3z+y*+2* (1,2, 1)

.

M FIE6 MEIXRILE—HSHERDS

IFREH k = 200N/m DIFRTERITDRDPNAEYORMEBET IV F—13

U= %k(ggz 442 () TF (o yldm), & (0.03, 0.04) THICIZ

5 F L, ZORXXERDEL &5,

®NQ®. F = —gradU, %k:a:z o THMPTEL k.

gradU = (kz, ky) = (200 x 0.03, 200 x 0.04) = (6, 8)
F=—gradU = (—6, —8), kXX /36 +64 =10

= (—6, —8) (N), XXX 10N (BAMDIFS> AN XE E7)

ﬁ
i
B

¢ ULMATEZS6

A k — 100N/m. BT ILE— U — %k:(:z:z L) ) DL,
#.(0.06, —0.08) THNZIZEELH F &, ZORXIEZRDEL &5,

.
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m FIRE7 EEOHENSHROFNERDS N

25 L ADIR (k = 16 W/m-K)) DHDEEN T = 60 — 300z — 400y
(‘C) TY (z. yidm), BOFN &, TORXIERODEL &9,
@®N®. §=—kgrad T, BEDNEIF, CTHITEH KTHLT
EREU,
grad T = (—300, —400) [(K/m)

g = —16 x (—300, —400) = (4800, 6400), A ¥ X

V/48002 + 64002 = 8000

CF® G = (4800, 6400) (W/m2), A¥ X 8000 W/m? (BEMNT2%

\_

[[%)
J
¢ UBINTEZST N
2¥ 27 ) — O (k= 1.6 W/(m-K)) OFDEEH T = 30 — 60z + 80y
(C) 7 (2. ylEm), BOFN G, TORIIERDEL &9,
J
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M FIFE 8 T|MHSEHEERDS

SEED EDBEAA ¢ = 200x + 150y (V) TF (z. yidm), (1) EH

E e ZznAR%X, (2) SEAMOAE (1 DDOKH) &Rk, BHLEMA

IENDEL &5,

®N®. E = —grad ¢, EEAHHIE grad LEA (FIE4 DX

UA)o

(1) grad ¢ = (200, 150), E = (—200, —150), kXX
V2002 + 1502 = 250
(mua)—mmyﬁ<uf(&—4%E«&—4y:—am+&m:o

F9 (1) E = (—200, —150) (V/m), 250V/m (2) (3, —4). P&

¢ ULRATECS S8

EED LEDEMD ¢ = —120z + 160y (V) TT (z. y i m), B E
LZDREXERkD, FEMBROME (1 DOKH) NESHLEANREDN
HEL LD,

.
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M BIREY iREDPZ<TDEOET N

FEDWLDE P (30, 20) Tld. |grad h| = 1. grad DA X IZEM» 5 EH
D1z 233.1° TY, EDDIRM 051225 EDAIX %2, ENSEEY DA
T22B5X2FL &5,
®, grad 5 A 0 TNz E DKL |grad h|cos 6, grad DE
AIZTH6T,
1xcos=0.5%Y 6=60°

233.1° +60° = 293.1°, 233.1° —60° = 173.1°
173.1° ¥ 293.1° (grad M5EAIZ 60° TOFTN/MAX)

-
2 ULRATECS9 .

FEDOIWLDE (0, 30) Tlk gradh = (0, —1.2) T, grad DA XIIERM
(EMNSGEEYIZ 270°) TY, EVDIRMN 0.6 IZRZ2EDNHEX &, HEMS
ERYDAHT2O2FZFEL LD,

\S J

EERZAVPTVNECREFIVY

A FERZPTLNEZS \

@D grad 1 DDPTEZD

X APT. gradh=—0.6+(—0.8) =14

O gradh = (0.6, —0.8) (2 DDEH & Wi/ £ED)

grad [ZRHITY, 2 DDEMAD %2/~ L TIWNITEFA, —1.41%. 83T
BAIm - AN 1m#EALZ L XOEIDEL (2H5) TY,

®
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A FERZPTLNECS

@ mR—ILDEE% grad DET(CT S

X A=k gradh = (—0.6, —0.8) DA X |Z#EH D

O H—ix —gradh = (0.6, 0.8) D XIZEAS

grad IZVHIFARZ EVDMETY, TaR—IE FTORIFANEEIY
T, WHEO F = —gradU O A F 25FE UEBHTY,

I(

A FERZPTLNECS

Q KREH 1 TRVWKEITIRZELHT

X ALEOFIE, (1, 1) LDHFET —0.6 — 0.8 = —1.4

O FEIFEX 10 (0.707, 0.707) %{F>T —0.990

(1, 1) DEXIZ V2 DT, W& 1.414m EAL L XDERITRY &
T lm HEYORIE. B 1ORHTHLET,

A FERZPTLNECS

I(

@ WS[RFARRLEYIX THEAFOTEANSERS

X HPTObLIEAALEY G, HEAENS (—30, —20) DX

O WhiZaazs it gradh = (—0.6, —0.8) DI

HEANE>T AN AE (EX 1T (—0.832, —0.555)) DIFIE 0.943
T, 1 EVNISRY T, EERAZEDOITIE. grad BEEZAY %
A,

-
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A FERZPTLNEZS

® |grad h| ZAEERS

X IROREZ 1 1°)

O fEx1, AFEEtana=1
T 45°

lgrad h| & 1TmEL A m b

MBI EWHHEXTT,

- J

A FERZPTLNEZS

® fVEVFERUERS

X fV=Vf=gradf

O VIIAIHHEH =MD
%, fV IHMIEMD LT
A

VI3 TIRR < MRS T 51

Wl DT, BELGAE AN

A6NEHA,

A FERZPTLNEZS

@ RWH T, LLOHEXFETHI TS
of

X f=z%y+ 3y T,
ox

o ¥

ox

D yfEl, 3yl =708 T,

=2zy+x2+3

2xy (y I3FELEL, 3y ldx 25K EHRVDTO)
T CRBADTEHL XL vy 2IEOTHRERUIZERET (8-2), 22y & 2?2
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& YR - TETIETS5ES

BUEDDI6HY
BEPHEOFEILER, WHIXARRME X

(grad DEX) IZE->FTSEST, ITYT

TINEIAS) BB 5B £T (DT5IFY). P
grad O 5 0 T BORKI <

lgrad h|cos 6 72D T, 6 = 60° ¢ S5EIXIRK N
HAESITRY ET (PIEI), ZOMbY, /

. : -~

EOR X2 BI04 27, LOBBD,

HOEX 251220 £F. (IOBHBP -

BT TENEAO0—7E, AUEZTERE
WBELLUTWVET,

BReEo [9EETE]
AV a—RIZEBDRSITFLE2%E

HRLXE BIADELNVDAXI%, /&
SXADE N5 A—%) OFEELLTERL
¥9, TUT. ZOFBEHD —grad DM X
(WHIFARIIT M) 1T, NTA—& %
DUTOENLT, EHAVENILLTY
*F¥, BOFTILETYBAN, B LD WaIEAMEL R
WHIFARZRTYDOEXIZ 1 HTOEDD

LRIUEZT, AEETEE JIEnTHE

. BEMMAEHEH->TE. A R
7N RE] TY,
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(@ 1554 BOBUEERHTS

AX—hrT7 xRNV IVDOHFTIE CPU Z2EDEEMNEEZHL 7,
Bl g=—kgradTOMX, DFVEFERMRLEAIC, BEOEVANSEK
WAINFNE T (ODO), #FE TR, IV Ea— X TROFDIEE DM
MzatE L. BEOARNKI VAT (BN IARNSA) 2. EBizd@
URTWHHDIR®E — b1 TEENT, 2% 75— ADANENL £,
Y—€7571— (BER2EATREZIAT) OEEIX BEOHEZNE
DTY, TOEENS, FERBOBMMPEE VA EZRDITNIK, BNz X
ATRNT WS DN £7,

~

(Q ESe¥t i DF =N

HELE M1 70Y 2 L1751

8-3 Tld. BIS (6, 0,). (6, 0,) DM & LARTY ILITH| J 24
V. NX%ZfE dp = Jd6 (FFFIXR2Z hV) TEUE LA, HTL 3
BNEX h D 127356, M ELARZFFINE1FIIRYET, Th
WA TY,

d
dh = (@ %> * =gradh - d7
oxr Oy dy

ED1TLED 1FIDOEM, 7-3D MfTLFORE] T, TDXSIZ,
25 (8-3) - Ars (@) - ¥ aALfiFlid, £hd [REMS &N~ E
De., INIREEOAE] LWVWIFEUULKATTY, 8-7DMESFTIE. Z
D gradh -dr ZEIZZ->TALAEDYE, [BE5EFIEIZISRN] 2L
EHEMNDE T,

S e e e e e e e e e e e e e e e e e e e e E e e e e e e e e e e e e e e e e e e e e et~
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v ERRHE 84 DEED

=%

B oW n=100-0.012% - 0.02y2 D& (20, —10) T, gradh. v
LIFARL EVOROAS X, R—LAERY RUDEHT 2 RDEL &>

(@pI=E1)),

B) cowos (40, 0) Tlk gradh = (<0.8, 0) TH. (1) dLE. (2) 7
ITEG L EXDRERD, EUNTOEEZZL 15 (OFE2).

EROWLDE (0, —25) T, VWHIZABREYDRE (BX 1 OKHIT)

L. TORDMEE - AEERDEL & D, £/ A—DENYIZUHDIEE %

B2EL L (OBRES)).

B zcowns (30, 10) B2 FEHROME & 1 DORDTEL, FBHR
ooms ¥ exnzl x> (OFEA).

B romsonms. () osckoEL x> (@FIES)).
(1) f=2%* (1,2
(2) T=x22+9y*+2%2 (1, -2, 2) (EX&tkD3)

B :rEs k= 400N/m DIZAT, METILE—HU = %kz(mz + 1)
(J) D& X, 5 (0.03, —0.04) THIZIZEGLK A F L, TOREXIE2RDE

LE>(@FIES6)).

NABDIR (k= 0.6 W(m-K)) OFOREN T = 50 — 302 + 40y [C)
T (z, y DEALE m), HOWFN § L TORIIERDEL &5 (@FIRET)).

72
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FrL2Y

B wiio Lo ¢ = 3002 — 400y (V) TF (2. y OEAIE m), BH
E Lz0k%x ko, EBAHOAY (1 DOKH) 1EHLEANENID

L& (@OFIRES)).

B) :2owos (40, 0) TiE gradh = (0.8, 0) T, grad DA ILHF
(EMSEEDIZ 180°) TF, LY DR 0.4 1225 DM &, B SERY

DAT2OEZ2FL > (@FIRE9).

(B 2zowos (30, —20) I2oVT, ROBGIEZEL & 5.
(1) gradh &, WHIFAEREY DIRODKX X
(2) JLEITHED L XD
(3) FEmomE 1-0xH) (OFRE1)- (OFRE2) (©FIRE4)

( 3 3 = |- N
@ HZUNAY TEBLSICHROEAR?

[ @M, R—LHERYIZUHIAS (SHREERA) 25
XIH5, - 141 R—=9
) HOIR & D5 & HATHE grad &fED. LOME DRE HRTH
AL - 146 R—Y
L) ARED cos DFEN S, WHIZARZES L EEMOME 2HA L,
F= —grad U 2 Y OYEOXZFEZ 5, - 150 R—3

J

@ HOIREIDIR, 72572 2 DDET, EDAXDIRE LMD AR,
\( ROBTIE, EEOEZIZOREDRH B 5] 2RIV D,

&




BE8E H2HM

ND BMIVimERD

ZERDECICERNS D, > TESWNSZE?

EEYIDHE, ULRARIEIEDNS?

HHEBYRBITDIKDEIL. ES5HAB?

/7/7/7/

ERORIT RN 1 AKTOH5 [RXT MVE] &, EIZ
ZoT HEBELT, ZULEDLES L, BHDEZEIE., ERIZ
SOIDEBSIZETEIEE., BEITLIZTHARAWVIZETY
< &
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[ 8-5 IANZANIN: @ »*xx+ p176
BEDAT LT, KEE 1 AT
P EoIhTRELEDES | BES © sxxik P202
BN RS EOES 2R
R EICEOTRY : fED © ~xxkx p252
EEVTB L, HEEZEDS ?
) EHZEEYNBITIE  IRAERR © *xkix p292

HADEXT, B DT EKOENEDD

COEpEHL & -
R MVGEREATRL, B - &S - BESZ2, HEILDFIRTS 25 DEEDICE
UCEHETE S L5102V £7,
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(P COETTEBRLSICRBIE
o B L DERHZFHEL T, MDHIEEE2ZFAZ-REDIGD
MIZhT 5,
[ FE/RD 6 DD - HERDYG - AEDGE BRolr. g (O
@) oRERDSND,
o FEREDEZE U TR XDREHDMD %2, BETHDERE
TEETX 5,
\§ J
O 1FTR?

BRAD EITRE DY, BEkz
IFTSEVT, MMEETES &
XFEY, $5L. BEkIE N &
NS SHBAMEMNS, 72 TAD
HAROBRRIZ R 5O F T,
BEED 1231 D3MF, X%
HAgH DL S52EDTY, Z
DIEREIE, BEEDEHDY D, &
AREDERE>TVEDT
L&D

&

BHADE DY OMSOERE (ENSRA-EZA)
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8-1 765 8-4 Tl HGAT2RDLLEICIREN 1 DRELIEZFANE L, H
MDED12DEIT, 1 ODEAD>TWEL .

& ZAMN, BAXRKOFN, EXXRHMADAIX, BAAZLIIMILREINDH
DET, RKIFHMOBEDHMKITIE, FHATZ L ITRHN 1L ARTONNTHY £7,
4-10 - 4-13 THEAZNRZ MV (RE) 2, ZEOFTRTORIZ 1 RTOENN
TWdNDTY, ZOETIH ZDLD7% REDOHK ] DFAS LN HEFED
9, 8775 8-11 Tldk, TORHDHKEZ, BIIZ->THELEY (FEHED).
HEzBOEEH ALY (HED). bIHU (&) 579 (ElER) Z2FENLY
LEF, ZOEIX ZO2BOEFESETT., MaeMh T, KHEZ 1 RTOHEL
TWHE BTDHONBEEIIR) EFT, LERITHOHNSRL TERLKRTT,

A PoTHES AAHEE T, BAEDEOHY DREIDMRZEIES S

HES260D HHA. ARt (hX0ED), AR 2ATD

@ FEEOEATIIBHAEEES. £HYEZATDOTRES,

O SEOBHRDBEIL, 1 OB X ICAMEEES, #ONE Gr
W) MENNZEE T, BRI E NS,

€ 2BoEIHVES, BHE, MXIZZ>TROSMIDRNTH

x>,
O ®© o O© @
© HIEE ©
GRRORECRRORRO

Fhkggt D N & (FRde) 13, BAED N BMNSEINY, SBAEICmE %
MEE7, MADOLEOATEERME, TOMTEEME, MIZLDHATIIELRE
T, W EXSIESIZRA 12 RKDEHM, @T22<e, NBMSHT SBAAS
BARICZR ) 29, @ [ETE? OMSOBERLEFE UK TT,

&9
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O BWEES CosTfS. MICEARIE

#o) N7 MV (RED) ZEE L REXERD, FAT (a,, a,) LEX AKX X
V@b + a2 (ZFH),

#H3) 3 RTEDRT M (a,, ay, a,). z Y-z DAIDEI 1ORAE,. &

= 3 — = = ==
€, C. a,€, +ta,€, +a,é, LEES,

y>

@B EX0F: FROEAIT LT, V=IO SEX DEOEE MR, ROl
XIIZ-oTHD L, DT T THNT 5,

@ zrom: L 0RE. Y EIOR dy = o EIOR dx OBITLT, WBE
B2 %,

EEETF] R(0) 1%, 117HA (cosf, —sinf), 21THH (sinh, cos ), %

OEILTRS &, KX R(O)'2 I2k5,

€ o eradh— (%, g’;)o WBIZAAL B RS T, SEE LB, K
W% —grad h DE X NEEN5,
Feva .
A HEDER

(@) KENDOMEESD

@ BRI, REIR 1R 1 R MG
FCBROETD, FURLOD 2 2OHEE < SR ET, ERXKBOHIN, Ak
RO T,

26 27 27 ! f \
25 26 26 i ! \
23 24 24 f T X

Suga (C) 1\ &M 1 D B : JRRC EITREIN 1 R
1 EUHD, EOBOKEDHEEADIE (R, TOBVFIEET. B SkEA
BRENN ), BOKEDIRE EDRD, EDRAEIEN D715,

&
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SEOHMBE T, B (2, y) 2RDZ L, KEEVSKED 1 DHFY £7,
81 DILDOBX LEAUT, B2 AND LEIHTL 3HH T(e, y) TT. A&
DT T, BF2HD2 L. BOREN 1 ALY £, B AN L&
AT < BERTT,

F(z, y) = (F,(z, y), F,(z, y))

B (z, y) EANB L, REID 2 DOHH F,. F, BT 3

ZDEHIZ, BT EIZEE (RZ ML) B1IAEATORESTVWDREDE, N
2 PG (RS L3I LV0ET, ZHIIHLT, KBPEIDESI1Z, BFF
T (AHT—) M1IDTOREFSTVDEDE, ANF—HFBLVVET,
5] 13, ZRIZEN>TVWBEDNERT I LIZTT,

RZ MVBDOARTIE, ANSED (G T80 (KH) &, 2 20
DT, Y BN ZBNE ST, FHAfE (z, y). REDDOEDEIARXFIZT DX
TF,. F,e&%%¥, L2 F(z, y) = (—y, ) &5, B (1, 2) OE
FliE F(1, 2) = (-2, 1) T,

O XEIE. WwHTH<

FOEX 8m/s &, HIFED EIZ 8m DEFITHL ZLIXTEX FHA, KHOD
HBOM TR, INTORMNEZFEAUHATHROTNXEY, M1 ORDOHK T,
lm/s & 1mm ICUTWET, Z0n6, REIDRI 2 6XRNE EZDREMN TR
WADSHMY £F, LOEIGTHED ML, MOTACWEUVDRE (LF) %
MOTRUET,
© 1 coEOHTIE, BEHIHAEALITS,

HEEE2DL, RXTRYZONGALZIAY T,

O VHEABVREN, LRVDEIILEIEVESIITS,

RENERD LHDERA, HOMMD8EHLSVETIZLET,

@
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€ xHOWE LB, TORHDEH.
ZOADKERE TR, BELIZBVEEI b ET, NI RMTR, KH
DEAFEZDBFIEX ET.

€ 17D 6 DN

ZDETIL, FED 6 D2DNRY MNUGE TE£EDH] L LT, 8-7-8-9-8-10-
8-11 T WRLEVET, Ehd, x & y DFEFELRRNTT,

NKNArA 7 NNV ¥ Y
N ¥ AT 7 N A Y Ok x
<« < 0 > > > > 0 <« <«
L Y A F 94 A ¥ R
¥ ¥ ¥ X\ A A A XX
(7) EN3 (z, y) (1) £5F3% (—z, —y)
¥ £ « < X > > > > >
¥ k < % N > > > > >
vV Y o A A 000 00
N > 7 A <« <« <« < <
NN > 77 <« € €« €« «
(L) 59 (~y, =) (#) 91N (y, 0)

L2 2 2 A
L2 2 2 A
LA A B A
L2 2 2 A
L2 2 2 A

(%) 2357 (1, 0)
<« <« O » >
<« <« O » >
<« < O > >
<« <« O » >
<« <« O » >
() % (x, 0)

2 FRO6DOMF (22 <2, 25y <2), KEIDFAFRNEDHA, EOHEE
UEIGTHED THD (D) EFE2EB0DEIE). BULAE KREIDRIH 0 DGR,

5

(7) (z, y)
(1) (—=z, —y)
() (1, 0)
() (~y, =)
() (y, 0)
(#) (z, 0)

‘1 FRD6DODZEDELST, (I) &

o

ENwk-E

AN TEWDE EEWN
A, FEOFEEND
EZTERUKH
REDEHY 2R
LA TIEEA

AT T EED

1= SligAN ]
KezzlODEHY
A DI E B 2HEKkO
JENINDE AF, —HR72JE,
[E2%4%—YF—7ILDE
BRI VTETOT
MM Z SRS

RRASDELYICLHATSES T, INTH

Wo L &ICEZHEN (BM2WMROEEERU).
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(7) & (1) 1F EHHEFEANSEWVIZERANDEWVG TN, MINH
NNEY, (V) & () X EBH5EBAIDRETEN,. () 3GMTEY
WEDYET, ZORLZEDLNVE, MTRSITSEEN, 8-9 DR (bE
HLU) & 810 DEEE (573) TY, e xiE () OB REMWAZRFU
MIXZDIZ, FRIFEKANSIZD [hXHL] BHY. () OFThix, £-7
STWNTVWDDIZ, NIZEEZELS &EY X7,

O XHEDHS : HRE N

RoTHAEIDODESIZ, REIDAXIZZ ST, RDSMITDRVEHRE M
XET, LOATE, MOME (BEHREOME) A TORDKHIDAEZIZ/R>T
WBHRTT, KPEDTENZ OHM (W dFA), EFGCRGLROoNK (VX
Th, BEKOR - BHIE) LV0FET, 6-10 [MEXDHORRIZZ > TED
. BBOTI 71285 LRIUEZTT,

QIETH? DEZTT, BED 1231238, ZOBFTORE DM X127k
STET, ZN6, MBROERIZ. MEDEHY DS (X7 MVE) ORBEHIR
ERZTOTWAHDTT,

S

©

B3 #HEADENDY DR (E5TTDIR. RUYIIHBORE), Al &27T
BHIRORET E[<, HARE NBNSHT SHBICAY. ZHRVISIZNDS5R,

TR TRIE, PV DHY EFBA, 1 DOGFARIZIFZEREN 1 ARALUZEVD
T, TI2BEIBOAIZTE 1 DICHEREINSGTT (BboTLWDIiL, EHOD
EXN0DEFRET). /2, NI AH > TWVBFRITE, BRI &0

®
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TF, REDBDE L TRABMN I AH>TWBDIE, 72 TREIRVNS
—GTO
DHEN : 8-9 - 8-11 TESIZ

5512, ZOETKDRUESIHERTEXET, [EWHOKED—E (6m
X 4m) T. £ S (1.5, 2.5) DONSKMIOIHL, H K (4.5, 1.5) DOICH

CEBZTBNIENTOET (1M, EI 1m HY 4m?),

y (m) S (*lefﬂjb)
4

A | 4 > A 4 4 Y ¥
r o 77 > = 1m/s
Y v
3
1 | 4
1% >
2
Ao Ve
K (IRWC )
- <
1
Y v
[N
0
0 1 2 3 4 5 6 = (m)

B4 Hoin REORE EDRD. EDHA. 0.5m J&), EOTTDRILRET, S
MSETKIZAS,
S DI TIEEEPAFXIZELS, KD TIEHAIITERLS YD £, FiAR
XENE SMHSEHTKITAY, ZBWIIRDY XA, 89 Tk, REZIFH
DPo>TVBHEXIZ, ETITHOIHURENIANHENE, MTROITET,
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KNZEEET S - BOXEKRDH S

O =:HET. ZBOXHZEHETS

(L) D3FTDEH F = (—y, ) DRA%Z, RFETHELTRIIMZET, A
Nz z. BAIZy 2 An, CHIZ F,. DFIIZ F,. EFNIREIORE X &5E
bijqo

C2 =-B2

D2 =A2

E2 =SQRT(C2°2+D272)

A B C D E
1 x Yy F, F, RET
2 1 0 0 1 1.000
8 1 1 -1 1 1.414
4 0 1 -1 0 1.000
5 -1 0 0 -1 1.000
6 2 0 0 2 2.000
7 2 2 —2 2 2.828

£2 5T0B (~y, ) DREL 2FHHEFAIE—TNIE, EDRTEHETE 3.
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KEIDK XX y

VEPF R = VT RAR 8- e e NN
S5NX Y LAUTT, Eho, Eah VAV B N
523 NB L, REE 2 EDEY v s '; }
MOES °] ii :i»: P
E7e. REIL, AN S EDEANDKE] N 7
(z, y) OWEIZ z x (—y) +yxz=0 37 \\\v—”/’//
BOT, S TORAE. VWOLEEANS 3 0 3 @
DEX LEATYT (4-12), Zh5, K > =ATT

HOEDY EEBDTT, @5 5T08 (—y, z). BAIEES 0,
Python TXEIMDZZEN<

Python ® matplotlib (Z1&, KEIDH %= H < RE%R quiver (74 3—, &)
EWVWISERR) BHY T,

( m

import numpy as np

import matplotlib.pyplot as plt

x, y = np.meshgrid(np.arange(-3, 4), np.arange(-3, 4)) # BTD=
Fx = -y # KEID x 5

Fy = x # KEDD y B

plt.quiver(x, y, Fx, Fy, angles='xy', scale_units='xy', scale=4)
plt.gca() .set_aspect('equal')

plt.show()

(1 BEiLs
np.meshgrid I¥, = A —3~3, y M —3~3 DEFDH (7x 7 =49 )
FCDES

O 157
49 BDED F,. F, &, £H#EOCFH -DALFAUAT, LHTHE
LET,

©
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KEHIZMNXET, scale=4 L KX X4 DERHZ, LHEDDEIIINL L,
DFY 1 ITHEDD LWVWHEKTT, RELIFZDHRTT,
£TT5L. 5 LEUHOEHNOMA, HORICHET, 4~5 FHDORELE
ZNIE, EARNRT MVGTENTET,

O 3 RTDRY bIViG : SEREHER
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EX XEROEEE -7 Q:/ umax<1—%)27rrdr
0

3

BB ENNET @ = 27w, /R (r— 7a—)dr
0

wr . R? R? W XR2
FRIBBI & = 2ty (5 — = ) =

2
2
R=00lm:= =~ 0'2; 0.01% 314105

mL IZET :3.14 x 10°m?/s x 1 x 105 mL/m3 = 81.4mL/s
FHOEy L Umax _ o 1/

mR2 2
Wi #31.4mL/s (f 1.9 L/min), FHDEX 0.1m/s (FLD
HI DHA})
- J

¢ ULRATEZS T .

¥ZE R=2cm BT, HIN u :umax<1—r—>\ Upax = 0.5m/s D
ZRODEL & D
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O BIRE8 FROLDFIE ~

EZOIW A (m) =100 —0.01z2 — 0.02y2 ®, H#E (h=0) LV LEnD
HEERODEL &S, B 2 DY) ODEE A(z) (m?) 1&. @TRDE
£ 512 A(2) = © x 10v/50 x (100 — 2) T,

58 1 MAOEET, Y1) ODOEENDHZ (% 8-6 DEY

________

_______

PRI 2 EiZTY ODER, V = [ A(2)dz.

N
/ AN

/ \ STVGIDA (El Az). BEX d2) %
/ \ SEEMSTEEFETAT

100

EHEANET 1V =7 x 10\/%/ (100 — z)dz
0

100 1 7100
10000 — 5000 : / (100 — 2)dz = [1ooz . §z2] — 5000
0 0

MFB 1V =7 x 10v/50 x 5000 ~ 222.1 x 5000 ~ 1.11 x 106
111 x 106 m® (B IKES LD, ZHOBEDGHELRFU)
" J

WA h (m) =40 —0.0122 —0.04y2 DL X, FX 2 00O (2

M) OmEH A(z) &, HMELY EOEBERDEL &5,
1\ J
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O FIE9 HOEHE—X L

$ZE R, BE p N—EDKRD, 8 (FL2ELH) OFbHY DEMEE—
YhI= ([, p(z*+y?)dVE, BROEE ML RTRLELED. &

7=, #8 (BE 7850kg/m?®) DI (R=5cm) O I #RKDEL &5,

58 1 AHER (% 8-6 @E)

E (EF) BREE, @S DIEBEI rsind DT 22 + 2 = r2sin? 0,

dV = r2sin 0drdfdp, HREHEIZ0<r< R, 0<0<m 0< <2

(LEDDERZS 012025 3),

27
‘% I— /// r?sin® 6 x r?sindrdfde
27
FEIZABNG 1 T = p(/ 4d7~)(/ sin® 0do) / de)
0

0

... R 4 o
3 DODEED : ?\ § (FoiFx). 27
RS 4 8mTpR5
N . — —_ = =
MFE T =px 5 X g X 27 15
B 4 . _ I 8mpR5 AmpR3 2,

WOEK: M = 7850 x gw x 0.05% ~ 4.11,
I= % x 4.11 x 0.05% ~ 4.11 x 1073

I= gMRzo HHDOBRIZH 4.11 x 1073 kg m?

7 :sin®0 = (1 —cos?0)sinf, u =cos@ B & du=—sinfdd. 97015

T Tuld 7S -1 (5-16 DEHMD). [[(1—u?)du=2-2=4%,
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QY ULRATESS 9 |

&
AV
\. J

EE p B—EDHER (2 2 0 DED) O, 2 BDOE DY DEMEE—
I=[[f,p(z®+y*)dV &, FHROEE ML RTRLEL LD,

7=

M FIE10 /S TOMERE—XV ~ N

HDERZE D =40mm. HOERE d=30mm D31 7 (FHRZEDHNE)
DYV OT, WEKE—AY k[ = [[12dAE2ROEL 1S, £/2
CHADEZDANE (FIE6) L<ONEL LI,

BE I ROHVEM (F1- %) (k86 D

________

wd*

=KX VH—/NIXVEH, ThZNFIE6 D i (G &),

wD*  nwd* w(D*-—d%)
Y REVAH-—/PNIVH T = - =

D = 004m, d = 0.03m*:

D*—d*=256x10°—-8.1x10"=1.75 x 10~
wx1.75 x 1076 s

I= o ~ 8.59 x 10

FEE D 8.59 x 1078 = 1.257 x 107 ~ 0.68
D*—d2 16-—9

! : =
E1) HOEROL : ——5 16
#18.59 x 1078 m*, #EHIHK 44% DI, HiINYIZ< X IH 68%

%%
N J

QY LAATESS 10 N

~ 0.44

NODERE D =60mm. HDERE d=40mm DO/ 7O 0T, ¥iE
ZRE—AVRERDEL IS,
\_ J

D




8-6 MWIATZULENES  EfED

T BIRE 11 JIOFREIC > EROE ~

1km TUAEDY AN, T332 #3209 2SI FEMNHY T, H
A2HOBFODE (mm) . SAZLIZRDEBY TUR, FKkIZE- 7~
DEEERDEL 9,

10 20 30
S ADEIFFDOE (mm)
20 30 40 1 %A 1km [9%
30 40 BRI WVIFEEL N
>
1km

BE AN (F—&2EY) (%86 DEY

TAZ LI THOES XY ADEH &7 (RFHED SUM),
< ADIEHE : 1000m x 1000m = 1 x 10 m?
lmm = 0.001lm 2D T, 1mm OMIE 1 ¥ A
0.001 x 1 x 108 = 1000 m?
MOEDAEE 110+ 20+ 30+ 20+ 30 +40 + 30 + 40 + 50 = 270
(mm)
K& : 270 x 1000m? = 2.7 x 10° m3

2.7 x 10°m® (FIKOFEHOFIE 270 + 9 = 30 mm)
- J
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¢ ULRATESS 11

1km @AEDIYA9D (/T3 -#32) DFHRET, WDE (mm) A
17N SIEIZ T5, 10, 155 110, 20. 25] 15, 25, 35] TUL /&, ¥
BRIz > -OEIEL, FEHOMDEERODEL £ 5,

\_

FERRPTVNECSEFIYY

A FERZPTLNECS

@ HBERT r Z25ND

X FOHE#E= [ ["drdo=27R

O HOmEHE = fozﬁfOR rdrdf = 7R?

ZAINVDEIXIXE rdd TT, r EENDLEZINEY (m) IZRY, EHE
(m2) 124 £ A,

G
A FERZPTLNEZS

@ IEBZRATDIC. BEZZDEXICTD

_2, . 2,
X [T dyde OIEEEZZT, [P [Pdady
O EEAIELT, [*f* ¥ dzdy
SMUDEEIZXF © HB L. EXIHILY T A,

(
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A FERZPTLNECS D

Q IEH=XFDEIC, KEZEMITFTEND

X L%m+5x+2wdx:20+m+2y

O ['(10+ 5z +2y)dz = 20 + 10 + 4y

x CHEATHLE 2y ITEHT, 006 2 FTHEANTDHE 2x 2y =4y
T

N
A FERZPTNEDS N

@ BRZZTDEXERITD

X [, odA=ox (ROEH) = (10 + 5z + 2y) x 2
O o MBFTEDZEXIE, 525 DERMCELTEHET S

E0] MO DEER
[f, o dA HBEDLETY, [0 BRI 1. o HEITHAL L X2

TT, BRIz X yNE-7256, FHNBNVTT,
g J

A FERZPTLNEZS D

© AlDEREIC, RAINDXFEANSD

X [ rydy)de (y TRATEOIL, EDELAY)
O [(f vydy)ds (LOBUEBARMOLE 2)
AEIOEEIE, EDTVBAMIDOXFTRED T, RATHNILTVS

XZEFHHEIZAND &, BEHRORORNIZRY £,
\_ J

D
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© BKEEIROD sin 0 &

X dV =r?drdfde.
050<2n, 0SS ¢p<m

O dV =7%sinfdrdode.
007 05 <27
OIFELENSETET (FA).
o IZFEDO LT 1EATT, sind
i EOMDH¥E rsin N6 H
TIET,

-

A FERZPTLNEZS

J

A FERZPTLNEZS

@ ED S &ED d HiED

X7 fdzdy OPIEIO T0

M5 2] & y OEE L HE
O WD S LAfo dz A

e 106 2] 1 x DFIFH
Jrdid MAoZERALES
I, AEIES L - AMEIE S LT
MU S NIV
Mo Z &2 TEETET,

A FERZRTNETS

® [J & 2 DO\/HDOMIHE] EBVWIT

X ZAF0Sy<z<1T% [[zydA= (folxda:>(£1ydy> =1
O ZAFTIIHEEN z ICL50T, fIE3IDLEY §
NIBEIZHMPNDDIE, #EENEAFT, 0 Tx 2] X Ty 2] D

Lx (G&A) 2T,
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& Y - TETIEIZS5ES ~

HMBDIZK Wt N1 7L H R
13D DNV IZ Xk, 1Y ODME =X

E—AVD [[y*dA THREY £3 (W

$-10), o2 BHNBDT, Fbd 5 EOFFOM <::>

BHEE, AV XIS EXFE T, o,

HEED 7 L —AI3N1 712U, EIVPBEOHKE A7 H 4
W, EETFICHMBEI2ED - HEMIZL T, 8&<

THEHAVIZKWFIZLTWET (fiIE 10),

EYIZKX: 725141 —I
E2¥DEDIZKY (BEE—XAV D) &

[[[ pr¥dVTY (r (38D S ORERE, YHE —
71-6), TVTURFEROEIZOIFZEVHEHK
(75481 =, 1XTARHE) X, MINIHEZ

EDTEEE—AVMERXLL, FHZEIDL
5N UET,

BEHRNGE  KEEHLSMEXT
HWEZ D> < DIRNDKRHIE, EAFIE

L PRDFELIKIFEALEEEF>TVET, RE

FVODED [[udA T, HWVERIZH T TR —
HET IR T, W A-14), FHOEE F —
DX DEHTE, AECHORE, LETS
DINA T DEEHIFENE T
- J
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v EX[ERE 8-6 MEED

=%

B 0<:<3 0<y<1oiRT. EEENS o =12+ 42 + 6y (kg/m?) O
L, ROEEEROEL &> (@FIRE1)),

Bo<:<30<y<108s® DT [ 222dA ERDEL &S

(@ BIRE 2)).

B 3 oomsst (0, 0). 4, 0). (0, 3) DEATOK (EXk—%) OEH
LELE, BEEATROELLD (BEX0EMEIm) (@FIRE4L)).

O 2 0.6m OEFOW (22 +y2 <064 y >0, EXE—%) OELER

HDEL LS (@FIRES)).
B ez d-o1monvigogyOc, HEZKE—AY L [[y2dA 2K
HDEL LS (@FIREE)).

S 7"2
O #zr-05moBT E3piu=u,,(1- 75 )+ T = 0.4m/s
Dex, HE (ml/s) LFEHOEIERDEL &5 (@BIRET)).
1km ADY A6 (T2 -#32) OWMT, MOR (mm) 75,

17O HIEIC 110, 15, 20] 125, 30, 35] TU /=, HBIZE> -MOKEZ

kHEL &5 (@FIE11)).

FrLoy

Bo<v=:<30=gp DT [ ydA % ATRCHIIEEL, #iR
TYIBIEED 2BV TRODEL L5 (@BIES)).

D
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B Lows h (m) =60—0.0122—0.04y2 D %, HX 2 OYY OOER
L. HWE XY EOEBEERDEL &5 (@FIRES)).

(0 2 R—0.1m oM (& 7850kg/m?®) DD, RLEEBEOEDY

DEEE—AV R 2RkOEL L5 (@FIRE)).

B /o 50mm. MOESE 40mm /51 FOYY 0T, HE=KE—A

YhERDEL &S (@BFIRE10)),

(@ HAUHEY TEBLSICHBORAER?
L) #R&/NX 22 VITH I TEI 2 RHETALL, EEODOLEE [T
- XZT-1WOE] THDD, - 205 KR—
O] EAROHBEOE#ES 2. 25 DEES % 2E < VRTHIZELT
FETX5, > 213 R—3
L Ba&pokeE->T, ZAK - M - AOEES 2. ELWVSD
DEBDPITELUTHETX 5, > 216 K—Y

J

\_

@ I I3BEDOLEIT., HETEIDIRS DI DEBSBRAL R, Kt &
| L ( IZZ->Thd [ES]. BU 3 D2DERTHATVI I,

5

&)
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R NS EED

B[CFD>TlEY :

W)

@ ELEN  cosomic @ @2 ED EB €3 € 5 D

o=k 5-5 | 8-10 ] 8-11 ] 8-14 ]
e N\
(P COETTEBRLSICRBIE
o BE/NXZ 1B, ThEe 1H50RE] 22U THEL2E
HETKD, BEIDESE2HDD,
o S TRE (rhig) OFES %2, SDOIODEBDIZEL
‘t%“l’gf‘% 60
o BENTDRE[FST, B4D - kg - HOE., &EEFH. M
U-BEDBEN2FHETX 5,
N\ J
@ IFTm?

BT (z, y) (m) JEICAFEAXY
DHEMHH F = (—y, ) N) Mt
S5SEET, MEeREAN6R (1, 1) %
TEMLET, BAIRENImMm, kA
Im, BBl EA1ImMm, 5N 1m, &
BRODOEEH Y £7,

ZDOADVTHLHEE, EITk->TED

BTL&I», EEVTHE, £HI
EHa?

L1

|2

i
EA 1, 0)

(mé
\/
=

JREDERENS F, 41V IhGE A,

RO RARHVE B, RORMEHRRD,

&
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4-12 T, HFE THe, BOZROONE] ZL¥2TE L2, 5-12 Tk, 7
BMCAEDLD L XE, MN<oUT, HIT, ZLELAE, TEZTHIE £-7
SREDEDFETLU 7,

ZDETIE, ADAIERIINVGFHILIZHN (8-5 DT ML), &
SO TS L X DHEEROET, BEAIA LB, 157D he
LBOWEI 272LET, ZOREOHETIREN T, 8-6 LAUL. AHlZ,
SO DEMMCELTHELET, YIETMSEORTREZDT, HBET
LIZATOEET,

ZOEDFEIR MEOK (F-4) O EFELT 3 F -], EXRD [EE) &
Bl BRO TKENTHHE] 2, TOEEEDNET,

L o>THELS 159D THXEALEERE £/225

BA%Z, 025m TOD8HIIHIET, 1HBILIL, ZDO1HEDFA

FDJAHTH F = (—y, =) 2EEL., 1 H0OBE (Az, Ay) L DHHE

F,Az+ F,Ay ¥ RHT, =LET,

© A% (A2~A9) 2. HEOES 1~8 £ AN5,

@ BJI-CHllz. ZD1HEDEARD z -y EAND, HNED 45
Fy=0, E~nEG 4B =1,

© DFI-EFN, 1 HOBE Az Ay & ANS, A ESLHIE (0.25, 0),
G (0, 0.25),

O F2 iz =-c2xD2+B2+E2 L ANT, F9 FTAL—F 3,

© F10 2 =SM(F2:F9) L ANG, EB: RROOETERUKEE
59,

\ J

@DRIF, F,Az+ F,Ayil F,=—y (C%l), F, =z (B%]) 2AhrzE

DTY (4-12 D, WA THETLIAM), HIZGEGHTEDLDT, 1 5DFDF

AFRDBFRONEFENET (8-6 DXAINVDFEAFRLEULEZ),

D
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¢

10

A B C D E B
5 FAHEOD FAHED Au Ay -,
z Yy

1 0.125 0 0.25 0 0
2 0.375 0 0.25 0 0
3 0.625 0 0.25 0 0
4 0.875 0 0.25 0 0
5 1 0.125 0 0.25 0.25
6 1 0.375 0 0.25 0.25
7 1 0.625 0 0.25 0.25
8 1 0.875 0 0.25 0.25
Ast 1

&1 BADKIE, BEAECHEIFy=0%8DT F, =0 T, {£EF 0, EAETHEIL

F,=x=17T, 14J&lC1x0.25=0.25J,

@ BLEZES CosTES. FICRARIE

4-12

4-11

HEIE S FEEVKEH S ONEEF -8 = F,s, + F,s,
750,

HPEFTED S & XDOHHIE, MM DT T (X EARIER %7/~ Uk%
J Fdz.,

R P Mo, ME GICE->TSEDRIE D =Py + 0

OB At OFOMEBOZE I, 1FIF BEE X Atl,

M (), y) ey, = 2T 253? (BE).

B DTS HREDOLET, ZHOBE~BETE->%£2T5BT. 525 DEHR
SICEUTEET 3,

HEBEHE
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B HEniEa

(@) BEINEB1HICHITS

© 159D, 1 BORRERT

MIANEICE > CEI &%, BRI LBE A7, AT ET, 1 DOXHEOM
F. HIEE—ED F, LAREET, ZORMEOHEHEL. A F, - A7, TT
(4-12), 2WOXME T L, BLEDHEIEVETHE T,

BbHY

fif + 1 HDOBE) AT,
ALY DB F,
=482:%)

1 8% 4 DONSRBE () (LD 1 5T EDHSBL. ZOEROA L U)
EBEDORE, HHBECRUESRSE. REASRSE, BARS 0
RoTHAEIDRHEIR, ZOEZZBEATT>AENDTLAE, BB AR
DOEBETERUEIIHET I L, ROERDIHIZHRY T, < 5RZEDIC,
£ 1207 F, = (y, ©) CHEHELEULE (3THR? OHE Fy, = (—y, x)

LEXUFET, WMEOARDS-4 LREICLRITTY),

A B A & B A
Fy,=(—y, z) (&TH?

2= (v o) 1J ~1J 0J
nH)

F, = (y, x) 1J 1dJ 1J

&2 3ONENDHEE (0.25m FODXREE, ENEFAHRDETU27ZYUHESD),

D
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EB T, FUDIZEANECHEIZ 2 =020DTF, =0T, %X 0TY,
TDHLENECHEIL Yy =1720DT F, = -17T, AR L KHTT,
NSRFIF -1x1=-1J TT,

So<Ck
@ ITA? 0N F, Tk AUEANSEAUANENLTE, #IZ&k> THED

£bs (1. -1, 0),
® [, Tk, YOETEHFIL BREoBVWHEH5.,
EABTZOEIZESRVDME. QTHANET,

@O ZEIDE - WESDESEHD

1 H2flN UEEDEZ, ROLIIEZ XY, WHEHOK (51-4) LEUE
XHTY,

/ﬁ-df?:limZF}-A?i
C )

B CICZE2T, BE 1 HDORHDAREZ LENDET5E]

Iz, B CIZTH728ED (BAESIA) LVnEd, lim ik XYY %
NS U, EWVWIEKRTY,

_______________

(DRFIOR | EEHD A% - EOBT -1 H0E

@ LoHET: S OETO ClE. MANE- 7B TS (3EED curve (HiR) O
BEXE), BICHEENHY T, EUDDENSEDY DEANEARET,

@ A% ik, BFZLICLNSH (R MU, 8-5) TF.

€ 1508 :dr ik, LTENIR1ISOBBOENTY, F-d7 it 20 1
S0OHE (HE) TY.

@
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B EDBAE, NEUDN S m EA LR X HAREOZFR? O &Iz,
1208 THREDET, Z06 [ 1Z12TT (86D [ OH=FFraRTIK
DE).,

sl HEEDEH

8-6 DEMHLFAUL, [ F-dF FREORHTY. C LV I&fTE, dF L
IREMUMNEBNTRVDT, ZOFFETIFFHETIEEA, SOIDEESICE
T, ROEIRFIZLRVET (ES5ETHNID - ©T),

1 1
[ e, 00de+ [ Ry, u) dy}
0 0
280 MDD DEER

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

ZHIZE A DBETYT., BMEDNE BULAFREEDY £7.,

—CEED N

® WES [ F-d7 (& 8 C 2T 1 FIIHT. AL 1 H0ONRE
=L, i< U2kl EWVSREDBRT,

@ EICIIATMRHZ. HICL> Tl AL 2 AEHATE, BICLOT

ENZEDD.
J

\_

FKetHE . HICTTE

€ =XtET. I LTET

EPRHAR->TWEEXE, RAETIIWVVEREEET, X 1m DH%E, £H
DIZ1ETZET, 3TR? OF F, DEEE2ROET, HE n KOEES
(%) IZ2F. TR ZNDEAFORDAL, BODRHONEEZ~-LUEST W
HDANDS-4 D Python & F U HE),
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n=4 n=2=8 n =12

B2 A (=R Z. n ZOBD ({#H) ICDT5. n ERELTDE. BODEIXHEDEIC

ED<,
BoDE n 4 8 12 100
HEDEE J) 4 5.657 6.000 6.279

£®3 nENPTE, 21~ 6.283 [T, YIEDARD Python DEZ 6.2791 (&
n = 100 DEZDIE,
nEZRESULAEER 2RV ET, ZDOZLE @T. S2IDEEHICE
UTCHEMNDET,

Python Gz ¢

[ UEE % Python TIT5 &, RDX IV T WEORDS-4 LREUH
%o HOLEIZn+1HDRE LD, RV ED ULDORERBIEITDEAFDR
&, MODKRME, RIITELDTHELXT,
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, (Em= -
import numpy as np
n = 100
th = np.linspace(0, 2*np.pi, n+1) # FADLD n+1 EDRDHE
X, y = np.cos(th), np.sin(th)

mx = (x[:-11 + x[1:1) / 2 # BODEARDR

my = (y[:-1] + y[1:1) / 2

dx, dy = np.diff(x), np.diff(y) # 150OKHM (Ax, Ay)

W = np.sum(-my*dx + mx*dy) # F2=(-y, x) EORBZERLT
print (round(W, 4))

FITHRR
6.2791

n = 1000 (295 & 6.2832 12724, 27 =6.28318... IZIHITIEDEXE T,

O EIER : SHICFETNE
BAXEBODLSIZ, EQN HEAET] 12TET] OBESTTETWVWSEEX
X, 3OO DEBHIZTSERTET,

B< XFIE 1 DT
EAEGEHETIE. y BEDY XA (dy=0). 225 1 FOHHEERDOL B
R
F-df=F,dz+F,x0=F,dx
EANEGEETE. 2 3ZED6T (dz =0). F,dy TY,
Q itz BORMYETORMIZNT S,
@ “oRM: y 2 TORMDETIEDT, F, & « THEYT 3,
@ ~TORM:z 2EDT, F, % y TENT 3,
O “HIE EUDHDENS, BDYDEETI, EPTFAEGEHETIE, T
ELOBAEDIRL E Y AXL BB,
O Xz rorzEsT,
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EA (F,=(~y, z))

BNy =021k 3,

F,=—y=0
1F (1 )d /11d . ENtz=1121kD5,
, Y)ay = Yy =

0 Y o %:mzl

0+1=1 2 ODXME%E~T
&B (F, = (—y, z))

1 1 ENTz=0I12EDHB,
/ F,(0, y)dy:/ 0dy =0

0 0 F,=x=0

BN iy=1121kDH3,
F,=—y=-1

X

0+(-1)=-1 2 ODXME%E T
FREFELEIU 1 E -1 DEFLU -,

EREIHECE, FSHEND

BAZHZ (1,1) 5 (1, 0) NTY, (0, 0) NEIZEDEUET, THXM
& [0 F,(1, y)dy = [1dy = 1. NSRRI [*0de =0 T, AFtiE
—1T¥, MUEEEAXIED L, 1 HORH dF HNFRTEHEXIZRE0

T, MESDOFENEDY £, ZNS, BORMEIIE, WO2EEVTEEET,

r

CZCETTHS )
G BZENSRA HICHITFT DE 1 SORBERSFIETIEL. BICTTE

B5. ZMIIDEBAICELTHETENEFDTT.,. CDEE. B8 -

g - FOME, HEERCTBHETT, )
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[ ) BOWCEIC, BUAEER

O LAPITOREFNE

ENRBDPRHRIZRDE L, 2 & yDOo L XIZEDY EFT, ZDL XX &
D LD E 1 208 (=& ZIFRZI t) TRUT, SOIDEES L EIZEL
E9, EOHEMEI N BEOFTHREY T, 86 LREUL., [ZTARE XL,
ZHET] 2RICLELAE BEE A~K),

BAENTNERS-7 bl =0} AN Y- I N4

iEE CARET FlIE (DS NEEDICET) Bz

E DRI AT 22 ) ‘
KRRz, B<XFR 1220, B F,dx
QD 5 2D Tz 1-8
(y IZEDB), =Tk F,dy (z 13ED2)
i) TTETWS

FoT<RBRD . L
rt)=A+t(B—A). 05t<1,
B 7o HA»SH - 2
dr=(B—A)dt
B )
BNy =g(z) DY z Z2EBOEIZTD, dF = (1, ¢ (z))dz. y T 3
27 g(x) 2 ANS

. A0 ZEBDHIZTSH, = (Rcosh, Rsinb),
©) EsH - 4-9
d7” = (—Rsin6, Rcosf)do
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o flE6 EEADMLSE N

B8 10kg D%, KOETEPHSHQ T, TRGETHNLET,
BRI 0w =03 T3, (1) PH5QETE->T5mENhT L
%, (2 BIZ8m, ~ZTIZ4m O LFEDETEMNT & X, BEBEANT
BHEETNENROEL &5 (EHIEE 9.8m/s?),

BE: APRTEV TR, WOLEERNAXITAE Y —F
(& 8-7 D

........

(&R BIZZES T, BENE 1HONER LT
BRI DEFH<AI L RN TAII—E, AHEEE - (1D
RXY) X QHORY),
RAGEZB LRSS (BEHSA) N (N) 1210 x 9.8 =98
BEEADAEY /N =0.3 x98 =29.4N
(1) —29.4 x 5 = —147
(2) BOEX3+4=Tm, —29.4x7=-205.8
(1) —147J  (2) ¥ —206J (REV T2 &, EEOHHIIAX
EIZRD)
o J

¢ URAWTEZDS6 N

B8 b5kg DFEE, ROLT, (1) EF 4m OF¥HDE, (2) TDERIZ
ZolEF>TSRETENLET, ?ﬂfﬁ}%?{%iﬁu =04 DL X, BIEE
IR THFEZNTNROEL &5 (EHIEE 9.8 m/s?),

&




8% FE2W NUMGZERES

m BIE7 FEADLE

(1) B8 50kg DAH, EEZDIL h =100 —0.01z2 — 0.02% (m) D
$(30, 20) MOTEEETYW K VEYET, EAMNTEMHHL. AT
HFEERDEL &S (ENIEE 9.8 m/s?),

(2) Fy=(y, z) (U=—zy) A & (1, 2) "5H (3, 1) £T, LAR
ETENL AL XETHHEEZRDEL &5,

B8 UDb»2EEH (£ 8-TDE)

BEHARDOTUIILD) - UBDY), EAIZU = mgz. F

XU = —=zxy,
(1) IZLHDE X h(30, 20) =100 —9—8 =83m, HHY 100m
BEHhOHLFE

= mg x 83 —mg x 100 = 50 x 9.8 x (83 — 100) = —8330
ADEZFIX, EAICHS S DT +8330
(2) U1, 2)—U@B,1)=(-1x2)—(-83x1)=-2+3=1
(1) EH —8330J. A 8330J (Xd&ETHEAL) (2) 1J

-

¢ ULRATEZST

(1) BE 2kg DEN, BX 5m OFN 5, #idt- kik%E 2 A% THIE
EFTTYVEY. EANTEHEERODEL &5 (EHMNEE 9.8m/s?),
(2) Fy=(y, ) (U=—zy) », & (0, 2) M5 (2, 3) ETEHNMLE
EXIITHMEFEERDEL &S,




8-7 BICEOTRRY : &S

m FIEES BUEEORES |

1301 DEAFDE (0, 0) — (1, 0) - (1, 1) — (0, 1) — (0, 0)
(EEY) T, §F,-df & §F,-dF 2 RDEL &> (F) = (—y, =),
F, = (y, z))s
BE FUAET, BICETRRAZT (&8-7T00)L DY
EE EAWELIRALT, Ak 150ONEE AT,
F 3MEBEHROT, 1ATO, F, 3MEEATRVDOT, KHIC
5135 (A,
@D TOL (B~ y=0). HOTL (EA, o =1). EDT (A,
=1), ZOi (FA, =z =0),
‘F@iﬂ_:fo 0dz =0 (F,=—y=0)
EDL: [T1dy=1 (F,=z=1)
E0: [U(-1)dr =1 (F, =—1. EAEBDOT1IH50%T)
£l [P0dy=0 (F,=z=0)
AFF0+1+1+0=2
$F,-dr =2 (=2x H&1). § F,-dF =0
(G J

2 URATEZS 8 .

B2 DEFHDE (0, 0) — (2, 0) — (2, 2) — (0, 2) — (0, 0) T
$F,-dir & § Fy-dr #RKDEL & 3.,
|\ J




8% FE2W NUMGZERES

O fFIRE9 FAHHtEnEE

EZ0.5m DEMDOEDEE (0 N0 ) NHYDET, A 0 DFFD
Im H7-VDEEIF N =2 +sind (kg/m) TT, $HHENEEL KD
L&D,

BEIEITAT (AXDRVE) T, E2H (£ 8-7 0L
(D)

70T ds = Rd0 =0.5d0, 0<0 <,

AWVFEEV: A =2+sin6
9 FAH (0=90°) 7 3kg/m. Wil 2kg/m

¢ xT

T

[ (2 +5in6) x 0.5d0 = 0.5 20 — cos ¢ |
0
—0.5x ((2r+1)—(0—1))=0.5x (27 +2) =7 +1
7 +1~4.14kg

¢ ULRATECS9

FE2m D450 1HOEOEHE (030726 §) T, Im bLYDE
ENA=1+cosf (kg/m) DL %X, #HENBEEEZKRDEL &9,




8-7 BICEOTRRY : &S

O fIRE10 FKAECTHDEZERET N

EEZ1OM%, £ (1, 0), (0, 1), (=1, 0), (0, —1) ZIEIZFES 4 KD
w5 (EAW) TEDY. F, = (—y, z) OREHIOENMER, BHDE
AFDEDH EFE>TRDEL & 5,

BE I BETENMEER KD S (£ 8-T DY)

_______

(&l HOBEIZEST, HE 1 BORBEEZT,
4 BT, TEAFRDEDS F,1 & TEHDERE AT, |
DHEE 727,
148 : Ar=(0, 1)— (1, 0) = (-1, 1), £AH (0.5, 0.5)
F,=(—0.5, 0.5), & 0.5+0.5=1
2K A7 = (—1, —1), £AH (-0.5, 0.5), F, = (0.5, —0.5)
A 0.5+05=1

3AD - 4ARDE, ALLIIZ1TD (HOXNFE)

Eitlx4=14
4 (KYDME 2w ~ 6.28 L V/IAX\V, £3DESIZ, HHESPT
LK)
o J

¢ ULRATEZS10 N

EFE10OM%, A0°, 60°, 120°, -+, 300° D 6 DDHEEIEHIZKES 6 4
DFHTED. Fy = (—y, ©) DMESOENMEE, EHDEAHFDA
DHEM>TROEL £,




8% FE2W NUMGZERES

O FIE11 p- VRO LOHE

V) VR —DHRDRIRMN, KFE 1L - JES 200 kPa DREN S, KFE 3L -
FE71 100kPa DREEANZEDY £, [AENTEIHE [pdVE, RD 3D
DETRKDEL LD, (1) E1:EH200kPa DEFESLE6A, TDHE
FEEEZEZTICEANETITS, (2) BE2: kRIHEELZEZF(C100kPa *
TTF, 20He S50, (3) p-VRIDLEE -3 <ED,

BE REORO EDE (% 8-7 DY

________

REZ LI AENEDS ZVEREIE AV =0 TO0, EAPR—ED
XL px (FEEDZEAL).
HRENZEL 2L = 2 x 103 m? (1000 L/m?)

(1) 200 x 103 x 2 x 1073 + 0 = 400

(2) 04100 x 10® x 2 x 10~3 = 200

(3) EDET p=200—-50(V—1) (kPa. ViZL)

/3(200 —50(V —1))dV = [200v _osv—1)2]
1 1

= (600 — 100) — 200 = 300 (kPa - L)

1kPa X 1L=103 x 103 =1J DT 300J (FOEHDOHE
200 + 100

ETXZKIEU)

(1) 400J  (2) 200  (3) 300J GEIZL->TEDS)

-

¢ URATESS 1

SAEMN, KTE 2L - £/ 300 kPa DIREEN S, (AFE 5L - £/ 100 kPa D
REAZTDLYXT, HlIRE1L LFEL 3 2DET. SHENTEAHELZKRDE
L9,

@



8-7 EICF>TRT : &Y

XENZIRTNECREFIVY

A FERZPTLNECS D

O ETZEENT, DDAEETXRTICTS

X #EBTOF, DHE=|Fy|x GEDEY) TENDE
O F-dr (B%&) %/~7, @B Tlx -1

/10dy+/1(—1)dx]= -1
________________ 0 0

HEIIRERDOT, HEECAINRNZSE, BEA%S 0TY, |F|ds
22LTEVDER, AVVOEELRLAZDLE (BAF) £IITT,
- J

A FERZPTLNEZS ~

@t DEEEZE. [FUHESDYTEICTS

X (1, 1) 25 (0, 0) NELDIZ, F=(t, t) T [ LT3

O #=(1-t, 1-t)T [ &kid?=(t )T [

tDFTOIRLIE NELHDH], EDiZLIE TBhY D&l T, #iT5
ERFEMNHEITRY T,




8% FE2W NUMGZERES

A FERZPTLNEZS

@ § MO%Z TMHMEl &85

X § ARG, BIEM

O Ol MAUAE] LWV>EH,
EARTEEZARTE LU

YOEME. HTOC &, ME

DXTHRED ET. 88D ff

(FAUAE) OOb R UK

<7,

- J

A FERZPTLNEZS

@ REATRVAIC, U DEZE

5

X F, DEEIF, ZLorsb
DEITHRES

O F, REEATIERR, BT
LIZEIET S

U DEMMEZ B DIE,

F=—gradU L &F 3 H721)

TY., BEAWERFNTIEDY

FEA,
N J

A FERZRTNETS

®y=g(x) DET. y ZH%ULE
FEE\NID

X y=ax2 DET,

[y +222)de = —y + 2

O ylzz?22ANT,

[ (=2 +22%) do = §
BDETIE yldkz THREZD
T, BHTBRNICZy & g(x) I
BEXNZET,

A FERZPTNESS

OEPTAECRMZ [ 1293

X EAFOLEDD (1, 1) H
5(0,1) %
f(-1)dz =1
O [(-1)dz=1
ENEGEX 231750,
FTORULARZLDD z TT,

288



8-7 BICEOTRRY : &S

& M - TETIEZS5ES ~

IAINF—DRE: Vzy ba—A2—
BHIIMEENZDT, Vv hI—RAX—NEA

RHIM 5L — VB> TEH, BEHOLEIIEX
DERTTHREVET, 2056, XWX
R VL OREENSHELRSTE, BY
MOFEINDMNY £9 (WHE H1-4), EBRIT
EIORERDST (REATRY) DF, AUT
DIANF—MRDINET,

BELEEND

B EOHT, BEREL >N L ¥, AHIRENTT. EF
(BALZE) 1&. BHEBIIZ > TRESLAZEDTT, IEE - 2BMHUED
EBIFEENDBEOT, BEREIZEISTREVET, VolE>. HE
B &2 ICRESHEERI & L 6 ICEDSFTIR. FAUREDRES ¢ E - dF
MO TR ZY, ThhaBEATYT (W E-8, 8-14),

ERZ2EIXATENS : 25T A—2—
ERETRNDIBROZHYIZIE. BROFEDWEGH

TXXY, WHzERzBEOHAUZETHREST

5. EAZERIZHHIL T (7 R—ILDiE

HI, 8-11), EHOFHY DHDETIE, BHE <§>
BLEUAETRIIN—ELRDT, FAF L
AU EGEOREIXHANDRY] TY, 77
VIA—R—IL BREIIIDWT, JOBSE
Y, EREUSTICERE B EHAZETT,

B L.
Db D




8% FE2W NUMGZERES

([ Q@354 IVIYD 1 EOHER. BUEDEES

BEIEDOLY Y VDY) VA —DF T, [EN TIRS - BLb505 -
MAZTSS6L - B9 2<VRUET, p-VKIDETIE SUKRDREIL
1EZEICEUAANE LD ZEZ ANE XY, [MEN 1EIZTHHLE
X $pdV T, THIENECHEHETT., ZOEBENPAIWVIEE, 1EIZA
KXAMFEL2TZTUVTYT (W #-6),

- J

v EXK[ERE 8-7 DEEW

e %N

B 5 F-2y o) ovT A (0,00 = (1,0 - (1, 1) iEB
((0, 0) — (0, 1) — (1, 1)) OfFESERDEL 2> (OFIRE1)).

B s om (1, 1) ~EoTCEGET, F = (2, o) OMBEH ERDE

LE>(@FBIE2)).

B o, 1) iRy = 22 L2 S TREBET, F = 2y, 2) O

BHEROEL &5 (@FIRES)),

O oEs HE2OFD RS E, (2, 0) B5A (<2, 0) FTEEY
RGBT, Fy = (—y, o) ORESERDEL &> (OFE4)).

B 2 ino4s0 1HOROIHE 02025 T) T 1m b)) DL
WA =3+sin6 (kg/m) DL X, HEDEELRDEL &5 (@FIREI)).

B == 60ke DA EEOWLOA (40, 10) PEEEETY>< VEY &
¥, BT EHEEROEL &5 (BHIEE 9.8m/s?) (@FIFET)).

@



8-7 BICEOTRRY : &S

FrL2Y

EAT0,0) = (1,0 = (1, 1) LA, BEDOWS%EST (0, 0)
AN EBZMAFOET. F =2y, ©) DEESEROEL &5 (@FIES)).

B 121 0EsmOE (0, 0) = (1, 0) = (1, 1) —» (0, 1) - (0, 0) T,
$F - dF 2 RDELED (F=(2y, z) (@FIRES)).

B == 20ks o, BEmRE 1 = 0.25 DEROET, (1) £57< 10m,
(2) #EIZ6m, ~TIZ8m D LFOETEHMNG L X, HEBANTILELK
HDEL LD (EHIEE 9.8m/s?) ((@FIE6)).

fI) sokns. o638 1L - E5 400 kPa DIREEH 5. KB AL - EH7 100kPa 0
REEAZDY $F, HIE 11 LAL 3 DOET, SANTIHEERDEL £ 5

(D FIRE 11)).

f - _ . N
& 5 UHhzY TEBRLSICHROENIR?
() @zAXR1H00, he 1 H0NEE AL THELRHETR
O, BELDEEEFHD D, - 255 N—3
U @iz g7l Grhig) OBES %, SOODEBHICELTEIET
x5, - 259 R—3
L) e oREF->T, A5 - fiff - HoE, #EH, LAY
HESEFHETX S, > 261 KN—3
\_ J

BIZZ-TRT LI EE 1 DOHTREIRID D DEBFTRD
AR, R, HZEBYRITDEEZITHED.

&




8% FE2W NUMGZERES

E 28 KNI MIVGERED

mZzEYBiTd= -

& =5k

Q@ EL3R Cosnkic @52 @53 @51 @S ER e
QE b -9 ] 8-11 ] 8-14

(P COETTEBRLSICRBIE

[ We@SKDEMN, HhD THIZEAZKS] XEBETRES
ZLEBATE S,

[ O REDRMEE, HEHRAT PIVORABEER ST TRDS
N,

[ BEDIIDRT, A >ZHEHCPHULZEOEBED 252

DEBDIZER S,

@ IFTm?

JIDFANADHIZ, BEDITMES MAVEE (& 0.5m?) = ANhE T, Kt
EZTERUET 2m/s T, o9 <MNTVET, MEZRNAICEENS
Mz Xxe, f@EELT60° N8 XTlE, 1HEICHEZIEY &
IFBHKDEIFEDHMNMITL LS,

—_— —_— —_— _—
—_— —_— —_— _—
IEmEICFAIT7H 60° B L 7= #d



8-8 M&E@EYMITDE : mED &R

8-5 Tld. BAFZLIZREMNH S [RT MV 220 FE UKk, 86 Tl H%
INSIRBANIIHTTER AT [EED] 2ZF0E LA, ZOETIE, 22084
HET, RENDIFEH, HEBEYVABIZIEZKRDET,

NN&iRNEKOE, ERETNEER. BNOADE. KEEMD/NNFIVIZY
723, A1V EBYBITEEE., Lht THEBYBIISE] TY.
ZOBORE [, F-ndS (EHD) &, 8-6 LFU EEDEMTY. Ex
EHTICIE. SOIDOEBASICTETHENHY £, EHETNI @HOFKLSE
DEHITTHRFEVET, [ZAREDEL XX, ZHET] %, FEITLIZTVA
WIZRTWE T,
KAKKKRDETTH, [BETHONS I [FTHMS ] DEIX K&, W& (4-12) -
8-6 DEMENZ I THDD LHIZEXFE Uk, LAITHNS R THEARLETT,
HeBIZE LD RMNE, Do VEAEL LD,

A X>THED W EDFDE, BIFDKNASD?

AET3LD Fo5A M A (MAVAY bRY), Yy T7— (21,

U&>3). st@hy 7. HER. Bt

©Q 2 vU-2ETICAYT. AURITHLED 3.

@O L EKFEIZLT, Vv 7—DTF T30 WEKERITS, HEok
KEFBAY T TIPS,

@ L% 300 60° BAEBIFTAL &S ICENY. KEDE XD
PEHELLS (S3BOBVRLAT),

(G ) )
KTE 30° 60°
S J

T2 ZIE RDEDBIERIZRVET (U ¥y 7 —DEITHIIEDY £7),

@




8% FE2W NUMGZERES

kLA DOEDE 0° (k%) 30° 60°
30 M THE -7k 300 mL 260 mL 150 mL
IKED & X DIFfEH 1 0.87 0.5
£1 LLAENEDIFBE. ZFBKNAS, 60° TIE. 5&SEHES,
FADRKREIIIFIRUZDIZ, DB TBLeRITFEKNANDE L2, EENS
Rde, DWWV AINIKRZET, O (¥ T—DK) IFE EH
LEHLTLSDT, NLVARZIFTEDIE TEEDLSRELIDKREYX| OB
FR2DTT, 0.87 £ 0.5 LW H%EE. cos30° ~ 0.87, cos60°=0.5T7, 7«
cos WHTLK2D0N%E, THANGHANET,
@ BVEZES CosETES. BICEARIE
#2) M d-b=|d|blcosd =a,b, +a,b,+a,b,. 01E2ODKREDLT AL

Ef7%5 0,

#13) FH ax+by+cz=dDOEXIX FHEICEALKE (ERNZ M) (a, b, c)
TET,

#E) A dxbld & bORmAICEAZKET, BX1E2200< 5T
o DEE,

€ =W ([ fdA RREOZH. B 2 DOMTRLT, S250EMH &
2 [E< VETHICEL CEHET 5, MIBEZET dA = rdrdd,

BB 1 TEHENEKOE (HE) X EX XWEE, 1 REICESAET. B

ArlE m3/s,

4450 FREERE : REMNO DM r. EE (8D NoDA 60, RO LDA ¢,

O BEMEL

(@) EICEARRSEFIEY BITS

&)



8-8 M&E@EYMITDE : mED &R

O EYUBITZOIL. TCERLRES

QETR? OMTEAZY., WEERIIATS L, KM E-o T <Y~
D, 1R DEX XEE] =2x0.5=1.0m3 OKIMNEYRITET (5-12 D
MELEU),

Tk, MENLZBIZLEIRBZTLED, FNOERE G %, MICEHARES
&, M2 EHRRD 2 DIZHIITAET (4-12 T, Az 220X DT
DERL),

—

n

BRI vcosd
. @ BFNOESASBEASS
Ao e
\\\ > U
SRS RN @ (EE A)
D BSICHITS Acos 0

B1 @EEn 5RER. AN U & BICERRES 1 OBTRE 0 £, OREEYH
[FT2DIE. MICEAGKT veos 21T, QRNDATHNSRDE. HElE Acosd DAET
[CUDRZR,

Q srirITERS
M Z > 72p o id. MDEIZZ > THRNSZIT T, fe@) hiFELEA, B
DT 2D, MIZEARKS veosd 7213 TT (0 1%, Fihe THEIZEA
REX] DRTH), N6, 1EISESEIL (veosh) x A TT,

O RPIOREITERS
MNDAEINERE L, B WlE, 12IED Acosd DFRELFEUIZRA
9. MONEIBEDKIE BYBRITERA, 206, BEEILvx (Acosh)
TT, o TALID IV LEUEZTT,

EHLo6TEZTH, AURIIRY ET,




8% FE2W NUMGZERES

1 MEICEZE) DITEE = vAcosh
01, wne T@mICEARAT] DRTAH)

@IETH? DX

Wa 60°ET &, Finrre HEICEARMES] ORTAD 60° 1220 £7,
vAcos0°=2x05x1=1.0 EEIZ M 74

vAcos60°=2x0.5x05=0.5 60° [E L /-4

EmEZS 1M 1.0m3, 60°EHTL 0.5m3 T, bxdEESITRYET,
M L&A LEARLT90° MVRNEFET) 1295 L, c0s90° =0T, KidxE-
<BYRITEEA,

@D o 0° 30° 45° 60° 90°
cos 6 1 0.866 = 0.707 0.5 0
w58 (m?/s) 1.0 0.87 0.71 0.5 0

*®2 @IFTE? O (2m/s. 0.5m2) DAEZEZZES,

@ ENEE%E, REITKRT

MEICEARMEE] (2. HILIZRED T, 413 T, FHOME 2, FHIZ
EARKH JE@ANI PV) TRUE LA, TITE B3 % 11225 2256
R MVen (ZX) LEZET, WEOKLEUXFETT,



8-8 M&E@EYMITDE : mED &R

n (CE5% I5&] ITHRHTE)

L1

i 0@
D FSHE: EES5NERICRHD Q@ BALTE : AETIHRD D
B2 BORIERTERNI ML n (RE 1), FSREPHVEETE, £E55%F%
(IE) IS BNEFEICHKSHD. BAUEEATIE LWOBHETICE D,
HIZEREEDHY EF, LH60MIITEYRIITEEZE (FF2) 1295
N, FIZROTENRITNERY R A,

@ BiVvmE (. . F—20ER) TlE. MEICEDET [EAX] RHhD
M| RELEDET, KUAIIGEIEITE (X1 FR) IRV ET,

@ FUZE (R—)b, 3. BOXRHE) Tk, wouM4EIICE) £3, WHED
R (51-12 - 51-13) O WOREOAEE DEMRZ MV #l ldk ZhDZ
LTY, AINEDZENE, FAADZENAIILRY T,

RIRZFES &, cos BEEITHETLS
o & nOABIE n|=12DTv-n=|9x1xcosf=wvcost TT,
Zhid b&IHY THICEALRKS] T, Zn6, @Y alldEld

[ (3-7) x A ]

LETET, ABRS, AL LENTITATAIIT, AEZHIG 2 THET
BTE%7,
2 @IETE? © 60° DS, Finik o = (2, 0, 0), WD
n = (cos 60°, sin60°, 0) = (0.5, 0.866, 0) T,
v-n=2x05+0x0.86+0x0=1.0 1.0 x 0.5 =0.5m?/s
MzR32<TE, AUEANEELZ, n IZHE A 20T 7-KH An %, HE
RIPIVEISIZLEHY T, MENEDEE, RIVEETT,

&)




8% FE2W NUMGZERES

© % mEEY BT ZBROLH

1MEICEZEYRITSE2, WK (Ww>Z<) LVWnWFEJ, EETIE flux
(79w A FN) TY, TRl KOFBNAETOZ LIETIEHY FEA, [1Tm?
* 1 WEIESE] ORHDERHNIX, ENIZTEFEZET,

KEID% ZDIZDIRE ==l v}
1 MENE B KD FE

IKDES ¥ ‘ m°®/s
(=)
1MEIE 2 EE (WHE

pU (BEXHEYX) kg/s
#1-13)

BIREE § B A

O g 1 MEIERE (Bofih -

(8-4) NE)

. BEBOWHK ©, (BEXKH

E% E Nm?/C
KROBREDE &)

K5 B R (a4 IV %EBH%5) Wb (7 x=—N)

%3 LWBLALHRR, ENE [REDBO. EICEALRES XERE] 22 U0,
BEOHSIE. RLGIAPVBRENTWEDITTIEHY FEAL, ZNTE. EU
HEEZTLHDT, AU (R OF&EFENET, EFOWRK O, 1L 8-11 DHT A
DIERIT, BBEOWE (R) 1% 8-14 DEEBEDOARTHENE T, b, EXRILFE
DATIE, BREE D = E DK% [EH] B C) LLUTEy, 2ok
XA ZADFEANL £ D -#dS =Q T7,



8-8 M&E@EYMITDE : mED &R

ESKRERS. NEEEREY

O FSLET. BRECTERALES

SEIE ) ALV I BRESTERURS
GNEZTHRL (—H) T, EPFESRS, HOLEDOEITE v-nlXFAUT
T o, EUAEDLELIMEIRRL,

[%%:uﬂmxA:ﬁwmu}

TROONET, ETHLVDIE, ENEEDFTRZDHDEXIZ, »n LHEHE A
ERDBZZETT, HE (4-14) 2FENET,
4-13 DE@MZEEY BITDE

4-13 T, ¥FH 2z +y + 2z = 6 DIEHFENRT MUK (2, 1, 2) Z&ZFU, T
HZEYAITEZKPELDNDEZHETDIEXIFES ] EFELELE, TDFE

A(3, 0, 0). B(0, 6, 0). C(0,0,3) TF (y=2=0%AN3E 22 =6T
r = 30 lib‘%lﬁju)o

z

ZAFD 2 O0D10%KENIZLET,

AB = (-3, 6, 0)

AC = (-3, 0, 3)
Yz 2 K92 <L BFEFITFD,
A b kS EESNZARTE,
B3 FE 20yt 20— 60, BEHTHY & SNEZA, 4L YT C ORI 2D
DL, FVEEIDEDEE,

@




8% FE2W NUMGZERES

#3& AB x AC 1. 2 AOmHICEA (DX VEICES) T EXNEFEI
KOEBORETLUE (4-14), ROTHEL X,

x B3 =6x3—-0x0=18 2DOHX 3D2H—3DDX 20D
yBa =0x(-3)—(-3)x3=9 32HX12H—12HDX 32D
27 =(—3)x0—6x(—3) =18 12HX22H—22HX 12D

%ﬁm<m 9, 18) T¥. ZARXFTMEIHOESBDT, EHI Uk

(9, 4.5, 9) 2%, ZAFOERERZ bV AR TT.

@ X% (9, 4.5, 9) =4.5x (2, 1, 2) T, 4-13 DEHARZ ML (2, 1, 2)
LRUHEE T,

@ £ (ZAMOEM) I3 V92 1+ 4.5% + 92 =/182.25 = 13.5 TT,

YITHERUBNF = (1,1, 1) (m/s) WZD=ZFAFEEY BT 22F, WET
F-(AR)=1x9+1x454+1x9=225m3/s

T¥, HE 13.5 RAEELIICHE IR TE, AEORMEAEE T TRD SN

U7,

EIRICHEDRE : hMeOBEICL SR

ETICRELIMEzRISEREEAE Y., BIRIZ. ENS6RSL 10m X 6m DR
HT, 30° N WTWETY, Wi 1KFHEIC 5mm (0.006m) OFEX TS
LUEYT (IKEIIZ 5mm ZE5W, B2V BN, S22 DM),
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BIROAHDOmEEIE
60 = cos 30° ~ 69.3 m?
ME n DAL 30°

ENBREIKIE 10m
B4 30°H=CLWEER (ENSREM), BIROAHDEBIIAE VA, MISEHICEHD
[CH7zB,
BRORLDOEEIL, ENSRAZEE 10x6=60m? L) AX, XDLD
2RV ET DBV AETR. EPSRAEEID Lo EENS),

cos 30°
60
cos 30°

WolEH, M (BETAX) LERO 1 DRTAE 30° TT (BR%E 30° /=L
I5&, n EELENS 30° N -8<), EZho,

~ 69.3 m?2

0.005 x x cos 30° DX X RYDHEFE X cos O
cos 30°
=0.005x60=0.3 cos 30° WA INTHEZD

1 BRI 0.3m? (B00L) DKM, BIRIZEZY 3, "L EXBAETE,
cos TN INTEZE T, BERENZITA2WIE. EPSRA-AEE/S T THRESLD
T3, PUVADERBRLEEUEZATY, MEVDARIIE, ZDOFEZXTHRDET,
O ESLET. BB EICENSEE

BT Z L IZHENDFRINE N & Xk, —EIZ [0-n XEE] L3 TXis
Ao 86 LEILEDIZ, HENILRRAIVIINITET,

D




8% FE2W NUMGZERES

BEdY shirdmE

FE 1m, S 2m ORIZ, ANSEANEAIIRE ZATHET, HEODES
FEYPRIZIZAEIONDEDT, BIFEVANIFEHERLS, BOTOENSDEY
z (m] OFfCv=1+40.5z (m/s] TLZ%, 1¥HEICEZELIEIDEE KD
7,

z=2
s 1.875 | [&IEZ05m D
Leos | RO 4K,
L. #1ILD

— 1875 1 &/ momEmES
N 1.125 (m/s)

z=0
= (EHh o Rm) = (EEhr 5 REM)

5 BUAIFERNEBVE, FTEOMIE. BEFT 0.5mT20D 4 KDY IVICHITFIzE

:%O
RAETRANERET FE, 55X 05m (3 1m) OEED &1L 4 I
ST ET. 1 MOEREIL 0.5m2, FANVDEAFDEI THEMDEI 2FHEL T,
EHEZMNITAELET, RIBIZEALRDT, v-n 3ADEIZDEDTT,

A B C D
1 FAFDET z BT =1+0.5%A2 HEfE @58 =B2xC2
2 1.75 1.875 0.5 0.9375
3 1.25 1.625 0.5 0.8125
4 0.75 1.375 0.5 0.6875
5 0.25 1.125 0.5 0.5625
6 agt 3

&4 BOYAIAKRDERETE (LDITIFERVAT. D6 [& =sUM(D2:D5) ).
AFHEX 1 MHEIC 3m3 T, 2 10% 81, 16 NS LTH, FxIL3
DEEFEDLY FXA (ADEIDNEID 1 XRBRDT, FAFDENS &5 LF
TR 5n6, 8-6 DIRODRFHELFEL),
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BANEMMN Uk e, ROELESTEE, BED (DATIIA) LLUET,
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[ﬁw }/s \[ —— }

B 6 mED (RN DELEDHHAH. ndS ZFEHT ATDDOVEY (I EFATE
ENAN

Q LT T OETD S ELADEZETT. S I3FED surface ()
DEXZTT, BRS NHF 1m - FY 2m OEAF] 7S T,

@ % :F.nid B FO, BCEALZESTT (D0). FOXIAIT,
KOEX 56, B EHAYET,

€ 1 Hog:dS ik EOLDNIRZANOEETT, F-ndS A, 21N
1 &BY BT BETT,

BANVIZEE n 22T, ndS 2 [MEDDVEREAIN] LIIILEHY F
T, S M2D0RDIE 8-6 DFIR (S OE=5eRTHOK) OLEYTT,
HIZEHA > TWTE, BATZ 2 2DOHTRE L9 (MERD LDOBFTIE. BELZ
ED2D),

sesld TR{FDARI

JI,F-ndS & T S &2 nzsid, 1RS> DEOEALRS X Bl &Kk
DT, 2UEDYE, N ULl LS BEDAR T, 8-6 DEESLFLU
. ZOFREBERLZITIR ZRHETEXERA, SEVILARUHIENTE
WINSTY, YOXFEE, EIMSETETEMNTONE, EVTHY XA,

D
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B : BOEHELZ. HDIDEERIC

BOBEIZ, LRTESD I DERIMZELET.

Q SFEBTERY  BOLOBFE. a2 (0~1) LBEY 2z (0~2) THT,

O 1 HOEEZORHTEL : BIXFEST. BT >EEABRDOT, XA
I3 dx - 72T dz DEFF., dS =dxdz, n FRIZEARZAE (ADM
%) T, v-n=1+0.52

O BowEEERDS 0<s <1, 0<2<2,

O 250 ENEHETS 86 DESF (BEA) AL,

"""""""""" /2(/1(1 +0.5z) dJJ)dz}

___________________

& 3OS DEES
1 Wl : 2 21EDB L. R0
/(1+05z)dx:1+0.5z - :
X 1%E 1
2 2
/ (1+0.52)d :[z+0.25z2] HEl: zTOMNS 2FT
0 0
=2+1=3 HKEFELFEU 3md/s

ESHT, HHICEARE S, HESIL 86 DERBSZTDENTY, HOMX R
MEFRIZE 6V DT, F-n EWHYBOEBMIREZNSTT,

6 Bom : /N1 J&ERENBK
8-6 T. N1 7 (& R =1cm) OWE ZMOERIZHOIT T, MEEZ RO L /2,

2
KOEX 1, FAFT upye =0.2m/s, EP/C\blgr@ﬁﬁ’c‘u:umaX(l_%)
TL/ (BTO0), Zhid THEE VS ADE %, KAWSEY BIT 58] ZOT, H

BMOTY
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WIS 6T, KIFWHEHICEAIZHENS DT, U1 =u, HOHEZDT, 8-6

DIBEERE (FEC : f2r ZIR oMV 2rrdr) ITELET,
YT 7 T B
i//sv-ndS = /0 umax(l R2>27rrdr =5

R =0.01, u,,, =02%z2ANdL m > 0.0001 < 0.2 ~ 3.14 x 107°m?3 /s,

2
DY 1M 31.4mL TY (8-6 - WH 1-14 LEUH) ., o DEFEIIHIE

ETCTTWhAWIUET,

ZoETots
G HICEARRKS X R ChRake, EoRmmES. NiE - SMEE 8-6 DE
Féj\ n'|'§?¢ﬂ(3(‘|‘ﬁ?3’o ;0)5‘6[; Hﬂb")fﬁtﬁﬁbfﬁ??o

¢ BN EIC. BEUAERS

QO AR ITORERNE

ZZETOMEIE. FOSRETULR, R—IVORE® N—LDERD &L 5 2 Hl
Mo TIE. BRZTLIZEOHE n NEDLY ET, /2, EPVORED X
SHEUEESH Y 3. BEAOLH [, F-ndSREAUTE, 525 DER
AANDEUAFIZ, HEOREHEDNDLITT, KEILIPINET,

ZITC [ZAREDLE XK ZH5ET] 2RICLELA, ZOEDFIEIR. &
NE ZDRDELT (A~J) & 11T7DIZENTHY £,
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EES | EARESIC, ESET? GEVLVEE)

BB CARESE FIE (ZDSDEBEDICET) flIRE
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5T, BHICEARE \
B nlFEDmE, dS =dxdz ¥, 8-6 DERE
B & ®. B3gFHc

DETDED (RAWLSEES % 2 [H)

Ehd
F5RMOE (817 8-6 DIBMEIE dS = rdrdf, F -7 2% r 7213 s
DY) R OHMVER 20 dr T 1 [H
BKME - FMEE T,
D) F.n (AX0OWSZR  BHOMIHET - (—EDME) x (EHE, BRE
WXk f) NEOE 4nR2, B 27 R?, HAE 2rRL)
T—%E
. . . dg dg
MY - E A ndsS = (——, -, 1>dm dy (EMmX),
E ox oy
z=g(z, y) DTT7 KRIZEL LUEOHFECEEY
] . i ndS = (7, x 7,) dudv, BKHEIX
R - AR@EA Y, 2
dS = R?sinfdfdey. FHIEIX
ﬂ DO TRESH 89
) dS = RdOdz, mEDz\ [[ fdS EREU
Mo J-TH
ds T
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(DDF) MUEE - iIthf - 7—5

LS CAREE FIE (Z25DERAICET) fpIRE

FAUZZEA, FEH62H EI LI B TROT, 29, EOEENMEX
DiAEDE (F) MIE

FIUAET, DIHL o ‘
‘ BEIY N A S : WAL S UHRDOR
PR 1071,

(H _ (DA). 75 0, ZDENMEH Y ZADESE 11
S AN
(8-11) CHMDREA 1

<W
g F7oe monn Q:// s, ATeonss .
S
JoXREE (ZkA) 27m(1 —cosa)
KA (F—& ) )
FIHET [F -1 X XA VOHEHE] %77 13

7217)

KDGEE, 3O2DRIZFIBLERDE ST 7,

2 =a TBIE
ExD) - AD-H.J BAOLR - —ERSAIHT - BEEY N X
+2 % - BCrF
C&ED 7

- G B %%, EOAEIHTS (1 5F01EB)
3 (5133)
B BT B-C-E-F % 250K CTEL. 505D HS% 2 |
(BlDE) I HREAUH TR, SAhoRARNMIDAS X

*®5 BHE 3 DN, XETBERIE. ETRIICHEN DD,
EETHERE. BETHNENDET, EOETHONTINIEIONE, 7D
mARIZUEL -,
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(F-n)x ALY
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A
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iyl G |

Ao znER (8-11) ([

R

8-6 nEHES [}

#m - IEEos 1L 3

womEcERs 3

2>0%7<r, <7, [

A - mOoEET AT LET) &EFS5 5

MIAHE (REHE-8-11DEE) TRALEAN

7 mEsORNE, OUEIEEV., MEFTSIE. LoV (J
FIHBEZIHU, TORW (C-B-F-E) THDENSEULAZES, AEDVSRVET

& Tf—=E?] &5

‘1-A*D-H-G) T

[RER 1 D0H] [F. HDEHULLN 1 fOEREZITOE (EREH

FRRSIKICERWUMAT D, 25 0) EQEANSE. AIXLDIREE DT [HEND] AN,
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FNEOEVS : BOADBAE

®ONF [[,v-ndS T, FNEELL>THET,

@ 4B [TE =AOEARKS 1+0.52 LI T=& S, 1 KOE=dS.

@ 7547237 oz ENHB). AEAERDE? VO,

€ TonmET. BA—R? Vo BEITENLNS), BKE - ARET,
F-anf—E? Wi (BRESREHAW).

O miLiET. AEFH1O0B? MUAET, HOW? ZOEFEIOMUE
m? e, Wz (BIEEEWAE),

O FoimHOE? Vi (BAK). E5RE (TR ? W,

IH5ULT. HE P (8-6 DEBHZNED) ICREFVET, ®TLALLEYTT,

O NS EENS AL : ST, S EERE—EI

M- ZE Tl ZFANVTEIZAINENNET, 22T, HOLEDEF% 2
DDETERL, TD 200D UTOENUT, INXRXAIVEEY £,

Mo EZE 2 DDWTERL. F1IVENETHES

EOLOBFE. 2508 w0 T i(u, v) LRLET GEROLOBHE, @
L BETETOLAL). u ZFELL (du) BT L. B 7, du 208
X2, 7,13 To B IEDT u TRES L7 %H) g—z TF (8-2. HH LIl
WAT3). AULSIC. v ZFEBNTE 7 do 8% £
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7, x 7, (HEICEA)

NS THTIGORY
- EE=EORS
- FE = SEOBE
(4-14)

u & v DI TRYI>/2mE

E8 HinorEE. u ORE v DRTRYIZ L, IIRFFIHIROS 1 VR TE S, 2
ADDORENDATEL, 51 IV OBIE & ElE—EICET,
INX AL VL, 2 ARDE 7, du & 7, do $30 < B BAFIEIN L Bt
T (ETEAIVOT, #AEETES), 4-14 T, AHOE X FFFHD
FOEM, WAL ICEARLFOE L, BN,

[ AdSI= (7, du) x (@, dv) = (7 X 7o) dudy }

INT, AE n LEEAS B—EIZu-vDRIZRY, BEDE u - v DEES
KEYET, u & vDIEZANNZD L, ARBIIRIESITLRY £9 (4-14),
EWNS, FEROFNI TEH562RIZTEN] LE>TVWEINEHENDET,
BEE EN z=g(x, y) DITSTDEE

R—LXBEDLADHEDE ST, BN 2=g(x, y) LETD XX u=2. v=1y
NP AR 35

?(:Ea y) - (ma Yy, g(‘ra y)) RO (J:, y) DEEDR
?w:(Lo,gg) y LT & TIRES
?y:(m]ﬂgi) 2 BIEDT y CRES

. dg  Og e
ped e _— . —— & DY N 5] %
Irw X Ty ( ax7 aya 1) %*,\ (Z 5‘25373 +1 T.-J:m )
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4 50D = iz 0x 29 99 1y 2901529
Jy Ox ox oy

BE1x1—0x0T3 (4-14 D [2D2HX3D2H—32HX 22H] DJE),

7 dS = (-%, —g—z, 1>dxdy

(EEE)

HEES L. TEERICEL UAEOEE D TOEBHEY T (FOHD 212
X g(z, y) EBAND),

____________________

b onas— [[ 5. (20, _0s
J[Fenas = [ (52 55 1)aas

____________________

ER 2NV OEEAS 1Z. dedy TEHY EFEA, AEORID

ds — \/1+ (%)2 + (g—z)zdxdy
T, D2BWEFRIZFEREIK Y 7 (BROARLEDOEEN., o R-EmEL
DAREMSEDEEIL), METIE. ZORKXXE cos M INT, LOFIC
FLEDET,

O 55 F EEEAEEOY 1L

KREIX z=g(z, y) D1 2ORATRETEEA (EEFETHEHT2O20R
WED), £IT. 4-15 DIREZEDAE 0 (ELENSDA) & o (RDOLDA) D
2OTRUET, F&F R OKEOD LDGATIE

70, ¢) = (Rsinfcos p, Rsinfsinp, Rcosb)

<.
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NS RETYO

HKEDLDY 1
B9 BREDHY A I, =TIE. FFE R DOHEDIT RdI (4-2 DFIDERE), #EliFE. 53 0D

FRODFEHRDA (R Rsing) DIIT RsinOdy,

ZANVOHEEX 28V TROOSNET,

©Q HT:~TomE. £E ROHOMADT RA), EODIE, EEHNS 0
DRt DOFERE (FF Rsind OM) DYIRDT RsinOdy, NI A IViE
FIFEAR2NT, dS = RdI x Rsinfdyp = R%sinfdfdyp.

@ sET

70, ¢) EERATLImBAUET (8-2, sinf & 0 THH TS L cosh. cosb
I —sinf, cosp & p THHTB L —sinp, z KD Rcosh 12 ¢ [ERVDDT,
SD ’C‘ﬁ&ﬁ\'ﬁ—é C\_)_ 0)0

79 = (Rcosfcosp, Rcosfsinyp, —Rsinf) o EEHTOHT

= (—Rsinfsinp, Rsinfcosp, 0) 0 %IEDT T

=34

]
AiEZ, 4-14 DIEIZ 1 O TO5ELET (z KoL 12 2HX 32H— 3
DHX2DD], yBE [32HX12H—12HX 3DH], z Bk 1D
DX 22H—22HX12H]),
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x 45 = RcosfOsinp x 0 — (—Rsinf) x Rsinfcos ¢
= R%sin® 6 cos ¢
y B4 = (—Rsinf) x (—Rsinfsin ) — Rcosfcosp x 0
= R?sin®fsin ¢
z 45 = Rcosfcosp x Rsinfcos ¢
— Rcosfsiny x (—Rsinfsin g)
= R?sin 0 cos 0 (cos? o + sin® ) <Kok

= R%sinfcos 6 (4-8)
(4-8) IZ cos?p+sin®p=1TT, 3DODHKD%E R?sinf T b &,
Tg X T, = R2?sin 0 (sin 6 cos ¢, sinfsin ¢, cos )

Mo ZOHIE, FLNSHANEANSIEY 1 DKM, TF EREDLOSE T %
R Tbho=6D), e, ARROBEXIINAEE, EXI1E R%2sind T, QLFEU
T7,

M n=¢, (Jmx)
dS = R?sin69dfdy
01 0~7. o 1% 0~27

sin @ 732 < DIE, b - FRBRISGEWVIE EFRIRDOADNE < XAV 2%
MOETY, 22X KE2EROHEX

""""" on,
/0</0 R2s1n9d9)d<p

............
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/ R2sin9d9:l’:i2[—cos9]7T WEl: 0 TOMS ©m £T

0 0

= R%{—cosm — (—cos0)} = 2R? cosm=—1, cos0=1
27

/ 2R?2dp = 47 R? AL o TOMS 2 £T

0

F<HOENEROEREEDAR 47 R2 BNHETX XU /-,

AEEOSY 1 IV
FEROHAEOAIEIE. A0 LEY 2D 2OTREET,

70, z) = (Rcosf, Rsinf, z)

ZAViE I RAO. 7=THdz DEAFTT,

MAEE : 7 = (cos 0, sinf, 0) (EHSHhEX)
dS = Rd6dz

BEOVSBVERS ], fdS

RYFDHRDE, R—=IVOFEDEE., HIIPNDIEIDHDOARZXIDLHIZ, A
INMVSRVER, F -1 OhbYICE FEaMITALET, X1 ILOERE dS
BEILTY, f=1R6EBZOENDT, D 47rR2 NZDHITT (FIE9),

@ 54D : /RS, WADHCHT

RS, BWHDMHT
FRIZEVWERAEFOEDY) OBEHIE. EAMoAEE (HIZEA) T, KEX
L ED S DR r 2 THREY T (8-5), FAEHLLTHERE R OFRE
DETE, LITE

® EHIEIEA (ha%X) ZOT, E- 7 =|E| (cos0° = 1),

® TOKREXF AU r=RZOTLITERAL,

@)
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TT, e, E-n 3BREO L TC—FDHRT. BHOMIHEETET,

., , —EDEISMHE D (5-11 DFE
J| B-aas < 1Em) [] as o
s < BfELREU)
= |E(R)| x 47 R? Y I3FREOEM (@)
HEHOBHOAEY (y—nY
L Y o
4meg R o DIEH)

R2 3N T, BROEEIZLST Q 2RV ELE, EHIXEIZE R?

IREBIL TFF< 2 945 l"zkﬁwﬁﬁ zl: R2 IZHBILTIEL 725 DT, b &

SEITBHLEI DT, (g FEZDFERL VS RE /28, ERWED k
1

Ll k= Treg

INSTRER (FE R) ©. KEREK (FEFE2R) 6.
BINRE 1289 DR 5,

A

|-
- ~~

RERIKTR, BT § ICH<. BHEF 4

10 SEBERDEDYDEI R (12 KZIFMVNE), EDERE. RUABDRZEZIT S,
RERDFERICKSBRLDIE. ZD=6,

2O [FHEHIE, FOERZITHREY, BROKRZIXIZX6R\W] e, 811

TESHIADBEUMOHFERTYT, ERWED [EXHIBRORE N = 47kQ]

=N ZO)QODZQ:’C“TJ‘ (4rkQ =47 x ><Q:Q)o
€0 41e, €0




8% FE2W NUMGZERES
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FOR—IVORED LS, <2DLEAULEOREIL. FNOSHANHIED
AETY, AUAZEOHES 2. ROFLETEXZET,

____________________

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

[ IcE R 57201k, TH S BPEHUTVWS] L\WHEHITY, 870D § (BAU#)
LEUEATY, Ol RO PCHDOEHEZRTOTIEHY FHA, EOEM
. FD SHROET, LHFEDETE, V¥ HMEDLI BRFORTE, FAU
TVNERU § 2V Ed, FAUAZED n i, WOEARETT,

#D 6 D20@EE. 129D

1B10xA#FDFHE O 21,05 y<1, 05251 6, B
F = (22, 2y, —2) DAL ZEE2RDET, 89 DEHDETE[FE S5
T9,

— oy =1 DED n
/ —> Y

11 A, BATVE3D0E (r=1-y=1-2—1) OHEZO 7 1. 2h
TNr -y zOEDAT, RAGZVWIDDHE (z=0-y=0-2=0) D nlF BOET,



8-8 M&E@EYMITDE : mED &R

2173 : ALEEZE. TSAM@IC

. 15 6 DOT S AEOBEADMIAHT SNET, LOmMEMIEALOT,
12F21354 @ T

-

i HE=D 7 F-n  EEY (ZOEHNSEZE)
z=1 (1,0,0) 22=1 1x@E&El=1

=0 (=1,0,0) —az2=0 0
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xR 6 IAHKD 6 DDE, FORDXFICE. ZOENE (z=10FEES z=1) A
ns,

62%/~9&,. 1+0+054+0+(-1)+0=0.5T7,

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

1+04+05+0+(—1)+0=0.5

—_——— —_———
x DOMH y DO z DE

S
M,
s
o,
0
I

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

BEMSIE, ZLAIX 05 BAANHTVET, y =1 DETHE, 2 12k>THS
ENLRS0T, SOS0OEMSE 2ELELE (W [ zds = 0.5, S
[10.5dz =0.5), 89 Ti& DR UHOFE 3z — 1124, 811 TR,
3z — 1 2FDFTELADELENID 0.5 LRAUICARS I L EEIDET,

@ 5SS H: 8OWEEXTE, BAFAL




8% FE2W NUMGZERES
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0
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r3
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EDRE, BRNSHEDIRELHRIT D,
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>

EhS. BRRIEZENEEU 47,

A
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E12 SEEHEET. BO5HS 3208 (HIUN), BOMEZZTE. RN SHIR
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import numpy as np
n = 100 # 130% 100 CICH(F3

t = (np.arange(n) + 0.5) /n*x 2 -1 # Z1IDFEAR (-1~1)

X, Y = np.meshgrid(t, t)
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one = (Fz * (2/n)*%2).sum() # [Fz X514 I)VOEE] &/=9

print (round(one, 4), round(6 * one, 4))
print (round(4 * np.pi, 4))
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fﬁfﬁj\ S €o S
L UO% L EfL EHDFHR (Nm?/C) BHR (C]
1.0x10°C

‘ # 113N m2/C 1.0x 10°C
xR

WAz ey 2T 72720 T, BUERITY, EREMES &, AAAHDER
Q TDEDIZZZEDT, EXITLFTIRIDENLFbNET,

- s



8% FE2W NUMGZERES

*g% §§[§%ﬁﬁ%ﬁofé\Hﬂ%-&:?-l&@%J%ﬁ@ﬁﬁUﬁmo]
5
i

V2

@ FIETRULAI®ES

O 1 EEEBKOE

JNDKMNREZTE 1.5m/s THRATVWE T, HE 0.4m? D% Ah,
CEARAS n EHEADORTA O 2, (1) 0° (2) 60° (3) 90° 1L F
Uk, ZheEn, 1 HEICHEZELKOEEZRDEL &5,

BE ESLMET, BT ITERL (£880[Y

________

EE //ﬁ.ﬁds:ﬁqasomf» (EABRS X ZA V) &rF, 22T
B LR\ TIF D,
ALV @EEE =vAcosh (D),
(1) 1.5x0.4xc0os0°=1.5x04x1=0.6
(2) 1.5x0.4 x cos60°=1.5x0.4x0.5=0.3
(8) 1.5x0.4xc0s90°=1.5x04x0=0
(1) 0.6m%s (2) 0.3m%s (3) 0 (VI EFFT, B &
F73)

¢ ULBMATECS 1

KMEZTE 3m/s THNDKIKIZ, EHE 0.2m? OfE ANE T, M
BEARAXLFENADORTAN (1) 45° (2) 90° D X, 1 WEIcHEELE
5KDEERDEL &5 (cos45° ~ 0.707),
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O FIE2 HRAHOTEEEEDS : METEEAY MU

FHx+2y+22=4 0D, EE#MTE) LoN-=ZAFE, EITERDU
WNF=(1,1,1) (m/s) 58V RITET, ZAKOEEE. 1HEIE
DRITEEEZROEL &5 CSHFOREXE. FEEANSEINIESZE
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B EOREAWT. RAILEITERL (£8-8 DY)
E / F-7dS:ZAF S OLTET, &I THlA LECTHED,

BALRD I F . (AQ). AR 32 DDLDOANEDES (@),
TE# : A(4, 0, 0). B(0, 2, 0). C(0, 0, 2)

AB = (—4, 2, 0). AC=(—4, 0, 2)

WD z D 1 2x2—0x0=4

ABED y 7 0x (—4)—(—4) x2=8

AFED 2 5 1 (—4) x 0—2 x (—

MHZLT AR = (2, 4, 4) (ERR (1, 2, 2) LAUAX)

HEE V22 +42442=+/36=6

BOBTEE:(1,1,1)-(2,4,4) =2+4+4=10
EfE 6m2, &Y hiT5E 10md/s

4)=8

Z ULRATEZS 2
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EEE) 54 PoREBIRT. MIREZTERAL (%88 DY
E // 5-7dS: BiR S OLT. MOBRBKES XAV ELT,

_______
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8 x5 40
(1) cos30°  0.866 46.2
(2) 4mm = 0.004m,
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cos 30°

C
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£5)
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EANET (RADEBEIE 1m? 20T, hE3HEIIEXELAE), ZORE. &
ANF13 T, TAN16f7HFEFTIVY—LET, GAIE—FBL,. B ANC
EBiIz1292FMNT, ERVDITADEFHEIZRYET, TAIP—T5&, 1
DTDEDT ADEEIZLRY 7,
HEE2 WMERBUWEOO [FEDOMR ICUEL -,

y (m)
4

00 00 00 00 00 00
3

00 40 00 00 00 00
2

00 00 00 00 -40 0.0
]

00 00 00 00 00 00
0

0 1 2 3 4 5 6 = (m)

B6 &YADFEEL (BAI /s. IMIE1MIET)e ALV IDIYRIFIE (DFHL), FEOV
ZF& RV H).

0 TRV RAZX2DEIITY, o WM 1~2, y HN2~3 DI AF+4.0T, 2
IZHhEHRIOANRHY T, 2 H34~5, y BN 1~2 DT AL —4.0 T, T ZIZHRV
IORHYET. IR @IETR? DEZTY,

DEHTODNDT A%, FUPOELTHAZLES, AC3. £B3. £EB8 T
B9 T,

@)
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(1.22—(—0.83)) + (0.91— (—1.04))  [H—F+L—TF)
—1.22+0.83+0.91 + 1.04 YA F ARV =T

=4.00 12 4m2 bEHET

ZDI (—0.83) LTI (—1.04) 1. 1 FATT, KWERE « FEX,
DEYIADHANTNTNOENSTT, 4 DDLADENNSE, KIFANHTH
35'—6—0

BNV RETE?

Mo 24 ~ ADFKEELE-TL, 4.0+ (—4.0) =0T, \2IiX>, o
HEDY (WHIFAADD) B> THLIEZLHAZLTE, 012V ET (A
Fle GFl, 770 11 {TODOETHENDONET), &Y ES LDYATIL,
HBOADKMN THAMOGHET, £IFFIIASD] DT, =3 LITBELEI N
5T7,

1 29 ODY R : GDIHS5ED +1.22
—_—> GERY CEDDHISAD —1.22
ONN < BERY 2D%EETE +1.22-1.22=0

B7 ERUESUDYRADILEDD G, 2 =2y N 2~3 D), FAD THB] (L.
ES5HHD TAB1,
SADFEBDOEEHN., AEFDLIUNSGHEBIEIZZELWY, 2O L8110 I'hH
TADEE] T, <HOULLSEVTET,
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dAE1—9T. YADEAVZERZD

Be@E5ElE. WEaHN DT T, BEIXPNIREIZET] kDo
T (88D, TAEITDLEXDO®Y FLELU), Python T, HDFHEHDRMN
5, 24 Y ADFEEEHELTHEY, 705 h0hD 1.5, 2.5 £ 4.5, 1.5
XODET, 4.0 12 1EICOIHTE Q TY., ROFE (Lt 2r THZDH)
%, 8-11 TEUZET,

p
(EEea)

import numpy as np
def v(x, y): # MORNDES (vx, vy)

ax, ay = x - 1.5, y - 2.5 # DIEIONSREEGMH

bx, by = x - 4.5, y - 1.5 # IRW\WCOON S RIZGRT

a2, b2 = ax**2 + ay**2, bx**2 + by*xx2

k=4.0/ (2 * np.pi) #Q=4

return k*(ax/a2 - bx/b2), kx(ay/a2 - by/b2)
t = (np.arange(100) + 0.5) / 100  # 0% 100 CIZQFe. FAFDS
for j in [3, 2, 1, 0]: # 1t (L) DEHS

row = "

for i in range(6):
d = (v(i+1, j+t)[0] .mean() - v(i, j+t)[0].mean()
+ v(i+t, j+1)[1].mean() - v(i+t, j)[1].mean())
row += f"{round(d, 1) + 0.0:6.1f}"

print (row)

tiX, 06 1 FT% 100 22T 2/NI XD, FAFDRTT, v(i+l,
j+t)[01 &, Y ADEDE (x =i+ 1) DLD 100 MFrdD v, T. .mean() &
ZTDFHETY, FHEORI Im 2N d L, BERBLIEIIRV ET (1 2h
FTEEDLLBLODT, MITVEEA), dB TH-E+LE-T] TY, + 0.0
i, —0.0 ERRINBVESITTE20DL 5D T, REFELFEUHKAH
TXE U

D
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CCETTHa

G INERYREBWT TH-Al] 8%, RFETHITHEUERWVWC AHDHR
ERDOFSNNEHSTE, CO%E, TRENTLTNST, RTHM
ZRHET,

¢ VRZEIPETL LT

O YREINELTBRE. RHODMICRD

RAEREILEL, IRADHROEZIZANH S0 EFTIEOMY) £HA,
YAZNISUTOKIRY, BT L DEBN< DL OMNY ET, I T, <
A EZEFTENIS UL ST, BEOANE D RENEFANET,

NADHLE (z, y). 130% h L LUET. BEOTWIFLNSEN L £D
FEN L DFZHY T, WOFAFOEI2FE-T, DOXEEXELET,

(BEDv,) — (ED v,) @DOHD 1 DHOHE

BEOLDE Al
_ (x+ B, y). £

(z—%, v)

DFD2ODHIF, yDELCT, 2 ZUREDRVET, 2 DERANL, B kD
Y hTF, ERD. ZOREIE Ty RIEDT, © KR h BHALELED, v, O
BIOBE] TF. h % 0DESF5 L. 82 THALRES %q;w VRS
2OODHEERUTYT, LEOILETDOIADF AFIE (ar;, y—i—%) L (q;, y—%)

ov

Yzt .
8yz L) Ed

T. 2 BAUT y ZIDREMWOET, h % 01TES T2 L
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WTHEHNDD : h ZINEL<TDE, 5L
=23 DFENT, 2 =1 DFFD 1 2DDEE, h Z/INX UBRNHEHEL

UCE
27
h\3 __ _ h\3
n S SRR
3 K3 B
. L5 05 3375012 .
1 1
1.25° — 0.75°
| 3.0625
0o 05
1.05% — 0.95°
1 3.0025
0 0.1
1.005° — 0.995"
. . 2
0.01 - 3.000025

£4 hENI<TBE, 3ISEI<,
WolEd, v, =22 2o THHTHL 322, 2=1Tlx3x12=3T7, &£
DL, BEIEIDZITEIVTVEY, (RTEHETH L, KOME 3+ 2
IR TWVET, h=0.17%63+0.0025, h AWAIWEL, BT 213
NI ETL)

—EEY N
FEDHEN v = (v, v,) DFEENE
ov ov
divi= -2+ ¥
ivv By + oy
v, &z Tov, lFy TRMEDUT, 129, AL, BARC &I 1 DDEL,
\ J

[v, (& & Tl OAEDLEITIE. DIVHY ET, o HmA (Eh) OHAY
X EEDTD v, DLRNTHREY E Uz, EEDLIE. = ZIFN60R5 2D
DGMTY, ZN6, v, & x THALET, v, 2y THAHLAEZE (ETFTo,
MESEDLZMN) &, BAVITIBERLETA, Thid. () OFThDESIT,
BIZE > THRNDIKDEI DHENNENS T,
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@ IEOBT. BEREISBAS

K2-K3D62DFH%E, RCTHELET, 2L 2IX(7) (x, y) Tk v, = x.

x

%:y@@@‘%g:ggsz%%:%%ﬂ¢kbf2??o
s (vg, V) %L; % div @ E;ira
(7) EMB (z, v) 1 1 2 E
(1) £F3 (—z, —y) -1 -1 —2 8
() 2357
o (1, 0) 0 0 0 0
() 57 (~y,x) 0 0 0 0
(+) Th (y, 0) 0 0 0 0
(1) fAlE (x, 0) 1 0 1 1E

%5 BTREGRE. ATHEULRERN—BT 3.

(L) Do, =—ylliFxz BPA>TVRVDT, x TRIEDTSL 0TT (y
DD L, —y 3 EDE), v, =z & y TRHHLTE 0TT, () &F
UTY,

(7) Tl YADKREIXIZLST, ADLLEDTD v, DEMNNDE h T
T (z+%)—(z—%)=h)e ENE, @DEVRTE L+ 2 =224y, K
DEALT>EVRAUTY, v, - v, DIRALS, YANKE S TEODRIR
[~] T T=1 1220 %7,

O Z=f (3%5T) DFN
T, SADNDOVIZ 1L h DML AFEROFEEEZET, EHIZ6 D, MM
WESEHMN3HEDHY £7,

@
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4z ; BEHNVNESEDE

A3 — @ EADE : v, DE
—_— i
; y QDM : v, DE

e ; O EFOm: v, 0F

E8 134 h DIAHEDFE, 7L IDEADETIE. v, MEAWZERHD, FHik - LTD
BERAU LS I Z B,
1 >OEOEEIL h?2 TY, EEDOEDMTIE, TH—Al IZRDXHITRY
E3
{FEDv,) — (EDv,)} x h?

Btk EFOMERULS AT DEkL. BOWE I ThY 4.
h? = h? = L BT,
sey o FP V) —(EDv,)  (BOw,) — (FHDv,)
c h
h

h — 0T, ¥HEEU IRBoDFIZRY) £,
—EED N
ZEREDFEN U = (v, v, v,) OFEBRIE
ov v ov
d- 7 € Y 4
ivou 8x‘+ 8y.+ B
FROIXIC, z DIENR 1 DHADET,

)
wEOA (5-13) O fdive= 2V + 9% %% _ o 11 oo
ox oy 0z
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O FI5TEC:V 5
84T, 775V k. RHHEENL HMHDERE] L UTHENE L,

0 o 0
V=5 oy’ 52)

DV & V= (v, v, v, DAE (4-12) &, S2IDRT MVEFRUET
ARELUTAET., WX (RO ES ULEMNTT, 729 TULR, 272U, V D
I TIIRL [~ TRBDT 21 LWHEBERDT, [nF5] & TEDE%
RS TS5 LTRANZET,

Y. 0 n 0 L 0 WO :12HE5L., 220HL
‘U= —v —v —

oz * 0Oy Y 0z~ 5L, 32HESL
_ Ov, N v, N v, MIz) & MRMS IS5 L
- Ox oy 0z W
=divv FBMONEFU

WNEDOHIZTE L, 1205 U] BDT o, 1& 2 LHIZRY T, BoL
XFDfAELEE, HRIZELNZARWEZXHFTY, ZOARTIE dive 2 EIZ
v, FSCHEII V-0 BANRTEEZ X T, EMETE. LHonNEEXHEFEDN
7,

grad & div : REJEHDITER

8-4 DAFE grad f = V&, ZOEDFEH dive = V - 5 1, ZEMNZTWH
7, TH, AN ELHTL 2WHRHTT,
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o= ANna¥) HT<3Y lz&EZ
BoG (85X - WhIFAEREY
grad f=Vf i KEIDIZ
) IRDEHI
KEHID%G
divi=V .o ‘ D5 HEIHLUDEX
(FRd)

&6 grad [FEHSKENZ. div [IKEIDSHZEEFD, VDS ULAIC T+ ] hHNIERER
DT, BEAITH,

HTH7=% 8-9

AT 7= 8-9

SHH FAN—=IUz VA

Bk FE NI RFENSHT
div  v<E @0 e mox

XX Tho2E0D, BZIIH

HEE divergence

mAHAH 77 Ky b

Ak div YFAU, V LEH
v ’ DHEDHMOT TES

#ZE nabla dot (del dot)

g AN J

D FRTRHD : REOBVH< BES

JZET. i TR R RIAEK] ITUTEE LA, Tk OB EERCH
HIZUZS, BAIBEZILRDEDTL LI N, £/, 8-8 THEAL TFAULZED
WH] BES L, FEEUIELSIEITZTL &,

8-8 Tlk. FAUZME S MOANHTWE (iiK) %

___________________

___________________

LEXFEU, AV UYYDRROBRE T2 OMHLIE. ZORVREDART.
FREFETI O TIIRVEWVWSEHTY (8-6-8-8 LFEU), IBAUKLE S &/
IBRAIMIHT. 1D T0 DAAE DRSS X 21 IVOERE] 2RDT, £
HELEDED] LWIBEDEFITT, f OO TBACTWS] L WS HIT,
KROEPHBEZRTOTIEHY £EA, EOEMNE. TO S HNRDET,

D
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0 TH-A] &, FOKE AV Tho> T, #E/NIS LTV o250, FH#K
T,
BLWAKICES L
R DEE
RPzEC/NIREAULE S (FOFKE AV) 2E 2. SHOANHTOHERE AV
THYET, SEAPIZATTINIS LTV AL XITEIfEEZ, AP OB
WET,

Mw%XP%:Jggm:V%%6~ﬁdS

nAIEICEATHEED, BY 1DOERMTT (8-8),
RO
ZORIE [ZET) ROT, TOFETRHFHTIELA, ERICTIE 8-8 DFESFITOD
ENS, RVFEEVET, SEUAKICLLL, BEHTDX 88D [ (FULE
NESLREDHAEDE HILITKRDTRETY) TY, £F - Fitk - ETD 6 DDET
Vol £u,. tuy 2o, 1KBYD @DFHEZOEDIIRY £F, N6, ZOEED

5
68%4—;f+%§ﬁ%m%iT(W%6?‘Ei&u%ﬁbi?%

ox
HOWIZX 5B
VU, v, WRDONIIEDS (RHOTE T, ZOREDEEGRL) 56, S %
BRXPHFRE, EARKIZUTERUMBEIGEDX ET, ZOERIIEEDHDOMXIZE
L620VDT, MEOARTIE, ZORTHEBEEZLILNEIDHY ET,

® =ODFHL : ODOHTIEEE 0

OO TIE, ODHB 2 ALEITIN0 TERL, IFHhDOTAIZLE 0T
U, Tl ODOHBI A%, XGIZINIRIAIIDTI-6, £S5 TL &I,
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X t fxu
- A <g,\ 1200706 1 BEIZ Q DKRNHhIHT
_ *<§.ZL*Li;” &, KIFMANFU XS ICERY £9, O
// \\L 75‘6 T li&‘?}”bf:lIJ (%@Eis 27‘&'7") %\ 1
& N MEIZ Q DIKIVEY BT ET, 7206
y \ ZITOESE O TF, BTLE
@ 2nr

<. RENELS Y £,
Dﬁ%r@ﬁﬁ\ﬁiﬁé%

B9 1 20O0hr5DhIEHU, REOXDICOZMN ERVFETIE, REIDIIHA S AD=
&L MDD S HHBPENFUL,
SO E BT E X0, AEOIE. MEOIE ) EVTE. T, AT
BEEAED GEV) 0T, BEX xEX | BAUICRY £7, % DP—
T, ¥RIZEISRWVNETT, D25 ERWVFETIE, TH-A] 10T,

ﬁ?%ﬁ#@itoD&%ﬁmﬁ<t\ﬁ3®%m@ﬁ_§gg+;-Pi

(s A s, &3 0), L prrognoc, DY os
27r 22+ y
EEELET., HOHH (56 DEo LAY v () = Lofd) wngd,

8( T )_1><(x2—|—y2)—ag><2a: y 21kDT z THS (8%
dx \w?+y?/ (22 + y2)? z THHTB L 21)
2 2
_ Yy -—xr ST R -
(w2+y2)2 II% IE Z
8( Y )_ x? — 2 BMLU&HIZ, 2 21EHTy T
8y x2+y2 - (w2+y2>2 4y
2 .2 2 2
dgve= 2 W ZT)HE Zy) ETL. HFMO

2 (22 + y?)?
BERMADEZTE, HFEIZO0TT, FERTIE 22492 =0T, 282012
RBEDTHETX XA,

@)
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DFY, MDD T4) &, SADFDEINIER>TVWSDTIERL, AN 1
REGIZEZF-STVWEINTYT, A2 EYAE, EARITNIULTE, H5
ElXQ=40DFFTY, HETHDI L, YAIWNILLRDBIFE, HEUILZF
TERELSARVET, ZOEIR1EETOLEHLE, HObEHL L VWX
T, MODLEIHUIK, 8-11T IODEhHY R/NXLHT V&< AETHEAN
E3

ZREDRDOHDETHL  REROES

ZETERUTY., 75 2ADBEKEE /NI LK (REH) OEbYDES
X, FANSHAEX T, A% XTI r D 2 RIDKHBILET (8-5), XLk
%3&itméa\ngiﬁammuit(rzvﬁfﬁﬁi?;Eﬁr@%

B (z, y, 2) 2 ThdL, B¥lE L), Thd. BRI TIIRHELN 0 TT,
0 :1;) 1 32 B (5-6), TD
%(ﬁ s Bl
o0y 1 39/ e
@(ﬁ) S e
0/ z 1 322 o
o) =m0 L

24,2 .2
3onf= o Bty 7Rz LE
r T
2
—%—3%:0 z? + % + 2% = r?
r r

1ﬁw®%§%\Twmmmﬁiﬁo%czxxrﬁt%T\EQWﬁ%
EOET, 9. r= V22 12+ 22 % « THHTZ L. SREROBS

1 -
(5-6) T % %0 = L TT, M6 r2 & o THHTDE
2/x2 + 9% + 22 r
Bt D= 2T g OB T OB X 4 X 0 OB %
1 3z 1 32
o)f\ IXF‘FxX(—E):E—F’C—é—o

@
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EHEOOLEH UK, EROHERZTICHY X9, EFOLVATIE EHD
FE1E 0T,

@ EEOR  MIBFICEENEHZIE LA
ZRD LD IEEMORN TR, BFSLICEE Im® 52V 0ER) p

(T—) BHEHNN, BEE LEIZEDDIZILEH Y T, /INIRFE (FFE AV) 12

SVT, HEEOHAY 2 E2 7T,

© EOEOHRE p AV TT, 1BMICSLBRE LAV T (Bt
HT, BEZETENLAEZRDT ),

© 1M, 1 EAA—MVOERBIERIE [BEXES] TT, 2956,
BEEORNORE pv TT, H76 1BEICHTOSER (H-A) &
FEDRDFH S div(pd) x AVTT,

€ ZEI EFNLMILUETA. Z05, FOFHTSZZEIE, A>TX
1B (HTWSBOTAFR) LELIARYET,

@&RILT, AVTHY £,

%%AV:FdNVWLAV SABE=— (HTVB)
Op P . .
5t + div(pv) =0 AVTh->T, AleENIDOUE

IhaEBEORX (NMAFLDLE) LVWnWEd, MHEOA (H-13) LFELZ
YIXT. [ ZDHEDEBEPBADEI +ZTDEPSDHEHL=0] LFEAET,

KDEIIT, IFEAETEERY (BENEZTERUTEDLSR) WITIE.

% — 0T, pEMELTHNIHEET, pThoE

[ divi =0 ]

MEERWZLE2IEERE (OH-o L) EWVWWET, EEMBOHRNIZIE. 2z
b, DIHLERWIAEH ) FEA, (HDOF, MOENSKERLZYE-
YL TWBDT, FIADETT,)

D
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" @ EoxmyEL
BESEHTEDS L ¥ @ div(py) 2IEEL
pv = (pvg, pv,, pv,) DFEEE, BOHS (5-6) T1OFOFELE
T, pb v, EBFATEDEDT, MHEMHILET,

d(pv,) Op ov, HOMS. vz ©H

ox Bz ® tp ox U

Op 92 8;0) 32%7-LT.

div(p?v) = (’Um% + vya—y + Vg

ov, Ov, Ov, )

8m+8y+8z

+p< 2 DOMITH T 72

1 >HIFHE (4-12 -
=4v-gradp+ pdivv
8-4)
1 DODEXTBEDLNIFRN S, NI 2 EATL 541, 2 2D R
NBER ST, 5T %25 TF. EHEORIE % + 5 gradp = —pdivd
EEITET, £llE, 8-13 TESHEMD OKDODREW- U X IZEIX R
MOERAEZL) TT, 2FH DRV U EICEWTRS ., mhdA

M5 (dive > 0) TIRBENTMNS] LWHEKTT,

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|

S SRS SEeRee eSS eSS e eSS eSS e USSR SROESRSRONSS SRS EROSRERDRERERERS

FEERVENT, ERBDIT

BR—ADFEETOEL L, KFBOWLIIREEL 9., A—ADFDIKILHE
FRVODT, dive =0 TT,
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RIRDR 1 ADE=HDE

i | —
—_— : ' >
—_— i _— :
: : &HEF A2 LL %)
WRERE A B/S vy

B 10 R—RDFENH<RDAT, MNIFHEICETY ( y 73\%) TDRARIISES 8D

(% b\E)O

TN R BT, KIFENSHINT, FARANEEZV XY, HomEo
E;vy (& vz) FETY, BEAD0RDT, TDIA %Ux MIEIZRY, K
UALEiK <Y ET,

R—ALARTRZ L, AfORBOHFDOLEITERKRI0LRDT, BMhoHIE
EABBIBFLL RV XY (MOAEDHY LRAU, 8-11), EDEENSIZKMH

AY URVDT, AQeHAZTEHzEELL<,

[ Ay = v Ay (IBEICAZE=H5E) ]

MRS 5, EX L 2B R) 2T, WEOA (51-13) D Ajv, = Ayv,
YAURTT (FIES),
P BOFNEEIBOFEK

FEE, KOBENEITOEETIEHY FHA, ADPBFENTHL REDS ]
B, YRIZTEFEZET.
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BORN q
8-4 T, BDHNDEE § = —kgradT (1m? % 1 BWREIESE, Bl

Wm?) 22 0F Uk, divgid, 1m? H2Y, 1BEICANETO L E (W/m?)

T, BAUEIW/m?2 +m =W/m? ([242) 9 (RHSIE-RY ] DEZEMS),

® 6-:3DNR(EX 0.2m, MEA20CTE 0C) TIE, ¥2TH g, = 160 W/m?
ToETUR, 0 = 0 ROT, I 0. AROHTIIEENT, Ao
BN ZTDFEFHTHEXET,

@ EXREMUTHEZELTVEIR (BREHGE O —Z—0DIR) TiE, BBTDH
TEEFNET, HWDOHFT ¢, = 5000z (W/m?) (z 13D E AHH S DFEEE
(m)) %5, divg=5000W/m?3, 1L (0.001m3) &%~V 5W DENES
. AEINRAETOE T,

BAEENBFHT divg IFE, BDEE > CTBENENZHTIIAEILRY T,

ZDEZT, 813 DEAERZIEY £7,

TS £ LR B
BHDHEUL., TOHEFROERDEE p (I1m? bV DELKDE, BELFH
UXZEEMENET) AL ET,

div E = gﬁ (e IZHRE - -8 : HZED
0

T ADERMDEFIIBEZBODLIEL. YA F ADEFMDOFTIXIRNZATT,
BERORVFTIE0 T, ODHRERDOHELEUTT, WoIED. BEBOFRIL
YT 0TY (divB =0), BEEZEN<Y->TE, NELY, SBAEITO
WA T EFEA, BAORIIEIDIHUERONIAE L, WOEEIZR->TD
BR>TOVET, 2200RIF, 814 T [V ATz VARR] L UTHEAET,

AER)

ﬂllll
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QRS DN
hzRZLEDLED L, BB ELAEDLEIIRS
MoFmhiE, O (1.5, 2.5) HOENRS A FORN 6, &, O (4.5, 1.5)
NEFZZRITDRN T, B, BRI LIZELAEZENDTT (Python DROD
ax/a2 - bx/b2 D 2 DNDIH), wHHIE ZLED1D2FDIITEXBHDT
(F1D#5 5-4 LRL).

div(¥; + Uy) = divv; + div 9,

v, OFEIXO (1.5, 2.5) ST 0. v, DFEEILO (4.5, 1.5) AT O
(@), NS, MOBENDOHEEL, 2 2OOUADEZTE 0 T, FKik
DHIKT, 0 TRV AN 2 DEFESDIE, ZDEDTT, MENT
ZHRNERUT, div(ed) = cdive (c 1380, 72U THSFKEERD T
6, BEERODTHSZLTERU] EWHIHEIL 7-2 DFTFID THiH ]
LRIUEZHFTY,

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a2

=D \
FEX INERFEHNMSHTULKE (H-A) ~f#DOXET,
EZ 13
N 81)96 avy
:FE le'U = 833 + 8_y
ov ov ov
'J'DE i v = z Y z — )
paz{ | div ¥ o + By + 92 V -v
Y 2DEVR EB-%L) +h+ (E-TF) +h (BEAZE - LAE
%1F)
T lim 1 # v-ndS (8-8 MMRK)
AVS0 AV <
BHEOR %0 1 div(pn) = 0o WAL dive = 0
\_ J
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O =0 RBERD B 3DDHE

HTH
md

FTh
%

ATH

o2
T

Db

NAZEWT, HEHKRHE AL KHE
2 H6NR5

4 DODPEBELHET
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BUAKICES &

20 TFHIR 1. BABEDOFTT. AUOTHRTIES Y EtA, 1FHIREA,
2 ik HRMAE L] LS BAT. 525 DRTRACHS T, LIt M5
B & AN TR £ A i/ T, éy(ﬁﬁﬁ?éJTTm<&gzt
BL. TF, 12, HECHPERED LEEOENT D] L10> HOBKIZ A Y £7,

W67 121700 E%. SITOOERDIZIF-o"ES ] IETCEX T,
3R5ET 2K U £ICEIBHN

SN BEEORA @ = (w,, w,, w,) DEDYICE>TVBES, &
o (z, y, 2) OFEIL, AEEE-T o= x 7 LBIET (4-14: R ¥
ZHERPUDEDREITERY), &= (0, 0, w) 25,

V=wxr=0xz—wy, wr—0xz, Oxy—0xzx)=(—wy, wz, 0)

T, QOFENERUTY., HEEIZ. 3 20EH%E 1 2F25HELT (0, 0, 2w)
RV ET, CARAEXD O TH, AUIDIHETSD L.

[ rot (& x 7) = 28 ]

ERVET BIEG6T. O=(1,1, 0) DX EHEIDET), EEDOREIZ, H
PEDAEE T, BXIIAEED 25T,

9 BV RENRSHENTELRSERL : SFTRUEN

OETE? OHKODS TEANE T, BABOREANZLZDS T,
Ea%@i?b‘)@ﬂi HUMIEWIE EH S [E Y &9, Fbh SEEEE r OFFD&E
iffﬁ; (K (3EH) D&, EEICREAIL TS ELET, MEX (—y, o)
DEET, TORIE r 2DT,

k (—y,w)::k< —y x )

TR Ty 2+ 92 x? 42
TY (P =a?+y?), ZOHDEEE, k=1 UTHELET., SBDRM
S, 5-6 DEOMS (y 21D Tz THS) TROET,

@
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2, .2y
a< x >:($ TY) X2 s R

dz \ 22 4 12 (z% + y?)?
2 .2
:(§L+;y N
o _ 242 —yx2 .
__(2 92>:_ﬂx g> f2 V' moms. o 2itorK
oy\z?+vy (z* + y?)
2 _ 2
:¢Z+4ﬂﬁ HTEEEL: (FBIER)
2 .2 2 .2
rotv = —2 = Y2 _—0  3<xo0

(a2 + 922 (2% +12)?
CBLBESTWBHNADIL, B (FLLSD) £2TE 0T, 0
LS BINESITRURNE VT,

JyFTEmEnn SFRUIRN
FIEWOEFRLZERL (E1D) FRIEVOE EZE< (EISRW)

8 EUEEN, HICZ>T1ATZHNEDLST 4HFEINE), £k v TS
EEIT RN, BEE1ETZ3HVEC BT 3, Ald. dFTRURN. REF<SE &
B> TV<H, HIOIMBDEE FENSH,

BERSBRVDOD : BOIIHDOIYRATEZLD

A%, EAFEONOYIZ, FLDEDLYDES TEO—E (K9) IZLT.
EEREHELET, o< R 2L, HMNIEARDT, ELAXICHTEX
0 T9, AMUDINTIZER W IZEA, REIOIMTIEERDIZE &Y £7,

@)
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A% ry OADIRE ., H$1ZE ry DIDINDH

SO B> - BEV
2 WEDI AT, Az A0 LLET, DR

\ X3, EEXA (4-2) T,
k
RO ES = X BE 1, A0 = kAG
\ 2
""""""""" W@wzﬁﬁfwxﬁﬁnAezkAe
PR : B - L rl
D B — kAO — EAO =0

B9 H5IWNDTR, HDIMIRVABEL. ADINEEVIEN, RES XEY] A5 &
SERUICRY, BRI,
%@muﬁwwmaa%<\W@m@@mwmg‘m@f MEIXEY] X
EH 68 kKAOT, brIEHBHELAEVET, *#—(ﬁﬁl&wm)t#
5%, o721 025D TT, 3‘V7°Z‘Q:IEIT{1[LM GEX rw) 26, 4D
AL row X 7o AO, RDINIE 7w x 1y A0 T, SADIMDIES HAX L, BRI

EIZRYEY,

FEDOPETE XL I THRURNTIE 2 DOEIMTHHELE->TVET, 1
DI WD > T DT, REEMIZEZ LI L THHX (EEV), &
9, . MO PIRAE S . SMAIDIIBRAE L VDT, FEIDIZEZ S &7
5@ TY,

QETE? OBEZDOBETT., KOS TOMIICHLAEE X, <5-
LEI>TWXETH, PHROAMIIIZEDLY FFA (HISRW), STOFLIH
% D FLoEL (EHROMEOF) A, 2y FTLETIIICE>TWED
T, EEIVICEY £9, AYDS T TIE FOo0E<IEay 7T LR, 4
LS TR URNTIELS R > TWD ZENLZVDTT,

BUNKIZES L

STRURNORIE, Fb (FA) TRAEN0IIRY, RHAREY A, HE%
MIOEE LTS L, ERIZ0 TRZLS, FRICEST 2rk 122Y) 9 (8-7), H
IR LI TH 0 2012, 1EADREEIZ 0 TRV Dk, BEAEWS TR BHdE0T
To ZORDSUXE, 811 THANE T, AMOS FTIE dicay FTLETE
HNHY. TIIEENIEE > TOET,

@




8-10 579 : [E#x rot

Python ©. YRZINEKUTHEHLID D

@ - ODXREFELFEUEE %, Python TU X7, BIEIZAKE (h=0.25),
B2 5 TR LIRhO RO, ZTFOMA (1, 0.5) DI ZATH,

, G-
import numpy as np
h =0.25
y = np.arange(1, -1.01, -h) # LOFENSEDEAN
vx = 1 - y**2
circ = (vx[1:] - vx[:-1]) * h # TOW - £l
print(circ / h**2) # [ElE5
def F(x, y): # DFRUARN
r2 = x*x + y*y

return -y/r2, x/r2
for h in [0.1, 0.01]:
x0, y0 = 1.0, 0.5 # YADETDH
c = (F(x0+h/2, y0)[0] + F(x0+h, yO+h/2)[1]
- F(x0+h/2, yO+h) [0] - F(x0, yO+h/2)[1]) * h
print(h, c / h**2)

[1.75 1.25 0.75 0.25 -0.25 -0.75 -1.25 -1.75]

0.1 0.0008905181312857111
0.01 8.986314903314252e-06

RKBOEERIL, SADEAFD yD 2% (1.75, 1.25, =) TT, vx[1:]
22 BDOLUE (R ZADTDE), vx[:-1] ZEEBEDFTVEED (XADED
M) T, OXEN 1 EHTREDIAIDOVWTTEXET, STRULENDTY AT
1. EEOREE VX h = 0.1 T 0.0009, h=0.01T#H 0.000009 &, <
A% 100D 1I2T52 10000 124D, 028V TWVWEET (e-06 1
x107%), WOEFAFDETRRIEAZFDTNN, YAENISTEHLIEAT
WL DTT,
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@ﬂi’&<7§: WNUSIE. STHE

8-4 T, BX h DN S, WHIFARL EYDEX gradh /Y £ U -,
R—IVDEENB A X DR —grad h DFIZ, BEE2EBEL LEISZTU & D,
BN h =100 —0.01z2 — 0.02y% THEL £,

Oh  Oh

—gmdh:(—a;-QE)zanmx,ongn 8-4 DRI —

rot = -2-(0.04y) — 2 (0.022) =0 —0 =0 (7 XEDR
_8:I:'y8y' N N B

[ EFHA, U2k, EARBEE f TH, grad f DEEER 0 T, FEERS,
KDEHEY T,

_(9f of
grad f = (%7 8_y> 8-4
of of . - )
rot (grad f) = P (8y> 3 <8x> SEED rot DRIZAN=
I < 2 EODRHAH LB & 570
Ox 0y Oyox (8-2)

3RILTE, 32DHITDENE, FUEHTO T4V 7,

rot (grad f) =0  (ROKEIDBITIE, > THRW)

WIS 1% (f1-4) T F =—gradU L EFB2HTIErot F=0124Y ] &=
L‘f:@li‘ ZDZ (‘:.’C\—g‘-o
STDEREDFZICIE. HEHUHRL

KA DMASHEETANE T, CAR FTH., BEDEH rot F DEDFEKE
(8-9) 130T,

div (rot F) = 8(8F 8Fy) 2(8}7:6 8FZ>

Oox \ Oy 0z oy\ z Oz

o (OF, _ OF,
+£< ox Oy )



8-10 579 : [E#x rot

. X O°F, O*F, RN,
Mo Z 5B L 6 DDIENHEET, & — DEHIZ, AU 2EOD
Ox Oy Oy Ox

RSN+ —T 1T OHEHTXT, 820 INEBIZLSZ\W] T, SHEEIT
HLHEHLEWET,

[dw@mﬁyzo (5f@%m@%au‘b§&uﬁam)]

8-14 THRUBRELHMKDAT, ZD2 DDOFARNAELREEHEZ UET,

® TrO=DYDRLE

4-14 DE S LHY) 20T, EFoTSREFEDOEDY OBFIE [<bLWVA (4
ENHTEXET) 1k 8-10 THEUET ) LR LU E UL, Eifgz z8ice ), B
i I (A) A 2z DEDORAE FROFENIAMNIME) TN TV LET, &
@ SEEEE - OFTORES (BSREE) B OAX X3, MHEOERMS

_ pol
27r
" I N
th#ofmi?(%W%ﬁ®£L:?7K\E%@@M&uoéﬂwkﬁmh
T

ho & 4 x 1077 N/AZ (= T-m/A, 2019 20D ST OUGEM & 128 > THD B 1E
T, IFEEXZDME) TY, MAZIERUCDEAT, EROAIITHRUNED & X,
RUEETHETT. JOMEE, WaroRrsons ¢, = D00
BHROME ¢, = (0, 0, 1) DIETET £,

O0x0—-1xy, 1xz—0x0, Oxy—0x=zx) (—y, =, 0)

éz XéT: s
T T
B:ﬂL@xa=“0< LN ,@
r 2m \x2 + 92" 2?2+ 92

o I o
:mm\@@5T&bﬁm&ﬁ0%(k:%%)ﬁToE#b\éﬁmﬂ?u
rot B=0 T7%., BEITERDIDOY 2 E-LHE->TWBEDIZ, EHROAD Y
ZIZE 157 khY A,

@
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EMNSRAK (BRIFEOFRNIZEDD ),
S T]ﬁgi@“@ﬁ:‘? ITEEREY T, EEMNSEWVIFE

. \
,/// — GEIR (;;c:LBBM)o
I ] 10A OEFHHMS 5em (0.05m) OFF
\ O A Tl
e 47 x 1077 x 10 5
N B="grx00s 41107

T, #HRORS (BATEBEZ
45x10°T) LEUL S5VWTY,

B10 FOoTREBIROINDY DHH. L. QDS T URNERU,
BROBTIE, EEFEROBS

BiRod (EF a DHOF) &, BIRNA—ERIZ {uma\é ELUET, ¥&r
(r <a) OFDOHAIZHNS EFIE. EEDOEET I x — ’CT WG DR X X
3. ZORBIOERLITTHREY (8-11 T %@@m%%oiﬁ)

2
Ho Ir ol

B = X = T
2nr  a? 2ma?

L) ET, BEE o ICHBIT A 0T, BROBOREE [0y 7S LETHN)
tﬂb%B_l%I(%w 0) TF. O 5. EEE z DRI

B (BFIEFRIN) & B

2
pol _ T
2% 2mwa? Ho X mTa?
TY., — &, EROKE 1m?2 /-0 DERT, BREE j (A/m2) 20

ij—o

BIROHTIE rotB=poj  EROATIE rotB=0

S0 5 1. EFRMNFENTOVBFHIZEITHY ., TORI LAXIIERTOED
Td., M, 811 D7 U R—=IVDiERI L, 8-14 THOUER LMKDAD 1 D
W22 9,

&
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(B SPIEBZEDZVTHES AU NI - FENEOBRES S DES S

R MVE A OEEEZE curl A =V x A TEDD, EEL v 1T L
Ww=VXVvE2EELY, w=0Th2ENEZELELELEVS, (£
BOANT—5 0 ITHL V x Vo = 0, FEORZ MU A 124 L

V- (VxA)=0M"KY)iL2,
R AFED A [ZZDERD A, curl (A—JL) [Z rot DRIDEZHT., BEDATS

W (MTEEE - STES] CVLIEKR). BE (57E) [ EEDHDEED
&, BABURNI IFODS T2 Ui, 2 DDORIKOD rot (grad f) =

div (rot F) = 0 T. Ve & grad o (ZD ¢ [FFREZEDAE TR, =20
DA

@ £o>&myUEW

rot =0 &5, Nl —gradU &3 (TEFORVIESYDHES)
©T. F=—gradU £&33H (#EH) TlErot F=012832 ¢ %
RELAE, RIIZ, rot F =07R6, CLARBUAZEDEES 0124Y,
MESIEIZEL ST, —gradU L ETET., FAUABETHI ENAEE/N
XA E, RV ESI LD ADOHLEDIIL, HFEEXIZ1[ET
DHEBLDTIHBHHELEW., Y ADFERDEE =D 1 BDER] 1245
METY (KDULKIES-11 DA N—T7 ZADEHR), YOI ADERE 074
5. AD1EE0TT,

REU, 05X BTHIENEHNITNRNTHOFIIHEL X (TFF
DBWVEPYDH) 7217 TT, QDS FTRULITEND L 51T, FaZ 7y A
Hhdr, FEeENIGEIE, YATHEDOSEERA, E0S, HEED 0
TE, BEENIS 1 AOERIL 2rk IZBNZDTY (8-11), Y3 1
% (11-4) O (TEXEDRVENYDFRS)] I DI LT,

N -
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\

(3 EBYIC1ALT, BICESRAXRIERT (§, F-d7)
[E%5 BIR+m|ig, ERSERY, aR5FEY
. OF, OF
T _ Yy x
*Fm| rot F' = 5o 5y
3 Rt rot F = V x F (KHl, @FEESE)
[ELEE AEEIL L rot Uo rot (& x 7) = 2&

LWo% 0 rot (grad f) = 0. div (rot F') =0

-

@ COETHTERIEIRE

BIR FAU/EZ 1ALEAS, h (REIDS) WEORESIIHTEZZLEED,

FZ% U 7":350)%%63\0

ElEx (rot) NI ADFEREEETH> 2D, TOHAICE /2~ EE % [E3E)

XDFRY, 3T TIL. [EBEHDME X DEH],

STRUAN HENEITE 0 DN, <HCBHE->TWTH, FEEFMIEEL

@L\O

EREE EHEOWE 1m2HN)ImENDER. Bk A/m2,

curl rot DRIDEXF (FEEDAKRTEZ),

#HTHiT=%E 8-10

SHHH O—F—Yay-T7
N Bk [\#zR, N ADER
+HfE, 3 RITTIIEH, =
rOt F FEDATIE curl v >< F

HEE rotation, curl

#HTH/=E 8-10

B9 A A8 u b S
Bk rot F LEUHD, M
DK TE W

FEZE curl, del cross
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@ FIRETIEULHIHELS

O flE1 m=h5. AENEDH & ~N

RD (1) ~ (3) ODHBIIEEZELS &, ED X9Hh, HER6, MEIEE
ZEU &,

oy + 1 7 PNN] N>~

b + 1 AV IR SRR \ N >
l% 41 —_ > D lv $T
1o + 1 N N V¥ e PR N
oy + 1 NNV /S| SN

(1) (0, z) @) (—z, y) 3) (y, z)
ETOMBRTIIEAZDEIDE A, EEDTRTIR - TH X
DEIDEMNERS (D).

E) (V) EAXOEIRZLIE 0, 2 THAIOEX R, GIEYEAXIIK
XV, BOPRNP ENESHINSGDOT, £EHY,
(2) HEXDEXE —x T, EXTFTRU, ZCHEHIDEX Ly
T, ELATHL, E555580BR20DT, BSAW,
(8) RizEERZICEY (FEY OEX), AIEE EREISEN (£
B DEE), MUMITITHHELAEI DT, HSZL,
(1) £ZEY  (2) Bz (3) ESAW
- J
A CTHIDZE, (1) 131-0=1, (2)120-0=0, (3) I¥1-1=0T7,

(3) I 150D F, = (y, =) TT,
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¢ ULRATECS 1

KD (1) ~ () DHFBIZEELZEL &, B EFTHh, HEILRS, MIEE
ZEFL &S,

<< |/ / 1 N\ [ v
« € € € < Z ¥ v N\ 1 4 v ol

— - > — I v ol
> > > > > N KN+ o7 1 4 v |
- - - - - NNt 2/ (I v

1) (—y, 0) 2) (z, —y) (3) (0, —x)

\.

M FIE2 v20FhYE1EALTHZS

1:05m DIYAD 4 D2DLDEAHFT, KOEEZIIND L, TOILAD
v, M 1.2m/s, HDILD v, A 0.3m/s, LDIAD v, 7 0.8m/s, ZEDiD
Do, BN 01m/s TLK, EREEIREZNRD, €T IIZEVZEAEDES A
XLAEREEELELED,

BER= (F+6—L—FK) XTORY (@), [Hix=1ER+EHE,
JRE DA EE IXEEDE S (D).

E) 5 =(12+03-08-0.1)x0.5=0.6x0.5=0.3 (m¥s)

i~ 20 = 93 g0 (us) (EnoTEEY)

0.52  0.25
BAEDAHEE = % x 1.2 =0.6 (rad/s)

P8 EER 0.3m?/s, [HEE 1.2 (1/s), EAEIZEREYIZ 0.6rad/s
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¢ ULAATETS 2 .

1:7202m DYAD 4 DDLDEAFT, TOEID v, H 0.6m/s. HD
WD v, B -02m/s, EDAD v, 7 1.0m/s, EZDAD v, % 0.2m/s T
UZz, TEEREEERZ KD, REDEISME L HREELELEL & D,

o IRE3 FED ot X THET S ~

ROBOEEEERDEL &5, (2) & & (2, 1) TOEERDEL &S,
(1) F=(-2y, 3z) (2) F=(zy, 22+7)

. OF aF
E2) ot F = 8xy Zx T, F, % y CR%ES

T3, i@f:)ﬁ?liﬁc‘:nb
OF, o OF, 0
5z 8_(3 z) =3, oy 5-(—2y) = -2

Oy
rot ' =3 — (—2) =
8F o
= 8—(:0 +y) =2z (y FIEDBZRDT, MHTsdL
0)
oF, 0

oy = 8—y(my) =z (z IX1kD=E)
rot F =2z —x =z, & (2, 1) Tk 2

(1) 5 (2 TEEREY) (2) z. A (2,1) T2
g J

2 URATECS S .

ROGZOEEEZRDEL LD, (2) & & (2, 3) TOEERDEL &5,
(1) F=(4y, —z) (2) F=(a%y, y*+)
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o BIEA4 FKEOES N

1212 4m OFKET, $AHE y=0, B%y=42 (m) LLUET, K
DEEN 6 = (1.2(1_%2), 0) tm/s) DL ¥, (1) EdE: y DR TE
LELED, (2) y=1m OFFIZEVWEEAEIZ. ©5 5@ %X (12 rad/s T
B &3, 1EETS0I@INY £TH,
v, = 0 ROT, HEEE —%”; 713, RE A EEILE D%
. 1[EERIX 27 rad,

ov,,

(1) v, =1.2—-0.332, = —0.6y
dy

rot v = 0 — (—0.6y) = 0.6y (1/s)
=1 CH#RIX 0.6 (ERDOTERY), REDHREE

(2) y
= % = 0.3 [rad/s]
1 EHEORT = 20 = 20.9 (<)
(1) 0.6y (1/s) (2) ZEYIZ 0.3rad/s, 1 HERIZHK 21 7
NG J

Y URATESS 4 .

2
1213 6m DK (Bl y = +3) T, KOEEH G = (0.8(1 _ %) o)
(m/s) & X, (1) EEEE y DATRLUEL LD, (2) y=-225m D
FHCBWARER. b 5% rad/s THY £95, 1 EET20IC

AN E9h,
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O BIRE5 3 X7TD rot N

RDOGDOEEEEZRDEL & D,

(1) F=(y, 2, ) (2) F=(yz, zz, zy)
oF, OF, .

EZD OnRT. BHE 12070, z RHE 55~ 52 HLIIXF
Pr—oy—sz—ox 567,
oxr Oz
\.———: — = —
(1)xﬁ%.ay - =0-1=-1
Jy Ox
\.———: — = —
y}ﬁﬁj-az oy 0-1 1
. 0z Oy
\'———: — = —
zﬁkﬁj-ax By 0-1 1
(2):1:}55253\38(363/)—8(902)::1:—:5:0
Oy 0z
y&%:a@@_amw:y_yzo
0z ox
.. O(xz)  O(yz)
N _ — — —
P % oy By z2—2=0
(D (-1, -1, -1) (2) (0, 0, 0)
G J

(1) OEEEDEEIL, £Z2TE (-1, -1, —1) DAEXTY, ZDHFI (1, 1, 1)
DEAIXDEOEHYIZ, HERUDHRXICE>TWET, (2) & f=2yz D
Afd grad f = (yz, zz, zy) ROT, ONSEERIE 0127251FT T, TDLdH
DIZZHY U7

¢ URATEZSS ~N

ROEGDEERZERKDFL & D,
(D) F=(z2, z, y) (2 F= (2 2zyz zy?)
\_ J
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M FIE6 24N> ULICEZHN

DEHYIT, fil rad/s TEY £9D

(1) EEESN 6 BT 1LEEL, B0 LEDKE S DKM U LIZH> TV
ET, KOEE ¥ =w(—y, ) Dw LEEZROEL & 5,

(2) @=(1, 1, 0) (rad/s) DEX, 5= x 7 EHHTEX, HEEH 20
ITRBIEEHIDEL LD, FIITBEVANS AL YR O

(1) 1 E#EX 27 rad, FEEHOEEEZ 20w (D). (2) 4-14 DHFE
DEAT 0 & 1 BHTOEY., @DRTEERFHET 5, EEOHIZEE

DREDMEE, AEREIIEFROKRE Y (4-10 : REIDOKRY) D¥47,
Eﬁ(Dw:%gzLM7&M&hEﬁz2w:2%[ﬂﬂ
(2) DD x WD T wyz—w,y=1x2-0xy=1=2
VDYWD tw,x—w,z=0xzr—1Xx2=—2
DD 2zMD wy—wr=1xy—lxz=y—=x
. . Oy—x) O(=2)
AN _ — — (= —
EI0 @ A - =1 (-1)=2
0z Oly—=x=) B
9z Oz =1-(-1)=2

d(—z) Oz

- . 9z oL
E&RD z B : py By 0-0=0

EEEIE (2, 2, 0) =20, AXXE V22 +22102 =22
2v2

EEED y B -

(rad/s] T[E%
(1) w = 1.05rad/s. [HE#E 2.09 (1/s)
Eiz (2, 2, 0) = 20, AEIX (1, 1, 0) DEXDEDEH Y IZK
1.41rad/s

-

ﬂﬁ@(LlJD@ﬁ%@ﬁ@ibUK\7§=w@m141

(2) U= (Za —Z, y—iC)\

J

(1) DKZESITHMREREL, EEE 2.09 O¥45D 1.047 rad/s. 2 F Y KZE
SYEUAEETHY, 6 T1EELET, AEIK KEFSDEIIZEWNT

@
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EAULSICEY 2T (EEIZEITE 2w), (2) OEEDEE (2, 2, 0) I,
G=(1,1,0) tAUCAY (z 8 yWOEAFDOEX) TF, EEOREIL,
WO EBEOEX EIELTVEDTT,

¢ ULAATECS6 .

(1) R LRLEHD RZ L%, 19121200 EELTWET, FOKE
<N RILEVS UL EICESE LT, wkEEEERKODEL LS, (2)
W=1(0,2,2) (rad/s)] D& X, =0 x7 E2HHTEX, iz RDF
Ldd, TIWLNBVWA/NIRRAEIRX EOMIOEHDOEDY IZM rad/s T
[E) E§h
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M BIRE7 REANERANT, MBIRILFE—%EED

MBS 1% (J-4) OHF, =y, z) & Fy = (—y, ) (N) IZ2VT,
(1) EEszkD, REANEINEEZEL LD, (2) READIESIZD
WT, F=—gradU &% U %fEY. (0, 0) 25 (1, 1) (m) ETEH
TLXDHEERDEL &S,

#0226 (TXFDRVENY DHRDT) REH (B-k
P DIADY —g—g —F, % 2 CHALT. BUD y ORE F, TR,

EFFZUIUD) - U(BHY) (8-7),

= .0z Oy . . o = Oz Oy . . .
(1)F1.ax ay_l 1=0. Fy: o 5y —1—(-1)=2
_ oU oU
s Y )
(2) F; T. oy y &b oy Y
y 2IEDT 2 TES U =—xy+9(y) (gly) &y ZITDR, = T
WaddL0)
8U / . N oy /
—a—y:m—g (Y)o ZNMF, =2 LFLVODT, ¢'(y)=0. g

I3ER (0i12L3)

U=—xy, #E=0U(0, 0)—U(1, 1)=0—(-1)=1 (J)
(1) F, 13EEE 0 TREH. F, I3EE 2 THEREHA TR,
(2) U=—=zy. £F1J (H4DEA-EBLFU)

¢ ULRATECST

HFy=Q2x+y, x+2y) & F,=(y, —x) (IN) 22T, (1) Ei%
KD, BEANEIDEEZEL £, (2) BEADIES I2OWT U 4E
. (0, 0) A5 (1, 1) (m) £THHTEZOHEERDEL &5,

®
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M fIRE8 rot(grad f) = 0 ZHEHNDD

f=x%y+ 2 IZDVT, grad f &R, ZOEED 012745 Z L 2HEM
DELLS, £/, FIES (1) OB (y, 2, ) OEE (-1, —1, —1)
FEazkOEL LD,

grad I& 2 DDRMS &AM\ REH (8-4), TDEEEEO®ODRT,
FEd 8-9 D,

grad f = (g2, 57) = (2ay. o+ 34"

o 9 0 B B

&B(a: —|—3y)—8y(2xy)—2a: 2x =0
: _0(-1) 0(-1) 9(-1)

div (-1, -1, —-1) = oy + oy - 52

grad f = (2zy, =* + 3y?). [E#5 0, EEZDRFIDFEHE 0

[El#R =

=0

.

¢ ULRATECS S8

f=a3+xy? IZDWT, grad f &K, TOEERM 012725 2 & &M
DELEI, £72. 5 (2, x, y) DEER (1, 1, 1) DFEEZRKODEL &5,

.

J
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M FIE9 TRDOFEHY DRSS, ZFDEER

¥ o7 <L (E4% 1mm) 12, 10A OERA 2 DEDR X I —REITH
NTVET, (1) EROFLNS 5em 10725 (0.05, 0, 0) (m) D4
BORXILAEEROEL &, (2) ZOHL, EROHODOEE rot B
ERDEL &S (up = 47 x 1077 T-m/A),

SR “0 L X e, xé, (@), BEOMES TR U

DO TlEER 0, =i El: Mojo
47 x 107" x 10 2 x10° s
W B=— 005 ~ o X107

e, =(1,0,0) DT, AXIXe, xe,. = (0,1, 0) (y DEDHEX)
(2) & (0.05, 0, 0) IFEMFDH2DT, rot B=0
10
\é.“ ) - - 6 2
MEDE % (0.001¢ 3.18 x 10° [(A/m?]
10 4x10°°
o -7 _ _
toj = 4m x 10 X — 106 = 106 =4 [T/m]
(1) 4 x 105 T, y DEDAX, (2) TDHTIX 0, RDOFTIE

z DEXIZ 4T/m

.

£ URATEZS9

FoT<ARER (EZ0.5mm) 12, 5A OERD 2 DIEDRAE X IZ—RRIC
BN TOETS, (1) EREH»S 2em 140725 (0, 0.02, 0) (m) DS
DAREXXLMEEERDEL &D, (2) TOHE., BEROFDMEELE KD F
LD,
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XENZIRTNECREFIVY

A FERZPTLNECS D

D <3 BEDFENIE. BEENHDERS

X TR UKEN -y, 2) IZE > TWADT., EEEILIE
m2 e y2
O HobATIEEERF 0 (REIZFEXZ2ZE X )
EER L (RN E > TS TR, IR2AD 1 BOER] THRED

To ANEZSAHANENDT, fFIBHELEVET (@),

I(

A FERZPTLNEZS ~

@ FOFTRNIK, EFEH 0ZERD

X (y, 0) ZFE->TANANSDT, [HERIL 0

O LEEFEFENDOT, EHERd -1 (FEVY)

FMENETA>TVWTE, LRV ES LOEIVLNZIE, BEXEY £7
(D).

‘l\[

-

A FERZPTLNEZS ~

Q BIKIEHZHEICT S
OF OF,
&/_Gx
. OF, OF,
&:_ay
HIZgd e, EEY AR BANIDY £F, Ty KH%E o T] BET

T, 5F (—y, z) T2 (E. £EY) LHEBNTEIDSNET,

®
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A FERZPTNETS |

@ 3 RTDEIFZBEHTEAD

X F=(y, z, ) DEEEIZ —3

O [EExik (-1, -1, —1) (&HD)

3 RuDEERIE, 3 DDED EHY DEY K2R/ RETY, foz/~l
TRV EEA, BTEASDIE, FEDLXEZFITY (ThUd z D),

. J
A FERZPTVNECS A FERZPTNECS
® TR DHTIEEZZEZ D @ div & rot ZlYUEHRZ D
OF
x .2 ramocaEds X rot g = | O
oy ox oy
OF _ _ OF, OF
2 (217DDH%S%E 31 v_Z =
O oy (2 7D DMwH 7 O rot iZ B oy
HIz) dividx TRIUXZF] &5 UL (F,
THIRDWIIEZ 5 7-DDFT xT) DUE, rotlx B
T, WD DEEIE. N5 MHINF] E5UVUDEXETT,
BADEIZEXET (@),
. J U J
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A FERZPTLNECS ~

@ &R (&n)) &, TOEEMIRICTS

X FAKBOIYZDEER = (RHDEY) x (RADEADRY)

O 420, WIZEIFAXEI &, AEXOFEEOITLT
$ F-d7 ik TLALTAT] LVSEHTY. #ETZ L3 4007
DS D DEES (£72I3LDEAFDEXIXE) ITELET (@), ED
WL EDDTIE, EOAXMERDOTYA FANOXET, EIXFDOE
XTI, BSAW (V) £554BNTE 01242 ¥ A,

- J

[ @ 354 BAEOSTFIE. LERESVNDEERY ?

MHEEEKRTIE, BEREDERELDWV/ZL XD Tk, HIRKOBED/ZHIZW
DHEBRVDIZRS] LWIFEEFENAEZIENHEINE UNFEFA, HIBRD
HEElE, BRDEIITAE km EDKRXRSTORZITHRDETH (4-14
DA L), BRBDLSBNIRSTTIH ZOBIIELTENIL, K
AN XK ZRNDIEI NG - LEESHIET, 6. 525
DBRAETIE. BERIVICEERDIZERY ET, Kz 1 HESEFEHNIE
WTC, B 2FihE R UTHSERESREBRWVAERTIE, LEIRT
ERIVIZZ 2 REINTVET (1960 FRDT AV HDERL L),
INSR[EERE BB IZIE. TR EDERDBELRDTT,
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& YR - TETIETS5ES

BREERTAED THRHEE
eEROERIK. ENSRTEERY DS TTY

(4-14 D F L), ROEEDEERE. [ETIHHR

E (57Y) Lki¥h, ZEY DS TDRTETT. b
SEFE, LEORD SHELABEORAN & ( ™~
B> TOT, BREPERDFEZEZFNLDITfED (‘ /
NTOET, F0»n6 50km DFF CHEGE 40 m/s D \ /
BRDFLEMS, 2y FTLET IS IZE>TWS AR (EH5)
LB E. W2 5045’00 — 1.6 x 10~ (1/s)

T (BXZDH),

RATHEDH L 183R

B EHIOEKUITEL ) ESHNEDOT, BE2NIOEDRERILO0 I
RYERA, BEORI 1m bVOHH (B EITEH) & BLROE
EXRITHOEI XBRTHETIEYT (V& - Vad—TAF—DFE
H, W 51-15), [1 AOHES ] M. RITHEE SN E2HEHRDTVWS
DTY,

E—2—LEBRA rot B = 1)
BEEDS 31k, ERTOEDNDTLE (@), EffeE

W2 dA VTl 72 SADEROHBNELRY . a+f
HISBRWVESNTE Y, E—4— - BEA - A

E—=—ld, ZOULLKA2F>TVWET, I1ILD _%xx%%x}»
HOREEDR X E, rot B = pyj MOFHETEXET HIZH B

(8-11 7 v R—)IVDiER], Y3 &E-6),
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v Ek[IRE 8-10 MELEH

&R

B o (L~ B oBrREEE L, BY ETh, BEES, MEXLBER
FLs>(OFRE)).

(1) (2y, 0)

(2) (0, 2)

(3) (—y, —)

B) 1204m 072D 4 DOWDEAFT, FOLOD v, #50.9m/s. HDD
D v, M 0.4m/s, EDAD v, 8 0.5m/s, ZDILD v, 7 0m/s TL ., R
YEEEE RS, AEOEZ MY L AEELELZL x> (@FE2).

B rosoaEekoxL 5. 2 A (1, 2) TOEERDEL &5
(@R 3)).

(1) F = (5y, —2x)

(2) F = (zy?, %)

@ 22m oK (Ri3y = +1) T KOEED 5= (0.5(1-17), 0)
(m/s) TF. (1) Az y DRTELEL LS, (2) y=—0.6m OFOESE
%, &b 5% rad/s TEY FTH(@BFIE4)).

B sosoage koL £ > (@FRES).

—

(1) F=(—2, 0, x)
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B =s5er4s T1AEBL, kT30KN0o L EESTOVET, (1) w
LEERERDEL & D, (2) &= (0,0, 5) (rad/s] D& X, =0 x 7 E2ED

TEX, EEHEROEL &5 (OFIRES6)).

5 F = (3y, 3z+2y) (N) OEEEROTRENDE > DEBA,
BEHRS U EHE>T, (0, 0) 55 (2, 1) (m) $THAT L XOLHERDE

LE>(@FBIET7)).

B - < ez 2mm) 12 20A DERA 2 DEOR X I—RIZTEN
TVWEF, (1) BgNS 10em DO (0, —0.1, 0) (m) OBFIOAE X LA
EROFEL &5, (2) BROBOEHGEERDEL &> (OFREI)).

B i 3m oRKEs (Riky = £1.5) T, KDEES T = (0.9 —0.442, 0)
(m/s) TYT (FAHFTO09m/s, FTO)., y=1m OFFOAEIEX, &b 6AX
IZf] rad/s TEY £9h, 1EEETIDIZEBIN) FTH(@FIREAL)),

) 1203m o204 o0MDEART, FOLD v, #505m/s, HOT
Dw, M 0.2m/s, LDIAD v, 730.8m/s, ZDILD v, ¥ -0.1m/s TL /. 1
BrEiEzRkd, BENELZ»2EZ2EL L5 (@FIRE2)),

FrLoy

f=a® + 20y 12DWT, grad f 2K, TOEEA 0 IZRZ L%
BrHEL LS, /. AIE6 (2) OEE (2, 2, 0) DEHERDEL &5

(@ BIRES)).

B o-2 0 2 ads) D% 5=wx P ERHTES, EEH20 14
BILEMNIDEL LS, £ TICBWANILRER. CORTOMOE

HYIZ, il rad/s TEY 71 (@FIE6)).

€
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m 7 F = 2xy+ 2, x2+2zy) (N) OEEZ RO TREREANE I NEE
Z. BRBEHRS U zE->T, (0, 0) 06 (1, 2) (m) EFTENTLIXDLEER

ROEL &5 (@BIRET)).

s - - .
& 5 UHhzY TEBRLSICHROENR?

O REOBORN S, INSBRAEREZNESINE, ZORAX 2 EH
5hbd, - 395 R—

(J~20fbvz 1ALTETE (EB) 2FHETKD, @ETH-
ThHE* REE N5, > 399 K—

(] HE & 3 R0 rot 2 FMHTHEL, BEADEH IR, BhROZ
DY ORBIER S, o s

J

-

@ EE 12T, JIloihe, GEE. BEEHOIALR, Rk, YA
\( DERz2H/-U T, REQR1IFEO2BRITTAHLI,

V3

@
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5 3 Ef FEE[BlER [ Ak |
REAZEDRL

HIOZADEBERA =DV RAD
B

(TRAVE-T oL OLI[SI S L] -6 ] 87 ] 8-8 ] 8-0 ] 8-10 JIQEHORNY 8-12 ] 8-14

§
(@ COETTEBRLSIIRBIE
o SJAZTEDHOEHL (57) 2L28~7&. ADSIBENEHS
2 HND1E) kb r, BHETE IMNDONS,
[ ] FAU/AEYEHUZEOES %2, 2 D0OFHE T [FHEMNE A
DEDIZEYMNZTRD NS,
o NHMEIZE > - RBPOEE2ED, AT ADREE] - 7o R_R—))
DIERIT, FORX X2 RKDOONB,
N\ J
@ IFTm?

8-9 DWDFEBDOHIKITIE, HDIHITHODY
AlE 44, RN HOD< AT —4, 1FMi
ocL~E A¥H~EZYDO M2, 00 T

E o 0 O 0O o0 O E
(1) 24 Y ADFERELE/=T L 7 o+4o 0 0 oE
(2) WDSS (ALY UDLH) M5, 1% 10 0 0 0 4 o
AN TV KDEIL? 100 0 0 0 o
(3) bXHTOLT M (ROEK) THI AOFEOHE (8-9)
B, ZOANSHTO BIZ? MEAS
TBL?

®
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8-9 MFEN div & 8-10 DEEE rot I&, EHSE NI ADHAY (F/-X
1) 2, YADKEXITH-72ED] TUKE, Bl LIRESD, NIZET
T, ZOETIE. KA, NIBIYZADELLEELEDES LAMNEX L1
FANET,

I, LTHEETYT, OV ZADDOIHL 22T L, ADSEMNSH
TWSEBIZIRVET (HVADEH), HFOIYADS a7, fDsb
1ATAHEBIIRVET (A= ZADEH), HEAN, 1 RKORTOEMN
5DTY,

D 2ODEHIE. HENDERLUTEKRYTY, 8-6~8-8 TRAEZLIIZ,
I [ §- 1k T2AMBITHLADES] LWV KRBT, EBEOMEI,
SOOI DEBAICELTRkOET, EHiF., FACAHEDOES] & [HOEED
Bal DL, 2ODL4FE2ESTHUET, Zno, E56DHIZ2ETIES
PP EENLDTY, BROHDOKRE X&RDZH Y ZADHEATIE, [HOF
EEATEBEZIIFOEREICHRED ] JL eV, FENOLIZAKLRE
EUET,

ZDEI, BFEO [Labt) (N2 TET 4-5 > EfEH 5-10 > &
B - #ES - HHESD 8-6~8-8) DIATT., kKK KDETTH, [HTH
3] [FThnd] OBIZ. YADRE, RHEDLLUE - OXELITTHD
£9, [ATHNS | OERIE. 1ETONSRSTHEARLERTY, flEZHRNKT
VNS, AETEHRMELTLEIW,
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A POTHELS YRDEAVZE, 2EZLTHELD

WNE = (22, y) DHD, X3 BI2DEFK(0<2<3.0<y<2)

2, 1 1DIA62ZHFET,

Q -conrEaXICEIRIZF, =22 TY. =0, 1, 2, 3DTT.
0. 1, 4, 9, BDW% LM IESRII F, =y T3, y=0, 1, 2
DT, 0. 1. 2 (EAETDEXIE 1),

O 6 oovaznThT, [H-K+LE—T] (89) %at&L. izl
£,

€ 6 oo~ 2nfEE, 2EETS (SUM),

O Atz EFROADSHLZTERT, ANHTOBELEZS,
HDSHL (z=3), LDSH (y=2), EDSH (x=0), TDSH
(y=0),

[5 JORIOI RN

e ZIEEEDIA (2 BNO~1, yWN1~2) X, A1 —-EZ0+ E2—-TF

1=27T7,

A B © D E
1 E% x:0~1 x:1~2 r:2~3 BOAS
2 yi1~2 2 4 6 12
3 y:0~1 2 4 6 12
4 SEOEE 24
%1 YRSED TH5—%++—TFJo E2IC =SUM(B2:D2). E4 [ =SUM(E2:E3).,
~ J

@DHADSIHIF, EDSIHLMNIXx2 =18 (1 DEXDT2 D), EDSHA
2x3=6, EDSHLLTDSHIE0RNT, 45118 +6+0+0=24 TT,
@D IR ADAE L. @D HDILENEHZE] M, o) FEU 24124
DEUKE, ¥H5LTTLED,

©
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@

BULHES CoETES. gIICRARIE

) HEdiv: /NIRRT AD [HEZE-AZE] 2HE (K& Thd, YAD4
\ . 9F, OF, OF
WT BE-—E+E-—TJ, divF = —Z + + —=,
oz oy 0z
8 rot NI AT ADER (EEVIC 1) 2EETHS. FETR
OF
v _ O mapmmmize o,
oz Oy
%ﬁﬁﬁ//ﬁ.ﬁdso F%E.Ib‘f:ﬁli# T, 7 R DB ML, BED
S S
BAEICEATAS IA—ERS TR XER. B4 G: BEEI LI,
T / Fodi, BIUZ#ER }15 L BE A BT AE, B D Mk
C C
0 T,
© =85 [ [ B BFEMCTELT. SO50EMsE 2 H - 3E, B4
C: FIMEAEE, B4 E : RIEREE,
44 HRU :EEVICET L., FENSED. AMEORE,
F—
@ BEmEE

(@) ERYESUMTEHELEDS

©Q YRDOEAVELEET E. ADSHEEITHES

POTALID2ODIYAZ, RONTRET, ZEDOYADEDLIX. HEDX
ADEDDEFEULTY, ZOLeEMIITEBLKIE EDYANSGRL L TH
5], EOIXANORZ L TA%] TT,

8D 2DODVAM TH—-Al Zlz9&
— (+1) + (1) = 0 T, LEDDOHIE
EDV R : MDY R : . .
E 5%2_%0 y%%@[j:\ 91‘@/3\'5@5@7’:”’«:
3] 2 +1 [AD] [ —1

B1 ERUESULOYRDOELEDD, HAD TH3] (& €E5KFAD TAS] T, 29&3T

5HULE D

®
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A6 DTEH, 24 TEH, 1000 TEREUTY, HDTLIE, End 2DODF
FXENTWT, FAT+. 8OFAT —IZEzoNnNET, 2HDIAD
TH—A] 2/-7&, FOTUOBIETTRTHEZLZ., ADSLDBEITHEY 9,

| | | ]

NAZCEICHAS HDINEEF

B2 6 DOVAD IE—Al (IREDKH) Z28/=9 & ROLDKRENL 2 KT DOEEH
RMTHA. #ADONE (AL D) EHBDETNED.

[ #0720 -2 0% = ADsERSHTICE |

IND, > TAHLIT [YADEE] & THADSH] MEU 24 1273 > 701
T,

@ FTE? DITERLUTTY, (1) 24 X ADFEBDEFZ. ODTAD4 &
—4 %720, 1EZFNE0ARDT, 0TY, (2) Zho, HDIHEE > THANHT
WSEE 0TY, bXHETOANSHAKIE TRTFENILOANFENI A, it
DSIHEMSHETWK KL ASTL BKMN, HE5EFALARDTY, 89 DXREHE
T, AEDYVDTLOEE-LTE 0IZRYE LA, B) 3@OTEXZXT.

O YZXD5TELHLETE, HD1ENES

8-10 DR (N ADSHEERVIZIALT, MOIIE->TEDEZ LA
ED) TEH, AULIEMBBEIET, &RV ES LOYADHEDIIX, EDYA

&
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TlE EANEA, BEOYATIETAEAZT, BEOHEIVRAROT, =TLiTH
HLEVWET,

\]

C|C|a
e ‘

Y

NRAZEICERYIC 1 S 1 AT

B3 6 DOVRADEREZELETE. FDTIF 2 BF ODRFEITIHEDDTHZ. HDM
5% 1 A9 2397 TH5%D,

[ BTV ADEEDET = A0SbE 1ETHEE ]

e zE BNhF = (0, 22) ORICEAK (3E3-BX 2) THIDET, Y2
DIERIEZ F+A—E—7%] (8-10) T. F,=0720DT [F—-£] ZII"EY
T, z M 0~1, 1~2, 2~3 DFIDYATIE, 1-0=1,4—-1=3,9-4=5
TY, 2BHBNDT, AL (1+3+5)x2=18 T, 4D 1 AT, HD
Sb (z=3) B EAELSD I x2=18 ZIDEY (FADSHTIZ0), Xl
D 18Ik £,

~EEEED N
RONSBYRDBERBETE, ERYES LORBEDDITEHEL
AL, ADNEDREINTES.

DEHL (div) DA = ADIEHSHDE

+ 39 (rot) DA = HDAEE 1 BY BEE

\_ J

mAIZSHELT. <5R3
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© PIESE 1 BOIEAR L. 8-8 DILHK

D-@n FD&E=4D3b] 2. YAZHMN ULAERDOE T, 2 2DOFT
ENDET, ¥5 68, TTICRIDET—HDOAIZFHELTHY £7,

IEAFD1E (Y% 1 E 1-4 DHWR)

HEFEy=(—y, ) T. 1 B1DELK 0<z<1, 0<y<1) 2ERYIC
1%?5&$é%ziﬁo

O AD1RE WHEE 1% (51-4) T, BEA (GNEATHS EAN) OEFIT 1],
EB (EANEATHEEN) 13 -1 TUA, 1EIZ TEATT->T. EB%
HIZEED] DT, 1—-(—1)=27T7 (8-10 TH, 4 DDILDEEHFT2 %=
HUEULR),

@ FDO5FDAE 8-10 T. F, DEERIZFLITE 1 —(—1) =2 Tl 1
SEHA— NI 7=Y) OERMN 2 T, HEN172DT, FOEEHEI2x1=2
T,

MEIAFELC 2 T, WEE 1 ETATIT->TBTELES 1 ADHEEIE

1—(—1)=2T. lrot DfE 2 XFAZHERE 1] LEUTY (8-11DAr—T R

DEH) ] LENZDIK, DI L TT,

M HED 6 DDE (8-8 MimE G)

BN F = (22, xy, —2) T 1B 102HEK 0z, y, 2<1) HHHTWL

CEZEZET,

@ HDEHLSHSIE 88T, HILIZHELFEFUL/A, 2=10DHEHTIL y=1
DETO05, 2=1DHET -1, BYD3ODH (=0, y=0, 2=0) T
0, A3t 14+0.5—-1=0.5T7,

@ HOOLEHLDAS 89 T. ZORIhOHEEIIRDEBY TLA,

d(z?)  O(zy)  9(—2)
8a:+8y+8z

SAEDOFT, IhELE-UET (8-6 D 3 EREY),

@

div F' = — 924+ 2x—-1=8zx—-1
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Lt EM & BE (8-6 DBHE
///(3:1:—1)de///(3x—1)dxdydz - K
0“0 Y0 E)

1
:/(3x—1)da:><l><1 y*zDEFE1TD
0
1 FRBEEIz1 £ 02 ANT
:[§xz—w] :§—1:0.5 o
2 o 2 U<

ADEDEFTE., FDEEFHE 0.5 TY, ILAKD 6 DDEZ 1 2FD5HET D
FVU, B¥E 1EBESTHIEINETLUA, Thh, Bz [EERMA12ENE
B LUTESEZXATY,

O SOWEZZTE. HORIZAL

DT, HDNbMEHBE] 1 THObIHLOAE] ThEs- LERE
Lk, L0352 Lid DEHLOROHTSE (MULE) OBEEATS, HMT
WS REEDY $EA. COELE BAOHTHEIDET,

BLEDHDOEHN (BH E) 3. +0BEMMSHIHLTVET., 1 DDEDER
cng#5&5%%@%%¢@[Nmmnu;&8f\ama¥@@wva§%
TU (e, IXEZDHER 8.85 x 1012 [CYN-m?)), BEHOLEVFHTE. &

HOFEIL 0 T (8-9).

) |

. e .| . ¢
* 45 hTESF P

a@@a% 6 DOENAEHZ 1 6 DDENAEH 0

H4 THEORE SOBE. BiE. SEOFE G, — Q L 055, #EESTHTIC

%umo

&
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@ EHErEEKOROEARIIHS L X
BRERLLTHARIZROBY | THROBOHVZIZIE, EHHBH Y
SR A, ED. THEDS #b&é*%@ﬁ%%ngﬁ STHIKD 6
DHIE, ERFNSRTE->7Z<FAUFEZDT, 10®E%ﬁé®ﬁ HED
v % TF. BOEORAE 1EE LAVT, B22MHE L,

O THiERORTFESLELS
BRIIGEVHZBESEIFS A, EOVETIEAY Y, TE. BOFIZER

RO B3 LIEEDERDT. 6 SOEDEHE EQ DEETT,
0

€ THrzBoMIHLEES
RBoFIZiE, DbIHLAHY FRA, EHGOXRHIL KOELEIMNSA- T,
LIPDOHTOSET, AZBREHZENRALURDT, 43HL 0 TT,
BOWIE, B2 IZEBERLETA. BLERDZOI, BORIIHZEREIT
T, W6, HETIIEXE. WHIZFARBEOREEATIVDTT,

BETELTE, |

8-8 DOTIX, 142 DAUFKRDEAFIZERMEEE, LOHE (2=1) &%
A IIZHIT T, Jisl % Python T/ZUE U7, 240V 1 MOFERIZ, EBFHDK
X (BERED 2 ICKHHIL T &) 12, EICEARKS DEIE cos = 2 &)
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£3 BS5IT<KYURLVDER, ] (& EERIRDTEDIXL &R U,
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50 @&IZIX, RIZEIEDY FEA, FAFRDRIF25CTY, BHLEL
RT, EDLYVDFEFPLRAEUIIE>TWENE, FAFORTHEI IO ET,
52.679. 8 18.75. 3 18.75. F§ 9.821 DT,

52.679 + 18.75+ 18.75 +9.821 100
4 4

UMZ, FHYDFHFLEUTT,

=25

Python THEH\® S

BEUL VRU %, Python ® numpy (2-19 - 7-1) TE<L &, XD L SIZRY
F9, ROTLHNEZEDEFE 2 XeDRF TIZUETS, TIO, 1:4] X T017®
D, 15DMNS 3FIDET] LWVWHIEBEKRTY (1:41F4 DFFIXT),

, EEz)
import numpy as np
T = np.zeros((5, 5)) # 5X5 DE, [FUSHITEER O
T[O, 1:4] = 100 # L35 (BIENDEL) Z 100
for n in range(50): # 50[ER5T
U = T.copy(Q) # LLWKR U Z. T ZEULTES

Ul1:4, 1:4] = (T[0:3, 1:4] + T[2:5, 1:4]
+ T[1:4, 0:3] + T[1:4, 2:5]) / 4

ST # FILLWERZE, XD M1 DEINEK] IS
print(T[1:4, 1:4].round(3)) # FAHD 9 JZ/NHEIAET
N\ J

[[42.857 52.679 42.857]
[18.75 25. 18.75 1]
[ 7.143 9.821 7.143]]

WHIFARWTN 1725679 O 117TT, T[0:3, 1:4] ik FAFDI f%
1792 RIZTSUAGA,. 2FY I9RTNTNDIRERY DEZED~ZEDT
T AULDIT, T[2:5, 1:4] LAY, T[1:4, 0:3] WFELLY, T[1:4,
2:5] NEELYTT, 4252720 T4 THSEDT, 982—FIZ [FbY 4 5
DEHE] ITEXNZO6NE T, KRB D =AVERAGE(B1,A2,C2,B3) % 9 Y AIC
Hi>7=DLFEULZ LT,

498
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[ETHR? DEZ :25°Co TEH. FHILEHNSTIEAL

@IETHE? DAL 25CTLE, 4 DDSLDEHLREUHTTM. (&b
DEEE L 5725 25 128 >=DTIEHY XA, ZEZEEDSIBDT
TOHE (EDBDEAF) 1£52.679°CT, SHDOFEHLIFE AL BAOET,
FAFRIN2B ILREDITE, M5D4RORTELET,

A B C D
® + ) + ® —+ ° =
°
zC zC zC zC 100°C

B5 FRLABH100°C, FSEH 0COMN 44, B+ C- Dl A% 90° FDELR
D, 4 HOBEEASEICETE, 4 DDHENENE 100 CORITHR S,

@ B C-Dix KA % 90°-180° - 270° H L 727213 DT, EAHOE
EX4WEBRUTY, Thz 2 CELET,

@O 1 OELBENLBEE, HILICELEREREYET, LOSRTE (ED
DOFHLFL] B AREERDZ>TVBDT, £LERTERYLD
E9 A2O0KX TBED=FHLYDFE] &, TOEELEIETIWV),

€ ~Li-Ensbix. LoWE 1100 A3 14#E 0 A3 K% DT 100°CT
T, 4 DDSBHENE 100TCTR5, EDHE 100CHE X, [£HY) DFE
BLREU] BRVIHET, FBEVEBIZIO 1 OUARVOT (L
MUZED &), ELARIFEZE 100CTT.

O it Tl o ta+a=100 20T, x =25,

EAHD 2513, SHDREDFHENSHADTIHRL, 4 DDEENEU
Bl ewesniEe. [2UabETEFEOREN S ThRV] L) HE»
SHTE/DTY, MUEXLT, £100C - £ 60°C - 1IN 0 CORD E AHIE
100460 — 40°Ciz %) &7 (@BIRES)).

®
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BUHAIZES L

@T [ELBNAEFIEID 12U LEXFE UL, DFEROEBYTYT, &b
DEENFAL 2 O2DELENEENH - UT, TOEDEEED £T, Z20KE
[COREEDYDFEHLEL] &AL, SHBIXEZE 0TY, ZORTHHIXAK
XWMEDREEZD L, TORIFEDYDFHERULDT, EHYVD4LRETRTH
COWBIFAKRZIWVETRITNERY FEA (1 2TENIVENHNR, FEHEIXES &
DINXL723), ThELSDRTE, WHIFARIWVERRSE ZTHROT, 0T,
HIXANIWEEFRUL 0 TY, ZN6, ZFEZE 0T, 220OKRIEEALUTT, 20D
TOBIXFAKRIVE - NIWVEIK, SHIZUMRWV] HEIX, @TE S —EBHTXET,

O 1:5%5% : ERY 2 DDFHEDEL, 2 RS

AL, BOPRDES R 1 RTEDHAETY, OV TEEDEZRY 2
R ICRYET, QDOILDTYOTRAZLSIZ, L2 2 ADFHLDEE, 7
Z7OMMBVEERLTVET,

TS ZE=MIE Ll EhE

t—h T z4h t—h T x+h

B6 &Y 2R (x—h & x+h) ZRAERBEODTFARDEIN, &2Y 2 SDFT (F

W) FICHRSYHIEBED &Y £y LSR5 T, Fo9<n, 5&O5EBDERDU,
L) EORML<E b L UT, f(z—h). flx). flz+h) D3 DDEEE

WET, LAY 2 HOFHEDE,

fl@+h)+ flz—h) ) = flx+h)—2f(x)+ flx —h)
2 B 2

TY, HBEDOHTF flz+h)—2f(x)+ f(x—h) &, L&Y EDE] OFIZH

flx+h)=2f(z) + f(z —h) = (fx+ h) = f(z)) = (f(z) - flz - h))

@
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BOREDENS, EDREDEEZDVEED, DFVEDETT,

£DE%E, KCRD
flz)=2% h=1T, ELEDEERIZLET.

T 1 2 3 4 5
flz) = 22 1 4 9 16 25
BHERY LDz 3 5 7 9

EDE 2 2 2

R4 THERYEDE] 1. AOENSEDEVONEE (=154 —1=3), [ED
Z| & AERYDENSEHDEZEOLVEK (5-3=2),

#1338, 5. 7.9, 2FDIATVET, EDERF, LI TEHEH5-3 =2,
7T-5=2,9-7=27T79, 5-3 CHEALLIIZ, LRV EDES bl fEX
(5> f) OEVMETU =, 06, ZOE+ h X MEXOEDY K] T, Th
2H5—E h Thdk., 2B f7 OE\WEIZRYD 7,

f(x+h)—2f(x)+ f(x—h) df
h2 ~ dx?

2?35, Elid 212 =2, A% (22)” =2 T, Uo2YVELTY (B
Tk, £D h TEFES, BONKIZES &),
ZORz[FES &, &) 2 ADFEHEDERR
ﬂw+M;f®—h%_ﬂ@QJ§%%
LETET. LAY 2 HOFHEOER, 2EHMC L ST EEDTT, 2
BEAAIE (FITih) Z2R6EFE, & (RITh) 26EEFE, M6DEHYTY,
@DILDYY AT, HEDEN —1 257201, 1L x (-0.02) = -1 GEHED
1V 092 —0.0122 D 2 BE#HSIE —0.02) ZNS6TT,

~
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6-3 DHN - 6-11 DT 1 VEES—E

6-3 DMANTIE, EHEOREN LT =0 2A-LELE, THIE TEDHRE,
LRY 2QEADFEHERU] LVHIETY, LARYDOFEHERAUEANSLRE,
7R FESFTIIRY ET, EDSEINER T = 20— 100z 72> ~DTT,
MARD 0.05 m B XD 20, 15, 10, 5, 0 (C) &k, ZULhicrhd, i
Y 2 ODFHTT,

6-11 DA 7 1+ 13 £ = 520 TUZ, ALIXE (RIFEMEL Y EIOOT
0>0) DT, EDRE TERYDEFLVEN], DV TFIILTY, 714V
DEE, LRUNSHEES5->T, ZONER (RE) MOEEAENLTVE
T, EDS. ERVOFEHIYAUEVEETOVES0TT (OFIRES)).

( )

CCEXTTCHa

BEIMARBNE TEDYDTIEDE] DS TREVET, EOR
‘ii LEDYOTIERALICRD L, REFESESET, 18785, £RY

DT DEL 2 BEHAD L BT, TO5KIE 2557 - 3 XTOR (S5

T3UT7Y) EEVET,

Q€ e=Z8 ST5UTY

\I

6 TSI 7 DR
2D [FHY 4 HDOFEHLDE] 2, QD 1 RTOERTEXRBLE

T, BN hDFRT, Bo%E f. BT -db-F% fo - fm - - fg EUE
T, @QDOWERU XS, 4 HEREFED 2 HEED 2 HITH T £
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Jetfatfetfa

1 —f EThl) 4 HOFEH L D=
:(f$_2f+f@)+(f;{t—2f+fﬁ) f% ZUT. 22129
4 3

2 2
h28£+h28f
~_ 0% 9y @DR %, B A
4
p? (O%f 0%
- (5 58) GRS

2 FHMNG 3FDT, WIS (8-2) 1Lk ->kDE, HFED 3 HTR y 2'H
U (y 2k T o ZHBHLTOS) H6TT, Fo 3 ST o &EHTV
i‘—d_o

BEOITON>ZDFE, fOITIVPvENN, VEfFLEXFET, 5iakh
X 17528 f] ££K 5757V fI TT,
>f  Of - *f
2 — J - J ) > - J
V7f—ém2+8y (3kmfm-+8%>

2
i?b‘)®$i’:j<‘:0)%zzvzf (3 Koeld. $HY 6)#:’6‘%V2f)

3 RFECIE. $h 0 ILEFE - Bk - ETO 6 STT, 6 MOTHEDEE. 34
2

QFEQ%J%6?@5@?%;ﬁ##UiToﬁ(4%6)ﬁ\ibU@ﬁ@

5T

FEOWTENDS

h =100 —0.01z% — 0.02¢y2 2EHH L £F (8-2),

Oh 9%h
Oh O%h

=—0.04 — = —0.04 T HT, y T2
8y Y, 97 r &1k Y E]
VZh = —0.02 + (—0.04) = —0.06 =¥
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VZh =—0.06 1% 26 y HEA>TOARVEADT, LOLITERLTT,
FHIROEMNKIEZ A =10720DT (ILOEXD h LEIUXFETTA,. ZZATME
2
M DEK), hY DT D ﬂ x (—0.06) = 25 x (—0.06) = —1.5,

QDEHED —1.5 LU UAmia“ (2 KRBT, Bokb, @FIES)).

ZRIDODIT : div grad

STV T7VIIE D 1 DOORENHY £F, 8-4 DL grad f 1%, Ky
(af of 8f) DEAITUS, ZOREDBORE (8-9) &HEL 7.

oz’ 9y’ 8
FEUL Tz 5% o T, yKo%k y T, 2 0% 2 TRBSLT/HT] TLA,
of of of i e
div (grad ) = oz <8w> oy Oy (8y) e 0z (8,2) 89 DR
T N L gy 2 EOREHH OF
- Ox? Oy? 022 %

[ V2f=divgrad f=V -V f }

V.Vt F75 V= (%, a%’ %) YEASLONE (4-12) OFTT,

(a, b, c)-(a, b, c)=a>+b2>+c2 LRALEHIZ [2FDF] IZ725DT, V2
LEXET,

ZORFZ. BOBRNTEKERNE>EY LET, 84 T, BDWNDRENL
qg=—kgradT TU7Z (kI3BZER), 89 T, /NILRFEMNSH TV EIE
divg TUZ%, 6,

divg=div(—kgradT) = —k V2T

V2T MNIERS, divg IZE T, BUIA2TL B3I BBV, EH6EFD X7,
OTHEHENSREOI - ENELRSEFES ] LRI E, ANE->TVET,

@)
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O >3 RABAERTY UHER

ODIRD & 51, BEMIELENT, FTENPEINEHALLAVEE, &
ZTE divg=0720DT,

[ V2T =0 (EDEE., EHLYVDEHELFEL) ]

W)L ET, CORDOREFTIRABFBRALVVET, 6-:300RD £L =0
IE D 1 XEDHATY,
775 2A8RF. BEZTORTIEHY FHA, RIZELDET,

2 EEE\EE s 30zelb)
i BINEENIRVETT BoOFh —kgrad T DH X
BE T ‘

V2T =0 H U0

ERALVFRT &5 E = —grad¢ (8-4)
BAL ¢ ‘

V24 =0 DHEIHELM0

IKMWHMENFEFT T DIKDFEAUIIKALDAE X
HRIKDIKAL

V2(KAL) =0 \Z EEAF
Eo72%<D ML OFFT 2l£B 7T, b DFEY
X V2(&EX)=0 RS 3N

x5 STSRARRICAZE, £t BRN (H) BMESICHAIL. DEHULHAEW],
BlIFADEL (VY RVEDEL) &, DBALEHEDHIZIFEE, FLD
BXE RESTIAFBEREALETHIZRDET (F<DONELEIVAIWV
rx),
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WSIRABVFRIE. 351255

T I AFBREAZTEIR, EOREEDYDFHLEUTY, NS, H
EDLY LIVEVR (LDTEE) £, Y IVECR (BOE) £€HY EEA.
@DEWMNIZED L TRELIIT, WHIFAKRIWVELPIWEIZ, 56 (B
B) XUHBVDTY, IN2RKEDFEL VNN ET, ODIRTE, FOIRE
XEZE0TCTEL 100CTHHWETULZ, R TV &, ERMOLRWVZERIZIE, &
MDELEBESEHY EE A,

DELEULHB B EE ( RPY IARER
HTENEEFNS (BERbL—4— - EFMROFBELY) &, HTW < divg

T EFNBELELIIRVET, 18- 1m? S0 ICEEFNEEHE Q (W/m?)
b RN

k2T =Q  EhS VT = _%
TY, BRTE, BRHOHOHT Vi =—L (p FBHOEE (C/m?), g &
HEDFER) I8V T, ELC@*Eb@EWﬂOt;@ﬁE$7y/ﬁﬁ

REVWVET, BNEFTNLIATIE VT <0, 2%V, FHY IVELS ST
(Ho1E->7T) WET, EFHEOFY ITREDOLYDERIVEL BE5DIL, =
D=HTT,

@ HOEHOMOEE

RERDEDY DEX, N1 T2 DO HEEMOREIX. Fi (F72138) »
SOFERE r ZITTHRED £, 4-15 THERLUZL DT, DD LREIFBREE -
FAFEERED r TEL &, AWVELS RV ET, fAr ZUTRES LXDT T IV
7 &, ®0 [divgrad] &, 8-11 D HTW&] TEY 7,
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RRIDRE (EWERE) DS ASE:
f/(r) x 4nr?

MUlDERE (BWVWEH) H"oHbE:
f/(r + A7) x 47(r + Ar)?

FVRRDMEE © 42 Ar

7 #Er&r+ Ar D2 DOOKATIEITAE, DTUVR (FRTDERDLSEH),
grad f DKREE, ECTEH@CEAT, BUKEDLETERAUARES,

fARr EIITHRES L X, grad f IZHOLS6AEE (FAIFHAE) T, A
*XF ()= T (84 FEMIIHACT, FRIFZTNICERA), ¥Er D
BREIZAANE ) it o & (8-8 DiiER) &, grad f ABRED ETEITERUK
XXTHICEAZRDT, BHOMIEEET (R8-8DD: —&XMHE),

G(r) = f'(r) x 4nr?
MO TV X, TADEKENSHSIE] S THOKENSASE] 20
Wiz
G(r+ Ar) — G(r)
T, 8-9 DHFEL THTWE-FKFE BDT,
G(r+ Ar) — G(r)

V2f =divgrad f ~ HTWL B-ROEE

47r2 Ar
N 1 d& Ar — 0 (5-3 DA DER)
47r2 dr " _ P
1 d df
_ S (gnr2 &
472 dr( o dr) G EANS
1 dy/ ,df N

M (B L) 26, REDOHHDYIZHEORIE (HHE 27rL), BOEREIX
2rrL Ar TY, BULDIZFHELT, RD2D2DANTIEET,

@
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wivr AE ) s li(E

r dr r@

FOr PIIoBEHZDT, 0 TR AdTEVTVET 82: FHEMN12%656
d),
28Y THENMD

f=22+ 12+ 221 FONSDE# r TELL f=r2TY, BEAEET
HETLL, Vi f=2+2+2=6TU/Kk, BROXTHETD L, RDLI I
BYEY,

d—f =2r, 12 d—f = 273 RN SEFET S
dr dr
d 3 2 . ,
—(27r°) =6r 65— r THH
dr

2 1 2 1
Vf:ﬁx&" =6 5 BN

Y558 6T, ALTY (@FIRET)).

EBHOBA : V2L =0

HEH Q DEDLYNBAIE ¢ = ;2 x L TF (EY ) —X MBEHKD. L

€0

DNSTIVTVEROARTHEL £7°,

d /1 1

E(;) == _ﬁ 7"71 @wﬁ]\ (5-4)
ﬁx(—%>:—1 2 &M

d 21 o REr Tk 2N

E(_I)ZO’ \V4 ;:O EBDWDFIE0 (r #£0)

Ee (BRDOHSFr) AT, ST AFBReA~-LET, 811 T, 58

HOBRIE [COLEORTERL] TUA, BOMELATRUEISELDT,
BOBISDEFHUAZ, That V21 = 0 OBHKTT, 22U, &(1) =3

r

@
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20 TlEH Y Ft A RORD LL(r2) &, & ZFELTROEEVOT
T (ZLEBRRTVEIAS),
ST SAFEADEZ DR

r ZTRESZEN VIS =0 HLTLEORERDET, L5, Y &
MALTORDT, r2Y BEHTY., TOEHRE —a LTHL,

df df a

2 _— = — _ = —_—— 2~

T ar a, dr 2 re THD

f= % +b B T5 (—% DREELIT 2)

AELS r =ams =2 BHYLT f=alnr+bTY (5-14: 10
FHBIE Inr). a & b, 6-3 LAULIIL, HEADERARETROET,

# VZf=0m&x2 #
SESIRIAN f=ax+b 6-3 DMNXRDIEE
MHiE (Eh o INA T DB DIRE.,  [F]HH
B f=alnr+b R
DEREE) r—T7IVDEM
B (ms f a HER - BELUREODEDHLY D
= — 4+
DEREE) r BAL

&®6 3DDHD., STSRABADER.
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B (V)
100 Ree o - ESBIR (FAH 50V)
N — [ (41.5V)
BN — Bk (33.3V)
50 -
25 “~o
0 + r (m)
0.1 0.125 0.15 0.175 0.2

8 MWl (r=0.1m) AN 100V, 24l (r =0.2m) N OV DEZTDESL, REDSHRIE
SR 2O AL 2V IIEECEHD 2 AOAE. MHIEEUFLD 2 DD, BLRIE, X
A (r=0.15m) DEAL, BICLD2TEN,

8 1. A% 100V, SMil%Z OV IZLEE XD 3 DOHDERTT, EoH%
W o FAHIE 0V, AERS 415V, 545 33.3V (@ FIE8)). HeM
Tk, ANFUZCEENENY, ALEOEN (BEHH) NI TE20T,
R (B FRANZERICRY £9, FORMNRTIE, EZTHRUIKRTLZ,

O XEDENDSTSIT7 Y

WIE f3-15 OF T - A b= 2AHFRBRE RIEVDH uV2e BNHETE F
Urzo REIDE 6= (v, v, v,) DTITIVT VL BRILIZSTSYTY
2Lo2HDTT,

V29 = (V?v,, Vv, Viu,)

T BADEX v, ZiFeRdE, FbYDFEHLDEVATIL RIXY THIANG -
Xoh, BHOFHIEANB I XEEINET, H-16 D TRIFVITHIEZEDYD
RO ES LB TT,
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EDHDRNTHEHDD

8-6 - 8-8 DEDHEN (FFE R =1cm) TlE, EXI|TEhNSOFERE r CHRE

2

U\u:um4l—%> Upae = 0.2m/s TUZ, HNDEZDES uldr /2
JTHREZDT, OOMHFEDRAMEZ T,

%:_% 1— 2 & r THS
T%;:_E%gzﬁ rED B
d%(r‘(il_w _ _4@;;% &5—f r TS
V%FZ%X<—4%§XQ:=—42§X 1 ynids

BeAnd e, Vie=—$% =—8000 (1/(m=s)) T, EOFDLITEM
UTY. BEOWMAIEIEWVZEENDT, EDFBATOKE, £HYDFEHIY
DUEL B> TWVET, Z0n6, KXY DAdmhe RSz, Y2 TERUM
XTIRAEG6XET, KDRIEY p=1.0x10"23 (Pas] (20C) &5, 1m3 &
=) DA%

1 V2u = 1.0 x 103 x (—8000) = —8 [N/m?)

ZDHEDNEI DM, EDFIRDODEHNDETT, EHFRNADMEEZIZ1Im b
72Y) 8Pa TNV £F, W 51-14 D=7V - RV XA 2DHAMNSG, 1m b=
DOEADTNY =g &

Aptg, 4% 1.0x107% x 0.2
Rz 0.012

T, RAUEIZRY £7,

= 8 (Pa/m)
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" QEosmYEL

rotrot A = graddiv A — V2A
BMKOAT, EMEORZESL L XIIESIRTYT (W E-15), = KD
PIHEIDET, rot A D y AT % = 88‘%\ 2 BT 8@‘1@/ _ 8{;4; <

L7z (8-10), rot D x KA D (2 D% y Tl OK TyFo% 2 Tl)
IZHTIEDET,

- o (0A, O0A, 0 (0A, O0A,
EOHTEE 2 = (‘)_y( or Oy >_&( 9z Oz )
Mo ZEHXET (RMDIKIERICL S 8-2),
9% A 8% A 9% A 9% A

Yy zZ a3

B oy * 0xdz  Oy? 022

OA: #RUTOX, BIN32% 2 TV ET,

dx?
o (0A, OA, 0OA,
:——< + +
Ox \ Ox Oy 0z

E#DFD 12Dk divA % z TRESLEZED, DY) graddivA D
z AT, v- 2z ROERULTY,

) -4,

BLHKIZED L

@0 [EDE h?] L 2HMME. SO IIHENMET, Foz) TEHY £ A, 5-17
NTF4 5 —EET f(:B:I:h) _ f:l:hf, _’_%Zf// + %3f”, + %f//// Lo EENT 2O
Tl AMEIDOEMNEZT,

fx+h)—2f(x)+ flz—h)
h2

LD ET, THIE AT ICHHIL, h BEFITTIER ; ITRYET. 2 RATIE
7 =0%2DT, THIX0TT (ERDLD -1.5 N2~V 7E>=b), /2. 5
T ARBRE AL CARE (k) OLOYHEE, FLOELT>2REVFAL
22 ZeNHMONTVEY CEHEDMHE), HIRD 4 ADOFEHERUITLD DI,
HWMEE LTTY,

Y hiz 17
_f +12f + ..

)

B e o o o o o e o o e o e e e e e e e e e e e e e e
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BFEENZVNTHED KEOBRESSDESH

MAEREA=V2= 25+ 2+ 4 2575 AEA%K (575
TV) WS, FHE QT Au=0%AkT C? KR v ZFMEHE W
>, REANERIITHEOEEE L, Q ONBTRAME - B/MEE L 5%

W (BKIEREE).
R Al COFD V2 ERLED BEDOKF AL M - TZOKEF V2 1'%

Wo COAERTIE A I TEEDE] (CfED). EEARI (&, BN ZET D5
S, M4ElE Q1 1IRPCEBOFRDERD. [C? #H&l 1L 2 @D L TERDSH,
Au =0 ZH=TEEERMBER (5£5DNATD) LD,

—EEED \
82 82 2

T
ox?2  0y? 022

2
SHUDTE  EDY 4 EOTHEDE ~ %vZ F (ERBEES)

STSYTFPY Vif = divgrad f

EEEOEY VT =0 (5F5R). V2T — _% KPYY)
(et 18,00

r2dr TE rdr r@

BK - Pt

\_
[ @ coETHTERCLIE

STSYTY V2, 2EDREMH O, [Eb)DEHLDE] 2RKT,
STSZAAFRER V2 =0, COEEEDLYDEHLFEL, BBV -EE - BiL
RPYVIARER Vif= (bhXHLOE), BANEEh5 - ERDOH S,
BXEDEE 575 AFBREALTEDORK - &ML, b (BH) 1dhd,
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AHTH=E 8-12

AR ST 2RI, 5
7SV FY T

2 g OUf  OXf O
; 7 f =173 el 297 + 5520
BEOATIE AF LHEL

EE Laplacian

- J

® BIRETRUHH LS

M BIEE1 F=HYDFEHEDE

WO EDYAPIEE0CT, £HYIFALTOC-FE50°C-FE40°C-H 60T
TY, YAQIE30CT, £bVIFI20C-H35T - FH25C-H20T
TY. THZN TEDYDFEHLDE] 2RD, BESIPHRIINEEZ
FL &I,
EDY AXADFEHENSGEN R VL, ERGREY, BROKB X
% (@),

4 22
p. 70450+ O+60_50:T0_50:55_50:5
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(YDHEE. ERYDOFEHLFEAL :8-12@), MROBER, ZOXFEEES
I TELBNEZRE2EDTT, 202X, FAFN50TIZRZDIFHN 16.5
BETT (R4).
B (1C)
100 {

80
60 SEEEEE (63 DARERUER)

40

20

0 z (m)
0 0.02 0.04 0.06 0.08 0.1

B4 AlZU%E 20 CICR>LESDREAE, BREINTZDE, IREOSE (£ 100°CHEH
20 CADER) [SHEDVTWNL,
Python THEHN® 3
FKHE LR UHE%, Python ® numpy (2-19-7-1) TEX %7, T[1:10]
21 BDNS 9BODHR (HDR), TI0:9] IFZDAELZRY, T[2:11] FELE
RYE, FLOTRUET,
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q m

import numpy as np

T = np.full(11, 20.0) # 11 R, [FUHIELER 20 °C

T[0] = 100 # ZlEUIEHZED 100 C

r =1le-4 x 0.25 / 0.01%%2 tr=oalAt/Ax®

t=0

while T[5] < 50: # FAPMN 50 CICRBET
U = T.copy()

U[1:10] = T[1:10] + r*(T[2:11] - 2*T[1:10] + T[0:9])
U[10] = T[10] + 2*r*(T[9] - T[10]) # AIXL HE)
ST
t =1t + 0.25

print(r, t)

print(T.round(1))

RITRER

0.25 15.5

[100. 88.7 T7.7 67.5 58.3 50.3 43.6 38.4 34.7 32.5 31.7]

while (F TRMENRYIOHVZE, < VIRT] R T, RFED 647D &
BU 155 2 FELU/~, Az % 0.00lm, At % 0.002s (r=0.2) IZUTH
CEE.295L 154322, XSICHANKLTE 1543 DFEFTT, K
UDEZII 15.4 B, REHED 15.5 BIE. ZHUTEWMEZ > /2D T,

13HORE. SHNEBVRE

O 150z, MELDREY

ODORFHED 1172, ATEZET, NS « BODORD, n ZODEEZ
T eEXET., AT0D 0 IIGFRDBIL. HLD n IHHDHILTT (6-2 D
Yp 1o BERDZADIMD o e HLED nld n BTEHY EEA).

o At

{ T =T +r (T, — 2T +T,) PS

PoTHEIDCIDRLERL 6NZBL, C2NTm, B2W T, (ELRY),
D2 W T, (BE%Y), C3MN T, (ROBADES) TT,

@
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Mo ZDHIE, 812D [E72Y) 2 ADFHLDE] D2f5TULR, Zins,. 1

HOHIK
T =T +2r x (L2 2 HO¥H —T,)

LEETET, 1HBILIC, LRYDEHANFEDP- T, ED 2r FRIFEDL,
r=0257%5, EOEHSEITEIXET,
mlFLIE. X TRFHTRDS

1H0RE. EEDLRINHIRIZUNMEZ EFF A, WIXLDORIEX, &40
BREAUNZONSTY, MIXLDEREZ. 6-3 LEUSERRETROET,
@ EIXU (BBEIZ2F2F) (BEN 100 TCIZRE->TWVD, 275 BAllk, W

2% 100,
@ HlIU (BT SAKERR)  BH TRV, BIEULORIE £ERY

MORTEEESVET,
BIXUDENZITEODIE, BOIEUNSY AD¥S (0.005m) 7217 TY, #
DATNER LD T, ALEZES->TE 2RFEY £F., 0o,

Tose =Ty +2r < (Tlypy — Tis)

T, 2> THALID L3 DR =12+0.25% (2xK2-2+L2) X, THEZFN/2ED
T,
FUHDEELED

£ 12, RFED 217D (¢ =0) 12i%, UHDEBEEZ 2WOSITANE L
Foo TNEHAZMBELOVET, 6-2 DRFTETIE NIUDDfE] A1 DTULL
N, ZITIBFRILIZ1I 29D, 2V IRUHDOBEDHH (B T'(x, 0))
WEY 7,
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M fAlzERHBH RETETIK
IEUHDEZ D, D5

AR o 2175 (t=0) OLL
FrDIRES
kLD, EOREZDS

EREMN B7l& LA
5FEVE

&2 BOFRHEICE 2EEEORAHNEAEEED,

0 At ZRELTDE, EO5BB?

Xo5THALITlE. 0.25 D FTOHEDT, 1I5MWFETIZ62TMARETLAE, 1
HERX LTI FENNSTEIZRYEFSTY, ZHOLTAEL LS,
At=0.5s (r=0.5)

r=0.57Tl& 2r=1%0T., 1H0ORIL PROBE=LRY 2 HDOFEH] I
BYET (®), EOEMNSIEIZFHE TS L, BELEMIHTET,

4 z=0 0.01 0.02 0.03 0.04 0.05
0 100 20 20 20 20 20
1 100 60 20 20 20 20
2 100 60 40 20 20 20
3 100 70 40 30 20 20
4 100 70 50 30 25 20

£3 r=0.5DFRAE, EDRE. 1 DRIDTOEADERY DFITHRD (x=0.01 D
1 5:8I(% (100 + 20) = 2 = 60),
1252012, FIUMED 2 EfE TREER] OL52FIZR) £90, ZhohTik
WEHA,
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At=0.6s (r=0.6)
ZALIFETr=0.6T9d, 2r=1.27420T, TL2)DEHN 20D 1.2 EF7Z)
OS] DEVPEHEBYILTITEITERY,

19 60 %17 %
T =20+ 0.6 x (100 —2 x 20 +20) = 20 + 48 — 68

T

T} =488 %
T2 =68+0.6x (100 — 2 x 68 + 48.8) = 58.4

5
TP =776, T*=66.85 T =8351 EADTAY

x =0.01 DIREIX. 68, 584, 77.6, 66.85, 83.51, --&. EN->/~ZVUTF
Mo UET, ERYVDRE, REAIIZEN Y T2 UET,
BE (C)
100 ¥ —— 7 =0.25 (At =0.255)
80 . K -a-r=0.6 (At=0.69)
60
40

20

0 z (m)
0 0.02 0.04 0.06 0.08 0.1

E5 6 MENDEBE. r=0.25 (F) [FRHEH. r=0.6 (FOSHR) &, £RYES U
LFETFICRBICEVHTETEIETEICR S,

6% (1050) DEEELZ, M5IIMXFELAZ, r=06 Tl LRV ESL
PREIZELETFICEUCHTEIEFINTITVET, ZOIFIXXE HEED
5TLITRELS Y, 128 (20 &8) 12IE —410TH» 5 519°C, 120 ¥&
(200 £®) 121X 102812 A DHELIZ0N28 2) 2RV FT, BOBEFIZD
(J728M —410°Cl272 5137 13H Y FH A, JEBIDNEDTT,

@
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r=05TlZ bxr3EEH]. r=0.6 TE [FHOTXTX), Zbhdh
EH50DERIZ. r=050HEVIZHYEITT, ®T, T-10 DEZ F&fEH->
THENIPDET,

EZ, 2FY [+a. —a. +a. —a. ] L1 RAILIIHFSHANDIDBIRED
oM, 1B TESRENERANET (REIF EIMDEEDRENSDEL L
7).

HOMW +a 26, EEDLRVIIELSE —a TY, 1HORUTANE T,

T/ =a+r((—a) —2a + (—a)) 1HDRIZAND
—a+7rx(—4a) MoOZIDHEILDD
=(1—4r)a a T3

EAN —a DX, AU (1—4r) x (—a) KAV ET, Ehd, FXFY
DRI EEZTIT, 1BITLIZ 1 —4rfEXhEd, Thidk 7- 100D M1 x 1
DLYVRL z,, = ax, ] TDEDTT,

7-10 Tk, < VRULAZDONEZVDIE, 1 HFDBROKZIINILUTOL X
TU/Z,

—1<1—-4r<1 1 BDERORZIIN 1T

EDRERDTLNS 1 %

—2 < —4r
- 0<
< 1 Hd%z —4 Thd ([ NE
r< —
-2 hd)

BD1—4r<1iF r2028560D28ERYILLET,

&



8-13 BEIRDIENY T : RO HIERN

_ . At 1
HOFNENZDNEVEE  r= 200 <
Ax? 2

rEMPTE, 1 —4r [TENED

06 05 04 0.25 0.1

Fo——¢——o ¢ e |

~15 -1 —05 0 0.5 1
PNTITHA D

_hns PNENSHEAD
6 IXITID1HDBR1 —4r, FVEDLEDOEE ro BORB (—1H51) ICAD

TLnE, Shneuy (7-10 DEERIUH).

1E|

r=0257%261—4r =0T, ¥XXXPF1EHETHEHLET, r=04715

—0.6 1T, DPNENSHEZET, r=05TbHbxHE -1 B2AEBEHEHL
HWEH), r=0.6 Tk —-14ET, DharoBLET, ODOREFETHR-

LHYTT,

710D |1+ AAt| <1 ERALZE
7-10 Tl&. = Az DA T —ED 1 HBDEEN 1+ ANALt TLA, FXE

XOWiE. 1HBDORD (5o Z0H] B —da TURE, 25 &M ERLDED

BEXTE L,
da a 4o
a@r ~ Agz (A= Ae A=Tis
TY, 1BOBRIITI+ANAL=1—225 =1—4r, 710 DFEH— RIZE
W [THEDTFIDS VEL L, THOWRWEE] Lk, ZOZLE-=DTY,

W <EtEIT D&, FREIIME?
IHONBV—FERZV AL, r=1 26 At=52TF, Az =0.0lm %

=0.5s, YAZ¥HD 0.006m IZ75&., At li%®0.125s xT

‘5 0.0001
2x0.0001
INSQUZRITHURR Y FHA, Y ADEIL 2 %2, HORIX 4 EZ2DT, HRDE

X8IV ET, MMLEHICHETLIDEX BokIVRERDTTY,

&)
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BHLWHAKICES L

A4, 1 HORE THBROEDBEELENRZNT MUV, 1505 &M0T5] < DiR
UTY (7-10), FOEMNI D26, 1HDITHNEI X 9T, BARDIZ1—2r, TDT
CEEISTIRr WUV ET, ZOFFIOEFNRY UL, XXX TIELL sin D
FORET, EEMEE1—4rsin”® ZF (m=1, 2, ..., 9) TT, VWHIFANIVD
Em=9D1-4r x0.9755 T, FXX¥XD1—-4r ICLTERERVMETT, 265
HiE NREr <1 T A2SPTIEE LIGET% £ 9, RO Python T, EHED
BN BRAREHENDET (7-10 D eigvalsh i&, WHRITFIOEEEEZ HTHS),

, (E@za]
import numpy as np
N=09 # PDRDE
for r in [0.25, 0.5, 0.6]:
A = (np.eye(W)*(1 - 2*r) + np.eye(N, k=1)*r

+ np.eye(N, k=-1)*r) # 1 H01T5
lam = np.linalg.eigvalsh(A) # EHE (NSWVIE)
print(r, lam.min().round(4), lam.max().round(4))
g J

0.25 0.0245 0.9755

0.5 -0.9511 0.9511
0.6 -1.3413 0.9413

np.eye(N, k=1) {X, RZQ®HD 1 2LEIZ1MPWESMTHITY, r=0.6 TlX,
HIEANIVEEEORXINIZAT1E2I25DT, 2bhbhxd, r=0.5
TIERZIN095 T, ZThhEHEA,

( )

CCETTHS
BORAEF TERVEDED r BZ72F 1 D<KUYURLTT, MIEUIKIER

G FMr. FUDSHARMTROET, r=2LL N 22D E, FEEFT
NEO>TEHENIONK T, DL, YRZMN ULRED [REHDHE
X ZEVET,
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[ ) #aHiE EREAIER

0O #HER

1 50R %, BEOELOMIESLBLET, T, 2WIH60WT At T
DY, rELLOFIIE ELET.

At
T =T = S (T = 2T + 1) LBORDS T 20<
AR Tmn —2T™+ T, ‘
, =« 2 Mm%z At Thb

ZIZT, At & Az /NI LUTWEET, A0 TEIUHAHRT, KiEik &
ICEDDHEY | BDT, z 2kOT ¢t THH LA SEI5EIXET (8-2 DIRM
5$OEL®ﬁﬁi\t%¢®kr%@%TAwJQQT\&HCNDgg

DX FET,
oT o2T
—_— = —
ot Ox?

IHEBREFERR (h2IF5TVLE) LVVET, IZBOMNHEIZENS, 1V
IWHKIZIEMBRE, EDWN TUALNS] EOTERUFEDORIZZLZDT,
BABERLEVVET, ZDLSIZ, 2 DUEDEBTORMBD DA =505
BREFEHAIFERLVVET (6-1 TFELAED),

BARERNE. ZiETHb e NBEVPENSEIIEX, FHLVDFEHLDE (H
MHVE) ITHHIFTS] T, izl (g—€>0) DFTIFEE Y. EIZMORTIRS
ZF7, 812D RS F@E% | M BELLEITEATHIRRDTT,
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BHORNHDS1ES :8-4:-8-9 T

£ 12DV ATY, BOFNE g = kST (8-4, 1K), NX K]
IV 18- 1m? BV Iz 58E, HTORORTT —52 (8-9 DHHED

KXt)o 72F o REATIREMN ENB DT,
oT 8q .
RELB=REL LITHH

pc 9t - ox E3 BE% LS

0 oT 02T
= —— [ —-k— —k— 77— TOEH

8:E< (9:1;) O0x? ) TOEAEANS
orT  k &*T O*T

S =— a3 =Cag N% pe Th%
ot  pc 0x? * o2 A% pe

FURIZRYE UL, SRTHS, §=—kgradT. 7~£2#3 —divg (8-9)
T, divgrad = V? (8-12) 2D T,

or

5= ¢ V2T (3 RuDEFHER)

T BHOET, FANSHIEDFHR (R 8-8) LAV ADEH (8-11) %ff->
TEHZEHTXET),

NETHORIE. BHFEADIFINRIGS

15m| =N ZFARRE
BENELE W (E 2T
— =0 6-3 (& ZILERR)

) AR dx

8-12 (T /52K
EHE R - 22 V2T =0 ‘

f2=0)
K S BDT D% d2e ey 6-11 (BEbB /=
(74V) dz? r¥)

%4 [HETEDSRN] &5, #ARROLE 2T 30 (28Y, INETORITEES.

&
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74 DI, BOE (RE) »OTEARNKIT DS & Xid, BARERI
BT B9 AT 50 = o 524 — 520) 1B D & T (0 RHE L DREE).
HWHEL LAEDN 0T, 6-11 ORTT,

LB LSRR DEILERER

) BHLEEE o (m?/s) 10cm [CIEMBEREDHP G
] 1.2 x 107* #7 80 7

VOIS 1.0 x 1074 #7100 #

&% 2.3 x107° 75

A5V VA 4x10°° #7140 43

K (B
LX)
%5 HBLETOME (o =L THE), BEOHPTE L (L =0.1m),

pc

1.4x 1077 #7 20 B

HABRD o OB (mYs) M6, TBY LICEPEMNZEEIE. 200
Lo &y, RIN2ERS, BHIZ4ETT. A7V VADBROE-S
FHELRVIZ VDR, BHEEEAVNI O ST, BRBDBHD EAELS
THRD VDI, KOBIEEENE TE/AX <, BAUAENBENT, BHVK
MENEI i) 26T,

@ SAERALTENDS

BAHERNDEZE, ROWT1OREDIFET, 812 T, sin D7 F 7k [ LI
DR TIHMENE, FIOOFTIRMENE] TUA, L, sinar = —a’sinax
EZM6TT (5-15), HIA) A, WOEEHD —a? f5TT, 205, sin OF
DREIE. BEZEATIZ, 2BDPEAUCHETHIIS R LFHETIET,

2 .
T =e *tsinax

ERFRERRALUTHEN»DET (aldx, TIXZOMMIZRTE (1I/m)),

&
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oT ,

Bt — —aa?e*tginax z ®IEHT t THSY (5-14)
oT ot
P ae **tcosax t Z1t®OT x THWS (5-15)

T
o*T
922 = —a? e "t gin az £ —&E x THS

T

82T 2 _—aa?t o; = )
aw:—aa e sin ax a'BNFBE, 1f7HERED
ELDLBAMNEULDT, BAFERE2AZLUET,

a= 77 WTED a= g_—“i 10.78 HTHSY

z (m)
0 0.05 0.1 0 0.05 0.1

97 MikUEREDEE (0) [Ro7 0.1m O, sin OROREDTT S (Rh
5NE. Clo BNO, AL IIDREN HED(ICRDTzEF ], TIIETH 3 EBEH LY
&, IEESHEAD,

e AND &

EX01m OBOMIZLU Z2EEDEEIZEDL., FAFHN 10 CEV sin DFED
BENSIEDET, a = ﬁ ~31.4 (1/m) (x=0.1Tsinmt=01I12k5L>
12)e aa?=1x10"* x 31.4%2 ~ 0.0987 (1/s) DT,

T =10e 90987 gin 31.42

TY, e 0087 = LIZRBDIR, t = gz, = 258 ~ 7.0 Bk (3-12 - 5-14),
THILIZ, TUEIDPHERIIRY £, AU Az - At (r=0.25) ORFET,
U % sin O, WELE 0 ICUTEHETS L. TRROZAHIL4.997T

T, RD5011TCL LL<EHEVET,

&
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TIIEIN3EMEMNV a =3 26, aa® 132 =9 15D 0.888 T, 0.78 ¥
TEIENIIRYET (KT, HIMOTIIEZIZY, o2 IZHHILTELBEZ S,
3D TARBENIBTERLINS] DIE. ZDEDTT,

" @ EosHYEW

BIE (9-1) OFE: ALK, sin DLE

CARFOBRETE, WAOARMEMNID sin DFD~ZLUETETSZ L
PHONTWET (7—V i), BAERATIE, sinD 1D 1275 £
NTN et DEITNI RV ET, ENS, ThrELERE ¥
ATESHEDOEZERTETE Y. 20 TR THRNT, ZLUET] 5
% (BHLEEL 7—) THRED &, 9-1 TECET, OOXIXIXE, R
HETEREZVBIFAMMAOTIIEITLA, RYDEZTIE. VbIFA
ELWABIRTDEDD, ThhAEHETIRHEITE> TV AEDTT,

e o

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|

O FEhiEX BEDST
AR CALIERS 2 (FX -5, R UDRD) OWTT, E
INSRENBAZEDLEZ, Ei DENSOTH (BY) 2y, LUET,

7

w®AOF
i+1

&AF

antrzh (FAE)

Ax

8 REEDINEEZD, £ ild. ZADKENSRA F TEIHND, i el 2DO0
MILVUEWE, EDELEAFITESICRS,
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itk EEORIEH F (N) THANET, BONZBEANI 0L X,
EOUNERFI K ADETORME, BHXDELE = F x Y-b FORT
I F x Y0 TF (4-6 AT, AXVATIE sind ~ tan6), 727 &,

F
72TDH = Ax (yi-i-l -2y, + yi—l)

FTeRYEDEDE] WETXEULA, EDEEIX. ED1m b/ DE
2% u (kg/m) L UT pAx TY, EEHRENX (BEXIEE=57) N6,

d?y, F \ \
pAT Az~ Az (i1 =2y + Y1) HEIAER
dzyi Fuy.1—2y,+y, 4 i
dez ; A2 M0 % uAx TH?

EEMNTHY (Az - 0), BEOAFIR JY 1BV ET, D& 2 v &

<&l
Py_ L% _ [F
ot? Ox? I

IhEEHAFRER (ZE51F5TVWLE) VW0 ET, clZ@Th»d &S
2. EHMEHEEITT WHEYY —X M) T<HOULKEVTET), e zid
F =100N, p=0.01kg/m O%%56, c= /2% = /10000 = 100m/s T
T, 2L 2/TELDI, @T e MEXIIRBZ LT E4DTT,

#EOSH 11 EaH. 2 BlEaH

BERATIE FHDVDEHLDE] WEREDOEDLSEYX (1 HHS) 2ikd
FU7, Zn6, TIURIIEFRSINTHEATVEFT, FEAHEAXTIE RAU
EZMIHEE (2 EHSD) 2ROET, 5-15 DIFREFEUT, FHAEESH L L
EIE BVHE-TEYIUL, DRITET, 20 Tph) A, LRYALR
DANELED> T DMK TY,

&
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BDRETHE
R At TEIZREID £§, IEEIL 8-12@ D [EDE] &HHTH-

T W2 oy, R REFRROEDII AN, yP T IZDVTRS &,

_cAt
Az

TY., ROITEEZDIZ, 5DITL 1 DRIDTD 2 2&FNET (2 AMHDOR
Eno, 6-14 T, 2EHMASORIZ UBLHE] D 2 D2DIXUDHDIENE-S /-
DERL), s=112F5&, 290 & 2y WEZ T, L THBEIZRY ET,

=2y — g S (Yl 2 ), s

[ y =yl Yyl Yl (s=10t¥%) J

FUDITILORE (2, 4. 2) 2E->T, 2o FEBRUAREZHEL T,
FRIFBUABEIZEE>TVE0T, 1 HHOTIE 1 HEDDOFLRAL LA
REEFT BEZ2EASICLTERALEY), LORTy; 1 =yl 8L L,
2yt =yl +yl . 2EV 1HEDDFIE [0HDOERY 2 DDFH] 174
£,

#H 1 2 3 4 5 6 7 8 9 10 11

0 o o0 o0 o0 2 4 2 O O O0 O
1 o o o0 1 2 2 2 1 0 0 O
2 o o 1 2 1 o0 1 2 1 0 O
3 o 1 2 1 0 O O 1 2 1 O
4 1 2 1 o0 o0 0 O o0 1 2 1

%6 s=1DREOERHAE (1 THORIFENES). BT 4 DA, BT 2D 2 DDOWICH
M. 1521 DI DEANED,

e ZIEX25DDE3IE, 1HDDE4D1IEE2D 02720, 05DDE
3DO0EVOWT1ITY, ik 220N TIHBIZLIRRATOELEANEST
WEEY, 1AT Az EEDT, HIF ZE =c (s =17E05), c PEDEY
ZehHn) £,

@
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IRDFREAENRCONRVRE
sHN1TEYRED (I1HT, TR YALYENED) &, BORFHED r > 2
CEILEDIZ, FXXINE-TIONET,

[ c At < Ax (s<1) }

[THEDHCEIZ, WHAYALDIVEIATO>TREWT RV, &BRYDTYAL
PREVHETIE, 2 Y ARAN—KICESHERERONSTT, ¢ =100m/s.
Az =0.0lm 75, At< %0 —1x10*sTY (@FIES5)).

O IS IR—-IODfR : ERD> TEDHE

REETIE WA EEZTICEY ELE, INERATHNDET, CALKE
BAEK f TH.

[ y=ﬂw—d)}

FIRENARERE AU 7, 8-3 DEFHAE (5-6 DEFEHOWS) T.u=a—ct
EBWTEHELET,
oy ou

5 = /(W x5 =—cf(u) wk L THATBY —c
9%y , 5 oy ) o

S = e x () " (u) = A (w) b5 ¢ TH

) o?

a—z=f’(u), O—:J;é:f”(U) u%z THHT L 1

11382700 " (u) 1&. 3FDOD f7(u) D A ETT, 206 Y =22y
RADRATE S8

flo—ct) & Bl t T, f(z) DFT 7 &EN et ZFTSEULAKTT (3-9:
xEr—pllTdl, FI73ENpTND), 1WTcELDT, BER-E

@



8-13 BEIRDIENY T : RO HIERN

FEEX c TENEBETT, AL LD gz + ct) BEAEBRETT, 20%
Eht

y = f(z —ct) + g(x + ct)
., BIVR=IDFLNNET, REED TUN 2 DIZDPNTEAENED ]
I, fEegnELsE NNEUDDILD¥S] DBETL -,

ZERADIR - RER K
WHIFA KT R EIE. sin DD T,

y = Asin(wt — kx)

w (AN ZAERSER (1RISESA (rad/s), 5-15) TUA, kid. 1m
LILIZADPAIS YT VEHEINERTHT, B (X95) tV0ET, FE
(LRVDILETOEX) 2 A eTd8, NELLAN 2 EDDIDT,
27T 27T =114
- (w: T tlElbﬂb)
TY, BEO w &, BAD kEASFIR>TOVET, (BEOD k13, BEERD k

LIFHDEDTT, Ebol k LESHERDT, BETRDITET,)

WEARRICRATZ L. 2¥ = —o%y. 2y — _k2y (5-15) BOT,

—wly = x (—k%y). WS
[ w = ck (fA=ctRAUZL) ]

k

MilE 2n Tha Y, & = f (REH). £ =1 ZoT, H¥ERO KO®E

I =IRE R IRV ET,

6-10 DAA S—DAREMES &, sin & cos DIEEFLHT y = elwt-ko)
LETET (REDORKIFZDEL), BETHS T DL jw BNY, 5T TH
DT BY —jk BN BEDT, WD THITE] 28D T, 6-13 DBEIREIT
eIt BffiozDERIUEZT, BREPEDEMECLIIEDLNEIEXHTT,

&)
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P VEHD  FNEVOULLICEBIWTRS

BB, WYY —X THE] D 71-13 - 73-15 T 4% 8-13 THESR] LR

L7-EWMaTd.

LB TH SRR
‘ (Ot 7RRE

i NE

RNOEE (z) :2m/s MFERMV (1km T 0.5°C)

B9 JIDKEE 2 DODREETIIN B, ILHTHWZRESE TZDBFTI OBMb. EIC
DETHENZBESE TKEWD U LICEISRNS ] DELZEIIN B,
JNDKIBEEZ T, KITTHEAN 2m/s THRNATWET, 45T, EDBFRT
EKRIZ 1REIC1ITCET 2T TVET, —F, THRIFEKEN NS, 1km
THRATEL 05 CELS B2 TVET, ExIXITOVTRU ZBEFHL. 1 K

IZRITCEDLLETL & D,

LEDTHVEIREERE —1C/h TY, EDERER L, K Z>TImAS DI
MAT, FROBEPOCAIANEINSGHEEDY £, 8-3 DEFHET, EDHA

z(t) COWRE T(x(t), t) 2RETHI L ET,

d oT 0T dx
aT(aZ(t), t) = a + % a

_or ot
ot v@x
BEANFET, X% (km/h]) I2Z2A52F7,

2m/s x 3600s/h = 7200 m/h =

fug—T =7.2km/h x 0.5°C/km = 3.6 C/h
e
—1+3.6=+2.6

&

HHAE (8-3), tix 2,
Frizdh b

7.2km/h

BIINTEDDS

ZDGDEALE =T
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EOREZ. 1RHEIC 2.6 CEBY X, TOHTIIMATODDIT, Hih
DB LEMNLLBHDTT,

ZDEAIT, Fihi o U R ICBE s RAZ e WEHS L v, 2T v
NT/ADTEEXEY, H-13DEVATIE IKDDIFEWVWH L K IZBIZIHRHS
R7-Z{t] TY, 3RTTiE. MNDRE v LIREDHEDHE (8-4) 12721
=

DT oT oT .
ﬁ—a—l—v-gradT—a—k(v-V)T

1 2ODIEIL [ FDHFCRHEEL LEIZEDS 7], 2 DHDHEIL ITRIUSEIZN
T, BEDOLNIGAAANEIK 2L TEDLD5] TY, (v-V) Id
v 2 + v 2 +v g

* 0x Yoy 0z
EWS NE=6% ) OFEST, v-grad LEIULEDTTY (F3-13 I& grad, 51-15
2V TEVTVET),

(5 V)=

KD DINDINEE

BETOMOVIZEI 0 ZDEDEAND L, KODISOIMEEIZRY £7
(jj‘13 ° jj‘15)o
Dy 0v

mzaJr('u-grad)v

Fre 2R R—AD%D ) VT, WHANEDLSR (F2=0) DIz, HIAN
v=1+10z (m/s] (z 3/ ZIVDAONSDEH (m]) & TRIFEE 8-
TWdelLEd., 2=01m Tlrv=2, 52 =10 RDT, KDDIDIHEE
12 0+2x10=20m/s%, ZDHEFROEIIZRETEDSRVDIZ, D]IEM
HLUTWBNDTY,
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" @@ EoEHYEL

4 FDRMA : IROBIF L. 13V DIEE)
W 53-10 TFEULZLIIT. KD XD BRIEWVIROEA Y Hlk. Z=HHA
w(z, y) D 4 BEORBRDA - RS HAEATEITE T, TOFITHT
<%

O*w L9 O*w n O*w

Gt ox?20y?2 Oyt
X, 7757 VE 2EIFZ6MEZEDTT, XYHBPNE & XL, K
DD ET (pAlX1m b=y DEE, W M),

oty 0%y B

Ty i3 Tz T4 ERHS) OEXHTT.

= V2(V2w)

RSSO D RSO ORSE DR

ENEEDZNTHLD AZOBKRENSDESH

AR v, = ku,, &, BNESAF—LA

K At
= ax)y

Tf#E<, von Neumann OZEMMEFT LY, ZERGITI 1 <1/2 TH S,
Rou, 28 u,, & 24 DEVESH (CORTIHENDR 18-2)0 k (A1)

EXZDERD o, p IEZDAED r. § (FFFADEH io [BREDTAF—L] . 5
DITEITHSRDITEEDRETEDAE. Tvon Neumann DZEZEMEEMNT] 1.
BONLSIC, TIIFZOHIED 1 HOBRERFANDHE,

'r}+1
J

ul ™t =ul o (uly - 2ul +ul ),
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" @Q EomYEL

§ 2L ERERE

L IOBEOESIT, ERYEDOECHHEBEINATIHET S HELENE
 LVWET (I 5-16). AR < RV (EOWS, &, 1) Tk,
RN REAPTERI S CHET SHREREN & < EbhET,
L XL oE, B TR Y5 LOBRI EEARAAS ASETARRP, 1
| BOFFIDL VEL (15 - 7-10) 12RY £ 7.

N e e e e e e e e e e e e e e e e e e et -

" " " " " aAt 1
150X T =T + (T — 2T + T\ = A2 = 9
oT *T
A = a-— (BRFElE aV3T)
ot ox?
2 2
RENATEN % 2028—33\%:2_ flx—ct)+g(x+ct). cAt < Ax
) DT oT
MBS ﬁ—anLv-gradT
\_ J
[ @ cosTHTSRIERE b
anEt o = ofL, HEARRLEVS,
BILEE o = L (m¥s). BOUALEMNIRTY,
ILEES TS iu&mﬂ%ﬂ@ E DGR DIEE Hedd & 5,
RENAE atz = c2g% c lFEDHEY,
B k=2, 1m CAMAI YT VEDEH,
YIEWS HhevoU 2 ICBE 26 B2t L.
ENE L) LDETHR EBINZATHET S HE.
- J
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MHTH-E 8-13 MHTHE 8-13
BHH 71— 71 IX T ﬁfi’ﬁi:'—'Tf—'
B
Bk « BOOBFHO. n 5 D
n " = B#s, mhewn
T DO, B ED n LD - Rk BB, AL
12 UxitBWTRAEA,
LHT, n BTREL D¢ LT
BEEE grid value It +v-gra
HEE material derivative
g J N\
= - ~
® BIRETRUHH LS

-

o FIE1 RHAED 15

r=0.2 DBEORFHET, HLRRNDEENLEMNS 80 (£iZL). 50, 30,

20 (C) TY, EXLIZBOCHXETY ., ROKHID 2 FD (50 CTHH)

L 3%WD (B0CHR) DIREEZKDEL & 5,

ROBE=5DRE+ rx (E-2x BH +H) @),

2% 150+ 0.2 x (80 —2 x 50 + 30) = 50 + 0.2 x 10 = 52
3% 130 +0.2x (50 —2 x 30 +20) =30 +0.2 x 10 = 32

527 C& 32°C

N\

r=0.3 DBEDRHET., HEEFLDEENEMNS 100 (£iXL). 60,
40, 30 (C) TT, ElZULIZ100CHEXTT, ROEHD 2FEDL 3
BODEEEZRDEL &9,
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M fIE2 —nHnsu At N

DO (o = 1.2 x 10*m?%s) % Az = 0.005m DI A7} T,
At =01s TREHBELET, (1) r 2kKD., THNLRVMHELEL &

Vo (2) TONBRV—FBRIWVAL ZRDEL LD,
=300 chnreokr<} ©),

12x10%%x0.1 1.2x10°5
(D r =000  ~a25x105 %

0.48 < 0.5 DT, ZhhAw>

Az?  2.5x 1075
(@) At=S— =5 oy =0.104
(1) 7=0.48. Thhziw, (2) $0.104s

- J

¢ ULRATECS 2 ~

AF VLV ADK (a = 4 x 108m%s) % Az = 0.002m 124 .
At = 0.6s TRFHELZT, (1) r 2RO, ZThhBVr¥EL Z
Lid, (2) ThhBRVD—FBRZIW At Z2ROFEL &I,
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M FIRE 3 T 1 HOfER

BORFET, BEMN +2, -2, +2, -2, - EXHEIIR->TVET (B
ENODE), (1) r=030DL%E, +2DRIX 1 HTHIZZY ETh, 1
HDFEREEZZELED, (2) r=055DLE, <VETEEIRVZE
ERAN
FXEXFLSHTL-4r 8 (®), REINL LV AZFVEID
hs (7-10).
(1) 24+0.3x ((—2)—2x2+(-2))=2+0.3 x (—8) = —0.4
fERIZ1-4x03=-02 (2x(-02)=-04145)
(2) 1-4%x055=1-22=-1.2, KEX 121 LYKRIV
(1) —0.4, —0.2 % (Wh=EN5HZB), (2) —1.24F >, ®h
BINEE-TIbhb

¢ ULRATECS3

BORFTETIBEN +3, -3, 43, 2 XAIZR->TVWET, (1)r=0.1
DX, +3DRF1IHZTHEIZED EFTHh, 1 5DRBFRELZZFL & D,
(2) r=0.7TDr%, CVRTEEIRY FTh,
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o flE4 #mARRICKATS N

a=1x10"*m%s DET, T = 10e 298"t 5in 31.4x NEHER%E A7
TILEEND, TTEINESITR SR ERDEL £ 5 (31.4% =986,
In2 = 0.693),

t THALERE, 2 T2HMALT a 20 RE26X5

(@),
8T —0.0987t o3
) = —0.0987 x 10 0% 5in31.4z = —0.0987T
82T
Ol g1427— 9867
=3 986
o*T 4 N
6oy = 1x 107 x (~986T) = —0.0986 T (RDDBAVLY
THELU)
In2  0.693
MLAN - ,—0.0987t 1 e — — =17
e 2 5t =575987 — 0.0987 0
BT, fT0H
J
¢ URATEZS 4 N
o= 1% 104 m2s DEET. T = 10 ¢ 0395 gin 62.82 NESFER % A/ T
L EREND. TIIEI ST A B ERDE L £ > (62.82 — 3944,
In2 = 0.693).
_J
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o BIRES EORHE

s=1DEDRHET, £ 1~7DFTHH, 1 DFIORZNIC 0. 1. 2, 1,
0. 0, 0, DEEZNIZ0, 0, 1, 2, 1, 0, 0 TUA, (1) RDOEZIDE 2
~6DTNERDELED (E1EETIZ0NEF), (2) ¢c=100m/s,
Az =00Ilm DL X, s=112%% At 2KkDFEL XD,

R=KBERY) (&) +ELRY (&) —BEH 1281 ).
c At
Az °
E) =E2:1+0-1=0 £3:2+0-2=0 E4:1+1-1=1

£5:0+2—-0=2 E£6:0+1-0=1
sAzxz 1x0.01 »
(2) At = —=—0 =1x10

(1) 0. 0. 1. 2. 1 (IWAEANT I RHEAR), (2) 1x10*%s

S =

-

£ URATEZSS

s =1DEDEREHET, £ 1~7TDThH, 1 DFIOEZIZ 0, 0. 0. 1.
3. 1. 0. 4OKEZIZ0. 0. 1, 3. 1. 0. 0 CL %A, XOBEHDE 2~6
DTNERDELED (E1LETIF0ODEE),

-
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O fIRE6 FEFo>TEDR “

. e 0%y 0%y ,

D, EPHRELSAIIEDINEZEL &I,
t T2E, z T2EHH LTSNS (@ ©),
% = —2002 sin(2x — 200t) = —40000 y

% = —225in(2x — 200t) = —4y

—40000y = ¢% x (—4y) 5 2 = 10000, c = 100

2x — 200t = 2(x — 100t) DT, f(xz — ct) DF (¢ = 100)

Y8 c =100m/s, & (z W32 DMX) ~NED

o

J
¢ ULRATECS6 <
y = 3sin(5x + 1500t) WKFARBRE AT L EID ¢ 2RKD, EHED
SHXICEDINEZEL & D,
J
o BIE7 Bk - K - BIREEK ~
EDOEX% 340m/s L LET., 440Hz DF (K7 D5DE) DWEE A\
B k. AREEH w 2ROEL & 5,
A= ; k= 27” w =21 f, HHDIZ w=ck (@),
340
A= 4T20 =0.773
T
k= gamg = 813, w =27 x 440 = 2765
HeM®D 1 ck = 340 x 8.13 = 2764 (w &, AHDHAVEFTRU)
A~ 0.773m. k~ 8.13 (I/m). w~ 2765 (rad/s)
J

D
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¢ ULRATECST

RefmhdWDEIH 100m/s TY ., 200 Hz DFEDEER N\, B k. A
REE w ZROEL & D,

o WJEES /m,nlud)jtumf“nf

JUASTFURA 2m/s THRATWET, EDOBATEKEIR 1 RERHEIC1TCY
DTRMA>TWT, 1km FiRATL EKEIZ0.5CTHELS ALY 7, i

D> IBEFFDREZ, 1 E%?F"ﬂl’ﬂ TEDY £

DT 8T
EXA D= ot v— (@), Bfiz (km] & (h] IT52%,

v =2m/s x 3600 s/h = 7200m/h = 7.2km/h

WOl 79 0.5—3.6 (C/h)
o
o= 148.6=26 (C/h)

1 BSMIZ 2.6 CEDYS
o

¢ ULRATECS 8

FEREADERA 5m/s TIROWTWET, EDEHMTERIRIF 1 RREIZ0.5TL
Ao TWT, 100km AT EKIRIF 1ITCHELSRY £, EIZD > /=%
JIDIRE I, 1R CTEDY £ 9D
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EENRZIPTVNECREFIVY

J

A FERZPTLNECS

At ZRESTNIXELSEHETES

X At 2 10fF2ThiE 10 f5ELE 2N S
O r=22t<lzzx23L, HENZDIhD

Ax2 = 2
Ihh7-stEIE, SIFINE->TERDOLRWVEIZRY £3, At 2F %
=56, 3 rzEIDET (®),
(G J
A FERZPTVNECS N

rD Az Z2RUSND

aAt 10 % 0.25

X =Rz = o0l
aAt 1074 x0.25
O r=3z= ooz 0%

BATCHADET, T8 Tl m AR, r SEEORVEIZRY EEA
(@,

= 0.0025

I(
J

A FERZPTNEZS

[FUDRICE 1 HEOREED

X EIZULD BFIZE =B2+0.25% () & ANd

O ULosIE, BREME (100CHEF, BDBHRNRE) THRDD
RUDORIZIER, FADERYDHY EFH A, IFUTEI R>TWEMNIL,
AMSRE->TVET (@),

-
-

@
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A FERZPTLNECS

oT . DT N
o - L W =~
T & Dt z2RYUEHAS

X HNIZD- EREFE. TDHOR{LELEL —1T/h
or  oT

O HEhizmde — +v— =+2.6C/h
ot ox
oT I DT ~
a 1% FIE.I lJiEFﬁ'J .’Cﬁfl&#'ﬂﬁ\ ﬁ % r7J<tL")L/J:‘~_§bL\'CJ %f:g
ftTd (@),

I(

A FERZRTNETS

BORT c& 2 ZRNYUENRZS

Py _ Py _. e

X Froie C@ T. ¢=10000 & L C&E#EX 10000 m/s

O 2 =10000 DT, #EXl%c= 100m/s

KENARBADREIL 2 T, y= flz—ct) ERATE L 2 HHTL S

e THEIMONET (@),

o

A FERZRTNETS

T DELD n &, n BEHD

X T2 Ty x Ty

O T2Ix I3BDDED, 2HDDEE |

B EEELOZILTT, RzdoTE T > &2 TRAL £,

J
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@ AR—Db7AVOEEIINT
AR— N7 4 VDOFTIE, INIREHENAEZHEL F

T, BREITIE. AMEEMHN AZHTT 3 RTD
HARRR FOEFNIZHEMALED) 2OV ——
Ya— & TEX, fHDORPY — NTREZEST, F
TIDIENPEL RV TERNESICLET, 80

’C‘Ef:i%ﬁrc\’d—o
@ HEDIK - HARDTL
HEDWIZ, HTOEDOHEEHFAERIIL -

TEHLYET, FEZ—ET ) DEDOEDE XL,
@D c=\/F/u LBEOEITHREVET, 5Bh F (f/g\?)
EHTEHE cMARIKRY, ENESARYET

(W#E TRD).
® X[ TFHDEE
RIJFHTIE. RREMATFH~IEE D AT,

FUTEIFN 2 [IRXPAKESR (ODWEMS) &, L2
DD AL DETHUTOHRDBZINEDET, o
AafM<TdE, ThNRWVWEDIT At H/MEL
LARITNER ST, SHEDENARELS2ET (©),
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[ @ 355 CONBVREICZRIEDTE 3 A

BORTAEDERHE cAt < Az ldk, KAYDI—F», 7UV—KRYvEA,
L4 D3 AN 1928 FDORIXTRUAZI NS, 3 ADEXFEE L ST
CFL &L XN TWEY, avEa—aNERZLRVERIC, TRV D
RALDETHETD L X, ZANELSEIKDIXEALRL XN 25
NERET U, DBIZAVEa— X TREXRTENEHETLLHIIRS
&, ZOFRMEE FEETIADEIICHEIODIREV IRV LA, K
DFEDRENESZDIXE TV R—)V (1747 F), BOREE- DI T —

VI (1822 FEDXK, 6-3) LIEZLNTWVET,
N J

v EkRRIRE 8-13 NEEH

e~ %N

B - 025 oroEHET. HEBADEESENS 90 (FEIEL). 60, 40,
30 (C) TY, EZLIZINOTCHEETT, ROBFZID 2FE DL 3BDODRE%

ROFEL &5 (OFIRE)),

B) 7308 (a=1x10"m%) % Az =0.02m 251, At=1sT
KEFELFEd, (1) r 2RD, ThbhBZWHELEL D, (2) Thhvknw—

BAXVALE2RDEL 25 (OFIRE2)).,

B) zo=smc BEs45. 5. 45 - LRETY. (1) r=045 DL X
D 1HEDERERD, +5 DREN L HTAIZZRENEZEL &S, (2) r=0.75
DrE, <VETLESRYEFT(@FIRES)).

n a=1x104m%s DET, T = 8e0-88t gin 94 27 NEAHFEREE B /-
TILARREND., TIIEINESITRSERERDEL 25 (94.92 — 8874,

In2=0.693) ((@FIFE4)),

@
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B s=1DFEDEIET, E1~7DThHM 1 O8I0, 2. 4. 2, 0. 0, 0, &
0.0.2.4.2.0. 0%, ROBHDE2~6%2KkDEL &5 (@FIES)).

B - sin4e — 12000) DEBHEREALT LD ¢ BRD, WHEL S

AXIZEINEZEL O (OFIRES6)).

@l ZDFEX%Z 340m/s £ U9, 1000Hz DEDFEE N\ K k. AIREE

wERDEL &5 (OFIRET)).

FrLY

B 5T 1vs THEATV &, EOBFCEARIE LRI 05T
DEASTVT, 1Tkm FHRAFL LRI 0.2 CES &Y T, HAILD -7~
BEFOREZ, 1RHEIEACEDY 237 (@FIES8)).

B #ot (0 —23x105m¥s. Az =0.01m) 0. (1) ZbhAVEA
DAL, (2) At=3sTDr & 150ERIZ? (@FE2)-(@F-ES).

) =5050% (c=340m/s) &, Az =0.01Tm OTAT, s = 10K
DRFFIZLET., At 2ABICThEICTIN(@FIRES)).

(@ ZUHRY TEBLSICHRIENE? )
O #oBEz ey Lok ORFETHETEXS,  ->532/-—
O chhmegf: r <1z 1 B0OERTHETE 3, > 540 R—Y
O gemoABRzEY., RALTEID SN, > 543 R—Y

- J

BIIROXINTHEZ, HIEZDNEN6ES, RO 8-14 TlEx, EX L
HEXKDFENDORE, TDEDZ LIXTHATHAL,

@




$8E F4E RUNAHEN

48 EESHER [ A A A |
div & rot TEMNzX%

EJ'_I.'.:E) P,

(T RGO 0L 6-4 ] 8-0] 8-10 J 811 ] 8-12 ] 813 JENIOEEERY -0

(@ COETTEBLSIRBE

o BREWED 4 D2DOR (X7 AT zIIVAERER) &2, [HhXH
Ll & 159 oZeiZTHRD S,

o AW EWAENRUIEEE>TWEDITE, HVAD
EHEA NI ZDEHTHATE, 4 DOANSHOEINHTS
2ETULE-END,

[ BHhOR - BORDEE 1 2D, TDEDEE (grad -
div - rot - V2 - MJEHS) DI LIXITRE S,

L Y

@ izTi?

E—4&—, FEHK IHFHEESE. A<
RDER. TUTH, BEREER

EhETHLik, TRT, 2ok (V_\J,i
N

4 DDANSHTLS D WbhNET,

Si

ZD4ODHNIE, AZ2E>TVLHD B h#< 2%
TL &Y., ZTUT, RIFEREHS EM>7 =
DR LwHZkiEx, EH5LThH

Mo2/=DTL & D,

Vi

@
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@

BULHES CoETES. HIICRARIE

€ cradfid WHEFARIEIZAXOXA, BHIEMOKRE THEX :
E = —grad ¢.

) divFid NIREHSHTOEBFORE (bXHL), divE = 8%\
div B =0,

D) rot Fid. NIRIZADEDLV 2 1ALTALAEDEEETh->AED (5

T, HEIEDHFT rot B = pyj. div(rot F') =0,
XD HUADEE :BUAENSHIE=FD div D&, AN—7 ADEHE
FAUZED 1 F=HD rot D&,

&P VifiE TEHY)DFEHE D], rotrot A = graddiv A — V2 A,
2 2
=D st L - over wmsER O - 22V o o, wE
- ot ot? Ox2
g N
B 2.

CDEEFRABDTY, FIECHEIID Y EHA, 8-1~8-13 TlE- LiER%
ffoT, BREWS - KOFN - BD [HEEADRK] 2HATHEET, RNefg<
DTIFEL<, AD 1D 12DLEN MI2F->TWEM] &, TOEDI LI
RIZELAWERETT, ROXTE, 1 DFORUTOFIFALKRTT.

ZOEZHL L FIFES ZLXE 22T TY,

&l =R ADEES

HEIHL B NILENSHTOSE (8-9)  div, V-

i INSBYADEHY % 1A
59 ([EER) rot, Vx
(8-10)

&1 COETES 2002 &, FIEDEEH (V) (& 8-4-8-9:8-10 TUERTRE
ZED,
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O ES KD 4 DODHK

© 4 ONXZEIANRD

8-9~8-11 T, ERLMIDANV ONHTEE L, The2HEDD
L RDADITRY EF, EDFIE, 8-11 TROEZZATHE > (BAH).

GDFNE. 89 - 8-10 THAMZ LIZEWK A TYT., LboERAULIL

2E-oTCVET (@),

B\oR (% -ET)

(1

(2) %%B.ﬁds—o
S

(3) (%Ewﬁ=—¢%3

A dt

*®2 BXEHWTD 4 DDORX WDRVADR, BRCERIEH > TLL), o5z 5B C &

wWaf OERRCEIC)

div E = r

=
T
=

2|

oF
—£ rotB= HOJ+N0508

B

(=S

EhBHSIE
B0STEMED

EREEDDE
BSOS
=k

N5 ETIHEEBDIEDRR (HR). @ IFEFDFRR (8-8),

CNDA4DEFLDOTRIAVINVERRA L VT, EEDELK

L) "C\'—d—o

3. RoLH
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L= =R By

E 5 (BEOHDH, 1C OEMICIZAEZS5<A)  (V/m) = (N/C)
B W5 (RREE) (T)

p BROEE (1m? H/zY DER) (C/m3)

J BAREE (1m? H7=Y DOERH. 8-10) (A/m2)

€0 BEDFEX 8.854 x 10712 (BRDERK) (F/m)

Lo HEDBHE py ~ 41 x 1077 (BROEL) (N/A2)

%3 4 DORITHETLSBES, 1o 1&. 2019 FOD S| DBEN S (X > TROBET, 1FF
4m x 1077 N/A? (T-m/A ERICEAD),
EDBATIE, £NhE 8-0 THRU & HEDART T, 22X (1) O
EDlE. RDE D IZHEAE T,

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

____________________

ndS OWEZ, ZLEaHLEL |, EGHVHEHZIANEY RITEE (BHOTR <I>E)
TY, 811 Tid. ZhzERIFHETLIHE (ETKR - X2 TR %=, ¢

G3 (NP2 EES) - S4 (W EESR) L UTRE LA, ZOETH, &
BlI3ETIC, BAOBRETITHRAET.

|

@ 1 OIOHT

(1) E|EflE, EHOHDETHL

dwE_ iF, TBEHOHZFHNSBENDIHL (F5ADEM), KT
ihé(v%%xwfﬂ BEROZVATIE DIHUERNIAERN] &
FEAET (8-9), WHWTIE [LAREBTE, BEMAETHER, H0

B % ¢p THo2ED] TY, KOFPIZLSRVDT, AEMEHLELTHER
DEEBSL, WEOKSS B= 0 pETEELE (8110 G3)., Bk
TEYT

D [BELXIBEORE ArkQ] 3. TORDEVNZTT,

&9
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(2) BEHBICHEH UL

divB =013, [R5k, DXHLEBONIAER] LEAET, BAE
WAL ->TE, NIBET, SHBAITOMAIZTE FRA (8-9), AL, W
BEDHATIEN NS S, FTIESHENS NBAHEA, WOBEIZR>T
DREMOTVET, TINS, LARBEL-TEH, ASBAKRE HARIIRIE
HUET. iEIZ0TY,

(1) BflE. BEODIHL (2) WAL, LWOBRICHRS
(—o—)

(3) TOBRIBH. BENDSTEAD (4) TBRN. HIBOSTERD
4 A B DEE<D eSS

EDS5Y @>>

H1 4 DORNE-TVBIE, (4) Tl BREOEDYOEEEN., EHSRTERY
(ERUOEE) 1@,

(3) EO3HBIE. BEDSTEMHED

rot £ — _88_? . TRESHSEEL L& I EbAFICIE, BHOSFHTX S
LHEAET, BHF (8-11 D S6) X NEZE 1EALALXDEBOEESY (24

WIZEEFNDERE) & BEEBDIMEDREY HIZELW] T, ZWWT 7557 —
BHEFEDEETY, HREMILI, 21 INVOFOMEE2EEETE X T, EEE2E

DES, THFESRE 12 A5~9 FEIT-2VKRAZD$5ER (BFEE 20

~90 kHz) % a4 J)VZHEL T, BROELZEBEIHMBEE X, BROEIZESBOD

ITEEVET, DI THEEDRNITRTER (D 3ER) T BAzHLE

T, BERE. BOIHWEMNFOIANVIZEREEZEL U AT, EEZEZTH

&
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¥F9, YA FADESIE [T, BWHEOZEEIFA T AXIIES] LW
HBKRTT (LYY oEHD,

BENEDSRVE X, (8) lkrot E=0T7, 810 TRAZLSIZ. 5T0
RWNBIIIRDEATEIFSDT, E=—grad¢ (8-4 DERL) 124 ET, &
PHEKDESZIE. ZDEHEETT,

(4) BRE. BNDEBIE. BHEDSIITEED

rot B = pgj + - O 1 DHODEIL, 8-10 TRZ EHDF Tl rot B = pgje
HTIX 0] TYT, BHDS I BRMVTFENTOSAICHY £9, BHH (8-11
DT YRR T, WiEOEDY OEOHERSE, B = 1 b
FU7% (S4), 10A DEFHH,S 5em OFFCIE B =4 x 1075 T T, HBRORS
(EK?@B$%45xm*T)tﬁU<6DT?O

2 SO uosoa . BRAR T, BBIEML LS IED BRI,
ﬁ%@ﬁ?#?%é&mofwiToZ@Eﬁ\771WIWﬁ\ﬁW®ﬁt®
FEERLTEDIIMNITMAZEDTT, RODT, TDHHE IDEDEET

WD E T,

(@ 3554 BT, HED>TERD N
¥ >F CRERDF Y IS HAREHEH <
WNTEREFT L. sHIEREEOHC @/@@
ZoTHOET, 1820 FiZ. T~ —27D (j C)(j
TNVAFY RBEDVELEZSNTVS ®@®
ERT. (4) O LOOOE poj (BREHE L psprm @rEEin
\‘%®5f%ﬁé)%®%®T?o )
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@ BEAWEWAHIL. BULCEEED TS

811 @ WM IZEH &) T, AV ADER (BHHE) o, MoK
dwE:pkO&&bibkoﬁu%z?\@)@ﬁﬁ%ﬂ%%ﬁ%émbf&
¥F9., BCL, ThaedblddES &, BINITITEZET,

A A A FiE B BREEESICEDD)

3

> T S %58 BRSO B 1o

S & CEEBAEE & IFERL (8-11)

8 C (ZEY)
B2 &C& TNENEETDE S, (3) DEAIEE C DLEDIRED. BLILE S =8

BRERDEDY H.

. do
fzad?:———é (3) DR

g dt

Lo T EDIZA b= ADEHR
%E‘dr://rotE-ndS

c s (8-11)
dq)B://a—B-ﬁdS BK ©p = [ B-ndS &
dt . Ot BICHS (EIEEDZ)

. 9B

//(rotEJr—)-ﬁdS:O 220% 1 DOEBESITE LD
g ot

EARITINIIRETE 0 720D
T REH0

REDITIX, 8-11 LFUEETTY, HIZE I, LD, EARITNIL
EOoTEIVDT, Mo ZDHFEMN O TRVEN 1R TCEHB L. TN
XL Lok L HIEAN01I2Y FHhe EIE, LITEHEN 0T,
:5Lm:@)@ﬂﬁ%nnéz_%gﬁmm%iukou>@>mﬁvz@ﬁ
T. (4) BEUL A h—2 ADFET, WO LM EFERTE 2T,

&9
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- bayis [ Gayis
HTW385D R2fR - BELRK 1 DDERE

&S - 58S (8-7-8-8)  div - rot (8-9 - 8-10)

vaF
U
3
m

WIRZIBOAX X2 RD D B L IZANRE TSN E
(8-11 » G3 - S4) B3, BFORE2ES (®)

Kl
il
o
(
s

2<ED HIADEE «- A b—27 ADEHE (8-11)
&4 BOEEWMDTDOEHNRN

O ORIV TIVDMFIIINATZIE

(4) D 2O2DDEMNRNE, EINBENLLBRBZDTLLED, 810 T, LA
% FT8 div(rot F) = 0 (3 FOREDBITIZ, bXHLHAR) 2HEIDE
Uke BL (4) Mrot B=p,j Z3EET5E, FUORKEL->T,

div (rot B) = p, divy MHADFEER % & > T

0 = pydivy 0%, WO 0 (8-10)

YY), TERIZIE. E2ICEhIHLALRY (divj=0)] Z&IZk->TLE
WET, LIAM, AVTF U —IIBREZDTNDHIE. + DIBIRIZIXERN
NIRRT, TFFEIZ2TUIFNEETA, +OBIRTIIERIIRNZ &
N (—DBIRTIEHOIHL), BERP/ZEF->TVIFET, BEROERKDOR (8-9 &
FUW., EMIIBEFICEEFNEHEIE LRWY)

9p

5t +divj =0

T. % MO THROVATIE, divy 1R 012k FRA.
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N _
B 1 - B 1
—

L — "
FDYIC L/ FDYIC
BIED>S ¢ RO : ERIFRUH, HIgD> ¥

BI5 E 1< ao W<

B3 EXERHTVNSIVT IUY— EROINOYICE, BikzT [EVEDH (FAH
DEFR) DEDYVICE, RUHZD S IHTE D, BIROETHEIZED D T Z/E>TLDD
(& 3E<ZEO>TLWEE ((4) D2 DHDIE),

vﬁxﬁlwﬁ‘20®®ﬁmﬁégéﬁwmzibtoTét\ﬁﬂ@%
e omb Xz,

2 0 . = MADFEH % & >/ (i
0= pydivy+ HoSo 5y divE

0)
= o divy + s-g(ﬁ) (1) ®divE =2 #anz
Ho J T Ho 0 5¢ €0 T e =
. 8P oY
= o <d1vg + §> g I I N/

ERY, Mo ZOFIFERMDERDRZDEDLDT, HrAL 012D F
T FENRLBRYELUA, AVTF U —0OBIROBITIE. ERONDYIZ, 8
SBOSTWEBEWHIEDS T2E->TVET, ZOENHD, &\H T LH,
RDOODEIRIZ DN £7,

6 4 DDADS., HOESIHHETL S
BHEBHEELVAT (p=0. j=0) Tk, 42ORIERDE SR ET,
. = . OB . OF
divE =0, divB =0, rot £ = “ 51 rot B = HoCo 5,
[(BDBWIGNEIGZDH T aEY ., BOLEEENEEDD TE2ED], TD2OMN

SVIRINT, BB LWIBEOEN., K2 ZBEEED> TV ET,

&9
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K (4) - (3) K (4) -
[Eb\‘?éb% ]—>[ B®DO>7 }—>[ ED>Y J—>[ BD>7 ]

ZEN, ERY DIFFAARRZ Eah3 (BHEK)
B4 ZD5EHZNHIEDSTZEY ((4) D2 DHDIHE), EDIITHENDEEHDS
32D ((3)e COKYURLT, BHEHBDEINEMZLN DTN

IHMeRTEEY XY, (3) OMIDEEEZ LD 7,

(3) OWLDEEE & >7- (t

. o .
rot (rot &) = 5 rot B DM LIEEE ANNZ T2
8-2)
O*E
= — —_— 21z (4 Vil
Ho€o atz =Pyl ( ) &= A

S N . 8-12 DEMELDTVTAL
rot (rot E) = grad (div E) — V2E

30,
— _V2E BHNSRVHTICIE divE =0
82E: 1 op 205ZLVEEE, —pue,
8t2 ,Uxof:o VCZb’)f:
[=WA >, N 1 — 82y 28231 SN — "/ 2 .

YL 1 8-12), EhS. BEIIFEE LTEDY ., ZOEY ¢t c? 16 e
AN NG, EHlE Ho€o
KOSNET,

1
vV Ho€o

c= BDEX (8-13D ¢ LEU%KE)

1
" V4r x 107 x 8.854 x 1012

2 ODBERDEHE AN

~ 3.00 x 10® m/s EE (Python) TEEL

Zhud, HOEX (]93.00x 108m/s) LT272VRIUTT, g5 & pg 1k ©
LHLAVT U —RERDEDY OBBIFOERMN S IIN - /28T, KL IdBR

&9
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MHY EFFATUZ, TNRDIZ, TINOHOEINHTEXZDTY, YT A
TViE, ZOZ s BRIK BB LSO (BHK) THDH) LEZLEL
oo WGHR UK ARBREZAZLET ((4) DOEEEZEL>T, AULD IEE
TXZF9).

BE E (FOER. =TAT)

Bits B (MOS8, HICEARATE, RRHHSRER)

B5 BHIRDEST (BRAKM), BHEHEFIE. EOERTICE. ZAVCEERT, LW\o
ULICEEURBNSES ¢ TED,

([ @354 RIRITIVEALY

XYV ADIY 7 AT z)Vid, 1860 ERIZ, THETICRON>TWAE
K[ULBKOZEA 2 1 HOARRICE LD, BEREVHDOEI TREHE I L
ERUEUR, 2720, XZATzIIVDEVWRIZ SDOFLIEHE I,
72 XADEADARTUR, 5D &5 div & rot (V) 2ff>724 DD
RICFLODDIE, 8-0DITALIZHTEZAEY A KB T,

RIAVzNVDFEU-EMEEZ., ERTARY /> THEIDAZDIE. R
AYVDNIVY T, 1888 EZADZ L TY, AWEBDEL [~y (Hz) ]
. ZOADEZFITY, $TIE BE (AXHA-FLE-EFLUY), #K
AR, K XRIE, EhEFENLN D ZIFOEHMEZ L bhr>TVET,




8-14 div & rot TEMERZEHE S

& keZ=EDFENDR

0O =R  MIBFICEFENEHZE LA

8-9 TE- -#EIDORE, &5 —EHRAZ T, p TN TND2ED (K- ZER)
DEE., U ITRNDEETT,

op
E +div (pv) =0

WiEEEE 1% (73-13) LREUZ LIET. [ ZDRDBEMEADEY + ZTDED S
DHEHL=0] TY, bXHLMNHNE ZOREZTEENEY £9, EROD
HREORN (@) &, F-o<EUETT. KDOLIIHEELRVEDTIE, p NE
HEZRNDT, dive =0 (bXHLDLRWRN) TT,

R—ADEEIRTO2EL L, KIFIBNLIROELET, dive =0 DN T
k. F—ADOKHE%ESE (MR, 8-8) WEITEHEEULRDT, KEEIN ED
R, EXE 25108 £3 (8-9),

EDHMETE. 1 WISBDE Av (FAU

—_—

o ——
i I

H A
— WD 5 B 20

6 R—ADEZEM<TDE, BL<RD, divo = 0 DT, HVLATE 1 #IEDKD
EU:IE_'L/ (8'9)0

@ FTET - 2 —o25EREHD

KPELKDT|NDEARDRIL, WNDHD/NILn/zE ) I EE X IE
E=5] 2HTIDEDTY, WHEE 1% (51-15) THRAZALEUFTE
XFET OKFMEERNELAER), 2hiaFtbEx - A= AHFBRNLVVET,
Hz 129D, ZOBDILIFIRT L, REDEDITRY ET,

@
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5%
{ p(a—:—i-(ﬁ-V)T;) = —Vp+ uV2 + pg

BNMIEE>TVWEEX (5=0) 13, ZLERIZY DIEE 0128, Vp = pg
T, WHEE 1% (/1-12) OEKEDORT, BONEEEANAILEILE

F#UET,
15 COEDC EIETIE
o . N EEXIEE, 2o IOHIE FAIUID-T
p(5; + (@ Vo) \ oo, D
t ﬁ<#ki0@%ﬁ§(%éﬁﬁiﬁ)
%% RUEFC. BRI L L &I AL b2 5
- X DHASEFAEINT, EINEDS
(N v
S (R—=ZADOFRIAFNI D LELS R B)
o EADEFHSENFHAETH (EHOE
—VDp

FRD A1) X )

RIFVDS, STV 7VIE TEbY DFEY
wV2% LDE] BOT, RIEVIXEIE2 EHY DF
NS ol ey )
pg =9

&5 TEI - Ab—URXAREADGHEAH WS 15 H-15 EFU). p [FREEYDES

(F4Z) o

ORI, EHRORXNLMICUTHENE T, 2 20RE, SO FFTHRIT R
DT, ZEEMMPOT AT, 813 DRFAELFRULSIZ, LRVDIYRLE
DETREENT (EHE)., IV Pa—XTALT OB ED TR T,
RIATFH. EPRITHED DY) DEIDFN, MEDFOMEDFHNAD

ZDOHETITHNTVET,

@
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8-13

8-13

8-13

8-12

8-5
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mNDS57 :EE

RNDOEEDEEL rot v %, HNORTIIHEE (HTL) LWVW0ET, 8-10
TRELDIZ NIBAEZEVWZL X, REITBEOYSOAFEETHY £
T, BEDHFLHER, RITEOEDEZRAIZITE S5 T BENKIWVAT
T, () OTHhOBRNDESIZ, FoT<STENTOTERENHSF (JIIDE
DiEL) EHY X,

- IchV - EHOR

O ariEA cHmmAER
8-13 T, 3 REDBMARREMEY UL,

oT

oo evT (O‘Zﬁ)

kI3BRER, p IMDOEE, c IIHETYT (ZOEDHDEY ¢, ERMOEE
p LIFRIDE D), TDEBEDI LIXIZRRT L, RD 3 D2DXEDRVEZEDTT,

@ 23 BEORET3EXIIRND ¢ = —kgradT (7— U TOHKA

8-4).

@ ZONODXELOS T, BhES : 2F58% —divg (8-9),

€ div(grad T) = V2T (8-12), 206 [EHYDFHLDE] (CHHILT
BENEDS,

BENEDY OFHLVENAIXEE Y. BOANIPAT, TIEIEFRSI N
TWEET,

A= —IZANEZINVINENE LT, TEDHFTIZEVRENS LDT,
XEROFDEFDL S6IEY), EFFOFOFEFDL SV E, B|UHOAT
ZEET, TOPDIVIZ TEDODIX] 2 ANZZOFE, HEAEBRL VO

D
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o [ZVFNS, STV, TXDIRETHTENS] EWSEULLS AR
75\ 6 T‘TO
O EHDHY RO

BHDEG g (kg ITIF26<EH, 85) &, BHL LIS YUALATEIT £,
BRDNDYIZEEBDERE p 20,

divg = —4nGp (%%g-ﬁ¢9:-4me@)
S|

T3, G=6.674 x 107" (N-m%kg?) I3FHEFIHDEHRTT, ¥1F Ak &
AN ThXHE U] TER TIRWZA] THDHZE MFEIXED) 2RLUTW
7, 811 Tld. ZORTHIREZIROBTHI A, HIEOA TIXEHDOEEN
HFMIEESZDERUANITREZE METg=982m/s?) ZRUELX
(PHEEE 1% 51-2 DKIH).,

@ 5l& ThEHULI & T5F)] TRFES

CZETmALERNE EnE ThXHU (div)] » 157 (rot)] . ZDM
FaePRDEZATUAZ, THITIFEENDYD 7, BIATLIEE0IZRDBR
5. DIHUDGERLEE. ST DHEFFLIBIDBDOND L, BEAEN 1 DIk
ZEPHIONTVET, TNEANVLARIVIDHRENNET, Hik, [hIH
L2 DERS (RDKE —grad ¢ D)1 & [T RTDERS] D= UEIZH T
5hd, W5 ZETT,

% HIHL (div) 57 (rot)

k¥ - - BHOES %ﬁ@%fﬁ 72U (—grad ¢ TEF3)
R %L BiL. BhoBHOM
% KON 5L BEDH B

&) HEOF (2 H) 7L

&6 LALARBED, DTHLEDT

@
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5 (7) () ) (1) (#) (#1)

IRATINEE- -+ F NN VI 5 h il
HEXHLU div F 2 -2 0 0 0 1
57 rot F’ 0 0 0 2 -1 0

RT FRD6 DODH\OHTHLEDT (8-9-8-10 DRERUE)., (7) (1) (A) FD
THUED (D) () B39 (7) [FEBS5ER,

FED6DDH (8-5) Tld, £T7 (8-9-8-10 DRLFAULH) DLz, (7)
(1) (J7) & ThEHUZIT), () OF) & 1532 oFTLE. (V) &
div & rot & 0 2DIZ, 0 TIEHY FHA, B TOIZRSGRWVERDT, 1
DIRED | ORENSIFTNET, EREHMRD 4 2DORIL, [BEFLHBZOD.,
DHDEHULESTIIEZILHDIN] 22HEBENEDRDT, EBFLHBNIES
DT, 80 TFELL IREDHEMNS, DIHTATL, 52T 2EBFFEiHD
2N BROERDADHAFTDEDE>7/=DTT,

HEEDFVTHLD

P SFIBOESAHICRY

KEDETIE, AURBDUBMNILETEINTVET, ROEDFINI D
ADEXS WEY)—-XEFAL). GOFINEMETLIRSGEXHTY, &
ENLN-TE, EoTWVWBHILIXFAUTTY,
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D D& HETLIKRBETH
27 NV (38) E. ¥ E. v (K¥)
¢a[is! grad f Vf
FBK div F V- F
EIL rot F° V x F. curl F
STSVT Y V2 f V2if. Af
L rmom # Iy

S S oV
EDZA ) nds ds. dA

(57 - EORS /////S /‘/SW“’D)

*8 ZNEMNESE. FPFIETLRIESDRII

EfEEDZEVNTHELD BHSSOHERENSNDESS

BEZEHRDOY I AY o IVAEERIT

V'E:p/EO, V‘B:O,

Thd, F1AOWELEER V CTHEIL, TUVADEHEEAVD L

¢, E-dS=Q/e 215,

R AFDOE-BIE CORDKEND E - B, V- & div. Vx [Frot (8-9-8-10),
MFgig VI (E32fK, ToV] (X TVDIRE (RE)I EWVWOEKRT. RMDD 0 &
[FBIDEVS, BIUEEMESIC § £ 1 DEFEVNTVEN, ZOFD §f &
AL (OBALTWSBE), dS [FZDOARD 7dS,
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~EEE \
EAOEEORIE. TOFEL] & (5] O

 BREESODTEL. HRICHSHURRN, EDO3RSEER0S
T, BREEDIBEEB0STEED, 202 DN YEINT,
BHOE (5) HOES ¢ — ;&Ovﬁn5o

AT (- 38) SHOT (BFRCY) id. AYROEE - 2 b —2 2
DEETORNS,

HENOR - 2OXE. grad - div - rot - V? - YIBEHSOEASNHET

E=H3,
\_ J
[ @ cosTHETSRECERE )
YORITIVARER BELHMEOOIHLEYTZ2HRDOS 4 DDRA,
TRER BIB L RIBOLLA. A0S FEMED SRR ED B, HOER,
FET - A= 2BER FROEDON- ) DEHHER, HhOEEDR,
NIVLATRIVY DGR 5B%, DEXHEUEITOES L S TEITOESIIHITEI &,
N\ J
e - - - . N
& UHzEY TEBLSICHROENR?
(Ja>0R%, [hXHLI 2 5F DI LIETHED S, 5571 K=
L] EOW L EMATHDOEMNY ., XOEIDHELEE2E 25,
- 574 R—<
L] mhok - BORDEE2, Z0EDZ LIZICRE 3, 579 R—3
\ J

EHIOHKD [hEHU| & 1573 A, HDOEX FTHRDO TV A
Ph, £9ETIE. ERXEL sin & cos IZHT T, DREZEDEDE
ATV &,

@
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[CHRATEZS ] IR, ERMEZ@DOLSIZESE 2T TVET, LXHE A
UCHODBFIBIZE > THEND LD,

[ 8-1

h(50, 20) = 100 — 25 — 8 = 67,
h(20, 50) = 100 — 4 — 50 — 46, FA
50m - b 20m DFFDIE S BE,
=100-0.01*D$1"2-0.02*$A3"2, D1
1320, A3 1330 2DT,
100 —4 — 18 =178,

0.01z2 + 0.02y2 = 10 % 10 Th->T

2 y2

1000 7500 ~ °

a =+/1000 ~ 31.62 (m).

b =+/500 ~ 22.36 (m).

B 144.72 — 31.62 = 13.10,
10+-13.10 ~ 0.76, It :

31.62 — 22.36 = 9.26,

10 - 9.26 ~ 1.08, L~ EL TS MR,

x =30 T 173, x =40 T 66,
73 -66 =7 FTABMIZ, 78-70=3
TH%, 30+ 10 x g ~ 34.3 (m), &
LDEL DB AN 0.3m,

(1) h =82—0.01z2, 0.01z2 = 16
&V =40, (2) h =84 —-0.0242,
0.02y%2 =18 &) y = 30,

(1) 17+2.5x2=22 (C).
17+252=20"56 z=1.2 RDT,
RS 1.2m OF X OKELRE, (2)
FERERLE TS, FFELDROHE,
C:4+250x100=1.6 (hPa), D:
4+ 125 x 100 = 3.2 (hPa), D DI
DAL 72 ) R T,

h(30, 40) = 100 — 9 — 32 = 59,

h(40, 30) = 100 — 16 — 18 = 66, &

AN 40m - b 30m DFFDIED ME,

=100-0.01%E$1°2-0.02%$A2"2, K1

1230, A2 1340 20T,

100 — 9 — 32 = 59,

0.01z2 + 0.02y2 = 30 % 30 Th->T
$2 yZ

3000 T 1500 ~ 10 *&

V3000 ~ 54.77 (m), EEdt

V1500 ~ 38.73 (m),

B :70.71 — 63.25 = 7.46,

10 = 7.46 ~ 1.34, it :

50.00 — 44.72 = 5.28,

10 = 5.28 ~ 1.89, JLAELIES D&,

z=10T91, = =20 T 88,

91— 88 =3 FA5MIZ. 91-90=1

2%, 10+ 10 x % ~13.3 (m), &

LDMEE DB NG 0.8 m,

E:4+160 x 100 = 2.5 (hPa), F:

4+80x100=5 (hPa), F D5

JEDER S 72D R,

h(60, 10) = 100 — 36 — 2 = 62,

h(10, 60) = 100 — 1 — 72 = 27, B~

60m - 4t 10 m DFFDIE D NEW,

W 7746 —70.71 = 6.75,
10+6.75~1.48, 1t :
54.77—50.00 = 4.77,

10 - 4.77 ~ 2.10, FLANEDIFE S DR,



U1

x =20 T64. z =30 T 59,
64 —59 =5 FA5MIZ, 64—60 =4

. 4
THM%, 20+ 10 x = =28.0 (m), &

5
LDEEDHANEH 0.3 m,

(1) h=68—0.01z2, 0.0122 =9 &
Yz =30, (2) h=299—0.02¢2%
0.02y%2 =32 &V y = 40,

(1) 19+1.5x2=22 (C),
194+ 1.52=20.5 "5 2=172RMDT,
RS 1m OF X DKERHE, (2) K
REFLETD, ¥F4DKROMHE,
0.00522 + 0.02y2 = 20 % 20 Th-

$2 y2
< 2000 " 1000 ~ - *H
V4000 ~ 63.25 (m), FEL
V1000 ~ 31.62 (m). EFALDHEAE
FEOELZDT, EEOW (0.707 £5)
KV EAIZEW,

(1) ¥ 80.79 —81.00 = —0.21, ik
79.78 —81.00 = —1.22, (2) ®
(80.79 — 81.19) - 2 = —0.20, it
(79.78 — 82.18) ~ 2 = —1.20,

of
ox
OF _ 8ay+5 (8 120),

dy

Oh  0.02%20= 0.4 (EAETF

ox
oh
13 - = — — =
))o oy 0.04 x (—30)=1.2 (4k

ANIZEY), dEDEDIFES HE
(1.2>04),

af

(D e

8f _ 2z
87y =€

(2) 99 _ 3cos(3z + y).
ox

=322 — 442 (5y 12 0),

—2e~2% sin v,
€OS Yo
99

By~ cos(3z + ).

%:23}3/,2\ g—‘g)j:xzz\

af 9

= = 2z, = (1 2)7T
s Téy + 22 (1, 3, 2) TiX

12, 2, 7,
of _ s OF o3
(1) 8m72my‘8y74my°
*f . Of 2,2
I — 7 = |
52 294, 042 122%y%, 2 DDIE
EiZEH 5% 8z,

2) of _ 3e3% cos y.
ox
2
%J; = —e3% siny, % = 9¢* cos y.
P s 2 DDIEHIF LS
952 = —e3% cos s, 1
5% —3e3® sin y,

0K 1
1) —— =212 =4, kg,
()Bm 2U 5J/kg

%—Is =muv =6J/(m/s).

(2) %Z =15%0T15%x2=3C
N3,

(1) 3 93.59 —94.00 = —0.41, it
94.38 —94.00 = 0.38, (2) &
(93.59 — 94.39) + 2 = —0.40, it
(94.38 — 93.58) + 2 = 0.40,
of

9 _ @2, .2

D 6y — by,

g:Z 3 _10xy + 1,

dy

O 0.2 ~zrn). 08
ox oy

JFeNiFZEY), EBSETHEITEDILME
IROTEY, DI PR

3x

(1) —8e??siny, e 3% cosy.

(2) cos(z + 5y). 5cos(z + 5y).

OF _ gusyp. O0F _ g4,
aw74my\ 8y73myo

o2 o2

aimjzc = 12$2y3\ @5 = 6$4yo 220D

IEFIZES 58 122312,



U1

588

g:3m2y2 8f 3.2
ox

z2, 3y = x°2%,
of
= =2x%yz, (1, 1, 2) TIX 12,
oy x°yz (1, ) Tl
4. 4,
oP 2x100 -
1V EIF2 28 10W 325,
oP 10000 .

1Q 3T LK 25W A5,
HY¥60—1—1—2=56m,

@ = —0.02z — 0.01y = —0.3,
ox
% = —0.01z — 0.04y = —0.5, FtD
Oy
1E2 D&,
8f _ 3y 8f _ 2.3y
8x_2x6 5 = 3x“e’Y,
o2 f o2 f
—= =2e%, L =9z2e%Y, 200
p e g2 9x“e
IEZIZED 58 6xe3Y,
op . Op
e 0. By 0.
dp
9 = —10094 Pa/m,
—10094 x (—5) = 50470 T. ¥
50000Pa E»35%,

Oh Oh

— =-0.2, — =-1.2, dh
Wi 9% 0 oy d

— 0.2x1+(~1.2)x0.5=—0.8,
A%IE h(11, 30.5) — h(10, 30)
=80.185 — 81 = —0.815,

df =y3dx + 3zy?dy. (1, 2) Tl

8dx + 12dy,

8 x0.024+ 12 x 0.01 =0.28 (A%t
0.2830).,

dv dr dh
7_27+7—2><2+1—5

(%). imidBmDT, E&IIIHNR
W, 5% (R%1%5.08%).,

do_dm Vs 405%, Vs
p m 14

1% D% 05+1=15 (%), b
IFAKRE S TH 1.5%,

t =0T (10, 30), it —0.2 £ 1.2,
dh = (—0.2) x 2+ (—1.2) x (—3)
=-04+3.6=3.2, 12128 3.2m
N3,

0,5 = 180° (sin 180° = 0,

cos180° = —1), 115 (—0.30, 0).
2 13% (~0.25, —0.25), detJ

— (—0.30) x (—0.25) — 0 x (—0.25)
=0.075,

JIE 1478 (—Lysinby, —Lysinp).
2178 (L;cos 6y, Lycos ), detJ
&, —L;sin6; x Ly cosp M5,
—Lgsing x Lycosf; 20W=ZED,
FeHdE LiLy I

(sin p cos §; — cos psin6;) EMNIT 7z
ED, NEEET Ly Lysin(p — 64).
¢ — 0, ZOUDARDT, HIE6 &
o

dx

=—0.3915x0.01+ (—0.2415) x 0.02
= —0.00392 — 0.00483 = —0.00875,
dy = 0.3245 x 0.01 4 0.0647 x 0.02
= 0.00325 + 0.00129 = 0.00454, #J
(—0.0087, 0.0045) (m).

dx __ ox __ :
Gy =3cost, Fp =—3rsin6,
Oy __ . oy __

52 = 2s8in6, 57 = 2rcos b,

det J = 67 cos? 0 + 6rsin® 0 = 67,
HE~6x1x0.1x0.1=0.06,

(38), ==

_ _8.31x273 _ _ 6 3
= —%omeae ~ —4.52 x 10° Pa/m?,

RE*Z 2L 0.001m? (1L)
ST EAIFHK 45620 Pa T35,




dm dp da db dc

T =Py
m

p a b
=14+054+05+05=25 (%), $

2.5 %,
ik gt = —0.4, 92 =04,

v oy
drx =—-0.5, dy =1, dh
= (—0.4) x (—0.5) + 0.4 x 1 = 0.6,
#0.6m 2% (K%L 0.5775m),
df = 32%ydx + 23 dy. (1, 2) TI&
6dz +dy, 6 x0.01+0.03 =0.09
(AR¥%1X0.0915),
W=2x05+2=3 (%), #¥13%
(K%L 3.02%).

A = dv 4B v +1%, R A
1% 0Dx1+1=2 (%), ¥ 2%,
t =0T (—20, 10), i 0.4 &
—04, 04x4+(-04)x1=12,1
AIZH 1.2m EAB,

015 =90°, 117

(—0.30 x 0.866 — 0.25, —0.25)

— (~0.510, —0.25). 217

(0.30 x 0.5+ 0, 0) = (0.15, 0),

det J=0—(—0.25) x 0.15 = 0.0375
(=0.075 x sin 30°),

dV—da  db 1 dh _717142=4
(%) § IFERDTEIEITIFZINA

Vo 1 4%,

dz =—0.510 x 0.02+ (—0.25) x 0.04
=—0.0102 — 0.0100 = —0.0202,

dy =0.15x 0.02 + 0 x 0.04
=0.0030, # (—0.020, 0.003) (m),
det J &,

(—Lysin@; — Lysin1y) x Lqycos O,
M6, (—Lysinbyy) &

(Lycos By + Lycosbyy) DFEE VW=

U1

ED, BET2L L2 OEIXHEAT,
L,Lysin 0,5 cos 0,

—LqLgycos 015 8in 0, 2¥5%5, IEEE
T L Lysin(fy, — 60;). D%V
L,L,sin 0y,

(%) ==z

= 33l ~8.2x10°m? /K, EN%

ZZTINEEE 1K EIFd L. (KT

#0.082L 525,
dp _dm _da _db _de g0
P m a b c

+0.5%. a. b, ¢ —1% TOD& X,
05+1+1+1=38.5 (%), WHIXA
K%< TH 3.5 %,

t=10T (0, 0), RiFELH5E 072D
T, 0% (—3)+0x (—2) =0, THEIZ
BT, TIRESLROT, &3 (2
D) EH o,

z TR —0.02 x (—=10) = 0.2, y
TR#S —0.04 x 15 = —0.6 T,
grad h = (0.2, —0.6), IKOAX X%
v0.04 +0.36 = V0.4 = 0.632, A—
Vi (—0.2, 0.6) DA%,

(1) é=(0, 1) T—04 (FY),

(2) &= (—0.707, —0.707) T
0.283 + 0.283 = 0.566 (1Y),
gradh = (—0.4, 0.6), X

V052 =0.721, LY DX
(—0.555, 0.832), fEX 0.721 (tan?
T# 35.8°), A—Ilid

(0.555, —0.832) DA%,

(—0.4, 0.4) 7. ALEED (-1, 1),
ZORMOD (1, —1), A

@



(—0.4) x 1+ (—0.4) x
X3 -1,

(1) (y¥*+2, 2zy) IZANT (3, 4).
(2) (3, 2y, 22) IZANT (8, 4, 2).
£X/9+16+4=129=5.39,
grad U
= (100 x 0.06, 100 x (—0.08))
= (6, —8), F=(—6, 8) [N), KX
10N (REDIEFSIANBIXE ET),
grad T = (—60, 80) (K/mJ,
G=—1.6 x (—60, 80) = (96, —128)
(Wm?), k¥
V962 + 1282 = 160 W/m?,
grad ¢ = (—120, 160) %D T
E = (120, —160) (V/m), KX X
200 V/m, FEEMFROM S
(160, 120). 5L LT (4, 3).

E- (4, 3) =480 — 480 = 0 TEf,

(—1) =0, &

1.2cos0=0.6 £ cosf =0.5,

0 = 60°, 270° —60° = 210° &
270° 4+ 60° = 330°,

grad h

= (—0.02 x (—20), —0.04 x (—10))
=(0.4, 0.4), IROKZXX

V0.32 = 0.566, R—Iix

(0.4, —0.4) DA% (),

(1) (—0.8) x 0.707 + 0 x 0.707
=—-0.566 (TY). (2) é= (-1, 0)
TO0.8 (kV),
gradh = (0, 1), |gradh| =1, £V
DEE (0, 1) (k). X 1 (45°),
R—IE (0, —1) Df* (7).
grad h = (0.6, —0.4), EARKHIL
(—0.4, —0.6). /I (0.4, 0.6)

(2, 3) TEH &), MM

0.6
0.24—-0.24=0, tEX — =1.5,
2 0.4

(1) (2zy?, 22%y) IZANT (8, 4),
(2) (2z, 2y, 22) IZANT
(2, -4, 4), X V/4+16+16=6,
gradU = (12, —16), F = (—12, 16)
(N), KZX 20N,
grad T = (—30, 40) (K/mJ,

G =—0.6 x (—30, 40) = (18, —24)

(W/m2), K% X 30W/m?,
grad ¢ = (300, —400) DT
E = (—300, 400) (V/m), kXX
500 V/m, HEAFOM X1
(—400, —300), %< LT (4, 3).

E (4, 3) =—1200+ 1200 =0 T
EA,

0.8cos@ =0.4 &Y cosf = 0.5,

6 = 60°, 180° — 60° = 120° &

180° + 60° = 240°,

(1) gradh = (0.6, 0.8), AKX 1,
(2) 0.6 x 0.707 + 0.8 x 0.707
=0.990 (EY). (3) (0.8, —0.6) (%
7213 (—0.8, 0.6)), MF#E
0.48—0.48 =0,

(1, 0) T (1, —1). KZ¥ 141,

(0, 1) T (1, 1), k%141, (1, 1)
< (2, 0, kXX 2,

(1, 0) T (0, 2). (0, 1) T (-2, 0).
(~1, 0) T (0, —2). (0, ~1) T

(2, 0), ZEY (FEEtE RMEY) DS
9T, REXIEhE 2,
r=+v0.364+064=1, kXX

8.99 x 10 x 2 x 1072 + 12



=17.98N/C (#18.0N/C), mX
(0.6, 0.8) T, E = (10.8, 14.4)
(N/CJ.

r = 6371+ 35786 = 42157 (km),
9.82 x (6371 + 42157)2

=9.82 x 0.0228 = 0.224m/s?,

(1) % = %m ydy = —zdx &V
2?4+ y?=C, C=25+144 =169
T, 22 +y% =169 (4% 13 OH),
(2) %:%:% &Y y=ax.
3=a T, y=3ux
v, =4 x0.54+2x0.866 = 3.732,
v, = —4x0.866 +2x0.5

Y

— —2.464, (3.73, —2.46) (m/s), &
XX (/3.7322 424642 = 4.47. %
e V16 +4 = V20 = 4.47,
—grad T'= (2z, 4y) T. (2, 0) T
(4, 0). (0, —1) T (0, —4). (1, 1) T
(2, 4), (1, 1) D grad T = (-2, —4)
EALEREOME (—4, 2), NE
2x(—4)+4x2=0,
(1,0) T (2, 1), kXX 5=2.24,
(0, 1) T(~1,0), KXX1, (1, 1) T
(1, 1), KX X 141,
(1, 0) T (0, —3). (0, 1) T (3, 0).
(=1, 0) T (0, 3). (0, —1) T
(—3, 0), HEY (EFHEY) O5FT,
REXXIEND 3,
=0.5, R&X

8.99 x 10° x 3 x 1072 = 0.25
=107.9N/C (¥ 108 N/C).

E =(107.9 x 0.6, 107.9 x 0.8)
— (64.7, 86.3) [N/C),

U1

1) 22+y2=0C.
C =36+ 64 =100 T 22 + y2 = 100
(EEZE100A), (2) y=az. 2=4a

£V y= %azo
v, =5 x0.866+0 x 0.5 =4.33,
v, =—5x0.54+0x0.866 =—-2.5,

Y

(4.33, —2.5) (m/s], A¥X
V4.33% +2.5% = 5.00,
r=6371+20200 = 26571 (km),
9.82 x (6371 + 26571)2

—9.82 x 0.0575 = 0.565m/s2,
r=12742km (EFED 2 %),

9.82 x (1) = 2.46m/s2,

(—0.8, 0). (0, —1.2). (0.4, —0.8),
(20, —20) » gradh = (—0.4, 0.8) &
EAZESHROME (0.8, 0.4), P
0.4x0.8+(-0.8)x0.4=0,

(4x, 2y) T. (1, 0) T

(4, 0). (0, 2)T (0, 4), (1, 1) T
(4, 2), (1, 1) ® gradT = (—4, —2)
CEARERBROME (2, —4), AHE
4%2+2x%(—4)=0,

(1) (0, 2), FikkiE 22 + % =4 (B
20M), (2) v, =0x0+2x1=2,
vy =—0x142x0=07T (2, 0).
EIU7-8 (o/ 2MEmE) TR e, &
Elig " D,

—grad T =

x e

(84 8z +4y) dz = 22 + 8y,
f(22+8y)dy:260 y 5
f(8+3m+4y)dy—10+3w
[2(10 + 32) do = 26, 26kg,
©2 (§

mdx)(f y3dy)—2><4 8.

@



U 10

TR IR 2

ﬁgdx:[%“] =2, iR : PR
ul—s) fo (2yfy;>dy:4f2:2°
Al 2,

RADDDIE y =3 — to, E

[ (3/ )dx_9 [[zdA

— [f2(8~ Jo)dz — 54— 36 — 18,

J[ydA = fOG %(3— %x>2dm =9
B (2, 1) (m).

WFET T = 0,

[fydA = 2 = 0.018, Hik

TR~ 0.1414, j =42 ~0.127,
& (0, 0.127) (m).

WEMET =4 [[r?dA. #VERT
%j(;er x 2mrdr = ”54 = %‘fo
720,06 ~ 6.36 x 10~ m*,

Q= M

= %0022 ~ 3.14 x 104 m3/s,
DF VU 314mL/s, FHDHEX

“gax — 0.25m/s,

DY o = 10V40 — 2. 7= TO¥SE
b =540 — z T,

A(z) = wab = 507 (40 — z),
V=507 ["(40 — 2) dz = 507 x 800
= 400007 ~ 1.26 x 10° m?

01Z0M5 T,
[T sin®0do = ['(1—u?)du =2,
I= pXRX3><2 4“1P5R5‘

M= 27pR? 20T I = 2MR? (3R
RCH).
D4_d4
=1.296 x 105
=1.04 x 1075,

—5
[ = m0A07 ~ 511 x 107" m?,

—2.56 x 1078

FIreiz

5+ 10 + 15 = 30,

10 + 20 + 25 = 55,

15+ 25+ 35 =75, &%

30+ 55+ 75 =160 (mm), {Ki&
160 x 1000m® = 1.6 x 10°m?3, ¥
160 -9 ~ 17.8 mm,

P 2+4z +6y)dz

=36+ 18 + 18y = 54 + 18y,
(54 +18y)dy = 54+ 9 = 63,

63 kg,

<£3$2dw)(£1y2dy) =9x3=3
RRDOIE y =3 — 3z, HHE
f(8-3a)ds =6. [[odA =8,
[[ydA=6. &b (4, 1) (m).
HWHRET z = 0,

y =58 = 206 1 0.255, E=i

(0, 0.255) (m),

4
md! _ w010 1 4.91 x 10 S m?,

max RZ
Q=

= %0'0052 ~ 1.57 x 107°m3/s,
% 15.7mL/s, FHDEX 0.2m/s,
&it
10+15+4+20+ 25+ 30+ 35 =135
(mm),

135 x 1000 m? = 1.35 x 105 m?,
7= THR f(;?’ %2 dx = 4.5, iR :
PuB-ydy=135-9=45, %
A3 4.5,

a=10V60 -z, b=5V60—2z T,
A(z) =507(60 — 2),

V=507 x 1800

=900007 ~ 2.83 x 10° m?,



8-7

M = 17850 x §7 x 0.13 ~ 32.9Kkg.
I=2MR? T,

I~ %x329x0.01~0.132kgm?,
D*—d* = 0.05* —0.04*

=3.69 x 106,

6
I = 736907 ~1.81x 10 "m?,

Fy:EA
[l2wds + [f2ydy=1+1=2. &
Bb1+1=2, F,: A
[rodz + [Y(-1)dy=-1. #B
frody+ [f1dz =1,
Ft)=(1—t, t). 7' = (-1, 1),
Fy = (t, 1—t) TH&
—t+1—t=1-—2¢,
[la—2ndt=0, Fy=(—t, 1-1)
TAMt+1—t=1, ['1dt=1
dr = (1, 32?)dz. F; = (23, ) TH
& 2% + 32°% = 443, fol 4z3dx =1,
Fy = (—a?, «) THE
—a® + 82 =223, [ 22%dw = L.
d7 = (—2sin6, 2cos)do, F, DA
M2 4T, [774d0 =8r. F) DMK
I 4cos20 T. [*"4cos20d6 =0,
Fy : @B O#s —1, $ L2K/M0 (7
DD O D), HF 1, F, :EBD
o1, & LBXME -1, &5 0,
BB 0.4 x5%x9.8=19.6N, (1)
YMDEYX 27 ~ 6.28m, F
~19.6 x 27 ~ —123J, (2)
~19.6 x4 = —78.4J,

(1) U= mgz T,
2x9.8x5—0=98J (ROWIZLS

U 10

W), (2) U= —2y T,

U, 2)—U(2, 3)=0—(—6) =64,

Fp: Tl o0, 0D [*2dy =4, k

DL [ (~2)dz =4, £DLO. &3 8

(=2x T 4), F,: REFHEDTO,

ds =2d0. ["*(1+cos0) x 2d0
/2

:2[9+sm9}0 =2(3+1)

=1 +2~5.14kg,

14® : (1, 0) 5 (0.5, 0.866),

AT = (—0.5, 0.866), A+

(0.75, 0.433), F, = (—0.433, 0.75).

PFE 0.2165 + 0.6495 = 0.866, 6 &

LEFELURDT, 0.866 x 6 ~ 5.20,

HREOZE 3 x 103 m3, & 1:

300 x 103 x 3 x 1073 = 900J, &2 :
100 x 103 x 3 x 1073 = 300J, -
T< EHDEH 200kPa T,

200 x 103 x 3 x 1072 = 600,
BAHEANEF, =2y=0T0, £~
¥ F,—=x=1T1 &i 1, #B: Lk
ANEF,=0T0, AN F,=2T
2. &it 2,

F=(t t), 7’ =(1, 1), F=(2t, t)
TAM 3L, [ 3tdt = 1.5,

dr = (1, 2z)dz., F = (222, ) T
g 222 + 222 = 422,

fol 4z%dz = %,

7= (2cos0, 2sinf). 0O, W
Wik 4, [T4d0=4m.

ds = do,

[7%(3 +sin6)do = [39 — cos 9}

/2

0
— 37 4 1~5.71kg,

@



h(40, 10) = 100 — 16 — 2 = 82m,
60 x 9.8 x (100 — 82) = 10584,
1.06 x 10*J (L¥DETERL),
BADHMEL (FHEL)., € X5XH
IZFE 2 0 1.5 DT 1.5, &Ff
—0.5,

TOLO, HOL [ 1dy =1, k03D
[ 2dr = -2, om0, & 1.
BIEEHE S 0.25 x 20 X 9.8 = 49N, (1)
—49 x 10 = —490J, (2)

—49 x 14 = —686J,

HHEDZE 3 x 103 m3, #E1:

400 x 10% x 3 x 1073 = 1200J, & 2
100 x 10% x 3 x 1073 = 300J, -
F< 1250 x 103 x 3 x 1072 = 750,

(1) 3x0.2x0.707 ~ 0.42m?/s,
(2) 3x02x0=0,
TEA (2, 0, 0). (0, 2, 0). (0, 0, 4).
D (—2, 2, 0) & (=2, 0, 4) DIE
(8, 8, 4) DEHT AR — (4, 4, 2),
& /16 + 16 + 4 = 6 m?2, @Y &l)
2E448+6=18md/s,

(1) 60 +0.707 ~ 84.9m?, (2)
0.006 x 60 = 0.36m?® (360L),
PR

1.5
/0 (0.5+0.52)dx — 0.75 + 0.752,

2
S / (0.75 + 0.752) d=
0

2
= [0.75,2 4+0.37522] =1.5+15
0
=3.0m3/s,
2
Vi % 12 R =0.015.

Upax = 0.4 ZANT

U 10

T X 0.00()2225 X 0.4‘ %

1.41 x 10~*m?/s (1 BRIH
141mL), FHDEY 0.2m/s,

(1) 8 x47m x 3%2=1087 ~ 339.3,
2.0 x 107 9 "
BIZE S0,
ndS = (2z, 2y, 1)dz dy.

F-(2z, 2y, 1)=z=4—1% #Z
21 2

r <2 0DOH, / / (4—7r2)rdrdo
o o

:27r[2r2—%4]2

=8m~ 25.1,

=27 x4
0

F .7 = Rcos?0,
dS = R?sindfdy.
2w R3 27 x 27
3 3
(1) H# 47 R? =
(9 lj: 0~7T)o

0.15 x 113.1 ~

47 R?

— =4
ey %,

rz=1: // (14+y)dydz=1.5,

—(0+y)=—y T —0.5,
y=1:12x1=2, y=0:0, z=1:
1, z2=0:0, &%

15— O5—|—2—i—0—i—1—i—0=4c

=187 ~ 56.5,

47 x 9~ 113.1m?2
VA

17.0L., (2)

:L‘_

(L 11) (1) x 4mR? = 127 ~ 37.7 (£4%
Iz J:b&h‘) (2) & 127 DT,
1o@ﬁi12—”_2w~628

Ci12) (1) 2#(1 —0.866) ~ 0.842sr, (2)

U 13

0842 0.067. (3)
47

2 x 0.067 ~ 0.13W,
2x(0.6x0.5+1.2x1.0+0.6x0.5)
=2x1.8=3.6m3/s,

(1) 25x0.6x1=15m3/s, (2)
2.5x0.6 x 0.5 =0.75m?/s,



T e

(e
-

T4 (2, 0, 0). (0, 3, 0). (0, 0, 6),
(-2, 8, 0) & (—2, 0, 6) DHE
(18, 12, 6) DEAHT An = (9, 6, 3).
BOBITDEI+6+ 3 =18m?/s,

LS RAEBEITITHRES,
0.002 x 120 = 0.24m? (240L),

3 3
/ (0.640.22)dz — [o.ez +0.12]
0 0

=1.8+0.9=27m3/s (i

TR Umax - b _ 0,005, u

2 max
0.000025 x 0.6
2 AnT =X “U0

2
2.36 x 107° m?/s, 1 #RIITH
23.6 mL,

FF 1),

=0.6

1.5 x 47 x 1.5% = 13.57 ~ 42 .4,
z=1T2 2z=0TO0, y=1T1,
y=07TO0, 2=1T—-1, 2=0TO0,
FEit2+1-1=2,
3x(1.0x0.54+2.0x09+1.0x0.5)
=3x2.8=84m?/s,

27(1—0.707) ~ 1.84 sr, &{kD
1.84

I = 0.146 £5.

ndS = (2z, 2y, 1)dzdy.

F.(2z, 2y, 1) = 222 4+ 22 = 2r2,

Ve
:27{*} =927 x2=4r~ 12.6.

2 1y
27 R? 27 X 64 1287
= = ~ 134.0,
3 3 3 34.0
2
(1) = x47R? =87~ 25.1, (2)
8w 47r
— =—=~4.19, (3) 0,
6 3 (3)

(D) E (&Enamssiisd). (E) 0
(57 A27=3720d5), (F) & (%
EEALERE T, ANTIEERY,

BEOLNSABEDIES N, EDTLS
H22LHDZW0),

_12_1 +% =-1+0=—1,
—1/s (BRDT, RNIH),

EE
(0.2-0.4)+(0.2—0.3)=-0.3, A
E

(0.3—0.2) + (0.1 —(—0.1)) = 0.3,
EF

(0.5—0.0) + (0.3 — (—0.1)) = 0.9,
BT

(0.1—0.5)+ (—0.1—0.2) = —0.7
(BAL /5)e WHIZABRDX H UIRE

T, &8t 0.2, A FEDHVIE A
0.3+0.1, £0.4+0.0, k£
02+0.1, F-0.14+027»56

04—-04+03-0.1=02T%FL\W,
O(z +2y) OJ(4z — 3y)
1
W Ox - oy
=14 (-8)=-2 (¥ITERNZ

Mo (2) 24+b=0&HD b=-2,
(1) y+2y+1=38y+1, (2)
2,1,0)123+1=4>0ThXH
L. (0, —1,3) I3 —3+1=-2<0

TR A, (3) y—f* DYHE Dk,
ER v, =y DEAFRDEIX
(2+%)><1 & —(2—%) x1l, 72UT

h. EEEMNFT R, BEEFH:
(1+54)—(1-2)’=2nC2nd, E
h

T:lh—(—L4)=hThS &Ft 4R35,
h® Th->T4 By+1ity=1%Ah
fc'ﬁgtlﬁju)o
ov,, y? —a?

= — xi\
Oz (w2+y)
ov 1; —y
L =-2x —5—5= T, =&
AT
(RABM). = (2, 1) Tl

@



x)

(L9)

~-

1-4
9x % _024r
* 795
41
_ox 1 0.4,
><25 0

(1) 0.8x2.5=1v, x 0.4 £V
vy = 5.0m/s. (2)
0.8m/s x 0.00025 m?

— 0.0002 m?/s,

x60s/min = 0.012m? /min,
«1000L/m? = 12 L,

(1) 1500 + 1500 + 0 = 3000 W/m?,
(2) 2L =0.002m?3,

3000 W/m? x 0.002m? — 6 W.

(7) 0 (FEXIZZEA> 72N, (1)
E (EAFUEEHEY : EOINGHS
ENZW), (V) & (BEaihid, &
ZIZBWEYATEASENS ),

4-1 0-2
-t =3-2=L1/s b
*HL,
03-05 0201

0.2 0.2
=—1+(-15)=-25, —2.5/s. &
WA,
ZF (0.6 —0.1)+ (0.4—0.2) = 0.7,
EE
(0.2—0.6)+ (0.0—0.1) = —0.5, %&
T (0.3-0.3)+(0.2—-0.0) =02, &
T (0.5—0.3)+(0.1—0.2) =0.1 (8

fii /s). AEF 0.5, HAEDVIE A
0.2+0.5. £0.14+0.3, E
0.4+0.0, F0.0+0.2»5
0.7—0.4+0.4—-0.2=0.5 TEL,
(1) 5+2=17, (2) 0+0=0, (3)
2+1=3,

divi=4+c=0%&Y c=—4,

(1) 242—-22=2—2, (2)
(1,0, )i 2-1=1>0ThXH

(8-10_
Cx)

(C2]

L. (0,5, 3)12-3=—1<0 Tk

WIH, (3) 2=2DFED L,

(1) 1.2x3.0 = vy x 0.6 £ V)

vy =6.0m/s, (2)

1.2m/s x 0.0003 m?

— 0.00036m?/s.

x60s/min = 0.0216 m? /min,

x1000L/m?3 = 21.6 L,

(1) 800 x 3 = 2400 W/m?, (2)

1.5L = 0.0015m3,

2400 W/m?3 x 0.0015m® = 3.6 W,

(1) 2z + (—22) =0, (2) £ZITHZ

W (EZTHFEEO D, MEE BTN,

D y+z+z, (2) 2+3+1=6,

(B) 2+0+1=-1<0TRNIH,

Eg:( +h?_2-ny—4nc
o BEFH v, = zy DEAFOME

F2x 2 r-2x(-4) ZLUT2hT
LT —h—L=—hT-h3

A7t 5R3, K3 Th->TH5 Bz —11C

z=2% AN/ELHEL),

Ov,, y? —a?

ox 3 x W\
8vy z? _y

=3X —5—%55 C\ 7-3&0
Jy * @) 7
(RSN, = (1, 2) Tl

3x4_lzossa

1-4
25

3 x = —0.36,

(1) FiEpraAaxIsEy (RIFrEm
%) OT, ZHY, (2) FILTFTTRU,
= CIFEATHRUZRDT, BS6R,
(3) AIFETRAXIZEVNDT, AEY,
BB
(0.6—0.2—1.0-0.2)x0.2=—-0.16



(m?%s), EERIF —0.16+0.04 = —4

(1/s), REIZAEYIZ 2rad/s,
oF,

(1) -1-4=-5, (2)

=1.
oz
OF: _ 2o mEgid1— 22 &
dy

(2, 3) T -3,

@ 28y too178y . @ m
ik —0.4 20T, AMEYIZ 0.2rad/s,
1 E#ERIZ 27 = 0.2 = 31.4 7,

1) 2B 1-0=1, y &»
1-0=1, 27 1-0=17T
(1,1, 1), (2) = &S
2zy —2xy =0, y BH y2 —y? =0,
z B4 2yz —2yz =0T (0, 0, 0),

(1) 1#MZ 1200 +~ 60 = 20 EERZRD
T, w=20x 27 =125.7 [rad/s). [
#7203 2w = 251 (1/s],

(2) ¥=(22—2y, 2z, —2x)., [EEEIX
D 0—-0=0, y &Ko

2 (-2) =4, zHH2—(-2)=4T
(0, 4, 4) =2, AXX 4V2, AHIZ
0, 1, 1) DX DEDEHY I
2v/2 ~ 2.83rad/s,

(1) Fyld1—1=0THEN F i
—1—1= -2 CTHEREATITR,

(2) U= —2%—xy+ g(y).

_oU _
Oy
g= 1% U= —(2®2 +zy+9?). 1

HIX0—(—3)=3d,

grad f = (322 + 42, 2zy). EERIL
2y —2y =0, (2, =, y) DEELRIX
(1,1, 1) T, #&IE0+0+0=0,

x—g(y)=x+2y &£V

_ _ 5
(1)B_727T><0.02 5x 10
T, & =(0, 1, 0) T. Mk

€, xé.=(-1,0,0) (z DEDA

%), (2) ZOETIE 0, BROFTIE
5

7 % (0.0005)2
= ST/m (Z @r"ﬂ%)o

(1) EIFEERZIITENDOT, AEY
(E# —2), (2) AIFE EAZITHERND
T, £Y) (E#2), (3) EIFLER
% (EEY) 0E%), BlzeTEE (A
| OEX) THHEL, BISARW
(EEE —1— (—1) =0),

BRI

(0.94+0.4—0.5—0) x 0.4 =0.32
(m%s), [E#zi% 0.32+0.16 = 2.0

(1/s), Z[E Yz 1.0rad/s,

OF
v _ 2
or 327,

poj = 4m x 1077 x

(1) -2—-5=-7, (2)
a;;z = 2zxy T, [E#EZ 322 — 2xy.
(1,2 T3—4—=—1,

(1) v, =0.5—0.5¢2 T, [EEzIE
—(—y) =y (U/s), (2) ML —0.6 7
DT, AEYIZ0.3rad/s.

(1) 22 0—-0=0, y &Y
—-1-1=-2, 25 0-0=0T
(0, -2, 0), (2) 2P 3-3=0.y
B3 0—0=0, 273 0—-0=0T
(0, 0, 0),

(1) w=27+4=1.57 (rad/s). Eiz
1% 3.14 (1/8), (2) ¥ = (—by, 5z, 0),
mEEl% (0, 0, 5 —(—5)) = (0, 0, 10),
EERI% 3 — 3 = 0 THREN,
U=-3zy+g(y).

—g—(y] =38z —¢'(y) =8z +2y &V
g=—vy% U= -3zy—y> HERZ
0 (-6-1)="17J.

47 x 1077 x 20 s
(l)B—W—élxlO

T, €, =(0, -1, 0) T. Xl

@



@

&, xé =(1,0,0) (z DEDHX),
(2) o) = 4 x 107 % %
=2T/m (z DAEX),

v, = 0.9 —0.4y> T, [E¥EI% 0.8y,
y=1TO0.8%DT. EEVIC
0.4rad/s, 1[E#IZ 27 = 0.4 = 15.7
.,

TEERIE

(0540208 (—0.1)} x 0.3
=0x0.3=0, AEEEH 0T, AHEIH
5780,

grad f = (2xy? + 2y, 222y + 2x), H
53 (doy +2) — (dzy + 2) = 0,
(2,2, 0) DFEEHL0+0+0=0,
U= (—2y, 2z — 2z, 2y) (x &5
wyz —w,y=0-—-2y. y Ko

W, —wyz=2x — 2z, z KD

we Y —w,x = 2y), HEERI x B
2—(—2)=4. yFHP0—-0=0. z &
52 (~2)=47T (4, 0, 4) = 28,
AREX 42, BEIZ (1, 0, 1) DA%
DEDEHYIZ 2v/2 ~ 2.83rad/s,
E#zl (20 + 2y) — (22 +2y) =0 T
BN, U= —a’y—ay® + g(y)s
—g—g =22+ 22y —g'(y) = 2% + 2zy
&V gl3EH (0).

U= —(2%y + zy?). HFX
0—{—(2+4)}=64J,

divF=1+2+3=6,

6 x 5m x 23 =64 (9201),
£ir=10ETFE, =y
J[ydydz=0.5, y=1DET
F,=2T05, 2=10ETF,=x

U 10

T05, z=0-y=0"-2=0DHEIE
0, &3t 1.5, A :divF =y + 2z + .
Jl[(x+y+2dV=05+0.5+0.5
=15,

FAU-24iE 3 x T =37,
(=0, TA%) TR F-n=-2=0
T 0, BWEIE 3 —0 =2 (94.71),

4.90 x 1012
(].) m =1.62 m/szo

(2) My =2, r=8© REo Lo

VS\ 7‘ Z

0.81m/s?%,
(10 9.0 x 109 x 2.0 x 107° _ 18
0.22 0.04
=450N/C,
2) 2%x9.0x10%x2.0x107?
26 0.05
= 505 = T2ON/C.

(1) £k 113 % 454 LTH
28.2Nm?/C, (2) FIZEHHBENDT
0.

(1) 6m?%/s (BIZ& 5%40),

(2) 6+ (—6)=0, (3) vx2Trx1=6
Vo= % =0.955m/s,

E: 1 HEDHxr=2TF, =2y,
[2ydy=4. tomy=27T

F, =4, [*4dz =8, L TOLI 0,
&3 12, £ divF =y + 2y = 3y,
foz f023ydasdy =2x6=12,

(1) Emxogstix
1000 x 9.8 x (1.2 — 1) x 0.04
= 78.4N,
pgV =1000 x 9.8 x 0.008 = 78.4N
TRU, (2) 1000 x 9.8 x 57 x 0.053
=5.13N,

E#EE 2 — (—2) =4, (1) HDD
[’ 6dy =18, Lo
— J}(—6)dz =18, FLEDLI0



T. &3 36, 4x9 =36,
(2) 4 x 47 =167 ($50.8),

(1) 0x0—5x0=0.

5x2—-5x0=10,
5x4—-0x2=20.
0x0—-0x4=0, A=1x30=15,
(2) vdy —ydx = 4dt.
A:%X4><27r:47r0

(1) 5x 21 =107, (2) EAEaeMIE

U 13

U 14

U 15

DT 107w, () FEEMNI ERVDT
0,

47 x 1077 x 20 s
(2) I¢:20X%:5\
47 x 107" x5 _3
arxo001 L1100

(1) 2 x 47 = 87,

(2) dS =4sin0dfdp T,
fo%fog2cos0 x 4sin0dOdy
=27 X 4:87T°

(1) mx0.12 x 0.2 =6.28 x 102 V,
6.28 x 102
27 x 0.1
divF =6, 6 x §7 x 27 = 2167 (9

679),

(2) E= =0.01V/m,

Eix=10DHET

J[(1+y)dydz =1.5. = =0 DMH
hraxit —z) T

— [[ydydz=—0.5, y - z DEERE U
T, A3 (15-05)x3=3. &:
divF =3, 3x1=3,
BAU7=2/81d 3 x 27 =27, S/ (F
M%) & F-n=-2T-2r, F—A
% 27 — (—27) = 47 (¥ 12.6),

4.28 x 1013
(1) m = 3.72111/820

(2) ZD¥50 1.86m/s2,

(8-12 ]

9.0 x 10% x 4.0 x 107°

(D)

0.09
=400N/C,
2%x9.0x10°x3.0x107?
(2) 03
= 270N/C.
2.0 x 107

z0 1 o 37.7Nm2/C, (2) 0,

(1) 2m?%/s, (2) v x 27 x0.25 =2
0 v=24 —127m/s.

v
E:EADBLx=2TF, =4,
4x1=4, LOPy=1TF, =2
2x2=4, £LTIX0, 558, &
div F' = 2z + 2.

[ 2e+2)dedy =8,
E#2i% 3 — (—1) = 4, 4 x 97 = 367
(9 113),

0x0—-6x0=0.
6x4—-0x0=24,
0x0—0x4=0, A=1x24=12,
Bx21x001=47rx 107" x5 &V
B=1x10"*T,

1000 x 9.8 x %ﬂ' x 0.23 = 328N,
(1) ERENZOLDT 2 x 21 =4,
(2) HEENZIERODTO,

FI#R © 2 x 97 = 187, ¥k :

dS =9sin6dfdy T.
f027rj(‘)%2c0s0><9sin6d0d<p
=27 x 9 =187,

(1) 7x0.04 x0.05 =6.28 x 103

6.28 x 1073
P: ? _40=45-40= 15 THRZ
212

%, QIT—60:53—60:—7’G‘
mzid,

@



V2f=24+8+2=12, gl&. o T2
EfR#S 35 L 0. y T2 ERMHS LT
& 072DT, V2g=0,

V22 =0.06+0.02 = 0.08, F#8

25 x 0.08 = 2.0, £ (20, 10) I
=13, H28-7H4-4.16-F 12T
¥ 15, #1513 =2.0,

4A =80+20+0+ B,
4B=A+20, 22D05
A=4B—20, 1 2DIZANT
16B—-80=100+ B, B =12,

A =28, Al328C. Bix127C,

80 40 20 0
R
=20+10+5+0=35, 35C,

62-2x58+50 4 _ o

0.12 - 0.01
(C/m?), FHIE 56 CT, FAH

(58C) MIFHNE N (LIZ),

(1) d—f =473, 72 x 4r% = 475, 5
dr
LT 2074, 712 T T 2002,

(2) rx2r=2r2, W5 LT 4r, % %
NI T4,

60 =20a + b, 0 =10a + b, U\ T
60 = 10a. a =6, b =—-60,
¢:§—600 r=0.075T
80—%0:20Vo

40 =100+ aln2 M5
—60
a = m = —86.60 T = 003 T

T =100 —86.6 x 0.405

=100—-35.1=64.9C,
? ~30-32-30= 42, B3,

10+ (—2)+4=12 (zyldz T2HE.
y T2ERBATZLELSE 0),

V2f=10.04+0.04 = 0.08,

2
5Z x 0.08 =6.25 x 0.08 = 0.5,

4A =40+ B, 4B=A+20, 12®
M5 B=4A—40, 2 2DIZANT
16A—160 = A +20, A =12,
B=8, Al¥12C, BIZ8C,

25+ 25+ 10+ 0 = 60, 60°C,

30 — 52 + 20 -2
0.022 ~0.0004 —5000

(C/m2].

df 2 2 2 4

= =872, r2x3r2=38rt, WHLT

1273, % ZMFT 127,
r

¢=%+b <. 50 =5a + b
0=25a+b. a=20. b=—50,
r—0.3T66.7—50—16.7V.

T N
T:90+alnﬁ LB,

—60

a= 0693 = —86.6,
T=90—86.6 x 0.405 =90 —35.1
=54.9C,
g = —E\ r2 ZNFT —g\ L
dr r3 r
<2 Lanuc i, oo

r2’ p T

T, AEIRWN,

2% 160+ 0.3 x (100 — 120 + 40)
=60+6=66C, 3&D:

40+ 0.3 x (60 — 80 + 30) = 40 + 3
=43TC,
4x10°%x0.6

D) r= =5 5022
FOAZVDT, Zhhd,

0.0022
(2) m =0.5s,

(1) 3+0.1x (~12) = 1.8, f&&
1-04=106, (2) 1-2.8=—1.8f%
To, DRENSE->TI b,

=0.6, 0.5



oT o*T

E = —0395 Tc OZW

— 1074 % (—3944T) = —0.394T T
0.693

=1~ _ ~1. d\o

RU, t 0395 1.75 %

£2:14+40-0=1, £3:
3+40-0=3, £4:1+1-1=1,
£5:0+3-3=0, £6:
0+1—-1=0, 1, 3. 1, 0, 0 (1u»'&

N1 YAEARE),
82y 82y
— = —1500%y, —5 = —25y,
gz ~ 1500 g =25y
2250000
2 T e——
c = %5 90000,
c=300m/s, 5(x + 300t) RDTEAN
£5,
100 2
)\_m_O.Smo k—ﬁ~12.6

(Um), w = 27 x 200 ~ 1257
(rad/s), ck = 1260 T. FDHDH I
TR,

v =5 x 3600 = 18000m /h

— 18km/h. %f — 0.01°C/km,
0.5+ 18 x 0.01 — 0.68, 1 M=
0.68C_ENB.,

2 %D : 60 +0.25 x (90 — 120 + 40)
—62.5C, 3 & :

40+ 0.25 x (60 — 80 + 30) = 42.5C,
1074 x 1

(1) 7= =50 =025, b
0.022

N, - = o

w0 () oo 70 =28

(1) 1-1.8=-0.81%,
5x(—0.8)=—4, (2) 1—-3=—21{%

TO, YN SBE->TIbhb,
oT o%T

a = 70888 To a@

=10"* x (—8874T) = —0.887T T
., 0693

|EJL/O t _— m N0'7SSO

£2:24+0-2=0, £3:
44+0—-4=0, £4:2+2-2=2,
£5:04+4-0=4, £6:
0+2-0=2,0, 0, 2, 4, 2

12002
= % =90000. ¢=300m/s,
4(x — 300t) "D THENED,
340
A= 1000 — 0.34m,
27
k= 0347~ 18.5 (1/m],
w = 21 x 1000 ~ 6283 [(rad/s],
v =3.6km/h,
oT
v% =3.6 x (—0.2) = —-0.72,

0.5—0.72=-0.22, 18Iz 0.22C

—Fbi‘éc

0.012
W 5 gz 10~ 21T

2.3x 1075 x 3 .

(2) T = W = 0.690 'f%z%;‘

1-2.76=-1.76 (Zbhd),
~0.017

_ -5
At = 340 5x107°s,



ZEn—R

s A1—F

ZDETHTE LT L,

Evs)

dy
dx

Q

)

Q!

o

-l

el
-t

QL
X
(el

B ]

FIA

FA— VA T4
Ty I A

=7V—a13a=)

AT II

DAZA4

N7 N T—

oz -« T—

/r___

I—-RKybh- =

FA VA oA

I—-JU0OR-bE—

ZDETEILLFESHDEDEETT,

=173
ZibngE, 8-13 D Ax (XADIFIR) -
At 1 H0RH), 7777 vDiE 2-3
IZIEfEDHZRN (8-12)

ot

1 DDOEEDOWMS . BN 2 DL ED
BT 1228 X 0 TEL 5-3
(8-2)

FIFFELV, 2O DEM Af ~ df.

BENEMELY (8-3) i
50D DE®ES. BEES - fES - TE
AE. ZNDLS DIRVIZELU TEHE 5-10
95 (8-6)
EET, ZAIVOF, £HED SUM 510
(8-6 - 8-7)
A ETE, A AEED e (8-6). -
BABRDEZLD e 2"t (8-13)
ML AXX2EO8, ZOETIR B

4-10

A CICREIDRE S F(z, y) (8-5)
EHOEYX, |grad h| IZIRDAX (8-4) 4-10
BEX1ORH, &, ¢, &, HaM

B0 E (8-4). €, (8-8) i
mﬁoﬁﬂWﬁf&y\&iﬁﬂﬁ= 1o
(8-7). WH®D F -7 (88), V- (8-9)
EEOEANRY M, ZOKRD E, - 13
é, & LRELU (84-85)

W, RRDDOEOEERZ ML AR e

(8-8), Vx (8-10)

DEOR—IANDIL



cSA—R

ol

(r, 0, v)

Yn

AT

det A

f(z,y)

af
ox

o
Ox Oy

df

det J

grad f

Tl =& Ty A

AT

14 IR

7 -ITwJA-TJA

UV RTFA—TT7 TV
VRF4—Zv IR
TUVRTA—2FLT,
IV RTF4—ITV TR
UV RT4—UA

TA4— L7

FE-IF Vb VA

7oy RK-x7

BIK

WWEERR, XAV OERKIE rdrdo (8-3 -
8-6)

BRIERZ, 0 IZEENS. o IZKRDED
£, dV =r2sinfdrdfdy (8-6-
8-8)
ZDEBETIIEL ¢ (8-4), BREZEDSH
o LIFFIDXF

AEE (rad/s), RAUIEWVZRAEDA
HE frotv (8-10)

n HODE, 8-13 D T, 1%, HFFD4
L1 & DWW

HE, #%E L CRAZRMO/MNE
R'F (8-5)

THIR, YaE 7Y det JIXNIRE
BofE%E (8-3 - 8-6)

EEE, 8-13 D 1 HDTFIDEHAE
(ZDONRNGME), BMEERITIIfHED
Tk eEL
20Dz, y EANLLXITHTL 2
B (2 ODEHDOBE), IBENKE
RS, 1EFNDEREIEDT, = 2T
MU X DEDEIE

2 EDRMD. TEEIZ & S8

WD x. y ZRRICDUEIN L
0 fOEAL

Yaeryy, ¥YaeFsofTsRT, /h
ILHEEOEE

g, RS EANRZEH, WHIZAA
T2 B

1t

4-15

4-15

5-15

8-3

8-4

DEODR—IANDTL
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ZEh—p

Evs)

F(z, y)

A

rdrdf

T~
sl
a
=7

div

rot F'

V x F

V2f

Bl

F>73

7 -ITvIA-TA

BTN AT TI)

T=Iv T4 —=T=)-

TA—Y—4&

AVFTIN - — T

7Ky b-F4=7—-0

RS (L5 h0eEE

SA)

AU -momES

BAN=Y VA

777 Kvh

O—y—=Yay- -I7

F75 -0 A -7

FITZ2RLT, 577

DAV

=173

Ry &M=L 5. VS =grad f.
8-9 - 8-10 - 8-12 TEAES

R7 WV, B (z, y) EAND LR
B (F,, F,) BHTL %

#iFE D DLET, EXX1IIOHEEJA
Uk (EMES). | OBISAE
KTHOK
MBEEEDINY 72 2 A VOEHE, r ik, &
WEEZANMENSD (Y7 YY)
B CIZ-T, hE 1 BDOREONE
2L (D). BiTidm
HB

FAUE C & 1 B7 o#ES. Ok
AL TV BT, HOFBOEKTIL
A
MEXDDONZINIRE AN, 1 FHME
¥ (RAX) ORX 10K, d4S 134
1 VDTEE

Ol TEAREALTWA | WS E, P
HETIERN, YOEMNE S THRbdS
e, NIRENSHETWLE
(HE—=A) &, HOKRXITh>72ED,
B2

div L[F U, V &XEDFDOHEDH
TE<

E#ER, NX R ADTEER - HE, 3 KT
TILKEN, FEFEDARTIX curl

rot FXRALED, NEDKTE V-
o%f O*f O*f

Ox2 + Oy? + 922°

LHES

BEOATIE ASf

DEDR—IADDIL

L

8-7

8-8

8-8

8-9

8-9

8-10

8-10

8-12



cSA—R

anl

s ZHH =173 =
i BODBFRD, n HDHDfE, HEDn
" F4—- 74 -LX 8-13
WL DZALT, n 'BTIHRRWD
DT TA— TA— - T4— WEHS. Hhiv-oU XIZEWTE 613
Dt Pk 72Zb, 9L + v -grad T
B EE<<ETDE S

FTELL, EIDPDRBLEINOTVEDL, HRAEOLNIRTVWEXSLTY, BHD
SR F9 [4E1 L UTHAXT.

%s FENPT BLEF-BOEIOIY

MoZD 120z (), 2200y (dh). A

h(20, 30) h(30, 20) \

NMZBLENEDS (8-1)
of df EEMN 2O ERS 0 (EFNEIEDD), kD
Ox dz NEIFBEFE U T, Mo LAy (8-2)
o f (8f>2 2 @RS T2 O, 1EIODDEZ % 2 FE
Ox? oz ZOTIEE (8-2)

of Of 2L BRXEAZEY] 229, doe - dy &
7_1_7

d
! Ox 0Oy =han (8-3)
SEN (—0.6, —0.8), 2 DDEA & XA,
grad h 120 . .
AR—IVE —grad h DEXIZENS (8-4)
V IIEIZHDEBEMH TS, EIZELL &,
Vf v
HEWH LTV (8-4)
BEEAED X A IVD r 572\, drdd DEALIE
rdrdo drdo
m T, EREIZZRS52 (8-3 - 8-6)
EREEEDR A, 01Z0ME 7,0 plZ 005 27
r2sin 0 72

(8-6 - 8-8)

DEFOR—IANDDIL

@



ZEn—R

.odt

div v

rot F

ENPTL
#i [ DA

2 DDEH DN

K Ep

div F'

Af. (Vf)?

T, Dn

a At
Az

or
ot

BT -mOETOaY

MRl S 2AEID do A%E. PIBIOEEEIZ 1,
AEIDXF 2T HAS (8-6)

MBS PNBDR, BAFT f = g(x) h(y)
nex (JBEA) 2T (8-6)

OlX TRAUKE] L\WHHl, EAFTE=AFT
&, EOEMNL C THRDS (8-7)

Ol TEAUZE] L\WHHEl, FTE LWV, EDmH
ME S THRDD (8-8-8-9 - 8-11)
NEE 2T, HEECMINRALRSE,
7250 (8-7)

TOEEULA NEUHDR], EDIEULA TEHY
D), HIZT D LFENY (8-7)
HICEARESZIMEY RIS, FAUZED n
I3Shmx (8-8)

BEAE v, 3T v, By TREDLT
7= (8-9)

$E@E§}—f§3
EERIZEE (8-10)

2 @A DT, EXIIE, ZOED Al (£
fLnE] (8-12)

ELED nid Tn )] O/ (8-13)

r®D Az E2F, 1< EIADLAHENID
s (8-13)
YTHEDIE HhEwo U XIZBWTRAEZL
(&) (8-13)

EfA

(O IEIZER). 3 RuD



cSA—R

ol

F v XFDHEAA
ZDETIE. BE p. BILEE a.
F9, AXF - INLF - FAHF L.,

BEZED

FER ) Y, FUVYXENZSIABETH

R N BdA

TNVT 7

=4

Ho<

FIAR

A2 " N

144K

F1 N

KXENEEDT IV 7Ry MERUFEOXE (A, B,

CDETHE
gk (8-13). MY
VWOELDA (8-8)
T4 YORD B (8-13)
Az, At (8-13), 6Q
(8-3)
HEDHFEE ¢, (8-8)

TREERR - BRIERRDA (B
Emns)

HFIEDEILER
(8-13)

EAE (8-13). fEE
(8-7), MEMEE
(8-11)

HEDZFEHE pgy
(8-10). BIEEEMRE 1/
(8-7), #iE (8-14)

X

z

(1]

U]

o AIrznov

T INA

o VIY

v VAV

x WA

v THA

w AAH

E7Z2&) i3

ZDHETODERTT (o ZodidE),

CDETDHEK

EIEES

=E, ERMOEE (8-9)
X3, o FHEEE
(8-6)

¢ LB (8-4), D 13T
HO(8-11), BREEEDA
p IZBlD>F

w I3AEE (8-10). Q
I33zfkA (8-8)

ELLUTIRREAEHOEY

bo BRID ¢ LEREEIEDH ¢ IFHIDOXFTT (AUR—VIIHZ L EE, BTRATET)., V (F

77) EF VY XFETIHRL, ZTEOENSDWVWALRITTY (8-4), BZER|L b, EILEERIX

a tEXFET NIERELSIONEDTHENEREA),
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K<ESEH - BfI - RN

F<TESE - B - B3

© EH DMK

BADESIE (21 VBT TRL, M9 Lkl L0 BEQRMTYT, JORMIIC, ¥
NTDFED [ZARLESETFIESFIE (TORDEDES)] 2ELdFE Lk,

BEIE. 3OO DERDDRESITHA

! H 1 )
;//JdAE:[/ </ (10+5a¢—|—2y)d3§)dy}:32 (8-6 DIFTH? DR, @)
: : 0o o

Al DS DEHS

BROK=EH EDRERD?
FEHETERVES, @ (o) & [ #5250 (BA0BR) |
2T (D) - LEOR (dA) &#E, v

EHOR= 5D S DEHES =] TRLEE

BOHEHEMN OV [ DS VEL (E5 Y

B0 V), ZITHUHTIHETX S, £
a > pi=ie :7-\ :’? -

Ol TEALTWVS) B s RIBR

$, EBURHE, f BPUAE. W % L
(F-3%) PERCEAE, LOM- B~ BORS 7 | nds-ds ETD |
METD C - S THRDS, RV
I DY =15mMERTHROK I&\ dr - ds _
BE1> (1) T [ EE20T [ sy -
- o W
SHkiE 3 T (I BN : 5D B
da-dav EED |
TRUEAD
romst g - EEER - BN DIEICEZET,
w0 [ /4] (@} U0, 0V) > #RpeE 28 (ieiz s @)
S CAREE > SWDOSNERDICETFIR flRE
QO &A% > [Y()° fdo)dy. MBIRy E1EDB. IEEIZEHE 1
RART. fI Tz B3] x Ty BIF] > 2 DOEMH 0N FH 2
B HENLLHOR - MR > A THRTYY. AHORE & MIOXFORT 3-4
MO (A - 853 - #) > BEEdA=rdrdd T2E 5
AORT, fRADDSOEE » 15 > §VE 20rdr T1H 6-17
@ T, YYOOER A(z) BDNB > = [A(2)dz 8
O Itk (EAE - B RRE) - 30 (FREE - G 9
@ EEOROM - £ > ST, TAENA~E THEL, 27 - U< 10
FUERL - @ET 0 PRLICRS > %>, AENHARET » 0%
B o 6
G 79E0 > RFHET [NADEXYADHME 277 11



K<MESEE - BAI - AR

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

EXE sms [ F-d&Fl i) fds! > &t TRL, ERS LE

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

;L8 CAREE o> MDODEESICEYTFIE fBlRE
O HCFETRBRHET - #d F,dr (y 3k 3), 2TE F,dy 1-8
B Fo93<HBBAY > F=A+t(B—A) (0<t<1), di=(B—A)dt
y=g(x)DIST = 2 T:d7 = (1, ¢/(x))dz. yIZ g(x) EAND 3
) FH-ME0 > A0T:d7f=(—Rsin6, Rcos0)do 4-9
3 7246 -HE0OH3ANER > KEILIZ A~D T2, #HXIIFE1H 5
[ ] ] E“"C?"?‘f fds = ds=|7'(t)|dt. X E2HICLTHEREUME 9
@ HHBHTEVWTRL > EALS 0, FTT—ERS +Fx (RBY) 6
@ UOOHIBREH - BLomw: URUD) — UBbY) 7
G} BLEE (§) > BEARS 0, bH2IE 1 E% F~D OfvT 4-5-8
F—IEIT - BET - RHET Y F, - A7, (FAHDET) 10
8 »VEOLDE » KEILI [pdV (ELAIZA LRAL) 11
i) JJ, Fnds @ [, fds} > W% 2 DOKTEL, ERHI
LB CAREE o> MDODEESICETFIE filRE
3 FS5LET. BH—H > BHLR  F-(AnR) (AR I3HFET) 1-2-3
G F52m (HTRW) - nld#omrs, 8-6 DEESZDED 4
ESTHEOE > BEEE rdrdf, r 7213746 2rrdr 5
©) H&E-PEET. F-obh—% > —EDEXEHE (4nR%, 27RL) 6-9
BB =9 yDIFT > ndS=(-0g/0x, —0g/dy, 1)dzdy (LAX) 7
@ H®E-PAaE - (7, x7,)dudo, BE dS = R2sinfdfdyp 8-9
) FURLET. #OR > BILIZB TLY, LOEESAIANE 10
G} FUEET. 25671205 - EP&%I’JUEP/DO)IJ? (D). #7450 11
B IBAERDHD > Q=[] (¢ n)/r2dS, FTWIZ 27(1 — cos @) 12
F—IRET > KHET [F-n x&mmmﬁ%ﬂ 72T 13
HOZRDER | . F-ndSi= fff d1deV > RREI%EEP, £ 8688 THT
L5 CARET - %MEIJI;HXUD‘Z'C\ BEY 8
div I8 > AEOES I, div NEHLRS Tdiv X K& 1-2
B FRVWEE > 5220 TGL 5204% (8-8DB) 20< 3
(G3] ﬁ#ﬂ%iﬁd)k TEMYEWL - Bk [ - HORT, KXIXAEE=HDE 4-5
) ZO—HOEDRR > 2RITFHOETHRES., RUKOEICES 6
B divhiRFSBRVENDSD > TORZ/NIREK (FEASH) T Y®S 7
B Fm (2%m) DEN - gg F-nds = jf div FF'dA 8
EADLSBHOEDTS ~ ff pndS = [[[ gradpdV 9
ZE—OADEE [ F-dii= [[ 1ot F- ndS - BEEBEI L B FEAL
ﬁ] rot (3t > AT, 75 [rot X WAk 10
B ERENYEL > § (vdy— ydo) DES, AT, <OVEOR 11
E8 rot =0 (ROBENZEFL) > NI AT 0, HIDIPNIZHEFEL 12
B #SHMRIZOARITIZEMYUREN > FEUEOMZEIC B x 2rr = pol 13
BB @momaMIFELWV (WEIXADL) > FEMNELE (EoSRHRRY) &2:ESR 14
EQ ®BHETENIMENSD > § E-df = —de/dt (HEEY) 15
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K<ESTEH - B -

Az

@ —OETESHM

¥K

Y

% - =V

BEOTR O

W5 (MRERE)

BTN

@)

Bil (FEHAH)
m. cm. mm, km
m2, m3, L, mL

(HTLKBEDH
) + @EhrLi
=LA

kg/m?, kg/m

J (Ya—)

m3/s, mL/s

N/C (= V/m)

N-m?/C

T (F25)

W/m?2

[FHDELLE DBIFR + ZDEDHFI
FROWLD -y hiZENE mM
1L =0.001m?, 1mL = 1cm?

IR oh |3 m/m., oT I K/m.
5 ox ox

P 13 Pa/m

0z

W o =10+ 5z + 2y (kg/m?2],
#t& X =2+ sinf (kg/m)

1J = 1Nm, JO#FES DEAL

EOViE 31.4mL/s (FREDFHRHR)

HY (m/s] 28X (m) Th3,
fEERIT m2/s

. 1
HRNICEBEW-FAEL 5 rot ¥

2{RI% 47 sr, DDA 30° DH
FUME 0.842 sr

1
HBHOTHE —; (ZHHI
€Qo 1.0x 1072 C T 113, EX
0
TEORD [EH) 13, BREE
D = e, E ORHET, Bl C

10A-5ecm T4 x 10°5T

6-3 DM 160 W/m?

DEFDOR—IANDIL

8-1
8-6

8-7

8-6

8-8

8-9
8-10

8-10

8-8

8-5

8-11

8-8

8-10
8-11

8-4
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B B (FHH) [FEDDELE DBIR - S DEDH =
B AV 27V —h 1.6 (IZhEBD k
BRER W/(m-K) 8-4
A=3:1)
SR ms a="_ Fr310x104 8.13
pc
> > > N » 8_4
BE -BEDE TC. K FZEy) BEOETX1IKE 1THNEU 813
1hPa = 100 Pa. 8-2
£ Pa. hPa. kPa
1kPa = 1000 Pa 8-4
O L<ESH
e & =
VT 17725 (#9285 [T e da) 8-6
1 0.707 (AHRDMAZDEX 1 DXKH -
V2 (0.707, 0.707))
HETIL 9.8 m/s2, HETOEIL 8-5
EAIEE g
GM/R? = 9.82m/s> 8-11
W R = 6371km, 8-5
HuBk
GM = 3.986 x 104 m?/s? 8-11
FEBHER G 6.674 x 1011 N-m¥/kg? 8-14
) 8.85 x 10712 F/m, 8-8
BEEDFERE ¢, 1
=9.0 x 109 N-m2/C2 8-11
47780
o ~ 41 x 1077 N/A2 (= T-m/A), 2019 & 610
BEZEDBWE p, D SI DWEMNSIE, B> THRDZET, 1HIF 11
Z DI
HDFEX ¢ ! . #73.00 x 108 m/s 8-14
Ho€o
HERDESE (HA) BLZF45%x10°5T 8-10

DEDR—IANDTL

@)



K<ESEH - BfI - RN

&R &
KB 1000 kg/m?

80 1.2 x 1074, 73 1.0 x 1074, &

2.3 x 1075 ZAFU L2 4x1078, K (Eh
BILEER o (m¥/s) BNEX) 1.4x1077, 10em ([ZEASBERD

DHXF L?/a i, MEIZK 80F) - 1005 - 7

73+ 40 73 - 20 K

COETSYRUESIZEEE

FAUBHIE, COETERUBTHELTVET,

b 1141 AEE
h =100 —0.0122 — 0.02y% (m]) (x IFFEA, yiZdb~),
Oh oh
5 > — e _— = —
= (30, 20) T h = 83, B 0.6, oy 0.8,
EBOW gradh = (—0.6, —0.8) (KX ¥ 1.0), EALILAE 1m

TS —1.4 (KYiFx —1.43), 4% 1.11 x 10 m3,
50kg DAMNTE L F T& 5% 8330d
Fi=(y, ), Fy=(—y, ) WEHE1ELAEAL), A
(0, 0) — (1, 0) — (1, 1), &B

2 20FH (0, 0) = (0, 1) = (1, 1), F, i3EB56% 1 (REH.
U=—xy), F, 3EA1-EB -1, E5FD1AE 2. ¥
10D 1A 27 (rot I 2)

hEHELOO (1.5, 2.5). NI ADO (4.5, 1.5), X
h Q =4m?s, DD ADFHKIL 4 £ —4, 1FHDTRIL0,

OENZHEARENSE 4 N5

L, =0.30m. L,=0.25m, 30°-45°,

oAy b O ~ (-0.3915 —0.2415
0.3245  0.0647

)\ det J = 0.0530

ot

8-2
8-11

8-13

ot

8-1
~8-4

8-6

8-7

8-7
8-10
8-11

8-5
8-9
8-11

8-3

DEDOR—IANDDIL
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6-3 DN

ML RDFE

R & Bk

[EEE=t

BOoTREAER

AN EIDES
FHE

e

o =10+ 5z + 2y (kg/m2), 2m X 1m DI T 32kg, 4
X2DALN (FAFDKR) TH 32, ETOADETI

28.5

2

¥ﬁR:ﬂ£m\u:020—%é)hmﬁoﬁ%

31.4mL/s. IO FRADES

EX02m. 20C&0C, k=1.6, T =20—100zx.
Gd=—kgradT = (160, 0, 0) (W/m2)

1581, F= (22, zy, —2), 6 DDEMSHNHLZEDE
24 0.5, div F = 3z — 1 DEHEOESE 0.5
%%mﬁﬁéE:g(%@i%ﬁﬁ&%@Momﬁwi
A TIRLMOBRAHOHED LU, —HARE
5. HHOEXT 4.91 m/s?
wAJhmwﬁﬁBzg%:Ax1WWW%W®@%&
AL< 50

5 x5 D&, EDSB 100, 1EHADSE 0, < EFL. %
Asfild 25

a=1x10"*m?s, Az =0.0lm. At=0.255s T
r=0.25, Z£iZL 100°C, 13U 20°C. HlIXUIFENHE R
W, FAFNE0CE ZZ225DI% 15.5 &

it

8-6
8-8

8-8
8-11

8-8
8-11

8-10
8-11

8-12

8-13
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FBD 6 DNBEOHEHELEST (8-5-8-9 - 8-10 - 8-14)
5 (7) (1) (%) () () (#)
L5 £Fx2 FAHoHk 57 Th 1HIvE

DHEHLU div F 2 -2 0 0 0 1
53" rot F 0 0 0 2 -1 0

(7) (1) () FbEFHLZT, (=) OF) E332F. (7) ZEb58HY A, Ho>THWTH
diviz 0 (Z), EFoF<TE rot BHd2 & (F) PHY ET,

O Ry - 2W5 - ARDLN

A - FHEY =® =
2 DDEHD flxz, y)o EBRIE f(z, y) =co BIDLNIEER g1
EaE 13D 6, 8 DDEE: S (EE

OF 13 4 2 1EDT & EHBMLAMS. drTlE
fR#s Ox 8-2

BEEUIZHOMD
Bl ~ (Bny—8%4) ~E»<., &tk ~ (L&
ENSIEHT Y -HS) N, mERDDES (2 XEMNL) 8-2

DIE D HIIEHE
o f O f .
e = B Z VA -
2 EORSS 920y 0y ou (EFIZ & 572\0) 8-2
of of .

. B V =nr?h @6£/%2£+ﬁ0 WHIFAKREFW
BEDEDYF ‘ 14 r h 8-3
Thik, ElEORXI2AET

dh _ ohdw  0hdy
dt Oz dt Oydt
R 2 MiR72175] (T=HTL &, FI=BINTE),

¥ I 175 . 8-3
dp = Jdé

SRR (EZ LTI T, =279) 8-3

DEOR—IANDDIL
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AR - FFY ® =
) det J =/NIRHEBEDER, MEZEIL r. ZHOBEZEIX 8-3
Yavryyv
abr 8-6
_Of of ofy
Ui grad f = (%, o %) —Vf 8-4
palCikGax grad f - € = |grad f|cos 6§ (€ IZEX 1 DXEH) 8-4
WEIZAAR Vi grad. FYIE —grad, JROKAX X3 [grad f|. »
B grad (3% &R - FEE L EA
WEE D F=—gradU, E = —grad¢. ¢ = —kgrad T 8-4
8 8 0 3 o 1
e - (%, By a)o ALHOBHMERMALTUN
% [HEH
O NVMIG - FKE - EBlEE - STSYT7IDRR
. HT<B
&R ANBED VT Bk =
1)
grad f D5 R EN Vf WHIFARREY 8-4
. L bhEHU (H-A) =K
divF  EHOB ) V. F 8-9
XX
) RE (P ) .
rot . REOB , VP 5F (88 Em) 8-10
350
V2f W% # V. -Vf EbVDOFHLDE 8-12
AR - FFY ® &=
F(z, y) = (F,, F,). Bz AL REOHPHTL
A 8-5
%, REIDOKIE, FUEIGTHEOTH,L
F
eid - Fi QUL REIEDRVERT, SR 8.5
MEM - E'EH REXIX %2 IZEfl, BEIIA X, EAITAR X 8-5

DEFDODR—IANDTL

e
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AR - FFY ® =
BEELUTRS  REOEEL. B5E RTFTEb 8-5
. OF .
Sttt divi =2 9% O G p sz 8-9
oz 8y 0z
divF = lim #F ndS UNXBENSHETH
FED AV-0 AV 8-9
<E+1KHE)
D % +div(pv) =0, MEELWTENELS dive =0 8-9
. OF
@6 (PE)  rotF= Y- 8;; s, S 8-10
oF, OF,
Oy 0z
. . | oF, oF,
rot F =V x F = 92 e
E#% (3 X5E) OF, OF, 8-10
ox oy
M XE 58, FRUDMX
s S rot . rot (@ X 7) = 20 8-10
W2E 0 rot (grad f) = 0. div (rot F') = 0 8-10
OF
WENORS  TEOHES Y- a;; D0 (FHEORVENY 87
Pl DHR5) 8-10
e e e o f  O*f O f
ST TYV sz—ﬁ—l—a—yz—kﬁzdlvgradf 8-12
2
(Y 4 KOFH) — (HH) ~ V2 (h 3RO
EhvDFEY ‘ 4 8-12
M), ERGEED
VT =0 (575 2HER). V2T = - (k7Y
EHEO & 8-12
HER)
R AT 1d/,df 1d,/ df
B~ (p28) il Pl -
e % o (rPgr) AR - () 8-12
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0O EPEEENAR

HEADHHE %,

SO D DEFESIC

B EXOFIEE, BHOHME (608 X—Y) ([T

FUlk, T2I0id S<EFEIREREEDET,

/R - EFY
A NDHEE -
VN

— % D FEAE

M- B

WITE e — A
Vb
BHYEE—AY R

A AES

ARAE Y

BREH

ik

A /~T|

MLARA

R =
A dA = drdy. MEE dA = rdrd, FHEEE 8.6
dV = rdrdfdz, BREZE dV =r?sinfdrdody
A=|det J|dudv (JI& (z, y) & (u, v) TRERHES 8.6
L 7217%1)
4 8-6
Hwﬁﬁmw\ﬁﬁwﬁgmﬁ‘ﬁﬁwﬁﬁ4ﬂ# o
4 4 g4
Wd wzmonps T —d) 8-6
64
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