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s Intel Fortran hi N
FC = ifort, FCFLAGS=’-assume byterecl (& ZH) -convert big endian
-openmp’

N J

e gfortran ki ™~
FC = gfortran, FCFLAGS=’-fconvert=big-endian -fopenmp’

N J

- Fujitsu Fortran ki N
FC = frt, FCFLAGS=’-KOMP -Am (AZH)’

N J
FC = g95, FCFLAGS=’-fendian=big’

N J

IO E HHATLZ AV, IRMEAMARIRUT, AV A TV arvENSD

MEMUBRITNER S BRNGERH D, TIIDOWNTIE, 2.1.1 BIA.

4. BT« L7 NV NIZB T, configure A2V 7 MI&>T Makefile % fERK
EREE
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$ ./configure --prefix=o{ Y AN—J)F L7 NVY --includedir=E Y
2=V 77 ANA VANV

N5, T7 4N KTl /usr/local (24 VA R—ILIND,

5. make 9 5,

(8 mate )

6. make DIEFIZH T U725, make install THA YA M—IV%EITD,

2.1.1 aAvNRAINA T3

WREIR 1

KA TIZVIE, Z77ANVAHEIIN—F 2 UT, EXLBLEA VI NT 7R A
ERO7 714 IVAHE Y FR—NLTEY, AHIOBEOL J— REI#EAIZ 1A
A RERELTWVD., PRI, ANV —F U EMEHTIBICIEZDOMRIIERETS Z
&. Intel Fortran IV 81 R E—HO AV FEFT 74N M DOL I—REXH
NBERZDGENHD. ifort DFEIE, "-assume byterecl" D752 & T, L
I—REIHNZ 1N MIRETLIZIENTELDTHI ATV avEDITTS
Ze.

WIHEIR 2
AT7ATI7)DEFHEIIFIRESEYV2-IVEATEEOHLENT WS, Fujitsu
Fortran IV /N SR E DAV FIET 7 AN RNTEY2a— V774D
UINANEITZBRNEDONRDD. frt DEGEIE "-An" 2222 TEYa—ID
AV NEITFDZEMTEDLDIIRDZDT, BRI AT VaveEodr52 L.

EEER 1
KRIATIZVTRERBZULEA VI N T VR ARRT 7 A VDAL %EY K- b
LTWa. ZORDT7 7 A IVOARTIOB, TV 747V (T—2% ATV EIZKK
T 2L IOHE) ICERLURATNERS RN, 2O YT« 7 VIFEHRBKT
DT, HARAEDI L LTV HDEWE, FEZRAESLLTWE 77N ED LS &
IVTATVERELTODDONMIHFERLURTNIERS BN, £33 5T
I, TVTATVICHTEA T a UHAHEINTSY, "~convert big endian",

"-fconvert=big-endian", "-fendian=big"ldX EIZ, TV T+ T VIZEHTIHRE
Thd. frt DL, AV TR AR EFFIZIZY T 7oA TV a vz
ETDHEDEFETD.

FEEIE 2
AT 475V 1% OpenMP UFNZHIELTVBH, V— 2% LI R B2, Bz
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ATV avEBELRTNEIOEZMHATL I LIETERN. £32/8(4 7D
IV IS A T2 2T "-openmp", "-fopenmp", "-KOMP" |% OpenMP % &%)
5o AT arvThHb.
EEEH 3
gfortran (2B 7V I 7+ TRIEE. gfortran (JIFMlD I3 T HHET
R, HEWVFBBIE L TORRENREINTVARVWGENRDH D, INIFEEN
HEEU 2TV NVIDOT T =N T INLETH B,

o 1ITOXFEHRIZ LD T =2 HZBRIZIE, "-ffree-line-length-none"

ziahd 5.
o EFRINTWVDETKADHIPHZ A MHENASTND LWL EEIE, "-fno-range-check"
ZBINT 5.

e basis BV a—)UEARK, time Z2BMNSHINTVWARNVEDOIT T =23 H /256
IX, src/basis.f90 D rand make I —F VIZHWT, time BEIZDWVWT WD
JEME% external 75 intrinsic IZEHLT, 91477V %2 RLABT.

FREIE 4
OpenMP I IZ Segmentation fault 9 %%%, OpenMP Al H D54 T [FAIEK
DLT—NHENEF Y795, [AROTT —2HNE, 7075 LD S5
LT —ThdAREMEN =, UL, AMEHRIZERK T 3554, OpenMP O£
T4 R=FALY RICHBINZATY ARV I RENALAL LTS ZLIZLdT
7 —OHEEENE. ZD8E, OpenMP AR L T\ 5 ERIEA R OMP_STACKSIZE
WCAEY ALY 7 DOEEZGICIRELTAS GEL <X 2.2 2H).

FEREIHES
KT — & % @9 2354, YT —F > T stack IZHEREIND AT ) BEDN
AR UTWS Z & T Segmentation Fault 2349 5 GeENH 2D, TDHEIEK, A
B IR I NG AT g% & — THIBICHER TS Z L CRIT X208 LT
BN, ifort DA, AV INA AT 3L UT "~heap-arrays HUfE" DRRKIZHE
ETNE, b —THIRICA T FHIBEZERTD LTSS,

2.1.2 PUAVAM—

TUVAVAN=IE A VAN—NVEDTATIVELY, EVa—I)VT7 71 )% FH
THIFRT XKW, 72, BT L2 MY AOD config.log FDHRMART 7 A Vi
make distclean #3179 25 Z L THIFRWEETH S,
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2.2 fHWA

2Tl BEUNIAST A TIVDEY a—IVEHARA, BYIZHTIN—F 2 & AN
V—A7 74N HBLUT, TOYV—A52AVN(INTBEIrx2E25, 20X 7
072DV )ZE, AROERZBHOBRBEICEDLDE THEZE IHMZANIEL OK T
H5,

a8 4 -I(includedir D/NA) V—AT7 741 )% -L(prefix/lib D/3R)
-1stpk

F2EITTDHE, a.out LOWODEFERD IO T I ABMERINDIZTTTHD, =L,
IV IWEEDZDOMA T a vidA Vv A b —)VIFIZ FCFLAGS IZ&RE LA TV a v %
TOFEMALEZANEHETH D,

2.2.1 OpenMP ICEAT 3#EIE

AKTATIVIEAVY RiFZ1TD 2 L HATFEZR OpenMP & WS BEREZ FEHE L TV 5.
COBREEAMIZTE 201, AVNNAINA TV a Vv THRELRTNER SRV (Zh
IZDWTIE, 2.1 BIf). OpenMP (ZIEW < DPBRBEABDHEINTE Y, £HGHEFEST
BENZH 7l RELTHBBERH L. UTIIMRENRBEELZROZRE[HETHD .

ALy RAFI O FEES B

$ export OMP_NUM_THREADS=NUM
NUM (Zi&, W53 AL RO EBBIETHRET D.

ALY RWMEHT D T4 X—NAX Y VREDIRTE
$ export OMP_STACKSIZE=INT

INT (2%, 7oA R—NARY VREZ B KB TEBMETEET L. Hl2IE, INT
M 512000 72272354, 512 MB AR W VREL U THREINZZ LIRS,

2.3 XA TZ)DFERICH--T

AKIATIVIFHBHIZHMH, V—A2— ROWLZ{T>THWTHWEYA. £/2, K
FATIVEMALAZZLIZE>TREL ZBEFEFIHAEE T VHEMLZAVERA. &

“10penMP THRAEI N TV DEREZEBIZOVTI, FlzIE, 1.
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B, KA T7) 2N ZEEY 2R T DBRIE RIS OfENT IS BB o 75 Y
STPK (Version.???; http://www.gfd-dennou.org/library/davis/stpk) % /2] &
KLU THINEZENTH D, /-, 5IHXERE UTRRT 2561, HEEER. 2012.
Fortran 90 BUlf@Etr > 75 1) (STPK) ¥=a7)V] Lk U THITNWEENTHD.

2021 4 11 A 24 H (GEEEH)
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B3 YIIL—FV—F&

3.1 algebra

BATEA 2 TICHY T —F U,

3.1.1 abst_2d

Hae
2 e MIIVOKMOHEZE FHE TN —F .
X
call abst_2d( x, y, dis )
511
x <R,DP(:,:)> in x HEDRT NIVEST.
y <R,DP(size(x,1),size(x,2))> in y AIRDNRZT NIV
dis <R,DP(size(x,1),size(x,2))> inout #5mlTOHXH.
E&EN
TV NERERTERI N 2 KTAY bV r = (z,y) OFNEZ GRS 5.
=3

3 IRIENRT NIV Z R T 20 —F .

call abst_3d( %, y, z, dis )
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518
<R,DP(:,:,:)> in x HIDRT NIV
<R,DP(size(x,1),size(x,2),size(x,3))> in y DRI NIVEST.
z <R,DP(size(x,1),size(x,2),size(x,3))> in z HEDNRT NIV
dis <R,DP(size(x,1),size(x,2),size(x,3))> inout Kl TOHiXI{HE.
E&EN
TV NERERTEZR I N/ 3IRTENRY NV r = (z,y,2) DKHMEEZFIHE T 5.
=3

3.1.3 dot_prod_2d

BB
2 RICT HV N EERER DS R TREBEIND 2 e Y MVONREEGHHET DI —
F.
==5a
call dot_prod_2d( x, y, u, v, dot, [undeff] )
5l
X <R,DP(:,:)> in x HMOD 1 RZ7 MIVERS.
y <R,DP(size(x,1),size(x,2))> in y AIFD 1 X7 NVEsT.
u <R,DP(size(x,1),size(x,2))> in x FED 2 X7 NVksr.
v <R,DP(size(x,1),size(x,2))> in y AED 2 X7 NIVEST.
dot <R,DP(size(x,1),size(x,2))> inout sl TONFEIH.
undeff <R,DP> in AREFRAA.
E&ER

2 FEHHD 2 IRTENRY MV a, b 3T A1)V N EEREEA T,
a=(z,y), b= (u,v)
CEBINZEE, INS5DONFE - b
a-b=zxu+yv
EBS. INHDEBEIN—F VDGIBOMNIGERIZATDEE) THD.
(z,y) — x5, (u,v) = u,v,

a-b — dot.
N7 MIVDERIN 1 DOTEREBRETHDGE, TORTONMEHEIIREREL LS.
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(]

Rz L.

3.1.4 dot_prod_3d

52313
T AV NEEERDEE TR TERIND 3T MVORNREEFET IV —F .
£
call dot_prod-3d( x, y, z, u, v, w, dot, [undeff] )
518
X <R,DP(:,:,:)> in x HFD 1 XY NIV,
y <R,DP(size(x,1),size(x,2),size(x,3))> in y AED 1 RXT7 NV
z <R,DP(size(x,1),size(x,2),size(x,3))> in z JiED 1 X7 NIVEKST.
u <R,DP(size(x,1),size(x,2),size(x,3))> in x HFD 2 X7 NIVEKSY.
v <R,DP(size(x,1),size(x,2),size(x,3))> in y AID 2 X7 NIVEST.
W <R,DP(size(x,1),size(x,2),size(x,3))> in z A 2 RT NVRKS.
dot <R,DP(size(x,1),size(x,2),size(x,3))> inout A TONFEE.
undeff <R,DP> in HRAE FRMH.
E&EN
2 FHEAD 3 RGENRZ MV a, b DT H)V N EREARTIX,
a=(x,y,2), b =(u,v,w)
CEFEINLZEE, TNH6DOHNE a - b 1
a-b=zu+yv+ zw
RS INSDEHEN—F VOFIEDONIGERIIEATOEED) THD.
(r,y,2) = x,v,2, (u,v,w) — u,v,w,
a-b — dot.
N7 NIVDERN 1 DOTEREBRBTHDGE, TORTONMEIIRERL KD,
=3
RlZR L.
main.tex 2021 4 11 A 24 H (GHEERK)
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3.1.5 rectangle_int

LIOLT — R %I BRRAS 2175

result = rectangle int( x, y, bot, top, res [undeff] )

518K

x <R,DP(:)> in FE > B RE L.
y <R,DP,CP,CPD(size(x))> in e 73 %K.
bot <R,DP> in FE 5 D R .
top <R,DP> in BN ki,
KUY <Rr,DP,CP,CPD> inout FEZMA.
undeff <R,DP> in HAE FRAH.
EHEN
EREDOER » & TDOEBIZDONTOB f(z) DFES :
T2
/ f(x)dx
1
=B
N1
> 5 (@ = ze—1) (f (2k) = fl2h-1))
k=2

T2 — T

Ti#HE$5. 22T, NIX Thd.

dzx

(]

e undef MHEINTVDHE, TOMEZ L D ROMIHIO R HAELIEFE U AW,
e bot, top DffilE x THRAOLNDI TR LIZR TV, RREsS % kEiaHE LT

RLAEDES.
e T bot < top TARITIUIE S A\,

3.1.6 vec_prod_2d

2QRITLT IV NBFERADRIE FIHTEREIND 2 e Y MVONEE EHHET LI —

FU.
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X
call vec_prod 2d( x, y, u, v, vecx, [undeff] )

511
X <R,DP(:,:)> in x HMD 1 R7 MIVERS.
y <R,DP(size(x,1),size(x,2))> in y AIFD 1 X7 NV
u <R,DP(size(x,1),size(x,2))> in x HED 2 X7 NVksr.
v <R,DP(size(x,1),size(x,2))> in y AIED 2 X7 NIVEST.
vec <R,DP(size(x,1),size(x,2))> inout sl TOHFEIH.
undeff <R,DP> in AEFRAA.

E&EN

2 FEEED 2 IRTEARY MV a, b D57 HIV N ERER T,
a=(z,y), b= (u,v)
CEEINZLE TNOHDHF a x blE
axb=zxv—yu
BB INHDEBEIN—F VDOSIBONIGERIZATOLEE) THS.
(x,y) = xy, (u,v) — u,v,

axb — vec

NI MVDEIHR 1 DTERERTHLIHE, TORNTONRMEIIRERLBD.
2 OUFH CHARE R T 258, TOVHIZERZ T D SHADKRE I KT DA
FIEIND ZLIZIEET S (intent(inout) A% 1 FHH L ARV DIZ I D/D).

e
S N

3.1.7 vec_prod_3d

BERE

T 71V MR DB TN TERIND 3 RTERY NVONEZFET N —F .
=X

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
518
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<R,DP(:,:,:)>

<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>

vecx <R,DP(size(x,1),size(x,2),size(x,3))>

% < £ N < M

vecy <R,DP(size(x,1),size(x,2),size(x,3))>
vecz <R,DP(size(x,1),size(x,2),size(x,3))>
undeff <R,DP>

THR
2 FEIAD 3 WL ML a, b S5V b AT,

a = (xvyaz)a b= (U,’U,U))
CREBINLZLE, ZNHDAFE a x b I

a xb=(yw— zv,zu — zw, TV — YU

in
in
n
in
n
n
inout
inout
mout

in

x HED 1 RT NV,
y HEOD 1 X2 NIV
z J3ED 1 X7 NIVES.
x D 2 R NVES.
y HEOD 2 X7 NIV
z JED 2 X7 NIVEST.
ZRTO x F RO,
ZRTO x FRDAIFELE.
ZRTO x FRDHFIE.
FRAE FH.

BB, INDHDOEBEIN—F VOGIBONIGERIZUTOLE ) THS.

(r,y,2) — x,v,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

NI MDA N 1 DTERERTH D5, TORTONBEIZRER L 2D

BE
RizkL.

3.2 basis

KIA TV %MBHTE ETHRELRDZIN—FUDI>H, EOEYVa—IEYTIEE

DD T AR AR T H B,

REY =B TFHNELER DY), BUEEBTORDELSIZEZALNTNS.
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a N
type dtime ! BAZAHODHL
integer :: yeard ! VH&
integer :: monthd ! H
integer :: dayd ! H
integer :: hour.d ! K
integer :: mind ! 7
integer :: secd ! ™
end type dtime
\ %
3.2.1 c2i_convert
Hae
SR 2 BB AW B,
=X
result = c2i_convert( cval )
515
cval <C(100)> in g B F
ROME  <I> inout ZHI N EHL
EERN
AV
e
U
3.2.2 c2r_convert
Hae
X % SRR AT 5,
=X
result = c2r_convert( cval )
515
cval <C(100)> in g B F
RYfE  <R> inout ZEHI T
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E&ER
U
8%
ZU
3.2.3 1i2c_convert
BERE
PO % RN 5,
=5y
result = i2c_convert( ival, [forma] )
511
ival <I> in 2 B HEHN
forma <C(*)> in R DT .
ROfE  <C> inout XN/ F
E&E
7L
e%
7 U
3.2.4 r2c_convert
BB
FHI % TR EWT B,
X
result = r2c_convert( rval, [forma] )
511
rval <R> in WY 5.
forma <C(*)> in R DI A
ROME  <C> inout I Nz XF.
E&ER
A
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XD E ENDRFEXFH 2 BT D,

call gsub( cval, oval, bc, ac, [mode] )

=E3
L.
3.2.5 gsub
BEBE
=5y
515
cval <C(x)>
oval <C(*x)>
bc <C(*)>
ac <C(*x)>
mode <I>
E&EN
BU
%

in
inout
in
in

in

G & 78 B SLFF.

B 72 REER O ST,
BT S 2SS
B U 72 S 5.
EHTIE (k).

o A7V a V[ mode IF—EXFEENSF Y/ U, B E TEML 2D

FHEHETF I I TEINEDIDOA T a .

T 7 #J)V M& mode=1 T—F

BEIMMZZ0HEF oY ZIXUARV. mode=2 D& IIZIFHEF Y7 LT, &
ERZECFHOFIZ be THEIND LTFINEENTWVDEIRL, TNHRE
Tac CEIMAOND FTUHEMEY RS, 2K, HlRIX be="11, ac="1"’
PEEIX N L E, cval DOHFIZ 211117 WD XFHNRE EN TV LRI TH
9%, mode=1 DIFEI oval="11" B> TRIND M, mode=2 DIFEIE
oval="1’> YR TERIND. bc IZEH 2 XFEBEL, ac IZZ4H 1 XF%
B LT, mode=2 THEITTNIE, cval IZEHEENTWVIRNBZEHER2THRE
U, 1 XZOZ UTET Z LA aRETH 5.

3.2.6 rand_make

RAaaREE O TR E KT 5,

call rand make( seed, L, output )

main.tex
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51¥
seed <I> in AR S LD RE.
L <I> in 19 2 BRARMER +1 DO%E.
output <I> inout HJSIINDELLL.
E&ER
BEARER. Bz, 1220 T, BHla, bz HNT,
xn = mod(ax,—1 + b, L)
EWVD LR TREI NS BIN K> THREFELEZ KT 7NV T) AL THD, Z
ITC. LIFBHTH5, a,b,L,xg ZOWTIMEEENGEZ5NTWSDT, A —
F Tl
a=11,b=12
EWSEEFRH U2, £72. LIFHHENBEL TILEONE +1 OBAETRKD
51, x0 X5 seed THZHND.
e

2.

3.2.7 counter_day

FAtH MO THETOHBZ AV v T 5,

result = counter_day( stime, etime )

518

stime <type(dtime)> in AU Y MEBOFEAH.
etime <type(dtime)> in AY Y METOEAH.
ROME <I> inout AUV hMINZHE.
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3.2.8 counter_sec

FAHMN O THETOMEE DV T 5,

result = counter_sec( stime, etime )

518K

stime <type(dtime)> in A0 Y NHBROFEH HID .
etime <type(dtime)> in AV NETOFHHRESR.
RUME  <I> inout AUV KINZHEK

3.2.9 time_zone_convert

Bee
R DOWT, EEDOREIRA LRI S U2 SOHIZIRT, 24 LYV — 2V EHEIZH
W5,
=X
call time_zone_convert( factor, itime, ctime )
518
factor <I> in 2% 47 S R [hour].
itime  <type(dtime)> in ZHRETOFEHH.
ctime  <type(dtime)> inout ZEHEDOFEHH.
EER
A
e

o BIZIX, JST 25 UTC IZ&#T 5854, factor=-9 &£ UT, itime I JST T
D% % A3 5 L, ctime (2 UTC DIZIIE I 5.
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3.2.10 sec_convert

EEOMBOMBPRHZITo7- & TOHKZET,

call sec_convert( factor, itime, ctime )

518K

factor <I> in IR 2 17 5 L
itime  <type(dtime)> in ZHETOFEAH.
ctime  <type(dtime)> inout ZHEDFEHH.

3.2.11 check_array_size_1d

Hae
BH DY A X% F v 7945,
£
result = check array_size 1d( n, a )
518
n <I> in 1 IRl a DEFIL.
a <I*,R,DP(:)> in FERD 1 RIGELS.
ROME <I> inout F v 7R (k).
EEN
fERED 1 XKThs] a DERED G n DL —BLTOWINESINET =V 795,
LZLIFNE 0, BR-oTHIUE 1 2K,
(e

2.
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3.2.12 check_array_size 2d
BERE
fid# DYy X% F oy 795,
X
result = check array_size 2d( nl, n2, a )
511
ni <I> in 2 IRITHELS a D — R
n2 <I> in 2 RIEHLS a D HFEH.
a <I*,R,DP(:,:)> in fERD 2 IRIEELH.
RO <I> inout F v ZHKER (k).
EHEN
FED 2 IRTTHELY] a DEEEHDEH n1, n2 DfEE —HLTWEINE D NEF v
795, Fv ZFERIFILTOEEY:
RYME 0 : n1, n2 & &, EHEEN I
RYME 1 : n1 DA, BEREEN .
RYIE 2 : n2 DA, WHEED—HK
RY{E 3 : n1, n2 & &, EIEEILA L
8%
BU.
3.2.13 check _array_size 3d
BEBE
BcsloY A X% F oy 795,
£
result = check array_size 3d( nl, n2, n3, a )
5141
nl <I> in 3 RIS a D —HEZ.
n2 <I> in 3 IRICHES a D —HEE
n3 <I> in 3 IRITHIS a D = HRK
a <I*,R,DP(:,:,:)> in FEED 3 IRITEA.
RUME <I1> inout F v ZFER (k).
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EER
EED 3 RILHLS| a DEREMEIE n1, n2, n3 DEL —FHL TWVWENE D%
Fv I35 Fov IVFERIEIUTOEED:
RYE 0 : RERTEREN—EL
RYME 1 : n1 DA, BERENAR .
RYIE 2 : n2 DA, BERENA .
RY1E 3 : n1, n2 DA, EEBMA—I
RYME 4 : n3 DA, BEREENAR .
RY1E 5 : n1, n3 D&, EEMMAR—I
RY1E 6 : n2, n3 D&, EEMMA I
RYME 7 : RERTERLN A

e
L.

3.2.14 check_leap_year

FENED e Ty 795,

result = check_leap year( year )

518

year  <I> in F v 795 E.
ROME  <L> inout F4ERS .true..

EEN
M1 BN 4 OO L &, D 100 DEETIZAR .
&4 2 PN 400 DEFEROD & X,
BN TN 100 DFEED D, 400 DEETIER W & X, FETIER .

B%
BU.
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3.2.15 count_cmax

SCE R D E R P2 KT

call count_cmax( cval )

cval <C(:)(%)> in XH &35 T4,

o Bz L.

3.3 derivation

WAEREZARESTHETIN—F VE, KEV2a—INHARAENTWD I —F
Tl IRTOWMHEEIZEWNT, 2 IKKEEDOHLED L Z AWTHEY =571l 5, 2
B, HMEEOART L HBEFEHOMIZE T, 1 IEEIZEDDOER 2% L 32 & TlL

HZ29D,

BB, TRTON—FVTHONONT WS AT —)VHFOEREERTOMEE, [LED
JERLRIZE T 2 AT —I)VIRFOEHHIEIZOWTIE, 7731,

3.3.1 curl
BERE
2 RN MVINOIRERZHET 5.
=5
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
5141
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<R,DP(:)> in TR — A,
<R,DP(:)> in PR RPNy Y

<R,DP(size(x),size(y))> in X AIXIRdHRT M.
<R,DP(size(x),size(y))> in y SRR DT b,
val <R,DP(size(x),size(y))> inout TR,

4 £ < M

undef R,DP in RAEF#AH.

hx <R,DP(size(x),size(y))> in x FD A — VR

hy <R,DP(size(x),size(y))> in y AFOD AT —)VIRF-.

ord L in WAFHEDIEE = ANE Z 5 (B 2IR).

EEN
Eb\czlﬁij—é%@/\y NPIZ (61, €9, 63) %:E)OEE%%@Z&E% (ml,{L‘g,LL‘g) C:?BH%), ﬁﬁ
U7z 2 X7 MIVO[EE curl 25315 -

1 8(h2u2) . a(hlul)

1= . =
cur es-Vxu Il 21 s

Z ZT. U =uiep + uses + uzes VG@U\ hl,hg,hg &i%m%mz&,l‘g,fbg C:ﬂﬁﬁ@k
AT —IKNTFTHD, ZO&E, 5IBIILTOMNIEE T D,

Ty X, X2y, U U UV,

hy : hx, ho : hy, curl : val
TN NEFERDIGE, hy=1,hg =1,h3 =1 THBDT, HHIZ

ZEAET I LR D,
(]

o A7V avord ZMAEEDHE, FAEZNEIEIZATYa v THY,
.true. : @FEEME, .false. : [EEXIER

EB8%, TIANKME . true., DF V., false ZfFRETNE. ATFOHE 2T
DIELLFAIZRTH D,
1 [0(houz)  9(hiuy)

l=—-e3-V = - -
cur es3 X U e |0 B

o KEBMEMNEBINTWVDIGEIX., TOMIZKIGT ZHEIEFEIZADTWD
BE. TORT 20K FE UTHHAL TV DTS TOEMAT R TRE
HFEEL L THREINTRINSD.
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3.3.2 curl_3d
BEBE
3IRITNRT MIVING 3 IRTCIREZEHHETS.
X
call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
518
x <R,DP(:)> in GF R0 — B
y <R,DP(:)> in AT R TR
z <R,DP(:)> in GFREE = AR,
u <R,DP(size(x),size(y),size(z))> in S NS ST IS RANZ DI
v <R,DP(size(x),size(y),size(z))> in NS SN IS AN/
W <R,DP(size(x),size(y),size(z))> in z IZXIRd 2 RT M.
zeta  <R,DP(size(x),size(y),size(z))> inout x (ZXd 2 [A[#x.
eta <R,DP(size(x),size(y),size(z))> inout y IZXInT B [AlHx.
xi <R,DP(size(x),size(y),size(z))> inout z (ZHInd B [A[HE.
undef <R,DP> in HAEFHAH.
hx <R,DP(size(x),size(y),size(z))> in x FD A — VIR
hy <R,DP(size(x),size(y),size(z))> in y HEDAT —IVIAF.
hz <R,DP(size(x),size(y),size(z))> in z FED AT — )V A
E&ER
HWIZERTHEENT MU (e, er, e3) & DHIFRERE (21, 29, 23) 2B 1T D, T
U7z 3 R MVODE rot ZEHHE TS -
A . 1 8(h3U3) B a(hQUQ)
div=Vixu= h1h2h3 |:61 { 81‘2 6:133
8(h1u1) 8(h3U3)
T e { 8:753 8931
o(h o(h
+es (houz) _ Ohaw) || _ Ce1 +nez +§es
81’1 81‘2
ZZT, u= uieq + uzeqg + uses Tdh U\ hl,hg,hg ti%%%m T1,X2,x3 Lliﬂﬁﬂ‘
BAT—IVKHNFTHD, ZD& X, 51 BIILLTON % T 5,
x1 X, Ty, I3 : Z
up oou, U : vV, U3 : W,
hi : hx, hgo : hy, hs : hz
¢ : zeta, n : eta, & : xi.
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THN NERERDEGE, hi=1,hg =1, h3 =1THDDT, HHIZ

dive e 40t w2l JOm Ousl | fOus  Ow
! @xz 81’3 2 (91‘3 (9:131 3 61'1 63:2

REETBRIIIRG,

8%
o REHBMEMNERINTVDIIGEIE., TOMHEIZHIET 2EIEFRIZASDTND
BE., TORF 2 NG UTHERL TSR TORHEMD T RN TRE
FHEE UTHREINTIEIND.
3.3.3 div
BEEE
2 IRTERY MV L FEREFHET 5.
£
call div( x, y, u, v, val, [undef], [hx], [hy] )
5%
X <R,DP(:)> in R — PERE.
y <R,DP(:)> in G TR R
u <R,DP(size(x),size(y))> in S NS ST IS RANZE I
v <R,DP(size(x),size(y))> in NS SN IS ANZ )
val <R,DP(size(x),size(y))> inout FEEK.
undef <R,DP> in AFEFAH.
hx <R,DP(size(x),size(y))> in x HD A — VIR
hy <R,DP(size(x),size(y))> in y HWEDAT —IVIKF.
E&ER

HWMZERTHEIENY M (e1, e2) & & DHIFRIERE (21, 20) (BT D, ML U7 2
X7 MVOFEE div 23HHET S :

1 8(h2u1) 4 8(h1U2)
h1h2 axl 8x2

ZZT., u= uiey + uzes 'CZF) ‘)\ hl,hg 63;%%%% 1,2 C:;ﬁﬁt’;—c}—é 7\/7_“‘)1/
FTHhd, DL E, G TOXNIGZ T D,

div=V . -u=

Ty X, X2 Y, Ul :u U2V,

hy : hx, he : hy, div : val.
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TV NERERDE G, hy =1,hg =1 THDDT, HHIZ

=, Ous
div = 61'1 + 63:2
ZEET DI LIIRD,
8%
o REHRMEMNERINTWVDIGEIE., TOMHEIZHIET 2MESEFIZASTWD
B, TORTEMIET- 2 UTHIH LT B T CORMIINT < TR
FMEE U TEREINTEIND.
3.3.4 div_.3d
e
3IRITNRY MIVINGFHREFHAT D,
£X
call div3d( x, y, z, u, v, w, val, [undef], [hx], [hyl, [hz] )
511
X <R,DP(:)> in AT R — FERE.
y <R,DP(:)> in PEEEY Y
z <R,DP(:)> in GFREE = AR,
u <R,DP(size(x),size(y),size(z))> in SN ST IS RANZ DI
v <R,DP(size(x),size(y),size(z))> in NS SN IS RANZ
W <R,DP(size(x),size(y),size(z))> in NS S I RANZ 2
val <R,DP(size(x),size(y),size(z))> inout FEH.
undef <R,DP> in KRAEFHAH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VINF.
hy <R,DP(size(x),size(y),size(z))> in y HAROD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z HD A — VIR
E&EN

Eb‘czlﬁi‘ﬁ"é%f;ﬁé/\7 NPIZ (61, €9, 63) %%OEE%%@Z*% (xl,xg,xg) C:BH%, ﬁﬁ
U7z 3 RNT MVOFEH div 25T 5 -

1 6(h2h3u1) + 6(h3h1u2) + 8(h1h2’u,3)
hihahs 01 Oxa O3
ZZIT, u= uje1 + uses + uzes Td% U\ hl,hg,hg li%ih%m r1,X2,x3 C:ﬁﬁﬁ'@h
BAT—IVKHFTHD, 2D E, FIBUZLTOXIEZE T 5,

div=V.u=

r1 t X, X2 Yy, X3 : Z
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up :u, u Vv, Uz : W,
hiy : hx, ho : hy, hs : hz
div : val.
T NEERDEE., hi =1, ha =1,h3 =1THDDT, HHIZ

Ou , Ouy | Oug
_8$1 83:2 8x3

ZEMAT D I LB D,
e

o REBMENERINTVDIHGIE. TOMEICHIET DEIETFRIZASTND
B, TOTF20BEE T UTHAL TSI RTTOFRMM? T R TRE
FHE U TREINTEIND.

3.3.5 grad_1d

BéRE
2 MOHPLZEDERZE AWT, (EREAROARZEHT 5.
£
call grad 1d( x, u, val, [undef], [hx] )
513
x <R,DP(:)> in 29 ] A,
u <R,DP(size(x))> in X DHE R TEHZRINDEH.
val <R,DP(size(x))> inout &JHlHE.
undef <R,DP> in ARIE FH.
hx <R,DP(size(x))> in x DA — VA F-.
EHEN

JERE (1) (2B 2 A ¢ DERLIE

1 99

hl 31‘1
TEHIND. TIT, h ¥z BEDOATT—IVAFTHY, THI NEEOEGE,
hy =1Tbhd. ZOHNE % BEREL ¢, BEEAL S N2 ALEFERE x; (20U T, 2 IRF
FEDHULEDN TR E FIWTEHET % &, BT 2 \2B8 124 G; 1k

1 dit1 — i

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L S TI—Fr—8 27

THEIND. 22T, b 12 2B AT —IVAF,

Li+1 — Li—1

2
Thd. 20X, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G; : val.

720, 2O TIFFEDIZE W TS REN R RS DT, W Tl 1 G
DAEDEU TR INS.

(]

o REHRMMERINTWILAIE. TOMITHIGT DIHEDEFRIZAS TS
L. TOT 20K UTHAL TSI FRTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.6 grad 2d

5313
2 IRDOHFULZE L Z FIW T, ALEA DML 2 IRGTTABL N MV EEHET 5.
X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 2B [ A A
y <R,DP(:)> in B8 2[R PR,
u <R,DP(size(x),size(y))> in Ll % GHE9 D 25
valx <R,DP(size(x),size(y))> inout x AMDAFNZ ML,
valy <R,DP(size(x),size(y))> inout y HRIDHKANZ M.
undef <R,DP> in AEFRAH.
hx <R,DP(size(x),size(y))> in x HHED AT —)VINF.
hy <R,DP(size(x),size(y))> in y JED AT —IVIAF-.
E&E

HIERY DV (e1, e2) TEEI N MM (21, 22) 1B 2 LB u £FHT S -

e1 Ou ey Ou
d= 21— 4 2
gra h1 8.%‘1 + hg 83}2

ZDLE, I TOXNIGZE T 5,

1 X, X3y, u:u hy:hx, hs : hy,
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1 Ou a1 1 Ou al
—_— X —_— .
h1 8%‘1 v ’ hQ an vaty
T I NERERDIGE, hi=1,hs =1 THDDT, HEHIZ
rad = e %%—e %
& N 18:51 2(9172

AT LIIRD,
(]

o REHRMEMNEHEINTVELEIE, TOMIIHIET BHEMPHEFEIZASTNS
Gt TOMT2LEETE UTHEHAL TSR RTOFEMEN TN TRE
BHLEUTHEINTRIND.

3.3.7 grad_3d

BEBE
2 IRDOFULZE L E O T, (EEZ DML 3 IRTTABL N MV EEHET 5.
EX
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy], [hz]
)
E1E=
x <R,DP(:)> in 55— ZE [ AR,
y <R,DP(:)> in o 72 [l R R
z <R,DP(:)> in o5 = 22 [H] PR A,
<R,DP(size(x),size(y),size(z))> in L% 51§ 22
valx  <R,DP(size(x),size(y),size(z))> inout x AMODEHENRT M.
valy  <R,DP(size(x),size(y),size(z))> inout y HMHDEHFNRZ M.
valz  <R,DP(size(x),size(y),size(z))> inout z HMHDAEENRT L.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF
hy <R,DP(size(x),size(y),size(z))> in y AAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR F-.
E&EN

%Eﬁf\ﬁ ]\}I/ (61, €9, 63) ’Cﬁ%’%i‘ﬂéfﬁ?%ﬁ (II?l,ZL‘Q,Ig) CZEBH%)'%:EﬁIu %%1‘%?—%) :

rad = €1 0w €2 0u e Ou
& - h1 8561 hg 8332 h3 8:113
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DL E GBI TNONIGE T S,

1 X, Ty 'y, T3 :2, w:u hy:hx, hg :hy, hs:hz

1 Ou al 1 Ou al 1 Ou a1
— X, —7/— — z
hl 81'1 v ’ hg 8%2 vaLy, h3 8953 v
TN NEEERDGE, h =1 THDDT, HHMIZ
rad = e + [ Ou +e u
g =e15 071 25— Ers 35— O3

ZEET S I LR D,
"%

o REHMMPEHINTVHHAE. TOMITHIET HEDKFAIIAS TS
B, TOKT &I T L UTHA L TV S R COFHHEMN T R TR
FHELUTHEINTEINS.

3.3.8 grad4_1d

BEBE
4 RO DELZ O TEEREROAR 2 5HA T 5.
X
call grad4 1d( x, u, val, [undef], [hx] )
511
x <R,DP(:)> in 25 [ JREAEE.
u <R,DP(size(x))> in X DEMTERINDEH.
val <R,DP(size(x))> inout &I E.
undef <R,DP> in HAE FRfH.
hx <R,DP(size(x))> in x JAD AT —IVIAF-.
E&ER
JERE (21) 1281 2B ¢ DAL
199
h1 61:1

TEHIND. ZIT, h 3o BEDODAT—IVHTTHY, TV EEOGE,
hi =1Thd. IO % MREE ¢, BEBAL S A7 ALE R 2, 12 U T, 2 KK
FEDOHLAEMNEMEFAHWCTHEAT S &, BEUN v, IZ8 1280 G; 1%

G — 1 12¢ip1 — i1 div2 — di2
"Thi 130 day 12dz;
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THEIND. 22T, b 12 2B AT —IVAF,

Li+1 — Li—1

2
Thd. 20X, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G; : val.

P72 U, ZOEMTIEAIROMIC BV TRBAN R 2B DT, WHEBTIE 1, 2 )
WD E SRR I NS,

(]

o REHRMMERINTWILAIE. TOMITHIGT DIHEDEFRIZAS TS
L. TOT 20K UTHAL TSI FRTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.9 grad4._2d

5313
4 IRDFUDNAIERL % AW T, [EEABOMANL 2 IRGTAANRY NV EEHET 5.
X
call grad4 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 2B [ A A
y <R,DP(:)> in B8 2[R PR,
u <R,DP(size(x),size(y))> in Ll % GHE9 D 25
valx <R,DP(size(x),size(y))> inout x AMDAFNZ ML,
valy <R,DP(size(x),size(y))> inout y HRIDHKANZ M.
undef <R,DP> in AEFRAH.
hx <R,DP(size(x),size(y))> in x HHED AT —)VINF.
hy <R,DP(size(x),size(y))> in y ARID AT — VKT
E&E

HIERY DV (e1, e2) TEEI N MM (21, 22) 1B 2 LB u £FHT S -

e1 Ou ey Ou
d= 21— 4 2
gra h1 8.%‘1 + hg 83}2

ZDLE, I TOXNIGZE T 5,

1 X, X3y, u:u hy:hx, hs : hy,
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1 Ou a1 1 Ou al
—_— X —_— .
h1 8%‘1 v ’ hQ an vaty
T I NERERDIGE, hi=1,hs =1 THDDT, HEHIZ
rad = e %%—e %
& N 18:51 2(9172

AT LIIRD,
(]

o REHRMEMNEHEINTVELEIE, TOMIIHIET BHEMPHEFEIZASTNS
Gt TOMT2LEETE UTHEHAL TSR RTOFEMEN TN TRE
BHLEUTHEINTRIND.

3.3.10 grad4 3d

BEBE
4 IRDHFNEDELLE FWT, LEEBOMN 3 T AEAN Y MV EFHHET 5.
EX
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy], [hz]
)
E1E=
x <R,DP(:)> in 55— ZE [ AR,
y <R,DP(:)> in o 72 [l R R
z <R,DP(:)> in o5 = 22 [H] PR A,
<R,DP(size(x),size(y),size(z))> in L% 51§ 22
valx  <R,DP(size(x),size(y),size(z))> inout x AMODEHENRT M.
valy  <R,DP(size(x),size(y),size(z))> inout y HMHDEHFNRZ M.
valz  <R,DP(size(x),size(y),size(z))> inout z HMHDAEENRT L.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF
hy <R,DP(size(x),size(y),size(z))> in y AAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR F-.
E&EN

%Eﬁf\ﬁ ]\}I/ (61, €9, 63) ’Cﬁ%’%i‘ﬂéfﬁ?%ﬁ (II?l,ZL‘Q,Ig) CZEBH%)'%:EﬁIu %%1‘%?—%) :

rad = €1 0w €2 0u e Ou
& - h1 8561 hg 8332 h3 8:113
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DL E GBI TNONIGE T S,

1 1 X, X3y, T3 :2, w:u hy:hx, he :hy, hs: hz

1 Ju 1 1 Ou 1 1 Ju 1
— —— . ValX — — . Va ——— . Valz
hl 81‘1 ’ hQ 8.7)2 ¥ h3 833‘3

TV NERER DG, hy =1 ThH2DT, HifiC

rad = e %—Fe %—Fe %
& a 181‘1 281‘2 383:3

REIEGT BRI IR D,
w&

o REBMANTEHZINTVBIBAIE. TOMITHIET BEIHE T HIZA>TND
BE. TORFEUBKTE UTHEHLU TOW AT ETOIHEMNTRTERE
#HE UTHREINTERIND.

3.3.11 laplacian_1d

BEBE
2 IRDFLZEEL E FANT, (EEERD 1 RGBIES TSV T7 V2 itHd 5.
£
call laplacian 1d( x, u, val, [undef], [hx] )
511
x <R,DP(:)> in 79 ] A,
u <R,DP(size(x))> in x DHXIHTERINDEHL
val <R,DP(size(x))> inout 2 FEAJEIHA.
undef <R,DP> in ARIE B .
hx <R,DP(size(x))> in x FMD AT —)VIAT-.
E&EN

JERE (21) W B2 AR u D 2 B ZEHHET 5

laplacian = 19 (1%) _ 1% n 10u 0 <1>2.
hl 61‘1 hl 8.%1 h% 81}% 2 6$1 6x1 h1
ZZT, W EAT—INVRTFTHD, ZDHMN % MEERET u;, B X V72 L& A
W2 UT, 2 WREEDOFLAEMEMEFACTCHEHAT S &, Bl 2 12813277
Z2VT7 VGl
G — 1w+ ui—1 — 2u
"2 dx?

)

: + Geo.
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THEEIND. ZIZ T, Geo. IFAT —)VIHFOZERFDICEETSHTH Y, HIZ
1 B0 TR TS, ZOHE RIS 2 TREOF.OEMEMUE WS, Z
DEE, FIEEATOMIGEZE TS ¢

r; : %X, u; :u G; :val, hy : hx.

B%

o REHRMEMNEEHEINTVDHEIE, TOMIIHIET DEMKEFRIZASTNS
L6, TORTEZUEE T UTHHAL TSI T RTCOFRMEN T R TERE
FBHEUTHREINTRIND.

3.3.12 laplacian_2d

BERE
2 IRD P AL Z FANT, (EEERD 2 RGBIES TSV 7 V2 ithid 3.
£
call laplacian 2d( x, y, u, val, [undef], [hx], [hy] )
511
<R,DP(:)> in 7 ] R R B — 1 47
<R,DP(:)> in 75 [ R — 40
u <R,DP(size(x),size(y))> in X,y DEMTEREINDZE.
val <R,DP(size(x),size(y))> inout 2 FEAJALME.
undef <R,DP> in RETAE.
hx <R,DP(size(x),size(y))> in x HED AT —)VIKF.
hy <R,DP(size(x),size(y))> in y ARIDAT — VKT
E&EN

JERR (21, 22) (BT DL u D 2 D 257 TS -

laplacian = ! [(‘3 <}128u> + i (hlau)}
h1h2 81’1 hl 8351 6:1:2 hg 8952
1 Pu 1 0%u
L L ou o (h) L L ou o (h)
2h3 Ox1 01 \ 2h3 Oz Oxa \ ho
ZIT by he WA —VEETH B, = ORI E MR 0, ,, ML S 7 (8
PERE 2y, 25 WO UTC, 2 IREGEDOHLAE D EBZ AW THEAY % &, BEBUN 24, z; 12
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BIFdITIVTV Gy
L iy F w1y — 2wy 1 Wi+ i1 — 2U

h% dz? h% dzx?

? J

Gij = + Geo.

THAEINS. 22T, Geo. AT —I)VAFDEWDIZE#ETZIEHTH Y, HIZ
1 B TR N TWS, ZOIEE FRBRIZ 2 IEEOHRLAEAM I E Vg, Z
DEE, FIBILLTORNIEZ T 5 :

x; X, ® 1y, Uy :u, G;;:val, hy : hx, hy : hy.

(]

o KEBMENERINTVDIHGIE. TOEICHIET DEIETRIZASTND
Gith, TOMF 2B UTHEAL TSR RTOFEMEN TR TRE
FEEUTHREINTEIND.

3.3.13 laplacian_3d

BEBE
2 IRDOHULZE % FIWT, [ERERD 3 TS S 7oV 7 V% 3HT 5.
X
call laplacian 3d( x, y, z, u, val, [undef], [hx], [hyl, [hz] )
511
x <R,DP(:)> in 25 [T A — B A7
y <R,DP(:)> in 2 ] R AL — B0
z <R,DP(:)> in 75 ] JFE R 2 = 47
u <R,DP(size(x),size(y),size(z))> in X, v,z DERTCEEREIND LR
val <R,DP(size(x),size(y),size(z))> inout 2 FEAJEIE.
undef <R,DP> in FRAE F2H.
hx <R,DP(size(x),size(y),size(z))> in x JialdD A — VK F.
hy <R,DP(size(x),size(y),size(z))> in y AFAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z Fmd A —I)VRF.
E&ER

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L S TI—Fr—8 35

JERR (1, 22, 3) 1S5 T BEE u D 2 BN 2FHT S

laplacian = 1 0 (hahs Ou +i hshy Ou. +i hihg Ou
P  hihghs [0z \ b Oz Ozs \ ho O dz3 \ hs Ozs

1w, 10 10
N h% 856% h% 8:1:% hg 89:%
Loou 0 (hohi)\' 1 ouw 9 (hhi\' 1 ou 9 (hihy)’
2h§h§ Ox1 011 h1 2h§h% Oxo Oz \ ho Zh%h% Ox3 0x3 \ hs
ZIT M BAT— VR THD, ZOEM % MERZEE u; g, BERALS N7 A7 E
%xi,ﬂlj,‘fk C:ﬂ‘bf, 2 {)’Yﬂ%lﬁ@qﬂlﬂ\%ﬁﬁﬁ%ﬁﬁb\fﬁﬁﬁTé C‘f-, %ﬁiﬁf&}ﬁ T, Tj, Tk
BT TTIVT VGl

d:zi

Uil gk + Wim1k — 2k | Uik + Wij—1k — 2Uijk

+
dm% d:z:?

Gz’,j,k = + +Geo.

THREINE. ZZ T, Geo. AT —IVHAFDEMWSIZE#ETZIEHTH Y., HIZ
1 B TSN TS, ZOHEE FEBRIC 2 EEOFLES T ZHWD, Z
DEE, FIBIZLLTOXNIGZ TS :

Tt X, ®j 1y, Tz, Ujgk :u Gijr:val, hy :hx, hg : hy, h3: hz

(]

o REBRMMERINTVDHAIEX. TOMEICHIET DEPEFRIZASTND
Bié. TORTEZUEE T UTHAL TS E T RCOFRMEN T R TRE
FBHEUTHREINTRINSG.

3.3.14 z_2_zeta

TV S AR R E S FE PRI R 692 terrain following MEFER (BAF, terrain &)
BRTE R A SR D B . WIBRI AL IE IR AL L 2R,

=X
result=z_2 _zeta( z, zf, zt )
518
z <R> in Hb ST L [m].
zf <R> in M FR = A [m].
zt <R> in B b e [m.

FRYUfE <R> inout terrain R [m].
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EEX

terrain SRR RS ¢ 1T AV D REREEAE 2 % FIVWT

Ztop [Z - Zsfc(xa Z/)]

C(z,y,2) =

3.3.15 =zast 2 w_2d

Ztop — Zsfc(xy Y, Z)

terrain following JERER (BAF, terrain 58) TEHEINDIHD 1 HEEIZH VT,
TV SRR TER I NDINEEE % terrain following FEFER TREHZ I N HE
JEGRIZZE#T D, 72720, 2 TIREBEEADOZEHIIITHE, H< ET terrain R
DI TR BIT D T )V MERERAHE % terrain RKDICEWT DDA THD, &K
I—F V& terrain R FREICERZINLT AL NEZERBENSD % terrain

BERDICEmT B —F o ThHhd .

call zast 2 w2d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

518
X <R(:)>
y <R(:)>
zeta  <R(size(x),size(y))>
zf <R(size(x),size(y))>
zt <R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
wh <R(size(x),size(y))>
undef R
EHER

in
in

in

in
in
in
in
in
inout

in

T AV N R — R

T A1V R TR

terrain ROLE 1 JE

BB EEEE [m].
MRS [m].

B b [ml].

zeta ([ ZXFIH 9 2 BRPEJEGE [m/s].
zeta (IR Ind S FE AL EGE [m/s].
zeta (ZRI 9 2 80 1EEHGE [m/s].
ZE M D ENIEEGE [m/s).
RAEFAH.

AN —F IR BN T AV MR DA EFE L TWD, SHILR T E,
terrain /A& EIZBEWT, TNV MNEERTEHZEINTWVDHPE, mik, hiEE

TEBINTVIRTEEE EHINTVBEIRNY MNUED DRERERNEIL > T WS I L ITEE.
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HE (u,v,w) & U, terrain RIZH D EEREEE (LT5d. DL E, THIVNE
EERDSNEJEHEE /T % terrain RENEEGEE ST W ITEHT B ITIZLTD & 5 B £ #

AZHWS : .
W = i [w + J31u + J321)] ,
iz = 92y Zspe(®,y)
8C Ztop 7
¢ 8Zsfc(xa y) ¢ 8Zsfc(xv y)
= -1 —= = —-1) —==
J31 <Zt0p > e J32 . ay

Z Z T, terrain RAEFERE ¢ 1%

(o, 2) = 2o 2= Zarely)]
Ztop — Zsfc(x7y¢ Z)
LEFEIND, ZIT. 2,y,2 1 ET AV NEER, 2i0p, 2sfe (ETNTNT 1)V b JE
BEOME A Rk L, MATEEE RS, COLIEEOTOSS MBI
SIBIIA T O IGE T 5 -

(u,v,w) : (u,v,w),
((x,y) : zeta(size(x),size(y)), (z,y) : (x,y),

Zspe(x,y)) : zf(size(x),size(y)), zyp : zt(size(x),size(y))

(]

o THERNDEHIIfFER?IHIA.

o REHBMMERINTWVWAGEIL., TOMIZHIGT ZEIEFAIZADTWS
. TOREEZUEEFL UTHEHL CTWAETFETOHBAMENT R TRE
FEE UTEEINTEIND.

3.3.16 zast 2. w_3d

terrain following FEfER (LAR, terrain R) TERINDIHD 1 GERBITH VT,
T 7V N FEREATE#H I NS NERGE% terrain following FEFER TEHE X N5 HE
JEGRIZEWT D, 72720, 2 TIREBEROZE#IIITHEY, H< ET terrain R
DT RIZBEIT 2T 7V NEREREGE % terrain R ICEBTE2DATH D, &K
I—F V& terrain R FREICEZRINAT AL MEZERBEERND % terrain &
BERDICEBRTZIL—F U THD 2

EE

call zast 2w 3d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

CLEBINTVIRTEEE EHINTVBEIRNY MNUEDDRERERNERIL > T WD I L ITEE.
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518

X <R(size(zeta,1))>

y <R(size(zeta,2))>

zeta <R(C:,:,:)>

zf <R(size(zeta,l) ,size(zeta,2))>

zt <R(size(zeta,1l),size(zeta,2))>
<R(size(zeta,l),size(zeta,2),size(zeta,3))>
<R(size(zeta,l) ,size(zeta,2),size(zeta,3))>
<R(size(zeta,l),size(zeta,2),size(zeta,3))>

wh <R(size(zeta,l),size(zeta,2),size(zeta,3))>

undef R

EEX

in
in
in
in
in
in
in
in
inout

in

T 7V R — AR
TV R R,
terrain ROEMEFEE [m
HRE G [m).

B b [ml].

zeta (2R htn g 2 BRPE a2
zeta (2RI Y % F Ak L
zeta (2RI Y 2 $ 1E L2
Z W% DS 1E EE [m/s]
HRAE F1H.

IV —=F VZKERNNET )V DR DA BEL TS, SRIGRTE,

terrain SR T EIZEWT, T ANV MNEFRTERINT WD HPE, mik, SHiEE
HE (u,v,w) & U, terrain RIZH T2 EEREEEEZ (LD, ZDL X, THIVNE
BROE LD % terrain SRENERGHE D W IZEHG S ITIZBA RO & S B2
X2HWD .
Mfzzaﬁﬁiw—%lHU%-lmﬂ,
al2? = % —1_ Zsfc(x7y)’
8( Ztop

Jap = ( C . 1> 823100(3?,3/)7 Jag = < ¢ . 1> Gszc(:r,y).

Ztop ox Ztop ay

Z Z T, terrain RENEERE C 1

Ztop [Z - Zsfc(xa y)]

Ztop — Zsfc(x7 Y, Z)

CEFERIND, ZIT. 2y, 2 \ET WV NERR. 2i0p, 25fc (ETNENT NIV b FE
REDERTE M€ Ik B, HIRMEEE2 RS, ZOLIHEBEOTOITILIIETD
FIBIELL T O ZE T 5 ¢

C(z,y,2) =

(u,v,w) : (u,v,w),
((x,y,2) : zeta(size(x),size(y),size(zeta,3)), (z,y) : (x,y)

Zspe(x,y)) + zf(size(x),size(y)), 2zp @ zt(size(x),size(y))

(]

o EHRADEHIINEX??TSIM.

o REBMENERINTVDIHGIE. TOMEICHIET DEIETFRIZASTND
L. TO 20K UTHAL TSI RTTOFRMEM?§ R TRE
FEE U TREINTEIND.
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3.3.17 local peak _check _1d

Bee
1 RITEDT —ZIZDOWT, MEPFET 20 E D N2 HETS.
=X
result=local peak check 1d( x, cs, u, [ip]l, [npl, [undef] )
5%
b <R,DP(:)> in 2 ] P AEE.
cs <Cc(1)> in T - WUND 7 Z 7 (k).
u <R,DP(size(x))> in x DERTEREINDEH.
ip <I(size(x))> inout MUEDK 7 HFS (H&id).
np <I(size(x))> inout HHE DR (k).
undef <R,DP> n HTE FAH.
RO <L> out  WHMEOFALHE (k).
EER

1. PERE x(:) IZB T D u(size(x)) IZDWT, ZHAEZFIEL, TOHE
DB 2 JKTOMED 52RO 5D EEZ HIET D.

2. AULKZEH u iZ20WT, 2 BOWAZEHEL, u OFHDOMMZHETD.

3. BT AT R CEBAROFSAKIEL TS 2 T RE L UTH S DREEE
KOG 4 RKIZDOWT, | RD D WIEE/MEZ & D F R Z MR D D I3/ NME
EUTHET S, ZD& X, MENFEL TN, BEBORY fEIX .true., 17
FELUTWARITNIE false. 2iKRT.

mE

o FIH cs IIMBRDH 2 WIFMIND EL SDEFEAEZHETEZNDT T . cs(1:1)=="+>
BHMAKIEZ, cs(1:1)=="=" R oM/MEZHETD.

o S ip IZBMMEMNTFAET D & ID, x IZHIET DB FRBENENING. Z
DL X ip ODEHRLUT size(x) TH D W, EBRIMEBHKM I ND DX, HIES
N MUEDE np 77721) ip(l:np) & UTHMAI ND.

3.4 ellip_slv

AR REI D HRERE R T2EY 2—)b, BIE, 2, 3 IRGeT WV NEERIZE TS —
MR 2R R RIS FRRDOKEIEIC L BB —F V2P R—FLTW5.
BB, ATV IVTHAINTVDFHEE - Bz OV TR, 5.1 B3],
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3.4.1 Ellip_GauSei_2d

Hae
A AT A TN GBIREE) 2T, 2 IRTOEMIIIEFR IR 2 BSE RIS
HREAZERET L. AV—F VIEWNHEEIEROREREE 2 L HETEERA
THIENHHETHD. TDLDBHBELEITOIHAEIEA 7Y 3 V5% inner bound
ERETDHI L.
=X
call Ellip GauSei_2d( x, y, rho, eps, boundary, psi, &
& [bound_optl, [al, [bl, [cl, [dl, [el, [f], &
& [undef], [inner bound], [init_flag], [1n] )
515
x <R,DP(:)> in TR — A,
y <R,DP(:)> in A5 TR TR,
rho <R,DP(size(x),size(y))> in FEF R AREROEHIE (#id) .
eps <R,DP> in ABEDPRGA: (k)
boundary <C(4)> in 4 AOERGFME 5 R 5 (Bih) .
psi <R,DP(size(x),size(y))> inout H7 YV ¥V HEXNDME.
bound_opt <R,DP(size(x),size(y))> in mHRTOME (k) .
T4 TRTEDO.
a <R,DP(size(x),size(y))> in RE 1 (fBak) .
TIAINE  TART .
b <R,DP(size(x),size(y))> in BE 2 (#8h) .
TI7AINN g ARTED.
c <R,DP(size(x),size(y))> in RE 3 (i) .
TIANNK : FART .
d <R,DP(size(x),size(y))> in RE 4 (k) .
T AN s FRTEO.
e <R,DP(size(x),size(y))> in BRE s (k) .
TI7ANN FARTER.
f <R,DP(size(x),size(y))> in ZE 6 (1) .
T4 FTRTEDO.
undef <R,DP> in WS DfE (1&ak) .
T7ANN o,
inner bound <I(size(x),size(y))> in IR BE S A B (%) .
T4 TRTED.
init_flag <L> in 6= O T o0 (1Rd) .
1n <I> in SAZIEEL ($8ad).
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o2
EFRT

RODKRMERZ p & Uik &, UTORMA GEXZ2EET D,

0? 0? 0? 0 0
0(a,1) g 00 9) el ) Gl ) Gl ) G+ F e ), 0) = pla )

ZOLE GIBIFLTNONIGE T S,

x:%x Yy :y, p:rho, 1 : psi.
a:a b:b c:c d:4d4 e:e f:f.
BE, BTN, BREMFOFHRERIIA RS
e

o FEFWRHIIHE p B XU, fIFHBEHEB T RTIIOWTEREERETDIE, 77
TIAFBRAEZHETD I LITHY TS,

o FMHEMIZTRTIZIONWT, frEOLiEETD L, MATY VAR ZEHET
52N T 5,

o FRFIKTRTIZOVWT, p2¥BREFEETD L. NVARIVY HHEAZFHE
I YT S,

o A —F VOURSEMIE, KED 1 ATy THiHE T DM 35875 0 B R AE AR
UFRIZB e ZJICHBEZKTTDEDIZRELTBY, A7V a Vi eps
T DREDHEZFET B,

o KV —F VTl 4 UDEERSM%

1 Bt (T2 VR, 2 0 AlES (xR, 3 AR R

LV 3EHOBMTCTHRETDIIENTED, 22T, Mot Ty a Vil
bound_opt ZiE L THIFIX, TOMTHEAZ@EITLI I N TES (FEEN
DEEIE, BIBOEZDOEDONHCLN, HHEWmOHGEIE, BER % EE I
WMND 777 ADMEE UTHIBOMENERAING, £HAA, FAMERTIX
ZOMEIFEREL TERRINZN), ZO5[8iF 4 XFOXFIMTHY, Th
THNOIEFIXX 5.1 ED & S 2xfit%E LTW\3,

o BRSLMIFHAMICRET I DN, FMERALL2REL GG, TOERIZEE
B9 2 KOO BERE A — DBERSZMFDEEFHEL TENRITNIER S0,
BIZIE, o WPAT R85 % AR L 5 D TH NI, boundary D 1, 3 X
FHIZ Y TRITNEBRSRB, TOESIZINTWARVWGHIZE =7 —%
BRI > T3,

o BEREE LA H D% A, bound_opt THEINDMEDS> B, BEiF EITlF
T DEAMNELESDMEEZRU T, EIENOE5A1ET Ol % EHE E T OME

BoF ), bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L S TI—Fr—8 42

L UT, HlmOBAE,
% N _

% = f, ETy =g
EVWSBREBETHLIGE. f,g DIEICHYT D, DFY, ZOAT¥avi
BT, EFBRBIINV—F VTIRIFL A DO PMEHINBN LIZR S,

o BIRDMBIZE T 2RSS OELNAN X, FEBER (1), AMER (3), HHBE
5t (2) DIEF L 2>TWWd. DF ), bound(1:2)="12" LFEINTWDHH,
MAICET SR i=1,7=1IFEERER (1) THREINDS (2 TREINDH
HIER L D ELENE VD).

o RN HIFRRDEBBDMEEEKT a, b, ¢, d, e, £ THDIW. ZDHZEN
T5 L, mEEOMAEE IR MREILTRT 1 ITEEI N, ToOfMlxd N
TEOIEREINDS (§4abb, #MiATY VARKDEIRELZS), ZHiE. &
EEOMAERETFEFTEOICHRET D L, ARANRRRIIRY, ZOHIET
WEEFTREHFEADE TR RDZODEETH D,

o R HRERDBBIIZEMZL TV BELEATEIHETE I LIZTEETH Y.
22T RO E R PR EE TR WIS A TH A RILATRETH 5.

o 5% undef IFNHAEBICKRE R 2 ELLE I, REBFETOIGEFIIHNLTE
A HNDME.

e 5% inner bound IIEEFUE FIZDWTE O THRVME, F 2R E RTINS U
T10 EWOENGZ 615, A=Y —ZZ 05z &R ET D I LT, NERHEE
CEEORDH U - REHRBEZ G ATERTLIIENTES. BIERMIZED &
DBBERTED &S Bz 5 X2 MIDVWTIE, 5.1 25 M.

o BI¥ init_flag I35[% psi 2B D IZHIHLT 20 E S D757 Th
Y, true. QX X, ML EITS. T AN BME true. &R D, ZHIE, &
HINZ psi DA H B FEEISE DAL L T AL, KEZHE T 2[5 A
BRBDZENOLEEICHD T T THD. 12720, IWEDGHH DFEEFH
INBIGERIEIISEDIEG N D> TODIREN S UER U IREDINE %
KDDLV ZRERRIGEIZUD, (false. IREIEBRWVIEO B,

o S 1n IFUHHIE S eps DIEIZERA L, In BIKEZEVFEZLAZL, 5
HINZR T U, KER TR TOIGED D% KT

3.4.2 Ellip_Jacobi_2d

Y aBEZHWT, 2 GTOMMEIFERIR 2 BRI R %5595, OpenMP
(2 & 2 MBI BE. AV —F VISR RO R E RS %2 505G TEE
HIDZLWARETHD. TD XD BEHE T HEIEA 7Y 2 V54 inner bound
ERETDHIL.
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X
call Ellip_Jacobi_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [bl, [c], [d], [el, [£f], &
& [undef], [inner_ bound], [init_flag], [1n] )
515
x <R,DP(:)> in A TR — R
y <R,DP(:)> in A TR .
rho <R,DP(size(x),size(y))> in FEFAREADEEHIE (#2ih) .
eps <R,DP> in SAZTRDOPCR S (k)
boundary <C(4)> in 4LDOBEREME25 25 (#B) .
psi <R,DP(size(x),size(y))> inout H7 YV ¥V HEADME.
bound_opt <R,DP(size(x),size(y))> in BERTOM (8R) .
T7 AN gRTED.
a <R,DP(size(x),size(y))> in BREC1 () .
TIANE  FART .
b <R,DP(size(x),size(y))> in B 2 (1) .
T AN FARTER.
c <R,DP(size(x),size(y))> in FRE 3 (k) .
TIANE  TRT .
d <R,DP(size(x),size(y))> in RE 4 (k) .
T4 FRTED.
e <R,DP(size(x),size(y))> in B 5 (1) .
T AN FARTER.
f <R,DP(size(x),size(y))> in RE 6 (fBak) .
T7 AN gRTED.
undef <R,DP> in WERRHIR DM ($2k) .
T AN 0.
inner bound <I(size(x),size(y))> in AR I S R ()
T AN FARTER.
init_flag <L> in &G Z O T o0 (1Rad) .
1n <I> in JRAR IR (£k).
EEN
RODKRMELZ L Uz E, UTORMD AR ZEHET 5,
2 2 2
o) gt 400 ) b)) G e, 0) 5+ ) blay) = o).
DX, JIBUZLLFOXINE T 5,
Tz :%x Yy:y, p:rho, 1 : psi
a:a b:b c¢c:c d:4 e, f:f
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BH, BARZ2ED A, BRSO FE ISR,
e

o EFWRGIH p B LU, fIFFIREEIANTIIOWTEYREHEETD L, 77
FAFHRAZFHETL I LITHYT S,

o HHEMFKTANTIZIONWT, fRY¥DEHEETI L, MATY VAR EFET
52 YT 5,

o HHEMEKTARTIIDNWT, p2X¥OERHRETI L. NVARILY HERZFHE
T5ILIZHYT 5,

o AN—F VOURSEM I, KED 1 AT THi# T O 3 O KAl ARl
UFRIZB e ZICHBEZKTTDEDIZRELTBY, A7V a Vi eps
T T DFEDHZRET D,

o KNV —FVTlk, 4 LOBERGM%

1 : BEREWEES (T ) 7 VED 2 0 Bl (8D, 3 SIS

EWVD 3FHEOBMT CTHRETDIILNTED, ZIT, ot 7ya vl
bound_opt Z i E L THIFX, TOETHEALZMEEITE I LN TEXD (EE
DA, BIBOMETDEDRHON, HHmEOEGEIX, B 2 ER A5
Wb 777 ADEE UTHEDENMEHING, ©bAA, FAERTIE
ZOMEIFFHELTERBINE), ZO58IE 4 XFOXFEIMTHY, Th
TNDIEFIZH 5.1 ED & 5 Bz LT3,

o BIMEMIFHMIIHETE DN, AMBERASRMZREL GG, TOHRFIIEE
g o KON DR E Al — DBER S OE % 3% E U TENR TR 580,
BIZIE, o @ PAT R % R R L 9§25 D THNIE, boundary ® 1, 3 X
FHIX 3 TRITINEESZR D, TOEDIIIINTHRWGEIZIE, =7 —%
WY RRIZ > TN,

o BERMDEE LA H MDY A, bound_opt TXEINDED S B, HH EITF
T 2EAEL D% S U T, FEEMHOE A% T OfE % B R E 5T O
L UT. HHImOLEIX.

o _, 0 _
or 7 Oy =9
EWVWOBIREMTHDIGE. f,g DIEITHY T D, DED. ZOAXTVa Vi

BVWT, EFBIZV—F VU TRIFLEACDEFIBFEHINZNZ LIRS,

o BEROMIZE T DEARLMOBIEIEN I, FEER (1), FMPBER (3), HHiE
B (2) DIEFZFL2>TWD. DF Y, bound(1:2)="12" LFEEINTWDHE,
WAICIET 20 = 1,7 = LIZEEHER (1) TEEIND (2 THREINDSH
S & D EREDEN2D).

= F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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o RN SHEARDKBBDMEE KT a, b, ¢, d, e, £ THDIH, TDHEAHI

T5E, HEBOMAHE IR BEIETANT 1 ITREI N, TOfiidd
TERICHREIND (TabH, MAT7Y YV ARERDEELZD), Zhidk, &
HEEOMAHEEFETEOICHET S L, AREAPRRERIIZRY, ZOHKET
WHETAREHRADIETIE R RDZODDEETH D,

RS HRRRNDBREIIZEMZL L TV RIGETEHET DI Z L IFARETH Y.,
ZE G T DV E MR ERE TR WG S TE BRI TH 5.

5% undef IFWHMEBICRE R 2 FOHE 0, RERETOIREIIHULTE
ZHbND1HE.

5% inner_bound IZEFFME T2 DWW T Y O THVME, F/ZWEAREZRR I L
T 10 LW EAREZONG. 2—F =L Z D5 EFHET D Z & T, NHHE
AEREORDH U - RER B Z G ATERTLIIENTES. BIERMIZED &
IRBRTED LS BREE G ZDMNIDONTIE, 5.1 2208,

5180 init_flag (X518 psi 2 BAAICE DI T 2N E S NDT7 5 7 ThH
Y, .true. D& X, #HHEMEZTS. T 7 AN DME true. &R DB. TN, B
HNZ psi DAAN D BDIREIE DHIZHL LU TN, KEEHE T 2 RIEHA
BRBDIEMNOEHBEHAD T Z T THD. 72720, WEDLNH DFEETH
XNDIGEREIINE DG DN D> TWBIRENS D UBK LU /- IREDINE %
KDDL NS ZREMNBRIGEITUD, false. IFEIXRWIZED AL,

o S 1n (FIPAHIE LM eps DHIZEARA L, In FIKEZEDERA L5,

HIIZK T U, R TRRTOIRE DI 2 KT .

3.4.3 Ellip_GauSei_3d

BB
H AT A FIOVE (BIRKAEIE) 2T, 3 IRGTETOMEMEIIES IR 2 BRI
FRAZEHETLS. AV —F VIINHHEBITEEORER S Z ELLAETELEE
FTE5IUNABETHD. TOLORHBEZTOHEIEA T Y 32 V58 inner _bound
ERETDIL.

£
call Ellip GauSei 3d( x, y, z, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [bl, [cl, [d]l, [el, [f1, [gl, &
& [undef], [inner bound], [init flag], [1n] )

513

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

SYHTIN—F—&

46

z
rho
eps
boundary
psi

bound_opt

Xa

ya

za

undef

inner_bound

init_flag
In

EER

<R,DP(:)>

<R,DP(:)>

<R,DP(:)>
<R,DP(size(x),size(y),size(z))>
<R,DP>

<C(8)>

<R,DP(size(x) ,size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP>

<I(size(x),size(y),size(z))>

<L>
<I>

n

in

in

in

in

in

mout

in

in

in

in

in

in

in

in

in

in

in

n

in

in

in

KRODRMEZ p & Uiz &, INORMD SR ZEHT 5,

%y
0x2

9y

X(z,y,2)

+Y(x,y,2)

0%

A
dy? 022

+ Z(‘Taya 2)7 + a(a;,y,z)

0?1
0xdy

+ b(x,y, z)

G F R — AR

A TR TR

G F R = R
FEFRSRERDORGEIHE (id) .
RAGIEDOW ARG (k) .
S HDER KM E 525 (&)
BTV VRO,
FRTCOM (#ih) .
FTI7AIDN T RTYDO.
R 1 (k)
TIANDN : TART 1.

R 2 (k) .
FTI7AINDN : FTRT 1.
&3 (f2ak)
TIANDN : TART 1.
R4 (#8ak) .
TIANVD  FTRTEDO.
BB S (k) .

FI ANV TRTEO.
R 6 (k)

T AN g RTCEA.
¥ T (Bak)

FI7AINN T RTCYH,
& 8 (&)
FI7AINb g RTYDO.
B9 (k)

T ANV g RTCEA.
FRE 10 (f&) .
T4 FRTYDO.
WERTEI D (i)
FT7HN b ¥,

PNERSEE S B (fF8%) .
T ANDN FARTEO,
JInE = THE T o (1
FAZRIEL (k).

0%
020z

0%
0y0z

+ c(z,y, 2)

0 0
+ﬂ%%@+d%%@é§+ﬂ%%@w+ﬂ%%@¢@ﬂ&%zd%%@~

ox

0z
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DL E GBI TNONIGE T S,

(]

o FEFUGRGIE p B L, g IFFHHEBEHEITAATIIOVWTYREFEETD L, 77
FASRBERNEGET O LITHYT 5,

o FMHEFIKTARTIZIONWT, g2 ¥OERETD L, MATY VAR ZEHET
52 LITHYT 5,

o FRMEBTRTIIDWVWT, p2¥OLHETDI L., NVAKRIVY HREAZEH
T2 EITHYT 5,

o KN —F VOUUKREMIE, KIED 1 AT THiE TOMON RO R AEHSFME
UTRIZBo e ZJICHBZKTTDEDIHRELTBY, A7V avi[#eps
T DFRAEDIEZ ZET D,

o KI—F VT 6 HOERSFM%

1 EEMEESR (T V2 VR, 2 0 Al (A~ 2mR), 3 SRS

VD 3O FETHRETDIENTED, 22T, oA TYa Vil
bound_opt i E L THIHX, TOMTHERAZMHETE I LNTED ([EE
DA, BIBOMEZDOEDNHCSN, HHEmOSGE X, B %2 kRGN
WNd 7T ADEE UTHIEOMENEHING, £bAA, FHBERTIE
COEIFZRELU TCERIINGN), ZOFHE 4 XFOXFEHTHY., T
TNOIEFIL 5.1 HD &S BxfinE LT\,

o HRLMIFAHIIHETE DN, FBERSFMEZREL GG, TOHRFICEE
B9 5 KOS IR E [H — DEERZMDIEZE ZE L TENRITFIUER S 0,
BIZIE, o WA R85 % AR L 9§25 D TH NI, boundary d 1, 3 X
FHIZ Y TRIINEL SR, TOEDICINTHARVESIZIE, =7—%
B RRIZ RS> TW 3,

o IEFMEE A H HIHDY S, bound_opt TREINDMED S H, BIR EIF
ET2EPNELEDDOMZ2SBU T, EEMHROSGE 2T DM % EHEE & TOMf
L UT, HHImDEE X,

U oy o

% T a T
EWVOBREZMTH DA, f,9,h DIEICHYT D, DFYD, ZOATVayv
IZBWT, EBIZLV—F U TRIFE A CORFIDPMHEHINBEN L1285,

2=F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,

h
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BR OB 2 BER M OBIEIEN 1F, FEESR (1), AR (3), HEE
F(2) DIEFRLZ>TWD. DF Y, bound(1:2)=12> EFEINTVDHA,
MAIZETSM =1, = LIFEESER (1) THAEINDS (2 TREINDH
HBES & O B RN 72 D).

RS AREADE BB DOMEEZ KT xa, ya, za, a, b, c, d, e, f, gTH
20, ZOEEERT DL, mEBEOMNEE IR REIETRT 1128
XN, TOMBPIARTYRIZHREIND (ThbL, ATV vV HERDHE
E83), ZhiE, BEBOMAEEFETCEICRET D &, AREADVKIR
RIZARY, ZOHETUHITAREHERDIETIIRLS B2 -ZODEBETH D,
R HREROBEIT ML TR A TEEHE TSI L ITATH Y.
ZE R T VR B T AW A CE B TH 5.

5% undef (ZNEBFEIKIZREHITE GOELAIC, REZBBTORZIIH LT
ZHNDMHE.

51#4 inner_bound IXBEFUEFIZOWTE O TRME, F/2NERRE BRI L
T10 LWHENGRA6ND. 2—F =X DR EHET D Z & T, NEBHEK
RO U - REHR B2 G ATERTLIIENTES. BERMIZED &
DBBFRTEDE D BMEZ G ZDMMIDNTIE, 5.1 224,

S8 init_flag IZ518 psi 2 AL DIZHIHHET 2N E S DT 5 I TH
Y, true. QL X, ML EITS. T7AINDME true. &R D, T, &
HNZ psi DARAN D BDIREIEDHIZHL L TN, KEEHE T 2 [RIEH A
BABDZEMNLEEACHAD 7 T THd. 12720, WEDEHH S FEETH
INDGEREIZIGEDLG N OMN > TODIREN S D UER LU IREDIRNE %
KDDLV ZREMBRIGEIZUD, false. IFBIXBRWNIED AL,

G180 1n (FPCRIE S eps OMEIZERA S, In FIREZHEVEA LS, Ml
FIRNZHE T U, RIER TR TORED M % RT.

Ellip_Jacobi_3d

YavikE T, 3OTOREMEIERIR 2 BE RIS HEX%5HE 4 5. OpenMP
2 & B AFNIRA T HE. A —F VIENEREISI AT R DR E R Z2 L6 THE
HITDIENABETHD. TDEOBHEZTOLEIXA 7Y 2 5[4 inner bound

ERETDHIL.
£
call Ellip_Jacobi 3d( x, y, z, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [bl, [cl, [dl, [el, [fl, [gl, &
& [undef], [inner bound], [init_flag], [1n] )
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515
<R,DP(:)> in AT RE— R
<R,DP(:)> in TR R
z <R,DP(:)> in TR =R
rho <R,DP(size(x),size(y),size(z))> in FEFRAREROEGIE (Fih) .
eps <R,DP> in RAZEDPR M (1R)
boundary <C(8)> in 8 MODEFFEMEH 25 (f&ik)
psi <R,DP(size(x),size(y),size(z))> inout H7 YV ¥ HFEXDfE.
bound_opt <R,DP(size(x),size(y),size(z))> in BERToE (k) .
T AN FARTER.
xa <R,DP(size(x),size(y),size(z))> in R (Faak) .
FTIAINE  TART .
ya <R,DP(size(x),size(y),size(z))> in BRE 2 (k) .
F7A)N  TRT L
za <R,DP(size(x),size(y),size(z))> in RE 3 (1) .
TI7ANN FAT L.
a <R,DP(size(x),size(y),size(z))> in B4 (k) .
T ANDN FTARTEDO.
b <R,DP(size(x),size(y),size(z))> in R 5 (faak) .
TI7AIE s gRTED,
c <R,DP(size(x),size(y),size(z))> in R 6 (18ak) .
TN gRTEH.
d <R,DP(size(x),size(y),size(z))> in BRI T (F8ak) .
FTI7ANDN FRTEDO.
e <R,DP(size(x) ,size(y),size(z))> in RE 8 (k) .
FTI7AIE s FgRTED,
f <R,DP(size(x),size(y),size(z))> in B9 (1) .
TI7ANE FARTED.
g <R,DP(size(x),size(y),size(z))> in RE 10 (#&ak) .
FI7AINN TRTYO.
undef <R,DP> in WERSEI D (F23d)
T AN .
inner bound <I(size(x),size(y),size(z))> in AL I SR B (8% )
TIANN FRTED.
init_flag <L> in I6EZ O TN o0 (1%
1n <I> in AR ().
EER
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RODRMEZ p & Uice &, UFDRMA GEXZFHET D,

0% 0?1 0% 0?1 0% 0%
X(,y,2) 55 +Y (2,9, z)—ayz +2(2,y,2) 55 +alz,y, Z)aa:ay + b(z, y, Z)ayaz +e(z,y,2) 5o
o oY oY _
+d(x7y7 2)% + €($7y7 Z)aiy + f(l’,y, Z)a + g(xa Y, Z)w(xa yvz) - p(xa Y, Z)'

ZDLE, I TONIGZE T 5,

(]

o JEFVHRHIIE p B& U, g EFHHEEHRIARTIIOVWTEOLHETDE, 77
FAHMREZFHETLIZ L ITHYT 5,

o FHBEMHI T RNTIZDONWT, g2 X0 eFETDE, MATY VUV ARAEZEHAET
52 EIZHNT S,

o HAMETANTIZONT, pa O e&HKETDIE, NVAFVY HRERNEHE
TBHZLIZHYT S,

o AN —F VDIKEMIL, KIED 1 AT v TRk TOM 374 0 Al A
PURIZBR- /e FIEHEZKRTT2EDIZZELTHBY, A7V a Vi eps
X DRAEDMEEZHET D,

o AK)—F VTl 6 MOEERZM%

1 EEWEER (T V2 VR, 2 - AlEmEER (A~ 2 mR), 3 AR

VD 3TEHOBRT THRETDZIEMNTES, 22T, HlOATY 3 VEIHK
bound_opt Zi%E LU CTHIFX, TOMTHEAZ@EEITLZ LN TESL ([EHEN
DG, SIBOMEZOEDORHNLN, HHEuEOB G, R % ER A I
Wd 77w 7 ADMHEE UTHIBOENMEHING, ©bAA, AR TIE
ZOMEIEERELUTEKBINZ), ZO58E 4 XFOXFITHY, Th
THNOIEFIXK 5.1 5D &S 25 nzE LT\,

o BIRFMIIBMICRETE LM, FAMBERARM 2R E LG, TORFUIEE
g 2 O DOBERE [ — DR ZMOMEZ T L TENRITNIER SR,
B2, o BT R BER % FESR L 2D THNIE, boundary D 1, 3 X
FHIF Y TRINERSR, TOEDITINTHRVWEEIZE, =7 —%
B ERRIZR > TS,
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o BEIREE LN H HIfiD%EE. bound_opt TREINDMEDSH, BEFR EIZIF
TETREAEL D EBIRU T, FEIEMOEA1X T DIl % BB E 5T Dl
EUT. HHImDOEH A,

W _ . W

or oy -9 5, T
EWVOBRFMTH DA, f,9,h DIEICHYT D, DFYD, ZOATVay
WIZEWT, EBRIZV—F U TIRIFEAEDEFIDMEHINRNZ &IZR 5,

o HHDMMIZE T DAL MDOBRIENIE, BEESR (1), R (3), HHIE
H(2) DIEFE L 72>TWWd. DF Y, bound(1:2)=12" LHEINTWDHH,
MAICETSi=1,7=1RFEELM (1) THEINDS (2 TREINDSH
B & D) BERENEN D).

o R ARERDOEBEDOMEE KT xa, ya, za, a, b, c, d, e, f, g TH
LM, ZOMHZEEMT L L, KEBEOWMSEHE T IR BEUXTNT 1IRE
XN, ZTOMIZTATEOICREIND (ThbL, fMATY YV ARRDOFHE
EBB), I, REBOMBAPEHAE FETEDICRET D L. HEAD KR
RIZRY, ZOHETUHINREFEADETIEI RS R ZODHETH 5.,

o (RN FHRERDBEIFZEMZAL TV BIGETHLEHETEZ I L IZTETH Y,
22 R T AV ERIPR B T AW A CE A B TH 5.

o 54 undef IFWITHIBIZRKERHEZ ELHLEIT, REFBHTOIREFIIRHLTE
ZAHONDME.

e 5% inner bound IFEEFEFIZOWT Y O TARVME, F 72 NERAEFHRRITH L
T10 LWHOENGZ6NE. A=Y —ZZ D5 EHRET D Z LT, NEHEEK
WEREDODH U RER S 25 ATEIRTLIIENTES. BEMIZED &
DBRBERTED &S BMl%E G X DMIDWTIE, 5.1 251,

o FI# init flag 358 psi 2 AN LRI T E2NES DT 5 7 TH
D, .true. DL X, WHEEFTS. T 7 AN NI true. 2RD. ZHiE, &
HNZ psi DA D DREEIEDZIFEM L TONIR, KEFHE T 5 EIE D
BBDZZEMLEBHAD T 7 THD. 12720, WEDEG»HIEEFH
INDEERIISEDEG N OIS TN B IREN LD UEBER L IREDIRE %
KDDL WS ZBRENRIGEIZ UMD, false. IXEIZRWVIED DAL,

o G 1n (TR HIESM: eps DIEIZEARAL, In FIKEZVEZ L5, 4
HIFIZHE T U, KEM TRATORED M %K T.

[ h

3.5 ffts

FFET (@7 — ) T4H8) (232 )V —F V&, FFT SREOFEMIZ DOV TIE, 27 27

- 2

i F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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3.5.1 c2r_fittp_1d

BERE
1 IRTGEBT—R D FFT WEH%Z175,
£
call c2r_ffttp_1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X DL
a <CP,CDP (nx/2)> in BEERBE MR T— 4.
b <R,DP(nx)> inout FEHEMET— XK.
prim <C(1)> in KB fE (k).
o) =R D, x? =AU,
prim fact  <I(5)> in FKNBEEE (#2ik),
omega fix  <CP,CDP(nx/2,nx/2)> in 2,3,5,7 A D RN T D
MR 75 (F2ak),
omegan fix <CP,CDP(nx/2,nx/2)> in A7) (&),
E&ER
NHDOTF—2%&E2FE K x(k), k=0,--- ,N-1%2%22 (NIIEH, Z07—
2 DR T — ) TIEAH () 1
Az—lN_l Be 2 N, 120, N—1
#I) = v 3wk PN, =0, N -
k=0
TEHRIND, MWL
N1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEHINDS, ZH% Temperton DT IVT) A L% HNT FFT T 5, £
T—4 D FFT FHROFMIIDONTIE, 77 2,
B&

o éliﬂzprim XT— 2N 2 EZHNBLHET2EDTHY, ZOF TV a v x

Aci%“~§?7bf%0)ii7——‘) TAMILERIZ A XD DT, HRDHEEHR T —

U ITEBETD ZEILRD, NRETZE T—XBMRN = 293057 x e F

ToaEZIT, FFT Mfi’iﬁi) I prim_fact (X2 D& TDRNBIRHD
BEfRETS. DFY),
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prim_fact(1:5)=(/a,b,c,d,e/)

LWL R 5.

o 5[4 omegan fix I&T — A nx IZ

B1I% FFT THAT 2 [R5 72 85E

5. 5l# omega_fix &7 — X EM 2,3,5,7 LMD ZERE (1 DD D % HliC
TBE, e MTNUIIH722) ITHINT B EERTTH]. S DITFIEEHIL—F

rotate_calc TITHD I &MNTIX 3.
o KIL—F VDHRENS,

AR NN

3.5.2 ffttp_1d

BRI N/2 EHCH a(1) OBERED IS L 21T

call ffttp-1d( nx, a, b, csign, [prim], [prim_fact], [omega fix], [omegan fix]

BésE
1 IRTEEFT — 25 FFT %2179,
£
)
51
nx <I>
a <CP,CDP (nx) >
b <CP,CDP (nx)>
csign <C(1)>
prim <C(1)>
prim_fact <I(5)>
omega _fix <CP,CDP (nx,nx)>
omegan fix <CP,CDP(nx,nx)>
E&ER

NEADT—2% & DEFEK x(k), k=0,

Y TIEZ (1) 1

N-1
1
x(
k:O

“TIEHEAT 5 O M AR RS AT R T T B R,

n

n

T — 2 DfEE.
R T — 4.

inout MWERLHEBLT—X.

n

n

n

n

n

Eiﬁ”ﬁ?ﬁﬂio

rro =IEARHE i =i A,
RN HE (iR),

o) =RT D, x = RULRN,
FRNBEEH (#ih),

2,3,5,7 AANDZKNELTD
[FER17 5 (k).

2 EFATF] (i),

N—-1%2%2%, ZOT—XDHEERT —

—2’”N 1=0,---N—1
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TEHRIND, WEHI

N-1

27T’LN :O,N_l

=0
TEHIND, ZN%E Temperton D7 I)VTY AL %EFAWT FFT WS 5,

B%

o B¥prim IZT7— XN 2 EZNENMETL2EDTHY, ZOATVavinx
GEET AN TOEE T —) TEHUIIZRI I ND DT, HRDHE T —
VIAMETS LIl D, HMEETAIE. T—2BH N = 29305¢7% x e &
ToHfREZEAT, FFT 2175, 518 prim_fact &2 D& TORKBIEHD
BERETD. 2FY),

prim_fact(1:5)=(/a,b,c,d,e/)
LWVIXIHERD.

o 5% omegan fix X7 — 4 nx IZH B FFT THMAT 2 [l§x75] S% 5
T 5. 5l# omega_fix &7 — X EM 2,3,5,7 IMINDRERE (1 2D DS % HliC
TBHE, e MTNUIIH722) ITHINT B EERTTH]. S DITFIEEHIL—F
rotate_calc T{TD 2L MNTX 5.

3.5.3 ffttp_2d

2 RLERET =205 FFT 2475,

call ffttp_2d( nx, ny, a, b, csign, [prim], &
[prim_factx], [prim factyl, &
[omegax fix], [omegaxn fix], &

[omegay fix], [omegayn fix] )

515

"8 [ HEAT 51 O M AR R AT R T T B TR,
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nx <I> in 1 IRT — & DA%
ny <I> in 2 KT — X DAEEL.
a <CP,CDP(nx,ny)> in BB T — & .
b <CP,CDP(nx,ny)> inout MEHEHMLHET —4.
csign <C(1)> in TR RE
r =R 010 =28,
prim <C(1)> in RN EHE (k).
o) =RET D, 0 x’ =R UR,
prim factx <I(5)> in 1 IRT — R ZBRBURE (),
prim factx  <I(5)> in 2 M7 — R BN (k).

omegax fix  <CP,CDP(nx,nx)> in 2,3,5,7 A DEZNEL T D
1 IRT— & [EE175] (k).
omegay fix  <CP,CDP(ny,ny)> in 2,3,5,7 AN D RN TD
2 T — & [lEEAT5] (k) ,
omegaxn fix <CP,CDP(nx,nx)> in 1 RT — R M5 (#ak),
omegayn fix <CP,CDP(ny,ny)> in 2 X7 — R ERERTE] (k).
E&HER
(N, M) DT —2% €& OEFE K 2(k, 1), k=0,--- , N—-1,1=0,--- , M —-1%2F X
b, ZOT—AOHEE T — ) TIEAH 3(m,n) 1%

M-1[N-1
N 1 ok | opiln . _ .
z(m,n) = —— E g z(k,l)e N |e M, m=0,---,N-1,n=0,---,

-1 [N-1
-k )
j(k>l): [ZIE(mvn)ezWZ&n] GQWana kzoa"'aN_]-al:Oa"'aM_]-

TEHIND, IN%E Temperton D7 I TV AL %EFAWT FFT WHET 5,
w5

o Bl prin IFT — XM N 2 EZNBEAETL2EDTHY, ZOATVavinx
DBEFZT —ANBZTDFEFE 7 —) TEHYUIIZF X ND DT, HARDHEE T —
DIEMEITD ZLIlRD, DT AIE. T—FBIN = 2930577 x e &
THFEZIT, FFT W 2175, Bl prim fact 132D & T DRKFBIEHD
BEfgEdd. 2FY,

prim_fact(1:5)=(/a,b,c,d,e/)
VIR ERD.

o 3% omegan fix &7 — 4 nx IZB D FFT THAT 2[5 % 52

95, 5l# omega_fix &7 — XM 2,3,5,7 LIMIDRENE (1 2D DEH % HliC

Ol HEAT 51 OO M AR R AT R T B TR,
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TBE, e MTNUIH722) ITHINT B [EERTTH]. S DITFIEEHIL—F
rotate_calc TITHD Z &N TX5.

3.5.4 prim_calc

Bae
FEEDERMEIZDOWNWT, 2,3,5,7 DERBOHEITS .
=X
call prim calc( n, factor, resid )
518
n <I> in DR D IEFEEA.
factor <I(4)> inout 2,3,5,7 DKRZKNEBIEE.
resid <I> inout  2,3,5,7 ASNDZRKEL.
EERN
LD IEREHE n A

n = 2%3%5°7% x ¢

Tholgh, EOBRLBEIUTDL D BRIGE 85,

n —n, (a,b,c,d) — factor(1:4), e — resid

B%

3.5.5 r2c_ffttp_1d

BEBE
1 RIGEBT—2»5 FFT 217,

£
call r2c_ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)

511
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nx <I> in T — X DAFHEL.
a <R,DP(nx)> in ERE R — & .
b <CP,CDP (nx/2)> inout MRBEHET— K.
prim <C(1)> in FERBHE (Bih),
0! =RT D, x? =R LRW,
prim fact <I(5)> in KRB (k)

omega fix  <CP,CDP(nx/2,nx/2)> in 2,3,5,7 AN D ZEKE T D
#1751 (i),
omegan fix <CP,CDP(nx/2,nx/2)> in [T (1),
EHEN
NHDOTF =2 %€ D2FEK x(k), k=0,--- ,N-1%2%22 (NIXEH, Zo7—
A DR 7 — ) TIEZH (1) 1%

N-1

1 ik
z(l) = — x(k)e *™N, 1=0,---N-1
N
k=0
TREHREIND, WLHIZ
N-1
A 27ri&
x(k) = z(k)e™N, k=0,---N—-1

TEHIND, TN%E Temperton D7 TV XL % HNT FFT WHT 5, FEH
T—4 D FFT ROFMIIDONTIE, 77 B,

B%

o 5 prim IZT —Z BN 2 ZHNBIRTL2EDTHY, ZOATYavn rx
DHEFT—ANTOEE 7 — ) TEBUIIZFEII NS DT, HRLHET —
VIBMEITD 2885, HMEETZE TN N = 2030574 x e F
THEZIT, FFT W 2175, 5l prim fact 132D & T DRKFBIEHD
BEBETD. DFY,

prim_fact(1:5)=(/a,b,c,d,e/)
EWVIHIEE BB,

o B# omegan fix IZT7— 4 nx IZH1F D FFT CHEHT 2 [HET5] 102 f55E
95, 5l# omega_fix 1T — XD 2,3,5,7 LMD RINEL (1 DD DIHE % HiliZ
THE, e MTNIIH22) ITHIT B HERITH]. 26 DITFIEFHHL—F
rotate_calc T{7TH Z &N TE 3.

o EHT—ADT =) TEBIEHEZD T — X BB ERFTD T — B4 12 F
MINTNDZ EITHER, /2, AV—F v OAEN S, RS N/2 1%
b(1) DEIHITHEMI NG,

1O [GEAT A DR RS8R 7B,
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3.5.6 rotate_calc

HaE
T— A # nx OREEITHIZ GRS 5,
X
call rotate_calc( nx, csign, prim fact, omega, omegan )
518
nx <I> in T — 2 DI
csign <C(1)> in IR E
ro A, 010 U,
prim fact <I(5)> in RS (k).
omega <CP,CDP(prim_fact (5) ,prim fact(5))> inout 2,3,5,7 BA%tD
FINETORERTTH,
omegan <CP,CDP (nx,nx)> inout E[AHEFT ],
EHEI

N HD T — % Ok 7 — 1) TEBUZ N D BT W ) 1&
Wj = eE2mk/N 5 —01,... N—1, k=0,1,---,N—1
TEREIND, FEAHIIES, FAHBIXIESTERIND. 72, 2,357 MNDHEK
o TOMERTFINE ERIZHNT,
N — «
EUEETTHD.
wE

e 5|# prim_fact &
prim fact = (/a,b,c,d,e/)
L9dL, T—E B nx I
nx =2°3°57%

CWDBERBCHEBHRINTHSE I EZRLTVWS.

3.5.7 phase_velocity _binning

SERBEIRIZHE D BRI NDMAEEIZDONT, 2 IRITTANRY MUT — R EALREIE
FINDHELE VIZRETD. ZDL X, ARY MUVRETEA DT U THENTH
ns.
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=X
call phase_velocity_binning( km, freq, ival, vbin, bin.val, &
[undef], [mean flag], [krange], [frange] )
51
km <R,DP(:)> in AL [m-1].
freq <R,DP(:)> in JAPBER [s-1].
ival <R,DP(size(km),size(freq))> in ARG N)VF—A.
vbin <R,DP(:)> in HEY Y [m/s].
bin_val <R,DP(size(vbin)+1)> inout EYTHEINZANRT NVTF—AX,
undef <R,DP> in RIEfE (k) .
mean flag <L> in RO OISR (Bid)
krange <R,DP> in Yo L O R AERAE (tRak) .
frange <R,DP> in Y2 g | HPH O JE R EE (k)
EHN
FEREDW b ¥ AL f D AR N VHE DRI ok, ) 1L 5
C = i
=5
EU, k—fD2WITZEMIZART MVTF—& Sk, f) NEHEIND L, TOANRY
NVTF—=RDE (k, f) ITB I DMEEIZ EANS —RICKRDDZLENTES. 5,
vp EWVDNAMHEDBEREE 5 2 72 L ¥, BAMEEDOXEIZAD AT M7 —
4 R, = R(Ul <c< Ui—H) &
R, = // /S(k:,f)dk:df
kv <f<vig1
WEoTHRALND. /2, c< v & e < vpp1 WKDOVWTEFEMTDONS., 2Dk
X, BIBUILTOXNINE T 5,
k : km, f : freq, S(k,f) : ival(i,j),
v; : vbin(i), R; : bin_val(i).
|

o RIEMEMEBRINTWVAELEIZ. TOMENASDTWET—AHZEHEIZAN
R,
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e mean flag (I VT SN ZEEHPIZH 1T ANRT MUEDHI R; =, €V
T I N AW RO R T L U TR INE S NDT T 7. true.

25 RYfEIX
R=L / / / S(k, f)dkdf,
A kv <f<vit1

Al (v < c <) CAD k— f OFBRERCHS. 774V ME . false.

e krange & frange &
() +(7) =

%72 THPEATOAL V3T %175 75 V. krange & frange IFTNZTN L
RO K, FIZIET 5.

3.6 file_operate
10 V—=F V& BIENIGLTWE 77 AT =3y MEILFDEED THS.

o ANA ML FVTF—4.
e mgdsst 7 — 4.
o TFANANT LT —A,

e gtool3 74—V hF—4&.

3.6.1 auto_read_file

2 YRTT, 3IRTCERURIED 4 3 "NAFV 77 A NInE T —R %5~ T read_file
DHBLIV—F > (CReSS fL:#%).

call auto_read file( file_name, d2n, d3n, d2val, d3val,
ad2val, ad3val, nx, ny, nz, d2var,

d3var, [specnz], [intvnz], [funit] )

518
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file name <C(x)> in AT 7 7 A VA,
d2n <I> in FEAIAL 2 IRTTEBDE.
d3n <I> in FEAIAL 3 IRTTEDE.
d2val <C(x)> in FAIAL 2 IRTTEB DN (k).
d3val <C(*)> in AL 3 IGTAERDIET (H2h).
ad2val <C(*)> in FEAIAL 2 ITEMDIERE (£2ih).
ad3val <C(*)> in FEAIAL 3 IRTEB DR (H4id).
nx <I> in x HIaDOEE.
ny <I> in y S DEEZRHL
nz <I> in z FMDEE.
d2var <R(nx,ny,d2n)> inout 2 WITT—X.
d3var <R(nx,ny,nz,d3n)> inout 3 RITT —X.
specnz <I> in z FMDOH D 1 JE (k).
intvnz <I(2)> in z JiF D & %53 il g (k).
funit <I> in Fortran D7 7 A )VH 1%+
(F7 AN =11).
EHEN
call read_file ZJf.
=E3

¢ ANA ML FVF =AM 2 3,2 3RICEVIIEBT 1 771 IVIKMI N
TWAED2BT7 74 IVICHWOND.

e d2val, d3val, ad2val, ad3val IXZNTNHARADLEREZRTTITTTH
V.2, 3,2, 3 DIEEFIZ 4, 3, 4, 5 ADOEBDPHKMNI N TV D55,

d2val = ’0001’, d3val = ’000’, ad2val = ’0000’, ad3val =
?10000’

ERY, ZDGE, BRYID 2 IRGET— XD 4 FH, mED IR T—XD 1 F
E@&»ihé@f d2n = 1, d3n = 1 CTiHAADITL .

e specnz WXEINTWVWDYH, 3 OLT — X Id nz D H T, specnz HHED
T—RDABIEMIND.

e intvnz MFEINTWVIHE, 3 GLT — X & nz [MDHF T, intvnz(1) 5
intvnz(2) HHFETHEMIND.

3.6.2 line_number_counter

1
TEXEARNITAT—ATHRININT VWD 77 IVOITEEZHET S.
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X
result = line_number_counter( file_name, [funit] )
511
filename <C(*)> in TH%EEIHET D7 71 I)V4.
funit <I> in Fortran O 7 7 1 W 1% 5.
(FT7 4N =11).
R fE <I> inout {74
E&ER
Rz L
B&
Bl L

3.6.3 read_ file grads

51
grads DAY NO—)V T 7 A I SIEDER % ARG —F V.
X
call read file grads( fname, val name, dim_ len, intvz, intvt, val, [funit]
)
511
fname <C(*)> in AHTIY  a—ILT 7 AV,
val_name <C(x)> in B,
dim_len <I(4)> in FARTTDEZE (8ih) .
intvz <I(2)> in A OFA T EER (k) .
intvt <I(2)> in e G MDA T EEZXM (k) .
val <R(ZIR)>  inout FAAH U ZZEDFEA X 1D 2 HL
funit <I> in Fortran D7 7 1 WH1HF 5.
(774K =11).
E&EN
Rz L
=3

o x, vy, z, t ODEEERHMNZDIEFT din_len(1:4) DETHEMINSG.
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e intvz, intvt (XA EE, KHEHETH Y, 2 TRANTHEEIE intvz(1) =1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt TiKE LRITIIIE S K.

o GrA T OB
R(dim_len(1),dim_len(2),intvz(1) :intvz(2) ,intvt (1) :intvt (2))

THHELTEZS.

3.6.4 request_axis_grads

BB
grads DY M=)V 7 7 A IV & 228 [H] e AL 0D FEASAE 2 BG4 5 )V —F .
£
call request_axis_grads( fname, axis name, x, [y], [stime], [funit] )
511
fname <C(*)> in AT I M=V T 7 A I4.
axis name <C(*)> in RS9 241 (Bid) .
X <R(:)> inout HWS9 DEHD M (id) .
y <R(:)> inout pdef D& XDHEADREREME (k) .
stime <C(:)> inout tdef D& IDFPJHAEL] (#5h) .
funit <I> in Fortran D7 7 1 )V 1155 .
(F7 AN =11).
E&ER
Kz L
S

e x, 7, z DENTNDME%E KD DHGEE xdef, ydef, zdef DTNETNE
axis_name ([ZRAFTIUX L.

e x(:) UTHIHZEERD L TOMIIEBIZHEATIC request_dim grads THHK
BERELTENRITNIEER S0,

e GrADS DY b —I)LT7 7 A NIZEIF /8T A =B DHIZ pdef £\D /8T
A—=BNDHB7D, TDONTA—REGFGEAWD L EXDOF TV ay. ZOHA,
VE 5 7] OD JEEAZE 7 — 2 WSBIE x (A Y, FEALEEAE R T — 2 SEIE y ICAD.

e GrADS DY hA—IVT7 71 INIHBIFDHMRL DXL TN EDEEMRATIND.
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3.6.5 request_dim _grads

BERE
grads DY M=)V T 7 A IVINSEDZERIIRTTOBEFEME G 2N —F .
£
call request_dim grads( fname, dim_len, [funit] )
511
fname <C(*¥)> in AHT A O—IL T 71 IV4.
dim_len <I(4)> inout HIRTCDOEZE (k) .
funit <I> in Fortran O 7 7 1 )V 1% 5.
(F7 A K =11).
E&ER
iz L
5%

e x, vy, z, t ODEEERKMNZDIEEFT din_len(1:4) DETHEMING.

3.6.6 request_vardim_grads

grads DAY M=)V T 7 A IVINHEREOERDOEE [ MO BERBZTEFT 5 ) —
F.

call request_vardim grads( fname, var_ name, nz, [funit] )

518K

fname <C(x)> in AT I NO—IN T T AN,

var_name <C(*)> in EEEZE G U WA O
nz <I> inout HUF9 % = EEE R AL
funit <I> in Fortran D7 7 A )VHI 11 %=
(F7 4N =11).
EHEN
Bz L.
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w&
Rz,

3.6.7 read-file

AV I RNT IR ABARDNNALF ) T 7AW E 2RIGT —R e i TI—F .

call read file( file name, nx, ny, rec.num, var, [offset], [funit] )

‘i) .

518
file_name <C(*)> in FAHT T 7 AN,
nx <I> n SRR
ny <I> in o RS
rec_num <I> in nxxny DaAHTT—2DL I—REFS (
var <AI,R,DP(nx,ny)> inout meAHTT—X.
offset <I> in A7y~ (1&dk).
funit <I> in Fortran D7 7 1 )V 1% 5.
(F7 AN =11).
EHEN
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’o0ld’)
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
w5

o offset MWRHE I N/ZGE, TOREINZET x 4 byte 43, FiH% FARIK
T Hle U, offset = 10 DA, 40 byte 43 DL GHARIEI NG, 20D

FBENINSZGE, recnum IXEHIND.

3.6.8 read_file_3d

ALV I NT VRABRDNAF VT 7ANNE 3IRTT — X At —F .
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X
call read file 3d( file_name, nx, ny, nz, recnum, var, [offset], [funit]
)
513
file_name <C(*)> in HAHT T 71 INA.
nx <I> in B — ARSI AL
ny <I> in T EREAIM.
nz <I> in o = RN
rec_num <I> in FAHBUZHBRTET—2DOL I—RES (481D
var <AI,R,DP(nx,ny,nz)> inout meAHTT—4.
offset <I> in A7y k().
funit <I> in Fortran O 7 7 A )VH )1 %=
(F7 4N = 11).
EHEN
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’o0ld’)
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
w5

o offset MWRE IN/ZGE, TOREINZET x 4 byte 43, FiH% R ARIE
T, e UT, offset = 10 DA, 40 byte 43 DL GHARIEINDG. 20D
BENINZGE, recnun IXEHIND.

3.6.9 read_file_part

ALV I NT IR ARRDINA TV T 7 A5 2 IRGET — X MW G AT
N—F .

call read file( file name, nx, ny, nnx, nny, rec_num, var, [funit] )

518

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

S TI—Fr—8 67

file_name <C(*)> in FEAHT T 7 A IV,

nx <I> in o — B A

ny <I> in RIS

nnx <I(2)> in B-EEHiAL URPE (R).

nny <I(2)> in o EEGAL URIRE (#aR).

rec_num <I> in nxxny DaeAHTT—XDL I— RFS (4
var <AI,R,DP(Lx,Ly)> inout meHd 7 —4& ().

funit <I> in Fortran O 7 7 1 )VH 1+

(F7 AN =11).

EFEN

FAHUBERAA VI R 2R AT 1248 N vFOHh T MU TEAHT. 2
DX TIRATZT7 7 AR (1) BRAFO LS ZEBATIREING.

: I

1 = nx * ny * (rec\_num - 1)

do j =1, ny
doi=1, nx
1=1+1
if (( i >= nnx(1) ).and.( i <= nnx(2) ).and. &
& ( j > nny(1) ).and.( j <= nny(2) ))then
read ...
end if
end do
end do
)
m®&
o Lx, Ly IFZTNZTNLx = nnx(2) - nnx(1) + 1, Ly = nny(2) - nny(1) +
1 THEALND.
3.6.10 read file gtool3
Bee
gtoold IEARD T — & & FHAALIN—F V.
=X
call read file gtool3( file name, nx, ny, nz, tstr, tstep, tnum, var,
[funit] )
518
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file name <C(x)> in n;w"%ﬂj'@"7 e PIZZE

nx <I> in —BIRNHEL.

ny <I> in Mg%%ﬁﬂﬁﬂ@(

nz <I> in oS = RS

tstr <I> in fm%@lL‘d@élﬁﬂ (2ih).
tstep <I> in Bt ARIE T I e (H25R).
tnum <I> in AR IR (£23R).

var <R(nx,ny,nz,tnum)> inout AT T— 4.

funit <I> in Fortran D7 7 A )VH )1 %=

(F7 A K =11).

EHER
Kz L.

(]

e tstr, tstep, tnum DEERIX, 1 DDF—& 7 71 VT tmax [E5 DL T —
AT TN D58,

tstr + tstep * (tnum - 1) <= tmax

EWV S BB I IE kv, 22T, tstr = b FI AL H3Ge A F
NDZ IR D. EBOD ﬁf%ﬁ#ﬂ@ﬂjﬁlﬁﬁﬁlT IEBEIRAR .

3.6.11 read file_gtool3_header_c

gtool3 EADAY A —=F =2 D>H, XFHARDT -4 & HAHTIL—F V.

call read file gtool3_header_c( file name, header, var, [funit] )

515
file name <C(*)> in AT 7 7 A4,
header <C(*) (:)> in N B — DA
var <C(16) (size(header))> inout header (X6 d 5T —4.
funit <I> in Fortran O 7 7 1 WH 1% 5.

(F7 A4k =11).
EHEIN
Rz L
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(]

o NV X —DHFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
ERIUANRTE XS, 7272U, Fortran D FHFETH D unit, size IZDWVT
&, uni, siz ELANTEH I L.

3.6.12 read file gtool3_header_i

gtool3 EADANY X—=F =2 D> 6, BEIHAD T — 4 2 HALdIL—F V.

call read file gtool3_header_i( file name, header, var, [funit] )

518

file name <C(*)> in HAHET T 7 AN
header <C(x)(:)> in AN R —DEH].
var <I(size(header))> inout header (ZXfInT DT —X.
funit <I> in Fortran O 7 7 1 WHHES.
(F7 A =11).
E&EN
Rz L
®E

o N E—DETRZ,
http://www.riam.kyushu-u.ac. jp/taikai/lab/others/Gtool/nodel111.html
EFRIUARRTE 25, 72720, Fortran D FHIFETH D unit, size IZDWVT
&, uni, siz L ANTD I L.

3.6.13 read file_gtool3_header_r

gtool3 EADAY =T =2 D55, ERFADT -4 2 HAHTIL—F V.

call read file gtool3 header r( file name, header, var, [funit] )
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518
file_name <C(*)> in GAHET T 71 I,
header <KC(x) (:)> in AN A — DR
var <R(size(header))> inout header (ZXI6T DT —4X.
funit <I> in Fortran D7 7 A WHHE=.

(F7 AN =11).
EER
Rz L.
®E

o N X —DHFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
EHEUHAMTE RS, 272U, Fortran D FHIGETH S unit, size IZDWVT
X, uni, siz EANTEHI L.

3.6.14 read_file_text

BéaE
TXFAMITLAIAD T — X 2 LI —F .
£
call read file text( file name, nx, ny, var, [skip], [formal, [funit]
)
511
file name <C(x)> in AT 7 7 A IV,
nx <I> in HI#K.
ny <I> in T8
var <C(nx,ny)> inout #mAHTT—X.
skip <I> in JeSHBLARIZ T
forma <C(*)> in ARIAL T A= b (1BiR).
funit <I> in Fortran D7 7 1 )V 15,
(77 A4k =11).
E&ER

AV, AR—ARYPD DT F AR T =X 2HMAAL. nx 1$ 1 TITEII TS
T — X DFEL, ny IEJHEN SFRAIDITE. 72720, skip PR EINTWDHEIE,
skip {772 T EHARIXL THAlhdh 5.
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(]

o 77 AN NTI, FHARIXUER skip IFEIHEINT NS,

3.6.15 read_himsst

BEBE
L[AT HIMSST 7 — & &5t AA L 72D I —F .
=5y
call read himsst( fname, var, [funit] )
511
fname <C(x)> in FAHT T 7 AN,
var <R(800,600)> inout sst 7 —X.
funit <I> in Fortran 7 7 1 )WV 1% 5.
(F7 AN =11).
E&ER

FRIZZ2 L. (HIMSST 7—& D7 4 —< v MIDWTI,
https://ds.data. jma.go.jp/gmd/goos/data/pub/IJMA-product/him_sst_pac_D/Readme_him sst_]

\\\\\

o THRFED/NTEDOHMERDHEPESE (FHE 100.5 °, $IE —59.95°) IZAY , B
S — BT % 5 ERIRILA X T T — X RIS W T X N3,

o REFEMIX 999.0, KT —X1F 888.0 L WHIETHIMNINS.

3.6.16 read mgdsst

L[ET MGDSST 7 —4& &3t AAL 2D N —F V. [EEDOFEBTIE R L, RERD A
K.

call read mgdsst( fname, var, [funit] )

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L S TI—Fr—8 72

518
fname <C(*)> in AT T 714,
var <R(1440,720)> inout sst 7—4.
funit <I> in Fortran O 7 7 A )VH )1 %=
(F7 AWK =11).
EHE
K22 U, (MGDSST 7—& D7 #—< Y MIDWTIE,
http://near-goosl. jodc.go.jp/rdmdb/format/JIMA/mgdsst.txt
ZM.)
e

o WEBZD/NINVEDNPMBROEE NG (R 0 °, #E —89.875 ©) IZAY, fid
FIEE— BRI S F o BRIFIA S I T T — MBI N TH LI NS,

o RIEFHEMMIX 999.0, ¥EKT — A 1% 888.0 LW HHTHKMINS.

3.6.17 write_file

BEBE
AL VINT IR ARARDNA F) T 7L 2 R T— R eESHITIN—F .
£
call write file( file name, nx, ny, recnum, var, [model], [funit] )
5181
file name <C(*)> in AT T 71 IV,
nx <I> in B ER R
ny <I> in B SRS
rec_num <I> in nxxny DanAHT T —XDOL 31— RES.
var <AI,R,DP(nx,ny)> inout miAHTT—4X.
mode <C(*)> in T77ANVOEZIH LA TV 3y (k).
funit <I> in Fortran D7 7 1 WHIFES.
(F7 A =11).
E&EN
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1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

T

e mode | Fortran DEIH U status= IIREINDEZ KA.

3.6.18 write_file_3d

BERE
BAVINTIRARADNAFV 77 A 3 RGT — R HIHTIN—F .
=52
call write_file 3d( file_name, nx, ny, nz, recnum, var, [mode], [funit]
)
5%
file name <C(x*)> in AT T 714,
nx <I> in BB — L E NS
ny <I> in B B ALAIL.
nz <I> in o S EENAE
rec_num <I> in FAHUZHBT 2T —42DL - REE.
var <AI,R,DP(nx,ny,nz)> inout AHTT—4.
mode <C(*)> in T7ANVOEIH LA TSV a v,
funit <I> in Fortran O 7 7 1 )WV 1% 5.
(F7 AN = 11).
E&ER
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
5%

e mode (% Fortran DEIH U status= IZREINDEZ KA.
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3.7 Geometry

JERRZSHZ B B B - TV —F VR

3.7.1 rt 2 xy

PaE
ST R BRSNS T F1 0V N EEREAN DB A 4TS IV —F V.
=X
call rt 2xy( r, t, x, y )
515
r <R,DP> in 1 OFEEE [m].
t <R,DP> in M1 DFEALA [rad).
x <R,DP> inout s 1 O x BERE [m].
y <R,DP> inout &1 @Dy BERE [m].
EHEIN
HB 1 FKAVEHMEREIZHNT (rt) ERBTE D & &) SFHMEBEOF R & F UAL
EIZFUSZE DT AV NERIZBWT, 2O (z,y) ERBTED. Z0DL XD
JERE & 5 770V N FERE D B R 1
r =rcost, y=rsint
THZALND.
ZNHEDRIZDOWT, HEEEDFIBUILA T D & 5 B afR e 25,
r7t:T7 t’ X’y:$7 y'
e

Rz L.

3.7.2 xy2rt
HeE
T FV S FERED & TR ERE AN DLW 24T IV —F .

23

call xy2rt( x, y, xc, yc, r, t )
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518

<R,DP> in 1O x L [m].
<R,DP> in M1 Dy FERE [m)].
xc <R,DP> in SRR R DJF AL x HERR [m).
yc <R,DP> in SRR AR DIy PEARE [m).
<R,DP> inout il 1 DOFFHEE [m].
t  <R,DP> inout Al 1 ORI [rad].

EHERN
H2 1 FENT AV MBEEIZENT (2,y) LRETED &, FHIBEZDF A
TN N ERE (20, ye) WIFIET 2HE, TORUL (rt) ERBETED. 20L& XD
JFERE X T 77 )0 b EEAE OO B fR I

r= \/(1' - xc)2 +(y — y0)2’ t = arctan (%)

THEZLND.
INHEDRIIOWT, EEDOFIIEILAT D & 5 B SRR E 2 5.

r,t=r,t, Ly=, Y.

BE
Rz L.

3.8 Map_Function

BRI S B - T —F VR

3.8.1 check_close

HeE

2 I i ETEH X S NIARR D, 1858 I N BN ISR S 2 2 2 Hhd %
=X

result=check _close( xp, yp, ival )
5%
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Xp <I,R,DP(:)> in  PAHIARODTEA x JERER S ($2k).
yp <I,R,DP(size(xp))> in PAHBROIHA y BEEHRS (k).
ival  <I,R,DP(2)> in  CHBIT ST REBEEER S ().
RYME  <L> out xp, yp D HHNFREEISRNAMHIE (k).

E&EN
B FICES NS C I OWTOEBES 2 E 2 5. HEEZELH LD 2
DT, BRI F(2) = (= — 20)-L DFIBGNE T — S — DR EEM D

f{ iz [ 0, (a08C D),
cz—z | 2mi, (20M°C DW),

YELNG. 52 KOG I 3 S EORKTEESOM {1;,y) (=1, ,N) 2%
NG, ZOMIT X - THE S NBKTRAE LR T 2Bl C; THINGS
fERE BB, DL X, HHMTEES AX, V) B D% MO R
AT 20, SMUAAET 2 0 R M 5. EORBA S,

N .
0, (ADC;DH)
I: _ = ) ) J 9
2[92 il { 27, (A C;ON),
J=1
WEoTHIEING. ZTIT, Oy, O IFEFEFH ETHHIAR A 2 RRELAEZEED

zj, y; DIRAZRY. JARD 2 KAV PETH D LERTD L, BT 2 I3RTF 1
MO REEHE D IZHED A E £ Y. MAID&E 7 A Y MIBWT, BARFRO B
2 REDIRADZE 0y — 6, 1

|02 — 0], = arccos [7'137"2]]
’ 715 2]

MHROOENG., ZD& X,
ry=(xj1—X, yj—1-Y),
er:(xj_X7 yj_Y)7
THY, BAOHAMIEINSD 2 IRTENT NIV DR SVFEER FHWT

g >0 (R DR,
VTR <o, (WEEEY 2R,

YHBIX NG, 2oL x BEEOIBIZMTOMIEE TS
zj txp, y; ¢ yp, (X, Y) : ival(1:2), N : size(xp).
RO EIE, FEE MO BRSNS, L true., fEIANR S (false. &R 5.
B

o EFHEDIFHIZ?ISI.
o FE xp, yp IFAMEKEN B UZREBTHEINZTNERS RV, 420
H, xp(D)=xp(N), yp (D) =yp(N) & UTHIHEMHZETS. Z I T, N=size(xp).
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3.8.2 check_intersect

BEBE
2 IRTEE R EFRERL FTH 2 GNIAEED 2 RKOIFED N, 24T 20 % HHT 2 B
=5y
result=check_intersect( x1, y1, x2, y2 )
518K
x1 <I,R,DP(2)> in  #R% 1 D x JELEL
y1 <I,R,DP(2)> in #£4 1 O y FEE.
x2 <I,R,DP(2)> in #&4 2 D x FEFE.
y2 <I,R,DP(2)> in #£4 2 D y FEE.
ROME  <L> out MR 1 L 2 DREHE (KALUTHIIL. true.).
E&EN
EREARERER (z,y) ECTEHRIND A A(za,y4), Blrp,yp) ZHE 57 AB & &
C (zc,yc), D(zp,yp) ZFESMED CD OREZHETD. UMFTEHRIND 4 D
DINT A—X
r = —(yp —yc)(@c —xa) + (xp — zc) (Yo — ya),
ro = — (yp —yc)(xc —zB) + (xp — zc)(yc — yB),
r3= —(yB —ya)(wc —za) + (B — z4)(yc — ya),
r4 = —(yB —ya)(@p —x4) + (xB —24)(Yp — Ya),
2D\,
rirg < 0
D
rary < 0
ThHdEX, 2 O0MPIEFRAEL TS, B BEOFIGIFATDEEY.
(xa,y4) + x1(1),y1(1), (zB,yB) : x1(2),y1(2),
(zo,ye) + x2(1),y2(1),  (2p,yp) @ x2(2),y2(2).
=3

o COXMTCHETEXBZ LIFXTNICIFHL TV S.
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3.8.3 check_triclose

Hae
2 MICEREMREE ETEHEZ ONATED 1 8D, 525072 =AKONIITHE
9% 0% R % B
X
result=check_triclose( xposi, yposi, ival )
515
xposi <I,R,DP(3)> in =ATLORTERD x HBIE.
yposi <I,R,DP(3)> in ZAFLOKIEND v JFEfE,
ival  <I,R,DP(2)> in SA5N/HISND x, v HEAE,
RO <L> out HGAOLNZEMRZABNICHFEL THIUL true..
EERN
EAR KRR (2, y) EOERDR P(ep,yp) (DWT, 3 & A(za,y4), B(zs, yB),
C(l‘c,yc) ZHRE T ZARONNIEZITD. ZAROEHED G(x(;,yg) ERP
DRTIED M ZARDKILE R AT D02 MANTHBIL, 3 02T eRAELRITN
W, P IEEABNICEAET 2 LT 5. HRIGEK 3.8.2 LHU. &51#L DXt
JMIA T D EEY.
(xa,xp,zc) @ xposi(1:3), (ya,yB,yc) : yposi(1:3), (zp,yp) : ival(l),ival(2).
e

o FARIZHIHIAIL 5.3.6 2.

3.8.4 lat2mery

Hae
HiERERT D& DAERE, L E AL Uz AV A NIVIERRSIRIE (7 710V N FERE; (2, y))
BEZEE BRAONBENBREINOBZERBE y Z2KdDD.

=5
result=lat2mery( phi, phiO )

515
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phi
phiO
R E

EERN

<R,DP> in
<R,DP> in
<R,DP> out

ANF) SNV I ND AR [rad)
AN A) NVERE D FEHERG S [rad)].
TR phi MR X N2 BERE y [m)].

BRI 128513 B IS ¢ % & B (do) BIEAY Urz A MIVRIEERS (2, y) 1242
WLEL X, 20y G

ZIT,71/2< ¢ <m/2DHiPHE L D, F/z, o IFHIRDOFEETHS.
INHDORUITDNT, EBEDOFIBUZLA T D & 5 Bt affk e 2 5.

(]

y:aln{

w (9l

o (5+3))

y =y, phi0 = ¢, lat2mery = ¢.

o FEFRADIEIIX??SMI

l121amdis

B EDHD 2 KED T 2~V N ERET DM Z TN T JOREE, FEE»

LRHAET .

result=1121amdis( lambdal, phil, lambda2, phi2, lambdaO, &

phiO, phitl, phit2, [noptl, [uoptl], [ropt]

518
lambdal <R,DP> in A1 ORE [rad].
phiil <R,DP> in A1 OE [rad].
lambda2 <R,DP> in 2 ORE [rad].
phi2 <R,DP> in 512 OFEE [rad].
lambda0 <R,DP> in R AR [rad).
phio <R,DP> in R R [rad).
phit1 <R,DP> in T YRV MEYEERE 1 [rad).
phit2 <R,DP> in T UN)V MR 2 [rad].
nopt <R,DP> in Lambert_coe (D ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe D rhophiO.
RUfH  <R,DP> in 2 sEOH#E [m].
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E&ER
BRI ED 2 & (f1, M), (P2, \0) By, HDRMERE (P, o) ZRME LT N
WV NGRS (x,y) IR INZLTD. DL XD, HEEDEELZ ZNEN
(w1,91), (22,92) £9dL,

s [0
N [Zg)} cos (s — o)
2y = Coj’f)l [ o rsm (A2 — Ao)]
Y2 = wp — COb(Dl [ } cos [n(A2 — o)

U(o
m@—m{ 2)

2] oo (5 3) ()}

wh=w'(h= o, 6 = d) = m@ﬁg¢J

NELNDEZDT, ZN&Y) D 2 HEOMHE L 1%

L=/(x2 —21)%+ (y2 — 11)?

THALND. a lFHIROPEETHD.
INHDORIZDOWT, EEDFEUILAT D & 5 G sBfR e 2 5.

phil, lambdal = ¢y, A1, phi2,lambda2 = ¢, A9, phiO,phitl,phit2,lambdal = ¢g, P1, P2, Ao
nopt =n, uopt(0:2)=U(¢y),U(P1),U(P3), rhophil = wy.

B%

o EFRADIEHIX??SMI

3.8.6 l12lamxy

Hese
BRT 0D i 2 HE, REE % BUR & U7 T Y 00 MBI (7)) b RS (2, ) %
B2 7L F R EOEEOMIEREI Y S NG 1,y BEE RS,

22

call 1121amxy( lambda, phi, x, y, lambdaO, phiO, phil, phi2, &
[nopt], [uoptl, [ropt] )
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518
lambda  <R,DP> in JERE (x,y) (B INDRE [rad).
phi <R,DP> in JERSE (z,y) \CBREINDHEE [rad].
X <R,DP> inout 7 V)V MEEEEEETO o FERE [m].
y <R,DP> inout 7 V)b MMEHIERETO y FERE [m)].
lambda0 <R,DP> in JERR (x,y) DFE ISR ISR [rad).
phiO <R,DP> in JERE (z,y) 0))? IR INDHEE [rad].
phil <R,DP> in Z VRV M EEYEREE 1 [rad).
phi2 <R,DP> in AV ﬁﬁ%@f@ 2 [rad].
nopt <R,DP> in Lambert_coe @ ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe (D rhophiO.
EER

?)Z)%EF;%%F? (po, M) ZIFIE U2T V)V MR (2,y) O o,y FEEIXEKTH E
BIIEIRE o NP —RITREIND. 20D & XD EOFMEERE 6, \ & BERE
Fﬁ:c y \ZIZLL R DR H 5

:acowl [ n(\ — Xo)]

, cong)l [U
y=wy—a
n

U
U<¢>_tan( )
o= 2] fu

U)6 = U}/()\ — )\0,¢ = ¢0) =

q [\~ Ao)]

(5+5)/ /= (2]}

aCOS¢1 [U(Qﬁl)r
n |U(do)
ChB. ZIT,0<N< 2, /2 < b < b)2 DRIHE LB, Ee, a lLHIROD L
Thb.
INH6DRIIDODNT, EBEDFIBUIILLTD & S 2ok 585,

phi, lambda = b, )" X,y =2,y, phiO,phil, phi2, lambdal = ¢07¢17¢23)‘0a
nopt =n, uopt(0:2)=U(¢),U(¢1),U(¢2), rhophiO = wy.

(]

o ERADIEMHIXT?TSMI
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3.8.7 112merdis

HUBRERT DD B 2 sIHID AV T1 VIR ERE T DR % T 0T 0D i DRERE, #%
ENLERT 5.

result=112merdis( lambdal, phil, lambda2, phi2, lambdaO, phiO )

518

lambdal <R,DP> in #{ 1 ORRE [rad].

[rad]
phil <R,DP> in i1 O#fEE [rad].
lambda2 <R,DP> in #{ 2 ORE [rad].
phi2 <R,DP> in s 2 O [rad)].
lambdaO <R,DP> in #ZMEFEIR SMURREE [rad).
phio <R,DP> in B AAEE [rad].

RUfE  <R,DP> in 2 rifEOME#EE [m).
EHEIN
H5 2 MOMBE, BREVZNTN (61, M), (92, \o) THEABNTVD L X, ZODM
0))‘)1/717 ]\)1/?1‘ }J_*EJ:'C@}_'_FE (ml,yl) ($2,y2) &i%m%m

1 = a(A1 — o), T2 =a(l2— o),

n=ain{fin (54| /] (54|}
=an{fon (5 5)|/ o (59}

TEHEZOND. a | FHEROEZETHD. Lo T, 206 2 SEOHE L 1

L=+/(zo—21)2+ (2 — y1)%.
INHDRIZODNWT, EEDOFIBUIILL D & 5 2ok e 2 5.

phil, lambdal = ¢, A1, phi2,lambda2 = ¢, A2, phiO, lambdal = ¢q, Ag.

B%

o EXEADIEHIX?IZH.
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3.8.8 112radi

Bee
HERERIE DB S 2 DB ETOREEEZ 2T N0 MDMEE, RENSFHETS.
X
result=112radi( lonl, latl, lon2, lat2, [forcef] )
5%
lon0 <R,DP> in {1 OFfEE [rad].
lat0 <R,DP> in x{ 1 D [rad].
lon0 <R,DP> in s 2 OFRE [rad].
lat0 <R,DP> in Al 2 OFFE [rad].
forcef <L> in BUEFEZ DDA T 3V ().
ROfE  <R,DP> in 2 sifE]OF#HE [m].
E&ER
Hd 2 ﬁ@r‘fﬁf&, BENZENTN ((;31, /\1), (¢52, )\2) TEZLNTWVWD L :3’, Z DI
DOBRIE EORREE L 1%
L = Rarccos [sin ¢ sin ¢1 + cos ¢g cos ¢y cos (A2 — A1)]
THZLN5. RIFHEROERTHS.
INSH5DORIZONT, EBEDFIBIILL RO L 5 B affR L 455,
latl,lonl = ¢1, A1, lat2,lon2 = ¢, Ag.
e
o EHRADIEMHIX5.3.1 S
o forcef & EXDFREIZE VT, 5ITE R SNMERED NI WEE,
BAEZAA T arccos BIEDBIED —1 256 1 &) KIQHMEEL 2D Z ENd
5. TDYE, forcef = .true. ZiXET D LAMIMEN 1 &85 KD IZHAH
INd. T7AHN M forcef = .false. CTHHIEITIZT I —& U THEIK
TI2LDI28oT V5.
3.8.9 ll2rt
BaE

HOERBRIE LD H DA, ML L2 FR e UMEEREZE R 2L &, T Ih oML
IO B D i D FEFEREE % MR DSEHNIT R S &5 (IR RO L ).
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=X
call 112rt( lon0O, latO, lonl, latl, r, theta )

518
lon0  <R,DP> in R PEASE R C DR [rad).
lat0  <R,DP> in P AR R S AU C DR [rad].
lon <R,DP> in AR R AU C OFRREE [rad).
lat <R,DP> in M JRERE R ST DR [rad).
r <R,DP> inout MREEFERDENE G FEEREE [m).
theta <R,DP> inout MREEEERDEAASGAIME [rad].

EERN

B BRI RIE (fo, o) B EURE U HBEER (r,0) A 25, COL %, M, iR
(1, A1) WIS 2 WRERE EoD S5 (r, 0) 1

r = Rarccos [sin ¢ sin ¢1 + cos ¢2 cos ¢1 cos (A2 — A1)],

Sin ¢ cos ¢y — cos ¢ sin ¢g cos A1 — Ag
cos ¢1 sin (A — Ag)
THhd. 22T, 0<0<2rDFiPHZE L 5. T/, RIFHIKDOLETHZ.
INHDORUITDONT, EBEDOFIBUZLAFD & 5 Bt nffk e 25,

6 = arctan

r,theta=r, 6, 1at0,1lon0 = ¢y, A\g, latl,lonl = ¢, .

(]

o THADIFIAIZ 5.3.1 IR,

o X NDMFEERIER S IOV TES TR < BRE Lo Filo i 2
UTREHIND. £/, AAAHIIZOWTIE, Bk % BROBOE & U 7 Fi I
L 2L SOMETERIN, MEEOE S E85, RO T Lo s
0:1%&@6&5&%%5%(w6.mb@é,lﬁﬁ&ﬂ%ﬂ&é%ﬁA®

BEEToT\VS.

3.8.10 lon2merx

Hae
HiERERT D& DAEE, LR AL Uz AV A NIVIERRIRIE (77 /1) N R (2, y))
BEZEE BAONERENBREINOBFEBEL x 23KDD.

=X

result=lon2merx( lam, lamO )
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518
lam <R,DP> in AN MVEEINEFEE [rad].
lamO0  <R,DP> in  AJVA MV OFEHERE [rad].
KOfE <R,DP> out A lam AW I N2 B o [m).
EERN

BRI EIZH T DRE N ZHDRRE (\) R E Uz AT NIV (z,y) 108
MU &, T0 o FEEIE
x = a(\— o).

x=w=x, lam0 =), lon2merx = \.

B%E

o EFRADIEHIX??SMI.
3.8.11 rt2ll
HaE

HERERT LD H DA, #JE 2 FR & U7 MBESR 2 H R L &, TOMEHER TR
INDMOMEEREEFIHTD.

=X
call rt211( r, theta, lonO, latO, lon, lat )

515
r R,DP> in  MBEERTROBE I [m].
theta <R,DP> in MR RS R D [F A7 A ST Tl [rad)].
lon0  <R,DP> in PR AR R S L C DR [rad].
lat0  <R,DP> in R EE R R i A C DFERE [rad).
lon <R,DP> inout MiFERLRKTORE [rad].
lat <R,DP> inout MR TOME [rad].

EFEN

HBFEE, B (o, o) ZIRME UMBEERER (r,0) 2E A 5. TD& I, Mgk
DA (ro, O0) WSS BRI, B (00, Ao) 1

. . To . To . e e
= arcsin |sin ¢y cos — + cos ¢ sin — sin 6 ] <Oy < —
Ou o 7 o 7 ol 5 0< 5
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costy .
sinrg

Az = Ag £ arcsin [:I:
COS ¢y

T%é.zdﬁzoﬁwﬁﬁ—g<9m<;E§<9mgh®&%ﬁﬁg%mu%
CREEL 5D, . RIEHIROEETHS.
CRBEDORIZTONT, EEDIEE FD & > BSEIRE 2 5.

r,theta = rg, 0y, 1lat0,lon0 = ¢g, N9, 1lat,lon = ¢, \,.

(]

o EHRNDIEHIZ 5.3.1 .

o TN MERERIZE S FIC DOV TEMTIE 2 <, BRI LD PRI B &
UTRHING. 72, AEH A OWTIE, B2 ROBER & U7~ b
CRP UL XOMETESRIN, MIEEOE A %82, ROFFH Lo &
ezigz@é¢5uﬁ%sMTmé.mb@éﬁﬁﬁ&!&ﬂ&éﬁﬁm@
B eiToT\W5.

3.8.12 vec2lam

BEEE
BRI ECOMERE R CTER I NATREDKENRY ML 2 5% T ¥ ~)b MR
JERE (x,y) ETOAKENRT MV 2 P IZIEZR D D\ WMT WL 5.
X
call vec2lam( lambdaO, phil, phi2, lambda, phi, &
ui, vi, uo, vo, conv_flag, [undef] )
513
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lambda0  <R,DP> in JERE (x,y) DRI X 5 #E)

phil <R,DP> in Z VAL MR EEREE 1 [rad).

phi2 <R,DP> in T VRV N EEREE 2 [rad).

phi <R,DP(:,:)> in N7 MVPEZBINTODHEE [re

lambda <R,DP(size(phi,1),size(phi,2))> in NI NVBEZBINTNODREE [re

ui <R,DP(size(phi,1),size(phi,2))> in N7 MVDOZEHETORGEH B\ &
PO PERE x Fim 4.

vi <R,DP(size(phi,1),size(phi,2))> in N7 MVDOEHETOEILD SV I
BRI PERE y ST T .

uo <R,DP(size(phi,1),size(phi,2))> inout 27 MILOEHBOREEDH DMK
PO PR x Fi A7

vo <R,DP(size(phi,1),size(phi,2))> inout 27 MILDOEBZEORILD D\ MK
B2 PR y ST T .

conv_flag <C(5)> in ZEHD i) (k).

undef <R,DP> n K E .

EHED
HEME, RENZTNTN (¢, \) THEALNTVWD L X ZOAITBWTHKERY K
IWEHINTVDS LT D, TONT NVORBEREHIADNRT NVES (vh, uy)
TN MNEERE E (z,y) TORIUNRZ MVD (2,y) B4 (ug,vr) 1

ur, = uy cos [n(A — Ag)] — vgsin [n(A — Xo)]
)\0)} + Vg COS [n(A — )\0)]

uy = ur, cos [n(A — Ao)] + vg sin [n(A — Ag)]

vr, = uy sin [n(A

vy = — ursin [n(X — Ag)] + v cos [n(A — Ao)]

Thd. ZIT,0<A<2m, —7/2< ¢ < ¢/2 DHiPHE L 5. F77, a IFHIRD AR
Thb.
INHEDORUIZTDNT, EEDFIBUZLA T D & 5 Bt nffke 25,

phi = ¢, ui,vi=w,v (ur,vs), u0,V0 =1uy,vs (u,v).
phil, phi2, lambdal = ¢1, P2, Ao.

(]

o ERADIEHIZT?TSRL

o 51 conv_flag IFAMD /i ZRKL, *112xy’ LHEIND &, BRMTEHRS
NFRY NIVEED B E CERINZANY MVRSITERT S, 'xy211° &
HEIND &, BEMTERINAZANY NUEZ ZKRETERINZNRT ML
RIS 5.
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o RIN—F VIFETRHREREZMVTEAKRL UTEHIEETTS. DV, &EH
ETERBINTVDIGAETY, TOREITMERE TRIINZITER L2
WEWS ZETHD. b U, BEH ETTAN NEETERIN TV 2541,
xy2lamll % HWT, MEREICEHBL TELER D D.

o KI—F Y DUEFERTNRY MVOFFHEIIALTH S, £/, X7 MVOH
fLIEETHS.

3.8.13 x2merlon

HUBRERTET F-0D 3 2 12, M2 % B 2 U7z AU N VBRI BERS (F 77 N RS (2, y)
BEAILE BAONE o IR INIREERDS.

result=x2merlon( x, lamO )

518

X <R,DP> in ANV MIVERFZEEETO o B [m)].
lam0  <R,DP> in  AJ)VH MV ORI [rad).
RUME <R,DP> out MR 2 IZEZINDEE [rad].
EHER
HBREREE (No) 2R E U AN T1 NIV HERE (2, y) D o PEEEIZBRA L2351 5 %%
AP —-REIIBEIND. 208 TORYEER v & BRE EORE N ITIZEL T O
N d:
X
A=—+ X
a
ZIZT,0< A< 2r DEiP % £ B, F/2, a IFHBRONEZETH S,
INHDORIIDONWT, EEDOFIBUIZBARD & 5 B IGBFRE 2 5.

x=z, lam0 = )g, x2merlon = A.

(]

o EFRADIEIHIX??SMI

3.8.14 xy2lamll

Hae
BRI D d DHEE, MREZF L UT V) NMEYRERE (770 D EE; (2, y)) %
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BRI E, BEAON o,y BRIZRE INDIRE, MEZKRD 5.

=X
call xy2lamll( x, y, lambda, phi, lambdaO, phiO, phil, phi2, &
[nopt], [uopt], [ropt] )

518K
x <R,DP> in Z V) N EERET O x FERE [m).
y <R,DP> in Z VRV N PERET O y JEEE [m].
lambda  <R,DP> inout JEKE (z,y) IZHRE I NDREE [rad).
phi <R,DP> inout PEERE (z,y) ICEEINDME [rad].
lambda0 <R,DP> in JERE (z,y) DR EIZEE I NDRE [rad].
phi0 <R,DP> in JERE (x,y) 0))7??,'.%‘ i X N D MR [rad].
phil <R,DP> in Z b b BGYEHERREE 1 [rad).
phi2 <R,DP> in AVAAVIZ 3 %E%&}# 2 [rad].
nopt <R,DP> in Lambert_coe @ ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe (D rhophiO.

EFEN

mﬁf%r@ (G0, ho) BB E LT VL MEREEEE (2, y) O o,y HERISERTT 1
o5 7‘%)%%)“5“ GADFIRE I NG, ZDL X ORMHER 5y L BRI LML R
Ez'* DN TIELA R DGR H 5

1 o/
A = Ao + — arctan </x>
n

/
Yy —wy
a Ccos @1

/7y —up)?

U($) = tan (Z + g)

_ cos ¢ ¢2 g R
n=ln [COS@] {1 [tan(él 2>/tan(4+2>”

/ / v :
wp = w' (A= Ko, ¢ = ¢o) = acoj1¢l [UEZ;H

THhd. 22T, 0< A <21, —1/2< < ¢/2DFHE L D. /7, a lFHIBRD A%
Thd.
INHDRITDNT, EBEDOFIEUILL D & 5 2xf otk L 2 5.

¢ = 2arctan

phi,lambda = ¢,\, x,y=1z,y, phiO,phil, phi2, lambda0 = ¢g, ¢1, P2, Ao,

nopt =n, uopt(0:2)=U(¢),U(¢1),U(¢2), rhophiO = wy.
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(]

o EXRADIEHILT?IZH.

3.8.15 y2merlat

HUBRERET 10D b 2 M, RIS % BUS & U e AV IVEBGHERE (5701 | ks (2, o))
EBERLE BALNE y IR WS RIEE KD,

result=y2merlat( y, phiO )

518

y <R,DP> in  AJVI MIVESSEEIETO o MERE [m).
phi0  <R,DP> in  AJA NVERFOIEAEREE [rad].
JRUME <R,DP> out MEE 2 (ZHE ISR [rad).
EHER
H 2K (qﬁo) % FUSE Uz AV NV IERS (2, y) O y BEERIEERT RI2B 1) B 4%
JE o B—TRITBEIND. 2D L EOBRYEMEEE y & BRI LORE ¢ 1TITBLT DBEGR

e o = 2arctan{ [exp (4)] |ean (T + )} - 5

ZIT, —n/2< o< /2 DHiPA%E LD, £z, a lFHIROEETHD.
INSDRITDONT, EBEDOFBUZLARD & 5 Bx otk e 2 5.

y =y, phi0 = ¢g, y2merlat = ¢.

(]

o EXEADIHIL??IZH.

3.9 math const

B EEBE. BUERMTORDELSIZEALNTND.

AR parameter BEDDWTWRWEEHTH S.
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(Z8% | W | BEl | ZBORE]
pi <R> | 3.14159265 i JE =

img <CP> (0.0,1.0) JiE BCHA
pidp | <DP> | 3.14159265 RIEES
img_cdp | <CDP> | (0.0,1.0) JiE B

3.9.1 rotate_array

T— A8 2,3,5,7 DEHEATH %GRS 5,

call rotate array( )

515
2 U. math_const IZHWVTHEINT VD HEEL omega2, omega3, omegab, omega?
MNEFIND.

EER
3.5.6 DEHNIZBWT, N=2,3,5,7 CHELT\.

B%E

3.10 matrix _calc

B T AR, N LARBOTREA DKM, BAMWE - FEANRT MVEREHOLV—F VH %
V—F ¥ DOFMIBFREGEICOWTIE, 77 2.

3.10.1 Gau_Sei

A AT A FTVFEIZ & B8N 1 IRFRRDRIFEITH IV —F .

call GauSei( a, b, eps, x )

518
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= B[] RO |
romega?2 <CP(0:1,0:1)> | save | 7—4& 2 @ FFT H[Al§x{T4
(IEZ5#H)
romega3 <CP(0:2,0:2)> | save | 7—4& 3 @O FFT HA#E17451
(IEZ54H)
romegab <CP(0:4,0:4)> | save | 7—4& 5 @ FFT H[El§x{T4
(IEZ54H)
romega7 <CP(0:6,0:6)> | save | 7—4& 7 ® FFT H[El§ziT4
(IEZ54H)
iomega?2 <CP(0:1,0:1)> | save | 7—4& 2 ® FFT F[EI§E174]
Ch )
iomega3 <CP(0:2,0:2)> | save | 7—4& 3 ® FFT H[EI§E1T4]
(254
iomegab <CP(0:4,0:4)> | save | 7—4& 5 @ FFT H[El§xiT4]
(254
iomega? <CP(0:6,0:6)> | save | 7—4& 7 ® FFT F[E§E174]
(254
romega2 cdp | <CDP(0:1,0:1)> | save | 7 —4& 2 O FFT #1741
(IEZE4UH)
romega3 cdp | <CDP(0:2,0:2)> | save | 7—4 3 O FFT H 01751
(IEZ54H)
romega5_cdp | <CDP(0:4,0:4)> | save | 7 —4& 5 M FFT H[l§izf7%]
(IEZ5HUH)
romega7_cdp | <CDP(0:6,0:6)> | save | 7 —& 7 M FFT H[al§izf7%]
(IEZ5HUH)
iomega2_cdp | <CDP(0:1,0:1)> | save | 7 —4 2 O FFT HIAI§£1751
(254U
iomega3_cdp | <CDP(0:2,0:2)> | save | 7 —4 3 O FFT HIAI§£1751
(HZEHUH)
iomega5_cdp | <CDP(0:4,0:4)> | save | 7 —# 5 @O FFT f[nl#£1751
(HZEHUH)
iomega7_cdp | <CDP(0:6,0:6)> | save | 7 —& 7 @ FFT f[nl#£1751
(ZEHUH)
b <R(:)> inout N7 MVDERI (k).
a <R(size(b),size(b))> inout 175 (k).
eps  <R> in DORGAHE (5d).
x <R(size(b))> inout RDOZNRT ML ($5ik).
EER
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FHlag, "7 MV b ELEEE,
aijz; = by
EWDBEREN 2T RAANY Mba; 23k D, ZD L X, 518 L ORISR
ag : a(i,j), xj : x(j), bi : b(i)
THd. HIATA TIVEIZ & DEHEFIEOFEMIL?ISE.
e

o 58 eps I3 HKHH D KERIERDOHNFRAE 2R L, ZDIEDKRKMED eps LATIZ
Bolb SIIREFARZRT 5.

3.10.2 Jacobi_algebra

Hae
VIVKIZE DT 1 IRGBEADREZTIN—F V.
X
call Jacobi_algebra( a, b, eps, x )
5%
b <R(:)> inout N7 MVORS (k).
a <R(size(b),size(b))> inout 174 ($&if).
eps  <B> in UUREE (1),
x <R(size(b))> inout RO ML (HR).
EERN
'??ﬁ” Aij, N7 MV bi Lz %,
Qi Tj = bi
EWDBERE T RIMANY Dby 23kdd. ZD L X, 518 L DX ISRERIE
aij : a(i,j), =z; @ x(j), b : b(i)
Thd. VIVEIZKDFREGEOFMII?T?ISR.
e

o 51 eps IFAMH D KERTHROMHMNGRAEZ R L, ZDMEDHKIED eps AFIZ
ROl JIINEHAZKTT 5.
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3.10.3 Jacobi_eigen

Bee
Y aAVEZ HOCTHEREDOENM A OREAHEZ KD DN —F .
=R
call Jacobi_eigen( a, lambda, [eps] )
513
a R(:,)> in EAERERD B (i),
lambda <R(size(a,1))> inout [EHMH (k).
eps  <B> i REOLGRHELE ().
EHEN
ﬁﬂ'ﬁu Qgj, N7 ]\)l/ T bl L/fl(‘.’. %,
CLZ'jIEj = )\l‘l
EWSEREM T RN 2 RDD. 22T, N DEIXIFHORCEMEHD. ZD
& X, BlEE Ox IR
a;j : a(i,j), A : lambda(k)
Thd. k BHOME A% Z Z Tl lambda(k) & U7z, ¥ IR K BEIREAGED
X7 2.
5

o eps IREGFIHEDOPRHERMETH Y, 1 [ O RKAEFHREFTHE T O R A D
KB eps ARIZR 728 JITEIEZKTT 5.

3.10.4 LU_devs

BEEE

ARy T4 T DX LU DffEITOIINV—F .
X

call LU devs( a, b, x, itermax )
511
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b <R(:)> inout N7 MLVDEG (Hih).

a <R(size(b),size(b))> inout 175 (k).

x <R(size(b))> inout KDZORT ML (HR).
itermax <I> in AL R DEEL

EEX
'f?ﬁ” Ajj, ~7 ]\}l/bl k bf:c‘.’. %,

aiz; = b
EWVDBEREN T RIANY Dby 23kdDD. ZD L X, 518 L OXISRERIE
aij : a(i,3), x; : x(3), bi : b(i)
Thd. FHlAFREII?T?SI

B&
Rz L.

3.10.5 SOR_Gau_Sei

HRE
SOR ZHWTAH Y AV A FIVEIZ & 23857 1 IRARRDKEZITSN—F .
=X
call SOR Gau Sei( a, b, eps, accel, x )
515
b <R(:)> inout /\7 MVOD ST (R).
a <R(size(b),size(b))> inout 174 (#&ih).
eps <R> in Hj(ﬁi%%ﬁ:ﬁ (k).
accel <R> in SOR DAI#EGREL (k).
X <R(size(b))> inout KDZNVARZ WL (k).
EHD

18 aij, NI BV b & L& &,
aiz; =b;
EWVDBIRENZTRANY Moy 23RDD. 2D E, 518E ONISERIK
aij = a(i, j), x; @ x(3), b : b(i)

TdHh5. SOR DEHNY AT A TIVIEIZ & B IR HIEDFNIL?? 2.
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(]

o 51 eps IFKHELS D KERTEOMNFRAEEZRL, ZOMEDRKKMED eps LATFIZ
Bolb SIIREFIRZR T $5.

o B L, MIHREUL 2 Kl U AR HISLEREM T E RV, AN—F VT,
2 U EOMENHREINZGE, LT —LBDEDIZLTWVD

3.10.6 SOR _Jacobi_algebra

SOR Z HWT Y IVHEIZ L DN 1 IRAEBEROREZTHON—F .

call SOR_Jacobi_algebra( a, b, eps, accel, x )

518

b <R(:)> inout N7 MVORKS (k).
a <R(size(b),size(b))> inout 174 (k).

eps <R> in RS (£25R).
accel <R> in SOR DINEFRE (k).
X <R(size(b))> inout KDV ZT ML (1&k).

P

EHR
118 aij, NI BV b & L& &,
aijrj = b
EWVDBRENGZTRANY Mo 23KRDD. 2D E, 518E OISR
aij : a(i,3), x; : x(3), bi : b(i)
TdHh2. SOR D EF Y 2RI LD EHEAEOFEMIX??7SE.
"%

o 58 eps IFHBLHN D RERATEDHNFRAEZ KL, Z DMEDHRKIEAD eps BATIC
Bol & SIIREFRAEEZKTI5.

o B L, IEAREIE 2 R U BT NIXLEFRENTE RV, ANV—F VTIF,
2 BLEDENBE I N6, TR E5IZLTWVS.
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3.10.7 determ_2d

2 RATHN DA% KT

result = determ_2d( a )

a <I,R(2,2)> in ZE$31741.

TEk
2 YEATHI A DFFFIS | Al 1

Thb.

w&
Rz,

3.10.8 eigenvalue_power

Hae
NEREZHCTTHORKEEHE L T OEAEMEICSHIGT SEAENT MLzkd D
N—F .
X
call eigenvalue_power( a, eps, lambda, 1v )
5180
1v <R(:)> inout [EANT RV (Hh).
a <R(size(1lv),size(1lv))> inout [EAMEZ KD DITH (k).
eps <R> in AL DI HFI S (£23R).
lambda <R> inout [EAHE (k).
EHEI

1741 Qij, R Mg &k %,

CLZ']':E]' = )\$Z
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EWVDBREN TR 2 RKDD. 22T, ADOMEIF (iR L T 5E 2RV
T, ) FTHIDRTTEBUE H B DT, T DS H DR TR K & 2L EAMHEICNIET 5. Z
DL F, JIEE DX ISREFRIE

a;j : a(i,j), A : lambda, z; : lv(i)
Thd. NERRIZLDFEHIROFMIE??Z2 2 M.

BE
Rz L.

3.10.9 fp_gauss

SBREYRY T A VT ODEN I ADNEEEEFTIIN—F .

call fp.gauss( a, b, x )

518

b <R,DP(:)> inout N2 NVDEST.
a <R,DP(size(b),size(b))> inout 174I.
x <R,DP(size(b))> inout ROZWVART L.

EER
75 a;j, X7 bbb & UL &,

agjrj = b;
EWSBIREG /2T RIINY Ml 2RDD. 2D L, 518 E OXSBELRIK
ag : a(i,j), wj : x(3), b : b(i)
Thd. U ADEEIEOFMAF R GIEIE?? 2R

w&
Rz,

3.10.10 gausss

HEaE
HAERY T4 VT DENI ADEEERZITOIIN—F .
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X
call gausss( a, b, x )
5%
b <R,DP(:)> inout N7 MVORE4T.
a <R,DP(size(b),size(b))> inout 174l.
x <R,DP(size(b))> inout RDZWRT ML,
EHEN
ﬁﬁﬂ Aij, R ]\)l/bi Lz %,
aij:vj = bi
EWDBERET T RIANY Moy 23KkddD. ZD L X, 518 L DX ISRERIE
a;j +a(i,j), x; : x(3), by : b(i)
THhd. AU ADHEEEOFMARGE GEIX?? 2.
wE

3.10.11 tri_gauss

BEEE
=FENATHIRA T ZADHEEEN—F .
X
call tri_gauss( a, b, x )
51
b <R,DP(:)> inout N2 NIVDRS.
a <R,DP(size(b),size(b))> inout 1741.
x <R,DP(size(b))> inout ROAZNRT NV,
E&ER

75 a;j, N7 bbb &L E &,

Gz = b ai; #0, (j=i—1,4, i+1)
VRl 3 Qij = 0, (J:%B,U\%)

EWVSBIRET /2 TRAANY Mo 23RDD. ZDEF, 515 E ONISERIX

a;j +a(i,j), x; : x(3), b : b(i)

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 100

Tho. ZEAFTHIOLE, 3 B —THD 2 b— T A & 7 DB 2
WA DADIILTHET % 3 720D, Pl 2 DD — FHEMT *, FHERREENT L
5. WML ERD T, f< R FEHFHIN N KCH >, 39 ADMEET B
TAHEERIE O(N3) THo2DIH U, Ab—F VTl O(N) OFHEEHTH
L. 7Y ADWEEOFHMABFEHIEL?? B,

BE
Rz L.

3.10.12 Householder

Hae
IND ATRN A =240 (77 ZHR) & FWT, AEREEIE 1751 % A~y & v OV 1552
Hes.

£

call invertmat( a, b, [p], [sym.opt] )

518

a <R(:,:)> in R DE n IRIEF1T51.
b <R(size(a,1),size(a,2))> inout MHEHNDNY L VX)L TIT4.
p <R(size(a,1),size(a,2))> inout ZHUIHNZERITH (id).
sym_opt <L> in RFMTHINE D H ().

=

EER
ERDFFTH A # ERITH] PIZEDNT ARV —EHIZE>T, Ayt ry~)L7
175 B IZE#T 5 -
PAP ' = B.

DT, ARV ARLIEIE L (F) SAGIIORE RS £ T¥OTRV -
ailr a2 e A1n—1 A1n
a1 a2 e a2n—1 a2n
0 a3z azgz - azy
0 r Appn—1 Onn
Thd.
iBE

e sym opt [FEMT L1758 a BWAFMTHIDLE, true. THET D &, AR
MWL RS, Z0L X RINDITH] b IZ=FNMITHIZ>TNWD,
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o p IENTAKRNA—EHUHANZERITFIETHNITS. 2EZL, 2oA4 T =
VEBET DL, ERITAHICHEREZ1TS OTAUERERHENELS K5,

3.10.13 invert_mat

5231
ERIEH17F D175 % KT .
£
call invert.mat( a )
518K
a <I,R(:,:)> in R B 1751
b <I,R(size(a,1),size(a,1))> inout a DH{T4].
E&EN
A ADEEIEE FHNTHTA %2 5HET 5. SRR EHE HIEIZ772 R
=E3

Bz L.

3.10.14 mat_dot

5231
EEATH] (EATHRLSTE &KW) DIFFIFEEZIRT.
X
call invertmat( a, b, c )
518K
a <R(:,:)> in m x n{7141.
b <R(size(a,2),size(a,1))> in n x m1741.
¢ <R(size(a,1),size(a,1))> inout 7&5N53IEHFIT%].
E&EN

AB=C : Zaikbkj = Cij.
k=1

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 102

FNEN, 5IEE DOXIIEAT
Qg * a(i7j)’ bl] : b(iaj)a Cij - C(lv.])

BE
Rz L.

3.10.15 QR _method

5313
QR 7 (77 ) 2 HWT, (EEFEEATHIOREAEME £EE R ML ZEEHR
95.
X
call invertmat( a, lam, [p], [eps], [sym.opt] )
518
a <R(:,:)> in R DE n IRIE 175,
lam <R(size(a,1))> inout 3505 EAE (FiR).
p <R(size(a,1),size(a,2))> inout [EHRZ ML ($id).
eps <R> in QR IEIZEH T D PRHIE.
T 7 4V M 1070,
sym_opt <L> in KFMTHIE D I ().
E&EN

EREDETH A ZERITH Q & =A1TH RIZHMRU -
A=QR,

BoND ZMATHION RN OEAEZEE TS, ZoLE, EHAENRT hUIdZEH
751 Q DEFNCEIE I N T WS, 178 A DEHMHEE A\, Ao, Ny & T DL

ALl > [Aa] > - > A
EWVHETHEOLND. ZOLI, n3ffHADT VI THD. ZDL I, BHIZHAN
FZERTH Q MO KEA NI MViE
qlu q27"'qn

BB, INHIFEBRDIN—F IEIT L5 UL T, BARD & S BRI
BoTW5.
A :oa(i,j), A : lam(i), gq; : p(1l:n,i).
MBFON—F VTR, EAEIHGEL TOBEAIRZ AN D LIZER.
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(]

o KIN—FVTRINDEANRY MVEEAMEIZFZNTN lan(i) & p(Ll:m,1i)
EVDHIGERIZH D, DF D, EAEDSE i IO d S EANT MU p
D 2 WITHDH i B IHIET 5.

o KIV—F U Tk QR EEZFHLTWB 720, BEHE MM I N TS HELS D E
FHEESVENZE, FEAEHEOHSEIIRKE < R>T NS,

e sym_opt (FEHT 5175 a BWFMTFIDEG G, .true. THRET D &, FHHEE
CiRN TR

3.10.16 schumit_norm

BB
EEORYZ MVOM%EY 23y FOBEREEZ HNTERBERNY MVRIZEHT
LIN—F .
X
call schumit_norm( u, v )
515
u <R(:,:)> in HETBERYT MIVA.
v <R(size(u,1),size(u,2))> inout IEMHERILNRT ML,
EEN
EEDNRYT MILFR {u}] & BRI R ERER NN VR {v}j AT S 7
ODY 23y MDERIEIX
(v}, &
{'U}j = ; e {’Ul}j = {u}g - Z ({u}] vt {v}e
[, i
Thb.
S
FRiZA L.

3.10.17 trans_mat

ERIETTYIOERE 2R
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N

call transmat( a )

518

a <I,R(:,:)> inout HEEIZUL/Z\.

EER

(]

e 51U inout BHEADOWNT VD DT, JIBOFMRIFILBEI N/METEINS.

3.11 max_min

BeF DI K AE, B/ MEZRRT DN —F V&,

3.11.1 max_val_ 1d

1 IRGCBCH D ERAE & 2 DAEPEIN I N TV DB ERF S 2 T d 5,

call max_val_1d( var, mamn, mamv, [undef] )

518

var <I,R,DP(:)> in 1 T DEERES.
mamn  <I> inout EWAMEIEMINTNDEEERS.
mamv  <I,R,DP> inout var DEKAE .
undef <I,R,DP> in KEBHEME (BR) .
E&ER
B2 1 FE» OB OMEZ KT S, RKXEIEED > 7256, REERFESOD
LVEDNIEIND,

B%

o REBRMMEHEINTWVDGAEIX. TORSZ L RV,
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3.11.2 max_val 2d

BERE
2 RICHLH D i KA & ZF DIED AN I N TN D RS EZF S 2GS S,
£
call max_val 2d( var, mamn, mamv, [undef] )
511
var <I,R,DP(:,:)> in 2 IRITDERZRALF.
mamnx <I> inout ACHINDERAMEIZEEY T 1 By ERES.
mamny <I> inout FCHIANDRKMEIZEES T 55 2 FlF|BERE S
mamv  <I,R,DP> inout var DEKAE .
undef <I,R,DP> in REFRME (Bh) .
EEN
A 1 FENOEAOMZ LR T 5, RAREPER D > 756, REERERFESD
FHWEDWIEIND,
B&

o RERMEMVEZRINTWVDGAEIX. TORESZ L RV,

3.11.3 max_val_3d

BEBE

3 IRTCHELH D i KA & Z DIEVKEMN I N T WD EHEER S 2 IET D,
X

call max_val_3d( var, mamn, mamv, [undef] )
511

var <I,R,DP(:)> in 3 IRTCD RS

mamnx <I> inout BCHIANDERAMEICEEYS T L5 1 Bl EREKS.
mamny <I> inout FLFINDOERKIEIZHE YT D 2 MG EEES.
mamnz <I> inout FERFINDRAMIZEL YT HH 3 Als|EHEFKS.
mamv  <I,R,DP> inout var DEKAE .

undef <I,R,DP> in KEHEME (BR) .
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E&E
B2 1 BEMSESIDMEZ KT 5, mAENERD > 7256, kb BRZF SO
FOEHDIRIND,

B%

o REFRMMVERINTWDGAEIX, TOESZ L RV,

3.11.4 min_val_1d

1 ROTES D/ ME & T DFEDEN X TV S BlSER TS 2 G T 5,

call min_val_1d( var, mamn, mamv, [undef] )

515

var <I,R,DP(:)> in 1 IR DERALH.
mamn  <I> inout B/MEIEMINTNDEERS.
mamv  <I,R,DP> inout var DiH/IMHA .
undef <I,R,DP> in KREHME (k) .
E&ER
HAIZ 1 FE»SESIOMEZ KT 5, B/IMEPEED > 7256, REEREFESOD
FHWNEDMWIEIND,

(]

o REBMEMEHZINTWDLHIX. TORSZ L RV,

3.11.5 min _val 2d

BEBE

2 RTChLH D /M & ZF DIED AN I N TN B ELFEEZFE 2GS 5,
£

call min val 2d( var, mamn, mamv, [undef] )
51
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var <I,R,DP(:,:)> in 2 IRICDEREF.

mamnx <I> inout ACHIANDEB/IMEIZEE ST 55 1 ils EEEKS.
mamny <I> inout BLHIADBUIMEIZEE Y 9 D5 2 Y EEFET.
mamv <I,R,DP> inout var Of/MHE .
undef <I,R,DP> in KEHM (k) .
EHEN
HAZ 1 HEHNOMAOMEZ LR T 5, R/MEPEE D > 7256, REBERESD
FHWEDBEIND,
5%

o REBRMMEHEINTWVDLAEIX. TORSZ L RV,

3.11.6 min_val _3d

BEBE
3 IRTTHEFI D E/IME & ZF DEPKEIH I N TV B EFERFZ S 2 HET 5,
=5y
call min_val_3d( var, mamn, mamv, [undef] )
518
var <I,R,DP(:)> in 3 IRTCDERALS.
mamnx <I> inout FEHINOR/MEIZEEY 55 1 I EREES.
mamny <I> inout FLAIANDBUMEIZEE Y $ 55 2 Bl EHEEF .
mamnz <I> inout LA NDER/AMEIZEE YT 5 3 BlFEREFS.
mamv  <I,R,DP> inout var ME/IME .
undef <I,R,DP> in KREFRMAE (k) .
E&E
Bz 1 ZEHPNOHAOMEZ LIRS 5, R/MEPNER D > 7256, RO BEEBESD
FHNE DRI ND,
B&

o REFRMEMVEZRINTWVDGAEIX, TOESZ L 2V,
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3.12 phys_const

PE A E B, MBI EEB e L TOERD L S IZ5 2 5. HHUIILRAESR

(2008) & ¥ 12,

RN Bt LD Rk 5

Me <R> 5.9736e24 HuBR oD & [kg]

g <R> 9.80665 HERODRFHETE I IR | [m 2]
omega <R> 7.291893328¢-5 MR oD s A [s7Y
radius <R> 6.371e6 HBR DR [m]

kB <R> 1.380658¢-23 R 3 VR [J K1
Me <R> 5.9736e24 HuBR oD [kg]

g.dp <DP> 9.80665 HERODISHETE IR | [m s2]
omega dp | <DP> | 7.2918933286303412732d-5 HER D H i A4 R [s7Y
radius_dp | <DP> 6.371d6 HUBR D PE [m]

kB_dp <DP> 1.380658d-23 RV < Ve [J K

3.13 poly_function

ERXZHEAZETIIN—F VE Z I TEHINDIERLHAIN—F VI, 518 OME
125 U T interface EE INTWD DT, FREEDFIE % 5 Z WXHKEE T, fHEE D5

G ANSERETRAE U WA 2R, £,

KDFEIZ?? 2.

3.13.1 chebyshev

0-—nRDF YT I7LEANEIHETS,

call chebyshev( n, x, che )

518

2L, HIBREE DA, Tsuboki and Sakakibara (2007) 2

THWOLNTWSZIEHADEEE S
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n <I> in FHRET D mE IR
X <R,DP(:)> in K WFIE
che <R,DP(0:n,size(x))> inout F ¥z 7Z%IHN.
E&HEN
nIRF YT TLIEHAE T,(zx) £TD L,

& (—1)kn ! n—2 2\k
Talw) = kzzo o) Tn—2m 1 =2

(]

o EBDIAM LI A TIMI NT VNS, Tl FEDZEMIZ DOV TIZ??H 4.

3.13.2 gegenbauer

Hae
0—nIXOT =7 YN\ 7 —LIHAZHET 5.
=5
call gegenbauer( n, x, p, lambda )
515
n <I> in AR I=1/¢ 8
x <R,DP(:)> in B0V ARGIE e
p <R,DP(0:n,size(x))> inout 7 —7 VU7 —%IERA.
lambda <R> in T VN T — R
EERN
niRT—=7 VN T =S EHAE CMz) £ T L,
A 2"I'(n+ ) o n l-n 1
Ch(z) = 7nlf()\) F 272,111)\,:1;2.
T, P3N ADBEMEBTH 5.
e

o EEROFHMILHL XTI I T WD, FEli GIEDFEMIZ DWW TIX??72I].
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3.13.3 hermite

BERE
0—nIROTIVI— "NEIHA%EIHRT 5.
£
call hermite( n, x, p )
511
n <I> in BT S e EiRE.
x <R,DP(:)> in KD FIEL
p <R,DP(0:n,size(x))> inout TI)VI—FZLIHA.
E&ER

nIRTIVI— N ZIERE Hy(x) LT3 L,

~DFRE-1)!"'n!
i) = 3 o gt
wE

o ERROFHMIXI LN THM I T WS, FEM T EDFEMIZ DWW TIXT? 2L

3.13.4 jacobi_poly

HeE
0—niXOYILLIHAZGHET 5.
=X
call jacobi_poly( n, x, p, alpha, beta )
518
n <I> in G 2 B IR
X <R,DP(:)> in IOV ARGIEE
P <R,DP(0:n,size(x))> inout VIEZLIHA.
alpha <R> in Y IR 1.
beta  <R> in Y IR 2.
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EHEN
niRY ACLZIEHA% G, (a, B; 1) £Td L&,

Y¥n! Ta+n+k)I(B) 4
Gn(a, —1+ZT1 (n—1) T(a+n)(B+k)"
e

o FEEOFHMIFH LA TIEMI N TN D, FEAEDFFMIZ DOV TIX??SL

3.13.5 laguerre

HeE
0—nIXOT T —IVLHAZHET 5.
E:o
call laguerre( n, x, p )
518
n <I> in AR S B
x <R,DP(:)> in ROV ARGIE S
p <R,DP(0:n,size(x))> inout T —ILEZIHLA.
EERN
nIRTr—NVEHR%E Ly(z) LT &,
Z k
kl (n—k 'k:' ‘
(]

o ERROFHMIXI LN THM I T WS, FEM T EDFEMIZ DWW TIXT?T 2L

3.13.6 legendre

0—nIROILY ¥y RIVEIER %2 EHET 5.

call legendre( n, x, p )
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511
<I> in R D I EIRE.
<R,DP(:)> in ROV ARGIE S
<R,DP(0:n,size(x))> inout NV ¥ v RIVZIHK.
E&EN
niIkVY ¥V RVEIEHA% P, (z) £ T5 &,
:ii(—l cn—k+1D)n—k+2)--nn+1)--(n+k) [1—z\"
k'Ek! 2 '
k=0
5
o EBRDFMIFM LR THAG I T WS, Sl GEDZERIZ DWW TIX??2 A,
3.13.7 sonine
BERE
0—nikDY =VEZHEAEHETD.
£
call sonine( n, x, p, lambda )
518K
n <I> in AT S B
X <R,DP(:)> in SOV ARGIE-@
P <R,DP(0:n,size(x))> inout YV =VZ%IHA.
lambda <R> in Y = URE
E&EN
nikY =V ZHA% S)(x) L Td L,
k ' (n —|— /\ /-c) ! k !
8%
o FEEEDIAMIFHH LR TRM I N T WD, 2Ll HFEDZERIZ DWW TIR??R -,
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3.14 pv_analy

WAL AT (ZBER 4 D M2 D ~EY 2 — ).

3.14.1 Ertel PV

Bee
INTIVORT VI Y IViEEZGHET .
=R
call Ertel PV( x, y, 2z, u, v, w, rho, pt, cor, PV, [undef], [sx], [sy],
[sz] )
518
x <R(:)> in TR — B
y <R(:)> in TR R
z <R(:)> in GF R = R
u <R(size(x),size(y),size(z))> in x S ODEE.
v <R(size(x),size(y),size(z))> in y FMDIREE.
W <R(size(x),size(y),size(z))> in z D E.
rho <R(size(z))> in R [keg/m3).
pt <R(size(x),size(y),size(z))> in wAL [K].
cor <R(size(x),size(y))> in AV FVINTA—=4 [/5].
PV <R(size(x),size(y),size(z))> inout TILTID PV [K/kgs m?].
undef <R> in HRAE F1H.
EHELN
INVTNDRT VY IViEE P32, TOERIT
p_ w, - Vo
p
BB, ZIT, wy,b, pldThenintitig, Hh, BETHD,
e

Rz L.

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 114

3.14.2 HEPV

HeE
FNFRIIBTBEEOEERBEIZE IS INVTIVORT VI Y IVIE R T 5.
=59
call HEPV( x, y, z, u, v, rhoc, pt, cor, PV, [undef], [sx], [sy] )
518
X <R(:)> in TR — R
y <R(:)> in G FR5 AR
z <R(:)> in TR =R
u <R(size(x),size(y),size(z))> in x JIEIDEE [m/s].
v <R(size(x),size(y),size(z))> in y FFODEE [m/s].
rhoc  <R(size(x),size(y),size(z))> in HAN XEE.
pt <R(size(x),size(y),size(z))> in AN T —RAFE (1Rad).
cor <R(size(x),size(y))> in AVAVINT A=K [/s].
PV <R(size(x),size(y),size(z))> inout TILTID PV [K/kgs m?].
undef <R> in ARIE FE .
sx <R(size(x),size(y))> in x FAD AT —)VIR T
sy <R(size(x),size(y))> in y MDA — VAT
EHEI
HHFERIZBIDINTIVORT VY Y IVIREE P L33 L, TOERITEM R
2 RCOEEN OERDOIMEERE (IZEHBTZH LT
B O\ 1)) 1)) 190¢
P fone (G) rene (5) s (ac)] (55)
L85, ZIT,
_Ov _ Ou
We, ¢ = —87<_, Wy ¢ = aﬁ(
Thd, BFCIETOMEEEE CHMINDEMARLTH S Z L2 HEKL TWD,
F0 NI OVWTRET IR TH Y, —HRIIIZEAAPERAI NG, 20
HEIKFEL T, 55605 PV ORAMIZERLD ZLIHER, IN6 2 &5 8 Wik
IED L,
z,y,( =%,¥,2, u,v=1u,vV, <16C> =rhoc, A=pt, f=cor, P=PV
p 0z
Thd,
e
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o &BI¥x,y,z,thoc,pt DHEIFIED & S BIXGTCTERHDRND, THIX PV D
KT EE GRS ZEICERT &, HAIDOTIVT )V PV ORTLZ L
LalEk., TOMEZEIZHDAT—IVHFLEDET, sx * x,sy * y A [m] D
Hfi%, pt A [K] OFALZ, rhoc A [m3/kg] DHALZFFTITL W,

o A —)VIHF sx,sy IFKFES DR %Z ] (RITIZT D /2ODRBETHD,
G ZOAT—=IVHF% hy, hy 9D L. ERINTODKPEERPEER 2, y
DIUNEENL 6, oy (ZX U T, KT D Al 6L, L, IFEAFD & S 2B
REdvo:

0Ly = hydx, 0L, = hydy.

BIZIX, o,y FEREAERTI DRRE, #RE (1, ¢o) THD LT DL, THTNDOM
INSATHEME G Ly, 5L, IEENEN
Ly = acos ¢oddy, 6L, = adps
LY, ZOEEIDAT—IVHTFIEENTH
he = acosgy, hy=a

LR%, TIT, aldMiBROERETH D,
10¢

o HA[TFEE rhoc I EiBD & ST rhoc= 00n THd, ¢ =RMEEE 2127

% &, rhoc [FEEDHBIZ T D, /2. EHEEp 2 (ITHHATL L, F
HFEDOBEBRMS rhoc 1 —g IZ—89 5, K> T, HTIHGEITHERIIID
rhoc Z RO TELBENRDH D,

3.14.3 HQGPV

BenE
T ER BT B JE S FERE S & O] & AR (5 D < MEMETR AR 7 > Y v LIRS
ZEHET 5.

£
call HQGPV( x, y, z, phi, t.ref, cor, PV, [undef], [hx], [hy], [rhoc]
)

515
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= B AR (2) £ fn]
Wt (phi) VART V¥V [J/kg] | )T [Pa)
BEARGRE (t ref) I K] R4 (K]
<R(:)> in TR — R
<R(:)> in A TR R
z <R(:)> in A TR = R
phi <R(size(x),size(y),size(z))> in z IIXIRT 2 (k).
t_ref <R(size(z))> in BEARGRE (A1) [K] (k).
cor <R(size(x),size(y))> in YAV INT A=K [/s].
PV <R(size(x),size(y),size(z))> inout ¥EHIIE PV [s71].
undef <R> in RAE FH.
hx <R(size(x),size(y))> in x JAOD A — VKA.
hy <R(size(x),size(y))> in y HED AT —)VIR T
rhoc <R(size(z))> in ARG [kg/m?] ().
EERN
FHHZRICE T HERMBERAR T VY IVEEEZ P dd e, TOERITIEIIEEp
RTDES : . 5 /1o
— 2 0
=515 (2 5)

BEU, R 2 DERE

po fi

1 o [ (do\
P=—Vipt+f+fi(7
0 0z dz

TITNTHERIND,

)

BREERZ LI, ST Z 2N EYHRIIRLDL, UTFIZTheRELTEEDL,

(]

o A7 —)VINF hx,hy (FACEH MO EERER % [m] IRJTIZT 2 72ODHRETH D,
G ZOART=IVINT% hy, hy T2, EEINTVDKVEZEMMEEER 2, y
DWUNEERL 6z, 0y (XU T, AKEFRIDKMEERE L, L, FEATFD & S 2

X RO
0L, = hyor,

0L, = hyoy.

BIZAE, z,y PEAEDSERTEI DRRE, #EE (41, ¢2) THD LTI L, TNTHDW

INSTEERE O Ly, 0L, 13T TN
0L, = acos P09,
ERY, ZOEETDOAT—IVKHFITENTN

hy = acos gz, hy=a

0Ly = adpa
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%%, ZIT, aldEROEETH D,

o FARLGEE rhoc ML LTLHND & XIT, SMEEEIIRMAEENE 5N
TWd eI)V—F VICHEHIIY 5,

3.15 special _function

FRkBEE % B9 O B, A8, LNy =2 7 Iiid, BEOEZ D AKX L
ThHY, EBROFEFNEIX?? %2 Z2H5I2I N0,

3.15.1 Full_Ellipl_Func

HeE
e E ety (Il S A RS

23
result = Full Ellipl Func( k )
518

k <R> in A
B <R,DP> inout afFEHEE.

7r/2 1
K(k) = —'QdG
0 1 — k2sin“ 0

3.15.2 Full _Ellip2_Func

HEE

B eEHERE R 5.
E:Y

result = Full E11lip2 Func( k )
518
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k <R> in 88
RYfE <R,DP> inout afEfEE.

w/2 1
K(k) = —‘de
0 1 —k2sin® 0

Bz L.

3.15.3 Dbessj

By VBB Z R TS,

result = bessj( m, t )

518K

m <I,R> in R Y )VEIE D IREL.
t <R,DP> in 2R
RUME <R,DP> inout FHELGEE.
EEIN
m IRy IV % J,(t) £ T2 &,

) o (_1)k ¢ 2k+m
Jm(t)—zkgf(k+m+1) (2) .

k=0

ZIZT, I(m) EmRAYEETHS.

HE o EEOFMNIIMAF TR I N TS, FHliAFIEDFHMIZDOWTIE??SI.

3.15.4 bessy

BNy RIVBIB R ERT .

result = bessy( m, t )
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518
m <I,R> in Ry IVEERDIREL.
t <R,DP> in 2R
RYUME <R,DP> inout &fFEfEE.

E&EN

mARNRY VIV % V(1) £ 5 &,

m—1 o

k=0

li 1+1+ +l + L+ + ! t e
2k:1k' 2 k n+1 n+k 2 '

I, T(m) WEm A Y T BIE T () om RS 2 VBT 5.

#5%E o EEOFMNIIMDE TG I N TS, G-l GIEDOFMIZ DOV TIE??S .

3.15.5 beszero

Hae
—FERY L IVEBOY O S E2EHET 5.
X
call beszero( nmax, mmax, k )
518
nmax <I> in R )V D B RIREL.
mmax <I> in KDY 1T EDOEE.
k <R,DP(0:nmax,mmax)> inout YR TOHE (ffiHZIH).
E&E

B RIVEED 0 RS n IRETOFBMNE m DY O R E2EETS. 2
& &, 5l OFIGBERIZAT D & 51225,

n I nmax, m . mmax.

BE o HlIZIX, n RO m BHOX O FHTOERDEZ RD -5 E, call beszero(
n, m, k(0:n,m) ) IEETIL k(n,n) IZZDELOLDEIEHINTNS.
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3.15.6 beta_func

Hee
N—LBEBZFHETD.
N
result = beta_func( x, y )
515
X <R,DP> in R
y <R,DP> in Gt 3
RUME  <R,DP> inout FHEAKGR.
EER

N—R % Bz,y) LT3 L,

1
B(x,y):/ EN 1 — v,z >0
0

BE o EEOFINELATIMINT NS,
o N—ABBUTIFELNTMEZRZ & Db,

B(l‘,y) - B(va)

THDDT, 5| BMDIER XD,

3.15.7 delta

R T IEDFEINZ DWW TIX?? 2R,

Hae
JAXY A—DTINVA%EHET 5.
=5
result = delta( i, j )
518
i <I> in YR
j <I> in R,
RYOME <R> inout sIEAEHE.
EERN
c 1 =9
,j — . .
0 (i#J)
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w&
Rz,

3.15.8 df _bessj

ANy CIVEB AR TS,

result = df bessj( m, t )
515
m <I,R> in TR 2 VBB D IR

t <R,DP> in 2R
RUME <R,DP> inout FHELGEE.

EHN
mIRZE Ny RIVERZ I,(t) L35 &,

Ln(t) = i 7™ T (it).
ZIT, Tnlt) W om RSy R IVEIE, i IR TH D
BE o EEOMMRIIBAY TIHMES TN S, Sl HEDO MOV T2,

3.15.9 df bessy

5313
B ) A~ VEREEET S,
X
result = df bessy( m, t )
511
m <I,R> in B ) A~ VDI
t <R,DP> in 2.

BEOfl <R,DP> inout glELEE.
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EER
mIEW ) A< VBB E Kn(t) L35 L,

7 L(t) = Lu(t)

2 sin mm

K(t) =
ZZT, In(t) W& mIRZERY 2 IVEBTH .

#E o EEROFMNIIMAE T I N TS, FHlIHFIEDFHEMIZONWTIZ??SI.

3.15.10 epsilon

52313
ITF4 Y hYDA TV EHETD.
X
result = epsilon( i, j, k)
518
i <I> in HEER
j <I> in BEERR
k <I> in R
RUfE <R> inout EtAEGEE.
E&Ez
1 fEEH
Sijhk =19 —1 ®EHR
0 ZTOff
B&

3.15.11 gamma func

HEE

AV BEEEETS.
23

result = gamma func( x )
518
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X <I,R> in HHR.
RYfE <R,DP> inout afEfEE.
E&E
AV E INz) L ddL,

oo
I'(x) —/ t*le7tdt, x>0
0

#E o FEEROHMAILELATHMINT VD,

3.15.12 kaijo

A A EDOZEAIZ DWW TIX?? 28,

PeE
MREZEHEITD.
X
result = kaijo( i )
5%
i <I> in R
RYME <I,R> inout FHEAKSHE.
EERN
il=ix(i—1)x--+x2x1
e
Bz L
3.15.13 sp_bessj
PaE
RNy VBB A GRS 5.
=Y
result = spbessj( m, t )
518
m <I,R> in R 2 )V BB DIRES.
t <R,DP> in 2R
RYfE <R,DP> inout afEfEE.
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EER
m ERR Y CIVBIE A (1) L T2 L,

s

. 1/2k
Jm(t) = (27) Imy1/2(t).
ZIT, Jn(t) EmikRNY IV TH 5.
BE o EROIHMIIXIIHEAT CTIHMiiXI N TWS. FHli G EDFERIZ DWW TIE??S IR,

3.15.14 sp_bessy

BMEBRR ) A v VBB EEET 5.

result = sp bessy( m, t )

518

m <I,R> in B A < VB OIRE.
t <R,DP> in =
RYME <R,DP> inout afEfLEE.
EHEN
miRER ) A< VB E j.t) L TH L,

wt) = (1)

ZIT, Y1) EmR/) A VEBTHD.

Ym+1/2(t)'

#E o HEEROFMNIFMAE TG I N TS, FHlGIEOFM IO TIE??S I

3.16 statistics

FEERMMEHLEITIN A, b, Wi, 70w T« YV EEITS IV —F V.

3.16.1 Anomaly_1d

HeE
1 IRTGEA DSEEN S DT ) <) —25HET 5,
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X
call Anomaly_1d( x, anor, [error], [nc] )
511
x <R,DP(:)> in 1 IRTT— A&,
anor <R,DP(size(x))> inout % x(i) IZXInT 2 mA.
error <R,DP> in REEME (&) .
nc <I> inout EHEOAT VN (1Bak) .
EEN
ERORIDT =45z, WEIELHE., TDT /<) —a, FEARD &S IZEHA
REATR
1 n
Q; = T; — E Z.%'p
p=1
B&

o REMENEHINTVIHEIE. FHHEDE., TOMEMNPAS>TND T —X i
EEREIZANZ, £/, T/ V =2 UTH error CTEHINTWVWDIH%E
B,

o 1 nc & error BIEMEREINT VB GE, EHEHEIZHWZ T — 2 BOHR
BO(REEZ RN ) 2RT.

3.16.2 Anomaly_2d

BERE
2 IRTCEEH I DSEEEN S DT ) <) — % FHET 5,
=5y
call Anomaly 2d( x, anor, [error], [nc] )
511
x <R,DP(:,:)> in 1R T— 4.
anor <R,DP(size(x,1),size(x,2))> inout % x(i,j) (T d 2=,
error <R,DP> in REEME (1Bid) .
nc <I> inout EHDOAT Y N (#BR) .
E&EN

FEDEIDT —8F 2 WEAEL GG, TDT )XY = Gy FARD & S IZF
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"minhd,
n m
1
a~-:x--——g E T
ij L—— Pq
g=1p=1

B%

o RIEMENEZINTVDHEIL. FHHHEDE, TOENPA>TND T —X K
EHEIZANG Y, £, T /D= UTH error TEHEINT WD IHZE
b

o 5# nc & error BIEM K E I NT VDG, EHFFEIHN T — 2 EBDHR
BO(REBEZ RN 2IRT.

3.16.3 Anomaly 3d

BEEE
3 IRTTESDEAEMN DT ) ) —2HET S,
=X
call Anomaly 3d( x, anor, [error], [nc] )
518
X <R,DP(:)> in LIRGET — 4.
anor <R,DP(size(x,1),size(x,2),size(x,3))> inout & x(i,j,k) (ZXnd dfFz.
error <R,DP> in RIEME (i) .
nc <I> inout EHDAT Y N (#BR) .
E&ER
FEBEDOEIDT =25 xpppp WEELUZEGE, TDT IV — appn ZEATD X S 12
AEIND,
Qijk = Lijk — lmn Z Z Z Lpgr
r=1 g=1 p=1
B&

o RIEMEMERINTVWIHEIE, FEHHEDE, TOEPASTND T —X 5
ZEBEIZANZN, £/, T/ YV = U TH error TEHINTWVWDIHE
BT,

o 1% nc & error BIEDEREINT VB IGE, FHEEIZHWZT— 2 BOHKR
B (RIBMEZ RN 2IRT.
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3.16.4 auto_interpo_search_1d

BERE
1 IRFTTOMWIEELH] (BERBNER 2 T IR RIS RDEH]) OHFT, point %
BABROVRAKDEZFESZHIITD (WD AT AL TD LD RUHEITS ),
=52
call auto_interpo_search 1d( x, point, i, [undeff], [stdopt] )
511
x <R,DP(:)> in 1 RS 51
point  <R,DP(:)> in EiEAVRY=¥
i <I(size(point))> inout % point ZBA L WVEHEKARD x(i)
IZHEYS S 2 ERE S
undeff <I> in BRHEPHAN 7 T 7 (18R) .
T 74 Mo,
stdopt <L> in TI—WHh75 7 (k) .
T 7 AN M . false.
E&ER
R X2 7.
B&

o {FifHikIX auto_interpo_search_1d & [A U. /272U, point EHIILEY 7 —
ATHDIENHHRTHD. U, Wil7— 2 THROEAL interpo_search 1d
%N —T TR UNZR.

3.16.5 auto_interpo_search 2d

2 POLDWRES] (EHBAMR B T LI K%< B BHH) OHBT, pointx,
pointy % A AVEADERES 2 TS (Wb BAY AFHED &> R
??5)0

call auto_interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
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X <R,DP(:)> in 1 RoCHERd ).
y <R,DP(:)> in 1 IR AR 4.
pointx <R,DP(:)> in x WX DWTHANZ WAL
pointy <R,DP(:)> in IS DWTEHNRZ O AL
i <I(size(pointx))> inout #& pointx %R R WVEHRKD x(1)
WHY T2 ERES.
j <I(size(pointx))> inout % pointy Z#iARWVEKD y(j)
WY 5 ERES.
undeff <I> in BRHEFNT 77 (k) .
T7 AN NEER.
stdopt <L> in To5—hh75 7 (#Bh) .
T 7 AV NE false.
EER
N7
e

o (i 57%l% auto_interpo_search 2d £[[U. 7272, pointx, pointy Bl
W T — A ThHd I EWAHETHD. B U, 7T — 4 TRVEEI interpo_search 2d
2 —TTHTUMNR.

3.16.6 auto_interpo_search_3d

3 GG OWIEELY] (BEREPHE AL T L IENKRELRBES]) OF T, pointx,
pointy, pointz Z#ABWVWERAKDERZF S HNTLE (WOWL AV AGTD &
DB ELTD ),

=59
call auto_interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k,
&
& [stdopt], [undeff] )

518
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x <R,DP(:)> in 1 IR G 1] .
y <R,DP(:)> in 1 IR AR 4.
z <R,DP(:)> in 1 IR L ] .
pointx <R,DP(:)> in X AT DWTHNRZ VAL
pointy <R,DP(:)> in YIZDWTHANID AL
pointz <R,DP(:)> in z IZDWTHNZD AL
i <I(size(pointx))> inout %% pointx Z#iAAWVEKD x(i)
WY 5 ERES.
j <I(size(pointy))> inout #% pointy %X BRWEHKD y(j)
WY 5 ERES.
k <I(size(pointz))> inout % pointz ZBABRVEKRD z(k)
WY T2 ERES.
undeff <I> in RN T 7 7 (k) .
T7 AN MEEH.
stdopt <L> in TI—Wh735 7 (k) .
T 7 A4V NE .false.
EERN
REABIE 77
e

o {HifH/57%l% auto_interpo_search 3d £[AU. /272U, pointx, pointy, pointz
BT — 2 THD MR THD. &L, WilT -2 TRVGEIE
interpo_search_3d % /)L — 7 TClEIT L MRV,

3.16.7 auto_interpolation_1d

HeE
1 IRTCD I B EEERIZEH 1T % HEE AL —F >, @%. interpo_search )V —
F & interpolation DFAGHLETIFON L NFFLE 2 58 HEMLL 72€ D.

23

call auto_interpolation 1d( x, r, u, v, [undef], [undefr], [stdopt] )

518K
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x <R,DP(:)> in PR OD S HE R AEE.

T <R,DP(:)> in LRI 21T D MR,

u <R,DP(size(x))> in JERE x TREHEINDEHT—X.
<R,DP(size(r))> inout i r TEHRINDELNT—X.

undef  <R,DP> in RAEHMAE (k).

undefr <R,DP> in INFRBEEE RUR E Bl (1),

stdopt <L> in TI—Mh7o5 7 (%&ik) .

T 74 ME .false.

EERN
PERE x DA F R x(1) TEHXEINTVDHu() ODE22HEE LT, x &[RRI
IIFES DT RBCED R D W DMHESR r DF R () TERZINTVSE V()
CHAFZITOEDTHD. A A—JEH??OES5BEDTH 5.

(]

o 5B undef IFFIFITONHZITEH D & U/ & ST I N5 (E.

o 54 undefr ;cw#ﬁ»f@ﬁmﬁﬁwiﬁﬂﬁﬁbiﬁﬁﬁé WCEEOLLT, TO/MDE
HHEMNHDNIE— D REFEME undefr DHEHIT, NFSIZIZZ D undefr T
B Z 5N EMEHIND.

° undef & undef & EHOE D LT, NN EBMEBINT D D, tHIIAN TH
BPOHFINAREL 2D, BB, ZTNOHDMEIEZT 74N M TIEEH HE -999.0
’C“i&if?hé.

o RBRMNERFPIMAFIEL TWEHE, 7 7 AV N TIEEEHELJ7IZ Warning
AW —=UMNHHINDD, stdopt & .true. (ZERELTEIFEX, HH LRV,

3.16.8 auto_interpolation_2d

2 IRICD L5 FEFEERIZE T 5 HEf PNV —F >, %, interpo_search ) —
F & interpolation DFAAOETIFOLNL NN 25w 2HELL 2ED.

call auto_interpolation 2d( x, y, r, p, u, v, [undef], [undefr], [stdopt]
)

518

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 131

x <R,DP(:)> in PR D FLHE PR 1.

y <R,DP(:)> in P D BEHE R 2.

T <R,DP(:)> in EERIZN %2175 MR 1.

P <R,DP(:)> in EERIZNH %217 D FERE 2.

u <R,DP(size(x),size(y))> in JEfSE x,y TEHZINDAELS]T—X.
v <R,DP(size(r),size(p))> inout JEMEr,p TEZXEINDEF]T—X.
undef  <R,DP> in RIEHMH (k).

undefr <R,DP> in NFRBEEE RUORE R AE (25R).
stdopt <L> in TI—WHh75 7 (k) .

T 7 AN ML false.

E&HN
JERE x,y DEME T x(1),y(§) TEHEINTVWSE uli,j) D2 SIEMEE LT,
x,y EERIGITHFIES DM T RELED R L D M DERER r,p D&M (1), pm) T
EBINTVWDEvA,n) CAFEZITIEDTHD. 1 A—JIEKI?OLSBRED
Thd.

(]

o G undef I TONFIZITE D & Lz & ST I DA,

o 5 undefr IZHNFHNDOMIHEESIEANTFETIICEEDLLT, TDHDY
HHEMNHDNIE—HDRERME undefr DHAHIT, NFESIZIZZ D undefr T
HBZ NI NG,

e undef & undef & &HOED I LT, N mEMERFISINIH D H, FHIKNTHE
EBDNOHBINTEREL 25, BB, TNODMHEIET 7 ANV R TIRESL 5E -999.0
TRINDS.

o BRI EREFAIMNIAGAHEL TWDGE, 7 7 4V b TR H 712 Warning
AW —=UMNHHINDD, stdopt & .true. (ZERELTEIFE, HH LRV,

3.16.9 auto_interpolation_3d

3 IRITD L5 PEFERIZE T 5 HEfRE AL —F >, %, interpo_search ) —
7 & interpolation DFAAOETIFOLNL NFHLE 25w 2HELL 2B D.

call auto_interpolation 3d( x, y, z, r, p, g, u, v, [undef], [undefr],
[stdopt] )

518
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x <R,DP(:)> in A OD B JUAAEE 1.

y <R,DP(:)> in P D JEHE A 2.

z <R,DP(:)> in N D FEHE AR 3.

T <R,DP(:)> in HERIZNFE 2175 R 1.

P <R,DP(:)> in FEERIZ VT % AT D JBERE 2.

q <R,DP(:)> in FRRIZ N % 47 D FEEE 3.

u <R,DP(size(x),size(y),size(z))> in JERE x,y,z CEHZEINDES]T— XK.
v <R,DP(size(r),size(y),size(z))> inout MEi%r,p,q CEZEINDIES]T—X.
undef  <R,DP> in RIEFRME ($2ik).

undefr <R,DP> in BB RORE FfH (123R).

stdopt <L> in TI—Wh75 7 (k) .

T 7 A M false.
E&HER
JERS x,y,z DEMTF R x(1),7()),z2(&) TEHEINTVWDHEu,],k) Oz 3
B UT, x,y,z EEIRIGITAEET D& T LB DR 2 HI D JERER r,p,q DA
r(1),pm),q(n) TEHINTVAEvQ,m,n) KHFZITOEDTHD. 1 A=Y
EH??2OESBREDTHD.

(]

o 58 undef IFFHITONIHZITH D & U & SN I N D ME.

o 51# undefr I RO MG ES AN FET 2ICEHDLT, TORD L
HHMHDNIE—HDREREME undefr DHFAEIT, N SIZIEZZ D undefr T
BEZoNMEPHRMI N5,

e undef & undef ¥ &HE S I LT, NI fAERHIBIMN D 2D, FHIRATH
EBZNOHBINAREL 85, BB, INODMEIET 7 ANV R TIRESL 5E -999.0
TRIND.

o BEERSMEERFFAIMNAFIEL TWDB YA, 7 7 4 )0 b TIREHEH J7IZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.

3.16.10 Cor_Coe_1d

BERE

2 TR DOMBEREEGETIL—F .
£

call Cor_Coe_1d( x, y, cc, [error] )
5l
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<R,DP(:)> in 1 R T—A&.
<R,DP(size(x))> in 1 IRTET — A&
cc <R,DP> inout  FHEIFREL
error <R,DP> in RIEAH.
E&E
FEEDEID 2 T—45] z,, yp WEELZEE, TOMHBURE cc LR D & 5125
HXhd,
Ccov
CcC =

stv(z) X stv(y)
U, MFD &S BEd sz vz,

n n

cov="3 (2= T)(yi ~7), sto(d) =) (¢i— o)’

i=1 i=1
2T cov BB, sto(d) 1 dn £ VD F— RFIDEHENE L 225, 72, LIROD
DV ZHIS P & R
i

o REMENERINTODGAEIE, SHROE, TOT—&2 23R LAV,

3.16.11 Cor_Coe_2d

BERE
2 F— X OMIBIREE 3T 2V —F > (2 WOLhLAIR).
X
call Cor_Coe 2d( x, y, cc, [error] )
518
<R,DP(:,:)> in 2 RITT — &
<R,DP(size(x,1),size(x,2))> in 2T T — X,
cc <R,DP> inout FHBEILREL.
error <R,DP> in REEAE.
EHEN
2 RIGEEH %2 1 IROGECFNISE N 2, Cor _Coe Z VT WS,
5

o RIBEMEZINTVDHAEIX, FHEOE, 0T —&2 23 LA,
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3.16.12 Cor_Coe_3d

BERE
2 F— X DOMBEREEFET N —F > (3 RThFIR).
£
call Cor_Coe 3d( x, y, cc, [lerror] )
511
<R,DP(:,:,:)> in 3T —A.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3T —4.
cc <R,DP> inout FHBIGREL.
error <R,DP> in RIEAH.
E&ER
3 IRFCEEH % 1 RGTESNICENEE 2, Cor _Coe Z T W 5.
8%

o KIBMEMEZINTVDHAEX, FIHEOE, 20T —&2 23 L AW,

3.16.13 Fregbin_count_1d

HeE
L YGERANC DU, H5E S N E VNI FAET 67— R OBE AT Y 1 E 5.
=X
call Fregbin count_1d( gbot, qtop, x, opt, qua, [error], [nc]l )
515
gbot  <R,DP(:)> in MR O T i B
qtop  <R,DP(:)> in RO F i .
x <R,DP(:)> in 1R T— A&,
opt <Cc(1)> in BlE L IZAFET 27 — 2D (Bid) .
qua <I> inout FEVIZEEND T — X DL
error <R,DP> in REgME (&) .
nc <I> inout FMATFT—XDOAD Y N (k) .
EERN

FEORIDT =45z, ZANEIIY = LT =45 % y, &35, ZORFNIH
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LT, 1<j <N EHOEYBEZLNTWVWS LTS, HBEY () O FHE (),
B L LIE () ZFHWTZEDOE VY IZFIET 2 T — 2 DEEZE 17 Y T 5.

opt(1:1)=="1> DIFEH T AN q(j) LEAVEE2ALZL X, ZOTF—&I%j &KH
DEVIZEEFNZ L LTV Y FINS.

opt(1:1)=="w> DJPE T AN q(j) LALMEEALZLE, TDOT—XILj FH
DEVIZEEFNZELTHY Y FINS.

ZOEE qh), q(f) BWENTNEIE gbot (§), qtot(§) IZxfnl, BV DM N
M size(gbot) IZHIET 2. EEDT —&F| x, B x(:) ITHIETD. IV N
7B qua IR I D .

(]

o RIEMENERINTVDHAIK, TOMEMPAST VDT — X EEFEIZAN
AR

o 51 nc % error BIBAHEINT VDA, AW 2T — X BOMBE (RIEME
ZROE) 2IKY. 22T, 5[#nc iﬁ'\’?ﬁfﬁ@&%%‘?b\f_mf%‘), BV
ZHD Y D INBI o RIBIEBAD T —=ZIZDOWTEFATND Z LITHER
T5. §48bb, 5272 VIEgbot, qtot WAV Y N T T —XxDET%
BATOZRWIEY | qua OFBFIL nc IZ—H LRV, EVAILEEFNRNT —X
NEETDDOTHD.

3.16.14 Freqbin_count_2d

BEBE
2 IRTTHFNZ DWW, FREINZE VIBNIZERET 2T —XDEBE DV T 5.
X
call Fregbin_count_2d( gbot, qtop, x, opt, qua, [error], [nc] )
511
gbot  <R,DP(:)> in YU ED N v RRAE.
qtop  <R,DP(:)> in Y VRO FimEAE.
X <R,DP(:,:)> in 2 RITT — A
opt  <C(1)> i BME RSS2 T — RO (i) |
qua <I> inout FHEVIZEEND T — X DK
error <R,DP> n RIEME (&) .
nc <I> inout FIHT—ZDHD Y N () .
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EEN
FRORIDT =25 xpm ZANIIIY = U AT—85% ypy &2 (M = nxm).
ZORINIHUT, 1< <N ZIFOEVYRERA6NTVWD LTS, HDEY (j) D
NUE g (5), B & O LIE ¢ (j) ZFHNTZDOE Y NITAFET 2T — X DA% A
Y95,

opt(1:1)=="1> DFE T AN q(j) LEUVEEELZLE, TOT—&ILj KH
DEVIZEEFNZ L LTV Y FINS.

opt(1:1)=="w> DFE T—ENq(j) LALMEERLZLE, TDOT—&ILj FH
DEVIZEEFNDELTHY Y MINS.

ZOLE qh), ¢(f) BENTNEIE gbot (§), qtot(§) IZxfnl, BV D N
M size(gbot) IIMIET S, (EEDT —2F] 2 W xC, ) IIHIBT S, ATV B
INAEENE qua IZHAAI NS .

(]

o RIEMENERINTVDIHAIK, TOMEMPAST VDI T —XEHEFEIZAN
BN

o 5% nc % error BIBMHEINTWDEHE, AW 2T — X BOMBE (RIEME
ZEROWZE) 2iRY. 22T, 5l8inc BRBEOAZRNZETHY, £V
ZHD Y N INBI o RIBIEMAD T = ZIZDOWTEFATND Z LITHER
T2, ThbbL, X VIR gbot, qtot ATV " T T —X xDET%
BATHRVEY | qua OB E nc lF—H LRV, EVRHIZEENERNT —X
NEETDDOTHD.

3.16.15 Freqbin_count_3d

HEE

3 ILHFNZ DWT, FREI N VIRNIFEET 2 T — 2 DEBE DV M 5.
N

call Fregbin_count_3d( gbot, qtop, x, opt, qua, [error], [nc] )
518
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gbot  <R,DP(:)> in 2l OD N Vi R 1L

qtop  <R,DP(:)> in O b .

x <R,DP(:,:,:)> in 3T —4.

opt <C(1)> in Bl EIZFAET 2 7 — 2 D (BiR) .
qua <I> inout FYEVIZHEEND T — X DEE.

error <R,DP> in REEME (Bid) .

nc <I> inout FIHT—ZDHD Y ML (k) .

EERN
FEOEIDT =825 gy EARFIZY) = UAET— 2% gy £ (M =
nxmxl). TOFIIHLT, 1<j<NETFOEVYREZLNTWS LTS, H
BV (j) OTHHE qi(7), B &0 EIE q,(j) @ FHNTZOEYNITIHET DT — X
D E 1D > T 5.

opt(1:1)=="1" DJPE T— XNV q(j) LEALCMEZAELLZL X TOT—XILj FH
DEVIZEEFND L LTI Y FINSD.

opt(1:1)=="w DIFEH T AN q(j) LEULMHEEEL-L S, TDT—&ILj &KH
DEVIZEEFNDL LTI Y FINSD.

ZDEE, q0), qj) BENTNEIE gqbot (§), qtot(§) IZHIGL, ¥ DfEE N
M size(gbot) (BT S, ERDT — 45 2. W x(eyi, ) ITHIRT S, AT Y
I N MEBUE qua I I NS

B%

o RIBMENEBZINTVIHEIX., TOEMNP ATV T — X HEGFEIZAN
AT

o 51# nc % error BIBMHEINTWDEHE, AW 2T — X BOMBE (RIEMHE
ZROWZE) 2iRY. 22T, §l8lnc BRBEOAZRNZETHY, HEV
ZHD Y N INBI o RIBIEMAD T = ZIZDOWTEFATND Z LITHER
T2, ThbL, XY VIEgbot, qtot ATV h T T —X xDET%
BATHRVEY | qua OB E nc lEF—H LRV, EVRHIZEENERNT —X
NEETDDOTHD.

3.16.16 LSM_1d

BEBE
HBT—RINFUT, SEEBIZ 70y T4 VT DI, RN BIEIZE->TE
DIEX LY/ 258HTL—F .

23

call LSM 1d( x, y, slope, intercept, [undef] )
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518
x <R,DP(:)> in T REH
y <R,DP(size(x))> in T—RER 2.
slope <R,DP> inout K5 NBHREEE DM E.
intercept <R,DP> inout K 5N D HIELEBDOY) .
undef <R,DP> in REEME (Bid) .
EERN
EROEIDT—ZHDOM v,y WIFAEL 725G, TOT — R 2 B/N_FIEIZEY
PURD & 5 BEREBIEL F(xp) 1274 T4 V755,
F(.’L’Z) = a1x; + ag.
oL X, 5IBUILLFOXINE T 5,
x; + x(1), a; : slope, ag : intercept.
BB, ZORNIFEID & D BRI ROGERIZAERD 5.4.1 B,
e

o RIEMEMEBINTWVWDIEEIE., TOMMPA->TWD T —XHzEEIZAN
RN,

3.16.17 LSM_2d

HaE
H2 2WLT—RINTHUT, $IBBEIZ T 1y T4 V7B, RUN=FIEIC
Lo TTDMHS LY/ ZEETIN—F V.
=X
call LSM 2d( x, y, slope, intercept, [undef] )
518
x <R,DP(:,:)> in TR 1
y <R,DP(size(x,1),size(x,2))> in TR EH 2.
slope <R,DP> inout K S5NDFCEEOME X,
intercept <R,DP> inout KD SN DIRLEE DY Fr.
undef <R,DP> in REEME (Bid) .
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EHEN
2 RotHEA % 1 ROCICE IR T, LSM V—F V2 HWTW5.

[

o RIBMENEBZINTVIHEIK., TOEMNPA>TVWE T — X HEFHEIZAN

R,

3.16.18 LSM_3d

BERE
H2 3T — RN LT, SEBEBIZ7 vy T« V7T 28I, BuN_TRIEIC
FOoTEDMHEES LY/ ZEETIN—F V.
X
call LSM 3d( x, y, slope, intercept, [undef] )
51¥
X <R,DP(:,:,:)> in T—AREHE 1.
y <R,DP(size(x,1),size(x,2),size(x,3))> in T— AP 2.
slope <R,DP> inout K 5N DB IREBE DM X
intercept <R,DP> inout 3K 5N DI DU
undef <R,DP> in REEME (Bid) .
E&ER
3 Roehicd % 1 IRGTCICE ST, LSM V—F V2 HN T\ 5.
5

o KEMEMNEHINTWVIBELEIX., TOENBASDTVWE T —XMEHEIZAN
RN,

3.16.19 LSM_poly_1d

HBDT AN UT, FRRBOZERIZ T 4w T4 V73282, /N RE
W& > TEDEBBEFHETIN—F .

call LSM poly_1d( x, y, a, intercept, [undef] )
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518
x <R,DP(:)> in TR EE .
y <R,DP(size(x))> in T—REZR 9,
a <R,DP(:)> inout K& HNDLIHANDELRE (1&ih) .
intercept <R,DP> inout RKOOHNDLIHADYF (1&k) .
undef <R,DP> in RIEME (#838) .
E&EN
FEEOEIDT—RFOM x,, yp PFEL GG, TOT—R 2 R/N_FIEIZEY
URDES B mREENRF(x,) (27 14v T4 V795,
F(z;) = Zajx{ + ao.
j=1
ZDOEE, BB RO IRE T B,

x; : x(1), a; : a(j), ap : intercept.
BIBDENS R THLMNEEDIZ, E5[BE UTazETER. TOEYOEZKAN
ZEANDTREIRBE 85, /2. ALV IN—F VT, intercept LS a IZHLA
ATz GE, FERIEUIT intercept DAL LT, a(0) 2 AATHIXREZ N,
BH. ZOR/N_FEIZK D BARN R FEOGEIZANERD IS4,

®E

o RIEMEBINTWVWDIIGAEIE., TOENPIADTWVWDET—XEHZEEIZAN
U,

3.16.20 LSM poly_2d

Hme
HET—HINH LT, ERRBOZHRNZ T v 71 V79 2HEI, R/ K
CE O TEDERBERHRT SN —F > (2 IKIThK).

23

call LSM poly 2d( x, y, a, intercept, [undef] )

518K

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 141

x <R,DP(:,:)> in T—REHZ 1
y <R,DP(size(x,1),size(x,2))> in TR EH 2.
a <R,DP(:)> inout RKOOENDLHEANDELRE (k) .
intercept <R,DP> inout ROLNLLZHADYIF (£ik) .
undef <R,DP> in REEME (k) .

EERN

2MILT — R % L IRGLT —RIZEZHZ T, LSM poly T W5,
e

o REMENERINTWVDIHEIE, TOMEMNASTWD T —H[{EZFHEIZAN
AAN

3.16.21 LSM _poly_3d

HDT =R UT, FRERBDLIENIZ T v T+ 73282, RN FIE
&> TTDERBEZFHET DN —F >V (3 IRIth).

=X
call LSM poly 3d( x, y, a, intercept, [undef] )
515
X <R,DP(:,:,:)> in T—REHR .
y <R,DP(size(x,1),size(x,2),size(x,3))> in T—RER 2.
a <R,DP(:)> inout K& 5N D LIHANDEIRE
intercept <R,DP> inout RKDODOLNBLIHADYI - (
undef <R,DP> in RIEME (#8d) .
EER
3WMILT — A% 1 IRILT — AT E SR T, LSM.poly & HNTW5.
e

o REMENTEHEINTWVBEAEIX, TOENBASTVWE T —XHEHEIZAN
RN,
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3.16.22 LSM _multi

Bee
HdT RN LT, [ERMEBOSERSENCT 4y T4 V7T, &/
CRIRILE O TEORBBEEIR T DI —F V.
X
call LSMmulti( x, y, a, [undef] )
511
X <R,DP(:,:)> in T—REHE .
y <R,DP(size(x,1))> in T—REHR 2.
a <R,DP(size(x,2))> inout KDOLNDLIHADKGRE (k) .
undef <R,DP> in RIEME (k) .
E&ER
FEEOEIDT—ZHOM ¢,y WEIELGE, TOT—X 2 R/N_FIEIZEY
UFRDES> B mREZHEN F(x,) 74V T4 V745,
F(acz) = Zajmm.
j=1
ZDEE, BB TRONIGRE T B,
xj; + x(1,3), a; @ a(j).
2E. ZORNFEIZ K D BARNRFHEOERIIA SO ?? S, ¢ & m EDRIL
BEBTHEINSEA2RT. ZOEBOMEEIRE a; OBUIFEL .
i\
o RIMEMNEHRINTWVIEEIE., TOMEMNASTNWDE T —XfEFHEIZAN
BN,
o LT v TA VIR
F(x;) = a1z1 + agza + - - - any
EVIEIEL TN, U, 71y T+ ¥ TN
F(x;) = ap + a121 + asxa + - - - anxy
EWVWISY R RSB ENE LR ITNIER S BNGETE, AV—F VI3fFH
AEETH S, BARIZIE, V—F VD58 x(:,1) IZRT 1 ZANTHITIEE
AT ko R RS
F(x;) = apro + a1w1 + agxo + - - - apxy, x9=1
EHFIZRDDT, a(1) YR DOMEINRINDG Z L1285,
main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 143

3.16.23 Mean_1d

BERE
1 IRGTTEH DSl % 3T 5,
X
call Mean_1d( x, ave, [error], [nc] )
511
X <R,DP(:)> in 1 IRgET — A,
ave <R,DP> inout EME 9 5 FEIIME.
error <R,DP> in RIgME (1) .
nc <I> inout EHDOAHT Y N (#BR) .
E&ER
FEROEXDT =25, PIEFELU S, TOVEY ave IZATFD X D IZEHHEI NS,
ave = - Z Zp
p=1
B&

o REMENERINTVDHEEIE. FEHHHEDOE., TOMEMNBA>TNS T —4 5
ZEMEIZ AN,

o 5 nc & error BIENHRE I NTWBIGE, EHFHEIZHW T — XD
B (RIBMEZ RN ZE) 2IRT.

3.16.24 Mean_2d

BB
2 RILHLH DI % BHE T B,
£
call Mean 2d( x, ave, [error], [nc] )
511
x <R,DP(:,:)> in 2 ILT — A
ave <R,DP> inout FHEY 5 FEIME.
error <R,DP> n RIEME (#8ak) .
nc <I> inout EHEOHT V NEC (1BaR) .
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EER
EREOEIDT — R xpp WIFEIEL 725G, TOEY ave IZPATFTD & D IZEHE X
nd,
ave = — ZZ:qu
q 1 p=1
5

o REMENEZRINT WD HEIE, FHFHROE, TOMEMNA>TND T — 4
ZEHRIZANZ,

o 5# nc & error BIEMNHRE I NTWBIGE, EHFHHEIZHW T — XD
(R Z RN 72E) &2IRT.

3.16.25 Mean_3d

BEBE
3 ROTECH DEE % HE T 5,
X
call Mean_3d( x, ave, [error], [nc] )
E1E=
x <R,DP(:,:,:)> in 3IRIET — A
ave <R,DP> inout FHEY B EIIME.
error <R,DP> in REEME (k) .
nc <I> inout EHEDOAT VN (1Bak) .
E&EN
EEDOEIDT— R 2y DFELU GG, TOVY ave IZEATR O & S ICHE X
nd,
ave = lmn Z Z Z Tpgr
r=1qg=1 p=1
=3

o RIBEMNEZINTVDEEIL, FHHAEDE., TOMENBA>TVD T —X 5
= BRI AN,

o 1% nc & error BIEDEREINT VB IGE, FHEEIZHWZT— 2 BOHKR
B (RIBMEZ RN 2IRT.
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3.16.26 Median_1d

1 RICHCHI D defii % KD B

call Median_1d( x, med, [error], [nc]l )

518K

x <R,DP(:)> in 1 RTT—A.

med <R,DP> inout 3Rd& D LA,

error <R,DP> in REEME (k) .

nc <I> inout FMATFT—XDAD Y N (Bak) .

EHEN

EROEIDT =25 v, WFEELUEGE, BRIV =ML, T2 BOLHIAL
B DM EROMEEHNTE, 2L E, V= bUT—ZPMEROGEIET—4
B0 (EE) 2O 2 BEUR TORAMER 2L U -ENREIND,

B%

o REMENERINTWVIHEIE, TOMEMNAS>TWD T —H[EEZFHEIZAN
Z;:ll\o

o 313 nc IE error HIEMTIE X NTVBHE, V25— A OGS (i
2R %58

3.16.27 Median_2d

BEBE
2 IRTTEH DR S Z SRk D B,
EX
call Median 2d( x, med, [error], [nc] )
511
X <R,DP(:,:)> in 2T — A
med <R,DP> inout k& D LA,
error <R,DP> in RIEME (1) .
nc <I> inout FIHT—ZDHD Y N (BR) .
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E&E
ERORIDT =85 2y 1y WEAEL 256G, AXREFIZY — ML, T—2BOD¥53I
MBS RPN EEDEEZ T, DL X, V—hUAET—EWMEROEGEIET—
D5 DAE (TR % BB 2 BEBUSTORSIERZ % F LU EMR I ND,

(]

o REMENTEHEINTWVBELIX, TOEMBASTVWE T —XfMEFHEIZAN
RN,

o 5% nc IX error SN HEINT VWD HE, W27 — X BOMRE (KRIEMHE
2RO 2K

3.16.28 Median_3d

3 RoThicA D RfEZ KD D,

call Median_3d( x, med, [error], [nc] )

518

x <R,DP(:,:,:)> in 3T —A.

med <R,DP> inout K& D LA,

error <R,DP> in REEME (k) .

nc <I> inout FHT—XDHD v M (k) .

EEN

EEDEI DT =85 2y g WEELGE, ARSIV =ML, 72DV
MNET IR EZDMEH 12, 20X, V—bNUAET—2WMERDEGEIET—
BED5r DA () % BB 2 BEBUNCTORSIER 2 LG U NIRRT D,

(]

o REMEMNERINTVIHEIE, TOMEMNASTWE T — X% FHEIZAN
BN,

o 518 nc X error BN KEINT VD HE, AW AZT — X BOMBE (KRIEME
ZERWE) 2IRT
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3.16.29 Quantile_1d

1 RICHCHID g D hrfEZ KD D,

call Quantile_1d( q, x, qua, [error], [nc], [opt] )

518

q <R,DP> in SRR (0<g<1).

X <R,DP(:)> in 1R T—4.

qua <R,DP> inout KB q /AifAE.

error <R,DP> n REEME ($8d) .

nc <I> inout METFT—ZDAD Y M (k) .

opt <C(1)> in AL DTN (i) .

E&ER
FEBEOEIDT— X 2, ZANIIIY =N UT X% y, £ T5. ZOEHIZ
HUT, MFDOERAT g 776l Q, 251HET 5.
Qe=yr, t=1-—q+qn.

ZITRONE Q) MRV E qua IZKIII NG, t BT —AFNZBIT D g FALRAUTK
6T AEAMNEREFEZSTHD. U, t WBEMTIIERLSERTHDIGE, + 7> a b
Bopt IC&2TQ,DIRBUFZIUTMNEERNTES:
opt(1:1)=="i’ DIiFH (M HMHE)

Qq = (t = [Ny + ([t] + 1 = )ypg41-
TI0w MIAUAGEEEKRT.
opt(1:1)=="1" DHBE (FMAT—%)
Qq = Ypy)-
opt(1:1)=="w’ DHZE (LAFT—%)
Qq = Yjg}+1-
e

o RIBMEMNEBZINTWVIEEIE., TOMEMNASTNWET—XHEHEIZAN
R,

o 38 nc I error FIMMBREINTVZIGA, V2T — X BOMBRE (RIEMH
ZERNZE) 2R

o 5[ opt DT 7 A4 MhIL °i° TH 5.
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3.16.30 Quantile_2d

2 RIThLs D g DAMEZE KD D,

call Quantile 2d( q, x, qua, [error], [nc], [opt] )
511

q <R,DP> in SRR (0< ¢ <1).
x <R,DP(:,:)> in 2 RIET — A
qua <R,DP> inout KD q /AIHE.
error <R,DP> in REgME (Bid) .
nc <I> inout FHT—XDAHD v MR ($81k) .
opt <C(1)> in AL DTN (F2ak) .
EHEL
FROEIDT =25 2y EANZIY = NU2T—25% yy &35 (N =nxm).
ZORFNIH U T, LFDOERRXT ¢ 736l Q, 2E1ET 5.
Qq=y:, t=1-—q+gN.

ZITHRLNZ Q, MR Y H qua IZHMI NS, t BT —RFNZB T D g AU
6T BRI EREBESTHD. LU, t PEMTIIRLSFERTHIHE, A7 a Vbl
Bopt IC&2TQ,DIRBUAZIUTMNEERNTES:

opt(1:1)=="1" DBE (IRF/HR)
Qq = (t = [Ny + ([t + 1 = )y
TIry MEA Y AGRBERT.
opt (1:1)=="1" D¥& (FAT—%)
Qq = Y-
opt(1:1)=="w DHE (LAF—%)

Qq = Y[]+1-
e

o RIBMEMNEBZINTWVIEEIE., TOMEMNASTNWET—XHEHEIZAN
R,

o 38 nc I error FIMMBREINTVZIGA, V2T — X BOMBRE (RIEMH
ZERNZE) 2R

o 5[ opt DT 7 A4 MhIL °i° TH 5.
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3.16.31 Quantile_3d

BERE
3 IRITTEH D q hifE% kDB,
X
call Quantile_3d( q, x, qua, [error], [nc], [opt] )
511
q <R,DP> in SRR (0< g <1).
X <R,DP(:,:,:)> in 3T —4.
qua <R,DP> inout KD q AIHE.
error <R,DP> in REEME (k) .
nc <I> inout FMHT—2DOH Y N (B) .
opt <C(1)> in AL DTN (i) .
E&E
FEEOEIDT— A4 Tpmi ZFANIITY — b LT —RH5% yy £95 (N =
nxmxl). ZORFNIH LT, LROERNT ¢ 20ifE Q, 251HET 5.
Qq¢=uy, t=1-—q+gN.
ZITHRLNE QMR VH qua IZHHNI NG ¢ MT—RINZBT D g AR}
6T DESERZEB S THD. U, t WEHTIILRLSERTHIGE, A7 a Vbl
Bopt IC&2TQ,DIRBUAZIUTMNEERNTES:
opt(1:1)=="i’> DFEH (FFHFHMAE)
Qq = (t = [ty + (] + 1 = t)yy41-
T2y NIAT AL EERT.
opt (1:1)=="1> DIFH (TFT—%)
Qq = Ypy-
opt(1:1)=="w’ DHZE (LAFT—%)
Qq = Y[]+1-
B&

o RIBMEMNEBZINTWVIEEIE., TOMEMNASTNWET—XHEHEIZAN
R,

o 38 nc I error FIMMBREINTVZIGA, V2T — X BOMBRE (RIEMH
ZERNZE) 2R

o 5[ opt DT 7 A4 MhIL °i° TH 5.

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

SHTIN—Fr—&

150

3.16.32 Quartile_1d

1 RICHCHI DI LAE Z KD D,

call Quartile_1d( x, qua, [error], [nc] )

518K

x <R,DP(:)> in
qua <R,DP(3)> inout
error <R,DP> in

nc <I> mout

1 RTET—A.
kb 2 v A
RIEME (F85) .

FHET =207y M (k) .

EERN
EROEIDT =45 2, WFEELZHGE, NIV =ML, T2
B OESEZROMEERENTE, 20X V= hNUAT—ZMEROGBEIET—
BEDH O () Z RO BEE 2 BBUKCTORSER 2 U 72 E3NR I D,
51T, TTHOLNAZTROEREZNZTNIZDOWTI HIESDAEIZE T DS
WHRMEHIT 5. quall:3) IFTNTN qual) & 25 S—t ¥ &A1 IVH, qua(2)
1& 50 /8= & A, qua(3) 1 75 A= U XA INVAEIZ—ET 5.

B%

o REENERINTWVDIHEIE, TOMEMNASTWE T —H[{EZFHEIZAN
BN,

o 13 nc IE error BIEMIE X NTVBHE, FIV 25— A OGS (il
EBRV B BT

3.16.33 Quartile_2d
Hae
2 RGEEF DU AifE 2 KD B,

23R

call Quartile 2d( x, qua, [error], [nc] )

518

2021 4 11 A 24 H (GEEEH)
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x <R,DP(:,:)> in 2 RITT—A.

qua <R,DP(3)> inout K& B AL,

error <R,DP> in REEME (Bid) .

nc <I> inout FAT—XDOAT Y NI (BIR) .

EERN
EROEIDT =85 2y DAL 25E, ARSIV — MU, T—2BDY53I
MBS RPN EZEDEZ T, DL E, V= hUAET—EWEROGEIET—
BEDN O () # RO BERE 2 BBUKCTORSER 2 U 72 EaNR I b,
X5, TTHELNAZHROBREZNZTIIIDONTI HIEH DA EIZS T 2 ES
WHEMEZH TS, qua(l:3) IZFZNEN qua(l) 1 25 N—& > XA IV, qua(2)
1 50 /8—L V& A IAHE, qua(3) 1 75 A= U XA IVEIZ T 5.

2

o RIEMEMEBINTWVWIHEEIE., TOMMPA->TWVWD T —XHzEEIZAN
RN,

o 518 nc 1% error SN KEINT VD HE, AW ZT — X BOMBE (RIEMHE
RO 2IRT

3.16.34 Quartile_3d

BERE
3 IRTThL A DY NifE % KD B,
£
call Quartile 3d( x, qua, [error], [nc] )
511
X <R,DP(:,:,:)> in 3IRILT— X
qua <R,DP(3)> inout 3R B P57 fHE.
error <R,DP> in REEME (Bid) .
nc <I> inout FHT—ZDHT Y N ($8d) .
EHEN

EEDOEI DT =85 2y gy WEEL GG, ARSIV =ML, 72D
MBS RPN EZEDEEZ T D, ZDEE, V= hFUAET—EWEROGEIET—
BEDN O () Z RO BEE 2 BBUKCTORSER 2 U 72 ENR I b,
X5, TTHELNAZHROBREZNZTINIIDONTI HIES DA EIZS T 2 ES
WHRME2H TS, qual:3) IFTNTN qua(l) & 25 S—t ¥ &A1 IVH, qua(2)
1 50 /8= VA A, qua(3) 1 75 A= U XA IVAEIZ T 5.
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(]

o RIEMEMEBZINTWVAEEIZ., TOMENASDTWET—AHZEHEIZAN
R,

o 5 nc IX error FIEMHEINT WD HE, AW 2T — 2 BOME (KIEHE
ZhROE) ZIKT

3.16.35 Reg Line 1d

HaE
FREMOMEE LY 2574 —F .
X
call Reg Line_ 1d( x, y, slope, intercept, [error] )
515
x <R,DP(:)> in 1 IRTT—A&.
y <R,DP(size(x))> in LIRTET —A.
slope <R,DP> inout AR EFROME .
intercept <R,DP> inout [FAIFERROY] .
error <R,DP> in RIEAE.
EERN
EEOREID 2 T—&5] z,, yp PFELZGE. TORIFER y, = oz, + 8128
F2MEE o LY 82 LSMV—F V2 HWTHET S,
IEHE R BT TIEISAT BT 7S L
=

o REMEMNERINTODHEIE, SHHEOE, TOT—225HHE LAV,

3.16.36 Reg Line 2d

2 RIET —RIZ DOV THIREMRDOMEE L/ 257 T2 —F .

call Reg Line 2d( x, y, slope, intercept, [error] )
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515
x <R,DP(:,:)> in 2T — A
y <R,DP(size(x,1),size(x,2))> in 2 RTLT — 4.
slope <R,DP> inout [A|FEKROM E.
intercept <R,DP> inout [FREFROY] Fr.
error <R,DP> in RIEMH.
EERN
2IMIGT — A% L IRGLT — R EIHZ T, Reg Line V—F V&AWV D.
e
o REMEMNEZINTWBEAHIX, GHHEOE, TDF— & %23 L ARV,
3.16.37 Reg_Line_3d
Hae
3MILT — AU OWTHIREFROMEE L YR &2 3R T —F .
=X
call Reg Line 3d( x, y, slope, intercept, [error] )
515
X <R,DP(:,:,:)> in 3IRITT—X.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3IRILT—A.
slope <R,DP> inout [A|VFERROM E.
intercept <R,DP> inout [FIEEFROY]Fr.
error <R,DP> in RIEAH.

EERN
SMIGT — A% 1 IRGLT —RIZESIHA T, Reg Line V—F V&N D,

B%

o REMEMNERINTV LA, SHROEE, 20T —Z 23R LAV,
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3.16.38 covariance_1d

BERE
2 T —RDHNREFET DI —F V.
£
call covariance 1d( x, y, cov, [error], [nc] )
511
X <R,DP(:)> in 1IRTET —&.
y <R,DP(size(x))> in LIRET—4.
cov <R,DP> inout J:E
error <R,DP> in RIEAH.
nc <I> inout FEHEOAT VN (Bak) .
EEN
FEEOEID 2 7—35] z,, y, WELEL GG, TOHLDE cov LFD & S IZFHE
INd,
1 & _ _
cov = - ; (z; — %) (y; — 9)
ZIZT, EfOOWIERISESEE KT
8%

o REMENERINTVDHAIX, FHREOE, TOT—&2 23R LAV,

o 1% nc & error BIEMEREINT VB EE, FHEHEIZHW 2T — 2 BOH%
B(RIBMEZ RN 28 2IRT.

3.16.39 covariance_2d

BEEE

2 T—RDHNMEFET DI —F > (2 IRITALFIRR).
X

call covariance_2d( x, y, cov, [error], [nc] )
511
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x <R,DP(:,:)> in 2RTTT — &,

y <R,DP(size(x,1),size(x,2))> in 2 LT — 4.

cov <R,DP> inout FL k.

error <R,DP> in RIEAH.

nc <I> inout “EHEDA TV NG (k) .

EEX

QML T —R%E 1L IRGET —RITEZIHZ T, covariance V—F V2 V5.

B%

o REMENEZRINTV D LA, FHROEE, TDT—ZZ2iRH LAV,

o ¥ nc & error BIEMHRE I NTWBIGE, EHFHHEIZHW T — X2 BOHR
B (RIBMEZ RN &2IRT.

3.16.40 covariance_3d

BéaE
2 T—RDOHNREFET DIV —F > (3 RITHELFIIR).
X
call covariance 3d( x, y, cov, [error], [nc] )
511
x <R,DP(:,:,:)> in 3T —4.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3T —4.
cov <R,DP> inout JLHEL.
error <R,DP> in REEAH.
nc <I> inout DAYV N (#BiR) .
E&ER
3T —R%E 1 IRTT—RIZEZHZ T, covariance V—F V2 5.
&&

o RIBENERINTODIGAIX, FHROE, TDT—&2 23R LAV,

o 51 nc & error BIEMEREINT WD GE, EHFHEIZHWZ T — 2 B
B (REBMEZ RN ZE) 2IRT.
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3.16.41 interpo_search_1d

BERE
1 IRFTTOMWIEELH] (BERBNER 2 T IR RIS RDEH]) OHFT, point %
BABWVRKODEZFZSZ2H 1T (DWW E NI AL TD LD RN EFTS ),
g
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
511
X <R,DP(:)> in 1 RICHT L.
point  <R,DP> in EiRAYAAY=¥
i <I> inout point ZMALWVERKD x(i)
NV EES P o S
undeff <I> in RN T 57 (1Bh) .
T7 A NI o,
stdopt <L> in TI—Wh7I 7 (k) .
T 7 AN M . false.
E&ER
BB 377,
B&

o RREIFHDOINERME L VNI WVEEZ R L & 5 & UZBRIZ undeff 2K T,
ZOMEDBRE I NG ITERHIFAIMI B - 72551% 0 2R, SERHPFH LD KX
WGBIREDED Bz L 5TH, x DERREICHY T L ERE S 2K,

o BERINMEREFIMNAGAEL TWDGA, 7 7 40 b TR H J71Z Warning
AW —UMNHEIINDED, stdopt & .true. (ZERELTEIHE, HHLRWV.

3.16.42 interpo_search_2d

HEBE
2 RGTDOWIERCS] (BREBNZ 5 T ITENKE AR SEH]) Of T, pointx,
pointy A BRWERAKDEREFSZHNTE (WDLWDH T AGLED XD R %
795,

2

call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
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515
x <R,DP(:)> in 1 IRTTE R ).
y <R,DP(:)> in 1 RIGHR SIS
pointx <R,DP> in x AZDWTHNZW AL
pointy <R,DP> in YIZDWTHNRZ DL
i <I> inout pointx %A RWVERKD x(i)
WY T 2 ERES.
j <I> inout pointy Z A ZWERKD y(j)
ICHY T 2 ERES.
undeff <I> in PRBHIPHIN T Z 7 (#2iR) .
A VAN A=l
stdopt <L> in TI—Hh75 7 (k) .
T 7 AV N false.
EERN
I P77
e

o BEEHPHDOMIF ERZE LD /NI WVMEZ R LU LD & UZBRIZ undeff 23K,
ZOMENHREINTIERHIFAINI R - 25813 0 2K T, R LD KX
WIGBIFED LS B3R &> TH, x DERKMEIZHY T DA EEZE S 2IKT,

o RENMPBERBHIMFIEL TWDEE, 7 7 4 )V N TIIEHEH /712 Warning
AW —=INHIIINED, stdopt & .true. [TEELTHITIE, HHLARW.

3.16.43 interpo_search_3d

3 IRTCOWIEELY] (EREBNIHEA D Z L IElNKRE <A SH4]) OHF T, pointx,
pointy, pointz Z A BWERKKDERFZSZHNTLE (WbWL AV AGTD &
DB ELTD),

call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, &
& [stdopt], [undeff] )

518
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x <R,DP(:)> in 1 IRTn L ).

y <R,DP(:)> in 1 IRSCHT LA

z <R,DP(:)> in 1 IR e ] .

pointx <R,DP> in x AZDWTHNZW AL

pointy <R,DP> in YIZDWTIHHANZD AL

pointz <R,DP> in z [ZDWTHHNTZWV AL

i <I> inout pointx A RVEKD x(1)
WY 5 ERES.

j <I> inout pointy %2 A\WVERKD y(j)
WY 2 ERE S,

k <I> inout pointz %A RWVERKD z(k)
YT B ERES.

undeff <I> in BRHFHN T 7 7 (k) .
77 A Mo,

stdopt <L> in TI—Hh75 7 (#ad) .

T 7 A ML . false.

oo
EFRT

R 77
"%

o PREHPDEINERME L VNI WEZEEL £S5 & ULBRIZ undeff Z2KT,
ZDOMEMNEE I NG ITHRRHFINMC R > - 5H1E 0 23RS, BEREH LD K&
WEBIRED LS BEZ L > TH, x DRAMEICHY T SEFEREE T ZIET,

o RBRMNERHPIMIAFIEL TWE5E, 7 7 A4V N TIEEHEL 11T Warning
A —=UNHHINDED, stdopt & .true. (IEELTEITE, HHLARW.

3.16.44 interpolation_1d

HeE
1L RTTDRIEAFIN—F >, NI ENIEOBRIZZRIT S mB LU, TORICET
Bz LIl WK TOMEZFIENIZ L > TEHET D,

=

call interpolation_1d( x, y, point, val )

518
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x <R,DP(2)> in Wi DA ($2ih) .
y <R,DP(2)> in x CEHZINDME (k) .
point <R,DP> in SEC=Y

val <R,DP> inout NfF A TDAA.

EER
B BE??. & B RS 2, DE I U TEBINT WSy, 2EH 212, &
% 2 sz, zip OO 2, (BT DEAFFHEEZFE L Z20VETDH, 208 E N
TR yip 1 2ERE 2 IMOfER BIRUT, BTOE D IHHEINS,

Yi+r1 — Yi

ip = Yi +dx * (T5p — x; dr = .
yzp yz+ ( p 1)7 Titl — T

ZOEE, I TONIGZE T 5,
xi 2 x(1), wmip o x(2), oy oy, oy y(2),
zip : point, y; ¢ val
e

o HAIZ, x(1:2) DFEDDONLRVEEIE, point D% £ £ 12, interpo_search_1d
V—=FVEH, IN6DREHOLNUORODTEIFIEL,

3.16.45 interpolation_2d

BEEE
2 IRTTDRRERFTF I —F >, N R ENFHOBRIZSIRT S B LU, TOMITET
5% E &I, NFEETOMEMRENEIZE > THET S,
X
call interpolation_2d( x, y, z, point, val )
511
X <R,DP(2)> in x HrNFE SO AL (Biak) .
y <R,DP(2)> in y SRS O A (k) .
z <R,DP(2,2)> in x, y CERINDME (BiR) .

point <R,DP(2)> in x, y COMNHEL.
point (1) A% x, point (2) A%y (X,
val <R,DP> inout AfF s TDIA.
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EERN
R ??. B 2 JEEERCS 2y, Y DRI U TEBR I NTODAE 2, 26 1T,
HB 4 )f—I_'\ (IL‘i,yj), (l'i+1,yj), (l‘i,yj+1, :z:¢+1,yj+1) fi;h/é)f—i (ZL‘p, yq) C:BHE)XX?W?
BB R L2V T B, ZOL X NFFE 2, 1ZIEF 4 O E ZRL T,

zxi+1j — j;‘j (zp — 1) + ?«;jﬂ - Zij(

i+1 — T4 i1 — Y5
(xp —3)(Yq — Yj)

Ti+1 — $i)(yj+1 - yj)

Zpg = Zij + Yg — Y5)

[Zit1j4+1 — Zij+1 — Zit1j + Zij] (
LEEINS T, ZorE, FIRIETONIEE TS,
i 2 x(1), w1 2 x(2), gy 0y, yi : y(2),

Zij . Z(l,l)7 zi—l—lj . 2(2,1), Zij+1 . Z(1,2), zi—l—lj—l—l . 2(2,2),

xp : point(1), y, : point(2), 2z, : val

B%

o HAIZ, x(1:2), y(1:2) DRDDONSHBNGEIL, point DfE%E £ 12, interpo_search 2d
W—=FVEH, INLDREHSNUDKROTEIFIEL,

3.16.46 interpolation_3d

3 RITDREANTFIN —F >, NREIRENFORIZZRTIRBE LT, TORIZHY
Bz &Il NN TOMEEFIENIZ L >TERET S,

=5y
call interpolation 3d( x, y, z, u, point, val )

511
x <R,DP(2)> in x JFINTR RO LA (k) .
y <R,DP(2)> in y SN RO e (k) .
z <R,DP(2)> in z JANFEEO AL ($k) .

<R,DP(2,2,2)> in x, y, z CEBEINDH (&id) .

point <R,DP(3)> in x, vy, z CONFFAL

point (1) 2 x, point(2) My i,
point (3) A% z IZXf .
val <R,DP> inout  PIF AL T DA,

13z pROEHIZ2?B .
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EHER
BERBIZI??. & BERELA] 2, g, 21 DE ST U TR S NT OB iy % B
LI, B 8 HCHEND 1 (2, g, ) 125 2 DIGIIE- A L0 2 T3,
DY E, P 2y IR 8 HOMESRLT,

Tp — T Yo — Y
Upgr = Wijk + (Uit1jk — Wijk) (p — 1) + (Wij+1k — Uijk) o = 45)
Tit1 — Ti Yi+1 —Yj
(2zr — 21)
Wi — i) 2T T FR)
+ ( ijk+1 ij‘) Zhtl — 2

) (xp — i) (yg — Yj)
Tit1l — T Yj+1 — Yy
) (zp — =) (20 — 21)
Tit1 — Lj Zk+1 — Zj
(g — y;) (2 — 21)
Yi+1 — Yj Bk+1 — 25

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Uig1jh41 — Wikt 1 — Wit 1jk + Uik

+ (Uij k1 — Wijh+1 — Uij4+1k + Uijk)

+ (Wit 1 1h+1 — Wij k1 — Wit 1jht1 + Yijht1 — Wit1j4+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (yq - ?Jj) (20 — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

LRI MDY, ZorE GIEIRMTORIEE T S,
i - x(1), w0 x(2), y; oy, yip - y(2),
zr  z(1),  zpa1 : z(2),
Zigk + z(1,1,1), zipe - 2(2,1,1), zijpe 2 2(1,2,1), zjper ¢ 2(1,1,2),
Zittj+1k ¢ 2(2,2,1), zippesr 0 2(2,1,2), zijpaksr 2 2(1,2,2), zipgirie ¢ 2(2,2,2),
zp : point(1), y, : point(2), 2z : point(3), upg : val

B%

o BT, x(1:2), y(1:2), z(1:2) DFNDONLRNVEGEIL, point Dffiz
&2, interpo_search 3d V—F VZ W, INLDRZHOLNUHRKDTEH
TE LW,

3.16.47 nearest_search_1d

HeE
1 IRTCOWIEELY] (BERBPIEZ D T IERRE B DHH]) OH T, point IZ
RELVERFESZ TS,

U pROEHIZI?B .
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N

call nearest_search 1d( x, point, i )

515
X <R,DP(:)>
point <R,DP>
i <I>
EERN
P77
e
2 U,

3.16.48 nearest_search_2d

in
n

inout

1RGSR i 51

AR OERL

point IZHEIEV x(1)
WCHY T B R E S,

2 GG OWIEELY] (BEREBHE A LD T L IElNKRELSRBES]) OF T, pointx,
pointy IKEREEWERE S 2 T 5,

call nearest_search 2d( x, y, pointx, pointy, i, j )

518
x <R,DP(:)> in 1 XoTsEEe .
v R,DP()> in 1 YOEHTRIRIAL.
pointx <R,DP> in x AZDWTHNZWD AL
pointy <R,DP> in Y IZDOWTHANRZDAL
i <I> inout pointx (ZHE TV x (1)
YT ERES.
j <I> inout pointy IZHE LTV y(j)
ICHY T2 ERES.
EHEN
REA IR 77.
e
2L,
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3.16.49 nearest_search_3d

3 TTOMWEH (BRI 22 L IlP K E L BB ES) O T, pointx,
pointy, pointz IZEREILVWERETZ LT D,

call nearest_search 3d( x, y, z, pointx, pointy, pointz, i, j, k )

518

x <R,DP(:)> in 1 RG] .
y <R,DP(:)> in 1 IR LA
z <R,DP(:)> in 1 RoTEn Ed 1] .
pointx <R,DP> in x AZDWTHNZW AL
pointy <R,DP> in Y IZDOWTHNIZO AL
pointz <R,DP> in zZ IZDWTHHANTZV AL
i <I> inout pointx (ZHEE IV x(1)
YT B ERES.
j <I> inout pointy IZHE IV y(j)
WY 5 ERE S
k <I> inout pointz (ZHEE IV z(k)
YT 2 ERES.
EERN
REA IR 77.
e
2 U,

3.16.50 nearest_neighbor_search_1d
HeE
1 IRTGCODAERRLFIDOH T, point IZHRBITWVERF S 2T 1T D,

N

call nearest neighbor_search 1d( x, point, i, [undef] )

518

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 164

X <R,DP(:)> in 1 RSCH S Rd ).
point <R,DP> in CERAYAAY=S
i <I> inout point IZHE TV x(1)
WZHHM 2 EERS.
undef <R,DP> in HAE FRMH.
E&EN
nearest_search_1d ¥ [A U.
®E
A

3.16.51 nearest_neighbor_search_2d

2 IRTCDALRERLFIDOH T, pointx, pointy (B IEWVWEZEEFSE2H 1T D,

call nearest._neighbor_search 2d( x, y, pointx, pointy, i, j, [undef] )

518

x <R,DP(:)> in 1 IR 4.
y <R,DP(:)> in IRV\GTwt [T RY I
pointx <R,DP> in x AZDWTHNRZW AL
pointy <R,DP> in yIZOWTHHAN WD
i <I> inout pointx IZHRH TV x(i)
MY D ERET.
j <I> inout pointy IZHE IV y(j)
IZHY T B ERE .
undef  <R,DP> in RAE FRE.
EHEL
nearest_search_2d & [F U.
wE
B U,

3.16.52 nearest_neighbor_search_3d

Hae
3 IEDEREEFDHF T, pointx, pointy, pointz ICHEEWEREFZ S % H N
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5,

=

call nearest_neighbor_search 3d( x, y, z, pointx, pointy, pointz, &

i, j, k, [undef] )

5%
b'e <R,DP(:)> in
y <R,DP(:)> in
z <R,DP(:)> in
pointx <R,DP> in
pointy <R,DP> in
pointz <R,DP> in
i <I> inout
j <I> inout
k <I> inout
undef <R,DP> in
EHEN
nearest_search 3d & [A U.
B&
A

3.16.53 spline_3

1 IRTTED 3IRATZ A4 VBN —F >, W& WO

1 IRoGHT S

1 RoGHT LS.

1 IRIGHr SIS

X AT DWTHNZZ VAL
IS DWTHANZ O AL
Z IZDWTHNZO AL
pointx IZHEEW x(1)
WY T2 ERES.
pointy IZHE TV y(§)
MY T 5 HEFRS.
pointz IZHE T z (k)
WY 2 ERE .
RE LA,

g3

~ =N

TEOERB LU,

TORIIBITAEEZE L2, 3IRAT A4 VEBIZ XML >TEHHET 5,

call spline 3( xi, xo, yi, yo, [itypel, [t1], [tn] )

518
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EEX

xi <R,DP(:)> in BHERINTWVWDET—X AL
X0 <R,DP(:)> in WHT 27— &
yi <R,DP(size(xi))> in xi CEZRINDIH.
yo <R,DP(size(x0))> in xo CHfiINDIH.
itype <I> in  W¥ESAE ORI (Hk).
T 7 )V ME 2.
t1 <R,DP> in  xi(1) TOMEME (1Bh).
7 7 )V Ml 0.0.
tn <R,DP> in  xi(size(xi)) TG (k).

T 7 4 )V MiElZ 0.0.

BABIEX??. oD RS X i=1,--- N OFRITHF U TEREINTVWDEY;
2 LI, EERGIBEERNICF T 2 EEOR z LB TN FHR L2 ne
B, ZOY I, NIFE S(x) IX 3MMATIA VEEERNTU RO LD ICEHHRINS:

Si(x) = ai(z — X3)2 +bi(z — Xi)? + il — Xp) +di,  (Xs <2< Xig1)

ZOLE GIBIFLTONIGE T S,

X; @ xi(1), Si(X;) : yi(@), z : xo(§), S(x) : yo(j).

AR O RIS 8% 5.4.3 .

(]

3.16.54

o HIE xo 134T, xi LRI UHALT xi OHIPANIZTFE L RITIUTR S 0.
o S itype IZ AT T A VBRI Z KD D & FITHE L L 2 Wi TOMIIE

MEMEOHEZRET S, itype = 1 DHEIE 1 IS TEHEZITV, itype
= 2 DA 2 BIED TEHEZTD.

o 5 t1, tn X ENTN itype THE I N/WDRIMITE T D BAKK LS

DIETH Y, t1 ¥ xi (1) TOMWMSE, tn A xi(size(xi)) THOMOE TG
45.

o 5I# itype, t1, tn OWEY) AR E THEROMIGRMAEEZHRETDIIENTES.

BE, INLNEESHBEINTVARVWGSIE, Mz 2 FgS THE
U, TOWAMEIIEBE WS BRRAT 54 Y THIFZITS.

stand_devi_1d

2 T—ADEME[FAEZHET DI —F .
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X
call stand devi_1d( x, anor, [error] )
511
x <R,DP(:)> in 1R T—A&.
anor <R,DP> inout AEHEfR .
error <R,DP> in REEAH.
EER
FEROEIDT— R x, WFIELZGE. TOEME[RE sto VRO & S IZEHR X
nd,
sty = 1 Zn:(x — )2
M\ = Z
ZZT, BB £T.
e%

o KIBMEMMEZINTVDHAEX, FIHEOE, 20T —&2 23 LA,

3.16.55 stand_devi_2d

BéRE
2 7T A DORHERAEL GRS 2V —F ¥ (2 IRGEELFIIK).
£
call stand devi_2d( x, anor, [error] )
511
x <R,DP(:,:)> in 2 ILT — A
anor <R,DP> inout FEEfRF 2.
error <R,DP> in RIEAH.
E&ER
2QTET —R % 1 IRTTT —RIZE X, stand devi V—F V& A5,
8%

o RIBEMEZINTVDIHAEX, FHEOE, DT —& 23 LA,
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3.16.56 stand_devi_3d

Bee
2 F— R DR E % T 2N —F (3 POLEAIN).
£
call stand_devi_3d( x, anor, [error] )
511
x <R,DP(:,:,:)> in 3T —4.
anor <R,DP> inout fEHEfRF 2.
error <R,DP> in RIEAE.
EHEN

ST —R % 1 IRGET —RITEZIHZ, stand_devi V—F V%= V5.

B%

o REMENEZRINTV D LA, SO, TDOT—Z 23R LAV,

3.16.57 tri_interpolation

2 RTTDRENTFIL —F >, NFERENFORIZZT o RBE LU, TDORIC

BlE% &Il NFRTOMEEFIENIZ L > TEHET D,

call tri_interpolation( x, y, val, point, oval )

518

X <R,DP(3)> in x FrRFESEOLEAH (Bh) .
y <R,DP(3)> in y AN RO A (k) .
val <R,DP(3)> in x, y CEZINDE (Bid) .

point <R,DP(2)> in x, y CONHFA.
point (1) #%x, point (2) A%y IZXfi.
oval <R,DP> inout NHF A TDAA.

EERN

B

EAERREEDR (v,y) £D 3 K A(za,ya), Blzp,ys), Clzc,yc) ETHRET S =
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ADEZNDE P(zp,yp) ~NOMMRIX

uaSa +upSp + ucSc

up = 5
72770,
S=(za—zc)(yp —ya) — (ya —yco)(zp — z4),
Sa = (rc —zB)(yp —yc) — (yo —yB)(rp — x0),
Sp = (za—xc)(yp —ya) — (ya — yc)(xp — w4),
Sc = (xB—xa)(lyp —yB) — (yB — ya)(xp — zB).

ZOEE, BT TOMNIGE T 5,

(e12,20) © x(1:3), (yaymye) : y(:3), (2pyp) : point(1:2).
(ug,up,uc) : val(1:3), wup : oval.
e

o AN —F VTIFWFHRD=ZMPNINHE 27D, Lo T, ZON—F
VR IEOH 9 ETIC, check_triclose BAENZ FFA CHANHIE 21T > TH K.

o BUEHIREIHIE 5.4.4 B

3.16.58 Move_ave

BERE
1 IRGEES OB EAME % 513 5,
£
call Move_ ave( x, n, y, [error], [offset] )
513
X <R(:)> in 1 IRET — 4.
n <I> in SE R b BERKL
y <R(size(x))> inout “F¥IUHER.
error <R> in RIEME () .
offset <I> in BEIEYS % Bh 3 2 BRES (Bd) .
F7 4 )V Mi& n.
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E&E
FEREOEXDT =25 x; WEEL 725G, TOBENEY ¢ I TFDO & S IZEHRE I M
5, 2720, n WBEVEETLIEEZRTH S,

1+n—1

1
Yi = E Z Tp
p=i
e

o BENEHODHFAIIERRNTIZ LD LD IR L TH DD, FEITHEMD n iz
DWW ZEIR L, UM ESHEZ5]E, BFfEZ T VWO EXZ21ToT
Wa,

o 5l offset IFBENEIIEDRAZFH T O EER S EZIEET S, offset=m
Egde, FOBERIISVT, RERBEN N OL X, BEIEEHIILLTDO LD
WZEHRE I NS,

i+n—1

Yi n ; l'p(Z m, n+m)

T, n>mTRITNERLRN. 20k E, EOEBZRHEHMIFEY T ZHE5
IZ1& error BRAIND. T 74 MO,

3.16.59 Move_anom

BB
1 RITELFI DB EEIIMEN & DR ZEFHE T S,
£
call Move_anom( x, n, y, [error], [offset] )
513
x <R(:)> in 1R T—4.
n <I> in SEY R b BEEEL
y <R(size(x))> inout HFoNd7T /<.
error <R> in RIEEME (Bid) .
offset <I> in BEIEYS 2 fln 4 & BEEFS (Bad) .
F7 A MEn.
EHEN

FEEOREI DT =85 x; PMFEL 256, TOBEFIT /<) g 3RO L DI
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HRENE, 2L n ABBTHTSERETHS,

1 i+n—1
Yi = Tj — E E Tp
p=1

(]

o BHEPEHDHBEIZEBRTIILOI IR L THD M, HEIFFEH D n fHIZ
DWCEZEIR L, MURRIIEGEZE &, BHEZ T EVIIEEEIT>T
Wb,

o Gl offset IFBEEIMEDRAZFK T O EEZRF S EZIEET S, offset=m
EgdL, EOEHRRNITEWT, REZEHN N O L &, BEIEEN S D241
UTFDOESIZHEIND.

i+n—1
1

e i—m. N —
Yi = T; npz_;:vp(z m, n+m)

ZIT, n>m TRITNERSLZWN. 208X, EOEZRHFIMIAEY T 2 H5
121X error BWRAI NG, T 74 M.

3.16.60 Bubble_Sort

1 R DT =22 )NT)NY) — K T7ITY ALIZE>TY— T3,

call Bubble Sort( a, b, sig )

518

a <I,R,DP(:)> in 1 IRTT—A&.
b <I,R,DP(size(a))> inout Y —bU7Z§EHE.
sig <C(1)> in FE (1) BENE (x) 2.
E&EN
BU. NTNY =TTV AL &> THERE,

"%
BU.
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3.16.61 Quick_Sort

BERE
1 RFTESN DT —R%E 74w 7 —hTINIT) ALIZEo>TY— 1T 3,
£
call Quick_Sort( a, b, sig )
511
a <I,R,DP(:)> in 1IRTET —&.
b <I,R,DP(size(a))> inout YV —hU7ZFEEE.
sig <C(1)> in FE (1) MBENE (x) .
EHEN
BU. AV 2V —=hrT7NTY XA E>THEE V— MEOHET — X 13K /—
T4 Y3 VDEHEEA DT — 2 %2 AN,
5%

2.

3.16.62 detrend_1d

BB
HDT—=RINTFLUT, MLV RBREZITIIN—F .
£
call detrend_1d( tax, ival, oval, [undef] )
51
tax <R,DP(size(ival))> in ival DEZE XN TS EEFE,
ival <R,DP(:)> in MLYRBREZITS T —A.
oval <R,DP(size(ival))> in kLY RBREINET—X.
undef <R,DP> in  RIEME (k) .
E&ER

FEEOEIDT—RHOM x,, yp WEELZGE, TOT—XDE MLV R
FlalE (LsM V—F VHH) 25,

F(z;) = a1z; + ap, (t=1,---,n).
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FoT, AVIFNT—=EAMNLID RNV Y RGERELUZT —& 1y, 2 1
Zi =Y — F(l‘l)
ZDEE, I TONILE T 5,

x; : tax(i), wy; : ival(i), 2z : oval(i).

B%

o RIEMEMEBINTWVWIEEIE., TOMMPA->TWVWDE T —XHzEEIZAN
RN,

3.16.63 detrend_2d

BEBE
HBT=RINH LT, MLV RBREZITOIIN—F .
=5y
call detrend 2d( tax, ival, oval, [undef] )
511
tax <R,DP(:)> in ival O b LY R&ERDDERE (HiR).
ival  <R,DP(:,:)> in MUY RREZITS T—A.
oval  <R,DP(size(ival,1),size(ival,2))> in Il YV RBREINZT—H.
undef <R,DP> in  RIEME (k) .
E&ER

2 MIEDEREDEIDT =R Wy DI B, n [HEIIDOWT MLV RREZITS> 2 &
#EZ5H. ZDLE, LY REZEBRELEVAB mIZOWTIZZOEME y, 22 5.
T2E, FLY RBREZTEEIZOVWTE, FBEOEIDOT—2HOM 2, y, & 5
5DT, TOT—RDOKIE N LV RIFAEEIG (LSM IV —F Vi) 05,

F(z;) = a1z; + ap, (t=1,---,n).
EOoT, AVIFNT—=ENEZDNVY RPERELZT— X 2, 2, 1
Zi = Yi — F(x,)

MUY RBREZITDED S HFIZDWTIE, ZOREFADT —RIIFEHEL 2>
TWBDT, & mIZDWT—RRIZ Fx;) 251 <:

Z]z:wjl_F(:U’L)» (j:]-v"'7m7i:17"'7n'
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DL E GBI TNONIGE T S,

x; » tax(i), wy; ¢ ival(j,i), zj : oval(j,i).

(]

o RIEEMNERINTWDEEIX, TOMEMPA>TVDE T — X K& FRIZAN

BN,
o MLV RIREZRITDFEMEITNT ival DE_FWHRHERD. T4DH, size(tax)=size(ival,?2)
Thd.

3.17 Thermo Advanced Function

BOFEBOWNEEZ TS EBD S b, DT Y 2 —)VITRTF U 72 51HE 2 17 5 BISUE.

3.17.1 SSIndex

Bee
Showalter (1953) (23D < ZE A SSI 23152V —F .
£
result = SSIndex( p, z, qv, temp, [p-ref], [p_com], [undeff], [d1l] )
5l
p <R(:)> in SUE [Pa).
z <R(size(p))> in =& [m].
qv <R(size(p))> in KFAKIEG L [kg/kg].
temp <R(size(p))> in e K.
p-ref  <R> in FAESE (i) [Pal.
7 7 )V MEE 850 hPa.
p.com  <R> in RHEEE (i) [Pa).
7 7 A )V MEE 500 hPa.
ROfE  <R> inout  SSIndex [J/kg].
undeff <R> in ARAE FRAH.
EHEN

SSIndex = (T500 — Tp500).

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 175

Z 2T, Tso0, Tpso0 1& 500 hPa @ETORBGOIRE (DFY, VYT THEII N
BIUIE), Tpsoo IXMIEIRFRIZHES T, FEMESE p = 850 hPa 225 LRI E /-t
IVODIRE.

B%

o Gl L UTHADKIINE, HRBFSO/NIWHRLYHRIGENMEE 42D &
ST, DEVEFIE LTT—4 %252 58I% HRE»SEML THL,

o I 7Y avEH pref, p.com IFTNTNRD EIT B IS L &L, L UG
RIDRUESEMMIZNIET .

3.17.2 CAPE

Bee
XA AL E T %)V F — (Convective Available Potential Energy) % g4 4 % )L —
F .

X
result = CAPE( p, z, qv, temp, zref, [undeff], [opt], [copt] )

518

P <R(:)> in SUE [Pa).

z <R(size(p))> in = [m].

qv <R(size(p))> in KRR AH [kg/kg).

temp <R(size(p))> in e K]

z_ref <R> in FAESE [m).

ROfE  <r> inout CAPE [J/kg].

undeff <R> in RAEFAH.

opt <I> in LNB §HREOEEOA T 3 v (k).

copt <I> in LNB RKEZDEEDF T a Y (k).
EER

PLFC
/ R(T, —T,)dInp.

PLNB
ZIT. pl3RE. T, 3EESGOEE (D), VYT THIUINDIE). T, 1E
BT BER IZE > T, BEEE 2,0 2O BRI W —RIVDIRE, RIFSKREEL
LFC IZHHMFREE (Level of Free Convection), LNB (FHZiF 1 & (Level of
Neutral Buoyancy).
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e
8L UTHRDHESNE, BEREFESO/NIWANK Y MRIENMEE 25 &
DU, DEVEAMELTT—X %252 2BI%, HIREMSBEML TV,
HET— &1L LFC, LNB DfE% R 2 72DICOAFEHL TWd,
undeff MWE I NTV D HEDHEIFEE I A,
t U, BERE2JUEEETEZ D583, ZOBKZITOH 4 iR RQTE
TOmEZFAEL. TOMEZ5EE UTANNIL OK.
opt ZEUIDOWTIX, BI z LNB TOA 7Y a VigELFH L.
copt Z#U%, LFC 2%zt H, LNB PWREHL RDGEDOUEZEETS.
copt M 1 DA (T 7 ANV D) 1Z LNB BREHTH ST CAPE IZRE
#E2KT. —H, copt M 2 DEFEIK, LFC 67 —&Z D LiHEE nx FT%
B Uiz, 7887 &£ D) 72fli% CAPE & ULTRT. ZHUE LNB A7 —4
O EEZERGE LY BIFETDIEIDBRGE2AELTEY, EHAAELWL
CAPE DETIZBNZ L IZEETD. ARk, AN EET — X ThE
FEIZFIET D CAPE DIEL ZEZ D NETHD.
3.17.3 CIN
Hae
X T & )L ¥ — (Convective INhibition) Z & T L)L —F .
=X
result = CIN( p, z, qv, temp, z ref, [undeff], [nega force] )
51%
P <R(:)> in SUE [Pa).
z <R(size(p))> in i [m).
qv <R(size(p))> in KAKIEA L [kg/kg].
temp <R(size(p))> in E K]
z ref <R> in FAERE [m].
R Y H <R> inout CIN [J/kg].
undeff <R> in RAEFEAH.
nega force <L> in EDTFIIOHLY o (k).
EERN
Pref
/ R(T, — T,)dInp.
PLFC
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ZIT. pRRE. T, 3EESGORE (DY), VYT TBHHUINDIRE). T, 1E
BT BB IZHE > T, BEGE 2,0p 2D BRI WA=V IVOIRE, RIFKIRER
LFC I3 HHimE (Level of Free Convection). pres 13 zpef TOKUIE.

(]

o HEL UTHRDHEIIZ, BERFSO/NIWHNK Y HIKRITEMEEL 25 X
DT, DFEVEFIEULTT— R 25228, HIRmE»SHKML TN,

o HET— XL LFC, LNB Ofi% B3 272DIZOAMHHL TV 5,

e undeff NHEXINT VD EEDHEIFFEE I AWV,

o LU, R¥EFGEZJTLHEETERZ2H5GIE. ZOBKEITOHTANICEELT
TORELFIHEL, TOME%E51H L LTANNE OK.

o N—XVFb EIFIREDFHEICKT S, BUERAZIC L > T, RESENS LFC
ETIFANEL RDEPFET DHREMENH L. TDHE, A7V a Vil
nega force = .true. [Z&>T, HSHMNUOBEAFFHNDIFINIEL KD E
JEDF I &L TITREIT S N TESD. ZOA TV a yBEEINTVIUL,
FHEHIZIREA Y=V R HNTD. T 74N ML false. DHEEINT
W5,

3.17.4 T_LFC

11
LFC (Level of Free Convection) TR % F15 9 % BILL.
=X
result = T LFC( zref, z, temp, p, qv )
518
zref <R> in FHEEE [m).
z <R(size(p))> in = [m).
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KFAKIEE L [kg/kg].
RUME  <R> inout LFC TORE [K].
EERN
BIEBIZ 31T % /8T A =X DFMIZT?SI.
e
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o B UTHRADHEHE, BEREFSDOD/NIWANK Y HIKRITENMEL 25 &
DU, DEVEAME U TT—X %252 2B%, HIERH»SHKMHL THL,

o HLIUWEEE TOMYENZ LRI/ &, FEOIEYIEMN E —BT D
HBENLFC THD. 2 ZTIE, FFDORFIFESEMN L RET D 2 mEKD, ©
IO EERMICIANETE L TEEZRETD.

3.17.5 T_LNB

Hae
LNB (Level of Neutral Buoyancy) T D& % G159 % B
=X
result = TLNB( zref, z, temp, p, qv, [option] )
515
Tref <R> in FHEE L [m).
z <R(size(p))> in = [m).
temp <R(size(p))> in e K]
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KAEKIEA L kg/kg).
RYfE  <R> inout LNB TOiRE [K].
option <R> in SR (HESR).
EHEI
WIEAKNIZ B 1 5 /87 A — X DFFHIXT? S .
R

o Gl L UTHEADKMINE, BERESONIWHEPLYHBRITGENEE 2D &
ST, DEVEFIE LTT—4 %252 58I%. MRE»SEML TV,

e option (ZIFEFAAD. ABETIX, LNB 25183572012, 2 FEHD Sk
LDBDILMNTED, 1 DO LFC & CORIFIME S EAM A LFC &V k%
THURBEGOMAMEYEM E R DD HE2FHEL, TOEEE LNB 954
ETHhd, LML, EEOESIREERSEKRBH T — 2Tl WEDOT—X&
MRELEFHTIHENHZ720, LFC DT < ETLNB 282 TLEW, IE
HIZEHEINRNGENH D, €I T, 2 DOIFEBELKRBIN T — & D Ebiis
5 N A) E IZHIFIA M IEAL 2 FHR UL @) LEC TORIFIAE 2 IRAL & [/ UAE %
W2 7-EER2 LNB & 92 5IECatE 2175, RIRIF SR 1% g Clkirig e
BERd-0, ZOFiEE L >TEMBEIXRY, 774 N TiE option = 1
ThHY, ZHE 1 2ODFIEIZELZHATH D,
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3.17.6 precip_water

Hee
Ak R % FHAE T S B
o
result = precip_water( p, qv, [undef] )
518K
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KAERIEA L kg/kg).
RYfE  <R> inout AIPEAKE [kg/m?).
undef <R> in R FHAH.
EFEN
WrEAIZ B 1 /87 A =2 DOFEMIXT? S
e

o JIL UTHAZRMINL, HEEBRSDNIVAVEVHRIGENEEL 25 &
ST, DEVEFIE LTT—4 %252 58I% MRE»SEML TV,

3.17.7 qrsg_2_dbz

Hae
BREYIR G D S BN 72 L — & SRS 2 3159 % B
=X
result = z LFC( rho, qr, [gs], [qgl, [nr]l, [ns], [ngl )
518
rho <R> in HAERE [kg/m3).
qr <R> in MZKIEG L [ke/kg).
gs <R> in FRA kg/kg].
qg <R> in WA kg/kg).
ns <R> in MEGRE [1/m3].
ns <R> in EREE [1/m3).
ng <R> in AR [1/m3).

ROME <R> inout L —XKHHRE [dBZ].
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EER
L — AR GTRE dBZ 13
dBZ = 10logo Z

TEHINT WD, KB TIE, 2D Z OFHHEIC Murakami (1990) O (54) =

ﬁQR 1.75
Z = I'(7)Ngo () 1018

Tpw N Rro

&y — 1 2 Ew — 1 2 ps 2 ﬁQs L7 18
+ (7 N, 10
(7) g+ 2 fu + 2 <pw> 50 <7rpsto>
2 2 2 _ 1.75
g —1 Ew — 1 Py > ( PQyq ) 18
+ (7 P9 ) N 10
D152 / w+ 2 ( pw) 9 \xpyNyo

=2HWTWS, F£72, EFlE 1-moment NV 27 iEEE L 2R ZE STV,
2-moment /MU EERET D &, ERIIUATD LSTR85

— 2
Z =T (7T)N! <[’QR> 1018

TPW
+I'(7) e 1F flew =115 (1 Sy (P9 21018
g+ 2 Ew +2 PW s TPs
2 2 2 _ 2
oy | [E2L 1t (L) <“Qg 1018,
€ +2 Ew + 2 PW g TPy

ZIT, KidFIEENTNUTDOLEY THD,
I'(z) AV~

€ KD LLFHE R,
Ew KD HLFE R,

Nro WOBEE m—1.
Ny  HOREE m™).
No BB ),
N, M OBIRE [m3].
Ny HEOBIRE [m3).
Ny WORURE [m™3).
Pw KD

Ps FOEE.

Pq BB,

p ARG DRAE L.

BWHLIS T A — & (X Murakami (1990) IZFlE XN T WS EZ VS A8, I T
WZRWWST A= ZIZDOWTE, BRHER (2008) DEZSFIZLTWS. L — X K4
DRI ARG EIX 772 R,

BE
RizkL.
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3.17.8 p.LCL

Hae
LCL (Lifted Condensation Level) % &1%.9 % BIZL.
=X
result = p LCL( z_ref, z, temp, p, qv )
518
p-ref <R> in FHEFE [Pal.
temp  <R(size(p))> in IE (K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KARRIEALH [kg/kg).
RUME  <R> inout LCL & [m].
EERN
WIEAXIZ B 5 /37 A =R DFMIZ??S .
e
o L UTHADEEINE, EREFSO/NIWEANLYHBITEVE L 25 &
DI, DEVEIMELTT—2 252 2B%, MRE»SHKEML TV,
3.179 =z LCL
Hae
LCL (Lifted Condensation Level) % F%.9 % B
=X
result = z LCL( z_ref, z, temp, p, qv )
E1E
zref <R> in FHESE [m).
z <R(size(p))> in = [m].
temp  <R(size(p))> in I (K.
p <R(:)> in XU [Pal.
qv <R(size(p))> in IKZESIRE L [kg/kg].
RUE  <R> inout LCL & [m].

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 182

EEN
WrEAIZ BT % /3T A —Z DOFMIX??21E.

B%

o Gl UTHADKEINK, EHRBFZSO/NIWHREYHRIGENEE 2D &
D12, DFVEFIE LTT =X 2525013, MREMSBML T,

3.17.10 z_LFC

PaE
LFC (Level of Free Convection) % #1592 BA%K.
=X
result = z LFC( z_ref, z, temp, p, qv )
518
zref <R> in FAEE L [m).
z <R(size(p))> in i [m].
temp  <R(size(p))> in e [K].
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KARRIEAH [kg/kg).
RUME  <R> inout LFC & [m].
EHEIN
WIEAKNIZ B 1T /87 A =X DFEMIXT? S
e

o Gl UTHADKIINK, EHRBFSO/NIWHREYHRIGENMEE 2D &
D12, DFVEFIE UTT =X 2525813, HREMSBEML T,

o HOHMEFHETOMYIENMNZ LA I T &, FAMORNHEYSIRA E —3T 5
HEN LFC TH2. Z 2T, AHDRIFIM N LAL L R4 2 2 mzRD, €
IMOEEAAICAMTE I TREEZRET S.

3.17.11 z_ LNB

LNB (Level of Neutral Buoyancy) % 159 % BIZL.
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X
result = z LNB( z_ref, z, temp, p, qv, [option] )

518
zref <R> in FAEEE [m).
z <R(size(p))> in & [m].
temp <R(size(p))> in wmE [K].
P <R(:)> in SUE [Pal.
qv <R(size(p))> in KEKIBEA L [kg/kg).
RUME  <R> inout LNB i [m].
option <R> in ARG (HESR).

E&EN

WrEBAXIZ BT B /7855 A—Z DL 7?38,
B&
o FIHL UTEHEZRDEMIIZ, BREBFZODNIWHENLYHIRITIRWVEE 25 &
202, DEVESIE L TT—R 25X 20, HRE»SEML T <
e option ([ZIFHFHANASL. AR TIX, LNB 25HE T 572012, 2 FMEOFHE

LD ILNTES, 1 20X LFC &E TORIFAHYIEA A LFC £V k2
THUOREG O SEN E XD EE25HL. TOEEZ LNB 954
EThd, UL, EBOESREEREEAIREBNT—2 Tk, BEDT—X
NRELSEFHTIHEMNHD720, LFC DI < ETLNB 23ATLEW, IE
HEZEHHEINZWGEDRH S, £ T, 2 DOIEEKRBIM T — & O R
5 N S IR S IEA 2 5B U, Bl LEC TORFIAH S EAL & [F U %
MR -EE%E LNB & 92 HETelBE 2475, SR Y IRA7 IS _EJg Tl
L5770, ZOFiEE > TEMBEIXRY, 774V N TlE option = 1
ThHhY, ZhE 1 2ODOFEIZLZEHAETH D,

3.18 thermo_advanced_routine

B FBROWIEIN —F Y DT, AH 7 —HTIE R S EAE A THI % KU %
ION—F D55 MOEY 2 —IKGET NI EZT5EDEHED-EY 2 —).
ZIZTHVWTWS % K OBJIEEBOFMIX?T?7S,

2021 4 11 A 24 H (GEEEH)
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3.18.1 Brunt_Freq

BEBE
TV ML Y IO 2 FEFHETD.
=5y
call Brunt Freq( x, y, z, pt, BV, [undef] )
511
<R(:)> in TR — R
<R(:)> in AT R R,
z <R(:)> in F TR R
pt <R(size(x),size(y),size(z))> in wAL[K].
BV <R(size(x),size(y),size(z))> inout 77 ¥ NNA Y FHREEL [/s].
undef <R> in REFAA.
E&ER
T3V MY IEEEE N LT, TOEHIT
2_ 990
N = 00z
ERB, TIT, g, EENTNENNEE L HMNTH D,
5%

Bz L.

3.19 thermo _const

BOIFEREE. BNFPRIIB T2 EEER UL NORD LD ICH5 2 5. HELIHRE
# (2008) &Y.

3.20 thermo_function

BB 2 W R O ZHBIEE. AR, AN T —BEERT &S NI
NTZIDEYVa—IVIHAAEND. ZNESIEPIITH>TE, BTEL AN T —Z
WTHIBEITOVTHHEAINS.

AREYVa—)VTEREINTVWDEBUIETANT, ATV a V5ETHREAICT /Ny 77
TVavRERINT VD, KA T aviEgT 74V MENE T T, B2 1 24FET I,
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IR LD Rk B
Cpd <R> 1004.0 IR S D 78 T L [J/K kg
Cpv <R> 1870.0 IKFESR D E LB, [J/K kg]
Cvd <R> 719.0 Rz Y8R 5D TE FE L2 [J/K kg]
Cvv <R> 1410.0 IKFE SR D RE R LB [J/K kg]
LHO <R> 2.5e6 IKFE S DI [J/kg]
LHS <R> 2.8¢6 IKFESR D T HETE L [J/kg]
LFO <R> | 3.337e5 0°C TDKOD @l fiFEE [J/kg]
LFm40 | <R> | 2.357¢5 —40°C TDIKD kR [J/kg]
Md <R> 28.96 VIR D & [kg/kmol]
Mv <R> 18.0 KELRD & [kg/kmol]
Rd <R> 287.0 HEJGER SR D SR E R [J/K kg
Rv <R> 461.0 IKFESD AR EEL [J/K kg
e0 <R> 611.0 T 5T DARZESUE [Pa]
ei0 <R> 611.73 15[ 5 C DK EAF] T D AKFRSUTE [Pa]

eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]
kalm <R> 0.4 IV VRE 1]
pO <R> 1.0e5 BT [Pa]
p0O0 <R> | 1.01325e5 MR SUE [Pa]
rhow <R> 1.0e3 IK DR [kg/m?]
t0 <R> 273.15 WHE S5 T D 7K D[] £ [K]
ti0 <R> 273.16 KD = 5 £ C Dk &R K]
MFPO <R> 6.6e-8 p00, t0 TO ¥ H AT [m]

Z OFEFANETED Nal THNIXEBZ L TV 2 — VA E N DT 5. 2 28E T T,
ZOBBOAETEMETEEY 2 — V%, TUTERINGHEEREELNTD L D128 -T

WD

ADFEM 72 E B FERDHiI S .

3.20.1 Cefp

IKFRRIE G S AREEHFAZFRT 5.

result=Cefp( qv, [d1] )

518

BE, TRTON—FVTHOLNTWDEHEROEHEIXTISR, £/, KilH
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qv <R> in IKFERIEAL [ke/kg].
d1 <I> in TN TAXTYay
KOfE <R> inout ARIEEHEN [J/K kgl

EHER
BRI E O L5 2,

_ 1+ chpv/cpd
= Cpa ( 1t a (3.20.1)
DI oty cpns g0 BT NTHEBAROEIEII, AELOTIELE, AERRS
tTthd,
e
KL
3.20.2 Cefv
HRE
KGR G S G ERE A Z G R T 5.
X
result=Cefv( qv, [d1l] )
518
qv <R> in KIBKIEAL [ke/kg].
d1 <I> in TN TXTVay
RUfE <R> inout ARIEMBEA [J/K kgl
EERN
AMERILEZE C, L35 &,
= o (L GCo/cud
C, = cua ( 1+ ) . (3.20.2)
ZZ T\ Cods Covs Qo ETNTNIZIER QO ERILE, KEKDERILE, KEKIE
BHTH D,
e
RHZZR L.
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3.20.3 Cl
HERE
WIKDLLEE GRS 5.
£
result=C1( T, [dl] )
518K
T <R> in RKEDIEE [K].
dl <I> in TN TX T ayv.
RYfE  <R> inout EE\ [J/K kgl
E&EN
KDOWEE ClLET 5L,
4190.0 T > 273.15
CUT) = = . (3.20.3)
4770.0 + 6(T — They) T > 273.15
== 4770.0 — 4190.0
= i = Ther = 233.15.
40.0 ’ g = 23315
=E3
Rz,
3.20.4 DSE_Emanuel
5> 4=15
Emanuel (1994) TEZRIN TV D ZIEHN T RN X — 2517 T .
R
result=DSE Emanuel( T, qv, z, [d1l] )
518
T <R> in RRDIE [K].
qv <R> in IKARTIR AT [kg/kg).
z <R> in =i [m]
dl <I> in SRAV N WAA-V2

RUME  <R> inout HZMEEHHY T XL F— [J/kg].
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EEX

hg = (de + ""va)T + (1 + T)gz (3.20.4)

MERDL. T Ty Cpa, o li%ﬂ%ﬂﬁakﬁ%jﬁﬂ@ﬁrktm, KR DETE BT
HY, T,r gz ZFTNTHREE, KEIESL, ELIEE. SEE2RT,

BE
Bz L.

3.20.5 eP_2_qv

BEBE
KELDE L ETI MO KARIBERLZEITET 5.
X
result=eP 2 qv( e, P, [dl] )
518
e <R> in KRDIKAKE [Pa).
<R> in KRDEH [Pal.
dl <I> in TN TF T ay,
RUME  <R> inout KREDKEJEAL [keg/kg].
E&ER
_ ege _@
Qv = P_¢ €= Rv. (3.20.5)
Ry, Ry ¥ Theh, R, KELKDKIRER,
5%
KRz L
3.20.6 eP_2_sh
BEBE
IKZEGRIE E TE NG AKRK LR 2 5HHE T 5.
EX

result=eP_2_sh( e, P, [dl] )
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51¥
e <R> in KEDIKFEKIE [Pal.
<R> in RLADEE [Pa).
d1 <I> in TN ITF T ay,
RUME <R> inout KEDKASEN keg/kg).
EER
_ee Ry
=5 €= R, (3.20.6)
Ry, Ry ¥ Theh, WERA. KELKDSIRER,
5
KRz L.

3.20.7 es_Bolton

HEE
Bolton (1980) MDA 5 i E % st il fFIKASIE ZFHH T 5.
e
result=es_Bolton( T, [dl] )
515
T <R> in RKLADIEE [K].
d1 <I> in TN TATVav.
RUfE <R> inout KREDEMIKASE [Pa.
EER

—c

es(T) = egexpal0, a=17.67, c =29.65 (3.20.7)
ZIT, Ty =273.15 K, eg = 611.0 Pa, es(T) IZBIRIKELKIETH B,

B%
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3.20.8 es_TD

Bolton (1980) DADHH T, KELKEE2ER2 L TTDL TOHEMEE % FHHE
5.

=5y
result=es_TD( e, [dl] )
E1E=
e <R> in KREDIKFELIE [Pal.
dl <I> in TNV TX T ay,
RO <R> nout KKOBAUHE K.
E&ER

Ty —c
a —log (e/e0)’
ZZT, Ty =273.15 K, eg = 611.0 Pa, Tp IXFEMIHETH D,

w&
Rz,

Tp=cH+a a=17.67, ¢ = 29.65 (3.20.8)

3.20.9 esi_Emanuel

BéRE
Emanuel (1994) QR » 5 IR E % 5o I OKBIR CRIFIKASIE 2 53T 5.
=X
result=esi_Emanuel( T, [dl] )
511
T <R> in RRDIE [K].
dl <I> in TN T F T ay,
RUME <R> inout KEDIKMAMIKASE [Pa.
E&ER
KEAFDKRLRER e, REEZT LT &,
111.72784
Ine? = 23.33086 — % +0.15215In 7. (3.20.9)
B&
Koz L
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3.20.10 eT 2_.RH
BERE
KEKE L REN SHMNEE 27T 5.
£
result=eT 2 RH( e, T, [opt], [d1l] )
518K
e <R> in REDIKFASLE [Pa).
T <R> in RRDIRE [K].
opt  <C(1)> in  BHIKGERSER A
’b’ = Bolton, ’t’ = Tetens,
TI7 AN NE b
dl <I> in TN T F T ayv,
ROl <R>  inout KAOMIHLE [%).
E&ER
FEXHEE RH & fARIKASIT es. KEKRDTE e DEHEA :
RH = 63 x 100 (3.20.10)
ZICICEHRE TS, 22T, fIHUKASIEIXIEED S es_Bolton & HWTEE L 72fH
205,
\&
Hriziz L.

3.20.11 exner_func_dry

HeE
WIRREIZB I T A —BBEHET 5.
EY
result=exner_func dry( P, [d1l] )
518
P <R> in KRDHET] [Pal.
d1 <I> in TN TATVav.

RUME <R> inout FEEKSDTY AF—BEL [fEKoT).

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 192

E&ER
T AF—B r; DEFEN
p Rd/cpd
Ty = () (3.20.11)
bo
MHERDL. TIT, po lFT 7 AF—HBOEERETDH D, Ry, Cpa lTTHTH,
HZIER SIS BT D SR EBM L EELLBTH 5,

e
Hrizz L.

3.20.12 get_gamma d

HeE
HEIRR R D W R 2 IS T 5.
N

result=get _gamma d( [d1l] )

518

d1 <I> in TN ITF TV ay,
RUME  <R> inout HZMRETEJEER [K/m).
EHEL
He SR W BN Ty I3 C g EEIINEE g 2 T,

g
Iy=———. 3.20.12
d Coa ( )

BE
Rz L.

3.20.13 goff gratch

5> 4=15

Goff-Gratch DX HIRE % ST ICHAUKASKIEZ AT 5.
X

result=goff gratch( T, [d1] )
1=
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T <R> in RRDIE [K].
dl <I> in TN I F T ay,

ROfE  <R> inout KREDEMIKAESE [Pa).
EHI

pow = a <t;f _ 1.()) +blog, <t;t> +e (10'0pa(1.0—T/tst) _ 1‘0) +d (10.0pb(tst/T—1.0) B 1.0) ,
es(T) = po x 107" (3.20.13)
Z T,
a=—7.90298, b=5.02808, c = —1.3816 x 107, d = 8.1328 x 1073,
pa = 11.344, pb = —3.49149, tst = 373.15, py = 1.01325 x 10°

w&
Rz,

3.20.14 goff gratch_i

HEE
Goff-Gratch DOAD SR % JulKEIF TRIFUKASKIEZ EHRE T 5.
g
result=goff gratch i( T, [d1l] )
51¥
T <R> in REDE [K].
d1 <I> in TNV ITFTVay.
RUME <R> inout KEDEMNIKASHE [Pa).
EEN
tio tio T
pow = a <T — 1.0> + blogyg T +c <1.0 — tiO)
es(T) = po x 10P°%. (3.20.14)
ZZT.
a = —9.09718, b = —3.56654, c = 0.876793,
Po = 611.73, tio = 273.16.
B%
Rz L.
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3.20.15 hypsometric_form

BERE
HBDEEIIBITDR[EDMIERITS . @I % 5 2 XN IESE & 5T
5ZEMNTED.
X
result=hypsometric_form( p, z, T, [z_t], [dl] )
511
p <R> in RIEZGE TOES) [Pa).
z <R> in FAEFE [m).
T <R> in HAEHETORE K.
z.t <R> in HIE#1T D @ [m].
7 7 AV MEE 0 m.
d1 <I> in TNV T F T ayv,
RYOME  <R> inout z.t TOMEN [Pal.
E&ER
SR IZ B 1 IR GDOLRIREERZE I =6.5 K/km & UT, @& 2z TORIE p(z)
L BRIZKE. EDODD > TV EE 2 TOME p(2), T(2) Z HWT,
B T(2)+ Iz 9/(I'Rq)
p(zt) = p(2) <T(:<7)+Fz:t> (3.20.15)
MHRDD., TI T, Ry IFHIERKIIB T DRMBERTDH B,
B&
FRzz L.
3.20.16 LH
BERE
FIeHEY 70X (27) D OIERDOIREKRIFNEZZR U ZEBROMEZ AT 5.
=5
result=LH( T, [d1l] )
513k
T <R> in RRDIE [K].
d1 <I> in TN ITF T ay,

RYOfE  <R> inout EE [J/K kgl
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EEX

LH(T) = LHy —232(T — Tp), LHy=2.5x10°. (3.20.16)
ZIT, Ty=27315K TH 3,

3.20.17 liquid_enthal

HaE
Emanuel (1994) DX HIE L KYEN SBKT Y ZIVE =257 T 5.
=X
result=liquid_enthal( T, ql, [qol, [d1l] )
518
T <R> in REDTEE [K].
ql <R> in WBOKIEA ke/kg].
qo <R(:)> in WOKLMN DK PEIR A EE kg /kg).
dl <I> in TN TH TV ay
RUME  <R> inout WKLY AIE— [J/kg].
EHEIN

BAKTYRIVE—% ky, TD L,
kw = (¢pd + 1ecp)T — Ly (3.20.17)

ZZ Ty CpdyCpuy L i%ﬂ%ﬂﬁz%ﬁﬁw@ﬁrhhm IKIELDEIELLE, BT DH
D. T,r;,m Ci%ﬁ’b% TR, WBOKEERLL, KYWEEALLLORHITH S,

B%

o KD DAKYIEIREGHIE AT TV T I DOESERIZIET, D0
THEIZDF[HUTIET.

3.20.18 moist_enthal

Emanuel (1994) O X0 S{RE & KYEM SEMT Y ZIVE—-25HT 5.
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=R
result=moist_enthal( T, qv, [qol, [d1l] )
515
T <R> in REDIRE [K].
qv <R> in KAEKIEA L [kg/kg].
qo <R(:)> in KRS DK YEIR G [kg/kg).
d1 <I> in TN TF TV av,
KOfE  <R> inout JEET > ZIVE— [J/kg].
EERN
EHETVANVE—%EddL,
k = (cpa + recy)T + Lyr. (3.20.18)

ZZ T\ cpa,py Ly RENTNHER[DEELE, KO, WATHY, T,r,m

FEThTHILE, KE[BESH, KPEESLOBHTH S,
"%

o KRN DKYEIRAIE AT T T IR ORI R ITIET,

3.20.19 MSE_Emanuel

HaE
Emanuel (1994) TEZRIN TV D EEHN T RN F—2EHTD.
=X
result=MSE Emanuel( T, qv, z, [qol, [d1] )
518
T <R> in READIRE [K].
qv <R> in KAEKIEA L [kg/kg).
z <R> in EE [m].
qo <R(:)> in IKFRS LMD KYIEIR A kg /kg].
d1 <I> in TN TATVav.
RUfE  <R> inout  MERIEFHKT RV X — [J/kg].
EERN

h = (cpa + recy)T + Lyr 4+ (1 + 1) g2

(3.20.19)
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MERDEL. T T cpa, ry Ly EENTNEIRER KD ETE LB, WOKD LR, B
THY., T,r,r, g, 2 W ETNTIRE, KYEHIESLLOKH, KEKIEALL, M

W, HmEEET,
B%

o KAKUNDKYEIREIIEZZDO T T) Z &

3.20.20 qvP 2.e

HeE
IKFESIR G HL E FEI M HIKFRLRE 2GR T 5.
23
result=qvP 2 e( qv, P, [d1] )
518K
qv <R> in KIEKIEA L [ke/kg].
P <R> in RKR]DEE [Pal.
d1 <I> in TN TF T av.
FEYME  <R> inout JKZEKE [Pa).
EHEN
KESTER e LT DL,
e = p q’U E = &
e+q R,
D, g IETNTNIES], KEKIRGHTH S,
()

Rz L.

3.20.21 qvT_2.Tv

iR 2 EHEXN LR T 5.

result=qvT_2.Tv( qv, T, [d1l] )

518

ZHIBCA BRI T B 2 L,

(3.20.20)
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qv <R> in RRDIKAEKIEA L kg/kg].
T <R> in REDE [K].
d1 <I> in TN ITATVav.
RYME  <R> inout RiRE [K].
EHN
RE% T, L5 &,
T, = 7Lt /e (3.20.21)
L+ qu
ZIZT, T,q EENTNRKDIEE, KEKQEESLTH D,
e
KRz L.
3.20.22 qvTP 2 RH
BégE
KELIRG I EIRE L END OHNRE 2R T 5.
=X
result=qvTP_2 RH( qv, T, P, [opt], [dl] )
518
qv <R> in RRDKEKIEAL [kg/kg].
T <R> in RRDIE [K].
P <R> in KEADAEE [Pal.
opt <C(1)> in BRI A SUE R R A,
’b’ = Bolton, ’t’ = Tetens,
T7HNNE b .
d1 <I> in TN TA TV av.
ROfE  <R> inout  REDMIEE [%)].
EER

SHEERRIIU T TH .
qvP_2_e(qv,P) = /KZLTE e=eT_2 RH(e,T)= fHXZE

BE

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 199

3.20.23 qv_2.sh

IKFESKIR G M S IR 2 51 H T 5.

result=qv_2_sh( qv, [d1l] )

518K

qv <R> in KIBKIRA L [ke/kg].
d1 <I> in TN TATav.
RYfE  <R> inout i [kg/kg].

EHER

g% sh & 33 L,
Q@
1.0+ 4q,

sh (3.20.22)

qo W FKFELRIBEEGLTH B,

B%

KRR A O AR KURER 25 H T 5.

result=Reff( qv, [d1] )

518

qv <R> in IKEKIRG L [ke/kg).
dl <I> in TN T F T ay,
FYME <R> inout ARIKMKREE [J/K kgl
E&ER
ANEEERE R L35 L,
14 qu/e

R =Rj———. 3.20.23
T (32023)

ZZT. Ry, qu BTNTHHZRERKQDOLRMEER, KEKIREALTH S,

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J 3HITIN—Fr—

s 200

w&
Rz,

3.20.25 rhoP 2T

BEBE
WK K DREBAREADN S, BELLTE 2 5 A THEZES.
X
result=rhoP_2_T( rho, P, [dl] )
518
rho <R> in KEADEE kg/m3).
P <R> in REDHEH [Pa).
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KEDIEE [K].
E&EN
RKEDRRE S FER

p = pRT.

ZIZT. pp, RTBENTNKREADIES ., B, WRRKDOKAER. KDILE

Thd, TRTOLEIT MKS B2 TUHXIND,

e
KRz L.

3.20.26 rhoT 2 P

VIRR[DIREH AN, BHELREZEXTREZRED.

result=rhoT_2_P( rho, T, [dl] )

518K
rho <R> in KEDEE kg/m?).
T <R> in RRDIE [K].
a1 <I> in TN TATVav.

RYUME <R> inout KEDXE [Pal.
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E&ER
KEDIRESFEX -
p = pRT.
ZZT, p,p, RATIFENTNRKDES, B, WZERKDLRMER, KAOHEE
Thd, TRXTOEHIE MKS BALRTUHE I NG,

BE
Bz L.

3.20.27 RHTP_2 qv

Hae
RS LR & RS S KR SIEAR L ZFET 5.
=R
result=RHTP_2 qv( RH, T, P, [opt]l, [d1] )
515
RH <R> in KDDL [%].
T <R> in REDIE [K].
P <R> in RKEADAEE [Pal.
opt <C(1)> in BRI ZRSRERH R T A,
’b’ = Bolton, ’t’ = Tetens,
TI7 AN NE b
d1 <I> in TN ITF TV av,
ROfE <R> inout KRDKEJIEAL [kg/kg].
EERN
FIEEFEIIA T TH B.
RHT_2_e (RH,T) = /KAXJE e=>eP_2_qv(e,P)= KAEKIEALL
%%

Rz L.

3.20.28 RHT 2. e

RS & S 0 S KR SUEZ 59 5.
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=X
result=RHT 2. e( RH, T, [opt], [d1l] )
5%
RH <R> in KRRDIER ML [%)].
T <R> in RADIME [K].
opt <C(1)> in BIRIKZR ST R G
’b’ = Bolton, ’t’ = Tetens,
T AN b .
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KRKDKFEKIDIE [Pal.
EHEN

MWL RH & BIRUKZRSE 0 KERKRDE e DEFEN :

RH = 63 x 100 (3.20.24)
ZICIZEET S, 22T, MFKAESEIXIREDNS es Bolton # HWTEE L 7-ME
2HWD,
e
Bz L
3.20.29 sh_ 2 _qv
Hae
KSR G KR RIB G ZFHET 5.
=X
result=sh 2 qv( sh, [d1] )
515
sh <R> in KIS [kg/kg].
d1 <I> in TNy TH T av,
RYOfME  <R> inout KEASIESM [kg/ke].
EERN
KELIRGIE g, £ T2 &,
sh
L= 20.2
©=10-sh (3.20.25)

sh IFKELRHETH 5,
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w&
Rz,

3.20.30 tetens

5> 4=15
tetens DFEERAN SIRE % T ITHHIKARASIEEZFHET 5.
£
result=tetens( T, [dl] )
515
T <R> in KLADIRE [K].
dl <I> in TNV TFX T ay,
RUfE <R> inout KREDEMIKASIE [Pa).
E&EN

es(T) = eg x 10°T-To+b

ZIT, Ty =273.15 K, e(T) IXBRKARLIETH D,

BE

3.20.31 thetaP 2. T

AL, FEOPOIREZERT 2.

result=thetaP_ 2 _T( theta, P, [dl] )

518

theta <R> in R DAL [K].
P <R> in KKDET] [Pal.
d1 <I> in TNy THA T av,

RYME  <R> inout K&ODIEE [K].

T—Tp a=175 b=2373 (T>Tp)
a=095,b=2655 (T <Tp)

(3.20.26)
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EER
BALDE KA
P Rd/de
T=20 <> (3.20.27)
Po
MHRDD. T T, po TV AF—BEORELRIETH D, Ry, Chpa IXZENnTh,
HIRRSKUZ BT D[R EB L EEHEATH B,

BE
Rz L.

3.20.32 thetaT 2_P

BEEE
BAL, BENSKTEEZEHATD.
£
result=thetaT 2 P( theta, T, [dl] )
5%
theta <R> in RERDIAL [K].
T <R> in RRDIE [K].
d1l <I> in TN TF T ay,
RYfE  <R> inout K&DET] [Pal.
EHEN
WALDEZEN :
T de/Rd
P=p <9) (3.20.28)
MHRDD. ZIT, poldT 7 AF—BBOIEESETH D, Ry, Cpa IXZENnTh,
IR RRIZE T 2R ER E EIEHETH D,
B&

Bz L.

3.20.33 theta_dry

RSB I DAL 25T 5.

result=theta dry( T, P, [d1] )
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518
T <R> in RKLADIEE [K].
P <R> in KEDES [Pa).
d1 <I> in TNV T F T ayv,
RUME <R> inout HARKKDIEAL [K].
EHERN
IRALDE X /e
B po\ fta/Cpa
=T (P) (3.20.29)
MoRDE. ZIT. po ld T AF—BBOERESETDH D, Ry, Cpg 1T TNTH,
WERSIZB T D [EB L BRI TH B,
e

EERRICB TS 2R T 5.

result=thetamoist( T, P, qv, [d1l] )

518

T <R> in KLADIRE [K].
P <R> in KREDES [Pa).
qv <R> in READIKELJIEA L kg/kg].
d1 <I> in TN TATVav.
RUME <R> inout MWEIKKDIRA [K].
EHEI
RSB T Bl DE&HEA
ow 1 v
Gm—T(m)p  pow = Jd + /e

=4 3.20.30
P Cpa 1+ qv X (Cpu/Cpa) ( )

MERDB. 2T, po RTY AF—BIROHEELETH B, Ry, Cpg, Ry, Cpy 127
NEN, RGBT B AIRER & RS, KRGS 51 B GRS & SR 2
ThH5.

BE
RizkL.
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3.20.35 thetae_Bolton

Hae
Bolton (1980) DR & M4 IR % 55T 5.
X
result=thetae Bolton( T, qv, pres, [dl] )
518
T <R> in REDIE [K].
qv <R> in RERDIKELJIEA L kg/kg].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF TV av,
RYUME  <R> inout MHMEAL [K].
EERN

MSRALZ 0, T D&,

a(1—bgqys)
0, =T (”’) exp {qu <C> (1+ dqu)}, a=0.2854, b=0.28, c = 3376, d = 0.81
TicL

p
(3.20.31)
Z 2T, T, po,p, TicL, Gus W& TNETNSIME. 1000 hPa, &JE. LCL IEE, fUARES
tkth s,
eSS
FRIZ L

BEEE
Emanuel (1994) OA» S HYSEA 25179 5.
£
result=thetae Emanuel( T, qv, pres, [qo]l, [d1] )
5%
T <R> in RADIE [K].
qv <R> in KAERIEA L kg/kg).
pres  <R> in KREADRIE [Pa).
qo <R(:)> in KRS D K EIR A kg /kg].
d1 <I> in TN TF TV av,

RUE <R> inout AH4EAL [K].
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THR
MM % 0, 55 L,
6= T (m)Rd“W”” L]
Dd (cpa + )T
2T, T po, p H IR TN EHEE, KESRAI. KBRS LOMRH, 5
FESI. FES). RRRREECH B0 F7. cpa, cpn, iy Ray Ros Ly 13T NENSIERRDTE
FEHER, AGERRDE LIS, WOKD B, kRO RATEE, KELDLAER.
BT H D,

(]

(,H)erv/(cpd+clrt) exp [ (3.20.32)

o IKZEKLIMNNDKYIEIRAIIE 7 TV T IR ORI ERIZHET,

3.20.37 thetaes_Bolton

BénE
Bolton (1980) DA & RAMIF S IRAL 2 5HE T 5.
£
result=thetaes Bolton( T, pres, [dl] )
51
T B i KKOBE K]
pres <R> in KREDSIE [Pa).
dl <I> in TNV TX T av.
RYOME  <R> inout HMMiRAL [K].
E&ER

MRYIRALZ Oes 95 &,

a(1—bgqus)
0. _T<p> exp {qu (T) (1+dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81
(3.20.33)
ZZT, T,po,p, Qus W& TNTNSIME. 1000 hPa, &JE, fEFEALTH D,

3.20.38 thetal Emanuel

HRe
Emanuel (1994) O X OB % FHH T 5.
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X
result=thetal Emanuel( T, ql, pres, [qo]l, [d1l] )

518
T <R> in REDIRE [K].
ql <R> in WKEA T [kg/kg).
pres  <R> in KRERDKJE [Pal.
qo <R(:)> in BOK LM DK YPEIR A L kg /kg).
dl <I> in TN TA TV ay
RUfE  <R> inout  JEKIEAL [K].

EHD

WKL 0, LT3 &,

. } (3.20.34)

exp ,
[ (cpd + ricpy)T

X
=r(5) (-=5)
e+
<(1-3)
<Rd+7’tR>
Cpd + TtCpu
<de + Tthv) .

Z 2T, T,r,7e, po, p W ETNTNIRE, WAKRELE, KYEIRA DK, FHEEE T,
JENTHD, /2. cpa,pv, Ras R ﬂi%ﬁ’b%?i”bﬁz,%éjt—\@ml—thm KIRLDET
e, R R D SAR TR 7J<7%%m0)>ﬂﬁimé?5ﬁf H5,

(]

o JRKUADKYIEIREHIZ AT TV T IR OESERIZEST, /2. 22
IFKERDIEEILE & EFND,

3.20.39 thetalv_Emanuel

Emanuel (1994) O Xh» O BAKIKIEA % 5HHE T 5.

result=thetalv_Emanuel( T, ql, qv, pres, [qo], [dl] )

518
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T <R> in RERDTE [K].

ql <R> in WOKIEE L [kg/kg].

qv <R> in KFRSIEA L [kg/kg).

pres  <R> in READRIE [Pa).

qo <R(:)> in ql, qv BMSAOKYIEIEE ke/kg].
d1 <I> in TNV ITH TV av.

RUME  <R> inout  JEKARIRAL [K].

EERN
WBOKIIRAL % 0, &9 5 &,

(3.20.35)

- ()
T= Cpd + TeCpw )
Z I T, Ty, r1,7¢, p0, p WETNTIVRIRE, BKIEEL, KUEIEALLOKRH, FiE
JEH. HEHOTHD, £72. cpa, cpu, Ra, Ry FTNTHZIER LD E LB, KFEKD
EJELLEY, IR KK DS EL. KEKDLKHEERTH S,

(]

o KL DIKMEIR G HIE A7 T T L IZHI ORI EZRITIE T, KELKIIOW
TE Z D5 U .

3.20.40 thetaw_Emanuel

BB

Emanuel (1994) O X HIGERBAL % FHH T 5.
£

result=thetaw Emanuel( T, qv, pres, [eps], [dl] )
51
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T <R> in RRDIE [K].

qv <R> in RERDIKEJIEAL kg/kg].
pres  <R> in KRERDKJE [Pal.

eps <R> in S ACH] RE A

d1 <I> in TN TATVay

RYUME  <R> inout EBERIEAL [K].
T‘E%iﬁ

Oep = O €Xp [qu(l + 0.81¢ys) (3276 — 2.54)] (3.20.36)

w

EWVWSEBRERH D, ZORE ZIEIZEL D NEFET O, IZDOWTRDD, ZIT,
Qus \FEAFEABHTH V. 0,p I thetae Bolton & HWT ,ﬁ“ﬁﬂ‘%

e
o IHHIENE eps 12T 7 AN DTl 1.0e-6 THEINS.

3.20.41 TthetavP 2 qv

BEBE
IRIRAL N S KRR G L EET R T 5.
£
result=TthetavP 2 qv( T, thetav, pres, [d1l] )
51
T <R> in RERDIE [K].
thetav <R> in Az [K].
pres <R> in KREDRIE [Pa).
dl <I> in TN TF T ay
RUfE  <R> inout KESKIEA ke kg— ]
E&EN
iR % 0, L 35L&, )
T — 70,
Z 2T, varepsilon = Ry/R,, ™ = (p/po)*/C» THY, T IXIREE £T.
=3
Rz L
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3.20.42 thatavqvP 2. T

IRIRAL KN SIRE 2R T 5.

result=thatavqvP_2 T( thatav, qv, pres, [dl] )

518K

thatav <R> in REDARAL [K].

qv <R> in KEDKELZIRA L [ke/kg].
pres <R> in KREDRIE [Pa).

d1 <I> in TN ITF T ay

RVUME  <R> inout HE [K].

EEN
KA % 0, £ T5 &,
po Rd/cpd
0, = thatav, <p> .

(3.20.38)

Z 2T, thatavy, po, p W& TNVEIKIRE, FEHET S, KKDIESTH Y, thatav, 1£27

TROLN/AEZ TITEHET D,
e

3.20.43 TvT_ 2 qv

BéRE
IRE D S K ARIB G L EEHRT 5.
£
result=TvT 2 qv( Tv, T, [d1] )
51
Tv <R> in REDARE [K].
T <R> in KLADIRE [K].
dl <I> in TNV T F T ay

RYOfE  <R> inout KASIEAM kg kg— ]
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EEN
RREE T, L 32 L,
Nt (3.20.39)
=T o
ZIT, TIFERADIEE, e = Ry/R, TH D,
e
Rz L.
3.20.44 qvTv 2T
Hae
KR EARRE N SIREE2HET 5.
X
result=qvTv_2.T( qv, Tv, [d1] )
515
qv <R> in KREADIKAELRIEAL kg/kg].
Tv <R> in KD [K].
a1 <I> in TN ITA TV av,
RUfE <R> inout &M [K].
EERN
WREEZ T, L35, .
t G
T=T, 3.20.40
1+qy/e ( )
ZIZT, T, q 3 TNTNREADEE, KEKESHRTH S,
e

Rz L.

3.20.45 TP_2_qvs

4=t
RADIRE L BENOCHANREE25E TS, T2 THW D HIKASKEDEFHEIX
es Bolton IZ& AR Z2HWTHFHONEED LTS,

=5

result=TP_2 qvs( T, P, [opt], [d1l] )
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515
T <R> in READIRE [K].
P <R> in KREDIES] [Pa).
opt <C(1)> in FIRIK AL R S,
’b’ = Bolton, *t’ = Tetens,
T7 AN b .
d1l <I> in TN TF TV ay,
RYOME  <R> inout KAKDEAFIEEL [ke/kg].
EERN
RRDFANEGIE s £ T2 L, TOEENDS
_ P
Qus = —
Pd
Thd, ZIT. py, pa FTNTIKERDEE L ZFRKOEETH D, HAK
ROREAFEANS, TNTNOEEIX
= & _ Pd_
Pu RUT, Pd RdT
Thd, ZIT, espq, Ry, Ry, T IZZTNETNRIFIKARLRE, W2IRRKKD T, KK
K[DKBER, HIRRADOLRER, RADIETH D, £oT,
_ R e
Qvs = Ryp— e (3.20.41)
L5, ZTIT, RERRLADDIEIIKREDETE p N OMMKAKTEEZZ U \W2E
DTHZNDT, ERIFKDILD, e FIREDADEBTH S 720D, KQDEE &2
JE% 520, ARSI B ONE ZLbnd,
e

Rz L.

3.20.46 TP_2_shs

518

REDIHE L RENSHMEEZ2EH TS, 22 THWDHAKAKTEDEFEIX
es Bolton IZLBHXZ2HWTHFONEEDLT S,

result=TP_2 shs( T, P, [opt]l, [d1l] )
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T <R>
P <R>

in

in

opt <C(1)> in

dl <I>
RYOAE  <R>

EER

in

KLADEE [K].
KREDIES] [Pa).
BURIKZESUE R E ST IE.

’b’ = Bolton, ’t’ = Tetens,
77 A NE b

TN TH TV ay.

inout KR5QDFAFELIE [kg/kg].

READEMILIEZ qps L TDE. TOEEND

Pu
Qus =
Pd

o

THhod, ZIT, py, pa BRTNTIKERDEE LIERKDEETH D, BAK
ROREHEANS, TNTNOEEIR

_ S
Pov = R,T’

€ _ pd
Pi=p T

Thd., ZIT. es,pa, Ry, Ra, T IFZTNZTNEINKERIE, EERKDDE, K&
KDRMBER, VRRL[RDGUKER, RADBETHS, £oT,

. Rd €s

= 3.20.42
W=7 ( )

ERB, TIT, MEBERKODEIFIRADEE p NHRMKARLEEZ A LIV
DTHZDT, EXIFKYTD, e, ITREDADEBTH D720, KADEEL 2
FEZ5 20 fFEERE NS Z Erbhd,

w&
Rz,

3.20.47 TP_2_rho

Hae
IR R SDOREBHREANS HELREEZ EATEE L.
=
result=TP_2_rho( T, P, [dl] )
518
T <R> in KREDIE [K].
P <R> in KRDETT [Pal.
d1 <I> in TN T F T ay,
RYUME <R> inout KRODEE kg/m?).
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EER
KEDIRREFHFER -
p = pRT.
ZZT, p,p, RTIEENTNRLADES, BE, ZIERKADOLKMER. KKDHEE
Thd, TRTOLHEIF MKS BARTUH X N5,

BE
Rz L.

3.20.48 Tq.2_Trho

Hae
MR & KYPE ) O BIEIRE 2 5HH 3 5.
X
result=Tq 2 Trho( T, qv, [qol, [dl] )
515
T <R> in RADIE [K].
qv <R> in KRRDIKAEKIES . [kg/kg].
qo <R(:)> in IKE[UAS DKW EIR G [kg/kg).
d1 <I> in TN ITX TV av.
RYOME  <R> inout EHEE [K].
EERN
BEREZ T, 32L&,
1+7r/e
T,=T . 3.20.43
p =Tt (3:2043
ZIZTC, T,rr R TNTNRKDEE, KEASIEGH., KYEREGHLOBITH 5,
e

o KLLMD KYEIRA I 7 TV TR ORSERIZHET,

3.20.49 TqvP_2 TLCL

Bolton (1980) DA 5 LCL EETOWE % 35T 5.

result=TqvP_2_TLCL( T, qv, pres, [d1l] )
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518
T <R> in RERDIE [K].
qv <R> in KRRDIKAEKIEAH kg/kg].
pres  <R> in KEDSIE [Pa).
d1 <I> in TNV T F T av,
RYUfE <R> inout LCL TOE [K].
EER
LCL TO%% TieL £ 95 L.
c
TicL = T —Ine—b + 55, a=3.5, b=4.805, c = 2840 (3.20.44)
ZIT, eldKEKIETH D,
e
Rzl
3.20.50 TqvP_2_thetae
Bae
MR 2 EHZ AN OEHET 5.
=R
result=TqvP_2_thetae( T, qv, pres, [opt], [dl] )
51
T <R> in KRDIRE [K].
qv <R> in RRDKEKIEAL [ke/kg].
pres  <R> in RRDKJE [Pal.
opt <C(1)> in BURIKZRSUE R T IE.
’b’ = Bolton, *t’ = Tetens,
T7 ANV K& b
d1 <I> in TN TATVav.
RUfE  <R> inout  FHYIEAL [K].
EERN
MR E 0, & T3 &,
L(TLCL)%S]
O = Ogexp | ————— 3.20.45
4P [ CpaTLcL ( )

22T, 04, L, Cpg, Trcow, qus 1 ETNT IR KDIRAL, KFKSKDIEE, WIRE T L

A, LCL i, fMEAHTH S,
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w&
Rz,

3.20.51 TqvP_2 thetaes

BEBE
BURIFE LR 2 E B A OFE TS,
X
result=TqvP_2_thetaes( T, pres, [opt], [dl] )
515
T <R> in REDIE [K].
pres  <R> in RRZDKIE [Pal.
opt <C(1)> in BRI ST R I,
’b’ = Bolton, ’t’ = Tetens,
T AN NE b .
dl <I> in TNV TX T ay,
ROME  <R> inout  MH4EAL [K].
E&E

BRI RN 2 0.5 & T2 &,

L(T)qus
0. =0 3.20.46
dexp[ e } (3.20.46)

ZZTC, 04,L,Cpa, T, qus 1E TN IRZIER QDN KAKSKDIGE, TlEE E B
B, fAEALTH D,

3.20.52 TqvP_2 thetav
HeE
RIRALZ EEANOFHET 5.

=X
result=TqvP_2_thetav( T, qv, pres, [d1] )

518
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T <R> in RRDIE [K].

qv <R> in RERDIKEJIEAL kg/kg].
pres  <R> in KRERDKJE [Pal.

d1 <I> in TN TA TV av.

RYME  <R> inout RIEAL [K].
EEIN
RiEfiz 6, L3 5L,
Do Rd/cpd
0, =T, ( . (3.20.47)
Z 2T, Ty, po, p WETENTIARIRE, FH¥EE S, KKDEHNTHY, T, 12?7 TRO S
NI fE%ETIZEHETS.

£
KRz L.

3.20.53 TTd_2_RH_Bolton

HeE
Bolton (1980) D X» 5 & F R IS NS D KERIE % KD, Z D% 5512
IR % EHART 5.
=X
result=TTd_2_RH Bolton( T, Td, [dl] )
5%
T <R> in REDIHE [K].
Td <R> in KD R [K].
dl <I> in TN T FH T ay,
REYOE  <R> inout KEDHNMEE [%).
EHEN
_e(Ty)
RH = = T " 100 (3.20.48)

Z I 7T, RH,e,e5, T, Ty 3T NE MR, KEKE, SRNKERE, RE, &R
EThd. ZDL X, KELZEIEZT T Bolton (1980) DX%E JTIZEIHT S,
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3.20.54 TTd 2 _RH tetens

Hae
tetens (1930) DX S RE & FTE AR IR T 2 KFEKIEZ KD, D% TITFE
NIREZGET 5.

X
result=TTd_2_RH tetens( T, Td, [dl] )
518
T <R> in RKLADIRE [K].
Td <R> in KD AR [K].
dl <I> in TN TF T ay,
RYOME  <R> inout KEDHNEE [%).
E&EN
e(Ta)
H = 1 .20.4
RH = s % 100 (3.20.49)

Z 27T, RH,e, e, T, Ty l&TNT X, KRLE, BAFIKZARLE, R, #2555
JEThHD. ZDL X, KEKIEIZT AT tetens (1930) DRXZITCICEIHRT B.

B%

Hae
Emanuel (1994) TEZEIN TV HEAKFAT RV X —%23HT 5.
=R
result=WSE Emanuel( T, ql, z, [qol, [d1] )
E1E
T <R> in REDIRE [K].
ql <R> in WKIEG T [kg/kg).
z <R> in = [m].
qo <R(:)> in WOKLMNDKPEIR A EE kg /kg).
d1 <I> in TN TH T av,

RUME  <R> inout  JEKEHK T )L F— [J/kg].
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EERN
huw = (pa + T46pp)T — Ly + (1 4 14) g2 (3.20.50)
MERDB. ZZT. oy po, Ly EENENEMER KD EE LB, KRR EIE
B OBETHY., T,ry,m,g,2 1 FTNTNRE, KWERES OB, BAKEAS .

HAIEE, mEZRT,
B%

o AU DKYEIRESHIZZDOHF T Z L IZHESEZIZBNTE I8,
T2, WKL 2 DT, KRG E 2 OFIBUZIET,

3.20.56 rho_ocean

PaE
UNESCO (1981) (2817 B MEDREHFERX (7) IZEEDWT, KOEE LGRS 5.
=X
result=rho_ocean( P, T, S, [dl] )
518
P <R> in MK DS [Bar].
T <R> in MK DR [C° .
S <R> in MK DIE IR [PSU.
d1 <I> in TNy TH TV av,
RYE <R> inout ¥WEKDEE kg m3].
EET

"
I p X UNESCO (1981) @ (7) X :
-1
B -
p(p,t,S) = p(0,t,5) [1 K(Mjs)] (3.20.51)

MHERDD. ZIT, pt, SIFTNTHKIE (Bar), Kifi (C°), HRE (PSU) TH
%, p(0,t,S) IXMBEIZH T 2HKDOEE, K(p,t,9) I NVIHRETHY., ThTh

4 2
p(0,£,8) = pu+ > bit'S+ > ;1832 + dyS?,
(0.4:8) = put+ 2 WS+ 0 (32052

K(p,t,8) = K(0,t,S) + Ap + Bp?
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TROLEND, 12720, BRIIBI BB LU0 FIEATD L S AfE & EXTHE
I NTHD,

5
Pw = Zaitla
=0

3 2
K(0,t,8) = Ky + Y fit'S+ Y git'S*?,
=0 i=0
2
A=Ay +> irthS + joS¥?,
k=0
2

B=DBy+» mt"s,
k=0

4
Kw = Z ektk,
k=0
3
Ay = Z hyt”,
k=0

2
By = kit
1=0

ap = 999.842594,

a1 = 6.793952 x 1072,
as = — 9.095290 x 1073,
az = 1.001685 x 1074,
as = — 1.120083 x 1079,
as = 6.536332 x 1077,

bo = 8.24493 x 1071,
by = —4.0899 x 1073,
by = 7.6438 x 1077,

by = — 8.2467 x 1077,
by = 5.3875 x 1072,

co = — 5.72466 x 1073,
c1 = 1.0227 x 1074,
co = — 1.6546 x 1075,

do = 4.8314 x 107*
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w&
Rz,

eo = 19652.21,
e1 = 148.4206,

es = — 2.327105,

e3 = 1.360477 x 1072,
es = —5.155288 x 107°

fo = 54.6746,

fi= —6.03459 x 1071,
f2 = 1.09987 x 1072,
f3 = —6.1670 x 1072,

go = 7.944 x 1072,
g1 = 1.6483 x 1072,
g2 = —5.3009 x 1074,

ho = 3.239908,

hi = 1.43713 x 1073,
hy = 1.16092 x 1074,
hy = — 5.77905 x 1077,

io = 2.2838 x 1073,
i1 = —1.0981 x 1072,
ip = —1.6078 x 107°,

jo = 1.91075 x 1074,

ko = 8.50935 x 1072,
ki = —6.12293 x 1079,
ko = 5.2787 x 1078,

mo = —9.9348 x 1077,
my = 2.0816 x 1078,
my = 9.1697 x 10710,

9
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3.20.57

D26

Lin et al. (2008) 2B} D EHIZHE DT 26 EREERFHHTD.

result=D26( P, T, [undef], [dep_thres], [temp_thres], [negl, [d1l] )

518K

EEX

P <R(:)> in HKODES]) [dBar] (£23d).

T <R(size(P))> in MK DIRE [°C .

undef <R> in REFRME (i)

dep-thres  <R> in AR RUIRIRIRIE (1238) [dBar].
T7 AV =0.0.

temp_thres <R> in R B R L C O L RME [degC).
T 74N = 26.0.

neg <L> in d26 DAJET 26 °C &2 D JFDH (#
T7 4N = .true..

d1 <I> in TN THXTVay.

RV E <R> inout 26 EVEE [m (dBar)].

MHEHMNS 26 £ DX temp_thres LR DHIODEE.

(]

FH—5l T HDUEKDIENILHEALD dBar TH D 720, EKIEZKE T X
fIEE L EMThd I LIZEETS.

FEAFIEETREHRIN, B EEBRBSD/NI WSR2 XD IEEZEHL
BUIFNER S B0, \ES TG IES.

51#1 dep_thres IXEHEIN/ZT —ENZOBWE LIV EVVREEETHEAETD L
X2 D26 DEVAZITHO AT a v THD. T 74N MK 0.0 BEEINTS
D, ZOMEPMEEINTWEIGEIE, EDOEDBBEINLEHEINZT—AMN
H-oTEH D26 DEtHE%EAAD. HlZ L, dep_thres=10.0 DHFE, T—FH 11.0
dBar BUEIZUNEIEL B2 WA, D26 1% 0.0 © U <X undef 25,

518 neg 1% 206 K D IERWVEEET 26 BN L RDENFIEL 256, BMAOHEAE
EIOBIZTOEEHET 20 EIIEDDINDT T T THS. .true. DY
&, TOREOFHEITENTS. false. BOTOREEFHEIZEDD. T 74
ME .true. THREINT WD, .false. IZUAGE, REENAMLE K5
BEBEDMITEEND 20, RIIT L > TR I N D D26 MEJHE & 755 a[REMED
Hd. BHETIE, 206 TVENFEETIIRELEEREL TS0, 4679 26 &
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Y EIRE RN, FEERIILBENRALZERE T 07 7 ANV BR>TND D
LEHDHICIEETS.

3.20.58 OHC
Hae
Lin et al. (2008) (2B} B EHICKE DV THETARXFHET .

=R
result=0HC( P, T, [undef], [dep_thres], [temp_thres], [negl, [d1l] )

518

P <R(:)> in MgKODES) [dBar] (£2id).

T <R(size(P))> in KD [°C .

undef <R> in REHEM ().

dep_thres  <R> in TR RERIRIRE (181d) [dBar].
T7 A4 =0.0.

temp_thres <R> in R B RS C OIRERRME [degCl.
T 7 A = 26.0.

neg <L> in d26 AT 26 °C LR B DT (k).
T7 AN = .true..

a1 <I> in TNy ITF TV ay,

R <R> inout WEFEITEGE [kJ cm 2]

EER
YT EVE H X Lin et al. (2008) DEHFIZHED X,
H = poC, / (T(2) — Tog)d= (3.20.53)
226

MERDD. TIT. po, Cp IEZTNTNHEKDEEAEERE 1026 kg m™3, WKDEE
BeAm 4178 J K kg ' ThHD. F72, T(2) IZBBEE IS KR, Tes = 26 °C.
206 1E T(2 = 296) = Tog L7RDEE, 25 1F 296 M OIRWVARNI AN > TS 17D 1E
BOBWETHD. 774N DNTld Ty =26 °C THDW, temp_thres TE H AHE.
ZITC, 2R EAEEZEICEONTVWD I LILEET D, BRI BEZHET
BIGEIRIEH 2z, = 0 DNEIRI NG, TNTH, B3 BE DHINIATD LS IZ8 5!

z - P, T(z) - T, H — OHC.

B%

o MBI THDWKDIEIFHEAND dBar Td 2 7280, KT ZRE T IXH
IREEEMTHE Z LITHERTD.
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o ENIFEMTERIN, BANERFESDNI VAR BDL LD ITHEZRKML

BINZRSRV. IRES ZNITHIEIES.

514 dep_thres IXEBEINZT —E NI DOBEE LD RVEEETHFAET DL X
IZ OHC DA ZITHO> ATV a v ThHd. T 74N ME 0.0 BEEINTEY,
ZOENEEINTVIEEIE, EOLDBREINOERZINLZT —ZDH >
TH OHC DEtAE%RAAD. HlZIE, dep_thres=10.0 DHE, T —FH 11.0
dBar AZRIZUDEIEL 206, OHC 1% 0.0 £ U <X undef & 745,

5180 neg 1 206 K WIRWVIEET 26 BN L RDEPFEL 256, AR
ETOBRC T DB M T 20 HICEDLINPDT TV THD. true. DI
&, TOEDOHEITEL TS, .false. BROZTDOELHBEIZEDD. 774
ME .true. THREINT WD, .false. UGS, REENAMLE K5
ABEBEDMITEEND 20, RIIT L > TR I N D OHC M EE & 752 5 iREMED
Hd. BHETIE, 206 TVENFEETIIRELEEREL TS0, 49 26 &
FOERE RN, ERICILRBENBZALERE 7O 7 71V B>TWd T
EEHDILITHEET .

3.21 Trajectory

HEBOT — 8 % 52T, ik, WEROIET 217> L —F Vi,

3.21.1 Backward Traject_2d

2 RIENRT NVEGD T —=AMNE AT T AV THRFTRBERENT 247D,

call Backward Traject_2d( dt, stime, step, ini x, ini_y,

t, x, y, u, v, trajx, traj.y, FIF, [opt], [undef] )

518
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dt <R> in GRS % IRFFETTAIRE [s].
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in FIIALE x [m].
ini.y  <R(size(ini x))> in FIFARLE y [m].
t <R(:)> in WEG T — 2 DH DEZ (k).
x <R(:)> in AT RE — HERE [m.
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV ($&ih).
v <R(size(x),size(y),size(t))> in y AEDNRT 8V (k).
traj x <R(step,size(ini x))> inout JREFKRD x A7EHERE [m].
traj.y <R(step,size(ini x))> inout JREFARD v A7EERE [m].
FTF <L(size(ini x))> inout FHEMSEISIHIE T T T ().
opt <C(*)> in RIS D A F — A (F25dh).
T I ANV NERIHAA T —AF— A,
undef R in I F R e 20l (£23).

EERN
B2 5N EELGDT —ZBEA t, 5 t, 2TO nf8FAEL, T O MMEIEIE—
T2, ZD&E, Kty o dt ATy T Tot [BEZTREERZFHETEE ED
A 3.1 THD, EELT—XDBROELTIE. ZOREOEELT— X9
OREANF 21T > CHER 2R L T2, MEROERNIZ. EE (v,y) 2BV
T, 2T M o(z,y,t) WEBEINTEY, ZOHEGIZE>TBET D /—
IO x(x,y,t) %
ox(x,y,t) = v(x,y,t)ot

EVDROBERENZE>TEHETR2EDTH D, RfRetBH e B, HEL
MOBBTEH D720, N—2IVDhE z(z,y,t) HREOBEHE Z>TWE ZEn
Db, U, HESGNEHE THIURX, EERT NVIZRERIEKT LRV D T, /=
TIVDRENRY MIVERRIRET 2 2 3B R2, TDIehb, THIBHEE
BHZEWT, iR & IREHFRE BT D 2 L bbb,

B 3.1 12812 EEBEBIBONIERIILLTOLEEY TH D,
ty : stime, dt : dt, nt : step, n : size(t),
t; @ t(i)
wE

o Y3 opt IXFIMEET A DOBIZLT D RS DD AF —L2BET D A4
T avThl, NTOREHAGETH D,
EUl §i/i 1 KEEDAA 7 —AF—A.
HO1 FA1 VY AF—L (BIEAA T —AF—L).
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ME1 B F A1 7 —AF—A.

RK3 3RV - 7w AF—A.

RK4 4 V2T - 7w REF—A.

INEDAF—ADFMIZONTIX, 18k 5.5.2 3,

HEST— & u,v,u BEC, LT — & t (FRFZIA E I AN SR T L
NCYASRS

IR x, v CIREINDHIEIMIELEL 7256, ThLABRORHA Ty 7
DWTIFEREZNET D, TUT, MEINZANIHEY T D traj x, trajy
DHEFIZIX undef TEHRIN/ZMEIR I ND, T 7 4N MFETIEX, 0.0 KK
INDEHITR->TVD,

size(ini x) % 2 LA EIZT UL ZDEDHIAMIZ KIS U 2R AEI R I N D .
FTF (IR EARRARATIR I, SHRMEEAMNCRINAZ L SDOHET 7 7. true. B
AN - Z e % (false. (FEMAEBNICFEET S I L Z/RT. .true.
MONTND/N—EIIZDWTIE, TDH AL AT TR 0.0 £ L <X
undef DFENAS>TWN5.

1% ini x, iniy, x, y, trajx, trajy CIHEINDEAE &7 iE HEEE
W ES v, v A2 P85 2 8 TT AV DR DA D — R 1B A R R
TORENIRETH D, ThiL, MGHEDER%Z

h15$1 = u1(5t, h2(5$2 = UQ5t
_u _ Y
= (5.%1 = h (5t, (5.%'2 Iy ot

EWVISTRICERI YD Z & TREHI NG, Z 2T, day, i, hyy, (1=1,2) 1T
NZN KD DS—CVDRE, A1 5—RCOEERSY. AT —VETETH
%, 4. FERER (1, 20) W—BELEEREEZ TS, EADND z; RCTH
BN S u; %, AT —IVHETE AT % YWARICE LTV —F VT E R
BILT, du A ROBIENTES, HIRIE, HOBRBEER (O, ¢) DBE
IR, o I3AGIE),

T1 =M\, xo=¢, hy =acos¢, ho =a

L2B7=d, 5l1¥ini x, iniy, x, y, trajx, trajyd®> b, x, y A
% [rad] AL TH R 772 L &, SR T ms™] B THISONAZHE S u, v %

u

v
—u, — =V
acos ¢ a

EUTHIBUCEZANIX, BEERNT AV R TR TEIEMICHET 2 220
TE D,
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BENY S EROBM (4 trajt) OBRIEEROBET LALBYNTERS NS,

0s ts
$ T p— RO T
<l 1 L .
- 1 1 1 i
1 tn 1 St o, 1y BET — 2D
1 ! H H EE &S B
1 (=R IS)
| ! ! 1
] Sec=c—c=c=c=0c=Cc=Cc=c=Cc=0=C=C ,‘ O=10—0 & trajt(1l:step)
trajt(step) - trajt(j) . 4 I trajt(1)  EMRETERZ
=stime-dt*(step-1) / t _stime (dt TZRRE)
N ) ) /l
[E=E] t, < trajt(step), stime <t ,/
/
//
TREMREFZ: trajt(mel) /
trajt(m+l)=t; — mdt /l
/ 1
/ i
N\ N | N
Yi+1 7
,/
N0 . / dt 27 R 3%
AEE \ \‘/ \ = ——— \ \
Vi
dt TR EE
x, MEERD FE: AET— 2B ¢

B IR trajt(m+l)

3.1: 2 RGTACEINIZ B 1) DB G IRIRET RO BT — &, RO E, B LT h
TNOWRMEIORISX. 3 IRotd 2 & [ARk.

3.21.2 Backward Traject_3d

Bee
3IRIENY NVEGD T —Z MO 77 T A VTGN %2175,
=R
call Backward Traject_3d( dt, stime, step, ini x, ini y, ini_z,

t, X, y, 2, u, v, w, traj-x, traj.y, traj-z, FTF, [opt], [undef] )

515
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dt <R> in G 2 IR [s).

stime <R> in HIFAGL E T DA [s].

step <I> in SRS AT TR

inix  <R(:)> in AN E x [m].

ini.y = <R(size(ini_x))> in FIEAGIE y [m].

ini.z  <R(size(ini x))> in FIRIALIE 2 [m)].

t <R(:)> in HEG T — 2 DH DHL] (ih).
<R(:)> in A TFRE—HERE [m).

y <R(:)> in G FRE ZJERE [m].

z <R(:)> in A TR = PERE [m).

u <R(size(x),size(y), in x HAIDORY NV (k).
size(z), size(t))>

v <R(size(x),size(y), in y AFODNZT 8V (k).
size(z), size(t))>

W <R(size(x),size(y), in z IO NZT MV (k).

size(z), size(t))>
traj x <R(step,size(ini x))> inout ¥REFFRD x (LB FERE [m].
traj_.y <R(step,size(ini x))> inout JREFRD y ALE ML [m].
traj z <R(step,size(ini x))> inout JREHFFRD z A7EFERE [m].

FTF <L(size(ini x))> inout FHARMEBANEIE 7 T U (k).
opt <C(*)> in HFEIRE 7 D A ¥ — I (13).

T AN NEHTSHAA T —AF— A,
undef R in FHISAMLEE IR E B0 (#3d).

EHEN
26N HEELGDT— DLt 5 t, FTO nfflFEEL. T ORI REILIE
—fkeTD, ZOLE Wt NS dt ATy T Tat [BEDTREIMREZFR T L &
DRV 3.1 TH D, BELT —ZDRVFLTIX, TORBOEELT —4
MOMENFZ 7> CTHESLG ZHBE L TWD, MO ERNIK, BE (1,9, 2) I
BWT, 3IRIENRY Ml v(z,y,2,t) WERINTEHY, ZOHEELGIZFE> THRET
55— VO ¢ (z,y,2,t) &

dx(x,y,z,t) = v(x,y,z,t)0t

VD ROBEEAIZE>TEHETLIEDTH D, WMEIHEEERY, HELGH R
OB TEH D720, N—LIVDMNE z(x,y, 2, t) BREIOBEKE Z>TnWd 2 L
Nond, &L, BEGNEFH THIUX, HENY NVIKRERIHKRF L 20D T,
N—=RIVDAENRY MVERRIHEGFET 2 Z 23885, ZDZehb, EHA
HEZIZENT, it MR E —58T 5 2 L2 d,

31 IZE T B RLMEFIBOFIGERIIATDE BV TH D,

ts : stime, dt : dt, nt : step, n : size(t),
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(]

t; » t(i)

o ATV 3 opt IFIMEFREHRDBRIAT D I ER D OMD A F — L2 EET DA

TavThHY, UATFDORENTEETH D,

EUL #3151 IREEEDA A 7 —AF—A.

HO1 "1V AF—L (BIEAA T —AF—L).

ME1 &BE A A T —AF—A.

RK3 3V - Iy A F—A.

RK4 4 V2T - 7w REF—A.

INHDAF—LADFMZDONTIX, [k 5.5.2 B,

WES T — 4 u,v,w BEC, KT —& ¢ [ZRFZIA A S 12 AN S N T
OB,

AR x, vy, z CHREINDHIEIMIELEL 256, TNUBRORHE A T v
TIZOWTIREHAZNET S, TLT, ﬁ&(%i‘ﬂtﬁ%%cif‘ﬁﬁ’&é traj_x,
trajy, trajz OEHEIZIZ undef TEHRINZMEIRIND, T 7 4N Mk
ETIE, 0.0 2RI ND EHIZAR->TWVWD,

size(inix) % 2 BLEIZT X ZDEDWIMEIZG IS U - RO G TR I 5.
FTF (XIS, BHEEEAM IR INAZ L SOHE T T V. true. N
BIHAMZ -2 & % false. FEIBRHEBANICHFIET DI L E2RT. .true.
MBONTND/N—=EIUIDWTIE, ZTOHAZREZA Ty TR 0.0 £ U <&
undef DfENR A > TWS.

51#ini x, ini_y, ini_z, x, y, z, trajx, trajy, trajz CIHEIN
B &N A EEREIXEE S w, v, w LB FETS 2 TT IV SR
DD — R EREERTORENARETH D, ThL, FMstAEOERA %

h1(5$1 = ulét, h25l‘2 = UQ5t, h35$3 = U35t
(51 u9 us

0xy = —0t, Jdxg= -—0t, Odxz3= —0dt
= x1 hl ; x2 h2 ) 3 h3

VD BIZERI D Z L THHING, 22T, 6y, ug, hy, (i=1,2,3) I&

TNTNi R DN—RIVDALE, A1 T —RTOEERKD, AT —IVINTT

Hd, 5. FEEER (11, 12, x3) IF—MRERE ?%%%Z_fh\éo EA0S x;, R

TH SN EE u; % Xb‘——)bl?’a’:ﬁﬁb\f—é:b\oﬁ/ WZELUTI—F T

5%6 LT, dx; ZRDBZENTED, fﬁJz i, HCEREER (), 6, 2)
Ba NVIERE, o IFEE, 2 XEE).

T1=N\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, trajx, traj.y, traj.z
D>H, x, yHAZ [rad] Bi, z fifl% [m] BATHE AL & KHEERT
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(m s BALTHI S N EE S v, v, w %

u

a cos ¢

v
—u, — v,
a

w—Ww

EUTHIBUZEZNIE, BEERBT ANV MR TR THIEMIZEE T Z &8

3.21.3 Forward_Traject_2d

HeE
2 RIGNRY NVED T —=ANSFH T T A 2 CHil T BERRNT 2475,
23
call Forward Traject_2d( dt, stime, step, ini x, iniy, t, x, y, u, v,
traj.x, traj.y, FTF, [opt], [udef] )
515
it <R> i AT RN ().
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in AL E x [m].
ini.y  <R(size(ini_x))> in A E y [m].
<R(:)> i ST OB B (k).
X <R(:)> in A TR — PERE [m].
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x HEDONRT MV ().
<R(size(x),size(y),size(t))> in y ARODONZT NV (k).
trajx <R(step,size(ini_x))> inout JREFERD x A7EHERE [m].
traj.y <R(step,size(ini x))> inout JREFARD v A7EFERE [m].
FTF <L(size(ini x))> inout FHEMSEISINHIE T T T ().
opt <C(*)> in R D A F— A (F25h).
TI7ANNIEHAA T —AF— LA
undef R i MU B (),
EE
HEZONBHELZDT — A DBEL 1 225 t, ETOnlFHEL, O HMEIEIE—
HedTsd, ZDLE Wl t, M5 dt AT Y 7Tt BIETRIFRZFHETLE SO
AN 32 THD, HELT —XDORNKLTIX, ZTORBOBEEST — &
LIENRE 21T > CHES 2L TV D, MBEROER AL, B (2, y) 2BV
Ty 2WIERY NV w(z,y,t) WEBINTEY, ZOHELIZESTHBEIT L /8-
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YO x(x,y,t) %

dx(x,y,t) = v(z,y,t)dt

EWVSROBERDIZE > TEHETZIEDTH D, MMGIHRLRZRY, HEGHIE
MOBBTEH D720, N—LIVDALE z(z,y,t) HRHOBEKE Z>TWE Z &R
OB, U, HEGPEHTHIUL, EERT FIVIIRHIZEFE L ZODT, 78—
VIVDAENT MVEREIEFET S I 3B 8d, 2OIEenb, EHBREE
BZHEWT, R & R IE—9 2 2 B Dn D,

X 3212832 EEEFIBMONIGEBRIZIATOEE Y TH D,

ts : stime, dt : dt, nt : step, n : size(t),

t; » t(i)
=3
o 7Y a Y opt IZHHHFREIHOBIT O MBS OB AF—L2i8E T4
TavThY, UTFDORENTRETH D,
EU1 14 1 IRKEEDAA T —AF—A.
HO1 KAV AF—Lh (BIEAA T —AF—L4).
ME1 B A1 T —AF—A.
RK3 3V - 7w AF—A.
RK4 4 VT - Iy AF—A.
INHEDAXF—ADFEMIZOWTIE, [Ek5.5.2 21,
TR x, v CIREIND SN EEL 7256, TNLABRORM ATy 7
DWTIFEBEZNET D, TUT, MEINZLNIHY TS traj x, traj_y
DHEFEIZIF undef TEBINEE I NS, T 74N MERETIE. 0.0 DK
INBEDHIZR-STWDB,
size(ini_x) % 2 BLEIZFT X ZDEDWHMEIZG IS U 2 FREMEDEHE I 5.
FTF XA AN (Z, FHRMEISRAMCR I N2 SDOHET F 7. true. D
FIBAMI -2 & %, false. IFFIBHEBNICHET D I L E2RT. true.
MONTND/NN—=R I DNTIE, ZTOHAZREZ AT TLAED 0.0 © U< I
undef DEN A>T\ 5.
5% ini x, ini.y, x, y, traj x, trajy CIE I NDKNLE & AL E HEREE
WHEE G u, v E A2 FHEET D 2 TT AV bR DA O — % A3 A A
TOHANTHETH D, Thik, HigFEOEHREN%
hl(Sl‘l = ulét, h25l‘2 = ’IL25t
_w _ w2
= 533‘1 = I 5t, 533‘2 hy ot
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EWVWIOIZERIE D Z L THEHIND, 2 I T, 6y, ui, hyy (i =1,2) 1&%
NZN i RO DNS—CIVDRE, F 1 5—RTCOEERSD. AT —LVETLTH
%, 4. FEFER (21, 22) B MBELEEREEZ TS, EAND z; ZCH
BN u; %, AT —IVHTEFANT % YWSHICE LTIV —F VICE R
BIET. 61 2 RDBIENTES, PIZIE. HORBEER (), ¢) DBE
ORI, o I3 AapE),

r1 =M\, xa=¢, hy =acos¢, ho =a

L5770, 5l#ini x, iniy, x, y, trajx, trajy®D> b, x, y fild
% [rad] BALCTH R 72L&, KR T [m s BATHONAZEES u, v &
u v

—u, - —V
acos ¢ a

EUTHIBICE RN, BERNT AV MR TR THIEMICEE TS Z e

Efﬂv’fﬁ'l SHER DB (¢, trajt) DEZZEBOBMT L ALBYUTESS NS,
S t.
[l S

T > EERDRFE T

" : >3
- 1 1 1 i
| I, ] t . L, 1y BEF—20
I i ;! EE S NIHL)
1 1 1 1 (R IS)
N | é 2 .—i. & trajt(1:step)
trajt(step) - trajt(j) .. ~ I trajt(1)  REERETERZ
=stime-dt*(step-1) / t _stime (dt TZRE)
e . . l,
[£ZE] t, < trajt(step), stime < t; '/
/
,l
TRIMREEZ: trajt(m+l) /7
trajt(m+l) =ty — mdt ,l
/ 1
/ i
4 ]
N ™\ | N
Yi+1 7
'/
N . / dt 217 R %
KM \ x‘/ \ ——— \ \
Vi
dt TR EE
EICR3 -
x MERRS B BET— 2

B IR trajt(m+l)

3.2: 2 G NIZ B 1T B Hi RGO R T — & | IRIFROALE, B LT h
TR O ARX. 3 Roed 2L [FRE.

3.21.4 Forward_Traject_3d

HEaE
3IRICNRY NGO T =2 MNS A 7 5 A 2 CTHi IR EN 247D,
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=X
call Forward Traject_3d( dt, stime, step, ini x, ini_y, ini_z,
t, X, y, 2z, u, v, w, traj_x, traj.y, traj.z, [opt], [udef] )
518K
dt <R> in FHET D IRFfITIR [s).
stime <R> in HIAALE T DIEA] [s].
step <I> in FEETO ATy TR
ini x  <R(:)> in FIHIALE x [m).
ini.y  <R(size(ini x))> in FIALIE y [m].
ini_.z  <R(size(ini_x))> in AL E 2 [m)].
t <R(:)> in WEL T — 2 DH DL (#ih).
<R(:)> in AT RE — HERE [m).
N <R(:)> in A TR R [m).
z <R(:)> in G FRE =R [m).
u <R(size(x),size(y), in x FEDNRT MV (k).
size(z), size(t))>
v <R(size(x),size(y), in y ARDNT SV (k).
size(z), size(t))>
W <R(size(x),size(y), in z DT MV (k).
size(z), size(t))>
traj x <R(step,size(ini x))> inout JREHFRD x ALE MR [m].
traj.y <R(step,size(ini x))> inout JREFFRD y ALiE MR [m].
traj.z <R(step,size(ini x))> inout REFFRD z (L& EERE [m].
FTF <L(size(ini x))> inout FHEEEBSNEIE 7 Z U (#id).
opt <C(x)> in MR 7 D A% — I (k).
TI7ANNIHAA T —AF—A.
undef R in FEIAMLER R E R (1RR).
EHE

BEZONDHEELZD T —Z DKLt 0D t, FTO nflFAEL., T ORMMFEILIE
—BkETD, T X, Kty 5 dt AT T Tt BRI ZFET L& X
DEREDH 32 Thd, EHELT —XDBRNRFLTIX, TORBOEEET—X
NOKMEAFEZ T > CHEELZHEL TWd, MEMROERNIE. B (2,y,2) 1<
BWT, 3IRITENRY M o(z,y,2,t) BEBRINTEY, ZORELIZFE > THET
BN—R VOIS ©(z,y, 2,t) %

dx(z,y,2,t) =v(z,y,2,t)0t

LS ROBIFNC Lo TR BT 20D TH D, BRI LBA Y, RS
FIOBSTE 5270, S—e VOIS ¢(r,y, 2, t) bHHOBERE BTN 2 2 &
WomB, &L, BEEIEETHNIE, BERY MVZEEICEE L 20T,
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N—=X VDB MVERBIKETD 2 IE B BR5, 2O b, EHER
HEGIZBWWT, AR REARIE—2T 2 Z & 23bn b,

32T BB ERIBOMICBERIFILTDOEE ) TH B,
ts : stime, dt : dt, nt : step, n : size(t),
t; + t(i)

(]

o 73V opt IZIHHHREIREOBIIT O MBS OO AF— L2 EET D A4

T avThl, UTORECHAGETH D,

EU1 #i/5 1 IRKEDA A 7 —AF—A.

HO1 AV AF—L (BIEAA T —AF—L).
ME1 &R FA 7 —AF—A.

RK3 3RV - 7w AF—A.

RK4 4 VT - Iy A F—A.
INSEDAF—ADFHHIZOWTIE, {18%5.5.2 B,

o JiMEN x, v, z CHREINDFHIBIMIZEL 256, TNUBEORREA T Y
TIZOWTIREHAEZNET S, TLT, ﬁ&%*ﬂﬂﬁ#ﬂczﬁ%’é‘é traj_x,
traj_y, traj_z OEHEIZIX undef TEHEINZMEMNEIND, T 74 Mk
ETIE, 0.0 BERINE LHIZR->TWVWD,

e size(ini x) % 2 BAEIZTIUXZE DX DOWIHUE I IG U 7 IRERD G I N5 .

o FTF [ EAKRAENT I (C, FHEMIMMCMINAZ L SOHET T Y. true. W
AN -2 & %, false. IFETRHEBNICHFET DI L Z2RT. true.
MONTWBENN—RINZDWTIE, TOHZREZ ATy TLAED 0.0 & LI
undef DEN A>TV,

e 5l#ini x, ini_y, ini_z, x, y, z, trajx, traj.y, trajz CIREIN
S EANE AN EFEEIEE G u, v, w2 8 TT L D EBER
DS D — i E R AR TOF RN RETH D, THIX, MMGTHEOER A%

h16x1 = u10t, hodxo = ugdt, hgdrsz = uzdt
(51 u9 us

o1 = —0t, Odxg = —0t, Ox3= —0t
= 1 bl T2 Byl 3 hs

EVATBICERI YD Z L THHI NG, ZIT, duy, ug, hi, (i=1,2,3) &
ZTNEN TR D/N—R I DALE, A1 T —RTOHEERS, AT —IVKHTFT
hd, 5. }J—T/\(lj, T2, T3) W RERXBERZEZ TS, EAND 2 &
THBNFEE u; . AT —VERTE VT % LWSTRAZE L TL—F VT
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B2BZ LT, bu; BRDBHIENTEZ, HAIE. WGBS (A, 6, 2)
DB (N ERE, ¢ IZME, 2 X)),

T1 =N\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, traj.z
D>5H, x, y A2 [rad] Bi, z fifl% [m] BATH A28 & KHEERT
[m s™1 BALTHIS N2 HES u, v, w &

u v
—u, - =V, wW—Ww
acos ¢ a
LLTBIBIZEZNE, BEZRNT IV NR TR CHIEMIZEETLZZ &N
T“%éo
3.21.5 Stream_Line_2d
Hge
2 IRTERT NGO T — AN SRR % HET 5,
X

call Stream Line 2d( dt, step, ini x, iniy, x, y, u, v, trajx, traj.y,
FTF, [opt], [udef] )

518
dt <R> in A9 2 I IR [s).
step  <I> in FEEITDI AT Y T
inix  <R> in AN E x [m].
iniiy  <R> in FIHIALE y [m].
X <R(:)> in A TR — FEEE [m).
y <R(:)> in A TSR R [m).
u <R(size(x),size(y))> in x HIAIDNRZ M.
v <R(size(x),size(y))> in y ARODNRZT Kb,
traj x <R(step)> inout JEARD x ALEEEFE [m].
traj.y <R(step)> inout JEARD y ALE R [m].
FTF <L> inout FMEMEBSNEE T T U ().
opt <C(x)> n RS D A F— A (fﬁl’t)
T ANV NIRRT AA T —AF— 4,
undef R in FEIAMLER R E A (1R3R).
EERN

FAROEHZRIE, B (2,y) ICBWT, 2 RIERY Ml v(z,y) DEBINTE Y,
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Z DR

5> TREI /35— IV O#If (2, y) %

dx(x,y) = v(x,y)ot

EVS RDOBMEHEDIZE > TEAETLIEDTH D,

(]

77V 3 opt ARG EDORIZAIT S RS OO AR — L% fHETDI AT
YarvThh, UAROFRENTRETDH 5,
EUL Hi/5i 1 IRFEEDOA A 7 —AF—A.
HO1 K1 VAF—A (BEAAL T —A%—21).
ME1 &BA A1 7 —AF—A.
RK3 370V - JwRE—I,
RK4 4 (VT - 7w RF—A.
INHEDAF—ADFMIZDOWTIE, (8 5.5.2 2,
Ffan x, y CHREINDHEEMBEL 256, ThUBORKMAT Y 12
DWCIFEIE 2 E#ET S, TU T, BEINAZBLNIHY T2 trajx, traj_y
DEFIZIE undef TERINAZMEIEIND, T 74 FFRETIE. 0.0 MK
INBDLOIZE>TNWD,
FTF |ZFEARRARATIRE I, GHEMEISAMIRINAZ L EDHET 7. true. A
PN -2 & %, false. IFFIBEHEBNICHAET D I L Z2/RT. true.
ﬁﬁwfméﬂwﬁwﬂﬁmfﬁp%@&tﬁ%l%v7u%ﬁOD%b<ﬁ
undef OEMNRA>TWS.
5% ini x, ini.y, x, y, trajx, traj.y CHE I NDKALE & ALE HERE
WHEE G u, v QB2 FHEET D 2L TT AV b EREER DA D — % 58 A R
TOFHENTRETH D, T, FEtEoEER%

h16x1 = u10t, hodxo = ugdt

= r = %&, Sz = Eat
YW I TS Z L TRI NG, I IT. Sy, wi, by, (i =1,2) &%
M%Mimﬁwh—tW®u%\ﬁ47 ﬁf@Lﬁmﬁ‘lﬁ—WH¥T%
b%t Fmé 17~wl%%%wfﬁ}twomk bfw~%ymgz
52 & T, dx; BRDDZEMMTXS, fﬁJZ X, ORISR (N, ¢) DBE
(NI, o IR,

T1 =M\, xo=¢, hy =acos¢, ho =a

L8570, 5l ini x, iniy, x, y, trajx, trajyd®>bH, x, y
% [rad] B CTH R 72L&, KEMRT [m s~ B TS NAZEES u, v &

u

v
—u, - v
acos ¢ a
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e UTHIEIZE AN

_C“%éo

3.21.6 Stream_Line_3d

. EERNT IV R RTHRLS CEIEMICEAET S Z e

Hae
3IRTERY MVBD T — AN Sk %GR 5,
=X
call Stream Line 3d( dt, step, ini x, iniy, ini_z,
X, y, 2, u, v, w, traj-x, traj.y, traj-z, FTF, [opt], [udef] )
518
dt <R> in BT D IR ().
step <I> in FEEITO ATy TR
ini x <R> in FIIALE x [m)].
ini.y <R> in FIHIALIE y [m].
ini_.z  <R> in FIIALIE 2 [m).
x <R(:)> in GFRE—ERE [m].
y <R(:)> in E%gf‘%— BE [m].
z <R(:)> in A TR = PR [m).
u <R(size(x),size(y), in X ﬁﬁ@f\ﬁ }\}1/ (f2ak).
size(z))>
v <R(size(x),size(y), in y ARODNZT NV (k).
size(z))>
W <R(size(x),size(y), in z ARDONZT MV (#&ik).
size(z))>
trajx <R(step)> inout  FEARD x A7 EMERE [m)].
trajy <R(step)> inout JFARD y ALE L [m].
trajz <R(step)> inout JEARD 7z ALEEEEE [m].
FTF <L> inout FIMEFEBANEIE T T 7 ().
opt <C(*)> in KR D A F— L (1ih).
TI7ANNIETAAA T —AF— A,
undef R in TR FH R E 380 (5.
EHELN
TARDE B RNIE, JERE (2,9, 2) IZBWT, 3TN M o(x,y,2) DERINTES
V. ZOEESIZES TRET /53— IVOME (x,y,2) %
ox(x,y,z) =v(x,y,2)0t
EVS ROBUER A IZ L > TEHAET D EDTH 5,
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(]

o 7Y a Y opt IZIMEADBRITAT S KA OO A F — L HETEA T

YavThl, UTOFRENARETDH D,

EU1 15 1 REEDA A 7 —AF— 4.

HO1 A YV AF—L (BIEAA T —AF—L1).

ME1 HEA A 7 —AF— 4.

RK3 3V - 7y AF—A.

RK4 4 RV - 7y BF— A,

INHDAF—ADFMIZDONTIX, [k 5.5.2 B4,

il x, y, 2 TIE X NS EMANCEEL 284, T ALIHOISE AT v
FIZOWTIFFREEZRET S, TUT, BEINAZRLNIHYET S traj x,
traj_y, traj-z DEHFIZIF undef TEHRINMEIRIND, T 7 4N M
ETIE 0.0 MEIND LDIZB-TV D,

FTF (3BT R 12, GHRMHEAN R I N L SOHET 7 7. true. A
TN -2 % (false. IXEIBEMHEBNICHEET D I L 2/RT. .true.
MONTNDNN—=R I DNTIE, TDOHZREL ATy TLAED 0.0 £ L < IX
undef DENAS>TWVND,

5% ini x, iniy, ini =z, x, y, z, trajx, trajy, trajz CIHEIN
B H5AE N EEEISEE S v, v, v EEMEET S 2L TT AL MERR
DI D —fRER FEEER T O AN AR TH D, Thik, miEIEOERAZ

hléxl = ulét, h25ﬂ?2 = ’UQ(%, h35$3 = U35t
(51 u9 us

0xy = —0t, Oxg = ——0t, Jdx3= —0t
= x1 hll 2 hytl 3 ha

EWVIDICERI RS Z L TREHI NG, 22T, 0wy, ui, hiy, (1=1,2,3) i&
ZNEN T RD DS~ C VORE, A1 5 —RTOEERS. 27— VEFT
Hd, 5. PEER (11, 20, x3) X —REREIERZZEZTND, AN 2; R
TM%MtEEm%‘17~wﬁ¥%%wf%&w5%ﬂﬁb1w~%ym
H225ZLT, du; #5kD2DIENTES, HRIE HOBRBEESR (\, ¢, 2)
DB E (MR, ¢ 1B, 2 13EE),

T1 =\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, traj.z
DI>b, x, y A% [rad] B, z Fl%Z [m] BATEHER L &, SEERT
[m s™1 BALTHIS N2 HES u, v, w &

u

v
—u, — =V, w—w
acos ¢ a

EUTHIBUZGANIX, BEERNT AV MR TR TEIEMIZER T Z &0
TE %,
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3.22 typhoon_analy

BEMFHD AR Y VI —F V. T2, TN NEERIZE TS T — X % MG i
RACEHL . BRSO %2175 DDELR,

3.22.1 grad_wind pres

HeE
M BT % W - 3 RS R SR S
E:o
call grad wind pres( r, coril, v, rho, r.ref, p_ref, pres )
518
r <R,DP(:)> in BEHERR [m].
coril <R,DP(size(r))> in AVAVINTA—=4 [1/8].
v <R,DP(size(r))> in FIX R [m/s).
rho <R,DP> in Yo YTa v I DOEE kg/md.
r ref <R,DP> in R RE LD AL E HERE [m).
p.ref <R,DP> in rref COXE [Pal.
pres <R,DP(size(r))> inout PO %E [Pal.
EERN
e A )
V.
_9 + fV, = l@
r p or
2729 DI, [REBOAFEAMEZEHET D, T I T, Vy IJENFRE, p &R
. p 3R, vz (FEIRE. SREEEE. fIETVA VNI A—ZTH D, MR
DA S, FXSFEZ eI r I BUER D
r 8]? r 2
”#awzéfj+ﬂgw
2112, ZOXZFIHERTD &,
r V2
p(r):pref+/ 1% Tg‘f’f% dr
Tref
LRDBDT, GALNIHINFREN S & LERIZB T DXUEDMEIRD SND,
s

BU.
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3.22.2 hydro_grad_eqb

HaE
YO VT 4 v T LRSI S ER Y - ERSEAS DR R A 1T .
X
call hydro_grad_eqb( r, z, coril, v, pres_s, rho_s, pres, rho, &
lerror], [d1] )
51%
r <R,DP(:)> in BPEPERE [m].
z <R,DP(:)> in SOTEPEAE [m].
coril <R,DP(size(r),size(z))> in VAV IRT A=K [1/5].
v <R,DP(size(r),size(z))> in HiNFREE [m/s).
pres.s <R,DP(size(z))> in YO VT 4 VT DRI [Pal.
rho.s  <R,DP(size(z))> in Yo VT VT DEE kg/m?).
pres  <R,DP(size(r),size(z))> inout KO RIE [Pal.
rho <R,DP(size(r),size(z))> inout “EHHDEE kg/m?].
error <R,DP> in 42— a3y OURSAE.
TT7ANE =107,
d1 <I> in TN ITX TV ay.
EHERN
BEEIZBWNT, # e 5
p _
9, = 9P (3.22.54)
B LU, A )
V. 10p
_9 —
L+ JA% o (3.22.55)
729 £DI, LIRGTEDY Y VT4 VI T =B NOREY. BELOREMEE%:
BIET 3, ZIZT. Vo IR, p IZRKBE, p 3T, r,2 FEIRE, SRIEREAL
fIROVAVNIA=RTHD, INODOENRD SNNIE, BARKKRDIREE S
BANS, BESEERIEOND, £/2. INHDOFERENEHRL TS L v
5 e dd, M ERCE AR O IR BT RIS D SLD Z e b 10,
BIED GiEER, KEEZHWZPRICESEBIETHD, LTFIZZORNE RT,
FHHICIEEE, QIESGZKEEEIIDVWTKE-KRIZGATEL, /4, BIEZ1T
S PR ILAEIR BBIFBER S E D FLD S+ 087z r(ar), z(nz), nr=size(r),
nz=size(z) £ 9%, ZORMERBIIHEAZ2KEILOEOERZML 2D,
(3.22.54) & (3.22.55) IZIRALT, pZ2MHETD L,
op o _ (%
a%—F(r,z)%—O, F(r,z):g < " + fVy (3.22.56)
"5 g JEL P AR OD T JR D B AR XU Emanuel (1986) % % 20,
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L%, —F. 0(3.22.54)/0r, 0(3.22.55)/0z ZEtHE L, ThETNELEDLEDZ &

TpZaHETD L, 5 5 5
p., OF  Op
F e P8~ "o
0 0 oF
= 3 (lnp)+Fa (Inp) = 5 (3.22.57)

L5, DFEY, ppll DOV TENTIHNLZMEEAREANEONZZIIRD, Z
No &2 HRAEDEE O KEFHRICE > THEMIZHEZ KD 5,

INHDARZEEMET D L,
Pit+1,5 — Dij Pij+1 — Pij
— W o fLe—— Y — ) 3.22.58
Ar T Az ’ ( )
Inpiy1; —Inp; Inp;jr1—1Inp;; Fijt1—Fij
: : F; : 2= : 3.22.59
Ar + 5y Az Az ’ ( )

BB, ZIT, Ar, Az IZEIE, SRESGRIOKFRHIE, 7 3B SRIETT RO
THEBSZRY, BB, uOAERNT 1 B 2 kol HEXTHL 72D, rz D
TNTNUIOWT 1 R DEEFR M2 RETIUIMEN—RITKE D, ik U - HkiE
RN DBEFREMEITHE L, ANV—F U TlE L (j = n2). &S (i = nr) THER
L85, £oT, LEOARAEDTIX 1 IRMEDR AT ZHW, ZOEDIER
5, ARG EZSRRE U TENINDREZRTROD ZENTED, LXAZRKT
W (i,7) CTRHET S &,

pij = (Az+ F;Ar)”" [Pi—i—l Az + F jpi j14r], (3.22.60)
Inp;; = (Az + Fj ; Ar)” [ln pit1,; Az + F; j1Inp; 1 Ar + (F j41 — Fy ;) Ar],
(3.22.61)

ERD, WRHAOWHEIZSIRTEZ NI T I VT4 VT T —R & IKE—FRIZ
FTET D, FUBRUIZBITDIEYEIX 1 ATy TR OZLEMN error LTS
RIEEETITEHEIDIZEELTWVWS,

B%
BU.

3.22.3 Cart_conv_scal

ERD AN T — &% FAEEERN O T )V N EERICEHRT 5.

call Cart_conv_scal( r, theta, v, x, y, XC, yc, u, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
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51¥
T <R,DP(:)> in
theta <R,DP(:)> in
v <R,DP(size(r),size(theta))> in
X <R,DP(:)> in
y <R,DP(:)> in
XC <R,DP> n
yc <R,DP> in
u <R,DP(size(x),size(y))> inout
[undef] <R,DP> n
[undefg] <R,DP> in
[undefgc] <C(3)> in
stdopt <L> in
axis <C(2)> in

EHEN

PRI (r,0) CREFINTND AN T —F
B (2,y) DR (2o, ye) 1CHET 2 £ 510 F AL MBER I Z BT 2, EERO

ZEHUIBAIE N 2175,

P i8] JE R 5 D B % PR AR

P 2 SR D AR [rac].

ZEHIRT DA

TR —
TR R

x 5% C D fE AR (4
y R COME MR A (&
HFRTOEBEOD

AN T —.

PP AT AR RSN DAE
PERRST- YN T D RAALHE.

undefg MVi%

() .

TN TOMHE (k) .
To—hT7 7 (&) .

T 7 A M .false.

JERR (k) .

P& AR (1, 0 )'Cﬁ SSNDANT — R vy, T VIR (21,y;) TE

NI B AN T — Rk AT BRI

Um+1,n — Umn
Ui = Vg + —
m+1 — m

[Um+1,n+1 — Um,n+1 — Um+1n + Um,n] (

THd 0, Zorx, BB TONEEZ T 5,

Ti =X Yj oY, Uij -

Tm T, 0O

(]

o BRI OREANMIZH?? S8,

o BRERSNDEERFPHIMNAFIEL TWDB A, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true.

*16 - S
1z pRIF?72 -,

Um,n—f—l —
Hn—f—l - Hn
(rm — Tm) (0, — 0r)
Tm+1 = Tm)(Ont1 — On)

Tm — Tm) +

Um,n (0n _ Hn)

Umn = V

: theta

— R % ZTOFEDN 2 RITT AR

éé:
?Ja

ICRELTETIE, LB,
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o A7 3 VE# undef IFAMAREERRIMIIAAET 2 BB ORISR AI N

SPREFRMETHD. T IT, Bt LI, MREMEER TEBZ 175 RO

BAME r(size(r)) DI ETHD. L U, ZOPEEMNFHEHEE x,y DIMIHI

B, 1ZAE U TS EIIEBN T E 2. ZOEAH LIS D, BT R

RWNGEIEIZ DWW T undef fEASRIND L5122 >TWS. £ U, undef 2%

EINTOVARVWGEFEORRAINTRIND.

77 3 VBT undefge IFAMBEIRNIZHE W T, KIEMH undefg DFEE XN T

WBEE, EDOE D IZEBEGOINEHETS. ZDOA T 3 VIid undefg WY

BEIN TR HIEHBEEE U 2\, undefg IXEHFEHIENIZENT, 7 7L

R CRIBMENGFAET D56, 777V M S HBANONFEDORRIZT AV N RD

ZH A undefg THAVUXHBRDO N AIE undefg DIENANSND. D

RMIZHWT, undefge DfEIE

inc MEREZHE 1T DB, AR RO I undefg W% E I TV, £
D 5T OMEIFE BN AN, BREDA 2 TV B 51D A TEHESE
=119

err JEREZH%E 1T OB, MIERNTR RO —E8IZ undefg A% E I N TV, &
HifEIX undefg £ 72 5.

undefg MFHE X NTE Y, undefge WHEE INTWRWT 7 4 )L M Tl inc

L UTEHEIND.

o S axis IFBIFEYR— M INTWVAR.

3.22.4 Cart_mean_scal

BERE
EREDAN T —8 2 HEHEY U MRERER NS 2 IRIGT )V N EERIZAIRT 5.
=X
call Cart_mean scal( r, v, x, y, XC, yc, u, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [forcerO], [axis] )
51
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) .

T <R,DP(:)> in P 47 R K R OD ) 128 JRE AL
v <R,DP(size(r))> in ZHRTODAE.
X <R,DP(:)> in TR — FEAE.
y <R,DP(:)> in G FREE AR
xc <R,DP> in x R T OMREFEAEITE AL (k).
yc <R,DP> in y R COMEBER R ().
u <R,DP(size(x),size(y))> inout FHFRTOEHED
ANT—.
[undef] <R,DP> in PR T RE AN O fE (5
[undefg]  <R,DP> in PERRE YN T OO RARAH.
[undefgc] <C(3)> in undefg MEXE
TN TN (Fad) .
stdopt <L> in TI—Wh7o 7 (k)
T 7 AV NE .false.
forcer0 <L> in HFUDVENE 7 2 7 (k) .
T 74 ) M& .false.
axis <C(2)> in JERER (k) .

EH
1 RGEOFRSFMFEEESR (r) CTEBINTWDANT =T —R%, ZTOJF M 2
RTET IV N EERER (2,y) DR (e, ye) WTHLET D & DIZT AV N ERERICES
%, BERERDZEHBUI NN 217D,
FIfE SR () CEBIND AN T — R vy, BT ANV R (24,y;) CEHZI N

Um+1 — Um(

Ujj = Um + Tm+1 — Tm)

"Tm+1 —Tm

THd', ZOLE, BIEIEATONIGEET 5,

Ty © X Y; Ly, Ui 24, Uy 1V, Ty T

(]

o JERERIDOBERMIXB?? 2.

o MRS ERFFAIMNIFIEL TWDB A, 7 7 4 )0 b TIREHEH J7IZ Warning
AW —=UNHIINDD, stdopt & .true. (IERELTEIFE, HHLRW.
o ATV 3 VI undef IFEMATRELRIMNAFAET D EMBEDEIIZARAIN
SRERMECTHS. T, BRI, MHEARERTEHRZIT S ERED
BAME r(size(r)) DI ETHD. L U, ZOPEEMNFHEHEE x,y DIMIHI
BE, 1ZAR LU T EMNIIE BN TERD. ZDIRAH UERD O, BE1TT 2

*17 - S
TZoRIF?T?BHE,
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BV DV T undef ANE X NS & D IZB>TW5. € U, undef A3
EINTORVWGEIRETORRAINTERINS.

o 7Y 3 VEIH undefgc IFEHIHBANIZHE N T, KRIAMH undefg WRE I NT
M\E)iﬁm, EDEDITEWMEITDNEHET S, ZOA T 3 ik undefg M
BE I N TV NIXEEEE b@\b‘ undefg IFAHFHIRNIZHNT, T4 b JEE
BERCREMENEIET 256G, 770~ 5 HENONFEDERIC Tﬁwbﬁw
S A undefg TH AU iPﬂﬁ%@Wﬁ,ﬁ ¥ undefg DENANLND. T
RIITHEWT, undefge DI

inc JEREZ ?5%75:1/'?555?, FIfESRNFR R D —0IZ undefg WRE I NTVIUL, £
D R TOMEIFEHIEIEIZ AN T2, BIERA 2 TS KD A TEHERSE
=119,

err JEREZAMZ 1T BR, MERNIF SO —HIC undefg MEEINTVIUX, &
i lE undefg & 72 5.

undefg MFHE XINTH Y, undefge WHEEINTWAWT 7 AV KTl inc

LUTERING.

o 51 forcer0 IXHDRDIIIZEETZ 75 Y. true. A5, HEHTEIED D
S, HORICREIEVEIRGHOBER TOMEETDEEE525. 2Dk ¥ 5]
By BHLOETHEESZ T2 UTE, BHERTO v 2SNEEHINIZE Z 5N5.
false. 56, TD LD Rl 24709, v VLN TEZ SN TVWHIK, Z0D
ERZDEEFRAIN, EXOENTOARITNERERMEIRAINS.

o HIH axis IXFHHEIAE L LD HIEREEIRT . BMETOT — 205 AL b
JERERTH DR 5, axis="xy’ LIEETD. KEHEREELRTHDIRH5,
axis=’11" LHEETD. T 7 AN NTIET I MNEBEERBEEINTND.

3.22.5 tangent _conv_scal

Bee

EEDAN T — 8% T AV N EER? S MEREERICE T 5.
=R

call tangent _conv_scal( x, y, xc, yc, u, r, theta, v, &

[undef], [undefg], [undefgcl, &
[stdopt], [axis] )

518
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<R,DP(:)> in HFRE— R,
<R,DP(:)> in G TR TR,
xc <R,DP> in x R COMREPEAER (k)
yc <R,DP> in y R TOME B R ()
u <R,DP(size(x),size(y))> in HFRTOEBHETD
ANT—.
T <R,DP(:)> in ] 5] A A SR OD Bl 128 R A
theta <R,DP(:)> in FH {1 R RS R D BERRFEAE [rad).
v <R,DP(size(r),size(theta))> inout ZHEDIE.
[undef] <R,DP> in PRI RE R D1 (F£
[undefg]  <R,DP> in PRS- YN C D RAEAH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7I5 7 (#&ik) .

T 74V ME false.
axis <C(2)> in PERER (k) .
EHEN
2 IRTET AV NBEEER (2,y) (ICBF D5 (20, ye) ZIRE T D MEMEER (r,0) 12,
ANT =T —=REEHL., 0 A EET S, BESROEBIINEE AN %175,
TN KR (2,y;) CEBINZHDANT —& v, ; % MEEER (1, 0,) CTERH
IND AT T — 8 vy (TEHT 2RI

Tit1 — T4 Yj+1 — Y5
(T — 23) (Yn — yj)
Tit1 — i) (Yj+1 — Yj)

Ummnm = U j (yn - yj)

(Wit 1,541 = Wijp1 — Wikl + Ui ) (
TH218, ZorE, 5B TONIEZ T,
Ty + X, yj -y, ui,j o u, Ummn -V,

Ym . ¥, 0O, : theta

B%

o FEFEROMEAXILX 3.3 1.

o BRERSDEERFFAIMNAFIEL TWDB YA, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.
o 7Y a3 VIS undef | FHEARTII W REELAMIAZIE T B AR OIS
RAINDGRERMETHS. T I T, HEROFITREEE & IX, FIfEEEER THER
IR AT D PRDOEKRME r(size(r)) DI ETHD. L L, ZOLEINGHH

*18 - S
BZoRix??2H,

main.tex 2021 4 11 A 24 H (GHEERK)

) .

P4



STPK v=a7J)L 3HITIL—Fr—& 248

W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL
D, SEYIWAT ZBROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef BHREINTVAWVGEARYORRAINTIRING.

7 7Y 2 VEl# undefge IFEHREAEEANIZE VT, KIBME undefg HVEAE X
NTWBGE, EOLD I ETINEHET S, ZOA T 3 Vi undefg
MEEE XN TORITIUZBEEE L 2\, undefg IFEHEHISHIBNICBEWNT, T4
VN EERER TRIBAEDIFAET 235G, 7 77V M S HEINONFFOBRIZ 7 7)1
N RDOSIE M undefg THIUIMFERDNHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DfEIE
inc #AREEZ1TOBR, MERNI SO —HIC undefg WREINTVIUL, £
D i TOMEIFTFIEAEIZ AN T T, BHEDRA 2 TV DA T #EAE
#1710, THUTHIH LT, AR REBOGEIET /) ERELRD.
err FERROEIIZAT D BR, MR RO —HIZ undefg MEE I N TWIUL, F
YAMEIX undefg &8 5. T/ X VERIZBEWTIE, ZOFEIEEZ ST S
T/RVEHERDOTRTTRIELE LS.
undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
LUTCERING.
G axis IFFHAIEHE L 20 2 AR % BIRT . AMWETO T — 207 )b K
JERERTH DR D, axis="xy’ LIEETD. REMEREBERTHDR5,
axis=’11" LHRETD. T 74NV b TRERT AN MEERPIBEIN TN S.

3.22.6 tangent_mean _anom scal

BB
EREDANT —&% T /)0 NERERMN O M B RICEBR U, #ERARIEE L &
TRV —%REETS.
=X
call tangent mean anom scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )
511
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<R,DP(:)> in HFRE— R,
<R,DP(:)> in G TR TR,
xc <R,DP> in x R T OB AR R ().
yc <R,DP> in y R TOMFE B R (R).
u <R,DP(size(x),size(y))> in HEFRTOT7 )XV %
EBANNT—.
T <R,DP(:)> in ] 5] A A SR OD Bl 128 R A
theta <R,DP(:)> in FH {1 R RS R D BERRFEAE [rad).
v <R,DP(size(r),size(theta))> inout 7./ ¥V D1H.
[undef] <R,DP> in PRI RE R D1 (F£
[undefg]  <R,DP> in PRS- YN C D RAEAH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7I5 7 (#&ik) .
T 7 A4 Mi& .false.
axis <C(2)> in PERER (k) .

BN
2 YGEF IV N BB (2, y) 12BN B 8 (20, ye) % B E T B HRIEESR (r,0) 12,
ANTG—F—RAEERL. 0 FNTEET 5, KBRS IR Z 1T 5.
FIN R (2, ;) CEBINEDHS AN T —8 u;; % MR (1, 0,) THEE
XN AN T 1 v (LM 2 RUT

Tit1 — T4 Yj+1 — Y5
(T — 23) (Yn — yj)
Tit1 — i) (Yj+1 — Yj)

Ummnm = U j (yn - yj)

(Wit 1,541 = Wijp1 — Wikl + Ui ) (
TH2d Y, ZorE, 5B TONIEZ T,
Ty + X, yj -y, ui,j o u, Ummn -V,

Ym . ¥, 0O, : theta

B%

o FEFEROMEAXILX 3.3 1.

o BRERSDEERFFAIMNAFIEL TWDB YA, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.
o 7Y a3 VIS undef | FHEARTII W REELAMIAZIE T B AR OIS
RAINDGRERMETHS. T I T, HEROFITREEE & IX, FIfEEEER THER
IR AT D PRDOEKRME r(size(r)) DI ETHD. L L, ZOLEINGHH

*19 - S
PZoRix?T?SH,
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W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL
HRA D, SEYINT Z R OVEEIRIZ DWW T undef fHANEIND LD IZR->T W5,
£ U, undef NFEEINTOAVGERITABRAINTEIND.

o A7 a3 VA undefge IFHERREIITEIBNIC B W T, KIAME undefg MFLE X
NTWEE5E, EOLDITEETINEHUET D, ZOA TV 3 Vid undetfg
MEE XN TORIFUIBEEE U 2\, undefg XA TFIHEIRAICENT, T4
VN EERER TRIBAEDIFAET 235G, 7 77V M S HEINONFFOBRIZ 7 7)1
N RDOSIE M undefg THIUIMFERDNHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DfEIE
inc #AREEZ1TOBR, MERNI SO —HIC undefg WREINTVIUL, £
D i TOMEIFTFIEAEIZ AN T T, BHEDRA 2 TV DA T #EAE
217D, ZAUTHRIRUL T, V\]ﬁﬁbiﬁz?ﬁ@ BET/IVERIELERS.
err #ZRROEA 21T O BR, MR RO —IZ undefg MRE X N TWIUK,
YAfEI% undefg &A%, T/ X VEREIZEWTIE, ZOVIHEZ ST S
T/RVEHERDOTRTTRIELE LS.
undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
L UTEHEINSD.

o FIH axis IFEIEEUEL R BEREZ BIRT L. BHEETOT—ZBT )V K~
JERERTH D25, axis="xy’ LIHETD. REMEREEERITHDIR 5,
axis=’11’ ¢#ETD. T 7 AN BN TIET I MNBEEANIBEINT WS,

3.22.7 tangent_mean _anom scal Cart

BB
EREDANT —BE2 RGN LT )~V —%255H U, 770 MNEERIZRET.
=X
call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefg], [undefgc]l, [stdopt], [axis] )
518

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

SHTIN—Fr—&

251

EER

<R,DP(:)> in T AV N — R,
<R,DP(:)> in T 71V N T REAE,
xc <R,DP> in T A xR TOMEEER A (2R)
yc <R,DP> in TV Ny SR T O M A AR A ().
scal <R,DP(size(x),size(y))> in THIVIRTDT /<)%
EBANT—.
T <R,DP(:)> in 4] A AR R OD EJ) 428 JRE L.
theta <R,DP(:)> in FO 15 SR D B AR [rad).
scal_anom <R,DP(size(x),size(y))> inout T AN KFRTDT /<) DIE.
[undef] <R,DP> in BRI TR OfE (1) .
[undefg]  <R,DP> in PN T O RIETHA.
[undefgc] <C(3)> in undefg MVE%E
TN TOMM (k) .
stdopt <L> in TI—Hh77 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (£2iR) .

tangent mean scal Tal%H U 2 FEIMEEZ FHANT, LD T AV MR TOMEDT /
YU EEET . TV N EEROA R TOMREER LS DR TIZ, TO
PELHE 0D 3 2 W Ui C D HERR S YA 2 N ALER U, T DN % T DT 1)V N EERER T
DEFREAE L 5.

(]

o HEREMBEREPAIMNIAFEL TODEE, 7T 7 AV N TIFEHEH 712 Warning

AV —=UNHEIINDN, stdopt & .true. [IHELTHITIE, HI LR,
7Y 3 V1 undef (3BT AT REERIMIAFEAE T 2 AL R DRLHIC
RAINDRKERMETHD. T I T, BRI RELERE L IE, PIE AR THEM
ST O PROTAME r(size(r)) DI ETHD. L, ZOPREMEHAM
B ox,y OIMNIH 56, 1FAH U TWEESIFTEENTE RN, ZoldAHL
E D, SEYIWAT ZROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef DZREINTOVAREWVWEGAREITONRAINTRIND.
7 7Y 2 VB undefge IFHEHREEMHEBANIZH N T, RIBME undefg MRE X
NTW2HE, EDOLDITEETONEHUET D, ZOA T 3 Vi undefg
DERE XN TORITIUZFEEE L 2\, undefg IZEHRTITRIRNICHE T, T4
)V b FERELR CTRIBIEDEAET 256, TV 52 5 HEANOWIFOBIZ T 7V
N RO SR undefg THIUIMFERDONHF AL undefg DIENANSND.
ZDRMPIZHE T, undefge DL
inc RS E1T OB, MERAF RO undefg B E I N TV, £
D T OMEIF T IFEAEIZ AN, BREDA 2 TV D DA T
2110, THUTHISE LT, R REBOGEIET /) ) EREERD.
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err AR %R 1T DB, MESRAF RO —HIZ undefg BFEE I NTWLNIL,
YAfEIE undefg &4 5. 7/ X VEHBEIIEWTIE, ZOVIHEEZ ST D
T/RVEAERDOINTTRIBEL RS,

undefg MFHEXINTH Y, undefge WHHEINTWAWT 7 4V KTl inc
L UTEHEIND.

o FIB axis IFEIERMEL R EEREZ RIRT S, BHATOT—Z 1T )~
JERERTH DR 5, axis="xy’ LIEETD. KEEEREEIERTHDI R,
axis=’11’ Y#ETD. T 7 AN N TIET I MNEEANBEINT WS,

3.22.8 tangent_mean_anom_vec

T AN SRR TRER I NAAEED 2 RGGAY MVa T )0 b FERER A & P FE
RICEHU, B ARICEEL, 207 /)3 V %L d. 20X HRIT7 5 7 %AW
22 8T, BRI & BRI MR A ETE S,

call tangent mean anom vec( charc, x, y, xc, yc, ul, u2, r, theta, v,

[undef], [undefg]l, [undefgcl, [stdopt] )

518
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charc <C(6)> in B 7 BN 5 OD
EH LI B0
"scalar” = BRSNS 5
"vector” = HERRIINET ST
<R,DP(:)> in RN i
<R,DP(:)> in T 1)V NS TR
xc <R,DP> in TV N xR TOMRE R A (k)
yc <R,DP> in T AV y R TOMFE AR A (Bak)
ul <R,DP(size(x),size(y))> in T ANV KNRTDOVEYET DRI ML,
x BT
u2 <R,DP(size(x),size(y))> in THIVNRTDEYITZ R M.
y B4
T <R,DP(:)> in ] 5] A A S OD Bl 12 R A
theta <R,DP(:)> in FH ] JEE A SR D BEHR PEAR [rad].
v <R,DP(size(r),size(theta))> inout 7./ ¥V DfH.
[undef] <R,DP> in B Re RSN OfE (k)
[undefg]  <R,DP> in PERRE YN C O RAETH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7o5 7 (i) .

T 7 AN ML false.

EEN

BE

75 X tangent mean_scal X I1F L AYHU. T 7 T 2 charc TT AV K
BT MIVEMFERANT NUVZEBL, D567 7 TR DAEANT—L LT
HETNIE, EOMBENERINS, ZI T, FEOTHIVIRIZBIIZRY ML
u=(u,uz) & U, HEEERDOMENRZ MLz r=re. £ 35, ZIT, e, dH)
BHEAEDTEENRY MV THD, ZDLE, ZORBENRYT NVIET AV RS
RCRET DL, r=(r,y) TRETETDDT, 7 MNEERFALONREIX

r-u=|r||u

WO BRERBTDIILIZRD, ZIT, u, XTIV KNRTORY NVOEERES
Thd, £>T, INEHHTEHNIENRAAMAIDONRNT MVRELND Z &I
B2, ERRAROBSE N FAEDE X /T, fMERYZ MVET AN RRRY K
IV DIED & KIREHENY % IE & § 5 MfEEER OB 2 it 36 2 LR TE 5,
2 RITT AV N EERER (2, y) (ICBT B R (20, ye) ZFAE T 2RSS (r,0) (2
ANT—T—REEML, 0 AL T 5, BEROZHIINEIENFEEZ1T 5,
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o BRI BEREFAIMNAGFEL TWDGA, 7 7 40 b TR H J71Z Warning

AW —=UMNHIINDD, stdopt & .true. (ZERELTEIFHE, HH LRV,

Z 7Y a VI undef 1FEET YA BEEEIMIAEAE T D HARE I B OIS
RAINDRERMETHD. T I T, BRI REERE L L, & EEELR THEM
SEYA % AT O B REOT KM r(size(r)) DI L ThHD. & U, ZOFENGHFEE
B ox,y OAMIHZGE, 1ZAH U TO ST EENTEI RN, ZoikAH L
530, ST Z R NEIBIZ DWW TR undef AR I NG LS IZBSOTNS.
£ U, undef DR EINTVAVEAFIETONMRAINTERINSD.
7 7Y 2 VB undefge (TR EEMHEBANIZH N T, RIBME undefg MRE X
NTWEHE, EDOLDITEETONEHUET D, ZOA TV 3 Vi undefg
DERE XN TWRIT IUTFEEE L 2\, undefg IZEHRTITHIRNIZE T, T4
)V b FERELR CTRIBIEDEAET 256, TV S 5 HEIANOWIROBIZ T 7V
N RO SR undefg THIUIMFERDOANHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DL
inc HARTYI %17 OB, MESRNIF RO —EBIZ undefg AEE I NTWHIUL, T
D 3T OMEIFEIFEAE I AT, BEDA 2 TV 2 1D A THEIAE
2475, THUTHISE U T, AP RIBOGEIET /) ERIBERD.
err AR ZITOBR, MIERNIF RO —EIZ undefg MREE I N TWVAUK, F
YAfEIE undefg &8 5. 7/ X VEEIZBWTI, ZO¥EEEZSRT D
T/ RVHFERDOINTTRIBERD.
undefg MFHE I NTH Y, undefge WHEEINTWAWT 7 AV KTl inc
EUTERIND.

3.22.9 tangent mean scal

Bee
EEDANT — &% T 1)V RO M A ERER ICER L, B AT 5.
=R
call tangent mean scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
518
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<R,DP(:)> in AT R — .
<R,DP(:)> in TR R
xc <R,DP> in x R T O MBI R ().
yc <R,DP> in y R COMFE MR R ().
u <R,DP(size(x),size(y))> in FFERTOVEHETIEIANT—.
T <R,DP(:)> in P 547 JRE R OD ) 28 PR AL
theta <R,DP(:)> in P fA] PE AR D B ERR [rad).
v <R,DP(size(r))> inout FAREEHUZALT —.
[undef] <R,DP> in RO RTRE AN OfE (k) .
[undefg]  <R,DP> in PERRE YN T OO RARAH.
[undefgc] <C(3)> in undefg MV E
TN TN (Fad) .
stdopt <L> in TI—Wh7 o7 (k) .
T 7 AV NE .false.
axis <C(2)> in JERER (k) .

EER
2 WGET IV NEERIR (2,1) 1285 B 15 (20, ye) % BURE 2 FIRIERR (r,0) 12,
ANT—F—BEZMU, 0 HETIAET B, FERROE BRI £ 175,
FHV R (21, y;) CTEBINHE AN T — 1wy % PIEEER (1, 0,) TESH
XNB AN T — 8 v (CEHT B RIS

Uit1,j — Uiy (xm . 33@) +
Lit+l — T4 Yji+1 — Yj
(@m — i) (yn — ¥j)

Tit1 — i) (Yj+1 — Yj)

Umn = Uij +

THh3 0, ok x, FIELUTOMNGEZT 2,
T + X, yj -y, ui,j L u, Um,n LV,
Ym : ¥, 0, : theta

(]

o FEREHOMESKIXX 3.3 S8,

o BN EREFAIMNAGFEL CTWDGE, T 7 4V b TR H 712 Warning
AW —UNHEIINDD, stdopt & .true. (ZERELTEITHE HHLRW.

o 7Y 3 VI undef IFEARTEIIAREERIMNIAFAET D EAREIIEDOEHIZ
RAINDGRERMETHS. 2 2T, R E B LI, FE BER THER
Y% AT O P ROTKME r(size(r)) DI L THD. & U, ZOYEIGEMHE
R x,y OIMIH 725G, 1ZAB LU TSN T IR, ZOEFARL

20z pRIZTTBH,
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3.3: TV R & FI A ERTLR A D BUHRTEAR T OB, I EEESR T m, n W2 5K

OF\NGEIL, T AV NERSRT j AFICNIRZ G L, TORNFR® S ¢ AN

ERSE

WD, SEYIT ZROERIZ DWW T undef EANRIND LS IZR>TWV5.
£t L, undef DHEEINTVAVGAREFITEINRAINTRIND.

7 7Y 2 VI undefge IFHFFEAMHEBANIZH N T, KIBME undefg MRE X
NTWDHE, EDOLDITEHZITONEHETD. ZOA TV 3 ik undefg
DEE I N TR T IUTFEEE L 2\, undefg IZEEFITHIBNIZEWNT, T4
VSRR CTRIBIEDFAES 2356, 7 77V NI S MBI~ OHNFFOBRIZ T /7)1

ZORIAZHE T, undefge DfHEIF

inc #AREEZTOBE, FIERNIT RO undefg WREI N TV, £
D 5T OMEIFFEIEIEIZ AN T2, BIMEDA 2 TV DA TEI#EAE
2175, THUCHIE LT, NP REBOG SIS RIBL 5.

err HAREIZIT OB, MR RO —EIZ undefg MFE I NTOIUE,
L undefg &8 5. SEEFIEIZBWTIE, ZOFEEHZ ST 5
AHERDTRTTRIELE RS,

undefg MWHE X NTE Y, undefge WHHEINTWRWT 7 4 )b M Tl inc

L UTCERING.

B axis IFFHASEME L L2 IR EEINT 5. BHATOT— 40T )V b

JERRTH DB D, axis="xy’ LIHET L. RO\EREEERTHIEH,

axis=’11’ LIRETD. T 7 4NV M TRET AV MEERIEEINT NS,
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3.22.10 tangent median_scal

HeE
FREDAN T —8% T )V N REEERD O PR EEER T U, B505 M vh el %
Kdd.

=

call tangent median_scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )

518
<R,DP(:)> in A TR — R
<R,DP(:)> in A5 T REB TR,
xc <R,DP> in x R T OB R ().
yc <R,DP> in y R COMEEBER R ().
u <R,DP(size(x),size(y))> in HFERTDANT—,
T <R,DP(:)> in P 7 JRE A SR D ) 128 AL
theta <R,DP(:)> in FH i8] R ASE R D HERRPEAR [rad).
v <R,DP(size(r))> inout AR EID A F T — R UL,
[undef] <R,DP> in BRI ae AN O (k)
[undefg]  <R,DP> in PERRE- YN C O RAEAH.
[undefgc] <C(3)> in undefg MVE%E
Iz TOMH (k) .
stdopt <L> in TI—Wh75 7 (k) .
T 7 4 ) Mi& .false.
axis <C(2)> in JEERR () .
EER

2 RGET AV NEEER (2,y) (IS8T D5 (20, ye) ZIRRE T D MEMEER (r,0) 12,
ANT =T —REEWU, 0 [ DOWTHIMEZ KD D, FEIEROZE BRI
NfiiZ17 5,
FIN R (21,y;) CEBINIDB AN T — 8w & MBS (1, 0,) TEH
XND AN T — i vy, (BT 2 KT
Uit1,j — Ui,j (& — i) + Ui j+1 — ui,j(
Ti+l — T4 Yi+1 — Yj
(xm — ) (yn — ¥5)
Tit1 — %) (Yj+1 — Y5)

Umn = Ui + Yn — yj)

[Wit1,j41 = Wij1 — Wit1,j + i) (
ThHd2, ZorE, BB TONEZT S,

Tp 0 X, Y 1Y, Uy iU, Upp oV,

2z pRITTTBH,
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(]

Ym : ¥, 0, : theta

o MEREMDOBERMIEM 3.3 2.
o PERMWBERHEIPHIMAFIEL TWDIGE, 7 7 A4V b TIEHEL 112 Warning

3.22.11

AW —=UMNHIINDD, stdopt & .true. (ZERELTEIHE, HHLRW.

7 7Y 3 VI undef (FHEHRE AR RIMIAFAE T D HEARE B D BELHNIC

RAINDRERMETHD. T I T, HERTITREERE L L, & BEELR THEM

SEYA % AT O B REOITm KM r(size(r)) DI ThHD. & U, ZDFENGHEE

R x,y OIMIH 725G, 1ZAB LU TSI NT IR, ZOIEFARL

853D, ST Z R NEIBIZ DWW T undef AR I NG LS IZBSOTNS.

£ U, undef NREINTVAVWEHIFZETONMRAINTERINSD.

7 7Y 2 VB undefge IFHEHREEMHEBANIZH N T, KIBME undefg MRE X

NTW2HE, EDOXDITEETONEHUET D, ZOA T 3 Vi undefg

DERE XN TORITIUTEEEE L 2\, undefg IZEHRTIRIENICHE T, T4

VSRR TRIBIEDFAES 2356, 7 77V NI S HEINOHNFFOBIZ T 7)1

N RO SR undefg THIUIMFERDONF AL undefg DIENANSND.

ZDRPIZHE T, undefge DL

inc HARTYIE 1T OB, MESRNIF RO —EBIZ undefg MEE I N TV IUL, T
D s T OEIFEIFEAE I AT, BEDA 2 TV 2 1D A THEIHAE
211D, ZHUTHIG L T, AR RBOGEIXFEEE RIBE LS.

err FAREAZITOBR, FIERNIT RO —IIZ undefg MREE I N TWVAUK, F
YIfll% undefg &2 5. SEHFHEIZE T, ZOFEEEE ST 5FY
FEEDTRNTTRIELRD.

undefg MFHE XINTH Y, undefge WHEHEINTWAWT 7 4V KTl inc

EUTEEAEINS.

S axis IXFHAILHE L 2R B SR % BIRT . AMWETOT — X205 )b K

JERERTH DR 6, axis="xy’ LIEET S. KEMEREEERTHIRH,

axis="11" L4RETD. 774NV b TRET AN MEERPBEIN TN D.

tangent_mean_vec

TNV SRR TER I NATED 2 IRGENRT NV T 790 S EERESR N & i e A
RICEHL, B HAICEE TS, Zoe X U7 S 72 WS Z 8T, Bt
o L R ST IC A EIT E S
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=X
call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefgl, [undefgcl, [stdopt] )
515
charc <C(6)> in B 53 B 7 D
EH LI B h.
"scalar” = BJFEAA E T
"vector” = HEARIXIREET KT
<R,DP(:)> in T A N R
<R,DP(:)> in T H10V N R
xc <R,DP> in TV N 2 R TOMREERE A ().
yc <R,DP> in T AV y =T O MG EEREEE (k).
ul <R,DP(size(x),size(y))> in FTHIVKNZRTOEET LRI M.
x 7.
u2 <R,DP(size(x),size(y))> in FTHIVKNZTOEET LY ML,
y B
r <R,DP(:)> in o 547 JRE R OD ) 28 JR AL
theta <R,DP(:)> in P17 R D i AR [rad).
v <R,DP(size(r))> inout FAREEHUZAL T —.
[undef] <R,DP> in RO RTRE AN OfE (k) .
[undefg] <R,DP> in RSN T O RIE(E.
[undefgc] <C(3)> in undefg MVE%E
INe TN (k) .
stdopt <L> in TI—th7o5 7 (k) .
T 7 AV NE .false.
EER
175 X tangent mean_scal L I1F L AYFHU. H#IZ7 T 2 charc TT HI)V K
FBNY NV EMBIRNY NVIZEBU, TD5H 77 7V 0OAE A7 —L LT
FHETNIE, EOMBENERINS, ZIZ T, EFBEDTHIVINRIZBIIZRY MLz
u = (up,uz) & U, MEEERDOMENRY NLVE r=re. £ 55, ZIT, e, XH)
BAMNAEDOEIENRY MV THD, ZDLE, ZOMMENT MVIET )V N EEFE
RCKRETD L, r=(1,y) TRETIDDT, 74 MERZRFRTONEIX
row = |
EWHBERBTLI LIRS, ZIT, u FZTHIVRRTORY NIVOEFERL Y
Thd, £oT. INZHEHTENTERZAFANAEDORT MVRELNG Z &I
B3, HEARORSE ZNEFEEDZ X H T, MENT NLETF AV NRRT K
VORI KIREFEN Y % 1E &9 % FfE R DR S 2 Hiil T 6 2 &N TE 5,
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(]

o BRI BEREFAIMNAGAHEL TWDGE, 7 7 4 )V b TIREHEH J71Z Warning

AW —UNHIINDD, stdopt & .true. (ZERELTEIFHE, HHLRW.

7 7Y 3 VI undef (FBEHRE AT REERIMIIEAE T D HEARE B D ELHIC
RAINDRERMETDHD. T I T, HEHTITREERE L L, & BEELR THEM
SEYIEAT O EBDBRAM r(size(r)) DI EThHD. L L, ZDFENGHH
R x,y OIMIH 725G, 1ZAB LU TOSESIIEINT IR, ZOIEFAHRL
8530, ST Z R NEIBIZ DWW TR undef AR I ND LS IZBOTNS.
£ U, undef BFHEINTVARVHEEFIELONIRAINTERINDS.
7 7Y 2 VI undefge IFHEHREAMHEBANIZHE N T, KIBME undefg MRE X
NTWBEGE, EOLDITEHEITINEHETS. ZOX TV 3 Vik undefg
MEE XN TORIFIUIBEEE U 2\, undefg IR HEBRAIZBENT, T4
VSRR TRIBIEVIFAES 2356, 7 77V N S MBI OHNFFOBRZ T 77V
N RO SR undefg THIUIMFERDOANF AL undefg DIENANSND.
ZDRPIZHE T, undefge DL
inc HARTYI %17 OB, MESRNIR RO —EBIZ undefg AEE I NTWHIUL, T
D R TOMEIFEIGEAEIZ ANT I, BRMEDRA S TV D RO A TEIG#EE
2475, THUTHISE LT, AP REBOGEIET /) ERIEBERD.
err AR E 1T OB, MESRAF RO —HIZ undefg WFEE I NTOLNIL,
YAfEI% undefg &4 5. 7/ X VEHBEIIEWTIE, ZOVIHEEZ SRS
T/ RXVHAERDOINTTRIBERD.
undefg MFHE XINTH Y, undefge WHHEINTWAWT 7 AV KT, inc
EUTERING.

3.22.12 CPS_Hart

Hae

Hart (2003a) OFHE%E AT, MSUEAAMHZER (CPS) /8T A =& 55T 5. F
FALE (2011; RR) 22O Z & RRIEDO A 500 km ANIZE T 2 1% - BU1F
BRGNS, FORKEDORSERFHIZ OWTHET 220D/ A =2 Th 5.

£

call CPS_ Hart( x, y, center, z300, z600, z900, mv, B, VTL, VTU )

518
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X <R,DP(:)> in  x FAEERE [m).
y <R,DP(:)> in y AFEERE [m].
center <R,DP(2)> in ARSEHULO R (125R).

2300 <R,DP(size(x),size(y))> in 300 hPa DY ART V¥ v IVEE [m].
2600 <R,DP(size(x),size(y))> in 600 hPa DY ART VY v ILEE [m].
z900 <R,DP(size(x),size(y))> in 900 hPa DY ART V¥ v IVEE [m].

mv <R,DP(2)> in BEIEE [m/s] (B&R).

B <R,DP> in WM T A =& [m] ().

VTL <R,DP> in  FERERK/SNT A= [m/s] ().
VTU <R,DP> in  LBERER/ST A—4& [m/s] (k).

EERN
ERREHLD S 500 km EEAIZENT, BLFD/ST A =L 25HT 5.

B = (ZGOOhPa — Z900hPal Right — Z600nPa — Z900hPal Left> (3.22.62)
O( A7) [600hPa

~VE = (42) (3.22.63)
dnp {go0npa
A7) [300hPa

v = NAZ) (3.22.64)
Onp |soonpa

(3.22.65)

ZIT, Z i HEEILBDRZVART YUY IVEE, AZ XR—EEEICE )2
££ 500 km AN TD Znaw — Zimin, p \FEIITH D, 72, EARIE 500 km AN TO
SEfE R,

[Right] B & TLeft] &5 EKFIE, RKEDHLOREE) 5 FHxSH I A5 ],
EMlE NS Ze2FHRLTWS, DFH, IhbzrFxedhde, HT?TOLDITRD,
INT A=A BIMEKRESE GRIDA L ETOVEENBEEDEZF L, ZIVNX
WEELELATOREDN YD 0748 <, R AREIZ 2> TS I 2R LTS, N
FZA =R Vp IMERERLDIE R HIZDODWVWTRGTINTA—=XTHD, AZ L 500
km MNTOYART VY v IVEEDRKER/NDZEBLDT, ZOENPKINVIEE
500 km AN TOREZLBREIN LIZRD, FED 2B TOIDEZ KL /-
LE, EEOAMENPKIVIZEZTDOENITESEHEEIZZR>TVWDSILERLT
Wa (HM7?7),

B%

o (RS AULME—RAIZ, W IE SUE DR 2 L AUT L0,

o BEBEE DT IEIXMHHE IKET DY, nv(1) 1 x HROHEERD, mv(2)
iy AFOEERD % HNRITER S B, TN DRERSDT ART
e oBEH2EHELTH5.
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3.22.13 DC_Braun
Hae
Braun (2002) OFiE% HWT, BHELED O %GR T S ACERGEE 3 <
B3 &, BOiRREDONE I 7 S B 1 5 R R [ERZ BN S LD I28 5.
T SUE D BARME CERHHRREDF O 2 EHET D &, T DR DR EIZ
FVIRET 2 & 512852 2T, Braun (2002) Tl&, MFOEHDOEHIIRT
Pk T, CORIIBS & RET X 5 BIIEAUE O R HEE TS S .
=X
call DCBraun( x, y, fg, pres, search dis, var_dis, center, &
[undef], [stdopt] )
5188
x <R,DP(:)> in x J3 A HEER [m].
y <R,DP(:)> in y JIIAIEERR [m).
fg <I1(2)> in FIEIZHV S B —HEEMEOR T %S (1)
pres <R,DP(size(x),size(y))> in LEHEMTORTE [Pa) ().
search_dis <R,DP> in MRER 9 2 HEIK [m] (k).
var_dis <R,DP> in {259 2 i [m] (&ih).
center <I(2)> inout K& SN (RIR).
undef <R,DP> in REHME (i) .
stdopt <L> in TI—Wh75 7 (k) .
T 74 M .false.
EHD
BZOoNEHE—HEN fg IZDWT, TOFEM search dis (HLAHIZIE 100 km £
) DT RUZDVT, TDOREHULE UL var dis (JAAYIZIX 65 km 2
) O PRI DV T RE DB & 170, &HTFRITE T BT OB 5
DOFHERZZ R UADE - ENRE R E 2D {2 B ERREDOF L L EET D F
EEHOTWS, &V FEMAFEOREIET IZ DN T 8%?? 2.
e

o HI# undef IXFHHEEFNICKEREND DY
B M F IR A2 GBS U 2RV,

WHET S &, ZOfHEIC

PEK)

o FRNMERBFIMAAEL TWBHE, T 7 4V b TIIEHERJ1IZ Warning
ICRELTHTIE, AU RW.
o HIB fg I3 HEME RO TRD x Al y AR FRFESE25256.

DO FRETIE x, y ORI BEREESDI L THS. —MNIZZ OB —HEHEIZ

AW —INHIII NS D, stdopt & .true.

"2gzp s MBI SUE D RAKE TR R X NS B ESEDOHL E Braun (2002) OFHETREE X N BEHEL
FEDOHLTED & D BRENALND DIZDONTIAERESA.
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I SEDORAKASBHNS NS, fg, center & EIT, HE—FHD x FEED
BrREs, BoFED y BEORTFRESLED.

o 51 pres (ZIE—NICHBHIKESH N HND . I DEBUSEEAR L)L OBl
M2 KD D DIZHWS DT, FEHER ETOSRERLEDEHETE LW, -
Z U, 7R OMEP MR RIEDEE, ] & 2O F3E % F W THFIH SUE IR IE L
TELBENRD L. HHFEET VOGS, KL LHIGERICHDFELHRTDY
TRTF VI YIVEETE#DR., /2, 2O RIIREAHEIHNS 21T
BROT, BAIEER T RIZDOWVTH—~ U THhNIXMERDOH-NRE AND Z &M
TX5.

o ¥ search dis, var dis OREfRIXX 5.12, 5.13 Z8&. Braun (2002) D>k
(21 var dis 1% 65 km FRE TS LRI NT WD, Thik, —MREE
{RSEDNER I 7 U D IMAIRE I Y 4 5.

3.22.14 DC_Braun_SAT

Hae
Braun_SAT (2002) DFEE FHAWWT, HREDRIMEEEE 7 — 20 5 B RSED
DZEEFRET D, RIMEEIRE O @O 0 S IR O K040 O i © Blie FRR s %
b EFET D, MR TFIEIE Braun L FU.
=X
call DC_Braun_SAT( x, y, fg, tbb, search.dis, var._dis, fg_canr, &
center, [undef], [stdopt] )
518
x <R,DP(:)> in x J7 A EEEE [m].
y <R,DP(:)> in y JITAEERR [m).
fg <I(2)> in FHRICHW S B —HEMEOK T RE S (i
tbb <R,DP(size(x),size(y))> in TR R RS [K].
search dis <R,DP> in MR 9 % i [m] (1&R).
var_dis <R,DP> in {259 2 i [m] (iR).
fg_canr <R,DP> in {722 51 2 Al R O BMEETR [m] (£2i8).
center <I(2)> inout K& SN (RIR).
undef <R,DP> in KEBHEME (Bh) .
stdopt <L> in TI—Wh75 7 (k) .
T 74 ) M .false.
EEN

BEZoNE—HER £g 12DV, TDJHP search dis (BAIHYIZIX 100 km &
JE) OB RIZDONT, ZOfEHLE U YAE var dis (HEINIZIE 65 km 2
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&) DB DWW T B DR IME LR DR T 2 170, B FRICBIT 3T
DHEREYI N O OREHER 2 % B U SO E 1R K & 4 % M & Vi D
DEERTDTFELZAVTYS. £V FMATEOFREIETIZ OV T E?? 2.

B%

o 514 undef IFEHRHFHNICKRERMELGHDLAITHET D &, ZOMEIZFEYT

B RURMR A FHRICB A L 2.

B RDBEBHIPIMNAFEL TG, 7 7 A4V N TIIEHEH ) IZ Warning
AW —INH I INED, stdopt & .true. IZEELTHITIE, HI LRV,

I fg IXBE—HETMHEE BRI T RD x FiM, y AADOMTRESE2 525, 2
DT BT x, y DEFIERFSDI L THD. —MRIIZZ OB —HEEMEIZ
XEEHSEORIEEPHNOND. fg, center L BT, BBE—FHD x D
T m#Es, B RBEHD y BEOK T RETLER5.

MRIZIE var_dis X 65 km FEETITD Lt I NTWD. ik, —fRIyRE
TRSEDONE I 7 IO AMUNSE Y 4 5.

B R OIRAMEREIRE TIX, 77 b 7 10— C OB IR 0D S 72 (& A ASEEEUR 12
o I D BRI A2 D/INI WHEIR E BRI NS Z e hd (T h7a—
CITHEEIRE D E TOZAVNI WD, TOMRAENISB>TULED).
IN%FIS 72D, HE—HERMND fg_canr OPFENIZE T D HERE DR K
B/MEZRDD. TOEMSFEIMEZ B L, FEHEXIVEOKREZ (FENME
W) MOMEAEIREZITS. UKD, TV N 70— TOEREEREZ D
T ORAGEZ BT 5.

3.22.15 DCE_Yang

BEEE
Yang et al. (2013) OFEE AT, B KKIED L EREEZ HET 5.
X
call DCE Yang( x, y, xc, yc, r, theta, Tbb, ljudge, [tbbr]l, &
[sigl, [dmoat], [douter], [dinner], &
[undef], [undefg]l, [undefgc]l, [axis], [stdopt] )
513
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<R,DP(:)>
<R,DP(:)>
XC <R,DP>
yc <R,DP>
r <R,DP(:)>
theta <R,DP(:)>
Tbb <R,DP(size(x),size(y))>
ljudge <L>
tbbr <R,DP(:,8)>
sig <R,DP(:,8)>
dmoat <R,DP>
douter <R,DP>
dinner <R,DP>
undef <R,DP>
undefg  <R,DP>
undefgc <C(3)>
stdopt <L>
axis <C(2)>
EER
- HIRE BT T YA
E X D BRI U TS EBEERICAR T 5.
CBWU 2T =20, LA A DOWT 8 fEIIND.
L 7 sig Z3tH 9 5.

. TV NERER TRER I N TV 2 BRBESHEEIRE Tob % xc, yc TR

L TD R8IV I UIIDWT, R T LIZFEALA S MDY tobr & FEHE

in AT RE — R [rad] or [m
in A FRE T JEEE [rad] or [m
in x R T O E PR A (#
in y R T O A AR (£
in FH fe] SR AR R OD Bl 138 JRR AL
in P 17 AR D B R [rad].
in AR IR E [K].
out .true. RHLEHEBEE.
inout &t 7Y a v TORAAFY Tob.
inout L2732 TOD Tbb

[ 7 5 R A 2
inout moat MFEIIIE [m] (Fik)
inout AMAIBEEDFIINE [m] (£2if)
inout IO EERE (m] (B2R) .
in BERROE Y TR RSN OfE (23R
in BRI T O RIEE.
in undefg MVi%

INe ETOMM (k) .
in TI—Wh7I 7 (k) .

T 74 M .false.
in JERER (i) .

).
).

~

/

ZOT—RETLIT, MFOHEZITS.
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s AR R IR 12 & & e ~

1. %87 ¥aiionT, Hubvh 5 tbbr DIB/MEDY 2 KL ED, ZD
R REDY 1 JHEENTHENEF oy 7.

2. HHE (1) 22927 ¥ avilonT, PSRV FFOMYIMEZ Tihnermin,
FEWN T OMUIMEZ Tyutermin, € PEIDMEKIAE Thay, MUMEZ & 5T
FEHEMR 22 % Oinnermin, Toutermin, MBAMEZ & 2 PR TORMERZEZ opax &
T5. 20X, KR avIIONT,

Tmax 2 Toutermin + Toutermin,
nD
Tmax 2 Tinnermin + Oinnermin,
TN EF IV .
3. HHE (1) B (2) 22 LTWBE2 Y2V IZo0T,
Toutermin < 230 [K]
g INEF oy .
4. FHE (3) 2T I VI VOEMN 5 EEATWEINF v .

5. HHE (4) 22 LTV, BE (3) 22 d 7Y a VIZOWTHWL
Toutermin & 0)'{@7& té¥?§®7§%§+%b, b‘f%@t’ﬁ“/a \/[ﬁ_]j:@%
£ 50 km 2R TRV NF v 7.

HHE (5) 2W/Z U725 A, 1judge = .true. WIRI N, ZTOT—RIFLEREE
\*ﬁﬁ%)ﬂ?bfb\é EHIEIND.

(]

o 5% undef IFFHEFFHNICKERMEND DL GITHEET D L, ZOMEIZEYT
B M F AU A RIS U &,

o PERRMPERHEPASMNAAIEL TWDIGE, 7 7 40 b TIREHER )11 Warning
AW —INHFIIIND D, stdopt & .true. (ZEELTHIHE, HIILRW.

o A7 3 Vi dmoat, douter, dinner (FTHNTH 1judge = .true. ANK
INd L ITEMTEINDIFHRTH Y, TNTH moat D ¥R, SMUEEZED
R, NEIBEEDOSEIE#CH D, T No D5 EUFHEME (4) 2/~ d &Y
VaviioWT, U FOEHRBATERINGEI 2 TDOR I Y a VIHTHEHL
ZEDEUTRINDS.
dinner HEAFLNSHAM E I tbbr 2 F =Y 7 U, 0.50immermin + Tinnermin 2

TES ZWERE EWCEERZ dinner £ 5.

main.tex 2021 4 11 A 24 H (GHEERK)



STPK v=a7J)L 3HITIL—Fr—& 267

dmoat Tinax & HUIMI tbbr 2 F v 27 U, WA FI21E 0.50 mmermin + Linnermin
% NS AW AMUDERREE L, A E121E 0.500utermin + Toutermin 2 T
|5 Z2WEE NEIOBEEEO RO % dmoat £ 9 5.

douter Tyutermin = H/IMZ tbbr 2 F v 7 U, Mifll 0.500utermin + Toutermin 2
2 OB AME e NTDBEREZE %2 douter 2975

3.22.16 DC_Sat_ ZNCC

YO ERMERE L W5 7Y T — kv 53 7% T, MR EG 5
FoBETLERDS. FOARIDAEIHIL TV S E (A) L2 IhbbU
BRIV (L U - Wifg (B) TIRARMDKTHEEIZIZIER U TH S LET 2. T5 &,
il A X% B L OEIEIZI & > CRESBEIL 2 2 L BN AL, Uk
HoT, Bilk A 2 BHERY LTy TL— k3w F Y ZEIC LY, Bilgk B »5H
B A L REENT 2UWAEHITE S, T OIS N FERO R L Bi% A O
AP OFRERIE O AR A, B ORI ARSI L -8l 22 5hd. b
LY, Wik A TOAEPLIEC, B A, B 810D 0 A R % R
HAEE B TOARILAELE %S,

FN—F 2T, Fifh A % BIREGE UL 0, Fifk B Ok BT 5 i Hs
DTG T E S R

call DC_Sat_ZNCC( ref_img, img, swx, swy, [undef ref], [undef_img] )

ref_img <R,DP(:,:)> in Z HR R DT B HUE.

img <R,DP(:,:)> in PR RO ERUE.

SWX <I> inout XEFHLT D img DI TH 5.
swy <I> inout HEHLLT D img DFEmIE FEF 5.
undef ref <R,DP> in ref_img DAREFfH.

undef_img <R,DP> in img DARE FHAH.

EHER
YO ESACA BB, €22V N x M OF > 7L — Nl A (SHREH)
LEZRIVEM P x Q OEif B (BRER) 12832872V TOME ([EEOWY
HiE) OMEMBICESS FY LU= v F U I THD. ZOL X, ¥rReEuE
N<P ™M M<Q
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R T HERDHD. EE A DKL RVIZBEIYHEE ((TR) 2 A, (1<i<
N, 1<j< M), HEBIZSTYHEEZ B, ; (1<i<P, 1<;<Q)&795%. &
H 5 D PG & BEHEIC U T, MHEAEBIRRE R, ; %

B Cij . B . B
RzJ_S(A)S(B)i’j, (1<i<P-N+1,1<j<Q-M+1),
M N B
Cij= ZZ (Ags — A) (Bryi-t1,45-1 — Bij),
=1 k=1
M N
SA) =D (A —4),
=1 k=1
M N
S(B)i; = Z Z (Biti-1,4+j-1 — Bij),
=1 k=1
B L MN L MoN
A= Y>> A, Big NI > Brricitio1,
=1 k=1 =1 k=1

DEIIIRD, R j WKL BDEINERES (imaz, Jmae) DS IEHER & B KU
T B HEREG OO NG & 2 5. &> T, HERER TSR & it T 5
E e

imaz <1< tmaz + N =1, Jmaz < J < Jmaz + M —1

DRI & 725 . BARKIZTFIE L 5180 DX InBEERIZLA T D@ Y .
1. FMIENGZO6NTWSHEEE G E ref_ing & UTHZ 5. 7 — X ILHGHEE
EBRETETIVRXRETEHHEDR .

2. ref_img LW DIV EEGE ing LU THZAD. ZOLIDT—XIZE
ref_ img LA UYHETH S.

3. TV TV — MYV F VTRV, ref_ing L IREFAMT D img OERIEFT & &
t9 5.

4. img OIE LU - B E A O P tE 7 &5 2 swx, swy & UTHIAIT 5.

ZDEE, FIBIIEREADELH LU TOXNIEZ TS -

A;j : ref_img, B;; : img, (Ymaz> Jmaz) @ SWX, SWy.

(]

o ZOFIE, Hiff A, B FITOABRDKFEREENPZALBZNEREL TS
O, 525 2 EGHORHEZENTRERD NI NI EREELL. OFED
D 8 TOFEENER (2.5 DREE) THWS Z L 2EL TV,
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o élﬁ undef ref, undef_img IIFHEFIFHNITRERMEDN D D55 ? E9 B
, ZOMEIZEN T BT RURMRE AR ICHH U A, _0)71(575 ZATIX

( ) I EREER DM —E & U TE#E L T3 A%, ERRIZ i%%ﬁ@fﬁﬁﬁaﬁak

BoTW2EIZ R NVTRESREGOFNIGE 7V TERERE LATITES

BN, Udio T, EBOFETIE S(A) IZZOSEEHRIZBIT2 7 VD%

EFALIZEY, % Cij TS(A) IFERIET DI EITEETD (T805, S(A) ;).

3.22.17 Parallax_Himawari

Hae
LR OB I N2 BOAE 2 GERME L, fEROBEDAEDMLERL %
U4
=X
call Parallax Himawari( lambda cld, phi_cld, h cld, &
lambda_cor, phi_cor, [undef] )
518
lambda_cld <R,DP(:,:)> in il (ERT OB [rad).
phi_cld <R,DP(n1,n2)> in i ERT OBIFRE [rad).
h_cld <R,DP(n1,n2)> in BIEERETOEHGE [m).
lambda_cor <R,DP(n1,n2)> inout FHIEZOBRFEE [rad].
phi_cor <R,DP(n1,n2)> inout MHIEZROERIFELE [rad].
ni=size(lambda_cld,1), n2=size(lambda_cld,?2).
undef <R,DP> in AREFRME (Bid) .
EERN
515 TRIND K DI, FERTORMERE ¢o, Ao DALIE TETHEE h DZEDBIH
INETDH. 2L E, FERIZEMAET DAEITHRERE ¢o, N\, BB, R—
F VTIN5 TRIND TFIEILE > TZIDEBOHEREEZ KDL, DL &,
FIBUEA T O IEE TS -
Ao : lambda\_cld, ¢ : phi\_cld, h : h\_cld, A, : lambda\_cor, ¢, : phi\_cor.
e

o 5¥ undef IFFIEMMENICKRERIEN D 25 EIHHRET D &, TOMIZEEYT
BT RUSAERHRISA A L &0,
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3.22.18 SPLB _Kurihara

? DFEEZHVT, BEOBOZEBIZOWTHKELEIZ T4 IVE) Y T 2175,

call SPLB Kurihara( axopt, phiO, x, y, Lx, Ly, ival, oval, &
loptm], [optnx], [optnyl )

518
axopt <C(2)> in AHAT S R (1),
x <R,DP(:)> in x S AR [m] or [deg).
y <R,DP(:)> in y A EERE [m] or [deg].
Lx  <R,DP(2)> in 74V ET S x HEOMEE [m] or [deg] ().
Ly <R,DP(2)> in 74N BT Dy HAOEE [m] or [deg] (k).
ival  <R,DP(size(x),size(y))> in TANVERT B 2 IRTER.
oval <R,DP(size(x),size(y))> inout 7+ I)V& I N7z 2 IRTLEH.
optm  <I(:)> in 74V G LW ().
optnx <I(:)> in x i) SRR B RO T A ().
optny <I(:)> in y F SRR IR 1 A (k).
EHEN

[EREOBOER F 1T LT, SEMBOBRA 2 74 VA—T 9 N2 T OFik%
WS, 72720, A VFIINTIEARL, 2 1L 2 EfERIERT— X O % i HEls
UZBIERZ V3. EEHERIE 7 O (3), (4), (5) X

—FE 5 . e .
Fi; = Fij+ Kn(Figu j+Firquj—2Fij), FL=F 4+ Kn(Fj_g,+Fijrqn—2Fi;)
(3.22.66)
Gn1 = [Rcosqboéﬂ . onp=1,2,4,-- M,
nlAz
R&¢ (3.22.67)
Qn2: |: }’ n2:1;2’4""M27
’I’LgAy
M, = [RCOS%M] 7
o (3.22.68)
Ao — R75¢ 22,
2= |5, ]
1 o\ !
Ky = 3 <1 — cos> , m=2,3,4,2,5,6,7,2,8,9,2. (3.22.69)
m

ERICT, BRIICT 4 V2 Y Y T SNEBOBRFE BME5N5. ST, A, A,
EETFND 1z, y HEKT SIIRE, 0013 1 EDDS VT v, ¢ (ZHNERE, R I35k

TBREL, AV YFAORTIEAL, HPGE AL A TR AERRBELTHS.
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MRTHD. &7, (3.22.67), (3.22.68) (2B T2 UMFTHIMNI AT AL S THD. 2D
Gnis Qna DY 7 TEAI N/ GEE T — R S Th D, U, np=ny =1
DEEIE, 7 =89 5. ERUFAKES I 6, (CDWTHIFA L, L, OHFALTORK
FHRUZDWTHEAI NS, EHROEN X721,

ZD L DRI E DML

Ay 0 x(2) =x(1), Ay = y(2) —y(1), ¢o : phio,

L, : Lx(2) —Lx(2), Ly, : Ly(2) —Ly(2), F;; : ival(i,j), FE

ij +oval(i,j),

m . optm, mn; : optnx, mn2 : optny.
B%
o 51 axopt IS x,y DR T RUERER, *xy> 23T AV N EFER (x,y DHAL
& [m]), 2117 PSERTAF R L REEDR (x,y DHALIZ [deg]).
o 58 optm IXFEE LA WEE, 2,3,4,2,5,6,7,2,8,9,2 D 11 fADEFE%E £ Dk &
LTT74NEY) Y THRE Ky PSRRI NS,

e 5% optnx, optny IFfEELAWVWESG, ELHEEFEM L EHIX 1 &40, 20D
BE T OEBA LRI —HTD.

3.22.19 calc_taufil

HaE
Rozoff et al. (2006) IZHWVWTEHEIND filamentation time ZEFHT 5.
=X
call tangent conv_scal( x, y, u, v, val, [undef], [sx], [xy] )
518
x <R,DP(:)> in A TR — R
y <R,DP(:)> in AT R R
u <R,DP(size(x),size(y))> in K x Bl DR ().
v <R,DP(size(x),size(y))> in Ky B DL ($2ih).
val <R,DP(size(x),size(y))> inout filamentation time [s].
undef <R,DP> in REEME (i) .
sX <R,DP(size(x),size(y))> in x AT —)VIAT (k).
sy <R,DP(size(x),size(y))> in y AT —IVRF (#5R).
EH
Rozoff et al. (2006) (Z31) % filamentation time (7g) &
2

(S7+85>¢%),

TH = ————,
Sy e
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s, = 1 0w ug Ohy 1 Ous Uy %7
h1 8x1 hihs 83:2 hg 8302 hihg 0x1
52 = Zi ail (UQ> - Z; aig (m)
— hllhg [ail (houg) — 8 (h1uy) ]

ZIZT. 81, So, (IFENTIVHELRHEE, > 7 —
X BB T O E T 5,

LIV, $h

ERETHL, D

ry X, T2 1y, U i u U2 IV,
hy : sx, hg : sy.
w5
o KEFHM undef IFATNINAZREGNREZDEG G, val ITRAIND D,
S? 452> P REIBDNEGAE val ILRAINS.
e undef WMHE I NARWGE, ST+ S5 > (2 &2 I8 val 1ZiE 0 AMRAX
N5, 270, ZHIXEBENSIEIAYTHD ZLIZHEETD.
o IEHER T EACEHTD AT — VIR FIZLA NOREFREE DL D INA
FHIER S R0, . ;
ulzhlﬁ, UQZhQ%.
BE, COREIN/ZHE, AT —IVAFIEEEIZ MKS BARTHE R 6NR
FAUEB LB, & L2 5 TRIFNIE, m OERIE [ 1242520,
main.tex
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Fa4ET HoNTOTS A

ZITI, BENV—F VOB LT DO2DY Y IV Tn T I LxdHlFTEL.

4.1 Yo7 7Os5L0av1IVAE

demo 71 L7 NUBARIZ, KA TV EMAN/ZY Y TINTOT T AHEIENRI T
Wb, AV INTa TS ADOFETIZIE STPK 74 77 ) BIEFIZA VA M—=)LINT
B, NetCDF 71 77V, gtools 74 77 VNA VARN—IVINTVIHENRHD. Y
VINTOT T ADOFERERIZ NetCDF 57— & THA I N5 720, A LIS A& it
V—=IVINBETHD.

Yo INTaT 5 LDV )IVIZIE, demo/Mkinclude % £ HDEBRBEIZ ALY THE
ULARTNIEZR SR, Z2ETDARMENH B EFTIEIATOEE) THD.

a )
FC STPK 2 Y A h—)U/a /N1 5.

FFLAGS A Y AN—IVRD IV LIV ATV 3 v,
ISTDIR STPK OA VA R—=IVT+4 L Z K.
INSTNC netedf D1 Y A r—=IFT1 L 27 KV,
INSTGT gtools DA Y Ah—J)LT4 L7 KV,
N J

3281 )V demo T« L7 MV T make IV YV RZ2EfFTIIEL .

£ U, DCLF90 731 Y A M —I)LXNT\5A5, make draw & FEITFT5 I LT, 2 T
DT 7 EH/ETEILDTEDEITT 7))V draw WMERIND. £72, Ruby-DCL »°
A VAR INTOVNIE, AT L7 MVICFAMMI N TS delplot # FWT, 7%
ARNT A=Y MDT—R% gnuplot DEDIZT T 7T EMNTES. 2D dclplot
X Ruby A2 1) 7 NTdhY, ruby dclplot THITT DL, ¥DLDBHHE G A RITH
XR SRV END & D4 usage THWOIHITIND DT, TNeBZIZI N0,

draw I¥ Y ROMENFIZOWTIE, £Y TN Ta 7o 507 74 INZOHINIZ drav_
ENYZDOWIEEEF .oml DR—L) ARNT 7 A NDH DT, FHl 21X, poison % H
WAERIG 5 N2 T — A poison.nc & AFHL L WA, . /draw < draw poison.nml
TR T2 2 eMNTES. 20 drav IKHELEF—L ) A7 74 VDEREBUIILLT
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DEBL)TH5.
a I
&drawinput
fig_type = 1 ! BIOFEHE 1: FER, Y =— K
12 FERE, Yz— R, R ML
vo-1: BEERTAER, Y — A —
bo-2: fftEhdraviR, v —A—
P rfg %28l <R 5, cont_val IZEBHL,
| ¥Y—N—%>DR5, shade_val ([ZZ£¥4,
TRl IF  TETCINE
VBT AR O G, RO EEIF X xmax, xmin T
. | 20D L XOMEOFMEFH X cmin, cmax, smin, smax TiX
VC“ ~
! cmin, cmax IEHAER, smin, smax XV —H—IZHIG.
. | shade_val, cont_val TNZTHNREINT VD & LMl
B
I KEWAHTEREIND.
! ymin, ymax TCix& I NHHENIFETDHTNTOD y HKTOD
Ux T — &2 2 @B (Y —H—) THIET .
1 H U 1 ROAMUITNIL, ymin = ymax LE%ET DI L.
.y U EER T RO G S, BEIT RO 2 B DOEHEREE L TH L

¥ ymin, ymax

nx = 1

=
<
|
-

Xmax
ymin

ymax

fname
txtnam
cont_v
shade_
vx_val
vy_val
cmin
cmax
smin
smax =
X_axis
y_axis
sfact

cfact

vxfact
vyfact
title

/

N

I oex. M IF N AR T xmin, xmax D % &, Mt iR T

! M OEBIZHIE L TWS.
00 ! FEEHDKE T 22K
AR DR T 2K

o
o

0.0 ! fedllloD /e i

1.0 v REEHOA i

0.0 ! fEdho> T

1.0 1 o> b

= ’poison.nc’ ! #AIAL netcdf 77 AN
e=" | TXAMNNITLT—X

al = ’rho’ ! FEIRTHI <ZEHK
val = ’psi’ ! AT —Yz— RTHIKEK

=0 | RNV x B TR B
= 1L RZ BNV y K THIK R
-4.0 '\ FEROR/IME
.0 EERRO B K AE
0 AT —Y T — ROB/ME
5 L 5=V z— ROHEKAE
x0 L RO B4
vy D B4
=1.0 | Yr—RDI7 I X—
=1.0 ! HEHROT 7 IR —
1.0 ! BRI MNLVOEX x
1.0 ! BANZ MLVORY y

J

/

o> draw % —AH0 AR 77 A VERTRAUERE B>TW1S, FF—LY ART 7
VBB Y TN T B8, T A HE LB THHBT 2 2 LA TH S,
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4.2 £7045LDEREA

AKTOT T ABHIN—F > - BHBL RVOHIFEREYF oy 75 075 A% unit
WS TFA L7 ML, FNUHNOFHET AN IO TS MIET 4 L2 MV ITKL T
H5. LLFTI, unit &£ ZNND T 7S5 MZONWT, %% R,

4.2.1 cov

EYa—)l Statistics DTFANATOV I L. HDE5X6N/2T—L 771 )l data.org
ZICIZ, DM EERTD IO I A 72720, TON0AME CIZEIGERZ 5] X, fHE MR
BEFAETD.

RTHE - RITHER
ARTOT T MNIBARTETT 2T THY, TOEIRERIIUATDOLS 1245,

sk sk ok sk ok ke sk ki ok s ok sk sk sk sk sk o ke sk sksk ok sk ek sk sk sk ok o ke k sk ok ok
slope = 4.4496446E-06

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

data number = 246

>k >k 3k 3k 5k >k >k 3k 5k 3k >k >k 3k 3k 5k >k >k 5k 3k 3k 5k >k >k %k 5k 3k >k %k %k %k >k >k %k >k %k >k

4.2.2 fft_test

FFT V—F>DFANTOT T L ET—R% 52 TEFFT 2318 U, Bz 1T
WIEDET —RIZRET. RUZE X, 7 — R ENEZTBRENH LI N ERRTD. F
72, [ UBEIE & U A FI 0 DIRE T 2 MY KT . FFT O 7 4 —< VY AT A M E3f
RTNDDT, L FEFo-<FAUEELZHERT —) TEBIZDOWTHIT, Wi DETH
MzHRRTD. AV T —RIET—ZBOPRIZE—T 2 EDH I TV AHETHS.

EITAE
make § 2 &, EIT7 71 fft_test DMERINTNWBIDT, ET795 &,

(:Input the data number (odd number). j}

CE»IND. ZHIET—XDEBTH Y, FE FFT BH%2175 720, HEEKTRIY
U S0, IRIZ
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(iInput the loop number. j}

CEPND. ZAUXRE CEIEZ TR D K2 EET .

(iDo calculate the prime factors? [y/n] j]

CEPND. ZET —ABERRBARTDENE S hEENTHND. IhE 2y’
Y52 L, FFT V—F VABIBI NG Z e \EMR L, BHET51% 38T 5. A
N—F VT, F— BN S BB E L HITRE R MV R Y 21285 O, BT
DEFHBETH D720, loop number 2% < & H>TWVWBHHITIE, TN%E 'n’ IZUT, &
WNZEHRE U2 BESBT 2 L DIZU M, FFT AMED ST 4+ —< V AlZ L.

FIECERES

4 N
Input the data number (odd number).

4096
Input the loop number.
10

Do calculate the prime factors? [y/n]

fft error is 7 .2353985E-04
fft error is 7.6539267E-04

cpu time (rot) is  0.4000240 [s].
cpu time (fft) is 0.2280140 [s].
cpu time (dft) is 1.372087 [s].
- /
et
Rz L.

4.2.3 fft_data

FFT V—F VORI T 7S A TFAMNEROERT — R %252 THEFFT 238
U, EOARY NV AEEN T 74 VIZH 1 5.
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RITHE

make 95 &, HITT7 7 A )V fft_data DMEEINTNDDT, 79D L,

Input a reading file name.

If there is no file, input ’dummy’

LHEIPND. ZHIEEARDTFANT—RDT7 7 ANV EANTD. L7 7A
MWL, TARHEDAITO WA, dunmmy & AT HUIEEI V. 58, HHN
U777 ANTEABEBOEREDE T —X%Z/EK LT, ZD FFT §H %2475
T 7ANVDT— ZEABIIMBRTEHFHTEHRDRN. 22U, GOEEIEHE FFT
AHEEZTOHEG B, —BERADT —RIEFHMAALPHVZRN. BUF, dummy & AS U
735 E Ol % RS, IR,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LEPND. ZHUFANRT MVEIR LU AT 22T 774 V/E AT 5.

Input the calculating period.
(data period)

LHEIPND. ZNFHBEZTo 27— 2O Z2 AN T 5. BAIMERE. ZOEIRH
HEINDTFANT—KD "frequency” IZKMIND.

FIECERES

B%

SHEORRIL NI NG T —RIFLEND

[?&O)/—I\‘%&, B, AT =8 147H, - ]

ERD. T, TAOHMET & T2L., J—REBn OB E L T—4
T OREfRIE

2mn = kT
Thd, 2%V, LOTF—=RIEZFIhTN

B~ K¥=n, B=k= "

EINTNELTWS., CNE2EEBELTH Y VT —RZ2AHAELEZEDN 4.1 T
H5.

o ANIT—A& D dummy TRWEGE, IRIC
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(val) WN1(Black) WN2(Red) WN3(Green)

1.0 ‘

0.9 F 4

0.8 | 4

0.6 4

val, val, val

0.5 1 2
(frequency)
frequency
B 4.1: FET —HDANRY MV A, B R BTN TNED ) — REL, 1+2, 14243

D TR L 2T —ZDARY MVAAEISHIGL TWS . TT ik (B o 1, 2,3
WG U ZZE i CE— 2 AR 56N 5,
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[Input the reading number of array. ]

CHEIINDG, ZNET—ZDOHN T LEPNOBHENEANTEZEDT, A
075 ATIEANINZATLTLIZ FFT B U TARZ MV TF—& %1 H
35, £oT, HhT—RIXZOBEMTANIUZAT LI 2 17 MBI
2 (LRD ) = RETF— 2 BT R 2BMINE) 20 LTHAIND.

4.2.4 matrix_test

3WTTHI R 52, TDT =8 %Y LIk BATHEIEN—F V2 RIT$2 7077 L.

RTHE
RIOT T MNIBETETTUT I, EITTD L, ED &S BEHEE1T S % H»
NHZDOT, FRANTHESZANTD. FZERATFTDOL D ZHIGIZE>TND.

: N
1. AU ZADEEEZHAWT, 3 JEOEN GEROREEITD.

2. LU g% VT, 3 Juds, RO KM LTS .

3. HIAYA FTINEEZHWT, 3 75 HEROKME2ITS.

4. YIALEZHWT, 3 udl L HRREADKRMEEZTS.

5. A AT A FI)Vik%E SOR THIEUZRA S, 3 iy, HREXDORMEZ1TS.
6. Y AEE%E SOR THEU RN S, 3 o HRERNDRMEEZ1TS.

7. 3RIEFATHIDHEATH 2 FHHT D

8. NEFUEAEFINT 3 WIS FFIORKEGHEE 2SS 2 GRS
ML% T 5.

9. YAz MWT, 3 IRIEHITHIDEEAEZFET D,

10. QR #EZHWT, 3 IRIEHFTHOREEMEEEH N7 NV EEHT5.
- %

4.2.5 normal poly

EYa—)b poly normal, special_function OF AN TOJ T L. fEHEA S92 EHKK
ZOBEE ~EDEHBRICBNVCEHEL, TFAMNNT LT —EZTHIITE270T T A,
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ARTOT T ADFAFZE>THHINEZTIARNT =R 77 NVEEUT A L2 RV
X VTV D ruby A2V 7N delplot #ET7 T I L TRBICAHIILTES.

RTHE
RKTOT T MNIBETETTDIENTE, EIT792 L EDOBBEIRET LMW
DI RFEANTRET S, FHEZIEFOLD ZHIEZE LTWS.

e N
1. V¥ RIVLIEA,

2. TIVI— MZIHA.

3. 27—V %EA.

4. Y arvZzmEK.

5. 7=V T —%IEA.
6. FbIxT7LIEA

7. V= VEIEA.

8. N L.

9. v~

10. /1~ V.

11. 2~y 2 IVEE.

12. B 1~ V.
\_ )

HEHR LY vy MILZEROBS

X 4212V % Y RIVEZHEADES 25T
ITILE— NSIEXDBE

Bl4.312T)VI— NEHEANDEGEE2RT
ST—ILSEADGE

X 441257 = IVEZIERDGE % RT
Ry )LERDIGE

X 4.5 2Ry I)VEEODGE%RT.
AR VEBBOSZE

M 4.612 1< YEBOLGE%ERT.
TRy EILEROEES

X 4.7 \ZERY v IVEE OGS %2 5T
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1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T

0.5

0.0 -

LEGENDRE

—0.5 —

710 ! ! | ! ! | ! 1 | 1 1
-1.0 —-0.5 0.0 0.5 1.0

X—axis
4.2: VI ¥ ¥ RIVEIHA (BARDY 0 1R, JRERDY 1 IR, fRERAY 2 IR, HARAY 3 IR, BARAS
4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T T

0.8
0.6 7
0.4 7
0.2 7

0.0

HERMITE

—0.2
-0.4
-0.6

-0.8

X—axis

43 TIVI — MBI (BHAS 0 WK, FRERAS 1 W, SFRAS 2 YR, TFRAS 3 YR, HEAiAS 4
).
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1(red),2(

LAGUERRE

green),3(blue),4(yellow)

T T T T T T

T

5 10
X—axis

4.4: 77 —IVEIER (BARDS 0 IR, AR 1 IR, FRERAY 2 ¥R, HERAY 3 IR, THEAY 4 1R).

1(red),2(green),3(blue),4(yellow)

10 T T T

0.8
0.6
04+ /

0.2 -/

BESSEL

0.0 |

—0.2 -

—0.4

[T L

T T T T T

2 4 6

X—axis

4.5 N OVBIEL (BARDY 0 IR, JRERAY 1 IR, AR 2 IR, HARAY 3 IR, EARAY 4 IR).

main.tex
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1(red),2(green),3(blue),4(yellow)

O-G‘N‘N‘N‘N‘NNNNN

0.4

0.2

0.0

—-0.2

NEUMANN

~0.4
~0.6 H

—0.8 |

-1.0

1 2 3 4 5 6 7 8 9 10
X—axis
4.6: /A BB (FEARDY 0 IR, ARERADY 1 IR, FRERAY 2 IR, FHRAY 3 IR, HARAY 4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T { T T { T T T T { T T T T {

8 - _
1 - J
= F ]
9P F ]
(D — —
[ 6
m - J
o4 il
O L 4
G
o - ]
e i 1

//
2 = — -
0 I Tttt T 4!’—/‘—1%
0.5 1.0 1.5 2.0 2.9 3.0

X—axis
4.7: By ROVBIBU (SRARAS 0 IR, ARERDY 1 IR, FRERAY 2 ¥R, HRRDY 3 IR, HEARAY 4
).
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1(red),2(green),3(blue),4(yellow)

1 O T 1 T T T ] L L

deform NEUMANN

O L 1 l L "W””r\’”’l : ——= ‘ l

0.5 1.0 1.5 2.0 2.5 3.0
X—axis

4.8: B A < VBB (SRARDY 0 IR, ARERDY 1 IR, fRARAS 2 ¥R, HARAY 3 IR, AR 4

).
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TR )43 EHROEBES
ARIZER ) A< VEBOGEZRT.

HY<BEEDIHE

.f‘e éﬁ)"%?g FEERY 3(blue),4(yellow)

LB — | L —
1.5 - -

< L

2 L

S 10+ -

< L

@) i
0.5 - -
0.0 L\ I [ [ [ [ [

-0.5 0.0 0.5 1.0 1.5 2.0

X—axis
4.9: 5> <.

4.2.6 read mgdsst nc

mgdsst 7 —4& % netedf 7 — X IIEWT 220D T 0T T A,

ETAE - XR—LYRK

FATANZ, 29 D mgdsst 7 71 IVZ%E 2T sst_list EWIEHMDT 71 IIZT
x> A ]\’Cf%ﬁbfjb . ZTDOIL7 7 ANHOHET % .nc & UZHFRT netedf 77
AIWVFERI NG, FTIE, BERTETTE, LDV A MIRI NS 7T HEI
\Z netedf 7 7 A IVIZEHINDG.
$ ./read mgdsst._nc

22T, AV IFID mgdsst T — RIEEKE R TEN 888 TH DM, T DEHIZ
£oT, TOMHEIX 263.0 K IZREIND Z LIZHEE.

STEER
AKTOT 5 ADOFERNSBESNT netedf DT —RZZTDFE FHIHE L 728 DA 4.10
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THd. AEROHEY —IZIHO5TIEHABELTVWARVDT, £HMFEHLTWS
W= )& FHWTESBI N0,

mgdsst.May31

80 ce 303.0
N @Om
AN
Paaits
0 297.0
o 40 |
g e I291.o
= OR
— )
© *Om 285.0
—40 (St

-80 Lo oro oS 1 T
40 80 120 160 200 240 280 320

longtitude
CONTOUR INTERVAL = 1.666E—02

4.10: netedf 122X N /2 T — 205 A X 172 R ERVEHE KR /04 .

4.2.7 sort

EYa—)b Statistics DT AMNHATO T T A, HE2E5X5NT—K%&7TIZ, BIED
INSWEDNSAUNRET OV T A

RTHE - RITHER
ARTOT S MIBARTETT 2T THY, TOEIRERIIUTDOLS 1245,

i =, A(D), B, Q@)
1, 3, 0, 0
2, 2, 0, 0
3 0, 0, 0

3
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4, 5, 0, 0
5, 8, 1, 1
6, 3, 1, 1
7, 4, 1, 1
8, 1, 2, 2
9, 3, 2, 2
10, 2, 2, 2
11, 10, 3, 3
12, 1, 3, 3
13, 0, 3, 3
14, 2, 4, 4
15, 4, 4, 4
16, 7, 5, 5
17, 0, 6, 6
18, 0, 7, 7
19, 6, 8, 8
20, 1, 10, 10

E—E T — A B OBEEZERS, H_FEc0Tr—4&, H=F1, MIZEN TN
Bubble_Sort, Quick Sort J—F Il & B REEZ DGR,

4.2.8 thermo

Thermo_Function (ZEFKINTWBEKIZOWT, TANETS 077 A KIE, ik
& BEEONEHREGAT, BINZENZEREDTHENERIET STV T A,

RTHE
make 9% &, EIT7 7 1) thermo PMEHRINTNWBEDT, ETTHLLUTDLD

BEMPHIING.
4 I

pressure [hPa]

1000.0

temperature [K]

300.0

Relative Humidity [%]

50.0
- /

JER, % AJ1T 2L, BLRDEDIZEN—F V2 VTR U RN IN5G.

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

a7y rs A 288

4 I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pal
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : qv_2_sh in Thermo_Function : 1.10725E-02 [kg kg-1]
DEBUG : tetens in Thermo_Function : 3.52565E+03 [Pa]
DEBUG : goff_gratch in Thermo_Function : 3.53320E+03 [Pal
DEBUG : goff_gratch_i in Thermo_Function : 4.56536E+03 [Pa]
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pa]
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pal]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pal
DEBUG : eT_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : RHTP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : qvTP_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : qvT_2_Tv in Thermo_Function : 3.02014E+02 [K]
DEBUG : TqvP_2_thetav in Thermo_Function : 3.02014E+02 [K]
DEBUG : exner_func_dry in Thermo_Function : 1.00000E+00 [1]
DEBUG : hypsometric_form in Thermo_Function : 9.88683E+04 [P
DEBUG : rhoT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : rhoP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : get_gamma_d in Thermo_Function :  -9.77092E-03 [K m-1]
DEBUG : sh_2_qv in Thermo_Function : 1.13232E-02 [kg kg-1]
DEBUG : Cefp in Thermo_Function : 1.01359E+03 [J K-1 kg-1]
DEBUG : Cl in Thermo_Function : 4.19000E+03 [J K-1 kg-1]
DEBUG : Tq_2_Trho in Thermo_Function : 3.02014E+02 [K]
DEBUG : esi_Emanuel in Thermo_Function : 4.58907E+03 [Pa]
DEBUG : thetae_Emanuel in Thermo_Function : 3.27608E+02 [K]
DEBUG : thetaw_Emanuel in Thermo_Function : 2.55824E+02 [K]
DEBUG : moist_laps_temp in Thermo_Function : 2.96495E+02 [K]
\_ J

4.2.9 thermo?2

Thermo_Advanced _Function (ZEFF XN TWBEBIZOWT, TANZITD TO T J A,
Jordan (1958) DY UV F o4 V7 F—R%&E LI, HESEDOERE 5 2T, RIN/EN
ZUREDTHENERIET DT T A

EITHE
make 9% &, EITT7 7 A )l thermo2 MWERINTWVWSDT, 7T LUTDLD
BREMMNHTIIND.
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Input the reference height [m].
500.0

lZANTDE, UTFDEIZEN—F V2 HOTEHRE U RV INS.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4 .54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgt1]
DEBUG : CIN in Thermo_Advanced_Function :  -2.85806E+01 [J kg-1]
DEBUG : z_LCL in Thermo_Advanced_Function : 9.28418E+02 [m]
DEBUG : z_LFC in Thermo_Advanced_Function : 2.97419E+03 [m]
DEBUG : z_LNB in Thermo_Advanced_Function : 1.15760E+04 [m]
DEBUG : T_LFC in Thermo_Advanced_Function : 2.82911E+02 [K]
DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

g

4.2.10 time_check

Basis EYVa— )VOHKA YV NS counter day, counter sec 5L U, &1 A
V' — VAWV —F 2 time_zone_convert DT AN T T T A EED 2 HRF%Z 52T, %
DI DO HE L % £RT 5.

RTHE
FTT2L, LTFDOL D REMNRRINSDOT, HYNIIEAD.
4 N
Input the start time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2012:12:30 23:59:59
Input the end time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2013:01:01 00:00:00
You input start time : 2012/12/30 23:59:59

You input end time : 2013/01/01 00:00:00
3 [day], 86401 [sec]
start time (UTC) : 2012/12/30 14:59:59 )
-

Z DA, 2012/12/30 23:59:59 5, 2013/01/01 00:00:00 X TO HEK & % G5
TRIXRETHD. StEFERIIRBICERRINTHDEY, HBUX 3 B, B TCHE
T 5 & 86401 M Aad. F/z, ®EIZG A /2EHEBIBIELNIZOWT, JST &KE L
2 ED, TORLNIHNIET S UTC D%l 2 119 5.
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4.2.11 traj_sample

Forward Traject, Backward Traject D7 A NH TV T A, =ABEHEICHREZEIL
T2 2 IRGTKE—RRBDIZGIZDOWT, i fi - AR ZEHRT 5.

RTAE - RTER
ATDT T MNIBERTETTZEZTTHY, AFO L D BEMRHEE AT HHEM
MERIND.
e )
input scheme of time integration.
EU1 or RK4.
RK4

input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
o /

BANDOEFNIRF D DA F —ADHETH Y, EUL & 1 IRA A T —AF—LA, RK4
F ARV T=0YAAF—LTHS. ROEMIIEIDOHMTHS. 1 IZHTHTR
PR, 2 3R SR 2 FHR S 5.

STERR
411 1F51(0.1,0.1) 2 5 BAAARH LR TG AN —RRZ EDIRDN T WD IGIZE 1T 512

FHIRBSEOME % R 3. BOBIZAE—HETH D5, K DWW T = ABEKRALC 2L
T5DT, MEMIMAICEEL TS Z e bnd.

4.2.12 wind

EYa—)l Derivation, Trajectory DI—F V% T ANTETTT T A,
fRITI 2 SES 2 52 C, TI MO K[EAR 2 515 UM RS 2, T 0/ 5 72 i mis
DWTHEZFRL, IHICHEG» O HEZ1T . [UEHODM & RBIZFHE I N
T IRARDB N — T o Z L 2 ENDD I ENTED. ZITHERDRTES p(z,y) 1

p(x,y) = cosx + cosy
THd.

FEER
FRATIANC 5 2 - REIIEM 4.12, 2 ORFESG» 5t B X N5 K E I 4.13, 15
ENTHEG D LRI NS NERES I 4.14, KEEES2E L IZHEIND
AREE 415 TH D, Z I T, mApIFEBH LS REEVHETHY, [UESLD
FEMREFLDMEERL TS Z L ITER,
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(v)

0.0 -

4.11: BB DRGR.

4.2.13 advection

EYVa—) ftttp DT A NATB T T A K 1 L OB H AR DONT, ART K
VEE AT EORFIFEZHET 5.
R AT HREARITEM AR 1 IRTOWHE u(z, t) IZDWTOMBH AR
ou ou
e + o~ 0
THhd. INEEMARIIEZARYZ MVERL, R AMICIEZ 7 =00 YV AF— A
EHWTWS ., EBFEEIEIR—L) A N7 711 advection.nml THEAGRETH .

RITHE - F—LUR b

(./advection < advection.nml )
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pressure
B B B e 3.00 3.00
T~ 1.80
1.80 B
T 0.60
.@ 0.60 r
S ) ~0.60
|
> —0.60 T
T~ —1.80
»79
=l>
_ 7l
1.80 > ~3.00
;'>

X—axis

CONTOUR INTERVAL = 4.000E-01

4.12: fRATEIZE 2 S 72 [ED .

rotation

y—axis

CONTOUR INTERVAL = 4.000E-01

4.14: HEGNHRO SN METES. K 4.15: EEEG 5 FHE I D TR O HU.

ZDFER, advection.nc BWHAOINDS. F7/2, F—L V) A NDEKIILTDEEY

-3.00

CONTOUR INTERVAL = 4.000E-01

4.13: [ES D B2 WK O b 7z K

JRGH L5

rotation

CONTOUR INTERVAL = 4.000E-01

Thd.

&input

nx=100 ! 2RISR

dt=0.05 ! HF[HIEBE

nt=100 ! FEAT vV T

xmin=0.0 ! FEIEE I

dx=0.0628 ! ZEi&1-[Hhm
/

main.tex 2021 4 11 A 24 H (GHEERK)
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FECERE S

amp and amp

1.00

0.60

CONTOUR INTERVAL = 2.000E-01
4.16: IRDFFRA.

4.2.14 diffusion

EYVa—)b ffttp DT ANHTO T T A #IE 1 ROt DILEARERITDONWT, ATk
WiExE T EDORFFEZHET 5.
SR AT ARERRIEZEM AR 1 oY E u(x, t) 12DV TOMILEHFEN :
ou_ o
ot~ “9z?
Thd. INZZEFARIIZARZ MVER U, KREAMIZIEZ 207 =23)0) Y AF— A
ZHOWTWD, R FEEEIA—L) A N7 74V diffusion.nml THEARETH D.

RITHE - F—LUR b

[./diffusion < diffusion.nml ]

ZDFER, diffusion.nc BWHIIIND. £/, F—ALV A MDEBIILLFDOL EY
Thd.
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&input

nx=100 ! ZERIRE 1 s
dt=0.01 ! HFRIREIPE
nt=100 ! FEATY T
xmin=0.0 | FHIAE
dx=0.0628 ! ZEft& Rk

/
FTEGR
time series

100
1.00

90
80 0.60

70
60 0.20

+ 50

40 -0.20

30
—0.60
20

10
-1.00

4.17: PDRRS.

4.2.15 poison

2 GEACEHIZ BT DR 7Y VARREZFET S 7075 A @liEIXSERO FMC A
BRAEIR % & D7 — TIOVBISBI O EE %2 %2 LT\ 5.
AHE % HREAIE
Oy 0%
ox2  Oy?
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Thd. 2T,y ld 2 IRTCORMEE, pld 2 OB HTH .

EITAHE - X—LYRK
FFF T 0T T L% poison L \WD OV T LABIKTHS. 2 —LVANT 71 IUIE
poison.nml. ARD K S IZFETTEHILMNTES.

[:./poison < poison.nml

)

*

— L) ANDOEBIILATFDEEY TH 5.
&input
nx=100 Uox AR
ny=100 Uy AR T
tp="1221" ! FHEGHEEERSM:
method=2 ! BHEFIE

ter_flag=.false. ! NERFEIE S R = 5 < .
/

ERHTO YT A%FETTD L, poison.nc L WD HETD NetCDF 7 7 1 VA S

IND. WEIZIK draw 707 T Ax VAU RV, 2D & XOREFE T 71 IV
draw_poison.nml THhHd. 7z, stHEIERD T —XH & & £IT, FHEIZE L /2K
WEHEH T TO LS IZH I N5,

/

*x*x* MESSAGE [HistoryCreatel] *** '"poison.nc" is created (origin=0.
*x*x MESSAGE [HistoryClose] *x* "poison.

nc" is closed

Main solver running time = 1.02846E+01

This Method is Jacobi Method.

%

STEER
FEIS M T — VBB DGR 2 5. 2 /- & SORT Y VRO EERIT
418 ThH 5.

(]

o BERGMDOEE tp ERT Y VYINDFIBHELUTEDEFEFEZTNSDT,

FEMDOBFDOREERIX??, 77 S

o KTV UVINDHKE method 1, 1 BSH DI AV A TV, 2 WY IV

o KN—F VIFWNIHIAEZDE S & & DR T

I5IENTED. ZHDO S,

ter_bound (& .true. IZIRET D &, NIRRT MNGFET 2R ECHAE LT
5. ZONEERMESE EAZETHE U ZFERNRX 4.19 THD.
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rho and psi

1.0
5.00
0.9
0.8
4.00
0.7
0.6 3.00
> 0.5
0.4 2.00
0.3
1.00
0.2
0.1
0.00
0.0
00 01 02 03 04 05 06 07 08 09 1.0

X
CONTOUR INTERVAL = 4.000E—01
4.18: I T — VBB ELORE] & 5 2 25 E DR T Y VIEE. 717 —DIEED
DAETH Y, FEEIREOBERTH 5.

4.2.16 parallax_test

VEDYHEOHAEMELZRTE T 0TI A SRRERECTBINI N EHEG L —
BRIZ 10 km TH o856, MIE I NAEREDTOMERE & & ORER#A T
W eNT—TERTD.

RITHE
F477 07T AlX parallax test E\VD TV T ARKTHD. LAND & D ITELT
FTLHIENTES.

[ ./parallax_test )

ERTOTILEEGTTDHE, LFDOESITHREDOMZ ED & S IZERT 20D
N5DT, HHUEZWT NS A%FHETANTS.
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rho and psi

1.0
3.50
0.9
0.8
2.80
0.7
0.6 l 2.10
> 0.5
0.4 1.40
0.3
0.70
0.2
0.1
0.00
0.0
00 01 02 03 04 05 06 07 08 09 1.0

4.19: FEEFMT T — TOVEIBEL 05l 2 5 A, PEREKIC R E B E © D5 A
DRT YV VIRE. AT —=MWEEDAMETH Y, SFEARHDOBIR TH D, HIKE DI
WIS T H Y, DR TIIKEF R 27> TRV,

workstation id (i) 7 ;
1:DISP, 2:FILES ;

EHEER
EHAEN—HIZ 10 km TH D HEOFFERERIIN 4.20 TH 5.

4.2.17 adjust

BERATO I AL 8% 1 0G0 fHEAKGRRIZOWT, HRAED %z AV TR
P BB E I AL —YarvdsrTnT I A
AR EDFEMIL 5.9.3 2,

EITAHE - x—LYRb
FAT 70T T LF adjust LW\ D T 0T T ABIKRTH S, YIHEIZ netedf TERD 1
RTCHEFIERRT — R L T DMFRCTEBRBINZE T, KEHEE 2 3D T — X A
MINTNWD 7 71N EGAMAD, Y FVHIEIX ruby-netedf 231 >~ A h—)b
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50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0

2.5

0.0
X 4.20: ETEEED—FRIZ 10 km TH D HEOGEMERRE (77—, km).

INTVNE, make.tb LW AV ) T NEF7925 2 L TERTE 5. ZOHIHIMHE
T RIIAKEEEN T AR TE O TEHI DA REERO LT RERGE 2D 07 7
ANTF—=RTHD (M421ZR), bLIDT—XLUNTHELZWEAIFEET
TRAEHBTDI L,

FEITHEFUTOIAYY RThD,

[./adjust < adjust.nml ]

ZDFER, adjust.nml D oname THFHEINT WD 7 7 1 INVATHEMENH I N
%.
F—LVANDEBIILLTDOEB Y THS.

&input

corioli = 1.0e-1 L OV FVINTA—=F [1/5]
! beta = 1.0e-5 P R—=ZRH [1/m s]
beta = 0.0 I R—=ZRE [1/m s]
mean_height = 100.0 ! JAEDNEIEZ [m]
fname = ’init.dat’ ! #HAET 71

oname = ’result.nc’ ! FEROHBAT 7N

nt = 80000 ! BHERE AT

dt = 0.1 UORRREITEIRE (s
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depth
o
o
I
|

—-0.5 B

—-1.0 - ‘ ‘
3000 4000 5000 6000 7000

x—coordinate

4.21: EFIVHIHAD & X 7.

dmpstep = 100 U RSO ATy TR

nx = 100 Ux SO T R

X_axis = ’x’ ' FIHET 7 AV x SlD£ET

val_height = ’ht’ ! FKEOERI M DHH]

val_ubar = ’ub’ Uox 0 —JE O £ Ei

val_vbar = ’vb’ Uy ARO—E RO LT

val_h = ’h’ U RIME T 7 A VDS BB D41

val_u = ’u’  #WHAME T 7 A VD x KRR D]

val_v = ’v’ ! FIHAE T 7 AV D x BRI E DT

bound = 2 ! R SAE "1 = no gradient, "2" = open bound

L3 = AR S
rxxx’ | EFIRBOHEARLGEMER T — X ICANDNE D 0.
11 X¥FH = HO&ET (ht)
I 2 XFH = x AHOFE (ubar)
! 3 XFH =y AROHE (vbar)
U BB EANONINDNET 5 7
! regist_flag(1) = RiMEIC &k DHEPT (HEUETT)
! regist_flag(2) = TV VEEIZXLHH
regist_coe = 1.0, 1.0, 1.0
! regist_flag THEE L &AM DMREL
! regist_coe(1) = MiMEHRE (0w ,v’ NOFE)
ILEREL (0 ~DFH G
T VEBOAY YT T [1/5]

steady_flag

]
o
2]

regist_flag

! regist_coe(2)

! regist_coe(3)
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BEEEES
TFTIANRDR =L AMIEEINTODIHEEISNT A —XDERKEMEMN S, &
TEDONAHEEILSE &€ 31 m/s, BRPERIEIELLT 300m £B>TWd, 2Dk
. EHIRBL B o728 TOEX O L MiRFAENZ X > THRE X 12 Hifiik %
RUZKRENETN 422,423 TH D,
X 4.24 1&E X DfRADHRINI O ALY — £ R E B THERZEDTH S, [H
BRIZHUBE R D 04 % R U 72X AY 4.25 TH B,

(x10% s)

4.92e-2

q
‘
<
-«
L
-«
-
4
L
=
4
-

—0.08

-0.16

—0.24

‘ —0.32

3000 3500 4000 4500 5000 5500 6000 6500 7000

[ . N o
3000 3500 4000 4500 5000 5500 6000 6500 7000
(m) (m)

x—coordinate x—coordinate
B 4.22: @3 ORSRIIZ L, BEAD ALY — [ 4.23: MR D RIIZAL.

2B

I 51T, 4.26 133 4.22 OFEABRBAIIE D 723 2 RUZE D TH DM, BHER
HIJEPHODN S ZIEZRE L TOD Zebnd, /2. ZORRSINSEH
DBEDORMEEZFHETDEE LT 30 m/s METHRIRUAMGRMEE L<ED D
EWONB, WDTRINF—IFHRIED 2 FTIZHHIT 2720, ZORNL T HRIVF—
MWEDP L LIS B L TOLIHETFEHLNTHS D,

4.2.18 Thorpe_2d

Thorpe and Bishop (1995) 12 & > CEHE X 1/ PV inversion @ 3 tEAHE TV % 2
RICHRIZ U TGRS 2T 7V, Sl RICHBEO PV 7/ Y ) —2REL, THiZ
IWETIIVART VI YIVORAREET D, VY — A0 — ROMHIHE S 2 EHS 5721}
T, a2 BRAALTDT ) VIZHTRIREZFETEIENTE L. ORI, Y ART
Y XINET I LEHRI NS METRDO DA I N TS,
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depth

x—coordinate

B 4.24: EHRETOFET,

R RN N SR R N R
3000 4000 5000 6000

5 T T T T T EN NSNS N
3000 4000 5000 6000 7000
(m) (m)

x—coordinate

X 4.25: 7€ HIRAETOMMTTRD 04,

main.tex
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(0.1x s)

900
80O | |
700
800

500 1.42

time

400

300

200

100

3000 3500 4000 4500 5600 5500 6000 6500 7000
(m)

x—coordinate

4.26: B BHIRAIIIC B 1 S B DH A SAREE.

RITHE - F—LUR b
ARIOT I MIUATDESIZEGTTS.

$ ./Thorpe_2d < Thorpe_2d.nml
ZHZ XY EHEFERTH S Thorpe 2d.nc WEKIND.

o, ETIIRERFI—L) AN T 7 AINVONERIUATDOES Y THS.

&input
nx=100
ny=100
tp="1111"
method=2
/

HEER
RTOT T ADOFERN /SN2 2 IRFFERD DA 4.27 1TRT. 2 IRGTFHETH
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% 7=, HifgEIE 1 KO UDEE T2 TERY. AT —TRUZBIFMKAEIZ
FEELKDZRUZEDTHS.

SF and Vg

12.0
7.20
<. 240

(«

| (4
" ~2.40
-7.20
-12.0

"0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
X

CONTOUR INTERVAL = 1.000E+01

4.27: HROEFOEGEBEFRICED PV 7/ ¥ ) BFET 2 5 0RA (SR &
HIMGIR, (715 —) DI,

4.2.19 Thorpe_3d

Thorpe and Bishop (1995) (2 & > CEHE X7z PV inversion ® 3 IXLHARE 7L % G
BXE2ETIV. fHEFRIZHEDO PV 73V —2BEL, TRIIGETEIART YV
VY NVONKEFET D, VY —AD— ROMHIHRN 2 EFHGT 22T, B2 BREA1TD
T/IVIIRHTRINEERHETD N TES. HAOKERIX, VART Iy b2 Ihn
5 EHE X N2 il B D DA B I TV B

RITHE - *F—LYR
ARKIOT T AILLTD & D IZFETT .
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$ ./Thorpe_3d < Thorpe_3d.nml
ZHIZ KD EHEAERTH S Thorpe 3d.nc WEKIND.

o, FTIIREBREA =LV AR T 7 AIVONRIITDEE D THS.

&input
nx=100
ny=100
nz=100
tp="111111"

method=2
/

FIECERES
RIOT T LAOFERINHGL N 2 IIGERD X 4.28 1 RT . y Db %@
S x—zWiHT, W7 —CRUZBEIMEICEERE DI ZRLEZEDTHD.

4.28: HROMBOHEMEZBFIZE D PV 7/ Y UMNEET 2 HE DAL (FFEMR) &
TR (7715 —) DINE.

4.2.20 SEQ

Pendergrass and Willoughby 2009 (MWR) (251 % 2 Xty —v— ) 7 v &
YETIN (SEQ) THD. HAMADMD i & BRSO ERLE, BEE 2 HUE U 72 JEWr N
BOnfit5 A58, HO%, MERNT Y A%z Uk 2 R/EER (1> 70— + LE7H)
DRHZEFHET D (Wb Sl - IeEHE).
demo/SEQ M FIZE TN —RADMEMINTN S, demo/SEQ DT 1 L7 MVIZIE, I 51T
PN B EERZ R U 2B A I NT WD DT, MR I N, JTTOFM X ORER L IFIEFA
PROFER L B> TND ZEDHERINDTHAS.

BE, MR E TIVARRECOWTII RS

EIAE X—LYR K
AKTOVSAE 3 O2OTO T I AZNEIZEFTTEIET 2 RIERLEHETS.

1. sound make |& 1 IRGCOEBEM BT I VT VT 774 INVEEKTS. BEIZY
DT A VI RHBGEE, OO AIEKTEIENTES.
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o

2. initial make I¥2ED 1 RTY I VT4 VT 771 I)v% 2 RTHIAIZIEEET 5.
ZOR, 20T ANTERINT WD 1 RIFERIZHEDWT, @ERNS
VA RERND VAT EDITIRERKIEDIKES A EBEIET D.

3. %D 2 GTHIEIMEAERR 70 75 ATER I 2 1 IRTEER & JEW BN 2o 4346
RESHEZE &I, 2 IRERO A2 ETET S,

\
$ ./sound.make < SEQ.nml

% %1795 &, sounding.dat BEKIND.

$ ./initial _make < SEQ.nml

EITT DL, KD sounding.dat [ZEDWT, 2 RuxDHAME T — &

initial.nc 2MEKIND.

$ ./SEQ < SEQ.nml

#FEI79 DL, initial.nc 5 2 IRIFERD 704G % ZZWiIZETR T 5. T OFEHR

& result_initial.nc EWH 7 7 A INIZHAIIND. 2T, EfFEENY IV

?‘27igiﬁ,fi)%7§\ 5, RO I Y R2HfFT5H5Z 124, openMP WA

BEIND.

export OMP_NUM_THREADS=[number]

Z ZC, [number] (ZIXWEFE%E AS19 D, 72721, openMP Wi¥| %175 &I,
../Mkinclude ® Fortran I >/ 1)V 7 Z 7IZ openMP %2 £33 24T a v

%’) 7T make UTHESBENHD Z LITHEE.

E3

T2, FITIIBER ALV AN 7 7AIVONEIIUATDEED THS.

&input

= 751 ! radial grid number
nz = 21 ! vertical grid number
dr

2000.0 ! radial grid interval [m]

dz = 1000.0 ! vertical grid interval [m]
bc = 1112 | boundary conditions for poisson solver
! bc(1:1) = bottom
I bc(2:2) = center
I bc(3:3) = top
! bc(4:4) = outside
! 71’ = rigid 1id, ’2’ = non flux
fname = ’noq_init.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)

coril = 20.0 ! latitude [deg] (Using of calculating Coriolis parameter)
1

mom_flag = ! momentum source flag

I "0" = No momentum.
I "1" = calculating with Vt.
I "2" = reading from the file of "fname".

main.tex
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(x1000) psi and force
20

S L L B B B W BN BN L
o . L L . L . /J L . L | 5.00
P D ool

_ =4 4.00

_ 2.00

] 1.00

_ 0.00
U

X 4.29: ZWIIZERD Sz 2 IRTEER (KRHET) LIEBBINED 5 (17 —), I HITE
TRARBIEL (SFERR) THD.

16 [
14 [

12 [

CONTOUR INTERVAL = 4.000E-01

il

SRR
KRTIOT T LDFERNSFON 2 IFEERD S AGIEE] 4.29 12T

i
AT 4 L2 MBI N TS HE 7075 Ad#T L 27 N T

[$ make draw )

2 EITTNE SEQ T4 L7 MVIZY VR Z Y v I INTWD draw 2M#HT
X 5. draw DA GIEIE ER?? S,

4.2.21 sound_analysis

EREDTFANAIT LT —REFGEAAAGULT D 72dD T VT L. n[fLD 7D
IZ1&, Fortran 90 ik DCL 2341 Y A R —ILINTW D HENH D,
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RITT T LI EE [RGB ST 2 RMED T F A NN T LT — 4 5 SR D
OO HHEE HEITITS WS HINTERINZEDTH 5.

PASRZAS N - 1573
ARKTIOTIMIUTO IO T S ABTRERBEINTWS.

sound_conv
TEFANNT LA THEMINAZRKOME T T T 71 VT —2 95, CReSS
D 1 RTCHHIEE AT 2 72 DEMT O 75 A K78 T 5 A DCL 231
VAR =IINTWERLS TEETVAERTDHD.

sound_1d
sound_conv CEMI N/ T — X %2502, ShiE 70 7 7 1 IV 2 ER L, ATREK
BEDIRENT A—REFHET L T07 T A, FE47121E DCL 31 VA h—)b
INTWEIBENRDD.

sound_2d
sound_conv CE#XN/ZT—&X % 0I2, $hiE 71 7 7 1 VORI % 7Rk
U, AREKEEDIE/ST A —ZDRRFIKEIERT 2 707 T A FEAFITIE
DCL 31 Y AR —=IVINTWELENRHD.

AL IIVAE
DCL 281 YA R =L INTWAEWES, D% CReSS HD G HAMEAE D AT~
WA,

[$ make sound_conv )

EEFTNE, FT 1 L7 bVIZ sound_conv &\ T OV T AWERINT WS,
DCL 21 Y A =N INT WG, DF ) A b E TV AZWEE,

[$ make sound_draw }

EEFTIE, AT+ L7 MV IZ sound_1d, sound 2d AMERKINT 5.

RITHE
AT I LHERTUTDES BN TEITVAETH D,

$ ./[program file] < [program file] .nml

EIFOBRNIEK 430 1ZRTEHY THD. afifb 17121347 sound_conv % E
TUTHAMRADZODOHEMAERIZE L 21T IR 550,

X—LY 2N
FITFIZIBBER I =LV AN T 7 INVONFEIUTOEE ) THS.
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S make sound_conv —_— S make sound_draw
v v
YRNT7AILDIERK (fname) output_name ICH SN
EMBET—IDYRNTI7 (%
v REL, BE 2 5IBICBATS
S ./sound_conv < sound_conv.nml |
5| output_name IZEHh i y ‘l'
5 ) x’
Pt | | | e | S
L v
BHRESN IV - BFEAE . BE—ERERER
C RS A= D RS A—SBERIIE
BRIT—% (sound_1d THAIh7*
BRIT— D BHMAL)
X 4.30: sound_analysis (212 70T T LADEFFRI.
sound_conv
&input
fname = ’list.dat’ ! ZHT D7 7 A INFIBNEPNEZY) A NT 7 AN
sign_flag = ’0a000000065100000000324000000000000000000° | &N T LADET
! 71’ = height
! ’2° = temperature
! 3’ = pressure
! 7’4’ = vapor
! ’56’ = west wind ! positive value is from west to east
! 6’ = south wind ! positive value is from south to north
' ’7’ = tmpl
! 78’ = tmp2
! 79 = tmp3
! 7’0’ = no read
! ’a’ = starting observation time [s] (option)
undef = ’--’ | REAEL L TEHRINTV ST
conv_undef = -999.0 ! Z{EDO T —XIINT D KIEMH
skip_num = 8 ! SLHDFGEARIEUTH [Ny X —F%5ARIET]
unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! Hfi
I unity(1:1) = 'm’> .or. ’km’ ! EEDHAL
I unity(2:2) = ’K’ .or. ’degC’ .or. ’PK’ ! {REDHN
! unity(3:3) = ’Pa’ .or. ’hPa’ ! SJEDHA]
! unity(4:4) = ’%’ .or. ’g/kg’ .or. ’kg/kg’ | KAEKEDHAL
I unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JEAH®DH{L
! unity(6:6) = ’true’ or ’false’ ! JAMA
P E L, EDEGEE A A TREINTWS5EE rad BHEEZERL,
VIERGAAE, o, IEFEDDICIEAME T 5.
I 2O XD RBEATHFEINT VDS, "vest wind" 1ZJEGE,
! "south wind" (ZHMAFAAEND LD IT sign_flag ZXET D .
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! unity(6:6) :
U RADREND F % IEE UTHKML TWEE5E 2true’
VAN T B A ZEE UTHKMNL TS5 E *false’
I [exam.] : JLAIESORAMPIER S, *true’, JLEADERS false’.
limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

. output_name = ’tested.dat’ ! ZHILZT7 7 AINFINEIAENDIVANT 7 A
iz
conv_inter = .true. ! BT —XEZMFI<NES»
dz_conv = 100.0 ! conv_inter = .true. D& IDMEF| X[EME [m]
hydro_ref = 1013.25e2 ! 1 HDWVE 3 OEL LN RWVES, FHFEGENS
P AlSEERATD . 1 BREINLZWEGS, BREEE ] %2, 3 MEEINA
[
v 56, HEMEEJ) [Pal % hydro_ref IZHEET 5.
rev_flag = .false. ! ANT—AREEICDVTEAIFIZASTWSALS . false.
I FTRIZIZASDTWS A5 .true. TIEFZHIZTS.
! CReSS D 1 WITANT —RELMITLHR5 true.
V IVUAY VT TR EERT 525 false.
/
sound_1d
&input
z_ref = -999.0 bR D A= ZEHROEROILE L [m]
p_ref = 950.0e2 ! X/ 8T A —REHEOBOEMEZE [Pal
&L, z_ref 2HHELILHAL5, p_ref = -999.0,
! pref #EHELTDHR5, z_ref=-999.0 £ 952 &.
cape_opt = 1 ! CAPE BA#(D copt.
list_name = ’tested.dat’ ! sound_conv CTZAML/ZT—XVAKNT 7SI
dmp_flag = .true. ! MWNATA—LETIFART XL UTRIFT S [truel.
ldraw_flag = ’xoxox’ ! fH|ICBIT2 757,
draw_flag = ’oxooo’ ! fiHIZEATE T T 7.
Lo’ = T AN NRETHET S, *x> = Hl L&,
I ZOMDOLFIT L DEIXUA TSR,
! draw_flag(1:1) = 7, HHY4IRA7, BORIAHZSIRAI %2 fERT 5 .
| draw_flag(2:2) = Skew-T %f{ER7 5.
| draw_flag(3:3) = BUIACERED N 28T 5.
! draw_flag(4:4) = BUIEMNT/ST A =X DG RMERERRT S .
! draw_flag(5:5) = HEHZTICKRT T 7 2/EKTD.
draw_region_z = 0.0, 17000.0 ! {9 2 EE K [m]
draw_region_p = 10000.0, 100000.0 ! fifilfid &4 [Pa]
! draw_region IXEHHLBHEHELK 2 O 1 KIS THY ,
! draw_region(1) &2 7D i, draw_region(2) X777 D ki
FHIK .
IWS = 2
undef = -999.0 ! KEfH
unit_v = 15.0 ! JAESHEZ XKL T SO HA T ML [m/s]
sysfont = ’Nimbus Sans L Bold 12’
/
sound_2d
&input
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flist = ’tested.dat’ ! fEARRS|IT—X 7 71N
VRS T— &% 1 FIBIC T v AVE,
! 2 FIHIZ yyyymmddhh JEXTZ DORZIZ AND

conv_dat = ’convec_parmtested.dat’ ! sound_id T INSMH/NT A —
B Z AP,
R RIIX % ER T S .
conv_list = ’tzpxxoxx’ conv_dat DT —ADH> L, {Hi<T—ANA>TND

!

!

' IS LADIEFR/RIZ 20’ DD, x0 WHEENR.
1 ooe? [ FRZIDBKERI X TV B 5

R Co? DAL TWAEAIE, BlxOERYINKE LT
VTS

1oz, op? IERTRANT A— R EFEL 2 HEEEE K

#h
I XNTWBHZHEKT .
I BRIIDZ A MVXZENTEN, T—RITDEHEEZ SR,
conv_undef = -999.0 ! conv_dat DRTETFEHE.
dz = 100.0 ! HAEEIFE [m]
z_bot = 300.0 ! il F¥F [m]
z_top = 17000.0 ! ] B [m]
iz_ref = 2 1dz =0 DX, flist D iz_ref FTHO 77 NVOEET—X
THE <
IWS = 2 ! DCL T /51 A
title_txt = ’Equivalent PT’ ! &1 N
cmap = 1 ' =y T
cmin = 300. !V EERR D /IME

0.0
cmax = 400.0 ! FEHARD R AME

smin = 300.0 ! AT —DE/ME

smax = 400.0 ! »T7—DHRKfHE

cont_val = ’ept’ ! SEfHfRE U TR DLEHHAx*

shade_val = ’ept’ ! NI —Y( UTERT DL+

vec_val = .true. ! KEEEHNRY ML EFD [true THIL]

cnum = 10 ! FEIRO AR

snum = 10 ! 7 —D

undef = -999.0 ! REHME

sysfont = ’Nimbus Sans L Bold 12’

ntnum = 16 ! KA AICHE K X2 MILDEK

nznum = 20 ! ®HEAEIHEH AT MLOK

unitval = ’5.0° ! HAIART RMVOfE [m/s]

fixs_flag = .false. ! AT —ZFKIBET D0

fixs = 0.0, 1.0, 10.0 ! A7 —ZFXIBEROZYH &

fixsn = 19999, 29999, 39999, 49999 ! fixs IIMIGT D HT—~ v il

x MEZBOFEHEIILTDOEE Y
‘temp’ = JRE

'rh’ = R
qv’ = RA
‘pt = AL

‘ept’ = MIYIRAL
'sept’ = FUAIFH 2 IEAL
‘east’ = BHPHE
‘north’ = FgdbJmE

= e e s em e e e e S
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INHEDI—LDARNIBT AT LRITER SR TR 2 7 7 A1 IVFIHEMN
NEZVART7AN] EW0WDEDIE, BHL N7 7 A IIVPEBIFET 256, TD
774»&%@%%%1ﬁ1774»1IAK10@U1F774»%¢&T5&
WO ERTHS. il LT, 201103.dat 7> 5 201203.dat £\ 13 fHD 7 71 )V
ZIEICEBL 72292 L, test.dat EWDZET 71 ILIZ

\
201103.dat
201104.dat
201202.dat
201203.dat
o J

EVWSHEEFEITIEE. A=AV ANT7AND TEHT D7 71 NFINEPN
ZOARNT 7)) IZIE, test.dat D3 3%Y T 5.

X 512, sound_1d, sound 2d (ZDWTIE, [FAHAAL T 7 1ILY A hDEMIN
T7ANIE 1FIEIZ 7 70 V&% U, 2 FIEHIZIEK, TO7 7 AIVIZHIGT 5 H
% yyyymmddhh £V D 7 4 —< Y N THING L. AL LU ZERD X 1 MUIZZD 2
FIHDXENRAI NS, EDOHIZ NS &,

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
- %

EWVWOTERTY AN 7AWV EERTNIEE . BEELRAZLIE, Zhesn7ad o A
WER T 7AIVEEBRICKRRT — YDA IETFRANASLT—HEEETDT—
HEEEVANTYTLIEZ L DDYVARNTI7AITHE, LWVWDHILTHD.

HLRAAI, AL T O I LDV AN 7 7 A IVIEEHAAL T —X 7 71 V4
"unknown” &WHOHFEZ IR L, BAICHMNZ AND &, TOHIFIREMEHKR N U,
R RIMERL 71072 ANTHIEEHRRIND. sound 2d 2 ETT I, VA NI 7
IO HFFDOTRAIL 00 K, Hx#£EH 00 HFCH—32 2 L. FUTEHT—ZDRNY
HlEEiB D "unknown” TRATS Z &.

FREER
4.31, 4.32, 4.33 M.

4.2.22 NMO1

FRIKRIZ B 1T 2 Bl FRIR 28 ARG (LD IA F 72 JERIDE Rk 2> DR R % 51 R T 2
JERRENA T )W RARYT MIVETI (ZOFRBEOFNS, FBEET IV L ERE LG
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(x1000) 2011052317 2011052317
100 T 7 T T
20 T —— —— / / /| zret 1500.0m
Zret 1500.0m T T ] % / / /
J / / / /| prer —999.0hPa
pref  —999.0hPa | / / > / CAPE —999.0J kg~'
18| CAPE -999.00 kg~ ] ) / /] oN -999.0 kg™
CIN —999.0J kg™’ 1 / / ' PW  51.3mm
16| PW  51.3mm 4 ( / /2w 1741.2m
zieL 1741.2m //\ & // Y 15200.4m
] 200+ / N / ;7| ze 15704.3m
14 | zirc 15200.4m . /N / s I
Zing 15704.3m 1 N / pire  126.1hPa
12 | pee  821.7hPa _ ) NS / pwe  115.9hPa
) R o / / / N
- pre 126.1hPa | 1 2 \/,\
= pwe  115.9nPa ) ] A / / / g /
S0 | . g ) ) 5%
< f o / / /

7] / / x / //
6:— ] so0f / // ’/ (/ 5 UA: 2“0’/32
i / S NNY
4 N ] o / : ’ /]
L // / y ,4 /
2 ; | y/// // // S
ol L L L L | 1999 40 250 zgo zéo zéo 290 300
280 300 320 340 360 380 Tem t
. perature
Kelvin
4.31: sound_1d CHEMELINE Y7V F ¢ X 4.32: sound_1d THEHALINDE T TV T+
v 7717 74V (Skew-T hiK). YT 7 AN (X T T AR).
(x1000) equivalent PT
6L 400.0
14]
[ 380.0
2]
~ I 360.0
\E, 10
o) [
el L
_f:’ 8 340.0
5 7L
CR
6
I 320.0
N
[ 300.0
2
—
24 26 28 31 2 4 6 8 10 12 14 16 U= 25m/s
MAY JUNE
2011

4.33: sound_2d TH ML X D & — e Wrm .

%) . ARIXETIIVOFHMTHS.

JEAE R K P R EEAE R (r, 0). B ORI » I 2 IRKEEDHL S, 0 HIiciE
T =Y T ARY MVERBRA L, AT MVEIZE T 2 IR EGH RIS Ak 2 VT
W5, ERREINTRG 2 HAS L U, W2 OFAUCHELD A F A IRIEIR OB L OB
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MR 25 RS 5, BRI OMNINROBEDI M2 5 A5 LMERENT VA4 5 L 512
HAGORIVHBICGEZ 5D, £z, BIFERIOIEARIG I DN TE HR ST 10 Dl
PRIt & FERICBI B DA % G- A ERIIFIB CHERT D 2N TE ST,

ARETIFHE—~T O YV OATHAIE DYV VUK (NM01.s) L EB ok v ¥ T
RIS VIVFR (WMOLm) AMFET &, ¥ Y ZIVikIE OpenMP WiFIDAIT> TS
M, XV FRRIE OpenMP WiFNHNZ, / — RENZDWTIX MPIL 14 £ 17> TW 5.

oV JIVAR

m VA @IV
RKIOTITHIE2 OO T A%IEIZEITT B Z & CTIEHS RS O RFREFEE %
AET 5.

1. MFRDax Y Rk, FEf77 7 1)V (make_init, VRWS) %K 5.

(¢ oo )

2. make_init IXENR G RIDERFRIRD M 7 7 A WV EIERT D, BEIZOMHT7 71
B BGEE, TOTOR AIERKTEZENTES.

3. VRWS IXEDHINFRRED %2 12, 2—A ) A~ (#R) THE I N/
DB & FIHE & U T OIEIFRSR 2 ORFEIFEZ5HH T 5.

EITHE
PAFDax Y R2IERFETT 5.
4 N
$ ./make_init
input the initial file name. (fEFT DHIHT —& 7 71V %)
You have velocity data [y/n]. (HIXIFRDT— X232 h; k)
$ export OMP_NUM_THREADS=[number] (CPU i¥%(; L)
$ ./VRWS < namelist.nml

- /

e make_init TlX, 2 DHIZEPNDEM T, BiUFRED T —2 &< 20 E Tk
"y BEIRYT S, §5 L, make_init IZEXE I N TV D HARI R B LR 5 7] D
ERHNGZ N5, EEBIEFHE U ZBBNR 707 7o )b o iR/ N
VAT R LD BN HBIZERING.

o "n” HERE HITHEVNHBUZBEOBRE IO 7 74 IVDT— X & Fi> TR
IRDIENTED. ZDL X, HAALEAIX NetCDF FERD AR L TV
%.7n" LERTD L,

IHERRL EOT T OIS 5.9.2 B,
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input file name and radial grid number.

radial flow is forced to zero 7 [y/mn].

E\WD 2 ODEMEENPNDDT, 1 DHIGHAREL 72 NetCDF 7 7 1 VD £ 1]
TR, 2 DHIZEIREANL T —X L UTADTWARIGE, TNEEHETH
M3 20, Theet¥ne UTHELBRWDAZ ANTS. 7Y B5IE, BIREE
FHRITHL AL T

e OMP_NUM_THREADS & OpenMP fi5[iZ 81+ 25 CPU DUSEIZ 5t IG5 BrbE A
BThHbD, &L, 3231 IIKFHZ OpenMP OFEFFHAFERA TV a2 v % DIFT
BT, ZOBRBEAHOBREIZL > TUHSFHENATHETHS. [number] (1
A AN 5.

e VRWS #H479 D &, StEANBHIBT 5. TDREEIL namelist.nml @ foname T
BRELTWD 77 1IN TIT NS,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOARIELTFDOEED THS.

&input
nr = 196 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 72000 ! calculating time step
rmin = 0.0 ! radial center [default]
dr = 4000.0 ! radial grid interval [m]
dt = 0.5 ! time interval [s]
dmpstp = 600 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius

time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooooxx’ ! forcing flag
! 0’ = calculating, ’x’ = neglecting

! force_flag(1:1) = linear advection term
! force_flag(2:2) = corioli term

! force_flag(3:3)
! force_flag(4:4)

diffusion term

Reiley dumping term
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! force_flag(5:5) = non-linear advection term

I force_flag(6:6) = centifugal force term

I force_flag(7:7) = divergence term [only "depth"]
! force_flag(8:8) = gravity wave term

| force_flag(9:9) = temporary value [not using]

! force_flag(10:10)

temporary value [not using]

diff r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m~2/s]
init_ n = -1 ! initial non-axisymmtric wave number

! -1 = random wave
/

STERR
KT T T LOKRD 5155 72 FEMR R D 37013 M 4.34 1IT3RT

g
W7+ L7 MVITKEMINT VD HiE 7027 5 A drav_polar % {795 Z & T
HDARETH D, Z DT 0T T LD HIEIIA & 77 28,

< IILF AR

[EE] K70 I L% make AX Y RIZE> TV /1)L 254, Makefile D%
X . ./../Mkinclude MPI 2R XN TWVWEDT, TI2HBEOBRBIZES-HEILT
52 k.

VAWV
AT TZ M STPK %232 /81 )V U7 Fortran IV /8 Z L [A—DIAV N1 5
TEIRINAZ MPL 24 77 VDRRBETHS. BLE, OpenMPI 12 & B WF{BIEIE
WIZHEELTWD.
ARTOT T ALE 4207005 L%EICETT D Z & TIHFRFRR S ORI E
ZEET .

1. MFDav Y RIZ&Y, 77 71 )V (make_init, splitter, cpmbinator,
VRWS) %49 5.

(¢ oo )

2. make_init (FENE GO D M7 7 1 IV EFEKRT L. BRIZOMT 7 A
IWRH2GEE, DT AFEBETEIEeNTES.

3. splitter |3 make_init IZL DT, HDWITT TIZHEINT VDS DMH T 7
V% namelist 7 7 1 I)VOIEHREZ € LU CHYZRYIEET — &2 120#E3 5
(BT ae Yy UREEGTARD 7 7 A IVIZHET D).
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(x105)

up and Vp(t-0.0)

theta

(x105)

theta
(=]

1.00

0.60

0.20

—0.20

-0.60

-1.00

-1

up and

2 3 4
CONTOUR INTERVAL = 2.000E-01 (x10%)

r

(a)

2 -1 o0 1 3 4
CONTOUR INTERVAL = 2.000E—01 (x109)
r

VP(t=9750.0)

1.00

0.60

0.20

—0.20

—-0.60

—-1.00

2

(b)

X 4.34: HEAER? OGO NIEHHFREK DD S b, EMERCER G RD®EE, 75 —T
B A O®EE 2R3, RIXVIEME, TIZOE S H 2 FEERFM AR U 72 KE %] o Fedifxd

PR D 7341

main.tex
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4. VRWS 3L DHINFRMRO DM %2 L 12, 2 —AV AN ($BR) THE X N/
DA = PIHE e U T2 OIS O ERR 2517 T 5.

5. combinator & VRWS DFHAEFER (43E]7 —4) % namelist 7 7 1 VDOFE %
BLLiZ12iIlaEbES.

EITHE
UFoDav Y REEREITTS.
~

$ ./make_init
input the initial file name. (fEEXT DHIHAT—4% 7 7 1IN %)
You have velocity data [y/n]. (HHXIFRD T —X 23 2 W #£ik)
./splitter < namelist.nml
$ export OMP_NUM_THREADS=[number] (CPU Wi¥#(; f£=)
$ mpirun -np [Wi%1/ — N# (proc)] ./VRWS < namelist.nml (f2ik)
./combinator < namelist.nml

o J

e make_init Tl&, 2 DHIZHEP N EM T, BiUFREDO T —2 &< BnE Eik
"y ZIERT D, 95 L, make_init IZEXE I VT D B R BN ] D
JERAAMNEZ 5N, EEGIXEE L BN R T 0T 7 A1 Vb AR N S
VAT D EDBAMNEBNIZEREINS.

o 'n BENE FEITEMNHELUZBOBRETO 7 74 IVDT—X %2 fio TR
TEDBIENTES. 2L ¥, HiARDENIE NetCDF XD AR L T
5. 'n" LERT DL,

input file name and radial grid number.

radial flow is forced to zero 7 [y/n].

LD 2 ODEMEENPNDDT, 1 DHIGHREL 72 NetCDF 7 7 1 VD1
LT R, 2 DHIRBREANT — L L LT A>TV IS, TNt atEcfl
M3 20, Thees¥ne UTERELRWD»Z ANTS. 7Y 25I1E, BifREE
FHREICHLAA D

e splitter |& namelist 7 7 1 VD finame CTREINLZT 7 A NHD T 7 1)
HAAR, J T XY WAL 72O D FE B IIE T — X 2 KT 5.

e OMP_NUM_THREADS % OpenMP WiFiZ5 )% CPU DM FIEIZ it g 2 i
BThHY, &L, 3231 IIVHFIZ OpenMP OFELFHAEER A TV 2 v % DIFT
B, ZOBRBEZEHOFEI &> CTHHFHHEIIEETDH 2. [number] (ZIF
N E AT 5.

o Z ZTlX, OpenMPI DUiFFEIFTI~ Y R mpirun % H\\ 5. A5/ — REUX
namelist 7 7 1 IR E I NS proc TIHEL TWSIHERUEDEZHWS Z
&, VRWS 21795 &, #HEMBET 5. TOMEIL namelist.nml D foname
THRELTWD 77 AN TITI NG,
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e combinator (X VRWS THIAOINAZRE T 7 ANV %& 1 DIFEETD. TDLE,
FEEINZT 71V namelist 7 71 VD foname THREINZED LD,

x—LY RN

FATIIBE LA =LV AN T 7 A IVORABEILTFDOEED THS.

&input
nr = 198 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 720 ! calculating time step
rmin = 0.0 ! radial center [defaultl]
dr = 4000.0 ! radial grid interval [m]
dtl = 0.5 ! large time interval [s]
dts = 0.5 ! small time interval [s]
dmpstp = 50 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius

time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooxxxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting

| force_flag(1l:1) = linear advection term

! force_flag(2:2) = corioli term

I force_flag(3:3) = diffusion term

! force_flag(4:4) = Reiley dumping term

! force_flag(5:5) = non-linear advection term

I force_flag(6:6) = centifugal force term

! force_flag(7:7) = divergence term [only "depth"]
| force_flag(8:8) = gravity wave term

! force_flag(9:9) = temporary value [not using]

! force_flag(10:10) = temporary value [not using]

diff r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m"2/s]
init_n = -1 ! initial non-axisymmtric wave number
! -1 = random wave
/
&para
proc = 2 ! MPI parallel number (nodes number)
/
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SHERER
FERIZY VIR E AU (M 4.34 20).

s
T 1 L7 M DICKIII N T WS HiE 702 F A drav_polar #5479 5 Z & THi
HSAGETH S, 2O T OT T AOFHG R 77 2.

4.2.23 Karman

QRTTIRIZBI D2 AN V%Y I 2L —Ya v 2AEENETIVTHD (5 :
thi3i, 2006).

JERERIE T A1)V N EERESR (2, y). T DFHTIE 2 HEEOHLED ZBRA L 2, FERE
MiRIE Y U T, Arakawa Jacobian (Arakawa, 1966) %L T3 2,

m VA @IV

1. BFO I Y RIZ&Y, FEIT7 714 (Karman) Z4EKTS.

(8 mate )

2. Karman |3 —AVD AN (#81h) TEREINZAT—X 7 71 )V finame D
T =R % eI U CHRARBEI R — I EE 2 O TIREORRIRE =2 51H 3 5.

RTAHE
DPFoavyy ReFEFTT5.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS & OpenMP fi5iZ 81+ 25 CPU DUFEUIZ xS B BrbE A
BTHY, &L, TV IVKRFIZ OpenMP DOETMNAIGER A T a3 v % DI T
BT, TOBRBEABOBREIZE > THHFHEILAIHETH S, [number] (21X
= A1 5.

e Karman #1795 &, FHEMKE TS, TDFERIE namelist.nml D foname
THRELTWD 77 A NMITH I NG,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOABRELTFDOEED TH 5.

&input

2HBERRE YO T OEMII RIS IE.

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥~=a7J

a7y rs A

320

nx = 400 !
ny = 100 !
nt = 100000 !
xmin = 0.0 !
ymin = 0.0 !
dx = 0.1 !
dy = 0.1 !
dt = 0.001 !

dmpstp = 1000
!
finame = "" |

!

!
foname = "resu
inner_file =’
time_flag = ’1

undef = -999.0
init_type = ’p

ubar = 1.0
eps = 1.0e-4
nu = 0.01

/

REZBIHDIEE

RO BEERFREX, colum.txt 7 71 I)VD

X-coordinate grid number
Y-coordinate grid number
calculating time step
X-coordinate original point
Y-coordinate original point

! X-coordinate grid interval [m]

! Y-coordinate grid interval [m]

time interval [s]
! dumping time step
dumping time interval is equal to "dmpstp * dt"
initial data file name.
if there is no, automatically,
being made by the program.

1t.nc" ! result data
colum.txt’ ! inner boundary file

> ! time scheme :

! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

! undefined value
si’ ! the tpe of initial value.

! ’psi’ = strem line, ’omg’ = vorticity.

! mean flow [m/s]

! convergent condition for poisson solver
! diffusion coefficient

JETHD. ZOT7 74T~V

WEEIRETOIBRICREINDIHDO HEHEIBZRTETDEITFAN I 7ML THS.
ZZTIE, AFOEMEIFE L 2L TD colum. txt DFXE fHiEEGIRT 5.

o x,y DK THUL 20 x 10 £

o HIZIEA (COHIIBRERECHEOREIGTETES) TEX 3T

=t

VT 2x2 DREXLFE (ROEBEDOK S X1E " MT-5 x M7 0" ).
o BOREBEE TR THATENS 4 5H, Trb 4 SHET 3.
o HOBREMET 1) 7 LB (KT VYV UARN—F ¥ OBREMHEET 1

EAaEING)

2D L X, colum.txt DIFE HiEE UTLAROIRFE ) BFHET D.

e TFARTITAND 2IFHNLESTIRDS. 1 ITHIZZX I —HBDOTH SN0
EEOXTHEHFRELTHEL 2 & CFIHMAITE L),
o 1 fTDXFHIL x RO SEEFEU. 1 FDOXXFHIL y HHDOK T SE e
FHROZI—H 102 LEDLEZSICAUTHD (EOHIOEE, 1 17D

CFEUE 20, 1

FIDSTFHIE 11).
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o AT HIE 0, HE DAV 2 TRIET 5. Z0 0 Of
FRAHEOTET B 55,

o FEOBIRIE 707 TIEBVBIFRIOMNE HIET S MENAS. (BREMO
R 2§67 9 S AR Poisson >/ )L/ Sb— > OISR A 8 2 7 U1

LTH3).
o 7 L 0 I L TR LR, BT, BERFZMREOBMEN AL R IF I
ANISYASAY

o FEITAIIE, THFANTRBINDS y ARDERFIIENSIRICHEAAEND
DT, y EFZEOTIHETFRAITWD & 2 T7HICERRINS.

INOGDOWRFED ZFY BN, EOIREIZEDOTHE L 72 colum. txt DHNIIMAT
Thb.

- colum.txt D% EMH ~

|--- 10 ——-||--- 20 -—-|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

000000000000000000000000
N J

STERR
RTTT T LOKRN 5155 N7 AL & AR D 213X 4.35 1R

HE
FT+4 L7 MVIZKRIMIN T SHE 7027 5 A drav_anim = E{79 5 Z & CHiHE
NHRETHD. 2D T T LD GEIIA G 77 2R,

4.2.24 WKO04

2RTCMICB I DN VigEYIaLl—Ya v 2ARESETINTHD (Weisman
and Klemp 2004).

JERESRIE T AV MR (2, y). M5 OFHIIE 2 YR E O HLES 2 8A U 72, IR
BifIEH & U T, Arakawa Jacobian (Arakawa, 1966) % £ffH L T\ 33,

BHERRE DT T OHMII 5L 5.9.8 B,
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psi and omegat=0.00000E+00)
e L s S S B

4.0 1.0
8
2.0 0.6
6
0.2
> 0.0
7 | -0.2
**************** —R0---------- - - -0.8
= |
,,,,,,,,,,,,,,,, B o -1.0
ol o v e
0 5 10 15 20 25 30 35
X

CONTOUR INTERVAL = 1.000E+00

(a)

psi and omega(t=1.00000E+02)
L L A e L B B

1.0
0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00
(b)

4.35: MWL (1) &2 HARa LA L ¥ (F) OREHBE (75 —) &k
B (S,

aAv/N( )L

1L MROavw Y RIZ&Y, FE77 710 (WK04) ZHRKT .

(8 nake )

2. WKO4 IZx—2LV) AN (#8d) THREINZWWT—4 7 71 )V finame DT —
A% eI U CAR B — i sk 2 IO CIRE ORMRE 2R3 5. /-, #
AL XN OBRILRE IR T 5.

EITHE
DPFoaxy Rz2FEITT5.

$ export OMP_NUM_THREADS=number
$ ./WKO4 < namelist.nml

e OMP_NUM_THREADS & OpenMP fi5[iZ 81+ 2% CPU DUSEIZ 5t IG5 ErbE A
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BThHY, &L, 3231 IIVRFIZ OpenMP DOFELFHAEERA TV 3> % DI T
B, ZOBRBEZEHOFEI &> CHHGFEIEETH S, [number] (ZIX
= A1 5.

o WKO4 2179 DL, BHAMBIET 5. TOERIX namelist.nml @D foname T
BELTWD 7 71N HIE D,

X—LY RN
FTIBERF =LV AN T 7AINVONFIIUTOLEE) THS.

&input

nx = 960 ! X-coordinate grid number

ny = 80 ! Y-coordinate grid number

nt = 10000 ! calculating time step

xmin = -12.0 ! X-coordinate original point
ymin = 0.0 ! Y-coordinate original point

dx = 0.025 ! X-coordinate grid interval [m]
dy = 0.025 ! Y-coordinate grid interval [m]
dt = 0.001 ! time interval [s]

dmpstp = 100 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"
finame = "" ! initial data file name.

! if there is no, automatically,

! being made by the program.

foname = "result.nc" ! result data
inner_file = ’colum.txt’ ! inner boundary file
time_flag = ’1’ ! time scheme :

! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

undef = -999.0 ! undefined value
init_type = ’psi’ ! the tpe of initial value.

! ’psi’ = strem line, ’omg’ = vorticity.
ubar = 0.5 ! mean flow [m/s]
eps = 1.0e-3 ! convergent condition for poisson solver
nu = 0.002 ! diffusion coefficient
/

STERR
KT T T LOFR? 5155 N7 AL & AR D 24613 4.36 12K

HHE
AT+ L2 MRS NTOSHiE 70275 A drav_anim 2 E{79 5 2 & CHiHE
MARETHD. 2D T T T LAOMFHFGFEITAASE 27 8.
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omega and buoyt-0.00000€+00)

L L B T T T
0.0
15 y -0.2
-0.4
> 1.0 B
-0.6
0.5 | . -0.8
i -1.0
0.0 L Il L L L L Il L L L 1 L L L Il L L L L Il L
-10 -5 0 5 10
X
CONSTANT ( 0.000E+00) FIELD.
(a)
omega and buoyt-1.00000€+01)
T T T T T 1
0.0
15 y -0.2
I o 1
r Q
I -0.4
> 1.0 B
I -0.6
05 1 -08
I -1.0
0.0 L Il Il

CONTOUR INTERVAL = 1.000E+00

(b)

4.36: IR (1) & & B FEREARE L L ¥ (F) OBKLITN (h5—) &8
AL (SEIRR).

4.2.25 BAROVOR

NEEIEFERRARIZ SOV TIHOIEREREHREEZ S I 2L —Ya v ddETLTHD (T
ESCHR - A, 2004).

JERESRIE T A1)V N ERER (z,y). T DRI IE —E 7 — ) THRBUT L 2 AT MLk
BRAUZ, EREBREL U TERIEZ TS,

YA )

MHRRRL Y OT T OIS 5.9.5 B,
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1. FOax Y RIZ&Y, 77 7 1) (FFT_BAROVOR) %4 5.

(:$ make fft :)

2. FFT_BAROVOR &2 —AV Ak (#8h) CT&EXINHT—H 7 7 )V ininame
TEZONBWBEDT —A % 012 U CHBEBOBMRE L FHET 5.

ETAHE
AFRDaxy R&EEFT 5.

$ export OMP_NUM_THREADS=number
$ ./FFT_BAROVOR < FFT_BAROVOR.nml

e OMP_NUM_THREADS |& OpenMP Wisl[iZ & 132 CPU DMFIBUI X IE 2 BRbEZs
BThHY, &L, 3231 IIVRFIZ OpenMP DOFELFHAEER A TV a2 v % DI T
B, ZOBRBEEHOFEI &> CHHFHHEITEETDH S, [number] (ZIFf
I E AN 3.

e FFT_BAROVOR %5179 2 &, 3HHEM BT 5. T DFERIX FFT_BAROVOR.nml D
foname THRELTWB 7 71 WIZHII N5,

F—LY R
FITIZBBER I =LV ARNT 7 INVONETIFLTDOEE Y THS.

&input

nxi = 1000 ! X-coordinate grid number of initial data
nyi = 1000 ! Y-coordinate grid number of initial data
nx = 500 ! X-coordinate grid number

ny = 500 ! Y-coordinate grid number

nt = 180000 ! calculating time step

xmin = 0.0 ! X-coordinate original point

ymin = 0.0 ! Y-coordinate original point

dx = 2.0e3 ! X-coordinate grid interval [m]

dy = 2.0e3 ! Y-coordinate grid interval [m]

dt = 1.0e0 ! time interval [s]

dmpstp = 3600 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"
ininame = "initial.nc" ! initial data file name.
! if there is no, automatically,
! being made by the program.

inix = ’x’ ! X-coordinate name

iniy = ’y’ ! Y-coordinate name

iniz = ’zeta’ ! vorticity name

foname = "result.nc" ! result data

time_flag = ’RK4’ ! time scheme :

eps = 5.0e0 ! convergent condition for poisson solver
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220

200

180

160

Y (km)

140

120

100

80

220

200

180

160

140

Y (km)

120

100

80

vorticily (0000:00)

vorticity (0000:30)

(b)

T R R BV 0.0

vorticity (0001:00)

vorticity (0006:00)

(c)

(d)

2.4

0 T S S S e | 0.0

80

100 120 140 160 180

X (km)

200 220 8

|
0

100

120

140 160 180 200 220
X (km)

4.37: I OIERIEIFRIFERE. (a) FIHARZ 225 (b) 30 43, (c) 1 K, (d) 6 HFfEERO

LEDSRGIES

FIECERES

nu = 0.01

betaf = 1.0e-11
adv_flag = ’f’
’1111°

boundary

/

! diffusion coefficient

! beta coefficient

! boundary condition

RKTTOT T ADOFERN S5 6 N2 FHEED 341X 4.37 IZRT.

main.tex

2021 4 11 A 24 H (GEEEH)



STPK ¥v=a7JL a7y rs A 327

4.2.26 QGPV

AKTOT T NSHERBGED® & TRAMENT 2175 70275 ATH L. BRIKIZIE, BR
1] _E DGR PR & SRIEE N CEBINAZ VAR T VY v VGO T — 2 &2 HNT,

o VAXT VY ¥ VOB,

o SREA A A HE LM,

o MEMBEREIN (QGPV) DT /%) # bW E T, YART VY v b, Hillis, &
TS S W

7570 T 5 LTHD .

aAv/N( )L

1. MFOax Y RIZkY, FEfF 7740 (QGPV) 24K T 5.

(8 nate )

2. QGPV ZAX—A Y A b (#&id) TREINZY A M7 7 A )b listname DT —
BETENUT, VART VY v VI b SR %17 >

RITHE
PTFoavy R2EFT.

$ export OMP_NUM_THREADS=number
$ ulimit -s unlimited
$ ./QGPV < QGPV.nml

e OMP_NUM_THREADS | OpenMP 51125132 CPU DUFIEUI I 2 BriEA
BThHY, &L, 3231 IVHFIZ OpenMP OFELFHAFERA TV 2 v % DIFT
BT, TOBRBEAHOBREIZL > THSFHEN AT THS. [number] (I
N E AT 5.

e QGPV 254795 &, GHEMBILET 5. DR IX QGPV.nml D listname (ZHD
HINTVWEEFAIAAT 7 A IVOHLIRTFIZ .QGPV DWW /2T7 71L& LT
Hhxnd,

2—LYZ N
T BELEF— L)AL T 7 A VONERUTFO LB TH S,

BHEBRRARE DT I OIEMIE RIS IE.
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&input
listname = ’list.dat’
nx = 140
ny = 80
nz = 12
lonmin = 110.0
latmin = 20.0
dlon = 0.5
dlat = 0.5
pres = 1000.0e3, 925.e3, 850.e3, 700.e3, 600.e3, 500.e3, 400.e3, 300.e3, 250.e3, 200.e3,
zord = 1
tord = 18
diaqord = 0
undef = -1.0e35
/
FEER
RTOT T LOFERDN S5 5 N7 M E & FiAREIE D 2 12X 4.38 (2R T,
HEE
A SFERIE NetCDF A TH X5 7280, W21 2 il 70 275 A% FV i
5.
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BOE  fIEx

Ver.1.0.0.0 TR TE. BAELERARZE DD HfgH.

5.1 ellip_slv Oft8%

5.1.1 ERFHDERE

BREHTL AR R DRI —F 121, BEREMAHE T bound 23H D HS, T DFEIE X
FHITHY, EXFIHTE2NRAT D Z L CHBHEBREROBER RN E2BET D I LN T
5.

2 RTIV—F > DIFHE
5% bound & 4 XFTHY, HEXFIEH 5.1 DED & 5 BIHFETHREIND.

3 RTIL—F > DIBE
5% bound 1% 6 XFTHY, EXFIIX 5.1 DAD LS BIERZETHREINDS.

5.1.2 2 RxiEABARR DKL

ZZTE. 2WIET AV N EIEERIZE T 2 M AR RO#ELE €Mk T 5, HiEL
25 HEXFLATTH D,
&%) &% %Y oY oY _
(5.1.1)
22T, x,y WX, o = Y(z,y) IERODE, p(x,y) 1FRT YV Vv HEX D],
a,b,c,d,e, fIFEBRBTHD, V—F U TlE. IN6DF[EZEZFHELTERDZ LT, &t
BUEWHRERAREZGIIEETSA2ZENTEIS LU THD, AFOEEFILIZEWT,
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Yy
3
|
c 0 6]
|
2 4 : 3]
1o Y L
L1 | /
A BEls
/
.
// L5_1
X z X
1
2 YRITHEI 3 IRITHEI

X 5.1: Ellip_Slv DI —F VIZE T DHEASZMONERE. 5 2 IRTThi, A% 3 IRTThK %
#£ U, BUED 512 bound D] LFHIZHYU T E2MNERL TWD.

x,y HEDOMEERZEZ TNTNG, ] & TD, /2, BWDIE 2 WHEEDFLAED AF—A
EFRHOCCHMiTH I IZT5, 2O, SHEZHMBLTD &,

h(x7 y) - hz,]

9% _ Yiv1,j + i1 — 294

61‘2 AQZ2 )

02 1

dx0y  4AzAy {thiv1j01 + V11 — (im0 + Yiv1-1)}
Y Pijyr + i1 — 2 (5.1.2)
oy Ay? ’

O _ iy —Yim1g

oz 2Ax

O _ i =Yg

oy 2Ay

L85, ZIZT, hidERDAN T —ZTH Y, WNITHRDIEE mHlEETRTIN
THHHEiL 7z, 72, WHOI7 DAL —AIDOWTIE,

% 9 (0

Oxdy  Ox <8y>
0 (Vg1 — Uy
_0x< 24y )

_ 0 (Yigr) _ 9 (Yija
oxr \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Azx 2Ay 2Azx 2Ay
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EVOMEERTEELAZEDOTHD, BB, ANV—F VIEAEHBEEICENIGLTH
V. FEEOFHETIZ

Az = ASUZ =0.5 x (xi+1 — 1‘1;1), Ay = ij =0.5x (ijrl — yjfl)
EWIEREEITOTWS, (5.1.2) REHWD L, (5.1.1) R

Wity Yo, — 24
Z’j Ax?

1
+ bi,jm {Wit1j41 + Vi1 j—1 — (Vic1 41 + Viv1j-1)}

Vi g1+ Vi1 — 295
Ay?
Vit1,j — Vi-1 (5.1.3)
2Ax
Vi jy1 — Vi1
2Ay

+ Z,J
+ dij
+e 'L]

+ fij¥i;
= Pij-
LR, e, KEEIMEZDFIZET L,

—1
_ Q4,5 Ci,j
e (55381
. . 04177‘7 d 7] 627]
|:wz+17j <A$2 + 2AT ) 7/’2,]-%1 <A 2Ay>

a; j ei, (5.1.4)
T ic1y (Aa:jQ 2A;1:> Vig-1 ( 2A]y)
bi

IAZA {¢z+1]+1+¢z 1,j—1 — (Vi1 j41 + Yit1,5-1)}

—Pi,j}
2%, EBROFHETIX, HIEAEHIZOWTIE,

Vi j = ADP; jiv1; + CEP; 3 jo1 + ADM; japi 1 j + CEM; j3; j1

+ BT j {¢it1,j+1 + Yi—1j-1 — (Wi—1,j+1 + Yit1,5-1)} (5.1.5)
—AC; ;pi ;]

EWHKEHWTEHAEZIT>TWS, ZIZT,
ADP . = Jo [ % Cw - Gij d; ;
w A952 Ax?2  2Az )’
1
»J Qij di,j
ADM;; = { (A;U2 + ) } (AJ}2 2Ax> ’
1
- @i g Cw Ci,j €i,j
CERq= {2 ( ) } ( * 2Ay> ’

2021 4 11 A 24 H (GEEEH)
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-1
a e e e
EM@ .= 2 2] 1, _ i 2] _ [2¥)
CEM:; { (Aw2 i A?ﬂ) f’”} <Ay2 2Ay> ’
Br=lo( % 4 G )y by
b= Az? Ay J 4Axz Ay’
—1
_ Gij | Cigj
AChs = {2 <Aw2 * Ay2> - fi’j}
Thd'l,

RIZ, BFREMEIZOWTRRD, RV —F Y TIIEREMEIILITO 3 dEH2 Y R—MU
TWd,

o T LU V&M (HEEmsM)
o JAXVEM (HhmEMT)
o JEHIIBE S SAT:

ZD5b, FMBERSEMIEEEEOIMIT UMNERET IR, it 2 DOBEREMEITDON
Tk, WEHlBEARMGICBWTHET D N TE D, A7V VARKGHEHRLV—F Y OF
7 3 V51 inner bound IFPIBICEEANFHET DA, TOBERSEBAEIC &K > T
ETDODFETHD, K770, NEFEIEFEET S & X2 inner bound % i E G N
ST ROFAPRINTVD, MD>b, BREPEE TR THE, ZOL X, #HHTD X
DB DOWHIEANFIET D & X, MK TH N /24 1554 inner_bound (ZEEH 5
EBRELRITNERSRVETHZ 2, £/2, KOATHENBFRIIREHREZTD
BNZ EERTME (10) PMRAINRITIEZR S B, 205U E R RRM &
THITHIET 2EIFLATICE OGNS,

DRI U THITISBER IR EEDOIMIN — T THETZ e N TE 5,
2h U, AHEEE OGS TIZ N OB bound THREINT VB HE HEMICRANESTZ0DT, 21—
YHBFIIRE T 2 BEIZHR,
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5 {38%

ar7Ib

STPK ~

x

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEANEANVAANE AR A A A A A A A A A A A\

Y

AN N N A A A N AN A A A\ A\ A A A

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

A

RRE I NDIEF R

A

5.2: inner_bound T
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main.tex



STPK ¥v=a7JL 5 {+% 335

- PIBIR & U CRUET % Bl ~
8 0 5,

T 1 EE .

RREE 3 B Gl

FEME 10 WHBIFRAEN. & O/ TR TREEENZTbAL,

[y

T
X

p=1111

il

=11

p=11111
Ha

PANIZHBEERRMETH S,

BOEAE || BESL (1, 3) SN2 | WIRd 2
2 (i+4+1,3) 53D 1
-2 (i-1,3) B4 5.3 D 2
4 (i,j+1) 5.3 D 3
—4 (i,j—1) B45.3 D 4
8 (i4+1,j+1) 5.3 D5
8 (i—-1,7-1) B45.3 D8
-8 (i+1,j-1) B45.3 D 6
-8 (i—-1,j+1) 153D 7
7 (i—-1,3),(1,j-1) B45.3 D9
7 (i+1,3),(1i,j+1) X 5.3 D 12
-7 (i4+1,3),(1i,j-1) X 5.3 d 10
-7 (i—-1,3),(1,j+1) X 5.3 D11

N J

REME 1
1/%,;’ = fzg
REME 3
77bnw—1,ja (7' = 1)
)., 1 =nx
¢i,j _ 2,3 ( . )
wi,nyfla ( — 1)

J
Yig, (j=ny)
T, BRI BT A REFLL TS, LB (BOK) 1© BT S5
YIRBEFUENZREIND. TD XD BMOEDER L #5925 5T, LITR U8R
SA DB IR IR > TEEFYEASRE X D . B2 1E, BB 2 HiASE E 557 &
BRTHEINTVDIHE, BEEHEAL UTHEIREIND.

FXEME 2(B5.3 D 1)
Yig = biv1y — fij x Az
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ZEME -2(K5.3 D 2)
Vij = i1+ fij X Az

ZEME 4(B5.3 D 3)
Yij = Vi1 — fij X Ay

REME -4(K 5.3 D 4)
Yij = vij-1+ fij X Ay

REME 8(H 5.3 D 5, 8)

o 5 DIGH -
1
Vi = 3 HWit1j1 — firry X Ay} +{vit1j41 — fijr1 x Az}]
1
= Vi1 = 5 [firrg X Ay + fij1 x Azl
e 8 DIGE -

1
vij =3 {wic1j—1 + fic1 X Ay} +{vi—1j-1 + fij—1 x Azx}]
1
=Yi—1,j-1+ 5 [fi—1; X Ay + fij—1 x Ax]

®EE -8(K5.3 D 6, 7)

e 6 DIFE :
1
Vij = 9 [{¢171,j+1 - fifl,j x Ay} + {d}ifl,jJrl + fi’jJrl x Ax}]
1
=141+ 3 [—fic1; X Ay + fij41 x Ax]
o 7T DIGE
1
vij =5 {vbirrj—1 + fivry X Ay} 4 {Yip1-1 — fij—1 x Ax}]
1
= Yip1,j-1+ B [fit15 X Ay — fij—1 x Ax]

#REME 7(HM5.3 D9, 12)

e 9 DA :

1
g = 5 Hi—1,j+1 + fijr1 X Az} + {ip1j-1 + fixr; x Ay}

1 1
=3 i1 41 + Yig1,j-1]) + 3 [fij+1 X Az + fir1; X Ayl
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e 12 DIGE -
1
Vi = 3 Hig1,-1 — fij—1 x Az} + {hi—1j41 — fim1; x Ay}
1 1
=35 Wig1,j—1 + Yim1j+1] — > [fij—1 X Az + fi_1; x Ayl

REE -7(K 5.3 D 10, 11)

e 10 DIFE :
Vi = % {ir1j41 — fijor X Az} + {i—1j-1 + fi1j x Ay}]
- % [Vit1,41 + Yi-15-1] + % [—fije1 X Az 4 fi_1; x Ayl

o 11 DIFE

1
Vi = 3 {ic1j—1 + fij—1 X Az} + {¢iy1541 — fir1; X Ay}

1 1
=3 [Wim1j—1 + VYit1,j4+1] + 3 [fij—1 X Az — fiy1; x Ayl

ZZT. fijl¥bound opt THEINDHETH D, I DEFUHIKRE I Nd B &M
FOTHRAEZTHENEL D, FTHEROE JIXFTDFFHERMEEERL, HHREAD L
T BRATOARMEEZRYT, Z0LE, AREHTEDOHMICEEING Z L ITHER,
R lZ H R RIS CTH D DT, M 5.3 ITHE&RM & R T,

BHB. FHRMEEOES LU, NEEEOBEIE LD U, 8LUEBLULLIFET 28
DOBERZMENZREINT D, TOHE, HEHINDEREMADEBRE X

1>3>42 +4, 48
Thd, DFV, FEEHERNE > & EEBEEINEN?,

5.1.3 3 RucEAEAERRDKERE

ZZTIE 3WRITLT AV NEEERICB T DM AGRERO#BLE € Mbd 5, HiFL
25 HRNIL T TH B,
0%y 0% 0%y
X(2,y, Z)W +Y(z,y, Z)TyQ + Z(z,y, 2)@
0% 0% 0%y
0xdy Jy0z 020z (5.1.6)

B 0
8;5 + f(z,y, Z)%} +9(z,y, 2)¥ (2,9, 2)

+a(z,y, 2) + b(z,y, 2) + c(z,y, 2)

+d(z,y, Z)?;ﬁ +e(x,y, 2)
= p(x,y, 2).

AR, SISO AURAABED S BB ROBIREM & o TET B, & UABEDEE T LB
HCTHDA 5, ETFRISEERSEE UTRHAEIND,
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fij Vit Yi—1,4| fij
—> [ ] L] —_—

5 6 7 fiv1j 8 fim1,j
fij+1 Yiv1,541 Yi—1,5+1| fij1
—> [ ] L] —_— . .

Jit1,j %fi—l,]

9 ¢z61,j+1 19 11 Yij+ 12
. i1
Yio1,541
Yi—1,5 i vimg | fig | Yit1,j
. > -« [} ° > -« [}
fij | Pit1,5 fij

L] [ ]
Yij—1 Yij—1

5.3: AN —F VTHR—-FINTHDHBEmFEASEMSE, 1-8 3BT (4,7) ICH T 51
% T DR THRE I N/-EE5E bound opt & B o 5RO DFIH, KEIIEHRIND
BELDF E. 9-12 IZWNERARE BN D 2556 DGR, B THRINS Wz fUEREFE

IR,

2021 4 11 A 24 H (GEEEH)
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ZITC. z,y, 2 (FEEEEEE. o = (x,y,2) IEKRD DR, p(x,y,2) 1&KT YV v HFEADIE
#l, X,Y,Z,a,b,c,d,e, f, gl 3ZRETHD, V—F U TlE INoDREEEFIHELTE
ZBHZ LT, BIRULAZVARRRZGIIEETLI LN TEIDLOICLTHD, BUFOH
BALIZB T, 2,y 2z HEOMBERZ2 TNTNi, j,k & T5D, T/, WO 2 RKEE
DOHFLEFAF—LZHAVCTCIEITZ 2 L1235, 2Dk E, KEZEKLTD L,

h(x,y,2) = hijk
O i1k + i1k — 2%k

ox? Az?

o*y _ Yigrrk +Yijo1k = 20k

Oy? Ay? ’

0% _ Yigktr + Vi jk—1 — 20k

022 Az2 ’

0% 1

920y~ 1AzAy {Wit1 410 + Vic1j—1k — Wic1 1k + Vig1j-1%) )

o | (5.1.7)
B0 = IAyA {Wijripr1 +Vij—16-1 — Wijr1 k-1 + Vij—1.k+1)}

oy 1

920m — IAsAg (Witlikt T ¥istin-1 = (Wim1gker + Yivrge-1)}
OV Yiy1k — Vi-14k

or 2Ax
O ik — Vi1
oy 2Ay
O Vi — Yijk—1
0z 2Az

YBRBD, ZIT, RIMEBOAN T —EHTHY ., MBI mEEXTARTIh
THHiL 7z &7z, D7 BAX—=LIIDOWTIEET,

0% 9 (I

0xdy O <8y>
0 (Vg1 — Uy
_0x< 24y )

_ 9 (g 0 (Vi
ox \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Ax 2Ay 2Ax 2Ay

VOB ERTEHELAZEDTH D™, BB, AN—F VIR EERE S 66 LT
B, EBOEETIE
Az = Az; = 0.5 X (241 — xi—1),

Ay = Ay; = 0.5 X (yj+1 — Yj-1),
Az = Azk =0.5x (Zk—i-l — Zk:—l)

UMD I T AR — A DOWTE FAREDHE 2175 .
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EWVWSEREEITo TS, (5.1.7) REAWD &, (5.1.6) Rk

Yiv1jk + Vic1k — 2V 5k
X. .

4,5,k A2
Vij1k + Yij—1k — 205k
+ Yk Ay
.. + ;i — 25
+ ZZ,],]{; w’l,],k—‘,—l ng,l; 1 ¢Z7J7k}
z
1
+ ai,j,km {¢i+1,j+1,k +Yic1j-1k — (wi_lﬂ-ﬂ’k + ¢i+1,j—1,k)}
1

+ b; j, FIAyA: {Wijri k1 FVij—16—1 — Wijr1 -1+ Vij—1k+1)}

1 (5.1.8)
t Gk A AL {is1 k1 + Vic1 k-1 — (Vic1 k1 + Vigrjp—1)}
Vit1,5k — Yiz1,5k
d' . 1J 9 1J 3
+ 7”.77k 2A:L‘
Vij+1,k — Yij—1k
+ e'7 ‘7k 9. 3 9. 9
I 2Ay
Vijk+1 — Vijh—1
+ ik 2Az
+ 9ijkVijk
= Pijk-
L5, Ihe, KEEMEXDHIZET &,
Xijk k -
Vi = {2 < Azi’z + ’] "7’ > Gijk( X
Xm,k dm,k ,J k J k
K?j?k 7]’ €Z7J k
+¢’m+1,k<A +2Ay + i1k 57y
fZJ k Zlv.77k fzvjvk
+ Yijih+1 ( i1\ A2 T 9A, (5.1.9)
1
+ aq;,j,k4AxA {iv1 41k + Vic1 -1k — (i1 ek + Vig1j-1,6) )
1
+ bi,j,km {Wi i1 +Yij—1p—1 — (Wi jr1h—1 + Vij—1,k+1)}
1

+ Ciik AL AL {Vit1 k1 + Vi1 jk—1 — WVic1j k1 + Vit16—1)}

—Pz',j,k]
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LR 5. FEEOFETI, SN OV T,

Vijk = XDP; jxtiv1jk + YEP, jk¥ijiik + ZFPj i jr1
+ XDM; j ki1, + Y EM; jkij-1k + ZFM; jpijr—1
+ AT, j e {iv1j116 T Yic1j-1%6 — Wic1jr1k + Vit1j-16) )
+ BT jrx Aijr1pr1 +%ij-16-1 — (Wijrrp—1 +%ij-16+1)}

+ CT; i {Vit1,jk+1 + Vic1 k-1 — (Vi1 jk+1 + Vit k—1)}
= XY Z; j i k]

(5.1.10)

EWVWOSAREHOTCEHEEZIT>TWS, ZIT,

Xijk | Yigk | Zijk -
XYZ;jk = {2 < AZ;Q + &;/2 + AZ;Q> _gi,j,k}

X, - d -
XDPyj) = XY 74 < IR Jk) ,

XDM; ;= XY Z; i (

YEPi,j,k: = XYZzJ k <

YEM, = XY Zi ( Lph Sk

ZFth—XYZJk<Z §X§7
ZFM; = XY Z; <i’;2"f _ J;ZAJ;C> ’
AT, = XYZi,jjkzlAachy’
BT ;= XY Z; ’Jk4A1Az

CT,jr=XYZ; k4A1A

Thd,

R, FEHREMFIZOWTERD, AN—F VTIREFREMELATO 3 HZ P AR—MU
“Cb\éo

o T4 LI V&M (FEEmEM)
o JANVERM (HHmERM)
o BT SAL:
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ZD5H, ARSI ETEFEROMUT UMNERE T E RV, it 2 DOBEREMITON
Tl WEBBEARZMIZBVWTEETD I ENTEDS, "7V VHBRRGHERLV—F DA
7Y 3 VA inner_bound IZWNEBICEEANGFIET 256, TOBER S EBMEIZ L > T
EGTDODGMTHE, ZOFIBUIERE R ARBSGM L TNITHIS T DEIFEATNICHR
5Nnd,

BERER Y L CRET X 346 (20 1) N
BURICIE, BERAME LTRETE MO S b, HEEREAEUMNE 7T,

-

REME 0 SR,
REME 1 [EE Sl
REME 3 JAMIBTF M
\EQTEWE 10 WEBIFHIEIN, Z DM TR CIKERRZ1TDR, )
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-~ WEERE UTHRETE21ME (2D 2) ~
PARIIE, SRS UTRETEDMED S b BRI 75 E (B 8 st TlH—
HNIZAFAE) &34 L 2 RN TH—#RNICATE) TRE e H AR SRMAD

FEfl & R
E L& EE
BOEAE || BEA (1, 3,k) IS TSR F (1, §,k) | WIET M
2 (i+1,3,k) X 5301
-2 (i—1,j,k) X 5.3 D 2
4 (i,j+1,k) X530 3
—4 (i,j — 1,k) 5.3 D4
6 (i,j,k+1) 272U
—6 (i,3,k—1) ZHB AL
L LR EE
REME || B (4, §,k) (ST BB TR (L, 5, k) ﬂrﬁx’&éﬂ
8 (+1J+1k) 030)5
8 (i—1,j—1,k) 53D 8
-8 (i+1,j—-1,k) 53D 6
-8 (1—1J+1,k) M 53D7
12 (i+1,j,k+1) 272U
12 (1i-1,j,k—1) 272U
—12 (i+1,j,k—1) 27U
—12 (i—1,j,k+1) 272U
24 (i, J+1 k+1) 272U
24 (i,j—1,k—1) 272U
—24 (i, _‘J-l-l k—1) 272U
—24 (i, —1,k+1) ZHXN 72U
N J
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~ IS L U TROET X B (20 3)

~
AT, RS UTRET I ZED D B, B4R (FHEMISROM) T
FIREZAR H B S DM &2 259
REME || S (4, 5, k) (ST 2T A (4, 5, k) | AInT S K
11 (i4+1,j+1,k+1) X 54 D1
13 (i-1,j+1,k+1) X 5.4 0D 2
17 (i+1,j—1,k+1) X540 3
19 (i—-1,j—-1,k+1) X 5.4 D 4
23 (i+1,j+1,k—1) X 5.4 D5
29 (i-1,j+1,k—1) X 5.4 D 6
31 (i+1,j—1,k—1) X540D7
37 (i-1,j—-1,k—1) X 5.4 D 8
ROEME || BER (1, 5,k) ST REEM (1,5,k) | MinT B
—-11 (i4+1,j+1,k+1) X 5501
—-13 (i-1,j+1,k+1) X 5.5 0 2
—17 (i+1,j—1,k+1) X550 3
-19 (i—-1,j—-1,k+1) X 5.5 D 4
—23 (i4+1,j+1,k—1) X 5505
—-29 (i-1,j+1,k—-1) X 5.5 D 6
—-31 (i+1,j—-1,k—1) X550D7
—37 (i—-1,j—-1,k—1) X 5.5 0D 8
NS J

ZOEE, BB (i, )) OWEDE b, 2 RDZREZNTN, UFOES 285 :

EREE 1

ik = fijk

wnxfl,j,ku (

¢2,j,k7 (

o wi,ny—l,lm (

Vit Viok, (J

wi,j,nz—la (

L Yig2,

CITIE, T EBRIC B B RE KT LTS 0 R, AR (o) 105

WTE MY REFYENRE I NS, TD LD BMDOEDEIR L B9 5 T, LITR

U 72 B RS D MBSRIEALIZ A > TEERUEAD R E X D . Bl 21K, Bk 2 1 ASE w5
REFAPMBERATREINT VD GE, BFEHER L UTHNREINDS.
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ZEME 2(B5.3 D 1)

ZEME -2(K5.3 D 2)

ZEME 4(B5.3 D 3)

REME -4(K 5.3 D 4)

REME 8(H 5.3 D 5, 8)

o 5 DGE :

1
Vijk = 3 {it1 41,6 = firr gk X Ay} + {1415 — fij+1.6 X Az}

= Vit1j+1k — B [fit1jk X Ay + fijr10 X Az

o 8 DGE :

1
Vigk = 5 {bic1 1 + ficije X Ay} + {ic1j—16 + fij—1,k X Az}

1
=Yi—1j-1k + 5 [fic1jk X Ay + fij—16 X Ax]

VYigk = Vit1,k — figk X Az

Vijk = Vic1jk + fijr X Az

Vijk = Vij+1.k — fijre X Ay

Yijk = Vij—1k+ fijr X Ay

Vijk = Vijh+1 — fijr X Az

Yijk = Vijk—1+ fijr X Az

1

o HEMH 8(X 5.3 D 5) LFEUKMAGDLEDEE

1
Vijk =

= Vi1 jk+1 — 3 [fijrs+1 X Az + fig1jr X Az]

2

1

o HEMH 8(X 5.3 D 8) LFEIUKMALGLEDLSE

1
Vigk =5 Hic1jk—1+ fijr—1 X Az} + {1 k-1 + fii16 X Az}]

1
=Yi_1jk—1+ B [fijh—1 X Az + fi_1jr X Az]

{Yit1j k1 — fijrt1 X Az} + {ip1 jrr1 — fivr6 X Az}

main.tex
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REME -12
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EME 8(X 5.3 D 6) L UMAZLEDEE

1
Vi = B Hit1 k=1 — fijih—1 X Az} + {1 jr—1 + fig1,jk X Az}]
1

= Vit1,j k-1 + 3 [—fije—1 X Az + fir1jk X AZ]
o HEM 8(X 5.3 D7) LFEUMAGDLEDLE
1
Yijk = 3 {ic1 k1 + fijeer X Az} + {1 k11 — fim1jk X Az}

1
=Yi1jk+1 + B [fijk+1 X Az — fiq K X AZ]

o HEMH 8(X 5.3 D 5) L UKMALGHLEDLE
1
Vijk = B Hijri et — fijrer X Ay} + {1001 — fijrie X Az}
1
= Vi j+1 k1 — 3 [fijr+1 X Ay + fijr1p X Az]

PEME 8(X 5.3 D 8) LE UKMAZLEDEE

1
Vi = 5 {11+ figh1 X Ay} + {11+ fig-1p X Az}

Ea—]

1
= j—1k—1+ 3 [fijk—1 X Ay + fij—16 X AzZ]
REME -24

o XEME 8(X15.3 D 6) LA UMALGLEDEE
Vijk = % {ij—1ke1 + figrrr X Ayt + {Wij-1k41 — fij—16 X Az}]
=Y j—1k+1 T % [fijkr1 X Ay — fij1k X AzZ]
o WEM (X 5.3 D7) LAUMAGDLEDEA
Vijh = % {igr1e-1 = fijr—1 X Ayt + {Wij16—1 + fijr1e x Az}]

1
=Y jr1k—1 + 3 [—fijk—1 X Ay + fijr16 X AZ]
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ZEME 11(”h5.4 D 1)

1
¢i7j7k = g [{@bi-&—l,j-&-l,k—f—l - fi7j+1’k;+1 X AJJ}

+ {Vit1 41,641 — fir1j k1 X Ay}

+{ir1 41, k41 — fig1 41,6 X Az}

1
= Vit1j4+1,k+1 — 3 [fi,jJrl,kJrl X Az + fz’+1,j,k+1 X Ay + fi+1,j+1,k x Az]

ZEME 13(k5.4 D 2)

1
Vijk = 3 {Yi-1j+1k41 + fijries1 X Az}

+ {ic1 41 k41 — fim1j k1 X Ay}
+{Vi—1jt1h41 — fic1j+1,6 X Az}

1
=i 1j41k+1 + 3 [fijt k1 X Az — fiq jrp1 X Ay — fim1jr16 X Az]
ZEME 17(”h5.4 D 3)

1
Yijk = 3 HYit1j-1,k+1 — fij—1,k+1 X Az}

+ {ir1 -1 k+1 + fit1,j k41 X Ay}
+{Vit1j-1k+1 — fit1j-1k X Az}]

1
= Vi1 j—1,k+1 + 3 (= fij—1 k1 X AT + fir1 k41 X Ay — fix1,j-1.6 X AZ]

REM[E 19(K 5.4 D 4)

1
Vijk = 3 HYic1j—1 k41 + fij—1 k1 X Az}

+{i—1j-1k+1 + fim1,j k1 X Ay}
+{Vic1j—1 k1 — fic1j—1,6 X Az}]

1
=i 1j41k+1 T 3 fij—t1h+1 X Az + fi1jrer X Ay — fic1j—1k X AZ]
REE 23(K5.4 D 5)

1

Yigk =3 {is1 41 k-1 — fijirk—1 X Az}
+{Vit1j+1,6-1 — fit1,56—1 X Ay}
F{Yir1 1161+ firrjeie X Az}

1
=Yit1j41,6-1 + 3 [—fijrih—1 X Az — fir1jk—1 X Ay + fiy1 41,6 X AZ]
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REE 29(K 5.4 D 6)

1
Vijk = 3 HYic1j+1.6—1 + fijrip—1 X Az}

+{vi—1j41,6—1 — fim1,jk—1 X Ay}
+{Vi1j+1.6—1 + fic1j1,6 X Az}]

1
=i 1j41k-1+ 3 [fijt1h—1 X Az — fiq1 k-1 X Ay + fi1ji16 X AZ]

RE[E 31("5.4 D7)

1
Yijk = 3 HYit1j-16—1 — fij—1k—1 X Az}

+{ir1-1k—1 + fit1,jk—1 X Ay}
+{Vit1j-16—1 + fix1, -1,k X Az}]
1
= Vif1j—1,k—1 + 3 [(—fij—1k—1 X Az + fit1 k-1 X Ay + fix1j-16 X Az]

HEME 37(H 5.4 @ 8)

1
Yijk = 3 {Yic1j—1k—1+ fij—16—1 X Az}

+{i—1j—1k—1 + fi1,jk—1 X Ay}
+{ic1j—1h-1 + fic1j-1k X Az}]
1
= Vi1 j+1 k-1 + 3 [fij—1k—1 X Az + fi_1jr—1 X Ay + fi1j—1, X AZ]

RE[E -11(E 5.5 D 1)
1

Vigk =3 {Yic1jr1k41 + fijriesr X Az}

+ {Vig1 -1 k+1 + fit1,j k1 X Ay}
+{Vit1 1101 F fit1 41,6 X Az}]
1
=3 (Vi1 j41k+1 F Vi1 j—1ht1 T Vi1 j+1,k—1)
1
+ 3 [fij+1h+1 X Az + fig1jrs1 X Ay + fig1 41,0 X AZ]

ZEE -13(E 5.5 D 2)
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1
Yijk = 3 HWYit1j41,6+1 — fijrrp+1 X Az}

+{i1 -1 k1 + fic1j k1 X Ay}
+{Vi—1 1161+ ficij+16 X Az}

1
=3 Wit 1 j+1k+1 + Vic1 j—1 k1 + Yie1 j4+1,k—1)
1

+ 3 (= fij+1 k41 X Az + fi1 k41 X Ay + fic1j11.6 X Az]

ZEME -17(B 5.5 D 3)

1
Yijk = 3 {Yic1j—1k+1 + fij—1h41 X Az}

+ {Vit1 41641 — fit1,jk+1 X Ay}
+{Vir1j—1—1 + fit1j-1,6 X Az}]

1
=3 (Vi 1-1k+1 T Vit1jr 1kl T Vi j—1k-1]
1

+ 3 [fij—1h+1 X Az — fir1 jre1 X Ay + fir1j-16 X AZ]
REME -19(B 5.5 D 4)

1
3
Vi1 j41kr1 — fic1 k1 X Ay}
i1 o1 k-1 + ficrjo1k X Az}

1
=3 [Vit1j—1h+1 + Vic1j1h4+1 T Vie1j—1,k—1]

1
+ 3 [—fij—t k41 X Az — fi1 k41 X Ay + fic1 -1k X Az]

HYit1,j—1k4+1 — fij—1 k1 X Az}

ik =

REE -23(F 5.5 D 5)

1
Yijk = 3 Hic1je1p—1 + fijrip—1 X Az}

+ {Yi1j-1,k—1 + fit1,jk—1 X Ay}

+{ir1 41,641 — fig1, 41,6 X Az}
1
=3 (Vi1 ja1 k=1 + Vit1 j—1,k—1 T Vit1 j+1,k+1)

1
+ 3 [fij1h—1 X Az + fiv1 k-1 X Ay — fit1j+1,6 X Az]
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REE -29( 5.5 D 6)

1
3 [
+{i1 1 k-1 + fic1jk—1 X Ay}

+{i—1j+1k+1 — fic1j+1,6 X Az}

1
=3 Wit j+1k—1 F Vic1 j—1 k-1 + Vie1 j4+1,k+1)

1
+ 3 [—fijtih—1 X Az + fi1jk—1 X Ay — fic1 41,6 X AZ]

Yijk =

{Wit1,j+1,6—1 — fijr1p—1 X Ax}

REE -31(E5.5 D7)

1
Yijk = 3 [{¢i—1,j—1,k—1 + fij—1k-1 X Az}

+ {Yit1j41,6—1 — fit1,jk—1 X Ay}

+{ir1 1,641 — fig1, -1,k X Az}]

1
=3 (Vi1 j-1k—1 T Vit1,j41,k—1 T Vit1,j—1,k+1)

1
t3 [fij—1k-1 X AT = fiz1 k-1 X Ay — fir1j-1 X A2]

REME -37(E 5.5 D 8)

1
Yijk = 3 HWit1j-1,6—1 — fij—1,6—1 X Az}

+ {1 j41,k6—1 — fi1jk—1 X Ay}
+{i—1j-1kt1 — fic1j—1k X Az}]

1
=3 (Vi1 j—1,k—1 + Vi1 ja1,k—1 T Vi1 j—1,k+1]
1
+ 3 [—fij—1 k-1 X Ax — fi1jk—1 X Ay — fic1j—1.6 X AZ]

ZZ7T. fijk & bound opt THHEINDMETH D, I DEFUEIFEE X 1D B SAM:
WX TRATRENELR D, FEHEROE JIXTDOEFHEMEEZERL, HHERERD
LEE BRTOAMMEERT, Z0LE, ARIATEDHAICEHREING Z LITHR,

BE, FEMEROME XU, NEMEEOMIZ EE USIET, BLUOEEULLIZAT 28
DOBREMENREINT VD, TOHE, BEHAINDERSMOBERE T
1>3>42 +4, 48

THB, DF, EEMBERNE > & & EEEIHN,

PRI AR, SISO AU BED S BRSO ROBIREMIC & o TET B, E UABEDEE T LB
HCTHDA 5, ETFRISEERSEE UTRHAEIND,
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1 it i
fijtt k1 Vitlj+1k+1
—— °

)/ fit1,jk+1
7 A
— —
/
/ f1'+1,j+1,k
Vi gk
4
Ji14k+1

fic1j—1k

7
Vi jk

L M it 1,-1k

X Jit1,j k-1
>

fij—1k=1 Vit1,j—1k—1

2
VYic1+1,k+1 fij11,k41
[ ] e—
fim1jk+1

Jit1 j k41

fig—l, 11

A \

[\ _ 4 _
\ Vi j R
Jictj41k \

[ ]
_ Pit1-1k+1

| Sig+1k—1

Vi jk

Vi jk Jiv1j-1k
5 6
fic1,j+1k
A A
| fit 1,541,k |
' [
‘ ! a Yig1 k-1 Pic1g+1k-1 '
/ f’L,]—|—17 -1
/
fit1,5k—1 fim14k—1
8
Pijok y

A
fici -1 A/ ‘
|

Jic1 jh—

L

Viclj—1h=1  fii1p—1

X 5.4: RN—FVTHR—-HFINTVDHHEmWREASRMSE, TR (6,5, k) ICB T2z 2
D R TH%E I N7 Bi 5 E bound_opt & BEEE S ¢ MO RDDFEH, KENFIEHRI WD A

D] E.
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1 2 3
. Ll ke o .
fz,j+uc;L1 7/}z+ ,J+1,k+ 7/11 1g+1,k+1_fzi4;1,k+1 fi+1,j,k+1
fi*l:ja +1
)/ Jit1,jk+1 ' fig1, +1@
yi _ __“ “_ % | i1 -1 k41
/ \ Pij R
/ fivrgrie ficijik \
Vi gk Vi gk Jit1,-1k
4 5 6
f’i—l,j,k—l—l f’i—l,j-l—l,k
A A
| fi+1,j+1,k
d‘z’, —1k+1 Vijk/ |
I o
Yim1,j-1,k+1 L ik L 1/1‘@1,341,1%1 ¢z—1,g+1é—1 figt1e—1
S figrikt
/ "
Jit1,5k—1 fic1jk—1 Lok
ficij—1k
7 8
Vi gk
Vi,jk I
ficij—1 6/
|
L MMit1-1k |
. fic1,jk—
X fit1,jk-1 —
| Vilj1hk-1 fij1k1
Jij—1h—1 Vig1j—1k—1

5.5: M 5.4 LU, 272U, WHREREENH 256 DEHEHE, BMTHRINLG N

72 U ARRE I,
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5.1.4 T HIL NEZERUANDER

ellip_slv O/EMEIAREARIEN —F 2B D HRENET IV D FERER % B S jifE &
UTEHLTWS. LrL, 2ThEDI—F VTHWS AL, — (b3 /M E
W HBEATHD, TD7d, SWMRBEBYICHRET 2L TINLDL—F Vid—
B 2 AR R R TRE B I N TR OB M E HRERIEHA R TH B,

Rk, ZhoDI—F V% T )V MRS OEM R ARREH T 246Th 5.
T 2R ARERIVHZTI AV OND AV IV A - )y EVIARRR (H CkifkR
JiRE) ¢

V- (oVg)=p

ERET D, TIT, VIXRITDHBEHFE TN M, o, p 3 3RTHEEZ ZHUZE D
RO, ¢ 1ZKRODZNANT—YHETH D,

FH)L b EER
FUSHHEATS 3 HAOMEE (2,y,2) & UL %, FaoH ChfE AR

0 19J0) 0 19J0) 0 ol .
oz (%) T oy <"ay> "o <Uaz> =7
~ . <a2¢ 8¢ a%) dod¢p 000y 0o0¢

02 " 02 " 9:2) Tonor Toyoy T oz 0:

LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

Oo Oo oo

X=Y=Z=0, a=b=c=0, d—%, e—a—y, f—a

EVWOBRICARD, £oT, HAMMAERARAZ AN —F VTRETIBIZI DL
DBRE AR UTEANIZ LW,

I EEAR R
RN OB, FALA AW, ShESAEEEZ TN (r,0,2) L LZE X,
R¢  10% 0%
7 (a e T a>
+<80+0> 8<Z>+ 1 do0d¢ Do dg

or  r) or

or 120000 0202 '
LERTEDDT, (5.1.6) ROZHBEHIGIED L,

X=Z=0, Y=2, a=b=c=0,
r

Jo o 1 0o Oo

d= — — - _ _ -

8r+r’ € r2 00’ / 0z

EWVIOBRICAD, LoT, AOEMMHERGEAZ AN —F Y TRETDEREZID &
D BRI L UTHZT L0,
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BREEAZ 32
JE RS HRREE SR, AREE AR, CERAREEEE TN (N, 0,r) & Lz &,

L 9% 10% 0%
T\ 2020022 " 2002 " 92

2eost0oron 2 \ae MY e T \ar T ) ar P

LERTEDDT, (5.1.6) ROBKHEHEHIGIED &,

g g
:ﬁ7 Yzfz, Z:O', a:b:CZO,
r? cos® 0 r

b L oA (a0 N (00
"~ r2cos26 O\’ 677“2 0 o ’ ~\or r

EWVSHERIZARD, £oT, HOMMFERAEAZALV—F U TRETIBREZID &
BB R L UTHE R T LN,

5.2 Thermo_Advanced Function D{d§%

5.2.1 L—49REEEDEH

RETIE, KEMIZ ) — N 200 B 45 1 % (F) 5&T CReSS 1—H—v =27 L%
BEI, BIEE 7V TR DN EEREMIR A IS & OB D & B2 L — & SR E D
AT ISy

S&L — AIFEMEANZ AR O & S 25854 8 U TR ORKYE 2 Bl L T\ 3 -

L L= oikE o8N (BHEKORYP,) &€ DEBIEAKRKAIIM T THH X
ns.

2. B I N BRI R SQH AR D Bk IS EE 5 &, —EBIZ S, — R I3Hk
BLIND (EbAHA, RABERTE - HELZ% T D).

3. S, BELI N BRI ISE D P, L B> THUOLV— 4 ETRS.

B2 AR — AW DEUL — 4 £ TH- - BREOE N (BEEH) 2HET3 2
TR 2 MAK T O K E X PBAMETE S,

L — 2B X N2 BRI 2 BRI L RET 5. 5 &, Wl ¢ TS 2 BRI
S 41 B D ¢ 802 IS HLD & 1 = ot &S BRIEZ N 7= BRI 1225 . - OBRE

ETOBENEE S IX
P,

42’
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UL, FEBREO L — X3 R8T v 7 F &2 AT 5 72 ORMEIRTOEH D5 Im Y 23E
Ud. B?7?7 34 H I N D BREK DN EIR MO & L RO EDENEEDE N Z IR
UZBTHD. FHHTTED OB I N2 EREIEOEDHE UGa, iamtkosaid EXT,
— FifRAE DS A X

Py
A
TERIND. ZOARFT VT FOMRE (E—LIE R EY) M0 d A< 4mr2 THB -0, &
NEETHEZD EREENVRUGE, BAEDOLWENBEENENZ ERHLNTHD.
ZDE X, FRAMEDESEE L IRAMED B EE O

S/

S

# [7VTFRE] LIRS SN —AEPN (FEAMED L) HAFRENKE N
ZEWDNB. TONRTA—REFIND &, EEIMES RS 5 HH X N2 BRI 0w
i3

S = (5.2.11)

G

, PG
5 =56 = 472
R,

I, V=30 Gl r BN G A RAREO R — HENFET 258452525, Z
DHEDL — X —AILEXRTLIWERZ A, 2328, XN EZEL P OS>, i
r CHEONDES P, IIHHB XN EBIEDOENEENS
PG
4d7r?
U HEDOWEEI FBHMEDT V7O —ARHEE A ICFELWGEEIE, A, =48R,
(5.2.11) 5

P, = AS = As.

P, =P

ERB. ZHIFHHUZBRIEOTRTHESND WS 2 E2RLTWS., ZOHEDN
WS 72BN P, MIRININD Z LRI RT—RRARICHE SN LIRET D &, 5t L ARk
25 EIZZ O BEY DR MR HIRE 2D | F DRSS D BRI OB EE S, (L
RIZBWT

g P, _ PG

“ 47R? (4m)2R%r27°
5. ZOHBEMNOE B I N/ EREEZEMr IZHDZELDT VT IR P LD EN
TRETS. 205G, FHIHITEHEY, BIFEIXTY v T7F&R5DT, 2OL TOZEE
7 P AZEHEEY DS H U - BERDE DS S, 7T DHE A, TENEITEDS Z 2 h
TEWTHRED. HEDNOHEBEINSGEHPEOBHELZILS, ZDT, TNEHE A,
DT VTTNESLZEDTEDENP, 1T

PG
(47r?)?

SHEAMEOH IR E VT, R IREED S FICOAEBIE ZFHETE 2 L 3L <, HBIEDLIY %
FoTEBMIEEHHTEILIZRS. ZOENY 2o 2BHIEOBNIDS 6, REBHOEWH G % A
A =7, TNLUNOE NN ARCR 2 Y o RO —T LIRS, BREEE LA -7
MOREAFD, HEHEEN LB DHEBOEL E—AREL Y, L — X OBIHIEGREICHET 5.

P, = S,A, = A A (5.2.12)

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥v=a7JL 5 {+% 356

Peebles (1998) &2 &2 &, T VT WH T2 EMBEDOBEEEZ N LT, TV TF
D A, (TV—?%ﬁi‘bﬁﬁiﬁ) (= I =

4 A,
G= v
EWOBEBREEHDODT, (5.2.12) I
RGN
" (4m)3rd

EORIFV =G U2 BRHEED S S, HEW?E S 2B X TEERHEI NS
CRELTWS. EERIZEEWE IIRIZE > TRIAMEOS H, B X O—HBNEZ 45 Z &
MEZLNDDT, A, ITHFIZ HEYI OB CI372 < B HELETTIHRL 0 TR DOHEY
Thd. ZOoIFEEYOREI I LZITW - EBHEK ST OEETIRES. Lo TE
AlE
P,G2\?
T (47)3r4
52, BEWINER D OR—RIKRTH 728 RETD. TD D WEMKEOWEE N IZH
RN I VGG, VA ) —ERELATHET 2 DT, &5 EELET R o (ZEERD 5

_ 7|K?D°

I , (D/X<1/16) (5.2.13)
THZbNE., ZZTKIX )
|K2|= e—1
e+ 2

THAOLND, c lFEZRTETHY, BEYMOYNMETIRES. KDOGE, 3-10 cm O ETE
BT K2 =0.930, KORDGE |K|> = 0.197 FEEIZ 25,

FEERO RGP OBEKYEITE—TIZR<EFTHY, MR THD ZLEMTHS.
BEACRL TSN K SR %lfﬁﬁ@“éi@m, —XE->TL %58 (P,) l¥Th*T
NORBEARRL T OHHEINDEN (p.) ORINZEL VDT,

PG2A2  PG2A? ,
P = Zpr —Z e :WV;@. (5.2.14)

22T, BIRRANDEIIR T Z L IKAE LR (IRT i DO fREEAMCH L, %2
S D BNLAKREE B 72 V) O£ 5 SCEL I 1 REAA

Za ZU’, V=L—&DYr7) Ik

YUTHAICEHZL B 7)Y IR E G HHIEL — % T2 2 825 -
DOl EIZFET IR TN ODOKPENTIERL, HE2BITEIEE o KBEPIHEEY Dk
TORKPE L UTHEINEGNSETHD (KM??). ZOHVIFFAEIU <, [EME ) —
N (2001) O 1, 2 BIHEINTORHEFEMEZSZROZ L. B> 7Y ¥ T RO BT
X heddr, E—AEO L L —205 DM r 2 AW ZMEROHESR (X?77) 2% L <,

rd\ h
V = — ) =
(%)
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EoT, BBV XV — X OUREIZOMEGFETIMHEETH D e B¥bnd . X5(Z,
(5.2.13) DL AV —#ELZRET S &, (5.2.14) 1

PG2)\2
p=_"" Vg Z |K;|*DE; (5.2.15)

Z TR B RN ORI T H S = L ITHIET 5. $72, Dy 1k i REOWIM j &
SRS ET. K; RIS 2 DT, %0 7)) ¥ Z RO R Bk
FAASTNS S LA ZELTREEHOTIZ L YD TH S, MHKTFORERE K &L
THAETHET S ¥, ERiE

P,G*)\? 775’K|2 216 2 ‘Kj’2
P. = D? = 2.1
(47T)3r4V d ; TRt W ENLLY K2 (5.2.16)
K Z2YMERTcY—hUET &, EXROBHIEE X
> miY D}
j k
LHEIHAONDG. Ko T (5.2.16) &
PtGW 5\Kl2 2 ) _ |KGP
P. = DY, = . 2.1
Mﬂ zy”EZ koo T UﬂQ (5 7)
ZZETT (5.2.17) AlE
P,G%2)\? 7m0 |K|?
PT_CZm ZDk, 0= Grpt’ (5.2.18)

LEEDDHZIENTED. UL, L —ADZET 2ENDBEAR T O - KEIITH
KT BHETFL LV —ZDOMREICHKT IR FOEE L THIFDIENTIDLNI LR
TkUTW3 ™S &0, L— 4 DZEENILM UK 125 U8 - K& I TREHOH
MAEREICHFEEL TV LTH, L — X O/ L — X L AR T OREREIC & > TZEE
TNZEPEU D ZL1lRhD. Z0£E %R U, 225 L —X TR URBAKK DT % HIE
THOREL LT, L—XKHINT lradar reflectivity factor] 23 A I N7z, ZHid

Z=>"Df
EUTERINDD, N FIZLDFERDENEZZET D &,

zZ=Y m} ZD], (BAT; [mm® m~3)). (5.2.19)
j k;

J

THEO/I % b TIEARL h/2 10T B EEIXASRMZE ) — b (2001) DK 1.3 12k 5.
TSRHEAEIE C IR £ TOMERE r IZHKRTIEAEEENDH, TR — X0 D OB DR L
ZASRLIDZED O MIE T E S BHEZ DT, AR TR S ZVHIE R REAYHETHS.
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(5.2.18) W3 &,
Py
(Z =) Ej m? Ek Dy, = el (5.2.20)

Y, EOBBRNS Z 0L — X OMREFIKTFT 2/ A—Z C KL TR FDRE X
CEBA DA ERFETIDIRELBRS>TVWDIIEBNHLNE RS,

(5.2.20) Ao Z 1%, V—HBIHIINAZZEEH P L V—XDMWEE/NT A —& %
TRHTDIENTED LD, ZIEBINOHEYE Z 2B T2 LA THD. — 4,
(5.2.20) DD ZEEHERESTHE, RKKAETIVOBEBREHANT Z 2 RKDD Z L WAHETH
5. L—REHTITEARNZR D; DB DGR DNS BN/ P, C 25l TZ%
LD, KEET BT

> Df :/O DPN;(D)dD
k;

EWVWSHBREHANVD ZET N)(D) DAHEPRFONTONIXEEBD AR RS, T2
T, Nj(D) \FHAZEEAEN IS 5 H D HH j ORFHOHOBUNEIEXE dD & 7=
DIZEENDRTOMBERLZYHETHY, BAIE mm ' m™3 THZ Y. ZOHRE
Hnws e, 71

Z = ng/o DSN;(D)dD. (5.2.21)
J

PNV I ELERE 2 A D KRKE TV T, SRKMEORAL (B&) LHEBUEE (M
) 2T, TORNBREIMGEZASPORBRBIEZRET S Z L THEMT D FEINERH I
N30 ZOFETIEBAMEORALEBURE L VD 2 DDRF A—RDAZRTRES
MHHRE I ND. HIZIE, BB A ZIRET D &, BAARRED 72 ) DBALRARD 72 D) 12
& ENDR T OME N(D) 1E

N(D) = Nge P
BB, ZDEE, Nog WRBERAD y YR BIRE, N\ KA G EZRODMEE /NI A -4
Thd. oT, BAEKRBICHFIET DH T ORI n 1

n:/ N(D)dD :/ Noe *dD = % (5.2.22)
0 0

Y, DR, BKITFE D ONSVARBIAICY — b B I LT, D5 D+ dD &0 S BUNERIKIICE
FNDRTOMBAZTTORTAED D 2 RUHDETOIFEEINI LILRD. T, KT D 5
D + dD OREMIFET D BAUREL D 72 ) Ok T OfEEHS N;j(D) Th > 7254,

k' +N
> Dg, = D°N;(D)dD
kj=k'+1

ERBDT,0< D < oo THATHIZBHEAIZE UL RS ZEDBHLNTH S, RFIFELRVRIEK
MITIE N;(D) =0 R2OTHEAKEM%E LD XD ICL>TH, MANEEIITHEL RV,

O FE Y NI BRSO BOERE DRI AR DFEZ LIRS I & ARG DR 2672 1 Tk %
D, BARMZRRBEDEIIEE SN BEERTREAIND. —F, EBEORKITH T 2 BkYE OBIEE DRk
DA BRI T LA IZIFMIZAE T 2 Z e G I NS, IR, BEAVRFIFERSERTIHRE. UL
U, TN2REETMICBWTERT L2013 1 DORBKYEORREZEFHE T2 OITB/NER T 212
CV ARSI TENTNFMAR 2 HEI T LRI NER L5 85 (CVIEMmEaE). JEFHRERDE
KEBEMER SR T720, SIREROMENSL K DET VTR EZITHON TR,
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B D 72 V) DRKYEOMRE SR pg 1%
pq = /OO vpN (D)dD.
0

ZI7T,p, q p, v ZFTNTNRKDEIIEE, BRSYEOIREG L, BRYEOEE, B

WEDOKETHD.
o 4m (DY’ _«D?
- 3\2) 6
THL I Lz2MHTD L,
> rD3 1 N,
ﬁq:/o %pNge ADgp = EpNOF(4))\4 = 7”/’\40. (5.2.23)

DL E, I'4)FAVEETTIA) =312V IhH60BBERANS &, (5.2.21)
A&

Z = Zm / D®NjpePdD = ZmQNJOF
Tz (5.2.22), (5.2.23) REMRALT, BAEN ¢ LREIRE n OADRIZE SR D L,

_ 2
Z = 7202m?nj <pq]> [mm® m ™3]
J

P54

—_— 2
_7zozm§nj( P4, ) x 10 [m?)
j

(5.2.24)

(5.2.25)

TPjN;

B2 =AY MV T I (BBEKIEDORA I ¢ LAEIEE » OREREEZ THIT 5
WELERE) 2B LV — A KRN T %25H T2 RATHS.

(5.2.21) RIFMD /I ZIFEIZEFEHBETH S, HIZIE, 1 E— AV NIV (K
W DR AL ¢ D ADWEFIFEE %2 FHld 2 M EiERE) THRBKIZL T Z OFHHE R EH
TE%. 1 E—AY NIV IETOBUEER DA IZ

N;j(D) = Noje NP, Noyj = B

EWVWOIETERINTS Y, y YR BIREAERD 720, (5.2.23) X & RIBRIZHAAMD /-
D OBKYIEORERZRKDD &,

N,
g = ”)’\4 0 (5.2.26)
P CRADESNEE>TUES. DD, 1 E—AY MSLZEDEEIIE Z OFH

IZHALEME D 72 D DR T OMBURE n ZBELZNZ I8 5. EX% (5.2.21) KNITRAT
I,

m2 _ 7/4

m3Noj 9 p4;

Z = I'(7) § V - 720§ m? Ny, (ijN0j> . (5.2.27)
J

main.tex 2021 4 11 A 24 H (GHEERK)



STPK ¥v=a7JL 5 {+% 360

£-o7T,
pg; \*
Z =720 mZN( J ) mm® m™3
Zj: I \ o Nog | |
) » (5.2.28)
P45 18 3
=720 mZNO( J > x 10 m
; 7 J Wﬂ]NOJ [ ]

M1 E—AY NIV EMYBERIZEIT2 Z DORA LK 5S.

5.3 map_function D{TEk

5.3.1 BE=/A%

Z ZTlZ, map_function EYV a2 — IWIZEHRINT WD ERE L TOME - RIEROFE T,
BRI MO HEETHOONTW S ZEFIERIIDOWT, BRI =AIRIC L 28 217 5.
E9, K =M EBAEHIIUATOBY THD.

TEALE B
sina sin b sin ¢
= = . .2
sinA sinB  sinC (53:29)
- AR B ~N
cosb = cosccosa+ sincsinacos B, (5.3.30)
cosc = cosacosb+sinasinbcosC, (5.3.31)
cosa = cosbcosc+ sinbsin ccos A (5.3.32)
- J
- ER AR N
sinbcosC' = coscsina — sinccosacos B, (5.3.33)
sinccos A = cosasinb — sinacosbcos C, (5.3.34)
sinacos B = cosbsinc — sinbcos ccos A (5.3.35)
- J

D& X, a,bc,A,B,CIEX 5.6 DY) THD.
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5.6: FF 1 DBEAIKIZBEWTEREINDEKE =M ABC. ZOKE =AK 2 HKT 5
ZHIMNIERDOFLEBEDHDOIRTH 5.

INODEHIIH 5.7DEHIIHEZD L, TDF FERAEBIERDEEREIHEHT S Z
EMTES.

B 112radi XX 5.7 IZHWT,

o1, A1, P2, Ao

ZPHMOMEE L, ZN60 2 KEOMIREEEE r 2 KODSBEHTHD. INERKDDITIE,
(5.3.32) RITBWVT,

T T
b=g—d2c=5 ¢, A= —A,a=r
e,
T m . (T . ™
COST = COS (5 — <;52) cos (5 — q§1> + sin <§ — q§2> sin <§ — q§1> cos (A2 — A1)
= sin ¢9 sin ¢1 + €oS P3 cos 1 cos (A2 — A1)

L5, £oT, kDdAIZ

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (A2 — A1)] (5.3.36)
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Ha%%@ﬁ%2ﬂu%oﬁﬁzﬁ% INS5DLDE S —FOUDEX r 2KDZD
DEEE 112radi THD. FHE%E 2 LIZEODT, TNODETRIL 2 LORE A LR
Y, BT RSB T 5.

LR85, T, ridBERICB I 2AETHIDT, FREROKIZBEWTIX, rRETDZ
LCHEr DO ETOMMOEXZ2ROLND L WVD Z L IFEETL . 2EARL,
R = AROXMIMNIZNZ N, BROFLZELHEO—EENLTH D 2. X 51T, A
(1, \1) ZBFURE U, A—m 2 EMAICEOEEmAEF A 5. ZOEEHICMIROKEH r %
U CHRE LUZE DN EHRFIETHD. 20 X, HEVEHET IV IRELZE X 4y
il % FARIC - BIE D L, o lE (o1, M) 2D, TOFFERITER T D MERZ— B
T5. ZOMMIEROHFLEE S TVD. ZOTFETERE EOK S ZHELRICKRE LS

D% IEFHMMEL NS . 1120t 1E 112radi (2 & DM RICMAT, AELHEL TS
D, ZON—F 2V E NS &, BV BRI O/ % EHECRE TS5, BP0y
IEJE R0 S BRI E TORHEY 3 il % 7 B2 &2 TNTHEE I T 5.
COHREIIEXICEEAMMETHD. ETIREHOEDOIRLAZDT, BUF CIRERE
Eo 2 FHEOME S 2EIFE LA =ZAEZHVTCERTS. 20 ¢ & o i

"Ugzpod 112radi X r &2 R -5, HERDEFRZ DT TEBOEMIZEL TV,

T2HER EOME TS R ONIMEM LIRS I L ITHE. MEMOBEIXMOBRITHME ITRE L T2

T5.

*13’0)@‘* EERD LB, B DS EERE U EIC T A0 NEE (5 U < IEERBIEE) T, y i
ICERDO PR IND EDICEHETD. 2%V, REZHROT, o Wl EDSFRBEIZE S RV,
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SAEMYZEICEY), p i ETED LR EDIZMOENDS. EBAA, ylllE il ER L
TWHDT, y#ll LT o =4n/2 THD. BEHDOREIE r OFHREEFRRD 2 ;i TORMERRE
EINLDENSEHRL - 2 MO THD. 72720, 22 TOBRE = MA7EIZ A
2AE U CEREST 20T, il r M TOMNMOEY, D) A [rad] 1IZFLWVI L
WIHEETS. §6&, EERABKIZA, B, C, a, b, c DFNZTNITIX

a=r b:g—@, c:g—qbl, A= — A, B:g—go
PXIRT D, ZIT, s (d1, A1) FEFEHOFATH Y, BEFHIO o I3 5 % 38 2 Bk
FEOFFRRIZER L TWD. ZAuE, B B2 X D Bk T o 8 s 3 % FER
EEATHFAIIBER LTS ZEZRUTWS. KO o &2 D 2 8IS 5 FI50H
SDOAERDT, il EOMIRE FHENERL TSI NS, Bldo DRMAIZZRS. T
% L IEREER (5.3.29) 25

sinr _ sin(7/2 — ¢o)
sin (A2 — A1) sin (/2 — o)

L #%3%50DT,

sin (A2 — A1)

CoOsp = ———
smr

WEOND. ZOEFETE p2RODILIIFARETHEOM, APLULETDI L, r 2 kDL

BN < 785, (5.3.35) Anb

sin r cos (g — cp) = cos <g - q§2> sin <g - ¢1>—sin <g — q§2> cos <g - ¢1> cos (A2 — A1)

COS ¢2 (5.3.37)

= sinp = ,1 sin ¢y cos ¢1 — cos Pg sin @1 cos (Ag — A1)
sinr
LRBHDT, Zhe (5.3.37) zahbEd L,

sin ¢ cos 1 — €os ¢ sin ¢y cos (Ag — A1)
t = 3.
any sin (Ao — A1) cos ¢ (5.3.38)

YBB. EoTr 2BICRELET o 2RDB I LNTHEL 5B,

RN, BT —F > rt211 13 ¢o, BIE N ICBWTFE M %E L D, MEERE (rg, §p) Tx
XNDHTOME ¢, ERIEN, ZRODEDTHD. ZZTEZTVDIBREREIXR 5.8 D
KORBHETH D, ZOREEOERES M OBEEEHXERRCIEA <, BRE EiZih > 72 HERo R
BECHISND. F72, AL EOMREIRERE LD ¢, \g TOHEFHEZ X2 I
TR % 0y = -, FRHARI S % 0 = %” ELTEBNG. THDY, 6= 1. sm
FEOEEORE rg ITRETRZLEEZ, N EWORETETHD (FHFMEICESTH
%) LWVWD ZIERETD. LEAST, 0y = 0,47, 2n EOLEDRHEE ro 13N RIZ5E
2L, DALITND. ZDO& D BREEERIZENT, 19,00 TORE ¢, Ny TRTD L
FEATREE, FIHMOMEIE

®0, Mo, to, To

Wy nbt, ZOFHEIFEROFLD S 5 (do, Ao) ITMIEU-EMEERZTS.
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5.8: X 5.7 LRI =M. /=L, Z 5.9: 5.8 YRS 2ELU.
2T (pr, A\z) WRHDEKTH D . 1 T2 < 6 < 3n)2, -7 < Oy < —7/2
JERE BRI AR RS TR (do, o) IZJR DL DIRBE.

RS, MEEERELT (ro 6) &85

MOREERIE (¢r, \o) REHHTD. 2

ZT, 00 DeYDdMEIE —7/2 < ) <

/2, 31/2 < 0y < 27

RO,
A:AI—AO,B:g—eo,a:ro,b:g—%c:g—% (5.3.39)

YOS RSB E S D, I THELATNIES L AVDE, ERIBERASABOL B A
@@%@Eﬁtbt%éwﬁﬁﬁé.OiU,zwﬁ@%wﬁﬁ—g<9m<gin#

Y @a. BL, T < 9037” DI 0o DB & F1E, 11 C #EEFEOE A L LCli%
ANBETHRENDH L. 20 XONSERIE

A:Ao—)\x,Cz@o—g,a:ro,b:g—%,c:g—gbx (5.3.40)

LR35, EoT, AFTI, —g <y < g F COME % regl, g <y < 3% DHiFH % reg?,
0 = ig % reg3 ¥ LCENENERMT S,

regl MDD 58 TH5.
2T, BHEICAE C 2 HWRWODT, (5.3.30) 12 (5.3.39) & HWT,

sin ¢, = sin ¢ cos rg + cos ¢ sin g sin Gy, (5.3.41)

PELNE. INE ¢, ITDOVWTEHETE L,

¢, = arcsin [sin ¢g cos 1o + cos ¢ sin 1 sin G|, —g < By < g (5.3.42)
ERD. G MMEOLNZDT, ZOfE%E (5.3.39) & & & HIT (5.3.29) ILRATD L,
. cosfy .
sin (Ay — Ag) = p—y sin 7o
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ERBZOT, Tk N\ &

0
Az = Ao + arcsin {COS 0 gin ro} (5.3.43)
cos

L85,

reg2 Mg DI 59 TH5.
2T, BHEICAE B 2 HWARWODT, (5.3.31) 12 (5.3.40) 2 HWWT,

sin ¢, = cos g sin ¢g + sin rg cos ¢g sin Gy, (5.3.44)

NEOEND. INE ¢, ITDOVWTHEET S &,

¢, = arcsin [sin ¢g cos ¢ + cos ¢g sin 7 sin ), g < by < %, -1 < < —g
(5.3.45)

B3, FiZZoRIL (5.3.42) LEUBDT, ¢, DEHIZBWTI, ) OEPH % K
W22 B<A—DORTHETLZZENAETHD. ¢, WMELNZDT, ZOHE
% (5.3.40) & & EIT (5.3.29) ITRAT D &,

) sinfy .
sin (Mg — A\z) = ~oos qb(; sin g
ERBDT, ZTNED N\ &
. cosfy .
Az = Ao — arcsin | — sinrg (5.3.46)
08 Oz

L5,

reg3 ZODMHIMTIE, KD D RVHBEHEF R LA UREL RS, DRI,

A = Ao. (5.3.47)
T, FHERETHZ 206, MERIZE T2 - (370 F FMEEE S TOkR
EAE % FHWT,

bx = Po £ 10. (5.3.48)
ST, 0= ORHSER, 0= 37” DESIFE S 2%,

PAESBRIE BB 1 B BEDE#TH S, 22T, Loikimid e THRAMERE E L T
WB DT, BABRI EDOE#EIE rad BADOHE L EMERD. LT, EEOHREZ KD
RIE, FONDAEICKROYEEZNTL L THAETES.
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5.3.2 EBEXEERICEITIEERY NLOZEH#:

2 *@iﬁ@lﬁi@ %;\% ($1,$2,$3), (51,52,53) %‘:’%Z).ZD %F‘JZ %%f@lb‘“‘)b%ti
(hats ha2y has), (her,hea,hes) £ 35, ZDEE, TNTNOEERICESNDFEE Y b
V%

(mla T2, $3), (517 527 53)

Y95, ZOEM EIEEOWUNRY NV sz 2iko7- 2 &, TNTNOREERIZE T

0x = x1hp1021 + To2hyodrs + 33023
= &1he10§1 + Eohe2da + E3he3083
ERBETES. EROAD 2 BEOAMNS

o+ @ hag 02y | has w3, he1 061 hea 682 hes 0€3
L2y U 0xr | Chpr 0z Y hpr0my | 2hyy 0xy | Shy 0y

ZOWNRT BIVIZDWT, §z; — 0 DI %2 Z 25 &,

$y+w2EQQE% }%28$3__ he1 06 f%za&_+ hes 03

hxl 8{E1 ha:l 8 T 1hx1 8331 h 8x hxl 81‘1 '
A UPERERIZIE 5N HWVDREEAN T MVIFHSITH D 720,

_¢ he1 061 hea 082 hes 083
Yhot ha;l (9:6 h 8w thl 81‘1

Ty, 3 DVTNE LRl L FARKD HIETRDD Z LN TES.

+ &

&2 (5.3.49)

INe—fEONRT MVIGHT 2 &, HIELBERIZEVWTERINDEERT M
D& % B DELERER IS T 2 B IEET SERANEONG. XY Mo BT
AV D EERER (z,y,2) TRIINTWD LT D, ZONRT MVEREBEER (N, ¢,2) IT4H
THILEERDL. TNTNOREERDMTORBRAIX

T=7Ccos¢Ccos), y=rcos¢psin\, z=rsing

CREXND TS5, ZOBBRIFESEENTE TR LTV 2R LTWS. T
MV N ERERDILEN Y NVE (i, 4, k) £ L X ~7 MU

v =01+ vyJ +vk

ERINDG. (vg,vy,0,) IFTNTNDEENY MVAROKS RS, EORT MVIEER
FERERIZ BN T
vV =vyey) + Vgpeq + ve,.
Z T, BKEBESRTOEENRY ML % (e, ep e,) & U, TNTNDEIT % (v, v4,vr) E U
72z, ED 2 Anb
vaey +vgey + vper = Vgt + vyJ + vk
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THd. [\ UEBERTOREEIEIEIIHNZOT, HlZIXERTLIZ ey 2NTd L,
Uy =Upt-ex+vyJ-ex+uk-ey (5.3.50)

R TAINEIERTONY NVES D HERFEREA TO RS % KD 2 EBRANE 5
5. B DEREERMOREENT MVORERIE (5.3.49) oG oNS. BARRIZIE
1 o0x . 1 Oy 1 0z

€= zrcos¢5+Jrcos¢ﬁ * rcosgbﬁ
10x .10y 10z
€p = z;% +];87¢ +k;%
e —ia—x—i-j@-i- 0z
" or or or

&V, TV SRR & BRERER OBIRA 2 VT EXDOZEMMA 2 57T 5 &,
ey= —1isin A+ jcosA
ey = —1isingcos\ — gsin¢gsin A + kcos ¢
e, =1CcoS¢cos A+ jcosgsin A+ ksin ¢
MEHEND. X-oT, (5.3.50) R
Uy = —Upsin A + vy cos A (5.3.51)
CEBINDS. AU SIT oy, v HFLND.

L EDFEFEIZ, B2 EREEMOBEBRANG Z 5 NNIE, EEOXRY MUIZDWWT, Z
N5 D FEFER] T D EBEARARKD S, BRI MIVODS A BN ARETH D Z L %
RLUTWS.

5.3.3 %

Tl EEREEMCTERINDIEFRE TV NEERLEBRDIT 20 D010
M #e5 & BD - D DEMBARZ RS, T 2 TmR X N7 2 LR34 5 0D 6 ok i e A
6B SN2 T 71V N EEEERAD AR Y NV OB BREHD - OIZFHINS.

LY, MBS IIIRE LOERDO K Z KO 1 UG I 2 2O DEMFLETH
. BRI % FHICEM S 57280, B ETOME (RS, A Y) 33RE ETOEDLE
ULLIRDZLETERD (WINLOMEICBWTENKAET D). MIKEHOMRIZE
WCHBEZRUIEZLED LR ED LS B THENL WD T Ll HFENED &L S AfE
Bz BRI TLSI L THS. UTFTRIHMEETEITNSZHFELZDL, £
AZEHT L. 86, FRGIEOWE R - FIA7R EIIAREOHF 2 2 5 O THEHMIE
AT D.
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XA MIVEE
B??TRIND & DT, BEHARE FIZHY 2 FEHMRICEE X 2, SEJEAHBER D i
» B MR % MEIXE L RS, B TFHAIIRT A, AN A MVREEIFRE R S FERET
T4 <, FAEHETH D720, MEEICERE %2 % U2 &, SR TOHA ORI
ETOHMEIELLS B EDICHHMNMBEIND. E5FTEAHL, KE ETOEINIE
MEICRBEIND.

HiBR B DR, FE (N, ¢) ER??2DOE S I28Y, DK EHHEE LIy I ¥,
(A @) = (\0,0) £ B BHE LD HERELETERIND FHI NEERDFE N (v,y) =
(0,0) IZXEIXED. AR TIE, 2 I TEBRINZT AV N EEIERADERA - CORMERE &
YD &> BHNISHEGRE L O R RMIIZERT S,

9, o AANER??0 O, EEIKGFET 2 2 &2 < y Bl SEATISRE DS U WD X
Nd. ULn->T, HLMIZ
x = a()\ — o) (5.3.52)

THsH. 22T, a BHEREETH S0, WIT y HAZRT?H 5, FEHED 5 A ¢ ()
DI B L Fﬂﬁﬁfpﬁcbé,ﬁfoﬁfﬁf@qSODI«j?ELOD)ﬁ%T“%ZL’Cb 3. LEnioT,

y =atan¢ (5.3.53)

L%, (5.3.52), (5.3.53) 7 THE#EHE] THRE I N/BRE LD R EHPH ETOR
DEFEAE 25,

LIAT, MITTRIND LI, BRI LETOH SN ABCD & ZTAUIHIGL T
FIfE BERE BUIE TR S 7= it EJ:“CO)MUJ\EfE ABCD T, Ny~ DME (Jifl)
MEZOTWDZENDND. Td, 1722 HARENEAN 2 REF L RO IEE
MHTHD. HE ABCD IZBWT, i A0S C ANDSfAA% ¢ Ld5 &, B =M%
DR 5
sin 6’ sin (ZA'C'B’)
sinB'C’ ~ sinA'B/
LR35, [ ABCD B&ERDOAENET n/2 THD-H, EXIZ

sing  sin(w/2—0")

sind¢  sin (A cos ¢)

LR85, £oT,
sin §¢ 09

sin (JAcos @) dAcose
N, BRI ETOHATH L. BEAANDERIL §¢, A< 1 THE2ZLEZHNTWVS,
& UMEBIENEANEZ RFET 2D THIUE, BEEDHM ABCD IZ51T558 A S
MCADHAZ WO IZ—BURTNER S A, FEB mfE ABCD 128\ T,

tanf — BC _ tan(¢ +d¢) —tan¢ (iy
WMUTAB T ) ox

TBREDOFHMTIE, FHEAMNICT S 2OMBRIIERTH D LIKET .

tan§ = (5.3.54)

(5.3.55)
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YRY, LM AY THE. ZOLF, o HARELIRTI, y % aliTBILTY
&R DR UV EERER

Yy = ay = aatan ¢
ERGPH EICHETS. 2D aldk

tanf = atand

ERBEDITEOEND. 5L, (5.3.55) ZHWT

ady oy

or 0w

ERITED. Zhid, mHE ABCD O % X770 & 512, [ ABEF (Z#fith 722 & 12
WInd 5. #fidd I THAZKEATE —HIETWD. (5.3.04) EEXRZHWD L,

tanf = atanf =

ép oY
Shcos¢p oz
8%, 0x=adl\ThHd7=D,
a o9 =0y,
cos ¢
Y dy DEFMLETH D720, EX% y HANIHED THIE, ¢ O&RITE T 2 ERE LD XL

YEE ¢ BSOS, BARNIZIZ EAN DS
@ / Yy’
CL/ d¢ - :/ dy//
6o COS Q@ 0
_ T, 9 T %
= vy —aln{tan<4+2>/tan(4—|— 2) }

LB, CNETOHIDD, y HANH MRS (S FIRREY) 12 &> CRIGHIZ Y
XN HHE LA B MR R, BLEE Y, ALH MV X N R LT O
(A o) LRME ETOTF AN MERE (2,y) OBIRIE

! ( > } (5.3.56)

A=, ozt { o (2] tan<4 ‘Z°>!}

LEMNG. CBRHORE—BEHORZH BN -EDTHD.

= a(A — o), y—aln{

512, (No, ¢0) T 7V N FERED R 5 (z,y) = (0,0) EBEWEGE, JF i AT DFEE
FRIE E TOMEHE - 1%

r=v/22 + 12

ZQ%A_AO)%{M ) (Fe )V s

ERBTEL 20, MERERIEDEPRONT VL GE, BN AN MR L -
BXOJF RS DEEEZ KDL Z e N TES.
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Z R M EAM#RE

K??7TRIND & DIZ, BRI O MM —3 U 7~ KIEf %2 £ DH#ROBEH % E 2 5.
Z ORI IZERE ED 2 DO RR BT ¢, ¢p TEREIE ZH-oTWE 10, [
MBI OENR X DI, B I N MO RFRKITALE 8 ORIRIZE S, BRE EOMEITHE
DL S U WERRE L8RS S 4, BRI EORE TR O HLD S EGHRICEE I 5.

ZOLE REEDLEDE (N, ¢) = (Ao, do) SHIET BB EDSIZHBNT, Bk
(z,y) = (0,0) ZE S, M?2UTRIND & D12, REMRE LM MDA D Hr%E ylile —8X
T2EDBT N NEREERS. — 5, 2OT AV NEREEIERRY, K?7TRIND LD
BRHIDT FV N EEIER (w,v) %8RS, ZOT F)V NEERISEE EORERN =\ &
ACHBD 5 AR GBI AN w Bl 2 RE L, AFRELAMIC o2& ETDH. Lo
T, (z,y) & (w,v) DEEORRIIHS A

r=v, y=wy—w, wy=w(p=dp) (5.3.58)

Thd.

£, TN SRR (w,v) LEGYHETOMERE EOWNBEREFND. ZBDL s,
o DEFETH b CHRERE IR O FRub 2 & S BRRE EIZBGE 3 4, BRI AL S IREGHIRIZ 8 X
NTW5. L»n->T,

w=rcosa, v=rsina (5.3.59)
MR NLD., 22T, r, a lZEOHFLNS DL X\ = X\ (0T 2 w iAo DAET
HD. TD 2 DD/NT A =R L THY S 2 #iFH Ik

aA=0)<a<aA=27n), rp=7/2)<r<r(¢=-r/2).
72U,
a(A=2m1)—aA=0)=03, r(¢=7/2)=0

THDILIZHEETD. U, CN5D/NT A —ARRRERE L YO &> RERIZH D H
ZRMICEERT D,

FOAE alda=005a=p8FTOMTERRBIIRENEE IND. LAad>T,

(A=20) = 257T0‘ (5.3.60)

EWVDBBEAEOND. £ ZAT, M#ERTEDOWHE M 0 1EXK?775 5 ATLS 2D\ T
7T
/TSL = 5 9

Thd. £z,
/OSL + /TSL = g

65 VOV MEMMSERIEIL I DIES ICHEEREE 2 DY B, TNEND FAERE & R B R % #ET
gt BEREE | DUDRAT, TOMETRICHMVRE LT LS BRRELTIHENDHD. 22
TId, MIEOHEERLEE 2 DOETDLGE2FETL.
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MO S & 2 DOFUERE O TEFEE ARG & R DD R DT,

D1+ @2
2

ZOSL =

M) LD, ULW->T, ZTSL X

_T _T_htd
/TSL =7 - Z0SL = - - P02
INEHWD &, 01F
0 =2 — /TSL = ¢1 "; ¢z (5.3.61)
D& X, ML ERIDA 8 R CRIEHNC RmEIZH$EZ YD B> 72 & T DEHE O HIIDE

I s,
s = 27RP = 27ma cos ¢o.

Z D s IZFMI8E% B bt & X, G ITHIET D FIIRDHLD S DEEHE r(¢o) (BT 2 WDM
MOEX (=r(¢)p) IFELW. LzR->T,

a Ccos ¢2

Iracos by = r(62)f = 0 = .

sin ¢
2 AN S 3 ANDEIIFZE?? 0 5 HHEDOWTH ATPR 2F A28 &, RT =1(¢g) £45 2
EMB, r(po)sin =RP THEZ &2\, £oT, EANS BIZOWTOREFKRR

‘“;‘”) (5.3.62)

B =2mwsinf = 27 sin <
PEHNSG. HEED KN SERO L E TOERE (MDY ) TO IZATRO2F A5 &,

FHEAOEZLEHR LY
sin 9 _sin ATRO

a TO
X725 LZTRO =7/2 — 0 + ¢ DT, AL

sin (5 9+ ¢2) - ﬁ cos (0 — ). (5.3.63)

sin 6

UEMS, #5 TQ EDEEDM X (TX =1r(9)) &> TELND ATXO IZDW\WT, IE
IRRE BN &

sin(7/2 —¢)  sinZTXO  sin(7/2 — 04 ¢)sinf  cos(§ — ¢)sinf
() - TO acos (0 — ¢2) ~ acos (0 — ¢2)

B cos (6 — ¢2)
= 9= aCOS¢cos (0 — @)sind

YHBB. ZDEE LTXO=7/2—0+¢ & (5.3.63) &

(5.3.64)

LIAT, MI?TTRIND &SI, B ETOHLSHWUNAE A’B'CD’ & TRIIHIELT
PSR TR I N #e it EJ:’C@@AI/J\E?E ABCD T, NLEANDAE (Fif)
MEZOTND ZENDONDE. ZIk, B35 MR PNEANEZ RFE LR ORERIEE
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MOHTHD. HE ABCD IZEWT, sl A 06 CADA%Z O L5k, Bkl —=Alk
DR S

sin®  sin (LA'C'B)

sinB/C’  sin A'B/
L85, M ABCD EEROHENET /2 THd 72D, ERIF

sin®  sin(r/2 — ©')

sind¢  sin (0 cos @)

E8d. £oT,
sin d¢ L

sin (JAcos @) dAcose
I, BRI ETOAMTHD. EANDEIL ¢, N <K< 1 THdZEEHNTND.
E UM E N EMN 2 RET 2O ThHhNIE, LD ABCD IZ51F2 58 A 0D
MCANDFA%Z O MR IZ—HURITFNEZRSZW, EEE, K ABCD 28\ T,

BC —or —or
tan® = AB ~ rda rsinfoA (5-3.66)

R, HALNIO £ THE . EROBRPELIZI (5.3.60), (5.3.62) V. £
72,34 BC 1334 B'C’ L BEEEDOMENETH D720, sl B S C ANOZEANRTH O
X, —0r LESVEO ZLIZERETD. 20, r HAZZEIETIZ, a% f5T52
ETao ERDHLVEBER

tan®' =

(5.3.65)

o = fa

R LTRSS, 2t kY, (5.3.58), (5.3.59) TEHRI WD ETOT AV
NERER (z,y) BET (w,v) BEFEATIERVEL S HBEREICHEIT2EEHTOT AV
MEREZEZLTWS. 22 TREFFICEMMBERED-ODT AV MEEE LT (o, y),
(w',v') ZERVIET. 2D L E, (5.3.59) NHHLMC

/ T

w =L cos o, v =—sind (5.3.67)

f f
Y5 &2 (w ) IFRS NS TS FRRIZ, (5.3.58) 1

/ /

=7 Yy =wi—-w, w)=w'(p= o) (5.3.68)

BBV E S PHRE LAV, RO LS ITRT I ENTES. (5.3.64) 25
S — 0% (6 — ¢2)6 [ cos ¢

sin 0 cos (6 — ¢)
_ cos (0 — ¢2) [—singcos(§ — ¢) — cos¢sin (0 — @) 5
~ Y e cos? (0 — ¢) ¢

_ cos ¢ cos (0 — ¢2) B
= a—sin(}cos(G—qS) [tan ¢ + tan (6 — ¢)] ¢

= —r[tan¢ + tan (0 — ¢)] d¢

% (5.3.66) IZFIWT

_ tan¢ +tan (6 — ¢)
tan © = sin 5\

L7323 728, tan @ # tan © IEHH S A,

o X, fIREBEROT, (w,v) R (w,v) REVEIDMEELTNE I LIEETS. 22 T1/f

ENTZDE, BBEOREERIZTE2ZOTHENIDMNMET>TEH—RIEIZEDNZN.

o¢
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Y5, 72 (5.3.66) 1%

ltan@ _ —or —or

f Frsin@sA  rsinfoN (5.3.69)

LB, ZOEEEBIZL ST,
, 1
tan ©' = ?tan(%

WX NB R 5, (5.3.65), (5.3.69) 5

éop —=or  —or
SAcos¢  frsinfd\  rsinfsN
éop  —or
SAcos¢  frsinfor
o —or

cos ¢ - frsind

WEoEND. Lo T, EX%E r(o) AMICEZT D &
¢ de B 1 /T((ﬁ) dr’
/¢1 cos¢’ _fsin9 rp) T
T ¢ ™, oo\ 1 r(¢)
= o (53) S (54 9)] = [
r(¢

r(dn)) _ [tan (Z + Z)/tan (Z + d;)] o (5.3.70)

R, L r(o) DEBEMELND Y. (5.3.64) R D ¢ & r(¢) DEIRMEIZBIZELNT
Wd 72, ERE (5.3.64) NWORERE f DiEZKRDD. TD/DITIX, ¢ ICEAKNZfEEZ
VT, ¢ IZDVTOMNIE —7/2 < ¢ < 7/2 RIZHB T B EEOHETITONG /20, sing =t £\ D

BREHEAND Y (cosp=t LB Lsing =1 -2 2RET DL FITEADGEN I VPBEIILD /-
OFETITAR),

] d¢/ /T(¢) dt 1 /T(¢) |: 1 1 :| 1 -
= — =5 b ——|dt==[-In(1—t) +In(1+ )5
/4,1 cos @' Tiete) L= 12 2 )5 ey L1—t 1+t 2 Ti=t(¢1)

tkdond. £oT,
¢ d¢’ 1 1+sing’1®  1[ 1+42sin(¢//2)cos(4'/2)1% 1] cos 2(¢'/2) + 2tan(¢'/2)]°
/m cosd 2 {1“ Ll =2 {“‘ 1= 25in (¢//2) cos <¢f/2>} o2 {h‘ ]
1 [ln(1+tan(¢’/2)ﬂ _ [ln1+tan(¢>’/2)}¢ _ [
2 I—tan(¢'/2)) |, 1—tan (¢//2)] ,,
ln{tan(%—&-%)/tan(%-ﬁ-%)}
LS BAREAES NG, ER—BH TR EAIEEOMSHAR
sin ¢ = 2sin (/2) cos (¢/2),
—BH»S ZBHANOERIZEMEROEH
14 tan® (¢/2) = 1/ cos” (¢/2),

,_.

=]
—N

-+

I

=]
VRS
~1

+
2o S
~
H—/
| S
Ay °
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RATIEELD. ERIZOVT o =gy DE X, fsinb IZ

-1
fsinf =—1In [:Eziﬂ {ln [tan <Z + gZ;2>/tan <Z + d;)]}
ThdeRDOLND. (5.364) ZHNTr 2EIMR DL,
P cos g cos (0 — ¢1) b2 T ¢ -1
n=fsin6=—ln Loscblcos(ﬁ—gbg)] {1 [tan<4 2 >/tan <4+2>]}
1

_ cos @1 bo 61
= |:COS(Z52:| {1 [tan (4 2 >/tan (4 9 } } (5.3.71)
rRooNd. ZIT, BEKAANDLERIL O = (61 + ¢2)/2 £V

cos (6 — ¢1) _ cos (P2 — ¢1)/2]
cos (0 — ¢2)  cos[(¢p1 — ¢2)/2]

=1

ThdI i7"

PUEDEEIZ &>, #m EIZB T2 T AV NERE (w,v) EREEREZ S IRDI 5720
DINTA—=R r o ODEMARKZRMENRD SN2 L2 D. (5.3.67) KT (5.3.70), (5.3.60)
2RATD L,
):| CcOS
11

[IRSS

w' (N, ¢) = T(?l) [tan (Z n ?)/tan( +
- )

B % (5.3.62) CTEIMWR, o/ = fa ZEVHL N 2\ T 2

W (N, ¢) = "1 {tan (W + (Zl)/tan (Z + ?)
|

(5
( )

cos [n(A — Ag)]

T B H MR AER L EEONIEE R
tan o + tan 8

tan (@ + ) = 1 —tanatanf

Mo, a=r/4, f=¢/2LTDL,

1+ tan (¢/2)

tan (m/4 + ¢/2) = 1 — tan (¢/2)

LRBILETNENHNTERL -
*20

cos (—x) = cos z.
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& o T, mAEINIZ EREZ VS & (5.3.68) IF

f:a“j@[ %?] n n(\ = o)

== a2 [T conua )

U (o) —m( 2) (5.3.72)
nem [ [ (G %) /m (G 5)]}

/ / ; n
wh=w' (A= Xo,d = ¢o) = acoid)l [UE?B]

LEMIND. 2, TORBREZHITHES &, N ITDONWT

x/

m = —tan [n()\ — )\[))]

1 !
= A=)+ —arctan (/:c/) (5.3.73)
n Y — wy

THDI D, IHITHIZDNT

<acos ¢1>2
2n _ n
= U™(¢) = 22+ (y — wh)?

( cos q§1>1/n
a
= U(9) = -

[ + (' = wi)? "

( cos¢1>1/"
a
i U

(1)

Ul(¢1)

T ¢
= 1 + 5 = arctan 224 (yf — w6)2]1/2n (#1)
a cos @1 n s
= ¢ = 2arctan T () =) U(pr) p — 5 (5.3.74)

ThHdIehEohnbd.

T“?/f“*ﬁ (x Y ) BIFDFE R (1‘ y) (0,0) % AR ()\0,(?0) ARy fx
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FIERED JF 0 AETEDREERERE (N, ) F TOHHE r &

TREIND.

5.3.4 MBIREICEI RY ML TR

T, EEDONRY MZOWT, MK INZT )V N EER ETEZEINDA
7 NV R AGERE R R TERINDRY NIVED AR (BXOZTOWEHR) 35
OOBBRREZEL TS, BETIHBERIAHLEEUT, 70 MEMMERES X
ORI MIVKETHS.

E9, 2 IRMITANY ML w lZDWT, TAI NEIER (z,y) DEIEENRY MVEHOKD %
(u,v) LEFT D, ZOL FORENRY MU (e, e,) ERFALTD. ZITEHRINAIE
ERIE, HDOMBBGEEIC & > TRERERE (A, ¢) & 1M 1 THRLTWEETS. Z
DL, MEREEERIZEWTHEHUANY MVORIE (ur, vg), FEERT MV (ey, e4)
EEHTD. (5.3.49) 15

hy OA hg O¢
hy 0y t ey hy 0y
hy Oz hy Oy
emthﬁ + eyhi)\ﬁ
hy Ox hy Oy
1 06 “hy 06

€y = €)
(5.3.76)
e) —

e¢:em

E8%. hy,hy ZHBEZE ETOT IV NEEZE T 2 AT — VKT, hy, hy (SHEERE
EREREZB 1D AT —IVNF%2KRT. T 2 CEELISHKEE ETOT AV N EEDS
G, AT —=IVRTEBTUE hy =hy =1 ERERNZ EIZERT 5. TAUd, Bk Lo
AT IR I A7 —VAMRAEL TR (B OBIHUTEADE I 2) 15T
Hd. £oT, EANS LEOHBE M EEED 2 r — VIR, TOREIZE T 2 HK
N7 PMVDOEI%R2 1IZTD2EDICEREIND. 406, EX 1, 2 BRHIZDODWT /A%
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KB (T 2 T 5) &, ey en=e, e, =1 CRINEREBNDT,

W,

B oA 0\ >

hx‘V hi(m) (5)
O\ O

\/hi <0y> thy (5y>

T, MEREREIZS IO EERT MV TDERENO ey-ex=es-e,=1Thd
_Z%ﬁﬁb\ﬁ.

(5.3.77)

hy

WA, RT NV v IFEBEERIZBNT,
V=ue, +vey =urey+ vpey
LERIND L ZOBRNL TNENOREIERIZET 5T MV ORI
U=uyrey- ez +vp€y - €y
U =1U)rE) " €yt Vyp€y - €y

Uy =U€g - €yt vey - ey

Vp = UEg * €y + VEy - €4
Y250DT, (5.3.76) 15

he Oz Do Oz
PNhaox T "h, 06

o — hf@—i- hy Oy
Ay O h¢8¢
hy Ox hy Oy

YA oN TV, O
h, Ox h 9y

*21:0)t%,f\7 MIVEES w, v IS EOREEETHI SN D R MV TIEAR L, Bkl ETOR X 2 {477 L Tl
IEs-2 R INZNRT MV THD L EEKT. [>T, Ijzﬁkf@ﬁr“/\ﬁ FMVOFITIE S NS TLED
/\ﬁl\ﬂ/;t P‘“ EL’CO)ﬁF/\ﬁbJW)%DTE S HEERBEZRDB IR, TOREEIZRED ZENTES.
BRI BI LI 2 THE r“if@ %1/7~)b¥ ?Eﬁbﬁié U, H5m Lo s Cl
LNBARY MVES & LTS 2 501, #FEEIZEIT 2 AT —VATFIEET 1 (i?&érﬁ)bl\fﬁ)
L) FBERTORE EToONRY I\JI/H"‘ ELTG)/\& MUVEEIBIUPREIEZHEFELRL RS, KT
WCHERT DHEME ETONY MUV E, BRI ETOREIMIZET IR MVRAITHS.
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LRS. BRHEEFR TO AT — VKT
hyx=acos¢, hg=a.
£-oT,

Uy g, 0 v, O
acosp ON + hmaqﬁ
uy y %h oy

acos ¢ ya)\ Yo (5.3.78)
uy = —4 %4- ! % a
)‘_acos¢ w@x\ acosg ?ON
8x dy

THDIEWbND. ZOEBRRDHKEY XN FHb SRR & R A T O
7 NIV OZEBRIZ R U TS, Lo T, MIKEHIEIEKTE T2 2 = 2(\, 0), y =
y(\, @) & BRI LR OZERIA RN Y TIEDAUE, EBIRIZ AR NIV O REREZ
HAUPELNE ZLILR D,

X7 MIVELE
FEERE L PR T DN RIVIEKIT (up, vp) Z AN MIVEFE L 728 EOBREHE LTDORY h
VIS (upr,var) OBRERDD. £, KA OB ERIE (5.3.56) (&< &,

Ory 0 Oy OA _0 O:EM_a o\ _l oymy @
06  Oxy  ON  Oym . ON T Odxm o 9P  cosd’

o9 2ym Po 1 Ym T ¢\ _cosp  (Oym\ "
8yM—2[6xp<a)tan (4 >+1} aexp(@)tan(4+2>_ . _<8¢>

VS BEBRMELNDE 2. ZIT, ANK M/&“ ﬁkfwfﬁ}b NSRS % (zar,yn) &
U7z, MXGE T EEEE T D A —VEF hy, hy 1& (5.3.77) 12 (5.3.56) 2/RAT 2 &,

/ 3¢ / 3yM
hy = , hy
cos ¢ 5yM 8 ¢

"R = BB OMS OGRS UTEAT 2 V7.

! a4 [In (tanz)] = L __ 2
1+2?" dzx ~ sinzcosx  sin(2x)’

tan (yf) = tan <% + g) /tan (% + %)

d arctanz =
dx o

$7, (5.3.56) K&V

AWz,
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TR DB MR Z (5.3.78) IZRAT D &, (2,y) B (zar, ym) 2, u, v DX upg, vpp W
BIMMZONDEDT, ETHRAEZ 3 O2OXRZ2HWD L,

U ox
uy = ———h;—— =u
M= qcosg = O o
vy, O
’l)M:fhyayiz[:U@
o (5.3.79)
AT qcosg Tox D
unv, Oynm

V= —hy— =
¢ a ¥ 0¢ M

LD, INSDOBBADN RIS NIVIRFE I N2 T H)V N EERE R & 55 R A A & D[]
TONRY NV OB TH 5.

Z NV M EAM#RE

TGERREHERETDNRY NVIRS (up,vp) % 7 V0 MER L2 EOEPE ETONRT b
VY (up,vp) OBGRERD S, £, KRR OMIBIRIE (5.3.72), (5.3.73), (5.3.74)
WZHO Lk,

St~ a2 OO s ur - )
W aoosin | SO sin[n( — o)l
%t — acoson [T cosfulr - ).
aayAL - acols¢1 _g&))_ s = Aok
vl ) LS
o = e (6] <=0l
52, g [T S0
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T, JVNVNEREH ECOT AN MERE%E (vp,yr) £ U £72, F 4 DORFH
ﬂb) rr,yp CRILINDN, ThE (53.72) KEAVT N IEIELTHD 2. #HiX
PR C D AT —IVAF hy, hy 1& (5.3.77) 62 605 . FEEREE RO B FR A
% (5.3.78) IZRATD &, (z,y) Y (2p,yr) 1T, u,v D up,vp WCEZIHZ 5N5DT, HiX
PRSI PEAE ETO A — VIR FAY (5.3.77) THD Z L 2 HWT, ETHEAZT V)L M
JEAZE & REERR P AL Dy & (5.3.77) K& FAWT, (5.3.78) 1%

8.1‘L
(3%) ¢

i 2ot (2 (2202 1 oo (2
UL:C:SA‘;S\/ 2¢<§;L> +<§£> %y/\LJF \/0S2¢(8?JL> <3yL) 88%;
e g () () 2 o (D) (22) 2
oo () ) B oo () (B2)

LR85, FEOZEMIMSIZ (5.3.80) ZRATD L&,

ur, = uy cos [n(A — Xo)] — vg sin [n(A — Xg)]
vr, = uysin [n(A — Xog)] 4 vg cos [n(A — o)

(5.3.81)
uy = ur, cos [n(A — Ag)] + vp sin [n(A — Ag)]
vy = —upsin[n(A — Xo)] 4+ v, cos [n(A — Ag)]
"B L4 OORICELU T, U(g) OBH A
ou—" n1oU .11  #\]
= —nU™" |2tan E+? cos” EJr? 71*7nU7”[cos¢}71
B 4 2 4 2 B
LRBZILE, ILICT 420U T, flo,y) = —z/(y —wh) L LIZE X,
1 df  —f/z 4 1 df f=
%arctanfffz_’_l%ffz_’_l, dyarCtanfifQ—i—ldy*f?—&—l’
_ /n
7 glw,y) = o [p{a? + -ut)} ] " T B Y,
1 d -1/ 1/n—1 1 , -3/
darctang = L gt - ) ) 8 (g2 (4 - k)
= - s wof}r%
d 1 dg 1 9y —1/2]1/n—1 1 / 2 127 —3/2
@arctangf Yidy @ +1n[ﬁ{ + (y —wo)”} ] 5(—52@—1”0)){93 + (y—wo)”}
- 79211% [{2* + (= wi)*}]
ERBIwANE.
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IS DBRANT VRV M I N2 T AV N ERR &R EREER L D TONRY
NIV DBIRBAITH 5.

5.3.5 ODRXEYHE

S AR (2, y) ETEBI NS A(za,ya), Blep, yp) &S AB &5 C
zc,yc), D(zp,yp) 2GS CD ORAHEZITD. T0D 2 KO WRAET D LWV
52 ik, R7MVAD & OB ASIEE LD LS ZEThd. b L 2 KOBANEEL
TORIE, ZOXRUERT MVAB D s (0 <5 < 1) 70, CBOHE (0 <t <1) Ui
HEBRB. TR,

TA IB—TA | | TC
YA YB — YA Yo

IN%E s, tIZDOWTHL &,

/-\

Tp —IC
YD — Yo

+ s +t

], 0<s<1,0<t<).

S| =t | "Wpmve) @pmre | e mra (5.3.82)
t —(yB —ya) B —2a Yo — ya
72720,
|F| = —(z5 —xa)(yp — yc) + (ys — ya)(zp — z0).
0<sMDO0<tRDT, (5.3.82) H
0<s=|F|""[~(yp — yo)(xc — xa) + (xp — 2) (Yo — ya)] (5.3.83)
0<t=|F"" [~(ys — ya)(zc — a) + (x5 — 24) (e — ya)]- (5.3.84)

IF|IXEAELLDBEE LY 55DT, LD 2 RIZOWT, Wil |[F2P 2 RT3 LH5%
BrdIeRL,

0 < |F|[~(yp — yc)(zc —za) + (2D — c)(yc — ya)] (= 1), (5.3.85)
0 < |F|[~(yp —ya)(wc — za) + (xB — za)(yc — ya)] (= t1). (5.3.86)

FRRICUT, s<1 2Dt < 148DT, (5.3.82) 5

s=|F|"" [~(yp — yo)(zc — xa) + (xp — 20) (Yo — ya)l < 1, (5.3.87)
t=|F|"" [~(yp —ya)(xc — xa) + (x5 — 24) (Yo — ya)] < 1. (5.3.88)
XA T,

IF|™! [=(yp — yo)(zc — 24) + (zp — 2¢) (yc — ya) — |F[] <0,
IF| 7 [=(y — ya)(wc — xa) + (w8 — 24) (Yc — ya) — |F|] < 0
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LR, LRSS 2 Z XIS |F)P LT,
|F|[—(yp —yc)(xc —2z4) + (xp — 2c) (yo — ya) — |F] (= s2) <0, (5.3.89)
[Fl[—(ys —ya)(xc —wa) + (x5 — 24)(yc — ya) — |F|] (= t2) < 0. (5.3.90)

sM—BDEZEH, 0< s <122 TI2E0 < 51 22D s9 < 0 % FAKFIZHEZ X 20U
BOHRWN, §2DY,
s189 < 0 (5391)

M IND L, 0<s < 1AM INFZILITRZD 2 FARRIZ0 <t <1 231213,

t1tg < 0 (5.3.92)

0‘1

TRINEZR SR, ZND & BAKNZ z,y IR TRELIT 2 &

s1s2 = |F* [~(yp — ye)(xo — xa) + (wp — ) (Yo — ya)]

X [=(yp —yc)(@c —xB) + (xp — xc)(ye — yB)] <0,
tity = |F|* [~ (ys — ya)(zc — w4) + (x5 — 74) (Yo — ya)]

X [=(yB —ya)(xp —24) + (B —xa)(yp —ya)] <0

[=(yp —ye)(@e —wa) + (2D — o) (ye — ya)]

X [—(yp —yo)(xzc —xB) + (xp — xc)(yo — yB)] <0, (5.3.93)
[—(B —ya)(wc —za) + (xB — 24) (Yo — ya)]

X [—(yp —ya)(xp —xa) + (rB—2a)(yp —ya)] <0 (5.3.94)

MR ZINE L THD.

5.3.6 =AFOHAHIE

EREAREER (v,y) EOEREDR Plzp,yp) \C2WT, 3 & A(za,ya), B(zs,yB),
Clzo,yo) ZHRE T2 =ZARONNEEE 2 5. ZMARIIBTHEENIZED G(zg, yo)
2T, (5.3.91) 120> 51 MDD s > 0 A ZTHATEWAZINE. UL, 2HIE0<s D

s <0 LBBDTIETS. /22 DDRY MU (HAHRELY % —GIETI0) FEOEA, 1 = 50 L5
DR R A (s1s2 < 0 EADARV). ZHUE

s1= |F|[—=(yp —yc)(zc —xa) + (xzp — zc)(yo — ya)] = |F| ((ﬁ)} x ﬁ)
s2 = |F|[—(yp —yc)(xc —zB) + (xp — zc)(yc — yB)] = |F| (Cﬁ x ]ﬁ)

»H

O x AC: = O  (AB + BC) = OB « BC
THDZELMWOHLMNTHD (FITRMEND, OD x AB = 0). BARIZ 2 RZ N VASELT TN, H4 Hh2
50 &£ 286, (CD x AC = CD x BC = 0) ROT, siso = 0 LR ZAERMEWE TRV MEDD,
(5.3.91) &7z TO<s <1 THDILAHHTES.
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EHE0. Lo T, ZAROVTNLDOL LS GP BE L TWHIE, S P IE=
MLOIMINTFAET D Z L1285, £oT, 2 M DOREHE (5.3.93), (5.3.94) ZHWNT,
AB & GP D&

[—(yp —ya)(@wg —xa) + (xp — 2q)(ya — ya)]
x [~(yp —yc)(z¢ —xB) + (P — 2c)(ye — yB)] <0, (5.3.95)
[—(yB —ya)(wg —xa) + (xp — x4)(yg — ya)]
X [—=(yp —ya)(xp —za) + (xp —za)(yp — ya)] <O0. (5.3.96)
AR, BC & GP OHIEIE
[—(yp —ya)(xg —xB) + (xp — 2q)(yc — yB)]
X [—(yp —ya)(xg —zc) + (xp — za)(ya — yo)] <0, (5.3.97)
[—(ye —yB)(rG — zB) + (vc — *B)(yc — yB)]
X [=(yc —yB)(xp —xB) + (xc — xB)(yp — yB)] < 0. (5.3.98)
[FkkiZ, CA & GP D¥EIX
[—(yp —ye)(xe — xc) + (zp — 26)(Ye — yc)]
X [—(yp —ya)(xg —za) + (zp — 2¢)(ya — ya)] <0, (5.3.99)
[—(yc —yB)(®ag —zB) + (vc — xB) (Yo — yYB)]
x [~(yc —yB)(xp —2B) + (xc — 2B)(yr — yB)] <O. (5.3.100)

IS 3 DOHETHTNERAEL THWARITNE, R P IF=EZARNICEENSHTHD.
B8, G OREEIE=AEDOIHEMNS

_xa+zBt2C _Ya+ys+yc
16 =5 > Y= 3

5.4 Statistics D{F§x

5.4.1 =/NBEZE

HET UM, @y LTS, ZOT—RORHE 0 &EBETDL,

y =y(r)

EWOBREED, TDEOIBT—AOME 2 IZOVWTOABRDLIERIZ L DRSS T
KT E2EZD, 12720, TOBEBIZz TOy DL TD & EDOBBDMED 2 F5HE

B TIREER TN L Uz, SAROTEREEN HROEND, NEHIZE TN TS Z LA 504N
THIIMDINT A =R TERHDLR. FIZIENEMOFL (FD) RE.

2021 4 11 A 24 H (GEEEH)
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INER D EDITEIIND LT B,

E9. BHROZOICIIOVWT 1 IREBTRIATDIZLE2ERD, ZDL TOEM%
F(z) =ap+ a1z (5.4.101)

95, ZIT, ag,a1 W,y THEKFELRVERTHD, EEBEOT—XISHHT—XTH
5DT, x;,y; ELWVOT—RDMAGDLELRDL, THhDLEL, i FHDO T —ZXf&

yi = y(z4)

Thd, FKIZ 1 REHE

YBD, COEME(e) Ly D2 BERRNETEEOICLEILEERD, DED.
NLOBEERETE L,
N N
R=> {y(x;) — F(z:)} => {y(@:) — ao — a1z} (5.4.102)
i=1 i=1

MPENEBD EDITELENRITNERS R, ZOFME%ETHZTERE 2RkdDDIZIE, F
DR ERD D z,y \THILZR 2 EE ag,a1 & (5.4.102) RN 2D LD IZe XX ve
WO ZEIlRD, ZO&DRMEZ NEEEMEE W, RO K D BFNEHZ2 VTN
nad,

1. EZ R % ag,a1 (DWW THRT 5,
2. TNHMEHIIETERD KD ap,a; DIED R DIBIETH 5,

3. RIFFDEEMNS., ag,a1 D/NT A—RZERIIENT, [Efi% &5 NIRRT
HBD. WENFEETNE. TIVRRIMETHDEWVDS Z LItk 5,

ZDFNMEIZ U 72D30,
_ = O, and, 7 =0 (54103)

EWiT ag, a1 2RO B, (5.4.102) Kb,

IR &
Bag > Ay(@i) —ao —awi} =0
=1

~ (5.4.104)
OR
Dy Zﬂﬁz {y(x;) —ao — arz;} =0
i—1
Thd, INEEHTDH L,
N N
aoN +ar Yz =Y y(w)
=1 =1 (5.4.105)

N N N
2 _
cm§m+m§xr—§mmm
i=1 =1 =1
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EWD ag,ar WDOWTOD 1 REN AREANBELNDEDT, ZNEHBITIX ag, a1 BESN,
BU/NEREMPEOND, (5.4.105) REfE &,

Zi\il wzz 5\21 y(xi) — Zfil T Zi\il wiy(z;)

2
NZf\Ll 3%2 - (Ziil xz)
NN wiy(e:) = S @ 2 y()
2
NZf\il %2 - (Zi\il xz)

NEEND, FAROZZ 2 RKBEIEDI L, EEOERRBOLZERNMIRICED2 71y T +1
VIMWARETH D Z L b,

apg =

(5.4.106)

a)p =

FTIT, ZITR Fla) =Y apat LOIZHERTT7 v T v 7§22 251
%, ZICTHR/NHBETHOZFENEMTE2 0, BRI
N M 2
R = Z{yz— (x:)} :Z{yi—Zakxf} (5.4.107)
i=1 k=0
LY, ZOEEBMITEICE, ap, (E=0,1,--- , M) DFBEIZONT, ThIZkD
BADWANED L2y, 2FY,
OR .
aTLj_O’ (j=0,1,2,---M) (5.4.108)

EWVND M+ 1D 1 REN GREAE LTI ENTED, RARE M + 1 EIZDWT,
ML M+ 1 HDOEN ARRAPNLTOENDEDT, TRICAUAZRTHD ZLIFHLMNT
HD, THUIFFEII—BLINTNEDT, FREDO M+ 1IRFSEATELLTE, MO
HRETTA4YT AV INTEDILERBLTND, (5.4.108) R& BARMIZHET D &,

N ) M
> ad {yi —Zak:c;f} =0, (j=0,1,2,--- M)
k=0

i=1

ERY, INEEETL L,

N 4 N M '
STaly =Y wal =0, (j=0,1,2,-- M) (5.4.109)
=1 i=1 k=0

LB, FHE 2IHIZOWTIL, MAEHEDIEFE A TH 2D 7280,
N ) M N )
Soalyi > ad ai =0, (j=0,1,2,--M) (5.4.110)
=1 k=0 =1

TOPETIR, REOBEINS, y(o) =y EERILT D,
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L%, I BARNICERTD . UMTOLS BABR/OND,

N N N
jZO:aoN—l-alei—i-"'—f—aMZxZM:Zyi
=1 =1

i=1

N N N N
j=1 :aOZwi—Fale?—i—---—i—aMZwlMH:sz'yz‘
i=1 i=1

i=1 i=1 (5.4.111)

N N N N
, M M+1 oM M
sz:aog T; +a1§ :ci++---+aM§ - :E zMy;
=1 =1 =1 =1

INERDE, k=M+117j=M+1FIOEHTHE M + 1 HOERE a; (IZDNTDF
NI MVOFET DL, EATHIOHITH%ERDD Z LT, 52T a; WROLNDZ &
285, 2L, Eﬁﬁ?fﬂim’rﬁﬂtaom\é CITHER

I LIZEBDLEROGEICEIENTE S, 22Tl F(z ) SV agx, VD%
BRSENT 74V 74 /ﬁ?é;t%%zéo TDEE, o XEHWIHNIRZRTH Y,
I ZZTDEAETHD, LLFABKIZIZIDE TDEKAE R I

N M 2
R= Z {yz - 1 = Z {yi — Zak$k7i} (5.4.112)
i=1 k=0
LB, ZOMERNMITBICE. a, (k=0,1,--- , M) DEFREIZONT, THIZED
BEOMAoMPEO a2k, DFD.
OR )
aTLj_O’ (j=0,1,2,--- M) (5.4.113)

WD M4+ 1MED 1 IRES FRERZ I TEZIENTID, RAGE M + 1{#IzDWT.
MWS7 M+ 1O FREADNLETOENDIDT, BRIZAULAZZRTHDZ LIFHLNT
HB, (5.4.113) A& BARIZEIET D &,

N M
> @ {y — Zakx;@,i} =0, (j=0,1,2,---M)
=1 k=0
ERY, INEEETS L,
N N M
=1

i=1 k=0

LB, K 2HIZOWTIE, MABEEDNEE B AT H 5 720,

N M N
S wiyi— Y ar Y wkwii =0, (j=0,1,2,---M) (5.4.115)
=1

k=0 i=1
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L%, I BARNICERTD . UMTOLS BABR/OND,

N N N N
, 2
J=0 :ap § Ty, + a1 E T1,;T0,; + -+ am E TMiT0,; = E x0,1Yi
i=1 i=1 i=1 i=1

N N N N
=1 a9 Z 20,21, + a1 Z 1‘%4 +---Fapm Z TMiT1i = Z T14Yi
i—1 i—1 i—1 i—1 (5.4.116)

N N N N
. _ 2 _
J=M :ag g Z0,iTM,i + a1 E T1,iTMi+ -+ apm E Ty = E TM,iYi
i=1 i=1 i=1 i=1

INERD L k=M+147j=M+15DOEHTFHIE M+ 1LEDRE a; IZDOWTOF
N7 MVORET D &, EATHIONITH % RKDD LT, BRI a; BWROHND &
2825, 0L ¥, EFFHIIEMTI L BoTWE Z L ITER,

5.4.2 RFERE

Z I Tk AN—F VT2 TOD A HIEIZ DWW TREI U, [EE A T € DN 5%
DWW TCEREHZ T D,

9. ANV—F VTl TRTONFEL—F VIZBNT, MERTEEZIT>TWS, Z0D
WAL, 2 2 AL ZTORIOMEZE 2 MOEMTHEY, TOHEM EIEIFET
5 UELZNFETH D, 1 RGEORRRIIKH?2UNIRINT VD, H DM y1,y: BE
BINFERD 2 flwp,z 25 LI, TOMICHELET BN 2, TOHRBAHDH y,
2RI 2 AP OHEINAEROMEZ2 de L35 &,

Yp = Yi +dz * (xp — ;)

THETZIeNTES, 0L, deid LY v g,
Ti41 — Xy
ZDHF R % 2 RICZEMNTHER U DM, MM AR & FEENDS HGiETH Y, O
FBI??ITRINT VD, 2 RoTZERM 2, y; CTEBRBINH 2, D, DB %M ),y TO

BT 2,0 12, AFO &S I3 S N5,

Rpj+1 — ij(

Yg — Yj)
Yirr—y;

Zpg = Zpj T

Z i, Y, Yj+1 D 2 AIZDOWT, e Zp 2B B NFFA Zp, g1y Zp,j ZEME L. T
NEOMEMD y HIEIMIBHITL T, 2, RO LS XA, LAZBHTS
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ELLNTFDEDIZRD,
o
_ . . Ppitl T Apj ,
Zpg = Zpj (Yg — ¥j)
Yi+1 — Yy
Zit1j — Zij
=zij+ ———(1p — 1)
Tit1 — T
Zit1j+1 — Zij+1
+ (zij41 + ———————(xp — T4
tj+ Tit1 — T ( p Z)
Zii1i — 2 o
—zij — ;Jr J xw (zp — 5) ;yq 3/;)
i+l — T j+1 = Yj
Zitlj — Zij Zij+1 — Zij
= Zij + (wp — xi) + (yq — yj)

Titl — X4 Yji+1 — Y5
(xp - xi)(yq - yj)
Tit1 — i) (Yj+1 — Yj)

[2i41541 = Zij+1 — Zig1; + 2] ( (5.4.117)
Ih& D, BN, F(r,y) = a+bx + cy + dry &\ il EICNIFESFIET S
EWVWD L ERELEZNTFTHD LD ZEIWRIND,

FIREODERT 3 KOTORME N2 5H8 325 & 27, 3 ot oy, y;, 21 CEBI N/ H
wijie D &% I p, yg, 2 CONFE upg, 1&. AFD LS IZEHREI NG,

Upgk+1 — Upgk (

Zr — 2k)
Zk+1 — Zj

Upgr = Upgk +

TR IR INTN S,
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ZOEHETHRIIE 2 IRITCONFE X 5 3 IRGCIZHEMILR L /-2 Thd, £oT, E
Az XS BHET 5 L,

Upgk+1 — Upgk
Upgr = Upgk + pant pq*(zr — 2k)
Fk+1 T Zj
Ui 11— U
_ pj+1k pik
= Upjk + ﬂ(yq — ;)
j j
Ups — Uy Upit1k — Ups 2y — 2
pi+1h+1 — Upjkt1 pi+1k — Upjk (zr — 21)
+ |Upjk+1 + (Z/q—yj)—upjk——( q — j) -
Yji+1 — Yj Yj+1 — Yy Zk+1 — %5

(Yq = Yj) (2r — z1)
) (i — )
Yi+1 — Y5 i P 21 — 2

) (g —yj) (zr — 21)
Yi+1 = Yj 2k+1 — Zj

= Upjk + (Upj+1k — Upjk

+ (Upjt1k+1 — Upjht1 — Upj+1k + Upjk

(wp — 1)
= Ujjk + (Uit1jk — Wijk
ik T (Ui = g )xm—xz
[ (wp — i) (p — 332)] )
I ij+1 ( i+1j+1 1j+1 ) Tit1 — T 1] ( +1g 1j ) Tiv1 — Ti] Yjrl — Y
_|__u..k (Uit — Uik )M—u-k—(u- ik — Uiik) (2p — i) | (2r = 2k)
Y i Tk L Litl — i N B I i — i) 2 — Zj
[ Ty — T Ty — T
+ | Uij+1k+1 T (Uit 14141 — Uijt1k41) (rp =) _ Uijht1 — (Uit k1 — Uijht1) (op = 7))
L Titl — T4 Ti+1 — Ti

(zp — ;) (2p — i) | (yq = ;) (5 — =)
Uij1k — (Uit1j+1k — Wij1k) Tip1 — T i+ (W~ i) Tit1 = Ti] Yj+1 = Yj Zht1 — Zj
Tp — X4 Ya = Yj
= Uijk + (ui_ij — uijk) i‘lil_;‘)z + (Uij+1k - Uijk) ;j»l_;)]
Zy — Zk
+ (Uijk+1 — Uijk) G2
Zk+1 — Zj

) (zp — i) (Yg — Yy5)
Ti+1 — Ti Yj+1 — Yy
(@p — @i) (2r — 2k)
Tit1l — T Bg4+1 — 2§

) (yg — v5) (2r — 2k)
Yji+1 = Y5 Zk4+1 — 2

+ (Wit 141k — Uij+1k — Wit1jk T+ Wijk

+ (Uit 141 — Uikt1 — Uit 1jk T+ Uijk)

+ (Uit 1h+1 — UYijht1 — Uij1k + Uijk

+ (Wi 1 1h1 — Wi 1h41 — Wik 1jk+1 + Uikl — Yit1j+1k + Uij+1k + Yit1jk — ijk)

X (xp B .%'Z) (yq - y]) (Z”’ - Zk) (54118)
Tit1 — T4 Yj+1 — Yj Zk+1 — %5

Y%,
CIZTRUEAFEORIZT A MEERZRE L TWED, EREERD D b, & i
LR D AT — VIR TN T N ND BB E B BT H 2R WK D RBER B TH L5 5,

BoFY, FEOREER (21,20, 23) BHoEETEH. ZDEE INLDOEEIINT S AT —I)VAT
(h17h27h3) 7b§7

h1 = hi(z2,23), ho = ha(zs,z1), hs = hs(z1,22)
3B EDBPERERDZ & FIZIE, FIEEEE R PRI RIE ZNIZEY T 5.
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2T LEOBZEXTHFMEZFRTL I LA TES.

5.4.3 R TS5A VR

URTIEM=3DLEIDAT 71 VHiFIARZEHTE, ZZTHRONDATIA
VA ERIC 3 IRAT T4 Vi ISR, T A RIFELHU LSy (=1, ,N)
MTy LEBEINTVWD LT D, ZOLIDAT T VEES;(z) 1

Si(z) = aij(x — 2:)% + bi(x — 23)* + iz —2) + di, (25 <2< 2i41) (5.4.119)

L85, ZIZT, a;, b, ¢, d; ERMBHETHD, ERITDODNT, BT —RHTIEATS
1 VBB E BEBEDT — AN =T 2L\ EMENS

Si(zi) =vi, Sica(zi) =y, (=2,---,N—-1)

(5.4.120)
Si(z1) =vy1, Sn-i1(zn) =yn
MDD, T—&Sa; (i=2,--- ,N — 1) TOEHOTHN S
Si(ws) = Si_1(wi), Si(wi) =57 () (5.4.121)

WS AN —1) -2 fHOBBRAVRF O NG, (77) X2HWTLED 4 DOAZ BARRIZE
T, i=2-,N-11ZD\VT

di =y, (5.4.122)
ai—1(zi — 2i-1)® + bic1 (@ — 2i-1)* + o1 (2 — 7m1) + di1 = ys, (5.4.123)
ci = 3a;—1(x; — xi,l)Z + 2bj—1(x; — i—1) + -1, (5.4.124)
bi = 3ai_1(xi — xi1) + bi_y (5.4.125)

MDD, TN %S LI, BERIOMEM 5 RAURE a;, by, i, d; ZRD D, £9, (5.4.122)
yARESY
& =y, (5.4.126)
hi =a; —xi) LEETDE, (5.4.125) 5
bi — b1
3h;

(5.4.127)

ai—1 =

(5.4.123) M5
Yi —Yi-1  bi+2biy

i1 = i 4.12
Ci—1 hi 3 h (5 8)
INbH% (5.4.124) IZARAL b DADRIZT D &,
Yirl —Yi  bit1 +2b; Yi —Yi—1 by +2b;i
- i+1 = (bi — bi—1)hi + 2b;—1h; - i
hiit 3 hiv1 (b b 1)h + 2b;_1h; + hi 3 h
YVirl — Y Yi—Yi—1  hipa 2 h;
— = b; —|h; hil|b; + —b;_1. 4.12
= hin . 5 Uit t g [hit1 + hi] b; + 3 bi-1 (5.4.129)
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D b IZDOWTORFIEENE RERE 2D, 22T, EAMNEY ODIEi=2,--- ,N—2
ThHh2ILIIFERT D, BERL, ZZFEFTOEHMEITANTi=2,--- ,N-1DHEDHE
MiEfTOTCE /22D, a,¢,d DBREUZDNT d; 1 (5.4.126) 22D dy ~dy_1 £T. a; IE
(5.4.127) 5 a1 ~ any—2 T, ¢ 1& (5.4.128) 5 1 ~ cy_2 ETCOHDEFRNE R 5
NTWBZLIZFHEET D, 2FY, Wb (5.4.124) IFi=N-11ZBNTDADY; LD
R (5.4.128) ZFHVWD Z L MTERNVEWNWD 2L THD, ay_1, cn_1, di IEFTNETNLL
TIZEZDEMOEMENSELNDIEBAEHNTRDD ZLIT8D, I ETHRAR
(5.4.129) O HHMPHAA i =2, N -2 FTLRIBWTH D, b; 1IN - 1{lHHDDIZ
MU, ERIEN-3EUNRNDT, BIITHELRDS b (IZDOWTORIF 2L BB L
MNOMN5,

B % 2 DBINT 2Dl COMRFRMEEFE X5, ZITRR—MEEzLbARVE
12, BAFD 2 DDBEIZONVTEZS ¢

F—2 1 §(x) =T, §'(xy) =Tl.

=22 §"x) =T/, $"(xn) =Tk

ZITT, Ty, TY, TR F2—IPHEETLIETH D, WIZ. 7—A 2 DHBHITT] =
TN =0THh285, HRATIA VIZ—KT %,
T—2 1 DG, EOBINSEE»S

Ccl = Tll,
, / (5.4.130)
Ban—1(zny —axN—1)" 4+ 2bny_1(zn —2Nn—1) + N1 =Ty
YTED, INEHAVDE, i=1,NDEBAIZONTE (5.4.122), (5.4.123), (5.4.130) &
2\ (5.4.137) 25
di=wy1, an—1hy +by_1h¥ +cn_1hn +yn—1 = YN, (5.4.131)
BEO
c1 =T}, 3an_1h% +2bx_1hy +eno1 = T, (5.4.132)
MO b IZDVWTORIZT D, (5.4.132) 8 1 A& (5.4.128) Di=20bc 2HELT

Y2 — Y1 Ty
b 2b1 =3 —3— 5.4.133
2 + 1 h% h27 ( )

(5.4.132) % 2 & (5.4.131) & 2 A5 ay_1 ZHELT

h T oy
CNJZ‘”gMLJ—7¥+3@%E%i. (5.4.134)

INEi=N-10DLED (54.124) IZRAT D &,

h T\ — Y
—7NbN_1 - N + 3M = 3aN_2h%V,1 4+ 2by_ohn_1+ cn_o
2 2 2h N
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2 hn bn—2 Ty YN —YN-1 YN—1 — YN-—2
= |Shy_1+ —|bn- hyo1=—-2 43 -
[3N1+2:|N1+ 3 V-1 2—1— hn vt
(5.4.135)
ZZTC B2 RKi=N-10DLEID (5.4.127), (5.4.128) REHWT ay_ 9, cny_o ZiH

£ U7,
BAEEY . (5.4.129), (5.4.133), (5.4.135) 25

) 1 0 0
ha 2(hs+ha) hs 0
0 hi  2(hiy1+ hi)  hita 0
0 0 hn—2 2(hy-1+ hn_2) hn-1
0 0 2hn_1 dhny_1 4+ 3hn
bl Z1
bg Z9
X bi = Zi
bn_2 ZN—2
bn—1 ZN-1

(5.4.136)

ERY), IIIOWTHS Z N TED LDIIRD, ZIT,

v2o—y1 T4
=3 -3—=
21 h% h27
p _g¥ir1 " Y _3%_%717(1.:27”' N —2),
hit1 hi
iN_1 = — 3TN + YN —YN-1  UN-1 T YN-2
hn hn-1

ThHb, b WEOLNZHLZDEZE LI a4, ¢, di ZKDD, a;lFi=1,--- ,N—-21ZD
WT (5.4.123) 225, = N — 1122\ T (5.4.132) 2 2 ANSHEOLND, ¢ ITDOVWTIX
i=1, N=1IZDOWTIE (5.4.132) H 1 A, (5.4.134) HENTN, Fi=2,--- ,N-2
IZDWTIE (5.4.128) MHELND, d; IZDWTIE (5.4.126), (5.4.131) 2 6E6ND, =
NTTRTORMBEPELNZDT, (5.4.120) RO INAZAT T 1 VEBDES

N,
T—2A 2 DG, OB
1
bl - %7
(5.4.137)

T//
3an—1(zny —xN—1) +bn_1 = TN
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ETED, INZEHND L, i=1,NDHHIIDONTH

T// T//
by = 71 3an_1hy +by_1 = 7N (5.4.138)
MO b IZDNTORIZTDEIENTED, (5.4.138) FH 1 AMSHL NI
Tl/
by = 71 (5.4.139)
(5.4.138) 2 2 & (5.4.131) 8 2 XD S ay_1 ZIHEL T
—yn_1 T 2h
ey = INTYN-L ANy SN, (5.4.140)
hy 6 3
INEi=N-10DL XD (54.124) IZRATD L&,
—yn_1 T 2h
YN UN-L Ny — Wy = 3an_2h3_1 + 2bn_ohn_1 + N 2
hy 6 3
_ _ T/l = _
= 2[hn 4 hy-1]by_1+hn_1by_2 = 3M Ny~ 3M
hn 2 hn-1
(5.4.141)

nEENd, ZIZT, F2Rdi = N-10LED (54.127), (5.4.128) X&EHNT
anN—2, CN—92 ’E(\ﬁ,%bf:o
PAE& Y. (5.4.129), (5.4.133), (5.4.135) 25

1 0 0 . . 0
0 hi  2(hiy1+hi) iy E 0
0 E e 0 hn—2 2(hn—1+ hn_2) hn—-1
0 0 hy_1 2(hy + hn—1)
bl Z1
bg Z9
X bl = Zi
bn—2 ZN-2
bn—1 ZN-1
(5.4.142)
ERD. b IIDOWTHRS ZENTED LDIIRD, ZIT,
T/I
Z1 = 713
Yi+1 — Yi Yi —Yi—1 .
;=3 ~3 (i=2--- ,N—2),
‘ hita h; (@ )
YN — YN—1 yn—1—yn—2 Ty
=3 —3 — N,
ZN-1 I v 5 N
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ThHb, b PMELNLTDMEEZE LI a;, ¢, di ZRDD, a;jldi=1,--- ,N=21ZD\T
(5.4.123) M5, i = N—11Z2WT (5.4.138) B 2 A6 H/{LND, ¢ldi=1,--- ,N—2
IZDWTIE (5.4.128) 225, i =1, N —1IZDWTIX (5.4.140) 255515, d; 1ZDWT
13 (5.4.126), (5.4.131) M6/ 5NE, ZNTINTORIMBENESNZDT, (5.4.120)
MOFMINZAT T VEENELND,

5.4.4 =AFOEFRAMHME

AR (2,y) O 3 5 A(xa,ya), B(zs,yp), Clzo,yc) ETHLE T2 =fi
DHEZNDE P(ap,yp) ~OWHEE 25 (05.10). ZAFBOSKEATHE us, up, ue H
BEINTWD L X HETEAZ DT TR P Off up %

S S S
up = 424 +“BSB +uese (5.4.143)

LEFRTD. I TSy, S, Sc ¥ ABCP, ACAP, AABP OEHETH Y, S 1E AABC D
HRETHD. XTZ MVOAEDOKZIXIZZD 2 X7 NIVHER S SEATINAEDHEFETH S Z
LEHWD &,

25 — CA x AB = (xa —zc)(ys —ya) — (ya —yo)(xp — x4), (5.4.144)
254 = BC x CP = (e —zB)(yp —yc) — (yo —yB)(xp — x0), (5.4.145)
285 = CA x AP = (z4 — 2c)(yp — ya) — (ya — o) (@p — 24), (5.4.146)
25¢ = AB x BP = (xp —za)lyp —yB) — (yB —ya)(xp —xB) (5.4.147)

CITHARIIRS2E 2720, R TOAHOTEEZADESMEITAY MVEEHZL T
2ZLIIEETS. NEE26LETEIE, (5.4.143) &40 < S4/9, Sp/S, Sc/S <1
L85,

5.5 trajectory DfI8x

5.5.1 SRR

TSR &%, BUMATE TR Y] S N AR ERZRI T NG I > CEEIT 2 & X, 2O
FHEAVEENC & > THEN L 2 S 2 EEERIC RN 2O Thd. 2oL X, 2B
TORBREZDHEENY NUIE, TOMMEKERZRDRIFROBARIZ—T S, 22T, LED
Bl ¢ 12 3 IRTTT JV MR LDz = x(t) = (o, y, 2) ICNET DBUNREEREF X

“https: //glossary.ametsoc.org/wiki/Trajectory
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A(an yA)

5.10: A TR (r,y) IC51F2 =6 ABC & B304 P ORI,

5. TEMERDE R D

ox
lim = . .0.14
Jim v(x(t)) (5.5.148)

ZIT, v(x(t) 1ZHEL t OFLE @ (2B RHEEENRY MV THB. sz 13 6t DT
DOREERZD 3 ReBHRE2 KT, HENT MLAEORT MVOYGE, HH M §z = 0.
TRDLLMAEREN R L EIIBEH LR (LA THD) ZL2B%RT 5.

TMEARDEZ NS, R to THLE xo(to) ITALIET DIRRERDOEMRIE, X% ¢ 12D
WTHEZDULEZEDEELL:

/m(t) dx = /t v(z(t'))dt. (5.5.149)
zo(to) to

ZDEE v(x(t)) IFRL ¢t THRIE z(t) ICHITOMEEETH D L ITHEETD. v 1R
MR T ERWGH, &2 WIFEHREK TIIR W (T2bbHfbI N8 THD) &
&, EREBUERESICE > TREI NS, BUFIEW < DD DOBAERD A F — A TOHREHR
FROEAZIERD.
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5.5.2 BEEDRAF—AL4A

BERAE S N2 R E BT U T, (5.5.148) B\ (5.5.149) RS % FHli4 2854,
ZHERUL T D BN DD . T OBERGIZIE, BUER S 217 5 O DR &, Tt % S
2 ODHEEALD 2 FEHOBMBILP G TN Z L ITHERTD.

FTBUER S 2175 2O DHEHALIZDOWTEZ S, KT 175 T,

L 1 REEGRA A 7 —AF— L4

2. WRAAM T —AF—L4

3. BIEAA T — A% =L (F1 Y AF—1)

4. BNV - IV RAF—L (VY EAD 3RAR)

5. AUV - Iy A AR — L (HIMEL VT - 2y &)
RHRTDHIENTED. 0<|6t| (= |h]) <e & UT, tg b tog+h ETIZ x(ty) IXhHo7
WARBEZD x(tg+ h) FCHELZL 920, RILOEMKILDZD, t, =tg+nh Th I

L DKL %, x(t,) = ©, CHRAt, TORMBRERDAEZ KRBT D &, MKEROBIIIA
AF—ALATUFDOLDIIRIING:

1 REERBNA M1 Z—XF—L4 (EUL)

etV =z, + ho(z,) (5.5.150)

WRA M Z—RF¥—L (ME1)

manll =z, + hkg,
h 5.5.151
ki=v(z,), ka=wv <a:n + 2k1> . ( )
RV AF¥—L (HO1)
mﬁf} =z, + E(kl + ko),
2 (5.5.152)

ki =v(x,), ko=v(x,+ hky).

0 HEFEAMSOHE LD ENTES. h > 0 85BN 2 BRI DWW TR G IS (R HBR),
h < 0RBEHIC (BARP BOT2ZLI1285. TOB, n OBSEIH IR TIZ 2 LICEET
5. FIZIE, h <0 DBE, thyr < tn, h >0 DG, tnyr >t &85, n OMEIZFIIIRZD 5 DOREDEHED
FEERTEZTTHY, BOOHAM (FANESN) 1Fh OF5THRED.
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BRIVVT - Uy XF—L (RK3)

h
2R3 =g, + o (k1 + 4ks + kg),
h
ki=v(z,), ka=wv <:1:n + 2k;1> 7 (5.5.153)

ks = ’U(:Bn — hkq + Qhkg)
ARNVH - 29 A%~ (RK4)
RK4 _ h
T, =Tp+ g(kl + 2ko + 2k3 + ky),
h
ki=v(z,), ko=w (.’L‘n + 2k1> ; (5.5.154)

h
ks=wv (a:n + 2k2) , ky=v(x, + hks).

I, WEGOBILIZDOWTHE RS, il V 23 3 ot T AV NS (X, Y, Z) k
DM (X, Y, Z)) TOAEHEINTVWDE LTS (1<i<L, 1<j<M, 1<k<N,
L, M, N I3ERE). RFEIZOWTE, —EDORIET (1 <I<P)EHINTWVD LT,
TRDL,

V =V(X;,Y}, Zk,T) = Vijki (5.5.155)

—JiT, WHEROBUERE S T, to 15 to + 6t TTOMDBEEU 25608, (Kl &0 7T)
WG TR OIS (X, Y, Zk, Tp) EIZ—ET 2D TR, UL, RO BUER
ST BERFRE v 1, RPSROEAET 2METORETEZ LNRITNERS RN, 2
DL X LI NZTES V 0o MEERPBEIU S 2EEOMEIZS T DiEY v
% J il 9 2 A%, BUAREER, VHEMRKEZHF LU THERDBENDH D, mb BB LRE I,
FOEDE X ND LD HIROWL E T, H DU & BiRE T 2 sBISRE S (2 2 1L
THLNHEDTHD. ZOREXELS L, I T TR X = (X, Y, Z) CORMKERD
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EOME v( X (T)) I, BB ZRRES (5.5.155) X&HWT

v(X(T) = (1 =a)(1 =B =71 =0)Vijk

+(1=a)1=B8)1=7)0Vijki+1

+ (1 =a)I=B)v(1=6) Vijk+1y

+ (1 =a)B1=7)(1=6)Vijt1,k

+a(l=B8) (1 =71 =9)Viyjk
Y Vit1 1kl

+ap(l—vy)(1-946
+a(l=B)y(1 —=0) Vit1jkr1
+a(l—=B)(1 =)0 Vit jrirt
+ (1= a)Bv(1 = 0) Vi1 h+1,
+ (1 =a)B(1 =)0 Vi 1ki41
+ (1 =) =BV Vijrt1i41
+afy(1—=0) Vi1 jr1k+1
+aB(l =)0 Vit j+1,k1+1
+a(l = B)Y0 Vit k141
+ (1= a)BYV i ji1 k1,041

+ BV Vg1 j41 k1041

(5.5.156)

=(1-a)X;i+aXi, Y =(01-8)Y; + B8Y1,

(5.5.157)
Z = (1 - V)Zk +’)/Zk+17 T = (1 - 6),1—2 + 6,1—24*17 (0 S 06757’}’,(5 S 1)

ThY, a,B,7,0 FTNTNX,, Y, Zi, T) LEHMOBEERR E ONSRERETL/NT
A—=RTHd. INEDNRTA—=RIEX,Y, Z, T DENS (5.5.157) R k> TRDON 5.

5.6 Braun (2002) IZ& 2 BT EIEDOHFOABEHE

Z 2T, Braun (2002) THWOHMNTW S, FUEE 7 IVIZE 1T D BerHRSUE D DAL E
ZHET D HEIIDODWVWTIHRARD.

TETE, HAWOBFRLKEIZE LBle UTHNIFENT VAL TWSDT, Buik&
JED N, HEHEIESUED TR % & 2 KRR T &< ﬁ?i*?hé IR DS 10
km PA EDF S FHBUETE 7))V Tldk Z O 5 1F & D FAK s DS BVHAR S D fili 7 R 7 ol

VL ZTHEEIAREIE, HLET (5.5.155) Rid v VD HRPEHZIN > ZREROEE 2, MENLEZ BN
BHEIABRET =R V TEDE DT TEHET I 2RLUTWBEITTHD. SIEH LY @&ROHHRE (51
ZIE3IRAT T4 E) V-8 2 AT, MiRIRRET — X DSRBHMROMRE & —89 25 2 &1 (B

EZRNT) HY ARV, LAaA-oT, 2Tk (50155)ﬁ%ﬁ4u;aﬁf%*ca“:@“‘,&;ifi%tbf%%fﬁbf:.
WHE IO B R DIRBADSE N 2 L1, #iHIC B 1T SIEDRENE NI L 2 BT UERIELBRVNSTHS.
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pressure and precipitation [mm h=!] (016:50)

25.0

20
ki
o

meridional(degree)

<2.0

128.0 “ 129.0 130.0 131.0 132.0
zonal(degree)

5.11: FEE I FEEBUEE T B W THEEL X /- R 2 A B2 B 1 B Y UE DK A
(FksX) & Braun (2002) OFEICEWTHEE I 172 B 22000 A (FRAD). SRR IS
SUEDSAG, 717 — BRI AM. ZORIDRT &SI, W3 7IRIZE T 5 /AT R KED
ZENZE T, BRI BARKRERDIEFEITRRD 2 L300 5.

ZRUTWZ, UL, SIBETIFEUEE TV OIS - SRR E LI, BV RSUT
DOWIEBI T (Fbh 5 2FEE 100 km FEE) DH%F - BOFRE & fElICRBI 9 5 Z &A%
el o7, 95 L, MRGELBUATE 7 IVIZ & 2BV EREDFH R TIERmLL Ah-o
7z, FULHE CO RN A KEZEBDEEE IR 505 & 51248 57272 (Braun, 2002). 20
R 2 SEEFNC & D, BARTD & 5 Bl SEDOREM TH L2 EHT 2 FikE2HWD
&, ARSI R D RIS U T T D 2 59 5 L WO IRBIBKB R 5D &5
12785 (K 5.14 2Hf). Braun QW2 FiEE, ZOHODROIRE) 2 HH T 20E1H 5.

FHEOMEIIUTDO L1225,

32 DI QIEAEI, BUEETFIICEB T2 EE I FBTEICRERNT R EDTHS.
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Y

A+++++444
+HFF++H++ H+
++++++@$+

+ 4+ ++ £+ + P EEEoREs cone
+F+RFHF T
i i i i i 5 ++ cosEnoRTasRE
+++++++¥$%ﬁﬂ%
++++++++;

>

5.12: Braun EOBEERX 1. 88— H#EE s % LT search dis DR X OEAEHE (7~
) WIAFET 2T RETHRLRBRIE 25, 2O RBERIORTIZOWT, K513
DFETHERCEARA ZFHHE TS (LTI HPFENTIITHY T 5).

f R
1. WG ESIE DR % & B M2 5 HEs (0512 D fg) LT 5.

2. K512 IZBWT, B-HEREZHLE UTREY L OEHKHEEAN (K5.12 O
PeR) ITAFE T D F T RN T 2 RREM N E 9 5.

3. BERBEMRDORRIIOWT, TOEFEHLE UTHER R ORI (45.12
DIFFRI) IIFAET BT DR TITOWTERRTEY (4 5.13) b 5 O ff 7%
2R L, SR I NN O - RE TORERAZ ELADED.

4. ZOWET, BRBHEEFIZOWT, R R O ML OREHE{F 2 F O fE
PIEFELTWDDT, ZOMDPRNE B FREBEOHLMREEETD. IN
&, KUEICDOWT, id MR (HRFRGE) L R> TV REHRL TS Z L
285,
N )

OB AZEITBENT AR EEREOY TIN—F VORI HEFRIED L,

fg = BB—HEE M, var dis = ¥1fE R, search dis = #REREMHI L

EWVD RRBERIZERD.
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+ o+

4
4

_|_

IRARITA - TIEAR T

4
4+

+ +
+ ¥ + 4+

THINERR (R) DERTOESZFRTEHENSRELFE

+ + + + 4+ + 4+

+ + + + +

5.13: Braun EOBEARK 2. O SBEMHO R TIZOWTE U fECEMCES R 2 15
ULCTEORIEEZ L 28 (D F Y, BRSO EEHN —~FADRVEN) 2R T L. HTY
DOFE T I T O T AV MEFEOMBERCICT 5.

5.7 Kurihara et al. (1990) IC& 2714 J)L% )V TUE

TITIE, ? CTIHREINTWBRFAL—Y VIEHZZAEL -, EERIRD D7 «
AR —EFZDOBEEMRILZ GEH T 5. BANIX, 7 THEEIN/Z 7 1V X —EFHZE DRI
ELTETLNT VD 2 IZHEDNT NS,

BEEULINAEED 1 IRTT—H 2 2% 25, 22T, i 3BTFHESTHD. ZDL X,
i I U2 3 T COREMEHRAL—Y Y THEAX
1
Zi = pzi + 5(1 — p1)(zi—1 + zig1) (5.7.158)

ThHd. 2T, I\ FAL—IVITINEZYHEEEZRT. pldAL—Y VY TOBOEATH
D,ou=1/37251% B 3 S TORMPEEIHIEICEFL LS. BRI

1
Zi =z + 57/(2‘1’71 + Zit1 — 22;) (5.7.159)

EEIMZONG. T2 T, v=1—pThd. vIIHELLT ALYV T TOEAE K
T 5, 2 TSI o WIRDEMIZBEWTERINTEY,

zi = C+ Acos (k(x; — 7))
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(degree)
8 ]_ | T T T T T T T T T T T T T T T T T T T T T T T T T T

30

29

28

27

AV}
n

min—PS—(LAT), TC—(LAT)
[AV)
NN

[AV)
W

2 2 | I | I I | I I | I I | I I | I I | L1

125 126 127 128 129 130 131
(degree)

min—PS—(LON), TC—(LON)

B 5.14: B 5.11 OFBFIRICE T ks (BERSER) AR (Braun FiK) OFEBEDKY
24k, Z OB TIFEEDPRARKTE OB % | 7% 515 Braun FED LI OBEIZ & L
TWa., ZOFENS Y, BRKEARIFHEE IR L TV ZEVHLNTH D.

CRALTEXDLTD. ZI2T, kT IMEEDO—ENMERT. L IZEHTHY, HE L & DR
Wk=2r/L WO BBREED. 20L&, ZMEKOEEN S

zi+1 = C + Acos k(miil — f)
=C+ Acosk(z; £ Ax —7)
= C+ Alcosk(z; — T)cos kAx F sink(x; — T) sin kAx]
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%% (BIRIE). 22T, Az i3z x; OB TFREEMTH S, 26, 2 I Tld o, 13%5H
fRICEEINTHND LT 5. EXE (5.7.159) IARATD L,

Zi=C+ Acosk(x; —T)+v[Acosk(z; —T)coskAx — Acosk(z; — )]
=C+[1—v(l —coskAx)] Acosk(x; —T) (5.7.160)
CHEBIND., ULEN2T, TOAL=I VT, v OMEIZE ST 2z O DIEEE A
ELEIBRNAL=I VT ROTVWD I EWNbNDS. —F, TORIEIZOWTIE,
[1—v(l—coskAx)| 2T ED DN E. 5, v IFHHZFIZI>TERIZHRD S
ZEWTES. B L, (5.7.160) ROAME 2 HOBBE YO L2 5:
1—-v(l—coskAx)=0

c,t DI v ZHET UL, (5.7.160) RIZ & > TEE Lk OIRIESE DT LR Y, ZOWEEBES %
BIRETDZENTED. ZNIE, AL—Y YV TEMAZE (5.7.158) NEADEV ST,

%i?&i&z@ﬁj‘aﬁﬁ&?%c:ﬁi\ TAINVE—=TIRNGTHIENTEDZLEERLTND

(Tabb, 74NV —EAZL U THRETDL L2 EKLTWVD).

INETOERTIE, 2 D51 DOWBIR D DAEES>TNWD LI 2EZ 0N, (EEDWK
DELPEDLETERUERIPARETH D, YWHE » DB/ 2 12DV T 7 — ) THETEE

INd LT 5.
z; = Zén cos ky(x; — ).

DL E, ALYV ZERFE (5.7.159) I& E L FRRD = ABEBERKIC LY

1
Zi = Z [én coskn(x; —T) + ¥ (2n coskp(x; — Ax —T) + 2, coskp(x; + Ax — T) — 22, cos kn(z;

= Z [Zn, cos ky(x; — T) 4+ v (2, cos kp(z; — T) cos ky, Az — 2y, cos ky(x; — T))]

= Z [1 —v (1 — coskn,Ax)] 2, cos kn(x; — T) (5.7.161)

PEONSE. ZIZTH, v BMEHEMERICRETE D20, HIFKED 1 DDOPL k. 12
DWNT
1—v(l—cosk,Az)=0

TROLGL,
= (1 —cosk.Azx) ™! (5.7.162)

t@éij v EIRETNE, AL—Y U TIZEoT 2 IZ8EFN I k. DE— Rid%e

T ANWE—=T IO RNGTBIENTEDL. ZDEX, vk DAUMETZDT, k. AADIE
B TIRIES Y TIZ AR LTI 2 IRD Z 828 5. BRDEHOW%E 714NV —F 312
&, AL—Y YV TEHZE (5.7.159) 2 EA v 2 EZTHEBEITZIX V. 825 M EOH
BN ERETEIAL—I VT %

1
M =M1 21/( MIU kT -2z (5.7.163)
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EUTREHTD. IMHDAL—Y Y THREIE
v = (1 — cos k) Ax)

LBB. ZIT, kg EIEHTT A VE—T 0 NSNBWBEERT S, AL—Y VT
PERFE (5.7.159) DRI L NifH %2 23T, IRIEDOAZ LI E 5!

M = Zgi/[ cos kn(z; — T)
n

THhdZLIlFERETNL, (5.7.163) 2 (5.7.161) DEDIZT7—) THHTRHIT D L %
HE2BL,

M = ZE,{\ZI cosky(z; —T) = Z [1 —vpr (1 — cos /-{:71Aac)]§n]\471 cos kp(z; — T)
EWVSHERAE YD D, ERIET =V ZOEE— R n THSZIZHEY 2D 2 EIHERET S
E.nHEHDE—RT

M 1= vy (1 cosknAa) 2

WY IO, 0T, ZEBIC I IHLT,

M—-1
n

M
% = n T = v (1= cosknAx)] (5.7.164)

=1
WO EBEMPREONDG. ZORIK, MBEOEBDT7 4 IVE) U ITIZE>T, 74 NVET Y
RINBMO /RN Eed, 74V —HZOREEZRL TS, DFY, 74ILEAT T RX
NBPORANEZD M BD 7 4 VEEHIZE T, RENE & D
M

H [1—v(1—cosk,Ax)]
=1

fZRD NS T ZEKRT D, N LIBE, Shuman O X 1 OB & 2 IRITHROEH.
BH,?7 Tl vk
v=(1-cos2r/m)"t, m=23,4,25,6,7,2,8,9,2 (5.7.165)

CWHIEHRT 11 B 74 VREERZITD &, 202 D25 9A FTOHEZE DN RITT 1
WARTDRINDLBRRTNS, TN, (5.7.162) R& k=21/L L WO BREZERD L,

v=(1—coskcAz)"t = (1 —cos2rAz/mAz)""

EBRDBIENS, WE L =mAx O (5.7.165) KATT7AINVAT I MINE I LIIBD
EOMBD., ZDLE, TANET T NINBOEKSOIRIED (5.7.165) DEMET EDFEE
2T 2N HEED. 74NV EAT Y NINBMEREDOEEE k, = 2nr/RAx LT B L,
(5.7.164) X5 ED 11 [BDAL—I Y THEEIZE > T, TORIEIZ

11
2 =5 [ —n (@~ cos2n/R)) (5.7.166)
=1
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Y%, e ZI1E, R =15, 20,30 DBE B OREITTNT N,
R=15:0.179, R=20 : 0.400, R =30 : 0.675

ERY, TNTNAD VFIVOIRIED 82 %, 60 %, 32 % X TEATD IR 0onb.

5.8 WEDHEEMIE

FIERREENSBIHII N EIX, HEOHREIZEI > TEBOMNEINSTN/ZmE LT
BHIXNT WS, ZZTIREENIRETIHAHE TOHEZMIET 2 TFE2HNTD. F
FII BB R B H = 58T 5.

5.8.1 tEAD&{E

p R i N
3 ouZEM (z, y, 2) ETOEMOHFENIE
2 2 2
%+%+%:L (5.8.167)

SOLE, WS (r, 0, \) TRETS L,

x =asinfcos\, y=>bsinfsin)\, z=ccosé. (5.8.168)
a, b, clZFENTHz, vy, 2 HIAOHEMAZEDYH % KT,
. J
- M DIERRAN T NV - AR RO HFER N

M ED (zo, Yo, 20) % D BALIEAR R 27 NV Tellip (=

@fa) |
(%o/?) [fi-+-z24—fi} (5.8.169)
(20/¢?)
\ J
[EFEFE PR D 5 FE R

[EEAEFADIGE, HZEDREDS S 2 DAFE UEEZED. ULAW-T, HICET S5
BRTDINTA—=4 (a, b, ¢) DB, ALED 2 D&[FEUEL T D Z & TR K
AT HRAEZRTIENTES.

339 T HKMIZHHE XN TV B IEETH S,
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———— MBI (Geocentric latitude) & HiEEEE (Geographic latitude) —

[FIHRHE FIOR_ECARET (Rl B2 1) A H MR ([EIHRE) T30 X o 7= f 55 2 e
EIER. FEHHLZ R & U T 7244 % D8 (Geocentric latitude), f&FI{4
FOERREFREHDOR R 2 H R E U T2 485 % HIBIRE (Geographic laitutde)
IR (ENTNH5.15 Do & ¢). MR () & HBEE () DEIZIZEATN DR
FRASER Y 32D

¢ = arctan [(1 — €?) tan ¢]. (5.8.170)

ZITeldBRTH Y, EEMHEFHADI 5RO ZE ry, [ & 52218 O
g, L UL E,

2
e2=1- :g
TEHEINSD.
\_ J
5.8.2 AN NILDO&mEZE
- R PV E A 72 ERROBA T ~

TV NERER (z, ¥, 2) EDRL (20, yo, 20) Z3EY, HEARZ ML dT = (1, m, n)
&R B EMRD HREAIE

i e - — (5.8.171)
l m n
BENEE L EZHWDS &,
r=x9+It, y=yo+mt, z=z+nt. (5.8.172)
G,T = (I‘o, Yo, ZO) tj—é <‘f., E%ﬁi‘:ﬁﬁ?é“ﬁ IS
r=a-+td. (5.8.173)

2 8 (21, Y1, 21), (22, Y2, 22) ZBDEMOBENEE (t) KR, AT = (21, w1, 21),
BT = (.%'2, Y2, ZQ) %ﬁﬁb\fv

(1 — t)a:l + txo
(1-t)A+tB=| (1—t)y1 +tys |- (5.8.174)
(1 —t)z1 +tzo
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5.8.3 HEMEOLEM

5.15 IXEFEME A & U GRS N2 HERDIRE | (¢ = 0) IThLiET 2 EfrikfTE &, H
BROMERBBERLTWS. HENOHIR L2 R L, HBR EOME (24, Yo, 2a) DA
BENLUZEE R OEOEEEE T 28T 221285, LU, ENSHDZEZTOD
HiBk EDAEI (x0, yo, 20) £ UTBIII NG Z 212725, HRBEEIZIEEEOE»FE
UTCTWBHIER EDOAMETIEZA S, RS OB G IR KR & Kb > 72 f1E & UTid
FRIND. T TIOFEBEGN S, EEOENFAT DALEITHERE % ]E U ET &5
NP D, T DFEIE % FAERHIE & IER734

(-770- Yo, Zo)

Tp

5.15: SAMEDOHEGN. &5 AT —3T 5. MERIFIRE L re MR ), N5
BHEHREMARE UTGEBI NG . FRIF (vs, ys, 25) ICMELTEY, TIMHHBR ED
(Tay Ya, 20) WAFAET D ETHEGE h OEZBIT 5 &, TDEIX (v0, 0, 20) DILEIAFIET
5 EDITBPING. FHETRKDZWYEEIFAEEDMNE L BHIINDEDAE L ETHS
FE DI S FEBEDEDALE (24, Ya, 24) COREE (o), BE (V) THD. HAKDNRY
MLASHEERIOEOR BN ML EEORER Y MVDETHY, ZORY MV ¢
DALEBINRD 72NVEPIFET D, IRERRDNT NIVISKEM ED R (24, Ya, 24) % 38D FEARN
I Mn THY, BAIERNRYZ Ml n/|n| & (24, Ya, 24) R E UT WAL 72 803E 51
BRI MDD LEDORE =T S, 2o ORfRE TITRIMZR Z O THIEZ 17D . KWV
HFERONT NIVIEZEN TV IERTBROENFAET D HERKRE ETOMENY NV THD.

A R, KRS (2017; https://www. jma.go. jp/jma/kishou/books/yohkens/yohkens.html)
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5.8.4 fHREFMEDERIL

Bl X, M5.15 2825, HILKKERDEBE, Bk L OMNAEIZZL 2D T,
2 & ETHOMDEARIE ALY 2 ik EDEESRIZ DWW TIFHENIIAETHS. - T,
BEMIEIC & 5T, & & OREEIGD DRI EAAET B (il % Rib B 12 1%, M2 Fifg
DE D55 E L FRDFIET % i 2 5 NEMR LT, HERETH S ORI h & 25 5%
RO, TOETOBEREZRONIEI NI 212485, ZHIZEABITIZITO#EE 2
B2 L THEITRDZ ZENTES.

FEEREFEERDOEROEH
Hiizd 2K ECTT AV NEEL (2, y, 2) 2F A28 &, fREBEBRD L H B 51 (10, Yo, 20)
EERDIFER (x5, ys, 25) 2D EMDFFENIT (5.8.174) DOt Z T,

(1 —t)xo + txs
(1 —t)yo +tys | - (5.8.175)
(1 —t)z0 + tzs

WIKREDERRDEH

EREOMIRKRE LD R (24, Yo, 2a) TOERE (5.8.169) & (5.8.173) D HBENZEL (s)
2T

Tq (rp/7e)Ta 2 —1/2
Yo | +5| (rp/re)Ya [rz — <1 - r§> zg] . (5.8.176)
a (re/Tp)2a b

ZZT, re BAREREE, rp BIBEETHD. ZDOEE, s DRBE B DIEMRT DL
(5.8.169) 25 HAESRNR T NVIRD T, 8 (24, Ya, 2q) DO ORI s 12T 2. £oT,

h (EEZEZE [rg - (1 — :;) zg} _1/2. (5.8.177)

P (Tay Ya, 20) MOV B EI h DIEFRENT NV THS.

(5.8.175) TRINZELRE (5.8.176) THRI N2 LMD Al

(5.8.175) = (5.8.176)
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R TRY, Tabb

(1= t)ag + ty = @a + [Alrp/re)ua) [r2 — (1= r2/2) 22] 712, (5.8.178)
(1= 6)y0 + tys = v + [(rp/re)ya) [r2 — (1 —12/72) 2272, (5.8.179)
(1= )20 + t25 = 2o + [h(re/rp)za) [r2 — (1 — 2 /r2) 22] /2. (5.8.180)
5 (Tay Yar 2a) R LR THZ 55,
”:g’+§f§+f§: 1. (5.8.181)
ERIT (5.8.178), (5.8.179) ZRAL T,
% (1 — t)zo + tas)* + [(1 — 75)32/0 + tys] 1 z (5.8.182)
re [L+ h(rp/re)y(za)] 7";%

Y UT g, yo BMETS. ZITA(za) = [12— (1—r2/r2) 2] P 2 Uz, Elldtt 0
H, AU 2, DAL RS £S5 ITEIT S &

[z0 4 t(zs — 20)] + [yo + t(ys — v0)]° = <1 - ig) [re + hrpy(za))? . (5.8.183)

(5.8.180) A% t IZDWTHEL &,

¢ TR0+ Zat Pre/1p) a1 (%) (5.8.184)
Zs — 20

INh%E (5.8.183) ITRAT D L,

- a h e a a 2
I:x(] + 20+ 2 —; (TZ/TP)Z ’)/(Z )(xs _ 330)}
s — <0

(5.8.185)

—20 + 2 + h(re/Tp)2aY(2 2 22
+ I:yO + 0 a : (_Z{) P) a’Y( a) (ys _ y0):| — <1 _ r2> [7"3 + hrp’Y(Za)P
s P

LD 2, OHDFERICRBEIND. TNEUFO LS ICEIT 2 &

|:'TOZSZ0$S,7—1(ZG) . Za'y (Za) + (’l“e/T'p) (-Ts _ 130):|
Zs - ZO ZS N ZO

+ 2q

-1 2

YoZs — 20Ys _ Y (2a) + h(re/T

+|: 0 0 ~ 1(Za) ( ) ( /p)(ys_yO):|
Zs — 20 Zs T 20

_ <1 - j’j) ey (za) + By

p

2
= {[l’ozs — 20Ts + 2za(Ts — 20)] 7 H(za) + zah:—e(xs - 330)}
P

2
_ Te
{20 sl = 90017 22— )}

P
2(.2 7”3 2 —1 Tp ?
= (Zs - 20) Te — ,’nga v (Za) +h—

p Te

735(5.8.175) KD 3 WADMEE (5.8.176) KD 3 WA DEBZNETNE LW, TROETMANL DS % £
LT3,
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KEZRRMT S &,

_ r
[x0zs — 20%s + 2a(Ts — a:o)]2 v 2(za) + z§h2r—g(a:5 — x0)2
P

2
_ r
+ [yozs — 20Ys + Za(ys — ¥0))* 7 *(2a) + ZﬁhQT%(ys — y0)?

p
B r
+2 [x02s — 2025 + 2a(Ts — x0)] Y 1(za)zahr—e(xs — Z0)
P
_ r
+2 [yOZs — 20Ys + Za(ys - yO)] Y I(Za)zahri(ys - yO)
p
2
= (25 — 20)* <r§ — ‘;zg> [72(2,1) + h? g + 271(za)hp]
2 2 Te

TSI T,

[1‘023 — 20%s + za(xs - 1'0)]2 + [yOZs — 2oYs + Za(ys - yO)P} V_Q(Za)

2
r
+Z§h27§ [(955 —20)% + (ys — yo)ﬂ
P
_ T
+2 {[‘TOZS — 20Ts + Za(xs - xO)] (335 - .T()) + [?/02’5 — 20Ys + Za(ys - yO)} (ys - yO)} v l(za)zahri
D
r? o LT
= (25 — 20)? (7“3 — ;zg> 7_2(2[1) -+ hQ—g + 2y Hzo) L] .
72 72 Te
2 2 2 7"3 2 2 2
= 9 [Tozs — 2075 + 2a(xs — 70)]” + [Y0zs — 20Ys + 2a(Ys — 0)]” + (25 — 20) 2% e ) (7 (2a)
D
L 2 2 27’2 2,2 2
+22h r—; (s — 20)" + (ys — yo)” + (25 — 20) T—g — (25 — 20)°h*r})
p e

= 2{ ($02’5 - ZOxS)(xS - IO) + (yozs - Zoys)(ys - yO)] Za

22 (0 = a0+ (= )+ o = 0)?] = = 202} )b

Mid% 2 T DL, y(zq) DFEAWMNHEAT,

2
r _
H[mozs — 20T + 2q(xs — xo)]2 + [yozs — 20ys + za(ys — yo)]2 + (25 — z0)2 <T§z3 — r?) } ol 2(za)
I3

) 2
.
+ ZthQT% [(@s — 20)* + (s — ¥0)?] + h* (25 — 20)° (22 — 17)
b

=4 {[(w02zs — 20%s) (75 — 20) + (Yozs — 20¥s)(Ys — Yo)] Za

2

2 _ 2
+22 [(1:3 —20)% + (ys —v0)* + (25 — 20)2] — (25 — zg)2r§} ~y 2(za)h2r—2.
P
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WL OMEH DS TEIMMAT (X = z02s — 20%s, Ys = Y02s — 20Ys, X0 = Ts — T,
Yo = ys — yo, Zo = zs — 20, :Te/rp)y
2
{1 + 20Xl + [V, + Yol + 28 (R222 = r2) o 2(za) + 2202R2 [XG + Y] + 0223 (22 = v2)|
= 4{[XXo + YYo] 2 + 22 [XZ + Y¢ + 23] — Z3r2} 42 (20) 2 R2.
(5.8.186)

UL 24 IZDWTHGE 8 IRDSFERTH 2 7280, BUEMIZIRPND . 2, ISEME F572 78
WA, 8 T R SRMPFEAET B 2850, FUEMTTE XN/ 2 I BT IO 20 & DR
DEFRUSGEWGATE 85 (P20 <t <1). WRIZ, 2, ZBUEIIZRD 7288, 29 > 2, M
D, 0<t<1THhDILEZMHALTRMKIIZEE LTRDZ. 2, BWELNHE, (5.8.184)
KTt ERD, TIN5 (58.178), (5.8.179) T x4, yo ZRDD. HEIZHBUERIZ R D B B
iE, Mg b %2 Z T 2720 (5.8.186) % r, THIMEILL T

{

2
+£mmuﬁwm+%_ﬁﬁ}

1 2 1
"p p p

(X5 + 2aX0)” + (Vs + 2Y0)* + Z3R%22  Z2R°

1 2
p "p

[1— (1 - R?) ig}

(5.8.187)

2
z — R
4 a 4 r2 r2

2
:4{X3X0+YSY0 +Z§X§+Y02+Z§_Z§} [1_(1_R2>z§] h?
P p P P

Tp
KRIEDFIEL U T 20 < 2o <0 TMEBR P =2 — N VIRIZ & > THUERIZ RN S .
RE, FHIEDREHEDY 2o (ZMIGIZE <, BHROD IR0 < 2, < 29 ITFELTND Z LIT
HERET2. DG E T ZORBEENUT, REBAZEIIDO ZflZ 2 L 0 HD VI
0.920 2 &, 20 LXTDMT 20 ICAMLVREZEIRT XS, &6 56 DHBUEMRILEEZ A2
BE, RS NRE 2, OBEUF(2,) 1% (5.8.187) 6

F(z,) = {

2
+£Wﬁﬂﬁﬂﬁ+%_ﬁﬁ}

(Xs +2aX0)” + (Vs + 2aY0)* + Z8R?*22  Z3R?

1 2
"p p

"p

- 2]

r;} 7“12) 'rf,
2
_4{XSX0+Y8Y0 +23w Zg} [1_(1_32)%2} h?

4 a 4 T2
Tp Tp "p

FEBIHEMIEZ AT BORIOUE (771 MM &) LAR (RIDWize & O%&

0?7 2 WA LW ONTHDH, WA 4 BEROM»Z. TOFTO<t < 1 HENIZFLETDD
1 OURWED, HEMEIIOBIEORENTETH L.
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% r, THKLLZE0) 2 A NIRRT 5
:2' = Rsinfcos\, 3y = Rsinfsin), 2 = cosb, ( )
(1= t)h +tal, = 2!, + [WR2l) [1— (1— R 222, ( )
- Dyh oty = v+ [WRTY) 1 (1- BY) 2272 (5.8.191)
C(1— g +te =2+ [WReL 1= (1— R?) 22] 7Y%, ( )
a2 4y + R = R?, ( )
F(2) = { [(X; + 2 X0+ (Y] + 24Y]) + ZP R — z(g?RZ} [1-(1-R?) 2]
+zé2h’2 [Rz (X62 + Yo/z) + Z{f] . h/zz(/)z}?
— A { (XX +YIYY) 2+ 22 (XQ + Y2+ 20) - 28 [1 - (1— R?) 2] h2R?

(5.8.194)
5.8.5 fREMEDUEF|E
R TIEFEBD AT — R & AWCTHAMEZ4T S FIEZHAT 5.
ANT—%
FIERHZAENZA U BT A= I FDEB) THS:
Ei=2 il HAL
Te 6378.1370  km  FRERR
rp,  6356.7523  km  FRPEAE
R 1.00336409 fEXIC re/rp
H, 42164  km  HEBRAPLO SR X T O
b 0.0 ° HiBR 0D A8 SRR AZE O o 7= i B DG
s 140.7 ° iR 0D i % 18 S CHRl o 7 1 B DR S
b0 G1E' ° HIERTD & 2 ¥ 1 s T OREE
Ao G1E' ° HHIERTD H B4 T R T OREE
h 518 km (o, ¢o) COEIHFEE (MR S HE)
BREERR RIS

ANINT =R %2 T (JRooft) BRERRICHE 5. £ A3 N/ 1
ETH D720, (5.8.170) & W THUMEE IZEMT 5.

s = arctan [R_Q tan gZ)s], 19 = arctan [R_2 tan QSO].
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(L DATCA S
rs = Hgsinfcos A, ys= Hgsinfsin\, z;= Hscosf
THAZLNZDT, (5.8.189) LFBRIZ r, THIEILL T
zl, = (Hs/rp)sinfscos \s, vy, = (Hs/rp)sinbssin s, 2z, = (Hy/rp) cosbs. (5.8.195)

DT, = /2=, ThB T LI B IE IO TR CORMRRERIE (5.5.180)
Ao
z(, = Rsinfycos \g, 1y, = Rsinfpsing, 2{ = cosby. (5.8.196)

F L/ RRIZ g = 7/2 — g TH D Z LITFERT .

IEETE
(5.8.195), (5.8.196) TEM I N /- BIEEHEMN S (5.8.194) ZHWT 22 2K 2. (5.8.190),
(5.8.191), (5.8.192) % (5.8.193) IZTRAL T ), v, 2HEL 722
at? + 28t +¢ =0,

o= X[/)Q _i_)/b/Q +R2Z62(52,
B = (20X + yoYo + R*252y0%),
e=af +yf + (R*2()6*

2 (5.8.197)
RV 2]
O L G N LS Oy O M
1+ [WR][1—(1— R2) 22712
6N 2 ZIRAT D &, t IZOWVTHRW -]
t = g [—1 + . /1- gi] (5.8.198)

NEOLND. BRDOH S t ORIPHIZEHLAA0<t <1 THY, B2 —ac> 020/~ THE
NHd. oz, t 5 (5.8.190), (5.8.191):

= [(1 = t)ah + ta'] {1 + R [1-(1-R? zf}*m}_l (5.8.199)
Yo = [(1 = t)y0 + ty] {1 +[WR7[1-(1-R?) 2;2]_1/2}—1 (5.8.200)

EFIVT 2, o) 2RO, UETELN- o, o, 2, 5 (ERIET) BEERIE S N fE
Iz 55,
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RERERBRE

BONBEMEERE MEREICHAET S, 2t (5.8.196) 2812285 2 LT,

_ -1 7
0 = cos™ " z,

/
Mg = tan~' Yo (5.8.201)

a

O 1FHUOFEE g &

m
wa - 5 - ea
ORRIZH Y, T HITHULKRE & B ¢, 1 (5.8.170) 25

o = tan~! R? tan Vg

FEEmTDSEE

TROEH EORE T MAHEMETEE, 20 =2, =08 782720D, F(2)) 15 2z, Z3kd D
BEERN, ZO L E | HIFFRERBNDEE L FBRIZ (5.8.198) WHEREINDS. TOR,
BINTGA—=21F (5.8.197) & Z) =2, — 2, =05

a = X(/)Q + YO’Q,
B = (#hXh + YD), (5.8.202)
e =— (2RN + 1),
)BT Bohnd ik
X! 1yl X2 1 v/”?
_ % RPN #02 (2RI + h2)| . (5.8.203)
X5+ Y, (26X + 5o Yol

2L, MR O N HRIFTEE AN DGE LH L (5.8.199), (5.8.200) X2 5 o, v, MF5H
nd.

5.9 {48k : T

5.9.1 FRKABRARODEH

ZITIE MTORETINVTHAING XRHEATH D EAKGREARZEH LTS,

577 13K Y AT AOBIARTHS. BUFTIE, ZORETICHRERRZHEETS. 2
2T, UFROEE B

BT eNDERIZ 2, =012BWTap & yh Baf +yf = R2 EWSHEICEET S 2 2 V.
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Z,W
QP -
j g
- = S
p= CONSTANT
=0
# AWV h (xtY11) D
| he (x,y) ~
,1/ _/—\_/
> : i
X,u , 1

Figure 3.2.1 The shallow-water model.

5.16: {&AKY AT ADBEEM (Pedlosky, 1987 £ 1).

o HE|I—E.
o Ry HMIZDWTREEMAHEEIEILIZAIL L TS (B HELD) .

B

T, e EnEEHERIL,

du 10p

= 2F .9.204
7 fu o (5.9.204)
dv 10p

-z - __-Z .9.2
7 + fu oz (5.9.205)

L5, B FNIIEE U ZENT Y AL TWD ET S, 22T,

J = fo+ By, = Const.,
a_o0. 9. 0. .0
at ot ox ”ay Y,
Thd. 77, pl3IE#FHFERD, DFVRIEEZ P=p+p & Lk X,
o _
0z
2729 po EBRWZIENEET. 20X, 2FE P O 2z FHA{LIX
or _dp  9po _ Opo _
0z 0z 0z 0z
LEBTEZ S, ERE 2 SIS T2 L, pl3d—EBRDT,

P(:ana Z7t) = _ng+A($7yat)

TBRERS, RN FIEADPENFIENIHAT 2 HFADZ(DORSIWNI WAL THS. TNk EHEIC
R U72E DIE Pedlosky (1987) 2.
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RS ZITC, ARMAERTHS. 2=h IlBT22E2EEEp, £ T5 L,

(P(x,y,h,t) =) pr(x,y, h,t) = —gph + A(x,y,1).

£oT, EXZ PIZOWTORD AITRATD L,

P(z,y,z,t) = —gpz + gph + pr(z,y, h,t) = gp(h — z) + pr(x,y, h, 1)

Y55, pola,y hot) B LHEBEICS T EAEET. 22T, BEOZLI BT,
FHTOENZANFIFMATE 2 L WD IRE (BUMRIEDIRE) 25L&, p IZEH L
A EMTE,

P(x,y,2,t) = gp(h — 2) + p;
LR, 22T, EEARERICE T B EMEESER TS po DS 2 DADEKTH B Z
CICHERET DL,

g 9P 9h 9p 9P ok

or O :9,0%, gy_ﬁiy:gpaiy'
ZIT, zlda,y TN THD VD FEFITER. Lo T, HEHER (5.9.204), (5.9.205)
xThzTh
du oh

o=y, (5.9.206)
dv oh
o T lu=—g5. (5.9.207)
D, L BE TR - MMEDR R WD T, FEHDRRIZLASIER B (HEEHIREE)
THdERETDE, T4 I5—T 77 RIVOEHNL 0, gu = g” =0&k50D7T, k
z z
FaV =4
ou ou ou oh
g g~ =g (5.9.208)
ov Ov ov oh
s + U + U(’Ty + fu= ~95 (5.9.209)
ERD. ILI, BE—ETHD7-0, Hid Ak
ou Ov Ow
R R (5.9.210)
THY, KEREIZEEIZODOWT—RTH D720, EXIF 2 IZODWTHEDTE,
0 0
w(z,y,z =h,t) —w(z,y,z = hp,t) = —(h — hp) (819: + 8Z>

L p N THBDT, HHFHKRR

AOSASERSR AN E A FNRAE L RV WS E B 2L < I Pedlosky (1987) 2.
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THdIenbnd. ZIT,w(z,y,z = h,t) TR LH TOZEENIAEDS HE w(z,y, 2z =
hp,t) IZRATH COLEII > EETHD. £oT, EXE
_ _ _dh _dhs g (00 OV

w(z,y,z =h,t) —w(z,y,z = hp,t) = o el (h—hp) (83; + 8y> (5.9.211)
5. RKREEETINEEZD551%, ZOXEMERE BEREME) 5L TE
EIXEniELw. 22T, THPHIETEEINTWSEEE2F R 5. TOHBE, hg &
FA T —WIZAD LRFZLL RN D T,

dhp Ohp Ohp

a ' ox v oy

L33 F e, FHITEMEREHT L,
dh Oh  Oh  Oh

U— +v—

dt ot ox Oy
BB INHLEFETD L, (5.9.211) I

% = (15 +0g ) )+t (G2 4 50) = 3 futh = R} 5 (ol = )

(5.9.212)
EVDANEOLND. MKEDEI R HET DL,
H(%?ht) = h(%y,t) - hB(x)y)
THZDT, FERMIZELND HRRERRIT
ou ou ou oh
ov ov ov oh
Oh _ O(uH)  O(vH)
R R (5.9.215)

5.9.2 NMO1 ICBF2ETILOFEM

BAKFAARD SR TR AR I

dv
%_—kav—thqLF,
oh
a%—V-(h’u)-SrC.
ThHd. ZIZT,v,h, f,glZKEEHENY ML, TARDEX, 3)F VT A—=4 &EHN

HWETHD. 77, X7 MVBSEEFITKE 25 DAELTWS. F, Src Tz h
A hp ZAKEEMIZBITEHDEEEE L HERTOT, ITNEDOERIL 2 ITOWTHSITH D Z LIk

.
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TV T 20 —ATHD. INEMAEBIERTRLTDIILEFRD. 97TV
Y aNFEEDRKE 2 TH D 20D,

d_ 90 vd

at ot “or T ro
THhd. ZIT, r,0lxTNTNEEE FAMAHLATH Y, BIEGANIIDWOTIIE S 540
SEIE, FAAAFIZDOWTIIRREIE D 215 5. 77, HERY Mk v = ue, +vey
TRILTDIENTEID. ZDL X, e, e XTNTNENR, LA FRIDOHELNY MLVT
HY, u, v IFTNTND[ADREETHD. §5 &, DX HRENIE

ou ou vou v? oh

E"ﬁ‘ 67“ +*%—7:fﬂ_gE+Fra (5'9'216)
v ov wvov  uv g Oh
TR w7l ety Rl 2 (5.9.217)

(Z—?+ugh+ng+h [giﬁ:}ig;} — Sre. (5.9.218)
75,

ARE TIVIFENRR S AN IEE R CE AR BIC B V| @ H KRB DS R O f I DA 1
P SRR A ORISR 2 30T 3 E TN Th b -, SALRERUIL R 711 —FE
THD, RfHIFIE U W PR & [FA7 A 5 2 FE— kR TR 8 R 23T X 4 & FRffa Fn sk
FIZR T TEREHTE2OMPMERTHS. T TIOHERZ IS HRR & FEFRRIZ 0T 5.
DFY, RBEH o =

o(r,0,1) =5(r) +¢(r,0,1)

L5 L (5.9.216) - (5.9.218) KNiE

87“,_’_ @_A'_*aiu_k au+ aul+§87w+g/87w_2@_f
ot or or or or r 00 r 00 r r
= fv — g%h + F, (5.9.219)
on' ov o' 00 00 v WO v ow v W
o e e et e Tree T T T T T
— ja+u) -2 p (5.9.220)
r 00 0 e

%_}_a@ ﬂ%—l—u,@—kul% g%_}_g’%
ot or or or or r 00 r 00
— J ,_ (w+u) 10V
_— / _ ! -
(h+1) 5 (u+u') + + o5y | St (5.9.221)

ERB. T, ERRG RN, HERCEE OB

W £, KETFIIVTIE, &40, V=L LT, BIfR, FAAHFIO 2 RO KSR
% diff r, diff t L WO IKBURTHES. F 72, HIEOMITIXL TV —X VT %
Jiti g .
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5.9.3 adjust ICHFBETILDFEH

f 1 RoeAR KA R R I

ou’ , on'
o0 U=,

/

({')8% + fou/ =0.

Oon’ ou’

5;+H5;:0
THd. ZONIEAGZIIHILREEZHEL, TOL IOREBDOEI N H & UTEARY
DY) THIAELZEDTHD. 2D X UIEICARERZ Y OT 0774 IIVES5 25
LA W 0 YR TH o TEHAETRPFTI E NSEHIZE S TH DTV AR B L
O BB AN F—2EEBTEILIIRE. YU TINTOTOT S AETOEE Rz
VIalb—h9BEDTHD. ZOHREARTHBERFATERT 254, ARRBMNR
TV Y IVIRERAE R 2O T, FARBOEEIREO O I EITEME» S RS 5 2
EMNTE5.

5.9.4 adjust_2d ICHIFTBETILOEM

BT 2 RICARRATRAR iR AR I

ou’ , on’
EIREA
o’ on
o =gy
on ou o
A (N
ot <8x +’ay> 0

THd. ZONIEAGZIIFHILREEZREL, TOL IOREROEI N H & UTEARY
DY) THIALLZEDTHD. 2D X, UIEICARERZ Y OT 0771 IIVES5 25
LN W Y O TH o TEHEIRFESI E WA EHIZE>TRH ONT Y AZEHL
O LEBTANTF -2 ELTEIILIZIRD. YU TOTOT T AT OEEREZE
YIalb—hTREDTHD. ZOHRARTHERIAE S EH T 2546, HRRNHR
T VY Y IVIRERGF Z 729 O T, FAHiROEFIRBOSMAIXFEIIVIE» S BEE 5 2
EMTES.
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5.9.5 BAROVOR/SBL_NBM IZ&(F % ETILDFFH

IR 2 IRITT F1)V SRR (2, y) ORI 2 MEEIEFEHGR AR D SRl FE R 1

Du 1 0p 9
ﬁ_ %%—Ffv—i-l/Vu,
D 1
FZ S pogz — fu+vVo, (5.9.222)
Qu, v _y
or Jy
Z T,
Dt ot ox Oy’
0? 0?
2—7 -
v _8x2+8y2'

w, viZa, y AHADEERD, p IFET, FIRTVAVINT A =8 po i&—EDEE, v Ik,
MR THD. (5.9.222) DL 2 X GEEAERER) OREEEZ &V, 2 KOGFEIZERT 58
EiGE (¢ = 0v/dx — 0u/oy) iRz fEd &, f i LTI

0C_ WO MW _ o2 (5.9.223)

ot oy ox | 0w oy

SO AR R NS MEEIRIERIK (5.0.222) 5 3 ROEZOBRNT, fHTHS
o BRIERE B, EEORIIERITH B DT, Fltls y e — y WET

_ %y
=5 "= o (5.9.224)

LUT—HEICkRE 2. $5&, L HmBEHRoBRIE
Vi) = (. (5.9.225)

M E» S, BAROVOR/SBL.NBM E 7V T, NEEFEFHHE HRER (5.9.223) DORERHEIFE
BEBICEHRET S, —fh, SRR ARRNCE FNIBREICS I 2RNEGIE, (5.9.225)
I & B E & AR OBEG» Sl I D . BRI IE, R U ZBES % 612, IR
KRB A W T 5. B O NI E FIWWT, (5.9.224) A0S BIERD % kDD Z L1
35, BB, MPRIEEIERBE TV TIIBEZLWD, EERE TOES piE (5.9.222) D E
2 RDOFWE L 2L T,

L
pQVp_fV¢+2 Oy? 0x2 0x0y

2
P 0% _ ( Oy ) ] . (5.9.226)

LAY RAREB» OB TE 52,

"2(5.0.222) D1 2 RUZOWT, R M v = (u, v) TEETZ L,

Dv _ Ov

ﬁia_kv,vv:_pion—kav—i—uVQv.
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I, EONEEIEFEE O N AR L 72, F U <K 2 IRGeT 77V N ERE (2,y) TH
EZ[EE 2 € DE S h OB IZH 1 5 EE) O L AR T

DgU  u-U 1 0P U )
= - —— —~ —+K
o TW mas HIV Cp|V|o +KV°U,
DgV _ v—-V 1 0P 1% )
= - - _fU- — 4K
TR I Cp|V| +KV?V, (5.9.227)
U oV
W= —h(5+—-—]).
(3w+3y>

(y
(Y
A

_ 1
W= (W= W).

U, VIZEERENIZB Y3 o, y HADOEERS, P IZEERENOES, K IZKERETH
%. (5.9.227) %5 3 RIBFEHNOHEFEDO R 515512 B8 L0 MER W D2k
Thd. BEREO FHIZFHTER LA 2 #5E L T0 3 (T80 555 EO Tt
SOMEFEIEE D). JHEFERAUL fHE2E X 5. Cp B EEEICE S EB &R
B TH Y, BEFREHORE (|V]= VU2 +V2) Ofke LT

2.7/|V]+0.142 + 0.0764 | V|, |V] <25
Cp = 1073

V|-25 : 5.9.228
2.16 4 0.5406 [lexp <’|75>} V| > 25 ( )

FREANDEE, B L TS IEEFEFBEDIE L E LW EET D (p= P, py =
pp) &, MEEIEFEHUE THA I N2 RMBEBN SR UEOES p % (5.9.226) X5 3RO
5N, BLEA S, BAROVOR/SBLNBM € 7L T, BiFEER) ik (5.9.227) Ok
2 RUZDWTC, WEHIFEIE % 5 IZ3HR T 2. B O NABERENO KR, S| HRE Eiko
BRETR W % (5.9.227) O 3 Ao KD D, KERGEDKFFIFE FHFERICHN D B fE
FEHR Y [EMERE 11, (5.9.228), B XU (5.9.226) mHRDLND.

kIZBRESHOBARY ML, ERAOFKERE LD L, (5.9.222) H3ANSL, V.v=0THd I LIZEELT,

Voo Vil = -Vt ke (VX 0)
- V-[ug—Z+vg—Z]:—$V2p+fk~(va)
= p—IOVQp:fVZerQ g?fg?f(;;gy)z}

PROND.
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72T LIZ AR NVIE GERIEIEIZEEE AR Y FV) 2 VT rhid . {limmosEs
SMZ - EAMBERE 5. HEETOETIVER: ¢, ¢, u, v, plETNhTHh

¢(.%', Y, t) z%k,l(t)
((z,y,t) Cr,a(t)
u(@,y,t) | =Y | dwa(t) | €F) (5.9.229)
v(z,y,t) k.l Up 1 (t)
| plz,y,t) | | Dra(t) |

KA B2 FMER  2REBIICE > THLE, RBHERZRDD. 0, o1&
(5.9.224) KM 5
o= —ily, =ik (5.9.230)

EI (5.9.225) RM b
{=—(K*+1%) 9. (5.9.231)

HERTIEE AR Y FVIETHMGT 5 72, 1 DOMIFIEFEICA R L E 7 —) Tk
ZHp Y IEAHN 1 [T OBEIZRD. UAoT, fli (2004) %5412, WHEARFR Y Z5#:
EREE LAV ICARAZ BRI, ME 2 SHT 5. $TPHER Y % (5.9.223) 5
53k BB, AP EZ

oboc apac [ P 2,
> PSR S . _— _ _ o)j;ElA\
By Oz + 9z 9y 07 o uv + 920y (v* —u?), (BAROVOR DI#)
82 82 821}2 82u2
=== - BLNBM D&
<8x2 0y? ) e dzdy  Oxdy’ (8 )

Y95 I & CEMEEEHIET 5.

BAROVOR D& 1%
di) 1

o = o P AR KA - v (R ) Wb, (5.9.232)
3 = DI RO Y
opoc opos 9 (Ov Ou\ 0 (dv Ou
‘@W%a@*“x(ax ay)”ay(a ay)

v Ple Flo Flo o

T
L0V uN L0 (v Ou\ du(dv du\ v (du ou
ox dy dy \ Ox Jy ox \dx Oy oy \O0r Oy

(20 y 20 10) 0 (1000 o o)

Ox oy 2 Oy Jy

_ &uv + 1 8*v? 1 8%u? ¥ 1 8%v? B &%vu 1 0%u?
Ox? 20xdy 20x0y 2 0ydx 0y? 2 Oyox

_ Puv 0% %u?  d%vu

T Ox? + oxdy  Oxdy Oy

Q
)
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Kl = /uve ke ) ddy, T / (v —u?) e~ R ) gy, (5.9.233)

Z DOERNMUIT & B IERPIEGEARIZ AL D AT NIVEBO[RIEUL, YIEEZER DO ZE u,v % K
272D 2 [MDFZEH (5.9.233) Z3RDDDIZ 2 [MDIEEHDF 4 [MDEHL 2D, &
D (5.9.223) ROIERIGEOFMIAE D AT MVEBOEEL (b 5 5YELZERI D ¢ O
AL %GR T 2 DI 4 O, Yz E TIMMPHRARZFIE U 2% 1 BIEZH)
F O ZHEEAY 1 AR (56 2004). BAROVOR 1B ED 4 2% Rd D Z & TH
U7 fRARE 5.

—73, SBLLNBM DGEIXIHEHRENOBESRIZ, HEREIZEZDETI0OZENIIE R H
TX54LO1C
dp_ 1 [~ (K —1%) AY — kil (AR — Av)] —v (K +1%) % (5.9.234)
dt K242 k.l k,l k,l v ) -J.

;ﬁ — /uve—i(’“w“y)d:cdy, Zvl = /v%—i(kﬁw)dxdy, %12 = /u e (’fﬂ”“y)dazdy

(5.9.235)
:wﬁﬁmﬁ LA AV AW OFAT 3 EOME, 20D OIIREE FEIT 2
P DI BER 4, 0 £ AR MLETIOEH i, 6 A bS5 5 DI 2 [0 EL

WEET L. JETERED» D DES 53D g OJEJMEE ) OFAMI I B E 2D DT, p &
(5.9.226) R 5

= pofi — l [2KLAYG + KA + 1P AYY) (5.9.236)
YRDD M Z D7, (5.9.234), (5.9.235) RTIFEHOEEIE (5.9.223) ROIERILIH
DFFl & 7] UZS BT d % W3, (5.9.235) ﬁ@fﬁ%ﬁﬁ@é@ (5.9.236) RIZHNB Z &

T, ENEANRY MVE I E —YITDTIRDZ LA TED ™,

A DEWAILLF D@

Ppoty (00N _ _dudv  dudv
0y? 0x? Oxdy dy 0r Oz dy
19} ou 0 0*u 8%u
= - 5= + - (v -
Jx \ Oy dy oyox

*“*@Fﬁ$%ﬁ&ﬁ@m2%)
HERE EEMT 5720

T, EEHDFAT % 17> 728

1 MOEHERELTD.

2o OAREHETHZ M E 3 1], FERYE
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BRREOETIVER: U, V, WikThTh

U($7 Y, t) [{k,l(t) )
Viz,yt) | =Y | Vialt) | et (5.9.237)
W(l‘, Y, t) kil Wk,l(t)

~ A~

(5.9.233) THRONZIENHMAEHANT, BRIEOFTHER U, V % (5.9.227) 2 Anb
RDd. OB, JERMLIEZ

ou U QU 9VU UW

U—-V—= — :
ox dy ox dy h (5.9.238)
gV OV _ouUvV.av: VW
oz oy ox oy h
LIS 270, Zhic k), PHRER U, V ORIk
@——'kAUU—ilAUV+NU—%A—i—ff/—K(/fQ—i—lQ)(A] (5.9.239)
dt k,l k,l k.l pop ) -J.
@——'kAUV—iZAVVJrNV—i—lA—fU—K(k2+l2)f/ (5.9.240)
dt k,l k,l k,l pop ) -J.
Ag}/ = /UVe_i(kx“Lly)dxdy, Ag? = /UQe_i(kI+ly)dxdy, A,‘C/Y = /VQe_i(k”Hy)dxdy,
(5.9.241)
Uw -U Ul _,
NY, z/ [—h —wl — —Cp|V] h] e ket Y) dady, (5.9.242)
NY, = / AL e V| V| emitkatn) gay, (5.9.243)
’ h h h
X HITW I (5.9.227) 8 3 A d
W = —ih (k:U + lV) . (5.9.244)

46 - DEILL T D@ Y -

oU oU ou ovU ov
o Vay = Ve oy "V
_ _poU _9VU _, (oUW
- or y ox h

Ox Oy h’

ov ov ouv oU ov
Vor Voy = " a PV Vay
ouv ov. W ov
T *V(a*y+7)*va*y

UV vt vw
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5.9.6 MBL_NBM IC8IT2ETILDEM

MBL_NBM £ 7)Vi& SBLNBM D5 RE% 1 AT 7T TIXRLKLETEHETS. NBM
& BAROVOR & [d U < EJEFEFEERE AR (5.9.223) OIFMFEEZ 5 ICEHHR T 5. |
JEJETDES p i SBLINBM & [FFEIZ (5.9.226) X6k 60, BifJE TOFRNZ R E)
TBAEAMDEIMEE L UTHWOND. BIRUEIX 3 IRoTT 77V NERE (2,y,2) THh
E (2) (2Rl 2 & DE X h OBSEICE T 5B O L HEART

DpU 1 oP 9 otV
= K i
Di pBax+fV+ gVU+ 95
DV 1 0P ) orV
-~ = fU+KpV?V 4+ —— 5.9.245
Dt pB Oy JU+ K + 0z’ ( )

oxr Oy 0z

(y
(v
2!

Dy 9 3 ) 0

U, V, W ZBRENICE T2 2, y, 2 FAOMEERS, P IFBREROTN, Ky l$KF
FEMERRER, 7V, 7V IR O EEE R 7 5y 2 ATH B, (5.9.245) 5 3 RIZBIFUE
HOHEFED R S5 NBBEFENO U, V £ [ U EE TORER W OBMATHD. 5
FLE O T TR U AV & #6: LTV 3 (TRDBERED R b DShiEH
v n). MEBERUL fHizERS. 7V, 7V i

CD’V|(U7 V)7 (Z:ZS)7
(¥, 7y =¢ (0, 0), (z = 2r1), (5.9.246)
0
Ka(U7 V), (otherwise).

TNIRAZRNE—=2avIND. 2 = z, (THUREET, 2 = 2 (ZBERE BifEfE, K IZEhEkiME
FRETHD. COp IFEFEEEIE S EEFELHRETH Y, 2, TORGE (| V| =VU? + V?)
DEEE LT

2.7/| V| +0.142 + 0.0764 | V|, V| <25
Cp=10"3

V|-25 : 5.9.247
2.16+0.5406[1—exp<—’ |75 )} V| > 25 ( )

FFEAN DL, EIZEHE L COBIEEIEFEEDIE I L FE LN ERETD (p=P, po =
pp) &, MEFEFEFHE TR I N BEEN SR U O p 2 (5.9.226) X 53K
5%, BAES, MBL.NBM €7V T, B #EE) G2 (5.9.245) O E 2 KiZo0»
T, NEFEEZEICEE T 5. 55 N5 EANOACERGED &, Bi5UE LD iE it W
% (5.9.245) OF 3 AN SRD D . AKFRED R R IR HRERITBIN D R B L JE
MK, (5.9.246), B XU (5.9.226) M HRDSND.

ZEFRIRERRALIZR T ST NS IE AR D D OVER GERUE I A R B V), BE5E N IZERIE TS
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A 2 WOk W@Elﬂzu%ﬁ ERLZ W TITONS . I OBEFREMFE—HE R 95,
NEEJETDETFIVEE (4, 0, p, 1, () 1& SBLINBM EFIMIIB T BIEEEORS & 4 <
[ Ucfrbnd.

EREOETIVEL: U, V, WikThTh

U(x7y727t) ﬁk,l(z7t)
V(z,y,zt) | =D | Vilz,t) | . (5.9.248)
W(x,y,z,t) kit Wk,l(zat)

(5.9.233) TRLNZEN DA% IVT, BEREOFHREBRU, V & (5.9.245) k2 Ard
RKDD. ZOB, JERLEZ

2
U U, 0U  QUP VU WU

Oz oy 0z I (5.9.249)
_Ual_val_wal__BUV_(?VQ_&WV o
oz dy oz ox dy 0z
LRHEE ST ZAuUT &Y, FHERU, V OREZAI
v dAYVY ik . dr¥,
kALY —ilA]) — —2— — —p Ky (K +12 — 9.2
P —lAL = T eV - n (B +P) U+ (5.9.250)
dV aAVV dAK,/lV il ~ > 2 2\ Y, d%]Xl
=720,
AglU = /UQei(kI+ly)da;dy, AX}/ = /VQei(kx+ly)dxdy,
ALY = / UV e "kzty) gy, (5.9.252)

ZV /WU@ Wkz 1Y) gy, AWV/WVe k) g dy,

AT DB T OEY -

oU oU oU ou ovVU owU ov ow
Vor Vay WarT Ve ey~ a: Ve V%
U _ovU _owu L oU
or oy 0z or

oUu®  ovU  owWU

= - —-— = — — s

ox oy 0z

ov ov ov ouv oU oV oWV ow
Vor Vay WarT e Ve Vay T e TVar
_OUV 9V 9V WV
ox dy Oy 0z

. 9UV 9V? oWV

Ox Oy 0z
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BT W (z,t) 1E (5.9.245) % 3 AXn 5
W(z,t) = —i / (kU + zf/) dz. (5.9.253)
0

EAMOAREIZE T )V FE & i L, WIS TR L ENRELS. ET VT
J& 2 = 21 TIERIREER (2 = 2,) ICEHLL TOEDT, HEIH LA W(z=0)=0) Z
Yind (5.9.246) Rk Y

dAY AV (zart)  dARY APV (22,1)

dz 29 ’ dz z2 ’
dily (e t) =TV, O t) = O Ty
bt _ Teae2 ) “ Ty Uz t) —UGLY) T (5.9.254)
dz 29 22(23 - Zl) z2
dit _ Al t) — T Vi) =Vt T
dz 22 B (23 — 21) 2

=770,
1Y, = / [Cp | V|U)e Bt dzdy, TV, = / (Cp | V| V]e R+t drdy.  (5.9.255)

WNHERHEIK 29 < 2, < zy_1 Cl&

dAYY APV (g, t) — AV (zna,t)

dz Zn+1 — Zn—1 ’
dAYY  AYY (zng1,t) — A (201, )
= T A | (5.9.256)
), 2T Ulzpir,t) — 20(zn,t) + U(zp_1,1)
Az K dz2 K 0.25(zn41 — 2n—1)> ’
g, Kcl?ff B KV(zn+1,t) — 2V (20, 1) + V{21, 1)
dz dz? 0.25(zp41 — 2n—1)> '
ETFINVEREE 2 =2y TlE
dA};"’lU B,ZSU — AZYZU (zn—1,t)
dz 2(zy — 2N—-1)
dA,%V BZE/ZV - AkWJV(zN_l, t)
= Mew—awa) (5.9.257)
d%lg,l _ _%lgz(ZNfl) - K U(ZN,t) - ﬁ(zN_g,t)
dz  2(eany —2n_1) 2(zy —2n-1)(2N — 2N_2)’
d%ly,l _ _%Xz(ZN—l) - K Vizn,t) — V(zn_a,t)
dz  2(zy —2n_1) B 2(zy — 2n—1)(2n — 2Nn—2)

B,%U E/W(ZN,t)uei(k‘rHy)da:dy, Bmv E/W(ZN,t)vei(kay)dxdy. (5.9.258)
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5.9.7 WKO04 IZB1F 2 ETILOFH

IKEERIE 2 IRGEDIERER - 7 3 A7 FARD Ll FiFE R %R 1E

Du 1 0p 9
E - %87&7+VV u,
Dw _ —1gp+b+1/V2w,
117)1; po 0z (5.9.259)
Lo 2
Dr vV*h,
)
Ou ow
or 0z
T,
Dt ot “or Vo
L0
or? 022

u, wikx, 2z HAOEERSY, p (FES, bIXFH, v IR TH L. FREEREH R
DX, D BEMNRDEEEDRNRINE & A ERNINRNFEEKEAT —IVIINI WS T
H5. (5.9.259) DL 2 X GEHHREN) ORIEKZ &V, 2 ROGTFHEIZER G S K E
(n=0u/0z — dw/0x) iEAZED &,

Dn b

i~ "ot vV, (5.9.260)

T, MEARAICB I BRI (5.9.259) O 4 X GEKON) BIEEMHTHD Z &
MBI, /2, AUE 1 HIMEE NVIZIETH 5. MO XDFEEHETH LD T, 2
DR % 72 T IRARBE R » N2 — 2 17 ET

_oy W
u = 9% w = o (5.9.261)

YUT—HEICRE 2. §5&, L HinBEHRoBERI
V) =n. (5.9.262)

PAEMNS, WK04 ETI)VTIE, (5.9.259) O 3 X (BI1FBIFRA) LiE AR (5.9.260)
DIFEFRZGICEIRT L. — 7, KFFEFRGERNIE FNLIBRIEICS T 2 iNG I,
(5.9.262) 12 & D L RARBIE DRGNS W I N D . BARIIZIE, FFFERE U -MES
Zoull, TARBEE R W T 5. 35 N2 AR E -V T, (5.9.261) Kb S HE R & K
HdZLllRd. EBROETIVEE T, PRI Weisman and Klemp (2004) & [A] U #&
RTTAER BRI NT NS,
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5.9.8 QGPV ICHIF B ERILEEM

PAF O%Gw I3 Holton (2004) (23D <. [EJ) (p) FERER TOKYEE) HFEN, #)1FH
X, #HEOX, B rLF-AHREAEENTN

DV

—_ =-Vo 5.9.263
o TlkxV=-V9o, ( )
0P RT
_—= 5.9.264
= (59264
Oow
V-V+—=0, (5.9.265)
Op
0
StV V)T = Sw=/c (5.9.266)

LB5. TNTHhOR S
V OKERGENRZ BV, ko SREFEEARZ ML, f 2 VA VIS A—=X VKR

O IVART VIV, R:EIFRLADGMEES, T |, w: $h1E p HE,
J : FEMTBINEER, ¢, « HEIE KRR DE T LA
ZDLE,S,=-TO0nl/0p \FFHNLEETDH D (01FMAL). (5.9.263) (251 2 2K

2 _ <§t> (VW) +w§p (5.9.267)

EERIND.
ZOFRERRITN U T, ¥EMBE B 2475 . F9KF@EE & MRS (V,) L IEH
R (Vo) 12315
V=V,+V, (5.9.268)

4
Vo=f'kx Vo (5.9.269)

CREHEIND. ZIT, FREABRDOEIX A7 —)V L IZHEROLEBRIZHAR TN W ERE
UZ=DT, MifEOR (5.9.269) (&3 VAV IRT A—=ZWEEH I —EDEEEDE L
TEHUZ. BROH DY AT LTI, |Va|/|V,l ~ O(Ro), 7415 JEHfl)m & i E
DREIDUPOALC—HERUA—X—LRD.

Tk x| JAHEIZE ORI EOMEIZ & 5T, O(Ro) IZHEALX 4, ACE BN AL S JEE & i
JEDEALRIE, HMEIZMES 2R EF UA — X —ITEMI NS, DRI, (5.9.267) 128
W, VIV, ICEEHRZ LN, #ﬂﬂ@iﬂ IOAHKT B HEBIRIIMEGE L LN TE
5. D& E, RIS EREOZLERIE, I i E AL S i EGEE) & D 2L

WZELW. T28D5,
DV D,V,

‘Dt~ Dt
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Dy _0 .

D=5t VeV (5.9.270)
V, DEZRTIE—ED fo & W0 EFHBREAD ) AVIHTIE f OMERFEZRL
TELIBERHZ . 20 fIZDONTOME (¢) HADEE% 8 =df /dp & LTEHL,

FLHESRIE o 12DV B HEDEBIDN D,
f=fo+B(¢—¢o) (5.9.271)

LRIALT B

(5.9.263) 25, B ES HIREIX T ) AV JOHEE [EIEEOMIZEENG ZIZEL
V. ZOZEIFFEBERO R ED S ENZIT TN T D NIEIFET S, (5.9.268), (5.9.269),
(5.9.271) & HWT,

FeX V4V =[fo+Bd—do)kx (Vy+ Vo) — fok x V,

(5.9.272)
~ fok x Vo + B(p—do)k x Vy

ERRLIND., 2T, FEo2HEIE ORo) THE2DIZH U, B(d — ¢o)k x Vi ik O(Ro?)
LI8BDOTHOEEL D /NI NE UTHBL 72, UZ2p3> T, Uik 2 KK E B 572 RUd

D%‘t/g = —fok x V4 — B(¢ _ ¢0)k X Vg' (5.9.273)
(5.9.269) TR I N/ i EUIIEFE B DT, Hkt DA (5.9.265) 1
V-V +6—°"—0 (5.9.274)
at gy =0 9.

Tk, & UHLHEEAS (5.9.269) TEZRIND K5, w IXJEDE O IEMME R /312 & > TD
AREINDE VD ZEZRLTWVS.

BT 2 F—HER (5.9.266) IZBWT, AEBHRIFHMBERDOME TR ELTE 5. Wk
MBS HID—R T 2 HERRIL, SREFEEI VNI ZEEDL LT, KEBTHELH U A —
H—225. ZHIIENZEEPRBIBE T ORI VWADOTHD. 2HRES T,y 2T
DAMKIFT 2 EARY (2 TR & ACEEY) S0 L HEAG N DTN T (2, y,p, t) I
BB LT HWfEHIZRS:

Ttot(xa yvp7t) = TO(p) + T(xvyapat)'

TSGR Z AT EMERE ¢ DE DY T f EREIIOWTT A T — R
f=fo+20Rcospo(¢— po) + O(6°) ~ fo + 202 cos do(¢ — o)

35Z&T,
i _ 212 cos ¢y -
fO - 1+ fO (()b ¢0)
Liﬁgiﬂ% 2 IEZi L= a(qﬁ — ¢0), fo = 2()5111(]50 <\: L//C
22 cos ¢o _ cos¢o L N
7o (¢ — ¢o) = Sndo a O(Ro) < 1

EVWDKREIDA—H =735 (L~ 1000 km DEHE).
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Z 2T, |dTo/dp| > |0T/0p| TH 2 DT, ML DIEAARTEDE 7> D AEH L E B DIHT
LR 2 &, AT )L F — R
(a e v) <—8@> —ow=" (5.9.275)
ot
ZIZT,0=—-RTop tdnby/dp TH Y, 00 1FIEARGOWRIE Ty (I I5T 2 TH D Xt
REHETI, 0 ~25x 107 m?2 Pa2s2 THhd]. ZITHEETIE (5.9.264) 25T F
RT VY vy VGTRET D, £/ k=R/cp.

X (5.9.269), (5.9.273), (5.9.274), (5.9.275) WHEHMIR HRERREZEK L TWD. Zh
Hid, GEWMBINBENBRMTH o2 Td L) WHEBEM S, V,, V,, wIIDWTHU L
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