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i(u),k
a a t—At a a t—At
iff w] 5N = (Y (v _
Difteliun Vh{ax <3$ i) k(w) ) i )+Vv 0z \ 0z ), (320

i,k(w)

O00. K, 0O0O0O0OD0OO00O00O000D00000D0 (0DooOo0), vs,v,
goboobooooon.

apAx?
= 3.27
apA2?
= 3.28
000 Az, Az 0000000 OODOOODOODOO, ap,, 00000,
1 1
< = < = 3.29
Oéh_8, 06_8 ( )

ooot

3.2 UO0OUobouoobuobouoood

goooooooboobobobobobo FOODO,0D0D00D00D0DOOO
goboooooobgon.

0itA = 005 + 20t FyL, (3.30)
@) = lali™ + 208 F, ), (3.31)
[aii™ = lalin + 20t R, )L, (3.32)
@5 = (@i + 20 F, ], (3.33)

1(3.29) 0 CreSSOO0O0O0O0OOOOOOOO,000000O0O0D0DDDODODO.
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ooo,
Fols = —[Advo)l, — [Adv.] + [Turb63% + [Turb.g) :At + [Diff.6],
+[and]§7k: + [de]ﬁm + [Qdis];;At (334)
[qu];k = - [Adv.qv];,C — [Adv.q’v];k + [Turb‘qv];‘f;cAt + [Turb.q;];m
+ Diff.qu]; > + [EVill (3.35)
[F)i, = —I[Adv.gli, + [Turb.q.] > + [Diff.q]
—[CNe + CL& (3.36)
[F 1, = —[Adv.gl]l, + [Turb.q, )i, % + [Diff g,
+[CNe + CLe — EV, ] + [PR], (3.37)

oob0.boboboboboboboboobo,0oboob pifobobobo.
oo0,CN. FV, 000000000000 0ODO0ODO,D0b00000D0OD.

0, 4,0, 00000 ¢000,00000000000.0000,

9¢

t
T P M()] e

t
99
[Adv.gl;, = [“““)”“ laxhu)k

ik

000,00000000,

— t
Y 0¢
[Adv.qu,k = [wi,k(w) [(‘92] i’k(w)] . (3.39)

O00.000000 CReSSOOOO 15 0000000D0DODOOOO,

a aqﬁ t—At
o {(Kh)i(u)»k <3LL‘> i( )k}] i
i(u), ik

t—At
) 96
a {<Kh>,,k(w) (@)()}] | (3.40)

i,k

-A
[Turb.qﬁ]z’ o

_|_

gob,ogoooboogn,

_ t—At
t-At 0 [0
{Turb.qSL’k = [az {(Kh)iyk(w) <82> » )}] (3.41)
k(W i,k
000.000000,

a a¢ t—At 8 a¢ t—At
. t—At o I ke e e
[Dlﬁ¢]i’k - {895 (am>i(u),k}i,k I {az (82 )i,k(w) }Zk a.4)
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000. K,0000000000000000000000(00000). v,
0 (3290000000,

00000 Qug O

L ! L
[andE = - [ S EWU] = - — 14.85 x 10_2([(111511)]2 - [qv]f )(ﬁi,k[%ﬂ]i,k)o'eis
* cpll 11 e Gl { * . j
(3.43)
ooo.
00000 Qs O
1 i Kt_,At 3 1 Kt_.At 3
Quzs = - Celimii) 1 ii) (3.44)
’ cp Il 1 (Cnl) cpgll Cp7l
0000.000 1= (AzA2)Y2000.
0000 [Qredsr 000000 DODO.
00o000O0oO0oo0oO0oogo CON, CL, 000000000.
[CNerlin = (Ghig — Ge0)/Tac (3.45)
. 0.875
(CLeliy = 220ac)’ . (1P)i [a:): ) (3.46)

goooobooo pv, 000000000,

[BV:Jis = 485 % 1072 ([qusultr — (005 ([Pliklar]i )™ (3.47)

gboobgoboobobobodo PR UDOODODDOOD.

t 1 a = t t
PR = g (PhalUnfalalta) (3.48)
U1 = 122 110 (3.49)

3.2.1 0OO0OO0OOOOO

Klemp and Wilhelmson (1978), CReSS 000000000 (00000, 2001) O
0,00000000000000 —CN,.+ EV,, O, Soong and Ogura (1973) O
000000000000000000000. 00000 dS=000000,
Lvapar = Heondenseaphase 10000 (n000000000)0000000000
D0000000000000000.00000000000000.
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ggboobouoodgaooo

0000000000000,00000 (3.30)-(3.33) 00000000 =0
000, 6", (¢ ¢ ) 000. 00000000000

ch = MAX{O7 [qv]* - stw([e]*)} (350>

0 A¢.>0,0000000000¢>0000,0000000000 6, qu, q.
gogo.

[Q]H-At _ 6*—'—7([;]1}_]’_7322112[((,%91*)) (3'51)
) = mr+wr,ﬁm% (3.52)
g = (@) + g — ] (3.53)

000,y=L,/(c,lI) 000. 000 [¢J#*>>0000,0000000000
«+0000000000,351)-(353)000000000000000000.
Soong and Ogura(1973) 0000, 00000000000000,000000
00o0000o0o00.

000 ¢¢"**<000000,

(01774 = (0] — ylge)", (3.54)
[%}]tJrAt )y — [QU]* + [QC]* (355)
[q.] "2 =0 (3.56)
00,000000000
00000000 DOOn
sfsisfsiufs)sislstulsisls
NH; + HyS — NH,SH (3.57)

goob,200000 10000000 0obb 1o000obbobobboagd
gogoooo,obboboogooobo.
ggbbboodgbobboooobooad,

10834
K, = In(pxn, - PH,s) = 61.781 — Ajfrgr—-h1102 (3.58)
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gob.boogoobbuogdobbo,bbbuooobbuoodobbooobbod
gogbobuogooboboood.

OooobrTroo000 NH,SHOOOOO XDOooo,0oo0ooooboooo
goooog.

(pnms — X) (Prys — X) = €
X2 — (pxwy + Pros) X + g - Prys — €% =0 (3.59)

oooooobo,0b0 Xoooooo.

1
X = 5 {(pNH3 +szS) + \/(pNH3 +pHQS)2 _ 4(pNH5 - PH,S — er)}

1
X = 3 {(pNH3 + PH,s) \/(pNH3 — PH,s)? + 4€KP} (3.60)

000000 exp(K,) 000000000 XOOOOOOOOOOOOO.
exp(K,)~0000,0000
X:miH<PNH3,PH25) (361)

000.00000000000, Py, > Py,s 00000000000 X = Py,
000.000 (3600000000 exp(K,)~0000 X="P,s00000,
oooooo.

X :;{(pNHg + pi,s) — \/(pNH3 —szs)2+4€Kp~} (3.62)
Xoooooooobo,

0 < X < min(Pyp,, Pr,s) (3.63)
gbo.0odboobooboobo0 X=000O0O.

X0 (363)00000000000,0000000000 46,¢,¢0000.

i) T2 = [gnmy)” + Agaas, (3.64)
lar,s] ™ = [qms)” + Adus, (3.65)
lanasu]™ = lanme)” + [gmas]” — [anm,) T — [ams]™, (3.66)
[Q]HN =0"+7 ([QNHg]* + [qms] — [gnm, T4 — [QHQS]H_At) . (3.67)

000, v = Lymsu/ (¢ l1) 000, Agyn, 0 Agu,s 00000,000 X 00
000 NH; O H,SOOOOOOO0.0000000000000000.
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3.3 Ubouooouooound

Klemp and Wilhelmson (1978) DO O CReSS (00O DOODO0O, 2001) 0O OO,
1l50000000b0b000.bbobuoooobboooobbbuoobbn
gogbbobuoooobbbooooob,ogooboobog.

[Brurs]ih™ = [Bun)in™ + 281 Fg,,,, )i (3.68)
0oo,
[FEme]g,k = _[AdV-Eturb]z,k + [Buoy.Eth]ﬂAt + [Shear.Eturb]fngt
+[Turb. By, + [Disp. Bt ™ (3.69)

OO00.CReSSOODOO,0000¢t0,000000¢t-At000O0OO.

Fg,,00000000000000000000000O0.

t t
OE ur 0E, ur
[Adv-Eturb]ﬁ,k - {uz(u),k ( at b) } + {wi,k(w) ( ! b) }370)
x ). 0z /.
i(u),k ik i,k (w) i,k

t—At

_ 39C1 00,
[Buoy.Etwb];kAt = — gTEtwbi’k l (3.71)
20, 9z ), kw) )

t—At t—At

t—At 1/2 11— At du)” ow)’
[Shear. K|, .~ = 201[E; )% 9 + 0z

ox
Ol B
t—At] 2

kw) ) 0% ) sty w) ) i
2 au t—At aw t—At
— By 728 [ =— - 72
3[ t b]%k {( x)zk’ +<8z>ik (372)
t—At
8Eur
= (25)
s ik

8E t—At
A I el (3.73)
7 0z ik(w)

ik

[Turb. B )i~ = sz{i

+oml{a

0z

C t—At
. —A € 3/2
[Dlsp-Eturb];k b= _T (Em{rb) ik (374>

000 C.=C,=020000 [=(AzA2)*000.00 6, 0000000
0o.

0 = 0,+6, (for q.=0) (3.75)
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O = 0,+0,+

(for g.>0) (3.76)

ooo,

(M)

0,+0, = (qud+Zquv>(9+0) ( +Z )49 (3.77)

goo.

34 UOUOUOOOO

gogbboodbbbuoodobbbuooobbbooobbboooboboboad,
Asselin (1972) DO 0O0OO0O0O0C0OOOOOOOOO 10000000000 (DO
000000000000 N, =2At/Ar0000000000)0000O.

D000 (36) 0000 i)t 0000000,000000000000000
ooo.

_ T+H(N-=DAT  5(Dip)TtV-—DAT
* _or(Ne—DAr | on _ O(aDiv)
Uity e = Witu)k [cpevAT { or o

ox
+F£,i(u),kAT7
ultSh = (=29l + (Ul 5 + Uicsh) (3.78)

000 y0OO0OOO0OODODDOODOO,0D000 0050000, (3.7),(38)000
ggboboboogooobooooooobo.

3.5 UOOO0OO

ggbbbuooobobbooodobbb,ouobbboooobbboodabn.

gf = —Adv.g + - A p(@)( = Pe) +70(2)(¢ — &) (3.79)

obd,e00bb0oboobOon, e, bbb ooboobOo.bon
010000000000 t-At000D0O,0D000DOO0bOOOoOobDboOO
00000000, 0b0b0b0bO0bO0ODbO 2At0b00bO0bOoDbObDO
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ggbboboooobbobooaoobo,

[+ = 288 {[Adv.A]! + - (@) + (2)} (r = 7)) (3.80)
[u] 20 = 2 {[Adv.u) + - + {n(x) + 7 (=)} [u] 2 (3:81)
]+ w{ Adval -+ (@) + 0@ 7 (382)
(012" = 2At {[AdvV.0)" + -+ + {(@) + 7 (2)} (0]} (3.83)

gogb. 00 ~00oobobbooooooboobog.

w7 00000000000000000000,00000000000000
000000000000C0. 000000000,0000000000000
dy 00,20000 0<2 <z, 0000,

xT 3
Yh = Qp, (1—dh> ([E<dh),
ﬁYh:O (dhgxgxmax_dh)a
3
T = ap <1 — W) (x> Tnaz — dp), (3.84)

oo0,0000000bD0b0o0nD d,00,200000<2z< zne, 0000,

Yo = 0 (Z S Zmaz — dv)a

(2 = Zmas — do) \°
Vo = (1 — cos mar Y ) (2 > Zmaz — dy), (3.85)

dy

god. boD, a0, DOO0O0O0O0O0O0OD0OD0O0O0O0O0O0O0O0O0OO. ap,a, U
O0000000000,000000 1/ap,1/a, O e-folding time D00 OO
e-folding time OO0 100 -300 s DO OOO. ODOD0OODOODOO dp,d, DOODO
0,0000000000,00000000001/3000000000.
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40 CO4OOO

Asselin, R. A., 1972: Frequency filter for time integrations. Mon. Wea. Rewv.,
100, 487-490.

Klemp J. B. and R. B. Wilhelmson, 1978: The simulation of three-dimensional
convective storm dynamics. J. Atmos. Sci., 35, 1070-1096.

Skamarock, W. C.; and J. B. Klemp, 1992: The stability of time-split numerical

methods for the hydrostatic and the nonhydrostatic elastic equations, Mon.
Wea. Rev., 120, 2109-2127.

Ooood,0000,2001: CReSSOODDOOOOO O 20.
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html
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0O 0A 00000 (3.9) 0000
oo n

(39 00000000.

(3.9)left side = II7f27

o 8HT+AT
(Cpl)eg)k(w) ( Oz )z‘,k(w)}

i (c_ _52) 8HT+AT
L Az PP 1) 0% )k 1)

T+AT T+AT
(5 ﬁ€_2) Hi,_l:—i-l B Hz,—lg
PR b(w) Az
T+AT T+AT
(6 ﬁgz) Hijc_ - Hi,—l::_—l
) Az

=2 2
o [ CAT 1 - 72 T+AT
ﬂ ( C})ﬁég )k AZQ (Cppev)k(w)} Hi,k-‘rl

22N 2
9 [ C AT 1 o - n
ll v ( P03 >k Az {<Cpp0”>k(w) * <Cpp0“)k1(w)}] I
, (AT 1, o
+{_ﬁ <Cp/09§>k AzQ(pp “>k 1( >} Bkl (A1)
Al OOOO

0000 (k(w)=0w)0000000. 000 (3.7) 00,

O™ +AT B d(aDiv)T ol I
() = () 00 () < (G,

= Ei,O(w) (AQ)
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00000,(3.9)00000,k=100000,

(3.9)left side = II7{47

4 (5), e (5.,
&ty ) | Az ) 02 o)
o i T+AT
o (230) o (), )
_ HZJFAT
) 12 (cé?gf) Alz {(c‘pﬁéﬁ)u | (HZ,;ATA_ZHHAT>}
pPY% /1 ’
A 2 = i
o (239) o (), )

ANAT? 1 _
1 2 ’ - ——92 HT—i—AT
+{ o (c;ﬁ93>1A22 (67 ”)1<w>}

ZNAT? 1 ~
") —(,50%) Eionw
w (c‘pﬁeﬁ>1Az (7% o Bt

A2 0O0OOO

0000 (k(w)=km)00O0O0000. (3.9 00000,

OIIT+AT B d(aDiv)™ oIl™ o,
ﬁ( 0z )i,km(w) B [( 0z ) ~(1=h) ( 0z ) i (%éUFw>]i,km(w)

00000, (3.9 00000, k(w)=kn(w) 00000,

(3.9)left side = II7 A7

i,km

=2 2 _ T+AT
(555 ) aed @), (T
cppt2 ), Az km (w) 92 ) kmw)

2 AT2 1 B [I7+AT
+p* (C— —gT2 > Az (c’pﬁﬁﬁ)k 1 (a 0 )
CpPY% ) km 27 m=1(w) < i,km—1(w)

_ T+AT
Hi,km
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N 52 AT i
Qo2 ), Az

T+AT T+AT
(C_ pgg) Hz,;ﬁrm - Hi,;frmfl
PEV) km—1(w) Az
1

AT -
= 1 2 ! B 702 HT+AT
{ " ﬁ ( C_Pﬁeg >km Az? ( PP v)km—l(w)} i,km
=2 2
—p car L = 502 T+AT
! { 6 ( @ﬁég >km Az? ( ppev)km_l(w)} Hi,km—l
AT 1
— - 50 B
(c_pﬁ6’2>k Az(cpp ”)k (w) M (w)
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0 OB 0OO0OO000O0000O0

0000000000000 0000000 (DD0O000)0, Klemp and Wilhelm-
son (1978) 000 O0O0O0OOOOODOOOOOODO. OODOO0O0OODOO,0000
0000000 CPRLOO0OO0OO0OO0ODO0O0OO0OODOOD0OO0OO0OOOOOOOoDDOoO
O0000. 0000000000000 00000000 2At/Ar0Q000O0O
00000000000 (Skamarock and Klemp, 1992, 0 1 0 00O ). Skamarock
and Klemp (1992) 00 0000000000000, 000000000000
godododotdodooooodotooooooooooo.

googobobbbobobobbbobtbouodgoooooog. bbooodgooog
gogboboboooobbooo

ou 01l oD
a0 = g, T, (B.1)
ow oIl 0D 0
E = —Cpeva + OZE + ga, (B2)
o1l 2 [opd,u  Oph,w
- B.
ot Epﬁgi [ ox + 0z 1 ’ ( 3)
00 940,
a = —w az s (B4)
ou Ow
D = 22, Y
or 0z
gooogogno
o _ - o (0 9
9? 0?
2 —_ - -
vio= 02 + 072

gogbbobuoooboboogooo.

gboboboboboboooboobobob,bobobobobobooobd
O0000. 000 Skamarock and Klemp (1992) OO OO0O0OO0OOOOOO
gbobooobodg,oboobboobooboboobboobooboboob.
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0000 Skamarock and Klemp (1992) 000000000000, 00000
0000000000000 000000,000000 u=aeke+—«) 0gQ
0000000000 O0D0O000000O0,

w +ia(k? + 1P — [(k* + 1?) + Nw? —iak®N?w +k*N?* =0,  (B.6)

gogo.ooo N2:§%—@DDD.DDDDDDDDDDDDDD

, N2

=i
Ocod0O000000000 cOO00O00O00O00O00O00Ooooo,oodgo
DDDDDDDDDDDDDDDDDDDDDDDDD.DDD,eEa\/m/é
ool wi egdd0doooooooooooooooog, 0o
gooooooooooooooooooooo,obddooooooooon
0000 (Skamarock and Klemp, 1992, 0 5 0 O ).

ggbbobodug e0boooobbobo,g0obboboooobobobog 20
gbo.1ogobogobogobuoobbuoobboobboobboooboo
g,gg1bbobobbbobouoouooooobboobobbbobouooooood
O00. 000 (B5OOOOODODO,00000000000O0O0ODODODODOO
00000000.000000000000000C00DO0D0OO00000 ((3.6),
(3.7)000),0000000000000D0O00000O00ODOOO0O0OO0OO

gogogdogo
alAT 1

< —

Min(Az?, Az2) = 2

O000000000000. 00000000000 Skamarock and Klemp (1992)
0000000 e000000O0OO0OO0OO0OOOOOOY. e0OOOO

(B.7)

200
Min(Az, Az)e

Max(e) =

B 20AT cAT
~ Min(Az2,A22) / Min(Az, Az)
00000000, Max(e) <1 0000000

aAT < 1 CAT (B.8)
Min(Az?, Az2) = 2Min(Az, Az) '

000000000 .(B8UOODOOOOODOOOOOODOOODO 100000
000000,B/YILIODODODODOOO (B)OODODODODODODOOOOOOOO.

00000000000 Skamarock and Klemp (1992) 000000000
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0 O0C Oououodgnn

gbbodbbogbooobuoobbuoobboobobo,uoobbuodabbda
Oo00.000000000O0O0D000000 w0, (4,j) 00000000 z0O

gogodg
[8“]
ox ik

gogboo,gboboboogo.

Cl 20000000

00000000 (i(u),7) 00 u (tw,) 0 e 000 —Az/2000000000
000 (4,j) 00 w(w,) 0000000000000, 00000000.

|0 A 10 <Aw>2+163u <Aw>3
fiog = T g | T2 Tar|ee) \2) T |0a?],, \ 2

e, () a e G e

000,00000000 (i—1(u),5) 00 u (4i1w,) 0 4, 00000000
00O000,00000000.

o [0u] Az 1]0% (Ar)ll P (M)S
e 7 R RRECTH 1572 BN RV BTN 7 B
1 [0% Az\* 1 [0% Az\°®
T lax](z) _zﬂlax]<2) o (©2)
(C.1) — (C.2)00,

s —tis = | 2] ser L[] (Ar)', L[] (ary
tig = timtmg = G| ST | 0a8) 2 60 [ 927, \ 2

+0[(Az)T] (C.3)
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oooooooo (,j) 00000000 w0 0000000000 ODODO.

87r] Ti+1,5 — T4 1 [8%’(] 2
- et L Y I (A:E)
[ax i) Ax 24 | 0z i)

_19120 BZ] o () + Ol(a)’ (C4)

ERERE (A:E)2DDDDDDDDDDDDDD,DDDDDDDDDDD 2000

goooon
8u] Uit1,5 — U4
gul L “ Ui (C.5)
[895 i(u),k Az
gogoouo.obobbobbboooooo
1 [ 0% 5
— | =— A :
24 [ax3]. (Az) (€6)
i(u),k
goo.

C2 4000000040

2000000000000000000 (C.1),(C2)000, (;,7)00 00
0 +A32/2000000000000000 u (tig1(u) Ui-aw,) 000 u; O
000000000000,

g |0u] 3Bz 1[0 (m)2+1 Fu (MI)S
B P P I TH 7'2] BN 31 08|\ 2

L Ol (3A$>4+1 Ou <3Ax)5+... (C.7)
4ot \ 2 51 025, \ 2 ‘ '
o |0u] 3Bz 1 [0% <3Aw>2_1 P (%x>‘°’
e S P R TR o 22] BN 31 08|\ 2
1 [0 3Az\* 1 [0% 3Az\°
t [ax](z ) _ylax]<2 )+ (C8)

(C.7) — (C.8)0 O,

o — s = |2 sap g 1[0 (m)SJFl o <3AI>5
Wit1(u),y = Wim2(u)y = oz |, . v 3|0x3|,  \ 2 60 [92°],, \ 2

+O0[(Az)T] (C.9)
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(C.3)x27—(C.9 000 (Az)) 00000000,

du 216 [0u] [Az\°
27(Ui(w)j — Ui-1(w).5) — (Wir1(w,g — Vi2()j) = [ax']zk A= 60 [85’75]11@ <2>
+O[(Aa)] (C.10)

0000000 (4,7) 00000000 «w0 0000000000000,
du| 9<“a—“u) 1<“i+u—“i2d>
ox ix 8 Az 24 Ax

3 [6%

ERERN (A:z:)4DDDDDDDDDDDDDD,DDDDDDDDDDD 4000

goooo
ou 9 uij—ui_1j> 1 (ui+1j—ui_2j>
u| 9 (u d) L (Uit T Miz2g 12
l@x]ik 8( Ax 24 Ax (C-12)

gogbbb.oooobbbooodn

5 la% (C.13)

(AI>4
5

gao.
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0 OD 0OoO0doodod

D.1 0UO0d40don

D.11 00000

000000, Antoine 00O OO0OO.
Inp* = (A — B/(C +T — Tp)) * log(10.0) + In(133.322) (D.1)

000,y 000000,7000,T,=273.15000. A, B,C O Antoine 0O
000.000000000000400000.0000004000,000
000 mmHeg, 000000 °CO0000,00000000000000

O D.1:0,000000 Antoine 00O

A B C
HyO(1) 7.9186968 1636.909 224.92
HyO(s) 8.184254  1791.3 238.1
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