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SO0 3R U

ni yotte

Yebe

Nensei-Ryuutai no Undoc wa Navier-Stokes Hootelsik
sihsi-sareru. Konc Hooteisikl no suugaicuteki Seisitu -~ Xai no Sonzai
=) 3

Itiisei, Anteisei -- ga ryuutail-rikiga<u-tekini dono yoona Imi

o]
e

i tulte noberu. Suugaku-tekini germituna Urazuke nc nai Okusowu de aru

ga, kore ni tuite Suugakusya no go-Iken o o-kiki sitai to omou.

Ryuutai-Rikigaku no Senmonia no naka ni mo, Hissya no Kangae ni kanarazu-
simq éansei sarerai kata mc sucunaiku nal koto to omowareru ga, Wadai o

dasu Imi de, ¥atomari nc nai Katati ne mama de kozin=-itekina Xancae o noberu
xoto o o=yurusi negaitai. Xono Mondai ni tuite Suugaicusya oyecbi Ryuutai-

Rikigakusya no Kensin ¢ yobiokosu koto za dekireba saiwai de aru.

2. Navier-Stokes Hooteisiki wa zituzaino Ryuutai nc Undoo o arawasu xa?l

Zituzaino Ryuutail wa, Exital ni sitemo, XKitai ni sitemo, musuunc
Bunsi nc Syuudan de aru. Ryuutai-Rikigalku dewa\korer&no 3unsi no Syuudan
o tyuusyooka site, renzoku~teicina Baisitu tosiie atukau. Tadasi, Tyvuusyooia
no sai ni, Situryco, Undooryoco, Enerugii no Ebzor~ﬁoosoku‘wa sono mams

salyoo-sarete, Ryuutal no Undoco ni taisuru mitibilkareru.

VU Renzoku no Hooteisiki wa Situryoce
Iwayuru R k ot Situr

wa Undooryoo no -Hozon o telsikika sita morno de aru. Rengzoiu nc Hootelisiwki
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oyobi Undoo-Hootelsiki wa sorezore
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ne Ketati ni arawasareru. Xokoni P wa Mitudo, X we (Ryuutai no Ten-i
Situryoo atarino jGairyoku, ,,.4;% wa Ryuutal no nakani sonzaisuru Qoryoku de
arus (1), {2} wa nin-ino Ryuutai ni tuite naritatu node aru ga, tokuni

Qoryoku ?»t ni taisite

,b;z = —~p Oik + Tik (3)

T = (3G +32)

(4)
o kateisuru no ge Newton-Ryuutai, sunawati Newton no Nensei-Hoosoku ni
sitagau Nensei-Ryuutai de aru. 7,z wa Nensei-Qoryocku, /(,(, wa Nenseiritu
de aru. Sarani, Mitudo © to Nemseiritu (¢ o ittei to kateisuru to, (1),

(2) wa sorezore
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(@]

div v (5)

%%V_=K_%g;rad/3+yﬁv) 1/—_—% (6)

to kantanni naru. (6) ga hutuuni Navier-Stokes Hootelsiki %o yobareru mono
de aru. 73/ wa Undoo-Nenseiritu de aru.

Oyoso Ryuutai no Assyukusei ga musi dekiru baai, mata Nenseiritu
o ittei to minasi-uru baai wa, Ryuutai no Undoo wa (5), (£) ni yotte kanzenni
arawaseru mono to kitai sareru. Sitazatte, (5)s (€) no Rénritu—ﬂenbibun—
Hooteisiki ( ¥ /b o Mitisuu to suru) no suugakuteki Seisitu ga kanzenni
sirareru naraba, tizimenai HNensei-Ryuutai no Undoo ga rirontekini kanzenni
siriuru hazu de aru. Tatoeba, itiyoona Nagare no naka ni Xyuu o seisi saseta

toki, Reynolds-suu ni yotte lagare no Yoosu wa kiwamete hukuzatuni henkasuru



ga, kore wa N-§ Hooteisiki ni yotte karzennl liarawaseru nazu de aru, Zissai
soo daroo ka? Reynolds-suu no tiisai baail ni okoru Sooryuu no Zyooital xara

ail ne Ranryuu no Zyootal e no Sen-i-Gensyoo g -3

Reynclds=suu no cokil uz

J

¥

. a . o R e Ay oy - N | ooy e # =
eisiki dake o Kiso nl site setumel ssreru ncde aroo kal latsa,

ne Zyootal sono mono mo, -8 Hooctelsiikd

zenni setumei dekiru node aroc ka? Kore ni kotaeru tame niwa, -3 Hocteisilki
ni tulte wareware no genzal motu Tisikl we amarinimo sulkunmasugiru. Xono
Note dewa, Ryuutai-Gensyoo ni kansuru Tisiki kare gyakuni, N-S Hooteisiki no
Xal no suugakutekl Seisitu nl tuite dono ycona Kotogara ga soozoc sareru ka

o noberu., Xorera no Ckusoku ga hatasite tadasii ka, matawa matigatte iru ka?
Suugakusya no katagata ni Kyoomi o motte itadaki, Kaitoo o ataete kudasareba,

makotoni saiwai de aru.

3. Teizyoona Nagare

1

Mazu, mottomo kantanna baai fosite, Kyookei-Zyccken ga zikantekini
ittei, sunawati "teizyoona lNagare" o kangaeru. Tatoeba, itiyoona lagzare no
naka ni Buttail o seisi saseta toki no Nagare de aru (Zu. 1). Tyokkantekini

wa, kono baal, Nagare wa teizyoo de aroo to kitai sareru. Sunawati, Sokudo

w wa Zikan t ni wa yoranaei darco.

(Gairyoku K wa N-S Hooteisiki no Seisitu e

ni honsitu-iekina Eikyoo o motanai ‘o yosoo m Tz
>

v . \-—y
sareru node, korekaranc Giron dewa K = 0 =

to suru.) Sitagatie, N-3 Hooteisiki tosite wa
“Zu. 1
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(v-grad)y = - /—é—gnw(/b + v Av

0 saiyoosureba yoi,
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il naru nc wWe, suturi-tesini telritoo to HLANg8 e~
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rareru’ i-Zyockens
o [ SO NI R, TIer -
v =¢ Zuttal no Hroomen
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v — (U, 2, O) lugen-en

(7) ga Kai o motu xa, %o iu koto

de aru. Genzai, suugaku-teizini

ieru nc wa, "Reynolds-suu R = Ul/# {1 wa daihyoo-tekina Nagasa)

a teikitoonl tiisakereba Keil wa sonzaisuru" to iu koto de aru (TAKAMI no

Xzisetu o miyol). Ryuutai-Rikigakusya tosite siritai no wa, "Kai wa R mno

subetenc Atal ni *aisite sonzaisuru no ka, soretomec aru Rinkai-ti Rgy &2

stte, 5 < Rex dews Hai wa sonzailsi, R > Rgx dewa sonzaisinai no kal?

Yosi sooda to sureba, Rey 1O gutaitekina Atai wa nani ka§ to iu koto de aru.
Zissaino Gensyco dewa, R ga tiisai toki Nagare wa ippanni Scoryuu,

R ga ockii toki Rénryuu de aru. Sono Sakai no R ga iwayuru Rinkai-Reymolds

suu R, ¢e aru. Kono BRg ga uenl nobeta Rgy oni ittisuru naraba Hanasi

we. kantan de aru. Tumari, Teizyco-Xail ga sonzaisinal kara Hitelzyoo-Kai ga
aravareru no da, to iesco de aru.
Sikasi, mosimec Reyxy = oo » sunawatl, Telzyco-dai za tuneni sonzai
1

suru naraba, <oto wa mendoo de aru. Xono baai kangaerareru no wa, Xai no

"Anteisei" no iondai de aru. Sunawaii, aru Reynolds-suu Rgt g2 atte,

RL Rgt » R > Rgt ni oozite sorezore Xai ga antel aruiwa huantei de aru

*

koto ga wakaru naraba, uenc Re © kono Rgt 1o kalsyaitusuru koto ga dekiyoo.,
(Ryuutai-Rikigakusyzs ni tctte wa kono Kaisyaku ca mottomo sizen de aru yooni
omowarerul )

sada Mondal ga aru. Teizyoo-Xai ga sonzaisuru to site mo, sore

"Itiisei®

wa kanarazusimo itii-teirini naru towa lenal. Hatasite, Xei no
wa nosycosareru no ka? Zoo ya Ita no Zakutu {buckling) no Rei dermo voku

sirarete iru yooni, hisenteino londai dewa Xai ga itii-teiini kimaranai no

&
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~a musiro autuu
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2-ko lzyoo sonzaisuru narata, senzituni

uuvoons ondel ni

atte, irmzu-ocoitu sonzaisuru Ksi

ni taioosuru no wa anteina Xai de arco. Sita
wa takadaka 1-ko o nozoite subete wantei de aru monc to soo0zoc sareru.
(kai ga subete nuantei de aru iotc mo ariuru. 3ono baai Sooryuu we ckori-
enai.)

Soredewa, teizyoona Xycoikai-Zyocoxen ni taisuru Xail wa tuneni
teizyoo de aroo ka? Senkeino londal no Xeiiken kara tanzywuni kangaeru to,
sono yoonli soozoo sareru kamo sirenai. Sikasi, hisenkeino Mondai dewa
kanarazusimo soco da‘fowa iikirenai yooni omowareru. Husiroc, N=-S Hooteisikil

no baai wa, teizyoona Kyookai-Zyooiken ni taisite hiteizyoona Xai ga son

<
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sore ga Ranryuu no 2Zyootal ni taloosuru no dewa nai ka to scozoo sareru.

4, - Okusoku

Ima, f(0;E,U,8), f(4:;E,U*,8%) no yoons Kigoo o mitibiki-ireru.

m
s

Dai~1 no Hikikazu C, t+ wa sorezore Teizyoo-Kai, Hiteizyco-Kal o imisuru.

E, U, 8 wa sorezore, Sonzai, Itiisei, Anteisei o imisi, * Zirusi wa Hitei

o imisuru. Sitagatte, tatoeba f{0; E, U, ) wa "Teizyoo-Kai ga tads i-ko

&

; E, U%, 5*) wa

ct

sonzaisite, sore ga antei de aru" koto o imisuru. Mata £
"Hiteizyoo-Kai ga 2-ko izyoo sonzaisi, sorera wa huantei de aru" koto o imi-
suru. Kono yooni yakusokusureba, wareware no Ckusoku wa tugino yooni Hyco
ne Katati ni kakiarawaseru.

£(0; E, U, S) = Sooryuu, £(t; E, U, 8) = No (c1)

£(0; E, U, 3*) = No ? = Yo (c2

£(C; E, U*, S) = Taylor-Uzu etc. = Karman-Uzu etc. (C3)

£(0; E, U*, S%) ————>  f(%; E, U*, 3%} = Ranryuu ch
? / B

S
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E*) = Yo ? (cé)
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Yo" wa "soc iu Baai wa okoranai' to iu Imi de aru. Tatoeba (C6) no
£(0; E*) = o wa "Teizyco-Xai gz tuneni sonzaisuru' ioto o imisuru. Xore

1r

ni taisite, (C5) wa "Teizyoo-Kai ka Hitelzyoo-Xal no dotirake wa xanarazu
koto o imisuru node, Okusoku tecsite.wa (C6) yori yowai. {C1),
awa o awase-kangaeru to, "f(t; U) = No'" to nmeru. Tumari,

"(teizyoona Kyookai-Zyooken no moto ni) Hiteizyoo-Kai ga tandokuni sonzai-
suru koto wa arienzi." (C3) wa, "anteina Kai ga 2-ko izyoo sonzaisuru baai,
sono naka niwa anteina mono ga ari, Taylor-Uzu (kaitensuru 2-ko no Entoo no

aida ni okoru) ya Karman-Uzu ga sore ni taioosuru' to iu Yosoo o noberu mono

de aru.

5. Taisycosei no aru Nagare

Kyuu ya Entyuu no mawari no Itiyoo-Ryuu no yooni, Kyookai-Zyocken
ni kikegaku-tekina Taisyooseil ga aru Baail o kangaeru. Konco baai, tyokkan-
tekini wa, Xai mo onazi Taisyoosei o motu to kangaerareru ga, natasite
hitaisyoonz Kai wa sonzai dekimai no darco xa? Ima f£(0; Sym), f(o; Sym*)
de sorezore taisyoco-teki oyobi hitaisyoco-teki na Teizyoo-Kai o arawasu koto
ni siyoo. {Tatoeba, 2-ko nc Xaiten-Entoc no aida no Couette no lNagare wa

£(0; Sym) ni, Taylor-Uzu wa £(0; Sym*) ni taioosuru.) Soosureba, R <& Bgym

dewa f(0; E*, Sym*), R > Rgm dewa £(0; E, Sym*), de aru yoona
Rinkai-Reynolds-suu Rgy, g8 4angaerareyoo. iono Rgy, wa £(0; U) no

yabureru {tumari Kai no Itiisei nc yabureru) Reynolds~suu Rypi =21 mo

lotto inpantekini itte,
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6.  Kusabi-geta Rycocik:i de

Navier-Stokes Hootelsikl o senxeixs sita Stokes Hinzi ni oite mo,
Nensei-Ryuutai no Nagare wa hultuzatiuna Yoosu ¢ simesu. Sono yoi Rel wa,
Kusabi-gata Rycoiki de no Iiagare de aru.Xore ni tuite wa HOFFATT no xuwasii
Kenkyuu ga aru (ASO no Xaisetu o miyol). Yooten o noberu to, Xusabi no Xaku

o ga aru Rinkaiti &f; ika dewa mugenko no Uzu no Retu ga Kusabi ne Tycoten

ne :

s

ukin ni arswareru to iu no de aru (Zu.2). Xono Zizyoc wa genmituna

Navier-Stokes Hooteisiki ni tuite mo dooyoo de aroco ka? Xanitanni kangaeru

to, Kabe no ue dewa Sokudo wa O de aru xera, Tvcoten no Zuxkin dewa Soikude

i
o

a tiisaiu, sitagatte Stokes Kinzi za naritatu yoo ni mo omoeru. Sikasi,

jax
&

Reynolds-suu ga ookilku naruto, Tyccten kara hanareta Basyo de no lazare n

Yocsu wa Stokes Xinzi kara hazure, sono Eikyoo gz "raibu no Kyookai-Zyooken"

tosite Tyooten Hukin no Nagare o sihasisuru koto mo kangaersreru iara, Zizyco
wa. soo kantan de aru to wa ienal yooni omowareru.
Koko dewa konce Ten ni tuite wz

tati~irazu, tada 2-zigen nc Stokes Heooteisiki

ai ni taisuru benrina Hyoosiki o

ataeru ni todomeru. (IMAI 1957 o miyol)

W=u-iv, Z = X + iy
Jf - BRY FAREAY S T 2 E R
W= 1(z)+ % g%z) - z(z}, Fy o wa ne Halseiil~kKansuu
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{Rei 1) Entoo-gata no Yooki no naka no Iagare {(Zu.3)
U o/ food*Z _ Cpol+Z N
1 - — = ¥, — 40 e
A Frl Gk ey =5 T 7l)

I zZ -1
RS 22—1

(Rei 2) Xusabi-rzata no Ryooiki de no Xagare

,~=in/”~ + Cz* Zu. 3

By

—(1FA)Yar £ (1¥L) Tt
sin AX - __ 4 A

sin X

fun

o & Kusabi no Tyookaku, C: nin-i no Hukuso-suu, /’L wa. Koyuuti (ueno
e sai . 0 . - . .
Hooteisiki no Kai)e A< Ky = 146 ni taisite ] wa Hukuso-suu ni

narue. Kono toki mugenke no Uzu no Retu ga arawareru.

Jo R —» o0 ni taisuru Teizyoo~Kai

Hosimo nin-i no Reynolds~suu ni

. . ETY > //——\.\
teisite Teizyoo-Xai ga sonzaisuru narabe, //'ﬂ \\\,)
R —> o0 ni taisite sono Xai wa dono \\\/’ T

‘\\“__///_—/"’7
yoona lagare o arawasu daroo ka? Kore a

wa genzai mada kaiketu sarenai londal de

arue R — oo wa /A-% 0 ni taioosuru

kara, Xanzen-Ryuutal nc Hagare o arawasu
koto niwa Gimon no Yoiti wa nai. Sikasi,
Kanzen~Ryuutai ni taisuru Helmholtz no
eiri o tanzyunni teiciyoosite,

uzunasino Nagare (Zu.d, a) ga Zenicin-Xai

de aru tc iu no wa datigai de aru. Buttai

no Hyoouen de no Xyookai-Zyooken (Sokudo = 0)

i

ga xooryo sarete inai kara de aru. liaen
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w

wa, itlyoona U: Sunpu ¢ motu yuuiaine Ry i o Zanryuu (Waie)

suru yoona agare {Zu.4, o, o telan site iru. b-Zu no ycoma tozita Ryuusen
motu koto ga kakuzituni wakatte iru baail niwa, sonc [yuusen de xakomareta

Rycoikl no naika dewa Uzudo wa tasixani ittei Ze aru koto za- leru. (88 de

noberu lNaibu-londai dewa kono ¥atel z& jurusereru yooni mieru. RUERG

(1966) wa Oseen Kinzi ni nita Zaiseki-Keisan to Suuti-Keisan ni yotte Lono

Zizitu o urazukeru yoona Kenikyuu o okoratte iru. Sailkin, XUWABARA-Xuni

(Toodai Rigaicubu) mc Entoo no naka rno Jagare ni ftuite iruwasii Heniyuu c

site iru.) Sikasi, Buttai o sugiru itiyoona Jarare no yoora Gaibu-tondai

5

dewa, somosomo tozita Ryuusen no Sonzai scornomono ni Jtagai -z aru node
b & H

Batchelor no Yosoo wa kanarazusime iadasii %o wa ienal tc omowareru. Sisuil

no Riron kara wa Buttai no wa R — oo ni laisite yuugen no Atai o

tori, Batchelor no Riron dewa Teikoo wa C ni naru. XZore wa 2-tu 2o
no mottomo itizirusii Tigal de arue (Qokii Reynolds-suu ni faisuru N-3
Hooteisikl no Suuti-~¥ai kara, 2-tu no Riron no dotira ga tadesii ka ni tuite

Hantei ga erareéru no dewa nai ka. to kitai sareru.,

8. Naibu-Mondai to Gaibu~Mondai

Navier-8tokes Hooteisilki no Toriatuiai ni saisite, "MNaibu-iondai®

to "Gaibu~iondai" ni wa zyuuyoona Tigai ga aru yooni omowareru. Laibu-iondai

T
T

to wa, Yooki no naka no Ryuutai no Undoo no yooni, Nazare no Hyooilki

dai wa, lagare nc Ryooliki

vuukai no Baai o iu. Kore ni taisgite, Gaib

ga mugenni hirogaru 3aai de atte,

ni Itirco-Ryuu ga ataru

sono Rei de aru. Ryuutai-Ri

zyuuyoce de aru to omowareru.



Gaibu-Mondai de tyuul sinakereba naranai no wa, Mugen-Enpoc (;1.%*

oo ) de no Kyookai-Zyooken de aru. Tatoeba, Butiai ni Itiyoo-Ryuu [F ga
ataru baai,

£ —» co no toki v — U
o Kyookai-Zyooken to suru no ga (Ryuutai-Rikigakusya niwa) sizen de aru.
Iokoroga, suugaku-teki niwa, Kai no Sonzal ya Itiisei o gironsuru baai,

v —> U no Tikazukikata ni tuite nanika hukatekina Katei o mookeru no
ga hutuu no yoo de aru. (Tatoeba, FINN(1965). TAKAMI no Kaisetu o miyol)
Xei nc Sonzai, Itiisei ni tuite no Keturon ga kono yoona hukatekina Katel
ni yotte eikyoosareru no wa, sukunakutomo Ryuutai-Rikigakusyas ni totte wa,
cmosiroku nai. Musiro, sonc ycona Katel o mookeru koto no Hituzensei o
ztaete hosii mono to omcu.

Kono Ten ni tulite kangaeru beki wa, somosomo teizyocona Itiyoo-Ryuu
ga zissaltekini dono yooni site tukuraferu ka to iu koto de aru. Sunawati,
zissaizyoo wa, seisi-Ryuutai no naka de seisi site iru Buttail o, aru Syunikan
kara ugokasi-hazimete itteiﬁo Sokudo {/ o motaseru yooni suru. Tumari,
Hiteizyoe-Undoo ﬁo t —> co no Kyokugen tosite erareru no ga Teizyoco-
Undco de arue KXono Tatiba kara ieba, Ryuutai-Rikigakusya nc Taisyoo to
suru Teizyoo~-Kai wa zitu wa Hiteizyoo-XKai nc +t ——§-Oo ni taisuru Zenkin-Kai
to iu koto ni mnaru.

Navier-Stokes Hooteisiki no suugakuteikina Giron de mottomo Xonnan
to sarerumowa R—> o0 , Py o0 5 t — oo ne yoona Kyokugen
de ro zenicintekina Hurumai de aru. Sikamo, korerano Kyokugen ga, Ryuutai-
Rikigakusya ni totte wa, zitu wa mottomo Kyocomi no hukai Basi de aru koto

ni tyuul sitai.

9. Suuti-Kaihoo no Xonnan

10



Navier-Stokes Hooteisil:i no Xaisekri-Xail o moteomeru koto wa kiwanete

konran de aru ga, sailinno Koosoku-ielsanii no Einpo wa seimituna Suuti-Xai

[ 6]

o motomeru koto o Xanoco ni sita. Sore zisin makotloni kelicoona koito dewa

aru ga, dakara to itte zenmentekini Suuti-Kaihoo ni tayoreba

to omowareru. Tatoeba, £(0; E, U) g=a hosyogsareru naraba, nanika teiitocna
Hoohoo de, tqpikaku 1-tu Kai o motomereba sorede yoi. BSikasi, £(0; E, U*)
da to suruto, 1-tu Suuti~Kai o motomete mo, zyuuyoona Xai o minogasite iru
Osore ga aru. Toxkuni, Reynolds-s'u mo c2kii braii miwe sibasiba ‘Suuti-Kai
no Syuusckusel ga waruku maru koto ga reiker sareru. Xonc yoona baai,
Syuusokusel o yoku suru yoora Gikoo o xorasite XKai o eta to site mo, sore
wa aruiwa tokubetunas mono de aru ka mo sirenai. Tumari, Syuusckusel no
/:2(0; E, 8%)/

waruku naru koto wa Xai no Huanteisei/ni kankeisuru ka mo sirezu, mata sore
wa Kai nc Itiisei ga yabureru koto: £{0; E, U¥) ni kankeisuru ka mo sirenal
kara de aru.

Sikasi, tatoe f(0; E, U*) de aru to site mo, mosimo Hiteizvoo-
Kai no t —> o0 ni taisuru Zenkin-Kai tosite Teizyoo=Kal ga erareta 1o
sureba, sore koso wareware no mctomeru "buturi-telzina Xai" o arawasu to

4 .

ieru de aroo. KXono Imi de, £(C; E, U) ga hosyoosareru kagiri, Teiz

’

o motomeru Suuti-Keisanhoo tosite wa musiro Hiteizyoo-Xai no t —>» co

ni taisuru Kyokugen tosite motomeru Hoosiki ga susumerareru no dewa nakaroo

ka?
$6 de nobeta Kusabi-gata Ryooiki no lNagare de mugerke nc Uzu no

Retu za arawareru koto wa, Suuti-Kaihoo, tekuni Sabun-hoo ni yeotte seimituna
Kal o motomeyoo te suru bzal 1-itu no Konnan o ataeru monc to omowareru.

Nao, Reynolds-suu nc ookii basi ni Xyockailsoo nc arawareru koto o, Sabun-

hoo ni yoru Keisan o mendoo ni suru de arco.

11
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