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Nensei-Ryuutai no Undoc wa Navier-3tokes Hooteisiki nl yotte
sihsi-sarsru. Konc Hooteisikl no suugaizuteki Seisitu -~ Kai no Sonzai,
Itiisei, Anteisei -- ga ryuutal-rikigaxu-tekinl dono yoona Imi o moiu xa
ni tuite noberu, Suugaku-teikini germituna Urazulke no nai Okusoxu de aru
ga, kore ni tuite Suugakusys no go-Iken o o=kiki sital to omou. Iata,
Ryuutai-Rikigaku no Semmonia no naxs nl mo, Hissya no Rangae ni kanarazu-
simq éansei sarenai xata mc sukunaxu nail ioto to omowareru ga, Wadai o
dasu Imi de, Hatormari nc nai Katati no mama de kozin-tekina Xangae o noberu
¥oto o o=yurusi negaitai. ZXono MHondai ni tuite Suugakusya oycbi Byuutai-
Rikigakusya no Kansin o yobiokosu xoto za dekireba saiwai de aru.

2. Navier-Stokes Hooteisi

1
)
&

i wa zituzairo Ryuutai no Undoo o arawasu xal?

Zituzaino Ryuutail wa, Ekxitai ni sitemo, Xitail ni sitermo, musuunc
Bunsi ne Syuudan de aru. Ryuutai-Rikigaku dewa korerano 3unsi rno Syvuudan

o tyuusyooka site, renzoku-teicina Baisitu tosits atukau. Tadasi, Tyuusyooika

no sai ni, Situryoco, Undooryoco, Enerugii no Hozon-iHoosoku wa sono mama

~a mitibikareru.

salyoo-sarete, Ryuutai no Undoo ni taisuru Hiso-Ioocteis

rata Undoo-iicotelisd

Iwayuru Renzoku no Hooteisilcd
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wa. Undooryoo no -Hozon o teisikika si
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oyobi Undoo-Hootelsiki wa sorezore

i P v .’1)
—_ﬁ_ v = 0 A
2T + v F » \
i, k= 1,2, 3 (2;
Dy L DDz D _ 2 3
FDT:_.—PKTQ,Z‘& ’ DZ:atTULin
no Ke*ati ni arawasereru. Xokonil /o wa Mitudo, K we (Ryuutai no Tan-i

Situryoo atarincGairyoku, }lﬁzﬁ wa Ryuutal no nakani sonzaisuru Qoryoku de

£ e
H

ards (1), {2) wa nin-ino Ryuutai ni tuite naritatu node aru ga, tokuni

Qoryoku ﬁ‘t ni taisite

b= ~p b+ T, (3)

R, U5 o Us
Tik /cc(—u?xﬁﬂu_z‘?zi "

o kateisuru no ga Newton-Ryuutai, sunawati Newton no Nensei-Hoosoku ni
sitagau Nensei-Ryuutai de aru. 7Tz wa Nensei-Ooryoku, AL Wa Nenseiritu
de aru. Sarani, Mitudo © to Nemseiritu (i o ittei to katelsuru to, (1),
(2) wa sorezore
divy =20 , (5)

| —_%;‘=K—'/5!grad/6+VAv) ﬂ—_—% (6)
to kantanni naru. (6) ga hutuuni Navier-Stokes Hooteisiki %o yobareru mono
de aru. 3/ wa Undoo-Nenseiritu de aru.

Oyoso Ryuutai no Assyukuseil ga musi dekiru baai, mata Nenseiritu
o ittei to minasi-uru baai wa, Ryuutai no Undoo wa (5), (£) ni yotte kanzenni
araéas.eru mono to kitai sareru. Sitagatte, (5), (€) no Rénritu—ﬁenbibun—
Hooteisiki ( ¥ , /6 o Mitisuu to suru) no suugakuteki Seisitu ga kanzenni
sirareru naraba, tizimenail Nensei-Ryuutai no Undoco ga rirontekini kanzenni
siriuru hazu de aru. Tatoeba, itiyoona Nagare no naka ni Xyuu o seisi saseta

toki, Reynolds-suu ni yotie Nagare no Yoosu wa kiwamete hukuzatuni henkasuru



ga, kore wa N-§ Hooteisiki ni yoite kanzenni iiarawaseru nazu de aru. Zissail

soo daroo ka? Reynolds-suu no tiisai baail ni okoru Sooryuu no Zyooital xara

Reyneclds=suu no cokii taal ne Ranryuu no Zyocetal e no Sen=i-Gensyoo

vl . . L

PR 3 o~ drpna e v PO P e 2 AR
eigiki dake o Kiso ni site setumel ssreru ncode aroo kal? Maia,

ne Zyootal somo mono mo, N-8 Hocteisiki no §

zenni setumei dekiru node aroc ka? Kore ni kctaeru fame niwa, -8 Hocteisiki

o
ru

ni tuite wareware no genzail motu Tisliki wa amarinime sukunasugiru. Xono

Note dewa, Ryuutai-Gensyoo ni kansuru Tisiki kara gyskunl, N-§ Hootelsiki no
Kai no suugakuteki Seisitu ni tuite dono yoona Kotogara ga soozoc sareru ka

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

makotoni saiwai de aru.

3. Teizyoona Nagare

Mazu, mottomo kantanna basi tosite, Kyookai-Zycoken ga zikantekini

ittei, sunawati "teizyoona Nagare" o kangaeru. Tatoeba, itiyoona

naka ni Buttai o seisi saseta toki no Nagare de aru (Zu. 1). Tyokkantekini
wa, xono basi, Nagare wa teizyoo de aroo to kitai sareru. Sunawati, Sokudo
w wa Zikan t ni wa yoranai daroo.

(Gairyoku A wa N-S Hooteisiki no Seisitu
ni honsitu-tekina Eikyoo o motanal %o yosoo U W — %
) ~7

sareru node, korekaranc CGiron dewa K =

to suru.) Sitagattie, N-3 Hooteisiki tosite wa
“Zu. 1

(v-grad)y = -~ Lgradp + vy Av (7)

0 salyoosureba yoi,

s .y kR 3, N \ epes [ A 2 Tl a2 -4 s
Sate, mazu Vondai ni raru no wa, "buturi-tesini teiritoo to kangae-
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rareru” Hycokasi-Zyooirens

v =¢C Zuttal no Zyoomen
(=)
v — (U, 2, 0) lugen—en
no wmoosl Fenritu-Henbibun-Hooteisiiii (5), (7) ga Kai o motu ka, %o iu koto

re wa {ai ne "Sonzai' no Mondai de aru. Genzal, suugaku-teizini

R = Ul/¥ {1 wa daihyoo-tekinz HNagasa)

FaYr

+

za tekitoonl tiisakereba Xei wa sonzaisuru" to iu koto de aru (TAXAMI no

Kzisetu o miyol}. Ryuutai-Rikigalcusya tosite siritai no wa, "Kai wa R no

subeteno Atail ni taisite sonzaisuru no ka, soretomo aru Rinkai-ti Rgy g2

atte, . X< Rgx dews Kai wa sonzeisi, R > Rgx dewa sonzaisinal no ka?

Vosi souda to sureba, Rex 10 gutaitekina Atal wa nani kal to iu koto de aru.
Zissaino Gensyco dewa, R ga tiisal toki Nagare wa ipsanni Sooryuu,

R ga ookii toki Ranryuu de aru. Sono Sakai no & ga iwayuru Rinkai-Reynolds

suu R, de aru. Konmo Rg g8 ueni nobeta Rgy 01 ittisuru naraba Hanasi

wa kant

de aru. Tumari, Tsizyco-Xai ga sonzaisinal karae Hitelzyoo-Kai ga
aravareru no da, to iesoco de aru.

Sikasi, mosimo Rex = ©° » sunewatl, Telzyoo=-Xal ga tuneni scnzail
suru naraba, koto wa mendoo de aru. Xono baai kangaerareru ne wa, Xai no

"Anteisei" no Mondai de aru. Sunawati, aru Reynolds-suu Rgt g2 atte,

R< Hgt 5 R > Rgt ni oozilte screzore Xai ga antel aruiwa huantei de aru
koto ga wakaru naraba, ueno Rg © kono Rgt to kalsyaiusuru woto ga deltiyoo,

{(Ryuutai-Rikigakusya ni totte wa kono Kaisyaku ca mwoticmo sizen de aru yooni
omowarerul )

sada Mondai ga aru. Teizyoo~-Kai ga sonzaisuru to site mo, sore

wa kanarazusimo itii-teizini kimaru towa iensi. Hatasite, {oi rno "Itiisei

wa hosycosareru no ka? Boo ya Ita no Zakutu {buckling) no Rei dermc voku

e

sirarete iru yooni, higerkeino londai dewa X
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g musiro nutuu Zde aru. .=-8 Hootelsiui oo

2-ko 1lzyoo sonzaisuru

Kail no Anteisel za =z
ni talocosuru no wa anteina Kai d= arvo. Sitazatite, irmzu-ocoiru sonzaisuru Ksi
wa takadaka 1-ko o nozoite subete nuasntei de aru monc to soozoce sareru.
(Kei ga subete nuantei de aru iotc mo ariuru. 3ono baal Scoryuu wa ckori-
enai.)

Soredewa, teizyoona Kycoxai-Zycoxen ni taisuru Xai wa tuneni
teizyoo de aroo ka? Senkeino iondai no Xeilken iara tanzyumni kangaeru to,

s N .

sono yoonl soozoo sareru kamo sirenai. Sikasi, hisenkeino Mondai dewa

kanarazusimo soo da towa iikirenail yooni omowareru. Musiro, -5 i

+

ne baai wa, teizyoona Kyookai-Zyoowxen ni taisite hiteizyoona Hai ga sonzaisi,

sore ga Ranryuu no Zyootai ni taiocosuru no dewa nai ka to soozoo sareru.

Tma, f(0;E,U,8), f(t:E,U*,8%) no yoona Kigoo o mitibiki-ireru.
Dai-1 no Hikikazu O, t wa sorezore Telzyoco-Xal, Hiteizyoco-ial o imisuru.
E, U, 8 wa sorezore, Sonzail, Itiisei, Anteisei o imisi, # Zirusi wa Hitei

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

sonzaisite, sore za antei de aru" koto o imisuru. lata f£(i; E, U*%, 3*) wa
"Hiteizyoo-Kai ga 2-ko izyoo sonzaisi, sorera wa huantei de aru" koto o imi-
suru. Kono yooni yakusckusureba, wareware no Ckusoku wa tugino yconi Hyoo
ne Katati ni kakiarawaseru.

#(0; E, U, 8) = Sooryuu, f(t; E, U, 3) = No | (c1)

£(0; E, U, 5*) = No ? £{t; E, U, 8*) = o (c2

i}

£(C; E, U*, S) = Taylor-Uzu etc. £{t; E, U*, 3) = Karman-Uzu etc. {C3)

. R [, ax v .
£{0; E, U*, §*) ——>» f£(%; E, U¥, 5*} = Ranryuu (c&)
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?{3; E
"No" wa "so
£(0; E*) =

ni taisize,

senzaisuru”

o

iig

\ Lo~
*) — £(t; E) £(t; E*) — (05 E) (c2)
,
£(C; E*) = o ? (&)
¢ iu Baai wa okoranai' to iu Imi de aru. Tatoeba (C6) ne
Zo wa "Teizyoo-Xai g2 tuneni sonzaisuru' ioto o imisuru. Xore

{C5) wa '"Teizyoo-Kal ka Hiteizyoo-Xai no dotirake wa kanarazu

i
ok}

koto o imisuru node, Okusoku tosite.wa (C€) yori yowai. (C1),
igawa o awase-kangaeru to, "£(t; U) = No" to maru. Tumari,

vookai-Zyooken no moto ni) Hiteizyoo-Kai ga tandokuni sonzai-

suru koto wa a?ienai.” (C3) wa, "anteina XKai ga 2-kc izyoo sonzaisuru baai,
sono naka niwa anteina mono ga ari, Taylor-Uzu {kaitensuru 2-ko no Entoo no

aida ni okoru) ya XKarman-Uzu ga sore ni taioosuru" to iu Y0sco o noberu mono
de aru.

5

Taisycosel no aru Nagare

Kyuu ya Entyuu no mawari no Itiyoco-Ryuu no yooni, Kyookai-Zyocken

N

ni kikagaku-tekina Taisyoosel za aru Baai o kangaeru. Kono baai, tyokkan-

tekini wa, Xal mo onazi Talsyoosei o motu to kangaerareru ga, natasite

hitaisyoonz Kai wa sonzai dekimai no darco kxa? Ima f£(0; Sym), f£(o; Sym®*)

de sorezore taisyoo-iteki oyobi hitaisyoco-teki na Teizyoo-Kai o arawasu koto

ni siyoo. {(Tatoeba, 2-ko nc Xaiten-Entoo no aida no Couette no Nagare wa

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

dewa f£(0; E*, Sym*), R > Bsym dewa f£(0; E, Sym*), de aru yoona
Rinkai-Reynolds-suu Rg., g2 <angaerareyoo. Xono Rgy, W& £(0; U) no
vabureru {tumari Kai no Itiisei no yabureru) Reynolds-suu Rypi 21 mo
natte iru.

no I
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teizyoona Xyookal-Zyooxen no ncte

de aru. Iikaereba, Telzyoo-xzl <c

6.  Kusabi-geta Rycoiki de no

ita Stokes Xinzi ni oize mo,

[¥]

Navier-Stokes Hootelsikil ¢ senkeixa
Nensei-Ryuutai no Nagare wa huluzaiuna Yoosu ¢ simesu. Sono yoi Rel wa,
Kusabi-gata Rycoiki de no Iagare de aru.Xore ni tuite wa LOFFATT no xuwasii
Kenkyuu ga aru (ASC no Xaisetu o miyol). Yooten o noberu to, Kusabi no Xaku

o{ ga aru Rinkaiti &f; ika dewa mugenko no Uzu no Retu ga Xusabi ne Tyooten
no Hukin ni arawareru to iu no de aru {(Zu.2)}. KXono Zizyoo wa genmituna

Yavier-Stokes Hooteisiki ni tulte mo dooyoo de arco ka? Xantanni kangseru

to, Kabe no ue dewa Sokudo wa 0 de aru kara, Tyooten no Soicude

za tiisalcu, sitagatte Stokes Kinzi gza naritatu yoo ni mo omoeru. ikasi,
eynolds-suu ga ookilku naruto, Tvocten kara nanare Basvo de no lazare no

Reynolds~suu g k naruto, Tyoct ara nanareta Basyo d as

N

Yoosu wa Stokes Kinzi kara hazure, sono Eikvoo ga "zaibu no XKyookei-Zyooken'

ngaersreru Lars, Zizyco

tosite Tyooten Hukin no Nagare o sihaisuru koto mo i
we. soo kantan de aru to wa ienail yooni omowarerus

Koko dewa kone Ten ni tuite wa

tati-irazu, tada 2-zigen no Stokes Hooteisi

no Ippan-Xai ni taisuru benrina Hyoosiki o

ataeru ni todomeru. (IMAI 1957 o miyol)

We=ue- iv, Z = X + 1Y
v/ — s .
W= {2} + 2z g'(z) - glz), £y
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{(Rei 1) Entoo-gaia no Yooki no naka no lagare (Zu.3)

g s
o ‘/_:/;_ _/ 'C' [-f-z . 7 [’ f Z_ A
V=72 zklj/—z (0?/—2 T
4 U _zz-1
s z*—1

(Rei 2) Xusabi-zata no Ryooiki de no Nagare
::102’1 + Cz* Zu. 3

Ao eT Y

Cz +(1F A1) Cz

)

o ¢ Kusabi no Tyookaku, C: nin-i no Hukuso-suu, l wa Koyuuti (ueno
- P . (4 . P . .
Hooteisiki no Kai)e <L Xy = 146 ni taisite ] wa Hukuso-suu ni

narue Xono toki mugeniko no Uzu no Retu ga arawareru.

o R —>» 0O ni taisuru Teizyoo~Kai

Mosimo nin-i no Reynolds~suu ni

taisite Teizyoo-Kai ga sonzaisuru naraba, ;f/:’t\\\\_,

R —> o0 ni taisite sonc Xai wa dono —— \\/1 —
\Q__’,////,,/*)f
yoona lagare o arawasu daroo kal Xore. a

wa genzal mada kaiketu sarenail londail de

4rue R —» oo wa /A-} 0 ni taiocosuru

kara, Xanzen-Ryuutail nc Nagare o arawasu
koto niwa Gimon no Yoti wa nai. Sikasi,
Kanzen-Ryuutal ni taisuru Heimholtz no
Uzu-no-Teiri o tanzyunni tekiyoosite,

uzunasino Nagare (Zu.d4, a) ga Zenicin-Xai

de aru tc iu no wa iatigai de aru. Buttai
no Hycomen de no Kyookai-Zyooken (Sokudo = 0)

ga kooryo sarete inai kara de aru. ilaeni
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2 ) wa Zenlinenal wa

Yigsya (1

.- 4 e
Farare {(Zues,

wa, i1tivoona

suru yoona lagare (Zu.4, o, o teian site iru. b-Zu ne ycona toziita Ryuusen

o moltu koto ga kakuzituni wakatte iru baai 2iwa, sono
Rycoikl no naika dewa Uzudo wa *tasixani itltei de aru kol
noberu Nalbu-liondai dewz kono Xatel ga jurusareru y BURGIRAT

alsexi-Keisan te Suuti~Keisan ni yoitte wono

b

(1966) wa Oseen Kinzi ni nita

Zizitu o urazukeru yoona KXeniyuu ¢ okornatte iru. n, XUWABARA-Xunio
(Toodai Rigairubu) me Entoo no naka no Iazare ni tuite iruwasii Henityuu c
site iru.) Sikasi, Bﬁttai o sugiru itiyoona Xagare no yoona Gaibu-iondai
dewa, somosomo tozita Ryuusen no Sonzal sconomono nl Utagail za aru node,

Batchelor no Yosoo wa kanarazusime tadasil <o wa ilenal tc omowareru. Sisui

no Riron karas wa Buttai no Teiltoo wa R —seo ni taisite yuugen no Atai o

tori, Batchelor nc Riron dewa Teikoo wa C ni naru. Xore wa 2-1U 70 Rircire.—sccom

no mottomo itizirusii Tigal de aru. (Ookii Reynolds-suu ni taisuru N-S

Hooteisilkl no Suuti~¥ai kara, 2-tu no Riron no dotira ga tadasii ka ni tuite

Hantei ga erareru no dewa nai ka.to kitai sareru.)

8. Naibu-Mondai to Gaibu~Mondai

Navier-8tokes Hooteisilki ne Toriatu:ai ni saisite, "MNaibu-tondai®

to "Gaibu~iondai®" ni wa zyuuyoona Tigai pa aru yooni omowareru. laibu-iondai

=)

to wa, Yookl no naka no Ryuutai no Undoo nc yooni, larare no Eyooiki za

&

TR

yuukail no Baal o iu. Kore ni taisite, Gaibu-ilondal wa, llarare nc Ryooiki

T4 5.

ga mugenni hirogaru 2aail de atte, 2uttai ni Itirso-Ryuu oa
sono Rei de aru. Ryuutai-Rill nive, wono Zaibu-londail sz towuni

zyuuyoo de aru to omowareru.



Gaibu-Mondai de tyuuil sinakereba naranal no wa, Mugen-Enpoc (i?—ﬁ?

oo ) de no Kyookei-Zyooken de aru. Tatoeba, Buttai ni Itiyco-Ryuu [F ga
ataru baai,

r —» oo no toki v —> v
o Kyookai-Zyocken to suru no za (Ryuutai-Rikigakusya niwa) sizen de aru.
Tokoroga, suugaku-teki niwa, Kai no Sonzai ya Itiisei o gironsuru beai,

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)
Xz2i nc Sonzai, Itiisei ni tuite no XKeturon ga kono yoona hukatekina Katel
ni yotte eikyoosereru no wa, sukunakutomo Ryuutai-Rikigalcusys ni totte wa,
cmosirolku nai. Musiro, sonc yoona Katei o mookeru koto no Hituzensei o

ztaet

[}

hesii mono to omcu.

Kono Ten ni tulite kangaeru beki wa, somoscomo telzyoona Itiyoo-Ryuu
za zissaitekini dono yooni site tukuraferu,ka to iu koto de aru. Sunawati,
zissaizyoco wa, selsi-Ryuutai nc naka de seisi site iru Buttai o, aru Syunkan
kara ugokasi~hazirete itteiﬁe Sokudo §/ o motaseru yooni suru. Tumari,
Hiteizyoo-Undoo ﬁo t —» co no Kyokugen tosite erareru no ga Teizyoco-
Undco de aru. KXono Tatiba kara ieba, Ryuutai-Rikigakusya no Taisyoo to
suru Teizyoo~Kai wa zitu wa Hiteizyoco-XKai no % -—é'oo ni taisuru Zenkin-Kai
to iu koto ni naru.

Navier-Stokes Hooteisiki no suugekuteirina Giron de mottomo Xonnan
to sarerunowa R~ oo , Py o0 s t —r oo no yoona Kyokugen
de rno zenicintekina Hurumei de aru. Sikamo, korerano Kyokugen ga, Ryuutai-
Rikigakusya ni tette wa, zitu wa mottome Kyocomi no hukai Basi de aru koto

ni tyuul sitai.

9. Suvuti-Kaihoo no Konnan

10
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Hooteisizi no

Navier-Stokes o motomery koto wa kiwamete

konman de aru ga, sailiinno Kooscku-iielsaniil no Sinpo wa seimituna Suuti-Xai
o motoreru koto o Xanoo ni sita. Sore zisin mekotonl ikeiicoona kolto dewa
aru ga, dakara to itte zemmentekini Suuti-Kaihoo ni tayoreba yoi to wa ienai
to omowareru. Tatoeba, £{0; E, U) za hosyogsareru naraba, nanika te.itoona
Hoohoo de, tonikaku 1-tu Xai o motomereba sorede yoi. Sikasi, £(0; E, U*)
da to suruto, 1-tu Suuti~Kai o motomete mo, zyuuyoona Xai o minogasite iru
Osore ga -aru. Tuxuni, Reynolds—su mo ~2kii brii miwe sibasiba ‘Suuti-Kei
no Syuusokusel ga waruku maru koto ga eiker sareru. Xono yocna baail,
Syuusokusel o yoku suru yoora Gikoo o korasite Kal o eta to site mo, sore
wa aruiwa tokubetuna mono de aru ka mo sirenai. Tumari, Syuusckusel no
/:£(0; E, 8*)/

waruku naru koto wa Kai no Huanteisei/ni keankeisuru ka mo sirezu, mata sore
wa Kai no Itiisei ga yabureru koto: £(0; E, U*) ni kankeisuru ka ro sirenai
kara de aru.

Sikasi, tatoe f£(0; E, U¥) de aru to site mo, mosimo Hiteizvoo-
Kai no % —> o0 ni taisuru Zenkin-Kai tosite Teizyoo-Kal za erareta to
sureba, sore koso wareware no motomeru "buturi-telrina Xai' o arawasu te

<

ieru de aroc. Xono Imi de, f(C; E, U) ga nosycosareru kagiri, Teizyookai

r

o motomeru Suuti-Keisanhoo tosite wa musiro Hiteizyoo-Xal no + —> co

ni taisuru Kyokugen tosite motomeru Hoosiki ga susumerareru no dewa nakaroco

ka?
$6 de nobeta Kusabi-gata Ryocoiki no Nagare de mugericc no Uzu no

Retu za arawareru koto wa, Suuti-Kaihoo, tokruni Sabun-hoo ni yotte seimituna

1 +

al o motomeyoo te suru bzai 1-tu ro Xonnan o ataeru monc to omowareru.
Nao, Reynolds-suu no ookii baei ni Xyockaisoo nc arawareru koto mo, Sabun-

hoo ni yeru Heisan o mendoo ni suru de arco.

11
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