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六要

非線形シュレーディンガー方程式の初期データに複数の $\delta$ 関数を与えて解を構成
する. 本講究録では特に $\delta$ 関数が 1本, 2本および 3本の場合を考察する. 注目すべ
きことは, 初期データが 2本以上の $\delta$ 関数からなるときに 「モードの生成」が生ずる
ことである. この効果は非線形特有のものである.

1 Introduction
この講究録では非線形シュレーディンガー方程式の初期値問題を考える. (初期データ

には複数の $\delta$ 関数を噛していることに注意)

(NLS) $\{$

$i\partial_{t}u=-\partial_{x}^{2}u+\lambda N(u)$ ,
$u(\mathrm{O}, x)=$ ( $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{p}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ of $\delta$-functions),

ここで, $(t, x)\in \mathrm{R}\cross \mathrm{R},$ $\partial_{t}=\partial/\partial t,$ $\partial_{x}=\partial/\partial_{x}$ および未知関数 $u=u(t, x)$ は複素数の値

を取る. ゲージ不変性のあるベキタイプの非線形項 $N(u)$ には次のような形を仮定する.

$N(u)=|u|^{p-1}u$ (ただし $1<p<3$ )

また, 非線形項の係数 $\lambda$ は任意の複素数である. 特に ${\rm Im}\lambda<0$ のときには非線形的散逸効

果を意味している. ここでは初期データとして主に $u(\mathrm{O}, x)=\mu_{0}\delta_{0},$ $u(0, x)=\mu 0\delta_{0}+\mu_{1}\delta_{a}$

あるいは $u(0, x)=\mu 00\delta_{0}+\mu_{10}\delta_{a}+\mu_{01}\delta_{b}$ のような具体的なものを与えて解を構成する. た

だし, $\delta_{a}$ は $x=a\in \mathrm{R}$ に台を持つディラックの $\delta$-関数を表す. そして, 重ね合わせの係数

$\mu_{k},$ $\mu_{jk}(j, k=0,1)$ は複素数とする.
非線形シュレーディンガー方程式の物理的な背景としてよく引き合いに出されるのは,

3次の非線形項の場合 (つまり, $p=3$ の場合. しかし, のちに紹介する数学的な要求によ
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$\delta_{0}\mathrm{T}\neq \mathrm{F}\#\Psi\nearrow\wedge^{\backslash ^{\backslash }}*l^{*}\backslash 3\leq p$ ozaa $\mathfrak{i}^{\vee}\neq \mathrm{E}\mathrm{R}\#\nearrow\backslash \text{ノ_{}\vee}^{\backslash /\mathrm{z}\triangleright-\overline{\tau}}$

’

イ $;\backslash \nearrow X-E\mathrm{E}\mathrm{A}l\dot{\backslash }\text{非}\mathrm{E}\Re T\mathrm{h}$ る $arrow\vee$ と
$\text{を},\vee\overline{\cdot\tau\backslash }\triangleright f’\llcorner$ . \ddagger $\mathit{0}_{\hslash}^{arrow}\equiv*\mathrm{b}$ $\langle$ $\mathfrak{B}\wedge^{*}6\text{と}$ , (NLS) $[] \mathrm{f}\ovalbox{\tt\small REJECT}\Re_{\mathrm{R}}^{\Phi}\mathrm{F}\mathrm{M}$ $C([0,T];S’(\mathrm{R}))$ eek‘v‘\tau \Re を B $f_{\llcorner}’’X$
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2 $u(0, x)=\mu_{0}\delta_{0}\emptyset\ovalbox{\tt\small REJECT}^{\underline{\mathrm{A}}}$

: $\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}\uparrow \mathrm{f}\neq\not\in\ovalbox{\tt\small REJECT} r_{\text{ノ}}\nearrow\backslash \nearrow \mathrm{n}\triangleright\backslash -\overline{\mathcal{T}^{\backslash }}\text{イ^{}\backslash }\nearrow x-X\mathrm{E}\mathrm{A}^{\vee}\text{を}\ovalbox{\tt\small REJECT}\# 9\}^{\tau}.\mathrm{f}7^{\langle^{\vee}}.\sim bt\backslash \backslash \tau \mathrm{g}\backslash$ る. ’\supset \yen $\mathit{0},$ $\mathrm{f}?.\text{の}$

$g,\rfloor=\backslash$ と $\mathrm{b}T$ ,

(2.1) $u(t,x)=A(t)\exp(it\partial_{x}^{2})\delta_{0}$ ,

$l^{1}’.\mathrm{t}\ovalbox{\tt\small REJECT}\prime \mathrm{b}*\iota 6\cdot\sim\sim C\vee\vee-,$ $\exp(it\partial_{x}^{2})\delta_{0}=(4\pi it)^{-1/2}\exp(ix^{2}/4t)*\mathrm{b}T,$ $\text{非}\Re\%\mathfrak{U}\mathrm{a}\mathrm{e}$ ee di $\text{る}\ovalbox{\tt\small REJECT}\Phi$

$A(t)$ ea ,

(2.2) $A(t)=\{$

$\mu_{0}\exp(\frac{2\lambda|\mu_{0}|^{p-1}}{i(3-p)}|4\pi t|^{-(\mathrm{p}-1)/2}t)$ if ${\rm Im}\lambda=0$ ,

$\mu_{0}(1-\frac{2(p-1){\rm Im}\lambda|\mu_{0}|^{\mathrm{p}-1}}{3-p},|4\pi t|^{-(\mathrm{p}-1)/2}t)^{\frac{i\lambda}{(\mathrm{p}-1){\rm Im}\lambda}}$ if ${\rm Im}\lambda\neq 0$ .

$\emptyset$ at 5 $\dagger’.g\mathrm{g}\mathrm{n}6\cdot\not\equiv\ovalbox{\tt\small REJECT},$ $(2.1)$ & (NLS) $[]’.|\mathrm{t}\lambda \mathrm{L},T\# 6$ と, $\mathfrak{R}\emptyset$ at $\dot{9}’\mathrm{X}A(t)\emptyset \mathrm{R}\mathrm{f}\mathrm{f}\mathrm{l}9\mathcal{T}r$

$8\mathrm{A}$ (ODE) $l^{\grave{\grave{1}}}\uparrow\ovalbox{\tt\small REJECT} \mathrm{b}h6$ .

(2.3) $\{$

$i \frac{dA}{dt}=\lambda|4\pi t|^{-(p-1)/2}N(A)$ ,

$A(0)=\mu_{0}$ .

(2.3) $\text{を}\mathrm{f}\mathrm{f}\mathrm{i}.\langle f’.b\}^{\vee\not\in}.,- \mathrm{r}\overline{A(t)}$を (2.3). $\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\grave{\mathrm{J}}H\mathfrak{i}’.\mathrm{f}\mathrm{f}\mathrm{l}\#$ } $\text{る}\cdot \mathcal{T}6k$ ffi式

$\frac{d}{dt}|A|^{2}=2|4\pi t|^{-(p-1)/2}{\rm Im}\lambda|A|^{p+1}$

t]vg\hslash >*\iota る $\emptyset\tau$ , $:*\iota\hslash^{1}\mathrm{b}$

(2.4) $|A(t)|=(| \mu_{0}|^{-(p-1)}-(p-1){\rm Im}\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}d\tau)^{-1/(p-1)}$

\geq fxる\sim \check $k$ \emptyset ‘\check i+\hslash lる. (2.4) $\emptyset \mathrm{a}_{\grave{1}}E\mathrm{f}\mathrm{f}\mathrm{i}^{\prime’}\ovalbox{\tt\small REJECT}\hslash \mathcal{D}\mathrm{F}\ovalbox{\tt\small REJECT} \mathrm{E}\theta[] \mathfrak{X}p<3\mathrm{T}\hslash 6l^{*}\backslash \Re,$ $\xi\Re \text{を}\mathrm{t}’\supset$ . $(2.4)$

$\text{を}(2.3)\}^{\vee}.\{\star\lambda \mathrm{b}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{E}’\mathrm{f}’\mathrm{f}\mathrm{f}\mathrm{i}^{p}ffl\mathrm{u}$.9*gxtを解 $<_{\sim}\vee\geq T(2.2)t^{*}\backslash \text{得}\mathrm{b}*\iota \text{る}$ . $\mathrm{c}-\veearrow$ で, ${\rm Im}\lambda>0T$

$\}\mathrm{g}\mathrm{j}\mathrm{E}\emptyset F1^{\mathrm{I}}\mathrm{R}\mathrm{k}\nearrow*\mathrm{J}TA(t)\hslash\backslash ’\Re’\beta\S\lambda[]’|-\mathbb{R}\% T6^{\vee}\backslash -$と}\llcorner \acute gg $\mathrm{b}Tk^{\wedge}$ $\langle$ .

3 $u(0, x)=\mu_{0}\delta_{0}+\mu_{1}\delta_{a}\emptyset\#^{\underline{\mathrm{A}}}$

$:\circ \mathrm{g}\tau|\mathrm{g},$ $\mathrm{m}\Re\vec{\tau}^{-}$タ $l^{\grave{\grave{1}}}\delta\Phi\Re\emptyset \mathrm{E}i\mathrm{a}_{\mathrm{D}}^{\Delta}*$)$*T5\tilde{\mathrm{x}}$ b*\iota る $\text{と}\mathrm{f}\mathrm{f}\mathrm{i}\}_{\llcorner}^{\vee}$ r\yen - ト*\emptyset \not\in \Re 」 $l^{*}\backslash$

$\Re \mathrm{n}\text{る_{}\sim}^{\vee}\text{とを}\ovalbox{\tt\small REJECT}\tau \mathrm{t}^{\backslash }:$ 5. $\mathrm{f}\mathrm{f}_{\mathrm{n}^{-}}\mathrm{R}$ を\mbox{\boldmath $\chi$}‘ $\mathrm{E}\wedge^{\backslash }\backslash$ る-f\leftarrow iIJ\check \acute a-pE $0– \text{の}\ovalbox{\tt\small REJECT} \mathfrak{U}k\text{す}$る. $\mathrm{T}=\mathrm{R}/2\pi \mathrm{Z}|\mathrm{g}\ovalbox{\tt\small REJECT} \mathfrak{B}2\pi$
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$\sigma)17\mathrm{A}\overline{\pi}\vdash-\mathrm{i}7$ ス-C\hslash 6 ( $:$ \sim --C, $\mathrm{Z}[] \mathrm{f}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathcal{D}\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}$ ) $\sim-\text{の}\mathrm{g}_{\mathrm{D}}\tau^{\backslash }$ Vtk $L^{q}(=L^{q}(\mathrm{T}))[] \mathrm{J}\vdash-\text{フ}-$

$\wedge\downarrow\sigma)q\ovalbox{\tt\small REJECT}_{\mathfrak{l}\mathrm{i}}\urcorner\ovalbox{\tt\small REJECT} 4+\mathbb{H}\ovalbox{\tt\small REJECT}\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}$ を 1\rightarrow , ノ ‘\uparrow ノ$\backslash$ レフ g7ffi $H^{S}(=H^{S}(\mathrm{T}))^{\ovalbox{\tt\small REJECT} \mathrm{g}}$

$H^{s}=\{f(\theta)\in L^{2};||f||_{ff\epsilon}^{2}<\infty\}$ ,

$-\mathrm{c}\pi’\Leftrightarrow \mathrm{S}\hslash 6\mathrm{t}\emptyset \mathrm{T}b6$ . $\sim\vee$ e-e, $||f||_{H^{s}}^{2}= \sum_{k\in \mathrm{Z}}(1+|k|)^{2s}|C_{k}|^{2}(C_{k}=(2\pi)^{-1}\int f(\theta)e^{-ik\theta}d\theta)$

$\vee \mathrm{C}\hslash 6$ . $\not\in r_{\llcorner}’,$ $\ell_{\alpha}^{2}$ li $\alpha 7R\emptyset\ovalbox{\tt\small REJECT}*’\supset \mathrm{g}\Re p|\mathrm{J}\Phi\ovalbox{\tt\small REJECT} T$ ,

$\ell_{\alpha}^{2}=\{\{A_{k}\}_{k\in \mathrm{z};}||\{A_{k}\}_{k\in \mathrm{z}}||_{\ell_{\alpha}^{2}}^{2}=\sum_{k\in \mathrm{Z}}(1+|k|)^{2\alpha}|A_{k}|^{2}<\infty\}$
.

$\}^{\vee}$ at o $T\mathrm{P}’\mathrm{F}\mathrm{c}_{-}\star*\mathrm{b}\text{る}$ . gaをffl# $\int$bg-る $\gamma-.b\}^{\vee}.\{A_{k}\}_{k\in \mathrm{Z}}\emptyset\{*\mathrm{b}O\}^{\vee}\{A_{k}\}$ と $\mathrm{V}^{\backslash }\dot{\mathcal{D}}$ nva2 $X$

$\langle$ $\mathrm{f}\mathrm{f}\mathrm{l}\iota\backslash$る $\nu^{\backslash }\lambda \mathrm{A}\emptyset \mathrm{E}\mathrm{f}\mathrm{f}\mathrm{i}\emptyset \mathrm{b}\text{と}\mathrm{E}|_{\mathrm{f}}’ \mathrm{f}\mathrm{l}\Theta r\mathrm{J}W\}^{\vee}\ovalbox{\tt\small REJECT} T6\ovalbox{\tt\small REJECT} \mathrm{a}\mathrm{e}\text{を}\#’\mathfrak{o}^{j}J\mathrm{r}T6$.

Theorem 3.1 (local result) hる $T>0[]_{\llcorner}^{\prime\perp}\mathrm{X}^{\backslash }l\mathrm{b}T,$ $\mathfrak{X}\emptyset$ \ddagger $\dot{9}’t\not\equiv_{J}\overline{\tau\backslash }k\#’\supset(NLS)\sigma)\text{解}$

$\delta^{\mathrm{i}-\prime\supset_{\Gamma \text{チ}7\mathrm{f}T}}$ る.

(3.1)
$u(t,x)= \sum_{k\in \mathrm{Z}}A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$

,

$\sim-\vee\sim \mathrm{C}-,$ $\{A_{k}(t)\}\in C([0,T];l_{1}^{2})\cap C^{1}((0,T];\ell_{1}^{2})T\hslash \mathfrak{U}$ , $A_{0}(0)=\mu_{0},$ $A_{1}(0)=\mu_{1}A_{k}(0)=0$

$(k\neq 0,1)T\hslash 6$ .

Remark 3.1. Theorem 3.1 $\text{の}\mathrm{r}\not\in[]’.\mathrm{E}_{X}^{\mathrm{r}}$ }) $\mathrm{b}\lambda’\mathrm{b}6A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}\in\lceil k8\mathrm{B}\emptyset*-$ ト」
$\text{と}\mathrm{f}\mathrm{f}^{\mathrm{g}_{1}-}’arrow \text{と}\}^{\vee}\mathfrak{l}-\mathrm{b}\mathrm{J};\dot{\mathrm{p}}$ . \tau る $\text{と}$ nma $\overline{\tau}-Pt^{\mathrm{i}}0\delta \mathrm{B}k1\xi \mathrm{B}\emptyset\yen-$ }$\vee^{\backslash }\emptyset\backslash *\hslash:\mathrm{b}\mathrm{f}\mathrm{f}\mathrm{l}ffi\xi n\tau$

$\mathrm{v}\backslash$ る}\breve \acute $\mathrm{b}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{b}^{-}r,$ $(3.1)[]’.\dagger \mathrm{f}0,1$ li$ EI \downarrow ,\acute ‘l#の $\Psi \mathrm{r}\mathrm{b}\mathrm{v}\backslash *-$ ト “li\Re n\tau $\mathrm{t}^{\backslash }6$ . $\sim\emptyset\vee 1*\mathrm{H}$ } $\mathrm{J}\text{非}$

\Re \Psi \nearrow 問 B#\epsilon \emptyset $\mathrm{b}$ の\tau h6.

Remark 3.2. Theorem 3.1 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{B}fl$を fi6&, 解 o)gJike: $’\supset \mathrm{V}^{\backslash }T$ }$\mathrm{g}**-\Re nrxm\Re\overline{\tau}^{-}$

タ\tau t\urcorner \cup \not\in \tau \hslash る\sim \check &\emptyset ‘‘‘b\emptyset lる. $**$-retsfxm\Re \tau --タと}g-E.\Re R-b}L\acute g?ffiR}c\acute $\delta$ $00$

$\mathfrak{B}\emptyset\grave{\grave{\backslash }}\Phi k$

. at 5 $rx7^{\overline{-}-}$ タ $\emptyset_{\sim}^{\vee}\text{と}\mathrm{T},$

$u(0,x)= \sum_{k\in \mathrm{z}}\mu_{k}\delta_{ka}\emptyset\ddagger\dot{9}\}_{\llcorner}^{r}\exists \mathrm{g}\not\equiv\# 6$ ek$\mathcal{D}_{\sim}^{\vee}k$ Th

6 $\cdot$

$f_{\llcorner}’f^{\wedge^{\backslash }}\llcorner \mathrm{b}\backslash ,$ $\mathrm{f}\mathrm{f}\mathrm{i}\Re[]’.|\mathrm{J}\{\mu_{k}\}\in l_{1}^{2}\emptyset$ at 5 $rx\hslash\overline{@}\ovalbox{\tt\small REJECT}\dagger+\text{を}\ovalbox{\tt\small REJECT}\tau$. $\mathrm{f}\mathrm{f}\backslash \Re 0^{\vee}arrow\emptyset$ \ddagger $\dot{\mathcal{D}}’X\otimes_{\overline{\mathrm{E}}\ovalbox{\tt\small REJECT}\dagger+}$

$\neq\not\in \mathbb{R}\ovalbox{\tt\small REJECT}\not\in \text{を^{}-}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}+\text{る}\beta_{\backslash }\}^{\vee}.’\phi$SZD.

Remark 3.3. (3.1) ee $\hslash$ る \ddagger 5 $rxm\#$ }$\mathrm{g}L_{loc}^{\infty}((0,T];L^{\infty}(\mathrm{R}))\emptyset\ovalbox{\tt\small REJECT}\Re\tau\#\mathrm{x}\#\mathrm{b}T\mathrm{V}^{\backslash }6\cdot fX\not\in$

$fX\mathrm{b}\not\subset k’\sigma)_{\mathcal{T}}\in(0,T)$ XSS $\mathrm{b}T$ ,

$\tau\leq t\leq\tau \mathrm{s}\mathrm{u}\mathrm{p}||u(t, \cdot)||_{L^{\infty}(\mathrm{R})}$ $\leq(4\pi\tau)^{-1/2}\sup_{\tau\leq\iota\leq\tau}\sum_{k}|A_{k}(t)|$

$\leq C(4\pi\tau)^{-1/2}||\{A_{k}(t)\}||_{L^{\infty}([\tau,T];\ell_{1}^{2})}$

$<\infty$ .

145



8 $\prime x\text{る}\emptyset\backslash \mathrm{b}^{-}C\hslash 6$ . $\sim-\mathrm{n}\#’$. at $’\supset T(\mathrm{N}\mathrm{L}\mathrm{S})\emptyset \text{非}\Re\Psi\nearrow\ovalbox{\tt\small REJECT} \mathcal{N}(u(t,x))$ ea $t\neq 0$ の $\text{と}\mathrm{g},$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \text{と}$

$\mathrm{b}T,\ovalbox{\tt\small REJECT}’$ Rを E’\supset c\check と}\breve \check \acute x る. \yen $f’.,$ $(3.1)\mathfrak{P}\Leftrightarrow\dot{\mathrm{x}}_{-}\mathrm{b}n60\not\in l\mathrm{J}C([0,T];S’(\mathrm{R}))[]’.\mathrm{t}$ tel $\mathrm{b}T\mathrm{k}^{\backslash }$

$\mathfrak{v},$
$\not\in\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\emptyset_{l\mathrm{f}\dot{\mathrm{f}\mathrm{i}}}^{\mathrm{m}}\pi\tau \mathrm{m}\Re_{\vec{\mathcal{T}}}-$ タ}\llcorner \acute g‘ $\ovalbox{\tt\small REJECT}\}^{\vee}.\mathrm{o}txt^{\grave{\grave{1}}}$る $arrow k\vee\}_{\llcorner}^{\vee}\mathrm{b}$ itlk ES $\mathrm{b}T\mathrm{k}^{\backslash }$ $\langle$ .

Remark 3.4. (3.1) $\emptyset$ \ddagger 5 $\prime t\mathrm{A}\not\in \text{の}\ovalbox{\tt\small REJECT}\Re[] \mathrm{f})^{\backslash },,\lambda \mathrm{T}\text{の}\mathrm{k}^{\backslash }\mathrm{k}^{\backslash }\yen\hslash^{1}tt\ovalbox{\tt\small REJECT}^{\frac{\mathrm{a}}{\mathfrak{n}}\mathrm{A}}\mathrm{f}\mathrm{f}\mathrm{l}\hslash^{1}\mathrm{b}\Xi$as $[]^{\vee}.\neq_{l}\mathrm{R}^{-}G\mathrm{g}$ る. $’\supset$

Si $\mathit{0},$ $\neq \mathrm{E}\ovalbox{\tt\small REJECT}\Psi\nearrow\nearrow \text{解^{}\}\mathrm{g}}\mathrm{k}\Lambda\#\mathrm{J}t>0\hslash^{\theta}\backslash /\mathrm{j}\backslash \xi_{\mathrm{V}}\backslash$ と $\doteqdot,$ $\ovalbox{\tt\small REJECT}\%\mathrm{f}\# u_{1}(t,x)=\exp(it\partial_{x}^{2})(\mu_{0}\delta_{0}+\mu_{1}\delta_{a})T\mathrm{B}$

$\langle$ $\grave{J}\Xi l\mathcal{P}\lrcorner \mathrm{S}hT\mathrm{V}^{\backslash }6\veearrow \text{とを}\ovalbox{\tt\small REJECT} b6b,$ $\ovalbox{\tt\small REJECT} 2\grave{\mathrm{I}}\mathbb{E}\{1\backslash \lrcorner\prime u_{2}(t,x)$ ea $X\mathrm{E}X$

(3.2) $(i\partial_{t}+\partial_{x}^{2})u_{2}=N(u_{1})$

$=N((2\pi)^{-1/2}e^{ix^{2}/4t}D(\mu_{0}+\mu_{1}e^{-iax}e^{ia^{2}/4t}))$

$=|4\pi t|^{-(p-1)/2}(2\pi)^{-1/2}e^{ix^{2}/4t}DN(1+e^{-iax}e^{ia^{2}/4t})$ ,

\emptyset 解と $\mathrm{b}T\epsilon_{\mathrm{K}}^{\mathrm{h}}\mathrm{b}\mathrm{n}6Tk\mathrm{Z}55$ . $arrow\sim \mathrm{T}\vee\vee 3\mathrm{E}\Re\%\mathrm{E}\emptyset x^{\vee}\mathrm{C}\ovalbox{\tt\small REJECT} \text{形}\}’.’\supset \mathrm{V}^{\backslash }T[] \mathrm{g}$,

$u_{1}=e^{ix^{2}/4t}DFe^{ix^{2}/4t}u(0,x)$ ,

(tctc $\mathrm{b}Df(t,x)=(2it)^{-n/2}f(t,x/2t)\cdot\epsilon \mathrm{b}TF$ gフ-)| $\text{エ}\mathfrak{B}\#$ ) と $\mathrm{v}\backslash 5\not\equiv\Re \text{を}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{t}\backslash \gamma’..\mathrm{g}$

$T,$ $e\emptyset\overline{\hslash}[]^{r}.\hslash 6ax$ を BIJ\emptyset \not\in \Re $\theta^{-}\mathrm{C}\ovalbox{\tt\small REJECT} \mathrm{g}\ \dot{\mathrm{x}}T*6$ と, (3.2) $\mathcal{D}\text{非}\mathrm{f}\mathrm{f}\mathrm{l}\text{形^{}j}\mathrm{E}|\mathrm{J}\theta\emptyset 2\pi\ovalbox{\tt\small REJECT}\Re$

NX $k*txT^{\vee}\sim kl^{*}\backslash \tau \mathrm{g}6$ . $\kappa’\supset T$フ-)| $\text{エ}\mathfrak{R}\Re \mathrm{E}\ovalbox{\tt\small REJECT}$ elrm $\mathrm{t}^{\backslash }6\geq$

$((3.2) \text{の}B\grave{\mathrm{J}}2)=|4\pi t|^{-(p-1)/2}(2\pi)^{-1/2}e^{ix^{2}/4t}D\sum_{k\in \mathrm{Z}}B_{k}(t)e^{i(ka)^{2}/4t}e^{-:k\theta}$

$=|4 \pi t|^{-(p-1)/2}\sum_{k\in \mathrm{Z}}B_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$ ,

と $r_{X}$ る. $\sim\vee\sim T\vee B_{k}(t)e^{i(ka)^{2}/4t}\text{の}\mathrm{f}\mathrm{f}\mathrm{l}9l^{\backslash }\backslash$フ-)| $\mathrm{a}$ $\mathrm{f}\mathrm{f}\backslash \mathrm{a}\mathrm{e}[]’.\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{g}\mathrm{b}T\mathrm{V}^{\backslash }$る. $\hslash$ ib $|2$ Duhamel $\emptyset$

$\ovalbox{\tt\small REJECT}\Phi \text{を}\mathrm{E}\mathrm{f}\mathrm{f}\mathrm{l}T$ると $\mathrm{F}2_{\grave{\mathrm{J}}}\mathrm{E}\mathrm{f}^{\mu^{\backslash }}$」$u_{2}l^{\grave{\grave{1}}}(3.1)\emptyset$ & $5$ $rx\Psi\nearrow[]_{\llcorner}’f\mathit{1}$る : $\text{と}l\dot{:}\mathrm{b}t^{1}6$ .

$\mathrm{F}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} P\mathrm{T}\mathrm{f}\mathrm{f}\mathrm{i}\sigma)\mathrm{f}\mathrm{f}\mathrm{l}Rt^{*}\backslash \tau\gtrless 6k$Uc $\}’.\Phi^{\backslash }r\llcorner\backslash l^{*}>\hslash$ る\emptyset 2k :k\Phi 解\dagger \breve \acute \Phi \tau 6 \tau \hslash 6. $k_{-}^{\backslash }\lambda^{-}\mathrm{F}$

$\emptyset$ Theorem 3.2 $\text{を}$ En}fbllる $\sim \text{と}\vee$ tc $l^{\mathrm{i}},$
${\rm Im}\lambda\emptyset \mathrm{j}\mathrm{E}\Leftrightarrow p_{\mathrm{i}}\mathrm{g}\beta \mathrm{B}\mathrm{k}\mathfrak{s}_{\mathfrak{t}}’|$] $\mathbb{R}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{b}<|\mathrm{g}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}*\Re$

APV \emptyset \tau チ\not\in を Rkk-;-る.

Theorem 3.2 (blowing up or global result) (1) $Im\lambda>0\text{と}T$る. $arrow\vee$ ($\mathrm{Z}\supset\ *$ , The-
orem 3.1 $\emptyset\hslash 7\mathrm{t}\mathrm{J}\mathrm{j}\mathrm{E}\emptyset\xi\beta\S \mathrm{k}\nearrow*1\rfloor$ \tau a%\tau 6. $\mathrm{j}\mathrm{E}\not\in\}’$.ea $\{A_{k}(t)\}\emptyset\ell_{0}^{2}$ ノノム $\hslash^{\mathrm{i}}\mathrm{h}$ る $\mathrm{f}$

$\emptyset \mathrm{f}\mathrm{f}\mathrm{i},\#\wedge \mathrm{J}\tau*-\mathrm{C}\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash },\beta \mathrm{B}\lambda\}’$. fjl 6.

(2) $Im\lambda\leq 0$ と $+$る. $\sim\emptyset\vee k\mathrm{g}$ , Theorem 3.1 $\emptyset$ at $\dot{\mathit{0}}^{f}x\mathfrak{X}\Re \text{を}$ t’\supset ffiffl\mbox{\boldmath $\lambda$}\Re 解 t‘*-,\supset t7:

$\not\in+\text{る}$ . $f’\llcorner f^{\wedge^{\backslash }}.\backslash$ L., $\{A_{k}(t)\}\in C([0,\infty);\ell_{1}^{2})\cap C^{1}((0,\infty);\ell_{1}^{2})T\hslash 6$ .
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$\mathrm{s}\tau$ , Theorem 3.1 Sb $\ddagger\sigma 3.2\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}\mathfrak{l}’.\ovalbox{\tt\small REJECT} 6_{i}’’$ . アイ $7^{-\text{ア}}arrow\backslash ^{\backslash }$ es (NLS) $\text{を}\ovalbox{\tt\small REJECT}^{\backslash }\pi_{\nearrow J}’\mathrm{b}T,$ $\{A_{k}(t)\}$

$\mathcal{D}_{\mathrm{r}\mathrm{b}}^{P\mapsto \mathrm{f}\mathrm{f}\mathrm{l}4+\not\supset j\mathrm{E}\mathrm{A}*_{\backslash }t’\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{S}\#}\cap\llcorner$ る $arrow \text{と^{}-}\vee Ch\text{る}$ . $\mathrm{f}_{\mathrm{p}}\#\Phi l2\neq \mathrm{F}\ovalbox{\tt\small REJECT}\Psi\nearrow/\mathrm{E}$ ee $\mathrm{g}\Re(3.1)\mathrm{g}\mathrm{g}\tau\ovalbox{\tt\small REJECT} \mathrm{g}bf’$ ’&
$\text{の}\mathrm{M}\Phi X\mathfrak{F}\mathrm{T}$ ikb 6 $\theta\grave{\grave{>}},$ $*n\#^{\prime_{d}}.\supset \mathrm{v}\backslash \tau$ } $\mathrm{g}^{\backslash }\ \emptyset$ Lemma $\#’.\epsilon \mathrm{k}’\supset\tau_{\}}^{\dashv}\overline{\mathrm{A}}\ovalbox{\tt\small REJECT} \mathrm{R}\mathrm{T}\mathrm{g}6$ .

Lemma 3.3 $\{A_{k}(t)\}\in C([0, T];\ell_{1}^{2})$ &\tau 6. $\sim\vee\emptyset$ と $\mathrm{g}$ ,

(3.3) $N( \sum_{k\in \mathrm{Z}}A_{k}(t)\exp(it\partial)\delta_{ka})=|4\pi t|^{-(p-1)/2}\sum_{k\in \mathrm{Z}}\tilde{A}_{k}(t)\exp(it\partial)\delta_{ka}$
,

$\emptyset\grave{\grave{\backslash }}ffi\mathfrak{h}\mathrm{f}’\supset$ . tctc $1_{r},\tilde{A}_{k}(t)=(2\pi)^{-1}e^{-i(ka)^{2}/4t}\langle N(v), e^{-ik\theta}\rangle_{\theta}$ と $\mathrm{L},$ ,

$v=v(t, \theta)=\sum_{j}A_{j}(t)e^{-ij\theta}e^{i(ja\rangle^{2}/4t}$

$\mathrm{k}$ sas $\langle f,g\rangle_{\theta}=\int_{0}^{2\pi}f(\theta)\overline{g(\theta})d\theta$ -etoる.

Lemma 3.3 $\emptyset\Phi \mathfrak{U}$ . $\mathbb{R}\Psi_{J}^{\backslash }\backslash \nearrow=\triangleright-\overline{\tau}\text{イ}$ tz $P-E\not\in x\mathrm{t}\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathrm{F}\hslash\ovalbox{\tt\small REJECT} l^{\theta}\backslash *\emptyset$ \ddagger 5 $[]’.b\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{T}\mathrm{g}\epsilon$

\sim \check と $1\mathrm{e}\mathrm{f}\mathrm{f}|\Leftrightarrow’\iota_{\mathrm{r}}\tau \mathrm{k}^{\backslash }$ $\langle$ .

$\exp(it\partial_{x}^{2})f$ $=$ $(4 \pi it)^{-1/2}\int\exp(i|x-y|^{2}/4t)f(y)dy$

$=$ MDFMf,

$arrow\sim\vee-\tau$ ,

$Mg(t, x)$ $=$ $e^{ix^{2}/4t}g(x)$ ,
$Dg(t, x)$ $=$ $(2it)^{-1/2}g(x/2t)$ ,

$\mathcal{F}g(\xi)$ $=$ $(2 \pi)^{-1/2}\int e^{-i\xi x}g(x)dx$ ($g$ のフ $-\mathrm{t}$) $\text{エ}\ovalbox{\tt\small REJECT}\ )$ .

‘9‘る &,

(3.4)
$N( \sum_{j}A_{j}(t)\exp(it\partial_{x}^{2})\delta_{ja})$

$=N((2 \pi)^{-1/2}MD\sum_{j}A_{j}(t)e^{-ijax+;(ja)^{2}/4t})$

$=$
$|4 \pi t|^{-(p-1)/2}(2\pi)^{-1/2}MDN(\sum_{j}A_{j}(t)e^{-ijax+i(ja)^{2}/4t})$ .

$k$ \acute tる. $\mathrm{f}\mathrm{s}\mathrm{S}\mathrm{b}$ , (3.4) \emptyset #$\emptyset \not\in J:cを\acute T-‘す $\text{と}\mathrm{g}[]’.,\text{非}\Re\#’’,\not\in\emptyset F-\backslash \backslash \mathrm{r}/T\vee\backslash \ovalbox{\tt\small REJECT}\#\ \ovalbox{\tt\small REJECT}^{1\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}f_{arrow}.e\emptyset}$
’

$\ovalbox{\tt\small REJECT} \mathfrak{i}’$. to 6 $ax$ を $\theta\tau\ovalbox{\tt\small REJECT} \mathrm{g}\mathrm{a}\dot{\mathrm{x}}.6b,N(\Sigma_{J}\prime A_{i}(t)c^{-ij\theta+i(ja)^{2}/4t})\emptyset\#\mathfrak{l}9|\mathrm{B}\theta\emptyset 2\pi$ mmamarw&
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$\mathrm{E}rx\# 6\emptyset \mathrm{T}$ , フ-)| $\mathrm{x}ffi\Re\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{t}’.\mathrm{x}’\supset\tau$

$N( \sum_{j}\mathrm{A}_{j}(t)e^{-\iota j\theta+i(ja)^{2}/4t})$
$=$

$\sum_{k}C_{k}(t)e^{-ik\theta}$

$=$
$\sum_{k}\tilde{A}_{k}(t)e^{i(ka)^{2}/4t}e^{-ik\theta}$

$=$
$(2 \pi)^{1/2}\sum_{k}\tilde{A}_{k}(t)FM\delta_{ka}$ ,

と $\ovalbox{\tt\small REJECT}\langle\sim-\text{と}\not\supset\backslash \tau*\mathrm{g}6$ . $:\sim-\mathrm{T},$ $C_{k}(t)=(2\pi)^{-1}\langle N(v), e^{-ik\theta}\rangle_{\theta}Tk\mathfrak{h},$ $C_{k}(t)=\tilde{A}_{k}(t)e^{i(ka)^{2}/4t}$

と $\ovalbox{\tt\small REJECT} \mathrm{g}\ \grave{\mathrm{x}}_{-f\vee}\llcorner$ . $\sim\emptyset\vee\not\equiv\Re k(3.4)\}^{\vee}.\aleph\lambda \mathrm{f}\text{る}k$ Lemma 3.3を r\acute 6\leftarrow \check $bl\grave{\grave{\backslash }}\tau \mathrm{g}\text{る}$ . $\square$

8 $T$ , LLwa $T\mathfrak{l}\mathrm{E}$ (NLS) をと \emptyset \ddagger $\check{9}$ $|\llcorner\mu\hslash’\ovalbox{\tt\small REJECT}*x@\mathrm{A}*_{\backslash }\}’.\ovalbox{\tt\small REJECT}\ T6$ \emptyset \hslash lを\Psi dfi i-る. $u=$

$\Sigma_{k}A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$ を (NLS) $[]’. \int*\lambda \mathrm{b},$ $i\partial_{t}\exp(it\partial_{x}^{2})\delta_{ka}=-\partial_{x}^{2}\exp(it\partial_{x}^{2})\delta_{ka}T\hslash 6\sim\vee k$

$\}^{\vee}.\mathrm{B}\ovalbox{\tt\small REJECT}$ LtcAT Lemma 3.3を |」H\tau る $k$

$\sum_{k}i\frac{dA_{k}}{dt}\exp(it\partial_{x}^{2})\delta_{ka}$ $=$
$\lambda|4\pi t|^{-(p-1)/2}\sum_{k}\tilde{A}_{k}\exp(it\partial_{x}^{2})\delta_{ka}$

$\hslash\check{>}\tau\ovalbox{\tt\small REJECT}\prime \mathrm{b}\lambda\iota \text{る}$ . iilliiz2 \epsilon tbK\tau 6& lko at 5 $tx^{\mu}\hslash’\Re\# E\not\in- \mathrm{A}*_{\backslash }[]’.3\mathrm{J}\mathrm{E}T\text{る}$ .

(3.5) $i \frac{dA_{k}}{dt}=\lambda|4\pi t|^{-(p-1)/2}\tilde{A}_{k}$

: $\emptyset\mu,m\mathrm{f}\mathrm{f}\mathrm{l}9\mathfrak{B}\mathrm{E}\mathrm{A}\ovalbox{\tt\small REJECT}[]’.\hslash\Re \mathrm{g}${$+A_{k}(0)=\mu_{k}$ を\dagger \iota ‘ $\Leftrightarrow \mathrm{b}T\Re\#$} $|\mathrm{f}X\mathrm{V}^{\backslash }$ . ? 5 $Th|\mathrm{f}\{A_{k}(t)\}$

を\Re \not\in ’’ $T\text{る}$ : $kl\backslash ’(\mathrm{N}\mathrm{L}\mathrm{S})$ \emptyset 解を fflRt6-\check と}\leftarrow \check ’\supset fxt‘‘‘6. (3.5) をm $<f.b\}^{r}.\mathrm{f}\mathrm{f}\mathrm{l}\# E\mathfrak{B}\mathrm{A}$

$\}_{\llcorner}’\ovalbox{\tt\small REJECT} \text{形}\mathrm{L},T\mathrm{k}^{\backslash }$ $\langle$ .

$\{A_{k}(t)\}$ $=$ $\{\Phi_{k}(\{A_{j}(t)\})\}$

(3.6) $\equiv$ $\{\mu_{k}\}-i\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k}(\tau)\}d\tau$ .

$\mathrm{i}\Xi\Re\{\Phi_{k}\}[]’.X\backslash \}\mathrm{b}T\Re/\mathrm{J}\backslash ^{l}\Xi\ \emptyset\ovalbox{\tt\small REJECT}\Phi k\mathfrak{G}\hslash \mathrm{b}$tc a $\backslash \circ f’.\backslash \backslash l\dot{\backslash },$ $*\emptyset\ovalbox{\tt\small REJECT}*\emptyset$ Lemma $\}’.\hslash 6$ \ddagger 5

$\prime x\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}t^{*}\backslash F\mathrm{H}\}^{\vee}.\# x\text{る}$ .

Lemma 3.4 $I=[0, T]k$ Sb $\langle$ . $T$る $\text{と}\mathrm{I}^{\backslash },.\prime 1\mathrm{t}^{\wedge}\emptyset\tau\backslash \not\cong \mathrm{A}\hslash\check{\backslash }$ ffi $\mathfrak{h}\underline{\backslash r}’\supset$

」

$.$

(3.7) $||\{\tilde{A}_{k}\}||_{L(I;\ell_{1}^{2})}\infty\leq C||\{A_{k}\}||_{L(I:\ell_{1}^{2})}^{p}\infty$
’

(3.8) $||\{\tilde{A}_{k}^{(1)}\}-\{\tilde{A}_{k}^{(2\rangle}\}||_{L\infty(I\prime\ell_{0}^{2})}$,

$\leq C(_{j}\max_{=1,2}||\{A_{k}^{(j)}\}||_{L^{\mathrm{x}}(I_{\backslash }l_{1}^{2})}.)^{p-1}||\{A_{k}^{(1)}\}-\{A_{k}^{(2)}\}||_{L^{\mathrm{x}}(I;\ell_{0}^{2})}$.
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Lemma 3.4 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{H}fl$ . Lemma 3.3の $\tilde{A}_{k}\dagger_{\llcorner}’*_{\backslash }|$ L. $\tau \mathrm{H}\Psi 9\ovalbox{\tt\small REJECT}$ $\mathrm{S}|$)を\Phi H $T\text{ると}$

$k\tilde{A}_{k}$ $=$
$(2 \pi)^{-1}ie^{-\mathrm{t}(ka)^{2}/4t}\langle\partial_{\theta}N(\sum_{j}A_{j}e^{-ij\theta}e^{i(ja)^{2}/4t}), e^{-\iota k\theta}\rangle_{\theta}$

と $\prime f6$ . Parseval $\text{の}\not\in \mathrm{A}$ と $\#\not\in \mathrm{A}||\Sigma_{j}A_{j}e^{-ij\theta+i(ja)^{2}/4t}||_{L^{\infty}}\leq C||\{A_{j}\}||_{p_{1}}2[]’$. \ddagger $’\supset T$ ,

$||\{k\tilde{A}_{k}\}||_{\ell_{0}^{2}}$ $=$
$(2 \pi)^{-1/2}||\partial_{\theta}N(\sum_{j}A_{j}e^{-ij\theta}e^{i(ja)^{2}/4t})||_{L^{2}}$

$\leq$

$C|| \sum_{j}A_{j}e^{-ij\theta}e^{i(ja)^{2}/4t}||_{L}^{p-1}\infty||\sum_{j}jA_{j}e^{-ij\theta}e^{i(ja)^{2}/4t}||_{L^{2}}$

$\leq$
$C||\{A_{j}\}||_{p_{1}}^{p_{2}}$ .

$l^{*}\backslash ’\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}h\text{る}$ . $arrow \mathrm{n}\vee \mathrm{T}^{\backslash }(3.7)\hslash\backslash ’ \mathrm{t}\ovalbox{\tt\small REJECT}\prime \mathrm{b}\hslash \mathrm{t}’..(3.8)\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}[]^{\prime_{P}}.\supset \mathrm{t}\backslash \tau|\mathrm{E}(3.7)\emptyset\S \mathrm{f}\mathrm{f}\mathrm{l}2_{\tilde{\hat{J}}}lB$ と $\ovalbox{\tt\small REJECT} \mathbb{R}T$

$\mathrm{k}6\wedge\urcorner,$ $\neq \mathrm{E}\Re\Psi,\ovalbox{\tt\small REJECT}\emptyset\wedge^{\backslash ^{\backslash }}$ee $t>*1<p<3\mathrm{T}^{\backslash }\hslash \text{る}$ tc $\emptyset,$ $u=0TN(u)l\grave{\grave{>}}\hslash \mathrm{g}[*$ を g’\supset \emptyset \tau ,
$\{A_{k}^{(1)}\}-\{A_{k}^{(2)}\}$

.
を\Phi *\emptyset $f_{X}\mathrm{t}\backslash p2_{-}$ノ’ム $T\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}T1^{\backslash }$る. $\square$

$*[]_{\llcorner}’$ Theorem 3.1 $\sigma$) $\ovalbox{\tt\small REJECT} \mathrm{B}f[]’.@65$ .

Theorem 3.1 $\emptyset\Phi \mathfrak{U}$ . $\doteqdot \mathrm{f}\mathrm{f}\mathrm{l}\{\Phi_{k}(\{A_{j}\})\}[]’.\mathrm{x}\backslash \mathrm{f}\perp \mathrm{b}$\tau \mbox{\boldmath $\pi$}’J\gffl\emptyset \Phi を gH$T6$ . $||\{\mu_{k}\}||_{p_{1}}2\leq$

$\rho 0\text{と}\mathrm{L}$ ,

$\overline{B}_{2\rho 0}=$ { $\{A_{k}\}\in L^{\infty}([0,$ $T]$ ; I $\{A_{k}\}||_{\iota\infty([0,T]_{1}\ell_{1}^{2})}.\leq 2\rho_{0}$}

と $k^{1}$ $\langle$ . : $\sigma$)$\not\cong_{\mathrm{r}\overline{B}_{2\rho 0}}\mathrm{A}[]_{\llcorner}’|\mathrm{f}L^{\infty}([0, T];\ell_{0}^{2})\emptyset$ノノム ec \ddagger る \Re を\mbox{\boldmath $\lambda$}i’L\tau $\mathrm{k}^{\backslash }$ $\langle$ . $\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT}’+\wedge^{*\mathrm{g}}$

: と ea $\overline{B}_{2\rho_{0}}\hslash\grave{\grave{1}}_{\mathrm{c}}^{-\text{の}\ovalbox{\tt\small REJECT}\Re\tau \mathbb{H}\}^{\vee}fX\prime\supset\tau \mathrm{v}\backslash \text{る_{}\sim}^{-bT\hslash 6}}$. Lemma 3.4を HV\6 $k$

$||\{\Phi_{k}(\{A_{j}\})\}||_{L([0,T];l_{1}^{2})}\infty\leq\rho_{0}+CT^{(3-p)/2}(2\rho 0)^{p}$ ,
$||\{\Phi_{k}(\{A_{j}^{(1)}\})\}-\{\Phi_{k}(\{A_{j}^{(2)}\})\}||_{L^{\infty}([0,T];\ell_{0}^{2})}$

$\leq CT^{(3-p)/2}(2\rho_{0})^{p-1}||\{A_{k}^{(1)}\}-\{A_{k}^{(2)}\}||_{L([0,T];\ell_{\mathrm{O}}^{2})}\infty$

をノ T-#6 $\emptyset\tau,$ $\mathrm{k}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} T$ を/J\g $\langle$ $\varpi \mathrm{n}1\prime \mathrm{f}\Xi\ \{\Phi_{k}(\{A_{j}\})\}\hslash^{*}\backslash \overline{B}_{2\rho 0}$ I $\mathrm{T}\Re/\mathrm{j}\backslash \doteqdot \mathrm{R}[]’.f_{X}$

$6_{arrow}^{\vee}kl^{\theta}\backslash \delta l>$ る. : $\hslash\dagger’\llcorner$ \ddagger $\mathfrak{U}\mathrm{E}$ Si) $I_{\hat{J}}\not\in_{\mathrm{J}}\sim T(3.6)$ \emptyset 解 $l\backslash ’ L^{\infty}([0, T];\ell_{1}^{2})\mathrm{T}\Gamma\mp\# T$ る $\sim\vee \text{と}\hslash\backslash$

’

$*_{\mathit{2}}\not\supset\backslash$ る $\{A_{k}(t)\}$ の $\mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT} E\ulcorner \mathrm{n}$] $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}\hslash:@\}’.’\supset \mathrm{V}^{\backslash }T|\mathrm{J}\iota_{\underline{r},}^{\backslash }1\mathrm{T}\emptyset‘ \mathrm{k}\dot{0}$Ge $:\mathrm{g}_{\grave{\mathrm{K}}}\wedge$ 6&\ddagger $\mathrm{t}\backslash$ . $\not\in^{-}\mathrm{r}$

$\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k}\}d\tau l\grave{\grave{\backslash }}C([0, T];\ell_{1}^{2})\}_{\llcorner}’\ovalbox{\tt\small REJECT} T6_{\mathrm{c}}^{\vee}b$ ea Lebesgue $\emptyset \mathrm{l}\mathrm{k}\mathrm{X}\not\in\Phi t\searrow \mathrm{b}\mathrm{i}\supset\hslash\backslash$

$6\emptyset \mathrm{T},$ $\mathrm{f}\mathrm{f}\mathrm{i}\delta X@A\text{の}\mathrm{f}\mathrm{f}\mathrm{i}[] \mathrm{g}\ell_{1}^{2}$ -\acute ||-g:を $\geq 6^{\backslash }\mathrm{g}\nu_{\llcorner}$,caxx $r_{t’\supset}\tau\iota\backslash \epsilon$ . ff\mbox{\boldmath $\sigma$}ffl9方\not\in A#\breve \acute \ddagger 6
$\{A_{k}(t)\}\emptyset R\Re$を E6 $k$ 解 l1“ $C^{1}((0, T];\ell_{1}^{2})\dagger’$.Etる : $kl\grave{\grave{\backslash }}\mathrm{g}_{\hslash>}6$ . $m\emptyset-’\Leftrightarrow|\not\in[]’.’\supset \mathrm{V}^{\backslash }T$

$[] \mathrm{t}\mathrm{f}ffl_{\backslash }\xi\# 0^{;}x\ovalbox{\tt\small REJECT}_{\hslash \mathrm{m}\hslash>\mathrm{b}\mathrm{f}\mathrm{i}^{l}\not\in’\text{的}\}’\prime \mathrm{J}\backslash T_{\sim}^{\vee}}^{\mathrm{a}}.\overline{\cdot}$と $\hslash\grave{\grave{:}}T^{\backslash }\mathrm{g}$ る. $\nu^{\backslash }A_{-}\mathrm{h}[]’.XU$ Theorem 3.1 $l^{\mathrm{i}_{\mathfrak{p}}}\overline{\overline{s}}\mathrm{i}\mathrm{E}\mathfrak{U}T\mathrm{g}f=$ .
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$\square$

Theorem 3.2を \beta fl\tau 6と $\mathrm{g}$ , ア 7 $JA^{-}1J_{\hat{n}}\overline\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\epsilon\ovalbox{\tt\small REJECT}|\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}T6\emptyset f^{\vee^{\backslash }}.\backslash l^{1\prime}\mathrm{v},\epsilon\sigma$) $\ovalbox{\tt\small REJECT}_{\backslash }[]_{\llcorner}’fR\emptyset$ Lemma

X $\hslash 6$ ,}: 5 $rx\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\backslash \mathrm{J}:\mathrm{t}l^{*}\backslash \#\prime \mathrm{X}^{\vee\supset}$.

Lemma 3.5 $\{A_{k}(t)\}\}\mathrm{g}(\mathit{3}.\mathit{5})\emptyset C([0, T];\ell_{1}^{2})\cap C^{1}((0, T];\ell_{1}^{2})\}^{\vee}$ お $|?6\mathrm{f}\mathrm{f}\mathrm{i}kT$る

(1) $arrow\emptyset\vee$ と $\mathrm{g},\underline{\iota}^{\backslash },\lambda^{-}\mathrm{F}\emptyset\not\in \mathrm{A}l^{*}\backslash \Re\theta \mathrm{E}’\supset$ .

(3.9) $\frac{d||\{A_{k}(t)\}||_{\ell_{0}^{2}}^{2}}{dt}=\frac{Im\lambda}{\pi}(4\pi t)^{-(\mathrm{p}-1)/2}||v(t)||_{L^{\mathrm{p}\dashv 1}}^{p+1}$,

$: \sim\vee \mathrm{T}v(t,\theta)=\sum_{k}A_{k}(t)e^{-ik\theta}e^{i(ka)^{2}/4t}T\mathrm{k}\text{る}$
.

(2) $\mathrm{S}\mathrm{b}$ ee $Im\lambda\leq 0T\hslash \mathrm{n}|\mathfrak{X},$ $\mathfrak{R}\emptyset*\not\in \mathrm{f}l\grave{\grave{\mathrm{l}}}\Re \mathfrak{y}\mathrm{g},\supset$.

$(3.10)|$ $||\{kA_{k}(t)\}||_{\ell_{0}^{2}}\leq Ce^{2t}$ ,

$\sim\vee$ : $\mathrm{T}’\not\in$

. a $c\ovalbox{\tt\small REJECT} \mathrm{g}\mathrm{k}7\mathrm{f}\mathrm{f}\mathrm{i}|\ovalbox{\tt\small REJECT} T$ } $\check{.}\mathrm{R}\Gamma+\mathrm{b}$ firv $\backslash$ .

Remark 3.5 (3.10) $\emptyset\ovalbox{\tt\small REJECT} \mathbb{H}[] \mathfrak{X}X\mathfrak{h}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}\prime x\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}[]_{\llcorner}’$ at $’\supset T\mathrm{t}\backslash \langle$ $\mathrm{b}l1\mathrm{B}<\tau \mathrm{g}$ る $t^{*}\backslash ,$
$\ovalbox{\tt\small REJECT}^{\mathrm{B}}\mathrm{f}\mathrm{l}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\Re$

$\mathrm{S}$ を $ae\backslash$ Lte $\mathrm{t}\backslash \sigma 2T\hslash\not\in 9\overline{\overline{\overline{\mathrm{n}}}}^{\mathrm{i}}\mathrm{P}\mathrm{f}\mathrm{f}\mathrm{l}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}l\mathrm{b}[]’|\mathrm{f}_{\mathrm{c}}^{\vee}$ tt to $\mathrm{g};x\mathrm{t}\backslash \tau \mathrm{k}^{\backslash }<$

Lemma 3.5 $\mathrm{E}\mathfrak{U}$ . $(3.5)$ を |」ffl\tau 6と, $v=v(t$ ,\theta $)$ \uparrow gKの\ddagger 5 tsosza$\#\mathfrak{B}\not\in- \mathrm{A}$をffif\breve \tilde \tau .

(3.11) $i \partial_{t}v=-\frac{a^{2}}{4t^{2}}\partial_{\theta}^{2}v+\lambda|4\pi t|^{-(p-1)/2}N(v)$ .
$\mathrm{x}\mathrm{g}\dagger 2\partial_{t}v*\partial_{\theta}^{2}vl^{\mathrm{i}}.\mathrm{E}$ carwte $k\downarrow^{\backslash },,\lambda\Phi\emptyset \mathfrak{F}\ovalbox{\tt\small REJECT}[]’.*\mathrm{f}\mathrm{f}\mathrm{l}_{\mathrm{D}^{4}}^{\Delta}l^{\mathrm{i}}4- r6\hslash^{\mathrm{i}\prime},\epsilon\circ\hslash f’.U[]’.’\supset \mathrm{t}\backslash \tau[] \mathrm{g}\varpi$

$\mathrm{f}\mathrm{b}- 7^{\wedge}k\hslash$ V\\tau 方 a式を E lJ{b\tau nlfjEg $\int$ b\tau $\mathrm{g}\text{る}$ . \mbox{\boldmath $\kappa$}‘’\supset \tau \downarrow ,‘ja\Psi ,式 n fx を\cap \acute -9. $\text{ノ}\backslash ^{\mathrm{o}}-$

$\not\subset \text{ノ^{}\vee}\backslash \cdot \text{ノ}$ \emptyset \not\in 式\hslash $\backslash \mathrm{b}\sqrt{2\pi}||\{A_{k}(t)\}||_{\ell_{0}^{2}}=||v(t)||_{L^{2}}\mathrm{k}^{\backslash }\ddagger\sigma\sqrt{2\pi}||\{kA_{k}(t)\}||_{\ell_{0}^{2}}=||\partial_{\theta}v(t)||_{L^{2}}l^{\mathrm{i}}$

ffi $\mathfrak{h}\Phi’\supset\sim k\vee\}^{\vee}.\hslash\ovalbox{\tt\small REJECT} \mathrm{L},X5$ . $T6k(3.11)$ Ge $\overline{v}$ をffl)\tau ffi]‘z\emptyset fflをと $6\sim\vee$ と}\llcorner \acute $X\mathfrak{h}(3.9)$

をノ k6. $-E,$ $(3.11)\emptyset \mathrm{f}\mathrm{f}\mathrm{i}|\grave{\mathrm{z}}\mathrm{Z}\}\check\overline{\partial_{t}v}$ をffl}J\tau \not\cong \oplusを $b6$ と

(3.12) $0$ $=$ $- \frac{a^{2}}{4t^{2}}\frac{d}{dt}||\partial_{\theta}v||_{L^{2}}^{2}+\frac{2{\rm Re}\lambda}{p+1}|4\pi t|^{-(p-1)/2}\frac{d}{dt}||v||_{L^{\mathrm{p}+1}}^{p+1}$

$-2({\rm Im}\lambda)|4\pi t|^{-(p-1)/2}{\rm Im}\langle N(v), \partial_{t}v\rangle_{\theta}$ .
$l^{i_{\mathrm{t}}’}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{U}\mathrm{t}6$ . (3.12) $[]_{\llcorner}’$ t06 ${\rm Im}\langle N(v), \partial_{t}v\rangle_{\theta}\mathfrak{X}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}T6$tc $b[]’.,$ $(3.11)\emptyset|\mathrm{f}\mathrm{f}\mathrm{i}\backslash \Phi\}_{-}^{\vee}‘\overline{N(v)}$ era
et 6と

(3.13) ${\rm Im}\langle N(v), \partial_{\ell}v\rangle_{\theta}$ $=$
$- \frac{a^{2}}{4t^{2}}{\rm Re}\langle\partial_{\theta}^{2}v,N(v)\rangle_{\theta}+({\rm Re}\lambda)|4\pi t|^{-(p-1)/2}||v||_{L^{2p}}^{2\rho}$

$\geq$
$(\mathrm{R}\mathrm{t}^{\mathrm{Y}},\lambda)|4\pi t|^{-(\rho-1)/2}||v||_{L^{2p}}^{2p}$
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hng $\mathrm{b}h6$ . $:arrow\tau\vee \mathrm{F}’\ \mathcal{D}T\backslash \not\in\iota^{\backslash },\mathrm{K}k\mathrm{E}$ $\langle$ $\Re_{\mathrm{J}\backslash }l^{\vee^{-}}.\prime \mathrm{f}\backslash \cdot\not\in x.\mathrm{C}{\rm Re}\langle\partial_{\theta}^{2}v,N(v)\rangle_{\theta}\leq 0\epsilon\ovalbox{\tt\small REJECT} 1\rfloor ffl\mathrm{b}f_{arrow}’$. $(3.12)$

$k(3.13)$ を*E*A[\supset bg6&,

(3.14) $\frac{d}{dt}||\partial_{\theta}v||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-p)/2}\frac{d}{dt}||v||_{L^{\mathrm{p}+1}}^{p+1}-K_{2}({\rm Im}\lambda)({\rm Re}\lambda)t^{3-p}||v||_{L^{2\mathrm{p}}}^{2p}\leq 0$,

$l^{\theta\prime}>\mathrm{r}\ovalbox{\tt\small REJECT} \mathrm{b}\hslash 6$ . $\simarrow T\vee\vee K_{1}=\frac{8}{(p+1)a^{2}(4\pi)^{(p-1)/2}}$ Sb $x \sigma K_{2}=\frac{8}{a^{2}(4\pi)^{p-1}}$ .

$E(t)=|| \partial_{\theta}v||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}-K_{2}({\rm Im}\lambda)({\rm Re}\lambda)\int_{t_{\mathrm{O}}}^{t}\tau^{3-p}||v(\tau)||_{L^{2\mathrm{p}}}^{2p}d\tau$ .

$k\mathrm{k}^{\backslash }[] l\mathfrak{l}\mathrm{f}$

(3.15) $\frac{d}{dt}E(t)\leq\frac{(5-p)K_{1}{\rm Re}\lambda}{2}t^{(3-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}$ ,

と $rx6$ . $*\mathrm{m}\}^{\vee}|-{\rm Im}\lambda\leq 0l\backslash ’\supset{\rm Re}\lambda<0\emptyset \mathrm{f}\mathrm{f}\mathrm{i}_{\mathrm{D}}^{\Delta}k\doteqdot\cdot\dot{\mathrm{x}}$at 5. (3.15) $\}$: $\mathrm{x}’\supset T,$ $t>t_{0}\emptyset k\mathrm{g}$

$E(t)\leq(\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)l\dot{\backslash }_{\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}\hslash 6}’$ . $\mathrm{b}f’.l^{\mathrm{i}\prime}\supset T$

(3.16) $|| \partial_{\theta}v||_{L^{2}}^{2}\leq C_{1}+C_{2}t^{(5-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}+C_{3}\int_{t_{0}}^{t}\tau^{3-p}||v(\tau)||_{L^{2p}}^{2p}d\tau$

$k\text{得る}$ . $B\grave{1}\mathrm{E}[]’$.Rの at $\dot{\mathcal{D}}’X$ Gagliardo-Nirenberg $\emptyset*\not\in_{\mathrm{J}^{i}}\mathrm{C}k\mathrm{E}\mathrm{H}\mathrm{b}$ at 5.

$||v||_{I^{\mathrm{p}+1}}^{p_{J}+1}$ $\leq$
$C||v||_{H^{1}}^{(p+1)\beta}||v||_{L^{2}}^{(p+1)(1-\beta)}$ ,

$||v||_{L^{2\mathrm{p}}}^{2p}$ $\leq$ $C||v||_{H^{1}}^{2p\gamma}||v||_{L^{2}}^{2p(1-\gamma)}$ ,

$\simarrow \mathrm{T}\vee\vee 1/(p+1)=\beta(1/2-1)+(1-\beta)/2\mathrm{k}^{\backslash }$ at $\sigma_{1}/(2p)=\gamma(1/2-1)+(1-\gamma)/2\mathrm{V}\hslash$

6. $k\mathrm{b}T$ Young \emptyset *\not\in 式}\breve \acute di $’\supset T$

(3.17) $||v(t)||_{H^{1}}^{2}\leq C+Ct^{(5-p)/2}||v(t)||_{H^{1}}^{(\mathrm{p}+1)\beta}||v(t)||_{L^{2}}^{(p+1)(1-\beta)}$

$+C \int_{t_{0}}^{t}\tau^{3-p}||v(\tau)||_{H^{1}}^{2p\gamma}||v(\tau)||_{L^{2}}^{2\mathrm{p}(1-\gamma)}d\tau$

$\leq C+Ct^{(5-p)/2}||v(t)||_{H^{1}}^{(p-1)/2}+C\int_{t_{0}}^{t}\tau^{3-p}||v(\tau)||_{H^{1}}^{p-1}d\tau$

$\leq C(1+t)^{3}+\frac{1}{2}||v(t)||_{H^{1}}^{2}+\int_{t_{0}}^{t}||v(\tau)||_{H^{1}}^{2}d\tau$.

\epsilon ノ$ る. $\sim-\emptyset\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}k’\not\in\doteqdot 6\ovalbox{\tt\small REJECT}\}’|-||v(t)||_{L^{2}}<C$ と $f_{X}$る $\sim-k\text{を}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{t}\backslash f’$. (\sim \check *\iota }g\not\in 式 (39) llboe
5) . Gronwall $\sigma$) $*\not\in_{\mathrm{J}i}\mathrm{C}\ (3.17)\}$ \llcorner \acute Gffl+る $k:(3.10)i^{;}\prime \mathrm{t}\ovalbox{\tt\small REJECT}$ bhる.

$*\}’.{\rm Im}\lambda\leq 0\delta\}’\supset{\rm Re}\lambda\geq 0\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}kk^{-}\check{\mathrm{x}}$at 5. (3.14) $\dagger\check{\cdot}$ \ddagger $\cdot\supset T$ ,

$\frac{d}{dt}||\partial_{\theta}v(t)||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-\mathrm{p})/2}\frac{d}{dt}||v(t)||_{L^{\mathrm{p}+1}}^{P+1}\leq 0$ .
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$l\grave{\grave{\mathrm{l}}}’\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}n6$ . $F(t)=||\partial_{\theta}v(t)||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(8-\mathrm{p})/2}||v(t)||_{L^{p}}^{p+1}+1k$ Sb $\langle$ と $\overline{arrow}\emptyset T^{\ovalbox{\tt\small REJECT}_{\llcorner}}\backslash \#.\mathrm{S}\hslash$) $\mathrm{b}$

$\frac{d}{dt}F(t)$ $\leq$ $\frac{5-p}{2}K_{1}({\rm Re}\lambda)||v(t)||_{L^{p\vdash 1}}^{p+.1}$

$\leq$ $\frac{5-p}{2}t^{-1}F(t)$ .

$b\prime x$る. Gronwall \emptyset \tau ‘\Leftrightarrow 式\ddagger $\mathfrak{p}F(t)\leq F(t_{0})(\frac{t}{t_{0}})^{(5-p)/2}l^{\mathrm{i}}\S\hslash>n6$ . $\mathrm{A}_{\urcorner},$ $||\partial_{\theta}v(t)||_{L^{2}}^{2}\leq$

$F(t),$ $\prime x\emptyset T,$ $||v(t)||_{H^{1}}^{2}\leq C(1+t)^{(5-p)/2}l^{\mathrm{i}^{\text{ノ}}}\mathrm{k}\mathrm{b}h$る. $\mathrm{k}^{\backslash }-\lambda- \mathrm{h}\ddagger 9(3.10)l1’’ \mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}\lambda\iota f’.$ . $\square$

Theorem 3.2 $\Phi \mathrm{R}\mathfrak{U}$ . ${\rm Im}\lambda>0\emptyset\geq\not\equiv$ , Lemma 3.5 (3.9) と H\"older $\emptyset T\backslash \not\in\nu,\mathfrak{T}||v||_{L^{\mathrm{p}+1}}^{p+1}\geq$

$(2\pi)^{-(p-1)/2}||v||_{L^{2}}^{p+1}\hslash>\mathrm{b}$

$\frac{d}{dt}||v||_{L^{2}}^{2}\geq C{\rm Im}\lambda t^{-(p-1)/2}||v||_{L^{2}}^{p+1}$.

$l:\text{得}*\mathrm{b}n6$ . $\sim>\mathrm{n}\hslash \mathrm{l}\mathrm{b}||v(t)||_{L^{2}}=||\{A_{k}(t)\}||_{\ell_{0}^{2}}\emptyset \mathrm{i}\#^{-}\beta \mathrm{B}\mathrm{k}\mathbb{H}T\Re \mathfrak{B}T6^{\vee}\sim \text{と}l^{\mathrm{i}_{J\rfloor\sim_{\backslash }}}\overline{\sim}$ z1S $\hslash 6$ . $-$

方, ${\rm Im}\lambda\leq 0\emptyset$ と $\mathrm{g}$ , Lemma 3.5 $\mathfrak{l}\mathrm{J}\mathrm{I}\mathrm{E}\emptyset \mathrm{k}_{A}\#\mathrm{J}[]’\mathrm{X}\backslash$}$T6||\{A_{k}(t)\}||_{\ell_{1}^{2}}\emptyset \mathrm{g}\beta \mathrm{B}\#$を{#wa $\mathrm{L},T\mathrm{t}\backslash$

$6$ . ire $’\supset T(3.5)$ の $\#\mathbb{H}\mathrm{E}\overline{\rho}\int_{\lceil}\mathrm{f}\mathrm{f}\mathrm{l}\epsilon*\Re \mathrm{f}\mathrm{f}\mathrm{i}\dagger^{\vee}.’\supset t\mathrm{g}|f$ る : と $l^{*}>\mathrm{f}\mathrm{f}\mathrm{l}*$る. $\square$

4 $u(0, x)=\mu_{00}\delta_{0}+\mu_{10}\delta_{a}+\mu_{01}\delta_{b}(a/b\not\in \mathrm{Q})\emptyset \mathrm{E}^{\underline{\mathrm{A}}}$

$arrow\emptyset\vee\.\circ|\mathrm{J},$ $\mathrm{m}\Re_{\overline{\mathcal{T}}}-$タ $\hslash^{\mathrm{i}}3’\supset \mathcal{D}\delta-\Phi \mathrm{a}n>\mathrm{b}\prime X6B_{\mathrm{D}}^{\Delta}’\cdot\}^{\vee}|-’\supset \mathrm{t}\backslash \tau\neq\not\in\Re \mathrm{m}\backslash /\mathrm{n}\vee\triangleright\backslash -7^{\overline{-}\text{イ_{}\vee}^{\backslash }/}$

.
X–方 r\not\in \star t\emptyset fflを ffi\Re \tau 6. $\delta\Phi\#\mathrm{o}_{\mathrm{P}}^{\mathrm{A}}l^{*}>x=0,$ $a$ Sb $x\sigma b$ ee $\hslash 6\mathrm{b}\emptyset kT6$ $\mathrm{t}\mathrm{b}$

$a/b\in \mathrm{Q}(\mathrm{Q}|\mathrm{f}\#\not\in\#\emptyset\xi_{\mathfrak{o}}^{\mathrm{A}})$ \emptyset と $\mathrm{g}_{\delta-\Phi\#\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT}[] \mathrm{g}\mathrm{R}\mathrm{e}\mathrm{m}\mathrm{a}\mathrm{r}\mathrm{k}3.2\tau\# 6\ddagger\check{\mathit{0}}},\grave{\mathrm{L}}_{-\mathrm{b}*1\tau \mathrm{v}\backslash }^{\wedge^{*}}$

$\}^{\vee}.\Leftrightarrow \mathbb{H}\mathbb{R}\mathrm{g}\mathrm{E}\ovalbox{\tt\small REJECT}\emptyset\#\mathrm{B}^{1}\mathrm{J}rx\mathrm{t}\emptyset\Gamma^{\vee^{*}}.\hslash>\mathrm{b},$ $(\mathrm{N}\mathrm{L}\mathrm{S})\mathrm{I}\mathrm{E}$ Theorem 3.1と 3.2 $\tau\overline{\overline{\simeq..}}$A $\epsilon*\mathrm{L}\tau \mathrm{v}\backslash \epsilon$ \ddagger 5
’xffl $k\mathrm{H}’\supset$ . 問 glg $a/b\not\in \mathrm{Q}\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}\mathrm{T}\mathrm{h}6$ . \sim -\emptyset g6\emptyset f\not\in Eを\nu o4\ulcorner \tau 6ffi|t\acute -\exists \beta BFD\emptyset Bffi$k$

$\mathrm{t}\backslash \langle’\supset\hslash 1\uparrow\overline{\mathrm{T}}5’.2n\overline{\pi}\#\mp;_{\iota}\backslash \mathrm{i}_{-}\mathrm{b}\emptyset\Re F^{1}\mathrm{J}_{\mathrm{B}}^{*}\mathbb{H}\ell_{\alpha}^{2}(\mathrm{Z}^{2})\}’.[] \mathrm{g}*\emptyset\ddagger\dot{2}$ fxノノム\epsilon \mbox{\boldmath $\lambda$}n\tau お $<$ .

$| \mathrm{I}\{A_{k_{1},k_{2}}\}_{k_{1},k_{2}\in \mathrm{Z}}||p_{\alpha}2=(\sum_{k_{1},k_{2}\in \mathrm{Z}}(1+|k_{1}|+|k_{2}|)^{2\alpha}|A_{k_{1},k_{2}}|^{2})^{1/2}$
.

$\mathrm{T}^{2}\mathfrak{l}\mathrm{J}\ovalbox{\tt\small REJECT}\Re 2\pi\emptyset 2\mathfrak{R}\overline{\pi}$ ト-フ-\mbox{\boldmath $\lambda$}と $\mathrm{L},,$
$||f||_{L^{g}(\mathrm{T}^{2})}| \mathrm{x}(\int_{\mathrm{T}^{2}}|f(\theta_{1},\theta_{2})|^{q}d\theta_{1}d\theta_{2})^{1/q}\epsilon\#\tau$ . $\mathrm{g}$

$\mathrm{b}[]^{\vee}.2*\overline{\pi}\ovalbox{\tt\small REJECT}\Re\Phi\#[]’.*\backslash \mathrm{I}\mathrm{b}\tau$ Besov \mbox{\boldmath $\pi$}4ノノム\epsilon \nu -‘\mbox{\boldmath $\lambda$}-Fo\supset \ddagger $5|^{\vee}.\not\in \mathrm{a}\mathrm{e}T6$ . $[s]$ ea $s\epsilon\not\in \mathrm{x}^{f_{f}}$
‘

V\gxDg#を F\tau b\emptyset と t6. $s\mathfrak{p}_{\mathrm{i}}\geq \mathrm{E}\mathrm{E}\mathfrak{U}\emptyset$ と $\mathrm{g}_{1}<q,r<\infty[]’.*\backslash$} $\llcorner,\tau$ , Besov rgma
$B_{q,\mathrm{r}}^{s}(\mathrm{T}^{2})\epsilon$

$B_{q,r}^{s}(\mathrm{T}^{2})=$ { $f\in L^{q}(\mathrm{T}^{2})$ ; lfll $B_{q.t}^{\delta}.(\mathrm{T}^{2})<\infty$ },
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$T_{i’\mathrm{E}}^{l}’\ovalbox{\tt\small REJECT} T6$ . $\simarrow C^{\backslash }\vee\vee-$ ,

$||\mathrm{f}|1$

$B_{g,\tau}^{s}(\mathrm{T}^{2})$

$\equiv$ $||f||_{L^{q}(\mathrm{T}^{2})}+||f||_{B_{q,r}^{6}}$

$||f||_{L^{q}(\mathrm{T}^{2})}+( \int_{0}^{\infty}\tau^{-rs-1}\sup_{|h|<\tau}||d_{h}^{[s]+1}f||_{L^{q}(\mathrm{T}^{2})}^{r}d\tau)^{1/q}$

Th 6. $f’.f^{\theta}’.\mathrm{b},$ $h=(h_{1}, h_{2})$ kat as $d_{h}^{N}f( \theta_{1}, \theta_{2})=\sum_{j=0}^{N}(-1)^{k}f(\theta_{1}+jh_{1}, \theta_{2}+jh_{2})$ .
$T$ ti6る. : $0$) at 5 $[]’.\mathrm{f}\mathrm{f}’$aeg $t’\iota$tc Besov $\mathfrak{B}\mathbb{H}\emptyset^{\iota}|*\ovalbox{\tt\small REJECT}$ と $\mathrm{L},T,$ $0\leq\sigma\leq 1l1’\supset 1/q=\sigma/q_{1}+$

$(1-\sigma)/q\mathrm{o}\emptyset \text{と}\mathrm{g}$ , Gagliardo-Nirenberg $7A\mathrm{R}$ \emptyset \tau ‘\not\in 式 : $||f||_{B_{q,r/\sigma}^{\sigma\epsilon}(\mathrm{T}^{2})}.\leq C||f||_{B_{q_{1},r}^{\epsilon}}^{\sigma}.||f||_{L^{\mathrm{q}}\mathrm{o}(\mathrm{T}^{2})}^{1-\sigma}$

$l^{*}\backslash R9\mathrm{R}’\supset\vee\sim$ と $[]’.\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT} \mathrm{b}T\mathrm{k}\backslash \veearrow 5$ . $\mathrm{S}\mathrm{b}[]^{\vee}.||f||_{B_{2,2}^{s}(\mathrm{T}^{2})}$ la

$||f||_{H^{s}(\mathrm{T}^{2})} \equiv(\sum_{k_{1},k_{2}\in \mathrm{Z}}(1+|k_{1}|+|k_{2}|)^{2\alpha}|C_{k_{1},k_{2}}|^{2})^{1/2}$ ,

と $\mathrm{s}\mathrm{p}\ovalbox{\tt\small REJECT}- \mathrm{e}h$ る $\sim\vee \text{と}[]_{\llcorner}\vee \mathrm{t}\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT}$ . $\simarrow \mathrm{V}\vee\vee,$ $C_{k_{1},k_{2}}1 \mathrm{f}(2\pi)^{-2}\int_{\mathrm{T}^{2}}f(\theta_{1}, \theta_{2})e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}d\theta_{1}d\theta_{2}$ Tfi
St. $\mathrm{b}*\iota 6$ フ $-|$) $\text{エ}\mathrm{f}\mathrm{f}_{\backslash }\Re Th6$ . Besov $*arrow \mathbb{H}$ ee $\ovalbox{\tt\small REJECT} T6_{\overline{\beta}}^{\Rightarrow-}*$ LV $\backslash \not\equiv\not\in\}’’\supset \mathrm{v}\backslash T|\mathrm{g}ffl\mathrm{J}\grave{\mathrm{x}}$ }$\mathrm{f}[4]$ を\not\in

ua $\mathrm{c}\tau[] \mathfrak{X}1.,\mathrm{v}\backslash$ .

$\mu_{\backslash }^{\backslash }J{A_{k_{1},k_{2}}\}_{k_{1},k_{2}\in \mathrm{z}}\emptyset(*\mathrm{b}9\}_{\check{\mathrm{L}}}\{A_{k_{1},k_{2}}\}\emptyset$ \ddagger $\check{9}$ \acute x\Xi pE\epsilon -をAi V $\backslash 6$ $\sim>0\mathrm{f}\mathrm{f}\mathrm{l}\emptyset\#\mathrm{m}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{a}\mathrm{e}$

ISYL $\mathrm{T}\emptyset$ と Sb D.

Theorem 4.1 (local result) $1<\alpha<p$ &\tau る. $\sim\vee(1)$ $\mathit{8}$ $\mathrm{g}$ , $\hslash 6T>0\}^{\vee}*\backslash \}\mathrm{L},T,$ $\mathfrak{R}\emptyset$

di 5 \acute x#Eを#-;-6 $(NLS)\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\delta^{\vee}1-’\supset 6\not\in \mathrm{E}T6$ .

(4.1)
$u(t, x)= \sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)\exp(it\partial_{x}^{2})\delta_{k_{1}a+k_{2}b}$

,

$arrow\sim\vee\vee$: $T,$ $\mathrm{f}\mathrm{f}_{\backslash }\Re[]^{\bigvee_{J}}.\supset \mathrm{v}\backslash \tau|\mathrm{g}\{A_{k_{1},k_{2}}(t)\}\in C([0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\cap C^{1}((0, T];l_{\alpha}^{2}(\mathrm{Z}^{2}))$ を $ffif_{\llcorner}’\mathrm{b}$ ,
$(k_{1}, k_{2})=(0,0),$ $(1,0),$ $(0,1)\emptyset \text{と}\mathrm{g}A_{k_{1},k_{2}}(0)=\mu_{k_{1},k_{2}}T\hslash \mathrm{U}$ , $k*1\nu^{\backslash }A\% g)$ と i& ec $|\mathrm{f}A_{k_{1},k_{2}}(0)=$

$0\#\mathrm{f}\mathrm{f}\mathrm{i}f’.T$ .

Remark 4.1. $\pi \mathrm{R}\mathrm{f}\mathrm{f}\mathrm{l}\sigma$) Remark 3.1 $T\grave{\mathrm{J}}_{\vee}^{\mathrm{i}}\mathrm{R}\wedge \mathrm{b}i’lT\mathrm{t}\backslash$ tc \ddagger 5 ee Theorem 4.1 $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}[] 2\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}\mathrm{t}\backslash$

$*-$ ト “\emptyset \not\subset Rをノ-J‘\Phi L. $\tau \mathrm{v}\backslash \epsilon$ . L. $\hslash\backslash \mathrm{b}$ , Theorem 3.1と $*\mathrm{b}$ $\langle$ $\mathrm{g}\prime x$ る ,Et } $\mathrm{E},$ $\exp(-it\partial_{x}^{2})ul^{\mathrm{i}}$

i\Xi ffl+\Phi ffi}L\acute 9\mbox{\boldmath $\pi$}+る $\delta$-waxee $f_{\mathit{1}’\supset T\mathrm{V}^{\mathrm{t}}\text{る^{}\vee}}\sim$ と $T\hslash \text{る}$ . $\sim-0_{\mathrm{R}}^{\mathrm{A}}\emptyset\Re’\#,\# 4\mathrm{i}|\mathrm{g}a/bl^{*}1,\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash }\Phi \mathfrak{U}$

$rightarrow C\hslash 6\sim-$ と le \ddagger 6. \yen $f’.$ , Theorem 4.1 $\emptyset_{\overline{\mathrm{f}\mathrm{i}}}\mathrm{I}\mathfrak{U}\epsilon$ E6と $\mathrm{b}\hslash^{1}6l^{\grave{\grave{1}}},$ $\mathrm{m}\mathfrak{U}\overline{\tau}-$ タ $\hslash^{\grave{\grave{1}}}u(0,x)=$

$\Sigma_{k_{1}.k_{2\in \mathrm{z}\mu_{k_{1}.k_{2}}\delta_{k_{1}}\sigma \mathit{2}\mathrm{k}5\}’\Leftrightarrow\tilde{\mathrm{x}}\mathrm{b}*\iota}}a+k_{2}b‘\cdot,$ $\{\mu_{k_{1}.k_{2}}\}\in\ell_{\alpha}^{2}(\mathrm{Z}^{2})$ \acute x6\mbox{\boldmath $\phi$} $\int$+を i\mu f\mbox{\boldmath $\gamma$}-\leftarrow \tau &g}\llcorner \acute $\mathrm{t}$ nc
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$\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{h}\mathrm{X}[] \mathrm{J}|\urcorner_{\mathrm{H}}^{\mathrm{A}}1\mathrm{g}\tau\hslash \text{る}$ .

Theorem 3.2 $k\Pi \mathrm{p}\ovalbox{\tt\small REJECT}\}’.,$
${\rm Im}\lambda\emptyset \mathrm{p}\mathrm{g}l\grave{\grave{\backslash }}\mathrm{f}\mathrm{f}\mathrm{l}\emptyset \mathrm{F}\mathbb{R}\mathrm{k}|^{1}\#\mathrm{R}\ovalbox{\tt\small REJECT}$ と #\not\equiv P#\star gnrチ^l\pm を Rb 6.

Theorem 4.2 (blowing up or global result) (1) $Im\lambda>0$ と $T6$ . $\sim\vee\emptyset$ と $\mathrm{g}$ , The-

orem 4.1 $\circ ffl|\mathrm{E}\mathrm{E}\emptyset \mathrm{g}\beta\aleph\ovalbox{\tt\small REJECT},\%\wedge \mathrm{J}T\mathrm{f}\mathrm{f}\mathrm{l}\mathfrak{B}\text{す}6$ . $\Rightarrow\Rightarrow\yen \mathrm{o}\mathrm{b}<\mathfrak{B}\wedge^{*}$ると $\{A_{k_{1},k_{2}}(t)\}\sigma)\ell_{0}^{2}(\mathrm{Z}^{2})-$ノ

l;ム $\hslash^{*}\mathrm{l}h$る $\mathrm{k}\nearrow b\mathrm{J}T^{*}>0$ ee $\mathrm{k}^{\backslash }\mathrm{V}\backslash \tau\ovalbox{\tt\small REJECT}\beta\mu\lambda\}’f_{I6}$ .

(2) $Im\lambda\leq 0k\mathrm{b},$ $\mathrm{S}\mathrm{b}[]\check{.}|Re\lambda|\leq\frac{2\sqrt{p}}{p-1}|Im\lambda|$ $\ \tau 6$ . $\sim\emptyset\vee\xi \mathrm{g}$ , Theorem 4.1 $\emptyset$ ,; $\dot{\mathcal{D}}$

$\prime_{X^{-}\Xi}$Rを t’\supset ffll@k|ffl\star \Phi 的}c\acute --,\supset \tau \mp 1\pm \tau 6. $\yen f’.$ ,

$\{A_{k_{1},k_{2}}(t)\}\in C([0, \infty);\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\cap C^{1}((0,\infty);\ell_{\alpha}^{2}(\mathrm{Z}^{2}))$ .

$\text{と^{}\gamma}X6$ .

Remark 4.2. Theorem 4.2 (2) $[]^{\prime_{J}}.\supset\backslash \tau$ , H‘)JI的\acute X\not\in {+lRe\mbox{\boldmath $\lambda$}l $\leq\frac{2\sqrt{p}}{p-1}|{\rm Im}\lambda|$ を\Phi $\mathfrak{h}k$ }$\}$る

$\hslash^{1}$ と*D $\hslash>[_{\llcorner}^{\bigvee_{Z}}\supset \mathrm{V}^{\backslash }T\mathrm{I}\#$ SS $\gamma_{\llcorner}^{\theta}’*\mathrm{f}\mathrm{f}\mathrm{l}\Re Tb$ る. $\ovalbox{\tt\small REJECT} \mathfrak{U}\emptyset\ovalbox{\tt\small REJECT} T[] \mathrm{f}^{\vee}\sim\emptyset 4\backslash \triangleleft\cdot$ )} $\mathrm{Q}\mathfrak{g}\mathfrak{h}\ovalbox{\tt\small REJECT}\{+|\mathrm{E}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}$

$\sigma)\mathrm{k}$ FM $\lambda\Phi \text{的}$ Ptlifii $\epsilon \mathrm{I}5$ る wa $[]^{\vee}.\#\mathrm{H}\mathfrak{P}\hslash 6$ . $arrow\emptyset\vee \mathrm{k}\mathbb{H}\lambda\Phi \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{P}_{\mathrm{R}}\mathrm{E}\text{を^{}\prime}\ovalbox{\tt\small REJECT}$ る $\mathrm{a}\mathrm{e}[] \mathrm{g}$ Liskevich-

Perelmuter $\emptyset*\not\in\star\{[16]T\hslash$る. $’\supset\yen O,$ ${\rm Im} \lambda\leq 0\hslash^{1’}\supset|{\rm Re}\lambda|\leq\frac{2\sqrt{p}}{p-1}|{\rm Im}\lambda|\prime x\mathrm{b}\mathrm{f}\mathrm{f}$

${\rm Im}(\lambda(^{\text{ノ}}N(v_{1})-N(v_{2}))\overline{(v_{1}-v_{2})})\leq 0$ と $\mathrm{v}\backslash$ 5*\not\in 式 11*\Re $\mathfrak{y}_{\backslash }\perp’"\supset$ .

Theorem 4.1 $k\overline{|}\ovalbox{\tt\small REJECT} \mathfrak{U}^{arrow}t6$ アイ T-ア}g Theorem 3.1 $\emptyset \mathrm{E}\mathrm{f}\mathrm{f}\mathrm{l}\star\backslash mathrm{A}$と{$\theta$」$T\mathrm{V}^{\backslash }6\cdot$ $\mathrm{t}^{f}x\mathrm{b}\mathrm{b}$

(NLS) を\mbox{\boldmath $\pi$}/fflf+x@式*‘L\acute h l** srr $6_{arrow k\mathfrak{P}\hslash 6\theta>*\mathcal{D}_{\grave{1}}@\not\in \mathrm{C}1^{\backslash }A\mathrm{T}\emptyset}^{\vee}*$, Lemma $\epsilon\hslash^{\mathrm{t}^{\backslash }}$る.

Lemma 4.3 $\alpha>1$ と $T6$ : $\sigma$) と $\mathrm{g},$ $\{A_{k_{1},\mathrm{k}_{2}}(t)\}\in C([0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\dagger=*\mathrm{f}\mathrm{b}T$

(4.2) $N( \sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)U(t)\delta_{k_{1}}a+k_{2}b)=|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}\in \mathrm{Z}}\tilde{A}_{k_{1},k_{2}}(t)U(t)\delta_{k_{1a}+k_{2}b}$
,

$l^{\mathrm{i}}\Re 9\mathrm{E}’\supset$ . $\sim--arrow \mathrm{T}\tilde{A}_{k_{1},k_{2}}(t)=(2\pi)^{-2}e^{-i(k_{1}+k_{2}b)^{2}/4\iota}\langle aN(w), e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\rangle_{\theta_{1},\theta_{2}}$ と $\mathrm{b}$ ,

$w=w(t, \theta_{1}, \theta_{2})=\sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k\mathrm{z}}(t)e^{i(k_{1}}ea+k_{2}b)^{2}/4t-|(k_{1}\theta_{1}+k_{2}\theta_{2})$

$.\epsilon \mathrm{b}T$

$\langle f, g\rangle_{\theta_{1},\theta_{2}}=\int_{\mathrm{T}^{2}}f(\theta_{1}, \theta_{2})\overline{g(\theta_{1},\theta_{2})}d\theta_{1}d\theta_{2}$.

$-\mathrm{C}\hslash$ る.
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Lemma 4.3 $\emptyset-\ovalbox{\tt\small REJECT}$ Hfl. Lemma 3.3 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{B}fT^{\backslash }\mathrm{H}\mathrm{V}^{\backslash }\mathrm{b}\hslash f\sim.\ovalbox{\tt\small REJECT} r\nearrow\backslash \nearrow\nearrow 2\mathrm{L}\backslash$ レ $-\text{フ^{}\overline{-}\text{イ^{}\backslash }\nearrow p-\mathfrak{X}\mathrm{E}\mathrm{X}\emptyset}\backslash ^{\backslash }\iota$

$\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathfrak{k}\mathrm{f}\mathrm{f}\mathrm{l}\ovalbox{\tt\small REJECT}\emptyset 9\mathrm{g}\not\in\exp(it\partial_{x}^{2})f=MDFMf\epsilon\#\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}9^{-}6$ と

(4.3) $N( \sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)\exp(it\partial_{x}^{2})\delta_{k_{1a}+k_{2}b})$

$=N((2 \pi)^{-1/2}MD\sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-\iota’(k_{1}})ax+k_{2}bx)+i(k_{1}a+k_{2}b)^{2}/4t$

$=$ $|4 \pi t|-(p-1)/2(2\pi)-1/2MDN(\sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-i(k_{1}})ax+k_{2}bx)+i(k\iota a+k_{2}b)^{2}/4t$
.

$axkbx\epsilon\cdot\epsilon \mathrm{n}e*\iota\theta_{1}$ と $\theta_{2}T\mathrm{E}\mathrm{g}\mathrm{g}_{\dot{\mathrm{X}}}$ ると,

$N( \sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})-i(k_{1a}+k_{2}b)^{2}/4t})$

ea $\theta_{1}k\theta_{2}\emptyset 2\pi-\ovalbox{\tt\small REJECT}\Re\Phi\Re k$ E\acute x#る. $k^{\vee;}\sim$ \tau フ-)| $\text{エ}M\Re\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\epsilon ffl\mathrm{t}\backslash \epsilon$と

$N( \sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})+i(k_{1}+k_{2}b)^{2}/4t})a$

$=$
$\sum_{k_{1},k_{2}}C_{k_{1},k_{2}}(t)e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}$

$\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}(t)e^{i(k_{1a}+k_{2}b)^{2}/4t}e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}$

$=$
$(2 \pi)^{1/2}\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}(t)FM\delta_{k_{1a}+k_{2}b}$

,

$\text{と^{}f}x6$ . $-\mathrm{b}\emptyset\not\in \mathrm{X}TC_{k_{1},k_{2}}(t)=(2\pi)^{-1}\langle N(w), e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\rangle_{\theta_{1},\theta_{2}}$ を R,\supset r\llcorner -. $\not\in f’.,$ $C_{k_{1},k_{2}}(t)=$

$\overline{A}_{k_{1},k_{2}}(t)e^{i(k_{1a}+k_{2}b)^{2}/4t}\mathfrak{P}\hslash 6$ . $-\mathrm{k}\star \mathrm{X}\mathrm{o}g\mathrm{a}\epsilon(4.3)[]\check{.}\mathrm{g}\tau[] \mathrm{J}\emptyset 6k,$ Lemma 4.3 $\emptyset\grave{\grave{\iota}}’\mathrm{r}\ovalbox{\tt\small REJECT} \mathrm{b}n$

る. $\square$

$\mathfrak{R}[]’$. (NLS) $\text{を}\mathrm{R}\Re 9E\mathrm{E}_{\mathrm{J}}\mathrm{X}$, ik $(_{\llcorner}’\mathrm{f}\mathrm{l}_{1\ovalbox{\tt\small REJECT}}^{*\mathrm{g}\#}$る. $u(t, x)=\Sigma_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b$

を (NLS) $[]’.\mathrm{i}\mathrm{t}\lambda \mathrm{L}f’.\not\in i\partial_{t}\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b=-\partial_{x}^{2}\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b[]_{\check{\mathrm{c}}}ff^{R}\mathrm{f}\mathrm{f}\mathrm{i},\mathrm{L},$, Lemma 43
をffl $\mathrm{V}\backslash$ ると

$\sum_{k_{1},k_{2}}i\frac{dA_{k_{1},k_{2}}}{dl}\exp(it\partial_{x}^{2})\delta_{k_{1a}+k_{2}b}$ $=$
$\lambda|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}\exp(it\partial_{x}^{2})\delta_{k_{1}+k_{2}b}a$

t*lイ/ bnる. $\sim-\hslash t>\mathrm{b}$

(4.4) $\sum_{k_{1},k_{2}}i\frac{dA_{k_{1},k_{2}}}{dt}\delta_{k_{1}}a+k_{2}b$ $=$
$\lambda|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}\delta_{k_{1}+k_{2}b}a$

.
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$t\grave{\grave{\backslash }}\S\backslash t\mathrm{l}*\iota 6$ . $(4.4)\emptyset \mathrm{i}|\eta_{1}$ J‘B\mbox{\boldmath $\sigma$})\Re を tbg\tau6&, $\mathrm{Y}R\sigma$) $\ddagger 5\gamma \mathit{1}\#rightarrow\Re \mathrm{a}x\not\in.\llcorner \mathrm{x}\pi_{\backslash }\#\mathfrak{l}^{\vee}-\not\in 1\rfloor_{\grave{\mathrm{i}}}\doteqdot T6$ .

(4.5) $i \frac{dA_{k_{1},k_{2}}}{dt}=\lambda|4\pi t|^{-(p-1)/2}\tilde{A}_{k_{1},k_{2}}$ .

(4.5) をm {lg $A_{k_{1},k_{2}}(0)=\mu_{k_{1},k_{2}}\tau \mathrm{f}\mathrm{f}\mathrm{l}$
$\langle$ tc $bt’-,$ $\hslash 9X\not\in_{\mathrm{J}}^{-},\mathrm{t}[]^{\vee\prime}\ovalbox{\tt\small REJECT}\Psi\nearrow \mathrm{b}T\mathrm{k}^{\backslash }<$ .

(4.6) $\{A_{k_{1},k_{2}}(t)\}$ $=$ $\{\Phi_{k_{1},k_{2}}(\{A_{j\iota,j_{2}}(t)\})\}$

$\equiv$ $\{\mu_{k_{1},k_{2}}\}-i\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k_{1},k_{2}}(\tau)\}d\tau$ .

$\sim-\emptyset \mathrm{f}\mathrm{f}\mathrm{i}9X\not\in$ Vt $\#\Re/\mathrm{J}\backslash \mathrm{i}\Xi \mathrm{f}\mathrm{f}\mathrm{i}\emptyset\ovalbox{\tt\small REJECT} \mathrm{B}\mathrm{T}\Re$ $\langle$ tc $b\}^{\vee}\downarrow/\backslash \backslash - \mathrm{F}\emptyset i\mathrm{E}\Re\Psi_{\text{ノ}}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\hslash^{\mathrm{i}}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}‘ \mathrm{V}\hslash 6$.

Lemma 4.4 $1<\alpha<p$ と $T\text{る}$ . : $0$) と $\mathrm{g},$ $f=f(\theta_{1}, \theta_{2})\in B_{2,2}^{\alpha}(\mathrm{T}^{2})$ eeikt $\mathrm{L},T$ ,

(4.7) $|||f|^{p-1}f||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}\leq C||f||_{L(\mathrm{T}^{2})}^{p- 1}\infty||f||_{B_{2,2}^{a}(\mathrm{T}^{2})}$ .

$\emptyset^{\theta}>\Phi 9\mathrm{X}’\supset$ .

Lemma 4.4 coffop. $[7, 9]$ $[]_{\check{\mathrm{L}}}\hslash 6\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\epsilon\ovalbox{\tt\small REJECT} \mathrm{w}$ . $\square$

Lemma 4.4 gffl $\mathrm{t}\backslash \text{る}$ と Lemma 4.3 }: 1) $6,6_{\backslash }F^{1}\mathrm{I}\{\tilde{A}_{k_{1},k_{2}}\}(=\{\tilde{A}_{k_{1},k_{2}}(t)\})\epsilon\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}\tau\epsilon$ る

Corollary 4.5 $I=[0, T]$ と -t6. $T6b$

(4.8) $||\{\tilde{A}_{k_{1},k_{2}}\}||_{L\infty(I;^{p_{\alpha}(\mathrm{Z}^{2}))}}\leq C||\{A_{k_{1},k_{2}}\}||_{L\infty(I;^{p_{\alpha}(\mathrm{Z}^{2}))}}^{\mathrm{p}}2$ ,

(4.9) $||\{\tilde{A}_{k_{1},k_{2}}^{(1)}\}-\{\tilde{A}_{k_{1},k_{2}}^{(2)}\}||_{L(I;\ell_{0}^{2}(\mathrm{Z}^{2}))}\infty$

$\leq C(_{j}\max_{=1,2}||\{A_{k_{1},k_{2}}^{(j)}\}||_{L}\infty(I;\ell_{\alpha}^{2}(\mathrm{z}^{\mathrm{z}})))^{p-1}||\{A_{k_{1},k_{2}}^{(1)}\}-\{A_{k_{1},k_{2}}^{(2)}\}||_{L(I;\ell_{0}^{2}(\mathrm{Z}^{2}))}\infty$

$\hslash\backslash \cdot$ Ptl $O\mathrm{X}’\supset$ .

Corollary 4.5 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{H}fl$ . Parseval $\mathcal{D}\not\in \mathrm{X}\ddagger\theta$ ,

$||\{\tilde{A}_{k_{1},k_{2}}(t)\}||_{\ell_{\alpha}^{2}(\mathrm{Z}^{2})}=(2\pi)^{-1}||N(w(t))||_{H^{\alpha}(\mathrm{T}^{2})}$ ,

$l^{\mathrm{i}}ffi\mathfrak{h}\underline{\backslash \Gamma}’\supset\lrcorner$. $\sim\sim\vee-T,$
$w(t)=w(t, \theta_{1}, \theta_{1})=\sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)e^{i(k_{1a}+k_{2}b)^{2}/4t}e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\mathrm{T}\hslash 6$

.

Lemma 4.4 &gffl\tau 6 &

$||\{\tilde{A}_{k_{1},k_{2}}(t)\}||_{p_{a}(\mathrm{z})}22\leq C||N(w(t))||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}$

$\leq C||\uparrow v(t)||_{L(\mathrm{T}^{2})}^{p- 1}\propto||u)(t)||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}$
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$\mathrm{n};\Re_{\mathfrak{h}\mathrm{E}’\supset}$ . $||w(t)||_{L(\mathrm{T}^{2})}\infty\leq C||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}=2\pi C||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}$
$f_{\mathrm{f}}\sigma)\mathrm{T}^{\backslash },$ $(4.8)l\grave{\grave{\backslash }}$

$\text{得}\mathrm{b}n$る. (4.9) $\emptyset_{\mathrm{i}\mathrm{i}}\wedge 5_{1}\mathfrak{U}$ VS $\mathrm{F}\mathrm{F}\mathit{1}\ovalbox{\tt\small REJECT} \mathfrak{i}’.T^{\backslash }\doteqdot 6$ . $\square$

Theorem 4.1 $\emptyset-\ovalbox{\tt\small REJECT} \mathfrak{U}$ . $I=[0, T]\mathrm{k}^{\backslash }$ at $\sigma$ I $\{\mu_{k_{1},k_{2}}\}||_{P_{\alpha}^{2}(\mathrm{Z}^{2})}\leq\rho 0$ と $T$ 6 \yen $f\wedge$ ,

$\overline{B}_{2\rho 0}=\{\{A_{k_{1},k_{2}}\}\in L^{\infty}(I;P_{\alpha}^{2}(\mathrm{Z}^{2})); \mathrm{I}\{A_{k_{1},k_{2}}\}||_{L}\infty(I;l_{\alpha}^{2}(\mathrm{Z}^{2}))\leq 2\rho_{0}\}$

と\tau る. $\overline{B}_{2\rho 0}[] \mathrm{g}L^{\infty}(I;\ell_{0}^{2}(\mathrm{Z}^{2}))\emptyset \mathrm{f}\mathrm{f}\mathrm{B}\not\in- \mathrm{C}\ovalbox{\tt\small REJECT} T\hslash 6^{\vee}\sim k[]’\hslash\ovalbox{\tt\small REJECT}\yen^{-}\mathrm{r},$ (46) $\emptyset\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}\})\}$

$l@\overline{B}_{2\rho 0}$ lt $L^{\infty}(I;\ell_{0}^{2}(\mathrm{Z}^{2}))$ を#\Re と $\mathrm{b}T\mathrm{f}\mathrm{f}_{6^{J}}’ \mathrm{J}\backslash \Leftrightarrow \mathrm{f}\mathrm{f}\mathrm{l}\dagger\underline{-}rX’\supset T\mathrm{t}\backslash 6-\sim k$ を/-J‘.k 5. Corollary 4.5
$XU$ ,

$||\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}\})\}||_{L^{\infty}(I;^{p_{\alpha}(\mathrm{Z}^{2})\rangle}}2\leq\rho_{0}+CT^{(3-p)/2}(2\rho 0)^{p}$ ,

$||\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}^{(1)}\})-\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}^{(2)}\})||_{\iota\infty(I;^{p_{0}(\mathrm{Z}^{2}))}}2$

$\leq CT^{(3-p)/2}(2\rho_{0})^{p-1}||\{A_{k_{1},k_{2}}^{(1)}\}-\{A_{k_{1},k_{2}}^{(2)}\}||_{L^{\infty}(I;^{p_{0}(\mathrm{Z}^{2}))}}2$

$\emptyset^{\mathrm{s}}>\underline{\overline{\overline{\simeq}}}\dot{\mathrm{x}}\text{る}$ . $r_{\grave{l}}’\zeta^{\sim}’\supset T,$ $T>0$ を $1- 9/$」$\backslash \mathrm{S}$ \langle と $\mathrm{n}|\mathrm{f}\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}\})\}\hslash^{\mathrm{S}}\mathrm{f}\mathrm{f}\mathrm{l}/\mathrm{J}\backslash \mathrm{i}\mathit{5}\ T$ h6 $\sim-$

$k\delta^{\mathrm{i}}\#\hslash\backslash$る. : in, $\theta^{1}\mathrm{b}$ (4.6) $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}$ l@ $L^{\infty}(I;\ell_{\alpha}^{2}(\mathrm{Z}^{2}))T7\neq-\not\in \mathrm{b}T6^{\vee}\sim$ と $l^{\theta}\backslash 9\hslash^{1}6$ . @ $\mathrm{b}\}’$.
$\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k_{1},k_{2}}\}d\tau[] \mathrm{X}C(I;\ell_{\alpha}^{2}(\mathrm{Z}^{2}))[]^{\vee}.\not\in T$ る $arrow\vee$ と $l^{*}>$ Lebesgue $\sigma$) $\#\mathrm{X}\mathrm{E}\mathrm{E}\Phi t>\mathrm{b}i$}

$t\backslash \text{る}\emptyset T,$ $\mathrm{f}\mathrm{f}\mathrm{i}\delta \mathfrak{B}\mathrm{E}_{\mathrm{J}}\mathrm{X}\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\emptyset\backslash \cdot\ell_{\alpha}^{2}(\mathrm{Z}^{2})$
$[]’.(\mathrm{i}\Xi k\Phi \text{る^{}\backslash }\mathrm{g}\ovalbox{\tt\small REJECT}\Phi\#[]_{arrow}’’x\text{る}-\sim\geq \mathrm{t}9\hslash^{1}\text{る}$ . $\mathrm{E}\mathrm{I}X\mathrm{f}\mathrm{f}\mathrm{i}\delta$

$\not\supset_{\overline{J}\mathrm{E}\mathrm{X}*\#\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}^{-;-6k}}.\mathrm{L}\{A_{k_{1},k_{2}}(t)\}t^{*}\backslash C^{1}((0,T];^{p_{\alpha}(\mathrm{Z}^{2}))\}^{\vee}\mathrm{E}T6^{-}}2.\sim$ と $l^{\mathrm{i}}9l\backslash 6$ . nc $\{A_{k_{1},k_{2}}(t)\}$

$\emptyset-_{t\mathrm{s}\#\dagger \mathrm{f}’*\ovalbox{\tt\small REJECT}\dagger’\prime\rfloor\backslash \# 6}^{\mathrm{B}}arrow\dot{\backslash }.\overline{-}$. ロ

$\mathfrak{R}\mathrm{t}^{\vee}$. Theorem 4.2 $\xi,\rfloor\wedge_{\backslash }\overline{<}\overline{\wedge}9’\cdot’\pi^{4J}ffl\#\text{方}\mathrm{g}_{\mathrm{L}}-.\mathrm{t}\ovalbox{\tt\small REJECT}(45)\emptyset \mathrm{k}\mathbb{H}\ovalbox{\tt\small REJECT}_{\overline{f’}}\int \mathrm{r}\mathrm{f}\mathrm{f}\mathrm{l}\text{を}*\Re \text{的}[]_{\llcorner}^{\vee}\cdot \mathrm{o}tx\# f6$

tc $b[]_{\llcorner}’||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{\alpha}^{2}(\mathrm{Z}^{2})}(\simeq||w(t)||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})})$ \emptyset kH\mbox{\boldmath $\lambda$}\Phi 的\acute x ffi\hslash ;,A‘$\backslash \mathrm{F}[]\check{.}f_{X}$る. ’\epsilon $\hslash$ ee }$\mathrm{E}$

$||w(t)||_{B_{2,2}^{1}(\mathrm{T}^{2})}\emptyset\ovalbox{\tt\small REJECT} \mathbb{H}\mathrm{k}^{\backslash }\ddagger\sigma$ Brezis-Gallouet [3] $\}’.X$ る $*\backslash$} $\mathrm{a}\ovalbox{\tt\small REJECT}$ Sobolev $*\not\in \mathrm{X}\text{を}\mathrm{H}\mathrm{t}\backslash \epsilon$ .

Lemma 4.6 $\{A_{k_{1},k_{2}}\}$ Eir $C([0,T];^{p_{\alpha}(\mathrm{z}^{2}))}2\cap C^{1}((0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\mathfrak{i}’.\mathrm{E}T6(\mathit{4}\cdot \mathit{5})\emptyset \mathrm{f}\mathrm{f}\mathrm{l}$と $T$る.

(1) eo と 3,

(4.10) $\frac{d}{dt}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}^{2}=\frac{Im\lambda}{2\pi^{2}|4\pi t|^{(p-1)/2}}||w(t)||_{L^{\mathrm{p}}(\mathrm{T}^{2}\rangle}^{p+1}+1$ ,

$l^{\phi}>$ ffi $\mathfrak{h}\mathrm{f}’\supset$ . $:_{\mathrm{c}}\vee\tau,$
$w(t)=w(t, \theta_{1}, \theta_{2})=\sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{i(k_{1}a+k_{2}b)^{2}/4t}e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}T$

$\hslash 6$ .
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(2) $Im \lambda\leq 0\hslash:\neq\supset|Re\lambda|\leq\frac{2\sqrt{p}}{p-1}|Im\lambda|\prime x\mathrm{b}l\mathrm{f}$,

(4.11) $||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq C$,

$\hslash^{\mathrm{i}}\Re O\mathrm{X}’\supset$ . $\sim\sim\vee\vee$: $T\mathrm{E}’\acute{\mathrm{g}}\Re C$ Ia $\mathrm{E}\mathrm{P}\# 0\overline{\S}T$ } $=\ \hslash\llcorner,$ fXl$.

Lemma 4.6 $\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}\cdot.\{A_{k_{1},k_{2}}(t)\}l\theta:\hslash\Re B\mathrm{E}^{-}\mathrm{L}\mathrm{t}\mathfrak{X}(45)$ を $\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{t}’T\veearrow$ と $\hslash^{1}\mathrm{b},$ $w(t,\theta_{1},\theta_{2})$

$l\backslash \cdot$

(4.12) $i\partial_{t}w=-(4t^{2})^{-1}(a\partial_{\theta_{1}}+b\partial_{\theta_{2}})^{2}w+\lambda|4\pi t|^{-(p-1\rangle/2}N(w)$

を\Re f\acute \breve \tau \sim \check と $[]’.\Re,\ovalbox{\tt\small REJECT} \mathrm{b}$ at $\check{0}$ . $(4.12)\emptyset \mathrm{F}\mathrm{I}\mathrm{i}_{\grave{1}}\mathrm{Z}[]_{\mathrm{t}-}’\overline{w}$ をffl}y6と

$\frac{d}{dt}||w(t)||_{L^{2}(\mathrm{T}^{2})}^{2}=2{\rm Im}\lambda|4\pi t|^{(\mathrm{p}-1)/2}||w(t)||_{L^{p+1}(\mathrm{T}^{2})}^{p+1}$ .

$\not\supset \mathrm{i}_{\mathrm{f}\ovalbox{\tt\small REJECT} \mathrm{b}*\iota}’$ る. $\mathrm{g}\mathrm{b}\}^{\vee}.||w(t)||_{L^{2}(\mathrm{T}^{2})}^{2}=(2\pi)^{2}||\{A_{k_{1},k_{2}}(t)\}||_{p_{0^{(\mathrm{Z}^{2})}}}2[]’.\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT} T*\iota\dagger \mathrm{f}(4.10)t^{\mathrm{i}_{\mathrm{k}5\mathrm{b}\hslash}’}$

る. $\Re[]’.(4.11)$ を J-J‘e 5. (412) $\emptyset 2\#\mathrm{g}\mathrm{o}^{j}ffl\delta\dagger\uparrow ffl\ovalbox{\tt\small REJECT} l^{*}>\grave{\mathrm{l}}\mathrm{B}l\mathrm{b}\mathrm{L},T\mathrm{t}\backslash \text{る}$ tc $b,$ $\mathrm{m}\Re$ Lemma

3.5 $\emptyset-\ovalbox{\tt\small REJECT} \mathfrak{U}$ と ri $\mathfrak{B}\emptyset\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} T|\mathrm{g}5$ \yen <V $\backslash \hslash^{\mathrm{y}}fp\mathrm{v}\backslash$ . $\mathrm{L},\hslash>\mathrm{b},$ $\text{非}\Re\%*\backslash \$ \emptyset aを $\mathrm{x}\epsilon<T6_{\mathrm{c}}^{\vee}$

& $({\rm Im}\lambda\epsilon\not\in\emptyset E\lceil \mathrm{p}\urcorner\dagger’.\lambda \mathrm{g}\langle\Phi\epsilon_{\sim}^{>} \ )$ $\mathrm{T}$ I $\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}0^{\frac{-}{\overline{\mathfrak{n}}}:}\backslash \mathrm{P}\mathrm{f}\mathrm{f}\mathrm{i}\epsilon \mathrm{f}\mathrm{f}\mathrm{i}RT$る $arrow\vee$ と $l^{\mathrm{i}_{\mathrm{H}}}\urcorner$

mae $f_{I6}$ . $(4.12)\emptyset \mathrm{i}\pi_{\dagger\grave{\mathrm{J}}}\mathrm{z}$ le $\partial_{\theta_{j}}(j=1,2)$ &\dagger \uparrow ffl @# $f’.\emptyset \mathrm{b},$ $\overline{\partial_{\theta_{j}}w}$ を B f $\tau\Phi \mathrm{p}\mathrm{f}\mathrm{l}1$を $\Phi*\iota 1\mathrm{f}$ ,

$\frac{d}{dt}||\partial_{\theta_{j}}w(t)||_{I_{J}^{2}(\mathrm{T}^{2})}^{2}=|4\pi t|^{-(p-1)/2}\cdot 2{\rm Im}(\lambda\langle\partial_{\theta_{j}}N(w(t)), \partial_{\theta_{j}}w(t)\rangle_{\theta\iota,\theta_{2}})$ .

$l^{*\prime}>\not\in\ovalbox{\tt\small REJECT} \mathrm{b}*\iota 6$ . $\mathrm{b}\mathrm{b}{\rm Im}\lambda\leq 0\hslash\backslash ’\supset|{\rm Re}|\leq\frac{2\sqrt{p}}{p-1}{\rm Im}\lambda,$
$\prime x\mathrm{b}\ovalbox{\tt\small REJECT} \mathrm{f}$, Liskevich-Perelmuter $\emptyset-\#\Leftrightarrow \mathrm{X}$

[16] $[]_{\check{\mathrm{L}}}$ at $’\supset$ $($

${\rm Im}(\lambda\langle\partial_{\theta_{J}}N(w(t)), \partial_{\theta_{j}}w(t)\rangle_{\theta_{1},\theta_{2}})\leq 0$

$t^{\mathrm{i}_{\overline{\mathrm{B}}\mathrm{X}}^{-\mathrm{h}}}6$ . $ae”\supset T,$ $t>t_{0}$ $\emptyset$ と $\mathrm{g},$ $||\partial_{\theta_{j}}w(t)||_{L^{2}(\mathrm{T}^{2})}\leq||\partial_{\theta_{j}}w(t_{0})||_{L^{2}\langle \mathrm{T}^{2})}l^{\mathrm{i}}RO\mathrm{f}\mathrm{b}$ ,

$||\{k_{j}A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq||\{k_{j}A_{k_{1},k_{2}}(t_{0})\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}$

$l^{\mathrm{i}}\mathrm{E}t\backslash \mathrm{n}6.$ \yen $f^{-}.,$ $t_{0}>0$ を $|\cdot*$} $/\mathrm{j}\backslash @<$ と $\mathfrak{U},$
$\mathrm{k}\mathrm{P}\#\mathrm{E}\mathrm{P}7\dot{\mathrm{r}}\#\mathcal{D}\mathrm{f}\mathrm{f}\mathrm{l}h\mathrm{X}$ (Theorem 4.1 $\emptyset\overline{\frac{\overlinearrow}{\mathrm{u}}}\mathrm{E}\mathfrak{U}$ ) $\hslash^{1}$

b45 $\mathrm{b}\hslash 6^{\frac{-}{*\mathfrak{n}}}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\#\mathrm{E}\text{ると},$ $0<t<t_{0}\emptyset$ と $\mathrm{g},$ $||\{k_{i}A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq 2\rho_{0}l^{\mathrm{i}’}\mathrm{t}\doteqdot \mathrm{b}\hslash$ る. $\Re[]’$.
(4.11) li P)]gnる. $\square$
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Lemma 4.7 (Brezis-Gallouet) or $>1$ とする. このとき $\alpha$ のみに依存する正の定数
$C_{\alpha}$ が存在して

(4.13)

が成り立つ.

Lemma 4.7 の証明 [3] を参照のこと 口

さて, いよいよ Theorem 4.2の証明に移ろう.

Theorem 4.2の証明. まず, Theorem 42(1) の証明を行う. H\"older の不等式 $||w(t)||_{L^{\mathrm{p}+1}}^{p+1}(\mathrm{T}^{2})\geq$

$(2\pi)^{-(p-1)}||w(t)||_{L^{2}(\mathrm{T}^{2})}^{p+1}$ と Lemma 4.6 (4.10) こよって,

$\frac{d}{dt}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{0}^{2}}^{2}\geq C{\rm Im}\lambda t^{-(p-1)/2}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{0}^{2}}^{p+1}$ .

が得られる. この微分不等式を解くことによって $\ell_{0^{-}}^{2}$ノルムの有限時間爆発が示せる. 次に

Theorem 4.2 (2) を示そう. (4.12) と Lemma 4.4を用いると,

(4.14) $\frac{d}{dt}||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}^{2}$ $\leq$ $C|t|^{-(p-1)/2}||N(w(t))||_{H^{\alpha}(\mathrm{T}^{2})}||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}$

$\leq$ $C|t|^{-(\mathrm{p}-1)/2}||w(t)||_{L^{\infty}(\mathrm{T}^{2})}^{p-1}||w(t)||_{II^{a}(\mathrm{T}^{2})}^{2}$

が得られる. ここで Lemma 4.6 (4.11) と Lemma 4.7から

(4.15) $||w(t)||_{L^{\infty}(\mathrm{T}^{2})}$ $\leq$

$\leq$

が得られる. (4.15) を (4.14) に当てはめれば, 次の微分不等式が得られる.

$\frac{d}{dt}||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}$ $\leq$
$C|t|^{-(p-1)/2}(\log(2+||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}))^{(p-1)/2}||u)(t)||_{H^{\alpha}(\mathrm{T}^{2})}$

$\leq$
$C|t|^{-(p-1)/2}(\log(2+||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}))^{(p-1)/2}(2+||w(t)||_{H^{\alpha}(\mathrm{T}^{2})})$.

この不等式から

$\frac{d}{dt}\log(2+||w(t)||_{H^{a}(\mathrm{T}^{2})})\leq C|t|^{-(\rho-1\rangle/2}(\log(2+||w(t)||_{H^{\alpha}}))^{(p-1)/2}$

が得られる. 故に $||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}=(2\pi)^{-1}||w(t)||_{H^{a}(\mathrm{T}^{2})}\leq Ce^{t}<\infty$ が得られる. 従っ

て $\{A_{k_{1},k_{2}}(t)\}$ を時間大域的につなぐことが出来る. 口
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