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1. Introduction

We $(.\langle)11^{\mathrm{c}}1’.\mathrm{i}\{1\mathrm{e}\backslash \mathrm{r}$ tlle followillg $\mathrm{f}\mathrm{i}\cdot \mathrm{t}^{\mathrm{Y}},\mathrm{t}\backslash \mathrm{t})\langle)1111\mathrm{t}\mathrm{l}\mathrm{a}\mathrm{r}\mathrm{y}1^{)1\langle)}\}_{)}1_{11}\mathrm{Y}11$ of forul:

{ $\iota_{f}=(t\iota(l\iota_{T}))x$ . $.\mathrm{s}.(t,)<.\prime Ij<0,$ $t_{\text{ノ}}>0$ . (11)

$(\iota_{\mathit{1}}(.\downarrow,\text{・}(f),$ $t\rangle=zeta‘\iota \mathrm{I}1\theta \mathrm{t})$ . $\dagger\geq$ {$)$ . (1.2)

$|/,.(0, f)=\mathrm{t}i\iota 11\theta_{\rfloor}$ , $t_{\text{ノ}}\geq()$ , (1.3)

$\{\iota(.\backslash \cdot(f,),$ $f’)=()$ . $f\geq\{)$ , $(\underline{1}.4)$

$l/,(.\mathit{1},\cdot.\mathrm{t}\mathrm{J})=(\iota_{()}(.’\chi\cdot).$ $.\backslash \cdot(()):=.\mathrm{b}_{(\mathrm{J}}.\leq.r\cdot\leq 0$ , $($ 1. $v)r$

$\mathrm{w}1_{1(^{\backslash }1},\cdot\langle^{\backslash }$. $ll \in 1^{-2}\text{ノ}(\mathrm{Y}\mathbb{R}).\lambda 11(1((’(\sigma)>0\mathrm{f}\mathrm{t}\mathrm{l}\cdot\sigma\in \mathbb{R}(/=\frac{d}{d\sigma}),\dot{\mathrm{r}}\mathrm{t}11\mathrm{e}1.\mathrm{s}_{(}$
. is a givell $11(\}\mathrm{g}):\iota \mathrm{t}\mathrm{i}_{\mathrm{V}\langle^{\backslash }}$

$111\mathrm{t}111\mathrm{t})\mathrm{C}^{\backslash }1^{\cdot},$
$\mathrm{a}11$( $1l/()\in C^{2}[.\mathrm{b}_{0}^{\backslash }$ , ()]. We :tlso $\dot{r}\iota \mathrm{b}’:\mathrm{i}^{\backslash },\iota 1111(^{1}$ a $(\mathrm{t})1111^{)\mathrm{c}\mathrm{t}\mathrm{t}\mathrm{i}\}_{)}\mathrm{i}}‘ 1\mathrm{i}\mathrm{t}\mathrm{y}\mathrm{t}\cdot\langle)\mathrm{u}\mathrm{e}\mathrm{l}\mathrm{i}\tau^{1}\mathrm{i}\mathrm{t}$) $11\mathrm{t}\iota_{0\mathrm{J}}.(.\mathrm{s}0)=$

$\mathrm{t}_{\lambda 11}.\theta 0,$ $’\iota().1\backslash .l.1))=\mathrm{t}$an $\theta_{1}$ . $\mathrm{t}1_{(}$) $(_{\mathrm{b}}.\cdot 0)=\mathrm{t}7_{\mathrm{t}}.\lambda$lltl $.$
$\mathrm{A}^{\mathrm{i}^{r_{\mathrm{L}^{\backslash }}}},\mathrm{s}\iota 1111(\backslash \mathrm{t}\iota_{()}(.ti)>0 \mathrm{f}\mathrm{t}\dot{\mathrm{J}}1^{\cdot}.l\cdot\in(.\backslash _{\mathrm{t})}\cdot, 0]$. $\mathrm{T}1_{1\mathrm{C}}$

$\dot{C}\mathrm{t}11\mathrm{g}1(_{\backslash }^{\backslash }‘\backslash ,\theta_{j}\in\backslash ^{\mathrm{t})}/,‘\frac{\tau,}{\mathit{2}})\mathrm{f}\langle$ $)1^{\cdot}?$

.
$=1)\backslash 1$ will $\}_{\}\{^{\iota}1}\mathrm{u}(\backslash ‘ \mathrm{d}_{1}\backslash ^{\backslash }\iota 1\mathrm{r}\mathrm{t}^{\backslash }(|\mathrm{t}\cdot\langle)1111\mathrm{t},\mathrm{t}^{\backslash }1^{\cdot}-\mathrm{t}\cdot 1\mathrm{t})\mathrm{t}\cdot \mathrm{k}\mathrm{w}\mathrm{i}\backslash \mathrm{b}’(\mathrm{t}\mathrm{f}_{1(}.)111\mathrm{t},1\grave{1}\mathrm{t}_{\text{ノ}}\backslash .\prime\prime-_{\dot{C}}\iota \mathrm{x}\mathrm{i}_{\backslash }‘,,$.

If we $\iota‘,,(^{\backslash \dagger_{;}},\mathrm{a}(\sigma)=\dot{\mathrm{c}}\iota 1^{\cdot}\mathrm{t}\cdot\dagger\zeta‘ n1\mathrm{t}\overline{\prime}$ . $\mathrm{t}11(^{\tau}(^{\backslash }(1^{11\iota \mathrm{t}}\dot{C}\mathrm{i}\mathrm{t})\mathrm{u}(1.1\rangle$ is $\star 11\mathrm{t}^{\iota}\mathrm{t}\cdot 111^{\cdot}\mathrm{v}\dot{f}\iota \mathrm{t}\iota 11(^{\backslash }.$. flow $\mathrm{t}^{\backslash }(1^{n}i\mathrm{t}\mathrm{t}\mathrm{i}\mathrm{C})11$ for

the $\mathrm{b}^{)}\mathrm{r}\mathrm{a}\mathrm{I}$ ) $11$ of $l/,$ $\mathrm{t}^{1},$ ( $\mathrm{I}^{)i\iota}1_{\mathrm{f}}‘\iota \mathrm{t}\mathrm{i}11^{1}\mathrm{e}$” t,wo
$\mathrm{I}$ ) $1_{1M\mathrm{S}\mathrm{e}}$ . $\mathrm{T}\mathrm{l}\mathrm{t}(^{\backslash },$ { $\iota\iota 1^{\mathrm{V}}.\dot{\mathrm{c}}\iota \mathrm{t}_{1}11^{\cdot}\mathrm{t}\backslash$ flow $(^{\mathrm{Y}}(1^{\iota 1\dot{C}}\mathrm{t}\{,\mathrm{i}\langle)11$ is $()\mathrm{i}1(\mathrm{t}_{P_{\mathrm{A}}}^{1}\mathrm{t}^{1},‘ 1(\cdot$

$\mathrm{t}\mathrm{y}\mathrm{I})\mathrm{i}$( $.\mathrm{a}\mathrm{l}$ evollltioll equat,ions $\mathrm{w}1_{1}\mathrm{i}_{1}\cdot 1_{1}\{1$ ( $‘,(.1^{\cdot}\mathrm{i}1)(\backslash$ tlie $11\mathrm{l}\mathrm{t})\mathrm{t}\mathrm{i}\langle$) $11$ of $\mathrm{t},11(^{\iota}\mathrm{I})\mathrm{h}\pi$se $\}$)( $111(1\dot{\mathrm{c}}\iota \mathrm{r}\mathrm{y}$. Ill

$\uparrow 1_{1}\mathrm{i}_{}‘,$
$(_{r\iota}‘ \mathrm{A}‘ 1,‘\backslash , \mathrm{t}_{}^{1}11\mathrm{i}:\}’\iota)\mathrm{r}\mathrm{t})\dagger)1\mathrm{t}^{\backslash }\mathrm{l}11$ is $\mathrm{t},1_{1(^{\backslash }}$. ( $\iota 11^{\cdot}\mathrm{V}\dot{\mathrm{r}}\iota \mathrm{t}\iota \mathrm{t}\mathrm{r}\mathrm{t}^{\backslash }$ flow $\mathrm{I}$ ) $\mathrm{r}\mathrm{t})$ [ $)1$ ( $111$ wit,ll $\mathrm{I}^{)1(^{\backslash \backslash },\langle 1\mathrm{i}\mathrm{t}}‘,$) $\mathrm{t}^{\backslash }\text{ノ}(1\dot{\mathrm{r}}\mathrm{t}1^{]_{(}\backslash }on$ t,he

$\}_{)()1111\mathrm{t}}1_{\dot{r}}\iota 1^{\cdot}\mathrm{y}$ of $\mathrm{t}1\mathrm{l}(\backslash ,‘’(\backslash ’\backslash (.1)11\langle 1(1\iota\iota i‘ \mathrm{i}(11^{\cdot}\dot{\mathrm{r}}\iota 1\mathrm{l}\mathrm{t},$.

$\prime \mathrm{r}_{\mathrm{y}\mathrm{I})}\langle^{\backslash ;_{1^{\mathrm{J}}}}.,\dagger 1_{)\mathrm{y}_{d}4,\triangleright\pi \mathrm{x}}1\mathrm{s}-$
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If we set $a(\sigma)=\sigma$. $\mathrm{t}1_{1(}$ $(^{\iota}(1^{\iota 1}\mathrm{a}\mathrm{t},\mathrm{i}\mathrm{o}\mathrm{n} (^{-}1.1)$ is the $1_{1(_{\text{ノ}^{}\mathrm{Y}}}\mathrm{a}\mathrm{t}$ ($\mathrm{q}\mathrm{u}\mathrm{a}\mathrm{f},\mathrm{i}_{\mathrm{o}1}1.$
$\mathrm{I}_{11}$ this $(x\mathrm{s}\mathrm{e},$

$\mathrm{t}1_{1}\mathrm{i}\mathrm{s}$

$\mathrm{I}^{)\mathrm{r}()}\iota)1\mathrm{t}^{\backslash }111\dot{c}\mathrm{t}\mathrm{I})1)(_{\text{ノ}^{}\backslash }\mathrm{a}\Gamma \mathrm{S}\mathrm{i}_{11}\mathrm{f},11(\backslash (\mathrm{t})111\mathrm{i})11\mathrm{S}\dagger_{}\mathrm{i}\mathrm{t})11\mathrm{t}11\mathrm{t}^{\tau}\mathrm{e}\mathrm{t})\mathrm{r}\mathrm{y}$ .

$\mathrm{I}_{11\mathrm{t}}1_{1\mathrm{i}\uparrow\backslash }\mathrm{s}\mathrm{u}\mathrm{t}),\mathrm{e}$ , we ( $()\mathrm{n}\iota‘\backslash ,\mathrm{i}(1\mathrm{t}^{\backslash }\text{ノ}1^{\cdot}\mathrm{t}1_{1}\mathrm{t}\backslash \{’()1\mathrm{l}\mathrm{v}(\backslash \mathrm{r}\mathrm{g}$( $11$ ( $\mathrm{t}^{\mathrm{Y}}$ of the “)’ $()1_{11}\mathrm{t}\mathrm{i}\mathrm{t}$) $11$ of $(1.1)-(1.5)$ as $t,$ $\neg\propto$

ill tllt1, $(^{\rangle}\mathrm{a}\iota\backslash ^{\backslash }\mathrm{t}^{\tau}\theta_{\mathrm{t}\mathrm{J}}<(i_{1}$. $\mathrm{O}\iota 11^{\cdot}111\dot{c}\mathrm{t}\mathrm{i}11$ goal of $t11\mathrm{i}_{\mathrm{b}^{\backslash }}\backslash$ paper is to show $\mathrm{t},11\lambda \mathrm{t}\mathrm{t}1\iota(^{\backslash }. 1‘,\mathrm{t}1)1_{11}\mathrm{t}_{;}\mathrm{i}\mathrm{o}\mathrm{u}$

of $(\prime 1.1)-(1.\ulcorner 0\grave{\mathit{1}}(()11\iota \mathit{7}(,1$

$(j_{0}<()_{1}$ .

Main Theorem. $A.\backslash ^{\backslash }.\backslash \cdot?/,\gamma"(:tf\prime_{\text{ノ}}(\prime t\theta_{()}<\theta_{1}$ .

(I) $Tf’,(:\mathit{7}^{\cdot}\gamma i(:\prime Ii’/\backslash \dagger 6(\mathfrak{l}n(:/il^{)tl}7\iota(f//,7/(j5(’|f- 677\prime\prime/,l(’,?,\backslash \mathit{0}l_{l}\prime \mathit{1}f/(yrlStc:or\cdot 7(,9^{\backslash }l)\mathit{0}7\prime_{\text{ノ}}(f’/7l\mathrm{L}(/to$ $tf/,(^{J}\iota\prime 7\mathit{0}l_{J}-$

lern $(\mathit{1}.\mathit{1})-(\mathit{1}.\theta)r\prime n\mathit{1}fl/t:/_{t}$ is $?_{J}^{r}’/l7(\mathit{1}^{l}/\mathrm{C}J$. $?\psi$ to $t_{7(’ 7}/\backslash \mathrm{b}’ l(’ t/\mathit{0}\gamma\iota$ of $t^{J}/,’(’$ . $\mathrm{j}|/I_{0}7C’.0’(’(’./$ . $S_{t}\dot{\iota}(\backslash ’(:()\gamma l^{\prime m!}."$ .

$(’Il)L\prime^{J}.t\Gamma tl)$ ( ” soluti $‘$) $7l_{\text{ノ}}$ of $(\mathit{1}.\mathit{1})-(\mathit{1}v^{r})$ . $Tf\iota$en. $f()\uparrow C’(\prime C:’)\wedge\in(’0. -\}. /\angle\grave{i}r)$ . $+_{f_{ll^{J}}},’(^{}’/.5^{\backslash }$
$a$

$\iota’.\mathit{0}7l\mathrm{e}\backslash \cdot t(;rltc_{\Lambda},\backslash 9’.|\iota t;’/_{i}tf/‘ it$

$d_{H}(\Gamma_{t}\tau S_{t})\leq C_{\mathrm{f}}\langle t-(\backslash$ for $t,$ $\geq 1$

$!\ell lf^{\prime_{l(}\cdot)d_{H}}’ 7(.dc,’\gamma/,otCy.\backslash \cdot tf’()H‘/’,(/,.\mathrm{b}‘(f(y’;$ff $(f/ \cdot(\backslash ’ t_{l\prime tl((}.\int.$ .

$r_{1_{\mathrm{t})}^{\backslash }1)1\mathrm{t})\mathrm{v}(\backslash }$ t,llis l,lleorelu. we $\{_{\text{ノ}^{}\backslash }111\mathrm{I}^{)}1\mathrm{t}$ ) $\mathrm{y}$ wllaf, $\mathrm{i}_{\mathrm{b}}$

$\mathrm{t}\cdot A^{1_{\mathrm{t}^{\backslash }\mathrm{t}}}\mathrm{A}1.\backslash ^{7}\mathrm{i}111\mathrm{i}\mathrm{l}\mathrm{a}1^{\cdot}\mathrm{i}\mathrm{t}\prime \mathrm{y}\mathrm{t}_{1}^{1_{1\iota 1}}\dot{C}1\mathrm{b}^{1^{\backslash }}$) of $\mathrm{v}i\iota \mathrm{r}\mathrm{i}\mathrm{a}\mathrm{t}$ ) $1_{1:}\backslash ’$ :

$\iota\iota(.\prime x\cdot, f’)=\sqrt{2f+1}U(\{$ . $\tau),$ $.\backslash (f)=\sqrt\overline{2f_{\text{ノ}}+1}p(\mathcal{T})$ . (1.6)

$\mathrm{w}1_{1(^{\tau}1}\cdot \mathrm{i}1$

$t_{i}= \frac{\prime t}{\sqrt{2t+1}}.\cdot$ . $\tau=\frac{1}{2}1$ { $)\mathrm{g}(2t_{\text{ノ}}+1)$ . (1.7)

$\mathrm{T}1\mathrm{l}(^{\backslash }11.1)1^{\cdot}\langle)|)1\mathrm{t}^{\backslash }111(1.1)-(1.\iota r_{)})\})\{^{\mathrm{Y}}\mathrm{t}\cdot()111(_{1}^{1}‘\backslash$,

$U_{\mathcal{T}}=(_{1}\prime l(U\mathrm{f}))\xi+\mathrm{t}U\zeta-U$. $’[)(\mathcal{T})<\xi<(),$ $\tau>0$ . $(1.’\grave{\sigma_{\text{ノ}}}\backslash |$
.
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$U_{\xi}(p(\tau), \tau)=+_{j}.i\iota 11\theta_{0}$ . $\tau\geq 0$ . (1.9)

$U_{\overline{\xi}(}‘ 0.\tau)=\mathrm{f}\text{・}\mathrm{a}\mathrm{l}\mathrm{l}(_{1},’$ . $\tau\geq 0$ , (1.10)

$U(\mathit{1}’(\prime r).\tau)=\lfloor)$ , $\tau\geq 0$ , (1.11)

$\Gamma_{-}T(\xi$ .() $)=U_{1)}(\xi)$ , $p(())=.\mathrm{s}_{(\mathrm{j}}\leq\xi\leq()$ . (1.12)

A statiouary $\mathrm{k}^{\backslash }‘,01_{11}\mathrm{t}\mathrm{i}\mathrm{t}$ ) $11\mathrm{t},\langle$
$)$ $(1.8)$ is $\mathrm{t}i\dot{c}111\mathrm{e}^{i}$( $1$ a $\mathrm{s}\mathrm{t}^{\mathrm{Y}}1\mathrm{f}_{\mathrm{S}\mathrm{i}_{1}}- 11\mathrm{i}\mathrm{l}\mathrm{a}\mathrm{r}\iota‘,\mathrm{t}\backslash$ ) $11\mathrm{l}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{l}\mathrm{l}$ .

2. Existence and uniqueness of self-similar solution

Ill $\mathrm{t}1_{1}\mathrm{i}\mathrm{S}_{\mathrm{k}}^{\backslash }\backslash ,\mathrm{t}\backslash \mathrm{t}\cdot \mathrm{t}\mathrm{i}\mathrm{t}$ ) $11$ we $\mathrm{s}\mathrm{l}\mathrm{l}\mathrm{t}$ ) $\mathrm{W}$ tehat, $\mathrm{t},1_{1}(\backslash \mathrm{S}(^{\backslash },1\mathrm{f}- \mathrm{s}\mathrm{i}111\mathrm{i}\mathrm{l}\mathrm{a}1^{\cdot}\mathrm{s}\{)1|1\mathrm{f}_{C}\mathrm{i}\mathrm{t})11(()1^{\cdot}1^{\cdot}\mathrm{t}_{\mathrm{t}}^{\backslash }\zeta,1)()11\mathrm{t}\mathrm{l}\mathrm{i}11\iota \mathrm{c}$

”
$\mathrm{f}$) $,()\mathrm{t}11(^{\backslash }\iota)1^{\cdot}\mathrm{t})\dagger)-$

leln $(1.1)-(1.\backslash j)r$ exists $\iota\iota 11\mathrm{i}_{1^{11(^{\mathrm{Y}]}}\mathrm{y}}$( . We (($11_{1\mathrm{i}1\iota}‘,,\mathrm{t}(1^{\cdot}\mathrm{t}_{\int}]_{1}(^{\backslash }$ following $(1^{\cdot}\mathrm{e}\mathrm{l}\mathrm{i}_{11\mathrm{t}}\subset 1^{\cdot}\mathrm{y}(1\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{e}\backslash 1^{\cdot}(^{\backslash }\mathrm{u}\mathrm{t}\mathrm{i}\dot{\tau}\{1\mathrm{c}^{\backslash }(\iota 1\iota \mathrm{a}-$

$\mathrm{t}\mathrm{i}()11$ of $\mathrm{f}\mathrm{t}$ ) $1^{\cdot}111(\mathrm{I}^{)})$ :

$(_{(}/(\mathfrak{k}\gamma_{\xi}))\mathrm{t}+\lambda\xi U4-\lambda U=1)$ , $\langle$ $\in((\mathit{1}\cdot ())$ . (2. 1)

$U_{\xi}((\mathit{1})=\mathrm{f}_{\mathrm{t}},’\iota \mathrm{u}\theta_{()}.$ (2.21,

$U_{\xi}(0)=\uparrow \mathrm{d}\mathrm{n}\theta_{1}$ . (2.3)

$U(\iota \mathit{1})=\mathrm{t})$ . (2.4)

This is tlle $\mathrm{s}\mathrm{t},\mathrm{a}\mathrm{t},\mathrm{i}_{\mathrm{t})1}1\mathrm{a}\mathrm{r}\mathrm{V}\mathrm{I}^{)}1^{\cdot}\mathrm{o}\mathrm{t}$ ) $1\langle \mathrm{Y}\mathfrak{U}1$ of $(1.8)-(1.12)i\mathrm{t})1^{\cdot}\lambda=1$ . Here. tlle $\mathrm{f}\mathrm{i}_{1}1(\mathrm{t},\mathrm{i}\{)\mathrm{u}UC\iota\prime 1\mathrm{l}(1$

$\mathrm{t}1\iota^{\mathrm{Y}}‘ 11\iota 1111\mathrm{t})$( $\backslash 1’\cdot\lambda$ is $\iota 111\mathrm{k}_{11}\mathrm{t}$ ) $\mathrm{w}11\mathrm{a}11(1$ we $\mathrm{c}11_{1}\iota 11(1\mathrm{i}_{\backslash }\backslash ^{\backslash }(11\iota\backslash \mathrm{S}$ tllt $(^{\backslash }\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}(^{\mathrm{Y}}11$ (($\mathrm{Y}$ of $i\backslash ’()1_{1}1\mathrm{t}\mathrm{i}\mathrm{t}$ ) $11_{\iota}\backslash ’$ .

Theorem 2.1. $(I_{J}^{71}.ti’/_{\urcorner}.5\mathit{1}(i7/(’(\prime \mathit{0}7l(l\prime\prime 7l,/\text{ノ}(\mathit{1}^{1}\prime A(’ 7/(^{}.\mathrm{s}.\backslash \text{ノ}|$ $I_{d}(’ t(,l, \theta_{()}. \theta_{1}l)(’(/\prime \mathit{1}’(’(’ 7\iota c’)r’.\backslash \backslash |\prime 4’\tau\prime t_{5}\mathrm{e}$ .

$A.\backslash \cdot.\mathrm{s}\cdot./l\}’/_{\text{ノ}}‘\supset f/l$ a $f$

$(\mathit{1}<\mathrm{t})$ . $0< \theta_{0}\leq\theta_{1}<.\frac{\pi}{\simeq^{\lambda}}$ .

$Tf\iota$en $tfl(^{J}7^{\cdot}\prime’,\mathrm{c}’.\prime xi’/_{}\cdot.\backslash \cdot f.\backslash 1 a \prime l/,n|’,\cdot‘ l^{m}J.\mathrm{s}\cdot ol_{l}^{J}\prime f’/07\iota(\lambda.U)\in[\langle)$ . $\propto)\cross C^{2}[(l\cdot ()]$ $f_{\mathit{0}}(l^{1}\grave{|}$ . $\mathit{1}f[\mathrm{c}f’\cdot \mathrm{c}’\langle jlfC7^{\cdot}$.

$\lambda--()’/_{}\cdot.9^{\cdot}$ if $(|,7\{\prime f_{(})7l_{1\prime l/}^{l}.’\dot{\iota}f.\theta_{\circ}=\theta_{1}$ .
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$\mathrm{R}\mathrm{e}\mathrm{I}\mathrm{n}\mathrm{a}\mathrm{r}\mathrm{k}2.1$ . (Relation between $\lambda$ and (1) We set $\lambda=\lambda((l^{\mathrm{I}}’\cdot \mathrm{T}11\mathrm{t}^{\mathrm{Y}}11, \lambda(\mathrm{t}^{(}\mathit{1})=$

$\lambda_{(^{(}l}’)_{l}’,(’)1_{1\langle)}1_{\mathrm{t}}1.\backslash ’ \mathrm{f}_{\mathrm{t})}1^{\cdot}$ ( $\in$ (U. x). Here, $\mathrm{W}\mathrm{t}^{\backslash }$ set, $(l=-\perp \mathrm{a}\mathrm{u}(1\mathrm{r}(^{1}1)1\mathrm{a}\langle\langle^{\mathrm{r}}-\mathrm{t}\}_{)}\mathrm{y}(l\cdot \mathrm{T}11\mathrm{t}^{\mathrm{Y}}\mathrm{U}$,

$\lambda((l)=\frac{\lambda(-])}{(l^{\underline{9}}}$ $(_{a.\dot{\mathrm{s}}}^{)r_{)}}.)$

where $,\backslash (-\perp)$ is a ( $\langle\rangle \mathfrak{U}\mathrm{s}\mathrm{t},\mathrm{r}‘ 1.1\mathrm{l}\mathrm{t}\mathrm{s}\mathrm{a}\mathrm{t}\mathrm{i}_{\mathrm{z}}\backslash ’ \mathrm{f}.\mathrm{y}\mathrm{i}_{1}1\mathrm{b}^{)}/\backslash (-1)=$ [$\}$ if $\theta_{0}=\theta_{1}$ alltl $\lambda(-1\mathrm{I}>0$ if $\theta_{()}<\theta_{\rfloor}$ .

Ill $\mathrm{T}11(\langle)1^{\cdot}(\backslash 1112.1$ , we ( $1\mathrm{t}^{\backslash },\dagger,\mathrm{c}\backslash \mathrm{r}111\mathrm{i}111^{\backslash },(1(\lambda. U)$ by $\mathrm{b}^{\mathrm{r}\mathrm{i}\mathrm{v}\mathrm{i}_{1}\mathrm{g}q,\theta}\mathrm{l}\theta\circ\cdot 1$ . But since (2.5) llolds,

we $\mathrm{t}’.‘ \mathrm{u}\mathrm{l}\mathrm{t}\mathrm{l}\mathrm{t}\backslash \mathrm{t}(\backslash ,1^{\cdot}1\mathfrak{U}\mathrm{i}_{1}\iota \mathrm{t}^{\backslash }((l\cdot\iota T)\}_{)}\mathrm{y}_{0}\mathrm{l}).\mathrm{i}\mathrm{V}\mathrm{i}11\mathrm{b})\lambda_{\backslash }\theta_{()}$ , $\theta_{1}$ .

$\mathrm{T}\langle$

$)$ $\mathrm{I})\mathrm{r}()\mathrm{V}\mathrm{t}^{\backslash },\mathrm{T}11\mathrm{t}^{\backslash }\langle$
$)1^{\cdot}\mathrm{t}\backslash 1112.1$ , we sllall $\mathrm{t}_{\text{ノ}^{}\mathrm{Y}}1\mathfrak{U}\mathrm{I}^{1}$) $\mathrm{t}$ ) $\mathrm{y}$ t,tle shoot,illg lllt $\mathrm{t},1_{1\langle(},1$ .

$\mathrm{F}\mathrm{t}1^{\cdot}$ giveu $\lambda\in[0, \infty)$ . $1$ ( $\mathrm{t}\{(F_{\lambda})\}_{)\mathrm{t}^{\mathrm{Y}}\dagger)}11(^{\backslash }$ ilitial-vallle $\mathrm{I})\mathrm{r}\mathrm{t}$) $\mathrm{t})1\mathrm{t}^{\backslash },111(2.1),$ $(2.2),$ $(2.4)$ . We

define t,lle set, ,; $i\mathrm{L}^{\mathrm{Y}}‘$,

$.J:=\mathrm{t}^{1},\backslash \overline{\Leftarrow}[\mathrm{t}$). $\infty$ ) $|\mathrm{t},11\mathrm{t}$) $1^{\cdot}\mathrm{t}^{\backslash }$ exist,s a $L/’\in(_{p}^{\mathrm{v}2}[(l\cdot 0]\mathrm{s}\mathrm{a}\mathrm{t},\mathrm{i}\iota\backslash \backslash \mathrm{f}\mathrm{y}\mathrm{i}\mathrm{l}\mathrm{l}\downarrow),$
$\backslash ^{\Gamma_{\lambda})}/$

$1\mathrm{t})1^{\cdot}\mathrm{t}1_{1}\mathrm{t}^{\backslash }\mathrm{i}\mathrm{u}\uparrow|\langle^{\backslash }1^{\cdot}\mathrm{V}:\iota 1[(l\cdot()]|$ .

Clearly. $J\mathrm{i}_{11(}\cdot 1\iota 1\mathrm{e}1(^{\backslash \backslash },\iota‘,\lambda=\mathrm{U}.$ Tlltls. $\lambda\neq\psi$ .

$\Gamma \mathrm{J}^{\urcorner}..11\{^{\mathrm{Y}}11$ , we $\mathrm{o}\mathrm{l}$) $\mathrm{t},\mathrm{a}\mathrm{i}\mathrm{l}\mathrm{l}_{\backslash }\mathrm{b}\mathrm{t}^{\backslash }\mathrm{V}1_{\dot{C}}\mathrm{d}\mathrm{l}\mathrm{t}\cdot 111111i\iota\iota‘\backslash$, witlt. $1^{\cdot}\mathrm{t}^{\mathrm{Y}}\mathrm{s}\tilde{1}$ ) $\{^{\backslash }(\mathrm{t}$ t.o.J.

Lernma 2.1. $(C)_{l}’\}(:7’ 7l"‘\backslash \mathrm{s}ryf.J,J$ $A_{\mathrm{b}\mathrm{b}?/}..\cdot’/fl(’$. $tf$ , at $,\backslash _{()}\subset-,J$ . Then, $tfi(:\}($ . $/_{2}\mathrm{b}\langle’.‘,\backslash ’|,\mathrm{c}\iota li\hat{\delta}>()$

$|\backslash (.)fl/,r\prime ffli_{J}()\iota_{)}’/^{y}f(\lambda_{0}-()\wedge, /\backslash _{0}+(\backslash )\wedge\cap[\acute{|})$ . $\alpha_{-}^{\gamma}$ ) $7_{}\backslash ’/\cdot 7^{1}‘()l_{\mathrm{t}\prime(f}/\cdot’\iota_{\mathrm{L}}(/’/7lff_{/}‘’.\backslash ’(_{1}^{\mathit{4}}’.J$.

$\mathrm{L}\mathrm{e}\mathrm{I}\mathrm{n}\mathrm{m}\mathrm{a}2.2$ . ( $c_{\mathit{0}7/7l},(’‘.’ f’,(/_{7}’(_{\mathrm{c}}’ \mathrm{s}.5’/)$
$A_{6\backslash l\prime 7\prime\prime}.$” $\cdot\gamma tf/_{J}(lf\lambda_{(\mathrm{J}}$ . $\lambda_{1}\vdash^{\sim}\sim J\prime\prime 7l(f\lambda_{0}<,\backslash _{1}.$ If $\grave{\lambda}_{\backslash (\}}\underline{<_{\backslash }}$

$\lambda\leq\lambda_{1}$ . $tf_{lC}:\mathcal{T}/\lambda$ is $’/’/(l(/(f()‘ f/7l_{\text{ノ}}$ the set ,$J$ .

$\mathrm{M}\langle$
$)1^{\cdot}\mathrm{t}^{\iota}\langle$ $)\mathrm{v}\mathrm{i}^{\mathrm{Y}}\perp$ . we $\mathrm{s}\mathrm{t}_{11(}1\mathrm{y}(1^{\mathrm{i}}1\mathrm{r}\mathrm{i}\mathrm{t},\mathrm{a}\mathrm{t}\mathrm{i}_{\mathrm{V}(}\backslash 1)1^{\cdot}\mathrm{t}1)\langle\backslash 1^{\cdot}\dagger \mathrm{i}\mathrm{t}\backslash \mathrm{t}\mathrm{t}$, of $\backslash _{\backslash }\langle)11\mathrm{t}\mathrm{i}\mathrm{o}11$ .

Lenlnla 2.3. $A\mathrm{t}\backslash \cdot.\mathrm{s}^{J}’//\prime\prime \mathrm{t}’ f/\prime\prime\prime t\lambda\in \mathrm{r}_{(\iota}\lfloor,$ ($f]$ . $’(\})/ff\prime \mathrm{r}\cdot 07’.\backslash \cdot t(\prime 7/\prime t_{\backslash }\backslash ^{\backslash }$ (J. $\prime l$
$\iota’.‘ jaf^{J}i_{\mathrm{b}f_{\mathrm{t}}},.l’\text{ノ^{}\prime}rl.(/0\leq(\}’<’\backslash (/$
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$l1,7\iota d$ tfiat $U\in C^{9}arrow[q, \gamma]\mathrm{t}\mathit{4}J/,ff\prime \mathrm{c}\mathrm{o}7lSf\mathit{0}7lfsq,$ $\gamma.\backslash (1rf\prime i.\backslash f_{\S 77}/l.(J^{(l}<\gamma\leq 0.\hslash/$ lfifls

$(‘\iota(U_{4}))\xi+\lambda\xi U\xi-\lambda U=0,$ $\xi\in[q, \gamma]$ .

$U_{\xi}(q)=\mathrm{t}\dot{\mathrm{r}}\iota 11\theta_{()}$ ,

$U((\mathit{1})=0$ .

$Tf/_{\text{ノ}}(\gamma\iota$ . $tf_{l(},’$ following es$t^{J}/7\prime\prime,\mathit{0},\dot{\tau}\prime S(\prime_{t}7(^{y\prime},|f\mathit{0}l\prime id$ :

$(\dot{\iota})U_{\xi}\xi(\xi’..\lambda)>\mathrm{U}$ for $f_{i}\in[(\mathit{1}, \gamma]$ . $\lambda>\{)$ .

$(’\prime_{\text{ノ}}.7,\cdot)\dot{U}_{\xi}(\xi ; \lambda)>0$ for $\xi\in_{-}[q.\gamma],$ $\lambda\in[c\mathrm{v}_{\tau}(i]$ .

$(’/\prime ii,,)U_{\xi}(\xi : \lambda)>\mathrm{U}$ for $\xi\in\lceil’$], $\gamma$] $\mathrm{s}\lambda\backslash \geq \mathrm{t}\mathrm{i}$ .

$i/(arrow \mathrm{t}^{t}$ : $\lambda\rangle$ $>\mathrm{i}_{\grave{\mathrm{J}}}fo^{\mathit{1}};\cdot t_{s}\in[(l,$ $\gamma_{\rfloor}1$ . $\lambda\in[(),$ $\}_{\mathrm{j}}^{)^{\urcorner}}\rceil$ .

$’‘ \mathit{1}’f_{l(^{J}7}\cdot(,’\cdot 7_{\text{ノ}^{}\cdot}.\mathfrak{b}$. th $\mathrm{r}^{\mathrm{J}}(f,\prime l\int f"’.(\cdot rltj\mathrm{r}\mathrm{l}|\prime \mathrm{t}\mathrm{i}’/\cdot t\mathrm{t},//7^{\cdot}(^{J}..\backslash _{\mathit{1}}^{\backslash }‘ j(/\cdot f$ to $\lambda$ .

By $\mathrm{L}$ ( $,111111\mathrm{a}2.1,$ $J$ is the $\{$ ) $1)(\tau 11$ set, $\mathrm{i}_{\overline{1}1\mathrm{t}}\cdot 1_{1\mathrm{t}}(1\langle \mathrm{Y}$( $1$ ill $\mathrm{t}_{J}1_{1(}\lambda \mathrm{i}\mathrm{l}\mathrm{l}\mathrm{t},(1^{\cdot}\mathrm{v}\dot{c}\mathrm{d}[0_{\mathrm{t}}\infty)$ . $\mathrm{M}\langle$ ) $1^{\cdot}\mathrm{t}\backslash ()\mathrm{t}^{Y}(\iota 1^{\cdot}$ . we

( $1\{:\mathrm{f}\mathrm{i}_{11\mathrm{t}^{\mathrm{Y}}\Lambda_{0}},\in(0, \infty]\mathrm{a}:$; t,lle $\mathrm{s}n\mathrm{I}$ ) $1\mathrm{t}^{1}11111111$ of $\lambda\wedge‘,,11\mathrm{t}\cdot 11\mathrm{t},\mathrm{h}\mathrm{a}\mathrm{t}\mathrm{t}11(:\mathrm{r}\mathrm{t}^{\backslash }$ exists a solution of $(F_{\lambda)}\backslash$

ill $[\mathrm{c}_{l}, 0]$ . Tllell, by Lellllna 22. tltat, $J$ is all illt $(^{\backslash }1^{\cdot}\mathrm{V}\mathrm{a}1[0, \Lambda,)$ .

We uow $(1_{(\}}\mathrm{f}111\{^{\backslash }\mathrm{t}\mathrm{h}\mathrm{t}^{\backslash }, 111ic\iota \mathrm{I}^{1}\mathrm{I})\mathrm{i}11\mathrm{b})$

$\Phi$ : $[0, \Lambda_{()})\ni\lambda\mapsto U_{\mathrm{f}}(0 : \lambda)$ .

Tllttu, Lelnlna 2.3 (ii) ilnplies

$\frac{\partial\Phi}{\partial\lambda}>()$ .

Thus. $\Phi$ is a $1\mathrm{u}\langle$ $)11\mathrm{o}\mathrm{t}|\mathrm{t})11\mathrm{t}^{\backslash }\mathrm{i}_{1}1(1^{\backslash }\{^{\mathrm{t}}\mathrm{R}^{\mathrm{i}},\mathrm{i}_{1}\mathrm{f}\iota_{1}11\mathrm{t}\cdot\uparrow j\mathrm{i}\mathrm{I})11$ . $\mathrm{w}\mathrm{l}\mathrm{l}\mathrm{i}$ ( $11$ is a $\mathrm{t}$) $\mathrm{i}\mathrm{j}\{^{\tau}\mathrm{t}\cdot \mathrm{t}\mathrm{i}\langle$ $)11$ :

$\Phi$ : $[[)$ . $\Lambda_{()}$ ) $arrow[\mathrm{t}\mathrm{a}\mathrm{l}\mathrm{l}\theta$ . $1\mathrm{i}_{111}\Phi(\lambda))$ .
$\lambda\uparrow\Lambda_{(;}$

$\mathrm{H}\mathrm{t}^{\backslash }\prime 1\mathrm{t}^{\backslash }.$. we $\langle$

$)\}_{)}\mathrm{t}\dot{c}\iota \mathrm{i}_{1}1\uparrow,1_{1}\{^{\mathrm{Y}}$

, followillg lelllllla.
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$\mathrm{L}\mathrm{e}\mathrm{m}\mathrm{I}\mathrm{r}\mathrm{l}\mathrm{a}2.4$ . $(i)A\backslash \cdot\backslash \cdot’?\prime\prime c\cdot ffl_{\text{ノ}}(\mathfrak{l},f\Lambda_{1}|’,\mathrm{J}<\infty$ $Tf_{l(,7l}J1\mathrm{i}111_{\lambda}1\Lambda_{()}\Phi(\lambda)=\mathrm{x}$

$(/\prime i)A.\backslash .9?/,’//,\mathrm{C}’$. $fftl\ell’\Lambda_{(}\mathrm{J}=\mathrm{x},$ . $T\prime_{l,\mathrm{C}’ 7}\iota 1\mathrm{i}11\iota,\backslash |\infty\Phi(\lambda)=\mathrm{x}|$ .

Remark 2.2. $(_{\sim}\mathrm{i}^{\backslash })$ If $a$ is }){ $)11\iota 1(\mathrm{l}\mathrm{t}\backslash \mathrm{t}\mathrm{l}\mathrm{f}\mathrm{i}\cdot \mathrm{t})\mathrm{l}\mathrm{J}\mathrm{l}$ tlle $:\iota\dagger$) $\langle$ ’ $\mathrm{v}\mathrm{t}^{\backslash }$ . i.e. $\mathrm{t}11\mathrm{t}^{\backslash }1^{\cdot}\mathrm{t}^{\backslash }$, exisl,s a ((llsf,allt $M$

$\mathrm{S}11\mathrm{t}\cdot 11$ tllat $a(\sigma)<M\mathrm{f}()1^{\cdot}\sigma\in \mathbb{R},$ $\mathrm{t}_{}11(\text{ノ}1\backslash 1$

$\Lambda_{()}\leq\frac{M-a(\mathrm{t}\mathrm{a}\mathrm{u}\theta 0)}{(\mathit{1}^{2}\mathrm{t}C\iota 11\theta 0}‘<\infty$ .

Ili fact,, by uleans of $\mathrm{s}\mathrm{i}1111^{)}1\mathrm{e}\cdot \mathrm{e}\cdot \mathrm{t}$) $1111^{)}1\mathrm{f}_{}\mathrm{a}\mathrm{t},\mathrm{i}\mathrm{t}11$ , it, follows that,

a $(U_{\xi},(_{\backslash }0 : \lambda)^{\mathrm{I}},\geq n(\mathrm{t}\mathrm{a}11\theta_{(}))+/\backslash t]^{2}\mathrm{t},\mathrm{a}\mathrm{l}\mathrm{l}\theta()$.

Tlllls, for $\lambda\in(0. \Lambda_{0})$

$a(\mathrm{t},\mathrm{a}\mathrm{n}\theta())+\lambda q^{2}\mathrm{t}\mathrm{a}\mathrm{u}\theta_{0}\leq a(U_{\xi}(\mathrm{t}1 ; \lambda))<\mathrm{J}l$.

Tllell, for ally $\epsilon>0$

$(x(\mathrm{t},\mathrm{a}11\theta_{0})\dashv-(\Lambda_{()}-\epsilon)_{\mathit{1}^{2}}\prime \mathrm{t}\mathrm{a}\mathrm{l}1\theta_{(})<M$.

$\mathrm{H}\mathrm{t}^{\backslash }\prime 11\dot{\iota}.\mathrm{t}^{\iota}$ ,

$\Lambda_{0}<\frac{M-(\iota(\uparrow \mathrm{a}11\theta(\mathrm{J})}{q^{2}\mathrm{t}\mathrm{a}\mathrm{I}1\theta_{\mathrm{t}}\mathrm{J}},+\epsilon$ .

$\mathrm{S}\mathrm{i}_{\mathrm{I}}\iota$ ((
$,$

$\epsilon$ is $\mathrm{a}\mathrm{r}\mathrm{l}$) $\mathrm{i}\mathrm{t},\mathrm{r}\mathrm{a}\mathrm{l}\cdot \mathrm{y}$.
$M-l1$ ( $\iota,$ ‘.tll $\theta_{1\mathrm{I}}$ )

$\Lambda_{()}\leq\overline{(\mathit{1}^{2}\mathrm{t}_{c\iota_{\dot{\perp}}}‘ 1\theta \mathrm{t}\mathrm{J}}$
.

(ii) We $11\mathrm{t}$ ) $\backslash \mathrm{V}$ rewrite $\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{t}\backslash ,$

$\mathrm{i}_{1}1\mathrm{i}\mathrm{t},\mathrm{i}\mathrm{a}1- \mathrm{v}\mathrm{a}1\iota 1(^{\iota}1)\mathrm{r}\mathrm{t}\})1\mathrm{t}\backslash \iota \mathrm{J}_{-}$ . $(\Gamma_{\lambda})$ by $\mathrm{i}_{11}\mathrm{t}\mathrm{r}()\mathrm{t}111$( $.\mathrm{i}_{\mathfrak{U}}\mathrm{g}$ a $11\mathrm{t}^{\backslash }\mathrm{W}\mathrm{t}\mathrm{l}\mathrm{t}\cdot\iota$) $\mathrm{t}^{\backslash }11(1(^{\backslash }11\mathrm{t}$ ,

$\mathrm{V}_{\mathrm{f}}‘\iota \mathrm{r}\mathrm{i}\mathrm{a}\mathrm{I}\mathrm{l}\mathrm{l}\mathrm{t}^{\backslash }y(\xi)$ . We set

(1 $(U_{\xi}(\xi)):=|j(\xi)$ .

$\mathrm{S}\mathrm{i}11(\mathrm{c}^{\backslash },$ ($1’/>0,$ $\mathrm{t},1_{1}\mathrm{e}\mathrm{r}\mathrm{e}$ exist,s a $C^{2}$ inverse $\mathrm{f}_{1111\mathrm{t}}\cdot \mathrm{t},\mathrm{i}\mathrm{t}$ )$11a-1$ of $\mathrm{t}11\mathrm{t}^{\backslash }\mathrm{f}\mathrm{t}\mathrm{l}\mathrm{l}\mathrm{l}(\uparrow,\mathrm{i}()\mathrm{u}a\{\langle\backslash \mathrm{b})\backslash \mathrm{t}\tau$

$U_{4^{(\xi)t^{-}(|}J(\xi}=(1))$ .
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Tllt eqllation $(\underline{‘/}),.1\},$
$\}_{)\langle^{1}}\mathrm{t}\cdot(111(^{\backslash }\backslash ‘\backslash$,

$y\sigma+\lambda_{\backslash }^{t}(\iota^{-}(1J)-1\lambda \mathfrak{c}f=0$ .

It, is easy to $^{\backslash }‘,\mathrm{t}^{\mathrm{Y}}\mathrm{t}^{\backslash }$, that ( $P\lambda\grave{J}\cdot \mathrm{i}\mathrm{s}1\wedge$( $\prime \mathrm{w}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{t}\mathrm{t}^{\tau_{11}}$ in the $\mathrm{f}\mathrm{t}$ ) $1^{\cdot}11\underline{1}$ of a systcm

$\frac{;f}{(\oint_{\backslash }’}=$

$=$.

For $\mathrm{l}\mathrm{a}\mathrm{t}$,er llotat,ion. we set

$F(\zeta, //, U_{\mathrm{t}}\lambda).=$ .

If $+\prime 1\iota$ ( illitial-vallle $1$ ) $\mathrm{r}$ ( $\rangle\}_{)}1$( $\tau 111(F_{\lambda})$ is $\llcorner\mathrm{i}^{\backslash },01_{\mathrm{V}}\mathrm{a}\mathrm{I}$) $1(^{\mathrm{Y}}$. for any $\lambda\in[0,$ $x:)$ , i.e.
$\mathrm{t}’ 1\{\mathrm{i}^{\backslash }1\mathbb{R}\mathrm{I}$

) $\frac{r/}{d_{1}/}a^{-1}((/)$

$<\backslash \infty,$ $\Lambda_{()}=\mathrm{x}$ . $\mathrm{B}_{\mathrm{t}\mathrm{c}\cdot \mathrm{a}}.11\mathrm{S}$( $\iota$ . if
$\mathrm{s}\iota\iota \mathbb{R}1$

) ,$\frac{J}{\mathrm{j}_{l}J}‘(l^{-1}(l/)<_{\backslash }\infty, F \mathrm{i}\mathrm{s} \mathrm{I}_{I}\mathrm{i}\iota)_{\iota}^{\subset},,\mathrm{t}\cdot \mathrm{h}\mathrm{i}\mathrm{t}^{l}/_{\mathrm{J}}\{\langle$

$)1\mathrm{l}\mathrm{t},\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{l}\mathrm{l}\mathrm{t})\iota \mathrm{l}\mathrm{S}$ witll

$\mathrm{r}\mathrm{t}^{\iota_{1}}\mathrm{b}\iota)\{^{1}\mathrm{t}\cdot \mathrm{t}\mathrm{t}\mathrm{t})lJ\cdot U\mathrm{f}\mathrm{t})1^{\cdot}‘.1\mathfrak{U}\mathrm{y}/\backslash \in[()$. $\infty$ ).

Proof of Theorem 1.1. By Lellllna 2.4,

$\Phi([0, \Lambda_{()}))=[\mathrm{t},\mathrm{a}\mathrm{l}\mathrm{l}\theta(),$ $\infty)$ .

$\mathrm{M}\mathrm{r})1^{\cdot}1\mathrm{t})\mathrm{v}\mathrm{t}^{\iota}\mathrm{r}$ . $\sin((\backslash \partial\Phi/$ ($J\lambda>0$ by Lenuna 2.3 (ii). $\Phi$ is $()\mathrm{u}\mathrm{t}^{\backslash }\text{ノ}\mathrm{t}- \mathrm{t}$ ) $-\mathrm{O}\mathrm{l}\mathrm{l}\mathrm{e}$ . Tlllls. $\Phi$ is a

$\}_{)}\mathrm{i}|\backslash \mathrm{C}^{\backslash }(\mathrm{t}\mathrm{i}\mathrm{o}11$ . $\mathrm{C}(11\mathrm{s}(^{\mathrm{Y}}\mathrm{t}1^{1\mathrm{t}}\backslash 11\mathrm{t}1\mathrm{y}$, for $*\mathrm{u}\mathrm{l}\mathrm{V}(\}:=\mathfrak{s},\mathrm{a}11\theta_{1}\in[\mathrm{t}_{\dot{\mathrm{r}}l},]\theta_{0}, \nwarrow)$. $\mathrm{t}_{\mathit{1}}11()\mathrm{t}\cdot \mathrm{t}\backslash$ exist a 11ni $(111(^{\backslash }$

$(_{/}\backslash .U)\in[0, \Lambda_{(})\mathrm{x}c’-)[q,$ $\mathrm{t}1\overline{|},\backslash ^{\backslash }i\iota \mathrm{t},\mathrm{i}^{\zeta^{\backslash }}\mathrm{t}$

)
$\mathrm{f}\mathrm{y}\mathrm{i}11\mathrm{b}$) the $\mathrm{i}11\mathrm{i}\mathrm{t}\mathrm{i}\zeta‘\iota 1- \mathrm{v}\mathrm{a}1\iota 1(^{\backslash }\mathrm{I})\mathrm{r}\mathrm{t})\mathrm{t})1(^{\backslash }\perp 11(P_{\lambda_{/}}1$ and $U_{\xi}(()^{\backslash }|\text{ノ}=$

$\mathrm{t}_{\lambda 11}\theta_{1}$ . $\square$

3. Convergence of a solution for $\theta_{()}<\theta_{1}$

$\mathrm{v}_{r\mathrm{V}\mathrm{t}^{\tau}}(\langle)11_{\iota}\sim \mathrm{i}\mathrm{c}1_{\mathrm{t}\Gamma \mathrm{f}}\backslash ,1_{1}(\backslash ,$ ( $\mathrm{O}11\backslash ^{r}\mathrm{t}.1^{\cdot}\mathrm{g}\{^{\backslash },11(\mathrm{t}$

. $\langle)\mathrm{f}\dagger 1\mathrm{l}\mathrm{t}\backslash \mathrm{S}\{’ 1\iota 1\tau \mathrm{i}()11$ of $(1.1)-(1.\mathrm{d})\ulcorner$ . Here, $\mathrm{W}(\tau \mathrm{b}\backslash ’ 11A1\mathrm{t}\iota \mathrm{i}\iota‘\backslash ,\mathrm{e}\cdot 1\mathrm{l}\mathrm{S}\mathrm{s}$

$\mathrm{t}\overline{1}1\mathrm{t}^{\backslash }((11\mathrm{V}\mathrm{t}^{\backslash }\mathrm{r}_{\mathrm{b}})\langle\backslash 11$ ( $\langle^{\backslash }$ of a solnt,ioll for problelll $(1.8)-(\rceil 12\underline{\prime}.\rangle$ .
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Theorenl 3.1. $A.\backslash \cdot.\mathrm{b}’.l/7,\}/‘’ tf_{l\prime\prime}ft’,\mathrm{t}\mathrm{J}\in C^{2}[.\backslash \cdot(\mathrm{I}, ()].\backslash \mathit{0}^{f}/\cdot.\backslash \backslash .\mathrm{f}_{l/}./\cdot\gamma/_{\mathrm{L}}’/;(,0\xi(\cdot\backslash \cdot(\iota)-=\dagger \mathrm{a}11\theta_{\circ}$. $(/_{\mathrm{t}\mathrm{j}\xi},(\mathrm{t}))=$

$\mathrm{t}\mathrm{a}\mathrm{l}\iota\theta_{1}$ . $((()(. \backslash \cdot 0)=0.\mathit{0}7/(f\int \mathrm{t}l(\mathrm{J}(\zeta’)>\mathrm{t}\mathrm{J}.[‘)/\cdot\xi\in(_{\mathit{8}_{()_{\mathrm{t}}}0}]$ . $\mathbb{J}_{};\mathrm{r}\prime J’.(‘\grave{y}l^{f\mathrm{r}.7}J..(lS_{\mathrm{e}}\backslash \cdot l1’\gamma’/($. $tf$ } $(’,+(U(t\cdot’\backslash )l^{-}$ ,

$l’(\tau))\prime lS$ a $S7tl_{\text{ノ}}\mathrm{o}‘$) $ffi$ solu $f/\mathit{0}7lf(J7^{\cdot}\mathit{1})7()l)l(’ 7fi(\mathit{1}.\mathit{8})-\cdot(\mathit{1}.],‘ \mathit{4})$ . $\tau’ fl(jn(U((.\mathcal{T}).p(\prime\prime))(.\mathit{0}$ ”
$\mathrm{t}1’‘\dot{\backslash }’\uparrow_{-}.(/"$

($l,.‘ i\mathcal{T}arrow\infty$ to $(U^{*}(\xi).p^{*}’\grave{)}.\backslash (1f^{\mathrm{o}i.f}’?j’/\cdot 7\iota.‘/$

$(‘/(U_{\xi}^{*}))_{\xi}+\xi U_{\backslash }\angle^{*}-U^{*}=()$ , $l)^{*}<\xi<()$ , (3.1)

$U_{\xi}^{*}([)^{*}\rangle=\mathrm{t},\mathrm{a}\mathrm{u}\theta_{\{\mathrm{J}}$ . (3.2)

$\zeta \mathit{1}_{\backslash }(\angle[))=\mathrm{t}_{}\mathrm{a}11\theta 1$ , (3.3)

$U^{*}\mathrm{t}p^{*})=1\mathrm{J}$ . $(S.4)$

$hI\mathrm{c}^{\gamma}J/\cdot cio\prime\prime(’7^{\cdot}$ . $ffl’,/,\cdot sc\cdot \mathit{0}7’(’(’.7^{\cdot}.(l^{(7}’ l/\cdot‘’/,\cdot.\backslash t’ t])()\gamma i’..l’\dagger’/\cdot \mathrm{t}\prime l$ :

$(/_{H_{\backslash }}\text{ノ}.,\hat{\mathrm{r}}_{\mathcal{T}}\wedge’, S)\leq C’(i^{-(\prime\tau})($

$J\#_{O\uparrow(\mathit{0}(}..,!f_{\mathit{1}\delta}0\vdash^{\wedge}-(0_{\backslash }2)\prime\prime 7_{}’(\mathit{1}_{T}\geq \mathrm{U}\prime \mathrm{t}l^{f}l/\gamma J/\cdot(.’(\backslash /_{H}\wedge(f’:/lof(_{\backslash }\backslash tf\prime \mathrm{i}:Ho\prime\prime.\backslash ll()/ff(//\mathrm{b}f(17’$ ‘ $\{$,.
$\hat{\mathrm{I}}_{\tau}^{\tau}/\cdot.\backslash t/^{2}/($

$.\backslash ’()_{\mathrm{t}}l\prime\prime f’/_{\text{ノ}}\cdot \mathit{0}7l/()f(\mathit{1}.\mathit{8})-(\mathit{1}.\mathit{1}‘\Delta)$ . $\hat{S}/,.\backslash \cdot ff\prime t^{y}$. $\backslash ;ol;’/,f’/\cdot \mathit{0}//(jf$

.
( $j.i’ J-(\text{ノ}\mathit{3}.\mathit{4}),$ ( $\prime 7l(f\zeta’’/\cdot‘,$ ((( $.O?/‘\backslash ^{\backslash }f_{t}l7|+\backslash \prime j7lJ$ ‘ $f$

$\uparrow,\cdot.\backslash \cdot 7\gamma l(l(’ \mathit{1}^{)(}i\gamma\iota\gamma l,(J7\iota f$ of $\tau$ .

For tllt $1^{)}1^{\cdot}\mathrm{t}\mathrm{t}\mathrm{f}$ of $\mathrm{T}1_{1\{^{\backslash }}01^{\cdot}$( $1113.1$ . we $((\perp 1\mathrm{S}\mathrm{t}_{1\iota}1\mathrm{t}\cdot \mathrm{f}$ a $\mathrm{s}\iota 1\mathrm{t}$) $\mathrm{S}\langle$ ) $1_{1}1\mathrm{t}_{1\mathrm{i}\mathrm{t}1}1\mathrm{a}11\{1$ a $\mathrm{k}\backslash ’ 111$) $(^{\backslash }1^{\cdot}\iota‘,,\langle)1\iota 1\mathrm{t}_{)}\mathrm{i}(11\mathrm{f}\langle)1^{\cdot}$

$\mathrm{t}_{1}1_{1(}\backslash \mathrm{I})1^{\cdot}\mathrm{t})|)1(\backslash _{7}11(\acute{\mathrm{i}}.8)-(1.12)$ . $\iota \mathrm{v}\mathrm{l}\mathrm{l}\mathrm{i}\mathrm{t}\cdot 11$ converges $x‘,$ $\tauarrow x$. to $[I^{*}\mathrm{s}‘\iota \mathrm{t}\mathrm{i}^{i}:\mathrm{f}\mathrm{y}\mathrm{i}_{1}(3.1)-(3.4)$ ,

$:\mathrm{t}11\mathrm{t}111^{\mathrm{t}}\iota’ \mathrm{t}:\mathrm{t}_{)}\mathrm{h}(\iota_{1^{\backslash }\mathrm{t}.)}‘,\mathrm{r}\{)11l3^{\cdot}‘\iota 11\mathrm{l}\mathrm{f}\mathrm{X}\mathrm{i}\iota 11111111^{)}1^{\cdot}\mathrm{i}_{1}1(.\mathrm{i}_{\mathrm{I}})1\mathrm{t}^{\mathrm{Y}}$ .

3.1 Structure of a subsolution

$\mathrm{w}(^{\backslash \mathrm{f}\mathrm{i}_{1\mathrm{S}}\uparrow l}\mathrm{t}1(_{\text{ノ}^{}\backslash \mathrm{f}\mathrm{i}}11\mathrm{t}\backslash \mathfrak{l}_{(}’(4)\zeta \mathrm{L}\mathrm{b}^{\backslash }\iota,\mathrm{h}\lrcorner 11\mathrm{f}\mathrm{t}’ 11()\mathrm{w}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{g}$. We set

$K:=11\perp \mathrm{i}_{11_{)}})\backslash \mathrm{f},\mathrm{a}11\theta_{(})J$ . $\zeta\epsilon(\backslash \mathrm{r})|)\mathrm{i}_{11}\mathrm{f}.)(\frac{lL_{(\mathrm{J}(\xi.)}}{\zeta-.\backslash _{\mathrm{t})}})\}$ .

$\mathrm{H}\mathrm{t}1‘ 1^{\backslash }$ we ( $1_{1\mathrm{O}(\mathrm{S}\mathrm{t}j}\backslash \iota’$ (llst $\mathrm{a}\mathrm{l}\mathrm{l}\mathrm{t}\downarrow\ell_{\mathrm{S}}\mathrm{a}\uparrow \mathrm{i}\mathrm{S}\mathrm{f}.\mathrm{v}$ illb)

$. \frac{\mathrm{s}_{(\mathrm{j}}I1\nearrow}{\mathrm{t}:\iota 11\oint \mathit{1}1}<\parallel<()$ . ( $:|$ r)$|$ O
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( $\mathrm{t}\cdot \mathrm{f}$ . Figllre 3.1). Theu. by Theoreln 2.1, tllerc exist a lluiqlle $(\lambda_{\ell}, 1.\prime 0)\in(0,$ $\infty\grave{)}\cross$

$C_{\text{ノ}^{}2}[\ell, 0]$ satisfyillg

$\langle$ $(x(l^{f}0\mathrm{t}))_{\xi}+/\backslash \ell$. $\xi$ ( $\}$($\mathrm{J}\xi-\lambda_{\ell}l.’\circ=0.$ $l<\xi<0$ . (3.6)

$\mathrm{t}J0\xi^{/}\backslash \parallel)=\mathrm{t}\dot{\mathrm{r}}\iota 11\theta_{(\mathrm{J}\}$ (3‘ $7^{\backslash }$,

$\mathrm{t}_{0\xi}’(0)=\mathrm{t}_{\downarrow \mathrm{a}}11\theta_{1}$ . (3.8)

$1’ 0(\ell)=0$ . (3.9)

By $\mathrm{R}\mathrm{t}^{\mathrm{Y}}\mathrm{l}\mathrm{n}$

“
$\mathrm{u}\cdot \mathrm{k}2.1$ , if $11(^{\backslash }\mathrm{C}^{\cdot}(^{)},\mathrm{S}_{\iota}\mathrm{q}\mathrm{a}\mathrm{l}\cdot \mathrm{y}. \mathrm{w}(^{\backslash }, \mathrm{t}\cdot 11\langle)\langle)\mathrm{s}(\cdot\lambda_{\ell}\mathrm{s}\mathrm{t}\mathrm{l}\mathrm{c}\cdot \mathrm{l}\mathrm{l}$ t,llat, $\lambda_{\ell}>1$ . $\mathrm{T}11\mathrm{t}^{\mathrm{Y}},11$ . we get the

fol1 $(\mathrm{W}\mathrm{i}_{1\mathrm{l}}\mathrm{g})1^{\cdot}\mathrm{c}\mathrm{l}\mathrm{a}\uparrow,\mathrm{i}\langle$$)11\mathfrak{j}_{)(^{\mathfrak{t}}}\mathrm{t}\mathrm{W}1\backslash (^{\backslash }11n_{0}$ alltl $\mathrm{t}_{\{)}’$ .

Lemma 3.1. As$‘ 5’l/rt’\iota(l,ff/(\mathfrak{l},f\{)0$ sa $ti_{\mathrm{b}}.\cdot..fi_{(}j.\backslash (\mathit{3}.\theta)-(\llcorner \mathit{4}.\mathit{9})$. $Tf\iota(’\gamma\iota tf/(Jf_{C^{)}}llo\prime \mathrm{t}lf/\gamma|\text{ノ}\mathrm{r}/\mathrm{L}(j\backslash tJ/,\}/(|,f_{(’}$

is $l’.\prime 1li(f,:$

$l1,0(4)>1_{()}’(\xi)$ $f()\uparrow$
. $\xi\in[\parallel, 0]$ .

Moreover. we get tlle $\mathrm{f}\langle$

$)1\mathrm{l}\mathrm{t})\mathrm{w}\mathrm{i}\mathrm{l}\}\mathrm{t}.)J$ relation $\mathrm{t}_{\mathrm{J}\mathrm{t}\}}\dagger,\mathrm{w}\mathrm{t}\iota(.\iota.11U*\dot{c}\mathrm{U}\mathrm{l}\mathrm{t}1\prime_{0}’$ .

Lemnia 3.2. $A_{)}.‘’.9^{\backslash \prime}(/7llC,Jffl(J,fU^{*}.\backslash ^{\backslash }(\iota t/t.5\backslash f^{\backslash }|(^{J}.\backslash l\mathit{3}.\mathit{1})\backslash -(\mathrm{t}i.\mathit{4})\mathit{0}7\prime_{t}(f,(\mathrm{J}.\backslash \cdot \mathit{0}\dagger/,\mathrm{t}’ fi\gamma 9(\mathit{3}pj)’-(\mathit{3}\mathit{9})$

$Tfl,cj7lU^{*}/.$” $C_{i^{l}}’\check{\mathit{1}}\gamma\cdot \mathrm{c}^{l}S\mathrm{c}\prime r’ f(’ dfJ’l/l_{0}’(lS$ tfie $f(ill\mathit{0}’(lf’/,7l\backslash (J$:

$U^{*}( \xi)=\sqrt{\lambda_{\ell}}\mathrm{t}_{1)}’(\frac{\xi}{\mathrm{v}\lambda_{\overline{\ell}}})$ .

$Mo7^{\cdot}(^{)},ovC’,7^{\cdot}$ . t.his $7^{\cdot}(^{J}\mathit{1}^{j\mathit{7}\prime^{y}}...g\cdot(^{J}7\iota t\mathit{0}fJ/,\mathit{0}7l,$ $/ls’(/f\prime\prime(l\prime l’(’,$ .

Thell. $\dot{C}\iota$ [ $)1^{)}1\mathrm{y}\mathrm{i}_{\mathrm{I}}1\mathrm{b}^{)}\mathrm{c}\mathrm{r}111\coprod 1\mathrm{a}3\mathrm{T}_{\lrcorner}.1$ . Leuluia3.2 alltl t,llat $U^{*}\mathrm{s}\mathrm{a}\mathrm{t}_{i}\mathrm{i}_{\mathrm{S}}\mathrm{f}\mathrm{i}$( $\backslash \prime \mathrm{s}(3.1)-(’3.\cdot 4)$ . we $\langle$ ) $\mathrm{t})\mathrm{t}\mathrm{a}\mathrm{i}\mathrm{l}\mathrm{l}$

$\mathrm{t}1\mathrm{l}$ (
$.$ followillg $\mathrm{I}$ ) $\mathrm{r}\mathrm{o}\mathrm{I})\mathrm{t}_{\iota}\backslash ’ \mathrm{i}\mathrm{t},\mathrm{i}\mathrm{t}\}^{\backslash }.1$ .

Proposition 3.1. $F_{\mathit{0}\mathit{7}\mathit{0}7l?}/\delta_{1}\in(0,2]$ . $?l^{1}\mathrm{C}’\mathrm{r}l\mathrm{C}’.\hslash,7l\mathrm{C}$ :

$V(_{l\int,l} \wedge):=\varphi(\tau)U^{*}(\frac{\prime\int}{\varphi(\tau)})$ $(3.\perp())$
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$\prime \mathrm{t}^{\mathrm{t}},f\}\prime\prime.l\cdot"\varphi(\tau)=1-\vdash(\frac{1}{\sqrt{\lambda}}‘-1)\mathrm{r}^{\partial^{-\wedge}},|’.Tl_{l\prime}\mathrm{r}.7l,$ $V$ is a $5?/,l$) $.9ol?lf^{li}o7\iota$ of (1. $s_{/-}^{1}(\mathit{1}.\mathit{1}\mathit{2})$ .

3.2 Structure of a supersolution

We first ( $1\mathrm{t}^{\mathrm{Y}}\mathrm{f}\mathrm{i}11\mathrm{t}^{\backslash }$ ( $\{\circ(\xi)$ as tllc followillg. $\mathrm{N}\mathrm{t}$) $\mathrm{w}$ . we $\mathrm{t}\cdot 1_{1\mathrm{O}(}\subset;\mathrm{t}^{\backslash }$ a (ollst,dJlt, $L$ satisfyillg

$L<‘;_{0}$ allel

$()< \xi\in^{\mathfrak{s}}\iota \mathrm{I},1\mathrm{I}1\iota\zeta;\iota_{9}1,\mathrm{I}^{)}(\frac{ll_{()}(’\searrow)}{\mathrm{s}’-cL})\leq \mathrm{t}\mathrm{a}\mathrm{l}\mathrm{l}\theta_{0}$ . (3.11)

( $\mathrm{t}\cdot \mathrm{f}$ . Figure $3.21\text{ノ}$ . $\mathrm{T}11(^{\backslash }11_{\}|_{)}3^{J^{\vee}}\mathrm{T}11\mathrm{t}^{\iota}()1(\backslash 11^{\underline{|}}2.1$ . $\dagger,1\iota \mathrm{t}\backslash \mathrm{r}(!(\backslash \mathrm{X}\mathrm{i}_{\mathrm{S}\mathrm{t}_{1}}$ a $\iota 11\iota \mathrm{i}(1^{11\mathrm{t}^{\mathrm{Y}}}(\lambda_{\Gamma_{J},(()_{(\mathrm{J}} ,\wedge})\in(\{),$ $\infty 1\cross$

$C^{2}[L, 0]$ satisfying

$\acute{|}n(n\prime_{i})t))_{\xi}+\lambda_{L}\xi_{l)_{()}}=0,$ $L<\xi<_{\backslash }’0$ . (3.12)

$m_{0\xi}(L)=\mathrm{t}$ “
$\mathrm{i}\mathrm{J}1\theta_{(}\grave,$ . (3.13)

( $f\prime_{0\xi}(\mathrm{U})=\mathrm{t}\mathrm{a}\mathrm{u}\theta_{1}$ . (3.14)

$1l\prime_{\mathrm{t})(L)}=\mathrm{U}$ . (3.15)

By Relnark 2.1, if $11\mathrm{t}^{\mathrm{Y}}\mathrm{c}\cdot\langle_{\iota}^{)}‘,,,\backslash \mathrm{a}1^{\cdot}\mathrm{y}_{\backslash }$.
$\mathrm{w}\langle\backslash (1_{1(\mathrm{t}\mathrm{s}\langle^{\mathrm{Y}}},\backslash$ ‘t

$\wedge L$ k’
$\mathrm{t}\mathrm{l}\mathrm{t}\cdot 1\iota \mathrm{t}_{}11\dot{\mathrm{e}}$i $\iota \mathrm{t}0<\lambda_{I_{J}}<1$ . Then. we get, tlie

followillg relat,ion $1$ ) $(^{\backslash }\mathrm{t}_{\mathrm{W}(^{\backslash }},\mathrm{t}^{\backslash }111i_{1)}$ and $(\{\mathrm{t}\mathrm{J}\cdot$

Lemma 3.3. A $\mathrm{c}_{\rangle}^{1}\backslash \mathrm{e}t/rl/\prime\prime$ ). $tf_{l(l},t(\{f(\mathrm{e}\backslash (/,t’/,\cdot\backslash ^{\backslash }f_{7\mathrm{r}}\backslash :S(\mathit{3}.\mathit{1}\mathit{2})-(\iota‘ J.\mathit{1})\mathit{5})$. $Tf_{l,(},\gamma\ell fl/(.’ f()ll,\prime\prime/,\cdot’/\text{ノ}\prime j(’,‘\backslash ti-$

$7\prime l(/,t(\prime i.\mathrm{s}\cdot \mathrm{t}’(ll’/\cdot d$ :

$\dot{(}\ell(\rfloor(\xi)<\{l_{()}’(\xi)$ $fo/$ $\xi\in[.\mathrm{s}.0\cdot ()]$ .

$\beta \mathrm{v}\mathrm{I}()1^{\cdot}(^{\backslash }\langle)\mathrm{V}$ ( $\mathrm{Y}1^{\cdot}$ . we get $\mathrm{t}11(^{\backslash }$ f()\‘ilt)Willg $1^{\cdot}(\backslash 1\mathrm{a}\mathrm{t}_{j}\mathrm{i}\mathrm{t})11\mathrm{t}$ ) $\langle \mathrm{Y}\mathrm{t}_{l}\mathrm{w}\mathrm{t}_{\text{ノ}^{}\mathrm{Y}}\{111U^{*}i\mathrm{t}1\iota(1\mathrm{t}\mathrm{t})\mathrm{t}$ .

Lemma 3.4. $A.\mathrm{b}\mathit{8}’|/,7/l,(’ fflJ(|fU^{*}$ sa, $f’/,.5fi(:.\backslash \cdot(\mathit{3}.\mathit{1})-(\mathrm{t}t(,\mathit{4})\mathit{0}\gamma’(l\prime \mathrm{t}1\prime 0s\prime\prime,t\prime i.\backslash fi(^{y}..\backslash (\mathit{3}.\mathit{1}’\cdot’ \mathit{1}- l\cdot i.i\iota J)\prime r$ .

$Tf\iota cnU*7_{\text{ノ}}5^{\cdot}7^{\cdot}(^{\prime q\cdot,./},)r(^{J}sC:r\prime f_{(^{:}(}’$ by $\mathrm{t}l_{0}$’ as th, $\gamma:f_{\mathit{0}ll77}()\prime ll\mathit{1}^{\cdot}/,.\prime j$:

$U^{\backslash \prime}.,\backslash (\xi)=\vee^{\overline{\lambda_{L}}}$ ‘ $\mathrm{t}[]_{i)}(\frac{\xi}{\sqrt{\lambda_{L}}})$ .
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$MtJ7^{\cdot}(:\mathit{0}?;cir\cdot. th,/_{\text{ノ}}\cdot 97^{\cdot}\prime’,l)7^{\cdot}\prime_{\mathrm{e}}’,9C’.\gamma lf(i_{\rangle}f/\cdot()7l\prime i_{\mathrm{b}},\cdot\prime l’,\uparrow’/\cdot(l^{l}\prime\prime(^{)}$.

Tllen. $\mathrm{a}_{\mathrm{I}^{)}\mathrm{I}^{)}\mathrm{y}\mathrm{i}_{1}}1$ Lemllia3.3. $\mathrm{L}\mathrm{t}^{\backslash }11\grave{1}\mathrm{l}11\mathrm{a}3.4\mathrm{a}11(1\dagger_{}\grave{1}1\mathrm{a}\mathrm{t},$ $U^{*}$ satisfies $(3.1)-(.\mathrm{J}.4^{\backslash .\mathrm{a}},\mathrm{w}(^{1}),‘ \mathrm{i}_{1}i\dot{\}})|\zeta 1.\mathrm{t}$.

the following $\mathrm{I}$ ) $\mathrm{r}\mathrm{o}_{\mathrm{I})\mathrm{t})^{\epsilon}}\backslash \mathrm{t},\mathrm{i}\mathrm{t}\mathrm{i}\{)11$.

Proposition 3.2. $F(’ 7\mathit{0}7b’.l/\delta_{2}\in((\mathrm{I}, \sqrt\overline{.\prime\backslash }L^{+1})-$ . $? \mathit{1}_{\text{ノ}^{}1}C’‘\int,(’ f\grave{\iota}\prime l\prime^{J}$.

$W\langle/),$ $\tau):=|/’(\tau)U^{*}(,\frac{/)}{(/_{1(\mathcal{T})}})$ $\mathrm{t}_{\backslash }’3.16)$

$’ \{l\prime f_{l}()\}.(’,\psi’(\tau)=1+\mathrm{r}_{\backslash }\frac{\grave{1}}{\sqrt{\lambda_{/}}}-1)(_{J}-\delta_{\sim}.)\tau$ . $Tf\iota\prime’.r|,$ . $W’/_{\text{ノ}}\cdot,\backslash ^{\backslash }r/,$
$.5^{\cdot}l\iota_{l}J\iota’ 7^{\cdot}.\backslash \cdot \mathit{0}l_{l/},f’/\cdot \mathit{0}7\iota$ of $(\mathit{1}.\mathit{8})-(\mathit{1}.\mathit{1}_{r^{)})}t.$.

3.3 Proof of Theorem 3.1

$\mathrm{W}\mathrm{t}\rangle \mathrm{u}\mathrm{t})\mathrm{w}$ set,

$(f_{\iota}^{\prime_{T}}):=\mathrm{i}11\mathrm{f}(_{1}[(t-\prime\prime)^{2}+(U(\xi\backslash \cdot)-\mathcal{T}V(7/, \mathcal{T}))2]^{3/}2$

$|p(\tau)\leq\zeta\leq 0$ . $\varphi(\tau)p^{*}\leq 7’\leq\{)\}.$

Thell. we get, $\mathrm{t}‘ \mathrm{h}\mathrm{t}_{\text{ノ}^{}\backslash }\mathrm{f}\langle)1\mathrm{l}\mathrm{t})\mathrm{w}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{g}$ .

Lemma 3.5. $F‘$) $\uparrow\tau\geq \mathrm{U}$ . $d(\tau)>0$ .

Tllis $1\mathrm{c}^{\mathrm{Y}}111111\mathrm{U}\mathrm{l}\mathrm{a}$ is $1$ ) $1^{\cdot}\mathrm{t}\mathrm{v}$( $(]\}_{).\dagger^{r}\iota 1}\mathrm{s}\mathrm{i}_{1}" \mathrm{b}1)$ t,lle $\mathrm{s}1_{}1^{\cdot}\{$) $1_{111}$ “ $\mathrm{L}\mathrm{x}\mathrm{i}_{1}1\mathrm{a}1111\mathrm{I}$) $1^{\cdot}\mathrm{i}_{11(}\cdot \mathrm{i}_{\mathrm{I}}$ ) $1(^{\backslash }$ .

$\mathrm{C}^{\mathrm{t}}\{)1\}\mathrm{s}(\backslash (1\iota 1(^{\backslash }11\mathrm{t}\mathrm{l}\mathrm{y}. \dagger).\mathrm{v}111(^{\backslash }\mathrm{a}11_{\backslash }‘,,$ of $\mathrm{L}\mathrm{c}^{\mathrm{Y}}111111\mathrm{a}3.\perp i\iota \mathrm{n}(1\mathrm{L}\{\backslash 111\mathrm{l}\mathrm{u}\mathrm{a}3.$ or. we $\mathrm{g}\mathrm{t}^{\mathrm{Y}}\mathrm{f}$

$l)(\tau)<\varphi(\tau)p^{*}$ . $U_{\backslash }’’/$] $,$

$\mathrm{m}$ ) $>V(l \int.\tau)$ for $\varphi_{\backslash }^{(}\tau)_{1}r)^{*}\leq\eta\leq()$ . $\tau\geq()$ . (3.17)

Ill tlle sallle way, $\mathrm{w}\mathrm{t}^{\backslash }\mathrm{g}\mathrm{c}^{\backslash +_{l}}$

$p/’(\tau)p^{*}<_{f)}(7-)$ . $W(/\dot{/}, \tau\rangle>T^{\gamma}(/J.\tau)$ $\mathrm{f}()1^{\cdot}$ $p(\tau)\leq/)\leq 0$ . $\tau\underline{\prime>}(\grave{\mathrm{J}}$ . $\backslash ^{3.18\rangle}/$

$\mathrm{H}\mathrm{t}^{\mathrm{t}}\mathrm{r}(^{\tau}$, we $x\mathrm{s}^{1}\mathrm{s}11111(^{\backslash }\xi 0\in[p^{*}, 0]$ . $\mathrm{T}11(^{\backslash },11,$ $\}_{)}\mathrm{y}\mathrm{t},1_{1(}\backslash (1\langle 1\mathrm{h}_{1}1\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{t}11$ of $V$ allcl $W(\mathrm{s}\mathrm{t}^{\mathrm{Y}}\mathrm{t}\cdot(3.10)$ ,

(3.16) $)$ . $\mathrm{t}1_{1\mathrm{t}}\backslash$. $\mathrm{i}_{11\mathrm{t}}\langle^{\mathrm{Y}}\mathrm{r}\mathrm{S}\mathrm{t}\backslash \mathrm{t}\cdot \mathrm{t}\mathrm{i}(\mathrm{l}\mathrm{l}1)\mathrm{o}\mathrm{i}_{11\dagger_{(\backslash ^{}}}$, of $\mathrm{t}_{)}1_{1(^{)}\backslash ^{\backslash }}\backslash \mathrm{t}arrow 1^{\cdot}\mathrm{a}\mathrm{i}\mathrm{g}1_{1\dagger,1}\mathrm{i}11\mathrm{t}^{\iota}\{(_{\backslash }^{(}, r)|U^{\cross}(_{\backslash ()}^{\mathrm{c}}j)(-\langle_{0}’\cdot=\mathrm{t}\mathrm{I}\}i\mathrm{t}11(1$
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$\mathrm{t}1_{1\mathrm{t}\mathrm{g}_{1}\cdot \mathrm{a}_{\mathrm{I}}}.)1_{1\mathrm{S}}\{(\xi, r)|r=\mathrm{I}^{\gamma}(\xi, \mathcal{T}), \varphi(\tau)_{\mathit{1}^{)^{*}}}\leq\xi\leq 0\},$ $((\xi, r)|r=W(\{, \tau)\backslash ,$ $1/’(\prime \mathrm{J}p^{\mathit{4}}/_{f}^{-}\leq$

$\xi\leq$ [$)\}$ are $1^{\cdot}\mathrm{t}^{\backslash }\mathrm{I}$ ) $\mathrm{r}\mathrm{C}^{\backslash }\text{ノ}\mathrm{S}\mathrm{c}11\mathrm{t}\langle^{\mathrm{Y}},\mathrm{e}1$ as $\mathrm{t},1_{1(\}}\mathrm{f}\mathrm{t}$ ) $11\langle$
$)\mathrm{W}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{g}$ :

$(\varphi(\prime r_{\grave{\mathit{1}}\zeta_{0}}, \varphi\langle\prime r)U^{*}(\iota(\mathrm{j})),$ $(\iota/’(\tau)\zeta_{0}, \sqrt’(\tau)U^{*}(\langle_{0}))$ .

( $\mathrm{c}\cdot \mathrm{f}$ . Figure 3.3). We set

$D(\xi_{0}, \tau):=\{\zeta|\xi-(\langle)(1^{\cdot}\mathrm{t}\mathrm{l}\mathrm{i}11\mathrm{a}\mathrm{t}_{\mathrm{t}}\tau$ of $\mathrm{i}11\uparrow,\mathrm{t}^{\backslash }1^{\cdot}\mathrm{s}$ ( $(\mathrm{f}\mathrm{i}\mathrm{t})\mathrm{u}1^{)(}\mathrm{i}_{1}1\mathrm{t}\mathrm{c}\mathrm{t}$; of rllt $\mathrm{t}‘,,\mathrm{t},1^{\cdot}\dot{\mathrm{r}}\iota \mathrm{i}|$ )$1_{\mathrm{i}\mathrm{t},}0$

$1\mathrm{i}_{11\{^{\mathrm{Y}}}\{(\xi. ’\cdot)|U^{*}(\xi_{\{)})^{l}\backslash , -\xi_{\mathrm{t})}r=(]\}$ alltl $\mathrm{t}11(\backslash ‘ \mathrm{i}^{\backslash }\mathrm{t})1\iota’\iota 1\mathrm{t}\mathrm{i}\mathrm{t})\overline{1}1\hat{\Gamma}_{\mathcal{T}}\}$ .

$\mathrm{w}1\iota \mathrm{t}\backslash 1^{\cdot}\mathrm{t}\backslash \hat{\Gamma}_{\tau}$ is $\mathrm{t},11\langle\iota \mathrm{S}\mathrm{t}\mathrm{l}\iota \mathrm{l}\mathrm{f}\mathrm{i}\mathrm{t}$ ) $\mathrm{I}\mathrm{l}$ of $(1.8)-(1.12)(\mathrm{t}\cdot \mathrm{f}. \mathrm{F}\mathrm{i}\mathrm{g}\iota 11^{\cdot}\mathrm{t}\backslash 3.4)$ . $\mathrm{S}\mathrm{i}11\mathrm{t}\cdot(\backslash U_{\iota}^{(\iota}. \mathcal{T})$ is a $\backslash (,1110\langle)\mathrm{t}\mathrm{h}$

$\mathrm{f}\iota 11\mathrm{l}\mathrm{t}\mathrm{l}\mathrm{t}\mathrm{i}\mathrm{t})11$ iu tllt. $\mathrm{s}(.1,$ $\{(\xi.\tau)|p(\tau)\leq\xi\leq 0, \tau\geq()\}$ . we $\mathrm{g}\mathrm{t}^{\backslash }\mathrm{t}_{1}\prime D(\xi_{()}, \tau)\neq\ovalbox{\tt\small REJECT} \mathrm{t}$.

$\mathrm{T}_{1}^{1_{1(^{\iota}1}}1,$
$\}_{)}\mathrm{y}$ lllealls of (3.17) and (3.18). we $\mathrm{t}$ ) $\}_{)}\mathrm{t},\mathrm{a}\mathrm{i}11$ for $\langle$ $\in D(\xi_{0}, \tau)$

$(\varphi(\tau)\xi_{(}\rfloor)^{2}+_{1\varphi}/(\tau)U^{*}((0))2\leq\xi^{2}+(U(\xi, T))^{2}$

$\leq((/^{l}’(’-)’\xi 0)^{2}+(\{/|(\tau)U’‘(\xi 0))^{2}$ . (3.19)

Hcle. we see

$[(\varphi(\tau)\xi_{0})’\wedge’+(\varphi(_{\mathcal{T}})U^{*}(\mathrm{t}\mathrm{t}\mathrm{I}))^{2}]^{1/2}-[\xi_{\mathrm{f}\mathrm{J}^{+}}^{2*}(U(4(1,\rangle’)A]^{1^{\prime 2}}\backslash$
,

$=( \frac{1}{\backslash /\lambda_{\overline{\ell}}}-1)Cj-(\backslash \mathcal{T}[t^{2_{-}}0\vdash(U^{*}(\xi()))\rfloor/|2’ 12$
$\backslash (.9.2^{1\grave{\lrcorner}}|.)$

$[(\sqrt’(\tau)t1\mathrm{J})2+(\iota/’(\tau)U*\cdot((1)))2]^{1/}2-[\xi_{()}^{22}+(U^{*}(\xi 0))]^{1/}2$

$=(’ \frac{1}{\mathrm{v}^{\lambda_{\overline{L}}^{-}}}-])C^{J^{-\langle\backslash \cdot 7}}\backslash .\underline{\prime}[\xi_{(1}^{2}+(U^{*}(\mathrm{t}_{\mathrm{t}j}))^{2}]^{1/}2$ (3.21)

Tlllls, by $(3.19)-(3.21)$ and $\lambda_{\ell}>1\mathrm{a}11(10<\lambda_{L}<1$ . we $\mathrm{g}\mathrm{t}i\mathrm{f}_{1}$ for $\backslash ’$ ‘\sim -- $D(\xi_{()}.7^{-})$

$C( \frac{1}{\mathrm{v}^{\lambda_{\overline{\ell}}}}-1)\mathrm{t}^{J^{-}},\mathrm{t}_{1}’\tau<[\xi^{2}+U(\zeta.’\Gamma))]^{\underline{1}}2/2-[\mathrm{t}_{(}\sim)", +(IT*(\xi_{(}\mathrm{j}))\mathit{2}]1/\mathit{2}$

$<C( \frac{1}{\vee^{\lambda_{\overline{L}}}}-1)(’-‘|)_{)’}..l$
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$\mathrm{w}\mathrm{h}\mathrm{C},\backslash \}.(’ C=‘,11)\epsilon \mathrm{t})\in[p^{*.(})]\mathrm{c}^{1}\mathrm{t}[\xi_{()}’.)+(U^{*}(\xi_{0}))^{\circ}arrow]1/2$
.

$\mathrm{c}_{\mathrm{t}\mathrm{J}1\iota \mathrm{s}(}\text{ノ}$ ($1^{1}11\backslash \backslash 11\mathrm{t}\mathrm{l}\mathrm{y}$ , if we $\mathrm{t}\cdot 1\mathrm{l}\mathrm{t}$) $()\mathrm{S}\mathrm{t}\backslash \delta \text{ノ}0\in\langle 0,$ $\mathrm{v}^{\lambda_{\overline{L}}}+1$ ), we $\langle$

$)\})\mathrm{t}\mathrm{a}\mathrm{i}\mathrm{l}\mathrm{l}$ for $\mathcal{T}^{\backslash }\underline{>}()$

$\mathrm{r}\hat{f}_{\mathrm{t}\mathrm{J}}(\hat{\mathrm{I}}_{\mathcal{T}}^{\tau},\hat{S})\leq\hat{C}^{\mathrm{v}_{(^{J^{-}}}},\bigwedge_{\mathrm{t})}\tau$

where $(_{y}^{\hat{-}} \gamma=111\mathrm{a}\mathrm{x}\{-c(\frac{\mathrm{t}}{\sqrt{\lambda}}‘-1)$ . $C( \frac{1}{\sqrt{\lambda_{/}}}-1)\}$ . au$(1$

$\hat{d_{(\mathrm{J}},}$ $(\hat{\mathrm{r}}_{\mathcal{T}}. \hat{S})$

$:=$ Slll) $\mathrm{s}\iota\iota \mathrm{I}$ ) $|\mathrm{L}\lceil\xi^{2}+(U(\iota.\mathcal{T}))^{2}]^{1/}2-[\xi_{0^{+(}}^{2}U*(\xi_{0^{\backslash }}/)2]^{1/}2|$ .
$\xi_{()}\in[p^{\mathrm{Y}}.0]\xi\in D(\xi_{()}.\mathcal{T}\mathfrak{l}$

Tllen. we $11\backslash$ )$’\uparrow,(^{\backslash }\uparrow,1\iota \mathrm{a}\mathrm{t},$ (
$f_{0}\wedge$ is $\langle$ $.\langle 1^{1}1\mathrm{i}\mathrm{b}r\dot{c}\iota 1\langle \mathrm{Y}\mathrm{u}\mathrm{t}$ to t,he $\mathrm{H}\mathrm{a}\iota \mathrm{l}\mathrm{s}(101^{\cdot}\mathrm{f}\mathrm{f}\langle 1\mathrm{i}\mathrm{s}\mathrm{t}_{}\mathrm{a}11\mathrm{t}\cdot \mathrm{t}\backslash (l_{H}\wedge$ . Tlllls. the proof

of Tlleorelll 3.1 is $(\mathrm{t}111_{\mathrm{J}}^{\mathrm{v}})1\mathrm{t}\backslash \mathrm{f}_{\mathrm{Y}}\mathrm{t}\{1$ .

3.4 Proof of (II) of Main Theorem

We $\mathrm{c}\mathrm{l}\mathrm{t}^{\iota}\mathrm{f}\mathrm{i}11\mathrm{e}\mathrm{Y}$

$(f_{()}(\mathrm{r}_{t}.s_{t}):=x.()\in s|\backslash 111)tY^{\backslash }‘,\in^{\zeta^{\gamma}}\backslash \iota 1\iota)arrow|\mathrm{r}f(^{(\rangle}, X0)-(f(\mathrm{t}), Y)|$

$\mathrm{w}1_{1\mathrm{t}^{\backslash }}\text{ノ}\mathrm{r}(\mathrm{t}$

$\Omega:=\{Y\in\Gamma_{t}|$ tlle illf $(^{\backslash }\mathrm{r}\mathrm{s}1\backslash \mathrm{t}\cdot \mathrm{t}\mathrm{i}\mathrm{o}11\mathrm{I})\mathrm{o}\mathrm{i}11\mathrm{t}j\mathrm{s}\dagger)\mathrm{t}^{1}\mathrm{t},\mathrm{w}1\backslash \mathrm{t}^{1},11\Gamma_{t}$ :tlltl tlle $\mathrm{s}\mathrm{t}1^{\cdot}\dot{c}\iota \mathrm{i}_{\dot{\mathrm{b}}^{y}}\mathrm{h}\mathrm{t},$

$?\mathrm{i}_{11\{^{\iota}},$

$\mathrm{I}$)$\mathrm{a}\mathrm{s},\mathrm{b}’ \mathrm{i}\mathrm{L}\mathrm{u}:_{\mathrm{o}}\dot{\mathrm{c}}$’

tlle $\mathrm{t}1^{\cdot}\mathrm{i}_{\mathrm{h})}\mathrm{i}11\mathrm{O}$ alld $x_{0(}\mathrm{c}S_{t}$ )}.

$\mathrm{T}11$ ( $\mathrm{l}1$ . we $11\mathrm{t}$ ) $\mathrm{t}\iota^{\backslash },$ $\mathrm{t},1\iota \mathrm{a}\mathrm{l})(l_{0}$ is $(^{\backslash }(1^{1}1\mathrm{i}\mathrm{v}\mathrm{a}\mathrm{l}\mathrm{t}^{\backslash }11\mathrm{t}$ to $\mathrm{t}1_{1\mathrm{t}^{1}}\text{ノ}$ Hausdorff $\mathrm{e}\mathrm{l}\mathrm{i}\mathrm{S}\mathrm{t}\mathrm{a};1(\{^{\tau}tf_{H}$ .

$\mathrm{C}_{\text{ノ}()11}\mathrm{S}\mathrm{t}\backslash \{111$(lltly. if we $\mathrm{t}\cdot 11\langle$ ) $()\mathrm{S}(\backslash \hat{\wedge}\in(1.2). \iota)\mathrm{y}_{111\langle^{\backslash }}J\mathrm{a}\mathrm{n}\iota \mathrm{b}$ ’ of $\mathrm{T}\mathrm{h}\mathrm{t}’ \mathrm{t}$ ) $1^{\cdot}‘ \mathrm{t}\mathrm{l}\mathrm{l}\mathrm{l}3.1$ ,

$d_{0}(\Gamma_{t},$
$s_{t\grave{\mathit{1}}}\leq C(2t, +1)^{-()}\hat{\delta}-1/\mathit{2}\leq\tilde{G},f^{-},(t\wedge\backslash -1)/2$

Tlllts, t,he $1$ ) $\mathrm{r}\mathrm{t}$ ) $\langle$

$)\mathrm{f}$ of $\mathrm{M}_{c}‘\iota \mathrm{i}_{11}$ Theorelll is $t\cdot 01111^{11}$) $(^{\backslash }\mathrm{t}_{}\mathrm{t}\backslash i$ .
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Fig 3.1

Fig 3.2
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$()\{\mathfrak{r})\mathrm{e}_{-}\text{ノ}\mathrm{i}|\tau)\mathrm{D}^{l}(\mathfrak{x}_{\circ}))$

Fig 3.3 The intersection points

Fig 3.4 All exarnple of $D(\xi_{0}, \tau)$
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