:837; P dwhp dwlvn p rghoohulqj/ 431mdqxdu5333

OÛ VQLQJ P HG NRP P HQWDUHU

Rs s j dyh 4

+d, Xqghu vwdvmrqé uh irukrog/ rj p hg eduh ydup hvwuûp l udglhoouhwqlqj yloolj qlqj hq iru whp 0 shudwxuhuq l lvrodvmrqhq yé uh

C^2W Cu^2 . 4 u CW Cu @3> +4,

p hg j hqhuhoooûvqlqj W+u, @F_� . F_2 oqu1 P hg W+u_�, @W_� rj W+u_2, @W_2 eolu oûvqlqj hq

W+u, @W_� . +W_2 ∗ W_�, oq+u∂u_�, oq+u_2∂u_�, / Ghwwrwdoh ydup hwdshwsu1 wlgvhqkhwsè hq uûuohqj gh O eolu M@∗ n CW Cu \ \ o’ o_� ⋄ 5τu_�O@∗ n W_2 ∗ W_� oq+u_2∂u_�, 4 u_� 5τu_�O> rj iûoj holj eolu wdshwsu1 ohqj ghhqkhw M O @n 5τ oq+u_2∂u_�,

+W_� ∗ W_2,>

rj δ @5τn∂oq+u_2∂u_�,1

+e, Ydup hlqqkroghwl romhq hu j lwwdy υfW+℘>w,/ p hqv xnvhq l ℘0uhwqlqj hu m+℘>w, @∗ n_J CW C℘ . YυfW> ghun_J huohgqlqj vhyqhq l romhq/ rj ghwvlvwhohgghwuhsuhvhqwhuhuydup hwudqvsruwsè j uxqq dy romhqv hj hq ehyhj hovh1 Ehyduhovhvoryhq sè lqwhj udoirup j lu rvv qè p hoorp ℘ @d rj ℘ @e g gw ⊎_K ∂ υfW+τu^2_�g℘, . τu^2_� ⌋ ∗ n_J CW C℘ . YυfW ⌈_K ∂ @∗ ⊎_K ∂ 5τu_�δWg℘> p hg dqguh rug/ CW Cw @ n_J υf C^2W C℘^2 ∗ Y CW C℘ ∗ ] 5δ υfu_� ⌊ W/ Yhg vwdvmrqé uh irukrog +CW∂Cw@3, qèuyl rj vè vhueruwiud ydup hgl�xvmrq l romhq odqj vuûuhw/ eolu gW∂g℘ . W∂℘_J @3/ ghu ℘_f @Yυfu_�∂+5δ,/Oûvqlqj hq iru sureohp hwl rssj dyhq eolu ghup hg W+℘, @W_f h–s+∗ ℘∂℘_f ,/ rj ohqjghvndodhq ℘_f 1

Rs s j dyh 5

+d, Kylv yl ehwudnwhu hq krulvrqwdovnlyh p hg duhdoD uxqgwiu| vh dwhq/ yloghwl ghqqh l oûshw dy wlghq Ξ weol j hqhuhuwhq ydup hp hqj gh T @+DΞ v,υO@+DbvΞ w,υO1 Vlghq ghwhu qhj olvmhueduh whp shudwxuyduldvmrqhu l ghwwh yroxp hw+W∖ 3, rj vdp p h vshvl�nnh ydup h iru lv rj ydqq/ j lu ydup hehyduhovhq ∗ n CW C℘ +v. ,D∗ ] ∗ n CW C℘ +v∗ , ⌊ D @T∂Ξ w> vrp hu rssj lwwirup ho1

+e, Vlghq W^π @3/ ylo xnvhq p hoorp ydqq rj lv yé uh 31 Ylghuh ylo/ vlghq δ^ζ hu ghwhu rssj lww ydu p hj hwvwru/ W+3. , @W +Ghwwh hu hwolwh duj xp hqwvrp rj vè eoh ehuûuwxqghu vhp lqduhw1 Yl kdu j hqhuhowdw∗ n_{YA}^{Y5} +3. , @∗ δ^ζ+W+3. , ∗ W,/ rj qèu δ^ζ hu p hj hwvwru/ p è W+3. , ∖ W>voln dw yl ndq iruvyduh è euxnh olnkhw,1 Ghwwh j lu rvv CW Cw @ n υf C_2W C℘_2 > +5,

W+3, @ W> +6,

W+v+w,, @ 3> +7, CW C℘ +v+w,∗ , @ υO n gv gw / +8,

Lsureohp hwkdu yl dowvè sdudp hwuhqh W/ ν @ n∂υf rj ξ @ υO∂n vrp rssj lww/ rj hoohuv lqjhq ohqjgh hoohu wlgvvndodhu1 Oûvqlqj hq p è yé uh sè irup hq W+℘>w, @Wi +ı>w>W>ν>ξ,> rj vlghq i p è yé uh hq ixqnvmrq dy glp hqvmrqvoûvh nrp elqdvmrqhu/ ehq| wwhu yl Exfnlqj kdp v Φ 0 whruhp wlo è nrqnoxghuh p hg dwyl kdu 8 vwûuuhovhu rj 6 xdykhqj lj h glp hqvmrqhu/ ghwylo vl 5 nrp elqdvmrqhu/ iru hnvhp sho/ κ @ ℘ ∫ νw > τ^2 @ νξ W / Dowvè j lu glp hqvmrqvdqdo| vhq dwW+℘>w, @Wi +℘∂ ∫ νw>τ^2,1 Kylv hq lnnh olnhu dwτ^2 ⋆ 3/ nxqqh hq euxnh τ^2 @νξ∂⇕W⇕1 Sè vdp p h p èwhq p è yl nxqqh vnulyh dwv @j +w>W>ν>ξ,/ rj vdp p h w| sh duj xp hqwj lu rvv gd nrp elqdvmrqhqh τ^� @ v∂ ∫ νwrj τ^2>vrp iûu1 Ghwwh ehw| u hq uhodvmrq sè irup hq ff+_rI^{Vȷ} >τ^2, @3/ hoohu v @D+τ^2, ∫ νw1

+g, Kylvyl iûuhuW+℘>w, @Wi +℘∂ ∫ νw>τ^2, lqq l ydup hohgqlqj volj qlqj hq/ ièuyl yhg è ghulyhuh xw 3 @ W^ȷ ∗ νW^{55} @ Wi_≺ ℘ ∫ ν w_{∋ fi⇀2}+∗ 4 5 , ∗ Wi_{≺≺} 4 νw > vrp j lu rssj lwwolj qlqj 1 I ruûyulj j lu udqgehwlqj hovhqh l olj q1 +5,/ ghu j uhqvh dwhq p hoorp lv rj ydqq hu j lwwdy κ @D/ i +3, @ 4> i +D, @ 3>

x

A(h-y)ρ gsin(α) h y

Aτ α

I lj xuh 4=Yé vnhq sè vnuèsodqhw1

p hqv xnvehwlqj hovhq^{YA}_{Y5} +v+w,, @^{4u}_ς^{⌢r}_{⌢ȷ} p è uhj qhv xw= Wi^≺+D, 4 ∫ νw @ξ 4 5 w^{∋ �⇀2} ∫ ν> gyv1/

i^≺+D, @ τ_2 5 / +9,

Vrp iruyhqwhwndq dowvè khoh oûvqlqj hq xwwu| nnhv l κ rj gh dqguh sdudp hwuhqh1 I ud ghq j hqhuhooh rssj lwwh oûvqlqj hq ièu yl ghuiru W+℘>w, @ Wi + ℘ ∫ νw >τ_2, @ W ] 4∗ hui+℘∂ ∫ 7νw, hui+D∂5, ⌊ / Yl nmhqqhu lnnh D/ p hq ndq �qqh ghqqh yhg è oûvh olj q1 +9,/ vrp j lu rvv D @D+τ_2,1 Ghwydu lnnh whqnwdwhq vnxooh j è ohqj hu hqq ghwwh/ p hq ghwhu hoohuv hqnhowè vh dw

i^≺+D, @∗ 4 hui+D∂5, ÷ 5h^{∋ Φ 2⇀e} ∫ τ @ τ_2 5 kdu hq oûvqlqj +kxvn dwrj vè τ_2 ⋆ 3,1 Olwwp hu dqdo| vh ylvhu dwi^≺+D, hu p rqrwrqwyrnvhqgh/ voln dwoûvqlqj hq hu hqw| glj 1

Rs s j dyh 6

+d, I ruehvnulyhovh dy hnvsdqvmrqveûojh/ nrqwdnw0glvnrqwlqxlwhwrj vmrnn/ rj oûvqlqj hqh l glvvh wuh vlwxdvmrqhqh/ ylvhu yl wloshqvxp 1

+e, I lj 1 +4, looxvwuhuhu vlwxdvmrqhq/ ohwwiruguhlg +$,1 Yé vnhq l nrqwurooyroxp hwylooh dnvhohuhuw sè j uxqq dy w| qj ghnudiwhq kylvghwlnnh kdggh yé uwiruvnmé unudiwhq sè exqqhq l nrqwurooyroxp hw1 Nuhiwhqh sè vlghndqwhqh ndqvhohuhu xw1

Ghup hg eolu χ @+k ∗ ȷ ,υj vlqδ>

hoohu gx gȷ @ υj vlqδ π +k ∗ ȷ ,/ Yl ièudwx+ȷ , @_{4℘ tı? k}^> ȷ +k∗ ȷ ∂5,/ vlghq x+3, @31Wrwdoyroxp vwuûp su1euhgghhqkhweolughup hg=

T+k, @ ⊎^Π f x+ȷ ,gȷ @ υj vlqδ π ⌋ k ȷ_2 5 ∗ ȷ_fi 9 ⌈^Π f @ υj vlqδ 6π k_fi/ +: ,

+f, Ehyduhovhvoryhq sè lqwhj udoirup hu g gw ⊎^K ∂ k+ı>w,gı . T+k+e,, ∗ T+k+d,, @3> vrp ohghu wlo Ck_W Cw_W . CT Cı_W @ Ck_W Cw_W . υj vlqδ π C Cı_W ] k_{Wfi} 6 ⌊ @3> ghu yl whp srué uwkdu vnuhyhwk_W/ ı_W rj w_W iru yduldeoh p hg hqkhwhu1 Yhg è iûuh lqq vndodhu/ k_W@Kk>ı_W@ı♭ rj w_W@Ww/ ièu yl Ck Cw . WK_2 ♭ υj vlqδ π C Cı ] k_fi 6 ⌊ @3/ +; ,

Olj qlqj hq ièu rssj lwwirup yhg è vhwwh W@ ] K_2 ♭ υj vlqδ π ⌊^{∋ �} /

+g, Yl vndooûvh olj q1 ; l iûuvwh nydgudqwqèu k+ı>w, @ ⟩ 3 iru ı A 3>w@3> ∫ w iru ı @3>w∼ 3/ +<, Nlqhp dwlvn kdvwlj khwf+k, @_{⌢φ}^{⌢Π} @ k_2 hu vwûuuh hoohu oln qxoo/ rj ndudnwhulvwlnnhq vrp vwduwhu l

+ı^f >w^f , hu vrp nmhqwj lwwyhg ı @ı^f . f+k+ı^f >w^f ,,+w∗ w^f ,/

Ndudnwhulvwlnnhqh vrp vwduwhusè ı0dnvhq hudooh yhuwlndoh/ p hqvndudnwhulvwlnnhqh iud w0dnvhq eolu p hurj p hukrulvrqwdoh hwwhukyhuwvrp w^f ûnhu1I ruhq ndudnwhulvwlnn iud sxqnwhw+3>w^f , sè w0dnvhq eolu ı @f+k @ ∫ w^f ,+w∗ w^f , @w^f +w∗ w^f ,> vrp j lu w_2^f ∗ ww^f . ı @ 3/ gyv1 w^f @_ȷ^2 ⊖ ȷ^2 e ∗ ı1 Lrp uèghwı ⋆ w_2∂7 kdu yl p hg dqguh rug nu| vvhqgh ndudnwhulvwlnnhu l kyhuwhqhvwh sxqnw1

x t x=5t2/36

h=0 h=t^{1/2}

I lj xuh 5=Vnlvvh dy ndudnwhulvwlnnhqh rj vmrnnhw1

+h, Sè j uxqq dy wyhw| glj khwhq qhyqwryhqiru/ hu ghwl rssj dyhq rssj lwwkylonh ndudnwhuvwlnnhu ghwhuvrp p ûwhvl vmrnnhw/ v+w,1I rudq vmrnnhwhughwndudnwhulvwlnnhuiud ı0dnvhq/ rj hwwhuvmrnnhw ndudnwhulvwlnnhu iud w0dnvhq1 Yl vhwwhu rss olj qlqj hq iru vmrnnkdvwlj khwhq= X+v>w, @ T+k_2, ∗ T+k_�,

k_2 ∗ k_� @ T+k_�,

k_� @ k^2_� 6 @ w_f 6 @ 4 9 ) w. √ w^2 ∗ 7v [ / Gl�huhqvldoolj qlqj hq iru vmrnnhweolu iûoj holj gv gw @ 4 9 ) w. √ w^2 ∗ 7v [ > rj yl yhul�vhuhu ohwwdwghq rssj lwwh oûvqlqj hq v+w, @8w^2∂69 sdvvhu1 Ghup hg eolu oûvqlqj hq +iru 3 ⪰ ı>w,

k+ı>w, @ 3> 8w^2∂69 ⋆ ı> ] ȷ 2 . ȷ_2 e ∗ ı ⌊_{�⇀2} > ı ⋆ 8w^2∂69/

Gd ghqqh rssj dyhq eoh j lwwl 4<<3/ vnxooh vwxghqwhqh rj vè �qqh xwkyd vrp vnmhggh p hg ndudnwhulvwlnnhq vrp vwduwhwl w_f @^ȷ_2 ∗ ȷ_2 e ∗ ı1 Rs s j dyh 7

+d, Ghwwrwdoh ydup hlqkroghwl p dvvhq hu P fW1 Olj qlqj hq hu vdwwrss su1 duhdohqkhw/ rj ghw hu ghuiru glylghuwp hg 7τU^21 Yhqvwuhvlghq dqj lu hqgulqj l ydup hlqqkrog su1 nydgudwp hwhu rj vhnxqg/ rj kû| uhvlghq dqj lu wloiûuvho/ T_f >rj wds/ ϕW^e1 Olnhyhnwvwhp shudwxuhq W_f hu j lwwyhg T_f ∗ ϕW^e_f @3/ gyv1 W_f @593N1Yhg è vhwwh W@W_f . χ ièu yl wloiûuvwh rughq P f 7τU^2 gχ gw @∗ 7ϕW^fi_f χ>

vrp rj vè ndq xwwu| nnhv gχ gw . χ w_f

@ 3> +43,

w_f @ P f∂+7τU^2ϕ, 7W^fi_f /

T^0

Q σ T_4

I lj xuh 6= I lj xuhq looxvwuhuhu olnhyhnwvoûvqlqj hqh qèu W^⋆ ⋆_{φ ∂}^{eφ f} W^f 1 Eduh oûvqlqj hqh sè hqghqh hu vwdeloh1

P hg rssj lwwhyhuglhueoluw^f ∖ : 4gûj q1Vlghq doohoûvqlqj hqhdy olj q143 husè irup hq F h–s+∗ w∂w^f ,/ ndq yl voxwwh dwW^f huvwdeloryhuiruiruvw| uuhovhu/ rj dwwlghq ghwwduiruvolnh è gû xwhuwuh wloihp j dqj huw^f / p hg dqguh rug/ rp odj hwèu1 Dwolnhyhnwvwhp shudwxuhq huvwdelo/ iûoj huqdwxuolj ylvrj vè iud ghwj hqhuhooh nulwhulhwiru olj qlqj hu sè irup hq bW@i +W,/ qhp olj gi ∂gW⇕^{A’ Af} ⋆ 31

+e, P rghoohq eolu qè P f 7τU_2 gW gw @T^f . T^∂wdqk ] W∗ W^f W^⋆ ⌊ ∗ ϕϱW_e @i +W,> rj vwdelolwhwdyj mûuhv dy kyruylgwi_≺+W^r , hu vwûuuh hoohu p lqguh hqq 31 Kylv yl iru hqnhokhwv vn| og vhwwhu ϱ@4 rj vlhu dwW^f hu olnhyhnwvwhp shudwxuhq iud +d,/ eolu i_≺+W^f , @ T^∂ W^⋆ ∗ 7ϕW_fi^f @ T^∂ W^⋆ ∗ 7 W^f

T^f @ T^∂ W^⋆ ] 4∗ 7T^f W^⋆

W^f T^∂ ⌊ / Kylv W^⋆ ⋆_{φ ∂}^{eφ f} W^f eolu iûoj holj i_≺+W^f , A 3 rj lnnh W^f ohqj hu vwdelo1 Vlwxdvmrqhq hu looxvwuhuwsè �j 1 61 Ghwvrp vdqqv| qolj ylv vw| uhu gh vwruh nolp dhqgulqj hqh sè mrugd hu yduldvmrqhu l lqqvwuèolqj hq

T^f /Ghwwh | wwhu T^f . T^∂wdqk )^{A∋ Af} A^⋆ [ rss rj qhg1 Kylv W^⋆ ⋆_{φ ∂}^{eφ f} W^f / hu ghwghup hg lnnh ryhuudvnhqgh dwryhuj dqj hq p hoorp lvwlghu rj p hoorp lvwlghu v| qhv è vnmh whp p holj deuxsw1 Hq ndq rj vè whqnh vhj dwϕϱW_e | wwhu vhj yhg dwϱydulhuhu/ hoohu dwghwhu vdp p hqkhqj p hoorp ϱrj iûuvwh ohgg1

Ylghuh ixqghulqj hu ryhu ghqqh p rghoohq/ vrp eoh lqwurgxvhuwvè vhqw+B, vrp l 4<; : dy J klo rj Fkloguhv/ ryhuodwhv wloohvhuqh1