úÁÐÉÓËÉ ÎÁÕÞÎÙÈ ÓÅÍÉÎÁÒÏŒ ðïíé ôÏÍ 362, 2008 Ç.

é. œ. äÅÎÉÓÏŒÁ, û. îÅÞÁÓÏŒÁ

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê œ ðòéâìéöåîéé ïâåòâåëá{âõóóéîåóëá

äÏÒÏÇÏÍÕ œÓÅŒÏÌÏÄÕ áÌÅËÓÅÅŒÉÞÕ óÏÌÏÎÎÉËÏŒÕ Œ ÞÅÓÔØ ÀÂÉÌÅÑ

1. ðÏÓÔÁÎÏŒËÁ ÚÁÄÁÞÉ É ÆÏÒÍÕÌÉÒÏŒËÁ ÏÓÎÏŒÎÙÈ ÒÅÚÕÌØÔÁÔÏŒ

œ ÒÁÂÏÔÅ ÉÚÕÞÁÅÔÓÑ ÎÅÕÓÔÁÎÏŒÉŒÛÅÅÓÑ ÄŒÉÖÅÎÉÅ ÄŒÕÈ ÎÅÓÖÉÍÁÅ- ÍÙÈ ÖÉÄËÏÓÔÅÊ ÒÁÚÄÅÌčÎÎÙÈ ÚÁÍËÎÕÔÏÊ ÎÅÉÚŒÅÓÔÎÏÊ ÐÏŒÅÒÈÎÏÓÔØÀ `_t Œ ÐÒÉÂÌÉÖÅÎÉÉ ïÂÅÒÂÅËÁ{âÕÓÓÉÎÅÓËÁ (ÓÍ., ÎÁÐÒÉÍÅÒ, [1]). öÉÄËÏÓÔÉ ÚÁÎÉÍÁÀÔ ÏÇÒÁÎÉÞÅÎÎÙÊ ÏÂSSčÍ Ó ÔŒčÒÄÏÊ ÇÒÁÎÉÃÅÊ S, ÎÁ ËÏÔÏÒÏÊ ÚÁ- ÄÁÎÏ ÕÓÌÏŒÉÅ ÐÒÉÌÉÐÁÎÉÑ. îÁ ÇÒÁÎÉÃÅ ÒÁÚÄÅÌÁ `_t ÍÙ ÕÞÉÔÙŒÁÅÍ ÓÉÌÕ ÐÏŒÅÒÈÎÏÓÔÎÏÇÏ ÎÁÔÑÖÅÎÉÑ.

äÁÄÉÍ ÍÁÔÅÍÁÔÉÞÅÓËÕÀ ÆÏÒÍÕÌÉÒÏŒËÕ ÚÁÄÁÞÉ Ï ÄŒÉÖÅÎÉÉ ÄŒÕÈ ÖÉÄËÏÓÔÅÊ.

ðÕÓÔØ Œ ÎÁÞÁÌØÎÙÊ ÍÏÍÅÎÔ ŒÒÅÍÅÎÉ t = 0 ÖÉÄËÏÓÔØ Ó ŒÑÚËÏ- ÓÔØÀ ˚^+ ¿ 0 É ÐÌÏÔÎÏÓÔØÀ æ^+ ¿ 0 ÚÁÎÉÍÁÅÔ ÏÇÒÁÎÉÞÅÎÎÕÀ ÏÂÌÁÓÔØ ˙^+_0 ⊂ R^3. ïÂÏÚÎÁÞÉÍ @˙^+_0 ÞÅÒÅÚ `_0, Á ÖÉÄËÏÓÔØ Ó ŒÑÚËÏÓÔØÀ ˚^− ¿ 0 É ÐÌÏÔÎÏÓÔØÀ æ^− ¿ 0 ÎÁÈÏÄÉÔÓÑ Œ ÏÂÌÁÓÔÉ ˙^−_0 , ÏËÒÕÖÁÀÝÅÊ ˙^+_0 . çÒÁÎÉÃÁ S ≡ @(˙^+_0 ∪ `_0 ∪ ˙^−_0 ) { ÚÁÄÁÎÎÁÑ ÚÁÍËÎÕÔÁÑ ÐÏŒÅÒÈÎÏÓÔØ, S ∩ `_0 = ∅.

ðÒÉ t ¿ 0 ÎÅÏÂÈÏÄÉÍÏ ÎÁÊÔÉ ÇÒÁÎÉÃÕ ÒÁÚÄÅÌÁ `_t ÍÅÖÄÕ ÏÂÌÁÓÔÑÍÉ ˙^+_t É ˙^−_t , Á ÔÁËÖÅ ÐÏÌÅ ÓËÏÒÏÓÔÅÊ v(x; t) = (v_1; v_2; v_3), ÆÕÎËÃÉÀ p, ÏÔËÌÏÎÅÎÉÅ ÏÔ ÇÉÄÒÏÓÔÁÔÉÞÅÓËÏÇÏ ÄÁŒÌÅÎÉÑ P_0, É ÆÕÎËÃÉÀ `^′, ÏÔËÌÏ- ÎÅÎÉÅ ÏÔ ÓÒÅÄÎÅÇÏ ÚÎÁÞÅÎÉÑ ÔÅÍÐÅÒÁÔÕÒÙ, ÄÌÑ ÏÂÅÉÈ ÖÉÄËÏÓÔÅÊ, ËÏ-

òÁÂÏÔÁ ÐÅÒŒÏÇÏ ÁŒÔÏÒÁ ÂÙÌÁ ÐÏÄÄÅÒÖÁÎÁ æÏÎÄÏÍ é. îÅÞÁÓÁ þÅÛÓËÏÊ ÁËÁÄÅÍÉÉ ÎÁÕË É ÇÒÁÎÔÏÍ òææé No. 08-01-00372a. òÁÂÏÔÁ ŒÔÏÒÏÇÏ ÁŒÔÏÒÁ ÂÙÌÁ ŒÙÐÏÌÎÅÎÁ Œ ÒÁÍËÁÈ ÇÒÁÎÔÁ þÅÛÓËÏÊ ÁËÁÄÅÍÉÉ ÎÁÕË, No. IAA100190804, ÎÁÕÞÎÙÊ ÐÌÁÎ éÎ- ÓÔÉÔÕÔÁ ÍÁÔÅÍÁÔÉËÉ þÅÛÓËÏÊ ÁËÁÄÅÍÉÉ ÎÁÕË No. AVOZ10190503 . 92 äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 93

ÔÏÒÙÅ ÕÄÏŒÌÅÔŒÏÒÑÀÔ ÓÌÅÄÕÀÝÅÊ ÎÁÞÁÌØÎÏ-ËÒÁÅŒÏÊ ÚÁÄÁÞÅ:

D_tv + (v · ∇)v − ˚^±∇^2v + 1 æ^±

∇p = f(x; t) − fi^±g`^′; ∇ · v = 0;

D_t`^′ + (v · ∇)`^′ − k^±∇^2`^′ = 0 Œ ˙^−_t ∪ ˙^+_t ; t ¿ 0; v|_S = 0; `^′|_S = a;

v|_{t=0} = v_0; `^′|_{t=0} = `_0 Œ ˙^−_0 ∪ ˙^+_0 ; (1.1) [v]|_{�t} ≡ lim_{x→x0∈�t ;}

x∈�^+_t

v(x) − lim

x→x_0∈�_t ;

x∈�^−_t

v(x) = 0; [Tn]|_{�t} = œHn;

[`]|_{�t} = 0; [ k^±

@`^′ @n ]| | |_{�t} = 0 ÎÁ `^t:

úÄÅÓØ D_t = @=@t, ∇ = (@=@x_1; @=@x_2; @=@x_3), ˚^±; æ^± { ÓÔÕÐÅÎÞÁÔÙÅ ÆÕÎËÃÉÉ ŒÑÚËÏÓÔÉ É ÐÌÏÔÎÏÓÔÉ, ÓÏÏÔŒÅÔÓÔŒÅÎÎÏ, f(x; t) { ÚÁÄÁÎÎÏÅ ÐÏÌÅ ÍÁÓÓÏŒÙÈ ÓÉÌ, fi^± ¿ 0 { ÓÔÕÐÅÎÞÁÔÁÑ ÆÕÎËÃÉÑ ËÏÜÆÆÉÃÉÅÎÔÁ ÔÅÍÐÅÒÁÔÕÒÎÏÇÏ ÒÁÓÛÉÒÅÎÉÑ, g = g(0; 0; 1), ÇÄÅ g { ÕÓËÏÒÅÎÉÅ ÓŒÏÂÏÄ- ÎÏÇÏ ÐÁÄÅÎÉÑ, v_0 { ÎÁÞÁÌØÎÏÅ ÒÁÓÐÒÅÄÅÌÅÎÉÅ ÓËÏÒÏÓÔÅÊ, `_0 { ÎÁÞÁÌØÎÏÅ ÒÁÓÐÒÅÄÅÌÅÎÉÅ ÔÅÍÐÅÒÁÔÕÒÙ, T { ÜÔÏ ÔÅÎÚÏÒ ÎÁÐÒÑÖÅÎÉÊ Ó ÜÌÅÍÅÎÔÁÍÉ

T_{ik} = −ffi^k_i p + ¯^±(@v_i=@x_k + @v_k=@x_i); i; k = 1; 2; 3;

¯^± = ˚^±æ^±; ffi^k_i { ÓÉÍŒÏÌ ëÒÏÎÅËÅÒÁ, œ ≥ 0 { ËÏÜÆÆÉÃÉÅÎÔ ÐÏŒÅÒÈ- ÎÏÓÔÎÏÇÏ ÎÁÔÑÖÅÎÉÑ, n { ŒÎÅÛÎÑÑ ÎÏÒÍÁÌØ Ë ˙^+_t ; H(x; t) { ÕÄŒÏÅÎÎÁÑ ÓÒÅÄÎÑÑ ËÒÉŒÉÚÎÁ `_t (H ¡ 0 Œ ÔÏÞËÁÈ ŒÙÐÕËÌÏÓÔÉ `_t Œ ÓÔÏÒÏÎÕ ˙^−_t ), k^± { ÓÔÕÐÅÎÞÁÔÁÑ ÆÕÎËÃÉÑ ÔÅÒÍÏÐÒÏŒÏÄÉÍÏÓÔÉ. íÙ ÐÒÅÄÐÏÌÁÇÁÅÍ, ÞÔÏ Œ R^3 ŒŒÅÄÅÎÁ ÄÅËÁÒÔÏŒÁÑ ÓÉÓÔÅÍÁ ËÏÏÒÄÉÎÁÔ {x}. ôÏÞËÁ ÏÚÎÁÞÁÅÔ ÄÅËÁÒÔÏŒÏ ÓËÁÌÑÒÎÏÅ ÐÒÏÉÚŒÅÄÅÎÉÅ.

âÕÄÅÍ ÐÏÄÒÁÚÕÍÅŒÁÔØ ÓÕÍÍÉÒÏŒÁÎÉÅ ÏÔ 1 ÄÏ 3 ÐÏ ÐÏŒÔÏÒÑÀÝÉÍÓÑ ÉÎÄÅËÓÁÍ. íÙ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ŒÅËÔÏÒÁ É ŒÅËÔÏÒÎÙÅ ÐÒÏÓÔÒÁÎÓÔŒÁ ÐÏÌÕÖÉÒÎÙÍ ÛÒÉÆÔÏÍ.

þÔÏÂÙ ÉÓËÌÀÞÉÔØ ÐÅÒÅÎÏÓ ÍÁÓÓÙ ÞÅÒÅÚ ÐÏŒÅÒÈÎÏÓÔØ `_t, ÍÙ ÓÞÉ- ÔÁÅÍ, ÞÔÏ ÞÁÓÔÉÃÙ ÖÉÄËÏÓÔÉ ÎÅ ÐÏËÉÄÁÀÔ `_t. üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ `_t ÓÏÓÔÏÉÔ ÉÚ ÔÁËÉÈ ÔÏÞÅË x(¸; t), ÒÁÄÉÕÓ-ŒÅËÔÏÒ ËÏÔÏÒÙÈ x(¸; t) ÑŒÌÑÅÔÓÑ ÒÅÛÅÎÉÅÍ ÚÁÄÁÞÉ ëÏÛÉ

D_tx = v(x(t); t); x|_{t=0} = ¸; ¸ ∈ `_0; t ¿ 0: (1.2)

úÎÁÞÉÔ, `_t = {x(¸; t)| ¸ ∈ `_0}, ˙^±_t = {x(¸; t)| ¸ ∈ ˙^±_0 }.

94 é. œ. äåîéóïœá, û. îåþáóïœá

ðÅÒÅÊÄčÍ ÏÔ ÜÊÌÅÒÏŒÙÈ ËÏÏÒÄÉÎÁÔ Ë ÌÁÇÒÁÎÖÅŒÙÍ ÐÏ ÆÏÒÍÕÌÅ

x = ¸ + t∫ 0 u(¸; ø)d ø ≡ X_u(¸; t) (1.3)

(ÚÄÅÓØ u(¸; t) { ÐÏÌÅ ÓËÏÒÏÓÔÅÊ Œ ÌÁÇÒÁÎÖÅŒÙÈ ËÏÏÒÄÉÎÁÔÁÈ) É ŒÏÓ- ÐÏÌØÚÕÅÍÓÑ ÈÏÒÏÛÏ ÉÚŒÅÓÔÎÙÍ ÓÏÏÔÎÏÛÅÎÉÅÍ

Hn = ´(t)x;

ÇÄÅ ´(t) ÏÂÏÚÎÁÞÁÅÔ ÏÐÅÒÁÔÏÒ âÅÌØÔÒÁÍÉ{ìÁÐÌÁÓÁ ÎÁ `_t. œ ÒÅÚÕÌØÔÁÔÅ ÍÙ ÐÒÉÄčÍ Ë ÚÁÄÁÞÅ ÄÌÑ u, q = p(X_u; t) É ^` = `^′(X_u; t) Ó ÚÁÄÁÎÎÏÊ ÐÏŒÅÒÈÎÏÓÔØÀ ` ≡ `_0. åÓÌÉ ÕÇÏÌ ÍÅÖÄÕ n É ŒÎÅÛÎÅÊ ÎÏÒÍÁÌØÀ n_0 Ë ` ÏÓÔÒÙÊ, ÔÏ ÐÏÌÕÞÅÎÎÁÑ ÓÉÓÔÅÍÁ ÜËŒÉŒÁÌÅÎÔÎÁ ÓÌÅÄÕÀÝÅÊ:

D_tu − ˚^±∇^2_uu + 1 æ^±

∇_uq = f(X_u; t) − fi^± ^`g(X_u); ∇_u · u = 0;

D_t ^` − k^±∇^2_u ^` = 0 Œ Q^±_T = ˙^± × (0; T ); ˙^± ≡ ˙^±_0 ; u|_{t=0} = v_0; ^`|_{t=0} = `_0 Œ ˙^− ∪ ˙^+;

[u]|_{GT} = 0; [^`]|_{GT} = 0; u|_S = 0; ^`|_S = a; (1.4) [˝_0˝T_u(u)n]|_{GT} = 0;

[n_0 · T_u(u; q)n]|_{GT} −œn_0 · ´(t) t∫ 0 u | |_�d ø =œH_0(¸)+œn_0 · t∫ 0 _´(ø)¸ | |_�d ø;

[k^±n · ∇_u ^`]|_{GT} = 0 ÎÁ G_T = ` × (0; T ):

úÄÅÓØ ÍÙ ÉÓÐÏÌØÚÏŒÁÌÉ ÓÌÅÄÕÀÝÅÅ ÏÂÏÚÎÁÞÅÎÉÅ: ∇_u = A∇, A { ÍÁ- ÔÒÉÃÁ ÁÌÇÅÂÒÁÉÞÅÓËÉÈ ÄÏÐÏÌÎÅÎÉÊ A_{ij} Ë ÜÌÅÍÅÎÔÁÍ

a_{ij} (¸; t) = ffi^j_i + t∫ 0 @u_i @¸_j d t^′

ÑËÏÂÉÅŒÏÊ ÍÁÔÒÉÃÙ ÐÒÅÏÂÒÁÚÏŒÁÎÉÑ (1.3), ŒÅËÔÏÒ n ÓŒÑÚÁÎ Ó n_0 ÓÏÏÔ- ÎÏÛÅÎÉÅÍ n = An_0=|An_0|; ˝! = ! − n(n · !), ˝_0! = ! − n_0(n_0 · !) { ÐÒÏÅËÃÉÉ ŒÅËÔÏÒÁ ! ÎÁ ËÁÓÁÔÅÌØÎÙÅ ÐÌÏÓËÏÓÔÉ Ë `_t É Ë `, ÓÏÏÔŒÅÔ- ÓÔŒÅÎÎÏ; T_u(w; q) { ÜÔÏ ÔÅÎÚÏÒ Ó ÜÌÅÍÅÎÔÁÍÉ

(T_u(w; q))_{ij} = −ffi^i_j q + ¯^±(A_{jk} @w_i=@¸_k + A_{ik} @w_j =@¸_k);

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 95

H_0(¸) = n_0 · ´(0)¸ { ÕÄŒÏÅÎÎÁÑ ÓÒÅÄÎÑÑ ËÒÉŒÉÚÎÁ `; _´(t) { ÏÐÅÒÁ- ÔÏÒ, ÐÏÌÕÞÁÀÝÉÊÓÑ ÉÚ ÏÐÅÒÁÔÏÒÁ âÅÌØÔÒÁÍÉ{ìÁÐÌÁÓÁ ÄÉÆÆÅÒÅÎÃÉ- ÒÏŒÁÎÉÅÍ ÅÇÏ ËÏÜÆÆÉÃÉÅÎÔÏŒ ÐÏ t.

òÅÚÕÌØÔÁÔÏÍ ÉÓÓÌÅÄÏŒÁÎÉÑ ÑŒÌÑÅÔÓÑ ÌÏËÁÌØÎÁÑ ÐÏ ŒÒÅÍÅÎÉ ÒÁÚÒÅ- ÛÉÍÏÓÔØ Œ ÇčÌØÄÅÒÏŒÓËÉÈ ËÌÁÓÓÁÈ ÆÕÎËÃÉÊ. ïÓÎÏŒÏÊ ÄÏËÁÚÁÔÅÌØÓÔŒÁ ÓÌÕÖÉÔ ÔÅÒÅÍÁ ÓÕÝÅÓÔŒÏŒÁÎÉÑ ÄÌÑ ÚÁÄÁÞÉ Œ ÓÌÕÞÁÅ ÐÏÓÔÏÑÎÎÏÊ ÔÅÍ- ÐÅÒÁÔÕÒÙ [2{4].

îÁÐÏÍÎÉÍ ÏÐÒÅÄÅÌÅÎÉÅ ÆÕÎËÃÉÏÎÁÌØÎÙÈ ÐÒÏÓÔÒÁÎÓÔŒ çčÌØÄÅÒÁ. ðÕÓÔØ ˙ {ÏÂÌÁÓÔØ Œ R^n, n ∈ N; ÄÌÑ T ¿ 0 ÐÏÌÏÖÉÍ ˙_T = ˙ × (0; T ); ÎÁËÏÎÅÃ, ÐÕÓÔØ ff ∈ (0; 1). ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ C^{ff;ff=2}(˙_T ) ÍÎÏÖÅÓÔŒÏ ÆÕÎËÃÉÊ f, ÚÁÄÁÎÎÙÈ Œ ˙_T , Ó ÎÏÒÍÏÊ

|f|^{(ff;ff=2)}

�_T = |f|�T + ⟨f⟩

(ff;ff=2) �_T ; ÇÄÅ |f|_{�T} = sup_{t∈(0;T )} sup_{x∈�} |f(x; t)|; ⟨f⟩^{(ff;ff=2)}_{�T} = ⟨f⟩^{(ff)}_{x;�T} + ⟨f⟩^{(ff=2)}_{t;�T} ;

⟨f⟩^{(ff)}_{x;�T} = sup_{t∈(0;T )} sup_{x;y∈�} |f(x; t) − f(y; t)||x − y|^{−ff};

⟨f⟩^{(¯)}_{t;�T} = sup_{x∈�} sup_{t;ø ∈(0;T )} |f(x; t) − f(x; ø)||t − ø|^{−¯}; ¯ ∈ (0; 1):

œŒÅÄčÍ ÓÌÅÄÕÀÝÉÅ ÏÂÏÚÎÁÞÅÎÉÑ:

D^r_x = @^{|r|}=@x^{r1}_1 : : : @x^{rn}_n ; r = (r_1; : : : r_n); r_i � 0; |r| = r_1 + · · · + r_n; D^s_t = @^s=@t^s; s ∈ N ∪ {0}:

ðÕÓÔØ k ∈ N. ðÏ ÏÐÒÅÄÅÌÅÎÉÀ ÐÒÏÓÔÒÁÎÓÔŒÏ C^{k+ff;(k+ff)=2}(˙_T ) ÓÏ- ÓÔÏÉÔ ÉÚ ÆÕÎËÃÉÊ f Ó ËÏÎÅÞÎÏÊ ÎÏÒÍÏÊ

|f|^{(k+ff; k+ff2 )}

�_T = ∑ |r|+2s⩽k

|D^r_xD^s_t f|_{�T} + ⟨f⟩^{(k+ff; k+ff2 )}

�_T ; ÇÄÅ ⟨f⟩^{(k+ff; k+ff2 )}

�_T = ∑ |r|+2s=k

⟨D^r_xD^s_t f⟩^{(ff; ff2 )}_{�T} + ∑ |r|+2s=k−1

⟨D^r_xD^s_t f⟩^{( 1+ff2 )}_{t;�T} :

96 é. œ. äåîéóïœá, û. îåþáóïœá

óÉÍŒÏÌ C^{k+ff;(k+ff)=2}

0 (˙_T ) ÏÂÏÚÎÁÞÁÅÔ ÐÏÄÐÒÏÓÔÒÁÎÓÔŒÏ ÐÒÏÓÔÒÁÎ- ÓÔŒÁ C^{k+ff;(k+ff)=2}(˙_T ), ÜÌÅÍÅÎÔÙ ËÏÔÏÒÏÇÏ f ÏÂÌÁÄÁÀÔ ÓŒÏÊÓÔŒÏÍ: D^i_tf | |_{t=0} = 0, i = 0; : : : ;

[_{k+ff} 2 ] . ïÐÒÅÄÅÌÉÍ C^{k+ff}(˙), k ∈ N ∪ {0}, ËÁË ÐÒÏÓÔÒÁÎÓÔŒÏ ÆÕÎËÃÉÊ f(x), x ∈ ˙, Ó ÎÏÒÍÏÊ

|f|^{(k+ff)} � = ∑ |r|⩽k

|D^r_xf|_� + ⟨f⟩^{(k+ff)}_� :

úÄÅÓØ

⟨f⟩^{(k+ff)} � = ∑ |r|=k

⟨D^r_xf⟩^{(ff)}_� = ∑ |r|=k sup x;y∈�

|D^r_xf(x) − D^r_yf(y)||x − y|^{−ff}:

îÁÍ ÐÏÎÁÄÏÂÉÔÓÑ ÓÌÅÄÕÀÝÁÑ ÐÏÌÕÎÏÒÍÁ Ó ff; fl ∈ (0; 1):

|| f ||^{(fl;1+ff)}

�_T = ⟨⟨ f ⟩⟩

(fl;1+ff) �_T + ⟨f⟩

(^{1+ff−fl}_2 ) t;�_T ; ÇÄÅ ⟨⟨ f ⟩⟩^{(fl;1+ff)}

�_T = max t;ø ∈(0;T ) max x;y∈�

|f(x; t) − f(y; t) − f(x; ø) + f(y; ø)| |x − y|^fl |t − ø|^{(1+ff−fl)=2} : éÚŒÅÓÔÎÁ ÏÃÅÎËÁ ⟨f⟩^{(fl;1+ff)}

�_T ≤ c1⟨f⟩

(1+ff;^{1+ff}_2 ) �_T :

âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ f ∈ C^{(fl;1+ff)}(˙_T ), ÅÓÌÉ

|f|_{�T} + || f ||^{(fl;1+ff)}

�_T ¡ ∞:

îÁËÏÎÅÃ, ÅÓÌÉ ÆÕÎËÃÉÑ f ÉÍÅÅÔ ËÏÎÅÞÎÕÀ ÎÏÒÍÕ

|f|^{(fl;¯)}_{�T} ≡ ⟨f⟩^{(fl)}_{x;�T} + |f|^{(¯)}_{t;�T} ; fl ∈ (0; 1); ¯ ∈ [0; 1); ÇÄÅ |f|^{(¯)}_{t;�T} = { |f|_{�T} + ⟨f⟩^{(¯)}_{t;�T} ; ÅÓÌÉ ¯ ¿ 0; |f|_{�T} ; ÅÓÌÉ ¯ = 0;

ÍÙ ÐÏÌÁÇÁÅÍ, ÞÔÏ ÏÎÁ ÐÒÉÎÁÄÌÅÖÉÔ ÇčÌØÄÅÒÏŒÓËÏÍÕ ÐÒÏÓÔÒÁÎÓÔŒÕ C^{fl;¯}(˙_T ).

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 97

íÙ ÓÞÉÔÁÅÍ, ÞÔÏ ŒÅËÔÏÒÎÏÚÎÁÞÎÁÑ ÆÕÎËÃÉÑ ÑŒÌÑÅÔÓÑ ÜÌÅÍÅÎÔÏÍ ÇčÌØÄÅÒÏŒÓËÏÇÏ ÐÒÏÓÔÒÁÎÓÔŒÁ, ÅÓÌÉ ŒÓÅ Åč ËÏÍÐÏÎÅÎÔÙ ÐÒÉÎÁÄÌÅÖÁÔ ÜÔÏÍÕ ÐÒÏÓÔÒÁÎÓÔŒÕ, É Åč ÎÏÒÍÁ ÏÐÒÅÄÅÌÑÅÔÓÑ ËÁË ÍÁËÓÉÍÕÍ ÎÏÒÍ Åč ËÏÍÐÏÎÅÎÔ.

ðÏÌÏÖÉÍ: ∪Q^±_T = Q^−_T ∪ Q^+_T É

|f|^{(k+ff)}

∪Q^±_T = |f|

(k+ff) Q^−_T + |f|

(k+ff) Q^+_T ;

|f|^{(k+ff)}

∪�^± = |f|

(k+ff) �^− + |f| k+ff) �^+ :

óÆÏÒÍÕÌÉÒÕÅÍ ÔÅÐÅÒØ ÏÓÎÏŒÎÏÊ ÒÅÚÕÌØÔÁÔ ÒÁÂÏÔÙ.

ôÅÏÒÅÍÁ 1.1. äÏÐÕÓÔÉÍ, ÞÔÏ ` ∈ C^{3+ff}, S ∈ C^{2+ff}, f, D_xf ∈ C^{ff;(ff+”)=2}(R^3 × (0; T )), v_0 ∈ C^{2+ff}(˙^− ∪ ˙^+), a ∈ C^{2+ff;1+ff=2}(S_T ), `_0 ∈ C^{2+ff;1+ff=2}(˙^− ∪ ˙^+) ÄÌÑ ÎÅËÏÔÏÒÏÇÏ ff ∈ (0; 1), ” ∈ (0; 1 − ff), 0 ¡ T ¡ ∞. ëÒÏÍÅ ÔÏÇÏ, ÐÕÓÔØ ŒÙÐÏÌÎÅÎÙ ÕÓÌÏŒÉÑ ÓÏÇÌÁÓÏŒÁÎÉÑ

∇ · v_0 = 0; [v_0]|_� = 0; [`_0]|_� = 0; v_0|_S = 0; `_0|_S = a|_{t=0}; [˝_0T(v_0)n_0]|_� = 0;

[˝_0(˚^±∇^2v_0 − 1 æ^±

∇q_0)]|_� = −[fi^±`_0˝_0g]|_�; k^−∇^2`_0|_S = D_ta | |_{t=0};

˝_S (˚^−

@^2v_0 @n^2_S − 1 æ^−

∇q_0) | |_S = ˝_S (f − fi^−ag) | |_{S;t=0}; (1.5)

[k^±∇^2`_0] | � = 0; [ k^±

@`_0 @n_0 ]| | |_� = 0 ( @ @n_0

= n_0 · ∇ ) ; ÇÄÅ q_0(¸) ≡ q(¸; 0) { ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ ÄÉÆÒÁËÃÉÉ 1 æ^±

∇^2q_0(¸) = ∇ · ( f(¸; 0) − fi^±`_0g − D_tB^∗ | |_{t=0}v_0(¸)); ¸ ∈ ˙^±;

[q_0]|_� = [ 2¯^±

@v_0 @n_0

· n_0 ]| | |_� − œH^0; (1.6) [ 1 æ^±

@q_0 @n_0 ]| | |_� = [ ˚^±n_0 · ∇^2v_0 ]| � − [ n_0 · fi^±`_0g ]| �; 1 æ^−

@q_0 @n_S | | | S = ˚^−n_S · ∇^2v_0 | |_S + n_S · (f − fi^−ag) | |_{S; t=0} ( @ @n_S

= n_S · ∇ ) : úÄÅÓØ B = A − I, I { ÅÄÉÎÉÞÎÁÑ ÍÁÔÒÉÃÁ, B^∗ { ÔÒÁÎÓÐÏÎÉÒÏŒÁÎÎÁÑ ÍÁÔÒÉÃÁ Ë B, n_S { ŒÅËÔÏÒ ŒÎÅÛÎÅÊ ÎÏÒÍÁÌÉ Ë S, ˝_S ! ≡ ! −n_S (n_S ·!).

98 é. œ. äåîéóïœá, û. îåþáóïœá

ôÏÇÄÁ ÓÕÝÅÓÔŒÕÅÔ ÐÏÌÏÖÉÔÅÌØÎÁÑ ËÏÎÓÔÁÎÔÁ T^∗ ≤ T ÔÁËÁÑ, ÞÔÏ ÚÁÄÁÞÁ (1.4) ÉÍÅÅÔ ÒÅÛÅÎÉÅ (u; q; ^`) ÓÏ ÓÌÅÄÕÀÝÉÍÉ ÓŒÏÊÓÔŒÁÍÉ: u ∈ C^{2+ff;1+ ff2} (∪Q^±_T ∗ ), q ∈ C^{(fl;1+ff)}(∪Q^±_T ∗ ) (fl = 1 − ” ¿ ff), ∇q ∈ C^{ff;ff=2}(∪Q^±_T ∗ ), ^` ∈ C^{2+ff;1+ff=2}(∪Q^±_T ∗ ), ÐÒÉ ÜÔÏÍ u É ^` ÏÐÒÅÄÅÌÑÀÔÓÑ ÏÄÎÏÚÎÁÞÎÏ, Á ÄÁŒÌÅÎÉÅ q { Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÏÇÒÁÎÉÞÅÎÎÏÊ ÆÕÎËÃÉÉ ŒÒÅÍÅÎÉ. œÅÌÉÞÉÎÁ T^∗ ÚÁŒÉÓÉÔ ÏÔ ÎÏÒÍ ÚÁÄÁÎÎÙÈ ÆÕÎËÃÉÊ É ËÒÉ- ŒÉÚÎÙ ÐÏŒÅÒÈÎÏÓÔÉ `.

äÏËÁÚÁÔÅÌØÓÔŒÏ ÜÔÏÊ ÔÅÏÒÅÍÙ ÏÓÎÏŒÁÎÏ ÎÁ ÒÁÚÒÅÛÉÍÏÓÔÉ ŒÓÐÏÍÏ- ÇÁÔÅÌØÎÙÈ ÌÉÎÅÁÒÉÚÏŒÁÎÎÙÈ ÚÁÄÁÞ.

2. ìÉÎÅÁÒÉÚÏŒÁÎÎÙÅ ÚÁÄÁÞÉ

œÏ-ÐÅÒŒÙÈ, ÍÙ ÒÁÓÓÍÏÔÒÉÍ ÓÌÅÄÕÀÝÕÀ ÌÉÎÅÊÎÕÀ ÚÁÄÁÞÕ:

D_tw − ˚^±∇^2_uw + 1 æ^±

∇_us = f; ∇_u · w = r Œ Q^±_T ;

w|_{t=0} = w_0 Œ ˙^− ∪ ˙^+; (2.1)

[w]|_{GT} = 0; w|_S = 0; [¯^±˝_0˝S_u(w)n]|_{GT} = ˝_0b;

[n_0 · T_u(w; s)n]|_{GT} − œn_0 · ´(t) t∫ 0 w | |_�d ø = b + t∫ 0 Bd ø ÎÁ G_T ;

ÇÄÅ (S_u(w))_{ij} = (A_{jk} @w_i=@¸_k + A_{ik} @w_j =@¸_k):

úÁÄÁÞÁ (2.1) ÉÚÕÞÁÌÁÓØ Œ [2{4]. œ [4] (ÔÅÏÒÅÍÁ 3.1) ÂÙÌÁ ÄÏËÁÚÁÎÁ ÏÄ- ÎÏÚÎÁÞÎÁÑ ÒÁÚÒÅÛÉÍÏÓÔØ ÄÌÑ ÎÅč ÎÁ ÌÀÂÏÍ ËÏÎÅÞÎÏÍ ÉÎÔÅÒŒÁÌÅ ŒÒÅ- ÍÅÎÉ Œ ÓÌÕÞÁÅ, ËÏÇÄÁ ÐÏŒÅÒÈÎÏÓÔØ S ÏÔÓÕÔÓÔŒÏŒÁÌÁ É ÃÉÌÉÎÄÒ ∪Q^±_T ÓÏŒÐÁÄÁÌ ÓÏ ŒÓÅÍ ÐÒÏÓÔÒÁÎÓÔŒÏÍ R^3. üÔÏÔ ÒÅÚÕÌØÔÁÔ ÂÙÌ ÐÏÌÕÞÅÎ Œ ÇčÌØÄÅÒÏŒÓËÉÈ ÐÒÏÓÔÒÁÎÓÔŒÁÈ ÓÏ ÓÔÅÐÅÎÎÙÍ ŒÅÓÏÍ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ, ÏÄÎÁËÏ ÏÎ ÓÐÒÁŒÅÄÌÉŒ ÔÁËÖÅ É Œ ÎÁÛÅÍ ÓÌÕÞÁÅ. œÏ-ÐÅÒŒÙÈ, ŒÅÓÏŒÙÅ ÐÒÏÓÔÒÁÎÓÔŒÁ ÜËŒÉŒÁÌÅÎÔÎÙ ÏÂÙÞÎÙÍ ÇčÌØÄÅÒÏŒÓËÉÍ ÐÒÏÓÔÒÁÎÓÔŒÁÍ Œ ÏÇÒÁÎÉÞÅÎÎÏÊ ÏÂÌÁÓÔÉ. œÏ-ŒÔÏÒÙÈ, ÅÓÔØ ÓÏÏÔŒÅÔÓÔŒÕÀÝÉÅ ÏÃÅÎËÉ ÄÌÑ ÍÏÄÅÌØÎÏÊ ÚÁÄÁÞÉ Ó ÕÓÌÏŒÉÅÍ ÐÒÉÌÉÐÁÎÉÑ ÎÁ ÇÒÁÎÉÃÅ [7].

ðÒÉŒÅÄčÍ ÆÏÒÍÕÌÉÒÏŒËÕ ÔÅÏÒÅÍÙ ÓÕÝÅÓÔŒÏŒÁÎÉÑ ÄÌÑ ÚÁÄÁÞÉ (2.1).

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 99

ôÅÏÒÅÍÁ 2.1. äÏÐÕÓÔÉÍ, ÞÔÏ ÄÌÑ ÎÅËÏÔÏÒÙÈ ff; fl ∈ (0; 1), fl ¿ ff, 0 ¡ T ¡ ∞, ÐÏŒÅÒÈÎÏÓÔÉ `; S ∈ C^{2+ff}, ÆÕÎËÃÉÑ œ ∈ C^{1+ff}(`), œ � œ_0 ¿ 0, Á ŒÅËÔÏÒ u ∈ C^{2+ff;1+ff=2}(∪Q^±_T ), ÔÁËÏÊ, ÞÔÏ [u]|_{GT} = 0, ÐÏÄÞÉÎÑÅÔÓÑ ÎÅÒÁŒÅÎÓÔŒÕ (T + T^{fl=2})|u|^{(2+ff;1+ff=2)}

∪Q^±_T � ffi (2.2)

ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÏÇÏ ffi ¿ 0.

ðÒÅÄÐÏÌÏÖÉÍ, ËÒÏÍÅ ÔÏÇÏ, ÞÔÏ ŒÙÐÏÌÎÅÎÙ ÞÅÔÙÒÅ ÇÒÕÐÐÙ ÕÓÌÏŒÉÊ: (1) ÓÕÝÅÓÔŒÕÅÔ ŒÅËÔÏÒ h ∈ C^{ff;ff=2}(∪Q^±_T ) É ÔÅÎÚÏÒ G = {G_{ik}}^3_{i;k=1}, G_{ik} ∈ C^{(fl;1+ff)}(∪Q^±_T ) ∩ C^{fl;0}(∪Q^±_T ) ÔÁËÉÅ, ÞÔÏ ÉÍÅÀÔ ÍÅÓÔÏ ÐÒÅÄÓÔÁ- ŒÌÅÎÉÑ

D_tr − ∇_u · f = ∇ · h; h = ∇ · G (h_i = @G_{ik} =@¸_k; i = 1; 2; 3);

(ÜÔÉ ÒÁŒÅÎÓÔŒÁ ÐÏÎÉÍÁÀÔÓÑ Œ ÏÂÏÂÝčÎÎÏÍ ÓÍÙÓÌÅ) É, ÐÏÍÉÍÏ ÔÏÇÏ,

[(h + A^∗f) · n_0]|_{GT} = 0;

(2) f ∈ C^{ff;ff=2}(∪Q^±_T ), r ∈ C^{1+ff; 1+ff2} (∪Q^±_T ), w_0 ∈ C^{2+ff}(˙^− ∪ ˙^+), b ∈ C^{1+ff; 1+ff2} (G_T ), b ∈ C^{(fl;1+ff)}(G_T ), B ∈ C^{ff;ff=2}(G_T ); (3) ∇ · w_0(¸) = r(¸; 0) = 0; [w_0]|_� = 0; w_0|_S = 0;

[˝_0T(w_0(¸))n_0]|_{¸∈�} = ˝_0b(¸; 0); ¸ ∈ `; [ ˝_0 ( f(¸; 0) − 1 æ^±

∇s(¸; 0) + ˚^±∇^2w_0(¸) )]| |_{¸∈�} = 0;

˝_S ( f(¸; 0) − 1 æ^−

∇s(¸; 0) + ˚^−∇^2w_0(¸) )| |_{¸∈S} = 0;

(4) s_0(¸) = s(¸; 0) ÑŒÌÑÅÔÓÑ ÒÅÛÅÎÉÅÍ ÚÁÄÁÞÉ 1 æ^±

∇^2s_0(¸) = ∇ · (D_tB^∗|_{t=0}w_0(¸) − h(¸; 0)) ≡ ∇ · d Œ ˙^− ∪ ˙^+;

[s_0]|_� = [ 2¯^±

@w_0 @n_0

· n_0 ]| |_� − b|t=0 ≡ p00; (2.3) [ 1 æ^±

@s_0 @n_0 ]| |_� = [n0 · (f|t=0 + ˚^±∇^2w0)]|� ≡ p01; 1 æ^−

@s_0 @n_S | | |_S = ˚^−nS · ∇^2w0|S + nS · f | |_{S; t=0} ≡ p_{02}:

100 é. œ. äåîéóïœá, û. îåþáóïœá

ðÒÉ ÜÔÉÈ ÐÒÅÄÐÏÌÏÖÅÎÉÑÈ ÚÁÄÁÞÁ (2.1) ÉÍÅÅÔ ÅÄÉÎÓÔŒÅÎÎÏÅ ÒÅÛÅÎÉÅ (w; s), w ∈ C^{2+ff;1+ff=2}(∪Q^±_T ), s ∈ C^{(fl;1+ff)}(∪Q^±_T ), ∇s ∈ C^{ff;ff=2}(∪Q^±_T ) (ÄÁŒÌÅÎÉÅ ÏÐÒÅÄÅÌÑÅÔÓÑ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÏÇÒÁÎÉÞÅÎÎÏÊ ÆÕÎËÃÉÉ ŒÒÅ- ÍÅÎÉÉ). äÌÑ ÎÅÇÏ ŒÅÒÎÏ ÎÅÒÁŒÅÎÓÔŒÏ

N_t′ [w; s] ≡ |w|^{(2+ff;1+ff=2)}

∪Q^±_{t′} + |∇s|

(ff;ff=2) ∪Q^±_{t′} + |s|

(^{1+ff−fl}_2 ) t;∪Q^±_{t′} + ⟨⟨ s ⟩⟩

(fl;1+ff) ∪Q^±_{t′}

� c_1(t^′) { |f|^{(ff;ff=2)}

∪Q^±_{t′} + |r|

(1+ff;^{1+ff}_2 ) ∪Q^±_{t′} + |w0|

(2+ff) ∪�^± + |h|

(ff;ff=2) ∪Q^±_{t′} + || G ||

(fl;1+ff) ∪Q^±_{t′}

+|G|^{(fl;0)}_{∪Q±t′} + |b|^{(1+ff; 1+ff2 )}

G_t′ + |b|Gt^′ + || b ||

(fl;1+ff) G_t′ + |B|

(ff;ff=2) G_t′ + Pt^′ [u]|w0| (1) ∪�^± }

≡ c_1(t^′) { F (t^′) + P_t′ [u]|w_0|^{(1)}_{∪�±} } ; ÇÄÅ c_1(t^′) { ÎÅÕÂÙŒÁÀÝÁÑ ÆÕÎËÃÉÑ t^′ � T , ∇_� = ˝_0∇, Á

P_t[u] = t^{1−ff2} |∇u|_{∪Q}±_t + |∇u|^{(ff;ff=2)}_{∪Q±t} :

úÁÍÅÞÁÎÉÅ 2.2. ïÃÅÎËÁ ÄÁŒÌÅÎÉÑ s_0 Œ ÎÁÞÁÌØÎÙÊ ÍÏÍÅÎÔ ŒÒÅÍÅÎÉ ÄÌÑ ÏÇÒÁÎÉÞÅÎÎÏÊ ÏÂÌÁÓÔÉ ÐÒÏŒÏÄÉÔÓÑ Œ §3.

úÁÍÅÞÁÎÉÅ 2.3. ïÔÍÅÔÉÍ, ÞÔÏ ÔÅÏÒÅÍÁ 2.1 ŒÅÒÎÁ É ÄÌÑ ÓÌÕÞÁÑ œ = 0. üÔÏ ÓÌÅÄÕÅÔ ÉÚ ÎÅÄÁŒÎÉÈ ÒÅÚÕÌØÔÁÔÏŒ ÏÄÎÏÇÏ ÉÚ ÁŒÔÏÒÏŒ, ÓŒÑÚÁÎÎÙÈ Ó ÏÃÅÎËÁÍÉ ÒÅÛÅÎÉÑ ÍÏÄÅÌØÎÏÊ ÚÁÄÁÞÉ Ó ÐÌÏÓËÏÊ ÇÒÁÎÉÃÅÊ ÒÁÚÄÅÌÁ ÖÉÄËÏÓÔÅÊ ÐÒÉ œ = 0 [5].

òÁÓÓÍÏÔÒÉÍ ÔÅÐÅÒØ ÚÁÄÁÞÕ ÄÌÑ ÎÅÉÚŒÅÓÔÎÏÊ ÆÕÎËÃÉÉ ÔÅÍÐÅÒÁÔÕÒÙ : D_t − k^±∇^2_u = f Œ Q^±_T ; |_{t=0} = _0 Œ ˙^− ∪ ˙^+; []|_{GT} = 0; |_{ST} = ’; [k^±n · ∇_u]|_{GT} = d ÎÁ G_T :

(2.4)

ôÅÏÒÅÍÁ 2.4. ðÒÅÄÐÏÌÏÖÉÍ, ÞÔÏ ÐÏŒÅÒÈÎÏÓÔÉ `; S ∈ C^{2+ff}, Á ŒÅËÔÏÒ- ÆÕÎËÃÉÑ u ∈ C^{2+ff;1+ff=2}(∪Q^±_T ), [u]|_� = 0, É ÕÄÏŒÌÅÔŒÏÒÑÅÔ ÎÅÒÁŒÅÎ- ÓÔŒÕ (2.2). ôÏÇÄÁ ÄÌÑ ÌÀÂÙÈ f ∈ C^{ff;ff=2}(∪Q^±_T ); _0 ∈ C^{2+ff}(˙^− ∪ ˙^+), ’ ∈ C^{2+ff;1+ff=2}(S_T ), d ∈ C^{1+ff;(1+ff)=2}(G_T ), ÄÌÑ ËÏÔÏÒÙÈ ŒÙÐÏÌÎÅÎÙ ÕÓÌÏŒÉÑ ÓÏÇÌÁÓÏŒÁÎÉÑ

[_0]|_� = 0; _0|_S = ’|_{t=0}; −[k^±∇^2_0]|_� = [f|_{t=0}]|_�;

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 101

[k^±

@_0 @n_0

]|_� = d(¸; 0); ¸ ∈ `; D_t’|_{t=0} − k^−∇^2_0|_S = f|_{S; t=0}; (2.5)

ÚÁÄÁÞÁ (2.4) ÉÍÅÅÔ ÅÄÉÎÓÔŒÅÎÎÏÅ ÒÅÛÅÎÉÅ ∈ C^{2+ff;1+ff=2}(∪Q^±_T ) É ŒÅÒÎÁ ÏÃÅÎËÁ

||^{(2+ff;1+ff=2)}

∪Q^±_T � c2(T ) { |f|^{(ff;ff=2)}

∪Q^±_T + |0|

(2+ff) ∪�^± + |’|

(2+ff;1+ff=2) S_T

+ |d|^{(1+ff; 1+ff2 )}

G_T + T 1−ff 2 |∇u|_{∪Q}±_T |_0|^{(1)}_{∪�±} } : (2.6)

úÄÅÓØ c_2 { ÎÅÕÂÙŒÁÀÝÁÑ ÆÕÎËÃÉÑ T .

äÏËÁÚÁÔÅÌØÓÔŒÏ. ðÅÒÅÐÉÛÅÍ ÓÉÓÔÅÍÕ (2.4) Œ ŒÉÄÅ

D_t − k^±∇^2 = f + h_1(; u) Œ Q^±_T ; |_{t=0} = _0 Œ ˙^− ∪ ˙^+; []|_{GT} = 0; |_{ST} = ’; [k^±n_0 · ∇]|_{GT} = d + h_2(; u);

(2.7)

ÇÄÅ h_1(; u) = k^±(∇^2_u − ∇^2); h_2(; u) = [k^±(n_0 · ∇ − n · ∇_u)] | |_�: (2.8)

éÚŒÅÓÔÎÏ, ÞÔÏ ÐÒÉ ŒÙÐÏÌÎÅÎÉÉ ÕÓÌÏŒÉÊ (2.5) ÚÁÄÁÞÁ (2.7) Ó h_1() = h_2() = 0 ÒÁÚÒÅÛÉÍÁ Œ C^{2+ff;1+ ff2} (∪Q^±_T ) [6].

úÁÐÉÛÅÍ ÚÁÄÁÞÕ (2.7) Œ ÏÐÅÒÁÔÏÒÎÏÍ ŒÉÄÅ

= L[f + h_1(; u); _0; ’; d + h_2(; u)] ≡ L[f; _0; ’; d] + K_u(): (2.9)

úÄÅÓØ L { ÌÉÎÅÊÎÙÊ ÎÅÐÒÅÒÙŒÎÙÊ ÏÐÅÒÁÔÏÒ ÉÚ ÐÏÄÐÒÏÓÔÒÁÎÓÔŒÁ C^{ff; ff2} (∪Q^±_T ) × C^{2+ff}(˙^− ∪ ˙^+) × C^{2+ff;1+ ff2} (S_T ) × C^{1+ff; 1+ff2} (`), ÜÌÅÍÅÎÔÙ ËÏÔÏÒÏÇÏ (f; _0; d) ÕÄÏŒÌÅÔŒÏÒÑÀÔ (2.5), Œ ÐÒÏÓÔÒÁÎÓÔŒÏ çčÌØÄÅÒÁ C^{2+ff;1+ ff2} (∪Q^±_T ); K_u() = L[h_1(); 0; 0; h_2(; u)]. ëÁÖÄÏÊ ÞÅÔŒčÒËÅ (f; _0; ’; d) ÏÐÅÒÁÔÏÒ L ÓÔÁŒÉÔ Œ ÓÏÏÔŒÅÔÓÔŒÉÅ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ (2.7) Ó h_1(; u) = h_2(; u) = 0.

ðÒÉÍÅÍ ŒÏ ŒÎÉÍÁÎÉÅ, ÞÔÏ

h_1() = k^±(A∇ · B∇) + k^±B∇ · ∇;

h_2() = [k^±((n_0 − n) · ∇ − n · B∇)] | |_�;

102 é. œ. äåîéóïœá, û. îåþáóïœá

ÇÄÅ B = A − I. ôÏÇÄÁ ÌÅÍÍÁ 5.2 ÉÚ [8] (ÓÍ. ÔÁËÖÅ [4, §3]) ÄÁčÔ ÎÁÍ ÎÅÒÁŒÅÎÓÔŒÏ |h_1()|^{(ff;ff=2)}

∪Q^±_T + |h2()|

(1+ff;^{1+ff}_2 ) G_T

� c{ffi||^{(2+ff;1+ff=2)}

∪Q^±_T + T 1−ff 2 |∇u|_{∪Q}±_T |∇|_{∪Q}±_T }

� c_1{ffi||^{(2+ff;1+ff=2)}

∪Q^±_T + T 1−ff 2 |∇u|_{∪Q}±_T |_0|^{(1)}_{∪�±} }: (2.10)

úÎÁÞÉÔ, ÏÐÅÒÁÔÏÒ K_u() ÑŒÌÑÅÔÓÑ ÏÐÅÒÁÔÏÒÏÍ ÓÖÁÔÉÑ ÐÒÉ ÄÏÓÔÁ- ÔÏÞÎÏ ÍÁÌÏÍ ffi, Ô.Å. ÄÌÑ ÌÀÂÙÈ ; ^′ ∈ C^{2+ff;1+ ff2} (∪Q^±_T ) ÔÁËÉÈ, ÞÔÏ − ^′|_{t=0} = 0, − ^′|_{ST} = 0, ŒÅÒÎÁ ÏÃÅÎËÁ

|K_u() − K_u(^′)|^{(2+ff;1+ff=2)}

∪Q^±_T � ”| −

′|^{(2+ff;1+ff=2)}

∪Q^±_T ; ” ¡ 1:

óÌÅÄÏŒÁÔÅÌØÎÏ, ÕÒÁŒÎÅÎÉÅ (2.9), Á ÚÎÁÞÉÔ, É ÚÁÄÁÞÁ (2.7) ÏÄÎÏÚÎÁÞÎÏ ÒÁÚÒÅÛÉÍÙ. îÅÒÁŒÅÎÓÔŒÏ (2.6) ÓÌÅÄÕÅÔ ÉÚ (2.10) É ÏÇÒÁÎÉÞÅÎÎÏÓÔÉ ÏÐÅ- ÒÁÔÏÒÁ L. □ ìÅÍÍÁ 2.5. ðÕÓÔØ ∈ C^{2+ff;1+ff=2}(∪Q^±_T ), []|_� = 0. äÌÑ ÏÐÅÒÁÔÏÒÎÙÈ ÒÁÚÎÏÓÔÅÊ

h_1() − h^′_1() = k^±(∇^2_u − ∇^2_u′ ) = = k^± { A∇ · (B − B^′)∇ + (B − B^′)∇ · A^′ } ; h_2() − h^′_2() = [ k^±(n^′ · ∇_u′ − n · ∇_u) ]| |_� = [ k^± { (n^′ − n) · A∇ + n · (B − B^′)∇ }]| |_� ŒÅÒÎÙ ÏÃÅÎËÉ

|h_1() − h^′_1()|^{(ff; ff2 )}_{∪Q±T} ≤ c_2||^{(2+ff;1+ ff2 )}

∪Q^±_T MT [u − u ′]; |h_2() − h^′_2()|^{(1+ff; 1+ff2 )}

G_T ≤ c3||

(2+ff;1+^ff_2 ) ∪Q^±_T MT [u − u ′] + c_4T^{1−ff2} |∇|_{∪Q}±_T |∇(u − u^′)|_{∪Q}±_T ; ÇÄÅ M_T [v] = T∫ 0 |v|^{(2+ff)}

∪�^± d t + sup 0¡ø ¡t¡T

ø^{−ff=2} t∫ t−ø (|∇v|_{∪�}± + |∇∇v|_{∪�}± )d ø^′:

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 103

3. ïÃÅÎËÉ ÒÅÛÅÎÉÊ ÚÁÄÁÞ (2.3) É (1.6) ðÏËÁÖÅÍ ÓÕÝÅÓÔŒÏŒÁÎÉÅ ÒÅÛÅÎÉÑ s_0 ÚÁÄÁÞÉ (2.3) É ÐÏÌÕÞÉÍ ÅÇÏ ÏÃÅÎËÉ Œ C^ff É C^{1+ff}. ðÒÅÄÓÔÁŒÉÍ s_0 Œ ŒÉÄÅ ÓÕÍÍÙ s_0 = s_{00} +æ^±s_1 +s_2, ÇÄÅ s_{00} { ÒÅÛÅÎÉÅ ÕÒÁŒÎÅÎÉÑ ðÕÁÓÓÏÎÁ 1 æ^+

∇^2s_{00} = ∇ · d Œ ˙^+; (3.1) 1 æ^−

∇^2s_{00} = ∇ · d Œ R^3 \ ˙^+;

ÐÒÉÞčÍ ŒÅËÔÏÒ d ÐÒÏÄÏÌÖÅÎ ŒÏ ŒÓč ÐÒÏÓÔÒÁÎÓÔŒÏ R^3 Ó ÓÏÈÒÁÎÅÎÉÅÍ ËÌÁÓÓÁ É ÎÏÒÍÙ É ÉÍÅÅÔ ŒÉÄ: d = ∇ · D, Á s_1, s_2 { ÒÅÛÅÎÉÑ ÚÁÄÁÞ ÄÉÆÒÁËÃÉÉ Ó ÏÄÎÏÒÏÄÎÙÍÉ ÕÒÁŒÎÅÎÉÑÍÉ: 1 æ^+

∇^2s_1 = 0 Œ ˙^+; 1 æ^−

∇^2s_1 = 0 Œ R^3 \ ˙^+;

[s_1]|_� = p_{00}; [ 1 æ^±

@s_1 @vn_0 ]| | |_� = 0; s^1 −−−→_{|x|→∞} 0

(3.2)

É 1 æ^±

∇^2s_2 = 0 Œ ˙^±;

[s_2]|_� = 0; [ 1 æ^±

@s_2 @n_0 ]| | |_� = p^{01} − [ 1 æ^±

@s_{00} @n_0 ]| | |_� ≡ q^1; 1 æ^−

@s_2 @n_S | | | |_S = p^{02} − 1 æ^−

@s_1 @n_S | | | |_S − 1 æ^−

@s_{00} @n_S | | | |_S ≡ q^2:

(3.3)

æÕÎËÃÉÉ s_{00}, s_1 ÂÙÌÉ ÎÁÊÄÅÎÙ É ÏÃÅÎÅÎÙ Œ [3 (ÓÍ. §2]). ôÁÍ ÄÌÑ ÎÉÈ ÂÙÌÉ ÐÏÌÕÞÅÎÙ ÏÃÅÎËÉ:

|s_{00}|^{(fl)}_{∪�±} + |∇s_{00}|_{∪�}± ≤ c{⟨D⟩^{(fl)}_{∪�±} + |d|^{(ff)}_{∪�±} }; fl ∈ (0; 1);

⟨∇s_{00}⟩^{(ff)}_{∪�±} ≤ c|d|^{(ff)}_{∪�±} ;

|s_1|^{(fl)}_{∪�±} ≤ c|p_{00}|^{(fl)}_� ;

|∇s_1|^{(ff)}_{∪�±} ≤ c|p_{00}|^{(1+fl)}_� :

(3.4)

104 é. œ. äåîéóïœá, û. îåþáóïœá

óÌÅÄÕÑ ËÎÉÇÅ î. í. çÀÎÔÅÒÁ [9], ÇÄÅ ÉÚÕÞÁÅÔÓÑ ÒÁÚÒÅÛÉÍÏÓÔØ ŒÎÕ- ÔÒÅÎÎÅÊ ÚÁÄÁÞÉ îÅÊÍÁÎÁ É ÐÏÌÕÞÅÎÙ ÏÃÅÎËÉ Åč ÒÅÛÅÎÉÑ, ÉÓÓÌÅÄÕÅÍ ÁÎÁÌÏÇÉÞÎÙÅ ŒÏÐÒÏÓÙ ÄÌÑ ÚÁÄÁÞÉ (3.3).

âÕÄÅÍ ÉÓËÁÔØ ÒÅÛÅÎÉÅ ÜÔÏÊ ÚÁÄÁÞÉ Œ ŒÉÄÅ ÐÏÔÅÎÃÉÁÌÁ ÐÒÏÓÔÏÇÏ ÓÌÏÑ

s_2(x) = ∫ � E(x; y)!_1(y)d `(y) + ∫ S E(x; y)!_1(y)d S(y);

ÇÄÅ E(x; y) = −^1_{4ß|x−y|} { ÜÔÏ ÆÕÎÄÁÍÅÎÔÁÌØÎÏÅ ÒÅÛÅÎÉÅ ÕÒÁŒÎÅÎÉÑ ìÁ- ÐÌÁÓÁ.

äÌÑ ÐÌÏÔÎÏÓÔÅÊ !_1, !_2 ŒÙÐÏÌÎÑÅÔÓÑ ÓÉÓÔÅÍÁ ÕÒÁŒÎÅÎÉÊ − æ^+ − æ^− æ^+æ^− { ∫ � @E(x; y) @n_0(x)

!_1(y)d `(y) + ∫ S @E(x; y) @n_0(x)

!_2(y)d S(y) }

+ æ^+ + æ^− 2æ^+æ^−

!_1(x) = q_1(x); x ∈ `; (3.5)

1 æ^− { ∫ � @E(x; y) @n_S (x)

!_1(y)d `(y) + ∫ S @E(x; y) @n_S (x)

!_2(y)d S(y) }

+ 1 2æ^−

!_2(x) = q_2(x); x ∈ S:

ôÁË ËÁË ÑÄÒÁ Œ ÉÎÔÅÇÒÁÌØÎÙÈ ÏÐÅÒÁÔÏÒÁÈ Œ (3.5) ÓÏÄÅÒÖÁÔ ÔÏÌØËÏ ÓÌÁÂÙÅ ÏÓÏÂÅÎÎÏÓÔÉ, ÔÏ ÍÁÔÒÉÞÎÙÊ ÏÐÅÒÁÔÏÒ ÓÉÓÔÅÍÙ ÑŒÌÑÅÔÓÑ æÒÅÄ- ÇÏÌØÍÏŒÙÍ É ÕÓÌÏŒÉÅÍ ÒÁÚÒÅÛÉÍÏÓÔÉ ÓÉÓÔÅÍÙ (3.5) ÑŒÌÑÅÔÓÑ ÏÒÔÏÇÏ- ÎÁÌØÎÏÓÔØ ÐÒÁŒÏÊ ÞÁÓÔÉ (q_1; q_2) ÑÄÒÕ ÓÏÐÒÑÖčÎÎÏÇÏ ÏÐÅÒÁÔÏÒÁ. îÁÊ- ÄčÍ ÜÔÏ ÑÄÒÏ.

úÁÐÉÛÅÍ ÓÉÓÔÅÍÕ (3.5) Œ ÏÐÅÒÁÔÏÒÎÏÍ ŒÉÄÅ

K_{11}!_1 + K_{12}!_2 + æ^+ + æ^− 2æ^+æ^−

!_1 = q_1 ÎÁ `;

K_{21}!_1 + K_{22}!_2 + 2 æ^−

!_2 = q_2 ÎÁ S:

(3.6)

îÁÍ ÎÁÄÏ ÎÁÊÔÉ ŒÓÅ ÒÅÛÅÎÉÑ ¯_1; ¯_2 ÓÏÐÒÑÖčÎÎÏÊ Ë (3.6) ÏÄÎÏÒÏÄÎÏÊ ÓÉÓÔÅÍÙ

K^∗ ( ¯_1 ¯_2 ) = ( −^{æ++æ−}

2æ^+ æ^− ¯1

−^1_{−2æ−} ¯_2 ) ; (3.7)

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 105

ÇÄÅ ÍÁÔÒÉÃÁ

K^∗ =

K^T_{11} K^T_{21}

K^T_{12} K^T_{22} ; É (K^T_{11}¯_1)(x) = æ^+ + æ^− æ^+æ^− ∫ � @E(x; y) @n_0(y)

¯_1(y)d `(y); x ∈ `;

(K^T_{21}¯_1)(x) = − 1 æ^− ∫ S @E(x; y) @n_S (y)

¯_2(y)d S(y); x ∈ `;

(K^T_{12}¯_1)(x) = æ^+ + æ^− æ^+æ^− ∫ � @E(x; y) @n_0(y)

¯_1(y)d `(y); x ∈ S;

(K^T_{22}¯_2)(x) = − 1 æ^− ∫ S @E(x; y) @n_S (y)

¯_2(y)d S(y); x ∈ S:

âÕÄÅÍ ÉÓËÁÔØ ÒÅÛÅÎÉÅ ÓÉÓÔÅÍÙ (3.7) Œ ŒÉÄÅ ÄŒÕÈ ËÏÎÓÔÁÎÔ: (¯_1; ¯_2) = (c_1; c_2). ðÏÄÓÔÁŒÉŒ ÜÔÕ ÐÁÒÕ Œ (3.7) É ŒÏÓÐÏÌØÚÏŒÁŒÛÉÓØ ÆÏÒÍÕÌÁÍÉ çÁÕÓÓÁ, ÐÏÌÕÞÁÅÍ ÓÉÓÔÅÍÕ ÄÌÑ ÏÐÒÅÄÅÌÅÎÉÑ (c_1; c_2):

æ^+ − æ^− æ^+æ^− c_1 2 − c_2 æ^− = − æ^+ + æ^− 2æ^+æ^− c_1; 0 − 1 æ^− c_2 2 = − 1 2æ^− c_2;

ÏÔËÕÄÁ ÎÁÈÏÄÉÍ c_1 = 1, c_2 = 1.

ðÏËÁÖÅÍ ÔÅÐÅÒØ, ÞÔÏ ÄÒÕÇÉÈ ÒÅÛÅÎÉÊ Õ ÓÉÓÔÅÍÙ (3.7) ÎÅÔ. üÔÏ ÒÁŒÎÏÓÉÌØÎÏ ÐÏ ÔÅÏÒÅÍÅ æÒÅÄÇÏÌØÍÁ ÔÏÍÕ, ÞÔÏ ÑÄÒÏ ÏÐÅÒÁÔÏÒÁ K ÏÄ- ÎÏÍÅÒÎÏ, ÔÏ ÅÓÔØ ÌÀÂÙÅ ÄŒÁ ÒÅÛÅÎÉÑ ÏÄÎÏÒÏÄÎÏÊ ÓÉÓÔÅÍÙ (3.6) ÂÕÄÕÔ ÌÉÎÅÊÎÏ ÚÁŒÉÓÉÍÙ.

òÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ (3.3), ËÏÔÏÒÁÑ ÜËŒÉŒÁÌÅÎÔÎÁ (3.6), ÐÒÉ q_1 = 0, q_2 = 0. ðÒÏÉÎÔÅÇÒÉÒÕÅÍ ÐÏ ÞÁÓÔÑÍ ÕÒÁŒÎÅÎÉÅ Œ (3.3) ÐÏ ˙^− ∪ ˙^+, ÕÍÎÏÖÉŒ ÅÇÏ ÎÁ s_2:

0 = − ∫ �^−∪�^+ 1 æ^±

|∇s_2|^2dx + ∫ � [ 1 æ^±

@s_2 @n_0 ]| |_�s2d ` + 1 æ^− ∫ S @s_2 @n_S s_2d S:

ïÔÓÀÄÁ ÓÌÅÄÕÅÔ, ÞÔÏ |∇s_2| = 0 ÎÁ ˙^− ∪ ˙^+ É, ÐÏ ÎÅÐÒÅÒÙŒÎÏÓÔÉ, s_2 ÒÁŒÎÏ ËÏÎÓÔÁÎÔÅ ˙^− ∪ ˙^+. ïÂÏÚÎÁÞÉÍ Åč ÞÅÒÅÚ b. ðÕÓÔØ ÅÊ ÓÏÏÔŒÅÔ- ÓÔŒÕÀÔ ÐÌÏÔÎÏÓÔÉ (!_1; !_2) ≡ !. äÏÐÕÓÔÉÍ ÔÅÐÅÒØ, ÞÔÏ s_2 = b { ÄÒÕÇÏÅ

106 é. œ. äåîéóïœá, û. îåþáóïœá

ÒÅÛÅÎÉÅ ÏÄÎÏÒÏÄÎÏÊ ÚÁÄÁÞÉ (3.3). åÍÕ ÓÏÏÔŒÅÔÓÔŒÕÅÔ ! = (!_1; !_2). ðÏËÁÖÅÍ, ÞÔÏ ~! ≡ b! − b! = 0. ó ÜÔÏÊ ÃÅÌØÀ ÒÁÓÓÍÏÔÒÉÍ ÆÕÎËÃÉÀ

~s_2 = ∫ � E ~!_1d ` + ∫ S E ~!_2d S:

ïÞÅŒÉÄÎÏ, ÞÔÏ ~s_2 = bs_2 − b—s_2 = 0 ŒÎÕÔÒÉ ˙^− ∪ ˙^+. óÌÅÄÏŒÁÔÅÌØÎÏ,

~!_1 =

[ @s_2

@n_0 ]| |_� = 0:

œÎÅ S s_2 → 0 ËÁË ÓÕÍÍÁ ÐÏÔÅÎÃÉÁÌÏŒ ÐÒÏÓÔÏÇÏ ÓÌÏÑ, É ÐÏÜÔÏÍÕ ÐÏ ÎÅÐÒÅÒÙŒÎÏÓÔÉ s_2 = 0 ŒÎÅ S. úÎÁÞÉÔ, É

~!_2 =

[ @s_2

@n_S ]| |_S = 0:

ôÁËÉÍ ÏÂÒÁÚÏÍ, ~! = 0, ÏÔËÕÄÁ ÓÌÅÄÕÅÔ, ÞÔÏ ! É ! ÌÉÎÅÊÎÏ ÚÁŒÉÓÉÍÙ.

éÔÁË, ÍÙ ÐÏÌÕÞÉÌÉ, ÞÔÏ ÐÒÁŒÁÑ ÞÁÓÔØ ÓÉÓÔÅÍÙ (3.6) (q_1; q_2) ÄÏÌÖÎÁ ÂÙÔØ ÏÒÔÏÇÏÎÁÌØÎÁ (1; 1), ÔÏ ÅÓÔØ ∫ � q_1d ` = − ∫ S q_2d S: (3.8)

üÔÏ ÑŒÌÑÅÔÓÑ ÎÅÏÂÈÏÄÉÍÙÍ É ÄÏÓÔÁÔÏÞÎÙÍ ÕÓÌÏŒÉÅÍ ÒÁÚÒÅÛÉÍÏÓÔÉ (3.6), ÐÒÉ ÜÔÏÍ ÄŒÁ ÒÅÛÅÎÉÑ ÓÉÓÔÅÍÙ (3.3) ÍÏÇÕÔ ÏÔÌÉÞÁÔØÓÑ ÔÏÌØËÏ ÎÁ ËÏÎÓÔÁÎÔÕ.

æÉËÓÉÒÕÅÍ ÆÕÎËÃÉÀ s_2 ÔÅÍ, ÞÔÏ ÓÏÏÔŒÅÔÓÔŒÕÀÝÉÅ ÅÊ ÐÌÏÔÎÏÓÔÉ (!_1; !_2) ÏÒÔÏÇÏÎÁÌØÎÙ ÑÄÒÕ ÓÏÐÒÑÖčÎÎÏÇÏ ÏÐÅÒÁÔÏÒÁ, ÔÏ ÅÓÔØ ÔÏÖÅ ÂÕÄÕÔ ÕÄÏŒÌÅÔŒÏÒÑÔØ (3.8): ∫ � !_1d ` = − ∫ S !_2d S:

äÌÑ ÔÁËÏÇÏ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ (3.3), ÁÎÁÌÏÇÉÞÎÏ ŒÎÕÔÒÅÎÎÅÊ ÚÁÄÁÞÅ îÅÊ- ÍÁÎÁ, ŒÅÒÎÙ ÏÃÅÎËÉ

|s_2|^{(fl)}_{∪�±} ≤ c(|q_1|_� + |q_2|_S ) (3.9)

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 107

(ÓÍ. [9]),

|∇s_2|^{(ff)}_{∪�±} ≤ c(|q_1|^{(ff)}_� + |q_2|^{(ff)}_S ) (3.10) (ÓÍ. [10]).

óÕÍÍÉÒÕÑ ÓÏÏÔŒÅÔÓÔŒÕÀÝÉÅ ÎÅÒÁŒÅÎÓÔŒÁ Œ (3.4) É (3.9), (3.10), ÐÏ- ÌÕÞÁÅÍ

|s_0|^{(fl)}_{∪�±} + |∇s_0|_{∪�}± ≤ c{⟨D⟩^{(fl)}_{∪�±} + |d|^{(ff)}_{∪�±} + |p_{00}|^{(1)}_� + |p_{01}|_� + |p_{02}|_S }; (3.10^′)

⟨∇s_0⟩^{(ff)}_{∪�±} ≤c{|d|^{(ff)}_{∪�±} + |p_{00}|^{(!+ff)}_� +|p_{01}|^{(ff)}_� +|p_{02}|^{(ff)}_S }≤cF (0): éÚ (3.8) ŒÙÔÅËÁÅÔ ÕÓÌÏŒÉÅ ÒÁÚÒÅÛÉÍÏÓÔÉ ÚÁÄÁÞÉ (2.3) ∫ � p_{01}d ` − ∫ �^− ∪�^+

∇ · dd x = − ∫ S p_{02}d S: (3.11)

úÄÅÓØ ÍÙ ÉÓÐÏÌØÚÏŒÁÌÉ ÉÎÔÅÇÒÉÒÏŒÁÎÉÅ ÐÏ ÞÁÓÔÑÍ É ÕÞÌÉ ÕÒÁŒÎÅÎÉÑ (3.1), (3.2).

ðÒÉÎÉÍÁÑ ŒÏ ŒÎÉÍÁÎÉÅ ÓÏÏÔÎÏÛÅÎÉÑ

D_tr = D_t(∇_u · w) = ∇ · (D_tB^∗w + A^∗D_tw) É [D_tw]|_� = 0; D_tw|_S = 0;

ÎÅ ÔÒÕÄÎÏ ÐÒÏŒÅÒÉÔØ, ÞÔÏ (3.11) ÓŒÏÄÉÔÓÑ Ë ÒÁŒÅÎÓÔŒÕ ∫ � n_0 · [˚^±∇^2w_0]|_�d ` = − ∫ S n_S · ˚^−∇^2w_0d S; (3.12)

ËÏÔÏÒÏÅ ŒÅÒÎÏ Œ ÓÉÌÕ ÔÏÇÏ, ÞÔÏ ∇ · w_0 = 0 Œ ˙^− ∪ ˙^+.

éÚ ÁÎÁÌÏÇÉÞÎÙÈ ÓÏÏÂÒÁÖÅÎÉÊ ÒÁŒÅÎÓÔŒÏ (3.11) ŒÙÐÏÌÎÑÅÔÓÑ É ÄÌÑ ÓÉÓÔÅÍÙ (1.6). äÅÊÓÔŒÉÔÅÌØÎÏ, ÕÞÉÔÙŒÁÑ (3.12) ÄÌÑ v_0, ÉÍÅÅÍ − ∫ � [n_0 · fi^±`_0g]|_�d ` − ∫ �^−∪�^+

∇ · (f − fi^±`_0g − D_tB^∗|_{t=0}v_0)d x

108 é. œ. äåîéóïœá, û. îåþáóïœá = − ∫ S n_S · (f − fi^−`_0g)d S:

œÙÐÏÌÎÉÍ ÉÎÔÅÇÒÉÒÏŒÁÎÉÅ ÐÏ ÞÁÓÔÑÍ Œ ÏÂSSčÍÎÏÍ ÉÎÔÅÇÒÁÌÅ É ÓÏËÒÁ- ÔÉÍ ÏÄÉÎÁËÏŒÙÅ ÞÌÅÎÙ Œ ÇÒÁÎÉÞÎÙÈ ÉÎÔÅÇÒÁÌÁÈ. ðÏÍÎÑ, ÞÔÏ ÚÄÅÓØ ÍÙ ÓÞÉÔÁÅÍ f ÎÅÐÒÅÒÙŒÎÏÊ ŒÅËÔÏÒ-ÆÕÎËÃÉÅÊ ÐÒÉ ÐÅÒÅÈÏÄÅ ÞÅÒÅÚ `, ÐÏÌÕÞÁÅÍ ∫ � [n_0 · D_tB^∗|_{t=0}v_0]|_�d ` = − ∫ S D_tB^∗|_{t=0}v_0d S:

ðÒÁŒÁÑ ÞÁÓÔØ ÜÔÏÇÏ ÒÁŒÅÎÓÔŒÁ ÒÁŒÎÁ ÎÕÌÀ ŒŒÉÄÕ ÔÏÇÏ, ÞÔÏ v_0|_S = 0. œ ÉÎÔÅÇÒÁÌÅ ÓÌÅŒÁ ÍÙ ŒÏÓÐÏÌØÚÕÅÍÓÑ ÒÁŒÅÎÓÔŒÏÍ

[n_0 · D_tB^∗|_{t=0}v_0]|_� = v_0[D_tB|_{t=0}n_0]|_�:

ðÏÓÌÅÄÎÉÊ ÓËÁÞÏË ÒÁŒÅÎ ÎÕÌÀ, ÔÁË ËÁË ŒÅËÔÏÒ Bn_0 ÎÅÐÒÅÒÙŒÅÎ ÐÒÉ ÐÅÒÅÈÏÄÅ ÞÅÒÅÚ ` ÐÒÉ ÌÀÂÏÍ t ¿ 0. üÔÏ ÂÙÌÏ ÐÏËÁÚÁÎÏ Œ [4].

ôÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÐÒÉÈÏÄÉÍ Ë ŒÙŒÏÄÕ, ÞÔÏ ÚÁÄÁÞÁ (1.6) ÒÁÚÒÅÛÉÍÁ ÏÄÎÏÚÎÁÞÎÏ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ËÏÎÓÔÁÎÔÙ É ÓÕÝÅÓÔŒÕÅÔ Åč ÒÅÛÅÎÉÅ, ÄÌÑ ËÏÔÏÒÏÇÏ ŒÅÒÎÙ ÏÃÅÎËÉ

|q_0|^{(fl)}_{∪�±} + |∇q_0|_{∪�}± ≤ c{⟨D⟩^{(fl)}_{∪�±} + |f|_{t=0}|^{(ff)}_{R3} + |`_0|^{(ff)}_{∪�±}

+ |D_tB^∗|_{t=0}v_0|^{(ff)}_{∪�±} + |v_0|^{(2)}_{∪�±} + |H_0|^{(1)}_� + |a|_S }; (3.13)

⟨∇q_0⟩^{(ff)}_{∪�±} ≤ c{|f|_{t=0}|^{(ff)}_{R3} + |`_0|^{(ff)}_{∪�±}

+ |D_tB^∗|_{t=0}v_0|^{(ff)}_{∪�±} + |v_0|^{(2+ff)}_{∪�±} + |H_0|^{(1+ff)}_� + |a|^{(ff)}_S }; (3.14)

ÇÄÅ D = {D_k}^3_{k=1}, D_k =^{@W}_{@¸k} , W = ∫ �^+∪�^−

E(¸; ȷ)(f|_{t=0} − fi^±`_0g − D_tB^∗|_{t=0}v_0)(ȷ)d ȷ:

éÚ ÏÃÅÎËÉ ÇÒÁÄÉÅÎÔÁ ÎØÀÔÏÎÏŒÁ ÐÏÔÅÎÃÉÁÌÁ ÄÌÑ ÏÇÒÁÎÉÞÅÎÎÏÊ ÏÂÌÁÓÔÉ ÓÌÅÄÕÅÔ, ÞÔÏ

⟨D⟩^{(fl)}_{∪�±} ≤ c{|f|_R3 + |`_0|_{∪�}± + |D_tB^∗|_{t=0}v_0|_{∪�}± }:

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 109

ôÁË ËÁË

|D_tB^∗|_{t=0}v_0|^{(ff)}_{∪�±} ≤ |D_tB^∗|^{(ff)}_{∪�±} |v|_0|^{(ff)}_{∪�±} ≤ c|∇v_0|^{(ff)}_{∪�±} |v_0|^{(ff)}_{∪�±} ; ÔÏ ÏËÏÎÞÁÔÅÌØÎÏ ŒÙŒÏÄÉÍ

|q_0|^{(fl)}_{∪�±} + |∇q_0|^{(ff)}_{∪�±} ≤ c{|f(·; 0)|^{(ff)}_{R3} + |`_0|^{(ff)}_{∪�±} + |H_0|^{(1+ff)}_� + |a|^{(ff)}_S + (1 + |∇v_0|^{(ff)}_{∪�±} )|v_0|^{(2+ff)}_{∪�±} }: (3.15) œ ÚÁËÌÀÞÅÎÉÅ ÜÔÏÇÏ ÐÁÒÁÇÒÁÆÁ ÚÁÍÅÔÉÍ Œ ËÁÞÅÓÔŒÅ ÐÏÑÓÎÅÎÉÑ Ë ÄÏËÁÚÁÔÅÌØÓÔŒÕ ÔÅÏÒÅÍÙ 2.1, ÞÔÏ ÏÃÅÎËÉ ÔÉÐÁ (3.10^′) ŒÙÐÏÌÎÅÎÙ ÄÌÑ ÄÁŒÌÅÎÉÑ s ÐÒÉ ËÁÖÄÏÍ ÚÎÁÞÅÎÉÉ ŒÒÅÍÅÎÉ t. òÁÓÓÍÁÔÒÉŒÁÑ ÐÒÉÒÁÝÅ- ÎÉÑ ÆÕÎËÃÉÉ ÄÁŒÌÅÎÉÑ ÐÏ t ÉÚ (3.10^′) ÍÏÖÎÏ ŒÙŒÅÓÔÉ ÏÃÅÎËÕ || s ||^{(fl;1+fl)}_{∪Q±T} ÞÅÒÅÚ ÓÌÁÂÕÀ ÎÏÒÍÕ ŒÅËÔÏÒÁ ÓËÏÒÏÓÔÉ w (ÓÍ. [3]).

4. ìÏËÁÌØÎÁÑ ÒÁÚÒÅÛÉÍÏÓÔØ ÚÁÄÁÞÉ (1.4) œ ÜÔÏÍ ÐÁÒÁÇÒÁÆÅ ÍÙ ÄÏËÁÖÅÍ ÔÅÏÒÅÍÕ 1.1.

äÏËÁÚÁÔÅÌØÓÔŒÏ. ðÏÌÏÖÉÍ (u^{(0)}; q^{(0)}; `^{(0)}) = (v_0; q_0; `_0), ÇÄÅ q_0 { ÒÅ- ÛÅÎÉÅ ÚÁÄÁÞÉ (1.6). ïÐÒÅÄÅÌÉÍ ÐÏÓÌÅÄÕÀÝÅÅ ÐÒÉÂÌÉÖÅÎÉÅ (u^{(m+1)}, q^{(m+1)}), m = 0; 1; :::, ËÁË ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ

D_tu^{(m+1)} − ˚^±∇^2_mu^{(m+1)} + 1 æ^±

∇_mq^{(m+1)} = f(X_m; t) − fi^±g^`^{(m)};

∇_m · u^{(m+1)} = 0 Œ Q^±_T ; u^{(m+1)} | |_{t=0} = v_0 Œ ˙^− ∪ ˙^+;

[u^{(m+1)}] | |_{GT} = 0; u^{(m+1)} | |_{ST} = 0;

[¯^±˝_0˝_mS_m(u^{(m+1)})n_m] | |_{GT} = 0; (4.1)

[n_0 · T_m(u^{(m+1)};q^{(m+1)})n_m]|_{GT} − œn_0 · ´_m(t) t∫ 0 u^{(m+1)} | |_� d ø

= œH_0(¸) + œn_0 · t∫ 0 _´_m(ø)¸ | |_�d ø ÎÁ G_T :

úÄÅÓØ ∇_m = ∇_u(m) , ˝_m! = ! − n_m(n_m · !), n_m { ŒÎÅÛÎÑÑ ÎÏÒÍÁÌØ Ë `_m = {x = X_m(¸; t); ¸ ∈ `}, X_m = X_u(m) ; S_m = S_u(m) , T_m = T_u(m) ; ´_m(t) { ÜÔÏ ÏÐÅÒÁÔÏÒ âÅÌØÔÒÁÍÉ{ìÁÐÌÁÓÁ ÎÁ `_m.

110 é. œ. äåîéóïœá, û. îåþáóïœá

ïÐÒÅÄÅÌÉÍ ÔÅÍÐÅÒÁÔÕÒÎÏÅ ÐÒÉÂÌÉÖÅÎÉÅ ^`^{(m+1)}, m = 0; 1; : : : , ËÁË ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ

D_t ^`^{(m+1)} − k^±∇^2_m ^`^{(m+1)} = 0 Œ Q^±_T ; ^`^{(m+1)}|_{t=0} = `_0 Œ ˙^− ∪ ˙^+;

[^`^{(m+1)}]|_{GT} = 0; ^`^{(m+1)}|_{ST} = a;

[k^±n_m · ∇_m ^`^{(m+1)}]|_{GT} = 0 ÎÁ G_T :

(4.2)

ðÒÅÄÐÏÌÏÖÉÍ, ÞÔÏ u^{(m)} ÓÕÝÅÓÔŒÕÅÔ É ÕÄÏŒÌÅÔŒÏÒÑÅÔ ÎÅÒÁŒÅÎÓÔŒÕ (2.2) ÎÁ ÐÒÏÍÅÖÕÔËÅ (0; T_m] ⊂ (0; T ]. þÔÏÂÙ ÐÒÉÍÅÎÉÔØ ÔÅÏÒÅÍÕ 2.1 Ë ÚÁÄÁÞÅ (4.1), ÐÒÏŒÅÒÉÍ Åč ÕÓÌÏŒÉÑ. þÔÏ ËÁÓÁÅÔÓÑ ÐÅÒŒÏÇÏ ÐÒÅÄÐÏÌÏÖÅ- ÎÉÑ, ÔÏ ÍÙ ÍÏÖÅÍ ÐÏÌÏÖÉÔØ

h ≡ h_m = −A^{(m)∗} ( f − fi^±g^`^{(m)} ) ; (4.3)

G ≡ G_m(¸; t) = −∇ ∫ ∪�^±

E(¸; ȷ)A^{(m)∗} ( f(ȷ; t) − fi^±g^`^{(m)} ) d ȷ;

ÇÄÅ A^{(m)} = A(u^{(m)}). ðÅÒŒÏÅ ÒÁŒÅÎÓÔŒÏ Œ (4.3) ÓÌÅÄÕÅÔ ÉÚ ÓÏÏÔÎÏ- ÛÅÎÉÑ A^{(m)}∇ · w = ∇ · A^{(m)∗}w, ËÏÔÏÒÏÅ ŒÙÔÅËÁÅÔ ÉÚ ÒÁŒÅÎÓÔŒÁ

@A^{(m)}_{ij}

@¸_j = 0, ŒÅÒÎÏÇÏ ÄÌÑ ÍÁÔÒÉÃÙ ÁÌÇÅÂÒÁÉÞÅÓËÉÈ ÄÏÐÏÌÎÅÎÉÊ ÍÁÔÒÉÃÙ

ñËÏÂÉ ÌÀÂÏÇÏ ÐÒÅÏÂÒÁÚÏŒÁÎÉÑ. ëÒÏÍÅ ÔÏÇÏ, ÏÞÅŒÉÄÎÏ, ÞÔÏ [ n_0 · ( h_m +A^{(m)∗} ( f − fi^± ^`^{(m)}g

))]| � = 0. ôÒÅÔØÑ É ÞÅÔŒčÒÔÁÑ ÇÒÕÐÐÙ ÐÒÅÄÐÏÌÏ- ÖÅÎÉÊ ÔÅÏÒÅÍÙ 2.1 ÓÌÅÄÕÀÔ ÉÚ ÇÉÐÏÔÅÚ (1.5), (1.6).

ïÃÅÎÉÍ ÐÏÔÅÎÃÉÁÌÙ h_m, G_m ÎÁ ÏÓÎÏŒÁÎÉÉ ÒÅÚÕÌØÔÁÔÏŒ ÒÁÂÏÔ [4, 8]: |h_m|^{(ff;ff=2)}

∪Q^±_{Tm} + || Gm ||

(fl;1+ff) ∪Q^±_{Tm} + |Gm|

(fl;0) ∪Q^±_{Tm} ≤

c(T_m) ( 1 + (T_m + T^{fl=2}_m )|u^{(m)}|^{(2+ff;1+ff=2)}

∪Q^±_{Tm} )( |f|^{( 1+ff−fl2 )}

t;∪Q^±_{Tm} + ||

^`^{(m)} ||^{(fl;1+ff)}

∪Q^±_{Tm} ) : äÁÌÅÅ

|œH_0(¸)|^{(1+ff; 1+ff2 )}

G_{Tm} ≤ c|H0|

(1+ff) � ; |œn_0 · _´_m(ø)¸|^{(ff;ff=2)}_{GTm} ≤ c|∇u^{(m)}|^{(ff;ff=2)}_{GTm} ≤ c_3|u^{(m)}|^{(2+ff;1+ff=2)}_{∪Q±Tm} :

(4.5)

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 111

ôÁËÉÍ ÏÂÒÁÚÏÍ, ÉÚ ÔÅÏÒÅÍÙ 2.1 É ÎÅÒÁŒÅÎÓÔŒ (4.4), (4.5) ÓÌÅÄÕÅÔ, ÞÔÏ ÓÕÝÅÓÔŒÕÅÔ ÅÄÉÎÓÔŒÅÎÎÏÅ ÒÅÛÅÎÉÅ (u^{(m+1)}; q^{(m+1)}) ÚÁÄÁÞÉ (4.1) ÎÁ ÉÎÔÅÒŒÁÌÅ (0; T_m] É ÄÌÑ ÎÅÇÏ ŒÅÒÎÁ ÏÃÅÎËÁ

N_{Tm} [u^{(m+1)}; q^{(m+1)}] ≤ c_4(T_m) {( 1 + (T_m + T^{fl2}m )|u^{(m)}|^{(2+ff;1+ ff2 )}

∪Q^±_{Tm} )

× ( |f|^{(ff; ff2 )}

∪Q^±_{Tm} + |f|

(^{1+ff−fl}_2 ) t;∪Q^±_{Tm} + |

^`^{(m)}|^{(ff; ff}2^)_{∪Q±T} m + || ^`^{(m)} ||^{(fl;1+ff)}

∪Q^±_{Tm} ) + |H_0|^{(1+ff)}_�

+|u^{(m)}|^{(2+ff;1+ ff2 )}

∪Q^±_{Tm} + ( 1 + T^{1−ff2}_m |∇u^{(m)}|_{∪Q}±_{Tm} + |∇u^{(m)}|^{(ff; ff2 )}_{∪Q±Tm} ) |v_0|^{(2+ff)}_{∪�±} } : úÎÁÞÉÔ, ÐÒÉ m = 0 ÍÙ ÉÍÅÅÍ

N_{T0} [u^{(1)}; q^{(1)}] ≤ c_4(T_0) {( 1 + (T_0 + T^{fl2}_0 )|v_0|^{(2+ff)}_{∪�±} ) × ( |f|^{(ff; ff2 )}

∪Q^±_{Tm} + |f|

(^{1+ff−fl}_2 ) t;∪Q^±_{Tm} + |`0|

(2+ff) ∪�^± ) + |H_0|^{(1+ff)}_� + ( 2 + T^{1−ff2}_0 |v_0|^{(1)}_{∪�±} + |v_0|^{(1+ff)}_{∪�±} ) |v_0|^{(2+ff)}_{∪�±} } : (4.6)

õÓÌÏŒÉÑ ÓÏÇÌÁÓÏŒÁÎÉÑ (2.5) ÄÌÑ ÚÁÄÁÞÉ (4.2) ÓÌÅÄÕÀÔ ÉÚ ÓÏÏÔÎÏ- ÛÅÎÉÊ (1.5), ÐÏÜÔÏÍÕ ÔÅÏÒÅÍÁ 2.4 ÏÂÅÓÐÅÞÉŒÁÅÔ ÎÁÍ ÐÒÉ ËÁÖÄÏÍ m = 0; 1; 2; :: ÏÃÅÎËÕ

|^`^{(m+1)}|^{(2+ff;1+ ff2 )}

∪Q^±_{Tm} ≤ c5(Tm) { |a|^{(2+ff;1+ ff2 )}

S_{Tm} + ( 1 + ffi + T^{1−ff2}_m |v_0|^{(1)}_{∪�±} ) |`_0|^{(2+ff)}

∪�^± } ≡ ^[T_m]: (4.7)

ðÏ ÉÎÄÕËÃÉÉ ÍÙ ÍÏÖÅÍ ÚÁËÌÀÞÉÔØ ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ m ≥ 0 ÓÉÓÔÅÍÙ (4.1), (4.2) ÉÍÅÀÔ ÒÅÛÅÎÉÑ (u^{(m+1)}; q^{(m+1)}), ^`^{(m+1)} ÎÁ ŒÒÅÍÅÎÎÏÍ ÉÎÔÅÒŒÁÌÅ (0; T_{m+1}] ⊂ (0; T ] ÔÁËÏÍ, ÞÔÏ ÐÒÅÄÙÄÕÝÅÅ ÐÒÉ- ÂÌÉÖÅÎÉÅ (u^{(m)}; q^{(m)}), ^`^{(m)} ÔÏÖÅ ÏÐÒÅÄÅÌÅÎÏ ÎÁ ÎÅÍ É u^{(m)} ÕÄÏŒÌÅÔŒÏ- ÒÑÅÔ (2.2) Ó ÎÅËÏÔÏÒÙÍ ÍÁÌÙÍ ffi.

ôÅÐÅÒØ ÎÁÍ ÎÁÄÏ ÐÏËÁÚÁÔØ, ÞÔÏ ÓÕÝÅÓÔŒÕÅÔ ÔÁËÏÅ T^∗ ¿ 0, ÞÔÏ ÄÌÑ ∀m ∈ N T_m ≥ T^∗, ÎÏÒÍÙ N_T ∗ [u^{(m)}; q^{(m)}; ^`^{(m)}] ≡ N_T ∗ [u^{(m)}; q^{(m)}] + |^`^{(m)}|^{(2+ff;1+ ff2 )}

∪Q^±_{T ∗} ÒÁŒÎÏÍÅÒÎÏ ÏÇÒÁÎÉÞÅÎÙ É ÐÏÓÌÅÄÏŒÁÔÅÌØÎÏÓÔØ {u

(m),

q^{(m)}, ^`^{(m)}}, m ¿ 0, ÓÈÏÄÉÔÓÑ Ë ÒÅÛÅÎÉÀ ÚÁÄÁÞÉ (1.4).

112 é. œ. äåîéóïœá, û. îåþáóïœá

ó ÜÔÏÊ ÃÅÌØÀ ÍÙ ÓÏÓÔÁŒÉÍ ÒÁÚÎÏÓÔÉ ÓÉÓÔÅÍ (4.1), ÓÏÏÔŒÅÔÓÔŒÕÀ- ÝÉÈ m = j É m = j − 1. æÕÎËÃÉÉ w^{(j+1)} = u^{(j+1)} − u^{(j)}, s^{(j+1)} = q^{(j+1)} − q^{(j)}, j = 1; 2:::, ÑŒÌÑÀÔÓÑ ÒÅÛÅÎÉÅÍ ÓÌÅÄÕÀÝÅÊ ÚÁÄÁÞÉ:

D_tw^{(j+1)} − ˚^±∇^2_j w^{(j+1)} + 1 æ^±

∇_j s^{(j+1)} = f(X_j ; t) − f(X_{j−1}; t)

−fi^±g^{(j)} + l^{(j)}_1 (u^{(j)}; q^{(j)}) − l^{(j−1)}_1 (u^{(j)}; q^{(j)}) ≡ f^{(j)};

∇_j · w^{(j+1)} = l^{(j)}_2 (u^{(j)}) − l^{(j−1)}_2 (u^{(j)}) ≡ r^{(j)} Œ Q^±_{Tm+1} ;

w^{(j+1)}|_{t=0} = 0 Œ ˙^− ∪ ˙^+; [ w^{(j+1)} ]| G_{Tm+1} = 0; w

(j+1)| S_{Tm+1} = 0;

(4.8) [ ¯^±˝_0˝_j S_j (w^{(j+1)})n_j ]| G_{Tm+1} = l (j) 3 (u^{(j)}) − l^{(j−1)}_3 (u^{(j)});

[n_0 · T_j (w^{(j+1)}; s^{(j+1)})n_j ]| G_{T m+1} − œn0 · ´j (t) t∫ 0 w^{(j+1)} | �d ø

= l^{(j)}_4 (u^{(j)}; q^{(j)}) − l^{(j−1)}_4 (u^{(j)}; q^{(j)}) + t∫ 0 ( l^{(j)}_5 (u^{(j)}) − l^{(j−1)}_5 (u^{(j)}) ) d ø

+œn_0 · t∫ 0 ( _ ´_j (ø) − _´_{j−1}(ø) ) ¸ | |_�d ø ÎÁ G_{Tm+1} :

úÄÅÓØ

l^{(j)}_1 (w; s) = ˚^±(∇^2_j − ∇^2)w + 1 æ^±

(∇ − ∇_j )s ≡

@L^{(j)}_{1k} (w; s)

@¸_k ; l^{(j)}_2 (w) = (∇ − ∇_j ) · w = −B^{(j)}∇ · w ≡ ∇ · L^{(j)}_2 (w);

l^{(j)}_3 (w) = [ ¯^±˝_0(S(w)n_0 − ˝_j S_j (w)n_j ) ]| �; l^{(j)}_4 (w; s) = [ n_0 · (T(w; s)n_0 − T_j (w; s)n_j ) ]| � (4.9) = [ n_0 · (n_j − n_0)s + n_0 · (S(w)n_0 − S_j (w)n_j ) ]| �; l^{(j)}_5 (w) = œn_0 · D_t { (´_j (t) − ´(0)) t∫ 0 w|_�d t^′ }

= œn_0 · { (´_j (t) − ´(0))w + _´_j (t) t∫ 0 w|_� d t^′ } ;

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 113 ÇÄÅ L^{(j)}_{1k} (w; s) = ˚^± ( B^{(j)}_{ik} A^{(j)}_{im} + B^{(j)}_{km}

) @w @¸_m

− B^{(j)}e_k s æ^± ; L^{(j)}_2 (w) = −B^{(j)∗}w; (S(w))_{ik} =

@w_i @¸_k + @w_k @¸_i ; e_k { ÜÔÏ ÏÒÔ Œ ÎÁÐÒÁŒÌÅÎÉÉ ¸_k.

ëÒÏÍÅ ÔÏÇÏ, ÚÁÍÅÔÉÍ, ÞÔÏ ÆÕÎËÃÉÑ ^{(j+1)} = ^`^{(j+1)} − ^`^{(j)}, j = 1; :::, ÅÓÔØ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ, ËÏÔÏÒÁÑ ÐÏÌÕÞÁÅÔÓÑ Œ ÒÅÚÕÌØÔÁÔÅ ŒÙÞÉÔÁÎÉÑ ÓÉÓÔÅÍ (4.2) Ó ÉÎÄÅËÓÁÍÉ j + 1 É j:

D_t^{(j+1)} − k^±∇^2_j ^{(j+1)} = k^±∇^2_j ^`^{(j)} − k^±∇^2_{j−1} ^`^{(j)} ≡ h^{(j)}_1 (^`^{(j)}) − h^{(j−1)}_1 (^`^{(j)}) Œ Q^±_{Tm+1} ;

^{(j+1)}|_{t=0} = 0 Œ ˙^− ∪ ˙^+; [^{(j+1)}]|_� = 0; ^{(j+1)}|_S = 0;

[k^±n_j · ∇_j ^{(j+1)}]|_� = −[k^±n_j · ∇_j ^`^{(j)}]|_� + [k^±n_{j−1} · ∇_{j−1} ^`^{(j)}]|_� ≡ h^{(j)}_2 (^`^{(j)}) − h^{(j−1)}_2 (^`^{(j)}) ÎÁ G_{Tm+1} : (4.10)

úÄÅÓØ h^{(j)}_i ŒÙÞÉÓÌÑÀÔÓÑ ÐÏ ÆÏÒÍÕÌÁÍ (2.8), ÇÄÅ u ÚÁÍÅÎÅÎÏ ÎÁ u^{(j)}.

ïÃÅÎÉÍ ÒÅÛÅÎÉÅ (4.10), ÉÓÐÏÌØÚÕÑ ÔÅÏÒÅÍÕ 2.4 É ÌÅÍÍÕ 2.5: |^{(j+1)}|^{(2+ff;1+ ff2 )}

∪Q^±_T ≤ |h (j) 1 (^`^{(j)}) − h^{(j−1)}_1 (^`^{(j)})|^{(ff; ff2 )}_{∪Q±T} + |h^{(j)}_2 (^`^{(j)}) − h^{(j−1)}_2 (^`^{(j)})|^{(1+ff; 1+ff2 )}

G_T

≤ c_5 { |^`^{(j)}|^{(2+ff;1+ ff2 )}

∪Q^±_T MT [w

(j)] + T^{1−ff2} |∇^`^{(j)}|_{∪Q}±_T |∇w^{(j)}|_{∪Q}±_T } ; j = 1; 2; :::; T ≤ T_{m+1}: (4.11) ðÒÉ j = 0 ŒŒÉÄÕ ÎÅÒÁŒÅÎÓÔŒÁ (4.7) ÉÍÅÅÍ:

|^{(1)}|^{(2+ff;1+ ff2 )}

∪Q^±_{T0} ≤ |

^`^{(1)}|^{(2+ff;1+ ff}2^)

∪Q^±_{T0} + |`0|

(2+ff) ∪�^± ≤ 2^[T0]: (4.12)

þÔÏÂÙ ÐÒÉÍÅÎÉÔØ ÔÅÏÒÅÍÕ 2.1 Ë ÚÁÄÁÞÅ (4.8), ÎÁÍ ÎÕÖÎÏ ÐÒÏŒÅÒÉÔØ ÔÏÌØËÏ ÐÅÒŒÙÅ ÄŒÁ ÐÒÅÄÐÏÌÏÖÅÎÉÑ ÜÔÏÊ ÔÅÏÒÅÍÙ. ïÐÅÒÁÔÏÒÙ (4.9) É

114 é. œ. äåîéóïœá, û. îåþáóïœá

ÉÈ ÒÁÚÎÏÓÔÉ ÐÒÉ ÒÁÚÎÙÈ j ÂÙÌÉ ÏÃÅÎÅÎÙ Œ [4, §4]. óÌÅÄÕÑ ÜÔÏÊ ÒÁÂÏÔÅ, Œ ÔÏÖÄÅÓÔŒÅ D_tr^{(j)} − ∇_j · f^{(j)} = ∇ · h^{(j)} ÐÏÌÏÖÉÍ

h^{(j)} = (B^{(j−1)∗} − B^{(j)∗})D_tu^{(j)} + D_t(B^{(j−1)∗} − B^{(j)∗})u^{(j)} − A^{(j)∗}f^{(j)}: ìÅÇËÏ ŒÉÄÅÔØ, ÞÔÏ [(h^{(j)} + A^{(j)∗}f^{(j)}) · n_0]|_{Gt} = 0:

ðÏÓËÏÌØËÕ

f^{(j)} = @ ( L^{(j)}_{1k} (u^{(j)}; q^{(j)}) − L^{(j−1)}_{1k} (u^{(j)}; q^{(j)}) ) =@¸_k − fi^±g^{(j)} + f(X_j ; t) − f(X_{j−1}; t) É D_tu^{(j)} = @M^{(j)}_k =@¸_k + f(X_{j−1}; t) − fi^±g_{j−1} ^`^{(j−1)}; ÇÄÅ M^{(j)}_k = ˚^±(A^{(j−1)∗}e_k · ∇_{j−1})u^{(j)} − A^{(j−1)∗}e_kq^{(j)}=æ^±;

ÍÙ ÍÏÖÅÍ ÎÁÐÉÓÁÔØ h^{(j)} = ∇ · G^{(j)} ≡ @G^{(j)}_k =@¸_k Ó ÐÏÔÅÎÃÉÁÌÁÍÉ

G^{(j)}_k = (B^{(j−1)∗} − B^{(j)∗})M^{(j)}_k − A^{(j)∗} ( L^{(j)}_{1k} (u^{(j)}; q^{(j)}) − L^{(j−1)}_{1k} (u^{(j)}; q^{(j)}) ) + @W^{(j)} @¸_k ; W^{(j)} = ∫ �^−∪�^+

E(¸; ȷ) { @ @ȷ_i

(B^{(j−1)∗} − B^{(j)∗})M^{(j)}_i

− (B^{(j−1)∗} − B^{(j)∗}) ( f(X_{j−1}; t) − fi^±g^`^{(j−1)} )

− D_t(B^{(j−1)∗} − B^{(j)∗})u^{(j)} −

@A^{(j)∗} @ȷ_i ( L^{(j)}_{1i} (u^{(j)}; q^{(j)}) − vL^{(j−1)}_{1i} (u^{(j)}; q^{(j)}) )

+ A^{(j)∗} ( f(X_j ; t) − f(X_{j−1}; t) − fi^±g^{(j)} )} dȷ:

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 115

ðÒÅÄÐÏÌÏÖÉÍ, ÞÔÏ (u^{(j)}; q^{(j)}), ^`^{(j)}, j = 0; : : : ; m, ÕÄÏŒÌÅÔŒÏÒÑÀÔ ÎÅ- ÒÁŒÅÎÓÔŒÕ (T + T^{fl=2})N_T [u^{(j)}; q^{(j)}; ^`^{(j)}] ¡ ffi; T � T_{m+1}; (4.13) ËÏÔÏÒÏÅ ÑŒÌÑÅÔÓÑ ÂÏÌÅÅ ÓÉÌØÎÙÍ, ÞÅÍ (2.2).

úÁÍÅÔÉÍ, ÞÔÏ |fi^±g^{(j)} ) |^{(ff; ff2 )}

∪Q^±_T ≤ c|

(j)|^{(2+ff;1+ ff2 )}

∪Q^±_T : (4.14)

äÌÑ ÏÃÅÎËÉ ÐÒÁŒÙÈ ÞÁÓÔÅÊ ÓÉÓÔÅÍÙ (4.8) ŒÏÓÐÏÌØÚÕÅÍÓÑ ÌÅÍÍÁÍÉ 4.1{4.4 ÉÚ [4], ÕÞÉÔÙŒÁÑ (4.14):

|f^{(j)}|^{(ff;ff=2)}

∪Q^±_T + |r

(j)|^{(1+ff; 1+ff2 )}

∪Q^±_T + |h

(j)|^{(ff;ff=2)}

∪Q^±_T + || G

(j) ||^{(fl;1+ff)}

∪Q^±_T

+|G^{(j)}|^{(fl;0)}_{∪Q±T} + |l^{(j)}_3 − l^{(j−1)}_3 |^{(1+ff; 1+ff2 )}

G_T + |l (j) 4 − l^{(j−1)}_4 |_{GT} +|∇_�(l^{(j)}_4 − l^{(j−1)}_4 )|^{(ff;ff=2)}_{GT} + || l^{(j)}_4 − l^{(j−1)}_4 ||^{(fl;1+ff)}_{GT} + |l^{(j)}_5 − l^{(j−1)}_5 |^{(ff;ff=2)}_{GT} +|n_0 · ( _ ´_j − _´_{j−1} ) ¸|^{(ff;ff=2)}

G_T �

c_6 { (T + T^{fl=2})N_T [u^{(j)}; q^{(j)}; ^`^{(j)}]|w^{(j)}|^{(2+ff;1+ff=2)}

∪Q^±_T + (T + T

fl=2)|w^{(j)}|^{(ff;ff=2)}

∪Q^±_T

+|∇w^{(j)}|^{(ff;ff=2)}

∪Q^±_T + PT [w

(j)]|u^{(j)}(·; 0)|^{(1)}_{�− ∪�+} + |^{(j)}|^{(2+ff;1+ ff2 )}

∪Q^±_T

+(T + T^{fl=2})|^`^{(j−1)}|^{(2+ff;1+ff=2)}

∪Q^±_T |w

(j)|^{(2+ff;1+ff=2)}

∪Q^±_T } : (4.15) úÄÅÓØ ÍÙ ÏÃÅÎÉÌÉ ÎÏÒÍÙ ∇W^{(j)} Ó ÐÏÍÏÝØÀ ÌÅÍÍÙ 3.3 ÉÚ [4], ÐÒÉÍÅÎÑÑ Åč Ë ÏÇÒÁÎÉÞÅÎÎÏÊ ÏÂÌÁÓÔÉ.

ôÁË ËÁË w^{(j)}|_{t=0} = 0, ∇w^{(j)}|_{t=0} = 0, ÔÏ P_T [w^{(j)}]|v_0|^{(1)}_{∪�±} ≤c_7(T + T^{1=2})|w^{(j)}|^{(2+ff;1+ ff2 )}_{∪Q±T} |v_0|^{(1)}_{∪�±} ≤ c_7ffi|w^{(j)}|^{(2+ff;1+ ff2 )}

∪Q^±_T :

ëÒÏÍÅ ÔÏÇÏ,

|w^{(j)}|^{(ff;ff=2)}

∪Q^±_T + |∇w

(j)|^{(ff;ff=2)}

∪Q^±_T � ”|w

(j)|^{(2+ff;1+ ff2 )}

∪Q^±_T + c1(”)|w

(j)|_{∪Q}±_T :

116 é. œ. äåîéóïœá, û. îåþáóïœá

úÎÁÞÉÔ, ÎÏÒÍÙ ÐÒÁŒÙÈ ÞÁÓÔÅÊ ÓÉÓÔÅÍÙ (4.8) ÏÇÒÁÎÉÞÅÎÙ, É ÐÏ ÔÅ- ÏÒÅÍÅ 2.1 ÍÙ ÍÏÖÅÍ ÚÁËÌÀÞÉÔØ, ÞÔÏ Åč ÒÅÛÅÎÉÅ (w^{(j+1)}; s^{(j+1)}) ÕÄÏ- ŒÌÅÔŒÏÒÑÅÔ ÎÅÒÁŒÅÎÓÔŒÕ

N_T [w^{(j+1)}; s^{(j+1)}] ≤ c_8(T ) { (ffi + ”)N_T [w^{(j)}; s^{(j)}] + c_1(”)|w^{(j)}|_{∪Q}±_T }

+ c_9|^{(j)}|^{(2+ff;1+ ff2 )}

∪Q^±_T ; T ≤ Tm+1 (4.16)

Ó ÎÅÕÂÙŒÁÀÝÅÊ ÆÕÎËÃÉÅÊ c_8 ÐÏ T .

õÞÉÔÙŒÁÑ ÏÃÅÎËÕ (4.11) É ÔÏ, ÞÔÏ

M_T [w^{(j)}] ≤ 2(T + T^{1=2})|w^{(j)}|^{(2+ff;1+ ff2 )}_{∪Q±T} ; É |∇w^{(j−1)}|_{∪Q}±_T ≤ T^{1+ff2} ⟨∇w^{(j−1)}⟩^{( 1+ff2 )}_{t;∪Q±T} ; j ≥ 2;

ÚÁËÌÀÞÁÅÍ |^{(j)}|^{(2+ff;1+ ff2 )}

∪Q^±_T ≤ 3c5ffiNT [w

(j−1); s(j−1)]: (4.17)

óÕÍÍÉÒÕÑ ÎÅÒÁŒÅÎÓÔŒÁ (4.16) É (4.11) É ÉÍÅÑ ŒŒÉÄÕ (4.17), ÐÒÉÈÏÄÉÍ Ë ŒÙŒÏÄÕ, ÞÔÏ

N^{(j+1)}

T ≡N_T [w^{(j+1)}; s^{(j+1)}; ^{(j+1)}]

≤ c_{14}(T ) { (ffi + ”)N^{(j)}_T + c_1(”)|w^{(j)}|_{∪Q}±_T } + 3c_5ffi { N^{(j−1)}

T + N^{(j)}_T } ; j ≥ 2; T ≤ T_{m+1}: (4.18)

œÏÓÐÏÌØÚÕÅÍÓÑ ÓÌÅÄÕÀÝÉÍ ÎÅÒÁŒÅÎÓÔŒÏÍ

|w^{(j)}|_{∪Q}±_T ≤ T∫ 0 |D_tw^{(j)}(·; t)|_{∪�}± dt ≤ T∫ 0 N_t[w^{(j)}; s^{(j)}] dt (4.19)

ÄÌÑ ÏËÏÎÞÁÔÅÌØÎÏÊ ÏÃÅÎËÉ

N^{(j+1)}

T ≤ ˇ_1N^{(j)}_T + ˇ_2N^{(j−1)}_T + c_{15} T∫ 0 N^{(j)}_t dt; j = 2; 3:::; (4.20)

ÇÄÅ ˇ_1(T ) = c_{14}(T )(ffi + ”) + 3c_5ffi, ˇ_2(T ) = 3c_5ffi.

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 117

ðÒÉ j = 1 ÉÚ (4.16), (4.17), (4.12) (4.19) ŒÙŒÏÄÉÍ:

N^{(2)}_T ≤ ˇ_1N^{(1)}_T + c_{16}^[T_0] + c_{15} T∫ 0 N^{(1)}_t dt: (4.21)

ðÒÏÓÕÍÍÉÒÕÅÍ ÎÅÒÁŒÅÎÓÔŒÁ (4.20) ÐÏ j ÏÔ 2 ÄÏ m, ÐÒÉÂÁŒÉÍ (4.21) É N^{(1)}_T , ÔÏÇÄÁ ÓÕÍÍÕ ˚_{m+1}(T ) = m+1∑ j=1 N^{(j)}_T ÍÏÖÎÏ ÏÃÅÎÉÔØ ÔÁË:

˚_{m+1}(T ) � ˇ_1˚_m(T ) + ˇ_2˚_{m−1}(T ) + c_{15} T∫ 0 ˚_m(t) dt + F (T )

� ˇ˚_{m+1}(T ) + c_{15} T∫ 0 ˚_{m+1}(t) dt + F (T );

ÇÄÅ F (T ) = N^{(1)}_T + c_{16}^[T_0].

îÁËÏÎÅÃ, ŒÙÂÅÒÅÍ ffi É ” ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏÂÙ ˇ ≡ ˇ_1(T_{m+1}) + ˇ_2(T_{m+1}) ¡ 1. ìÅÍÍÁ çÒÏÎÕÏÌÌÁ, ÐÒÉÍÅÎčÎÎÁÑ Ë ÎÅÒÁŒÅÎÓÔŒÕ

˚_{m+1}(T ) � c_{17} T∫ 0 ˚_{m+1}(t) dt + 1 1 −ˇ

F (T );

ÄÁčÔ

N_T [u^{(m+1)}; q^{(m+1)}; ^`^{(m+1)}]

� ˚_{m+1}(T ) + |v_0|^{(2+ff)}_{∪�±} + |`_0|^{(2+ff)}_{∪�±} + |∇q_0|^{(ff)}_{∪�±} � F (T ) 1 −ˇ e^{c17T} + |v_0|^{(2+ff)}_{∪�±} + |`_0|^{(2+ff)}_{∪�±} + |∇q_0|^{(ff)}_{∪�±} : (4.22)

ôÁË ËÁË (w^{(1)}; s^{(1)}; ^{(1)}) = (u^{(1)} −v_0; q^{(1)}−q_0; ^`^{(1)}−`_0), ÔÏ ÎÏÒÍÕ N^{(1)}_T ÍÏÖÎÏ ÏÃÅÎÉÔØ Ó ÐÏÍÏÝØÀ (4.6), (4.12), (3.16). úÎÁÞÉÔ, F (T ) ÏÇÒÁÎÉ- ÞÅÎÁ ÎÏÒÍÁÍÉ ÚÁÄÁÎÎÙÈ ÆÕÎËÃÉÊ. åÓÌÉ ÍÙ ŒÙÂÅÒÅÍ T ÔÁË, ÞÔÏ (T + T^{fl=2}) { F (T )(1 − ˇ)^{−1}e^{c17T} + |v_0|^{(2+ff)}_{∪�±} + |`_0|^{(2+ff)}_{∪�±} + |∇q_0|^{(ff)}_{∪�±} } � ffi; (4.23)

118 é. œ. äåîéóïœá, û. îåþáóïœá

ÔÏ ÕÓÌÏŒÉÅ (4.13) ÂÕÄÅÔ ŒÙÐÏÌÎÅÎÏ É ÄÌÑ u^{(m+1)}, q^{(m+1)}, ^`^{(m+1)}. ñÓÎÏ, ÞÔÏ ÔÁËÏÅ T ÓÕÝÅÓÔŒÕÅÔ. ïÂÏÚÎÁÞÉÍ ÅÇÏ ÞÅÒÅÚ T^∗.

ðÏÓËÏÌØËÕ ÐÒÁŒÁÑ ÞÁÓÔØ (4.22) ÎÅ ÚÁŒÉÓÉÔ ÏÔ m, ÔÏ ÍÙ ÚÁ- ËÌÀÞÁÅÍ, ÞÔÏ ÆÕÎËÃÉÉ u^{(m)}, q^{(m)}, ^`^{(m)} ÏÐÒÅÄÅÌÅÎÙ ÎÁ ÉÎÔÅÒŒÁÌÅ (0; T^∗] ÄÌÑ ÌÀÂÏÇÏ m ∈ N É ÐÏÄÞÉÎÑÀÔÓÑ ÒÁŒÎÏÍÅÒÎÏÊ ÏÃÅÎËÅ. úÎÁ- ÞÉÔ, ÒÑÄ

∑_∞

j=1 N^{(j)}_T ∗ ÓÈÏÄÉÔÓÑ, ÏÔËÕÄÁ ŒÙÔÅËÁÅÔ, ÞÔÏ ÐÏÓÌÅÄÏŒÁÔÅÌØ- ÎÏÓÔØ {u^{(m)}, q^{(m)}, ^`^{(m)}}^∞_{m=0} ÔÏÖÅ ÓÈÏÄÉÔÓÑ ÐÏ ÎÏÒÍÅ N_T ∗ . ðÅÒÅÈÏÄÑ Ë ÐÒÅÄÅÌÕ ÐÏ m → ∞ Œ (4.1), (4.2), ÍÙ ÕÂÅÖÄÁÅÍÓÑ, ÞÔÏ (u; q; ^`) = lim_{m→∞}(u^{(m)}; q^{(m)}; ^`^{(m)}) ÅÓÔØ ÒÅÛÅÎÉÅ (1.4).

îÁÍ ÏÓÔÁčÔÓÑ ÄÏËÁÚÁÔØ ÅÄÉÎÓÔŒÅÎÎÏÓÔØ ÐÏÌÕÞÅÎÎÏÇÏ ÒÅÛÅÎÉÑ. ðÒÅÄÐÏÌÏÖÉÍ, ÞÔÏ (u; q; ^`) É (u^′; q^′; ^`^′) { ÄŒÁ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ (1.4), É ÒÁÓÓÍÏÔÒÉÍ ÉÈ ÒÁÚÎÏÓÔØ w = u − u^′, s = q − q^′, = ^` − ^`^′. ôÒÏÊËÁ (w; s; ) ÕÄÏŒÌÅÔŒÏÒÑÅÔ ÓÉÓÔÅÍÅ ÔÉÐÁ (4.8), (4.10):

D_tw − ˚^±∇^2_uw + 1 æ^±

∇_us

= l_1(u^′; q^′) − l^′_1(u^′; q^′) + f(X_u; t) − f(X_u′ ; t) − fi^±g; ∇_u · w = l_2(u^′) − l^′_2(u^′); D_t − k^±∇^2_u = h_1(^`^′) − h^′_1(^`^′) Œ Q^±_T ∗ ;

w|_{t=0} = 0; |_{t=0} = 0 Œ ˙^− ∪ ˙^+; [w]|_� = 0; []|_� = 0; w|_S = 0; |_S = 0;

[˝_0˝S_u(w)n]|_� = l_3(u^′) − l^′_3(u^′);

[n_0 · T_u(w; s)n]|_� − œn_0 · ´(t) t∫ 0 w dø|_�

= l_4(u^′; q^′) − l^′_4(u^′; q^′) + œ t∫ 0 ( l_5(u^′) − l^′_5(u^′) ) dø; [k^±n · ∇_u]|_� = h_2(^`^′) − h^′_2(^`^′) ÎÁ G_T ∗ :

ðÏŒÔÏÒÑÑ ÒÁÓÓÕÖÄÅÎÉÑ, ÐÒÏŒÅÄčÎÎÙÅ ŒÙÛÅ, ÍÙ ÐÒÉÈÏÄÉÍ Ë ÎÅÒÁŒÅÎ- ÓÔŒÕ, ÐÏÄÏÂÎÏÍÕ (4.20):

N_T ∗ [w; s; ] � ˇN_T ∗ [w; s; ] + c_{21}

T^∗∫

N_t[w; s; ]dt; ˇ ¡ 1;

ÉÚ ËÏÔÏÒÏÇÏ ÐÏ ÌÅÍÍÅ çÒÏÎÕÏÌÌÁ ÓÌÅÄÕÅÔ, ÞÔÏ w = 0, ∇s = 0, = 0.

ôÅÏÒÅÍÁ 1.1 ÐÏÌÎÏÓÔØÀ ÄÏËÁÚÁÎÁ. □

äœéöåîéå äœõè îåóöéíáåíùè öéäëïóôåê 119

ìÉÔÅÒÁÔÕÒÁ

1. ì. ä. ìÁÎÄÁÕ, å. í. ìÉÆÛÉÃ, ôÅÏÒÅÔÉÞÅÓËÁÑ ÆÉÚÉËÁ. ô. 6, "îÁÕËÁ", í. 1986. 2. é. œ. äÅÎÉÓÏŒÁ, œ. á. óÏÌÏÎÎÉËÏŒ, òÁÚÒÅÛÉÍÏÓÔØ Œ ÇčÌØÄÅÒÏŒÓËÉÈ ÐÒÏÓÔÒÁÎ- ÓÔŒÁÈ ÍÏÄÅÌØÎÏÊ ÎÁÞÁÌØÎÏ-ËÒÁÅŒÏÊ ÚÁÄÁÞÉ, ÐÏÒÏÖÄčÎÎÏÊ ÚÁÄÁÞÅÊ Ï ÄŒÉÖÅ- ÎÉÉ ÄŒÕÈ ÖÉÄËÏÓÔÅÊ. | úÁÐ. ÎÁÕÞÎ. ÓÅÍÉÎ. ìïíé 188 (1991), 5{44.

3. é. œ. äÅÎÉÓÏŒÁ, òÁÚÒÅÛÉÍÏÓÔØ Œ ÇčÌØÄÅÒÏŒÓËÉÈ ÐÒÏÓÔÒÁÎÓÔŒÁÈ ÌÉÎÅÊÎÏÊ ÚÁÄÁÞÉ Ï ÄŒÉÖÅÎÉÉ ÄŒÕÈ ÖÉÄËÏÓÔÅÊ, ÒÁÚÄÅÌčÎÎÙÈ ÚÁÍËÎÕÔÏÊ ÐÏŒÅÒÈÎÏÓÔØÀ. | áÌÇÅÂÒÁ É ÁÎÁÌÉÚ 5 (1993), No. 4, 122{148.

4. é. œ. äÅÎÉÓÏŒÁ, œ. á. óÏÌÏÎÎÉËÏŒ, ëÌÁÓÓÉÞÅÓËÁÑ ÒÁÚÒÅÛÉÍÏÓÔØ ÚÁÄÁÞÉ Ï ÄŒÉ- ÖÅÎÉÉ ÄŒÕÈ ŒÑÚËÉÈ ÎÅÓÖÉÍÁÅÍÙÈ ÖÉÄËÏÓÔÅÊ. | áÌÇÅÂÒÁ É ÁÎÁÌÉÚ 7 (1995), No. 5, 101{142.

5. I. V. Denisova, Model problem connected with the motion of two incompressible ‚uids. | Adv. Math. Sci. Appl. 17 (2007), No. 1, 195{223.

6. ï. á. ìÁÄÙÖÅÎÓËÁÑ, ëÒÁÅŒÙÅ ÚÁÄÁÞÉ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÆÉÚÉËÉ. \îÁÕËÁ", í.

1973.

7. œ. á. óÏÌÏÎÎÉËÏŒ, ïÃÅÎËÉ ÒÅÛÅÎÉÊ ÎÅÓÔÁÃÉÏÎÁÒÎÏÊ ÓÉÓÔÅÍÙ îÁŒØÅ{óÔÏËÓÁ.

| úÁÐ. ÎÁÕÞÎ. ÓÅÍÉÎ. ìïíé 38 (1973), 153{231.

8. I. Sh. Mogilevski–“, V. A. Solonnikov, On the solvability of an evolution free boundary problem for the Navier{Stokes equations in H-older spaces of functions. | Mathematical Problems Relating to the Navier{Stokes Equation, Ser. Adv. Math. Appl. Sci., World Scienti˛c Publishing Co., Singapore{London, 1992, pp. 105{181.

9. î. í. çÀÎÔÅÒ, ôÅÏÒÉÑ ÐÏÔÅÎÃÉÁÌÁ É Åč ÐÒÉÍÅÎÅÎÉÅ Ë ÏÓÎÏŒÎÙÍ ÚÁÄÁÞÁÍ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÆÉÚÉËÉ. í.: çÏÓ. ÉÚ-ŒÏ ÔÅÈÎÉËÏ-ÔÅÏÒÅÔÉÞÅÓËÏÊ ÌÉÔÅÒÁÔÕÒÙ, 1953.

10. J. Schauder, Potentialtheoretische Untersuchungen. | Math. Z. 33 (1931), 602{ 640.

Denisova I. V., Nechasova Sh. The Oberbeck{Boussinesq approximation for the motion of two incompressible ‚uids.

We consider the Oberbeck{Boussinesq approximation for unsteady motion of a drop in another ‚uid. On the unknown interface between the liquids, the surface tension is taken into account. We study this problem in H-older classes of functions where local existence theorem for the problem is proved. The proof is based on the fact that the solvability of the problem with a temperature independent right-hand side was obtaind earlier. For a given velocity vector ˛eld of the ‚uids, we arrive at a di¸raction problem for the heat equation which is solvable by well-known methods. Existence of a solution to the complete problem is proved by successive approximations.

ðÏÓÔÕÐÉÌÏ 15 ÄÅËÁÂÒÑ 2008 Ç.

éÎÓÔÉÔÕÔ ÐÒÏÂÌÅÍ ÍÁÛÉÎÏŒÅÄÅÎÉÑ òáî, ó.-ðÅÔÅÒÂÕÒÇ E-mail: ivd60@mail.ru éÎÓÔÉÔÕÔ ÍÁÔÅÍÁÔÉËÉ, þÅÛÓËÁÑ ÁËÁÄÅÍÉÑ ÎÁÕË, ðÒÁÇÁ E-mail: matus@math.cas.cz