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Na osnovanii poluqenno� v rabote ocenki
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poluqeny utoqnennye uslovi� razreximosti i odnoznaqno� raz�
reximosti pervo� kraevo� zadaqi dl� singul�rnogo neline��
nogo differencial�nogo uravneni� qetvertogo por�dka� usta�
novlennye ranee na osnove ocenok� privedennyh v rabote ��	

Rassmotreny tak�e uslovi� razreximosti pervo� kraevo� zada�
qi dl� singul�rnogo neline�nogo differencial�nogo uravneni�
qetvertogo por�dka i v tom sluqae� kogda operator� opredel�e�
my� kraevo� zadaqe�� ne �vl�ets�� voobwe govor�� monotonnym


V sluqae kraevo� zadaqi
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Kak izvestno �sm
� napr
� �
� s
 ���	�� funkci� Grina g�t� s�

operatora d�u
dt� s kraevymi uslovi�mi
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�
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opredel�ets� sootnoxeni�mi
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Po�tomu dl� l�bo� funkcii u�t� � C������ ��� udovletvor��we�
kraevym uslovi�m �
�� imeet mesto ravenstvo
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Qerez H�
���� �� oboznaqim� kak obyqno� prostranstvo vewe�

stvennyh funkci� u�t�� opredelennyh na otrezke ��� ��� ime�wih
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kuk�H�
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Kak izvestno �sm
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 Togda C�

� ��� �� � C
���
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Lemma 	� Dl� l�bo� funkcii u�t� � H�
� ��� �� verno neravenstvo
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ravnosil�na 
�kvivalentna� norme kukH�
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Pravoe neravenstvo v �
�� dokazyvaets� analogiqno


Lemma �� Pust� vypolneny sledu�wie uslovi�

�
� vewestvenna� funkci� u�t� opredelena na prome�utke �a� b��

�� � a � b � ��� i imeet obobwennu� proizvodnu� po Sobolevu
u�k��t� por�dka k � ��

��� suwestvuet obobwenna� proizvodna� por�dka l � � ot u�k��t�
i �u�k��t���l� � C�a� b��

Togda u�t� � C�k�l��a� b��

Dokazatel�stvo� Pre�de vsego� �u�k���l��t�	u�k�l��t�� i suwestvu�
�t vse obobwennye proizvodnye u�m��t� �m	�� � � � � k�l� �sm
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s
 
��	�
 Po teoreme ob �kvivalentnosti obobwenno� i klas�
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 Pust� u�e dokazano� qto u�l�k�j��t� �
C�j��a� b�
 Togda �po teoreme ob �kvivalentnosti klassiqesko� i
obobwenno� proizvodnyh� u�k�l�j����t� imeet klassiqesku� pro�
izvodnu�� kotoro� �vl�ets� funkci� u�k�l�j� � C�j��a� b�
 Sledo�
vatel�no� sama funkci� u�k�l�j����t� � C�j����a� b�
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�
� v prostranstve funkci� H�
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�vl��wees� uravneniem otnositel�no u�t�� imeet odno i tol�ko
odno rexenie v prostranstve H�
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Dokazatel�stvo� Po teoreme Rissa ob obwem vide line�no�
go ograniqennogo funkcionala v gil�bertovom prostranstve so
skal�rnym proizvedeniem
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Ots�da sleduet� qto u��t� 	 u��t�
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Rassmotrim sledu�wu� kraevu� zadaqu dl� neline�nogo
differencial�nogo uravneni� qetvertogo por�dka�
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Teorema �� Pust� vypolneny sledu�wie uslovi�
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Togda v H�
���� �� suwestvuet po kra�ne� mere odno obobwennoe

rexenie u��t� kraevo� zadaqi ����� ����� V tom sluqae� kogda

f��t� u� u
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� � �� rexenie edinstvenno� verna ocenka
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i metod Galerkina po polno� v H�
� ��� �� sisteme f�kg�k	� shodits�

k obobwennomu rexeni� iz H�
���� �� kraevo� zadaqi ����� ���� po

norme prostranstva H�
���� ���
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V silu ���� i ����� operator T��u� �vl�ets� vpolne nepre�
ryvnym operatorom iz H�

���� �� v H�
� ��� �� �perevodit slabo sho�

d�wu�s� posledovatel�nost� iz H�
���� �� v posledovatel�nost�

shod�wu�s� po norme v H�
���� ���
 V silu ���������� ����������

����� ����� ����� ����� T��u� � monotonny� i deminepreryvny�
operator iz H�

���� �� v H�
���� ��
 Nakonec� v silu uslovi� ���� i

����� operator T �u� ko�rcitiven
 Po�tomu� v silu teoremy su�
westvovani� rexeni� u uravneni� s ko�rcitivnym operatorom�
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�vl��wims� summo� monotonnogo deminepreryvnogo operatora
i vpolne nepreryvnogo operatora �sm
 ��� s
 ��
	�� suwestvuet
u��t� � H�

� ��� �� takoe� qto ��u�� v� 	 �� t
e
 suwestvuet obobwen�
noe rexenie kraevo� zadaqi ����� ����


Sledstvie �� Pust� vewestvennye funkcii p��t�� p��t�� p��t�� f�t��
f��t�� f��t� takovy� qto

p��t�t
���� t�� � L��� ��� p��t�t��� t� � L��� ���

f�t��t�� � t����� � L��� ���
����

p��t��t��� t��k�� � L��� ��� ����

f��t��t��� t���m�� � L��� ��� f��t��t��� t����� � L��� ��� ����

p��t� � �� f��t� � �� f��t� � �� � � t � �� ����

��u�u � �cjuj� c � �� i ��u� nepreryvna pri �� � u � ��� Pust��
dalee�

��
�Z

�

p�� �t�t��� t�dt� �

�

�Z
�

p�� �t�t��� t��dt � q � �� ����

Togda kraeva� zadaqa dl� obyknovennogo differencial�nogo uravne	
ni� qetvertogo por�dka

u��� � �p��t�u
�

�
� � �p��t��u

�

��k���
�

� p��t�u

�f��t���u� � f��t�u
�m�� 	 f�t�� � � t � �� ����

s kraevymi uslovi�mi

u��� 	 u
�

��� 	 u��� 	 u
�

��� 	 � ����

imeet hot� by odno obobwennoe rexenie u�t� � H�
� ��� ���

Esli ��u� � �� to obobwennoe rexenie iz H�
� ��� �� edinstvenno�

verna ocenka

kukH�

�
����� �

�

q
p
�

�Z
�

jf�t�j�t��� t�����dt ����

i metod Galerkina po polno� v H�
���� �� sisteme f�kg shodits�

k edinstvennomu obobwennomu rexeni� iz H�
���� �� kraevo� zadaqi

����� ���� po norme prostranstva H�
���� ���
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Teorema 	� Pust� vypolneny uslovi� teoremy � i predpolo	
�im� qto p��t� � C��� ��� q��t� � C��� ��� f�t� � C��� ��� p��t� �
�� f��t� u�t�� � C��� �� pri vseh u�t� � C��� ��� p��t� u� � ��

f��t� u�t�� u
�

�t�� � C��� �� pri vseh u�t� � C������ ��� Togda obobwen	
noe rexenie u��t� kraevo� zadaqi ����� ���� prinadle�it C������ ��
i udovletvor�et uravneni�

�u��t����� � q��t��u
��t��

�

� p��t�u
��t� � f��t� u

��t��

�f��t� u
��t�� �u��t��

�

� 	 f�t�� � � t � ��

i kraevym uslovi�m

u���� 	 u�
�

��� 	 u���� 	 u�
�

��� 	 ��

Dokazatel�stvo� Sootnoxenie

��u�� v� �
�Z

�

�u��t�����v����t�dt�

�Z
�

q��t�u
�
�

�t�v�t�dt

�

�Z
�

p��t�u
��t�v�t�dt �

�Z
�

f��t� u
��t�� u�

�

�t��v�t�dt

�

�Z
�

f��t� u
��t��v�t�dt �

�Z
�

f�t�v�t�dt 	 �

pokazyvaet� qto �u��t����� imeet vtoru� obobwennu� proizvodnu�
v smysle S
 L
 Soboleva� kotoro� �vl�ets� nepreryvna� v ��� ��
funkci�

��q��t�u�
�

�t� � p��t�u
��t� � f��t� u

��t�� u�
�

�t�� � f��t� u
��t�� � f�t���

Ostaets� primenit� lemmu �


Sledstvie �� Pust� v uslovi�h sledstvi� � vypolneny uslovi�

p��t� � �� p��t� u� � �� p��t� � C��� ��� f��t� � C��� ��� f��t� � C��� ���
f�t� � C��� ��� Togda obobwennoe rexenie u�t� � C������ �� i udovle	
tvor�et differencial�nomu uravneni�

u��� � p��t�u � f��t���u� � f��t�u
�m�� 	 f�t�� � � t � ��

i kraevym uslovi�m

u��� 	 u
�

��� 	 u��� 	 u
�

��� 	 ��
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�

�
� � �p��t��u

�

��k���
�

� p��t�u

�f��t���u� � f��t�u
�m�� 	 f�t�� � � t � ��
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�
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