
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 3������������� � �������������� ��������� 519.2:534 ���P�����-������������� ����� P�����������������. �. �ëâì¥¢(ª ä¥¤à  ª®¬¯ìîâ¥àëå ¬¥â®¤®¢ ä¨§¨ª¨ )� ® à¥è¥¨¥ § ¤ ç¨ à¥¤ãªæ¨¨ ¨§¬¥à¥¨ï ª ¨¤¥ «ì®¬ã ¯à¨¡®àã, ®á®¢ ®¥   â¥®à¥â¨ª®-¢®§-¬®¦®áâ®© ¬®¤¥«¨.�¢¥¤¥¨¥�ãáâì ¢ íªá¯¥à¨¬¥â¥ ¨§¬¥àï¥âáï� = Af + �; (1)| ¨áª ¦¥ë© èã¬®¬ � 2 R ¢ëå®¤®© á¨£ « Af¯à¨¡®à  A ,   ¢å®¤ ª®â®à®£® ¯®áâã¯¨« á¨£ « f 2 F®â ¨§¬¥àï¥¬®£® ®¡ê¥ªâ  ¨ áà¥¤ë, Uf 2 U | ¯ à ¬¥â-àë ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ , A:F !R , U :F !U | § -¤ ë¥ ®¯¥à â®àë, ¯¥à¢ë© ¬®¤¥«¨àã¥â ¨§¬¥à¨â¥«ì-ë© ¯à¨¡®à, ¢â®à®© ¬®¤¥«¨àã¥â á¢ï§ì ¬¥¦¤ã á¨£ -«®¬ f , ¯®áâã¯ îé¨¬ ®â ¨§¬¥àï¥¬®£® ®¡ê¥ªâ  ¨ áà¥-¤ë, ¨ ¯ à ¬¥âà ¬¨ ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ , ¥ ¢®§¬ã-é¥®£® ¨§¬¥à¥¨¥¬, R;F ¨ U | ª®¥ç®¬¥àë¥¥¢ª«¨¤®¢ë ¯à®áâà áâ¢  [1]. � à áá¬ âà¨¢ ¥¬®© ¢íâ®© à ¡®â¥ § ¤ ç¥ ¨â¥à¯à¥â æ¨¨ ¨§¬¥à¥¨ï (1) âà¥-¡ã¥âáï ®¯à¥¤¥«¨âì áâà â¥£¨î ®æ¥¨¢ ¨ï (¨â¥à¯à¥-â æ¨¨) d(�):R! U â ª, çâ®¡ë í«¥¬¥â d(�) ¬®¦®¡ë«® áç¨â âì  ¨¡®«¥¥ â®ç®© ¢¥àá¨¥© § ç¥¨ï Uf¯ à ¬¥âà®¢ ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ .�¯¥à â®à U ¬®¤¥«¨àã¥â â®, çâ® ¢ íªá¯¥à¨¬¥-â «ìëå ¨áá«¥¤®¢ ¨ïå  §ë¢ ¥âáï ¨¤¥ «ìë¬ ¨§¬¥-à¨â¥«ìë¬ ¯à¨¡®à®¬,   ¥£® ¢ëå®¤¥ ¨áá«¥¤®¢ â¥«ì¯®«ãç ¥â § ç¥¨ï ¯ à ¬¥âà®¢ ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ ,á¢®©áâ¢¥ë¥ ¥£® á®áâ®ï¨î, ¥ ¨áª ¦¥®¬ã ¨§¬¥-à¥¨¥¬; à áá¬ âà¨¢ ¥¬ ï § ¤ ç   §ë¢ ¥âáï § ¤ ç¥©à¥¤ãªæ¨¨ ¨§¬¥à¥¨ï ª ¨¤¥ «ì®¬ã ¯à¨¡®àã [1].�«ï à¥è¥¨ï § ¤ ç¨ à¥¤ãªæ¨¨ ¤®«¦  ¡ëâì § -¤   ¬®¤¥«ì áå¥¬ë ¨§¬¥à¥¨ï (1). � íâ®© à ¡®â¥¤ ë à¥è¥¨ï § ¤ ç¨ à¥¤ãªæ¨¨ ¤«ï â¥®à¥â¨ª®-¢®§-¬®¦®áâëå ¬®¤¥«¥©,   «®£¨çëå â¥®à¥â¨ª®-¢¥à®-ïâ®áâë¬ ¬®¤¥«ï¬ [A; �] ¨ [A; F; f0; �] , ¢ ª®â®-àëå èã¬ � ®¯à¥¤¥«¥ ª ª á«ãç ©ë© í«¥¬¥â Rá ¬ â¥¬ â¨ç¥áª¨¬ ®¦¨¤ ¨¥¬ E � = 0 ¨ ª®¢ à¨ -æ¨®ë¬ ®¯¥à â®à®¬ �:R ! R , ¯à¨ç¥¬ ¢ ¬®¤¥«¨[A; �] f áç¨â ¥âáï  ¯à¨®à¨ ¯à®¨§¢®«ìë¬ í«¥¬¥-â®¬ F ,   ¢ [A; F; f0; �] f | á«ãç ©ë© í«¥¬¥âF ; f0 = E f; F :F ! F | ª®¢ à¨ æ¨®ë© ®¯¥à -â®à f [1].�¥è¥¨¥ § ¤ ç à¥¤ãªæ¨¨ ¤«ï íâ¨å ¬®¤¥«¥© ¯à¨¢¥-¤¥ë ¢ à ¡®â å [1{3].1. �¥¤ãªæ¨ï ¨§¬¥à¥¨ï (1) ¢ á«ãç ¥  ¯à¨®à¨¯à®¨§¢®«ì®£® á¨£ «  f�ãáâì � | ¥ç¥âª¨© í«¥¬¥â R , '�(�):R ![0; 1] | à á¯à¥¤¥«¥¨¥ � , â®£¤  � ¢ (1) | â ª¦¥ ¥-ç¥âª¨© í«¥¬¥â R , '�(x; f) = '�(x�Af); x 2 R , |

à á¯à¥¤¥«¥¨¥ � , § ¢¨áïé¥¥ ®â f 2 F ª ª ®â ¯ à ¬¥â-à , ª®â®àë© ¢ íâ®¬ ¯ãªâ¥ áç¨â ¥âáï  ¯à¨®à¨ ¯à®¨§-¢®«ìë¬ í«¥¬¥â®¬ F [4]. �¢¥¤¥¬ ¥ç¥âª®¥ ®â®è¥-¨¥ ¯®£à¥è®áâ¨ (U�U ; l(�; �)), ¢ ª®â®à®¬ l(Uf; u) |¢®§¬®¦®áâì ®è¨¡ª¨, á®¯ãâáâ¢ãîé¥© ¢ë¡®àã u 2 U¢ ª ç¥áâ¢¥ § ç¥¨© ¯ à ¬¥âà®¢ Uf ¨áá«¥¤ã¥¬®£®®¡ê¥ªâ  ¤«ï ª ¦¤®£® § ç¥¨ï f 2 F ¢å®¤®£® á¨£- «  [5].�å à ªâ¥à¨§ã¥¬ ª ç¥áâ¢® áâà â¥£¨¨ d(�):R ! U®æ¥¨¢ ¨ï äãªæ¨¨ Uf ¯ à ¬¥âà  f 2 F à á¯à¥-¤¥«¥¨ï '�(x; f) = '�(x�Af); x 2R , ¢¥«¨ç¨®© ¥-®¡å®¤¨¬®áâ¨ ®è¨¡ª¨ ®æ¥¨¢ ¨ï [5]M(d(�)) = : supx2R supf2Fmin('�(x�Af);:l(Uf; d(x))):(2)N -®¯â¨¬ «ìãî áâà â¥£¨î d�(�) ®¯à¥¤¥«¨¬ ¨§ãá«®¢¨ï M(d�(�)) = mind(�):R!UM(d(�)): �â  § ¤ ç    -«®£¨ç  § ¤ ç ¬ N -®¯â¨¬ «ì®£® ®æ¥¨¢ ¨ï, à á-á¬®âà¥ë¬ ¢ à ¡®â¥ [4], á®£« á® ª®â®à®© N -®¯-â¨¬ «ìãî áâà â¥£¨î d�(x) , x 2 X , ¬®¦®  ©â¨,à¥è¨¢ ¤«ï ª ¦¤®£® x 2R ¡®«¥¥ ¯à®áâãî § ¤ çã:M(d; x) = supf2Fmin('�(x�Af);:l(Uf; d))�maxd2U :(3)� áá¬®âà¨¬ ¢ ¦ë© ç áâë© á«ãç © § ¤ ç¨ (3), ¢ª®â®à®¬l(u; v)= l0(u; v) = �> 0; u 6= v,0; u= v, u; v 2 U : (4)� ª ª ª maxd2U :l(Uf; d) = 1 ¤®áâ¨£ ¥âáï ¯à¨¥¤¨áâ¢¥®¬ d = Uf , â® maxd2U supf2Fmin('�(x ��Af);:l(Uf; x)) = supf2Fmin('�(x � Af);maxd2U :l(Uf;d)) = supf2F '�(x�Af) . �«¥¤®¢ â¥«ì®, d�(x) = Uf(x) ,£¤¥ f(x) |®æ¥ª  f ¬ ªá¨¬ «ì®© ¢®§¬®¦®áâ¨ [5]:'�(x�Af(x)) = maxf2F '�(x�Af) .�ãáâì '�(�) = �(jj��1=2 � jj) , £¤¥ �:R!R | ¯®-«®¦¨â¥«ì® ®¯à¥¤¥«¥ë© ®¯¥à â®à (  «®£ ª®àà¥«-«ïæ¨®®£® ®¯¥à â®à  ®è¨¡ª¨ ¨§¬¥à¥¨ï ¢ ¬®¤¥«¨



4 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 1[A; �]), �(�): [0;1)! [0; 1] | ¥¯à¥àë¢ ï áâà®£®¬®®â®® ã¡ë¢ îé ï äãªæ¨ï, § ¤ îé ï à á¯à¥-¤¥«¥¨¥ ¥ç¥âª®£® ¢¥ªâ®à  ®è¨¡ª¨ � 2 R , �(0) = 1 .�à¨ â ª¨å ¯à¥¤¯®«®¦¥¨ïå § ¤ ç  (3) íª¢¨¢ «¥â § ¤ ç¥ ®âëáª ¨ï ®æ¥ª¨ ¬ ªá¨¬ «ì®© ¢®§¬®¦®á-â¨ [5] ¯ à ¬¥âà  f 2 F ¯à¨ � = x ª ª à¥è¥¨ï § ¤ -ç¨   ¬¨¨¬ã¬k��1=2(x�Af)k �minf2F ; (5)¨ ¯®á«¥¤ãîé¥£® ®¯à¥¤¥«¥¨ï d�(x) = Uf(x) , £¤¥f(x) | § ç¥¨¥ f ,   ª®â®à®¬ ¬¨¨¬ã¬ ¢ (5) ¤®áâ¨-£ ¥âáï. �¡®§ ç¨¬ ��1=2x= y;��1=2A =B ¨ B� |®¯¥à â®à, ¯á¥¢¤®®¡à âë© ª B [6]. � ª ª ª ¯à¨ «î-¡®¬ f 2 Fky�Bfk2 = kB(B�y�f)k2 + k(I�BB�)yk2>> k(I �BB�)yk2; (6)¯à¨ç¥¬ à ¢¥áâ¢® ¢ (6) ¤®áâ¨£ ¥âáï ¯à¨�) f = B�y++b , £¤¥ b | «î¡®© ¢¥ªâ®à ¨§ ï¤à  N (B) ®¯¥à â®à B (â.¥. â ª®©, çâ® Bb = 0) [6], â® ¬¨¨¬ã¬ ¢ § ¤ ç¥(5) ¤®áâ¨£ ¥âáï ¯à¨ f = f(x) = (��1=2A)���1=2x+ b¨, á«¥¤®¢ â¥«ì®,d� = d�(x) = Uf(x) = U(��1=2A)���1=2x+Ub: (7)�á«¨ N (B) � N (U) , â® Ub = 0 ¤«ï «î¡®£®b 2 N (B) = N (A) ¨ à ¢¥áâ¢® (7) ®¯à¥¤¥«ï¥â ¥¤¨-áâ¢¥ãî N -®¯â¨¬ «ìãî áâà â¥£¨î, á®£« á® ª®-â®à®© N -®¯â¨¬ «ì®© ®æ¥ª®© d�(�) § ç¥¨ï Ufï¢«ï¥âáï ¥ç¥âª¨© í«¥¬¥âd�(�) = U(��1=2A)���1=2�: (8)�î¡®¯ëâ®, çâ® â ª ï ¦¥ ä®à¬ã«  ®¯à¥¤¥«ï¥â ¨«ãçèãî ¢ áà¥¤¥¬ ª¢ ¤à â¨ç®¬ «¨¥©ãî ¬¨-¨¬ ªáãî ®æ¥ªã Uf , ¥á«¨ ¢ à ¢¥áâ¢¥ � = Af + �èã¬ � ï¢«ï¥âáï á«ãç ©ë¬ í«¥¬¥â®¬ R á ã«¥¢ë¬¬ â¥¬ â¨ç¥áª¨¬ ®¦¨¤ ¨¥¬ ¨ ª®àà¥«ïæ¨®ë¬ ®¯¥-à â®à®¬ � [1].�á«¨ à ¢¥áâ¢® Bb = 0 ¥ ¢«¥ç¥â Ub = 0 , â®N -®¯â¨¬ «ì ï áâà â¥£¨ï d�(�) ¥ ¥¤¨áâ¢¥ :d�(�) = U(��1=2A)���1=2� +Ua(�); (9)£¤¥ a(�):R! N (A) | ¯à®¨§¢®«ì ï äãªæ¨ï, ¯à¨-¨¬ îé ï § ç¥¨ï ¢ N (A):Aa(x) = 0; x 2 R . �â®-å áâ¨ç¥áª¨©   «®£ ®æ¥ª¨ (9) ¯à¨ â ª¨å ãá«®¢¨ïå ¥áãé¥áâ¢ã¥â [6].�à¨ áâà â¥£¨ïå (8), (9) ¥®¡å®¤¨¬®áâì ®è¨¡-ª¨ M(d�(�)) = : supx2X �(k(I � ��1=2A(��1=2A)�) ����1=2xk) = 0 . �®ç ï ¢¥àåïï £à ì §¤¥áì à ¢ ¥¤¨¨æ¥ ¨ ¤®áâ¨£ ¥âáï   «î¡®¬ x 2 R(A) (¨§ ¯à®-áâà áâ¢  § ç¥¨© R(A) ®¯¥à â®à  A).�®¤¢¥¤¥¬ ¨â®£¨.

� ¥ ® à ¥ ¬   1 . �ãáâì ¢ áå¥¬¥ ¨§¬¥à¥-¨ï (1) A:F ! R | § ¤ ë© «¨¥©ë© ®¯¥à â®à,f |  ¯à¨®à¨ ¯à®¨§¢®«ìë© í«¥¬¥â F , � | ¥-ç¥âª¨© í«¥¬¥â R , '�(�):R ! [0; 1] | à á¯à¥¤¥-«¥¨¥ � , â.¥. ¯ãáâì § ¤   ¬®¤¥«ì [A;'�(�)] áå¥-¬ë ¨§¬¥à¥¨ï (1). �á«¨ '�(x) = �(k��1=2xk2) , £¤¥�:R! R | ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë© ®¯¥à â®à,�(�): [0;1)! [0; 1] | ¥¯à¥àë¢ ï áâà®£® ¬®®â®-® ã¡ë¢ îé ï äãªæ¨ï, �(0)= 1 , â® N -®¯â¨¬ «ì®©®æ¥ª®© Uf , £¤¥ U :F ! U | § ¤ ë© «¨¥©ë© ®¯¥-à â®à, ï¢«ï¥âáï «î¡®© ¥ç¥âª¨© í«¥¬¥â U (9), ¬¨-¨¬¨§¨àãîé¨© ¥®¡å®¤¨¬®áâì ®è¨¡ª¨ ®æ¥¨¢ ¨ï (2),£¤¥ ¥ç¥âª®¥ ®â®è¥¨¥ ¯®£à¥è®áâ¨ § ¤ ® «î¡®©äãªæ¨¥© l(�; �):U�U ! [0; 1] , ã¤®¢«¥â¢®àïîé¥© ãá«®-¢¨î (4). � (9) a(�):R! N (A) | ¯à®¨§¢®«ì ï äãª-æ¨ï; ¥á«¨ (¨ â®«ìª® ¥á«¨) N (A)�N (U) , â® N -®¯â¨-¬ «ì®© ®æ¥ª®© Uf ï¢«ï¥âáï ¥¤¨áâ¢¥ë© ¥ç¥â-ª¨© í«¥¬¥â (8). �«ï «î¡®© ®æ¥ª¨ (9) ¥®¡å®¤¨¬®áâì®è¨¡ª¨ ®æ¥¨¢ ¨ï à ¢  ã«î.�   ¬ ¥ ç    ¨ ¥ . �á«¨ ª ç¥áâ¢® ®æ¥-¨¢ ¨ï ®å à ªâ¥à¨§®¢ âì § ç¥¨¥¬ ¢®§¬®¦®á-â¨ L(d(�)) = supx2R; f2Fmin('�(x�Af); l(Uf; d(x)))®è¨¡ª¨ ¨ ®¯â¨¬ «ìãî áâà â¥£¨î ®¯à¥¤¥«¨âì ¨§ãá«®¢¨ï L(d(�)) � mind(�) , â® «î¡ ï áâà â¥£¨ï d�(�)(9) ¡ã¤¥â ¨ P -®¯â¨¬ «ì®©, ¥á«¨ l(u; v) = l0(u; v) == � 0 ¯à¨ u= v;1 ¯à¨ u 6= v, u; v 2 U , å®âï ¯à¨ íâ®¬ ¢®§-¬®¦®áâì ®è¨¡ª¨ L(d�(�)) = supx2R supf2Fmin('�(x ��Af); l(Uf; d�(�))) = 1 .2. �¥¤ãªæ¨ï ¨§¬¥à¥¨ï (1) ¯à¨  «¨ç¨¨ ¯à¨®à®© ¨ä®à¬ æ¨¨ ® á¨£ «¥ f 2 F� áá¬®âà¨¬ § ¤ çã à¥¤ãªæ¨¨ ¨§¬¥à¥¨ï (1), ¢ ª®-â®à®© ¥ â®«ìª® èã¬ � , ® ¨ á¨£ « f ®¯¨áë¢ ¥âáïª ª ¥ç¥âª¨© í«¥¬¥â. �¡®§ ç¨¬ ¥£® ' ¨ § ¯¨è¥¬áå¥¬ã ¨§¬¥à¥¨ï (1) ¢ ¢¨¤¥� =A'+ �: (1�)�ãáâì ¢ (1�) A:F !R |«¨¥©ë© ®¯¥à â®à, ' 2 F¨ � 2 R | ¥§ ¢¨á¨¬ë¥ ¥ç¥âª¨¥ í«¥¬¥âë, ¯à¨¨-¬ îé¨¥ § ç¥¨ï ¢ ¥¢ª«¨¤®¢ëå ¯à®áâà áâ¢ å F ¨R , �'(�):F ! [0; 1] ¨ ��(�):R! [0; 1] | ¨å à á¯à¥-¤¥«¥¨ï, ª®à®ç¥ £®¢®àï, ¯ãáâì § ¤   â¥®à¥â¨ª®-¢®§-¬®¦®áâ ï ¬®¤¥«ì [A; �'(�); ��(�)] áå¥¬ë ¨§¬¥à¥¨ï(1�) . �¡®§ ç¨¬ U' ¥ç¥âª¨© ¢¥ªâ®à ¯ à ¬¥âà®¢ ¨á-á«¥¤ã¥¬®£® ®¡ê¥ªâ , U :F ! U | § ¤ ë© «¨¥©-ë© ®¯¥à â®à, ®¯à¥¤¥«ïîé¨© ¬®¤¥«ì ¨â¥à¯à¥â æ¨¨¨§¬¥à¥¨ï � [1].� § ¤ ç¥ à¥¤ãªæ¨¨ ¨§¬¥à¥¨ï (1�) âà¥¡ã¥âáï ®¯à¥-¤¥«¨âì áâà â¥£¨î d(�):R! U ®æ¥¨¢ ¨ï U' â ª,çâ®¡ë ¥ç¥âª¨© ¢¥ªâ®à d(�) ¬®¦® ¡ë«® áç¨â âìá ¬®© â®ç®© ¢¥àá¨¥© (®æ¥ª®©) ¥ç¥âª®£® ¢¥ªâ®-à  U' .�) B� ¨ B� | ®¯¥à â®àë: ¯á¥¢¤®®¡à âë© ª B ¨ á®¯àï¦¥ë© á B á®®â¢¥âáâ¢¥®.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 5� ç¥áâ¢® áâà â¥£¨¨ d(�) ®æ¥¨¢ ¨ï ®å à ªâ¥-à¨§ã¥¬ ¢¥«¨ç¨®© ¥®¡å®¤¨¬®áâ¨ ®è¨¡ª¨ ®æ¥¨¢ -¨ï [5]: M(d(�)) =: supx2R; f2Fmin(��(x�Af); �'(f);:l(Uf; d(x)))== infx2R; f2Fmax(:��(x�Af);:�'(f); l(Uf; d(x))):(10)� ¬¥â¨¬, çâ® ¥á«¨ �'(f) = 1 , f 2 F , â.¥. ¥á-«¨ ¢á¥ § ç¥¨ï á¨£ «  ' ¢ (1�) ®¤¨ ª®¢® ¢®§-¬®¦ë, â® ¢ (10) M(d(�)) = : supx2R; f2Fmin(��(x ��Af);:l(Uf; d(x))) á®¢¯ ¤ ¥â á ¢ëà ¦¥¨¥¬M(d(�)) (2), ®â¢¥ç îé¨¬ á«ãç î  ¯à¨®à¨ ¯à®¨§-¢®«ì®£® á¨£ «  f 2 F ¢ (1).� ¬¥â¨¬ â ª¦¥, çâ® ��j'(xjf) = '�(x � Af) |ãá«®¢ ï ¢®§¬®¦®áâì à ¢¥áâ¢  � = x ¯à¨ ãá«®¢¨¨'= f , â.¥. ��j'(�jf) | ãá«®¢®¥ à á¯à¥¤¥«¥¨¥ ¥ç¥â-ª®£® í«¥¬¥â  � ¯à¨ ãá«®¢¨¨ '= f . �®íâ®¬ã��;'(x; f) = min(��j'(xjf); �'(f)); x 2R; f 2 F ;(11)| á®¢¬¥áâ®¥ à á¯à¥¤¥«¥¨¥ ¢å®¤®£® á¨£ -«  ' ¨ à¥§ã«ìâ â  ¨§¬¥à¥¨ï � , (��;'(x; f) |¢®§¬®¦®áâì à ¢¥áâ¢ � = x ¨ ' = f ),   ¥-®¡å®¤¨¬®áâì ®è¨¡ª¨ (10) M(d(�)) = infx2R;f2Fmax(:��;'(x; f); l(Uf; d(x))) , ¨¡® á®£« á® (11):��;'(x; f) = max(:��j'(xjf);:�'(f)) .N -®¯â¨¬ «ìãî áâà â¥£¨î d�(�) ®¯à¥¤¥«¨¬ ãá«®-¢¨¥¬ M(d�(�)) = mind(�):R!UM(d(�)); (12)á®£« á® ª®â®à®¬ã ¯à¨ ¨á¯®«ì§®¢ ¨¨ áâà â¥£¨¨d�(�) ¥®¡å®¤¨¬®áâì ®è¨¡ª¨ ®æ¥¨¢ ¨ï U' ¯®áà¥¤-áâ¢®¬ d�(�) ¬¨¨¬ «ì .� ª ¨§¢¥áâ® [3], ¤«ï à¥è¥¨ï § ¤ ç¨ (12) ¤®áâ -â®ç® ¯à¨ ª ¦¤®¬ x 2 R à¥è¨âì ¡®«¥¥ ¯à®áâãî § -¤ çã M(d; x) = inff2Fmax(:��;'(x; f); l(Uf; d))�mind2U ,â ª ª ª à¥è¥¨¥ d� = d�(x) â ª®© § ¤ ç¨ ï¢«ïâáï à¥-è¥¨¥¬ § ¤ ç¨ (12). �¥çì, â ª¨¬ ®¡à §®¬, ¨¤¥â ® á«¥-¤ãîé¥© § ¤ ç¥   ¬¨¨¬ã¬:max(:��;'(x; f); l(Uf; d))� minf2F;d2U : (13)� «¥¥ ¡ã¤¥¬ áç¨â âì, çâ® l(�; �) ¢ (13) ã¤®¢«¥â¢®àï¥âãá«®¢¨î (4). �â® ®§ ç ¥â, çâ® â®«ìª® ¯à¨ d = Uf®è¨¡ª  ¥¢®§¬®¦ . � â ª ª ªmind2U max(:��;'(x; f); l(Uf; d))==max(:��;'(x; f);mind2U l(Uf; d)) = :��;'(x; f);¯à¨ç¥¬ ¬¨¨¬ã¬ ¯® d ¤®áâ¨£ ¥âáï ¯à¨ (¥¤¨áâ¢¥-®¬) d= Uf , â® § ¤ ç  (13) íª¢¨¢ «¥â  § ¤ ç¥:��;'(x; f)�minf2F ; (14)

¨¡® d� = d�(x) = Uf(x) ¢ â®çª¥ f = f(x) ¬¨¨¬ã¬ :��;'(x; f) .�ãáâì :��(x � Af) = #1(k��1=2(x � Af)k2);:�'(f) = #2(kF�1=2(f � f0)k2); f 2 F ; x 2 R , £¤¥#1(�); #2(�) | áâà®£® ¬®®â®® ¢®§à áâ îé¨¥, ¥-¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ë¥   [0;1) äãªæ¨¨,¯à¨¨¬ îé¨¥ § ç¥¨ï ¢ [0,1], #i(0) = 0; i = 1; 2 ,�:R ! R ¨ F :F ! F | ¯®«®¦¨â¥«ì® ®¯à¥-¤¥«¥ë¥ ®¯¥à â®àë, ¨£à îé¨¥ à®«ì,   «®£¨çãîà®«¨ ª®¢ à¨ æ¨®ëå ®¯¥à â®à®¢ ®è¨¡ª¨ ¨ ¢å®¤-®£® á¨£ «  á®®â¢¥âáâ¢¥® ¢ ¬®¤¥«¨ ¨§¬¥à¥¨©[A; F; f0; �] . � áá¬®âà¨¬ § ¤ çã (14) ¢ íâ®¬ á«ãç ¥:max(#1(k��1=2(x�Af)k2); #2(kF�1=2(f � f0)k2))��minf2F ; x 2R: (15)�¢¥¤¥¬ ®¡®§ ç¥¨ï: z = F�1=2(f � f0) , B == ��1=2AF 1=2:F !R , y = ��1=2x���1=2Af0 , ¢ ª®-â®àëå § ¤ ç  (15) ¨¬¥¥â ¢¨¤max(#1(ky�Bzk2); #2(kzk2))�minz2F : (15�)�«ï à¥è¥¨ï § ¤ ç¨ (15) ¢ëç¨á«¨¬ £à ¤¨¥âë #1 ¨#2 ¯® z 2 F :5#1(ky�Bzk2) = #01(ky�Bzk2)B�(Bz � y);5#2(kzk2) = #02(kzk2)z:�¤¥áì #01(ky�Bzk2)=d#1(r)=drjr=ky�Bzk2; #02(kzk2)== d#2(r)=drjr=kzk2 : � â®çª¥ z = z� ¬¨¨¬ã¬  (15�)¤®«¦ë ¡ëâì ¢ë¯®«¥ë á«¥¤ãîé¨¥ ãá«®¢¨ï [7]:«¨¡® ¤«ï ¥ª®â®à®£® � 2 [0; 1]�5#1(ky�Bz�k2) + (1� �)5#2(kz�k2) = 0;#1(ky�Bz�k2) = #2(kz�k2); (16)«¨¡®5#1(ky �Bz�k2) = 0; #1(ky�Bz�k2)> #2(kz�k2);(17)«¨¡®,  ª®¥æ,5#2(kz�k2) = 0; #1(ky �Bz�k2)< #2(kz�k2): (18)� áá¬®âà¨¬ ¯¥à¢ë© á«ãç ©. �®£« á® ¯¥à¢®¬ããá«®¢¨î (16) �#01B�(Bz� � y) + (1� �)#02z� = 0 , ®â-ªã¤  á«¥¤ã¥â, çâ® ¯à¨ � 2 [0; 1] z� = z() = (B�B ++I)�1B�y , £¤¥  = (1��)#02=(�#01) (¨ á®®â¢¥âáâ¢¥-® � 2 (0; 1)) ®¯à¥¤¥«ï¥âáï ¨§ ¢â®à®£® ãá«®¢¨ï (16).�ãáâì ¤«ï ¯à®áâ®âë ¤ «¥¥ #1(�) = #2(�) = #(�) , £¤¥#(�): [0;1)! [0; 1] | áâà®£® ¬®®â®® ¢®§à áâ î-é ï ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ ï äãªæ¨ï. � â -ª®¬ á«ãç ¥ ¢â®à®¥ ãá«®¢¨¥ (16) íª¢¨¢ «¥â® à ¢¥-áâ¢ã ky�Bz�k2 = kz�k2: (19)
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�¥¤ãªæ¨ï ¨§¬¥p¥¨ï ¤«ï â¥®p¥â¨ª®-¢®§¬®¦®áâ®© ¬®¤¥«¨ [A; �'(�); ��(�)] ¨ ¤«ï â¥®p¥â¨ª®-¢¥p®ïâ®áâ®© ¬®-¤¥«¨ [A; F; f0; �] : a | ¨§¬¥àï¥¬ë¥ ¢ (1) ¨ (1�) á¨£ «ë f ¨ ' á®®â¢¥âáâ¢¥®; ¡ |  ¯¯ à â ï äãªæ¨ïa(i); i = �192; : : : ; 192 , ¨§¬¥à¨â¥«ì®£® ¯à¨¡®à  A ; (Af)(i) = 192Pj=1 a(i � j)f(j); i = 1; : : : ; 192; ¢ | à¥-§ã«ìâ â ¨§¬¥à¥¨ï ¢ (1) ¨ (1�) �(i) = (Af)(i) + �(i); i = 1; : : : ; 192; £ | «¥¢ ï ¨ ¯à ¢ ï ç áâ¨ à ¢¥áâ¢ (19) ª ª äãªæ¨¨ �2 ;   £®à¨§®â «ì®© ®á¨ ®â¬¥ç¥® § ç¥¨¥ �2!(�) ; ¤ | â¥®à¥â¨ª®-¢®§¬®¦®áâ ï à¥¤ãª-æ¨ï ¨§¬¥à¥¨ï (1�) '̂ = f0 + FA�(AFA� + !(�)�)�1(� � Af0); ¬¨¨¬¨§¨àãîé ï ¥®¡å®¤¨¬®áâì ®è¨¡ª¨®æ¥¨¢ ¨ï, � = �2I; F = �2I , �2 = 2; �2 = 2; 62 ; ¥ | â¥®à¥â¨ª®-¢¥à®ïâ®áâ ï à¥¤ãªæ¨ï ¨§¬¥à¥¨ï (1)f̂ = f0 + FA�(AFA� + �)�1(� � Af0); � = �2I; F = �2I; ¬¨¨¬¨§¨àãîé ï áà¥¤¥ª¢ ¤à â¨çãî ®è¨¡ªã®æ¥¨¢ ¨ï E kf̂ � fk2 = minR:R!F ;r2F E kR�+ r� fk2 , �2 = 2; �2 = 2; 62� ª ª ª ky � Bz�k2 = 2k(BB� + I)�1yk2 == r() | ¬®®â®® ¢®§à áâ ¥â ¯®  2 (0;1) , ¯à¨-ç¥¬ lim!+0 r() = k(I �BB�)yk2 , lim!1 r() = kyk2 ,  kz�k2 = kB�(BB� + I)�1yk2 = s() | ¬®®â®®ã¡ë¢ ¥â ¯®  2 (0;1) , ¯à¨ç¥¬ lim!+0 s() = kB�yk2¨ lim!1 s() = 0 , â® ãá«®¢¨¥ (19) ¢ë¯®«ï¥âáï ¤«ï¥ª®â®à®£®  2 (0;1) , «¨èì ¥á«¨ k(I � BB�)yk <kB�yk . � íâ®¬ á«ãç ¥ áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë© ª®-à¥ì  = (y)2 (0;1) ãà ¢¥¨ï (19) ¨z� = z((y)) = (B�B + (y)I)�1B�y (20)®¯à¥¤¥«ï¥â áâ æ¨® àãî â®çªã (15�) . � â ª ª ª
g(z) = max(#(ky�Bzk2); #(kzk2)) | ¢ë¯ãª« ï äãª-æ¨ï z 2 R , â® z� (19) | ¨áª®¬ ï â®çª  ¬¨¨¬ã¬ g(�) .�á«¨ k(I � BB�)yk = kB�yk , â®  = (y) == 0 (�= 1) ¨ z� = B�y = lim!+0(B�B + I)�1B�y .� áá¬®âà¨¬ ¢â®à®© á«ãç ©. �áïª®¥ à¥è¥¨¥ z�ãà ¢¥¨ï r#(k(y�Bz)k2) = 0 ¨¬¥¥â ¢¨¤ [6]z� =B�y + b; b 2N (B): (21)� ª ª ª k(y � Bz)k2 = k(I � BB�)yk2 ¨ kz�k2 =kB�yk2 + kbk2 , â® z� (21) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬(17), ¥á«¨ ¨ â®«ìª® ¥á«¨06 kbk2 < k(I �BB�)yk2� kB�yk2; b 2N (B):



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 7�à¥â¨© á«ãç ©, ®ç¥¢¨¤®, ¥¢®§¬®¦¥.�ä®p¬ã«¨pã¥¬ ¯®«ãç¥ë© p¥§ã«ìâ â.� ¥ ® à ¥ ¬   2 . �ãáâì ¢ áå¥¬¥ ¨§-¬¥à¥¨ï (1�) A:F ! R | § ¤ ë© «¨¥©ë©®¯¥à â®à, ' 2 F ¨ � 2 R | ¥§ ¢¨á¨¬ë¥ ¥-ç¥âª¨¥ í«¥¬¥âë, �'(�):F ! [0; 1] ¨ ��(�):R ![0; 1] | ¨å à á¯à¥¤¥«¥¨ï, â.¥. ¯ãáâì § ¤   ¬®-¤¥«ì [A; �'(�); ��(�)] áå¥¬ë ¨§¬¥à¥¨ï (1�) , ¯à¨-ç¥¬ :�'(f) = #(kF�1=2(f � f0)k2); f 2 F ;:��(x�Af) = #(k��1=2(x�Af)k2); x 2R;£¤¥ #(�): [0;1) ! [0; 1] | áâà®£® ¬®®â®® ¢®§-à áâ îé ï, ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ ï   [0;1)äãªæ¨ï, #(0) = 0; �:R ! R ¨ F :F ! F |¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë¥ ®¯¥à â®àë. �¡®§ ç¨¬�(x) = k(I � ��1=2A(��1=2A)�)��1=2(x � Af0)k2 ��k(��1=2AF 1=2)���1=2(x�Af0)k2 , x 2 R , â®£¤ ¥á«¨ ¯à¨ � = x �(x) < 0 , â® d�(x) = U'̂, £¤¥'̂= f0+FA�(AFA�+!(x)�)�1(x�Af0); ! = !(x) |ª®à¥ì ãà ¢¥¨ï!k(BB� + !I)�1yk= kB�(BB� + !I)�1yk;¢ ª®â®à®¬ B = ��1=2AF 1=2 , y = ��1=2(x � Af0); ¢íâ®¬ á«ãç ¥M(d�(x); x) = #(kF�1=2(A���1A++!(x)F�1)�1A���1(x�Af0)k2);¥á«¨ ¯à¨ � = x �(x) = 0 , â® d�(x) = U'̂, £¤¥'̂ = f0 + F 1=2(��1=2AF 1=2)���1=2(� � Af0); ¢ íâ®¬á«ãç ¥ M(d�(x); x) = #(k(��1=2AF 1=2)���1=2(� ��Af0)k2);¥á«¨ ¯à¨ � = x �(x) > 0 , â® d�(x) = U'̂ ,£¤¥ '̂ = f0 + F 1=2(��1=2AF 1=2)���1=2(x�Af0) + a ,

a | «î¡®© í«¥¬¥â N (A) , ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨î06 kF 1=2ak2 <�(x); ¢ íâ®¬ á«ãç ¥M(d�(x); x) == #(k(I ���1=2A(��1=2A)�)��1=2(x�Af0)k2):�® ¢á¥å á«ãç ïå ¥®¡å®¤¨¬®áâì ®è¨¡ª¨ à¥¤ãªæ¨¨M(d�(�)) = infx2RM(d�(x); x) = 0 .�  à¨áãª¥ ¯à¨¢¥¤¥ë à¥§ã«ìâ âë à¥¤ãªæ¨¨ ¨§¬¥-à¥¨ï, ¯®«ãç¥ë¥ ¤«ï ®¯¨á ®© ¢ â¥®à¥¬¥ 2 â¥®-à¥â¨ª®-¢®§¬®¦®áâ®© ¬®¤¥«¨ [A; �'(�); ��(�)] áå¥-¬ë (1�) ¨ ¤«ï â¥®à¥â¨ª®-¢¥à®ïâ®áâ®© ¬®¤¥«¨[A; F; f0; �] áå¥¬ë (1) [1].� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®-£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (£à â96-01-01081).�¨â¥à âãà 1. �ëâì¥¢ �.�. �¥â®¤ë   «¨§  ¨ ¨â¥à¯à¥â æ¨¨ íªá¯¥à¨-¬¥â . �., 1990.2. �ëâì¥¢ �.�. // � â¥¬. ¬®¤¥«¨à®¢ ¨¥. 1991. 3, ü 10.C. 65.3. �ëâì¥¢ �.�. // � ¬ ¦¥. 1992. 4, ü 2. C. 76.4. �ëâì¥¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâp®. 1998.ü 2. �. 3 (Moscow University Phys. Bull. 1998. No. 3. P. 1).5. �ëâì¥¢ �.�. // � ¬ ¦¥. 1998. ü . 6. �. 3 (Ibid. 1998. No. 6.P. 1).6. �ëâì¥¢�.�. � â¥¬ â¨ç¥áª¨¥ ¬¥â®¤ë ¨â¥¯à¥â æ¨¨ íªá-¯¥à¨¬¥â . �., 1989.7. �¥¬ìï®¢ �.�., � «®§¥¬®¢ �.�. �¢¥¤¥¨¥ ¢ ¬¨¨¬ ªá. �.,1972. �®áâã¯¨«  ¢ p¥¤ ªæ¨î06.11.97��� 517.54: 532.525.2������������ ������������ ��������� ��������������� ������� ��������� ������������������� � ������� ���������� ������������ ����������� ��������. �. �¢ ®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨ )� áá¬®âà¥ë âà¨ § ¤ ç¨ ¯«®áª®£® áâàã©®£® â¥ç¥¨ï ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨: ® á¨¬¬¥â-à¨ç®¬ ®¡â¥ª ¨¨ ã£®«ª  ¯à®¨§¢®«ì®£® à áâ¢®à  áâàã¥© ª®¥ç®© è¨à¨ë (â¥ç¥¨¥ �¥â¨) ¨ ¡¥áª®-¥çë¬ ¯®â®ª®¬ (â¥ç¥¨¥ �®¡ë«¥¢ ) ¨ § ¤ ç  �ãª®¢áª®£® ®¡ ¨áâ¥ç¥¨¨ ¦¨¤ª®áâ¨ ¨§ ¥á¨¬¬¥âà¨ç®©¯«®áª®© ¢®à®ª¨. �¥è¥¨ï íâ¨å § ¤ ç áâà®ïâáï ¬¥â®¤®¬ ª®ä®à¬®£® ®â®¡à ¦¥¨ï ®¡« áâ¨ â¥ç¥¨ï  á¥ªâ®à ªàã£  ¢ ¯«®áª®áâ¨ £®¤®£à ä . �¥è¥¨ï ¢ëà ¦ îâáï ç¥à¥§ ¥¯®«ãî ¡¥â -äãªæ¨î,   ¢ª®¥ç®¬ ¨â®£¥ | ç¥à¥§ £¨¯¥à£¥®¬¥âà¨ç¥áªãî äãªæ¨î. �«ï à áá¬®âà¥ëå â¥ç¥¨© ¯®áâà®¥ë á¥â¨«¨¨© â®ª  ¨ íª¢¨¯®â¥æ¨ «¥©,   â ª¦¥ ¨§®â å¨ ¨ ¨§®ª«¨ë.�¢¥¤¥¨¥� ¤ ç¨ ® ¯«®áª¨å áâàã©ëå â¥ç¥¨ïå ¨¤¥ «ì®©¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ï¢«ïîâáï ª« áá¨ç¥áª¨¬¨ § -¤ ç ¬¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨, ¨áâ®à¨ï ª®â®àëå  ç¨ ¥âáï á à ¡®â �. �¥«ì¬£®«ìæ , �.�¨àå£®ä  ¨�. �.�ãª®¢áª®£® [1{3]. �á®¡¥®áâì § ¤ ç ® áâàã©-®¬ â¥ç¥¨¨ á®áâ®¨â ¢ â®¬, çâ® ®¡« áâì â¥ç¥¨ï  ¯à¨-®à¨ ¥¨§¢¥áâ . �§¢¥áâ  «¨èì ç áâì £à ¨æë â¥ç¥-


