
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 434, 2015 Ç.á. î. íÅÄ×ÅÄÅ×ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé ÷óòá÷îåîéé ó çìáäëïó�øà åå íïäõìñ ðòéäïðïìîé�åìøîùè ïçòáîéþåîéñè îá÷åìéþéîõ çòáîéþîïê æõîëãéé
§1. ÷×ÅÄÅÎÉÅæÕÎË�ÉÑ � ÎÁ �ÏÌÕÏÓÉ [0;∞) ÎÁÚÙ×ÁÅÔÓÑ Ë×ÁÚÉ×ÏÇÎÕÔÏÊ, ÅÓÌÉ ×Ù-�ÏÌÎÅÎÙ ÓÌÅÄÕÀÝÉÅ ÕÓÌÏ×ÉÑ: 1) �(0) = 0; 2) �(t) �ÏÌÏÖÉÔÅÌØÎÁ É ×ÏÚ-ÒÁÓÔÁÅÔ �ÒÉ t > 0; 3) �(t)=t ÕÂÙ×ÁÅÔ �ÒÉ t > 0. äÌÑ ×ÓÑËÏÊ Ë×ÁÚÉ×ÏÇÎÕ-ÔÏÊ ÆÕÎË�ÉÉ ÎÁÊÄÅÔÓÑ ×ÏÇÎÕÔÁÑ ÍÁÖÏÒÁÎÔÁ �0 ÔÁËÁÑ, ÞÔÏ �0(t)=2 6�(t) 6 �0(t) �ÒÉ ×ÓÅÈ t > 0.1.1. óÉÍÍÅÔÒÉÞÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á ÆÕÎË�ÉÊ. âÁÎÁÈÏ×Ï �ÒÏÓÔÒÁ-ÎÓÔ×Ï X ÉÚÍÅÒÉÍÙÈ ÆÕÎË�ÉÊ ÎÁ ÏËÒÕÖÎÏÓÔÉ T = {ei� : � ∈ [0; 2�)}ÎÁÚÙ×ÁÅÔÓÑ ÓÉÍÍÅÔÒÉÞÎÙÍ, ÅÓÌÉ ÄÌÑ ÌÀÂÙÈ ÉÚÍÅÒÉÍÙÈ ÆÕÎË�ÉÊ f; g×Ù�ÏÌÎÅÎÙ ÓÌÅÄÕÀÝÉÅ Ä×Á Ó×ÏÊÓÔ×Á:(S1) |f | 6 |g| �.×., g ∈ X ⇒ f ∈ X; ‖f‖X 6 ‖g‖X;(S2) f ∈ X, f É g ÒÁ×ÎÏÉÚÍÅÒÉÍÙ ⇒ g ∈ X, ‖f‖X = ‖g‖X.÷ ÄÁÌØÎÅÊÛÅÍ ÍÙ, ËÁË �ÒÁ×ÉÌÏ, ÏÔÏÖÄÅÓÔ×ÌÑÅÍ ÏËÒÕÖÎÏÓÔØ Ó ÏÔÒÅÚ-ËÏÍ (−�; �℄, Á ÆÕÎË�ÉÉ ÎÁ ÏËÒÕÖÎÏÓÔÉ { Ó ÆÕÎË�ÉÑÍÉ ÎÁ ÜÔÏÍ ÏÔ-ÒÅÚËÅ, ËÏÔÏÒÙÅ ÍÙ ÏÂÙÞÎÏ ÓÞÉÔÁÅÍ �ÒÏÄÏÌÖÅÎÎÙÍÉ ÎÁ ×ÅÝÅÓÔ×ÅÎ-ÎÕÀ �ÒÑÍÕÀ 2�-�ÅÒÉÏÄÉÞÅÓËÉ. òÁÓÓÍÏÔÒÉÍ ÆÕÎÄÁÍÅÎÔÁÌØÎÕÀ ÆÕÎË-�ÉÀ �X(t) = ‖�[0;t)‖X ÓÉÍÍÅÔÒÉÞÎÏÇÏ �ÒÏÓÔÒÁÎÓÔ×Á X. óÏÇÌÁÓÎÏ Ó×ÏÊ-ÓÔ×Õ (S2), ÎÏÒÍÁ ×ÓÅÈ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÉÈ ÆÕÎË�ÉÊ �E ÉÚÍÅÒÉÍÙÈÍÎÏÖÅÓÔ× E ⊂ T ÆÉËÓÉÒÏ×ÁÎÎÏÊ ÍÅÒÙ |E| = t ÒÁ×ÎÁ �X(t). âÏÌÅÅ ÔÏ-ÇÏ, ÆÕÎÄÁÍÅÎÔÁÌØÎÁÑ ÆÕÎË�ÉÑ �X(·) ÂÕÄÅÔ Ë×ÁÚÉ×ÏÇÎÕÔÏÊ (ÓÍ. [6℄, ÓÔÒ.137)óÉÍÍÅÔÒÉÞÎÏÍÕ �ÒÏÓÔÒÁÎÓÔ×Õ X ÍÏÖÎÏ �ÏÓÔÁ×ÉÔØ × ÓÏÏÔ×ÅÔÓÔ×ÉÅÁÓÓÏ�ÉÉÒÏ×ÁÎÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï (Ä×ÏÊÓÔ×ÅÎÎÏÅ �Ï ë£ÔÅ) X

′, ÓÏÓÔÏÑÝÅÅëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ×ÎÅÛÎÑÑ ÆÕÎË�ÉÑ, Ï�ÅÒÁÔÏÒ ÇÁÒÍÏÎÉÞÅÓËÏÇÏ ÓÏ�ÒÑÖÅÎÉÑ,ÓÉÍÍÅÔÒÉÞÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï, ÎÅ×ÏÚÒÁÓÔÁÀÝÁÑ �ÅÒÅÓÔÁÎÏ×ËÁ, ÓÒÅÄÎÉÅ ÏÓ�ÉÌÌÑ�ÉÉ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ ìÁÂÏÒÁÔÏÒÉÉ ÉÍ. ð. ì. þÅÂÙÛÅ×Á óðÂçõ,ÇÒÁÎÔÁ ðÒÁ×ÉÔÅÌØÓÔ×Á òæ ÄÏÇ. 11.G34.31.0026 É ïáï \çÁÚ�ÒÏÍ ÎÅÆÔØ", É ÇÒÁÎÔÁòææé 14-01-00198-a. 101



102 á. î. íåä÷åäå÷ÉÚ ×ÓÅÈ ÉÚÍÅÒÉÍÙÈ ÆÕÎË�ÉÊ g, ÄÌÑ ËÏÔÏÒÙÈ
‖g‖X′ := supf∈X; ‖f‖X61 ∫

T

|fg| <∞:áÓÓÏ�ÉÉÒÏ×ÁÎÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï X
′ ÔÏÖÅ ÂÕÄÅÔ ÓÉÍÍÅÔÒÉÞÎÙÍ. ëÒÏÍÅÔÏÇÏ, �ÁÒÁ (X, X

′) ÏÂÌÁÄÁÅÔ ÓÌÅÄÕÀÝÉÍÉ Ó×ÏÊÓÔ×ÁÍÉ:f ∈ X; g ∈ X
′ ⇒

∫

T

|fg| 6 ‖f‖X‖g‖X′; (1)�X(t)�X′(t) = t �ÒÉ ×ÓÅÈ t ∈ [0; 2�℄: (2)òÁÚÕÍÅÅÔÓÑ, Ó×ÏÊÓÔ×Ï (1) { �ÒÏÓÔÏ ÓÌÅÄÓÔ×ÉÅ Ï�ÒÅÄÅÌÅÎÉÑ ÁÓÓÏ�ÉÉÒÏ-×ÁÎÎÏÊ ÎÏÒÍÙ. äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÏÏÔÎÏÛÅÎÉÑ (2) ÍÏÖÎÏ ÎÁÊÔÉ × [6℄,ÓÔÒ. 144.ðÒÏÓÔÅÊÛÉÍÉ �ÒÉÍÅÒÁÍÉ ÓÉÍÍÅÔÒÉÞÎÙÈ �ÒÏÓÔÒÁÎÓÔ× Ñ×ÌÑÀÔÓÑ�ÒÏÓÔÒÁÎÓÔ×Á ìÅÂÅÇÁ Lp(T) Ó ÆÕÎÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ �Lp(t) =t1=p. ÷ �ÅÌÏÍ, ÓÉÍÍÅÔÒÉÞÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á ÏÂÒÁÚÕÀÔ ×ÅÓØÍÁ ÏÂÛÉÒ-ÎÕÀ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÕÀ ÛËÁÌÕ ÍÅÖÄÕ L1(T) É L∞(T).1.2. çÌÁÄËÏÓÔØ × ÔÅÒÍÉÎÁÈ ÓÒÅÄÎÉÈ ÏÓ�ÉÌÌÑ�ÉÊ. òÁÓÓÍÏÔÒÉÍÉÚÍÅÒÉÍÕÀ ÎÁ ÏËÒÕÖÎÏÓÔÉ T ÆÕÎË�ÉÀ f É ÎÅËÏÔÏÒÏÅ ÓÉÍÍÅÔÒÉÞÎÏÅ�ÒÏÓÔÒÁÎÓÔ×Ï W. úÁÆÉËÓÉÒÕÅÍ �ÏÓÔÏÑÎÎÕÀ  É ÄÕÇÕ ÏËÒÕÖÎÏÓÔÉ I ⊂
T. ðÏÌÏÖÉÍ 
W(f; I; ) := ‖|f − |�I‖W

‖�I‖W

:óÒÅÄÎÅÊ ÏÓ�ÉÌÌÑ�ÉÅÊ ÆÕÎË�ÉÉ f �Ï ÄÕÇÅ I ÏÔÎÏÓÉÔÅÌØÎÏ ÎÏÒÍÙ ÓÉÍ-ÍÅÔÒÉÞÎÏÇÏ �ÒÏÓÔÒÁÎÓÔ×Á W ÎÁÚÏ×ÅÍ ÞÉÓÌÏ 
W(f; I) := inf
W(f; I; ).ï�ÉÓÁÎÎÙÅ ×ÙÛÅ Ó×ÏÊÓÔ×Á ÓÉÍÍÅÔÒÉÞÎÙÈ �ÒÏÓÔÒÁÎÓÔ× �ÏÚ×ÏÌÑÀÔ �Ï-ÌÕÞÉÔØ ÓÌÅÄÕÀÝÉÅ Ï�ÅÎËÉ:
L1(f; I; ) = ‖|f − |�I‖L1
|I | 6

‖|f − |�I‖W‖�I‖W′

‖�I‖W‖�I‖W′

= 
W(f; I; ); (3)
L1(f; I) 6 
W(f; I) 6 
L∞(f; I): (4)îÁÍÉ ÂÕÄÕÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ÕÓÌÏ×ÉÑ ÔÉ�Á
W(f; I) 6 !(|I |); I ∈ I; (SC)



ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé 103�Ï ×ÓÅÍ ÄÕÇÁÍ I ∈ I ÎÁÂÏÒÁ I, Ó ÎÅËÏÔÏÒÏÊ Ë×ÁÚÉ×ÏÇÎÕÔÏÊ ÍÁÖÏÒÁÎÔÏÊ!, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÊ ÓÔÁÎÄÁÒÔÎÙÍ ÕÓÌÏ×ÉÑÍ ÒÅÇÕÌÑÒÎÏÓÔÉÆ∫0 !(u)u du 6 C!1 !(Æ); Æ 2�∫Æ !(u)u2 du 6 C!2 !(Æ)�ÒÉ ×ÓÅÈ Æ ∈ (0; 2�): (RG)÷ÏÚØÍÅÍ × ËÁÞÅÓÔ×Å ÎÁÂÏÒÁ I ×ÓÅ ÄÕÇÉ ÏËÒÕÖÎÏÓÔÉ. �ÏÇÄÁ ÕÓÌÏ×ÉÅ (SC)×ÌÅÞÅÔ 
L1(f; I) 6 !(|I |) ÎÁ ×ÓÅÈ ÄÕÇÁÈ ÏËÒÕÖÎÏÓÔÉ. óÏÇÌÁÓÎÏ ÒÅÚÕÌØ-ÔÁÔÕ ÒÁÂÏÔÙ [8℄, ÜÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ ÍÙ ÍÏÖÅÍ ÉÓ�ÒÁ×ÉÔØ ÆÕÎË�ÉÀ fÎÁ ÍÎÏÖÅÓÔ×Å ÍÅÒÙ ÎÏÌØ ÄÏ ÎÅ�ÒÅÒÙ×ÎÏÊ, �ÒÉÞÅÍ ÅÅ ÍÏÄÕÌØ ÎÅ�ÒÅ-ÒÙ×ÎÏÓÔÉ ÄÏ�ÕÓËÁÅÔ Ï�ÅÎËÕ !f (Æ) 6 C!(Æ), �ÒÉ ÍÁÌÙÈ Æ. ðÏÓÌÅÄÎÅÅÏÂÓÔÏÑÔÅÌØÓÔ×Ï �ÏÚ×ÏÌÑÅÔ ÎÁÍ ÓÞÉÔÁÔØ ÓÏÏÔÎÏÛÅÎÉÑ ÔÉ�Á (SC) ÕÓÌÏ-×ÉÑÍÉ ÎÁ ÇÌÁÄËÏÓÔØ ÆÕÎË�ÉÉ �ÏÒÑÄËÁ ÍÅÎØÛÅ 1.1.3. ï�ÅÒÁÔÏÒ ÇÁÒÍÏÎÉÞÅÓËÏÇÏ ÓÏ�ÒÑÖÅÎÉÑ ÎÁ ÓÉÍÍÅÔÒÉÞÎÙÈ�ÒÏÓÔÒÁÎÓÔ×ÁÈ. òÁÓÓÍÏÔÒÉÍ ÎÅËÏÔÏÒÏÅ ÓÉÍÍÅÔÒÉÞÎÏÅ �ÒÏÓÔÒÁÎÓÔ-×Ï W. úÁÄÁÄÉÍÓÑ ×Ï�ÒÏÓÏÍ: ËÏÇÄÁ Ï�ÅÒÁÔÏÒ ÇÁÒÍÏÎÉÞÅÓËÏÇÏ ÓÏ�ÒÑÖÅ-ÎÉÑ H, Ó �ÏÍÏÝØÀ ËÏÔÏÒÏÇÏ Ï�ÒÅÄÅÌÑÀÔÓÑ ÇÒÁÎÉÞÎÙÅ ÚÎÁÞÅÎÉÑ ×ÎÅÛ-ÎÅÊ ÆÕÎË�ÉÉ (ÓÍ. �. 1.4 ÎÉÖÅ), ÂÕÄÅÔ ÏÇÒÁÎÉÞÅÎ ÉÚ W × W. ÷×ÅÄÅÍÏÂÏÚÎÁÞÅÎÉÅ Dt ÄÌÑ Ï�ÅÒÁÔÏÒÁ ÒÁÓÔÑÖÅÎÉÑ, ÞØÉ ÚÎÁÞÅÎÉÑ ÚÁÄÁÀÔÓÑ �ÏÆÏÒÍÕÌÅ Dtf = f(t·). �ÁËÖÅ ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ�W := limt→∞

log ‖Dt‖W→Wlog t ; �W := limt→0 log ‖Dt‖W→Wlog t×ÅÒÈÎÉÊ É ÎÉÖÎÉÊ ÉÎÄÅËÓÙ âÏÊÄÁ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. òÁÓÓÍÏÔÒÉ ÕÓÌÏ×ÉÅ�W < 1; �W > 0: (B)óÏÇÌÁÓÎÏ ÒÅÚÕÌØÔÁÔÕ ÒÁÂÏÔÙ [3℄, ÕÓÌÏ×ÉÅ (B) ÜË×É×ÁÌÅÎÔÎÏ ÏÇÒÁÎÉÞÅÎ-ÎÏÓÔÉ Ï�ÅÒÁÔÏÒÁ H : W → W.1.4. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞÉ. òÁÓÓÍÏÔÒÉÍ 2�-�ÅÒÉÏÄÉÞÅÓËÕÀ ÎÅÏÔÒÉ-�ÁÔÅÌØÎÕÀ ÆÕÎË�ÉÀ ', ÄÌÑ ËÏÔÏÒÏÊ log' ∈ L1(T). ðÏÓÔÒÏÉÍ ×ÎÅÛÎÀÀÆÕÎË�ÉÀ O' Ó ÇÒÁÎÉÞÎÙÍÉ ÚÎÁÞÅÎÉÑÍÉ, ÒÁ×ÎÙÍÉ ' exp(H(log')), ÇÄÅ
H { Ï�ÅÒÁÔÏÒ ÇÁÒÍÏÎÉÞÅÓËÏÇÏ ÓÏ�ÒÑÖÅÎÉÑ. ëÁË ÏÔÍÅÞÁÌÏÓØ ×ÙÛÅ, ÇÌÁ-ÄËÏÓÔØ ÍÙ ÚÁÄÁÅÍ × ÆÏÒÍÅ ÕÓÌÏ×ÉÊ ÎÁ ÓÒÅÄÎÉÅ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÙÅ ÏÓ-�ÉÌÌÑ�ÉÉ �Ï ÎÁÂÏÒÁÍ ÄÕÇ. íÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÌÉÛØ Ä×Á ÔÉ�Á



104 á. î. íåä÷åäå÷ÔÁËÉÈ ÎÁÂÏÒÏ×: IT { ÎÁÂÏÒ, ÓÏÓÔÏÑÝÉÊ ÉÚ ×ÓÅÈ ÄÕÇ ÏËÒÕÖÎÏÓÔÉ; Ix0 {ÎÁÂÏÒ ÄÕÇ, ÓÏÄÅÒÖÁÝÉÈ ÆÉËÓÉÒÏ×ÁÎÎÕÀ ÔÏÞËÕ x0. óÞÉÔÁÅÍ, ÞÔÏ ×Ù-�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ
|'(x) − '(x0)| 6 !SCM (|I |); x ∈ I; I ∈ Ix0 ; (SCM)ÇÄÅ !SCM (|I |) { Ë×ÁÚÉ×ÏÇÎÕÔÁÑ ÍÁÖÏÒÁÎÔÁ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÁÑ ÕÓÌÏ×É-ÑÍ ÒÅÇÕÌÑÒÎÏÓÔÉ (RG). óÏÂÓÔ×ÅÎÎÏ, �ÏÄ Ó×ÑÚØÀ ÍÅÖÄÕ ÇÌÁÄËÏÓÔØÀ×ÎÅÛÎÅÊ ÆÕÎË�ÉÉ É ÅÅ ÍÏÄÕÌÑ �ÏÄÒÁÚÕÍÅ×ÁÅÔÓÑ, ÞÔÏ ÉÚ ÕÓÌÏ×ÉÑ (SCM)ÓÌÅÄÕÅÔ ÕÓÌÏ×ÉÅ �ÏÄÏÂÎÏÇÏ ÔÉ�Á ÄÌÑ ÓÒÅÄÎÉÈ ÏÓ�ÉÌÌÑ�ÉÊ, ÎÏ, ×ÏÚÍÏÖ-ÎÏ, Ó ÄÒÕÇÏÊ ÍÁÖÏÒÁÎÔÏÊ:
W(O'; I) 6 !SCF (|I |); I ∈ Ix0 : (SCF)òÅÚÕÌØÔÁÔÙ ÔÁËÏÇÏ ÒÏÄÁ É ÂÙÌÉ �ÏÌÕÞÅÎÙ × ÓÔÁÔØÅ [9℄. ïÄÎÉÍ ÉÚ ÉÚ-×ÅÓÔÎÙÈ ÜÆÆÅËÔÏ× Ñ×ÌÑÅÔÓÑ ÔÁË ÎÁÚÙ×ÁÅÍÏÅ Õ�ÏÌÏ×ÉÎÉ×ÁÎÉÅ ÇÌÁÄËÏ-ÓÔÉ, Ô.Å. ÂÅÚ ËÁËÉÈ-ÌÉÂÏ ÄÏ�ÏÌÎÉÔÅÌØÎÙÈ ÏÇÒÁÎÉÞÅÎÉÊ ×ÓÅÇÄÁ ×ÅÒÎÏ ÓÏ-ÏÔÎÏÛÅÎÉÅ !SCF (·) = !SCM (√·) É ÎÉÞÅÇÏ ÌÕÞÛÅ ÏÖÉÄÁÔØ ÎÅÌØÚÑ. ïÄ-ÎÁËÏ ÕÄÁÌÏÓØ ÔÁËÖÅ ÕÓÔÁÎÏ×ÉÔØ, ÞÔÏ ÅÓÌÉ log' ∈ Lp, ÔÏ ÍÏÖÎÏ ÄÏÂÉÔØ-ÓÑ ÕÌÕÞÛÅÎÉÑ ÄÁÎÎÏÇÏ ÓÏÏÔÎÏÛÅÎÉÑ, Á ÉÍÅÎÎÏ !SCF (·) = !SCM ((·) pp+1 ).üÔÏ �ÏÚ×ÏÌÑÅÔ ÎÁÞÁÔØ �ÏÉÓË ÓÏÏÔÎÏÛÅÎÉÊ ÔÉ�Á !SCF = !SCM ◦ R,ÇÄÅ ×ÉÄ ÆÕÎË�ÉÉ R ÚÁ×ÉÓÉÔ ÏÔ �Ï×ÅÄÅÎÉÑ ÆÕÎË�ÉÉ log'. äÌÑ ×Ù-Ñ×ÌÅÎÉÑ �ÏÄÏÂÎÏÇÏ ÔÉ�Á ÚÁ×ÉÓÉÍÏÓÔÉ ÍÙ ÒÁÓÓÍÁÔÒÉ×ÁÅÍ ÕÓÌÏ×ÉÑ ÔÉ�Álog' ∈ X, ÇÄÅ X { ÎÅËÏÔÏÒÏÅ ÓÉÍÍÅÔÒÉÞÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï. îÁÍÉ ÂÕÄÕÔÕÓÔÁÎÏ×ÌÅÎÙ ÓÏÏÔÎÏÛÅÎÉÑ ×ÙÛÅÏ�ÉÓÁÎÎÏÇÏ ×ÉÄÁ Ó ÆÕÎË�ÉÅÊ R, ÚÁ×É-ÓÑÝÅÊ ÔÏÌØËÏ ÏÔ �X. âÏÌÅÅ ÔÏÇÏ, ÍÙ �ÒÉ×ÅÄÅÍ �ÒÉÍÅÒÙ, ÏÂÏÓÎÏ×Ù×Á-ÀÝÉÅ ÎÅÕÌÕÞÛÁÅÍÏÓÔØ ÎÁÊÄÅÎÎÏÇÏ ÎÁÍÉ �ÏËÁÚÁÔÅÌÑ, Á ÔÁËÖÅ Ï�ÉÓÛÅÍ×ÓÅ ÓÉÍÍÅÔÒÉÞÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á, ÄÌÑ ËÏÔÏÒÙÈ R ÉÍÅÅÔ ÆÉËÓÉÒÏ×ÁÎ-ÎÙÊ ×ÉÄ.

§2. ðÏËÁÚÁÔÅÌØ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ �ÒÉ ÕÓÌÏ×ÉÉ log' ∈ XúÁÆÉËÓÉÒÕÅÍ ÔÏÞËÕ x0 ∈ [0; 2�) É ÒÁÓÓÍÏÔÒÉÍ ÎÁÂÏÒ Ix0 . ëÒÏÍÅ ÔÏ-ÇÏ, ËÁË ÏÔÍÅÞÁÌÏÓØ ×ÙÛÅ, ÍÙ ÍÏÖÅÍ ÓÞÉÔÁÔØ ×ÓÅ Ë×ÁÚÉ×ÏÇÎÕÔÙÅ ÆÕÎË-�ÉÉ, ÆÉÇÕÒÉÒÕÀÝÉÅ × ÕÓÌÏ×ÉÑÈ, ×ÏÇÎÕÔÙÍÉ É ÎÅ�ÒÅÒÙ×ÎÙÍÉ (ÄÏÓÔÁ-ÔÏÞÎÏ ÚÁÍÅÎÉÔØ ÉÈ ÎÁ ÉÈ ÎÁÉÍÅÎØÛÉÅ ×ÏÇÎÕÔÙÅ ÍÁÖÏÒÁÎÔÙ). óÆÏÒ-ÍÕÌÉÒÕÅÍ ÏÓÎÏ×ÎÕÀ ÔÅÏÒÅÍÕ.�ÅÏÒÅÍÁ 2.1. ðÕÓÔØ ÄÁÎÁ ÎÅÏÔÒÉ�ÁÔÅÌØÎÁÑ 2�-�ÅÒÉÏÄÉÞÅÓËÁÑ ÆÕÎË-�ÉÑ ', ËÏÔÏÒÁÑ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ (SCM)  ÍÁÖÏÒÁÎÔÏÊ !x0,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÊ ÕÓÌÏ×ÉÀ (RG). ðÕÓÔØ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ log' ∈ X.



ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé 105æÉËÓÉÒÕÅÍ ÓÉÍÍÅÔÒÉÞÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï W, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅ ÕÓÌÏ-×ÉÀ (B). �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁËÉÅ �ÏÓÔÏÑÎÎÙÅCi = Ci(!x0 ; C'(x0); Clog; (RG);X; (B)); i = 1; 2;É ÇÒÁÎÉ�Á A, ÚÁ×ÉÓÑÝÁÑ ÔÏÌØËÏ ÏÔ !x0 É '(x0), ÞÔÏ ÄÌÑ ×ÓÑËÏÇÏ �ÒÏ-ÍÅÖÕÔËÁ I ∈ Ix0 ×Ù�ÏÌÎÅÎÙ ÓÌÅÄÕÀÝÉÅ ÕÔ×ÅÒÖÄÅÎÉÑ.1) åÓÌÉ '(x0) = 0, ÔÏ 
W(O'; I) 6 !x0(|I |). ÷ �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ,×ÅÒÎÙ Ä×Á ÏÓÔÁ×ÛÉÈÓÑ ÕÔ×ÅÒÖÄÅÎÉÑ.2) åÓÌÉ |I | > A, ÔÏ 
W(O'; I) 6 C1!x0(|I |).3) åÓÌÉ |I | 6 A, ÔÏ 
W(O'; I) 6 C2(!x0(|I |) + !x0( X(|I |)),ÇÄÅ ÆÕÎË�ÉÑ  X { ÏÂÒÁÔÎÁÑ Ë ÆÕÎË�ÉÉ RX(u) = u2=�X′(u) = u�X(u).óÌÅÄÓÔ×ÉÅ 2.1 (ÇÌÏÂÁÌØÎÁÑ ÇÌÁÄËÏÓÔØ). ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÎÅÒÁ×ÅÎ-ÓÔ×Ï !'(Æ) 6 !(Æ) ×Ù�ÏÌÎÅÎÏ �ÒÉ ×ÓÅÈ Æ Ó ÒÅÇÕÌÑÒÎÏÊ (ÓÍ. (RG)) ×Ï-ÇÎÕÔÏÊ ÍÁÖÏÒÁÎÔÏÊ !. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ ÓÉÍÍÅ-ÔÒÉÞÎÏÇÏ �ÒÏÓÔÒÁÎÓÔ×Á X ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ log' ∈ X. �ÏÇÄÁ ÄÌÑÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÈ Æ ×ÅÒÎÁ Ï�ÅÎËÁ!O'(Æ) 6 C(!; ‖ log'‖X)(!(Æ) + !( X(Æ)));ÇÄÅ  X { ÏÂÒÁÔÎÁÑ Ë ÆÕÎË�ÉÉ RX(u) = u2=�X′(u) = u�X(u).äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏ ÔÅÏÒÅÍÅ 2.1 ÕÓÌÏ×ÉÅ (SCF) Ó ÍÁÖÏÒÁÎÔÏÊC(!; ‖ log'‖X)(! + ! ◦  X)É �ÒÏÓÔÒÁÎÓÔ×ÏÍ W ×Ù�ÏÌÎÅÎÏ ÒÁ×ÎÏÍÅÒÎÏ �Ï ×ÓÅÍ ÔÏÞËÁÍ x. ïÔÓÀÄÁ,ÓÏÇÌÁÓÎÏ ÒÅÚÕÌØÔÁÔÕ ÒÁÂÏÔÙ [8℄,!O'(Æ) 6 C( Æ∫0 !(u)u du+ Æ∫0 !( X(u))u du) 6 C(!(Æ) + Æ∫0 !( X(u))u du)�ÒÉ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÈ Æ. úÁÍÅÔÉÍ, ÞÔÏÆ∫0 !( X(u))u du =  X(Æ)∫0 !(v) ( −1
X
(v))′ −1

X
(v) dv =  X(Æ)∫0 !(v)(logRX(v))′dv=  X(Æ)∫0 !(v)(1v + (log�X(v))′dv) 6 2  X(Æ)∫0 !(v)v dv 6 C!( X (Æ)):÷ �ÒÅÄ�ÏÓÌÅÄÎÅÍ ÎÅÒÁ×ÅÎÓÔ×Å ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÔÅÍ, ÞÔÏ ÆÕÎË�ÉÑ�X (t)=t, Á ×ÍÅÓÔÅ Ó ÎÅÊ É log�X (t) − log t, ÕÂÙ×ÁÅÔ, ÓÔÁÌÏ ÂÙÔØ, ÅÅ



106 á. î. íåä÷åäå÷�ÒÏÉÚ×ÏÄÎÁÑ ÎÅ�ÏÌÏÖÉÔÅÌØÎÁ. ëÁË ÌÅÇËÏ ÚÁÍÅÔÉÔØ, ÕÓÌÏ×ÉÅ äÉÎÉ, ÎÅ-ÏÂÈÏÄÉÍÏÅ, ÞÔÏÂÙ �ÒÉÍÅÎÉÔØ ÒÅÚÕÌØÔÁÔ ÓÔÁÔØÉ [8℄, ×Ù�ÏÌÎÅÎÏ. �úÁÍÅÞÁÎÉÅ 2.1 (Ï ËÏÌÉÞÅÓÔ×ÅÎÎÙÈ �ÁÒÁÍÅÔÒÁÈ  X É RX). ïÔÍÅÔÉÍ,ÞÔÏ �ÒÉ ÍÁÌÙÈ v ×Ù�ÏÌÎÅÎÙ ÎÅÒÁ×ÅÎÓÔ×Á 1v2 6 RX 6 2v É 3v 6  X 64√v. çÒÁÎÉ�Ù × ÜÔÉÈ ÎÅÒÁ×ÅÎÓÔ×ÁÈ ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ ÉÚ×ÅÓÔÎÙÍ ÓÌÕÞÁ-ÑÍ: �ÒÉ log' ∈ L1 �ÁÄÅÎÉÅ ÇÌÁÄËÏÓÔÉ ÍÁËÓÉÍÁÌØÎÏ, Á �ÒÉ log' ∈ L∞ÏÎÏ ÎÅ ÎÁÂÌÀÄÁÅÔÓÑ ×Ï×ÓÅ. îÉÖÅ ÍÙ �ÏÓÔÒÏÉÍ �ÒÉÍÅÒ ÆÕÎË�ÉÉ ', ÄÌÑËÏÔÏÒÏÊ !O' > C(!'+!' ◦ X) É log' \�ÏÞÔÉ ÌÅÖÉÔ" × X, ÞÔÏ ÓÄÅÌÁÅÔÎÁÛÕ Ï�ÅÎËÕ ÎÅÕÌÕÞÛÁÅÍÏÊ. îÏ �ÒÅÖÄÅ ××ÅÄÅÍ ÄÌÑ ÕÄÏÂÓÔ×Á ÅÝÅ ÏÄÉÎ�ÁÒÁÍÅÔÒ. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ IX(v) = 1 + log�X(v)=log v; v < 1, �ÏËÁÚÁ-ÔÅÌØ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ × ÚÁÄÁÞÅ. ðÒÅÖÄÅ ÞÅÍ �ÏÓÔÒÏÉÔØ ÏÂÅÝÁÎÎÙÊ�ÒÉÍÅÒ, ÏÂÓÕÄÉÍ �ÒÏÓÔÒÁÎÓÔ×Á Ó ÚÁÄÁÎÎÙÍ �ÏËÁÚÁÔÅÌÅÍ �ÁÄÅÎÉÑ ÇÌÁÄ-ËÏÓÔÉ.2.1. ðÒÏÓÔÒÁÎÓÔ×Á Ó ÚÁÄÁÎÎÙÍ �ÏËÁÚÁÔÅÌÅÍ �ÁÄÅÎÉÑ ÇÌÁÄËÏ-ÓÔÉ. éÔÁË, �ÁÒÁÍÅÔÒÙ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ ÚÁ×ÉÓÑÔ ÔÏÌØËÏ ÏÔ ÆÕÎÄÁ-ÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÉ. èÏÒÏÛÏ ÉÚ×ÅÓÔÎÏ Ï�ÉÓÁÎÉÅ ×ÓÅÈ ÓÉÍÍÅÔÒÉÞÎÙÈ�ÒÏÓÔÒÁÎÓÔ× Ó ÚÁÄÁÎÎÏÊ ÆÕÎÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ. á ÉÍÅÎÎÏ, �ÕÓÔØ�ÒÏÓÔÒÁÎÓÔ×Ï X ÏÂÌÁÄÁÅÔ ×ÏÇÎÕÔÏÊ ÆÕÎÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ �X.ï�ÒÅÄÅÌÉÍ �ÒÏÓÔÒÁÎÓÔ×Á ìÏÒÅÎ�Á �(X) É M(X) �ÒÉ �ÏÍÏÝÉ ÓÌÅÄÕÀ-ÝÉÈ ÆÕÎË�ÉÏÎÁÌØÎÙÈ ÎÏÒÍ:
‖f‖M(X) = sup0<t<∞

{f∗∗(t)�X(t)}; ‖f‖�(X) = ∞∫0 f∗(s)d�X(s):ïÂÁ ÜÔÉÈ �ÒÏÓÔÒÁÎÓÔ×Á ÉÍÅÀÔ ÆÕÎÄÁÍÅÎÔÁÌØÎÕÀ ÆÕÎË�ÉÀ, ÒÁ×ÎÕÀ�X. ëÒÏÍÅ ÔÏÇÏ, ÉÍÅÀÔ ÍÅÓÔÏ ×ÌÏÖÅÎÉÑ�(X) ,→ X ,→M(X):�ÅÍ ÓÁÍÙÍ, �ÒÏÓÔÒÁÎÓÔ×Á ìÏÒÅÎ�Á �(X) É M(X) {ÎÁÉÍÅÎØÛÅÅ É ÎÁÉ-ÂÏÌØÛÅÅ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ ÓÉÍÍÅÔÒÉÞÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á Ó ÆÕÎÄÁÍÅÎÔÁ-ÌØÎÏÊ ÆÕÎË�ÉÅÊ �X.2.2. �ÏÞÎÏÓÔØ Ï�ÅÎÏË �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ. íÁÖÏÒÁÎÔÁ × �ÒÉ×Å-ÄÅÎÎÙÈ ×ÙÛÅ Ï�ÅÎËÁÈ ÓÒÅÄÎÉÈ ÏÓ�ÉÌÌÑ�ÉÊ (Á ËÁË ÓÌÅÄÓÔ×ÉÅ, É ÍÏÄÕÌÑÎÅ�ÒÅÒÙ×ÎÏÓÔÉ, ÅÓÌÉ �ÅÒÅÊÔÉ Ë ÇÌÏÂÁÌØÎÏÍÕ ÓÌÕÞÁÀ) ×ÎÅÛÎÅÊ ÆÕÎË-�ÉÉ O' ÈÕÖÅ, ÞÅÍ Õ ÉÓÈÏÄÎÏÊ ÆÕÎË�ÉÉ '. ðÒÉÍÅÒ ÷. ð. èÁ×ÉÎÁ (ÓÍ. [5℄)�ÏËÁÚÙ×ÁÅÔ, ÞÔÏ × ÓÌÕÞÁÅ log' ∈ L1 ÒÅÚÕÌØÔÁÔ ÎÅÕÌÕÞÛÁÅÍ. ïËÁÚÙ-×ÁÅÔÓÑ, ÞÔÏ ÔÏÔ ÖÅ �ÒÉÍÅÒ ÄÅÍÏÎÓÔÒÉÒÕÅÔ ÔÏÞÎÏÓÔØ ÒÅÚÕÌØÔÁÔÁ É ×ÎÁÛÅÍ ÓÌÕÞÁÅ.



ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé 107òÁÓÓÍÏÔÒÉÍ ÎÅËÏÔÏÒÏÅ ÓÉÍÍÅÔÒÉÞÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï X É ÓÏÏÔ×ÅÔ-ÓÔ×ÕÀÝÕÀ ÆÕÎË�ÉÀ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ RX. óÅÊÞÁÓ ÍÙ �ÏÓÔÒÏÉÍ �ÒÉ-ÍÅÒ ÆÕÎË�ÉÉ ' ∈ Lip!, Ó ÌÏÇÁÒÉÆÍÏÍ ÉÚ X, É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÕÀ ÅÊ×ÎÅÛÎÀÀ ÆÕÎË�ÉÀ O', ÄÌÑ ËÏÔÏÒÏÊ!O'(Æ) > C!(R−1
X
(Æ)):îÅËÏÔÏÒÙÅ ÄÅÔÁÌÉ ÍÙ Ï�ÕÓÔÉÍ, ÎÏ ÉÈ ÍÏÖÎÏ ×ÏÓÓÔÁÎÏ×ÉÔØ ÉÚ ÓÔÁ-ÔØÉ [5℄. ÷×ÅÄÅÍ ÏÇÒÁÎÉÞÅÎÉÑ, ÓÔÁ×ÛÉÅ ÕÖÅ ÓÔÁÎÄÁÒÔÎÙÍÉ �Ï ÈÏÄÕ ÓÔÁ-ÔØÉ. âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ ÆÕÎÄÁÍÅÎÔÁÌØÎÁÑ ÆÕÎË�ÉÑ �X ×ÏÇÎÕÔÁ. ëÒÏ-ÍÅ ÔÏÇÏ, ×ÍÅÓÔÏ �ÒÏÓÔÒÁÎÓÔ×Á X ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ �ÒÏÓÔÒÁÎÓÔ×ÏM(X) (ÔÁË ËÁË ÏÎÏ ÎÁÉÂÏÌØÛÅÅ Ó ÄÁÎÎÏÊ ÆÕÎÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ,Á ÔÏÌØËÏ ÏÎÁ É ÉÇÒÁÅÔ ÒÏÌØ × ÚÁÄÁÞÅ). æÕÎË�ÉÀ ' ÂÕÄÅÍ ÉÓËÁÔØ × ×ÉÄÅ'(x) = {!(|x|); −�4 < x 6 0exp(−�(x)); 0 < x < −�4 ;ÇÄÅ � { ÎÅËÏÔÏÒÁÑ (�ÏËÁ ÎÅÉÚ×ÅÓÔÎÁÑ) ÎÅÏÔÒÉ�ÁÔÅÌØÎÁÑ ÕÂÙ×ÁÀÝÁÑÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÁÑ ÆÕÎË�ÉÑ. ïÔÍÅÔÉÍ, ÞÔÏ ÚÎÁÞÅÎÉÑ ÆÕÎË�ÉÉ � ÎÁÏÓÔÁÌØÎÏÊ ÞÁÓÔÉ ÏÔÒÅÚËÁ [−�; �℄ ÎÁÍ ÎÅ ÓÉÌØÎÏ ×ÁÖÎÙ. éÚ ÄÁÌØÎÅÊ-ÛÉÈ ÒÁÓÓÕÖÄÅÎÉÊ ÂÕÄÅÔ ÌÅÇËÏ ÕÓÍÏÔÒÅÔØ, ÞÔÏ ' ∈ Lip!. ó ÕÓÌÏ×ÉÅÍlog' ∈ M(X) ÓÉÔÕÁ�ÉÑ ÂÏÌÅÅ ÓÌÏÖÎÁÑ. âÕÄÅÍ �ÏÄÂÉÒÁÔØ �ÁÒÁÍÅÔÒÙËÏÎÓÔÒÕË�ÉÉ ÔÁË, ÞÔÏÂÙ É ÌÅ×ÁÑ É �ÒÁ×ÁÑ ÞÁÓÔÉ (ÏÔÎÏÓÉÔÅÌØÎÏ ÔÏÞËÉ0) ÆÕÎË�ÉÉ log' �ÒÉÎÁÄÌÅÖÁÌÉ �ÒÏÓÔÒÁÎÓÔ×Õ M(X).1) õÓÌÏ×ÉÅ � ∈ M(X) ÏÚÎÁÞÁÅÔ, ÞÔÏ supu �∗∗(u)�X(u) < ∞. ïÔÍÅ-ÔÉÍ, ÞÔÏ �∗ = � É �ÅÒÅ�ÉÛÅÍ ÜÔÏ ÕÓÌÏ×ÉÅ × ×ÉÄÅsupu �X(u)u ( u∫0 �(v)dv) <∞: (5)2) ÷ÔÏÒÏÅ ÕÓÌÏ×ÉÅ log! ∈ M(X) ×ÎÅÓÅÔ ÎÅËÏÔÏÒÏÅ ÏÇÒÁÎÉÞÅÎÉÑÎÁ �ÒÏÓÔÒÁÎÓÔ×Ï X. ïÔÍÅÔÉÍ, ÞÔÏ ÏÎÏ ÓÌÅÄÕÅÔ ÉÚ ÕÓÌÏ×ÉÑ(�(0;1) logx) ∈ X:ðÏÓËÏÌØËÕ (logx)∗∗ = 1 + log(1=x), ÜÔÏ ÕÓÌÏ×ÉÅ �ÒÉÎÉÍÁÅÔ ×ÉÄsupu �X(u)(1 + log 1u) <∞:éÎÁÞÅ ÅÇÏ ÍÏÖÎÏ �ÅÒÅ�ÉÓÁÔØ ÔÁË:�X(u) = O((1 + log 1u)−1); u→ 0+ :



108 á. î. íåä÷åäå÷ïÔÍÅÔÉÍ, ÞÔÏ Ó�ÒÁ×Á ÓÔÏÉÔ ÆÕÎÄÁÍÅÎÔÁÌØÎÁÑ ÆÕÎË�ÉÑ �ÒÏ-ÓÔÒÁÎÓÔ×Á Lexp, ËÏÔÏÒÁÑ ×ÓËÏÒÅ �ÏÎÁÄÏÂÉÔÓÑ ÎÁÍ �Ï ÄÒÕÇÏÍÕ�Ï×ÏÄÕ.÷ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØ ÒÁÓÓÕÖÄÅÎÉÑÍÉ ÉÚ [5℄, �ÒÏÉÚ×ÏÌØÎÏÊ ÔÏÞËÅ x ÓÏ�Ï-ÓÔÁ×ÉÍ ÔÏÞËÕ x′ ÔÁË, ÞÔÏÂÙ H log'(x) = � +H log'(x′) Éx− x′ 6 Cx2( x∫0 �(s)ds)−1:äÌÑ ÜÔÏÇÏ �ÏÔÒÅÂÕÅÔÓÑ, ÓÏÇÌÁÓÎÏ [5℄, ÕÖÅÓÔÏÞÉÔØ ÔÒÅÂÏ×ÁÎÉÑ ÎÁ �, ÁÉÍÅÎÎÏ �(x) > x−1=2, �′(x) = o(x−2), x → 0+. �Å�ÅÒØ ËÏÍÂÉÎÉÒÕ-ÅÍ ÜÔÕ Ï�ÅÎËÕ Ó ÕÓÌÏ×ÉÅÍ (5). îÏ �ÒÅÖÄÅ ÏÔÂÒÏÓÉÍ ÓÌÕÞÁÊ L1, ËÏÔÏ-ÒÙÊ ÎÁÍ ÎÅ ÉÎÔÅÒÅÓÅÎ (× ÎÅÍ ÕÖÅ ×ÓÅ �ÏÓÔÒÏÅÎÏ). �.Å. M(X) 6= L1,ÞÔÏ ÎÁ ÑÚÙËÅ ÆÕÎÄÁÍÅÎÔÁÌØÎÙÈ ÆÕÎË�ÉÊ (ÎÁ�ÒÉÍÅÒ, ÓÍ. [1℄) ÏÚÎÁÞÁ-ÅÔ limt→0+ t=�X(t) = 0. ìÅÇËÏ �ÏÎÑÔØ, ÞÔÏ ÔÏÇÄÁ ÎÁÊÄÅÔÓÑ ÆÕÎË�ÉÑ �,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÁÑ ×ÓÅÍ ÏÇÒÁÎÉÞÅÎÉÑÍ, ÔÁËÁÑ, ÞÔÏu�X(u) = o( u∫0 �(v)dv); u→ 0 + :úÎÁÞÉÔ, x− x′ 6 Cx2�X(x)x = CRX(x):ïÔÓÀÄÁ
|O'(x) −O'(x′)|!(RX(|x− x′|)) >

!(x)!(Cx) >
1C ;ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÈ x > 0. �ÁËÉÍ ÏÂÒÁÚÏÍ, �ÒÉÍÅÒ �ÏÓÔÒÏÅÎ.îÁ ÓÁÍÏÍ ÄÅÌÅ (ÓÍ. [5℄) �ÏÓÔÒÏÅÎÎÁÑ ÆÕÎË�ÉÑ ÄÏ�ÕÓËÁÅÔ ÂÏÌÅÅ ÔÏÞ-ÎÕÀ Ï�ÅÎËÕ ÓÎÉÚÕ, Á ÉÍÅÎÎÏ!O'(Æ) > C(!(R−1

X
(Æ)) + Æ∫0 !(u)u du+ Æ ∫Æ !(u)u2 du):2.3. ðÒÉÍÅÒÙ ÓÉÍÍÅÔÒÉÞÎÙÈ �ÒÏÓÔÒÁÎÓÔ×. ðÒÉ×ÅÄÅÍ �ÒÉÍÅÒÙ×ÙÞÉÓÌÅÎÉÑ �ÏËÁÚÁÔÅÌÑ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ ÄÌÑ ËÏÎËÒÅÔÎÙÈ ÓÉÍÍÅ-ÔÒÉÞÎÙÈ �ÒÏÓÔÒÁÎÓÔ× (�ÏÍÉÍÏ �ÒÏÓÔÒÁÎÓÔ× �(�)).



ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé 109ðÒÏÓÔÒÁÎÓÔ×Á ìÏÒÅÎ�Á Lp;q.ï�ÒÅÄÅÌÅÎÉÅ 2.1. ðÕÓÔØ ÚÁÄÁÎÙ �ÁÒÁÍÅÔÒÙ 0 < p; q 6 ∞. ðÒÏÓÔÒÁÎ-ÓÔ×Ï ìÏÒÅÎ�Á Lp;q ÓÏÓÔÏÉÔ ÉÚ ×ÓÅÈ ÉÚÍÅÒÉÍÙÈ ÆÕÎË�ÉÊ f , ÄÌÑ ËÏÔÏ-ÒÙÈ ËÏÎÅÞÎÙ
‖f‖p;q = ( ∞∫0 [t1=pf∗(t)℄q dtt )1=q ; 0 < q <∞; ‖f‖p;∞ = sup0<t<∞

(t1=pf∗(t)):ðÒÉ 1 6 q 6 p < ∞ ÉÌÉ p = q = ∞ �ÒÏÓÔÒÁÎÓÔ×Ï Lp;q ÂÕÄÅÔ ÓÉÍÍÅ-ÔÒÉÞÎÙÍ. úÁÍÅÔÉÍ, ÞÔÏ Lp;p = Lp É Lp;q ,→ Lp;r; q 6 r. ëÒÏÍÅ ÔÏÇÏ,�ÒÉ p > 1 �ÒÏÓÔÒÁÎÓÔ×Á ìÏÒÅÎ�Á �(Lp) É M(Lp) ÓÏ×�ÁÄÁÀÔ Ó Lp;1 ÉLp;∞ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. óÔÁÌÏ ÂÙÔØ, �ÏËÁÚÁÔÅÌØ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ ÄÌÑÜÔÏÇÏ �ÒÏÓÔÒÁÎÓÔ×Á { ÔÁËÏÊ ÖÅ, ËÁË Õ Lp.ðÒÏÓÔÒÁÎÓÔ×Á úÉÇÍÕÎÄÁ L logL É Lexp.îÏÒÍÉÒÕÅÍ ÍÅÒÕ ìÅÂÅÇÁ ÎÁ [−�; �℄, �ÒÅ×ÒÁÔÉ× ÅÅ × ×ÅÒÏÑÔÎÏÓÔÎÕÀ.�ÏÇÄÁ ÍÙ ÍÏÖÅÍ Ï�ÒÅÄÅÌÉÔØ �ÒÏÓÔÒÁÎÓÔ×Á úÉÇÍÕÎÄÁ.ï�ÒÅÄÅÌÅÎÉÅ 2.2. ðÒÏÓÔÒÁÎÓÔ×Á úÉÇÍÕÎÄÁ L logL É Lexp ÓÏÓÔÏÑÔ ÉÚÉÚÍÅÒÉÍÙÈ ÆÕÎË�ÉÊ f , ÄÌÑ ËÏÔÏÒÙÈ ËÏÎÅÞÎÁ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÎÏÒÍÁ
‖f‖L logL = 1∫0 f∗(t) log(1t )dt; ‖f‖Lexp = sup0<t<1 f∗∗(t)1 + log 1t :÷ ÔÁËÏÊ ÎÏÒÍÉÒÏ×ËÅ ÉÍÅÀÔ ÍÅÓÔÏ ×ÌÏÖÅÎÉÑL∞ ,→ Lexp ,→ Lp ,→ L logL ,→ L1:ðÒÏÓÔÒÁÎÓÔ×Ï L logL Ñ×ÌÑÅÔÓÑ �-�ÒÏÓÔÒÁÎÓÔ×ÏÍ ìÏÒÅÎ�Á Ó ×Ù�ÕËÌÏÊÆÕÎÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ �L logL(u) = u(1 + log(1=u)), Á �ÒÏÓÔÒÁÎ-ÓÔ×Ï Lexp Ñ×ÌÑÅÔÓÑ M -�ÒÏÓÔÒÁÎÓÔ×ÏÍ ìÏÒÅÎ�Á Ó Ë×ÁÚÉ×ÏÇÎÕÔÏÊ ÆÕÎ-ÄÁÍÅÎÔÁÌØÎÏÊ ÆÕÎË�ÉÅÊ �Lexp(u) = (1 + log(1=u))−1: ðÏÜÔÏÍÕ ÍÙ ÍÏ-ÖÅÍ ×ÙÞÉÓÌÉÔØ ÄÌÑ ÜÔÉÈ �ÒÏÓÔÒÁÎÓÔ× �ÏËÁÚÁÔÅÌÉ �ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ,××ÅÄÅÎÎÙÅ × ÚÁÍÅÞÁÎÉÉ 2.1:

IL logL(u) = 2− log(1 + log 1u)logu ; ILexp(u) = 1 + log(1 + log 1u)logu ; u < 1:úÁÍÅÔÉÍ, ÞÔÏ limu→0+IL logL(u) = 2, limu→1−IL logL(u) = 1, limu→0+ILexp(u)=1,limu→1− ILexp(u) = 2.
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§3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÏÓÎÏ×ÎÙÈ ÒÅÚÕÌØÔÁÔÏ×òÁÓÓÕÖÄÅÎÉÑ ÂÕÄÕÔ �ÏÈÏÖÉ ÎÁ ÎÅËÏÔÏÒÙÅ ×ÙÞÉÓÌÅÎÉÑ ÉÚ [9℄, §§1,2.3.1. ðÏÄÇÏÔÏ×ËÁ. óÒÅÄÎÅÅ ÆÕÎË�ÉÉ f �Ï �ÒÏÍÅÖÕÔËÕ J ÂÕÄÅÍ ÏÂÏ-ÚÎÁÞÁÔØ ÓÉÍ×ÏÌÏÍ 〈f〉J . âÅÚ ÏÇÒÁÎÉÞÅÎÉÑ ÏÂÝÎÏÓÔÉ ÓÞÉÔÁÅÍ, ÞÔÏ ÔÏÞ-ËÁ, × ËÏÔÏÒÏÊ ÉÚÍÅÒÑÅÔÓÑ ÇÌÁÄËÏÓÔØ, ÅÓÔØ ÔÏÞËÁ 0 (ËÁË É ÒÁÎØÛÅ, ÍÙ�ÅÒÅÛÌÉ Ó ÏËÒÕÖÎÏÓÔÉ ÎÁ �ÒÑÍÕÀ). òÁÓÓÍÏÔÒÉÍ ÍÁÖÏÒÁÎÔÕ ! ÉÚ ÕÓÌÏ-×ÉÑ (SCM) ÎÁ ÇÌÁÄËÏÓÔØ ÆÕÎË�ÉÉ '. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ !̃ ÆÕÎË�ÉÀ, �Ï-ÞÔÉ ÏÂÒÁÔÎÕÀ Ë !, Ô.Å. !̃(s) = inf{t : !(t) = s}. ðÏÌÅÚÎÏ ÏÔÍÅÔÉÔØ, ÞÔÏ! ◦ !̃ = id. äÁÌÅÅ, ÅÓÌÉ '(0) 6= 0, ÔÏ'(x) > '(0)(1− |'(x) − '(0)|'(0) )

>
'(0)2×ÓÑËÉÊ ÒÁÚ, ËÏÇÄÁ x �ÒÉÎÁÄÌÅÖÉÔ �ÒÏÍÅÖÕÔËÕ J ∈ I0, ÄÌÉÎÁ ËÏÔÏÒÏÇÏÎÅ �ÒÅ×ÏÓÈÏÄÉÔ ÎÅËÏÔÏÒÏÇÏ �ÏÒÏÇÁ A ≍ !̃('(0)). ïÔÓÀÄÁ ÓÌÅÄÕÅÔ, ÞÔÏÚÎÁÞÅÎÉÅ '(0) ÏÇÒÁÎÉÞÅÎÎÏ Ó×ÅÒÈÕ �ÏÓÔÏÑÎÎÏÊ, ËÏÔÏÒÁÑ ÚÁ×ÉÓÉÔ ÔÏÌØËÏÏÔ ÕÓÌÏ×ÉÊ (SCM) É �ÒÏÓÔÒÁÎÓÔ×Á X. ðÏÄÅÌÉ× ÎÁ ÜÔÕ �ÏÓÔÏÑÎÎÕÀ, ÍÙÍÏÖÅÍ ÓÞÉÔÁÔØ, ÞÔÏ '(0) 6 1 .âÏÌÅÅ ÔÏÇÏ, ×ÓÑËÉÊ ÒÁÚ, ËÏÇÄÁ |J | 6 A, ÉÍÅÀÔ ÍÅÓÔÏ ÓÌÅÄÕÀÝÉÅÏ�ÅÎËÉ:

| log'(x) − log'(0)| 6 C |'(x) − '(0)|'(0) 6 C!(|J |)'(0) ; x ∈ J; (L1)
〈| log'− log'(0)|〉J 6 C 〈|'− '(0)|〉J'(0) 6 C!(|J |)'(0) : (L2)3.2. ï�ÅÎËÉ ÓÒÅÄÎÉÈ ÏÓ�ÉÌÌÑ�ÉÊ. æÉËÓÉÒÕÅÍ �ÒÏÍÅÖÕÔÏË I ∈ I0.ðÏÌÏÖÉÍ u(s) = log'(s) − log'(0). úÁÍÅÔÉÍ, ÞÔÏ H(log') = H(u),ÔÁË ËÁË Ï�ÅÒÁÔÏÒ H ÏÂÎÕÌÑÅÔÓÑ ÎÁ �ÏÓÔÏÑÎÎÙÈ ÆÕÎË�ÉÑÈ. ÷ ËÁÞÅ-ÓÔ×Å �ÏÓÔÏÑÎÎÏÊ �ÒÉÂÌÉÖÅÎÉÑ ×ÎÅÛÎÅÊ ÆÕÎË�ÉÉ O' ×ÏÚØÍÅÍ I ='(0) exp(i0;I), ÇÄÅ 0;I = ∫

T\2I K(s; 0)u(s)ds, Á K(s; t) = 12� tg s−t2 {ÑÄÒÏ Ï�ÅÒÁÔÏÒÁ ÇÁÒÍÏÎÉÞÅÓËÏÇÏ ÓÏ�ÒÑÖÅÎÉÑ. éÍÅÅÔ ÍÅÓÔÏ ÓÌÅÄÕÀÝÁÑÏ�ÅÎËÁ:
W(O'; I; I) 6 
W('; I; '(0)) + '(0)‖v1�I‖W

‖�I‖W

+ '(0)‖v2�I‖W

‖�I‖W

6 !(|I |) + '(0)‖v1�I‖W

‖�I‖W

+ '(0)‖v2�I‖W

‖�I‖W

; (6)



ðáäåîéå çìáäëïó�é ÷îåûîåê æõîëãéé 111ÇÄÅ v1(x)= | exp(iH(u�2I)(x))−1| É v2(x)= | exp(i(H(u�T\2I)− 0;I))−1|.\ðÒÏÓÔÏÅ" ÎÅÒÁ×ÅÎÓÔ×Ï
W(O'; I; I) 6 !(|I |) + 4'(0) (7)ÍÙ ÍÏÖÅÍ �ÏÌÕÞÉÔØ ÕÖÅ ÓÅÊÞÁÓ, ÔÁË ËÁË |v1|; |v2| 6 2. üÔÏ ÎÅÒÁ×ÅÎÓÔ×Ï�ÏÚ×ÏÌÑÅÔ ÎÁÍ ÉÓËÌÀÞÉÔØ ÉÚ ÒÁÓÓÍÏÔÒÅÎÉÑ ÓÌÕÞÁÊ '(0) = 0, ÉÂÏ ÔÏÇÄÁ
W(O'; I; I) 6 !(|I |), ÞÔÏ É ÔÒÅÂÏ×ÁÌÏÓØ × ÜÔÏÍ ÓÌÕÞÁÅ.ï�ÅÎÉÍ ÔÅ�ÅÒØ Ä×Á �ÏÓÌÅÄÎÉÈ ÓÌÁÇÁÅÍÙÈ Ó�ÒÁ×Á × (6) ÄÒÕÇÉÍ Ó�Ï-ÓÏÂÏÍ. üÔÉ ÓÌÁÇÁÅÍÙÅ ÓÕÔØ ÎÅ ÞÔÏ ÉÎÏÅ, ËÁË ÓÒÅÄÎÉÅ �Ï �ÒÏÍÅÖÕÔËÕI × ÎÏÒÍÅ �ÒÏÓÔÒÁÎÓÔ×Á W (Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÍÎÏÖÉÔÅÌÑ '(0)). ëÁÖÄÏÅÉÚ ÎÉÈ ÂÕÄÅÔ Ï�ÅÎÅÎÏ �Ï-Ó×ÏÅÍÕ. ïÄÎÁËÏ �ÒÅÖÄÅ ÍÙ ÏÔÍÅÔÉÍ, ÞÔÏ ÅÓÌÉ
|I | > A (×ÅÌÉÞÉÎÕ A ÍÙ ×ÙÂÒÁÌÉ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÏÊ), ÔÏ Ï�ÅÎËÁ (7) �Ï-Ú×ÏÌÑÅÔ ÎÁÍ ÕÔ×ÅÒÖÄÁÔØ, ÞÔÏ 
W(O'; I; I) 6 C('(0); !)!(|I |). �ÁËÉÍÏÂÒÁÚÏÍ ÎÁÍ ÏÓÔÁÌÏÓØ ÌÉÛØ ÒÁÓÓÍÏÔÒÅÔØ ÓÌÕÞÁÊ |I | 6 A .ï�ÅÎËÁ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏÇÏ ÓÒÅÄÎÅÇÏ ÆÕÎË�ÉÉ v1. úÁÍÅÔÉÍ, ÞÔÏ
|v1(x)| 6 C|H(u�2I )|. ëÒÏÍÅ ÔÏÇÏ, ÓÏÇÌÁÓÎÏ Ï�ÅÎËÅ (L1), u�2I ∈ L∞É ‖u�2I‖L∞ 6 C('(0))−1!(2|I |). ÷ ÞÁÓÔÎÏÓÔÉ, �ÏÓÌÅÄÎÅÅ �ÏÚ×ÏÌÑÅÔÕÔ×ÅÒÖÄÁÔØ, ÞÔÏ u�2I ∈ W, ÞÔÏ ÄÅÌÁÅÔ ÄÁÌØÎÅÊÛÉÅ ÒÁÓÓÕÖÄÅÎÉÑ ËÏÒ-ÒÅËÔÎÙÍÉ.éÔÁË, �ÒÏÓÔÒÁÎÓÔ×Ï W ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ (B), Á ÚÎÁÞÉÔ Ï�ÅÒÁ-ÔÏÒ H : W → W ÏÇÒÁÎÉÞÅÎ. ïÔÓÀÄÁ �ÏÌÕÞÁÅÍ:'(0)‖v1�I‖W

‖�I‖W

6 C(H)'(0)‖u�2I‖W

‖�I‖W

6 C(H)!(2|I |)‖�2I‖W

‖�I‖W

6 2C(H)!(2|I |): (8)ï�ÅÎËÁ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏÇÏ ÓÒÅÄÎÅÇÏ ÆÕÎË�ÉÉ v2. æÉËÓÉÒÕÅÍÔÏÞËÕ x ∈ I . ðÒÉÍÅÎÉÍ ÓÔÁÎÄÁÒÔÎÙÅ ÒÁÓÓÕÖÄÅÎÉÑ, Ó×ÑÚÁÎÎÙÅ Ó ÓÉÎÇÕ-ÌÑÒÎÙÍ ÉÎÔÅÇÒÁÌØÎÙÍ Ï�ÅÒÁÔÏÒÏÍ H. á ÉÍÅÎÎÏ, �ÕÓÔØ L { ÎÁÉÂÏÌØ-ÛÅÅ ÎÁÔÕÒÁÌØÎÏÅ ÞÉÓÌÏ, ÄÌÑ ËÏÔÏÒÏÇÏ 2LI ⊂ [−�; �℄. òÁÚÏÂØÅÍ ÍÎÏÖÅ-ÓÔ×Ï T \ 2I ÎÁ ÍÎÏÖÅÓÔ×Á ×ÉÄÁ 2j+1I \ 2jI , j = 1 : : : L − 1, É ÏÓÔÁÔÏË
R = [−�; �℄ \ 2LI . äÁÌÅÅ ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÔÅÍ, ÞÔÏ

∣∣∣tg(s− t2 )
− tg(s2)∣∣∣ 6 C |t|s2 ; �ÒÉ s =∈ 2I; t ∈ I; (9)
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|v2(x)| 6 C(L−1∑j=1 ∫2j+1I\2jI |x|s2 |u(s)|ds+ ∫

R

|x|s2 |u(s)|ds)
6 C( L∑j=1 ∫2j+1I\2jI |x|s2 |u(s)|ds);�ÏÓÌÅÄÎÑÑ Ï�ÅÎËÁ ×ÅÒÎÁ ××ÉÄÕ �ÅÒÉÏÄÉÞÎÏÓÔÉ ÆÕÎË�ÉÉ '. íÙ �ÒÉÛÌÉË ÓÌÅÄÕÀÝÅÊ �ÒÏÍÅÖÕÔÏÞÎÏÊ Ï�ÅÎËÅ:

|v2(x)| 6 C L∑j=1 |I |2j |I | 〈|u|〉2j+1I :îÅÒÁ×ÅÎÓÔ×Ï (L2) �ÏÚ×ÏÌÑÅÔ ÎÁÍ Ï�ÅÎÉÔØ ÓÒÅÄÎÉÅ 〈|u|〉2j+1I ÄÏÌÖÎÙÍÏÂÒÁÚÏÍ ÎÁ ÔÅÈ �ÒÏÍÅÖÕÔËÁÈ, ÞÔÏ ÎÅ ÄÏÓÔÉÇÌÉ �ÏÒÏÇÁ A. ÷ Ó×ÑÚÉ ÓÜÔÉÍ, ÒÁÚÏÂØÅÍ ÍÎÏÖÅÓÔ×Ï ÉÎÄÅËÓÏ×, �Ï ËÏÔÏÒÏÍÕ ×ÅÄÅÔÓÑ ÓÕÍÍÉÒÏ-×ÁÎÉÅ, ÎÁ Ä×Å ÞÁÓÔÉ: j = 1 : : :K, ÇÄÅ K ≍ log2(A=|I |) { ÎÁÉÂÏÌØÛÉÊÎÏÍÅÒ, ÄÌÑ ËÏÔÏÒÏÇÏ 2K+1|I | 6 A, É ÏÓÔÁÔÏË { j = K + 1 : : : L. �ÁË�ÅÒ×ÁÑ ÞÁÓÔØ ÓÕÍÍÙ, ÓÏÇÌÁÓÎÏ (L2), ÄÏ�ÕÓËÁÅÔ Ï�ÅÎËÕK∑j=1 |I |2j |I | 〈|u|〉2j+1I 6 C('(0))−1|I | K∑j=1 !(2j |I |)2j |I | :äÌÑ Ï�ÅÎËÉ ×ÔÏÒÏÊ ÞÁÓÔÉ ÓÕÍÍÙ, ÒÁÚÏÂØÅÍ ËÁÖÄÙÊ ÉÚ �ÒÏÍÅÖÕÔËÏ×ÎÁ Ä×Á ÍÎÏÖÅÓÔ×Á: \ÈÏÒÏÛÅÅ" G := { s | '(s) > '(0) } É \�ÌÏÈÏÅ"B := { s | '(s) < '(0) }. îÁ ÍÎÏÖÅÓÔ×ÁÈ 2j+1I ∩G �Ï-�ÒÅÖÎÅÍÕ ×ÅÒÎÁÏ�ÅÎËÁ (L2), ÞÔÏ �ÒÏÓÔÏ ÄÏÂÁ×ÉÔ ÓÌÁÇÁÅÍÙÈ × ÎÁ�ÉÓÁÎÎÕÀ ×ÙÛÅ Ï�ÅÎ-ËÕ �ÅÒ×ÏÊ ÞÁÓÔÉ ÓÕÍÍÙ (ÓÕÍÍÉÒÏ×ÁÎÉÅ ÒÁÓ�ÒÏÓÔÒÁÎÉÔÓÑ ÄÏ L ×ÍÅÓÔÏK). îÁ \�ÌÏÈÏÍ" �ÏÄÍÎÏÖÅÓÔ×Å ÉÍÅÅÔ ÍÅÓÔÏ Ï�ÅÎËÁ |u(s)| 6 | log'(s)|,ÞÔÏ �ÏÚ×ÏÌÑÅÔ, ÉÓ�ÏÌØÚÕÑ (1) É (2), ÎÁ�ÉÓÁÔØ12j+1|I | ∫2j+1I∩B |u| 6
12j+1|I | ∫2j+1I | log'|

6 ‖ log'‖X

‖�2j+1I‖X′2j+1|I | = ‖ log'‖X

‖�2j+1I‖X

:
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|v2(x)| 6 C(!; ‖ log'‖X)( |I |'(0) L∑j=1 !(2j |I |)2j |I | + |I |

A�X(A) L∑j=K+1 12j−K ):ðÅÒ×ÁÑ ÓÕÍÍÁ × ÓËÏÂËÁÈ Ó�ÒÁ×Á ÍÁÖÏÒÉÒÕÅÔÓÑ ÄÏÌÖÎÙÍ ÏÂÒÁÚÏÍ ×ÓÉÌÕ ÕÓÌÏ×ÉÑ ÒÅÇÕÌÑÒÎÏÓÔÉ (RG). äÅÊÓÔ×ÉÔÅÌØÎÏ,
|I | 2j+1|I|∫2j |I| !(u)u2 du > |I |!(2j |I |) 1u ∣∣∣

2j |I|2j+1|I| = C |I |!(2j |I |)2j |I | ;
|I | L∑j=1 !(2j |I |)2j |I | 6 C|I | 2�∫

|I| !(u)u2 du 6 C(RG)!(|I |):�ÁËÉÍ ÏÂÒÁÚÏÍ, ÏËÏÎÞÁÔÅÌØÎÁÑ Ï�ÅÎËÁ ÓÒÅÄÎÅÇÏ ÆÕÎË�ÉÉ v2 �ÒÉÍÅÔ×ÉÄ '(0)‖v2�I‖W

‖�I‖W

6 C(!; ‖ log'‖X; (RG))(!(|I |) + '(0)|I |
A�X(A)): (10)óÏÂÒÁ× ×ÓÅ Ï�ÅÎËÉ ×ÏÅÄÉÎÏ, �ÏÌÕÞÁÅÍ �ÒÏÍÅÖÕÔÏÞÎÕÀ Ï�ÅÎËÕ
W(O'; I; I) 6 C(!; ‖ log'‖X; (RG); (B))(!(|I |) + '(0)|I |

A�X(A)): (11)3.3. áÎÁÌÉÚ Ï�ÅÎÏË (7) É (11). ÷ÙÄÅÌÉÍ ÓÌÁÇÁÅÍÏÅ '(0) ÉÚ Ï�ÅÎËÉ(7) É ÓÌÁÇÁÅÍÏÅ '(0)|I |=A�X(A) ÉÚ Ï�ÅÎËÉ (11). ÷×ÅÄÅÍ �ÒÏÍÅÖÕÔÏÞ-ÎÕÀ ÆÕÎË�ÉÀ  , ËÏÔÏÒÁÑ ÂÕÄÅÔ ÉÇÒÁÔØ ÒÏÌØ ËÁÎÄÉÄÁÔÁ ÎÁ �ÏËÁÚÁÔÅÌØ�ÁÄÅÎÉÑ ÇÌÁÄËÏÓÔÉ. ÷ÏÚÍÏÖÎÙ Ä×Á ÓÌÕÞÁÑ.1) åÓÌÉ  (|I |) > A, ÔÏ ÉÚ Ï�ÅÎËÉ (7) �ÏÌÕÞÁÅÍ
W(O'; I; I) 6 !(|I |) + C!( (|I |)):2) åÓÌÉ  (|I |) 6 A, ÔÏ × ÜÔÏÍ ÓÌÕÞÁÅ ËÌÀÞÅ×ÕÀ ÒÏÌØ ÓÙÇÒÁÅÔ ×Ù-ÄÅÌÅÎÎÏÅ ÓÌÁÇÁÅÍÏÅ ÉÚ Ï�ÅÎËÉ (11). äÅÊÓÔ×ÉÔÅÌØÎÏ, ×Ó�ÏÍÎÉ×,ÞÔÏ '(0) 6 C!(A), ÎÁ�ÉÛÅÍ
|I |'(0)A

1�X(A) 6 C|I |!(A)A
1�X(A) 6 C |I | (|I |)�X( (|I |))!X( (|I |)) 6 :òÁÓÓÍÏÔÒÉÍ ÆÕÎË�ÉÀ R(v) := v�X(v). ìÅÇËÏ ÚÁÍÅÔÉÔØ, ÞÔÏÏÎÁ ÏÂÒÁÔÉÍÁ É ÎÅ�ÒÅÒÙ×ÎÁ. �ÏÇÄÁ, ÅÓÌÉ ×ÚÑÔØ  = R−1, ÔÏ



114 á. î. íåä÷åäå÷ÍÏÖÎÏ �ÒÏÄÏÌÖÉÔØ ÎÁÞÁÔÕÀ ×ÙÛÅ Ï�ÅÎËÕ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:
6 C!( (|I |)).�ÁËÉÍ ÏÂÒÁÚÏÍ, ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 2.1 ÚÁ×ÅÒÛÅÎÏ.á×ÔÏÒ ×ÙÒÁÖÁÅÔ ÂÌÁÇÏÄÁÒÎÏÓÔØ Ó×ÏÅÍÕ ÎÁÕÞÎÏÍÕ ÒÕËÏ×ÏÄÉÔÅÌÀó. ÷. ëÉÓÌÑËÏ×Õ ÚÁ ÍÎÏÇÏÞÉÓÌÅÎÎÙÅ �ÌÏÄÏÔ×ÏÒÎÙÅ ÏÂÓÕÖÄÅÎÉÑ ÚÁÄÁÞÉÉ �ÏÍÏÝØ �ÒÉ ÓÏÓÔÁ×ÌÅÎÉÉ ÔÅËÓÔÁ ÄÁÎÎÏÊ ÒÁÂÏÔÙ.ìÉÔÅÒÁÔÕÒÁ1. C. Bennett, R. Sharpley, Interpolation of operators. | Aademi Press, (1988).2. ç. ñ. âÏÍÁÛ, íÎÏÖÅÓÔ×Á �ÉËÁ ÄÌÑ ÁÎÁÌÉÔÉÞÅÓËÉÈ ËÌÁÓÓÏ× çÅÌØÄÅÒÁ. | úÁ�.ÎÁÕÞÎ. ÓÅÍÉÎ. ìïíé 17 (1987), 129{136.3. D. W. Boyd, A lass of operators on the Lorentz spaes M(�). | Canad. J. Math.19 (1967), 839{841.4. K. M. Dyakonov, Equivalent norms on Lipshitz-type spaes of holomorphi fun-tions. | Ata Mathematia, 178, No. 2 (1997), 143{167.5. ÷. ð. èÁ×ÉÎ, ïÂÏÂÝÅÎÉÅ ÔÅÏÒÅÍÙ ðÒÉ×ÁÌÏ×Á{úÉÇÍÕÎÄÁ Ï ÍÏÄÕÌÅ ÎÅ�ÒÅÒÙ×ÎÏ-ÓÔÉ ÓÏ�ÒÑÖÅÎÎÏÊ ÆÕÎË�ÉÉ. | éÚ×. áËÁÄ. ÎÁÕË áÒÍÑÎÓËÏÊ óóò, ÓÅÒÉÑ íÁÔÅ-ÍÁÔÉËÁ 6 (1971), 252{258, 265{287.6. ó. ç. ëÒÅÊÎ, à. é. ðÅÔÕÎÉÎ, å. í. óÅÍ£ÎÏ×, éÎÔÅÒ�ÏÌÑ�ÉÑ ÌÉÎÅÊÎÙÈ Ï�ÅÒÁ-ÔÏÒÏ×. | í., (1978).7. î. á. ûÉÒÏËÏ×, äÏÓÔÁÔÏÞÎÙÅ ÕÓÌÏ×ÉÑ ÄÌÑ ÇÅÌØÄÅÒÏ×ÓËÏÊ ÇÌÁÄËÏÓÔÉ ÆÕÎË�ÉÉ.| áÌÇÅÂÒÁ É ÁÎÁÌÉÚ, 25, No. 3 (2013).8. S. Spanne, Some funtion spaes de�ned using the mean osillation over ubes. |Annali della Suola Normale Superiore di Pisa - Classe di Sienze, 19, No. 4 (1965),593{608.9. á. ÷. ÷ÁÓÉÎ, ó. ÷. ëÉÓÌÑËÏ×, á. î. íÅÄ×ÅÄÅ×, ìÏËÁÌØÎÁÑ ÇÌÁÄËÏÓÔØ ÁÎÁÌÉÔÉ-ÞÅÓËÏÊ ÆÕÎË�ÉÉ × ÓÒÁ×ÎÅÎÉÉ Ó ÇÌÁÄËÏÓÔØÀ ÅÅ ÍÏÄÕÌÑ. | áÌÇÅÂÒÁ É ÁÎÁÌÉÚ,25, No. 3 (2013).Medvedev A. N. Drop of the smoothness of an outer funtion omparedto the smoothness of its modulus, under restritions on the size of boundaryvalues.Let F be an outer funtion on the unit disk. It is well known that itssmootheness properties may be two times worse that those of the modulusof its boundary values, but under some restritions on log |F | this gap be-omes smaller. It is shown that the smoothness deay admits a onvenient
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