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§1. ÷×ÅÄÅÎÉÅðÕÓÔØ X(t), t ∈ (0; 1), { ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ Ó ÎÕÌÅ×ÙÍ ÓÒÅÄÎÉÍ ÉÆÕÎË�ÉÅÊ ËÏ×ÁÒÉÁ�ÉÉ GX(s; t) = EX(s)X(t). úÁÄÁÞÁ ÍÁÌÙÈ ÕËÌÏÎÅ-ÎÉÊ ÄÌÑ �ÒÏ�ÅÓÓÁ X(t) × L2-ÎÏÒÍÅ ÚÁËÌÀÞÁÅÔÓÑ × �ÏÉÓËÅ ÁÓÉÍ�ÔÏÔÉËÉ:P(‖X‖L2[0;1℄ < ") = P( 1∫0 (X(t))2 dt < "2)= P( ∞∑k=1�k�2k < "2) �ÒÉ "→ 0: (1)úÄÅÓØ �k, k ∈ N, { ÎÅÚÁ×ÉÓÉÍÙÅ ÎÏÒÍÁÌØÎÙÅ ÓÔÁÎÄÁÒÔÎÙÅ ÓÌÕÞÁÊÎÙÅ×ÅÌÉÞÉÎÙ (Ó.×.), �k { ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ (Ó.Þ.) ÉÎÔÅÇÒÁÌØÎÏÇÏ Ï�ÅÒÁÔÏ-ÒÁ Ó ÑÄÒÏÍ GX(s; t) (ËÏ×ÁÒÉÁ�ÉÏÎÎÙÊ Ï�ÅÒÁÔÏÒ). ðÏÓÌÅÄÎÅÅ ÒÁ×ÅÎÓÔ×Ï× (1) ×ÅÒÎÏ × ÓÉÌÕ ÒÁÚÌÏÖÅÎÉÑ ëÁÒÈÕÎÅÎÁ{ìÏÜ×Á (ÓÍ., ÎÁ�ÒÉÍÅÒ, [1,

§12℄).îÅÑ×ÎÏÅ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ ÂÙÌÏ �ÏÌÕÞÅÎÏ ç. óÙÔÏÊ × [2℄. úÁÔÅÍ ÍÎÏ-ÇÉÅ Á×ÔÏÒÙ, ÎÁÞÉÎÁÑ Ó [3{5℄, ÚÁÎÉÍÁÌÉÓØ Õ�ÒÏÝÅÎÉÅÍ ×ÙÒÁÖÅÎÉÑ ÄÌÑ×ÅÒÏÑÔÎÏÓÔÉ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ �ÒÉ ÒÁÚÌÉÞÎÙÈ �ÒÅÄ�ÏÌÏÖÅÎÉÑÈ. ðÒÉÎÅËÏÔÏÒÙÈ ÕÓÌÏ×ÉÑÈ ÎÁ �Ï×ÅÄÅÎÉÅ Ó.Þ. �k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁÏÎÁ ÂÙÌÁ �ÏÓÞÉÔÁÎÁ Ñ×ÎÏ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [6℄, [7℄). åÓÌÉ ÖÅ ÉÚ×ÅÓÔÎÁ ÄÏ-ÓÔÁÔÏÞÎÏ ÔÏÞÎÁÑ ÁÓÉÍ�ÔÏÔÉËÁ �k, ÔÏ ÁÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÉ ÍÁÌÙÈÕËÌÏÎÅÎÉÊ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ËÏÎÓÔÁÎÔÙ ÍÏÖÅÔ ÂÙÔØ �ÏÌÕÞÅÎÁ Ó �ÏÍÏ-ÝØÀ �ÒÉÎ�É�Á ÓÒÁ×ÎÅÎÉÑ ÷ÅÎÂÏ ìÉ:ðÒÅÄÌÏÖÅÎÉÅ 1. ( [8, 9℄) ðÕÓÔØ �k { �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÎÅÚÁ×É-ÓÉÍÙÈ ÓÔÁÎÄÁÒÔÎÙÈ ÇÁÕÓÓÏ×ÓËÉÈ Ó.×., Á �k É �̃k { Ä×Å �ÏÌÏÖÉÔÅÌØ-ÎÙÅ ÎÅ×ÏÚÒÁÓÔÁÀÝÉÅ ÓÕÍÍÉÒÕÅÍÙÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ÔÁËÉÅ, ÞÔÏëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Ó�ÅËÔÒÁÌØÎÙÅ ÁÓÉÍ�ÔÏÔÉËÉ, ÇÁÕÓÓÏ×ÓËÉÅ �ÒÏ�ÅÓÓÙ, ÍÁÌÙÅÕËÌÏÎÅÎÉÑ.ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙ Ï Ó�ÅËÔÒÁÌØÎÙÈ ÁÓÉÍ�ÔÏÔÉËÁÈ (§2,3) �ÏÌÕÞÅÎÙ �ÒÉ �ÏÄ-ÄÅÒÖËÅ ÇÒÁÎÔÁ òîæ 17-11-01003. ðÒÉÌÏÖÅÎÉÑ Ë ÁÓÉÍ�ÔÏÔÉËÁÍ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ(§4) �ÏÌÕÞÅÎÙ �ÒÉ �ÏÄÄÅÒÖËÅ ÇÒÁÎÔÁ òææé 16-01-00258.211
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∏ �̃k=�k < ∞. �ÏÇÄÁP( ∞∑k=1�k �2k < "2) ∼ P( ∞∑k=1 �̃k �2k < "2) · ( ∞∏k=1 �̃k�k )1=2; " → 0: (2)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÄÌÑ ÎÁÈÏÖÄÅÎÉÑ ÔÏÞÎÏÊ ÁÓÉÍ�ÔÏÔÉËÉ ÍÁÌÙÈ ÕËÌÏ-ÎÅÎÉÊ ÄÌÑ �ÒÏ�ÅÓÓÁ X(t) ÄÏÓÔÁÔÏÞÎÏ �ÏÓÔÒÏÉÔØ �ÒÏ�ÅÓÓ X̃(t) Ó ÉÚ-×ÅÓÔÎÏÊ ÔÏÞÎÏÊ ÁÓÉÍ�ÔÏÔÉËÏÊ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ, ÔÁËÏÊ ÞÔÏ Ó.Þ. �nÉ �̃k ÉÈ ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ× \ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÂÌÉÚËÉ" (ÔÁËÞÔÏ ∏ �̃k=�k < ∞). ÷ ÓÌÕÞÁÅ, ËÏÇÄÁ ËÏ×ÁÒÉÁ�ÉÏÎÎÙÊ Ï�ÅÒÁÔÏÒ Ñ×ÌÑÅÔ-ÓÑ ÏÂÒÁÔÎÙÍ Ë ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÏÍÕ, ÁÓÉÍ�ÔÏÔÉËÁ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌÓÞÉÔÁÅÔÓÑ ÍÅÔÏÄÁÍÉ Ó�ÅËÔÒÁÌØÎÏÊ ÔÅÏÒÉÉ (ÔÁËÉÅ �ÒÏ�ÅÓÓÙ ÎÁÚÙ×ÁÀÔÇÒÉÎÏ×ÓËÉÍÉ; ÚÁÄÁÞÁ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ ÎÉÈ ×�ÅÒ×ÙÅ ÂÙÌÁ ÒÁÓÓÍÏ-ÔÒÅÎÁ × ÒÁÂÏÔÁÈ [7, 10℄).ãÅÌØÀ ÓÔÁÔØÉ Ñ×ÌÑÅÔÓÑ �ÏÓÞÉÔÁÔØ ÔÏÞÎÕÀ ÁÓÉÍ�ÔÏÔÉËÕ ÍÁÌÙÈ ÕË-ÌÏÎÅÎÉÊ ÄÌÑ ÎÅËÏÔÏÒÙÈ ÇÁÕÓÓÏ×ÓËÉÈ �ÒÏ�ÅÓÓÏ×, ÒÁÓÓÍÏÔÒÅÎÎÙÈäÖ. äÕÒÂÉÎÙÍ × [11℄ (ÓÍ. ÔÁËÖÅ [12,13℄). ï�ÉÛÅÍ ÜÔÉ �ÒÏ�ÅÓÓÙ.ðÕÓÔØ F (x;�) = t { ÆÕÎË�ÉÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ, Á f(x;�) { �ÌÏÔÎÏÓÔØÒÁÓ�ÒÅÄÅÌÅÎÉÑ, ÇÄÅ � = (�1; : : : ; �n) { ×ÅËÔÏÒ �ÁÒÁÍÅÔÒÏ×. ÷ ÓÌÕÞÁÅ,ËÏÇÄÁ ×ÓÅ �ÁÒÁÍÅÔÒÙ ÉÚ×ÅÓÔÎÙ, × ËÁÞÅÓÔ×Å �ÒÅÄÅÌØÎÏÇÏ �ÒÏ�ÅÓÓÁ ×ÏÚ-ÎÉËÁÅÔ ÂÒÏÕÎÏ×ÓËÉÊ ÍÏÓÔ B(t). óÏÇÌÁÓÎÏ [11℄, × ÓÌÕÞÁÅ, ËÏÇÄÁ m �ÁÒÁ-ÍÅÔÒÏ× Ï�ÅÎÉ×ÁÀÔÓÑ �Ï ×ÙÂÏÒËÅ (ÎÅ ÕÍÁÌÑÑ ÏÂÝÎÏÓÔÉ, ÍÏÖÎÏ ÓÞÉÔÁÔØ,ÞÔÏ ÜÔÏ �ÅÒ×ÙÅm �ÁÒÁÍÅÔÒÏ× ×ÅËÔÏÒÁ �), × ËÁÞÅÓÔ×Å �ÒÅÄÅÌØÎÏÇÏ �ÒÏ-�ÅÓÓÁ ×ÏÚÎÉËÁÅÔ ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ Ó ÎÕÌÅ×ÙÍ ÓÒÅÄÎÉÍ É ÆÕÎË�ÉÅÊËÏ×ÁÒÉÁ�ÉÉ, ÒÁ×ÎÏỄG(s; t) = G0(s; t)− q(s) S−1 qT (t); (3)ÇÄÅ G0(s; t) = min(s; t)−s t { ÆÕÎË�ÉÑ ËÏ×ÁÒÉÁ�ÉÉ ÂÒÏÕÎÏ×ÓËÏÇÏ ÍÏÓÔÁB(t); S = (Sij) { ÍÁÔÒÉ�Á m×m { ÉÎÆÏÒÍÁ�ÉÑ æÉÛÅÒÁ:Sij = −E( �2��i��j ln(f(x;�)))∣∣∣∣�=�0= E( ���i ln(f(x;�)) ���j ln(f(x;�)))∣∣∣∣�=�0 ; (4)ÇÄÅ �0 { ÎÅËÏÔÏÒÙÊ ÆÉËÓÉÒÏ×ÁÎÎÙÊ ×ÅËÔÏÒ �ÁÒÁÍÅÔÒÏ×.



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 213÷ÅËÔÏÒ ÆÕÎË�ÉÊ q(t) = (q1(t) : : : qm(t)) ÚÁÄÁÅÔÓÑ ÓÏÏÔÎÏÛÅÎÉÑ-ÍÉ: qi(t) = �F (x;�)��i ∣∣∣∣�=�0; x=F−1(t;�0): (5)æÏÒÍÕÌÁ (3) ÚÁÄÁÅÔ ËÏÎÅÞÎÏÍÅÒÎÏÅ ×ÏÚÍÕÝÅÎÉÅ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏÏ�ÅÒÁÔÏÒÁ. ÷ ÒÁÂÏÔÅ [14℄ ÒÁÓÓÍÁÔÒÉ×ÁÌÁÓØ ÚÁÄÁÞÁ Ï �Ï×ÅÄÅÎÉÉ Ó�ÅËÔÒÁÏÂÝÅÇÏ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �ÒÉ ÏÄÎÏÍÅÒÎÏÍ ×ÏÚÍÕÝÅÎÉÉ (ÓÍ.ÔÁËÖÅ [15℄).úÁÍÅÞÁÎÉÅ 1. íÁÔÒÉ�Á S �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÁ, �ÏÜÔÏÍÕ Ë×Á-ÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ Ï�ÅÒÁÔÏÒÁ (3) ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙÉÓÈÏÄÎÏÇÏ Ï�ÅÒÁÔÏÒÁ. ðÏÜÔÏÍÕ ÄÌÑ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ �k ×ÏÚÍÕÝÅÎ-ÎÏÇÏ É �̂k ÉÓÈÏÄÎÏÇÏ Ï�ÅÒÁÔÏÒÏ× × ÓÉÌÕ ÍÉÎÉÍÁËÓÉÍÁÌØÎÏÇÏ �ÒÉÎ�É-�Á [16, §9.2℄ ÉÍÅÅÍ �̂k ≥ �k, k ∈ N. ðÒÉ ÏÄÎÏÍÅÒÎÏÍ ×ÏÚÍÕÝÅÎÉÉ Ï�Å-ÒÁÔÏÒÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �k É �̂k �ÅÒÅÍÅÖÁÀÔÓÑ.úÁÍÅÞÁÎÉÅ 2. íÁÔÒÉ�Á S �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÁ, �ÏÜÔÏÍÕ ÉÍÅÅÔÍÅÓÔÏ ÒÁ×ÅÎÓÔ×Ï S−1 = BBT , ÇÄÅ B { ×ÅÒÈÎÅÔÒÅÕÇÏÌØÎÁÑ ÍÁÔÒÉ�Á. ïÔ-ÓÀÄÁ ÆÕÎË�ÉÀ ËÏ×ÁÒÉÁ�ÉÉ (3) ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:G̃(s; t)=G0(s; t)− m∑i=1 pi(s) pi(t); p(t)=p1(t) : : : pm(t) :=q(t) · B: (6)úÁÍÅÞÁÎÉÅ 3. úÁÍÅÔÉÍ, ÞÔÏ ×ÓÅ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÅ �ÒÏ�ÅÓÓÙ Ñ×ÌÑÀÔ-ÓÑ ËÒÉÔÉÞÅÓËÉÍÉ × ÓÍÙÓÌÅ ÓÔÁÔØÉ [14℄. äÌÑ ÔÁËÉÈ �ÒÏ�ÅÓÓÏ× �ÒÉ ÕÓÌÏ-×ÉÉ q′′(t) ∈ L2(0; 1) ÚÁÄÁÞÁ ÂÙÌÁ ÒÅÛÅÎÁ × [14, ÔÅÏÒÅÍÁ 2℄. ïÄÎÁËÏ, ×ÓÅÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÅ �ÒÏ�ÅÓÓÙ (ËÒÏÍÅ X(1) ÄÌÑ ÌÏÇÉÓÔÉÞÅÓËÏÇÏ ÒÁÓ�ÒÅÄÅ-ÌÅÎÉÑ) ÜÔÏÍÕ ÕÓÌÏ×ÉÀ ÎÅ ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ.÷ ÒÁÂÏÔÅ [17℄ ÂÙÌÁ ÒÁÓÓÍÏÔÒÅÎÁ ÚÁÄÁÞÁ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÏ-�ÅÓÓÏ× ëÁ�Á{ëÉÆÅÒÁ{÷ÏÌØÆÏ×É�Á (KKW, ÓÍ. [18℄), ËÏÔÏÒÙÅ ×ÏÚÎÉËÁ-ÀÔ ËÁË �ÒÅÄÅÌØÎÙÅ �ÒÉ �ÒÏ×ÅÒËÅ ×ÙÂÏÒËÉ ÎÁ ÎÏÒÍÁÌØÎÏÓÔØ (× ÓÌÕÞÁÅ,ËÏÇÄÁ ÓÒÅÄÎÅÅ É/ÉÌÉ ÄÉÓ�ÅÒÓÉÑ Ï�ÅÎÉ×ÁÀÔÓÑ �Ï ×ÙÂÏÒËÅ). ÷ ÜÔÏÊ ÖÅÒÁÂÏÔÅ ÂÙÌÁ ÒÁÚÒÁÂÏÔÁÎÁ ÔÅÈÎÉËÁ ×ÙÞÉÓÌÅÎÉÑ ÁÓÉÍ�ÔÏÔÉËÉ ÏÓ�ÉÌÌÑ-�ÉÏÎÎÙÈ ÉÎÔÅÇÒÁÌÏ× Ó ÍÅÄÌÅÎÎÏ ÍÅÎÑÀÝÅÊÓÑ ÁÍ�ÌÉÔÕÄÏÊ, Ô.Å. ÉÎÔÅ-ÇÒÁÌÏ× ×ÉÄÁ 1∫0 F (t) sin(!t) dt �ÒÉ ! → ∞; F (t) { ÍÅÄÌÅÎÎÏ ÍÅÎÑÀÝÁÑÓÑÆÕÎË�ÉÑ × ÎÕÌÅ.÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÍÙ ÒÁÓÛÉÒÉÍ ËÒÕÇ �ÒÉÍÅÒÏ×, Á ÉÍÅÎÎÏ, ÂÕÄÅÍ ÒÁÓ-ÓÍÁÔÒÉ×ÁÔØ �ÒÏ�ÅÓÓÙ äÕÒÂÉÎÁ, ×ÏÚÎÉËÁÀÝÉÅ �ÒÉ �ÒÏ×ÅÒËÅ ×ÙÂÏÒËÉÎÁ ÓÌÅÄÕÀÝÉÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ Ó �ÁÒÁÍÅÔÒÁÍÉ � = (�1; �2):
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• ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ìÁ�ÌÁÓÁ, � = (�; �):FLAP (x;�) = {12 exp(x−�� ); x 6 �;1− 12 exp(−x−�� ); x > �:
• ÌÏÇÉÓÔÉÞÅÓËÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ, � = (�; �):FLOG(x;�) = (1 + exp(− x− �� ))−1:
• ÒÁÓ�ÒÅÄÅÌÅÎÉÅ çÕÍÂÅÌÑ, � = (�; �):FGUM (x;�) = exp(− exp(−x− �� )):
• ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÅ, � = (�;κ):FGAM (x;�) = x=�∫0 yκ−1e−y�(κ) dy; x > 0;0; x < 0:úÄÅÓØ � { �ÁÒÁÍÅÔÒ ÓÄ×ÉÇÁ, � > 0 { �ÁÒÁÍÅÔÒ ÍÁÓÛÔÁÂÁ, κ > 0{ �ÁÒÁÍÅÔÒ ÆÏÒÍÙ. ëÁÖÄÏÍÕ ÒÁÓ�ÒÅÄÅÌÅÎÉÀ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÔÒÉ �ÒÅ-ÄÅÌØÎÙÈ ÓÌÕÞÁÊÎÙÈ �ÒÏ�ÅÓÓÁ:1) ðÁÒÁÍÅÔÒ �1 ÉÚ×ÅÓÔÅÎ, Á �2 Ï�ÅÎÉ×ÁÅÔÓÑ �Ï ×ÙÂÏÒËÅ.2) ðÁÒÁÍÅÔÒ �2 ÉÚ×ÅÓÔÅÎ, Á �1 Ï�ÅÎÉ×ÁÅÔÓÑ �Ï ×ÙÂÏÒËÅ.3) ïÂÁ �ÁÒÁÍÅÔÒÁ �1 É �2 Ï�ÅÎÉ×ÁÀÔÓÑ �Ï ×ÙÂÏÒËÅ.ðÏ ÆÏÒÍÕÌÅ (3) × ËÁÞÅÓÔ×Å �ÒÅÄÅÌØÎÙÈ �ÒÏ�ÅÓÓÏ× ×ÏÚÎÉËÁÀÔ ÇÁÕÓ-ÓÏ×ÓËÉÅ �ÒÏ�ÅÓÓÙ X(i), i = 1; 2; 3, Ó ÎÕÌÅ×ÙÍÉ ÓÒÅÄÎÉÍÉ É ÆÕÎË�ÉÑÍÉËÏ×ÁÒÉÁ�ÉÉ Gi(s; t):1) G1(s; t) = G0(s; t)− p1(s) p1(t); (7)2) G2(s; t) = G0(s; t)− p2(s) p2(t); (8)3) G3(s; t) = G0(s; t)− p̃1(s) p̃1(t)− p̃2(s) p̃2(t); (9)ÇÄÅ p1(t), p2(t), p̃1(t), p̃2(t) ×Ù�ÉÓÙ×ÁÀÔÓÑ Ñ×ÎÏ ÉÚ ÆÏÒÍÕÌ (4), (5), (6):
• ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ìÁ�ÌÁÓÁ, �0 = (0; 1):p1(t) = p̃1(t) ={t; t ∈ (0; 1=2℄1− t; t ∈ (1=2; 1) ;p2(t) = p̃2(t) ={t ln(2 t); t ∈ (0; 1=2℄

−(1− t) ln(2 (1− t)); t ∈ (1=2; 1) :
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• ÄÌÑ ÌÏÇÉÓÔÉÞÅÓËÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ, �0 = (0; 1):p1(t) = p̃1(t) = √3 t (1− t);p2(t) = p̃2(t) = 3√3 + �2 t (t− 1) ln(1− tt ):
• ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ çÕÍÂÅÌÑ, �0 = (0; 1):p1(t) = t ln(t); p2(t) = −−1 t ln(t) · ln(− ln(t));

(p̃1(t) p̃2(t)) = (p1(t) p2(t))(1 (1− )√6�0 √6� ) ;ÇÄÅ  = (�2=6 + ( − 1)2)1=2,  { ËÏÎÓÔÁÎÔÁ üÊÌÅÒÁ.
• ÄÌÑ ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÑ, �0 = (1;κ0):p1(t) = κ

−1=20 · (FGAM (t;�0))−1·fGAM((FGAM (t;�0))−1;�0);p2(t) = d−1 ·(FGAM (t;�0))−1∫0 (ln(y)− �′(κ0)�(κ0) )f(y;�0) dy;
(p̃1(t) p̃2(t)) = (p1(t) p2(t))(1 −(κ0d2 − 1)−1=20 κ

1=20 d (κ0d2 − 1)−1=2) ;d = [�′′(κ0)�(κ0)− (�′(κ0))2]1=2�(κ0) : (10)óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ× Ó ÑÄÒÁÍÉ Gi(s; t) ÏÂÏ-ÚÎÁÞÉÍ �(i)k , i = 1; 2; 3.úÁÍÅÞÁÎÉÅ 4. úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ÌÏÇÉÓÔÉÞÅÓËÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ É ÒÁÓ-�ÒÅÄÅÌÅÎÉÑ ìÁ�ÌÁÓÁ ÆÕÎË�ÉÑ p1(t) ÞÅÔÎÁÑ ÏÔÎÏÓÉÔÅÌØÎÏ ÔÏÞËÉ t = 1=2.ðÏÜÔÏÍÕ �ÒÉ ×ÏÚÍÕÝÅÎÉÉ (7) ÎÅÞÅÔÎÙÅ ÏÔÎÏÓÉÔÅÌØÎÏ ÔÏÞËÉ t = 1=2ÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÉÍ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ÎÅÍÅÎÑÀÔÓÑ. äÌÑ �ÒÏÓÔÏÔÙ ÍÙ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÉÈ �(1)2k = �2k, k ∈ N,ÎÅÓÍÏÔÒÑ ÎÁ ÔÏ, ÞÔÏ �ÒÉ ÜÔÏÍ ÎÕÍÅÒÁ�ÉÑ × �ÏÒÑÄËÅ ÕÂÙ×ÁÎÉÑ ÍÏÖÅÔÂÙÔØ ÎÁÒÕÛÅÎÁ. áÎÁÌÏÇÉÞÎÏ × ÓÉÌÕ ÎÅÞÅÔÎÏÓÔÉ ÆÕÎË�ÉÉ p2(t) ÏÔÎÏÓÉ-ÔÅÌØÎÏ ÔÏÞËÉ t = 1=2 �ÒÉ ×ÏÚÍÕÝÅÎÉÉ (8) ÞÅÔÎÙÅ ÏÔÎÏÓÉÔÅÌØÎÏ ÔÏÞËÉt = 1=2 ÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÉÍ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉ-ÓÌÁ ÎÅ ÍÅÎÑÀÔÓÑ, ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÉÈ �(2)2k−1 = �2k−1, k ∈ N. ëÒÏÍÅÔÏÇÏ, ÌÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ �(3)2k = �(1)2k É �(3)2k−1 = �(2)2k−1.



216 à. ð. ðå�òï÷áóÔÁÔØÑ ÏÒÇÁÎÉÚÏ×ÁÎÁ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ. ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙÓÏÄÅÒÖÁÔÓÑ × §§2 É 3, × ËÏÔÏÒÙÈ �ÒÏ×ÏÄÉÔÓÑ Ó�ÅËÔÒÁÌØÎÙÊ ÁÎÁÌÉÚ ÄÌÑÉÎÔÅÇÒÁÌØÎÙÈ Ï�ÅÒÁÔÏÒÏ×, �ÏÒÏÖÄÅÎÎÙÈ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÍÉ �ÒÏ�ÅÓ-ÓÁÍÉ äÕÒÂÉÎÁ. ÷ §2 ×Ù�ÉÓÙ×ÁÀÔÓÑ ÕÒÁ×ÎÅÎÉÑ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ× ÔÅÒÍÉÎÁÈ ÏÓ�ÉÌÌÉÒÕÀÝÉÈ ÉÎÔÅÇÒÁÌÏ×. ÷ §3 ÎÁÈÏÄÉÔÓÑ ÁÓÉÍ�ÔÏÔÉ-ËÁ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×. ÷ §4 �ÏÌÕÞÅÎÎÙÅÒÅÚÕÌØÔÁÔÙ �ÒÉÍÅÎÑÀÔÓÑ Ë ÎÁÈÏÖÄÅÎÉÀ ÔÏÞÎÏÊ ÁÓÉÍ�ÔÏÔÉËÉ ÍÁÌÙÈÕËÌÏÎÅÎÉÊ ÄÌÑ ÜÔÉÈ �ÒÏ�ÅÓÓÏ×. ÷ §5 ×ÙÎÅÓÅÎÙ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÕÔ×ÅÒ-ÖÄÅÎÉÑ.÷ÓÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ, ÚÎÁÞÅÎÉÑ ËÏÔÏÒÙÈ ÎÁÍ ÎÅ ×ÁÖÎÙ,ÏÂÏÚÎÁÞÁÀÔÓÑ ÂÕË×ÏÊ C.
§2. õÒÁ×ÎÅÎÉÅ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ÷ ÏÂÝÅÍ ÓÌÕÞÁÅ ÏÄÎÏÍÅÒÎÏÇÏ ×ÏÚÍÕÝÅÎÉÑ ÁÌÇÏÒÉÔÍ �ÏÌÕÞÅÎÉÑ ÕÒÁ×-ÎÅÎÉÑ ×Ù�ÉÓÁÎ × ÓÔÁÔØÅ [14℄. ÷ ÓÌÕÞÁÅ, ËÏÇÄÁ ÉÓÈÏÄÎÙÊ �ÒÏ�ÅÓÓ { ÜÔÏÂÒÏÕÎÏ×ÓËÉÊ ÍÏÓÔ B(t), Á ×ÏÚÍÕÝÅÎÉÅ ÚÁÄÁÅÔÓÑ ÆÕÎË�ÉÅÊ p(t), �ÏÌÕ-ÞÁÅÍ ÕÒÁ×ÎÅÎÉÅ ÎÁ ! = �−1=2det1(!) := det �(1) �(0) 1!2 + 1∫0 s∫1=2 p(s) p′′(�) sin(!(s−�))! d� dsos(!) 1 1∫0 p(�) os(!�)d�sin(!) 0 1∫0 p(�) sin(!� )d�




= 0;(11)ÇÄÅ �(s) = s∫1=2 sin(!(s−�))! p′′(�) d� . ï�ÒÅÄÅÌÉÔÅÌØ (11) ÍÏÖÎÏ �ÒÅÏÂÒÁ-ÚÏ×ÁÔØ Ë ÓÌÅÄÕÀÝÅÍÕ ×ÉÄÕ:det1(!) = os(!)! [(CP0 (!))2 + (CP1 (!))2]+ 2! CP0 (!)CP1 (!) (12)+ 2 sin(!)! [IP0 (!) + IP1 (!)]− sin(!)!2 − sin(!)(p′(1=2))2!2 = 0;ÇÄÅ P = P (t) = p′(t)− p′(1=2), t ∈ [0; 1℄, ÉCP0 (!) : = 1=2∫0 P (t) os(!t) dt; CP1 (!) := 1=2∫0 P (1− t) os(!t) dt;



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 217SP0 (!) : = 1=2∫0 P (t) sin(!t) dt; SP1 (!) := 1=2∫0 P (1− t) sin(!t) dt;IP0 (!) : = 1=2∫0 t∫0 P (t)P (s) sin(!t) os(!s) ds dt;IP1 (!) : = 1=2∫0 t∫0 P (1− t)P (1− s) sin(!t) os(!s) ds dt:ðÒÉ P (t) ∈ C∞[0; 1℄ ÁÓÉÍ�ÔÏÔÉËÁ ÜÔÉÈ ÉÎÔÅÇÒÁÌÏ× ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÁ(ÍÅÔÏÄ ÓÔÁ�ÉÏÎÁÒÎÏÊ ÆÁÚÙ, ÓÍ. [19℄). ÷ ÎÁÛÉÈ �ÒÉÍÅÒÁÈ × ËÁÞÅÓÔ×ÅP (t) ×ÏÚÎÉËÁÀÔ ÍÅÄÌÅÎÎÏ ÍÅÎÑÀÝÉÅÓÑ ÆÕÎË�ÉÉ × ÔÏÞËÅ t = 0 É/ÉÌÉt = 1, ÉÍÅÀÝÉÅ ÏÓÏÂÅÎÎÏÓÔÉ × ÜÔÉÈ ÔÏÞËÁÈ. áÓÉÍ�ÔÏÔÉËÁ ÉÎÔÅÇÒÁÌÏ×× ÜÔÏÍ ÓÌÕÞÁÅ ÂÙÌÁ �ÏÓÞÉÔÁÎÁ × ÒÁÂÏÔÅ [17℄, ÄÌÑ ÕÄÏÂÓÔ×Á ÞÉÔÁÔÅÌÑÒÅÚÕÌØÔÁÔÙ ÓÆÏÒÍÕÌÉÒÏ×ÁÎÙ × �ÒÅÄÌÏÖÅÎÉÑÈ 2{4 × �ÒÉÌÏÖÅÎÉÉ.÷ ÓÌÕÞÁÅ Ä×ÕÍÅÒÎÏÇÏ ×ÏÚÍÕÝÅÎÉÑ (9) ÁÎÁÌÏÇÉÞÎÏ ÓÔÁÔØÅ [14℄ �ÏÌÕ-ÞÉÍ ÕÒÁ×ÎÅÎÉÅ ÎÁ ! = �−1=2:det2(!):=det
�1(1) �1(0) 1!2 + 1∫0 p̃1(s) �1(s) ds 1∫0 p̃2(s) �1(s)ds�2(1) �2(0) 1∫0 p̃1(s) �2(s)ds 1!2 + 1∫0 p̃2(s) �2(s) dsos(!) 1 1∫0 p̃1(� ) os(!�)d� 1∫0 p̃2(�) os(!�)d�sin(!) 0 1∫0 p̃1(�) sin(!�)d� 1∫0 p̃2(�) sin(!� )d�




=0;(13)ÇÄÅ �i(s) = s∫1=2 sin(!(s−�))! p̃′′i (�) d� , i = 1; 2. ï�ÒÅÄÅÌÉÔÅÌØ det2(!) ÍÏÖÎÏ�ÒÅÏÂÒÁÚÏ×ÁÔØ Ë ×ÉÄÕ:det2(!) = 1!2
×
[os(!)(−2 (CQ0 )2 · IP + 2CQ0 · CP0 · IPQ

− 2 (CQ1 )2 · IP + 2CQ1 · CP1 · IPQ − 2 IQ((CP0 )2 + (CP1 )2))+ sin(!)((CQ0 )2 · (CP1 )2 − 2CQ0 · CQ1 · CP0 · CP1 + (CQ1 )2(CP0 )2
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− 4 IQ · IP + (IPQ)2)+ (−4CQ1 · IP + 2CP1 · IPQ) · CQ0
− 4CP0 · CP1 · IQ + 2CQ1 · CP0 · IPQ] = 0; (14)ÇÄÅ P = P (t) = p̃′1(t)− p̃′1(1=2), Q = Q(t) = p̃′2(t)− p̃′2(1=2), t ∈ [0; 1℄, ÉIP (!) : = IP0 (!) + IP1 (!)− (p̃′1(1=2))2 + 12! ;IQ : = IQ0 (!) + IQ1 (!)− (p̃′2(1=2))2 + 12! ;IQP0 (!) : = 1=2∫0 t∫0 Q(t)P (s) os(!s) sin(!t) ds dt;IQP1 (!) : = 1=2∫0 t∫0 Q(1− t)P (1− s) os(!s) sin(!t) ds dt;IPQ(!) : = IQP0 (!) + IPQ0 (!) + IQP1 (!) + IPQ1 (!)− p̃′1(1=2) p̃′2(1=2)! :

§3. áÓÉÍ�ÔÏÔÉËÁ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ÷ÓÅ ÕÔ×ÅÒÖÄÅÎÉÑ �ÒÏ ÁÓÉÍ�ÔÏÔÉËÕ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ ËÏ×ÁÒÉÁ�É-ÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ××ÅÄÅÎÎÙÈ × (7), (8), (9), ÂÕÄÕÔ ÄÏËÁÚÁÎÙ × ×ÉÄÅÞÅÔÙÒÅÈ ÔÅÏÒÅÍ.�ÅÏÒÅÍÁ 1. (ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ìÁ�ÌÁÓÁ)óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(i)k ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ÓÏÏÔ×ÅÔÓÔ×Õ-ÀÝÉÈ �ÒÏ�ÅÓÓÁÍ X(i), i = 1; 2; 3, ×ÏÚÎÉËÁÀÝÉÍ �ÒÉ �ÒÏ×ÅÒËÅ ÎÁ ÒÁÓ-�ÒÅÄÅÌÅÎÉÅ ìÁ�ÌÁÓÁ, \ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÂÌÉÚËÉ" Ë ÞÉÓÌÁÍ �̃(i)k (× ÓÍÙ-ÓÌÅ ∞∏k=1�(i)k =�̃(i)k < ∞), ÇÄÅ1) �(1)2k = �(1)2k−1 = �̃(1)2k = �̃(1)2k−1 = (2�k)−2;2) �̃(2)2k = �̃(2)2k+1 = ((2k + 1)�)−2; 3) �̃(3)k = ((k + 1)�)−2:äÏËÁÚÁÔÅÌØÓÔ×Ï. 1) äÌÑ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ Ó ÑÄÒÏÍG1(s; t) ÚÁÄÁÞÕ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ � ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ ÓÌÅÄÕÀÝÉÍ



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 219ÏÂÒÁÚÏÍ (ÚÄÅÓØ � = 1=!2, u(t) { ÓÏÂÓÔ×ÅÎÎÁÑ ÆÕÎË�ÉÑ):t ∈ (0; 1=2) : − u′′(t) = !2 u(t); u(0) = 0;t ∈ (1=2; 1) : − u′′(t) = !2 u(t); u(1) = 0;u(1=2−) = u(1=2+);1!2 [u′(1=2+)− u′(1=2−)℄ = 2 1=2∫0 s u(s) ds+ 2 1∫1=2 (1− s)u(s) ds:òÅÛÁÑ ÚÁÄÁÞÕ Ñ×ÎÙÍ ÏÂÒÁÚÏÍ, �ÏÌÕÞÁÅÍ, ÞÔÏ !(1)2k = !(1)2k−1 = 2�k,k ∈ N.úÁÍÅÞÁÎÉÅ 5. ÷ ÄÁÎÎÏÍ ÓÌÕÞÁÅ �ÏÌÕÞÁÅÔÓÑ ÔÏÞÎÏÅ ÒÁ×ÅÎÓÔ×Ï �(1)2k =�(1)2k−1 = (2�k)−2, Á ÎÅ ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÅ. �ÁËÉÍ ÏÂÒÁÚÏÍ, ×ÓÅ ÓÏÂÓÔ×ÅÎ-ÎÙÅ ÞÉÓÌÁ ÉÍÅÀÔ ËÒÁÔÎÏÓÔØ 2. üÔÏÔ ÆÁËÔ ÍÏÖÎÏ ÏÂßÑÓÎÉÔØ ÔÁË: ÜÔÏ-ÍÕ ÓÌÕÞÁÀ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÂÒÏÕÎÏ×ÓËÉÊ ÍÏÓÔ B(t), \ÚÁÖÁÔÙÊ" × ÔÏÞËÅt = 1=2, Ô.Å. B(1=2) = 0, ÞÔÏ ÜË×É×ÁÌÅÎÔÎÏ Ä×ÕÍ ÎÅÚÁ×ÉÓÉÍÙÍ ÂÒÏÕÎÏ×-ÓËÉÍ ÍÏÓÔÁÍ, Ï�ÒÅÄÅÌÅÎÎÙÍ �ÒÉ t ∈ [0; 1=2℄ É t ∈ [1=2; 1℄ ÓÏÏÔ×ÅÔÓÔ×ÅÎ-ÎÏ.2) ðÏ ÚÁÍÅÞÁÎÉÀ 4 ×ÏÚÍÕÝÅÎÉÅ p2(t) Ñ×ÌÑÅÔÓÑ ÎÅÞÅÔÎÏÊ ÆÕÎË�ÉÅÊ(ÏÔÎÏÓÉÔÅÌØÎÏ ÔÏÞËÉ t = 1=2), �ÏÜÔÏÍÕ ÞÅÔÎÙÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË-�ÉÉ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÉÍ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ÎÅ ÍÅÎÑÀÔÓÑ. âÕÄÅÍÒÁÓÓÍÁÔÒÉ×ÁÔØ ÚÁÄÁÞÕ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ÔÏÌØËÏ ÄÌÑ ÎÅÞÅÔÎÙÈÓÏÂÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÊ u(t), �ÏÜÔÏÍÕ �ÒÉ t ∈ (0; 1=2) ÉÍÅÅÍ:
−�u′′(t) = u(t) + 2 p′′2(t) 1=2∫0 p2(s)u(s) ds; u(0) = 0; u(1=2) = 0; (15)òÁÓÓÍÏÔÒÉÍ ÆÕÎË�ÉÉ �u(s) = u(s=2), �q2(s) = s ln(s) = 2 p2(s=2), ÚÁ-ÄÁÎÎÙÅ �ÒÉ s ∈ [0; 1℄. ðÅÒÅ�ÉÛÅÍ ÕÒÁ×ÎÅÎÉÅ (15) ÞÅÒÅÚ ÆÕÎË�ÉÉ �u(s),�p2(s):
−�� �u′′(t) = �u(t) + �p′′2(t) 1∫0 �p2(s) �u(s) ds; �u(0) = 0; �u(1) = 0; (16)ÇÄÅ t ∈ [0; 1℄, �� = 4�. ðÕÓÔØ 1=�� = �!2, 1=� = !2, ÔÏÇÄÁ ! = 2 �!. õÒÁ×-ÎÅÎÉÅ (16) Ó×ÏÄÉÔÓÑ Ë (12) �ÒÉ P (t) = �p′2(t) − �p′2(1=2). áÓÉÍ�ÔÏÔÉËÉ



220 à. ð. ðå�òï÷áÉÎÔÅÇÒÁÌÏ× CPj (�!), IPj (�!), j = 0; 1, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙ ÉÚ �ÒÅÄÌÏÖÅ-ÎÉÊ 2{4 ÉÚ �ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉÍÅÔ ×ÉÄ:0 = det1 = �24 os(�!)�!3 +O( 1�!4): (17)ïÔÓÀÄÁ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ k0 ∈ Z ÉÍÅÅÍ�!2k+k0 = �k + �2 +O( 1k); �ÏÜÔÏÍÕ !2k+k0 = 2�k + � +O(1k):ðÏ ÚÁÍÅÞÁÎÉÀ 1 ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ×ÏÚÍÕÝÅÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(2)k ÉÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ÉÓÈÏÄÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �̂k �ÅÒÅÍÅÖÁÀÔÓÑ, �ÏÜÔÏÍÕk0 = 0 É ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ ÄÏËÁÚÁÎÏ.3) õÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ ÓÌÅÄÕÅÔ ÉÚ ÚÁÍÅÞÁÎÉÑ 4.�ÅÏÒÅÍÁ 2. (ÌÏÇÉÓÔÉÞÅÓËÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ)óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(i)k ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ÓÏÏÔ×ÅÔÓÔ×Õ-ÀÝÉÈ �ÒÏ�ÅÓÓÁÍ X(i), i = 1; 2; 3, ×ÏÚÎÉËÁÀÝÉÍ �ÒÉ �ÒÏ×ÅÒËÅ ÎÁ ÌÏÇÉ-ÓÔÉÞÅÓËÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ, \ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÂÌÉÚËÉ" Ë ÞÉÓÌÁÍ �̃(i)k (×ÓÍÙÓÌÅ ∞∏k=1�(i)k =�̃(i)k < ∞), ÇÄÅ1) �̃(1)k = ((k + 1)�)−2;2) �̃(2)2k = �̃(2)2k+1 = ((2k + 1)�)−2;3) �̃(3)2k−1 = �̃(3)2k = ((2k + 1)�)−2:äÏËÁÚÁÔÅÌØÓÔ×Ï. 1) ÷ ÜÔÏÍ ÓÌÕÞÁÅ p′′1(t) ∈ L2(0; 1), �ÏÜÔÏÍÕ ÕÔ×ÅÒ-ÖÄÅÎÉÅ ÔÅÏÒÅÍÙ ÓÌÅÄÕÅÔ ÉÚ ÔÅÏÒÅÍÙ 2 ÓÔÁÔØÉ [14℄.2) ÷ ÜÔÏÍ ÓÌÕÞÁÅ �ÏÌÕÞÁÅÍ ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉ P (t) = p′2(t)−p′2(1=2).áÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ× CPj (!), IPj (!), j = 0; 1, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙÉÚ �ÒÅÄÌÏÖÅÎÉÊ 2{4 ÉÚ �ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉÍÅÔ ×ÉÄ:0 = det1(!) = 2 (os(!) + 1)! [ 9�24 (3 + �2) 1!2 +O( ln(!)!3 )]+ 2 sin(!)! · O( ln(!)!3 ): (18)ðÏÜÔÏÍÕ os(!=2) = 0 ÉÌÉ os(!=2) = O( ln(!)! ):



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 221ëÏÒÎÉ ÕÒÁ×ÎÅÎÉÑ os(!=2) = 0 ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ !(2)2k−1 = (2k − 1)�, ÁËÏÒÎÉ ×ÔÏÒÏÇÏ ÕÒÁ×ÎÅÎÉÑ os(!=2) = O( ln(!)! ) ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ !(2)2k =(2k + 1)� +O( 1k ) (ÔÁËÁÑ ÎÕÍÅÒÁ�ÉÑ ÓÌÅÄÕÅÔ ÉÚ ÚÁÍÅÞÁÎÉÑ 1).3) õÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ ÓÌÅÄÕÅÔ ÉÚ ÚÁÍÅÞÁÎÉÑ 4.�ÅÏÒÅÍÁ 3. (ÒÁÓ�ÒÅÄÅÌÅÎÉÅ çÕÍÂÅÌÑ)óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(i)k ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ÓÏÏÔ×ÅÔÓÔ×Õ-ÀÝÉÈ �ÒÏ�ÅÓÓÁÍ X(i), i = 1; 2; 3, ×ÏÚÎÉËÁÀÝÉÍ �ÒÉ �ÒÏ×ÅÒËÅ ÎÁ ÒÁÓ-�ÒÅÄÅÌÅÎÉÅ çÕÍÂÅÌÑ, \ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÂÌÉÚËÉ" Ë ÞÉÓÌÁÍ �̃(i)k (× ÓÍÙ-ÓÌÅ ∞∏k=1�(i)k =�̃(i)k < ∞), ÇÄÅ1) �̃(1)k = ((k + 1=2)�)−2;2) �̃(2)k = ((k + 1=2)� + rk)−2;rk = (−1)k · 2 artg( 1ln(ln(k)) + 1)− 1ln(k) ln(ln(k)) ;3) �̃(3)k = ((k + 1)� + rk)−2; rk = 2� ln(ln(k))ln(k) + � (−1)kln(k) :äÏËÁÚÁÔÅÌØÓÔ×Ï. 1) õÒÁ×ÎÅÎÉÅ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(1)k ÓÏ×�Á-ÄÁÅÔ Ó ÕÒÁ×ÎÅÎÉÅÍ (16), ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍÓÌÕÞÁÅ.2) ÷ ÜÔÏÍ ÓÌÕÞÁÅ �ÏÌÕÞÁÅÍ ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉ P (t) = p′2(t)−p′2(1=2).áÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ× CPj (!), IPj (!), j = 0; 1, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙÉÚ �ÒÅÄÌ. 2{4 ÉÚ �ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉÍÅÔ ×ÉÄ (ÎÁ�ÏÍÎÉÍ,ÞÔÏ  { ËÏÎÓÔÁÎÔÁ üÊÌÅÒÁ,  = (�2=6 + ( − 1)2)1=2):0 = det1(!) = �242!3(os(!)[(ln(ln(!)))2 + 2 ln(ln(!)) + 2+ 2 ( − 1) ln(ln(!))ln(!) ]
− sin(!) ln(ln(!))ln(!)+ 2 ln(ln(!)) + 2 +O( 1ln(!))):éÌÉ



222 à. ð. ðå�òï÷áos(!) = sin(!) · ln(ln(!))ln(!) − 2 ln(ln(!))− 2(ln(ln(!)))2 + 2 ln(ln(!)) + 2 + 2 ( − 1) · ln(ln(!))ln(!)+O( 1ln(!) (ln(ln(!)))2 ):�ÁË ËÁË �ÒÁ×ÁÑ ÞÁÓÔØ ÓÔÒÅÍÉÔÓÑ Ë 0 �ÒÉ ! → ∞, ÔÏ ÄÌÑ ÎÅËÏÔÏÒÏÇÏk0 ∈ Z ÉÍÅÅÍ !k+k0 = �k + �2 + rk, rk → 0. óÔÁÎÄÁÒÔÎÙÍÉ �ÒÉÅÍÁÍÉÁÓÉÍ�ÔÏÔÉÞÅÓËÏÇÏ ÍÅÔÏÄÁ ÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÊ �ÏÌÕÞÁÅÍ:!k+k0 = �k + �2 + (−1)k · 2 artg( 1ln(ln(k)) + 1)− 1ln(k) ln(ln(k))+O( 1ln(k)(ln(ln(k)))2 ):ðÏ ÚÁÍÅÞÁÎÉÀ 1 ÉÍÅÅÍ k0 = 0, ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ× ÜÔÏÍ ÓÌÕÞÁÅ.3) úÁÍÅÔÉÍ, ÞÔÏ p̃′′j (t) 6∈ L2(0; 1), Á ÚÎÁÞÉÔ ÏÂÝÉÅ ÔÅÏÒÅÍÙ ÉÚ [14℄ÔÕÔ ÎÅ ÒÁÂÏÔÁÀÔ (ÓÍ. ÚÁÍÅÞÁÎÉÅ 3). áÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ× Cwj (!),Iwj (!), Ivwj (!), j = 0; 1; v; w = P;Q, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙ ÉÚ �ÒÅÄÌÏÖÅ-ÎÉÊ 2{4 ÉÚ �ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (14) �ÒÉÍÅÔ ×ÉÄ:0 = det2(!) = 3�34 os(!)!4 ln(ln(!))ln(!) + 3�28 sin(!)!4
− 3�38 1!4 ln(!) +O( ln(ln(!))!4 ln2(!)):ïÔÓÀÄÁ, �ÏÓÌÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ, �ÏÌÕÞÁÅÍ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ k0 ∈ Z:!k+k0 = �k + 2� ln(ln(k))ln(k) + � (−1)kln(k) +O( ln(ln(k))ln2(k) ):ðÏÓËÏÌØËÕ �ÒÏ�ÅÓÓ X(3) Ñ×ÌÑÅÔÓÑ ÏÄÎÏÍÅÒÎÙÍ ×ÏÚÍÕÝÅÎÉÅÍ �ÒÏ�ÅÓÓÁX(1), ÔÏ �Ï ÚÁÍÅÞÁÎÉÀ 1 ÉÍÅÅÍ k0 = 1, ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.�ÅÏÒÅÍÁ 4. (ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÅ)óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(i)k ËÏ×ÁÒÉÁ�ÉÏÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ÓÏÏÔ×ÅÔÓÔ×Õ-ÀÝÉÈ �ÒÏ�ÅÓÓÁÍ X(i), i = 1; 2; 3, ×ÏÚÎÉËÁÀÝÉÍ �ÒÉ �ÒÏ×ÅÒËÅ ÎÁ ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÅ, \ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÂÌÉÚËÉ" Ë ÞÉÓÌÁÍ �̃(i)k (× ÓÍÙÓÌÅ
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∞∏k=1�(i)k =�̃(i)k < ∞), ÇÄÅ1) �̃(1)k = ((k + 1=2)�)−2; 2) �̃(2)k = ((k + 1=2)� + (−1)k · 2κ0ln(k) )−2;3) �̃(3)k = ((k + 1)�)−2:äÏËÁÚÁÔÅÌØÓÔ×Ï. óÔÁÎÄÁÒÔÎÙÍÉ ÍÅÔÏÄÁÍÉ ÁÎÁÌÉÚÁ �ÏÌÕÞÁÀÔÓÑ ÓÌÅ-ÄÕÀÝÉÅ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÅ ÆÏÒÍÕÌÙ ÄÌÑ (FGAM )−1 (ÄÌÑ �ÒÏÓÔÏÔÙ ÂÕ-ÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÅÅ F−1):F−1(t;�) =− � ln(1− t) + �(κ − 1) ln(− ln(1− t))− � ln(�(κ)) (19)

− � (κ − 1)(κ − 1) ln(− ln(1− t))− ln(�(κ)) + 1=�ln(1− t)+O( ln2(− ln(1− t))ln2(1− t) ) �ÒÉ t → 1;F−1(t;�) = t1=κ · � (�(κ + 1))1=κ

×
(1 + t1=κ

(�(κ + 1))1=κ(κ + 1) +O(t2=κ)) �ÒÉ t → 0: (20)1) ðÏÓËÏÌØËÕ �ÒÉ t → 1 ÉÍÅÅÍp′′1(t) = − 1√
κ0 1f(F−1(t;�0);�0) = CeF−1(t;�0)(F−1(t;�0))κ0−1 ∼ C1− t ;�ÏÌÕÞÁÅÍ, ÞÔÏ p′′1 (t) 6∈ L2(0; 1). úÁÍÅÔÉÍ ÔÁËÖÅ, ÞÔÏ P (t) = p′1(t) −p′1(1=2), Á ÔÁËÖÅ �ÏÓÔÒÏÅÎÎÙÅ �Ï ÎÅÊ P1(t) = t P ′(t), P2(t) = t P ′1(t) {ÍÅÄÌÅÎÎÏ ÍÅÎÑÀÝÉÅÓÑ �ÒÉ t → 1. ðÏÜÔÏÍÕ ÁÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ×CPj (!), IPj (!), j = 1; 2, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙ ÉÚ �ÒÅÄÌÏÖÅÎÉÊ 2{4 ÉÚ�ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉÍÅÔ ×ÉÄ:0 = det1(!)= 1!3 · os(!)�24κ0 − os(!)�2(κ0 − 1)2κ0 (κ0 − 1) ln(ln(!)) + 1− ln(�(κ0))!3 ln(!)+O( ln2(ln(!))ln2(!) 1!3):ïÔËÕÄÁ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ k0 ∈ Z ÉÍÅÅÍ !k+k0 = �k + �2 + O( ln2(ln(k))ln2(k) ).éÚ ÚÁÍÅÞÁÎÉÑ 1 ÓÌÅÄÕÅÔ, ÞÔÏ k0 = 0.



224 à. ð. ðå�òï÷á2) ðÏÓËÏÌØËÕ �ÒÉ t → 1 ÉÍÅÅÍp′′2(t) = dF−1(t;�0) f(F−1(t;�0);�0) ∼ C eF−1(t;�0)(F−1(t;�0))κ0 ∼ C(1− t) ln(1− t) ;�ÏÌÕÞÁÅÍ, ÞÔÏ p′′2 (t) 6∈ L2(0; 1). úÁÍÅÔÉÍ ÔÁËÖÅ, ÞÔÏ P (t) = p′2(t) −p′2(1=2), Á ÔÁËÖÅ �ÏÓÔÒÏÅÎÎÙÅ �Ï ÎÅÊ P1(t) = t P ′(t), P2(t) = t P ′1(t) {ÍÅÄÌÅÎÎÏ ÍÅÎÑÀÝÁÑÓÑ �ÒÉ t → 1. ðÏÜÔÏÍÕ ÁÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ×CPj (!), IPj (!), j = 1; 2, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙ ÉÚ �ÒÅÄÌÏÖÅÎÉÊ 2{4 ÉÚ�ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (12) �ÒÉÍÅÔ ×ÉÄ:0 = det1(!) = os(!)!3 �2d24κ20 − �2d22κ0 1!3 ln(!) +O( 1!3 ln2(!));ÇÄÅ ËÏÎÓÔÁÎÔÁ d Ï�ÒÅÄÅÌÅÎÁ × ÆÏÒÍÕÌÅ (10). ïÔËÕÄÁ ÄÌÑ ÎÅËÏÔÏÒÏÇÏk0 ∈ Z �ÏÌÕÞÁÅÍ !k+k0 = �k+ �2 + (−1)k·2κ0ln(k) +O( 1ln2(k)). éÚ ÚÁÍÅÞÁÎÉÑ 1ÓÌÅÄÕÅÔ, ÞÔÏ k0 = 0.3) úÁÍÅÔÉÍ, ÞÔÏ p̃′′j (t) 6∈ L2(0; 1), j = 0; 1. áÓÉÍ�ÔÏÔÉËÉ ÉÎÔÅÇÒÁÌÏ×Cwj (!), Iwj (!), Ivwj (!), j = 0; 1, v; w = P;Q, ÍÏÇÕÔ ÂÙÔØ ÎÁÊÄÅÎÙ ÉÚ�ÒÅÄÌÏÖÅÎÉÊ 2{4 ÉÚ �ÒÉÌÏÖÅÎÉÑ; ÕÒÁ×ÎÅÎÉÅ (14) �ÒÉÍÅÔ ×ÉÄ:0 = det2(!) = �416 (κ0d2 − 1)κ20 d2 · sin(!)!4 +O( ln2(ln(!))!4 ln2(!) ): (21)ïÔÓÀÄÁ �ÏÌÕÞÁÅÍ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ k0 ∈ Z:!k+k0 = �k +O( ln2(ln(k))ln2(k) ):ðÏÓËÏÌØËÕ �ÒÏ�ÅÓÓ X(3) Ñ×ÌÑÅÔÓÑ ÏÄÎÏÍÅÒÎÙÍ ×ÏÚÍÕÝÅÎÉÅÍ �ÒÏ�ÅÓÓÁX(1), ÔÏ �Ï ÚÁÍÅÞÁÎÉÀ 1 ÉÍÅÅÍ k0 = 1, ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.
§4. áÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÉ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ × L2÷Ï ×ÓÅÈ ÓÌÕÞÁÑÈ (ËÒÏÍÅ ÓÌÕÞÁÅ× 2) É 3) ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ çÕÍÂÅÌÑ)Á��ÒÏËÓÉÍÉÒÕÀÝÉÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ �̃k ÉÍÅÀÔ ÓÔÅ�ÅÎÎÏÅ �Ï×ÅÄÅ-ÎÉÅ �ÒÉ k → ∞, Ô.Å. [a(k+b)]−d. ðÏÜÔÏÍÕ × ÜÔÉÈ ÓÌÕÞÁÑÈ ÕÄÁÅÔÓÑ ÎÁÊÔÉÔÏÞÎÕÀ ÁÓÉÍ�ÔÏÔÉËÕ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ. ÷ ÓÌÕÞÁÑÈ 2) É 3) ÄÌÑ ÒÁÓ-�ÒÅÄÅÌÅÎÉÑ çÕÍÂÅÌÑ Á��ÒÏËÓÉÍÉÒÕÀÝÉÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ �̃k ÉÍÅ-ÀÔ ÂÏÌÅÅ ÓÌÏÖÎÏÅ �Ï×ÅÄÅÎÉÅ �ÒÉ k → ∞, �ÏÜÔÏÍÕ ÁÓÉÍ�ÔÏÔÉËÕ ÍÁÌÙÈÕËÌÏÎÅÎÉÊ ÕÄÁÅÔÓÑ ÎÁÊÔÉ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÍÕÌØÔÉ�ÌÉËÁÔÉ×ÎÏÊ ËÏÎÓÔÁÎ-ÔÙ.



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 225�ÅÏÒÅÍÁ 5. áÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÅÊ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÏ-�ÅÓÓÏ× X(i), i = 1; 2; 3, × ÓÌÕÞÁÅ �ÒÏ×ÅÒËÉ ÎÁ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ìÁ�ÌÁÓÁ(" → 0): 1) P(‖X(1)‖ < ") ∼ √2√� "−1 exp(− 18 "2); (22)2) P(‖X(2)‖ < ") ∼ √2�3=2 "−1 exp(− 18 "2); (23)3) P(‖X(3)‖ < ") ∼ 12√2�5=2 "−2 exp(− 18 "2): (24)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉÍÅÎÉÍ �ÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ (�ÒÅÄÌÏÖÅÎÉÅ 1).÷ ÓÌÕÞÁÑÈ 1) É 2) × ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂ-ÓÔ×ÅÎÎÙÍÉ ÞÉÓÌÁÍÉ k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (k ∈ N):k : = [(k + 1=2)�]−2: (25)éÚ×ÅÓÔÎÏ, ÞÔÏ [7, ÔÅÏÒÅÍÁ 6.2℄)P( ∞∑k=1 k �2k < "2) ∼ 4�3=2 "−1 exp(− 18 "2):îÁÊÄÅÍ ËÏÎÓÔÁÎÔÕ \ÒÁÓÈÏÖÄÅÎÉÑ" ÉÚ (2). äÌÑ ÜÔÏÇÏ ÒÁÓÓÍÏÔÒÉÍ:1) ( ∞∏k=1 k�(1)k )1=2 = limk→∞

(2�)2 · (4�)2 · : : : · (2k�)23�2 · 5�2 · : : : · (4k−1)�2 · (4k+1)�2 = �2√2 :2) ( ∞∏k=1 k�(2)k )1=2 = ( ∞∏k=1 k�̃(2)k )1=2
·
( ∞∏k=1 �̃(2)k�(2)k )1=2; (26)

( ∞∏k=1 k�̃(2)k )1=2 = limk→∞

� · (3�)2 · (5�)2 · : : : · ((2k + 1)�)23�2 · 5�2 · : : : · (4k+3)�2 = 1√2 : (27)úÁÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ !(2)k = (�(2)k )−1=2 É !̃(2)k = (�̃(2)k )−1=2Ñ×ÌÑÀÔÓÑ ËÏÒÎÑÍÉ ÓÌÅÄÕÀÝÉÈ �ÅÌÙÈ ÆÕÎË�ÉÊ (det1(!) Ï�ÒÅÄÅÌÅÎ ×ÆÏÒÍÕÌÅ (17)):H1(!)=−!2 · det1(!) · os(!=2); H2(!)= os2(!=2)1− !2�2 ; H1(0)=H2(0) = 1:



226 à. ð. ðå�òï÷á÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÌÅÍÍÏÊ 1 ÉÚ [17℄, �ÏÌÕÞÁÅÍ:
∞∏k=1 �̃(2)k�(2)k = lim

|!|=2�kk→∞

H2(!)H1(!)= lim
|!|=2�kk→∞

(os2(!=2)1− ( 2!� )2 : [−�24 !2 os2(!=2)(!=2)3 ]) = 14 ; (28)�ÒÉÞÅÍ �ÒÅÄÅÌ ÍÏÖÎÏ ÂÒÁÔØ ÔÏÌØËÏ �Ï ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ. ïÔÓÀÄÁ ÓÌÅ-ÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.3) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉÞÉÓÌÁÍÉ �k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (k ∈ N):�k := [(k + 1)�]−2: (29)éÚ×ÅÓÔÎÏ, ÞÔÏ [7, ÔÅÏÒÅÍÁ 6.2℄)P( ∞∑k=1 �k �2k < "2) ∼ 1√2�5=2 "−2 exp(− 18 "2): (30)îÁÊÄÅÍ ËÏÎÓÔÁÎÔÕ \ÒÁÓÈÏÖÄÅÎÉÑ". ëÏÍÂÉÎÉÒÕÑ ÒÅÚÕÌØÔÁÔÙ ÓÌÕÞÁÅ×1) É 2), �ÏÌÕÞÁÅÍ:
( ∞∏k=1 �k�(3)k )1=2 = ( ∞∏k=1 �2k�(2)2k )1=2

·
( ∞∏k=1 �2k−1�(1)2k−1)1=2= ( ∞∏k=1 �2k�(2)2k )1=2 = 12 ;ÏÔËÕÄÁ, ÉÓ�ÏÌØÚÕÑ ÆÏÒÍÕÌÕ (30), �ÏÌÕÞÁÅÍ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ ×ÜÔÏÍ ÓÌÕÞÁÅ.�ÅÏÒÅÍÁ 6. áÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÅÊ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÏ-�ÅÓÓÏ× X(i), i = 1; 2; 3, × ÓÌÕÞÁÅ �ÒÏ×ÅÒËÉ ÎÁ ÌÏÇÉÓÔÉÞÅÓËÏÅ ÒÁÓ�ÒÅÄÅ-ÌÅÎÉÅ (" → 0):1) P(‖X(1)‖ < ") ∼ 2√15√� "−2 exp(− 18 "2); (31)2) P(‖X(2)‖ < ") ∼ 4√3 + �23√2�3=2 "−1 exp(− 18 "2); (32)3) P(‖X(3)‖ < ") ∼ 4√15 (3 + �2)3�3=2 "−3 exp(− 18 "2): (33)



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 227äÏËÁÚÁÔÅÌØÓÔ×Ï. 1) ÷ ÄÁÎÎÏÍ ÓÌÕÞÁÅ p′′1 (t) ∈ L2(0; 1), �ÏÜÔÏÍÕ �ÏÔÅÏÒÅÍÅ 3 ÉÚ ÒÁÂÏÔÙ [14℄ ×ÅÒÏÑÔÎÏÓÔØ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÍÏÖÎÏ ÎÁÊÔÉ�Ï ÆÏÒÍÕÌÅ:P(‖X(1)‖ < ") ∼ 1
‖p′′1‖2 (2 "2)−1P(‖B‖ < ")= 2√15√� "−2 exp(− 18 "2); "→ 0:÷ ÓÌÕÞÁÑÈ 2) É 3) �ÒÉÍÅÎÉÍ �ÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ (�ÒÅÄÌÏÖÅÎÉÅ 1).2) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉ-ÓÌÁÍÉ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ k, Ï�ÒÅÄÅÌÅÎÎÙÍÉ × (25). îÁÊÄÅÍËÏÎÓÔÁÎÔÕ \ÒÁÓÈÏÖÄÅÎÉÑ". áÎÁÌÏÇÉÞÎÏ ÓÌÕÞÁÀ 2) ÔÅÏÒÅÍÙ 5 �ÏÌÕÞÁ-ÅÍ ÆÏÒÍÕÌÙ (26) É (27). îÁÊÄÅÍ ∏ �̃(2)k =�(2)k . úÁÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÏ-×ÁÔÅÌØÎÏÓÔÉ !(2)k = (�(2)k )−1=2 É !̃(2)k = (�̃(2)k )−1=2 Ñ×ÌÑÀÔÓÑ ËÏÒÎÑÍÉÓÌÅÄÕÀÝÉÈ �ÅÌÙÈ ÆÕÎË�ÉÊ (det1(!) Ï�ÒÅÄÅÌÅÎ × ÆÏÒÍÕÌÅ (18)):H1(!) = −! · det1(!); H2(!) = os2(!=2)1− !2�2 ; H1(0) = H2(0) = 1:÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÌÅÍÍÏÊ 1 ÉÚ [17℄, �ÏÌÕÞÁÅÍ:

∞∏k=1 �̃(2)k�(2)k = lim
|!|=2�kk→∞

H2(!)H1(!)= lim
|!|=2�kk→∞

(os2(!=2)1− (!� )2 : [− 9�2(3 + �2) os2(!=2)!2 ]) = 3 + �29 ; (34)�ÒÉÞÅÍ �ÒÅÄÅÌ ÍÏÖÎÏ ÂÒÁÔØ ÔÏÌØËÏ �Ï ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ. ïÔÓÀÄÁ ÓÌÅ-ÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.3) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉÞÉÓÌÁÍÉ �k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (k ∈ N):�k : = [(k + 3=2)�]−2; k ∈ N:éÚ×ÅÓÔÎÏ, ÞÔÏ [7, ÔÅÏÒÅÍÁ 6.2℄P( ∞∑k=1 �k�2k < "2) ∼ 43�5=2 "−3 exp(− 18"2):



228 à. ð. ðå�òï÷áîÁÊÄÅÍ ËÏÎÓÔÁÎÔÕ \ÒÁÓÈÏÖÄÅÎÉÑ". ÷×ÅÄÅÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ:�2k−1 = �2k = [(2k + 1)�℄−2, k ∈ N. éÍÅÅÍ
( ∞∏k=1 �k�(3)k )1=2 = ( ∞∏k=1 �k�(3)k )1=2

·
( ∞∏k=1 �k�k)1=2= ( ∞∏k=1 �2k−1�(1)2k−1)1=2
·
( ∞∏k=1 �2k�(2)2k )1=2

·
( ∞∏k=1 �k�k)1=2:éÚ [14, ÆÏÒÍÕÌÁ (2.10)℄, (34) É (27) �ÏÌÕÞÁÅÍ

( ∞∏k=1 �2k−1�(1)2k−1)1=2 = √30�; ( ∞∏k=1 �2k�(2)2k )1=2 = √3 + �23 ;
( ∞∏k=1 �k�k)1=2 = 3√22 ;ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.�ÅÏÒÅÍÁ 7. áÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÅÊ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÏ-�ÅÓÓÏ× X(i), i = 1; 2; 3, × ÓÌÕÞÁÅ �ÒÏ×ÅÒËÉ ÎÁ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ çÕÍÂÅÌÑ(" → 0):1) P(‖X(1)‖ < ") ∼ 4�3=2 "−1 exp(− 18 "2); (35)2) P(‖X(2)‖ < ") ∼ D · 1ln(ln("−1)) "−1 exp(− 18 "2); (36)3) P(‖X(3)‖ < ") ∼ D · exp(2� ln2(ln("−1))) "−2 exp(− 18 "2): (37)úÁÍÅÞÁÎÉÅ 6. ÷ ÓÌÕÞÁÑÈ 2) É 3) ÍÕÌØÔÉ�ÌÉËÁÔÉ×ÎÕÀ ËÏÎÓÔÁÎÔÕ DÎÁÊÔÉ ÎÅ ÕÄÁÅÔÓÑ.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉÍÅÎÉÍ �ÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ (�ÒÅÄÌÏÖÅÎÉÅ 1).1) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉÓÌÁ-ÍÉ k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ, Ï�ÒÅÄÅÌÅÎÎÙÍÉ × (25). òÁÓÓÕÖÄÁÑÁÎÁÌÏÇÉÞÎÏ ÓÌÕÞÁÀ 2) ÔÅÏÒÅÍÙ 5, ÉÍÅÅÍ:

∞∏k=1 k�(1)k = lim
|!|=2�kk→∞

( os(!)1− ( 2!� )2 : [−�24 os(!)! ]) = 1;



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 229ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.2) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉ-ÓÌÁÍÉ �k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (k ∈ N):�k := [(k + 1=2)� − 1ln(k) ln(ln(k))]−2:ðÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ �ÒÉÍÅÎÉÍ, �ÏÔÏÍÕ ÞÔÏ
∞∏k=1 �k�(2)k = ∞∏k=1(1 + O( 1k ln(k) (ln(ln(k)))2 )) < ∞:ðÏ ÔÅÏÒÅÍÅ 4 ÉÚ [17℄ ÉÍÅÅÍ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.3) ÷ ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉ-ÓÌÁÍÉ �k ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (k ∈ N):�k := [(k + 1)� + 2� ln(ln(k))ln(k) ]−2:ðÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ �ÒÉÍÅÎÉÍ, �ÏÔÏÍÕ ÞÔÏ

∞∏k=1 �k�(3)k = ∞∏k=1(1 +O( ln(ln(k))k ln2(k) )) <∞:ðÏ ÔÅÏÒÅÍÅ 4 ÉÚ [17℄ ÉÍÅÅÍ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.�ÅÏÒÅÍÁ 8. áÓÉÍ�ÔÏÔÉËÁ ×ÅÒÏÑÔÎÏÓÔÅÊ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÏ-�ÅÓÓÏ× X(i), i = 1; 2; 3, × ÓÌÕÞÁÅ �ÒÏ×ÅÒËÉ ÎÁ ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÅ(" → 0):1) P(‖X(1)‖ < ") ∼ 4κ
1=20�3=2 "−1 exp(− 18 "2); (38)2) P(‖X(2)‖ < ") ∼ 4 dκ0�3=2 "−1 exp(− 18 "2); (39)3) P(‖X(3)‖ < ") ∼ κ0 d√2(κ0d2 − 1)�7=2 "−2 exp(− 18 "2); (40)ÇÄÅ ËÏÎÓÔÁÎÔÁ d Ï�ÒÅÄÅÌÅÎÁ × ÆÏÒÍÕÌÅ (10) (ÚÁÍÅÔÉÍ, ÞÔÏ (κ0 d2 −1) = det(S) > 0).úÁÍÅÞÁÎÉÅ 7. ðÒÉ κ0 = 1 ÇÁÍÍÁ-ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ÓÏ×�ÁÄÁÅÔ Ó ÜËÓ�Ï-ÎÅÎ�ÉÁÌØÎÙÍ, �ÏÜÔÏÍÕ ÆÏÒÍÕÌÁ (38) ÄÁÅÔ ÁÓÉÍ�ÔÏÔÉËÕ ×ÅÒÏÑÔÎÏÓÔÉÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ ÄÌÑ �ÒÅÄÅÌØÎÏÇÏ �ÒÏ�ÅÓÓÁ �ÒÉ �ÒÏ×ÅÒËÅ ×ÙÂÏÒËÉ ÎÁÜËÓ�ÏÎÅÎ�ÉÁÌØÎÏÓÔØ × ÓÌÕÞÁÅ, ËÏÇÄÁ ÓÒÅÄÎÅË×ÁÄÒÁÔÉÞÅÓËÏÅ ÏÔËÌÏÎÅÎÉÅÏ�ÅÎÉ×ÁÅÔÓÑ �Ï ×ÙÂÏÒËÅ.



230 à. ð. ðå�òï÷áäÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉÍÅÎÉÍ �ÒÉÎ�É� ÓÒÁ×ÎÅÎÉÑ ìÉ (�ÒÅÄÌÏÖÅÎÉÅ 1).÷ ÓÌÕÞÁÑÈ 1) É 2) × ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂ-ÓÔ×ÅÎÎÙÍÉ ÞÉÓÌÁÍÉ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ k, Ï�ÒÅÄÅÌÅÎÎÙÍÉ ×ÆÏÒÍÕÌÅ (25). òÁÓÓÕÖÄÁÑ ÁÎÁÌÏÇÉÞÎÏ ÓÌÕÞÁÀ 2) ÔÅÏÒÅÍÙ 5, �ÏÌÕÞÁÅÍ:1) ∞∏k=1 k�(1)k = lim
|!|=2�kk→∞

( os(!)1− ( 2!� )2 : [− �24κ0 os(!)! ]) = κ0;2) ∞∏k=1 k�(2)k = lim
|!|=2�kk→∞

( os(!)1− ( 2!� )2 : [− �24κ20 d2 os(!)! ]) = κ
20d2;ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÉÈ ÓÌÕÞÁÑÈ.3) áÎÁÌÏÇÉÞÎÏ ÓÌÕÞÁÀ 3) ÔÅÏÒÅÍÙ 5 × ËÁÞÅÓÔ×Å Á��ÒÏËÓÉÍÁ�ÉÉ ×ÏÚØ-ÍÅÍ �ÒÏ�ÅÓÓ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉÓÌÁÍÉ ËÏ×ÁÒÉÁ�ÉÏÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �k,Ï�ÒÅÄÅÌÅÎÎÙÍÉ × ÆÏÒÍÕÌÅ (29). îÁÊÄÅÍ ËÏÎÓÔÁÎÔÕ \ÒÁÓÈÏÖÄÅÎÉÑ". ðÏ-ÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ !(3)k = (�(3)k )−1=2 É !̃(3)k = (�k)−1=2 Ñ×ÌÑÀÔÓÑ ËÏÒÎÑÍÉÓÌÅÄÕÀÝÉÈ �ÅÌÙÈ ÆÕÎË�ÉÊ (det2(!) Ï�ÒÅÄÅÌÅÎ × ÆÏÒÍÕÌÅ (21)):H1(!) = −!3 · det2(!); H2(!) = sin(!)!(1− 4!2�2 ) ; H1(0) = H2(0) = 1:÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÌÅÍÍÏÊ 1 ÉÚ [17℄. ðÏÌÕÞÁÅÍ

∞∏k=1 �k�(3)k = lim
|!|=2�kk→∞

H2(!)H1(!)= lim
|!|=2�kk→∞

( sin(!)!(1− ( 2!� )2) : [− �416κ20d2(κ0d2 − 1) sin(!)!3 ])= 4κ20d2(κ0d2 − 1)�2 ;�ÒÉÞÅÍ �ÒÅÄÅÌ ÍÏÖÎÏ ÂÒÁÔØ ÔÏÌØËÏ �Ï ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ. ïÔÓÀÄÁ ÓÌÅ-ÄÕÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ × ÜÔÏÍ ÓÌÕÞÁÅ.
§5. ðÒÉÌÏÖÅÎÉÅðÕÓÔØ ÆÕÎË�ÉÑ F (t) ÚÁÄÁÎÁ ÎÁ �ÏÌÕÉÎÔÅÒ×ÁÌÅ (0; 1=2℄, F (1=2) = 0,É ÆÕÎË�ÉÉ F0(t) = F (t), Fn+1(t) = t F ′n(t), n ≥ 0, Ñ×ÌÑÀÔÓÑ ÍÅÄÌÅÎÎÏÍÅÎÑÀÝÉÍÉÓÑ × ÎÕÌÅ.



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 231ðÒÅÄÌÏÖÅÎÉÅ 2. (ÔÅÏÒÅÍÁ 1, [17℄) ðÒÉ ! → ∞ ÉÍÅÅÔ ÍÅÓÔÏ ÆÏÒÍÕ-ÌÁ: 1=2∫0 F (t) os(!t) dt = 1! N∑k=1 osk Fk( 1!)+RosN ;ÇÄÅosk = −
∞∫0 sin(x)x lnk−1(x)(k − 1)! dx; k ≥ 1; |RosN | ≤ C(F;N) · ∣∣FN+1( 1! )∣∣! :ðÒÅÄÌÏÖÅÎÉÅ 3. (ÔÅÏÒÅÍÁ 2, [17℄) ðÒÉ ! → ∞ ÉÍÅÅÔ ÍÅÓÔÏ ÆÏÒÍÕ-ÌÁ: 1=2∫0 F (t) sin(!t) dt = 1! N∑k=0 k Fk( 1!)+RN ;ÇÄÅ 0 = 1 É �ÒÉ k ≥ 1k = −

1∫0 1− os(x)x lnk−1(x)(k − 1)! dx+ ∞∫1 os(x)x lnk−1(x)(k − 1)! dx;
|RN | ≤ C(F;N) · |FN+1( 1! )|! :ðÒÅÄÌÏÖÅÎÉÅ 4. ðÒÉ ! → ∞ ÉÍÅÅÔ ÍÅÓÔÏ ÆÏÒÍÕÌÁ:1=2∫0 �∫0 F (t)G(�) sin(!�) os(!t) dt d� = 12! 1=2∫0 F (t)G(t) dt+ 1!2 N∑n=2 ∑k+m=nk;m≥1 ak;m Fk( 1!)Gm( 1!)+RN ;ÇÄÅ ak;m = −

∞∫0 sin(x)x lnk−1(x)(k − 1)! ∞∫x os(y)y lnm−1(y)(m− 1)! dy dx;
|RN | ≤ C(F;G;N)!2 ∑i+j=N+1i;j≥1 ∣∣∣Fi( 1!)Gj( 1!)∣∣∣:



232 à. ð. ðå�òï÷áäÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ G(t) = F (t) �ÒÅÄÌÏÖÅÎÉÅ ÄÏËÁÚÁÎÏ × [17, ÔÅÏ-ÒÅÍÁ 3℄. äÏËÁÚÁÔÅÌØÓÔ×Ï × ÏÂÝÅÍ ÓÌÕÞÁÅ �ÒÏÈÏÄÉÔ ÂÅÚ ÉÚÍÅÎÅÎÉÊ.ñ �ÒÉÚÎÁÔÅÌØÎÁ á. é. îÁÚÁÒÏ×Õ ÚÁ �ÅÎÎÙÅ ÓÏ×ÅÔÙ É ÒÅÄÁËÔÏÒÓËÉÅ�ÒÁ×ËÉ. ìÉÔÅÒÁÔÕÒÁ1. í. ìÉÆÛÉ�, ìÅË�ÉÉ �Ï ÇÁÕÓÓÏ×ÓËÉÍ ÓÌÕÞÁÊÎÙÍ �ÒÏ�ÅÓÓÁÍ. óðÂ, ìÁÎØ, 2016.2. ç. óÙÔÁÑ, ï ÎÅËÏÔÏÒÙÈ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÈ �ÒÅÄÓÔÁ×ÌÅÎÉÑÈ ÇÁÕÓÓÏ×ÓËÏÊ ÍÅÒÙ× ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×Å. | �ÅÏÒÉÑ ÓÌÕÞÁÊÎÙÈ �ÒÏ�ÅÓÓÏ×, 1974.3. V. M. Zolotarev, Gaussian measure asymptotis in L2 on a set of entered sphereswith radii tending to zero. | In: 12th Europ. Meeting of Statistiians, Varna, 254,1979.4. J. Ho�mann-Jorgensen, L. A. Shepp, R. M. Dudley, On the lower tail of Gaussianseminorms. | Ann. Probab. 7 (1979), 319{342.5. é. éÂÒÁÇÉÍÏ×, ï ×ÅÒÏÑÔÎÏÓÔÉ �Ï�ÁÄÁÎÉÑ ÇÁÕÓÓÏ×Á ×ÅËÔÏÒÁ ÓÏ ÚÎÁÞÅÎÉÑÍÉ ×ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×Å × ÓÆÅÒÕ ÍÁÌÏÇÏ ÒÁÄÉÕÓÁ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ.ðïíé 85 (1979), 75{93.6. T. Dunker, M. A. Lifshits, W. Linde, Small deviation probabilities of sums of in-dependent random variables. | In: High Dimension. Probab. 43 (1998), 59{74.7. A. I. Nazarov, Ya. Yu. Nikitin, Exat L2-small ball behavior of integrated Gaussianproesses and spetral asymptotis of boundary value problems. | Probab. TheoryRelat. Fields 129, No. 4 (2004), 469{494.8. W. V. Li, Comparison results for the lower tail of Gaussian seminorms. | J.Theoret. Probab. 5, No. 1 (1992), 1{31.9. F. Gao, J. Hannig, F. Toraso, Comparison theorems for small deviations of randomseries. | Eletron. J. Probab. 8, No. 21 (2003), 1{17.10. A. I. Nazarov, Exat small ball asymptotis of Gaussian proesses and the spetrumof boundary value problems. | J. Theoret. Probab. 22, No. 3 (2009), 640{665.11. J. Durbin, Weak onvergene of the sample distribution funtion when parametersare estimated. | Ann. Statist. 1, No. 2 (1973), 279{290.12. é. çÉÈÍÁÎ, ï ÎÅËÏÔÏÒÙÈ �ÒÅÄÅÌØÎÙÈ ÔÅÏÒÅÍÁÈ ÄÌÑ ÕÓÌÏ×ÎÙÈ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÉÏ Ó×ÑÚÁÎÎÙÈ Ó ÎÉÍÉ ÚÁÄÁÞÁÈ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÓÔÁÔÉÓÔÉËÉ. | õËÒ. ÍÁÔÅÍ.ÖÕÒÎ. 5, No. 4 (1953).13. é. çÉÈÍÁÎ, ðÒÏ�ÅÓÓÙ íÁÒËÏ×Á × ÚÁÄÁÞÁÈ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÓÔÁÔÉÓÔÉËÉ. |õËÒ. ÍÁÔÅÍ. ÖÕÒÎ. 6 (1954), 28{36.14. á. îÁÚÁÒÏ×, ïÂ ÏÄÎÏÍ ÓÅÍÅÊÓÔ×Å �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ÇÁÕÓÓÏ×ÓËÉÈ ÓÌÕÞÁÊÎÙÈÆÕÎË�ÉÊ. | �ÅÏÒÉÑ ×ÅÒÏÑÔÎ. É ÅÅ �ÒÉÍÅÎ. 54, No. 2 (2009), 209{225.15. á. ÷ÌÁÄÉÍÉÒÏ×, é. ûÅÊ�ÁË, ï ÚÁÄÁÞÅ îÅÊÍÁÎÁ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ ûÔÕÒÍÁ-ìÉÕ×ÉÌÌÑ Ó ÓÁÍÏ�ÏÄÏÂÎÙÍ ×ÅÓÏÍ ËÁÎÔÏÒÏ×ÓËÏÇÏ ÔÉ�Á. | æÕÎË�ÉÏÎ. ÁÎÁÌÉÚÉ ÅÇÏ �ÒÉÌÏÖÅÎ. 47, No. 4 (2013), 18{29.16. í. âÉÒÍÁÎ, í. óÏÌÏÍÑË, ó�ÅËÔÒÁÌØÎÁÑ ÔÅÏÒÉÑ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÈ Ï�ÅÒÁÔÏ-ÒÏ× × ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×Å: õÞÅÂÎÏÅ �ÏÓÏÂÉÅ. éÚÄÁÔÅÌØÓÔ×Ï ìÅÎÉÎ-ÇÒÁÄÓËÏÇÏ ÕÎÉ×ÅÒÓÉÔÅÔÁ, 1980.



�ïþîáñ áóéíð�ï�éëá íáìùè õëìïîåîéê 23317. á. îÁÚÁÒÏ×, à. ð. ðÅÔÒÏ×Á, áÓÉÍ�ÔÏÔÉËÁ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊ × ÇÉÌØÂÅÒÔÏ×ÏÊÎÏÒÍÅ ÄÌÑ �ÒÏ�ÅÓÓÏ× ëÁ�Á-ëÉÆÅÒÁ-÷ÏÌØÆÏ×É�Á. | �ÅÏÒÉÑ ×ÅÒÏÑÔÎ. É ÅÅ �ÒÉ-ÍÅÎ. 60, No. 3 (2015), 482{505.18. M. Ka, J. Kiefer, J. Wolfowitz, On tests of normality and other tests of goodnessof �t based on distane methods. | Ann. Math. Statist. 26, No. 2 (1955), 189{211.19. M. B. æÅÄÏÒÀË, íÅÔÏÄ �ÅÒÅ×ÁÌÁ. îÁÕËÁ. çÌ. ÒÅÄ. ÆÉÚ.-ÍÁÔ. ÌÉÔ., 1977.Petrova Yu. P. Exat L2-small ball asymptotis for some Durbin pro-esses.We �nd the exat L2-small ball asymptotis for some Durbin proess-es. These proesses are �nite dimentional perturbations of the Brownianbridge B(t) and naturally appear in statistis as limit ones when buildinggoodness-of-�t tests of !2-type for testing a sample for some distributionwith estimated parameters. Earlier, in the work of Nazarov and Petrova,Ka{Kiefer{Wolfowitz proesses (whih orrespond for testing normality)were onsidered, where a tehnique for obtaining asymptotis of osillat-ing integrals with a slowly varying amplitude was developed. Due to this,it is possible to alulate the asymptotis of small deviations for Durbinproesses for ertain distributions (Laplae, logisti, Gumbel, gamma).ðÏÓÔÕ�ÉÌÏ 23 ÎÏÑÂÒÑ 2017 Ç.198504, òÏÓÓÉÑ, óÁÎËÔ-ðÅÔÅÒÂÕÒÇ,óÔÁÒÙÊ ðÅÔÅÒÇÏÆ,õÎÉ×ÅÒÓÉÔÅÔÓËÉÊ �ÒÏÓ�ÅËÔ, ÄÏÍ 28,óðÂçõ, ÍÁÔÅÍÁÔÉËÏ-ÍÅÈÁÎÉÞÅÓËÉÊ ÆÁËÕÌØÔÅÔE-mail : yu.pe.petrova�yandex.ru


