
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 458, 2017 Ç.÷. ç. öÕÒÁ×ÌÅ×äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�øíîïçïíåòîùè ãåðîùè äòïâåê ó×ÅÔÌÏÊ �ÁÍÑÔÉçÁÌÉÎÙ ÷ÁÓÉÌØÅ×ÎÙ ëÕÚØÍÉÎÏÊ�ÏÓ×ÑÝÑÅÔÓÑäÏËÁÚÙ×ÁÅÔÓÑ ÉÎ×ÁÒÉÁÎÔÎÏÓÔØ ÉÍ�ÌÅËÓ-ÑÄÅÒÎÏÇÏ ÁÌÇÏÒÉÔÍÁ ÒÁÚ-ÌÏÖÅÎÉÑ ×ÅÝÅÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ � = (�1; : : : ; �d) × ÍÎÏÇÏÍÅÒÎÙÅ �Å�ÎÙÅÄÒÏÂÉ ÏÔÎÏÓÉÔÅÌØÎÏ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÙÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ �′ = (�′1; : : :,�′d) = U〈�〉 Ó ÍÁÔÒÉ�ÁÍÉ U , �ÒÉÎÁÄÌÅÖÁÝÉÍÉ ÕÎÉÍÏÄÕÌÑÒÎÏÊ ÇÒÕ��ÅGLd+1(Z). äÌÑ �ÒÅÏÂÒÁÚÏ×ÁÎÎÙÈ ÎÁÂÏÒÏ× ÞÉÓÅÌ �′ ÎÁÊÄÅÎÙ �ÏÄÈÏÄÑ-ÝÉÅ �Å�ÎÙÅ ÄÒÏÂÉ Ó ÎÁÉÌÕÞÛÉÍÉ �ÒÉÂÌÉÖÅÎÉÑÍÉ Ë �′.÷×ÅÄÅÎÉÅ0.1. óÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊ ÁÌÇÏÒÉÔÍ. ÷ [1℄ ÂÙÌ �ÒÅÄÌÏÖÅÎ ÕÎÉ×ÅÒ-ÓÁÌØÎÙÊ ÓÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊ ÁÌÇÏÒÉÔÍ ÒÁÚÌÏÖÅÎÉÑ ×ÅÝÅÓÔ×ÅÎÎÙÈ ÁÌÇÅ-ÂÒÁÉÞÅÓËÉÈ ÞÉÓÅÌ � = (�1; : : : ; �d) × ÍÎÏÇÏÍÅÒÎÙÅ �Å�ÎÙÅ ÄÒÏÂÉ. ÷ ÓÌÕ-ÞÁÅ ÉÒÒÁ�ÉÏÎÁÌØÎÙÈ ÔÏÞÅË �, ËÏÇÄÁ ÞÉÓÌÁ 1; �1; : : : ; �d ÌÉÎÅÊÎÏ ÎÅÚÁ-×ÉÓÉÍÙ ÎÁÄ ËÏÌØ�ÏÍ �ÅÌÙÈ ÒÁ�ÉÏÎÁÌØÎÙÈ ÞÉÓÅÌ Z, ÓÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊÁÌÇÏÒÉÔÍ ÒÁÂÏÔÁÅÔ �Ï ÓÌÅÄÕÀÝÅÊ ÓÈÅÍÅ. ÷ÙÂÉÒÁÅÔÓÑ �ÅÌÅ×ÁÑ ÆÕÎË�ÉÑ}(r). äÁÎÎÁÑ ÆÕÎË�ÉÑ É ÔÏÞËÁ � Ï�ÒÅÄÅÌÑÀÔ ÎÅËÏÔÏÒÕÀ }-ÓÔÒÁÔÅÇÉÀ�ÏÓÔÒÏÅÎÉÑ ÂÅÓËÏÎÅÞÎÏÊ ÍÏÎÏÔÏÎÎÏÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉs = s0 ⊃ s1 ⊃ : : : ⊃ sn ⊃ : : : ∋ �; (0.1)ÓÏÓÔÏÑÝÉÊ ÉÚ d-ÍÅÒÎÙÈ ÏÔËÒÙÔÙÈ ÓÉÍ�ÌÅËÓÏ× sn Ó ÒÁ�ÉÏÎÁÌØÎÙÍÉ×ÅÒÛÉÎÁÍÉ. óÉÍ�ÌÅËÓÙ (0.1) ÏÂÌÁÄÁÀÔ Ó×ÏÊÓÔ×ÏÍ ÍÉÎÉÍÁÌØÎÏÓÔÉ:1) ÌÀÂÁÑ ÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ PQ = (P1Q ; : : : ; PdQ ) ÎÅ �Ï�ÁÄÁÅÔPQ =∈ sn (0.2)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÍÎÏÇÏÍÅÒÎÙÅ �Å�ÎÙÅ ÄÒÏÂÉ, ÎÁÉÌÕÞÛÉÅ �ÒÉÂÌÉÖÅÎÉÑ, ÓÕÍÍÙæÁÒÅÑ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ ÆÉÎÁÎÓÏ×ÏÊ �ÏÄÄÅÒÖËÅ òîæ, ÇÒÁÎÔ No. 14-11-00433.42



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 43× ÓÉÍ�ÌÅËÓ sn, ÅÓÌÉ ÅÅ ÏÂÝÉÊ ÚÎÁÍÅÎÁÔÅÌØ 1 6 Q < Qn, ÇÄÅ Qn {ÚÎÁÍÅÎÁÔÅÌØ ÔÏÞËÉ æÁÒÅÑPnQn = (Pn1Qn ; : : : ; PndQn ) (0.3)ÓÉÍ�ÌÅËÓÁ sn, ÒÁ×ÎÏÊ ÓÕÍÍÅ æÁÒÅÑ ×ÓÅÈ ÅÇÏ ×ÅÒÛÉÎ;2) ÅÄÉÎÓÔ×ÅÎÎÏÊ ÔÏÞËÏÊ PQ ÓÏ ÚÎÁÍÅÎÁÔÅÌÅÍ Q = Qn, ÓÏÄÅÒÖÁÝÅÊÓÑ× ÓÉÍ�ÌÅËÓÅ PQ ∈ sn; (0.4)Ñ×ÌÑÅÔÓÑ ÔÏÞËÁ æÁÒÅÑ PQ = PnQn .éÚ ×ËÌÀÞÅÎÉÑ � ∈ sn É Ó×ÏÊÓÔ×Á ÍÉÎÉÍÁÌØÎÏÓÔÉ (0.2)-(0.4) ÓÉÍ-�ÌÅËÓÁ sn ÓÌÅÄÕÅÔ, ÞÔÏ ÔÏÞËÁ æÁÒÅÑ PnQn ÄÁÅÔ ÎÁÉÌÕÞÛÅÅ �ÒÉÂÌÉÖÅÎÉÅÄÌÑ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ � ÏÔÎÏÓÉÔÅÌØÎÏ sn-ÎÏÒÍÙ, ÄÌÑ ËÏÔÏÒÏÊ ×ËÁÞÅÓÔ×Å ×Ù�ÕËÌÏÇÏ ÔÅÌÁ ×ÙÂÒÁÎ ÓÁÍ ÓÉÍ�ÌÅËÓ sn. ÷ ÜÔÏÍ ÓÏÓÔÏÉÔ ÇÅÏ-ÍÅÔÒÉÞÅÓËÉÊ ÓÍÙÓÌ ÍÉÎÉÍÁÌØÎÏÓÔÉ ÓÉÍ�ÌÅËÓÏ× sn × �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏ-ÓÔÉ (0.1).÷ [1℄ ÂÙÌÁ ÄÏËÁÚÁÎÁ ÓÌÅÄÕÀÝÁÑ Ï�ÅÎËÁ (ÓÍ. ÔÅÏÒÅÍÕ 8.1)
∣∣∣∣∣�1 − Pn1Qn ∣∣∣∣∣+ : : :+ ∣∣∣∣∣�d − PndQn ∣∣∣∣∣ 6

Q1+�∗n (0.5)ÄÌÑ ×ÓÅÈ n > n�∗ . úÄÅÓØ ËÏÎÓÔÁÎÔÁ  > 0 É ÎÉÖÎÑÑ ÇÒÁÎÉ�Á n�∗ ÄÌÑ nÏ�ÒÅÄÅÌÑÀÔÓÑ ×ÙÂÏÒÏÍ �ÏËÁÚÁÔÅÌÑ �∗ < �(�; }), ÇÄÅ �(�; }) { ÄÉÏÆÁÎ-ÔÏ×Á ÜËÓ�ÏÎÅÎÔÁ, ÚÁ×ÉÓÑÝÁÑ ÏÔ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ � = (�1; : : : ; �d)É �ÅÌÅ×ÏÊ ÆÕÎË�ÉÉ }(r). äÉÏÆÁÎÔÏ×Á ÜËÓ�ÏÎÅÎÔÁ Ï�ÒÅÄÅÌÑÅÔÓÑ ÒÁ×ÅÎ-ÓÔ×ÏÍ �(�; }) = supn′>0 infn>n′

− ln }(rn)ln Qn ;ÇÄÅ rn { ÑÄÒÁ ÉÎÄÕ�ÉÒÏ×ÁÎÎÙÈ ÒÁÚÂÉÅÎÉÊ ÔÏÒÏ× Td, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅÓÉÍ�ÌÅËÓÁÍ sn ÉÚ (0.1). ïÔÓÀÄÁ É (0.4) �ÒÏÉÓÔÅËÁÅÔ ÎÁÚ×ÁÎÉÅ ÄÌÑ ÒÁÓ-ÓÍÁÔÒÉ×ÁÅÍÏÇÏ ÚÄÅÓØ ÓÉÍ�ÌÅËÓ-ÑÄÅÒÎÏÇÏ ÁÌÇÏÒÉÔÍÁ. ñÄÒÁ rn �ÏÄÒÏÂÎÏÉÓÓÌÅÄÏ×ÁÎÙ × [3℄ × ÓÌÕÞÁÅ ÒÁÚÍÅÒÎÏÓÔÉ d = 2 É × [4℄ ÄÌÑ �ÒÏÉÚ×ÏÌØÎÏ-ÇÏ d.ðÒÉÂÌÉÖÅÎÉÅ (0.5) ÎÅÔÒÉ×ÉÁÌØÎÏ, ÅÓÌÉ ×Ù�ÏÌÎÑÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Ï�∗ > 0. äÁÎÎÏÅ ÔÒÅÂÏ×ÁÎÉÅ ÍÏÖÎÏ ÕÄÏ×ÌÅÔ×ÏÒÉÔØ ÔÏÌØËÏ × ÓÌÕÞÁÅ,ËÏÇÄÁ ÄÉÏÆÁÎÔÏ×Á ÜËÓ�ÏÎÅÎÔÁ �(�; }) > 0, { ÜÔÏ ÏÓÎÏ×ÎÏÅ ÔÒÅÂÏ×ÁÎÉÅ,ËÏÔÏÒÏÅ ÎÅÏÂÈÏÄÉÍÏ ×Ù�ÏÌÎÉÔØ �ÒÉ ×ÙÂÏÒÅ �ÅÌÅ×ÏÊ ÆÕÎË�ÉÉ }(r).



44 ÷. ç. öõòá÷ìå÷0.2. äÒÏÂÎÏ-ÌÉÎÅÊÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ. ãÅÌØ ÎÁÓÔÏÑÝÅÊ ÓÔÁÔØÉ{ ÉÓÓÌÅÄÏ×ÁÔØ, ÎÁÓËÏÌØËÏ ÓÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊ ÁÌÇÏÒÉÔÍ (0.1) ÉÎ×ÁÒÉÁÎ-ÔÅÎ ÏÔÎÏÓÉÔÅÌØÎÏ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÙÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ�′ = (�′1; : : : ; �′d) = U〈�〉 (0.6)ÂÁÚÏ×ÙÈ ÔÏÞÅË � Ó ÍÁÔÒÉ�ÁÍÉ U , �ÒÉÎÁÄÌÅÖÁÝÉÍÉ ÕÎÉÍÏÄÕÌÑÒÎÏÊÇÒÕ��Å GLd+1(Z).÷ ÔÅÏÒÅÍÅ 12.2 ÄÏËÁÚÙ×ÁÅÔÓÑ ÓÕÝÅÓÔ×Ï×ÁÎÉÅ ÔÁËÏÇÏ ÎÁÔÕÒÁÌØÎÏÇÏÞÉÓÌÁ n�;U;�∗ , ÄÌÑ ËÏÔÏÒÏÇÏ �ÒÉ×ÅÄÅÎÎÁÑ ×ÙÛÅ Ï�ÅÎËÁ (0.5) �ÒÉÎÉÍÁÅÔ×ÉÄ ∣∣∣∣∣�′1 − P′n1Q′n ∣∣∣∣∣+ : : :+ ∣∣∣∣∣�′d − P′ndQ′n ∣∣∣∣∣ 6
′

|Q′n|1+�∗
(0.7)ÄÌÑ ×ÓÅÈ n > n�;U;�∗ . ðÒÉ ÜÔÏÍ �ÏÄÈÏÄÑÝÉÅ ÄÒÏÂÉ × (0.7) �ÒÅÏÂÒÁÚÕ-ÀÔÓÑ (P′n1Q′n ; : : : ; P′ndQ′n ) = U〈(Pn1Qn ; : : : ; PndQn )〉 (0.8)�Ï ÔÏÍÕ ÖÅ �ÒÁ×ÉÌÕ (0.6), ÞÔÏ É ÂÁÚÉÓÎÁÑ ÔÏÞËÁ �;  ′ =  · �;U , ÇÄÅ  {ËÏÎÓÔÁÎÔÁ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á (0.5) É ÍÎÏÖÉÔÅÌØ �;U > 0 ÚÁ×ÉÓÉÔ ÔÏÌØËÏÏÔ ÔÏÞËÉ � É ×ÙÂÏÒÁ ÕÎÉÍÏÄÕÌÑÒÎÏÊ ÍÁÔÒÉ�Ù U × (0.6).âÏÌÅÅ ÔÏÇÏ, ÏÔÍÅÔÉÍ (ÓÍ. ÔÅÏÒÅÍÕ 12.1), ÞÔÏ �ÏÌÕÞÁÅÍÙÅ ÔÁËÉÍÏÂÒÁÚÏÍ �ÒÉÂÌÉÖÅÎÉÑ (0.8) ÏÓÔÁÀÔÓÑ ÎÁÉÌÕÞÛÉÍÉ ÄÌÑ ÎÏ×ÏÊ ÔÏÞËÉ�′, ÎÏ ÕÖÅ ÏÔÎÏÓÉÔÅÌØÎÏ ÄÒÕÇÉÈ s′n-ÎÏÒÍ, ÄÌÑ ËÏÔÏÒÙÈ × ËÁÞÅÓÔ×Å ×Ù-�ÕËÌÙÈ ÔÅÌ ×ÙÂÉÒÁÀÔÓÑ ÓÉÍ�ÌÅËÓÙ s′n = U〈sn〉, ÔÁËÖÅ ÏÂÌÁÄÁÀÝÉÅÓÔÑÇÉ×ÁÀÝÉÍ Ó×ÏÊÓÔ×ÏÍ (0.1) É Ó×ÏÊÓÔ×ÏÍ ÍÉÎÉÍÁÌØÎÏÓÔÉ (0.2){(0.4).0.3. ó×ÑÚÉ Ó ÄÒÕÇÉÍÉ ÒÁÂÏÔÁÍÉ. óÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊ ÁÌÇÏÒÉÔÍ ÏÓ-ÎÏ×ÁÎ ÎÁ ÉÎÄÕ�ÉÒÏ×ÁÎÎÙÈ ÔÏÒÉÞÅÓËÉÈ ÒÁÚÂÉÅÎÉÑÈ, �ÅÒ×ÏÅ �ÒÉÍÅÎÅÎÉÅËÏÔÏÒÙÈ Ë ÚÁÄÁÞÁÍ ÎÁÈÏÖÄÅÎÉÑ ÎÁÉÌÕÞÛÉÈ ÍÎÏÇÏÍÅÒÎÙÈ �ÒÉÂÌÉÖÅ-ÎÉÊ ÂÙÌÏ ÎÁÊÄÅÎÏ × [3, 4℄.÷ÓÅ ÒÁ�ÉÏÎÁÌØÎÙÅ ×ÅÒÛÉÎÙ ÓÉÍ�ÌÅËÓÏ× sn ÉÍÅÀÔ ÔÏÔ ÖÅ �ÏÒÑÄÏË�ÒÉÂÌÉÖÅÎÉÑ Ë ÔÏÞËÅ �, ÞÔÏ É ÔÏÞËÉ æÁÒÅÑ PnQn ÉÚ (0.3), ÎÏ ÔÏÌØ-ËÏ �ÏÓÌÅÄÎÉÅ Ñ×ÌÑÀÔÓÑ ÎÁÉÌÕÞÛÉÍÉ �ÒÉÂÌÉÖÅÎÉÑÍÉ. äÌÑ Ä×ÕÍÅÒÎÙÈ�ÒÉÂÌÉÖÅÎÉÊ Ï�ÅÒÁ�ÉÑ ÓÌÏÖÅÎÉÑ æÁÒÅÑ ÔÏÞÅË × ÒÁÚÎÙÈ ×ÁÒÉÁÎÔÁÈ ÉÓ-�ÏÌØÚÏ×ÁÌÁÓØ × [5{11℄. ïÄÎÏÍÅÒÎÙÊ ÓÌÕÞÁÊ ÓÍ., ÎÁ�ÒÉÍÅÒ, [12℄. ïÂÅÄÉ-ÎÅÎÉÅ ÜÔÉÈ Ä×ÕÈ �ÏÄÈÏÄÏ×: ÉÎÄÕ�ÉÒÏ×ÁÎÎÙÈ ÒÁÚÂÉÅÎÉÉÊ É ÓÕÍÍ æÁÒÅÑ{ ÂÙÌÏ ÏÓÕÝÅÓÔ×ÌÅÎÏ × ÒÁÂÏÔÅ [1℄.



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 45
§1. óÏÇÌÁÓÏ×ÁÎÎÙÅ ÍÎÏÖÅÓÔ×Á ×ÅËÔÏÒÏ× É ÉÈ�ÒÏÉÚ×ÏÄÎÙÅ1.1. óÏÇÌÁÓÏ×ÁÎÎÙÅ ÍÎÏÖÅÓÔ×Á ×ÅËÔÏÒÏ×. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ �ÓÏ×ÏËÕ�ÎÏÓÔØ ×ÓÅÈ ÓÏÞÅÔÁÎÉÊ � ÉÚ Ä×ÕÈ ÜÌÅÍÅÎÔÏ× {k1; k2} ÉÚ ÍÎÏ-ÖÅÓÔ×Á ÉÎÄÅËÓÏ× {0; 1; : : : ; d}. ðÕÓÔØ v0; v1; : : : ; vd { �ÒÏÉÚ×ÏÌØÎÙÅ ×ÅË-ÔÏÒÙ ÉÚ Rd É �′ = {k′1; : : : ; k′d−1} { ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ Ë � ÓÏÞÅÔÁÎÉÅ ×

{0; 1; : : : ; d}. íÅÖÄÕ � ∈ � É ÄÏ�ÏÌÎÉÔÅÌØÎÙÍÉ Ë ÎÉÍ ÓÏÞÅÔÁÎÉÑÍÉ�′ ∈ � ÓÕÝÅÓÔ×ÕÅÔ ×ÚÁÉÍÎÏ ÏÄÎÏÚÎÁÞÎÏÅ ÓÏÏÔ×ÅÔÓÔ×ÉÅ � ⇔ �′: äÁ-ÌÅÅ ÍÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÎÅÕ�ÏÒÑÄÏÞÅÎÎÙÅ ÍÎÏÖÅÓÔ×Á ×ÅËÔÏÒÏ×
{v0; v1; : : : ; vd}.ï�ÒÅÄÅÌÅÎÉÅ 1.1. ðÕÓÔØ ÌÀÂÙÅ d− 1 ×ÅËÔÏÒÁ ÉÚ {v0; v1; : : : ; vd} ÌÉ-ÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÙ. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ H�′ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ, ÓÏÄÅÒÖÁ-ÝÕÀ ×ÅËÔÏÒÙ vk′j Ó ÉÎÄÅËÓÁÍÉ k′j ÉÚ �′. �ÏÇÄÁ ÔÁËÏÅ ÍÎÏÖÅÓÔ×Ï ×ÅË-ÔÏÒÏ× {v0; v1; : : : ; vd} ÎÁÚÏ×ÅÍ ÓÏÇÌÁÓÏ×ÁÎÎÙÍ, ÅÓÌÉ ÄÌÑ ×ÓÅÈ ÄÏ�ÏÌ-ÎÉÔÅÌØÎÙÈ Ë �′ ÓÏÞÅÔÁÎÉÊ � = {k1; k2} ∈ � ×ÅËÔÏÒÙ vk1 , vk2 ÉÚ
{v0; v1; : : : ; vd} ÎÅ �ÒÉÎÁÄÌÅÖÁÔ ÇÉ�ÅÒ�ÌÏÓËÏÓÔÉ H�′ É ÌÅÖÁÔ �Ï ÏÔ-ÎÏÛÅÎÉÀ Ë ÎÅÊ × ÒÁÚÎÙÈ �ÏÌÕ�ÒÏÓÔÒÁÎÓÔ×ÁÈ H+�′ É H−�′ .îÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ ÓÏÇÌÁÓÏ×ÁÎÎÏÓÔÉ ÓÌÅÄÕÅÔ, ÞÔÏ ÌÀ-ÂÙÅ D ×ÅËÔÏÒÁ ÉÚ {v0; v1; : : : ; vd} ÂÕÄÕÔ ÌÉÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÙ.ï�ÒÅÄÅÌÅÎÉÅ 1.2. ìÀÂÏÅ ÓÏÇÌÁÓÏ×ÁÎÎÏÅ ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ×v = {v0; v1; : : : ; vd} (1.1)ÉÚ Rd ÂÕÄÅÍ ÄÌÑ ËÒÁÔËÏÓÔÉ ÎÁÚÙ×ÁÔØ Ú×ÅÚÄÏÊ.ïÂßÑÓÎÅÎÉÅÍ ÎÁÚ×ÁÎÉÑ Ú×ÅÚÄÙ ÍÏÖÅÔ ÓÌÕÖÉÔØ ÓÌÅÄÕÀÝÉÊ ËÒÉÔÅ-ÒÉÊ.ëÒÉÔÅÒÉÊ 1.1. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ �(v) ÎÁÔÑÎÕÔÙÊ ÎÁ ×ÅËÔÏÒÙ Ú×ÅÚÄÙv ÚÁÍËÎÕÔÙÊ ÓÉÍ�ÌÅËÓ, É �ÕÓÔØ �int(v) { ×ÎÕÔÒÅÎÎÑÑ ÞÁÓÔØ ÓÉÍ�ÌÅËÓÁ.�ÏÇÄÁ ÕÓÌÏ×ÉÅ ÎÁ ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ× v ÂÙÔØ Ú×ÅÚÄÏÊ ÒÁ×ÎÏÓÉÌØÎÏÕÓÌÏ×ÉÀ 0 ∈ �int(v): (1.2)1.2. ðÒÏÉÚ×ÏÄÎÙÅ Ú×ÅÚÄÙ. äÁÌÅÅ ÍÙ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁ-ÞÅÎÉÑ X = X1 ⊔X2; X = X1 ∪X2 (1.3)ÄÌÑ ÓÔÒÏÇÏÇÏ É ÎÅÓÔÒÏÇÏÇÏ ÒÁÚÂÉÅÎÉÊ ÍÎÏÖÅÓÔ×Á X × ÓÌÕÞÁÅ, ÅÓÌÉX1 ∩X2 = ∅ É X int1 ∩X int2 = ∅ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, ÇÄÅ X intk { ÍÎÏÖÅÓÔ×Ï×ÎÕÔÒÅÎÎÉÈ ÔÏÞÅË ÉÚ Xk.



46 ÷. ç. öõòá÷ìå÷éÚ Ï�ÒÅÄÅÌÅÎÉÑ 1.1 ×ÙÔÅËÁÅÔ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.ìÅÍÍÁ 1.1. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÄÌÑ ÎÅËÏÔÏÒÏÇÏ ÓÏÞÅÔÁÎÉÑ � = {k1,k2} ÉÚ � ÓÕÍÍÁ ×ÅËÔÏÒÏ× v� = vk1 + vk2 Ú×ÅÚÄÙ v = {v0; v1; : : : ; vD} ÎÅ�ÒÉÎÁÄÌÅÖÉÔ ÇÉ�ÅÒ�ÌÏÓËÏÓÔÉ H�′ , ÇÄÅ �′ { ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÓÏÞÅÔÁ-ÎÉÅ ÄÌÑ �. �ÏÇÄÁ �ÒÉ ÜÔÏÍ ÕÓÌÏ×ÉÉ ÔÏÌØËÏ ÏÄÎÏ ÉÚ ÍÎÏÖÅÓÔ×v(�) ⊔ v(�′) (1.4)ÂÕÄÅÔ ÓÏÇÌÁÓÏ×ÁÎÎÙÍ. úÄÅÓØ v(�) = {vk1 ; v�} ÉÌÉ v(�) = {v� ; vk2} ×ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ ÔÏÇÏ, ËÁËÉÅ ÉÚ �ÁÒ ×ÅËÔÏÒÏ× vk1 , v� ÉÌÉ vk2 , v� �ÒÉ-ÎÁÄÌÅÖÁÔ ÒÁÚÎÙÍ �ÏÌÕ�ÒÏÓÔÒÁÎÓÔ×ÁÍ H±�′ , É v(�′) { ÄÏ�ÏÌÎÉÔÅÌØÎÏÅÄÌÑ v(�) ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ× ÉÚ Ú×ÅÚÄÙ v.
�úÁÍÅÔÉÍ, ÞÔÏ ÏÄÎÏÚÎÁÞÎÏÓÔØ ×ÙÂÏÒÁ ÍÎÏÖÅÓÔ×Á v(�) × (1.4) ÇÁÒÁÎ-ÔÉÒÏ×ÁÎÁ ÏÇÒÁÎÉÞÅÎÉÅÍ ÎÁ ÓÕÍÍÕ ×ÅËÔÏÒÏ× v� =∈ H�′ .ï�ÒÅÄÅÌÅÎÉÅ 1.3. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ v� = v(�)⊔v(�′) ÔÏ ÍÎÏÖÅÓÔ×Ï×ÅËÔÏÒÏ× ÉÚ (1.4), ËÏÔÏÒÏÅ Ñ×ÌÑÅÔÓÑ ÓÏÇÌÁÓÏ×ÁÎÎÙÍ. åÓÌÉ ÓÕÝÅÓÔ×Õ-ÀÔ ÍÎÏÖÅÓÔ×Á ×ÅËÔÏÒÏ× v� ÄÌÑ ×ÓÅÈ ÓÏÞÅÔÁÎÉÊ � ∈ �, Ô.Å. ÄÌÑ ×ÓÅÈ� ×Ù�ÏÌÎÑÅÔÓÑ ÕÓÌÏ×ÉÅ ÌÅÍÍÙ 1.1, ÔÏ ÂÕÄÅÍ ÇÏ×ÏÒÉÔØ, ÞÔÏ ÓÏÇÌÁÓÏ-×ÁÎÎÏÅ ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ× {v0; v1; : : : ; vd} ÎÅ×ÙÒÏÖÄÅÎÏ ÉÌÉ ÂÏÌÅÅËÒÁÔËÏ { Ú×ÅÚÄÁ v = {v0; v1; : : : ; vd} ÎÅ×ÙÒÏÖÄÅÎÁ.�ÁËÉÍ ÏÂÒÁÚÏÍ, ÓÏÇÌÁÓÎÏ Ï�ÒÅÄÅÌÅÎÉÀ 1.3 ÄÌÑ ×ÓÅÈ ÓÏÞÅÔÁÎÉÊ � =

{k1; k2} ÉÚ � ÎÁ ÍÎÏÖÅÓÔ×Å ÎÅ×ÙÒÏÖÄÅÎÎÙÈ Ú×ÅÚÄ v = {v0; v1; : : : ; vd}Ï�ÒÅÄÅÌÅÎÏ ÏÔÏÂÒÁÖÅÎÉÅv �
−→ v� = {v�0 ; v�1 ; : : : ; v�d }; (1.5)ÇÄÅ v�k1 = vk1 ; v�k2 = v� ÉÌÉ v�k1 = v� ; v�k2 = vk2 × ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ×Ù�ÏÌÎÅÎÉÑ ÕÓÌÏ×ÉÑ ÉÚ (1.4), É v�k′ = vk′ ÄÌÑ ×ÓÅÈ k′ ∈ �′:ú×ÅÚÄÕ v� ÉÚ (1.5) ÎÁÚÏ×ÅÍ �-�ÒÏÉÚ×ÏÄÎÏÊ ÎÅÒÙ×ÏÖÄÅÎÎÏÊ Ú×ÅÚÄÙ v.äÌÑ ÎÅÒÙ×ÏÖÄÅÎÎÏÊ Ú×ÅÚÄÙ v ÓÕÝÅÓÔ×ÕÀÔ C2d+1 = (d+1)d2 ÅÅ �ÒÏÉÚ×ÏÄ-ÎÙÈ Ú×ÅÚÄ v� .

§2. óÉÍ�ÌÅËÓÙ2.1. ìÉÎÅÊÎÙÅ ÕÎÉÍÏÄÕÌÑÒÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ. ïÓÎÏ×ÎÏÊ ÏÂ-ÌÁÓÔØÀ ÄÌÑ ÎÁÓ ÂÕÄÅÔ ÚÁÍËÎÕÔÙÊ d-ÍÅÒÎÙÊ ÅÄÉÎÉÞÎÙÊ ÓÉÍ�ÌÅËÓ △e =
△de Ó ×ÅÒÛÉÎÁÍÉ × ÔÏÞËÁÈe0 = (0; : : : ; 0); e1 = (1; : : : ; 0); : : : ; ed = (0; : : : ; 1)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 47ÉÚ �ÒÏÓÔÒÁÎÓÔ×Á Rd.÷ÙÄÅÌÉÍ × ÕÎÉÍÏÄÕÌÑÒÎÏÊ ÇÒÕ��Å GLd+1(Z), ÓÏÓÔÏÑÝÅÊ ÉÚ �ÅÌÏÞÉ-ÓÌÅÎÎÙÈ ÍÁÔÒÉ� �ÏÒÑÄËÁ d + 1 Ó Ï�ÒÅÄÅÌÉÔÅÌÅÍ ±1, �ÏÄÇÒÕ��Õ G0 =GLd+1;0(Z) ÉÚ ÍÁÔÒÉ� U = ( V L0 1 ) ; (2.1)ÇÄÅ V ∈ GLd(Z) É L =  l1...ld  { �ÒÏÉÚ×ÏÌØÎÙÊ �ÅÌÏÞÉÓÌÅÎÎÙÊ ÓÔÏÌÂÅ�.çÒÕ��Á G0 ÄÅÊÓÔ×ÕÅÔ ÎÁ ÔÏÞËÉ � = (�1; : : : ; �d) ÉÚ Rd �Ï ÆÏÒÍÕÌÅU� = V �+ L; ÇÄÅ � ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ËÁË ÓÔÏÌÂÅ�� =  �1...�d  : (2.2)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÇÒÕ��ÁG0 ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ �ÅÌÏÞÉÓÌÅÎÎÙÍ ÕÎÉÍÏÄÕÌÑÒ-ÎÙÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑÍ �ÒÏÓÔÒÁÎÓÔ×Á Rd.�ÏÞËÕ (×ÅËÔÏÒ) � ÉÚ (2.2) ÎÁÚÏ×ÅÍ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ (ÉÒÒÁ�ÉÏÎÁÌØ-ÎÙÍ), ÅÓÌÉ ×Ù�ÏÌÎÑÅÔÓÑ ÕÓÌÏ×ÉÅ:ÞÉÓÌÁ 1; �1; : : : ; �d ÌÉÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÙ ÎÁÄ ËÏÌØ�ÏÍ Z: (2.3)2.2. õÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓÎÙÊ ÓÉÍ�ÌÅËÓ.ðÒÅÄÌÏÖÅÎÉÅ 2.1. åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ, ÔÏ ÓÕÝÅÓÔ×ÕÅÔÔÁËÁÑ ÍÁÔÒÉ�Á U ∈ G0, ÞÔÏ ×Ù�ÏÌÎÑÅÔÓÑ ×ËÌÀÞÅÎÉÅ� ∈ △dU ; (2.4)ÇÄÅ △dU = U△de.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. [2℄. �óÉÍ�ÌÅËÓ △dU ÉÚ (2.4) ÎÁÚÏ×ÅÍ ÂÁÚÉÓÎÙÍ. åÇÏ ÏÓÎÏ×ÎÏÅ Ó×ÏÊÓÔ×Ï ÓÏ-ÓÔÏÉÔ × ÔÏÍ, ÞÔÏ ÏÎ Ñ×ÌÑÅÔÓÑ ÕÎÉÍÏÄÕÌÑÒÎÙÍ: ×ÅËÔÏÒÙ, ×ÙÈÏÄÑÝÉÅ ÉÚÏÄÎÏÊ ÅÇÏ ×ÅÒÛÉÎÙ ×Ï ×ÓÅ ÏÓÔÁÌØÎÙÅ ×ÅÒÛÉÎÙ, ÏÂÒÁÚÕÀÔ ÕÎÉÍÏÄÕÌÑÒ-ÎÙÊ ÂÁÚÉÓ, Ô.Å. ÎÅËÏÔÏÒÙÊ ÂÁÚÉÓ ËÕÂÉÞÅÓËÏÊ ÒÅÛÅÔËÉ Zd.



48 ÷. ç. öõòá÷ìå÷2.3. âÁÚÉÓÎÙÊ ÓÉÍ�ÌÅËÓ. ÷ÙÂÅÒÅÍ × ËÁÞÅÓÔ×Å s ÂÁÚÉÓÎÙÊ ÓÉÍ�ÌÅËÓ
△ = △dU (2.5)ÉÚ �ÒÅÄÌÏÖÅÎÉÑ 2.1. ïÎ ÉÍÅÅÔ �ÅÌÏÞÉÓÌÅÎÎÙÅ ×ÅÒÛÉÎÙvi = Uei = PiQi ; (2.6)ÇÄÅ �ÏÌÁÇÁÅÍ Qi = 1 ÄÌÑ ×ÓÅÈ i = 0; 1; : : : ; d. ÷ÅËÔÏÒÙv′i = vi − v0 = V ei (2.7)ÄÌÑ i = 1; : : : ; d Ó ÍÁÔÒÉ�ÅÊ V ∈ GLd(Z) ÏÂÒÁÚÕÀÔ ÕÎÉÍÏÄÕÌÑÒÎÙÊÂÁÚÉÓ. ðÏÜÔÏÍÕ ÓÉÍ�ÌÅËÓ (2.5) ÉÍÅÅÔ ÏÂßÅÍvol△ = 1d! : (2.8)2.4. óÕ�ÅÒÓÉÍ�ÌÅËÓ. ï�ÒÅÄÅÌÉÍ ÓÌÅÄÕÀÝÉÊ ÓÕ�ÅÒÓÉÍ�ÌÅËÓ

△̂ = △̂dU ⊂ R
d+1: (2.9)ïÎ ÉÍÅÅÔ d+ 2 ×ÅÒÛÉÎÙ: d+ 1 �ÅÌÏÞÉÓÌÅÎÎÕÀ ×ÅÒÛÉÎÕv̂i = Ûei = ( vi1 ) (2.10)Ó ÉÎÄÅËÓÁÍÉ i = 0; 1; : : : ; d É ÅÝÅ ÏÄÎÕ ×ÅÒÛÉÎÕ × ÎÁÞÁÌÅ ËÏÏÒÄÉÎÁÔ0 ∈ Rd+1. éÚ (2.7) É (2.10) ÓÌÅÄÕÅÔ, ÞÔÏ ×ÅËÔÏÒÙv̂i = v̂i − 0ÄÌÑ i = 0; 1; : : : ; d ÏÂÒÁÚÕÀÔ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ É �ÏÜÔÏÍÕ ÓÕ�ÅÒ-ÓÉÍ�ÌÅËÓ (2.9), ËÁË É ÂÁÚÉÓÎÙÊ ÓÉÍ�ÌÅËÓ (2.8), ÉÍÅÅÔ ÏÂßÅÍvol △̂ = 1(d+ 1)! : (2.11)äÁÌÅÅ ×ÙÈÏÄÑÝÉÅ ÉÚ ÎÁÞÁÌÁ ËÏÏÒÄÉÎÁÔ ×ÅËÔÏÒÙ É ÉÈ ËÏÎ�Ù ÂÕÄÅÍÏÔÏÖÄÅÓÔ×ÌÑÔØ.

§3. äÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ �ÅÎÔÒÉÒÏ×ÁÎÎÙÈÕÎÉÍÏÄÕÌÑÒÎÙÈ ÂÁÚÉÓÏ×3.1. ãÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ. ëÁË ÕÖÅ ÂÙÌÏ ÓËÁ-ÚÁÎÏ, ÍÎÏÖÅÓÔ×Ï ÒÅÂÅÒ V̂ = {v̂0; v̂1; : : : ; v̂d} (3.1)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 49ÓÕ�ÅÒÓÉÍ�ÌÅËÓÁ △̂ ÉÚ (2.9) ÏÂÒÁÚÕÀÔ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ × �ÒÏÓÔÒÁÎ-ÓÔ×Å Rd+1. âÁÚÉÓÎÙÊ ÓÉÍ�ÌÅËÓ △ ÉÚ (2.5) Ñ×ÌÑÅÔÓÑ ÇÒÁÎØÀ ÓÕ�ÅÒÓÉÍ-�ÌÅËÓÁ △̂ É △ ÓÏÄÅÒÖÉÔ × ËÁÞÅÓÔ×Å ×ÎÕÔÒÅÎÎÅÊ ÔÏÞËÕ �. �ÁËÏÊ △̂ÎÁÚÏ×ÅÍ �ÅÎÔÒÉÒÏ×ÁÎÎÙÍ ÕÎÉÍÏÄÕÌÑÒÎÙÍ ÓÉÍ�ÌÅËÓÏÍ ÉÌÉ ËÒÁÔËÏ {CU -ÓÉÍ�ÌÅËÓÏÍ.åÍÕ ÏÔ×ÅÞÁÅÔ �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ V̂ ÉÚ (3.1)(CU -ÂÁÚÉÓ), �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÌÕÞÏÍ R+�̂. ðÏÓÌÅÄÎÅÅ ÏÚÎÁÞÁÅÔ, ÞÔÏ×ÎÕÔÒÅÎÎÑÑ ÏÂÌÁÓÔØ ËÏÎÕÓÁ R+V̂ ÓÏÄÅÒÖÉÔ ÌÕÞ R+�̂.úÁ�ÉÛÅÍ ×ÅËÔÏÒÙ CU -ÂÁÚÉÓÁ (3.1) × ×ÉÄÅ ÓÔÏÌÂ�Ï×v̂0 =  P01...P0dQ0  ; v̂1 =  P11...P1dQ1  ; : : : ; v̂d =  Pd1...PddQd  ; (3.2)ÉÍÅÀÝÉÈ �ÅÌÙÅ ËÏÏÒÄÉÎÁÔÙ. óÏÓÔÁ×ÌÅÎÎÁÑ ÉÚ ËÏÏÒÄÉÎÁÔ (3.2) ÍÁÔÒÉ-�Á S ÕÎÉÍÏÄÕÌÑÒÎÁ.3.2. ðÒÏÓÔÒÁÎÓÔ×Á. ÷×ÅÄÅÍ ÓÌÅÄÕÀÝÉÅ �ÏÎÑÔÉÑ:S = Rd+1; K = Rd (3.3){ ÓÕ�ÅÒ�ÒÏÓÔÒÁÎÓÔ×Ï É ÑÄÅÒÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï (karyon spae), ×ÌÏ-ÖÅÎÎÏÅ K ,→ K0 ⊂ S (3.4)× S ËÁË ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ,K0 = {(x; 0) : x ∈ K} (3.5){ ÑÄÅÒÎÁÑ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ3.3. ðÒÏÅË�ÉÉ. ï�ÒÅÄÅÌÉÍ ÓÌÅÄÕÀÝÉÅ �ÒÏÅË�ÉÉ:S pr0−−→ K0 �0−→ K; (3.6)ÇÄÅpr0 : (x1; : : : ; xd; xd+1) 7→ (x1 − �1xd+1; : : : ; xd − �dxd+1; 0) (3.7)



50 ÷. ç. öõòá÷ìå÷{ �ÁÒÁÌÌÅÌØÎÁÑ �ÒÏÅË�ÉÑ ×ÄÏÌØ ×ÅËÔÏÒÁ�̂ =  �1...�d1 
 (3.8)É �0 : (x1; : : : ; xd; 0) 7→ (x1; : : : ; xd) (3.9){ ÉÚÏÍÏÒÆÉÚÍ. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ� = �0 ◦ pr0 (3.10)ËÏÍ�ÏÚÉ�ÉÀ ÏÔÏÂÒÁÖÅÎÉÊ (3.7) É (3.9).3.4. ãÅÎÔÒÉÒÏ×ÁÎÎÙÅ ÕÎÉÍÏÄÕÌÑÒÎÙÅ ÂÁÚÉÓÙ É Ú×ÅÚÄÙ. ðÕÓÔØV̂ { CU -ÂÁÚÉÓ, Ï�ÒÅÄÅÌÅÎÎÙÊ × (3.1). åÇÏ �ÒÏÅË�ÉÑ (3.10)� : V̂ → r (3.11)�ÒÅÄÓÔÁ×ÌÑÅÔ ÓÏÂÏÀ ÍÎÏÖÅÓÔ×Ï r = {r0; r1; : : : ; rd}, ÓÏÓÔÏÑÝÅÅ ÉÚ ×ÅË-ÔÏÒÏ× ri = �(v̂i) = vi − � (3.12)ÄÌÑ i = 0; 1; : : : ; d × ÑÄÅÒÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å K ÉÚ (3.3), (3.4).ðÒÅÄÌÏÖÅÎÉÅ 3.1. åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2) É V̂ { �ÅÎ-ÔÒÉÒÏ×ÁÎÎÙÊ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ (3.1), ÔÏ ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ× rÉÚ (3.11) ÏÂÒÁÚÕÅÔ ÎÅ×ÙÒÏÖÄÅÎÎÕÀ Ú×ÅÚÄÕ.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �3.5. äÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ ÂÁÚÉÓÏ×. ëÁË ÕÖÅ ÏÔÍÅÞÁÌÏÓØ, ÏÔÏÂÒÁ-ÖÅÎÉÅ (3.11) ÚÁÄÁÅÔ ÂÉÅË�ÉÀ ÍÅÖÄÕ ×ÅËÔÏÒÁÍÉ CU -ÂÁÚÉÓÁ V̂ É ÌÕÞÁÍÉÚ×ÅÚÄÙ r. ðÏÓËÏÌØËÕ ÏÎÏ Ñ×ÌÑÅÔÓÑ ÌÉÎÅÊÎÙÍ ÏÔÏÂÒÁÖÅÎÉÅÍ, ÔÏ Ó �Ï-ÍÏÝØÀ ËÏÍÍÕÔÁÔÉ×ÎÏÊ ÄÉÁÇÒÁÍÍÙV̂ �

//�
��

r�
��V̂ � �

// r� (3.13)ÍÏÖÎÏ �ÅÒÅÎÅÓÔÉ Ï�ÅÒÁ�ÉÉ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ � ∈ � Ú×ÅÚÄ (1.5) ÎÁÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ CU -ÂÁÚÉÓÏ× V̂ .



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 51÷ÙÑÓÎÉÍ ÇÅÏÍÅÔÒÉÞÅÓËÉÊ ÓÍÙÓÌ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÊ CU -ÂÁÚÉÓÏ×V̂ . ðÕÓÔØ �′ { ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÓÏÞÅÔÁÎÉÅ Ë � ∈ �. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚĤ�′ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ × Rd+1, ÓÏÄÅÒÖÁÝÕÀ ×ÅËÔÏÒÙ v̂k′j ∈ V̂ Ó ÉÎÄÅËÓÁ-ÍÉ k′j ÉÚ �′ É ÌÕÞ R+�̂. åÓÌÉ, ÄÏ�ÕÓÔÉÍ, ÄÌÑ ÓÏÞÅÔÁÎÉÑ � = {k1; k2}×ÅËÔÏÒ v̂k1 É ÓÕÍÍÁ ×ÅËÔÏÒÏ× v̂k1 + v̂k2 ÌÅÖÁÔ �Ï ÒÁÚÎÙÅ ÓÔÏÒÏÎÙ ÏÔÇÉ�ÅÒ�ÌÏÓËÏÓÔÉ Ĥ�′ , ÔÏ Ï�ÅÒÁ�ÉÑ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑV̂ �
−→ V̂ � (3.14)Ó×ÏÄÉÔÓÑ Ë ÚÁÍÅÎÅ ×ÅËÔÏÒÁ v̂k2 ÎÁ ÓÕÍÍÕ v̂k1 + v̂k2 .ðÒÅÄÌÏÖÅÎÉÅ 3.2. åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), ÔÏ ÄÌÑÌÀÂÏÇÏ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ � ∈ � �ÒÏÉÚ×ÏÄÎÏÅ ÍÎÏÖÅÓÔ×Ï ×ÅËÔÏÒÏ×V̂ �, Ï�ÒÅÄÅÌÅÎÎÏÅ × (3.13) É (3.14), ÓÎÏ×Á ÏÂÒÁÚÕÅÔ CU-ÂÁÚÉÓ, Ô.Å.ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ, �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÌÕÞÏÍ R+�̂.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �ï�ÒÅÄÅÌÅÎÎÙÊ × (3.14) CU -ÂÁÚÉÓ V̂ � ÎÁÚÏ×ÅÍ �-�ÒÏÉÚ×ÏÄÎÙÍ ÂÁ-ÚÉÓÏÍ.éÓ�ÏÌØÚÕÑ �ÒÅÄÌÏÖÅÎÉÑ 3.1 É 3.2, �ÒÉÈÏÄÉÍ Ë ÓÌÅÄÕÀÝÅÍÕ ÕÔ×ÅÒ-ÖÄÅÎÉÀ.ðÒÅÄÌÏÖÅÎÉÅ 3.3. 1. åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), ÔÏ ÌÀ-ÂÏÊ �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁÚÉÓ V̂ , �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÌÕÞÏÍ

R+�̂, Ñ×ÌÑÅÔÓÑ ÂÅÓËÏÎÅÞÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÍ.2. ðÒÉ ÔÏÍ ÖÅ ÕÓÌÏ×ÉÉ ÎÁ � Ú×ÅÚÄÁ r = {r0; r1; : : : ; rd} ÉÚ (3.11)ÔÁËÖÅ ÂÕÄÅÔ ÂÅÓËÏÎÅÞÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÏÊ.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �úÁÍÅÞÁÎÉÅ 3.1. òÁÎÅÅ ÂÅÓËÏÎÅÞÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÏÓÔØ Ú×ÅÚÄ r =
{r0; r1; : : : ; rd} ÂÙÌÁ ÄÏËÁÚÁÎÁ × [3℄ ÄÌÑ ÒÁÚÍÅÒÎÏÓÔÉ d = 2.

§4. ðÒÏÓÔÒÁÎÓÔ×Á æÁÒÅÑ4.1. ðÒÏÓÔÒÁÎÓÔ×Ï É ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ æÁÒÅÑ. ÷ÙÄÅÌÉÍ × ÓÕ�ÅÒ-�ÒÏÓÔÒÁÎÓÔ×Å S ÉÚ (3.3) ÅÄÉÎÉÞÎÕÀ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØF1 = F̂ = {x̂ = (x; 1) : x ∈ F} ⊂ S; (4.1)ÇÄÅ F = R
d: (4.2)îÁÚÏ×ÅÍ F1 ÇÉ�ÅÒ�ÌÏÓËÏÓÔØÀ æÁÒÅÑ, Á F { �ÒÏÓÔÒÁÎÓÔ×ÏÍ æÁÒÅÑ.



52 ÷. ç. öõòá÷ìå÷úÁÄÁÄÉÍ �ÒÏÅË�ÉÉ S+ pr1−−→ F1 '1
−→ F: (4.3)úÄÅÓØ S+ = {(x1; : : : ; xd; xd+1) ∈ S; xd+1 > 0} (4.4)ÏÂÏÚÎÁÞÁÅÔ ×ÅÒÈÎÅÅ ÓÕ�ÅÒ�ÒÏÓÔÒÁÎÓÔ×Ï,pr1 : (x1; : : : ; xd; xd+1) 7→ ( x1xd+1 ; : : : ; xdxd+1 ; 1) (4.5){ �ÅÎÔÒÁÌØÎÕÀ �ÒÏÅË�ÉÀ ÎÁ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ æÁÒÅÑ F1 Ó �ÅÎÔÒÏÍ ×0 ∈ Rd+1 É '1 : (x1; : : : ; xd; 1) 7→ (x1; : : : ; xd) (4.6){ ÉÚÏÍÏÒÆÉÚÍ. äÁÌÅÅ, ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ' = '1 ◦ pr1 (4.7)ËÏÍ�ÏÚÉ�ÉÀ ÏÔÏÂÒÁÖÅÎÉÊ (4.5) É (4.6).4.2. óÕÍÍÁ æÁÒÅÑ ÔÏÞÅË. äÁÎÎÙÅ ÎÁÍÉ ÎÁÚ×ÁÎÉÑ ÄÌÑ ÍÎÏÖÅÓÔ× FÉ F1 ÏÂßÑÓÎÑÅÔ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.ðÒÅÄÌÏÖÅÎÉÅ 4.1. ðÒÉ ÏÔÏÂÒÁÖÅÎÉÉ' : S+ −→ F (4.8)ÉÍÅÅÔ ÍÅÓÔÏ ÓÏÇÌÁÓÏ×ÁÎÉÅ Ï�ÅÒÁ�ÉÊ'(x+ y) = '(x)+̂'(y); (4.9)ÇÄÅ Ó�ÒÁ×Á

( x1xd+1 ; : : : ; xdxd+1 )+̂( y1yd+1 ; : : : ; ydyd+1 ) = ( x1+y1xd+1+yd+1 ; : : : ; xd+ydxd+1+xd+1 )(4.10){ ÓÕÍÍÁ æÁÒÅÑ ÔÏÞÅË.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �
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§5. äÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ �ÅÎÔÒÉÒÏ×ÁÎÎÙÈ ÓÉÍ�ÌÅËÓÏ×5.1. ãÅÎÔÒÉÒÏ×ÁÎÎÙÅ ÕÎÉÍÏÄÕÌÑÒÎÙÅ ÓÉÍ�ÌÅËÓÙ. ðÕÓÔØ V̂ =

{v̂0; v̂1; : : : ; v̂d} { �ÒÏÉÚ×ÏÌØÎÙÊ �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÕÎÉÍÏÄÕÌÑÒÎÙÊ ÂÁ-ÚÉÓ, �ÅÎÔÒÉÒÏ×ÁÎÎÙÊ ÌÕÞÏÍ R+�̂. ðÏÄÅÊÓÔ×ÕÅÍ ÎÁ ÎÅÇÏS ⊃ V̂ '
−→ s ⊂ F (5.1)�ÒÏÅË�ÉÅÊ ' ÉÚ (4.8). ïÂÒÁÚÏÍ ÂÕÄÅÔ ÓÉÍ�ÌÅËÓs = {v0; v1; : : : ; vd}; (5.2)ÉÍÅÀÝÉÊ ÒÁ�ÉÏÎÁÌØÎÙÅ ×ÅÒÛÉÎÙvi = '(v̂i) = PiQi = (Pi1Qi ; : : : ; PidQi ) (5.3)Ó ÉÎÄÅËÓÁÍÉ i = 0; 1; : : : ; d.úÁÍÅÞÁÎÉÅ 5.1. 1. þÔÏÂÙ ÎÅ ÕÓÌÏÖÎÑÔØ ÏÂÏÚÎÁÞÅÎÉÑ, ÍÙ ÏÔÏÖÄÅ-ÓÔ×ÌÑÅÍ ÓÉÍ�ÌÅËÓ s Ó ÍÎÏÖÅÓÔ×ÏÍ ÅÇÏ ×ÅÒÛÉÎ {v0; v1; : : : ; vd}.2. ÷ Ï�ÒÅÄÅÌÅÎÉÉ (5.3) ×ÅÒÛÉÎÙ vi �ÏÌÕÞÁÀÔÓÑ, ËÁË ÏÂÒÁÚÙ ËÏÎ�Ï×ÂÁÚÉÓÎÙÈ ×ÅËÔÏÒÏ× v̂i.ðÏ Ï�ÒÅÄÅÌÅÎÉÀ CU -ÂÁÚÉÓÁ V̂ , ÌÕÞ R+�̂ �ÒÉÎÁÄÌÅÖÉÔ ×ÎÕÔÒÅÎÎÅÊÏÂÌÁÓÔÉ ËÏÎÕÓÁ R+V̂ . ïÔÓÀÄÁ É (4.7) ÓÌÅÄÕÅÔ, ÞÔÏ ÔÏÞËÁ� = '(R+�̂) = '(�̂) (5.4)ÂÕÄÅÔ ×ÎÕÔÒÅÎÎÅÊ ÔÏÞËÏÊ ÓÉÍ�ÌÅËÓÁ s ⊂ F. îÁÚÏ×ÅÍ s �ÅÎÔÒÉÒÏ×ÁÎÎÙÍÔÏÞËÏÊ � ÓÉÍ�ÌÅËÓÏÍ.5.2. äÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ ÓÉÍ�ÌÅËÓÏ×. éÓ�ÏÌØÚÕÑ ËÏÍÍÕÔÁÔÉ×-ÎÕÀ ÄÉÁÇÒÁÍÍÕ V̂ '

//�
��

s�
��V̂ � '

// s� (5.1)�ÅÒÅÎÅÓÅÍ Ï�ÅÒÁ�ÉÉ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ � ∈ � �ÅÎÔÒÉÒÏ×ÁÎÎÙÈ ÕÎÉ-ÍÏÄÕÌÑÒÎÙÈ ÂÁÚÉÓÏ× V̂ ÎÁ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ �ÅÎÔÒÉÒÏ×ÁÎÎÙÈ ÓÉÍ-�ÌÅËÓÏ× (5.2).çÅÏÍÅÔÒÉÞÅÓËÉÊ ÓÍÙÓÌ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÊ ÓÉÍ�ÌÅËÓÏ× s ÓÏÓÔÏÉÔ× ÓÌÅÄÕÀÝÅÍ. ðÕÓÔØ � = {k1; k2} É �′ { ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÓÏÞÅÔÁÎÉÅ.



54 ÷. ç. öõòá÷ìå÷ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ H�′ ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ × Rd, �ÒÏÈÏÄÑÝÕÀ ÞÅÒÅÚ ×ÅÒÛÉ-ÎÙ vk′j ÓÉÍ�ÌÅËÓÁ s Ó ÉÎÄÅËÓÁÍÉ k′j ÉÚ �′ É ÔÏÞËÕ � åÓÌÉ ÄÌÑ ÓÏÞÅÔÁÎÉÑ� = {k1; k2} ×ÅÒÛÉÎÁ vk1 É ÓÕÍÍÁ ×ÅÒÛÉÎ vk1+̂vk2 ÌÅÖÁÔ �Ï ÒÁÚÎÙÅÓÔÏÒÏÎÙ ÏÔ ÇÉ�ÅÒ�ÌÏÓËÏÓÔÉ H�′ , ÔÏ Ï�ÅÒÁ�ÉÑ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑs �
−→ s� (5.2)ÓÉÍ�ÌÅËÓÁ s Ó×ÏÄÉÔÓÑ Ë ÚÁÍÅÎÅ ×ÅÒÛÉÎÙ vk2 ÎÁ ÓÕÍÍÕ ×ÅÒÛÉÎ vk1+̂vk2 .÷ �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ ×ÅÒÛÉÎÁ vk1 ÚÁÍÅÎÑÅÔÓÑ ÎÁ ÓÕÍÍÕ vk1+̂vk2 .éÚ (5.1) É (5.2) ÓÌÅÄÕÅÔ, ÞÔÏ ÎÏ×ÁÑ ×ÅÒÛÉÎÁ vk1+̂vk2 ÌÅÖÉÔ ÎÁ ÒÅÂÒÅ,ÓÏÅÄÉÎÑÀÝÉÍ ×ÅÒÛÉÎÙ vk1 É vk2 .

§6. íÉÎÉÍÁÌØÎÙÅ ÓÉÍ�ÌÅËÓÙ6.1. íÉÎÉÍÁÌØÎÙÅ ÒÁ�ÉÏÎÁÌØÎÙÅ ÓÉÍ�ÌÅËÓÙ. ðÕÓÔØ ÏÔËÒÙÔÙÊd-ÍÅÒÎÙÊ ÓÉÍ�ÌÅËÓ s ÉÍÅÅÔ ÒÁ�ÉÏÎÁÌØÎÙÅ ×ÅÒÛÉÎÙPiQi = (Pi1Qi ; : : : ; PidQi ) (6.1)ÄÌÑ i = 0; 1; : : : ; d, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÅ ÕÓÌÏ×ÉÀQi > 0; îïä(Pi1; : : : ; Pid; Qi) = 1: (6.2)îÁÚÏ×ÅÍ s ÍÉÎÉÍÁÌØÎÙÍ ÓÉÍ�ÌÅËÓÏÍ, ÅÓÌÉ ÏÎ ÎÅ ÓÏÄÅÒÖÉÔPQ =∈ s (6.3)ÎÉËÁËÏÊ ÔÏÞËÉ PQ = (P1Q ; : : : ; PdQ ); (6.4)ËÏÏÒÄÉÎÁÔÙ ËÏÔÏÒÏÊ ÉÍÅÀÔ ÏÂÝÉÊ ÚÎÁÍÅÎÁÔÅÌØ 1 6 Q < Qmax, ÇÄÅÉÓ�ÏÌØÚÏ×ÁÌÉ ÏÂÏÚÎÁÞÅÎÉÅQmax = Q0 +Q1 + : : :+Qd: (6.5)÷ [2℄ �ÒÉ×ÅÄÅÎÙ ÎÅËÏÔÏÒÙÅ Ó×ÏÊÓÔ×Á, ÒÁ×ÎÏÓÉÌØÎÙÅ Ó×ÏÊÓÔ×Õ ÂÙÔØÍÉÎÉÍÁÌØÎÙÍ ÓÉÍ�ÌÅËÓÏÍ.ðÒÅÄÌÏÖÅÎÉÅ 6.1. óÌÅÄÕÀÝÉÅ ÕÔ×ÅÒÖÄÅÎÉÑ ÒÁ×ÎÏÓÉÌØÎÙ:1) ÓÉÍ�ÌÅËÓ s ÍÉÎÉÍÁÌØÎÙÊ: (6.1){(6.5);



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 552) Ë×ÁÄÒÁÔÎÁÑ ÍÁÔÒÉ�ÁS =  P01 P11 : : : Pd1: : :P0d P1d : : : PddQ0 Q1 : : : Qd  (6.6)ÒÁÚÍÅÒÁ d+ 1 ÕÎÉÍÏÄÕÌÑÒÎÁ;3) ÓÉÍ�ÌÅËÓ s ÉÍÅÅÔ ÏÂßÅÍvol s = 1d!( ∏06i6dQi)−1: (6.7)éÚ �ÒÅÄÌÏÖÅÎÉÑ 6.1 ×ÙÔÅËÁÅÔ ÓÌÅÄÕÀÝÁÑ ÔÅÏÒÅÍÁ.�ÅÏÒÅÍÁ 6.1. ðÕÓÔØ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2) É s { ÌÀÂÏÊ �ÅÎ-ÔÒÉÒÏ×ÁÎÎÙÊ ÔÏÞËÏÊ � ÓÉÍ�ÌÅËÓ ÉÚ ÄÉÁÇÒÁÍÍÙ (5.1) Ó ÒÁ�ÉÏÎÁÌØÎÙ-ÍÉ ×ÅÒÛÉÎÁÍÉ (5.3). �ÏÇÄÁ ÔÁËÏÊ ÓÉÍ�ÌÅËÓ s Ñ×ÌÑÅÔÓÑ ÍÉÎÉÍÁÌØÎÙÊ(6.1){(6.5).äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �6.2. ðÒÏÉÚ×ÏÄÎÙÅ �ÅÎÔÒÉÒÏ×ÁÎÎÙÈ ÍÉÎÉÍÁÌØÎÙÈ ÓÉÍ�ÌÅËÓÏ×.�ÅÏÒÅÍÁ 6.2. ðÕÓÔØ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2) É s { �ÅÎÔÒÉ-ÒÏ×ÁÎÎÙÊ ÔÏÞËÏÊ � ÍÉÎÉÍÁÌØÎÙÊ ÓÉÍ�ÌÅËÓ ÉÚ ÄÉÁÇÒÁÍÍÙ (5.1). �Ï-ÇÄÁ ÄÌÑ ÌÀÂÏÇÏ � ∈ � �ÒÉ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÉ s �−→s�, Ï�ÒÅÄÅÌÅÎÎÏÇÏ× (5.2), s �ÅÒÅÈÏÄÉÔ ÓÎÏ×Á × ÍÉÎÉÍÁÌØÎÙÊ ÓÉÍ�ÌÅËÓ s�, �ÅÎÔÒÉÒÏ×ÁÎ-ÎÙÊ ÔÏÞËÏÊ �.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �ðÒÅÄÌÏÖÅÎÉÅ 6.2. ðÕÓÔØ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2) É s { �ÅÎ-ÔÒÉÒÏ×ÁÎÎÙÊ ÔÏÞËÏÊ � ÓÉÍ�ÌÅËÓ ÉÚ ÄÉÁÇÒÁÍÍÙ (5.1). �ÏÇÄÁ ÓÉÍ�ÌÅËÓs ÂÅÓËÏÎÅÞÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÊ (5.2).äÏËÁÚÁÔÅÌØÓÔ×Ï. ×ÙÔÅËÁÅÔ ÉÚ �ÒÅÄÌÏÖÅÎÉÑ 3.3 É ÔÅÏÒÅÍÙ 6.2. �

§7. á��ÒÏËÓÉÍÁ�ÉÑ7.1. ó×ÑÚØ ÍÅÖÄÕ ÑÄÅÒÎÏÍ �ÒÏÓÔÒÁÎÓÔ×ÏÍ É �ÒÏÓÔÒÁÎÓÔ×ÏÍæÁÒÅÑ. íÅÖÄÕ ÑÄÅÒÎÏÍ �ÒÏÓÔÒÁÎÓÔ×ÏÍ K É �ÒÏÓÔÒÁÎÓÔ×ÏÍ æÁÒÅÑ FÓÕÝÅÓÔ×ÕÅÔ ÓÌÅÄÕÀÝÁÑ Ó×ÑÚØ.



56 ÷. ç. öõòá÷ìå÷ìÅÍÍÁ 7.1. ðÕÓÔØ ÔÏÞËÁ x = (x1; : : : ; xd; xd+1) �ÒÉÎÁÄÌÅÖÉÔ ×ÅÒÈ-ÎÅÍÕ ÓÕ�ÅÒ�ÒÏÓÔÒÁÎÓÔ×Õ S+ ÉÚ (4.4), x = x' = '(x) { ÅÅ ÏÂÒÁÚ ÏÔÎÏ-ÓÉÔÅÌØÎÏ ÏÔÏÂÒÁÖÅÎÉÑ (4.7), �ÒÉÎÁÄÌÅÖÁÝÉÊ �ÒÏÓÔÒÁÎÓÔ×Õ æÁÒÅÑF, Á x� = �(x) { ÏÂÒÁÚ ÏÔÎÏÓÉÔÅÌØÎÏ ÏÔÏÂÒÁÖÅÎÉÑ (3.10), �ÒÉÎÁÄÌÅ-ÖÁÝÉÊ ÑÄÅÒÎÏÍÕ �ÒÏÓÔÒÁÎÓÔ×Õ K. �ÏÇÄÁ ÉÍÅÅÔ ÍÅÓÔÏ ÒÁ×ÅÎÓÔ×Ï
|x− �|s = |x�|sxd+1 ; (7.1)ÇÄÅ | · |s ÏÂÏÚÎÁÞÁÅÔ s-ÍÅÔÒÉËÕ

|(x1; : : : ; xd)|s = |x1|+ : : :+ |xd|: (7.2)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �7.2. âÅÓËÏÎÅÞÎÙÅ ÉÔÅÒÁ�ÉÉ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÊ. òÁÓÓÍÏÔÒÉÍ� = �N (7.3){ ÍÎÏÖÅÓÔ×Ï ×ÓÅÈ ÂÅÓËÏÎÅÞÎÙÈ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÅÊ � = {�1; �2; : : :,�n; : : :}; ÓÏÓÔÏÑÝÉÈ ÉÚ �ÒÏÉÚ×ÏÌØÎÙÈ ÓÏÞÅÔÁÎÉÊ �i ÉÚ �; É �ÕÓÔØ[�℄n = {�1; �2; : : : ; �n} (7.4)ÏÂÏÚÎÁÞÁÅÔ ÏÔÒÅÚÏË ÉÚ �ÅÒ×ÙÈ n ÞÌÅÎÏ× �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ �, �ÒÉÜÔÏÍ �ÏÌÁÇÁÅÍ, ÞÔÏ [�℄0 = ∅. éÓ�ÏÌØÚÕÑ Ï�ÒÅÄÅÌÅÎÉÅ �ÒÏÉÚ×ÏÄÎÏÊ ÓÉÍ-�ÌÅËÓÁ (5.2), ÉÎÄÕË�ÉÅÊ �Ï n = 0; 1; 2; : : : Ï�ÒÅÄÅÌÉÍ [�℄n-�ÒÏÉÚ×ÏÄÎÙÅs[�℄n = (s[�℄n−1)�n ; (7.5)�ÅÎÔÒÉÒÏ×ÁÎÎÏÇÏ ÔÏÞËÏÊ � ÓÉÍ�ÌÅËÓÁ s, ÇÄÅ ÕÓÌÏ×ÉÍÓÑ s[�℄0 = s ÄÌÑn = 0.åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), ÔÏ × ÓÉÌÕ �ÒÅÄÌÏÖÅÎÉÑ 6.2ÓÉÍ�ÌÅËÓ s ÂÕÄÅÔ [�℄n-ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÍ ÄÌÑ ×ÓÅÈ ÚÎÁÞÅÎÉÊ n = 0; 1,2; : : : �ÒÉ ÌÀÂÏÍ ×ÙÂÏÒÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÏÓÔÅÊ �ÉÚ ÍÎÏÖÅÓÔ×Á (7.3).ìÅÍÍÁ 7.2. åÓÌÉ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), ÔÏ �ÒÉ ÌÀÂÏÍ×ÙÂÏÒÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÏÓÔÅÊ � ∈ � ÓÉÍ�ÌÅËÓÙs[�℄n ÉÚ (7.5) ÏÂÒÁÚÕÀÔ ÍÏÎÏÔÏÎÎÕÀ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØs = s[�℄0 ⊃ s[�℄1 ⊃ : : : ⊃ s[�℄n ⊃ : : : ∋ �: (7.6)õËÁÚÁÎÎÙÅ ÓÉÍ�ÌÅËÓÙ ÉÍÅÀÔ ÏÂßÅÍÙ vol s[�℄n , ×ÙÞÉÓÌÑÅÍÙÅ �Ï ÆÏÒ-ÍÕÌÅ vol s[�℄n = 1d!( ∏06i6dQ[�℄ni )−1 (7.7)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 57É ÏÂÌÁÄÁÀÝÉÅ Ó×ÏÊÓÔ×ÏÍvol s[�℄n −→ 0 �ÒÉ n −→ +∞: (7.8)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÓÍ. × [1℄. �äÌÑ ÂÁÚÉÓÁ (3.1) �Ï �ÒÁ×ÉÌÕ (6.1) É (6.6) Ï�ÒÅÄÅÌÉÍ [�℄n-�ÒÏÉÚ×ÏÄ-ÎÙÅ ÂÁÚÉÓÙ V̂ [�℄n = {v̂[�℄n0 ; v̂[�℄n1 ; : : : ; v̂[�℄nd } (7.9)�ÏÒÑÄËÁ n, ÓÏÓÔÏÑÝÉÅ ÉÚ �ÅÌÏÞÉÓÌÅÎÎÙÈ ×ÅËÔÏÒÏ×v̂[�℄n0 = P [�℄n01...P [�℄n0dQ[�℄n0 

; v̂[�℄n1 = P [�℄n11...P [�℄n1dQ[�℄n1 


; : : : ; v̂[�℄nd = P [�℄nd1...P [�℄nddQ[�℄nd 


: (7.10)ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚS[�℄n =  P [�℄n01 P [�℄n11 : : : P [�℄nd1: : :P [�℄n0d P [�℄n1d : : : P [�℄nddQ[�℄n0 Q[�℄n1 : : : Q[�℄nd 

 (7.11)ÍÁÔÒÉ�Ù [�℄n-�ÒÏÉÚ×ÏÄÎÙÈ ÓÕ�ÅÒÓÉÍ�ÌÅËÓÏ× △̂[�℄n , ÇÄÅ ÓÔÏÌÂ�Ù × (7.11){ ÜÔÏ ËÏÏÒÄÉÎÁÔÙ ×ÅÒÛÉÎ ÓÕ�ÅÒÓÉÍ�ÌÅËÓÁ. âÕÄÅÍ ÇÏ×ÏÒÉÔØ, ÞÔÏ ÂÁÚÉÓV̂ = V̂ [�℄0 É ÓÕ�ÅÒÓÉÍ�ÌÅËÓ △̂ = △̂[�℄0 ÉÍÅÀÔ ÎÕÌÅ×ÙÅ �ÏÒÑÄËÉ.úÁÍÅÔÉÍ, ÞÔÏ ×ÓÅ �ÒÏÉÚ×ÏÄÎÙÅ ÂÁÚÉÓÙ V̂ [�℄n ÏÓÔÁÀÔÓÑ �ÅÎÔÒÉÒÏ×ÁÎ-ÎÙÍÉ ÏÄÎÉÍ É ÔÅÍ ÖÅ ÉÓÈÏÄÎÙÍ ÌÕÞÏÍ R+�̂.éÚ (7.11) ÓÌÅÄÕÅÔ, ÞÔÏ [�℄n-�ÒÏÉÚ×ÏÄÎÙÊ ÓÉÍ�ÌÅËÓ s[�℄n ÉÚ (7.5) ÉÍÅ-ÅÔ ÒÁ�ÉÏÎÁÌØÎÙÅ ×ÅÒÛÉÎÙv[�℄ni = P [�℄niQ[�℄ni = (P [�℄ni1Q[�℄ni ; : : : ; P [�℄nidQ[�℄ni ) (7.12)ÄÌÑ i = 0; 1; : : : ; d.7.3. òÁÄÉÕÓ �ÒÏÉÚ×ÏÄÎÙÈ Ú×ÅÚÄ É ÓÉÍ�ÌÅËÓÏ×. ðÕÓÔØ [�℄n-�ÒÏÉÚ-×ÏÄÎÙÅ r[�℄n Ú×ÅÚÄÙ r ÓÏÓÔÏÑÔ ÉÚ ÌÕÞÅÊr[�℄n = {r[�℄n0 ; r[�℄n1 ; : : : ; r[�℄nd }; (7.13)É �ÕÓÔØ �(r[�℄n) { ÓÉÍ�ÌÅËÓ Ú×ÅÚÄÙ r[�℄n , ÉÍÅÀÝÉÊ ×ÅÒÛÉÎÙ × ËÏÎ-�ÁÈ ÌÕÞÅÊ ÉÚ (7.13). òÁÚÍÅÒ Ú×ÅÚÄ r[�℄n É ÏÔ×ÅÞÁÀÝÉÈ ÉÍ ÓÉÍ�ÌÅËÓÏ×



58 ÷. ç. öõòá÷ìå÷�(r[�℄n) ÂÕÄÅÍ ËÏÎÔÒÏÌÉÒÏ×ÁÔØ Ó �ÏÍÏÝØÀ ÒÁÄÉÕÓÁ Ú×ÅÚÄÙ É ÓÉÍ�ÌÅË-ÓÁ %[�℄nmax = %max(r[�℄n) = %max(�(r[�℄n)) = max06i6d |r[�℄ni |s; (7.14)ÒÁ×ÎÏÇÏ ÍÁËÓÉÍÁÌØÎÏÊ ÄÌÉÎÅ ÌÕÞÅÊ Ú×ÅÚÄÙ r[�℄n ÉÌÉ ÒÁÄÉÕÓÕ ÍÉÎÉ-ÍÁÌØÎÏÊ ÓÆÅÒÙ Ó �ÅÎÔÒÏÍ × ÔÏÞËÅ 0, ÓÏÄÅÒÖÁÝÅÊ Ú×ÅÚÄÕ r[�℄n É ÓÉÍ-�ÌÅËÓ �(r[�℄n).7.4. õÇÌÙ ÍÅÖÄÕ ×ÅËÔÏÒÁÍÉ CU-ÂÁÚÉÓÏ× �ÒÏÉÚ×ÏÌØÎÏÇÏ �Ï-ÒÑÄËÁ n. ðÕÓÔØ ÒÁÄÉÕÓ [�℄n-�ÒÏÉÚ×ÏÄÎÏÊ r[�℄n Ú×ÅÚÄÙ r ÏÂÌÁÄÁÅÔ Ó×ÏÊ-ÓÔ×ÏÍ %[�℄nmax = %max(�(r[�℄n )) → 0 �ÒÉ n → +∞: (7.15)úÄÅÓØ %[�℄nmax = %max(�(r[�℄n)) ÏÂÏÚÎÁÞÁÅÔ ÒÁÄÉÕÓ (7.14) Ú×ÅÚÄÙ r[�℄n .ìÅÍÍÁ 7.3. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ 'ni É 'nij ÕÇÌÙ ÍÅÖÄÕ ×ÅËÔÏÒÁÍÉ v̂[�℄ni , �̂É ×ÅËÔÏÒÁÍÉ v̂[�℄ni , v̂[�℄nj ÉÚ (7.9) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. �ÏÇÄÁ ÅÓÌÉ ×Ù�ÏÌ-ÎÅÎÏ ÕÓÌÏ×ÉÅ (7.15), ÔÏ ËÏÏÒÄÉÎÁÔÙ Q[�℄ni ÉÚ (7.10) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔÓ×ÏÊÓÔ×Õ Q[�℄ni → +∞ �ÒÉ n→ +∞ (7.16)É ÕÇÌÙ 'ni → 0; 'nij → 0 �ÒÉ n → +∞ (7.17)ÄÌÑ ×ÓÅÈ i; j.äÏËÁÚÁÔÅÌØÓÔ×Ï. ó×ÏÊÓÔ×Ï (7.16) ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ×ÙÔÅËÁÅÔ ÉÚ Ï�-ÒÅÄÅÌÅÎÉÑ �ÒÏÉÚ×ÏÄÎÙÈ Ú×ÅÚÄ (1.5), ÔÁË ËÁË ÉÚ ÕÓÌÏ×ÉÑ (7.15) ÂÕÄÅÔÓÌÅÄÏ×ÁÔØ, ÞÔÏ �ÒÉ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑÈ r[�℄n Ú×ÅÚÄÙ r ËÁÖÄÙÊ ÉÚ ÅÅÌÕÞÅÊ �ÏÄ×ÅÒÇÁÅÔÓÑ ÚÁÍÅÎÅ ÂÅÓËÏÎÅÞÎÏÅ ÞÉÓÌÏ ÒÁÚ �ÒÉ n = 0; 1; 2; : : :; É× ÔÁËÏÍ ÓÌÕÞÁÅ �ÏÒÑÄÏË ÌÕÞÁ Õ×ÅÌÉÞÉ×ÁÅÔÓÑ ËÁË ÍÉÎÉÍÕÍ ÎÁ ÅÄÉÎÉ�Õ.äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á (7.17) ÄÏÓÔÁÔÏÞÎÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ
|v[�℄ni − �|s → 0; |v[�℄ni − v[�℄nj |s → 0 �ÒÉ n → +∞: (7.18)ñÓÎÏ, ÞÔÏ ×ÔÏÒÏÅ Ó×ÏÊÓÔ×Ï × (7.18) ×ÙÔÅËÁÅÔ ÉÚ �ÅÒ×ÏÇÏ. þÔÏÂÙ ÅÇÏ×Ù×ÅÓÔÉ, �ÒÉÍÅÎÉÍ ÌÅÍÍÕ 7.1 É �ÏÌÕÞÉÍ ÒÁ×ÅÎÓÔ×Ï

∣∣∣v[�℄ni − �∣∣∣s = |r[�℄ni |sQ[�℄ni ; (7.19)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 59ÇÄÅ v[�℄ni = '(v̂[�℄ni ) { ÏÂÒÁÚ ×ÅËÔÏÒÁ v̂[�℄ni ÏÔÎÏÓÉÔÅÌØÎÏ ÏÔÏÂÒÁÖÅÎÉÑ(4.7) É r[�℄ni = �(v̂[�℄ni ) { ÏÂÒÁÚ ÏÔÎÏÓÉÔÅÌØÎÏ ÏÔÏÂÒÁÖÅÎÉÑ (3.10), Ñ×ÌÑ-ÀÝÉÊÓÑ ÌÕÞÏÍ Ú×ÅÚÄÙ r[�℄n . �Å�ÅÒØ �ÅÒ×ÏÅ Ó×ÏÊÓÔ×Ï × (7.18) ÂÕÄÅÔÓÌÅÄÏ×ÁÔØ ÉÚ ÒÁ×ÅÎÓÔ×Á (7.19), ÕÓÌÏ×ÉÑ (7.15) É ÄÏËÁÚÁÎÎÏÇÏ Ó×ÏÊÓÔ×Á(7.16). �7.5. �ÅÏÒÅÍÁ ÏÂ Á��ÒÏËÓÉÍÁ�ÉÉ. ðÕÓÔØ [�℄n-�ÒÏÉÚ×ÏÄÎÙÊ ÓÉÍ�-ÌÅËÓ s[�℄n ÉÚ (7.5) ÉÍÅÅÔ ÒÁ�ÉÏÎÁÌØÎÙÅ ×ÅÒÛÉÎÙ v[�℄ni = P [�℄niQ[�℄ni ÉÚ (7.12).ï�ÒÅÄÅÌÉÍ ÄÌÑ ÓÉÍ�ÌÅËÓÁ s[�℄n ÅÇÏ ÔÏÞËÕ æÁÒÅÑv[�℄nmax= P [�℄nmaxQ[�℄nmax =(P [�℄nmax;1Q[�℄nmax ; : : : ; P [�℄nmax;dQ[�℄nmax )= P [�℄n0Q[�℄n0 +̂P [�℄n1Q[�℄n1 +̂ : : : +̂P [�℄ndQ[�℄nd (7.20)�ÏÒÑÄËÁ n, ÇÄÅ Ó�ÒÁ×Á × (7.20) ÉÓ�ÏÌØÚÏ×ÁÎÙ ÓÕÍÍÙ æÁÒÅÑ (4.10).÷ [1℄ ÄÏËÁÚÁÎÁ ÓÌÅÄÕÀÝÁÑ ÔÅÏÒÅÍÁ Ï ÂÁÚÏ×ÏÊ Á��ÒÏËÓÉÍÁ�ÉÉ, Ô.Å.Á��ÒÏËÓÉÍÁ�ÉÉ ÉÓÈÏÄÎÏÊ ÔÏÞËÉ �.�ÅÏÒÅÍÁ 7.1. ðÕÓÔØ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), � = {�1; �2; : : :,�n; : : :} { �ÒÏÉÚ×ÏÌØÎÁÑ ÂÅÓËÏÎÅÞÎÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÏÞÅÔÁÎÉÊ�i ÉÚ ÍÎÏÖÅÓÔ×Á � É s[�℄n { ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ �ÒÏÉÚ×ÏÄÎÙÅ ÓÉÍ-�ÌÅËÓÙ (7.5). �ÏÇÄÁ Ó�ÒÁ×ÅÄÌÉ×Ù ÓÌÅÄÕÀÝÉÅ ÕÔ×ÅÒÖÄÅÎÉÑ.1. óÉÍ�ÌÅËÓÙ s[�℄n ÏÂÌÁÄÁÅÔ Ó×ÏÊÓÔ×ÏÍ ÍÉÎÉÍÁÌØÎÏÓÔÉ (ÓÍ. Ï�ÒÅ-ÄÅÌÅÎÉÅ (6.3)-(6.5)): PQ =∈ s[�℄n ; (7.21)ÅÓÌÉ 1 6 Q < Q[�℄nmax; ÅÄÉÎÓÔ×ÅÎÎÁÑ ÔÏÞËÁPQ ∈ s[�℄n (7.22)ÓÏ ÚÎÁÍÅÎÁÔÅÌÅÍ Q = Q[�℄nmax ÅÓÔØ ÔÏÞËÁ æÁÒÅÑ PQ = P [�℄nmaxQ[�℄nmax , Ï�ÒÅÄÅÌÅÎ-ÎÁÑ × (7.20).2. éÍÅÀÔ ÍÅÓÔÏ ÎÅÒÁ×ÅÎÓÔ×Á
∣∣∣∣∣�−

P [�℄nmaxQ[�℄nmax ∣∣∣∣∣s 6
%[�℄nmaxQ[�℄nmax (7.23)ÄÌÑ ×ÓÅÈ n = 0; 1; 2; : : : úÄÅÓØ %[�℄nmax = %max(�(r[�℄n)) ÏÂÏÚÎÁÞÁÅÔ ÒÁÄÉÕÓ[�℄n-�ÒÏÉÚ×ÏÄÎÏÊ r[�℄n Ú×ÅÚÄÙ r, Ï�ÒÅÄÅÌÅÎÎÙÊ × (7.14).



60 ÷. ç. öõòá÷ìå÷úÁÍÅÞÁÎÉÅ 7.2. óÏÇÌÁÓÎÏ (7.8) �ÒÉ ÌÀÂÏÍ ×ÙÂÏÒÅ ÂÅÓËÏÎÅÞÎÏÊ �ÏÓÌÅ-ÄÏ×ÁÔÅÌØÎÏÓÔÉ �ÒÏÉÚ×ÏÄÎÙÈ � = {�1; �2; : : : ; �n; : : :} ÏÔ×ÅÞÁÀÝÉÅ ÉÍÓÉÍ�ÌÅËÓÙ s[�℄n ÂÕÄÕÔ ÏÂÌÁÄÁÔØ Ó×ÏÊÓÔ×ÏÍ vol s[�℄n −→ 0 �ÒÉ n −→+∞: ðÒÉÂÌÉÖÅÎÉÑ (7.23) ÂÕÄÕÔ ÎÅÔÒÉ×ÉÁÌØÎÙ ÔÏÌØËÏ × ÓÌÕÞÁÅ, ËÏÇÄÁ%max(�(r[�℄n )) −→ 0 �ÒÉ n −→ +∞: ï�ÉÓÁÎÉÀ ÔÏÇÏ, ËÁË ÍÏÖÎÏ ÏÂÅÓ-�ÅÞÉÔØ ×Ù�ÏÌÎÅÎÉÅ �ÏÓÌÅÄÎÅÇÏ Ó×ÏÊÓÔ×Á, �ÏÓ×ÑÝÅÎ ÓÌÅÄÕÀÝÉÊ ÒÁÚÄÅÌ.
§8. ìÏËÁÌØÎÙÅ ÓÔÒÁÔÅÇÉÉ8.1. ãÅÌÅ×ÁÑ ÆÕÎË�ÉÑ. éÚ ÎÅÒÁ×ÅÎÓÔ× (7.23) ×ÉÄÎÏ, ÞÔÏ �ÒÉÂÌÉÖÅ-ÎÉÅ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ � = (�1; : : : ; �d) �ÏÄÈÏÄÑÝÉÍÉ ÄÒÏÂÑÍÉP [�℄nmaxQ[�℄nmax { ÔÏÞËÁÍÉ æÁÒÅÑ ÉÚ (7.20) �ÏÌÎÏÓÔØÀ ÚÁ×ÉÓÉÔ ÏÔ ×ÅÌÉÞÉÎÙ ÒÁ-ÄÉÕÓÁ %[�℄nmax �ÒÏÉÚ×ÏÄÎÏÊ Ú×ÅÚÄÙ r[�℄n .÷ Ó×ÏÀ ÏÞÅÒÅÄØ, ÓÁÍÉ �ÒÏÉÚ×ÏÄÎÙÅ Ú×ÅÚÄÙ r[�℄n Ï�ÒÅÄÅÌÑÀÔÓÑ ÂÅÓËÏ-ÎÅÞÎÏÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØÀ �ÒÏÉÚ×ÏÄÎÙÈ � = {�1; �2; : : : ; �n; : : :} ÉÚÍÎÏÖÅÓÔ×Á � = �N. þÔÏÂÙ ËÁË-ÔÏ Õ�ÏÒÑÄÏÞÉÔØ ×ÙÂÏÒ �ÒÏÉÚ×ÏÄÎÙÈ�n ÉÚ �, ×ÈÏÄÑÝÉÈ × �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �, ÍÏÖÎÏ, ÎÁ�ÒÉÍÅÒ, ××ÅÓÔÉ�ÅÌÅ×ÕÀ ÆÕÎË�ÉÀ }(r) > 0, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÕÀ ÓÌÅÄÕÀÝÉÍ Ó×ÏÊÓÔ×ÁÍ:}(r) > }(r′); ÅÓÌÉ �(r) ⊃ �(r′); (8.1)ÇÄÅ r, r′ { Ä×Å �ÒÏÉÚ×ÏÌØÎÙÅ Ú×ÅÚÄÙ É �(r), �(r′) { ÏÔ×ÅÞÁÀÝÉÅ ÉÍÓÉÍ�ÌÅËÓÙ; %max(r) 6  }(r) (8.2)Ó ËÏÎÓÔÁÎÔÏÊ  > 0, ÎÅ ÚÁ×ÉÓÑÝÅÊ ÏÔ Ú×ÅÚÄÙ r.åÓÌÉ �ÅÌÅ×ÁÑ ÆÕÎË�ÉÑ }(r) > 0 ÕÖÅ ÚÁÄÁÎÁ, ÔÏ ÅÅ ÍÏÖÎÏ ÂÕÄÅÔ ÉÓ-�ÏÌØÚÏ×ÁÔØ ÄÌÑ ÆÏÒÍÉÒÏ×ÁÎÉÑ ÓÔÒÁÔÅÇÉÉ ×ÙÂÏÒÁ �ÒÏÉÚ×ÏÄÎÙÈ �n ∈ �× �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ � = {�1; �2; : : : ; �n; : : :}, �ÒÉÍÅÎÑÑ ÉÎÄÕË�ÉÀ �Ïn = 0; 1; 2; : : :: }(r[�℄n) = min�′n∈�}(r[�′℄n); (8.3)ÇÄÅ ÞÅÒÅÚ [�℄n = {�1; �2; : : : ; �n} É [�′℄n = {�1; �2; : : : ; �′n} ÏÂÏÚÎÁÞÅÎÙÏÔÒÅÚËÉ ÄÌÉÎÙ n. ï�ÒÅÄÅÌÅÎÎÕÀ × (8.3) ÓÔÒÁÔÅÇÉÀ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ}-ÓÔÒÁÔÅÇÉÅÊ, Ñ×ÎÏ ÕËÁÚÙ×ÁÑ ÎÁ ÅÅ ÚÁ×ÉÓÉÍÏÓÔØ ÏÔ �ÅÌÅ×ÏÊ ÆÕÎË�ÉÉ}(r) ÉÚ (8.1), (8.2).8.2. äÉÏÆÁÎÔÏ×Ù ÜËÓ�ÏÎÅÎÔÙ. éÚ ÎÅÒÁ×ÅÎÓÔ× (7.23) É (8.2) ÓÌÅ-ÄÕÅÔ, ÞÔÏ ×ÙÂÒÁÎÎÁÑ }-ÓÔÒÁÔÅÇÉÑ �ÒÉÍÅÎÉÔÅÌØÎÏ Ë ÄÁÎÎÏÊ ÔÏÞËÅ �ÓÒÁÂÁÔÙ×ÁÅÔ, ÅÓÌÉ }(r[�℄n) → 0 (8.4)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 61�ÒÉ n → +∞. åÓÌÉ ÖÅ �Ï�ÙÔÁÔØÓÑ ËÁË-ÔÏ ËÏÌÉÞÅÓÔ×ÅÎÎÏ Ï�ÅÎÉÔØ }-ÓÔÒÁÔÅÇÉÀ, ÔÏ Ó ÜÔÏÊ �ÅÌØÀ ÍÏÖÎÏ ÉÓ�ÏÌØÚÏ×ÁÔØ, ÎÁ�ÒÉÍÅÒ, ÄÉÏÆÁÎ-ÔÏ×Õ ÜËÓ�ÏÎÅÎÔÕ� = �(�; }) = supn′>0 infn>n′

− ln }(r[�℄n)ln Q[�℄nmax : (8.5)òÏÌØ ÄÉÏÆÁÎÔÏ×ÏÊ ÜËÓ�ÏÎÅÎÔÙ (8.5) ×ÉÄÎÁ ÉÚ ÓÌÅÄÕÀÝÅÇÏ ÕÔ×ÅÒÖÄÅ-ÎÉÑ.�ÅÏÒÅÍÁ 8.1. ðÕÓÔØ ×Ù�ÏÌÎÑÀÔÓÑ ÕÓÌÏ×ÉÑ ÔÅÏÒÅÍÙ 7.1, ×ÙÂÒÁÎÁ �Å-ÌÅ×ÁÑ ÆÕÎË�ÉÑ }(r) ÉÚ (8.1), (8.2) É �Ï }-ÓÔÒÁÔÅÇÉÉ (8.3) �ÏÓÔÒÏÅÎÁÂÅÓËÏÎÅÞÎÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �ÒÏÉÚ×ÏÄÎÙÈ � = {�1; �2; : : : ; �n; : : :}ÉÚ ÍÎÏÖÅÓÔ×Á � = �N. ëÒÏÍÅ ÔÏÇÏ, �ÕÓÔØ �∗ { �ÒÏÉÚ×ÏÌØÎÏÅ ÞÉÓÌÏ,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅ ÎÅÒÁ×ÅÎÓÔ×Õ �∗ < �, ÇÄÅ � = �(�; }) { ÄÉÏÆÁÎÔÏ×ÁÜËÓ�ÏÎÅÎÔÁ (8.5). �ÏÇÄÁ Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ
∣∣∣∣∣�−

P [�℄nmaxQ[�℄nmax ∣∣∣∣∣s 6
(Q[�℄nmax)1+�∗

(8.6)ÄÌÑ ×ÓÅÈ n > n�∗ . úÄÅÓØ  { ËÏÎÓÔÁÎÔÁ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á (8.2) É ÎÉÖÎÑÑÇÒÁÎÉ�Á n�∗ ÄÌÑ n Ï�ÒÅÄÅÌÑÅÔÓÑ ×ÙÂÏÒÏÍ �ÏËÁÚÁÔÅÌÑ �∗ É ÚÁ×ÉÓÉÔ ÏÔÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ � = (�1; : : : ; �d) É �ÅÌÅ×ÏÊ ÆÕÎË�ÉÉ }(r).äÏËÁÚÁÔÅÌØÓÔ×Ï. ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÓÌÅÄÕÅÔ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á (7.23) ×ÔÅÏÒÅÍÅ 7.1 É Ï�ÒÅÄÅÌÅÎÉÑ (8.5) ÄÉÏÆÁÎÔÏ×ÏÊ ÜËÓ�ÏÎÅÎÔÙ �. �úÁÍÅÞÁÎÉÅ 8.2. äÏËÁÚÁÎÎÏÅ ÎÅÒÁ×ÅÎÓÔ×Ï (8.6) ÎÅÔÒÉ×ÉÁÌØÎÏ ÔÏÌØËÏ,ÅÓÌÉ ×Ù�ÏÌÎÑÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Ï �′ > 0. äÁÎÎÏÅ ÔÒÅÂÏ×ÁÎÉÅ ÍÏÖÎÏ ÕÄÏ-×ÌÅÔ×ÏÒÉÔØ ÔÏÌØËÏ × ÓÌÕÞÁÅ, ËÏÇÄÁ ÄÉÏÆÁÎÔÏ×Á ÜËÓ�ÏÎÅÎÔÁ� = �(�; }) > 0: (8.7)�ÁËÉÍ ÏÂÒÁÚÏÍ, �ÏÄÂÉÒÁÑ �ÅÌÅ×ÕÀ ÆÕÎË�ÉÀ }(r) × (8.1), (8.2) ÎÅÏÂÈÏ-ÄÉÍÏ ÓÌÅÄÉÔØ ÚÁ ÏÇÒÁÎÉÞÅÎÉÅÍ (8.7). ðÒÉ ÜÔÏÍ, ÅÓÌÉ ÄÌÑ Ä×ÕÈ ÔÁËÉÈÆÕÎË�ÉÊ }(r) É }′(r) ÂÕÄÅÔ ÉÍÅÔØ ÍÅÓÔÏ ÎÅÒÁ×ÅÎÓÔ×Ï �(�; }) > �(�; }′),ÔÏ �ÅÌÅ×ÁÑ ÆÕÎË�ÉÑ }(r) ÂÕÄÅÔ, ÅÓÔÅÓÔ×ÅÎÎÏ, �ÒÅÄ�ÏÞÔÉÔÅÌØÎÅÊ, ÞÅÍ}′(r).
§9. óÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ9.1. ðÒÉ×ÅÄÅÎÎÙÅ ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ. òÁÓÓÍÏÔÒÉÍ ÓÉÓÔÅ-ÍÕ ÌÉÎÅÊÎÙÈ ÆÏÒÍfi(x) = fi1x1 + : : :+ fidxd + fi0x0 (9.1)



62 ÷. ç. öõòá÷ìå÷ÄÌÑ i = 1; : : : ; d Ó �ÒÏÉÚ×ÏÌØÎÙÍÉ ×ÅÝÅÓÔ×ÅÎÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ fij .ëÁÖÄÕÀ ÉÚ ÆÏÒÍ ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ÍÁÔÒÉÞÎÏÍ ×ÉÄÅfi(x) = fi · x = (fi1 : : : fidfi0) x1...xdx0  : (9.2)�ÁËÖÅ × ÍÁÔÒÉÞÎÏÍ ×ÉÄÅ ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØF (x) =  f1(x)...fd(x)  = F · x (9.3)×ÓÀ ÓÏ×ÏËÕ�ÎÏÓÔØ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.1),(9.2), ÇÄÅF =  f11 : : : f1d f10: : :fd1 : : : fdd fd0  (9.4){ ÍÁÔÒÉ�Á ÓÉÓÔÅÍÙ ÆÏÒÍ (9.3), ÉÍÅÀÝÁÑ ÒÁÚÍÅÒÙ d× (d+ 1).âÕÄÅÍ ÇÏ×ÏÒÉÔØ, ÞÔÏ ÍÁÔÒÉ�Á F ÉÚ (9.4) É ÓÏÏÔ×ÅÔÓ×ÅÎÎÏ ÓÉÓÔÅÍÁÌÉÎÅÊÎÙÈ ÆÏÒÍ F (x) ÉÚ (9.3) ÉÍÅÀÔ ÍÁËÓÉÍÁÌØÎÙÊ d-ÒÁÎÇ ÉÌÉ ËÒÁÔËÏ{ ÍÁËÓÉÍÁÌØÎÙÊ ÒÁÎÇ, ÅÓÌÉ ×ÓÅ ÍÉÎÏÒÙ ÍÁÔÒÉ�Ù F ÒÁÚÍÅÒÁ d ÏÔÌÉÞÎÙÏÔ ÎÕÌÑ. ÷ ÜÔÏÍ ÓÌÕÞÁÅ ÍÁÔÒÉ�Á F ÒÁÓËÌÁÄÙ×ÁÅÔÓÑ × �ÒÏÉÚ×ÅÄÅÎÉÅF = AF� (9.5)d× d-ÍÁÔÒÉ�Ù A = −




f11 : : : f1d: : :fd1 : : : fdd  (9.6)É �ÒÉ×ÅÄÅÎÎÏÊ ÍÁÔÒÉ�ÙF� = (−E|�) =  −1 : : : 0 �1: : : : : :0 : : : −1 �d  (9.7)ÓÏ ÓÔÏÌÂ�ÏÍ � =  �1...�d  = A−1F0 = A−1 f10...fd0  : (9.8)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 63åÓÌÉ F { ÍÁÔÒÉ�Á ÍÁËÓÉÍÁÌØÎÏÇÏ d-ÒÁÎÇÁ, ÔÏ ÄÌÑ (9.6) ÓÕÝÅÓÔ×ÕÅÔÏÂÒÁÔÎÁÑ ÍÁÔÒÉ�Á A−1.äÌÑ ÍÁÔÒÉ�Ù (9.7) ÓÉÓÔÅÍÁ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.3) �ÒÉÎÉÍÁÅÔ �ÒÉ×Å-ÄÅÎÎÙÊ ×ÉÄ F�(x) =  �1x0 −x1 : : :: : : : : :�dx0 : : : −xd  : (9.9)9.2. ó×ÑÚØ ÍÅÖÄÕ ÓÉÓÔÅÍÁÍÉ ÌÉÎÅÊÎÙÈ ÆÏÒÍ. éÚ (9.5) ÓÌÅÄÕ-ÅÔ, ÞÔÏ ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.3) É (9.9) Ó×ÑÚÁÎÙ ÍÅÖÄÕ ÓÏÂÏÀÓÏÏÔÎÏÛÅÎÉÑÍÉF (x) = AF�(x); F�(x) = A−1F (x): (9.10)÷ �ÒÏÓÔÒÁÎÓÔ×Å Rd ××ÅÄÅÍ s-ÍÅÔÒÉËÕ |y|s (ÓÍ. (7.2)), Á ÎÁ ÍÎÏÖÅÓÔ×ÅÍÁÔÒÉ� M = (mij) { ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ s-ÎÏÒÍÕ
||M ||s =∑ij |mij |: (9.11)ðÒÅÄÌÏÖÅÎÉÅ 9.1. äÌÑ ÌÀÂÙÈ x = (x1; : : : ; xd; x0) ÉÚ Rd+1 ×Ù�ÏÌÎÑ-ÀÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Á

|F (x)|s 6 ||A||s|F�(x)|s (9.12)É
|F�(x)|s 6 ||A−1||s|F (x)|s (9.13)ÍÅÖÄÕ ÚÎÁÞÅÎÉÑÍÉ ÓÉÓÔÅÍ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.3) É (9.9), ÇÄÅ A { ÍÁ-ÔÒÉ�Á (9.6).äÏËÁÚÁÔÅÌØÓÔ×Ï. ×ÙÔÅËÁÅÔ ÉÚ ÓÏÏÔÎÏÛÅÎÉÊ (9.10) É ÎÅÒÁ×ÅÎÓÔ×Á

|My|s 6 ||M ||s|y|s: (9.14)
�9.3. õÓÌÏ×ÉÑ ÎÁ ÌÉÎÅÊÎÙÅ ÆÏÒÍÙ. ðÕÓÔØ ÓÔÏÌÂÅ� � ÉÚ (9.8) ÉÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÔÏÞËÁ � = (�1; : : : ; �d) Ñ×ÌÑÀÔÓÑ ÉÒÒÁ�ÉÏÎÁÌØÎÙ-ÍÉ (2.3). åÓÌÉ ÔÏÞËÁ x = (x1; : : : ; xd; x0) ×ÙÂÒÁÎÁ ÉÚ Rd+1, ÔÏ ÅÅ ÉÒÒÁ-�ÉÏÎÁÌØÎÏÓÔØ ÂÕÄÅÔ ÏÚÎÁÞÁÔØ, ÞÔÏÞÉÓÌÁ x0; x1; : : : ; xd ÌÉÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÙ ÎÁÄ ËÏÌØ�ÏÍ Z: (9.15)



64 ÷. ç. öõòá÷ìå÷äÁÌÅÅ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ ÓÉÓÔÅÍÁ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.3) ÕÄÏ-×ÌÅÔ×ÏÒÑÅÔ ÓÌÅÄÕÀÝÉÍ Ä×ÕÍ ÕÓÌÏ×ÉÑÍ:ÓÉÓÔÅÍÁ ÌÉÎÅÊÎÙÈ ÆÏÒÍ F (x) ÉÍÅÅÔ ÍÁËÓÉÍÁÌØÎÙÊ d-ÒÁÎÇ;ÓÔÏÌÂÅ� � = A−1F0 ÉÒÒÁ�ÉÏÎÁÌØÎÙÊ. (9.16)
§10. äÒÏÂÎÏ-ÌÉÎÅÊÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ10.1. ÷ÅËÔÏÒ ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ. óÉÓÔÅÍÅ ÌÉÎÅÊÎÙÈ ÆÏÒÍF (x) ÉÚ (9.3) �ÏÓÔÁ×ÉÍ × ÓÏÏÔ×ÅÔÓÔ×ÉÅ

e : F (x) → Fe (10.1)(d+ 1)-ÍÅÒÎÙÊ ×ÅËÔÏÒ ÓÉÓÔÅÍÙFe = det( Fe ) = det f11 : : : f1d f10: : :fd1 : : : fdd fd0e1 : : : ed e0 
 ; (10.2)ÇÄÅ e = (e1 : : : ede0) { ÓÔÒÏËÁ, ÓÏÓÔÁ×ÌÅÎÎÁÑ ÉÚ ÅÄÉÎÉÞÎÙÈ ×ÅËÔÏÒÏ×e1 = (1; : : : ; 0; 0); : : : ; ed = (0; : : : ; 1; 0) e0 = (0; : : : ; 0; 1)�ÒÏÓÔÒÁÎÓÔ×Á Rd+1. ÷ÅËÔÏÒ �ÒÉ×ÅÄÅÎÎÙÈ ÓÉÓÔÅÍ F�(x) ÉÚ (9.9) ÒÁ×ÅÎF�;e = det( F�e ) = �1e1 + : : :+ �ded + 1e0: (10.3)÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÓÏÏÔÎÏÛÅÎÉÅÍ (9.5) É ×ÙÞÉÓÌÉÍ ×ÅËÔÏÒ Fe �ÒÏÉÚ-×ÏÌØÎÏÊ ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ F (x). úÁ�ÉÓÙ×ÁÅÍFe = det( AF�e ) = det(( A 00 1 ) ·

( F�e )); (10.4)É �ÏÜÔÏÍÕ ÉÍÅÅÍ Fe = |A|F�;e; (10.5)ÇÄÅ ÉÓ�ÏÌØÚÏ×ÁÌÉ ÓÏËÒÁÝÅÎÉÅ |A| = detA.



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 6510.2. õÎÉÍÏÄÕÌÑÒÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ. ÷ÙÂÅÒÅÍ �ÒÏÉÚ×ÏÌØÎÕÀÍÁÔÒÉ�Õ U ÉÚ ÇÒÕ��Ù ÕÎÉÍÏÄÕÌÑÒÎÙÈ ÍÁÔÒÉ� GLd+1(Z). ÷ ÓÉÓÔÅÍÅÌÉÎÅÊÎÙÈ ÆÏÒÍ (9.3) �ÒÏÉÚ×ÅÄÑ ÚÁÍÅÎÕ �ÅÒÅÍÅÎÎÙÈ,F (Ux) = F · Ux = FU · x = FU(x);�ÒÉÈÏÄÉÍ Ë ÏÂÒÁÔÉÍÏÍÕ �ÒÅÏÂÒÁÚÏ×ÁÎÉÀ ÓÁÍÉÈ ÓÉÓÔÅÍ ÌÉÎÅÊÎÙÈ ÆÏÒÍU : F (x) −→
∼ FU(x): (10.6)îÁÊÄÅÍ ÄÌÑ �ÒÅÏÂÒÁÚÏ×ÁÎÎÏÊ ÓÉÓÔÅÍÙ FU(x) ÅÅ ×ÅËÔÏÒ (10.2). äÌÑÜÔÏÇÏ ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÓÌÅÄÕÀÝÅÊ �Å�ÏÞËÏÊ ÒÁ×ÅÎÓÔ×FUe = det( FUe ) = det(( FeU−1 ) · U): (10.7)ïÔËÕÄÁ �ÏÌÕÞÁÅÍ ÆÏÒÍÕÌÕ FUe = |U |Fe′ ; (10.8)ÇÄÅ Ó�ÒÁ×Á �ÏÑ×ÉÌÓÑ ÎÏ×ÙÊ ÂÁÚÉÓ e′ = (e′1 : : : e′de′0) = eU−1.éÓ�ÏÌØÚÕÑ ÒÁ×ÅÎÓÔ×Á (10.5) É (10.3), ÉÍÅÅÍFe′ = |A|F�;e′ = |A| (�1e′1 + : : :+ �de′d + 1e′0): (10.9)÷ÙÒÁÖÅÎÉÅ × ÓËÏÂËÁÈ �ÅÒÅ�ÉÛÅÍ × ×ÉÄÅ �ÒÏÉÚ×ÅÄÅÎÉÑ�1e′1 + : : :+ �de′d + 1e′0 = e′ · �̂ (10.10)ÓÔÒÏËÉ e′ = (e′1 : : : e′de′0) É ÓÔÏÌÂ�Á�̂ =  �1...�d1 

 : (10.11)ðÏÄÓÔÁ×ÌÑÑ e′ = eU−1 × �ÒÁ×ÕÀ ÞÁÓÔØ ÒÁ×ÅÎÓÔ×Á (10.10), �ÏÌÕÞÁÅÍÒÁ×ÅÎÓÔ×Ï �1e′1 + : : :+ �de′d + 1e′0 = e · �̂ ′ (10.12)ÓÏ ÓÔÏÌÂ�ÏÍ �̂ ′ = U−1�̂: (10.13)óÏÂÉÒÁÑ ×ÍÅÓÔÅ ÒÁ×ÅÎÓÔ×Á (10.9)-(10.12), �ÒÉÈÏÄÉÍ Ë ÆÏÒÍÕÌÅFe′ = |A| e · �̂ ′ : (10.14)



66 ÷. ç. öõòá÷ìå÷10.3. äÒÏÂÎÏ-ÌÉÎÅÊÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ. ðÕÓÔØM =  m11 : : : m1d m10: : :md1 : : : mdd md0m01 : : : m0d m00  (10.15){ ×ÅÝÅÓÔ×ÅÎÎÁÑ (d + 1; d + 1)-ÍÁÔÒÉ�Á É y = (y1; : : : ; yd) ÉÚ �ÒÏÓÔÁÎ-ÓÔ×Á Rd. ï�ÒÅÄÅÌÉÍ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅM〈y〉 = (�1(M; y)�0(M; y) ; : : : ; �d(M; y)�0(M; y)); (10.16)ÇÄÅ �i(M; y) = mi1y1 + : : :+midyd +mi;0 (10.17){ ÎÅÏÄÎÏÒÏÄÎÙÅ ÌÉÎÅÊÎÙÅ ÆÏÒÍÙ ÄÌÑ i = 0; 1; : : : ; d. æÏÒÍÁ �0(M; y)ÎÁÚÙ×ÅÔÓÑ ÆÁËÔÏÒÏÍ Á×ÔÏÍÏÒÆÎÏÓÔÉ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÇÏ �ÒÅÏÂÒÁÚÏ-×ÁÎÉÑ (10.16). ðÒÉ ÜÔÏÍ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑ, ÞÔÏ �0(M; y) 6= 0.÷ ÔÅÒÍÉÎÁÈ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (10.17) ÒÁ×ÅÎÓÔ×Ï (10.13) ÚÁ�ÉÛÅÔÓÑ ××ÉÄÅ �̂ ′ =  �′1...�′d�′0  =  �1(U−1; �)...�d(U−1; �)�0(U−1; �)  : (10.18)ïÔÓÀÄÁ �ÏÌÕÞÁÅÍ �̂ ′ = �0(U−1; �) Û−1〈�〉; (10.19)Á ÉÚ (10.14) É (10.8) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏFe′ = |A|�0(U−1; �) FU−1〈�〉;e (10.20)É FUe = |U | |A|�0(U−1; �) FU−1〈�〉;e: (10.21)÷ÙÂÅÒÅÍ × ËÁÞÅÓÔ×Å ÍÁÔÒÉ�Ù F ÓÒÁÚÕ �ÒÉ×ÅÄÅÎÎÕÀ ÍÁÔÒÉ�Õ F = F�.óÏÇÌÁÓÎÏ (9.5) × ÜÔÏÍ ÓÌÕÞÁÅ A = E { ÅÄÉÎÉÞÎÁÑ ÍÁÔÒÉ�Á É ÆÏÒÍÕ-ÌÁ (10.21) �ÒÉÍÅÔ ÂÏÌÅÅ �ÒÏÓÔÏÊ ×ÉÄF�Ue = |U |�0(U−1; �) FU−1〈�〉;e: (10.22)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 6710.4. âÉÅË�ÉÑ: ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÆÏÒÍ (ÍÁÔÒÉ�Ù) { ×ÅËÔÏ-ÒÙ. ÷×ÅÄÅÍ ÓÌÅÄÕÀÝÉÅ ÏÂÏÚÎÁÞÅÎÉÑ ÄÌÑ ËÌÁÓÓÏ×(�̂) = R× · �̂; (F ) = GLd(R)F; (10.23)ÇÄÅ R× = GL1(R) { ÍÎÏÖÅÓÔ×Ï ÎÅÎÕÌÅ×ÙÈ ×ÅÝÅÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ.ðÒÅÄÌÏÖÅÎÉÅ 10.1. ïÔÏÂÒÁÖÅÎÉÅ (ÓÍ. (10.1))
e : F 7→ eF = Fe (10.24)ÚÁÄÁÅÔ ÂÉÅË�ÉÀ
e : (F ) −→

∼ (�̂) (10.25)ÍÅÖÄÕ ËÌÁÓÓÁÍÉ ÍÁÔÒÉ� F ÍÁËÓÉÍÁÌØÎÏÇÏ d-ÒÁÎÇÁ, Ï�ÒÅÄÅÌÅÎÎÏÇÏ ×�. 9.1, É ËÌÁÓÓÁÍÉ �ÏÄÏÂÎÙÈ (d+ 1)-ÍÅÒÎÙÈ ×ÅËÔÏÒÏ× �̂ Ó ÎÅÎÕÌÅ×ÙÍÉËÏÏÒÄÉÎÁÔÁÍÉ.äÏËÁÚÁÔÅÌØÓÔ×Ï. éÚ ÒÁ×ÅÎÓÔ×Á (10.5) ÓÌÅÄÕÅÔ, ÞÔÏ ÏÔÏÂÒÁÖÅÎÉÅ(10.25) Ï�ÒÅÄÅÌÅÎÏ ËÏÒÒÅËÔÎÏ. ðÏËÁÖÅÍ, ÞÔÏ ÏÎÏ ÉÎßÅËÔÉ×ÎÏ. ðÕÓÔØF = AF� É F ′ = A′F�′ { �ÒÅÄÓÔÁ×ÉÔÅÌÉ ÉÚ Ä×ÕÈ ËÌÁÓÓÏ× ÉÍÅÀÔ �ÏÄÏÂ-ÎÙÅ ÏÂÒÁÚÙ
eF = |A| �̂; eF ′ = |A′| �̂′; (10.26)Ô.Å. �̂′ = ��̂. ïÔÓÀÄÁ ÓÌÅÄÕÅÔ � = 1. úÎÁÞÉÔ, �̂′ = �̂ É ÔÏÇÄÁ �′ = �.þÔÏÂÙ �ÒÏ×ÅÒÉÔØ ÓÀÒßÅËÔÉ×ÎÏÓÔØ ÏÔÏÂÒÁÖÅÎÉÑ (10.25), ÚÁÍÅÔÉÍ,ÞÔÏ × ÓÉÌÕ (10.3) ÄÌÑ ÌÀÂÏÇÏ ×ÅËÔÏÒÁ �̂ Ó�ÒÁ×ÅÄÌÉ×Ï ÒÁ×ÅÎÓÔ×Ï eF� =�̂. �õÞÁÓÔ×ÕÀÝÕÀ × ÆÏÒÍÕÌÁÈ (10.21) É (10.22) ÍÁÔÒÉ�Õ U ÒÁÚÏÂßÅÍ ÎÁÂÌÏËÉ U = ( U1 U3U2 U4 ) : (10.27)âÌÏË U1 ÉÍÅÅÔ ÒÁÚÍÅÒÙ d×d, ÓÏÓÅÄÎÉÅ Ó ÎÉÍ U2 É U3 { ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏÓÔÒÏËÁ É ÓÔÏÌÂÅ� ÄÌÉÎÙ d, Á U4 { ÞÉÓÌÏ.ðÒÅÄÌÏÖÅÎÉÅ 10.2. ðÕÓÔØ ÓÉÓÔÅÍÁ ÌÉÎÅÊÎÙÈ ÆÏÒÍ F (x) ÕÄÏ×ÌÅÔ×Ï-ÒÑÅÔ ÕÓÌÏ×ÉÑÍ (9.16) É F� { �ÒÉ×ÅÄÅÎÎÁÑ ÍÁÔÒÉ�Á (9.7). �ÏÇÄÁ ÄÌÑ�ÒÏÉÚ×ÏÌØÎÏÊ ÍÁÔÒÉ�Ù U ÉÚ ÇÒÕ��Ù GLd+1(Z) ×Ù�ÏÌÎÑÀÔÓÑ ÆÏÒÍÕ-ÌÙ FU = ABFU−1〈�〉; F�U = BFU−1〈�〉: (10.28)úÄÅÓØ A { ÍÁÔÒÉ�Á (9.6), B = U1 − �U2 (10.29)
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|B| = |U |�0(U−1; �); (10.30)ÇÄÅ U1; U2 { ÂÌÏËÉ (10.27) ÍÁÔÒÉ�Ù U É �0(U−1; �) { ÆÁËÔÏÒ Á×ÔÏ-ÍÏÒÆÎÏÓÔÉ (10.17).äÏËÁÚÁÔÅÌØÓÔ×Ï. óÒÁ×ÎÉÍ Ä×Å ÍÁÔÒÉ�Ù F�U É FU−1〈�〉. ÷×ÉÄÕ ÆÏÒ-ÍÕÌÙ (10.22) ÏÎÉ ÉÍÅÀÔ ÏÄÉÎ É ÔÏÔ ÖÅ ÏÂÒÁÚ eF�U = eFU−1〈�〉 ÏÔÎÏÓÉ-ÔÅÌØÎÏ ÏÔÏÂÒÁÖÅÎÉÑ (10.25). ðÏÜÔÏÍÕ �Ï �ÒÅÄÌÏÖÅÎÉÀ 10.1 ÕËÁÚÁÎÎÙÅÍÁÔÒÉ�Ù Ó×ÑÚÁÎÙ ×ÔÏÒÙÍ ÓÏÏÔÎÏÛÅÎÉÅÍ ÉÚ (10.28), × ËÏÔÏÒÏÍ B {ÎÅËÏÔÏÒÁÑ ÍÁÔÒÉ�Á ÉÚ ÇÒÕ��Ù GLd(R). éÚ ÎÅÇÏ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÓÌÅ-ÄÕÅÔ �ÅÒ×ÏÅ ÓÏÏÔÎÏÛÅÎÉÅ ÉÚ (10.28), ÅÓÌÉ ÕÞÅÓÔØ ÒÁ×ÅÎÓÔ×Ï F = AF�ÉÚ (9.10).ðÒÉÎÉÍÁÑ ×Ï ×ÎÉÍÁÎÉÅ ×ÉÄ (9.7) �ÒÉ×ÅÄÅÎÎÏÊ ÍÁÔÒÉ�Ù F� É ÒÁÚÂÉ-ÅÎÉÅ (10.27), �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏ ÎÁÈÏÄÉÍF�U = (−E �)U = (−U1 + �U2 | − U3 + �U4): (10.31)ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ, �ÒÏÉÚ×ÅÄÅÎÉÅ ÍÁÔÒÉ� Ó�ÒÁ×Á × (10.28) ÒÁ×ÎÏBFU−1〈�〉 = (−B |BU−1〈�〉): (10.32)óÒÁ×ÎÉ×ÁÑ (10.31)  (10.32), ÎÁÈÏÄÉÍ Ñ×ÎÙÊ ×ÉÄ (10.29) ÍÁÔÒÉ�Ù B ÉÅÝÅ ÏÄÎÏ ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÒÁ×ÅÎÓÔ×ÏBU−1〈�〉 = −U3 + �U4: (10.33)ïÓÔÁÌÏÓØ ×ÙÞÉÓÌÉÔØ Ï�ÒÅÄÅÌÉÔÅÌØ ÍÁÔÒÉ�Ù B. óÏÇÌÁÓÎÏ ÆÏÒÍÕ-ÌÅ (10.28) ÉÍÅÅÍ F�Ue = (BFU−1〈�〉)e = |B|FU−1〈�〉; e: (10.34)ïÔÓÀÄÁ É ÉÚ ÒÁ×ÅÎÓÔ×Á (10.22) �ÏÌÕÞÁÅÍ ÄÌÑ Ï�ÒÅÄÅÌÉÔÅÌÑ ÆÏÒ-ÍÕÌÕ (10.30). �úÁÍÅÞÁÎÉÅ 10.1. ÷ ÈÏÄÅ ÄÏËÁÚÁÔÅÌØÓÔ×Á �ÒÅÄÌÏÖÅÎÉÑ 10.2 ÂÙÌÏ �Ï-ÌÕÞÅÎÏ ÒÁ×ÅÎÓÔ×Ï (10.33). åÓÌÉ × ÎÅÇÏ �ÏÄÓÔÁ×ÉÔØ Ñ×ÎÏÅ ×ÙÒÁÖÅÎÉÅ(10.29) ÍÁÔÒÉ�Ù B, ÔÏ �ÒÉÄÅÍ Ë ÍÁÔÒÉÞÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÉÀU−1〈�〉 = (U1 − �U2)−1(−U3 + �U4) (10.35)ÄÌÑ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ (10.16).
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§11. äÒÏÂÎÏ-ÌÉÎÅÊÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ÓÉÍ�ÌÅËÓÏ× ÉÔÏÞÅË æÁÒÅÑ11.1. �ÏÞËÁ É ÅÅ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÙÊ ÏÂÒÁÚ. ÷Ï ×ÔÏÒÏÊ ÆÏÒÍÕÌÅ ÉÚ(10.28) ÚÁÍÅÎÉÍ U ÎÁ ÏÂÒÁÔÎÕÀ ÍÁÔÒÉ�Õ U−1. ðÏÌÕÞÉÍF�U−1 = BU−1FU〈�〉; (11.1)ÇÄÅ BU−1 = U−11 − �U−12 ; U−1 = ( U−11 U−13U−12 U−14 ) : (11.2)ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÔÏÞËÁ � = (�1; : : : ; �d) Ñ×ÌÑÀÔÓÑ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ(2.3). �ÏÇÄÁ �Ï ÆÏÒÍÕÌÅ (10.30) ÂÕÄÅÍ ÉÍÅÔØ

|BU−1 | = |U−1| �0(U; �) 6= 0 (11.3)É, ÚÎÁÞÉÔ, ÄÌÑ BU−1 ÓÕÝÅÓÔ×ÕÅÔ ÏÂÒÁÔÎÁÑ ÍÁÔÒÉ�Á B−1U−1 .ìÅÍÍÁ 11.1. ðÕÓÔØ�′ =  �′1...�′d  = U〈�〉; x′ =  x′1...x′dx′0  = Ux: (11.4)�ÏÇÄÁ ÉÍÅÅÔ ÍÅÓÔÏ ÎÅÒÁ×ÅÎÓÔ×Ï
|�′1x′0−x′1|+: : :+|�′dx′0−x′d| 6 �;U (|�1x0−x1|+: : :+|�dx0−xd|) (11.5)Ó ËÏÎÓÔÁÎÔÏÊ �;U = ||B−1U−1 ||s: (11.6)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÅÒÅ�ÉÛÅÍ (11.1) × ×ÉÄÅ ÒÁ×ÅÎÓÔ×ÁFU〈�〉 U = B−1U−1 F�: (11.7)åÓÌÉ ÄÁÎÎÏÅ ÒÁ×ÅÎÓÔ×Ï ÕÍÎÏÖÉÔØ ÎÁ ÓÔÏÌÂÅ� x É ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÏÂÏ-ÚÎÁÞÅÎÉÑÍÉ (11.4), ÔÏ �ÏÌÕÞÉÍ ÔÏÖÄÅÓÔ×ÏF�′ x′ = B−1U−1 F� x: (11.8)�Å�ÅÒØ ÎÅÒÁ×ÅÎÓÔ×Ï (11.5) ×ÙÔÅËÁÅÔ ÉÚ (11.8) É ÏÂÝÅÇÏ ÎÅÒÁ×ÅÎÓÔ-×Á (9.14). �



70 ÷. ç. öõòá÷ìå÷11.2. ëÏÍÍÕÔÁÔÉ×ÎÁÑ ÄÉÁÇÒÁÍÍÁ. ðÕÓÔØ Rdirr É R
d+1irr ÏÂÏÚÎÁÞÁÀÔÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ �ÏÄÍÎÏÖÅÓÔ×Á ÉÚ �ÒÏÓÔÒÁÎÓÔ× Rd É Rd+1, ÓÏÓÔÏÑÝÅÅÉÚ ÉÒÒÁ�ÉÏÎÁÌØÎÙÈ ÔÏÞÅË (2.3) É (9.15); É �ÕÓÔØ

R
d+1irr '

−→ Rdirr : x 7→ x = 'x (11.9){ �ÒÏÅË�ÉÑ (4.7). úÄÅÓØ x = (x1; : : : ; xd; x0) É x = (x1=x0; : : : ; xd=x0).ìÅÍÍÁ 11.2. ðÕÓÔØ U { �ÒÏÉÚ×ÏÌØÎÁÑ ÕÎÉÍÏÄÕÌÑÒÎÁÑ ÍÁÔÒÉ�Á ÉÚÇÒÕ��Ù GLd+1(Z) É U〈 〉 { ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ (10.16) ÓÍÁÔÒÉ�ÅÊ U . �ÏÇÄÁ × ÏÂÏÚÎÁÞÅÎÉÑÈ (11.9) ÉÍÅÅÔ ÍÅÓÔÏ ÓÌÅÄÕÀÝÁÑËÏÍÍÕÔÁÔÉ×ÎÁÑ ÄÉÁÇÒÁÍÍÁ
R
d+1irr U

//'
��

R
d+1irr'
��

Rdirr U〈 〉
// Rdirr; (11.10)ÉÌÉ ËÒÁÔËÏ { '(Ux) = U〈'x〉: (11.11)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷×ÅÄÅÍ ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÏÂÏÚÎÁÞÅÎÉÅUx =  u1x...udxu0x  ; (11.12)ÇÄÅ u1; : : : ; ud; u0 { ÓÔÒÏËÉ ÍÁÔÒÉ�Ù U , É, ÚÎÁÞÉÔ, x 7→ uix { ÌÉÎÅÊÎÙÅÆÏÒÍÙ. ÷ ÜÔÉÈ ÔÅÒÍÉÎÁÈ ÌÅ×ÕÀ ÞÁÓÔØ × (11.11) ÍÏÖÅÍ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ'(Ux) = '( u1x...udxu0x ) =  u1xu0x...udxu0x  : (11.13)�Å�ÅÒØ ×ÙÞÉÓÌÉÍ �ÒÁ×ÕÀ ÞÁÓÔØ × (11.11). ÷Ó�ÏÍÉÎÁÑ (10.16), ÎÁÈÏ-ÄÉÍ U〈'x〉 = U 〈 x1x0...xdx0 〉 = U〈x〉 =  �1(U;x)�0(U;x)...�d(U;x)�0(U;x)  : (11.14)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 71�ÁË ËÁË × ÓÉÌÕ (10.16) É (11.12) ×Ù�ÏÌÎÑÀÔÓÑ ÔÏÖÄÅÓÔ×Á�i(U; x)�0(U; x) = x0 · �i(U; x)x0 · �0(U; x) = uixu0x ; (11.15)ÔÏ ÉÚ (11.13)-(11.15) ×Ù×ÏÄÉÍ ËÏÍÍÕÔÁ�ÉÏÎÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅ (11.11).
�11.3. õÎÉÍÏÄÕÌÑÒÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ×ÅËÔÏÒÏ× æÁÒÅÑ. ïÂÏ-ÚÎÁÞÉÍ ÞÅÒÅÚ x =  x1...xdx0  =  P [�℄nmax;1...P [�℄nmax;dQ[�℄nmax 


(11.16)×ÅËÔÏÒ æÁÒÅÑ ÄÌÑ CU -ÂÁÚÉÓÁ V̂ [�℄n ÉÚ (7.9). éÚ ÔÅÏÒÅÍÙ 7.1 ÓÌÅÄÕÀÔÎÅÒÁ×ÅÎÓÔ×Á ∣∣∣Q[�℄nmax�− P [�℄nmax ∣∣∣s 6 %[�℄nmax (11.17)ÄÌÑ ×ÓÅÈ n = 0; 1; 2; : : : óÄÅÌÁÅÍ ÕÎÉÍÏÄÕÌÑÒÎÕÀ ÚÁÍÅÎÕx′ =  x′1...x′dx′0  =  P ′[�℄nmax;1...P ′[�℄nmax;dQ′[�℄nmax 


= U  P [�℄nmax;1...P [�℄nmax;dQ[�℄nmax 


(11.18)ÄÌÑ ×ÅËÔÏÒÏ× æÁÒÅÑ (11.16). �ÏÇÄÁ ÉÚ ÎÅÒÁ×ÅÎÓÔ× (11.5) É (11.17) �ÏÌÕ-ÞÁÅÍ ÓÌÅÄÕÀÝÕÀ ÌÅÍÍÕ ÏÂ Á��ÒÏËÓÉÍÁ�ÉÉ �ÒÅÏÂÒÁÚÏ×ÁÎÎÏÊ ÔÏÞËÉ �′.ìÅÍÍÁ 11.3. éÍÅÅÔ ÍÅÓÔÏ Ï�ÅÎËÁ

∣∣∣�′1Q′[�℄nmax − P ′[�℄nmax;1∣∣∣+ : : :+ ∣∣∣�′dQ′[�℄nmax − P ′[�℄nmax;d∣∣∣ 6 �;U %[�℄nmax (11.19)ÄÌÑ ÔÏÞËÉ �′ ÉÚ (11.4).õÂÅÄÉÍÓÑ, ÞÔÏ �ÏÌÕÞÅÎÎÁÑ Ï�ÅÎËÁ (11.19) �ÒÉÂÌÉÖÅÎÉÊ ÄÌÑ ÔÏÞËÉ�′ ÎÅÔÒÉ×ÉÁÌØÎÁ. äÌÑ ÜÔÏÇÏ ÎÅÏÂÈÏÄÉÍÏ ÚÎÁÔØ �ÏÒÑÄÏË ÒÏÓÔÁ ÍÎÏÖÉ-ÔÅÌÅÊ Q′[�℄nmax .



72 ÷. ç. öõòá÷ìå÷ìÅÍÍÁ 11.4. äÌÑ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ (2.3) ÔÏÞËÉ � ÞÉÓÌÁ Q[�℄nmax > 0 ÉQ′[�℄nmax , Ï�ÒÅÄÅÌÅÎÎÙÅ × (7.20) É (11.18), ÉÍÅÀÔ ÏÄÉÎ É ÔÏÔ ÖÅ �ÏÒÑÄÏËÒÏÓÔÁ
|Q′[�℄nmax | ≍ Q[�℄nmax → +∞ (11.20)�ÒÉ n → +∞, Ô.Å. ÏÔÎÏÛÅÎÉÑ (|Q′[�℄nmax |=Q[�℄nmax)±1 ÏÇÒÁÎÉÞÅÎÙ ÄÌÑ ÄÏ-ÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ ÚÎÁÞÅÎÉÊ n.äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ ×ÅËÔÏÒÁ �̂ ÉÚ (3.8) ÒÁÓÓÍÏÔÒÉÍ ÅÇÏ ÏÂÒÁÚ�̂U = U�̂ =  �U;1...�U;d�U;0  (11.21)ÏÔÎÏÓÉÔÅÌØÎÏ ÕÎÉÍÏÄÕÌÑÒÎÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ U . éÚ ÕÓÌÏ×ÉÑ ÉÒÒÁ-�ÉÏÎÁÌØÎÏÓÔÉ ÔÏÞËÉ � ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÅÏÂÒÁÚÏ×ÁÎÎÙÊ ×ÅËÔÏÒ ÉÍÅÅÔËÏÏÒÄÉÎÁÔÙ �U;i 6= 0: (11.22)äÁÌÅÅ ÒÁÄÉ Ï�ÒÅÄÅÌÅÎÎÏÓÔÉ ÓÎÁÞÁÌÁ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ ×Ù�ÏÌÎÅÎÎÙÍÕÓÌÏ×ÉÅ �U;0 > 0: (11.23)�ÁËÖÅ ÒÁÓÓÍÏÔÒÉÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅV̂ [�℄nU = U V̂ [�℄n = {v̂[�℄nU;0 ; v̂[�℄nU;1 ; : : : ; v̂[�℄nU;d } (11.24)ÂÁÚÉÓÏ× V̂ [�℄n ÉÚ (7.9). ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ 'nU;i ÕÇÌÙ ÍÅÖÄÕ ×ÅËÔÏÒÁÍÉv̂[�℄nU;i , �̂U . éÚ ÌÅÍÍÙ 7.3 ÂÕÄÅÔ ÓÌÅÄÏ×ÁÔØ'nU;i → 0 �ÒÉ n → +∞ (11.25)ÄÌÑ ×ÓÅÈ i. îÏ ÔÏÇÄÁ ÉÚ (11.25) ×Ù×ÏÄÉÍ, ÞÔÏ ÕÇÌÙ 'nmax ÍÅÖÄÕ ×ÅËÔÏ-ÒÁÍÉ æÁÒÅÑv̂[�℄nmax = v̂[�℄n0 + v̂[�℄n1 + : : :+ v̂[�℄nd =  P [�℄nmax;1...P [�℄nmax;dQ[�℄nmax 


(11.26)



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 73É ×ÅËÔÏÒÏÍ �̂, Á ÔÁËÖÅ ÕÇÌÙ 'nmax;U ÍÅÖÄÕ �ÒÅÏÂÒÁÚÏ×ÁÎÎÙÍÉ ×ÅËÔÏ-ÒÁÍÉ æÁÒÅÑv̂[�℄nmax;U = v̂[�℄nU;0 + v̂[�℄nU;1 + : : :+ v̂[�℄nU;d =  P ′[�℄nmax;1...P ′[�℄nmax;dQ′[�℄nmax 


(11.27)É ×ÅËÔÏÒÏÍ �̂U ÔÁËÖÅ ÏÂÌÁÄÁÀÔ Ó×ÏÊÓÔ×ÏÍ'nmax → 0; 'nmax;U → 0 �ÒÉ n → +∞: (11.28)ðÏÓÌÅÄÎÅÅ ÒÁ×ÅÎÓÔ×Ï × (11.27) ÓÌÅÄÕÅÔ ÉÚ Ï�ÒÅÄÅÌÅÎÉÊ (7.12), (7.20). ÷ÓÉÌÕ (7.16), ÉÍÅÅÍ Q[�℄nmax → +∞ �ÒÉ n → +∞: (11.29)ðÏÓËÏÌØËÕ v̂[�℄nmax;U = U v̂[�℄nmax; (11.30)ÔÏ ÉÚ (11.23), (11.28)-(11.30) �ÏÌÕÞÁÅÍ ÜË×É×ÁÌÅÎÔÎÏÓÔØQ′[�℄nmax ≍ Q[�℄nmax (11.31)�ÒÉ n → +∞. ðÒÏÔÉ×Ï�ÏÌÏÖÎÙÊ ÓÌÕÞÁÊ�U;0 < 0 (11.32)�ÒÉ×ÏÄÉÔ Ë ÜË×É×ÁÌÅÎÔÎÏÓÔÉ (11.20). �

§12. ïÓÎÏ×ÎÙÅ ÔÅÏÒÅÍÙ÷ ÜÔÏÍ ÉÔÏÇÏ×ÏÍ ÒÁÚÄÅÌÅ ÍÙ �ÏËÁÖÅÍ, ËÁË ÉÚÍÅÎÑÀÔÓÑ ÔÅÏÒÅÍÙ 7.1É 8.1 �ÒÉ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÉ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ �.�ÅÏÒÅÍÁ 12.1. ðÕÓÔØ � { ÉÒÒÁ�ÉÏÎÁÌØÎÁÑ ÔÏÞËÁ (2.2), �={�1; �2; : : :,�n; : : :} { �ÒÏÉÚ×ÏÌØÎÁÑ ÂÅÓËÏÎÅÞÎÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÏÞÅÔÁÎÉÊ�i ÉÚ ÍÎÏÖÅÓÔ×Á � É s[�℄n { ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ �ÒÏÉÚ×ÏÄÎÙÅ ÓÉÍ-�ÌÅËÓÙ (7.5). ëÒÏÍÅ ÔÏÇÏ, �ÕÓÔØ ÒÁÄÉÕÓ [�℄n-�ÒÏÉÚ×ÏÄÎÏÊ r[�℄n Ú×ÅÚÄÙr, Ï�ÒÅÄÅÌÅÎÎÙÊ × (7.14), ÏÂÌÁÄÁÅÔ Ó×ÏÊÓÔ×ÏÍ (7.15). �ÏÇÄÁ ÎÁÊÄÅÔÓÑÔÁËÏÊ ÎÏÍÅÒ n�;U > 0, ÚÁ×ÉÓÑÝÉÊ ÏÔ ÔÏÞËÉ � É ÍÁÔÒÉ�Ù U , ÞÔÏÂÕÄÕÔ ÉÍÅÔØ ÍÅÓÔÏ ÓÌÅÄÕÀÝÉÅ ÕÔ×ÅÒÖÄÅÎÉÑ.1. óÕÝÅÓÔ×ÕÀÔ ÓÉÍ�ÌÅËÓÙs′[�℄n = U〈s[�℄n〉 (12.1)



74 ÷. ç. öõòá÷ìå÷ÄÌÑ n > n�;U ; �ÒÉ ÜÔÏÍ ÔÏÞËÁ�′ = (�′1; : : : ; �′d) = U〈�〉 = (�U;1�U;0 ; : : : ; �U;d�U;0) (12.2)Ñ×ÌÑÅÔÓÑ ×ÎÕÔÒÅÎÎÅÊ ÄÌÑ ÓÉÍ�ÌÅËÓÏ× s′[�℄n , ÏÂÌÁÄÁÀÝÉÈ Ó×ÏÊÓÔ×ÏÍÍÉÎÉÍÁÌØÎÏÓÔÉ (ÓÍ. Ï�ÒÅÄÅÌÅÎÉÅ (6.3)-(6.5)):P ′Q′
=∈ s′[�℄n ; (12.3)ÅÓÌÉ 1 6 |Q| ′ < |Q′[�℄nmax |; ÅÄÉÎÓÔ×ÅÎÎÁÑ ÔÏÞËÁP ′Q′
∈ s′[�℄n (12.4)ÓÏ ÚÎÁÍÅÎÁÔÅÌÅÍ Q′ = Q′[�℄nmax ÅÓÔØ ÔÏÞËÁ æÁÒÅÑ P ′Q′

= P ′[�℄nmaxQ′[�℄nmax , Ï�ÒÅÄÅ-ÌÑÅÍÁÑ �Ï ÆÏÒÍÕÌÅ P ′[�℄nmaxQ′[�℄nmax = U〈P [�℄nmaxQ[�℄nmax〉 (12.5)ÇÄÅ P [�℄nmaxQ[�℄nmax { �ÏÄÈÏÄÑÝÉÅ ÄÒÏÂÉ ÉÚ ÎÅÒÁ×ÅÎÓÔ× (7.23).2. ÷Ù�ÏÌÎÑÀÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Á
∣∣∣∣∣�′ −

P ′[�℄nmaxQ′[�℄nmax ∣∣∣∣∣s 6 �;U %[�℄nmax
|Q′[�℄nmax | (12.6)ÄÌÑ ×ÓÅÈ n > n�;U . úÄÅÓØ �;U { ËÏÎÓÔÁÎÔÁ ÉÚ (11.5) ÎÅ ÚÁ×ÉÓÉÔ ÏÔ nÉ ÚÎÁÍÅÎÁÔÅÌÉ

|Q′[�℄nmax | → +∞ �ÒÉ n → +∞: (12.7)äÏËÁÚÁÔÅÌØÓÔ×Ï. óÕÝÅÓÔ×Ï×ÁÎÉÅ ÓÉÍ�ÌÅËÓÏ× s′[�℄n , ÉÈ Ó×ÑÚØ (12.1) ÓÓÉÍ�ÌÅËÓÁÍÉ s[�℄n É ÆÏÒÍÕÌÁ (12.2) ÓÌÅÄÕÀÔ ÉÚ ËÏÍÍÕÔÁÔÉ×ÎÏÊ ÄÉÁ-ÇÒÁÍÍÙ (11.10) É ÌÅÍÍÙ 11.4. æÏÒÍÕÌÁ (12.5) �ÏÌÕÞÁÅÔÓÑ ÉÚ ÒÁ×ÅÎÓÔ×Á(11.27) É ÆÏÒÍÕÌÙ ÄÌÑ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ (10.16), ÁÓ×ÏÊÓÔ×Ï ÍÉÎÉÍÁÌØÎÏÓÔÉ (12.3), (12.4) { ÉÚ ÔÅÏÒÅÍÙ 7.1. ÷ÔÏÒÏÅ ÕÔ×ÅÒ-ÖÄÅÎÉÅ ÔÅÏÒÅÍÙ ×ÙÔÅËÁÅÔ ÉÚ ÎÅÒÁ×ÅÎÓÔ× (11.19) É ÌÅÍÍÙ 11.4. �úÁÍÅÞÁÎÉÅ 12.1. þÔÏÂÙ �ÒÉÂÌÉÖÅÎÉÑ (12.6) ÂÙÌÉ ÎÅÔÒÉ×ÉÁÌØÎÙ, ÎÅ-ÏÂÈÏÄÉÍÏ ×Ù�ÏÌÎÅÎÉÅ ÕÓÌÏ×ÉÑ (12.7) ÄÌÑ ÚÎÁÍÅÎÁÔÅÌÅÊ Q′[�℄nmax �ÏÄÈÏÄÑ-ÝÉÈ ÄÒÏÂÅÊ P ′[�℄nmaxQ′[�℄nmax .



äòïâîï-ìéîåêîáñ éî÷áòéáî�îïó�ø íîïçïíåòîùè 75�ÅÏÒÅÍÁ 12.2. ÷ ÕÓÌÏ×ÉÑÈ ÔÅÏÒÅÍ 8.1 É 12.1 Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ
∣∣∣∣∣�′ −

P ′[�℄nmaxQ′[�℄nmax ∣∣∣∣∣s 6
 ′

|Q′[�℄nmax |1+�∗

(12.8)ÄÌÑ ×ÓÅÈ n > n�;U;�∗ . úÄÅÓØ �∗ { �ÒÏÉÚ×ÏÌØÎÏÅ ÞÉÓÌÏ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅÎÅÒÁ×ÅÎÓÔ×Õ �∗ < �, ÇÄÅ � = �(�; }) { ÄÉÏÆÁÎÔÏ×Á ÜËÓ�ÏÎÅÎÔÁ (8.5); ′ =  · �;U , ÇÄÅ  { ËÏÎÓÔÁÎÔÁ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á (8.2) É �;U ÉÚ (12.6);ÎÉÖÎÑÑ ÇÒÁÎÉ�Á n�;U;�∗ ÄÌÑ n Ï�ÒÅÄÅÌÑÅÔÓÑ ×ÙÂÏÒÏÍ �ÏËÁÚÁÔÅÌÑ �∗É ÚÁ×ÉÓÉÔ ÏÔ ÉÒÒÁ�ÉÏÎÁÌØÎÏÊ ÔÏÞËÉ � = (�1; : : : ; �d), ÕÎÉÍÏÄÕÌÑÒÎÏÊÍÁÔÒÉ�Ù U É �ÅÌÅ×ÏÊ ÆÕÎË�ÉÉ }(r).äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÔÅÏÒÅÍ 8.1, 12.1 É ÜË×É×ÁÌÅÎÔÎÏÓÔÉ (11.20).ïÔÎÏÓÉÔÅÌØÎÏ ÄÏËÁÚÁÎÎÙÈ ÔÅÏÒÅÍ ÎÅÏÂÈÏÄÉÍÙ ÓÌÅÄÕÀÝÉÅ �ÏÑÓÎÑ-ÀÝÉÅ ËÏÍÍÅÎÔÁÒÉÉ.úÁÍÅÞÁÎÉÅ 12.2. óÒÁ×ÎÉ×ÁÑ ÔÅÏÒÅÍÙ 7.1, 8.1 Ó ÉÈ ÁÎÁÌÏÇÁÍÉ { ÔÅÏÒÅ-ÍÁÍÉ 12.1, 12.2 { ×ÉÄÉÍ, ÞÔÏ Ï�ÅÎËÉ �ÒÉÂÌÉÖÅÎÉÊ (7.23), (8.6) ÏÓÔÁÀÔÓÑÉÎ×ÁÒÉÁÎÔÎÙÍÉ (12.6), (12.8) Ó ÔÏÞÎÏÓÔØÀ ÄÏ �ÏÓÔÏÑÎÎÏÇÏ ÍÎÏÖÉÔÅÌÑ�;U ÉÚ (11.6) �ÒÉ ÄÒÏÂÎÏ-ÌÉÎÅÊÎÏÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÉ (12.2) Á��ÒÏËÓÉ-ÍÉÒÕÅÍÏÊ ÔÏÞËÉ �.úÁÍÅÞÁÎÉÅ 12.3. æÏÒÍÕÌÁ �;U = ‖B−1U−1‖s Ó ÒÁÚßÑÓÎÅÎÉÑÍÉ (11.2),(11.3) �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ ÇÌÁ×ÎÙÍ ÆÁËÔÏÒÏÍ, ×ÌÉÑÀÝÉÍ ÎÁ ×ÅÌÉÞÉÎÕ�;U , Ñ×ÌÑÅÔÓÑ ÆÁËÔÏÒ-Á×ÔÏÍÏÒÆÎÏÓÔÉ�0(U; �) = u0 · �̂ = u01�1 + : : :+ u0d�d + u00; (12.9)ÇÄÅ u0 { ÎÉÖÎÑÑ ÓÔÒÏËÁ ÕÎÉÍÏÄÕÌÑÒÎÏÊ ÍÁÔÒÉ�Ù U . ÷ÅÌÉÞÉÎÁ �;UÏÂÒÁÔÎÏ �ÒÏ�ÏÒ�ÉÏÎÁÌØÎÁ ÚÎÁÞÅÎÉÀ ÌÉÎÅÊÎÏÊ ÆÏÒÍÙ (12.9) É, ÚÎÁÞÉÔ,ÇÉ�ÅÒ�ÌÏÓËÏÓÔØ �0(U; x) = 0 ÂÕÄÅÔ ËÒÉÔÉÞÅÓËÏÊ �ÒÉ ×ÙÂÏÒÅ � É U .ïÇÒÁÎÉÞÉ×ÁÑÓØ × ÄÁÎÎÏÊ ÓÔÁÔØÅ ÉÒÒÁ�ÉÏÎÁÌØÎÙÍÉ ÔÏÞËÁÍÉ � ÍÙ, ÔÅÍÓÁÍÙÍ, ÇÁÒÁÎÔÉÒÏ×ÁÌÉ ×Ù�ÏÌÎÅÎÉÅ ÕÓÌÏ×ÉÑ �0(U; �) 6= 0. éÓ�ÏÌØÚÕÑÏÂÏÚÎÁÞÅÎÉÑ �. 11.3, ÍÏÖÅÍ ÚÁ�ÉÓÁÔØ ÆÁËÔÏÒ-Á×ÔÏÍÏÒÆÎÏÓÔÉ (12.9) ××ÉÄÅ �0(U; �) = �U;0. ðÏÜÔÏÍÕ, �ÒÉÎÉÍÁÑ ×Ï ×ÎÉÍÁÎÉÅ (11.23), (11.32),ÕÂÅÖÄÁÅÍÓÑ × ÔÏÍ, ÞÔÏ ÚÎÁË sign �0(U; �) = ±1 ÓÏ×�ÁÄÁÅÔ ÓÏ ÚÎÁËÏÍÚÎÁÍÅÎÁÔÅÌÅÊ Q′[�℄nmax × ÎÅÒÁ×ÅÎÓÔ×ÁÈ (12.6), (12.8) ÄÌÑ ×ÓÅÈ ÄÏÓÔÁÔÏÞÎÏÂÏÌØÛÉÈ ÚÎÁÞÅÎÉÊ n. ìÉÔÅÒÁÔÕÒÁ1. ÷. ç. öÕÒÁ×ÌÅ×, óÉÍ�ÌÅËÓ-ÑÄÅÒÎÙÊ ÁÌÇÏÒÉÔÍ ÒÁÚÌÏÖÅÎÉÑ × ÍÎÏÇÏÍÅÒÎÙÅ�Å�ÎÙÅ ÄÒÏÂÉ, | óÏ×ÒÅÍÅÎÎÙÅ �ÒÏÂÌÅÍÙ ÍÁÔÅÍÁÔÉËÉ, íé òáî (2017), 1{25.(× �ÅÞÁÔÉ)
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