
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 465, 2017 Ç.�. á. âÏÌÏÈÏ×ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïêæïòíù ïðåòá�ïòá ìáðìáóá äìñ ðïìñ,÷úáéíïäåêó�÷õàýåçï ó ä÷õíñéó�ïþîéëáíé ÷×ÅÄÅÎÉÅë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒÍÙ, Ï�ÒÅÄÅÌÑÅÍÙÅ ×ÙÒÁÖÅÎÉÅÍQN=∫
R3{∑n;k 1

|x− xn|2 ∣∣∣ ��xk |x−xn|f(x)∣∣∣2−(N−1) 3∑k=1∣∣ ��xk f(x)∣∣2}d3x; (1)ÇÄÅ {xn} { ÜÔÏ N ÔÏÞÅË �ÒÏÓÔÒÁÎÓÔ×Á R3 ÏÂÝÅÇÏ �ÏÌÏÖÅÎÉÑ, ÍÏÇÕÔÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ËÁË ÒÁÓÛÉÒÅÎÉÑ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ Ï�ÅÒÁÔÏÒÁ ìÁ-�ÌÁÓÁ QL = ∫
R3 3∑k=1∣∣ ��xk f(x)∣∣2 d3x: (2)�ÁËÉÅ ÒÁÓÛÉÒÅÎÉÑ, ËÁË É ÓÁÍÁ ÆÏÒÍÁ QL, ÏÂÌÁÄÁÀÔ Ó×ÏÊÓÔ×ÏÍ ÏÄÎÏ-ÒÏÄÎÏÓÔÉ ÉÌÉ ËÏ×ÁÒÉÁÎÔÎÏÓÔÉ �Ï ÏÔÎÏÛÅÎÉÀ Ë ÄÉÌÁÔÁ�ÉÉx → �x; xn → �x;Á ÉÍÅÎÎÏ, QN({�xn}; f(�x)) = �−2QN(f(x)): (3)÷ ÆÉÚÉÞÅÓËÉÈ �ÒÉÌÏÖÅÎÉÑÈ Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ Ï�ÅÒÁÔÏÒÁ ìÁ�ÌÁÓÁÏÂÙÞÎÏ ×ÏÚÎÉËÁÅÔ ËÁË ÆÕÎË�ÉÏÎÁÌ �ÏÔÅÎ�ÉÁÌØÎÏÊ ÜÎÅÒÇÉÉ ÂÏÚÏÎÎÏÇÏ�ÏÌÑ. æÏÒÍÁ QN , ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÍÏÖÅÔ ÂÙÔØ �ÒÏÉÎÔÅÒ�ÒÅÔÉÒÏ×ÁÎÁËÁË ÞÁÓÔÎÙÊ ÓÌÕÞÁÊ ÆÕÎË�ÉÏÎÁÌÁ ÜÎÅÒÇÉÉ �ÏÌÑ f(x), ×ÚÁÉÍÏÄÅÊÓÔ×Õ-ÀÝÅÇÏ Ó N ÔÏÞÅÞÎÙÍÉ ÉÓÔÏÞÎÉËÁÍÉ (ÍÁÔÅÍÁÔÉÞÅÓËÉÅ ÏÓÎÏ×Ù Ï�ÉÓÁ-ÎÉÑ ÔÁËÉÈ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÊ ÂÙÌÉ ÚÁÌÏÖÅÎÙ × [1℄). ë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒ-ÍÙ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÏÂÝÅÍÕ ÓÌÕÞÁÀ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ Ó ÔÏÞÅÞÎÙÍÉëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ, Ï�ÅÒÁÔÏÒ ìÁ�ÌÁÓÁ, ÔÏÞÅÞÎÙÊ �ÏÔÅÎ�É-ÁÌ, ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÅ ÒÁÓÛÉÒÅÎÉÑ ÓÉÍÍÅÔÒÉÞÅÓËÉÈ Ï�ÅÒÁÔÏÒÏ×.òÁÂÏÔÁ ÎÁ�ÉÓÁÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ ÇÒÁÎÔÏ× òææé 15-01-03148 É òææé 17-01-00283. 46



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 47ÉÓÔÏÞÎÉËÁÍÉ, ÉÍÅÀÔ ÄÏÂÁ×ÏÞÎÙÅ ÓÌÁÇÁÅÍÙÅ Ó ÒÁÚÍÅÒÎÙÍÉ ËÏÜÆÆÉ�É-ÅÎÔÁÍÉ, ÚÁ×ÉÓÑÝÉÅ ÏÔ ÚÎÁÞÅÎÉÊ �ÏÌÑ × ÔÏÞËÁÈ xn, É ÄÌÑ ÎÉÈ ÎÅ ×Ù�ÏÌ-ÎÑÅÔÓÑ ÕÓÌÏ×ÉÅ (3). ðÏÜÔÏÍÕ Ë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒÍÙ, ÌÉÛÅÎÎÙÅ ÄÏÂÁ×ÏËÒÁÚÍÅÒÎÏÓÔÉ, ÏÔÌÉÞÎÏÊ ÏÔ [x℄−2, �ÒÅÄÓÔÁ×ÌÑÀÔ ÏÔÄÅÌØÎÙÊ ÉÎÔÅÒÅÓ ÄÌÑÔÅÏÒÉÉ �ÏÌÑ ËÁË ÏÄÎÏÒÏÄÎÙÅ ×ÙÒÁÖÅÎÉÑ.÷ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÅ �ÒÏ×ÏÄÉÔÓÑ ÉÓÓÌÅÄÏ×ÁÎÉÅ Ó×ÏÊÓÔ× ÓÉÍÍÅÔÒÉÉÍÎÏÖÅÓÔ×Á Ë×ÁÄÒÁÔÉÞÎÙÈ ÆÏÒÍ, Ï�ÉÓÙ×ÁÅÍÙÈ ×ÙÒÁÖÅÎÉÅÍ (1), ÄÌÑ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ Ó Ä×ÕÍÑ ÉÓÔÏÞÎÉËÁÍÉ (N = 2). âÕÄÅÔ �ÏËÁÚÁÎÏ, ÞÔÏÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÅ ÍÎÏÖÅÓÔ×Ï ÎÅÔÒÉ×ÉÁÌØÎÙÈ ÒÁÓÛÉÒÅÎÉÊ ÓÏÓÔÏÉÔ ÉÚÏÔÄÅÌØÎÏÊ ÔÏÞËÉ É ÍÎÏÖÅÓÔ×Á, ÜË×É×ÁÌÅÎÔÎÏÇÏ ÓÆÅÒÅ S2 (ËÏÍ�ÌÅËÓÎÏ-ÍÕ �ÒÏÅËÔÉ×ÎÏÍÕ �ÒÏÓÔÒÁÎÓÔ×Õ CP1).
§1. çÒÁÎÉÞÎÙÅ ÕÓÌÏ×ÉÑ É ÓÉÍÍÅÔÒÉÞÅÓËÉÊ Ï�ÅÒÁÔÏÒðÏËÁÖÅÍ, ÞÔÏ ÎÁ ÍÎÏÖÅÓÔ×Å ÆÕÎË�ÉÊ, ÒÅÇÕÌÑÒÎÙÈ × ÔÏÞËÁÈ {xn},Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ QN ÓÏ×�ÁÄÁÅÔ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÏÊ Ï�ÅÒÁ-ÔÏÒÁ ìÁ�ÌÁÓÁ QL. ðÕÓÔØ 
N� { ÏÂßÅÄÉÎÅÎÉÅ ÓÆÅÒ Ó ÄÉÁÍÅÔÒÁÍÉ � É�ÅÎÔÒÁÍÉ × ÔÏÞËÁÈ xn, Á �n� { �Ï×ÅÒÈÎÏÓÔÉ ÜÔÉÈ ÓÆÅÒ. éÎÔÅÇÒÁÌ (1)�Ï �ÒÏÓÔÒÁÎÓÔ×Õ R3 Ñ×ÌÑÅÔÓÑ �ÒÅÄÅÌÏÍ ÉÎÔÅÇÒÁÌÏ× �Ï ÍÎÏÖÅÓÔ×ÁÍ
̃N� = R3 \ 
N� �ÒÉ � → 0. ÷ ËÁÖÄÏÍ ÔÁËÏÍ ÉÎÔÅÇÒÁÌÅ ÒÁÓËÒÏÅÍ ÄÅÊ-ÓÔ×ÉÅ �ÒÏÉÚ×ÏÄÎÏÊ, ÓÇÒÕ��ÉÒÕÅÍ ÍÌÁÄÛÉÅ ÓÔÅ�ÅÎÉ × �ÏÌÎÕÀ �ÒÏÉÚ-×ÏÄÎÕÀ É �ÒÏÉÎÔÅÇÒÉÒÕÅÍ �Ï ÞÁÓÔÑÍ:QN = lim�→0 ∫
̃N� { N∑n=1( ��xk |x− xn|f(x)) 1

|x− xn|2 ( ��xk |x− xn|f(x))
− (N − 1)∣∣ ��xk f(x)∣∣2} d3x= lim�→0 ∫
̃N� {∣∣ �f�xk ∣∣2 + N∑n=1( (x− xn)k

|x− xn|2 ��xk |f(x)|2 + |f(x)|2
|x− xn|2 )} d3x (4)= lim�→0 ∫
̃N� {∣∣ �f�xk ∣∣2 + N∑n=1 ��xk ( (x− xn)k

|x− xn|2 |f(x)|2)} d3x= lim�→0{∫
̃N� ∣∣ �f�xk ∣∣2 d3x−

N∑n;m=1 ∫�m� (x− xn)k |f(x)|2
|x− xn|2 d2�mk };



48 �. á. âïìïèï÷ÚÄÅÓØ ÍÙ Ï�ÕÓÔÉÌÉ ÓÕÍÍÉÒÏ×ÁÎÉÅ �Ï �Ï×ÔÏÒÑÀÝÉÍÓÑ ÔÒÅÈÍÅÒÎÙÍ ÉÎ-ÄÅËÓÁÍ k É ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÓÏÏÔÎÏÛÅÎÉÑÍÉ��xk |x− xn| = (x− xn)k
|x− xn| ; ��xk (x − xn)k

|x− xn|2 = 1
|x− xn|2 (5)÷ �ÏÓÌÅÄÎÅÊ ÓÕÍÍÅ �Ï n;m ÇÌÁ×ÎÙÊ ×ËÌÁÄ ×ÎÏÓÑÔ \ÄÉÁÇÏÎÁÌØÎÙÅ" ÓÌÁ-ÇÁÅÍÙÅ, × ËÏÔÏÒÙÈ ÎÅÏÇÒÁÎÉÞÅÎÎÙÅ ÍÎÏÖÉÔÅÌÉ (5) ÉÎÔÅÇÒÉÒÕÀÔÓÑ �Ï�Ï×ÅÒÈÎÏÓÔÑÍ ÓÆÅÒ �n� Ó �ÅÎÔÒÁÍÉ × ÔÏÞËÁÈ xn. ÷ ÜÔÏÍ ÓÌÕÞÁÅ ×ÅËÔÏÒÙÓ ËÏÍ�ÏÎÅÎÔÁÍÉ, �ÒÏ�ÏÒ�ÉÏÎÁÌØÎÙÍÉ (x − xn)k, �ÁÒÁÌÌÅÌØÎÙ ×ÅËÔÏ-ÒÁÍ d�nk , ÎÏÒÍÁÌØÎÙÍ × ÔÏÞËÅ x Ë �Ï×ÅÒÈÎÏÓÔÑÍ �n� , É \ÄÉÁÇÏÎÁÌØÎÙÅ"ÓÌÁÇÁÅÍÙÅ �ÅÒÅ�ÉÓÙ×ÁÀÔÓÑ × ×ÉÄÅ ÉÎÔÅÇÒÁÌÏ× �Ï �Ï×ÅÒÈÎÏÓÔÉ ÏÔ ÓËÁ-ÌÑÒÎÏÊ ÆÕÎË�ÉÉ

∑n ∫�m� (x− xn)k |f(x)|2
|x− xn|2 d2�nk =∑n ∫�n� |f(x)|2

|x− xn| d2�äÌÑ ÆÕÎË�ÉÉ f(x), ÒÅÇÕÌÑÒÎÏÊ × ÔÏÞËÁÈ xn, ÜÔÉ ÉÎÔÅÇÒÁÌÙ, Á ÔÁË-ÖÅ ÉÎÔÅÇÒÁÌÙ × \ÎÅÄÉÁÇÏÎÁÌØÎÙÈ" ÓÌÁÇÁÅÍÙÈ ÓÔÒÅÍÑÔÓÑ Ë ÎÕÌÀ �ÒÉ� → 0, É × ÒÅÚÕÌØÁÔÅ ÄÌÑ QN �ÏÌÕÞÁÅÔÓÑ ×ÙÒÁÖÅÎÉÅ (2).ðÕÓÔØ ÔÅ�ÅÒØ ÆÕÎË�ÉÑ f(x) Ñ×ÌÑÅÔÓÑ Ä×Á ÒÁÚÁ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÏÊÆÕÎË�ÉÅÊ Ó ÏÓÏÂÅÎÎÏÓÔÑÍÉ × ÔÏÞËÁÈ xn. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ �ÏÌÕÞÉÔØ×ÙÒÁÖÅÎÉÅ ÄÌÑ Ï�ÅÒÁÔÏÒÁ, ÓÏÏÔ×ÅÔ×ÅÔÓÔ×ÕÀÝÅÇÏ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒ-ÍÅ QN , �ÒÏÉÎÔÅÇÒÉÒÕÅÍ ×ÙÒÁÖÅÎÉÅ ÉÚ �ÅÒ×ÏÊ ÓÔÒÏËÉ (4) �Ï ÞÁÓÔÑÍQN = lim�→0 ∫
̃N� { N∑n=1( ��xk |x− xn|f(x)) 1
|x− xn|2( ��xk |x− xn|f(x))

− (N − 1)∣∣ ��xk f(x)∣∣2} d3x= − lim�→0{∫
̃N� ( N∑n=1 f(x)|x− xn| ��xk 1
|x− xn|2( ��xk |x− xn|f(x))

− (N − 1)f(x) �2�x2k f(x)) d3x−
N∑m=1 ∫�m� ( f(x)

|x− xm|
��xk |x− xn|f(x)+ ∑n6=m f(x)

|x− xn| ��xk |x− xn|f(x)− (N − 1)f(x) ��xk f(x)) d2�mk }



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 49= − lim�→0{∫
̃N� (f(x) �2�x2k f(x) + N∑n=1 f(x)( ��xk (x − xn)k
|x− xn|3 )f(x)) d3x (6)

−
N∑m=1 ∫�m� f(x)

|x− xm|
��xk |x− xm|f(x) d2�mk (7)

−
N∑m=1 ∫�m� ∑n6=m |f(x)|2 (x− xn)k

|x− xn|2 d2�mk }: (8)÷ �ÏÌÕÞÉ×ÛÅÊÓÑ ÓÕÍÍÅ �ÅÒ×ÏÅ ÓÌÁÇÁÅÍÏÅ × ÓÔÒÏËÅ (6) { ÜÔÏ Ë×ÁÄÒÁ-ÔÉÞÎÁÑ ÆÏÒÍÁ ÌÁ�ÌÁÓÉÁÎÁ � = −
∑k �2�x2k : (9)÷ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ ÉÓÞÅÚÁÅÔ ×ÎÅ ÏËÒÅÓÔÎÏÓÔÅÊ ÔÏÞÅË xn

∑k ��xk (x− xn)k
|x− xn|3 = 0; |x− xn| > �;ÎÏ ÆÏÒÍÁÌØÎÏ Ñ×ÌÑÅÔÓÑ ÓÕÍÍÏÊ Æ-ÆÕÎË�ÉÊ É ÏÂÙÞÎÏ ÄÏÂÁ×ÌÑÅÔÓÑ Ë ×Ù-ÒÁÖÅÎÉÀ ÄÌÑ ÒÁÓÛÉÒÅÎÉÑ ÓÉÍÍÅÔÒÉÞÅÓËÏÇÏ Ï�ÅÒÁÔÏÒÁ �, ËÏÔÏÒÏÅ ÍÙ�ÏËÁ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ËÁË �N . óÔÒÏËÁ (7) Ñ×ÌÑÅÔÓÑ ÇÒÁÎÉÞÎÙÍ ÕÓÌÏ-×ÉÅÍ. ÷ ÏÓÔÁ×ÛÅÊÓÑ ÓÕÍÍÅ (8) ×ÅËÔÏÒ x−xn ÍÏÖÎÏ ÚÁÍÅÎÉÔØ ÎÁ ×ÅËÔÏÒxm − xn Ó �Ï�ÒÁ×ËÏÊ, �ÒÏ�ÏÒ�ÉÏÎÁÌØÎÏÊ �, É ÎÁ�ÉÓÁÔØ ÄÌÑ ÉÎÔÅÇÒÁÌÁ�Ï ÓÆÅÒÅ �m� ÓÌÅÄÕÀÝÕÀ Ï�ÅÎËÕ

∫�m� (x − xn)k
|x− xn|2 d2�mk = ∫�m� (xm − xn)k

|xm − xn|2 (1 +O(�)) d2�mk = O(�3):åÓÌÉ ÆÕÎË�ÉÑ |f(x)| ×ÅÄÅÔ ÓÅÂÑ × ÏËÒÅÓÔÎÏÓÔÉ ÔÏÞËÉ xm ËÁË O(|x −xm|−2), ÔÏ, Ó ÕÞÅÔÏÍ ÎÁ�ÉÓÁÎÎÏÊ ×ÙÛÅ Ï�ÅÎËÉ ÄÌÑ ÉÎÔÅÇÒÁÌÁ, ÍÏÖÎÏÓÄÅÌÁÔØ ×Ù×ÏÄ, ÞÔÏ ËÁÖÄÏÅ ÓÌÁÇÁÅÍÏÅ × ÓÔÒÏËÅ (8), ÒÁ×ÎÏ ËÁË É ×ÓÑÓÕÍÍÁ, ÉÓÞÅÚÁÅÔ �ÒÉ � → 0. �ÁËÉÍ ÏÂÒÁÚÏÍ, Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ QN�ÒÅÏÂÒÁÚÕÅÔÓÑ Ë ÓÌÅÄÕÀÝÅÍÕ ×ÉÄÕQN = (f;�Nf)− lim�→0 N∑m=1 ∫�m� f(x)
|x− xm|

��xk |x− xm|f(x) d2�mk ;



50 �. á. âïìïèï÷ÇÄÅ ËÒÕÇÌÙÍÉ ÓËÏÂËÁÍÉ ÏÂÏÚÎÁÞÅÎÏ ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ ÄÌÑ ÆÕÎË-�ÉÊ ÎÁ �ÒÏÓÔÒÁÎÓÔ×Å R3.ðÒÅÏÂÒÁÚÏ×ÁÎÉÅ (6){(8), �ÒÉÍÅÎÅÎÎÏÅ Ë Ä×ÕÍ ÜÌÅÍÅÎÔÁÍ f É g ÉÚÎÅËÏÔÏÒÏÇÏ ÍÎÏÖÅÓÔ×Á ÆÕÎË�ÉÊ Ó ÏÓÏÂÅÎÎÏÓÔÑÍÉ × ÔÏÞËÁÈ xn, �ÏËÁ-ÚÙ×ÁÅÔ, ÞÔÏ ÄÌÑ ÔÏÇÏ, ÞÔÏÂÙ Ï�ÅÒÁÔÏÒ �N ÂÙÌ ÓÉÍÍÅÔÒÉÞÅÓËÉÍ(f;�Ng) = (�Nf; g)ÎÅÏÂÈÏÄÉÍÏ, ÞÔÏÂÙ ÄÌÑ ÌÀÂÙÈ Ä×ÕÈ ÆÕÎË�ÉÊ ÉÚ ÜÔÏÇÏ ÍÎÏÖÅÓÔ×Á ×Ù-�ÏÌÎÑÌÉÓØ ÇÒÁÎÉÞÎÙÅ ÕÓÌÏ×ÉÑlim�→0∑m ∫�m� { f(x)
|x− xm|

( ��xk |x− xm|g(x))
−
( ��xk |x− xm|f(x)) g(x)

|x− xm|
} d2�mk = 0: (10)á ÄÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÂÙÌÏ ×Ù�ÏÌÎÅÎÏ ÒÁ×ÅÎÓÔ×ÏQN (f) = (f;�Nf);ÎÅÏÂÈÏÄÉÍÏ, ÞÔÏÂÙ ÂÙÌÁ ÒÁ×ÎÁ ÎÕÌÀ ËÁÖÄÁÑ ÉÚ Ä×ÕÈ ÓÕÍÍ × (10)lim�→0∑m ∫�m� f(x)

|x− xm|
( ��xk |x− xm|g(x))d2�mk = 0: (11)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ ÉÚÕÞÁÔØ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÅ ÒÁÓÛÉÒÅ-ÎÉÑ ÓÉÍÍÅÔÒÉÞÅÓËÏÇÏ Ï�ÅÒÁÔÏÒÁ, ÚÁÄÁ×ÁÅÍÏÇÏ ×ÙÒÁÖÅÎÉÅÍ (9), ÕÄÏ-×ÌÅÔ×ÏÒÑÀÝÉÅ ÇÒÁÎÉÞÎÙÍ ÕÓÌÏ×ÉÑÍ (11).

§2. óÁÍÏÓÏ�ÒÑÖÅÎÎÙÅ ÒÁÓÛÉÒÅÎÉÑ É ÇÒÁÎÉÞÎÙÅÕÓÌÏ×ÉÑ÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÍÙ ÏÇÒÁÎÉÞÉÍÓÑ ÒÁÓÓÍÏÔÒÅÎÉÅÍ Ë×ÁÄÒÁÔÉÞÎÏÊÆÏÒÍÙ QN , ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÊ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÀ Ó Ä×ÕÍÑ ÉÓÔÏÞÎÉËÁÍÉ,ÔÏ ÅÓÔØ ÓÌÕÞÁÅÍ N = 2. ðÕÓÔØ � { ÓÉÍÍÅÔÒÉÞÅÓËÉÊ Ï�ÅÒÁÔÏÒ, ÚÁ-ÄÁÎÎÙÊ ×ÙÒÁÖÅÎÉÅÍ (9) ÎÁ ÍÎÏÖÅÓÔ×Å Ä×Á ÒÁÚÁ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈÆÕÎË�ÉÊ, ÉÓÞÅÚÁÀÝÉÈ ×ÍÅÓÔÅ Ó �ÒÏÉÚ×ÏÄÎÙÍÉ × ÔÏÞËÁÈ x1 É x2
W0 = {f : (f; f) <∞; (�f;�f) <∞; f(x) → 0; �f�xk → 0; x → x1;2}:



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 51�ÁËÏÊ Ï�ÅÒÁÔÏÒ ÉÍÅÅÔ ÉÎÄÅËÓÙ ÄÅÆÅËÔÁ (2; 2). äÅÊÓÔ×ÉÔÅÌØÎÏ, ÅÓÌÉÏÂÏÚÎÁÞÉÔØ | = ei�=4, ÔÏ ÏËÁÚÙ×ÁÅÔÓÑ, ÞÔÏ �ÁÒÙ ×ÅËÔÏÒÏ×C1+ = ei|�|x−x1|
|x− x1| ; C2+ = ei|�|x−x2|

|x− x2| (12)É C1
− = e−|�|x−x1|

|x− x1| ; C2
− = e−|�|x−x2|

|x− x2| ; (13)ÉÎÔÅÇÒÉÒÕÅÍÙ Ó Ë×ÁÄÒÁÔÏÍ �Ï �ÒÏÓÔÒÁÎÓÔ×Õ R3 É ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÒÁ×-ÎÅÎÉÑÍ
(
− �2�x2k ∓ i�2)C1;2

± (x) = 0: (14)ïÔÓÀÄÁ ÓÌÅÄÕÅÔ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ×ÅËÔÏÒÁ f ÉÚ ÍÎÏÖÅÓÔ×Á W0 ×Ù�ÏÌ-ÎÅÎÙ ÒÁ×ÅÎÓÔ×Á (C1;2
± ; (�± i�2)f) = 0;ÔÏ ÅÓÔØ ×ÅËÔÏÒÙ C1;2

± �ÒÉÎÁÄÌÅÖÁÔ ÑÄÒÁÍ Ï�ÅÒÁÔÏÒÏ×, ÓÏ�ÒÑÖÅÎÎÙÈ Ë�± i�2. ÷ÅËÔÏÒÙ C1
± É C2

± �ÒÉ ÏÄÉÎÁËÏ×ÙÈ ÚÎÁËÁÈ × ÉÎÄÅËÓÅ, ÏÞÅ×ÉÄ-ÎÏ, ÌÉÎÅÊÎÏ-ÎÅÚÁ×ÉÓÉÍÙ, ÎÅÓÌÏÖÎÙÅ ×ÙÞÉÓÌÅÎÉÑ Ó �ÏÍÏÝØÀ �ÒÅÏÂÒÁ-ÚÏ×ÁÎÉÑ æÕÒØÅ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ ÉÈ ÓËÁÌÑÒÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ ×ÙÇÌÑÄÑÔÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ(C1
±; C1

±) = (C2
±; C2

±) = 4�√2� ; (15)(C1+; C2+) = (C1
−; C2

−) = 4� ei|�|x1−x2| − e−|�|x1−x2|2i�2|x1 − x2| : (16)íÏÖÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ × ÞÉÓÌÉÔÅÌÅ �ÒÁ×ÏÊ ÞÁÓÔÉ (15) ÓÔÏÉÔ ÒÁÚÎÏÓÔØÓÏ�ÒÑÖÅÎÎÙÈ ×ÅÌÉÞÉÎ, ÔÁË ËÁË i| = iei�=4 = −ei�=4 = −|: óÌÅÄÏ×Á-ÔÅÌØÎÏ, ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ (16) Ñ×ÌÑÅÔÓÑ ×ÅÝÅÓÔ×ÅÎÎÙÍ ÞÉÓÌÏÍ,É ÏÂÝÕÀ ÎÏÒÍÉÒÏ×ËÕ ÂÁÚÉÓÁ C1
±, C2

± ÍÏÖÎÏ ÚÁÄÁÔØ Ó �ÏÍÏÝØÀ ÓÌÅÄÕ-ÀÝÅÊ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÓÉÍÍÅÔÒÉÞÎÏÊ ÍÁÔÒÉ�Ù(Ca
±; Cb

±) = 4�√2�Aab; A = ( 1 1√2i (� − ��)1√2i (� − ��) 1 ) ;ÇÄÅ � = ei|�|x1−x2|�|x1 − x2| ; �� = e−|�|x1−x2|�|x1 − x2| :óÁÍÏÓÏ�ÒÑÖÅÎÎÙÅ ÒÁÓÛÉÒÅÎÉÑ Ï�ÅÒÁÔÏÒÁ �, ÚÁÄÁÎÎÏÇÏ ÎÁ �ÒÏÓÔÒÁÎ-ÓÔ×Å W0 Ó ÄÅÆÅËÔÎÙÍÉ ×ÅËÔÏÒÁÍÉ C1;2
± , Ï�ÉÓÙ×ÁÀÔÓÑ Ó �ÏÍÏÝØÀ 2× 2



52 �. á. âïìïèï÷ÍÁÔÒÉ� V , ËÏÔÏÒÙÅ ÚÁÄÁÀÔ ÕÎÉÔÁÒÎÙÅ ÏÔÏÂÒÁÖÅÎÉÅ ×ÅËÔÏÒÏ× C1;2
− ×ÌÉÎÅÊÎÕÀ ÏÂÏÌÏÞËÕ ×ÅËÔÏÒÏ× C1;2+V : Ca

− → V Ca
− = vbaCb+(ÚÄÅÓØ É ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ Ï�ÕÓËÁÔØ ÓÕÍÍÉÒÏ×ÁÎÉÅ �Ï �Ï×ÔÏÒÑÀÝÉÍÓÑÉÎÄÅËÓÁÍ). õÎÉÔÁÒÎÏÓÔØ ÏÔÏÂÒÁÖÅÎÉÑ V (ÓÏÈÒÁÎÅÎÉÅ ÓËÁÌÑÒÎÏÇÏ �ÒÏ-ÉÚ×ÅÄÅÎÉÑ) �ÒÉ ÜÔÏÍ ×ÙÒÁÖÁÅÔÓÑ × ÓÌÅÄÕÀÝÉÈ ÓÏÏÔÎÏÛÅÎÉÑÈ4�√2�Aab = (Ca

−; Cb
−) = (V Ca

−; V Cb
−)= (vaC+; vdbCd+) = 4�√2� �vaAdvdb = 4�√2� (V ∗AV )ab: (17)÷ ÜÔÏÍ ÍÅÓÔÅ ×ÁÖÎÏ, ÞÔÏ A { ÜÔÏ ×ÅÝÅÓÔ×ÅÎÎÁÑ ÍÁÔÒÉ�Á, É ÞÔÏ ÓËÁ-ÌÑÒÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ ÄÌÑ �ÁÒ ×ÅËÔÏÒÏ× {C1;2+ } É {C1;2

− } ÓÏ×�ÁÄÁÀÔ.ïÂÌÁÓÔÉ Ï�ÒÅÄÅÌÅÎÉÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÈ ÒÁÓÛÉÒÅÎÉÊ �V ÍÏÇÕÔ ÂÙÔØÏ�ÉÓÁÎÙ ËÁË ÌÉÎÅÊÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á ÓÌÅÄÕÀÝÅÇÏ ×ÉÄÁ
WV = W0 +∑a {Ca

− − vbaCb+} (18)(ÓÍ., ÎÁ�ÒÉÍÅÒ, [2℄). äÁÌÅÅ ÍÙ ÕÂÅÄÉÍÓÑ, ÞÔÏ ÄÌÑ ÜÌÅÍÅÎÔÏ× ÔÁËÉÈ �ÒÏ-ÓÔÒÁÎÓÔ× ÕÓÌÏ×ÉÅ ÓÉÍÍÅÔÒÉÞÎÏÓÔÉ (10) ×Ù�ÏÌÎÑÅÔÓÑ Á×ÔÏÍÁÔÉÞÅÓËÉ,ÏÄÎÁËÏ, ÂÏÌÅÅ ÖÅÓÔËÏÅ ÔÒÅÂÏ×ÁÎÉÅ (11) ÎÁËÌÁÄÙ×ÁÅÔ ÏÇÒÁÎÉÞÅÎÉÅ ÎÁÍÁÔÒÉ�Õ V . ÷ÉÄ ÜÔÏÇÏ ÏÇÒÁÎÉÞÅÎÉÑ ÎÁÍ É �ÒÅÄÓÔÏÉÔ Ï�ÒÅÄÅÌÉÔØ.ðÕÓÔØ ÆÕÎË�ÉÉ f É g �ÒÉÎÁÄÌÅÖÁÔ ÏÂÌÁÓÔÉ Ï�ÒÅÄÅÌÅÎÉÑ WV , ÚÁ�É-ÛÅÍ �ÅÒ×ÙÅ ÓÌÁÇÁÅÍÙÅ ÉÈ ÒÁÚÌÏÖÅÎÉÊ × ÏËÒÅÓÔÎÏÓÔÑÈ ÔÏÞÅË x1 É x2f(x) x∼x1≃ f1−1
|x− x1| + f10 ; f(x) x∼x2≃ f2−1

|x− x2| + f20 ; (19)g(x) x∼x1≃ g1−1
|x− x1| + g10 ; g(x) x∼x2≃ g2−1

|x− x2| + g20 (20)É �ÏÄÓÔÁ×ÉÍ × ÇÒÁÎÉÞÎÏÅ ÕÓÌÏ×ÉÅ (11). ÷ ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÁÀÔÓÑ ÓÌÅ-ÄÕÀÝÅÅ ÔÒÉ×ÉÁÌØÎÏÅ ÓÏÏÔÎÏÛÅÎÉÑ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÏ× f−1, f0, g−1, g0f1−1g10 + f2−1g20 = 0: (21)



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 53�Å�ÅÒØ ÚÁ�ÉÛÅÍ ÒÁÚÌÏÖÅÎÉÑ × ÏËÒÅÓÔÎÏÓÔÑÈ ÔÏÞÅË x1 É x2 ÄÌÑ ÆÕÎË�ÉÊC1;2
± (x) C1+(x) x∼x1≃ 1

|x− x1| + i|�; C1+ x∼x2≃ ��; (22)C1
−(x) x∼x1≃ 1

|x− x1| − |�; C1
−

x∼x2≃ ���; (23)C2+(x) x∼x2≃ 1
|x− x2| + i|�; C2+ x∼x1≃ ��; (24)C2

−(x) x∼x2≃ 1
|x− x2| − |�; C2

−
x∼x1≃ ���: (25)âÁÚÉÓÎÙÅ ËÏÍÂÉÎÁ�ÉÉ Ca

− − vbaCb+ ÌÉÎÅÊÎÏÊ ÏÂÏÌÏÞËÉ (18) ÉÍÅÀÔ ÓÌÅ-ÄÕÀÝÉÅ ÒÁÚÌÏÖÅÎÉÑC1
− − vb1Cb+ x∼x1≃ 1− v11

|x− x1| − |�− ��v21 − i|�v11;C1
− − vb1Cb+ x∼x2≃ ��� − ( 1

|x − x2| + i|�)v21 − ��v11;C2
− − vb2Cb+ x∼x1≃ ��� − ( 1

|x − x1| + i|�)v12 − ��v22;C2
− − vb2Cb+ x∼x2≃ 1− v22

|x− x2| − |�− ��v12 − i|�v22:ðÏÄÓÔÁ×ÌÑÑ ÜÔÉ ÒÁÚÌÏÖÅÎÉÑ × (21) × ÒÁÚÌÉÞÎÙÈ ÓÏÞÅÔÁÎÉÑÈ ÉÎÄÅËÓÁ 1É 2 × ÌÅ×ÏÊ ÞÁÓÔÉ, �ÏÌÕÞÉÍ ÓÉÓÔÅÍÕ ÕÒÁ×ÎÅÎÉÊ, ËÏÔÏÒÙÅ ÍÏÇÕÔ ÂÙÔØÚÁ�ÉÓÁÎÙ × ÓÌÅÄÕÀÝÅÍ ÍÁÔÒÉÞÎÏÍ ×ÉÄÅ�(I − V ∗)(|I +�V − �� + i|V ) = 0; � = (0 �� 0) : (26)õÓÌÏ×ÉÅ (21) Ñ×ÌÑÅÔÓÑ \�ÏÌÏ×ÉÎÏÊ" ÕÓÌÏ×ÉÑ ÓÉÍÍÅÔÒÉÞÎÏÓÔÉ Ï�ÅÒÁÔÏ-ÒÁ �V ÎÁ �ÒÏÓÔÒÁÎÓÔ×Å (18)f1−1g10 + f2−1g20 − f10 g1−1 − f20 g2−1 = 0; (27)ËÏÔÏÒÏÅ ÓÌÅÄÕÅÔ ÉÚ (10). ðÒÏ×ÅÒÉÍ, ÞÔÏ �ÏÓÌÅÄÎÅÅ ÕÓÌÏ×ÉÅ Á×ÔÏÍÁÔÉ-ÞÅÓËÉ ×Ù�ÏÌÎÑÅÔÓÑ ÄÌÑ ÂÁÚÉÓÎÙÈ ËÏÍÂÉÎÁ�ÉÊ Ca
−−vbaCb+ ÉÚ �ÒÏÓÔÒÁÎ-ÓÔ×Á WV . äÌÑ ÜÔÏÇÏ ×ÏÚØÍÅÍ ÌÅ×ÕÀ ÞÁÓÔØ ÕÒÁ×ÎÅÎÉÑ (26) É ×ÙÞÔÅÍ ÉÚÎÅÅ ÓÏ�ÒÑÖÅÎÎÕÀ ×ÅÌÉÞÉÎÕ, ÏÔ×ÅÞÁÀÝÕÀ �ÏÓÌÅÄÎÉÍ Ä×ÕÍ ÓÌÁÇÁÅÍÙÍÉ



54 �. á. âïìïèï÷× (27)(I − V ∗)(|I +�V − �� + i|V )− (−i|I + V ∗��− �− |V ∗)(I − V ) (28)= (|+ i|)(I − V ∗V ) + V ∗(�− ��)V +�− �� (29)= √2i(1 + 1√2i (�− ��)− V ∗(1 + 1√2i(� − ��))V ) = 0: (30)ðÏÓÌÅÄÎÅÅ ÒÁ×ÅÎÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ (17), ÅÓÌÉ ÕÞÅÓÔØ ÞÔÏ1 + 1√2i (�− ��) = A:òÁ×ÅÎÓÔ×Ï (30) ÚÁÍÅÞÁÔÅÌØÎÏ ÔÅÍ, ÞÔÏ ÏÎÏ �ÏÚ×ÏÌÑÅÔ ×ÙÞÉÓÌÉÔØ ÓËÁ-ÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ (16), ÔÏ ÅÓÔØ ÉÎÔÅÇÒÁÌ �Ï ÔÒÅÈÍÅÒÎÏÍÕ �ÒÏÓÔÒÁÎ-ÓÔ×Õ ÏÔ �ÒÏÉÚ×ÅÄÅÎÉÊ Ä×ÕÈ ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÑ (14), ÚÎÁÑ ÉÈ ×ÉÄ, ÎÏÒ-ÍÉÒÏ×ËÕ (15) É ÁÓÉÍ�ÔÏÔÉËÉ × ÏÓÏÂÙÈ ÔÏÞËÁÈ (22){(25).
§3. õÒÁ×ÎÅÎÉÅ ÄÌÑ ÍÁÔÒÉ�Ù, ÚÁÄÁÀÝÅÊÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÅ ÒÁÓÛÉÒÅÎÉÅ÷ÅÒÎÅÍÓÑ Ë ÒÅÛÅÎÉÑÍ ÕÒÁ×ÎÅÎÉÑ (26). ðÒÅÏÂÒÁÚÕÅÍ ÅÇÏ ÓÌÅÄÕÀÝÉÍÏÂÒÁÚÏÍ0 = (I−V ∗)((I−|��)V −i(I+i|�)) = (I−V ∗)(i|I+�)(V −−|+ ��i|+� ): (31)íÁÔÒÉ�Õ V Ó ÕÓÌÏ×ÉÅÍ (17) ÄÏ×ÏÌØÎÏ ÓÌÏÖÎÏ �ÁÒÁÍÅÔÒÉÚÏ×ÁÔØ, �Ï-ÜÔÏÍÕ �Ï�ÒÏÂÕÅÍ ×ÙÒÁÚÉÔØ ÅÅ ÞÅÒÅÚ ÕÎÉÔÁÒÎÙÊ ÏÂßÅËÔ. ó �ÏÍÏÝØÀÏÒÔÏÇÏÎÁÌØÎÏÊ ÚÁÍÅÎÙ ÂÁÚÉÓÁ

(C1
±C2
±

)
→
(D1

±D2
±

) = 1√2 (C1
± + C2

±C2
± − C1

±

) = �(C1
±C2
±

) ; � = 1√2 ( 1 1
−1 1)�ÒÉÈÏÄÉÍ Ë ÓÏÏÔÎÏÛÅÎÉÑÍ(Da

±; Db
±) = (�aC

±;�bdCd
±) = �aAd�bd = (�A�T )ab = Ãab;ÇÄÅ

Ã = �A�T = (1 + �−��√2i 00 1− �−��√2i) :üÔÁ ÚÁÍÅÎÁ ÔÁËÖÅ ÄÉÁÇÏÎÁÌÉÚÕÅÔ ÍÁÔÒÉ�Õ �� → �̃ = ���T = (� 00 −�)



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 55É �ÒÅÏÂÒÁÚÕÅÔ V × ÍÁÔÒÉ�Õ, ÓÏÈÒÁÎÑÀÝÕÀ ÄÉÁÇÏÎÁÌØÎÏÅ �ÒÏÉÚ×ÅÄÅ-ÎÉÅ Ã V → Ṽ = �V �T ; Ṽ ∗ÃṼ = Ã:ðÁÒÁÍÅÔÒÉÚÕÅÍ ÍÁÔÒÉ�Õ Ṽ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍṼ = Ã−1=2UÃ1=2:�ÏÇÄÁ ÄÌÑ ÍÁÔÒÉ�Ù U ÂÕÄÅÔ ×Ù�ÏÌÎÑÔØÓÑ ÓÏÏÔÎÏÛÅÎÉÅ ÕÎÉÔÁÒÎÏÓÔÉ
Ã = Ṽ ∗ÃṼ = Ã1=2U∗UÃ1=2; U∗U = IÉ ÕÒÁ×ÎÅÎÉÅ (31) �ÅÒÅ�ÉÛÅÔÓÑ ËÁË0 = (I − V ∗)(i|I +�)(V T − −|I + ��i|I +� )= �T Ã1=2(I − U∗)Ã−1=2(ijI + �̃)Ã−1=2(U − −|I + �̃�i|I + �̃ )Ã1=2�;ÚÄÅÓØ ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ËÏÍÍÕÔÁÔÉ×ÎÏÓÔØÀ ÄÉÁÇÏÎÁÌØÎÙÈ ÍÁÔÒÉ�

Ã É �̃. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÕÒÁ×ÎÅÎÉÅ (26) Ó×ÏÄÉÔÓÑ Ë ÕÒÁ×ÎÅÎÉÀ(I − U∗)Ã−1=2(ijI + �̃)Ã−1=2(U − −|I + �̃�i|I + �̃ ) = 0 (32)ÄÌÑ ÕÎÉÔÁÒÎÏÊ ÍÁÔÒÉ�Ù U . üÔÏ ÕÒÁ×ÎÅÎÉÅ ÉÍÅÅÔ Ä×Á ÏÞÅ×ÉÄÎÙÈ ÒÅ-ÛÅÎÉÑ U1 = I É U2 = −|I + �̃�i|I + �̃ = ( ��−|�+i| 00 ��+|�−i|) : (33)1. ðÅÒ×ÏÅ ÒÅÛÅÎÉÅ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÍÁËÓÉÍÁÌØÎÏÍÕ ÒÁÓÛÉÒÅÎÉÀ ÓÉÍÍÅ-ÔÒÉÞÅÓËÏÇÏ Ï�ÅÒÁÔÏÒÁ � �Ï ÔÅÏÒÅÍÅ æÒÉÄÒÉÈÓÁ-óÔÏÕÎÁ [3, 4℄. åÍÕ ÏÔ-×ÅÞÁÅÔ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÊ Ï�ÅÒÁÔÏÒ �1, ÚÁÄÁÎÎÙÊ ÎÁ ÍÎÏÖÅÓÔ×Å Ä×ÁÒÁÚÁ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈ ÆÕÎË�ÉÊ ÂÅÚ ÏÓÏÂÅÎÎÏÓÔÅÊ × ÔÏÞËÁÈ x1 Éx2. ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ ÜÔÏÇÏ Ï�ÅÒÁÔÏÒÁ ÚÁÄÁÅÔÓÑ ×ÙÒÁÖÅÎÉÅÍ (2), ÁÑÄÒÏ ÒÅÚÏÌØ×ÅÎÔÙ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ÔÏÞÅË x1 É x2R1(x; y;�) = ei√�|x−y|4�|x− y| ; (�1 − �)R1(x; y;�) = Æ3(x − y);ÇÄÅ ÒÁÚÒÅÚ Õ ËÏÒÎÑ ÉÚ Ó�ÅËÔÒÁÌØÎÏÇÏ �ÁÒÁÍÅÔÒÁ ×ÙÂÉÒÁÅÔÓÑ ×ÄÏÌØ �Ï-ÌÏÖÉÔÅÌØÎÏÊ �ÏÌÕÏÓÉ √�� = √�:



56 �. á. âïìïèï÷2. ÷ÔÏÒÏÅ ÒÅÛÅÎÉÅ Ï�ÒÅÄÅÌÑÅÔ Ï�ÅÒÁÔÏÒ �2, ÚÁÄÁÎÎÙÊ ÎÁ �ÏÄ�ÒÏ-ÓÔÒÁÎÓÔ×Å
W2 = W0 + {D1

− −
�� − |� + i|D1+}+ {D2

− −
�� − |� + i|D2+}:òÅÚÏÌØ×ÅÎÔÁ ÔÁËÏÇÏ Ï�ÅÒÁÔÏÒÁ ÍÏÖÅÔ ÂÙÔØ �ÏÓÔÒÏÅÎÁ Ó �ÏÍÏÝØÀ ÆÏÒ-ÍÕÌÙ ëÒÅÊÎÁ [5℄ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ. ðÕÓÔØD1� = 1√2(C1+ + C2+)|�=−i|√� = ei√�|x−x1|

√2|x− x1| + ei√�|x−x2|
√2|x− x2| ; (34)D2� = 1√2(C2+ − C2+)|�=−i|√� = ei√�|x−x2|

√2|x− x2| − ei√�|x−x1|
√2|x− x1| (35){ ÜÔÏ ÂÁÚÉÓ ÒÅÇÕÌÑÒÎÙÈ ÁÎÁÌÉÔÉÞÅÓËÉÈ ×ÅËÔÏÒÏ× × ÉÎÔÅÒ�ÒÅÔÁ�ÉÉ [6℄.�ÏÇÄÁ ÑÄÒÏ ÒÅÚÏÌØ×ÅÎÔÙ Ï�ÅÒÁÔÏÒÁ �2, �ÏÓÔÒÏÅÎÎÏÇÏ �Ï ÍÁÔÒÉ�Å U2,Ï�ÒÅÄÅÌÑÅÔÓÑ ÓÌÅÄÕÀÝÅÊ ÆÏÒÍÕÌÏÊR2(x; y;�) = R1(x; y;�) + �ab(�)Da�(x)Db��(y); (36)ÇÄÅ ÄÉÁÇÏÎÁÌØÎÁÑ ÍÁÔÒÉ�Á �ab(�) ×ÙÒÁÖÁÅÔÓÑ ÉÚ ÓÏÏÔÎÏÛÅÎÉÑ�−1ab (�) = �−1ab (i�2)− (�− i�2)(Da��; Dbi�2);(D1��; D1i�2) = 4��− i�2 (i√�− i|�+ ei√�|x1−x2| − ei|�|x1−x2|

|x1 − x2| ); (37)(D2��; D2i�2) = 4��− i�2 (i√�− i|�− ei√�|x1−x2| − ei|�|x1−x2|
|x1 − x2| ); (38)(D1��; D2i�2) = (D2��; D1i�2) = 0: (39)íÁÔÒÉ�Á �ab(i�2), × Ó×ÏÀ ÏÞÅÒÅÄØ, ÍÏÖÅÔ ÂÙÔØ ÎÁÊÄÅÎÁ ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ�ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ëÜÌÉ ÞÅÒÅÚ Ï�ÅÒÁÔÏÒ Ṽ2 = Ã−1=2U2Ã1=2R2(x; y; i�2)−R1(x; y; i�2) = Ṽ2 − I2i�2 = �ab(i�2)Dai�2(x)Db

−i�2 (y):ïÔÓÀÄÁ, ÕÞÉÔÙ×ÁÑ, ÞÔÏ Ṽ2 = U2, ÓÌÅÄÕÅÔ, ÞÔÏ�(i�2) = U2 − I4�√2i�Ã = 14�� ( −1�+i| 00 1�−i|) ;



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 57É ÄÁÌÅÅ �ÏÌÕÞÁÅÍ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÍÁÔÒÉ�Ù, ÏÂÒÁÔÎÏÊ Ë �ab(�)�−1(�) = 4�−i√�− ei√�|x1−x2|
|x1−x2| 00 i√�+ ei√�|x1−x2|

|x1−x2| 

 :3. �ÒÅÔÉÊ ÔÉ� ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÑ (32) ÍÏÖÅÔ ÂÙÔØ �ÏÓÔÒÏÅÎ ÓÌÅÄÕ-ÀÝÉÍ ÏÂÒÁÚÏÍ. õÎÉÔÁÒÎÁÑ ÍÁÔÒÉ�Á ÏÂÝÅÇÏ ×ÉÄÁ U3 ÉÍÅÅÔ Ä×Á ÏÒÔÏ-ÇÏÎÁÌØÎÙÈ ÓÏÂÓÔ×ÅÎÎÙÈ ×ÅËÔÏÒÁ�1 = (zw) ; �2 = ( �w
−�z) ; |z|2 + |w|2 = 1; z; w ∈ C;ËÏÔÏÒÙÍ ÏÔ×ÅÞÁÀÔ Ä×Á ÓÏÂÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÑ, ÌÅÖÁÝÉÈ ÎÁ ÅÄÉÎÉÞÎÏÊÏËÒÕÖÎÏÓÔÉ. ðÕÓÔØ ×ÔÏÒÏÅ ÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ÒÁ×ÎÏ 1, Á �ÅÒ×ÏÅ�ÏÄÂÅÒÅÍ ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏÂÙ ×Ù�ÏÌÎÑÌÏÓØ ÕÓÌÏ×ÉÅdet(U3 − −|I + �̃�i|I + �̃ ) = 0: (40)éÚ ÒÁ×ÅÎÓÔ×Á ÎÕÌÀ ÜÔÏÇÏ Ï�ÒÅÄÅÌÉÔÅÌÑ ÓÌÅÄÕÅÔ, ÞÔÏ ÓÕÝÅÓÔ×ÕÅÔ ×ÅË-ÔÏÒ �, ÔÁËÏÊ, ÞÔÏ

(U3 − −|I + �̃�i|I + �̃ )� = 0:�ÁË ËÁË U3�2 = �2, ÔÏ ÏÞÅ×ÉÄÎÏ, ÞÔÏ ×ÅËÔÏÒ � ÎÅ ÓÏ×�ÁÄÁÅÔ (ÎÅ �ÒÏ-�ÏÒ�ÉÏÎÁÌÅÎ) Ó ×ÅËÔÏÒÏÍ �2, Á ÚÎÁÞÉÔ �ÁÒÁ {�2; �} ÏÂÒÁÚÕÅÔ ÂÁÚÉÓ ×�ÒÏÓÔÒÁÎÓÔ×Å C2. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÍÁÔÒÉ�Á
 = (I − U∗3 )Ã−1=2(ijI + �̃)Ã−1=2(U3 − −|I + �̃�i|I + �̃ );ÓÔÏÑÝÁÑ × ÌÅ×ÏÊ ÞÁÓÔÉ ÕÒÁ×ÎÅÎÉÑ (32), ÒÁ×ÎÑÌÁÓØ ÎÕÌÀ, ÎÅÏÂÈÏÄÉÍÏÉ ÄÏÓÔÁÔÏÞÎÏ, ÞÔÏÂÙ ÒÁ×ÎÑÌÉÓØ ÎÕÌÀ ÚÎÁÞÅÎÉÑ ÅÅ �ÏÌÕÔÏÒÁÌÉÎÅÊÎÏÊÆÏÒÍÙ ÎÁ ×ÓÅÈ ËÏÍÂÉÎÁ�ÉÑÈ ÂÁÚÉÓÎÙÈ ×ÅËÔÏÒÏ× �2 É �. �ÁË ËÁË ÄÌÑ×ÅËÔÏÒÁ �2 ×Ù�ÏÌÎÑÅÔÓÑ ÒÁ×ÅÎÓÔ×Ï U3�2 = �2, ÔÏ(�2;
�2) = 0; (�2;
�) = 0:éÚ Ï�ÒÅÄÅÌÅÎÉÑ � ÓÌÅÄÕÅÔ, ÞÔÏ(�;
�) = 0; (�2;
�) = 0:òÁ×ÅÎÓÔ×Ï ÄÌÑ ÞÅÔ×ÅÒÔÏÊ ËÏÍÂÉÎÁ�ÉÉ ÂÁÚÉÓÎÙÈ ×ÅËÔÏÒÏ× ÓÌÅÄÕÅÔ ÉÚÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔÉ ÍÁÔÒÉ�Ù 
(�;
�2) = (�2;
∗�) = (�2;
�) = 0;



58 �. á. âïìïèï÷ËÏÔÏÒÁÑ, × Ó×ÏÀ ÏÞÅÒÅÄØ, ÓÌÅÄÕÅÔ ÌÉÂÏ ÉÚ ÒÁ×ÅÎÓÔ×Á (28){(30), ÌÉÂÏÍÏÖÅÔ ÂÙÔØ �ÒÏ×ÅÒÅÎÁ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÙÍ ×ÙÞÉÓÌÅÎÉÅÍ.�ÁËÉÍ ÏÂÒÁÚÏÍ, �ÏÉÓË ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÑ (32) ÔÒÅÔØÅÇÏ ×ÉÄÁ Ó×Ï-ÄÉÔÓÑ Ë �ÏÉÓËÕ ÕÎÉÔÁÒÎÙÈ ÍÁÔÒÉ�, ÏÄÎÏ ÉÚ ÓÏÂÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÊ ËÏ-ÔÏÒÙÈ ÒÁ×ÎÏ 1, É ËÏÔÏÒÙÅ ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ×ÉÀ (40). ðÕÓÔØ u { ÓÏÂ-ÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ÔÁËÏÊ ÍÁÔÒÉ�Ù, ÏÔ×ÅÞÁÀÝÅÅ ÓÏÂÓÔ×ÅÎÎÏÍÕ ×ÅËÔÏÒÕ�1. �ÏÇÄÁ ÍÁÔÒÉ�Á U ÍÏÖÅÔ ÂÙÔØ �ÒÅÄÓÔÁ×ÌÅÎÁ × ÓÌÅÄÕÀÝÅÍ ×ÉÄÅU3 = u�1 · �∗1 + �2 · ��∗2 = (|w|2 + u|z|2 (u− 1)z �w(u− 1)w�z u|w|2 + |z|2) : (41)õ ÜÔÏÊ ÍÁÔÒÉ�Ù ÎÁÍ ×ÁÖÎÁ ÔÏÌØËÏ ÄÉÁÇÏÎÁÌØ, ×ÓÅ ÏÓÔÁÌØÎÙÅ ÜÌÅÍÅÎÔÙÇÒÕ��ÉÒÕÀÔÓÑ × Ï�ÒÅÄÅÌÉÔÅÌØ U3, ÒÁ×ÎÙÊ udet(U3 − −|I + �̃�i|I + �̃ ) = ∣∣∣∣∣|w|2 + u|z|2 − ��−|�+i| (u− 1)z �w(u− 1)w�z u|w|2 + |z|2 − ��+|�−i| ∣∣∣∣∣=u− (|w|2 + u|z|2) �� + |� − i| − (u|w|2 + |z|2) �� − |� + i| + �� − |� + i| �� + |� − i| = 0:üÔÏ ÕÒÁ×ÎÅÎÉÅ ÍÏÖÎÏ ÒÅÛÉÔØ ÏÔÎÏÓÉÔÅÌØÎÏ u, �ÏÌÕÞÉÔÓÑu = −
��2 − ��� − i+ 1 + |(� + i��)(|z|2 − |w|2)�2 − ��� + i+ 1− |(� + i��)(|z|2 − |w|2) ; |z|2 + |w|2 = 1: (42)úÄÅÓØ × �ÒÁ×ÏÊ ÞÁÓÔÉ ÓÔÏÉÔ ÏÔÎÏÛÅÎÉÅ Ä×ÕÈ ×ÚÁÉÍÎÏÓÏ�ÒÑÖÅÎÎÙÈËÏÍ�ÌÅËÓÎÙÈ ÞÉÓÅÌ, ÓÌÅÄÏ×ÁÔÅÌØÎÏ �ÏÌÕÞÅÎÎÏÅ ÒÅÛÅÎÉÅ u ÌÅÖÉÔ ÎÁÅÄÉÎÉÞÎÏÊ ÏËÒÕÖÎÏÓÔÉ, ÔÏ ÅÓÔØ Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ ÚÎÁÞÅÎÉÅÍ ÕÎÉ-ÔÁÒÎÏÊ ÍÁÔÒÉ�Ù. ðÒÉ ÜÔÏÍ ÒÁÚÎÙÍ ÚÎÁÞÅÎÉÑÍ ×ÅÌÉÞÉÎÙ |z|2−|w|2, ËÏ-ÔÏÒÁÑ �ÁÒÁÍÅÔÒÉÚÕÅÔ ×ÅËÔÏÒ �1 É ÍÏÖÅÔ ÉÚÍÅÎÑÔØÓÑ × �ÒÅÄÅÌÁÈ ÏÔ −1ÄÏ 1, ÏÔ×ÅÞÁÀÔ ÒÁÚÎÙÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ u. é ÎÉ �ÒÉ ËÁËÉÈ ÚÎÁ-ÞÅÎÉÑÈ ×ÅÌÉÞÉÎÙ |z|2−|w|2 ÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ u ÎÅ ÓÔÁÎÏ×ÉÔÓÑ ÒÁ×-ÎÙÍ 1.�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ×ÉÄÉÍ, ÞÔÏ ÄÌÑ ËÁÖÄÏÊ �ÁÒÙ ÞÉÓÅÌ z É w, ÔÁ-ËÉÈ, ÞÔÏ |z|2 + |w|2 = 1, ÍÏÖÎÏ �ÏÓÔÒÏÉÔØ ÒÅÛÅÎÉÅ ÕÒÁ×ÎÅÎÉÑ (32). áÚÎÁÞÉÔ, ÍÎÏÖÅÓÔ×Ï ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÑ (32) ÔÒÅÔØÅÇÏ ×ÉÄÁ ÓÏ×�ÁÄÁÅÔÓ ÍÎÏÖÅÓÔ×ÏÍ ÏÒÔÏÇÏÎÁÌØÎÙÈ �ÒÏÅËÔÏÒÏ× ÒÁÎÇÁ 1 × �ÒÏÓÔÒÁÎÓÔ×Å C2,ÔÏ ÅÓÔØ ÓÏ ÓÆÅÒÏÊ òÉÍÁÎÁ ÉÌÉ Ó �ÒÏÅËÔÉ×ÎÙÍ �ÒÏÓÔÒÁÎÓÔ×ÏÍ CP1.òÅÚÏÌØ×ÅÎÔÁ Ï�ÅÒÁÔÏÒÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÒÅÛÅÎÉÀ U3, ÓÔÒÏÉÔÓÑ�Ï ÆÏÒÍÕÌÅ, ÁÎÁÌÏÇÉÞÎÏÊ (36). ïÄÎÁËÏ, ÔÅ�ÅÒØ, ÉÚ-ÚÁ ÎÁÌÉÞÉÑ Õ U3ÓÏÂÓ×ÅÎÎÏÇÏ ÚÎÁÞÅÎÉÑ ÒÁ×ÎÏÇÏ 1, ÒÁÎÇ ÍÁÔÒÉ�Ù �ab(i�2) ÒÁ×ÅÎ 1, Á ÎÅ



ïäîïòïäîùå òáóûéòåîéñ ë÷áäòá�éþîïê æïòíù 592 �(i�2) = 14√2�i� (V3 − I)Ã−1 = 14√2�i� Ã−1=2(V3 − I)Ã−1=2= u4√2�i� (Ã−1=2�1) · (Ã−1=2�1)∗;É ÍÁÔÒÉ�Ù, ÏÂÒÁÔÎÏÊ Ë �ab(i�2) ÎÅ ÓÕÝÅÓÔ×ÕÅÔ. íÁÔÒÉ�Õ �ab(�) ÉÚÆÏÒÍÕÌÙ (36) ÎÅÏÂÈÏÄÉÍÏ ÉÓËÁÔØ ÉÚ ÕÒÁ×ÎÅÎÉÑ�ab(�) = �ab(i�2) + (�− i�2)�a(�)(D��; Ddi�2)�db(i�2);ÇÄÅ ÁÎÁÌÉÔÉÞÅÓËÉÅ ×ÅËÔÏÒÙ É ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ (D��; Ddi�2) �Ï-�ÒÅÖÎÅÍÕ ÎÅ ÚÁ×ÉÓÑÔ ÏÔ �ÁÒÁÍÅÔÒÁ U3 É Ï�ÒÅÄÅÌÑÀÔÓÑ ÆÏÒÍÕÌÁÍÉ(34){(35), (37){(39). ðÒÅÄÓÔÁ×ÉÍ ÍÁÔÒÉ�Õ �ab(�) × ÓÌÅÄÕÀÝÅÍ ×ÉÄÅ�ab(�) = �(�)(Ã−1=2�1)a(Ã−1=2�1)b;ÔÏÇÄÁ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÁ �(�) �ÏÌÕÞÁÅÔÓÑ ÌÉÎÅÊÎÏÅ ÕÒÁ×ÎÅÎÉÅ�(�) = u4√2�i�(1 + (� − i�2)�(�)(Ã−1=2�1)(D��; Ddi�2)(Ã−1=2�1)d);ÉÚ ËÏÔÏÒÏÇÏ ÍÏÖÎÏ ÎÁÊÔÉ ×ÅÌÉÞÉÎÕ, ÏÂÒÁÔÎÕÀ Ë �(�)1�(�) = 4√2�i�u − (� − i�2)(Ã−1=2�1)(D��; Ddi�2)(Ã−1=2�1)d= 4√2�i�( 1u − |z|2√2i+ � − �� (i√�� − i|+ ei√�|x1−x2| − ei|�|x1−x2|�|x1 − x2| )

− |w|2√2i+ �� − � (i√�� − i|− ei√�|x1−x2| − ei|�|x1−x2|�|x1 − x2| )):ñÄÒÏ ÒÅÚÏÌØ×ÅÎÔÙ R3 �ÒÉ ÜÔÏÍ ×ÙÇÌÑÄÉÔ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍR3(x; y;�) = R1(x; y;�) + �(�)(Ã−1=2�1)a(Ã−1=2�1)bDa�(x)Db�(y)= R1(x; y;�) + �(�)( zD1�(x)(1− �−��√2i ) 12 + wD2�(x)(1− �−��√2i ) 12 )
×
( zD1�(y)(1− �−��√2i ) 12 + wD2�(y)(1− �−��√2i ) 12 ):
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§4. úÁËÌÀÞÅÎÉÅíÙ ÒÁÓÓÍÏÔÒÅÌÉ ÍÎÏÖÅÓÔ×Ï ÚÁÍËÎÕÔÙÈ ÒÁÓÛÉÒÅÎÉÊ Ë×ÁÄÒÁÔÉÞÎÏÊÆÏÒÍÙ Ï�ÅÒÁÔÏÒÁ ìÁ�ÌÁÓÁ × ÔÒÅÈÍÅÒÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å, �ÏÒÏÖÄÅÎÎÙÈ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅÍ Ó Ä×ÕÈÔÏÞÅÞÎÙÍ ÓÉÎÇÕÌÑÒÎÙÍ �ÏÔÅÎ�ÉÁÌÏÍ É ÕÄÏ-×ÌÅÔ×ÏÒÑÀÝÉÈ Ó×ÏÊÓÔ×ÁÍ ÏÄÎÏÒÏÄÎÏÓÔÉ (ËÏ×ÁÒÉÁÎÔÎÔÏÓÔÉ �Ï ÏÔÎÏÛÅ-ÎÉÀ Ë ÄÉÌÁÔÁ�ÉÉ). ðÏÍÉÍÏ ÔÒÉ×ÉÁÌØÎÏÇÏ, ÒÁÓÛÉÒÅÎÉÑ, ÕÄÏ×ÌÅÔ×ÏÒÑ-ÀÝÉÅ �ÅÒÅÞÉÓÌÅÎÎÙÍ Ó×ÏÊÓÔ×ÁÍ ÒÁÚÂÉ×ÁÀÔÓÑ ÎÁ Ä×Á ÔÉ�Á: �ÅÒ×ÙÊ ÓÏ-ÄÅÒÖÉÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÁÓÛÉÒÅÎÉÅ, Ï�ÒÅÄÅÌÑÅÍÏÅ ÕÎÉÔÁÒÎÙÍ Ï�ÅÒÁÔÏ-ÒÏÍ (33), × ÔÏ ×ÒÅÍÑ ËÁË ÒÁÓÛÉÒÅÎÉÑ ×ÔÏÒÏÇÏ ÔÉ�Á �ÁÒÁÍÅÔÒÉÚÕÀÔÓÑÔÏÞËÏÊ ÎÁ ÓÆÅÒÅ òÉÍÁÎÁ É Ï�ÒÅÄÅÌÑÀÔÓÑ ÕÎÉÔÁÒÎÙÍ Ï�ÅÒÁÔÏÒÏÍ (41) ÓÎÅÔÒÉ×ÉÁÌØÎÙÍ ÓÏÂÓÔÅÎÎÙÍ ÚÎÁÞÅÎÉÅÍ (42). äÌÑ ÕËÁÚÁÎÎÙÈ ÒÁÓÛÉÒÅ-ÎÉÊ ÂÙÌÉ �ÏÌÕÞÅÎÙ ×ÙÒÁÖÅÎÉÑ ÄÌÑ ÑÄÅÒ ÒÅÚÏÌØ×ÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×.ìÉÔÅÒÁÔÕÒÁ1. æ. á. âÅÒÅÚÉÎ, ì. ä. æÁÄÄÅÅ×, úÁÍÅÞÁÎÉÅ ÏÂ ÕÒÁ×ÎÅÎÉÉ ûÒÅÄÉÎÇÅÒÁ Ó ÓÉÎÇÕ-ÌÑÒÎÙÍ �ÏÔÅÎ�ÉÁÌÏÍ. | äÏËÌÁÄÙ áî óóóò, 137, ×Ù�. 5 (1961), 1011{1014.2. S. Albeverio, P. Kurasov, Singular Perturbation of Di�erential Operators. SolvableShr�odinger type Operators. Cambridge University Press, 2000.3. K. Friedrihs, Spektraltheorie halbbeshr�ankter Operatoren. | Math. Ann. 109,1934, 465{487.M. Stone, in: Linear Transformations in Hilbert spaes and their Appliations inAnalysis, Amer. Math. So. Colloquim Publiation 15, 1932; ÔÁËÖÅ ÓÍ. ÔÅÏÒÅÍÕX.23 × [4℄.4. í. òÉÄ, â. óÁÊÍÏÎ, íÅÔÏÄÙ ÓÏ×ÒÅÍÅÎÎÏÊ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÆÉÚÉËÉ. 2: çÁÒÍÏ-ÎÉÞÅÓËÉÊ ÁÎÁÌÉÚ É ÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔØ. í. íÉÒ, 1978.5. M. G. Krein, The theory of self-adjoint extensions of semi-bounded Hermitian trans-formations and its appliations. | Re. Math. (Mat. Sbornik) N.S., 20 (62) (1947),431{495; Re. Math. (Mat. Sbornik) N.S., 21 (64) (1947), 365{404.6. î. é. áÈÉÅÚÅÒ, é. í. çÌÁÚÍÁÎ, �ÅÏÒÉÑ ÌÉÎÅÊÎÙÈ Ï�ÅÒÁÔÏÒÏ× × çÉÌØÂÅÒÔÏ×ÏÍ�ÒÏÓÔÒÁÎÓÔ×Å. í. îÁÕËÁ, 1966.Bolokhov T. A. Homogeneous extensions of the quadrati form of Lapla-e operator for the �eld interating with two point-like partiles.We onsider the set of the losed homogeneous extensions of the qua-drati form of Laplae operator, generated by interation with two point-like soures. We show that this set onsists of the trivial (maximal) exten-sion, one point and the subset equivalent to the Riemann sphere.ðÏÓÔÕ�ÉÌÏ 29 ÎÏÑÂÒÑ 2017 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÏÅ ÏÔÄÅÌÅÎÉÅíÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÉÎÓÔÉÔÕÔÁÉÍ. ÷. á. óÔÅËÌÏ×Á òáîE-mail : timur�pdmi.ras.ru


