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1. �®áâ ®¢ª  § ¤ ç¨ ¤«ï ¯« áâ¨ë á ¥§ ªà¥¯«¥ë¬¨ ªà ï¬¨

�®çë¥   «¨â¨ç¥áª¨¥ à¥è¥¨ï â¥å ¨«¨ ¨ëå § ¤ ç ¬¥å ¨ª¨ â®ª®áâ¥ëå í«¥¬¥â®¢ ª®-
áâàãªæ¨© ¢ ¢¨¤¥ ¯« áâ¨ ¨ ®¡®«®ç¥ª ¨§¢¥áâë «¨èì ¤«ï ¥ª®â®àëå ç áâëå ¢¨¤®¢ £à ¨çëå
ãá«®¢¨©, á®®â¢¥âáâ¢ãîé¨å ®¯à¥¤¥«¥ë¬ á¯®á®¡ ¬ § ªà¥¯«¥¨ï ªà®¬®ª ( ¯à., ¯à¨ è à¨à®¬
¨å ®¯¨à ¨¨). � ª¨å à¥è¥¨© ¤«ï í«¥¬¥â®¢ ª®áâàãªæ¨© á® á¢®¡®¤ë¬¨ ¨ ¥§ ªà¥¯«¥ë¬¨
ªà ï¬¨, ¤«ï ª®â®àëå ¯à¨ ¯®áâ ®¢ª¥ ¤¢ã¬¥àëå § ¤ ç ä®à¬ã«¨àãîâáï áâ â¨ç¥áª¨¥ £à ¨çë¥
ãá«®¢¨ï, ¢ «¨â¥à âãà¥, ¯®-¢¨¤¨¬®¬ã, ¥ ¨¬¥¥âáï. �ç¨â ¥âáï, çâ® ¯à¨ â ª¨å £à ¨çëå ãá«®¢¨ïå
¥¢®§¬®¦® ¯®áâà®¨âì ¤¢ã¬¥àë¥ ¡ §¨áë¥ äãªæ¨¨, ª®â®àë¥ ®¤®¢à¥¬¥® â®ç® ã¤®¢«¥â¢®-
àï«¨ ¡ë ª ª á®®â¢¥âáâ¢ãîé¨¬ ãà ¢¥¨ï¬, â ª ¨ £à ¨çë¬ ãá«®¢¨ï¬ § ¤ ç¨.

�à¥¤¬¥â®¬ ¨áá«¥¤®¢ ¨ï ¤ ®© áâ âì¨ ï¢«ï¥âáï «¨¥© ï § ¤ ç  ® ¯«®áª¨å ä®à¬ å á¢®¡®¤-
ëå ª®«¥¡ ¨© ¯àï¬®ã£®«ì®© ®àâ®âà®¯®© ¯« áâ¨ë á ¥§ ªà¥¯«¥ë¬¨ ªà ï¬¨, á¢®¡®¤ë¬¨
®â ãá¨«¨©. �ã¤¥¬ áç¨â âì, çâ® ¯« áâ¨  ¨¬¥¥â â®«é¨ã h, ¤«¨ã a, è¨à¨ã b ¨ ¢ë¯®«¥ 
¨§ ã¯àã£®£® ®àâ®âà®¯®£® ¬ â¥à¨ «  á å à ªâ¥à¨áâ¨ª ¬¨ E1 E2, G12, �12, �21. �«ï ¥¥ ãà ¢¥-
¨ï ¤¢¨¦¥¨ï ¢ ¯àï¬®ã£®«ì®© ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨ â x, y ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥ (� |
¯«®â®áâì ¬ â¥à¨ « )

f1 = g1
@2u

@x2
+ (1 + �21g1)

@2v

@x@y
+
@2u

@y2
� ��

@2u

@t2
= 0;

f2 = g2
@2v

@y2
+ (1 + �12g2)

@2u

@x@y
+
@2v

@x2
� ��

@2v

@t2
= 0;

(1.1)

£¤¥ g1 = B11=B12, g2 = B22=B12, �� = h�=B12, B11 = E1h

1��12�21
, B22 = E2h

1��12�21
, B12 = hG12, E1�21 =

E2�12. �á«¨ ªà ï ¯« áâ¨ë á¢®¡®¤ë, â® ¤«ï ãà ¢¥¨© (1.1) ¤®«¦ë ¡ëâì áä®à¬ã«¨à®¢ ë
£à ¨çë¥ ãá«®¢¨ï

@u

@x
+ �21

@v

@y
= 0;

@u

@y
+
@v

@x
= 0 ¯à¨ x = 0; a; (1.2)

@v

@y
+ �12

@u

@x
= 0;

@u

@y
+
@v

@x
= 0 ¯à¨ y = 0; b: (1.3)

�«ï § ¤ ç ® á¢®¡®¤ëå ª®«¥¡ ¨ïå ¯« áâ¨ë ãà ¢¥¨ï (1.1) ¯à¨¨¬ îâ ¢¨¤

f1 = g1
@2u

@x2
+ (1 + �21g1)

@2v

@x@y
+
@2u

@y2
+
2u = 0;

f2 = g2
@2v

@y2
+ (1 + �12g2)

@2u

@x@y
+
@2v

@x2
+
2v = 0;

(1.4)

£¤¥ 
2 = ��!
2, !2 | ª¢ ¤à â ªàã£®¢®© ç áâ®âë á¢®¡®¤ëå ª®«¥¡ ¨©.
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�®áâ ¢¨¢ § ¤ çã ¯®áâà®¥¨ï â®çëå   «¨â¨ç¥áª¨å à¥è¥¨© ãà ¢¥¨© (1.4) ¯à¨ £à ¨çëå
ãá«®¢¨ïå (1.2), (1.3), ¯à¨¢¥¤¥¬ á ç «  à¥è¥¨¥ ¯à®áâ¥©è¥© ®¤®¬¥à®© ¯® ¯à®áâà áâ¢¥ë¬
ª®®à¤¨ â ¬ § ¤ ç¨

f1 = g1
d2u

dx2
+
2u = 0 (x 2 (0; a)); (1.5)

du

dx

���
x=0; a

= 0; (1.6)

ª®â®à®¥ ¬®¦®  ©â¨ ¢ ãç¥¡®© «¨â¥à âãà¥.
�à¥¤áâ ¢¨¬ ¢å®¤ïéãî ¢ (1.5), (1.6) äãªæ¨î u(x) ¢ ¢¨¤¥

u = un cos �nx+ eun sin�nx+ u0; �n =
n�

a
; n = 1; 2; : : : (1.7)

�®¤ç¨¨¢ (1.7) ãá«®¢¨ï¬ (1.6), ¯®«ãç¨¬ ®ç¥¢¨¤®¥ à ¢¥áâ¢® eun = 0 ¨ à¥è¥¨¥

u(x) = un cos �nx+ u0: (1.7a)

� á®®â¢¥âáâ¢¨¨ á (1.7a) «¥¢ ï ç áâì ãà ¢¥¨ï (1.5) ¯à¨¬¥â ¢¨¤

f1 = �g1�
2
nun cosnx� ��(un cos �nx+ u0): (1.8)

�® áâàãªâãà¥ (1.7a) ¢¨¤®, çâ® ¤«ï ¨â¥£à¨à®¢ ¨ï (1.5) ¯® ª®®à¤¨ â¥ x ¥®¡å®¤¨¬® á®áâ -
¢¨âì ¤¢  ãà ¢¥¨ï ¬¥â®¤  �ã¡®¢ : Z a

0

f1 cos �nx dx = 0; (1.9)Z a

0
f1dx = 0: (1.10)

� ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, ¨§ (1.10) ¯à¨ ¯®¤áâ ®¢ª¥ (1.8) á«¥¤ã¥â ®ç¥¢¨¤®¥ à ¢¥áâ¢®
u0 = 0, â. ª. ®¡®¡é¥ë¬ ¯¥à¥¬¥é¥¨¥¬ u0 = const ®¯¨áë¢ ¥âáï ¦¥áâª®¥ á¬¥é¥¨¥ ¯« áâ¨ë,  
¨§ (1.9) ¯à¨ ¨á¯®«ì§®¢ ¨¨ (1.8) ¯®«ãç¨¬ ä®à¬ã«ã ¤«ï ¯ à ¬¥âà  ªàã£®¢®© ç áâ®âë á¢®¡®¤ëå
ª®«¥¡ ¨©


2 = g1�
2
n

�
�!2 = E1�n2=(1� �12�21)

�
; (1.11)

¨¬¥îé¨å ä®à¬ã

u = un cos�nx: (1.12)

�§«®¦¥ë©  «£®à¨â¬ à¥è¥¨ï ¯à®áâ¥©è¥© § ¤ ç¨ «¥£ª® ®¡®¡é ¥âáï   à¥è¥¨¥ ¨ ¤¢ã-
¬¥à®© § ¤ ç¨, áä®à¬ã«¨à®¢ ®© ¢ ¢¨¤¥ ãà ¢¥¨© (1.4) ¯à¨ £à ¨çëå ãá«®¢¨ïå (1.2), (1.3).
�à¥¦¤¥ ç¥¬ ¯¥à¥©â¨ ª â ª®¬ã ®¡®¡é¥¨î, § ¬¥â¨¬, çâ® ¯à¨ ¢¢¥¤¥¨¨ ¯à¥¤¯®«®¦¥¨ï ® ã«¥¢®©
¨§¬¥ï¥¬®áâ¨ u ¨ v ¯® ª®®à¤¨ â¥ y, ª®£¤  @(: : : )=@y � 0, äãªæ¨ï (1.12) ¨ á®®â¢¥âáâ¢ãîé ï
¥© ç áâ®â  á¢®¡®¤ëå ª®«¥¡ ¨© (1.11) ï¢«ïîâáï à¥è¥¨¥¬ ¯¥à¢®£® ãà ¢¥¨ï á¨áâ¥¬ë (1.1),  
äãªæ¨ï

v = vn cos �nx (1.13)

¨ ç áâ®â  ç¨áâ® á¤¢¨£®¢ëå ä®à¬ ª®«¥¡ ¨©


2 = �2n (!2 = G12�
2
n=�) (1.14)

| à¥è¥¨¥¬ ¢â®à®£® ãà ¢¥¨ï á¨áâ¥¬ë (1.1), ª®â®àë¥   ªà®¬ª å x = 0; a ã¤®¢«¥â¢®àïîâ
£à ¨çë¬ ãá«®¢¨ï¬ (1.2) ¯à¨ «î¡ëå æ¥«®ç¨á«¥ëå § ç¥¨ïå n,     ªà®¬ª å y = 0; b
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ã¤®¢«¥â¢®àïîâ £à ¨çë¬ ãá«®¢¨ï¬ (1.3) â®«ìª® ¯à¨ n = 0 (â. ¥. ¯à¨ �n = 0). � «®£¨çë¬
®¡à §®¬, ¯®« £ ï @(: : : )=@x = 0, ¨§ (1.1)  å®¤¨¬ ç áâ®âë


2 = �2k (!2 = G12�
2
k=�); �k = k�=b; (1.15)


2 = g2�
2
k

�
�!2 = E2�

2
k=(1� �12�21)

�
(1.16)

¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ä®à¬ë ª®«¥¡ ¨©

u = u0 cos �ky; (1.17)

v = v0 cos �ky: (1.18)

�ãªæ¨¨ (1.17), (1.18), ã¤®¢«¥â¢®àïîé¨¥ £à ¨çë¬ ãá«®¢¨ï¬ (1.3) ¯à¨ «î¡ëå k, £à ¨çë¬
ãá«®¢¨ï¬ (1.2) ã¤®¢«¥â¢®àïîâ â®«ìª® ¯à¨ k = 0. �«¥¤®¢ â¥«ì®, ¨§ á®áâ ¢«¥ëå à¥è¥¨© ¤«ï
¯« áâ¨ ª®¥çëå à §¬¥à®¢ ¥âà¨¢¨ «ìë¬¨ ï¢«ïîâáï «¨èì à¥è¥¨ï (1.12) ¨ (1.18), ª®â®àë¬¨
®¯¨áë¢ îâáï ¥ á¤¢¨£®¢ë¥ ä®à¬ë ª®«¥¡ ¨© á ç áâ®â ¬¨ (1.11) ¨ (1.16),   ç áâ®âë (1.14) ¨
(1.15) á®®â¢¥âáâ¢ãîâ ç¨áâ® á¤¢¨£®¢ë¬ ä®à¬ ¬ ª®«¥¡ ¨© ¡¥áª®¥ç® ¤«¨®© (ä®à¬  (1.13)) ¨
¡¥áª®¥ç® è¨à®ª®© (ä®à¬  (1.17)) ¯« áâ¨, ã ª®â®àëå ªà ï y; x = const ®âáãâáâ¢ãîâ.

2. �®çë¥   «¨â¨ç¥áª¨¥ à¥è¥¨ï § ¤ ç¨ ¢ ª« áá¥ ¤¢®©ëå
âà¨£®®¬¥âà¨ç¥áª¨å ¡ §¨áëå äãªæ¨©

�®«®¦¨¬

u = un(y) cos �nx+ eun sin�nx+ U(y); v = vn sin�nx+ evn cos �nx+ V (y); (2.1)

£¤¥ un(y); : : : ; V (y) | ¯®¤«¥¦ é¨¥ ®¯à¥¤¥«¥¨î ®¤®¬¥àë¥ äãªæ¨¨ ®â y. �ç¨â ï, çâ® ¢å®¤ï-
é¨¥ ¢ (2.1) ç¨á«  n ï¢«ïîâáï ¥ç¥âë¬¨, ¯®¤ç¨¨¬ (2.1) £à ¨çë¬ ãá«®¢¨ï¬ (1.2). � à¥§ã«ì-
â â¥ ¯®«ãç¨¬ à ¢¥áâ¢ 

�neun + �21ev0n + V 0 = 0; ��neun � �21ev0n + V 0 = 0;

u0n + U 0 + �nvn = 0; �u0n + U 0 � �nvn = 0;

¨§ ª®â®àëå á«¥¤ã¥â

V = eC1 = const; U = eC2 = const; (2.2)

  â ª¦¥ ãáâ  ¢«¨¢ îâáï § ¢¨á¨¬®áâ¨

eun = ��21
�n
ev0n; vn = �

1
�n
u0n: (2.3)

� ¯¨á ¢ ¢ëà ¦¥¨ï (2.1) ¢ á¨«ã (2.2) ¨ (2.3) ¢ ¢¨¤¥

u = un cos �nx�
�21
�n
ev0n sin�nx+ eC2; v = �

u0n
�n

sin�nx+ evn cos �nx+ eC1; (2.4)

¯à¨¬¥¬ ¤«ï ¢å®¤ïé¨å ¢ (2.4) ®¤®¬¥àëå äãªæ¨© ®â y ¯à¥¤áâ ¢«¥¨ï

un = unk sin�ky + eunk cos �ky + C1; evn = Vnk sin�ky + eVnk cos �ky + C2; (2.5)

£¤¥ C1, C2, ª ª ¨  ¬¯«¨âã¤ë¥ § ç¥¨ï unk, eunk, Vnk, eVnk, | ¯®áâ®ïë¥ ¢¥«¨ç¨ë,   k ¯à¨¨-
¬ ¥â â®«ìª® ¥ç¥âë¥ § ç¥¨ï. � à¥§ã«ìâ â¥ ¯à¨ ¯®¤áâ ®¢ª¥ (2.5) ¢ (2.4) ¯®«ãç¨¬

u = (unk sin�ky + eunk cos �ky +C1) cos �nx�
�21�k
�n

(Vnk cos �ky � eVnk sin�ky) sin�nx+ eC2;

v = �
�k
�n

(unk cos �ky � eunk sin�ky) sin�nx+ (Vnk sin�ky + eVnk cos �ky + C2) cos �nx+ eC1:

(2.6)
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�¥á¥¬ â¥¯¥àì ¯®áâà®¥ë¥ äãªæ¨¨ (2.6) ¢ £à ¨çë¥ ãá«®¢¨ï (1.3) ¨ ¯à¨à ¢ï¥¬ ã«î
ª®íää¨æ¨¥âë ¯à¨ sin�nx ¨ cos �nx ¢ á¨«ã ¨å «¨¥©®© ¥§ ¢¨á¨¬®áâ¨. � à¥§ã«ìâ â¥ ¯®«ãç¨¬
à ¢¥áâ¢ 

C1 = C2 = 0;

  â ª¦¥ ãá«®¢¨ï

eunk 6= 0; ¥á«¨ �2k � �12�
2
n = 0; (2.7)

Vnk 6= 0; ¥á«¨ �k = 0; (2.8)eVnk 6= 0; ¥á«¨ �2n � �21�
2
k = 0: (2.9)

� ª¨¬ ®¡à §®¬, ®¡é¥¥ à¥è¥¨¥ ¨§ãç ¥¬®© § ¤ ç¨, ã¤®¢«¥â¢®àïîé¥¥ ¢á¥¬ £à ¨çë¬ ãá«®¢¨-
ï¬ (1.2) ¨ (1.3), ¯à¨ ®â¡à áë¢ ¨¨ ª®¬¯®¥â ¦¥áâª¨å á¬¥é¥¨© eC1 ¨ eC2 ¤«ï ¥ç¥âëå § ç¥¨©
n ¨ k ¡ã¤¥â ¨¬¥âì ¢¨¤

u = (unk sin�ky + eunk cos �ky) cos �nx� �21�k
�n

(Vnk cos �ky � eVnk sin�ky) sin�nx;
v = �

�k
�n
(unk cos �ky � eunk sin�ky) sin�nx+ (Vnk sin�ky + eVnk cos �ky) cos �nx; (2.10)

ª®â®à®¥, ª ª ¥âàã¤® ã¡¥¤¨âìáï, ï¢«ï¥âáï á¯à ¢¥¤«¨¢ë¬ ¨ ¯à¨ ç¥âëå § ç¥¨ïå n ¨ k, ¥á«¨
¢ ¨áå®¤ëå ¯à¥¤áâ ¢«¥¨ïå (2.1) ¯à¨¨¬ îâáï à ¢¥áâ¢  U = V = 0.

�®áâà®¥ë¥ äãªæ¨¨ ¯¥à¥¬¥é¥¨© (2.10) á®¤¥à¦ â ¢ á¥¡¥ ç¥âëà¥ «¨¥©® ¥§ ¢¨á¨¬ëå
ç áâëå à¥è¥¨ï, ¨§ ª®â®àëå âà¨ à¥è¥¨ï ï¢«ïîâáï â ª®¢ë¬¨ â®«ìª® ¯à¨ ¢ë¯®«¥¨¨ ãáâ -
®¢«¥ëå ãá«®¢¨© (2.7){(2.9), ¯à¨ç¥¬ ¬®¦® ã¡¥¤¨âìáï, çâ® ¯à¨ ¢á¥å á®¤¥à¦ é¨åáï ¢ (2.10)
à¥è¥¨ïå á¤¢¨£®¢ ï ¤¥ä®à¬ æ¨ï à ¢  ã«î ¥ â®«ìª®   ªà ïå, ® ¨ ¢® ¢á¥å ¢ãâà¥¨å â®çª å
¯« áâ¨ë.

� «ì¥©è¥¥ à¥è¥¨¥ ¨§ãç ¥¬®© § ¤ ç¨ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥® ¤¢ã¬ï ¬¥â®¤ ¬¨. �¥à¢ë©
¨§ ¨å ï¢«ï¥âáï ¢ à¨ æ¨®ë¬ ¨ âà¥¡ã¥â ä®à¬ã«¨à®¢ª¨ § ¤ ç¨ ¢ ¢¨¤¥ ¢ à¨ æ¨®®£® ãà ¢¥-
¨ï, á®®â¢¥âáâ¢ãîé¥£® ¨á¯®«ì§®¢ ¨î ¯à¨æ¨¯  ¢®§¬®¦ëå ¯¥à¥¬¥é¥¨©. � ª®¥ ¢ à¨ æ¨®®¥
ãà ¢¥¨¥ ¯à¨ ãá«®¢¨¨ ¯à¥¤¢ à¨â¥«ì®£® ã¤®¢«¥â¢®à¥¨ï ¢á¥¬ áâ â¨ç¥áª¨¬ £à ¨çë¬ ãá«®¢¨-
ï¬ § ¤ ç¨ § ¯¨è¥âáï ¢ ¢¨¤¥ Z a

0

Z b

0
(f1�u+ f2�v)dx dy = 0; (2.11)

£¤¥ f1 ¨ f2 | «¥¢ë¥ ç áâ¨ ãà ¢¥¨© (1.4). �á«¨ ¢ ãà ¢¥¨¨ (2.11) ¢ à¨ æ¨¨ �u ¨ �v áç¨-
â âì  ¡á®«îâ® ¯à®¨§¢®«ìë¬¨, â® ¨§ ¥£® ¨ á«¥¤ãîâ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï á¢®¡®¤ëå
ª®«¥¡ ¨© (1.4). �¤ ª®, ¢ á¨«ã áâàãªâãàë ¯®áâà®¥ëå äãªæ¨© (2.10) ®¨ ï¢«ïîâáï ¯à®¨§-
¢®«ìë¬¨ â®«ìª® ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ (2.10) ®¡®¡é¥ëå ¯¥à¥¬¥é¥¨© �unk, �eunk, � eVnk,
�Vnk. �«¥¤®¢ â¥«ì®, ¢ á¨«ã ¢ à¨ æ¨®®£® ãà ¢¥¨ï � £à ¦  (2.11) ¨ áâàãªâãàë ¯®áâà®¥-
ëå äãªæ¨© (2.10) ¤«ï ¤ «ì¥©è¥£® à¥è¥¨ï § ¤ ç¨ ¥®¡å®¤¨¬® á®áâ ¢¨âì ãà ¢¥¨ï ¬¥â®¤ 
�ã¡®¢  á«¥¤ãîé¨å ¢¨¤®¢:Z a

0

Z b

0

�
f1 sin�ky cos �nx�

�k
�n
f2 cos �ky sin�nx

�
dx dy = 0 ¯à¨ unk 6= 0;Z a

0

Z b

0

�
f1 cos �ky cos �nx+

�k
�n
f2 sin�ky sin�nx

�
dx dy = 0 ¯à¨ eunk 6= 0;Z a

0

Z b

0

�
�
�21�k
�n

f1 cos �ky sin�nx+ f2 sin�ky cos�nx
�
dx dy = 0 ¯à¨ Vnk 6= 0;Z a

0

Z b

0

�
�21�k
�n

f1 sin�ky sin�nx+ f2 cos �ky cos�nx
�
dx dy = 0 ¯à¨ eVnk 6= 0;
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¢ ª®â®àëå ¢ á®®â¢¥âáâ¢¨¨ á (1.4) ¨ (2.10)

f1 = [�g1�2n + �21g1�
2
k +
2](unk sin�ky cos�nx+ eunk cos �ky cos�nx) +

+
�
�21�

3
k

�n
� �n�k �

�21�k
�n


2

�
(Vnk cos �ky sin�nx� eVnk sin�ky sin�nx); (2.12)

f2 =
�
g2
�3k
�n
� �12g2�n�k �

�k
�n

2

�
(unk cos�ky sin�nx�eunk sin�ky sin�nx) +

+[�g2�2k � �
2
n+(1 + �12g2)�21�2k +
2](Vnk sin�ky cos �nx+ eVnk cos �ky cos �nx): (2.13)

�®á«¥ ¯®¤áâ ®¢ª¨ (2.12) ¨ (2.13) ¢ (2.11) ¢ á¨«ã unk 6= 0 ¯à¨å®¤¨¬ ª ä®à¬ã«¥


2 =
1

�2n + �2k
[g1�

4
n + g2�

4
k � 2�12g2�

2
k�

2
n]; (2.14)

á®®â¢¥âáâ¢ãîé¥© ®¤®¬ã ¨§ ç áâëå à¥è¥¨© ¨§ãç ¥¬®© § ¤ ç¨ ¢ ¢¨¤¥

u = unk sin�ky cos �nx; v = �
�k
�n
unk cos �ky sin�nx; (2.15)

 ¢â®®¬® ã¤®¢«¥â¢®àïîé¥¬ã £à ¨çë¬ ãá«®¢¨ï¬ (1.2), (1.3) ¡¥§  «®¦¥¨ï ª ª¨å-«¨¡® ãá«®-
¢¨©.

�®à¬ã«  (2.14) ¯à¨ �k = 0 á¢®¤¨âáï ª (1.10),   ¯à¨ �n = 0 | ª (1.16). �¤ ª® ¯à¨ �k = 0
¨§ (2.10) ¥ á«¥¤ã¥â à¥è¥¨¥ (1.12). �à¨ �n = 0 ¨§ (2.15) á«¥¤ã¥â à¥è¥¨¥ u = unk sin�ky,
v = ��kunkx cos �ky, â ª¦¥ ¥ á®¢¯ ¤ îé¥¥ á (1.18).

�¥á¥¬ â¥¯¥àì (2.12) ¨ (2.13) ¢ (2.11) ¨ ¯®âà¥¡ã¥¬ ¢ë¯®«¥¨ï ãá«®¢¨ï (2.7). � à¥§ã«ìâ â¥ ¢
á¨«ã eunk 6= 0 ¤«ï 
2 ¯®«ãç¨¬ âã ¦¥ ä®à¬ã«ã (2.14). �¤ ª® ¢ ¤ ®¬ á«ãç ¥ ®  ¤®«¦  ¡ëâì
¯à¥®¡à §®¢   ¯ãâ¥¬ ¨á¯®«ì§®¢ ¨ï ãá«®¢¨ï �2k = �12�

2
n, çâ® ¯à¨¢®¤¨â ª ä®à¬ã«¥


2 = eg1 �2n
1 + �12

; (2.16)

£¤¥ eg1 = g1(1� �12�21) = E1=G12.
� ¬¥â¨¬, çâ® ¢ë¢¥¤¥ ï ä®à¬ã«  (2.16) á®®â¢¥âáâ¢ã¥â ¥é¥ ®¤®¬ã ç áâ®¬ã à¥è¥¨î § -

¤ ç¨

u = eunk cos �ky cos �nx; v =
�k
�n
eunk sin�ky sin�nx; (2.17)

  ª®â®à®¥  «®¦¥® ãá«®¢¨¥ �2k = �12�
2
n, ¯®§¢®«ïîé¥¥ â®ç® ã¤®¢«¥â¢®à¨âì £à ¨çë¬ ãá«®-

¢¨ï¬ (1.2), (1.3). �à¨ íâ®¬ �y = 0 ¥ â®«ìª®   ªà ïå ¯« áâ¨ë, ® ¨ ¢® ¢á¥å ¥¥ ¢ãâà¥¨å
â®çª å,   äãªæ¨ï¬¨ (2.17) ®¯¨áë¢ ¥âáï ¥¥ ç¨áâ®¥ ¨§£¨¡®¥ á®áâ®ï¨¥ ¡¥§ ¯®ï¢«¥¨ï ª á â¥«ì-
ëå  ¯àï¦¥¨© �xy, ª®£¤  �x 6= 0.

�à¨ ¯®¤áâ ®¢ª¥ (2.12) ¨ (2.13) ¢ (2.11) ¨ ãç¥â¥ ãá«®¢¨ï �k = 0 ¢ á¨«ã Vnk 6= 0 ¯à¨å®¤¨¬ ª
ä®à¬ã«¥


2 = �2n; (2.18)

á®®â¢¥âáâ¢ãîé¥© à¥è¥¨î

u = �
�21�k
�n

Vnk cos �ky sin�nx; v = Vnk sin�ky cos �nx: (2.19)

� ®¥ à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â ¢á¥¬ £à ¨çë¬ ãá«®¢¨ï¬ â®«ìª® ¯à¨ �k = 0, çâ® ¯à¨¢®¤¨â ¢
ª« áá¥ ¨§ãç ¥¬ëå äãªæ¨© â®«ìª® ª âà¨¢¨ «ì®¬ã à¥è¥¨î u � 0, v � 0, ¢ â® ¢à¥¬ï ª ª 
2

¯® (2.18) ï¢«ï¥âáï ç áâ®â®© ç¨áâ® á¤¢¨£®¢ëå ä®à¬ ª®«¥¡ ¨©, à¥ «¨§ æ¨ï ª®â®àëå ¢®§¬®¦ 
â®«ìª® ã ¡¥áª®¥ç® è¨à®ª®© ¯« áâ¨ë.
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�,  ª®¥æ, ¯à¨ ¯®¤áâ ®¢ª¥ (2.12) ¨ (2.13) ¢ (2.11) á ãç¥â®¬ ãá«®¢¨ï �2n = �12�
2
k ¢ á¨«ãeVnk 6= 0 ¯à¨å®¤¨¬ ª ä®à¬ã«¥


2 = eg2 �2k
1 + �21

; (2.20)

£¤¥ eg2 = g2(1� �12�21) = E2=G12. � ®© ä®à¬ã«¥ á®®â¢¥âáâ¢ã¥â à¥è¥¨¥ ¢¨¤ 

u =
�21�k
�n

eVnk sin�ky sin�nx; v = eVnk cos �ky cos �nx; (2.21)

  ª®â®à®¥ ¤®«¦® ¡ëâì  «®¦¥® ãá«®¢¨¥ (2.9) ¤«ï ã¤®¢«¥â¢®à¥¨ï áä®à¬ã«¨à®¢ ë¬ £à -
¨çë¬ ãá«®¢¨ï¬. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï (2.9) �x = 0 ¥ â®«ìª®   ªà ïå ¯« áâ¨ë, ® ¨
¢® ¢á¥å ¥¥ ¢ãâà¥¨å â®çª å,   äãªæ¨ï¬¨ (2.21) ¯®   «®£¨¨ á (2.17) ®¯¨áë¢ ¥âáï ¥¥ ç¨áâ®¥
¨§£¨¡®¥ á®áâ®ï¨¥ á �y 6= 0.

� ¬¥â¨¬, çâ® ä®à¬ã«  (2.20), ª ª ¨ (2.16), â ª¦¥ ¬®¦¥â ¡ëâì ¯®«ãç¥  ¯ãâ¥¬ ¯à¥®¡à §®¢ -
¨ï ä®à¬ã«ë (2.14), ® ¢ ¤ ®¬ á«ãç ¥ á ¨á¯®«ì§®¢ ¨¥¬ ãá«®¢¨ï �2n = �12�

2
k. �«¥¤®¢ â¥«ì®,

®á®¢ë¥ ç áâ®âë ¡¥áá¤¢¨£®¢ëå ä®à¬ ª®«¥¡ ¨© ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«¥ (2.14) ¯à¨ § ç¥¨ïå
n = 0, k = 0,   â ª¦¥ ¯à¨ n = 1; 2; : : : , k = 1; 2; : : : �§ ¥¥ ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨©

k2

n2
= �12

b2

a2
;

n2

k2
= �21

a2

b2

á«¥¤ãîâ ä®à¬ã«ë (2.16) ¨ (2.20).
� á®®â¢¥âáâ¢¨¨ á® ¢â®àë¬ ¬¥â®¤®¬, áç¨â îé¨¬áï ¢ «¨â¥à âãà¥ â®çë¬, ¯®¤áâ ¢«ïï ¢ ãà ¢-

¥¨ï (1.4) äãªæ¨¨ (2.15), (2.17), (2.19) ¨ (2.21), ¯®«ãç¨¬ à ¢¥áâ¢ 

(�g1�
2
n + �21g1�

2
k +
2)unk sin�ky cos �nx = 0;�

g2
�3k
�n
� �12g2�n�k �

�k
�n


2

�
unk cos�ky sin�nx = 0;

(2.22)

(�g1�2n + �21g1�
2
k +
2)eunk cos �ky cos �nx = 0;�

g2
�3k
�n
� �12g2�n�k �

�k
�n


2

�eunk sin�ky sin�nx = 0; (2.23)�
�21�

3
k

�n
� �n�k �

�21�k
�n


2

�
Vnk cos�ky sin�nx = 0;

(�eg2�2k � �2n + �21�
2
k +
2)Vnk sin�ky cos �nx = 0;

(2.24)

�
�21�

3
k

�n
� �n�k �

�21�k
�n


2

�eVnk sin�ky sin�nx = 0;

(�eg2�2k � �2n � �21�2k +
2) eVnk cos �ky cos �nx = 0;

(2.25)

¨§ ª®â®àëå à ¢¥áâ¢  (2.23){(2.25) ¯à¨  «®¦¥¨¨ ãá«®¢¨© (2.7){(2.9) ¯à¨¨¬ îâ ¢¨¤

(�eg1�2n +
2)eunk cos�ky cos �nx = 0; (2.26)

�k
2eunk sin�ky sin�nx = 0; (2.27)

(
2 � �2n)Vnk sin�ky cos �nx = 0; (2.28)

�21�k

2 eVnk sin�ky sin�nx = 0; (2.29)

(�eg2�2k +
2) eVnk cos�ky cos �nx = 0: (2.30)

�§ (2.22) ¯à¨ ãá«®¢¨¨ unk 6= 0 á«¥¤ãîâ ¤¢¥ ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥¨ï 
2:


2 = g1(�2n � �21�
2
k); 
2 = g2(�2k � �12�

2
n); (2.31)

59



¯®íâ®¬ã á¯à ¢¥¤«¨¢® à ¢¥áâ¢®

g1(�
2
n � �21�

2
k) = g2(�

2
k � �12�

2
n); (2.32)

¯à¨ ¨á¯®«ì§®¢ ¨¨ ª®â®à®£® ¨§ (2.31) á«¥¤ãîâ ª ª ä®à¬ã«  (2.16), â ª ¨ ä®à¬ã«  (2.20).
�à¨ ãá«®¢¨ïå 
2 6= 0, eunk 6= 0 à ¢¥áâ¢® (2.27) ¬®¦¥â ¡ëâì ¢ë¯®«¥® â®«ìª® ¯à¨ ¢ë¯®«¥-

¨¨ à ¢¥áâ¢  �k = 0, çâ® ¥ ¯à®â¨¢®à¥ç¨â ¢ë¯®«¥¨î ¤àã£®£® à ¢¥áâ¢  (2.26). �§ ¥£® ¯à¨
ãá«®¢¨¨ eunk 6= 0 á«¥¤ã¥â ä®à¬ã« 


2 = eg1�2n: (2.33)

�é¥ ®¤  ä®à¬ã« 


2 = �2n (2.34)

á«¥¤ã¥â ¨§ (2.28) ¯à¨ ãá«®¢¨¨ Vnk 6= 0,   ¤¢  à ¢¥áâ¢  (2.29) ¨ (2.30), ª®â®àë¥ ¤®«¦ë ¢ë¯®«-
ïâìáï â®«ìª® ¯à¨ ¨å á®¢¬¥áâ®¬ à áá¬®âà¥¨¨, âà¥¡ãîâ ¢ë¯®«¥¨ï à ¢¥áâ¢  eVnk = 0.

�®à¬ã«®© (2.33) ®¯à¥¤¥«ïîâáï ç áâ®âë ¯à®¤®«ìëå ª®«¥¡ ¨© ¢  ¯à ¢«¥¨¨ ®á¨ x, ª®â®àë¥
á®®â¢¥âáâ¢ãîâ ¨á¯®«ì§®¢ ¨î ®¤®¬¥à®£® ãà ¢¥¨ï, ¯®«ãç¥®£® ¯à¥¤¢ à¨â¥«ìë¬ à¥¤ãæ¨-
à®¢ ¨¥¬ ¨áå®¤ëå ãà ¢¥¨© ª áâ¥à¦¥¢®© ¬®¤¥«¨   ¡ §¥ ¯à¥¤¯®«®¦¥¨ï �yy = 0. � ä®à¬ã« 
(2.34), ª ª ¡ë«® ®â¬¥ç¥® à ¥¥, á®®â¢¥âáâ¢ã¥â ç¨áâ® á¤¢¨£®¢®© ä®à¬¥ ª®«¥¡ ¨© «¨èì ¡¥áª®-
¥ç® è¨à®ª®© ¯« áâ¨ë, ã ª®â®à®© ªà ï y = 0; b ®âáãâáâ¢ãîâ.

�®ï¢«¥¨¥ ¢ ä®à¬ã« å (2.16) (¯® áà ¢¥¨î á (2.33)) ¨ (2.20) § ¬¥ â¥«¥© (1 + �12) ¨
(1 + �21) ¨¬¥¥â ¢¯®«¥ ®¡êïá¨¬ë© ä¨§¨ç¥áª¨© á¬ëá«. �®¦® ã¡¥¤¨âìáï ¢ â®¬, çâ® ®® á¢ï§ ®
á ãç¥â®¬ ¯¥à¥¬¥é¥¨© ®â á¢ï§¥© "y = ��12"x, "x = ��21"y ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¨¥àæ¨®ëå
á¨« ¢ ¯¥à¢®¬ á«ãç ¥ ¢  ¯à ¢«¥¨¨ ®á¨ y, ª®£¤  ¯« áâ¨  á®¢¥àè ¥â ¨§£¨¡ë¥ ª®«¥¡ ¨ï ¯®
ä®à¬¥ (2.17),   ¢® ¢â®à®¬ á«ãç ¥ ¢  ¯à ¢«¥¨¨ ®á¨ x, ª®£¤  ¨§£¨¡ë¥ ª®«¥¡ ¨ï ¨¬¥îâ ä®à¬ã
(2.21).

�à ¢¨¢ ï à¥§ã«ìâ âë, ¯®«ãç¥ë¥ à §ë¬¨ ¬¥â®¤ ¬¨, ¬®¦® ã¡¥¤¨âìáï «¨èì ¢ ¨å ç -
áâ¨ç®¬ á®¢¯ ¤¥¨¨, çâ®   ¯¥à¢ë© ¢§£«ï¤ ï¢«ï¥âáï ¥®¦¨¤ ë¬. �¡êïá¥¨¥ ¢ëï¢«¥®¬ã
¯ à ¤®ªáã á«¥¤ã¥â ¨§ ¢ à¨ æ¨®®£® ãà ¢¥¨ï (2.11). � á¨«ã â®£®, çâ® ¢ à¨ æ¨¨ �u ¨ �v ¥
ï¢«ïîâáï  ¡á®«îâ® ¥§ ¢¨á¨¬ë¬¨,   ¢ ¤ ®¬ á«ãç ¥ á¢ï§ ë § ¢¨á¨¬®áâï¬¨ ¢¨¤®¢

u = A (x; y); v = cA'(x; y); (2.35)

¢ ª®â®àëå A | ¥ª®â®à®¥ ®¡®¡é¥®¥ ¯¥à¥¬¥é¥¨¥, ¨á¯®«ì§®¢ ¨¥ ãà ¢¥¨© ª®«¥¡ ¨©

f1 = L1(u; v) = 0; f2 = L2(u; v) = 0 (2.36)

¢ à ¬ª å ¢â®à®£® ¬¥â®¤  à¥è¥¨ï § ¤ ç¨ ï¢«ï¥âáï ¥ª®àà¥ªâë¬. �«ï ¯®«ãç¥¨ï ª®àà¥ªâ®£®
à¥è¥¨ï ¢ á®®â¢¥âáâ¢¨¨ á (2.35) ¢¬¥áâ® ãà ¢¥¨© (2.36), ®ç¥¢¨¤®, ¤®«¦® ¡ëâì á®áâ ¢«¥®
ãà ¢¥¨¥ ¢¨¤ 

[L1( ; c') + cL2( ; c')]A = 0;

¨á¯®«ì§®¢ ¨¥ ª®â®à®£® ¢ à ¬ª å ¢â®à®£® ¬¥â®¤  ¨ ¯à¨¢®¤¨â ª à¥§ã«ìâ â ¬, ¯®«ãç¥ë¬ ¯à¨
¨á¯®«ì§®¢ ¨¨ ¢ à¨ æ¨®®£® ¬¥â®¤ .

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯®«ãç¥¨¥ ä®à¬ã« (2.16) ¨ (2.20) ¨§ à ¢¥áâ¢ (2.31), (2.32), â.¥. ¨§
ãà ¢¥¨© (2.22), ï¢«ï¥âáï á«ãç ©ë¬, â. ª. ª®«¥¡ ¨ï¬ á ç áâ®â ¬¨ (2.16) á®®â¢¥âáâ¢ã¥â ä®à¬ 
(2.17). �  á ¬®¬ ¤¥«¥ á®¢¬¥áâ®¥ ª®àà¥ªâ®¥ à¥è¥¨¥ ãà ¢¥¨© (2.22) ¤®«¦® ¡ëâì ¢ë¯®«¥®
â®«ìª® ¯® ¬¥â®¤ã �ã¡®¢  á ¨á¯®«ì§®¢ ¨¥¬ ¢ à¨ æ¨®®£® ãà ¢¥¨ï (2.11), à¥§ã«ìâ â®¬ ª®â®-
à®£® ¨ ï¢«ï¥âáï ä®à¬ã«  (2.14),   ¥ ä®à¬ã«  (2.16). � ®¥ § ¬¥ç ¨¥ ®â®á¨âáï ª á®¢¬¥áâ®¬ã
à¥è¥¨î ¨ ®áâ «ìëå á®áâ ¢«¥ëå ãà ¢¥¨© (2.23){(2.25).
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3. �®áâà®¥¨¥ â®ç®£® à¥è¥¨ï § ¤ ç¨ ¯à¨ n = 0 ¨ ¯à®¨§¢®«ìëå
æ¥«®ç¨á«¥ëå § ç¥¨ïå k (¡¥áá¤¢¨£®¢ë¥ ¨§£¨¡ë¥ ä®à¬ë ª®«¥¡ ¨©)

�á«¨ ¯à¨ïâì n = 0, â® ¢ á¨«ã lim
�n!0

sin�nx
�n

= x äãªæ¨¨ (2.10) ¯à¨¨¬ îâ ¢¨¤

u = u0k sin�ky + eu0k cos �ky � �21�kx(V0k cos �ky � eV0k sin�ky);
v = ��kx(u0k cos �ky � eu0k sin�ky) + V0k sin�ky � eV0k cos �ky: (3.1)

�â¨ äãªæ¨¨ ¡ã¤ãâ ã¤®¢«¥â¢®àïâì £à ¨çë¬ ãá«®¢¨ï¬ (1.2), (1.3), ª ª «¥£ª® ¬®¦® ã¡¥¤¨âìáï,
«¨èì ¯à¨ ã¤®¢«¥â¢®à¥¨¨ à ¢¥áâ¢ ¬

a�21�
2
keu0k = 0; a�21�

2
ku0k = 0; a�21�

2
kV0k = 0; a�21�

2
k
eV0k = 0: (3.2)

�à¥¤¯®« £ ï, çâ® ãá«®¢¨ï (3.2) ¢ë¯®«ïîâáï, ¯®¤áâ ®¢ª®© äãªæ¨© (3.1) ¢ (1.4) ¯®«ãç¨¬
¢ëà ¦¥¨ï

f1 = (�21g1�
2
k +
2)(u0k sin�ky + eu0k cos �ky)� 
2�21�kx(V0k cos�ky � eV0k sin�ky);

f2 = [(�eg2 + �21)�2k +
2](V0k sin�ky + eV0k cos �ky) + g2�
3
kx(u0k cos �ky � eu0k sin�ky); (3.3)

¨§ ª®â®àëå ¢¨¤®, çâ® ¯®áâà®¥ë¥ äãªæ¨¨ (3.1) á®¤¥à¦ â ¢ á¥¡¥ ç¥âëà¥ ç áâëå à¥è¥¨ï:

u = u0k sin�ky; v = ��kxu0k cos �ky;

u = eu0k cos �ky; v = �kx eu0k sin�ky;
u = ��21�kxV0k cos �ky; v = V0k sin�ky;

u = �21�kx eV0k sin�ky; v = eV0k cos �ky:
�â¨ à¥è¥¨ï ã¤®¢«¥â¢®àïîâ ¤¨ää¥à¥æ¨ «ìë¬ ãà ¢¥¨ï¬ (1.4) ¨ ¯® ¯à¨ïâ®¬ã ®¯à¥-

¤¥«¥¨î ï¢«ïîâáï â®çë¬¨. �® ¨å ¯®¤ç¨¥¨¥ £à ¨çë¬ ãá«®¢¨ï¬ (1.2), (1.3), âà¥¡ãîé¥¥
¢ë¯®«¥¨ï à ¢¥áâ¢ (3.2), ¢ á«ãç ¥ �k = 0 ¯à¨¢®¤¨â ª à¥è¥¨î, ®¯¨áë¢ îé¥¬ã â®«ìª® ¦¥áâ-
ª¨¥ á¬¥é¥¨ï. �®íâ®¬ã ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ ¨§ãç ¥¬®© § ¤ ç¨, ª®£¤  �k 6= 0, u 6= 0, v 6= 0,
¬®¦¥â áãé¥áâ¢®¢ âì «¨èì ¢ â®¬ á«ãç ¥, ª®£¤  �21 = 0.

� ®¥ ãá«®¢¨¥ íª¢¨¢ «¥â® ¢¢¥¤¥¨î ¯à¥¤¯®«®¦¥¨ï �x = 0, ª®£¤  g2 = eg2, �y = E2"y.
�à¨ ¥£® ¢ë¯®«¥¨¨ ®¡é¥¥ à¥è¥¨¥ (3.1) ¯à¨¨¬ ¥â ¢¨¤

u = u0k sin�ky + eu0k cos �ky = u0(y);

v = ��kx(u0k cos �ky � eu0k sin�ky) + V0k sin�ky � eV0k cos �ky = V0(y)� x
du0
dy

;
(3.4)

¤«ï ¢ëç¨á«¥¨ï f1 ¨ f2 ¨§ (3.3) ¯®«ãç¨¬ ¢ëà ¦¥¨ï

f1 = 
2(u0k sin�ky + eu0k cos �ky);
f2 = (�eg2�2k +
2)(V0k sin�ky + eV0k cos �ky) + eg2�3kx(u0k cos �ky � eu0k sin�ky): (3.5)

�ãªæ¨¨ (3.4) ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ âà¥¡ãîâ á®áâ ¢«¥¨ï ãà ¢¥¨© ¬¥â®¤  �ã¡®¢ 
á«¥¤ãîé¨å ¢¨¤®¢:Z a

0

Z b

0

f2 sin�ky dx dy = 0 ¯à¨ V0k 6= 0;
Z a

0

Z b

0

f2 cos �ky dx dy = 0 ¯à¨ eV0k 6= 0; (3.6)Z a

0

Z b

0
(f1 sin�ky � �kf2x cos �ky)dx dy = 0 ¯à¨ u0k 6= 0; (3.7)Z a

0

Z b

0
(f1 cos �ky + �kf2x sin�ky)dx dy = 0 ¯à¨ eu0k 6= 0: (3.8)

61



�à¨ ¨á¯®«ì§®¢ ¨¨ ¢ëà ¦¥¨© ¤«ï f2 ¨§ (3.5) ãà ¢¥¨ï (3.6) ¯à¨¢®¤ïâ ª § ¢¨á¨¬®áâï¬

eu0k = 2(�eg2�2k +
2)eg2�3ka V0k; u0k = �
2(�eg2�2k +
2)eg2�3ka eV0k; (3.9)

  ãà ¢¥¨ï (3.7), (3.8) ¯à¨ ¨á¯®«ì§®¢ ¨¨ (3.5) ¯à¨¨¬ îâ ¢¨¤�

2 � eg2�4k a23

�
u0k + (�
2 + eg2�2k)�ka2 eV0k = 0; (3.10)�


2 � eg2�4k a23
�eu0k � (
2 � eg2�2k)�ka2 V0k = 0: (3.11)

�à¨ ¨á¯®«ì§®¢ ¨¨ § ¢¨á¨¬®áâ¥© (3.9) ãà ¢¥¨ï (3.10), (3.11) ¯à¨¢®¤ïâ ª ®¤®¬ã ¨ â®¬ã ¦¥
å à ªâ¥à¨áâ¨ç¥áª®¬ã ãà ¢¥¨î


4 � eg2�2k�1 + �2ka
2

12

�

2 +

eg22�6ka2
12

= 0;

ª®à¨ ª®â®à®£® à ¢ë


2
(1;2) =

1
2

�
1 +

�2ka
2

12

�eg2�2k
 
1�

s
1�

48�2ka2

(12 + �2ka
2)2

!
:

�§ (3.4) ¢¨¤®, çâ® ¯®áâà®¥®¥ à¥è¥¨¥ íª¢¨¢ «¥â® ¨á¯®«ì§®¢ ¨î ¢  ¯à ¢«¥¨¨ ®á¨ x
¤«ï  ¯¯à®ªá¨¬ æ¨¨ ¨áª®¬ëå äãªæ¨© § ¤ ç¨ ª« áá¨ç¥áª®© ¬®¤¥«¨ (£¨¯®â¥§ë ® ¯àï¬®© ®à¬ -
«¨ �¨àå£®ä {�ï¢ ) ¢ â¥®à¨¨ áâ¥à¦¥©, ¯« áâ¨ ¨ ®¡®«®ç¥ª. �â¨¬ à¥è¥¨¥¬ ¢ ¯«®áª®áâ¨ x0y
®¯¨áë¢ îâáï ¡¥áá¤¢¨£®¢ë¥ ¨§£¨¡ë¥ ä®à¬ë ª®«¥¡ ¨© ¯« áâ¨ë, ç áâ®âë ª®â®àëå ï¢«ïîâáï
 ¨¬¥ìè¨¬¨ ¢ á«ãç ¥ a=b� 1. �à¨ â ª¨å ª®«¥¡ ¨ïå  ¯àï¦¥®¥ á®áâ®ï¨¥ ¯« áâ¨ë ¢ á¨«ã
�x = 0 ï¢«ï¥âáï ®¤®®áë¬.

�®¤¢¥¤¥¬ ¨â®£¨. �«ï à¥è¥¨ï «¨¥©®© § ¤ ç¨ ® ¯«®áª¨å ä®à¬ å á¢®¡®¤ëå ª®«¥¡ ¨© ¯àï-
¬®ã£®«ì®© ®àâ®âà®¯®© ¯« áâ¨ë á ¥§ ªà¥¯«¥ë¬¨ ªà ï¬¨, á¢®¡®¤ë¬¨ ®â ãá¨«¨©, ¯à¥¤«®-
¦¥  ¬¥â®¤¨ª  ¯®áâà®¥¨ï äãªæ¨© ¯¥à¥¬¥é¥¨©, â®ç® ã¤®¢«¥â¢®àïîé¨å £à ¨çë¬ ãá«®¢¨-
ï¬ á¢®¡®¤®£® ªà ï, ª®â®à ï ®á®¢     ¨á¯®«ì§®¢ ¨¨ ¤¢®©ëå âà¨£®®¬¥âà¨ç¥áª¨å äãªæ¨©
¢ ª ç¥áâ¢¥ ¡ §¨áëå. �  ¨å ®á®¢¥  ©¤¥ë â®çë¥   «¨â¨ç¥áª¨¥ à¥è¥¨ï áä®à¬ã«¨à®¢ ®©
§ ¤ ç¨, ª®â®àë¬¨ ®¯¨áë¢ îâáï ¡¥áá¤¢¨£®¢ë¥ ¯«®áª¨¥ ä®à¬ë á¢®¡®¤ëå ª®«¥¡ ¨© ¯« áâ¨ë ¢
ª« áá¥ ãª § ëå äãªæ¨©. �áâ ®¢«¥®, çâ® ¢ à¨ æ¨¨ ¨áª®¬ëå äãªæ¨© ¥®¡å®¤¨¬® áç¨â âì
¥ â®«ìª® ¯à®¨§¢®«ìë¬¨, ® ¨ ¥§ ¢¨á¨¬ë¬¨ ¤àã£ ®â ¤àã£ . �®íâ®¬ã ¯®áâà®¥ë¥ à¥è¥¨ï
¯à¨¢®¤ïâ ª ä¨§¨ç¥áª¨ ¤®áâ®¢¥àë¬ à¥§ã«ìâ â ¬ ¯® ®¯à¥¤¥«¥¨î ç áâ®â ¨ ä®à¬ á¢®¡®¤ëå ª®-
«¥¡ ¨© â®«ìª® ¯à¨ ä®à¬ã«¨à®¢ª¥ § ¤ ç¨ ¢ ¢¨¤¥ ¢ à¨ æ¨®ëå ãà ¢¥¨© ¬¥â®¤  �ã¡®¢ ,
áâàãªâãà  ª®â®àëå § ¢¨á¨â ®â áâàãªâãàë ¯®áâà®¥ëå äãªæ¨© ¯¥à¥¬¥é¥¨©.

�®ª § ®, çâ® ¨§  ©¤¥ëå à¥è¥¨© ¬®¦® ¢ë¤¥«¨âì à¥è¥¨ï, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ âà¨-
£®®¬¥âà¨ç¥áª¨¬ äãªæ¨ï¬ á ã«¥¢®© £ à¬®¨ª®© ¢ ®¤®¬ ¨§  ¯à ¢«¥¨©. �¬¨ ®¯¨áë¢ îâáï
ç¨áâ® ¯«®áª¨¥ ¨§£¨¡ë¥ ä®à¬ë ª®«¥¡ ¨© ¯« áâ¨ë,   á®®â¢¥âáâ¢ãîé¨¥ ¨¬ à¥§ã«ìâ âë íª¢¨¢ -
«¥âë ¨á¯®«ì§®¢ ¨î ¯à¨ ¯®áâ ®¢ª¥ ¨§ãç ¥¬®© § ¤ ç¨ ª« áá¨ç¥áª®© ¬®¤¥«¨ �¨àå£®ä -�ï¢ ,
¨§¢¥áâ®© ¢ â¥®à¨¨ áâ¥à¦¥©, ¯« áâ¨ ¨ ®¡®«®ç¥ª.

� ãç®-â¥å¨ç¥áª¨© æ¥âà �®áâã¯¨«¨
¯à®¡«¥¬ ¤¨ ¬¨ª¨ ¨ ¯à®ç®áâ¨ ¯¥à¢ë© ¢ à¨ â 10:12:2004
� § áª®£® £®áã¤ àáâ¢¥®£® ®ª®ç â¥«ìë© ¢ à¨ â 13:10:2005
â¥å¨ç¥áª®£® ã¨¢¥àá¨â¥â 

62


