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�����������������������������������®¬ 116, ò 2 ¢£ãáâ, 1998
c© 1998 £. �.�. �¥à®¢∗, �.�. �àãáâ «¥¢†Ǳ����������� ������ Ǳ������������������� � (1 + 1)-������ ������ '4� áá¬ âà¨¢ îâáï ¤¢ ¦¤ë ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥¨ï ãà ¢¥¨ï � £à ¦ {�©«¥à (1 + 1)-¬¥à®© áª «ïà®© â¥®à¨¨ '4. Ǳà¨ ãá«®¢¨¨ ¬ «®áâ¨ ¥«¨¥©®£® ç«¥  ¤«ï å®¦¤¥¨ï  á¨¬¯â®â¨ç¥áª¨å à¥è¥¨© ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë ¯à¨¬¥ï¥âáï ¬¥â®¤ ǱãÄ ª à¥. �®ª § ®, çâ® ¢®§¨ª îé ï ¢ á«ãç ¥ ã«¥¢®© ¬ ááë ¯à®¡«¥¬  £« ¢®£® à¥§®Ä á  à¥è ¥âáï ¯ãâ¥¬¨á¯®«ì§®¢ ¨ï ¢ ª ç¥áâ¢¥ ã«¥¢®£® ¯à¨¡«¨¦¥¨ï í««¨¯â¨ç¥áª®©äãªæ¨¨ �ª®¡¨. 1. ��������1.1. Ǳ¥à¨®¤¨ç¥áª¨¥ à¥è¥¨ï ¥«¨¥©ëå ãà ¢¥¨©. �  áâ®ïé¥¥ ¢à¥¬ï ªâ¨¢® ¨§ãç îâáï ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥¨ï ¥«¨¥©ëå ¢®«®¢ëå ãà ¢¥¨© ¢¨¤ @2'(x; t)@x2 − @2'(x; t)@t2 − g(') = 0: (1)� á¥¬¨¤¥áïâë¥ ¨ ¢®áì¬¨¤¥áïâë¥ £®¤ë ¤«ï è¨à®ª®£® ª« áá  ¥¯à¥àë¢ëå äãªæ¨©g(') ¡ë«¨ ¤®ª § ë â¥®à¥¬ë áãé¥áâ¢®¢ ¨ï ¯®¤®¡ëå à¥è¥¨©, ã¤®¢«¥â¢®àïîé¨å®¯à¥¤¥«¥ë¬ £à ¨çë¬ ãá«®¢¨ï¬ ¯® x.� à ¡®â¥ [1] ¤®ª § ®, çâ® ªà ¥¢ ï § ¤ ç 























@2'(x; t)@x2 − @2'(x; t)@t2 − g(') = 0; g(0) = 0;lim
|x|→∞

'(x; t) = 0;'(x; t + T ) = '(x; t); x; t; T ∈ R; (2)¨¬¥¥â à¥è¥¨¥, â®«ìª® ¥á«¨ g′(0) > (2�T )2:
∗� ãç®-¨áá«¥¤®¢ â¥«ìáª¨© ¨áâ¨âãâ ï¤¥à®© ä¨§¨ª¨ �®áª®¢áª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àÄá¨â¥â , �®áª¢ , �®áá¨ï. E-mail: svernov@theory.npi.msu.su
†�áâ¨âãâ â¥®à¥â¨ç¥áª¨å ¯à®¡«¥¬ ¬¨ªà®¬¨à  �®áª®¢áª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â ,�¨§¨ç¥áª¨© ä ªã«ìâ¥â �®áª®¢áª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â , �®áª¢ , �®áá¨ï. E-mail:khrust@sunny.bog.msu.su 182



Ǳ����������� ������� � (1 + 1)-������ ������ '4 183Ǳàï¬ë¬ á«¥¤áâ¢¨¥¬ íâ®© â¥®à¥¬ë ï¢«ï¥âáï ®âáãâáâ¢¨¥ ¥âà¨¢¨ «ìëå à¥è¥¨© § Ä¤ ç¨ (2) ¢ á«ãç ¥ ¡¥§¬ áá®¢®© â¥®à¨¨ '4, â. ¥. ¯à¨ g(') = '3. � ë© à¥§ã«ìâ â ¥®§ ç ¥â, à §ã¬¥¥âáï, ¯®«®£® ®âáãâáâ¢¨ï ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ¢ íâ®© â¥®à¨¨.�§¬¥ïï £à ¨çë¥ ãá«®¢¨ï ¯® x, ¯®«ãç ¥¬ á«¥¤ãîéãî § ¤ çã:


















@2'(x; t)@x2 − @2'(x; t)@t2 − g(') = 0; g(0) = 0;'(0; t) = '(�; t) = 0;'(x; t + T ) = '(x; t); x; t; T ∈ R: (2′)�«ï ¥¯à¥àë¢ëå ¥ã¡ë¢ îé¨å äãªæ¨© g('), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨îlim
|'|→∞

g(')' = ∞;¡ë«® ¤®ª § ®, çâ® à¥è¥¨¥ § ¤ ç¨ (2′) áãé¥áâ¢ã¥â, ¥á«¨  ©¤ãâáï â ª¨¥ �; � > 0, çâ®
∀' ∈ R ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®12' · g(')− ∫ '0 g(t) dt > �|g(')| − �:�¢â®àë à ¡®âë [2] ¤®ª § «¨ ¤ ®¥ ãâ¢¥à¦¤¥¨¥, ®¡®¡é¨¢ ¤®ª § â¥«ìáâ¢® [3], á¤¥Ä« ®¥ ¤«ï ¡®«¥¥ ã§ª®£® ª« áá  äãªæ¨© g('). �¯à®é¥®¥ ¤®ª § â¥«ìáâ¢® ¤«ï á«ãç ïg(') = |'|n · ', £¤¥ n > 0, ¤ ® ¢ [4].� áâ âì¥ [5] à áá¬®âà¥  á«¥¤ãîé ï ªà ¥¢ ï § ¤ ç ¤«ï ãà ¢¥¨ï� £à ¦ {�©«¥-à  â¥®à¨¨ '4 á ¬ áá®©, § ¢¨áïé¥© ®â ¯à®áâà áâ¢¥®© ª®®à¤¨ âë x:







LM'(x; t)− @2'(x; t)@t2 − "'3(x; t) = 0;'(0; t) = '(�; t) = 0; 0 6 x 6 �; t ∈ R; (3)£¤¥ LM ≡ @2@x2 −M2(x); M2(x) ∈ L2[0; 1]:�«ï á®¡áâ¢¥ëå § ç¥¨© �j ®¯¥à â®à LM ¢ [5] ¢¢¥¤¥ë ¤®¯®«¨â¥«ìë¥ ãá«®¢¨ï,  Ä§¢ ë¥ ¥à¥§® áë¬¨: ¯ãáâì ¤«ï ¢á¥å j á®¡áâ¢¥ë¥ ç¨á«  �j < 0,   ¢á¥$j ≡ √

|�j |¨ 
 ≡ ($1; : : : ; $N ) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬:
|n · 
± j| > G1(|n|+ j)−� , £¤¥ n 6= 0, n ∈ Z

N , j > 0,
|n · 
±$j | > G1(|n|+ j)−� , £¤¥ n ∈ Z

N , j > N + 1,
|n · 
 ± ($j ± $i)| > G2(|n| + |j − i|)−� , £¤¥ n ∈ Z

N , j; i > N + 1,   G1, G2 ¨ � {¯®«®¦¨â¥«ìë¥ ç¨á« .�ë«® ¤®ª § ®, çâ® ¥á«¨ " � 1, â® ¢ë¯®«¥¨¥ íâ¨å ãá«®¢¨© £ à â¨àã¥â áãé¥áâ¢®Ä¢ ¨¥ ¯¥à¨®¤¨ç¥áª®£® (¯à¨ N = 1) ¨«¨ ª¢ §¨¯¥à¨®¤¨ç¥áª®£® (¯à¨ N > 1) ¯® ¢à¥¬¥¨à¥è¥¨ï § ¤ ç¨ (3). Ǳà¨ íâ®¬ ®â¬¥ç «®áì, çâ® ¤®ª § â¥«ìáâ¢® áãé¥áâ¢®¢ ¨ï ¨ç¥£®¥ £®¢®à¨â ® ï¢®¬ ¢¨¤¥ à¥è¥¨© ¨ ® ¯à¨ ¤«¥¦®áâ¨ ¨å ª ¨§¢¥áâë¬ ª« áá ¬ á¯¥æ¨Ä «ìëå äãªæ¨©.



184 �.�. ������, �.�. ���������1.2. �¢  ª« áá  ¤¢ ¦¤ë ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨©. � è¥ ¨áá«¥¤®¢ ¨¥ ¯®á¢ïÄé¥® ¨§ãç¥¨î (1+1)-¬¥à®© ¬®¤¥«¨ áª «ïà®© â¥®à¨¨ '4, ®¯¨áë¢ ¥¬®© « £à ¦¥¢®©¯«®â®áâìî
L(') = 12('2;t(x; t)− '2;x(x; t)−M2'2(x; t)− "2'4(x; t)):� áá¬®âà¨¬ á®®â¢¥âáâ¢ãîé¥¥ ãà ¢¥¨¥ � £à ¦ {�©«¥à @2'(x; t)@x2 − @2'(x; t)@t2 −M2'(x; t)− "'3(x; t) = 0 (1′)á æ¥«ìî  ©â¨ ¥£® à¥è¥¨ï, ¯¥à¨®¤¨ç¥áª¨¥ ª ª ¯® ¯à®áâà áâ¢¥®© ª®®à¤¨ â¥ x, â ª¨ ¯® ¢à¥¬¥®© t. Ǳà¨ íâ®¬ ¯¥à¨®¤ ¯® x ¢ë¡¥à¥¬ à ¢ë¬ 2� ¨ ¡ã¤¥¬ ¨áª âì ¯¥à¨®¤ ¯® t.�ãé¥áâ¢ãîâ ¤¢  ª« áá  ¤¢ ¦¤ë ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨©. �á«¨ ¨áª âì à¥è¥¨ï ¢¢¨¤¥ ¡¥£ãé¨å ¢®« '(x; t) = '(x− vt); (4)£¤¥ v { áª®à®áâì ¢®«ë, â® ãà ¢¥¨¥ (1′) «¥£ª® á¢®¤¨âáï ª ®¡ëª®¢¥®¬ã ¤¨ää¥à¥æ¨Ä «ì®¬ã ãà ¢¥¨î �îää¨£  [6]. Ǳ¥à¨®¤¨ç¥áª¨¬¨ à¥è¥¨ï¬¨ íâ®£® ãà ¢¥¨ï ï¢«ïÄîâáï í««¨¯â¨ç¥áª¨¥ äãªæ¨¨ �ª®¡¨ [7]. Ǳ®¤®¡ë¥ ¯®«ï å®à®è® ¨§ãç¥ë ª ª ¤«ï ¤¢ãÄ¬¥à®© [8], â ª ¨ ¤«ï ç¥âëà¥å¬¥à®© [9] áª «ïà®© â¥®à¨¨ '4.�àã£®© ª« áá ¤¢ ¦¤ë ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ®¡à §ãîâ à¥è¥¨ï ¢ ¢¨¤¥ áâ®ïç¥©¢®«ë: '(x; t) ≡ ∞

∑n=1 ∞
∑j=1 Cnj sin(n(x− x0)) sin(j!(t− t0)); (5)£¤¥ x0 ¨ t0 ®¯à¥¤¥«ïîâáï ¨§  ç «ìëå ¨ £à ¨çëå ãá«®¢¨©. � á¨«ã âà á«ïæ¨®®©¨¢ à¨ â®áâ¨ ãà ¢¥¨ï (1′) ¬®¦®, ¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¯®«®¦¨âì x0 = 0 ¨t0 = 0. �ë¡®à x0 = 0 á®®â¢¥âáâ¢ã¥â £à ¨çë¬ ãá«®¢¨ï¬ § ¤ ç¨ (2′).� å®¦¤¥¨¥ ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë { § ¤ ç  ¡®«¥¥ á«®¦ ï,ç¥¬ ®âëáª ¨¥ ¡¥£ãé¨å ¢®«®¢ëå ¯®«¥©, ¯®áª®«ìªã ¢ íâ®¬ á«ãç ¥ ãà ¢¥¨¥ ¢ ç áâëå¯à®¨§¢®¤ëå ¥ á¢®¤¨âáï ª ®¡ëª®¢¥®¬ã ¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î. � «¨â¨Äç¥áª ï ä®à¬  ¯®¤®¡ëå à¥è¥¨© ¯®ª  ¥  ©¤¥ , ¡®«¥¥ â®£®, áãé¥áâ¢®¢ ¨¥ ¯¥à¨®¤¨Äç¥áª¨å à¥è¥¨© ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë ¯à¨ ¯à®¨§¢®«ìëå § ç¥¨ïå ¯ à ¬¥âà®¢ ¥é¥ ¥¤®ª § ®.Ǳ®¤áâ ®¢ª®© ¢ ãà ¢¥¨¥ (1′) äãªæ¨¨'(x; t) ¢ ä®à¬¥ (5) ¬®¦® á¢¥áâ¨ ¤ ®¥ ãà ¢Ä¥¨¥ ª ¡¥áª®¥ç®© á¨áâ¥¬¥ ¥«¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©   ª®íää¨æ¨¥âë

Cnj ¨ ç áâ®âã !. �  ï á¨áâ¥¬  ¬®¦¥â ¡ëâì à¥è¥  ç¨á«¥® á ¯®¬®éìî ¬¥â®¤  � Ä«¥àª¨ , â. ¥. ¯®áà¥¤áâ¢®¬ ®¡à¥§ ¨ï àï¤  �ãàì¥ ¯® ®¡®¨¬ ¨¤¥ªá ¬, ª®£¤  ¯®« £ îâ
Cnj = 0 ¤«ï ¢á¥å n; j > N . �«ãç ©M = 1 ¨ " = 1 ¡ë« ¨áá«¥¤®¢  ¯à¨ à §«¨çëå § ç¥Ä¨ïå N . � ª ®ª § «®áì [10], à¥§ã«ìâ âë ¢ëç¨á«¥¨© ¯à ªâ¨ç¥áª¨ ¥ ®â«¨ç îâáï ¤àã£®â ¤àã£ , çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® á ¬®á®£« á®¢ ®áâ¨ ¯®¤å®¤ . Ǳà¨ íâ®¬ ®â¬¥ç¥®, çâ®¢ à ¬ª å ç¨á«¥®£® à¥è¥¨ï ®áâ ¥âáï ®âªàëâë¬ ¢®¯à®á ® ª®àà¥ªâ®áâ¨ ®¡à¥§ ¨ï ¨áå®¤¨¬®áâ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯®«ãç¥ëå à¥è¥¨© ¯à¨N → ∞.



Ǳ����������� ������� � (1 + 1)-������ ������ '4 185� ¤ ®© à ¡®â¥ ¤«ï à¥è¥¨ï ãà ¢¥¨ï (1′) ¢ á«ãç ¥ ã«¥¢®© ¬ ááë â ª¦¥ ¯à¨¬¥Äï¥âáï ¯®¤áâ ®¢ª  äãªæ¨¨ '(x; t) ¢ ä®à¬¥ (5). Ǳà¨ íâ®¬ ¤«ï ã¯à®é¥¨ï á¨áâ¥¬ë ¬ë¨á¯®«ì§ã¥¬ ¥ ®¡à¥§ ¨¥,   ãá«®¢¨¥ ¬ «®áâ¨ " ¨ ¯®«ãç ¥¬  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥¨¥,á®¤¥à¦ é¥¥ ã¦¥ ¢ ã«¥¢®¬ ¯®àï¤ª¥ ¡¥áª®¥ç®¥ ç¨á«® £ à¬®¨ª.1.3. � ¢®¬¥àë¥  á¨¬¯â®â¨ç¥áª¨¥ à §«®¦¥¨ï. �ã¤¥¬ áç¨â âì, çâ® " { ¬ Ä«ë© ¯®«®¦¨â¥«ìë© ¯ à ¬¥âà, ¨ ¯®¯à®¡ã¥¬  ©â¨ à¥è¥¨¥ ãà ¢¥¨ï (1′) ¢ ¢¨¤¥ ä®àÄ¬ «ì®£® áâ¥¯¥®£® àï¤ . �¥¯®áà¥¤áâ¢¥ë¥ à §«®¦¥¨ï ¯® áâ¥¯¥ï¬ " ¨¬¥îâ ª®¥çÄë¥ ®¡« áâ¨ ¯à¨¬¥¨¬®áâ¨ ¨§-§   «¨ç¨ï ¢¥ª®¢ëå, â. ¥. ¥®£à ¨ç¥ëå, ç«¥®¢. � §Ä«®¦¥¨ï, á®¤¥à¦ é¨¥ â®«ìª® ®£à ¨ç¥ë¥ äãªæ¨¨ ¨, á«¥¤®¢ â¥«ì®, ®¤¨ ª®¢® ¯à¨Ä£®¤ë¥ ¢ «î¡®© â®çª¥ ¯à®áâà áâ¢ ,  §ë¢ îâáï à ¢®¬¥àë¬¨. �«ï ¯®áâà®¥¨ï à ¢Ä®¬¥àëå à §«®¦¥¨© ¡ë«¨ à §à ¡®â ë  á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®¤ë (á¬.,  ¯à¨¬¥à, [11,12]). �¡§®à â ª¨å ¬¥â®¤®¢ á®¤¥à¦¨âáï ¢ ª¨£¥ [13].Ǳà®áâ®â   «£®à¨â¬  ¯®áâà®¥¨ï à ¢®¬¥à®£®  á¨¬¯â®â¨ç¥áª®£® àï¤  § ¢¨á¨â ®â§ ç¥¨ï ¬ áá®¢®£® ç«¥ . � ¦¥ ¢ á«ãç ¥ ®¤®à®¤®©¬ ááë ®âáãâáâ¢¨¥ à¥§® á  ¢ ¦Ä® ¥ â®«ìª® ¤«ï ¤®ª § â¥«ìáâ¢  áå®¤¨¬®áâ¨ à ¢®¬¥à®£®  á¨¬¯â®â¨ç¥áª®£® àï¤ , ®¨ ¤«ï á ¬®£® ¥£® ¯®áâà®¥¨ï. � §«¨ç îâ ¤¢  á«ãç ï.�¡®§ ç¨¬ ç¥à¥§ 
j ç áâ®âë ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ãà ¢¥¨ï (1′) ¯à¨ " = 0:
j = √j2 +M2, £¤¥ j ∈ N. �á«¨ ¤«ï «î¡ëå i ¨ j ®â®è¥¨¥ 
i=
j ¥ ¥áâì à æ¨® «ìÄ®¥ ç¨á«®, â® ¨¬¥¥â ¬¥áâ® ¥à¥§® áë© á«ãç ©. � íâ®¬ á«ãç ¥ á ¯®¬®éìî áâ ¤ àâÄëå  á¨¬¯â®â¨ç¥áª¨å ¬¥â®¤®¢,  ¯à¨¬¥à ¬¥â®¤  Ǳã ª à¥, ¬®¦® ¯®áâà®¨âì  á¨¬¯â®Äâ¨ç¥áª¨© àï¤ á «î¡®© áâ¥¯¥ìî â®ç®áâ¨. Ǳà¨ íâ®¬ ¢á¥ ¢¥ª®¢ë¥ ç«¥ë ã¨çâ®¦ îâáï¯à ¢¨«ìë¬ ¢ë¡®à®¬ ç áâ®âë.Ǳà®â¨¢®¯®«®¦ë© á«ãç ©, ª®£¤  áãé¥áâ¢ãîâ ¤¢¥ ç áâ®âë 
i ¨ 
j , ®â®è¥¨¥ ª®â®Äàëå ï¢«ï¥âáï à æ¨® «ìë¬ ç¨á«®¬,  §ë¢ ¥âáï à¥§® áë¬. � à¥§® á®¬ á«ãç ¥, ¯à®â¨¢, ã¤ ¥âáï ¯®áâà®¨âì à ¢®¬¥à®¥ à §«®¦¥¨¥ â®«ìª® ¢ ª®¥ç®¬ ç¨á«¥ ¯¥à¢ëå¯®àï¤ª®¢ ¯® ". Ǳà¨ íâ®¬ ç¥¬ ¬¥ìè¥ ®¬¥à  i ¨ j à¥§®¨àãîé¨å ç áâ®â, â¥¬ ¬¥ìè¥¯¥à¨®¤¨ç¥áª¨å ç«¥®¢  á¨¬¯â®â¨ç¥áª®£® àï¤  ã¤ ¥âáï ¯®áâà®¨âì. �á«¨ ¦¥ ¨¬¥¥âáï ãÄ«¥¢ ï ¬ áá , ª®£¤  
j = j ¨ ¢á¥ ç áâ®âë à¥§®¨àãîâ, ¢®§¨ª ¥â £« ¢ë© à¥§® á, â. ¥.à¥§® á ã¦¥ ¢ ¯¥à¢®¬ ¯®àï¤ª¥ ¯® ".�ë à áá¬ âà¨¢ ¥¬ ¡¥§¬ áá®¢ãî â¥®à¨î '4 ¨ ¨é¥¬  á¨¬¯â®â¨ç¥áª®¥ à¥è¥¨¥ ¢ ¢¨¤¥áâ®ïç¥© ¢®«ë. �¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï ¯®áâà®¥¨¥ ¯¥à¢ëå ç«¥®¢ à ¢®¬¥à®Ä£®, ¡®«¥¥ â®£®, á®áâ®ïé¥£® ¨áª«îç¨â¥«ì® ¨§ ¯¥à¨®¤¨ç¥áª¨å äãªæ¨©  á¨¬¯â®â¨ç¥áª®Ä£® à §«®¦¥¨ï à¥è¥¨ï ª¢ §¨«¨¥©®£® ãà ¢¥¨ï �«¥© {�®à¤®  ¢ á«ãç ¥ £« ¢®£®à¥§® á . �ë ¯®ª §ë¢ ¥¬, ª ª á ¯®¬®éìî ¥âà¨¢¨ «ì®£® ¢ë¡®à  ã«¥¢®£® ¯à¨¡«¨Ä¦¥¨ï ¬®¦® ¯®«ãç¨âì ¨ ¯¥à¢®¥, ¨ ¢â®à®¥ ¯à¨¡«¨¦¥¨ï ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë.2. Ǳ��������� ����Ǳ��������������� � ������ ����������� ������ '42.1. �¥â®¤ Ǳã ª à¥. �«ï ¯®áâà®¥¨ï  á¨¬¯â®â¨ç¥áª®£® à¥è¥¨ï ¢®á¯®«ì§ã¥¬áï¬¥â®¤®¬ Ǳã ª à¥. �¢¥¤¥¬ ®¢®¥ ¢à¥¬ï ~t ≡ !t ¨ ¡ã¤¥¬ ¨áª âì ¤¢ ¦¤ë ¯¥à¨®¤¨ç¥áª®¥



186 �.�. ������, �.�. ���������à¥è¥¨¥ ãà ¢¥¨ï (1′) á ã«¥¢®© ¬ áá®© '(x; ~t ) ¨ ç áâ®âã ! ¢ ä®à¬¥ à §«®¦¥¨© ¯® ":'(x; ~t; ") ≡ ∞
∑n=0'n(x; ~t )"n;!(") ≡ 1 + ∞

∑n=1!n"n:� §« £ ï â¥¯¥àì ãà ¢¥¨¥ (1′) á M = 0 ¢ àï¤ ¯® áâ¥¯¥ï¬ ", ¯®«ãç ¥¬ ¯®á«¥¤®¢ Äâ¥«ì®áâì ãà ¢¥¨©. �ë¯¨è¥¬ ¤¢  ¯¥à¢ëå ãà ¢¥¨ï íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨.� ã«¥¢®¬ ¯®àï¤ª¥ ¯® " ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï '0 ¨¬¥¥â ¢¨¤@2'0(x; ~t )@x2 − @2'0(x; ~t )@~t2 = 0: (6)� ¯¥à¢®¬ ¯®àï¤ª¥ ¯® " ¤«ï ®¯à¥¤¥«¥¨ï '0, '1 ¨ !1  å®¤¨¬ ãà ¢¥¨¥@2'1(x; ~t )@x2 − @2'1(x; ~t )@~t2 = 2!1 @2'0(x; ~t )@~t2 + '30(x; ~t ): (7)�à ¢¥¨¥ (6) ¥ ¯®§¢®«ï¥â ®¤®§ ç® ®¯à¥¤¥«¨âì äãªæ¨î '0(x; ~t ). �á«¨ ¢ë¡à âì¢ ª ç¥áâ¢¥ à¥è¥¨ï íâ®£® ãà ¢¥¨ï '0(x; ~t ) = sin(x) sin(~t ), â® ãà ¢¥¨¥ (7) ¥ ¡ã¤¥â¨¬¥âì ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨©, â ª ª ª ç áâ®â  ¢¥è¥© á¨«ë sin(3x) sin(3~t ) á®¢¯ ¤ ¥âá ç áâ®â®© á®¡áâ¢¥ëå ª®«¥¡ ¨©,   íâ® ¯à¨¢®¤¨â ª à¥§® áã. �á®, çâ®, ¢ ®â«¨ç¨¥®â á«ãç ï ¥ã«¥¢®© ¬ ááë, ¨ª ª¨¬ ¢ë¡®à®¬ ç áâ®â®© ¯®¯à ¢ª¨ !1 ¥«ì§ï ¯®«ãç¨âìà ¢®¬¥à®¥ à §«®¦¥¨¥. �«ï ¯®«ãç¥¨ï â ª®£®à §«®¦¥¨ï ¥®¡å®¤¨¬®®âëáª âì ¤àãÄ£®¥ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ ãà ¢¥¨ï (6), â. ¥. ¤àã£®¥ ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥ äãªæ¨¨'(x; ~t ).2.2. �á«®¢¨¥ áãé¥áâ¢®¢ ¨ï ¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï. � áá¬®âà¨¬ ãà ¢¥Ä¨ï (6) ¨ (7) ¥ ¯® ®â¤¥«ì®áâ¨,   ª ª á¨áâ¥¬ã, ¨ ¯®¯ëâ ¥¬áï ¢ë¤¥«¨âì ¨§ ¬®¦¥áâ¢ ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ãà ¢¥¨ï (6) â ªãî äãªæ¨î '0(x; ~t ), çâ® ãà ¢¥¨¥ (7) ¨¬¥Ä¥â ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥. � ª¨¬ ®¡à §®¬, ¤«ï  å®¦¤¥¨ï '0(x; ~t ) ¨á¯®«ì§ã¥âáï ¥â®«ìª® ãà ¢¥¨¥ ã«¥¢®£® ¯®àï¤ª  ¯® ", â. ¥. (6), ® ¨ ãà ¢¥¨¥ ¯¥à¢®£® ¯®àï¤ª  ¯® ",â. ¥. (7).�¡é¥¥ à¥è¥¨¥ ãà ¢¥¨ï (6) ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë (5) ¥áâì'0(x; ~t ) = ∞
∑n=1 an sin(nx) sin(n~t );£¤¥ an { ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥.�ë ¨é¥¬ à¥è¥¨¥ ãà ¢¥¨ï (7) '1(x; t) â ª¦¥ ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë, â. ¥.'1(x; ~t ) ≡ ∞

∑n=1 ∞
∑j=1 bnj sin(nx) sin(j~t ):



Ǳ����������� ������� � (1 + 1)-������ ������ '4 187�«ï ®¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â®¢ �ãàì¥ äãªæ¨© '0(x; t) ¨ '1(x; t) ¨¬¥¥¬ ãà ¢¥¨¥
∞
∑n=1 ∞

∑j=1Rnj(a;b) sin(nx) sin(j~t ) = 0;¢®§¨ª îé¥¥ ¯®á«¥ ¯®¤áâ ®¢ª¨ à §«®¦¥¨© ¤«ï äãªæ¨© '0 ¨ '1 ¢ ãà ¢¥¨¥ (7).Ǳ®«ãç¥®¥ ãà ¢¥¨¥ à ¢®á¨«ì® á«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢¥¨©:
∀n; j ∈ N: Rnj(a;b) = 0: (7′)�â  á¨áâ¥¬  á®¤¥à¦¨â ¯®¤á¨áâ¥¬ã, ®¯à¥¤¥«ïîéãî ª®íää¨æ¨¥âë �ãàì¥ äãªæ¨¨'0(x; ~t ):

∀j ∈ N: Rjj(a) = 0; (8)£¤¥Rjj ≡ 9a3j + 3a2ja3j + aj 




6 ∞

∑s=1s6=j(2a2s + asa2j+s) + 3 2j−1∑s=1s6=j asa2j−s − 32j2!1++ 3 ∞
∑s=1s6=j ∞

∑p=1p6=j asapaj+s+p + 3 ∞
∑s=1s6=j ∞

∑p=1p6=jp6=2j−s asapas+p−j + j−2
∑s=1 j−2∑p=1 asapaj−s−p:�ë ¯®«ãç¨«¨ ¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç®¥ ãá«®¢¨¥ áãé¥áâ¢®¢ ¨ï ¯¥à¨®¤¨ç¥áª®£®à¥è¥¨ï ãà ¢¥¨ï (7): ¯¥à¨®¤¨ç¥áª ï äãªæ¨ï '1(x; ~t ), ã¤®¢«¥â¢®àïîé ï ãà ¢¥Ä¨î (7), áãé¥áâ¢ã¥â â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¯®á«¥¤®¢ â¥«ì®áâì ª®íää¨æ¨¥â®¢�ãàì¥ äãªæ¨¨ '0(x; ~t ) ï¢«ï¥âáï à¥è¥¨¥¬ á¨áâ¥¬ë (8).�®íää¨æ¨¥â a1 { ¯ à ¬¥âà, § ¤ îé¨©  ¬¯«¨âã¤ã ª®«¥¡ ¨©. �¥©áâ¢¨â¥«ì®, ¥á«¨aj = cja1 ¨ !1 = c!a21, â® ¢á¥ ¯®«¨®¬ë Rjj ¯à®¯®àæ¨® «ìë a31: Rjj(a) = a31Rjj(c),¨, á«¥¤®¢ â¥«ì®, ª®íää¨æ¨¥â a1 ¬®¦¥â ¡ëâì ¢ë¡à  ¯à®¨§¢®«ì®. Ǳ®áª®«ìªã  è¥©æ¥«ìî ï¢«ï¥âáï  å®¦¤¥¨¥ ¤¥©áâ¢¨â¥«ì®© äãªæ¨¨ '0(x; ~t ), â® ¬ë ¨é¥¬ cj ∈ R.2.3. �ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥. �¥ áãé¥áâ¢ã¥â ®¡é¨å ¬¥â®¤®¢ â®ç®£® à¥è¥¨ï á¨áÄâ¥¬, ¯®¤®¡ëå (8), ¯®áª®«ìªã, ¢®-¯¥à¢ëå, á¨áâ¥¬  ¡¥áª®¥ç  ¨ ¢á¥ Rjj(c) áãâì ¡¥áª®Ä¥çë¥ áã¬¬ë,  , ¢®-¢â®àëå, ¢á¥ ãà ¢¥¨ï ¥«¨¥©ë. �£à ¨ç¨¬áï ¯®¨áª®¬ ç áâ®£®à¥è¥¨ï íâ®© á¨áâ¥¬ë. �ë ¨é¥¬ äãªæ¨î '0(x; ~t ) â ªãî, çâ® ª®íää¨æ¨¥âë ¥¥ àï¤ �ãàì¥ ã¤®¢«¥â¢®àïîâ ¤ ®© á¨áâ¥¬¥. � ª ï äãªæ¨ï ¤®«¦  ®¡« ¤ âì ¡¥áª®¥çë¬àï¤®¬ �ãàì¥, ¢ â® ¦¥ ¢à¥¬ï ¢á¥ ¥¥ ç¥âë¥ £ à¬®¨ª¨ ¬®£ãâ ¡ëâì à ¢ë ã«î. �«ï ã¯Äà®é¥¨ï ¢ëç¨á«¥¨© ¯à¥¤¯®«®¦¨¬, çâ® àï¤ �ãàì¥ äãªæ¨¨ '0(x; ~t ) á®¤¥à¦¨â â®«ìª®¥ç¥âë¥ £ à¬®¨ª¨.� ¤ çã ¬®¦® ¯à¨¡«¨¦¥® à¥è¨âì ¬¥â®¤®¬ � «¥àª¨ , â. ¥. ®¡à¥§ ¨¥¬ ¢ëáè¨å¤¨ £® «ìëå £ à¬®¨ª '0(x; ~t ) ¨ ¯®¨áª®¬ à¥è¥¨ï ¢ ¢¨¤¥'0(x; ~t ) = a1{ N

∑j=1 c2j−1 sin((2j − 1)x) sin((2j − 1)~t )} :



188 �.�. ������, �.�. ����������ë ¯®«ãç ¥¬ ª®¥çãî á¨áâ¥¬ã ¥«¨¥©ëå ãà ¢¥¨©. �¥è¥¨ï íâ®© ¥«¨¥©®© á¨áÄâ¥¬ë ¬®£ãâ ¡ëâì  ©¤¥ë â®«ìª® á ¯®¬®éìî ���. Ǳ®«ãç¥ë¥ ¤«ï N = 10 § ç¥¨ïc2j−1 ¯à ªâ¨ç¥áª¨ á®¢¯ «¨ á í«¥¬¥â ¬¨ ª®¥ç®© ¯®á«¥¤®¢ â¥«ì®áâ¨d = {d2j−1 = f2j−1f1 ; £¤¥ f2j−1 ≡ qj−1=21 + q2j−1 ; d2j = 0; 0 < j < 11}¯à¨ q = 0:0142142623201. �¥£ª® ¯à®¢¥à¨âì, çâ® ¯®¤áâ ®¢ª  d ¢ á¨áâ¥¬ã (8) ¤ ¥âRjj(d) < 10−12. �ë¬¨ á«®¢ ¬¨, ¤  ï ª®¥ç ï ¯®á«¥¤®¢ â¥«ì®áâì ï¢«ï¥âáï ¯à¨Ä¡«¨¦¥ë¬ à¥è¥¨¥¬ á¨áâ¥¬ë (8).�«ï ¯à®¨§¢®«ì®£® q ®¯à¥¤¥«¨¬ ¯®á«¥¤®¢ â¥«ì®áâì f á«¥¤ãîé¨¬ ®¡à §®¬:f = {

∀n ∈ N: f2n−1 = qn−1=21 + q2n−1 ; f2n = 0} :�¥£ª® § ¬¥â¨âì, çâ® ç¨á« ¬ q ¨ q′ ≡ 1=q á®®â¢¥âáâ¢ãîâ ®¤¨ ª®¢ë¥ § ç¥¨ï fj.�â®¡ë ¯®«ãç¨âì ®¤®§ ç® § ¢¨áïéãî ®â q ¯®á«¥¤®¢ â¥«ì®áâì f , áâà¥¬ïéãîáï ªã«î, ® ¥ à ¢ãî ã«î â®¦¤¥áâ¢¥®, ®£à ¨ç¨¬ ®¡« áâì ¨§¬¥¥¨ï q ¨â¥à¢ Ä«®¬ (0; 1).�«¥ë ¯®á«¥¤®¢ â¥«ì®áâ¨ f ¯à®¯®àæ¨® «ìë ª®íää¨æ¨¥â ¬ �ãàì¥ äãªæ¨¨ í«Ä«¨¯â¨ç¥áª®£® ª®á¨ãá  cn(z; k) [7]:cn(z; k) = k ∞
∑n=1 f2n−1 cos((2n− 1)z4 ); (9)£¤¥  ≡ 2�=K.Ǳ®ïá¨¬ ¢¢¥¤¥ë¥ ®¡®§ ç¥¨ï ¨ ®â¬¥â¨¬ ¥ª®â®àë¥ á¢®©áâ¢  í««¨¯â¨ç¥áª®£® ª®Äá¨ãá :®á®¢ë¬¨ ¯¥à¨®¤ ¬¨ ¤¢®ïª®¯¥à¨®¤¨ç¥áª®© äãªæ¨¨ cn(z; k) ï¢«ïîâáï 4K(k) ¨2K(k) + 2iK′(k), £¤¥ K(k) { ¯®«ë© í««¨¯â¨ç¥áª¨© ¨â¥£à « ¯¥à¢®£® à®¤ , K′(k) ≡K(k′), a k′ = √1− k2;¯ à ¬¥âà q ¢ à §«®¦¥¨¨ �ãàì¥ (ä®à¬ã«  (9)) ¢ëà ¦ ¥âáï ç¥à¥§ í««¨¯â¨ç¥áª¨¥ ¨Äâ¥£à «ë á«¥¤ãîé¨¬ ®¡à §®¬: q ≡ exp{−�(K′=K)};à §«®¦¥¨¥ ¢ àï¤ �ãàì¥ äãªæ¨¨ cn(z; k) ¥ á®¤¥à¦¨â ç¥âëå £ à¬®¨ª, íâ® à §«®Ä¦¥¨¥ á¯à ¢¥¤«¨¢® ¢ ¯®«®á¥ ª®¬¯«¥ªá®© ¯«®áª®áâ¨−K′ < Im z < K′, ¢ ç áâ®áâ¨ ¤«ïz ∈ R;¥á«¨ k ∈ (0; 1) ¨ z ∈ R, â® cn(z; k) ∈ R;äãªæ¨ï cn(z; k) ï¢«ï¥âáï ¯¥à¨®¤¨ç¥áª¨¬ à¥è¥¨¥¬ ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ïd2 cn(z; k)dz2 = (2k2 − 1) cn(z; k)− 2k2 cn3(z; k): (10)Ǳ®á«¥¤¥¥ á¢®©áâ¢® ®§ ç ¥â, çâ® ¯®á«¥¤®¢ â¥«ì®áâì ª®íää¨æ¨¥â®¢ �ãàì¥ äãªÄæ¨¨ cn(z; k) ¥áâì à¥è¥¨¥ ¥ª®â®à®© ¡¥áª®¥ç®© á¨áâ¥¬ë ªã¡¨ç¥áª¨å ãà ¢¥¨©. � ©Ä¤¥¬ íâã á¨áâ¥¬ã.



Ǳ����������� ������� � (1 + 1)-������ ������ '4 189� ®¤®© áâ®à®ë, ¨§ ä®à¬ã«ë (9) «¥£ª® ¯®«ãç¨âì à §«®¦¥¨¥ ¢ àï¤ �ãàì¥ ¤«ï äãªÄæ¨¨ cn3(z; k): cn3(z; k) = 34k3 ∞
∑j=1F (3)j (f) cos(j z4 );£¤¥ j = 1; 3; 5; : : : ,F (3)j (f) = 3f3j + 3f2j f3j + fj 




6 ∞

∑s=1s6=j(f2s + fsf2j+s) + 3 2j−1∑s=1s6=j fsf2j−s++ 3 ∞
∑s=1s6=j ∞

∑p=1p6=j fsfpfj+s+p + 3 ∞
∑s6=j ∞

∑p=1p 6=jp6=2j−s fsfpfs+p−j + j−2
∑s=1 j−2∑p=1 fsfpfj−s−p¨ ¢® ¢á¥å áã¬¬ å áã¬¬¨à®¢ ¨¥ ¨¤¥â â®«ìª® ¯® ¥ç¥âë¬ ç¨á« ¬.� ¤àã£®© áâ®à®ë, ¨§ ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï (10) á«¥¤ã¥â, çâ® F (3)j (f) ¯à®Ä¯®àæ¨® «ì® fj , ¯à¨ç¥¬ ª®íää¨æ¨¥â ¯à®¯®àæ¨® «ì®áâ¨ § ¢¨á¨â ®â j:

∀j : F (3)j (f) = (2(2k2 − 1)2 + j28 )fj : (11)Ǳ®á«¥¤®¢ â¥«ì®áâì f { íâ® ¥ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (11) ¯à¨ ¢á¥å § ç¥¨ïå q ∈(0; 1). �«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥ ¤®ª §ë¢ ¥â áãé¥áâ¢®¢ ¨¥ ¢ë¤¥«¥®£® § ç¥¨ï q.�â¢¥à¦¤¥¨¥. �ãé¥áâ¢ã¥â â ª®¥ § ç¥¨¥ ¯ à ¬¥âà  q ∈ (0; 1), çâ® ¯®á«¥Ä¤®¢ â¥«ì®áâì f ï¢«ï¥âáï ¤¥©áâ¢¨â¥«ìë¬ à¥è¥¨¥¬ á¨áâ¥¬ë (8), ¯à¨ íâ®¬§ ç¥¨¥ !1 â®¦¥ ¤¥©áâ¢¨â¥«ì®.�®ª § â¥«ìáâ¢®. Ǳ®¤áâ ¢«ïï ¢ á¨áâ¥¬ã (8) ¯®á«¥¤®¢ â¥«ì®áâì f : aj = fj ¨ ¨áÄ¯®«ì§ãï á¨áâ¥¬ã (11), ¯®«ãç ¥¬, çâ®Rjj(f ) = {F (3)j (f ) + fj(6 ∞
∑n=1 f2n − 32j2!1)} == fj{6 ∞

∑n=1 f2n + 2(2k2 − 1)2 + j2(18 − 32!1)} = 0:�¨áâ¥¬  (8) ¨¬¥¥â ¥ã«¥¢ë¥ à¥è¥¨ï â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ !1 = 1256 ¨ ∞
∑n=1 f2n = (1− 2k2)32 :



190 �.�. ������, �.�. ����������ë ¯®«ãç¨«¨ § ç¥¨¥ !1. �á¥ ¢¥«¨ç¨ë ¢® ¢â®à®¬ ãà ¢¥¨¨ á¨áâ¥¬ë ¢ëà ¦ îâáïç¥à¥§ ¯ à ¬¥âà q, ¯à¨ íâ®¬ ¯®«ãç ¥âáï á«¥¤ãîé¥¥ ãà ¢¥¨¥:3 ∞
∑n=1( qn−1=21 + q2n−1)2

−
(14 + ∞

∑n=1 qn1 + q2n)2 + 2( ∞
∑n=1 qn−1=21 + q2n−1)2 = 0: (12)�â®ãà ¢¥¨¥   ¨â¥à¢ «¥ (0,1) ¨¬¥¥â à¥è¥¨¥ q = 1:42142623201×10−2±1×10−13.�â¢¥à¦¤¥¨¥ ¤®ª § ®.�¥¯¥àì ¥á«®¦® áª®áâàã¨à®¢ âì âà¥¡ã¥¬®¥ ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥ äãªæ¨¨'(x; ~t ):'0(x; ~t ) = A{cn(�(x − ~t ); k)− cn(�(x + ~t ); k)} :�ãªæ¨ï '0(x; ~t ) ¯à¨ ¢á¥å k ∈ (0; 1) ï¢«ï¥âáï ¤¥©áâ¢¨â¥«ìë¬ à¥è¥¨¥¬ ãà ¢¥Ä¨ï (6). �á«¨ ¯®«®¦¨âì � = 2K=�, â® ¯¥à¨®¤ë '0(x; ~t ) ¯® x ¨ ¯® ~t ¡ã¤ãâ à ¢ë 2�.�á¯®«ì§ãï â¥¯¥àì à §«®¦¥¨¥ �ãàì¥ ¤«ï äãªæ¨¨ cn(z; k) (9), ¯®«ãç ¥¬ á«¥¤ãîé¥¥à §«®¦¥¨¥ ¤«ï äãªæ¨¨ '0(x; ~t ):'0(x; ~t ) = 2A 2�kK ∞

∑n=1 f2n−1 sin((2n− 1)x) sin((2n− 1)~t ):� ª ¡ë«® ¤®ª § ®, ¯®á«¥¤®¢ â¥«ì®áâì f ï¢«ï¥âáï ¤¥©áâ¢¨â¥«ìë¬ à¥è¥¨¥¬ á¨áÄâ¥¬ë (8) ¯à¨ q = 1:42142623201×10−2±1×10−13. �à¥¤¥¬ã § ç¥¨î q á®®â¢¥âáâ¢ãîâk = 0:45107559881¨ � = 1:0576653982. �á«¥¤áâ¢¨¥ ®¤®à®¤®áâ¨ ¢á¥å ãà ¢¥¨© á¨áâ¥Ä¬ë (8) ¯®á«¥¤®¢ â¥«ì®áâì ª®íää¨æ¨¥â®¢�ãàì¥ äãªæ¨¨'0(x; ~t ) ¯à¨ ¤ ®¬ § ç¥¨¨¯ à ¬¥âà®¢ â ª¦¥ ¡ã¤¥â à¥è¥¨¥¬ á¨áâ¥¬ë (8), ¯à¨ íâ®¬!1 = 264k2A2 = 1:0983600974A2:� ª¨¬ ®¡à §®¬, ¤®ª § ®, çâ® äãªæ¨ï'0(x; ~t ) = A{cn(�(x − ~t ); k)− cn(�(x + ~t ); k)}¯à¨ k = 0:45107559881¨ � = 1:0576653982 ï¢«ï¥âáï ¨áª®¬®©.2.4. Ǳ¥à¢®¥ ¯à¨¡«¨¦¥¨¥. �¥¯¥àì ®áâ «®áì à¥è¨âì â®«ìª® «¨¥©ë¥ ãà ¢¥¨ï¤«ï ¯®«ãç¥¨ï ¢á¥å ¥¤¨ £® «ìëå ª®íää¨æ¨¥â®¢ '1(x; ~t ). �¡®§ ç¨¬ ç¥à¥§Dnj ª®Äíää¨æ¨¥âë �ãàì¥ äãªæ¨¨ '30(x; ~t ):'30(x; ~t ) ≡ ∞
∑n=1 ∞

∑j=1Dnj sin(nx) sin(j~t ):�§ ãà ¢¥¨ï (7) á«¥¤ã¥â, çâ®'1(x; ~t ) = ∞
∑n=1 ∞

∑j=1j 6=n Dnjj2 − n2 sin(nx) sin(j~t ) + ∞
∑n=1 bnn sin(nx) sin(n~t ):�â¬¥â¨¬, çâ® äãªæ¨ï '1(x; ~t ) á ¯à®¨§¢®«ìë¬¨ ¤¨ £® «ìë¬¨ ª®íää¨æ¨¥â ¬¨bnn ï¢«ï¥âáï à¥è¥¨¥¬ ãà ¢¥¨ï (7), ¯à¨ íâ®¬ ¢á¥ ¥¤¨ £® «ìë¥ ª®íää¨æ¨¥âë'1(x; ~t ) ¯à®¯®àæ¨® «ìëA3.



Ǳ����������� ������� � (1 + 1)-������ ������ '4 1912.5. �â®à®¥ ¯à¨¡«¨¦¥¨¥. � áá¬®âà¨¬ ãà ¢¥¨¥ ¢â®à®£® ¯®àï¤ª  ¯® ":
[ @2@x2 − @2@~t2 ]'2(x; ~t ) = 2!1@2'1(x; ~t )d~t2 + (2!2 + !21)@2'0(x; ~t )@~t2 + 3'1(x; ~t )'20(x; ~t ):Ǳãáâì ¢á¥ ¤¨ £® «ìë¥ª®íää¨æ¨¥âë�ãàì¥ äãªæ¨¨'1(x; t) à ¢ë ã«î: bnn = 0.�®£¤  ∀n; j: bnj = −bjn, ¢á«¥¤áâ¢¨¥ ç¥£® äãªæ¨ï '1(x; ~t )'20(x; ~t ) ¥ ¨¬¥¥â ¤¨ £® «ìÄëå £ à¬®¨ª. Ǳ®«®¦¨¢ !2 = −!21=2, ¬ë ¯®«ãç ¥¬ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ ãà ¢¥¨ï¢® ¢â®à®¬ ¯®àï¤ª¥ ¯® ":'2(x; ~t ) ≡ ∞

∑n=1 ∞
∑j=1j 6=n Hnjj2 − n2 sin(nx) sin(j~t ) + ∞

∑n=1hnn sin(nx) sin(n~t );£¤¥Hnj { ª®íää¨æ¨¥âë �ãàì¥ äãªæ¨¨H(x; ~t ) ≡ 2!1@2'1(x; ~t )@~t2 − 3'1(x; ~t )'20(x; ~t ) ≡ ∞
∑n=1 ∞

∑j=1Hnj sin(nx) sin(j~t ):�¨ £® «ìë¥ ª®íää¨æ¨¥âë hnn ¬®£ãâ ¡ëâì  ©¤¥ë â®«ìª® ¨§ ãà ¢¥¨ï á«¥¤ãîé¥Ä£® ¯®àï¤ª . 3. �����������  ¯à¨¬¥à¥ ¡¥§¬ áá®¢®© â¥®à¨¨ '4 à áá¬®âà¥® ¯®áâà®¥¨¥ à ¢®¬¥à®£® à §«®¦¥Ä¨ï à¥è¥¨ï ª¢ §¨«¨¥©®£® ãà ¢¥¨ï �«¥© {�®à¤®  ¢ á«ãç ¥ £« ¢®£® à¥§® á .Ǳ®ª § ®, çâ® § ¤ ç  à¥è ¥âáï ¬¥â®¤®¬ Ǳã ª à¥, ¯à¨ íâ®¬ ¥®¡å®¤¨¬®  ¤«¥¦ é¨¬®¡à §®¬ ¢ë¡à âì ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥.�á¯®«ì§ãï ¢ ª ç¥áâ¢¥ ã«¥¢®£® ¯à¨¡«¨¦¥¨ï äãªæ¨î'0(x; ~t ) = A{cn(�(x − ~t ); k) − cn(�(x + ~t ); k)}á k = 0:45107559881¨� = 1:0576653982,¬ë ¯®áâà®¨«¨ á«¥¤ãîé¥¥ à §«®¦¥¨¥ ¯® äãªÄæ¨ï¬ ¢ ä®à¬¥ áâ®ïç¥© ¢®«ë à¥è¥¨ï ¢®«®¢®£® ãà ¢¥¨ï ¡¥§¬ áá®¢®© â¥®à¨¨ '4:'(x; !t) = '0(x; !t) + "'1(x; !t) + "2'2(x; !t) +O("3);£¤¥ (á â®ç®áâìî O("3))! = 1 + 264k2A2"− 48192k4A4"2 = 1 + 1:0983600974A2"− 0:6031974518A4"2:� ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãï í««¨¯â¨ç¥áª¨© ª®á¨ãá ¢¬¥áâ® âà¨£®®¬¥âà¨ç¥áª®£®, ¬ë¯®áâà®¨«¨à ¢®¬¥à®¥ à §«®¦¥¨¥ ¨  è«¨¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ á â®ç®áâìîO("3).�áâ ¥âáï ®âªàëâë¬ ¢®¯à®á ® ¢®§¬®¦®áâ¨ ¯®áâà®¥¨ï   ®á®¢¥ ¯®«ãç¥®£® ¯à¨¡«¨Ä¦¥¨ï à ¢®¬¥à®£®  á¨¬¯â®â¨ç¥áª®£® àï¤ . �¢â®àë  ¤¥îâáï ¨áá«¥¤®¢ âì íâ®â ¢®¯Äà®á ¢ ¤ «ì¥©è¨å ¯ã¡«¨ª æ¨ïå.�¢â®àë ¢ëà ¦ îâ ¡« £®¤ à®áâì �.�. �¤¥à «ã ¨ Ǳ.�. �¨« ¥¢ã §  ¯®¬®éì ¢ ¨áÄ¯®«ì§®¢ ¨¨ ¬¥â®¤®¢ ª®¬¯ìîâ¥à®©  «£¥¡àë ¨ ¯®«¥§ë¥ ®¡áã¦¤¥¨ï.
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