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�§ãç¥  ¥«¨¥© ï ¤¨ ¬¨ª  ¬®¤¥«¨  ¢â®£¥¥à â®à®© á¨áâ¥¬ë á ç áâ®â®©  ¢â®¯®¤áâà®©ª®©,
®¡« ¤ îé¥© ¥¥¤¨áâ¢¥ë¬ á®áâ®ï¨¥¬ à ¢®¢¥á¨ï. �®ª § ®, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢

¨¥àæ¨®®áâ¨ ¯¥â«¨ ã¯à ¢«¥¨ï ¨  ç «ì®© à ááâà®©ª¨ ç áâ®â ¢®§¬®¦® ®¡à §®¢ ¨¥ à §®-
®¡à §ëå ¯¥à¨®¤¨ç¥áª¨å ¨ áâ®å áâ¨ç¥áª¨å ¢à¥¬¥ë́å áâàãªâãà ¯à¨ ¢®§¨ª®¢¥¨¨ ¢ ä §®¢®¬

¯à®áâà áâ¢¥ à §®®¡à §ëå ¯à¥¤¥«ìëå æ¨ª«®¢ ¨ å ®â¨ç¥áª¨å  ââà ªâ®à®¢. �ëïá¥ë ¯à¨ç¨ë

¢®§¨ª®¢¥¨ï  ¢â®¬®¤ã«ïæ¨¨, ãáâ ®¢«¥® à á¯®«®¦¥¨¥ ®¡« áâ¥© £¥¥à æ¨¨ à §«¨çëå à¥¦¨¬®¢,
¨§ãç¥ë ®á®¢ë¥ ¡¨äãàª æ¨¨ ¨ áæ¥ à¨¨ ¯à¥®¡à §®¢ ¨ï  ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢ £¥¥à â®à 

¯à¨ ¨§¬¥¥¨¨ ¯ à ¬¥âà®¢.

�¢¥¤¥¨¥

�à¨ à¥è¥¨¨ ¬®£¨å  ªâã «ìëå § ¤ ç ä¨§¨ª¨ ¨

â¥å¨ª¨, á¢ï§ ëå á ä®à¬¨à®¢ ¨¥¬ ¨ ®¡à ¡®âª®©

á¨£ «®¢, ¢ ¦®¥ § ç¥¨¥ ¨¬¥îâ  ¢â®£¥¥à â®àë¥
á¨áâ¥¬ë á  ¢â®¬ â¨ç¥áª®© ¯®¤áâà®©ª®© ç áâ®âë. �¡-
®¡é¥ ï áâàãªâãà ï áå¥¬  á¨áâ¥¬ á®¤¥à¦¨â [1]
ã¯à ¢«ï¥¬ë© ¯® ç áâ®â¥ £¥¥à â®à á¨ãá®¨¤ «ìëå

ª®«¥¡ ¨© ¨ ¯¥â«î ã¯à ¢«¥¨ï, ¢ ª®â®àãî ¢å®¤ïâ

ç áâ®âë© ¤¨áªà¨¬¨ â®à á ¥«¨¥©®©  ¯¥à¨®¤¨-
ç¥áª®© å à ªâ¥à¨áâ¨ª®©, ®¡ãá«®¢«¨¢ îé¥© ¥¥¤¨-
áâ¢¥®áâì à¥¦¨¬®¢ áâ æ¨® à®© £¥¥à æ¨¨,ä¨«ìâà
¨§ª¨å ç áâ®â ¨ ç áâ®âë© ¬®¤ã«ïâ®à. � ¯®á«¥¤¥¥

¢à¥¬ï ¯à®ï¢«ï¥âáï ¡®«ìè®© ¨â¥à¥á ª ã£«ã¡«¥®¬ã

¨§ãç¥¨î  ¢â®ª®«¥¡ â¥«ìëå ¯à®æ¥áá®¢, ¢®§¨ª î-
é¨å ¢ ¯¥â«¥ ã¯à ¢«¥¨ï ¯à¨ § ç¥¨å ¯ à ¬¥âà®¢ ¢¥

®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ à¥¦¨¬®¢ áâ æ¨® à®© £¥à¥ -
æ¨¨. �â®â ¨â¥à¥á ¢ë§¢  ¯¥àá¯¥ªâ¨¢®© ¨á¯®«ì§®¢ -
¨ï à §®®¡à §ëå ¢¨¤®¢ â ª¨å ª®«¥¡ ¨© ¤«ï ä®à-
¬¨à®¢ ¨ï   ¢ëå®¤¥ ã¯à ¢«ï¥¬®£® £¥¥à â®à  à §-
«¨çëå á¨£ «®¢ á ¯¥à¨®¤¨ç¥áª®© ¨ áâ®å áâ¨ç¥áª®©

ç áâ®â®© ¬®¤ã«ïæ¨¥©. �®«ìè®¥ § ç¥¨¥ ¯à¥¤áâ -
¢«ï¥â â®â ä ªâ, çâ® ãá«®¢¨ï ¢®§¡ã¦¤¥¨ï, § ª®®¬¥à-
®áâ¨ à §¢¨â¨ï ¨ ¢§ ¨¬®¤¥©áâ¢¨ï ¬®¤ã«¨àãîé¨å ª®-
«¥¡ ¨© ¯®«®áâìî ®¯à¥¤¥«ïîâáï á¢®©áâ¢ ¬¨ ¯¥â«¨

ã¯à ¢«¥¨ï (¢¨¤®¬ ¥«¨¥©®áâ¨ ¤¨áªà¨¬¨ â®à ,
¯ à ¬¥âà ¬¨ ¨¥àæ¨®®áâ¨ ¨  ç «ì®© ç áâ®â®©

à ááâà®©ª®©).

�®£« á® à¥§ã«ìâ â ¬ [2],  ¢â®ª®«¥¡ â¥«ìë¥ ¯à®-
æ¥ááë ¢ ¯¥â«¥ ã¯à ¢«¥¨ï à áá¬ âà¨¢ ¥¬ëå á¨áâ¥¬

¬®£ãâ ¢®§¨ª âì ¯à¨  «¨ç¨¨ ä¨«ìâà  ¥ ¨¦¥ âà¥-
âì¥£® ¯®àï¤ª .�áá«¥¤®¢ ¨ï ¬®¤¥«¨ á¨áâ¥¬ë á ä¨«ì-
âà®¬ âà¥âì¥£® ¯®àï¤ª  ¨ ”®¤®£®à¡®©” å à ªâ¥à¨-
áâ¨ª®© ¤¨áªà¨¬¨ â®à , ¯à¨ ª®â®à®© á¨áâ¥¬  ¨¬¥¥â

âà¨ á®áâ®ï¨ï à ¢®¢¥á¨ï, ®¡ àã¦¨«¨ [3,4] ¡®£ âãî
ª àâ¨ã á«®¦ëå ª®«¥¡ â¥«ìëå à¥¦¨¬®¢ ¨ ¡¨äãà-
ª æ¨®ëå ¯¥à¥å®¤®¢ ¢ á¨áâ¥¬¥. �â¥à¥áë¥ ¢®§¬®¦-

®áâ¨ ¢ ¯« ¥ £¥¥à¨à®¢ ¨ï á«®¦ëå à¥£ã«ïàëå

¨ èã¬®¯®¤®¡ëå á¨£ «®¢ á«¥¤ã¥â ®¦¨¤ âì [4], ¥á«¨
¯à¨¬¥¨âì ¢ ¯¥â«¥ ã¯à ¢«¥¨ï ç áâ®âë© ¤¨áªà¨-
¬¨ â®à á ”¬®£®£®à¡®©” å à ªâ¥à¨áâ¨ª®©, ¯®§¢®«ï-
îé¥© à¥ «¨§®¢ âì ¢ á¨áâ¥¬¥ ¡®«ìè¥¥ ç¨á«® á®áâ®-
ï¨© à ¢®¢¥á¨ï ¨ ª®«¥¡ â¥«ìëå ¤¢¨¦¥¨©. � ª -
ç¥áâ¢¥ â ª®£® ¤¨áªà¨¬¨ â®à  ¬®¦® ¨á¯®«ì§®¢ âì,
 ¯à¨¬¥à, ª®¬¡¨¨à®¢ ë© ¤¨áªà¨¬¨ â®à, ®¡ê¥¤¨-
ïîé¨© è¨à®ª®¯®«®áë© ¨ ã§ª®¯®«®áë© ç áâ®âë¥

¤¨áªà¨¬¨ â®àë [5] á ¨¢¥àâ¨à®¢ ë¬¨ å à ªâ¥-
à¨áâ¨ª ¬¨. � ¤ ®© à ¡®â¥ ¨§ãç ¥âáï ¥«¨¥© ï

¤¨ ¬¨ª  ¨ ¢®§¨ª îé¨¥ ¢à¥¬¥ë́¥ áâàãªâãàë ¢

 ¢â®£¥¥à â®à¥ á ¯¥â«¥© ç áâ®â®©  ¢â®¯®¤áâà®©ª¨,
¨¬¥îé¥© â ª®© ¤¨áªà¨¬¨ â®à ¨ ä¨«ìâà âà¥âì¥£®

¯®àï¤ª . �à®¢®¤¨¬®¥ ¨áá«¥¤®¢ ¨¥ ¯à¥¤áâ ¢«ï¥â ¨-
â¥à¥á ¨ ¤«ï ¤¨ ¬¨ª¨ ¤àã£¨å ®¡ê¥ªâ®¢ á ¡«¨§ª¨¬ ¯®-
¢¥¤¥¨¥¬ (ª®«ìæ¥¢ëå  ¢â®ª®«¥¡ â¥«ìëå á¨áâ¥¬ [6],
¤¦®§¥äá®®¢áª¨å á®¥¤¨¥¨© [7], í«¥ªâà®ëå £¥¥-
à â®à®¢ �ã  [8], ¥©à®¯®¤®¡ëå áà¥¤ [9] ¨ ¤àã£¨å

¬ã«ìâ¨à ¢®¢¥áëå á¨áâ¥¬).

� â¥¬ â¨ç¥áª ï ¬®¤¥«ì á¨áâ¥¬ë

�¨ ¬¨ç¥áª¨¥ ãà ¢¥¨ï,   ®á®¢¥ ª®â®àëå ¨§-
ãç îâáï ¢®§¨ª®¢¥¨¥ ¨ à §¢¨â¨¥ ¢à¥¬¥ë́å áâàãª-
âãà ¢ ¨áá«¥¤ã¥¬®©  ¢â®£¥¥à â®à®© á¨áâ¥¬¥, § ¯¨áë-
¢ îâáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥ [3]:

dx

dτ
= y,

dy

dτ
= z,

dz

dτ
=
(
σ − Φ(x)− (λ + bΦ′(x))y

− (1− ρ+ ρΦ′(x))z − ρΦ′′(x)y2
)/

µ, (1)

£¤¥ x, y, z — ¡¥§à §¬¥àë¥ ¯¥à¥¬¥ë¥ (x — ®â-
ª«®¥¨¥ ç áâ®âë ã¯à ¢«ï¥¬®£® £¥¥à â®à  ®â æ¥-
âà «ì®© ç áâ®âë ¤¨áªà¨¬¨ â®à ); λ, b, µ, ρ —

1 1
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¡¥§à §¬¥àë¥ ¯ à ¬¥âàë, å à ªâ¥à¨§ãîé¨¥ ¨¥àæ¨-
®®áâì ¯¥â«¨ ã¯à ¢«¥¨ï; σ —  ç «ì ï à á-
áâà®©ª  ç áâ®â; Φ(x) = x − D(x) — ®¡®¡é¥ ï

¥«¨¥©®áâì, ï¢«ïîé ïáï ¥ç¥â®© äãªæ¨¥© x;
D(x) = c1F1(x) + c2F2(x) — å à ªâ¥à¨áâ¨ª  ª®¬-
¡¨¨à®¢ ®£® ¤¨áªà¨¬¨ â®à ; c1 ¨ c2 ¯ à ¬¥âàë

¥«¨¥©®áâ¨ D(x).
� ª ç¥áâ¢¥ ¯ àæ¨ «ìëå ¤¨áªà¨¬¨ â®à®¢

¡ã¤¥¬ à áá¬ âà¨¢ âì ¤¨áªà¨¬¨ â®àë  

à ááâà®¥ëå ª®âãà å [5] á å à ªâ¥à¨áâ¨ª ¬¨

F1,2(x) = (1+(x−a1,2)2)−1/2−(1+(x+a1,2)2)−1/2 [1,2],
£¤¥ ¯ à ¬¥âàë a1 ¨ a2 ®¯à¥¤¥«ïîâ à áâ¢®à ¨ ªàãâ¨§ã

F1(x) ¨ F2(x). � áá¬ âà¨¢ ¥¬ ï å à ªâ¥à¨áâ¨ª D(x)
®¡¥á¯¥ç¨¢ ¥â áãé¥áâ¢®¢ ¨¥ ¢ á¨áâ¥¬¥ (1) âà¥å, ¯ïâ¨
¨ á¥¬¨ á®áâ®ï¨© à ¢®¢¥á¨ï ¯à¨ ¢ àì¨à®¢ ¨¨

¯ à ¬¥âà®¢ a1, a2, c1, c2 ¨ σ.
� á¨«ã ¨¢ à¨ â®áâ¨ á¨áâ¥¬ë (1) ®â®á¨â¥«ì®

§ ¬¥ë (σ, x, y, z) → (−σ,−x,−y,−z) ¤®áâ â®ç® à á-
á¬ âà¨¢ âì ¥¥ ¯à¨ § ç¥¨ïå à ááâà®©ª¨ σ > 0. �à¨
¨áá«¥¤®¢ ¨¨ ¤¨ ¬¨ª¨ á¨áâ¥¬ë (1), ¢ë¯®«¥®¬

¬¥â®¤ ¬¨ ¥«¨¥©®© â¥®à¨¨ ª®«¥¡ ¨© ¨ ç¨á«¥®£®

¬®¤¥«¨à®¢ ¨ï, ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«¥® ¤¢¨¦¥¨-
ï¬, ª®â®àë¬ ¢ ä §®¢®¬ ¯à®áâà áâ¢¥ á®®â¢¥âáâ¢ãîâ

á®áâ®ï¨ï à ¢®¢¥á¨ï, ®¯à¥¤¥«ïîé¨¥ à¥¦¨¬ë áâ æ¨-
® à®© £¥¥à æ¨¨, ãáâ®©ç¨¢ë¥ ¯à¥¤¥«ìë¥ æ¨ª«ë

¨ å ®â¨ç¥áª¨¥  ââà ªâ®àë, ®¯à¥¤¥«ïîé¨¥ á®®â¢¥â-
áâ¢¥® à¥¦¨¬ë à ¡®âë ¯¥à¨®¤¨ç¥áª¨å ¨ áâ®å áâ¨-
ç¥áª¨å  ¢â®¬®¤ã«ïæ¨®ëå ª®«¥¡ ¨© £¥¥à â®à .

�¥¦¨¬ë áâ æ¨® à®© £¥¥à æ¨¨

�®áâ®ï¨ï à ¢®¢¥á¨ï á¨áâ¥¬ë (1) ®¯à¥¤¥«ïîâáï

¨§ ãá«®¢¨ï
dx

dt
=
dy

dt
=
dz

dt
= 0,

ª®â®à®¥ ¤ ¥â á«¥¤ãîé¨¥ ãà ¢¥¨ï

y = 0, z = 0, σ − x+D(x) = 0. (2)

�®á«¥¤¥¥ ãà ¢¥¨¥ ¢ (2) ¬®¦¥â ¨¬¥âì à §«¨ç®¥
ç¨á«® à¥è¥¨© ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ a1, a2, c1,
c2 ¨ σ. �ã¤¥¬ à áá¬ âà¨¢ âì a1, a2, c1 ¨ c2, ¢ë¤¥«ï-
¥¬ë¥ ¥à ¢¥áâ¢ ¬¨ Φ(xm2) > max(Φ(xm1),Φ(xm3)),
Φ(xm2) > 0, Φ(xm3) < 0, £¤¥ xm1, xm2 ¨ xm3 —
ª®®à¤¨ âë íªáâà¥¬ã¬®¢ äãªæ¨¨ Φ(x) ¢ ®¡« áâ¨

x > 0 (0 < xm1 < xm2 < xm3), ¨ § ç¥¨ï σ,
ã¤®¢«¥â¢®àïîé¨¥ ¥à ¢¥áâ¢ã 0 < σ < Φ(xm2).
�à¨ íâ¨å § ç¥¨ïå ¯ à ¬¥âà®¢ a1, a2, c1, c2 ¨ σ
á¨áâ¥¬  (1) ¨¬¥¥â  ¨¡®«ìè¥¥ ç¨á«® á®áâ®ï¨© à ¢®-
¢¥á¨ï, à ¢®¥ á¥¬¨: S1(x1, 0, 0), S2(x2, 0, 0), S3(x3, 0, 0),
S4(x4, 0, 0), C1(x5, 0, 0), C2(x6, 00), ¨ C3(x7, 0, 0). �®-
®à¤¨ âë xi, i = 1, 7, ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ ¬
x4 < x7 < x3 < x6 < 0 < x1 < x5 < x2.
�  à¨á. 1 ¯à¨¢¥¤¥  ¥«¨¥© ï § ¢¨á¨¬®áâì áâ -

æ¨® à®© ç áâ®â®© à ááâà®©ª¨ xs ®â  ç «ì®©

à ááâà®©ª¨ σ (ªà¨¢ ï ¬ã«ìâ¨à ¢®¢¥á®áâ¨ xs(σ)),
¯®áâà®¥ ï ¯® ãà ¢¥¨î (2) ¯à¨ § ç¥¨ïå a1 = 0.2,

�¨á. 1. �à¨¢ ï ¬ã«ìâ¨à ¢®¢¥á®áâ¨.

a2 = 5, c1 = 10, c2 = 7. �¨¤®, çâ® ¯à¨ § ç¥¨ïå

−σ1 < σ < σ1, £¤¥ σ = Φ(xm2) ' 0.36739, ªà¨¢ ï
xs(σ) ï¢«ï¥âáï á¥¬¨§ ç®©, â. ¥. ®¤®¬ã ¨ â®¬ã ¦¥

§ ç¥¨î σ á®®â¢¥âáâ¢ãîâ á¥¬ì § ç¥¨© áâ æ¨® à-
®© à ááâà®©ª¨ ç áâ®â. �¥â¢¨ X1, X2, X3 ¨ X4 íâ®©

ªà¨¢®© á®®â¢¥âáâ¢ãîâ á®áâ®ï¨ï¬ à ¢®¢¥á¨ï S1, S2,
S3 ¨ S4, ¢¥â¢¨ X5, X6 ¨ X7 — á®áâ®ï¨ï¬ à ¢®¢¥á¨ï

C1, C2 ¨ C3. �áâ®©ç¨¢®áâì ªà¨¢®© xs(σ) § ¢¨á¨â ®â
á®®â®è¥¨ï ¬¥¦¤ã ¯ à ¬¥âà ¬¨ ¨¥àæ¨®®áâ¨ ¨

 ç «ì®© à ááâà®©ª¨. � «¨§¨àãï å à ªâ¥à¨áâ¨ç¥-
áª¨¥ ãà ¢¥¨ï ¤«ï á®¡áâ¢¥ëå § ç¥¨© «¨¥ à¨-
§®¢ ®© á¨áâ¥¬ë ¢¡«¨§¨ á®áâ®ï¨© à ¢®¢¥á¨ï [3],
ãáâ  ¢«¨¢ ¥¬, çâ® á®áâ®ï¨ï à ¢®¢¥á¨ï C1, C2 ¨ C3

¢á¥£¤  ¥ãáâ®©ç¨¢ë¥ (â¨¯  á¥¤«® ¨«¨ á¥¤«®-ä®ªãá),
á®áâ®ï¨ï à ¢®¢¥á¨ï Sj (j = 1, 4) ï¢«ïîâáï ãáâ®ç¨-
¢ë¬¨ á®®â¢¥âáâ¢¥® ¯à¨ § ç¥¨ïå λ > λj(µ, b, σ),
£¤¥

λj(µ, b, σ) = −
(
b− µ/

(
1− ρ+ ρΦ′

(
xj(σ)

)))
Φ′
(
xj(σ)

)
,

(3)
¨ ¥ãáâ®©ç¨¢ë¬¨ ¯à¨ λ < λj(µ, b, σ). �âáî¤  á«¥¤ã¥â,
çâ® ¢ ®¡« áâ¨ ¯ à ¬¥âà®¢ λ > maxλj(µ, b, σ) ¢¥â¢¨

X1, X2, X3 ¨ X4 ªà¨¢®© xs(σ) ï¢«ïîâáï ãáâ®©ç¨¢ë-
¬¨. �à¨ ¢ë¯®«¥¨¨ ¥à ¢¥áâ¢ λ < λj(µ, b, σ)  

íâ¨å ¢¥â¢ïå ¢ ®¯à¥¤¥«¥ëå ¨â¥à¢ « å  ç «ì®©

à ááâà®©ª¨ ¯®ï¢«ïîâáï ¥ãáâ®©ç¨¢®áâ¨.
�«ï ¨áá«¥¤®¢ ¨ï ¯®¢¥¤¥¨ï á¨áâ¥¬ë (1)   £à -

¨æ å λ = λj   «¨§¨à®¢ « áì ¯¥à¢ ï «ï¯ã®¢áª ï

¢¥«¨ç¨  L, ¢ëç¨á«¥ ï ¢ á®®â¢¥âáâ¢¨¨ á [10]. �ª -
§ «®áì, çâ® L ¬®¦¥â ¬¥ïâì § ª, â. ¥. £à ¨æë λj
á®¤¥à¦ â ª ª ¡¥§®¯ áë¥ (á L < 0), â ª ¨ ®¯ áë¥ (á
L > 0) ®¡« áâ¨. �  à¨á. 2 ¯à¥¤áâ ¢«¥ë «¨¨¨ λ = λj ,
®¯à¥¤¥«ï¥¬ë¥ ¨§ (3), ¯®áâà®¥ë¥ ¢ á¨áâ¥¬¥ ¯ à ¬¥-
âà®¢ (µ, λ) ¯à¨ § ç¥¨ïå σ = 0.1, b = 0.4, ρ = 0.25
¨ ãª § ëå ¢ëè¥ § ç¥¨ïå ¯ à ¬¥âà®¢ ¥«¨¥©®-
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�¨á. 2. �¡« áâ¨ ª®«¥¡ â¥«ìëå à¥¦¨¬®¢.

áâ¨. �à¨¢ë¥ 1 ¨ 2, à á¯®«®¦¥ë¥ ®ç¥ì ¡«¨§ª® ®¤ 
ª ¤àã£®©, — íâ® £à ¨æë λ = λ2 ¨ λ = λ4 ãáâ®©ç¨-
¢®áâ¨ S2 ¨ S4, ªà¨¢ë¥ 3 ¨ 4 — íâ® £à ¨æë λ = λ3 ¨

λ = λ1 ãáâ®©ç¨¢®áâ¨ S3 ¨ S1. �®çª¨ M(1.4506, 1.725)
  ªà¨¢®© 1, N(1.4082, 1.633)   ªà¨¢®© 2 ¨ ¥ ®â¬¥-
ç¥ë¥   à¨á. 2 â®çª¨M1(0.42154, 0.032)   ªà¨¢®© 3
¨ N1(0.37365, 0.006)   ªà¨¢®© 4 ®â¢¥ç îâ ®¡à é¥¨î
¢ ã«ì ¯¥à¢®© «ï¯ã®¢áª®© ¢¥«¨ç¨ë L. �¥«¨ç¨ 

L < 0   ç áâïå λ−2 , λ−4 , λ−3 ¨ λ−1 ªà¨¢ëå 1–4 ¢ëè¥

â®ç¥ª M , N , M1 ¨ N1, L > 0   ç áâïå λ+
2 , λ+

4 , λ+
3 ¨

λ+
1 ªà¨¢ëå 1–4 ¨¦¥ íâ¨å â®ç¥ª. �§ â®ç¥ª M , N , M1

¨ N1 ¡¥àãâ  ç «® ªà¨¢ë¥ λ2, λ4, λ3 ¨ λ1, ¬®®â®®
ã¡ë¢ îé¨¥ á ã¬¥ìè¥¨¥¬ µ ¨ ¯à®å®¤ïé¨¥ ¢ëè¥ λ+

2 ,
λ+

4 , λ+
3 ¨ λ+

1 ; íâ¨ ªà¨¢ë¥ ®â¢¥ç îâ á¥¤«®-ã§«®¢ë¬
¡¨äãàª æ¨ï¬ ¯à¥¤¥«ìëå æ¨ª«®¢ á¨áâ¥¬ë (1), ®å¢ -
âë¢ îé¨å ãáâ®©ç¨¢ë¥ á®áâ®ï¨ï à ¢®¢¥á¨ï S2, S4,
S3 ¨ S1. �à¨ à áá¬ âà¨¢ ¥¬ëå § ç¥¨ïå ¯ à ¬¥âà®¢
á¨áâ¥¬ë (1) ªà¨¢ë¥ λc2, λc4, λc3 ¨ λc1 ¯à®å®¤ïâ ¡«¨§ª®
ª «¨¨ï¬ λ+

2 , λ+
4 , λ+

3 ¨ λ+
1 .

�à¨¢ ï λ−2 ¨ ç áâ¨ ªà¨¢ëå λc2, λc4, λc3, λc1,
λ−3 ¨ λ−1 ®£à ¨ç¨¢ îâ   ¯«®áª®áâ¨ (µ, λ) ®¡« áâì

D1{λ > λs}, £¤¥ λs = max(0, λc1, λc2, λc3, λc4, λ−1 ,
λ−2 , λ−3 ), ¨ ¤«ï ª®â®à®© á¨áâ¥¬  (1) ï¢«ï¥âáï ¬ã«ì-
â¨áâ ¡¨«ì®© á¨áâ¥¬®© á  ââà ªâ®à ¬¨ Sj ¢ ä §®¢®¬

¯à®áâà áâ¢¥. � ¦¤®¬ã ¨§ íâ¨å  ââà ªâ®à®¢ á®®â¢¥â-
áâ¢ã¥â à¥¦¨¬ áâ æ¨® à®© £¥¥à æ¨¨   ç áâ®â¥,
®â«¨ç îé¥©áï ®â æ¥âà «ì®© ç áâ®âë ¤¨áªà¨¬¨ -
â®à    ¢¥«¨ç¨ã xj(σ). �à¨ ¯à®¨§¢®«ìëå  ç «ì-
ëå ãá«®¢¨ïå £¥¥à â®à ¡ã¤¥â í¢®«îæ¨®¨à®¢ âì ª

â®¬ã ¨§ à¥¦¨¬®¢, ¢ ®¡« áâ¨ ¯à¨âï¦¥¨ï ª®â®à®£®

¯®¯ ¤ ¥â â®çª   ç «ì®£® á®áâ®ï¨ï á¨áâ¥¬ë.

�à¨ ¯¥à¥á¥ç¥¨¨ á ¢®§à áâ ¨¥¬ µ £à ¨æë λs
®¡« áâ¨ à¥¦¨¬®¢ ¬®®£¥¥à æ¨¨ D1 ¢ ä §®¢®¬ ¯à®-
áâà áâ¢¥ ¢®§¨ª îâ ¯à¥¤¥«ìë¥ æ¨ª«ë á¨áâ¥¬ë (1).
�á«¨ ¯à¨ â ª®¬ ¯¥à¥å®¤¥ ¯à®¨áå®¤¨â ¯¥à¥á¥ç¥¨¥ «¨-
¨© λ−1 , λ−2 , λ−3 ¨«¨ λ−4 , â®£¤  ¢ à¥§ã«ìâ â¥ ¬ï£ª®© ¡¨-
äãàª æ¨¨ �¤à®®¢ –�®¯ä  à®¦¤ îâáï ãáâ®©ç¨¢ë¥
¯à¥¤¥«ìë¥ æ¨ª«ë L1, L2, L3 ¨«¨ L4 á®®â¢¥âáâ¢¥-
®, ®â¢¥ç îé¨¥ ª®«¥¡ ¨ï¬ ®â®á¨â¥«ì® áâ ¢è¨å

¥ãáâ®©ç¨¢ë¬¨ á®áâ®ï¨© à ¢®¢¥á¨ï S1, S2, S3 ¨

S4. � ª¨¥ ª®«¥¡ ¨ï ¯à®ï¢«ïîâáï ª ª  ¢â®¬®¤ã-
«ïæ¨ï ç áâ®âë £¥¥à â®à , á«¥¤®¢ â¥«ì®, «¨¨¨ λ−j
ï¢«ïîâáï £à ¨æ ¬¨ ¢®§¨ª®¢¥¨ï  ¢â®¬®¤ã«ïæ¨¨.
�á«¨ ¦¥ ¯¥à¥å®¤ ¨§ ®¡« áâ¨ D1 á®¢¥àè ¥âáï ç¥à¥§

«¨¨¨ λcf , â® à®¦¤ ¥âáï ¯ à  ¯à¥¤¥«ìëå æ¨ª«®¢,
®å¢ âë¢ îé¨å ®áâ îé¨¥áï ãáâ®©ç¨¢ë¬¨ á®áâ®ï¨ï

à ¢®¢¥á¨ï Sj : ¢¥è¨© ãáâ®©ç¨¢ë© æ¨ª« (L1, L2,
L3 ¨ L4) ¨ ¢ãâà¥¨© á¥¤«®¢®© æ¨ª« (Γ1, Γ2, Γ3

¨«¨ Γ4). � ®¡« áâïå ¯ à ¬¥âà®¢ ¬¥¦¤ã λ+
j ¨ λcj

ãáâ®©ç¨¢ë¥ á®áâ®ï¨ï à ¢®¢¥á¨ï Sj á®áãé¥áâ¢ãîâ

á ãáâ®©ç¨¢ë¬¨ æ¨ª« ¬¨ Lj , ¯®íâ®¬ã ãáâ  ¢«¨¢ î-
é¨©áï à¥¦¨¬ ª®«¥¡ ¨© £¥¥à â®à  (¬®®£ à¬®¨ç¥-
áª¨© ¨«¨  ¢â®¬®¤ã«ïæ¨®ë©) § ¢¨á¨â ®â  ç «ìëå
ãá«®¢¨©. � ã¢¥«¨ç¥¨¥¬ µ á¥¤«®¢ë¥ æ¨ª«ë Γj áâï-
£¨¢ îâáï ª á®®â¢¥âáâ¢ãîé¨¬ á®áâ®ï¨ï¬ à ¢®¢¥á¨ï

Sj ¨ ¨áç¥§ îâ   £à ¨æ å λ
+
j . �à¨ íâ®¬ ¯à®¨áå®¤¨â

¦¥áâª¨© ¯¥à¥å®¤ £¥¥à â®à  ¨§ ¬®®£ à¬®¨ç¥áª¨å

à¥¦¨¬®¢   à¥¦¨¬ë ¯¥à¨®¤¨ç¥áª®©  ¢â®¬®¤ã«ïæ¨¨.
�à¨ ¨§¬¥¥¨¨ ¯ à ¬¥âà®¢ µ ¨ λ ¢¥ ®¡« áâ¨ D1 ¢®§-
¬®¦® ®¡à §®¢ ¨¥ à §«¨çëå ¢à¥¬¥ë́å áâàãªâãà,
®¡ãá«®¢«¥ëå í¢®«îæ¨¥© ¯à¥¤¥«ìëå æ¨ª«®¢ Lj.

�¢â®¬®¤ã«ïæ¨®ë¥ à¥¦¨¬ë £¥¥à â®à 

�¡à §®¢ ¨¥ ¢à¥¬¥ë́å áâàãªâãà ¯à¨ § ç¥¨ïå

¯ à ¬¥âà®¢ á¨áâ¥¬ë (1) ¢¥ ®¡« áâ¨ D1 å à ªâ¥à¨§ã-
¥âáï ¡¨äãàª æ¨®®© ¤¨ £à ¬¬®© {µ, λ} (à¨á. 2), ¯®-
áâà®¥®© ¯® à¥§ã«ìâ â ¬ ç¨á«¥®£® ¨áá«¥¤®¢ ¨ï

á¨áâ¥¬ë (1) ¯à¨ ãª § ëå ¢ëè¥ § ç¥¨ïå ¯ à ¬¥-
âà®¢. �  à¨á. 2 ªà¨¢ ï 5 á®®â¢¥âáâ¢ã¥â ¡¨äãàª æ¨¨

ã¤¢®¥¨ï ¯¥à¨®¤  ¯à¥¤¥«ì®£® æ¨ª«  L4, ªà¨¢ ï 6 ®â-
¢¥ç ¥â á¥¤«®-ã§«®¢®© ¡¨äãàª æ¨¨ ¯à¥¤¥«ì®£® æ¨ª« 
L5, ®ªàã¦ îé¥£® æ¨ª« L2, â. ¥. ¨¬¥îé¥£® ¡®«ìèãî
 ¬¯«¨âã¤ã ª®«¥¡ ¨©, ªà¨¢ ï 7 ®â¢¥ç ¥â ¡¨äãàª æ¨¨
ã¤¢®¥¨ï ¯¥à¨®¤  ¯à¥¤¥«ì®£® æ¨ª«  L5.

�¡« áâ¨ D2 ¨ D3 á®®â¢¥âáâ¢ãîâ ®¤®¢à¥¬¥®¬ã

áãé¥áâ¢®¢ ¨î ¬®®£ à¬®¨ç¥áª¨å ¨ ¯¥à¨®¤¨ç¥áª¨å

 ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢ £¥¥à â®à  (®¯à¥¤¥«ï-
¥¬ëå S1, S3, L2 ¨ L4 ¢ ®¡« áâ¨ D2 ¨ S1, L2, L3 ¨

L4 ¢ ®¡« áâ¨ D3). � ®¡« áâïå D4 ¨ D5 à¥ «¨§ãîâáï

1∗ �ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 3
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�¨á. 3. �à¥¬¥ë́¥ à¥ «¨§ æ¨¨ ¨§¬¥¥¨ï ç áâ®âë ¤«ï ¯¥à¨®¤¨ç¥áª¨å  ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢ £¥¥à â®à . λ = 2,
µ: 1 — 5, 2 — 2.18, 3 — 4.5, 4 — 2.0, 5 — λ = 2.73, µ = 6; 6 — λ = 1.0, µ = 3.02.

�¨á. 4. � §®¢ë¥ ¯®àâà¥âë  ââà ªâ®à®¢ á¨áâ¥¬ë (1). λ = 2, µ: 1 — 5.0, 2 — 6.5, 3 — 2.18, 4 — 2.9, 5 — 4.5, 6 — 5.5,
7 — 2.0, 8 — 2.5, 9 — 6.0; 10 — λ = 1.0, µ = 2.982.

â®«ìª® ¯¥à¨®¤¨ç¥áª¨¥  ¢â®¬®¤ã«ïæ¨®ë¥ à¥¦¨¬ë

£¥¥à â®à . � ®¡« áâ¨ D4 áãé¥áâ¢ã¥â ç¥âëà¥ â ª¨å

à¥¦¨¬ , ®¯à¥¤¥«ï¥¬ëå ¯à¥¤¥«ìë¬¨ æ¨ª« ¬¨ Lj.
�à¨ ¯¥à¥á¥ç¥¨¨ á à®áâ®¬ µ £à ¨æë 6 ®¡« áâ¨ D4

¯à®¨áå®¤¨â à®¦¤¥¨¥ ¥é¥ ®¤®£® ¯à¥¤¥«ì®£® æ¨ª« 

L5 á¨áâ¥¬ë (1), ª®â®àë© áãé¥áâ¢ã¥â ¢ ®¡« áâ¨ D6.

�¥¦¨¬ £¥¥à â®à , á®®â¢¥âáâ¢ãîé¨© íâ®¬ã æ¨ª«ã,
®â«¨ç ¥âáï ¡®«ìè¥©  ¬¯«¨âã¤®©  ¢â®¬®¤ã«ïæ¨¨. � -
ª¨¬ ®¡à §®¬, ¢ ®¡« áâ¨ D5 á®áãé¥áâ¢ãîâ ¯ïâì  ¢-
â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢, ®¯à¥¤¥«ï¥¬ëå æ¨ª« ¬¨

L1−L5. � ª®© ¨¬¥® à¥¦¨¬ à¥ «¨§ã¥âáï ¢ £¥¥à -
â®à¥ ¯à¨ § ç¥¨ïå ¯ à ¬¥âà®¢ ¢ ®¡« áâïå D2−D5,

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 3
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�¨á. 5. �à¥¬¥ë́¥ à¥ «¨§ æ¨¨ ¨§¬¥¥¨ï ç áâ®âë ¨ á¯¥ªâà  ¬®é®áâ¨ ¤«ï å ®â¨ç¥áª¨å  ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢

£¥¥à â®à . µ: 1 — 6.5, 2 — 2.9, 3 — 5.5, 4 — 2.0, 5 — 6.0, 6 — 2.982, 7 — 3.79; λ = 2 (1–5 ); 1 (6, 7 ).

§ ¢¨á¨â ®â  ç «ìëå ãá«®¢¨© ¨«¨ ®â ¯à¥¤ëáâ®à¨¨

£¥¥à â®à .�  à¨á. 3 (ªà¨¢ë¥ 1–5 ) ¯à¥¤áâ ¢«¥ë ¯à¨-
¬¥àë ¢à¥¬¥ë́å à¥ «¨§ æ¨© x(τ), å à ªâ¥à¨§ãîé¨å
¨§¬¥¥¨¥ ç áâ®âë £¥¥à â®à  ¤«ï à¥¦¨¬®¢, ®¯à¥¤¥-
«ï¥¬ëå ¯à¥¤¥«ìë¬¨ æ¨ª« ¬¨ L1−L5 á¨áâ¥¬ë (1).
�¡« áâì ¯ à ¬¥âà®¢   ¤¨ £à ¬¬¥ {µ, λ}, à á¯®«®-

¦¥ ï á¯à ¢  ®â ªà¨¢®© 5   à¨á. 2, á®®â¢¥âáâ¢ã¥â

á«®¦®© ¤¨ ¬¨ª¥ á¨áâ¥¬ë (1). � íâ®© ®¡« áâ¨ ®¡ -
àã¦¥® ¥áª®«ìª® ®¡« áâ¥©, ¤«ï ¯ à ¬¥âà®¢ ¨§ ª®â®-
àëå á¨áâ¥¬  ¤¥¬®áâà¨àã¥â ¢ ä §®¢®¬ ¯à®áâà áâ¢¥

¬®£®®¡®à®âë¥ ¯à¥¤¥«ìë¥ æ¨ª«ë ¨ à §®®¡à §ë¥

å ®â¨ç¥áª¨¥  ââà ªâ®àë. �  à¨á. 3 (ªà¨¢ ï 6 ) ¯à¨-
¢¥¤¥  ¢à¥¬¥ ́ï à¥ «¨§ æ¨ï, å à ªâ¥à¨§ãîé ï ¨§-
¬¥¥¨¥ ç áâ®âë £¥¥à â®à  ¢ à¥¦¨¬¥  ¢â®¬®¤ã«ï-

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 3



6 �.�. �®®¬ à¥ª®, �.�. � âà®á®¢

æ¨¨, ®¯à¥¤¥«ï¥¬®¬ âà¥å®¡®à®âë¬ ¯à¥¤¥«ìë¬ æ¨-
ª«®¬ á¨áâ¥¬ë (1). �â®å áâ¨ç¥áª¨¥ ¤¨ ¬¨ç¥áª¨¥

áâàãªâãàë ®¡à §ãîâáï ¢ ®¡« áâïå G1−G6 (à¨á. 2).
� ®¡« áâïå G2, G3 ¨ G4 à¥ «¨§ãîâáï à¥¦¨¬ë á®

áâ®å áâ¨ç¥áª®©  ¢â®¬®¤ã«ïæ¨¥© ç áâ®âë £¥¥à â®à ,
®¯à¥¤¥«ï¥¬ë¥ á®®â¢¥âáâ¢¥® å ®â¨ç¥áª¨¬¨  ââà ª-
â®à ¬¨ P1−P4 á¨áâ¥¬ë (1), ª®â®àë¥ ¢®§¨ª îâ  

¡ §¥ ¯à¥¤¥«ìëå æ¨ª«®¢ L1−L4 á®®â¢¥âáâ¢¥® ¢ à¥-
§ã«ìâ â¥  ª®¯«¥¨ï ¡¨äãàª æ¨© ã¤¢®¥¨ï ¯¥à¨®¤ 

ª®«¥¡ ¨©. �  à¨á. 4 ¯®ª § ë ä §®¢ë¥ ¯®àâà¥âë

æ¨ª«®¢ L1, L2, L3, L4 (ªà¨¢ë¥ 1, 3, 5, 7 ) ¨ å ®â¨ç¥áª¨å
 ââà ªâ®à®¢ P1, P2, P3, P4 (ªà¨¢ë¥ 2, 4, 6, 8 ), ¨¬¥î-
é¨å ¯®«®¦¨â¥«ìë¥ «ï¯ã®¢áª¨¥ ¯®ª § â¥«¨, à ¢ë¥
á®®â¢¥âáâ¢¥® 0.0333, 0.0729, 0.0487, 0.0614. �  à¨á. 5
(ªà¨¢ë¥ 1–4 ) ¯à¨¢¥¤¥ë ¢à¥¬¥ë́¥ à¥ «¨§ æ¨¨ x(τ),
å à ªâ¥à¨§ãîé¨¥ ¨§¬¥¥¨¥ ç áâ®âë £¥¥à â®à  ¢

à¥¦¨¬ å å ®â¨ç¥áª¨å  ââà ªâ®à®¢ P1−P4 ¨ ¨å ¢à¥-
¬¥ë́¥ á¯¥ªâàë S.
� ®¡« áâ¨ G5 á¨áâ¥¬  (1) ¤¥¬®áâà¨àã¥â ¤¢ãå-

á¯¨à «ìë© å ®â¨ç¥áª¨©  ââà ªâ®à P5 (à¨á. 4, ªà¨-
¢ ï 9 ), ¤«ï ª®â®à®£® å à ªâ¥àë ¥à¥£ã«ïàë¥ ¯¥à¥-
å®¤ë ä §®¢ëå âà ¥ªâ®à¨© ¨§ ®ªà¥áâ®áâ¨ á®áâ®ï¨ï

à ¢®¢¥á¨ï S3 ¢ ®ªà¥áâ®áâì á®áâ®ï¨ï à ¢®¢¥á¨ï

S4 ¨ ®¡à â®. � ®¡« áâ¨ G6 à¥ «¨§ã¥âáï ç¥âëà¥å-
á¯¨à «ìë© å ®â¨ç¥áª¨©  ââà ªâ®à P6 á¨áâ¥¬ë (1)
(à¨á. 4, ªà¨¢ ï 10 ) á ¥à¥£ã«ïàë¬¨ ¯¥à¥å®¤ ¬¨ ¬¥-
¦¤ã ¥ãáâ®©ç¨¢ë¬¨ á®áâ®ï¨ï¬¨ à ¢®¢¥á¨ï S1−S4.
�¥¦¨¬ë áâ®å áâ¨ç¥áª¨å ª®«¥¡ ¨© £¥¥à â®à , ®¯à¥-
¤¥«ï¥¬ë¥  ââà ªâ®à ¬¨P5 ¨ P6, ®â«¨ç îâáï ¡®«ìè¥©
 ¬¯«¨âã¤®©  ¢â®¬®¤ã«ïæ¨¨ ç áâ®âë, ® ç¥¬ á¢¨¤¥-
â¥«ìáâ¢ãîâ ¢à¥¬¥ë́¥ à¥ «¨§ æ¨¨ x(τ), ¯à¨¢¥¤¥ë¥
  à¨á. 5 (ªà¨¢ë¥ 5, 6 ). �ëå®¤ ¨§ ®¡« áâ¨ G6 á

ã¢¥«¨ç¥¨¥¬ µ ¢ ®¡« áâì D0 á®¯à®¢®¦¤ ¥âáï ¦¥áâ-
ª¨¬ ¯¥à¥å®¤®¬ £¥¥à â®à    ¯¥à¨®¤¨ç¥áª¨©  ¢â®-
¬®¤ã«ïæ¨®ë© à¥¦¨¬, ®¯à¥¤¥«ï¥¬ë© ¯à¥¤¥«ìë¬

æ¨ª«®¬ L0 á áãé¥áâ¢¥® ¡®«ìè¥©  ¬¯«¨âã¤®© ª®-
«¥¡ ¨©. �áá«¥¤®¢ ¨¥ á¨áâ¥¬ë (1) ¢¡«¨§¨ ¯à ¢®©

£à ¨æë ®¡« áâ¨ G6 ¯®ª § «®, çâ® íâ®¬ã ï¢«¥¨î

¯à¥¤è¥áâ¢ã¥â ¢®§¨ª®¢¥¨¥ ¢ ®¡« áâ¨ G6 à¥¦¨¬ 

¯¥à¥å®¤®£® å ®á  ª «¥â®ç®¬ã ®¤®á¯¨à «ì®¬ã

å ®â¨ç¥áª®¬ã  ââà ªâ®àã P7, ¤¨ ¬¨ç¥áª¨© ¤¨ ¯ §®
ª®â®à®£® ®å¢ âë¢ ¥â á®áâ®ï¨ï à ¢®¢¥á¨ï S1, S2, S3,
C1 ¨ C2. �  à¨á. 5 (ªà¨¢ ï 7 ) ¯à¨¢¥¤¥  ¢à¥¬¥ ́ï
à¥ «¨§ æ¨ï x(τ), á®®â¢¥âáâ¢ãîé ï â ª®¬ã ¯à®æ¥ááã.
�¨¤®, çâ® ¯¥à¥å®¤ ï áâ ¤¨ï x(τ) ¯® á¢®¥¬ã å -
à ªâ¥àã ¡«¨§ª  ª à¥ «¨§ æ¨¨ x(τ)   å ®â¨ç¥áª®¬

 ââà ªâ®à¥ P6 (à¨á. 3, ªà¨¢ ï 6 ).
�§ à¨á. 2 ¢¨¤®, çâ® ®¡« áâ¨ D6, G2, G4, ®¡« áâ¨

ãáâ®©ç¨¢®áâ¨ á®áâ®ï¨© à ¢®¢¥á¨ï S2 ¨ S3 ¨ ®¡« áâ¨

áãé¥áâ¢®¢ ¨ï à §«¨çëå  ¢â®¬®¤ã«ïæ¨®ëå ¯à¥-
¤¥«ìëå æ¨ª«®¢ ¯¥à¥á¥ª îâáï. �à¨ § ç¥¨ïå ¯ à -
¬¥âà®¢ á¨áâ¥¬ë (1), á®®â¢¥âáâ¢ãîé¨å ¯¥à¥á¥ç¥¨î

ãª § ëå ®¡« áâ¥©, å à ªâ¥àë ¬ã«ìâ¨áâ ¡¨«ì®¥

¯®¢¥¤¥¨¥ £¥¥à â®à , ®¡ãá«®¢«¥®¥ ®¤®¢à¥¬¥ë¬
áãé¥áâ¢®¢ ¨¥¬ ¥áª®«ìª¨å ª®«¥¡ â¥«ìëå á®áâ®ï-
¨©, ¨ ¯®¢ëè¥ ï çã¢áâ¢¨â¥«ì®áâì ª ¢ à¨ æ¨ï¬

 ç «ìëå ãá«®¢¨©.

� §¢¨â¨¥ ¢à¥¬¥ë́å áâàãªâãà

�áâ ®¢«¥®¥ à á¯®«®¦¥¨¥   ¤¨ £à ¬¬¥ {µ, λ}
®¡« áâ¥© ¯ à ¬¥âà®¢ á à §«¨çë¬¨ â¨¯ ¬¨ ª®«¥¡ -
¨© ®¯à¥¤¥«ï¥â áæ¥ à¨¨ à §¢¨â¨ï ¢à¥¬¥ë́å áâàãª-
âãà ¢ á¨áâ¥¬¥ ¯à¨ ¯¥à¥å®¤¥ á ¢®§à áâ ¨¥¬ ¯ à ¬¥âà 

µ ¨§ ®¡« áâ¨ D1 ¢ ®¡« áâì D0. � ª ç¥áâ¢¥ ¯à¨-
¬¥à  ¯à¨¢¥¤¥¬ à¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï í¢®«îæ¨¨

¯à¥¤¥«ìëå æ¨ª«®¢ L1−L4 (à¨á. 4, ªà¨¢ë¥ 1, 3, 5, 7
á®®â¢¥âáâ¢¥®) á ã¢¥«¨ç¥¨¥¬ µ ¯à¨ λ = 2. �®§¨-
ª îé¨¥ ¯à¨ íâ®¬ áâàãªâãàë ®âà ¦ ¥â ®¤®¯ à ¬¥-
âà¨ç¥áª ï ¡¨äãàª æ¨® ï ¤¨ £à ¬¬  {µ, x} (à¨á. 6),
¯à¥¤áâ ¢«ïîé ï § ¢¨á¨¬®áâì § ç¥¨ï ¯¥à¥¬¥®© x
   ââà ªâ®à¥ á¨áâ¥¬ë (1) ®â ¯ à ¬¥âà  µ. �â¬¥â¨¬
¥ª®â®àë¥ ®á®¡¥®áâ¨  ¡«î¤ ¥¬ëå ï¢«¥¨©.

�®-¯¥à¢ëå, ®¡à é ¥â ¢¨¬ ¨¥ ª ç¥áâ¢¥® ¯®å®-
¦¨© å à ªâ¥à ¯à®æ¥áá®¢, § ª«îç îé¨©áï ¢ ¯®â¥à¥

ãáâ®©ç¨¢®áâ¨ æ¨ª«®¢ Lj , ãá«®¦¥¨¨ ¯¥à¨®¤¨ç¥áª¨å
¨ ¢®§¨ª®¢¥¨¨ áâ®å áâ¨ç¥áª¨å ¢à¥¬¥ëå áâàãª-
âãà ( ââà ªâ®à®¢ Pj) ¢ à¥§ã«ìâ â¥ á¥à¨¨ ¡¨äãàª -
æ¨© ã¤¢®¥¨ï ¯¥à¨®¤ . �®-¢â®àëå, ¨¬¥îâ ¬¥áâ® á®-
áãé¥áâ¢®¢ ¨¥ à §«¨çëå áâàãªâãà ¨ ç¥à¥¤®¢ ¨¥

¯¥à¨®¤¨ç¥áª¨å ¨ áâ®å áâ¨ç¥áª¨å áâàãªâãà. � «¥¥, ¨§
¤¨ £à ¬¬ë {µ, x} ¢¨¤®, çâ® ¯®á«¥ à §àãè¥¨ï áâ®-
å áâ¨ç¥áª¨å ª®«¥¡ ¨©, ¢®§¨ª îé¨å   ¡ §¥ æ¨ª«®¢
L2 ¨ L4, ¯à®¨áå®¤¨â ¦¥áâª¨© ¯¥à¥å®¤ £¥¥à â®à  ª

¯¥à¨®¤¨ç¥áª®©  ¢â®¬®¤ã«ïæ¨¨, ®¯à¥¤¥«ï¥¬®© á®®â-
¢¥âáâ¢¥® æ¨ª« ¬¨ L1 ¨ L3.

�«¥¤ãîé ï ®á®¡¥®áâì á¢ï§   á ®¡à §®¢ ¨¥¬

áâ®å áâ¨ç¥áª¨å ¤¨ ¬¨ç¥áª¨å áâàãªâãà, á®®â¢¥âáâ¢ã-
îé¨å ¬®£®á¯¨à «ìë¬ å ®â¨ç¥áª¨¬  ââà ªâ®à ¬

á¨áâ¥¬ë (1). � ª á«¥¤ã¥â ¨§ à¨á. 6, å ®â¨ç¥áª¨©

 ââà ªâ®à P3 (à¨á. 4, ªà¨¢ ï 6 ), ¢®§¨ª îé¨©   ¡ §¥
æ¨ª«  L3 (à¨á. 4, ªà¨¢ ï 5 ) ¯à¥®¡à §ã¥âáï á ã¢¥«¨-
ç¥¨¥¬ µ ¢ ¤¢ãåá¯¨à «ìë© å ®â¨ç¥áª¨©  ââà ªâ®à

P5 (à¨á. 4, ªà¨¢ ï 9 ) á ¥à¥£ã«ïàë¬¨ ¯¥à¥å®¤ ¬¨

¬¥¦¤ã ¥ãáâ®©ç¨¢ë¬¨ á®áâ®ï¨ï¬¨ à ¢®¢¥á¨ï S3 ¨

S4. �®á«¥ à §àãè¥¨ï íâ®£®  ââà ªâ®à  ¯à®¨áå®¤¨â

¦¥áâª¨© ¯¥à¥å®¤ ª à¥¦¨¬ã ¯¥à¨®¤¨ç¥áª®©  ¢â®¬®-
¤ã«ïæ¨¨, ®¯à¥¤¥«ï¥¬®¬ã æ¨ª«®¬ L1. � «ì¥©è¥¥

à §¢¨â¨¥ á®¡ëâ¨© ¢ á¨áâ¥¬¥ ¯à¨ ã¢¥«¨ç¥¨¨ µ c¢ï-
§ ® á í¢®«îæ¨¥© æ¨ª«  L1, ¤«ï ª®â®à®© å à ªâ¥àë
®¡à §®¢ ¨¥ å ®â¨ç¥áª®£®  ââà ªâ®à  P1 (à¨á. 4, ªà¨-
¢ ï 2 ),  ââà ªâ®à P6 (à¨á. 4, ªà¨¢ ï 10 ), à §àãè¥¨¥
 ââà ªâ®à  P6 ¨ ¦¥áâª¨© ¯¥à¥å®¤ ª ª®«¥¡ â¥«ì®-
¬ã á®áâ®ï¨î á ¡®«ìè®©  ¬¯«¨âã¤®©  ¢â®¬®¤ã«ïæ¨¨

(ª æ¨ª«ã L0).

� ¡«î¤ ¥¬ë¥ ï¢«¥¨ï ¨ ¡¨äãàª æ¨®ë¥ ¯¥à¥å®-
¤ë, ¯®ª § ë¥   à¨á. 6, ®ª § «¨áì å à ªâ¥àë¬¨
¨ ¤«ï ¬¥ìè¨å § ç¥¨© ¯ à ¬¥âà  λ. �¤ ª® á

ã¢¥«¨ç¥¨¥¬ λ áæ¥ à¨© à §¢¨â¨ï ¢à¥¬¥ëå áâàãª-
âãà ¨ à¥¦¨¬®¢ £¥¥à â®à , ¯à¨¢¥¤¥ë©   à¨á. 6,
¯à¥â¥à¯¥¢ ¥â á«¥¤ãîé¨¥ ¨§¬¥¥¨ï: ã¢¥«¨ç¨¢ ¥âáï
¨â¥à¢ « § ç¥¨© µ, á®®â¢¥âáâ¢ãîé¨å á®¡ëâ¨ï¬,
¯à®¨áå®¤ïé¨¬   ¡ §¥ æ¨ª«  L4, ¯à¨ íâ®¬ ®¡« áâì

å ®á  ¯à¥àë¢ ¥âáï ”®ª ¬¨” à¥£ã«ïàëå  ¢â®¬®¤ã-
«ïæ¨®ëå ª®«¥¡ ¨©, ®¯à¥¤¥«ï¥¬ëå âà¥å-, ç¥âëà¥å-
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�¨á. 6. �¨äãàª æ¨® ï ¤¨ £à ¬¬  ª®«¥¡ â¥«ìëå à¥-
¦¨¬®¢ ¯à¨ λ = 2.

�¨á. 7. �¢®«îæ¨ï à¥¦¨¬   ¢â®¬®¤ã«ïæ¨¨, ®¯à¥¤¥«ï¥¬®£®
¯à¥¤¥«ìë¬ æ¨ª«®¬ L4, ¯à¨ λ = 2.9.

¨ ¯ïâ¨®¡®à®âë¬¨ ¯à¥¤¥«ìë¬¨ æ¨ª« ¬¨ á¨áâ¥¬ë

(1), ¯à¥â¥à¯¥¢ îé¨¬¨ ¡¨äãàª æ¨¨ ã¤¢®¥¨ï ¯¥à¨®¤ 
(à¨á. 7); ã¬¥ìè îâáï ¨ ¨áç¥§ îâ ¨â¥à¢ «ë § ç¥-
¨© µ, á®®â¢¥âáâ¢ãîé¨å áãé¥áâ¢®¢ ¨î å ®â¨ç¥áª¨å

 ââà ªâ®à®¢ P1, P2, P3 ¨ ¬®£®á¯¨à «ìëå å ®â¨ç¥-
áª¨å  ââà ªâ®à®¢. � ª, ¯à¨ λ = 5 ¡¨äãàª æ¨® ï

¤¨ £à ¬¬  {µ, x} å à ªâ¥à¨§ã¥âáï á®¢¬¥áâë¬ áãé¥-
áâ¢®¢ ¨¥¬  ¢â®¬®¤ã«ïæ¨®ëå ¯à¥¤¥«ìëå æ¨ª«®¢

L1, L2, L3 ¨  ââà ªâ®à®¢, ¢®§¨ª îé¨å ¢ à¥§ã«ìâ â¥
í¢®«îæ¨¨ æ¨ª«  L4. �  à¨á. 8 ¯à¥¤áâ ¢«¥  ¡¨äãà-
ª æ¨® ï ¤¨ £à ¬¬  {µ, x}, ¯®áâà®¥ ï ¯à¨ µ = 10,
ª®â®à ï ¯®ª §ë¢ ¥â ª àâ¨ã à §¢¨â¨ï ¢à¥¬¥ë́å

áâàãªâãà ¨ à¥¦¨¬®¢ ¢ £¥¥à â®à¥ á  ç «ìë¬¨ ª®-
«¥¡ â¥«ìë¬¨ á®áâ®ï¨ï¬¨, ®¯à¥¤¥«ï¥¬ë¬¨ æ¨ª« ¬¨
L1, L2, L3 ¨«¨ L4, ¯à¨ ã¬¥ìè¥¨¨ ¯ à ¬¥âà  λ,
 ç¨ ï ®â § ç¥¨ï λ = 5.
�à¨¢¥¤¥ë¥ ¯à¨¬¥àë ¤ îâ ¯à¥¤áâ ¢«¥¨¥ ®¡ í¢®-

«îæ¨¨ ¢à¥¬¥ë́å áâàãªâãà ¢ á¨áâ¥¬¥ ¯à¨ ¨§¬¥¥-
¨¨ ¯ à ¬¥âà®¢ ¨¥àæ¨®®áâ¨ µ ¨ λ. � ª ç¥áâ¢¥

¥é¥ ®¤®£® ¯à¨¬¥à , ¨««îáâà¨àãîé¥£® ¢®§¨ª î-
é¨¥ ¢à¥¬¥ë́¥ áâàãªâãàë ¨ à¥¦¨¬ë £¥¥à â®à ,

�¨á. 8. �¨äãàª æ¨® ï ¤¨ £à ¬¬  ª®«¥¡ â¥«ìëå à¥-
¦¨¬®¢ ¯à¨ µ = 10.

�¨á. 9. �¨ ¬¨ª  ¯®¢¥¤¥¨ï £¥¥à â®à  ¯à¨ λ = 2.5,
µ = 4.9 á ¨§¬¥¥¨¥¬  ç «ì®© à ááâà®©ª¨.

¯à¨¢¥¤¥¬ à¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï á¨áâ¥¬ë (1) ¯à¨
¨§¬¥¥¨¨  ç «ì®© à ááâà®©ª¨ σ. � ç «¥ à á-
á¬®âà¨¬ § ç¥¨ï λ > maxλj , ª®£¤  ¢¥â¢¨ X1, X2,
X3 ¨ X4 ªà¨¢®© ¬ã«ìâ¨à ¢®¢¥á®áâ¨ xs(σ) (à¨á. 1)
ãáâ®©ç¨¢ë. �§ à¨á. 1 ¢¨¤®, çâ® ¢ íâ®¬ á«ãç ¥

¯® ¬¥à¥ ¯à®¤¢¨¦¥¨ï ¯® ¢¥â¢ï¬ X1, X3 ¨«¨ X4 á

ã¢¥«¨ç¥¨¥¬ σ á¨áâ¥¬  (1) ¯à¨ § ç¥¨ïå σ = σ1,
σ = σ2 (σ2 = −Φ(xm1) ' 1.1992) ¨«¨ σ = σ3

(σ3 = −Φ(xm3) ' 1.5255) ¯¥à¥ª«îç ¥âáï   ¢¥â¢ì

X2, â. ¥. £¥¥à â®à ¨§ à¥¦¨¬®¢ ¬®®£¥¥à æ¨¨ S1,
S3 ¨«¨ S4 á à®áâ®¬ σ áª çª®¬ ¯¥à¥å®¤¨â ¢ à¥¦¨¬

¬®®£¥¥à æ¨¨ S2. �à¨ ¤¢¨¦¥¨¨ ¯® ¢¥â¢ï¬ X1, X2

¨«¨ X3 á ã¬¥ìè¥¨¥¬ σ á¨áâ¥¬  (1) ¯à¨ § ç¥¨ïå
σ = −σ2, σ = −σ3 ¨«¨ σ = −σ1 ¯¥à¥ª«îç ¥âáï  

¢¥â¢ì X4, á«¥¤®¢ â¥«ì®, £¥¥à â®à ¨§ à¥¦¨¬®¢ S1,
S2 ¨«¨ S3 áª çª®¬ ¯¥à¥å®¤¨â ¢ à¥¦¨¬ S4.
�¥¯¥àì à áá¬®âà¨¬, ª ª ¨§¬¥¨âáï íâ  ª àâ¨ ,

ª®£¤  ¢¥â¢¨ X1, X2, X3 ¨ X4 ªà¨¢®© xs(σ) ï¢«ïîâáï
¥ãáâ®©ç¨¢ë¬¨. �¯à¥¤¥«¨¬ ¢ ª ç¥áâ¢¥  ç «ì®£®

á®áâ®ï¨ï £¥¥à â®à  ¯à¨ σ < −σ3 à¥¦¨¬  ¢â®¬®¤ã-
«ïæ¨®®£® £¥¥à¨à®¢ ¨ï L4, á®®â¢¥âáâ¢ãîé¥© ¨¦-
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¥© ¢¥â¢¨ X4. � à ªâ¥à ¯®¢¥¤¥¨ï £¥¥à â®à  ¯à¨

ã¢¥«¨ç¥¨¨ σ ®âà ¦ ¥â ¡¨äãàª æ¨® ï ¤¨ £à ¬¬ 

{σ, x}, ¯®áâ®¥ ï   à¨á. 9 ¯à¨ § ç¥¨ïå λ = 2.5,
µ = 4.9, ρ = 0.25. � áà ¢¥¨¨ á ¯à¥¤ë¤ãé¥©

á¨âã æ¨¥©, ª®£¤  ¢¥â¢¨ X1−X4 ªà¨¢®© xs(σ) ¡ë«¨

ãáâ®©ç¨¢ë¬¨, à¨á. 9 ®¡ àã¦¨¢ ¥â áãé¥áâ¢¥® ¡®«¥¥
á«®¦ãî ª àâ¨ã ®¡à §®¢ ¨ï ¢à¥¬¥ë́å áâàãªâãà

¨ ¯®¢¥¤¥¨ï £¥¥à â®à  ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥.
�¨¤®, çâ® ¢ ¨â¥à¢ «¥ § ç¥¨© −1.35 < σ < 1.35
¨¬¥¥â ¬¥áâ® ç¥à¥¤®¢ ¨¥ áâ®å áâ¨ç¥áª¨å ¨ ¯¥à¨®-
¤¨ç¥áª¨å  ¢â®¬®¤ã«ïæ¨®ëå ª®«¥¡ ¨©, ®¯à¥¤¥«ï-
¥¬ëå ®¤®-, ¤¢ãå- ¨ âà¥å®¡®à®âë¬¨ ¯à¥¤¥«ìë¬¨

æ¨ª« ¬¨ á¨áâ¥¬ë (1). �à¨ σ = 0.165 £¥¥à â®à

áª çª®¬ ¯¥à¥å®¤¨â ª ¯¥à¨®¤¨ç¥áª®¬ã  ¢â®¬®¤ã«ïæ¨-
®®¬ã à¥¦¨¬ã, á®®â¢¥âáâ¢ãîé¥¬ã ¢¥â¢¨ X3 ªà¨¢®©

xs(σ),   ª®£¤  σ ¤®áâ¨£ ¥â § ç¥¨ï σ = 0.2925, íâ®â
à¥¦¨¬ áâ ®¢¨âáï ¥ãáâ®©ç¨¢ë¬ ¨ £¥¥à â®à ¦¥áâ-
ª¨¬ ®¡à §®¬ ¯¥à¥å®¤¨â ª à¥¦¨¬ã, ®¯à¥¤¥«ï¥¬®¬ã

¯à¥¤¥«ìë¬ æ¨ª«®¬ L3.
� ¤ «ì¥©è¨¬ ã¢¥«¨ç¥¨¥¬ σ  ¡«î¤ îâáï ¡¨äãà-

ª æ¨¨ ã¤¢®¥¨ï ¯¥à¨®¤  ¨ ¢®§¨ª ¥â à¥¦¨¬ å ®â¨-
ç¥áª®£®  ââà ªâ®à  P3, ¯®á«¥ ¯à¥ªà é¥¨ï ª®â®à®-
£® ¯à¨ σ = 0.615 £¥¥à â®à áª çª®¬ ¯¥à¥å®¤¨â ª

áâ®å áâ¨ç¥áª®¬ã à¥¦¨¬ã, á®®â¢¥âáâ¢ãîé¥¬ã ¢¥àå¥©
¢¥â¢¨ X2 ªà¨¢®© xs(σ). �®á«¥ íâ®£®  ¡«î¤ ¥âáï

ç¥à¥¤®¢ ¨¥ ®¡« áâ¥© áâ®å áâ¨ç¥áª¨å ¨ ¯¥à¨®¤¨ç¥-
áª¨å  ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢ £¥¥à â®à , ª®â®-
à®¥ § ¢¥àè ¥âáï ¯¥à¥å®¤®¬ ª à¥¦¨¬ã, ®¯à¥¤¥«ï¥¬®¬ã
¯à¥¤¥«ìë¬ æ¨ª«®¬ L2. �á«¨ â¥¯¥àì à áá¬®âà¥âì à¥-
¦¨¬, ®¯à¥¤¥«ï¥¬ë© æ¨ª«®¬ L2 ¢ ª ç¥áâ¢¥  ç «ì®£®

ª®«¥¡ â¥«ì®£® á®áâ®ï¨ï £¥¥à â®à , ¨ ã¬¥ìè âì

à ááâà®©ªã σ, â® à §¢¨â¨¥ à¥¦¨¬®¢ £¥¥à â®à  ¡ã¤¥â
¨¤â¨ ¢ â®© ¦¥ ¯®á«¥¤®¢ â¥«ì®áâ¨, ª®â®à ï ãáâ -
®¢«¥  ¢ëè¥ ¤«ï à¥¦¨¬ , ®¯à¥¤¥«ï¥¬®£® æ¨ª«®¬

L4, á â®ç®áâìî ¤® § ¬¥ë á®¡ëâ¨©, á®®â¢¥âáâ¢ãî-
é¨å ¢¥â¢¨ X4,   á®¡ëâ¨ï, á®®â¢¥âáâ¢ãîé¨¥ ¢¥â¢¨
X2, ¨  ®¡®à®â (à¨á. 9). � ¨â¥à¢ «¥ § ç¥¨©

−0.615 < σ < 0.615 ¨¬¥¥â ¬¥áâ® áãé¥áâ¢®¢ ¨¥ ª®-
«¥¡ â¥«ìëå à¥¦¨¬®¢, á®®â¢¥âáâ¢ãîé¨å ¢¥â¢ï¬ X2

¨ X4 ªà¨¢®© xs(σ). �á«¨ ¯à¨ ¨§¬¥¥¨¨ σ á¨áâ¥¬ 

¯®¯ ¤ ¥â ¢ íâ®â ¨â¥à¢ « á«¥¢ , â® ¯à¨ ã¢¥«¨ç¥¨¨ σ
¢ £¥¥à â®à¥ ¯®¤¤¥à¦¨¢ îâáï ª®«¥¡ â¥«ìë¥ á®áâ®-
ï¨ï, á®®â¢¥âáâ¢ãîé¨¥ ¢¥â¢¨ X4. �à¨ ¯®¯ ¤ ¨¨ ¢

¨â¥à¢ « −0.615 < σ < 0.615 á¯à ¢  á ¤ «ì¥©è¨¬

ã¬¥ìè¥¨¥¬ σ á®åà ïîâáï ª®«¥¡ â¥«ìë¥ á®áâ®ï-
¨ï £¥¥à â®à , á®®â¢¥âáâ¢ãîé¨¥ ¢¥â¢¨ X2 ªà¨¢®©

xs(σ).

� ª«îç¥¨¥

�à®¢¥¤¥®¥ ¢  áâ®ïé¥© à ¡®â¥ ¨áá«¥¤®¢ ¨¥ ¯®-
§¢®«¨«® ¢ëïá¨âì ¥âà¨¢¨ «ìãî à®«ì ¥«¨¥©®áâ¨

¤¨áªà¨¬¨ â®à  ¯à¨ ®¡à §®¢ ¨¨ ¢à¥¬¥ë́å áâàãª-
âãà ¢  ¢â®£¥¥à â®à®© á¨áâ¥¬¥ á ¯¥â«¥© ç áâ®â-
®©  ¢â®¯®¤áâà®©ª¨. �« ¢®© ®á®¡¥®áâìî á¨áâ¥¬ë

á à áá¬®âà¥®© ¢ à ¡®â¥ ¬®£®§ ç®© ¥«¨¥©®-
áâìî ¯à¥¤áâ ¢«ï¥âáï ®¡ àã¦¥®¥ ¡®«ìè®¥ à §®-

®¡à §¨¥ ¢à¥¬¥ë́å áâàãªâãà, ®¡ï§ ëå á¢®¨¬ ¢®§-
¨ª®¢¥¨¥¬ ¯à¨®¡à¥â¥¨î á¨áâ¥¬®© á¢®©áâ¢  ¬ã«ì-
â¨à ¢®¢¥á®áâ¨. �à®¬¥ ¬®®£ à¬®¨ç¥áª¨å à¥¦¨-
¬®¢ ¬®£ãâ à¥ «¨§®¢ë¢ âìáï à §®®¡à §ë¥ ¯¥à¨®¤¨-
ç¥áª¨¥ ¨ áâ®å áâ¨ç¥áª¨¥  ¢â®¬®¤ã«ïæ¨®ë¥ à¥¦¨¬ë

£¥¥à â®à  ¢ ¤®áâ â®ç® è¨à®ª®© ®¡« áâ¨ ¯ à ¬¥-
âà®¢. �¡« áâì  ¢â®¬®¤ã«ïæ¨®ëå à¥¦¨¬®¢ ®â¤¥«¥ 
®â ®¡« áâ¨ ¬®£®£¥¥à æ¨¨ ¯à®¬¥¦ãâ®ç®© ®¡« áâìî

¯ à ¬¥âà®¢, ¢ ª®â®à®© ¬®£ãâ à¥ «¨§®¢ë¢ âìáï ª ª

¬®®£ à¬®¨ç¥áª¨¥, â ª ¨ ¯¥à¨®¤¨ç¥áª¨¥  ¢â®¬®¤ã-
«ïæ¨®ë¥ à¥¦¨¬ë. �â®å áâ¨§ æ¨ï ª®«¥¡ ¨© ¯à®-
¨áå®¤¨â ¢ à¥§ã«ìâ â¥ ª áª ¤®© áã¡£ à¬®¨ç¥áª®©

¥ãáâ®©ç¨¢®áâ¨,   â ª¦¥ ¦¥áâª¨¬ ®¡à §®¬ ¯®á«¥

¯à¥ªà é¥¨ï ¯¥à¨®¤¨ç¥áª®©  ¢â®¬®¤ã«ïæ¨¨. �¤¨¬
¨§ ¢ ¦ëå ¯à®ï¢«¥¨© ¬®£®§ ç®© ¥«¨¥©®áâ¨

ï¢«ï¥âáï ¢®§¨ª®¢¥¨¥ áâ®å áâ¨ç¥áª¨å ¢à¥¬¥ë́å

áâàãªâãà, ®¯à¥¤¥«ï¥¬ëå ¬®£®á¯¨à «ìë¬¨ å ®â¨ç¥-
áª¨¬¨  ââà ªâ®à ¬¨ ¢ ä §®¢®¬ ¯à®áâà áâ¢¥.
�¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï ¯®ª §ë¢ îâ, çâ® ¢ à á-

á¬ âà¨¢ ¥¬®©  ¢â®£¥¥à â®à®© á¨áâ¥¬¥ ¬®¦® à¥-
 «¨§®¢ âì ¬®£¨¥ â¨¯ë ª®«¥¡ â¥«ìëå á®áâ®ï¨©

¨ ¡¨äãàª æ¨®ëå ¯¥à¥å®¤®¢, ª®â®àë¥ á¢®©áâ¢¥ë
ª®«ìæ¥¢ë¬  ¢â®ª®«¥¡ â¥«ìë¬ á¨áâ¥¬ ¬, £¥¥à â®-
à ¬ �ã  ¨ ¤àã£¨¬ ¡¨áâ ¡¨«ìë¬ ¨ ¬ã«ìâ¨áâ ¡¨«ì-
ë¬ á¨áâ¥¬ ¬. �¨«ì ï § ¢¨á¨¬®áâì ®¡à §ãîé¨åáï

¢à¥¬¥ë́å áâàãªâãà ®â ¯ à ¬¥âà®¢ ¥«¨¥©®áâ¨

¨ ¨¥àæ¨®®áâ¨ ¤ ¥â «¥£ª® à¥ «¨§ã¥¬ãî ¢®§¬®¦-
®áâì, ¢ àì¨àãï íâ¨ ¯ à ¬¥âàë, íää¥ªâ¨¢® ã¯à -
¢«ïâì á¢®©áâ¢ ¬¨ ¨ ®¡« áâï¬¨ áãé¥áâ¢®¢ ¨ï à¥¦¨-
¬®¢ £¥¥à â®à .

� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ä¨ á®¢®© ¯®¤-
¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥-
¤®¢ ¨© (¯à®¥ªâ ò 93-02-15424).
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