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� à ¬ª å ¬®¤¥«¨ á¯«®è®© áà¥¤ë ¨áá«¥¤®¢ ë ãá«®¢¨ï â¥¯«®¢®© áâ ¡¨«ì®áâ¨ ª®¬¡¨¨à®¢ -
ëå á¢¥àå¯à®¢®¤¨ª®¢ á ãç¥â®¬ ¨å ¯®¯¥à¥ç®© â¥¯«®¯à®¢®¤®áâ¨ ¢ ¯à¥¤¯®«®¦¥¨¨ à ¢®¬¥à®£®

à á¯à¥¤¥«¥¨ï â®ª  ¯® á¥ç¥¨î ¯à®¢®¤ . �à®¢¥¤¥   «¨§ ãá«®¢¨© ¯®«®© (áâ æ¨® à®©) ¨ ç -
áâ¨ç®© (¥áâ æ¨® à®©) áâ ¡¨«ì®áâ¨. �ë¯®«¥ë¥ ç¨á«¥ë¥ íªá¯¥à¨¬¥âë ¤«ï â®ª®¥áãé¥£®

í«¥¬¥â  ªàã£«®£® ¨ ¯àï¬®ã£®«ì®£® á¥ç¥¨ï ¢ § ¢¨á¨¬®áâ¨ ®â ¨â¥á¨¢®áâ¨ ®å« ¦¤¥¨ï ¨

¯®¯¥à¥çëå à §¬¥à®¢, á®¯®áâ ¢«¥ë á ¨§¢¥áâë¬¨ à¥§ã«ìâ â ¬¨ ®¤®¬¥à®© â¥®à¨¨. �®ª § ®,
çâ® â®ª áâ æ¨® à®© áâ ¡¨«¨§ æ¨¨ ¢ ¤¢ã¬¥à®¬ ¯à¨¡«¨¦¥¨¨ ¢á¥£¤  ¬¥ìè¥ á®®â¢¥âáâ¢ãîé¥£®

§ ç¥¨ï, ¢ëç¨á«¥®£® ¢ à ¬ª å ®¤®¬¥à®© ¬®¤¥«¨. �¯à¥¤¥«¥ë ªà¨â¨ç¥áª¨¥ í¥à£¨¨ ¢®§¬ãé¥-
¨©, ®¯à¥¤¥«ïîé¨¥ ¢¥àåîî £à ¨æã ¤®¯ãáâ¨¬ëå â¥¯«®¢ë¤¥«¥¨©, à ¢®¬¥à® à á¯à¥¤¥«¥ëå

¯® á¥ç¥¨î ª®¬¯®§¨â®£® á¢¥àå¯à®¢®¤¨ª . �«ï ®å« ¦¤ ¥¬ëå ¯à®¢®¤®¢ ®¡ àã¦¥  ¥¬®®â® ï
§ ¢¨á¨¬®áâì ªà¨â¨ç¥áª¨å í¥à£¨© ®â à ¤¨ãá  ª®¬¯®§¨â . �  ¨¬¥¥â ¬¨¨¬ã¬, ª®â®àë© ¯à¨ ã«ãç-
è¥¨¨ â¥¯«®®â¤ ç¨ á¤¢¨£ ¥âáï ¢ áâ®à®ã ¡®́«ìè¨å § ç¥¨© à ¤¨ãá . �áâ ®¢«¥®, çâ® ®¤®¬¥à ï
¬®¤¥«ì ¢ ¢¥áì¬  ã§ª®¬ ¤¨ ¯ §®¥ ¨áå®¤ëå ¯ à ¬¥âà®¢ ¯à¨¢®¤¨â ª ¥áª®«ìª® § ¨¦¥®¬ã ãà®¢î

¤®¯ãáâ¨¬ëå ¢®§¬ãé¥¨©. � æ¥«®¬ ®¤®¬¥àë¥ ¢ëç¨á«¥¨ï ¯® ®â®è¥¨î ª ¤¢ã¬¥àë¬ ®ª §ë¢ îâáï

§ ¢ëè¥ë¬¨. �  ¨¡®«ìè¥© áâ¥¯¥¨ à §¬¥àë© íää¥ªâ ¢¨¤®¨§¬¥ï¥â ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨

¯à¨ ã¢¥«¨ç¥¨¨ ª®íää¨æ¨¥â  â¥¯«®®â¤ ç¨. � ®á®¢¥ íâ®© § ª®®¬¥à®áâ¨ «¥¦¨â ã¢¥«¨ç¥¨¥

â¥¬¯¥à âãàë ¢ æ¥âà¥ ¯à®¢®¤  ¯à¨ ¥¥ ®¤®¢à¥¬¥®¬ ã¬¥ìè¥¨¨   ¯®¢¥àå®áâ¨.

�¢¥¤¥¨¥

�à®¡«¥¬  ãáâ®©ç¨¢®áâ¨ á¢¥àå¯à®¢®¤ïé¥£® á®áâ®-
ï¨ï â®ª®¥áãé¨å í«¥¬¥â®¢ (���) ª ¢®§¬ãé¥¨-
ï¬ à §«¨ç®© ¯à¨à®¤ë ï¢«ï¥âáï ®¤®© ¨§ ¢ ¦¥©-
è¨å ¢ ä¨§¨ª¥ ª®¬¯®§¨âëå á¢¥àå¯à®¢®¤¨ª®¢ [1–3].
�à¥¦¤¥ ¢á¥£® íâ® ®¡ãá«®¢«¥® â¥¬, çâ® ã¨ª «ìë¥
á¢®©áâ¢  â ª  §ë¢ ¥¬ëå ¦¥áâª¨å á¢¥àå¯à®¢®¤¨-
ª®¢ ¬®£ãâ ¡ëâì à¥ «¨§®¢ ë â®«ìª® ¯à¨ á®¡«î¤¥¨¨

®¯à¥¤¥«¥ëå ãá«®¢¨©, ª®â®àë¥ ï¢«ïîâáï á«¥¤áâ¢¨-
¥¬ ¬¥â áâ ¡¨«ì®áâ¨ á¢¥àå¯à®¢®¤ïé¥£® á®áâ®ï¨ï.
�å  àãè¥¨¥ ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î ¢ â®ª®¥áã-
é¥¬ í«¥¬¥â¥ §®ë á ®à¬ «ì®© ¯à®¢®¤¨¬®áâìî.
�à¨ íâ®¬ í¥à£¨ï, § ¯ á¥ ï ¢ ¬ £¨â¥, ¢ë¤¥«ï-
¥âáï ¢ãâà¨ ¥£®, çâ® ¢ á¢®î ®ç¥à¥¤ì ¬®¦¥â ¯à¨-
¢¥áâ¨ ª ¥®¡à â¨¬®¬ã ¯®¢à¥¦¤¥¨î ¢á¥© ®¡¬®âª¨.
�¥à¥å®¤ á¢¥àå¯à®¢®¤¨ª  ¢ ®à¬ «ì®¥ á®áâ®ï¨¥

¬®¦¥â ¡ëâì ¢ë§¢  ¬®£®ç¨á«¥ë¬¨ ¢®§¬ãé¥¨ï¬¨

à §«¨ç®£® â¨¯ : áª çª ¬¨ ¬ £¨â®£® ¯®â®ª , ¯¥-
à¥¬¥é¥¨¥¬ ¢¨âª®¢, ¬¥å ¨ç¥áª¨¬¨ ¤¥ä®à¬ æ¨ï¬¨

���, â¥¯«®¢ë¤¥«¥¨ï¬¨   á¯ ïå ¨ â.¯. �®íâ®¬ã
á®åà ¥¨¥ á¢¥àå¯à®¢®¤ïé¨å á¢®©áâ¢ ��� âà¥¡ã¥â

¢á¥áâ®à®¥£®   «¨§  ¯à¨ç¨ ¨ ãá«®¢¨© ¢®§¨ª®-
¢¥¨ï ¥ãáâ®©ç¨¢®áâ¥©, ®â¢¥âáâ¢¥ëå §   àãè¥-
¨¥ ®¬¨ «ìëå à¥¦¨¬®¢ à ¡®âë á¢¥àå¯à®¢®¤ïé¨å

®¡¬®â®ª.

�ä®à¬ã«¨à®¢ ë¥ ª  áâ®ïé¥¬ã ¢à¥¬¥¨ ®á®¢-
ë¥ ¯®«®¦¥¨ï â¥®à¨¨ â¥¯«®¢®© áâ ¡¨«¨§ æ¨¨ ª®¬¯®-
§¨âëå á¢¥àå¯à®¢®¤¨ª®¢ ¯®§¢®«ïîâ á ã¤®¢«¥â¢®à¨-
â¥«ì®© â®ç®áâìî ®æ¥¨¢ âì ¯®¢¥¤¥¨¥ â¥à¬¨ç¥áª¨

â®ª¨å ���, ª®£¤  â¥¯«®¢®© ¯®â®ª à á¯à®áâà ï¥â-
áï â®«ìª® ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨. �¤®¬¥àë¥
¬®¤¥«¨ ¥ â®«ìª® ã¯à®é îâ à áç¥âë, ® ¨ ¢ àï¤¥

á«ãç ¥¢, ¤ îâ ¢®§¬®¦®áâì § ¯¨á âì ã¤®¡ë¥ ¤«ï

¯à ªâ¨ç¥áª¨å ¯à¨«®¦¥¨©   «¨â¨ç¥áª¨¥ ªà¨â¥à¨¨

ãáâ®©ç¨¢®áâ¨. �¤ ª® ¯à¥¤¯®«®¦¥¨¥ ® ¯®áâ®ïáâ¢¥
â¥¬¯¥à âãàë ¯® á¥ç¥¨î ª®¬¯®§¨â  ¬®¦¥â § ç¨-

â¥«ì® ¨áª §¨âì ª®¥çë¥ à¥§ã«ìâ âë, ¯®áª®«ìªã ¯à¨
íâ®¬ ¨§ ¢¨¬ ¨ï ®¯ãáª îâáï ®á®¡¥®áâ¨ à §¢¨-
â¨ï â¥¯«®¢ëå ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¢ ¯®¯¥à¥ç-
®¬ á¥ç¥¨¨ ���. � ª, ¨§¢¥áâ®, çâ® ãç¥â ¥-

¨§®â¥à¬¨ç®áâ¨ á¢¥àå¯à®¢®¤ïé¥© ¦¨«ë ¯à¨¢®¤¨â ª

ã¢¥«¨ç¥¨î ¬®é®áâ¨ â¥¯«®¢ë¤¥«¥¨ï,   § ç¨â, ¨
ª á®®â¢¥âáâ¢ãîé¥¬ã ãåã¤è¥¨î ãá«®¢¨© â¥¯«®¢®©

áâ ¡¨«¨§ æ¨¨ [1,2]. �®íâ®¬ã ¯à¨ à §à ¡®âª¥ ªàã¯ëå
á¢¥àå¯à®¢®¤ïé¨å ®¡¬®â®ª á ¬ áá¨¢ë¬¨ ��� á®®â-

¢¥âáâ¢ãîé¨©   «¨§ ãá«®¢¨© â¥¯«®¢®© áâ ¡¨«¨§ æ¨¨

¤®«¦¥ ¯à®¢®¤¨âáï á ãç¥â®¬ ¬®£®¬¥à®£® å à ªâ¥à 

à á¯à®áâà ¥¨ï â¥¯«®¢®£® ¯®â®ª  ª ª ¢ ¯à®¤®«ì®¬,
â ª ¨ ¢ ¯®¯¥à¥ç®¬  ¯à ¢«¥¨ïå. � á¢ï§¨ á íâ¨¬

¢  áâ®ïé¥© à ¡®â¥ à áá¬®âà¥ë ®á®¡¥®áâ¨ ¢®§-
¨ª®¢¥¨ï â¥¯«®¢®© ¥ãáâ®©ç¨¢®áâ¨ ¢ ª®¬¯®§¨â®¬

á¢¥àå¯à®¢®¤¨ª¥ ¯à¨ ¤¥©áâ¢¨¨ à ¢®¬¥à® à á¯à¥¤¥-
«¥®£® ¯® á¥ç¥¨î ¯à®¢®¤  ¨áâ®ç¨ª  â¥¯«®¢ë¤¥«¥-

¨ï á ãç¥â®¬ ¤¢ã¬¥à®£® å à ªâ¥à  à á¯à¥¤¥«¥¨ï

â¥¬¯¥à âãà®£® ¯®«ï. �®¤®¡ë¥ á®áâ®ï¨ï ¢®§¨ª -
îâ,  ¯à¨¬¥à, ¯à¨ ¥®¡à â¨¬®© ¤¥ä®à¬ æ¨¨ ���

¢ à¥§ã«ìâ â¥ ¤¥©áâ¢¨ï ¢ á¢¥àå¯à®¢®¤ïé¥© ®¡¬®âª¥

¯®¤¥à®¬®â®àëå á¨«.
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�®áâ ®¢ª  § ¤ ç¨

� áá¬®âà¨¬ à ¢®¬¥à® ®å« ¦¤¥ë© ¤® â¥¬¯¥-
à âãàë å« ¤ £¥â  T0 ª®¬¯®§¨âë© á¢¥àå¯à®¢®¤¨ª

æ¨«¨¤à¨ç¥áª®© ä®à¬ë ª®¥ç®© ¤«¨ë −l < x < l
á à ¢®¬¥à® à á¯à¥¤¥«¥ë¬ ¯® á¥ç¥¨î âà á¯®àâ-
ë¬ â®ª®¬ I. �¯¨è¥¬ ¤¢ã¬¥à®¥ ¨§¬¥¥¨¥ ¥£® â¥¬-
¯¥à âãàë ¢ à ¬ª å ¬®¤¥«¨  ¨§®âà®¯®£® ª®â¨ã-
ã¬  ¥áâ æ¨® àë¬ ãà ¢¥¨¥¬ â¥¯«®¯à®¢®¤®áâ¨

¢¨¤  [2]

c
∂T

∂t
= λx

∂2T

∂x2
+ λr

1

r

∂

∂r

(
r
∂T

∂r

)
+
I2

S2
ρ(T ),

t > 0, 0 < x < l, 0 < r < r0 (1)

á  ç «ì®-ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

T (x, r, 0) =

{
T1 = const, 0 ≤ x ≤ x1, 0 ≤ r ≤ r0,

T0, x > x1,

∂T

∂x

∣∣∣
x=0

= 0, T |x=l = T0, λr
∂T

∂r
+ h(T − T0)

∣∣∣
r=0

= 0,

(2)
ª®â®àë¥ á®®â¢¥âáâ¢ãîâ á¨¬¬¥âà¨ç®¬ã ®â®á¨â¥«ì®

 ç «  ª®®à¤¨ â à á¯à®áâà ¥¨î â¥¬¯¥à âãà®£®

¢®§¬ãé¥¨ï ¢ à¥§ã«ìâ â¥ ¬£®¢¥®£®  £à¥¢  «®-
ª «ì®© ®¡« áâ¨ ª®¬¯®§¨â  ¤® â¥¬¯¥à âãàë T1. �¤¥áì
c, λx, λr — ãáà¥¤¥ë¥ § ç¥¨ï ®¡ê¥¬®© â¥¯«®-
¥¬ª®áâ¨ ¨ ª®íää¨æ¨¥âë â¥¯«®¯à®¢®¤®áâ¨, h —
ª®íää¨æ¨¥â â¥¯«®®â¤ ç¨, S — ¯«®é ¤ì ¯®¯¥à¥ç-
®£® á¥ç¥¨ï ª®¬¯®§¨â , ρ(T ) — ¥£® íää¥ªâ¨¢®¥

í«¥ªâà®á®¯à®â¨¢«¥¨¥

ρ(T ) = ρ0


1, T > TCB,

T−TC
TCB−TC

, TC ≤ T ≤ TCB,

0, T < TC = TCB − (TCB − T0)
I

IC
,

(3)

£¤¥ ρ0 — ã¤¥«ì®¥ í«¥ªâà®á®¯à®â¨¢«¥¨¥ ¬ âà¨æë,
TCB — ªà¨â¨ç¥áª ï â¥¬¯¥à âãà  á¢¥àå¯à®¢®¤¨ª ,
IC — ªà¨â¨ç¥áª¨© â®ª.
�«ï ¢ëï¢«¥¨ï ®á®¢ëå ä¨§¨ç¥áª¨å § ª®®¬¥à-

®áâ¥© à §¬¥à®£® íää¥ªâ , ª®â®àë¥ ¬®£ãâ ¨¬¥âì

¬¥áâ® ¢ ãá«®¢¨ïå â¥¯«®¢®© áâ ¡¨«¨§ æ¨¨, ¢®á¯®«ì§ã-
¥¬áï ®¡®¡é¥ë¬   «¨§®¬. �¬¥ìè¨¬ ç¨á«® ¨áå®¤-
ëå ¯ à ¬¥âà®¢, ¯à¥¤¯®« £ ï, çâ® ¯à¨ ¢ àì¨à®¢ ¨¨
¢¥è¥£® à ¤¨ãá  ®áâ ãâáï ¡¥§ ¨§¬¥¥¨ï ª®íä-
ä¨æ¨¥â § ¯®«¥¨ï ª®¬¯®§¨â  á¢¥àå¯à®¢®¤¨ª®¬ ¨

¯«®â®áâì â®ª . �®£¤  ®â®á¨â¥«ì® ¡¥§à §¬¥àëå

¯¥à¥¬¥ëå

X = x/Lx, R = r/Lr, i = I/IC , τ = λxt/(cL
2
x),

θ = (T − T0)/(TCB − T0)

§ ¤ ç  (1)–(3) ¯à¨¬¥â ¢¨¤

∂θ

∂τ
=
∂2θ

∂X2
+

1

R

∂

∂R

(
R
∂θ

∂R

)
+ i2


1, θ > 1,
θ−1+i
i , 1− i ≤ θ ≤ 1,

0, θ<1− i.

θ(X,R, 0) =

{
θ1, 0 ≤ X ≤ X1, 0 ≤ R ≤ R0,

0, X > X1,

∂θ

∂X

∣∣∣
X=0

= 0, θ|X=L = 0,
∂θ

∂R
+ βθ

∣∣∣
R=R0

= 0. (4)

�¤¥áì L = l/Lx, R0 = r0/Lr, X1 = x1/Lx, Lx,r =
(λx,rS

2(TCB − T0)/I2
Cρ0)1/2. � ®¥ ®¡¥§à §¬¥à¨-

¢ ¨¥ ®âà ¦ ¥â ®á®¡¥®áâ¨ ¬®£®¬¥à®£® å à ªâ¥-
à  ¯à®â¥ª ¨ï â¥¯«®¢ëå ¯à®æ¥áá®¢ ¢ ª®¬¯®§¨âëå

á¢¥àå¯à®¢®¤¨ª å.� ª, ¢ ®¤®¬¥à®© â¥®à¨¨ ãá«®¢¨ï
ãáâ®©ç¨¢®áâ¨ á¢¥àå¯à®¢®¤ïé¥£® á®áâ®ï¨ï ¢ ¯¥à¢ãî

®ç¥à¥¤ì § ¢¨áïâ ®â á®®â®è¥¨ï ¬¥¦¤ã ¬®é®áâï¬¨

¤¦®ã«¥¢  â¥¯«®¢ë¤¥«¥¨ï ¢ ¯à®¢®¤¥ ¨ â¥¯«®¢®£® ¯®-
â®ª  ¢ å« ¤ £¥â. �â®  å®¤¨â ®âà ¦¥¨¥ ¢ ¨§¢¥áâ®¬
¯ à ¬¥âà¥ �â¥ª«¨

α =
I2
Cρ0

hpS(TCB − T0)
,

p — ®å« ¦¤ ¥¬ë© ¯¥à¨¬¥âà.
�à¨ ¥®¤®à®¤®¬ à á¯à¥¤¥«¥¨¨ â¥¬¯¥à âãàë ¯®

á¥ç¥¨î ª®¬¯®§¨â  ¢®§¨ª®¢¥¨¥ ¨ à §¢¨â¨¥ â¥¯«®-
¢®© ¥ãáâ®©ç¨¢®áâ¨ ®¯à¥¤¥«ïîâáï ¢¥«¨ç¨®© ¡¥§à §-
¬¥à®£® ª®¬¯«¥ªá 

β =
hS

IC

√
TCB − T0

λrρ0
.

�£® ä¨§¨ç¥áª¨© á¬ëá« ®ç¥¢¨¤¥ — íâ® ®â®è¥¨¥

â¥à¬¨ç¥áª®£® á®¯à®â¨¢«¥¨ï â¥¯«®¯à®¢®¤®áâ¨ ª â¥à-
¬¨ç¥áª®¬ã á®¯à®â¨¢«¥¨î â¥¯«®®â¤ ç¨. �®áª®«ìªã
¯®á«¥¤¨¥ å à ªâ¥à¨§ãîâ á¢ï§ì ¬¥¦¤ã ¯®«¥¬ â¥¬¯¥-
à âãàë ¢ãâà¨ ��� ¨ ãá«®¢¨ï¬¨ â¥¯«®®â¤ ç¨   ¯®-
¢¥àå®áâ¨, â® ¥âàã¤® ¯®«ãç¨âì ¯à®áâ¥©è¥¥ ãá«®¢¨¥
¥®¤®à®¤®áâ¨ â¥¬¯¥à âãà®£® ¯®«ï ¢ ¯®¯¥à¥ç®¬

á¥ç¥¨¨ ���. �ç¥¢¨¤®, ®® ¡ã¤¥â ¨¬¥âì ¬¥áâ®, ¥á«¨
â¥à¬¨ç¥áª®¥ á®¯à®â¨¢«¥¨¥ ª®¬¯®§¨â  ¢® ¬®£® à §

¯à¥¢ëè ¥â â¥à¬¨ç¥áª®¥ á®¯à®â¨¢«¥¨¥ â¥¯«®®â¤ ç¨,
â.¥. ¯à¨ r2

0/λr � S/hp. � ¡¥§à §¬¥àëå ¯¥à¥¬¥ëå

ãá«®¢¨¥  àãè¥¨ï ®¤®¬¥à®áâ¨ ¯®«ï â¥¬¯¥à âãàë

¢ãâà¨ ¯à®¢®¤  æ¨«¨¤à¨ç¥áª®£® á¥ç¥¨ï § ¯¨áë¢ -
¥âáï ¢ ¢¨¤¥ 2βR0 � 1.

�¥â®¤ ¨ æ¥«¨ ¨áá«¥¤®¢ ¨ï

� ¤ ç  (4) ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ®¡®¡é¥ë©   «¨§
ãá«®¢¨© â¥¯«®¢®© áâ ¡¨«ì®áâ¨ ª®¬¯®§¨âëå á¢¥àå-
¯à®¢®¤¨ª®¢ ¨ á®¯®áâ ¢¨âì ¨å á ¨§¢¥áâë¬¨ à¥§ã«ì-
â â ¬¨ ®¤®¬¥à®© â¥®à¨¨. �®-¯¥à¢ëå, ¨áá«¥¤®¢ âì
¨§¬¥¥¨¥ ãá«®¢¨© áâ æ¨® à®© áâ ¡¨«¨§ æ¨¨. �«ï
¤ ëå à¥¦¨¬®¢ á¢¥àå¯à®¢®¤¨¬®áâì ¯à®¢®¤  ¯® ¨á-
â¥ç¥¨î ¥ª®â®à®£® ¯à®¬¥¦ãâª  ¢à¥¬¥¨ ¢á¥£¤  ¢®á-
áâ  ¢«¨¢ ¥âáï ¥§ ¢¨á¨¬® ®â  ¬¯«¨âã¤ë  ç «ì®£®

¢®§¬ãé¥¨ï θ1 ¨ ¥£® ¯à®âï¦¥®áâ¨ X1. �®áª®«ìªã

¢ á¨«ã ¥«¨¥©®áâ¨ íää¥ªâ¨¢®£® í«¥ªâà®á®¯à®â¨-
¢«¥¨ï ª®¬¯®§¨â  à á¯à¥¤¥«¥¨¥ â¥¬¯¥à âãàë  å®-
¤¨«®áì ¬¥â®¤®¬ ª®¥çëå à §®áâ¥©, â® ç¨á«¥ë©
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à áç¥â ãá«®¢¨© áâ æ¨® à®© áâ ¡¨«¨§ æ¨¨ § ª«î-
ç «áï ¢ ¨â¥à æ¨®®© ¯à®æ¥¤ãà¥ ¯®¨áª  â ª®£® § -
ç¥¨ï â®ª , ¤«ï ª®â®à®£® ¯à¨ § ¤ ëå § ç¥¨ïå

β ¨ R0 â¥ªãé ï â¥¬¯¥à âãà  ¢® ¢á¥© ®¡« áâ¨ ¤«ï

§ ¢¥¤®¬® ¡®«ìè¨å § ç¥¨© θ1 ¨ X1 á® ¢à¥¬¥¥¬

áâ ®¢¨« áì ¬¥ìè¥ θC = 1−i, ª®£¤  ρ(T ) = 0. � à ¬-
ª å ®¤®¬¥à®© â¥®à¨¨ ¯à®áâ¥©è¥¥ ãá«®¢¨¥ ¯®«®©

áâ ¡¨«ì®áâ¨ ®¯¨áë¢ ¥âáï ¥à ¢¥áâ¢®¬, á«¥¤ãîé¨¬
¨§ ¨§¢¥áâ®© â¥®à¥¬ë à ¢ëå ¯«®é ¤¥© [1–3],

αi2S + iS − 2 ≤ 0, (5)

£¤¥ ¤«ï ¯à®¢®¤  ªàã£«®£® á¥ç¥¨ï ¯ à ¬¥âà �â¥ª«¨

à ¢¥

α =
R0

2β
.

�®-¢â®àëå, ¯à¨  àãè¥¨¨ ãá«®¢¨© áâ æ¨® à®©

áâ ¡¨«¨§ æ¨¨ ¢ëç¨á«¨âì â ª  §ë¢ ¥¬ë¥ ªà¨â¨ç¥-
áª¨¥ í¥à£¨¨ ¢®§¬ãé¥¨ï

εq =
Eq

λr
λx
cL3

x(TCB − T0)
= 2X1θqπR

2
0,

®¯¨áë¢ îé¨¥ ¤«ï à áá¬ âà¨¢ ¥¬®£® ª« áá  ¥ãáâ®©-
ç¨¢®áâ¨ ¬¨¨¬ «ìë¥ § ç¥¨ï ¢¥àå¥© £à ¨æë ¤®-
¯ãáâ¨¬ëå â¥¯«®¢ë¤¥«¥¨©. � íâ®¬ á«ãç ¥ ç¨á«¥ë©
à áç¥â εq ¤«ï § ¤ ®© ¯à®âï¦¥®áâ¨ ¢®§¬ãé¥¨ï

á¢®¤¨«áï ª ¨â¥à æ¨®®© ¯à®æ¥¤ãà¥ ¯®¨áª  ¬ ªá¨-
¬ «ì® ¤®¯ãáâ¨¬®© â¥¬¯¥à âãàë ¨¬¯ã«ìá  θq. �

à¥§ã«ìâ â¥ ¤«ï ¢á¥å θ1 < θq á¢¥àå¯à®¢®¤¨¬®áâì ¢®á-
áâ  ¢«¨¢ ¥âáï, ¤ ¦¥ ¥á¬®âàï   ªà âª®¢à¥¬¥®¥

®¡à §®¢ ¨¥ ®à¬ «ì®© §®ë. �à¨ θ1 > θq «®ª «ì®
¢®§¨ªè ï ®à¬ «ì ï §®  ¥®¡à â¨¬® à á¯à®áâà -
ï¥âáï   ¢áî ®¡« áâì. �¨¦¥ ¯à¨ ®¯à¥¤¥«¥¨¨ εq
à áá¬ âà¨¢ «¨áì ¤¢  â¨¯  â¥¯«®¢ë¤¥«¥¨©. � «¨§
ãáâ®©ç¨¢ëå á®áâ®ï¨© ¡ë« ¢ë¯®«¥ ¤«ï â ª  §ë¢ -
¥¬ëå ”â®ç¥çëå” ¨ ”¯à®âï¦¥ëå” ¢®§¬ãé¥¨©. �«ï
¯¥à¢ëå £à ¨æ  ¥ãáâ®©ç¨¢®áâ¨ ®¯¨áë¢ ¥âáï ¯®«®©

í¥à£¨¥©, ¢ë¤¥«¥®© ¨áâ®ç¨ª®¬ â¥¯«®¢ë¤¥«¥¨ï ¢

 ç «ìë© ¬®¬¥â ¢à¥¬¥¨. �¥ ¢¥«¨ç¨  ¯à ªâ¨ç¥-
áª¨ ¥ § ¢¨á¨â ®â ¯à®âï¦¥®áâ¨  ç «ì®£® ãç áâª 

®à¬ «ì®© §®ë. �® ¢â®à®¬ á«ãç ¥ å à ªâ¥à®©

¢¥«¨ç¨®© ï¢«ï¥âáï ®¡ê¥¬ ï ¯«®â®áâì í¥à£¨¨,
ª®â®à ï ¢ â¥à¬¨ å § ¯¨á ®© ¢ëè¥ ¬®¤¥«¨ à ¢ 

θ1. �à¨ íâ®¬ á®®â¢¥âáâ¢ãîé¨¥ § ç¥¨ï X1 § ¤ ¢ -
«¨áì á®£« á®   «®£¨çë¬ ¯à¥¤¯®áë«ª ¬, ¨¬¥îé¨¬
¬¥áâ® ¢ ®¤®¬¥à®© â¥®à¨¨ [4]. �«ï ã¬¥ìè¥¨ï

¢«¨ï¨ï ªà ¥¢®£® ãá«®¢¨ï ¯à¨ X = L ®¡é ï ¯à®-
âï¦¥®áâì à áç¥â®© ®¡« áâ¨ ¯®« £ « áì à ¢®©

L = 50. � ª ¯®ª § «¨ ¢ë¯®«¥ë¥ à áç¥âë, ¤ ®¥
§ ç¥¨¥ á å®à®è¥© áâ¥¯¥ìî â®ç®áâ¨ ¨áª«îç ¥â

¢«¨ï¨¥ ªà ¥¢®£® íää¥ªâ    ª®¥çë¥ à¥§ã«ìâ âë,
¯®áª®«ìªã å à ªâ¥àë© ¯à®áâà áâ¢¥ë© ¬ áèâ ¡,
  ª®â®à®¬ ¯à®¨áå®¤¨â à §¢¨â¨¥ ¥ãáâ®©ç¨¢®áâ¨,  
¯®àï¤®ª ¬¥ìè¥ § ¤ ®© ¢¥«¨ç¨ë L.

�¡áã¦¤¥¨¥ à¥§ã«ìâ â®¢

�¥§ã«ìâ âë ç¨á«¥®£®   «¨§  ¢«¨ï¨ï à §¬¥à®-
£® íää¥ªâ    ãá«®¢¨ï â¥¯«®¢®© áâ ¡¨«¨§ æ¨¨ ¯à¨

à §«¨çëå § ç¥¨ïå ¨áå®¤ëå ¯ à ¬¥âà®¢ ¯à¨¢¥¤¥-
ë   à¨á. 1–5. �  à¨á. 1 ¯®ª § ® ¨§¬¥¥¨¥ ¢®

¢à¥¬¥¨ â¥¬¯¥à âãàë ª®¬¯®§¨â  ¢ æ¥âà¥ ¨   ¥£®

¯®¢¥àå®áâ¨ ¯à¨ ¤¥©áâ¢¨¨ ”â®ç¥ç®£®” ¤®ªà¨â¨ç¥áª®-
£® ¨ § ªà¨â¨ç¥áª®£® ¢®§¬ãé¥¨© ¤«ï ¤¢ãå § ç¥¨©

¯ à ¬¥âà  β ¯à¨ X1 = 1, R0 = 3, i = 0.9. � 

¢áâ ¢ª å ª à¨áãª ¬ ¯à¥¤áâ ¢«¥ë ªà¨¢ë¥, ®¯¨áë-
¢ îé¨¥ á®®â¢¥âáâ¢ãîé¥¥ ã¢¥«¨ç¥¨¥ ¯à®âï¦¥®áâ¨

®à¬ «ì®© ä §ë ¢  ¨¡®«¥¥  £à¥â®© æ¥âà «ì®©

ç áâ¨ ª®¬¯®§¨â  (θ(ε, 0, τ) = 1 − i), ª®â®àë¥ ¤«ï § -
¤ ëå ¯ à ¬¥âà®¢  £«ï¤® ¤¥¬®áâà¨àãîâ ”â®ç¥ç-
ë©” å à ªâ¥à ¢®§¬ãé¥¨ï. �¤¥áì â ª¦¥ èâà¨å®¢ë-
¬¨ «¨¨ï¬¨ ¯®ª § ë à¥§ã«ìâ âë á®®â¢¥âáâ¢ãîé¨å

®¤®¬¥àëå à áç¥â®¢.
�®¯®áâ ¢«ïï ¬¥¦¤ã á®¡®© ®¤®¬¥àë¥ ¨ ¤¢ã¬¥à-

ë¥ ¢ëç¨á«¥¨ï â¥¬¯¥à âãà®£® ¯®«ï ª®¬¯®§¨â ,
¥âàã¤® § ¬¥â¨âì, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥,
ª®£¤  â¥¯«® ®â ª ª®£®-«¨¡® ¨áâ®ç¨ª  ¢ë¤¥«ï¥âáï ¯®
¢á¥¬ã ®¡ê¥¬ã ���, à §¢¨â¨¥ ¥ãáâ®©ç¨¢®áâ¨ ®¯à¥¤¥-
«ï¥âáï ¯à®æ¥áá ¬¨, ¯à®¨áå®¤ïé¨¬¨ ¢ ¥£® æ¥âà «ì-

�¨á. 1. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨ ¯à®âï¦¥®áâ¨ ®à¬ «ì®©
§®ë ¨ â¥¬¯¥à âãàë ª®¬¯®§¨â  ¢ æ¥âà¥ ¨   ¯®¢¥àå®áâ¨

¯à¨ à §«¨çëå § ç¥¨ïå ¯ à ¬¥âà  β (  — 0.1, ¡ — 1).
�¯«®èë¥ ªà¨¢ë¥ ¨ èâà¨å¯ãªâ¨à — ¤¢ã¬¥à ï ¬®¤¥«ì,
èâà¨å®¢ë¥ ªà¨¢ë¥ — ®¤®¬¥à ï ¬®¤¥«ì.
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�¨á. 2. � ¢¨á¨¬®áâì â®ª  áâ æ¨® à®© áâ ¡¨«¨§ æ¨¨ ®â

¯ à ¬¥âà  áâ ¡¨«¨§ æ¨¨. �¯«®èë¥ ªà¨¢ë¥ — æ¨«¨¤à,
èâà¨å¯ãªâ¨à — ¯« áâ¨ , èâà¨å®¢ë¥ ªà¨¢ë¥ — ®¤®-
¬¥à ï ¬®¤¥«ì.

�¨á. 3. � ¢¨á¨¬®áâì ªà¨â¨ç¥áª®© í¥à£¨¨ ®â à ¤¨ãá 

¯à®¢®¤ .

®© ®¡« áâ¨. �§ à¨á. 1 ¢¨¤®, çâ® ¯à¨ ¤¥©áâ¢¨¨

§ ªà¨â¨ç¥áª®£® ¢®§¬ãé¥¨ï ¯®¢ëè¥¨¥ â¥¬¯¥à âãàë

¢ æ¥âà¥ ¯à®¢®¤  ¯à®¨áå®¤¨â ¡®«¥¥ ¨â¥á¨¢®, ç¥¬
  ¯®¢¥àå®áâ¨.�à¨ç¥¬ ã¢¥«¨ç¥¨¥ β ¯à¨¢®¤¨â ª ª ª
§ ç¨â¥«ì®¬ã ã¢¥«¨ç¥¨î â¥¬¯¥à âãàë ª®¬¯®§¨â  ¢

¥©âà «ì®© ç áâ¨, â ª ¨ ª ¥¥ ã¬¥ìè¥¨î   ¯®¢¥àå-
®áâ¨. �á«¥¤áâ¢¨¥ íâ®£® á®®â¢¥âáâ¢ãîé¨¥ à §¬¥àë

®à¬ «ì®© §®ë ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨ § ¢¨áïâ

®â ¨á¯®«ì§ã¥¬®© à áç¥â®© ¬®¤¥«¨. � ª, ¯à¨ β = 0.1
¯à®âï¦¥®áâì ãç áâª  ¯¥à¥è¥¤è¥£® ¢ ®à¬ «ì®¥

á®áâ®ï¨¥, ¢ëç¨á«¥®¥ ¢ à ¬ª å ¤¢ã¬¥à®© ¬®¤¥«¨
¥§ ç¨â¥«ì® ®â«¨ç ¥âáï ®â ®¤®¬¥àëå § ç¥¨©.
� â® ¦¥ ¢à¥¬ï ¯à¨ β = 1 ®¤®- ¨ ¤¢ã¬¥àë¥

§ ç¥¨ï ξ, ¢®-¯¥à¢ëå, á¨«ì® à áå®¤ïâáï ¬¥¦¤ã

á®¡®©, ¢®-¢â®àëå, ®¤®¬¥àë© à áç¥â ¯® áà ¢¥¨î

á ¤¢ã¬¥àë¬ ¯à¨¢®¤¨â ª áãé¥áâ¢¥® § ¨¦¥ë¬

§ ç¥¨ï¬ ξ.
�â¬¥ç¥ë¥ § ª®®¬¥à®áâ¨ ®¯¨áë¢ îâ å à ªâ¥à-

ë¥ ®á®¡¥®áâ¨ à §¬¥à®£® íää¥ªâ , ª®â®àë¥ «¥¦ â
¢ ®á®¢¥ ¢®§¬®¦®£® ¨§¬¥¥¨ï ãá«®¢¨© â¥¯«®¢®©

áâ ¡¨«¨§ æ¨¨ á¢¥àå¯à®¢®¤ïé¨å ª®¬¯®§¨â®¢. �å ãç¥â
¤®«¦¥ ¯à¥¦¤¥ ¢á¥£® ®ª § âì ¢«¨ï¨¥   ãá«®¢¨ï áâ -

�¨á. 4. � ¢¨á¨¬®áâì ¯«®â®áâ¨ ªà¨â¨ç¥áª®© í¥à£¨¨ ®â

à ¤¨ãá . �¯«®èë¥ ªà¨¢ë¥ — ¤¢ã¬¥à ï ¬®¤¥«ì, èâà¨-
å®¢ë¥ ªà¨¢ë¥ — ®¤®¬¥à ï ¬®¤¥«ì.

�¨á. 5. � ¢¨á¨¬®áâì ¯«®â®áâ¨ ªà¨â¨ç¥áª®© í¥à£¨¨ ®â

â®ª . �¯«®èë¥ ªà¨¢ë¥ — ¤¢ã¬¥à ï ¬®¤¥«ì, èâà¨å®¢ë¥
ªà¨¢ë¥ — ®¤®¬¥à ï ¬®¤¥«ì.

æ¨® à®© áâ ¡¨«¨§ æ¨¨, â ª ª ª ®¨ ¥¯®áà¥¤áâ¢¥-
® § ¢¨áïâ ®â â¥¯«®¢®£® ¡ « á  ¬¥¦¤ã áã¬¬ àë¬

¤¦®ã«¥¢ë¬ â¥¯«®¬, ¢ë¤¥«ï¥¬ë¬ ¢ãâà¨ ¯à®¢®¤ , ¨
â¥¯«®¢ë¬ ¯®â®ª®¬, ®â¢®¤¨¬ë¬ ¢ å« ¤ £¥â. �  à¨á. 2
¯®áâà®¥ë à¥§ã«ìâ âë à áç¥â  â®ª  áâ æ¨® à®©

áâ ¡¨«¨§ æ¨¨ ¤«ï â¥à¬¨ç¥áª¨ â®ª®£® ¨ â¥à¬¨ç¥-
áª¨ ¬ áá¨¢®£® ¯à®¢®¤ . �¯«®èë¥ «¨¨¨ ®¯¨áë¢ îâ
§ ç¥¨ï iS ¤«ï ªàã£«®£® ¯à®¢®¤ , èâà¨å¯ãªâ¨à —
¤«ï ª®¬¯®§¨â  ¯àï¬®ã£®«ì®£® á¥ç¥¨ï. �«ï ¯®á«¥¤-
¨å ¨á¯®«ì§®¢ « áì â  ¦¥ ¯®áâ ®¢ª  § ¤ ç¨, çâ®
¨ ¤«ï ªàã£«®£® ¯à®¢®¤ , ® ¢ ãà ¢¥¨¨ â¥¯«®¯à®-
¢®¤®áâ¨ ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® ¯à®áâà áâ¢¥ë¬

ª®®à¤¨ â ¬ ¨§¬¥ï«®áì ¢ á®®â¢¥âáâ¢¨¨ á ¯¥à¥å®¤®¬

®â æ¨«¨¤à¨ç¥áª¨å ª®®à¤¨ â ª ¯àï¬®ã£®«ìë¬. �®-
áª®«ìªã à áá¬ âà¨¢ «®áì ¤¢ã¬¥à®¥ ãà ¢¥¨¥, â®
¯®«ãç¥ë¥ à¥§ã«ìâ âë ®¯¨áë¢ îâ ãá«®¢¨ï ¯®«®©

áâ ¡¨«¨§ æ¨¨ â®ª®© ¯àï¬®ã£®«ì®© ¯« áâ¨ë, ¡®ª®-
¢ ï ¯®¢¥àå®áâì ª®â®à®© â¥¯«®¨§®«¨à®¢  ,   ®å« -
¦¤¥¨¥ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ £à ¨æã, ¯ à ««¥«ì-
ãî ®á¨ X. �¤¥áì ¦¥ ¯®ª § ë á®®â¢¥âáâ¢ãîé¨¥

§ ¢¨á¨¬®áâ¨, ¢ëç¨á«¥ë¥ á®£« á® ¯à¨¢¥¤¥®© ¢ë-
è¥ ä®à¬ã«¥ ¤«ï ®¤®¬¥àëå § ç¥¨© iS . �¨¤®,

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1



� §¬¥àë© íää¥ªâ ¢ ¯à®¡«¥¬¥ â¥¯«®¢®© áâ ¡¨«¨§ æ¨¨ á¢¥àå¯à®¢®¤ïé¨å ª®¬¯®§¨â®¢ 55

�¨á. 6. � ¢¨á¨¬®áâì ¤®¯ãáâ¨¬®© â¥¬¯¥à âãàë ¢®§¬ãé¥-
¨ï ®â à ¤¨ãá  ¯à®¢®¤ . �¯«®èë¥ ªà¨¢ë¥ — ¤¢ã¬¥à ï

¬®¤¥«ì, èâà¨å®¢ë¥ ªà¨¢ë¥ — ®¤®¬¥à ï ¬®¤¥«ì.

çâ® ¤«ï â¥à¬¨ç¥áª¨ ¬ áá¨¢ëå ¯à®¢®¤®¢ ®¤®¬¥à ï

â¥®à¨ï ¤ ¥â á¨«ì® § ¢ëè¥ãî ®æ¥ªã £à ¨æë

¯®«®© áâ ¡¨«¨§ æ¨¨. � ë© ä ªâ ¥®¡å®¤¨¬® ¯à¨-
¨¬ âì ¢® ¢¨¬ ¨¥ ¯à¨ ª®áâàã¨à®¢ ¨¨ ªàã¯ëå

¬ £¨âëå á¨áâ¥¬, ª®£¤  ¨á¯®«ì§®¢ ¨¥ ¬ áá¨¢ëå

��� ¥¨§¡¥¦®. �á«¨ ¢ íâ®¬ á«ãç ¥ ãá«®¢¨ï ¯®«®£®
á®åà ¥¨ï ®¡¬®âª®© á¢¥àå¯à®¢®¤ïé¨å á¢®©áâ¢ à á-
áç¨âë¢ «¨áì ¯® ®¤®¬¥à®© â¥®à¨¨, â® ¢ ¤¥©áâ¢¨â¥«ì-
®áâ¨ ¥®¡à â¨¬ë© ¯à®æ¥áá à §¢¨â¨ï ¥ãáâ®©ç¨¢®áâ¨

¢ ¬ £¨â®© á¨áâ¥¬¥ á § ¤ ë¬¨ â ª¨¬ ®¡à §®¬

¯ à ¬¥âà ¬¨ ¬®¦¥â ¯à¨¢¥áâ¨ ª ª â áâà®ä¨ç¥áª®¬ã

à §àãè¥¨î ¢á¥© ãáâ ®¢ª¨.
�  à¨á. 3 ¯®áâà®¥ë ¡¥§à §¬¥àë¥ ªà¨â¨ç¥áª¨¥

í¥à£¨¨ ª ª äãªæ¨¨ ¢¥è¥£® à ¤¨ãá  ª®¬¯®§¨â 

¯à¨ X1 = 1, i = 0.9. �âà¨å®¢ë¬¨ ªà¨¢ë¬¨ ¯®ª § ë

á®®â¢¥âáâ¢ãîé¨¥ § ¢¨á¨¬®áâ¨ ¤®¯ãáâ¨¬®© â¥¬¯¥à -
âãàë ¨¬¯ã«ìá . �à¨¢¥¤¥ë¥ ªà¨¢ë¥ ¤¥¬®áâà¨àã-
îâ ¥é¥ ®¤ã ®â«¨ç¨â¥«ìãî ®á®¡¥®áâì à §¬¥à®-
£® íää¥ªâ , ª®â®à ï ¨¬¥¥â ¬¥áâ® ã ®å« ¦¤ ¥¬ëå

���. �  ¢ëà ¦ ¥âáï ¢ áãé¥áâ¢®¢ ¨¨ ¬¨¨¬ã¬ 

ã § ¢¨á¨¬®áâ¨ εq(R0). �®á«¥¤¨©, ª ª íâ® ¥âàã¤®
¯®ïâì, ®¡ãá«®¢«¥ ¬®®â®ë¬ ã¬¥ìè¥¨¥¬ ¤®¯ã-
áâ¨¬®© â¥¬¯¥à âãàë ¨¬¯ã«ìá  (¢ ®¡é¥¬ á«ãç ¥ íâ®

¯«®â®áâ¨ í¥à£¨¨ ¢®§¬ãé¥¨ï) ¯à¨ á®®â¢¥âáâ¢ãî-
é¥¬ ã¢¥«¨ç¥¨¨ ¯®¯¥à¥ç®£® à §¬¥à  ¯à®¢®¤ . �à¨-
ç¥¬ á ã¢¥«¨ç¥¨¥¬ β (â.¥. ¯à¨ ã«ãçè¥¨¨ ®å« ¦¤¥-
¨ï) á¯ ¤ îé ï ¢¥â¢ì ªà¨¢®© á¤¢¨£ ¥âáï ¢ ®¡« áâì

¡®́«ìè¨å § ç¥¨© R0.
�  à¨á. 4 á®¯®áâ ¢«¥ë ¬¥¦¤ã á®¡®© ®¤®¬¥àë¥

¨ ¤¢ã¬¥àë¥ ¢ëç¨á«¥¨ï ¡¥§à §¬¥à®© ¯«®â®áâ¨

ªà¨â¨ç¥áª®© í¥à£¨¨ εS = 2X1θq ¢ § ¢¨á¨¬®áâ¨ ®â

¢¥è¥£® à ¤¨ãá  ª®¬¯®§¨â  ¤«ï à §«¨çëå ãá«®¢¨©

®å« ¦¤¥¨ï ¯à¨ ¤¥©áâ¢¨¨ ”â®ç¥ç®£®” (X1 = 1)
¢®§¬ãé¥¨ï. � ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, ãà®¢¥ì ¤®¯ã-
áâ¨¬ëå â¥¯«®¢ë¤¥«¥¨© ã â¥¯«®¨§®«¨à®¢ ®£® ª®¬-
¯®§¨â  (β = 0) ¥ § ¢¨á¨â ®â ¥£® ¯®¯¥à¥ç®£® à §¬¥à 
¨ ¤¢ã¬¥àë¥ ¢ëç¨á«¥¨ï ¯®«®áâìî á®¢¯ ¤ îâ á

®¤®¬¥àë¬ à áç¥â®¬. � ®å« ¦¤ ¥¬ëå ¯à®¢®¤®¢ à §-
«¨ç¨ï ¢ à áç¥âëå § ç¥¨ïå ªà¨â¨ç¥áª¨å í¥à£¨©,
¯®«ãç¥ëå ¯® ®¤®¬¥à®© ¨ ¤¢ã¬¥à®© ¬®¤¥«ï¬,

§ ¢¨áïâ ®â ¢¥«¨ç¨ë β. � ®¡« áâ¨ ”¬ «ëå” § ç¥¨©
β ( ¯à¨¬¥à, ¯à¨ ”¯«®å®¬” ®å« ¦¤¥¨¨, ”å®à®è¥©”
â¥¯«®¯à®¢®¤®áâ¨) à áç¥âë¥ ¤¢ã¬¥àë¥ § ç¥¨ï εS
¤«ï ”â®ç¥çëå” â¥¯«®¢ë¤¥«¥¨© ¢® ¢á¥¬ ¤¨ ¯ §®¥

¨§¬¥¥¨ï R0 å®âï ¨ ¥§ ç¨â¥«ì®, ® ¯à¥¢ëè îâ
á®®â¢¥âáâ¢ãîé¨¥ ªà¨â¨ç¥áª¨¥ í¥à£¨¨, ¢ëç¨á«¥ë¥
¯® ®¤®¬¥à®© ¬®¤¥«¨. �à¨ ®â®á¨â¥«ì® ”¡®«ìè¨å”
§ ç¥¨ïå β  ¡«î¤ ¥âáï áãé¥áâ¢¥®¥ à áå®¦¤¥¨¥
¬¥¦¤ã ®¤®¬¥à®© ¨ ¤¢ã¬¥à®© â¥®à¨ï¬¨. �à¨ íâ®¬
®ª §ë¢ ¥âáï, çâ® áãé¥áâ¢ãîâ â ª¨¥ § ç¥¨ï ¯ à ¬¥-
âà  β, ¤«ï ª®â®àëå ã«ãçè¥¨¥ ãá«®¢¨© â¥¯«®®¡¬¥ 
á å« ¤ £¥â®¬ ¯à ªâ¨ç¥áª¨ ¥ ¡ã¤ãâ ¢«¨ïâì   § ç¥-
¨ï ªà¨â¨ç¥áª¨å í¥à£¨©. � æ¥«®¬ ®â«¨ç¨¥ ¬¥¦¤ã ®¤-
®¬¥à®© ¨ ¤¢ã¬¥à®© ¬®¤¥«ï¬¨ § ¢¨á¨â ¥ â®«ìª® ®â

¯®¯¥à¥ç®£® à §¬¥à  ¯à®¢®¤  ¨ ãá«®¢¨© ¥£® ®å« ¦¤¥-
¨ï, ® ¨ ®â ¢¥«¨ç¨ë âà á¯®àâ®£® â®ª , å à ªâ¥à 
¢®§¬ãé¥¨ï. �  à¨á. 5 ¯®áâà®¥ë ªà¨¢ë¥, ®¯¨áë¢ î-
é¨¥ ®¤®¬¥àë¥ ¨ ¤¢ã¬¥àë¥ § ç¥¨ï ªà¨â¨ç¥áª®©

¯«®â®áâ¨ ¢®§¬ãé¥¨ï εS ¢ § ¢¨á¨¬®áâ¨ ®â â®ª  ¤«ï
â¥à¬¨ç¥áª¨ â®ª®£® ¨ â¥à¬¨ç¥áª¨ ¬ áá¨¢®£® ���

¯à¨ X1 = 1, β = 0.1. �  à¨á. 6 ¯à¥¤áâ ¢«¥ë

®¤®¬¥àë¥ ¨ ¤¢ã¬¥àë¥ ¢ëç¨á«¥¨ï ¤®¯ãáâ¨¬®©

â¥¬¯¥à âãàë ¨¬¯ã«ìá  ¤«ï ”¯à®âï¦¥®£®” ¢®§¬ãé¥-
¨ï (X1 = 10). �à¨¢¥¤¥ë¥ à¥§ã«ìâ âë ¯®ª §ë¢ îâ,
çâ® ®¤®¬¥àë© à áç¥â ãá«®¢¨© ãáâ®©ç¨¢®áâ¨ â¥à-
¬¨ç¥áª¨ ¬ áá¨¢®£® ��� ¢¡«¨§¨ â®ª  áâ æ¨® à®©

áâ ¡¨«¨§ æ¨¨ ¤ ¥â § ¢ëè¥ãî ®æ¥ªã ¤®¯ãáâ¨¬®£®

ãà®¢ï ¢®§¬ãé¥¨©. �® ¯à¨ ã¢¥«¨ç¥¨¨ â®ª  à §«¨-
ç¨¥ ¬¥¦¤ã à áç¥âë¬¨ § ç¥¨ï¬¨ ¬®¦¥â ¯®¬¥ïâì

§ ª, ¨ ¢¡«¨§¨ ªà¨â¨ç¥áª®£® â®ª  ¤¢ã¬¥à ï ¬®¤¥«ì
¯à¨¢®¤¨â ª ¥áª®«ìª® ®¯â¨¬¨áâ¨ç¥áª¨¬ à¥§ã«ìâ â ¬.
� ª ¯®ª §ë¢ îâ ¢ë¯®«¥ë¥ ç¨á«¥ë¥ íªá¯¥à¨-
¬¥âë, ¤¨ ¯ §® â®ª®¢, £¤¥ ¨¬¥¥â ¬¥áâ® § ¢ëè¥ ï
®æ¥ª  ®¤®¬¥àëå à áç¥â®¢, ã¢¥«¨ç¨¢ ¥âáï ¢ á«ãç ¥
¤¥©áâ¢¨ï ”¯à®âï¦¥ëå” ¢®§¬ãé¥¨© ¨ ã¬¥ìè ¥âáï
¯à¨ ã¬¥ìè¥¨¨ à ¤¨ãá  ��� ¨ ã¢¥«¨ç¥¨¨ § ç¥¨ï

¯ à ¬¥âà  β.
�«¨ï¨¥ à §¬¥à®£® íää¥ªâ    ãáâ®©ç¨¢®áâì

á¢¥àå¯à®¢®¤ïé¨å ª®¬¯®§¨â®¢ ª à áá¬ âà¨¢ ¥¬ë¬

â¥¬¯¥à âãàë¬ ¢®§¬ãé¥¨ï¬ ¬®¦¥â ¡ëâì ®¡êïá¥®

á«¥¤ãîé¨¬ ®¡à §®¬. �à¨ β = 0 â¥¯«®¢®¥ á®áâ®ï¨¥

��� ¯® á¥ç¥¨î ®¤®à®¤® ¥ â®«ìª® ¢  ç «ìë©

¬®¬¥â ¢à¥¬¥¨, ® ¨   ¯à®âï¦¥¨¨ ¢á¥£® ¯à®æ¥áá 
à §¢¨â¨ï ¥ãáâ®©ç¨¢®áâ¨, â ª ª ª ¯à¨ íâ®¬ ®âáãâ-
áâ¢ã¥â â¥¯«®¢®© ¯®â®ª ¢ å« ¤ £¥â. �®íâ®¬ã ®¤®¬¥à-
ë¥ ¨ ¤¢ã¬¥àë¥ ¢ëç¨á«¥¨ï á®¢¯ ¤ îâ. �¢¥«¨ç¥¨¥
β ¯à¨¢®¤¨â ¥ â®«ìª® ª ¯®ï¢«¥¨î ¯®¯¥à¥ç®£® â¥-
¯«®¢®£® ¯®â®ª , ª®â®àë© á®¢¬¥áâ® á â¥¯«®®â¤ ç¥©

¢ å« ¤ £¥â ®ª §ë¢ ¥â áâ ¡¨«¨§¨àãîé¥¥ ¤¥©áâ¢¨¥.
�à¨ íâ®¬ â ª¦¥ ¨§¬¥ï¥âáï â¥¯«®¢®¥ á®áâ®ï¨¥ ¯®-
¢¥àå®áâ¨ ª®¬¯®§¨â , ¥£® æ¥âà «ì®© ç áâ¨. � ª

®¡áã¦¤ «®áì ¢ëè¥, â¥¬¯¥à âãà  ¯®¢¥àå®áâ¨, ¢ëç¨-
á«¥ ï ¢ à ¬ª å ¤¢ã¬¥à®© ¬®¤¥«¨, ¬®¦¥â ¡ëâì

¬¥ìè¥ á®®â¢¥âáâ¢ãîé¥© â¥¬¯¥à âãàë, ®¯à¥¤¥«¥®©
¯® ®¤®¬¥à®© ¬®¤¥«¨. � â® ¦¥ ¢à¥¬ï ¢ æ¥âà¥

ª®¬¯®§¨â  ¥£® â¥¬¯¥à âãà  ¯®¢ëè ¥âáï. �á«¥¤áâ¢¨¥
íâ®£® ¨¬¥¥â ¬¥áâ® ¡®«¥¥ ¨â¥á¨¢®¥ ã¢¥«¨ç¥¨¥ à §-
¬¥à®¢ ®à¬ «ì®© §®ë. �®íâ®¬ã, ¥á¬®âàï   â® çâ®
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ã¢¥«¨ç¥¨¥ β ¯à¨¢®¤¨â ª ¡®«¥¥ á¨«ì®© ¥®¤®à®¤-
®áâ¨ â¥¬¯¥à âãà®£® ¯®«ï, ¯¥à¥å®¤ ®â ®¤®¬¥à®£®
ãà ¢¥¨ï â¥¯«®¯à®¢®¤®áâ¨ ª ¤¢ã¬¥à®¬ã ¯à¨¢®¤¨â

ª à¥§ª®¬ã ã¬¥ìè¥¨î ªà¨â¨ç¥áª¨å í¥à£¨©.
� ª¨¬ ®¡à §®¬, ¤¢ã¬¥àë© à áç¥â ãá«®¢¨© â¥¯«®-

¢®© áâ ¡¨«¨§ æ¨¨ á¢¥àå¯à®¢®¤ïé¥£® ��� ¯®ª §ë-
¢ ¥â, çâ® ®¤®¬¥à ï â¥®à¨ï, ¥ ãç¨âë¢ îé ï ¯®-
¯¥à¥çë© â¥¯«®¢®© ¯®â®ª, ¯à¨¢®¤¨â ª § ¢ëè¥ë¬

®æ¥ª ¬ â®ª  áâ æ¨® à®© áâ ¡¨«¨§ æ¨¨. �à¨ à á-
ç¥â¥ ãáâ®©ç¨¢ëå á®áâ®ï¨© ª®¬¯®§¨â , ¯ à ¬¥âàë

ª®â®à®£® ã¤®¢«¥â¢®àïîâ ãá«®¢¨î 2β0 � 1, ¤¢ã¬¥à ï
â¥®à¨ï ¯à¨¢®¤¨â ª ¡®«¥¥ ®¯â¨¬¨áâ¨çë¬ ®æ¥ª ¬. �
¯à®â¨¢®¬ á«ãç ¥ ªà¨â¨ç¥áª¨¥ í¥à£¨¨, ¢ëç¨á«¥ë¥
¯® ¤¢ã¬¥à®© ¬®¤¥«¨, ¬®£ãâ ¡ëâì § ç¨â¥«ì® ¨¦¥
á®®â¢¥âáâ¢ãîé¨å § ç¥¨©, ®¯à¥¤¥«¥ëå ¢ à ¬ª å

®¤®¬¥à®© â¥®à¨¨.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®-
¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (¯à®¥ªâ ò 95-02-
03527 ).

�¯¨á®ª «¨â¥à âãàë

[1] �«ìâ®¢ �.�., �¥ª¥¢¨ç �.�., �à¥¬«¥¢ �.�., �ë-
ç¥¢ �.�. �â ¡¨«¨§ æ¨ï á¢¥àå¯à®¢®¤ïé¨å ¬ £¨âëå

á¨áâ¥¬. �.: �¥à£® â®¬¨§¤ â, 1984. 312 á.
[2] �¨«á® �. �¢¥àå¯à®¢®¤ïé¨¥ ¬ £¨âë. �.: �¨à, 1985.

407 á.
[3] �ãà¥¢¨ç �.�., �¨æ �.�., � å¬ ®¢ �.�. �¨§¨ª  ª®¬-

¯®§¨âëå á¢¥àå¯à®¢®¤¨ª®¢. �.: � ãª , 1987. 240 á.
[4] �®¬ ®¢áª¨© �.�. // ��� ����. 1984. �. 279. ò 4.

�. 884–887.

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1


