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‚ · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¶μ²ÊÎ¥´¨¥ μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´ 
¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨ ¸ ¶μ³μÐÓÕ ¸± ´¨·μ¢ ´¨Ö ¶ÊÎ±  ¶μ ¥¥ ¶μ¢¥·Ì´μ¸É¨. ‘± ´¨·μ¢ ´¨¥ μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö £μ·¨§μ´É ²Ó´Ò³ ¨ ¢¥·É¨± ²Ó´Ò³ ¸± ´¥· ³¨. �·¥¤²μ¦¥´ ³¥Éμ¤ · ¸Î¥É  · ¸¶·¥¤¥²¥´¨Ö
¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨, ÊÎ¨ÉÒ¢ ÕÐ¨° ¢²¨Ö´¨¥ £μ·¨§μ´É ²Ó´μ° Ð¥²¨, · ¸¶μ²μ¦¥´´μ° ¶¥·¥¤
³¨Ï¥´ÓÕ. ‚ ¸¨²Ê ¶¥·¨μ¤¨Î´μ¸É¨ μÉ±²μ´ÖÕÐ¥° Í¥´É· ³ ¸¸ ¶ÊÎ±  ¸¨²Ò ¸± ´¥·μ¢ · ¸¶·¥¤¥²¥´¨¥
¶²μÉ´μ¸É¨ ¨μ´μ¢ ´  ³¨Ï¥´¨ É ±¦¥ Ö¢²Ö¥É¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ËÊ´±Í¨¥° ¢ ´ ¶· ¢²¥´¨¨ ¶¥·¥³¥Ð¥´¨Ö
³¨Ï¥´¨, ¶·¨Î¥³ ¶·μ¸É· ´¸É¢¥´´Ò° ¶¥·¨μ¤ ÔÉμ° ËÊ´±Í¨¨ § ¢¨¸¨É μÉ ¸μμÉ´μÏ¥´¨Ö Î ¸ÉμÉ ¸± ´¥·μ¢.
‚±²ÕÎ¥´¨¥ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¤μ¸É ÉμÎ´μ μ¤´μ·μ¤´μ¥
· ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ¶·¨ ´ ²¨Î¨¨ ¸ÊÐ¥¸É¢¥´´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥° ¶²μÉ-
´μ¸É¨ ¨μ´μ¢ ¢ ¶ÊÎ±¥. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ð¥²¨ ¢ ¸²ÊÎ ¥, ±μ£¤  ¸± ´¨·Ê¥³Ò° ¶ÊÎμ± ¢ÒÌμ¤¨É §  ¥¥
¢Ò¸μÉÊ, ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ´  ³¨Ï¥´¨ ·¥§±μ ¢μ§· ¸É ¥É.

The article deals with obtaining uniform distribution of a heavy ion beam on a moving target by
scanning the beam across its surface. Scanning is carried out by horizontal and vertical scanners.
A method for calculating the density distribution of the particles on the target, taking into account the
effect of the horizontal slit placed before the target, is supposed. Because of the periodicity of the
scanner forces de	ecting the beam center of mass, the ion density distribution on the target is also a
periodic function in the direction of the target movement. The spatial period of this function depends on
the ratio of the scanner frequencies. Putting into operation the high frequency vertical scanner produces
a sufˇciently uniform distribution of the particle density on the target in the presence of signiˇcant
irregularities of the ion density in the beam. Inhomogeneity of the particle distribution on the target
increases abruptly if the scanning beam goes outside of the slit height.
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‚ · ¡μÉ¥ · ¸¸³μÉ·¥´μ ´¥¸±μ²Ó±μ ¸¶μ¸μ¡μ¢ ¶μ²ÊÎ¥´¨Ö μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö ÉÖ-
¦¥²ÒÌ ¨μ´μ¢, ¢Ò¢¥¤¥´´ÒÌ ¨§ Í¨±²μÉ·μ´  „–-110 [1], ´  ¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨. Œ¨Ï¥´ÓÕ
Ö¢²Ö¥É¸Ö ¶μ²¨³¥·´ Ö ¶²¥´± , ¨¸¶μ²Ó§Ê¥³ Ö ¤²Ö ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´.

�¤´μ·μ¤´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²ÊÎ ¥É¸Ö ¸ ¶μ³μÐÓÕ ¸± ´¨·μ¢ ´¨Ö Ê¸±μ·¥´´μ£μ ¶ÊÎ± 
¨μ´μ¢ ¶μ ¶μ¢¥·Ì´μ¸É¨ ¶²¥´±¨. ‘¨¸É¥³  ¸± ´¨·μ¢ ´¨Ö ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ Í¨±²μÉ·μ´ 
„–-110 [1] ¸μ¸Éμ¨É ¨§ £μ·¨§μ´É ²Ó´μ£μ ³ £´¨É´μ£μ ¸± ´¥· , § ¶¨É ´´μ£μ ¶¨²μμ¡· §´Ò³
Éμ±μ³, ¨ ¢¥·É¨± ²Ó´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¸± ´¥·  ¸ ²¨´¥°´μ ³¥´ÖÕÐ¨³¸Ö ´ ¶·Ö¦¥´¨¥³.

1E-mail: kazacha@dubna.ru
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Œ¨Ï¥´Ó ¢ ± ´ ²¥ μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´ÒÌ ³ É¥·¨ ²μ¢ ´ Ìμ¤¨É¸Ö ´  · ¸¸ÉμÖ´¨¨ μ±μ²μ
10 ³ μÉ ¸¨¸É¥³Ò ¸± ´¨·μ¢ ´¨Ö. � §³¥· ³ ±¸¨³ ²Ó´μ° μ¡² ¸É¨ ¸± ´¨·μ¢ ´¨Ö ¢ ¶²μ¸-
±μ¸É¨ ³¨Ï¥´¨ ¸μ¸É ¢²Ö¥É 700 × 300 ³³. ‘±μ·μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨ ¢
¢¥·É¨± ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ³μ¦¥É ¨§³¥´ÖÉÓ¸Ö ¢ ¤¨ ¶ §μ´¥ μÉ 5 ¤μ 100 ¸³/¸. ’·¥¡Ê¥³ Ö
μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¨μ´μ¢ ´  ³¨Ï¥´¨ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ± 5 %.

� ¡μÎ¨¥ Î ¸ÉμÉÒ £¥´¥· Éμ·μ¢ · §¢¥·É±¨ ¸± ´¥·μ¢:
Å Î ¸ÉμÉ  £μ·¨§μ´É ²Ó´μ£μ ³ £´¨É´μ£μ ¸± ´¥·  fx = 100 ƒÍ;
Å Î ¸ÉμÉ  ¢¥·É¨± ²Ó´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¸± ´¥·  fy = 2000Ä3500 ƒÍ [1].
‚ ¸¨²Ê ¶¥·¨μ¤¨Î´μ¸É¨ μÉ±²μ´ÖÕÐ¥° Í¥´É· ³ ¸¸ (–Œ) ¶ÊÎ±  ¸¨²Ò ¸± ´¥·μ¢ · ¸-

¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¨μ´μ¢ É ±¦¥ Ö¢²Ö¥É¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ËÊ´±Í¨¥° ¢ ¢¥·É¨± ²Ó´μ³
(¶·μ¤μ²Ó´μ³) ´ ¶· ¢²¥´¨¨, ¶·¨Î¥³ ¶·μ¸É· ´¸É¢¥´´Ò° ¶¥·¨μ¤ ÔÉμ° ËÊ´±Í¨¨ § ¢¨¸¨É μÉ
¸μμÉ´μÏ¥´¨Ö Î ¸ÉμÉ £μ·¨§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·μ¢.

‚ Ô±¸¶¥·¨³¥´É Ì ´  Í¨±²μÉ·μ´¥ „–-110 ¤²Ö Ê³¥´ÓÏ¥´¨Ö Ê£²μ¢, ¸ ±μÉμ·Ò³¨ ¨μ´Ò
¶ÊÎ±  ¡μ³¡ ·¤¨·ÊÕÉ ³¨Ï¥´Ó ¨ ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ¸ ±·¨¢¨§´μ° ³¨Ï¥´¨, ´  ´¥¡μ²ÓÏμ³
· ¸¸ÉμÖ´¨¨ ¶¥·¥¤ ´¥° (¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¸ ´É¨³¥É·μ¢) · ¸¶μ² £ ¥É¸Ö Ð¥²Ó, μ£· ´¨-
Î¨¢ ÕÐ Ö ¶μ²¥ μ¡²ÊÎ¥´¨Ö ¶μ ¢¥·É¨± ²¨. � ²¨Î¨¥ É ±μ° Ð¥²¨ ¶·¨¢μ¤¨É ± Ê¸¨²¥´¨Õ
´¥μ¤´μ·μ¤´μ¸É¥° · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨. ‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´Ò
¶·¨Î¨´Ò ¶μÖ¢²¥´¨Ö ÔÉμ£μ ÔËË¥±É  ¨ ¸¤¥² ´Ò ¢Ò¢μ¤Ò μ ¸¶μ¸μ¡ Ì Ê³¥´ÓÏ¥´¨Ö É ±¨Ì
´¥μ¤´μ·μ¤´μ¸É¥°.

1. ��‘—…’ ��‘��…„…‹…�ˆŸ �‹�’��‘’ˆ ˆ���‚ �� Œˆ˜…�ˆ

�μ μ¶·¥¤¥²¥´¨Õ Î¨¸²μ Î ¸É¨Í dn(t), ¶μ¶ ¤ ÕÐ¨Ì ´  Ô²¥³¥´É ¶²μÐ ¤¨ ¶μ¢¥·Ì´μ-
¸É¨ ds ¢ ÉμÎ±¥ ´ ¡²Õ¤¥´¨Ö {x, y}, ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ (t, t+dt) ¢ÒÎ¨¸²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

dn(t) =
I

Ze
ρ0(x, y, t) ds dt, (1)

£¤¥ I Å Éμ± ¶ÊÎ±  ¨μ´μ¢ ¸ § ·Ö¤μ³ Ze; ρ0(x, y, t) Å ´μ·³¨·μ¢ ´´ Ö ´  ¥¤¨´¨ÍÊ ¶²μÉ´μ¸ÉÓ
¶ÊÎ±  ¨μ´μ¢.

�μ²´μ¥ Î¨¸²μ Î ¸É¨Í dN ´ Ìμ¤¨É¸Ö ¨´É¥£·¨·μ¢ ´¨¥³ · ¢¥´¸É¢  (1) ¶μ ¢·¥³¥´¨. ‚ ·¥-
§Ê²ÓÉ É¥ ¶²μÉ´μ¸ÉÓ Î ¸É¨Í

ρ(x, y) ≡ dN

ds
=

I

Ze

∞∫
−∞

ρ0(x, y, t) dt. (2)

”μ·³Ê²  (2) μ¶·¥¤¥²Ö¥É ¸É Í¨μ´ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ¶μ¸²¥
¶·μÌμ¦¤¥´¨Ö μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö.

�·¨ ¢¥·É¨± ²Ó´μ° ¶·μÉÖ¦±¥ ³¨Ï¥´¨ ¸μ ¸±μ·μ¸ÉÓÕ V ¨³¥¥³

x = xn = const, y = yn + V t, yn = const, (3)

£¤¥ xn, yn Å ±μμ·¤¨´ ÉÒ μ¡²ÊÎ ¥³μ° ÉμÎ±¨ ´  ³¨Ï¥´¨. ”μ·³Ê²  (2) ¨§³¥´¨É¸Ö ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³:

ρ(xn, yn) =
I

Ze

∞∫
−∞

ρ0(xn, yn + V t, t) dt. (4)
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‘ ÊÎ¥Éμ³ ¤¥°¸É¢¨Ö £μ·¨§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·μ¢ ¶²μÉ´μ¸ÉÓ ρ0(x, y, t)
³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥

ρ0 (x(t), y(t), t) = ρ0

(
x(t) − x0

(
t

Tx

)
, y(t) − y0

(
t

Ty

))
, (5)

£¤¥ x0(τ), y0(τ) Å ¶¥·¨μ¤¨Î¥¸±¨¥ ËÊ´±Í¨¨  ·£Ê³¥´É  τ ¸ ¥¤¨´¨Î´Ò³ ¶¥·¨μ¤μ³, μ¶·¥¤¥-
²ÖÕÐ¨¥ £μ·¨§μ´É ²Ó´Ò¥ ¨ ¢¥·É¨± ²Ó´Ò¥ ±μμ·¤¨´ ÉÒ –Œ ¶ÊÎ± ; Tx,y Å ¶¥·¨μ¤Ò £μ·¨-
§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·μ¢.

‚³¥¸Éμ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ ¢·¥³¥´¨ t ¢ Ëμ·³Ê²¥ (4) Ê¤μ¡´μ ¶¥·¥°É¨ ± ¨´É¥£·¨·μ¢ ´¨Õ
¶μ ¶¥·¥³¥´´μ° y (3). ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐÊÕ § ¢¨¸¨³μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö
¶²μÉ´μ¸É¨ ¨μ´μ¢ ´  ¶²¥´±¥ μÉ ±μμ·¤¨´ É xn, yn:

ρ(xn, yn) =
I

ZeV

∞∫
−∞

ρ0

(
xn − x0

(
y − yn

λx

)
, y − y0

(
y − yn

λy

))
dy, (6)

£¤¥ λx,y = V Tx,y Å ¸³¥Ð¥´¨¥ ³¨Ï¥´¨ §  ¢·¥³Ö μ¤´μ£μ ¶¥·¨μ¤  £μ·¨§μ´É ²Ó´μ£μ ¨
¢¥·É¨± ²Ó´μ£μ ¸± ´¥·μ¢ ¸μμÉ¢¥É¸É¢¥´´μ.

‚ Î¨¸²¥´´ÒÌ · ¸Î¥É Ì ¡¥¸±μ´¥Î´Ò¥ ¶·¥¤¥²Ò ¢ (6) ¤μ²¦´Ò ¡ÒÉÓ § ³¥´¥´Ò ¨´É¥·¢ ²μ³
(− (B + a), (B + a)). ‡¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ B Å  ³¶²¨ÉÊ¤  ¢¥·É¨± ²Ó´ÒÌ ±μ²¥¡ ´¨°
–Œ ¶ÊÎ± ; a Å · ¤¨Ê¸ ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ¶ÊÎ± .

‚ ¸²ÊÎ ¥ ¥¸²¨ ¶μ²¥ μ¡²ÊÎ¥´¨Ö μ£· ´¨Î¥´μ Ð¥²ÓÕ ¢Ò¸μÉμ° h, ¨´É¥£·¨·μ¢ ´¨¥ ¢ Ëμ·-
³Ê²¥ (6) ¶·μ¢μ¤¨É¸Ö ¢ ±μ´¥Î´ÒÌ ¶·¥¤¥² Ì:

ρ(xn, yn) =
I

ZeV

h/2∫
−h/2

ρ0

(
xn − x0

(
y − yn

λx

)
, y − y0

(
y − yn

λy

))
dy. (7)

�É³¥É¨³, ÎÉμ Ëμ·³Ê²Ò (6), (7) ´¥ μ¶¨¸Ò¢ ÕÉ ¶¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò, ¸¢Ö§ ´´Ò¥ ¸ ¤¢¨¦¥-
´¨¥³ ³¨Ï¥´¨ ¢´ÊÉ·¨ μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö.

‚ ¸¨²Ê ¶¥·¨μ¤¨Î´μ¸É¨ ËÊ´±Í¨° x0, y0 ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¨μ´μ¢ ´  ³¨Ï¥´¨
ρ(xn, yn) É ±¦¥ Ö¢²Ö¥É¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ËÊ´±Í¨¥° ¶¥·¥³¥´´μ° yn:

ρ(xn, yn + Nxλx) = ρ(xn, yn). (8)

‡¤¥¸Ó Nx,y Å ³¨´¨³ ²Ó´Ò¥ Í¥²Ò¥ Î¨¸² , Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Õ

Nxλx = Nyλy. (9)

‘¢μ°¸É¢μ ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¨μ¤¨Î´μ¸É¨ § ¸¢¥É±¨ ´¥ § ¢¨¸¨É μÉ ¶²μÉ´μ¸É¨ ¶ÊÎ± 
¨μ´μ¢ ρ0(x, y), ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ ¨§³¥´¥´¨Ö ±μμ·¤¨´ É –Œ ¶ÊÎ±  x0(t), y0(t) ¨ ¢Ò-
¸μÉÒ h Ð¥²¨, μ£· ´¨Î¨¢ ÕÐ¥° ¶μ²¥ μ¡²ÊÎ¥´¨Ö. �·μ¸É· ´¸É¢¥´´Ò° ¶¥·¨μ¤ § ¸¢¥É±¨ § -
¢¨¸¨É Éμ²Ó±μ μÉ ¸±μ·μ¸É¨ ¶·μÉÖ¦±¨ ²¥´ÉÒ V ¨ Î ¸ÉμÉ ¨§³¥´¥´¨Ö ¶μ²¥° ¢ £μ·¨§μ´É ²Ó´μ³
¨ ¢¥·É¨± ²Ó´μ³ ¸± ´¥· Ì.

„²Ö ¶ · ³¥É·μ¢ „–-110 Nx = 1, Ny = 35 (Î ¸ÉμÉÒ fx = 0,1 ±ƒÍ, fy = 3,5 ±ƒÍ)
§ ¸¢¥É±  ³¨Ï¥´¨ ¡Ê¤¥É ¨³¥ÉÓ ¶μ²μ¸Ò ¸ ¢¥·É¨± ²Ó´Ò³ · §³¥·μ³, · ¢´Ò³ λx = 8 ³³ ¶·¨
¸±μ·μ¸É¨ ¶·μÉÖ¦±¨ ²¥´ÉÒ 80 ¸³/¸.
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‚ ÔÉμ³ ¸²ÊÎ ¥ · ¸¸³ É·¨¢ ²μ¸Ó £ Ê¸¸μ¢μ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¶ÊÎ±  ¨μ´μ¢
ρ0(x, y, t) ¢´ÊÉ·¨ ±·Ê£  ¤¨ ³¥É·μ³ 2a = 6σ:

ρ0(x, y, t) =

=

⎧⎪⎨
⎪⎩

N

2πσ2
exp

{
− [x − x0(t)]2

2σ2
− [y − y0(t)]2

2σ2

}
,

√
[x − x0(t)]2+ [y − y0(t)]2 � a,

0,
√

[x − x0(t)]2+ [y − y0(t)]2 > a.

(10)

‡¤¥¸Ó N = I/Ze Å Î¨¸²μ ¨μ´μ¢, ¶·μÌμ¤ÖÐ¨Ì Î¥·¥§ ¤ ´´μ¥ ¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¢
¥¤¨´¨ÍÊ ¢·¥³¥´¨; x0(t) ¨ y0(t) Å § ¢¨¸ÖÐ¨¥ μÉ ¢·¥³¥´¨ £μ·¨§μ´É ²Ó´ Ö ¨ ¢¥·É¨± ²Ó´ Ö
±μμ·¤¨´ ÉÒ –Œ ¶ÊÎ±  (10).

”Ê´±Í¨¨ x0(t) ¨ y0(t) μ¶·¥¤¥²Ö²¨¸Ó ¸²¥¤ÊÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Ö³¨ [2]:

x0(t) = (−1)k(t+tx)2A[2fx(t + tx − k(t + tx)],

y0(t) = 0, k(t + tx) =
⌈
�4fx(t + tx)� + 1

2

⌉
,

(11)

£¤¥ �x� Å ´ ¨¡μ²ÓÏ¥¥ Í¥²μ¥ Î¨¸²μ, ³¥´ÓÏ¥¥ ¨²¨ · ¢´μ¥ x; A Å  ³¶²¨ÉÊ¤  £μ·¨§μ´É ²Ó-
´μ£μ ¸³¥Ð¥´¨Ö –Œ ¶ÊÎ± . � · ³¥É· 0 � tx � Tx Ë¨±¸¨·Ê¥É ±μμ·¤¨´ ÉÊ –Œ ¶ÊÎ±  ¶μ μ¸¨
 ¡¸Í¨¸¸ ¢ ¶·μ¨§¢μ²Ó´μ° ÉμÎ±¥ −A � x � +A,   É ±¦¥ ´ ¶· ¢²¥´¨¥ ¥£μ £μ·¨§μ´É ²Ó´μ°
¸±μ·μ¸É¨ ¢ ³μ³¥´É ¢·¥³¥´¨ t = 0.

�  ·¨¸. 1 ¶μ± § ´  É· ¥±Éμ·¨Ö ¤¢¨¦¥´¨Ö –Œ ¨μ´´μ£μ ¶ÊÎ±  μÉ´μ¸¨É¥²Ó´μ ¤¢¨¦Ê-
Ð¥°¸Ö ³¨Ï¥´¨ ¶·¨ · ¡μÉ¥ Éμ²Ó±μ £μ·¨§μ´É ²Ó´μ£μ ³ £´¨É´μ£μ ¸± ´¥· . ‘±μ·μ¸ÉÓ ¤¢¨¦¥-
´¨Ö ¶²¥´±¨ V = 80 ¸³/¸, Î ¸ÉμÉ  ¸± ´¥·  fx = 100 ƒÍ, A = 16 ¸³.

�  ·¨¸. 2 ¶μ± § ´  · ¸¸Î¨É ´´ Ö § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ Î ¸É¨Í μÉ ¢·¥³¥´¨ ρ(t)
¢ ÉμÎ±¥ ´ ¡²Õ¤¥´¨Ö ´  ³¨Ï¥´¨ ¸ ±μμ·¤¨´ É ³¨ {xn = 0, yn = 5 ¸³}, ¶μ²ÊÎ¥´´ Ö ¶·¨

�¨¸. 1. „¢¨¦¥´¨¥ –Œ ¶ÊÎ±  μÉ´μ¸¨-
É¥²Ó´μ ¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ρ(t) ¢ ÉμÎ±¥ ´ -
¡²Õ¤¥´¨Ö {0,5}, 2a = 50 ³³
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¸± ´¨·μ¢ ´¨¨ ¶ÊÎ±  ¤¨ ³¥É·μ³ 2a = 50 ³³. ‚ ¤ ´´μ³ · ¸Î¥É¥ ÊÎ¨ÉÒ¢ ²¸Ö ¶¥·¥Ìμ¤´μ°
¶·μÍ¥¸¸, ¸¢Ö§ ´´Ò° ¸ ¤¢¨¦¥´¨¥³ ³¨Ï¥´¨ ¢´ÊÉ·¨ μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ρ(0, yn) ´  ¶²¥´±¥, · ¸¸Î¨É ´´μ¥ ¶μ
Ëμ·³Ê²¥ (7) ¶·¨ h = 50 ³³.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¤²Ö ¢Ò¡· ´´ÒÌ ¶ · ³¥É·μ¢ ¸± ´¥·  ¨ ¨μ´´μ£μ
¶ÊÎ±  ¢μ§´¨± ÕÐ Ö ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶·¨ · ¡μÉ¥ Éμ²Ó±μ £μ·¨§μ´É ²Ó´μ£μ ¸± ´¥·  ´¥ ¶·¥-
¢ÒÏ ¥É ¢¥²¨Î¨´Ò ± 0,05 % ¤²Ö £ Ê¸¸μ¢  · ¸¶·¥¤¥²¥´¨Ö (10) ¨μ´μ¢ ¢ ¶ÊÎ±¥.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨°

λx/a = const, A/a = const (12)

¶μ²ÊÎ¥´´ Ö ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ´  ³¨Ï¥´¨ ´¥ § ¢¨¸¨É μÉ
· ¤¨Ê¸  ¸¥Î¥´¨Ö ¶ÊÎ±  a. �·¨ ¨§³¥´¥´¨¨ ¢¥²¨Î¨´Ò a ³¥´Ö¥É¸Ö ± ± 1/a Éμ²Ó±μ ¸·¥¤´¥¥
§´ Î¥´¨¥ ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ¶·μ¸É· ´¸É¢¥´´μ³ ¶¥·¨μ¤¥ λx.

…¸²¨ Ê¸²μ¢¨Ö ¶μ¤μ¡¨Ö (12) ´¥ ¢Ò¶μ²´ÖÕÉ¸Ö, Éμ ¶·¨ μÉ±²μ´¥´¨¨ ¤¨ ³¥É·  ¶ÊÎ±  μÉ
¢Ò¡· ´´μ£μ §´ Î¥´¨Ö 2a = 50 ³³ ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö. �·¨
Ê¢¥²¨Î¥´¨¨ ¤¨ ³¥É·  ¶ÊÎ±  ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ Ê³¥´ÓÏ ¥É¸Ö. ‘ Ê³¥´ÓÏ¥´¨¥³
¤¨ ³¥É·  ¶ÊÎ±  ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ¢μ§· ¸É ¥É
(Ê³¥´ÓÏ¥´¨¥ ¤¨ ³¥É·  ¶ÊÎ±  ³μ¤¥²¨·Ê¥É ´ ²¨Î¨¥ ¢ ¶ÊÎ±¥ ²μ± ²Ó´μ° ´¥μ¤´μ·μ¤´μ¸É¨).

‚¢¥¤¥³ ³¥·Ê ( ³¶²¨ÉÊ¤Ê) ´¥μ¤´μ·μ¤´μ¸É¨ S ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨, · ¸¸Î¨ÉÒ-
¢ ¥³μ° ¶μ Ëμ·³Ê²¥

S(xn) =
ρ(xn, yn)max − ρ(xn, yn)min

ρ(xn, yn)max + ρ(xn, yn)min
, (13)

£¤¥ ρ(xn, yn)max ¨ ρ(xn, yn)min Å ³ ±¸¨³ ²Ó´μ¥ ¨ ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨
ρ(xn, yn) ´  ¶¥·¨μ¤¥ λx ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ xn.

�¨¸. 3. � ¸Î¥É · ¸¶·¥¤¥²¥´¨Ö ρ(0, yn) ¤²Ö h =

50 ³³, 2a = 50 ³³, x = 0

�¨¸. 4. � ¸¸Î¨É ´´Ò¥ ¢¥²¨Î¨´Ò ´¥μ¤-
´μ·μ¤´μ¸É¨ S(xn) ¤²Ö · §²¨Î´ÒÌ ¤¨ -

³¥É·μ¢ ¶ÊÎ±  2a
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�¨¸. 5. ’·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Î -
¸É¨Í ´  ³¨Ï¥´¨ ρ(xn, yn), 2a = 10 ³³

�  ·¨¸. 4 ¶μ± § ´Ò § ¢¨¸¨³μ¸É¨ ¢¥-
²¨Î¨´Ò ´¥μ¤´μ·μ¤´μ¸É¨ S(xn), · ¸¸Î¨-
É ´´Ò¥ ¶·¨ · §²¨Î´μ° ¢¥²¨Î¨´¥ ¤¨ ³¥É· 
¶ÊÎ±  2a.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´μ É·¥Ì³¥·´μ¥
· ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨-
Ï¥´¨ ´  ¤²¨´¥ 2,5λx ¶μ ¢¥·É¨± ²¨ ¨ 16 ¸³
¶μ £μ·¨§μ´É ²¨ (¶μ²μ¢¨´  ¶μ²Ö μ¡²ÊÎ¥-
´¨Ö) ¶·¨ μÉ±²ÕÎ¥´´μ³ ¢¥·É¨± ²Ó´μ³ ¸± -
´¥·¥ ¤²Ö ¶ÊÎ±  ¤¨ ³¥É·μ³ 2a = 10 ³³.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ± §Ò¢ ÕÉ, ÎÉμ
¶·¨ μÉ±²ÕÎ¥´´μ³ ¢¥·É¨± ²Ó´μ³ ¸± ´¥·¥
É·¥¡Ê¥³Ò° Ê·μ¢¥´Ó μ¤´μ·μ¤´μ¸É¨ · ¸¶·¥-
¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ¤²Ö
¢Ò¡· ´´ÒÌ ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¸± ´¨·μ-
¢ ´¨Ö ¨ ¸±μ·μ¸É¨ ¶¥·¥³¥Ð¥´¨Ö ³¨Ï¥´¨,
· ¢´μ° 80 ¸³/¸, ¤μ¸É¨£ ¥É¸Ö Éμ²Ó±μ ¤²Ö
¨μ´´ÒÌ ¶ÊÎ±μ¢, ¤¨ ³¥É· ±μÉμ·ÒÌ ¶·¥¢Ò-
Ï ¥É 20 ³³. �·¨ ¸±μ·μ¸ÉÖÌ ³¨Ï¥´¨, μÉ²¨Î ÕÐ¨Ì¸Ö μÉ ¢ÒÏ¥Ê± § ´´μ°, ¤μ¶Ê¸É¨³Ò°
· ¤¨Ê¸ ¨μ´´μ£μ ¶ÊÎ±  a ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´μ ¸±μ·μ¸É¨ ³¨Ï¥´¨ ¨
¤μ²¦¥´ Ê¤μ¢²¥É¢μ·ÖÉÓ ´¥· ¢¥´¸É¢Ê

a � λx. (14)

3. ��‹“—…�ˆ… ’�…�“…Œ�ƒ� �„����„��ƒ� ��‘��…„…‹…�ˆŸ
�‹�’��‘’ˆ ˆ���‚ �� Œˆ˜…�ˆ ‘ ��Œ�™œ� ƒ��ˆ‡��’�‹œ��ƒ�

ˆ ‚…�’ˆŠ�‹œ��ƒ� ‘Š��…��‚

�¥ ²Ó´Ò¥ ¶ÊÎ±¨ ¨μ´μ¢ ³μ£ÊÉ ¨³¥ÉÓ ²μ± ²Ó´Ò¥ ´¥μ¤´μ·μ¤´μ¸É¨, ±μÉμ·Ò¥ ¶·¨¢μ¤ÖÉ
± ÊÌÊ¤Ï¥´¨Õ · ¢´μ³¥·´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶ÊÎ±  ρ(xn, yn) ´  ³¨Ï¥´¨. � ²¨-
Î¨¥ ²μ± ²Ó´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥° ¢ ¶ÊÎ±¥ ³μ¤¥²¨·μ¢ ²μ¸Ó ¸ ¶μ³μÐÓÕ Ê³¥´ÓÏ¥´¨Ö · ¤¨Ê¸ 
¸¥Î¥´¨Ö ¶ÊÎ± . � ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¤²Ö É¥Ì ¦¥ ¶ · ³¥É·μ¢ £μ·¨§μ´É ²Ó´μ£μ ¸± ´¥·  ¨
¸±μ·μ¸É¨ ¶·μÉÖ¦±¨ ³¨Ï¥´¨, ÎÉμ ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥.

„²Ö Ê³¥´ÓÏ¥´¨Ö ¢²¨Ö´¨Ö É ±¨Ì ´¥μ¤´μ·μ¤´μ¸É¥° ¨¸¶μ²Ó§Ê¥É¸Ö ¢Ò¸μ±μÎ ¸ÉμÉ´Ò° ¢¥·-
É¨± ²Ó´Ò° Ô²¥±É·¨Î¥¸±¨° ¸± ´¥·. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨§³¥´¥´¨¥ ¢μ ¢·¥³¥´¨ £μ·¨§μ´É ²Ó´μ°
±μμ·¤¨´ ÉÒ x0(t) –Œ ¶ÊÎ±  ¶μ-¶·¥¦´¥³Ê § ¤ ¥É¸Ö Ëμ·³Ê² ³¨ (11),   ¢¥·É¨± ²Ó´ Ö ±μ-
μ·¤¨´ É  –Œ y0(t) μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

y0(t) = (−1)m(t+ty)2B[2fy(t + ty) − m(t + ty)],

m(t + ty) =
⌈
�4fy(t + ty)� + 1

2

⌉
.

(15)

� · ³¥É· 0 � ty � Ty Ë¨±¸¨·Ê¥É ±μμ·¤¨´ ÉÊ –Œ ¶ÊÎ±  ¶μ μ¸¨ μ·¤¨´ É ¢ ¶·μ¨§¢μ²Ó-
´μ° ÉμÎ±¥ −B � y � +B,   É ±¦¥ ´ ¶· ¢²¥´¨¥ ¥£μ ¢¥·É¨± ²Ó´μ° ¸±μ·μ¸É¨ ¢ ³μ³¥´É
¢·¥³¥´¨ t = 0.
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�¨¸. 6. ’· ¥±Éμ·¨Ö –Œ ¶ÊÎ±  ¶·¨ ¢±²ÕÎ¥´-
´ÒÌ μ¡μ¨Ì ¸± ´¥· Ì §  ¢·¥³Ö Ty

�¨¸. 7. ƒ· Ë¨±¨ ËÊ´±Í¨° (15) ¤²Ö ε =

0 (1) ¨ ε = −1 (2)

�  ·¨¸. 6 ¶μ± § ´  · ¸¸Î¨É ´´ Ö É· ¥±Éμ·¨Ö ¤¢¨¦¥´¨Ö –Œ ¶ÊÎ±  μÉ´μ¸¨É¥²Ó´μ ¤¢¨¦Ê-
Ð¥°¸Ö ³¨Ï¥´¨ ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ¢±²ÕÎ¥´Ò μ¡  ¸± ´¥· . — ¸ÉμÉ  ¢¥·É¨± ²Ó´μ£μ ¸± ´¥· 
fy = 3500 ƒÍ, B = 2 ¸³. ’· ¥±Éμ·¨Ö –Œ ¶ÊÎ±  · ¸¸Î¨É ´  §  ¢·¥³Ö, · ¢´μ¥ ¶¥·¨μ¤Ê
¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  Ty.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ S ³μ¦¥É ¡ÒÉÓ
¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ¥´ . ’ ±, ´ ¶·¨³¥·, ¶·¨ ¤¨ ³¥É·¥ ¸£Ê¸É±  2a = 16 ³³ ¢¥²¨Î¨´  S
¶·¨ B = 0 · ¢´  20 % ¨ Ê³¥´ÓÏ ¥É¸Ö ¶·¨  ³¶²¨ÉÊ¤ Ì B, ¡μ²ÓÏ¨Ì 1 ¸³, ¤μ ¶μ¸ÉμÖ´´μ£μ
§´ Î¥´¨Ö, ¶·¨¡²¨§¨É¥²Ó´μ · ¢´μ£μ 5 %.

� ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ § ¢¨¸¨É μÉ ¸μμÉ´μÏ¥´¨Ö ´ Î ²Ó´ÒÌ Ë §,
¸ ±μÉμ·ÒÌ –Œ ¶ÊÎ±  ´ Î¨´ ¥É ¤¢¨¦¥´¨¥ ¶μ £μ·¨§μ´É ²¨ (ϕx = tx/Tx) ¨ ¶μ ¢¥·É¨± ²¨
(ϕy = ty/Ty), μ¤´ ±μ ¶·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö

ϕy = ϕx
Tx

Ty
+ ε (16)

· ¸¶·¥¤¥²¥´¨¥ ρ(xn, yn) ´¥ § ¢¨¸¨É μÉ ¢¥²¨Î¨´Ò ϕx. � ¸¶·¥¤¥²¥´¨¥ ρ(xn, yn, ε) Ö¢²Ö¥É¸Ö
¶¥·¨μ¤¨Î¥¸±μ° ËÊ´±Í¨¥° ¶ · ³¥É·  ε ¸ ¥¤¨´¨Î´Ò³ ¶¥·¨μ¤μ³:

ρ(xn, yn, ε + 1) = ρ(xn, yn, ε). (17)

’ ±¨³ μ¡· §μ³, μ¡² ¸ÉÓ ¢μ§³μ¦´ÒÌ Ë § (0 � ϕx � 1, 0 � ϕy � 1) · §¡¨¢ ¥É¸Ö ´ 
¸μ¢μ±Ê¶´μ¸ÉÓ ¶μ²μ¸, £· ´¨ÍÒ ±μÉμ·ÒÌ μ¶·¥¤¥²ÖÕÉ¸Ö ¸μμÉ´μÏ¥´¨¥³ (16) ¶·¨ ¶·μ¨§¢μ²Ó-
´ÒÌ Í¥²ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  ε. �  ·¨¸. 7 ¤²Ö ¶·¨³¥·  ¶μ± § ´  μ¤´  É ± Ö ¶μ²μ¸ ,
£· ´¨ÍÒ ±μÉμ·μ° μ¶·¥¤¥²ÖÕÉ¸Ö §´ Î¥´¨Ö³¨ ¶ · ³¥É·  ε = 0 ¨ ε = −1. � ¸¶·¥¤¥²¥´¨¥
¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ¶²¥´±¥ ρ(xn, yn) μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³ ¶·¨ ¨§³¥´¥´¨¨ Ë § ϕx,y ¢¤μ²Ó
¶·Ö³ÒÌ, ¶ · ²²¥²Ó´ÒÌ £· ´¨Í ³, ¨ ¶¥·¨μ¤¨Î¥¸±¨ ¶μ¢Éμ·Ö¥É¸Ö ¢ ²Õ¡μ° ¤·Ê£μ° ¶μ²μ¸¥.

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´μ · ¸¸Î¨É ´´μ¥ É·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò ρ(xn, yn)
¶·¨ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì: fy = 3500 ƒÍ, B = 2 ¸³ ¨ 2a = 10 ³³, ϕx = ϕy = 0 (ε = 0).
�  ·¨¸. 9 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò S(xn) ¤²Ö É¥Ì ¦¥ ¶ · ³¥É·μ¢.
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�¨¸. 8. ’·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ´ 

³¨Ï¥´¨ ¶·¨ 2a = 10 ³³ ¨ B = 2 ¸³

�¨¸. 9. ‚¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ S(xn)

¶·¨ 2a = 10 ³³ ¨ B = 2 ¸³

�¥·¨μ¤ μ¸Í¨²²ÖÍ¨° Δx ËÊ´±Í¨¨ S(xn) ³μ¦¥É ¡ÒÉÓ μÍ¥´¥´ ± ± ¸³¥Ð¥´¨¥ –Œ ¶ÊÎ± 
¶μ £μ·¨§μ´É ²¨ §  ¶μ²μ¢¨´Ê ¶¥·¨μ¤  ¢¥·É¨± ²Ó´ÒÌ ±μ²¥¡ ´¨°:

Δx = 2A
fx

fy
≈ 9 ³³. (18)

Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ·¨¸. 9, ´¥μ¤´μ·μ¤´μ¸ÉÓ S(xn) Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·μ¸Éμ³ xn ¨
´  ±· Õ ³¨Ï¥´¨ ¤μ¸É¨£ ¥É ¢¥²¨Î¨´Ò ± 13,2 % ¤²Ö ¶ÊÎ±  ¤¨ ³¥É·μ³ 2a = 10 ³³. ’ -
±¨³ μ¡· §μ³, ¢±²ÕÎ¥´¨¥ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  Ê³¥´ÓÏ ¥É ¢¥²¨Î¨´Ê S (¶·¨ 2a = 10 ³³)

�¨¸. 10. ‡ ¢¨¸¨³μ¸ÉÓ S μÉ ¤¨ ³¥-
É·  ²μ± ²Ó´μ° ´¥μ¤´μ·μ¤´μ¸É¨ ¶²μÉ-

´μ¸É¨ ¨μ´μ¢ ¢ ¶ÊÎ±¥

¢ ∼ 6 · § (¸³. ·¨¸. 4 ¨ 9). �·¨ Ê¢¥²¨Î¥´¨¨ ¤¨ ³¥É· 
¶ÊÎ±  ÔÉ  ´¥μ¤´μ·μ¤´μ¸ÉÓ ¡Ò¸É·μ Ê³¥´ÓÏ ¥É¸Ö.

�  ·¨¸. 10 ¶·¨¢¥¤¥´  · ¸¸Î¨É ´´ Ö § ¢¨¸¨³μ¸ÉÓ
¢¥²¨Î¨´Ò S(xn) μÉ ¤¨ ³¥É·  ²μ± ²Ó´μ° ´¥μ¤´μ·μ¤-
´μ¸É¨ ¶²μÉ´μ¸É¨ ¨μ´μ¢ ¢ ¶ÊÎ±¥ ¢ ÉμÎ±¥ x = 15 ¸³.

„²Ö ¶ · ³¥É·  ε, ³¥´ÖÕÐ¥£μ¸Ö ´  μ¤´μ³ ¶¥·¨μ¤¥,
³μ¦¥É ¡ÒÉÓ ´ °¤¥´μ É ±μ¥ §´ Î¥´¨¥ ε0, ¶·¨ ±μÉμ·μ³
¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ ¶²μÉ´μ¸É¨ ρ(xn, yn) ³¨´¨-
³ ²Ó´ . ‚ ¸¨²Ê ¶¥·¨μ¤¨Î´μ¸É¨ ¶²μÉ´μ¸É¨ ρ(xn, yn)
¶μ ¶ · ³¥É·Ê ε ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶²μÉ´μ¸É¨ ¡Ê¤¥É ³¨-
´¨³ ²Ó´  ¤²Ö ²Õ¡ÒÌ Ë § ϕx,y, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì
Ê¸²μ¢¨Õ (16) ¶·¨ ε = ε0 ± k (k = 1, 2, . . .).

�  ·¨¸. 11 ¶μ± § ´μ É·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥
¢¥²¨Î¨´Ò ρ(xn, yn) ¤²Ö ε0 = −0,12 (ϕx = 3,43 · 10−3

¨ ϕy = 0). �  ·¨¸. 12 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¢¥²¨-
Î¨´Ò S(xn) ¤²Ö É¥Ì ¦¥ ¶ · ³¥É·μ¢ ¸± ´¥·μ¢ ¨ ¶ÊÎ± 
¨μ´μ¢.

Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ·¨¸. 9 ¨ 12, ³ ±¸¨³ ²Ó´ Ö
¢¥²¨Î¨´  S(xn) ¶·¨ ε = ε0 Ê³¥´ÓÏ ¥É¸Ö ¢ ∼ 2 · §  ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³ ε = 0,
±μ£¤ , ´ ¶·¨³¥·, ϕx = ϕy = 0.
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�¨¸. 11. ’·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨

´  ³¨Ï¥´¨ ¶·¨ ε0 = −0,12

�¨¸. 12. ‚¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨

S(xn) ¶·¨ ε0 = −0,12

�·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨³¥´¥´¨¥ ¢¥·É¨± ²Ó´μ£μ Ô²¥±É·¨Î¥¸±μ£μ
¸± ´¥·  ÔËË¥±É¨¢´μ Ê¸É· ´Ö¥É ´¥μ¤´μ·μ¤´μ¸É¨ ¢ ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ´ 
³¨Ï¥´¨ ¶·¨ ´ ²¨Î¨¨ ²μ± ²Ó´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥° ¢ ¨μ´´μ³ ¶ÊÎ±¥. �μ ÔÉμ ¸¶· ¢¥¤²¨¢μ
¤²Ö É¥Ì ²μ± ²Ó´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥°, ¤¨ ³¥É· ±μÉμ·ÒÌ ¡μ²ÓÏ¥, Î¥³ ¸³¥Ð¥´¨¥ –Œ ¶ÊÎ± 
¶μ £μ·¨§μ´É ²¨ Δx §  ¶μ²μ¢¨´Ê ¶¥·¨μ¤  ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  Ty (¸³. ·¨¸. 6). ‚¥²¨-
Î¨´  Δx ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ (18), ¨ ¤μ¶Ê¸É¨³Ò° · §³¥· ´¥μ¤´μ·μ¤´μ¸É¥° a ³μ¦¥É
¡ÒÉÓ μÍ¥´¥´ ± ±

a = 3A
fx

fy
. (19)

„²Ö ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¸± ´¨·μ¢ ´¨Ö A = 16 ¸³, fx = 100 ƒÍ ¨ fy = 3500 ƒÍ ¨§ (19)
¶μ²ÊÎ ¥³ a ≈ 13,7 ³³, ÎÉμ ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥É , ¶·¨-
¢¥¤¥´´Ò³¨ ´  ·¨¸. 10.

’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§μ¢ ´¨¥ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ¤μ¶Ê¸É¨-
³Ò° · §³¥· ¶ÊÎ±  ¶· ±É¨Î¥¸±¨ ¢ ¤¢  · § . „ ²Ó´¥°Ï¥¥ Ê³¥´ÓÏ¥´¨¥ ¤μ¶Ê¸É¨³μ£μ ¤¨ ³¥É· 
¶ÊÎ±  É·¥¡Ê¥É ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ Ê¢¥²¨Î¥´¨Ö Î ¸ÉμÉÒ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥· .

4. ‚‹ˆŸ�ˆ… ™…‹ˆ �� �…�„����„��‘’œ ��‘��…„…‹…�ˆŸ �‹�’��‘’ˆ
ˆ���‚ �� Œˆ˜…�ˆ

‚ Ô±¸¶¥·¨³¥´É Ì ´  Í¨±²μÉ·μ´¥ „–-110 ¤²Ö Ê³¥´ÓÏ¥´¨Ö Ê£²μ¢, ¸ ±μÉμ·Ò³¨ ¨μ´Ò
¶ÊÎ±  ¡μ³¡ ·¤¨·ÊÕÉ ³¨Ï¥´Ó ¨ ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ¸ ±·¨¢¨§´μ° ³¨Ï¥´¨, ¶¥·¥¤ ´¥° ´ 
· ¸¸ÉμÖ´¨¨ 10 ¸³ · ¸¶μ² £ ² ¸Ó Ð¥²Ó ¢Ò¸μÉμ° h = 50 ³³.

�·¨ ¢Ò±²ÕÎ¥´´μ³ ¢¥·É¨± ²Ó´μ³ ¸± ´¥·¥ (B = 0), ¥¸²¨ ¤¨ ³¥É· ¶ÊÎ±  2a ³¥´ÓÏ¥
¢Ò¸μÉÒ Ð¥²¨ h, μ´  ´¥ μ± §Ò¢ ¥É ´¨± ±μ£μ ¢²¨Ö´¨Ö ´  ¶·μÍ¥¸¸ μ¡²ÊÎ¥´¨Ö. …¸²¨ ¤¨ ³¥É·
¶ÊÎ±  ¡μ²ÓÏ¥ ¢Ò¸μÉÒ h, Éμ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ §´ Î¥´¨¨ h ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨
· ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ´  ³¨Ï¥´¨ Ê³¥´ÓÏ ¥É¸Ö ¸ ·μ¸Éμ³ a.
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�·¨ ¢±²ÕÎ¥´´μ³ ¢¥·É¨± ²Ó´μ³ ¸± ´¥·¥ (B �= 0), ¥¸²¨ ¶ÊÎμ± ¨μ´μ¢ ¶·¨ ¸± ´¨·μ¢ ´¨¨
´¥ ¢ÒÌμ¤¨É §  · §³¥· Ð¥²¨, ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸μ¢¶ ¤ ÕÉ ¸ ¶μ²ÊÎ¥´´Ò³¨ ¢ ¶·¥¤Ò¤ÊÐ¥³
· §¤¥²¥ (¸³. ·¨¸. 8Ä12).

“¸²μ¢¨Ö ¶¥·¨μ¤¨Î´μ¸É¨ (16), (17) ¢Ò¶μ²´ÖÕÉ¸Ö ¤²Ö ¶·μ¨§¢μ²Ó´μ° ¢¥²¨Î¨´Ò  ³¶²¨-
ÉÊ¤Ò B ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¶·¨ ¸¤¢¨£¥ ±μμ·¤¨´ ÉÒ yn ´  ¢¥²¨Î¨´Ê λx · ϕx. �μÔÉμ³Ê
¤²Ö ¶·μ¨§¢μ²Ó´μ° ´ Î ²Ó´μ° Ë §Ò ϕx · ¸¶·¥¤¥²¥´¨¥ ρ(xn, yn) ¶·¨ Ë¨±¸¨·μ¢ ´´μ° ±μ-
μ·¤¨´ É¥ xn Éμ²Ó±μ ¸¤¢¨£ ¥É¸Ö ¢¤μ²Ó μ¸¨ yn, ¸μÌ· ´ÖÖ ¶·¨ ÔÉμ³ ¢¥²¨Î¨´Ê ´¥μ¤´μ·μ¤´μ-
¸É¨ S(xn). �μÔÉμ³Ê ¤²Ö ¤ ²Ó´¥°Ï¨Ì · ¸Î¥Éμ¢ ³μ¦´μ ¢Ò¡· ÉÓ Ë¨±¸¨·μ¢ ´´μ¥ §´ Î¥´¨¥
Ë §Ò ϕx = 0.

�·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö B+a � h/2 ¶ÊÎμ± ¢ÒÌμ¤¨É §  £· ´¨ÍÒ Ð¥²¨ ¨ ´ ¡²Õ¤ ¥É¸Ö
Ê¢¥²¨Î¥´¨¥ ´¥μ¤´μ·μ¤´μ¸É¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ¶ÊÎ±  ´  ³¨Ï¥´¨. �·μ¢¥¤¥´´Ò¥
· ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ Ê¢¥²¨Î¥´¨¥ ´¥μ¤´μ·μ¤´μ¸É¨ S ´ Î¨´ ¥É¸Ö Ê¦¥ ¶·¨ ¢Ò¢¥¤¥´¨¨
¶ÊÎ±  §  Ð¥²Ó ´  ¢¥²¨Î¨´Ê ¶μ·Ö¤±  σ.

�·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö
B � h/2 + a (20)

¶ÊÎμ± ³μ¦¥É ¸³¥Ð ÉÓ¸Ö §  ¶·¥¤¥²Ò Ð¥²¨ ¶μ²´μ¸ÉÓÕ ¨ ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ ·¥§±μ
Ê¢¥²¨Î¨¢ ¥É¸Ö. �·¨ ¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨  ³¶²¨ÉÊ¤Ò B ¢μ§³μ¦´μ ¶μÖ¢²¥´¨¥ ¶·μ¤μ²Ó-
´ÒÌ ¶μ²μ¸ ´  ¶²¥´±¥.

�·¨ · ¡μÉ¥ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¸  ³¶²¨ÉÊ¤μ° B, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Ê¸²μ¢¨Õ (20),
¸·¥¤´¥¥ ¶μ ¶·μ¸É· ´¸É¢¥´´μ³Ê ¶¥·¨μ¤Ê §´ Î¥´¨¥ ¶²μÉ´μ¸É¨ ¶μ· ´  ¶²¥´±¥ Ê³¥´ÓÏ ¥É¸Ö,

�¨¸. 13. ‡ ¢¨¸¨³μ¸ÉÓ ρ(0, yn), · ¸¸Î¨É ´´ Ö ¤²Ö

· ¸¶·¥¤¥²¥´¨Ö (10), xn = 0, 2a = 50 ³³

É ± ± ± Î ¸ÉÓ ¢·¥³¥´¨ ¶ÊÎμ± ´ Ìμ¤¨É¸Ö ¢´¥
Ð¥²¨.

„²Ö ¨²²Õ¸É· Í¨¨ ÔËË¥±É  ·μ¸É  ´¥-
μ¤´μ·μ¤´μ¸É¨ S(xn) ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¢
ÉμÎ±¥ xn = 0 ¶·¨ Ï¨·¨´¥ Ð¥²¨ h = 50 ³³,
 ³¶²¨ÉÊ¤¥ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  B = 6 ¸³
¨ ¤¨ ³¥É·¥ ¶ÊÎ±  2a = 50 ³³. �  ·¨¸. 13
¶μ± § ´  · ¸¸Î¨É ´´ Ö § ¢¨¸¨³μ¸ÉÓ ¶²μÉ-
´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ρ(0, yn). ‘μμÉ¢¥É-
¸É¢ÊÕÐ Ö ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶ÊÎ±  S(xn) ∼
4 %, ¢ Éμ ¢·¥³Ö ± ± ¢ μÉ¸ÊÉ¸É¢¨¥ Ð¥²¨ ¢¥²¨-
Î¨´  S(xn) ¸μ¸É ¢²Ö¥É 6,8 · 10−3 %. ‘²¥¤μ-
¢ É¥²Ó´μ, ¶·μ¨¸Ìμ¤¨É §´ Î¨É¥²Ó´μ¥ Ê¢¥²¨-
Î¥´¨¥ ¸É¥¶¥´¨ ´¥μ¤´μ·μ¤´μ¸É¨ S(xn) ¶·¨
´ ²¨Î¨¨ Ð¥²¨ ¨ ¢Ò¢¥¤¥´¨¨ ¶ÊÎ±  ¢¥·É¨-
± ²Ó´Ò³ ¸± ´¥·μ³ §  Ð¥²Ó ¶μ²´μ¸ÉÓÕ.

‘μ£² ¸´μ ·¨¸. 13, ¶·¨ Ë¨±¸¨·μ¢ ´´μ°
±μμ·¤¨´ É¥ xn ³´μ¦¥¸É¢μ ÉμÎ¥± ´ ¡²Õ¤¥-
´¨Ö yn ´  μ¤´μ³ ¶·μ¸É· ´¸É¢¥´´μ³ ¶¥·¨μ¤¥
· §¡¨¢ ¥É¸Ö ´  ¸μ¢μ±Ê¶´μ¸ÉÓ ¨´É¥·¢ ²μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ³ ±¸¨³ ²Ó´μ³Ê ρmax ¨ ³¨-
´¨³ ²Ó´μ³Ê ρmin §´ Î¥´¨Ö³ ¶²μÉ´μ¸É¨ ¶ÊÎ±  (¶²Õ¸ ¶¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò ³¥¦¤Ê ÔÉ¨³¨
¨´É¥·¢ ² ³¨). ‘μμÉ´μÏ¥´¨¥ ³¥¦¤Ê ¶μ²ÊÎ ÕÐ¨³¨¸Ö ¨´É¥·¢ ² ³¨ ¸ÊÐ¥¸É¢¥´´Ò³ μ¡· §μ³
§ ¢¨¸¨É μÉ ±μμ·¤¨´ ÉÒ xn ¨ ¶ · ³¥É·  κ:

κ =
h · fx

V
=

h

λx
. (21)
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–¥² Ö Î ¸ÉÓ ¢¥²¨Î¨´Ò κ μ¶·¥¤¥²Ö¥É ³ ±¸¨³ ²Ó´ÊÕ ¶μ ¢¸¥³ ±μμ·¤¨´ É ³ xn ¢¥²¨Î¨´Ê

´¥μ¤´μ·μ¤´μ¸É¨ S ∼=
1

2[κ]
, ¶μ¸±μ²Ó±Ê ´  ± ¦¤μ³ ¶¥·¨μ¤¥ ¶ÊÎμ± ¶¥·¥¸¥± ¥É ÉμÎ±Ê ´ -

¡²Õ¤¥´¨Ö ¤¢  · § . „·μ¡´ Ö Î ¸ÉÓ δ = κ − [κ] μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê ÔÉ¨Ì ¨´É¥·¢ ²μ¢.
„²Ö £· Ë¨± , ¶μ± § ´´μ£μ ´  ·¨¸. 13, κ = 6,25. „²Ö ¤·Ê£¨Ì §´ Î¥´¨° κ ¨²¨ ¤²Ö ¤·Ê£¨Ì
ÉμÎ¥± xn ¸μμÉ´μÏ¥´¨¥ ¨´É¥·¢ ²μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ρmax ¨ ρmin, ¡Ê¤¥É ³¥´ÖÉÓ¸Ö.

�  ·¨¸. 14 ¶μ± § ´Ò § ¢¨¸¨³μ¸É¨ ρ(t) ¤²Ö ¤¢ÊÌ ÉμÎ¥± ´ ¡²Õ¤¥´¨Ö Å (xn = 0, yn =
2,8 ¸³) ¨ (xn = 0, yn = 3,0 ¸³), ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ² ³ ¸ ρmax ¨ ρmin. ‡ ¢¨¸¨³μ¸É¨
¨³¥ÕÉ ¸± Î±μμ¡· §´Ò° Ì · ±É¥·, ¨ ± ¦¤Ò° ¸± Îμ± ¶·μ¨¸Ìμ¤¨É ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¶ÊÎ±μ³
¨μ´μ¢ ÉμÎ±¨ ´ ¡²Õ¤¥´¨Ö. ‡´ Î¥´¨Ö ρmax ¨ ρmin μÉ²¨Î ÕÉ¸Ö ´  ¢¥²¨Î¨´Ê μ¤´μ£μ ¸± Î± ,
ÎÉμ μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê S = 1/(4[κ] + 1) = 4 % ¢ ¤ ´´μ³ ¸²ÊÎ ¥.

‚·¥³Ö ¶¥·¥¸¥Î¥´¨Ö Ð¥²¨ ÉμÎ±μ° ´ ¡²Õ¤¥´¨Ö τ = h/V = 62,5 ³¸. ‹Õ¡ Ö ÉμÎ±  yn,
¢μÏ¥¤Ï Ö ¢ Ð¥²Ó (¶·¨ ¸μ¢¥·Ï¥´¨¨ Ï¥¸É¨ ¶μ²´ÒÌ ±μ²¥¡ ´¨° –Œ ¶ÊÎ±  ¶μ £μ·¨§μ´É ²¨
§  60 ³¸), 12 · § ¶¥·¥¸¥Î¥É¸Ö ¸ ¶ÊÎ±μ³. ‚ ·¥§Ê²ÓÉ É¥ ¶·μ¨§μ°¤¥É 12 ¸± Î±μ¢ ¶²μÉ´μ-
¸É¨ ρ(t). ’¥ ÉμÎ±¨ yn, ±μÉμ·Ò¥ ´¥ Ê¸¶¥¢ ÕÉ ¶¥·¥¸¥ÎÓ¸Ö ¸ ¶ÊÎ±μ³ §  μ¸É ¢Ï¨¥¸Ö 2,5 ³¸,
μ¡· §ÊÕÉ ¨´É¥·¢ ²Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ρmin. ’μÎ±¨, ±μÉμ·Ò¥ ¶ÊÎμ± Ê¸¶¥¢ ¥É μ¡²ÊÎ¨ÉÓ
¤μ¶μ²´¨É¥²Ó´Ò° 13-° · § §  ÔÉ¨ ¦¥ 2,5 ³¸, μ¡· §ÊÕÉ ¨´É¥·¢ ²Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ρmax.
’ ±¨¥ ÉμÎ±¨ ´ °¤ÊÉ¸Ö ¨ ¤²Ö ²Õ¡ÒÌ §´ Î¥´¨° ¶ · ³¥É·  κ ¨ ±μμ·¤¨´ É −A < xn < A.

�  ·¨¸. 15 ¶μ± § ´ £· Ë¨± μ¤´μ£μ ¨§ ¸± Î±μ¢ (¸³. ·¨¸. 14) ¢ Ê¢¥²¨Î¥´´μ³ ³ ¸ÏÉ ¡¥.
�  ÔÉμ³ £· Ë¨±¥ ¢¨¤´Ò 4 ¸± Î± , ±μ£¤  ¢¥·É¨± ²Ó´Ò° ¸± ´¥· Ê¢μ¤¨É ¶ÊÎμ± μÉ ÉμÎ±¨
´ ¡²Õ¤¥´¨Ö §  ¢·¥³Ö, ¶μ±  ÉμÎ±  yn ¶¥·¥¸¥± ¥É ¶ÊÎμ±, ¤¢¨¦ÊÐ¨°¸Ö ¶μ¤ ¤¥°¸É¢¨¥³ £μ·¨-
§μ´É ²Ó´μ£μ ¸± ´¥· .

�·¨ ±μμ·¤¨´ É¥ ÉμÎ±¨ ´ ¡²Õ¤¥´¨Ö xn, μÉ²¨Î´μ° μÉ ´Ê²Ö, ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ-
¸É¨ S ³μ¦¥É μÉ²¨Î ÉÓ¸Ö μÉ μ¶·¥¤¥²¥´´μ° ¢ÒÏ¥. �Éμ ¸¢Ö§ ´μ ¸ ¶μÖ¢²¥´¨¥³ ¥Ð¥ μ¤´μ£μ
(¢ · ¸¸³μÉ·¥´´μ³ ¸²ÊÎ ¥ 14-£μ) ¸± Î±  ¶²μÉ´μ¸É¨ ¶·¨ ¢μ§¢· É¥ Í¥´É·  ¶ÊÎ±  μÉ ±· Ö
³¨Ï¥´¨ ± ÉμÎ±¥ ´ ¡²Õ¤¥´¨Ö {xn, yn}. „¥°¸É¢¨É¥²Ó´μ, §  ¢·¥³Ö δTx –Œ ¶ÊÎ±  ¸³¥Ð ¥É¸Ö

�¨¸. 14. � ¸¸Î¨É ´´Ò¥ § ¢¨¸¨³μ¸É¨ ρ(t)

(xn = 0) ¤²Ö ÉμÎ±¨ yn = 2,8 ¸³ (¸¶²μÏ-

´ Ö ±·¨¢ Ö, 13 ¸± Î±μ¢) ¨ yn = 3,0 ¸³

(¶Ê´±É¨·´ Ö ±·¨¢ Ö, 12 ¸± Î±μ¢)

�¨¸. 15. ƒ· Ë¨± μ¤´μ£μ ¨§ ¸± Î±μ¢ ¢ Ê¢¥²¨-
Î¥´´μ³ ³ ¸ÏÉ ¡¥
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�¨¸. 16. ‡ ¢¨¸¨³μ¸ÉÓ S(xn), · ¸¸Î¨É ´-
´ Ö ¤²Ö · ¸¶·¥¤¥²¥´¨Ö (10), 2a = 50 ³³

¶μ £μ·¨§μ´É ²¨ ´  · ¸¸ÉμÖ´¨¥ 4Aδ. …¸²¨ ÔÉμ
· ¸¸ÉμÖ´¨¥ ¶·¥¢μ¸Ìμ¤¨É Ê¤¢μ¥´´μ¥ · ¸¸ÉμÖ´¨¥ μÉ
ÉμÎ±¨ xn ¤μ ÉμÎ±¨ x = A, Éμ ¶ÊÎμ± ¶¥·¥¸¥Î¥É
ÉμÎ±Ê ´ ¡²Õ¤¥´¨Ö. �É¸Õ¤  ´ Ìμ¤¨É¸Ö μ¡² ¸ÉÓ É -
±¨Ì ±μμ·¤¨´ É xn:

A > |xn| > A |1 − 2δ| . (22)

”μ·³Ê²  (22) ¸¶· ¢¥¤²¨¢  ¤²Ö ²Õ¡ÒÌ §´ Î¥´¨° ±μ-
μ·¤¨´ É xn ¨ ¶ · ³¥É·  0 < δ < 1.

� ¸Î¥É´ Ö § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ´¥μ¤´μ·μ¤´μ-
¸É¨ S(xn) ¶μ± § ´  ´  ·¨¸. 16. Š ± ³μ¦´μ ¢¨¤¥ÉÓ
¨§ ·¨¸. 16, ´  ±· ÖÌ ¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨ ¶·μ¨¸Ìμ-
¤¨É Ê¢¥²¨Î¥´¨¥ ´¥μ¤´μ·μ¤´μ¸É¨. ‡ ¢¨¸¨³μ¸ÉÓ, ¶μ-
± § ´´ Ö ´  ·¨¸. 16, ¶μ¸É·μ¥´  ¤²Ö ¢¥²¨Î¨´Ò ¶ -
· ³¥É·  κ = 6,25. ‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¢¥²¨Î¨´  ´¥μ¤-
´μ·μ¤´μ¸É¨ Smax, ³ ±¸¨³ ²Ó´ Ö ¶μ ¢¸¥³ ±μμ·¤¨-
´ É ³ xn, · ¢´ 

Smax =
1

2[κ] + 1
. (23)

�  ·¨¸. 17 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ´¥μ¤´μ·μ¤´μ¸É¨ S(xn) ± ± ËÊ´±Í¨Ö μÉ ¶ · ³¥-
É·  κ ¶·¨ x = 14,5 ¸³ (É. ¥. ¢¡²¨§¨ ±· Ö ³¨Ï¥´¨). ‚ · ¸Î¥É Ì ¶ · ³¥É· κ ¨§³¥´Ö²¸Ö § 
¸Î¥É ¨§³¥´¥´¨Ö Ï¨·¨´Ò Ð¥²¨ h,   ¢¥²¨Î¨´Ò fx ¨ V ¡Ò²¨ É ±¨³¨ ¦¥, ± ± ¨ ¢ ¶·¥¤Ò¤Ê-
Ð¨Ì · ¸Î¥É Ì. �·¨ ± ¦¤μ³ §´ Î¥´¨¨ κ ¢¥·É¨± ²Ó´Ò° ¸± ´¥· ¶μ²´μ¸ÉÓÕ ¢Ò¢μ¤¨² ¶ÊÎμ±
§  Ð¥²Ó.

�  ·¨¸. 18 ¶·¥¤¸É ¢²¥´μ É·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ρ(xn, yn), · ¸¸Î¨É ´´μ¥
¤²Ö −16 � xn � 16 ¸³, 3 � yn � 5 ¸³ ¨ ¤²Ö ¢¥²¨Î¨´Ò ¶ · ³¥É·  κ = 6,25.

�¨¸. 17. ‡ ¢¨¸¨³μ¸ÉÓ ´¥μ¤´μ·μ¤´μ¸É¨

S(xn) μÉ μÉ´μÏ¥´¨Ö κ = h/λx ¶·¨
xn = 14,5 ¸³, 2a = 50 ³³

�¨¸. 18. � ¸¸Î¨É ´´μ¥ · ¸¶·¥¤¥²¥´¨¥

ρ(xn, yn) ¶·¨ κ = 6,25, x = 0, 2a = 50 ³³
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�¨¸. 19. ‡ ¢¨¸¨³μ¸ÉÓ S(xn), · ¸¸Î¨É ´-
´ Ö ¤²Ö · ¸¶·¥¤¥²¥´¨Ö (10), 2a = 5 ³³

�¨¸. 20. ’·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ z =

ρ(xn, yn), 2a = 5 ³³

�Í¥´±  ³ ±¸¨³ ²Ó´μ° ´¥μ¤´μ·μ¤´μ¸É¨ ¶²μÉ´μ¸É¨ Smax ¶μ Ëμ·³Ê²¥ (23) ¸¶· ¢¥¤²¨¢ ,
Éμ²Ó±μ ±μ£¤  Ê¤μ¢²¥É¢μ·Ö¥É¸Ö ´¥· ¢¥´¸É¢μ (14), μ£· ´¨Î¨¢ ÕÐ¥¥ ¸´¨§Ê · ¤¨Ê¸ ¶ÊÎ±  a.
�·¨ Ê³¥´ÓÏ¥´¨¨ ¤¨ ³¥É·  ¶ÊÎ±  2a ¨ ¡μ²ÓÏ¨Ì  ³¶²¨ÉÊ¤ Ì ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¢¥²¨-
Î¨´  Smax ·¥§±μ ¢μ§· ¸É ¥É. �·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö, ¸μ¤¥·¦ Ð¥£μ ¶μÎÉ¨ ¢¸¥ μ¸´μ¢´Ò¥
¶ · ³¥É·Ò § ¤ Î¨

a < B
1 − h

2B

1 +
BTx

ATy

, (24)

¢¥²¨Î¨´  Smax ³μ¦¥É ¤μ¸É¨£ ÉÓ 100 %.
�  ·¨¸. 19 ¶μ± § ´  · ¸¸Î¨É ´´ Ö § ¢¨¸¨³μ¸ÉÓ S(xn) ¤²Ö ¶ÊÎ±  ¤¨ ³¥É·μ³ 2a = 5 ³³.

�·¨ ÔÉμ³ h = 5 ¸³ ¨ B = 6 ¸³. �¥·¨μ¤ ±μ²¥¡ ´¨° S(xn) μ¶·¥¤¥²Ö¥É¸Ö (± ± ¨ ¢
¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥) Ëμ·³Ê²μ° (18).

Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ·¨¸. 19, ¨¸¶μ²Ó§μ¢ ´¨¥ Ð¥²¨ ¶·¨ ´ ²¨Î¨¨ ¢ ¶ÊÎ±¥ ¸£Ê¸É±  ³ -
²μ£μ ¤¨ ³¥É·  ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ´  ³¨Ï¥´¨ ¶·μ¤μ²Ó´ÒÌ (¢ ´ ¶· ¢²¥´¨¨ μ¸¨ y)
´¥μ¡²ÊÎ¥´´ÒÌ ¶μ²μ¸.

�  ·¨¸. 20 ¶·¥¤¸É ¢²¥´μ É·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ρ(xn, yn), · ¸¸Î¨É ´´μ¥ ¤²Ö ¶ÊÎ± 
¤¨ ³¥É·μ³ 2a = 5 ³³.

‡�Š‹�—…�ˆ…

1. �·¥¤²μ¦¥´ ³¥Éμ¤ · ¸Î¥É  · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ¶·¨ ¥¥ μ¡²Ê-
Î¥´¨¨ ¶ÊÎ±μ³ ¨μ´μ¢ ¸ ÊÎ¥Éμ³ Ð¥²¨, · ¸¶μ²μ¦¥´´μ° ¶¥·¥¤ ³¨Ï¥´ÓÕ. �μ²ÊÎ¥´Ò Ëμ·³Ê²Ò,
¶μ§¢μ²ÖÕÐ¨¥ μÍ¥´¨¢ ÉÓ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¸± ´¨·μ¢ ´¨Ö.

2. �μ± § ´μ, ÎÉμ ¶²μÉ´μ¸ÉÓ Î ¸É¨Í ´  ³¨Ï¥´¨ Ö¢²Ö¥É¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ËÊ´±Í¨¥° ¶·μ-
¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ yn. ‘¢μ°¸É¢μ ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¨μ¤¨Î´μ¸É¨ § ¸¢¥É±¨ ³¨Ï¥´¨ ´¥
§ ¢¨¸¨É μÉ ¢¨¤  ¶²μÉ´μ¸É¨ ¶ÊÎ±  ¨μ´μ¢ ρ0(x, y), ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ ¨§³¥´¥´¨Ö ±μμ·-
¤¨´ É –Œ ¶ÊÎ±  ¨ ¢Ò¸μÉÒ Ð¥²¨ h, μ£· ´¨Î¨¢ ÕÐ¥° ¶μ²¥ μ¡²ÊÎ¥´¨Ö. �·μ¸É· ´¸É¢¥´´Ò°
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¶¥·¨μ¤ λx ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²¥´ ¸±μ·μ¸É¨ ¶·μÉÖ¦±¨ ²¥´ÉÒ V ¨ § ¢¨¸¨É μÉ ¸μμÉ´μÏ¥-
´¨Ö Î ¸ÉμÉ £μ·¨§μ´É ²Ó´μ£μ fx ¨ ¢¥·É¨± ²Ó´μ£μ fy ¸± ´¥·μ¢. „²Ö ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò
¸± ´¨·μ¢ ´¨Ö Í¨±²μÉ·μ´  „–-110 (fx = 0,1 ±ƒÍ, fy = 3,5 ±ƒÍ) § ¸¢¥É±  ³¨Ï¥´¨ ¡Ê¤¥É
¨³¥ÉÓ ¶μ²μ¸Ò ¸ ¢¥·É¨± ²Ó´Ò³ · §³¥·μ³, · ¢´Ò³ λx = 8 ³³ ¶·¨ ³ ±¸¨³ ²Ó´μ° ¸±μ·μ¸É¨
¤¢¨¦¥´¨Ö ²¥´ÉÒ 80 ¸³/¸.

3. ‚ ¸²ÊÎ ¥, ±μ£¤  · ¡μÉ ¥É Éμ²Ó±μ £μ·¨§μ´É ²Ó´Ò° ¸± ´¥·, ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥-
²¥´¨Ö ρ(xn, yn) Ê¢¥²¨Î¨¢ ¥É¸Ö μÉ Í¥´É·  ³¨Ï¥´¨ ± ¥¥ ±· Ö³. �·¨ Ê¢¥²¨Î¥´¨¨ ¤¨ ³¥É· 
¶ÊÎ±  ¤μ 2a � 20 ³³, ¶·¨ ³ ±¸¨³ ²Ó´μ° ¸±μ·μ¸É¨ ¤¢¨¦¥´¨Ö ²¥´ÉÒ, ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤-
´μ¸É¨ Ê³¥´ÓÏ ¥É¸Ö ¨ ¤μ¸É¨£ ¥É É·¥¡Ê¥³μ£μ §´ Î¥´¨Ö S � 5 %.

4. �·¨ μ¤´μ¢·¥³¥´´μ° · ¡μÉ¥ £μ·¨§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·μ¢ ¢¥²¨Î¨´ 
´¥μ¤´μ·μ¤´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö S ¨³¥¥É μ¸Í¨²²¨·ÊÕÐ¨° Ì · ±É¥· ¸  ³¶²¨ÉÊ¤μ° ±μ²¥-
¡ ´¨°, Ê¢¥²¨Î¨¢ ÕÐ¥°¸Ö ± ±· Ö³ ³¨Ï¥´¨. �·μ¸É· ´¸É¢¥´´Ò° ¶¥·¨μ¤ ÔÉ¨Ì ±μ²¥¡ ´¨°
μ¶·¥¤¥²Ö¥É¸Ö £μ·¨§μ´É ²Ó´Ò³ ¸³¥Ð¥´¨¥³ ¶ÊÎ±  Δx §  ¶μ²μ¢¨´Ê ¶¥·¨μ¤  ¢¥·É¨± ²Ó´μ£μ
¸± ´¥· . „μ¶Ê¸É¨³Ò° ¤¨ ³¥É· ¶ÊÎ± , ¶·¨ ±μÉμ·μ³ ´¥μ¤´μ·μ¤´μ¸ÉÓ S Ê³¥´ÓÏ ¥É¸Ö ¤μ
É·¥¡Ê¥³μ° ¢¥²¨Î¨´Ò 5 %, ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²¥´ ¢¥²¨Î¨´¥ Δx ¨ ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥
13 ³³ ¤²Ö ¸± ´¨·ÊÕÐ¥° ¸¨¸É¥³Ò Í¨±²μÉ·μ´  „–-110.

5. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥·  ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ¤μ¶Ê¸É¨³Ò° · §³¥·
¶ÊÎ±  ¶· ±É¨Î¥¸±¨ ¢ ¤¢  · § . „ ²Ó´¥°Ï¥¥ Ê³¥´ÓÏ¥´¨¥ ¤μ¶Ê¸É¨³μ£μ ¤¨ ³¥É·  ¶ÊÎ± 
É·¥¡Ê¥É ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ Ê¢¥²¨Î¥´¨Ö Î ¸ÉμÉÒ ¢¥·É¨± ²Ó´μ£μ ¸± ´¥· .

6. �·¨ Ê¸É ´μ¢±¥ ¶¥·¥¤ ³¨Ï¥´ÓÕ Ð¥²¨ ¨ ¶·¨ ¶μ²´μ³ ¢Ò¢¥¤¥´¨¨ ¢¥·É¨± ²Ó´Ò³ ¸± ´¥-
·μ³ ¶ÊÎ±  §  Ð¥²Ó ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ S ´  μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨ ·¥§±μ ¢μ§· ¸É ¥É.
‚¥²¨Î¨´  S § ¢¨¸¨É μÉ ¶ · ³¥É·  κ, · ¢´μ£μ μÉ´μÏ¥´¨Õ ¢Ò¸μÉÒ Ð¥²¨ ± ¶·μ¸É· ´¸É¢¥´-
´μ³Ê ¶¥·¨μ¤Ê λx. �·¨ κ = 1 ¢ ÉμÎ±¥ xn = 0 ¢¥²¨Î¨´  S = 20 % ¨ ¢μ§· ¸É ¥É ¤μ ∼ 40 %
´  ±· Õ ³¨Ï¥´¨. Œ ±¸¨³ ²Ó´ Ö ¶μ ¢¸¥³ ±μμ·¤¨´ É ³ xn ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ Smax

μÍ¥´¨¢ ¥É¸Ö ± ±
1

2[κ] + 1
(¸³. ·¨¸. 17). �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ð¥²¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê-

¥³μ° μ¤´μ·μ¤´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ´¥μ¡Ìμ¤¨³μ ¶μ¤¡¨· ÉÓ
¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ §´ Î¥´¨¥ ¶ · ³¥É·  κ. ’ ±, ¢ Ô±¸¶¥·¨³¥´É Ì ´  Í¨±²μÉ·μ´¥ „–-110
κ = 6,25.

7. …¸²¨ ¢ ¨μ´´μ³ ¶ÊÎ±¥ ¨³¥¥É¸Ö ¸£Ê¸Éμ± ³ ²μ£μ ¤¨ ³¥É·  (¤²Ö Ê¸²μ¢¨° Ô±¸¶¥·¨³¥´Éμ¢
´  „–-110 2a � 5 ³³), Éμ ¢¥²¨Î¨´  ´¥μ¤´μ·μ¤´μ¸É¨ ³μ¦¥É ¤μ¸É¨£ ÉÓ 100% ¨ ´  ³¨Ï¥´¨
¢μ§´¨± ÕÉ ¶·μ¤μ²Ó´Ò¥ ´¥μ¡²ÊÎ¥´´Ò¥ ¶μ²μ¸Ò.

8. �·¨ · ¡μÉ¥ ¸ £μ·¨§μ´É ²Ó´μ° Ð¥²ÓÕ, · ¸¶μ²μ¦¥´´μ° ¶¥·¥¤ ³¨Ï¥´ÓÕ, ¶ÊÎμ± ¨μ´μ¢
¶·¨ ¢±²ÕÎ¥´´μ³ ¢¥·É¨± ²Ó´μ³ ¸± ´¥·¥ ´¥ ¤μ²¦¥´ ¢ÒÌμ¤¨ÉÓ §  ¶·¥¤¥²Ò ¢¥·É¨± ²Ó´μ£μ
· §³¥·  Ð¥²¨ ´  ¢¥²¨Î¨´Ê ¡μ²¥¥ μ¤´μ° σ.
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