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(PEPPER-POT Œ…’�„ „‹Ÿ ˆ‘’�—�ˆŠ� Š�ˆ��)
‚. ‘. �²¥±¸ ´¤·μ¢1, …. …. „μ´¥Í, …. ‚. �ÕÌ ²μ¢ , �. Š. Š ³¨´¸±¨°,

‘.�. ‘¥¤ÒÌ, �. ‚. ’Ê§¨±μ¢, �. ‚. ”¨²¨¶¶μ¢
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

„ ´μ μ¶¨¸ ´¨¥ · §· ¡μÉ ´´ÒÌ ´  ¶² ÉËμ·³ Ì Wolfram Mathematica ¨ Origin ¶·μ£· ³³ ¤²Ö ¶¥·-
¢¨Î´μ° μ¡· ¡μÉ±¨ ËμÉμ¸´¨³±μ¢ ¨§μ¡· ¦¥´¨Ö ¶ÊÎ±  ´  ³ ¸±¥. �·¨ Ëμ·³¨·μ¢ ´¨¨ Ë °²  ±μμ·¤¨´ É
¨§μ¡· ¦¥´¨Ö ÊÎ¨ÉÒ¢ ÕÉ¸Ö Ê£²Ò ¶μ¢μ·μÉμ¢ ¢μ±·Ê£ μ¸¨ ¨ ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸É¨. �·¨¢¥¤¥´Ò ·¥-
§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸  ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Pep emit, ´ ¶¨¸ ´´μ° ¢ Visual Basic, ¶μ
¸Ëμ·³¨·μ¢ ´´μ³Ê Ë °²Ê ¢ É¥¸Éμ¢μ³ ·¥¦¨³¥.

The description of the codes for preprocessing of pictures of the image of a beam on a mask
developed on the Wolfram Mathematica and Origin platforms is given. At forming the ˇle of coordinates
of the image, angles of turns round an axis and in the vertical plane are considered. Results of
computation of an emittance by means of the Pep emit program written in Visual Basic for the created
ˇle are given in the test mode.

PACS: 29.27.Fh

‚‚…„…�ˆ…

‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶·μ¤μ²¦ ¥É¸Ö · §· ¡μÉ±  ¶·μ¥±É 
¨ ¸μ§¤ ´¨¥ ¨μ´´μ£μ ±μ²² °¤¥·  NICA [1]. �·¨ · ¸Î¥É¥ ± ´ ²μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¨ ¤·Ê-
£¨Ì Ê§²μ¢ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ¨¸¶μ²Ó§ÊÕÉ¸Ö Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¨ ¶ · ³¥É·Ò ’¢¨¸¸ .
� ¨¡μ²¥¥ ¶·¨¢²¥± É¥²Ó´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö μ¶¥· É¨¢´Ò° ¨ ÉμÎ´Ò° ³¥Éμ¤ pepper-pot [2],
¶μ§¢μ²ÖÕÐ¨° ¶·μ¢μ¤¨ÉÓ ´¥μ¡Ìμ¤¨³Ò¥ ¨§³¥·¥´¨Ö §  μ¤¨´ ®¢Ò¸É·¥²¯. Šμ´¸É·Ê±Í¨Ö ¨¸-
ÉμÎ´¨±  Š�ˆ�� [3] ¶μ§¢μ²Ö¥É É ±¦¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¨ ³¥Éμ¤ Ê· ¢´¥´¨Ö μ£¨¡ ÕÐ¥° [4],
¤ ÕÐ¨° ¶·¨¥³²¥³ÊÕ ÉμÎ´μ¸ÉÓ §  3Ä4 ¨§³¥·¥´¨Ö. �¦¨¤ ¥³μ¥ §´ Î¥´¨¥ ¸·¥¤´¥±¢ ¤· É¨Î-
´μ£μ Ô³¨ÉÉ ´¸  Å ¶μ·Ö¤±  20Ä40π ³³·³· ¤, ¤¨ ³¥É· ¶ÊÎ±  ∼ 10 ³³.

1. “‘’���‚Š� ˆ Œ…’�„

‘Ì¥³  Ê¸É ´μ¢±¨ pepper-pot ¶μ± § ´  ´  ·¨¸. 1. �μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¸±¢μ§Ó μÉ¢¥·¸É¨Ö
³ ¸±¨ pepper-pot ¶ÊÎμ± · §¤¥²Ö¥É¸Ö ´  Ë· £³¥´ÉÒ, ¤²Ö ±μÉμ·ÒÌ ¢²¨Ö´¨¥ ¸μ¡¸É¢¥´´μ£μ
§ ·Ö¤  ´  ¤¨´ ³¨±Ê ´¥§´ Î¨É¥²Ó´μ. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ³ ¸±μ° ¨ Ô±· ´μ³-³¨Ï¥´ÓÕ ¢Ò-
¡¨· ¥É¸Ö ¤μ¸É ÉμÎ´Ò³ ¤²Ö · §¤¥²¥´¨Ö ¶ÖÉ¥´ μÉ Ë· £³¥´Éμ¢ ¶ÊÎ±  ´  ³¨Ï¥´¨. ’ ±¨³
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μ¡· §μ³, ¶·μ¸É· ´¸É¢¥´´Ò¥ ¶·μË¨²¨ ´  ³¨Ï¥´¨ Ö¢²ÖÕÉ¸Ö ¶·Ö³μ° ³¥·μ° Ê£²μ¢μ£μ · ¸-
¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ´  ³ ¸±¥. �³¨ÉÉ ´¸ ²¥£±μ ¶μ²ÊÎ¨ÉÓ ¨§ ¨§μ¡· ¦¥´¨Ö pepper-pot ¢ ¸²Ê-
Î ¥ £ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö (¸³., ´ ¶·¨³¥·, [2, 5]). ‚ · ¡μÉ¥ [6] ¶·¥¤²μ¦¥´ ³¥Éμ¤,
μ¸´μ¢ ´´Ò° ´  ¢ÒÎ¨¸²¥´¨¨ ¸·¥¤´¥±¢ ¤· É¨Î´ÒÌ ¶ · ³¥É·μ¢ ¶ÊÎ±  ¢ ¶²μ¸±μ¸É¨ ³ ¸±¨
pepper-pot, ¶·¨£μ¤´Ò° ¢ μ¡Ð¥³ ¸²ÊÎ ¥.

Camera

Beam

Screen
Pepper pot

mask

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ pepper-pot �¨¸. 2. ”μÉμ ³ ¸±¨

Œ ¸±  (·¨¸. 2) ¨³¥¥É 11 × 11 μÉ¢¥·¸É¨° ¤¨ ³¥É·μ³ 0,2 ³³, Ï £ h = 3 ³³. –¥´É· ²Ó-
´μ£μ μÉ¢¥·¸É¨Ö ´¥É. „²Ö μ¡· ¡μÉ±¨ ¨§μ¡· ¦¥´¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¶ ±¥É Wolfram Mathemat-
ica. �μ ·¥§Ê²ÓÉ É ³ μ¡· ¡μÉ±¨ Ëμ·³¨·Ê¥É¸Ö É¥±¸Éμ¢Ò° Ë °² ¢ ¢¨¤¥ É ¡²¨ÍÒ (3 × M),
¸É·μ±¨ ±μÉμ·μ° ¸μ¤¥·¦ É ±μμ·¤¨´ ÉÒ ¨ §´ Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ m-° ÉμÎ±¨ (¶¨±¸¥²Ö)
¨§μ¡· ¦¥´¨Ö. M Å ±μ²¨Î¥¸É¢μ ÉμÎ¥±. „²Ö μ¶·¥¤¥²¥´¨Ö ¸μμÉ¢¥É¸É¢¨Ö ³¥¦¤Ê ¶μ²μ¦¥-
´¨¥³ μÉ¤¥²Ó´ÒÌ ¶ÖÉ¥´ ¨ £¥μ³¥É·¨¥° ³ ¸±¨ ¶¥·¥¤ ¶·μ¢¥¤¥´¨¥³ ¨§³¥·¥´¨° ¶·μ¨§¢μ¤¨É¸Ö
± ²¨¡·μ¢±  Ê¸É ´μ¢±¨ ¸ ¶μ³μÐÓÕ ¶ · ²²¥²Ó´μ£μ ¸¢¥Éμ¢μ£μ ¶ÊÎ±  (´ ¶·¨³¥·, ± ± ¢ [7]).
‚ÒÎ¨¸²Ö¥É¸Ö Í¥´É· ÉÖ¦¥¸É¨ ¨§μ¡· ¦¥´¨Ö, ¨ ±μμ·¤¨´ ÉÒ μÉ¸Î¨ÉÒ¢ ÕÉ¸Ö μÉ´μ¸¨É¥²Ó´μ
ÔÉμ£μ Í¥´É· .

�·¨ ¢ÒÎ¨¸²¥´¨¨ £μ·¨§μ´É ²Ó´μ£μ Ô³¨ÉÉ ´¸  ¶·¨³¥´¨³ ¸²¥¤ÊÕÐÊÕ ¶·μÍ¥¤Ê·Ê [6].
� §μ¡Ó¥³ ¨§μ¡· ¦¥´¨¥ ´  ¢¥·É¨± ²Ó´Ò¥ ·Ö¤Ò, ¢ ±μÉμ·Ò¥ Í¥²¨±μ³ ¢Ìμ¤ÖÉ ¨§μ¡· ¦¥´¨Ö
μÉ¢¥·¸É¨° ³ ¸±¨ ¨²¨ Ë· £³¥´Éμ¢ ¶ÊÎ±  ( ´ ²μ£ ¢¥·É¨± ²Ó´ÒÌ Ð¥²¥°, ¸³. ·¨¸. 3). „²Ö
· ¸Î¥É  ¢¥·É¨± ²Ó´μ£μ Ô³¨ÉÉ ´¸  ¢Ò¤¥²ÖÕÉ £μ·¨§μ´É ²Ó´Ò¥ ·Ö¤Ò. Šμμ·¤¨´ ÉÒ Í¥´É· 
ÉÖ¦¥¸É¨ ¨§μ¡· ¦¥´¨Ö:

xc =

(
Kmax∑
k=1

Jmax∑
j=1

Akj · xkj

)/
Atot, yc =

(
Kmax∑
k=1

Jmax∑
j=1

Akj · ykj

)/
Atot,

Atot =
Kmax∑
k=1

Jmax∑
j=1

Akj .

‡¤¥¸Ó Kmax Å Î¨¸²μ ÉμÎ¥± ¶μ £μ·¨§μ´É ²¨; Jmax Å ¶μ ¢¥·É¨± ²¨ (M = KmaxJmax).
‘·¥¤´ÖÖ x-±μμ·¤¨´ É  ¨§μ¡· ¦¥´¨Ö i-° ¢¥·É¨± ²Ó´μ° ®Ð¥²¨¯:

xi =

(
Kmax i∑

k=Kmin i

Jmax∑
j=1

Akj · (xkj − xc)

)/
Ai, Ai =

Kmax i∑
k=Kmin i

Jmax∑
j=1

Akj ,
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�¨¸. 3. ”μÉμ ®¶ÊÎ± ¯ ( ) ¨ Ë· £³¥´É ¥£μ ¨§μ¡· ¦¥´¨Ö ¶μ¸²¥ μ¡· ¡μÉ±¨ ¢ ¶ ±¥É¥ Wolfram Mathe-
matica (¡). �Ê´±É¨·μ³ ¶μ± § ´μ · §¡¨¥´¨¥ ´  ®Ð¥²¨¯

£¤¥ Kmax i ¨ Kmin i ¢Ò¡¨· ¥³ É ±, ÎÉμ¡Ò ´¥ ¶¥·¥±·Ò¢ ²¨¸Ó ¸μ¸¥¤´¨¥ ¢¥·É¨± ²Ó´Ò¥
®Ð¥²¨¯.

‘·¥¤´¥±¢ ¤· É¨Î´ÊÕ Ï¨·¨´Ê ¨§μ¡· ¦¥´¨Ö Ð¥²¨ μ¶·¥¤¥²¨³ ± ±

σ2
i =

(
Kmax i∑

k=Kmin i

Jmax∑
j=1

Akj · (xkj − xi − xc)2
)/

Ai.

’μ£¤  £μ·¨§μ´É ²Ó´Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸: rms ε2
x = x 2

0 · x ′2
0 − xx

′2
0 , £¤¥

x2
0 =

1
Atot

∑
i

x2
0iAi +

h2

3
, x

′2
0 =

1
AtotL2

∑
i

Ai

[
(xi − x0i)

2 + σ2
i

]
+

h2

3L2
,

xx ′
0 =

1
AtotL

∑
i

Ai (xi − x0i) x0i.

‡¤¥¸Ó xi ¨ σi ¶¥·¥¢¥¤¥´Ò ¢ ³¨²²¨³¥É·Ò ¸μ£² ¸´μ xi (³³) = xi (¶¨±¸¥²Ó)·D. Œ ¸ÏÉ ¡´Ò°
±μÔËË¨Í¨¥´É D μ¶·¥¤¥²Ö¥É¸Ö ¨§ É¥±¸Éμ¢μ£μ Ë °²  ¤²Ö ¨§μ¡· ¦¥´¨Ö ³ ¸±¨. Šμμ·¤¨´ ÉÒ
Í¥´É·μ¢ μÉ¢¥·¸É¨° x0i ¨ y0i ³ ¸±¨ μÉ¸Î¨ÉÒ¢ ÕÉ¸Ö μÉ ¥¥ Í¥´É· .

2. �…�‚ˆ—��Ÿ ������’Š� ˆ‡����†…�ˆ‰

�¥·¢¨Î´ Ö μ¡· ¡μÉ±  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸²¥¤ÊÕÐ¨¥ μ¶¥· Í¨¨.
2.1. “³¥´ÓÏ¥´¨¥ ¨§μ¡· ¦¥´¨Ö (¢ ¸³Ò¸²¥ μ¡Ñ¥³  § ´¨³ ¥³μ° ¶ ³ÖÉ¨) ¤μ

M = 150000−200000 ÉμÎ¥± (´ ¶·¨³¥·, ¢ Microsoft Ofˇce Picture Manager) ¤²Ö ¶μ²ÊÎ¥-
´¨Ö ¶·¨¥³²¥³μ£μ ¢·¥³¥´¨ ¢ÒÎ¨¸²¥´¨°. • · ±É¥·´Ò¥ ¢·¥³¥´  μ¡· ¡μÉ±¨ Ê³¥´ÓÏ¥´´μ£μ
¨§μ¡· ¦¥´¨Ö ¢ ¶ ±¥É¥ Wolfram Mathematica ¤²Ö ±μ³¶ÓÕÉ¥·μ¢, ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ · ¡μÉ¥,
¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

Intel Core i7-2600, CPU 3,4 ƒƒÍ, RAM 8 ƒ¡ ∼ 1Ä2′

AMD AthlonTM Processor 3200+ 2,01 ƒƒÍ, 1,00 ƒ	 �‡“ 10Ä15′

Intel Pentium III, Dual CPU 1 ƒƒÍ, RAM 512 Œ¡ ∼ 1/2 ¸ÊÉ
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2.2. �¡· ¡μÉ±  ¨§μ¡· ¦¥´¨Ö ¨ Ëμ·³¨·μ¢ ´¨¥ É¥±¸Éμ¢μ£μ Ë °²  ±μμ·¤¨´ É ¢ ¶ ±¥É¥
Wolfram Mathematica. ‘´ Î ²  Ê¡¨· ¥É¸Ö ´ ±²μ´ ¨§μ¡· ¦¥´¨Ö: ψ Å Ê£μ² ´ ±²μ´  Ô±· ´ 
± ³ ¸±¥ (μ¡ÒÎ´μ ÔÉμ 45◦). „ ²¥¥ ±μ··¥±É¨·Ê¥É¸Ö Ê£μ² ¶μ¢μ·μÉ  φ ËμÉμ± ³¥·Ò μÉ´μ¸¨-
É¥²Ó´μ μ¸¨ Ô±· ´Ä± ³¥· . ’ ± Ö μ¶¥· Í¨Ö ´¥μ¡Ìμ¤¨³ , ¥¸²¨ ¶¥·¥±·Ò¢ ÕÉ¸Ö ·Ö¤Ò ¨§μ-
¡· ¦¥´¨° μÉ¢¥·¸É¨° ³ ¸±¨. �É  Í¥¶μÎ±  μ¶¥· Í¨° ¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 4 ¤²Ö É¥¸Éμ¢μ°
³ ¸±¨, ¶μ± § ´´μ° ´  ·¨¸. 5.

ˆ´É¥´¸¨¢´μ¸É¨ ´μ·³¨·ÊÕÉ¸Ö ´  ³ ±¸¨³ ²Ó´ÊÕ (É ± ´ §Ò¢ ¥³ Ö ´μ·³ ²¨§ Í¨Ö ¨§μ¡· -
¦¥´¨Ö). ”μ´ μÉ·¥§ ¥É¸Ö ¢¢¥¤¥´¨¥³ ¶μ¤Ìμ¤ÖÐ¥£μ ¶μ·μ£ . „²Ö ËμÉμ ·¨¸. 3 ¶μ·μ£ ¸μ¸É ¢¨²
∼ 10%, ¤²Ö ·¨¸. 4 ¥£μ §´ Î¥´¨¥ ∼ 50% (¸³. ·¨¸. 6).

Исходное фото:

� � � �� � � � �4 9

Убран наклон:

� � �� � � �90

Скорректирован поворот:

� �� � �0 0

�¨¸. 4. �·¥μ¡· §μ¢ ´¨Ö ¨§μ¡· ¦¥´¨Ö

�¨¸. 5. Œ ¸±  ¤²Ö É¥¸Éμ¢ ¶·¥μ¡· §μ¢ ´¨Ö ¨§μ¡· ¦¥´¨Ö
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�¨¸. 6. ˆ§μ¡· ¦¥´¨Ö ¸ · §´Ò³ Ê·μ¢´¥³ Ëμ´ 



1204 �²¥±¸ ´¤·μ¢ ‚. ‘. ¨ ¤·.

3. ’…‘’ ���ƒ��ŒŒ��ƒ� ��…‘�…—…�ˆŸ

„²Ö É¥¸É¨·μ¢ ´¨Ö  ²£μ·¨É³  ¨ ¶·μ£· ³³Ò ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸  ¨ ³¥Éμ¤¨±¨ ¶·μ³¥-
¦ÊÉμÎ´μ° μ¡· ¡μÉ±¨ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¸´¨³±¨ ¶μ¤¸¢¥Î¥´´μ° ³ ¸±¨: ¸Ëμ±Ê¸¨·μ¢ ´´μ¥
(·¨¸. 2) ¨ · ¸Ëμ±Ê¸¨·μ¢ ´´μ¥ ¨§μ¡· ¦¥´¨Ö (·¨¸. 3).

Œ ¸ÏÉ ¡´Ò° ±μÔËË¨Í¨¥´É D, μ¶·¥¤¥²Ö¥³Ò° ¨§ Ë °²  ±μμ·¤¨´ É ¤²Ö ·¨¸. 2 ± ± μÉ-
´μÏ¥´¨¥ Ï £  μÉ¢¥·¸É¨° ³ ¸±¨ (h = 3 ³³) ± ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê Î¨¸²Ê ¶¨±¸¥²¥°, ¨³¥¥É
§´ Î¥´¨¥ D = 3/24 = 0,125 ³³/¶¨±¸¥²Ó.

” °² ¨§μ¡· ¦¥´¨Ö · ¸Ëμ±Ê¸¨·μ¢ ´´μ° ³ ¸±¨, Ê³¥´ÓÏ¥´´μ£μ ¶·¨¡²¨§¨É¥²Ó´μ
¢ 100 · §, ¸μ¤¥·¦¨É 518 × 346 ¸É·μ±, Kmax = 518, Jmax = 346.

�¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸  ¶·μ£· ³³μ° Pep emit ¶μ Ë °²Ê ±μμ·¤¨´ É ¤²Ö ·¨¸. 3
¶·¨¢¥¤¥´Ò ´¨¦¥. �  ·¨¸. 7,   ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¢ ®¶ÊÎ±¥¯. �É¸ÊÉ¸É¢¨¥
Í¥´É· ²Ó´μ£μ μÉ¢¥·¸É¨Ö ¢´μ¸¨É μÏ¨¡±¨ ¢ · ¸¶·¥¤¥²¥´¨¥ ¨ §´ Î¥´¨¥ Ô³¨ÉÉ ´¸ . �μÔÉμ³Ê
¶·¨ μ¡· ¡μÉ±¥ ±μ··¥±É¨·ÊÕÉ ¶μ²ÊÎ¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥,  ¶¶·μ±¸¨³¨·ÊÖ ¥£μ £ Ê¸¸¨ ´ ³¨
²¥¢μ° ¨ ¶· ¢μ° ¢¥É¢¥° · ¸¶·¥¤¥²¥´¨Ö. ‘±μ··¥±É¨·μ¢ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶·¨¢¥¤¥´μ ´ 
·¨¸. 7, ¡.

” §μ¢Ò° Ô²²¨¶¸ (·¨¸. 8) ¶μ²ÊÎ¨³ ¨§ ¨´¢ ·¨ ´É  ŠÊ· ´É Ä‘´ °¤¥· 

βx
′2 + 2αxx′ + γx2 = εx,

£¤¥ ¶ · ³¥É·Ò ’¢¨¸¸  α = −xx ′
0/εx, β = x2

0/εx, βγ = α2 + 1.
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�¨¸. 7. � ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨: ¨§³¥·¥´´μ¥ ( ) ¨ ¸±μ··¥±É¨·μ¢ ´´μ¥ (¡)
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�¨¸. 8. ” §μ¢Ò° ¶μ·É·¥É ®¶ÊÎ± ¯ ´  ³ ¸±¥
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‚ ·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ ¶μ²ÊÎ¨²¨, ÎÉμ ¶ÊÎμ±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ·¨¸. 2 ¨ 3, ¨³¥¥É
´¥¡μ²ÓÏÊÕ · ¸Ìμ¤¨³μ¸ÉÓ α = −0,16, ¸·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ εx = 65π ³³ ·³· ¤
¨ ¤¨ ³¥É· 18 ³³.

‚›‚�„›

�μ¤£μÉμ¢²¥´ ¶ ±¥É ¶·μ£· ³³ ¤²Ö μ¶·¥¤¥²¥´¨Ö Ô³¨ÉÉ ´¸  ¨ ¶ · ³¥É·μ¢ ’¢¨¸¸  ¶ÊÎ± 
¨¸ÉμÎ´¨±  Š�ˆ�� ¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨°. „ ´μ μ¶¨¸ ´¨¥  ²£μ·¨É³  μ¡· ¡μÉ±¨ ·¥-
§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ¢¨¤¥ ¨§μ¡· ¦¥´¨°, ·¥ ²¨§μ¢ ´´μ£μ ¸ ÊÎ¥Éμ³ μ¸μ-
¡¥´´μ¸É¥° Ê¸É ´μ¢±¨. �·μ¢¥¤¥´μ É¥¸É¨·μ¢ ´¨¥ ´  ¨§μ¡· ¦¥´¨ÖÌ, ³μ¤¥²¨·ÊÕÐ¨Ì ¸² ¡μ
· ¸Ìμ¤ÖÐ¨°¸Ö ¶ÊÎμ±.
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