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ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

‘μ¢¥É¸±¨° ³ É¥³ É¨± �. �.�¥Ìμ·μÏ¥¢ ¶μ± § ², ÎÉμ ¶·¨ ¢Ò¶μ²´¥´¨¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨°
¤²Ö ´¥¢μ§³ÊÐ¥´´μ£μ £ ³¨²ÓÉμ´¨ ´  (±·¨É¥·¨° �¥Ìμ·μÏ¥¢ ) ¤¨´ ³¨Î¥¸± Ö ¸¨¸É¥³ , μ¶¨¸Ò¢ ÕÐ Ö
μ¤¨´μÎ´Ò° ´¥²¨´¥°´Ò° ·¥§μ´ ´¸, Ê¸Éμ°Î¨¢  (Ê¸Éμ°Î¨¢μ¸ÉÓ ¶μ �¥Ìμ·μÏ¥¢Ê). ‡ ¤ Î¥° ´ ¸ÉμÖÐ¥°
· ¡μÉÒ Ö¢²Ö¥É¸Ö ¶·μ¢¥·±  ¢²¨Ö´¨Ö ±·¨É¥·¨Ö �¥Ìμ·μÏ¥¢  ´  ¤¨´ ³¨Î¥¸±ÊÕ  ¶¥·ÉÊ·Ê („�) ±μ²ÓÍ ,
¢±²ÕÎ ÕÐ¥£μ ¤¢  ¸¥³¥°¸É¢  μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§ ¤²Ö Ê¢¥²¨Î¥´¨Ö · §¡·μ¸  ¶μ ¡¥É É·μ´´Ò³ Î ¸ÉμÉ ³ ¨
¶μ¤ ¢²¥´¨Ö ¶μ¶¥·¥Î´ÒÌ ±μ£¥·¥´É´ÒÌ ´¥Ê¸Éμ°Î¨¢μ¸É¥°. 	Ò²¨ ¸¶·μ¥±É¨·μ¢ ´Ò ¤¢¥ ¸É·Ê±ÉÊ·Ò: μ¤´ 
¸ ¸¨²Ó´μ° ³μ¤Ê²ÖÍ¨¥° ¡¥É -ËÊ´±Í¨¨, ÎÉμ ¶μ§¢μ²Ö¥É ¢Ò¶μ²´¨ÉÓ ±·¨É¥·¨° �¥Ìμ·μÏ¥¢ , ¨ ¢Éμ· Ö
¸É·Ê±ÉÊ· , ¢ ±μÉμ·μ° ÔÉμÉ ±·¨É¥·¨° ´¥ ¢Ò¶μ²´¥´. „²Ö μ¡¥¨Ì ¸É·Ê±ÉÊ· · ¸¸Î¨É ´  § ¢¨¸¨³μ¸ÉÓ „� μÉ
¸¨²Ò Éμ±  ¢ μ±ÉÊ¶μ²Ó´ÒÌ μ¡³μÉ± Ì ¶·¨ ´ ²¨Î¨¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¨ ¸²ÊÎ °´ÒÌ μÏ¨¡μ± ³ £´¨É´μ£μ
¶μ²Ö. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ± § ²¨, ÎÉμ ¢ μ¡¥¨Ì ¸É·Ê±ÉÊ· Ì „� Ê³¥´ÓÏ ¥É¸Ö ¶·¨ ¢±²ÕÎ¥´¨¨
¸¥³¥°¸É¢ μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§, ÌμÉÖ ¡¥§ ÊÎ¥É  Ë²Ê±ÉÊ Í¨° ¢ ¶¥·¢μ° ¨§ ¸É·Ê±ÉÊ· (¢ ±μÉμ·μ° ±·¨É¥·¨°
�¥Ìμ·μÏ¥¢  ¢Ò¶μ²´¥´) ÔÉμ Ê³¥´ÓÏ¥´¨¥ ´¥¸±μ²Ó±μ ¸² ¡¥¥.

Soviet mathematician N. Nekhoroshev has shown that if the Hamiltonian of a system satisˇes deˇnite
conditions (Nekhoroshev's criterion) then this system is stable (in Nekhoroshev's sense). This paper is
devoted to study of Nekhoroshev's criterion in
uence on dynamical aperture (DA) of the ring including
two families of octupole lenses for increase of betatron tunes spread and suppressing of transverse
coherent instabilities. Two lattices have been designed: one lattice with strong modulation of beta-
functions (which allows us to satisfy Nekhoroshev's criterion for octupole families) and the second
lattice where this criterion is not satisˇed. For both lattices the dependence of DA on octupole families
current was calculated with account of systematic and random errors of magnetic ˇeld. The calculations
have shown that for both lattices the DA is decreased with increase of the current; for the ˇrst lattice
(where Nekhoroshev's criterion is satisˇed) this effect is weaker than for the second one.

PACS: 29.20.-c

‚‚…„…�ˆ…

�±ÉÊ¶μ²Ó´Ò¥ ²¨´§Ò ¢±²ÕÎ ÕÉ¸Ö ¢ ¸É·Ê±ÉÊ·Ê ±μ²ÓÍ¥¢ÒÌ ´ ±μ¶¨É¥²¥° ¤²Ö ¸μ§¤ ´¨Ö
§ ¢¨¸¨³μ¸É¨ Î ¸ÉμÉ ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨° Î ¸É¨Í μÉ  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨°. �Éμ ´¥μ¡Ìμ-
¤¨³μ ¤²Ö ¸É ¡¨²¨§ Í¨¨ ¶μ¶¥·¥Î´ÒÌ ±μ£¥·¥´É´ÒÌ ´¥Ê¸Éμ°Î¨¢μ¸É¥° (¸³., ´ ¶·¨³¥·, [1]);
μ¤´ ±μ, ± ± ¶μ± § ²¨ ¶μ¸²¥¤´¨¥ ¨¸¸²¥¤μ¢ ´¨Ö [2], ¤¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  („�) ³ £´¨É-
´μ£μ ±μ²ÓÍ  ¶·¨ ÔÉμ³ Ê³¥´ÓÏ ¥É¸Ö.

�. ‘¥´¨Î¥¢ ¢Ò¸± § ² ¶·¥¤¶μ²μ¦¥´¨¥ [3], ÎÉμ „� ³μ¦¥É ¡ÒÉÓ Ê²ÊÎÏ¥´  ¶·¨ ¸μ¡²Õ-
¤¥´¨¨ ±·¨É¥·¨Ö �¥Ìμ·μÏ¥¢  [4]. �.�¥Ìμ·μÏ¥¢ ¨¸¸²¥¤μ¢ ² Ê¸Éμ°Î¨¢μ¸ÉÓ ¤¨´ ³¨Î¥¸±μ°
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¸¨¸É¥³Ò ¸ £ ³¨²ÓÉμ´¨ ´μ³ ¢ ¶¥·¥³¥´´ÒÌ ¤¥°¸É¢¨¥ÄË §  (I, ϕ):

H(I) = H0(I) + εH1(I, ϕ) (1)

¤²Ö ¸²ÊÎ Ö ³ ²ÒÌ ¢μ§³ÊÐ¥´¨° (ε � 1). �¥Ìμ·μÏ¥¢ ¸Ëμ·³Ê²¨·μ¢ ² ±·¨É¥·¨° Ê¸Éμ°Î¨¢μ-
¸É¨ ¤¨´ ³¨Î¥¸±μ° ¸¨¸É¥³Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‘¨¸É¥³  Ê· ¢´¥´¨°⎧⎪⎪⎨

⎪⎪⎩

∑
i

ki
∂H0(I)

∂Ii
= 0,

∑
i,j

kikj
∂2H0(I)
∂Ii∂Ij

= 0
(2)

´¥ ¤μ²¦´  ¨³¥ÉÓ ±μ·´¥° ki (k = k1, k2, . . . , ks) ¢ μ¡² ¸É¨ ¤¥°¸É¢¨É¥²Ó´ÒÌ Î¨¸¥² (§  ¨¸±²Õ-
Î¥´¨¥³ É·¨¢¨ ²Ó´μ£μ ·¥Ï¥´¨Ö k = 0). � ¸¸³μÉ·¨³ ±¢ ¤· É¨Î´Ò° ¤¢Ê³¥·´Ò° £ ³¨²Ó-
Éμ´¨ ´:

H0(I) = ςxI2
x + 2ςxyIxIy + ςyI2

y . (3)

’μ£¤  ¢Éμ·μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò (2) ¶·¨´¨³ ¥É ¢¨¤

ςxk2
x + ςxykxky + ςyk2

y = 0. (4)

�É  ±¢ ¤· É¨Î´ Ö Ëμ·³  ´¥ ¨³¥¥É ¤¥°¸É¢¨É¥²Ó´ÒÌ ±μ·´¥° (k �= 0) ¶·¨ Ê¸²μ¢¨¨

ς2
xy − 4ςxςy = 0. (5)

‚ ¸É ´¤ ·É´ÒÌ μ¡μ§´ Î¥´¨ÖÌ MADX 2ςx =
∂Qx

∂Ix
, 2ςy =

∂Qy

∂Iy
, ςxy =

∂Qx

∂Iy
=

∂Qy

∂Ix

(Qx,y Å ¡¥É É·μ´´Ò¥ Î¨¸²  ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨°).
’ ±¨³ μ¡· §μ³, ±·¨É¥·¨° �¥Ìμ·μÏ¥¢  (±�) ¤²Ö ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨° ¢ ³ £´¨É´μ³

±μ²ÓÍ¥ ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:(
∂Qx

∂Iy

)2

− ∂Qx

∂Ix

∂Qy

∂Iy
= 0. (6)
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� ¸¸³μÉ·¨³ ¤¢  ¸¨³³¥É·¨Î´ÒÌ ¸¥³¥°¸É¢  μ±ÉÊ¶μ²¥° (μ¤´μ ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸-
±μ¸É¨, ¤·Ê£μ¥ ¢ ¢¥·É¨± ²Ó´μ°). —¨¸²μ μ±ÉÊ¶μ²¥° · ¢´μ N1 = N2, ¸¨²Ò μ±ÉÊ¶μ²¥° Å
K1

3 = K2
3 , §´ Î¥´¨Ö β-ËÊ´±Í¨° ´  ³¥¸É¥ ¶μ²μ¦¥´¨Ö μ±ÉÊ¶μ²¥° Å β1

x = β2
y , β1

y = β2
x.

‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ²ÊÎ ¥³

∂Qx

∂Ix
= A [N1K

1
3 (β1

x)2 + N2K
2
3 (β2

x)2],
∂Qy

∂Iy
= A [N1K

1
3 (β1

y)2 + N2K
2
3(β2

y)2], (7)

∂Qx

∂Iy
=

∂Qy

∂Ix
= −2A [N1K

1
3β1

xβ1
y + N2K

2
3β2

xβ2
y ]. (8)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ±� ¢Ò¶μ²´Ö¥É¸Ö, ¥¸²¨

16(β1
x)2 − (β1

y)2 � [(β1
x)2 − (β1

y)2]2. (9)

�¥Ï¥´¨¥³ ´¥· ¢¥´¸É¢  (9) Ö¢²Ö¥É¸Ö Ê¸²μ¢¨¥ (βx)1/(βy)1 > 3,732.
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ŒÒ · ¸¸³μÉ·¥²¨ ¤¢¥ ±μ²ÓÍ¥¢Ò¥ ¸É·Ê±ÉÊ·Ò: ¢ ¶¥·¢μ° ¡Ê¤¥É ¸μ¡²Õ¤ ÉÓ¸Ö Ê¸²μ¢¨¥ (9),
  ¢μ ¢Éμ·μ° ´¥É. „²Ö μ¡Ñ¥±É¨¢´μ¸É¨ ¸· ¢´¥´¨Ö ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¤²¨´  ±μ²¥Í
¨ ¡¥É É·μ´´Ò¥ Î ¸ÉμÉÒ ¡Ò²¨ § ¤ ´Ò · ¢´Ò³¨. � · ³¥É·Ò ¸É·Ê±ÉÊ·Ò ³ £´¨É´ÒÌ ±μ²¥Í
§ ¤ ´Ò ¢ É ¡². 1.

’ ¡²¨Í  1.

� · ³¥É·Ò �¥·¢μ¥ ±μ²ÓÍμ ‚Éμ·μ¥ ±μ²ÓÍμ
�´¥·£¨Ö ¶·μÉμ´μ¢, ƒÔ‚ 10 10
Œ £´¨É´ Ö ¨´¤Ê±Í¨Ö, ’² 1,8 1,8
„²¨´  ±μ²ÓÍ , ³ 534 534
Š·¨É¨Î¥¸± Ö Ô´¥·£¨Ö, ƒÔ‚ 4,88 5,25
	¥É É·μ´´ Ö Î ¸ÉμÉ  Q 11,41 11,41
‘Ì¥³  ÖÎ¥°±¨ ”�„� ”�„�
—¨¸²μ ¶¥·¨μ¤μ¢ 36 72
� ¡¥£ Ë §Ò ´  ÖÎ¥°±Ê, ◦ 114,1 57,0
„²¨´  ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò, ³ 0,5 0,5

K1 ²¨´§Ò ”, ³−2 0,4342 0,5125
K1 ²¨´§Ò „, ³−2 −0,4605 −0,5298
—¨¸²μ ¤¨¶μ²¥° ¢ ÖÎ¥°±¥ 2 2
„²¨´  ¤¨¶μ²Ö, ³ 1,618 0,808
�·μ³¥¦ÊÉ±¨, ³ 0,683 0,2
(βx)max, ³ 27,023 12,560
(βx)min, ³ 2,699 4,723
(βx)max/(βx)min 10,0 2,66
(βy)max, ³ 28,709 12,695
(βy)min, ³ 2,715 4,740
(βy)max/(βy)min 10,6 2,68

�¥·¨μ¤Ò, ¢ ±μÉμ·ÒÌ ¢±²ÕÎ¥´Ò μ±ÉÊ¶μ²¨, Î¥·¥¤ÊÕÉ¸Ö ¸ É¥³¨, ¢ ±μÉμ·ÒÌ μ±ÉÊ¶μ²¥°
´¥É. ‚ ¶¥·¢μ³ ±μ²ÓÍ¥ μ±ÉÊ¶μ²¨ ¢±²ÕÎ¥´Ò ¢ É·¥Ì ¶¥·¨μ¤ Ì,   ¢μ ¢Éμ·μ³ ¢ Ï¥¸É¨. ’ ±¨³
μ¡· §μ³, ¸μ¡²Õ¤¥´  · ¢´μ³¥·´μ¸ÉÓ · ¸¶μ²μ¦¥´¨Ö μ±ÉÊ¶μ²¥°.

‚ÒÎ¨¸²¥´¨Ö  ´£ ·³μ´¨Î¥¸±¨Ì ±μÔËË¨Í¨¥´Éμ¢ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MADX ¶μ± §Ò-
¢ ÕÉ ¢Ò¶μ²´¥´¨¥ ±·¨É¥·¨Ö �¥Ìμ·μÏ¥¢  ¢ ¶¥·¢μ³ ±μ²ÓÍ¥ (¸¨²Ó´ Ö ³μ¤Ê²ÖÍ¨Ö β-ËÊ´±Í¨°)
(·¨¸. 1). �·¨ N · K3 = −1200 ³−4:

ΔQx ≈ −1740 ³−1 · Ix + 1200 ³−1 · Iy, ΔQy ≈ 1200 ³−1 · Ix − 1910 ³−1 · Iy. (10)

�É¸Õ¤  ´ °¤¥³:
∂Qx

∂Ix

∂Qy

∂Iy
−

(
∂Qx

∂Iy

)2

≈ 1,9 · 106 ³−2.

‚μ ¢Éμ·μ³ ±μ²ÓÍ¥ (¸² ¡ Ö ³μ¤Ê²ÖÍ¨Ö β-ËÊ´±Í¨°) (·¨¸. 2) ±·¨É¥·¨° �¥Ìμ·μÏ¥¢  ´¥
¢Ò¶μ²´Ö¥É¸Ö. �·¨ N · K3 = 2400 ³−4:

ΔQx ≈ 1100 ³−1 · Ix − 1730 ³−1 · Iy, ΔQy ≈ −1730 ³−1 · Ix + 1100 ³−1 · Iy . (11)

‘μμÉ¢¥É¸É¢¥´´μ,
∂Qx

∂Ix

∂Qy

∂Iy
−

(
∂Qx

∂Iy

)2

≈ −1,8 · 106 ³−2.
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�¨¸. 1. ‘É·Ê±ÉÊ·  ÖÎ¥°±¨, μ±ÉÊ¶μ²¨ ¨ β-ËÊ´±Í¨¨ ¢ ¶¥·¨μ¤¥ ¸É·Ê±ÉÊ·Ò ¶¥·¢μ£μ ±μ²ÓÍ 

�¨¸. 2. ‘É·Ê±ÉÊ·  ÖÎ¥°±¨, μ±ÉÊ¶μ²¨ ¨ β-ËÊ´±Í¨¨ ¢ ¶¥·¨μ¤¥ ¸É·Ê±ÉÊ·Ò ¢Éμ·μ£μ ±μ²ÓÍ 

3. „ˆ��Œˆ—…‘Š�Ÿ ��…�’“�� Š�‹…–

� ¸Î¥ÉÒ „� ¶·μ¢¥¤¥´Ò ¶·¨ ´ ²¨Î¨¨ ·¥£Ê²Ö·´μ° ´¥²¨´¥°´μ¸É¨ ¢ ³ £´¨É´μ° ¸É·Ê±-
ÉÊ·¥ ±μ²ÓÍ  ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MADX. ŠμÔËË¨Í¨¥´ÉÒ ´¥²¨´¥°´μ¸É¨ § ¤ ´Ò É ±¨¥
¦¥, ± ± ¢ ¶·μ¥±É¥ SIS100 (É ¡². 2): K2, K4, K6 ¤²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢, K5, K9 ¤²Ö
±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§.

�¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3, 4.
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’ ¡²¨Í  2.

K2 =
1

Bρ

∫

L

∂2B

∂x2
ds, m−2 −0,081834

„¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ K4 =
1

Bρ

∫

L

∂4B

∂x4
ds, m−4 33,288

K6 =
1

Bρ

∫

L

∂6B

∂x6
ds, m−6 2,8507 · 106

Š¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò

K5 =
1

Bρ

∫

L

∂5B

∂x5
ds, m−5 −741,7

K9 =
1

Bρ

∫

L

∂9B

∂x9
ds, m−9 −1,4561 · 1013

�¨¸. 3. „¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ¶¥·¢μ£μ ±μ²ÓÍ . • Å NK3 = 0; � Å NK3 = 600 ³−4; � Å
NK3 = 1200 ³−4; N = N1 = N2 = 36

�¨¸. 4. „¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ¢Éμ·μ£μ ±μ²ÓÍ . • Å NK3 = 0; � Å NK3 = 600 ³−4; � Å
NK3 = 1200 ³−4; N = N1 = N2 = 72
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‚ÒÎ¨¸²¥´¨Ö ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ±μ²¥Í ¶·μ¢μ¤¨²¨¸Ó ¶μ ¸²¥¤ÊÕÐ¥° ³¥Éμ¤¨±¥. „²Ö
± ¦¤ÒÌ §´ Î¥´¨° Ex, Ey ¢Ò¡¨· ²¨¸Ó ¢ ¨´É¥·¢ ²¥ (0, 2π) £¥´¥· Éμ·μ³ ¸²ÊÎ °´ÒÌ Î¨¸¥²
Ë §Ò ψx, ψy. �μ ÔÉ¨³ ¢¥²¨Î¨´ ³ μ¶·¥¤¥²Ö²¨¸Ó ´ Î ²Ó´Ò¥ §´ Î¥´¨Ö x, px, y, py ¤²Ö É·¥-
±¨´£  Î ¸É¨Í ¢ ±μ²ÓÍ¥. ƒ· ´¨Í¥° ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¶·¨´¨³ ²¨¸Ó §´ Î¥´¨Ö Ex, Ey,
¶·¨ ±μÉμ·ÒÌ Î ¸É¨ÍÒ ¡Ò²¨ ¶μÉ¥·Ö´Ò ¤μ 10000 μ¡μ·μÉμ¢ ¢ ±μ²ÓÍ¥.

‚ ¶¥·¢μ³ ±μ²ÓÍ¥ (¸¨²Ó´ Ö ³μ¤Ê²ÖÍ¨Ö β-ËÊ´±Í¨°) ¶·¨ NK3 = 1200 ³−4 ³Ò ¨³¥¥³
¤²Ö Ex = Ey = 50 ³³ ·³· ¤ ΔQx = ΔQy = 0,03. ‚±²ÕÎ¥´¨¥ Í¥¶μÎ±¨ μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§
Ê³¥´ÓÏ ¥É ¤¨´ ³¨Î¥¸±ÊÕ  ¶¥·ÉÊ·Ê ±μ²¥Í. „ ´´Ò¥ ¢ÒÎ¨¸²¥´¨° (·¨¸. 3) ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢
¶¥·¢μ³ ±μ²ÓÍ¥, £¤¥ ±·¨É¥·¨° �¥Ìμ·μÏ¥¢  ¢Ò¶μ²´Ö¥É¸Ö, ÔÉμ Ê³¥´ÓÏ¥´¨¥ ¸μ¸É ¢²Ö¥É 25%.
‚μ ¢Éμ·μ³ ±μ²ÓÍ¥ ±·¨É¥·¨° �¥Ìμ·μÏ¥¢  ´¥ ¢Ò¶μ²´Ö¥É¸Ö ¨ ¶·¨ NK3 = 1200 ³−4 Ê³¥´Ó-
Ï¥´¨¥ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¸μ¸É ¢²Ö¥É 60 % (·¨¸. 4).

	Ò²¨ ¶·μ¢¥¤¥´Ò É ±¦¥ ¨ ¢ÒÎ¨¸²¥´¨Ö ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ±μ²¥Í ¶·¨ ÊÎ¥É¥ Ë²Ê±-
ÉÊ Í¨° ¶μ²Ö ³ £´¨Éμ¢ ¨ ²¨´§. ”²Ê±ÉÊ Í¨¨ § ¤ ¢ ²¨¸Ó ¸ · ¸¶·¥¤¥²¥´¨¥³ ƒ Ê¸¸  ¶·¨ ¸·¥¤-

�¨¸. 5. „¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ¶¥·¢μ£μ ±μ²ÓÍ  ¶·¨ ´ ²¨Î¨¨ Ë²Ê±ÉÊ Í¨° ¶μ²¥° ¢ ¤¨¶μ²Ó´ÒÌ
³ £´¨É Ì ¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì. • Å NK3 = 0; � Å NK3 = 600 ³−4; � Å NK3 = 1200 ³−4;

N = N1 = N2 = 36

�¨¸. 6. „¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ¢Éμ·μ£μ ±μ²ÓÍ  ¶·¨ ´ ²¨Î¨¨ Ë²Ê±ÉÊ Í¨° ¶μ²¥° ¢ ¤¨¶μ²Ó´ÒÌ
³ £´¨É Ì ¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì. • Å NK3 = 0; � Å NK3 = 1200 ³−4; � Å NK3 = 2400 ³−4;

N = N1 = N2 = 72
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´¥±¢ ¤· É¨Î´μ³ ¢μ§³ÊÐ¥´¨¨, ¸μ¸É ¢²Ö¢Ï¥³ 30% μÉ ·¥£Ê²Ö·´μ° ´¥²¨´¥°´μ¸É¨. „ ´´Ò¥
¢ÒÎ¨¸²¥´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5 ¨ 6.

�É³¥É¨³, ÎÉμ É ±¨¥ Ë²Ê±ÉÊ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö ±μ²¥Í ¶·¨¢μ¤ÖÉ ± ¢μ§´¨±´μ¢¥´¨Õ
ÏÊ³μ¢ÒÌ ´¥²¨´¥°´ÒÌ ·¥§μ´ ´¸μ¢, ¸¨²  ±μÉμ·ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´  βp

x,y, £¤¥ p Å ¶μ·Ö¤μ±
·¥§μ´ ´¸ . ’ ±¨³ μ¡· §μ³, Ë²Ê±ÉÊ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¸¨²Ó´¥¥ ¢²¨ÖÕÉ ´  „� ¶·¨ ¡μ²¥¥
¸¨²Ó´μ° ³μ¤Ê²ÖÍ¨¨  ³¶²¨ÉÊ¤´ÒÌ ËÊ´±Í¨°; ¢¥·μÖÉ´μ, ¨³¥´´μ ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ Ö¢²¥´¨¥³
¶·¨ μ¤¨´ ±μ¢ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢ μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§ ¤¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ¢Éμ·μ£μ
±μ²ÓÍ  (¸² ¡ Ö ³μ¤Ê²ÖÍ¨Ö β-ËÊ´±Í¨°) ¡μ²¥¥ Î¥³ ¢ ¤¢  · §  ¶·¥¢ÒÏ ¥É ¤¨´ ³¨Î¥¸±ÊÕ
 ¶¥·ÉÊ·Ê ¶¥·¢μ£μ ±μ²ÓÍ  (¸¨²Ó´ Ö ³μ¤Ê²ÖÍ¨Ö β-ËÊ´±Í¨°).

‡�Š‹�—…�ˆ…

“¸±μ·¨É¥²Ó μÉ²¨Î ¥É¸Ö μÉ · ¸¸³μÉ·¥´´μ° �.�.�¥Ìμ·μÏ¥¢Ò³ ¶·μ¸É¥°Ï¥° ¤¨´ ³¨Î¥-
¸±μ° ¸¨¸É¥³Ò ·Ö¤μ³ μ¸μ¡¥´´μ¸É¥°:

1. ƒ ³¨²ÓÉμ´¨ ´ H0(I) ¤²Ö ¸¥³¥°¸É¢ μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§ ´¥ Ö¢²Ö¥É¸Ö ÉμÎ´Ò³: μ´ ¶μ-
²ÊÎ¥´ ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Ê¸·¥¤´¥´¨Ö ¢ ¶¥·¢μ³ ¶μ·Ö¤±¥ ¶μ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. � ·Ö¤Ê ¸
Î²¥´ ³¨, ¢±²ÕÎ¥´´Ò³¨ ¢ ±¢ ¤· É¨Î´Ò° ¤¢Ê³¥·´Ò° £ ³¨²ÓÉμ´¨ ´ (Ê·-´¨¥ (3)), μ´ ¸μ¤¥·-
¦¨É É ±¦¥ μ±ÉÊ¶μ²Ó´Ò¥ £ ·³μ´¨±¨.

2. ‚μ§³ÊÐ¥´¨¥ ¸μ¤¥·¦¨É Ï¨·μ±¨° ¸¶¥±É· £ ·³μ´¨± ¨ ´¥ ¸¢μ¤¨É¸Ö ± Î²¥´Ê εH1(I, ϕ);
¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥§μ´ ´¸μ¢ ¢μ§³ÊÐ¥´´Ò° £ ³¨²ÓÉμ´¨ ´ § ¢¨¸¨É É ±¦¥
μÉ ¶·μ¤μ²Ó´μ° ¶¥·¥³¥´´μ° s.

‚¥·μÖÉ´μ, ¨³¥´´μ ¢ ¸¨²Ê ÔÉ¨Ì μ¸μ¡¥´´μ¸É¥° μ±ÉÊ¶μ²Ó´Ò¥ ¸¥³¥°¸É¢  ÊÌÊ¤Ï ÕÉ „�
¤ ¦¥ ¶·¨ ¢Ò¶μ²´¥´¨¨ ±·¨É¥·¨Ö �¥Ìμ·μÏ¥¢ . �É¨ ·¥§Ê²ÓÉ ÉÒ, ¸É·μ£μ £μ¢μ·Ö, μÉ´μ¸ÖÉ¸Ö
Éμ²Ó±μ ± · ¸¸³μÉ·¥´´μ³Ê ¶·¨³¥·Ê. ‘²¥¤Ê¥É, μ¤´ ±μ, μ¦¨¤ ÉÓ, ÎÉμ ÔÉμÉ ¢Ò¢μ¤ ¸¶· -
¢¥¤²¨¢ ¨ ¤²Ö ±μ²¥Í ¸ ¤·Ê£μ° ³ £´¨É´μ° ¸É·Ê±ÉÊ·μ° (ÌμÉÖ ±μ²¨Î¥¸É¢¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ,
¥¸É¥¸É¢¥´´μ, ³μ£ÊÉ ¸¨²Ó´μ § ¢¨¸¥ÉÓ μÉ ¶ · ³¥É·μ¢ ±μ²¥Í).

�μ¤Î¥·±´¥³, ÎÉμ ¶·¨ ¢Ò¶μ²´¥´¨¨ ±·¨É¥·¨Ö �¥Ìμ·μÏ¥¢  „� ¸¶ ¤ ¥É ´¥¸±μ²Ó±μ ³¥¤-
²¥´´¥¥, Î¥³ ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ³ ¸²ÊÎ ¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £μ¸±μ·¶μ· Í¨¨ ��‘�’�Œ.
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