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‡ Ì ·μ¢ Œ.�. ¨ ¤·. P3-2018-20
—¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ô±¸¶¥·¨³¥´É  ¶μ ´ ¡²Õ¤¥´¨Õ
´¥¸É Í¨μ´ ·´μ° ¤¨Ë· ±Í¨¨ “•� ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥

‘μ§¤ ´ ±μ³¶²¥±¸ ¶·μ£· ³³ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¶μ ¤¨Ë· ±Í¨¨
“•� ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥. ‡ ¤ Î  μ ¤¨Ë· ±Í¨¨ ´¥°É·μ´μ¢ ´  ·¥Ï¥É±¥ ¸ ¶ -
· ³¥É· ³¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ·¥ ²Ó´μ³Ê Ô±¸¶¥·¨³¥´ÉÊ, ·¥Ï ² ¸Ó Î¨¸²¥´´μ ´ 
μ¸´μ¢¥ Ê· ¢´¥´¨° ¤¨´ ³¨Î¥¸±μ° É¥μ·¨¨ ¤¨Ë· ±Í¨¨. �·μÍ¥¤Ê·  ¨§³¥·¥´¨Ö ¤¨-
Ë· ±Í¨μ´´μ£μ ¸¶¥±É·  ¢·¥³Ö¶·μ²¥É´Ò³ ËÊ·Ó¥-¤¨Ë· ±Éμ³¥É·μ³ ³μ¤¥²¨·μ¢ ² ¸Ó
³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. ˆ¸¸²¥¤μ¢ ´Ò ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ¶·¨ ¢μ¸¸É -
´μ¢²¥´¨¨ ¸¶¥±É·  ´¥°É·μ´μ¢ ³¥Éμ¤μ³ μ¡· É´μ° ËÊ·Ó¥-¸¶¥±É·μ³¥É·¨¨. �·μ¢¥-
¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éμ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.
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Numerical Simulation of the Experiment on Observing
Non-Stationary Diffraction of UCNs on a Moving Lattice

A set of programs has been created for modeling the experiment to study UCN
diffraction on a moving grating. The problem of diffraction of neutrons on a lattice
with parameters corresponding to the actual experiment was solved numerically on
the basis of the equations of the dynamic theory of diffraction. The process of
measuring the diffraction spectrum by a time-of-�ight Fourier diffractometer was
simulated by the Monte Carlo method. Systematic errors in the reconstruction of the
neutron energy spectrum by the inverse Fourier spectrometry method are investigated.
The results of numerical calculations are compared with experimental data.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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Ÿ¢²¥´¨¥ ¤¨Ë· ±Í¨¨ ´¥°É·μ´μ¢ ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥ ¨¸¸²¥¤μ¢ ²μ¸Ó
¢ ·Ö¤¥ É¥μ·¥É¨Î¥¸±¨Ì ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡μÉ [1Ä9]. ‚ · ¡μÉ¥ [1] ¤¨Ë· ±-
Í¨Ö Ê²ÓÉ· Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ (“•�) ´  ¶μ¢¥·Ì´μ¸É´ÒÌ ¢μ²´ Ì �Ô²¥Ö · ¸-
¸³ É·¨¢ ² ¸Ó ¢ ± Î¥¸É¢¥ ¢μ§³μ¦´μ£μ ³¥Ì ´¨§³  ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö “•�.
‚ · ¡μÉ¥ [2] Ô±¸¶¥·¨³¥´É ²Ó´μ ´ ¡²Õ¤ ² ¸Ó ¤¨Ë· ±Í¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
´  ¶μ¢¥·Ì´μ¸É´μ° Ê²ÓÉ· §¢Ê±μ¢μ° ¢μ²´¥.

„¨Ë· ±Í¨Ö ´  ¤¢¨¦ÊÐ¥°¸Ö ¶¥·¨μ¤¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ Å ¤¨Ë· ±Í¨μ´´μ°
·¥Ï¥É±¥ Å É¥μ·¥É¨Î¥¸±¨ ¨¸¸²¥¤μ¢ ² ¸Ó ¢ · ¡μÉ¥ [3]. �·¥¤¸± § ´´Ò° ¢ ´¥°
ÔËË¥±É ¤¨¸±·¥É´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö ¸¶¥±É·  ¡Ò² Ô±¸¶¥·¨³¥´É ²Ó´μ μ¡´ ·Ê-
¦¥´ ¨ ¨¸¸²¥¤μ¢ ´ ¢ · ¡μÉ Ì [4, 5]. Ÿ¢²¥´¨¥ ¤¨¸±·¥É´μ£μ · ¸Ð¥¶²¥´¨Ö ³μ´μ-
Ì·μ³ É¨Î¥¸±μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¶·μ-
¢¥·±¥ ¸² ¡μ£μ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨ ¤²Ö ´¥°É·μ´  [6, 7]. ˆ¸¸²¥¤μ¢ ´¨¥
´¥¸É Í¨μ´ ·´μ° ¤¨Ë· ±Í¨¨ ¶·μ¤μ²¦ ¥É¸Ö ¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö [8, 9].

’¥μ·¥É¨Î¥¸±¨°  ´ ²¨§ μ¸´μ¢ ´ ´  ·¥Ï¥´¨¨ ¸É Í¨μ´ ·´μ° § ¤ Î¨ ¢ ¸¨-
¸É¥³¥ ±μμ·¤¨´ É, ¤¢¨¦ÊÐ¥°¸Ö ¢³¥¸É¥ ¸ ·¥Ï¥É±μ° [2, 3, 8]. �·¨ ÔÉμ³ ¢ ² ¡μ-
· Éμ·´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É Ô´¥·£¨Ö ´¥°É·μ´μ¢ μ± §Ò¢ ¥É¸Ö ±¢ ´Éμ¢ ´´μ°,
¸¶¥±É· Å ²¨´¥°Î ÉÒ³,   ¸μ¸¥¤´¨¥ ²¨´¨¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  μÉ²¨Î -
ÕÉ¸Ö ´  ¶μ¸ÉμÖ´´ÊÕ ¢¥²¨Î¨´Ê (·¨¸. 1).

ˆ¸Ìμ¤Ö ¨§ É·¥¡μ¢ ´¨Ö ¸μμÉ¢¥É¸É¢¨Ö Ê¸²μ¢¨Ö³ μ¸ÊÐ¥¸É¢²¥´´ÒÌ Ô±¸¶¥·¨-
³¥´Éμ¢ ¢¥§¤¥ ´¨¦¥ ¡Ê¤¥³ ¶μ² £ ÉÓ, ÎÉμ ·¥ÎÓ ¨¤¥É μ ¶·μ¶Ê¸± ÕÐ¥°,   ´¥
μÉ· ¦ ÕÐ¥° ·¥Ï¥É±¥. …¸²¨ ·¥Ï¥É±  c ¶¥·¨μ¤μ³ d ¤¢¨¦¥É¸Ö ¢¤μ²Ó μ¸¨ X ¸μ

�¨¸. 1. ‘Ì¥³Ò ¤¨Ë· ±Í¨¨ ´¥°É·μ´μ¢ ´  ·¥Ï¥É±¥:  ) ´¥¶μ¤¢¨¦´ Ö ·¥Ï¥É± , ωn = ω0;
¡) ¸¨¸É¥³  ±μμ·¤¨´ É ¤¢¨¦¥É¸Ö ¢³¥¸É¥ ¸ ·¥Ï¥É±μ°, ωn = ω′; ¢) ¤¢¨¦ÊÐ Ö¸Ö ·¥Ï¥É± 
¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É, ωn = ω0 + nΩ

1



¸±μ·μ¸ÉÓÕ Vgr, Éμ ¸μ¸ÉμÖ´¨¥ ´¥°É·μ´μ¢ ¶μ¸²¥ ¤¨Ë· ±Í¨¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¸Ê¶¥·¶μ§¨Í¨Õ ¶²μ¸±¨Ì ¢μ²´

Ψ (x, z, t) =
∑
m

Am exp [i ([kxmx + kzmz − ωmt])] , (1)

£¤¥ m Å ´μ³¥· ¤¨Ë· ±Í¨μ´´μ£μ ¶μ·Ö¤± , ¶·μ¥±Í¨¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¨Ì ¢μ²´μ-
¢ÒÌ ¢¥±Éμ·μ¢ ¥¸ÉÓ

kxm = kx0 + gm, kzm =
[
k2

z0 + 2 (kV − kx0) gm − g2
m

]1/2
, (2)

kV = MVgr/�, gm = mg0, g0 =
2π

d
Å ¢¥²¨Î¨´  ¢¥±Éμ·  μ¡· É´μ° ·¥Ï¥É±¨,

ωm = ω0 + mΩ, ω0 = �k2
0/2M , Ω = g0Vgr, kx0 = MVx0/�, kz0 = MVz0/�,

Vx0 ¨ Vz0 Å É ´£¥´Í¨ ²Ó´ Ö ¨ ´μ·³ ²Ó´ Ö ±μ³¶μ´¥´ÉÒ ´ Î ²Ó´μ° ¸±μ·μ¸É¨
´¥°É·μ´μ¢, M Å ³ ¸¸  ´¥°É·μ´ , � Å ¶μ¸ÉμÖ´´ Ö �² ´± . �·¥¤¶μ²μ¦¨¢, ÎÉμ
ÏÉ·¨Ì¨ ·¥Ï¥É±¨ μ·¨¥´É¨·μ¢ ´Ò ¢¤μ²Ó μ¸¨ y, ³Ò ¨¸±²ÕÎ¨²¨ ¨§ · ¸¸³μÉ·¥´¨Ö
±μ³¶μ´¥´ÉÊ ¢μ²´μ¢μ£μ ¢¥±Éμ·  k0y.

�·¨ ±¨´¥³ É¨Î¥¸±μ³ ¶μ¤Ìμ¤¥ ± § ¤ Î¥ μ ¤¨Ë· ±Í¨¨  ³¶²¨ÉÊ¤Ò ¢μ²´ ¢
¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ ±μμ·¤¨´ É ¥¸ÉÓ ËÊ·Ó¥- ³¶²¨ÉÊ¤Ò ËÊ´±Í¨¨ ¶·μ¶Ê¸± ´¨Ö
·¥Ï¥É±¨ T (x):

am =
1
d

d∫
0

T (x) e−igmx dx. (3)

�³¶²¨ÉÊ¤Ò ¢μ²´ Am ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É μ¶·¥¤¥²ÖÕÉ¸Ö ¨§

Ê¸²μ¢¨Ö ¸μÌ· ´¥´¨Ö ¶μÉμ±  Am =
(

k2
x0 + k2

z0

k2
xm + k2

zm

)1/4

am [8].

Š¨´¥³ É¨Î¥¸± Ö É¥μ·¨Ö ¤¨Ë· ±Í¨¨ ¸¶· ¢¥¤²¨¢  ¤²Ö ¡¥¸±μ´¥Î´μ Éμ´±¨Ì
·¥Ï¥Éμ±, ±μ£¤  ¢²¨Ö´¨¥ ¢μ²´ ¤·Ê£ ´  ¤·Ê£  μÉ¸ÊÉ¸É¢Ê¥É. �¤´ ±μ ¢ ·¥ ²Ó-
´μ³ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ·¥Ï¥É±¨ ´¥´Ê²¥¢μ° Éμ²Ð¨´Ò (·¨¸. 2), ¢μ²´Ò
· ¸¶·μ¸É· ´ÖÕÉ¸Ö ¢ ¢¥Ð¥¸É¢¥ ·¥Ï¥É±¨ ±μ´¥Î´μ¥ ¢·¥³Ö ¨ ¨Ì ¢§ ¨³´μ¥ ¢²¨Ö-
´¨¥ ¤μ²¦´μ ÊÎ¨ÉÒ¢ ÉÓ¸Ö. �É¨³ Ê¸²μ¢¨Ö³ Ê¤μ¢²¥É¢μ·Ö¥É ¤¨´ ³¨Î¥¸± Ö É¥μ·¨Ö
¤¨Ë· ±Í¨¨ [8].

‚ ´¥±μÉμ·ÒÌ ¶·¥¤¶μ²μ¦¥´¨ÖÌ, μ¶· ¢¤Ò¢ ÕÐ¨Ì Ê¸²μ¢¨Ö Ô±¸¶¥·¨³¥´-
Éμ¢ [4Ä6, 9], § ¤ Î  μ ¤¨Ë· ±Í¨¨ ´  μ¡Ñ¥³´μ° ·¥Ï¥É±¥ ³μ¦¥É ¡ÒÉÓ ¸¢¥¤¥´  ±
·¥Ï¥´¨Õ ¸¨¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¶¥·¢μ£μ ¶μ·Ö¤± :

dΨm

dz
= −iγmΨm − i

∑
n�=0

βnΨm−n, (4)

£¤¥ Ψm Å  ³¶²¨ÉÊ¤Ò ¶²μ¸±¨Ì ¢μ²´, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ · §²¨Î´Ò³ ¤¨Ë· ±-
Í¨μ´´Ò³ ¶μ·Ö¤± ³; γm, βn Å ±μÔËË¨Í¨¥´ÉÒ, § ¢¨¸ÖÐ¨¥ μÉ ¶ · ³¥É·μ¢ ·¥-
Ï¥É±¨ ¨ ´ Î ²Ó´μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢.
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�¨¸. 2. ˆ¤¥ ²¨§¨·μ¢ ´´Ò° ¶·μË¨²Ó ¤¨Ë· ±Í¨μ´´μ° ·¥Ï¥É±¨

� ¡μÉÒ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¤¨Ë· ±Í¨¨ Ê²ÓÉ· Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ´  ¤¢¨-
¦ÊÐ¥°¸Ö ·¥Ï¥É±¥ ¢ É¥Î¥´¨¥ ¤μ²£μ£μ ¢·¥³¥´¨ ¢¥¤ÊÉ¸Ö £·Ê¶¶μ° ‹�” �ˆŸˆ.
�¸´μ¢´μ° Í¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö · §· ¡μÉ±  ¶·μ£· ³³´μ£μ μ¡¥¸-
¶¥Î¥´¨Ö ¤²Ö ³ É¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢,  ´ ²¨§ 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨ ¸· ¢´¥´¨Ö ¨Ì ¸ · ¸Î¥Éμ³.

2. —ˆ‘‹…��›‰ ��‘—…’ ˆ�’…�‘ˆ‚��‘’ˆ
„ˆ”��Š–ˆ���›• ���Ÿ„Š�‚ ‚ �Š‘�…�ˆŒ…�’… ‘ “•�

‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ´¥¸É Í¨μ´ ·´μ° ¤¨Ë· ±Í¨¨ “•� [4Ä6] ¢³¥¸Éμ ¶μ-
¸ÉÊ¶ É¥²Ó´μ ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢· Ð ÕÐ Ö¸Ö Ë §μ¢ Ö ·¥-
Ï¥É± , § ´¨³ ¢Ï Ö ¶¥·¨Ë¥·¨Î¥¸±ÊÕ μ¡² ¸ÉÓ ±·¥³´¨¥¢μ£μ ¤¨¸± . ‚ ÔÉμ° μ¡² -
¸É¨ ³¥Éμ¤μ³ Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨ ¡Ò²¨ ¶·¨£μÉμ¢²¥´Ò · ¤¨ ²Ó´Ò¥ ± ´ ¢±¨
(·¨¸. 3,  ). ‚μ²´Ò, ¶·μÏ¥¤Ï¨¥ Î¥·¥§ · §´Ò¥ ÊÎ ¸É±¨ ·¥Ï¥É±¨, · §²¨Î ²¨¸Ó ¶μ
Ë §¥ ¨§-§  ¶·¥²μ³²¥´¨Ö ¢ ¢¥Ð¥¸É¢¥. “£²μ¢μ° ¶¥·¨μ¤ ¸É·Ê±ÉÊ·Ò Δϑ = 2π/N
μ¶·¥¤¥²Ö²¸Ö Î¨¸²μ³ ± ´ ¢μ± N . ‚ ¨¤¥ ²¥ Ï¨·¨´  ± ´ ¢μ± ¤μ²¦´  ¡Ò²  ¡ÒÉÓ
· ¢´μ° ¶μ²μ¢¨´¥ ¶¥·¨μ¤ , μ¤´ ±μ ´  ¶· ±É¨±¥ ± ´ ¢±¨ ¨³¥²¨ É· ¶¥Í¨¥¢¨¤-
´μ¥ ¸¥Î¥´¨¥. �μ¸±μ²Ó±Ê ± ± ¶·μ¸É· ´¸É¢¥´´Ò° ¶¥·¨μ¤ ·¥Ï¥É±¨ d = 2πR/N ,
É ± ¨ ²¨´¥°´ Ö ¸±μ·μ¸ÉÓ ¥¥ ¤¢¨¦¥´¨Ö Vgr = 2πRf ¶·μ¶μ·Í¨μ´ ²Ó´Ò · ¤¨Ê¸Ê,

Éμ ¶·¨ § ¤ ´´μ³ N ¸¶¥±É· ²Ó´μ¥ · ¸Ð¥¶²¥´¨¥ Ω =
2πV

d
= 2πNf § ¢¨¸¨É

Éμ²Ó±μ μÉ Î ¸ÉμÉÒ ¥¥ ¢· Ð¥´¨Ö f .
�μÉμ± “•� ¶μ¤¢μ¤¨²¸Ö ± ·¥Ï¥É±¥ ¶μ ±μ²ÓÍ¥¢μ³Ê ±μ·¨¤μ·Ê, ´  ¢ÒÌμ¤¥

±μÉμ·μ£μ Ê¸É ´μ¢²¥´ ³μ´μÌ·μ³ Éμ· (·¨¸. 3, ¡). ‚ ± Î¥¸É¢¥ ¶μ¸²¥¤´¥£μ ¨¸¶μ²Ó-
§μ¢ ²¸Ö ´¥°É·μ´´Ò° ¨´É¥·Ë¥·¥´Í¨μ´´Ò° Ë¨²ÓÉ· [10, 11] Å ±¢ ´Éμ¢Ò°  ´ ²μ£
μ¶É¨Î¥¸±μ£μ ¨´É¥·Ë¥·μ³¥É·  ” ¡·¨Ä�¥·μ. ’¨¶¨Î´ Ö Ï¨·¨´  ²¨´¨¨ ¶·μ¶Ê¸-
± ´¨Ö ³μ´μÌ·μ³ Éμ·  Å 3Ä4 ´Ô‚.

�¥·¢ Ö § ¤ Î  ¤ ´´μ° · ¡μÉÒ Å · ¸Î¥É ¤¨Ë· ±Í¨μ´´ÒÌ ¶μ·Ö¤±μ¢ ¢ μ¶¨-
¸ ´´ÒÌ ¢ÒÏ¥ Ê¸²μ¢¨ÖÌ, μ¸´μ¢ ´´Ò° ´  Î¨¸²¥´´μ³ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò Ê· ¢´¥-
´¨° (4). ‚ ¶·μ£· ³³Ê § ±² ¤Ò¢ ²¨¸Ó £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ·¥Ï¥É±¨, Î¨¸²μ
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�¨¸. 3.  ) � ¤¨ ²Ó´ Ö ¤¨Ë· ±Í¨μ´´ Ö ·¥Ï¥É± . ¡) ‘Ì¥³  Ô±¸¶¥·¨³¥´É : 1 Å ±μ²ÓÍ¥¢μ°
±μ·¨¤μ·; 2 Å ³μ´μÌ·μ³ Éμ·; 3 Å · ¤¨ ²Ó´ Ö ·¥Ï¥É± 

ÊÎ¨ÉÒ¢ ¥³ÒÌ ¶μ·Ö¤±μ¢ ¤¨Ë· ±Í¨¨ Ξ (±μ²¨Î¥¸É¢μ Ê· ¢´¥´¨° ¢ ¸¨¸É¥³¥ (4)),
±μ²¨Î¥¸É¢μ ± ´ ¢μ±, ¶ · ³¥É·Ò ³ É¥·¨ ²  ·¥Ï¥É±¨:  Éμ³´ Ö ¶²μÉ´μ¸ÉÓ ¨
¤²¨´  ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö ¤²Ö ´¥°É·μ´μ¢ ³ É¥·¨ ²  ·¥Ï¥É±¨.

ˆ³¥² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢μ¤¨ÉÓ · ¸Î¥ÉÒ ¤²Ö ·¥Ï¥É±¨ ± ± ¸ ¶·Ö³μÊ£μ²Ó-
´Ò³, É ± ¨ ¸ É· ¶¥Í¨¥¢¨¤´Ò³ ¶·μË¨²Ö³¨ ¸É·Ê±ÉÊ·Ò. ”μ·³  ¶·μË¨²Ö § -
¤ ¢ ² ¸Ó £¥μ³¥É·¨Î¥¸±¨³ ¶ · ³¥É·μ³ ξ(z) = Δ(z)/d, £¤¥ ¢¥²¨Î¨´  Δ(z) Å
Ï¨·¨´  §Ê¡  ´  ¢Ò¸μÉ¥ z (·¨¸. 4).

‚ ¶·μ£· ³³¥ ¶·μ¢μ¤¨²μ¸Ó ¶μÏ £μ¢μ¥ Î¨¸²¥´´μ¥ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò (4).
�¡² ¸ÉÓ ·¥Ï¥É±¨ ¤¥²¨² ¸Ó ´  ±μ²ÓÍ  μ¤¨´ ±μ¢μ° Ï¨·¨´Ò (·¨¸. 5), ¶·¨Î¥³
¶·¨´¨³ ²μ¸Ó, ÎÉμ ¢ ± ¦¤μ° ±μ²ÓÍ¥¢μ° μ¡² ¸É¨ ²¨´¥°´Ò° ¶¥·¨μ¤ ·¥Ï¥É±¨
¶μ¸ÉμÖ´´Ò° ¨ ´¥ § ¢¨¸¨É μÉ · ¤¨Ê¸ . � ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¸ Î¨¸²μ³ · §¡¨¥-
´¨°, · ¢´Ò³ 100, ÌμÉÖ ¢ ¶·μ£· ³³¥ ÔÉμ §´ Î¥´¨¥ ³μ¦´μ ¡Ò²μ § ¤ ¢ ÉÓ.

�¨¸. 4. �·μË¨²Ó ·¥Ï¥É±¨ �¨¸. 5. � §¡¨¥´¨¥ ·¥Ï¥É±¨ ´  ±μ²ÓÍ¥¢Ò¥
ÊÎ ¸É±¨
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�¥Ï¥´¨¥ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (4) ´ Ìμ¤¨²μ¸Ó ³¥Éμ¤μ³ �Ê´£¥ÄŠÊÉÉ  4-£μ
¶μ·Ö¤± . �·¨ ÔÉμ³ ± ¦¤ Ö ±μ²ÓÍ¥¢ Ö μ¡² ¸ÉÓ ¤¥²¨² ¸Ó ´  Éμ´±¨¥ £μ·¨§μ´-
É ²Ó´Ò¥ ¸²μ¨ μ¤¨´ ±μ¢μ° Éμ²Ð¨´Ò, ¸ § ¤ ´´μ° ¢¥·É¨± ²Ó´μ° ±μμ·¤¨´ Éμ° z
¨ ²μ± ²Ó´μ° Ï¨·¨´μ° §Ê¡  ξ(z). Šμ²¨Î¥¸É¢μ ¸²μ¥¢ ³μ¦´μ ¡Ò²μ § ¤ ¢ ÉÓ,
μ¤´ ±μ ¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ · §¡¨¥´¨¥ ´  100 ¸²μ¥¢ μ± §Ò¢ ²μ¸Ó, ± ± ¶· ¢¨²μ,
¤μ¸É ÉμÎ´Ò³.

� ¸Î¥É ´ Î¨´ ²¸Ö ¸μ ¸²μÖ z = 0, ´  ±μÉμ·Ò° ¶ ¤ ¥É ¨¸Ìμ¤´ Ö ¢μ²´ .
�μ²ÊÎ¥´´μ¥ ¤²Ö ÔÉμ£μ ¸²μÖ ·¥Ï¥´¨¥ μ¶·¥¤¥²Ö²μ ¢μ²´Ò ¢¸¥Ì ¤¨Ë· ±Í¨μ´´ÒÌ
¶μ·Ö¤±μ¢, ¶ ¤ ÕÐ¨Ì ´  ¸²¥¤ÊÕÐ¨° ¶μ ¢Ò¸μÉ¥ ¸²μ°. �  ¢ÒÌμ¤¥ ¨§ ¶μ¸²¥¤-
´¥£μ ¸²μÖ ¶μ z ¤²Ö ± ¦¤μ£μ ±μ²ÓÍ¥¢μ£μ ÊÎ ¸É±  ·¥Ï¥´¨¥ ¶·¥¤¸É ¢²Ö²μ ¸μ¡μ°
´ ¡μ·  ³¶²¨ÉÊ¤ ¶²μ¸±¨Ì ¢μ²´. �μ²ÊÎ¥´´Ò¥  ³¶²¨ÉÊ¤Ò ± ¦¤μ£μ ±μ²ÓÍ¥¢μ£μ
ÊÎ ¸É±  ´μ·³¨·μ¢ ²¨¸Ó ¶μ ¶²μÐ ¤¨ ¤ ´´μ£μ ±μ²ÓÍ¥¢μ£μ ÊÎ ¸É± . ‡ É¥³  ³-
¶²¨ÉÊ¤Ò μ¤¨´ ±μ¢ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¶μ·Ö¤±μ¢ ¤²Ö ¢¸¥Ì ±μ²ÓÍ¥¢ÒÌ ÊÎ ¸É±μ¢
¸Ê³³¨·μ¢ ²¨¸Ó. �μ¸²¥ ·¥Ï¥´¨Ö § ¤ Î¨ ¢ ¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ ±μμ·¤¨´ É
´ Ìμ¤¨²¨¸Ó ±¢ ¤· ÉÒ ³μ¤Ê²¥° ¢μ²´ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ·Ö¤±μ¢ ¢ ² ¡μ· Éμ·-
´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É |Am|2. ˆ³¥´´μ μ´¨ ¨ μ¶·¥¤¥²Ö²¨ ¨´É¥´¸¨¢´μ¸É¨ ¢μ²´
¢ ·¥§Ê²ÓÉ¨·ÊÕÐ¥³ ¸¶¥±É·¥. ‚ ¶·μ£· ³³¥ ÊÎ¨ÉÒ¢ ²μ¸Ó, ÎÉμ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É 
μÉ´μ¸ÖÉ¸Ö ± ¨´É¥´¸¨¢´μ¸ÉÖ³ · §´μ´ ¶· ¢²¥´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¶ÊÎ±μ¢, ¢ Éμ
¢·¥³Ö ± ± ¸±μ·μ¸ÉÓ ¸Î¥É  Ë¨§¨Î¥¸±μ£μ ¤¥É¥±Éμ·  ¶·μ¶μ·Í¨μ´ ²Ó´  ¶·μ¥±Í¨¨
¶μÉμ±  ´  ¥£μ μ¸Ó.

�μ²ÊÎ¥´´μ¥ É ±¨³ μ¡· §μ³ ·¥Ï¥´¨¥ ¸μμÉ¢¥É¸É¢μ¢ ²μ ³μ´μÌ·μ³ É¨Î¥¸±μ°
¶ ¤ ÕÐ¥° ¢μ²´¥. …£μ ¥Ð¥ ¸²¥¤μ¢ ²μ Ê¸·¥¤´¨ÉÓ ¶μ ¶ ¤ ÕÐ¥³Ê ¸¶¥±É·Ê, § ¤ -
¢ ¥³μ³Ê ³μ´μÌ·μ³ Éμ·μ³. �μ¸²¥¤´¨° ¸Î¨É ²¸Ö £ Ê¸¸μ¢Ò³.

Š·μ³¥ Éμ£μ, ¶·¨´¨³ ²μ¸Ó ¢μ ¢´¨³ ´¨¥, ÎÉμ Ï¨·¨´  ¨Éμ£μ¢μ£μ ¸¶¥±É· 
μ¶·¥¤¥²Ö² ¸Ó ´¥ Éμ²Ó±μ ¸¶¥±É·μ³ ³μ´μÌ·μ³ Éμ· , ´μ ¨ · ¸¶·¥¤¥²¥´¨¥³ ´ -
Î ²Ó´μ£μ ¶μÉμ±  ¶μ £μ·¨§μ´É ²Ó´Ò³ ¸±μ·μ¸ÉÖ³. ˆ§ Ëμ·³Ê²Ò (2) ¢¨¤´μ, ± ±
£μ·¨§μ´É ²Ó´Ò¥ ¸±μ·μ¸É¨ ´¥°É·μ´μ¢ vx0 = �kx0/m ¢²¨ÖÕÉ ´  · ¸¶·¥¤¥²¥´¨¥
¶μ ¢¥·É¨± ²Ó´Ò³ ¸±μ·μ¸ÉÖ³. �·¨ ÔÉμ³ ÊÏ¨·¥´¨¥ ²¨´¨¨, ¸¢Ö§ ´´μ¥ ¸ £μ·¨§μ´-
É ²Ó´Ò³¨ ¸±μ·μ¸ÉÖ³¨ ´¥°É·μ´μ¢, ¶·μ¶μ·Í¨μ´ ²Ó´μ ´μ³¥·Ê ¤¨Ë· ±Í¨μ´´μ£μ
¶μ·Ö¤± . Š ¸μ¦ ²¥´¨Õ, ¨´Ëμ·³ Í¨Ö μ · ¸¶·¥¤¥²¥´¨¨ ¶μÉμ±  ¶μ £μ·¨§μ´É ²Ó-
´Ò³ ¸±μ·μ¸ÉÖ³ ¢ Ê¸²μ¢¨ÖÌ ·¥ ²Ó´μ£μ Ô±¸¶¥·¨³¥´É  μÉ¸ÊÉ¸É¢μ¢ ² . �μÔÉμ³Ê
´¥¸±μ²Ó±μ ¶·μ¨§¢μ²Ó´μ ÔÉμ · ¸¶·¥¤¥²¥´¨¥ É ±¦¥ ¶μ² £ ²μ¸Ó £ Ê¸¸μ¢Ò³ ¸ ´¥-
±μÉμ·μ° ÔËË¥±É¨¢´μ° ¤¨¸¶¥·¸¨¥° σvx. ’ ±¨³ μ¡· §μ³, Ëμ·³  ²¨´¨° ¨Éμ£μ-
¢μ£μ ¸¶¥±É·  μ¶·¥¤¥²Ö² ¸Ó ¢Ò· ¦¥´¨¥³

Sm(E) =
∑
m

|Am|2

σm

√
2π

exp
[
− (E − Em)2

2σ2
m

]
, (5)

£¤¥
σ2

m = σ2
z + m2σ2

x, σx = �g0σvx . (6)

‚ ¶·μ£· ³³¥ ¡Ò²  § ²μ¦¥´  ¢μ§³μ¦´μ¸ÉÓ § ¤ ¢ ÉÓ Ï¨·¨´Ê · ¸¶·¥¤¥²¥´¨Ö
´¥°É·μ´μ¢ ¶μ £μ·¨§μ´É ²Ó´Ò³ ¨ ¢¥·É¨± ²Ó´Ò³ ¸±μ·μ¸ÉÖ³. � ¸Î¥ÉÒ ¶·μ¢μ¤¨-
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²¨¸Ó ¤²Ö ·¥Ï¥É±¨ ¸ Î¨¸²μ³ ÏÉ·¨Ìμ¢ N = 84 000, ¢· Ð ÕÐ¥°¸Ö ¸μ ¸±μ·μ¸ÉÓÕ
4800 μ¡./³¨´. ƒ²Ê¡¨´  ÏÉ·¨Ìμ¢ ¶·¨´¨³ ² ¸Ó · ¢´μ° 0,14 ¨ 0,22 ³±³ ¤²Ö
¶·Ö³μÊ£μ²Ó´μ£μ ¨ É· ¶¥Í¨¥¢¨¤´μ£μ ¶·μË¨²¥° ¸ · §´¨Í¥° Ï¨·¨´ ¢ ¢¥·Ì´¥³ ¨
´¨¦´¥³ ¸¥Î¥´¨¨ ± ´ ¢±¨ 0,2 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶μ± § ²¨, ÎÉμ ¢ ¸²ÊÎ ¥ É· ¶¥Í¨¥¢¨¤´μ£μ ¶·μË¨²Ö  ³-
¶²¨ÉÊ¤Ò ±1 ¶μ·Ö¤±μ¢ · §²¨Î ÕÉ¸Ö ´  23% ¤²Ö £²Ê¡¨´Ò ÏÉ·¨Ìμ¢ 0,22 ³±³ ¨
15 % ¤²Ö £²Ê¡¨´Ò ÏÉ·¨Ìμ¢ 0,14 ³±³. „²Ö ¡μ²¥¥ ¢Ò¸μ±¨Ì ¶μ·Ö¤±μ¢ ÔÉ  · §´¨Í 
³¥´ÓÏ¥. ’ ±¨³ μ¡· §μ³, μÉ±²μ´¥´¨¥ ¸É¥´μ± ± ´ ¢±¨ μÉ ¢¥·É¨± ²¨ ´ ·ÊÏ ¥É
¸¨³³¥É·¨Õ  ³¶²¨ÉÊ¤ ¶μ·Ö¤±μ¢. Œ¥´ÖÖ £²Ê¡¨´Ê ¶·μË¨²Ö, ³μ¦´μ ³¥´ÖÉÓ μÉ-
´μ¸¨É¥²Ó´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ ¶μ·Ö¤±μ¢, ÎÉμ μÉ³¥Î ²μ¸Ó · ´¥¥ ¢ · ¡μÉ¥ [8].

3. ��ˆ�–ˆ� ‚�…ŒŸ���‹…’��‰ ”“�œ…-‘�…Š’��Œ…’�ˆˆ

ˆ§³¥·¥´¨¥ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ-
³μÐÓÕ ¶·¨¡μ· , ´ §Ò¢ ¥³μ£μ ¸¶¥±É·μ³¥É·μ³ ¨²¨ ¤¨Ë· ±Éμ³¥É·μ³, ¸¢μ°¸É¢ 
±μÉμ·μ£μ ¤μ²¦´Ò ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¶·¨ ¸· ¢´¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸
· ¸¸Î¨É ´´Ò³¨. ‚ Ô±¸¶¥·¨³¥´É Ì, ³μ¤¥²¨·μ¢ ´¨Õ ±μÉμ·ÒÌ ¶μ¸¢ÖÐ¥´  ¤ ´´ Ö
· ¡μÉ , ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ μ¸ÊÐ¥¸É¢²Ö²¨¸Ó ³¥Éμ¤μ³ ËÊ·Ó¥-¸¶¥±É·μ³¥É·¨¨
¶μ ¢·¥³¥´¨ ¶·μ²¥É  [12Ä14]. ‘ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¸¶μ¸μ¡μ¢  ¶¶ · É´μ° ·¥-
 ²¨§ Í¨¨ É ±μ£μ ³¥Éμ¤ . ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ·¥ÎÓ ¨¤¥É μ É ± ´ §Ò¢ ¥³μ³ μ¡· É-
´μ³ ³¥Éμ¤¥ ËÊ·Ó¥-¸¶¥±É·μ³¥É·¨¨ [15Ä17]. �μÖ¸´¨³ ±μ·μÉ±μ ¥£μ ¨¤¥Õ.

�Ê¸ÉÓ ´¥μ¡Ìμ¤¨³μ ¨§³¥·¨ÉÓ ¸¶¥±É· I(t) ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ´¥°É·μ´ ³¨
¨§¢¥¸É´μ° ¶·μ²¥É´μ° ¡ §Ò. ‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¸±μ·μ¸ÉÓ ¸Î¥É  ¤¥É¥±Éμ·  μ¶·¥-
¤¥²Ö¥É¸Ö Ëμ·³Ê²μ°

Z(t) =

∞∫
0

I(t′)μ(t − t′) dt′, (7)

£¤¥ μ(t) Å ËÊ´±Í¨Ö § ¢¨¸¨³μ¸É¨ ¨¸Ìμ¤´μ£μ ¶μÉμ±  ´¥°É·μ´μ¢ μÉ ¢·¥³¥´¨.
�·¥¤¶μ²μ¦¨³, ÎÉμ ¨¸Ìμ¤´Ò° ¶μÉμ± ³μ¤Ê²¨·Ê¥É¸Ö ¶μ £ ·³μ´¨Î¥¸±μ³Ê § -

±μ´Ê μ(t) = sin [ω(t)], Éμ£¤ 

Z(t) =

∞∫
0

I(t′) sin [ω(t − t′)] dt′. (8)

Š ¦¤Ò° ¡¥¸±μ´¥Î´μ ³ ²Ò° Ô²¥³¥´É ·´Ò° ÊÎ ¸Éμ± ¸¶¥±É·  ¤ ¥É £ ·³μ´¨Î¥-
¸±¨° ¢±² ¤ ¢ ¸±μ·μ¸ÉÓ ¸Î¥É  ¤¥É¥±Éμ· ,   ¸¤¢¨£ Ë §Ò μ¸Í¨²²ÖÍ¨¨ ¶μ μÉ´μÏ¥-
´¨Õ ± Ë §¥ ³μ¤Ê²ÖÍ¨¨ μ¶·¥¤¥²Ö¥É¸Ö ¢·¥³¥´¥³ ¶·μ²¥É . �·¨ ¤·Ê£μ° Î ¸ÉμÉ¥
³μ¤Ê²ÖÍ¨¨ ÔÉμÉ ¸¤¢¨£ ¡Ê¤¥É ¨´Ò³.

‚·¥³¥´´μ° ¸¶¥±É·, ± ± ¨ ²Õ¡ÊÕ ËÊ´±Í¨Õ, ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥
ËÊ·Ó¥-· §²μ¦¥´¨Ö:

I(t) =

∞∫
0

R(ω) sin [ωt − ϕ(ω)] dω. (9)
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’μ£¤  Z(t) ¢ (8) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± μ¤´Ê ËÊ·Ó¥-£ ·³μ´¨±Ê ¨¸Ìμ¤´μ£μ
¸¶¥±É· , ¨ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¢μ¸¸É ´μ¢¨ÉÓ ¨¸Ìμ¤´Ò° ¸¶¥±É·, ´¥μ¡Ìμ¤¨³μ μ¶·¥-
¤¥²¨ÉÓ ËÊ´±Í¨¨ R(ω) ¨ φ(ω) ¢ ¡¥¸±μ´¥Î´μ Ï¨·μ±μ³ ´¥¶·¥·Ò¢´μ³ ¤¨ ¶ §μ´¥
Î ¸ÉμÉ.

„²Ö ¶¥·¨μ¤¨Î¥¸±μ° ³μ¤Ê²ÖÍ¨¨ ¶μÉμ±  ¢ ¸¶¥±É·μ³¥É· Ì ¶·¨³¥´Ö¥É¸Ö ´¥-
±μÉμ·Ò° ³μ¤Ê²ÖÉμ·. Š ± ¶· ¢¨²μ, μ´ ¸μ¸Éμ¨É ¨§ ¶μ¤¢¨¦´μ£μ Ô²¥³¥´É  (·μ-
Éμ· ) ¨ ´¥¶μ¤¢¨¦´μ£μ (¸É Éμ· ). �·¨ ¢· Ð¥´¨¨ ·μÉμ·  ¶μ¸²¥¤´¨° ¶¥·¨μ-
¤¨Î¥¸±¨ μÉ±·Ò¢ ¥É ¨ ¶·¥£· ¦¤ ¥É ¶ÊÉÓ ´¥°É·μ´ ³, ¶·μÌμ¤ÖÐ¨³ Î¥·¥§ μ±´ 
¸É Éμ· . �  ¶· ±É¨±¥ μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³μ¤Ê²ÖÉμ·Ò ¸ ¡μ²ÓÏ¨³ ±μ²¨Î¥-
¸É¢μ³ μ±μ´ ¨²¨ Ð¥²¥°. �¥·¨μ¤¨Î¥¸± Ö ËÊ´±Í¨Ö ³μ¤Ê²ÖÍ¨¨ ¶μÉμ±  Φ(t) ¨³¥¥É
¢ ÔÉμ³ ¸²ÊÎ ¥ É·¥Ê£μ²Ó´Ò° ¢¨¤.

”Ê´±Í¨Ö ³μ¤Ê²ÖÍ¨¨ ´¥¶·¥·Ò¢´μ ¢ÒÎ¨¸²Ö¥É¸Ö ¨²¨ Ë¨±¸¨·Ê¥É¸Ö  ¶¶ · É-
´Ò³ ¸¶μ¸μ¡μ³ ¢ ´¥±μÉμ·μ³ § ¶μ³¨´ ÕÐ¥³ Ê¸É·μ°¸É¢¥. ‚ ³μ³¥´É t0 ·¥£¨¸É· -
Í¨¨ ´¥°É·μ´  ¤¥É¥±Éμ·μ³, μÉ¸ÉμÖÐ¨³ μÉ ³μ¤Ê²ÖÉμ·  ´  ¢¥²¨Î¨´Ê ¶·μ²¥É´μ°
¡ §Ò L, § ¶μ³¨´ ¥É¸Ö ÊÎ ¸Éμ± ËÊ´±Í¨¨ ³μ¤Ê²ÖÍ¨¨ Φ(t) ´  ¢·¥³¥´´μ³ ¨´É¥·-
¢ ²¥ μÉ t1 = t0 − tmax ¤μ t2 = t0 − tmin, £¤¥ §´ Î¥´¨Ö tmin ¨ tmax μ¶·¥¤¥²ÖÕÉ
£· ´¨ÍÒ ¨§³¥·Ö¥³μ£μ ¢·¥³¥´´μ£μ ¸¶¥±É· .

�μ¸²¥ ·¥£¨¸É· Í¨¨ ¸²¥¤ÊÕÐ¥£μ ´¥°É·μ´  ÔÉμÉ ÊÎ ¸Éμ± ËÊ´±Í¨¨ ³μ¤Ê²Ö-
Í¨¨ ¸Ê³³¨·Ê¥É¸Ö ¸μ ¢Éμ·Ò³, μÉ²¨Î ÕÐ¨³¸Ö μÉ ¶¥·¢μ£μ Éμ²Ó±μ Ë §μ°. �μ-
¸²¥ ·¥£¨¸É· Í¨¨ ¤μ¸É ÉμÎ´μ£μ ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨° ´ ±μ¶²¥´´ Ö ¸Ê³³  ¡Ê-
¤¥É ¶·¥¤¸É ¢²ÖÉÓ ¸μ¡μ° μ¡· É´Ò° ¢·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É·, ¢ ±μÉμ·μ³ ´ -
Î ²μ ±μμ·¤¨´ É μÉ¢¥Î ¥É ´ ¨¡μ²ÓÏ¥³Ê ¢·¥³¥´¨ ¶·μ²¥É  tmax. „²Ö ¶μ²ÊÎ¥´¨Ö
¢μ¸¸É ´μ¢²¥´´μ£μ ¸¶¥±É·  ´Ê¦´μ ¨´¢¥·É¨·μ¢ ÉÓ ÔÉμÉ ´ ±μ¶²¥´´Ò° ¸¶¥±É·.
‚¶·μÎ¥³, É ±μ¥ ¨´¢¥·É¨·μ¢ ´¨¥ ³μ¦¥É μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¨ ´  ¶·¥¤Ï¥¸É¢ÊÕÐ¥°
¸É ¤¨¨.

4. ˆ‘‘‹…„�‚��ˆ… ‘‚�‰‘’‚ ‚�…ŒŸ���‹…’��ƒ�
”“�œ…-‘�…Š’��Œ…’�� “•�

“¸É·μ°¸É¢μ ËÊ·Ó¥-¸¶¥±É·μ³¥É·  [17], ¸ ±μÉμ·Ò³ ¡Ò² ¶μ¸É ¢²¥´ Ô±¸¶¥·¨-
³¥´É [10], ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 6. ‚ ÔÉμ³ ¶·¨¡μ·¥ ´¥°É·μ´Ò ¶ ¤ ÕÉ ´  ¶·¥·Ò-
¢ É¥²Ó ¨§ ±μ²ÓÍ¥¢μ£μ ´¥°É·μ´μ¢μ¤ . ™¥²Ó ¸É Éμ· , ¨³¥¢Ï Ö Ëμ·³Ê Ê£²μ¢μ£μ
¸¥±Éμ· , ¶¥·¥±·Ò¢ ²  Î ¸ÉÓ ´¥°É·μ´μ¢μ¤ , μ¸É ¢²ÖÖ ¸¢μ¡μ¤´Ò³¨ ¤²Ö ¶·μ²¥É 
´¥°É·μ´μ¢ ¤¢  ¤Ê£μμ¡· §´ÒÌ ÊÎ ¸É±  (·¨¸. 7). “£²μ¢μ° · §³¥· Ð¥²¨ ¨ ²μ¶ -
¸É¨ ·μÉμ·  ¸μ¸É ¢²Ö¥É θ = 10◦. �¡  Ô²¥³¥´É  ³μ¤Ê²ÖÉμ·  ¨³¥ÕÉ ±μ´¥Î´ÊÕ
Éμ²Ð¨´Ê. Š·μ³¥ Éμ£μ, ³¥¦¤Ê ¸É Éμ·μ³ ¨ ·μÉμ·μ³ ¨³¥¥É¸Ö ´¥±μÉμ·Ò° § §μ·.
�Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¨³¥¥É ¢ ¦´μ¥ §´ Î¥´¨¥.

„¥²μ ¢ Éμ³, ÎÉμ ¨§-§  ¸¢μ¥° ³ ²¥´Ó±μ° ¸±μ·μ¸É¨, · ¢´μ° ´¥¸±μ²Ó±¨³
³¥É· ³ ¢ ¸¥±Ê´¤Ê, ´¥°É·μ´ ³μ¦¥É ¸Éμ²±´ÊÉÓ¸Ö ¸ ¤¢¨¦ÊÐ¨³¸Ö Éμ·Íμ³ μ±´ 
·μÉμ·  ¨ ¶μ£²μÉ¨ÉÓ¸Ö ¨³. ‚¥·μÖÉ´μ¸ÉÓ É ±μ° ¶μÉ¥·¨ § ¢¨¸¨É ± ± μÉ ¸±μ·μ-
¸É¨ ´¥°É·μ´ , É ± ¨ μÉ ²¨´¥°´μ° ¸±μ·μ¸É¨ ·μÉμ· . �Éμ ¨¸± ¦ ¥É ËÊ´±Í¨Õ
³μ¤Ê²ÖÍ¨¨, ÎÉμ ¶μ± § ´μ ´  ·¨¸. 8. ‚¥²¨Î¨´  Ë §μ¢μ£μ ¸¤¢¨£  δ μ¤´μ° ¨§ ¸Éμ-
·μ´ ¨§´ Î ²Ó´μ É·¥Ê£μ²Ó´μ° ËÊ´±Í¨¨ ³μ¤Ê²ÖÍ¨¨ ¸μ¸É ¢²Ö¥É δ = 2πfMΔ/Vz ,
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�¨¸. 6. ‚·¥³Ö¶·μ²¥É´Ò° ËÊ·Ó¥-¸¶¥±É·μ³¥É· Å μ¡Ð¨° ¢¨¤ ( ) ¨ ¥£μ ¢¥·Ì´ÖÖ Î ¸ÉÓ (¡):
1 Å ¶μ¤¢μ¤ÖÐ¨° ´¥°É·μ´μ¢μ¤; 2 Å ¢Ìμ¤´ Ö ± ³¥· ; 3 Å ±μ²ÓÍ¥¢μ° ±μ·¨¤μ·; 4 Å
Ë¨²ÓÉ·-³μ´μÌ·μ³ Éμ·; 5 Å · ¤¨ ²Ó´ Ö ¢· Ð ÕÐ Ö¸Ö ·¥Ï¥É± ; 6 Å ·μÉμ· ËÊ·Ó¥-
³μ¤Ê²ÖÉμ· ; 7 Å ¢¥·É¨± ²Ó´Ò° §¥·± ²Ó´Ò° ´¥°É·μ´μ¢μ¤; 8 Å ¤¥É¥±Éμ·; 9 Å ¢ ±ÊÊ³-
´ Ö ± ³¥· 

�¨¸. 7. ‘Ì¥³  ¢§ ¨³μ¤¥°¸É¢¨Ö ·μÉμ·  ¨
¸É Éμ·  (¢¨¤ ¸¢¥·ÌÊ): 1 Å μ¡² ¸ÉÓ ¶·μ-
Ìμ¦¤¥´¨Ö ´¥°É·μ´μ¢; 2 Å ±μ²ÓÍ¥¢μ° ±μ-
·¨¤μ·; 3 Å Ð¥²Ó ¸É Éμ· ; 4 Å ²μ¶ ¸É¨
·μÉμ· 

�¨¸. 8. ˆ¸± ¦¥´¨¥ ËÊ´±Í¨¨ ³μ¤Ê²ÖÍ¨¨,
¢μ§´¨± ÕÐ¥¥ ¨§-§  ±μ´¥Î´μ° Éμ²Ð¨´Ò
·μÉμ· 

£¤¥ fM Å Î ¸ÉμÉ  ³μ¤Ê²ÖÍ¨¨, Δ Å Éμ²Ð¨´  ¸É Éμ·  ¨ Vz Å ¢¥·É¨± ²Ó´ Ö
¸±μ·μ¸ÉÓ ´¥°É·μ´ .

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ·μ²¨ ÔÉμ° ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¡Ò²¨ ¶·μ¢¥-
¤¥´Ò É¥¸Éμ¢Ò¥ · ¸Î¥ÉÒ. � Î ²Ó´Ò° ¸¶¥±É· ¶·¥¤¸É ¢²Ö² ¸μ¡μ° Ê§±¨° ¶¨± ¸
§ ¤ ´´μ° Ô´¥·£¨¥°. �·¨ ÔÉμ³ ¢μ¸¸É ´μ¢²¥´´Ò° ¸¶¥±É· ¡Ò² ¸³¥Ð¥´ μÉ´μ¸¨-
É¥²Ó´μ μ¦¨¤ ¥³μ£μ (·¨¸. 9). �Éμ ¸³¥Ð¥´¨¥ ´¥ ¢μ§´¨± ²μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
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�¨¸. 9. ‘· ¢´¥´¨¥ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢ ¤²Ö Éμ´±μ£μ (1) ¨ Éμ²¸Éμ£μ (2) ¶·¥·Ò¢ -
É¥²¥°

³μ¤Ê²ÖÉμ·  ´Ê²¥¢μ° Éμ²Ð¨´Ò. ’ ±¨¥ · ¸Î¥ÉÒ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¤²Ö ´¥°É·μ-
´μ¢ ¸ · §²¨Î´μ° ´ Î ²Ó´μ° Ô´¥·£¨¥°. �Éμ ¶μ§¢μ²¨²μ μ¶·¥¤¥²¨ÉÓ § ¢¨¸¨³μ¸ÉÓ
¢·¥³¥´´μ° ¶μ£·¥Ï´μ¸É¨ μÉ Ô´¥·£¨¨ ´¥°É·μ´μ¢. �´ ²μ£¨Î´Ò³ μ¡· §μ³ ¨¸¸²¥-
¤μ¢ ² ¸Ó ¨ ¸±μ·μ¸ÉÓ ¸Î¥É  ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨, É ±¦¥ μ¡Ê¸²μ¢²¥´´ Ö
¶μÉ¥·Ö³¨, ¸¢Ö§ ´´Ò³¨ ¸ ¤¢¨¦¥´¨¥³ ·μÉμ· . �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É -
¢²¥´Ò ´  ·¨¸. 10.

„²Ö μÍ¥´±¨ §´ Î¨³μ¸É¨ ÔËË¥±É  ¸¤¢¨£  ²¨´¨¨ ¨§-§  ¶μ£²μÐ¥´¨Ö ¢ ·μ-
Éμ·¥ ´¥μ¡Ìμ¤¨³μ ¤ ´´Ò¥ ·¨¸. 10,   ¸μμÉ´¥¸É¨ ¸ ¶μ²´Ò³ ¢·¥³¥´¥³ ¶·μ²¥É ,
¸μ¸É ¢²ÖÕÐ¥³ μ±μ²μ 140 ³¸. ’ ±¨³ μ¡· §μ³, μÉ´μ¸¨É¥²Ó´ Ö ¶μ£·¥Ï´μ¸ÉÓ
¢ ¨§³¥·¥´¨¨ ¢·¥³¥´¨ ¶·μ²¥É  ¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢. 	μ²¥¥ ¸ÊÐ¥-
¸É¢¥´´μ ¨¸± ¦¥´¨¥ ¨´É¥´¸¨¢´μ¸É¥° ²¨´¨°, μÉ²¨Î ÕÐ¨Ì¸Ö ¶μ Ô´¥·£¨¨.

�  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¡Ò² ¸¤¥² ´ ¢Ò¢μ¤, ÎÉμ ËÊ·Ó¥-
¸¶¥±É·μ³¥É· [16] ´¥ ¸¢μ¡μ¤¥´ μÉ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥° ¨ ¢´μ¸¨É

�¨¸. 10. ‘¨¸É¥³ É¨Î¥¸±¨¥ ÔËË¥±ÉÒ, μ¡Ê¸²μ¢²¥´´Ò¥ ¶μÉ¥·Ö³¨ ´¥°É·μ´μ¢ ¢ ¤¢¨¦ÊÐ¥³¸Ö
·μÉμ·¥, ¤²Ö ¤¢ÊÌ §´ Î¥´¨° ¥£μ Éμ²Ð¨´Ò:  ) § ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´´μ£μ ¸¤¢¨£  ²¨´¨¨ μÉ
Ô´¥·£¨¨ ´¥°·μ´μ¢; ¡) § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  ¶·μ¶Ê¸± ´¨Ö ³μ¤Ê²ÖÉμ·  μÉ Ô´¥·£¨¨
´¥°·μ´μ¢. ‡  ¥¤¨´¨ÍÊ ¶·¨´ÖÉμ ¶·μ¶Ê¸± ´¨¥ ¡¥¸±μ´¥Î´μ Éμ´±μ£μ ·μÉμ· 
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μ¶·¥¤¥²¥´´Ò¥ ¨¸± ¦¥´¨Ö ¢ ¨§³¥·Ö¥³Ò° ¸¶¥±É·. „²Ö  ´ ²¨§  ·¥§Ê²ÓÉ Éμ¢ Ô±¸-
¶¥·¨³¥´É  ¶μ¸²¥¤´¨¥ ´ ¤μ ¸· ¢´¨ÉÓ ¸ ·¥§Ê²ÓÉ É ³¨ ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢, ¢ ±μ-
Éμ·ÒÌ ÊÎ¨ÉÒ¢ ¥É¸Ö ·¥ ²Ó´ Ö £¥μ³¥É·¨Ö ¶·¨¡μ· .

5. Œ�„…‹ˆ��‚��ˆ… �Š‘�…�ˆŒ…�’�
�� ���‹	„…�ˆ	 „ˆ”��Š–ˆˆ �� ‚��™�	™…‰‘Ÿ �…˜…’Š…

�±¸¶¥·¨³¥´É, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ£μ ¸²¥¤μ¢ ²μ ¸³μ¤¥²¨·μ¢ ÉÓ, ¡Ò² ¶μ¸É -
¢²¥´ ´  ¨¸ÉμÎ´¨±¥ Ê²ÓÉ· Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ PF2 EDM ˆ´¸É¨ÉÊÉ  ¨³. ‹ ÊÔÄ
‹ ´¦¥¢¥´  (ƒ·¥´μ¡²Ó, ”· ´Í¨Ö). Œμ´μÌ·μ³ Éμ·μ³ ¸²Ê¦¨² ¨´É¥·Ë¥·¥´Í¨-
μ´´Ò° Ë¨²ÓÉ· ¸ ·¥§μ´ ´¸´μ° ²¨´¨¥° ¶·μ¶Ê¸± ´¨Ö, ¨³¥ÕÐ¥° ³ ±¸¨³Ê³ ¶·¨
120 ´Ô‚ ¨ Ï¨·¨´Ê 4 ´Ô‚. —¨¸²μ ¶μ²μ¸ ·¥Ï¥É±¨ ¸μ¸É ¢²Ö²μ N = 84000.
� §´¨Í  Ï¨·¨´ ± ´ ¢±¨ (¨ §Ê¡ ), ¨§³¥·¥´´ÒÌ ¢ ¢¥·Ì´¥³ ¨ ´¨¦´¥³ ¸¥Î¥´¨ÖÌ
¸ ¶μ³μÐÓÕ ³¨±·μ¸±μ¶   Éμ³´ÒÌ ¸¨², ¸μ¸É ¢²Ö²  μ±μ²μ 0,2 ³±³.

‘ ¶μ³μÐÓÕ μ¶¨¸ ´´μ£μ ¢ÒÏ¥ ±μ³¶²¥±¸  ¤¢ÊÌ ¶·μ£· ³³ ¡Ò²μ ¢Ò¶μ²´¥´μ
³μ¤¥²¨·μ¢ ´¨¥ ¨§³¥·¥´¨Ö, ¶·μ¢¥¤¥´´μ£μ ¸ Î ¸ÉμÉμ° ¢· Ð¥´¨Ö ·¥Ï¥É±¨ f =
4800 μ¡./³¨´, ´ ¨¡μ²¥¥ ¨´É¥·¥¸´μ£μ ¤²Ö ¸· ¢´¥´¨Ö ¸ É¥μ·¨¥°.

‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ £μ·¨§μ´É ²Ó´ Ö ¸±μ·μ¸ÉÓ ´¥°É·μ´μ¢ ³μ¦¥É ¡ÒÉÓ ¶μ-
·Ö¤±  ¢¥·É¨± ²Ó´μ°, ¡Ò²μ ¶·¨´ÖÉμ, ÎÉμ ¶μ²´ Ö Ï¨·¨´  £ Ê¸¸μ¢  · ¸¶·¥¤¥²¥-
´¨Ö ¶μ £μ·¨§μ´É ²Ó´Ò³ ¸±μ·μ¸ÉÖ³ (FWHM) ¸μ¸É ¢²Ö¥É §´ Î¥´¨¥ ΔVx = 5 ³/¸.
‚Ò¸μÉ  ¶·μ²¥É´μ° ¡ §Ò ¨§¢¥¸É´  ¨ · ¢´  0,729 ³. ’μ²Ð¨´Ò ·μÉμ·  ¨ ¸É Éμ· 
μ¤¨´ ±μ¢Ò ¨ ¸μ¸É ¢²ÖÕÉ 2 ³³ ¶·¨ · ¸¸ÉμÖ´¨¨ ³¥¦¤Ê ´¨³¨ 3 ³³.

‚¥¸Ó ¶·μÍ¥¸¸ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¸μ¸Éμ¨É ¨§ ¸²¥¤Ê-
ÕÐ¨Ì ÔÉ ¶μ¢.

1. �  ¶¥·¢μ³ ÔÉ ¶¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·, ¢μ§´¨± Õ-
Ð¨° ¶·¨ ¤¨Ë· ±Í¨¨ ´¥°É·μ´μ¢ ¸ § ¤ ´´Ò³ ¨¸Ìμ¤´Ò³ ¸¶¥±É·μ³ ´  ·¥Ï¥É±¥
¸ Ê± § ´´Ò³¨ ¢ÒÏ¥ ¶ · ³¥É· ³¨.

�¨¸. 11. ‘¶¥±É·Ò ¢·¥³¥´¨ ¶·μ²¥É , ¢μ§´¨± ÕÐ¨¥ ¶·¨ ¤¨Ë· ±Í¨¨ ´  ¢· Ð ÕÐ¥°¸Ö
·¥Ï¥É±¥: 1 Å Ô±¸¶¥·¨³¥´É; 2 Å · ¸Î¥É

10



2. �μ²ÊÎ¥´´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¢´μ¸¨É¸Ö ¢ ¶·μ£· ³³Ê ³μ¤¥²¨
ËÊ·Ó¥-¸¶¥±É·μ³¥É·  ¢ ± Î¥¸É¢¥ ´ Î ²Ó´μ£μ. �·μ¨§¢μ¤¨É¸Ö · ¸Î¥É ¶μ ³¥Éμ¤Ê
Œμ´É¥-Š ·²μ ¸ ¤ ´´Ò³ ¸¶¥±É·μ³, ¨ ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö ¢·¥³Ö¶·μ²¥É´Ò°
¸¶¥±É· ³¥Éμ¤μ³ μ¡· É´μ° ËÊ·Ó¥-¸¶¥±É·μ³¥É·¨¨.

3. ‚μ¸¸É ´μ¢²¥´´Ò° ¢·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É· ¸· ¢´¨¢ ¥É¸Ö ¸μ ¸¶¥±É·μ³,
¶μ²ÊÎ¥´´Ò³ ¢ Ô±¸¶¥·¨³¥´É¥.

�¥§Ê²ÓÉ É É ±μ£μ ¸· ¢´¥´¨Ö ¶μ± § ´ ´  ·¨¸. 11. �  ·¨¸. 12 ¶·¨¢¥¤¥´Ò É¥
¦¥ ¤ ´´Ò¥, ¶¥·¥¸Î¨É ´´Ò¥ ¢ Ï± ²Ê Ô´¥·£¨° ´¥°É·μ´μ¢.

�¨¸. 12. ‘¶¥±É·Ò ·¨¸. 11, ¶¥·¥¸Î¨É ´´Ò¥ ¢ Ï± ²Ê Ô´¥·£¨°: 1 Å Ô±¸¶¥·¨³¥´É; 2 Å
· ¸Î¥É

6. �…‡“‹œ’�’› ˆ ‚›‚�„›

‘μ§¤ ´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥·¥´¨Õ ¸¶¥±-
É·μ¢ “•�, ¢μ§´¨± ÕÐ¨Ì ¶·¨ ¤¨Ë· ±Í¨¨ “•� ´  ¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥. Œμ-
¤¥²Ó ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ¶·μ£· ³³.

‘ ¶μ³μÐÓÕ ¶¥·¢μ° ¶·μ£· ³³Ò · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸¶¥±É· Ê²ÓÉ· Ìμ²μ¤´ÒÌ
´¥°É·μ´μ¢, ¢μ§´¨± ÕÐ¨° ¢ ·¥§Ê²ÓÉ É¥ ¨Ì ¶·μÌμ¦¤¥´¨Ö Î¥·¥§ ¢· Ð ÕÐÊÕ¸Ö
¤¨Ë· ±Í¨μ´´ÊÕ ·¥Ï¥É±Ê ¸ · ¤¨ ²Ó´μ° ¸É·Ê±ÉÊ·μ°. � ¸Î¥É μ¸´μ¢ ´ ´  ¢Ò¢μ¤ Ì
¤¨´ ³¨Î¥¸±μ° É¥μ·¨¨ ¤¨Ë· ±Í¨¨ [8] ¨ ÊÎ¨ÉÒ¢ ¥É ·¥ ²¨¸É¨Î¥¸±¨¥ £¥μ³¥É·¨-
Î¥¸±¨¥ ¶ · ³¥É·Ò ·¥Ï¥É±¨.

‘ ¶μ³μÐÓÕ ¢Éμ·μ° ¶·μ£· ³³Ò ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó
³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¤Ê·Ò ¨§³¥·¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ³¥Éμ¤μ³ μ¡· É´μ°
¢·¥³Ö¶·μ²¥É´μ° ËÊ·Ó¥-¸¶¥±É·μ³¥É·¨¨.

�μ²ÊÎ¥´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì ¤ ´´ÒÌ,
ÎÉμ ¶μ¤É¢¥·¦¤ ¥É μ¸´μ¢´Ò¥ ¢Ò¢μ¤Ò ¤¨´ ³¨Î¥¸±μ° É¥μ·¨¨ ¤¨Ë· ±Í¨¨.

ˆ¸¸²¥¤μ¢ ´Ò ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ³¥Éμ¤ , ¸¢Ö§ ´´Ò¥ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ËÊ·Ó¥-¶·¥·Ò¢ É¥²Ö ¶μÉμ±  “•� ´¥´Ê²¥¢μ° Éμ²Ð¨´Ò, ÎÉμ ³μ¦¥É
¡ÒÉÓ ¶μ²¥§´Ò³ ¤²Ö ¶·μ¥±É¨·μ¢ ´¨Ö ´μ¢ÒÌ ËÊ·Ó¥-¸¶¥±É·μ³¥É·μ¢ ¤²Ö “•�.

11



‹ˆ’…��’“��
1. ”· ´± ˆ.Œ. � ¢μ§³μ¦´μ° ¶·¨Î¨´¥  ´μ³ ²¨¨ ¢μ ¢·¥³¥´¨ Ì· ´¥´¨Ö Ê²ÓÉ· Ìμ²μ¤-

´ÒÌ ´¥°É·μ´μ¢. ‘μμ¡Ð. �ˆŸˆ �4-8851. „Ê¡´ , 1975.

2. Hamilton W. A., Klein A.G., Opat G. I., Timmins P. A. Neutron Diffraction by Surface
Acoustic Waves // Phys. Rev. Lett. 1987. V. 58. P. 2770.

3. Frank A. I., Nosov V. G. Neutron Diffraction on a Moving Grating and Quasi-Energy
of Cold Neutrons // Phys. Lett. A. 1994. V. 188. P. 120.

4. Frank A. I., Balashov S. N., Bondarenko I. V., Geltenbort P. et al. Phase Modulation of
a Neutron Wave and Diffraction of Ultracold Neutrons on a Moving Grating // Phys.
Lett. A. 2003. V. 311. P. 6.

5. ”· ´± �. ˆ., ƒ¥²É¥´¡μ·É �., ŠÊ²¨´ ƒ. ‚. ¨ ¤·. „¨Ë· ±Í¨Ö ´¥°É·μ´μ¢ ´  ¤¢¨¦Ê-
Ð¥°¸Ö ·¥Ï¥É±¥ ± ± ´¥¸É Í¨μ´ ·´μ¥ ±¢ ´Éμ¢μ¥ Ö¢²¥´¨¥ // �¨¸Ó³  ¢ †�’”. 2005.
T. 81. C. 541.

6. ”· ´± �. ˆ., ƒ¥²É¥´¡μ·É �., †¥´ÉÏ¥²Ó Œ. ¨ ¤·. �μ¢Ò° £· ¢¨É Í¨μ´´Ò° Ô±¸¶¥-
·¨³¥´É ¸ Ê²ÓÉ· Ìμ²μ¤´Ò³¨ ´¥°É·μ´ ³¨ // �¨¸Ó³  ¢ †�’”. 2007. T. 86. C. 255.

7. Kulin G. V., Frank A. I., Goryunov S. V. et al. Spectrometer for New Gravitational
Experiment with UCN // Nucl. Instr. Meth. A. 2015. V. 792. P. 38.

8. �ÊÏÊ¥¢ ‚. �., ”· ´± �. ˆ., ŠÊ²¨´ ƒ. ‚. „¨´ ³¨Î¥¸± Ö ¤¨Ë· ±Í¨Ö ´¥°É·μ´μ¢ ´ 
¤¢¨¦ÊÐ¥°¸Ö ·¥Ï¥É±¥ // †�’”. 2016. ’. 149, ¢Ò¶. 1.

9. Kulin G. V., Frank A. I., Goryunov S. V., Geltenbort P., Jentschel M., Bushuev V. A.,
Lauss B., Schmidt-Wellenburg Ph., Panzarella A., Fuchs Y. Spectroscopy of Ultracold
Neutrons Diffraction by a Moving Grating // Phys. Rev. A. 2016. V. 93. P. 033606.

10. Frank A. I., Balashov S. V., Bodnarchuk V. I. et al. Neutron Multilayers Structures for
Fundamental Experiments in UCN Optics // Proc. SPIE. 1999. V. 3767. P. 360.

11. �μ´¤ ·¥´±μ ˆ. ‚., �μ¤´ ·ÎÊ± ‚. ˆ., � ² Ïμ¢ ‘.�. ¨ ¤·. �¥°É·μ´´Ò¥ ¨´É¥·Ë¥·¥´-
Í¨μ´´Ò¥ Ë¨²ÓÉ·Ò ¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¸ Ê²ÓÉ· Ìμ²μ¤´Ò³¨ ´¥°É·μ-
´ ³¨ // Ÿ”. 1999. T. 62. C. 775.

12. Virjo A. The Fourier Method in Slow Neutron Time-of-Flight Spectrometry // Nucl.
Instr. Meth. A. 1969. V. 73. P. 189.

13. Colwell J. F., Lehinan S. R., Miller P.H., Jr., Whittemore W. L. Fourier Analysis of
Thermal Neutron Time-of-Flight Data // Nucl. Instr. Meth. A. 1969. V. 76. P. 135.

14. ŠÊ²¨´ ƒ. ‚., ŠÊ¸Éμ¢ „. ‚., ”· ´± �. ˆ., ƒ¥²ÓÉ¥´¡μ·É �., ƒμ·Õ´μ¢ ‘. ‚., …´-
ÉÏ¥²Ó Œ., ‘É·¥¶¥Éμ¢ �. �., �ÊÏÊ¥¢ ‚. �. ‚·¥³Ö¶·μ²¥É´ Ö ËÊ·Ó¥-¸¶¥±É·μ³¥É-
·¨Ö “•�. ‘μμ¡Ð. �ˆŸˆ P3-2014-72. „Ê¡´ , 2014.

15. Péoyry H., Hiisméaki P., Virjo A. Principles of Reverse Neutron Time-of-Flight Spec-
trometry with Fourier Chopper Applications // Nucl. Instr. Meth. 1975. V. 126, No. 3.
P. 421.

16. Péoyry H. Practical Aspects of Reverse Fourier Time-of-Flight Analysis of Slow Neu-
trons with Mechanical Beam Choppers // Nucl. Instr. Meth. 1978. V. 156. P. 499.

17. Kulin G. V., Frank A. I., Goryunov S. V., Kustov D. V., Geltenbort P., Jentschel M.,
Lauss B., Schmidt-Wellenburg Ph. Time-of-Flight Fourier UCN Spectrometer // Nucl.
Instr. Meth. A. 2016. V. 819. P. 67Ä72.

�μ²ÊÎ¥´μ 6  ¶·¥²Ö 2018 £.



�¥¤ ±Éμ· …. ‚. ƒ·¨£μ·Ó¥¢ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 26.06.2018.
”μ·³ É 60× 90/16. 	Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 1,0. “Î.-¨§¤. ². 1,12. ’¨· ¦ 210 Ô±§. ‡ ± § º 59434.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@jinr.ru
www.jinr.ru/publish/


