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‘ ´±É-�¥É¥·¡Ê·£¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, ‘ ´±É-�¥É¥·¡Ê·£, �μ¸¸¨Ö

�·¥¤² £ ¥É¸Ö ´μ¢Ò°  ²£μ·¨É³ ¶μ¸É·μ¥´¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ë § ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ ¢ Ê¸±μ-
·¨É¥²¥ ¸ �””. � ¸¸³ É·¨¢ ¥É¸Ö § ¤ Î  μ¶É¨³¨§ Í¨¨ ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  ¤¥°É·μ´μ¢. �·¨¢μ¤ÖÉ¸Ö
·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ° μ¶É¨³¨§ Í¨¨.

A new approach based on mathematical optimization methods to obtain a synchronous phase se-
quence in APF linacs is suggested. The optimization problem of intensity deuteron beam parameters is
discussed. As an example, the results of beam dynamics simulations are presented.

PACS: 29.27.Bd
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‹¨´¥°´Ò¥ Ê¸±μ·¨É¥²¨ ¸ Ëμ±Ê¸¨·μ¢±μ° Ê¸±μ·ÖÕÐ¨³ ¶μ²¥³ ¤ ¢´μ Ö¢²ÖÕÉ¸Ö Î ¸ÉÓÕ
¸μ¸É ¢  ²Õ¡μ£μ ¸μ¢·¥³¥´´μ£μ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ . ‚ Î ¸É´μ¸É¨, ¸¢Ö§±  ¨§ Ê¸±μ·¨-
É¥²Ö ¸ ¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ·μ¤´μ° ±¢ ¤·Ê¶μ²Ó´μ° Ëμ±Ê¸¨·μ¢±μ° (��Š”) ¨ Ê¸±μ·¨É¥²Ö
¸ ¶¥·¥³¥´´μ-Ë §μ¢μ° Ëμ±Ê¸¨·μ¢±μ° (�””) Ö¢²Ö¥É¸Ö Ìμ·μÏ¨³ ·¥Ï¥´¨¥³ ¤²Ö ´ Î ²Ó´μ°
Î ¸É¨ Ê¸±μ·ÖÕÐ¥£μ É· ±É  ´  ¢Ò¸μ±¨¥ Ô´¥·£¨¨. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ¢ ·¥§μ´ Éμ· ¸ �”” ¨´-
¦¥±É¨·Ê¥É¸Ö ¸£·Ê¶¶¨·μ¢ ´´Ò° ¢ ¸É·Ê±ÉÊ·¥ ¸ ��Š” ¨μ´´Ò° ¶ÊÎμ±. “¸±μ·¨É¥²Ó ¸ �””
μ¡² ¤ ¥É ¢Ò¸μ±¨³ É¥³¶μ³ Ê¸±μ·¥´¨Ö ¨ μÉ¸ÊÉ¸É¢¨¥³ ³ £´¨É´ÒÌ Ëμ±Ê¸¨·ÊÕÐ¨Ì Ô²¥³¥´-
Éμ¢. �μÔÉμ³Ê ¶·μ¡²¥³Ò · §· ¡μÉ±¨ ¤ ´´ÒÌ Ê¸±μ·¨É¥²¥° ¨ Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ¶ÊÎ±μ¢
μ¸É ÕÉ¸Ö ¢ ¦´Ò³¨ ¨  ±ÉÊ ²Ó´Ò³¨.

�·¨ · §· ¡μÉ±¥ Ê¸±μ·¨É¥²Ö É ±¨¥ ¶ · ³¥É·Ò, ± ± ¤²¨´  Ê¸±μ·¨É¥²Ö, Éμ± ¶ÊÎ± , Éμ-
±μ¶·μÌμ¦¤¥´¨¥, ÔËË¥±É¨¢´Ò° Ô³¨ÉÉ ´¸ ¨ É. ¶., ¤μ²¦´Ò ¡ÒÉÓ ÊÎÉ¥´Ò. “²ÊÎÏ¥´¨¥ ÔÉ¨Ì
¶ · ³¥É·μ¢ ³μ¦¥É ¡ÒÉÓ ¤μ¸É¨£´ÊÉμ ¸ ¶μ³μÐÓÕ · §²¨Î´ÒÌ ³¥Éμ¤μ¢ μ¶É¨³¨§ Í¨¨. ’ ±¨³
μ¡· §μ³, · §· ¡μÉ±  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ´  μ¸´μ¢¥ μ¶É¨³¨§ Í¨μ´´μ£μ ¶μ¤Ìμ¤  ³μ¦¥É
¨³¥ÉÓ Ï¨·μ±μ¥ ¶· ±É¨Î¥¸±μ¥ §´ Î¥´¨¥.

1E-mail: altsybeyev@gmail.com
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‚ ´ Ï¥ ¢·¥³Ö ¨³¥¥É¸Ö Ìμ·μÏμ · §¢¨É Ö ³ É¥³ É¨Î¥¸± Ö É¥μ·¨Ö ³´μ£μ¶ · ³¥É·¨Î¥-
¸±μ° μ¶É¨³¨§ Í¨¨, ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´  ± ¤¨´ ³¨±¥ ¶ÊÎ±μ¢ [1Ä8]. ˆ¸¶μ²Ó§ÊÖ
¶·μ¸ÉÊÕ ³ É¥³ É¨Î¥¸±ÊÕ ³μ¤¥²Ó ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ ¡¥£ÊÐ¥° ¢μ²´¥ ´  ¶¥·¢μ³ ÔÉ ¶¥, ¸
¶·¨³¥´¥´¨¥³  ´ ²¨É¨Î¥¸±μ£μ ¶·¥¤¸É ¢²¥´¨Ö £· ¤¨¥´É  ËÊ´±Í¨μ´ ²  ± Î¥¸É¢ , ³Ò ³μ¦¥³
μ¶É¨³¨§¨·μ¢ ÉÓ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Ë § ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ, μ¶·¥¤¥²ÖÕÐÊÕ μ¸´μ¢´Ò¥
¶ · ³¥É·Ò ¶ÊÎ± .

‘²¥¤ÊÕÐ¨³ Ï £μ³ Ö¢²Ö¥É¸Ö · ¸Î¥É £¥μ³¥É·¨¨ ·¥§μ´ Éμ· , É. ¥. ¤²¨´ ¨ · ¤¨Ê¸μ¢ É·Ê¡μ±
¤·¥°Ë  ¨ É. ¶. �¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ ¶·μ¸Éμ£μ ¶·¨¡²¨¦¥´¨Ö Ê¸±μ-
·ÖÕÐ¥£μ ¶μ²Ö ´  ¶¥·¢μ³ ÔÉ ¶¥ ³μ¦¥É ¶·¨¢´¥¸É¨ μÏ¨¡±¨ ¢ · ¸Î¥É. �μÔÉμ³Ê ´  ¢Éμ·μ³
ÔÉ ¶¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¡μ²¥¥ ÉμÎ´ Ö  ¶¶·μ±¸¨³ Í¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¢ ¸ÉμÖÎ¥° ¢μ²´¥. ‚Ò-
¡μ· ¤²¨´ ¶¥·¨μ¤μ¢ ¨ · ¤¨Ê¸μ¢ É·Ê¡μ± ¤·¥°Ë  ¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ £¥´¥É¨Î¥¸±μ£μ
 ²£μ·¨É³  μ¶É¨³¨§ Í¨¨.

��’ˆŒˆ‡�–ˆŸ ‚ �…ƒ“™…‰ ‚�‹�…

�¡μ§´ Î¨³ §  Li ¤²¨´Ê i-£μ Ê¸±μ·ÖÕÐ¥£μ ¶¥·¨μ¤ ,   §  Di Å ±μμ·¤¨´ ÉÊ ¥£μ Í¥´É· .
’μ£¤  ´ ¶·Ö¦¥´´μ¸ÉÓ μ¸¨ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ´  μ¸¨ ³μ¦´μ  ¶¶·μ±¸¨³¨·μ¢ ÉÓ ± ±

Ei(z, t) = (−1)iEmax cos
(

π(z − Di)
Li

)
cos (ωt + ϕ01). (1)

‡¤¥¸Ó Emax Å  ³¶²¨ÉÊ¤  ´ ¶·Ö¦¥´´μ¸É¨ ¸ÉμÖÎ¥° ¢μ²´Ò, ¢ ¤ ²Ó´¥°Ï¥³ ¶·¥¤¶μ² £ ¥³ Ö
· ¢´μ³¥·´μ° ¤²Ö ¢¸¥Ì ¶¥·¨μ¤μ¢; ω Å Í¨±²¨Î¥¸± Ö Î ¸ÉμÉ  Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö; ϕ01 Å
´ Î ²Ó´ Ö Ë §  ±μ²¥¡ ´¨°. ˆ¸¶μ²Ó§ÊÖ ¶·¥¤¸É ¢²¥´¨¥ ¤²Ö ¸ÉμÖÎ¥° ¢μ²´Ò (1), ³Ò ³μ¦¥³
¶·¨´ÖÉÓ ³μ¤¥²Ó ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Ô±¢¨¢ ²¥´É´μ° ¡¥£ÊÐ¥° ¢μ²´¥ [9]:

dβs

dτ
= αtr

√
1 − β2

s cos (ϕs(τ)),
dψ

dτ
= −2π

β − βs

βs
,

dp

dτ
= αtr(βs cos (ϕs(τ)) − β cos (ϕs(τ) + ψ)) + Fint,

d

dτ
G = −AT G − GA, A =

(
0 1
Q 0

)
,

Q =
αtrπ(1 − β2

s )3/2

βs
sin (ϕs(τ) + ψ) +

qλI

2πm0c3βR2
.

(2)

‡¤¥¸Ó ψ = ϕ − ϕs; p = γs − γ; ϕ ¨ ϕs Å Ë §Ò Î ¸É¨ÍÒ ¶ÊÎ±  ¨ ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ;
γ ¨ γs Å ¶·¨¢¥¤¥´´Ò¥ Ô´¥·£¨¨ Î ¸É¨ÍÒ ¶ÊÎ±  ¨ ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ; βs Å ¶·¨¢¥¤¥´-
´ Ö ¸±μ·μ¸ÉÓ ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ; τ = ct/λ; αtr = eλEm/(2m0c

2); Em Å  ³¶²¨ÉÊ¤ 

Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö; λ Å ¤²¨´  ¢μ²´Ò Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö; ³ É·¨Í  G =
(

S11 S21

S21 S22

)
μ¶¨¸Ò¢ ¥É ¤¨´ ³¨±Ê ´ Î ²Ó´μ£μ Ô²²¨¶¸  ¢ · ¤¨ ²Ó´μ° ¶²μ¸±μ¸É¨ (η, κ), £¤¥ η Å ¶·¨¢¥-
¤¥´´Ò° · ¤¨Ê¸ Î ¸É¨ÍÒ, κ = dη/dτ Å · ¸Ìμ¤¨³μ¸ÉÓ · ¤¨Ê¸ . „²Ö ÊÎ¥É  ¢§ ¨³μ¤¥°¸É¢¨Ö
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¢ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶·¨³¥´Ö¥É¸Ö ³μ¤¥²Ó ®Éμ²¸ÉÒÌ ¤¨¸±μ¢¯, ¸μ£² ¸´μ ±μÉμ·μ° ¸¨² 
¤¥°¸É¢¨Ö ´  i-Õ Î ¸É¨ÍÊ ¸μ ¸Éμ·μ´Ò μ¸É ²Ó´ÒÌ N Î ¸É¨Í μ¶·¥¤¥²Ö¥É¸Ö ± ± [10]

Finti
= βi

a2qIλ2

2πd2R2m0c3dε0

N∑
j=1

∞∑
m=1

J2
1

(
νm

R
a

)
ν4

mJ2
1 (νm)

×

× (2g(γj(zi − zj)) − g(γj(zi − zj) + d) − g(γj(zi − zj) − d)) ,

£¤¥ d Å Éμ²Ð¨´  ¤¨¸± ; a Å · ¤¨Ê¸ ± ´ ² ; νm Å ±μ·´¨ ËÊ´±Í¨¨ 	¥¸¸¥²Ö J0(t),

g(x) = sign (x)
[
1 − exp

(νm

a
|x|

)]
.

” §  ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ § ¤ ¥É¸Ö ±Ê¸μÎ´μ-¶μ¸ÉμÖ´´μ° ËÊ´±Í¨¥° ´  ± ¦¤μ³ Ê¸±μ-
·ÖÕÐ¥³ ¶¥·¨μ¤¥:

ϕs(τ) = ϕsi ∈ [−π; π] ¶·¨ τ ∈ [τi; τi+1), τi+1 − τi =
ϕsi+1 − ϕsi + π

2π
.

ˆ¸¶μ²Ó§ÊÖ ³μ¤¥²Ó (2), ³μ¦´μ ¶μ¸É·μ¨ÉÓ ³¥Éμ¤ μ¶É¨³¨§ Í¨¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ë §
¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ ϕsi . „²Ö ÔÉμ£μ · ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨° ËÊ´±Í¨μ´ ² [11, 12]:

I =
∫

MT,u

(c1F1(ψT ) + c2F2(S11)) dψT dpT dS11T dS12T dS22T , (3)

F1 =

⎧⎪⎨
⎪⎩

(ψT + ψ1)2, ¥¸²¨ ψT < −ψ1;
0, ¥¸²¨ ϕT ∈ [ψ1, ψ2];
(ψT − ψ2)2, ¥¸²¨ ψT > ψ2.

F2 =

{
0, ¥¸²¨ S11 < S;
(S11 − S)2, ¥¸²¨ S11 > S.

‡¤¥¸Ó c1, c2, ψ1, ψ2, Å ´¥μÉ·¨Í É¥²Ó´Ò¥ ±μ´¸É ´ÉÒ. „ ´´Ò° ËÊ´±Í¨μ´ ² μ£· ´¨Î¨-
¢ ¥É · §¡·μ¸ ¶μ · ¤¨Ê¸Ê ¨ Ë § ³ Î ¸É¨Í ¶ÊÎ± , ÎÉμ ¶μ§¢μ²Ö¥É ¸´¨§¨ÉÓ ¶μÉ¥·¨ Î ¸É¨Í ¨
Ê³¥´ÓÏ¨ÉÓ ³ ±¸¨³ ²Ó´Ò° · ¤¨Ê¸ ¶ÊÎ± . ˆ¸¶μ²Ó§ÊÖ ¶·¥¤¸É ¢²¥´¨¥ ¤²Ö £· ¤¨¥´É  ËÊ´±-
Í¨μ´ ²  (3) ¢ ¸²ÊÎ ¥ ¢§ ¨³μ¤¥°¸É¢¨Ö [13Ä16], ³μ¦´μ ¶·μ¢¥¸É¨ μ¶É¨³¨§ Í¨Õ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ¸É¨ ϕsi .

�¨¸. 1. �¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨ ¢ ¡¥£ÊÐ¥° ¢μ²´¥. �μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸¨´Ì·μ´´ÒÌ Ë § ( ) ¨ · ¤¨Ê¸

¶ÊÎ±  (¡)
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� · ³¥É·Ò Ê¸±μ·¨É¥²Ö

� · ³¥É· ‡´ Î¥´¨¥

� Î ²Ó´ Ö Ô´¥·£¨Ö, ŒÔ‚ 3,45
Šμ´¥Î´ Ö Ô´¥·£¨Ö, ŒÔ‚ 12,5
� ¡μÎ Ö Î ¸ÉμÉ , ŒƒÍ 433
�³¶²¨ÉÊ¤  Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö, ±‚/¸³ 110
’μ± ¶ÊÎ± , ³� 14
�μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸, ¸³ ·³· ¤ 0,029π
�·μ¤μ²Ó´Ò° Ô³¨ÉÉ ´¸, ±Ô‚ · ´¸/´Ê±²μ´ 1,55π

�  μ¸´μ¢¥ ¶·¥¤²μ¦¥´´μ° ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ ¡Ò²  ¶·μ¢¥¤¥´  μ¶É¨³¨§ Í¨Ö § ±μ´ 
¨§³¥´¥´¨Ö ¸¨´Ì·μ´´μ° Ë §Ò (·¨¸. 1) ¤²Ö Ê¸±μ·¨É¥²Ö ¤¥°É·μ´μ¢ ¸ ¶ · ³¥É· ³¨, ¶·¥¤¸É -
¢²¥´´Ò³¨ ¢ É ¡²¨Í¥. �¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1.

��‘—…’ ƒ…�Œ…’�ˆˆ ‘’�“Š’“�›

�μ¸²¥ ¢Ò¡μ·  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ë § ¸¨´Ì·μ´´μ° Î ¸É¨ÍÒ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¤²¨´Ò
Ê¸±μ·ÖÕÐ¨Ì ¶¥·¨μ¤μ¢. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§Ê¥É¸Ö ¨É¥· Í¨μ´´Ò°  ²£μ·¨É³, μ¸´μ¢ ´´Ò° ´ 
 ¶¶·μ±¸¨³ Í¨¨ (1).

„ ²¥¥ ´¥μ¡Ìμ¤¨³μ ¢Ò¡· ÉÓ ¤²¨´Ò § §μ·μ¢ ¨ · ¤¨Ê¸Ò É·Ê¡μ± ¤·¥°Ë . �  ¤ ´´μ³ ÔÉ ¶¥
¤²Ö  ¶¶·μ±¸¨³ Í¨¨ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¸²¥¤ÊÕÐ Ö ³μ¤¥²Ó [17]:

E(z)
Em

=
erf

(
g(2z + Lgi)

4Ri

)
− erf

(
g(2z − Lgi)

4Ri

)

2erf
(

gLgi

4Ri

) . (4)

‡¤¥¸Ó erf Å ËÊ´±Í¨Ö μÏ¨¡μ±; g = 2 Å ¶ · ³¥É·  ¶¶·μ±¸¨³ Í¨¨; Lgi Å ¤²¨´  i-£μ § -
§μ· ; Ri Å · ¤¨Ê¸ É·Ê¡±¨ ¤·¥°Ë . ‡ ¢¨¸¨³μ¸ÉÓ, μ¶·¥¤¥²ÖÕÐ Ö ¤²¨´Ò § §μ·μ¢, § ¢¨¸¨É μÉ
¶μ²ÊÎ¥´´μ° ´  ¶·¥¤Ò¤ÊÐ¥³ Ï £¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤²¨´ ¶¥·¨μ¤μ¢. „ ´´ Ö § ¢¨¸¨³μ¸ÉÓ
¶ · ³¥É·¨§Ê¥É¸Ö ¸μ£² ¸´μ ¸²¥¤ÊÕÐ¥³Ê  ²£μ·¨É³Ê:

1. ‘É·μ¨É¸Ö ±·¨¢ Ö ¸  ³¶²¨ÉÊ¤μ° ±μ²¥¡ ´¨Ö, ¸´¨¦¥´´μ° ¢ p1 · § ¶μ ¸· ¢´¥´¨Õ
¸ ±·¨¢μ°, μ¶·¥¤¥²ÖÕÐ¥° ¤²¨´Ò ¶¥·¨μ¤μ¢ (·¨¸. 2,  ).

�¨¸. 2. �²£μ·¨É³ ¢Ò¡μ·  ¤²¨´ § §μ·μ¢. ‘´¨¦¥´¨¥  ¶²¨ÉÊ¤Ò ( ) ¨ ¸¦ É¨¥ (¡)
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�¨¸. 3. �¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨. � ¤¨Ê¸ ¶ÊÎ±  ¨ · ¤¨Ê¸  ¶¥·ÉÊ·Ò ( ). ” §μ¢Ò¥ ±μ²¥¡ ´¨Ö (¡)

�¨¸. 4. �¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨. �μ¶¥·¥Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ´  ¢ÒÌμ¤¥ ( ). �·μ¤μ²Ó´μ¥

· ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ´  ¢ÒÌμ¤¥ (¡)

2. Š ¶μ²ÊÎ¥´´μ° ´  ¶·¥¤Ò¤ÊÐ¥³ Ï £¥ § ¢¨¸¨³μ¸É¨ ¶·¨³¥´Ö¥É¸Ö ¸¦ É¨¥ ¢ p2 · §.
� ¤¨Ê¸Ò É·Ê¡μ± ¤·¥°Ë  ¢Ò¡¨· ÕÉ¸Ö ²¨´¥°´μ ¢μ§· ¸É ÕÐ¨³¨ ¸ ± ¦¤Ò³ ¶¥·¨μ¤μ³ μÉ

§´ Î¥´¨Ö p3 ¤μ p4.
’ ±¨³ μ¡· §μ³, ¤²Ö μ¶·¥¤¥²¥´¨Ö ¤²¨´ § §μ·μ¢ ¨ · ¤¨Ê¸μ¢ É·Ê¡μ± ¤·¥°Ë  ´¥μ¡Ìμ-

¤¨³μ ¢Ò¡· ÉÓ Î¥ÉÒ·¥ ¶ · ³¥É· : p1, p2, p3, p4. „²Ö μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ p1, p2,
p3, p4 ³μ¦´μ É ±¦¥ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö £· ¤¨¥´É´μ° ³¥Éμ¤¨±μ°, μ¤´ ±μ ¢ ¤ ´´μ³ ¸²ÊÎ ¥
¤²Ö ¢Ò¡μ·  ÔÉ¨Ì ¶ · ³¥É·μ¢ ¶·μÐ¥ ¨¸¶μ²Ó§μ¢ ÉÓ £¥´¥É¨Î¥¸±¨°  ²£μ·¨É³ [18], ¢ ± Î¥¸É¢¥
Í¥²¥¢μ° ËÊ´±Í¨¨ (ˇtness-ËÊ´±Í¨¨) ±μÉμ·μ£μ ¨¸¶μ²Ó§Ê¥É¸Ö Î¨¸²μ ¶μÉ¥·Ö´´ÒÌ Î ¸É¨Í. — -
¸É¨Í  ¸Î¨É ¥É¸Ö ¶μÉ¥·Ö´´μ°, ¥¸²¨ μ´  μÉ±²μ´¨² ¸Ó μÉ ¸·¥¤´¥° Ô´¥·£¨¨ ¡μ²¥¥ Î¥³ ´  5%
¨²¨ ¥¸²¨ ¥¥ · ¤¨ ²Ó´μ¥ μÉ±²μ´¥´¨¥ ¡μ²¥¥ Î¥³ 0,9 · ¤¨Ê¸  ± ´ ² . � §³¥· ´ Î ²Ó´μ°
¶μ¶Ê²ÖÍ¨¨ ¸μ¸É ¢²Ö¥É 50Ä80 Ô²¥³¥´Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¢´μ³¥·´μ£μ · ¸¶·¥¤¥²¥´¨Ö.
�²£μ·¨É³ ¸Ìμ¤¨É¸Ö ± ´Ê²¥¢μ³Ê §´ Î¥´¨Õ ˇtness-ËÊ´±Í¨¨ §  10Ä20 ¨É¥· Í¨°. �¥§Ê²ÓÉ ÉÒ
· ¸Î¥É  ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ μ¶É¨³¨§¨·μ¢ ´´μ° ¸É·Ê±ÉÊ·¥ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3, 4.

‡�Š‹
—…�ˆ…

‚ · ¡μÉ¥ · ¸¸³μÉ·¥´  § ¤ Î  μ¶É¨³¨§ Í¨¨ ¤¨´ ³¨±¨ ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  ¢ Ê¸±μ-
·¨É¥²¥ ¸ �””. „²Ö ´ Ìμ¦¤¥´¨Ö μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò (¤²¨´ ¨
· ¤¨Ê¸μ¢ É·Ê¡μ± ¤·¥°Ë , ¤²¨´ § §μ·μ¢) ¶·¥¤² £ ¥É¸Ö ¸μÎ¥É ´¨¥ £· ¤¨¥´É´μ£μ ³¥Éμ¤  ¨
£¥´¥É¨Î¥¸±μ£μ  ²£μ·¨É³  μ¶É¨³¨§ Í¨¨.
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� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ ‘ ´±É-�¥É¥·¡Ê·£¸±μ£μ £μ¸Ê¤ ·¸É¢¥´-
´μ£μ Ê´¨¢¥·¸¨É¥É  (É¥³  º9.38.673.2013). ˆ¸¸²¥¤μ¢ ´¨Ö ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ·¥¸Ê·¸μ¢ �¥¸Ê·¸´μ£μ Í¥´É·  ®‚ÒÎ¨¸²¨É¥²Ó´Ò° Í¥´É· ‘�¡ƒ“¯
(http://cc.spbu.ru).

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Bondarev B. et al. The LIDOS. RFQ. Designer Development // Proc. of the IEEE Part. Accel.
Conf., 2001. V. 4. P. 2947Ä2949.

2. Ovsyannikov D. A. et al. BDO-RFQ Code and Optimization Models // Proc. of Intern. Conf. ®Physics
and Control¯, 2005. P. 282Ä288.

3. ‘¢¨¸ÉÊ´μ¢ �. �. ¨ ¤·. � §· ¡μÉ±  ³ ²μ£ ¡ ·¨É´μ£μ Ê¸±μ·¨É¥²Ö ¤¥°É·μ´μ¢ ¤²Ö ´¥°É·μ´´μ£μ
£¥´¥· Éμ·  ´  Ô´¥·£¨Õ 1 ŒÔ‚ // ‚¥¸É´. ‘ ´±É-�¥É¥·¡Ê·£¸±. Ê´-É . ‘¥·. 10: �·¨±². ³ É¥³.
ˆ´Ëμ·³ É¨± . �·μÍ¥¸¸Ò Ê¶· ¢²¥´¨Ö. 2011. ‚Ò¶. 1. ‘. 49Ä59.

4. Bondarev B. I., Durkin A. P., Ovsyannikov A.D. New Mathematical Optimization Models for RFQ
Structures // Proc. of the IEEE Part. Accel. Conf., 1999. V. 4. P. 2808Ä2810.

5. Ovsyannikov A. D. et al. On the Beam Dynamics Optimization Problem // Intern. J. Mod. Phys. A.
2009. V. 24, No. 5. P. 941Ä951.

6. Ovsyannikov A.D., Ovsyannikov D. A., Chung S.-L. Optimization of a Radial Matching Section //
Ibid. P. 952Ä958.

7. Ovsyannikov D. A. et al. Beam Dynamics Optimization: Models, Methods and Applications // Nucl.
Instr. Meth. A. 2006. V. 558. P. 11Ä19.

8. Ovsyannikov A. D. et al. Application Optimization Techniques for RFQ Design // Probl. Atom. Sci.
Tech. 2014. Iss. 3(91). P. 116Ä119.

9. Š ¶Î¨´¸±¨° ˆ.Œ. ’¥μ·¨Ö ²¨´¥°´ÒÌ ·¥§μ´ ´¸´ÒÌ Ê¸±μ·¨É¥²¥°. Œ.: �Éμ³¨§¤ É, 1966. 310 c.
10. �¢¸Ö´´¨±μ¢ „. �., �Ê¡Íμ¢  ˆ.„., Šμ§Ò´Î¥´±μ ‚. �. �¥±μÉμ·Ò¥ ¶·μ¡²¥³Ò ³μ¤¥²¨·μ¢ ´¨Ö ¨´-

É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²ÖÌ. ‘�¡.: ˆ§¤-¢μ ‚‚Œ, 2013.
144 c.

11. Ovsyannikov D. A., Altsybeyev V. V. Mathematical Optimization Model for Alternating-Phase Fo-
cusing (APF) Linac // Probl. Atom. Sci. Tech. 2013. Iss. 4(86). P. 93Ä96.

12. Ovsyannikov D. A., Altsybeyev V. V. Optimization of APF Accelerators // Ibid. Iss. 6(88). P. 119Ä122.
13. �²ÍÒ¡¥¥¢ ‚. ‚. �¡ μ¤´μ° § ¤ Î¥ μ¶É¨³¨§ Í¨¨ ¤¨´ ³¨±¨ ¶ÊÎ±  // ‚¥¸É´. ‘ ´±É-�¥É¥·¡Ê·£¸±.

Ê´-É . ‘¥·. 10: �·¨±². ³ É¥³. ˆ´Ëμ·³ É¨± . �·μÍ¥¸¸Ò Ê¶· ¢²¥´¨Ö. 2014. º1. ‘. 15Ä23.
14. �²ÍÒ¡¥¥¢ ‚. ‚., �¢¸Ö´´¨±μ¢ „. �. “¶· ¢²¥´¨¥ ¶ÊÎ±μ³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éμ³ ¨Ì ¢§ ¨³μ-

¤¥°¸É¢¨Ö // XII ‚¸¥·μ¸. ¸μ¢¥Ð. ¶μ ¶·μ¡²¥³ ³ Ê¶· ¢²¥´¨Ö ‚‘�“-2014. ‘. 2141Ä2149.
15. �¢¸Ö´´¨±μ¢ �. „. “¶· ¢²¥´¨¥ ¶·μ£· ³³´Ò³ ¨ ¢μ§³ÊÐ¥´´Ò³¨ ¤¢¨¦¥´¨Ö³¨ // ‚¥¸É´. ‘ ´±É-

�¥É¥·¡Ê·£¸±. Ê´-É . ‘¥·. 10: �·¨±². ³ É¥³. ˆ´Ëμ·³ É¨± . �·μÍ¥¸¸Ò Ê¶· ¢²¥´¨Ö. 2006. ‚Ò¶. 4.
‘. 111Ä124.

16. �¢¸Ö´´¨±μ¢ �. „. “¶· ¢²¥´¨¥ ¶ÊÎ±μ³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éμ³ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö // ‚¥¸É´.
‘ ´±É-�¥É¥·¡Ê·£¸±. Ê´-É . ‘¥·. 10: �·¨±². ³ É¥³. ˆ´Ëμ·³ É¨± . �·μÍ¥¸¸Ò Ê¶· ¢²¥´¨Ö. 2009.
‚Ò¶. 2. ‘. 82Ä92.

17. Skudnova I. S., Altsybeyev V. V. IH-Type Drift Tube Structures Parameters Investigation // Proc. of
the 20th Intern. Workshop on Beam Dynamics and Optimization (BDO) / Ed. by D.A. Ovsyannikov.
IEEE, 2014. P. 157.

18. �μ·μ¤¥´±μ ‚. ƒ., �μ£μ·¥²μ¢ 	. ‚., ˜¶ ±μ¢  O.Œ. �¶¶·μ±¸¨³¨·ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¶μ²¥° ¢
 ±¸¨ ²Ó´μ-¸¨³³¥É·¨Î´ÒÌ ¡¥¸¸¥ÉμÎ´ÒÌ § §μ· Ì // �²¥±É·μ´. É¥Ì´. ‘¥·. I: �²¥±É·μ´¨±  ‘‚—.
1973. ‚Ò¶. 4. ‘. 44Ä55.

19. Genetic Algorithm. http://www.mathworks.com/discovery/genetic-algorithm.html (¤ É  μ¡· Ð¥´¨Ö:
31.08.2015).


