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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

�μ²ÊÎ¥´μ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¤²Ö · ¸Î¥É  ¸É Í¨μ´ ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· -
ÉÊ·Ò, Ê¸·¥¤´¥´´μ° ¢ ± ¦¤μ³ ¸¥Î¥´¨¨ ±μ²ÓÍ¥¢μ° ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨. Œ¨Ï¥´Ó μ¡²ÊÎ ¥É¸Ö ¶ÊÎ±μ³
ÉÖ¦¥²ÒÌ ¨μ´μ¢. „¨ ³¥É· ¨μ´´μ£μ ¶ÊÎ±  · ¢¥´ Ï¨·¨´¥ ±μ²ÓÍ . �¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ¶μ§¢μ²Ö¥É
¨¸¸²¥¤μ¢ ÉÓ ¸É Í¨μ´ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢¤μ²Ó ³¨Ï¥´¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ μ¸´μ¢´ÒÌ
¶ · ³¥É·μ¢ μ¡²ÊÎ ÕÐ¥£μ ¶ÊÎ±  ¨μ´μ¢, ³¨Ï¥´¨ ¨ μÌ² ¦¤ ÕÐ¥£μ £ § . �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸-
Î¥Éμ¢ ¤²Ö ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨, · §· ¡ ÉÒ¢ ¥³μ° ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  Í¨±²μÉ·μ´¥
„–-280,   É ±¦¥ ¸· ¢´¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éμ¢, ¶·μ¢μ¤¨¢Ï¨Ì¸Ö ¸ ¶μ¤μ¡´μ° ¢· Ð Õ-
Ð¥°¸Ö ³¨Ï¥´ÓÕ.

A differential equation for calculating the steady-state distribution of the temperature averaged over
each cross section in a rotating ring target was obtained. The target is irradiated with a beam of heavy
ions. The diameter of the ion beam is equal to the ring width. The obtained solution of this equation
makes it possible to investigate the stationary temperature distribution along the target depending on the
irradiating ion beam, target and cooling gas parameters. The results of calculations for a rotating target
developed for carrying out experiments at the cyclotron DC-280 and also a comparison with the results
of experiments carried out with a similar rotating target are given.

PACS: 29.20.dg; 29.25.Pj
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Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ § ±μ´Î¥´ ¶·μÍ¥¸¸ ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¸¥¤Ó³μ£μ
¶¥·¨μ¤  É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢  ¢¶²μÉÓ ¤μ 118-£μ (μ£ ´¥¸μ´) [1]. „²Ö ¸¨´É¥§  ¥Ð¥ ¡μ²¥¥
ÉÖ¦¥²ÒÌ Ö¤¥· ¸ Z > 118 ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ ¨´É¥´-
¸¨¢´μ¸ÉÓÕ ¤μ 10 ³±� · Î ¸É¨Í. ’ ±¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì ³¨Ï¥´Ó ¨μ´´ÒÌ
¶ÊÎ±μ¢ ¡Ê¤ÊÉ ¤μ¸É¨£´ÊÉÒ ´  ´μ¢μ³ Í¨±²μÉ·μ´¥ „–-280 [2], ±μÉμ·Ò° ¸É ´¥É ¡ §μ¢Ò³
Ê¸±μ·¨É¥²¥³ Ë ¡·¨±¨ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢, ¸μ§¤ ¢ ¥³μ° ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥-
 ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ. �·¨ É ±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ ¨ Ô´¥·£¨ÖÌ ¨μ´μ¢ μÉ 4 ¤μ
8 ŒÔ‚/´Ê±²μ´ ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ ¢ Éμ´±¨Ì ³¨Ï¥´ÖÌ ¨ Ëμ²Ó£ Ì, ¨¸¶μ²Ó§Ê¥³ÒÌ, ´ -
¶·¨³¥·, ¢ ¤Ê¡´¥´¸±μ³ £ §μ´ ¶μ²´¥´´μ³ ¸¥¶ · Éμ·¥ (ƒ�‘) [3] ¤²Ö ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥·, ³μ¦¥É ¤μ¸É¨£ ÉÓ ∼ 1,2 ±‚É/³³3. ‚ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ¤²Ö Ê³¥´ÓÏ¥´¨Ö É¥³¶¥· -
ÉÊ·Ò ´ £·¥¢  ¨¸¶μ²Ó§Ê¥É¸Ö ±μ²ÓÍ¥¢ Ö ¢· Ð ÕÐ Ö¸Ö ³¨Ï¥´Ó [4].

1…-mail: kazacha@dubna.ru
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’ ±¨³ μ¡· §μ³, ¢μ§´¨± ¥É § ¤ Î  · ¸Î¥É  · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ´ £·¥¢  ¢μ ¢· -
Ð ÕÐ¥°¸Ö ±μ²ÓÍ¥¢μ° ³¨Ï¥´¨, ¸μ¸ÉμÖÐ¥° ¨§ Éμ´±μ° É¨É ´μ¢μ° ¶μ¤²μ¦±¨ ¨ μ¸ ¦¤¥´´μ£μ
´  ´¥° μ±¸¨¤   ±É¨´¨¤ . �·¨ ÔÉμ³ ¡μ³¡ ·¤¨·ÊÕÐ¨° ³¨Ï¥´Ó ¶ÊÎμ± ¨μ´μ¢ ¨³¥¥É ¤¨ -
³¥É·, · ¢´Ò° Ï¨·¨´¥ É¨É ´μ¢μ£μ ±μ²ÓÍ . ŒμÐ´μ¸ÉÓ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É 3 ±‚É. ‚ ³¨Ï¥´¨
μ¸É ¥É¸Ö ∼ 5 % ÔÉμ° ³μÐ´μ¸É¨. ’¥¶²μ μÉ ³¨Ï¥´¨ μÉ¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ £ §  ´¨§±μ£μ
¤ ¢²¥´¨Ö (μ¡ÒÎ´μ ¢μ¤μ·μ¤  ¨²¨ £¥²¨Ö),   É ±¦¥ §  ¸Î¥É ¨§²ÊÎ¥´¨Ö.

‚ ¤ ´´μ° · ¡μÉ¥ ¶μ²ÊÎ¥´μ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¤²Ö § ¢¨¸¨³μ¸É¨ ¸É Í¨μ´ ·-
´μ° É¥³¶¥· ÉÊ·Ò, Ê¸·¥¤´¥´´μ° ¶μ ± ¦¤μ³Ê ¸¥Î¥´¨Õ ³¨Ï¥´¨, μÉ Ê£²  ϕ. �μ²ÊÎ¥´´μ¥
·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ ÉÓ § ¢¨¸¨³μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¸É Í¨μ´ ·-
´μ° É¥³¶¥· ÉÊ·Ò ¢ ³¨Ï¥´¨ μÉ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É·μ¢: ¢Ò¤¥²Ö¥³μ° ¢ ³¨Ï¥´¨ É¥¶²μ¢μ°
³μÐ´μ¸É¨ P , ¸·¥¤´¥£μ · ¤¨Ê¸  ³¨Ï¥´¨ R, Éμ²Ð¨´Ò ³¨Ï¥´¨ h, Ê£²μ¢μ° ¸±μ·μ¸É¨ ¢· -
Ð¥´¨Ö ³¨Ï¥´¨ ω ¨ · ¸¸ÉμÖ´¨Ö μÉ ³¨Ï¥´¨ ¤μ ¸É¥´μ± ± ³¥·Ò Δ.

‚ · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ · ¸¶·¥¤¥²¥´¨° ¸É Í¨μ´ ·´μ° É¥³¶¥· ÉÊ·Ò
¤²Ö ¶ · ³¥É·μ¢ ³¨Ï¥´¨, · §· ¡ ÉÒ¢ ¥³μ° ¤²Ö ƒ�‘ Í¨±²μÉ·μ´  „–-280. ’ ±¦¥ ¶·μ¢μ-
¤¨É¸Ö ¸· ¢´¥´¨¥ ¸ ¨§¢¥¸É´Ò³¨ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ ¢· Ð Õ-
Ð¥°¸Ö ±μ²ÓÍ¥¢μ° ³¨Ï¥´ÓÕ.

1. ‘’�–ˆ������… ��‘��…„…‹…�ˆ… ’…Œ�…��’“�› ‚ Œˆ˜…�ˆ

‚ ¸É Í¨μ´ ·´μ³ ¸μ¸ÉμÖ´¨¨ (∂/∂t = 0) · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¶μ μ¡Ñ¥³Ê ³¨Ï¥´¨
T (r, ϕ, z) Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ

ρTiCTiω
∂T

∂ϕ
= div (λTi gradT ) + p(r, ϕ, z). (1)

‡¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ ρTi, CTi, λTi Å ¶²μÉ´μ¸ÉÓ, É¥¶²μ¥³±μ¸ÉÓ ¨ É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ
É¨É ´ ; p(r, ϕ, z) Å ³μÐ´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ É¥¶²  ¢ ¥¤¨´¨Í¥ μ¡Ñ¥³ .

‚ ± Î¥¸É¢¥ £· ´¨Î´ÒÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö Ê¸²μ¢¨Ö É·¥ÉÓ¥£μ ·μ¤  (§ ±μ´ �ÓÕÉμ´ Ä�¨Ì³ ´ )
¨ Ê¸²μ¢¨Ö ¨§²ÊÎ¥´¨Ö:

λTin∇T |S = −α(T |S − T w) − σεTiT
4 |S = −λH(T |S − T w)/Δ − σεTiT

4 |S . (2)

‡¤¥¸Ó n Å ¢¥±Éμ· ¢´¥Ï´¥° ´μ·³ ²¨ ± £· ´¨Î´μ° ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨ S; ±μÔËË¨Í¨¥´É
±μ´¢¥±É¨¢´μ° É¥¶²μ¶¥·¥¤ Î¨ α = Nu λH/Δ ¸μμÉ¢¥É¸É¢Ê¥É Î¨¸²Ê �Ê¸¸¥²ÓÉ  Nu = 1;
λH Å ±μÔËË¨Í¨¥´É É¥¶²μ¶·μ¢μ¤´μ¸É¨ ¢μ¤μ·μ¤ ; Tw Å É¥³¶¥· ÉÊ·  μ±·Ê¦ ÕÐ¥° ¸É¥´±¨;
Δ Å · ¸¸ÉμÖ´¨¥ μÉ ³¨Ï¥´¨ ¤μ ¸É¥´±¨; σ Å ¶μ¸ÉμÖ´´ Ö ‘É¥Ë ´ Ä	μ²ÓÍ³ ´ ; εTi Å
±μÔËË¨Í¨¥´É Î¥·´μÉÒ É¨É ´ .

‚¢¥¤¥³ ¸·¥¤´ÕÕ ¶μ ¶μ¶¥·¥Î´μ³Ê ¸¥Î¥´¨Õ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³  §¨³ÊÉ¥ ϕ É¥³¶¥· ÉÊ·Ê
³¨Ï¥´¨ T (ϕ):

T (ϕ) =
1

Dh

h/2∫
−h/2

R+D/2∫
R−D/2

T (r, ϕ, z) dr dz. (3)

„²Ö ¢Ò¢μ¤  Ê· ¢´¥´¨Ö ¨§³¥´¥´¨Ö ¸·¥¤´¥° É¥³¶¥· ÉÊ·Ò ¶μ  §¨³ÊÉÊ ϕ Ê³´μ¦¨³ μ¡¥ Î ¸É¨
Ê· ¢´¥´¨Ö (1) ´  r dr dz ¨ ¶·μ¨´É¥£·¨·Ê¥³ ¶μ ¶²μÐ ¤¨ ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ³¨Ï¥´¨.
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� §¤¥²¨¢ · ¢¥´¸É¢μ, ¶μ²ÊÎ¥´´μ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £· ´¨Î´ÒÌ Ê¸²μ¢¨° (2), ´  ¢¥²¨Î¨´Ê

λTih ln
(

R+D/2
R−D/2

)
∼= λTi

hD
R , ¨³¥¥³

d2T

dϕ2
− 2α

dT

dϕ
− k2(T − Tw) − κT

4
= F (ϕ), (4)

£¤¥

α =
ρTiCTiωR2

2λTi
, k2 =

2λHR2

hΔλTi
, κ =

2σεTiR
2

hλTi
,

F (ϕ) = − R

hDλTi

h/2∫
−h/2

R+D/2∫
R−D/2

p(r, ϕ, z)r dr dz.

(5)

�·¨ ¢Ò¢μ¤¥ Ê· ¢´¥´¨Ö (4) ³Ò ¶·¥´¥¡·¥£²¨ É¥¶²μ¶¥·¥¤ Î¥° ¨ ¨§²ÊÎ¥´¨¥³ ¸ ¶μ¢¥·Ì´μ¸É¥°
r = R±D/2, ¶μ¸±μ²Ó±Ê ¨Ì ¢±² ¤ (∼ h/D) ¶·¥´¥¡·¥¦¨³μ ³ ² ¤²Ö É¨¶¨Î´ÒÌ ¶ · ³¥É·μ¢
³¨Ï¥´¨.

�¶·¥¤¥²¨³ ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ É¥¶²μ¢Ò¤¥²¥´¨Ö ¢ ³¨Ï¥´¨ p(r, ϕ, z) ¢ ¢¨¤¥

p(r, ϕ, z) =
4P

πD2h
η

(
D2

4
− r2 + 2rR cos (ϕ − ϕ0) − R2

)
, (6)

£¤¥ P Å ¶μ²´ Ö ³μÐ´μ¸ÉÓ É¥¶² , ¢Ò¤¥²Ö¥³μ£μ ¶ÊÎ±μ³ ¨μ´μ¢ ¢ ³¨Ï¥´¨; ϕ0 Å  §¨³ÊÉ
Í¥´É·  ¸¥Î¥´¨Ö ¶ÊÎ±  ´  ³¨Ï¥´¨ (¢ ¤ ²Ó´¥°Ï¥³ ϕ0 = 0); η(x) Å ¸ÉÊ¶¥´Î É Ö ËÊ´±Í¨Ö
•¥¢¨¸ °¤ . ”Ê´±Í¨Ö F (ϕ) ¢ (4) ¶·¨ ÔÉμ³ ¡Ê¤¥É · ¢´ 

F (ϕ) = − PR

λTiDh
f(ϕ), f(ϕ) =

8R

πD2
cos ϕ

√
D2

4
− R2 sin2 ϕη(ϕ2

m − ϕ2),

ϕm = arcsin
D

2R
,

ϕm∫
−ϕm

f(ϕ) dϕ = 1.

(7)

�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (4) ¸ ¶¥·¨μ¤¨Î¥¸±¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨ (T (ϕ) = T (ϕ+2π);
dT (ϕ)/dϕ = dT (ϕ + 2π)/dϕ) ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ± ±

T (ϕ) = Tw − 1
2
√

α2 + k2
[Ψ(q1, ϕ) − Ψ(q2, ϕ)] ,

Ψ(q, ϕ) =
1

2 sh (πq)

ϕ+2π∫
ϕ

eq(ϕ−ϕ′+π)
[
F (ϕ′) + κT

4
(ϕ′)

]
dϕ′,

q1 = α +
√

α2 + k2, q2 = α −
√

α2 + k2.

(8)
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2. �…‡“‹œ’�’› ��‘—…’�‚ „‹Ÿ Œˆ˜…�ˆ ƒ�‘ –ˆŠ‹�’���� „–-280

„²Ö ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¢ Í¨±²μÉ·μ´¥ „–-280 ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó-
§μ¢ ÉÓ ¢· Ð ÕÐÊÕ¸Ö ±μ²ÓÍ¥¢ÊÕ ³¨Ï¥´Ó ¸ É¨É ´μ¢μ° ¶μ¤²μ¦±μ°, ¨³¥ÕÐÊÕ ¸²¥¤ÊÕÐ¨¥
¶ · ³¥É·Ò: R = 25 ¸³, D = 1 ¸³, h = 1,6 ³±³, Δ = 1 ¸³, f = ω/2π = 33 ƒÍ, P = 150 ‚É.
‚ ± Î¥¸É¢¥ μÌ² ¦¤ ÕÐ¥£μ £ §  ¨¸¶μ²Ó§Ê¥É¸Ö ¢μ¤μ·μ¤ H2 ¶·¨ ¤ ¢²¥´¨¨ 1 ’μ··.

�·μ¢¥¤¥³ μÍ¥´±Ê ¸É Í¨μ´ ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ μÉ¸ÊÉ¸É¢¨¥ ¨§²ÊÎ¥´¨Ö
¤²Ö Ì · ±É¥·´ÒÌ ¶ · ³¥É·μ¢ ³¨Ï¥´¨ ¨ μÌ² ¦¤ ÕÐ¥£μ £ § : ρTi = 4,54 £/¸³3, CTi =
0,523 „¦/(£ ·Š), λTi = 0,219 ‚É/(¸³ ·Š), λH = 0,002 ‚É/(¸³ ·Š). ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·-
³Ê² ³¨ (5), (8) ´ Ìμ¤¨³

q1
∼= 2α = 1,404 · 106, q2

∼= − k2

2α
= −0,0508. (9)

‘μ£² ¸´μ μÍ¥´±¥ (9) ³Ò ¨³¥¥³ ¤¢  ¸¨²Ó´μ μÉ²¨Î ÕÐ¨Ì¸Ö ³ ¸ÏÉ ¡  ¨§³¥´¥´¨Ö · ¸¶·¥¤¥-
²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ³¨Ï¥´¨ ¢´¥ μ¡² ¸É¨, § ´ÖÉμ° ¶ÊÎ±μ³.

�¥·¢Ò° ∼ 1/q1 ¶·¨¢¥¤¥É ± §´ Î¨É¥²Ó´Ò³ ¢ÒÎ¨¸²¨É¥²Ó´Ò³ É·Ê¤´μ¸ÉÖ³ ¢ ¨´É¥£· ²¥ (8).
„²Ö μÍ¥´±¨ ¥£μ ¢±² ¤  ¢ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ÊÎÉ¥³, ÎÉμ ¡Ò¸É·μ¥ Ê³¥´ÓÏ¥´¨¥
Ô±¸¶μ´¥´ÉÒ ¢¡²¨§¨ ÉμÎ±¨ ϕ′ = ϕ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢Ò´¥¸É¨ ËÊ´±Í¨Õ F (ϕ) ¨§-¶μ¤ §´ ± 
¨´É¥£· ² . �μ¸²¥ ÔÉμ£μ ¨´É¥£·¨·μ¢ ´¨¥ ¢ (8) ²¥£±μ ¶·μ¢μ¤¨É¸Ö ¨ ¤ ¥É ¢ ·¥§Ê²ÓÉ É¥

Ψ(q1, ϕ) =
F (ϕ) + κT

4
(ϕ)

q1
. (10)

„²Ö ¶·μ¥±É´ÒÌ ¶ · ³¥É·μ¢ ³¨Ï¥´¨ ÔÉ¨³ ¢±² ¤μ³ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨ Ê£²μ¢μ¥ · ¸¶·¥-
¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ ¸ ¶μ³μÐÓÕ ¶ · ³¥É· 

∣∣q−1
2

∣∣:
∣∣q−1

2

∣∣ ∼= 2α

k2
=

ρTiCTihΔω

2λH
= 19,7 · ¤. (11)

‚ÒÎ¨¸²¥´¨¥ ËÊ´±Í¨¨ Ψ(q2, ϕ) ¶·¨¢μ¤¨É ± · ¸¶·¥¤¥²¥´¨Õ É¥³¶¥· ÉÊ·Ò ¶μ Ê£²Ê ³¨Ï¥´¨:

T0(ϕ) = Tw +

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Th eq2ϕ

[
ch (q2π) − sh (q2π)×

×
(

2
π

arcsin
(

2R

D
sin ϕ

)
+ tg ϕf(ϕ)

) ]
; |ϕ| � ϕm,

Th eq2(ϕ−π), ϕm < ϕ � π,

Th eq2(ϕ+π), −π � ϕ < −ϕm.

(12)

‡ ¢¨¸¨³μ¸ÉÓ Th = T0(±π) − Tw μÉ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ μ¶·¥¤¥²Ö¥É¸Ö · ¢¥´¸É¢μ³

Th =
PR

2πDhλTik2
=

PΔ
4πDRλH

. (13)

„²Ö Ê± § ´´ÒÌ ¢ÒÏ¥ ¶ · ³¥É·μ¢ ³¨Ï¥´¨ ¨ É¥¶²μ¢μ° ´ £·Ê§±¨ É¥³¶¥· ÉÊ·  Th =
238,7 Š. � ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ³¨Ï¥´¨ T0(ϕ) ¶·¨ Tw = 300 Š ¶μ± § ´μ ´  ·¨¸. 1
(±·¨¢ Ö 1). Œ ±¸¨³ ²Ó´ Ö É¥³¶¥· ÉÊ·  Tmax ³¨Ï¥´¨ μÍ¥´¨¢ ¥É¸Ö ± ± Tmax = Th e|q2|π,
¨ · §´μ¸ÉÓ ΔT = Tmax − Tmin = 2 |q2|πTh. „²Ö · ¸¸³μÉ·¥´´ÒÌ ¶ · ³¥É·μ¢ ³¨Ï¥´¨



‘É Í¨μ´ ·´μ¥ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢μ ¢· Ð ÕÐ¥°¸Ö ±μ²ÓÍ¥¢μ° ³¨Ï¥´¨ 269

�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ T (ϕ) ¶·¨ Δ = 3 ¸³: 1 Å

κ = 0; 2 Å κ = 10−5

�¨¸. 2. „¥É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò

T0(ϕ) ¢ μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¶ÊÎ±μ³ ¤²Ö
κ = 0 ¨ Δ = 3 ¸³

ΔT = 76,2 K. „¥É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢ μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö ¶ÊÎ±μ³ ¶μ± -
§ ´μ ´  ·¨¸. 2.

‘ ÊÎ¥Éμ³ ¨§²ÊÎ¥´¨Ö § ¢¨¸¨³μ¸ÉÓ T (ϕ) ´ Ìμ¤¨É¸Ö ¸ ¶μ³μÐÓÕ Ê· ¢´¥´¨Ö

T (ϕ) = T0(ϕ) − 2σεTiDRT 4
h

P

q2π

sh q2π

ϕ+2π∫
ϕ

eq(ϕ−ϕ′+π)

(
T (ϕ′)
Th

)4

dϕ′. (14)

„²Ö Ê± § ´´ÒÌ ¢ÒÏ¥ ¶ · ³¥É·μ¢ ³¨Ï¥´¨ ƒ�‘ Í¨±²μÉ·μ´  „–-280 Ê· ¢´¥´¨¥ (14) ³μ¦¥É
¡ÒÉÓ ·¥Ï¥´μ ³¥Éμ¤μ³ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨° ¤²Ö Δ � 3,4 ¸³. • · ±É¥·´μ¥
· ¸¶·¥¤¥²¥´¨¥ T (ϕ) ¶μ± § ´μ ´  ·¨¸. 1 (±·¨¢ Ö 2). „²Ö Δ > 3,4 ¸³ · ¸¶·¥¤¥²¥´¨¥ T (ϕ)
´ Ìμ¤¨É¸Ö ¨§ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö, ¶μ²ÊÎ ÕÐ¥£μ¸Ö ¨§ (4) ¶μ¸²¥ μÉ¡· ¸Ò¢ ´¨Ö
Î²¥´  d2T/dϕ2:

dT

dϕ
− k2

2α
(T − Tw) − κ

2α
T

4
=

F (ϕ)
2α

. (15)

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ¸É Í¨μ´ ·´ÒÌ ¢¥²¨Î¨´ Tmax(f) ¤²Ö ¢· Ð Õ-
Ð¥°¸Ö ³¨Ï¥´¨ ¶·¨ P = 150 ‚É (±·¨¢ Ö 1) ¨ P = 15 ‚É (±·¨¢ Ö 2). ‡¤¥¸Ó Td =
900 Š Å É¥³¶¥· ÉÊ· , ¶·¨ ±μÉμ·μ° · §·ÊÏ ¥É¸Ö ³¨Ï¥´Ó. �  ·¨¸. 4 ¶μ± § ´Ò § ¢¨¸¨-
³μ¸É¨ Tmax(R). �  ·¨¸. 5 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ Tmax(Δ). Š·¨¢μ° 1 ¶μ± § ´  § ¢¨¸¨-

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Tmax(f). Δ = 1 ¸³, R =

25 ¸³, P = 150 ‚É (1) ¨ 15 ‚É (2)
�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ Tmax(R). Δ = 1 ¸³, f =

33 ƒÍ, P = 150 ‚É (1) ¨ 15 ‚É (2)



270 Š § ·¨´μ¢ �.�., ƒÊ²Ó¡¥±Ö´ ƒ. ƒ., Š § Î  ‚.ˆ.

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Tmax(Δ). R = 25 ¸³, f = 33 ƒÍ, κ = 0 (1), P = 150 ‚É (2) ¨ 15 ‚É (3)

³μ¸ÉÓ Tmax(Δ), · ¸¸Î¨É ´´ Ö ¢ μÉ¸ÊÉ¸É¢¨¥ ¨§²ÊÎ¥´¨Ö (κ = 0). Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§
·¨¸. 3Ä5, ¢Ò¡· ´´Ò¥ ¶ · ³¥É·Ò ³¨Ï¥´¨ ƒ�‘ ¤²Ö Í¨±²μÉ·μ´  „–-280 Ö¢²ÖÕÉ¸Ö μ¶É¨³ ²Ó-
´Ò³¨ ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ²ÊÎ¥´¨Ö É¥³¶¥· ÉÊ·Ò, μ¡¥¸¶¥Î¨¢ ÕÐ¥° ¥¥ ´μ·³ ²Ó´ÊÕ · ¡μÉÊ.

‚›‚�„›

1. ‚ · ³± Ì § ¤ Î¨ ¸É Í¨μ´ ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ±μ²ÓÍ¥¢μ° ¢· Ð Õ-
Ð¥°¸Ö ³¨Ï¥´¨ ¶·¨ μ¡²ÊÎ¥´¨¨ ¥¥ ¨μ´´Ò³ ¶ÊÎ±μ³ ¶μ²ÊÎ¥´μ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥
¤²Ö ¥£μ · ¸Î¥É .

2. � °¤¥´´μ¥ ·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ ÉÓ § ¢¨¸¨³μ¸É¨ ÔÉ¨Ì · ¸-
¶·¥¤¥²¥´¨° μÉ ¶ · ³¥É·μ¢ ³¨Ï¥´¨, μÌ² ¦¤ ÕÐ¥£μ £ §  ¨ ¶μ£²μÐ ¥³μ° ¥Õ É¥¶²μ¢μ°
³μÐ´μ¸É¨.

3. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ¢ ÔÉμ° · ¡μÉ¥, ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¨§³¥·¥´¨° ¸É Í¨μ´ ·´μ° É¥³¶¥· ÉÊ·Ò ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨, ¢Ò¶μ²-
´¥´´ÒÌ ¢ [4], ¶μ± §Ò¢ ¥É ¨Ì ± Î¥¸É¢¥´´μ¥ ¸μ¢¶ ¤¥´¨¥.

4. �·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ´ £·¥¢  ³¨Ï¥´¨, · §· ¡ ÉÒ¢ ¥³μ° ¤²Ö ´μ¢μ£μ ƒ�‘ Í¨±²μÉ·μ´ 
„–-280. �μ± § ´μ, ÎÉμ ¢Ò¡· ´´Ò¥ ¶ · ³¥É·Ò ³¨Ï¥´¨ Ö¢²ÖÕÉ¸Ö μ¶É¨³ ²Ó´Ò³¨ ¸ ÉμÎ±¨
§·¥´¨Ö ¥¥ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Oganessian Yu. Ts., Utyonkov V. K. Superheavy Nuclei from 48Ca-Induced Reactions // Nucl. Phys.
A. 2015. V. 944. P. 62Ä98.

2. Gulbekian G.G., Dmitriev S. N., Oganessian Yu. Ts., Gikal B. N., Kalagin I. V., Bogomolov S. L., Iva-
nenko I. A., Kazarinov N. Yu., Ivanov G.N., Osipov N. F. Status of the DC-280 Cyclotron Project //
Proc. of the 21st Intern. Conf. on Cyclotrons and Their Applications, Zurich, Switzerland, Sept.
11Ä16, 2016; http://jacow.web.psi.ch/Cyclotrons2016/.

3. Subotic K., Oganessian Yu. Ts., Utyonkov V. K., Lobanov Yu. V., Abdullin F. Sh., Polyakov A. N.,
Tsyganov Yu. S., Ivanov O. V. Evaporation Residue Collection Efˇciencies and Position Spectra of
the Dubna Gas-Filled Recoil Separator // Nucl. Instr. Meth. A. 2002. V. 481. P. 71.

4. Baron E., Gillet J., Ozille M. The High Power System for SISSI, an Intense Source of Secondary
Ions // Nucl. Instr. Meth. A. 1995. V. 362. P. 90Ä93.

�μ²ÊÎ¥´μ 24 μ±ÉÖ¡·Ö 2017 £.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


