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�³¨·Ì ´μ¢ ˆ. ‚. ¨ ¤·. P11-2009-124
—¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ É¥¶²μ- ¨ ³ ¸¸μ¶¥·¥´μ¸ 
¢ ¶μ·¨¸Éμ³ ³ É¥·¨ ²¥

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·μ¢¥¤¥´μ Î¨¸²¥´´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¶·¥¤²μ¦¥´´μ° ³ -
±·μ¸±μ¶¨Î¥¸±μ° ³μ¤¥²¨ ¶¥·¥´μ¸  É¥¶²  ¨ ¢² £¨ ¢ ¶μ·¨¸Éμ³ ³ É¥·¨ ²¥. Œμ¤¥²Ó
μ¶¨¸Ò¢ ¥É¸Ö ¸¨¸É¥³μ° Ê· ¢´¥´¨° ¤²Ö Î¥ÉÒ·¥Ì ´¥¨§¢¥¸É´ÒÌ ËÊ´±Í¨° Å ±μ´-
Í¥´É· Í¨¨ ¢μ¤Ò wl, ±μ´Í¥´É· Í¨¨ ¢μ¤Ö´μ£μ ¶ ·  wv, É¥³¶¥· ÉÊ·Ò T ¨ ¨¸ÉμÎ-
´¨±  I Å ± ± ËÊ´±Í¨° ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¥³¥´´μ° x ¨ ¢·¥³¥´´μ° ¶¥·¥-
³¥´´μ° t. ˆ¸¸²¥¤μ¢ ´¨Ö ¶·μ¢¥¤¥´Ò ¤²Ö · §´ÒÌ ¸²ÊÎ ¥¢ ´ Î ²Ó´ÒÌ ¨ £· ´¨Î-
´ÒÌ Ê¸²μ¢¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸ÊÏ±¥ ¢² ¦´μ£μ μ¡· §Í  ¨²¨ Ê¢² ¦´¥´¨Õ ¸ÊÌμ£μ
μ¡· §Í . ‚ÒÎ¨¸²¥´Ò ¨§³¥´¥´¨Ö ¶μ ¢·¥³¥´¨ ¶·μË¨²¥° ¶·¨¢¥¤¥´´ÒÌ ±μ´Í¥´É· -
Í¨°, É¥³¶¥· ÉÊ·Ò ¨ ¨¸ÉμÎ´¨± .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Amirkhanov I. V. et al. P11-2009-124
Numerical Modeling of Heat-and-Mass Transfer Process
in a Porous Material

The numerical research of the suggested phenomenological model of heat and
moisture transfer in a porous material is performed. The model is described by a
system of equations of four unknown functions Å the water concentration wl, water
vapor concentration wv , temperature T and source I Å as functions of the space
variable x and time variable t. Different cases of initial and boundary conditions are
considered that correspond to drying of a wet sample or wetting of a dry sample.
The dynamics of the space distribution of concentrations, temperatures and sources
is calculated and imaged in the graphs.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.
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Œ´μ£¨¥  ¢Éμ·Ò § ´¨³ ²¨¸Ó ¶·μ¡²¥³μ° ¶¥·¥´μ¸  É¥¶²  ¨ ¢² £¨. � ¶μ³´¨³
· ¡μÉÒ ‹Ò±μ¢  [1, 2], ¤¥ ”·¨§  [3, 4], ƒ² §¥·  [5], ‚ ¸¨²Ó¥¢μ° [6], �¨¢¨¸  ¨
–¥²¨¨ [7], �¥Ï¥É¨´  ¨ �·²μ¢  [8] ¨ ¤·. [9Ä22]. ‚ · ¡μÉ¥ [18] ¨¸¶μ²Ó§μ¢ ´
³¥Éμ¤ ´¥°É·μ´´μ° · ¤¨μ£· Ë¨¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¢² £¨ ¶μ Ï¨·¨´¥ ¶μ·¨¸Éμ£μ
¢² ¦´μ£μ μ¡· §Í  ¢ · §´Ò¥ ³μ³¥´ÉÒ ¢·¥³¥´¨. ‚ · ¡μÉ¥ [21] ³Ò ¶ÊÉ¥³ ·¥Ï¥-
´¨Ö μ¡· É´μ° § ¤ Î¨ ¤¨ËËÊ§¨¨ ¢² £¨ μ¶·¥¤¥²¨²¨ ±μÔËË¨Í¨¥´É ¥¥ ¶¥·¥´μ¸ ,
¨¸Ìμ¤Ö ¨§ ¨§³¥·¥´´ÒÌ ¤ ´´ÒÌ ¢ · ¡μÉ¥ [18]. �·¨ ÔÉμ³ ³Ò ¶·¥¤¶μ² £ ²¨,
ÎÉμ É¥³¶¥· ÉÊ·  ¢ μ¡· §Í¥ ¨ ¥£μ μ±·¥¸É´μ¸É¨ ¶μ¸ÉμÖ´´ Ö, · ¢´ Ö ±μ³´ É´μ°
É¥³¶¥· ÉÊ·¥ ¢ É¥Î¥´¨¥ ¢¸¥£μ Ô±¸¶¥·¨³¥´É .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ¸É·μ¨³ ³ É¥³ É¨Î¥¸±ÊÕ ³μ¤¥²Ó, ¢ ±μÉμ·μ° ÊÎÉ¥´μ
¨§³¥´¥´¨¥ É¥³¶¥· ÉÊ·Ò T ,   É ±¦¥ ¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´: ±μ´Í¥´É· -
Í¨¨ ¢μ¤Ò wl, ±μ´Í¥´É· Í¨¨ ¢μ¤Ö´μ£μ ¶ ·  wv , ËÊ´±Í¨¨ ¨¸ÉμÎ´¨±  I , ±μÉμ· Ö
¢Ò· ¦ ¥É ¸±μ·μ¸ÉÓ ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¢μ¤Ö´μ£μ ¶ ·  ¨ ¢μ¤Ò ¢ ·¥§Ê²Ó-
É É¥ ¨¸¶ ·¥´¨Ö ¢μ¤Ò ¨ ±μ´¤¥´¸ Í¨¨ ¢μ¤Ö´ÒÌ ¶ ·μ¢ ¢ ¶μ· Ì. �·¨ ÔÉμ³, ± ±
¨ ¢ · ¡μÉ¥ [22], ¶·¥¤¶μ² £ ¥³, ÎÉμ ³¥¦¤Ê ¶μ·¨¸ÉÒ³ É¥²μ³ ¨ ¥£μ ±μ³¶μ´¥´-
É ³¨ (¢μ¤μ° ¨ ¢μ¤Ö´Ò³ ¶ ·μ³) ¢¸¥ ¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É ²μ± ²Ó´μ¥ · ¢´μ¢¥¸¨¥,
É. ¥. É¥³¶¥· ÉÊ·Ò μÉ¤¥²Ó´ÒÌ ±μ³¶μ´¥´É ¨ ¸ ³μ£μ ¶μ·¨¸Éμ£μ É¥²  ¢ ²Õ¡μ°
ÉμÎ±¥ ¶·μ¸É· ´¸É¢  ¸μ¢¶ ¤ ÕÉ. ‘ ³  ³μ¤¥²Ó ¸μ¸Éμ¨É ¨§ ¸¨¸É¥³Ò Ê· ¢´¥-
´¨° ¶¥·¥´μ¸  ¤²Ö ¢ÒÏ¥¶¥·¥Î¨¸²¥´´ÒÌ ¢¥²¨Î¨´. Œμ¤¥²¨·μ¢ ´¨¥ ¶·μ¢μ¤¨³
¤²Ö É·¥Ì ¸²ÊÎ ¥¢ ´ Î ²Ó´ÒÌ ¨ £· ´¨Î´ÒÌ Ê¸²μ¢¨°. �¥·¢Ò°, ±μ£¤  ¶·μ¸É· ´-
¸É¢μ ¶μ· ¢´ Î ²¥ ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´μ ¢μ¤μ° ¨ ´  ¶· ¢μ³ ±μ´Í¥ μ¡· §Í 
¶·μ¨¸Ìμ¤¨É ¨¸¶ ·¥´¨¥ ¢μ¤Ò ¢μ ¢´¥Ï´¥¥ ¶·μ¸É· ´¸É¢μ. ‚ ÔÉμ³ ¸²ÊÎ ¥ ³Ò
³μ¤¥²¨·Ê¥³ ¶·μÍ¥¸¸ ¸ÊÏ±¨ ¨§ Ô±¸¶¥·¨³¥´É  [18]. ‚Éμ·μ°, ±μ£¤  ¶·μ¸É· ´-
¸É¢μ ¶μ· ¢´ Î ²¥ ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´μ ¶ ·μ³ ¡¥§ ¢μ¤Ò ¨ ´  ¶· ¢μ³ ±μ´Í¥
¢μ¤  ¶μ¸É¥¶¥´´μ ¢É¥± ¥É ¢ ¶μ·Ò μ¡· §Í . ˆ É·¥É¨°, ¶μÌμ¦¨° ´  ¢Éμ·μ°, ´μ
Éμ²Ó±μ ¸ Éμ° · §´¨Í¥°, ÎÉμ ´  ¶· ¢μ³ ±μ´Í¥ ¶μ¤ ¥É¸Ö £μ·ÖÎ¨° ¢μ¤Ö´μ° ¶ ·,
±μ´¤¥´¸¨·ÊÕÐ¨°¸Ö §¤¥¸Ó ¢ ¢μ¤Ê. ‹¥¢Ò° ±μ´¥Í ¢ ¶¥·¢μ³ ¨ ¢Éμ·μ³ ¸²ÊÎ ÖÌ
¨§μ²¨·μ¢ ´,   ¢ É·¥ÉÓ¥³ ¸²ÊÎ ¥ Î ¸É¨Î´μ ¨§μ²¨·μ¢ ´. „ ²¥¥ ³Ò ¸É·μ¨³ Ö¢´ÊÕ
· §´μ¸É´ÊÕ ¸Ì¥³Ê [23] ¤²Ö ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ¸ ¶μ·Ö¤±μ³  ¶¶·μ±-
¸¨³ Í¨¨ O(τ+h2), ¶·¨¢μ¤¨³ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ ¢¨¤¥ £· Ë¨±μ¢
¨ μ¡¸Ê¦¤ ¥³ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ.
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1. ‘ˆ‘’…Œ� “��‚�…�ˆ‰

� ¸¸³μÉ·¨³ ¢² ¦´Ò° μ¡· §¥Í ¶μ·¨¸Éμ£μ ³ É¥·¨ ² , ±μÉμ·Ò° ¸μ¸Éμ¨É ¨§
É¢¥·¤μ° Ë §Ò,   ¢ ¶μ· Ì Å ¨§ ¢μ¤Ò ¨ ¶ · . �¡μ§´ Î¨³ Π Å ¶μ·¨¸Éμ¸ÉÓ
³ É¥·¨ ² , V Å μ¡Ñ¥³ ³ É¥·¨ ² , VΠ Å μ¡Ñ¥³ ¶μ· ¢ μ¡Ñ¥³¥ V . ’μ£¤ 
Π = VΠ/V . „ ²¥¥ μ¡μ§´ Î¨³ wi, ρi Å ±μ´Í¥´É· Í¨Õ ¨ ¶²μÉ´μ¸ÉÓ ¢μ¤Ò
(i = l) ¨ ¶ ·  (i = v). � ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¶¥·¥´μ¸ :

∂wl

∂t
=

∂

∂x

(
Dl

∂wl

∂x

)
− I, (1)

∂wv

∂t
=

∂

∂x

(
Dv

∂wv

∂x

)
+ I, (2)

Cs
∂T

∂t
=

∂

∂x

(
λ

∂T

∂x

)
− rI +

(
clDl

∂wl

∂x
+ cvDv

∂wv

∂x

)
∂T

∂x
, (3)

Cs = cdρd + clwl + cvwv, λ = λd0(1 − Π) + clDlwl + cvDvwv.

‚ Ê· ¢´¥´¨ÖÌ (1), (2) ¨ (3) ¢¥²¨Î¨´Ò Di, ci Å ±μÔËË¨Í¨¥´ÉÒ ¤¨ËËÊ§¨¨
¨ É¥¶²μ¥³±μ¸É¨ ¤²Ö ¢μ¤Ò (i = l) ¨ ¶ ·μ¢ (i = v),   ρd, cd, λd0(1 − Π) ¨
r Å ¶²μÉ´μ¸ÉÓ, É¥¶²μ¥³±μ¸ÉÓ, É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ ¸ÊÌμ£μ μ¡· §Í  ¨ Ê¤¥²Ó´ Ö
É¥¶²μÉ  ¶ ·μμ¡· §μ¢ ´¨Ö. Cs, λ Å ¸μμÉ¢¥É¸É¢¥´´μ μ¡Ñ¥³´ Ö É¥¶²μ¥³±μ¸ÉÓ ¨
É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ ¢² ¦´μ£μ μ¡· §Í .

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ±μÔËË¨Í¨¥´ÉÒ ¤¨ËËÊ§¨¨ Dl ¨ Dv ,   É ±¦¥ ¶²μÉ´μ¸ÉÓ ρv

§ ¢¨¸ÖÉ μÉ É¥³¶¥· ÉÊ·Ò, ¨ ¶·¨ ¸¨²Ó´μ³ ¨§³¥´¥´¨¨ É¥³¶¥· ÉÊ·Ò ÔÉ¨ § ¢¨¸¨³μ-
¸É¨ ¤μ²¦´Ò ¡ÒÉÓ ÊÎÉ¥´Ò. �μ¸±μ²Ó±Ê É¥³¶¥· ÉÊ·  · ¸¸³ É·¨¢ ¥³μ£μ μ¡· §Í 
¨§³¥´Ö¥É¸Ö ´¥ É ± ¸¨²Ó´μ, Éμ ÔÉ¨ ±μÔËË¨Í¨¥´ÉÒ ¨ ¶²μÉ´μ¸ÉÓ ¶·¨ · ¸Î¥É Ì
¶μ² £ ¥³ ±μ´¸É ´É ³¨. ‚ ¶μ· Ì ¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤ ¢μ¤Ò ¢ ¶ · (I > 0) ¨²¨,
´ μ¡μ·μÉ, ¶ · ±μ´¤¥´¸¨·Ê¥É ¢ ¢μ¤Ê (I < 0). ‚ ¶· ¢μ° Î ¸É¨ Ê· ¢´¥´¨Ö (3)
¢Éμ·μ° Î²¥´ −rI ¢Ò· ¦ ¥É ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ ¶μ£²μÐ ¥³μ£μ É¥¶²  ¨§-§ 
¨¸¶ ·¥´¨Ö (I > 0) ¨²¨ ¢Ò¤¥²Ö¥³μ£μ É¥¶²  ¨§-§  ±μ´¤¥´¸ Í¨¨ (I < 0),   ¶μ-
¸²¥¤´¨° Î²¥´ Å ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ É¥¶² , ±μÉμ· Ö ¢μ§´¨± ¥É ¨§-§  ¶¥·¥´μ¸ 
³ ¸¸Ò ¢ ´¥μ¤´μ·μ¤´μ ´ £·¥Éμ³ É¥²¥.

Š ± ³Ò Ê¦¥ μÉ³¥É¨²¨, Ê· ¢´¥´¨¥ (3) ¶μ²ÊÎ¥´μ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ²μ± ²Ó-
´μ£μ · ¢´μ¢¥¸¨Ö É¥³¶¥· ÉÊ·. ‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ²μ± ²Ó´μ£μ · ¢´μ¢¥¸¨Ö ¸²¥-
¤Ê¥É ¶¨¸ ÉÓ Ê· ¢´¥´¨Ö É¥¶²μ¶·μ¢μ¤´μ¸É¨ ¤²Ö ± ¦¤μ° ±μ³¶μ´¥´ÉÒ μÉ¤¥²Ó´μ ¸
ÊÎ¥Éμ³ É¥¶²μμÉ¤ Î¨ ³¥¦¤Ê ÔÉ¨³¨ ±μ³¶μ´¥´É ³¨,   ¨³¥´´μ

cdρd
∂Td

∂t
=

∂

∂x

(
λd

∂Td

∂x

)
− α1(Td − Tl) − α2(Td − Tv),

clwl
∂Tl

∂t
=

∂

∂x

(
λl

∂Tl

∂x

)
+ α1(Td − Tl) − α3(Tl − Tv) − rI + clDl

∂wl

∂x

∂Tl

∂x
,

cvwv
∂Tv

∂t
=

∂

∂x

(
λv

∂Tv

∂x

)
+ α2(Td − Tv) + α3(Tl − Tv) + cvDv

∂wv

∂x

∂Tv

∂x
,
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£¤¥ λd = λd0(1 − Π), λl = clDlwl, λv = cvDvwv ,   αi, i = 1, 2, 3, Å ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨¥ ±μÔËË¨Í¨¥´ÉÒ É¥¶²μμÉ¤ Î¨. �·¨ ²μ± ²Ó´μ³ · ¢´μ¢¥¸¨¨ ³¥¦¤Ê
¶μ¤¸¨¸É¥³ ³¨ ³μ¦´μ ¶μ² £ ÉÓ Td = Tl = Tv = T , ¨ Éμ£¤ , ¸Ê³³¨·ÊÖ ¢¸¥ ÔÉ¨
Ê· ¢´¥´¨Ö, ³Ò ¶·¨Ìμ¤¨³ ± Ê· ¢´¥´¨Õ É¥¶²μ¶·μ¢μ¤´μ¸É¨ ¢² ¦´μ£μ ¶μ·¨¸Éμ£μ
É¥²  (3).

„ ²¥¥, ¸²¥¤ÊÖ · ¡μÉ ³ [6], [8], · ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥:

Π =
wl

ρl
+

wv

ρv
. (4)

“Î¨ÉÒ¢ Ö Ê· ¢´¥´¨Ö (1), (2), ³Ò ¶μ²ÊÎ ¥³

∂

∂t

(
wl

ρl
+

wv

ρv

)
=

1
ρl

∂

∂x

(
Dl

∂wl

∂x

)
+

1
ρv

∂

∂x

(
Dv

∂wv

∂x

)
+

(
1
ρv

− 1
ρl

)
I.

’ ± ± ± ²¥¢ Ö Î ¸ÉÓ · ¢´  ´Ê²Õ, Éμ ¨§ ÔÉμ£μ Ê· ¢´¥´¨Ö ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ
¨¸ÉμÎ´¨±

I = − ρv

ρl − ρv

∂

∂x

(
Dl

∂wl

∂x

)
− ρl

ρl − ρv

∂

∂x

(
Dv

∂wv

∂x

)
. (5)

�μ¤¸É ¢²ÖÖ ¶μ²ÊÎ¥´´Ò° ¨¸ÉμÎ´¨± I ¢ Ê· ¢´¥´¨Ö (1) ¨ (2), ¶μ²ÊÎ¨³

∂wl

∂t
=

ρl

ρl − ρv

[
∂

∂x

(
Dl

∂wl

∂x

)
+

∂

∂x

(
Dv

∂wv

∂x

)]
, (6)

∂wv

∂t
= − ρv

ρl − ρv

[
∂

∂x

(
Dl

∂wl

∂x

)
+

∂

∂x

(
Dv

∂wv

∂x

)]
. (7)

‚ Ê· ¢´¥´¨ÖÌ (1)Ä(7) ¶¥·¥Ìμ¤¨³ ± ¡¥§· §³¥·´Ò³ ¶¥·¥³¥´´Ò³

x̄ =
x

l0
, t̄ =

t

t0
, w̄j =

wj

w0
, ρ̄j =

ρj

w0
, D̄j =

Djt0
l20

, c̄j =
cj

cl
, j = l, v,

c̄d =
cd

cl
, λ̄d =

λdt0
l20clw0

, r̄ =
r

clw0T0

¸ · §³¥·´Ò³¨ ¶μ¸ÉμÖ´´Ò³¨, Ö¢²ÖÕÐ¨³¨¸Ö Ì · ±É¥·¨¸É¨± ³¨ μ¡· §Í ,

l0 = 0, 09 ³, t0 = 20 · 24 · 3600 ¸, w0 = 200
±£

³3
,

ρl = 1000
±£

³3
, ρv = 0, 0258

±£

³3
, ρd = 600

±£

³3
,

cl = 4200
„¦

±£ · Š , cv = 1996
„¦

±£ · Š , cd = 850
„¦

±£ · Š ,

T0 = 300 Š, r = 2, 25 · 106 „¦

±£
, λd = 0, 14

‚É

³ · Š ,

β = 23
‚É

³2 · Š
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¨ ¡¥§· §³¥·´Ò³¨ §´ Î¥´¨Ö³¨

ρ̄l =
ρl

w0
=

1000
200

= 5, ρ̄v =
ρv

w0
=

0, 0258
200

= 0, 00013,

ρ̄d =
ρd

w0
=

600
200

= 3, D̄l =
Dlt0
l20

=
3

640
· 10−6 20 · 24 · 3600

(9 · 10−2)2
= 1, c̄l = 1,

D̄v =
Dvt0

l20
=

3
1280

· 10−6 20 · 24 · 3600
(9 · 10−2)2

= 0, 5, c̄v =
cv

cl
=

1996
4200

= 0, 44,

c̄d =
cd

cl
=

850
4200

= 0, 2, r̄ =
r

clT0
=

2, 25 · 106

4200 · 300
= 1, 746,

λ̄d =
λdt0

clw0l20
=

0, 14 · 20 · 24 · 3600
4200 · 200 · (9 · 10−2)2

= 35, 6,

T̄0,out =
293K
T0

, T̄1,out = T̄1,v =
300K
T0

,

β̄ =
βt0

clw0l0
=

23 · 20 · 24 · 3600
4200 · 200 · 9 · 10−2

∼ 526,

Π = 0, 2, α = 60, v0 = 0, 019645.

ˆÉ ±, ·¥Ï ¥É¸Ö ¸¨¸É¥³  Ê· ¢´¥´¨° ¶¥·¥´μ¸  (3), (6) ¨ (7) ¤²Ö ´¥±μÉμ-
·ÒÌ ´ Î ²Ó´ÒÌ ¨ £· ´¨Î´ÒÌ Ê¸²μ¢¨°. �μ¸±μ²Ó±Ê ¢¨¤ Ê· ¢´¥´¨° μÉ § ³¥´Ò
· §³¥·´ÒÌ ¶¥·¥³¥´´ÒÌ ´  ¡¥§· §³¥·´Ò¥ ´¥ ³¥´Ö¥É¸Ö, Éμ Î¥·ÉÊ ´ ¤ ¡¥§· §-
³¥·´Ò³¨ ¶¥·¥³¥´´Ò³¨ μ¶Ê¸± ¥³,   ´ Î ²Ó´Ò¥ ¨ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ¶¨Ï¥³
Ê¦¥ ¢ ¡¥§· §³¥·´ÒÌ ¢¥²¨Î¨´ Ì.

2. ��—�‹œ�›… ˆ ƒ���ˆ—�›… “‘‹�‚ˆŸ

� ¸¸³μÉ·¨³, ¢μ-¶¥·¢ÒÌ, ¸²ÊÎ °, ±μ£¤  ¢´ Î ²¥ ¢¸¥ ¶μ·Ò μ¡· §Í  § ¶μ²-
´¥´Ò ¢μ¤μ°, É¥³¶¥· ÉÊ·  ¶μ¸ÉμÖ´´ Ö ¨ ¸μ ¢·¥³¥´¥³ ¶·μ¨¸Ìμ¤¨É ¨¸¶ ·¥´¨¥
¢μ¤Ò ´  ¶· ¢μ³ ±μ´Í¥:

wl(x, 0) = ρlΠ, wv(x, 0) = 0, T (x, 0) = 1, 0 � x � 1, (8)

∂wj

∂x
(0, t) = 0, j = l, v,

∂T

∂x
(0, t) = 0, 0 � t � 1, (9)

wl(1, t) = 1 + (v0 − 1)[1 − exp (−αt)], α � 1, (10)

wv(1, t) = ρv[Π − wl(1, t)/ρl],

λ
∂T

∂x
(1, t) = rDl

∂wl

∂x
(1, t) − β[T (1, t) − T1,out], 0 � t � 1.

‚μ-¢Éμ·ÒÌ, · ¸¸³μÉ·¨³ ¸²ÊÎ °, ¶·μÉ¨¢μ¶μ²μ¦´Ò° ¶¥·¢μ³Ê, ±μ£¤  ¢´ -
Î ²¥ ¢ ¶μ· Ì μ¡· §Í  ¢μ¤Ò ´¥É, ´μ ¥¸ÉÓ ¶ ·; É¥³¶¥· ÉÊ· , ± ± ¨ ¶·¥¦¤¥,
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¶μ¸ÉμÖ´´ Ö,   ¸μ ¢·¥³¥´¥³ ´  ¶· ¢μ³ ±μ´Í¥ ¢μ¤  ¢É¥± ¥É ¢ μ¡· §¥Í:

wl(x, 0) = 0, wv(x, 0) = ρvΠ, T (x, 0) = 1, 0 � x � 1, (11)

∂wj

∂x
(0, t) = 0, j = l, v,

∂T

∂x
(0, t) = 0, 0 � t � 1, (12)

wl(1, t) = 1 − exp (−αt), α � 1, wv(1, t) = ρv[Π − wl(1, t)/ρl], (13)

λ
∂T

∂x
(1, t) = −β[T (1, t) − T1,out], 0 � t � 1.

ˆ, ´ ±μ´¥Í, · ¸¸³μÉ·¨³ É·¥É¨° ¸²ÊÎ °, ±μÉμ·Ò° ¶μÌμ¦ ´  ¢Éμ·μ°, ´μ
μÉ²¨Î ¥É¸Ö É¥³, ÎÉμ ´  ¶· ¢μ³ ±μ´Í¥ ¶μ¤ ¥É¸Ö ´¥ ¢μ¤ ,   £μ·ÖÎ¨° ¢μ¤Ö´μ°
¶ ·, ±μÉμ·Ò° ´  Ìμ²μ¤´μ° ¸É¥´±¥ μ¡· §Í  ±μ´¤¥´¸¨·Ê¥É¸Ö:

wl(x, 0 ) = 0, wv(x, 0) = ρvΠ, T (x, 0) = 1, 0 � x � 1, (14)

∂wj

∂x
(0, t) = 0, j = l, v, λ

∂T

∂x
(0, t) = β[T (0, t) − T0,out], 0 � t � 1,

(15)

Dl
∂wl

∂x
(1, t) = −β

r
[T (1, t) − T1,v], T (1, t) < T1,v, (16)

wv(1, t) = ρv[Π − wl(1, t)/ρl],

λ
∂T

∂x
(1, t) = rDl

∂wl

∂x
(1, t) − β[T (1, t) − T1,v], 0 � t � 1.

3. Œ…’�„ —ˆ‘‹…���ƒ� �…˜…�ˆŸ

‘¨¸É¥³Ê Ê· ¢´¥´¨° ¶¥·¥´μ¸  (3), (6) ¨ (7) ·¥Ï ¥³ Î¨¸²¥´´μ ¸ ¶μ³μÐÓÕ
¸²¥¤ÊÕÐ¥° Ö¢´μ° · §´μ¸É´μ° ¸Ì¥³Ò [23]:

wk+1
l,i − wk

l,i

τ
=

ρl

ρl − ρv

(
Dlw

k
l,xx,i + Dvw

k
v,xx,i

)
, (17)

wk+1
v,i − wk

v,i

τ
= − ρv

ρl − ρv

(
Dlw

k
l,xx,i + Dvw

k
v,xx,i

)
, (18)

£¤¥

wk
j,xx,i =

wk
j,i−1 − 2wk

j,i + wk
j,i+1

h2
, j = l, v,

¨

ck∑
,i

T k+1
i − T k

i

τ
= λT k

xx,i +
r

ρl − ρv

[
ρvDlw

k
l,xx,i + ρlDvwk

v,xx,i

]
+

+
[
clDlw

k
l,ẋ,i + cvDvw

k
v,ẋ,i

]
T k

ẋ,i, (19)
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ck∑
,i = cdρd + clw

k
l,i + cvw

k
v,i, wk

j,ẋ,i =
wk

j,i+1 − wk
j,i−1

2h
, j = l, v.

� Î ²Ó´Ò¥ ¨ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö (8)Ä(10) ¤²Ö ¶¥·¢μ£μ ¸²ÊÎ Ö ¶·¨´¨³ ÕÉ ¸²¥-
¤ÊÕÐ¨° ¢¨¤:

w0
l,i = ρlΠ, w0

v,i = 0, T 0
i = 1, i = 1, 2 . . . n, (20)

3wk+1
j,1 − 4wk+1

j,2 + wk+1
j,3 = 0, j = l, v, (21)

3T k+1
1 − 4T k+1

2 + T k+1
3 = 0, k = 0, 1, 2 . . . kmax,

wk+1
l,n = 1 + (v0 − 1)[1 − exp (−αtk+1)], α � 1, (22)

wk+1
v,n = ρv[Π − wk+1

l,n /ρl],

λT k+1
ẍ,n = rDlw

k
l,ẍ,n − β(T k

n − T1,out), k = 0, 1, 2 . . . kmax,

£¤¥

wk+1
l,ẍ,n =

3wk+1
l,n − 4wk+1

l,n−1 + wk+1
l,n−2

2h
, T k+1

ẍ,n =
3T k+1

n − 4T k+1
n−1 + T k+1

n−2

2h
.

„²Ö ¢Éμ·μ£μ ¸²ÊÎ Ö ¢³¥¸Éμ (11) ¨ (13) ¨³¥¥³

w0
l,i = 0, w0

v,i = ρvΠ, T 0
i = 1, i = 1, 2 . . . n, (23)

wk+1
l,n = 1 − exp (−αtk+1), α � 1, wk+1

v,n = ρv[Π − wk+1
l,n /ρl], (24)

λT k+1
ẍ,n = −β(T k

n − T1,out), k = 0, 1, 2 . . . kmax,

£¤¥

T k+1
ẍ,n =

3T k+1
n − 4T k+1

n−1 + T k+1
n−2

2h
,

  ¢³¥¸Éμ (12) ¨³¥¥³ (21). ˆ, ´ ±μ´¥Í, ¤²Ö É·¥ÉÓ¥£μ ¸²ÊÎ Ö ¢³¥¸Éμ (14)
¨³¥¥³ (23),   ¢³¥¸Éμ (15) ¨ (16) ¨³¥¥³

3wk+1
j,1 − 4wk+1

j,2 + wk+1
j,3 = 0, j = l, v, (25)

λT k+1
ẍ,1 = −β[T k+1

1 − T0,out], k = 0, 1, 2 . . . kmax,

Dlw
k+1
l,ẍ,n = −β

r
[T k

n − T1,v], T k
n < T1,v, k = 0, 1, 2 . . . kmax, (26)

wk+1
v,n = ρv[Π − wk+1

l,n /ρl],

λT k+1
ẍ,n = rDlw

k
l,ẍ,n − β(T k

n − T1,v), k = 0, 1, 2 . . . kmax,
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£¤¥

wk+1
l,ẍ,n =

3wk+1
l,n − 4wk+1

l,n−1 + wk+1
l,n−2

2h
, T k+1

ẍ,n =
3T k+1

n − 4T k+1
n−1 + T k+1

n−2

2h
.

�·¨ ÔÉμ³ ¶·μ¸É· ´¸É¢¥´´Ò° Ï £ h = 1/100, É. ¥. n = 101, ¨ Ê¸²μ¢¨¥ ¸Ìμ-
¤¨³μ¸É¨ [23, 24] · §´μ¸É´μ° ¸Ì¥³Ò ¨³¥¥É ³¥¸Éμ ¶·¨ τ = 10−6/3. � ¸Î¥ÉÒ
¶·μ¢μ¤¨²¨¸Ó ¤²Ö τ = 10−6/4, É. ¥. kmax = 4 · 106. ‚¸¥ ¶·¥¤²μ¦¥´´Ò¥ · §-
´μ¸É´Ò¥ ¸Ì¥³Ò ¨³¥ÕÉ ¶μ·Ö¤μ±  ¶¶·μ±¸¨³ Í¨¨ O(τ + h2). „²Ö · §´μ¸É´μ£μ
Ê· ¢´¥´¨Ö É¥¶²μ¶·μ¢μ¤´μ¸É¨ (19) ¶·μ¢¥·¥´μ ¶· ¢¨²μ �Ê´£¥:

Kr =
Th − Th/2

Th/2 − Th/4
∼ 4.

4. �…‡“‹œ’�’› ��‘—…’�‚

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ ¢¨¤¥ £· Ë¨±μ¢ ¨³¥ÕÉ · §³¥·´ÊÕ Ëμ·³Ê ¨ ¸μμÉ¢¥É-
¸É¢ÊÕÉ ¢ μ¸´μ¢´μ³ ¢·¥³¥´ ³ t = 0, 0,4, 1, 2, 6, 13 ¨ 20 ¸ÊÉ ¨ Ï¨·¨´¥ μ¡· §Í 
9 ¸³, ¨§μ¡· ¦ ¥³μ° ´  μ¸¨  ¡¸Í¨¸¸.

�¥Ï Ö Î¨¸²¥´´μ · §´μ¸É´Ò¥ Ê· ¢´¥´¨Ö (17)Ä(19) ¸ ´ Î ²Ó´Ò³¨ ¨ £· ´¨Î-
´Ò³¨ Ê¸²μ¢¨Ö³¨ (20)Ä(22), ³Ò ¶μ²ÊÎ¨²¨ ¤²Ö ¶¥·¢μ£μ ¸²ÊÎ Ö (¸ÊÏ±¨) ¸²¥¤ÊÕ-
Ð¨¥ ·¥§Ê²ÓÉ ÉÒ. �  ·¨¸. 1 ¸²¥¢  ¶μ± § ´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨
¢μ¤Ò, ±μÉμ· Ö ¶μ¸É¥¶¥´´μ Ê³¥´ÓÏ ¥É¸Ö μÉ ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ ¶μ¸ÉμÖ´´μ£μ
§´ Î¥´¨Ö 0,2 £/¸³3 ¶μÎÉ¨ ¤μ ´Ê²¥¢μ£μ. �  ·¨¸. 1 ¸¶· ¢  ¶μ± § ´  ¤¨´ ³¨± 
¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¶ ·μ¢, ±μÉμ· Ö ¶μ¸É¥¶¥´´μ ¶μ¢ÒÏ ¥É¸Ö μÉ ¸¢μ¥£μ
³¨´¨³ ²Ó´μ£μ ¶μ¸ÉμÖ´´μ£μ §´ Î¥´¨Ö 0 £/¸³3 ¶μÎÉ¨ ¤μ 5 · 10−6 £/¸³3.

�  ·¨¸. 2 ¢¨¤´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò, ±μÉμ· Ö ¸´ Î ²  ¸´¨-
¦ ¥É¸Ö μÉ 27 ◦C ´  É·¨-Î¥ÉÒ·¥ £· ¤Ê¸ ,   ¶μÉμ³ ¶μ¢ÒÏ ¥É¸Ö ¶μÎÉ¨ ¤μ 27 ◦C.
�  ·¨¸. 3 ¸²¥¢  ¨§μ¡· ¦¥´μ ¨§³¥´¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢ ±· ¥¢ÒÌ ÉμÎ± Ì

�¨¸. 1. „¨´ ³¨±  ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¢μ¤Ò (¸²¥¢ ) ¨ ¶ ·μ¢ (¸¶· ¢ ) ¤²Ö ¶¥·¢μ£μ
¸²ÊÎ Ö
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�¨¸. 2. „¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· -
ÉÊ·Ò ¤²Ö ¶¥·¢μ£μ ¸²ÊÎ Ö

x = 0 ¨ x = 9 ¸³, ±μÉμ· Ö ¸´ -
Î ²  Ê³¥´ÓÏ ¥É¸Ö μÉ §´ Î¥´¨Ö 27 ◦C ´ 
É·¨-Î¥ÉÒ·¥ £· ¤Ê¸ ,   ¶μÉμ³ ¶μ¢ÒÏ -
¥É¸Ö ¶μÎÉ¨ ¤μ 27 ◦C. �  ·¨¸. 3 ¸¶· ¢ 
¨§μ¡· ¦¥´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö ¨¸ÉμÎ-
´¨± , ±μÉμ· Ö ¶μ± §Ò¢ ¥É, ÎÉμ ¢´ Î ²¥
¢ ¶μ· Ì ¸²¥¢  μÉ ÉμÎ±¨ x = 9 ¸³
¨³¥¥É¸Ö ¨¸¶ ·¥´¨¥ ¢μ¤Ò ¤μ §´ Î¥´¨Ö
4 · 10−8 £/Î · ¸³3,   ¶μÉμ³ ¶μ¸É¥¶¥´´μ
¨¸¶ ·¥´¨¥ § ÉÊÌ ¥É.

�¥Ï Ö Î¨¸²¥´´μ · §´μ¸É´Ò¥ Ê· ¢-
´¥´¨Ö (17)Ä(19) ¸ ´ Î ²Ó´Ò³¨ ¨ £· ´¨Î-
´Ò³¨ Ê¸²μ¢¨Ö³¨ (21), (23) ¨ (24), ³Ò

�¨¸. 3. „¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò ´  ±· ÖÌ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ (¸²¥¢ )
¨ ¨¸ÉμÎ´¨±  ¢ § ¢¨¸¨³μ¸É¨ μÉ Ï¨·¨´Ò μ¡· §Í  (¸¶· ¢ ) ¤²Ö ¶¥·¢μ£μ ¸²ÊÎ Ö

�¨¸. 4. „¨´ ³¨±  ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¢μ¤Ò (¸²¥¢ ) ¨ ¶ ·μ¢ (¸¶· ¢ ) ¤²Ö ¢Éμ·μ£μ
¸²ÊÎ Ö

8



�¨¸. 5. „¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò (¸²¥¢ ) ¨ ¨¸ÉμÎ´¨±  (¸¶· ¢ ) ¤²Ö ¢Éμ·μ£μ
¸²ÊÎ Ö

¶μ²ÊÎ¨²¨ ¤²Ö ¢Éμ·μ£μ ¸²ÊÎ Ö ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ. �  ·¨¸. 4 ¸²¥¢  ¶μ± § ´ 
¤¨´ ³¨±  ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¢μ¤Ò, ±μÉμ· Ö ¶μ¸É¥¶¥´´μ ¶μ¢ÒÏ ¥É¸Ö μÉ
¸¢μ¥£μ ´Ê²¥¢μ£μ §´ Î¥´¨Ö ¶μÎÉ¨ ¤μ 0,2 £/¸³3. �  ·¨¸. 4 ¸¶· ¢  ¶μ± § ´  ¤¨-
´ ³¨±  ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¶ ·μ¢, ±μÉμ· Ö ¶μ¸É¥¶¥´´μ Ê³¥´ÓÏ ¥É¸Ö μÉ
¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ ¶μ¸ÉμÖ´´μ£μ §´ Î¥´¨Ö 5 · 10−6 £/¸³3 ¶μÎÉ¨ ¤μ ´Ê²Ö.
�  ·¨¸. 5 ¸²¥¢  ¢¨¤´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò, ±μÉμ·ÊÕ ³μ¦´μ ¸Î¨-
É ÉÓ ¶μ¸ÉμÖ´´μ° ¨ · ¢´μ° 27 ◦C. �·¨Î¨´  ÔÉμ£μ Ö¢²¥´¨Ö ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ
¶·¨ ¸³ Î¨¢ ´¨¨ μ¡· §Í  ¢μ¤μ° ´¥ ¶·μ¨¸Ìμ¤¨É Ë §μ¢μ¥ ¨§³¥´¥´¨¥. �  ·¨¸. 5
¸¶· ¢  ¨§μ¡· ¦¥´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö ¨¸ÉμÎ´¨± , ±μÉμ· Ö ¶μ± §Ò¢ ¥É, ÎÉμ
¢´ Î ²¥ ¢ ¶μ· Ì ¸²¥¢  μÉ ÉμÎ±¨ x = 9 ¸³ ¨³¥¥É¸Ö ±μ´¤¥´¸ Í¨Ö ¶ ·μ¢ ¢ ¢μ¤Ê
μÉ §´ Î¥´¨Ö −4 · 10−8 £/Î · ¸³3,   ¶μÉμ³ μ´  ¶μ¸É¥¶¥´´μ § ÉÊÌ ¥É.

�¨¸. 6. „¨´ ³¨±  ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò (¸²¥¢ ) ¨ ¨¸ÉμÎ´¨±  (¸¶· ¢ ) ¤²Ö É·¥ÉÓ¥£μ
¸²ÊÎ Ö
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�¥Ï Ö Î¨¸²¥´´μ · §´μ¸É´Ò¥ Ê· ¢´¥´¨Ö (17)Ä(19) ¸ ´ Î ²Ó´Ò³¨ ¨ £· ´¨Î-
´Ò³¨ Ê¸²μ¢¨Ö³¨ (23), (25) ¨ (26), ³Ò ¶μ²ÊÎ¨²¨ ¤²Ö É·¥ÉÓ¥£μ ¸²ÊÎ Ö ¸²¥¤Ê-
ÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ. �·μË¨²¨ ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨¨ ¢μ¤Ò ¨ ¶ ·μ¢ μÉ²¨Î -
ÕÉ¸Ö ²¨ÏÓ ´¥¸ÊÐ¥¸É¢¥´´μ μÉ ¶·μË¨²¥° ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨°, ±μÉμ·Ò¥
¶μ± § ´Ò ´  ·¨¸. 4 ¸²¥¢  ¨ ¸¶· ¢ . �É²¨Î¨Ö ³μ¦´μ ´ ¡²Õ¤ ÉÓ, Éμ²Ó±μ ¸· ¢-
´¨¢ Ö É ¡²¨ÍÒ §´ Î¥´¨° ¢Ò¸Ï¨Ì ¶μ·Ö¤±μ¢. Š ·É¨´  ¤²Ö É¥³¶¥· ÉÊ·Ò (·¨¸. 6
(¸²¥¢ )), μ¤´ ±μ, μÉ²¨Î ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ. �·¨Î¨´μ° Ö¢²Ö¥É¸Ö É¥¶²μ, ¢Ìμ¤Ö-
Ð¥¥ ¢ μ¡· §¥Í ¢¸²¥¤¸É¢¨¥ ±μ´¤¥´¸ Í¨¨ £μ·ÖÎ¥£μ ¢μ¤Ö´μ£μ ¶ ·  ¢ ¢μ¤Ê, ¨ Éμ
μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ÎÉμ ´  ²¥¢μ³ ±μ´Í¥ μ¡· §Í  ÔÉμ É¥¶²μ μÉ¢μ¤¨É¸Ö ¢μ ¢´¥Ï´¥¥
¶·μ¸É· ´¸É¢μ, É¥³¶¥· ÉÊ·  ±μÉμ·μ£μ · ¢´  20 ◦C. �  ·¨¸. 6 ¸¶· ¢  ¨§μ¡· -
¦¥´  ¤¨´ ³¨±  ¨§³¥´¥´¨Ö ¨¸ÉμÎ´¨± , ¶μ± §Ò¢ ÕÐ Ö, ÎÉμ ¢´ Î ²¥ ¢ ¶μ· Ì
¸²¥¢  μÉ ÉμÎ±¨ x = 9 ¸³ ¨³¥¥É¸Ö ±μ´¤¥´¸ Í¨Ö ¶ ·μ¢ ¢ ¢μ¤Ê μÉ §´ Î¥´¨Ö
−2 · 10−8 £/Î · ¸³3, ±μÉμ· Ö ¶μ¸É¥¶¥´´μ § ÉÊÌ ¥É.

‡�Š‹�—…�ˆ…

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¸ ¶μ³μÐÓÕ Î¨¸²¥´´μ£μ Ô±¸¶¥·¨³¥´É  ¶·μ¢¥·¥´μ,
ÎÉμ ¶·¥¤²μ¦¥´´ Ö ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó μ¶¨¸Ò¢ ¥É ¶·μÍ¥¸¸ ¶¥·¥´μ¸  É¥-
¶²  ¨ ¢² £¨ ¢ ¶μ·¨¸Éμ³ ³ É¥·¨ ²¥. —¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ
¢ ¶¥·¢μ³ ¸²ÊÎ ¥ É¥³¶¥· ÉÊ·  μ¡· §Í  ¶μ´¨¦ ¥É¸Ö ´¨¦¥ ´ Î ²Ó´μ° ±μ³´ É-
´μ° É¥³¶¥· ÉÊ·Ò ¢¸²¥¤¸É¢¨¥ ¨¸¶ ·¥´¨Ö ¢μ¤Ò ´  ¶· ¢μ° £· ´¨Í¥ μ¡· §Í . ‚μ
¢Éμ·μ³ ¸²ÊÎ ¥ É¥³¶¥· ÉÊ·  μ¡· §Í  ¶μ¢ÒÏ ¥É¸Ö ²¨ÏÓ ´¥§´ Î¨É¥²Ó´μ ¢ÒÏ¥
´ Î ²Ó´μ° ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò, É ± ± ± Ë §μ¢Ò° ¶¥·¥Ìμ¤ ´  ¶· ¢μ° £· -
´¨Í¥ μ¡· §Í  μÉ¸ÊÉ¸É¢Ê¥É ¨ ¨³¥¥É¸Ö ´¥¡μ²ÓÏ Ö ±μ´¤¥´¸ Í¨Ö ¢μ¤Ö´ÒÌ ¶ ·μ¢
¢ ¶μ· Ì. ˆ, ´ ±μ´¥Í, ¢ É·¥ÉÓ¥³ ¸²ÊÎ ¥ μ¡· §¥Í ´ £·¥¢ ¥É¸Ö ¢ μ¸´μ¢´μ³ ¨§-§ 
±μ´¤¥´¸ Í¨¨ £μ·ÖÎ¥£μ ¢μ¤Ö´μ£μ ¶ ·  ´  ¶· ¢μ° ¸É¥´±¥ μ¡· §Í . ‚ ÔÉμ³ ¸²ÊÎ ¥
¨§¡ÒÉμÎ´μ¥ É¥¶²μ μÉ¢μ¤¨É¸Ö ´  ²¥¢μ³ ±μ´Í¥ μ¡· §Í .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ VEGA 1/0317/09, SUJV 09-6-1060-
2008/2010, �””ˆ 09-01-0770.
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