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On the Cauchy Problem for an Emulsion Moving
under the Action of Microacceleration and Ther-
mocapillary Forces

�  ï à ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î
§ ¤ ç¨ �®è¨ ¤«ï ¬®¤¥«¨ í¬ã«ìá¨¨, «¨¥ à¨-
§®¢ ®©   ¯à®áâ¥©è¨å à¥è¥¨ïå, ® ª®â®àëå
è«  à¥çì ¢ëè¥. �á¯®«ì§ãï ¯à¥®¡à §®¢ ¨¥
�ãàì¥ ¯® ¢à¥¬¥¨ ¨ ¯à®áâà áâ¢¥ë¬ ¯¥-
à¥¬¥ë¬, ã¤ ¥âáï ¤®ª § âì áãé¥áâ¢®¢ ¨¥
¨ ¥¤¨áâ¢¥®áâì à¥è¥¨ï § ¤ ç¨ ¢ ª« áá¥
äãªæ¨©, áã¬¬¨àã¥¬ëå ¢ ª¢ ¤à â¥ ¢¬¥áâ¥ á
ª¢ ¤à â ¬¨ ¯à®¨§¢®¤ëå, ¢å®¤ïé¨å ¢ ãà ¢-
¥¨ï   ¬®¦¥áâ¢¥ R3 × [0, T ] ¯à¨ ãá«®¢¨¨,
çâ®  ç «ìë¥ äãªæ¨¨ â ª¦¥ áã¬¬¨àã¥¬ë ¢
ª¢ ¤à â¥ ¢¬¥áâ¥ á ª¢ ¤à â ¬¨ á®®â¢¥âáâ¢ãîé¨å
¯à®¨§¢®¤ëå ¯® ¢á¥¬ã ¯à®áâà áâ¢ã.

�«îç¥¢ë¥ á«®¢ : â¥à¬®ª ¯¨««ïà®¥ ¤¢¨¦¥-
¨¥, í¬ã«ìá¨ï, § ¤ ç  �®è¨, áãé¥áâ¢®¢ ¨¥ ¨
¥¤¨áâ¢¥®áâì à¥è¥¨ï.

The paper is devoted to the study on Cauchy
problem for emulsion model linearized on a simple
solution mentioned above. Using Fourier transfor-
mation with respect to time and space variables
the author proves the existence and uniqueness
of solving the problem in the class of function
summing up in squared with the appropriate
derivatives raised to the second power in the set
R3 [0, T] under the conditions that the initial
functions are also summing up in squared with
the appropriate derivatives raised to the second
power over all space.

Key words: thermocapillary motion, Cauchy
problem, existence and uniqueness of solution.

� â¥¬ â¨ç¥áª ï ¬®¤¥«ì â¥à¬®ª ¯¨««ïà®£®
¤¢¨¦¥¨ï í¬ã«ìá¨¨, ¯à¥¤«®¦¥ ï �.�. �ãå -
ç¥¢ë¬ ¨ �.�. �®¨®¢ë¬ ¢ 1995 £. [1], ¯à¥¤áâ -
¢«ï¥â á®¡®© á¨áâ¥¬ã ¥®¯à¥¤¥«¥®£® â¨¯ , á®-
áâ®ïéãî ¨§ ¤¥¢ïâ¨ ãà ¢¥¨© ¤«ï ®¯à¥¤¥«¥¨ï
ª®æ¥âà æ¨¨ ¤¨á¯¥àá®© ä §ë, â¥¬¯¥à âãàë
á¬¥á¨, ¢¥ªâ®à®¢ áª®à®áâ¥© ¥áãé¥© ¨ ¤¨á¯¥àá-
®© ä § ¨ ®¡é¥£® ¤ ¢«¥¨ï. �à®áâ¥©è¨¥ à¥è¥-
¨ï, á®®â¢¥âáâ¢ãîé¨¥ ®¤®à®¤®¬ã à á¯à¥¤¥«¥-
¨î ¤¨á¯¥àáëå ¢ª«îç¥¨©, ¨áá«¥¤®¢ «¨áì  
ãáâ®©ç¨¢®áâì ¢ [2{4]. � á«ãç ¥ ®¤®¬¥à®£® ¤¢¨-
¦¥¨ï í¬ã«ìá¨¨ á ¯«®áª¨¬¨ ¢®« ¬¨ ª®àà¥ªâ-
®áâì ¯®áâ ®¢ª¨ ¯à®áâ¥©è¥©  ç «ì®-ªà ¥¢®©
§ ¤ ç¨ à áá¬ âà¨¢ « áì ¢ [5, 6]. �á®¡¥®áâìî
¬®£®¬¥à®£® á«ãç ï ï¢«ï¥âáï, ¢ ç áâ®áâ¨, â®,
çâ® ¥ ã¤ ¥âáï á¢¥áâ¨ ¬®¤¥«ì ª ª« ááã á¨áâ¥¬,
à áá¬®âà¥ëå �®«ì¯¥àâ®¬ ¨ �ã¤ï¥¢ë¬ [7].

�  ï à ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î § -
¤ ç¨ �®è¨ ¤«ï ¬®¤¥«¨ í¬ã«ìá¨¨, «¨¥ à¨§®¢ -
®©   ¯à®áâ¥©è¨å à¥è¥¨ïå, ® ª®â®àëå à¥çì
è«  ¢ëè¥. �á¯®«ì§ãï ¯à¥®¡à §®¢ ¨¥ �ãàì¥ ¯®
¢à¥¬¥¨ ¨ ¯à®áâà áâ¢¥ë¬ ¯¥à¥¬¥ë¬, ã¤ -
¥âáï ¤®ª § âì áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì

à¥è¥¨ï § ¤ ç¨ ¢ ª« áá¥ äãªæ¨©, áã¬¬¨àã-
¥¬ëå ¢ ª¢ ¤à â¥ ¢¬¥áâ¥ á ª¢ ¤à â ¬¨ ¯à®¨§-
¢®¤ëå, ¢å®¤ïé¨å ¢ ãà ¢¥¨ï   ¬®¦¥áâ¢¥
R3 × [0, T ] ¯à¨ ãá«®¢¨¨, çâ®  ç «ìë¥ äãª-
æ¨¨ â ª¦¥ áã¬¬¨àã¥¬ë ¢ ª¢ ¤à â¥ ¢¬¥áâ¥ á ª¢ -
¤à â ¬¨ á®®â¢¥âáâ¢ãîé¨å ¯à®¨§¢®¤ëå ¯® ¢á¥-
¬ã ¯à®áâà áâ¢ã.

1. �à ¢¥¨ï ¬®¤¥«¨ ¨ «¨¥ à¨§®¢ -
ë¥ § ¤ ç¨.

�¯à¥¤¥«ïîé¨¬¨ ãà ¢¥¨ï¬¨ ¬®¤¥«¨ ï¢«ï-
îâáï [1]:

∂c

∂t
+ div(cu) = 0; (1.1)

∂(1− c)
∂t

+ div((1− c)v) = 0; (1.2)

ρdc

(
∂u
∂t

+ (u·)∇u
)

+ρm(1− c)
(

∂v
∂t

+ (v·)∇v
)

=

= −∇p + div

(
µm(1 + cN)(∇v + (∇v)∗)

)
+

ρdcg + ρm(1− c)g; (1.3)
∗� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥   «¨â¨ç¥áª®© ¢¥¤®¬áâ¢¥®© æ¥«¥¢®© ¯à®£à ¬¬ë "� §¢¨â¨¥  ãç®£® ¯®â¥-

æ¨ «  ¢ëáè¥© èª®«ë (2009{2010 £®¤ë)", (¯à®¥ªâ ü 2.2.2.4/4278).
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ρdλdc

(
∂θ

∂t
+u·∇θ

)
+ρmλm(1−c)

(
∂θ

∂t
+v·∇θ

)
=

= div

(
k(c)∇θ

)
; (1.4)

u− v = Kg + L∇θ. (1.5)
�¤¥áì c, £¤¥ 0 < c < 1 { ª®æ¥âà æ¨ï ¤¨á¯¥àá-
®© ä §ë; θ { ®¡é ï â¥¬¯¥à âãà ; u ¨ v { ®áà¥¤-
¥ë¥ áª®à®áâ¨ ¤¨á¯¥àá®© ¨ ¥áãé¥© ä § á®-
®â¢¥âáâ¢¥®; p { ¤ ¢«¥¨¥. �¤¥ªá "d" ¡ã¤¥¬
¨á¯®«ì§®¢ âì ¤«ï ®¡®§ ç¥¨ï ¯ à ¬¥âà®¢ ¤¨á-
¯¥àá®© ä §ë; "m" { ¥áãé¥©; ρ { ¯«®â®áâì;
µ { ¤¨ ¬¨ç¥áª ï ¢ï§ª®áâì; λ { ã¤¥«ì ï â¥¯«®-
¥¬ª®áâì; k { ã¤¥«ì ï â¥¯«®¯à®¢®¤®áâì; R { à -
¤¨ãá áä¥à¨ç¥áª¨å ¢ª«îç¥¨©; σθ { ¯à®¨§¢®¤ ï
á ®¡à âë¬ § ª®¬ ¯®¢¥àå®áâ®£®  âï¦¥¨ï
¯® â¥¬¯¥à âãà¥;

N = µm + 5µd/2
µm + µd

, K = 2R2(ρd − ρm)(µm + µd)
3µm(2µm + 3µd) ;

L = 2Rkmσθ

(2µm + 3µd)(2km + kd) .

�¥«¨¥©ë© ª®íää¨æ¨¥â â¥¯«®¯à®¢®¤®-
áâ¨ k(c) ¨¬¥¥â ¯à®¨§¢®¤ãî ¯® á¢®¥¬ã  à£ã-
¬¥âã, ®£à ¨ç¥ á¨§ã ¨ á¢¥àåã á®®â¢¥âáâ¢¥®
min(kd, km) ¨ max(kd, km) ¨ ¯ãáâì |k′(c)| ≤ q, £¤¥
q { ¯®«®¦¨â¥«ì ï ª®áâ â .

� ¤ ®© à ¡®â¥ ¨áá«¥¤ã¥âáï «¨¥ à¨§®¢ -
 ï   ¯à®áâ¥©è¨å à¥è¥¨ïå ¬®£®¬¥à ï ¬®-
¤¥«ì. � áá¬ âà¨¢ îâáï ¤¢¥ «¨¥©ë¥ á¨áâ¥¬ë.
�¥à¢ ï ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ ¢â®à®©, ®¤-
 ª® ¤«ï ã¯à®é¥¨ï £à®¬®§¤ª¨å ¢ëª« ¤®ª ¢ -
ç «¥ á®áà¥¤®â®ç¨¬ ¢¨¬ ¨¥ ¨¬¥®   ¥© ª ª
¡®«¥¥ ¯à®áâ®©, § â¥¬ ®â¬¥â¨¬ á«®¦®áâ¨ ¨ ®â-
«¨ç¨ï, ¢®§¨ª îé¨¥ ¯à¨ à áá¬®âà¥¨¨ ¢â®à®©
á¨áâ¥¬ë. �ä®à¬ã«¨àã¥¬ íâ¨ § ¤ ç¨.

�¨¥© ï § ¤ ç  1.
� áá¬®âà¨¬ ¯à®áâ¥©è¥¥ à¥è¥¨¥ á ã«¥¢ë¬¨

áª®à®áâï¬¨ ä §, ¯®áâ®ï®© ª®æ¥âà æ¨¥© c0 ¨
¯®áâ®ïë¬ £à ¤¨¥â®¬ â¥¬¯¥à âãàë, ãà ¢®-
¢¥è¨¢ îé¨¬ á¨«ë ¯« ¢ãç¥áâ¨: L∇θ0 + Kg = 0.

c = c0, u = 0, v = 0, p = p0 = ∇p0 · x,

θ0 = ∇θ0 · x + const,

£¤¥ g = (g, 0, 0), c0,∇θ0 = −Kg/L,∇p0 = [ρdc0 +
ρm(1− c0)]g = const.

�â¬¥â¨¬, çâ® ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ â ª®£®
à¥è¥¨ï ¨áá«¥¤®¢ «¨áì ¢ [3]. �¨¥ à¨§ãï á¨áâ¥-
¬ã (1.1){(1.5)   íâ®¬ à¥è¥¨¨, ¯®«ãç¨¬ á¨áâ¥¬ã
ãà ¢¥¨© ¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨© c, v, u, θ, p:

ct + c0divu; (1.6)

∂(1− c)
∂t

+ (1− c0)v = 0; (1.7)

ρdc0
∂u
∂t

+ρm(1−c0)∂v
∂t

= −∇p+µm(1+c0N)4v−
−c0µm(1 + c0N)�(L∇θ) + (ρd − ρm)cg; (1.8)

ρdλdc0

(
∂θ

∂t
+ u · ∇θ0

)
+

ρmλm(1− c0)
(

∂θ

∂t
+ v · ∇θ0

)
=

= k(c0)4θ + k′(c0)∇θ0 · ∇c; (1.9)
u− v = L∇θ. (1.10)

�¨¥© ï § ¤ ç  2.
�¨¥ à¨§ã¥¬ â¥¯¥àì  èã § ¤ çã  

¯à®áâà áâ¢¥®-®¤®à®¤®¬ à¥è¥¨¨ á ¥ã-
«¥¢ë¬¨ áª®à®áâï¬¨. �â® à¥è¥¨¥ ¢ë£«ï¤¨â â ª
[2]:

c = c0, u = u0, v = v0, p = p0 = ∇p0 · x,

θ = θ0 = ∇θ0 · x + θ0tt, (1.11)
£¤¥ c0,∇θ0 = const, ∇p0 = [ρdc0 +ρm(1− c0)]g =
const.

� á¨«ã £ «¨««¥¥¢®© ¨¢ à¨ â®áâ¨ á¨áâ¥¬ë
¬®¦® áç¨â âì, çâ® v0 = 0. �®£¤ 

θ0t = −ρdλdc0(Kg1 + L∇θ0) · ∇θ0
ρdλdc0 + ρmλm(1− c0) ,

u0 = Kg + L∇θ0.

�ë¡¥à¥¬ á¨áâ¥¬ã ª®®à¤¨ â â ª, çâ®¡ë

∇θ0 = (G, 0, 0), g = (g1, g2, 0),

â®£¤ 

θ0t = − ρdλdc0(Kg1 + LG)G
ρdλdc0 + ρmλm(1− c0) ,

u0 = (Kg1 + LG,Kg2, 0). (1.12)
�¨¥ à¨§®¢  ï   íâ®¬ à¥è¥¨¨ á¨áâ¥¬ 

¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:

∂c

∂t
+ c0divu + u0 · ∇c = 0; (1.13)

∂(1− c)
∂t

+ (1− c0)divv = 0; (1.14)

ρdc0

(
∂u
∂t

+ u0 · ∇u
)

+ ρm(1− c0)∂v
∂t

=

= −∇p+µm(1+c0N)4v−c0µm(1+c0N)L�∇θ−
−µm(1 + c0N)(u0 · ∇)∇c + (ρd − ρm)cg; (1.15)
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ρdλdc0

(
∂θ

∂t
+ u0 · ∇θ + u · ∇θ0

)
+

+ρmλm(1− c0)
(

∂θ

∂t
+ v · ∇θ0

)
+

ρdλdc

(
∂θ0
∂t

+ u0 · ∇θ0

)
− ρmλmc

∂θ0
∂t

=

= k(c0)4θ + k′(c0)∇θ0 · ∇c; (1.16)
u− v = L∇θ. (1.17)

�ã¤¥¬ à áá¬ âà¨¢ âì § ¤ çã �®è¨ ¤«ï á¨-
áâ¥¬ë (1.6){(1.10) ¨ (1.13){(1.17) ¢® ¢á¥¬ ¯à®-
áâà áâ¢¥ R3.

2. �¤¨áâ¢¥®áâ¨ à¥è¥¨ï § ¤ ç¨
�®è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë 1.

� ª ¦¥, ª ª ¨ ¯à¨ ¨áá«¥¤®¢ ¨¨ ®¤®¬¥à®©
§ ¤ ç¨ [5, 6], ¤«ï â®£® çâ®¡ë "à §¢ï§ âì" á¨áâ¥-
¬ã ¢ £« ¢ëå ç«¥ å, ¢¢¥¤¥¬ ¢á¯®¬®£ â¥«ìë¥
äãªæ¨¨

R = ∇c +∇θ · F (c0), U = L∇θ, (2.1)

£¤¥

F (c0) = c0(1− c0)(ρdλdc0 + ρmλm(1− c0))/k(c0).

�«ï 11 äãªæ¨© c, p, U, R, v ¯ãâ¥¬ ¢§ïâ¨ï £à -
¤¨¥â  áª «ïàëå ãà ¢¥¨© (1.6), (1.8) á ãç¥-
â®¬ à ¢¥áâ¢  á¬¥è ëå ¯à®¨§¢®¤ëå, ¨§ ª®-
â®à®£® á«¥¤ãîâ á®®â®è¥¨ï

rotR = 0, rotU = 0,

á«¥¤®¢ â¥«ì®,

∇(g ·R) = (g · ∇)R, ∇divU = �U,

¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢¥¨©:

ct = −c0(1− c0)divU;

divv = −c0divU;

Rt + F (c0)k′(c0)K
ρdλdc0 + ρmλm(1− c0) (g · ∇)R =

F (c0)K∇(g·v)+ K(ρdλdc0 + k′(c0)F (c0))
ρdλdc0 + ρmλm(1− c0) ∇(g·U);

ρdc0
(∂v

∂t
+ ∂U

∂t

)
+ ρm(1− c0)∂v

∂t
= −∇p+

+µm(1 + c0N)�v− c0µm(1 + c0N)∇divU+
(ρd − ρm)cg;

ρdλdc0

(
∂U
∂t

+∇(v− c0U) · ∇θ0

)
+

+ρmλm(1− c0)
(

∂U
∂t

+∇v · ∇θ0

)
=

= k(c0)�U + k′(c0)∇θ0 · (R− F (c0)U).
�¢¥¤¥¬ á®«¥®¨¤ «ì®¥ ¯®«¥ áª®à®áâ¥©

w = v + c0L∇θ (2.2)

¨ ¯à¨¬¥¬ ¢® ¢¨¬ ¨¥, çâ® ¢ ¢ë¡à ®© á¨áâ¥-
¬¥ ª®®à¤¨ â g = (g1, 0, 0),∇θ0 = (−Kg1, 0, 0).
� ¨â®£¥ ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢¥¨©
¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨© c, p, U, R, w :

ct = −c0(1− c0)divU; (2.3)

divw = 0; (2.4)

Rt + F (c0)k′(c0)K
ρdλdc0 + ρmλm(1− c0)g1

∂R
∂x1

=

= F (c0)Kg1∇w1 + F (c0)Kg1·

·
(

(ρdλd − ρmλm)c0(1− c0)
ρdλdc0 + ρmλm(1− c0) +

+k′(c0)c0(1− c0)
k(c0)

)
∂U
∂x1

; (2.5)

(ρdc0 + ρm(1− c0))wt = −∇(p+
+(ρd− ρm)c0(1− c0)Lθt + 2c0µm(1 + c0N)divU)+

+µm(1 + c0N)�w− (ρd − ρm)cg; (2.6)

(ρdλdc0 + ρmλm(1− c0))
(∂U

∂t
−∇w1Kg1

)
+

+Kg1k
′(c0)L−1∇R1 −∇U1

(
(ρdλd − ρmλm)·

·c0(1− c0) + k′(c0)F (c0)L−1
)

= k(c0)4U. (2.7)

� ãà ¢¥¨¨ (2.6)

Lθt = Kg1w1 + Kg1U1·

· (ρdλd − ρmλm)c0(1− c0) + k′(c0)F (c0)
(ρdλdc0 + ρmλm(1− c0)) +

+ k(c0)
(ρdλdc0 + ρmλm(1− c0))divU−

− k′(c0)Kg1
(ρdλdc0 + ρmλm(1− c0))R1. (2.7′)

�®ª § â¥«ìáâ¢® ¥¤¨áâ¢¥®áâ¨ à¥è¥¨ï § -
¤ ç¨ �®è¨ ¤«ï íâ®© «¨¥©®© á¨áâ¥¬ë ¯à®¢¥-
¤¥¬   «®£¨ç® â®¬ã, ª ª íâ® ¤¥« «®áì ¢ ®¤®-
¬¥à®©  ç «ì®-ªà ¥¢®© § ¤ ç¥ [5, 6]. �à¥¤-
¯®« £ ï, çâ® c ∈ W 1,1

2 (�T ), p ∈ W 1,0
2 (�T ), R ∈

W1,1
2 (�T ), U ∈ W1,2

2 (�T ), w, £¤¥ �t = R3 × [0, t]

53



���������� � ��������

¨ ¢á¥ äãªæ¨¨ à ¢ë ã«î ¢  ç «ìë© ¬®¬¥â
¢à¥¬¥¨, ¢¢¥¤¥¬

Z(t) =
t∫

0

(
‖U‖2(t)+‖w‖2(t)+‖R‖2(t)+‖c‖2(t)

)
dt,

£¤¥
‖U‖2(t) =

∫

R3

(U2
1 + U2

2 + U2
3 )dx.

�¬®¦¨¬ ãà ¢¥¨¥ (2.3)   2c(x, t) ¨ ¯à®¨-
â¥£à¨àã¥¬ ¯® �t, t ∈ (0, T ]. �®«ãç¨¬:
∫

R3

c2(t)dx = 2
∫

�t

div(cU)dxdt− 2
∫

�t

R ·Udxdt+

+2F (c0)
∫

�t

|U|2dxdt.

� à áá¬ âà¨¢ ¥¬ëå ª« áá å äãªæ¨© ¨-
â¥£à « ¯® ¢á¥¬ã ¯à®áâà áâ¢ã ®â ¤¨¢¥à£¥æ¨¨
®¡à é ¥âáï ¢ á¨«ã â¥®à¥¬ë �áâà®£à ¤áª®£®-
� ãáá  ¢ ®«ì, á«¥¤®¢ â¥«ì®, ¨¬¥¥¬:
∫

R3

c2(t)dx = −2
∫

�t

R ·Udxdt + 2F (c0)
∫

�t

|U|2dxdt.

(2.8)
�¥¯¥àì ã¬®¦¨¬ ¯®ç«¥® áª «ïà® ãà ¢¥-

¨¥ (2.5) ¤«ï R   2R ¨ ¯à®¨â¥£à¨àã¥¬ ¯® �t.
�®«ãç¨¬
∫

R3

R2(t)dx = 2g1F (c0)K
∫

�t

∇w1·Rdxdt+2F (c0)Kg1·

·
(

(ρdλd − ρmλm)c0(1− c0)
ρdλdc0 + ρmλm(1− c0) + k′(c0)c0(1− c0)

k(c0)

)
·

·
∫

�t

∇U1 ·Rdxdt. (2.9)

�à®¤¥« ¥¬ â® ¦¥ á ¬®¥ á ãà ¢¥¨¥¬ (2.6)
¤«ï w:
∫

R3

w2(t)dx+2 µm(1 + c0N)
ρdc0 + ρm(1− c0)

∫

�t

3∑

i=1
|∇wi|2dx =

= 2(ρd − ρm)g1
ρdc0 + ρm(1− c0)

∫

�t

cw1dxdt. (2.10)

� ª®¥æ, ãà ¢¥¨¥ (2.7) ã¬®¦¨¬ áª «ïà®
  U:

∫

R3

U2(t)dx + 2 k(c0)
c0ρdλd + (1− c0)ρmλm

·

·
∫

�t

3∑

i=1
|∇Ui|2dxdt =

= 2((ρdλd − ρmλm)c0(1− c0) + k′(c0)F (c0)L−1)
ρdλdc0 + ρmλm(1− c0) Kg1·

·
∫

�t

∇U1 ·Udxdt− 2 k′(c0)K
ρdλdc0 + ρmλm(1− c0) ·

·g1

∫

�t

∇R1 ·Udxdt+ 2Kg1

∫

�t

∇w1 ·Udxdt. (2.11)

�ª« ¤ë¢ ï ãà ¢¥¨ï (2.8){(2.11) ¨ ¯à¨¨-
¬ ï ¢® ¢¨¬ ¨¥ à ¢¥áâ¢®

∫

R3

∇R1 ·Udx = −
∫

R3

R1divUdx,

¯®«ãç¨¬

dZ

dt
+ 2µm(1 + c0N)

(ρdc0 + ρm(1− c0))

∫

�t

3∑

i=1
|∇wi|2dxdt+

+ 2k(c0)
c0ρdλd + (1− c0)ρmλm

∫

�t

3∑

i=1
|∇Ui|2dxdt =

−2
∫

�t

R ·Udxdt + 2F (c0)
∫

�t

|U|2dxdt+

2g1F (c0)K
∫

�t

∇w1 ·Rdxdt + 2F (c0)Kg1·

·
(

(ρdλd − ρmλm)c0(1− c0)
ρdλdc0 + ρmλm(1− c0) + k′(c0)c0(1− c0)

k(c0)

)
·

·
∫

�t

∇U1 ·Rdxdt + 2(ρd − ρm)g1
ρdc0 + ρm(1− c0)

∫

�t

cw1dxdt+

+2((ρdλd − ρmλm)c0(1− c0) + k′(c0)F (c0)L−1)
ρdλdc0 + ρmλm(1− c0) ·

·Kg1

∫

�t

∇U1 ·Udxdt− 2 k′(c0)K
ρdλdc0 + ρmλm(1− c0) ·

·g1

∫

�t

R1divUdxdt+2Kg1

∫

�t

∇w1 ·Udxdt. (2.12)

�à ¢ ï ç áâì (2.12) ®æ¥¨¢ ¥âáï ¯à¨ ¯®¬®é¨
¥à ¢¥áâ¢  �®è¨ á«¥¤ãîé¨¬ ®¡à §®¬:

−2
∫

�t

R ·Udxdt + 2F (c0)
∫

�t

|U|2dxdt+
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2g1F (c0)K
∫

�t

∇w1 ·Rdxdt + 2F (c0)Kg1·

·
(

(ρdλd − ρmλm)c0(1− c0)
ρdλdc0 + ρmλm(1− c0) + k′(c0)c0(1− c0)

k(c0)

)
·

·
∫

�t

∇U1 ·Rdxdt + 2(ρd − ρm)g1
ρdc0 + ρm(1− c0)

∫

�t

cw1dxdt+

2((ρdλd − ρmλm)c0(1− c0) + k′(c0)F (c0)L−1)
ρdλdc0 + ρmλm(1− c0) ·

·Kg1

∫

�t

∇U1 ·Udxdt− 2 k′(c0)K
ρdλdc0 + ρmλm(1− c0) ·

·g1

∫

�t

R1divUdxdt + 2Kg1

∫

�t

∇w1 ·Udxdt ≤

≤ ε1

t∫

0

‖∇U‖2dt + ε2

t∫

0

‖∇w‖2dt + N(ε1, ε2)Z(t),

£¤¥ N(ε1, ε2) -¯®«®¦¨â¥«ì ï ¢¥«¨ç¨ , § ¢¨áï-
é ï, ¯®¬¨¬® á¢®¨å  à£ã¬¥â®¢, ®â ª®áâ â § -
¤ ç¨. �ë¡¨à ï ε1, ε2 â ª, çâ®¡ë ¢ë¯®«ï«¨áì
¥à ¢¥áâ¢ 

ε1 ≤ 2k(c0)
c0ρdλd + (1− c0)ρmλm

,

ε2 ≤ 2µm(1 + c0N)
(ρdc0 + ρm(1− c0))

¨ ãç¨âë¢ ï ®æ¥ª¨ «¥¢®© ¨ ¯à ¢®© ç áâ¥© à ¢¥-
áâ¢  (2.12), ¯®«ãç ¥¬

dZ

dt
≤ A · Z(t), Z(0) = 0, A = const > 0.

�«¥¤®¢ â¥«ì®, Z ≡ 0,   § ç¨â, ¤«ï à¥è¥¨ï
§ ¤ ç¨ �®è¨ á ®¤®à®¤ë¬¨  ç «ìë¬¨ ãá«®-
¢¨ï¬¨ c = 0, R = 0, U = 0, w = 0 ¯®çâ¨ ¢áî¤ã
¢ �T .

�®ááâ ®¢¨¬ áª®à®áâ¨ u v ¯® ä®à¬ã« ¬

u = w + (1− c0)U, v = w− c0U, (2.13)

â¥¬¯¥à âãàã { ¯® ä®à¬ã«¥

θ(x, t) = L−1
x∫

x0

Udr + θ0(x0)−

−(L(κdρdc0 + κmρm(1− c0))−1·

·
t∫

0

(
k(c0)divU−Kg(k′(c0)(R− F (c0)U)+

+κdρdc0u + κmρm(1− c0)v)
)

x=x0
dt, (2.14)

£¤¥ x0 { ¯à®¨§¢®«ì ï â®çª  ®¤®á¢ï§®© ®¡« -
áâ¨ 
.

� ª¨¬ ®¡à §®¬, ¤®ª § ® á«¥¤ãîé¥¥ ãâ¢¥à-
¦¤¥¨¥.

�â¢¥à¦¤¥¨¥ 2.1. �¥è¥¨¥ § ¤ ç¨ �®è¨
¤«ï «¨¥©®© á¨áâ¥¬ë (2.3){(2.7) ¥¤¨áâ¢¥® ¢
ª« áá¥ äãªæ¨©

c ∈ W 1,1
2 (�T ), p ∈ W 1,0

2 (�T ), R ∈ W 1,1
2 (�T ),

w ∈ W 2,1
2 (�T ), U ∈ W 2,1

2 (�T )
â ª¨å, çâ® rotU = 0, rotR = 0, á«¥¤®¢ â¥«ì®,
à¥è¥¨¥ § ¤ ç¨ �®è¨ ¤«ï á¨áâ¥¬ë (1.1){(1.6)
¥¤¨áâ¢¥® ¢ ª« áá¥ äãªæ¨©

c ∈ W 1,1
2 (�T ), p ∈ W 1,0

2 (�T ), u ∈ W 2,1
2 (�T ),

v ∈ W 2,1
2 (�T ), θ ∈ W 2,1

2 (�T ) θxxx ∈ L2(�T ).
3. �ãé¥áâ¢®¢ ¨¥ à¥è¥¨ï § ¤ ç¨ �®-

è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë 1.
�«ï ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ¨ï à¥è¥¨ï

§ ¤ ç¨ �®è¨ ¬®¦® ®¡®©â¨áì ¡¥§ ¢¢¥¤¥¨ï
äãªæ¨© U, íâ® á¤¥« ¥â ¢ëª« ¤ª¨ ¬¥¥¥ £à®-
¬®§¤ª¨¬¨. � ãà ¢¥¨ïå (2.4){(2.6), ¢ ª®â®àëå
U ã¦® § ¬¥¨âì   L∇θ, ¨ ¢ ãà ¢¥¨¨ (2.7')
¯¥à¥©¤¥¬ ª ®¢ë¬ äãªæ¨ï¬ á ®¤®à®¤ë¬¨  -
ç «ìë¬¨ ¤ ë¬¨

cg(x, t) = c(x, t)−c0(x); Rg(x, t) = R(x, t)−R0(x);

wg(x, t) = w(x, t)− (� ∗1 w0(x));
θg(x, t) = θ(x, t)− θ0(x),

£¤¥
c0(x) = c(x, 0);

R0(x) = R(x, 0) = ∇c0(x) + L∇θ0(x)F (c0);
w0(x) = w(x, 0) = v0(x) + c0L∇θ0(x);

�(x, t) { äã¤ ¬¥â «ì®¥ à¥è¥¨¥ ãà ¢¥¨ï
â¥¯«®¯à®¢®¤®áâ¨.

�¯ãáª ï ¨¤¥ªáë ¨ á®åà ïï ¯à¥¦¨¥ ®¡®-
§ ç¥¨ï ¤«ï ¨áª®¬ëå äãªæ¨©, ¯®«ãç¨¬ § ¤ -
çã �®è¨ á ®¤®à®¤ë¬¨  ç «ìë¬¨ ¤ ë¬¨
¤«ï ¥®¤®à®¤®© á¨áâ¥¬ë

ct − c0(1− c0)L�θ ≡ fc(x);

divw = 0;

Rt + F (c0)k′(c0)K
ρdλdc0 + ρmλm(1− c0)g1

∂R
∂x1

−

F (c0)Kg1∇w1 −
(K(ρdλdc0 + k′(c0)F (c0))

ρdλdc0 + ρmλm(1− c0) − c0
)
·

·g1∇ ∂θ

∂x1
= − F (c0)k′(c0)K

ρdλdc0 + ρmλm(1− c0)g1
∂R0
∂x1

+
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+F (c0)Kg1∇w1(x, 0)+

+
(K(ρdλdc0 + k′(c0)F (c0))

ρdλdc0 + ρmλm(1− c0) − c0
)
·

·g1∇ ∂θ0
∂x1

≡ fR(x);

(ρdc0+ρm(1−c0))wt+∇(p+(ρd−ρm)c0(1−c0)Lθt+
+2c0µm(1 + c0N)divL∇θ)− µm(1 + c0N)�w−
−(ρd − ρm)cg = −∇(p + (ρd − ρm)c0(1− c0)Lθt+
+2c0µm(1 + c0N)divU)|t=0 + µm(1 + c0N)�w0−

−(ρd − ρm)c0g ≡ fw(x),

θt−w1L
−1+Kg1L

−1 ∂θ

∂x1

(
(ρdλd−ρmλm)c0(1−c0)+

+k′(c0)F (c0)
)
− k(c0)�θ − k′(c0)Kg1L

−1R1 =

+Kg1L
−1 ∂θ0

∂x1

(
(ρdλd − ρmλm)c0(1− c0)+

+k′(c0)F (c0)
)

+ k(c0)�θ0(x)−

−k′(c0)Kg1L
−1R1,0(x)− w1,0(x)L−1 ≡ fθ.

�¢¥¤¥¬ ®¡®§ ç¥¨¥ q ¤«ï ª®¬¡¨ æ¨¨, áâ®ï-
é¥© ¯®¤ § ª®¬ £à ¤¨¥â  ¢ ãà ¢¥¨¨ ¤«ï ¬®-
¤¨ä¨æ¨à®¢ ®© áª®à®áâ¨ w :

q = p + (ρd − ρm)c0(1− c0)Lθt+

+2c0µm(1 + c0N)divL∇θ. (3.0)
�«ï à¥è¥¨ï § ¤ ç¨ ¯à¨¬¥¨¬ ¯à¥®¡à §®-

¢ ¨¥ �ãàì¥ ¯® x ¨ ¯® t. �«¥¤ãï [8], £«. IV,
à §¤. 6, ¯à®¤®«¦¨¬ à¥è¥¨¥ ã«¥¬ ¯à¨ t < 0
¨ á¤¥« ¥¬, ¥ ¬¥ïï ®¡®§ ç¥¨©, § ¬¥ã ¥-
¨§¢¥áâëå äãªæ¨©   ®¢ë¥, ¯à¥¤áâ ¢«ïîé¨¥
á®¡®© ¯à®¨§¢¥¤¥¨¥ ¯à®¤®«¦¥ëå äãªæ¨©  
exp(−t/τ), £¤¥ ª®áâ â  τ ¨¬¥¥â à §¬¥à®áâì
¢à¥¬¥¨.

�®«®¦¨¬

c(x, t) = 1
(2π)2

∫
~c(a, a0) exp(iax + ia0)dada0;

R(x, t) = 1
(2π)2

∫
~R(a, a0) exp(iax + ia0)dada0;

w(x, t) = 1
(2π)2

∫
~w(a, a0) exp(iax + ia0)dada0;

θ(x, t) = 1
(2π)2

∫
~θ(a, a0) exp(iax + ia0)dada0;

g(x, t) = 1
(2π)2

∫
~q(a, a0) exp(iax + ia0)dada0,

£¤¥ a = (a1, a2, a3), da = da1da2da3, ak(k =
1, 2, 3) ¨ a0 - ¢¥é¥áâ¢¥ë¥,   ¨â¥£à «ë ¡¥àãâáï
¢ ¯à¥¤¥« å −∞ < ak < +∞, k = 0, 1, 2, 3.

� à¥§ã«ìâ â¥ ¯®«ãç¨¬

(τ−1 + ia0)~c− c0(1− c0)a2 ~θ = ~Fc; (3.1)

ia · ~w = 0; (3.2)

(τ−1 + ia0) ~R + F (c0)k′(c0)K
ρdλdc0 + ρmλm(1− c0)g1ia1 ~R−

− F (c0)Kg1
ρdλdc0 + ρmλm(1− c0) ia ~w1 − F (c0)Kg1·

−
(

(ρdλd − ρmλm)c0(1− c0)
ρdλdc0 + ρmλm(1− c0) + k′(c0)c0(1− c0)

k(c0)

)
·

·a1aL~θ = ~FR; (3.3)
(ρdc0 + ρm(1− c0))(τ−1 + ia0) ~w + ia~q+

+µ(1 + c0N)a2 ~w− (ρd − ρm)cg = ~FU ; (3.4)
(τ−1 + ia0)~θ − ~w1L

−1Kg1+

+
Kg1

(
(ρdλd − ρmλm)c0(1− c0) + k′(c0)F (c0)

)

L(ρdλdc0 + ρmλm(1− c0)) ·

·ia1 ~θ + k(c0)
(ρdλdc0 + ρmλm(1− c0))a2 ~θ−

− k′(c0)Kg1L−1

(ρdλdc0 + ρmλm(1− c0))
~R1 = ~Fθ. (3.5)

�¤¥áì ®¢ë¥ ¯à ¢ë¥ ç áâ¨, ®¡®§ ç¥-
ë¥ ¡®«ìè¨¬¨ ¡ãª¢ ¬¨, á¢ï§ ë á® áâ àë-
¬¨ á«¥¤ãîé¨¬ á®®â®è¥¨¥¬: FR(x, t) =
fR(x) exp(−t/τ), t > 0 ¨ FR(x, t) = 0, t ≤ 0,

F (x, t) = 1
(2π)2

∫
~F (a, a0) exp(iax + ia0)dada0.

� è¥© æ¥«ìî ï¢«ï¥âáï ¤®ª § â¥«ìáâ¢® à §-
à¥è¨¬®áâ¨ «¨¥©®© á¨áâ¥¬ë (3.1){(3.5) ®â®-
á¨â¥«ì® ~c, ~R, ~w, ~θ, ~p ¯à¨ «î¡ëå ¯à ¢ëå ç áâïå.
�«ï íâ®£® ¨áª«îç¨¬ ~c, ¨á¯®«ì§ãï ãà ¢¥¨¥
(3.1), ~R { ¨á¯®«ì§ãï (3.2) ¨ ~q, ã¬®¦ ï (3.4) áª -
«ïà®   ia ¨ ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (3.2).

� à¥§ã«ìâ â¥, ®¯ãáª ï â¨«ì¤ë, ¯®«ãç¨¬ á«¥-
¤ãîéãî á¨áâ¥¬ã ¤¢ãå áª «ïàëå ãà ¢¥¨© ¤«ï
θ ¨ w1 :

(
τ−1 + ia0 + a2k(c0)/κ + Kg1Qia1−

− HQKg1a2

τ−1 + i(a0 + a1HKg1)
)
θ−

−Kg1/L
τ−1 + ia0

τ−1 + i(a0 + a1HKg1)w1 = F; (3.6)

(ρdc0 + ρm(1− c0))
(
τ−1 + ia0 + a2ν

)
w1−

− (ρd − ρm)c0(1− c0)Lg1
τ−1 + ia0

(a2
1 − a2)θ = F4. (3.7)
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�¤¥áì ®¢ë¥ ¡ãª¢¥ë¥ ®¡®§ ç¥¨ï ¨¬¥îâ
á«¥¤ãîé¨© á¬ëá«:

κ = ρdλdc0+ρmλm(1−c0), ν = µm(1 + c0N)
ρdc0 + ρm(1− c0) ;

Q = c0(1−c0)
(

ρdλd − ρmλm

ρdλdc0 + ρmλm(1− c0) + k′(c0)
k(c0)

)
;

H = c0(1− c0)k′(c0)
k(c0) .

�«ï ®¯à¥¤¥«¨â¥«ï D á¨áâ¥¬ë ¤¢ãå áª «ïà-
ëå ãà ¢¥¨© (3.6), (3.7) ¨¬¥¥¬ á«¥¤ãîé¥¥ ¢ë-
à ¦¥¨¥:

D =
(

τ−1 + ia0 + a2k(c0)/κ + Kg1Qia1−

− HQKg1a2

τ−1 + i(a0 + a1HKg1)

)
· (ρdc0 + ρm(1− c0))·

·
(
τ−1 + ia0 + a2ν

)
−

−Kg2
1(ρd − ρm)c0(1− c0)(a2

1 − a2)
τ−1 + i(a0 + a1HKg1) ,

¨§ ª®â®à®£® á«¥¤ã¥â ®æ¥ª 

|D| > (τ−1 + a2(k(c0)/κ− |HQKg1|τ))cdot

·(ρdc0 + ρm(1− c0)) · (τ−1 + a2ν)−
−|Kg2

1(ρd − ρm)|c0(1− c0)a2τ.

�®¤ç¨¨¢ ¢ë¡®à τ > 0 ãá«®¢¨ï¬

k(c0)/κ− τ |HQKg1| > 0,

|k(c0)/(κτ)− |HQKg1|+ ν/τ)− τg2
1c0(1− c0)·

· |K(ρd − ρm)|
(ρdc0 + ρm(1− c0)) < τ−1,

¬ë £ à â¨àã¥¬ ®â«¨ç¨¥ ®â ã«ï ®¯à¥¤¥«¨â¥«ï
D ¯à¨ ¢á¥å a0, a.

�®á«¥¤¥¥ ¯®§¢®«ï¥â ¢ëà §¨âì äãªæ¨¨ θ ¨
w1 ¨§ á¨áâ¥¬ë (3.7), (3.8), ã¬®¦ ï á«¥¢  ¢¥ªâ®à
¯à ¢ëå ç áâ¥©   ®¡à âãî ¬ âà¨æã ª®íää¨-
æ¨¥â®¢ á¨áâ¥¬ë, § ¢¨áïé¨å ®â a, a0. �áâ «®áì
¢®ááâ ®¢¨âì ¨áª«îç¥ë¥   ¯à¥¤ë¤ãé¥¬ íâ -
¯¥ äãªæ¨¨ c, q, R, w2, w3 ¯à¨ ¯®¬®é¨ ãà ¢¥-
¨© (3.1){(3.4).

� ª¨¬ ®¡à §®¬, ¬ë  è«¨ "®¡à §ë" ¨áª®¬ëå
äãªæ¨© ®â®á¨â¥«ì® ¯à¥®¡à §®¢ ¨ï �ãàì¥,
ª®â®àë¥ ï¢«ïîâáï äãªæ¨ï¬¨  à£ã¬¥â®¢ a, a0
(¤«ï ¨å ¡ë«¨ ¨á¯®«ì§®¢ ë ¯à¥¦¨¥ ®¡®§ ç¥-
¨ï). �à¥¤¯®« £ ï, çâ®  ç «ìë¥ ¤ ë¥ ¤«ï
¨áª®¬ëå äãªæ¨© áã¬¬¨àã¥¬ë ¢ ª¢ ¤à â¥ ¯® R3

¢¬¥áâ¥ á ª¢ ¤à â ¬¨ ã¦ëå ¯à®¨§¢®¤ëå, ¨á-
ª®¬ë¥ äãªæ¨¨ ¬®¦® ¢®ááâ ®¢¨âì ¯® á«¥¤ãî-
é¨¬ ä®à¬ã« ¬:

c(x, t) = 1
(2π)2

∫
~c(a, a0) exp(iax + ia0)dada0+

+c0(x);

R(x, t) = 1
(2π)2

∫
~R(a, a0) exp(iax + ia0)dada0+

+R0(x);

w(x, t) = 1
(2π)2

∫
~w(a, a0) exp(iax + ia0)dada0+

+w0(x);

θ(x, t) = 1
(2π)2

∫
~θ(a, a0) exp(iax + ia0)dada0+

+θ0(x);

q(x, t) = 1
(2π)2

∫
~q(a, a0) exp(iax + ia0)dada0+

+q0(x).
�å®¤¨¬®áâì ¯®«ãç¥ëå ¨â¥£à «®¢,   â ª-

¦¥ ¯à¨ ¤«¥¦®áâì äãªæ¨© c, R, θ, w, q ¢¬¥-
áâ¥ á ¯à®¨§¢®¤ë¬¨ ¯¥à¢®£® ¯®àï¤ª  ¯® ¢à¥¬¥¨
¨ ¯à®¨§¢®¤ë¬¨ ¯¥à¢®£® ¯®àï¤ª  ¯® ¯à®áâà -
áâ¢¥ë¬ ¯¥à¥¬¥ë¬ ®â R, w, p ¨ ¢â®à®£® ®â
∇θ, w, ª« ááã L2(�T ), �t = R3 × [0, T ] ¯à®¢¥àï-
¥âáï â ª ¦¥, ª ª ¨ ¢ [8], £«.IV, à §¤. 6. �â¬¥â¨¬,
çâ®  ©¤¥®¥ à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬
rotR = 0, ¯®áª®«ìªã ¯à ¢ë¥ ç áâ¨ ãà ¢¥¨©
¤«ï R á¨áâ¥¬ë á ã«¥¢ë¬¨  ç «ìë¬¨ ¤ ë-
¬¨ ¯®¤ç¨ï«¨áì íâ®¬ã ãá«®¢¨î. �â ª, ¤®ª § ®
á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥.

�ãªæ¨ï p ¢®ááâ  ¢«¨¢ ¥âáï ¯® ä®à¬ã«¥
(3.0).

�â¢¥à¦¤¥¨¥ 3.1. �á«¨

c0(x) ∈ W 1
2 (R3), R0(x), w0(x), ∇θ0(x) ∈ W1

2(R3),

â® § ¤ ç  �®è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë
(2.3){(2.7) ¨¬¥¥â à¥è¥¨¥ c, R, w, θ, p
â ª®¥, çâ® rotR = 0 ¨ äãªæ¨¨
θx, θxx, θxxx θt, w, wx, wxx, wt, R, Rx, Rt,
c, ct, p, px ¯à¨ ¤«¥¦ â L2(�T ).

�â®£®¬ à áá¬®âà¥¨ï § ¤ ç¨ �®è¨ ¤«ï á¨-
áâ¥¬ë ãà ¢¥¨© (1.6){(1.10) ï¢«ï¥âáï

�¥®à¥¬  3.1. �á«¨  ç «ìë¥ ¤ -
ë¥ c(x, 0), u(x, 0), v(x, 0) ï¢«ïîâáï í«¥-
¬¥â ¬¨ W1

2(R3),   θ0(x) ∈ W 2
2 (R3), â®

§ ¤ ç  �®è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë (1.6){
(1.10) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ â ª®¥, çâ®
c, ct, cx, cxx, θ, θx, θxx, θxxx, θt, p, px, u, ux, uxx, ut,
v, vx, vxx, vt ¯à¨ ¤«¥¦ â L2(�T ).

� ¬¥ç ¨¥ 3.1. �¤¥áì, ª ª ¨ ¢ § ¤ ç å ¤«ï
¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, ¥¤¨áâ¢¥®áâì
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¤«ï ¤ ¢«¥¨ï ¯®¨¬ ¥âáï á â®ç®áâìî ¤® ¯à®¨§-
¢®«ì®£® á« £ ¥¬®£®, ¥ § ¢¨áïé¥£® ®â ¯à®áâà -
áâ¢¥ëå ¯¥à¥¬¥ëå.

4. �ãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì à¥-
è¥¨ï § ¤ ç¨ �®è¨ ¤«ï «¨¥©®© á¨áâ¥-
¬ë 2.

�¢®¤ï ¢á¯®¬®£ â¥«ìë¥ äãªæ¨¨ ¯® ä®à¬ã-
« ¬ (2.1),   ¬®¤¨ä¨æ¨à®¢ ®¥ á®«¥®¨¤ «ì®¥
¯®«¥ áª®à®áâ¥© { ¯® ä®à¬ã«¥

w = v + c0U + cu0,

¤«ï 11 äãªæ¨© c, R, U, w ¨ p ¯®«ãç¨¬ á«¥¤ãî-
éãî á¨áâ¥¬ã ãà ¢¥¨©:

ct = −c0(1− c0)L�θ − (1− c0)u0(R−UF (c0));
(4.1)

divw = 0; (4.2)

Rt −
(

F (c0)k′(c0)LG

ρdλdc0 + ρmλm(1− c0)+

+(1− c0)(Kg1 + LG)
)
∇R1 − (1− c0)Kg2∇R2 =

= ((1−c0)(Kg1+LG)+c0(1−c0)(ρdλd−ρmλm)LG+

+(Kg1 + LG)ρdλdc0)κ−1F (c0)∇ ∂θ

∂x1
−

−(FKg2((1−c0)+ρdλdc0/κ)∇ ∂θ

∂x2
−LGF (c0)∇w1−

−F (Kg1 + LG)LG(ρdλdρmλm/κ2 + 1)R+
+F 2(Kg1 + LG)LG(ρdλdρmλm/κ2 + 1)∇θ; (4.3)

(ρdc0 + ρm(1− c0))wt =
−∇q + µm(1 + c0N)�w−

−µm(1 + c0N))(u0 · ∇)(R− F (c0)U)+
+(ρd − ρm)cg; (4.4)

θt = k(c0)
κ

�θ − (LGc0(1− c0)(ρdλd − ρmλm)+

+ρdλdc0(Kg1 + LG) + k′(c0)F (c0)LG)κ−1 ∂θ

∂x1
−

−ρdλdc0
κ

Kg2
∂θ

∂x2
+ LGw1 − c(Kg1 + LG)·

·LG(ρdλmρmλd

κ2 + 1) + k′(c0)
κ

LGR1. (4.5).

�®ª § â¥«ìáâ¢® ¥¤¨áâ¢¥®áâ¨ à¥è¥¨ï § -
¤ ç¨ �®è¨ ¤«ï á¨áâ¥¬ë (4.1){(4.5) ¯à¨æ¨¯¨-
 «ì® ¥ ®â«¨ç ¥âáï ®â á«ãç ï § ¤ ç¨ 1.

�®ª § â¥«ìáâ¢® áãé¥áâ¢®¢ ¨ï ¯à®¢®¤¨âáï
¯® â®© ¦¥ áå¥¬¥, çâ® ¨ ¢ ¯. 3, ®¤ ª® ¨¬¥¥âáï
àï¤ âàã¤®áâ¥© â¥å¨ç¥áª®£® å à ªâ¥à . �¬¥-
® ¢ë¡®à τ ¯®¤ç¨¥ §¤¥áì ¡®«ìè¥¬ã ª®«¨ç¥áâ¢ã

ãá«®¢¨© ¨ ¤®ª § â¥«ìáâ¢® ¢®§¬®¦®áâ¨ ¢ë¡®à 
τ, ®¡¥á¯¥ç¨¢ îé¥£® ®â«¨ç¨¥ ®â ã«ï ®¯à¥¤¥«¨-
â¥«ï ¬ âà¨æë á¨áâ¥¬ë, ¥ áâ®«ì ®ç¥¢¨¤®.

�à¥¦¤¥ ¢á¥£® ¯¥à¥©¤¥¬, ¥ ¬¥ïï ®¡®§ ç¥-
¨© ª ®¢ë¬ äãªæ¨ï¬ á ã«¥¢ë¬¨  ç «ìë¬¨
¤ ë¬¨. �®«ãç¨¬ «¨¥©ãî á¨áâ¥¬ã ãà ¢¥-
¨©, ®â«¨ç îéãîáï ®â á¨áâ¥¬ë (4.1){(4.5)  -
«¨ç¨¥¬ ¥ã«¥¢ëå ¯à ¢ëå ç áâ¥©, ¢ª«îç îé¨å
 ç «ìë¥ äãªæ¨¨ ¨ ¨å ¯à®¨§¢®¤ë¥ á®®â¢¥â-
áâ¢ãîé¨å ¯®àï¤ª®¢. �á¥ ¯à ¢ë¥ ç áâ¨ ¡ã¤¥¬
®¡®§ ç âì ®¤®© ¡ãª¢®© f . �áâ ¢¨¬ ¤«ï ®¢ëå
ãà ¢¥¨© á¨áâ¥¬ë ¯à¥¦¨¥ ®¡®§ ç¥¨ï. � -
«¥¥ á¤¥« ¥¬ ¯à¥®¡à §®¢ ¨¥ �ãàì¥ ¯® ä®à¬ã« ¬
¯. 3, ®áâ ¢«ïï ¯à¥¦¨¥ ®¡®§ ç¥¨ï ¤«ï äãª-
æ¨© ¨ ¯à ¢ëå ç áâ¥©. �®«ãç¨¬ á«¥¤ãîéãî á¨-
áâ¥¬ã:

(τ−1 + ia0)c = c0(1− c0)La2θ − (1− c0)u0·

·(R− iaLθF (c0)) = f ; (4.6)

iaw = 0; (4.7)

(τ−1 + ia0)R−
(

F (c0)k′(c0)LG

ρdλdc0 + ρmλm(1− c0)+

+(1− c0)(Kg1 + LG)
)

iaR1 − (1− c0)·

·Kg2iaR2 =
(

(1− c0)(Kg1 + LG) + c0(1− c0)·

·(ρdλd + ρmλm)LG + (Kg1 + LG)ρdλdc0
)
·

·κ−1F (c0)aa1Lθ − (FKg2((1− c0) + ρdλdc0/κ)·
·Laa2θ − LGF (c0)iaw1−

−F (Kg1 + LG)LG(ρdλdρmλmκ−2 + 1)R+

+F 2(Kg1 + LG)LG(ρdλdρmλmκ−2 + 1)·
·Liaθ + f; (4.8)

(τ−1 + ia0)ρw = −iaq − µm(1 + c0N)a2w−
−µm(1 + c0N)(u0 · ia)(R− iaLθF )+

+(ρd − ρm)cg + f; (4.9)

(τ−1 + ia0)θ + k(c0)
κ

a2θ =

= (Gc0(1−c0)(ρdλd−ρmλm)+ρdλdc0(Kg1+LG)−

−k′(c0)F (c0)G)κ−1ia1θ − ρdλdc0
κ

Kg2ia2θ

+Gia1w1 + c(Kg1 + LG)LG(ρdλmρmλd

κ2 + 1)−

−k′(c0)
κ

LGR1 + f. (4.10).
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�à¨ ¯®«ãç¥¨¨ ãà ¢¥¨ï (4.9) ¢ á« £ ¥¬®¥
∇q, ª ª ¨ ¯à¥¦¤¥, ¡ë«¨ á®¡à ë ¢á¥ á« £ ¥¬ë¥
£à ¤¨¥â®£® ¢¨¤ .

� ª ¨ à ¥¥, ¨áª«îç¨¬ ¨§ á¨áâ¥¬ë c, R ¨ q.
�à ¢¥¨¥ (4.9) á ãç¥â®¬ (4.7) ¯à¨®¡à¥â ¥â ¢¨¤

(τ−1 + ia0 + ν(ρdc0 + ρm(1− c0))a2)w =

= (ρd − ρm)c(ga2 − a(ga))a−2+

+µ(1 + c0N)i(u0a)
(
a2(R− iaLF (c0)θ)−

−((R− iaLF (c0)θ)a)a
)
a−2. (4.11)

�§ ãà ¢¥¨ï (4.6) ¤«ï c á«¥¤ã¥â, çâ®

c = c0(1− c0)a2 − (1− c0)u0(R− iaLθF (c0))
τ−1 + ia0

+

+ f

τ−1 + ia0
. (4.12)

�§ (4.8) ¢ëà ¦ ¥¬ Rj , j = 1, 2, 3.

Rj =
(

((1− c0)(Kg1 + LG)+

+c0(1−c0)(ρdλd−ρmλm)LG+(Kg1+LG)ρdλdc0)·
·κ−1F (c0)Liajia1θ − (FKg2(1− c0) + ρdλdc0/κ)·
·Liajia2θ − LGF (c0)iajw1 + F 2(Kg1 + LG)·

·LG(ρdλdρmλm/κ2 + 1)Lajθ
)
·

·
(

τ−1 + ia0 −
( F (c0)k′(c0)LG

ρdλdc0 + ρmλm(1− c0)+

+(1− c0)(Kg1 + LG)
)
ia1 + (1− c0)Kg2ia2+

+F (Kg1 + LG)LG(ρdλdρmλmκ−2 + 1)
)−1

+

f
(
τ−1 + ia0 −

( F (c0)k′(c0)LG

ρdλdc0 + ρmλm(1− c0)+

+(1− c0)(Kg1 + LG)
)
ia1 + (1− c0)Kg2ia2+

+F (Kg1+LG)LG(ρdλdρmλmκ−2+1)
)−1

. (4.13)

�«ï â®£® çâ®¡ë ®¡¥á¯¥ç¨âì ®â«¨ç¨¥ ®â ã«ï
§ ¬¥ â¥«ï

d(a0, a1, a2) = τ−1 + ia0−

−
( F (c0)k′(c0)LG

ρdλdc0 + ρmλm(1− c0)+(1−c0)(Kg1+LG)
)
ia1

+(1− c0)Kg2ia2 + F (Kg1 + LG)LG·
·(ρdλdρmλmκ−2 + 1)

¯à ¢®© ç áâ¨ (4.13) ¨ ¯®«ãç¨âì ¤«ï ¥£® ¬®¤ã-
«ï ®æ¥ªã á¨§ã, ¯®âà¥¡ã¥¬, çâ®¡ë ¢ë¯®«ï«®áì
¥à ¢¥áâ¢®

0.5τ−1 +F (Kg1 +LG)LG(ρdλdρmλmκ−2 +1) > 0,
(4.14)

£ à â¨àãîé¥¥ ®æ¥ªã

|d(a0, a1, a2)| > 0.5τ−1.

�¥à¥¯¨è¥¬ (4.13) ¢ ¢¨¤¥

R = A1
d(a0, a1, a2)aa1θ =

= A2
d(a0, a1, a2)aa2θ + A3

d(a0, a1, a2) iaw1

+ A4
d(a0, a1, a2) iaθ + f

d(a0, a1, a2) , (4.15)

¨«¨
R− iaF (c0)Lθ =

= A1
d(a0, a1, a2)aa1θ + A2

d(a0, a1, a2)aa2θ+

+ A3
d(a0, a1, a2) iaw1+

+
( A4

d(a0, a1, a2) − F (c0)L
)
iaθ. (4.16)

�¤¥áì ¨ ¤ «¥¥ § £« ¢ë¬¨ ¡ãª¢ ¬¨ A,B ¨ â.¤.
¡ã¤¥¬ ®¡®§ ç âì ª®¬¡¨ æ¨¨ ¨§¢¥áâëå ¢¥«¨-
ç¨ (ª®íää¨æ¨¥â®¢ ¬®¤¥«¨).

� ãç¥â®¬ (4.12), (4.15) ¨ (4.16) ãà ¢¥¨¥
(4.10) ¬®¦¥â ¡ëâì § ¯¨á ® ¢ ¢¨¤¥
(

τ−1 +
(

k(c0)
κ

− (Kg1 + LG)LG(ρdλmρmλd

κ2 + 1)·

·c0(1− c0)L
τ−1 + ia0

)
a2 − (Kg1 + LG)LG·

·(ρdλmρmλd

κ2 + 1)·

· (1− c0)(A1a1 + A2a2)(u0a)
(τ−1 + a0)d +

+ia0 − k′(c0)κ−1LG
A1a2

1 + A2a1a2
d

−

−(Kg1 + LG)LG(ρdλmρmλd

κ2 + 1)(1− c0)·

·
(A4

d
− F (c0)L

)
i(a · u0)− k′(c0)κ−1LG·

·
(A4

d
− F (c0)L

)
ia1

)
θ+
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+
(

G− k′(c0)κ−1LG
A3
d
− (Kg1 + LG)·

·LG(ρdλmρmλd

κ2 + 1)(1− c0)A3
d

)
ia1w1 =

= f
(

1 + 1
τ−1 + ia0

+ 1
d

)
. (4.17)

�à ¢¥¨¥ (4.11) á ¨á¯®«ì§®¢ ¨¥¬ à ¢¥áâ¢
(4.12), (4.15) ¨ (4.16) ¯¥à¥¯¨áë¢ ¥âáï ª ª

(
τ−1 + ia0 + νa2 + (ρd − ρm)(1− c0)·

+ i(u0 · a)A3(g1(a2
2 + a2

3)− g2a1a2)
(ρdc0 + ρm(1− c0))(τ−1 + ia0)da2

)
w1−

−
(

(ρd − ρm)c0(1− c0)(g1(a2
2 + a2

3)− g2a1a2)
τ−1 + ia0

−

− (ρd − ρm)(1− c0)
ρdc0 + ρm(1− c0) (u0 · a)A1a1 + A2a2

d
+

+
(A4

d
− FL

)
i(u0 · a)

)
θ =

= f
(

1 + 1
τ−1 + ia0

+ 1
d

)
. (4.18)

�«ï â®£® çâ®¡ë ®¡¥á¯¥ç¨âì ¤¨ £® «ì®¥
¯à¥®¡« ¤ ¨¥ ¢ ¬ âà¨æ¥ ª®íää¨æ¨¥â®¢ ¯à¨ θ
¨ w1 ¢ ãà ¢¥¨ïå (4.17), (4.18), á ç «  ¢ë¡¥-
à¥¬ τ â ª, çâ®¡ë

k(c0)
κ

− (Kg1 + LG)LG(ρdλmρmλd

κ2 + 1)·

·c0(1− c0)L
τ−1 + ia0

> α2 > 0. (4.19)

�®§¬®¦®áâì â ª®£® ¢ë¡®à  ®ç¥¢¨¤ , ¨ ® ¢
á¢®î ®ç¥à¥¤ì £ à â¨àã¥â ¢®§¬®¦®áâì ¢ë¡®à 

τ â ª®£®, çâ® ª®íää¨æ¨¥â B11 ¯à¨ θ ¢ ãà ¢¥-
¨¨ (4.17) ¡®«ìè¥ ¯®  ¡á®«îâ®© ¢¥«¨ç¨¥ ª®-
íää¨æ¨¥â  B12 ¯à¨ w1 ¢ íâ®¬ ¦¥ ãà ¢¥¨¨:

|B11| > |B12|. (4.20)

� «¨ç¨¥ § ¬¥ â¥«¥©, á®¤¥à¦ é¨å τ−1 ¢
á« £ ¥¬ëå ãà ¢¥¨ï (4.18), á®¤¥à¦ é¨å ¢¥«¨-
ç¨ë ¯®àï¤ª  a2 ¨ ¢¨¤ ª®íää¨æ¨¥â  B22 ¯à¨
w1 ¢ íâ®¬ ãà ¢¥¨¨, ¯®§¢®«ïîâ ¢ë¡à âì ¤®áâ -
â®ç® ¬ «®¥ τ â ª, çâ®¡ë ¢ë¯®«ï«®áì ¥à ¢¥-
áâ¢®

|B22| > |B21|, (4.21)
£¤¥ B21 { ª®íää¨æ¨¥â ¯à¨ θ ¢ (4.18).

�ë¡¨à ï τ ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨ï¬ ¬ -
«®áâ¨ (4.12), (4.19){(4.21), ¯®«ãç ¥¬ ¤¨ £® «ì-
®¥ ¯à¥®¡« ¤ ¨¥ ¢ ¬ âà¨æ¥, á®®â¢¥âáâ¢ãîé¥©
á¨áâ¥¬¥ «¨¥©ëå ®â®á¨â¥«ì® θ ¨ w1 ãà ¢-
¥¨© (4.17) ¨ (4.18). �«¥¤®¢ â¥«ì®, á¨áâ¥¬ 
(4.17), (4.18) ®¤®§ ç® à §à¥è¨¬  ®â®á¨â¥«ì-
® θ ¨ w1. � «¥¥ äãªæ¨¨ Ri  å®¤ïâáï ¨§ (4.13),
äãªæ¨ï c { ¨§ (4.12), w2 ¨ w3 { ¨§ (4.7) ¨ (4.11).

�â¢¥à¦¤¥¨¥ 4.1. �á«¨ c0(x) ∈
W 1

2 (R3), R0(x), w0(x), ∇θ0(x) ∈ W1
2(R3),

â® § ¤ ç  �®è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë
(4.1) { (4.5) ¨¬¥¥â à¥è¥¨¥ â ª®¥, çâ®
∇θ, ∇θx, ∇θxx, ∇θt, w, wx, wxx, wt, R,
Rx, Rt, c, ct, p, px ¯à¨ ¤«¥¦ â L2(�T ) ¨
rotR = 0.

� ¨â®£¥ ¯®«ãç ¥¬ á«¥¤ãîé¨© à¥§ã«ìâ â
¤«ï § ¤ ç¨ �®è¨ ¤«ï «¨¥ à¨§®¢ ®© § ¤ ç¨
(1.13){(1.17):

�¥®à¥¬  4.1. �á«¨  ç «ìë¥ ¤ ë¥
c(x, 0), u(x, 0), v(x, 0) ï¢«ïîâáï í«¥¬¥â -
¬¨ W1

2(R3),   ∇θ0(x) ∈ W2
2(R3), â® § -

¤ ç  �®è¨ ¤«ï «¨¥©®© á¨áâ¥¬ë (1.13){
(1.17) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ â ª®¥, çâ®
c, ct, cx, cxx, θ, θx, θxx, θxxx, θt, p, px, u, ux, uxx, ut,
v, vx, vxx, vt ¯à¨ ¤«¥¦ â L2(�T ).
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