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              r ( r),r + r –  + r ( rz)  = 0,
                 r ( rz),r + rz + r ( z)  = 0                     (1)

 [5], -
-

:

r =(u),  = ( r – r  – rz z) / r ,
 = u/r = (– r r +  – z z) /  ,

z= (w)  = (– zr r – z  + z) / z ,

rz = (u) + (w),r = rz / Grz.                  (2)
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r, , z rz – , , 
, r,

, z rz – 
, u, w –  ( -

) . , -
 r  (...),r,

 z – (...) . 

r  / r = r /  , rz / r = zr z,

z /  = z  / z.                           (3)

-
-

 [5], 
 – 

r, 
z, r , rz

z, -

,  Grz.

r = 1 [(u),  + 12 u/r + 13 (w) ],
 = 2 [ 21 (u),  + u/r + 23(w) ],

z = 3 [ 31 (u),  + 32 u/r + (w) ],

rz = Grz [(u)  + (w),r],                      (4)

1 r(1– z z )/ , 12=( r + rz z )/(1– z z ),

13=( rz+ r z)/(1– z z ),

2 (1– zr rz)/ , 21=( r+ z zr)/(1– zr rz),

23=( z+ r rz)/(1– zr rz),

3 z(1– r r)/ , 31= ( zr+ z r )/(1– r r),

32=( z + zr r )/(1– r r),
=1– r r– z z – zr rz– r z zr– rz z r.     (5)

-
.
-
-

. 

r = , r  =  r , rz =  z , zr = z

               1 = 2, 12 = 21 , 13 = 23, 31 = 32          (6)
 (Er, Ez, r ,

rz, Grz).
, 

, -
. 

r = z , rz = z r , r = z , r  = z

         1 = 3, 13 = 31 , 12 = 32, 21 = 23.         (7)
-

, 
 G = /2(1+ ). -

-
 – 

.

L(u) + aw , r + bw  / r = 0,
                  M(u) + h(w,rr + w,r/r) + w  = 0               (8)

 M(u) + Q(w) = 0),

L(u) = u,rr + u,r/r – 2u/r2 + gu  = r –1 [(r1–2 (r u),r],r +gu ,
                M(u) = cu ,r + du /r = cr–d/c(rd/cu ),r ,            (9)

Q(w) = h(w,rr + w,r/r) + w  = hr–1(rw,r),r + w

2 = 2 1, g = Grz/E1, a = 13 + g, b = 13 – 2
23,

                  h = Grz/E3, c = 31 + h, d = 32+h.            (10)
, , -

-
,  (10) . -

, 
 (  z) 

2 = 1, g = Grz/E1, a = 13 + g, b = 0,
         h = Grz/E3, 31 = 32      c = d = 31+ Grz/E3, (11)

-
 ( )

2 = 2 1, g = Grz/E1, a = 13 + g, b = 13 – 2
23,

                  h = Grz/E3, 31 = 32      c = d.              (12)
,  –

 = 1 = 2 = 3,  = 13 = 23 = 31 = 32,
2 = 1, g = h = Grz/E = 1/2(1+ ),

                        a = c = d =  + g, b = 0.                   (13)
 c = d -

,  b = 0
-

.
 ( -

) -
-

, 
 w .
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-
 w -

, 

u,rr + u,r/r – 2u/r2 + gu + R(w) = 0,
                       cu ,r + du  / r + Q(w) = 0,                  (14)

              R(w) = aw ,r + bw /r = ar–b/a(rb/aw ),r ,          (15)
Q(w) = h(w,rr + w,r/r) + w  = hr–1(rw,r),r + w .

 u
-

 (14)
               cu ,r + du  / r = cr–d/c(rd/cu ),r = – Q(w),       (16)

 w -
. 

                          LuR(w) – MuQ(w) = 0,                  (17)

 Lu(…)  Mu(…) -

Lu(…)=c 3(…)/ r2 z+(p1/r) 2(…)/ r z+(p2/r2) (…)/ z,
Mu(…)= 3(…)/ r3+(q1/r) 2(…)/ r2+

+(q2/r2) (…)/ r+q3(…)/r3+g 3(…)/ r z2+
                            +(q4/r) 2(…)/ z2.                         (18)

 pi(i=1,2), qj(j=1,2,3,4),
 Lu  Mu, -

, -
 (8)  u

, . 
Lu(u,rr+u,r/r– 2u/r2+gu )–Mu[cu ,r+du /r] = 0.    (19)

 (18)  (19) -
-

 6  pi, qj:
c + p1 – d – cq1 = 0,

–2c – c 2 + p1 + p2 + 3d – dq1 – cq2 = 0,
2c + 4c 2 – p1 – 2p1 + p2 – 6d + 2dq1 – dq2 – cq3 = 0,

–6c 2 + 2 2p1 – 2p2 + 6d – 2dq1 + dq2 – dq3 = 0,
           gp1 – dg – cq4 = 0,      gp2 + dg – dq4 = 0.     (20)

 (20)

p1 = c(3 + 2d/c),   p2 = d(2 + d/c),
q1 = 4 + d/c,   q2 = 1 + 3d/c – 2,

               q3 = ( 2 – 1)(1– d/c),   q4 = g(3 + d/c).     (21)
 (18) -

,  (17) -

 – -

{h 5/ r5+( 0/r) 4/ r4+( 1/r2) 3/ r3+( 2/r3) 2/ r2+( 3/r4) / r+
+[b0

3/ r3+(b1/r) 2/ r2+(b2/r2) / r+b3/r3)] 2/ z2+
                      +(g / r+q4/r) 4/ z4}w=0                   (22)

 w -
.

a0= h(1+q1) = h(5+d/c),
a1= h(–3+q1+q2) = h(2– 2+4d/c),

a2 = h(6–2q1+q2+q3) = –h[2(1–d/c)+ 2d/c),
a3= h(–6+2q1–q2+q3) = h 2(2–d/c),

b0 = (1+gh–ac),
b1 = q1+gh(1+q4/h)–bc–ap1=

                 =(1+gh)(4+d/c)–bc–ac(3+2d/c),            (23)
b2 = q2+gh(q4/h–1)+2bc–bp1–ap2 =

= 1+3d/c– 2+(gh–ad)(2+d/c)–bc(1+2d/c),
b3 = dq3–2bc+b(p1–p2) = (1–d/c)[ 2–1+bc(1+d/c)].

-
 (22) 

, , 

                           M1M2M3(w) = 0,                    (24)

1(…) = x0 (…)/ r + 1(…)/r,

2(…) = y0
2(…)/ r2

1 (…)/r r+ 2(…)/r2
3

2(…)/ z2,

3(…) = z0
2(…)/ r2+z1 (…)/r r+z2(…)/r2+z3

2(…)/ z2

-
 x0,  y0,  y1,  y2,  z0,  z1,  z2. 

x0Y0 = h,
Y0 = y0z0,

x0Y1 + x1Y0 = a0,
Y1 = y0z1+ y1z0,

x0Y2 + (x1–x0)Y1 = a1,
                     Y2 = y0(z2 – 2z1)+ y1z1 + y2z0,            (25 )

x0Y3 + (x1– 2x0)Y2 = a2,
Y3 = y0(2z1 – 4z2) + y1(z2 – z1) + y2z1,

x0Y4 + (x1– 3x0)Y3 = a3,
Y4 = 6y0z2 – 2y1z2 +y2z2,

(x1– 4x0)Y4 = a4,
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x0Z0 = b0, Z0 = y3z0 +y0z3,   x0Z1 + x1Z0 = b1,
                                Z1 = y3z1+ y1z3 , (25 )
x0Z2+(x1–x0)Z1 = b2,   Z2 = y3z2+y2z3,   (x1–2x0)Z2 = b3,

                        x0y3z3 = c0,   x1y3z3 = c1,                  (25 )

 (22)  (24). 
. 

 (23).
 (25 ) 

x1 = x0 c1/c0 = 0 .
,  (25 ),(25 )

 Yi, Zj, 
Y4 = a4/(  – 4)x0,

Y3 = [a3 – a4/( – 4)]/( – 3)x0,
          Y2 = {a2–[a3 – a4/( – 4)] /( – 3)}/( –2)x0,  (26 )
Y1 = ((a1–{a2–[a3–a4/( – 4)]/( – 3)}/( –2))) /(C–1)x0,
Y0= {{a0–((a1–{a2–[a3–a4/( –4)]/( –3)}/( –2)))/(C–1)}/Cx0

Z2 = b3 / ( – 2)x0,
                    Z1 = [b2–b3/( – 2)] /( –1) 0,             (26 )

Z0 = {b1– [b2 – b3 /( – 2)] /( –1)}Cx0.
 (26) -

-
, 

:
x0Y0 = h, x0Z0 = b0,

 (25). -
 (23) -

– 4) – 3){( –2)[(C–1) a0 – a1]+ a2 } – a3  +a4 =
= ( – 4)( – 3) ( –2)(C–1)Ch,

         ( – 2)[( –1)b1–b2] + b3 = ( –2)( –1)Cb0 .  (26 )
 (26 ) -

 (23), 

(1–d/c)[(d/c)2+d/c– 2] = 0   2–d/c = 0.        (27)
, -

 (11)  (13)  (27) -
-

. -
 (27) 

. 
 (25) -

.  (25)
-

 (23) -

-
 ( ) -

 (2). 
, -

-
.

-
 ( -

-
). -

 b, 2, c  d  b =0, 2 =1, c
= d,  ai (i = 1,2,3,4,5), bi
(i = 0,1,2,3), c0, c1  (23). 

 (26 ) -
 (26 )

. -
 (25) 

 x0, x1, y0, y1,
y2, y3, z0, z1, z2, z3. -

 si =  yi/y0  ti=zi/z0

s3+t3 = Z0/Y0 = b0/h,
s3t3 = c0/Y0= c0/h = g/h,

s1+t1 = Y1/Y0 = a0 – c1/c0 = 1,
                 t3s1+s3t1 = Z1/Y0 = (b1–4b0) = b0/h,          (28)

s2+t2 = Y2/Y0 + 2t1 – s1t1= 2 + 2t1 – s1t1,
t3s2 + t3s2 = Z2/Y0 = b2/h–2(Z1/Y0) = 0.

 (28)

s3 = 0,5{b0/h  [(b0/h)2 – 4g/h)0,5,
t3 = 0,5{b0/h – ( 1)[(b0/h)2 – 4g/h]0,5,

                  s1 = –t3/ ,   t1 = s3/ , = s3–t3 ,            (29)
s2 = s3[2(1+s1) – s1t1]/ ,
t2 = –t3[2(1+s1) – s1t1]/ .

, 
)

 (24) 

( / r+C/r)( 2/ r2+s1 /r r+s2/r2+s3
2/ z2)( 2w/ r2+

+t1 w/r r+t2w/r2+t3
2w/ z2) = 0.

 w 
, 

 u.
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 w -
-

 (2), , 
        u = –(r– d/c/c) [ rd/cQ(w)dr + F3(z)]dz + 3(r),   (30)

u  = –(r–d/c/c) rd/cQ(w)dr + F3(z),
u,r = –(1/c) Q(w)dz + (d/c2)(r–d/c–1)

[ rd/cQ(w)dr + F3(z)]dz + 3,r(r).
 F3(z) 3(r), -

.
 (2), -

   arb/aw = – {rb/a[u,r+(1–b/a)r–1u]+(b/a+ –1)2

rb/a–2udr+F4(z)}dz–g rb/au dr+ 4(r).     (31)
 F4(z) 4(r) – .

u  u,r  u ,
 (30) -

 w, 
-

.
-
-

-

, -
.
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