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Introduction

In the monograph [The characteristic Cauchy problem and its applications in
gas dynamics. Bautin SP], a theorem on the uniqueness of solutions of the
characteristic Cauchy problem was proved under the necessary conditions
for the solvability of this problem and the specification of additional
conditions.

Taking into account this proof, mn the book [Destructive atmospheric vortices:
theorems, calculations, experiments: monograph / S.P. Bautin, I.Yu. Krutova,
A.G. Obukhov, K.V. Bautin] considered the stationary case of the gas flow
problem in the bottom region of an ascending swirling flow.

This problem will be considered i the nonstationary case.



System of equalizations of gas dynamics n
the conditions of gravities and Coriolis
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t. o, z - iIndependent variables (@, z - cylindrical coordinates)

¢, u. v. w - sought after functions

a. b - coefficients for the account of acceleration of Coriolis

g - gravity



The initial and boundary conditions in the problem

under cnnsideratinn

c(t,r,p,2)|:=0 = colt, 7, ) 2)
{ ult,r,p, z)|.=0 = uo(l, 1, )
_{ Fff ;_L’jﬁ 2)|:=0 __ EEJ”“ ) - condition of gas flow through
L Wt 1,9, 2)l=0 = the horizontal plane z = 0
The Cauchy characteristic problem 1is obtained, where z =0 1s a contact

characteristic of multiplicity 2.

u(t, 7,9, 2)|r=r, = u°(t, 9, 2); 3)
v(t,r, 0, 2)|p=r,, =v°(t,0,2); rip =const >0
Therefore, we must specify two additional boundary conditions for

the construction of a unique solution when they are compatible
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Theorem 1. Problem (1), (2) is a characteristic Cauchy problem of the
standard form with data on the characteristic of multiply two which, in the case
of analyticity of all mput data, has a unique analytic solution when the
necessary conditions for the solvability of the characteristic Cauchy problem
are satisfied and two additional conditions are agreed with Initial conditions.

A constant radial inflow 1s considered when » =+, thatis,

Ufp=r, = s = const < 0

in

Ulp=p, =0
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Chart of flow, exposing gas-dynamic sense of problem

u(t,r, 9, 2)|r=r;, = win =const < 0; v(t,r, ¢, 2)|r=r,, =0



The decision of problem (1)-(4)
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u=| "
i
1
can be presented in a kind
EA FU(t.r, . z)
Ult,r, e, z) ZULH Q) 'k Uilt,r, ) = a.wk_#f_
~ 2=0

Where series 5 meets in some vinicity of point of M with coordinates

t=0,r=ry =gy 2= 2z, raed < g < 2.

It 1s necessary to define coefficients Uy, Uy, Us, Uy

s b

U= Uy(t,r) + Uy(t,r )+Umr@2+Uﬂrﬂ—

()



We put z = 0 m the SEGD, we take into account the initial conditions

( i — 1
Cot T+ UpCor T+ »_.-{ukh-l'leEu (um +—,!1+—*—+-1L')=U,
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oy + Ugttor + g, — o2 + (=) cocor = avo, 6)
1;!1,“ 2 ¢
Vgt + Uptpr + + L:h,: + W—#Cn; = —diy

l{q_z—”:‘?ﬂrrl = bug cos ¢ — bug sin g — g.
L fF—

We obtain from (6)
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v - necessary conditions for the

ey solvability of the characteristic
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We put ¢ = c(r); w = u(r); vo = wo(r). that is, they do not depend on ¢, and
we add the first equation from (6) taking into account the fact that we put w; = 0

. ~ — 1 _
Ci¢ + UpCoy + [—'2—}&'{1 ('ﬂnr + L;ﬂ) =1
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ugr + tptior — 5+ + ﬁﬂ[}ﬁﬂr = avy (8)
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\ v ] E’T _ 1:] ] g

In the future. the system will be solved numerically by the
method of characteristics.

co(P)|r=r., = 1; wg(r)|pmr,, = ttin = const < 0; v(r)|p=p, =0

After this, the coefficients ¢, are recovered from the second equation (7) in the form

c1 = e (t,r,0) = eplr) + ey (r) cos @ + ¢pa(r) sin @

(v=1) 1 (v —=1)uelr)
2 cglr)’ e ="b 2 cr)’

(v —1) vo(r)
2 ey ['if']'

10 = —4 e12 = —b
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The construction of the coefficients C.U,.V.W, of the power series

Eﬁ,Ef—Dh;n , are taken into account initial conditions and the first coefficients found

g (v —1) ity
C1¢ + upCry + ucgr + — 0t ‘ ‘1 (-uu,, + —) +
r 2 r
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From (9) it follows that

2 1 vp(r)
We = — — 2y + ugeye + wych(ry + 10+
e+ e + i) + e,
-1 . g lr =1 i Mo
+h ]f-'l luu{ﬂ‘f‘ fol J] + g ]E’n(f') (u-lr"'_ - 4 £
2 r 2 r T
(v-1)1 [ . 2 :a}
Co = — | by cos g — by sinw — o
2 5 o 1 ¥ 1 ¥ (v —1) 1

Then u,, v, 1s sought in the form

wy = uyg(t,r) + up (£, 7r) cos @ + w2 (t, r) sin @

vy = volt, ) +v11(f,7) cos @ + via(t, r) sin g

)
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Foru , v we obtain the system

21}[] 2 2
w0t + Upri1o + UpUipr — —Vio+ —lﬂnr"?m + r—lﬂﬂﬂll}r = Q' o,
r (v—1) (v—1)
Uy1g + Ugrtty + Ugtyyy + —Uy2 — v+ CorC11 + 7———=CoC11y = AV11;
r (v—1) (v—1)
p 21.-'[]. Z 2
Upzt + Ugrtiz + UpUi2y — — Ul — — V12 +7—=C0:C12 + 7——=CoC12, = AV12;
r ? (vy—1) (y—1)
U g
U1t + Vprtt1p + UgUior + ?”lu T ?“m = —a1o;
g Ug 2 g
U1l + voptigl + ugUy1y + —uin + Ui -I- U1z + — —C1p = —@]q;
- r G-
Un Uy Up 2 o .
Uzt + Vgpltyz + Ugly2y + — 12+ —U12 — — U1 — 7 €11 = —au)z.
r r r (v—=1)r

Then 1t will be solved numerically by the method of characteristics.
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General methodology:

1) SEGD 1s differentiated with respect to z k times;
2) assume z = 0, consider the form of all previous coefficients;
3)w,__ ., ¢ ., explicitly through the previous ones, and u . v from the system of

partial differential equations, in which the variables are partially separated;

R

||!|'
wp(t, 1, ) = up(t, r) + Z[ Ui(t,r) cos(ky) + Upi(t, r) sin(ky)]
=1

4) for u ., 1s a linear system with partial derivatives of hyperbolic type.
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Conclusion

1) A problem is formulated that has a meaningful gas dynamic meaning

2) The problem is considered in the case of t, 1, @, z
3) The solution 1s constructed in the form of infinite convergent series, the

method of partial separation of variables
4) Systems of hyperbolic equations for the coefficients of series in z* inclusive

5) In the future, calculations will be made
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Thank you for attention!
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Cucrema ypaBHeHHH 1151 HCKOMBIX usj, v3j, J = 0,1, ..., &
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u3pr + Uplzpy + Up,Uzpy + Sugpligy + Uiy, + —Uzgliyo,+
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+ Bwoptigg + —worting + —Wagltgy + —Wazlips + —wayling + C30Cor+

2 2 2 2 (v —1)
+ 0 CopCror + ; Ca1C11 + ’ C92C12p + 0 C10Co0r+
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uzy + uziug, + uguzy, + ugguyy, + 3uguyg, + uggiyy, + —Uggliga,t+

2 2
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+3urpu2ry + 3ur1t0, + U1 U3 + ZU12U24r + —V2pU L2 + ——V23U12 — —V24U11+
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Uz + UzaUr + Uz, + Sy, + Sutiig, — Euzaum + §HQ4H11-;-+
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2 2r 2r r 2r 2r r
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T T T T 2 2
1 1 3 3 2
——WasU12+ W31 +3Wnlz4+3wWston+ w1 U2+ —We2U21+ C34Cor+
2 2 2 2 ('}* — l)
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0C34r 24C10r 21C12r 22C11r
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U35t + U35U0r + UOUSE, + SU23UL L — ZU24UL Y-+ —ULTU23 — ZUL2U4, +

2 2 2 2 o V23t
3 3 2
—Uo4ll11 + =V U2+ —V12U23+ —VpUzs — —V11V23 + —V12V24 — —VgUs35 + W35+
2r r r r r r r
+£w u —lw u +§w u —§w u +§w u —§w u +Lc' Coprt
9 33U11 5 34U 9 21U23 5 22U24 5 23U21 9 24U22 (,}; _1) 35C0r
+ 2 + ’ ’ +
3 C0C35r T T C23C11y — T C24C12p
(v—1) (v—1) (v—1)
+ 3 11 3 19 auv !
‘11C23y 12C24p — QU35 — —OWW33,
(v —1) (v—1) 2
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3 3 U

uz6t + uzeUor + Uouzer + SU2sV12r + 5 U240ty + 5120247 + 5 U12023r + . +
3 3 3 3 1 3 3
+—uUg3Uy1 + ——UgU |+ Uy Vg + —U 2U93 + —UGU3e — U3V + ——UU12—
2r 2r 2r 2r r 2r 2r
3 3
——U11V23+ —Va4U19 — —VU3500+W3aU 0+ s Wa3Vo+ W34V + S WagVi2+ WU —
r r r 2 2 2 2
6 6 6 1
—7ii23£i11 + 7£i24fi12 - 7C535f1} = —auss + Ebw:m;
(v = 1)1 (v =1)r (y = 1)r
s + Untian. = Wastly;  Waelo N Sw . Sw . 1 _
37t oU3Tr = — - — —Wagllag — —Waoqllay — —0W3;
2 2 2 2 2 ’
wa5U12 w11 3 3 1
w3ge + uplagy = 5 + > + 5“}23@4 + §w24t£23 3 36+
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U3 + UV, + UzpVpy + SUggU10r + U101, + ZU22V12, + UiV, + 5“111'2 1+

2 2
uzovy 3 3 3
+ —uy9U29, + + —uoyUyg + U9V + —UeU12 + —U V2 + —U V21
2 r r 2r 2r r 2r
uplyy 3 3 3 2
+ —u12v922 + + —U21U12 — U0Vl + ——U11U22 — —VU12021 + WU+
2r r 2r 2r 2r 2r
1 3
+—w31v1 + —wsaavy + 3wy + —wo vy + Wl + —————Co1C12—
2 2 2 2 (v — )r

3 3 3 1
_WEQQC“ + mituﬂgg + WE:HEQL = —aUsg + Ebﬂ?gg;
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V31t + Wov31r + U31Vor + U2V + Su1V10r + U3V + ZU24V12, 3U0V21

2 2
3 uz vy 3
+ou 1V, + U V23 + ZU2V24 + + —ugvy1 + —u9 Uy + —uzv+
2 2 r r r 2r
3 3 3 3 3 uptva 3
—24U12 + —U10U21 + —UL1V20 11v23 + —u12024 — 20012
+—u4v12 + —uUv21 + —UIV20 + ——UIV23 + ——U12U24 + + —vagv12+
2r r r 2r 2r r r
3 3 3 3 3 1
+—U93U19 — —Ua4¥11 + —VgU22 + —V11V4 — —V1oUag + —U320) + w1+
2r 2r r r r T
1 3
+§w33v“ + Ew:ﬂt’m + wsv1g + 3waevn + 3w vy + ﬁwz:ﬁf’u + szﬂflz‘l'
P ’ P +
T Ca0C12 23012 — T (24C11 T+ ;7 C1pC22
(y—=Dr (v =1r (v —=1)r (y=1r
6 6 2 1
+————C11Cyy — ———C12C93 — ———C32¢y) = —aug + rbw:m
(y =1r (y =1r (y =1r 2

25



3 3
— 23012, + —U24U11, + St10U22,+

U391 + Upvge, + uzaty, + 3o, + Su20U19, — 5 >
3 Uy 3
+3u19U90, + U V24 — U223, + + —ugpUyg + —UgUyy + —UxU —
2 2 r r r 2r
3 3 3 3 Upts2 3
——Uo3V12 + + —UgUa2 + —U 2V + U1 V24 — —U12VU23 + — —U9pU11+
2r r r 2r 2r r
3 3 3 3 3 Vgt
+ ——U23VU11 + —U24V12 — —U1pV21 + —V12V23 — —U24V12 — +wszpv12 +wsav10+
2r 2r r r r r
3 3 6

1 1
+ w34V — - W33+ 3wV 2+ 3waati g — iwzgt'm-l- Eiﬂy U1 — Wc:mc:u +

2 2

+—3 CoaC11 + —3 A€ —6 C10C —6 C11€
23C11 24C12 — 10c21 — '11C23 —
(v =T)r (= Dr (= Dr (= Dr
6] 2 1
——————C2Cyy — ————C31C) = —augs + bwyy — =bwss;
(=Dr (=Dr 2
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U331 + UgUs3, + Us3Vg, + U3V, + Euﬂvllr — Eﬂzzt’mf + Jugvas, + Euut‘zn-—
3 3 3 3 33U 3

——U12U22r + —U23V1) + —U21V11 — ——U22V12 + —(— + —Upv2 + —U1U2 —
2 r 2r 2r 2 r 2r

uyvss | 3
——1U19U29 + + —v91v19 + —vaavU + —UU + —U11 V3 + —V12U21+
2r r 2r 2r r 2r 2r

21‘34 () 1 3
—W3 V1] — —W3a¥12H W33V 19+ W35V + -WagU2+3Wasvip+ sz 1U11—

r 2 2 2 2
Sw v +—3 Co1C1o+ 3 CaoC11+ 12 C1nCos+ 3 C11Coo+
— S W12 NC12T 77— 01T/ Clof4T 77—~ C11C22
. (y—=1r (y = Dr (y—Dr (y—Dr
3 4 1 1
—C192C — ) = — —bw,——bw :
+(’}’ — 1)r£12£21 + (5 — l)rizuf{} auss + 5 W36 — 5 0W32;
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3 3
U4t + UgUs4ay + U4V, + SUag V1, + Euzlt’m + Eﬂzzt’uw- + Buygvag, + Eﬂut’zzw-‘l‘

g4 3 3 3
+ w2021, + + —u24U1) + —u1v12 + —U2U1 + —ULpU24 T ;
2 r r 2r 2r r 2r
Upt34 3 3 6 3 3
+ —uov91 + — —U9 V11 + ——U9U12 — —V1U23 — —U11V21 + —V12V22—
2r r 2r 2r r 2r 2r

2 1 1 1 1

1
—;1'331’{} + 51”311'12 + Ew:ﬂl’u + 5“*‘34“1{} — Ewllﬁvl‘z + 5 36U11 + 3wy U+

3 3

+§w211'12 + szzvu — mimﬂu + Wﬁzziu—

12 C1nC C11Co1 + C19C
T oy Cl0C23 — — o C11€21 - C12029—
(y = 1r (v = D)r (v = 1)r

4 1 1
eaacp = —atiag + —bway — —bwas:
(5 = 1)rf33f{} aug4 + 5 0Ws1 — 5 0Wss;

u11v22+
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3 3 3 3
U35t + Uy Vg5, + Ugs Vg + U230 1 — U4V 2 + U1 V23 — —U2V24p + — V11 U23 —
2 2 2 2 2r
3 3 3
—Ualg4 + —U Va3 + —— UV + —Vguzs + ——U12Ua3 + V11U + —UU35+
2r 2r 2r r 2r 2r r
1 1 3
+ —v11v24 + —U12V23 + —U36V0 + W35V + SW33V11 — DW34V12 + ZwWa3v11 —
r r r 2 2 2
— WU g + ————C93C12 — ————C24C1] + ————C11C4+
2 (v =1)r (y=Dr (y =1Dr
3 6 1
+ ————C12023 + ———<—C36c0 = avzs — zbwss;
(y=1r (v —=Dr 2
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U3t + UgzeUor +UQUSGr + U230 12 + U241 + U2V + U 2U3 — —VogUy 1+
2 2 2 2 2r
3 3 3 3 3 3 2
+ —voqlly9 — —Vy U3 + —U12Uay — —Uglzy — —U1V24 + —V12U93 — —UyUss+
2r r 2r r r r r
1 1 3 3 3
+wseu1o + swWazu2 + w1l + Wty + w3 + Wzt + —woqlal+
2 2 2 2 2 2
T T P ’ +
< C36C0r T 7 C0C36r T T C23C12p — 77— C24C11p
(v —1) (v —1) (v - 1) (vy—-1)
3 3 1
+——C11C2y — ———C12Co3, = QU3 — ‘—bwm,
(v - 1) (vy-1) 2
1 1 1
Vg7 + UgUg7 = W35V — -W3pU12 — rbw:m;
2 2 2
1 1 1
U3st + U)U3gr = Ew:ﬁm + Ewaﬁvu D) 35
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[TocTpoenne ko3 ULHEHTOB €3, U2, V2, w3 CTENIEHHOTO PSAA

, z =0, yYUThIBAIOTCSA HAUaJbHbIE YCJIOBUSA U HAWAEHHBIE NEPBble KO3 (UM HT bl

CVI
iz

cat + uacy, + 2uicy, + upea + —(vaco, + 2vic1, + voca,) + wacy +
-

(7—1)( up

+— ?m+—+—ﬂ+ﬁ—WMW+—+ .+ ws) +

R l 1 )
+(’}‘—)(:{}(u21. + u2 + V2o + w;;) = 0;
2 r r
U9 Z'U Uy
uzy + ugug, + 2uiuy, + woug, + _uihp + —uip + T—_Hz-p —

0 2uyvy
S 0 + wott] + 2?_."_.?11112 + Wyt g + (10)
r r

9 . 4 . 9
—C2C)p —C1C1p _—
(v —1) (v - 1) (v - 1)

‘ uaty WUy UpUa
Vg + Ugly, + 2U101, + U, + + 2 +

+ cpCar = avy — bwsy cos ©;

r r

U2 (0] .
+I—U{}g + Z—UL,a + V20 + wavy + 2wive + wovg +

2 o 4 ¢ 2 o :
+— et ————— €+ ————— ¢y, = —auy + bwsy sin ;
e e e e O
1 2
ugWay + VW2 +

: ——(3ei1c2 + cpes) = bug cos p — bugsin .
2 (w—lﬁ )
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M3 (10) cnenyet

2 1
wyg = — o1 (cop+uacy,+ 2uycq, Hugco.+ ;(vgc:{hp+2vlc:1 p+vpca,)+wacy +
—1 u u1 + U1 varphi
+A'r 5 ca(uor + i+ —) + (v = 1er(way + 1 ]: arphi 4 wa)+
— Uy Uy,
_I_'} S co(ug, + r—z + ?))

—1 0Wo,

Cy = § ‘ )L bus cos p — buy sin o — ugws, — e 1o
2 o r (v = 1)

C yuetom BHJA YK€ HAHJEHHBLIX KOI(PMUILHEHTOB UCKOMbIE (PYHKLMH U2 U U2
[MpeICTaB/IsAIOTCS B BUIE:

Uy = U9 + U1 COS Y + Uy SIN Y + Ugg COS 20 + Ugy SIN 20

U2 = o + V21 COS © + Va1 SIN © + V23 cOS 20 + Voq SIN 20
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[TocTpoeHne Ko3hDULMEHTOB ¢4, us, V. W4 CTENIEHHOTO PsijIA
¥ AL

3
a—j—%grﬂ 2=, YHHUTLIBAIOTCH Ha4dJIbHDLIC YCJTOBHH H HEIH,UJEHH]::]E [NepPBLIC KDBEIDEIJHLLHEHT]‘J]
309 3v1 Uo i
C3¢ + U3Cor + 3UC1y + UL Cop + U3y + —fL,, + —r:*gu,, + — 3, + W31 + 3WaCs
r r r
v—1 i v—1 Uy Uiy v — Uy Vo
+———c3(uor + - )+3 —co(u, +—+—)+3 c1(ugy +——+—")
2 2 r r 2 r r
~—1 uz U3
+’9 (1¢3r+—+ ”9+1L‘)—0j
2 r
U3 + Uzl + Uiy, + 3Uqls, + Ugls,
3 U9 3v 1 Up 6 2
(o U, + —U3, — —V1Uy — —UgU3 + W3ty + 3walla+
r T: T: T: _?{1.
2 .
+ﬁ_—(c:3f:g.,,. + 3cocy, + 3cqc9, + cocsy) = avy — bws sin @;
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‘ i UsVy  SUgU;  3UVy Ul
U + UV, + Uy, + 3U Vs, + Ugls, + - + + -

- , ,
3'1-‘2 3'1-‘1 Up . § C9
+ (P 4 — U9, -+ — U3y, + wyvy + 3"&-‘21}1 —+ Clp—l—
r r r (v—=1)r
6 1 2 &y .
+ Cop + 3, = —auz + bws sin
( v — 1) r [,-}_,. . 1) r
(11)
‘ 31 Vg
w3t + 3ugway + UpW3y + ——Wap + — W3, +
- r
203{?1 § 6
+3wow?2 + - Coco + c103+
y—1 ~v-1 v —1
2
+— T CoCy = bus cos ¢ — buz sin ;
|'|l o
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HMa(11) cneayer

2 Jv9
wy = — c3¢ + u3Cyy + 3uacy, + 3ULCo + UPC3y + ——Clpt
-

("‘f’ — 1)6‘0

3'1-‘1 Up
25 + T—‘f’jg@ + wscy + 3woco+

U ~ — 1 U
—I—J—)Cg('u{]r + —U) + 3u€2('&-1?~ + ?1 +

2 1 2
y — 1 s Vo, v —1 Uz U3y
—)CI(UQT —|— ? —I— . —I— 'U_Fg) —|— %C{j('ﬂg? _|_ - —I_ - )
3v1

Y — ]_ .
Cqp = % b-u.g COS Y — b’i_?g SIN (0 — W3¢ — 3'1.-:1"&-‘%- — 3'14'1[}"3-1"3?" -
0

_|_

r
U1 -
r

+ w9)+

Wo,—

Yo \ y 6 6
—— W3, — WUy — —————(C9C1 — ————— (99 — ——— (1 C
. w3 oo ({_}; — 1)L’3C’1 ("}" — 1)£2C2 (,-\f..- 1)!?1{3

!
Tenepnb us, v3 uLyTCsA B BUAE

U3 = Ugp+usg Cos P+ugoSin -+1ugg cos 2+ugy sin 2p+ug5 cos 3p+uggsin 3

U3 = v+ 031 COS -+ 139 SN P+ V33 cos 20+ V34 SiN 20+ V35 cOS Jp+ V36810 3
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Cucrema ypaBHeHHH 1711 HCKOMBbIX u2j, v2j, 7 = 0,1, ..., 4:

u20t + Uprt20 + UL + U2UI2 + UpU0r + —VIIUI2—

T
1 1, 1, 2
——U12U11 — V1) + —U7y — —UyU+
T T r r

4
+ Zwo ) + SWwagllyp + ———CprCop + < CroCiort
2 2 (y—1) (v—1)

+ 2 + 2 + 2 1bw
—Cl11C11y T 7/ C12C12p T 77— CC20r = AV2) — Z0W21;
(v —1) (y—=1) (v —1) 2

1 2
oy + g, + UplUag, + ;1’{}1!522 — ;1’{}1‘21 + waopti1+

2
+——ppCo1 + —————C10C11r + ————C11C1L0r+
(v =1 (v—=1) (v—=1)
2
+ ————cpea1, = avy — bwgy;
(v —1)
1 2

Uagy + UpyUao + Ugliog, — ;E‘num — T—_t‘nt‘zz + woptt 12+
2

+——CorC22 + CcpC22r ) + ——— (C10C12¢ + C12C10 ) = QU22;
(T—U( ) (w—U( )
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Ugg + Ugptioy + U Uy — Urglyoy + Uglog, + T—_Uuum + T—_Ulzuu + T__U{}UE:I_

1, 1, 2 . n
——Uy1 — FVU]p — —UgU23 + W] — ZW22U12
SV T 5V T 9 2

2 2 2
+——=CorC23 + < C11C11r — 77—~ C12C12r T
(v=1) (v—1) (v —1)
2 1
+———<CoCa3y = AUz — Fbway;
(vy—1) 2
1

U244 + UppU24 + W1LUL2, + U2ULL + UpU24, — r—_UuHu+

1 2 2 2
+—v1ati1g — —Uplag — —U V12 — —VyUa4+
T T T T

1 1
+ w12 + swarun +

————¢prCaqs + ———cr1c1o+
2 2 (v—1) (v—1)
2 2 L
+———C12C11; + ———=C0Cagr = AV — bway;
(v-1) (v-1) :
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Vo + Voptiag + U212, + U, + ;U{}Uzn‘l‘

1 1 1 1 1
+—up1vn + —u12v12 + —upvy + —v11v12 — —U12U1+
T T T T T
1 2 1 1
+E (warv11 + waavy2) + ﬂ (cr1€12 — €12011) = —augy + 25’”&?22,

U1y + Ugptt) + UgvUay, + T—_U{}HEL + T—_U{}Uzrl‘

“+ —vgtaa + Wwoptiy1 + 4 1cc+ 2 lcc au
—Upta2 20U11 -~ €112 T 1y . Cot2 = —aua,
r (v—=1r (y=1)r

1

V29¢ + Vgrtaa + UgU22y + ;U{}sz + ;Hnt‘zz — ;t'nt’21+

4 1 2 1 b
—C10C11 — —CpC21 = —auU22 2003
(y—1)r (v=1)r

U923t + UnrU23 + U1V — U2U12r + UGU23+
1 1 1
+ —vgtiey + —up v — —U2U12 + —UgUg + —U11 V2t
T T T T T
2 1 1 2
+—v19vU11 + —UgU24 + W U] — Wl + ———
r r 2 2 ( — l)

2 1 4 1 1

+———C12011 + < —C0C24 = —aug3 — zbwmy;
(v=1)r (v—=1)r 2

‘w1z —

—C11C12+
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Voq + Upra4 + Un1U12y + w2011+
+ugvay, + ;U{}Hm + ;Hut’m + ;Hmt’u + ;Uut’y—

1, 1, 2 1 1
v + ~Ul2 o2 + 5 W21v12 + g Wnv11—

2 1, 2 1, 4 1

1
—C]] + 5 —Cls — ——— —C0C23 = —aQu24 + zbway;
(y=Dr = (y=1r (y=1r 2

YpaBHEeHUS 151 Uy j, Vg, § = 0,1,...,4 MOXKHO 3anMCaTb B TAKOM BH/JE:

Ugjr + Uplgjr = Fyaj Voj + upvey = Fyayy 7 =10,1,...,4
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