O mMoagenun BA3KOYnpyroro wapa B
3agavyax HebecHOM MexaHUKu

LHaTtmnHa A.B.



aBonouna ABUWXEHUA BA3SKOYINPYIoro WwAPA B LULEHTPAJIbHOM HBIOTOHOBCKOM MNOJIE CUJ

£ . & Ry, (r,0) = R() + T(0)(r +u(r, 1)) (1)
1
\ & RO =R, (.0 pdx.
Gy M m ” (2)
R, /% X1 ¢ ju(r,t)p dx = O,Jrot updx =0, dx = dx;dx,dx,
V
PyHKLMOHaN NoTeHUManbLHOW aHeprum ynpyrux gedopmauunm
R S Elu]= jal(lé —a,llg)dx, a;>0, 0<a,<3 (3)
4
_ .. _ Ed-v) ~2(1-2v)
V=il <n) al_2(1+v)(1—2v)’ R
0, Y 3
1| Ou; Ou;
Pwo”o B <<1,6=E" 1 Ig= 2 & lg :Z(e”eﬂ =4 ¢ :E[a;ll. " (;JJ
X i=1 i<j J !
D ) ;(E[ ] ANCCUNaTUBHBIN PYHKLIMOHAN

IRMpdx— j[F_1R+m><(r+u)+u] odx, mx()=I" TC) (4)

_7/"' \/ R+ F(r + u)) )



X3

= NMEPEMEHHBIE AHOQYAUE |, 1), |5, 94, 05, 04

szoxépdx o=I(r+u)

I, = _IK (15 - 11 sing,,+ 15 — I cosg;, 1)
cosél 00852——1
___________ - 12 I
I'= r3 (3 )5(6 )05 (0, )0 (8, )5 (1)
Cf)S¢k —sing;, 0 1 0 | k=1.2.3,
(@, )=|sing, cosp, O ,F1(5j)= 0 coso; —sinog; |, 19
0 0 1 0 sind; coso; JThe
NMEPEMEHHbIE OEJIOHE L, G, H, I, g, h
=|G|,L=+/ym*a,H = G cosi R
2 3
L2 _7m__rm (DT3(g +9)| 0
2 R
G2 0

- ym*(1+ ecos 9)

G? e+ cos 9 .
=,/l——, cosw= ,[=w—esinw
L l+ecosd




|

PYHKUUNOHAIT PAYCA
R = R[II;IZ)I:S)L:G)H?¢19¢2’¢3’l’g’h’ﬁ’u]:
y'm’ 11 :

=— +—=——(k, 1pdx) ———(J JK) +
YR lrxup 0 -5 Uk
+ % J' [(r,u) 3T 'Ry, r)T 'Ry, u) jodx +Elu]+ R™. (6)
4
Jl[u]k=j(rx[kxu]+ux[er])pdx, k="K
v 1
F_lRo =153(=@)11 (=03 (=9I (=013 (7 — @)1 (DI5(g +F)| 0
ypaBHeHVIFI ABUXEeHUA: 0
iR R R . R
k — ~ — T T, ) — A7 °
0Py ol 0 oh
7
R UR G RE LRy O
e el 0G oH "

d

dt v

_ —VuR + VuR + VuD + .]11,511) + j(ﬂz,rot5u)dx =0, Voue (WZI(V))3 (8)
4



IBONIOUNOHHbLIE YPABHEHUA OBUXEHUA

- 2 -
fl = —Aa)j (1 — ez) /2 coS 52{1 +2Z F(e)w, —zF,(e)w, (1 — ez) 3/2}

A

. o (] -3/2
]2:_ij(1_e2) : 1+2Z }71(6)@2—2}7'2(8)0)4(1—82) /}

. 5 3/2
I —Aa)g1 (1 — ez) / %(z cosi +coso, ) Fi(e)w, —cosiF,(e)w, (1 - ezy l }

A

\

L=Aw) (1 & T6 {ZFz @, — e, (1 - )_3/2}

: 4( 2T9/2 ( 2}3/2
G=Aws\l-e zF(e)w, — Fy(e)ay\l —e (9)
7 2 3
105(5v +7) L A I, 1
2 2 g2
cosi=H/G, z:cos(51+i)=G0 G ]2, ezzl—Gz/L2

21,G

31 255 185 25
Fl(e)=1+3ez+§e4, Fz(e)=1+1—582+£e4+ie6, F3(e):1+—ez+—e4+—e6+—e8
8 2 8 16 2 8 16 64
IL(t) L0 . :
1( ) = 1( ), ]3 +H:GO, GSlnl:1281n51 (10)
1) 1,(0)




CranuoHapHOE pelieHue: € = 0,i=0, 51 =0, Wy = Wy

4 4
1) G, <§‘{/3Ay2m3 2) G, =§‘\‘/3A7/2m3 3) G, > 5‘\‘/3/17/21%3
Hem cmauyuoHapHbIX 00HO cmauuoHapHoe d8a cmauyUuoHapHbIX
peweHuu pewerue (R, =/1,27y) peweHusi (R <R, <R,)
di A 4 2 Y9/2 : :
—=———w,\l—e Fi(e)w, sin(o; + i
o= alli=¢ ] F©asing +i
. Aa)4 sin(5 -I—i){Z 2.3/2
o =242 (1—e2) 2 F(e) - oy F (e)
1 [2 (1 B 82)6 b 2 1 4+ 2

4 2 4 6 2 4 )
b Aea)42 np 1+15€ +15€ +Se a)4—ﬂ 1+3e L€ (1_82)3/ 2,
G(l-e") 4 8 64 2 2 8



—— — e —— —— —

[+G:GO

(a): [=Gy—L (e=0)

(b):1 =

A}/zm3
73

(0, = wy)

(¢): I=Gy—+/0,9559L (e=0.21)




3BONKOUUA OBUWXXEHUA OBOUHOWU NNAHETbI

D . :

m L pR2+ LR+

R, 2 2

1
+EI{[mx(r +u)]2 + 2(mx (r +u),l'1)+l°12}pdx
¥
X

R, <<R, m, = Hm , m=ge;, e;=(0,0,1)
p<<m<<l1 m+ u

_— fu Jpdx

\/(Rl + m(m + ,u)_le)z } i \/(Rl — ,u(m + ,u)_le + F(r + u))2

M pdx +Eu E
g'[\/(—Rz+F(l‘+“))2 Dlil= 2Bl




9BOSIIOLUUOHHAA cUCTeMa ypaBHEHUU OBUXKEHUS:

: Ak ~
12 3
Al Al

~ KA ~
AZ AZ

(12)

Ay =-18syp* Dy () — 3)
2 4
A, =-18e2p°D, 2 (0, - w3)
(m + p1)
(11)
Ay A
Ry = . R, 2 Jo=fm+u
f(m+ u)? fom;
S’ fom o T
2 Agi > W2 A32 > Y3 y

A=18syp”D, f2(m+ u)'* A

N 4/3 K2
Ay = (m . ﬂ) Ay, Ry = = 5/3
pm S (m+ )
H __ um
XK= , n= )
m(m+ p)*"> (m+ p)*>

k= Af*(m+ p)’






1.90 o

1.74

3emnsg-JlyHa

na) (R,

~

1.58 /

\ ,(0) | A;00)
7,(0)=27,32 cyr

=1,476

1.42

1.71

1.69

1.66

1.64

1.61

1.59

1.56

1.53

1.51

1.48

Ay

3.508 3.508+2:107

3.508+4-107 a -

030 ===7

.-F"-'-F
— -
I

A

A

3.508

3.5080012 3.5080024




Hedopmanuu BA3KOYNPYIod IJIAHETHI, BbI3bIBA€MbIe 10JIeM
rPAaBUTALMOHHBIX CHJI M CHJI HHEPIUHA

u=2au; =&y +uy+upy— ylpy + 30 — l3)

2
u,= gpa)z[dlrz +dyrg Ir

u, = p{ al[é 0’ r* — %(m, r)z}r + (a2r2 + a3r02 )[% w’r — (1, r)m}}

Ujpg = — Sp/m, { a{l,ﬂ — %(02,1‘)2 }1’ + (az’”z + a3’”02)B1‘ - (02,1')02}}

R 6

3pfm;, [12 1 2} 2 2[1 }
Upzg=——521% | =1 ——(0.,Y)° |[r+(ar” +axry) —r —(0;,r)o
130 Qf{16 2(1) (a; 30)3 (0,1)0,

0,=I'"'Q,/0,, 0,=T"'R,/R,, Q,=0D, R, =DF

a,=a;(v),d; =d;(v),j=123,i=12



O NOCTYNATEJNIbHO-BPALLATEJIbHOM ABUXEHUA
BA3KOYMNMPYIrOn NNAHETbI B FrPABUTALMOHHOM MOJIE
NMPUTATMBAIOLLEIO LUEHTPA U CITYTHUKA

Z!
1 ﬂ) YpaBHeHUe MOBEPXHOCTH BPAIIAKIIEHCS TVIAHEThI:
Sa) =7p€, T &uy (rOer 9t) Téuy (r()er 9t)
o ,r’#‘ ) ) Sa) =ae, _IB(ea)9er)2er _7/(ewﬂer)ea)
0 2 2
D / 8—v-—5v 1+v (1+v)
Yook = Jky =——, ky = a>>y>
. TS e7) T e T s @R
-0.5 S e V' =asin@— Bsinfcos’ @, z'=acosd— Lcos’ O —ycosd
0<0<L2r
Voo — Vs 3ma)2(1+v)(2+v)
-1 . — max min —
P 05 0 05 ) KoadbduumeHT cxatma: K . 47E(5y + 7)GC
a=1,5=02,7=0.26
’ Fmax = (1 + gpa)erzkl)rO’ Fmin = 'max — gpa)zrg(lﬁ +k3)
v |ECH /[ a®)|euyl,,, ()
Frnax = 0378160 m, 7, =6356775 m, Kk =1/298.25
02| 1,17-10"] 0,699 p=3m/ami, ©=7292-10" ¢!, m=5976-10* xz
0,25/ 121-10'"| 0,697 £=6,67-10"" 33 /ke-c2, R, =3,844-10°u, Q; =149,6-10" u
3 finm, (1+v)2+v)
10| 0,694 eu =
0,3 | L25 10 ‘ 120‘max 27Z'ER§ (51/ + 7)
3
‘wIZO‘maX — m2Ql ~2.193
30| M3RS



NYBINUKALUWU MO AOKNAAQY

1) WaTtmnHa A.B. 3Bonoums ABMKEHUS BA3KOYNPYroro wapa B LeHTparnbHOM HbI0TOHOBCKOM none cun // Kocmudeckue
nccneposaHud, 2001, 1.39, Ne3, ¢.303-315.

2) Bunbke B,I"., WaTtuna A.B. OBontouunsa asmxkeHna sonHon nnaHetol // Kocmudeckue ncenegosanugd, 2001, 1.39,
Ne3, c. 316-323.

3) Bunbke B.I'., llaTtuHa A.B. O noctynatenbHo-BpawaTenbHOM OBUXEHUM BA3KOYNPYroro wapa B rpasutauMOHHOM
nosie NpuTarMeatoLLero LeHTpa un cnytHuka // Kocmudeckne nccnegosanugd, 2004, 1. 42, Ne1, ¢ 95-106.






