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Based on the methods of asymptotic integration in the case when the decentering force is orthogonal to the sensitivity
axis, the fast centering of the spherical hydrodynamic suspension at large values of the oscillatory Reynolds number
is shown. It is shown that, up to the constant factor, the asymptotics of the dependence of the relative eccentricity on
the oscillatory Reynolds number is similar to the results obtained earlier for cylindrical hydrodynamic suspension.
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High-load float gyroscopes are widely used elements of the control system of moving objects. In turn,
spherical hydrodynamic suspension is a sensitive element of a number of float gyroscopes [1]. The stability
on the mobile equilibrium curve of a weakly loaded spherical suspension at low oscillatory Reynolds
numbers was studied earlier [1]. Cylindrical hydrodynamic suspension is quickly centered with increasing
oscillatory Reynolds number [2]. Experimental data [1] confirm this effect for spherical hydrodynamic sus-
pension. The influence of Coriolis forces of inertia on the dynamics of viscous incompressible fluid increases
significantly with increasing oscillatory Reynolds numbers [3-9]. Nonlinear effects can destabilize the
Couette flow in the layers between rotating spheres [10-14], but this is true when their angular velocities are
significantly different. The aim of this work is to simulate the centering effect of a spherical hydrodynamic
suspension based on the asymptotic integration of the reduced Navier-Stokes equations for the isothermal
flow of a viscous incompressible fluid in a rotating support layer.

1. Mathematical model

We assume that the sensitivity axis coincides with the Oz axis of the Ozyz coordinate system, the
origin of which is in the center of mass of the inner sphere, and all the decentering forces lie in the Oxy
plane. In disregard of some terms of the order of the square of the small relative thickness of the spherical
layer (which is justified in [2]) and the small compressibility of the liquid, the equations of equilibrium of the
suspension in dimensionless variables follow from [15] and take the form

™(py /o= D(g —ay) + 2 [sin0d0 [ de(Bo'h " (9, /ax)\mzo e, —p,_,e)=0,

z=0 T

S7BQ+ [ sin® 9dD [; (Ov, / Ox) \ de /h=0, h=8"[[1+B)?+8((u-e) —u’)*~1-u-e,

v=_0uve +uve +ue, v = m(l +8ha) " v VOh — (1 + Bhz) > I V. (h(1 4 Bha)v)dz
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Ory] = v :hf0 (1+Bha)(vie, +v e )dx—l(l%—th)Qﬂl(O) X u,
Oh ov 8 ) V0O (2 4 o2
Flv T—0 —_— h Wd —xWV v v—(1- hx S(vs +v0)] —
V=15t ]ax - [f ] By~ (L= R I +02)

— (e, x V)V (e x V)] + B[VIN(VIY . v) —e x VIV (e xv))]/ 0.
Here u = (ur,uy,O) and €) are dimensionless displacement of the center of the inner sphere relative to

the outer one and the difference of their angular velocities (sliding); A is the variable thickness of the sup-
port layer, h(m—19,¢)=h(0,¢); x=¢€/h€][0,1] is a dimensionless deformed radial coordinate; ¥, ¢

are the angular coordinates of a point on a spherical surface; e, = (sin® cos,sin 0 sin g, cos0)"

e, = (cosV cosp,cosV sin g, —sin ﬂ)T, e, = (—siny,cos p, O)T are the unit vectors of a spherical coordi-

0
nate system; p,, p are the reduced density of the inner sphere and the density of the supporting layer, p is

the dimensionless pressure, p(t—1)= p(d); v, v v, are dimensionless radial and tangential compo-

,O i)
nents of fluid velocity, vw(z:,w —0,p) = vw(z, 0,9) s vy (@, 7 —0,0) = —v,(z,9,¢); 0 <8 <1 isasmall
relative thickness of the supporting layer [2]; o is the oscillatory Reynolds number [2]; ~ characterizes the
loading of the suspension; g = (0,—1,0)", a, = (aOz,aOy,O)T are dimensionless vectors of free fall accele-
ration and overloads; Qfo) = (0,0,1)" . The spherical components of vector analysis operations, their ana-

logues and the averaging operation act on the scalar field f and the vector field F = Fe + F.e, + F e,

999
as follows
VO f = e,0f /00 + e, sin™ 00f / g, V- F = sin" O[A(F, sin 0)/ &) + OF, / D), o
Ve f =V f —ah ™ (VOR)Of J 0z, VOO F =V . F—ah VO OF [0z, (f) = [ 1+ Ba)fdz.
2. Case of infinitely small thickness of the supporting layer
When (3 = 0, the nonlinear boundary value problem (1) is simplified:
(f)= o fdesh=1—uev=uve, +vep=ply) [ def sin0v, /0w  do/h=0,
™(py /p—1)(g—a,) —% 02 dkpfo sinVddpe =0, dv /Jz = —hV) v +2Vh- oy / Oz,
82 a 82/11 8U
O LT T, cosd +F,[v]=0, — L op 1 %% ? 20, cos0+ (3)
00 oh? 9z’ (o ’ ' sind d¢  gh? 9z? I '
+F,[v]=0; Ve (hv) — %Qfo) xu)=0; Ul g =Vyl,_g = Vo, =V|,_, =0, Vg|,_, =—Osind,
oh 3+l s +
F[v]:l[:z:——v ]8v —e, xv|V¥. (e, xv)—zer x@-vwh gl + v h 0 % U
hl O¢ Oz h oz 2 h 81; 2
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The oscillatory Reynolds number o is proportional to the first degree of the dimensional angular ve-
locity of the outer sphere, and the parameter ~ is inversely proportional to its second degree. Consequently,

the solution of the nonlinear problem (3) is sought in the form of an asymptotic series

(W, Q20,,0,,0,,9) = VER20 (0, 20, 0, v, 0, <L 0= 0(). (4)

Here u,,0, Uy 2 Uy, 2 Vg, Py are the solution of a linear boundary value problem

=0 - 0, (5)

mp, /p—1)(g—a,)— iff "de [sin dddpe =0, JiT e [ sin® 9d0 (v, / Ox)

8vr /3:5 = —V(s) "V, p= p(l% gp)’ V(9) H(v) = %Sin{)[(uoy + iuow)ew + (u(]y _ Z,uoz)e_w]’

dp 10%, 0 1 9p 1%, Ov
SR 280 T 9y cos0 =0, ——— L4229y cosd =0, 6)
oV o Iz o) sin® dp o Iz o0

The solution of the linear boundary value problem (6) has the form

pmwz%wwﬂw%H%M%W@+%fmmﬂ%%m(Wzom, -
vr,'l‘),'\p ((E, ﬂv @) QOU7 0 @(1‘7 ﬂ) + (UOy + inx)e 7 0 gp(x ﬁ) (UOy - inx)e_i¢U£-;3,@(xa @)

o\ 1 9 9 (© op 1 9%
L =— — (v’ sin¥), — (sin Y o 0, — 4= +2v(0)cosﬂ:0,

o S0 90 T < ! >) 90 o 9z’ ! (8)

0_1321)500) /83:2 —2v cosV = 0; ), — = Ugo) N 0, vfpo) o = —sin 0, U.E,O) = Ufpo) —_ 0,
dult) L [0 0 1
ro— _ Y ) = (+) )\ = Zqip?
i ns 81‘)( sin V) + ivg, 59 s1nﬂ< vy > <U\p >—281n 0,
ap(+) 1 821),(\;‘_) . (4) (+) 1 1 827}(+) .
— ——— —dguy" + 20,7 cosV =0, — ) 222 ) — 29 cos 9 = 0, (9
09 o 0z’ 0 * sin ¥ b o 0z° ¥ ! ®©)
— .+ — ) — = P =
v7("+) =0 1(3 : =0 'UKP =0 0’ R z=1 U“P =1 0.
Subject to (7), the conditions (5) take the form
(ug, + iug,) [ sin? OpMdo = ;(p2 /o =11+ ay,) —ag,), 21 [ sin® 9d0 (81} /8:1:)‘ 0 0. (10)

In particular, solving the linear boundary value problem (8) and using (10), we find
\/%z’ocosﬂ cth\/%z'ocosﬂ , Q,=0. (11)
and in this approximation, there is no sliding. The solution of (9) has the form
(7)== isin® 0 0 sin 0 (u(1) f00, p) = Lsin0[(©" + 07 (o)) + (05" —Or") (1P},
ofP = (o) = i (o DO ()i (w08 0) + 5 (o) + i (oD )O3 (0)V (2, — cos ),
o = Jil(ol") = i (ol DT OWi (. cos0) — Jil{ol7) +i (o )O3 (Vi (2, cos ),
Vi(z,2) = 2 (14 22) " {[sh((1 — 2)\fio(l +22)) + sh(z\fio(l +22))] / sh \fio(l +22) —1}, 12
)

(0) — g
(Ov,” / ax)L:O =sin9 Re

x,cos ¥

= —%z’sin ﬂ{@[@l (0)V,(z, cos )(<U\(P+>> — Z<v(9 )>) Oy ( Wa(z, —cos m(<vfp+>> +

+i (o )]/ 00 + 07 (0,08 0) (o)) — i (o)) + 05 ' (0Wa(w, — cos 0) (o)) + (o )},
0,(0) =V, (Lcos ), Oy(0) =V,(l,—cos?), Vy(z,2)= é(l +22)7!

{[ch(zfio(1 + 22)) — ch((1 — 2)\fio(1 + 22)) — 1 + ch \fio(l +22)] / (\io(1 + 22) sh Jio(1 +22)) — z}.
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The function <v§)+)> is the solution of a linear ordinary differential equation

d
40

d
sin® e, (9)+6;"(9) %<UE)+)> =0,(9)—6,(9) <U(+)>, (13)
dsin* 9(0;' +©; )]/ dd —%Cosﬁsin3 0 e, +o! —%sin3 Vel —et,
0,(0) = cos ¥sin® 0d(0;" + O 1) / d¥ + sin® 9d(©; — O ") / dY —2sin® (O, + ©;1),
B5(V) = O(sin’ V), ©,(9) = O(sin” V), ¥ — 0, ¥ —
0,(0) = Q(l/\ﬁ), o—o00, V=n/321/3; O,(n/3)=0(1), ©,2r/3) = Q(l), 0 — oQ.

l\')‘H

Requirements for the absence of singularities of the solution of equation (13) in the poles of the sphere
and anti-symmetry with respect to the equator ¥ = =/ 2 lead to boundary conditions

d‘i’ (v <+>>’6:0 =0, (o)

When o — oo, the asymptotic integration of the linear boundary value problem (13), (14) can be per-
formed on the basis of the successive approximations method

=0.
Y=m/2 (14)

d
r sin® 9 @ +@_ dm‘)< l,+)>k+1 =
- @3 N 94 <U'E>+)>k ’ (;iﬂ<v§)+)>k+l‘rt)_o N O7<v'§)+) >k+1"l‘)=ﬂ/2 =0, 19)

k=0,12,..., <v,§+)>0 =0.

On the first iteration we assume ©,"' + ;"' ~—4, ©," — 6, ~8cos?, and we find (see (10))

<y§+)> = —%cos 0, [y do sin? 9pH) = % i, 0 — 0, (16)
20 20
Upy = _5(92 /p—Dag,, uy, = _5(92 /p =11 +ag,). (17)
On the second iteration, we find
T2 () — 1971344061 | . 1971/3—4061
Jrddsin? 9p 2ive, /No, € = e e~ ~ R (18)

The coefficients u,, 8, U5,

Uy Vg s Py of asymptotic series (4) are the solution of the problem
l

JoTdo [T sindope, =0, [ dp [ sin® 90 (Dv, / Oz +(u, - €,)du, /D) =0, (19)
ov, 0z = =V .v +(u, -¢,)V® . v, — 2(u, - e )0vy [0z +(u, - e,)0v, [0Oz],

V=55 +Uge,, Vo =0y eyt e, p=p09), VO vy = (1 - e, ) (V) — 2910) xu =0,

ap 32 el 3”
_9r 1‘) o ﬂ—i—?v cos 0 + FV[v 0,
0 " olgp TG gy e
(20)
2 2 82}
1 9p 1 8% oy e )8 Vg, __“0—2Ut,cosi)+Fél)[V0]:0,
 sin® dp 81:2 0 0 ¢
U’I‘lx:O = 0, Urf‘)lg;:O = Oa U“P|x:0 = _Ql Sin {)7 ,U'ﬁ |.T:1 = O’ U@lle - 0

FO[v,] = —(a sin O(u,, - e,) + v, )0v, / 0z + (e, X vo )V - (e, xvy) — %V( (vﬂ(J + v%)
In equations (19) and (20)
Uﬁ],'ﬁ(],\p[) (Iv {)7 @) - (UOy + inm )ewvﬁ f))xp(x ﬂ) + (UOJ ZUOT)G Z~P,U( 7,0, ($7 ﬂ)v ( )(7) - ( )(Jr) (21)
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Modeling the effect of centering of a spherical hydrodynamic suspension

By virtue of linearity (20) we look for its solution in the form of
p(0,9) = 0 p ) (0) + (ud, + 13, )p"(0) + (e + ()e ™ +()eH + (e 2, -
U 0,0) = QU (@, 0) (g, 4y ol (2, 0) + ()™ - ()e ™™ ()™ 4 ()e >,
Moreover, in (22) the values (...) do not depend on €2, , and the functions p(o)(ﬂ) and Uﬁ)w(x, V) are
the solution (10). From (22), (21) and (19) follows
0,y sin? 040 (90 / o) = (g, ) sin® 0d0fsind Im (90 /am)L:O — (@M /am)L:O]. (23)

The functions p%(9) and v"}” (z,) are the solution of a linear boundary value problem
— dp(l’o)/dﬂ +ot 82v,§,1’0)/6x2 + 2118’0) cos O + fy(z,0) =0, o~ 821)8’0)/8352 — 2@,§)1’0> cos ¥ +

+ fw(m, ¥) = 0; v,§}’0>|x:0 = UK(PLO)L:O = v,g,l’o) =0, <v§)1’0)> = Sinm‘)Im<v,E}+)>,

(24)

_(L0)
= v’

=1

fo(z,0) = =20 ' sin 0 Im 820(, ) /82 —2Re[(v\”) + éx sin ﬂ)avfﬁ) / 0z]—2 Re(v&,—)avgﬁ / 00) +
—f—QSin_lﬂIm( (- ) —|—2‘ ‘ ctgﬂ fo(m, 0) = —2ctg 0 Re()] v(+))
— 20 ' sin 0 Im 32 /8:1: —2Re[(v}” —|— zsin ﬂ)@v ) ) 8z] — 2 Re(vl 821,;) / 090).
As a result of the solutlon (24) we find
(8U10 /81“ =0 _70—f0 +I/3 1—1‘ {)) VS(xaﬁ))fup(xvﬂ) +(V4(1—J},ﬂ)—
=V, (z,9))fy (x,0) 4 sin 20 Im U&,J’ ldz, Vi(z,0) = %(VE)(ZL‘, cos V) + V;(z, —cos 0)),
Vi(z,9) = — 2 i(V5(z,co89) — Vs (x,—cos V), Vi(z,2) = sh(z+2i02)/sh2ioz.

The functions V; , (1 —=,9)—V; ,(z,9) are odd in the variable = around the point z = % . We find

(170) (+) 78 1 —
(v, / 8:(:)‘1:0 0 Re p'™ +sin9 Im (81} / Ox) - (25)
—osin™? Re JJsin® O fo da:v,ﬁ U@+)] / 0.

From (11), (23) and (25) follows

8 \/_Q +.. u +u )foﬂsin2 Vd9Re pt), 0 — 0. (26)
From (18) and (26) we find
Q, = Cylug, +u5)), C = ReC, _%@_0404269 0 — 0. (27)

Further, similarly to [2], we assume

=(py /P~ 1) 'xo?, X = const = 0(1), 0 — cc. (28)
From (4), (11), (17), (27) and (28) we find the asymptotic behavior of the relative eccentricity u and
slip € as a function of the large oscillatory Reynolds numbers

u= 110072-1—5(072), Uy = (UOwaUOyao)Ta Q= C£2074+5(074)a 0 — 0%,

(29)
20 20 7(197143+4061
Upy = — 5 Xlog, Upy = —jX(l + a[)y)? Cy = ( 91520+2 ) = 0,404269.

3. Effect of the finite thickness of the supporting layer

When 3 = 0 with asymptotic integration (1) at the first stage we assume that assumptions (4) are

r’“)’

satisfied. The coefficients u,2,v _,v 0Py are the solution to the linear boundary value problem
0
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ks 2% 0
[p—Q— ](g—ao)—l—ifsinﬂdﬂfdup[ﬁﬂ

9 T

e, — Pl,—g er] =0, v=_Puv.e, +vye; +ve,
z=0

%T(BQO + foﬂ sin ﬂdﬂfiﬁ (Ov, /8:E)|z:0dap/h =0, v, =—(1+ Bx)ﬂfox 1+ Bx)V(S) -vdr —
1 8p|:p:0 +l[82’0,ﬁ + B%]

—%—1—2%(308194— 28 a[smﬂfvdx]

1 +Bz 99 ol az? Ox © +Pz 0
BQ 0 (s) 1 0 (s) 1 1 90pl,— 32
+ ==V v+ ——V" (e, xV)[=0, — z _|_ Gl | _
s (80 o ae eV 1+ 8250 o e 25 (30)
dv, 1 0 0
——* — 29 cos V) — 2B, smf)—i— f dx B V(s)~v——V(s)~(e,,><v) =0,
o Ba: ¢ % o |sin¥d dy fo4))
Vrlo = 0,%],_o =0, ¢|x o = —S sin 9, V|, _; = sin ¥(uy, sin ¢ —u, cos ¢),
Uy, = Bcos V(ug, sin @ —uy, cosp), Vol _; = B(ug, sin ¢ + u, cosy),

ve. (vyey + %%) = —(1 + B)% sin (uq, sin ¢ — U, COS ).
Solution of (30) is sought in the form (see also (11))

QO - 0 p| u()y + W(u )67“Pp<+) (ﬂ) + (u()y - 2“01 )eiﬁpp(i) (ﬂ)a

U?‘,'l“),gp(xv ﬂ’ @) = (u()y + Z.qu )eZ vr 0 np(x 1()) (u()y - ZUOI) “P,UT 1))xp(x ﬂ) ( )( ) = ( )(+)

where do the boundary value problem with respect to p*)(:9), fJ; (z,9) come from

13 81) (+)

(u + i, fd{) sin? 0p) + =
83:

0

;[p_? - ](—an +ill+ay,)), (32)

z=0 P

—(14 Bz) % sin~! 0[A(sin 0f; 1+ Bx)v,l(;r)dx) /OO +if; (1+ Bx)vfpﬂdx], 21}5;“) cos O — w(;r -

(+) 2 (+) (+) 2,,(+) (+)
__1 &7 + 1[8 Uy 23 dvy ] + B 0 [sm {}f v(+ dx] B [8 Y + ctg 0 8_% —
148z do ol 92 oz 1+ 8z 99 ol 992 89

(+) ; 2, (+) (+) z

-9 U'l‘) ) COS@ v )] = 07 — 1 ‘Z (+) +_[a U‘f) 26 81}‘) +i2fvfp+)dx+

sin?®  sin?0 1+ Bz sin oz? 148z 7
2 ( 52,(F) (+) ()

+ E [8 Y + ctg Ovg g % 49 08 9 w(f)] - z'vfp+) - 2vf§+) cos O — QBUSJF) sin® = 0,
90> 99 sin®d  sin®0

=0, UE"HL:O = —sin ¥, v£+)| =0, 1)$)+ = —%BCOS 0, UEDHL:1 = —%ZB,

1. - 1 .
= —sind; sin L9[d(sin 0 <v9 >)/8ﬂ + z< )>] =21+ B)? sin 0.
We assume that (28) is true. When o > 1, we look for a solution of (33) in the form

ﬁ,)@ 5“:) L;(17 9) +0(1) in the area away from borders z = 0 and z = 1;

Um(;,:g = v(““)(n V) +o(1), U,E.Jr) =0(1), 1= 2o near z = 0; (34)
f,fg = vl;(p” (G, +0o(1), v£+) = —lsinﬂ +0(1), (=(1—2)Jo near z =1.

o) =

(33)

1’1(9+)

=0

o

[

Boundary conditions are set for functions v\~ and v,(t;f’il)

D , boundary conditions for vﬁ*’e) are ob-

tained from the conditions of matching asymptotic representations (34). Similarly (12), matching is possible
everywhere except for the narrow neighborhoods of the support layer corresponding to O =« /3 and

0 = 27 / 3. These linear boundary value problems follow from (34) and (33)
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Modeling the effect of centering of a spherical hydrodynamic suspension

vﬁ*’e) = —(1 4 Bz) ? sin! Y[I(sin Oy 1+ Bm)v,g+7e)dx) /OO +if (1+ Bx)v(+’e)dx],
—(1+82)""'s n~! ¥ip™) EPJ”)— He)cosﬂ 2Bv(+°)smﬂ+2ﬁl+ﬁx zfo J”dx—O

—(1L+Bz) tdp'™ /do — zv(+ ) 4 21)(Jr %) cos 0 + 26(1 + Bz) ' d(sin ﬁfo dz) /89 = 0, (%)
o) =0 (o) . fsm V; O(sin ﬂ< >) /09 + 2< + )> %(1 + B)? sin? 9.
U’E)-l-vio) _ Ut)+,e) +w,, Ufpﬂb) — vfp+,e) » +w,,
2wy /O —iwy + 2w,, cos ¥ = 0, (921% /O — iw,, — 2w, cos Y =0, (36)
Wy, _o = = — (" o’ olpmo = —vfj’d o Woly—oo = Wol,—o, =0
The solution of the (36) has the form
0 = ]y = o] e = S,y ol e ol
vf:’i“) 3 (i v(+ ) o 1)1(;’6) xzo)e_'"‘/m %(Uf;’e) oo T Z'vf;“e) lzo)e_n Wl+2c058) _ vfj“e) —0 e
From (37) and (32) follows
(g, + iy, ) 7 d0sin® 9p) =2 (p, /p—1)(~a,, +i(l +ay)))+ 01 /o), 0 >1. (38)

Since 3 <« 1, a further solution (35) is sufficient to hold up to Q(B ). Up to small order O(B) g+ £)

and 1;53“) are independent of z , and vf,*’e) is a linear function of z . That is

(Bet)) = = L Bsind +0(3), (B +2)™ [ o dr) = 18(aL")) + 0B?).. (39)

¢

From (39) and (35) we find

_ dfl;r) iy <U1(9+ c)> +2 <UEP+7€)>COS 0+ B% sin 0 <vso+,8)> + Q(BQ) -0,

—isin "t 0pt) —i(1—) <vfp+’e)> -2 <u%+’e) > cos ¥ + Q(BQ) = —% Bsin? 0,
d . (+,€) -/ (+e)\ _ 1 2 .2
=0 smﬂ<vﬂ > +z<% > = 5(1+B) sin” 9,
whence it follows that

(o)) = —i E (14 8)*sin® 0 — % sin 9 (oH)) ]

(0]
. 3 p (40)
+) .3 . . e . . . e
P = 5[1 +§]sm 0+ 22cos{)smﬂ<v£)+/ )> —i(l— B)smﬂd—{) smf)<u§)+/ )> :
d .. 3 d (+,C) . 5 17 .3
d—ﬂ[sm ﬂd_ﬁ<uﬂ > = §+ZB sin” ¥ cos V. (41)
Requirements for the absence of singularities at 3 = 0 and asymmetry with respectto 9 = w /2 lead
to boundary conditions

i<v‘§)+$e>> =0, (o) =0 (42)

d? 9=0 /2

The solution of (41), (42) has the form

(of79) = = + 2B)cos D . (43)

From (43), (40), (38), (4) we find

Jirsin® 0d0p™) = —i(2 + 118),
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to
Ci

u= u00_2—|—3(0_2), 0 — 00, Uy = (qu,uOy,O)T,

20 11 20 11
Uy, = _3(1 - KB)XGOJ,'? uOy = _j(l - ?B)X(l + a(]y)'

Taking into account (4) and (29) we can assume
Q= Q(B0_7/2+0_4), g — 0.

Conclusion

Based on the methods of asymptotic integration in the case when the decentering force is orthogonal
the sensitivity axis, the fast centering of the spherical hydrodynamic suspension at large values of the os-
Ilatory Reynolds number is shown. It is shown that, up to the constant factor, the asymptotics of the de-

pendence of the relative eccentricity on the oscillatory Reynolds number is similar to the results obtained
earlier for cylindrical hydrodynamic suspension. However, the asymptotics of a similar dependence for the

di

8.
9.

10.

11.

12.

13.

14.

15.

mensionless sliding of the inner sphere is characterized by an order of magnitude smaller.
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Beicokomneperpy3ouHble MOMIABKOBbIE THMPOCKOIBI SIBISIOTCS IIHPOKO HCIONB3yeMbIMU 3JIEMEHTAMU CHUCTEM YMpPaBIECHHS I10-
JBIKHBIMH 00BeKTamMu. B cBoro ouepenp, cheprueckuii THAPOANHAMUIECKHI MOJBEC SBISIETCS MHPOKO HCIOJIB3YeMbIM UyBCTBH-
TENBHBIM JIEMEHTOM psJia MOIIABKOBBIX TUPOCKOIOB. B citydae, koraa JeleHTpUpyroIas CHjla OpTOrOHaIbHA OCH Y4yBCTBUTEIBHO-
cTH npubopa, Ha OCHOBE METO/OB ACHMITOTHYECKOTO MHTETPUPOBAHMS MOKA3aHO OBICTPOE LEHTPHPOBAHHUE MOJBECA P OOJIBIINX
3HaUeHWX KoyebarenpHoro yncia PeitHonbaca. MareMaTndeckoe MOAEIUPOBAHAE M30TEPMHIECKOTO TEUCHUS BSI3KOH HEC)KMMae-
MOM XHJKOCTH BO BPaILIalOLIeMCs MOJAEPKUBAIOIIEM CJIOE BHINIOJIHEHO Ha OCHOBE YKOPOUYCHHBIX ypaBHeHuil HaBpe—Ctokca. [Toka-
3aHO, YTO C TOYHOCTBIO JIO TIOCTOSTHHOTO COMHOJKHTEIISI aCHMIITOTHKA 3aBUCHMOCTH OTHOCHTEIILHOTO SKCIIEHTPHUCHTETA OT Koeba-
TeJILHOTO 4nciia PeifHonmbaca aHanOrMYHa pe3ynbTaTaM, MOMy4eHHbIM paHee A HMTHHAPUIECKOT0 THAPOIMHAMUUECKOTO MOBECa.
OpHAaKO aCHMIITOTHKA aHAIOTHMYHON 3aBHCHMOCTH JUIsl Oe3pa3MEepHOTO CKOJIBKEHHS BHYTPEHHEH cephl XapaKTepu3yeTcsl Ha Iopsi-
JIOK MEHBIIIEH BETUUYNHOM.

KroueBble clloBa: aCHMITOTHYECKOE UHTErPUPOBAHUEC, C(I)epI/I‘IECKI/Iﬁ FI/I}:[pOILI/IHaMI/I"ICCKI/Iﬁ IoaBeEcC.
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