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Abstract.

In this paper, the problem of dynamics and stability of nonlinear vibrations of
a rod with elastic dissipative characteristic of the hysteresis type in conjunction with
a liquid section dynamic absorber under the influence of random parametric
excitations is considered. In this case, the system of differential equations of motion
Is reduced to the form of a system of Ito equations using the method of stochastic
averaging. From the condition that the system of motion differential equations has
a non-zero solution, the system characteristic equation is formed, the stability
conditions are obtained and analyzed. The boundaries of the stability and unstability
are expressed analytically, which allows to determine the average quadratic values
of the vibrations of the rod protected from vibrations and to fully analyze the
dynamic nature.

Introduction.

Taking into account the hysteresis type elastic dissipative characteristics of
mechanical systems under the influence of various excitations used in modern
techniques and technologies, the problems of their protection from harmful
vibrations, study of dynamics and verification of stability are urgent problems. A
great deal of theoretical and experimental research has been done on the
mathematical modeling, study of dynamics, and exploration of the stability of
mechanical systems. However, there is a need to conduct research to improve

research methods and identify new mechanical effects that occur in the process,
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taking into account the elastic dissipative characteristics of hysteresis type of
mechanical systems.

The work [1] developed the theoretical basis for mathematical modeling of
complex motions of deformable solids using the method of bond graph. The kinetic
and potential energies of the system are expressed by the variables of the bond
graphs (impulses and velocities), and as a result the Lagrange second-order
equations are given relative to these variables.

In the work [2], the vibrations of wind generators were mathematically
modeled by the method of bond graph, and the advantages of this method are given.
Vibration was used in a 20-sim program for numerical analysis of motion. The time-
dependent variation of the first and second vibrations forms was quantified.

The work [3] deals with the problem of structural modeling of distributed
systems with linear elastic characteristics by the method of bond graph. The
equations of motion are expressed by first-order derivatives, and the stability of
motion from the system matrix is explored. In this case, a characteristic equation is
generated from the system matrix and the stability condition is determined by
showing that the real part of the roots is negative.

In the work [4], the motions of rods and structures under the influence of
external forces were mathematically modeled using the method of bond graph. In
the 20-sim program, they are structurally expressed and numerically analyzed for
amplitude-frequency characteristics. The vibration frequency ranges corresponding
to the largest amplitudes are shown.

The article [5] explores the stability of the mean square value of systems under
the influence of random parametric excitations using numerical methods. The Ito
differential equation was generated by the stochastic averaging method, and it was
shown that the results obtained for this averaged stability of system motion are also
valid for a given stability of system motion. The analytical expression of stability

condition of the system motion was determined depending on the damping
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coefficient and the spectral density of the excitation. Quantitative analysis of
changes in stable and unstable fields depending on the damping coefficient.

In the work [6], the systems of differential equations of motion obtained by
the method of averaging were analyzed. Not only the first approximation equations
but also the second approximation equations were generated and the nonlinear
vibrations of the systems were studied. Stationary solutions were found and their
stability was explored. Solutions to some of the practical problems encountered in
engineering have been obtained, numerically analyzed, and conclusions drawn.

The work [7] studied nonlinear free and forced vibrations of discrete and
continuous systems. The systems were mathematically modeled using the Lagrange
equation and the vibrations under the influence of random excitations were analyzed.
An analysis of the Duffing equation was also performed, and the graph of the
amplitude-frequency characteristic change in the nature of the phenomenon with
hardening and softening of the spring is visualized. Stable and unstable fields are
shown. The analytical expression of the vibration period was determined depending
on the system parameters. Theoretical information on the basic relationships of
random processes is given.

In the work [8], the stability of motion of nonlinear systems was theoretically
studied in relation to changes in system parameters. Theorems on the separation of
stable and unstable fields of system motion are given. The stability of motion of
systems represented by a non-homogeneous differential equation with periodic
coefficients of motion is analyzed.

The work [9] solves the problem of finding and analyzing the solution of the
Ito differential equation for Weiner process. The condition that the solution of the
Ito differential equation does not change abruptly is defined for non-autonomous
system parameters.

In the work [10], the parametric stability of the motion of systems in real noisy
excitations was studied. The Lyapunov exponent was identified and analyzed

numerically (based on Maplel5).
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The work [11] studies the exponential stability of systems with hysteresis type
connections under the influence of random excitations. The Ito differential equation
was constructed using the stochastic averaging method and the Lyapunov method
was used to explore the stability of motion. Several problems have been addressed
in order to demonstrate the reliability of the results obtained.

The work [12] provides the theoretical basis of the method of bond graph and
mathematical modeling of discrete and distributed parametric systems. In particular,
the transverse vibrations of dynamic absorber, a hysteresis type elastic dissipative
characteristic rod are mathematically modeled. In addition, a number of models
representing the nonlinearity characteristics of systems have also been
mathematically modeled by the method of bond graph, which are expressed
analytically.

The analysis of the above work shows that one of the current problems of
mechanics is the study of the dynamics and stability of transverse vibrations of a rod
with elastic dissipative characteristics of the hysteresis type in conjunction with a
liquid section dynamic absorber under the influence of random parametric
excitations. Therefore, research in this area is currently required.

Materials and methods.
In this paper, the study of the dynamics and stability of transverse vibrations of the
rod with an elastic dissipative characteristic of the hysteresis type in conjunction
with liquid section dynamic absorber under the influence of random parametric
excitations is considered.

The differential equations of motion of the rod protected from vibrations
under consideration were obtained in the work [13] using the method of bond graph
[14]:

AQ +BQ +CQ =F, (1)
where
qix qix qi« Uu; (O)FL + ul(L)FR
T OB e
0
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mi 0 0
A= |(myz +myu;(x)) myz+my,. my +my |;
| My —myu(x1) My —m, My, + My,

[0 —u;(x)bs O ¢ —ui(x)c. 0
_0 0 bg 0 0 2C;,

qi. are displacements of the i-point of the rod; g5 is displacement of the shell of the
liquid section dynamic absorber surrounding the liquid; g, is displacement of solid
of liquid section dynamic absorber in the liquid; u;(0), u;(L) and u;(x;) are the
values of the mode shapes of the rod at the left, right ends and at the points where
the liquid section dynamic absorber is installed, respectively; F, and Fy are the
external forces applied to the left and right ends of the rod, respectively; m; and c;
are modal mass and stiffness, respectively; m,3 = m,, + ms,; my, is the inertial
dimension of the body surrounding the liquid; m,, is the inertial dimension (mass)
of the body surrounded by the liquid; ms, is the inertial dimension of the liquid; m,,
Is inertial dimension (mass) of a liquid attached to a body of mass m,,; m,, is the
inertial dimension of the liquid displaced by the body surrounding the liquid; bs, bs
are coefficients of viscosity; c;, and c,, are stiffnesses.

It is known that parametric excitations differ from those in which mechanical
systems are directly affected by force, since the law of vibrations includes external
influences as a modulation of the parameter [15, 16]. Given this, we write the
expressions of the forces acting on the system under consideration as follows:

F, = Fp = miW, = —m;w, §o(t)q; (b)), (2)
where W, is the base acceleration; w,,,, are natural frequencies; &,(t) represents a
stationary normal random process and is dimensionless.

Since &,(t) is stationary normal random process, its mathematical expectation

is zero, i.e. (¢,(t)) = 0.
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If we put the expression of forces (2) in the system of differential equations
(1), the differential equations of motion of the rod protected from vibrations under
the influence of random parametric excitations are as follows:
AQ+BQ+C.Q0=0, (3)
where

Coi ¥ MwZ, (u;(0) +u; (L)) —ui(x)ep. 0
C, = 0 C1x 0 |;
0 0 2¢,.

c.i = C1; +Jcyi; ¢q; and c,; are the statistical linearization coefficients [17].
We express the variables in the system of equations (3) as follows:
Qi = 0; () e/t + & (e @t
3 = 03q(1)e7*" + &34 (H)e ™/, (4)
Qo = 020 ()7t + &4 (D) e/,
where w is frequency; o;(t), &;(t), 034 (t), &34(t), 044 (), 44 (L) are slowly varying
functions, and the amplitude value of the random parametric excitations of the rod
is satisfies ({;,) = 2\/(0i(t))(5i (t)) the condition [15].
Given that o;(t),&;(t),034(t),&34(t), 044(t), &4, (t) are slowly varying
functions, the first-order derivatives from solutions (4) are as follows:
G = jo(0;(0) et — & (t)e™*Y);
Gs = jw(a3a(£)e/" = &34 (t)e0); (5)
G4 = jw(04a ()" = &4 (E)e™4).

If we put the variables (4) and their corresponding derivatives in the system

of equations (3), we have the following first-order system of differential equations:

1
- 2jmiw

0; ((miwz —c)(o; + &™) + (c1 + jwbyr )ui(x1) 034

+ (1 = jwbys Ju; (x;)E30e 2

+ 020 (1(0) + i (1)) 60 () (01 + Gie7HY) ) ;
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§i=— 2jm;w ((miw = c)(0:e%" + &) + (c1 + jowby Ju; (x1) o346
l

+ (C1 _jwa)ui(xﬂfsa
+ 020 (1,(0) + 0 (1)) 6 (8) (07 + &) )

5 = 1 Aul(xl)cl
3¢ 7 2jAw

( + fl —ijt)

Au? (x
+ <Aw2 — (c1 + jwbs) (M4 + ;rf 1))> 034

L

Aug (x,)

i

+ <Aw2 — (61 —ja)bf)(M4 + )) Eyqe M0t
+ (2¢; + jwbg)M3044 + (2¢5 + jobg) MyEyqe 2%t

— u; (1) 02 A(w; (0) + u; (L)) éo () (0; + s;ie_ijt)> ;

(6)
§30 = — Zij (Auir(rzl)Ci (et + &)
(807 = (e bty Yo, + 2EC ) s
i

+ (sz — (C1 —jwa)(M4 uﬂSq))) $3a

+(2¢; + jwbs)My0402°t + (25 + jwbs)Mpésq
— u; (X)) wZnA(u; (0) + u; (L) )&, (1) (02« + fi));

O4q = 2}2 ((Aw — (2¢5 + jwbg)M1) 04,

+ (A(l)z - (ZCZ _j(l)bs)Ml)E4ae_2jwt + (C1 +j(l)bf)M30'3a

+ (1 — jwa)Msfsae_ijt) ;
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1

—m ((Aw2 — (2¢; + jwbs)M;)0, et

é4a =
+ (Aw? — (2¢; — jwbg)M1)E4q + (1 +ja)bf)M303aezjwt

+ (C1 _jwa)M3f3a);
where M, = mq3 + my,; My, = my, + my; M3 = m,, —my,; My =m,, +
My; A= M{M, — M, M.
In stochastic processes, the variables of the system of equations (6) satisfy the
Ito equations. Therefore, using the method of stochastic averaging, we write the
system of equations (6) as the system of Ito equations. To do this, we write the

system of equations (6) as follows:

4@ = O+ ) G 06O, (=1, )

where Xy = 03, X = &, X3 = 034, X4 = &30, X5 = 040, X6 = $aas
filX,t) = Loy + L0534 + 138679 + [ E3,e7%98;
f2(X,t) = —1,0;e°t — 1,03, — 13&; — 14&34;
f3(X,t) = lg03q + 17040 + lg&306™ %t + 1g84qe ™2t + Lg0; + 11§67
fa(X, 1) = —(le030e P + 10406 + lg€sq + lo€4q + l100:€T 98 + 111 §);
fs(X,t) = L1304 + l14€age %" + L1503 + l16E30€ ™25,
fo(X,t) = 1130402 — 14840 — li5030€%7*" — 116830
s #71,Ge (X, ) = 0; G, (X, ) = I5(0; + e HY);
G2 (X, t) = —l5(0:eP°" + &); G33(X, ) = uy(x) o (0 + §ie™2);
Gaa (X, t) = —ui(x1)llz(ai62j‘“t + fi); Gss (X, t) = 0,Ge6(X,t) = 0,&,- (1)

= &o(0);
L1 = miw? — ¢ (C1 +jwa)ui(x1) . (C1 —jwa)ui(xl) '
1= 2]"110) SCEN 2]mla) A 2]mla)
. Au? (x;)
2 1
L= wZn(w;(0) + w; (L)) - Aw?® — (¢ + jwby) <M4 + —;nl_ ) |
> 2jw e 2jAw ’
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Au? (x;)
2 : 1
_ (e + jwb)M, Aw? — (¢ — joby) <M4 * ;ni ) ,
7 2jAw 8 2jAw ’
I = (2¢c; — jwbs)M, D u; (x1)c;
? 2jAw PO LT Diwm;
. a)fm(ui(O) + ui(L)) . Aw? — (2¢, + jwbs) M, _
12 ij » 413 ZJA(U )
. Aw? — (2¢, — jwbs)M; _ (¢ + jowbs)M; _ (c1 — jwby)Ms;
14 2jAw $s 2jAw e 2jAw

We averaging equations (7) stochastically.

dX,(t) = Y,(0)dt + z H, (X)d& (), (s=1.,...6) (8)

where

0 0Gsn(X,t)
Ys = Mt {fs(X' t) + Zl6=1 Z?n,n=1 f_oo Glm(X; t+ T) a—XlE[fOn(t)fmn(t +

0)ldr}; (9)

— 00
mn=1

6 (0]
[HHT]sr = Mt{ Z f Gsn(X» t)Grm(X: t+ T)E[gml(t)gOm(t + T)]dT ; (10)

M A} = Ai_)rgo%fg{-}dt is time averaging operator; E[-] is mathematical expectation;

T IS the correlation time.

If we calculate the mathematical expectations of the variables in equations (8),
since &y, (t) = &y(t) is stationary normal random process, (d&y,(t))=d{&y,-(t)) =
d(&,(t)) = 0 and the result we will have

@ =Y,((X)). (s=1.,..,6) (11)
Namely,
. 2
dﬁz? = 1y(0y) + Lx(030) + % (5(0) = 5(2w) = jip2w)){os);
d(¢, I
8 12060~ Laa) + 2 (50) — S20) + W)
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d(o3q)
dt

= le{034) + 17(04q) + L1o{(0})

_ Yy (x1)l12

(5(0) — Sw) — jp2w) ){(o);

(12)
d(jfza = —lg(E3a) — lo{€aa) — Lis{oy) — M(s(o) _ s20)
NG,
W) — 11y(010) + st
d(j;ﬁ“) = —L4(aa) — Lis(E3a),

where S(0),S(2w), Y (2w) are the spectral densities of stationary normal random

process &, (t) defined as follows [18]:

1 0
SQw) = ;j R(t)coswtdr;

1 0
Y(2w) = Ef_ R(7)sinwtdr;

R(t) = E[éon(t)éom(t + T)] = (&on(t)éom(t + T)) is a correlation function.
We look for the solution of the system of equations (12) as follows:

0;(t) = oy’ &(t) = &oe™
034(t) = 03,6 &34 (1) = &3, (13)
O4a(t) = 04,8 840 (1) = Epue™,
We put the solutions (13) in the system of equations (12) and the determinant
view of the characteristic equation of the system can be formed as follows, provided

that we have a non-zero solution:

by =4 - bye
: : =0, (14)
be1 =+ beg — A
where

b1 =1 +_(5(0) SCw) —jl/J(Zw)); b1, = 0;
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bz = lz}b14 = bys = b1 = 0;

baz = 0; by = —l4; bas = bye = 0;

b3 = ljo — M(g(o) SQw) —jl/)(Za)));

b3y = 0; b33 = lg; b3y = 0; b3s = l7; b3 = 0;

ban = 031z =~ 4EE (500) — 520 + 200

bz = 0; by = —lg; bys = 0; bye = —lo;
bs1 = bsz = 0; bs3 = ly5; bsy = 0; bss = ly3; bse = 0;
be1 = be2 = bgz = 0; bgg = —l16; bes = 0; b = —l14.

We find the value of this determinant by zeroing all the elements on one side
of the determinant (14) diagonal. As a result, its value is equal to the product of the
diagonal elements, resulting in the following two characteristic equations:

B +y2+nr+k =0,0G=12). (15)
where y; = —(byy + bzz + bss); 1y = —(bzsbsz + bizbsy — biibzz — byibss —
bs3bss); k1 = —(b11b33bss — bssbz1 b1z — b3sbszby1); Yo = —(bay + bas +
bes); Mz = bazbas — bazbay + beebas + beebas — basbes; ko = —(bazbssbes —
beebazbrs — bagbeabsy).

The obtained characteristic equations allow to explore the stability and
dynamics of the system under consideration.

Results and discussion. Characteristic equations are cubic equations. We identify

their roots. As a result, the roots of the characteristic equations (15) are as follows:

Al = _%+A1* +B1*I
y1 A+ By 3(A1« — B1s)
A23 3 2 —\/ 2 ’
/14 == _% +A2* + Bz*, (16)
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Ase == -

Y2 Az + By, + | 3(A2« — By.) |
3 2 - 2 ’

3 2 3

2
b1, P1 | P« b1 P11 | D«
Ap =5+t ﬁ))m; Bi.=(-5—-(+ ﬁ))m;

_2y7 —9yiny +27ky 3y —yi
pl - 27 ) p* - 3 )
p** pZ p**
- (B By, = (B B Dy,
_ 2y5 — 9y2n2 + 27k, 3n, — y3

P2 = 27 P =T
We distinguish between real and abstract parts of the roots of the characteristic
equation. Initially, for this, the functions py, p., p,, p.. can be expressed in complex
form.
P1 = 2(Ry +jL1); P = 3(Ry +jL2); 2 = 2(R3 + jL3); Dux = 3(Ra + jLy).
According to that

1
Ay, = (=3L3Ry + R} — L3 + R} — Ry + J(3R3L, — L + 2Ly Ry — L))

1
By, = (3L3R, — R} + 12 —R? — Ry + J(=3RZL, + L3 — 2L,R, — L))3;

1
Ay, = (—3L3R, + R} — L3 + R? — R3 + J(3R3Ly — L3 + 2L3R; — L3))3;
1
By. = (3L2R, — R} + L% — R2 — Ry + J(—3R2L, + L3 — 2L3R5 — L3))>3.
We determine the roots of the resulting complex expressions using the De
Moivre’s formula.

Ay, = ((=3L3R, + R3 — L2 + R? — R,)?

+ (3R3L, — L3 + 2L,R, — L) )6(005(2 +jsm('[; );
Bi. = (BL3R, — R3 + L5 — Rf — R,)?
+ (—3R%L, + L3 — 2L4R; — Ly)*? )6(cos 2 +]sm—)

3
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Ay, = ((—3L5R4 + R3 — L3 + R3 — R3)?

+ (BR3L, — L3 + 2L3R5 — L3)? )6(0054?3 +]Sln—)
B,. = ((3L5R, — R} + L% — R% — R3)?
+ (=3RiL, + L3 — 2L3R; — L3)?)6 (cosq; +]sm%)
where
cosp, = —3L5R, + R3 — L%+ R — R,

((=3L3R, + R} — [2 + R? — R,)? + 3R3L, — 13 + 2L, Ry — L)2)?.
sing; = 3R2L, — L3 + 2L;R, — L, ,
((=3L3R, + R3 — L2+ R? — R)? + (3R5L, — L3 + 2L1R, — L,)?)2
cos, = 3L3R, — R3 + L2 —R? — R, ,
((3L5R; — R3 + LT — R{ —Ry)? + (=3R3L, + L3 — 2L1R; — L1)?)2
sing, = —3R3L, + L3 — 2L,R; — L4 N
((BL5R; — R3 + L§ — Rf — R)? + (—=3R3L, + L3 — 2L;R; — L1)?)?

—3L2R, + R} — L2 + R2 — R,

cosS@Q3 = 1’
((=3L4R,+ R} — L3+ RZ2 —R3)%2 + (3R:2Ly — L3 + 2L3R5 — L3)?)2
, 3RZL, — L3 + 2L3R; — L
Sings = 1’
((—=3L4R,+ R} — L3+ R —R3)%2 + (3R2Ly — L3 + 2L3R5 — L3)?)2
3L4R, — R} + L% — R3 — Ry
COSQ, = 17
((BLZR, — R} + L% — R — R3)? + (—3R:Ly + L3 — 2L3R3 — L3)?)2
. _3R2L4 + Li - 2L3R3 - L3
SinQ, =

-.
((BLZR, — R + L3 — R2 — R3)%2 + (—=3R2L4 + L3 — 2L3R5 — L3)?)2

In that case

P1 P2 P1 P2
Ais + B = Ajpcos — 3 + Blocos? +j (Alosm 3 + B1pSin 3 )

+j (Azosm(p + Bypsin <p4)

Py
B
+ b5oCO0S — 3 3

Ay, + By, = Aypcos — L 3

3
(17)
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2 2

= Clo(lcos% — Sin%);

\/—B(AZ* — B;.) _ \/B(Azocos% — Bzocos% +J (Azosin% — Bygsin %))

2 -2
Pe . Pe
=C R 2Oy,
20(Jcos 5 T Ssins )
AqpcCos % — Byocos %
CoOSQs = i
— 2
(Aio + By — 2419B;, cos M)
Alosin% - Blosin%
singg = 1’
2 2 (1 — 92))?
Afo + Biy — 2419B1 cos 3
Azocos% — Bzocos%
COSQPeg = 1'
— 2
(A%O + BZ, — 24,B cos (<p33—(p4))
] Azosin%—Bzosin%
SinPg = 1;

— 2
(Ago + B2, — 2A30B0 cOS M)

1
Ajo = ((—3L3R; + R3 — L3 + R — Ry)* 4+ (BR5Ly — L3 + 2L1Ry — L1)?)5;
1
Bio = ((3L%R2 - Rg + Lr21 - R% - R1)2 + (_3R%L2 + L% — 2L1R; — L1)2)gi
1
Ayo = ((—3L5Rs + R} — L5 + RS — R3)* + (BRZL, — L + 2L3R; — L3)?)5;

1
Byo = ((BL4R, — R} + L5 — R3 — R3)? + (—3RZL4 + L3 — 2L3R3 — L3)?)s.
1
3 — 4
Cio = \/;(A%o + Bfy — 24;0B1 cos M) ;
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1
3 —o\%
Cpo = \/;<A§0 4+ B2, — 2450Byp COS M) .

We put expressions (17) into expressions of roots (16).

Y1 P1 P2 P1 P2
A = —?+ Ai9COS — 3 + B1oc0S — 3 +j (Alosm 3 + Bqpsin 3 )
. V1 (Alocos('g + Blocos(p3 +j (Alosm(p3 + Blosm%))
2,3 - 3 2
+ Clo(]cos% — sin ('025)
Ay = _22 + Azocos(p— + Bzocos<p— +J (Azosm— + B,ysin go_) (18)
3 3 3 3
b ¥, (Azocos(p3 + Bzocos% +j (AZ()sm(p3 + B,pSin %))
>3 2

+ Cy (]cos % —sin (p26)

Taking into account the values of y; and y,, the stability conditions of the

system under consideration on the basis of the characteristic equation (18) are as

follows:
2
bf (M4 + Au’l (x1)> b

= L J 1)+A cosﬁ
6 “m;w A A 105723

+ Blocos% <0;

Au? (x1)
6 “m;w 12 A A
(Alocosq)3 + Blocos% ) s
— > + Clo(—sm7) < 0;

(19)
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2
- by (M, +Au;,f.xl)) b M, 0
i 2 [ S
— =L —S(2 — A =
6(mlw+7r112(5(0) S( a))) A A ) + Aypcos 3
+ Blocos% <0;
Au?(x,)
be (M, + ——=1
1 ¢ f( 4 m; ) b.M
g(milo +712,(5(0) — SQw)) — - SA )
l
(Azocosgo3 +Bzocos(g)

. Pe
- > + CZO(—SLTL7) <0.

The following two inequalities can be written where the conditions of stability

(19) are reasonable:

Auz(xl)
6 A
Aqpcos ('03 + Blocos%
— > < —Cyp |Sm—|
(20)
A 2
e bf(M4 M)li
l 2 i
—_ — — 2 —
Al + l%,(S(0) — SQw)) A
AypCcos 5> @3 4 Byocos F Pa
— 3 3 < —Cy |sm (p6
2 2

The conditions obtained (20) are the stability condition of rod with an elastic
dissipative characteristic of the hysteresis type, which is protected from vibrations

under the influence of random parametric excitations.

Suppose
Ayocos 83 + Byycos £2 Arocos &L + Byycos L2 0
3 3 3 3 5
> — Cyp |Sm—| > 5 — Cyo |sm7|,
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let the attitude be reasonable. In this case, the first condition of the system of
inequalities (20) represents the stability condition for the system under
consideration.

The condition of instability for this case is as follows:

A
. b, <M4 M)H, M,
_ ! 2 _ _ i
- miw+n112(5(0) Sw)) i
Alocosq)3 +Blocos('g
— > > —Cyg |Sln—| (21)
If
Azocosgo +Bzocos(p Alocosqo +Blocosg0
R L PRk e SR
2 20 [Sin 5 10 |SIN > |

the condition is reasonable, the second condition of the system of inequalities (20)
represents the stability condition for the system under consideration. In this case, the

condition of instability is as follows:

2
) by <M4 Auj (xl)) + bM,
— —S(2 — L
c S( a))) A
Aypcos ¢3 + B,gcos <p3
— > —Cy |sm—| (22)

2
The function cy; represents the vertical deviation of the amplitude-frequency

characteristic, and the function c,; represents the energy dissipation in the rod
material [17]. In inequalities (21) and (22), when the argument ({;,, ) of the functions
c1; and c,; reaches a value of (;,.), stable vibrations are formed. For these values

({;q+) the following relation is appropriate:
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Auz (x1)
1 2i bf <M4 —) + b Ml
— 2 _ ) _ i
A + 1l%,(S(0) — SQw)) i
Aqpcos g03 + Bygcos ('g
- = —Cyy |Sm—| (23)
2
Au?
[ e b <M4 + %) + byM,
_ l 2 _ _ i
A + l2,(5(0) — SQw)) 0
Aypcos <p3 + B,ycos ('03
— = —Cy |Sln—| (24)

2
Equations (23) and (24) allow us to determine the mean quadratic values of

rod vibrations with elastic dissipative characteristics of the hysteresis type, protected
from vibrations under the influence of random parametric excitations, and to fully

analyze the dynamic nature.

Conclusion.

The stability conditions of rod vibrations with elastic dissipative characteristics of
the hysteresis type, protected from vibrations under the influence of random
parametric excitations, were determined depending on the system parameters.
Stability borders were expressed analytically, which showed that they allow to
determine the average quadratic values and check the dynamics of rod vibrations
with elastic dissipative characteristics of the hysteresis type, protected from

vibrations.
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