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Purpose. To define and analyze patterns of influence on the qualitative and quantitative parameters of mu-
tually reinforcing action of two components of the kinematic coordinate shock loading on the vibration ampli-
tude of the object at the control points on the basis of two-parameter amplitude-down hole-time characteristics.

Methodology. The study is based on fundamental approaches of applied mechanics, theory of modeling and
vibration reliability. The pre-set parameters include inertial, dissipative and elastic characteristics of the test ob-
ject, coordinates of its reference points while varied parameters are time parameters of two-dimensional external
mechanical shock action, design factors of a supporting structure as well of the object itself and its pre-set refer-
ence points.

Findings. Factors of influence of the parameters of the two coordinate impact while testing the facilities of the
spatial structure for vibration reliability are introduced, dependence of the quantities and gradient signs of chang-
es in these factors on the design parameters of the supporting structure of the test object and geometric coordi-
nates of the reference point on the object and the supporting structure (e.g., a platform of a many coordinate
shaker).

Originality. For the first time, quantitative and qualitative patterns of influence factors dependence on the
parameters of the two coordinate external mechanical loading, the test object and the support structure are de-
fined for objects of the spatial structure based on two-parameter amplitude-downhole-time characteristics. As a
measure of mutually increasing action of parameters of two-coordinate shock loading, it is suggested to use the
influence coefficients described through amplitudes, duration and inter-coordinate temporal delay of shock influ-
ences.

Practical value. The examined shock influences in practice result in the refuses of the real objects of mining
machinery manufacturing, aviation, transport and space machinery regarding stability of functioning and durabil-
ity. For the particular assembly machines, the results are used when determining the regulatory regime of bench

tests for multicoordinate impact force, which improves durability and reliability in operation.
Keywords: fwo-coordinate shock loading, vibration reliability, dynamics of knots of machines

Introduction. Constructions of modern machi-
nes, equipment and mechanisms of mining machin-
ery, aviation, transport and space engineering are
continuously developed and improved in the direction
of increasing the power, rapidity and accuracy [1—5].
While seeking to reduce metal consumption and the
size of metal, this leads to high dynamic loading, as
well as to an increasing role of the vibrational move-
ment of the machine knots [6]. Most of the units and
components of such equipment make a set of nodes,
blocks, and units installed on the supporting structure
(housing) and belongs to a class of objects of the spa-
tial structure (OSS), whose mechanical scheme is a
system of spatially oriented inertial, elastic and dissi-
pative elements.
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Analysis of the recent research. Theoretical is-
sues related to the peculiarities of manifestation of the
synergistic action effects in the task to test the spatial
structure objects for vibration reliability problems are
solved in the works [6—8]. It was found that this ex-
cludes the underestimations of indicators of the vibra-
tory activity of objects, diagnosed by at bench tests
and, consequently, their unexpected failures at vibra-
tion reliability in use. Mutually reinforcing action of
parameters of the deterministic multi-axis vibration
was analyzed on the basis of amplitude — phase — fre-
quency characteristics, and the effectiveness of OSS
bench tests on the multi-axis forward angular vibrating
tables was showed.

The objective of the article is to define influence
patterns for the of qualitative and quantitative param-
eters of mutually reinforcing actions of constituting
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two-coordinate kinematic mechanical shock loading
on the vibration amplitude of the object at the control
points, formalized on the basis of two-parameter am-
plitude-down hole-time characteristics.

Presentation of the main research. The present
work is devoted to the numerical analysis of the mutu-
ally reinforcing action of the parameters of two-coor-
dinate shock loading, formalized by means of two-
parameter amplitude-downhole-time characteristics
(ADTC) of the OSS through mechanical and geomet-
ric parameters of the supporting structure (housing
products), as well as the object itself and its defined
control points.

Fundamental equation of OSS vibrations in the
time domain, produced in the control room and then
in the normal forms, were the basis of research. This
functional dependence of the vibration parameters of
the object on the parameters of the external kinematic
effects is analyzed based on the extremality properties
[6, 7].

As a measure of the mutually reinforcing action of
the parameters of the two-coordinate shock loading
on the dynamic state of the OSS the coefficients of in-
fluence are accepted

_maxY —maxY’

K - -100%;
% maxY 7
Ks, = MAXZ=maxZ” o0
max ./ 1)
Ks, :w.loo%;
max0o
Ks, - Maxr=maxr_100%.

maxr

Where max ¥, maxZ, max0, maxr are the maximum
values of functions

mtax|y(t,T,r)|:fl(T,*c); mtax|z(t,T,1:)|:f2(T,t);

m?x|6(t,T,1:)|=f3(T,t); mtax|r,(L2 (t,T,‘c)|=ﬂ(T,t),

where r is the radius-vector of deviations of the con-
trol points of the test object from their positions in a
state of static equilibrium of the object; t, 7"is the du-
ration and the XY time delay of shock impacts (the
time interval between the leading edges of the rectan-
gular shock pulse in the direction of the vertical and
horizontal coordinates). Here, the quantities max Y”,
maxZ*, max0*, maxs" are determined by the expres-
sion max (y = f1(5, 1)), max(z = f4(5, 1)), max(6 =
= f5(5, 1)), max(r = f4(5, 1)). In this case the maxi-
mum values for the submodular function in the ver-
sion accepted as the parameters max X* (X=y, z, 0, r)
when the OSS has time to come to a state of static
equilibrium before the arrival of subsequent shock im-
pacts. For the mechanical object analyzed in the ex-
periment it was found that this occurs at magnitudes
t=lsand 7= 5s. The influence coefficients Ks( 7, 1)
(i=y, z, 0, r) are zero at the action of indicated per-
turbations.
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On the base of the two-dimensional ADTC ( f,(7,
1) (k = 1-4)), the work defines and analyzes quantita-
tive and qualitative characteristics of the behavior of
the influence coefficients (1) when changing the t, 7°
parameters of the two-coordinate kinematic shock
impact of a rectangular shape, as shown in Fig. 1 where
A is the pulse amplitude.

The kinematic excitation at an object is formal-

ized as
A,te|0,t
R (e

()

v, ()=, (t)= {O’I € (O’T)U(T+r,+m)‘

At e[T,T +1]

The advantage of the considered two-dimensional
ADTC over the uniform amplitude-boreholes and
amplitude-time characteristics is their absolute infor-
mative value regarding the following basic characteris-
tics of mechanical vibration systems [6, 7]: the number
of the resonance peaks when t = Var and T = Var; the
values of the parameters of indicators of the mutually
reinforcing action of the two-coordinate shock loading
(coefficients of the influence Ks,(7,t)). The mechani-
cal scheme of the analyzed three-dimensional object
under research is shown in Fig. 2. The following desig-
nations are adopted: /—4 — structural elements, mod-

Vel, Vz2

0 T T+t t
Fig. 1. Scheme of shock influence
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Fig. 2. Mechanical scheme of the object
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eling supporting structure (body) of the item; 5, 6 —
details of junction of the object with the product of
housing; 7— 10 — elastic-dissipative elements, model-
ing the generalized deformation characteristics of the
suspension of the object in orthogonal directions;
11 — the basic constructive element of mass 7, mod-
eling the inertial properties of the object; 72 — the in-
ertial additive element of mass m,; Vi, V,,, — vertical
mounting displacement of constructive elements 1, 2,
providing a static equilibrium of the object; Oyz,
O,y,z; — fixed and movable system of coordinates ac-
cordingly, whose poles are the same in the position of
static equilibrium. The feature of the object of research
is a type of non-linear characteristics of the stiffness of
elastic elements 7, & of its suspension bracket (Table
Entry 8).

With the aim to facilitate the analysis and interpre-
tation of results, as well as to make the results of studies
of generalizing practical importance, the work repre-
sents the object as a set of basic inertial member 11 and
the inertial additive element 12, which is embedded in
the base, informing OSS the properties of the para-
metric irregularity of the dynamic model. In a particu-
lar case, the circuit of the research object, shown in
Fig. 2, simulates the mining machinery units, seismic
protection, aviation, space technology, as well as the
crews of the rail and road transport. For example, with
regard to mining and transport equipment it occurs
when with machine working and the object moving
along the route, the download changes; as for the avia-
tion technology, the mounted unit is forcibly separated
from the frame structure during the flight of the ob-
ject. In this case, there obviously occurs a change of

mass characteristics of the object, its moment of iner-
tia, as well as the coordinates of the points fixing elas-
tic-dissipative elements, etc., that is, the parameters of
the dynamic model. In the paper, this object property
is defined by the term “the parametric infrequency of
the dynamic model”.

As a result of the given shock impacts Vz1, Vz2,
Wyl, V32 of constructive elements 1—4 of the sup-
porting structure of the item, the research object ex-
ecutes three-dimensional vibrations in yOz plane. It
has three degrees of freedom: the ability to move in
the direction of the axis Oy and Oz, and rotate around
the point O, (the center of mass). In practice, the
considered shock impacts lead to the denials of the
real objects regarding the stability of functioning and
strength. Particularly when they appear periodically.
As part of the task, the design scheme of the object
reflects the main features of the real mechanical sys-
tem, affecting the evaluation of its dynamic response,
the features of connectedness of vibration; it is cor-
rect and structurally sufficient, taking into account
the two-parameters of the analyzed influence coeffi-
cients and XY of the considered kinematic impact ex-
citation.

In a time domain the dynamic model of the object
with two-coordinate shock loading of kind (2) consid-
ering [6, 8] has the form

w- Ql = sz

where O, = [y, z, 0] is a vector of linear and angular
displacements of the object together with the mass
center and around it; O, = [g,, ¢,, 3] is a vector of in-
put actions;

Table
Geometrical and mechanical parameters of the object
The Object The Object
No. OSS Parameters of the first type of the second type
1 The Mass mg of basic inertial element, kg 17000
2 The Mass m, of additive element, kg 0 8050
3 The Mass of generalized inertial element, kg 17 000 25050
4 The coordinates of the center of basic element's masses, m (0; 0.57) (0; 0.64)
5 The moment of inertia of the generalized element, kg - m? 250 692.67 251 589.33
6 The resistance ratios of elastic elements 7—10 of the suspension , N - s/m 24 - 10°
7 The coefficients of the stiffness of elastic elements 9, 10 of the parallel 0.475 - 10°
axes, Oy, N/m
8 The coefficients of the stiffness of elastic elements 7, 8 of the parallel 4 3
axes, Oz, (z — dimension in the formula is in meters), N/m 5:10°-4/6-10 l2+1
9 The Coordinates of the fixing points of elastic elements 7, 9 and 8, 10, m (-3.2; -1.12); (-3.2; -1.19);
(3.2;-1.12) (3.2; -1.19)
10 The coordinates of the control points, m K1 (-3.2; 2.0); K1(-3.2; 1.93);
K2 (-6.0;0.5) K2(-6.0; 0.43)
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4,(0)=(b, P+c, )V, (1):
a,(t)=b,- PV, (t)+cV, (1);
q,(r)=b1_-P-y, Vy, (t)+b2:,_-P-y12~VZ2 (r)+
+el oy, Y, (t)+c2z-y12-VZZ (1)-
(b1, P+cl)z, V, (1) =62, P+c2,)-2, -V, (1);

W 0o -w
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w=0 W. W, | is a matrix of transfer
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functions of the study object;

— 2 .
W,=M-P +b,-P+c,;

W.=M-P +b_-P+c;
W,o=1,-P+(bl,-P+cl ) -z}, +(b2,- P+c2,) -z}, +
+(bl_-P+cl )yl +(b2,- P+c2,)y};
W,o=(b,-P+c,) 2,;

W, :blz-P-y“ +b2z-P-y12 +cl y, +c2, y,,

where M = m,+ m, is the mass of generalized inertial
element; P= % is the operator of differentiation; ¢, =
=cl,+c2c,=cl +c2;b

s C; s b,=b1,+D2,;b,=b1 +b2,;
cly, c2y, bly, b2y are the coefficients of stiffness and
elastic-dissipative resistance of elements 9, 10; clz,
c2z, blz, b2z are the coefficients of stiffness and elas-
tic-dissipative resistance of elements 7, 8; /. is the mo-
ment of inertia of the object relative to the axis passing
through its center of mass; y,;, y;, are coordinates of
the points fixing the elastic elements 7, 8 accordingly;
Z1»= 23 are the coordinates of points of fastening of the
elastic elements 9, 10; Vz1 = Vz2; Wyl = 132,

The dynamic model of the object of research is pre-
sented in the normal Cauchy form and solved by the
Runge-Kutta method of fourth-order accuracy.

Asin the expressions (1) the values max Y*, max.Z",
max 0*, max7* are constant values for a particular ob-
ject, the behavior of the coefficients of influence is
uniquely determined by the character of variation of
the corresponding functions of two variables

mtax|y(t,T,r)|:fl(T,r);
mtax|z(t,T,r)|=f (T.7)
mtax|z(t,T,r)|=f2(T,T);

mtax|r,(l,2 (t,T,r)|=ﬁ(T,r).

They are analyzed in the work for the geometrical
and mechanical OSS parameters shown in Table.

Here, the objects of type 1 and 2 differ in masses of
the additive element, respectively, with m,=0and m,=
= 8050 kg.
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For example, Fig. 3—4 for the type 1 object shows
the characteristics of the maximum deviations of coor-
dinates of its center of mass and the reference point K,
from its equilibrium position while varying t and 7 in
the range (0—5) ¢, where the positions a, b, ¢ show the
variations in coordinate direction Y, Z, 0, respectively.

The same characteristics for OSS of the second
type are shown in Fig. 5—6.

As a result of the cumulative behavior analysis for
ADTC fi(T, 1), (T, 1), f5(T, 1), fo(T, t) we installed

ST, 1)

ST,

Fig. 3. Amplitude-downhole-time characteristics
of the object:
a — deviations in the direction of Z coordinate; b —
deviations in the direction of Y coordinate; ¢ — de-
viations in the direction of 0 coordinate

AT AT

ST 1)y

Fig. 4. Amplitude-downhole-time characteristics
of the object:

a — deviations in the direction of Z coordinate; b —
deviations in the direction of Y coordinate; ¢ — de-
viations in the direction of 0 coordinate

Fig. 5. Amplitude-downhole-time characteristics
of the object:
a — deviations in the direction of Z coordinate; b —
deviations in the direction of Y coordinate; ¢ — de-
viations in the direction of 0 coordinate

T

Fig. 6. Amplitude-downhole-time characteristics
of the object:
a — deviations in the direction of Z coordinate; b —
deviations in the direction of Y coordinate; ¢ — de-
viations in the direction of 0 coordinate
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the qualitative and quantitative dependences of coef-
ficients influencing Ks( 7, t) (i =y, z, 0, r) from the
effect of parametric irregularities of the OSS dynamic
model. For the test object analyzed in the work with
changing mass of the inertia additive element in the
range of m, = [0 + 8050] kg, the ranges of change of
influence coefficients adopted the following values: for
the center of mass of the generalized inertial element
Ks,=[21.9 +9.3] %, Ks,=[5.3 + 3.7] %, Ksy=[20.1 +
14.9] %; for the control point K, — Ks,=[38.4+26.1] %,
Ks,=10.6 + 6.2] %, Ks,=[47 + 40.4] %; for the control
point K, — Ks,=1[23.9 + 11.9] %, Ks,=[35.2+25.4] %,
Ks,=[58.8 + 48.5] %.

At the same time there occurs dependence of the
signs of gradients of changing influence coefficients on
the position of the analyzed point in the internal vol-
ume of the object hull. For example, at a reference
point K, for the vertical coordinate Z, as opposed to
other considered points of the test object (point K,
and the center of mass) the effect of the positive dy-
namics of change of influence coefficient Ksz appears,
while an increase in mass inertia of the additive ele-
ment in the range m, = [0 + 8050] kg leads to its in-
crease in 10.3 times. Moreover, we installed quantita-
tive and qualitative dependence of the time parameters
t, T of the two-coordinate shock loading of kinematic
excitation of the object, with which the conditions of
Ks{(T, t1) = max(i = y, z, 0, r) are achieved, on the
geometric coordinates of the analyzed point in the
Oz, system. For example, at m,= 0, the following
quantities of durations t and the time lag 7 of shock
loadings are obtained: for the center of mass in the co-
ordinate y —t = 1.1 s, 7=0.6 s, in the coordinate z —
1=0.3s, T=1.3s, in the coordinate 6 —t=0.9s, 7=
= 1.3 s; for the control point K: for the coordinate y —
t=0.9s, 7=0.9s, for the coordinate z —t=0.6s, 7=
= 0.1 s, for the radius-vector of the point —t=0.9 s,
T = 0.4 s; for the control point K,: for the coordinate
y—1=0.9s, T=0.4s, for the coordinate z — 1 =0.9s,
T = 1.3 s, for the radius-vector of the point— t = 1.9 s,
T = 1.6 s. Thus, for example, for the radius-vector of
the control point K, the condition Ks»=max is reached
at values of the duration quantities t and the time lag
T, exceeding the similar for the control point K, re-
spectively by 2.1 and 4.0 times.

Conclusion. The importance of the studies car-
ried out in the work, involves specifying the features of
occurrence of effect of mutually reinforcing action of
multi-coordinate mechanical shock loading from the
supporting structure as applied to problems of the vi-
bration reliability of the spatial structure of objects;
the features are determined by coefficients influence.
The obtained results should be considered when de-
termining the normative operational mode of the ob-
ject. Disregard of the established effect leads to a re-
duction of durability and reliability of an object in
operation.

It should also be noted that with bench test for vi-
bration reliability, the considered option of vibrations
of the product hull is implemented by the platform of
two-coordinate shock vibrating bench, whose devel-
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opment and implementation relates to the topical
problems of modern testing equipment.

The practical significance of the obtained results
is shown while solving the problems of vibration re-
sistance, vibration strength and vibration diagnos-
tics of knots and units of machines relating to the
objects of the spatial structure, designed for opera-
tion under conditions of multi-coordinate impact
action, as well as in the synthesis of constructive
schemes.
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Meta. BctaHoBUTH Ta mpoaHajlizyBaTU 3aKOHO-
MipHOCTI BITJIMBY Ha SIKiCHi 1 KiJIbKiCHi mapaMeTpu il
CKJIaJOBUX IBOKOOPAMHATHOTO KiHEMaTUYHOTO yaap-
HOI0 MEeXaHiYHOI'0 HaBaHTaXKEHHSI, 1110 B3a€EMOITiICU -
JIIOETbCSI, HA aMIUITYIM KOJUMBaHb OO’€KTa B KOH-
TPOJBHUX TOUKax, (popMajizoBaHi Ha 6a3i mBorapa-
METPUYHUX aMITTITyTHO-IITapyBaTUCHO-YaCOBUX Xa-
PaKTEepUCTUK.

MeTonuka. JlocmimkeHHs 0a3yl0Tbcsl Ha pyHOa-
MEHTAJIbLHUX Miaxoaax NPUKJIaIHOI MeXaHiKM, Teopil
MOJIETIOBAHHS Ta BiOpoHadiifHOCTI. 3aJaHUMU TTapa-
MeTpaMMU € iHepLiiHI, IMCUIIATUBHI 1 MPYyXKHi Xapak-
TePUCTUKHU 00’€KTa BUTTPOOYBaHb, KOOPAUHATU OTO
KOHTpPOJIbHUX TOYOK, BapiloBaHMMHU — THUMYACOBI
napaMeTpy IBOMipHOI 30BHIllIHbOT MEXaHIYHOI yaap-
HOi mii, KOHCTPYKTHBHI MapaMeTpU Hecydoi KOH-
CTPYKIIii, a TAKOX caMOro o0’eKTa Ta MOro 3agaHuxX
KOHTPOJIbHUX TOYOK.

PesynsraTii. YBeneHi koedillieHTU BIUIUBY Mapa-
METpiB ABOKOOPAWHATHOI YIapHOI MIil MPpU BUIIPOOY-
BaHHSIX 00’€KTiIB MPOCTOPOBOI CTPYKTYPHU Ha BiOpPO-
HaAilHICTb, BCTAHOBJICHA 3aJI€3KHICTh BEJIMUMH i 3HA-
KiB Tpami€HTIiB 3MiHM BKa3aHMX KOe(MIilli€HTIB Bif
KOHCTPYKTHUBHUX IlIapaMeTpiB HECy4ol KOHCTPYKIIii,
00’exTa BUNPOOYBaHb i TEOMETPUYHUX KOOPAMHAT
KOHTPOJILHOI TOYKM Ha 00’€KTi I HeCcyuili KOHCTPYK-
mii (HampukJiam, riardopMi 6araToKoOpAMHATHOIO
BiOpoCTeHa).

HaykoBa HoBU3HA. Yriepile s 00’€KTIB Mpo-
CTOPOBOI CTPYKTYpU Ha 0asi JBonapaMeTpUIHUX aM-
TUTITYAHO-1UMAapyBaTUCHO-YaCOBUX  XapaKTEPUCTUK
BCTAHOBJIEHI SIKiCHA i1 KiIbKiCHa 3aKOHOMipHOCTI KO-
edillieHTiB BIUIUBY Bill TapaMeTpPiB 30BHIIIIHbOTO JBO-
KOOPIMHATHOTO MEXaHIYHOTO HaBaHTaXXeHHSs, 00’ €K-
Ta BUIIPOOyBaHb i HeCy40i KOHCTPYKIIii. B sskocTi Mmipu
B3aEMOIMIACUIIIOIOYOI il MapaMeTpiB JBOKOOPAMUHAT-
HOTO yZapHOTO HaBaHTAaXXEHHS 3alIPOIIOHOBAHO BH-
KOPUCTOBYBAaTU KOe(illiEHTU BILIMBY, 1110 (hOpMali3o-
BaHi yepe3 aMIUIiTyIu, TPUBATICTh i MiXKKOOpAMHATHE
yacoBe 3ari3HIOBaHHS yIapHUX BIUIMBIB.

IIpakTyHa 3HAYUMICTB. YIapHi BIUIMBU, LIO
PO3MISIIAIOTHCS, TIPU3BOASTEH Ha MPAKTHUIII 10 BiTMOB
peaibHUX O0’€KTIB TipHUYOTO MAIIMHOOYIYBaHHS,
aBialliifHO1, TPAaHCITOPTHOI Ta KOCMiUYHOI TEXHIiKU 3a
CTilKiCTIO (DyHKIIOHYBaHHS W MilHicTIO. {719 KOH-
KPETHUX By3J1iB MaIllMH OTPUMAaHi pe3yIbTaTh BUKO-
PUCTOBYIOTBCS IIPY BU3HAUYCHHI HOPMATHUBHOIO pe-
KNUMY CTCHIOBUX BUIIPOOYBaHb Ha 0araTOKOOPIM-
HaTHY yJIapHY it0, 1110 3a0e3Mneuy€e NiaBUILIEHHS T10B-
TOBIYHOCTI Ta HaJiiiHOCTi 00’€KTa B eKCITyaTallii.

KimouoBi cioBa: deoxoopounamme ydaphe Ha-
BAHMANCeHHA, 8IOPOHAODIHICMb, OUHAMIKA B8)Y3.1i8
MAWuH

Ileab. YcTaHOBUTH U MPOAHATU3UPOBATh 3aKOHO-
MEPHOCTU BJMSIHASI Ha KadeCTBEHHBIC W KOJIMYE-
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CTBEHHbIE TTApaMETPhl B3aMOYCWIMBAIOIIETOCS ek~
CTBUSI COCTABJISIONINX JBYXKOOPIUHATHOTO KMHEMAa-
TUYECKOTO YIapHOTO MEXaHUUECKOTO HAarpy>KeHUsl Ha
aAMIUTUTYAbl KOJIeOaHUN OO0BEKTa B KOHTPOJBHBIX
TouKax, (hopMaIn30BaHHbIC HA 6a3e NByXIapaMeTpu-
YECKUX aMIUIMTYIHO-CKBAaXKHOCTHO-BPEMEHHBIX Xa-
paKTEepUCTUK.

Metoauka. VccnenoBaHus 6a3upyrorcst Ha (yH-
JIAMEHTAJIbHBIX MOAXONaX MPUKIAIHON MEXaHUKH,
TEOpUM MOJAETUPOBAHUS U BUOPOHANEKHOCTHU. 3a-
JaHHBIMU TITapaMeTpaMM SIBJISTIOTCS MHEPILIMOHHBIE,
JMUCCUTIAaTUBHBIE U YIIPYTUE XapaKTePUCTUKKN 00bEK-
Ta UCTBITAHUN, KOOPAWHATBHI €r0 KOHTPOJIBHBIX TO-
YeK, a BapbUpPYyeMbIMU — BpPEMEHHBIE MapaMeTphbl
JIByYXMEPHOTO BHEITHETO MEXaHWYECKOTO YyIapHOTO
BO3/ICHICTBUSI, KOHCTPYKTUBHBIE TapamMeTphl HECY-
el KOHCTPYKIIMU, a TaKXKe CaMOro 00beKTa U ero
3aJaHHBIX KOHTPOJIbHBIX TOUEK.

Pe3syabraTtel. BBeneHbl K03(hOUIIMEHTHl BIMSI-
HUSI MapaMeTPOB IBYXKOOPAUHATHOIO YIapHOTO BO3-
JIEUCTBUSI TIPU MCIBITAHUSIX OOBEKTOB MPOCTPaH-
CTBEHHOI CTPYKTYpbl Ha BUOPOHAIEXKHOCTb, yCTa-
HOBJICHA 3aBUCUMOCTb BEJIMYMH W 3HAKOB T'PaMCH-
TOB M3MEHEHMSI YKa3aHHBIX KO3(GUIMEHTOB OT
KOHCTPYKTUBHBIX TIapaMETPOB HeCyIllell KOHCTPYK-
1IN, 00BEKTa UCTIBITAHUI Y TEOMETPUIECKUX KOOP-
JMIMHAT KOHTPOJIBHOUM TOUKM Ha OOBEKTE W Hecyllei
KOHCTpYKIIMU (Hampumep, ruiathopMe MHOTOKOOP-
JMMHATHOTO BUOPOCTEHA).

Hayuynas HoBu3Ha. BriepBbie 1151 00bEKTOB IMPO-
CTPAHCTBEHHOU CTPYKTYphI Ha 0a3e NByXIapameTpu-
YECKUX aMIUTUTYIHO-CKBaXXHOCTHO-BPEMEHHBIX Xa-
PaKTEepUCTUK YCTAHOBJIEHBI KAUECTBEHHAs U KOJIMYE-
CTBEHHAasi 3aKOHOMEPHOCTH 3aBUCUMOCTU KO3 hu-
IIMEHTOB BJIMSHUS OT IMapaMeTPOB BHEIITHETO IBYX-
KOOPAMHATHOTO MEXaHMYEeCKOTO HarpyKeHusi, 00b-
eKTa MCITBITAHWI U Hecylllell KOHCTpyKInK. B kaue-
CTBE Mepbl B3aMMOYCUJIMBAIOIIETOCS IeCTBUS TTapa-
METPOB JBYXKOOPAWHATHOTO YIAPHOTO HArpy>XeHUs
MPEUIOKEHO MCIONb30BaTh KOA(D(MUITUEHTHI BIUSI-
Hus, (HOpPMaAIN30BaHHBIC Yepe3 aMIUIUTYIbI, JIv-
TETBbHOCTh U MEXKOOPAMHATHOE BPEMEHHOE 3amas-
IbIBAHUE YIapPHBIX BO3ACHCTBUM.

IIpakTuyeckass 3HaYMMOCTb. PaccmaTpuBae-
MbI€ yIapHbIe BO3AEHCTBUS HA MPAKTUKE MPUBOIST K
0TKa3aM pealbHbIX 00bEKTOB TOPHOTO MAIIIMHOCTPO-
€HUS, aBUALIMOHHOW, TPAHCTTIOPTHOU U KOCMUYECKOW
TEXHUKU TI0 YCTOMUYMBOCTH (PYHKIIMOHUPOBAHUST U
MPOYHOCTU. 111 KOHKPETHBIX Y3JIOB MAIllMH TOJTY-
YEeHHBIC PEe3YJIBTAaThl MCIIOJB3YIOTCS TIPU OTpeesie-
HUU HOPMATUBHOTO PEXMMa CTEHJOBBIX MeXaHUYe-
CKMX UCTIBITAHWI Ha MHOTOKOOPAWHATHOE YyIapHOe
BO3/ICHICTBUE, YTO TOBBIIIACT JOJITOBEYHOCTh U Ha-
JIEXXHOCTh O0BEKTA B 9KCILTyaTallUU.

KiroueBble clioBa: 08yxxoopourHamuoe yoapHoe
HaepydceHue, BUOPOHAOECHCHOCMb, OUHAMUKA Y3108
Mauwlun
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