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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE DESIGN OF UNIQUE MECHANISMS AND MACHINES. I1

Abstract. A cardinal breakthrough is possible in the transition of mechanisms of lower class (class II) to high
class (class IV and above) to design new mechanisms and machines. For the first time a new concept based on
approximation theory is offered for mechanisms of high class aimed at solving kinematic, kinetostatic and dynamic
problems. Methods, algorithms and programs are developed to define the position of links and reaction forces in the
joints for mechanism of class IV at any given accuracy. A numerical experiment has shown a huge advantage of
mechanism of class IV to design a new mechanism for aircraft’s chassis (the mechanism of the robotics and auto
crane’s boom outreach having a heavy payload), as well as for control devices of working bodies with high speeds
for hydraulic hammers and presses. At the same time minimum of reaction forces in the joints for these mechanisms
as well as the minimum of balancing force to select the required drive with low power is provided.

Key words: kinetostatic, dynamics, mechanism of high class, mechanical engineering, robotics.

Introduction. The kinematic-dynamic model for mechanism of high class is described by diffe-
rential-algebraic equations (DAE)[1]. Some questions of the investigation of DAE are given in [2-5]. The
complete analysis of mechanisms of high class involves the simultaneous solution of kinematic, kine-
tostatic and dynamic problems. According to the classical theory of mechanisms and machines a separate
solution of complex problems is considered. Planar lever mechanism of class IV as the basic mechanism
out of all mechanisms of high class and in much the same way a four-link mechanism out of mechanisms
of lower class II are going to be studied.

This work is devoted to the development of a new calculation theory for the underlying mechanism of
class IV done on the basis of the theory of differential equations and the approximation theory. In this
article we consider singular differential-algebraic equations and a power analysis of these mechanisms.

The proposed methods, algorithms and the held computational experiment made possibilities to
identify the unique characteristics of the above mentioned mechanism of class IV and their use in various
scientific and technological fields (in the mechanisms like departure chassis of an aircraft, load-lifting
cranes, presses, robots and other devices).

The common model for mechanism of high class. Suppose the mechanism of high class (MHC)
consists of » moving links. Numbers of output links vary from 1 to n-m, and the number of input ones
varies from n-m +1 to n, m is the number of input links directly related to drive units (Figure 1). The
proposed mechanism of the numbering units enables the use of vector-matrix notation in solving various
equations in kinematics and dynamics.

Then the general model for mechanism of class IV (n=6, m=2) is represented in the form:

- differential equations of this mechanism’s dynamics having two degrees of freedom (two
generalized coordinates, n=6, m=2) are:

da (oL oL .
E(a_q']) _E—Qj;] = 1m (1)

and having the initial conditions
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q;j (to), 4;(to) (2)

where L is the Lagrangian, q;, ¢,, @; are generalized coordinates, velocity and force.
The kinematic model of the mechanism of the IV class ( shown in figure 1) is described by a system
of trigonometric equations:

N
I as 2
I_E'm
Pz %
1_1 P1
04 1_5
- T Py
E h .
6

0 Ws I

/ ; s / ; ; ) X
Figure 1 — Mechanism of class IV having rotational pairs

[, cosp, +1,cosp, +1,cosp, +[;cosp, —I,cosp, —1,cosp, =0,
[, sing, +1,sinep, +1;sinep, +[;sinep, =, singp, —[,singp, =0,
3)
I cos(gp1 —al)—l; cos((p3 +053)+l4 cos, +I;cosps —I cosp, —1,cosp, =0,
I sin((p1 - al)— I sin((p3 + a3)+ l,sing, +[;singp, — I singp, —[,singp, =0.

Systems (1), (3) are a system of differential-algebraic equations (DAE). This terminology is accepted
by scientists all over the world.

From the system (3) we have the dependence of the angular coordinates ¢ of the output links on the
angular coordinates q of the input links of the mechanism:

p(t) = @(q(t)). 4)

It should be noted that in the first part the system of trigonometric Equations (3) were presented in a
differential form. Therefore, the differential form of the system (3) has its advantages and disadvantages
associated with the matrix 4. Only the case when the DAS is related to the ordinary differential equations
(ODE) for | A | # 0 is considered. The singularity of the DAY arises when | A | = 0.

In this case, the application of numerical Runge-Kutta’s methods is impossible. It is necessary to look
for other approaches. Known approaches of foreign [2, 3] and russian [4] scientists are not very suitable
for their use, since the error in the developed numerical methods is quite large. This error violates the
reliability of the kinematic model (3).

Task 1. Solve the general model (1) - (3) for mechanism of class IV using approximation theory and
Runge-Kutta’s method for |[A] # 0 or |A| = 0.

We first determine the Lagrangian L for the mechanism of class IV
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m} ]qJ

L =y4 o ‘q’l — Xiy miglising; + Y8 — Xj-smjglsing; +

m111 ‘P1

+——"4+miglisin(p; —a;) + === 313 i +miglisin(es + az), ®))

where m is the mass of the links, g is the acceleration due to gravity. When the Lagrange’s operator of the
second kind is applied to the function (7), the following derivatives are necessary

() = (a*”‘(Q),q(t)) $:(6) = (a“"l(‘”,qm) +q)Z D G(),i=1,m—m ©6)

Then the system (1) can be written in the form of a normal Cauchy form:

q= f<q(t) @(t), - 2 (t) (t) M(t)> t € [to, t:] (7

where f is a vector- function of dimension 2mx]1.

Approximation theory studies the question of the possibility of approximate representation of some
mathematical objects by other objects of simpler nature. Now us show the possibility of applying the
theory of approximations to the numerical solution of the Cauchy problem (1)-(3). Let A¢@ be the error in
calculating the angular coordinates, then we can use the approximation theory.

Lemma. For the numerical realization of the trigonometric identity

cos?g + sin®p =1 (8)
is applied formula
cos (¢ + Ap)cosp + sin(p + Ap)sing = cosAp. 9)

Proof. We apply trigonometric transformations. Then the equality (8) takes the form:
cos (¢ + Ap)cosp + sin(p + Ap)sing = (cospcosAp — sinpsinAg)cosp+(sinpcosAgp +
cospsinAp)sing. We pirve such terms in this ratio. Then we get cos (¢ + A@)cose +
+sin(gp + Ap)sing = cosAg .1t follows from the last expression that limp,_q cosAgp = 1. This limit
ensures the fulfillment of the trigonometric identity.

Note 1. We introduce the notation § = cosA¢. Then, by choosing & (or Ag), the relation 1-§ = ¢
establishes the fulfillment of the trigonometric identity with a given accuracy.

Theorem 1. The numerical realization of the system of trigonometric equations (3) can be
represented as a system of linear algebraic equations.

Proof. On the basis of the lemma, the trigonometric system (3) after applying the scalar product and

excludmg the angular coordinates ¢, ¢, goes into the system of linear equations for variables cos golk .

sin /™, cospi™!, sin @} :

5

S = (1, cosp/™ I, cospi™ — I, cospi™ +1, cospl™ +1, cosp,)*
* (=1, cos! —1,cospt —1 cospt +1,cosp, +1,cosp,)+
+(=1, sing™ — 1, siny™ — 1, sinpt™ +1, sing; +1, sing,) *

*(—1, sing! -1, singp} — [, singl +1 sing; +1,cosp,), (10)

S1; = (=1, cos(p™ —a,)— I, cos(pi™ + a;) =, cospi™ +1 cospr™ +1, cos ) *
* (=1, cos(p; —a,)—1, cos(ps +ay)—1cospl +1, cosp, +1,cosp,)+
+(=1, sin(p/™ -

—a,) =L sin(pf™ + o)~ singl™ + 1, sing, ™ +1, sin g, ) *
* (=1, sin(pf —a,)—1, sin(p) +a,)—I singt +1,sing, +1,cosg,),

cosp!t cospl +sing/* sing =5, (11)
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k+1 k+1

cos @i cos @} +sinpit singpl =6

where « is iteration number, ¥=0, 1, 2, ..., n.

We determine the variables cosg, "', sing,™, cosps™, sin g™ from the systems (10), (11) and

substitute them into the system (3).
k+1 k+1 k+1,

Then we find the quantities cos @5, sin @™, cos go4 , Sin @,

cos (/)é‘” = (1, cos /" =1, cos pi ™ — I, cospl™ +1, cos T +1,cosp,) /1,

sin; ™ = (I, sing, + 1, sinpi" + 1 sinpl™ 1 sing, —1,singp,)/1, , (12)
COS(pff1 = (-1 cos(p, —a,)—1; cos((o;”1 +a3)—15 cospi™ +1, cospr™ +1,cosg,)/1,,

k+1

sin gt = (=1 sin(p, —a, )1} sin(go3 + a3)—15 sint™ +1, sing, ™ +1,sing,)/1,.

We note that for £ = 0 in the linear systems (10-12), the initial values of the functions cosq;(t;),
sing;(t;) are determined on the base [5] .

Note 2. The left-hand sides of the system (10) are the scalar product of the vectors (I%,I%*1),
(1%, 151y on the k and k + 1 steps. Let & = 1. In this case, the equation (11) asserts that the projection of
the vector [¥ on to the direction (51
the system (10), will not be equal to I, . Therefore, the normalization of the vector [5*1 is required. This is
true for the vectors IX, [¥*1 and the unit vectors in the last two equations (11) of the whole system, also for

the right-hand side of the system (10), which is the scalar product of unit vectors and vectors /.

is equal to [, . Obviously, the length of the vector I¥™, found from

We introduce the notation x = cos;(ty), y¥ = sing;(ty). These values are then normalized:
K K _
= ———— yf = — i =1234
((xH2+ 9?2 ((xH2+ 9?2

Further, we find the angular coordinates:
k
0¥ = @i(ty) = arctg% + nm, (13)

where xF = cosg;(t), v = sing;(ty).

The initial values of variables @;(t;), @;(t;) are determined on the base formula (14). The discrete
velocities ¢* and the accelerations @* in the Lagrange’s operator are found from the formulas of
numerical differentiation [6] by the found angular coordinates ¢ (t;).

In conclusion, we represent the continuous system (7) in a discrete form:

a a2
qk”=qk+f(q(tk),(p(tk),a—(p(tk),a—(zp(tk),M(tk)>h, k=0, 1, 2, ..., n (14) where qg* =

k
7]
4t 0% = p(t), GO = 2200, (55) =53t M* = M(6),t = to + kh,h = At Here,

f <q(tk), (p(tk),ﬁ (t")'ﬁ (tr), M(tk)> is a vector function, h is step of integration. Further, we define

the required partial derivatives
a‘PL Gu(tr) 9% @u(tr)
( )_q(r) 9q; (t )_q,(tk)
We formulate this result in the form
Theorem 2. The solution of a system of differential-algebraic equations is found from the system of
linear equations (10-12), (14).
Note 3. The accuracy of the solution of the system (1-3) (DAE) can be improved by representing the

vector function f(q(tk) (p(tk) 9 (tk)

numerical methods[65].

i=1,...n—-mj=n—-m+1,..,n

o (tk) M (tk)> in system (14) on the basis of Runge-Kutta

The kinetostatic method for the mechanism of class IV. The proposed method of kinematic
calculating and method of kinetostatics based on D’Alembert’s principle is put as the basis for the
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mechanism force calculation. The results of the study of the force parameters serve as the basis for the
calculation of the strength and stiffness of the mechanism of class IV. Without loss of generality we
assume /c=0. Kinematic scheme of power analysis for the mechanism of class IV is shown in Figure 2.
Task 2. Define the reaction forces in the joints 4, B, C, D and E of the mechanism of class [V under
the influence of external moment M.
Using the method of calculation of the kinematic parameters [5], the coordinates of these joints are
defined by:

x,=l;cosps, y, =l;sing,, x, =1, cosp, +1,cosp,, y,=I[sing,+I[ sing,
X =l cosps +1; cos(@p, —a,), v =Il;sing, +1 sin(p, —a,),
x, =1, coseps +1 cosp, +1,cosp,, v, =I[sing, +[ sing, +1,sing,,
x, =l cosp, +1 cos(p, — ) +1,cosp,, y, =L sin g, +1 sin(@, —a,)+1,sing@,.
We define the coordinates of the point of intersection H of the lines in figure 2, passing through the
points D, B and H, E, C and H, 4 and H
Ax+By+C, =0, i=123
where
A==(yp=yp), Bi=xp-xp C=(yp—ye)x;—u(x, —%p), 4=~y = ¥c),
By =x;—xc, C=g—y)xg—yp(p—%c), A==y, —yy), By=x,-xy,

Co=(V = yu)x, =y (e, =xy), , BC=8C - A =Cody
Ale _A2B1 Ale _AZBI

We form the equation of balance of the base link 1 by equating the sum of the forces acting on this
link:

F+F,+F, =0
The vector equation of equilibrium of the force is decomposed into two components in the
projections on the axis of the fixed system of coordinates:

F,cosp, + F,cose, + F;cos f =0,
F sing, + F,sing, + F;sin =0,

where

A3
p=arctg(— B—)

S X

Figure 2 — Kinetostatic analysis for the mechanism of class IV
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The reaction forces F;,F‘z and ]73 in the joints A, B, and C of the base link 1 are arisen due to the
action of constant moment M on output link 3 with fixed (input) link 5. Acting on output link 3 the

moment is M =Bl +le; . Here, [; and / 3* are the length of the vectors of base link 3. According to the
plan of force we determine (see Fig.2.):

B =F;cos(90° + ¢, — ¢3)

P, =F,cos(90" + ¢, + a; — @,).
Substituting the last formula in scalar equations (17), we obtain a system of equations to determine
the reaction forces Fl, fz and 53:
F cosp, + F,cosp, + F,cos B =0
F sing, + F,singp, + F;sin f =0
I,F, cos(90° + @, — ;) + I, F, cos(90" + ¢, + o, —,) = M

In conclusion, it should be noted that a method, an algorithm and a program for determining reaction
forces in the kinematic pairs of the mechanism of class IV have been developed based on the proposed
method of power analysis.

Discussion of results. Power analysis makes it possible to calculate the strength of the mechanism of
class IV parameters and to select the power for the desired drive unit. Thus, a fresh approach to make a
simultaneous solution of kinematic, kinetostatic and dynamic problems of the mechanism of class IV is
offered. The obtained results are easy to apply to mechanisms of high class with a larger number of closed
contours. The importance of the fundamental scientific result presenting in brief the theory of mechanisms
of high class lies in its practical application. The question always arises: how to use the theory actually
proposed in a compressed form, and the unique properties of these mechanisms in the design of new
devices and machines.

For the first time the programs on the Delphi’s language calculate position and reaction force in the
mechanism of class IV with any desired accuracy. The results of program on the position of links and
reaction forces in the joints for the mechanism of class IV. Initial data: Ly =10cm, L; =2cm, L] =2cm, L,
=8,268cm, L; =5cm, L3 =5cm, L, =5,9133cm, Ls =4cm,Lg =0, a; =60°, a3 =30°, ¢, =0,

£ = 0,001, @smin =70°, @smax =105°, @3min =70°, Pzmar =100°, h =0,05°, ¢s=0,01rad/s. The program
defines values of the angular coordinates of all remaining links at the possible ranges of variation @3,
=70 < @3 < P3max =100°, Psmin = 70° < @5 < Psmax =105°. Separately we give the initial values of
the angular coordinate of input link 5 @5 =90,0499999999989° and of output link3
©3=90,0499999999989" in accordance with which the movement of the mechanism starts. If we change
the angular coordinate @5 of input link 5 90,0499999999989° to 90,2499999999988°

The positions and forces are listed in tables land 2.

Table 1 — Angular coordinate of links for mechanism of class IV

P1 P2 P3 P4 Ps
30.151212399452 -0.031675872130 90.0499999999989 12.928351949062 90.0499999999989
30.153170114784 -0.032123943447 90.0999999999989 12.907880756584 90.0999999999989
30.155201340299 -0.032593556243 90.1499999999989 12.887379206970 90.1499999999989
30.155693019626 -0.032636365534 90.1499999999989 12.879818673972 90.1999999999989
30.157800302286 -0.033107168760 90.1999999999989 12.859325664381 90.2499999999988

Table 2 — Reaction forces in the joints for mechanism of class IV
fr[1] fr[2] fr[3]
0,085501549459072 -0,0179259921115466 0,0241681781581009
0,0853804108253469 -0,0179268654072137 0,024138568162871
0,0852599951693558 -0,0179278751364108 0,0241091893026834
0,0852777526589473 -0,0179964249228941 0,0241643846455302
0,0852777526589473 -0,0179974850000152 0,0241350541017292
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These mechanisms can be used in the design of robots and cranes with high lifting capacity,
mechanisms of departure chassis of a fighter aircraft landing at high speed on aircraft carriers, heavy
transport and passenger aircrafts landing on the airfield, presses and hydraulic hammers at a significant
rate of working body movements, and etc.

During landing of heavy airplanes on an airfield and of a fighter aircraft on an aircraft carrier at the
moment of wheel contact with bearing surface there is an instantaneous force (instant impact) on the
mechanism of chassis, and a difficult task is to keep the load by drive with minimum power. To prevent
damage it is necessary to provide a minimum of reaction forces in the joints of the mechanism of chassis.
This is possible if the chassis design on the basis of the mechanism of class I'V.

From numerical results it is evident that a wheel can be attached to the joints E or D, as well as joints
O and K to housing of an aircraft (Figure 2). Reaction forces in the joints D, E and of output link 3 are
equal to fr[1] = 0,177489607188975 fr[2] = 0.0235637144272305 respectively, and balancing force is
generated by the drive fr[3] = - 0.200247062147046 for input link 5. It should be noted that reaction forces
in joints are reduced 5 or more times as compared with the influence of instantaneous maximum power
M =1 at a wheel contact point.

The latter fact allows increasing the bearing capacity and the service life of a new mechanism of
chassis and the range of speed change at landing. Thus, we provide a higher degree of safety of an aircraft.

Conclusion. For the first time we make the following conclusions:

- a new direction is suggested in simultaneous calculation of kinematics, kinetostatics and dynamics
of mechanisms of high class on the basis of the theory of differential equations and approximation theory;

- methods and algorithms for determining the position of links and reaction forces in the joints of the
mechanism of IV class are developed;

- a program for calculation of kinetostatic and dynamic parameters in the mechanism of class [V with
any given accuracy is written;

- the use of mechanism of class IV in the design of a new chassis in aircrafts and mechanisms of
departure chassis of a fighter aircraft landing on aircraft carriers at high speed, heavy transport and
passenger aircrafts landing on the airfield and the mechanism of the auto crane’s boom outreach having a
heavy payload as well as for movable operating elements of the hammer’s actuating units and for high
speed presses is mathematically justified.

This ensures minimum of reaction forces in the joints of these mechanisms and minimum of
balancing power to select the required drive with low power.
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B. Cunues', A.M. Myxaﬂona2

IXaJILIKapaJILIK aKIMapaTTHIK TEXHOJOTHsIIAp YHUBepcuTeTi, Anmmatsl, Kasakctano
2 AJIMATBI TEXHOJNOTHSIIBIK yHuBepcureTi, Anmarsl, Kasakcran

BIPETEA MEXAHU3M/IEP/I J)KOHE MAIIIMHAJIAP/bI JKOBAJIAY. 11

AnHoTanms. JKaHa MexaHM3MJEp MEH MalllMHAJIApAbl jKacay YIIiH TOMEHI1 CBIHBII MEXaHU3MIEpiHeH
(I xmacc) sxorapbl kKiaactel Mexanmmuepre (IV skoHe omaH >kOFapbl Kilacc) KeIlly apKbUIBI TyOereiini ceprrijtic
xacayra Ooxanpl. KMHEMaTHKAJBIK, KHHOCTATHKAJIBIK JKOHE IMHAMHKAJIBIK MOCENeNepAl MIelnyre OarbITTalFaH
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JKOFapBl JIOpEXeNni MEXaHW3MIEep YIIIH JKYBIKTay TEOPHSCH HETi3iHIe TYHFBIII PET jKaHa TYKbIphIMIAMa YCHI-
Heanel. CeIHBMTHIH [V TeTiri ymiH Tomcamapaa OaiimaHBICTaAp MEH PEaKIMSUIBIK KYLITEPAiH OpHANACYBIH aHBIK-
TayIBIH SIiCTepi, anropuTMIepi koHe Oarmapiamarnapsl d3ipieHai. CaHIBIK SKCIIEPUMEHT, YIKCH OTKi3y KaOineri,
COHJIali-aK >KOFaphl JKbULAAMIBIKTEI THIPABIMKANBIK OalFaMeH jkoHe Oacrmace3 OakblIay KYpbUIFBUIAPIBIH JKYMBIC
OpraHAapbIHBIH YLIIH pOOOT KOJBIH JKoHE OyM JHQT KpaH MEXaHH3MAEPiH YIIAKTBHIH XKaHa IIACCHiH JaMBITy YILUiH
ki1acc IV MexaHn3Mi yJIKeH apTHIKIIBUIBIFBI KopceTTi. COHBIMEH KaTap, OChl MeXaHM3MAEPAiH UIMEeKTepiHaeri peak-
LUSUIBIK KYIITEPIiH MUHUMAJbl MOHI, COHJai-aK KyaTThl TOMEH KyaTTaHIBIPY/bl TaHJIay YLIIH €H a3 TeHJAECTipy
KYILI KapacThIPbLIFaH.
Tyiiin ce3nep: KnHEeTOCTaTHKA, AMHAMUKA, YKOFApPhI ASPEXKeETl MEXaHU3M, MaIlIMHA jKacay, pOOOTOTEXHHKA.

B. Cunues', A. M. MyxanoBa®

'MeskmyHapo HBIH YHHBEPCHTET HH(OPMAIIHOHHBIX TEXHOIOTHiT, AnMatsl, KazaxcraH,
ATMaTHHCKUH TEXHOJOTHUECKUH YHUBEpCHUTET, AnMaTsl, Kazaxcran

INPOEKTUPOBAHUE YHUKAJIBHBIX MEXAHU3MOB U MAIIINH. 11

AnHoTanus. KapauHanasHbIN IPOPHIB BOZMOXKEH IPH MEepexoe OT MEXaHW3MOB Hu3LIero kiacca (kiaacc II) x
MeXaHHM3MaM BBICOKOTO Kiiacca (knacc IV u Bblie) i pa3paboTKM HOBBIX MEXaHM3MOB M MallvH. BriepBbie npes-
JIO)KEHa HOBas KOHILEIIHMS, OCHOBaHHAs Ha TEOPUM INPHOJIKEHHH JUIsI MEXaHHM3MOB BBICOKOTO Kilacca, HarpaBs-
JICHHBIX Ha peIIeHHWEe KHHEMAaTHYECKHX, KMHETOCTATHUECKMX M JMHAMUYECKHX 3a1ad. Pa3paboTaHbl MeTOABI,
ANTOPUTMBI U MPOrpaMMBI AT ONpPEJENICHHs IMOJIOKEHUH 3BEHbEB M CWJI PEaKUMH B HIapHHUpax Il MEXaHU3Ma
kiacca [V ¢ 1r000# TOUHOCTHIO. UHCIEHHBIN AKCIEPUMEHT MPOJAEMOHCTPUPOBAT OIPOMHOE TPEHMYIIECTBO MeXa-
Hm3Ma [V kiacca anst pa3paboTKM HOBOTO MEXaHHM3Ma IIACCH CAaMoOJIETa, MEXaHM3Ma PYKH pOOOTOB M MOABEMA
CTpeINbl aBTOKpaHa ¢ OOJBIION IPy30HOABEMHOCTBIO, & TAKXKE JUIA YCTPOMCTB YHpaBIeHHUS pabOYMMH OpraHaMH C
BBICOKMMH CKOPOCTSAMH AJIsI THAPABIMUYECKUX MOJIOTKOB M IpeccoB. B To ke Bpems obecrieunBaeTcss MUHIMAJIbHOE
3HA4YEHHE CWJI PEaKUMM B LIAPHUPAX 3THX MEXAHU3MOB, a TAaK)Ke MUHMMAaJbHAs ypPaBHOBELIMBAIOINAS CHJIA UL
BBIOOpa TpeOyeMOro MPUBOAA C MaIOH MOIITHOCTEIO.

KnrodeBble cii0Ba: KHHETOCTaTUKA, JUHAMHMKA, MEXAHU3M BBICOKOIO KJacca, MaIIMHOCTPOEHHUE, POOOTO-
TCXHHKA.
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