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THE MODELING OF THE THEORETICAL AND MATHEMATICAL
SYSTEM AND SPECIFICALLY THE STOCHASTIC PROCESSES
OF THE DYNAMICAL SYSTEM AN INNOVATIVE MECHANISM

FOR GRASPING OF THE ROBOT FOR OVERLOADING
THE HIGHLY RADIOACTIVE FIRM WASTE OF FUEL ELEMENT
FROM THE SECONDARY CONTAINER
INTO THE MAIN CONTAINER

Abstract. In fact, the use of optimal and quasy-optimal algorithms for recursive estimation of kinematic and
dynamic parameters of the actuators working is original. Authors give some details which they have studied the kine-
matic and dynamic parameters of multi-actuators working of the innovative mechanism of grasping and how they
will develop the optimal filtering techniques of random perturbations.

This article is interesting and contains some scientific novelties and significance. It considers the mathematical
modeling of the geometrical, kinematic and dynamic parameters of the interactions of the grasping mechanism with
the environment (highly radioactive firm waste) during their operations for taking consistent design decisions at ear-
lier stages of their development, when several possibilities arise.

Key words: mathematical model, robot, container, radioactive waste, gripper.

Introduction. According to the World Atomic Association, nowadays 449 nuclear reactors are used
in all countries of the world, 62 nuclear reactors are under construction and about 150 nuclear reactors are
planned for construction. The world leader in nuclear energy is the United States, which have more than
100 nuclear reactors. China is the fastest country which develops "peaceful atom". In China is building
27 nuclear reactors, another 50 nuclear reactors are planned to be built in this country in the future.

During the operation of a nuclear power plant (NPP), solid highly radioactive waste (SHLW) is
formed, which are fuel elements (FE) of fuel assemblies of nuclear reactors. The radionuclides contained
in SHLW have a harmful effect on the Earth's biosphere and sharply worsen the ecology. At the present
time, specialists are planning to dispose of SHLW in the underground storage facilities (cemeteries) of
SHLW. During the implementation of this technological operation, FEs are loaded into an intermediate
container, which is transported from the NPP to the assembling and transfer point (ATP), built near the
underground storage facility (cemetery) of SHLW. The SHLW are overloaded into a cavity formed in the
body of the main container (containers), made from a block of strong rock into ATP from the intermediate
container SHLW. This technical operation has to be carried out by the worker (workers) manually with the
use of special devices, when he (they) is (are) directly near the SHLW. Undoubtedly, this operation does
not ensure the required security of the worker (workers).
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At the present time, we have created an innovative way of reloading FE and/or FEs and others from
the intermediate container with SHLW into the cavity (cavities) of the main container, made from a strong
rock block, which implementation has to be carried out using innovative grip of industrial robot (IR)
manipulator and the innovative design of the three-phalangeal adaptive gripper — the grip device of the IR
manipulator. The innovative design of the three-phalangeal adaptive gripper consists of the following
structural elements: a tile-base for fastening the phalanx — grip levers, which is fastened to the end part of
the manipulator by a fixing lever. Each gripping flexible grip lever consists, for example, of 3 phalanxes:
basic, middle and final. All phalanges are joined together by hinges. The lower base of each main phalanx
of the gripping flexible grip levers is grasped to the tile-base. Clamping spring is installed between the
adjacent phalanges of each grip lever. In the sections of the inner surface of each phalanx of each grip
lever the retaining teeth are strengthened.

For the scientific-based choice and justification of constructive, geometric, structural-kinematic and
dynamic parameters of the innovative gripper of the IR manipulator, an effective mathematical model of
their calculation was developed, taking into account the stochastic processes of its interaction with the
object, i.e. with SHLW. The accuracy of determining the geometric, structural-kinematic and dynamic
parameters of the three-phalangeal adaptive gripper of the IR manipulator, taking into account the
stochastic processes of its interaction with the upper section of the FE, is reached by the estimation on the
basis of the determination of the optimal Kalman weight coefficient.

The idea of work. Nowadays, specialists have created an innovative way of reloading of FE and/or
FEs and others from the intermediate container with SHLW into the cavity (cavities) of the main con-
tainer, made from a strong rock block, which implementation has to be carried out using innovative grip of
IR manipulator.

For the scientific-based choice and justification of constructive, geometric, structural-kinematic and
dynamic parameters of the innovative gripper of the IR manipulator, an effective mathematical model of
their calculation was developed, taking into account the stochastic processes of its interaction with the
object, i.e. with SHLW [1-4].

An innovative remotely controlled mobile IR (figure 1) with an innovative adaptive grip mechanism
consists of support racks 1, a horizontal crossbar 2, a vehicle 3 (wheel, caterpillar, walking, etc.), with
attached IR manipulator 4 having a several degrees of freedom of mobility, like a human hand. To the
final part of the IR manipulator 4 is attached an innovative gripper 5. FE 6 is extracted from the inter-
mediate container 7 and reloaded into the main container 8 by the innovative gripper 5.

AN
"\ Q/ 4
SO AR

\

8 7

Figure 1 — Scheme of reloading of fuel element (FL) SHLW from the intermediate container into the main container using
innovative gripper of industrial robot (ITP) manipulator: 1 — support racks; 2 — horizontal crossbar; 3 — vehicle;
4 — manipulator; 5 — innovative gripper; 6 — fuel element (FL); 7 — intermediate container; 8 — main container

On the basis of the analysis of works [5-18], this article proposes an innovative design of the three-
phalangeal adaptive grip — gripping device (GD) of the IR manipulator. The innovative design (figure 2)
of the three-phalangeal adaptive grip of manipulator consists of the following structural elements: the tile-
base 1 for fixing the phalanx — grip levers, which is fastened by the fixing lever 2 to the end part of the
manipulator.
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Figure 2 — Three-phalangeal adaptive gripper of the IR manipulator for FE and/or FEs reloading from the intermediate container
to the main container for SHLW at its disposal in the underground storage (cemetery) of SHLW: 1 — tile-base for fixing the main
phalanx of the lever-gripper; 2 — the mounting arm of the manipulator; 3 — the basic phalanx; 4 — middle phalanx; 5 — final
phalanx; 6 — the hinge of fastening of adjacent phalanges; 7 — pulling spring; 8 — retaining tooth; 9 — flexible traction element

GD consists of several constructive elements, the so-called gripping flexible levers — grips, each
kinematic scheme is conditionally identified with the functioning of a separate human finger. Each
gripping flexible lever — the grip consists, for example, of 3 phalanges: main 3, middle 4 and final 5. All
phalanges 3-5 are joined together by hinges 6. The lower base of each main phalanx 3 of the gripping
flexible lever — the grip is attached to tile-base 1. The clamping springs 7are installed between the adjacent
phalanges 3-5 of each lever. The holding teeth 8 are strengthened on the inner surface of each phalanx 3-5
of each grip lever.

The gripping of an object, for example, FE, intended to be movement from the intermediate container
to the main container for SHLW, is carried out as follows. Gripping flexible levers — grips, for example,
three gripping flexible levers — grips are positioned by the "arm" of the IR manipulator above the upper
section of FE, located in the intermediate container. Then they move top-down on the body of the upper
section of FE and are fixed opposite it in such a way that it is located between the gripping flexible levers —
grips. Depending on the specific conditions, for example, on one side of the FE there will be two gripping
flexible levers — grips, and on the opposite side of it - one gripping flexible lever — grip. A hole which
longitudinal axis coincides with the longitudinal axis of the phalanx is formed in the body of each phalanx
3-5 of each grip lever. After all phalanges 3-5 have been joined together by hinges 6, flexible traction
element 9 is placed in each of them. The first flexible traction element 9 is located in the phalanges holes
3-5 from the upper base of the terminal phalanx 5, passing along it in the hole formed in the middle
phalange 4, in the hole formed in the main phalanx 3, and its opposite end is placed beyond its limits. The
end of the second flexible traction element 9 is fixed in the upper part of the middle phalanx 4, placed in
the hole formed in the body of the main phalanx 3, and the opposite end is located beyond its limits. The
end of the third flexible traction element 9 is fixed in the upper part of the main phalanx 3, installed in the
hole formed in its body, and its opposite end is located beyond its limits. Each oppositely disposed area of
the flexible traction element 9 is fixed to a special actuator installed in the control station of the IR
manipulator.

Flexible traction elements 9 are installed in all other gripping flexible lever — grips in the same way
[19, 20].

Depending on the specific conditions, one, two or more FEs and/or their parts, etc. can be placed in
the cavity, formed in the main container, etc. Placing of FE and/or FEs, etc. in other cavities formed in the
main container, is implemented in a similar way.
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During technological operation of gripping by gripping flexible levers — the grips of the FE body, the
operator at the control point pulls all the flexible traction elements 9 of the gripping flexible levers — the
grips for carrying out a pressing of all flexible surfaces of all phalanges 3-5 of gripping flexible levers —
the grips to the body of FE and to provide the required force of interaction between the corresponding
surfaces of all phalanges 3-5 of gripping flexible levers — the grips and the lateral surfaces of the upper
section of FE for its reliable containment and basing.

Then, the FE is lifted upwards from the intermediate container by IR manipulator and the IR
manipulator with Fe moves along the transport path to the place of installation of the main container
placed on the ATP. It is installed above the corresponding cavity formed in the main container, so that the
bottom base of FE is aligned with the area of the upper base of the cavity formed in the main container.

In the next turn, the operator, being at the control point, remotely releases the ends of the flexible
traction elements 9 from fixing on a special drive in the control station. Gripping flexible levers — grips are
moved away from the body of the FE under the action of the elastic force of special elastic elements-
springs 7. At the same time, FE under its own weight is lowered into a cavity formed in the main con-
tainer. Under the action of the elastic force of the springs 7, each gripping flexible levers — grip is straigh-
tened and the longitudinal axis of each of them occupies a horizontal and/or practically horizontal
position, returning to the original non-working state.

In order to improve the efficiency of the placement of FE and/or FEs and others in the cavity formed
in the main container, a special guide element for example, a funnel made of metal and/or plastic, etc. is
pre-installed.

The use of this technological scheme for the reloading of FE and/or FEs and others from the
intermediate container into the main container allows ensuring a high degree of safety of the disposal of
SHLW and safe working conditions for personnel.

In order to select the optimal structural and kinematic parameters of the constructive elements of the
IR manipulator with the gripping flexible lever — grips, the scientific foundations of the simulation of the
functioning of the multifunctional gripping flexible lever — grips of the IR manipulator, adapting to the
dimensions and shapes of FE, for its safe transfer to the main container; mathematical method for con-
structing an optimal design for a gripping flexible lever — grip of an IR manipulator for overloading FE
and/or FEs and others on the basis of solving the minimax problem of determining its optimal parameters
in the compilation of convolution-constraint systems into a generalized criterion for ensuring the reliable
retention of FE by gripping flexible lever — grip of the IR manipulator; mathematical model of modeling
stochastic processes of a highly efficient and reliable gripping flexible lever — grip of the IR manipulator
for FE and/or FEs and others reloading into the main container; software for remote control of the work of
the gripping flexible lever — grip of the IR manipulator for FE and/or FEs and others into the main con-
tainer using network protocols and creating its simulation model were developed.

The force of pressing of the external internal surfaces of each phalanx 3-5 of each lever-gripper to the
external confining surface of the upper part of the FE body 10 (figure 3) is determined by the following
formula:

F=K-G, (h

where P — compressive force, H; K — coefficient, depending on the characteristics of the materials of the
constructive elements of the lever-gripper, G — mass of reloaded FE, kg.

In order to release the upper body of FE 10 from each phalanx 3-5 of each lever-grip on the control
panel (in figure 3 it is not shown) by the mechanical arm of the IR manipulator, each end section of the
flexible traction element 9 is released from pressure (fixation) on the drive of the control point . In this
case, the effort of pressing of each phalanx 3-5 of each lever-grip to the upper body of FE 10 becomes
zero. Under the action of the elastic force of the compression-expansion spring 7 and/or the compression-
expansion springs 7, the internal external surfaces of each phalanx 3-5 of each lever-grip are moved away
from the external confining surface of the upper part of the FE 10.

The force necessary to close all the phalanges of each lever-grip around the upper part of the body
of FE is determined by the equation of equilibrium of all forces acting on the grip of the mechanical arm
of IR.
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Figure 3 — Three-phalangeal adaptive gripper of the IR manipulator for FE reloading from the intermediate container to the main
container for SHLW at its disposal in the underground storage (cemetery) of SHLW: 1- tile-base for fixing the main phalanx
of the lever-gripper; 2 — the mounting arm of the manipulator; 3 — the basic phalanx; 4 — middle phalanx; 5 — final phalanx;

6 — the hinge of fastening of adjacent phalanges; 7 — pulling spring; 8 — retaining tooth; 9 — flexible traction element, 10 — FE

The equation of the moments of forces acting on the main, middle and final phalanx of each lever-
grip of the mechanical arm of the IR is relative to O and has the form of:

*M,=0; 2
Pa(¢) = Rkb(¢) + fRe(¢) + mgl(9), 3)

where P — force required to reliably capture all the phalanges of each lever-grip of the upper part of the
body of FE, N; R — the reaction force from the surface of the upper portion of the FE on the internal
surface of each phalanx of each lever-grip, N; a, b, ¢ and 1 — arms of the forces P and R relative to the
hinge axis O of each phalanx of each lever-grip (not shown in figure 3), mm; f — coefficient of friction
between the surfaces of the upper part of the FE and the internal surfaces of each phalanx of each lever-
grip (as a rule, the coefficient of sliding friction between the surfaces of structural elements made of
metals, for example steel, is equal to 0.5).

The force P of pressing each phalanx of each lever-grip to the surface of the upper part of the FE is
determined by the formula:

P = (a(¢))" {Rkb(@) + fRe(9) + mgl(¢)}. “
According to the statistical experimental data, obtained during the investigation of the operation of
pressing each phalanx of each lever-grip to the surface of the upper part of FE, carried out under

laboratory conditions, the following experimental relationship between the force P and the length of each
phalanx of each lever-grip is obtained:

P(X) = 3,35X + 0,05, (5)

where X — the distance between the point of the conventional axis of the hinge O, located between each
two adjacent phalanges, and the contact point of the internal surface of each phalanx of each lever-grip
with the bounding surface of the upper section of the FE, mm.

The graph of the relationship between the force P and the distance X between the point of the
conventional axis of the hinge O and the contact point of the internal surface of each phalanx of each
lever-grip with the bounding surface of the upper section of the FE is shown in figure 4.
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Figure 4 — Graph of the relationship between the force P and the distance X between the point of the conventional axis
of the hinge O and the contact point of the internal surface of each phalanx of each lever-grip
with the bounding surface of the upper section of the FE

In order to improve the accuracy of determining the geometric, structural kinematic and dynamic
parameters of the three-phalangeal adaptive gripper of the IR manipulator, taking into account the
stochastic processes of its interaction with the upper section of FE, the method of their estimation is
proposed [21, 22].

The value of the force P, i.e. P, which interacts with the grip and the upper part of the body of FE, is
determined from the following system of equations:

R (6)
(zi=P+3, (7
where Py — value of the force P, determined taking into account the random error of its deviation in the
"ideal model"; P;.; — value of the force P, determined taking into account the random error of its deviation
in the "ideal model" in another time interval; u, — value of the force P, controlling the evolution of the
matrix of the state of its change, which interacts with the grip and the upper part of the body of FE, which
is determined analytically by the formula (3); z, - value of the force P, determined experimentally taking
into account the systematic error caused by the accuracy of the measuring instruments; y, and Jy - respec-
tively, the errors of the mathematical model of analytical calculation and the experimental determination
of the force P, measured by technical means of measurement, and which are determined by formulas (6)
and (7).
In this case, random errors caused by the deviation of the projected three-phalangeal adaptive
mechanism for gripping the IR manipulator from its "ideal" model, and representing random errors,
determined by the statistical moments My; which magnitude and distribution laws do not depend on time

(iteration numbers i); the mean error values are equal to zero: My;=MJ=0; the law of distribution of
random variables may not be known, but their variances Gzy u 0% are known; it is assumed that all random
errors are independent.

It is assumed that the filtered value from the sensor P, is found at the i step, which approximates the
true coordinate of the system x;. The unknown value P, is determined by the formula:

Piv1= P+ ui +yi, ®)

where u; — value controlling the evolution of the state matrix of the change of force P.

Therefore, without getting a value from the sensor, it is assumed that at the step 1 + 1 the system
evolves according to this law and the sensor will show a value close to the value of Piom + u;. On the
other hand, at step i + 1 there is not an exact indication from the sensor z;;. The idea is to get the best
approximation to the true coordinate P;,; , the so-called "golden" middle is selected between the source
z;1 reading from the sensor PiOpt + u;, and its prediction. Kalman K weight coefficient is given to the

opt

+1 18 determined by the formula:

reading from the sensor, and the predicted value (1 — K) P,
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P = K ziaa + (L= K) - (B +uy), ©)

where K — Kalman weight coefficient, which value is chosen so that the resulting optimal value of the

coordinate Piiplt would be closest to the value of the true coordinate P;;. For example, if it is known that
the readings from the sensor are very accurate, then the degree of confidence in it will be greater and the
value z;1; has a greater weight (K is close to 1). If, on the contrary, the sensor is completely inaccurate,
then it is necessary to focus more on the theoretically predicted value PiOpt + u;. In general, in order to
find the exact value of the Kalman coefficient, it is necessary to minimize the magnitude of random and
systematic errors y; u ;.

In general, in order to find the accurate value of the Kalman coefficient, it is necessary to minimize
the value:

eis1 = Py = P (10)
After substituting in equation (9) of formula (8), are obtained:
€i+1 = (1_K)'(ei+Yi)_K'8i+1- (11)
The average value of the mathematical expectation of the error squared is minimized:
M(eizﬂ) - min. (12)

The mathematical expectation of the square of the magnitude of the error in determining the force P
of the interaction of the three-phalangeal adaptive grip of the IR manipulator with FE during its reloading
from the intermediate container to the main container is determined by the formula:

M(ef,) = A - K)?(Me? + ) + K?a}. (13)
This expression assumes a minimum value under the condition:
_ Mel+a}
Kivs = Mef+oi+0} (14)

In order to determine the Kalman weight coefficient, it is necessary to calculate the statistical mo-
ments of the random errors of the mathematical model and the systematic errors in measuring the force P
of the three-phalangeal adaptive grip of the IR manipulator when it interacts with the upper part of the FE.
Thus, an algorithm for solving the developed mathematical model, estimating the stochastic system of the
dynamic process of interaction of the three-phalangeal adaptive grip of the IR manipulator with FE is
implemented using an iterative formula for calculating the Kalman weight coefficient.

Calculation of the dependence of the correlation function of the random process of changing the force
P on the parameters of the three-phalangeal adaptive grip of the IR manipulator, taking into account the
stochastic processes of its interaction with FE, was made on a conditional example.

The results of the dependence of the values of the energy spectrum of the random process of chan-
ging the force P on the parameters of the three-phalangeal adaptive grip of IR and the stochastic processes
of reloading of FE from the intermediate container to the main container are given in table 1.

The results of the dependence of the correlation function of the random process of changing the force
P on the parameters of the three-phalangeal adaptive grip of the IR manipulator during stochastic pro-
cesses of its interaction with FE, which is reloading from the intermediate container to the main container,
are given in table 2.

Table 1 — Results of the dependence of the values of the energy spectrum function of a random process of force variation P
of the three-phalangeal adaptive grip of the IR manipulator during the stochastic processes of reloading of FE
from the intermediate container to the main container

Distance from the conventional axis of the hinge O of the connection of the
) adjacent located lever-grip phalanges to the contact point of the internal surface
Indicators of all contacting phalanges of each lever-grip with the FE surface, X, mm
X1:25 X2:30 X3:35 X4:40 X5:45
Energy spectrum (W(o)), B2 sec/rad 5107 3,9:107 1,810 0,5-107 0,09-10
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Table 2 — Results of the dependence of the correlation function of the random process of changing the force P
on the parameters of the three-phalangeal adaptive grip of the IR manipulator during stochastic processes
of its interaction with FE, which is reloading from the intermediate container to the main container

The period of the time for measuring the force P
of the three-phalangeal adaptive grip of IR manipulator, t ,sec

Indicators
leo T2:5 T3=10 T4= 15 T5=20
The correlation function B (1), (kN) for a given period
of time of interaction of the three-phalangeal adaptive grip
of the IR manipulator with the upper part of FE, 1, sec 2,82 2.2 1,04 0,3 0,05

The graph of the dependence of the energy spectrum of the random function of the change in the
force P on the parameters of the three-phalangeal adaptive grip of the IR manipulator during the stochastic
processes of interaction with FE reloading from the intermediate container to the main container, is shown
in figure 5.
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The change in the force P of the three-phalangeal adaptive grip of the IR manipulator during stochastic processes of
reloading of FE from the intermediate, N container to the main container, H.

Distance from the conventional axis of the hinge O of the connection of the adjacent located lever-grip phalanges to the
contact point of the internal surface of all contacting phalanges of each lever-grip with the FE surface, mm.

Figure 5 — Graph of dependence of force P on X

Conclusion.

1. This work presents the original mathematical model for calculating the parameters of the three-
phalangeal adaptive grip of the IR manipulator for reloading FE from the intermediate container to the
main container.

2. Mathematical methods of calculation and selection of structural, dimensional and mode para-
meters of the three-phalangeal adaptive grip of the IR manipulator are developed, taking into account the
stochastic processes of its interaction with FE, which is reloaded from the intermediate container to the
main container.

3. An innovative design of the three-phalangeal adaptive grip of the IR manipulator taking into
account its interaction with FE is developed, which is used when it is transferred from the intermediate
container to the main container.
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TEOPETHYECKOE U MATEMATHUYECKOE MOJIEJIMPOBAHUE
NTNUHAMUYECKON CUCTEMbBI CTOXACTHYECKHUX IMTPOILIECCOB
PABOTHI THHOBAIITMOHHOI'O CXBATA MAHUITYJISITOPA POBOTA
ITPU NEPEI'PY3KE TBEPJBIX BBICOKOPAJIMOAKTHUBHBIX
OTXOJ10B TEIJIOBBLJIEJIAIOIIETO DJIEMEHTA
N3 MPOMEXYTOYHOT'O KOHTEMHEPA B OCHOBHOW KOHTEVWHEP

Beenenmne. [To nanusiM BcemupHO aTOMHOM accouualiii B HACTOSIIMI NEpUOA BPEMEHH BO BCEX
CTpaHax MUpa dKCILTyaTHUpyIoTcsa 449 aTOMHBIX peakTopa, eile 62 aTOMHBIX PEaKTOopa CTPOSTCS U OKOJIO
150 aTOMHBIX pPEaKTOPOB 3aIlUIAHUPOBAHBI I CTPOHUTEIHCTBA. MUPOBBIM JHJAEPOM B aTOMHOM
suepretuke sBisiorcss CILA, raoe skcruryatupyrorcs 6osee 100 aTOMHBIX peakTopoB. bricTpee Bcex
«MHpHBIN aToM» pazBuBaeT Kurait. B Kurtae crposarcs 27 aTOMHBIX peakTOpoB, Bo3BeaeHue eme 50 aToM-
HBIX PEaKTOPOB 3aIUIAHMPOBAHO B 3TOU CTpaHe B OyAyIIUil EpHUOJ] BpEMEHH.

IIpu sxcruryaTaruu atoMHO# dekTpoctaniiny (ADC) oOpa3yroTest TBEpIbIe BRICOKOPATHOAKTHBHEIS
orxoasl (TBPAQO), sBnsmomuecs TeIOBBIISIONUMU dneMeHTamu (TBOJI-amMu) TEmIOBBIACISIONINX
cOOpOK aTOMHBIX peakTopoB. Paanonyxmuapl, copepxkamuecss B TBPAO, ryOutensHO NeHCTBYIOT Ha
omocdepy 3emi M pe3Ko YXY/IIA0T 3KOJOTHIO OKpYXaroled cpenbl. B HacTosmmii eproa BpeMeHU
CIIEIUATICTaMH TIPEeIyCMaTPHUBACTCS OCYIECTBIATh 3axopoHeHre TBPAO B mMOm3eMHBIX XpaHHIIHIIAX
(mormnpHUKax) TBPAO. Ilpu ocymiecTBieHnu 3Tol TexHOIOTHYeckor onepanuu TBOJI-b1 3arpyxaroTcst
B IPOMEXYTOUYHBIA KOHTEHHEp, KOTOpbIi TpaHcmoptupyercs or ADC mo cOOpOYHO-TIeperpy304HOTO
mynkra (CIIII), coopykeHHOTO BO3JIe TToa3emMHoro xpanwmima (MormwisHuka) TBPAO. B CIIII u3 mpo-
MexyTouHoro koHTeiHepa TBPAO meperpyxaroTcss B MoOioCTh (MOJIOCTH), CPOPMUPOBAHHYIO B Tele
OCHOBHOTO KOHTElHepa (KOHTEHHEpOB), H3TOTOBJICHHOTO U3 OJ0Ka KPENKOW FOpHON MOpoAbl. DTy TEXHH-
YEeCKYIO OIEpaIlfio TPEeIyCMaTPUBACTCS OCYIIECTBIATh paboduM (pabourMy) BPYYHYIO C MPHUMEHEHHEM
CHelHaNbHBIX PUCIIOCOOICHNH, Koria OH (OHHM) HaxoauTcs HernocpeacTBeHHO Bosiie TBPAO. besyciosHo,
NPH BHITIOJTHEHHUH 3TOH olepaliy He obecreunBaeTcs Tpebyemast 6e30macHOCTh Tpyna pabouero (pabounx).

B nacTosmuii meproj; BpeMEeHH HaMU CO3aHbl MHHOBAIMOHHKIH crioco0 neperpysku TBOJI-a n/nnm
TBOJI-0B u ap. u3 npoMmexxyTodHoro koHreinepa ¢ TBPAO B momocTh (IIOJIOCTH) OCHOBHOTO KOHTEWH-
Hepa, U3TOTOBJICHHOTO U3 OJIOKA KPEMKOW TOpHON MOPOIBI, peallu3aliio KOTOPOrO MPeIyCMaTpUBaeTCsI
OCYIIIECTBIIATH C MPUMEHEHNEM WHHOBAIIMOHHOTO CXBaTa MaHUIYJIATOPA MPOMBIILIEHHOTO poboTa ([1P) u
WHHOBAIIMOHHAS KOHCTPYKITUS TpeX(aJaHTOBOTO aJallTHBHOTO CXBATa — 3aXBaTHOTO YCTPOMCTBAa MaHUITY-
natopa [IP. MHHOBanmoHHas KOHCTPYKIMS Tpex(alaHroBOTO aJalNTHBHOI'O CXBaTa MAaHMITYJIATOpA
COCTOUT U3 CIEAYIONIMX KOHCTPYKTHBHBIX AJICMEHTOB: IUIUTKa-OCHOBAaHWE ISl KpEIUICHUS (aslaHr —
pBIYArOB-CXBATOB, KOTOPas MPUKPEIUIAETCS KPETeXHBIM pPhYaroM K KOHEYHOH YacTH MaHHUITYJISTOPA.
Kaxp1ii cXBaThIBAlOIMNUN THOKHAN phIUar — CXBAaT COCTOWT, HaIpuMep, u3 3-X (pajaHT: OCHOBHOH, CpemHei
1 KoHe4yHOH. Bee dananru mexny coboi coenunsrores mapHupaMu. HiwkHee ocHOBaHUE Ka)I0W OCHOB-
HOW (pajaHry CXBATHIBAIOIIETO TMOKOTO phlYara — CXBaTa KpENmUTCs MIAPHUPHO K IDIUTKE — OCHOBAHHUIO.
Mexay BCEMH CMEKHOPACIIONOXEHHBIMH (hamaHraMu KaKIOTO phlHdara — CXBaTa yCTaHABIMBAIOTCS
CTATHBAIONINE MPYXHUHBI. Ha yyacTkax BHYTpEHHEH MOBEPXHOCTH Ka)J0# (halaHru Kaxaoro pelyara —
CXBaTa YKPEIUIAIOTCS YACPKUBAIOIIUE 3YObs.

Jna Hay4HO-000CHOBAHHOTO BBIOOpa W OOOCHOBAaHMS KOHCTPYKTHBHBIX, T€OMETPHUYECKHX, CTPYK-
TypPHO-KMHEMAaTHYECKUX M TUHAMHYECKUX I1apaMeTpOB WHHOBAIIMOHHOTO cXBara MaHumynsropa IIP
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paspaboTana >¢QeKTrBHas MaTeMaTHdecKas MOJENb HX pacueTa C YYeTOM CTOXAaCTHYECKHX INPOLIECCOB
€ro B3aUMOACUCTBHUS ¢ 00bekTOM, T.e. ¢ TBDJI-om. TouyHOCTh ONpeeeHnss TeOMETPUISCKHUX, CTPYK-
TYpPHO-KHHEMAaTHYECKUX M TUHAMHMYECKUX IapaMeTpoB Tpex(aslaHTOBOTO aJalTHBHOIO CXBaTa MaHH-
mynsaTopa [IP ¢ yuerom cTroxacTHyeckuX MpOIECCOB B3aUMOJEHCTBHA €ro ¢ BepxHUM ydacTkoM TBOJI-a
JOCTHUTaeTCs OLEHKH Ha OCHOBE OIpeesICHHsI ONTUMAaJIbHOTO BecoBOro koadduuuenta Kanmana.

Hnesn pa6oTsl. B HacTosAMi meproa BPEMEHH CIICIHATMCTAMU CO37aH WHHOBAITMOHHBIN CIIOCOO
neperpysku TBOJI-a w/unu TBIJI-0B u np. u3 mpomexxyrouHoro konrelinepa ¢ TBPAO B monocts (10-
JIOCTH) OCHOBHOT'O KOHTEHHepa, U3rOTOBJICHHOIO U3 0J0Ka KPEHKoW rOpHOM MOPOIbl, Peann3aliio KOTo-
pOTo MpelyCMaTPUBAETCS OCYIIECTBIIATE C IPUMEHEHHEM HHHOBAllMOHHOTO cXBaTa MaHumyssitopa [1P.

Jnst Hay4HO-000CHOBaHHOTO BBIOOpa M O00OCHOBaHHsI KOHCTPYKTHUBHBIX, T€OMETPHUYECKHX, CTPYK-
TypPHO-KMHEMAaTHYECKUX M IUHAMMUYECKUX IapaMeTpOB HHHOBALIMOHHOIO cXBara MaHumynsropa IIP
paspaboTaHa > QeKTUBHas MaTeMaTHdecKas MOJENb MX pacueTa C Y4eTOM CTOXAaCTHYECKHX IPOLIECCOB
€ro B3auMOJICUCTBUS ¢ 00beKTOM, T.¢. ¢ TBDJI-om [1-4].

VHHOBAIIMOHHBIA TUCTAaHIIMOHHO YIpaBiseMblidi MoOunbHbIH [IP (pucyHok 1) ¢ MHHOBaLMOHHBIM
aJaNTUBHBIM HCIOJIHUTEIBHBIM MEXaHM3MOM CXBaTa COCTOMT W3 ONOPHBIX CTOEK 1, FOpHU3OHTaIbHON
NEepeKIaguHbl 2, CPEeICTBa NepeABMXKEeHUA 3 (KOJEeCHOe, I'yCEeHHYHOe, Iararouiee 4 T.4.), K KOTOpOMY
npukperuien Manumysstop 4 [IP, umeromuit HECKOJIBKO CTeNeHeW CBOOOIBI MOABMYKHOCTH, MOJ0OHO
yenoBeueckod pyke. K koHeuHoil yactu manunynaropa 4 I1P mpukpemnisercs HHHOBaIMOHHBIA CXBaT 5.
WNuHoBanmmonHsM cxBatoM 5 TBDJI 6 u3BiekaeTcs U3 IPOMEKYTOIHOTO KOHTEHHEpa 7 M TIeperpy KaeTcs
B OCHOBHOU KOHTEHHED §.

1\ 6 /1

[ ] )'\ OJH%?" [ ]

8 7

Pucynox 1 — Cxema neperpy3ku TerioBsigessomero sneMenta (TB2JI-a) TBPAO u3 nmpoMexyTo4HOTO KOHTEHHEpa
B OCHOBHOM KOHTEHHEp ¢ IPUMEHEHNEM HHHOBALMOHHOTO CXBaTa MaHHITYJISITOpa IPOMBIILIeHHOTr0 podoTa (I1P):
1 — onopHast cToiika; 2 — rOpU30HTaNbHAs NIEPEKIauHa; 3 — CPEICTBO NEPEABUKEHUS; 4 — MAHUITYJIATODP; 5 — UHHOBALIMOHHBII
cxBaT; 6 — temtoBbLaensAomui 31eMeHT (TBDJI); 7 — npoMe)xyTOuHBII KOHTEHHEpP; 8§ — OCHOBHOM KOHTEHHED

Ha ocnoBe anamuza paGot [5-18] mpeanaraercs WHHOBAIMOHHAs KOHCTPYKUHS TpeX(alaHrOBOTO
aJlalTHBHOTO CXBaTa — 3axBaTHOro yctpoiictea (3Y) manumynaropa [1P. lHHOBanmoHHAs KOHCTPYKITHS
(pucyHOK 2) Tpex(allaHTOBOTO aJalITUBHOI'O CXBaTa-MaHUITYJIITOPA COCTOMT U3 CIEAYIOUIMX KOHCTPYK-
TUBHBIX DJIEMEHTOB: TUTUTKa-OCHOBaHUE | ISl KperyieHus (aJlaHT — peIYaroB-CXBaToOB, KOTOpPask MpUKpeTI-
JISIETCSI KPENEKHBIM phIYaroM 2 K KOHEUHOH 4acTH MaHHMITYJIATOPA.

3V cocTouT U3 HECKOJIBKUX KOHCTPYKTHBHBIX JIEMEHTOB, TAK Ha3bIBAGMbIX CXBAaThIBAIOIIUX T'MOKHX
pBIYaroB — CXBaTOB, KHHEMAaTHYeCcKasl cXeMa padOThl KaKJOT0 M3 KOTOPHIX YCIOBHO OTOXIECTBISIETCS C
(YHKUMOHUPOBAHUEM OTIEJIFHOTO Hajblla PYKH denoBeka. Kakaplid cxBaThIBalomIMid TMOKUI peryar —
CXBaT COCTOHWT, HallpuMep, U3 3-X ¢asanr: oCHOBHOW 3, cpemHeit 4 u koneunout 5. Bee damanrm 3 — 5
MEXIYy co00 coeauHsIoTCs mapHupamu 6. HikHee ocHOBaHHME KaXKI0W OCHOBHOH (haimaHTHh 3 CXBaThI-
BAIOIIEr0 THOKOTO pbluara — cxBara KpemuTcsl apHUPHO K IIUTKE — OCHOBaHMIO 1. Mexay BceMu CMexk-
HOPACIIOJIOXKECHHBIMU (aaHraMu 3 — 5 KaXIOro pblyara - cxBaTa yCTAHABIMBAIOTCS CTSTHBAIOIIUE
npyxuHbl 7. Ha ydacTkax BHYTpeHHEH NMOBEPXHOCTH KaXIoW (anaHrd 3 — 5 KakJoro pelyara — cxBaTa
YKPEIUIAIOTCS yACPKUBAIOIIUE 3yObs 8.
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Pucynok 2 — Tpex¢anaHroBblii aganTuBHBIN cxBaT Manumnyatopa [1P mis neperpysku TBOJI-a u/nmm TBDJI-oB
13 IPOMEXKYTOYHOIO KOHTeHHepa B OCHOBHOU KoHTeHHep a1t TBPAO npu 3aXOpOHEHUH €ro B IOJ3€MHOM XPAHWINIIE
(mormnbauKe) TBPAO: 1 — nimnTka-ocHOBaHUE IS KPEIUICHHUSI OCHOBHOM (pataHTH peIyara-cxsara;
2 — KpenexXHBII pblyar MaHUITyJIsITopa; 3- ocHOBHas (ananra; 4 — cpennss dayanra; 5 — koHeuHas ¢ananra; 6 — mapHup
KPEIUICHUS] CMEXHBIX (haJlaHT MeXIy co0oil; 7 — cTATMBAIOIIAs NPYXHUHA; 8 — yaepkuBaromuii 3y0; 9 — rHOKuUil TSATOBBIH JIeMEHT

3axBaTblBaHUE TpeaMeTa, Hampumep, TBOJI-a, mpenHa3sHaueHHOro AJisl MEPEMELICHUS U3 MpOMe-
JKyTOYHOTO KOHTEWHepa B OCHOBHOH KoHTeitHep mist TBPAQO, ocymiecTBISIETCS CICAYIOIIMM O0pa3oM.
CxBaThIBaoIe THOKME phIYAard — CXBATbl, HAI[pUMEp, TPU CXBATHIBAIOIIMX TMOKUX phlyara — cxBaTa
MO3UIMOHUPYIOTCS «pyKoi» Manumymnsatopa IIP Ham Bepxnum ywactkoM TBOJI-a, Haxonsmerocs B
MIPOMEKYTOUYHOM KOHTEMHEpe. 3aTeM OHH MepeMELaloTCs CBEPXY BHU3 Ha Teo BepxHero yuactka TBOJI-
a U (QUKCUPYIOTCS HAIIPOTUB HETO TaKMM 00pa3oM, YTOOBI OH OBUT PACIONIOKEH MEXKIY CXBATHIBAIOIIUMHU
THOKUMH phlYaraMu — cCxBaTaMH. B 3aBHCHMOCTH OT KOHKPETHBIX yCJIOBUH, HAIIPUMED, C OTHOH CTOPOHBI
TBDJI-a OyayT pacroioXeHbl ABa CXBAaTHIBAIOMIMX TMOKHX phlYara - CxBaTa, a C IMPOTHUBOIOIOXKHON
CTOPOHBI €T0 — OJWH CXBATHIBAIOMIMKA THMOKHMH phIYar - cxBar. B Tene kaxmoit damanrm 3 — 5 Kaxmoro
pelyara - cxara (OpMHpPYETCs OTBEPCTHE, MPOJOJIbHAS OCh KOTOPOTO COBIAAaeT C MPOJOIBHON OChIO
¢ananru. [locne coenuHenuns Bcex damanr 3 — 5 Mexay coboii mapHupaMu 6, B KaKIOH U3 HUX pa3Me-
maeTcs THOKUH TATOBBIA AyeMeHT 9. IlepBrlif THOKMIA TATOBBIN 3JEMEHT 9 pa3MemaeTcsi B OTBEPCTHIX
¢ananr 3 - 5 oT BepXHEro OCHOBaHUsI KOHEUHOH (haslaHru 5, IPOXOAst BIOIbL HEee B OTBEPCTHH, CPOPMHUPO-
BaHHOM B cpefHell ¢ananre 4, B oTBepCTUH, CPOPMUPOBAHHOM B OCHOBHOW (pajaHre 3, U MPOTHUBOIO-
JIOXKHBIA €ro KOHeI pa3Meliaercs 3a ee mpenenamu. KoHel BTOPOro ruOKOro TSATOBOTO 3JeMeHTa 9
3aKpeIuIsIeTCs B BEPXHEH JacTw cpeaHeit dhananru 4, pa3MeniaeTcs B OTBEPCTHH, CHOPMHUPOBAHHOM B Telle
OCHOBHOH1 (pasiaHru 3, ¥ MPOTHBOIOJIOXKHBIA KOHEI] €ro pa3Meniaercs 3a ee npeaenaMu. KoHel TpeTsero
ruOKOTO TATOBOTO 3JeMEHTa 9 3aKperisieTcss B BEpXHE 4acTH OCHOBHOM (hajaHT 3, yCTaHABIMBAETCS B
OTBepCTHH, CHOPMUPOBAHHOM B TeJIE €€, M MPOTHUBOIIOIOKHEII KOHEIl eT0 pa3MenlaeTcs 3a ee IpeesiaMu.
Kaxxaplii NMpOTHBOMOIOXKHO PAaCHONOKEHHBI KOHEYHBIH YYacTOK THOKOTO TATOBOTO 3jleMeHTa 9
3aKpeIUIIeTcs Ha CIIEUaTIbHOM IIPUBO/IE, YCTAHOBJIEHHOM B ITyHKTE yIpaBJieHUs MaHUIyIsiTopoM T1P.

AHanornyHeIM 00pa3oM YCTaHABIWBAIOTCS THOKHWE TATOBBIE OJJEMEHTHI 9 BO BCeX IpyTUX
CXBaTBIBAIOIINX TMOKUX phruarax — cxparax [ 19, 20].

B 3aBuCHMOCTH OT KOHKPETHBIX YCIOBHH B TOJOCTH, C(HOPMHPOBAHHOH B OCHOBHOM KOHTEHHEpE,
MOTyT OBITH pa3MelIeHbl OJ1H, 1Ba U 6onee TBOJI-oB n/wnm ux vactu u ap. Pazmemenne TBDJI-a w/mmu
TBO3JI-0B U np. B Ipyrux IMOJOCTAX, CPOPMUPOBAHHBIX B OCHOBHOM KOHTEHWHEpE, MPEayCMaTPUBACTCS
OCYILIECTBIATH aHAJIOTHYHBIM 00pa3oM.

[Ipu ocymiecTBIeHNH TEXHOJOTUYECKOH OMNEepalii 3aXBaThIBAHUS CXBATHIBAIOIIUMHU THOKUMHU
peryaramMu — cxatamu Tena TBOJI-a omeparopom Ha MyHKTE yHpPaBICHHUSA CIHEIHAIBHBIM MPHUBOIOM
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OCYILECTBISIETCSl HATSDKCHHE BCEX TMOKHMX TATOBBIX 3JEMEHTOB 9 CXBAaTHIBAIOIIMX TMOKHX PHIUAroB —
CXBaTOB JUIi OCYLIECTBJICHHMS NPIJKaTHA BHEIIHUX IOBEpXHOCTeHl Bcex ¢anaHr 3-5 CcXBaTBIBAIOIIUX
THOKUX pPbIYaroB — cxBatoB k ey TBOJI-a n obecriedeHus: TpeOyeMoro yCuIus B3aUMOACHCTBHS MEXKITY
COOTBETCTBYIOIIMMH TMOBEPXHOCTSIMH BceX (aysaHr 3-5 CXBaThIBAIOUIMX T'HOKUX pPHIYAroB-CXBaTOB H
OOKOBBIMH MTOBEPXHOCTSIMH BepxHero yuactka TBDJI-a nist ero HagekHOro yaep:kanus U 0a3upoBaHusl.

3arem manumysitopom 1P TB3JI mogammaeTcs BBEpX W3 MPOMEKYTOUYHOTO KOHTECHHEpa W MaHH-
nynsatop I[IP ¢ TBOJI-om nepemeniaerca no TpaHCIOPTHOMY ITyTH A0 MECTa YCTAaHOBKM OCHOBHOT'O KOH-
TeiiHepa, pasmemenHoro Ha CIIII. O ycraHaBimBaeTcs Haj COOTBETCTBYIOLIEH MOJOCTHIO, chopmm-
pPOBaHHOW B OCHOBHOM KOHTEWHEpe, TakuM 00pa3oM, 9TOOBI HIbkHee ocHoBaHue TBOJI-a coBMemanoch ¢
Y4acTKOM BEpXHETO OCHOBAHUS MOJIOCTH, CHOPMHUPOBAHHON B OCHOBHOM KOHTEHHEpE.

B cnenyromyro ouepenp, oneparop, HaXo4sICh Ha MYHKTE yNpaBlIeHUs, JUCTAHIMOHHO OCBOOOKAaET
KOHIIbI THOKHUX TATOBBIX JIEMEHTOB 9 OT 3aKpEIUICHHs Ha CIELUAIBHOM NPHBOAE B IIyHKTE YIPABICHUS.
CxBatpIBaoIie THOKKE phlYard — CXBAThl TOA ACWCTBHEM CUJIBI YIPYTOCTH CIIEUUANBHBIX YIPYTHUX
3JIEMEHTOB - MPYXHH 7 oToABuraioTcs oT Tena TBDJI-a. [Ipu stom TBIJI mox neiictBuemM coOCTBEHHOTO
Beca OIyCKaeTcs B IOJIOCTb, C(HOPMHPOBAHHYIO B OCHOBHOM KoHTeiHepe. Ilox neiictBuem cuibl ympy-
TOCTH MPYXHH 7 Ka>KAbIM CXBATHIBAIOLINM I'MOKUI phIUar — CXBaT BBIIPSMIIIETCSA U IIPOJOJIbHAS OCh KaXK-
JIOTO U3 HUX 3aHUMAET TOPU30HTAIFHOE W/ MMPAKTUYECKH TOPU30HTAILHOE TIOJI0KEHHE, BO3BPAILASCH B
UCXOJHOE HepaboUee COCTOSTHHE.

st moBeimeHus 3¢ dexkruBHOCTH pasmenieans TBOJI-a w/mm TB3JI-0B u np. B monocth, chopMu-
POBaHHOM B OCHOBHOM KOHTEHHEpE, B HEU NPEABAPUTEIBHO YCTAHABIMBACTCS CIIEUATIbHBIA HAPABIISIO-
IIMH 3JIEMEHT, HalpuMep, BOPOHKA, U3TOTOBJICHHAS U3 METaJIa M/WIH TIACTHKA U Jp.

[IpumeHeHne maHHOW TEXHOJNOTHYECKOW cxeMbl meperpy3ku TBOJI-a w/wmu TB3JI-oB u nmp. u3
MPOMEXYTOYHOTO KOHTEWHepa B OCHOBHOM KOHTEHWHEp MO3BOJIIET OOECIECUUTh BBICOKYIO CTENCHb 0e3-
omacHocTH 3axoponeHust TBPAO u 6e3omnacHbie ycnoBHs pabOThI IEpcoHaa.

Jns BeIOOpa M O0OCHOBaHMS ONTHUMAJBHBIX CTPYKTYPHO-KMHEMAaTHYECKHX MapaMeTpOB KOHCTPYK-
TUBHBIX 3JIEMEHTOB MaHumyssatopa IIP ¢ cxBaTeiBaromiMM IHOKHMM pPBIYAaroM - CXBaTOM pa3pabOTaHEI
Hay4YHbIE€ OCHOBBI HMMMTAIlMOHHOTO MOJAETHPOBaHMUS (YHKIIMOHUPOBAHUS MHOTO(QYHKIIMOHAIBHOTO
CXBaTBIBAIOIIEr0 THOKOTO phluara - cxsara Manuiyistopa [1P, anantupyromerocs k pasmepam u hopmam
TBOJI-a, mnst ero Ge30macHO Mmeperpy3ku B OCHOBHON KOHTEHHED; MaTEMaTHICCKUI METOJ IOCTPOCHUS
ONTHMAIBHOTO BapHaHTa KOHCTPYKIIMK CXBaThIBAIOIIEr0 THOKOTO phluara - cxsara Manuiyiaropa 1P mms
neperpy3ku TBDJI-a u/unu TB3JI-0B u Ap. Ha OCHOBE pelleHHs] MUHUMAaKCHOM 3a/1aui ONPEAEIeHUs ero
ONTUMAJILHBIX TAPaMETPOB MPH COCTABICHUU CBEPTCKH CHCTEM OIpaHMYCHUH B OOOOLICHHBIH HX
KpUTepHil sl obecrieueHns Hae)KHOTo yaepkuBanus TBDOJI-a cxBaTbIBalOmUMK THOKHMH phlYaramu-
cxBaraMu MaHunynstopa [IP; marematmdeckas MOAENh MOJENMPOBAHHSA CTOXAaCTHMUECKHX IPOLIECCOB
paboThl BEICOKOA((HEKTUBHOTO U HAAEKHOI'O CXBATHIBAIOILEIO TMOKOTO phlyara — CXBaTa MaHUIYJISTOpa
ITP mnsa nmeperpy3ku TB3JI-a u/umm TBOJI-0B 1 Ap. B OCHOBHOW KOHTEHHED; MPOrpaMMHOE 00eCIICUCHUE
JTUCTAaHLIMOHHOTO YIpaBieHUs paboTON CXBaTHIBAIOIIEr0 TMOKOro phlyara — cxpara MaHumynsropa I1P
s neperpysku TBOJI-a w/unu TBDJI-0B U np. B OCHOBHOW KOHTEHHEP C HCIONB30BAaHHEM CETEBBIX
MIPOTOKOJIOB M CO3[JaHUE €r0 UMUTALMOHHON MOZCIIH.

Cuita npyKaTHsl BHEIIHUX BHYTPEHHHUX TOBEPXHOCTEH KaxkAod QanmaHru 3 — 5 Kakaoro pelyara-
cXBaTa K BHEIIHEH OrpaHHWYMBaIOIlel MOBEPXHOCTH BepxHero ywactka tena TBOJI-a 10 (pucyHok 3)
ompeneseTcs o cieayomeii popmyie:

F=K-G,
rae P — cxumaromee ycwmue, H; , K — koadduruenT 3amnaca, 3aBUCSIIANA OT XapaKTEPUCTHK MAaTepHaIOB
KOHCTPYKTHBHBIX 2JIEMEHTOB phlyara-cxsara; G — macca neperpysxaemoro TB2OJI-a 10, kr.

Jnst ocBoOOXIeHHs BepxHero ydactka tena TBDJI-a 10 ot kaxnoii ¢ananru 3-5 Kakaoro peruara-
CXBaTa Ha IyJbTE YIpaBicHUS (Ha PUCYHKE 3 HE IMOKa3aHO) MEXaHHMYECKOW pykod MaHumyissitopa IIP
KKIIBI KOHEYHBIH y9acTOK THOKOBOTO TATOBOTO AJIEMEHTA 9 0CBOOOKIACTCS OT HATSHKCHUS ((hHUKCAIINH)
Ha MPUBOJE MyHKTa ynpasieHus. [Ipu sToM ycunue nprkatus Kakaoi ¢ananru 3 — 5 KaKaoro peruara-
cxBaTa K BepxHemy yuacTky Tena TB3OJI-a 10 ctanoButcs paBHOH Hymwo. Ilox meiicTBueM CUiIbl yIpy-
TOCTH CXHMMAIOIIE-Pa3KUMAIOIIEH NPYXKUHBI 7 W/MIM CXHUMAIOIIE-PAa3KUMAIOIINX NPYXUH 7 BHEIIHUE
BHYTPEHHHUE TMOBEPXHOCTH KAXIOW (amaHru 3-5 KaKIOro pbluara-cxBaTa OTOJABUTAIOTCS OT BHEIIHEH
OorpaHHYMBaloOIIel NOBEpXHOCTH BepxHell uactu TBOJI-a 10.
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Pucynox 3 — TpexdananroBslii aIanTHBHBIN CXBAaT MaHUITYJIITOpa podoTa Juist eperpy3ku TBOJI-a 3 mpoMesKyTo4HOTo
KOHTeliHepa B 0cHOBHO# koHTeitHep st TBPAO npu 3axoponenuu ero B xpanwuinie (MormwibHuke) TBPAO:
1 — I TKa-0CHOBAaHUE IS KPEIJICHHS OCHOBHOM (pajlaHryl phldara-cxBata; 2 — Kpele)KHbIH peryar MaHUITYJIATOPA;
3 — ocHoBHas (ananra; 4 — cpennsist Gananra; 5 — koHeuHas Qanadra; 6 — MAPHUP KPEIUICHHUsI CMEKHBIX (haslaHT Mk Iy COOOH;
7 — cTAruBaoLIas Npy>kKuHa; 8 — yaep kuBaromuii 3y0; 9 — ruOkuii Taroelii snemeHt, 10 — TBOJI

W3 ypaBHEHHUs paBHOBECHs BCEX CHII, JCHCTBYIOIIMX Ha CXBaT MexaHWdeckoil pyku IIP, ompene-
JSIeTCS CuJia, HEOOXOMUMas I CMBIKAHHWS BceX (DamaHT KaKJOro phlyara-CxXBaTa BOKPYT BEpPXHETO
ydacTka Tena TBDJI-a.

VYpaBHEeHHE MOMEHTOB CHJI, ACUCTBYIOIIMX HAa OCHOBHYIO, CPEAHIOI M KOHEUHYIO (ajlaHTy KaKIoro
phlyara-cxsara MexaHuueckoit pyku [1P orHocutrensHo O, UMeeT BUI:

ZMO((P) =0; (1)
Pa(p) = Rk1b(¢) + fRc(p) + mgl(e), ()

rae P — cuna, TpeOyemas i1 HaJle)KHOTO 3aXBaTa BCeMH (pajaHraMu KakIOro phlyara-cxBara BEPXHETO
yuacTtka Tena TBOJI-a; H; R — cuna peakuuu co cTOpOHBI MOBEPXHOCTH BepxHero ydactka TBOJIa na
BHYTPEHHIOIO TTOBEPXHOCTh KaKIOW (hajaHTH KakJoTo peryara-cxpara, H; a, b, ¢ u 1 — ureun neficTBust
cun P u R otHOCHTENnBHO ocu mapHupa O Kak[ol (alaHru KakJoro pelyara-cxsata (Ha pUCYHKE 3 He
MOKa3aHo), MM; f — KO3(QQUIUEHT TpeHHsI MKy TIOBEPXHOCTAMH BepxHero yyactka TB3JIa u BHyTpeH-
HAMH TTOBEPXHOCTSAMHU KaKIOW (palaHTH KaKIOTO phldara-cxbara (Kak NpaBHIIO, BelwmunHa Kod(hdu-
[UEHTAa TPEHUSA CKOJNBKEHHUS MEXIY MOBEPXHOCTSIMH KOHCTPYKTUBHBIX 3JIEMEHTOB, M3TOTOBIIEHHBIX W3
METaJIJIOB , HaNpUMep, cTajiu, paBHa 0,5).

Cuna P mpmxkatus kaxmod (ajaHrd KaXAOro pblyara-cxBaTa K MOBEPXHOCTH BEPXHETO ydacTKa
TB3JI-a onpenensercs mo hopmyrie:

P = (a(9))"{Rk,b(9) + fRc(p) + mgl()}. A3)

[lo crarucTHYecKkUM SKCIEPUMEHTALHBIM JTaHHBIM, MOJYYEHHBIMH TIPU WCCIIEIOBAHUU OTEpaIiH
TIPIKATHS KOKIOW (hajaHTH KaXI0ro phlyara-cxpaTa K MOBEPXHOCTH BepxHero ydactka TBDJI-a, mpose-
JCHHBIX B na6opaTopH1,1x YCIIOBUAX, MOJYUYCHA CICAyroliasd SKCIICPUMCHTAJIbHAA 3aBUCUMOCTHL MCKIY
cwioii P v BennmuuHOW ATUHBI KaX 104 (pajlaHry KaxI0TO phluara-cxpara:

P(X) = 3,35X+ 0,05, )
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rae X — paccTOsHME MEXIy TOYKOW yClIoBHOW och mapHupa O, pacHoiOXKEHHOTO MEXIy KaXIbIMHU
JIBYMSI CMEXXHBIMH (hajlaHraMH, U TOYKOW KOHTAKTa BHYTPEHHEH MOBEPXHOCTH KaXIOU (halaHIy KaXaoro
pBIyara-cxBara ¢ OrpaHMYHBAIOIIECH TOBEPXHOCTHIO BepxHero yuacTka TBOJI-a, M.

I'paduk 3aBucumMocT Mexay cunoi P u pacctosiHneM X MexXIy TOUKOH yclaoBHOU ocu mapHupa O u
TOYKOM KOHTaKTa BHYTPEHHEH MOBEPXHOCTH Ka)IOW (haslaHTH Ka)KAOTO pblYyara-cxBaTa ¢ OrpaHU4HBaIO-
el MOBEpXHOCTHIO BepxHero yuactka TB3JI-a mpuBeneH Ha pucyHke 4.

Feu o H

L

—*

Pucynok 4 — I'paduk 3aBucuMocTn Mexay cuioit P u paccrosaunem X MexIy TOUKOH ycIoBHOH ocu mapHupa O
M TOYKOH KOHTAaKTa BHYTPCHHEH IIOBEPXHOCTH KaXKIOH (payaHru Ka>kIoro peryara-cxBara
€ OrpaHUYMBAIOIICH IOBEPXHOCTHIO BepXHero yyactka TBOJI-a

JIJ11 TIOBBIIIEHNSI TOYHOCTH OTIPEICTICHUS T€OMETPHIECKHUX, CTPYKTYpHO-KHHEMATHUECKUX W TWHA-
MHUYECKUX MapaMeTpoB TpexX(araHroBOrO aJalTHBHOTO cxBara- maHumynsropa [IP ¢ yuerom croxactu-
YeCKUX IMPOIIECCOB B3aMMOJAEHCTBUS €ro ¢ BepxXHUM ydacTkoM TBOJI-a mpezanaraercs METO UX OLEHKH
[21, 22].

Benmuuwnna cuitel P, T.e. x; , ¢ KOTOpO# cXBaT B3aUMOJICHCTBYET ¢ BEPXHUM ydacTkoM Tena TBDJI-a,
OIPEIENAETCS U3 CIELYIONIEH CUCTEMbl YPABHEHUN:

{xk+1 = Xp + Up + Vi 5)
Zp = xk + 8k B (6)

TIe X; — BEIWYMHA CHJIBI P, ompenenseMas ¢ y4eToM CITydaifHOW OIMMOKY €€ OTKIIOHCHHS B «HIICaThHOM
MOACIN», Xi+; — BCINYMHA CHIIbI P, ornpeaeiaeMas ¢ yucTomM CJIy‘-I&fIHOfI OIIMOKU €€ OTKIIOHEHHS B
«HIIeabHOM MOJAeNnn» B APYrOM BpPEMEHHOM HHTEpBANe; u; — BEIWYMHA CWIBI P, KOHTpoimpyromas
SBOITIOLIMIO MAaTPHIIBI COCTOSTHUS U3MEHEHHUS €€, C KOTOPOH CXBaT B3aWMOJIEHCTBYET C BEPXHUM y4aCTKOM
tena TBDOJI-a, kotopast onpenensiercst aHanuTudecku 1o dopmye (3); zx - BenmuduHa cwibl P, omnpene-
JisieMasi SKCIePUMEHTAIILHO ¢ YYETOM CUCTEMAaTHYEeCKON OIMOKH, 00y CIaBINBaeMO TOYHOCTHEO U3MEPH-
TEJNILHBIX MPHOOPOB; Yy M Ok — COOTBETCTBEHHO, OMIMOKM MATEeMaTHYECKOW MOJCIH aHATUTUYECKOTO
pacueta W O3KCIEPUMEHTAJIHHOTO ONpeAeNieHus] CHibl P, n3MepsieMble TEXHUYECKHIMH CpEICTBAMHU
M3MEpPEHUs, U KOTOphIC onpenemsttores mo ¢popmynam (3) u (4).

[pu >TOM cnyvaiiHbie OMMOKH, BBI3BAHHBIE OTKIOHEHHEM CIPOSKTHPOBAHHOTO TpeX(alaHrOBOTO
aJanTUBHOTO MEXaHU3Ma cxBaTa-MaHumyistopa 1P or ero «uaeanbHON» MOAENH, U MPEICTABISAIONINE
co00H citydaifHble OINOKH, ONIPEACISIFOTCS CTATUCTUIECKUMI MOMEHTaMHu MY; , BETUYHUHBI KOTOPBIX B UX
3aKOHBI pacIpe/IeNIeHUs] He 3aBUCAT OT BpeMeHH (HOMepa UTepalliu 1); CpeHHe 3HAUYSHHS OMTMOOK PaBHBI
Hymo: My=MJ=0; cam 3aKOH paclpencicHUs CIydallHBIX BEIMYHMH MOXET OBITh M HE H3BECTCH, HO
W3BECTHBI UX TUCTIEPCUH cs% W G2; MpeToNaraercs, 9To Bee CTydaifHble ONTHOKN He3aBHCHMBL.

[Ipenmonaraercs, 4To Ha i-OM IIIare HaiiieHO OTQHIIBTPOBAHHOE 3HAUEHHE C CEHCOpa xio Pt KOTOpOe
MpHOTIKACT UCTUHHYIO KOOPAMHATY CUCTEMBI X;. Hen3BecTHast BeMUYMHA X; | ONpeIeIisseTcs 1Mo hopMmyJie:

Xiy1 =X +u; + i, (7
A€ u; — BEJIMYHUHA, KOHTpOJ‘II/IpyIO]_LIaSI SBOJIOIUIO ManI/H_U)I COCTOsIHUA U3MCHCHUS CUJIBL P
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[Toatomy, emre He moTydasi 3HAYEHHE C CEHCOpa, MOJIaraeTcs, YTo Ha Imare i+1 cucreMa 3BOJIOIMOHH-
PYET COTIIaCHO STOMY 3aKOHY W C CEHCOP IMOKaXeT BENHYNHY OJM3KYI0 K 3HAYCHHIO xlf) Pty u;. C mpyroit
CTOPOHHI, Ha mare i+1 uMeeTcs He TOYHOE IMOKa3aHUE C CEHCOpa Z; 4. Mes cocTout B TOM, 4TOOBI TOTY-
YUTHh HaWIydllee MPUOIIKEHNEe K NCTUHHOW KOOPAWHATE X;,1 BBIOMpAETCS TaK Ha3bIBaeMas «30JI0Tas»
cepearHa MeX/1y TIOKa3aHUEeM Z; ., UCTOYHHKA C CEHCOopa U xf Pt 4 U;j, SIBIAIOIIUMCS €ro MpeiICKa3aHueM.
[MokazaHuro ¢ ceHcopa aaercs BecoBoil koadduient Kanmana K, a Ha npenckasannoe 3nauenue (1 — K)

opt

BEJIMYMHA X; | ONPENEIETCs 10 hopMyIe:

xfflt =K-zi.1+(1—-K)- (xfpt + ul-), ®)

rae K — BecoBoit KO3(1)(I)I/ILII/IGHT KanMaHa, BCJIMYMHA KOTOPOTO BBI6I/IpaeTCSI TaKOfI, YTOOBI MOJIy4YuBIICCCA
opt o
ONTUMAJIBHOC 3HAYCHUC KOOPAMWHATHI xifl ObLT0 OB HamOollee ONM3KO K BEIMUYHMHE MCTHHHON Koopau-

HaThl X; ;. Hampumep, eciim U3BECTHO, YTO TMOKA3aHHs C CEHCOpa OYeHb TOYHBIC, TO CTENCHb JIOBEpHUS K
HeMy OyneT Ooiblie W 3Ha4YeHHWE z;; uMeeT Oombpmmii Bec (K Omms3ko emgmnmie). Eciam ke ceHcop,
Ha000POT, HETOYHBIM, TOTJa HEOOXOMUMO OOJBIIIE OPUEHTUPOBATHCS HA TEOPETHUECKH IMPEICKA3aHHOE
3Ha4YeHHe xio PE 4 u;. B obmem cnyyae, uroOpl HaiiTu ToyHOE 3HaueHue kKo3ddunuenta Kanmana HeoO-
XOJAMMO MUHUMU3UPOBATh BEIMYMHY CIyYaHBIX U CHCTEMAaTHYEeCKUX OMHOOK y; u §;.

B obmiem ciyuae, yToObI HaliTH ToyHOE 3HaueHHE Kodddunuenta Kanmana HeoOX0aMMO MUHUMH-
3MpOBATH BEJIMUUHY':

— opt
€i+1 = Xit1 — Xjyq- ©)
[Toce moxcranoBkH B ypaBHeHUE (9) dhopmyias! (8) momydaercs:
e =1 =10 (e +v,) — K- 81 (10)
MUHAMU3UPYETCS cpellHee 3HAUCHHEe MAaTeMaTHIECKOTO OXKUIAHUS OT KBaJ[paTa OIUOKH:
M(e? ) - min. (11)

Marematndeckoe OXXKHAaHWE KBaJpaTa BETHMYWHBI OMIMOKH OmpereNeHus cuibl P B3aumoeiicTBus
Tpex(aJaHroBOro aJanTUBHOTO cxBara MaHumnyssitopa [1P ¢ TBDJI-om mpu ero meperpys3ke u3 mpome-
JKYTOYHOTO KOHTEWHEepa B OCHOBHOM KOHTEWHEP OmNpeAensieTcs o GopmyIe:

2 — 2 2 2 2 .2
M(ef ;) = 1 —K)*(Me? + o) + K?0§. (12)
T0 BBIPAKCHUC IPUHUMACT MUHUMAJIbHOC 3HAUYCHUC IIPHU YCIIOBUU!
Me?+02
Ko, ,=—Y 1
17 MeZ+o2+a? (13)

Jns ompenenenus BecoBoro kod¢p¢unuenta Kammana HeoOX0OMMO BBIYHCINTH CTaTUCTUYECKHE
MOMEHTHI CITy4YaiHbIX OIMOOK MaTeMaTHYECKON MO U CUCTEMAaTHYeCKUX OINOOK U3MEpPEeHHH culbl P
Tpex(aaaHroBoro aganTUBHOTO cxBaTa-MaHumysstopa [IP mpu B3amMoneiicTBUU €ro ¢ BEPXHUM yYacT-
koM TBDJI-a. Takum 00pa3oM, peanu3yercs alrOpuTM pelleHus: pa3padoTaHHOW MaTeMaTHIeCKOl Moie-
JIM, OLIEHKH CTOXaCTUYECKOM CHUCTEMBI AMHAMHUYECKOI'O IIPOLECCa B3aUMOJEHUCTBHUS Tpex(alaHrOBOTO
ajanTUBHOro cxBata-manumyistopa [IP ¢ TB3JI-om ¢ ucmons3oBaHueM HTEPalMOHHONW (GOpMyYIBI Ui
BBIYHCIICHUS BecoBOro ko3 dunuenta Kaamana.

Pacuer 3aBucuMOCTH (YHKIMM KOPPEIALUY CIIy4aiiHOIO IIpoliecca W3MEHeHus cuibl P oT mapamer-
POB Tpex(aJaHroBOro aJanTUBHOTO CXBaTa-MaHUMyJsiTopa [1P ¢ y4eToM cTOXacTHYECKHX MPOLIECCOB €T0
B3aumozericteus ¢ TBOJI-oM mpousBeieH Ha YCIOBHOM IIpUMeEpE.

Pe3ynpTaTel 3aBUCMMOCTH 3Ha4Y€HUH 3HEPreTHYECKOIO CIEKTpa CIy4alHOro Mpolecca N3MEHEHHS
cuitel P OT mapaMeTpoB TpexdanaHroBoro aganTHBHOTO cxBara [IP W croxacTHdeckux MpoIeccoB mepe-
rpy3ku TBDJI-a 13 mpomexyTOUHOTO KOHTEHEpa B OCHOBHOW KOHTEHHEP MpUBEACHBI B Ta0muIe 1.

Pesynpratel 3aBucuMOCTH QyHKIMN KOPPESIIUHN CIIy4afHOro Ipolecca u3MeHeHHs cuibl P oT mapa-
METpOB Tpex(aJaHroBOTO aJalTUBHOTO cXBaTa-MaHuUIynsropa IIP mpu ocyiiecTBiIeHHN CTOXaCTUIECKUX
mporeccoB ero B3aumopeiicteus ¢ TBOJI-om, meperpykaeMoro M3 MpPOMEXYTOYHOTO KOHTEWHepa B
OCHOBHOM KOHTEWHEp, IPHUBE/ICHBI B Ta0mwIIe 2.
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Tabmuua 1 — Pe3ynbTaThl 3aBUCHMOCTH 3HAUCHUH (DYHKINMH YHEPreTHISCKOT0 CIEeKTpa CIIy4ailHOTO Mpoliecca H3MEHEHHs CHIlbl P
Tpex(aJaHroBOro aJanTHBHOTO CXBaTa-MaHUITyIsTopa [1P mpu ocyInecTBIeHNN CTOXaCTHYECKUX MTPOLECCOB TEPETrpy3KN
TBO3JI-a U3 NpOMEKYTOYHOTO KOHTEHHEpa B OCHOBHOM KOHTCHHED

PaccrosiHue oT ycnoBHO# ocu mapHupa O COeMHEHUs CMEXHOPACIION0KEHHBIX
(ananr pelyara-cxBaTa 10 TOYKM KOHTaKTa BHYTPEHHEW IIOBEPXHOCTH BCEX

Iokaszarenu KOHTAaKTHUPYIOIIHUX (panaHr KaXJOoro pelyara-cxpata ¢ nopepxsHoctsio TBDJIa, X, MM

X, =25 X,=30 X;=35 X, =40 Xs=45

Ouepremeckuii cextp (W(w), 5102 3,910 1,8102 0,510% | 0,09-107
B¢ /par s > > R

Tabnuma 2 — Pe3yneTaTsl 3aBUCHMOCTH (DYHKIWH KOPPEJSIIUHU CIy4aitHOTO Mpoliecca N3MEHEHUs CHITBI P
OT TTapaMeTpoB Tpex(anaHroBOro afanTUBHOTO cXBaTa-MaHHMyIsATopa [1P mpu ocymiecTBIeHHN CTOXaCTHYECKHX POIECCOB
ero B3aumogeiicteus ¢ TBOJI-oM, neperpyxxaeMoro u3 NpoMeKyTOYHOTO KOHTEHHEpa B OCHOBHOM KOHTEHHEP

IIponomKHUTETEHOCTD IEpHOa BpeMEHH H3MEPEeHUs CHIIBI P
Tpex(alaHroBOTO aJaTHBHOTO cXBaTa-MaHumyisitopa 1P, T, ¢
Iloxaszarenu

T1=0 T2:5 T3:10 T4= 15 T5:20
Oynkma koppemsauun B(t), (kH) B 3amaHHbIH Ieproa
BPEMEHH B3aUMOJICUCTBUS TPeX(aTaHrOBOrO aTaNTHB-

2,82 2,2 1,04 0,3 0,05
HOTO cxBaTa- MaHUIyIsITopa [1P ¢ BepXHUM ydacTkoM
TBOJI-a, 1, ¢

I'paduk 3aBHCUMOCTH PHEPreTUYECKOro CIEKTpa CiIydailHOM (yHKUMHU n3MeHeHus cuibl P ot mapa-
METpOB Tpex(aJaHroBOTO aJalTUBHOIO cXBaTa-MaHHUIyssATopa [IP npu ocymiecTBieHNn cTOXaCTUYECKUX
mporeccoB ero B3aumopeiicteus ¢ TBOJI-om, meperpykaemMoro M3 MpPOMEXYTOYHOTO KOHTEWHepa B
OCHOBHOW KOHTEHHEP, IPUBEICH HA PUCYHKE 5.

P.H
A

18

14

10

Pucynok 5 — I'paduk 3aBucumoctu cuibl P ot X

V3menenue cuibl P TpexdanaHroBoro afanTUBHOro cxBaTa MaHuIyJsitopa IIP npu ocyIlecTBIeHHN CTOXaCTHYECKUX HPO-
neccoB neperpysku TBDJI-a u3 npomMekyTouyHOTro KOHTefHepa B OCHOBHOM KoHTelHep, H.

PaccrostHne oT ycnoBHO# ocu mapHupa O COeTMHEHNS CMEXHOPACTIONOKEHHBIX (haJlaHT PhIYara-cxBaTa 0 TOYKH KOHTAaKTa
BHYTpEHHEW MOBEPXHOCTH BCEX KOHTAKTHPYIOMHUX (haslaHT KayKIOTO phlUara-cxsara ¢ moBepxHocteio TBOJI-a, Mm.
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BeiBOABI:

1. B mamHO¥W paboTe mpeicTaBIeHa OpPUTHHANBHAS MaTeMaTHYecKas MOIETh pacueTa IapaMeTpOB
TpexQallaHTOBOTO aJJallTUBHOTO cxBaTa-MaHumynaropa [IP mans nmeperpysku TBOJI-a u3 nmpomexyToyHoro
KOHTEWHEpa B OCHOBHOM KOHTEHHED.

2. PazpaOoTraHbl MareMaTHYECKUE METOABI pacueTa W BbIOOpa CTPYKTYPHBIX, Pa3MEPHBIX M PEXUM-
HBIX [TapaMeTPOB Tpex(aJaHTOBOIO aJaNTHUBHOIO cxBara-MaHumynasTopa [IP ¢ yuerom croxactuueckux
IpoleccoB ero B3aumoneicTBuss ¢ TBOJI-om, meperpyxaemMoro u3 NpoMeXyTOYHOTO KOHTEHHepa B
OCHOBHOU KOHTEIHED.

3. Co3paHa MHHOBALMOHHASI KOHCTPYKIMS Tpex(aaaHroBOro aJanTUBHOIO cXBaTa-MaHUIyssitopa 11P
¢ yueToM ero B3ammoneicTBusi ¢ TBDOJI-oMm, mpuMeHseMOro MpH IMeperpy3ke ero u3 MpoMEeXyTOYHOTO
KOHTEWHepa B OCHOBHOW KOHTEHUHED.
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T. T. Kaiisiv', B. ®. Fpnﬁanonl, E. C. TeanﬁeKOBZ, C. T. Kaumos®,
AG. T. Kanmog', A. T. Kaumos®, I'. T. Kanmosa®, /. JI. Aouiadexona’

K. U. CorGaes aTbiHarsl Kasak y1TTBIK TEXHUKAIBIK 3epTTey YHUBEpcuTeTi, Anmatsl, KasakcraH,
2 AJIMATbI TEXHOIOTHSIIBIK yHuBepcuTeTi, Anmatsl, Kazakcran,
38J1—q)apa61/1 aThiHaarsl Kaszak YITTHIK yHUBepcuTeTi, Anmartel, KazakcraH,
4EcenTey JKOHE aKIMapaTThIK TEXHOJIOTUsATIap MHCTUTYTHI, AnMatel, KazakcraH,
°C. Ceitdymnmmn atbiagarsl Kasak arpoTeXHUKabIK yHHBEpCHTeTi, Actana, Kazakcra,

POBOT MAHHUITYJISITOP/IbIH MHHOBAIMSIJIBIK CXBAT MEXAHU3MIHIH
JUHAMHUKAJIBIK )KYWECIHIH KATTbI ACA 5KOFAPBI PAJJUOAKTUBTI
'KBLJIBI IIBIFAPATBIH DJIEMEHT KAJJIBIKTAPIbI KATA THEY KE3IHJIETT
JK¥YMBICTAPBIHBIH CTOXACTHUKAJIBIK TPOLIECTEPIH TEOPUSLIBIK
"KOHE MATEMATHUKAJIBIK MOJEJJAEY

AnHoTauus. OHTaNIBI JKOHE KBa3HU-OHTAWIBI alTOPUTMAEPIIH PEeKyppeHTTI Oarajay KHHEMAaTHKANbIK >KOHE
JTUHAMUKAJIBIK [TapaMeTpiIepiH aTKapyIIsl MeXaHU3MAEpi JKaHAIbLT uaesi 6oy Tabbutaapl. MexaHn3MHIH Keibip
OeumiekTepi, KHHEMATHKANBIK KOHE AMHAMUKAIBIK MapaMeTpiiepiH MYJIbTH-)KETEeK OOJIbIT TaObUIATHIH JKYMBIChIHA

MHHOBAIMSUIBIK TETITIH KapMaybIH TAMBITY JKOHE Ke3IeHCOK aybITKY [IaMaIapblH OHTAWIBI 9[IICTEPIH KapacThIpy.

Maxaa OipHemie FRUIBIME JKETICTIKTEp MEH MaHBI3IBUIBIKTAPIbI KaMTHIBL. O 63 KaTapblHaH jk00aHbI Oipirim
JKocIapiay asChlHIa KOpIIaraH OpTaMeH (aca OeliceHIi KaTThl KaIABIKTap) KapMay MEXaHH3MiHiH I'eOMETPUKAIIBIK,

KHHEMATHKAJIBIK, JHHAMHIKAIBIK TapaMeTPIepIMEH 03apa KapbIM-KaThIHACHI.
Tyiiin ce3aep: MaTeMaTHKAIBIK MOAEIH, POOOT, KOHTEHHED, pAAMOAKTHBTI KAIIBIKTAP, )KYK THETIIIL.
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