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Introduction

The cutting tool geometry affects the quality and
accuracy of the machined blank. The cutting tool must
have high strength by reducing the values of the rake
and clearance angles during rough machining.
However, this leads to an increase in the cutting force
and vibrations of the blank and the cutting tool.
Cutting edges of the tool must have rounding during
finish machining. This geometry of the cutting tool
ensures that the requirements for manufacturing the
part according to the drawing are met in combination
with the low feed speed and the high cutting speed.

On the example of planing, studies were carried
out in the works [1-2]. The plastic strain coefficient,
the temperature in the cutting zone, internal stresses of
material and their effect on the destruction of the steel
blank were determined after modeling the process.
The material destruction with the generation of
significant heat (for example, turning) was described
in the works [3-10].

Modeling the dynamics of the cutting process of
the metal blank of medium hardness with the planing
cutters with the different cutting part geometry will

8°

allow you to determine the stress and strain state of
deleted material and choose the most optimal option
that reduces vibrations of the machine-device-tool-
part system.

Materials and methods

The computer experiment was performed in the
LS-DYNA special program. The cutting process of
the model of the rectangular steel blank with the
models of the cutters with the rake angle of 8 degrees
and the clearance angle of 10 degrees was simulated.
The radius was not performed at the nose of the cutter
model in the first test. In the second and third tests, the
nose radii of 5 mm and 10 mm, respectively, were
performed on the cutters models. The cutting depth
decreased with increasing the nose radius. The
calculation of the cutting process was carried out in
the three-dimensional formulation to visualize the
stress and strain state of material in the entire volume
of the blank. The statement of modeling the cutting
process of the blank with the cutters is presented in the
Fig. 1.

Feed direction
—

Figure 1 — The statement of the cutting process of the blank.

The calculation was carried out in the conditions
as close as possible to the real conditions by setting all
the parameters of the cutting process. The accuracy of
the obtained results was characterized by the size of
the finite element of the models of the blank and the

cutter (0.3 mm). The initial conditions for three-
dimensional modeling the process of machining the
metal blank with the cutters with the different
geometry were presented in the special text format,
which is demonstrated below.

structured format, which has strictly defined format.

*KEYWORD - The keyword, *KEYWORD, flags LS-DYNA that input deck is keyword deck rather than

*CONTROL_CONTACT - Changing the defaults for computation with contact surfaces.

SLSFAC 0.5 — Scale factor for sliding interface penalties.

RWPNAL 0.0 — Scale factor for rigid wall penalties, which treat nodal points interacting with rigid walls.

ISLCHK 1 — Initial penetration check in contact surfaces with indication of initial penetration in output files.
No checking (default).

SHLTHK 0 — Flag for consideration of shell thickness offsets in non-automatic surface-to-surface and non-
automatic nodes-to-surface type contacts. Thickness is not considered.

PENOPT 1 — Penalty stiffness value option. Minimum of master segment and slave node (default for most
contact types).

THKCHG 0 - Shell thickness changes considered in single surface contact. No consideration (default).
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ORIEN 1 — Optional automatic reorientation of contact interface segments during initialization. Active for
automated (part) input only (default).

ENMASS 0 - Flag for treatment of eroded nodes in contact. Eroded node is defined as node that is no longer
attached to any element owing to element deletion. Eroded nodes are not considered in contact algorithm.

USRSTR 0 — Storage per contact interface for user supplied interface control subroutine. If zero, no input
data is read and no interface storage is permitted in the user subroutine.

USRFRC 0 - Storage per contact interface for user supplied interface friction subroutine. If zero, no input
data is read and no interface storage is permitted in the user subroutine.

NSBCS 0 — Number of cycles between contact searching using three-dimensional bucket searches. Using the
default value for this field is strongly recommended.

INTERM 0 - Flag for intermittent searching in old surface-to-surface contact using the interval specified
(off).

XPENE 4.0 — Contact surface maximum penetration check multiplier. If the small penetration checking
option, PENCHK, on the contact surface control card is active, then nodes whose penetration then exceeds the
product of XPENE and the element thickness are set free. Set to default which is 4.0.

SSTHK 0 - Flag for determining default contact thickness for shells in single surface contact types. Default
contact thickness may be controlled by shell thickness or by shell edge length.

ECDT 0 - Time step size override for eroding contact.

TIEDPRJ 0 — Bypass projection of slave nodes to master surface. Eliminate gaps by projection nodes.

SFRIC 0.0 — Default static coefficient of friction.

DFRIC 0.0 — Default dynamic coefficient of friction.

EDC 0.0 — Default exponential decay coefficient.

VFC 0.0 — Default viscous friction coefficient.

TH 0.0 — Default contact thickness.

TH_SF 0.0 — Default thickness scale factor.

PEN_SF 0.0 — Default local penalty scale factor.

IGNORE 0 — Ignore initial penetrations in the *CONTACT_AUTOMATIC options. The value defined here
will be the default. Move nodes to eliminate initial penetrations in the model.

FRCENG 0 - Flag to activate the calculation of frictional sliding energy. Do not calculate.

SKIPRWG 0 - Flag not to display stationary rigid wall by default. Generate 4 extra nodes and 1 shell element
to visualize stationary planar rigid wall.

OUTSEG 0 - Flag to determine whether to output each beam spot weld slave node and its master segment
for contact type *CONTACT_SPOTWELD into the D3HSP file. Do not write out this information.

SPOTSTP 0 - Flag to determine whether the error termination should occur if the spot weld node or face,
which is related to the *MAT_SPOTWELD beam or solid element, respectively, cannot be found on the master
surface. No error termination. Silently delete the weld and continue.

SPOTDEL 0 - This option controls the behavior of spot welds when the parent element erodes. Do not delete
the spot weld beam or solid element or SPR.

SPOTHIN 0.0 — Optional thickness scale factor. If active, define the factor greater than zero, but less than
one. Premature failure of spot welds can occur due to contact of the spot welded parts in the vicinity of the spot
weld. This contact creates tensile forces in the spot weld.

ISYM 0 — Symmetry plane option default for automatic segment generation when contact is defined by part
IDs.

NSEROD 0 — Flag to invoke old method for ERODING_NODES_TO_SURFACE. Use two-way algorithm
(default).

RWGAPS 1 - Flag to add rigid wall gap stiffness. Add gap stiffness.

RWGDTH 0.0 — Death time for gap stiffness. After this time, the gap stiffness is no longer added.

RWKSF 1.0 — Rigid wall penalty scale factor for contact with deformable parts during implicit calculations.

ICOV 0 - Invokes the covariant formulation of Konyukhov and Schweizerhof in the FORMING contact
option. Standard formulation (default).

SWRADF 0.0 — Spot weld radius scale factor for neighbor segment thinning. Neighbor segments are not
thinned (default).

ITHOFF 0 — Flag for offsetting thermal contact surfaces for thick thermal shells. No offset.

SHLEDG 0 - Flag for assuming edge shape for shells when measuring penetration. Shell edges are assumed
round (default).

PSTIFF 0 - Flag to choose the method for calculating the penalty stiffness. Based on material density and
segment dimensions (default).

ITHCNT 0 — Thermal contact heat transfer methodology. Set to default which is 1.
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TDCNOF 0 — Tied constraint offset contact update option. Update velocities and displacements from
accelerations.

FTALL 0 — Option to output contact forces to RCFORC for all 2 surface force transducers when the force
transducer surfaces overlap. Output to the first force transducer that matches (default).

SHLTRW 0.0 — Optional shell thickness scale factor for contact with rigid walls. Shell thickness is not
considered.

*CONTROL_ENERGY - Providing the controls for energy dissipation options.

HGEN 2 — Hourglass energy calculation option. This option requires significant additional storage and
increases cost by ten percent.

RWEN 2 — Rigid wall energy dissipation option. Energy dissipation is computed and included in the energy
balance (default).

SLNTEN 2 - Sliding interface energy dissipation option. This parameter is always set to 2 if contact is active.

RYLEN 2 — Rayleigh energy dissipation option (damping energy dissipation). Energy dissipation is
computed and included in the energy balance.

*CONTROL_SOLUTION - Specifying the analysis solution procedure if thermal only or combined thermal
analysis is performed.

SOLN 2 — Analysis solution procedure. Combined structural, multiphysics, and thermal analysis.

NLQ 0 — Define the vector length used in the solution. The default vector length is printed at termination in
the message file.

ISNAN 0 — Flag to check for the NaN in the force and moment arrays after the assembly of these arrays is
completed. No checking.

LCINT 100 — Number of equally spaced points used in curve rediscretization. The minimum number of 100
is always used, that is, only larger input values are possible.

*CONTROL_TERMINATION - Stop the job.

ENDTIM 12.0 — Termination time.

ENDCYC 0 — Termination cycle. Cycle number is identical with the time step number.

DTMIN 0.0 — Reduction (or scale) factor to determine minimum time step.

ENDING 0.0 — Percent change in energy ratio for termination of calculation. If undefined, this option is
inactive.

ENDMAS 1.000000E8 — Percent change in the total mass for termination of calculation.

*CONTROL_THERMAL_NONLINEAR - Setting the parameters for the nonlinear thermal or coupled
structural/thermal analysis.

REFMAX 100 — Maximum number of matrix reformations per time step.

TOL 0.0 — Convergence tolerance for temperature.

DCP 1.0 — Divergence control parameter. Steady state problems 0.3 < DCP < 1.0 default 1.0.
LUMPBC 0 — Lump thermal boundary conditions. Off (default).

THLSTL 0.0 — Line search convergence tolerance. No line search.

NLTHPR 0 — Thermal nonlinear print out level. No print out.

PHCHPN 0.0 — Phase change penalty parameter.

*CONTROL_THERMAL_SOLVER - Setting the options for the thermal solution in the thermal only or
coupled structural-thermal analysis.

ATYPE 1 — Thermal analysis type. Transient analysis.

PTYPE 2 — Thermal problem type. Nonlinear problem with material properties evaluated at element average
temperature. Iterative conjugate gradients method, diagonally scalable (default).

CGTOL 1.00000E-6 — Convergence error for type 3 and 4 solvers.

GPT 1 — Number of Gauss points to be used in the solid elements. One point quadrature is used.

EQHEAT 1.0 — Mechanical equivalent of heat. Default value 1.0.

FWORK 1.0 — Fraction of mechanical work converted into heat. Use default value 1.0.

SBC 0.0 — Stefan Boltzmann constant. Value is used with enclosure radiation surfaces.

MSGLVL 0 — Output message level. No output (default).

MAXITR 500 — Maximum number of iterations.

ABSTOL 1.0000E-13 — Absolute convergence tolerance.

RELTOL 1.00000E-4 — Relative convergence tolerance.

OMEGA 1.0 — Relaxation parameter omega for SOLVER 14 and 16. Use default value 1.0 for SOLVER 14.
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TSF 1.0 — Thermal speedup factor. This factor multiplies all thermal parameters with units of time in the
denominator (e.g., thermal conductivity, convection heat transfer coefficients).

*CONTROL_THERMAL_TIMESTEP — Setting the time step controls for the thermal solution in the thermal
only or coupled structural/thermal analysis.

TS 0 — Time step control. Fixed time step.

TIP 0.5 — Time integration parameter. Crank-Nicolson scheme.

ITS 0.001 — Initial thermal time step.

TMIN 1.00000E-7 — Minimum thermal time step.

TMAX 0.0139 — Maximum thermal time step.

DTEMP 100.0 — Maximum temperature change in each time step above which the thermal time step will be
decreased.

TSCP 0.5 — Time step control parameter.

LCTS 0 — Load curve 1D which defines data pairs (thermal time breakpoint, new time step).

*CONTROL_TIMESTEP — Setting the structural time step size control using different options.

DTINIT 0.0 — Initial time step size.

TSSFAC 0.6 — Scale factor for computed time step.

ISDO 0 — Basis of time size calculation for 4-node shell elements.

TSLIMT 0.0 — Shell element minimum time step assignment.

DT2MS 0.0 — Time step size for mass scaled solutions.

LCTM 0 - Load curve ID that limits the maximum time step size (optional).

ERODE 0 - Erosion flag for elements with small time step. Calculation will terminate if the solution time
step drops to TSMIN.

MS1ST 0 — Option for mass scaling that applies when DT2MS < 0.

DT2MSF 0.0 — Reduction (or scale) factor for initial time step size to determine the minimum time step size
permitted.

DT2MSLC 0 — Load curve for determining the magnitude of DT2MS as the function of time during the
explicit solutions phase.

IMSCL 0 - Flag for selective mass scaling if and only if mass scaling active.

RMSCL 0.0 — Flag for using rotational option in selective mass scaling only translational inertia are
selectively mass scaled.

*DATABASE_GLSTAT - Global statistics and energies.

DT 0.0 — Time interval between outputs. If DT is zero, no output is printed.

BINARY 0 — Flag for binary output.

LCUR 0 - Optional curve ID specifying time interval between outputs.

IOOPT 1 - Flag to govern behavior of the output frequency load curve defined by LCUR. This is the default
behavior.

*DATABASE_MATSUM — Part energies.

DT 0.0 — Time interval between outputs. If DT is zero, no output is printed.

BINARY 0 — Flag for binary output.

LCUR 0 - Optional curve ID specifying time interval between outputs.

IOOPT 1 - Flag to govern behavior of the output frequency load curve defined by LCUR. This is the default
behavior.

*DATABASE_RCFORC - Resultant contact interface forces.

DT 0.0 — Time interval between outputs. If DT is zero, no output is printed.

BINARY 0 — Flag for binary output.

LCUR 0 - Optional curve ID specifying time interval between outputs.

IOOPT 1 - Flag to govern behavior of the output frequency load curve defined by LCUR. This is the default
behavior.

*DATABASE_BINARY_D3DUMP — Database for restarts. Defining the output frequency in cycles.

CYCL 100000.0 — For D3ADUMP and RUNRSF options this field is the number of time steps between output
states.

LCDT 0 — Optional load curve 1D specifying time interval between dumps.
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BEAM 0 — Discrete element option flag. Discrete spring and damper elements are added to the D3PLOT
database where they are displayed as beam elements.

NPLTC 0- DT = ENDTIM/NPLTC.

PSETID 0 — Part set ID.

*DATABASE_BINARY_D3PLOT - Database for entire model. Control to some extent the content of binary
output databases D3PLOT, D3THDT, and D3PART.

DT 0.0 — This field defines the time interval between output states.

LCDT 0 - Optional load curve 1D specifying time interval between dumps.

BEAM 0 — Discrete element option flag. Discrete spring and damper elements are added to the D3PLOT
database where they are displayed as beam elements.

NPLTC 100 - DT = ENDTIM/NPLTC.

PSETID 0 — Part set ID.

IOOPT 0 — This variable applies to the D3PLOT option only and governs how the plot state frequency is
determined from curve LCDT.

*BOUNDARY_PRESCRIBED_MOTION_RIGID - Defining the imposed nodal motion (velocity,
acceleration, or displacement) on the node or the set of nodes.

PID 1 — Prescribed motion set ID to which this node, node set, segment set, or rigid body belongs. This ID
does not need to be unique.

DOF 1 — Applicable degrees-of-freedom, x-translational degree-of-freedom.

VAD 0 - Velocity/Acceleration/Displacement flag. Velocity (rigid bodies and nodes).

LCID 1 - Curve ID or function ID to describe motion value as the function of time.

SF 1.0 — Load curve scale factor. Default set to 1.0.

VID 0 — Vector ID for DOF values of 4 or 8.

DEATH 1.00000E28 — Time imposed motion/constraint is removed.

BIRTH 0.0 — Time that the imposed motion/constraint is activated.

*BOUNDARY_SPC_SET — Defining the nodal single point constraints.

NSID 2 — Node ID or nodal set ID.

CID 0 - Coordinate system ID.

DOFX 1 — Insert 1 for translational constraint in local x-direction.
DOFY 1 — Insert 1 for translational constraint in local y-direction.
DOFZ 1 — Insert 1 for translational constraint in local z-direction.
DOFRX 1 — Insert 1 for rotational constraint about local x-axis.
DOFRY 1 - Insert 1 for rotational constraint about local y-axis.
DOFRZ 1 — Insert 1 for rotational constraint about local z-axis.

*SET_NODE_LIST_TITLE & *SET_NODE_LIST — Defining the nodal set with some identical or unique
attributes.

SID 1 & 2 — Set identification. All node sets should have the unique set ID.
DA1 0.0 — The first nodal attribute default value.
DAZ2 0.0 — The second nodal attribute default value.
DA3 0.0 — The third nodal attribute default value.
DAA4 0.0 — The fourth nodal attribute default value.
SOLVER MECH - Name of solver using this set.
NID1 — Nodal ID 1.

NID2 — Nodal ID 2.

NID3 — Nodal ID 3.

NID4 — Nodal ID 4.

NID5 — Nodal ID 5.

NID6 — Nodal ID 6.

NID7 — Nodal ID 7.

NID8 — Nodal ID 8.

*CONTACT_AUTOMATIC_NODES_TO_SURFACE_THERMAL_ID — Defining the contact interface in
the 3D model.

CID 1 — Contact interface ID.
SSID 1 — Slave segment set ID, node set 1D, part set ID, part 1D, or shell element set ID.
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MSID 1 — Master segment set ID, node set ID, part set ID, part ID, or shell element set ID.

SSTYP 4 — ID type of SSID. Node set ID for nodes-to-surface contact.

MSTYP 3 —ID type of MSID. Part ID.

SBOXID 0 - Include in contact definition only those slave nodes/segments within box SBOXID. SBOXID
is not available for ERODING contact options.

MBOXID 0 — Include in contact definition only those master segments within box MBOXID. MBOXID is
not available for ERODING contact options.

SPR 0 — Include the slave side in the * DATABASE_NCFORC and the *DATABASE_BINARY_INTFOR
interface force files, and optionally in the DYNA in file for wear.

MPR 0 - Include the master side in the *DATABASE NCFORC and the
*DATABASE_BINARY_INTFOR interface force files, and optionally in the DYNA in file for wear.

FS 0.2 — Static coefficient of friction.

FD 0.0 — Dynamic coefficient of friction.

DC 0.0 — Exponential decay coefficient.

VC 0.0 — Coefficient for viscous friction.

VDC 20.0 — Viscous damping coefficient in percent of critical or the coefficient of restitution expressed as
percentage.

PENCHK 0 — Small penetration in contact search option.

BT 0.0 — Birth time (contact surface becomes active at this time).

DT 1.00000E20 — Death time (contact surface is deactivated at this time).

SFS 1.0 — Scale factor on default slave penalty stiffness.

SFM 1.0 — Scale factor on default master penalty stiffhess.

SST 0.0 — Optional contact thickness for slave surface (overrides default contact thickness).

MST 0.0 — Optional contact thickness for master surface (overrides default contact thickness).

SFST 1.0 — Scale factor applied to contact thickness of slave surface.

SFMT 1.0 — Scale factor applied to contact thickness of master surface.

FSF 1.0 — Coulomb friction scale factor.

VSF 1.0 — Viscous friction scale factor.

CF 0.0 — Thermal conductivity of fluid between the contact surfaces.

FRAD 0.0 — Radiation factor between the contact surfaces.

HTC 4.70000E-5 — Heat transfer conductance for closed gaps.

LMIN 2.0 — Minimum gap.

LMAX 10000.0 — No thermal contact if the gap is greater than this value.

FTOSLYV 1.0 - Fraction of sliding friction energy partitioned to the slave surface.

BC_FLG 0 — Thermal boundary condition flag. Thermal boundary conditions are on when parts are in
contact.

ALGO 0 - Contact algorithm type. Two-way contact, both surfaces change temperature due to contact.

*PART - Defining the parts, that is, combine material information, section properties, hourglass type, thermal
properties, and the flag for part adaptivity.

Solidl & SphNode

PID 1 & 2 — Part identification.

SECID 1 & 2 — Section identification defined in the *SECTION keyword.

MID 1 & 2 — Material identification defined in the *MAT section.

EOSID 0 & 1 — Equation of state identification defined in the *EOS section. Nonzero only for solid elements
using the equation of state to compute pressure.

HGID 0 — Hourglass/bulk viscosity identification defined in the *HOURGLASS section. Default values are
used.

GRAV 0 - Flag to turn on gravity initialization according to *LOAD_DENSITY_DEPTH.

ADPOPT 0 — Indicate if this part is adapted or not.

TMID 1 — Thermal material property identification defined in the *MAT _THERMAL section.

*SECTION_SOLID — Defining the section properties for solid continuum and fluid elements.

SECID 1 — Section ID.
ELFORM 1 — Element formulation options. Constant stress solid element.
AET 0 — Ambient element type. Non-ambient.

*MAT_RIGID_TITLE — This is material 20. Parts made from this material are considered to belong to the
rigid body (for each part ID).
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Tool

MID 2 — Material identification.

RO 7.85000E-6 — Mass density.

E 200.0 — Young’s modulus.

PR 0.3 — Poisson’s ratio.

N 0.0 - MADYMO3D 5.4 coupling flag, n.

COUPLE 0.0 — Coupling option if applicable. The finite element mesh is input.

M 0.0 - MADYMO3D 5.4 coupling flag, m.

ALIAS — VDA surface alias name.

CMO 1.0 — Center of mass constraint option. Constraints applied in global directions.

CONL1 5 — Global translational constraint. Constrained y and z displacements.

CONB2 7 — Global rotational constraint. Constrained x, y, and z rotations.

Al, A2, A3, V1, V2, V3 0.0 — Alternative method for specifying local system. Define two vectors a and v,
fixed to the rigid body, which are used for output and the user defined airbag sensor subroutines.

*SECTION_SPH_TITLE — Defining the section properties for SPH particles.

SPH

SECID 2 — Section ID.

CSLH 1.2 — Constant used to calculate the initial smoothing length of the particles. The default value works
for most problems.

HMIN 0.2 — Scale factor for the minimum smoothing length.

HMAX 2.0 — Scale factor for the maximum smoothing length.

SPHINI 0.0 — Optional initial smoothing length (overrides true smoothing length).

DEATH 1.00000E20 — Time imposed SPH approximation is stopped.

START 0.0 — Time imposed SPH approximation is activated.

*MAT_JOHNSON_COOK_TITLE — This is material type 15. The Johnson/Cook strain and temperature
sensitive plasticity is sometimes used for problems where the strain rates vary over the large range and adiabatic
temperature increases due to plastic heating cause material softening.

Blank

MID 1 — Material identification.

RO 7.81000E-6 — Mass density.

G 78.5 — Shear modulus.

E 204.0 — Young’s modulus.

PR 0.3 — Poisson’s ratio.

DTF 1.80000E-7 — Minimum time step size for automatic element deletion.
VP 0.0 — Formulation for rate effects. Scale yield stress (default).
RATEOP 0.0 — Form of strain-rate term. Log-linear Johnson-Cook (default).
A 0.553 — Input constant.

B 0.601 — Input constant.

N 0.234 — Input constant.

C 0.0134 — Input constant.

M 1.0 — Input constant.

TM 1480.0 — Melt temperature.

TR 20.0 — Room temperature.

EPSO 0.001 — Quasi-static threshold strain rate.

CP 642.0 — Specific heat.

PC 0.0 — Tensile failure stress or tensile pressure cutoff.

SPALL 2.0 — Spall type. Shell elements are deleted.

IT 0.0 — Plastic strain iteration option. No iterations (default).

D1 1.2 — Failure parameter.

D2 0.0 — Failure parameter.

D3 0.0 — Failure parameter.

D4 0.0 — Failure parameter.

D5 0.0 — Failure parameter.

C2/P 0.0 — Optional strain-rate parameter.

EROD 0 - Erosion flag. Element erosion allowed (default).

EFMIN 1.00000E-6 — The lower bound for calculated strain at fracture.
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*EOS_LINEAR_POLYNOMIAL - Defining the coefficients for the linear polynomial EOS, and
initialization of the thermodynamic state of material by defining EO and VO below.

EOSID 1 — Equation of state ID.

C0 0.0 — The 0™ polynomial equation coefficient.

C1 170.0 — The 1% polynomial equation coefficient.

C2 0.0 — The 2" polynomial equation coefficient.

C3 0.0 — The 3" polynomial equation coefficient.

C4 0.0 — The 4™ polynomial equation coefficient.

C5 0.0 — The 5™ polynomial equation coefficient.

C6 0.0 — The 6™ polynomial equation coefficient.

EO 0.0 — Initial internal energy per unit reference volume.
V0 1.0 — Initial internal energy per unit reference volume.

*MAT_THERMAL_ISOTROPIC - This is thermal material type 1. With this material, isotropic thermal
properties can be defined.

TMID 1 — Thermal material identification.

TRO 0.0 — Thermal density. Default to structural density.

TGRLC 0.0 — Thermal generation rate. Load curve 1D defining the thermal generation rate as the function
of time.

TGMULT 0.0 — Thermal generation rate multiplier. No heat generation.

TLAT 0.0 — Phase change temperature.

HLAT 0.0 — Latent heat.

HC 642.0 — Specific heat.

TC 4.70000E-5 — Thermal conductivity.

*INITIAL_TEMPERATURE_SET - Defining the initial nodal point temperatures using nodal set IDs or
node numbers.

NSID 0 — Nodal set ID or nodal point ID.
TEMP 20.0 — Temperature at node or node set.
LOC 0 — Middle surface of thermal shell element.

*DEFINE_CURVE - Defining the curve (for example, load as the function of time, often loosely referred to
as the load curve).

LCID 1 - Load curve identification.

SIDR 0 — Flag controlling use of curve during dynamic relaxation.

SFA 1.0 — Scale factor for abscissa value. This is useful for simple modifications.

SFO 1.0 — Scale factor for ordinate value (function). This is useful for simple modifications.
OFFA 0.0 — Offset for abscissa values.

OFFO 0.0 — Offset for ordinate values (function).

DATTYP 0 — Data type. This affects how offsets are applied.

A10.0,0.02, 5.0 — Abscissa values.

01 0.0, -5.0, -5.0 — Ordinate (function) values.

*ELEMENT_SOLID — Defining the three-dimensional solid elements.

EID — Element ID.
PID —Part ID.

N1 — Nodal point 1.
N2 — Nodal point 2.
N3 — Nodal point 3.
N4 — Nodal point 4.
N5 — Nodal point 5.
N6 — Nodal point 6.
N7 — Nodal point 7.
N8 — Nodal point 8.

*ELEMENT_SPH — Defining the lumped mass element assigned to the nodal point.

NID — Node ID and Element ID are the same for the SPH option.
PID — Part ID to which this node (element) belongs.
MASS — Mass/volume.
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NID — Node number.

X —x coordinate.

Y —y coordinate.

Z — z coordinate.

TC — Translational constraint.
RC — Rotational constraint.

*NODE - Defining the node and its coordinates in the global coordinate system.

same number of points as the curve it replaces.

LCID 1 — Load curve ID.

*CHANGE_CURVE_DEFINITION — Changing the solution options. The new load curve must contain the

Results and discussion

The contours of maximum shear stress were
selected after the calculation in the program. The red
color of the contours on the blank model characterizes
the maximum value of shear stress, the blue color
characterizes the minimum value of shear stress. The
contours of maximum shear stress of the blank
material during cutting with the cutters with the
different geometry are presented in the Fig. 2.

Machining with the cutter without the nose
radius leads to significant compression deformations
of the blank from the side of the rake face of the tool
and tensile deformations from the side of the flank
face. The volume of maximum stress is formed on the
chipping plane of material from the blank in the
cutting zone. It undergoes significant deformation, as
evidenced by the change in the geometric shape of the
rectangle during machining.

Figure 2 — The contours of maximum shear stress of the blank material during cutting: A — the cutter
without the nose radius; B — the cutter with the nose radius of 5 mm; C — the cutter with the nose radius of
10 mm.
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Machining with the cutters with the nose radii of
5 mm and 10 mm is accompanied by the permanent
formation of maximum shear stresses in the blank
volumes, as close as possible to the cutting edge. The
intensity distribution of shear stress during cutting
with the cutter with the nose radius of 10 mm occurs
on the larger volume of the blank than during cutting
with the cutter with the nose radius of 5 mm. The
average value of shear stress of the blank material
during machining with the cutters with the different
nose radii is almost the same. Thus, the most preferred
option is the cutter with the nose radius of 5 mm, since
with less deformation of the blank, you can perform
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PEAJIM3ALIMS B CPEJIE MAPLE METO/IA YCTPAHEHUSI CEKYJISIPHBIX YWIEHOB
HEJIMHEMHBIX KOJJEBAHUMN

Annomayus: B 0annoil cmamove Mbl 3ampasusaem 60NPOChl KOMHbIOMEPHOU UHMEPPEMAyull U36€CnHbIX
PE3YIbMAmMos8  ACUMAMOMUYECKOU — Meopull  HeIUHEUHbIX  OUpDEPEHYUATbHBIX  YPABHEHUT,  OONYCKAIOUWUX
nepuoouueckue peuierust. OCHOBHbIM 00bEKMOM PACCMOmMpeHUs aelisiemcss ypasnenue Jlioggunea, onucvieaiowee
PpecyapHo  803MYyujeHHble HeauHelinvle Koaebanus. B pabome npednacaemcs KOMNbIOMEPHAS NPOSPAMMA,
OCYWeCmBNAIoWAs ACUMNIMOMUYECKOe pA3LodCeHUe peuleHus ypaghenus /Jloggunea no cmenewsim manozo
napamempa. I[lokazana KOMnbIOMEPHAsL Peanu3ayus U36eCmMHO20 ChOCOOa U30aBNIeHUsL OM CEKYIPHBIX YL1eHO08 MAKUX
paznoaxcenuti. [Ipoeedena cepus YUCIEHHBIX PACYENO8 U Pe3YTbMambl OMPANCeHbl 8 2PAPDUKAX.

Kniouesvie cnosa: nerunetinvie Konebanus, Memoo 803MyuWeHuUll, MAIbIL NApamemp, CeKyIAPHbII YleH, Memoo
Jlunowmeoma-Ilyanxape.

BBenenue d 2 X (t)
VK 517.928.1,517.928.7 T +x(t)+ex®(t) =0, )
PaccmoTpuM HavanbHy0 3a1a4y AJ1s ypaBHEHUS
[4
Jlydunra (em. [4,5]) X(0)=a, d>;(t0) 0 ?
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rac & 'MaHBIﬁ HOHO)I(HTGHBHLIﬁ HapaMeTp. YJICHOB ACUMIITOTHYECKOTO pa3HO)KeHI/I§I Ha TOYHOCTH
IocraBneHHass 3amada OTHOCHTCS K KIJIACCY MPUOTNKCHUH.

PeryJsipHO-BO3MYIIEHHBIX 3a1a4. MeToIbl N3y4eHHs
ypaBHeHHs Jlypdunara Oonee CIOXKHOTO BHOA
(YpaBHEHHE HEOTHOPOIHO U B HET'O BXOAUT U IIepBast
MIPOM3BOIHAS] HEM3BECTHOHN (PYHKINH) MOXHO HAHTH
B pabore [6].

Ouepupno, uro mpu &£=0 wMs uMeem
ypaBHEHHE TapMOHUYECKHUX KoJieOaHuH
2
d2x(t)

it + X(t) = 0, umeromee pemrenne n3BecTHOE

pemenue X, (t) = acos().
Hccenenosanne BOMpoca 0 GNM30CTH pENIEHHS
X(t, €) ypasuenns (1) x X, (t) =acost) npu

& — 0 cocraBnser cyTh aCHMINTOTHYECKOH TEOPUH
mudQepeHInaATbHEIX YpaBHEHHH H TIPOBEICHO B
MHOTOYHCJICHHBIX paborax. O030p 1O 3TOMY
HaNpaBJICHUIO MOXKHO HAWTH, Hampumep, B
n3BecTHOM mcrouHmke [10]. 3meck MBI He Oyzem
OCTaHABIIMBATHCA HA TCOPETHUYCCKUX TOJNOKEHUAX, &
cpady nmpucTynuM K peanusanuud  Ha Maple
aCUMITOTHUYECKOTO paszioxeHus pemenus (1) mo
CTEMEHsIM MAaJoro MmapamMeTpa M KOMIBbIOTEPHOM
HMHTEPIIPETAINH H3BECTHBIX TEOPETUIECKUX
MONIOKEHUH. B 9acTHOCTH, TOKaXXeM Crocod
YCTpaHEHUsI OTPUIATEIILHOTO BIUSHUS CEKYJISPHBIX

\%

dequ =
a7

5= add(ai-vi (1),i=0 ..N)

v

OnuH U3 M3BECTHBIX CIHOCOOOB 3aKIIOYAETCs B
(dopManbHOM TpezcTaBlieHU peureHus (1) B Buze
psana

X(t,€) = X, (1) +&x, () + 2%, ) +....  (3)

Taxoit meton u3BecTeH mox HazBaHueM SEM-
meroa (Straightforward expansion method).

Cornacao SEM-meTony nanee nmoacraristor (3)
B (1). ITocne mpuBeneHns: MoJOOHBIX NPUPABHUBAIOT
YIeHbl NPH  OAWHAKOBBIX  CTEHCHSAX  MaJoro
napaMerpa W MOJIy4aloT PEKYPPEHTHYIO CHCTEMY
JIMHEHHBIX Qg depeHIraTbHBIX YpaBHEHUHA
OTHOCHUTEIILHO YJICHOB PasIIoKeHUSL. Hnst
OCYIICCTBIICHUsI ~ THX  BBIKIAJIOK yIOOHO W
3¢ (GEKTHBHO MCIIOIH30BATh CHCTEMbI aHATUTHYCCKUX
BeruncieHunit Tuna Maple [3]. Otmerum, uto B [1,2]
MoJOOHBIH  monxon  ObLI OCYIIECTBIICH
MPUMEHUTENBHO K  CHHIYJISIPHO-BO3MYIICHHBIM
nuddepeHnnanbHbBIM YpaBHEHUAM. 371eCh MBI OyieM
HCIIOJIb30BaTh HEKOTOPBIE U3 ITHX HAIIUX HAPaOOTOK.

Ocnosuvie  pezyrbmamui. WTak — ToKakeM
KoMaHbI Maple, BBIMOMHSIONIME COOTBETCTBYIONIHE
BBIKIIA/IKH ISl pELIEHHUs TIOCTABJIEHHOH 3/1eCh 3a1auH.
Orpanmunmcs B (3) TIepBBIME TPEMs CIaraeMbIMH, TO
ectb mooxnM N = 2:

N:=2

—X(t) + X(¢) + &-X(2)3; init = X(0) =a, D(X) (0)

0

s:=vg(t) +ev (1) + € vy (1)

vV Vv

2

ex] = expand(subs(X(t) =s, dequ)) : ex = collect(exl, ) :
for i from 0 to N dodeq. := coeff (ex, ¢,i) =0end do

d
deq = ? V(1) +v,(2) =0

deq, = vo(t)3 +

deq, =3 vo(t)2

B nporpamme Mbl OrpaHUYMINCH  YaCTHOM

CyMMOH

N
Syt e) =X, () +ex, (t) +...+ & X (1)
popmanbhoro paga (3) npu N =2 wu nomyunn
PEKYPPEHTHYIO CUCTEMY

d2

v (1) +

gvl(t) +v, () =0

2
? vz(t) + Vz(t) =0
d?x(t
50w =0, @
2
m+><1(t) ==X (1), )

dt?
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sgauenuss N, mporpaMma MOXKET — BBIBOIMTH
d 2 X (t) ) ypaBHEHUSA IS MOCJIETYOIIUX YJICHOB
? +X, (t) = _3Xo (t)Xl (t) : (6) aCHMIITOTUYECKOTO pasznoxeHusa. Hampumep, npu

N =4, nonyunnu 6w eme n18a ypaBHEHUs
EcrectBeHHO, mTpH 3amaHuUM  OOJBIIETO

degy =37, (1) vy (1) + 3wy (1) v, ()2 + vy (1) + 2=

deq, :=3 vo(t)2 vy(t) + 6,y (2) v (2) v

OueBuaHO, 4TO MOACTABIsII (3) B HadalbHBIC
ycnoBus (2), TmoIydaeM Cleayromee

X, (0) + &%, (0) + &%, (0) +... =
a+e-0+&%-0+...,

X (0) + & (0) + £2X, (0) + ...
=04+&-0+&2-0+....

> ini, ==y

ini, :=v,(0)

2
2 (1) =0
2
S (1) + v, (10 +v,(1) + = v, (1) =0

Orcrona

X,(0)=a, x;(0) =0,
% (0)=0, x(0)=0,

W3 ypaBHeHus (4) W HayalbHBIX YCIOBHUI
X, (0) = a, X;(0) =0 maxomam X, (t) = acos():

=a, D(vo)(O) =0

> = rhs(dsolve({deqo, im'o})) v(1) = Lixg = v (1)

X, = acos(?)

Mosncrapnsn Haiinennoe pemenne X, (t) B

ypaBHeHHe (5) U YUUTHIBAsI €r0 HadajbHBIE yCIOBHS

% (0) =0, x;(0) =0, mbr Mmoxem HaiiTi BTOpOE

> for i from 1 to Ndo

[ = rhs(dsolve( {deql., v,(0) =0, D(vl.) (0) = O})) :

vi(t) =1 :x; = (1)
end do:

cnaraemoe X, (t) B pasnoxennn (3). Haxoxnenue

pewenns X, (f) ypaBHenus (6) u mociemyrommx

YIICHOB  PA3NIOKCHHUS TPOBOIHUTCS  aHAJIOTUYHO.
IMokaxem cooTBeTcTBYOIIME KoMaH 161 Maple:

> forifrom 1 to Ndox, := collect(x[i], t, simplify) end do

X, = —ia3
1- 8

R 243

2" 16384

27 9

131072

cos(t) <

+

16384

— 496 cos(£)* + 4680 cos(¢)? + 1703) ¢

— 440 cos(t)4 + 2418 cos(t)2 — 36407)

sin(¢) t — %a

3 sin(t)2 cos(t)

& sin(7) (12 cos.(l)2 + 17) £

a cos(1) (32 cos(t)4 — 328 cos(t)2 — 9) 7 - a sin(z) (64 cos(t)6

524288

3 . 2 9 6
621440 sin(#)” cos(t) a (64cos(t)
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> §i= add(ei-simplify(xl. ),iIO..N)

Mp! omucany 37ech BBIUYUCIUTEIBHBIE ACHEKTHI
NpUOIMKEHHOTO  TOMCKa  pELICHUs X(t, &)

Bo3MyIeHHOTO ypaBHeHus (1). Orpannuuimucsk B (3)
TpeMsl cllaraeMbIMH W HalUIM OpHOIKEHHOE
pelieHne Npu OECKOHEUHO MajlbIX & !

X(t, ) = X, (t) +&x, (1) + 2%, (t).

Teopus peryasipHbIX BO3MYILLEHUI rapaHTHUPYET
pasromepHyto cxozumocts X(t,&) k X, (t) npu
& — 0 s 3nauennit { Ha mr0GOM 3aMKHYTOM U
OTPaHWYEHHOM MHTEPBAJIE.

OngHako Ha 3TOM INYyTH €CTh OJHA Mperpaja,
BBI3bIBACMAs TaK HA3BIBAEMBIMH  CEKYJIPHBIMHU
YlIeHaMU aCUMIITOTHYECKOTO paszioxeHus. Jeno B
TOM, 4TO MBI 3aMe4aeM Haau4dre wieHoB suaa {SINt

4
u t7cost B Bepaxenmix mun X, () u X, (t),
HallICHHBIX Bblie. OHH HA3BIBAIOTCS CEKYJSPHBIMH

WICHAMHU  Pa3JIOKCHUA. C POCTOM 3HAYUCHUA |t|

CeKYJIIpHBIE WICHBl MOTYT NPHHAMATh OOJBIINE
3Hayenus. [IoaToMy 3HAYEHHs ClaraeMbIx &£X; (t) u

2
£°X, (t) Moryr u He GBITH GAM3KMMH K HYTIO TIpH
JIOCTATOYHO MANbIX, HO (PHKCHPOBAHHBIX 3HAUCHHIX
manoro napamerpa & >0. B Hamem ciayuae X, (t)

3 .
XapaKTepU3yeTcs BBIPDAKEHUEM  — a‘tsint-¢ , a

2
cIIaraeMoe £°X, (1) BBIPAKEHUEM
20

104

-10 4

=204

-50 4

243
16384

3HAUYCHUAX apTryMEHTa t n TInapameTpa a ot
cJlara€MbI€ MOI'YT MPCACTABIATH co0oii GobLINe
qucia. HOSTOMY I obecrieueHuss  OJIM30CTH

X(t, &) = X, (t) + ex, (t) + 82X2 (t) nns Beex t,
B3ATBIX W3 OOJBIIOTO WHTEpBana, MBI Oymem
BEIHY)XJICHBI & OpaTh COOTBETCTBEHHO OECKOHEUHO
MaJbIM.

B Takux YCNOBHAX YBEJIMYCHHE KOJIMYECTBA
claraeMbIx B cymMe
Sy (t,8) = X, (1) + X, (1) +... + VX, (1) moxer

MIPUBECTH HE K YBEIMYECHHIO TOYHOCTH NPUOIIKESHHS

a’t’cost-&?.

Kak Bumum, npu 00mbImx

X(t,g) =S, (t,e), a x mnporuBomonoxHOMY
>ddeKTy, NOCKOIbKY HAYMHAIOT pacT crenenn t' .
B osrToil  cBA3M  OTMETHM,  YTO cyMma
S, (t,8) = X, (t) + &x,(t) , conepxamas t, moxer
obecrieunBaTh Jaxe Jydiiee NPUOIIKEHHE, YeM
S, (t,€) = X, (1) + &x, (t) + £°X, (1), conepxamas
B CBOUX CEKyIIApHBIX wieHax yxe 1.

HpOBC,Z[eM TCHCPb  HECKOJBKO  YHUCJICHHBIX
OKCIICPUMCHTOB. I[J'IH OIIPCACIICHHOCTU IIyCTh BCHOAY

B jnampHeiimem A = 2. IlpuBenem rpaduyeckue
pesynbTaTsl mpubmmkenus pemenns X(t, £) zamaun
(1,2) cymmoii X, (t) +&X, (t) + £°X,(t)  mpu

PA3INYIHBIX 3HAUYCHUAX &

Pucynok 1- I'paduxu pemnenns 3aaauu (1),(2) (cunmii uBet) U ero npuoJIMKeHU
X, () + &x, (t) + £°X, (t) (remuo-3enenmiii uer) npu & =1/128.
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LA

2

i

PucyHnoxk 2- I'padpuxn pemrenns 3angauu (1),(2) (cuHuii uBeT) U ero NpudIMKeHUs
X, (t) + &x, (t) + £°X, (t) (remuo-3enenmiii user) npu & =1/512.

2

2
- /\ A ﬂ
0 T T T 1

3 i 15 20

Pucynoxk 3- I'paduxu pemrenns 3anauu (1),(2) (cuHuii uBeT) U ero NpUOIUIKEHUs
X, (t) + &x, (t) + £°X, (t) (remuo-3enensiii user) npu & =1/2048.

Hamm TEOPETHYECKHE HaOJII0IeHUS
MOATBEPXKIAIOTCS HAa YHCJICHHBIX JKCIIEPUMEHTaX.
Kak Bugno wu3 puc. 1-3, cekyisipHble YJIEHBI
JEUCTBUTENIBHO  MPEISITCTBYET CTPEMJICHUIO

X, () + &x, (t) + £°X, (t) x X(t, &) . OcoGenro 10

3aMETHO MpU OOJIBIINX 3HAYCHHUIX t YrtoOBI TacUTh
HX BJIMAHUC MBI BBIHYXXICHbBI YMCHBIIATH 3HAYCHUA

&, u Tomsko mpu & <1/2048~5-10" wmm

HauyMHAaeM  IodydaTb  Oomee  miM  MeHee
YIIOBIIETBOPHUTENbHYIO KapTHHY. IloxTBepikmaroTcs
TAKKE BBIBOJBI O TOM, YTO NpH 6osbmux [ cymma

Xo (t) + &X (t) moxer obecneunts Gonee TouHOE

MpUOIMKEHNE. Pesynbrar
pacdueToB BUANM Ha pHUC. 4.

COOTBETCTBYIOIIUX
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24
. /\
0 : . :
3 10 13 ah
f
-1
-2
Pucynok 4- I'padpuxu pemrenns 3agauu (1),(2) (cuHuii uBeT) U ero NpUOIMKeHUs
Xo (1) + &X, (t) (remno-3enensrii user) npu £ =1/64.
Tak 4TO HpH HAIMYUU CEKYJSPHBIX YJICHOB y(0)
y(0)=a, —==0.
YBEIMYEHUE CIAraeMbIX B CyMME Sy (t, 8) MOXET dr
NPUBECTH K 00Jiee TOYHOMY HPHOIMKEHHIO TOJIBKO
npu HeGonmbumx 3HaveHusx {. CremosarenbHo, Temeps y Hac TOABIAETCA BO3MOXKHOCTD

CEeKyJSIpHBIC WICHBI- Hallla OCHOBHAs mpobiema. s
OOppOBI ¢ HUMH B CBOE BpeMs OBLT TPEIIOKEH
CIIEIyIOLIMHA METOJ, KOTOPBI Ha3bIBa€TCs METOAOM
Junpmrenra-Ilyankape [5,9].  Jemaem 3ameny
HE3aBUCUMOTO TiepeMeHHoro 7 = @i u momydaem
Hekylo HoBylo dynkumio Y(7) onpenensemyro us

toxaectBa X(t) = X(t(7)) = y(z) . Orcroma

d_dydr_ dy
dt dr dt dr’
2 2
u:wi(ﬂjﬂzwzd y.
dt? dz\dz ) dt dz?

3amaua Komm (1),(2) B HOBBIX NEpEeMEHHBIX
3aIUIIETCS KaK

a)zm+ y(r)+e&y’(r) =0,

72 ()

2
> m==1+£-w1+e ",

n30aBIEeHUS. OT CEeKyJSPHBIX uiIeHOB. s 3Toro
pasmaraem  Y(7,€) u @ mpexcraBnaseM B BHie

CYMMBI IO CTCICHAM MaJIOTO MapaMeTpa
Y(z,6) = Yo (2) + &, (1) + 7Y, (7) +...
o=1+ew,+&°w, +...

[MoxcraBnsis ux B (7), moilydaeM cleayroliee
PaBEHCTBO

d2
1+ ew, +..)° e (Y, + &y, +.)
+(Yo+ &y, +.)+E3(Y, + ey, +..)° =0.

[lpupaBHUBas  YJICHBI OJIMHAKOBBIX
CTENEHAX MaJoro Iapamerpa, OTCIOJIa CHOBA
NoJNy4YaeM  PEKYPPEHTHYIO CHCTeMY JIMHEHHBIX
muddepeHnnanbHbIX ypaBHeHHH. Kak mnokaspiBatoT
BBIYKCIICHUS

npu

2
W:=¢€ w2+£w[+1

2

2 d 3
> deqq =0 ‘Fy(f) +y(1) +ey(r)
T
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2

ipm}wm+mw

deqq = (ezwz tew, + 1)2 .
T

> 5= add(ei-wi(’c),i=0..N)
s:=wy(1) +ew (1) +& wy()
> exl = expand(subs(y(t) =s,deqq)) : ex := collect(exl, €) :

> forifrom0to N dodeq, = coeff(ex, €, i) =0end do

d2
deqy:=—% WO(T) + wo(‘c) =0

dr
B 3 & @ B
deql = WO(T) +2 FWO(’C) o, + ?WI(’C) + wl(’t) =0
T T

deg, = {d—zz WO(T)J o, +3wy(1) w, (1) +2 {d—zz WO(T)J ®,+2 [d—zz WI(T)) o,

dt dt dt
d2
+— wz(’t) + wz(’t) =0
dt
Paspemas 3Ty peKyppeHTHYIO CUCTEMY

muddepeHnnanbHBIX YPaBHEHUH, MBI IIOTydaeM

> [ = rhs(dsolve({deqo, w,(0) :a,D(WO)(O) :0})) cwo(t) =11y, = wy()
Y :=acos(1)

> forifrom1toNdo

m = rhs(dsolve( {deql., w,(0) =0, D(wl.) (0) = O})) :
w(t) =m 1y, = w(t)

end do:
>y, = collect(yl,T, simpll'fj/);
n L asin(a) (30— 80,) v - Lin() cos(d)
>y, = collect(yz, T, simpllﬁ’>§

_ 1
Y27 708

a (9(14 — 48 o, + 64 wlz) cos(1) T — asin(1) (36 a* cos(t)’

|
256
—96a” cos(1)’ 0, —33a* — 64 0, +256 0, =256 0, ) T

~ e sin(t)” cos(t) @ (4cos(1)® — 25)

3ameTuM Tenepsk, 4To B Y, (T ) CEKYJIIPHBIN YICH

TSINT  Moxer ObITh YHHYTOXKEH BBHIOOPOM

3a’
0)1 = ?
2
> o, = 3801 :
_3 2
(1)1 = ] a
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> = Simpllﬁ}(yl );
v = —% sin(‘c)2 cos(1) @

>y, = collect(y2 , 7T, simpllﬁ/)

Y2 556 asin(t) (21a +256w2)‘c TT sin(t) " cos(1) @ (4cos(‘c) 25)

Tenepp MOXHO H30aBUTBCS OT CEKYIIPHOTO

21a*
wiena B Y, (’[), MOJIOKUB (D, = — 256
JlercTBUTEILHO,
o o2l
2" 256 °
_ 21 4
W, = d

>y, = simplify(y, )

Yy = - sin(r)zcos(‘c) a (4 cos(‘c)2 - 25)

256

Htak B HOBEIX NEPEMCHHBIX Mbl TTOJTYYHUIIN YpaBHCHUA (7), HE COACPIKAIICC CCKYJIAPHBIX YJICHOB.
HpI/I6J'II/I)KeHI/Ie COOTBCTCTByIOH.[I/IC BBIYHCJICHUS .

y(z,€) = Y, () + &y, () + £%Y,(r) x pemenmo

> 5= add(€"y,i=0..N)

S:=acos(t) — % Ssin(’t)2 cos(1) a 3 — 21? 82 sm(‘t)2 cos(1) @ (4cos(4;)2 — 25)
BepreMcs Temeph K CTapbIM II€PEMCHHBIM. B mpaByro 9acTh MONTyIEHHOTO MPHOIHKESHHOTO
Torna pasenctBa moxctauiem @ =1+ £w, + 2w, co
_ _ 3a’ 21a*
X(t’ 5) Y(Z', 8) ZY((l)t, 8) 3HAYCHUSIMH W, = ? u W, =— 256 .
~ Yo (ah) + &y, (ah) + €7y, ().

Beraucisem Y, (at) + gy, (at) + 82y2 (at)
> §i= add(ei'subs(‘t =,y ), i=0 ..N)

— 21 24,3 2 1 21 24,3 2
S acos[[ —256ea + 8£a +1)) 8esm[[ —256ea + 8ea

2
21 2 4 3 1 2. 21 2 4
1 -—— 1 S L
+ jt) cos(( 2568a+8£a+ ])a 256£sm(( 2568a
2
3 2 21 204 3 5 21 204
+8£a +1Jt) cos(( 256£a+8£a —i—lj] (4cos[( —256ea

3 ) 2
+ —c¢€a +l)tj —25

8
Hrak MBI TIOCTPOUIIN MpUOIIMKEHNE 332 213 ,
2 =14+= c—
Yo (@) + &y, (ah) + %y, ()  x  pemenmo GICHOB, T O=lt—-e-op8
X(t, &) ypasuenus (1), cBOGOIHOE OT CeKyIAPHBIX [IponemoHcTpUpYyEM TOYHOCTb TaKoro
TIPUOTVKESHHUS :
*
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24 (\ ﬁ
x 1
o . . . |
5 10 15 20
_1 4
SV
Pucynok 5- 'padpuxu pemrenns 3anauu (1),(2) (cuHuUii uBeT) U ero NPUOIUIKEHUSI
Yo (at) + &y, (at) + &%y, (at) (remmo-3enensiii uer) npu £ =1/4.
2
x 1A /\
o . . . |
5 10 3 0
f
_1 -
-2
Pucynoxk 6- I'padpuxn pemrennsi 3anauu (1),(2) (cuHuii uBeT) U ero NPUOIUIKEHUs
Yo (at) + &y, (t) + &%y, (ak) (remmo-3enensrii uper) mpn & =1/8.
Kak Bumum wu3 puc. 5 u 6, cyMMa TaKyl0 TOYHOCTh  TNPHOMIKCHHUS  Jake  IpH
Y, (at) + &y, (at) + g? Y, (at) JIOCTATOYHO & =1/2048 (cm. puc. 3).

xopomo npubmmkaer pemenne X(t,€) 3amaum
(1),(2) npu Bcex U naxe npu 3HaueHmax &£, He
cunbHO Maneix. Ilpu & =1/8 OHH IIOYTH
coBmanarT. [Ji1 cpaBHEHUS HAIIOMHHUM, YTO CyMMa

X, (t) + &x, (t) + £°X, (t) ne morna obecnieunsars

OTMeTHM TaKke, 9TO B CiIydae DPas3JIOKeHHH,

CBOOOIHBIX  OT

CEKYJISIPHBIX

yo(a)t)+5Y1(a)t)+52y2(a)t)a

9JICHOB, CyMMa

cojieprKaras

OoJiblIe CJIaracMbIX, NpEANIOYTUTECIIbHEEC, UYCEM CyMMa

Yo (at) + &y, (t)

MCHBIIINM KOJIMYCCTBOM

cllaraeMbIX. JTO BUAHO W3 puc. 7 u 8.
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h

2

|

Pucynok 7- I'padpuxu pemrenns 3angauu (1),(2) (cuHuii uBeT) 1 ero NpudIMKeHUs
Yo (a@t) + &y, (at) (remno-3enensiii uper)y npn & =1/4.

i

[

2

!

|

5

!

Pucynoxk 8- I'padpuxu pemrennsi 3anauu (1),(2) (cuHuUii uBeT) U ero NPUOIUIKEHUs
Yo (at) + &Y, (at) (remmo-3esnenwiii uper) npn & =1/8.

3axntouenue.

Mbl  mokazanu  UIMPOKHE
KOMIIBIOTEPHBIX  TEXHOJOTHH
nporpammy Ha Maple, koropas peamusyer Ha
KOMIIBIOTEPE  METOA  BO3MYUICHHH H  METOX
Jlunnmrenra-Ilyankape ycTpaHeHHsS CEKYJSPHBIX
uyieHOB. Kak BUZHO U3 MHOTOUYHCIEHHBIX YHACIEHHBIX

BO3MOXHOCTHU

U TPeAIOKHUIN

9KCIIEPUMEHTOB M TpaduyecKux NpeacTaBIeHUH HX
pe3ysibTaroB, pasnoxeHus Jlungmrenra-Ilyankape
HUMEIOT OYEBHIHBIE IPEUMYIIECTBA B [NIaHE TOYHOCTH
mepenq SME-meromom. Tem He MeHee, H3BECTHBI
CPaBHUTEIFHO HOBBIE pe3ynpTaTtel pabor [7,8], B
KOTOPBIX IpeasioxkeHbl Moaudukanun SME-MeTosa,
HMEIOIIUE TOCTATOYHO BBICOKYIO TOUHOCTb.
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EQUILIBRIUM OF LIQUID IN MOVING VESSELS

Abstract: The article discusses the mathematical modeling of pressure on the plunger during the operation of
oil wells with sucker rod pumps. The problem of determining the total pressure on the plunger during its upward
movement in the riser during the operation of oil wells with a plunger lift is considered. For mathematical modeling
of the process, generally accepted assumptions are made regarding the movement of liquid (oil) in the annular space
between two cylindrical pipes, one of which moves relative to the other. A theoretical method is proposed for
determining the total pressure on the plunger, taking into account the viscoelastic properties of the produced oil.
Numerical experiments have studied the effect of the viscoelastic properties of oil on the change in the total pressure
on the plunger.
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MOAEJIUPOBAHUE JABJEHUSA HA IIJTYHXKEP ITPU SKCIITYATALIUN CKBAKHUH,
JAOBBIBAIOIIINX HEHBIOTOHOBCKHUE HE®THU

Annomavusn: Ilpu pasnogecuu 6 08UNCYyUIeMCcsi COCyoe HCUOKOCMb, 3aNOIHAIOUASL COCYO, 08UICEMCIL 6MeCme C
HUM Kax meepooe meno. Jlagnenue 6 HCUOKOCHU MEHSEmcsi NO 6CeM HANPAGIeHUsiM, Kpome meX, KOmopbule
HOPMAIbHBL K BEKMOPY €OUHUYHOU MACCOBOU CUNbL, NOBEPXHOCU YPOBHS (NOBEPXHOCMU DABHO20 0AGIeHUs) 8
Kascoou ceoell mouke HOPMAIbHbL HANPABIEHUIO 6EKMOPA eOUHUYHOU MACCOBOU CUIbL, OelCmBYIowell 8 Mot MmoyKe.
Cunvl 0asnenus HCUOKOCMU HA CMEHKU 8 PACCMAMPUBAEMOM CIyiae pagHOGecusi ba1azo0aps 00OHOPOOHOCHU NOJA
MACCOBLIX CUTL ONPEOETSIIOMCSL 3AGUCUMOCTIAMU, AHATOSUYHBIMU 3A6UCUMOCIAM OJIsL CILYUAsL PABHOBECUSL IHCUOKOCIU
8 HENOOBUICHOM COCYOe.

Knrouessvte cnosa: éexkmop, cocyo, cuna, c600600HOU, eomempuyeckue, oupgepenyuan, 0asnerus, H#HUOKoCmb,
BAMKHYMbIX, MACCA, NOJISL, NOBEPXHOCHb, NPIMOIUHENHO, PACHPEOeNeHUsl, YPOBEHb, KOHYEHMPUYECKUE, YUTIUHODDL.

BBegenne JIaBJICHUS B KUAKOCTH BBIPAXKAETCS
Ilpu paBHOBeCMM B JIBIXKYIIEMCS COCYJe b depeHIaTLHBIM YPAaBHECHHEM

KHUJKOCTh, 3aMIOJIHAIOIIAs COCY, ABUKETCS BMECTE C

HAM Kak TBEpJOe Telo. 3aKOH paclpeeneHHs
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i
dp= p(de +Ydy + Zdz) (1) TOYKE. HuddepennuansHoe ypaBHEHUE

rme X,Y,Z-

CHUCTEMCOTCUCTA, CBSI3aHHOH C COCyaOM;

KOOpAUHATBI TOYCK JKUAKOCTH B

p= f (X, Y, Z) -JIaBJIEHUE B JKUJIKOCTH;
O - IIOTHOCTH JKUIKOCTH,

X,Y,Z -npoexkiun  eAMHUYHOH  MaccoBOi

cwisl J (CuItbl, OTHECCHHOM K SAMHHULE MAacChl) Ha KO-

OpJIMHATHBIC OCH.

Bektop eauHuuYHOM MaccoBo# q B
KKJIOH TOYKE KHUIAKOCTH MPEICTABISACT COO0H CyMMY
EIMHWYHON cuibl Beca § W EIMHWYHOM CHIIBI

CHIJIBI

HHECPpLIUN j TIEPECHOCHOI'O ABUIKCHUA:
q=g+J.J=-a @)
rae a -IIEPEHOCHOC YCKOPCHUC B ,IlaHHOfI TOYKEC

KHUJIKOCTH. IIaBHeHI/Ie B JKMAKOCTH MCHACTCA 110 BCEM
HalpaBJICHUAM, KPOME TE€X, KOTOPHIE HOPMAaJIbHBI K

NOBEPXHOCTEH YpOBHA (B YacTHOCTH, CBOOOJHOI
MOBEPXHOCTH KHUJIKOCTH M IIOBEPXHOCTH pasjelna
HECMEIINBAIOLTUXCS JKUAKOCTEH) UMEeT BUI:

Xdx+Ydy+2Zdz=0. (3)

IocTranoBka 3agayu.

B cmydae paBHOBecHS JXHIKOCTH B COCYIE,
JBIDKYIIEMCS — TIPSIMOJIMHEHHO € MOCTOSIHHBIM
ycKopeHHeM @ , TIoJie MacCcOBOM CHITBI MPE/ICTABISAET
coOOH CEeMEWCTBO OJMHAKOBBIX IO BEIUYMHE |
HarpasieHnto BekTopos { (puc.1).

B cucreme mpsMOYronbHBIX OcCell KOOpAWHAT
X,Y,Z cBa3anHOii ¢ cocymoM  (OCh y
HepIeHINKYJIIsIpHa IJIOCKOCTH JBHIKCHUS),
ypaBHEHHE TMOBEPXHOCTH YpPOBHSA (B 4YacTHOCTH,
CBOOOTHOM TIOBEPXHOCTH), MPOXOAMIEH Yepe3 TOUKY

(Xg»sZy), nmeeT BUL:

BEKTOPY €AMHUYHOW MAacCOBOU CHIIBI; MIOBEPXHOCTH acosa
YpOBHSI (TIOBEPXHOCTH PAaBHOTO NABICHUS) B KaXIOH -1, = _—+ asin (X - Xo) (4)
CBOCH TOYKE HOPMAJBHEI HAMPaBICHUIO BEKTOpPA 9 o
€IMHUYHOM MaccoBOM CHIIBI, NEHCTBYIOILIEH B 3TOM
Hbsawmpu FECHUR
0 Pom + MADCKOC M
.32,:. M " E .'EEM
~d] 4
R = .
P, ] -
4 ;. - =
N i r g

Philadelphia, USA

224

2 Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.126 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350
rone  X,Z- KOOpAMHATHI MNPOU3BONBHOW TOYKH IMocnennsist popmyna MpUMEHHMa U B CIydasx
HOBerHOCTI/I ypOBHH; a - erH HaKJIOHA K 3aMKHyTLIX COCy)IOB C I/I36BITO‘~IHI)IM JaBJICHUEM HJIN

TOPHU30HTY BEKTOpa ycKopeHus d ,

IToBepxHOCTH YPOBHS - ceMeicTBO
NapajuleNIbHBIX ~ IUIOCKOCTEH,  HOPMallbHBIX K
IUIOCKOCTH JIBM)KCHHSI M HAKJIOHEHHBIX K TOPH30HTY

noa yriom ﬂ , [AJIL KOTOpOro

acosa
9f=——"-—
g +asina

3aKoH pachpeleNeHus TaBICHUS BBIPaKaeTCs
ypaBHCHHEM

p=p,—[acosa(x—x,)+
+(g+asina)lz-z,)|

rae [, - AaBneHue B TOUKE ¢ KoopAuHaTaMu (X, Z,)

Q)

(6)

u P -naBieHue B IPOU3BOJBHOM TOYKE KUAKOCTHU C
koopauHatamu ( X, Z).

Ecrm  Ttouka (X,,Z,) pacmonoxeHa Ha
CBOOOJTHON TOBEPXHOCTH JKHUIKOCTH B COCYIE,
OTKpBITOM B atMmocdepy, TO Po = Pam

(atMochepHOe naBiieHUE).

W3 ypaBHeHus (6) cieayer NTMHEHHOCTh 3aKOHA
WU3MEHEHHSI JIaBJICHHS B IKMIKOCTH 110 JHOOOMY
HarpasjeHu0. B yacTHOCTH, JaBieHHE B TOYKax,
HaXOASIMXc Ha rIybmre N mox moBepxHOCTHIO

YPOBHH C JIaBJICHHEM [), PaBHO:
p=p,+p(g+asina)h=
.
=P, +y 1+Esina h 0
g

s xuagkocTu, — 3amofHAOIIEM  cocyn,
OTKPBITBI B aTMOc(epy, U30BITOYHOE HaBIICHHE Ha

riy6une N 1o cBo60IHOI MOBEPXHOCTHIO PABHO:

(8)

p, =V 1+ Zsina |h
g

BAaKyyMOM HaJd XHAKOCTBIO,

€CJIIM  OTCUYHMTHIBATH

rmy6ussl N oT  mbe3oMeTpHueckol  MIOCKOCTH
(TOBEpXHOCTH YPOBHSI, AaBJICHHE B TOYKAX KOTOPOW
paBHO aTMOC(EpHOMY).

MO’KHO TIOJIb30BATHCSI TAKIKE BBIPAKEHUEM

pu = mhn (9)
rac hn - PpacCTOgHHE II0 HOPMaJIM OT TOYKH 0

MMbE30METPHUYECKOH IIOCKOCTH (pHcC.2).

V3 nmnpuBeaeHHBIX ypaBHEHMH  BBIBOJSTCS
YpaBHEHMS PABHOBECHS KUJKOCTU B TOPU3OHTAIBHO
memkymemcs  cocyne (@ =0), B  cocyme,

y/a
JBIDKYIIEMCSI BEpTUKAIBHO BBepXx (& =-—), U

2

3
COCYI[G, ,Z[BI/I)KyH_[eMCH BepTI/IKaHBHO BHU3 (C{ = 7) .

Cunsl JaBJICHUA JKUJIKOCTH Ha CTCHKH B
paccMaTpuBacMOM CiIydae paBHOBecHs Onaromaps
OJHOPOJHOCTH TIOJII MAacCOBBIX CHJI ONPEACISIOTCS
3aBUCHMOCTSIMHU, aHAJIOTHYHBIMU 3aBHCUMOCTSM IS
Cllydass PaBHOBECHS JKHIKOCTH B HEIOJBIKHOM
cocyze.

BenuunHa cumbl faBieHHs, BOCHPHHUMAEMOMH
IJIOCKOM CTEHKOH, HA HECMOYEHHOM CTOPOHE KOTOPOH

JaBJICHUE paBHO aTMochepHOMY (puc.2),
BBIUHUCIIAETCS 10 (hopMmyJie:
P=p.F (10)
rae F - mnomans crenxu;
P ,, - 130BITOYHOE NaBIeHHE B LEHTPE TSHKECTH

CTCHKH, ompernenseMoe 1mo Qopmynam (8) wm (9)
yepes paccrosane N mmihg ot nenrpa msixectn
CTEHKH JI0 b€30METPHYECKO TIOCKOCTH.

PaccrosHne Mexay cBOOOIHON MOBEPXHOCTHIO
U IbE30METPUUYECKON IIOCKOCTBIO OIpPEIEIIeTCs

pOu

CBOOOTHOH MTOBEPXHOCTH.

BEIIUIHUHOU HU30BITOYHOTO JAaBJICHHUA  Ha
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Cuna P nopmanbna k cTenke n mpoxoauT uepes
neHTp paBieHus D), TONOXeHHE KOTOPOro s
JITAaHHOMW CTEHKH 3aBHCHUT OT BEJIMYMHBI U HAIIPABIICHUS
BEKTOpa A MEPEHOCHOTO YCKOPEHHUSL.

Cuna maBlIeHUS )KUIKOCTH HA KPHBOJIMHEHHYIO
CTEHKY BBIYHCIISCTCS CYMMHUPOBaHUEM
COCTABJISFOLINX o KOOPANHATHBIM OCSIM.
CocTaBistomas CHIbl JABICHUS 110 3aJaHHOMY
HampaBJIeHHIO S paBHa (puc. 3,a):

PS = mSVS

(11)

rae (- mpoeknus BEKTOpa €IMHUYHOW MacCOBOM

CHJIBI HA HAIIpABJICHHUE S ,

V - o0bem Tena naBNeHMs, MOCTPOEHHOTO
TapauIebHO HAaIpaBJICHHUIO S MEXKIY
NIOBEPXHOCTBIO ~ CTEHKH UM  IbE30METPUYECKOH
IUTOCKOCTBIO.

JIuHus JefcTBUA CHIIBI F’s NPOXOAUT Yepes

LeHTp TskecTH 06beMa Vg .

Cuy JIaBJICHHS P sunxoctu Ha
KPUBOJIMHEIHYIO CTEHKY MOXKHO OIPEIEIUTh TaKKe
W3 yCJIOBUI OTHOCUTENBHOTO paBHOBecHs 00bema V
KHUAKOCTH, 3aKIIOYCHHOTO MEXIY KPUBOJMHEIHON
CTEHKOW M IJIOCKHM CEYEHHEM, IIPOBEJCHHBIM Yepes3
TPpaHUYHBIA KOHTYp CTeHKH (puc.3,0):

P=N+G+J=N+Q

rne N - cuna naenenms ma miockoe ceuenne ACB,
MPOBEJICHHOE Yepe3 TPaHUYHBIH KOHTYp CTEHKH,
BhruucisiemMast mo opmyie (10);

G - Bec o6béma V wuaxoctn (G = pgV );

(12)

J - cuna mHepUMHM KMIKOCTH, 3aKITIOUEHHOM a
o6weme V (J = paV );
6 = C_; +J -CyMMapHas

paBHas

MaccoBas CHJa,

Q=G+J (Q=pV)
Cua maBieHHs JKUIKOCTH Ha IOTPYKCHHOE B
TBepAoe Teno (puc.4) CKiIagbiBaeTcid U3
apXUMEI0BOH P, =WV,
00yCIIOBIICHHOW BECOMOCTBIO IKHJKOCTH, H CHIIBI

HEC

BepTHKaHBHOﬁ CHJIbI

Pu = paV obycnosnenHoit MHEPTHOCTHIO

KUIOKOCTH H HaHpaBJ’leHHOﬁ BJI0JIb BEKTOpa a

IMEPEHOCHOT'O YCKOPCHUA.
cuia

P=R+P,

MMPpOXOAUT YCPE3 MCHTP TAXKCCTU BBITCCHCHHOTO

Pesynbrupytomas

TeJOM O0beMa V JKUAKOCTU U HAIlpaBJICHAa B

CTOPOHY, TIPOTHUBOIIONOKHYIO BEKTOPY (| €IMHUYHOM

MacCOBOM CHIJIEI.

Pemienue 3agaumn.
B ciydyae paBHOBecHs J>XHIKOCTH B COCYJe,
paBHOMEPHO BpaIlaroIeMcs OTHOCHTEJHHO

BepTI/IKaJIbHOﬁ OCH, TIIOJE€ MaCCOBBIX CHI q

HEOJHOPOIHO. Bektop MmaccoBoit cunbl { - cymma

BEKTOpPa { M BEKTOpAa EIMHWYHON IEHTPOOEKHOM

H 2
CUJIBI MHEPLIUU | = @I, TIe @ - yIioBast CKOPOCThb

BpaIICHUS cocyaa. IToBepxHOCTH YPOBHS
TIPE/ICTaBISAIOT cO00M KOHIPYIHTHBIE! MapabonouIbI
BpalleHHUs, OCb KOTOPHIX COBMAZAaeT C OCHIO
BpaieHus cocynaa (puc.5).

YpaBHEHNE IOBEPXHOCTH YPOBHSI (B YaCTHOCTH,
cBOOOIHOM MIOBEPXHOCTH JKUJIKOCTH) BO
BPAIIAIOMINXCS BMECTE C COCYOM IMIMHAPHUYECKUX
koopauHatax (I, Z) umeer Bun:

o’r?

(Z_Zo): 29

Hee ceomempuueckue @uaypbl HA36I6AIOMCS
KOHSPYIHMHBIMUY, —eCIU  OOHY U3 HUX  MOICHO
coemecmums ¢ Opyeoll, U3MEHU8 MOJbKO ee
noJ04cenUe 8 NPoCmpancmse.

Zy-

(13)

rae BEpTHUKAJIbHAA KOOPJAWHATA BCPUINMHBI

mapaboIou/ia MOBEPXHOCTH YPOBHS,
I'y Z - koopauHATHI JIHO0O0# TOUYKH MOBEPXHOCTH

YPOBHSL.
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2p2
o°R
Bricota mapabonouna H = T e R-
g

paxuyc cocyna.

3akoH pacrnpeacicHs AaBJICHUSA B KUIAKOCTHU

BbIPAXKACTCA YPABHCHUEM

2

@°r?

p=p,+p -rz-2,) @

rae JAaBJICHHUC B TOYKax napa60n01/ma

Po

IMOBEPXHOCTU YPOBHA, BCPTHKAJIbHAA KOOpAMWHATaA

BEpIIMHEl KOTOpOro paBHa Z,; [ - naBnenue B

FPuc 4

HpOH3BOJ’ILHOﬁ TOYKE JXHUIKOCTU C KOOpAUHATAMU r

ulZ.
W3 ypaBHeHus (14) cienyer TMHEHHOCTD 3aKOHA

pacupesneleHds  JaBJ€HHS B OKHIKOCTH IO
BEPTUKAILHOMY HalpapleHuIo (puc.5). B uactHocTy,
JABJICHUEC B JIO00W TOYKE Ha TIyOHHE h mox

HOBEPXHOCTBIO YPOBHS € JaBleHUEM [J; PaBHO:

P=p,+h (15)

U366ITOUHOE IaBieHne B TOUKax Ha rayoune h
TOJ1 TapaboJIONIOM IbE30METPUIECKON NOBEPXHOCTH
(B OTKpBITOM cocyjie- Mo napadboonoM cBoOOIHOM
MOBEPXHOCTH) PaBHO;
p, =/ (16)
U3 Toro ke ypaBHenus (14) cremyer
napabonYecKuil 3aKOH pacrpeesIeHUs] JaBJISHHUS 110

pamuycy (cM. puc.5. rTAe Ha IJIeBOH CTOpOHE

M300pakeHo pacrpeneeHne H30bITOYHOTO JaBICHUS

B TOYKAaxX JHA).
ITonoxenue

KUJIKOCTH B cocyfe (KOoopauHaTa Z;, BEpIIHHBI

CBOOOIHOM TTOBEPXHOCTH

p N\ 1 -.‘} =t
uIE £ Ml
* S
:]:). i Zp ¥ [
vy
Il -
\éﬁ/‘f’ Puc.i.

napaboyiona) TpH 33JaHHON YIJIIOBOW CKOPOCTH
BpallleHUs] ~ COCya  Ompeiensiercs  00beMOM
HaxOJsIIeHcs B HEM OKUAKOCTH. Ilpu 3TOM
HCIIONB3YIOTCS CIACAYIONINE COOTHOLICHHS:

a) ob0weM mapabojyionga BpalleHUS paBeH
TMIOJIOBHHE TIPOW3BE/ICHHS IIOIA/IU €r0 OCHOBAHUS Ha
BBICOTY (pHC.5):

1

2
napabonoud EﬂR H (17)

6) o00BEM OKHIKOCTH BO  BpAIAIOLIEMCS
LUJIMHIPUYECKOM COCY/Ie B ClIydae, KOraa cBoOOAHAas
MOBEPXHOCTh JKHIKOCTH MEpeceKaeT THO COCyna,

paBeH (puc.6):
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IheesomempHeciaa
NOBEPXHOCIR
' =
&
w 2,
£ o -
- ¥
| I ]
A
! -
w 5'51 &y '} b ——|#: :l
= [
!
\.\.\".\'. ' s "H
\ / IDHe
Y £ :
Puc 6. \J ; i Fuc7.
_ e
F Fg
A
/
N\ '
) 4 v
By \
F
—-
Fuc. B Fuc %
rae VZ - 00BeM Tena JAaBJICHUS, TMOCTPOCHHOTO

W = z(R? —R)2 = M p? 1)
2 o

B cmydae, korma cBoOOmHAas IOBEPXHOCTH
OTCYTCTBYET, [10JI0KEHUE MTEE30METPHICCKON
MTOBEPXHOCTH OTPENENACTCS U3 YCIOBHA, YTO OHA
MPOXOAUT dYepe3 TOYKY IKHUIKOCTH, IaBJICHUE B
KOTOPO# paBHO aTMOC(EepHOMY.

OOUMM METOZOM OIpPEICICHHUS CHII JaBICHUS
JKUJKOCTH Ha CTEHKHM B PacCMaTPUBAEMOM Cllydae
paBHOBECHS]  KHJIKOCTH  SIBIISETCS  MOJydeHHeE
(yHKIIMY, BBIPAKAIOUIEH 3aKOH PACIpeNeIeHUs CUIT
JIaBJICHUsI 10 3aJaHHOW TMOBEPXHOCTH U, Jallee,
HHTETPUPOBaHHE STON (QYHKIINH 10 TUTOIIAA CTCHKH.
Hcnonp30BaHre TaKOro aHaJIMTHYECKOIO crocoba
pacdeTa WDTFOCTPUPYETCS IPIMEPOM 2.

Pemenne ympomaercss npu  ONpeleIeHUH
COCTaBISIFOLLEH CHWJIbI JaBlIEHUs, JAEWCTBYIOUIeH Ha
CTEHKY BJOJIb OCH BpalIEHHUs] COCYJa, MOCKOJbKY
WHEPIIMOHHBIE MACCOBBIE CHIIBI HE IPOSKTUPYIOTCS Ha
aTO HampasieHue. OceBas cuia JaBJICHUS KUIKOCTH
Ha CTeHKy (puc.7) MOXXeT OBITh OIpenesneHa IIo

MapaJuleIbHO HAINPaBICHUIO Z MEXAy CTEHKOW M
MTbE30METPUIECKON TOBEpXHOCThI0. CHIa JaBICHUS
XKHUJKOCTH Ha IIOTPY’KCHHOE B HEE TBEPIOE TEIO
(puc.8) CKJIIbIBACTCS u3 BEPTUKAJILHOM

apXUMeI0BOMN P, =Nun

LIEHTPOCTPEMUTEIBHOMN CHIIBI PH = pVa)zr ,Tme I

CHJIBI

- PpacCTOsIHUEC OT OCH BpallCHUA OO LCHTPaA TAXKECTU

BBITECHEHHOTO TelaoM o0beMa V  JKHIKOCTH;

PE3yIBTUPYIOLIAS CUJIa paBHA F_) = ISB + 5”_

Pe3ysibTaThl pacueToB U BHIBOIBI

B cmywae BpameHus ~cocyma  BOKpPYT
TOPU30HTAIbHOH  OCH  TIOJIE  MAacCOBBIX  CHII
HEOJHOPOJAHO U HECUMMETPUYHO OTHOCHUTEIBLHO OCH
BpamieHus. [lpu BpamieHuH cocyaa ¢ OOJNBIIOH
VIJIOBOW CKOPOCTHIO €IWHUYHBIE IEHTPOOESKHBIE

H 2
CUJIbl MHEPIUHN J = @I Benuku 10 CpaBHCHUIO C

enuHUYIHOM cuiod Beca ( u mocnemHedr MOXHO B

dopmyre pacyerax npeHeopeys.
P, =W, (19) IIpu yxa3aHHOM YCIOBHU IOBEPXHOCTH YPOBH:
NPEJICTaBIAIOT CO00H KOHIEHTPUYECKUE LIMIIMHAPEI C
*
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OCSIMH, COBNAJAIOIIUMU C OCBIO BpAlIEHHs COCyAa
(puc.9). 3akoH pacnpeneneHus AaBICHUS JUJIsL 3TOTO
CITy4asi BEIPa)XKaeTCsl ypaBHEHHEM

a)z(rz—roz)
2

JaBJIICHHEC B TOYKAaX IIIIHHIPHICCKON

P=P+p (20)

rae Pg-

TMOBEPXHOCTU paanyca Iy; p - JaBJICHHUC B TOYKax

Ipumep 1 (puc. 10.a). Cocyn ¢ KBaapaTHBIM
ocuoBanueM | x | , nmerommii co6errennsrii Bec G,

HAMOJHEH BOJOH M0 BBICOTHI N M CKOJB3UT IO
TOPU30HTAIBHON TIJIOCKOCTH TOJ JEHCTBHEM TIpy3a

Q . Haiiru:

1) Beicory H cocyma, meobxommmyro s
COXPaHCHHS B HEM BCCH JKHAKOCTH BO BpeMs
JBIDKCHUS, €CIU 3a7aH KOd(D(UIIMCHT TpEeHUs f

HI/IHI/IH}IpI/IquKOI‘/‘I TMMOBEPXHOCTU IMMPOU3BOJILHOTO COCYJIa O UIOCKOCTb CKOJIBIKEHHS;
panuyca r. 2) BCJIMYMHBI CUJT JaBJICHUA BOAbI Ha MCPCIHIOIO
Kak BumHo w3 ypaBHeHus (20), 3aKkoH 1 38/THIOIO CTSHKH COCY/Ia
pacnpesieieHds JABICHHSA [0 PAAUYCy SBISETCH Pemenne.  [Ipe/BapuTesibHo  OMpeey
napa(ilf);;‘zecm;mﬂ I KCHHELC CCHIA  MORVT YCKOpEeHHE & COCylma, W3 ypPaBHEHHS BHKCHUSA
P p Y CHCTEeMBI cocyn — Tpy3 (TpeHueM B pOJHKe
IIPUMEHATBCA B COOTBETCTBYIOIIUX ClIydadaX IIpH - eHe6 eraeM)
JIF000M PACIIOJIOKCHNH OCH BpaIlllCHUA COCyaa. P P
5 ¢ it el BE
hlE_—— =
= AT T
LA At
Fuc 10.a e,
G ’h
G Ah.Q a:Q—(G+7-I2h)f ;
g g g
asg Q—(G+y-1°n)f
Q+G+y-1%h
¥ N
M 8
|
W F e
Jf
[
Fuc 106 ,a_"
g &

IIpy TOpH3OHTAIBHOM JBI)KEHHH COCyla C
YCKOpEHHEM a CBOOOIHAsA MOBEPXHOCTh KUAKOCTH

B

Onpe/iesieMbIM M3 YCJIOBHUS, 4YTO CBOOOHAs
MOBEPXHOCTh HOPMaJIbHA K BEKTOPY EAMHHYHOM
MaccoBOM CWJIBI; B JaHHOM CIy4ae MOXHO
HENOCPEJCTBEHHO NOTy4YuTh (cM. puc.10.6):

a
gh=-2
9

Tort ke pe3ynbTaT MOIyYnM, UCIIONB3Ys olmiee
ypasserue (5) mpu & = 0.

HAKJIOHUTCA K TOPU3OHTY o1 yriiom

Jst
seiuncum Beicory AN, Ha xoTopyro mopmumaercs
JKUJKOCTB y 3a/IHEH CTEHKU COCY1a.

W3 ycnoBusi HEM3MEHHOCTH 00ObeMa BOJIBI B
COCyJle CIelyeT, 4TO CBOOOJHAs IOBEPXHOCTb
JOJDKHA  ITTOBEPHYTHCS BOKpYI  OCH 0,
pPAaCIONIOKEHHOM Ha CepeAuHe JUIMHBl cocyla U
HOPMaJIBHOH K IUIOCKOCTH JABWXKEHHs. Takum
obpazom:

pelleHusl TEepBOI0  BOMpoca  3ajadd

Ah=-=tgp =
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u TpebyeMas BBICOTa cocyia h—Ah | 9
| a P,=y——I(h—ah)=y-(h-Ah) =
H=h+ah=h+_.— 2 2
g

Cuna f1aBjeHUS BOJBI HAa 3aJHIOD CTEHKY
cocyna [cM. popmyiy (10)] paBHa:

P, :;/h+—;Ahl(h+Ah)=7|E(h+Ah)2 -

| la)
Aty
2 29

Hertpynro Bunets, uto passocts cun P, n P,

paBHa CHJIC MHEPIIUH KHJIKOCTH B COCY/IC.

I, laY al’®
=y—|h+—— Omgem: P, — P, = yh—
2\ 29 g
AHaJOTHYHBIM 00pa3oM cHjla JIaBJICHUS BOJbI
Ha NepeJHIOI0 CTEHKY cocyaa
Rl RE |
- |
£ it
- - L
I
ot
Puc.1l.a
Ipumep 2. [unuHApUYECKHU cOCyl paanyca Rl Heussecthyto BBICOTY Z, BEPIINHBI
HAroJIHEeH JKMJIKOCTBIO yJISILHOTO Beca ) 110 yPOBHS napaboyionia ¢ aTMOC(EpPHBIM JaBICHUEM Ha#IeM,
a OTKpBITOﬁ pr61(e MaJoro JUaMeTpa, HCTIOJIb3YS 3aaHHOC TpaHUYHOC YCJIIOBHUE, KOTOPOEC
YCTaHOBJICHHOH Ha KpBIIIKE COCYyAa Ha PACCTOSHUH npy BbIOOpE Hayana KOOPAMHAT B LEHTPE KPBILIKH
R, ot uentpa, n npuBeieH paBHOMEPHOE BpALCHHE UMCCT BALL: 0 .
OTHOCUTEJIbHO LIEHTPAJIIbHOM BEPTUKAIBHOU OCH Py =Ympur=R,nz=a.
(puc.11.a). IloncraHOBKa 3TOr0 yCJIOBUSL B IIOCIEIHEE
1) Omnpeaenuts  HauOONBIIYIO  YTJIOBYIO YPaBHCHHE JACT:
CKOPOCTh BpaLIEHHs COCYa, 10 KOTOPO# COXPaHUTCH 2 22
OTHOCHUTEIILHOE PABHOBECHUE JKUIAKOCTH. P 5 -V (a - Zo) =0
2) YCTaHOBUTH 3aBUCHMOCTH BEIHMYUHBI CHIIBI
JaBJICHHUSA SKHIKOCTH HA KPBIIKY OT YIJIOBOH Orxyna
CKOpPOCTH BpAIlIEHUs COCYA. w* R22
Pemenne. Ilpexnae Bcero, HailneM 3akoH Z,=a— 2 g
pacripeeieHust HU30BITOYHOTO JTABICHUS B KHUIKOCTH, .
sanomusiomeif  cocy. JUIA  9TOFO  HCHONB3yeM Y MICKOMBIN 3aKOH pacIpeeIICHIS JaBICHU
2
aBHeHue(14), NoJ0KKB B HEM = Torna w 2 2
spamee(14), Po = Py Tor by =0 (" ~RZ )+ la-2)
2,2 2
'r
Py =p———1(2-2)
I
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=z [ 1 .
| Y
a R / 252
1 AYPSE
2
o
Zy 04 b or
? N = = B
e nin i -
[ P U
- _ -]
Puc116 L@

Jlns Todek Ha moBepxHocTH Kpbimiku Z = Ou

pacnupeaciicCHue HM30BITOYHOTO JaBJICHUA
2

pu=p%4ﬁ—R9+ﬁ

W3 puc.11.6 BHOHO,
MPHUBOIUTCS K BHAY:
P, = 7’h

rme N- rmy6una Touku TOA MbE30METPUUECKOM
MOBEPXHOCTHIO (Tapadosous 1).
IIpu Bo3pacTaHuu yrioBOM CKOPOCTH BpalllCHHUs

4YTO OTO BBbIPAXXCHHC

CoCyJZla MaBJICHUC pH’ OCTaBasACh IIOCTOSAHHBIM B

r= Rz( Py =),
LEHTPAIbHOM YaCTH KPBILIKUH YBEJIHYUBACTCSA HA €€
kpasx. IIpy IOCTaToYHO OOJBLION BEIHYMHE (O

TOYKax YMEHbLIIACTCA B

KPBILIKY cocyaa (mapaboaona 2) U B ee [eHTPaIbHOI
YacTH BO3HHKAeT BaKyyM, MMCIOIIMHA MaKCHMYyM B
touke O. Korma abconrorHoe maBiieHHe B Touke O
YHageT 10 JaBIICHUS HACHIIEHHBIX MapOB KUAKOCTH

pH.n. '

JKHJIKOCTh HA4YHET BBIOPACHIBATHCS U3  COCYjA.
BenuuunHy yriioBoil CKOpPOCTH, COOTBETCTBYIOIIEH
OIMCAaHHOMY SBJICHUIO, Hal/IeM, UCTIONB3YS YCIOBHE
00pa3oBaHUs pa3pbiBa B KUIKOCTH:

pl/l = _( pam - pn.n.)HpH r= O

HO,Z[CTaBJ'IHﬂ 9TO 3HAUYCHHC pI/I B YpaBHCHHC

MPOM30UIECT pa3phelB €€ OIUIOMIHOCTH H

pacnpesieNieHue JAaBICHHs Ha KpBIIIKE,
HCKOMYIO YTJIOBYIO CKOPOCTB!

_1 \/29 Pan = Pun ,
v

IoJIy4YuM

w

MakKkc
HLe3OMeTpI/I‘IeCKaﬂ HOBerHOCTB HepeceKaeT R2
Bl -
F
r— I —.—l_
&
(O« T
Frc. 12 a.
CI/IJ'Iy JaBJICHUS Ha KpI)IIIIKy HOHy‘II/IM
AHATUTHYECKUM crnocobom, CYMMHUDYS
3HeMeHTapHBI€ CHJIbI I/I36BITO"IHOFO JaBJICHUS.
Pa36I/IBaH HOBerHOCTL KpBIHIKI/I Ha

3JIeMEHTapHbIEe KOJbIEBbIE IJIOMAAKH U UCIOJb3Ys
(dhopMyny Ui M3OBITOYHOTO JABJICHUS HA KPBIIIKE,
MOJTyYUM JIJIsI JTF0OOH YTII0BOM CKOPOCTH

o<

makc*®
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Ry
szpH-Zﬂrdr:
0

= W,;%Z(rz - R§)+ ;/a}andr
0

2 2
2 7R 2| 2
— Ry + [ R e,
29 2
Cuny P moxno mHaiiTh u reomerpudeckum
CII0COOOM, BBIYHCISSL BEC Tela JaBICHUS VZ,

MOCTPOCHHOI'O0  BJOJb OCH  BpPALICHUA  MEXIY
CMOYCHHOM MOBEPXHOCTBIO KpBILKH cCOCyla H
MbE30METPUYECKON TOBEPXHOCThIO (00BEM Tena
JIaBJICHUs 3alITpuxoBaH Ha puc.11.0); ucnome3ys

dbopmyny (17), momydnm:
0)2 R12

1
V :ﬂsz +—7 =
: 27 2g

2p2 2p2
R a-@Re | 1 e R
29 2 29

Cua masnerns P =y -V, .

Omeem:

2 2
P=7ZRlza]/+& R_l_R22 COZ
29 \ 2

U3 nomydenHoii 3aBucumoct P or @ MoxHO
BUJIETh, YTO €CIIM DPAJHyC PACIIOJIOKEHUS TPYOKH

* 1
paBE€H R2 = T , TO CHUJIa JABJICHHUA XUJIKOCTHU Ha

KPBIIIKY COCYyJIaHE 3aBUCUT OT CKOPOCTHU BPAIIECHUS
paBHa:

* 2
P" =7R ay
EcmR, =R, ,10 ¢ poctom @ cuma P
ymenbmaercs, ecmun R, < R, , To ¢ poctom @ cuma

P YBEJIUYNBACTCA.

IIpumep 3. (Puc.12). [unuaapudeckuit cocyn
JraMeTpa Dl ,1 BBICOTBI L, UMEIOLUN B BEpXHEH

KpBIIIKe HeHTpanbHoe otBepetie D, , 3amomxen no
BBICOTHI B MJKOCTBIO YJEJIBHOTO Beca Y .

OnpenenuTp:

1) YriuoByr CKOpOCTh BpAllleHHs, IIPH KOTOPOii
JKUIKOCTb HAYHET BBUTUBATHCS U3 COCY/IA.

2) Cuty nmaBlieHUS Ha BEPXHIOIO 3aKpanHy MpH
3TOM yII€BOM CKOPOCTH.

Pemenue. }KI/I[[KOCTI) HAQYHET BBUIUBATBCI U3
cocyJa, Korja ee cBOOO/Has MOBEPXHOCTh 110 Mepe
YBEJIUYCHUA yFJ'IOBOfI CKOPOCTH AOCTUIHET KPOMKHU
3akpauHsl (Touka 4 Ha puc.12.6). IIpu s3ToM BepimHa
mapabononia cBOOOTHOM TTOBEPXHOCTH B
3aBHCHMOCTH OT 00hEeMa JKUAKOCTH B COCYIC MOXKET
pACIIONIOKUTBCA HIDKE WM BHIIIE JHA cOCyda
(mapabomounzsl 1 u 2).

Haiimem mpexxae Bcero, kakoMy o0BeMy
KUIKOCTH OTBeYaeT mapabonomn 3, BepIIdHA
KOTOpOTrO KacaeTcs JAHa; moyib3ys dopmyny (17),
TOJTyYUM:

L1, 5y 1aD?
W :Z(D1 —D2)|_+E

V4 1
:Z(Dlz —E DZZJL

L=

Q\b\&w\\ﬂ“" —
2
H,

T TR 2 8g
*11 ! x”
ar Dzz x:'}]‘i-, 3 ,,I I;;f !
Sg ”'}u"'}'g ‘F J'Jlf.-'lllll
l W1 ¢
v ]
Puc.12.6.
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COOTBETCTBYIOIIAs BBICOTA 3AIIOJHEHHS COCYIA: 4D,
w,=—-+/9(L-B
DZ

* 2
B =W (11D
D? 2 D

4

Ecin sajaHmas B 3ajade Bhicota B < B*,
nMeeM ciaydail 1. VIckoMmylo yIJIOBYIO CKOpPOCTH
OmpeneNnuM W3 YCIOBHA HEW3MEHHOCTH OOBheMa
JKUIKOCTH B COCYE, UCTONIBb3ys hopmyay (18):

2
”'21 B:%(Df —D2 L+ E 2

1

2L g
“Tb, |- (. Db
"B-[1-22 L
D;
Ecm B> B* , IM€EM Ciy4ail 2; u3 yCcioBHs

COXpaHCHHS 00beMa KUIKOCTH B COCYIC MOIYUHUM C
MOMOIIEI0 hopmyJibl (17):

Dy B=7zD12 L_yzDz2 .D?
4 4 2 4 8¢

Belpaxenuss 11, W (), COBIAJAIOT IIPU
B=B"
2
a, = E ZgL
2
Cuna [JaBieHHS OJKHJIKOCTH Ha 3aKpauHy
Beumcsercs no Qopmyrne (19), B koropodl 00beM
Terna JaBJIeHUS:

2
22 212
v :ﬂbz—ﬂ oD "D,
89 89
Omeem: Cwina JaBiIeHUA SKHOKOCTH  Ha
3aKpavHy:
T
Lot 22w
Mpumep 4. Jnsg wu3MepeHuss yCKOPEHUS
TOPU30HTAIBHO JBIKYIIETOCS Tella MOXKET OBITh

z 2 2
w w

(o -3 f

HCIOJIb30BaHa 3aKpCIJICHHAas Ha HEM U -06pa3Haﬂ

TpyOKa MaJloro [uaMeTpa, HaoJIHEHHAs YKUAKOCTHIO.
(Puc.13.).

el

C KaK1M YCKOPEHHUEM JIBHXKETCS TEJIO, CIIH TIPH
JBIDKCHUM  YCTaHOBWJIaChb  Pa3HOCTb  YpPOBHEil
KMJIKOCTH B BeTBAX TpyOkm, pasia N =D5cu npu
paccrosuun Mexay auvu | =30cm ?

Pemenne. Ilpu TOPH3OHTAJIBHOM JBHKCHHU
cocy/ia C YCKOpEeHHeM & cBOOOIHAs MOBEPXHOCTh
KHJIKOCTH HAKJIOHHTCS K TOPH30HTY 10X yrioMm [,
ompeneNsieMbIM M3 YCIIOBHS, YTO CBOOOJIHAs
NOBEPXHOCTh HOpPMaJlbHa K BEKTOPY CAWHHYHOMN
MaccoBOM CWJIBI; B JaHHOM CIy4ae MOXHO
HEMOCPEACTBEHHO MOIY4YuTh ( prc.13.):

ToT e pe3ysbTar MoJiy4uM, UCTIONB3Ys olIiee
ypasnenue (5) npu & = 0.

a
tgf=—=
g
Haxomum  yron  HakinoHa  no  puc.l.
tgﬁ = —E = —D = — 5CM = —07166 OTCIOI[a
g | 30w
HaXOoJ1M
a=0166-981—— =1635——
cex cex
M
Omeem: a =1,635 5
cekK
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based on terahertz images regarding concealed dangerous and prohibited objects in bags, books, wood etc. as often
witnessed in airports, subway stations etc. By way of boosting the performance coupled with detection accuracy of
the models, we expand our initial terahertz images via image augmentation. Experimental results reveal that one-
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Introduction

To mitigate the increased danger of terrorism
activities, illicit items in luggage and personal safety
at checkpoints in airports, bus terminal and industry
entry gates, etc., the use of diverse detection
technologies turn to be highly important [1].
Detection systems such as weapon detectors for
travelling passengers and X-ray systems [2] for
scanning hand-carried gadgets are effective but
additionally have their own shortcomings. X-ray
imaging systems can penetrate materials such as paper
box, leather bag, clothing, wooden boxes as well as
the human body. The hazards of X-ray system are that
their radiation is very high and they are very
detrimental to the human body. The operators staffing
these check points who are performing their lawful
businesses turn to be in danger as well as the
passengers or the clients being attended to at various
checkpoints since these X-rays signals reflect, absorb
and transmit contrary to terahertz rays. [3-6]

The terahertz (THz) portion of the
electromagnetic spectrum, shown in figure 1, extends
from approximately 100 GHz to 10 THz (where 1 THz
= 1012 Hz corresponding to 4.14 meV). It lies
between the microwave and infrared band; the
wavelength in this range is 3 mm to 30 um. THz
waves can penetrate numerous non-metallic materials
that may be opaque in the range of visible and infrared
light. Moreover, as nonionizing radiation, THz waves
present minimal known health risks [7].

Terahertz system can also be referred to as the
millimeter wave or submillimeter/far-infrared waves
(sometimes also called T-rays). THz waves have
attracted increased interest due to their capability to
non-destructively penetrate strong objects, including,

Terahertz

Micro & millimeter
waves

Radio waves

Non-ionizing

Penetrating

10"

1010

those made of cloth, paper, wood, plastic, and
ceramics, and to produce images of the hidden objects.
Sub-THz body safety scanners are also encouraged at
airports because of their non-ionization effects.

Higher frequency represents shorter wavelength
(1-10 mm) [7], which vyields higher resolution

terahertz

images. Weapon detectors can solely

identify similar weapon targets, such as metal
handguns, knives, blade, screwdrivers as against non-
weapon gadgets such as mobile phone, water bottle,
board marker, wireless mouse etc.

This paper focuses on terahertz active imaging
for security applications and intends to realize high-
speed and high-accuracy detection of weapon and non
-weapon objects of terahertz scanned images. Deep
learning models have great effects on optical images

as well terahertz images.

Optical images basic classification and feature
extraction strategies brings boundary path histogram
[8], Fourier transform, window Fourier transform [9],
wavelet transform [10-12], least squares [13],etc.

Additionally,

it includes histogram of oriented

gradient (HOG) [14] and invariant feature transform
(SIFT) [15], the most widely used object-detection-
and-recognition model is the deformable parts model
(DPM) [16], which uses a support vector machine
(SVM) [17] to train an object model and retain the best
performance unlike the hand-made features, which

lack the

self-training  processing

and visual

processing. Today artificial neural network (ANN)
and convolutional neural network (CNN) LeCun et al
[18] depicts from support virtual Machine (SVM)
notwithstanding has gradually attracted peoples’

interest [19, 20].

1014 1016

Figure 1 - Terahertz Spectrum region

CNN aims to mimic human perception for
intelligent classification, recognition and
segmentation. CNNs architectural structure (e.g.,
AlexNet [21]), the deep structure (e.g., VGG [22],
GoogleNet [23], the residual unit embedded structure
like ResNet [24], ResNeXt [25], DenseNet [26],
DarkNet [27], and the lightweight structure
MobileNet [28]. Krizhevsky et al. (2012) with
understanding of SVM trained a large, deep CNN

(Alexnet) [29]. The activation functions that Rectified
linear devices (ReLUs) and others utilized improved
nonlinear mapping capacity of this network and lost
gradient. Large and improved networks in Alexnet
[30, 31] due to more studies in Alexnet [32] Pan et
al., (2009). Donahue et al. studied a semi-supervised
deep convolution method for multitask mastering of
transfer learning. This growing knowledge in CNN
turns to caffe best features. Today, caffe is a widely
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used open-source framework for deep learning with
incredible GPU speed. R-CNN (Fast R-CNN)
proposed by using Girshick et al. [33] is a one-stage
detection algorithm that improves object proposals
and refines their locations and their real-time
detection. SNIP [34] discovered the domain-sift and
corrects the multi-scale training problem. To solve the
problem of multi-scale object detection, STDN [35]
introduced a scale-transfer layer into DenseNet
without increasing computational complexity. To
further boost the detection efficiency, RefineDet [36]
combined the RPN and FPN with the fast SSD [37]
approach. Fast R-CNN [30], Faster R-CNN [38], R-
FCN [39], and YOLO [27] use their numerous
features within CNN to predict objects at different
scales, as well as SSD [25] and MS-CNN [26].
Combining RPN and Fast R-CNN into a single
network, called the Faster R-CNN, the framework of
Faster R-CNN and other advanced models, such as the
Mask R-CNN [32, 40], adds pixel-level segmentation.
PANet [41] was thereafter proposed and has achieved
even better segmentation results. The (SPPnet)[42]
reduces the training and speed. Spatial pyramid
pooling networks had been proposed to speed up R-
CNN by way of sharing computation and
convolutional features. To solve the micro target
detection problem, [23, 29] revised the ResNet by
integrating the idea of feature pyramid.
PASCALVOC 2007 [43], MS COCO [44] from
optical images, x-ray image and terahertz images are
slightly  different with  distinctive  imaging
mechanisms. Their similarities in frequency spectrum
are nearer. As a result, terahertz images of detection
have inspection geometry features to optical images
and x-ray images, because reflection, absorption,
scattering of electromagnetic rays exhibits similar
traits like angle, target structure and material

o —
ﬁ -

Reflective Mirror THz wave source DC Regulatedsource |

Conveyor with THz

Detector Output screen

Frequency and Timer

penetration factors. In this paper, we attempt to
transfer these classification strategies and detection
strategies in terahertz images.

In order to detect objects of different scales, a
basic strategy is to use featurized image pyramids
[23] to obtain features at different scales.Yolov3
backbone is also known as Darknet-53 [27] .In this
paper, we also adopt this training framework to
instruct an effective model network on terahertz
weapon and non-weapon security scanned image.

This paper is arranged as follows. In Section 2,
the introduction of Terahertz scanned images and
augmented dataset arrangements. In Section 3, the
methodology of object detection grouped into one-
stage, two- stages detector models, and their
concealed diagrams are explained. In Section 4, we
present the experimental outcomes and corresponding
evaluation of the model. Section 5 discusses the
optimized best results based on analyzed models and
Section 6 concludes this paper.

Dataset Description

In this section, we introduce the acquisition steps
of terahertz image and the expansion methods for the
image data set, including rotation, translation, affine
transformation, transmission transformation and so
on. Finally, the corresponding statistical analysis of
the expanded data set is carried out.

Data Acquisition

Due to acquisition rate up to 5000 lines per
second teraFAST-256 device can accommodate scan
speed up to 15 m/s. The sensor has single sensitivity
band at 100+10GHz but experimental power source is
between 100GHz. The conveyer belt speed of 10.1m/s
is for image capture.

concave mirrorQ
IMPATT diode

conveyor

Figure 2 - Terahertz image acquisition

The size of the image data collected by the device
is 512px*256px. For our research, we collected a total
of 8 kinds of terahertz images of objects, including 4
types of weapon images and 4 types of non-weapon

images (in total, 369 images, because there might be
more than one instance of a single image).

The raw data information is shown in table 1 and
Figure 3.
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Table 1. Original terahertz image data
‘ Class ‘ Screwdriver ‘Blade‘ Knife ‘Scissors ‘Board marker 'Mobile 'Wireless ‘Water bottle |
phone | mouse
| Number of images | 65 19 | 66 | 59 | 40 .40 | 40 | 40 |

Data Augmentation

Itis indisputable fact that terahertz technology is
fairly new hence associated images are scanty. It is
therefore not bizarre that from the previous steps the
number of terahertz data sets collected was too small.

Consequently, the target detection algorithm
may be under-fitted in the case of so little data since
terahertz image database is uncommon, and the
performance of the model cannot meet the actual
detection accuracy requirements. For this reason, it is

Fidure 3 - Scanned THz irﬁages

necessary to expand the original image data. The
methods of data argumentation used in this study are
shown in figure 4.

These image augmentation methods can be used
alone or combined with a variety of transformations,
that solves the problem of little training data to a
certain extent. After augmentation, we get a total of
1884 images, and mark the location of the object. The
next section will make a statistical analysis of the
augmented data set.

@

Figure 4 - Methods for augmenting terahertz images. (a) Original image. (b) Translation. (c) Rotation. (d)
Scaling. (e) Affine. (f) Blurring. (g) Sharpen. (h) Cropping. (i) Dropout.

Statistical Information of Dataset
The statistical analysis of the data set is helpful
for us to understand the characteristics of the data and

to optimize the subsequent model. First, we make
statistics on the number of instances and the average
bounding box size of eight (8) categories, and get the
following results:

Table 2. Dataset Statistics Analysis

| Class | Number of instances | Average bounding box size
| Screw drive | 390 | 108px*84px
I Blade | 200 | 36px*35px
| Knife | 396 | 89px*75px
| Scissors | 354 | 104px*91px
| Board marker | 240 | 78px*68px
| Mobile phone | 240 | 110px*87px
| Wireless mouse | 240 | 70pX*75px
| Water bottle | 240 | 118px*91px
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As can be seen from table 2, the number of blade

categories is the fewest, and the average bounding box
is also the smallest. Screwdriver and knife are the
largest in number and, bounding box is relatively
large. In addition, we also counted the ratio of all
bounding box areas to the whole picture, and obtained
the histogram shown in figure 5.
From the results of figure 5, we can see that most of
the bbox area ratio is about 3% to 10%. A small part
is concentrated in the 1% area ratio, and the maximum
proportion is no more than 25%. Further, we can
analyze the size distribution of different types of bbox,
as shown in figure 6.

It can be seen from figure 6 that the bbox size of
the blade category is relatively small, which may also
cause the target detection algorithm to become worse
under this category. The sizes of other categories are
widely distributed and evenly distributed.

Distribution of different classes

knife
screw_drive
selssors
wireless_mouse
mobile_phone
board_marker
water_bottle

blade

0 50

150 200 250 300 350 400

number of instances

100

17.54

15.0 1

12.5 1

10.0 4

751

501

251

Methodology
In this section, we introduce five target detection
algorithms for terahertz images, namely, YOLOv3
and SSD, (one-stage detection) and Faster RCNN as
well as Cascade RCNN (two-stage detection). These
algorithms will be used to detect weapon class objects
and non-weapon class objects in terahertz images.

One-stage detector

The single-stage detector realizes a series of end-to-
end processes such as image input, feature extraction,
regression location and object classification, and no
other processes are introduced as shown in figure 6.
This kind of target detection algorithm ensures a
certain accuracy under high detection speed, and is
also widely used in industrial detection.

Histogram Plot of Anchor Boxes

0.10 0.15 0.20 0.25

anchor area

0.00 0.05

Figure 5 - Graph of Classes distribution & Histogram of Bounding boxes

Scatter Plot of Anchor Boxes
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Figure 6 - Scatter diagram of bounding boxes
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Figure 7 - One-stage detector Architecture

YOLOv3

YOLOv3 is the improved algorithm for
YOLOV2 [27] and uses the darknet-53 network as the
feature extraction network and the residual module
(residual block).

Up Sampiag

"

Input image

In order to better detect objects of different
scales, YOLOv3 draws lessons from feature pyramid
network[45].We refer readers to [45-47] for further
information on YOLOvV3 regarding the ideas of
outputting the three feature graph maps of different
sizes. The overall structure of YOLOV3 as shown in
figure 8.

156 morgga s )

-
wrgny

Figure 8 - YOLOv3 Model Structure [48]

The loss function of YOLOvV3 is composed of the

box loss, object confidence loss and non-object

loss sum of three output characteristic graphs. The confidence loss (non-object confidence). The
loss of each feature graph is composed of bounding expression is as follows:
52 B
loss = Aboz Z lg,b]] [(tz - tm) 2 + (tac - tz) 2 + (tz - tz) 2 + (tz - tz) 2]
i=0 =0
S2 B
P33 ou o) - 30 BOBGc))| ®
i=0 j7=0 ce classes

52 B
+A77,oobj Z Z 121)]] [7 ].Og (1 - pc)]

i=0 j=

In the above formula, the weight control
parameter, tx, ty, tw, th is the offset, 1°” denotes if

object appears in cell i and 1%bj denotes that the j-th

bounding box predictor in cell i is "responsible” for
that prediction that needs to be learned.

(0]

Single Shot MultiBox Detector (SSD)

The Single Shot Detector (SSD) [48] is one of the
first attempts to use the pyramidal characteristic
hierarchy of the convolutional neural network to
detect items of different sizes effectively.
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Figure 9 - SDD Model Structure

SDD loss function is the sum of a localization loss
and a classification loss.

1
L= N (Les + aLloc) 2)

Where N is the number of bounding boxes
matched and where a balances the weights between
two losses, chosen by cross validation. The loss of
localization is a smooth loss of L1 between the

Logs=— Z 1%log(ef) — Z log (&), where ¢} = softmax (c))

7€ pos

Region Proposal Network

i€ neg

expected correction of the bounding box and the true
values. The transformation of the correction of
coordinates is the same as what R-CNN does in the
regression of bounding boxes.

Where 177%*“" indicates whether the i-th
bounding box with coordinates (pi,pl,pl,pp) is
matched to the j-th ground truth box with coordinates
(9L, g%, g%, gi) for any object di,, m € {x,y,w, h}.

®)

Classifier

Object

True/False?

Classification

B e |11

L Box Regression

(
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L

Box
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Figure 10 - Two-Stage detector architecture

Where 1f; indicates whether the i-th bounding
box and the j-th ground truth box are matched for an
object in class k [48].

The R-CNN clusters of models are all regional
focused from figure 8. The detection takes place in
two stages: (1) first, by selecting search or regional
proposal network the model proposes a collection of
regions of interest. The regions proposal network are
sparse as possible candidates for the bounding box

may be infinite. (2) Secondly, only the region
candidates are processed by a classifiers [49].

Faster R-CNN

To incorporate the area proposal algorithm into
the CNN model, an intuitive speed-up solution is
Faster R-CNN [50] which does exactly this: create a
single, unified model consisting of RPN
(region proposal network) and fast R-CNN with
shared convolution layers.
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Figure 10 - Faster R-CNN Model Structure

Faster R-CNN is optimized for a multi-task loss
function [49]

Symbol

P,
object.

pi Ground truth label (binary) of whether
anchor i is an object.

t

t

Explanation

Predicted probability of anchor i being an

Predicted four parameterized coordinates.
Ground truth coordinates.

‘C - ‘Ccls + ‘Cbox

1 * A * *
ﬁ({pl}7{tl}) = N_IZ £cls (pupz ) + szz * Llsmooth(ti - tz )

Where Lgs is the log loss function over two
classes, as we can easily translate a multi-class
classification into a binary classification by predicting
a sample as being a target object otherwise L™t js
the smooth L; loss.

Las (pivpi*) =- Pz‘*lngi -(1- p;)log 1-p ©

Mask/Cascade R-CNN

Mask R-CNN [32] extends Faster R-CNN to
segmentation of images at pixel level. The key point
is to decouple prediction activities from the
classification and the pixel-level mask.

N s Normalization term, set to be mini-batch
size (256) in the paper.

N box - Normalization term, set to the number of
anchor locations (-2400) in the paper

/1 A balancing parameter, set to be <10 in the
paper (so that both |_CIS and Lbox term are

roughly equally weighted.
The multi-task loss function combines the losses
of classification and bounding box regression:

(4)

It introduced a third branch, based on the Faster
R-CNN architecture, to predict an object mask in
parallel with existing branches for classification and
localization. The mask branch is a small completely
linked network added to each Rol predicting a pixel-
to - pixel segmentation mask.

Since segmentation at the pixel level involves
much more fine-grained alignment than bounding
boxes, the R-CNN mask enhances the Rol pooling
layer (named " PsRol Pooling layer") so that Rol can
be better and more accurately mapped to the regions
of the original image. The PsRol Pooling layer is
designed to fix the location misalignment caused by
quantization in the Rol pooling. Bilinear interpolation
is used to measure the input values of floating-point
positions [51].
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Figure 11 - Mask R-CNN Model Structure

The multi-task loss function of Mask R-CNN
combines the loss of classification; localization and
segmentation mask £ = L5 + Lyox + Linase Where

L, and L, are same as in Faster R-CNN. The
mask branch generates a mask of dimension m x m for

Linask = p—

1<i,j<m

where yi; is the label of a ceII (i, j) in the true mask for
the region of size m x m; |s the predicted value of

the same cell in the mask Iearned for the ground-truth
class k [49].

Experimental Results and Discussion
In this section, we first introduce the indicators
used to evaluate the accuracy of the detection model.

> Dyloggly + (1 - yiplog(1 - 9

each Rol and each class; K classes in total. Thus, the
total output is of size K*m2,

L. 1S defined as the average binary cross-
entropy loss, only including k-th mask if the region is
associated with the ground truth class k.

(6)

Secondly, we compare and analyze the detection
results of the five detection models mentioned above
under the terahertz image data set, and discuss the
differences between them.

Finally, we select a model with the best detection
speed and accuracy as our final detection algorithm
for security detection of terahertz images. The
hardware and software configuration of experiments
is shown in Table 11.

Table 3. Hardware and software configuration of experiment

Hardware/Software
Operating System
Central Processing Unit
Graphical Processing Unit
RAM
CUDA
CuDNN
Deep Learning Framework

Evaluation for Metric Detection

In this paper, we adopted the detection metrics
introduced in [22] applied to table 5, which includes
average precision (AP) over multiple Intersection
over Union (loU) values. The loU can be calculated
in equation 7.

Box,req N Box
IoU(Boxpred, Boxgt) =__pred ~ 7ot
Boxyreq U Boxy,

(")

Parameters
Ubuntul8.04 LTS 64bit (Linux 4.15)
Intel(R) Core (TM) i7-7800X CPU @ 3.50GHz
NVIDIA RTX 2080(8G)

DDR4 32G

CUDA 10.1

cuDNN 7.6.1

PyTorch 1.4

The calculations of precision and recall are
shown in Figure 12. Traditionally, The average
precision (AP) is a detection measure which combines
the classification accuracy and location accuracy for
each object. mAP is the mean AP for all objects.
(likewise AR and mAR).

Unless otherwise specified, AP and mAP used in
this paper. The detection metrics are listed in Table 4.
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Figure 12 - Calculation of precision and recall.

Datasets and Training Configuration

The target detection task not only needs to
determine which object it belongs to, but also needs to
determine the location of the object. This paper uses
the evaluation indicators used in the COCO data set
and the labellmg software tool. We included the
average precision (AP) and average recall (AR)
indicators, with results further subdivided into: under
small (area smaller than 32px*32px), medium (area
between 32px*32px and 96px*96px) and large (area
larger than 96px*96px) detection areas. Finally, the
augmented data total of 1884 images, and divide the
training, and test sets at the proportion of 4:1:1.
Finally, we randomly divided the data samples get
1205 training sets, 302 validation sets and 377 images
of the test set. In order to ensure the rationality of the

algorithm comparison, we uniformly use the
parameters shown in table 5 during the model-training
phase.

AP (averaged across all 10 loU thresholds and
all categories) should be considered the most
important  metric  when  considering  model
performance in our research. For metric AR, the larger
the value the lesser the false negative rate which is
important for defect inspection along the overhead
transmission line. Finally, in order to measure the
image detection speed of different models, we also use
the detection speed index: frame per second (FPS).

To train the defect detection model introduced in
previous section 2, it is essential to setup the training
configurations properly. In our research, we use the
configurations listed in Table 5.

Table 4. Dataset information for training and testing

Metric Meaning
AP Average precision for [ loU = 0.50:0.95 | area = all | maxDets = 100 ]
AP@05 Average precision for [ loU =0.50 | area = all | maxDets = 100 ]
AP@075 Average precision for [ loU = 0.75 | area = all | maxDets = 100 ]
Apsmall Average precision for [ loU = 0.50:0.95 | area = small | maxDets = 100 ]
APpmedium Average precision for [ loU =0.50:0.95 | area = medium | maxDets = 100 ]
APparee Average precision for [ loU = 0.50:0.95 | area = large | maxDets = 100 ]
AR!? Average recall for [ loU = 0.50:0.95 | area = all | maxDets =1 ]
AR Average recall for [ loU = 0.50:0.95 | area = all | maxDets = 10 ]
ARL00 Average recall for [ loU = 0.50:0.95 | area = all | maxDets = 100 ]
ARsmall Average recall for [ loU = 0.50:0.95 | area = samll | maxDets = 100 ]
ARMedium Average recall for [ loU = 0.50:0.95 | area = medium | maxDets = 100 ]
ARlage Average recall for [ loU = 0.50:0.95 | area = large | maxDets = 100 ]
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Table 5. Models Training Parameters

| Parameter | Value

| Training epochs | 50f

| Optimizer | Adam

| Learning rate | le-4

| Batch size | 8

Evaluation results
After completing the model training, we evaluate
the performance of the five models on the test set.

Since there are eight categories to be detected, we first
present the overall results in table 6.

As can be seen from table 6, the yolov3 model
has the best results in evaluating the overall
performance of the dataset.

Table 6. Models Evaluation Performance

| Metric | yolov3 | SSD300 |  SSD512 | Faster RCNN |Cascade RCNN
| AP | 0.739 | 0.713 | 0.716 | 0.562 | 0.632
| APO5 | 0.992 | 0.963 | 0.981 | 0.884 | 0.878
| ApOT5 | 0.854 | 0.774 | 0.828 | 0.596 | 0.669
| Apsmal | 0.51 | 0.339 | 0.345 | 0.26 | 0.221
T apmedm | 0.705 | 0.681 | 0.695 | 0.524 | 0.599
| APplarge | 0.816 | 0.781 | 0.776 | 0.643 | 0.682
| AR? | 0.763 | 0.747 | 0.744 | 0.624 | 0.678
| AR | 0.791 | 0.759 | 0.756 | 0.652 | 0.697
| AR10 | 0.791 | 0.759 | 0.756 | 0.652 | 0.697
| ARsmal | 0.699 | 0.366 | 0.472 | 0.358 | 0.282
| ARmedum | 0.761 | 0.727 | 0.733 | 0.617 | 0.658
T AREw | 0.85 | 0.823 | 0.808 | 0.709 | 0.74

The higher the AP, the higher the true positive
rate, the average recall, and the smaller the false
negative rate, which is very important in the field of

security. To ensure high recognition accuracy, it is
also necessary to ensure a lower missed detection rate.
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6 4
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Figure 13 - Yolov3 training Model
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The more surprising result is that the original image is 512px256px. A lot of feature

performance of two-stage detector Faster RCNN and
Cascade RCNN on terahertz data is not satisfactory,
and its AP index decreases by 23.9% and 14.5%
respectively compared with yolov3. The detection
effect of the model is the worst. For SSD300 and
SSD512 models, there is little difference in AP
indicators, but in AP0.5 and APO0.75 indicators,
SSD512 model is 1.9% and 6.5% higher than SSD300
respectively. The reason is that SSD300 zooms to
300px*300px size during image input, while the

information is lost after image compression, resulting
in a decline in SSD300 performance. However,
compared with the yolov3 model, the SSD500 model
still decreased by 3.1% under the AP index. The
calculations of precision and recall are shown in
Figure 6.

In table 7, we analyze the recognition effect of
six (6) categories and select AP as the analysis index,
which is stricter to the detection accuracy.

Table 7. Model Detection Accuracy for hiding weapons & non-weapons

Category yolov3 SSD300
Screw drive 0.659 0.642
blade 0.539 0.479
knife 0.642 0.563
scissors 0.695 0.605
Board marker 0.78 0.803
Mobile phone 0.899 0.878
Wireless mouse 0.832 0.868
Water bottle 0.87 0.866
mAP 0.740 0.713

Combined with the detection accuracy results
obtained above, we use AP as abscissa and AR as
ordinate to draw figure 13 to show the results, in

SSD512 Faster RCNN |Cascade RCNN
0.63 0.409 0.449
0.557 0.26 0.385
0.594 0.326 0.33
0.608 0.433 0.455
0.771 0.663 0.773
0.875 0.837 0.886
0.826 0.748 0.907
0.865 0.816 0.872
0.716 0.562 0.632

which the circle size represents the speed of model
reasoning.

Table 8. Inference Models with time

Model yolov3 SSD300 | SSD512 | Faster RCNN | Cascade RCNN
Inference time
(ms per image) 21.2 50.4 61 79.6 61
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Figure 14 - Comparison of models’ detection performance

From figure 14, we can see that while ensuring
the detection performance, yolov3 also ensures the
detection speed. Compared with other models, yolov3

is more superior. Figure 15 shows the recognition
results of yolov3 in different categories.

It can be seen that it is good to identify the type
and the specific location of objects. However, when
we check the model test results, we also find that the
probability of false recognition of category blade is
relatively high, and it is easy to be wrongly identified
as scissors, knife, and screen drive as shown in figure
15.

It is necessary to further improve the recognition
effect of this category.

Optimizing YOLOV3

From the previous experimental results, we can
see that among the single-stage and two-stage
algorithms proposed in this paper, the YOLOvV3
algorithm is currently the best in terms of detection
accuracy and speed, and the detection speed can
achieve 21.2ms image, which is close to the
acquisition speed of terahertz images.

Figure 15 - Falsehood —Recognition of hidden weapons
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In order to further improve the detection speed
and ensure sufficient accuracy, we will improve the
backbone and neck parts of YOLOV3 in this section.

Optimizing Backbone
The overall structure of YOLOV3 includes data
input, backbone, neck and head, for detection. The

schematic diagram of the structure is shown in figure
16.

Base layer

Residual Block xXn

l

(a)

Part 2

In the previous experiment, the backbone of the
YOLOvV3 detection model is the darknet53 network
proposed by [27] which draws lessons from the resnet
network, so there are more convolution layers to
extract image features.

Here we draw lessons from the cross stage partial
structure proposed in the [27] to transform the
darknet53, and its structure is shown in figure 16.

Base layer

/\.

Part 1

l

Residual
Block

Partial transition

(b)

Figure 16 - Our model structure

The graph (a) is the original darknet structure,
and the graph (b) is the improved structure where
Partial transition represents the convolution operation
and pooling operation. Using this structure can not
only ensure accuracy, but also effectively reduce the
calculation of the model, so as to obtain faster
reasoning speed.

Optimizing Neck

In the neck section, our improvement is to add
PANet and SPP structures. The structure of PANet is
as shown in figure 17.

The function of adding bottom-up path
augmentation network to the FPN network is to make
full use of the object position information in the
shallow features, which will help to improve the target
position detection accuracy of the network.
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Figure 17 - The structure of PANet

SPP network solves the problem of fusion of
different size features, and can ensure that images of
different sizes are input during training and testing.

Experimental Results and Discussion
After improving the structure of YOLOvV3, we
use the previous experimental conditions and data sets

GloU Objectness

Classification

to retrain, and evaluate the results of the improved
model on the test set. The training graph and results
are shown in figure 18.
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Figure 17 - Our Optimization Training Model
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Table 8. Optimized model
time(ms)
Darknet53 0.739 0.992 0.854 0.51 0.705 0.816 21.2
Darknet53-SPP 0.735 0.991 0.855 0.591 0.703 0.8 215
CSPDarknet53- 0.733 0.986 0.864 0.534 0.716 0.788 6.9
SPP
CSPDarknet53- 0.748 0.873 0.585 0.725 0.804
PANet-SPP

CToOOTS

\ screv;de 0.60F '

1 ife 0.934a
B screw_drive 0.76 f—

Figure 18 — Improved Yolov3 model correctly identifies blade
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Figure 17 - Comparison of different optimized models

After the backbone structure of YOLOV3 blade
detection has been signiificantly improved better than
the former at Figure 18.

From the comparison results of the above table,
it can be seen that the detection speed of the modified
backbone model CSPDarknet53-SPP and
CSPDarknet53-PANet-SPP is 3.1 and 2.5 times faster
than that of the yolov3d model with Darknet as
backbone, respectively.

Among them, the reasoning speed of
CSPDarknet53-PAN-SPP model is 17% slower than

that of CSPDarknet53-SPP without PAN (path
aggregation network), and the increased time loss
mainly occurs in the process of characteristic
information propagation in PANet.

However, the adoption of the PANet structure
also brings a 2% performance improvement to the AP
index of the model.

From the optimization results of yolov3, the
reasoning speed of the model is greatly improved by
using the new CSPDarknet53 network, but the
improvement in prediction accuracy is not very
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obvious. Considering the detection speed and
accuracy, CSPDarknet53-PANet-SPP network will be
the best choice for detecting terahertz images.

Conclusions

In this paper, we perform a comprehensive
comparative study of five deep learning detection
algorithms for detecting terahertz hidden weapons and
non-weapons objects. We also performed data
argumentation to increase the database. In other terms,
the greater the Dataset, the greater the improved
detection method efficiency achieved.

On the successful distribution of hidden weapons
and non-weapons in terahertz image, we implement
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Introduction In developed countries, 10-15% of the adult
Acute cholecystitis is quite widespread in urgent population suffer from cholelithiasis. The prevalence
abdominal surgery and is currently still relevant. In directly depends on the age and gender of the patients.
most cases, the cause of the disease is gallstone According to different authors, in the general structure
disease. [1,2,18]. Gallstones are the cause of acute of AC morbidity, patients aged 60-71 account for 32
cholecystitis (AC) in 80-95% of patients with varying to 52.6%, 51-60 years - 26%, 41-50 years -14%. The
degrees of severity of pathomorphological changes in incidence of AC in the age groups 21-30 years old and
the wall of the gallbladder (GB) [3,6]. 31-40 years old averages 7-8%. [18,12,7,4]. Despite
[ ]
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the fact that the diagnostic criteria are constantly being
improved, and the methods of treatment have
undergone significant changes due to the advent of
minimally invasive technologies, there is no
unequivocal proposal for the diagnosis, treatment and
prevention of the development of all kinds of
complications in this age group. In particular, men
suffer from this disease two times less often than
women, respectively. Every fifth of women aged 40
and over is faced with cholelithiasis, while men of the
same age are faced with it in every tenth case.
According to the Third National Health and Nutrition
Examination Survey, 6.3 million men and 14.2 million
women aged 20 to 74 in the United States had
gallbladder disease [45,47,49,51]. In Europe, the
Italian Multicenter Study for Gallstone Disease
examined nearly 33,000 subjects between the ages of
30 and 69 in 18 cohorts from 10 regions in Italy. The
overall incidence of gallstone disease was 18.8% for
women and 9.5% for men [34]. However, the
prevalence of gallstone disease (GSD) varies
significantly depending on ethnicity, for example, the
lowest incidence is noted in Ireland (5%), and the
highest in Sweden (32%) [38]. The indigenous
population of Africa almost does not suffer from
gallstones, the frequency of the latter is 1% [9,46],
African-American women - three times less often than
Indo-American women. In Chile, cholelithiasis is
found in 55% of women and 30% of men. Among
Pima Indians, gallstone disease is observed in 45% of
men and 75% of women, and in women after 70 years
- in 90%, which is due to a genetic decrease in the pool
of bile acids [50]. In Russia, the annual appealability
for gallstones is on average 5-6 people per 1000
population [12]. In Kazakhstan, 22.4% of calls to an
ambulance are for gallstones, acute and chronic
cholecystitis, [8,17]. More than 750,000
cholecystectomies are performed annually in the
United States and the cost of treating these patients is
approaching $ 10 billion [48,51,52]. Uzbekistan also
belongs to the regions with an increased tendency of
patients with calculous cholecystitis, detected by the
appeal of the population for medical care, and is 5.82
per 100 thousand, and the number of operations
carried out in the republic for complicated forms of
calculous cholecystitis ranges from 1 to 1.5 thousand
a year. The steady increase in the number of patients
with cholelithiasis leads to an increase in its
complications from 17 to 83%, often requiring urgent
surgical intervention. At the same time, postoperative
complications and mortality after emergency
operations remain several times higher than with
planned surgical interventions [15,25,26], and among
males, this figure can reach 27%. The gender of
patients should also be considered as an additional
factor in the increased risk of morbidity, mortality and
possible intraoperative complications. At the same
time, according to various authors and according to
our data in men, clinical manifestations of acute

calculous cholecystitis are by no means always
expressed clinical manifestations, which sometimes
leads to severe changes in the gallbladder and
complicates the operation technique with inevitable
conversion [14,16,26].

As for purulent complications in acute calculous
cholecystitis (ACC), the leading place is occupied by
perivesical infiltrate (15.0%) and empyema of the
gallbladder (12.4-16.1%), then subhepatic abscess
(2.3-3.6 %), dropsy of the gallbladder (4.7-7.2%),
local peritonitis (0.4-1.3%) and diffuse peritonitis
(1.4-2.3%) [15]. To conduct a systematic search of
scientific information and to achieve this goal, an
analysis of the recommendations of the World Society
for Emergency Surgery 2016 (Israel) and Tokyo
Recommendations 2007 and 2013 (Japan), as well as
scientific publications in evidence-based medicine
databases (PubMed) was carried out, with using
specialized search engines (Google Scholar) and in
electronic scientific libraries (CyberLeninka, e-
library) from 1990 to 2018 [29].

In the last decade, in order to improve the
diagnosis and treatment of ACC, a number of targeted
scientific studies have been carried out in the world,
including screening for the early detection of patients
and the provision of timely therapeutic and preventive
care, the development of various methods of
operations, including tactical aspects of performing
endosurgical interventions.

The Tokyo Clinical Guidelines (TGQ7) for the
treatment of acute cholecystitis were first published in
2007. The main goal of the TGO7 was to achieve a
consensus among specialists in this field worldwide
[29]. Later, in clinical practice, the low diagnostic
sensitivity of TGO7 in relation to AC and the
relationship between the assessment of the severity of
the condition and the clinical characteristics of the
disease was proved [29,54].

To date, some of the TG13 recommendations are
outdated, the OC scoring system has not been tested
and proven reliable. Finally, the conclusions are
unclear, as all different therapeutic options are
available for the same "level of cholecystitis severity",
there is ongoing debate about the diagnostic value of
uniform ultrasound signs and laboratory tests. Other
major controversies regarding AC are the choice of
the best method for diagnosing the biliary tract,
treatment options, type of surgery, identification and
treatment of patients at high surgical risk. There is still
controversy regarding the surgical treatment of ACC
regarding the timing of the operation. The need for
surgical treatment compared with conservative
management of patients has been less studied [28].

The most important issue requiring study and in-
depth analysis is the issue of timely diagnosis and
adequate treatment tactics for different clinical forms
of acute cholecystitis in patients with a low pain
threshold [6,9,10].
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For these reasons, the World Society of
Emergency Surgery (WSES) decided in 2016 to
convene a Consensus Conference (CC) to examine
these controversies and to establish guidelines for the
diagnosis and treatment of ACC [29,32,54]. Its main
provisions were published in June 2016 in the
"International Journal of Emergency Surgery"
("World Journal of Emergency Surgery").

In July 2016 (Ireland, Donegal), a consensus
conference "Means of Optimization for Emergency
Surgery" was held, where protocols for the diagnosis
and treatment of acute surgical diseases based on the
best practice and from the standpoint of evidence-
based medicine were introduced. Criteria were
presented for assessing the quality of emergency
surgical care for patients with AC, which took into
account such indicators as the duration of treatment,
analysis of each death, severe complications and
emergency conditions [29].

Diagnosis requires a detailed study of the
history, physical examination, and clinical laboratory
tests. For patients at risk (over 60 years of age) there
is no single clinical or laboratory study with sufficient
diagnostic accuracy to establish or exclude AC
[9,31,52].

Ultrasonography of the gallbladder continues to
be the gold standard for diagnosing ACC. Wide
availability, lack of invasiveness, lack of exposure to
ionizing radiation, and a short study period are
characteristics that make ultrasound the first choice of
imaging for diagnosing ACC [44,45]. Meta-analysis
by Shi et al. support these data [51].

Another meta-analysis by Kieiwiet et al.
Investigated the diagnostic value of computed
tomography (CT) and magnetic resonance imaging
(MRI) in addition to ultrasound in the diagnosis of AC
[58]. According to it, no significant advantages of CT
have been identified, in addition, the problem lies in
the ionizing radiation to which patients are exposed.
As for MRI, its effectiveness is equal to abdominal
ultrasound. It is recommended to combine clinical,
laboratory and imaging research methods to improve
the quality of research and clarify the diagnosis,
although the best combination is not yet known
[42,44].

Surgical tactics for acute calculous
cholecystitis. Today, there are three main
technologies in the treatment of various forms of GSD
[16, 22]:

- traditional cholecystectomy from a median or
oblique laparotomic approach;

- laparoscopic cholecystectomy (LCE), which
requires  special equipment and  sufficient
qualifications of the surgeon (accompanied by fewer
complications, shorter rehabilitation period and lower
cost);

- cholecystectomy from a mini-access, the
technique of which is closer to the traditional one;

The most common method of surgery is now
LCE [40,59]. According to TG13, video laparoscopic
cholecystectomy is now considered a safe surgical
technique when performed by emergency surgeons for
acute calculous cholecystitis [29,54].

Early LCE is indicated for patients with class |
(mild) ACC. This group includes somatically healthy
patients without concomitant diseases with moderate
inflammatory changes in the gallbladder walls. In the
presence of one of such signs in patients as, the
duration of the acute period is more than 72 hours, the
presence of a palpable gallbladder or infiltrate in the
right hypochondrium, leukocytosis more than 18x109
/ 1, a destructive form of acute cholecystitis, are
classified as class 1l (moderate) ACC. For patients
with severe local complications such as biliary
peritonitis, emphysematous cholecystitis, gangrenous
cholecystitis, and purulent cholecystitis, urgent
surgery is performed along with the usual supportive
measures. Class Il (severe) ACC includes patients
with multiple organ failure, hypotension, impaired
consciousness, high plasma creatinine levels, and
thrombocytopenia in blood coagulation. In this case,
TG13 suggests gallbladder drainage and delayed
cholecystectomy after improvement in general
clinical conditions [55]. But a recently published
meta-analysis by Coccolini F. et al. (2015) showed
that LCE for ACC is the preferred approach with
lower mortality and morbidity, significantly shorter
postoperative hospital stays, and reduced incidence of
pneumonia and wound infections compared to the
open method [41].

According to C. Kum et al. (1996) after LCE in
chronic  cholecystitis in  0.2% of cases,
hepaticoholedochus damage is noted, and in acute
cholecystitis - in 5.5% of cases. Similar data are given
by other authors [45,48,51,52]. At the same time, the
transition to laparotomy is not the optimal way to
solve the problem of treating acute cholecystitis
complicated by infiltration. B.A.Korolev, D.L.
Pikovsky, (1990), H. Burhenne, (1989) believe that
carrying out "open" cholecystectomy in acute
cholecystitis is accompanied by a significantly higher
frequency of deaths, ranging from 1.0% to 10 , 6%.
While after LCE performed for acute cholecystitis,
deaths are observed much less often - from 0.2% to
0.5% of cases [11,14,34]. Considering that paravesical
infiltration is observed in 8.0-40.7% of patients with
acute destructive cholecystitis [48,51,52], it is of great
practical interest to develop atypical LCE methods
that allow avoiding the transition to laparotomy and
reducing the frequency of hepaticocholedochus
injuries.

As for the timing of interventions, early LCE
should be performed as soon as possible, but can be
performed up to 10 days after the onset of the first
symptoms of AC. However, it should be noted that
earlier surgery is associated with shorter hospital stays
and fewer complications. One randomized controlled
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trial compared early LCE with LCE after symptom
resolution but within 5 days of admission in patients
with ACC [39]. At the same time, one of the main
limitations that still exists today is the time from the
moment of the disease. So, according to a number of
authors [1,2,6,7,30,35], the optimal time for
laparoscopic cholecystectomy is the first 48 hours
from the onset of the disease. All these factors
determine the indications for an emergency operation
or for a staged method of treatment.

Provided by Zafar S.N. et al. (2015) results from
a large database review of approximately 95,000
patients with ACC showed that patients who had
surgery within 2 days of admission had fewer
complications than those who underwent surgery 2 to
5 days after admission. receipts [39, 56]. Finally,
several studies have shown that cholecystectomy
performed as soon as possible is cost effective
[37,50,56].

In the case of severe local inflammation, the
presence of adhesions, bleeding in the Kahlo triangle,
or suspicion of damage to the bile ducts, then it is
necessary to switch to the "open” method of surgical
treatment - Tang et al. (2006) in their systematic
review, identified the main risk factors for conversion
in LCE. These are male sex, deep old age, obesity,
cirrhosis, a history of abdominal surgical
interventions, severe acute and chronic cholecystitis.
Another reason for intraoperative tactical errors and
postoperative complications in typical
cholecystectomy and LCE is the complex anatomical
and surgical conditions of the intervention zone -
pronounced variability of the topography of the
gallbladder, anatomical forms of the cystic duct and
variants of branching and location of the cystic artery,
the variability of their relationship with the vascular
and ductal structures of the subhepatic space. In this
regard, it is obvious that it is necessary to evaluate the
techniques used in endosurgery of the biliary tract in
terms of effectiveness and acceptability in LCE in
various clinical situations, as well as to develop an
individualized approach to surgical technique based
on the principles of typical variability [38, 46, 53].

According to Eldar et al. (1998), the incidence of
complications in ACC is generally associated with a
duration of complaints of more than 48 hours,
gangrenous cholecystitis, male sex, age> 60 years,
other comorbidities, large gallstones, and elevated
serum bilirubin levels. As a rule, LCE is safe for
catarrhal and phlegmonous ACC and is accompanied
by a small number of conversions and complications
[46], except for gangrenous cholecystitis, where the
conversion rate ranges from 4 to 40% [44.65]. As for
patients at risk with AC, some authors prefer
multistage treatment, while other authors [30]
practically abandoned two-stage treatment due to the
good tolerance of LCE, conversion to the traditional
method of surgery in this group is 1.7%, mortality is
0. fifteen%.

Traditional cholecystectomy is a safe technique
in the presence of perivesical infiltrate, inflammatory
and cicatricial changes in the subhepatic region and
hepatoduodenal ligament. But due to its shortcomings,
such as significant trauma to the structures of the
anterior abdominal wall, intestinal paresis, impaired
respiratory function, a large number of early and late
complications, cosmetic  defect, long-term
postoperative recovery, make this technique a losing
one in comparison with LCE and mini-access [10 ].
According to the author Dolgov OA (2008), the
number of complications in open surgery is 20.4%,
and the mortality rate is 3.7% [14].

Complications of acute calculous
cholecystitis. About 20% of patients, especially
males, seek surgical help after 3-4 days from the
moment of illness, due to the paucity of clinical
manifestations due to the low pain threshold. As a
rule, the operation is performed at this time in
conditions of perivesical infiltration. With peri-vesical
infiltration, in addition to the presence of changes in
the wall of the gallbladder, the surrounding tissues are
also involved in the inflammatory process. So in the
work of Temirbulatov V.M. et al. (2008) during
ultrasound diagnostics of the gallbladder out of 403
patients, 324 (80.4) patients were found to have
pericholecystitis, and in 73 cases the presence of
perivesical infiltrate, mainly in the area of the
gallbladder neck and hepato-duodenal ligament [27].
In the early stages of inflammation, ultrasound
visualizes  hyperechoic  fields  without clear
boundaries. Subsequently, the inflammatory process
is delimited with the formation of an infiltrate in the
perivesical region, which is found in the form of a
hyperechoic formation with clear contours.

Differentiation of "loose™ infiltrate from "dense"
infiltrate is necessary, as it dictates different surgical
tactics. In the presence of the first option, it is possible
to perform surgical intervention; in the case of the
second, cholecystectomy may be inappropriate, since
it is most often accompanied by intraoperative
complications: bleeding and damage to the
extrahepatic biliary tract [26,27,32]. So the incidence
of complications in the form of the risk of damage to
the bile ducts during surgery accounts for 36 to 47
injuries per 10,000 patients during laparoscopic
surgery and from 19 to 29 cases of injuries per 10,000
patients during minilaparotomic surgery [4,7]. The
experience of the authors of the Russian
recommendations speaks in favor of conservative
treatment in the presence of a dense infiltrate, and later
on performing cholecystectomy from a mini-access
[4,15,26]. However, if within half an hour the surgeon
fails to verify the cystic duct and the cystic artery in
conditions of a strong inflammatory process in the
gallbladder neck and hepatoduodenal ligament, then it
is recommended to perform a timely conversion from
the minilaparotomic approach to an open operation
before complications develop.
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Discussion.

Analysis of literature data allows us to judge that
AC and AC is a fairly widespread pathology. The
main goal of the TGO7 was to achieve a common
vision among specialists in the field of diagnosis and
treatment of AC around the world. However, in
clinical practice, the low diagnostic sensitivity of
TGO7 in relation to AC has been proven. In this
regard, the TG13 revised diagnostic criteria and
criteria for assessing the severity of the patient's
condition, as well as the role of surgery. For this
purpose, Grade systems for determining the level of
evidence and the grade of recommendation were used.
However, TG13 did not give an exhaustive answer
regarding the determination of the scope of surgical
tactics in elderly and senile patients, therefore the
WSES 2016 highlighted patients from high-risk
groups, where it was noted that the age of patients over
80 years old with AC should be considered as an
additional factor of increased risk of intraoperative
complications , morbidity and mortality. In the
presence of a perivesical infiltrate, which technically
complicates the performance of LCE, it is
recommended to switch to open surgery. In this case,
according to the opinion of the Russian authors A.G.
Beburishvili, M.l. Prudkov. the choice of
cholecystectomy from the mini-access as a conversion
method is more preferable [7].

The criteria for assessing the quality of care for
patients with AC and ACC according to the
Consensus Conference "Means of Optimizing
Emergency Surgery” (Ireland, Donegal, July 2016)
are: 80% of patients with AC who are admitted before
16:00 should undergo an ultrasound examination on
the day of admission. The 30-day mortality should not
be >5%. More than 80% of cholecystectomies should
begin laparoscopically and >65% laparoscopically
and complete. More than 90% of patients should be
operated on in the first 6 days. hospitalization. 80% of
patients should be seen by the responsible surgeon
within the first 12 hours after admission. 60% of
patients with ACC should be operated on at the first
hospitalization and in 80% during an acute episode.
95% of patients should have a blood test for amylase /
lipase levels. In 100% of cases, patients who
underwent cholecystectomy should be entered in the
register of the institution for the presence of bile
leakage, bleeding and damage to the bile ducts [29].
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Introduction

It is known that in our rapidly developing
country, as in any other field, a number of innovations
and research are being carried out in the field of
education. New changes are also being made to the
system of assessment of pupils' knowledge, skills and
abilities, which has been in place for decades. In
particular, since such a process is an important factor
in determining the development of education, the
Ministry of Public Education has taken the first steps
to implement an international program to assess the
knowledge of secondary school pupils. It is planned to
widely use assessment programs such as PISA
(Program for International Pupil Assessment), TIMSS
(Trends in Mathematics and Science Study) in order
to bring pupils' knowledge in line with international
requirements. to assess the effectiveness of the world
education system in the literacy of pupils in 3 areas
(reading, mathematics and science), their creative and
critical thinking, the ability to apply their knowledge
in life and In short, it is about increasing the
intellectual potential of the country's youth. So, of
course, recognize this program as a key criterion for
the further development of our country. sh is also
possible. This begs the legitimate question: So, what
is PISA and TIMSS?

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.03.95.41

The main part

PISA is a program that assesses the literacy of
15-year-old pupils in different countries (reading,
mathematics, science) and the ability to apply their
knowledge in practice. This program is held once
every 3 years. To date, a total of 7 times (2000,2003,
2006.2009,2012,2015,2018) tests were conducted
under the PISA program, and the next tests are
scheduled for 2021. Our country is also preparing to
join this program from 2021.

TIMSS is an international monitoring of the
quality of teaching mathematics and science in
schools, organized by the International Association
for the Assessment of Educational Achievement. This
study covers the knowledge of 4th and 8th grade
pupils in mathematics and science in different
countries. The survey is conducted every four years
with the participation of the Secretariats of many
research centers and organizations around the world.
Advisory committees consisting of experts from
different countries are also established. The first step
towards international monitoring is the gradual
introduction of TIMSS international monitoring in our
country. Various studies are being tested as
experiments, test questions are being developed. Test
materials are being summarized and analyzed in
cooperation with UNICEF.
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Approved by the Resolution of the Cabinet of
Ministers No. 187 of April 6, 2017, the STS,
curriculum and study programs are reviewed by
international experts, conclusions and
recommendations are obtained. In particular, the
preparation for international research should be
carried out from primary school. expedient.

This exercise book is designed to test and
reinforce the knowledge of 4th grade pupils in
mathematics and to help them prepare for PISA and
TIMSS international research. TIMSS (Trends in
mathematics and science study) ) used open sources
of research.

The exercise book is divided into sections, each
theme with different tasks:

-Examples on the theme of natural numbers (4
tasks)

-Examples on the theme of simple fractions (3
tasks)

-Examples
equations (2 tasks)

-Problems on the representation of shapes in the
plane (4 tasks)

-Problems on points, intersections and angles (2
tasks)

-Reading and data interpretation issues (3
assignments)

and at the end the assignments were answered.

The 18 assignments in the notebook are easy,
medium, and difficultis a logical question, test,
diagram, and table. Tasks are answered numerically,
verbally, and by selecting test answers. For example:

Task 1 asks a logical question: Aziza has
1,8,6,3,2, numeric cards. Which of the following cards
can she use to show the smallest three-digit number?
She can use each card only once. Answer: 123. The
child remembers three-digit numbers when
completing this task and memorizes the order in which
the numbers grow when generating three-digit
numbers from the required numbers and thinks
logically about the exact answer.

Task 16 shows a diagram for 4th grade.
Question: Ahmad conducts a survey among 4th grade
pupils about their favorite colors. In which grade did
pupils choose blue the least? Pupil reads the question,
understands the content and pays attention to the 3
different colors in the diagram, understands the
increase or decrease of the colors in the diagram by
lines and determines the correct answer. Answer: The
least chosen in 2nd grade.

This exercise book allows you to work with each
pupil individually during math lessons.

As a logical continuation of Exercise 1,
Exercises 2 and 3 were also developed and presented
to pupils to assess their mathematical knowledge. The
difference between Exercise 2 and Exercise 1 is that
the tasks in Exercise 2 are the same. (Exercise 22) In
Exercise 3, on the other hand, although the tasks are

of numerical expressions and

few in number (10), each task is expressed in the form
of a visual weapon, picture, diagram, diagram. given

The State Inspectorate for Quality Control in
Education under the Cabinet of Ministers of the
Republic of Uzbekistan and the National Center for
International Research for Quality Assessment of
Education have organized the 1st, 2nd , Exercise 3
“can be a great help in developing pupils’ logical
thinking and thinking skills.

Based on the above examples and issues, | would
also like to recommend the following assignments as
an appendix.

Task 1: There are 96 seats for the audience in the
Puppet Theater, which are arranged in 8 out of 12
rows. Karimjon received a ticket to enter the Puppet
Theater. His place is 32 seats. How many rows does it
have to go up from the bottom to find its place?

A) Row 2 B) Row 4 C) Row 3 D) Row 5 Answer
(Row 3)

Task 2: Fatima and Zuhra are playing an antique
game. Fatima is 10 steps ahead of Zuhra. According
to the rules of the game, if Fatima takes one step,
Zuhra must take two steps. ?

A) Step 5 B) Never equal C) Step 6 D) Step 10
Answer: (step 10)

Task 3: There were 14 butterflies in the first
flower garden and 4 butterflies in the second flower
garden. How many butterflies fly from the first flower
garden to the second flower garden and the number of
butterflies in both flowers is equal?

A) 4 B) 5 C) 10 D) Not equal Answer; 5

Task 4: Today is February 10, 2020. Bobur was
walking in the store. Did he know which product in
the store could not be purchased after the shelf life?

A) cheese (March 20, 2020) B) juice (February
8, 2021) C) yogurt (January 23, 2020) D) chocolate
(May 27, 2020) Answer: Yogurt

Task 5: Using the numbers 2,7,1,0, how many
different numbers greater than 10 and less than 30
consisting of two different numbers can you make?

A) 5B) 6 C) 7 D) 8 Answer: 5

Conclusion

In conclusion, such logical questions and tables
serve to further increase the intellectual potential of
pupils. Every pupil is very interested in solving such
problems. In my opinion, such logical, mind-boggling
examples and problems that incorporate questions
from the PISA and TIMSS assessment programs can
only be addressed in our daily math classes.

It would be better to give it not only in 4th grade,
but even in 1-2-3th grades, depending on age and
thinking ability.

Timely and high-quality implementation of the
above task will ensure the integration of the education
system of our country into the international
educational process, to identify gaps in the field and
to identify new tasks. we will bring up representatives
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Introduction

The country's global success depends in many
ways on its ability to create innovative technologies,
develop resources wisely, and formulate long-term
strategies for economic development. Achieving such
characteristics is directly related to the level of
mathematics in general and the mathematical literacy
of society in particular. The most effective and
convenient way to develop the mind in this way is to
teach mathematics.

At the present stage, the problem of intellectual
development of preschool children is determined,
firstly, by the contradictions of the existing curricula
of preschool education, which does not always
contribute to the disclosure of the intellectual potential
of the child. Insufficient development of pedagogical
techniques of teaching mental arithmetic to develop
thinking processes and operations in preschool
children. Therefore, the development of effective
teaching methods and programs aimed at maximizing
the opportunities for the intellectual, creative and
personal development of children, depending on their
age, is of particular importance.

The main part

Mental Arithmetic is an additional general
development program designed for a group of children
who want to improve their logical thinking and are
interested in specific sciences.

Mental arithmetic is the only way to develop
mental and creative abilities harmoniously, which

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.03.95.42

helps to fully reveal the intellectual and creative
potential of the student.

It is known that learning new knowledge
stimulates the brain. The more we use our brain, the
more active the neural connections between the right
and left hemispheres. Then things that seem difficult
or even impossible become simple and clear. In
addition, teaching in an additional general
development program helps the student to develop
logical skills, as well as the ability to think outside the
box without being tied to any template, which allows
them to solve various professional and life tasks in a
unique way.

The Mental Arithmetic program aims to solve
the following main tasks.

1. Develop students' logical thinking practical
skills through the joint work of the left and right
hemispheres of the brain.

2. Improving visual (auditory) and auditory
memory.

3. Increase the ability to concentrate and attract
attention.

4. Develop the creative potential of the student
based on his / her natural abilities (for example,
developing the ability to learn foreign languages).

5. Increase the student's general intellectual
level, including interest in specific subjects, such as
arithmetic and mathematics.

The program is designed for children ages 4 to
12, but can also be mastered at an older age. For more
than 20 years, mental arithmetic has been successfully
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used in educating children in 56 countries around the
world, especially in China, Canada, the United States,
the United Kingdom, Austria, Spain, Australia, and
the Middle East. Among the CIS countries, the
teaching of mental arithmetic is widespread in
Kazakhstan. This program is described as an ancient
Chinese way to harmonize the brain and develop the
body. This program is called " Mental Arithmetic ".
The mental arithmetic program is positioned as an
effective program for developing children’s mental
abilities. This system of teaching oral counting is
based on the use of an ancient abacus count that has
existed for more than a thousand years, so the time and
practice of many generations have been tested.

The abacus is used in the early stages of mental
arithmetic. The students then perform calculations in
their minds and create a fantastic image of the abacus.
The abacus is a Chinese invention called the first
wooden computer. This tool was used to add, subtract,
multiply and divide, calculate fractions and square
roots.Even though it was invented in China, it found
the largest application in Japan. For example, there is
an exercise in abacus or a lesson called soroban is
mandatory for students in grades 3-4. Abacus is a
rectangular shaped wooden abacus-vertical speaker
divided by a longitudinal rod. Each row of knitting
needles contains bones that allow the child to visualize
the basics.4 From the age of 4, the child becomes
familiar with the numbers from 1 to 10 years old and
begins to use the abacus. In the process of performing
arithmetic operations for simple arithmetic exercises,
the child moves the wooden bones simultaneously
with the thumbs of both hands, which contributes to
the harmonious development of both hemispheres of
the brain. In this case, the child learns to express
numbers and mathematical movements in the form of
a certain position of the bones in the knitting needles.
Over time, the child’s attachment to the abacus
gradually subsides and his imagination awakens, as a
result of which he is able to perform the simplest
calculations in his brain after a few sessions, just by
imagining the abacus in front of him. , makes mental
movements with his bones. The child can perform
mental arithmetic operations only after learning to
replace the physical abacus with his own image. The
child can perform mental arithmetic operations only
after learning to replace the physical abacus with his
own image. programs teach children to perform
arithmetic operations at the level of physical
perception. At the same time, they learn to reflect the
numbers in their minds as a picture and begin to solve
problems, adding pictures to the picture, not numbers.
When working on an abacus, several types of
perception at once work according to the leading
analyzer.They are auditory, intuitive, visual. The
abacus sharpens the edges of the bones, which allows
the child to develop fine motor skills. Teachers do not
recommend skipping classes as this can affect the
results - the ability to calculate correctly and the speed

will decrease. The training is conducted in several
stages; In the first stage of the lesson, the mechanical
method of the abacus is used; then the children are
taught to repeat actions on a conscious, intelligent
level, using figurative thinking and imagination.
Practice shows that for many children, the learning
outcome improves not only the identified
computational  ability, but also attention
concentration, memory ability, develops imaginative
thinking, imagination and observation, improves the
ability to analyze and generalize. At the same time,
emotional and voluntary qualities are developed
(independence, determination to achieve results,
voluntary regulation of behavior, self-confidence).

Experts say that with the right approach to
combining knowledge, preschool and primary school
age children demonstrate excellent skills in
performing their arithmetic operations with 2,3,4-digit
numbers. An important factor in the effectiveness of
the program is that the child almost always
experiences a successful situation in the learning
process. The preschooler becomes less dependent on
the teacher, thus forming a cycle of confidence and
motivation. This psychological aspect of teaching
mental arithmetic cannot be ignored, as the
psychological characteristics of preschool children
include a high self-esteem, which means that the child
is not afraid to learn the truth, they are still competent.
engaging in non-profit activities and thus actively
assimilating the social and objective world.

There is almost no serious scientific research in
Uzbekistan on the impact of mental arithmetic on
human intellectual or personal development, but there
are many foreign studies. Michelle Frank, a professor
at Stafford University, concluded after extensive
research in India that mental calculations do not work
in a linguistic, linguistic system, but are based on more
visual experience, in particular the ability to group
multiple objects in parallel to create visual
representations. from Allows you to quickly encode
objects in visual working memory. The scientist,
together with his colleagues, was instructed to
perform arithmetic operations, interfering with the
performance of calculations in various ways (reading,
reading a book aloud, etc.). As it turned out, a student
of mental arithmetic schools showed the highest
results in this program compared to group reading.
The untrained group was more prone to verbal
interventions. The walk of the abacus is not only a
powerful computing tool, but also simplifies the
visualization process (reflecting the image in the
mind). Scientists note that children use the maximum
number of brain cells during abacus movement and
simultaneous counting in their minds, leading to the
development of the right and left hemispheres. The
left hemisphere of the brain is responsible for the
development of logical, mathematical skills,
language, while the right hemisphere is involved in
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creativity, art, imagination, visualization, and
nonverbal aspects.

Conclusion

For children of preschool and primary school
age, it is more interesting and understandable that
knowledge is given on the basis of objective activity

rather than in an oral-theoretical form. In this case, the
lesson turned into a fun game or competition that
contributes to the faster and better acquisition of
knowledge. can be an effective tool for developing the
intellectual abilities of older preschool children.

The scientific research was carried out under the guidance of Zhuraev Vohid Tozhmamatovich, teacher of the
Department of Information Technologies of the Fergana State University.
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Introduction

In recent years, hundreds of studies have been
published on various aspects of Uzbek linguistics. But
there are problems in all areas that need to be studied
in more depth. In particular, the study of the linguistic
features of folklore materials, sources of different
genres is one of such problems.

When studying the linguistic features of the
sources of genres related to the Uzbek folklore and
analyzing the sources of this genre from a linguistic
point of view, their diversity is absolutely obvious.
With this in mind, the study of the language of riddles
is important in determining the specific features of the
Uzbek language [2].

The main part

The wisdom and ingenuity of the people are
reflected in the riddles, which are one of the cultural
and enlightenment heritages of a particular nation.
"Riddles are not only an entertaining game of the
mind, a means of spiritual relaxation, which develops
human perception, observation, poetic imagination,
but also a key role in understanding the spiritual world
and historical past of our ancestors"” [4; 3].

Riddles are among the means of expressing the
thinking, ingenuity, perception of a particular nation,
as well as its responsiveness. Based on this notion,
riddles serve as a means of enriching our speech
through the expression of people's life, worldview,
imagination. In Uzbek linguistics, some research has
been done on riddles. In particular, in the researches

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.03.95.43

of J.Abdullaev, M.Saparniyazova, U.Kabulova the
riddles are analyzed to a certain extent on a linguistic
basis. In extended sense, the scientific works of
J.Abdullaev and U.Kabulova are directly related to the
lexical-semantic features of riddles, while in the
dissertation of M.Saparniyazova the semantic-
syntactic features of riddles are studied on a
monographic basis [1; 3; 4; 5].

“Riddles are based on distinguishing important
features of what needs to be found and events. While
the names of things and events that need to be found
are hidden, its essential features are reflected in the
formal structure of the riddle [5].

When generative lexemes in the Uzbek language
were analyzed directly from this point of view, two
different cases were observed. Firstly, to identify the
units that represent the semantic object, action,
process of "creation" through the riddle. Secondly, the
aim is to uncover the function of generative units as a
means of determining basic content.

For example, in the first case:

If it is cooked, it will be a meal,

If it is not cooked, it will become a bird (Egg) [4]

In the given riddle, two different situations
specific to the egg lexeme are understood, one is the
process of turning an egg into food by boiling and
frying, and the other is the process of turning a chicken
into an egg by opening the egg. Here, the focus is on
the food when the process of cooking turns into a
meal, and if the end is taken into account, not cooking,
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it means the beginning of life that is, breaking the egg
into a bird by pressing.

We have discussed above the anti-semitic
relationship between generative units. Such an
attitude is also reflected in the text of the riddles. The
following puzzles aimed at finding the name of a fish
used generative units related to birth and death:

Born in water, died on earth (Fish).

This discovery gives a special case to the
lifestyle of fish, which assumes that the process of
reproduction (birth) is associated with water, and can
not live on land. It should be noted that in this case the
generative units retained their denotative meaning.

A similar situation is observed in the riddle of the
butterfly insect:

There are wings, there is no blood,

There is no number of eggs laid (Butterfly).

The most important semantics in the meanings
of the butterfly lexeme, namely "winged", "anemic",
"egg-laying", "butterfly" semantics, used to determine
the answer to the riddle. Here, too, the combination of
“laying eggs”, which is a generative unit, save its own
meaning.

Lexemes, which represent a concept that should
also be found in riddles about plants, can retain their
specific semantic properties. For example:

It grows out of the ground,

Gold flows from its heart (Cotton).

This riddle indicates that the cotton is growing
and the harvest is unique and valuable. The semantics
of "creation" and "growth", which are characteristic of
the lexical unit, have a generative character. At the
same time, in this find, the expression of golden flow
is given, and the descriptive expression of the cotton
plant takes into account the sign corresponding to the
combination of white gold.

It is well known that folk riddles usually have a
“two-line semantic structure. The first line is the
surface content derived from the meaning of the
formal structural units, and the second line is the
subtext that is expressed under the structural structural
units and understood on the basis of the listener's
language skills. The presence of original content in
riddles makes it a metaphorical text. This shows that
what is found in the semantic structure of the
metaphorical text and the differential features of the
event occupy a main role” [5].

It can be seen that generative units play an
important role in determining basic content. In puzzles
related to generative lexemes, such a situation is often
overlooked. For example, let's analize a riddle specific
to the cotton plant:

Fluffy mother,

Greasy child (Cotton, seeds).

By means of this riddle, the "softness"
characteristic of the cotton lexeme and the "greasy"
semantic characteristic of the seed lexeme are
understood. Through the lexemes of mother and child

associated with generative units, it is felt that the seed
(child) appears in the cotton (mother).

There are also words related to generative units
such as a mother and a child in the riddle about pepper:

Like blood, no blood,

But with thousand children (Pepper).

Here the meaning of the riddle is determined by
the semantics of "redness” and "plurality” of the seed.
The location of the seed connects the small sign with
the “child” lexeme.

A similar process is observed in the riddle about
the word watermelon:

I wonder something,

He is standing on a stake,

The mother is in the womb of her child
(Watermelon).

The riddle given here is the opposite of the
content, that is, the seed of a watermelon is the mother,
and the watermelon is the child. Usually, the
appearance of the child in the mother's womb, in
contrast to the watermelon, is said to be in the mother's
womb, indicating an important characteristic of
watermelon. In fact, such inverse puzzles can be
applied to all seeded, leguminous plants. The
metaphorical content of the riddles reflects the
ingenuity of the people. It is also clear from this riddle
that the mother, i.e. the seed, the child is the
watermelon, referring to the seed inside the
watermelon through the expression in the womb of the
child. This process can be conditionally expressed as
follows:

MOTHER (SEED) - CHILD (WATERMELON) -
MOTHER (SEED).

Here, along with the semantics of "creation™ and
the semantics of “continuity"”, the role of generative
units in the expression of the subtext is obvious.

In the book "Uzbek riddles", among the riddles
about housing and its equipment, the following riddle
related to housing construction attracted our attention:

In the mother's womb the child lies crosswise
(Tosin, vassa).

In this riddle, the beam is likened to the mother,
the vassal is likened to the child, and the general basis
is "size," the size of the beam is given by the mother's
lexeme, and the fact that the beam is smaller than it is
given by the child.

Among the riddles about home furnishings, the
following riddles related to beds were directly
involved in generative lexemes:

Throat at night,

Nocturnal (Bed).

Apparently, the fact that the bed is used at night,
that is, when a person lays it, is logically connected
with the semantics of the pregnant lexical unit "there
is a child in the womb."

In the following puzzles, which are aimed at
determining the duration of life, the sequence specific
to the period of life, some semantics of the childhood
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lexeme, which are associated with the above, are “The king asks:
manifested with certain features: What are you slaughtering for us as guests?
He walks on all fours in the morning, Then the boy:

He walks on two legs in the afternoon,

He walks on three legs in the evening.

Or:

A seed at four,

Bears at thirty,

Like a chicken at nineties.

(Man - childhood, youth, old age).

In these puzzles, the semantic "beginning"
characteristic of the lexical unit of childhood is given
in the morning, and the semantic "smallness™ is given
in the form of the seed, and the semantic "continuity"
characteristic of the lexeme of life is given at noon
(middle age), evening (old age); The semantic
"growth" is reflected in the following lines.

Five sons from one father.

Or:

Two mothers for five children,

Each has a name (Hand, fingers).

The given puzzles involve father, mother, child
lexemes, and these units are also associatively
associated with generative lexemes. In the riddles, the
father and mother lexemes are connected by the
semantics of “creation™ and "intimacy" with the child
lexeme.

"In riddles, the hidden semantic component is
involved in the expression of the unknown reality into
the known reality as a result of thinking activity, that
is, the information in the riddle consists of
appearances of hidden content without explicit
description of the speaker™ [3]

In particular, Uzbek folk riddles are sometimes
given in verse and sometimes in prose. The riddles
given in the prose are also called fairy tales. For
example, in one of these fairy tales, a proud king goes
hunting, meets a boy when he is not hunting, and the
conversation between them is given as follows:

References:

1. Abdullaev, J. (1993). Lexical and semantic
features of Uzbek folk riddles: Doctor of
Philosophy in Philology ... dissert. Tashkent.

2. Berdiyorov, H., & Rasulov, R. (1984).
Paremiological dictionary of the Uzbek
language. - Tashkent: Teacher.

3. Saparniyazova, M. (2005). Syntactic and
semantic features of Uzbek folk riddles: Doctor
of Philosophy in Philology ... dissert. (p.14).
Tashkent.

4. (1991). Uzbek riddles. (p.3). Tashkent: Teacher.

If we find one, we will kill two.

The king was astonished at the boy's answer.
Then to the ministers:

There is a something tricky in this boy's words,
let's try it, 'he said.

The king went with the sevants to the boy's
house. The boy made the king's people a good guest.
From the king asked from the boy:

Boy, how many sheep have you slaughtered? He
asked. Then the boy:

We didn't find one, so we Killed two, 'he replied.
The king was surprised again:

If you can't find one, where can you find two? He
said.

We had a ewe lamb, but we could not find
another ewe, so we slaughtered that ewe. After
committing suicide, the child also died. That's what it
means to kill two, 'said the boy. (Uzbek riddles,
Child's answer).

Apparently, in this fairy-tale find, the gender of
the sheep is indicated by lexemes such as one or two.
In particular, the two words were used appropriately
to describe throat soreness. Here, through the
semantics of "having a child in the womb" and
"something tricky", which are characteristic of the
sign of pregnancy, it is hidden under the subtext that
the sheep is not a ram (one) but a pregnant sheep
(two).

Conclusion

In short, the puzzles distinguish important
features of things and events that need to be found, and
when generonyms are analyzed directly from this
point of view, the problem of identifying the semantic
object, action, process units and creating the function
of generonyms as a means of illuminating the subtext.
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Introduction

Informatization of society counts as one of the
main trends of the late 20" and the early 21% centuries.
The informatization process is a prospective method
of developing our country economically, politically,
socially and educationally. Currently, numerous
reforms aimed at stimulating the process are
underway. In the meeting held on the 9" January,
2018, and devoted to development of information and
communication technologies (ICT), the President of
Republic of Uzbekistan Shavkat Mirziyoyev stressed
the importance of implementation of these
technologies in governing, economy, social and
everyday life. Moreover, in the videoselector was held
on the 19" March, 2019, and was devoted to paying
more attention to the youth, involving them to art,
physical training and sport, increasing computer
literacy and propagating reading among the youth,
employment of women and girls. During the
videoselector the President proposed five initiatives
aimed at reforming social, cultural and educational
matters. Therefore, it is not surprising, that the third of
the Five Initiative focuses on effective use of
computer technologies among population in general
and youth in particular. Information and

Doi: &os¥e https://dx.doi.org/10.15863/TAS.2021.03.95.44

communication technologies can be employed in
education as well. Introduction of ICT in education,
particularly in elementary classes, increases quality of
teaching and interest of students to a subject. We will
discuss it in the example of Uzbek language lessons.

The main part

Elementary school students get the first
acquaintance with the numeral as early as during
learning the alphabet. For example, in order to enrich
students in all lessons introductory conversations and
dialogs are held. Questions, such as “What is the date
today?”, “How many seasons are there in our
country?”, “How many students are there in our
class?”, “How many of them is absent?”, are widely
used. In order to answer these questions, students
naturally use numbers. Moreover, in mathematics
classes, digits, numerals and operations over them are
taught.

As known, the numeral as a grammatical term is
not taught in the first class. Nevertheless, students are
familiar with numbers and are able to add or subtract.
Based on that, it can be said, that teaching the numeral
in context of mathematics lesson would be much more
effective. To obtain highest results different pictures
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or ICTs can be used. By asking questions, such as
“You have one orange, I give you five more oranges.
How many oranges do you have now? (six). Well,
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In the 1% grade, students get acquainted not only
with cardinal numbers, but also with ordinal numbers.
During this period first year students learn to
differentiate questions such as how many? and
which?, as well as how to write numbers with two
adjoining consonants such as ikki, yetti, to ‘qqiz (two,
seven and nine respectively).

In the second grade material learned in the first
grade is reviewed and consolidated. “In this year
mainly two objectives are accomplished:

1. To create elementary notion of questions how
many? (by which the number of objects is clarified)
and which? (by which the order of objects is clarified);

2. To increase students abilities of asking
adequate questions about the numeral and
comprehending the answers, appropriate usage

Pic.1

what does the word “six” mean? (number of oranges)”
to students, the numeral in Uzbek language can be
introduced.

-~

o =

e T

different types of numerals in speech (ten students vs
about ten students), as well as to teach how to use
dictionaries” [2,262]

In the 1% and 2" grades the numeral is learned
completely from practical point of view. Above
mentioned skills and knowledge are formed while
doing different exercises. Finding a missing number,
asking adequate questions, differentiating cardinal
and ordinal numbers are examples to such kind of
exercises. During the exercises different multimedia
applications can be used in order to interest students.
For instance, the following Power Point presentation
helps students not to confuse cardinal and ordinal
numbers. While doing the exercise students should
mark cardinal numbers with red and ordinal ones with
black color.

Avval sanogni bildirgan sonlarni qizil rang
bilan, keyin esa tartibni bildirgan sonlarni qora

rang bilan belgilang.

Oilamizda bir qiz. to'rt 0'gil  edik.

Men

uchinchi o'g'il cdim. Birinchi sherimni - beshinchi

sinfda
hikoyam  1963- vil

o qivotganimda

hagiqati” gazetasida bosilgan

yozganman.

17- aprel

Birinchi

kuni  “Toshkent

Har gal birinchi  kitobim chigishi bilan onamga

taqdim ctardim. Unga “Birinchi  ustozim Onamga”™

deb yozib berardim

In the 2" grate little time is allocated for teaching
the numeral. Therefore, teacher should pay particular
attention to problems that students face while learning
the numeral.

In the third grade students learn that words that
signify amount and order of objects and people is
called the numeral. Moreover, they understand
theoretically, that the numeral answers question what
number?, how many? and which (by order)?. While
students get general understanding of ordinal numbers

Pic.2

in previous year, in the 3" grade they learn, that the
ordinal numbers in Uzbek language are created by
adding suffix -inchi (-nchi) (roughly -th in English).
Additionally, student learn how to write the
numeral with letters and digits, as well as the fact that
while writing ordinal numbers using digits, the suffix
-inchi (-nchi) (roughly -th in English) should be
replaced by dash (-). Exercises such as transforming
cardinal numbers into ordinals or letter form of the
number into digital and vice versa can be used in
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teaching. Students also should to learn that the
numeral is a secondary part of speech, it usually
bounds with a noun and is marked by wavy underline.

Students vocabulary should be enriched by
homonyms, and special care should be paid so that the
numerals are not confused with paronyms in speech.
The fact, that numbers such uch, girq, yuz (three, forty
and hundred respectively in this particular context, but
have additional meanings) can have meaning other
than numeral, should be explained using examples.
Students should also be taught not to confuse
paronyms such as fo ‘rt-tort (four-cake), yetti-yetdi
(seven-arrived).

Letter form of the numeral is taught in the 4%
grade completely. Learning material in this year
include: When writing compound numbers using
letters, each component is written separately: yetti yuz
sakson (seven hundred eighty); While writing ordinal
numbers using Arabic numerals dash is used, while
using roman numerals, dash is not used; Special
attention should be paid to numbers with two
adjoining consonants; Ordinal numbers are often used
with units of measurement (bunch, bag, kilo, etc.).
Computer technologies can be effectively used in this
process. Games, such as following teach students to
write numbers correctly.

Sonlarni o' qing va ifodalanishiga ko'ra guruhlarga ajrating.

Harfiy ifoda

Ikkinchi qavat

Arab raqami
1991-yil

2020-yil

Rim raqami
XX asr

IV sinf

XTI sessiya

Beshinchi uy

Jr-avgust

Students also learn, that the numeral binds with
a noun and the numeral is not formed.

The role of the numeral in our speech is
demonstrated by replacing them with adjectives (few,
little, a lot).

“After learning the numeral students should have
following skills and knowledge:

1. The numeral signifies number and order of
objects and people;

2. The numeral answers the questions what
number?, how many?, which (by order)?;

3. The numeral binds with a noun;

4. The numeral is a secondary part of speech;

5. How to write the numeral correctly;

6. Correct use of the numeral grammatically and
situationally in spoken and written speech;

References:
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Pic.3

7. Homonyms of certain numbers;

8. How to replace the numerals with other parts
of speech signifying quantity” [2, 263] .

In elementary school notional types of the
numeral is not taught.

Conclusion

In conclusion, in should be stressed, that usage
of ICT in education increases the effectiveness of a
lesson, develops knowledge, skills and compete*nce
of students, helps to retain information for longer time
and to avoid difficulties in teaching abstract notions.
Therefore, favorable conditions should be created for
pedagogue to develop his/her computer competencies
and to self-improve.

3. Zokirov, M. T., & Zokirova, S. M. (2020).
Contrastic  Analysis At The Phonetic
Level. Academic Leadership (Online
Journal), 21(05), 163-169.
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Introduction

Today, many positive changes are taking place
in the education system of our country, in the system
of primary education. At the same time, the
development of speech of primary school students,
equipping them with the necessary language materials
for free communication with the outside world, should
be one of the first requirements of the teacher. To give
a speech, a student needs to know the meaning,
pronunciation, and spelling of certain words [10].

The richer the vocabulary, the more meaningful
and beautiful the speech, and the clearer and easier it
is for the listener to understand it [1, 148].

The main part

The use of dictionaries in reading lessons is an
important part of increasing students' vocabulary,
introducing them to different dictionaries, and
developing their skills in using these dictionaries.
Students need to have the necessary knowledge and
skills to use dictionaries quickly and correctly. One of

Doi: éros¥® https://dx.doi.org/10.15863/TAS.2021.03.95.45

the most important of these skills is a good
understanding of the alphabet. A student who does not
know the alphabet by heart will not be able to find the
word he needs using a dictionary [3, 4, 5].

To illustrate this, glossaries are provided at the
end of elementary school textbooks. The main goal is
for students to be able to work with a dictionary as
they search for the meaning of words they do not
understand.

We know that the use of annotated dictionaries,
in addition to the interpretation of words, depends on
which language they are derived from, its meanings,
polysemous words, figurative expressions and
phrases, phraseological units, the style of the word.
helps to determine. However, the glossaries in
elementary school textbooks are much simpler, with
only words and their explanations and meanings

[6, 7, 8].

Let's look the dictionary given at the end of the
3rd grade textbook by M. Umarova, H. Hamrokulova,
R.Tadjibayeva.
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Table 1. Use of assimilation words in a grade 3 reading dictionary

Ne Words The meaning of the word From what language
borrowing

1 | Afv Sorry Uzbek

2 | Ajnabiy Foreign or belonging to foreigners Persian - Tajik

3 | Ardoglaydi Be careful, be sorry Uzbek

4 | Ark A fortified part of the Khan's palace Persian - Tajik

5 | Armon Regretful of unfulfilled dreams or untimely deeds Persian - Tajik

6 | Ayamajiz Ayyomi ajuz; the last week of winter Pure Turkish

7 | Asrandi An adopted child in the care of another parent Uzbek

8 | Bandi Captive Persian - Tajik

9 | Behuda Useless Persian - Tajik

10 | Bekvachcha A child born to Beck; bekzoda Uzbek

11 | Bemador Weak, no cure Persian + Uzbek

12 | Bemajol Weak, no cure Persian + Uzbek

13 | Bigiz A shoemaker's wooden tool Uzbek

14 | Bo‘z Cotton yarn on hand loom Arabic

15 | Donishmand Knowledgeable, scholarly, wise Persian

16 | Doro King of the Iranian state Persian - Tajik

17 | Ehtirom High respect, honor Arabic

18 | E’zoz Respect, honor Arabic

19 | Fagirona Poor Arabic + Persian

20 | Farovon Everything is perfect, everything is in abundance Persian

21 | Faxr Satisfaction, pride Arabic

22 | Firga Group, gang Arabic

23 | Fuqaro A permanent resident of a country Arabic

24 | Fursat The best time to do a job Arabic

25 | Gadoyvachcha | Beggar child Uzbek

26 | Go‘sha Deserted or deserted area; dull Persian

27 | Hakim A sharp doctor Arabic

28 | Hijron Separation, loss Arabic

29 | Himmat Kindness, blessing, help to someone Arabic

30 | lltifot Good attitude, attention Arabic

31 | Imon Faith in the power of God Arabic

32 | Iste’mol Use, consumption, food and drink Arabic

33 | Ittifoq A group, society, or state working together, an association Arabic

34 | Jam Collected Arabic

35 | Jarohat Injured, wounded place Arabic

36 | Jiddiy Thoughtful Arabic

37 | Jur’at courage, determination Arabic

38 | Kayfiyat Condition, state, state of mind of a person Arabic

39 | Kashf To discover, to create Arabic

40 | Klaviatura The sum of the keys in different mechanisms German

41 | Kulfat A tormenting, painful situation Arabic

42 | Ko‘hna It's been a long time coming, ancient Persian

43 | Lavozim Rank Arabic

44 | Manzil A place to stop or reach on the road Arabic
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45 | Matonat Endurance, perseverance Arabic

46 | Manglay Forehead Mongolian

47 | Mezbon The host Persian

48 | Mijoz Regular customer Regular customer Arabic

49 | Mirza The person who did the writing; secretary Arabic + Persian

50 | Misli Like Arabic + Persian

51 | Mulzam Guilty, embarrassed Arabic

52 | Naf The result of a work or thing, a benefit Arabic

53 | Notavon Weak, crippled, helpless Persian

54 | Parishon Scattered, chaotic, messy Persian

55 | Qadr Respect, attention Arabic

56 | Qaroqchi Robber Uzbek

57 | Qiyofa Appearance Arabic

58 | Qulun A one-year-old mare, a mare Uzbek

59 | Samoviy Heavenly Arabic

60 | Sarvar Guide Persian

61 | Sekund Seconds Lotincha

62 | Tanob Unit of measure Arabic

63 | Tarh Appearance, project Arabic

64 | Tanho Alone Persian

65 | Ulamo Scientist, scientists Arabic

66 | Ungur A steep hill in the mountains, a cave Uzbek

67 | Xulg Human behavior Persian - Tajik

68 | Gearib A lonely, alien man Arabic

69 | Zarb Hard hit, force, intensity Uzbek

70 | Sha’n High human quality, dignity, good name Arabic

71 | Shon Mahsi or boot mold Arabic

72 | Chilpish Cutting the ends of trees, branches Uzbek

As can be seen from the table above, the
dictionary in the 3rd grade textbook contains a total of
72 words, of which only 11 are Uzbek words. Most of
the remaining words are in Arabic, some are from
Persian-Tajik, and some are from other languages:
Russian, German, Mongolian.

Conclusion
In recent years, a number of words from
European languages have entered our language, along
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IMNCUXOCOLUAJIBHOE COCTOSIHUE YUYALIUXCS BO BPEMS TIAHAEMUU COVID-19
(0030p JMTEPaTYpPHI)

Annomayun:. B cmamve npedocmaenen 0030p AUMePAMYPHbIX OAHHBIX NOCEAUCHHBIN  U3VUEHUIO
ncuxocoyuanvHo2o cocmosnus yyawuxcs 6o epems nandemuu COVID-19. B pabome ananuzupoeanvi mayunvle
cmamubu onyonukosantsie 8 3apyoesicnou rumepamype ¢ 2020-2021 ee.

Knrouessie cnosa: oucmanyuonnoe ooyuenue, cmpecc, ncuxuieckoe 300posve, cmydenmsot, COVID-19.

BBenenne CTpaHe, 9acTO Ha3bIBaeMOU «KapaHTHHOM)», KOTOpas

B nmexabpe 2019 roma B ropoxe YxaHb npeyCMaTpuBaeT — pas3leicHHe ¢ OTrPaHUYCHUE
npoBUHINK Xy03# B KuTae ObIJI0 3aperucTpupoBaHO rpaxaad. KpoMe Toro, mKOJIBl, yHUBEPCUTETHI, U BCE
TPEBOXKHOE 4YHCJIO CJIly4yaeB ITHEBMOHHH, 4YTO MecTa, TJie MOTJIM COOMPAThCs JIFOJH, AOJIKHBI ObLIH
BBIHY/JIMJIO KHUTAWCKOE IPaBUTENLCTBO OOBSIBUTH OBITh 3aKPBITHI JI0 JaTbHEHIIIETO yBeoMIIeHHUS [2].
Ype3BbIYAiHOE MIOJIOKEHHE. Bcxope OBLIIO0 Xots neyenne u nepegada COVID-19 BeizBanu
YCTaHOBIICHO, YTO AT CJIy4au ObUIM BBI3BaHbI HOBBIM CEepbE3HBIN UCCIIE0BATENCKUI HHTEPEC, HE CICAYyeT
KOpOHABHPYCOM TI0J Ha3BaHWeM KopoHaBupyc 2 VIyCKaTh W3 BUAY IICHXOCOLIHAIBHBIC ITOCIECICTBHI
TSDKEIIOTO  OCTPOTO  PECIUPATOPHOTO  CHHIApOMA MAHJIEMUH, ITOCKOJNBKY YK€ €CTh [0Ka3aTelbCTBa,
(SARS-CoV-2), KoTOpbIii CTaJ IMUPOKO U3BECTEH KaK CBUJICTENECTBYIOIIME O TOM, 4TO TMAHAEMHUSI W
COVID-19 [1]. BBEJICHHE CTPOTUX MEpP MOTYT ITOCTABUTH IO yTPO3Y

Becnoit 2020 roma MHOTHE CTpaHBl PEIIMIIN TICUXMYECKOE 3/10pOBbe Joziel. B wacTHOCTH, OBLIO
MPUHATh MEPBI IS CACPKUBAHMS TIEPBOM BCIBIIIKH BBISIBJICHO, YTO COLMANbHAS U30JISLHS M OIMHOYECTBO
nanjaeMun. I[lockoibKy 3TO 3a00JieBaHHE MOXKET BO BpPEMsi M30JISILIMM MOTYT TTOBBIIIATh PUCK PA3BUTHUS
nepenaBaThCsl Kak OT CUMITOMATHYECKHX, TaK M OT JITIPECCHU U TPEBOXHBIX paccTpoiictB. Kpome Toro,
0ecCUMNTOMHBIX ~ CJydaeB, Hauboiee  IIMPOKO COO00IIAeTCsI, YTO Y JIFO/IeH, TOMEIlIEHHbIE B KAPAHTHH,
UCIIONIb3YEMOIl  cTpaTerneil 1o  MpeKparieHHio MOTYT pa3BHUTHCSI HETATHBHBbIE SMOLIMH, TAKHE KAk
pacnpoctpaHeHuss MHGEKIHH ObUI0 MaKCHMaJIbHOE pa3pakuTeIbHOCTh, CTpax, pa3ovyapoBaHUe, CKYKa,
COKpAIlIeHHE COIMAIbHBIX B3amMoJieiicTBuil. BiacTu 3aMEMIATeILCTBO, THEB, a TakXke pa3InIHbIC
[0 BCEMY MUPY PACHOPSIIUINCH O JIOKAAyHE 10 BCEH CTpeccoBbie pacctpoiicTBa u 6ecconnuna [3,4]. Tlpu
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3TOM, HEO0XOAMMO ¢  0co0Oif  BaKHOCTBIO TOM, 4YTO JaXe CTYyOCHTBl  YHHUBEPCHTETOB,

HOH‘ICpKHyTL, qToO 3TO prHHOMaCHITa6HOC HUCIIBITBIBAKOT BBIpa)KeHHyIO TpeBO)KHOCTB nu

MHQPEKIIMOHHOE COOBITHE B 00JIACTH OOIIECTBEHHOTO
30paBOOXPAaHEHHsI OKA3aJl0 OTPOMHOE JaBJICHUE KaK
Ha MEIULIMHCKUX DPAOOTHHKOB TaKk M HA CHCTEMY
oOpa3oBaHus. DMUAEMISI TIPUHECTA HE TOJIBKO PHCK
CMEpTH OT BHUpPyCHOH  wHHpexIMH, HO U
TICHXO0JIOTHYECKOE JIaBJICHHE HA JII0JIH BO BCEM MHUDE.
[Iponomxkaromieecss paclnpocTpaHEHHE SIUIEMHHU,
CTpOTHE  Mepbl H3OJSIIMH M 3aJEepPKKH  C
MOCTYIUICHHEM B IIKOJIBI, KOJUIC/KH M YHUBEPCUTETHI
MO BCEW CTpaHe MOTYT IOBIIUSIOT Ha NCHUXHYECKOE
300pOBbe 00ydarommxcs [5].

esas 0630pa. L{enbio mpoBeeHN HACTOSAIIETO
JUTEPaTypHOTO 0030pa ABIETCS aHAIH3 3apyOeKHOH
JUTEPATYPHI MOCBSIICHHBIE U3YYCHHUIO
NICUXOCOLMAILHOTO COCTOSIHHUS YYaIlXCs BO BpeMs
HaHJAEMUAH KOPOHABHpPYCa.

Metoapl. Brun npoaHanmu3upoBaHbl pPabOTHI
onyonukoBanubie B 2020-2021 rr. B 0a3e maHHBIX
PubMed. TTouck craThei MPOBOMHUICS MO KIFOUEBBHIM
CIIOBaM  «JJMCTAHIIMOHHOE OOYy4YEeHHE», «CTPEccy,
ICUXUYECKOE 370POBbE», «CTYAeHTH, «COVID-
19»

Pe3yabTaThl uTepaTypHOro o63opa Ilepexon
CHCTEMBI 00pa30BaHMs M3 TPAAULMOHHOW (GOpMBI B
IHMCTAaHIMOHHYIO, CTal 0co00 MpOOJIIEMHBIM IS
oOyuarommxcs. JleTH, MOOPOCTKH W  CTYACHTHI
YHUBEPCUTETOB HCIBITHIBAIOT CTPECC BO BpeMs
KapaHTHHA, MOCKOIbKY MM IPHXOIUTCS MPOXOIUTH
JIINTCIBbHBIC nepuoabl U301 HU oT CBOHUX
OJIHOKJIACCHUKOB, JApy3eH, yuureneil. Ilpu 3t1om,
HeO6XOI[I/IMO OTMCTUTH, YTO ACTH OoJee YA3BUMBI K
npobiieMaM C TCHXHYECKHUM 3JI0POBbEM H3-32 MeEp
COLIMAJILHOTO JIUCTAaHIUPOBAHHS 110 CPAaBHEHHUIO CO
B3pOCIIBIMH, U YK€ €CTh COOOLIEHHUS O MOJPOCTKAX,
UCTIBITHIBAIOLIHUX [UIOX0€ ICHXUYECKOE COCTOSHHE BO
Bpemsi kapantuHa COVID-19 [6]. Ilangemus
COVID-19 BeBBaza OrpOMHBIE W3MCHCHHS B
NOBCEJIHEBHON JKM3HM JeTeil W TOIPOCTKOB, W
U3BECTHO, YTO CTPECCOBBIE COOBITHS B paHHEM
BO3PACTE MOT'YT IPHBECTH K ICHXUYECKOMY CphIBY. B
YAaCTHOCTH, HECKOJILKO PacCTPOMCTB NCHUXUYECKOTO
3/I0POBbSI BO3HHKAIOT B MOAPOCTKOBOM BO3pacTe,
KOIJla  COCTOSIHHE  IICUXHYECKOTO  3JI0POBbS
(hopMupyeTcs, HO BO BpeMs ITaHIeMHH KOPOHABUpPYyCa
COLIMAJIbHOE JIMCTAHIIMPOBAHUE MOXET O00OCTPUTH
WM yCYryOMTh IICHXOJOTMYECKUil aucOanmaHc u
NCUXUYECKUEe 3a00NeBaHMsl Y JIIOACH HMEIOIIUX
npoOJIeMbl C TICHXWYECKHM 3710poBbeM. Hapymienue
pacrmopsiika IHS W TMOTepsl KOHTaKTa C TPYIIIOH
MOJJIEP)KKA CBEPCTHUKOB MOTYT BBHI3BAaTh YyBCTBO
HEYBEPEHHOCTH, 0COOCHHO Y TEX, Y KOTO YK€ HMEETCs
Jmcbananc TICHXUYECKOTo 3710poBbs [7,8]. MHorue
IMPOBEACHHBIC HUCCJICIAOBAHUA U3yYalId IMCUXUICCKOEC
COCTOAHHUEC CTYACHTOB, YYCHUKOB CTApHINX KJIACCOB,
KOTOpBIE SBIISIOTCS O0Jiee YCTOWYMBBIMH K PE3KHM
M3MEHEHHSIM B OOIIECTBE 4YeM JeTH MJIaJIIero
HIKOJILHOTO BO3pacTa. XOTs UMEIOTCSl COOOILEHHUS O

00ECITOKOCHHOCTh B CBSI3HM C 3aJICPKKOH B ydeOe U
ausareM COVID-19 na ux ycneBaemocts [9].

B mureparype ykaspIBaeTcsA, UTO COIMAJIbHAS
M30JBIIUS MOXKET TPUBECTH K JICTIPECCHH, TPEBOTE
WIA COMAaTHYECKUM CHMIOTOMaM, a TaKke K
MICUXOTUYCCKUM MPUCTYIAaM ©  CyHIUAAJIbHBIM
MBICTISIM, TIPUYEM MPOICHT TaKUX CIIy4acB BBIIIC Y
MOJIONBIX Jirofeil. Takke MOTyT pa3BHBaThCS
AIUKTUBHBIC  PACCTPOWCTBA M  PAcCTPOMCTBA
MbInuieHus. bonee Toro, OOJIe3Hb MOXKET BBHI3BaTh
CTpax CMepTH, OECIIOKOMCTBO, NENPECCHI0 M Jaxe
CTHTMY Y T€X, KTO HaXOJHUTCS Ha KapaHTHHE. JlaHHbIC
MOKa3pIBaIOT, 4T0 BO Bpems manaemun COVID-19
YyBCTBO CTpaxa, HEPBO3HOCTH, TIEUAIIH U CBSI3aHHOM C
TPEBOTOM OECCOHHHWIIA BHINIC Yy TIOMEIICHHBIX B
KapaHTHH JeTeH W MOAPOCTKOB 10 CPAaBHEHHIO C HX
CBEpPCTHHKAMH, HE MOMEIICHHBIMU B KapaHTuH [10].

Kpusuc MoxeT To-pasHOMY IOBIUATH Ha
COllManbHble OTHOIIeHMs Jrojeid. CouuaibHbIe
OTHOILIEHHUS - 3TO MOCT COLIMAJIbHON Moanepk Kku. Bo
BpeMsl KpU3KCa COIMaJIbHAS MOIICPIKKA MOXKET OBITh
BaXHee, 4eM Kkorja-mubo. Ho B To ke Bpems
¢usndeckass OMM30CTh W BO3MOXHOCTH IS
B3aMMO/ICHCTBHS Ba)KHBI IJIS PA3BUTHS M YKPEIUICHUS
COILIMAITEHBIX CBsI3CH. [ockoabky JTUYHBIC
B3aMMOJICHCTBHS W CITydaifHbIe BCTPEYH CBEICHBI K
MUHUMYMY n3-3a Mep COLMAITEHOTO
IUCTAHIIMPOBAaHUS, BIOJHE BEPOATHO, YTO JIFOIU
COCPEIOTAUYHMBAIOTCS HAa TEX OTHOIICHUSIX, KOTOPHIC
SIBJISIIOTCSI TIPOCTPAHCTBEHHO OJNM3KUMH, Hauboiee
3HAYMMBIMM WM  HauOojiee  YCTOSBIIUMHCS.
YacTUyHO HMX MOXHO HallTM 3a mpenenaMmu
CTYJIEHYECKOT0 COODIIECTBa, HAIPUMED, B CEMbE U B
kpyre gapyseir [11]. Xorts ofmiee  BimsHHE
VHUBEPCHTETCKOH cpeasl Ha o0pa3oBaHHE U
IICUXUYECKOEe 3I0pOBhE BCE €Il HEU3BECTHO,
OKUJIaeTCsI, YTO OHO OyJeT OYeHb 3HAYUTEIHHBIM.
YuuTeIBasg BBICOKYIO YacTOTy OMOIMOHAIBHBIX
PACCTPOHCTB y CTYACHTOB YHHBEPCHTETOB, MOXHO
OKUJIaTh, YTO TEKYIIas CHTyalus MOXKET OKa3aTb
3aMeTHOE BJIMSHHUE Ha 3Ty momysnuio. Hanpumep, B
HEJIaBHEM KCCJICIOBAHUH, MOCBSIIECHHOM CTYACHTaM
KATACKUX MEIUIIMHCKUX KOJUICIKeH, coodiraercs,
4yTo 00Jice BBICOKHI YPOBEHb TPEBOXKHOCTH OBLI
cesi3aH ¢ (akropamu, cBszanHeiMH ¢ COVID-19,
TaKAMH KaK 3HAKOMCTBO C  MAIUCHTOM C
muarHoctupoBaHHeiM  COVID-19.  AnanorundHeiM
00pa3oM, JaHHBIC HHOCTPAHHBIX CTYACHTOB IIOKA3aJH
pocT  OOECIOKOGHHOCTH  HE  TOJBKO  CBOMM
oOpa3oBaHHeM, HO W OJaromoiydymeM HX CeMei B
Cllydae MX BO3BPALICHUS JOMOW M3-3a MPUOCTAHOBKH
OYHBIX 3aHATHH [12]

IMaugemuss COVID-19 BHecna cTpyKTypHBIC
U3MEHCHHS B CTPATEIMHU MPEIOAaBAHUSI U O0YUCHUS.
CTyIeHTbI YHUBEPCUTETOB IPOI0JIKIIN 00YICHUE BO
BpeMs MaHAEMHUH C TOMOIIbI0 MIaTdopM OHIANH-
obyuenns. OJHAKO pe3yJbTaThl OHJIANH-OOYYESHWHsI
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pa3nuyanich B pasHbIX CTpaHax. Ha HUX MOBIUSIH
UHQPACTPYKTYpPHl  OHJIAWH-OOyUYeHHs, TaKHe Kak
JOCTYIIHOCTh W CKOPOCTh HWHTEPHETa, a TaKkKe
JOCTYITHOCTD 3JICKTPOHUKH M KOMIIBIOTEpoB [13].

IMockonbKy MHOTHE YHHUBEPCHUTETHI
MPUOCTAHOBWIIM O0Y4EHHE B TPAJAUIIMOHHOM PEXKUME
U TepeluId Ha OHJIAiH-00yUYeHne, KU3Hb yUYaluXCst
pe3Ko HW3MeHWIach. B TO BpeMs Kak Mepbl
COI[HANIBHOTO JIUCTAHIIUPOBAHUS MOTYT YCIIEIIHO
3aMeJUTUTh PACIPOCTPaHEHUE UHPEKIMU U OOJIETIHUTh
paboTy cHCTEM OOLIECTBEHHOI'O 31pPaBOOXpaHEHMS,
OHM MOTYT YCHIHWTh COLHUAIBHYIO  H30JISIHIO
YUYAIUXCSl W TMOBIHUATH HA HMX ICHXOJIOTHYECKOE
Onaromnojydde M ICUXHUYecKoe 310poBbe. Haxomsch
MO/l CHJIBHBIM JIABJICHUEM C LIENbIO aKaJIeMHUYECKOM
yCIIEBAEMOCTH, CTYICHTBI CKJIOHHBI K Pa3BUTHUIO
npo0bJieM ¢ MICUXUIECKUM 3[0POBbEM. Y TBEPIKAALCTCS,
YTO COIHATBHBIC CETH YYAIlUXCS SIBISIFOTCS BAYKHBIM
(hakTOpOM CMSITYEHHs CTpecCa M MOBBILICHUS HX
3¢ (HeKTUBHOCTH. YMeHblIeHHe COIMAIIbHBIX
B3aUMOJEHCTBU, OTCYTCTBUE COLIMAIIbLHOU
MOJJICP)KKA Y BHOBb BO3HHUKAIOIIME CTPECCOPHI,
cBsi3anHble ¢ kKpusucom COVID-19, moreHnmanmbHO
MOTYT HETaTHBHO TIOBIUSATH HA ICHUXHYECKOE
3mopoBbe yuamuxcs [11]. B xome ommaitH-ompoca
ObUTH COOpaHbl JaHHBIE O MCHUXHMYECKOM COCTOSIHUH
HaceneHnu Kuras B Hagane Benbimku COVID-19. On
MOKA3bIBAET YMEPEHHOE U TSDKEIIOE MCHXOJIOTHYECKOE
BO3JieiicTBIE Ha OOJBUIYI0 YacTh HCCICAYEMOTO
Hacenenus (53,8%), HO TakKe BBICOKHN ypOBEHb
YMEpeHHOH W TsmKenmod TpeBokHOCTH (28,8%),
nenpeccuBHbIX cumnTomMoB  (16,5%) wu  ypoBHs
ctpecca (8,1%), ¢ Gosee BEICOKUM MPOLIEHTOM CPEIH
CTYJICHTOB, CHIIMH U JIFOJICH C IIOXUM COCTOSHUEM
310poBbs. Mccnenosanue, nposeaeuuoe B Mcmannu
BO BpeMs MaHJIEMUH, MOKA3bIBAET, YTO CHMIITOMBI
TPEBOTH, CTpecca H JCNPECCUU, HU3IMEPEHHBIE C
moMomplo mkanel DASS (mkanma nempeccun u
cTpecca), BBINIE Y MOJIOJBIX JIHOJCH, CTPaarolinX
XpoHuueckuMu 3aboneBanusmu [10].
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BUCIHEPAJIBHAS 1 TIOAKOXKHAS ’KUPOBASI TKAHBb KAK ®AKTOP PUCKA PA3BUTHS
JANABETA (iuTepaTypHblii 0030p)

Annomayusa: Odicupenue AGIAEMCA CAMbIM PACHPOCHPAHEHHLIM (QAKMOPOM PUCKA PA3GUMUS MHOSUX
HeuHpeKyuoHHbIX 3a60aesanul. Haxonienue #cupoeoll mKanu 6 OnpeoeieHHblx 0ONACHAX meaa Modcem Obimb
CBA3AHO C PATUYHBIMU PUCKAMU Ouabema. H3661mounas 6UCYepanrbHas Jcuposas MKAHb, NOLOHCUMENbHO CEA3AHA
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C PUCKOM pa3zeumusi Ouabema, Ho acCoyuayusi NOOKOICHOU JCUPOBOLL MKAHU 8 OPIOWHOU Ui bedperHot obracmu u

Juabema 00 cux nop ocmaemcs nPeoMemom CHopos.

Knrouesvie cnosa: oowcupenue, yeHmpanivHoe oxcuperue, GUCYepaIbHAs ADOOMUHANLHASL HCUPOBAS TKAHD,
abO0OMUHANLHAS NOOKOHCHASL HCUPOBASL MKAHb, CAXAPHBLIL Ouabem.

BBenenue

PacnpocTpaHeHHOCTh OXHUPEHHS YBEIHUIIIACH
BO BceM Mupe 3a mociemaue 50 ner, JOCTUTHYB
ypoBHs naHgemun. OKHPEHUE - ITO TETEPOTCHHOE
COCTOSIHUC C WHIUBHIYadbHON BapuaOeIbHOCTHIO
OTJIOXKCHUH KUPOBON TKAHM U CBA3AHHBIX C HUMH
METa0OIMUYCCKUX OCIOKHEHUH. OXUPEHUE SBIACTCS
OCHOBHBIM (DaKTOPOM pHCKa Pa3BUTHSA CaXapHOTO
quadera 2 tuna (CJ] 2), HO 3TOT PUCK HEOAHOPOAEH
cpenu JIOACH ¢ pa3sHBIM  BHIOM  OJKHPEHUS.
HezaBrucumo oT o0miero OXupeHHs, ICHTPAIHHOE
OXKHUpPEHHUE SBICTCS YCTAaHOBJICHHBIM (hakTopoM
pHCKa MHOTHX COLMATEHO-3HAYNMBIX
HerH(EKINOHHBIX 3aboneBanmii [1,2,3].

Henr  aurepatypHoro o63opa. Ilemsio
HCCIICIOBAaHMS  SABJSICTCS  M3Y4YCHHE  JIaHHBIX
JUTEPATyphl MO OXUPCHHIO, BHUCICPAILHOU U
MOAKOXXHOW a0JOMHHAIIBHOM JKUPOBOH TKaHH B
KadyecTBe (pakTOpa pHCKa pa3BUTHsA auadera.

Metonnl. B nmanHO# craTthe MpoBEIcH 0030p
JUTEPATypHl IO KIIOYCBBIM CIIOBAM «OKUPCHHUEY,
«IEHTPATBHOE OXKHUPEHUEY, «BHCLEpaNTbHAS
abIOMUHANIFHAS KUPOBAs TKAHB», «abJOMUHAIBHAS
MOJIKOKHASI JKUPOBAsI TKAHBY, «CaXapHbIA AHa0eT B
6asax nanubix PubMed u ScienceDirect.

Pe3ysabTaThl JINTEPATYPHOTO 0030pa.
KoHtposnp moTpebieHuss © pacxoia dJHEPruM -
OCHOBHBIC MEXaHHM3MbI, C ITOMOIIBIO KOTOPBIX
JocTHraeTcs 3HepreTudeckuil 6amanc. IIpaBuibpHOE
00BsICHEHHE MATO(OU3UOIOTHH OXKHUPEHHUS BKIIOYACT
JIBa TMAapajuICbHBIX MEXAHU3MOB - OJHO C TOYKH
3peHHs OallaHCca YHEPTHH, a IPYTOe - C TOUKH 3PCHHS
nuTanus [4].

XoTd OXHUpEHHE TPAAWIHOHHO CYHTAIOCH
0ONe3HbI0  JHEpreTHdYeckoro nucbamaHca,  e€ro
STHOJNIOTHS  OYEHBb CJIOKHA U BKIIOYaeT
B3aUMOJICHCTBHE MEXTY TCHETHYECKUMH,
9KOJIOTHYECKUMH, (U3HOTIOTHYCCKIMU,
MOBEICHYCCKUMH, COIIHMATBHBIMHI U SKOHOMHUECKUMHU
tdaxropamu [5]. Pasmepsl U ¢opma Tena malueHTa
MOTyT  OBITh  WCIIOJIB30BAHBI  JJII  OICHKH
HU30BITOYHOTO Beca W OxupeHus. JByms Haubosee

JOCTYITHBIMU M3MEPEHHUSAMH pa3Mepa Tela SIBISIOTCS
poct u Bec. Kak Bmepseie coobmmn B 1842 roxy
Anonbsd Ketie, Bec y B3pocibIx Jtozieil Bappupyercst
B 3aBHCHUMOCTH OT pocTa. Pa3nenuB Bec Ha pocT B
KBajpate (Kr/M?), HaXOAWUTCS WMHIEKC MAacchl Tela
(UMT). BosHukmas mATh AECATHICTHH Has3aj
00J1acTh SMUJIEMUOJIOT U TUTAaHUsI MOOyAnna AHcena
Kuza u ero xomser uckath nNpocToil MHAEKC (OPMBI,
CUJIbHO KOPPEIUPYIOUINI ¢ BECOM, HO HE 3aBUCSIIUI
or pocra. McciemoBarenn W3YYWIH HECKOIBKO
rmokasaresei (GOpMBI Tella, CBSI3aHHBIX C 0)KHPECHUEM,
KOTOpBIE OLCHWBAIUCh C TIOMOLIBIO METOJOB
MMOBOTHOTO  B3BEIIMBAHWSI M AHTPOMOMETPUH
KOXHBIX CKJIafoK. HamOompImas Koppemsmust Mex Iy
OILICHEHHBIMU TIOKa3aTeIIMH OXHUPEHHUS U HHAECKCOM
(opMBbI OblTa JUIA Beca/pocTa 2, HepeuMEHOBAHHOIO
u3 wuHnekca Kerne B HMMT. MHorouyucieHHsie
UCCJIEJOBAHMsI U3ydailu B3auMocBs3b Mexay UMT u
KIMHUYECKMMH MCXOJAaMH, IIOKa3ald, 4YTO PHCK
3a00JIeBaHUsI U YPOBEHb CMEPTHOCTH BBIILIE Y JIIO/ICH
¢ HMMT Ha HWKHEM H BepxXHEM KBapTHUIISAX
TIOMYJISIITAOHHOTO pacrpeneneHus UMT.
IIpomoimkaroTcs criopsl 00 «ontuManbHOM» UMT mist
MoNAepKaHUS ~ 30pOBbS W JONTOJNETHS, HO
CYIIIECTBYET TOYTH BceoOmiee TIpU3HAHUE
JIMana3oHOB, COOTBETCTBYIOIIHUX KPUTEPHIO 310POBBS
[4].

ToyHas mpUYMHA OXUPEHUS HEU3BECTHA,
OJTHAKO, CYIIECTBYET CJIOKHAS B3aUMOCBS3b MEXKIY
OHMOJIOTHYECKHUMU, MICUXOCOIMATLHBIMH u
NOBE/ICHUYECKMMH (PaKTOpaMHu, KOTOPBIE BKIIIOYAIOT
TCHETHYCCKUH (HaKTOp, COIHMATBHO-IKOHOMHYECKUI
CTaTyc ¥ KyJbTypHBbIC BIUSHUSL. OKUPEHUE CBA3aHO C
SIUTCHETUKOM, yBENHMYEHHEM BO3pacTa MaTepw,
MIAPUTETOM POIOB, HEIOCTATKOM CHA, SHIOKPUHHBIMHU
HapYIICHUSIMH, (apMaleBTHIECKAM STPOTCHE30M, a
TaKkkKe BHYTPUYTPOOHBIMA W HACJICACTBEHHBIMHU
(axropamu. KoMopOHIHBIE COCTOSHUS U UX JICUCHHE
TaKKe MOTYT OBITh (DAaKTOPOM pHCKa pa3BUTHUS
oxupeHus. B Tabmmme 1 mnpeacraBieH CIHCOK
OPUYKH Pa3BUTHS OKupeHus [6].

Taoauua 1. Ilpuyunbl pa3BuTHs oxupenust [6].

IlepBHYHbIE NPUYHHBI

I'enemuueckue ghakmopul
Monozcenne napyuenus

MyTanus MeTaHOKPTUH-4 perentopa
Hedunut nentuHa
Jeduuut npoonnoMeIaHOKOPTHHA

Cunopomul

Prade-Wili
Bardet-Biedl
Cohen
Alstrom
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ISRA (India)

ISI (Dubai, UAE)
GIF (Australia)
JIF

=6.317
1.582
0.564
1.500

Impact Factor:

SIS (USA)
PHUHII (Russia) = 0.126
ESJI (K2)
SJIF (Morocco) = 7.184

=0.912 ICV (Poland)
PIF (India)
IBI (India)

OAJI (USA)

=6.630
=1.940
=4.260
=0.350

=9.035

Froehlich

BropuuHble npuYnHbI

Heepozzozuuecxue

ITopaskenue mo3sra
HoBooOpa3oBaHue ro1oBHOIO MO3ra
IlocnencTBus u3nydeHus: Mo3ra
Tl'unoranamMuyueckoe OKUpPEHUe

Onooxpunmvie

T'unotupeonanzm

Cunapom Kymmara
Jedumut ropMoHa pocta
IlceBgorunonapaTupeouIu3m

ITlcuxonoeuueckue

Hempeccus
Hapyiienust noBeieHUsI TUTaHUS

Jlexapcmeenno-
UHOYYUPOBAHHDLE

TpI/IIII/IKJ'II/I‘IeCKI/Ie AHTUACTIPECCAHTBL

OpasbHbIC KOHTPAIICTITUBHI
AHTHUIICUXOTHYCCKHE MPETIapaThl
AHTHKOHBYJIECaHTBI

I TFOKOKOPTUKOU B
Cynb(OHHIMOYEBHHA
I'matazonsl

Bera-0moxaTe!

HccrnenoBanusi mOKa3alld, YTO OXHPCHHE B
OTIpeNIeIEHHBIX O0JIACTSIX TeJla MOYKET OBIThH CBS3aHO C
pa3IMYHBIMH pHCcKaMu amabera. Tak, Hampumep,
OpIOIIIHOC OYKHPEHHE, B YaCTHOCTH, H30BITOYHAS
BUCIIEpaJIbHAsl JKUPOBas TKaHb, IOJOXUTEIHHO
CBsI3aHa C PUCKOM pa3BUTHA AuabeTa, HO acCOLUAIIH
MOJKOKHOW JKUPOBOH TKaHM B OpIONIHON WM
GenpeHHO obmacTu U quabeTa 10 CHX MOp OCTaeTcs
peIMETOM CIOpoB [7].

AOnmoMHHANBHAS JKUPOBas TKAaHb COCTOWUT W3
MOJKOXHOW U BHUCLEpAIbHONW >KUPOBOH TKaHH,
KOTOpBIC  BBIIONHAIOT  pa3Hble  (QYHKIUH B
MeTabo3Me JIUMUA0B U TroKo3bl [8]. Jlnama3zonsr
UMT a3marckoro HaceleHUss B KauyecTBE pHUCKa
Jradera OTJIMYAIOTCS OT JMAara3oHOB €BPOINEHCKOro
HaCeJICHHS. CormnacHo JTAaHHBIM 9KCIEPTOB
BceemupHhoii OpraHu3anuu 3paBOOXPAHEHMS,
cpenHuii UMT B a3MaTCKUX NOMYJISIUSAX HUXKE, YEM B
HEa3sMaTCKUX  MOMyJIIMAX. bblla  BBIABHHYyTa
THIIOTE3a, YTO y a3MaToB Oojiee BBICOKAs CTENECHb
oxupenust Ha enuHuny HMMT no cpaBHeHuio c
JIPYTAMHU 3THUYECKAMH TPYIIAaMH, 9TO TOABEPTacT
ux moBbimeHHOMY pucky CJ] 2 mpu Oonee HU3KOM
yposue UMT [7].

B MOCTICTHUE TOJIBI HCCIICIOBaHHUA,
OXBaTHIBAIOIIME  HACEJIECHHS  pPa3HBIX  IIOJIOB,
Bo3pactoB, ypoBHed MMT wu 3THHUYeckux rpymn,
MOKa3aJii, YTO BHCLIEpaIbHAS KUPOBAs TKAHb UIPACT
JIPYTYIO u Ooitee HEOJIaronMpUsATHYIO
METa0OJIMYECKYI0 POJIb, YeM IIOJKOXKHAS IKUPOBAS
tkaub [9]. B nccnemoBannu Framingham Heart Study
u3yyanach CBsI3b MEXAY pPacHpeleleHHeM >KHpa B

OpIOIIHOI  TOJIOCTH, OIEHEHHBIM C  IOMOIIBIO
KOMITBIOTEPHOW  TOMOrpauu, ¥  pa3InuyHBIMU
(akTOopamMu  MeTabOJIMYECKOTO  pHCKa. Kak

BUCIICpAJIbHAA, TaK W TOAKOXHAA KHUPOBasl TKaHb
ObllIa B 3HAYMUTEILHON CTEICHU CBSA3aHA C YPOBHEM

TITFOKO3EI B m1a3Me HATOIIIaK u
HWHCYJIHHOPE3UCTEHTHOCTHIO. [IpH 3TOM, 1O TONMIHHE
BHCIEPANGHON JKUPOBON TKAHM acCOIMAINH OBLTH
CUJIbHEE, YeM C IOJKOXHBIM OTJIOXKEHHEM xupa. B
OTJIMYHE OT TOAKOXXHOH, BHCIEpajbHAasi KUPOBas
TKaHb BHOCHJIA 3HAYMTENILHBIN BKJaJ B BapHallUIO
(dakTopoB pucka mociae mompaBkdu Ha HMMT wu
okpyxuocts tamuu [10]. The Insulin Resistance
Atherosclerosis  Study (IRAS) Family study
TOKA3aJlo, YTO MOJKOKHAS U BUCIIEPaTIbHAS KUPOBAs
TKaHB TIOJIOKATEIFHO CBSA3aHBI CO CITy4asMu auadera
[6]. Cs13b Mex 1y paciipeiesieHHeM KHUpa B OPIOIIHON
MTOJIOCTH W METa0OIM3MOM TITFOKO3BI B HCCIEOBAaHUHT
«300poBBE, CTapeHHE ¥ COCTaB Tela» OblIa
UcClIe/loBaHa Ha KOTOPTE TOXKHIIBIX YYacTHHKOB. B
xoje HCCIIeIOBaHUS OBLT oOHapy keH
CTaH/apTH30BaHHBIA OeTa-k0d()GULNEHT 3HAYMMOM
CBSA3M BHUCLIEPAIBHOM JKUPOBOM TKAaHU, OLCHEHHBIN C
HOMOIIIBI0 KOMIIBIOTEPHON TOMOrpaduu, U HHCYIHHA
mwasmbl Hatomak [11,12]. WccnenoBanus coo0miaror,
YTO MYXYHHBI CKIIOHHBI K OTJIOKCHHIO XHpa B
OpIOIIHOW TOJOCTH, IO CPaBHEHUIO C JIHIAMH
xenckoro moina [13]. B gpyrom uccienoBanuun macca
BHCIICPANEHOTO KHpa IOKa3alla CaMyl CHJIBHYIO
koppemsiio ¢ HOMA-IR, 3a kotopoi ciemoBamu
obmas Macca xupa, IMT u OKpy>XHOCTh TaJuH.
[IpoBeneHHble  Ipyrue  UCCIENOBAaHMS  TaKkKe
COOOImMIN O 3HAYNUTENFHOH KOPPEIAIHH MEXIY
HOMA-IR u abnoMuHAIBHBIM OTJIOKCHHEM JKHPA.
[lo pesympraTaM  HEKOTOPBIX  HCCIIEIOBAHUH,
BHCIIEpaJIbHASI JKMPOBas TKaHb OKa3ajlach JIy4YIIUM
TIPEANKTOPOM HMHCYJIMHOPE3UCTEHTHOCTH
[14,15,16,17]

XOoTs TPaIUIMOHHO XHPOBAs TKaHb CUHTACTCS
MOITYaJIMBBIM OPTaHOM, IMACCHBHO HAKAILTHBAFOIIUM
M30BITOYHYIO DHEPrHi0, TEeNeph OHAa CUYUTACTCS
SH/IOKPUHHBIM OPTaHOM, HE TOJIEKO YYACTBYIOIINM B
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ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.126 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

YOpaBJICHUH TOTOKOM SHEPIMU B OpraHu3Me, HO
TAaKXKE B3aMMOJCHCTBYIOIIMM C BOCHATUTEIHHOMN
CHCTEeMOM H COCyIuCTOM cTeHkol. Heckomabko
WCCIICIOBAaHUA TIOKa3ajW, 4TO JKUPOBas TKaHb
aKTHBHO TPOAYIUPYET pPa3IMIHBIC JIOKAIGHO |
CHUCTEMHO (bYHKIIHOHHUPYIOIIHE OMOaKTHBHBIC
MOJICKYJIBI,  KOTOpbIC€  B3aHMOJCHUCTBYIOT  IpH
Pa3IMYHBIX 3a00JICBAHUSIX, CBSI3aHHBIX C OXKHPCHUEM,
HapUMep JICITHH, aJWIOHEKTHH, (PakTOp HEKpo3a
omyxomu-o.  (TNF-0) u wuHrHOuTOop axkTHMBaTOpa
riasmuHorena tumna 1 [18,19,20,21].

BucuepanbHblii  KAp HampsMyI CBS3aH C
BOCIIAJICHUEM, JTUCYHKITUCH [eYeHU i
HUHCYJIHHOPE3UCTEHTHOCTHIO [22]. Msuorue
WCCIICIOBAaHMUS TIOKAa3aJH IOJOXHUTEILHYIO CBS3b
MEXIy BHCIEpPaTbHONH JKMPOBOM  TKaHBIO U
HEIIEPEHOCHUMOCTBIO TUIFOK03bI [23,24,25], HO ecTh
paboThI, TJe MOKa3aHa MOJOKUTEIIbHAS aCCOUAITUS
ISl TIOAKOKHOM >KMpOBOM TkaHW. bonee Toro, B
HEKOTOPBIX HCCIICIOBAHUSIX OBUIO IMOKA3aHO, YTO
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Introduction

Innovative technologies in the field of education
originated at the beginning of the twentieth century on
the basis of the idea of humanizing the educational
process. At the same time, attention is paid to the
issues of meeting the interests of children, respect and
love for each child, creating all conditions for his
personal development, being at the center of the
child's personal educational process.

Attention to updating the content, form, means
and methods of teaching in recent years is of great
importance in the search for innovations in preschool
education, the system of advanced training when it is
introduced into the educational process, pedagogical
activities of teachers. In particular, the introduction of
advanced pedagogical technologies in the pedagogical
process, the introduction of innovations, the use of
modern methods, the equipping of teachers and
educators with skills and abilities are based on the
tasks set by the advanced training system [1].

In the field of pedagogy, it is necessary to solve
an important question, which is that teachers organize
the pedagogical process methodically correctly,
having the ability to target, systematize and predict the
results based on modern methods. It should be noted
that interactive methods are a priority in education
reform, and the ix role in solving pedagogical
problems is an important factor in ensuring the
effectiveness of education [2]. An important aspect of

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.03.95.48

the theory of pedagogical technology is determined by
the level of abilities of a kaydogo teacher; it is such an
effective use of interactive methods in the educational
process with a purposeful use of learning
opportunities

Today, as noted by psychologists around the
world, indigo children are more sensitive to what is
happening in the world than adults. Therefore,
teachers today are faced with a number of urgent
tasks. One of them is the use of interactive methods in
the learning process. A natural question arises: What
interactive methods can preschool teachers use?

President of our country Sh.Mirziyoyev “... we
must openly admit that we neglected to work in this
important direction. ... It is necessary to radically
revise the curricula and programs with the
involvement of experienced teachers and specialists”

[3].

One of the important tasks of modern pedagogy
today is to teach teachers to use interactive methods in
a rational, purposeful and contextual way based on
didactic principles.

Preschool educators apply modern methods in
their activities, studying preschool education journals,
scientific  articles, brochures on "preschool
education”, best local practices [4]. Sometimes they
use interactive methods without fully understanding
the essence and purpose. Therefore, if in the process
of professional development an interactive learning
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environment is created and teachers become its direct
participants, that is, if they master each interactive
method directly, it will be easier and more convenient
to adapt these methods to preschool education [5].

In preschool education, interactive methods can
be used: "Brainstorming”, "Role-play”, "Work in
small groups”, "Discussion”, "Gallery tour",
"Cluster", "Boomerang", "Energetics". The educator
can use brainstorming techniques at the beginning and
at the end of the lesson to determine the children's
understanding of the topic and reinforce their
knowledge [6]. Small group work is based on the
interaction of children and the exchange of ideas. In
this case, the theme is developed based on the analysis
and verification of the group. In role-playing games,
children are given a problem situation. With this
method, children recreate their (real) life situations.
Debate - In the discussion method, children are given
the topic of the day before. Children ask parents
questions and find answers, and the answers to the
questions are based on "discussion”. The use of the

above interactive methods and techniques is important
to achieve the quality and effectiveness of early
childhood education [7].

Preschool education, which is the first stage of
the lifelong education system and forms its basis,
currently plays a key role in determining the quality
and effectiveness of education. Therefore, it is
important that preschool education is based on modern
requirements [8]. Therefore, it is important to
familiarize students with the methods of using the
teacher's training module in the educational process in
training courses. At the beginning of each lesson, the
teacher asks: "What can | teach children today?" he
must ask himself a question and set a clear goal.
Therefore, each teacher should clearly define the
approximate time required for the pedagogical
situation when creating a training module.

Based on the above, we give an example of the
development of a training module and a lesson by the
teacher of an integrated lesson in a preparatory group
using interactive methods:

Table 1. Teacher training module [9]

Direction of development: Development of the cognitive process
Lesson topic: Talking

about mountains

Purpose of the topic:

To acquaint children with the world around them, form
ideas about the mountains, replenish vocabulary, form
friendly relations between children. Develop independent
thinking and creativity.

Key ideas and concepts for children to learn:

* have an idea of the mountains;

« explore the nature of mountains, plants and fruits;
« understand the words geologist, climber and their
meanings;

« feel happy in the games and break into groups;
learn and collaborate in activity centers;

Technological training map:

What do we know about mountains?
Brainstorming session - 5 minutes.

Talk about mountains.

Slideshow - 15 minutes.

Energizer "Mountain Fruits" - 3 minutes.

Small group work.

(Practical work in activity centers) - 12 minutes.
Presentation - 5 minutes.

Reflection - 3 minutes.

Necessary equipment for the lesson:

yarn for the number of children, plasticine, colored
paper, scissors, glue, scraps of fabric, materials for
slides, staples, products for the game "Shop-shop”,
balls-globes.

Course:
Educator: Guys, I'm going to tell you a riddle

now:

It’s high-altitude places.

It is a place for arches.

Children's answers:

- Arch.

“No, it’s not.

“No, it’s not.

"Mountain”

Educator: Good. It was a mountain.
"Brainstorm”

Educator: Children, what do you know about
mountains.

Children's answers:

Educator: Yes, you were right. The mountains
will be high. Nozimahon beautifully described a hike
in the mountains with his family, good.

Educator: Now let's do the Magic Mountain
exercise with you. To do this, you make a mountain
shape out of threads on the table. Good, you have
correctly described the mountain. Now let's make the
mountains high. Let's see you did everything right.

Let the mountain that the children are building
now be wider.

The educator observes and encourages children's
work.

Educator: Guys, did you like the exercise
"Magic Mountain"?

Children's answers:
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Educator: Now | want to tell you about the
mountains.

The interview will be conducted using slide
materials.

Guys, you know, the earth is made of earth and
water, and we'll look at this globe. The globe is a
miniature image of the earth [10]. On the globe, earth
is shown in yellow and water is shown in blue.
Children are introduced to the globes that are placed
on the table for each child [11].

Educator: Pay attention to the dryness of
children's globes. On land there are plains and
mountains. Now | will tell you about the mountains.

The mountains will vary depending on the
altitude. High mountains, medium mountains and low
mountains.

The highest mountain on earth is the Himalayas.

(The slide shows the mountains).

The Tien Shan and Gissar Alai mountains are
located in Uzbekistan. The Nurata mountain range is
located in the Navoi region. In our Kashkadarya
region there are Gissar, Kungrad, Zarafshan
mountains.

In spring, the nature of the mountains is very
beautiful. Because tulips are the first to open in the
mountains. Medicinal plants include caraway, kyikot,
mint, almond, pistachio, hawthorn from fruit trees.

There are various minerals in the mountains, and
those who look for them are called geologists. Those
who conquer the highest peaks of the mountains are
called climbers. Climbers carry food and supplies in a
backpack (travel bag) because they have been walking
in the mountains for a long time.

The children learned about the mountains. Now
we are going to play with you a fun game called
"Mountain Fruits".

Game rules: Children sit in a circle. The teacher
places the sheets of fruit trees on the tray upside down
and asks the children to take one. The teacher is a
beginner and does not put on a chair. A group of
children take pictures of a fruit named by the teacher.
Then the beginner takes the place of one of them, and
the child, who did not have time to sit down, continues
the game.

Educator: Did you like the children's game?

References:

1. lrisova, S.R. (2015). Development of an
interactive lesson on "Summer is coming".
Journal of Preschool Education, Ne 6.

2. Irisova, S.R. (2016). The role of fairy tales in the
spiritual and moral education of children.
Journal of Public Education, Ne 7.

Children's answer: yes or no.

Educator: Children, you will be divided into
groups according to the picture of a fruit tree in your
hand. The first group - the "Mountain Cherry" group,
the second group - the "Hawthorns" group, the third
group - the "Almond" group.

Practical work is carried out in activity centers.

Educator: Children can go and sit in the center
of their choice. | give you the next task. In the art
center, you make climbers out of plasticine. A
climber's backpack is made at a construction site. In
the Shop-Shop game in the role-playing games center,
you will buy products that you need to put in the
backpacks of the climbers (water, smoked meats,
sugar, bread, etc.).

"Reflection” of the machine zhuftlikda ishlash
ytkaziladi. Bolalar bilimini mustaxkamlash uchun
savollar:

In each center there will be a presentation of the
children about the completed tasks.

Exercise "Reflection” is performed in pairs.
Questions to strengthen children's knowledge:

Q1: How much do the mountains differ in
height?

Q2: Which mountain is the tallest?

Q3: What kind of fruit trees grow in the
mountains?

Q4: Which flower opens first on the mountain?

Q5: What medicinal plants grow in the
mountains?

Q6: Who are geologists?

Q7: Who are climbers?

At the end of the lesson, children are encouraged.

Therefore, in preschool education, teachers need
to clearly define the approximate time required for the
pedagogical situation, determine the sequence based
on the flow chart, using interactive teaching methods
[12].

In conclusion, we note that the fact that the
interactive methods used by the teacher are organized
in such a way as to meet the interests and needs of
children is an important factor in improving the
quality of preschool education. After all, a good
teacher is a quality education.

3. Mirziyoyev, Sh.M. (2017). Critical analysis,
strict discipline should be the daily rule of every
leader. Tashkent.

4. Tukhtabaev, J.Sh. (2009). The role of the
education system in the functioning of the labor
market.
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