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COMPUTER MODELING OF RODS AND WIRES PRESSING
ON THE RADIAL SHIFT MILL OF THE NEW DESIGN

Abstract. In this article the Radial-shift mill (RSM) of a new design is proposed, which allows by combining of
rolling and pressing to obtain high-quality rods and wires. The analysis of the stress-strain state (SSS) computer
modeling results and heavily loaded elements vibration of the new mill stand using the finite element method and
deformational model of the metal strength is presented. The influence of changes in the construction of frame parts
on the elastic deformation of heavily loaded elements of the RSM stand is determined. It is shown that the new mill
has a sufficiently high rigidity of the stand structure and satisfies the strength condition. It is noted that the pressing
of small rods or wires on the proposed mill will lead to the obtaining of finished rolling with precise geometric
dimensions. As a result of modeling the heavily loaded elements of the new mill stands elastic deformation,
measures for their modernization were developed. The SSS of billets during pressing rods and wires on the RSM was
also investigated in this work. By the method of finite elements and MSC. SuperForge program, quantitative data
were obtained and the basic patterns of the distribution of SSS, temperature during the pressing of rods and wires on
RSM with various single compressions were established. It is shown that pressing on a new designed RSM allows
getting the optimal distribution of SSS, which leads to formation of a fine-grained structure in rods and wires.

Key words: radial-shift mill, frame, rolls, stands, matrix, bearings, elastic deformation, rod, wire.

Introduction. Mills of cross-helical and radial-shift rolling (RSR) [1,2,3], and also of radial-shift
broaching [4,5,6] became the main equipment for the production of rods and wires. When using mills data,
the rolling of the billets is carried out in the deformation zone formed by three working rolls unfolded to
the feed and rolling angles and located after 120° around the deformed billet [3,7,8]. In this case, the
longitudinal and rotational deformation of the metal is realized, which ensure a "helical" metal flow,
which leads to the formation in the metal of the "spiral” microstructure. In this case, shift deformation
degree increases significantly due to the development of macro-shift deformation along the section of
deformed billet [9-12]. All this increases the quality of manufactured rods and wires [13-17].

According to the author of the work [18], designing of above-mentioned mills is carried out without
taking into account the distribution of stresses on the volume of construction elements of the working
stand, which leads to high metal consumption and unreasonable high manufacturing costs.

In our opinion, the use of computer technology and numerical methods, especially the finite element
method (FEM), makes it possible accurately determine the SSS of heavily loaded elements of the mill
stands and reduce metal consumption and manufacturing costs. For this reason, we believe that the
calculation ofthe SSS of mills of complex construction is an actual task.

Rolling equipment designing method development via simulating modeling of complex construction
of the mill and calculation the SSS arising when making heavy loads allows to reasonably choose the
equipment characteristics taking into account technological, constructional and operational factors.

The target of the work is to develop the constructing algorithm of computer model of the designed
mill and then by using a computer model to design and adjust the mill construction.
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Materials and research methods. A radial-shift mill (RSM) of a new design is proposed at the
present work [19]. By the combination of hot screw rolling and pressing the metallic rods of small
diameters or wires with a fine-grained structure are producing at this mill.

The RSM for pressing rods and wires contains the main drive, working stand, roll knot and the press
matrix. The three-roll RSM working stand consists of a frame, in the borings of which, after 120°, the
knots of the working rolls are mounted. Working rolls are mounted on the pillows. Torque to the rolls is
transmitted via spindles from electric motors. The rolls of this mill have wavy-cone-shaped capture and
compression sections and a calibrating section. Note that the ledges and hollows of wavy-cone-shaped
sections are made along the helical line. Wherein, the geometric dimensions of the ledges and hollows
gradually decrease at the direction of rolling.

The working stand of the RSM consists of two continuous square frames. There are the mechanisms
for installing the pillows of the upper and lower working rolls in the through holes of the frames. The
approach and breeding of the upper and lower rolls are carried out using wedge- type pressing mechanism.
Wedge- type pressing mechanism has rotating screws. To rotate the screws, a gear motor mounted on the
frame is used.

Devices which allow adjusting the feed angle and the angle to the rolling axis are provided in
construction ofthe RSM stand. The maximum feed angles values are 18 mm, and the angle to the rolling
axis can be constructively adjusted based on the possibility of the rolling technology expansion on a new
mill.

To eliminate all possible gaps between the rollers and pillows, wedge mechanisms and the frame,
each pillow mounting mechanism was equipped with spring-loaded rods or hydraulic cylinders.

The design of the RSM was carried out by using the accumulated experience in the design of such
equipment [20]. Atthe same time, we developed the frame design, constructed the drive and calculated the
strength and rigidity of the heavily loaded elements and the drive power of the new mill, selected electric
motors and developed working drawings of this mill.

It should be noted that existing methods for calculating the elastic deformations and vibrations of
heavily loaded elements of the mill frames do not allow to take into account all the constructive and
technological features of rods and wires hot pressing process. In this regard, the strength and vibration of
the heavily loaded elements of the new mill were investigated by computer modeling. The original data
for the calculation is the solid-state geometric shape of the RSM, the forces applied to them and the fixing
conditions.

For calculating SSS, we applied the Patran Nastran [21] finite element analysis program and
developed a computer model of RSM. The computer modeling system Patran Nastran allows to research
the kinematics, the dynamics of the mechanisms with the ability to calculate the flexure, vibration, SSS
and thermal state of both individual sections and the mill as whole.

When constructing a new mill in the MSC Nastran environment, the above indicators were calculated
according to the following algorithm. In the KOMPAS program according to the working drawings, we
created a three-dimensional geometric model of each detail and assembled the sections of the working
stand. Further we imported the model into the Nastran Patran preprocessor with accepted kinematic
connections. We chose the materials of the details, their mechanical and physical properties. Formed
kinematic and static boundary conditions, simulated an estimated mechanical scheme, including the load
distribution on the surface ofthe rolled billet. We brought the torque to the rolls (the torque was modeled
by using RBE2 type MPC elements). Using the Mesh Seed options, we applied 6 and 8-node volumetric
finite element mesh and determined the vibration and SSS.

When developing the calculation scheme, thickened finite element meshes were used in places of the
expected stress concentration. Elastic bonds between the stand nodes were modeled by the spring - damper
element CBUSH.

For automatic correction of the mill model geometry, the method of geometric sizes construction
parameterization was used. This method allows making the corresponding changes in the construction of
the new RSM frames, according to the results of heavily loaded parts of the RSM estimated strength, their
movement and vibration.

As the material of the rolls and matrix was adopted Steel 9X1, for the frame stands - steel grade
40XC. And the material of other parts of the mill was adopted steel 45.
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The software complex MSC.SuperForge was used for calculating the effort and SSS of the pressed
rods [22]. A three-dimensional geometric model of the billet, rolls and matrix was built in the CAD
Inventor program and imported into the CAE the MSC.SuperForge program. When creating the finite
element model of the billet, rolls and matrix the three-dimensional volumetric element CTETRA (four-
node tetrahedron), which is applying for modeling three-dimensional bodies was used.

To search the pressing process in continuous RSM, a round billet of M1 copper alloy with a size of
040 x 150 mm was used. The billets pressing have been at a temperature of 300 °C up to 09 mm. For
modeling the plasticity of the billet material, the Johnson-Cook elastoplastic model was chosen. From the
database ofthe software complex "MSC.SuperForge" we set the rheological properties.

To calculate the SSS and normal pressure forces, the technical characteristics of the proposed RSM
were used. The electric motor power is 15 kW, and the rotation frequency of the rolls is 70 rpm. Rolling
was performed with a feed angle equal to P = 15° and a rolling angle of a = 8°. The contact between the
tool and the rod was modeled by the Coulomb friction law; the coefficient of friction was adopted as 0.3.

We launched the MSC.SuperForge program, and by the step-by-step method calculated the contact
pressure, contact area, SSS, and temperature distribution over the volume ofthe pressed billet.

To calculate the SSS of RSM heavily loaded parts by simulation modeling, we carried out a series of
experiments on the pressing ofthe M1 copper alloy with different geometric sizes of the matrix. Based on
the calculation results, the force acting in the contact zone was taken equal to 320 kN per roll and
280 kN to the matrix.

Obtained results and their discussion. As a result of a computer modeling of the M1 copper alloy
pressing process at the RSM, were obtained the data that can be used to correct the construction ofthe mill
at the designing stage. From figure a, it can be seen that the maximum equivalent stresses occur on the
necks of the roll and amount 499.5 MPa. The calculated maximum values of equivalent stresses in heavily
loaded roll and matrix do not exceed the maximum allowable value of the tensile strength of steel 9X1
(880 MPa). Stresses in the stand frame amounted 45.412 MPa, which is also significantly less than the
tensile strength of steel St40XC (981 MPa).

The distribution of equivalent stresses (a) and displacement fields (b) on a new design RSM

The greatest displacement under the load is 0.000434 mm and occurs in the necks ofthe rolls (figure, b).
This value is within the tolerance limit on the diametrical sizes of the rods, with a diameter up to
20 mm. For the frame, the greatest displacement under a load is 0.000315 mm and occurs in its upper part,
and for the RSM matrix this displacement is 0.000093 mm.

The calculation of the components of the stress tensor showed that during the rolling on a new mill
the tensile principal stresses arise mainly in the necks of the rolls. The value of the main maximum,
average and minimum stresses arising in the necks of the working rolls does not exceed 631.9, 263.8 and
69.95 MPa, respectively. The main maximum stresses arising in the frame stand are tensile and do not
exceed 26.84 MPa. It should be noted that the main average and minimum stresses occurring in the frame
stand are, in most cases, compressive and do not exceed 7.12 and - 43.97 MPa, respectively.
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The results of computer modeling indicate that the RSM stand has a sufficient margin of safety.
The estimated rigidity of the mill construction provides the production of rods with high accuracy
diametric sizes.

The obtained data showed that the roll units of the designed mill have low rigidity in the horizontal
plane. This is connected with the lack of supports in the mill stands, excluding the movement of the
working rolls in the horizontal plane, and also the non-horizontal arrangement of the spindles of the mill
drive. As a result, even small gaps between bearings, pillows and frame windows caused by fit tolerances
and wear lead to horizontal dislocation of the vertical axial plane of the working rolls, i.e. working rolls
are in an unstable position, and their axes can warp. This leads to negative consequences: High axial
forces occur in the roll unit, and the size of the inter-roll gap is subject to unpredictable oscillations, which
reduces the accuracy ofrolling.

The calculation found that the pillows are elastically deforming in the vertical and horizontal plane
and rotate for a small angle relative to the rolling axis. The elastic displacement in the direction ofthe load
effect for pillows located on the roll’ drive side is 1.41 times greater than for pillows located on the
opposite side ofthe roll.

It should be noted that the use of spring-loaded traction to reduce gaps has insignificant effect on the
elastic deformation of the bearings. Elastic deformation of bearings varies from 0.0028 to 0.0032 mm.
However, the use of hydraulic cylinders to reduce the gaps leads to a significant reduction in value and
square of elastic deformation of the bearings. In this case, the elastic deformation of the bearings varies
from 0.0008 to 0.0009 mm. The external rings of the bearing have maximum deformation, while with
a decrease of the rolls diameter, the area of highest elastic deformation of the bearing is shifted to
the internal sides of roll neck. This is connected with a change in the load application scheme in the RSM
roll unit.

In accordance with the conducted research, the RSM stand modernization activities were developed
in the work. The research showed that it is necessary to install a hydraulic hold-down device in the stand
in order to regulate the inter-roll gap ofthe working rolls. To ensure uniform load distribution and increase
service life, it was proposed to replace the bearings. It was offered to use an angular- contact conic double-
row roller bearing with a higher load capacity instead of a double row spherical roller bearing in the
pillows of stand. To increase the rigidity ofthe RSM frame, stiffening ribs were attached to its plates. That
is, inside the through apertures and around the perimeter of the plates, solid plates with thickness 30 mm
were attached. These plates will be used as guides for the installation mechanism of the rolls pillows and
wedges of the hold-down mechanism. The proposed design solutions will allow reducing the level of
deformation of the mill main elements and getting 5-10 times the safety factor of heavily loaded parts of
the mill stand.

It is known that during RSM operation, resonance oscillations that occur when matching the
frequency of the construction and the frequency of external forces are especially dangerous. Therefore, it
is important to determine the frequency of external forces. One of the main exciters of resonant
frequencies in the design of rolling mills is the working rotation frequency of the working rolls drive,
which spread the vibration to the mill.

During the amplitude estimating, the oscillations of the mill frame complete with a roll unit and a
matrix, the following results were obtained:

- the highest oscillation amplitude gains the RSM matrix;

- at a natural oscillation frequency of the mill equal to 96.6 Hz, 121.08 Hz, 170.63 Hz, 173.01 Hz,
268.47 Hz and 277.73 Hz, the maximum amplitude value of the matrix oscillation is 0.26 mm, 0.199 mm,
0.00695 mm, 0.0168 mm, 0.0203 mm, 0.0763 mm, accordingly.

It should be noted that the RSM frame stand acquires average oscillation amplitude. Their value, at
the natural frequency of the mill oscillation, is 96.6 Hz, 121.08 Hz, 170.63 Hz, 173.01 Hz, 268.47 Hz and
277.73 Hz equal to 0.0233 mm, 0.0166 mm, 0, 0556 mm, 0.00586 mm, 0.0218 mm, 0.12 mm,
respectively. The least oscillation amplitudes the roll units of the designed RSM had.

The reason for the appearance of a relatively small resonant vibration in the matrix, frame and roll
units of the proposed mill is the location of the RSM drive spindles at an angle to the axis of rolling, as
well as the lack of a sufficiently high matrix and roll units rigidity in the vertical and horizontal plane.

It should be noted that hydraulic dampers were introduced into the design of the new mill to clamp
the matrix and the roll assembly. The hydraulic damper consists of an elastic element, i.e. frame, and
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hydraulic cylinder. These elements are connected in parallel. In this case, under the action of rolling forces
to the stand frame and its elastic deformation, exceeding the permissible value, a compression pressure is
created in the damping hydraulic cylinder, which allows fully or partially damping the vibration.

In our opinion, the use of hydraulic dampers for clamping the matrix and the roll unit will eliminate
horizontal and vertical displacement of the matrix and working rolls. In this case, the RSM drive will
allow to transmit torques to the working rolls of the mill stands with a large reserve up to resonant
vibration. It is expected that all this will contribute to the production of rods and wires with precise
geometric dimensions and without surface defects.

Based on the MSC.SuperForge program, from the obtained results of numerical modeling of the
M1 copper alloy pressing process the following conclusions can be made. On the surface of the billet,
small tensile principal stresses on arise, while in the outer layer, compressive principal stresses 02 and
o3xffect on each element. During the deformation in helical rolls and matrix ofthe proposed design, in the
deformation zone, the metal flows along a helical path with different speeds of external and internal
layers. The movement of metal flows at different speeds causes intense shear displacements in the volume
of the billet, which leads to a significant increase of the deformation intensity, and this contributes to a
significant grinding of grains and obtaining an ultrafine-grained structure.

Large shear deformations are accompanied by heating of the metal. The temperature effect of heating
is up to 100-150 °C. This heating allows reducing the heating temperature before pressing, and
significantly optimizes the temperature interval ofthe processing.

The article was written within the framework of the state-budget topic No. AP05132610
"Development of continuous radial-shift mill of a new design with program control for manufacturing
rods and pipes from non-ferrous metals".

Conclusions. 1. By the dynamic modeling were obtained quantitative data and established the basic
regularities of the SSS distribution and strength characteristics of heavily loaded elements when pressing
rods and wires on the RSM.

2. Through the application of information technology, the rational design ofthe RSM was determined
and methodology for selection the technological modes of deformation when pressing rods and wires on
this mill was developed.

3. It is proved that when pressing rods and wires on the RSM, dangerous vibrations do not fall into
the working range of acting external loads.
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XAUA K;¥Pbl1bIMAbl PAOVNANABLI bITbICTBIPY OPHAIbIHAA
W bIBbWTAP MEH CbIMAOAPAbLI ChIrbIMAAY bl KOMMbKOTEP/IIK MOAENBAEY

AHHoTauma. Makanaga GipikTipinreH nnemgey >3He 6acnaktay apKblibl Xorapbl canabl WbIObIKTap MeH
CbiMZap anyra MymwHAW 6epeTil aua K¥PbIIbIMHbIL, paguanibl-bIrbICTbIPY OpHarbl “CbiHbUIraH. MeTtann
OepXTLWHLL, AedhopMaLManbl MOLELL X3He LUETL 3/1eMeHTTep 34raH KongaHa OTbIPbIMN, dKaLa OpHaK KarnacTapblHbIL,
ayblp KYKTENreH 3neMeHTTepiHiL AipiniH JX3He KepHey-aedopmauusnsl KYViH KOMMbIOTEPAiK  MOAEbAeY
HaTWOKENepLLe Tangaynap GepinreH. Panuanbl-bIrbICTbIPY OpHarbiHAarb! KanactapAbiy, ayblp XYKTereH afneMeHT-
Teplw, cepnimai gedopMauusacbiHa, OpPHaKTbIL, K¥pbIIbIMAbIK Gesnwwera” esrepiciHiy, acepi aHbiKTangbl. Xaua
OPHAaKTbIL, KanacTap K¥pblibIMbIHbIL, aiTap/ibIKTail KaTTbl XK3He BepXKMK XKargaibliH KaHaraTTaHablpap/ibiK eKeHAIr
KepcenreH. ¥CblHbI/bIM OTbIPraH OpHaKTa Killi efiluemai WhlbbiKTap MeH CbiMgapabl 6acnakTay HaKTbl FreOMeTpus-
NbIK efwemi 6ap AalblH >Kalimanayra 3KeneTiHi KepceTinreH. >Kaua opHak KanacTapbiHbIl, ayblp XYKTenreH
3NeMeHTTepiHIL cepnimai AetopmaumanaHybliH MOAENbAeY HITWXKECIHAE onapAbl MofepHu3auusnay Liapanapsbl
Xacanbin weirapbingsl. XXYMbICTa, COHbIMEH KaTap, paguaiabl-bIrbICTbIPY OpHArbiHAA LWbIBbIKTap MeH CbiMAapabl
bacnakTay KesiHae AaliblHgamanapfbll, KepHey-geopmaumansl KYVE septtengi. LLeTkl anemeHTTep agici »aHe
MSC.SuperForge 6argapnamach! apKbl/ibl CaHAbIK M3IMETTEP afblHAbI X3He apTYpAi 6ipAiK >kaHWyMeH paguanibl-
CbirbiMAay OpHarblHAa LWbIGbIKTap MeH CbiMAaphbl 6acnakTay Ke3sen TemnepaTypaHbil, KepHey-gedopmaunsbl
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AMAW Hensn Tapany 3aH4blibliTapbl 6enrw 6ongpl. XaimanayabiH TMIMAI TEXHONOTUACHI Xacangpl. b pbiHHaH
GeLLriLLi YK3He a/lblHraH M3niMeTTep HerisiHAe 6acnaktay peXuMiHiH 60/aTTap MeH KopbiThanap K¥pbiibIMbIHbIH
Ka/lbINTacy aceplue Tangay »acangbl. XXaHa KOHCTPYKLUMANbI paguanibl-bIrbICTbIpy OpHarbiHAa 6acnakray Ygepici
K pPblbIMbl AcalylWwpunkn LWbibblIKTap MeH CbiMgap anyra MyMKLWALW 6epeTiHi KepceTinreH. [JuHaMUKaiblK
MOJE/bAeY apKbifbl CaHAblK MILWIMETTEp a/blHAbl >K3HE pajuanfbl-bIrbICTbIPY OpHarbiHAa LWbIObIKTap MeH
cbiMaapabl 6acnakrayga ayblp XYKTeNreH aneMeHTTepfiH 6epikTik cunatTamanapbiHbiH X3He KepHey-Aedopma-
umanbl KYViiHiH Hen3n Tapany 3aHAblbIKTapbl Gelrili 60/1apl. AKNapaTTbiK TEXHONOrMANapAsl KOMAaHa OTbipbI,
paguan-birbICTbipy OPHarbiHbIH TUIMAI K¥PblbIMbl aHbIKTa/Abl X3HE aTairaH OpHAaKTa LUbIObIKTAp MeH CbiMAapabl
HacnakTay KesiHge feopmauusnayibiH TEXHONOTUANbIK PEXMMIH TaHAay 34ici xacanbin wWeirapbligsl. Pagnangbi-
bIFbICTBIPY OpHarbiHAa LWbIObIKTAP MeH CbiMAapabl 6acnaktay Ke3Bge naiga 6onartblH KayinTi Aipifi, CbIpTKb
YK MbICLLIbI XXYKTEMEHIH XX *MbIC Anana3oHbiHa TYCNeATiHairi ganewaeHai.

TYWiH cesgep: paguan-birbiCTbipy OpHarbl, TATbIp, GiNiKTep, Kamactap, MaTpuLa, MOVbIHMPEK, Ceprima
Jethopmaums, WblbbIK, CbIM.
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KOMMbKOTEPHOE MOAE/IMPOBAHWE NMPECCOBAHUA MPYTKOB 1 TTPOBOJIOKN
HA PAOANANBHO-CABNTOBOM CTAHE HOBOW KOHCTPYKLUWIN

AHHOTauus. B cTatbe NpeanoXxeH pafnanbHO-CABUTOBbIA CTaH HOBOM KOHCTPYKLWW, MO3BO/AIOLLMIA COBME-
LLIEHWEeM MPOKaTKM WM NPeccoBaHUs MoslyvyaTb MPYTKM W MPOBOJIOKY BLICOKOrO Kadvectsa. [lpefcraBneH aHaiuns
pe3y/bTaToB KOMMLIOTEPHOrO MOZE/MPOBAHUA HaMPsHKEHHO-AEPOPMMPOBAHHOIO COCTOSHUSA WU BUBpaLMKN TSHXKENo-
Harpy>eHHbIX 3/1eMEHTOB K/eTW HOBOrO CTaHa C WCMOMb30BaHMEM MeTOJa KOHEYHbIX 3/EMEHTOB U fedopma-
LMOHHOW MOZEeNN NPOYHOCTV MeTasina. OnpegencHo BAWSHWE WM3MEHEHWIA KOHCTPYKUWM AeTaslel CTaHUHbI Ha
YyNpyryo feopMaumio TSHKENOHATPYXXEHHbIX 3/1eMEHTOB K/eTW pafvaNibHO-CABUIOBOro cTaHa. [lokasaHo, 4To
HOBbIV CTaH UMEET [OCTATOYHO BbICOKYHO XXECTKOCTb KOHCTPYKLMU KNETU U YA0BMETBOPSET YCMOBMIO MPOYHOCTM.
OTMeyeHO, YTO NpeccoBaHWe MPYTKOB Masioro pasmepa WM NPOBOMIOKW Ha MpeffiaraemMom CTaHe npuBefeT K
MOMYYEHWIO TOTOBOrO MpoKaTa C TOYHbIMW FeOMETPUYECKUMU pasMepamMi. B pesynbTate MOAenMpoBaHWs ynpyroi
fedopmaumm  TSHKENOHArpPY>KeHHbIX 3/1EMEHTOB  K/ETel HOBOr0 CTaHa paspaboTaHbl MeponpusiTMs MO UX
MofepHu3aummn. B paboTe Takke MCCMef0BaHO HanpshKeHHO-4ehOpMUMpyeMOe COCTOSIHME 3ar0TOBOK Mpu npeccoBa-
HWM NPYTKOB WM MPOBO/IOKM HAa pajnanbHO-CABUIOBOM CTaHe. MeTOAOM KOHEYHbIX 3/IEMEHTOB W MPOrpammMon
MSC.SuperForge nonyyeHbl KONMYECTBEHHbIE AaHHbIE W YCTAHOB/1EHbI OCHOBHbIE 3aKOHOMEPHOCTU pacrnpegeneHums
HanpsXKeHHO-AehopMUPYEMOro COCTOSHUS, TEMMNEPaTYpbl NPY MPeccoBaHnW NPYTKOB 1 MPOBOJIOKN Ha paguasibHO-
CBWIOBOM CTaHe C pasNMyHbIMK eVHUYHBIMK 06XKaTMAMMK. Pa3paboTaHa paunoHabHas TeXHOM0rua npokaTku. Ha
OCHOBE M3BECTHbIX U MOMYYEHHbIX [aHHbIX CAeNnaH aHanM3 BAUAHUA PEXMMOB MPeccoBaHMs Ha (POpMMpOBaHUe
CTPYKTYp CTa/leil 1 crnnasoB. [okasaHo, YTO MPeccoBaHWe Ha pafvaibHO-CABUIOBOM CTaHE HOBOI KOHCTPYKLMM
MO3BO/ISIET MOMYYNTb MPYTKM U MPOBOMOKY C MENKO3EPHUCTON CTPYKTYpPOi. [JMHaAMUYeCKUM MOLENMPOBaHWEM
MoJlyyeHbl KO/IMYECTBEHHbIE [aHHbIE W YCTAHOB/IEHbI OCHOBHblE 3aKOHOMEPHOCTW pacnpefeneHus Hanps>KeHHo-
LedopMUpyeEMOro COCTOSHMA M NMPOYHOCTHBLIX XapaKTePUCTUK TSHXKeNOHArpy>KeHHbIX 3/1eMEHTOB MpY NPeccoBaHUM
MPYTKOB W MPOBOMIOKM Ha pafva/ibHO-CABWIOBOM CTaHe. [yTeM MpUMEHeHUs WH(OPMaLMOHHON TEXHOMOMM
onpefenieHa pauMOHasibHas KOHCTPYKUWS pagvaibHO-CABMIOBOFO CTaHa W pa3paboTaHa MeToAuMka BblGopa
TEXHOMOMMYECKUX PEXUMOB [e(hOpMMPOBaHMS MNPU MPecCoBaHWM MNPYTKOB W MPOBOMIOKU Ha [aHHOM CTaHe.
[lokazaHo, YTO Mpy NpPeccoBaHWU MPYTKOB M MPOBOJIOKU Ha pajnasbHO-CABUIOBOM CTaHe OMacHble BMbpauun He
nonafatoT B pabouunii ananasoH AeiCTBYHOLLMX BHELUHUX Harpy3oK.

KntoueBble CnoBa: pafuanbHO-CABWIOBbIA CTaH, CTaHWHA, Ba/KW, KNETW, MaTpvua, MOALMMHWUKK, yhpyras
[edopmalims, NpyToK, NPOBO/OKA.
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