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SELECTION OF THE RATIONAL GEOMETRY OF SPECIMEN
FOR COMPRESSION TEST

The object of study in this article is the conditions during the compression test. The subject matter is the models
that simulate the physical processes during the compression test. The goal is to obtain models, which allow
obtaining real information about stress-strain dependence during compression. The tasks to solve are to develop
a three-dimensional computer model of a specimen subjected to compression that geometry allows to avoid the
nonuniform distribution of stress-strain state. The upsetting of cylindrical specimens is one of the most
commonly used methods for compression tests. However, due to the frictional force on both ends of the specimen,
a barreling shape is likely to appear in the middle of the cylinder during the compression process, resulting in
inaccurate mechanical properties of the final measured specimens. Therefore, this paper conducts qualitative
and quantitative research on the physical parameters that affect the degree of barreling during the upsetting
process of cylindrical specimens. The following results were obtained. The Concave End Face (CEF)-Upsetting
and Headed Specimen (HS)-Upsetting methods have a significant effect on reducing the barreling degree. The
smallest difference in the barreling degree is almost close to 101.8 % that appears in the CEF-Upsetting. Further
analysis shows that the above two methods have similar principles for reducing the barreling degree, and both
reduce the barreling degree in the middle by increasing the deformation of the workpiece ends. Then, the
influence of the deformation of the workpiece head zone on the deformation of the non-end (gauge length) zone
is analyzed. The rounded corners of the transition zone between the workpiece end zone and the non-end zones
of HS-Upsetting have a great influence on the generation of forming defects. The end face groove size of CEF-
Upsetting has a significant effect on the barreling degree after upsetting. Under the same other conditions, the
barreling degree is the smallest when the ratio of the concave depth (a/D) is 0.12, when the ratio of the concave
diameter(Dc/D) doesn't exceed 0.6, the smaller the ratio of the concave diameter(Dc/D), the smaller the
barreling degree. Finally, through the design of the orthogonal test, the functional relationship between the
barreling degree and the dimension parameters of the workpiece ends zone is established. Conclusions: It doesn t
prove the feasibility of barreling-less upsetting only, but also provides theoretical support for actual production
in the future.

Keywords: upsetting; barreling degree; compression test; stress-strain state; computer model; simulation.

3. the Metal Pad Upsetting.
4. The Headed Specimen (HS) Upsetting.

Introduction

Upsetting is an important forming method in the
forming process of large forgings. Due to the unavoidable
friction between the end face of the workpiece and the
flat anvil, the uneven deformation of the metal inside the
workpiece is caused. In addition, the side surface of the
workpiece will have obvious barreling after upsetting,
which will inevitably cause the uneven grain size of the
forgings and cause the uneven performance of the metal
forging. Therefore, in order to ensure the quality of
forgings, the barreling should be minimized and the
uniformity of the deformation of the upsetting should be
improved [1]. The traditional process plan of reducing the
barreling is mainly achieved by reducing friction
between the end face and the flat anvil. The main
technological measures include:

1. The Concave End Face Upsetting (CEF).

2. The Groove End Face Upsetting (GEF).

5. The Cylinder Upsetting.

A large number of scholars have done qualitative
physical and numerical simulations. Liu [2] conducted
physical simulation experiments on the upsetting of the
Concave End Face, and calculated the relationship
between the barreling size and the ratio of the reduction,
the ratio of height to diameter. But, she did not consider
the influence of the diameter ratio of the concave end face
on the barreling shape. In fact, our experiments proved
that the diameter ratio of the concave end face has a great
influence on the barreling shape. Sun [3] et al. carried out
numerical simulations on the traditional measures to
reduce the upsetting barreling and found that compared
with ordinary upsetting, the Side Recessed Workpiece
Upsetting, the Soft Metal Pad Upsetting and the Ring
Internal Upsetting can be different to different degrees,
the minimum Relative diameter ratio is 0.2744. But, the
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Ring Internal Upsetting is not suitable for compression
test and It changes the stress state of the workpiece.
Wang [4] used DEFORM finite element analysis
software to simulate and compare general Cylinder
Upsetting, the Ring Internal Upsetting, the Concave End
Face Upsetting and the Tapered Plate Upsetting. It is
found that the effect of the Concave End Face Upsetting
to reduce the barreling is the most obvious, the minimum
relative diameter ratio is 0.179. However, its relative
diameter ratio is the ratio of the diameter of the barreling
after upsetting to the diameter of the original workpiece,
so it cannot accurately reflect the actual size of the
barreling after upsetting. Therefore, in order to predict
the formation of barreling shape, we must carry out
quantitative analysis and research on the occurrence of
upsetting barreling shape.

1. Finite Element models

The forging of large forgings is usually done on a
hydraulic press and each pressing is instantaneous, so
displacement loads are used to simulate the static
pressure of the press. Ignoring the temperature change of
the forging during one reduction process, it is assumed to
be a constant temperature of 850°C [5]. Taking the
cylinder with a height of 150 mm and a diameter of 100
mm, that is, the original height and diameter is 1.5. And
the reduction ratio is 30%. The workpiece is divided into
3000 grid units, the friction coefficient between the
workpiece and the flat anvil is 0.3, and the moving speed
of the upper flat anvil is 20 mm/s. According to the
symmetry of structure and load, 1/2 of the entire central
symmetry plane can be used for modeling. The model is
shown in Fig. 1.

2. Results and Analysis
2.1. Stress-Effective

Fig. 2 is the distribution of stress-effective diagram
of the workpiece after simulation of 4 models. Due to the
different end face structures of the workpieces, their
stress distributions are different in 4 models. The
maximum effective stress appears on the outer edge of
the end face in the Cylinder-Upsetting and the CEF-
UPsetting. While it appears at the upper edge of the
groove in the GEF-Upsetting and the transition fillet in
the HS-Upsetting. The stress concentration areas not only
hinder the flow of metal but also increase the risk of
defects. And the HS-Upsetting is the worst. The stress
distribution of the rest except the end face is relatively
uniform in all 4 models. Therefore, all 4 models can be
used for compression tests if the impact of the end face
stress is not considered.

2.2. Strain-Effective

Fig. 3 shows the distribution of strain-effective
diagram of the workpiece after the simulation of 4
models of upsetting. Due to the friction of the end face,
Dead zone appeared on the end face of the workpieces in
all 4 models.

-

c d
Fig. 1. The Finite Element Models of Deform-2D:
a — the Model of the Cylinder-Upseting,
b — the Model of the CEF-UPsetting,

¢ — the Model of the GEF-Upsetting,
d — the Model of the HS-Upsetting

The largest dead zone appears at the center of the end face
of the Cylinder-Upsetting. Due to the recessed end face,
the smallest dead zone appears at the center of the end
face in the CEF-Upsetting. It reduces the area of the dead
zone at the center of the end face in the GEF-Upsetting,
but a gully dead zone appears between the each annular
groove, which hinders the radial flow of the metal at the
center of the end face, causing the groove near the center
to fail to fully compress combine. And the most uneven
deformation appears on the end face in GEF-Upsetting.
Although a large dead zone appeared at the end face in
the HS-Upsetting, there is no obvious dead zone in the
gauge length part. Therefore, the CEF-Upsetting and the
HS-Upsetting can be used for compression tests if the
influence of the end face deformation is not considered.
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Fig. 2. The Distribution of Stress-Effective Diagram: a — the Stress-Effective of Cylinder-Upseting,
b — the Stress-Effective of CEF-Upsetting, ¢ — the Stress-Effective of GEF-UPsetting,
d — the Model of the HS-Upsetting

Strain - Effective (mm/mm)

Strain - Effective (mmvmm) | 0621
123

Strain - Effective (mmimm) Sirain’; Effectve (mumanr)
0803 0625

0414
0.820

0535 0416

0207 |
0410 !
0208 | !

[ 0.000
0,000 I 0.000

0.0646 Min [ 00208 Min 0.0156 Min 0.0439 Min

0803 Max 0625 Max 123 Max 0621 Max

a b c d

Fig. 3. Strain-Effective Diagram: a — the Strain-Effective of Cylinder-Upseting,
b — the Strain-Effective of CEF-Upsetting, ¢ — the Strain-Effective of GEF-Upsetting,
d — the Strain-Effective of the HS-Upsetting

2.3. End Face Deformation Analysis

In the HS-Upsetting uniform deformation occurs in
the main deformation zone. The reason is their end faces
are involved in the deformation so as to reduce the impact
of end-face friction. However, it also brings other
problems. As shown in Fig. 4, a, the transition area
between the head and the gauge length appears a defect
in the HS-Upsetting. In Fig. 4, b, the defect is disappeared
when the transition area slows down. However, the
situation is much more complicated in the CEF-Upsetting.
Therefore, we must do more simulations to study the |
effect of geometrical dimensions on deformation in the a b
CEF-Upsetting. Fig. 4. The deformation of the HS-Upsetting:

a — defect deformation, b —no defects deformation
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2.4. Barreling Degree Analysis

Upsetting is to force the metal to flow radially
downward from the upper anvil, which is a forming
method that reduces the height-to-diameter ratio.
However, due to the friction between the end face of the
workpiece and the flat anvil, the metal near the end face
is subjected to tensile stress during radial flow, resulting
in a much smaller amount of radial flow than the metal in
the middle part of the workpiece. It results in a barreling.
Therefore, in order to measure the size of the barreling,
the barreling degree is introduced:

B=2m 1009, @
Def

where Dy, — the middle diameter after upsetting;
D.r— the end diameter after upsetting.

Tablel shows the simulation results of 4 models
under the same simulation parameters. It is clear that the
CEF-Upsetting, the GEF-Upsetting, the HS-Upsetting all
reduced the barreling degree. And their smallest
difference of the barreling degree is almost close to 2 %.
The smallest barreling degree is 101.8 % which appears
in the CEF- Upsetting.

Table 1
The Results of Finite Element Simulation

i Der Dm B Difference

(%) | (mm) | (mm) | (%) (%)

Ovlinder- 5514447 | 1229 | 110.0 10
Upsetting

CEF.' 30 | 116.8 | 119.0 | 101.8 1.8
Upsetting

UGEF._ 30 | 1154 | 118.7 | 102.9 2.9
psetting

HS- 30 | 111.0 | 114.0 | 102.7 2.7

Upsetting ) ) ) )

In addition, the concave size has a great influence
on barreling degree in the CEF-Upsetting. Therefore, we
further study the influence of the depth ratio of the
concave(a/D), the ratio diameter of the concave(Dc/D)
and the ratio of the reduction (I]) on the barreling
degree(B). The CEF-Upsetting structure diagram is
shown in Fig. 5.

According to the actual production situation, the
value range of each physical parameter is stipulated: the
ratio of the groove depth (a/D) is 0.08~0.14, the ratio of
the concave diameter (D./D) is 0.3~0.6, and the reduction
ratio (I]) is 30~50%. The simulation result is shown in
Fig. 6. Under the same other conditions, the barreling
degree is the smallest when the ratio of the concave depth
(a/D) is 0.12. The smaller the ratio of the concave
diameter (D¢/D), the smaller the barreling degree.

However, when the ratio of the concave diameter (D./D)
exceeds 0.6, the wall thickness of the annular area on the
end face is reduced, and the metal is more likely to flow
along the radial outside, forming an irreparable double
barreling, which directly affects the performance of the
final workpiece. Therefore, the safe upper limit of the
ratio of the concave diameter (D./D) is less than 0.6.
Finally, It is found that there is a certain relationship
between the groove size on the end face and the barreling
degree (B) after upsetting.

\>

Fig. 5. Structure Diagram of the CEF-Upsetting
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Fig. 6. The Relationship Diagram
between B and a/D, Dc¢/D

3. Fitting Function

Designing the tests plans according to the
requirements of orthogonal experiment in Table 2.
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As shown in Fig. 7, using response surface analysis
to fit the data in Tab. 2 with quadratic regression
equations. The quadratic regression equation is as
follows:

B = 94.77718+1.04964n —32.00694(Dc/ D)+

+6.24666(a / D)+0.473955n(Dc/ D) ~1.4323n(a/ D)~
~154.51354(D,, / D)(a/ D)—0.011435n? +

+21.39864(D, / D)’ +317.36877(a/ D). )
Table 2
Test Plans and Results

(%) Dc/D a/D B(%)
1 40 0.3 0.14 108.9
2 40 0.45 0.11 107.5
3 50 0.45 0.08 110.7
4 30 0.6 0.11 102.4
5 30 0.3 0.11 107.6
6 30 0.45 0.14 103.5
7 50 0.6 0.11 107.5
8 40 0.6 0.08 109.0
9 40 0.3 0.08 110.1
10 40 0.45 0.11 107.5
11 40 0.6 0.14 105.1
12 30 0.45 0.08 106.1
13 50 0.3 0.11 110.1
14 50 0.45 0.14 106.3
15 30 0.6 0.12 101.8

Conclusion

In this paper, the finite element software Deform-
2D is used to carry out qualitative and quantitative
research on improving the uniformity of upsetting.
Concluded as follow:

1. The GEF-Upsetting, the HS-Upsetting and the
CEF-Upsetting all play a significant role in reducing the
barreling degree. their smallest difference of the barreling
degree is almost close to 2%. The smallest difference of
the barreling degree is 1.8% which appears in the CEF-
Upsetting. The result provides guidance for barreling-
less upsetting in the future.

2. The reason for reducing the barreling degree is
the metal at the end of the workpiece participates in the
deformation. The GEF-Upsetting has uneven end
deformation due to the dead zone between the groove and
the groove. The HS-Upsetting is defective due to the too
large transition between the head and the gauge zone.

3. While the transition between the head and the
gauge zone slows down, the defect disappears. The end
of the CEF-Upsetting is relatively deformed and has no
defects. Since the end face structure of the CEF-
Upsetting is relatively simple and easy to study, the
influence of the geometrical size of the end of the CEF-
Upsetting on the barreling shape has been studied. For
analyzing the relationship between the barreling degree
(B) and the ratio of the concave diameter (D/D) the ratio
of the concave depth (a/D), the reduction ratio (I]),
Designing orthogonal test. Finally, obtaining the
quadratic regression equation to provide theoretical help
for barreling-less upsetting.

03 30

Fig. 7. The Diagram of the Response Surface
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BHUBIP PAIIIOHAJIbBHOI TEOMETPII 3PA3KA IIJT YAC
BUINIPOBYBAHb HA CTUCHEHHSI

B. B. bopucesuu, Ycan Can, I[3unmun Yen

IIpexMeToM BUBUCHHS B CTATTi € YMOBH IiJl 4ac BUIPOOYBaHb HAa CTUCHEHHA. SIK IpeIMeT BUKOPUCTOBYEThCS
MOJIEJIb, 10 CUMYIIIOE (i3UUHI MPOIIECH i Yyac BUNPOOYBaHb Ha CTHCHEHHS. MeTolo € po3poOka MareMaTHuHOI
MOJIeJi, IO JI03BOJISIE OTPUMATH pealbHy iH(opMalio Tpo 3aleKHICTh HANpYyKeHb Bin nedopmariid mig dac
CTUCHEHHS. 3aBJaHHS: PO3POOHTH TPUBHMIPHY KOMII'IOTEPHY MOJEINb 3pa3Ka, IO 3HAXOIUTHCS I CTUCHEHHSM,
TEOMETpisl  SKOro JIO3BOJISIE  3aMo0IrTH  HEPIBHOMIPHOMY PO3MOJUTY  HANPYXKEHO-Ie()OPMOBAHOIO CTaHYy.
BukopucTOByBaHUMH METOJAMHM € OCAa[DKyBaHHS, L0 € HAHMOIIMPEHIIIAM METOAOM il BHIPOOyBaHb Ha
CTUCHEHHS. AJie 3aBISKH CHJIaM TepTs Ha 000X KiHIIX 3paska 3’SBIAETHCS BUKPUBICHHS CEpeIHbOI 30HM 3pa3Ka y
BUIIISAAI OOYKOYTBOPEHHS, IO NMPUBOAUTH O HEaJeKBATHUX pE3yNIbTaTiB BHIPOOYBaHHS Ha CTHCHEHHS. Y HaHii
CTAaTTI MICTUThCS KUIBKICHE Ta SIKiCHE JOCHI/DKeHHS (I3WYHUX T[apaMeTpiB, sIKi BIUIMBAIOTh Ha CTYIiHb
00YKOYTBOPEHHS IIiJ] Yac 0Ca/KyBaHHS LIUTIHAPUIHOTO 3pa3zka. OTpuMaHi Taki pe3yabTaTu. HalOumbmii BIUTHB Ha
3MEHIICHHS CTYIEHs OOYKOYTBOPEHHS Majiil 3pa3Kd 3 MIAHYTPEHHSM TOPIIB Ta 3 ToNOBKamu. s 3paskiB 3
MiIHYTPEHHSM TOPIIIB CTyIeHb 00YKOyTBOpeHHs 3MeHIyBaBcs 10 101,8 %. [Toganpinmii anaii3 mokasas, 1o oOuIBa
METOAM 3aCTOCOBYIOTH IOMIOHI MPWHIMIM ISl 3MEHIICHHS CTYNEHIO OOYKOYTBOPEHHS Ta OOHMIBa 3MEHIIYIOTHh
CTyTieHb OOYKOYTBOPEHHS B CEpeNHIN 30HI 3pa3ka 3aBaskd 30utbmIeHHS Aedopmarii y TopuiB. Kpim Toro anamizy
MiJIaTUCh BIUTUB JedopMaliii B 30HI TOMOBKH Ha Aedopmarito 30HH, IO MiANAAae IMPOIEeCy BUMipIOBaHHS.
Haii0inpmmii BIUTMB Ma€ CITIBBiAHOIIEHHS BEMWYMHU 30HH 3aKPYIJICHHS Ta pO3MipiB 3pa3zka. Takox po3Mmipu
MJHYTPEHHS MAIOTh 3HAYHUHA BIUTMB Ha CTYIIEHb OOYKOYTBOPEHHS i 9ac ocaipKyBaHHs. [1if 9ac THX caMuX yMOB
HaMMEHIHH CTyNeHb OOYKOYTBOPEHHS OYB MpH CHiBBIIHOIICHHI AiaMeTpa 3pa3ka ta rimbuau migayrpenss 0,12,
SIKIIO Aiamerp #oro He nepesuinye 0,6 miamerpa 3pazka. YuM MeHIIE CMiBBITHOIICHHS AiaMeTpa MiHyTPEHHS, THM
MEHIIIE CTYIIeHh O0YKOYTBOPEHHSA. B KiHIIi 0YyII0 BCTAHOBIIEHO 3aBISKH IPOBEACHHIO CTATHCTUYHOTO OPTOTOHATBHOT O
TECTy aHANITUYHE CITiBBIHOMIEHHS MDK CTYNEHS OOYKOYTBOPEHHS Ta TCOMETPHYHMMHU TapaMeTpaMu 3pasKa.
BucHoBKkH. 3aBIOSKH 3HAWICHWM palliOHAJBFHUM CITiBBIIHOIICHHSAM TEOMETPHYHMX IapaMeTpiB 3pa3ka MOXKHA
oTpuMarty iH(pOpMAII0 O MIHCHOMY HampyKeHO-Ae(popMOBaHOMY CTaHI TiJ Yac OCa/pKyBaHHS, IO MOXKHA
BHUKOPHCTATH JUIA TUIaHYBaHHS peajJbHUX BUPOOHUYHUX TPOIIECIB y MAaOyTHBOMY.
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KnarouoBi ciioBa: ocampkyBaHHS; CTyIeHb OOYKOYTBOPEHHS; BUIIPOOYBaHHS Ha CTHCHEHHSI; HAaIpy»XEHO-
nehopMoBaHMH cTaH; KOMIT IOTEpHA MOJIENb; CHMYJISIIS.

BBIGOP PAIITUOHAJIbHOM 'EOMETPHAH OBPA3IA
BO BPEMSI HCITBITAHUI HA C)KATHUE

B. B. bopucesuu, Yncan Can, [[3unmun Yen

IIpeamMeToM H3ydeHUsI B CTaThe SIBJISIIOTCS YCIOBMS IMPU WCIBITAaHHSX Ha CKaThe. B KkadecTBe mpeamera
UCIIONIB3YETCA MOJIENb, CHMYIHPYIOIas (U3MYeCKHe MPOIECCH MPH HCMbITaHUIX Ha ckaTre. LleJanio sBisercs
pa3paboTka MaTeMaTHYECKOW MOJENH, MO3BOJSIONICH IOMYyYUTh peajbHyl0 HHO)OPMALUIO O 3aBUCHMOCTH
HaNpsDKEHU# OT aedopMaliii BO BpeMsl CKaTus. 3aJaHue. pa3paboTaTh TPEXMEPHYIO KOMIBIOTEPHYIO MOJIETh
HAXOJSAIIErOCsl MOA CXKaTHeM o00paslia, TEeOMETPUS KOTOPOro IO3BOJSIET MPEAOTBPATUTh HEPaBHOMEPHOE
pacrpesieieHie HarpsHKeHHO-IeOPMUPOBAHHOTO COCTOSTHMSA. VCMONb3yeMbIMH METOJAaMHU  SIBIIIETCS  OCAZKa,
SIBJIISTFOLIIEECS] HanboJIee PacpOCTpaHEHHBIM METOIOM HMCIBITaHUH Ha cxkatue. OpHaKo 6aromapst CuiiaM TPEHUs Ha
000MX KOHITaX 00pa3Iia MOSIBIIAETCS UCKAKEHUE CPEeIHEH 30HBI 00pa3iia B BUIEC 00YK000Pa30BaHUs, YTO PUBOIUT K
HeaJeKBAaTHBIM Pe3y/IbTaTaM MCIBITAHKS Ha C)kaTHe. B TaHHOMN CTaThe COAEPKUTCS KOTMIECTBEHHOE U KAYECTBEHHOE
HCCleoBaHuEe PU3NIECKUX TTAPAMETPOB, BIUSIONIMX HA CTENEHh 0OUKO0OPa30BaHMs IPH OCAJKE IIMITHHAPHIECKOTO
obpasia. [Tomydensl cnenyromue pe3yabTaThl. HanbomsIee BIUsSHUEC HA YMCHBIIICHAE CTEIICHH OOYKO00pa30BaHUs
uMenu 0o0pasiiel C MOAHYTPEHHEM TOPIOB M C TojoBKaMu. JIis 0Opas3loB ¢ MOJHYTPEHHEM TOPIIOB CTEMEHb
60oukooOpa3zoBanus ymenbiiaiacs 10 101,8 %. [lanpHeimmii aHaIM3 oKa3ai, 4To 00a MeToja IPHUMEHSIIOT MOA00HbIE
NPUHLMIIBI 7151 YMEHBIICHUs CTeNIeHH 00YK000pa3oBaHus 1 002 yMEHBIIAIOT CTENIeHbh 00YK000pa30BaHUs B CPEIHEH
30He o0Opa3ua Omaromapsi yBenmuueHuto nedopmanuu y topuoB. Kpome Toro, aHanusy MOABEPIIIMCH BIIUSHUE
nedopmanuy B 30He TOJIOBKHM Ha AeOpMaIfio 30HBI, MOJNAaNaonied mpoueccy usmepenus. Hanbomnbiee BiusiHue
OKa3bIBaeT COOTHOIICHWE BEIUYMHBI 30HBI 3aKPYIJICHHS M Pa3sMepoB oOpasiia. Tarkke pasMephl MOAHYTPCHHS
OKa3bIBAOT 3HAYUTCIBHOC BJIIMSIHUEC Ha CTCIICHb 60qKOO6pa3OBaHI/Iﬂ BO BpEMsA OCaAKH. B Tex xe yCHOBI/IHX
HaMMEHbIIAasi CTYIeHb 0OYK00Opa3oBaHusl ObUIA MPU COOTHOIIEHWH JMaMeTpa o0paslia M TIIyOWHBI MOAHYTPEHUS
0,12, ecni quamerp ero He npebiinaer 0,6 auamerpa obpasua. Uem MeHbIlle COOTHOIICHHE IMaMeTpa MOIHYTPEHUS,
TEM MeEHbIIe CTyIHel 00ukooOpa3oBaHus. B koHIle ObUIO yCTaHOBIICHO Oyiarojapsi MPOBEICHUIO CTATUCTUYECKOrO
OpPTOTOHAJILHOTO TECTa AHAJMTUYECKOE COOTHOIICHHE MEXIY CTENEeHbI0 00YKO00Opa30BaHUS U I'€OMETPHYECKUMHU
napamerpamMu oOpasua. BwiBoabl. brarojaps HalileHHBIM palMOHAJbHBIM COOTHOILICHUSIM TI'€OMETPHYECKHX
napamerpoB o0Opasna MOXHO MOJAY4YUTh HH(MOPMALMIO O JACHCTBUTENBHOM HaNpPsHKEHHO-Ae(OPMUPOBAHHOM
COCTOSIHUM TPU OCaJIke, KOTOPYIO MOXKHO HCIIONIb30BaTh ISl TUIAHMPOBAHUS pPEAJbHBIX IPOU3BOICTBEHHBIX
MIPOLIECCOB B OYyAyIIEM.

KnwueBble cioBa: ocalaka;, CcreneHb OO0OYKOOOpa30BaHUs; WCIBITAHME Ha CKaTHe, HAaNpsHKEHHO-
JehOpMUPOBAaHHOE COCTOSIHUE; KOMITBIOTEPHASI MOJIEIb; CUMYJISIIHSL.
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