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THERMODYNAMIC BASES OF METAL
MECHANICAL PROCESSING BY CUTTING METHOD

Abstract. Fundamental thermal mechanical phenomena arising in the process of metal cutting are difficult to
give a systematic and interconnected theoretical and mathematical description. The phenomena various in essence
and nature considered in the s tudies are so closely intertwined with each other that it is very difficult to describe
their interaction. Based on the results of our research, it was revealed that eleven relatively independent theories that
have not yet come to a holistic unity are focused on the top of the cutting edge. In such studies, it is necessary to
systematize and relate the theory of chip formation, the mechanics of metal cutting, friction theories and wear during
metalworking, the thermodynamics of cutting, and the theory of durability and reliability of cutting tools.

In this paper, the approaches of mathematical modeling of thermal mechanical processes of metal cutting, is
based on the non-linear theory of elasticity of V.V. Novozhilov at that, the final deformation of the elementary
volume of the considered three-dimensional body is accompanied by finite rotations and displacements but with
small relative changes in geometric dimensions.

Key words: thermodynamics, thermal conductivity, cutting, deformation, friction, solids, stress, cutting tool,
shavings, roughness, speed, shear.

Introduction. The mechanical processing of metals by cutting method is accompanied by
thermodynamic processes. The source of heat when cutting metals is the work spent on the final
deformation in the sheared layer and in the layers adjacent to the machined surface and the cutting surface
as well as to overcome friction on the rear surfaces ofthe cutter. During the final deformation, the material
points of the sample move relative to each other which are a source ofadditional heat generation [1-5].

It is known that the process of thermal mechanical cutting of solids is difficult to mathematically
model due to the complexity ofthe process occurring there [3-5]. The various phenomena considered here
are so closely intertwined with each other and their interaction is so complicated that eleven relatively
independent theories that have not yet come to a holistic unity are focused on the cutter tip. These are the
theory of chip formation, mechanics of metal cutting, the theory of friction and wear during metal
working, the thermodynamics of cutting and the theory of resistance and reliability of cutting tools.

Here we propose a thermal mechanical theory of metal cutting based on the fundamental mechanisms
of thermodynamics and nonlinear mechanics of a deformable solid. In this process, along the cutting line
due to the occurrence of critical values of internal stresses at the tip of the cutting tool metal chips are
detached from the base. In this case, after detaching, the chip in the form of a metal strip makes final
movements [7-10].

Main part. The stress state during nonlinear deformation of an arbitrary three-dimensional elastic
body under the action of the bulk system - Xi, and surface forces - Si in the current coordinate system

, is described by the Euler motion equation [7-10].
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According to the theory of V.V. Novozhilov, nonlinear deformation ofthe elementary volume of the
considered three-dimensional body is accompanied by finite rotations and displacements but with small
relative changes in geometric dimensions. In these conditions, the actual (after deformation) curvilinear

triple-orthogonal coordinate system O practically remains unchanged, i.e. the condition « X. is

fulfilled for them. Here Oxmx2x®b is the initial coordinate system (before deformation). Then the second
Piola-Kirchhofftensor P- through the symmetric Cauchy tensor Okj in the initial coordinate system is
expressed as follows [7]

={sk+U,kK -, (1)

where Sjare the Kronecker symbols.
Thus, the nonlinear deformation of a three-dimensional body, relative to the initial coordinate system

O xxx 2x 3, is described by the following system of equations of Lagrangian motion

[is +Ua K 1j+X,-p(j, =0 (2)
under the initial conditions
Uee = U0 ut (3)
and boundary conditions
UL=ui, fe +unk< nj ¢ - S. (4

where U, are the displacements E=E!+E2gi\en on the part of the boundary, U°, Vilare the coordinate

functions characterizing the initial state of the body, n is the external normal and p is the density, Stjare
the Kronecker symbols. Points above functions denote time derivatives. Derivatives by coordinate are
denoted by a comma, i.e. tensor analysis operations take place. Here i, j, ke(1,2,3).

For isotropic materials, according to the thermodynamic form ofwriting the determining Duhamel -
Neumann relations [11-23] we have

Oij = X{ekk - P$)Sij m2Ne ij?, & =T - ¥o, (5)
where X =- Ev m-. . E , Lame coefficients, E - modulus of elasticity, v - Poisson's
1-2v)[L+V) 21 +vV)

ratio; T, TO - temperature of the current and initial state, B- characterize the influence of temperature
stresses.
Based on the thermodynamic theory, the Fourier thermal conductivity has the following form [11]:

Kk (6)

wherecBXB coefficients of heat capacity and thermal conductivity with constant deformation.

Thus, we have the general task of the nonlinear thermodynamic theory of elasticity for thermal
mechanical processing of metal parts by cutting method solving which we can study the stress-strain state
of the objects under consideration, including metal strips and formed chips. Due to the difficulties
encountered in solving nonlinear three-dimensional problems (1)-(9) in applied problems the mechanics of
a deformable solid usually turn to two-dimensional problems.
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The pattern of chips formation from the processed surface

In the problem under consideration, deformation of plate - 2 does not go beyond the framework of
the linear theory of elasticity. The same is true for a metal strip - 1 before exposure to the cutting tool.
Thus, we have linear physical and kinematic relations. After the impact of the cutter, at the time of chip
formation, the metal strip undergoes final displacements, and the strip bending is accompanied by a
predominance of deflection compared to the others, i.e. the condition Uz>>Uiis satisfied.

Therefore, in expressions (1)-(6), when the plates are bent by nonlinear terms along the Ui
displacement vector axial displacements they are usually neglected. At that, the nonlinear components of
the derivative Uawith respectto the normal coordinate z are also taken to be negligible.

Then, for the components of the second Piola - Kirchhoff tensor and the Lagrange - Green strain
tensor, we hae:

P .P3j = (73k + U 3k)a kj.$33 = U 33.

Hereinafter, the indices i, j, k, | take the values (1), (2). Let the considered three-dimensional
deformable body be a metal parallelepiped with a constant thickness h=h1+h2 on which the cutter affects
(figure). Atthat, strip-1 with a thickness hi is located above the cutting tool, and strip-2 with a thickness h2
below it. Cartesian coordinate systems Oxix2",1=i,2 are located in the middle plane of the considered
bands.

These bands, until the moment of exposure xi>vit of the cutter, are one whole composition, therefore,
along the line of external influence 6 = h22 or “i=-hi/2, the continuity conditions for the components of
the displacement vector, stress tensor, and temperature are satisfied.

Ut=u@ Uuf=Uf. a® 2@ a0 ¢ sm=sm.(sm) =(sm) . (s8)

After exposure to the cutter: xi< vit on the upper plane of the lower strip %2= h22, the following
boundary conditions

Of =Pt[H(/ - xi)H(vZa- x2)].,. (*2) =/ 1+$rPTg(.X.t) s@
A 9)

Uf =0. g(Xa.t) =H(Vat- Xa)H(Xa +aa- Vaty a =".2

where Sr is the coefficient characterizing the influence of the surface roughness ofthe cutting tool and the
processed sample during friction on the resulting temperature, which, depending on the materials used, is
determined experimentally; y is the coefficient characterizing the heat transfer of the sample material and
the environment; c is the speed of sound propagation in the considered sample; H(x) is the Heaviside
function. vi - the displacement speed ofthe cutter along the coordinate axes. Under these conditions, at the
lower boundary ~ =- hi/2 ofthe upper band, the following boundary conditions hold

U? =vttgg+as$(Q. a® =p [h(v -xi)H(" -x2)].1. ($@Q) =" Q. (10)
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In a rigidly clamped boundary near the kP - - h lower strip, a heat exchange process takes place

U<2' _ o, U'2>_ o, y =r& 2> (11)
The upper plane 6 =h22 ofthe upper band is free from loads and there is a heat exchange process
(12)

Based on the nature of the problems under consideration, for the purpose of simplification, we
proceed to the consideration of the corresponding two-dimensional ones, according to the non-classical
theory of deformation of a nonlinear elastic parallelepiped [15,22]. The required components of the
displacement vector are decomposed in a power series by the normal coordinate Z

uin =np +%Bu) +22CK/) +

(13)
(i) r2 Q(I)
where 0 (i)—) _"E_ ;. g5 — ® 2)(#) =1 cm
1 12 1 hi 3 h
"2
A)=—] SIHE SE=—J A .
hl 12 n/ -12
1 w2 1 h'2 1 H'2 1 2
- Jud— wi>= I nk— w=-L j uec> v() = j ull—
I -Rrf? i -Hrr2 ho- 3 fh 3
where CP"], L2171, are unknown functions ofthe coordinates x;, x2 and time t.

Taking into account (5)-(7), (13) for elastic isotropic plates the nonlinear components of the
longitudinal stress tensor will have the following form:

- N{uKN+{¥kk- XP A)C Kk-" - d 20) [ kK +

+(V+28+- WHV— @ (9B), (W+7— d (3B)*] +

(14)
+m{u,j + +—(¥r,j +¥j,i) - - ®1(—XCij +Cj,i) -
3h2 . .
5 ®2—)(D,j +Du)+(w+7— ®d-—)B),i(w+7— ¢ —)B),j }
f=n{nkN+tykk-\p m )cxkn~"*® 2(1T ,-p (a9 >+ "T-p ?2 4N )
(15)
+1(wW+V— ®—)B)* (W+7— ¢ —)B) tj Sj +(J/1+2M (7 +28—
g 2N
=HWi+-Ci- 120 D+w+v—o — B8), (16)
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It should be noted here, the line of impact ofthe cutter x= vt, (n2= —2 nnn <1 = ————hé!) it has

a significant feature, because along this line, due to the infinity of some components of the stress tensor,
the separation and formation of chips begins. For chips, the deformations become finite, and in the other
parts there is a linear stress-strain state. To take these features into account, the area under consideration is
divided into 4 sections, separate equations of motion are solved in each area, and the continuity conditions
for the components ofthe movement vector will be used along the lines of the section. For regions 1 and
2,unknown integral constants are determined from boundary conditions (8),(10),(12):

hi3R)= ©  y3m-11_~L 1¢) hBA}=-
i-r-r
hEiY=-V {3 - + \ +b -£ (3 m+ 1 (17)
W=V R W e m )
@ n ( )
o =-6 W -1VQ va=ve+s Wl P
V h2 2 J v hi 2y
3m=bu3 T +3183 @  3@&=Db2A3w +b23?
A @n @)
hE (2 :-4 -_hV2)- 9 h wl ow (2_U1r1 +.”\
9 2 1y, hpy 3  V hl h2J
5 w@ @ @ 4540
hCcf)=m {v(@+25v(2)+6h\V,(+9h, -24-
h1 h2 J h (18)
. ( W w c u°) @
hiD (9 = — 10v}1+2_V%}+6hV,@+9hJ 40
2 27 h h 5y hi h2J
rwg w® -, 42u(
h2D (1) =10 -18v}1}+25vﬁ+6hv,8}+9h, @ 24~ @ @
7 7
T, a2t — _ -al+-
Eji 6 -7hl 6- 7h1 6+72 z 6+7h2 a 2(_—""31 2(_+7 )h2
— b12 = - =
ana2- aZal ana2- aZal 6- 1 6+7
61 a . [ _yh2
an+ an +-
6- 70 il 5T 7h 6+7h2  6+7h2 4+7
ana2~azZal 6-yhx 6+7

Here, to determine V2), we will have the following partial differential equation with respect to the
unknown
25 1 41 M?2)

h2AV( + - h2A _ v -
FAV@ 5 hg 2 F W TTWER 6 h (19)

After exposure to the cutting tool, to determine unknown integral constants

C.3),Df3),3 (3, " 3),V (3,0 {3 using boundary conditions (10),(12), as a result, we will have:
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hiC,() = - —[H (V - X)H(v2 - x2)].,-hv ®
5a it
éu by - (20)
90 _ 12X ), i) _ ()
i2——’%H i2-72h2

V\F]O) +/2\V<)3§+vittgrii+/\—(s(l)—h B?)

Using the obtained expressions, from the boundary conditions (12) for the normal stress on the upper

boundary of the formed chips, for the determination V (3 of neglecting the terms of the high order of
smallness, we will have the following nonlinear partial differential:

U@+ i w@KWEK+W i - . . hA[H= t-x)H (2t- X2)] - hi2AV<3) -

21
oy aA3@-3Q + (21)
i2-y2h v yh Y v yh Y 24 y
i- v @)

4V Q) - 6—hi + 6’i\-tgv- \=0.
Now, for 4 plots, we will use the boundary conditions (9) and (11) to determine them, so we will have:
Ch2D@ =u -u/f +~ \Hpp - hi)H vt- X)].i.h"e@=-A w (4).
5h2 5u h2

h2Ci@+= 48 — \——t - Xi)H(v2t- 1-PU -97T. V@=0
B+= 48— H( pp] 5. - 3 @

25
— — [i+-~"M [i+.» ,r (p.1) (22)
2+yh2 + 2+yh2+ r Ac 1 .
h23(A=- yio®)
1]i6+h2Y L 6+h2Y
62 +yh2
) ) 2 "i+~rLg (p.7
+: + A
&4 2. ¢ i+h2Y  ye@
+y
Vi i+if+ ~ [0 ++ hvi+° r (X.)

The obtained analytical expressions for the components of the displacement vector and the Cauchy
stress tensor in geometrically nonlinear form exactly satisfy the boundary conditions (9)-(12).
The components of the displacement vector - (19) and the symmetric stress tensor depend on

unknown integral quantities u(l 1).W (1). $ (l)which are functions of the coordinates xi, x2 and t. In

order to obtain a closed system of resolving equations for these unknowns, we introduce the following
0.5h,

integral quantities from the components of the stress tensor: N\j) = J <j\j)d %- normal forces,
-0.5h

0.5h 0.5h

Q\)= J o0Q - shear forces, M \p = J - internal bending moments. In the obtained
-0.5h, -0.5hr

integral expressions, substituting the components ofthe stress tensor, we will have
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roNd)=Q®j T ff o +V +1 w,Ow,D1S. +uf) + u) + 1 w,@ w.()
-2V

2 (23)
M?):D(I)jl—_%/| +20+-V()B(D |S§ +-V,(hej)

f "2 A
a(N=g@k2/ @+ MY-—8D j  k2=5

wD (%]

In order to obtain the equations of elastic plate’s motion, we perform the integration procedure (2)
taking into account (3) -(5) and (7) over £ in the interval [-0.5hl; 0.5h]:

+pp —miili—0

h2
(24)
Qu + ) #H{M ™Y ™ ) 45> - mwa = 0,
where
P~ = - 0£f£)(*1,*2.-y )~ fi2) =ai2)(X1>X2= (X1.X2=-y X
P (B = -PH[H (V1 - X1)H (V2t- X2)]'i,pA) = PH[H (V1t - X1)H (V2t - X2)],i- CTA)(X1"X2,-y )"
(25)
m(l =y 4 1)(x1.X2,- y X m <2) =y — f (x1.X2'y O + °f)(x1.X2,- h )
m<3) = "[PA H (VIt - X1)H (V2t- X2)],i ,mid> =" \'pA H (VIt - X1)H (V2t- X2)]'i+ CTI7I)(X1,X2'-
2
(X1.X2.- m"L) Si2) = X1 X2."0 - ~ y(X1.X2.- " 1
S f = -CTL3)(X1.X2,- m"L). Sid4) = X1.X2.y ) -CTA")(X1.X2.-y X

Distributed external efforts and moments. m=ph is the line armass, and the density - p in thick ness is
considered constant. Atthe same time h3 =h1, h4 =h2

Similarly, integrating the thermal conductivity equation with the heat transfer process and the
continuity condition at the interface ofthe bands under consideration, as well as with the expansion (19),
we will have the thermal conductivity equation for each strip, in terms of integral quantities

CB (1 =afa$ (i) - TjSukk + 6T +-y$2)- r (26)

In this case, the equations of motion (24), taking into account (14)- (23) and (25) become closed with
respect to the following integral quantities: u(l),y/f),W (1), 3 {I).

In terms of integral quantities, the boundary conditions corresponding to various conditions are
written as follows [22].

u@D =u@,/ )= /1), wid=w@), V=V, # 11 =5,

Lo NP =NENG, g ng Qarlly= Q1%
V(I-),n =V(\tnt, # 1.1, ).Inl.
1 =24 x =V ,t>0.
HLONGIY Y=0, Mg Y=0, Q(),, =0, Vi,n.k =0, 30y, =y3{,

Il =14 x1=o0,l|

116 :



ISSN 2224-5278 Series o fGeology and Technical Sciences. 4. 2020

It should be noted that the first type of boundary conditions correspond to a hard jamming of the
edges of the bands under consideration, and the second type corresponds to a joint edge taking into
account the thermal exchange process. Here, for prostate records, v2=0 is assumed.

The initial conditions (3), taking into account (19), can be similarly written in terms of integral
quantities.

Conclusions. Based on the results obtained, the following conclusions can be drawn:

1. The thermal mechanical formulation of the cutting objects problem on the basis ofthe fundamental
thermodynamic nonlinear theory of elasticity is formulated;

2. The boundary conditions for the interaction of the cutting tool and the object under consideration
(13) and (14) are formulated;

3. In the obtained formulas (13) ofthermal transfer at the boundary, the possibility of the appearance
of additional heat from the influence of the base of the cutting tool on the surface of the objects under
consideration is taken into account;

4. The formulated thermal mechanical theory of cutting method allows us to solve the related
problem ofthermodynamics to determine the stress-strain state and the laws of temperature distribution in
the formed cutting chips.

A. b. Axmegosl A. T. XomxnbepreHos2, Y. [l. XoxunbepreHosa? 3. A. Mbparnmosa2, b. H. A6caabikoB3

M. ¥nblwbek aTbiHAarbl B36eKcTaH yNTTbIK YHUBEPCUTET TalLKEHT, B36EKCTaH;
2M. Jye3oB aTbiHgarbl Owycnk KasakctaH memnekeT/iK yHuBepcuteT” LLbiMKeHT, Ka3akcTaH;
33. b. bekTypoB atbiHAarbl XuMus roiibiMaapbl UHCTUTYTbl, Anmartbl, KaszaxcraH

METANLAPIblI KECY KE31HAE MEXAHUKA/bLL, OHAEY A1H
TEPMOAVHAMMUKA/bLL, HET134EPL

AHHoTauua. MeTtangapapbl Kecy YaepiciHae naiifa 6onaTbiH ipreni TepMoMexaHuKanblK Ky6binbictap »YWeni
X3He e3apa 6aiinaHbICbl TEOPUASBIK )X3HE MaTeMATMKaNbIK cMnaTTayra KublH. 3epTTeynepae KapacTbipbliaTbiH, M3LU
MeH cunaTbl »arblHaH 3pTYpAi Ky6blabicTap 6ip-6ipiMeH Tbirbi3 6GaiifaHbiCKaHAbIKTaH, 0flapAblH €3apa 3peKeTLl
cunatTay KYPgeni. 3epTTeynepimisfiH HaTKenepi 60MbiHLWIA KECETIH XXMEKTIH LWblHbIHA 311 KYHre fAeiiH TyTac
6ipnikke KenmereH oH 6ip Tayencis Teopusnap TOrbICTbIPbIAraHbl aHbiKTanabl. OcbiHAal 3epTTeynepae XoHKa TY3iny
TEOPUACKIH, MeTanaapAbl KeCy MeXaHUKachiH, MeTann enjey KesiHge YVKenic xaHe T03y TeOpUsAChIH, Kecy TepMOfMHa-
MWKaCbIH, Kecy KypanaapblHbIH 6epiKTiri MeH ceHimainiri TeopuackiH XYW eney xaHe e3apa 6aiinaHbICTbIpy KaxeT.

MeTangapAsl Kecy apKbiibl MexaHUKanbIK eHaey TepMoanHamMukanbik Y aepictepmen CYWevenaeHeni. Metann
Kecy Kes3iHfe Xblfly Ke3i KecineTiH KabaTTa KaHe eHfenreH 6eTi MeH Kecy 6eTlle iprefec KabaTTapAa COHrbl fedop-
MaLnara, CoH/Aaii-aK KecKiluTiH apTKbl 6en 6oiibiHwa YVKeny i eHcepyre KeTeTiH XyMbIC 60biN caHanafbl. COHrbI
pethopmaunsa YgepiciHge YAriHiH matepuangblk HYKTenepi 6ip-6ipiHe KaTbICTbl Ko3ranafbl, 6yn KocbiMLIa Xblay
TY3yAiH Ke3i 6onbin caHanafgbl. Kecy YaepiciHae 6eniHeTiH Xbly OHbIH Naiga 601y opblHAapbIHA LWOTbIpiaHbanbl,
an TepMOAMHAMMKa 3aHfapblHa C3MKeC Y/TiHIH Kenemi 60MbIHLA Xorapbl TemnepaTtypaibl HyKTenepieH TeMeH
TemnepaTypanbl HYKTenepre Tapanagbl. MexaHWKanblK XXYMbICTbIH 95% - ra ybirbl MeTangapibl Kecy KesiHge
pechopmauus mMeH YWkenic xbinyra etear COHAbIKTaH MeTanaapabl Kecy KesiHfe )XOHKanap MeH 6aiinaHbic 6eTTepi
50071000° apanbirbiHAa Kbi3afbl, 6yn peTTe 6eniHeTiH Xblny, HErisiHeH XXOHKa apKbiibl 507°86% >XyTblnagbl, Kec-
KILWL apKbinbl 10M40%, eHgeneTw 6yiibiM HerisiHae 329%, WwamameH 1% Xblly KOpLUaraH KeHIiCTiKKe LWblrapbliiagbl.

Byn >XyMbICTa TEpMOAMHAMUKAHBIH iprefi 3aHAapbl X3aHe feopMalnsnaHaTbiH KaTTbl eHEHIH CbI3bIKTbl eMec
MexaHuKachl HerisiHae MeTangapabl Kecygil TepMOMeXaHuUKablK Teopusickl YCbiHbINaasl. Byn Yaepicte kecy Kypa-
Nbl eTKIP iWKi KepHeynepAL, CbiHN M3HiHIL naiiga 60/yblHa 6aiiNaHbICTbl KeCy Xenici 60oibIHWA MeTan/l XOHKa-
CbIHbIH TYG6iHeH Y3inin keTeai. byn peTTe )KOHKacbl MeTana Xonak TYpiHAe Y3inreHHeH KeiliH COHrbl OpblH aybiC-
Tbipadbl. Byn XyMbicTa MeTangapabl Kecyfll TepMoMexaHuKanblK YPAICTepiH MaTeMaTUKanblK Mofenbaey agictepi
B.B. HOBOXWNOBTBIH CbI3bIKTbI eMeC CepTMA LU K TEOPUsACbIHA Heri3genesi. YiuenwemMai AeHeHiH Kapanaibim Kene-
MiHIH COHrbl AehopMaLMaCkl COHIbI aliHany >X3He Ko3rasyMeH, anaifa reomeTpuanblik efllieMaepiiH a3 cabic-
ThipMasbl e3repicTepiMmeH 6ipre xYpegi.

AJbIHFaH H3TWXenep Henswae QyHAaMeHTanbAbl TEPMOAUHAMUKANBIK CbI3bIKTbl EMEC CEPTM ALK TEOPUACHI
Henswpae o6beKTinepai Kecy MiHAETIH TepMMEXaHMKaiblK KOK >Kargaibl Ty)XblpbiManabl; KeceTw acnarn reH
KapacTblpblaTblH 0OBEKTIHIH e3apa apeKkeTTecyi YLWiH WweKapanblK Xargainnap »acangbl; d anblHraH wekapagarbl
XbINy anmacy gopmynanapbl KeceTiH Kypaj Heri3iHiH KapacTblpbliaTblH 06beKTinepgiH 6eTi Typanbl 3cepiHeH
KOCbIMLLA XbITYAbIH Naiiga 601y MYMKIHAIT ecKepLireH; TyXbIpbIMAaIraH TepMOMEXaHUKaNbIK Kecy Teopusichl
KanbiNTackaH Kecy >XOHKanapblHAa TemnepaTypaHbiH Tapany 3aHAblNblKTapbl MeH KepHeyni-fedopmauusanaHFaH
KarfaliblH aHblKTay 60MblHLIA TepMOAMHaMUKaHbIH 6aiifaHbICTbl ecebLl LWweLlyre MyMKiHAIK 6epegi.
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Kecy YgepicTepiH maTemaTuKanbly Mogenbhey macenenepimeH KasakctaH Pecny6imkachkl 6iniM )aHe rbiibiM
MuHucTpairi Foinbim KOMWUTETIHIH rpaHTTbl, KapXblnaHablpy 60libiHWa «Kecy YPLICTepiHiH vMUTaumnsabLy,
MOJeNbAepPiH 33ipfiey Xa3He onapAblH HeN3BAe XabablKTapAblH TUIMAI NapaMeTpriepi MeH eHAey pexunmaepiH 6on-
Kay» X06acbl 60lbIHLLIA ranbiMAap To6bl aiHanbicagbl.

TYWiH cesaep: TepMogMHaMMKa, XbiNy eTKIisriWTiK, Kecy, Aeopmauns, Yiikenic, KaTThl AeHe, KepHey, Kecy
Kypasibl, XXOHKa, Kefip-6¥abIp/biK, XblNgamMablK, birbiCy.

A. b. AxmegoBl, O. T. XogxkunbepreHoB2, Y. [I. XoxubepreHosa2,
3. A. N6parnmosa , b. H. A6cagblKoB

1Y36eKncTaHCKMI1 HaumoHanbHbI YHUBEPCUTET, TaLLKEHT, Y36eKNCTaH;
20H0-Ka3axcTaHCKUiA rocyaapCTBeHHbI yHMBepcuTeT M. M. Aye3oBa, LLIbIMKeHT, KazaxcTaH;
MMHCTUTYT XMMUYECKMX HayK UM. A. bekTyposa, AnmaTel, KazaxcTaH

TEPMOANHAMWYECKWNE OCHOBbI MEXAHWYECKOW OBPAEOTKW META/INIOB PESAHUEM

AHHOTauuMa. ®PyHAaMeHTalbHble TEPMOMEXAHUYECKWE ABNEHWNA, BO3HMKAKOLWME B MPOLECCe pe3aHus MeTan-
NIOB, TPYAHO MOAJalTCA CUCTEMHOMY M B3aMMOCBSA3aHHOMY TEOPETMYECKOMY W MaTeMaTUYeCKOMY OMUCaHuIo.
PasnnuHble No CyTW N XapakTepy AB/IEHUS, pacCMaTpMBaeMble B UCC/Ie40BaHUAX, CTO/Ib TECHO MEPensieTeHbl APpYr C
[PYroM, UTO OYeHb CI0XHO ONucaTb MX B3aumogeicTeume. Mo pesynbTaTaM HalMX UCCef0BaHNI BbISBIEHO, YTO Ha
BEPLUMHY PeXyLLeil KpOMKM CHOKYCMPOBAHO OfWMHHAALATL OTHOCUTENbHO HE3aBUCKMbIX TEOPUIA, HE MPULLEALINX 4O
CUX MOP K LENOCTHOMY efMHCTBY. B nofobHbIX MccnefoBaHUAX HeobXoA4MMOo CUCTemMaTu3MpoBaTb WM B3aMMHO
yBA3aTb TEOPUI0 CTPYXKOOOPa3oBaHWS, MeXaHWKY pesaHWs MeTaifoB, TeOpUM TPEHUs WU MU3HOca Mnpu MeTan-
noobpaboTKe, TEPMOAMHAMUKY pe3aHus, TEOPUN CTOMKOCTU N HAAEXHOCTU PeXYLLNX MHCTPYMEHTOB.

MexaHnyeckas 06paboTka MeTannoB pe3aHWeM COMPOBOXAAETCA TepMOAMHAMUYECKUMM nNpoLeccamu.
MICTOYHUKOM TennoTbl NpU pe3aHWM MeTannoB sBnseTcs paboTa, 3aTpaumBaemas Ha KOHeuHble gedopmauuun B
Cpe3aeMOM C/lI0e U B CMOSIX, NpUAerawlmx K 06paboTaHHON NOBEPXHOCTU M MOBEPXHOCTU pe3aHusi, a Takxke Ha
npeofoneHne TpeHWs Mo 3aJHMM MOBEPXHOCTAM pesua. B npouecce KOHeYHOW getopMaLuy matepuanbHbie TOUKM
obpasua nepeMeLLaoTCAd OTHOCUTENBHO ApPYr Apyra, YTO ABMIAETCA WCTOYHWKOM AOMNOMHUTENIbHOIO Tensnoobpaso-
BaHUA. Bbigendiouasaca B npoLecce pe3aHus TeN0Ta He COCPefoTOUMBAETCA B MecTax ee 06pa3oBaHus, a COrnacHo
3aKOHaM TepMOAMHAMWUKK pacrnpocTpaHseTcs no 06beMy o6paslia OT TOUEK C BbICLLEA TemMMepaTypoil K Toukam ¢
HM3LWen TemnepaTypoid. lMpu pesaHWM MeTannoB OKoo 95% MexaHM4YecKoi paboTbl AedopMaumm u TpeHus
nepexoanT B TennoTy. [Mo3ToMy nNpu pe3aHuy MeTansioB CTPYXKM W KOHTaKTHble MOBEPXHOCTW HarpesBardTCs B
nHtepeane 50071000°, npu 3TOM BblAensieMas Tenja0Ta, B OCHOBHOM NOr/oLLaeTcs CTPY>KKoi - 50786%, pe3uom -
10"40%, obpabaTbiBaeMbIM n3gennem - 3°9%, o0kono 1% TennoThbl U3/1y4aeTCs B OKPYXatoLLee NpoCTPaHCTBO.

B faHHoOli paboTe npegnaraeTcs TepMoOMexaHuyeckas Teopus pesaHus MeTanioB Ha OCHOBE (hyHAaMeHTaIbHbIX
3aKOHOB TEPMOJUHAMUKU U HENIMHEWHON MexaHuKu fedopMupyeMoro TBepgoro Tena. B gaHHOM mpouecce no
NNHWWN pe3aHus, B CBA3WN C BO3HWKHOBEHWEM KPUTUYECKUX 3HAYEHWI BHYTPEHHUX HANpsXXeHWU Ha ocTpue pexylue-
ro WHCTPYMEHTA, NMPOUCXOANT OTPbIB CTPYXXKM MeTania 0T OCHOBaHuA. [Mpu 3TOM Moc/ie OTpbIBa CTPYXKa B BUAE
MeTan/IMyYeckoii MoNoChl COBEPLUAeT KOHEYHble nepemMelleHus. B paHHO paboTe noAxoAbl MaTemMaTuyeckoro
MOJENNPOBaHNS TEPMOMEXaHUYECKNX MPOLLECCOB pe3aHns MeTasifioB OCHOBLIBAKOTCA Ha HeNMHEeNnHoW Teopun
ynpyroctn B.B. HoBoXnnoBa, npuyeM KOHEYHOe AeOpMMpPOBaHWME 3N1EMEeHTapHOro o6bema paccMaTpuMBaemoro
TPEXMEPHOTr0 Tena CONPOBOXAAETCA KOHEUYHbIMUN BPALLLEHUAMU 1 MEPEMELLEHNAMM, HO C MaslbIMU OTHOCUTE/IbHBIMU
N3MEHEHNSAMUN TeOMETPUYECKNX PasMepoB.

Ha ocHOBaHMM MOMYyYeHHbIX pe3ynbTaToB CHOPMYNMpPOBaHa TePMOMEXaHWYeCcKas NoCTaHOBKa 3afauun pesaHus
00BEKTOB HA OCHOBE (PyHAaMeHTa/IbHOW TepMOLMHAMUYECKOl HeIMHEeRHON Teopun ynpyroctu; chopMynnpoBaHbl
rpaHMYHbIE YCOBUA A8 B3aMMOAEACTBMA PEXYLLEro MHCTPYMEHTa U paccMaTprBaemMoro 06bekTa; d nosyyYeHHbIX
thopmynax TenjaoobMeHa Ha rpaHuue yyTeHa BO3MOXHOCTb BO3HWKHOBEHUS [AONOMAHWTENIbHOW TennoTbl OT
BO3[EMCTBUSA OCHOBAHWSA PEXYLLEro MHCTPYMEHTa 0 MOBEPXHOCTb pacCcMaTpUBaeMbIX 06BEKTOB; CPOPMYIMPOBaHHaS
TEPMOMEXaHNYeCcKas Teopus pe3aHus MO3BOMSET pellaTb CBA3AHHYIO 3afavyy TEPMOLMHAMUKW MO OfpefeneHuto
HanpsHKeHHO-A4ehOPMIUPOBAHHOIO COCTOSHUA M 3aKOHOMEPHOCTelW pacnpocTpaHeHUs TemmepaTypbl B 06pa3oBas-
LLIKMXCA CTPYXKKAX pe3aHus.

Bonpocamn mMateMaTU4ecKoro MOAenMpoBaHUA NPOLECCOB pe3aHUs 3aHMMAaEeTCs rpynna yyYeHbIX No npoekTy
AP05132157 «Pa3paboTka MMUTaLUOHHbLIX MOAefeil MPoLEeCcCcoB pe3aHns 1 NPOrHO3MpoBaHUe Ha UX OCHOBE OMNTWU-
Ma/lbHbIX MapamMeTpOB MHCTPYMEHTA M PEXMMOB 06paboTKM» MO rPpaHTOBOMY (MHAHCMPOBaHUIO KomuTeTa Hayku
MuHucTepcTBa 06pa3oBaHMst U Hayku Pecny6nuku KasaxctaH Ans MpOrHO3MPOBaHMA 3HAYEHWUI BO3HMKAOLLMX
CU/IOBbIX 1 TEMNepaTypHbIX SBNEHWIA, BEINUYMHY M3HOCA MHCTPYMEHTa, KOTOpas byfeT CONPOBOXAATLCA MMUTALMeN
npouecca pe3aHus.

KntoueBble cnoBa: TepMoAMHaMKKa, Terna0NpoBOAHOCTb, CABUT, AedopMaLns, TpeHve, TBepable Tena, Hanps-
XKEHWe, PeXyLMil MHCTPYMEHT, CKOJbl, LIEPOX0BATOCTb, CKOPOCTb, CABW.
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