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Purpose. Simplification of shearing angle determination during chip formation and improving
the determination of chip-edge contact length with the corresponding derivation of new calculation
empirical formulas.

Methodology. The study is based on the use of analytical and probabilistic methods for calculat-
ing the shearing angle during chip formation, the shearing angle according to an empirical formula
based on the cutting force components under a fine edge and a constant value of the friction-shift
ratio, which adequately corresponds to the value of the most common formula based on the chip
thickening ratio.

Results. The formulas for determining the shearing angle during chip formation are obtained.
Value constancy of the friction-shift ratio for certain groups of steels has been determined. Compared
to steel 45 more ductile austenitic steel 12X18H9T has lower values of the friction-shift ratio. The
length formula of the chip-edge contact based on the chip texture angle compared to the formula
based on the chip thickening (shortening) ratio has a difference of more adequately accounting for
the impact of the build-up forming phenomenon and increased metal deformation at negative rake
angles. In the wake of cutting speed and rake angle rising there is a corresponding increase in the
shearing angle and reduction in the contact length of chip with edge.

Scientific novelty. Functional dependances for determining the shearing angle during chip for-
mation have been developed, which is achieved by introducing empirical dependences of the cutting
force components under a fine edge on the operating and geometrical parameters of the cutting pro-
cess, by establishing a constant value of the friction-shift ratio in the shear plane and corresponding
formula derivation for determining the shearing angle, which excludes in each case time-consuming
experiments to determine the shearing angle through the chip thickening ratio or holding the dyna-
mometer test of the cutting force components.

Practical value. The use of empirical formulas for calculating the shearing angle and in the con-
tact length of chip with edge on the basis of cutting force components under a fine edge makes it
possible to exclude the experimental determination of the chip thickening ratio, and for account of
“backward” calculation method of the cutting force components under a fine edge to refuse the time-
consuming dynamometer test of the cutting force components in each case.

Key words: edge, chip formation angle, shearing angle, cutting forces, thickening ratio, cutting
speed, rake angle.

Introduction. The cutting process is characterized by such macroeconomic indi-
cators as cutting force components, cutting temperature, tool life, strength of machined
stock working surface and overall surplus cutting performance.
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The parameters of the cutting mode and edge geometry, the chip thickening
(shortening) ratio, shearing angle, the length of the chip-edge contact, stress and fric-
tion ratios on the edge contact surfaces serve as element indicators of the edge cutting
machining process and are used in calculating of the cutting force components, heat
source density, research of contact phenomena and optimization of operating and geo-
metric parameters of the process [1-3].

Herewith the shearing angle appears to be the main elemental indicator of the chip
formation process and remains the most complicated problem of analytical calculation.

The most widespread acceptance in determining the shearing angle has acquired
the formula by 1LA.Time [2, 3]

tgp = (1)

kq—siny
based on the thickening ratio k, = a/a, a=S-sing — cut thickness, S — inflow, ¢ — plan
angle, a. — chip thickness or shortening ratio, k. = L¢/L, L i L. — length of cut and chip.
The disadvantages of the implementation are that, in each case, an experiment and
significant labor costs are required.
Among the formulas for the contact length determination of chip with edge, the
most recognized was the modified [4] formula by N.G. Abuladze [5]
= a- k" [ka(1 = tgy) +—], 2)

cosy

which includes cut thickness a, chip thickening ratio k, and rake angle of the edge y.

The disadvantage of the formula is inadequacy of the determination results, espe-
cially under build-up forming on the front surface and at negative rake angles of the
edge.

Problem statement. The purpose of simplifying the method for determining the
shearing angle during chip formation is achieved by introducing empirical dependences
of the cutting force components under a fine edge on the operating and geometric pa-
rameters of the cutting process, by establishing a constant value of the friction-shift
ratio in the shear plane and corresponding formula derivation for determining the shear-
ing angle, which excludes in each case time-consuming experiments to determine the
shearing angle through the chip thickening ratio [2, 3] or holding the dynamometer test
of the cutting force components [2, 3].

A new formula to improve the method of contact length determination of chip
with edge has been derived, which includes an additional parameter of the chip for-
mation process, such as the chip texture angle, which in its turn is determined through
the shearing angle and relative displacement [2, 3].

The original basis for determining the tangent P, radial P, and axial Py of the
cutting force from the cutting mode (depth t, inflow S, speed V) and edge geometry
(rake angle y, rounded corner r, wear rate h along the frank surface) was the developed
combined equations [6, 7] of the type

Pi=cp t*-SY-V 2. (1= p/90) - (1+1)" - (1+h) - Ky 3)
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with the accumulated exponential quantities x-u, dimensional proportionality ratio c;
and correction indexes for brand ky and strength k, of processed material, grade tool
material ki, of the plan angle k, and slope of the main cutting edge k; and lubricating-
cooling environment Ko (Kpi = km* Ko+ ki K, Ki- Ko).

For non-rectangular cutting conditions, the normal component of the cutting force is

P, = /Pyz+Px2 : (4)

Such structure of combined equations (3) makes it possible to calculate the forces
P’ i P’y under a fine edge (r = 01 h = 0) by the “backward” calculation method.

The main body. The solution has two sections:

1. Determination of the shearing angle @ during chip formation [16]. The calcu-
lation model for determining the shearing angle @ is shown in Fig. 1: a i a. — cut and
chip thickness; y — rake angle of the edge; Ts i T,— tangential and normal projection of
the resultant chip formation force 7" on the cutting plane P, and the reference plane P;

"1 P',— tangential and normal components of the cutting force under a fine edge (the
value of wear land h and frictional force along the edge frank surface are theoretically
zZero).

7 Pr-Pr

dc
=

Py @

% /n

Q 7

Fig. 1. Location of the chip formation force projections 7 and shearing angle @ in the

coordinate system of the reference plane P, cutting plane P, and the reference secant
plane P

According to the diagram in Fig.1 there is a connection between the components
of the shearing force Ts, T, and the cutting force under a fine edge P’,, P', through the
shearing angle @ [8, 16]. The friction-shift ratio us formula is derived from the projec-
tion of the forces P’, i P, in direction to the tangent T, and normal T, shearing forces.

Ts=P;-cos ¢ —Py'-sin ¢

Th=P;-sin ¢ + P,'-cos ¢ , from which
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_Ts _ Pz'-pPn'-tg¢ )
“Tn  Pz'-tgp+Pn'’

Analysis of the obtained results of a series of experiments table. 2 and 3 at @ (1)
and calculations P’; (3) and P', (4) showed a constant ratio value us= const (5) for

individual groups of processed materials.
According to us (5) the shearing angle is determined from the relation

Us

tg g =2t (6)

where P'; 1 P',— empirical values of the tangent and normal components of the cutting
force under a fine edge; us— a constant value of the friction-shift ratio.

2. Determination of chip-edge contact length

The model for determining the contact length of chip |, with edge rake face A, is
shown in Fig. 2: Py and P,— coordinate reference and cutting planes; y — edge rake
angle; @ and P;— angle and plane of shear; y and P,, — angle and plane of texture.

=
<
=
c
2
o
™M

Fig. 2. The calculation model for determining the contact length of chip with edge |,:
a — cut thickness; @ — shearing angle; y — rake angle; v — texture angle

This chip formation scheme is adopted on the basis of well-known researches by
the method of instant stopping of the cutting process followed by the manufacture of
microsection root chips [2, 9, 15].

Furthermore E. Lee and B. Schaffer [8, 10, 14] saw that under the load from the
tool, there must be a stress field inside the chip itself, which transfers the cutting forces
from the shear plane to the edge face surface.

The primary deformation begins in the zone of the plane P, and ends in the plane
P,, where axes from distorted elements with an initial square shape under the action of
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normal stresses become linear od. The braking force of the chip flow on the bearing
surface A, lead the near-edge zone oe to secondary deformation.

As far as is known, in both zones, deformation is accompanied by chip material
strengthening, the elasticity field of which is limited by rectangular leg de to the texture
plane P,

The angle of chip texture after shear deformation is determined by the formula
known in the plasticity theory [2, 3]

2
tgy = ==~ (7)

where ¢ — relative shift under transformations of cut layer to chips.
In its turn, for relative shift there are expressions [2, 3]
a2—2ka-siny+1
kysiny

, (8)

for which the shearing angle is predetermined according to the formula tg@(1) through
chip thickening ratio or according to the formula tg@(6) through the cutting force com-
ponents P’; and P', under a fine edge and a constant value of the friction-shift ratio us.

The simulation of the length determining I, was carried out with account for three
triangles obc, ocd, ode (fig. 2)

2.1 Aobc. From the initial conditions «obc=90-y and afterwards
Zbco=90 +y - @.

2.2 Aocd. The angle zocd = 90 — (y — @), and with account for the angle w we
get zcdo =90 — (¢ —y + w). The share plane length oc = |, = a/sin®.

Lo Ly

From the proportion — = — the texture plane length is
sin zcdo sin docd

= a-cos(®—vy)
® " sin®-cos(P—y+ )’

2.3 Aode. The angle ~ode = 90° as prearranged and then «doe= 90 — (®@+ y)+ y.
With known |,,i zdoe the length 1, is

1 k
E—tg—(D‘th(CD—]/)—

od =

l
P
oe=1, =——,
Y coszdoe

The final search length of a contact is determined from the relation

2a'cos (P—¢)

17 - sin®sin[2(®-y+ )] ©)

Implementation and analysis. To test the efficiency of the derived formulas
@(6) and /y(9), a series of corresponding experiments was carried out during turning
of the steels 45 and /12X18H9T with different levels of machinability.

Empirical dependences Pi (3) for determining cutting force components [2, 6, 7,
11, 12] are given in the Table 1.
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Table 1

Values of the ratios c, for steels 45 (¢ = 750 MPa, hard alloy metal 7/5K6) and
12X18HIT (0 = 600 MPa, hard alloy metal BK8) and exponential quantities x — both
at ¢ =45° 4 = 0and dry cutting (k, = 1)

Force name, H Cp X y -Z n % u
steel steel t, S, V, 1- | 1+r, | 1+h,
45 12XI8HIT | mm | mm/rev | m/s | y/90 | mm | mm

Tangent P, 1,560 1,790 1 075 |015] 11 ] 01 | 04
Radial P, 620 809 0.9 0.6 0328 03 | 14
Axial P, 437 460 1 0.5 04|24 | -02] 12

Experimental conditions and research results for the angle @ according to the For-
mulas (1) and (6) and contact length of chip-edge /y according to the Formulas (2) and
(9), depending in the cutting speed V and rake angle y are given in the tables 2 and 3.

Table 2

Calculated values of the shearing angle @ and contact length of chip with edge I,
when dry turning of steel 45 with hard alloy metal 775K6 (t = 2.8 mm, S = 0.35
mm/rev, cut thickness a = 0.25 mm, r =0, h = 0)

Parameter identifiers Determination results

A. Speed effect V, m/s (y =10°) 0.5 1.25 2 2.75
Thickening ratio k, 2.7 2.2 2 1.9
Shearing angle @, degree (1) 21.3 | 259 28 | 29.7
Cutting force components, H | Tangent P, (3) | 1936 | 1688 | 1575 | 1499
Normal P, (4) 1032 | 751 | 640 | 574
Friction-shift ratio us(5) 0.86 | 0.85 | 0.83 | 0.82
Shearing angle @, degree (6), us= 0.83 22.3 | 263 | 28.2 | 294
Relative shift ¢ (8) 276 | 2.34 | 2.20 | 2.10
Texture angle v, degree (7) 179 | 20.2 | 21.1 | 217
Contact length I,, mm (2) | 1.18 | 1.04 | 0.99 | 0.96
(99 | 157 | 115 | 0.99 | 0.95

b. Rake angle influence y, degree (V =2 m/s) -10 0 10 20
Thickening ratio k, 25 | 2.25 2 1.75
Shearing angle @, degree (1) 20.2 24 28 | 33.7
Cutting force components, H | Tangent P, (3) | 2011 | 1791 | 1575 | 1358
Normal P, (4) 1164 | 880 | 640 | 450
Friction-shift ratio us(5) 0.83 | 0.83 | 0.83 | 0.78
Shearing angle @, degree (6), us=0.83 20.2 | 242 | 282 | 32
Relative shift £ (8) 330 | 269 | 220 | 1.75
Texture angle v, degree (7) 15,6 | 183 | 21.1 | 244
Contact length I,, mm (2) | 1.36 | 1.15 | 0.99 | 0.86
(99 | 125 ] 1.13 | 0.99 | 0.90
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Table 3
Calculated values of the shearing angle @ and contact length of chip with edge I,
when dry turning of steel /12X18H9T with hard alloy metal BKS (t = 2.8 mm,
S = 0.44 mm/rev, cut thickness ¢ = 0.31 mm, r =0, h = 0)

Parameter identifiers Determination results
A. Speed effect V, m/s (y = 15°) 0.5 1 1.5 2
Thickening ratio k, 2 1.8 1.7 1.65
Shearing angle @, degree (1) 29 32 33.8 34.8
Cutting force | Tangent P’ (3) 2458 2206 2027 1995
components, H | Normal P, (4) 1,174 920 812 738
Friction-shift ratio us (5) 0.71 0.71 0.70 0.70
Shearing angle @, degree (6), us=0.71 29.1 31.2 32.8 34.3
Relative shift ¢ (8) 2.05 1.91 1.83 1.80
Texture angle v, degree (7) 22.1 23.2 23.7 24
Contact length I,, mm (2) 1.20 1.11 1.05 1.02
9) 1.30 1.13 1.06 1.02
b. Rake angle influence y, degree
(V =1.5m/s) - > 15 25
Thickening ratio k, 2.3 2 1.8 1.6
Shearing angle @, degree (1) 22.6 27 32 37.5
Cutting force Tangent P, (3) 2872 2541 2206 1954
components, H Normal P, (4) 1748 1298 920 636
Friction-shift ratio us (5) 0.73 0.73 0.71 0.67
Shearing angle @, degree (6), us=0.71 23.3 27.6 31.2 36.6
Relative shift £ (8) 2.92 2.35 1.91 1.52
Texture angle v, degree (7) 17.2 20.2 23.2 26.3
Contact length I,, mm (2) 1.52 1.27 1.11 0.99
(9) 1.43 1.27 1.13 1.04

Data analysis for angle @(6).

When determining the angle @(6) the constancy of the friction-shift ratio us (5)
value was found, the average value of which is us= 0.83 for the steel 45 and .= 0.71
for the steel 12X18HIT.

Compared to experimental data of the angle @(1), the empirical definition results
of the angle @(6) based on the cutting components P, and P', under a fine edge showed
close coincidence (3% for the steel 45 and 1% for the steel 12X18H9T).

The received data adequacy by formulas @(1) and @(6) points to appropriateness
of the angle determining @ (6) through empirical values of the tangent P, (3) and nor-
mal P', (4) of the cutting force components under a fine edge and through predeter-
mined constant friction-shift ratio us (5).

Data analysis by contact length I, (9).
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The data comparison according to a well-known formula /y(2) and to the derived
Formula /y(9) with texture angle w showed in most cases close (up to 1 — 5%) coinci-
dence of the results obtained for both formulas in the presence of two differences in
the determination accuracy:

at low cutting speeds V for the known formula, significant reduction of length
value y(2) was found out, especially for the case of turning of the steel 45 atV = 0.5
m/s with build-up forming on the surface 4y (by 25 %),

at negative angles y the formula /y(2) leads to overestimated values of the length
by 6 — 9%.

A new relation of chip formation parameters with texture angle y(7) was found
and without the chip thickening ratio more adequately (“sensitively™) takes into ac-
count the features of build-up forming and enhanced metal deformation at negative
rake angles. It also provides more accurate determination of the contact length /y(9),
including using the empirical value of the shearing angle @(6).

Therefore, new formulas for calculating the shearing angle @ chip-edge contact
length ly were derived on the basis of empirical dependences of the cutting force com-
ponents under a fine edge on the parameters of the cutting process.

The novelty of the work is protected by a patent for a utility model [7] and a patent
for an invention [13].

The proposed direction of calculations includes the use of a sufficiently developed
information base of technical literature on the force dependences of the cutting process
for most of the processed materials.

Conclusions.

1. Value constancy of the friction-shift ratio for certain groups of steels has been
determined. Compared to steel 45 more ductile austenitic steel 12X18H9T has lower
values of the friction-shift ratio.

2. The shearing angle according to an empirical formula based on the cutting force
components under a fine edge and a constant value of the friction-shift ratio adequately
corresponds to the value of the most common formula based on the chip thickening
(shortening) ratio.

3. The length formula of the chip-edge contact based on the chip texture angle
compared to the formula based on the chip thickening (shortening) ratio has a differ-
ence of more adequately accounting for the impact of the build-up forming phenome-
non and increased metal deformation at negative rake angles.

4. In the wake of cutting speed and rake angle rising there is a corresponding in-
crease in the shearing angle and reduction in the contact length of chip with edge.

5. The use of empirical formulas for calculating the shearing angle and in the con-
tact length of chip with edge on the basis of cutting force components under a fine edge
makes it possible to exclude the experimental determination of the chip thickening ra-
tio, and for account of “backward” calculation method of the cutting force components
under a fine edge to refuse the time-consuming dynamometer test of the cutting force
components in each case.
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AHOTANIA
Meta. CripolieHHs1 BU3HaYE€HHs KyTa 3CyBY IPH CTPY>KKOYTBOPEHHI 1 yJIOCKOHAJIEHHS] BU3HAYEHHS
JIOBKMHU KOHTAKTY CTPY’KKa-JIe30 3 BIIMOBIAHUM BUBOJIOM HOBUX PO3PaXyHKOBUX eMITIPUYHUX (O-

pMyII.

Metoauka. JlocmipkeHHs 0a3yeThbesl Ha 3aCTOCYBaHHI aHAII TUKO-HMOBIPHICHUX CIIOCOOIB po3paxy-
HKIB KyTa 3CyBY IIPH CTPY>KKOYTBOpPEHHI, KyTa 3CyBY MO eMITIpH4HIl (JOPMYJTi Ha OCHOBI CKJIQJIOBUX
CHJIM Pi3aHHS MPU TOCTPOMY Je3i 1 MOCTIHHOMY 3Ha4eHHI Koe(illieHTa TepTa-3CyBY, 10 aJeKBaTHO
BiJITIOBiJIa€ PO3PaXyHKOBHM 3HAYCHHSM HAHOLIBII PO3MOBCIOKEHOT (DOPMYITH Ha OCHOBI KoediIrie-
HTA MMOTOBIIEHHS CTPYKKH.

PesyabTaTn. Onepxani GopMyu BU3HAYCHHS KyTa 3CyBY IpPU CTPY>KKOYTBOpPEHHI. Y CTaHOBIIEHO
MOCTIMHICTh 3HaUEHHS KoedilieHTa TePTA-3CyBY JUIsl OKPEMUX TPYIl cTaneld. B mopiBHsHI 31 cTaIIO
45 6inpi mactuyHa aycteHiTHa ctanb 12X18HI9T mae MeHmn 3HaueHHS KoedilieHTa TepTa-3CyBY.
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®opmyIia TOBXHUHU KOHTAKTy CTPY’KKa — JIe30 Ha OCHOBI KyTa TEKCTypU CTPYXKKHU B MOPIBHSHHI 3
(dhopMyJ1010 Ha OCHOBI KO€(diIi€EHTA MOTOBIIEHHS (BKOPOUYEHHS) CTPY)KKH Ma€ BIIMIHHICTB O1IBIII ajie-
KBAaTHO YPaxOBYBAaTH BIUIMB SIBUILA HAPOCTOYTBOPEHHS Ta MiABUIIECHOI 1edopmarii MeTary npu He-
raTUBHUX TEepeHiX KyTaX. [1o Mipi pocTy MIBUIKOCTI pi3aHHS 1 MEPEAHBOTO KyTa Jie3a BiI0yBaeThCs
BiJINOBiHE 301IBIICHHS KyTa 3CYBY Ta 3MEHIICHHS JOBXHHU KOHTAKTY CTPY>KKH 3 JIE30M.

HaykoBa HoBu3Ha. Po3po0ieHi GpyHKIIOHATBHI 3aJICKHOCTI JJIs BU3HAUEHHS KyTa 3CYBY IPHU CTPY-
YKKOYTBOPEHHI, IO JIOCATAETHCS BBEACHHSIM EMITIPUYHUX 3ICKHOCTEH CKIIQJIOBUX CHJIH Pi3aHHs IIPU
TOCTPOMY JIe31 BiJl peXKMMHHUX 1 TEOMETPUYHHUX MapaMeTpiB MPOLECy pi3aHHs, yCTAaHOBJICHHSM I10C-
TIHHOTO 3HAYCHHS Koe(DilieHTa TepTs — 3CyBY B IUIOINIMHI 3CYBY 1 BUBOY BiJIITOBIIHOI (hOPMYJIH BH-
3HA4YEHHS KyTa 3CYyBY, III0 BUKJIIOYAE B KOXXHOMY BUIAJKY TPYJOEMKUX €KCIIEPUMEHTIB 10 BHU3HA-
YECHHIO KyTa 3CYyBY 4epe3 KOeQillieHT IMOTOBIICHHS CTPYXKH a00 MPOBEACHHIO TUHAMOMETPYBaHHS
CKJIAJIOBUX CHJIH Pi3aHHS.

IIpakTuyna HiHHiCTH. 3acTOCYBaHHS eMITipHYHUX (OPMYJIT pO3PaXyHKY KyTa 3CYBY 1 JIOBXXKHUHHU KO-
HTaKTY CTPY>KKH 3 JIE30M Ha OCHOBI CKJIaIOBUX CHJIM Pi3aHHS IIPH TOCTPOMY Jie31 JO3BOJISIE BUKIIIO-
YUTH EKCIIEPUMEHTAJIbHE BU3HAYCHHs Koe(illi€eHTa MOTOBIIEHHS CTPYXKKH, a 32 PaXyHOK METOoJa
«3BOPOTHOIO» PO3PAaXyHKY CKJIaI0OBUX CUJIM pi3aHHS IPU rOCTPOMY Ji€31 BIIMOBUTHUCS BiJl TPYAOEM-
KOTO IMHAMOMETPYBAHHS CKJIAZIOBUX CHJIH Pi3aHHS B KO)KHOMY BHITAJIKY.

Kntouoei cnosa: nezo, kym cmpysickoymeopents, Kym 3Cy8y, CUlU pi3anHs, Koe@iyicnm nomos-
WeHHsl, WBUOKICMb PI3aHHsA, NepeOHill Kym.

AHHOTALUSA
Hesb. YopolueHue onpeaesieHus yria cBUra Mnpu CTPY>KKOOOpa30BaHUM U COBEPLICHCTBOBAHUE
OIIpeseNIeHUs JUIMHbI KOHTAKTa CTPY’KKa-JI€3BUE C COOTBETCTBYIOIIUM BBIBOJIOM HOBBIX Pacu€THBIX
SMIUPHYUECKUX (HOpMYJI.

Metoauka. VccienoBanue 6a3upyercs Ha MIPUMEHEHUH aHAJIMTUKO-BEPOSITHOCTHBIX METOJIOB pac-
YEeTOB YTIJIa CIBUTA MPH CTPYKKOOOPA30BAHMH, YTJIA CIBUTA 110 SMITUPHUYECKON (hOpMyJie Ha OCHOBE
COCTABJISAIOLINX CUJIBI PE3aHUS IIPH OCTPOM JIE3BUHU U TOCTOSTHHOM 3Ha4eHUH KO3 PHLIeHTa TpeHUs -
C/IBHTa, aJIeKBaTHO OTBEUYAET 3HAYEHUIO HanboJiee pacrpocTpaHeHHOH (popMyIibl Ha OCHOBE K03 du-
IIUEHTA YTOJIIEHUE CTPYKKH.

PesyabTaTsl. [TonydyeHHble GOpMYIIBI ONIpEeIeHHs yIila CIBUTa IPU CTPYKKOOOpa30BaHUU. Y CTa-
HOBJICHO MOCTOSIHCTBO 3Ha4eHMsI KOd(h(PUIIMEHTa TPEHUsA-CABUTA I OT/AEIbHBIX IpymI cTanei. B
CpaBHEHMH CO cTalblo 45, 6onee ruiacTuyHa aycteHuTHas ctaib 12X 18HI9T umeer MeHblMe 3Hade-
Hus kod(pduunenta tpeHus-cMmenienus. Gopmyra ATUHBI KOHTAKTa CTPY’KKa - JIE3BUE HA OCHOBE
yIJ1a TEKCTYPbI CTPYKKHU 110 CPaBHEHUIO ¢ (POpMYJIOi Ha OCHOBE K03 (PUIIEHTa yTONIEHHE (YKOPO-
YeHHE) CTPYKKH UMeeT OTiInuue 0oJiee aIeKBaTHO YUUTHIBATh BIMSIHUE SIBJICHUSI HAPOCTOYTBOPEHHS
U MOBBILICHHOM edopMaliii MeTajia pu OTpULIATeNIbHBIX epeaHuX yriax. Ilo mepe pocta ckopo-
CTH pe3aHMs U MEPEIHEro yriia JIe3BHs MPOUCXOJUT COOTBETCTBYIOIIEE YBEIMUYEHUE YyIJla CIBUTA U
YMEHBIIIEHUE JJIMHBI KOHTAKTa CTPY>KKH C JIE3BHEM.

Hay4ynasi HoBu3HA. Pa3paboTanHble pyHKIMOHATbHbIE 3aBUCUMOCTH JUIS ONIPEIeNICHH YTJIa CABUra
IIpU CTPY>KKOOOPa30BaHMs, YTO JOCTUTAETCS BBEICHUEM SIMITUPHUUECKUX 3aBUCUMOCTEN COCTABIISIO-
IIUX CUJIBI PE3aHMsI IIPU OCTPOM JIE3BUU OT PEXKHMHBIX U F€OMETPUUECKHUX IapaMeTpoB Ipoliecca
pe3aHusi, yCTaHOBJIEHUEM MTOCTOSIHHOTO 3HAa4eHUs K03 (pUIIMeHTa TPEeHUS - CMEIIEHUSI B TUIOCKOCTH
C/IBUTa U BBIBOJA COOTBETCTBYIOLIEH (pOpMyIIbl ompeaeneHns yria CABUra, UCKIOYAeT B KaXI0M
clly4ae TPYJI0EMKHUX SKCIIEPUMEHTOB IO ONPEAETICHHUIO yIila CABUTa uepe3 Kod(hOULIMEHT yTONIIEeHUs
CTPY>KKH U IIPOBEJICHUS JUHAMOMETPUPOBAHUS COCTABIISIONINX CUJIbI PE3aHUSI.
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Ilpuknaona mexanixa, 6y0i6HUYMBO MA YUBLILHA [HICEHEDIsL

IIpakTHyeckas HeHHOCTh. [IpuMeHenue sMnupuyeckux GopMyi pacdera yria CABUTa U JJIMHBI
KOHTAaKTa CTPYKH C JIE3BUEM HA OCHOBE COCTABJISIFOLIUX CHJIBI PE3aHUs [P OCTPOM JIE3BHH MO3BO-
JSIeT UCKITIOUUTH SKCIIEPUMEHTATILHOE onpeieNieHne Ko3(ppuiineHTa yToneHue CTpyKKH, a 3a C4eT
METO/]1a «0OOPATHOT0» pacyeTa COCTABISIOUINX CUIIBI Pe3aHUsI IIPU OCTPOM JIE3BUU OTKA3aThCs OT TPY-
JIOEMKOI'0 JUHAMOMETPUPOBAHUS COCTABIISIFOIIMX CUJIbI PE3aHUs B KAXKIOM CIIydae.

Knroueevie cnoea: nessue, y2on cmpysrcKoooOpazo8anus, y2oa cosuea, CUibl pe3anus, Kodgouyuenm
VMONWeHUs, CKOPpOCMb pe3anusl, nepeoHutl y2o..
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