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ABSTRACT

Purpose. Disc cutter is an important tool which is used in tunneling to destroy the rock during excavation as it direct-
ly influences rock-breaking efficiency, advance rate and economy of a project. Thus, it is of critical importance to
have a reliable and accurate method for making predictions on cutting forces during rock destruction by disc cutters.
Russian (including Soviet) research in the field is limited by studying small-diameter and/or wedge-shaped disc cut-
ters which are not currently used. This paper is meant to coordinate domestic research by Baron and Glatman with
the most widely used and fully accepted foreign theoretical and semi-empirical methods (by Roxborough and Phil-
lips, Bilgin and Phillips, and Rostami and Ozdemir) that have proven accurate and reliable for TBM (tunnel boring
machine) performance prediction.

Methods. The analysis of methods includes a brief review, a series of numerical experiments, which were performed
for disc cutters with diameters 160 and 483 mm, and a comparison with the use of graphs. Then by approximation of
the data obtained in this way, we have derived formulas for converting values of cutting forces gained by foreign
methods into the values suitable for the same conditions and the domestic method.

Findings. The method by Baron and Glatman itself could not be used for TBM performance prediction and tun-
neling planning nowadays. The approach based on the scale factors could be used for correlating any of the repre-
sented methods. Scale factors depend on the depth of cut (DOC) for rolling forces or on DOC and disc cutter
diameter for normal forces.

Originality. The analysis has also shown that mutual arrangement of the graph lines for all figures remains un-
changed. The invariance of the relative positioning and trends of the graph lines allowed to assume that it is possible
to introduce scale factors which help to convert values from one method into the values of other methods. The scale
factor, which enables to relate domestic method and the main foreign methods, is determined by consecutive division of
the calculated values obtained via the method of Baron and Glatman by the values used in other considered methods.

Practical implications. The results could be used in TBM designing and in tunneling projects.

Keywords: rock cutting, mechanical tool, disc cutter, domestic and foreign methods, cutting force, scale factor,
correlation of calculation methods

1. INTRODUCTION and civil construction projects. In comparison with the

Development of tunneling technology for under-
ground space has led to a situation when the face rock
tunnel boring machine (TBM) has become a standard
technical means for excavating in a wide range of mining
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conventional drill-and-blast method such machines pro-
vide not only high advance rate, especially in favorable
ground conditions, and excellent working safety, but also
reduce the extent of damage. Therefore, TBM has been
widely applied to construct tunnels for subways, railways,
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highways and hydro-power projects, etc. including pro-
jects in challenging conditions, such as urbanized envi-
ronment and in adverse mining and geological conditions
(Alber, 2008; Cho, Jeon, Yu, & Chan, 2010; Festa,
Broere, & Bosch, 2012; Gong, Yin, Ma & Zhao, 2016).

Proper selection of TBMs is vital for improving effi-
ciency of excavation and reducing costs in tunneling
projects. The principal design and performance parame-
ters of TBM are machine diameter, its power, torque,
thrust, RPM of the cutterhead, cutter type and size, rock
mass properties, and geological conditions (Balci & Tu-
mac, 2012). The key issue for TBM excavation is to
match the rock properties and the operational parameters
of the machine (Zhao, Gong, & Eisensten, 2007). The
efficiency of rock excavation depends on the cutter geom-
etry and the cutting pattern used (Cho, Jeon, Jeong, &
Chang, 2013). Therefore, the prior task in meeting the
challenges mentioned above is to estimate forces acting
on the rock cutting tools during operational process.

The standard tools for excavation by TBMs are disc
cutters, which are used on a wide range of tunneling
equipment and in different geological conditions. Disc
cutter is an important tool of TBM to crush the rock dur-
ing excavation as it directly influences rock-breaking
ability, boring speed and economic indexes (Li, Cai, &
Kang, 2011). Thus, it is of critical importance in planning
tunneling projects, to have a reliable and accurate method
for making predictions on cutting forces during rock de-
struction by disc cutters. Russian (including Soviet) re-
search in the field is limited to studying small-diameter
and/or wedge-shaped disc cutters (Mamet’ev, Khoreshok,
Tsekhin, & Borisov, 2015; Preis & Kuznetsov, 2015;
Zhelikevich, Selivanov, & Kaiser, 2015; Karkashadze &
Babich, 2017), which are no longer used in tunneling.

2. EXISTING METHODS FOR ESTIMATING
CUTTING FORCES FOR DISC CUTTERS

The most widely used classical domestic method was
elaborated by Baron et al. (1977). It is represented in (So-
lod, Getopanov, & Rachek, 1982) with reference to the
work (Baron, Glatman, Gubenkov, & Zagorskij, 1977):

Fg =0.326¢2" (190 p +0.24)K/K 5 ; (M

Fy =0.306¢* K K5(170p+0.32)3.5D+0.64),  (2)

where:

F — the rolling force, kN;

Fy — the normal force, kN;

e — the base of the natural logarithm;

s — the cutter spacing, m;

p — the penetration, m;

D — the disc cutter diameter, m;

K —the coefficient related to the cutting edge
parameters;

K> and K; — coefficients of the rock strength.

Coefficients could be derived from:

K; = (2207 +0.78)(0.0068 5 +0.73), 3)

where:
r — the radius of cutting edge dulling, m;
p — the angle of the edge tapering, degree.
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K, =0.0089P, —0.0016-107> P? +1.22 ; (4)

K5 =0.0435P, —0.0045-10> P? +5.28, (5)

where:

Py — the rock contact strength in MPa;

All the main parameters affecting the process of rock
fragmentation by disc cutters are fully represented in
equations (1) and (2). However, it is evident that they are
empirical. For this reason, it is impossible to apply these
equations to conditions different from those for which
they were obtained, at least without preliminary studies
for their compliance with the actual process or theoretical
models. This paper aims to correlate the domestic re-
search by Baron et al. (1977) with the most widely used
and fully accepted foreign theoretic and semi-empirical
methods, which have proven accurate and reliable for
TBM performance prediction.

Two types of disc cutters are commonly used for
equipping TBM: V-type (wedge shaped) and CCS (con-
stant cross section). V-type cutters are no longer used,
except in special cases (Balci & Tumac, 2012), because
of uneven wear of the cutter tips, which progressively
changes the contact area with the rock. So they have been
replaced with CCS disk cutters. At present, the CCS type
of disk cutters with diameter of 330 — 508 mm (13 —20
inches) is commonly used, since it is able to bear higher
cutter loads and ensure higher efficiency, (Bilgin, Copur,
& Balci, 2014). The most popular disc cutter type for
TBMs is the CCS disc cutter with diameter 432 mm
(17 inches) (Rostami, 2013).

The model developed by Roxborough & Phillips
(Roxborough & Phillips, 1975; Roxborough, 1978) is
widely used to estimate the normal and rolling forces
acting on a V-type disc cutter. This model describes the
normal forces acting on a V-type disc cutter, assuming
that the normal force equals the compressive strength of
the rock (o., MPa) multiplied by the projected area of the
disc contact area in the velocity vector direction. Normal
force ensures the tool penetration into the rock at a cer-
tain depth (p, mm) for a disc cutter of the set edge angle
(B, deg.) and diameter (D, mm). As penetration increases,
so does the arc of the disc cutter contact with rock.

Thus, the normal force could be presented as:

Fy =40, tangﬁDp3 —p4 .

The rolling force acting on the disk is calculated with
assumption in mind that the resultant force passes
through the center of rotation:

s

Fp= 4O'cp2 tan? .

(6)

(7

This model was elaborated for the ideally sharp edge
of the disc cutter. However, in practice, V-type disk cutters
have an obtusion which is expressed by the radius of cut-
ting edge rounding, changing from 1 mm to a few millime-
ters. In this case, the predicted rock-cutting force values
need to be corrected taking into account the rounding
radius (r, mm). Such modification (Bilgin, 1977; Phillips
& Bilgin, 1977; Phillips, Bilgin, & Price, 1978) of the
model described above was developed by Bilgin and Phil-
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lips with the view to correcting the mean values of normal
and rolling forces on the sharp tool:

0.6554] .
p 9
0.383 D

p

The CCS disc cutters are preferred due to higher resili-
ence to loads and better efficiency compared to V-type
disc cutters (Tumac & Balci, 2015). Rostami and Ozdemir
developed a theory of rock destruction by CCS cutters
(Rostami & Ozdemir, 1993; Rostami, Ozdemir, & Nilson,
1996) which allows to determine pressure in the zone of
disc cutter interaction with rock. As disc cutters penetrate
the rock, a crushed zone extends beneath the cutter due to
radial tensile cracks propagation. When these cracks coa-
lesce with other cracks created from neighboring cuts or
reach the free surface, then rock spalling occurs. This
process is known as the rock fragmentation mechanism.

Normal and cutting forces are defined as projections
of the resultant force onto the respective axes:

2
2123 MRT}/
YN RT
FN =

Fy =Fy exp(r[0.0354 + (8)

Fp = Fp exp(r(0.06 + 9)

-cosZ; (10)
I+y 2
solo
2.12 3| =LRTy

YN RT .

Fp = -sin-+, an
I+y 2

where:

R — disc cutter radius, mm;

T — the width of the cutting edge, mm;

w — the coefficient describing load distribution func-
tion, which decreases from 0.2 to — 0.2 with the increase
in the width of the cutting edge;

s — the cutter spacing, mm;

o, — the threshold tensile strength of the rock, MPa;

y —the angle of contact between the disc cutter and
the rock, which is calculated by the equation:

p
=arccos ,
4 R

(12)

where:

p — the depth of cut, mm.

In order to distinguish between the methods described
above we will call them by the names of their authors. So
equations (1) and (2) relate to Baron & Glatman method,
equations (6) and (7) to Roxborough & Phillips method,
equations (8) and (9) to Bilgin & Phillips method, and
equations (10) and (11) to Rostami & Ozdemir method.

Preliminary analysis of the methods under considera-
tion shows that the most complete list of influencing
parameters is present in the Baron & Glatman and Ros-
tami & Ozdemir methods. Apart from cutter spacing, the
Bilgin & Phillips’ list is complete enough. As Rox-
borough & Phillips method was developed for an ideally
sharp cutter, its list of parameters lacks not only cutter
spacing, but also rounding of the cutting edge.
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It should also be noted that not a single method, except
the method of Rostami and Ozdemir, takes into account the
cutter’s size parameters when calculating rolling force.

3. RESULTS AND DISCUSSION

For further investigation, it is necessary to perform
numerical experiments. The following parameters were
taken as constants during the study: cutter spacing
85 mm, cutting edge angle 90°, edge rounding radius
1.4 mm, edge width 15 mm, threshold compressive
strength 80 MPa and tensile strength 8 MPa. To perform
calculations by Baron and Glatman method, we obtained
the contact strength value (799.55 MPa) using the fol-
lowing equation from (Baron, Glatman, Gubenkov, &
Zagorskij, 1977; Solod, Getopanov, & Rachek, 1982):

(13)

During the calculations, the values of the cutting
depth varied from 0 to 15 mm with a step of I mm. Cal-
culations were performed for disc cutters with diameters
160 and 483 mm. The first diameter value was chosen to
represent small sized disc cutters for which the Baron
and Glatman method was designed, and the second one
was chosen as the most widely used nowadays.

Figures 1 and 2 show the results of the numerical ex-
periments aiming to determine the normal force for disc
cutters of diameters 160 and 483 mm respectively while
Figures 3 and 4 show the results for the rolling force.
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Figure 1. Comparison of normal forces obtained by different
methods for disc cutters D = 160 mm
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Figure 3. Comparison of rolling forces obtained by different
methods for disc cutters D = 160 mm
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Figure 4. Comparison of rolling forces obtained by different
methods for disc cutters D = 483 mm

As seen from Figures 1 and 2, theories of rock de-
struction for different types of disc cutters describe the
process in completely different ways. It is evident from
the fact that the graph corresponding to the method of
Rostami and Ozdemir does not coincide with the trends
of other methods. As the Bilgin and Phillips method
takes into account blunting of the cutting edge, it is
expected to result in slightly higher force values than
those for Roxborough and Phillips method for an ideally
sharp tool. Mutual arrangement of the graph lines for
both Figures remains unchanged (if you do not pay at-
tention to the values along the ordinate axis, the draw-
ings seem to be identical). The invariance of the relative
positioning and trends of the graph lines makes it possi-
ble to assume that it is possible to introduce scale factors
that allow to convert values from one theory to the val-
ues of other theories.

The fact that rolling forces do not depend on the disc
size (for the case of wedge-shaped disk cutters) was
noted at the stage of preliminary analysis of the equations
(1), (7), and (9). Howeyver, in spite of the formal presence
of the edge radius in the Rostami and Ozdemir method,
proceeding from the graphs shown in Figures 3 and 4, we
can conclude that this parameter has an insignificant
effect on the value of the rolling force for the CCS disc
cutters. When the diameter of the cutter is more than
tripled, the change in the values of the rolling force in the
graphs is barely noticeable. As for the rest, the conclu-
sions inferred from Figures 3 and 4 coincide with conclu-
sions from Figures 1 and 2.
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So let us determine the scale factor, which allows to re-
late the domestic method with the main foreign methods.
For this purpose, it is necessary to consistently divide the
calculated values obtained with the help of the Baron and
Glatman method by values of other methods under consid-
eration. Then by approximation of the data thus obtained
we will get expressions for recalculating values of forces
from the foreign methods into the domestic method:

MEP =1708(3.107° D% 0.011D+13.64); (14)
MEBP —2435712%; (15)
MEP = 17033(105 D? ~0.005D +6.456); (16)
MBP —1485,71:08, (17)

MEO =(6:107 D? +021)+3-10° D? ~0.00D+151; (18)

(19)

The upper indexes in the equations (14) — (19) relate
to the method from which recalculation should be done.
So, RP stands for Roxborough and Phillips, BP — for
Bilgin and Phillips, and RO for Rostami and Ozdemir.
The lower indexes show the type of forces: N stands for
the normal force, and R — for the rolling force. Except the
equation (19), all the other scale factors have high values
of the coefficient of determination (R?) within the range
0f 0.82 up to 0.99.

MEO =h0%(2.107 D2 +6.779).

4. CONCLUSIONS

Recalculation with the use of scale factors should be
done according to the following scheme. If the value of
a force estimated by a foreign method is Fj, then, to
obtain a corresponding value for the domestic method
F, it is necessary to use the following equation with the
scale factor M:

Fy=M-Fy. (20)

The approach based on the scale factors could be
used for recalculation between any of the represented
methods. Hence, if there is a need to recalculate values
from method A into method B, it should be done by the
formula:

p=Ma . 1)
M,
where:

a and b — values obtained by the methods A and B;

M, and M}, — scale factors for the methods A and B.

Thereby, the values of cutting forces obtained by the
domestic method differ from the foreign calculation
methods. So the method itself could not be used for
TBM performance prediction and tunneling planning.
However, the obtained values can be converted with the
help of scale factors that only depend either on the pene-
tration for rolling forces (except Rostami and Ozdemir
method) or on the penetration and disc cutter diameter
for normal forces and rolling forces (for Rostami and
Ozdemir method).
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Merta. /luckoBa mapomrka — OCHOBHHUI IHCTPYMEHT, IO 3aCTOCOBYETHCS JUISl OCHALICHHS TYHEJETIPOXiIHUIBKUX
KOMIUIEKCIB. Bix mpaBmiibHOCTI BHOOpPY iHCTPYMEHTY 3aJIe)KUTh €(DEeKTHBHICTH PYHHYBaHHS TipCBKHX IOpPiJ, a OTXKe,
MIBUJIKICTH BEJICHHS TiPHIYIOMPOXITHUIBKAX POOIT i TEXHIKO-CKOHOMIYHI TOKa3HUKH MPOEKTy. TakuM YUHOM, HaJ[3BH-
YailHO BXKJIMBO MATH HAJIiHI Ta TOYHI PO3PAXyHKOBI METOAU MPOTHO3YBAHHS 3yCHUIIb, 110 BHHUKAIOTH IIPH PyHHYBaHHI
TipCBKUX TOpiN AMCKOBHMH Inapornkamu. OJHAK JOCIIDKEHHS Ha MOCTPaIIHCHhKOMY MPOCTOpi Y JaHid rany3i 3HaHb
O0OMEXYIOThCSl BUBYCHHAM KIMHOBHIHUX IIAPOLIOK HEBEIMKOTO JiaMeTpy, sKi B JaHUH 4ac MPaKTUYHO HE 3aCTOCOBY-
fo1bes. [peacrasinena poboTa BUKOHaHA 3 METOIO aHATi3y YMOBHU BiOIOBITHOCTI HAWBIJOMIIIIOTO BITYA3HSIHOTO METOIY
Bapona-I'matmMana Ta OCHOBHUX 3apyOiKHHX PO3PaxyHKOBHX METOJIIB, pO3pOOJICHUX TaKUMH BUYCHHMH SIK PokcOopo i
®iyutine, Binerin 1 @imnine, Pocrami 1 O3aemip.

MeToauka. AHali3 MICTUTBCSI B KOPOTKOMY OTJIsi/Ii METOJIB, cepii YMCEIbHUX EKCIIEPUMEHTIB, sIKi OyJIM BUKOHaHI
JuIsl mapomok aiamerpom 160 i 483 MM (MaJioro Ta BEJIMKOTO JiaMeTpy), i MOPIBHSIHHS Pe3yJIbTaTiB 13 BAKOPUCTAHHIM
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rpadikis. [llnsxoM anpokcumallii OTpUMaHUX Y PE3yJIbTaTi YUCICHHUX EKCIIEPUMEHTIB JaHUX OyJIM BU3HAYCHI BUPA3U
(MaciTabHi koedillieHTH) AJIs IepepaxyHKy 3HaYeHb, OTPUMAaHHX 13 BUKOPUCTAHHSM 3apyOiKHIX METOJIB, 10 3HAYCHb
3a MetoaoM bapoHna-1'naTMaHa [uis TUX K€ YMOB.

PesyabraTu. B icHyrouomy Burisani meron bapona-I'matmana He Moxe OyTH BUKOPHCTaHUIT LIl POEKTYBaHHS TY-
HEJIETIPOXiHUIIBKOT TEXHIKM a00 MPOrHO3yBaHHs e)EKTUBHOCTI ii 3acTocyBaHH. [1i/1Xif Ha OCHOBI MacIITaOHUX Koed-
Koe(ilieHTIB MOXKe OyTH BUKOPUCTAHHUH JJIsI CIIIBBIIHECEHHS OyAb-SKHMX 3 PO3IIIIHYTHX METOJIB MiXk co0oto. Macmira-
OHI KoedilieHTH 3aJeXaTh TUIBKU BiJ IMTMOWHM pi3aHHS JUIA 3yCHJIb NEPEKOYyBaHHS, IMIMOMHU pi3aHHS W IiameTpa
LIAPOILIKH JUIST HOPMAJIBHHX 3yCHIIb.

HayxoBa HOBH3HA. AHaJIi3 TaKOXX [T0Ka3aB, 10 B3a€EMHE PO3TalllyBaHHS JIiHIN rpadika it Beix (iryp 3aiumaeTs-
csl He3MiHHUM. [HBapiaHTHICTH BiTHOCHOTO MTO3UIIIOHYBAHHS 1 JIHIM TpeHAiB TpadikiB JO3BOISIE 3pOOUTH TPUITYIIICHHS
PO MOXIIUBICTh BBEICHHS MAacIITAOHUX KOE(]Ii€HTIB, SKi JO3BOJSIIOTh MPUBOAUTH 3HAYCHHS BiJl OJHOTO METOIY IO
3HAYeHP IHIINX METOAIB. Bi3HaueHHS MacmTaOHOTO KOS(IIlieHTa, 0 TO3BOJIAE 3B’ SI3aTH BITIYM3HIHAN METOA 3 OCHOB-
HMMH {HO3EMHHMH METOJAMH, 3[IHCHIOEThCS MUIIXOM IOCIIIOBHOTO PO3MOJIULY PO3paXyHKOBUX 3HAU€Hb, OTPUMAHUX
3a MerojioM bapona i ['naTMaHa Ha 3HaUEHHS JUIS IHIIUX PO3TIITHYTHX METOIIB.

IMpakTuyna 3HaYUMicTb. OTpUMaHI Pe3yJIbTaATH MOXYTh OYTH BUKOPUCTaHI IPU MPOEKTYBAHHI TYHEJIENPOXiTHH-
IBKMX KOMILJIEKCIB Ta OpraHizalii TyHeJIeIPOXiJTHUIBKUX POOiT.

Knrouosi cnosa: pyiinysanns 2ipcbKux nopio, MexamiyHuil iHCmpymernm, OUCKO8A WAPOulKd, GiIMYU3HAHI ma 3apy-
OIdICHI MemOoOu, CUA PI3aHHI, MACUWMAOHUI KOeqiyieHm, nepemeopeHHs Memooi PO3PAXYHKY

ABSTRACT (IN RUSSIAN)

Iens. luckoBas m1apouika — OCHOBHOM MHCTPYMEHT, IPUMEHSIEMBIN AJIsl OCHAILCHUS TOHHEIEIPOXOAUECKIX KOM-
riekcoB. OT MPpaBUIBLHOCTH BBIOOpAa MHCTPYMEHTA 3aBHCUT (G (PEKTUBHOCTD Pa3pyIICHHs] TOPHBIX IOPOJ, a, CIEI0Ba-
TEJIFHO, CKOPOCTh BEACHHSI TOPHOIIPOXOTIECKUX PAOOT M TEXHUKO-?KOHOMHYECKHE TTOKa3aTenu MmpoekTa. Takum obpa-
30M, 9pE3BbIUAHO Ba)KHO MMETh HAIEKHBIC M TOUYHBIE PaCUETHBIC METOBI MPOTHO3WPOBAHUS YCHUIINI, BOSHUKAIOIINX
TIPY Pa3pyIIEHUH TOPHBIX MTOPOJ] IUCKOBBIMH InaponikamMu. OHAKO MCCIIEAO0BAHMUS HA TOCTCOBETCKOM MIPOCTPAHCTBE B
JaHHOW 00JIacTH 3HAHMH OrPaHMYMBAIOTCS N3y4YEeHHEM KIMHOBHIHBIX LIapOLIEK OTHOCUTEIHFHO HEOOJIBIIOro AUaMeTpa,
KOTOpBIE B HACTOALIEE BpeMs IPAKTHUECKH He IMpUMeHsIoTcs. IIpencraBieHHas paboTa BIIIONHEHA C LEIbI0 aHAIN3a
COOTBETCTBHS CaMOI'0 H3BECTHOTO OTEUECTBEHHOro MeTona bapoHna-I'marmaHa M OCHOBHBIX 3apyOeXHBIX PacHUeTHBIX
METOJIOB, pa3paboTaHHbIX TAKUMH YUeHbIMH Kak PokcOopo u ®wumnc, bunbrun u @usunc, Pocramu u O3xemup.

MeToanka. AHaIM3 COCTOUT B KPaTKOM 0030pe METOJIOB, CEpHUH YHCIICHHBIX IKCIIEPUMEHTOB, KOTOPbIE OBLIH BbI-
TOJTHEHBI TS Iapoiiek guaMeTpoM 160 u 483 MM (Manoro u GOJBIIOrO AMaMETpa), ¥ CPABHEHUH PE3YJIbTaTOB C HC-
M0JIb30BaHKeM rpadukoB. [lyTeM anmpokCUManyy IONYyYSHHBIX B PE3yJIbTAaTe YHCICHHBIX IKCIIEPUMEHTOB JaHHBIX
ObUTH OIpezieTIeHb! BhIpakeHNs! (MacuTaOHble KOA(QHUIUEHTH) IS IIepecueTa 3HaYCHUH, MMOJYYEeHHBIX C HCIOJIb30Ba-
HHUEM 3apyOeKHBIX METOJIOB, K 3HAUCHHMSIM 110 MeToly bapona-I'matmana 1 TeX e yCIOBHH.

PesyasTatsl. B cymecTBytomem Buge meron bapona-I'matMana He MOKET OBITH MCIIONB30BaH IS IMPOCKTHPOBA-
HUSI TOHHEJUICTIPOXOMYECKOW TEXHWKH WM MPOTHO3MpOBaHHSA d(PQeKTUBHOCTH ee mpuMeHeHus. Ilogxom Ha ocHOBe
MacITabHBIX KO3()PHUIIMEHTOB MOXKET OBITH HCIOIB30BAH [T COOTHECEHUS JTIOOBIX U3 PACCMOTPEHHBIX METOIOB MEXK-
ny coboit. MacmraGHble KO3 (UIMEHTH! 3aBUCST TONBKO OT INIyOHWHBI pe3aHus I YCHINI IepeKaThIBaHus, INTyOUHEI
pe3aHus U AnaMeTpa IAPOIIKU sl HOPMAJIbHBIX YCHITHH.

Hayunasi HoBU3HA. AHaNM3 TaKoKe MOKa3aJl, YTO B3aMMHOE PacIoIoKeHUe JIMHUN rpaduka Juist BceX (QUryp ocraeTcst
HEW3MEHHbIM. [HBapHaHTHOCTh OTHOCHUTEJIBHOIO TO3MLHOHUPOBAHUS U TPEHIOB JIMHUH IpadUKOB MO3BOJISET CHIENATh
NPEJITIONIOKEHNE O BOZMOXKHOCTH BBE/ICHUSI MacIITaOHBIX KOA((UIIMEHTOB, KOTOPHIE NO3BOJISIIOT IIPUBOANTE 3HAYEHHS OT
OJTHOTO METOJia K 3Ha4YeHHsM Jpyrux MerofoB. OmpeznerneHne MacmtaOHOTO Kod(dUIMeHTa, IO3BOJSIONIETO CBSI3aTh
OTEUECTBEHHBIH METOJ ¢ OCHOBHBIMH MHOCTPAaHHBIMU METOJAMHU, OCYILECTBISIETCS IyTEM IOCIEN0BATEIBHOIO JEICHUSL
pacdeTHBIX 3HaYEHHH, TTOJTyYeHHBIX 10 MeToy bapona m ['maTMana Ha 3HaUSHUS AL APYTUX PACCMOTPEHHBIX METOJIOB.

IMpakTuyeckasi 3HAYUMOCTb. [loydeHHBIE pe3yIbTAaTHl MOTYT OBITH UCIIOIB30BAHBI IPH IMPOEKTHPOBAHUN TOHHE-
JETIPOXOJUYECKUX KOMIIJIEKCOB U OPTaHU3aliy TOHHEIETTPOXOJIECKHX padoT.

Knrouegvle cnosa: paspyuienue 20pHbIX NOPOO, MEXAHUYECKUU UHCIPYMEHN, OUCKOBAS WUAPOWKA, OMeYeCmBeHHbLe
u 3apybesicHvle Memoobl, CUNA pe3anus, MacumaoHbvlil Kodgguyuenm, npeobpazosanue Memooos paciema
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