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THE USE OF DEFORMING BROACHING FOR ENHANCING THE EFFICIENCY
OF CUTTER CHISELS

Purpose. To determine the potential of deforming broaching for the improvement of efficiency of cutter chisels in the mining
industry.

Methodology. The study of the application of the technological process of deforming broaching was carried out based on the
experimental research into conditions of assembly of press couplings corresponding to cutting rock-destroying tools, the working
surface of which is reinforced with solid-alloy inserts.

Findings. Based on the conducted research, a new process of assembling the crowns of cutter chisels with the use of deforming
broaching was developed.

Originality. It was determined that the range of angles of inclination of generatrix of the working cone of the deforming element
and the roll-treading lip of the insert, which are necessary for efficient machining and pressing in crowns of cutters, is 4—16°. It was
proven that the “solid alloy-steel” press couplings for cutter chisels will have the maximum bearing capacity at total tension a/d, < 3 %.
It was found that it is necessary to foresee the following distribution of tensions: to perform 2 % of deformation by preliminary deform-
ing broaching, and 1 % — by pressing in an insert

Practical value. The use of deforming broaching makes it possible to increase the strength of fastening the inserts of cutter
chisels by 2 times, to reduce specific consumption of the tool by 4.4 times, and to increase the average drilling rate by 4 times.

Keywords: deforming broaching, press coupling, crown of cutter chisel, tension

Introduction. The process of deforming broaching is used:
for machining deep bores in tubular work pieces and cylindrical
nodes; in restoring dimensional accuracy and machining pis-
ton pins and cross-pointing hinges; diamond drilling extend-
ers, casings of break cylinders and hydrocylinders and so on.
The positive technical-economic properties of the deforming
broaching process make its further spread in mining, coal, gas,
metallurgical and machine building industries expedient [1].

This study deals with the technological aspects of the pro-
cess of applying deforming broaching to enhance the efficiency
of cutter chisels. Improvement of the existing and creation of
the new methods for machining the working surfaces of a chisel
is an urgent task of modern scientific research focusing on
studying the kinematics of drilling chisels, interaction of the el-
ements of the cutting structure of a drilling chisel with destroyed
rock, calculation of forces and analysis of tension of bearing
drilling chisels and the elements of a cutting structure, review of
the experimental methods and the methods of mathematical
modeling, as confirmed by the publications of A.I. Afanasiev,
D.1.Simisinov, V.S. Shestakov [2], A. Hosseini, H. A. Kishawy,
B. Moetakef-Imani [3], V.V.Krivosheja [4], S.F.Studenets,
P.M.Yeromin, O.V.Chernyavsky [5], V.A.Pyalchenkov,
L.I. Nikitina [6], V.A. Pyalchenkov, V. V. Dolgushin, G.A. Ku-
lyabin [7], S.E.Sheikin, I.Yu.Rostotsky [8], A.F.Salenko,
A.N.Fedotiev, L.P.Fedotieva, A.M.Mana [9], F. Zanger,
N. Boev, V.Schulze [10].

The authors note that one of the main working nodes of
cutting rock-destroying tools is crowns, reinforced with solid-
alloy inserts. The crowns (Fig. 1) are usually made of ther-
mally treated steels 3SHGSA or 20H2N4A, and inserts — from
solid alloy VK15.

The assembly of cutter crowns is usually performed by
pressing in the insert into the crown bore. This method is the
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simplest and is characterized by high-performance, although
it has some drawbacks. They include the following. In assem-
bly, especially with large tensions, partial destruction of con-
tact surfaces is possible, which reduces the strength of the
press coupling. This is especially common at considerable
hardness of the material of a crown (HRC 57—60), when its
material becomes brittle as a result of heat treatment. There-
fore, the hardness of the crown is usually limited to the value
of HRC of 42, and to increase its durability, it is recommended
to cement the outer surface of the crown.

The conditions of pressing in have a significant impact on
the performance of the rock-destroying tool. In the process of
operation, the crown of a cutter chisel is under the influence of
significant dynamic loads, which occur during the destruction
of rocks. One of the main reasons for the failure of a tool is the
fallout of solid-alloy inserts from the crown of the cutter due to
the lack of reliability of the press coupling

The well-known technological process of machining the
bores in the crowns of cutters includes low-performance drill-
ing, sender and reaming operations. These operations do not
always ensure the necessary quality of the surface of the treat-
ed bore, which, naturally, negatively affects the reliability of
the press coupling.

One of the effective ways to increase the strength of press
coupling is the use of the methods of cold plastic deformation,
in particular, deforming broaching or perforation (DB). For all
the variety of research into the application of the DB, the
problem of using this process in the technology of machining
the bores in the crowns of cutters has not been explored. In this
regard, there is a need for special studies on the feasibility of
using the DB in machining the bores in cutter crowns.

Thus, the task of the research in this work is to improve the
reliability of the press coupling of a solid-alloy insert — the
crown of the cutter casing — due to the use of the process of
DB, which will make it possible to improve the quality of the
surface layer of the machined bore, and therefore, the process
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Fig. 1. The crown of a cutter in assembly

of assembling the crowns of cutter chisels, which in turn will
enhance the efficiency of the rock-destroying tool.

Methods. In order to develop the new technological pro-
cess, the authors carried out experimental studies on the con-
ditions of assembly of press couplings, corresponding to cut-
ting rock-destructive tools, the working surface of which is
reinforced with solid-alloy inserts.

Steels 35SHGSA and 20H2N4A were used as the material
for the experimental work pieces, and the inserts were made of
solid alloy VK15. The diameters and length of the press cou-
pling were selected equal to the diameter and depth of the bore
in the cutter crowns and were equal to 12 and 20 mm, respec-
tively. The bores in the steel samples were made as through and
step. The bore machining was performed by perforation
(Fig. 2), the working part 1 of which was made of solid alloy
VK15, and the casing 2 was made of thermally treated steel
30HGSA of the hardness of 38...42 HRC. The casing has a
cylindrical part 3 for mounting the tool in the executive part of
the press. To measure the forces during pressing in and press-
ing off, as well as at direct and reverse strokes of the tool, a
tensometric dynamometer of the known design was used [4].

The parameters of roughness of the surface layer were
measured by the profilographer-profilometer VEI “Caliber” of
model 201. If necessary, the measurement of the support
length of the profile was made by an electronic set-top box to
the profilographer-profilometer VEI “Caliber” of model 201,
which works in the profilometric mode. In accordance with
the GOST (State standard) 10356-78, deviations of the treated
bores were measured by the inside caliper with the measuring
head (scale division is 0.01 mm).

Results. At the beginning of the study, the effect of wall
thickness on the strength of the press couplings was studied.
Existing cutter designs have the pitch of inserts equal to 1.7d
(where d is the diameter of the insert), that is, the thickness of
the jumper between the bores is 0.7 of diameter of the insert.
At the same time, as the thickness of the wall increases, the
force of the pressing out increases, and only when the wall
thickness #,reaches the value of d, its influence on the force of
pressing out stops (Fig. 3).

This is consistent with the known pattern, determined in
deforming broaching of work pieces with an infinite thickness
of the wall, that is, when the wall thickness is equal to or larger

Fig. 2. Deforming perforation for machining of dead-end bores
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Fig. 3. Dependence of pressing out force on wall thickness, the
diameter of conjugation — 20 mm, the material: of the cas-
ing is steel 20H2N4A, of the insert — solid alloy VK15:

1 — without pre-deformation; 2 — with pre-deformation a; =
=0.03 mm

than the diameter of the bore. In this case, there is no plastic
deformation of the outer surface. Therefore, taking into ac-
count the experiments shown in Fig. 3, it is necessary to in-
crease the pitch of the inserts from 1.7d to 2d. The studies con-
ducted in testing such a tool under working conditions show
that such a change in the pitch between the inserts did not have
a significant impact on the effectiveness of rock destruction.

In addition, the pre-deformation of the bore also increases
the force of pressing out (curve 2, Fig. 3), which indicates the
prospect of using the operation of deforming broaching for
machining the bores before pressing in.

Thus, the conducted experiments showed the need to in-
crease the pitch of inserts in the cutter crown up to 2d and to
carry out additional studies on the choice of broaching modes
and the geometry of the tool for the preliminary operation of
deforming broaching and subsequent pressing in.

The studies were carried out on the samples with an infi-
nite wall thickness, made of 35HGSA steel. Based on the ex-
periments and preliminary calculations, the range of the an-
gles of inclination of the generatrix of the working cone a of
the deforming element and the roll-threading lip of an insert
required for successful machining and pressing in, which is
4—16°, was determined.

Moreover, the performed experiments and calculations
showed that the values of these angles in the specified range
have little or no effect on the strength of the press coupling.
This is because during machining the work pieces with an infi-
nite thickness of the wall, the properties of the surface of the
surface layer, namely, reinforcement, roughness, almost do
not depend on angle . The dimensions of the treated bore do
not depend on angle a either (shrinkage after deforming with
different angles is virtually the same).

The choice of the specified range of angles is caused by the
following reasons. Using angles o, < 4° leads to difficulty in ma-
chining at deforming broaching of dead-end bores due to in-
creasing the height of the working cone of the insert. When
pressed, an increase in the length of the roll-treading lip of an
insert reduces the area of contact of the cylindrical part of the
insert stem, which in turn reduces the strength of its fastening
in the crown.

The use of angle o > 16° in the deforming tool can cause
the partial cutting of the inner surface of the bore by the cut-
ting edge, formed at the place of conjugation of the working
cone and the cylindrical strip. A similar pattern takes place
during pressing the insert into the crown bore. The cutting
edge, formed at the place of intersection of conical and cylin-
drical parts of the insert during pressing in, even with a slight
skew, begins to cut the surface of the bore. This leads to an
increase in the skew of the insert and a sharp decrease in the
strength of its fastening in the cutter crown.

Consider the effect of tension on the element and the total
tension on the strength of the press coupling. To do this, the
solid-alloy insert was pressed in with various tension, in this
case, some samples before pressing were machined by a de-
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forming element. Fig. 4 shows the dependence of specific force
of the pressing out (the ratio of pressing out to the area of the
matched surface of coupling) on pressing in tension. Curve /
corresponds to forces of pressing out the inserts that were
pressed in after drilling. Curve 2 corresponds to the forces of
pressing out of the inserts pressed in the bore after pre-defor-
mation by the working element with tension of 0.1 mm; curve
3 — after pre-treatment with 0.2 mm tension. As Fig. 4 indi-
cates, in all cases, the force of pressing out increases linearly
with an increase in tension, reaching a certain maximum at
P =80 MPa, and then decreases. At a further increase in press-
ing in tension, the force of pressing out somewhat increases,
but it does not exceed the previously achieved value of maxi-
mal force of pressing out.

Analysis of curves 2 and 3 (Fig. 4) shows that the maxi-
mum force of pressing out is achieved at lower values of press-
ing in tension. If we construct the dependence of pressing out
force on total tension (tension of pre-deformation and tension
of pressing in), all the values of the pressing in force can be
characterized by one curve P, , :f( a). The nature of this
curve corresponds to the nature of curves 7, 2, 3 (Fig. 4).

This indicates that tension of pre-deformation and tension
of pressing in represent a single process of plastic deformation
of the inner surface of a bore. This pattern of a change in the
force of pressing out is explained by the significant reinforce-
ment of the machined surface. The hardness of the surface
layer increased by 1.3—1.4 times, and the drop in pressing out
force — by some exhaustion of the resource of plasticity of the
bore surface at total tension Za > 0.4 mm.

Experiments show that during the DB, there occurs defor-
mational reinforcement of the surface layer, in this case its
hardness increases, which ensures the reliability of fastening
the inserts in the casing. Take a closer look at the mechanics of
reinforcement of the surface layer during the DB. As shown
above, the force of pressing out after the DB does not depend
on the angle, the number of passes and the tension on the de-
forming element. Therefore, in order to improve productivity,
it is advisable to implement the DB in one pass. However, to
obtain high hardness of the surface layer of the crown bore, it is
possible either to change the angle or carry out multi-cycle
treatment.

For work pieces with an infinite wall thickness, the dis-
tribution of intensity of plastic deformations in surface layer
¢y after the DB is presented in Fig. 5. In it, €, is marked on
axis y, and s/ is marked on axis x, where / is the thickness
of the reinforced layer, & is the tension on the side (i.e.,
exceeding of the radius of the deforming element the origi-
nal radius of the bore). In multi-cycle machining, the total
accumulated deformation is determined by the superposi-
tion principle, by summing up its increments for N cycles of
the DB

N
e,= Ae, (1)
1

where N is the number of deformation cycles.
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Fig. 4. Dependence of specific force of pressing out on tension of
pressing in, the diameter of conjugation is 12 mm, the material
of the casing is steel 35HGSA, of inserts — solid alloy VK15:

1 — without pre-deformation; 2 — pre-deformation a; = 0.1 mm;
3—a;=02mm
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Fig. 5. Universal dependences e, on relative depth of the sur-

face layer of the workpiece h/3:
1 — for the parts treated by the tool with the inclination angle of the
generatrix o. = 5°; 2 — for the parts, treated by the tool with o.=10°;
3 — the curves obtained by the method for measuring micro-hard-
ness; 4 — the curve obtained by the interpolation of curves 1 and 2
Jfor treatment by the tool with the angle of inclination of the genera-
trix o = 8°; Distribution e, obtained by the method for measuring

the hardness, is shown by the dotted line

It is possible to determine the magnitude of hardness with
the help of the calibration chart, linking e; to hardness HV.

If according to the technical conditions, HV is assigned for
the part, it can be obtained by selecting the following techno-
logical parameters: angle o, tension on element @ and N. There
is the relation between c; and HV

6,=0.33HV. )

Value o7 is connected with the reinforcement curve
s;=0,(¢)- 3)

Therefore, knowing e;, we determine o with the help of
(3); magnitude HV is determined with consideration of (2).

Consider the example of such technological calculation for
the case of the DB, when machining was performed by an ele-
ment with angle o = 8° per pass, i.e. N = 1. The reinforcement
curve for steel 35S HGSA is shown in Fig. 6.

We find Ae; = 0.34 from the diagram (Fig. 5) of interpola-
tion for angle oo = 8°. From Fig. 6 we find 5;= 1000 MPa. Then
from dependence (2), we obtain, GPa

HV =21 -3030 MPa=3.03. )
0.33
a;,
MPa
1500
//

1000 / —
500

0 025 050 0,75

, , . e

Fig. 6. Curve of reinforcement of steel 35HGSA
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The experimental value of HV, shown in Table 1, is equal
to 3.1-3.2 GPa, the calculation error is approximately 4 %.

If, for example, in this case the expansion of the bore is
performed by two passes, ¢; = 2Ae; = 0.68, and ;= 1250 MPa,
HV=3800 MPa = 3.8 GPa. That is, due to the multiplicity of
deformation, hardness can be additionally increased by 25 %.

It should be noted that further increase in hardness due to
deformation reinforcement leads to the material becoming
brittle and micro defects accumulating in it, which negatively
affects the strength of the press coupling under conditions of
variable loads:

In our experiments, we considered the force of pressing out
of rest, that is, at the moment prior to the onset of relative dis-
placement of conjugated surfaces. For our coupling, the solid-
alloy insert — a steel crown of a cutter, working under condi-
tions of large dynamic loads, an important indicator of its per-
formance is specific force of pressing out in the process of the
set relative displacement of the conjugated parts. That is, it is
necessary to know how specific friction forces between conju-
gated surfaces will change after their relative displacement.
Therefore, we additionally examined the oscillograms of re-
cording the force at pressing out a solid-alloy insert. For ex-
ample, consider oscillograms (Fig. 7). As it follows from Fig. 7,
a, after the displacement of the insert, the force of pressing out
decreases inconsiderably and the tool continues to be capable
of working. At the same time, the oscillogram (Fig. 7, b) shows
that when the total tension of assembly Za > (0.4 mm increas-
es, the pressurization force drops sharply and the tool becomes
incapable of working, that is the total tension of machining and
pressing in should not exceed Za < 0.4 mm.

Dependence P, , =f (Za) was constructed according to
the data in the oscillograms during pressing out (Fig. 8). It is
similar to the curve (Fig. 3), has an extreme character, and the
maximums of force coincide. Despite the fact that the force of
pressing out of rest after its decrease increases slightly, the
force of pressing in at the set relative displacement always mo-
notonously decrease.

Therefore, the press couplings, solid alloy — steel for cut-
ting chisels will have the maximum bearing capacity at total
tension a/d, < 3 %. Taking into account that at a decrease in
the tension of pressing in, its conditions improve, it is neces-
sary to carry out 2 % of deformation by preliminary deforming
broaching, and 1 % — during pressing in the insert. This distri-
bution of tensions increases the efficiency of cutter chisels.

Consider how the operation of deforming broaching af-
fects the accuracy of the treated bores. The errors of the treat-
ed bore play an important role in the assembly of the crown.

Yosc,
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a
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mm
20 \
10 /'/
0 1 2 3 4 5 6 7 tsec
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Fig. 7. Oscillograms of recording the force during pressing out
solid-alloy inserts, pressed in with the 0.1 mm tension into
the bore, pre-treated with tension:

a—0.1mm;b—0.4mm
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Fig. 8. Dependence of specific force of pressing out on total ten-
sion at the set relative displacement of conjugated parts, the
diameter of conjugation — 12 mm, material of the casing —
steel 35HGSA, of the insert — solid alloy VK15:

o — without preliminary deformation, preliminary deformation
with tension: A — a;=0.1 mm, e —a;=0.15mm, o — a;=0.2 mm,
+—a,=025mm, v —a,=0.3mm, x —a,;=0.4 mm

They determine the tension of pressing in, and, therefore, per-
formance of the entire tool. That is why, the studies on deter-
mining the deviations of bores in the cutter crowns after drill-
ing and subsequent deforming broaching were carried out.

Drilling bores in the cutter crowns was carried out on a
vertical-drilling machine of model 2A150 with the drills with
special sharpening and drilling modes for steels of such a class.
To enhance the drilling accuracy, the machine was equipped
with a special device, the uniform distribution of bores on the
cutter crown was provided by the division device. To eliminate
the removal of the drill at the initial time of drilling each bore,
a replaceable conductor sleeve was used, and drilling in the
casings of cutters was performed not from the work surface of
the crown, but from its inner side (Fig. 9).

Deforming perforation of bores and pressing solid-alloy
inserts into them were performed on the press PMM-200 us-
ing this specified device, as well as the inner part of the crown.
This greatly facilitated the orientation of the perforation when
machining the bore and the insert at the moment pressing in
started. In addition, the insert was pressed in using a conduc-
tive sleeve (Fig. 10), which also improved the orientation of
the insert and eliminated its skew.

Fig. 10. Pressing solid-alloy inserts into cutter crowns V123
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Fig. 11 shows the results of measuring a batch of bores in
the crowns of cutters of steel 35SHGSA after their drilling and
deforming perforation. The results of the measurement of the
drilled bores indicate the normal flow of the drilling process,
which made it possible to obtain the bores of the 9—10 accu-
racy degree. Obtaining this accuracy after drilling allowed ma-
chining them with deforming perforation without additional
machining of the bore by reaming. This significantly reduced
the deviation of the bores (Fig. 11), which made it possible to
ensure the 7 accuracy degree for them. To compare the effec-
tiveness of the existing and proposed technical processes, the
analysis of their parameters of the quality of machined sur-
faces (Table) was performed.

According to Table, the proposed technological process is
much more efficient, and the indicators of the quality of the
treated surface exceed those obtained in the treatment follow-
ing the existing technological process. Thus, the supporting
surface (percentage of metal in the rough layer) is almost twice
as high, the value of Ra is much lower, the hardness of the
surface after broaching is 30 % higher than in the existing tech-
nological process, macro deviations of the surface of the bores
made by the proposed technological process are much lower.
All this taken together provides an increase in the strength of
the press coupling due to the reinforcement of material, stable
tension and improved indicators of the rough layer. The above
is proved by the experimental data, which made it possible to
compare the values of the specific forces of pressing off solid-
alloy inserts from steel bodies assembled: by mechanical press-
ing in after processing the holes by deployment; thermally,
namely heating the housing and cooling the insert; as well as
mechanical pressing in after processing the holes by deforming
broaching.

The experiments showed that the smallest specific force of
pressing out the inserts — 40 MPa was observed when they
were pressed after processing the holes by deployment, the
pressing force of the inserts 60 MPa was somewhat higher
when the casings were assembled by the thermal method, and
the most effective was the pressing in of the inserts into the
case, the holes of which were previously processed by deform-
ing pulling. In this case, the specific pressing in force reaches
80 MPa.

Therefore, of the three variants of assembling the crowns
of cutter chisels, the most effective is the option implemented
using the new technological process based on deforming
broaching. The strength of fastening the insert in the cutter
crown is almost twice as high. Even in comparison with the
thermal method for fixing the inserts, the proposed techno-
logical process has an undeniable advantage; in particular, it
provides the strength of fixing inserts, which is by 1.4—1.5 times
higher at a significant decrease in labor-intensity for their fas-
tening.

According to the developed technology, two batches of
VT23 cutters having three pieces each and 2 batches of
VP-23M cutters having 10 pieces each were made. Indus-

num.
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a

Fig. 11. Deviations of the machined bores:
a — after drilling; b — after deforming broaching of a drilled bore
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Indicators of the quality of machined surface after the
existing and the proposed technological process
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trial tests of rock destroying crowns VP-23M on drilling
machines of the “Strela” type were carried out at K. A. Ru-
myantsev mine of PA “Artemvuhillia”. During the excava-
tions, the average length of which was 6—8 m, the following
rocks intersected: sandstone with the strength of 7—12 units
by the scale of M. M. Protodyakonov, sand slate with the
strength of 5—7 and clay slate with the strength of up to
5 units. As a result of the tests, it was found that specific
consumption of the tool is reduced compared to the serial
one by 4.4 times, and the average drilling rate increased by
1.4 times. At the same time, the number of replacements of
the treated crowns is by 4.4 times less than of the serial
ones. The economic effect of the implementation of the de-
veloped technological process is largely determined by the
durability of reinforced cutters and makes up 480 000 UAH
per 100 cutters [1].

Conclusions. Based on the conducted research, a new
technological process of assembling the crowns of cutter chis-
els with the use of deforming broaching was developed. The
performed studies showed that pre-treatment by deforming
broaching and pressing in the inserts is a unified process of
plastic deformation of the surface of the bore. The quality in-
dicators of the surface machined with the use of deforming
broaching were examined. Comparative analysis of them with
the quality indicators obtained according to the traditional
technology showed the undoubted advantage of the new tech-
nological process. The conducted tests proved the prospects of
using the new technological process of assembling cutter chis-
els due to reducing specific consumption of reinforced crowns
compared to serial ones by 4 and 4.1 times. This will provide
the expected economic effect of the operation of 100 cutters,
which is 480 000 UAH.
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Meta. BusHaueHHST TTOTEHINially 3aCTOCYBaHHS nedop-
MYIOUYOTO TPOTSITYBaHHS JJISI TMiABUILEHHS Mpale3naTHOCTI
1IapOIIEYHUX JAOJIT Y TipHUYOA00YBHil TIPOMMCIOBOCTI.

Mertoauka. JlocmiaKeHHs 3aCTOCYBaHHSI TEXHOJIOTIYHOTO
mpoiiecy nedopMyIOuoTro MPOTATYBAHHS 30iiICHEHO HA OCHO-
Bi €KCITEPUMEHTAJILHOTO IOCIDKEHHS YMOB CKJIalaHHS ITpe-
COBUX 3’€IHaHb, IO BiAMOBIAAIOTH MIAPOIIEYHUM TMOPOIO-
PYIUHYIOUMM iHCTpyMEHTaM, poboYa IMMOBEPXHS SKUX apMOBa-
Ha TBepAOCIUIABHUMU BCTaBKaAMU.

PesyabraTn. Ha ocHOBI npoBeneHMX NOCTiIKEeHb PO3pPO-
0JIeHO HOBMIA TEXHOJIOTIYHUIA MpolIec CKJIaJaHH BiHIIIB 11a-
POIIEYHUX TOJIIT 3 BUKOPUCTAHHAM 1e(hOPMYIOUOro MpoTsi-
TYBaHHS.

HaykoBa HoBu3HA. Bu3HaueHO [iama3oH KyTiB HaXWiIy
YTBOPIOIOUOTO POOOYOro KoHyca nehOopMYIOUOro eJieMeHTa i

3a0ipHOr0 KOHYyca BCTaBKM, HEOOXiMHMX 17151 YCMilLIHOI 00p00-
KM Ta 3anpecoBYBaHHs BiHIIIB IIApOIIOK, IO CTAHOBWUTH
4—16°. JloBeaeHO, 110 TIPECOBi 3’€THAHHS «TBEPIUIA CIIaB —
CTaJlb» JUISI IIIAPOIIEYHUX TOJIT OyIyTh BOJOMITH MaKCUMaIb-
HOIO HECYYOIO 3[aTHICTIO NP1 CyMapHOMY HaTsry a/dy < 3 %.
BcraHoBneHo, 110 ISl TABUILEHHST TMpale3l1aTHOCTI 111apo-
IIEYHUX JIOJIIT HEOOXiTHO TiependauynT HACTYITHUI PO3TOIiT
HaTsTiB: 2 % nedopMallii 3niiicHIOBATH TTOTIepeHiM nedopmy-
I0YMM MPOTSTYBaHHSIM, a 1 % — 1pu 3arpecoByBaHHiI BCTABKMU.

IIpakTyna 3HaYMMicTh. 3acTOCyBaHHS He(opMyI0Ouoro
MPOTSTYBAHHST AO3BOJISIE TIABUIIUTYU MILIHICTh 3aKPiIJICHHS
BCTaBOK IIAPOIICYHUX AOJIT y 2 pa3u, CKOPOTUTH ITUTOMi BU-
TpaTu iHCTpyMeHTa B 4,4 pa3u, a CepeHIO IIBUIKICTh OypiH-
Hs1 30i1bIIMTH B 1,4 pasu.

KmrouoBi cioBa: deghopmyroue npomseyeanns, npecose
3’e0Hanms, 8ineyb wapoueuHo2o doloma, Hamse
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eab. OnpeneneHre MoTeHIMAaAa TPUMEHEHUS Aehop-
MUPYIOIIETO MPOTATMBAHUS 7Sl TOBBIIEHUST PabOTOCTIO-
COOHOCTM TIapOILIEYHBIX JOJOT B TOPHOIOOBIBAIOIICH TTPO-
MBILIJIEHHOCTH.

Metomuka. MccrenoBaHne nMpuMEHEHHUST TEXHOJOTHUYEC-
CKoro mpouecca AehOPMUPYIOLIET0 MPOTSATUBAHUS OCY-
IIECTBJICHO HA OCHOBE SKCIIEPUMEHTAIBHOTO MCCICIOBAHMS
YCJIOBUM COOPKHU MPECCOBBIX COENMHEHMI, COOTBETCTBYIO-
IIUX [APOIIEYHBIM MTOPOIOPA3PYIIAIOIINM UHCTPYMEHTAM,
paboyasi MOBEPXHOCTh KOTOPBIX apMUpPOBaHa TBEPIOCILIaB-
HBIMM BCTaBKaMMU.

PesynbraTel. Ha ocHOBaHUM TIPOBEIEHHBIX MCCIIEIOBa-
HUI pa3paboTaH HOBBII TEXHOJIOTUYECKUI TTpoIiecc COOPKU
BEHILIOB 11apOLIEYHBIX AOJOT C UCIOJb30BaHUEM Ne(HOopMU-
PYIOILIETO TTPOTITUBAHMSI.

Hayunas Hosuszna. OrnpenesieH quamna3oH YIjioB HaKJIOHA
oOpasyolieit pabouero KoHyca 1ehopMUPYIOIIETO 3JIEMEHTa
1 3a00pHOTO KOHYCa BCTaBKM, HEOOXOMUMBIX [UTSI YCITCIITHOM
00paboOTKM M 3alpeCcCOBKU BEHIIOB IIAPOIIEK, COCTABIISIO-
muii 4—16°. JlokazaHo, YTO TIPECCOBBIC COCTMHEHMSI «TBEP-
IIBIIA CTIJIaB — CTaJIb» JIJIST IIAPOIIEYHBIX T0JIOT OYayT 001anaTh
MaKCUMaJIbHOM Hecyllell CMOCOOHOCTbIO TMPU CyMMapHOM
Hartsire a/dy < 3 %. YcTaHOBIIEHO, UTO JIJIsl IOBBIIIEHHsI pabo-
TOCITOCOOHOCTH IIIAPOIIEUYHBIX TOJOT HEOOXOIUMO IIpeaycC-
MOTPETbH CJIeyIollee pacipeneieHne HaTsroB: 2 % nedopma-
LIMM  OCYIIECTBJIATH TpPEABAPUTEIbLHBIM Ae(hOPMUPYIOIIUM
MpoTITUBaHUEM, a 1 % — Tpu 3aIpecCOBKE BCTaBKMU.

IIpakTHyeckas 3HaYMMOCTh. [IpuMeHeHMe neopMupyro-
IIETO MPOTSITUBAHUS TTO3BOJISIET MOBBICUTH IMPOYHOCTh 3a-
KpeTuIeH!sT BCTaBOK IIApOIICYHBIX JOJOT B 2 pa3a, COKpa-
TUTH YICJIBHBIN pacXol MHCTPpYMeHTa B 4,4 pa3a, a CpeaHIO
CKOpPOCTb OypeHMUsI YBEIMUNTD B 1,4 paza.

KiioueBslie cioBa: degopmupyrouee npomseusanue, npec-
co60e coeduHeHue, 8eHel WapouleyHo2o 0010ma, Hamse
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