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SOME FEATURES OF DRILLING TECHNOLOGY WITH PDC BITS

Purpose. Improving the technology of drilling wells with blade bits by establishing patterns of interaction in a pair of “cutter-
rock” to find out the causes the “hanging” blade bits over the central part of the bottom hole and develop recommendations for

eliminating.

Methodology. The tasks were solved by a comprehensive research method, which includes analysis and synthesis of literature
and patent sources, analytical studies of existing rotary drilling models to solve the problem of “hanging” of the blade bit.

Findings. It has been established that the distribution of axial load on rock cutting elements depending on the distance from the
center of the blade bits is extremely uneven: the incisors located on the periphery of the bit edges experience the smallest load, and
the incisors located in the central part of the bit are the most stressed.

Originality. It was shown for the first time that the “hanging” of the bit over the central part of the face is caused by the redis-
tribution of axial load along the bit blades from the minimum value at the periphery of the blades to its sharp increase to the bit axis
to compensate for the decrease in the path travelled by the bit in this zone. For the first time, it was proposed to perform blade bits
with sharpened blades along a radius, and to destroy the resulting core with a special device.

Practical value. As a result of the research, recommendations have been developed for the design of a fundamentally new design
of the blade bit, which will not “hang” over the central part of the face during the drilling process. This design of the blade bit can

reduce the energy intensity of drilling.

Keywords: well drilling, blade bit, PDC bit, bit “hanging”, load distribution

Introduction. In modern conditions, the main volume of
coreless drilling of wells is carried out by blade and roller cone
bits. For a long time, blade bits were used only for drilling soft
and medium strength rocks. As working elements directly de-
stroying the bottom hole, carbide tools were used, fixed on the
blades of the bit. With the creation of diamond-carbide cut-
ters, which began to arm blade bits, the area of effective ap-
plication of the latter has expanded significantly. They began
to be used effectively in non-abrasive rocks of medium hard-
ness and partially in hard rocks. Due to its high performance,
blade bits, reinforced with diamond-carbide cutters, accord-
ing to experts, increased their share of the global market to
60 % in 2014, and are projected to reach 80 % in 2020 [1]. In
Russia, these figures have already been achieved. The share of
PDC bits with service support in 2011 was 86 %, roller cone
bits only 14 %. For comparison: the proportion of PDC bits
used in 2010 was 63 % [2].

It is necessary to point out the difference in terms. In Eng-
lish-language literature, the term PDC (polycrystalline dia-
mond cutters) is used, while in Russian literature the abbrevia-
tion ATP (diamond-carbide plate) is more often used.

PDC bits are widely used throughout the world and show
very good results. The main technical and economic indica-
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tors of drill cutting, namely, the mechanical drilling speed,
penetration and durability, are about 3—4 times higher than
that of the roller bits intended for low-speed drilling. These
indicators were achieved when drilling soft and medium rocks,
such as chalk, salts, shale, clay, aleurolite, limestone, low-
abrasive sandstone. When drilling solid rock, PDC bits exhibit
a mechanical speed and penetration rate twice as large as roller
bits [3].

However, there are features of drilling technology, charac-
teristic of all blade bits of the cutting type, when penetrating
soft and medium hard rocks. One of these important features
is the “hang” of the bit over the central part of the face. In
other words, the rotating tool stops the deepening of the well
for some time, the rock is slowly crushed in the center of the
face, then the drilling resumes until the next “hang”, and so
on. Naturally, this phenomenon adversely affects the produc-
tivity of the drilling process, it was repeatedly observed during
the drilling of oil and gas wells [4].

This work is devoted to the improvement of the technology
of drilling wells with blade bits by establishing the patterns of
interaction in a pair of cutter-rock. On the basis of this, the
reasons for the “hanging” of the vane bits above the central
part of the bottom of the well will be clarified and recommen-
dations will be made to eliminate this negative phenomenon.

Literature review. To date, a huge number of works have
been published on the design and development of technology
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for the use of carbide crowns. A great contribution to solving this
problem was made by: G.V.Artsimovich, D.N.Bashkatov,
R.K.Bogdanov, K.I.Borisov, Yu.E.Budyukov, N.N.Buren-
kov, V.S.Vladislavlev, B.I.Vozdvizhensky, S.A.Volkov,
V.1. Vlasyuk, V. K. Volodchenko, L. K. Gorshkov, N.G. Egorov,
A.P.Zakora, A.M.Isonkin, A.G.Kalinin, V.G.Kardysh,
A.T.Kiselev, E.A.Kozlovsky, M. G. Krapivin, B. B. Kudryash-
ov, N. I. Kulichikhin, Yu. F. Litkevich, L. A. Lachinyan, V. V. Ne-
skomoromnyh, A.I.Osetsky, A.A.Pogarsky, V.M.St.Peter-
sburg, B.M.Rebrik, S.Ya.Ryabchikov, V.I.Spirin, S.S.Su-
lakshin, N.V.Soloviev, N.I. Sysoev, A. F. Tretiak, V.S. Fedorov,
V.F. Chihotkin, F.A.Shamshev, L.A.Schreiner, E.F. Epstein,
H.Wouts, E. Halle, D. Gislin, D. Lamus, H. Fullerton, V. Mau-
er, and others.

At present, there exist and are being applied in practice two
models of rotary drilling and, accordingly, two theories for the
formation of the bottom hole in rotary drilling. The first theo-
ry is based on a model in which the processes of introducing
the working element (cutter) of a rock-destruction tool and
the propagation of a fracture zone over the entire surface of the
bottom of a well are separated and carried out consistently.
These views are shared by a large group of prominent scien-
tists: B.I.Vozdvizhensky, I.A.Ostroushko, S.S.Sulakshin,
A.N. Popov, B.V. Fedorov, and others.

The second theory is based on a model representing the
drilling process as a simultaneous combination of vertical and
horizontal movement of the tool. As a result of this combina-
tion, the cutter moves along a helical surface. The second
theory was developed by the famous scientist Professor
Vladislavlev V.S. There are far fewer supporters of this theory
[5].

In article [6], to study the work of a rock cutting tool at the
bottomhole, it was proposed to consider the interaction of
each of its tool as an element of a single and interconnected
system with the rock.

Studies of the effect of the resultant force at steady-state
cutting-spitting on the depth of the tool during drilling are
given in [7].

The angle of inclination of the tool is also an important
design parameter. Thus, in work [8], the influence of the incli-
nation angle of the diamond-carbide plate on the wear resis-
tance and loading of the drilling tool was carried out. Using
the method for calculating the geometrical parameters of drill
bits and the corresponding computer program, the working
angle parameters of the drill bit are determined.

In [9], in the course of analyzing the destruction of the
rock while drilling with PDC bits, geometrical dependences of
the normal cutting force and its components on the front cut-
ting angle and area parameters drilled by the cutter were ob-
tained. Formulas for the dependence of the pressing force of
the tool on the axial and tangential components of the forces
with a constant front cutting angle are obtained.

In [10], the influence of various factors on the mechanical
drilling rate was analyzed. In particular, it was found that with
a decrease in the inclination angle of the cutting plate, as well
as with a decrease in its lateral angle of the installation, the
fracture efficiency increases. Also, the drilling rate decreases
with an increase in the number of incisors.

A somewhat different conclusion was made in [11], where
it was stated that the average mechanical drilling speed reaches
a maximum value at an inclination angle of the cutting insert
40-50°.

Studies were carried out for two types of incisors: a con-
ventional incisor with a sharp cutting edge and an incisor in
which the cutting edge is blunted with a facet of 0.3 mm at an
angle of 45°. The presence of such a chamfer, according to the
authors, prevents chipping of the sharp edge. The work con-
cluded that due to the presence of chamfer, there is a redistri-
bution of lateral and vertical loads on the cutter. In this case,
the vertical load increases, and the lateral load decreases. This
increases the efficiency of the transfer of axial load on the rock

cutting elements and, consequently, increases the mechanical
speed of drilling. When using PDC bits with a blunt cutting
edge, it is necessary to reduce the cutting angle by 5—10° com-
pared to bits equipped with cutting tools with a sharp cutting
edge [11].

The influence of the tool width on the mechanical drilling
rate was also studied in [14]. In particular, when changing the
width of the tool from 2 to 0.2 mm (i.e. by suspending it), the
drilling speed increases from 7 to 56—72 m/h, depending on
the influence of friction forces. It was concluded that with a
decrease in the width of the tool, the axial load losses increase
due to the action of friction forces, and the recess for one revo-
lution and the mechanical drilling speed decrease more inten-
sively.

The issue of the redistribution of axial force between the
lateral and vertical components is also the subject of work [12].
To improve the efficiency and effectiveness of the cutting tool
design, a new reverse engineering method is proposed based
on the PDC bit geometry. The design parameters of the PDC
bits (cutter parameters and the profile of the bit itself) are cal-
culated on the basis of data obtained using 3D scanning tech-
nology. The reverse engineering method allows one to define
design parameters with high accuracy.

The lateral force optimization model improves the stability
of the drill bit, reducing the lateral force of the drill bit.
Through optimizing the position of the circumference of each
blade, the installation angle of each cutter optimizes. The pro-
posed method is an effective technique to minimize the overall
lateral force. The wear rate optimization model can effectively
extend the life of the optimized bit. Due to optimization, the
lateral force of the drill bit is reduced from 7.55 to 3.17 %, and
the wear of the drill bit along the radius becomes more uni-
form. As a result of the production tests, the penetration of the
bit increased by 23 % compared with the penetration of the
initial bit, and the mechanical drilling rate improved by 3.7 %
[12].

The article [13] presents the results of analytical and ex-
perimental studies of the dependence of the efficiency of rock
destruction on the speed of movement of the cutting element.
The authors indicate that if the well drilling process goes with
a projected constant axial load on the bit, reducing the interac-
tion time between the incisors and the rock at each specific
point of the face to be destroyed reduces the depth (volume) of
the disintegration processes in the rock monolith. Conse-
quently, the depth of dynamic cutting of rock in any mode of
destruction for a particular load is reduced.

Analyzing the basic concepts of both theories and the
practical results achieved with their use, we can argue that due
to the huge variety of rock properties, both of them have a right
to exist and successfully explain in their field the actual pro-
cesses of interaction of the working element (cutter) with the
rock mass during drilling.

The first theory theoretically proved and experimentally
confirmed the stages of the process of introducing the cutter
into an elastic-brittle and elastic-plastic rock, the formation of
a “crater” and a “hole” of destruction, the dimensions of
which are larger than the corresponding dimensions of the in-
cised cutter. The latter explains the free passage of the rock-
breaking tool along the wellbore as the bottomhole deepens.
The first theory has an advantage in describing the process of
percussion-rotary drilling, as well as rotary drilling of hard
rock, i.e. in conditions when the drilling method allows divid-
ing the process of introducing the cutter into the face, followed
by rotation or at a low drilling rate of hard rock, when it can be
assumed that when the cutter is inserted and subsequently ro-
tated, the deepening bottomhole lies in the same plane.

The second model has an undoubted advantage when
drilling by cutting soft and medium hard plastic rocks. How-
ever, from the standpoint of the second model, it is impossible
to explain the free passage of the rock-cutting tool after the
deepening bottom of the well. The second model does not take
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into account the friction forces arising on the side surfaces of
the moving tool.

Unsolved aspects of the problem. Existing theories and
studies do not explain which factors and to what extent they
affect the “hanging” of the blade bits and do not offer sug-
gested measures to reduce the impact of these factors. The
problem of “hanging” of the blade bit can be solved only from
the point of view of the second theory, one of the basic prin-
ciples of which is that the depth of the incisor is proportional
to the path traveled by the said incisor. It is from this position
that this phenomenon can be explained.

Purpose. Improving the technology of drilling wells with
blade bits by establishing patterns of interaction in a pair of
“cutter-rock” to find out the causes and develop recommen-
dations for eliminating the “hanging” blade bits over the cen-
tral part of the bottom hole.

Methods. The tasks were solved by a comprehensive re-
search method, which includes analysis and synthesis of litera-
ture and patent sources, analytical studies of existing rotary drill-
ing models to solve the problem of “hanging” of the blade bit.

Results. The model of interaction of the cutter of a rock-
destroying tool with a rock, proposed by V. S. Vladislavlev, was
improved by us taking into account the influence of the fric-
tion force arising on the front edge of the cutter of a rock-de-
stroying tool on the true axial load, the groove per revolution
and the mechanical drilling speed in [14, 15].

When the indenter is moved along the rock along a helical
trajectory, in one revolution, the cutter travels the x,,, path and
goes deeper by 4. The angle of inclination a is a line to a plane
perpendicular to the axis of the well, characterized by the tan-
gent of this angle tga

tga =" (1)

xrev

On the other hand, V.S. Vladislavlev shows the fundamental
dependence of the tangent of the angle o of the inclination of the
helix, along which the tool’s incisors move when the face deepens

2q;
ad’

tgo = ()

where ¢; is the vertical load intensity, N/m; a is stiffness of a
pair of indenter-rock, Pa; 6 is dimension of the indenter along
the line of its movement, m.

The hardness of the indenter exceeds the rock hardness by
an order of magnitude. Therefore, the indenter can be consid-
ered as an absolutely solid body, and then the rigidity of the
pair will be determined only by the rigidity of the rock. Then
the rock stiffness can be determined as follows

E

a: b
1-p?

3)

where E'is Young’s modulus of rock, Pa; u is Poisson’s ratio of
rock.

Taking into account the working conditions of the rock
cutting tool in the drilled well

_0
qi - mb b
where Q is the axial load on the bit, N; m is the number of inci-
sors overlapping the width of the face; b is face width (along

the radius), m.
Substituting (3) and (4) into (2) we get

_200-p?)
OO Es (%)

“4)

Equating the value of tg o obtained in formulas (1) and (5),
and also taking into account the constrained conditions of op-
eration of the cutters in the borehole, we get

h _20(-u?)

X bmE3\

rey

s

where A is the coefficient taking into account the working con-
ditions of the cutters in the well. According to V.S. Vladislav-
lev, it is equal to A = 1.38.

From here, the groove for one revolution of the bit is equal to

20(1-p?)
" bmES)

Mechanical drilling speed
V,=hn,

where # is bit rotation frequency, s

When the cutter moves along the face, overcoming the re-
sistance of the rock, it acts with the front edge on the wall of its
groove with force

P=cy, b h, (6)

where o, is shear rock strength, Pa; b is groove width, m; 4, is
the thickness of the rock layer removed by a single cutter in the
destruction of rock, m.

In turn,

In the process of rock destruction during drilling, the cut-
ter is affected by a static axial load Q, under the action of which
the cutter moves down and deepens the rock, as well as the
torque M, under the action of which the cutter rotates around
the axis of the rock-destroying tool. In this case, when the cut-
ter moves in these two directions, friction forces arise, which
are directed to the sides opposite to the movement. Since the
deepening of the cutter in one revolution is small compared to
the path it has traveled in one revolution around the circum-
ference, the friction force t acting on the front face of the cut-
ter and directed upwards, as a rule, is neglected. However, in
soft and medium rocks, with high axial loads, when the me-
chanical drilling speed is high, the cutter paths traversed down
and along the bit circumference become comparable values.
So, for these conditions, the influence of the friction force act-
ing on the front edge of the tool to reduce the axial load should
be taken into account.

In previous studies, we found that, due to the influence of
this friction force, the mechanical speed when drilling with
bits with rock-breaking elements with a bluntness of 0.2 mm
can be reduced by 20—25 %. In addition, the proposed new
analytical dependencies allow predicting the dredging in one
turn and the mechanical drilling rate [14].

The friction force 71 is defined as follows

t=Pf, (7

where f is the coefficient of friction on the contact cutter-rock,
it varies within f=0.1-0.4.
Thus, the true value of the axial load is

0,=0- ®)

From (8) it follows that the required axial load on the bit
created on the surface to obtain the desired effect should be
increased by force, taking into account (6) and (7)

L _Cublf
m

These dependences make it possible to obtain the distribu-
tion of loads along the radius of the blades of the bit and to find
out the cause of the periodic “hanging” of the latter.

To find out the reasons for “hanging”, we divide each blade
of the bit blade along its length R, into the required number
of equal sections (for example, into 6, as shown in Fig. 1).
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Rmax

Fig. 1. Drilling scheme with a spade-shaped blade bit:

1, 2, 3,..., 6 — incisors; R; — radius of rotation of the i" cutter;
Rax — maximum radius of rotation; I, I — blades

In operation, at each revolution of the bit, different sec-
tions will move in a circle, the length of which is proportional
to the radius. The maximum path will be made by the incisors
located at the outer edge of the chisel: the incisors located near
the center run by far less time. The path of the tool located on
the axis of rotation of the bit will be zero.

According to the second theory of destruction, the groove
of the cutter is proportional to the path that it runs. If the
aforementioned blade edge sections were in no way connected
with each other, the different sections would have different
depths per revolution, and the farther from the axis of rotation
they were located, the larger the depth would be. However,
since the chisel is a single structure, the depth for all its sec-
tions cannot be different. The same pit for cutters running
through a different path is provided by the redistribution of the
axial load acting on the bit.

As a result of this redistribution, the axial load on the cut-
ting edge increases as it approaches the center of rotation. This
changes the mechanism of destruction: instead of cutting, the
cutter is pressed into the rock. Rock indentation resistance is
greater than cutting resistance. This is the cause of the “hang”
of the bit on its central part.

Suppose that a chisel has a diameter D, the number of
blades is N, and on each blade there are K cutting elements,
counting from the axis of rotation (Fig. 1). Then the distance
from the axis of rotation to an arbitrary radius R; of the middle
of the i element is determined by the formula

R=0.5b+b(i—1), ©9)

where b is the width of the i” cutting element along the blade
from the axis of rotation of the clay bit. With equal length of
the cutting elements

D

b=—.
2K

If the total load on the bit while drilling is Q, then we can
write

K
0= NZQ:"
i=1

In [5], the following formula was obtained to determine
the axial load for any cutter located on the cutting edge of the
vane bit

Esy Do/

G =h an(i-05)(1-p2) 2K

The thickness of the layer of rock removed by a single cut-
ter during the destruction of the rock is defined as

h=— (10)
n

where V,, is mechanical drilling speed, m/s.

Analysis of formula (10) shows that the first terms in brack-
ets depend on the position of the cutting element on the blade,
i.e. on its radius of rotation R;, defined by the formula (9). The
second term does not depend on R..

We define the distribution of loads Q; along the blade ra-
dius on a concrete example for the following initial data: D =
=240 mm = 0.24 m; 6, =40 MPa=4"- 10" Pa; f=0.4; K=6;
E=60000MPa=6"-1010 Pa; 8 =0.5 mm =0.0005 m; u=0.3;
y=1.38; ¥,, = 18 m/h = 0.005 m/s; n = 100 min™' = 1.67 s7';
N=4.

Load on four blades at R, = 0.010 m willbe O =22682 N.

We will perform similar calculations for other values i
(Fig. 1).

Results of calculations Q,and O} are given in Table and in
Fig. 2.

Analysis of Table and the graph of the function Q; = f ( R,-)
(Fig. 2) shows that the minimum axial load for drilling rock at
a given speed, having the initial physical and mechanical prop-

erties, is on the periphery of the bit at R, = 110 mm, where O}
is only 3 kN. The axial load on the axis of the bit, on the con-
trary, reaches a large value, increasing to 25 kN, i.e. by more
than 8 times. To remove this excessive load, it is advisable to
eliminate several stages of the blades of the bit adjacent to the
axial zone of its rotation. Such a constructive solution has
pike-shaped blade bits (patents of the Republic of Kazakh-
stan), in which the blades (edges) near the axis of rotation are
eliminated, and the design of the tool is equipped with a pilot
drilling a small-diameter well. The latter then expands the
shortened blades to the nominal size. However, another prob-
lem arises here associated with recommending the designation
of a rational diameter of pilot wells.

If the minimum diameter of the pilot hole is 40 mm (R; =

= 20 mm), then, judging from the schedule, O} =12kN,

Table

The distribution of axial load on one (Q;) and four blades
(Ql“) along the radius of the blade of the peak

i 1 2 3 4 5 6

R, mm 10 30 50 70 90 110
0, N 5671 2050 | 1326 | 1016 | 843 734
Load on four 22682 | 8201 | 5304 | 4063 | 3374 | 2935
blades, 0}, N

Qf

25.0

20.0 \

15.0 \

10.0 \\
5.0 \\
1
0.0
0 20 40 60 80 100 120 R;

Fig. 2. Load dependence O}, acting on the four blades of the
peak of a bit, depending on the radius of rotation R; cutting
elements
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which is a fairly large value, which increases the energy inten-
sity of drilling. If we take a core diameter of 80 mm (R; =

= 40 mm), then from the graph Q= f (Ri) there follows a

sharp decrease in the load (Q,-* =7kN) and the intensity of
drilling. However, the drilled core will be massive enough that
will cause additional problems with its destruction.

Conclusions.

1. The cause of the “hanging” of the blade bit during ro-
tary drilling is the redistribution of axial load along the blades
of the bit from the minimum value at the periphery of the
blades to its sharp increase to the axis of the bit in order to
compensate for the decrease in the path traveled by the cutter
in this zone.

2. To eliminate the negative impact of the “hanging” of the
bit, it is necessary to solve multidirectional tasks:

- drilling a pilot hole with a sufficiently small diameter: the
small diameter of core drilling makes it possible to simply solve
the problems of fracture of the core being formed, but it can-
not relieve the excessive load acting on the part of the bit blade
adjacent to its axis of rotation;

- pilot-hole drilling with an increased diameter compared
to the previously examined one. With an increase in the core
drilling diameter, the problem of the destruction of the core
being formed becomes more complicated, but the excessive
load is eliminated over the long length of the bit edges adjacent
to the axis of rotation of the bit.

3. The final solution of the aforementioned contradictory
task should be sought in the direction of the minimum energy
intensity of drilling a well with spike-shaped blade bits.
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Merta. Y1ocKoHaJIeHHsI TEXHOJIOTii OypiHHS CBEPUIOBUH
JIONMATeBUMU A0JIOTAMU LIUISIXOM YCTaHOBJIEHHSI 3aKOHOMip-
HOCTe B3aeMOi1 B Mapi «pi3ellb — NOpoaa» Il BUSIBJIEHHS
MPUYMH «3aBUCAHHSI» JIOMATEBUX AOJIT HAll LEHTPaIbHOIO
YACTUHOIO BUOOIO CBEP/UIOBUHU W PO3POOKU peKOMEHIALiit
31X YCYHEHHSI.

Metoauka. [locTaBieHi 3aBnaHHs BUPILIyBaJUCh KOMII-
JIEKCHUM METOJOM JOCiIKEHHS, 1110 BKJIIOYAE aHai3 i y3a-
raJTbHEHHSI JIITepaTYPHUX i TTATEHTHUX JDKEPesT, IIPOBEIeHHS
aHAJITUYHUX JOCIIIKEHb ICHYIOUMX MojIeJieii 00epTaJIbHOTo
OypiHHS IS pillIeHHS 3a71a4i i3 «3aBUCaHHSI» JIOTIATEBOTO J10-
JIoTa.

Pesyabratn. BctaHOBNIEHO, 1110 PO3MOIA OCHOBOTO Ha-
BaHTaXE€HHS Ha MOPOAOPYHHYIOUI €JeMEHTU B 3aJIEXKHOCTI
BiJl BiZICTaHi BiJl IEHTPY JONAaTEBUX IOJIT BKpail HEepiBHOMIip-
HUIi: HaliMeHIlle HaBaHTaXXeHHSs BiI4yBalOTh Pi3lii, 1110 PO3-
TallloBaHi B LIEHTpaJbHill YaCTUHI 10JIOTA.

HaykoBa HoBM3HA. Yriepliie [MOKa3aHo, 1110 «3aBUCAHHS»
TIOJIOTA HAJl IEHTPATHHOIO YACTUHOIO BUOOIO BUKJIMKAHE Tie-
PEPO3MOAIJIOM OCLOBOIO HABaHTAXKEHHS T10 JIONATIM J0J0Ta
BiIl MiHIMaJIbHOI BEJIMUMHU Ha Tepudepil JonaTteit 10 ioro
Pi3KOT0 3pOCTaHHSI 10 OCi 10JI0Ta, 11100 KOMITEHCYBAaTH 3MEH-
LIEHHS 1UISIXY, POMAEHOTO pi3leM Y 1iii 30Hi. Ynepiie 3a-
MPOINOHOBAHO BUKOHYBATH JIOMATEBI 10JI0TA 3 YKOPOUEHUMU
10 pamiycy je3amMu, a KepH, 10 YTBOPIOETHCS B PE3yIbTaTi
1IbOTO, PYIHYBATH CIELiaTbHUM MPUCTPOEM.

IIpakTyHa 3HAYUMICTb. Y pe3y/IbTaTi MPOBEIEHHS 10CTi-
IKeHb pO3p00JieHI peKOMeHallii 3 MPOeKTYyBaHHS MPUHIIM-
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MOBO HOBOI KOHCTPYKIIii JIOMaTeBOTo A0J0Ta, 110 Y Mpolieci
OypiHHS He Oyne «3aBMCATH» Haj LIEHTPAJIbHOI YaCTHMHOIO
Brbo10. Taka KOHCTpPYKIlisl JIOTIATEBOTO IOJIOTa ITO3BOJISIE
3HU3UTU EHEPTOEMHICTb OYPiHHS CBEPIJOBUH.

Knrouosi cioBa: Oypinus ceeporogun, sonamege 0040mo,
PDC donomo, «3asucanus» dosoma, po3nooins HABAHMANCEHHS

HekoTtopbie 0c00€HHOCTH TE€XHOJIOTHH OypeHus
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Hens. CoBeplilieHCTBOBAaHUE TEXHOJIOTUN OYPEHUST CKBa-
JKVH JIONACTHBIMU TOJOTaMU MYTEM YCTAaHOBJIEHMS 3aKOHO-
MEepHOCTEl B3aUMOJMIENCTBUS B TIape «pe3ell — MOopoaa» IS
BBISICHEHUSI TPUYMH <«3aBUCAHMS» JIOMACTHBIX OJOT Hal
IIEHTPAILHON YacThIO 320051 CKBaXKMHBI M pa3pabOTKU PeKo-
MEHJALMit IO UX YCTPAHEHUIO.

Meromuka. [locraBieHHBIE 3amadMl pEIIAIUCh KOM-
TJIEKCHBIM METOAOM HCCJIE€AOBAaHMS, KOTOPBIA BKIIOYAET
aHaJM3 ¥ 0000IIIeHNE JINTEPATYPHBIX U MTATEHTHBIX ICTOYHM -
KOB, TIPOBEIEHNE aHATUTUYECKUX UCCIEIOBAHUN CYILIECTBY-

IOIX MOJIeJIell BpallaTeIbHOTO OYpeHMs UTsI PEeIIeHUs 3a-
JIAu¥ O «3aBUCAHUM» JIOTIACTHOTO J0JIOTA.

PesynbTaThl. YCTaHOBJIEHO, YTO pacIipenesieHre OCeBOM
Harpy3Ku Ha MopoJ0pa3pylIalole 3JIeMEHTbI B 3aBUCUMO-
CTH OT PacCTOSTHMS OT IIEHTpPa JIOMMACTHBIX A0JIOT KpaitHe He-
PaBHOMEPHO: HAMMEHBIIIYIO HArPY3Ky MCIBITHIBAIOT PE3LIbl,
pacrojiokeHHble Ha Tepudepun Je3BUii 1010Ta, HAaubOIb-
11asi Harpy3Ka JIeiiCTBYeT Ha pe3libl, PACTIOJIOXEHHbIE B LIEH-
TPaJILHOM YacTH JTOJIOTA.

Hayunas HoBu3Ha. BriepBble mokaszaHo, 4TO «3aBUCaHUE»
TIOJIOTA HaJl TIEHTPAIbHON YacThio 3a00s1 BBI3BAHO Tiepepac-
MpeieJICeHUEM OCeBOIM HArpy3KH I10 JIOMACTSIM I0J0Ta OT MU-
HUMaJbHOU BEeTMYMHBI Ha Tiepudepun JIOTacTeil 10 ee pe3-
KOTO BO3PaCTaHMsI K OCH J0JIOTa, YTOObI KOMIIEHCHPOBATh
YMEHBIIIEHUE IyTH, MPONJEHHOTO PE3LOM B 3TOW 30HE.
BriepBbie Mpei1oKeHO BBITTOIHSITH JIOMACTHBIE JOJI0TA C YKO-
POYEHHBIMU IO PAIUYCY JIE3BUSIMU, a 0OPa3YIOIIUIACS B pe-
3yJabTaTe KEPH pa3pylliaTh CIELUATbHBIM YCTPOHCTBOM.

IIpakTuyeckas 3HAYMMOCTh. B pesynbrare mpoBemeHUs
MCCIieOBaHMIi pa3pabOTaHbl PEKOMEHIALIMH O TIPOEKTUPO-
BaHUIO MPUHIUIUAAIBHO HOBOW KOHCTPYKIIMU JIOTTACTHOTO
JI0JI0Ta, KOTOpOe B Ipoliecce OypeHust He OyleT «3aBucaTh»
HaJl LIEHTPAJIbHON YacThio 3a60s1. Takass KOHCTPYKIIUS JIO-
MACTHOTO JI0JI0Ta MO3BOJISIET CHU3UTh SHEPTrOeMKOCTh Oype-
HUSI CKBaXKVH.

KiioueBblie ciioBa: dyperue ckgajicut, 10nacmuoe 0010mo,
PDC donomo, «3asucanue» doroma, pacnpedenerue Hazpy3xu
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