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Abstract

Purpose. A methodology development for calculating the bottom hole assemblies (BHA) with two rock cutting tools for
drilling the wells of large-diameter with an ability to manage the trajectory.

Methods. A mathematical model has been developed for calculating the assemblies for drilling wells of large-diameter using
two rock cutting tools — a bit and a reamer. The main technical and geological factors have been modelled, which influence
the assembly elements (stress-strain state of the BHA, deflecting forces arising due to the rock influence). An algorithm for
determining the distribution of axial load between the bit and the reamer has been developed. It has been modelled the for-
mation of the reamer eccentrical displacement relative to the pilot wellbore and the change in the intensity of the wellbore
curvature in the process of deepening. Further on, a practical calculation according to the developed methodology is given.

Findings. It has determined that an increase in the resource coefficient of cutting structure (that is, an increase in the total
number of teeth on a bit, or a decrease in teeth on a reamer) leads to a decrease in the load on the bit. With an increase in the
coefficient of destruction areas, the load on the bit decreases. It has been revealed that when drilling with assemblies, a sig-
nificant influence on the stress-strain state of the BHA and on the change in deflecting forces, has an eccentricity on the
reamer, while the intensity of the well curvature changes. It has been proven that the same assembly allows the well to be
drilled with different curvature intensities, which can be adjusted by placing a restrictor under the reamer.

Originality. A new comprehensive approach is proposed to the calculation of assemblies with two rock cutting tools, which
is different in that it allows to perform an iterative cyclic calculation with constant refinement of the main parameters and
the creation of a data set for constructing a well trajectory.

Practical implications. The developed methodology for calculating the bottom hole assemblies with two rock cutting tools
makes it possible to determine a rational design of the BHA for drilling a well in a specified direction by changing the de-
sign parameters of the drill collar (DC), supporting-centering elements (SCE), a bit, a reamer and an eccentricity restrictor.
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1. Introduction were approximately the same difficult. Thus, the problem
arose of shaping wellbores with a diameter of 660 mm and
394 mm to great depths, and later inserting the strings with a
diameter of 426 and 324 mm into these wells.

The lack of upgraded rock cutting tools and bottom hole
assemblies to manage the well trajectory resulted in low
drilling velocities. Therefore, when designing the technolo-
gies for drilling the upper intervals using large-diameter rock
cutting tools, the task arose of how to combine effective
drilling with the formation of the design well trajectory.

1.1. Setting of a problem

Recently, the drilling of deep wells in Ukraine is an in-
creasing part of the total volume of drilling operations. In the
process of constructing deep wells, a significant part is ac-
counted for drilling large-diameter wellbores, which is car-
ried out by step-shaped assemblies using reamers.

Complex well designs involve inserting one- or two-
dimensional large diameter strings to significant depths.
Thus, at well No. 109 of the Tymofiiske Oil and Gas Con-

densate Field, it was planned to insert a conductor with a  1.2. Recent research analysis

diameter of 508 mm to a depth of 350 m, and a string with a
diameter of 340 mm to a depth of 2350 m. The drilling and
inserting of large diameter strings at well No. 17 of the Se-
myrenkivske Gas Condensate Field (426-mm string to a
depth of 240 m and 324-mm string to a depth of 3600 m)
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For drilling large-diameter wellbores in foreign practice,
step-shaped bits are widely used [1], as well as drilling with
the use of eccentric reamers set in the BHA, which allow to
make an underreaming in certain areas, since their functional
diameter can be changed [2]. It is expedient to use this me-

Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits. ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



http://www.nmu.org.ua/en/
http://mining.in.ua/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.33271/mining14.03.128
mailto:math@nung.edu.ua
mailto:igor.voievidko@gmail.com
mailto:vasyl.tokaruk@gmail.com
mailto:vasyl.tokaruk@gmail.com

V. Moisyshyn, I. Voyevidko, V. Tokaruk. (2020). Mining of Mineral Deposits, 14(3), 128-133

thod when drilling in salt deposits or intervals where the
wellbore can be narrowed for other reasons. If it is necessary
to expand to large diameters, it is possible to use several
eccentric reamers at the same time or combinations of such
reamers with conventional and hard-alloy teeth [3][4]. How-
ever, for the construction of a wellbore with a diameter of
more than 393.7 mm with the ability to manage the well
trajectory, it is rational to use an option with two or more
rock cutting tools included in the BHA — a pilot bit and a pin-
and-roller type reamer [5]-[7]. In the existing methodology
for calculating this type of BHA, developed by L.A. Raikhert
and 1.M. Friz [8], the deflecting forces acting on the rock
cutting tools due to the bending of the assembly axis, the
angle of lack of axes coincidence of the pilot and main sec-
tions of the step-shaped assembly and the effect of the eccen-
tricity value on the stress-strain state of the assembly are not
taken into account. Therefore, the results of calculating the
step-shaped BHA according to the specified methodology
only in the first approximation reflect their operation.

When constructing large-diameter wellbores, other meth-
ods are often used to form the wellbores of the final diame-
ter. One of such methods is the use of bicentric bits or pilot
eccentric reamers for drilling with a simultaneous un-
derreaming the area of angle buildup in medium-hard rocks.

Using the experience of drilling with eccentric bits, con-
centric hard-alloy bits have been developed, which, due to
the setting of teeth on the entire annular surface, provide a
higher drilling velocity, allow for increased advance per bit
and drill the wellbore with greater accuracy. The pilot part of
the bit is 75-80% of its entire surface area [1].

The advantages of using this type of bits include the drill-
ing velocity, which is equal to the drilling velocity of stand-
ard hard-alloy bits, drilling with simultaneous wellbore un-
derreaming, and reduction of well construction costs by sav-
ing round-trip time. The main disadvantage is the high cost
of bicentric bits compared to standard bits.

Previously, the authors studied the specifics of drilling
large-diameter wellbores using two rock cutting tools [9] with
the ability to control eccentricity during drilling, as well as an
analysis of the process of deepening a well when drilling con-
ventionally vertical and inclined-directed wells [10][12].

1.3. Identifying previously unresolved
parts of a common problem

When drilling with two rock cutting tools, deflecting
forces arise, leading to lateral drift of the assembly, and,
accordingly, to wellbore curvature. Since drilling with step-
shaped assemblies is mainly carried out in intervals of low-
to medium-hard rocks, the curvature intensity can reach
values that, ultimately, cause complications. Therefore, when
choosing an assembly that will ensure that the well trajectory
meets the design requirements, all factors affecting the drill-
ing process should be taken into account.

1.4. Formulation of the work purpose
and setting objectives

The purpose of the paper is to develop a new methodolo-
gy for calculating the BHA with two rock cutting tools and
supporting-centering elements, which makes it possible to
take into account a complex of deflecting factors of a geolog-
ical and technical nature.

To achieve this purpose, the following main research ob-
jectives should be solved:
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1. Development of a methodology for designing the bot-
tom hole assemblies with two rock cutting tools.

2. Development of a method for calculating the axial load
distribution between the bit and the reamer.

3. Designing a BHA which includes a bit, a reamer and a
different number of supporting-centering elements at several
ratios of the diameters of the pilot wellbore and main well-
bore, for wvarious tasks of directional (prevention-of-
curvature) drilling, under various geological conditions.

2. Methods

According to the methodology developed by the authors,
the BHA calculation cycle (at a certain interval) is divided
into four stages:

1. The axial load distribution between the bit and the
reamer is calculated.

2. The stress-strain state of the bottom hole assembly
with two rock cutting tools, as well as the deflecting forces
on the rock cutting tools formed by geological factors are
calculated, and the resulting deflecting forces on the bit and
the reamer are determined.

3. The eccentricity on the reamer and the bit is calculated.

4. The intensity of well curvature is determined.

At the first stage, the distribution of the axial load be-
tween the bit and the reamer is calculated. When predicting
the axial load distribution, some basic research results of the
rocks destruction process have been adopted [13][14]:

—volumetric rock destruction occurs with a good face
cleaning;

— cutting structure of a bit and a reamer is of the same type;

— the rock volume of the destruction zone is directly pro-
portional to the load on the tooth.

Theoretical studies are conducted using a deterministic
approach for predicting the oriented rate values of the rolling
bits penetration.

Figure 1 shows the scheme of assembly with two rock
cutting tools. For a certain number of revolutions, rock cut-
ting elements destroy the different volume of rock. If at the
beginning of drilling the cutting capacity of the bit and the
reamer is different, then over time the axial load is automati-
cally redistributed between them until they start to work
synchronously, that is, the lateral displacements of the bit hy
and the reamer hn, will be equal.

Figure 1. Scheme of assembly with two rock cutting tools
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The load on the bit is determined by the formula:

R = i ,

1+nr'kd 'ai'kf 'ko.

M

where:

P — the total axial load;

n, — resource indicator of the cutting structure of rock cut-
ting tools;

kg — coefficient of operational dynamics of rock cutting
tools;

a; — kinematic coefficient of rock cutting tools;

ki — coefficient of the destruction areas of the step and the
face;

k, — mine rock hardness ratio under bit and reamer.

In its turn:
n, = Zth - Neh ’

Ztho *Neho

O]

where:
Ztb, Ncb, Ztho, Ncho — the number of teeth and rollers of the
bit and the reamer, respectively.

iy

aQj=—, 3
Tho
where:
i, iho — gear ratios of the bit and the reamer.
F
ki =—1O 4)
)
where:
Fno, Fu — area of rock destruction by a bit and a reamer.
k
kg =7 (5)
dho
where:

Kab, kano — coefficients of applied loads dynamism (depends
on the time of the tooth contact with the rock).

O
ko' — rho ,
Orb

(6)

where:
orho, ovb — Fock hardness under reamer and bit, respectively.

3. Results and discussion

Having analyzed equations (1), it can be concluded that
the design peculiarities of these rock cutting tools, namely,
the number and diameter of rollers, the number of teeth on
the roller, have a significant influence on the distribution of
the axial load between the bit and the reamer, which is actu-
ally taken into account in the resource indicator of the cutting
structure. The dependence of the load distribution on the
change in this indicator is shown in Figure 2.

This graph shows that an increase in the resource coeffi-
cient of cutting structure, that is, an increase in the total
number of teeth on a bit, or a decrease in teeth on a reamer
leads to a decrease in the load on the bit. Figure 3 shows a
dependency graph of the load distribution on the ratio of the
destruction areas of the bit and reamer.
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Figure 2. Dependency graph of the load distribution between the
bit and the reamer on the change in the resource coeffi-
cient of cutting structure
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Figure 3. Graph of dependence between the bit and the reamer on
the change in the ratio of the destruction areas

Based on this graph, it can be concluded that with an in-
crease in the coefficient of destruction areas, the load on the
bit decreases.

At the second stage, based on solving the differential
equations of the bent axis of the assembly, the stress-strain
state of the BHA with two rock cutting tools is calculated,
and the technical deflecting forces on the contact elements
are determined [15]-[17].

In addition, the geological components of the deflecting
forces on rock cutting tools are calculated taking into account
the rock hardness, drilling anisotropy index and the angle of
the seams incidence [8]:

Fg.l.b 20.5'O'r-8b~h0'5in2(7/—a); (7)

Fg.l.ho 20.5'Gr -Sho-ho~sin2(}/—a) ) (8)
where:

oy — rock hardness according to a stamp;

Sh, Sho — the contact surface area of the bit and the reamer
with the face, respectively;

hy — drilling anisotropy index of the mine rock;

y — angle of the rock incidence;

o — zenith angle of the well inclination.

The resulting deflecting forces on the bit and the reamer
are determined by the difference between the technical and
geological components acting on the corresponding element:
Feib =Faio —FRibs

rlb =Fglb ~Flb )

Fiho =Fgino —Riho

where:
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Ftib, Frino — technical components of the deflecting force
on the bit and the reamer.

At the third stage, the eccentricity on the reamer is calcu-
lated by determining the lateral displacements on the rock
cutting tools, taking into account the data obtained using the
formulas (9) [18]:

h:KZO.5-Lpt-ntp-nc~Fr.|,~K|:,.n
S R-hg

, (10)

where:

Lyt — tooth diameter and length of its movement trajectory;

Ny, Nc — the number of teeth on the peripheral rim of the
roller and the number of rollers on the rock cutting tool;

Fr.. — resulting deflecting force;

K, — slope coefficient, inversely proportional to the rock
hardness according to a stamp;

n — number of rollers revolutions;

R —rock cutting tool radius;

hsh — support surface height.

The eccentricity value is determined by the formula:

&=hno—hy,

where:

hy, hno — lateral displacement on bit and the reamer,
respectively.

At the fourth stage, the intensity of the well curvature and
its direction are determined [19][20]:

(11)

da 2 2 R h .
—=—@Q, =— +hk—= +—sin2mcoso |, 12
ds LaL('BO p ‘T j (12)
where:

L — length of the guide section from the bit to the first
point of the BHA contact with the well wall;

Lo = % —angle of lack of axes coincidence;

Dp, Dc—diameter of the bit and supporting-centering
element, respectively;

k — coefficient of bit milling capacity;

Fii, P — deflecting force and axial load on a bit, respec-
tively;

h — drilling anisotropy index;

| cos| @ —arctg(tgy cosg, ) |cos ¥
® = arcsin
cos| arctg (tgy cos g, ) |

of bit meeting with the seam plane of the geological structure;
y—the angle of the seams incidence;
¢, — well direction in relation to the rise of the seams;
siny -sing,
COS @

plane and the plane of action of the deflecting anisotropy factor.

Having made these calculations, the refined values of the
eccentricity and intensity of the well curvature can be ob-
tained, and hence the zenith angle. In the initial BHA calcu-
lation, it is assumed that the eccentricity value ¢ is equal to 0.
To calculate the next interval, the value is used of the last
calculation cycle, which allows to perform interval modelling
of the well deepening process and track the change in the
main parameters (when choosing the appropriate average rate
of penetration in certain rocks, obtained by analyzing indus-

} —the angle

o= arcsin[ J — the angle between the apsidal
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trial data and using the number of the drill string revolutions
over a certain period).

Using the described above methodology, the calculations
have been made of the BHA with two rock cutting tools at
various ratios of bit and reamer diameters.

Figures 4 and 5 show the graphs of changes in the inten-
sity of the wellbore curvature with deepening of the well and
with a change in eccentricity. The calculation was made for
different values of the destruction areas coefficients:

—0.78 — for an assembly: bit @¥295.3 mm, DC-203, SCE
3295 mm, DC-203, reamer ©¥393.7 mm, DC-203 — 5 m, SCE
9393 mm, DC-203;

—0.99 — for an assembly: bit @393.7 mm, DC-203, SCE
3393 mm, DC-203, reamer @555 mm, DC-229 — 5 m, SCE
@554 mm, DC-229.

o o o o
N R O

Curvature intensity, (i, °/10m)
(=)

S S o o
© o B N

Deepening H, m)

Figure 4. Graphs of a change in the curvature intensity with
deepening the well: 1-bit @393.7mm, reamer
@555 mm; 2 — bit @295.3 mm, reamer #393.7 mm
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Figure 5. Graphs of a change in the curvature intensity with a
change in eccentricity: 1-bit @393.7mm, reamer
0555 mm; 2 —bit ©295.3 mm, reamer 9393.7 mm

Geological conditions: zenith angle — a = 2°, anisotropy
index hp =0.015; angle of the seams incidence — 30°, rock
hardness according to a stamp or — 1500 MPa. Based on the
analysis of industrial data, the average rate of penetration in
medium-hard rocks is taken equal to 1 m/h.

Based on the directional drilling tasks, the assemblies
with two rock cutting tools can be divided into two types:

—assemblies for drilling conventionally vertical wells
with the zenith angle stabilization;

—assemblies for drilling the wells with a change in the
zenith angle (increase or decrease).

Since when drilling with these assemblies, the eccentrici-
ty on the reamer has a significant influence on the stress-
strain state of the BHA and, as a result, on the change in
deflecting forces, the intensity of the curvature will change
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accordingly. That is, the same assembly allows the well to be
drilled with different curvature intensities, which can be
adjusted by placing a restrictor under the reamer.

Analyzing the graphs in Figures 4 and 5, it can be con-
cluded that, in the general case, for this type of assemblies
with an increase in eccentricity, the curvature intensity
reaches zero, after which it begins to grow in the opposite
direction. For the 2" type of BHA, this value is stabilized at
0.13°/10 m with an eccentricity value of 6 mm, and with
further deepening, there is a tendency to a slight decrease in
the curvature intensity. For the 1% type of BHA, the increase
in eccentricity leads to a decrease in the value of the curva-
ture intensity to 0°/10 m (at ¢ = 17 mm), which allows to
achieve stabilization of the drilling direction. A further in-
crease in eccentricity will be accompanied by a well curva-
ture in the direction opposite to the initial, that is, with a
change in azimuth by 180°.

Figure 6 shows the graphs of a change in the zenith angle
during the well deepening for assemblies with different
standard sizes of rock cutting tools.

8.0
6.0
4.0
2.0

0.0

Zenith angle (a,°)

Deepening H, m)

Figure 6. Graphs of a change in the zenith angle with deepening
the well: 1 —bit ©393.7 mm, reamer @555 mm; 2 — bit
0295.3 mm, reamer 9393.7 mm

For the 2" type of assembly, an increase in the zenith an-
gle is observed with an intensity that decreases with the well
deepening. For the 1% type of BHA, at first, the zenith angle
increases up to 3°, after which the inclination angle decreas-
es, that is, the well is curved in the direction opposite to the
initial direction. This effect is observed due to a change in
the difference between the geological and technical compo-
nents of the deflecting force on rock cutting tools. An in-
crease in the eccentricity value leads to an increase in the
technical components of the deflecting force, which in turn
leads to a decrease in the resulting forces. The value of the
geological component of the deflecting force changes insig-
nificantly during the drilling process, since the main factor
that has an influence on its value is the zenith angle, the
values of which are in a quite narrow range.

4, Conclusions

1. A new methodology is proposed for calculating the
BHA during the drilling process, which takes into account
the ratio of technical and geological factors acting on the
rock cutting tools and causing eccentric displacement of the
reamer relative to the pilot wellbore.

2. A new methodology has been developed to determine
the distribution of the axial load between the bit and the
reamer in the process of deepening the well, and the main
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factors impact has been determined on the share of loading
on each of the rock cutting tools.

3. A practical calculation has been made of assemblies
with different ratios of destruction areas under the same
geological conditions, which makes it possible to choose the
rational BHA options for various tasks of directional drilling.
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IIpoexkTyBaHHS KOMIOHOBOK HU3Y O0YPHJILHOI KOJIOHH 3 IBOMA
MOPOAOPYIHYIOUHMH eleMeHTaMH A5 OypiHHA cTOBOYpPiB BeJIHKOro AiaMerpa

B. Moticumus, 1. Boesinko, B. Tokapyk

Merta. Po3poOka MeToquKn po3paxyHKy KOMIIOHOBOK Hu3y OypmibHOi kononn (KHBK) 3 nBoMa mopomopyiHiBHEMH iHCTpyMeHTaMH
JUIst OypiHHS CBEPJIOBHH BEJIHKOTO JiaMeTpa 3 MOSKJIMBICTIO KEpYBaHHS TPAEKTOPIEIO.

MeTtoaunka. Po3po6ieHo MaTeMaTH4Hy MOJETb PO3paXyHKY KOMIIOHOBOK JUIsl OypiHHS CBEPIUIOBHUH BEJIHMKOTO JiaMeTpa i3 BUKOPHCTaH-
HSM JBOX MOPOJOPYHHIBHUX IHCTPYMEHTIB — JOJOTA Ta PO3MIMPIOBadYa. 3MOAEIbOBAHI OCHOBHI TEXHIYHI i Te€0JI0Ti4HI (paKTOpH, L0 MAIOTh
BIUIMB Ha €JIEMEHTH KOMIIOHOBKH (HampyxeHo-aedopmoBannii ctan KHBK, Bigxumnsrodi cuimy, SKi BAHUKAIOTh Yepe3 BILIHB mopoau). CTBo-
PEHO anTOpUTM U1 BU3HAYEHHS PO3MOILUTY OCOBOIO HABAHTAKEHHS MIXK IOJOTOM 1 pO3IIMpIOBadeM. 3MOIENb0BaHO (HOPMYBaHHS EKCLICHT-
PUYHOTO 3MIlIEHHS PO3IIUPIOBayYa BiIHOCHO MUIOTHOTO CTOBOYpa Ta 3MiHY iHTEHCHBHOCTI BUKPUBIICHHs CTOBOypa y MpoLeci MOTIHOICHHS.
Jlaxni HaBeleHO NPaKTUIHHUN PO3paxyHOK 3TiJJHO PO3POOICHOI METOTUKH.

Pe3yabTaTu. BctaHoBIeHO, 1110 3pOCTaHHs KoedilieHTa pecypcy 030po€HHs (TOOTO 301MBIICHHS CyMapHOi KUTbKOCTI 3yOIliB Ha JTOJIOTI,
a0o0 X 3MCHIICHHS Ha PO3UIMPIOBAYi) MPU3BOIUTE JO 3MCHIICHHS HABAHTAKCHHS, [0 MPHUMATIAE HA JOJIOTO. 3i 30UIbIICHHAM KoedillieHTa
IUIOII pyHHYBaHHSI HaBaHTa)KEHHS Ha JOJIOTO 3MEHINYETHCs. BusiBieHo, mo npu OypiHHI 3 KOMIOHOBKaMH 3HAYHUH BIUIMB Ha HAIpPY)KEHO-
neopmosanuii ctan KHBK 1 Ha 3MiHY BIIXWIAIOYHX CHJI, Ma€ €KCHCHTPUCHTET HA PO3IIMPIOBaUi, IPH [[bOMY 3MIiHIOETHCS IHTCHCHBHICTD
BUKPUBIICHHS CBEPUIOBUHHU. Jl0BEIEHO, IO OfHA i Ta caMa KOMIIOHOBKA JJO3BOJSI€ NMPOBOAUTH CBEPIOBUHY 3 Pi3HOIO IHTEHCHUBHICTIO BH-
KPHBJIEHHS, Ky MOKHA PETyJIFOBAaTH 3a JOIIOMOTOI0 BCTAHOBJICHHS 0OMEXyBata IIiJ] PO3IIHPIOBAYEM.

HaykoBa HOBH3HA. 3aNIPOIIOHOBAHO HOBHI KOMIUIEKCHHUH MiAX1A IO PO3paxyHKY KOMIIOHOBOK 3 JBOMA IOPOJOPYHHIBHUMH 1HCTPYMEH-
TaMH, KU BiAPI3HAETHCS THM, 110 JO3BOJISIE IPOBOIUTH ITEPALliHUN IIMKITIYHUHA PO3PaxyHOK 3 TIOCTIHHIM YTOYHEHHSIM OCHOBHHX IapamMe-
TPiB 1 CTBOPEHHSIM MacHBY JaHHX IS OOYJOBH TPAEKTOPIi CBEPATIOBHHH.

IpakTnuyna 3na4ynMicTh. Po3pobiieHa MeToanKa po3paxyHKy KOMIIOHOBOK HHM3y OYpWIIBHOI KOJIOHH 3 JBOMa ITOPOAOPYHHIBHUMMU iH-
CTPYMEHTaMH JJO3BOJISI€ BU3HAYUTH panioHansHy KoHcTpyknito KHBK st GypiHHS cBepIUIOBHHHM B 33aHOMY HAIPSIMKY 32 PaXyHOK 3MiHH
KOHCTpyKTHBHUX napameTpiB OBT, onopHOIEHTpYBaNIbHIX €JIEMEHTIB, JOJIOTa, PO3UIMPIOBaYa i 00MEXyBada eKCLIECHTPUCHTETY.

Knrwouosi cnoea: ceeponosuna, nopooopylinieHi incmpymenmu, poauupiosat, OypinHa, nilomuuii cmosoyp, excyenmpucumen

IIpoekTHpOBaHNE KOMIIOHOBOK HU3a OyPUJIBLHOM KOJIOHHBI C ABYMS
NMOPOIOPA3PYLIAIOIIMMH 3JIEMEHTAMH JJIsl OypeHHUs CTBOJIOB 00JIBIION0 JHaMeTpa

B. Moiicuun, 1. BoeBuako, B. Tokapyk

Heas. PazpaboTka MeTomnku pacyera KOMIIOHOBOK Hu3a OypuibHO# konoHHEI (KHBK) ¢ nmByms moponopa3pynialomuMi HHCTPYMEH-
Tamu Juist OypeHHs! CKBOKHH OOJIBIIIOTO AUaMETpa C BO3MOXKHOCTBIO YIIPABJICHUS TPAeKTOPUEH.

Metoauka. Pa3zpaborana MaTemariyeckas MOJIeNb pacyeTa KOMIIOHOBOK JUTsl OypeHHs] CKBaXXUH OOJIBIIOrO AUaMETpa C UCIIOIb30BaHH-
€M JIBYX IOPOJIOPa3pyLIalOINX HHCTPYMEHTOB — J0JI0Ta U pacmmputess. CMOAEINpOBaHbl OCHOBHBIE TEXHUYECKHE H Te0JIOTHYecKHe (ak-
TOPBI, BIMSIONINE Ha 3JIEMEHTH KOMIOHOBKH (HampsbkeHHO-aedopmupoBanHoe cocrosiane KHBK, oTknonsIone cuimbl, BOZHUKAIOIINE H3-
3a BIMSHASA MOpossl). Co3[aH aNrOpUTM JUTS ONIPEIeNICHHUsI paciipeieNieH!s] 0CeBOH HArpy3KH MEXKIy JOJIO0TOM M pacmmputeneM. CMmoaenn-
poBaHO (POPMUPOBAHNE IKCIEHTPUIHOTO CMEIIECHHS PACIIHPUTENS OTHOCHTENHHO IMMIOTHOTO CTBOJIA U M3MEHEHNE HHTEHCHBHOCTH HCKPUB-
JIEHHS CTBOJA B Ipolecce yriayonaenus. Jlanee mpuBeeH NpakTHIECKHH pacdeT COriacHo pa3paboTaHHOH METOIUKY.

Pe3yabTaThl. YCTaHOBIEHO, 9TO POCT KO3 HINEHTa pecypca BOOPYKEHHMS (TO €CTh yBEJIMUEHHEe CyMMapHOTO KOJIMYEeCTBa 3yOLOB HA
JIOJIOTE, WM UX YMEHBILICHUE Ha paclIupUTeNe) MPUBOANT K YMEHBIICHUIO Harpy3KH, mpuxojsuieiics Ha nonoto. C yBennueHueM kod3hdu-
IIMeHTA TUIOLIaJel pa3pylIeHHs Harpy3ka Ha JOJIOTO YMEHbIIaeTcsl. BhIsBIeHO, uTo npy OypeHUH ¢ KOMIIOHOBKaMH 3HAUUTENIBHOE BIMSHHE
Ha HanpsbKkeHHo-AedopmupoBanHoe coctossiue KHBK U Ha cMEHY OTKJIOHSIIOIINX CHJI, UMEET 3KCIIEHTPUCHUTET Ha PaCUIMPUTENE, IPH STOM
U3MEHseTCS HHTEHCUBHOCTh UCKPHUBIICHUS CKBaKUHBI. [l0Ka3aHO, YTO O/IHA U Ta ’k€ KOMIIOHOBKA MTO3BOJIIET MPOBOIUTH CKBAKUHY C Pa3HOU
HMHTEHCHUBHOCTBHIO HCKPUBIICHNS, KOTOPYIO MOKHO PETYJIHPOBATh IIOCPEACTBOM YCTAHOBIICHHUS OTPAHUIUTENS IO/ PaCIINPUTENIEM.

Hayunas HoBHu3Ha. [IpeutoixeH HOBBIM KOMIUIEKCHBIH MTOJXO0 K PacueTy KOMIIOHOBOK C ABYMSI IIOPOAOPa3pyIIAIONINMHI HHCTPYMEHTA-
MH, KOTOPBIH OTIMYACTCSI TEM, YTO ITO3BOJISIET NPOBOMUTH MTEPAIIMOHHBIM IUKINYECKUI pacdeT ¢ MOCTOSHHBIM YTOYHEHHEM OCHOBHBIX
TapaMeTpoB M CO3/JTaHNEM MACCHUBA JAHHBIX I TIOCTPOCHHS TPACKTOPUH CKBAKUHEL.

IIpakTHYeckas 3HAYMMOCTB. PazpaboTaHa MeToMKa pacuera KOMIIOHOBOK HH3a OypHIIBHOM KOJIOHHBI C ABYMs MOPOOpa3pyLIAIONIMMU
MHCTPYMEHTaMH, TTO3BOJIIONIAs ONPEACIUTh paloHabHy0 KoHCTpyKimio KHBK mis OypeHus ckBaKMHBI B 3aJaHHOM HAIpPABJICHUH 3a CUET
M3MEHEHHS KOHCTPYKTUBHBIX MapameTpoB OB T, oOpHOIIEHTpHUPOBaHHBIX JJIEMEHTOB, 10J10Ta, PACIIUPUTENSL M OTPAHUIUTENS SKCLIEHTPHCUTETA.

Knwuesvie cnosa: ckeadicuna, nopooopaspyuiaiowjue UHCMpyMenmol, pacuupumens, Oyperue, RUIOMHbI CIMBOJ, IKCYEHMpPUcUmen
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