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UPDATING THE THEORETIC MODEL OF ROCK DESTRUCTION
IN THE COURSE OF DRILLING

Abstract. Improvement of the rock destruction model during drilling with the aim of using it in the develop-
ment of new types of crowns and bits and estimating the expected performance of their work.

The known model of vertical and horizontal displacements of the indenter over the rock surface is detailed with
reference to the drilling of holes by crowns and bits of a cutting type in rocks with different physical and mechanical
properties. Computer programs were developed that allow to calculate the work of the incisors using the methods of
computational mathematics.

The choice of the type of the rock destruction model is substantiated with respect to drilling with a rock cutting
tool and, in particular, with PDC bits. In accordance with the chosen model, an algorithm has been developed that
makes it possible to perform specific calculations of the design parameters of crowns and bits and to estimate the
expected performance of their work. An algorithm is developed for calculating the distribution of loads along the
cutting edge of the bladed bits as a function of the distance from the axis of rotation. The design of a blade bit is
proposed, which excludes its "hovering" in areas close to the axis of rotation, and a quantitative estimate of the
expected effect is made.

The algorithm for achieving the above goal, developed by us, is original and, as far as we know, nowhere else
published.

The algorithm developed by us can be used as the basis for creating a new rock-destroying tool. It allows to
estimate in advance the possible effect of its application. With the help of this algorithm, the phenomenon of "ho-
vering" of the bit in its central section was quantitatively evaluated and a method for eliminating this problem was
proposed, which would provide a significant increase in the rates of the wells deepening.

Keywords: drilling wells, rock destruction, algorithm, computer model, rock destruction tool, designing,
quantitative evaluation.

Introduction. Updating the existing technology must be based on the theory of processes considered.
Availability of such a theory makes it possible:

— to find a most effective direction of the work;

— to anticipate a possible effect of the outputs;

— to evaluate the actual results and the extent of their approach to optimum;

— to find the cause of difference between the actual result and the expected one, ;

— to find the ways of improvement.

Currently, two theoretical models [1] of rock destruction at drilling are prevalent.

Methods: The first model |2-4], considers drilling ascombination of two consecutive processes:

— the process of imbedding the assumedlyimmobile cutter into the well face;

— the process of spreading by rotation the destruction zone from the indentation cup all over the well
face, removing the rock layer the indention cup thick.
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The imbedding process is looked upon as the moreimportant and energy expending one, and as such
is explored well enough [2-4]. The spreading over the well face process is considered an auxiliary one,
70-80 % of its energy expenditure being ascribed to the cutter’s friction against the well face.

Our opinion is, that such a model can prove to be adequate on occasions, when in use is a drilling
mode, consisting prevalently of imbeddings. It is the case with drilling with cone rock bits. Their cones in
the course of rolling make their teeth alternatively plunge intoclosely situated sectors of the well face.

The similar situation takes place at rotary percussion drilling, where rock destruction is performed at
the expense of impacts of cutters, while rotation only serves to uniformly distribute the impacts against a
well face

It should also be pointed out, that the theory of the cutter rock imbedding is developed mostlywith
relation to friableand friablyductilecrystalline rocks. With relation to ductile and porous formations (clays,
loams, sandy clays etc.) the theory is not so well elaborated. However,now it is generally recognized
[3, 4], that with anincrease of the well’s depth under influence of the geostatic, and the hydrostatic
pressures, the friably ductile rocks gradually turmn into ductile ones.

What with the cutting type drilling with taking off a layer of rock by the moving along the well face
cutter, — here the adequacy of the above-described model brings about serious doubts. It does not explain
the reason, why once imbedded cutter during its displacement along the well face does not keep its initial
depth, but continues penetrating. And it is just the penetrating in the course of “horizontal” movement,
that represents the principal feature of the cutting type drilling.

An experienced driller, when resuming the interrupted drilling process, would never before starting
rotation prop the bit against the well face to obtain maximum penetration. It may bring about breakage of
the cutters to say the least. In fact, the rotation is started with no bit load (that is with no penetration) at all,
and only after rotation starts the load and the penetration are gradually brought to the planned values

Currently, an active process of the cone rock bitsforcing out by the PDC bits is underway. The
drilling by PDC bits belongs to cutting type drilling, for which the above model is inadequate.

The second model, developed by V. Vladislavlev [5], represents drilling as a combination of lon-
gitudinal and transverse displacements of the cutter. The idea being, that an imbedded cutter in the course
of its movement along the well face is continuously leaving the compressed with the longitudinal load
sector (impossible for further penetration). While displacing the opposing wall of the groove, the cutter
comes over to the neighboring sector, not yet deformed and compressed. For that reason on the new sector
under the same load, the cutter is gaining more penetration. The process is illustrated inthe figure 1 [5].

An indenter 1 with a flat end, which width is & . is penetrating a ductile rock, which preserves the
shape and dimensions of the imbedded part of the indenter. An assumption is made, that the indenter,
while displaced by the value of &, comes over from one position to another without time expenditures.
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Figure 1 — A model of the indenter’s penetrating, while moving along the well face
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From position I, where it was in anhdeep groove, the indenter along the a — b line comes to position
II. Thereafter it plunges by the value h, which corresponds to the longitudinal load Q and resistance Q,, of
the compressed layer 2 of therock.

Under the force P the indenter, displacing the 2h thick opposing layer is traveling along a; — b; line by
the distance O to position III, where the rock has not yet been subjected to deformation and the resisting
force Qr = 0. The balance Q = Qg is broken again, and under the load Q the indenter again plunges by the
same value h, bringing about restoration of the balance Q = Qg , but this time with the groove 3 h deep.

The process of vertical h and horizontal 6 displacements goes on as long as the forces P and Q are not
removed

When 8is tending to zero, h is also tending to zero (6 —> 0, 2—>0). So instead of a stepwise
trajectory a direct line will be formed, which inclination to the well face plain is characterized with tangent

ta—ﬁ (D
& S

Because of rotation, the cutter’s inclined direct line trajectory turns into a helix. In figure 2 [5] an
unfolding of its two first revolutions is shown. At the part of the unfolding, related to the first revolution,
the penetration vy of the cutter and the thickness of the layer, removed by it, increases with the course
along x. After having made the first revolution with x = x,, and gainingy = H penetration,the cutter returns
to its initial position (although at a greater depth). Henceforward in the course of the second and all the
further revolutions, the thickness of the layer preservesthe constant value H [6-10].

Figure 2 — The single isolated cutter’s performance on the well face (unfolding — with two revolutions have been made):
X — abscissa; y — ordinate; X, — the length of revolution; y., = H — penetration for revolution; a — the cutting line inclination
to the well face; 5 — the cutter’s width; q — longitudinal load; P — transverse load; T — friction force

In figure 3 an unfolding of one revolution of a core bit, supplied with 3 cutters is shown. The view 3a
shows the cutters in their initial position; various hatching being provided to the layers of rock, removed
by various cutters.

The cutter #1, after having performed 1/3 of revolution (from its initial position) runs into an H tall
wall, left by the cutter #2. The same will occur with the cutter #2: it will run into an H tall wall, left by the
cutter #3 and that one in turn — in an H tall wall, left by the cutter #1. Thus after 1/3 of revolution, all
3 cutters (and the bit) will penetrate by the depth H = y,/3 (see the view 3b, position I).

At the view 3b in positions II and III shown are the cutters, completing 2/3 and a full revolution.
After completing the full revolution all the cutters and the whole of the drill stem will penetrate by y.,= 3H.

The conclusions from the above are as follows:

— The number of cutters does no influence the penetration per revolution. A single cutter with the
same load ¢ = Q/m (Q - a bit load, m —number of cutters), after having made one revolution, will be
penetrated by some depth y,s , as m cutters.

— The reason why the bit is supplied not with a single one, but with several cutters, consist in the fact
(as it is shown in figure 3), that the removed by one revolution layer of rock yogisdividedbythe number of
cutters m.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

Figure 3 — Performance of the core bit, supplied with 3 cutters:
a — the layers of the rock, removed with the cutters; b — positions I, II, IIT of the cutters after layer depth H tuple penetration;
Xqs — the length of one revolution; y,s — the penetration per revolution; n — rotation direction; q — the cutter load

H= you/m, 2

Reducing H, in turn, reduces the acting on each cutter force P (see figure 2), necessary for horizontal
displacement of the rock — thus reducing the cutters breakage risk.

Besides, existence of several cutters reduces vibrations and makes the position of the bit more stable,
decreasing the well deviation risk.

The figures 2 and 3 demonstrate, that the drilling process is more efficient, the greater is inclination
angle a of the cutting line. According to V. Vladislavlev [5]

1go = 4
where o is dimension of the indenter along the line of its movement (figure 1); q — the intensity of the
vertical load, a — rigidity of the indenter — rock couple.

According to [4] we assumed:

K
-
where E —is the rock’s Young's modulus; u — its Poisson's constant.
The indenter’s rigidity being by an order higher, than that of the rock, the indenter can be considered

as an absolutely hard body, and hence the a can be taken as the rigidity of the rock.
As applied to conditions of a well in the course of drilling:

_9
q_m6> (5)

where Q — is a bit load; m — the number of cutters, overspanning the width of the well face; 6 — the width
of the well face along its radius.
Basing on the formulas (3) — (5), we obtain a formulation of penetration per one revolution of the

a

4

bit:
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where x5 — 1s the length of a circumference, related to the cutter’s middle, & — a coefficient, allowing for
the constrained conditions of the cutters” work on the well face. According to [5], 2= 1.38 .

Ob

The drilling penetration speed:
_200-p)
M =X o (7
omEOA
n — being rotation frequency.

Table 1 presents an example of the above theory application for conditions of drilling limestone. For
that rock E = 50000 MPa, p = 0.3 [3]. The drilling is performed with a core bit, diameter of which is equal
to 112 mm, supplied with m= 4 cutters 9 mm wide (b = 9 mm). The mean circumference of the bit x5 =
326 mm, the bit load Q = 10000 H, rotation frequency n = 100 r/min.

Adependency of penetration per revolution y.s and penetration speed V,, ondimension J of the
cutter’s flat end is shown in the table. That dimension may belongto a self-sharpening cutter in the shape
of a thin hard alloy plate, supported with an iron element.

Table 1 — The dependency of penetration per revolution and penetration speedon the cutter’s blunting area width &

Dimension 6, mm 2 1.5 1 0.8 0.6 04 0.2
Penetration y,,, mm 1.2 1.58 2.38 2.98 3.96 5.96 11.9
Penetration rate V,,, m/h 7.2 9.5 14.3 17.9 23.8 358 714

While moving along the well face the cutter, meeting the rock’s resistance, acts with its front facet on
the wall of the groove with the force [5]:
P=0c,*F, )

where ocy — 1s breaking strength of the rock at shearing, and F — the area of the groove’s front wall.
I'=6*H, 9)

where H — is a height of the wall (fig. 2 and 3), found by formula (2).
On the front facet of the cutter, the force P brings about anupward friction force, counteracting the
vertical load Q
T="Ff, (10)
where f —is a friction coefficient.
Thus the actual value of the bit load:

0=0-7 (an

To find by that formula Qu and then, using it, to determine by formula (6) the actual value of
penetration per revolution yop, one has already to know that yet unknown yog to put it in formulae (2) , (8)
— (11), which represents a “vicious circle” and looks inadmissible.

However, the problem can be solved, by numerical techniques [6], enabling to find an approximate
solution at any required precision.

Table 2 presents an example of results, obtained by application of that technique for solving the
above problem.

The conditions of work of the core bit are the same as for the table 1. In addition, there were
introduced: the friction coefficient hard alloy — rockf = 0.55 [4]. The lime stone breaking strength at
shearing, measured at laboratory conditions is equalto 12 MPa [3], but allowingfor geostatic and
hydrostatic pressure on the wellface a value of ocy = 48 MPa was adopted. The calculation was performed
for the cutter’s bluntingarea width 6 = 0.2 mm. The maximum admissible error of bit load is 50 H.
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Table 2 — The dependency with consideration for friction forces of the actual bit load,
penetration per revolution and penetration speed on the cutter’s blunting area width

Dimension 6, mm 2 1.5 1 0.8 0.6 04 02

Bitload Q,H 9724 9636 9465 9337 9135 8754 7786
Penetration y,,, mm 1.16 1.54 2.26 2.79 3.64 523 9.30
Force P, H 502 663 977 1204 1571 2258 4017
Friction forcet, H 276 365 537 662 864 1242 2209
Penetration rate V,,, m/h 6.97 921 13.6 16.7 21.02 314 558

Comparison of the tables 1 and 2 enables to make a conclusion, that the sharper is the cutter, the
greater is reduction in its penetration rate, caused by thereduction of the bit load brought about by friction
forces. So if for the cutters with blunting 2 mm the penctration rate drops for that reason by only 3.2 %
(from 7.2 to 6.97 m/h) for the cutters with 6 = 0.2 mm that drop attains as much as 22 % (from 71.4 to
55.8 m/h).

It is possible to ascertain, that due to proportional dependency (see formula (7)), the drop in
penetration is caused by the same relative drop of the bit load.

While drilling with full-hole bits a problem arises of its penetration slowing down on the central point
of the well face. Using the adopted fell face destruction model (see figure 1) it is possible to see the
problem in more detail, by making corresponding computations.

Let us consider the performance of a drag-type bit, cutting edge of which has K cutters on each blade.
The width of each cutter equals:

D

b=3k - (12)

where D — is the bit diameter.
If each cutter is supplied with its own number i (counting from the bit’s longitudunal axis), then the
distance from the middle of each cutter to the axis equals:

R =056+6(i—1) (13)

If all the cutters had worked independently, then, due to the fact that cach cutter has its own Xog;.
according to formulae (6) and (7), each of them wouldhaveits own penetration per revolution y,and
penetration rate Vy;. But it is impossible, all the cutters representingawhole (belong to the same bit).

Therefore all the cutters are plunging at the same speed Vi, and removing the same thick layer of the
rock:

H= Yur , (14)
nm

where n — is rotation frequency, and m — the number of blades of the drag bit.

So, instead of distribution of penctration rates, because of different distances from rotationcentre, a
distribution of longitudinal loads along the bit’s cutting edge is taking place. It can be seen at the
transformed formula (7)

oEo/mYV,
)= (15)
2x0b (1 = :u )n

According to formula (15), the lowest load is acting on the remotest from the axis part of the bit edge,
and the highest one — on the closest.

It follows from the formulae (8) — (16), that for the cutters, located on the same radius of the drag bit,
the load equals

0 - mV,, ( LA N Dcdf)

n o 4n(i—-05(1-u) 2K (16)

—— 8 ——
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The part of the formula after “plus™ is an additional load, caused by friction forces between the cutter
and the opposing wall of the groove (formulae (8) —(10)).
The total bit load:

0,=2.0, (17)

In table 3 an example of the above theory is presented. It relates to drilling limestone. For that rock
E = 50 000 MPa;pu = 0.3, ooy = 48 MPa, constrained conditions factor & = 1.38, friction coefficient
f= 0.55. Drilling is performed with a full-hole drag bit, of D= 190 mm diameter, supplied with m = 2
blades; the cutting edge of each blade has K = 10 cutters with blunting area width 6 = 0.2 mmthe rotation
frequencyn = 100 r/min; the speed Vy; =10 m/h.

Table 3 shows, that the cutter load quickly drops with the distance from the rotation axis; the load on
the cutters (of both blades) number i = 1 being 8045 H, and that on the bits number 10-1259 H or 6.4
times less. Total load on the first 5 cutters of the blades equals17 723 H, or 72 %of the bit load (24 686 H).

Table 3 — Distribution of the loads along the cutting edges of the bit

i 1 2 3 4 5 6 7 8 9 10
R, MM 4.7 14.1 235 329 423 517 61.1 70.5 79.9 89.3
Q.1 8045 3518 2445 1985 1730 1567 1455 1372 1309 1259
YQ, H 17723 24686

As it was mentioned, the data of table 3 are related to penetration speed 10 m/h. To double that speed
(to raise it up to 20 m/h)the bit load has according to formula (16) also be doubled and brought up to 49
kH, which may cause problems like an inadmissible borehole curving

From the table 3it can be seen that if by some procedure the central zone of the cutting edge would be
removed, the same penetration rate may be obtained at many tines smaller bit load. Thus, by removing
cutters number 1 — 5 we could bring the bit load required for the same penetration rate 10 m/hby 72 % —
that is up to 7 kH. That would sharply bring down curving and cutters wear and provide for higher drilling
speed per run

The reverse is also true: higher penetration speeds can be achieved at the same or even lower bit
loads. In the case under consideration, a speed of 20 m/h can be obtained at the bit load 14 kH.

The solution of the problem can be achieved as follows:

At the site of the removed central cutters between the blades, a gap is to be left for a core to form.
After the core gains a certain height, its diameter can be reduced to zero (or to a size guaranteeing its
destruction by vibrations and the down flow of the flush liquid.

In order to avoid chaotic core destruction with formation of big fractures, for gradual reduction of the
core’s diameter, on the inner side of the blades cutters are to be stepwise located with the distance between
them narrowing bottom-upwards. The corchaving a relatively small diameter and being surrounded by free
surface, the forces applied to those cutters will be by an order of magnitude lower, than those applied to
the cutters remaining on the bit cutting edge (in fact they will be negligibly small).

Conclusions.

1. The updating of the borehole drilling technology must be based upon an adequate theory of the
drilled rock destruction.

2. Two drilling process theoretical models are currently in use:

— a model, according to which the cutter’s imbeddingprocess is preceding the process of spreading
the destruction zone all over the well face;

—amodel, according to which both processes are proceeding at the same time.

3. The first model is adequate as applied to the rotary percussion drilling and drilling with the cone
rock bits.

4. The second model is adequate as applied to the cutting type drilling with the cutter removing from
the well face a layer of rock.

5. Drilling by the PDC bits gainingcurrently more and more preference, it is to be recognized, that
only the second model provides its adequate theoretic description.
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6. The second model obtained in the article a detailed consideration with respect to its application
under specific geologic and technological conditions.

7. The problem of assessing the role of friction forces was solved by methods of computer
mathematics with an error not exceeding an assigned value.

8. Basing on the second rock destruction model an algorithm of calculating distribution of vertical
loads along the drag bit’s cutting edge was proposed.

9. Basing on the algorithm of the clause 8, a drag bit design, solving the problem of penetration slow
down on central part of the cutting edge, was proposed, promising a sharp increase in drilling speeds.

10. The elaborated algorithmsare illustrated by examples, including concrete numerical assessments.
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"Kacmuit yuusepcureti (Kacmuit koramasik yHusepenteri — KKY), Amvarsr, Kazakcras,
*MeMJIEKETTiK KOFAPHI OKY OPHEI « ¥/ITTHIK TAy-KEH YHHBEPCHTETI», JlHenp, VikpaunHa,
’K. Y. CotbaeB aTeiHIars! Kasak yITTHIK TEXHUKATIBIK 36pPTTEY YHHBEPCHTETI, AMaTsl, Kazakcran

YHI'BI BYPFBIJIAY KE3IHAE TAY JKbIHBICTAPBIHBIH TATKAH/IAJTYHBIH
TEOPUAJIBIK MOAEJIH )KETLIAIPY

AnHOTanmsI. ¥HFBI OYPFBLIIAY KE31HAC Tay >KBIHBICTAPBIHBIH TAMKAHJAIY MOJCIIH SKETIIIIPY OHBI KOPOHKANAp
MEH KaIlayJapAblH KaHA THITIH JaWbIHAAY JKOHE OJAPBIH KYTLICTIH MKYMBIC KOPCETKIIITEPiH Oaranay MakcaThIHIA
ICKE aCBIPHLIAIBL.

Tay >KbIHBICBIHBIH, OCTIHIC YAKBITKA TOYEJAL TIK >KOHE KOIZICHCH OarbITa KaTap >KYPETIH HHIACHTOP KOBFalbl-
CBIHBIH, OeTTimi MOoAeT (DM3MKAIBIK-MEXaHHKAIBIK KACHETTEPl 9P TYPIIl Tay >KBIHBICTAPHIH KOPOHKAJIAP MCH KECKIII
THOTI KAIOAyJTapMCH YHFHI OYPFBUIAYFA KATBICTHI TAJNAHBIN KOPCETUITCH. MaTCMATHKANBIK CCENTEY OMICTCPIH
KOJIAAHBII KECKIIITEPAIH >KYMBICBIH €CENTEYTE MYMKIHIIK OCPETIH KOMIBIOTEPIIK OaFrapraManap KypbLUIFaH.

Keckim TuOTi Tay SKBIHBICHIH TATKAHTAYIOBI Kypanmap, cOHbIMCH Karap PDC kamaymapeIMCH OyprbiIayaa
KOJITAHBLIATHIH TAY >KBIHBICTAPHIH TATKAHIAY MOJCTIHIH THIIH TAaHAAY HCTi3ACATeH. TaHmAIFaH MOJCIBIC COHKEC
KOPOHKAJIAP MCH KAIIAYyTAPIBIH KYPBLUIBIMIBIK MAPAMCETPIICPIH KOHC OJTAPABIH KYTLUICTIH KYMBIC KOPCCTKIIITCPIH
HAKTBI CCCMTCYTC MYMKIHIAIK OCPETIH ANTOPHUTM JAMBIHAANARL. AHHAIY OCIMCH APAKAMIBIKTHIKKA KATBICTHI KATAK-
IIajbl KaniayJIapablH KECKIMI >Xueri OOMBIHA KYKTEMEHI 06Ny airopuTMi KapacThIPbUIFaH. AfHany OCiHE »KaKbIH
afiMaKTapaa «UTHIN KaayaesD OOIIBIPMAMTHIH KANaKIDAmbl KaInayJapablH KOHCTPYKIMSCH YCBIHBIIABI YKOHC
KYTLICTiH 3 PEKTTIH CAaHABIK OaFranaHy bl >KacaJIbl.

Korappina aranxraH MaKcaTKA >KETy YIIiH 013 jkacaraH aJrOpPHTM CpEKINe, >XKoHe O13iH IMaHbIMaay bIMbI3IIA
emoip KepAc KapHATaHOAFaH.




ISSN 2224-5278 Cepus ceonoeuu u mexnudeckux Hayk. Ne 2. 2018

bi3 nmaifpIHIaFaH anropUTM JKAaHA TAy KBIHBICTAPBHIH TATKAHIYIIBI KYPaXIbl kacayra Heriz Ooma amamer. On
©31HIH KOJIAHBUTYBIHIAFBI MYMKIH 3()(eKTTI aniapH ana Oaranayra MyMKiHZIK Oepexi. byn amropurm kemerimeH
KamIayJblH «LTHIT KaXy» KOpiHICIH CaHABIK OaramayFa KOJ MKETKI3LIAL KOHE Oy MpoOIEMAHbI KOSTHIH Opi YHFbI-
Japas1 OYPFBLIAY JKbLTIAMIBIFBIH APTTHIPY IBI KAMTAMACHI3 CTETIH TOCIN YCHIHBIIIBL.

Tyiiin ce3mep: YHFBUIAPABI OYPFBLIAY, TAY MKBIHBICTAPABIH TANKAHJAIYHL, AITOPHTM, KOMIBIOTEPIIK MOJEITb,
Tay KbIHBICHIH TAJIKAHJAY bl KYPaJl, KYPacThIPy, CaHABIK Oarasay.

M. T. Buenxmnit', B. T. Patos', A. A. Ko:kesnukos?, A. P.Baii6o3’, J. H. le;mkemesa’
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COBEPIIEHCTBOBAHHUE TEOPETHYECKOI MOJEJHN
PA3ZPYHIEHUA I'OPHBIX TOPO/ ITPU BYPEHUHU CKBAKHUH

Annoramus. COBEpPIICHCTBOBAHHE MOICTH PA3PYLICHHS TOPHBIX MOPOJ MPH OYPSHHH C IICTBIO ¢¢ HCHOJb-
30BaHUA MPH Pa3pabOTKS HOBBIX THIIOB KOPOHOK M JOJIOT M OLCHKH OKHIACMBIX MOKA3ATCICH UX PabOTHI

H3pectHas MOACTb COBMCIIICHHOTO BO BPCMCHH BCPTHUKAJIBHOTO U TOPHU30HTAJIBHOTO HepeMeH.[eHI/Iﬁ HHACHTOPA
N0 MOBSPXHOCTH TOPHOH MOPOIBI ACTATH3HPOBAHA MPHMCHUTEBHO K OYPCHHIO CKBAKHH KOPOHKAMH H JOJIOTAMH
POKYIICTO THMA TO TOPOJAM C PA3THYHBIMA (DH3MKO-MCXAHHUCCKUMH CBOHCTBAMH. COCTABICHBI KOMITBFOTCPHBIC
MPOTPAMMBI, TO3BOJLIIOIIUC MPOU3BOANTE PACUETHI PAOOTHI PE3I0B C HCMOIB30BAHHCM METOJOB BBHIMHCIHTCIBHOM
MATCMATHKH

OO00CHOBaH BHIOOP THIIA MOJCTH PA3PyIICHUS TOPHBIX MOPOJ MPUMEHATEILHO K OYPEHUIO MTOPOI0PA3PYILAF0-
MM MHCTPYMEHTOM peskymiero tuma u B yactHoctH PDC — momoramm. B cooTBercTBHEM C BHIOPAHHOM MOIEIIBIO
pa3paboTaH aaropUTM, MO3BOJLIFOIIIH IIPOU3BOIUTH KOHKPETHBIC PACUCTHI KOHCTPYKTHBHBIX MAPAMETPOB KOPOHOK H
JOJIOT M OLCHHBATH O’KUOACMBIC MOKa3aTenu uX paboThl. COCTABICH ANTOPUTM PACUETA PACTIPEICIICHUS HATPY30K
BOOJb PCKY H.[efl KPOMKH JIOMACTHBIX AOJIOT B 3dBUCHMOCTH OT PACCTOSHHUA OT OCH BPAIICHHA. Hpe/:mo;KeHa KOH-
CTPYKITHS JIOMACTHOTO TOJI0TA, HCKIIFOYAOIIAS CT0 “3aBHCAHNMC” HA YYACTKAX, OMH3KHX K OCH BPAIICHHA, H CICIAHA
KOJIMYCCTBCHHAA OIICHKA OKHIAEeMOTO 3(Pdekra.

P33p360TaHHI>II\/II HaMH aJITOPATM OOCTHIKCHUA yKaSaHHOfI BBIIC LCIH, ABJLICTCA OPUTHHAJIBHBIM H, HACKOJIBKO
HAM H3BCCTHO, HUTAC OOJIBIIC HC OMYyOTHKOBAH.

Pa3paboTaHHBIH HAMH ANITOPHTM MOKET OBITH NMOJOKCH B OCHOBY CO3JAHHSA HOBOTO IOPOAOPA3PYIIAFOLICTO
uHCTpYMEHTa. OH MO3BOJIIET 3apaHEE OLECHUTH BO3MOXKHBIN 3()(eKT 0T ero mpuMeHEeHHs. C MOMOIIBI0 3TOTO anro-
puT™Ma OBIIO KOJHMYCCTBCHHO OLCHCHO SBJICHHC “3aBHCAHHMA  TOJIOTA HA CT0 HCHTPATBHOM VYACTKC M MPCITOKCH
CIoco0 YCTPAHCHHA 3TOH MPOOICMBI, KOTOPBIH 00CCIICUHT 3HAYHTCIFHOC TOBBIICHAC CKOPOCTCH YTTyOKH CKBAKHH.

KmoueBnie ciioBa: OypeHHE CKBAKHH, Pa3pyIICHHE MOPOJ, AITOPHTM, KOMIBIOTCPHAS MOJCTb, MOPOIOPa3-
PYLIAFOMIHI HHCTPYMCHT, KOHCTPY HPOBAHUC, KOTHUCCTBEHHAS OLICHKA.




