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RATIONAL DIAGRAM OF DRILLING AND VALUES
OF WORKING ANGLES OF ADRILLING TOOL CUTTING BIT

Abstract. The process of the rotary drilling process and proposes rational drilling pattern applicable for drilling
operations is considered in this article. The analysis of the kinematics of the drilling tool in the process and the
direction of drilling speed is determined. The values of the working angles of the cutting tooth of the drilling tool are
assigned, which strengthen and prevent the sinking of the walls of the wells, and also prevent the occurrence of
vibrations in the drilling tool. The dynamic loads associated with speed change in the process are transmitted to the
cutting tool. If the speed of movement is uniform, then inertial forces arise at the time of sudden braking. If the
motion is accelerated or slowed down, then inertial forces arise in the process of motion itself. In contrast to existing
designs, when for most drilling tools, a pair of acting forces is directed along the direction of rotation of the drilling
tool, that is, horizontally, in our case, a pair of forces is directed along the axis of the drilling tool - vertically. The
vertical direction of the pair of forces along the axis of the drilling tool reduces the resistance to drilling, as well as
the appearance of a retracting force down the axis of the well. The optimal geometry of cutting teeth with rational
values is proposed. The studies were conducted to determine the durability of the drilling tool, depending on the
emerging drilling forces. According to the research results, a drilling tool with cutting teeth from a carbide plate was
designed and manufactured.

Key words: rotary drilling, hole, rock cutting tool, drill string, drilling pattern, shearing forces, wear, soil,
cutting speed, drilling speed, vibration, rock, drill fluid.

Introduction. One ofthe most widely used methods for creating production and exploration wells is
rotary drilling. It is provided by the transmission of rotational movements from the surface rotor to the
drill string [1].

Rotary drilling has been used for over one hundred and forty years [1,2]. The technology of this
method of wells punching was first used in the United States of America in the early eighties of the
nineteenth century. Since then, it has not changed much, with the exception of minor innovations that have
led to the efficiency of the process. The changes affected rock-cutting tools - they were improved, new
liquid media were created for washing the wells, and the strength of the parts of the mechanism was
strengthened [1,2].

In rotary drilling, the static axial loads are greatest and are created by the deadweight of the drill
string. Other loads leading to tensile stresses include pipe friction against the rock when lifting the
column, pressure drop in the turbodrill and drill bit, force caused by sticking and tightening ofthe column.
During the drilling tool round trip operations, dynamic loads are transferred to the drill string connected
with a change in speed. If the speed of movement is uniform, then inertial forces arise at the moment of
sudden braking. Ifthe movement is accelerated or slowed down, then inertial forces appear in the process
of movement itself. In the vertical sections during rotation, variable loads appear due to the curvature of
the column as a result of stability loss [3].

The relevance of research. Basically, in rotary drilling, the roller drill bit is the most loaded and
critical element of the drilling rig, for the life cycle of which (almost more than 10 years), the costs of used
bits are usually several times higher than the cost of the machine itself [4,5].
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In connection with the crisis rise in the cost of drilling operations, research by scientists is aimed at
solving the following main directions [4,5].

a) Improvement the design ofdrilling rigs in order to increase their reliability;

b) Improvement and creation of new high-speed and wear-resistant structures of drilling tools for a
number oftypified mining, geological and technological conditions of quarries;

c) Improvement the organization of drilling operations management and forms of service
maintenance;

d) Optimization of the technological process of drilling wells directly in the industrial conditions of
existing quarries.

It should be noted that the first two directions are carried out outside the quarries, differ in
evolutionary development and are the subject of mainly design developments [4-7].

It is known that when drilling deep wells, 11 factors were identified that affect the wear of a drilling
tool, the geometry ofthe drilling tool itselfbeing prevailing [6].

On these topical issues, a group of scientists on the project “AP0513118 Creation of drilling tools for
drilling wells in the extraction of solid, liquid and gaseous minerals (contract No. 164 of 03/15/2018)”
explore a new drilling scheme [7-11].

Purpose of work: Study of rational drilling patterns and the values of the working angles of the
drilling tool of the rake angle y, relief angle a, wedge angle B, and also the angle of inclination of the
cutting tooth o.

M aterials and research results. In existing drilling tools during drilling, the nature ofthe developed
compressive and shearing forces, the size of particles separated from the massif depends on many factors
[12-18].

Upon reaching stresses in the rock being destroyed at a critical level, a chipping will occur in front of
the leading edge of the cutting edge of the drilling tool. Further, the drilling tool rotating around its axis
will stretch against a recently formed chip ledge and the process will be repeated. When a drilling tool
slips during drilling process crushing, shredding and chipping of rock is occur.

As the hardness of rocks increases from soft to medium, the angle ofthe cutting edge a ofthe tapered
teeth increases from 30-40° to 80-90°, and the size ofthe rock-cutting teeth and inserts decreases [12-15].

W ith such values ofthe rear angle a, the cutting taper ofthe drilling tool becomes dull, and obviously
the drilling forces will increase significantly.

For carbide rock cutting tools, the working front, rear, and taper angles are not interconnected, since
the reinforcing plates can be of various shapes, and for drilling tools with diamond-carbide plates most
often can be round cylinders. The point angle S of such plates is 90°, and the front 8 and rear a are
interconnected. The cutting force Fcut and the formation of cleaved rocks depend on the value of the rake
angles.

The greater the negativity of the rake angle, the higher the resistance of the rock to cutting. The
magnitude of the rear angle depends on the kinematic, technical, mining and technological conditions of
cutting [19].

It is proved that the resistance of the rock to crushing Rc and chipping Rch are proportional to the
contact strength Pc [20]: Rc = 0.24Pc; Rch = 0.06Pc - for incisors with a positive rake angle B;
Rch= 0.07c - for incisors with zero rake angle B; Rch= 0.08Pc- for incisors with a negative rake angle B-

Usually, to prevent the cutting element from landing on the rear face when passing through the top on
a descent from each wave, the value of the back angle should not exceed 14.5°, and since the rock-cutting
drill reinforced with diamond-hard-alloy drill plates, the front B and rear a angles are structurally
interconnected (at an angle of sharpening S = 90°), then the maximum negativity with a minimum increase
in cutting force for new generation crowns is the rake angle 8 equal to 15° [19].

Some scientists believe that the working rear angle ap in mining tools is usually 5 - 20°. It is not
recommended to increase ittoo much at the front positive angle, as this leads to a decrease in the strength
of the cutting part. With the front, negative angle, it can be increased to 30° without much damage to the
strength. Wear sites in this case grow less intensively [21].

In practice, depending on the strength of the rocks, rational values of the angle of sharpening S and
the working rake angle characterizing the strength of the cutting part are established: soft - S = 60-65°;
BP =0-10°; medium strength - S = 65-70°, Bl: = -5-0°; above the average strength - S =70-90°,
BP =-25--10° [22-24].
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The proposed drilling patterns are significantly different from existing methods. The difference lies in
the fact that the cutting disk located at a certain angle o relative to the axis of the drilling tool 1, vertically
from bottom to top, planes the rock (figure 1).

Figure 1- Scheme for determining the working angles of a cutting tooth of a drilling tool

In the half-turn of the drilling tool, the left part of the tooth along axis 4 with surface 2 cuts off the
soil from the walls of the well, where the right part of the tooth with surface 3 along axis 4 smoothes the
treated surface of the well. To study the drilling pattern and determine the optimal working angles of the
cutting wedge, experiments on a drilling tool were carried out on teeth 2,3,4,5, which are made of high-
speed steel (figure 2). For cutting into the soil in the design of the drilling tool provided tip 1 mounted on
the housing 6 and equipped on three rows with round carbide inserts.

Figure 2 - Drilling tools with cutting teeth made of high-speed steel grade P6M5

The difference between the emerging pair of forces from the drilling tools used in the direction. If the
majority of drilling tools have a pair of forces directed on the direction of the drilling tool rotation
[4,6,12,16,18], that is, horizontally, then in our case, a pair of forces is directed along the axis of the
drilling tool in the vertical direction (figure 1). This confirms the forecasts for a decrease in drilling forces,
as well as the appearance of a retracting force down the hole. For this, it is necessary to conduct additional
research to optimize the angle of inclination o and to refine the technological process with respect to the
ratios of the values of penetration and rotation of the drilling tool.
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It should be noted that according to the geometry ofthe drilling tools in existing drilling methods, the
back face touches and rubs against untreated soil, the cutting element lands on the back side [20-23]. In
this connection, the drilling process as a whole is deteriorating.

In the studied design of the drilling tool, the back relief angles aland a2 along surface 5 have zero
values in statics, and in kinematics it will reach negative values (figure 1), which will smooth and tamper
the cut surface ofthe well. It turns out that by treating the surface of the rear surfaces of the cutting teeth
ofthe walls ofthe borehole, we strengthen it, preventing shedding and fragments of parts ofthe walls after
drilling. In addition, the full contact ofthe surface 5 during the drilling process does not allow vibrations
in the drilling tool (figure 1).

Preliminary calculations of the geometric parameters of the cutting tooth were made taking into
account the volume of the element capturing the rock was calculated based on the volume of the
trapezoidal slot in the disk knife (figure 3). There are special slots for the removal of cut soil to the top
with drilling mud on the cutting tooth.

According to the deformation of solids [25,26], to obtain a clean shear, taking into account the tooth
thickness ht and the volume of rock extracted per one revolution, the lifting angle of the cutting tooth was
set as rn=18-22° (figure 1). At such values of the tooth elevation angle, it becomes possible to obtain a
shear angle of the rock close to B = 45°. It is known that with such kinematics of the cutting tooth,
minimal efforts are spentto destroy a solid [25-27].

The experiments were carried out on drilling of mixed soils with a drilling tool with cutting teeth
made of high-speed steel grade P6M5 (figure 3).

Figure 3- The design of the fifth cutting tooth (figure 2)

The drill tool contains a sleeve 6 (figure 2), four parallel-mounted teeth 2,3,4,5 mounted in it in the
form of disks having cutting edges A and B (Figure 1). The cutting edges have the same reliefangles equal
to al=a2=- (0-1.5°) and the rake angles with the values y1=20-25°, y2= - (20-25°).

Based on the obtained research data, a boring tool with cutting bit was made from a carbide blade of
the BK6 brand (figure 4). The boring tool is designed for drilling of hard rock, it has: 1-a cone-shaped tip
equipped with solid plates in two grooves; 2,3,4,5 - cutting bit in the form of a disk made of structural
steel grade 45 steel. The disks are mounted on the drilling tool sleeve (6) and are equipped with hard
plates on the front surfaces; 7,8,9,10 - hole for the delivery of drilling fluid into the drill zone, under a
certain pressure. It should be noted that the drilling fluid is supplied separately to the drill zone for each bit
which facilitates the removal of cut soil. In the sleeve 1, the design of the drilling tool provides a shank
with a tapered thread, which is installed with a sleeve adapters on standard drill pipes.

27



N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

Figure 4 - A boring tool with cutting bit from a BK6 carbide plate

Conclusions. According to the research, the following results are formed:

1. The studied drilling pattern is rational, applicable for drilling operations. The drilling speed Vr at
point A will be directed upward at an angle depending on the values of revolution and feed of the drilling
tool. The resulting pair of forces is directed along the axis of the drilling tool vertically making it possible
to reduce the drilling forces, as well as the appearance of a retracting force down the borehole (figure 1).

2. Negative values ofthe rear angles aland a2 along the surface 5 ofthe cutting bit will smooth, tamp
the cut surface of the well, preventing crumbling of the walls of the well (figure 1). The presence of
contact between the rear surfaces of the bits strengthens the walls of the borehole, prevents shedding and
occurrence of vibrations in the drilling tool (figure 1).

3. An optimal geometry of cutting bit with rational values has been developed (figure 3).

4. Based on the calculations and experiments, the working angles of the cutting bit are assigned
(figure 1): - the angle of the cutting bit rise is 1o = 18 - 22°, where minimal effort is spent to destroy the
solid; trailing angles equal to al = a2 = - (0-1,5°) and rake angles with values yl = 20-25°,
Y2 = - (20-25°).

5. Based on the results obtained, a drilling tool with cutting bits was designed and manufactured from a
carbide blade ofthe BK6 brand to determine the resistance and study the emerging drilling forces (figure 4).

0. T. XopxunbepreHosl, b. K. Ypanosl, E. . BoesognHl, A. A6gykapumos2 b. H. A6cagbikoB3

IM. Qyes0B atbiHAarbl Ouycnk KasakctaH MemsieKeTIK yHuBepcuTeT” L bIMKeHT, Ka3akcTaH;
M. Ynyrbek aTbliHAarbl B36eKCTaH ¥NTTbl yHMBEpCUMTeT TallKeHT, B3OeKCTaH;
3. b. bekTypoB atblHAarbl XMMua rbifibiMAapbl UHCTUTYThI, AMaTbl, KasaxctaH

PALUVNOHANALI B¥PIbI/TAY C¥/NIBEACHI XXOHE B¥PI'blTAY LOHAbLIPITbICbIHbLL
KECY T1CTEPLW LW, XX¥MbIC B¥Pbl LU blHbIL, MALIbI3AbINbIT bl

AHHOTauma. XXymbicTa 6yprbinayasll, aiiHanManbl npolea KapacTblpbi/bif, Oyprbinay XymblcTapbl YLUiH
KabblngaHaTblH yTbIMAbl Oyprbinay Cbi36achl YCbiHbIATaH. Byprbinay KypanbiHbll, KUHEMATUKAcbiH Tangay 6apbl-
CblHAa Oyprbinay >XblNAaMAbIrbiHbIL, 6arbiThl aHbIKTanraH. PoTopnbl aiHanmanbl 6yproinay KesiHAeri Lwapsbl
Kallay - Oyprbinay CTaHOTbIHbIH €L, XO0rapbl XY KTeMECi XK3He €H XayanTbl 3/1eMeHTI, eMeK, OHbIH eMipAiK Kb
YuwiH (ic »xY3iHge 10 XblngaH actam) XymcanraH Kawlayfbll WbIrbIH4aPbl MallUHaHbIL, €3 KyHblHaH GipHelle ece
acbin TYcegmi. Byn 6yprbinay CTaHOKTapbiHbIL, CELWMALLMNH apTTblpy XX3He Oyprbinay KypanjapbiHbIl, dKaua,
XbINAaMbIpak X3He Te3iMAi KOHCTPYKLMANapbIH Xacay MakcaTblHAa Gyprbinay CTaHOrbIHbIL, KOHCTPYKLMANAPbIH
XeTingipyre 6arbiTTanraH rafbiMAapAblL, 3KCNEPUMEHTTIK 3epTTeYyNepiHil, KaiTa XaurbipybiHa ceben 6onbl.

Bypreinay >XXyMbICTapbIHbIL, AarAapbICTbiK KbiIM6aTTayblHa 6aliNaHbICThI, FabiMAapabIL, 3epTTeynepi Kenecigein
Herisri MakcaTTapra 6arbiTTanraH: 6yproliay CTaHOKTapbIHbIL, CEWMALWNH apTTbipy MakcaTblHAa Onapabiy,
KOHCTPYKUMANAPbIH XETiNAipy; Kapbepnepgiy 6Gipkatap TUNTENreH Tay-KeH-reonornanbiK X3He TEXHOMOrMANbIK
Xargarinapbl YLWiH 6ypreinay KypangapbiHbiL Xaua, XblingaM XaHe TesiMai KypblibIMAAPbIH XETINAIPY X3He Kypy;
Oyproinay XyMbICTapblH 6ackapy/bl XX3He CEPBUCMK TEXHUKaNbIK KbI3MET KepceTyfi YbIMAACTbIPYAbl XETINAipy;
XYMbIC iCTeMm TypraH Kapbepnepfil, eHepK3CLUTX XarfaibiHha yurbiManapgbl 6yproinaygbil, TeXHOMOTUAbIK
npouecw ouTtainnaHabipyra 6arbiTtanraH. bipiHwWwi exi 6arbIT kKapbepiepaeH Tbic XY3ere acbipbliafbl, faMy 3BOSIO-
LMANbIK CMNAaTbIMEH epeKLUeneHe i XX3He HeN3LWeH KOHCTPYKTOP/bIK 33ipneMenepgiy, MaHi 60/bin caHanagpl.
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Byprobinay Kypa/blHbIL, 3epTTeNeTl KOHCTPYKUMACbIHAA apTKbl OypbllUTapAbll, CTaTuMKaga HengXx M3Hi 6ap
K3He KMHemaTuKaga onap yurbiMaHbil, KeCinreH 6eTiH TeriCTelTiH X3He YTIKTeWTiH Tepic MaHAepre xeTteai. ArHu
yurbiMa KabblpranapblHbIL, KeceTiH TiCTepiHiL apTkbl 6eTw euaen, 6yproinayfaH KeliiH Kabbipranapabiy 6enikTepi-
Hil Terinyi MeH CbIHybIH 60M1AbIpMalA, OHbl HbIFaTThl. BygaH 6acka, 6yprbinay npoueaHge YCTiyri KabaTTbil TOMbIK
6alinaHbicbl 6yprbinay KypanbiHAa gipingiy, nanga 60nybiHa )Xo 6epmengi.

XKyMbIC t0Ten TypraH KypblnbiMgapra KaparaHga, 6yproinay KypanfapbiHbil, AN TUHAE XYMbIC ICTENTIH
KYLWTep Xy6bl Oyprbinay KypasnblHbll, aiHany 6arbiTbl 60iblHLIA GarbiTTanraH, ArHW KengeHew, 6i3gil »xargainga
KYLWTep Xy0bbl Byproinay KypanbiHbily 0a 60MblHWA - TiriHeH 6arbiTTanraH. bypreiiay KypasbiHbil 0a 60#blHLWA
KYLUTEp XYObIHbIL, TiriHEH BarbITTanybl Oyproiiayra Kegepri ALUTepL L, TeMeHAeyiHe, COHAal-aK yLrbiMaHblIL, oci
6oiblHIIA TeMeH Kapali TapTylwsbl KYLWTIL nainga 60nybiHa 3ken coragbl. TiK OpHanackaH yyackenepge anHaiy
NpoLeCiHAe OPHbLIKTHINbLIKTbI XXOranTy H3TUXKeciHAe 6araHaHbIL KMcatobl canfapbiHaH aybicnasbl XY KTeMesnep naiga
6onafpl.

3KcnepumeHTTep P6M5 Mapkanbl Xbligam KeceTiH 6ofaTTaH >kacanraH Kecwi Tictepi 6ap 6yprbinay
KypanbIMeH apanac TonblpakTbl 6yproinay 60ibiHWa XY prisingi.

XYprisinreH 3epTTeynepfiy anbiHraH ManimeTTepi HerisiHae BK 6 mapkanbl KaTTbl 6afKUTbIH NaacTUHajaH
Kecklw TicTepi 6ap 6yprbinay Kypasbl 33ipneHai. byproinay Kypanbl KaTTbl XbIHbICTapAbl Oyproinayra apHanraH, ekl
nasafa KaTTbl NnacTUHanapmeH >abablkTanraH KOHYC TYpPIiHAEri ywThirbl 6ap 45 MapKaibl KOHCTPYKLUAMIbIK
6onatTaH XacanraH AUcK TYPpiHAeri KeceTiH TicTepi 6ap. Aucklnep 6yprbinay KypanbiHbIlL KOpnycbiHa GeKiTinreH
X3He anfblurbl 6eTTepiHe KaTTbl MiacTMHanapMeH XabfblKTanraH; Oyprbinay epTHAraH 6yprbinay aimMarbiHa
6enrini apblHMeH >XeTKi3yre apHanraH Teak OpblH anraH. byprbiiay alimarbiHa 3p6ip Ticke apHanraH 6yprbinay
epTHAra 6enek 6epineai, 6yn axblparaH TONbIPAKTbIL, aryblH Xewingeteai. byproinay Kypasibl KOHCTPYKLMUACHIHbIL,
KOpMycCblHAA CTaHAAPTThl 6ypreiiay KyboblpaapbiHa apHanraH eTKisrilTepail ThirbIHBIMEH OPHATbINATbIH KOHYCThIK
OypaHacbl 6ap e3eKLle KapacTbIpblaraH.

XYprisinreH 3epTTeynep HaTVXKeciHAe Oyproinayabil YTbIMAbl Cy/6achl YCbIHbINTAH, OraH C3MKec, TyblHAal-
TblH "W Tep 6ybl Oyprbinay KypanbiHbIL OCi G0MbIHIIA TWHEH 6arbiTTanraH, 6yn Oyproinay Kyl TemeHaeTyre,
COHJai-ak 6yprbinay yurbimachl 60libIHLLA TEMEH Kapai TapTKbiWw KYLKe ve 6onyra” M ~H 4T 6Gepegi.

Kecklw ncTuy 6eTi 60iblHIWA alX3He a2apTKbl GYpbILITAPbIHbIL, TepiC M3HAepi YTiKTeneai, yuroima Kabblpra-
napblHbIL, 6iTenyiH 6onabipmai, yurbiMaHblL, KecinreH 6eTiH TericTeigi. TroTepaw, apTKbl 6eTTepiHiL, XXaHacCyblHbIL
6onybl Byprbinay KypanbiHaa gipingiy nainga 6onybiHa xXon 6epmeid, yurbiMaHblL, KabblpranapbiH HbirakTagbl.

Byproinay AiTeplle Te3imMAiNiKTi aHbIKTay XX3He 3epTTey YiiH BK6 mMapkanbl KaTTbl 6aKUTbIH NAacTUHaLaH
KecllLw TicTepi 6ap 6yprbinay Kypanbl KypacTbipbligsl. Mainga 6onraH 6yproinay Kylwtepile 6ainanbiCTbl 6yproiiay
Kypa/ibiHbIL, GepXMril aHbiKTay 6arbiTbiHAarbl 3epTTeynep >XYPrisinreH. 3epTTey HITWXKeCLWAe, KaTTblKyAManbl
TakTalWwagaH TypaTblH TicTepi 6ap KeceTiH Byprbinay Kypanbl faibIHAANbIM, XacairaH.

TYWin cesgep: aiiHanmansl 6Gyprbinay, yurbiMa, Tay-KeH Kecyre apHanraH Kypan, 6yproinay 6ypblilbl,
6yproinay YArici, XbimKy KYLWTepi, TO3y, TOMbIpaK, Kecy XblngamAabirbl, 6yprbinay >Xblagamgbirbl, Aipin, Tay
XbIHbICbI, Byprbinay epiTiHAici.

O. T. XopxunbepreHosl, b. K. Ypanosl, E. . BoeBoanHl, A. A6aykapumos2, b. H. A6cagbikos3

1OHO-KasaxcTaHCKWIA rocyAapCTBEHHbIN yHMBEpCMTET uM. M. Ayas3oBa, LLIbIMKeHT, KazaxcTaH;
2T allKEHTCKMNIA rocyapCTBEHHbIN TEXHUYECKWI yHUBepCUTeT UM. V. A. KapumoBa, TallKeHT, Y36eK1CTaH;
MMHCTUTYT XMMUYecKMX Hayk um. A. b. bekTypoBa, AnmaTsl, KasaxcTaH

PAUVMOHANIBHAA CXEMA BYPEHWNA N BHAYEHNA PABOYNX YT JIOB
PEXYUWENO 3YBABYPU/IBHOITO MHCTPYMEHTA

AHHoTayus. B paboTe pacCMOTPeH MPoLECC BpallaTesbHOro cnoco6a 6ypeHus 1 NpeanoXeHa payuoHanbHas
cxema 6ypeHus, NpUMeHUMas 4ns 6ypubHbIX paboT. MpoBedeH aHanM3 KMHEMATUKU GYPUNIbHOTO MHCTPYMEHTA B
npouecce pa6oTbl, OMNpedeneHbl HarnpaBneHUs CKOPOCTM GypeHus. [Mpu POTOPHOM BpaliaTeslbHOM GypeHum
LUApOoLUEeYHOE [10/10TO SABMSETCH CaMbiM BbICOKOHArpy>KeHHbIM W OTBETCTBEHHbIM 3/1leMEHTOM GYpPOBOr0 CTaHKa, 3a
YKWU3HEHHBIW UMK KOTOporo (npaktuyecku Gonee 10 neT) 3aTpaThbl HA M3PAcX0A0BaHHbIE J0M0Ta B HECKONbKO pas3
MpeBbIAOT CTOMMOCTb Camoil MallMHbl. 3TO W SBUMOCH MNPUYMHON BO306HOBMEHUS 3KCMEPUMEHTaNbHbIX
UCCNefiOBaHUIA YUYEHHbIX, HamnpaBfeHHbIX Ha COBEPLUEHCTBOBAHWE KOHCTPYKUMI GYpOBbIX CTAHKOB C LE/blo
MOBLILWEHNS WX HaAEeXHOCTM W CO3[aHMe HOBbIX CKOPOCTHbIX UM W3HOCOCTOWKMX KOHCTPYKLMIA 6YpoBbIX
MHCTPYMEHTOB.

B CBA3M C KPU3NCHLIM YAOPOXaHMEM GYpOBbIX paGOT MCCMeAoBaHWS YUYeHbIX HanpaBneHbl A4S peLieHus
CNefytolMX OCHOBHbIX HanpaBneHWii: COBEPLUEHCTBOBaHWE KOHCTPYKLMIA 6YPOBbIX CTAHKOB C LIE/bH0 MOBbILIEHNS
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MX HafeXHOCTU; COBEPLUEHCTBOBAHME W CO3[aHUE HOBbIX CKOPOCTHbIX M W3HOCOCTOMKMUX KOHCTPYKLWIA 6YPOBbIX
WHCTPYMEHTOB [Ana pafa TUMU3UMPOBAHHLIX FOPHO-Fe0fIoNMYeCcKUX U TEXHONOrMYecKUX YCI0BUIA Kapbepos;
COBEpLUEHCTBOBaHMe OpraHm3auumn ynpasneHns 6ypoBbiMu paboTaMmu 1 hOpM CEPBMCHOMO TEXHUYECKOro 06CnyXu-
BaHWSA; Ha OMTUMMW3ALMI0 TEXHOMOMMYEeCKoro npowecca 6YpeHUs CKBaXKWMH HEMOCPeACTBEHHO B MPOMbILLIAEHHbIX
YCNOBUAX LeWCTBYHOLMX KapbepoB. HeobXoAMMO OTMETUTb, UTO [Ba NepBbIX HamMpaBfieHWs OCYLLECTBASIOTCS BHE
KapbepoB, OT/IMYAKOTCA 3BO/OLMOHHOCTLI0 PasBUTMA U ABASKOTCA MPeAMETOM B OCHOBHOM KOHCTPYKTOPCKMX
pa3paboTokK.

B uccnegyemoii KOHCTPYKLMM BYPUIBHOrO MHCTPYMEHTA 3afHMe YT /bl UMEKOT HYNeBble 3HAUYEHUS B CTATHKE, U
B KMHEMaTWKe OHW 6yayT AOCTWraTh OTpULATE/IbHbIX 3HAYeHWUA (PUCYHOK 1), KoTopble 6yAyT BbIrnaXusaTb U
Tpam60BaTb Cpe3aHHble MOBEPXHOCTU CKBaXWHbI. [onyvaeTtcs, 4To obpabaTbiBas MOBEPXHOCTb 3af4HWMMW NOBEPX-
HOCTAMU PEXYLLMX 3y6beB CTEH CKBaXKMHbI, Mbl YKPEMN/ISieM ero, NpeAoTBpaLlas OCbiNaHUs U OTNIOMKM YacTeld CTeH
nocne 6ypeHus. Kpome 3TOro, MOSHbIA KOHTAKT MOBEPXHOCTM B MpoLecce BypeHMs He [OMYCKaeT MOsBIeHWi
BMOpaLMil B OYPUSTIbHOM UHCTPYMEHTE.

B oT/Muve OT CyLLeCTBYHOLMUX KOHCTPYKLUMIA, Korga y 60MbLIMHCTBA OYpPUbHBIX UHCTPYMEHTOB napa Aeit-
CTBYIOLLMX CWUA Hamnpas/ieHa Mo HanpaBfeHUs BpaweHUs 6YpunbHOro UHCTPYMEHTa, TO eCTb N0 rOpM3OHTanu, B
HallleM cay4yae rapa Cu/ Hanpas/ieHa Mo ocy BYpUILHOrO UHCTPYMEHTA - MO BepTUKaau. HanpaBneHue napbl cUn no
ocu 6YPUNBHOTO WHCTPYMEHTA MO BEPTUKANM MPUBOAWT K CHWDKEHUIO CUJT COMPOTMBEHWUS BGYPEHMIo, a Takxke
MOSIBNEHNIO BTATMBAIOLLE/ CUMbl BHW3 MO OCK CKBaXWHbI. Ha BepTMKanbHbIX yyacTKax B MpOLECCE BpalleHus
NOSIBNAIOTCS MEPEMEHHbIe Harpy3Ky BCIEACTBUE NCKPUBIEHNS KOMIOHHbI B pe3ynbTaTe NOTEpU yCTOWYMBOCTY.

Mo pe3ynbTaTam UCCNef0BaHUA CKOHCTPYMPOBAaH M U3rOTOB/EH GYPUbHBIA UHCTPYMEHT C PEXYLLUMU 3y6bs-
MW 13 TBEPLOCMNABHOMN NAACTUHBI.

JKCNEepMMeHTbl NPOBOAUANUCL MO OYPEHMIO CMELUaHHbIX TPYHTOB OYPUbHLIM UHCTPYMEHTOM C PEXYLLUMM
3y6bsiIMM U3 BLICTPOPEXYLE cTann Mapku P6M5.

Ha ocHOBe MOMYYEHHbIX [AaHHbIX MNPOBEAEHHbIX WCCNEOBaHWIA W3roTOBAEH OYPWbHBIA WHCTPYMEHT C
pexXywumm 3y6baMu 13 TBEPLOCNIABHOW MNacTWHbl Mapku BK6. BypunbHbIA WHCTPYMEHT NpeAHasHauyeH Ans
6ypeHuns TBepAbiX MOPOA, UMeeT HaKOHEYHUK B BUAe KOHYCa OCHalleHHOW TBepAbIMW MiacTUHaMy B ABYX Nasax;
pexylimne 3y6ba, B BUAE AWCKA U3rOTOBMEHHbIE U3 KOHCTPYKUMOHHOW cTanu mapku 45. AUCKWU 3aKkpenneHbl Ha
Kopnyce GYypUnbHOTO MHCTPYMEHTA M Ha MepefHUX MOBEPXHOCTSAX OCHALLEHbl TBEPAbIMU MAaCTUHAMU; OTBEpPCTME
419 [OCTaBKM BypoBOro pactsopa B OypyMYyHo 30HY, Noj ONpefeneHHbIM HarnopoMm. B ByprMyto 30HY A1 KaXioro
3yba GYypW/bHbIA pacTBOp MofaeTcs MO OTAENLHOCTM, 4YTO 06fiervyaeT yBO4 CpPe3aHHOro rpyHta. B kopmyce,
KOHCTPYKLUM BYpUNBHOTO WMHCTPYMEHTa MpefyCMOTPEHO XBOCTOBMK C KOHYCHOI pe3b60id, KOTOpble YCTaHaB/u-
BaeTCA C BTYNKON MepexofHUKaMun Ha CTaHAapTHble Bypu/bHbIe TRYOHI.

B pe3synbTaTe NpoBeAeHHbIX WCCNeA0BaHWUIA MpeasioXkeHa paunoHanbHas cxema 6ypeHusi, B COOTBETCTBMU C
KOTOPOI, BO3HMKalOWas napa CU/A HanpaBneHa BEPTUKANbHO NO OCKM BYPUNbHOrO WMHCTPYMEHTa, YTO [JaeT
BO3MOXXHOCTb CHU3WUTb CUJIbl OYpEeHUS, a TaK)Ke NPOSBUTLCS BTAMMBAIOLLEN CUe BHW3 N0 BYPUMOI CKBXUHE.

OTpuuaTe/bHble 3HAYEeHUS 33fHMX YI0B aj U a2 Mo MOBEPXHOCTU pexyllero 3yba GyAyT BbIFNaXMBaTb,
TpamboBaTb Cpe3aHHY MOBEPXHOCTb CKBaXKMHbI, MPeoTBpallas KpOLeHWs CTeH CKBaXUHbI. Hannune KoHTakTa
3aHNX MOBEPXHOCTEN 3yObeB YKPENAAeT CTEHbl CKBaXMWHbI, NpefoTBPaLLas OCbINaHMA U He AOMYyCcKas NosBieHWi
BMOpaL il B 6YpUIbHOM UHCTPYMEHTE.

[ns onpefeneHns CTOMKOCTU U UCCNEA0BaHWS BO3HMKAKOLWMX CUST BYpPEHUSi CKOHCTPYMPOBaH OYypusbHbINA
WHCTPYMEHT C pexyLwmumu 3y6bamu U3 TBepAoCrniaBHOM nnacTuHbl Mapku BK6. lMpoBefeHbl uccnegoBaHus Mo
onpefieneHnto CTOMKOCTM BYPUNbHOINO MHCTPYMEHTA B 3aBUCMMOCTM OT BO3HMKAKOLWMX cun 6ypeHus. Mo pesynbTa-
Tam WCCNefoBaHW CKOHCTPYMPOBAH U WU3rOTOBMEH OYPUNbHBIA UHCTPYMEHT C PEXYLIMMU 3y6bAMW U3 TBEPAO-
CMaBHOW MNACTUHbI.

KntoueBble cnoBa: BpalaTesibHoe 6ypeHue, CKBaXXMHA, UHCTPYMEHT A1 TOPHOI pe3ku, GypuibHas KOMOHHa,
cxema 6ypeHus, cunbl CABUra, U3HOC, FPYHT, CKOPOCTb pe3aHus, CKOpPOCTb GypeHus, Bmbpauusa, nopoga, 6yposas
XWUAKOCTb.
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