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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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FEATURES OF DRILLING PROCESS KINEMATICS

Abstract. The results of the work aimed at studying the kinematics of the drilling process to determine the
drilling pattern are presented. The analysis of the principles of operation of drilling tools has been conducted. It was
determined that when working on the proposed drilling tools with the drilling force evenly distributed around the
cutting edge, where the bottom hole reaction leads to a pair of forces that determine the amount of torque on the
drilling tool. It has been defined that the cutting tooth of a drilling tool processes the slaughtering along the trajectory
of the Bernoulli lemniscate, and all teeth, in particular the cutting edges of the drilling tool, are simultaneously
involved in the destruction of the rock. Based on the studies conducted, the constructive scheme of the drilling tool
was adjusted to determine the geometrical parameters of the cutting edge. The application of the proposed design
scheme should allow increasing the mechanical drilling rate and reducing the values of arising drilling forces.

Key words: drilling, drilling tool, destruction, impact, rock, durability, scheme, force, kinematics, cutting-
splitting, rotational drilling, rotational frequencies.

Introduction. In existing drilling technologies, various drilling methods are used with appropriate
drilling tools [1-4]. The drilling technology is improving and the geometry of the drilling tool is
optimizing.

However, in widely used technologies, the drilling pattern is based on the mechanism of rock
destruction, where the teeth of drilling tools under the impact of strong blows scrape the rock. To increase
the durability of drilling tools, expensive solid alloys and diamonds [5-10] are increasingly used. Used
drilling patterns do not allow full use of these materials resource strength as they are fragile and do not
tolerate impact loads.

To solve this problem, a group of scientists on the project “AP0513118 Creating drilling tools for
drilling wells in the extraction of solid, liquid and gaseous minerals (contract No. 164 of 03/15/2018)” are
investigating a new drilling pattern [11,12].

The relevance of research. The proposed drilling pattern and the correspondingly developed
geometry of the drilling tool are related to rotary drilling technologies. The geometry of the drilling tool is
not complicated by manufacturability. Prototypes were made in six coordinate machines, but in mass
production the teeth can be made in other cheaper ways. The essence of the drilling scheme used is that
the cutting tooth has continuous contact with the drilled surface, excluding vibration during the drilling
process. The drilling pattern is based on cutting the soil. Changing the geometry of the drilling tool, it
appears through the kinematics of the process to change the direction and values of the drilling force. With
the proper formation of the drilling pattern, it is possible to achieve the appearance of negative drilling
forces that will not repel but rather draw in the drilling tool in the direction of drilling.

Objective. Studies of drilling kinematics by definition drilling pattern.

Material and research results. According to the principle of interaction on the rock we consider the
drilling pattern belonging to the cutting-cleaving groups [13]. It can be seen from the diagram (figure 1)
that the element of the chisel’s armament moving at a speed of V;and the effects of P, P. forces to a depth
of J cuts off (cleaves) the rock.
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Figure 1 — Diagram of the impact of the rock-cutting tools armament elements on the rock when drilling

The dynamic process of destruction is determined by the equations of the kinetic energy 7 of the tool
and the potential energy U. For this interaction pattern the condition P. = 0 (resistance of the rock to the
introduction of a chisel) and indentation are considered as the main effect of the elements of the rock-
breaking tools on the rock considered by researchers [13].

Other researchers believe [14] that during rotary drilling the destruction of rock at the bottom of a
well occur due to the movement of a tool having the shape of a cutter along a helical line (figure 2). Such
a movement is the result of a combination of rotational and translational movements. Rotational motion of
the tool at the bottom of the hole is carried out by applying significant torque and large axial forces to the
drilling tool a. There are no impact loads.

From the diagram it can be seen that from the side of the machine a pair of forces acts on the feather
of the drill cutter (figure 2): P, is the axial force and P is the cutting force [14]. Together they act on the
mass destructible as the resultant force P. In turn, from the side of the rock the force is affected by the
force P, which characterizes the resistance of the rock to the introduction of the tool and P. which
characterizes the resistance of the rock to cutting [14]. As the result is force acting on the side of the rock
mass on the tool R. When stresses are reached in the rock to be destroyed at a critical level, a cleavage will
occur in the front face of the cutting tool. Then the tool will turn at a certain angle around its axis and
stretch against the newly formed ledge and the process will repeat [14].

Figure 2 — Diagram of the operating forces at rotary drilling. Py - axial force; P: - cutting effort; P is the resultant force of the tool;
Ry is rock resistance to penetration; R: - rock cutting resistance; R is the resulting rock resistance; o, 7 - ultimate stress fracture

In the literature there are many materials on the research and application of drilling tools, but they are
presented for specific cases, processing methods and geometry of drilling tools [15-21].

To study the kinematics of the drilling process, drilling tools were made of structural steel (figure 3).
Experiments on drilling processes were carried out in soft and mixed soils since we needed to determine
the kinematics without side effects.
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Figure 3 — Drill tool with cutting teeth of 40X structural steel. 1 - body of the drilling tool;
2 - tip equipped with carbide plates of BK8 round shape; 3,4,5,6 - cutting teeth of the boring tool

The drilling process occurs due to the rotational w as well as the progressive action S of the drilling
tool (figure 4): S=S;+h., where S; is the stroke of the drilling tool; /- is a value of the stroke height of one
tooth with one turn of the drilling tool

Picture 4 — Chart of moving of tooth of boring instrument

A tip 2 with round plates of hard alloy was designed for plunging into the ground. At the beginning of
the process, cutting into the ground the tip equipped with round-shaped carbide plates from VK8 expands the
hole to the diameter of the tooth 3 when bumping into a soil. Similarly, the 4, 5, 6 teeth will alternately bump
into the soil. The values of the tooth inclination angle - ¢ was calculated to ensure a pure shear when cutting
the soil. The distances between the teeth were selected in to ensure a continuous process of cutting the soil
that is where the cutting of the soil ends with the first tooth the next one has time to bump into.

The conducted field tests showed that the process of bumping in and drilling occurs uniformly

without jerks and jumps (figure 5).

Figure 5 — Drilling process at low speeds of the drilling tool
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The cut soil volume of the initial drill hole did not have time to be removed from the drilling zone. In
with connection, the holes were enlarged to the necessary appropriate dimensions in accordance with the
geometrical parameters of the drilling tool.

The trajectory describing the edges of the cutting teeth a, b, s, f (figure 6, a) was investigated. When
visually observed at small values of the drilling tool rotation, the points a, b, s, f during one turn describe
the Cassini oval and occupy the position o', b/, s, f (figure 6, b) [22]. The kinematics of the drilling tool
allows the cutting edge to move the bottom cut to the side in the direction of the drilling speed V;
tangentially to the cutting edge at that the first half of the tooth cutting edge is a, a;, az, a3, as and the
second half of the tooth cutting edge a4, as, as, a7, @ will form a resultant pair of forces. With an increase
in the frequency of rotation of the drilling tool ® the drilling force will probably decrease. The reason for
this is the reduced volume of the cut soil layer.

a) [,_@
o ~+ S
f L <] F, A,
b - M
a i —~a’
o)
a/

Per

106

Figure 6 — Diagram for determining the trajectory of a cutting tooth of drilling tool at low turns

With an increase in the frequency of rotation of the boring tool o the trajectory of visual observation
takes a different form (figure 7). It is assumed (figure 8) that in large values of the drilling tool rotation the
points a, b, s, f during the half-turn describe the trajectory of the lemniscate and occupy the position a o/,
b, s, f (figure 8, b). The explanation for this is that in the particular case of the Cassini oval at a certain
focal length is the trajectory of the Bernoulli lemniscate [23]. For large values of the rotational speed of
the drilling tool, a part of the cutting edge of the tooth will act from below upwards a, a;, az, as, a;and will
make a half turn moving the trajectory of the sinusoid when the second part of the cutting edge of a tooth
is ay4, as, as, az, a, a will also move the trajectory of the sinusoid and close the lemniscate circle (figure 8,
b). Divided into four parts in kinematics, cutting edge 1 part: a, a,, az; Part 2: az, as, as; Part 3: a4, as, as;
Part 4: as, az, a should significantly reduce the drilling force.

Figure 7 — Drilling process at high speeds of the drilling tool
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a)b

Figure 8 — Diagram for determining the trajectory of the cutting tooth of a drilling tool at high speeds

Discussion of the drilling process with the use of the proposed drilling tool. As a result of the
field test data analysis the following recommendations were made to clarify:

Among drilling tools, screw or spiral drills [24-27] differ in cutting capacity and maneuverability. But
the design of these drilling tools creates an accumulation of cut soil on the surface of the cutting blades or
spirals. At high penetration rates, a process of jamming a drilling tool is created since the drilling fluid
does not have time to raise the cut soil upwards.

In the proposed design, the drilling tool cuts the soil in portions, raises it upwards facilitating the
removal of the cut soil from the drilling zone. The more turns of the drilling tool, the less the volume of
the soil is cut off which increases the penetration of the drilling process.

Having studied the kinematics in the drilling tools made of structural steel which has convinced of the
correctness of the drilling tool work it becomes possible to switch to the drilling of harder rocks. At the
same time, as a cutting tooth for mixed soils we choose high-speed steel and carbide hard alloys for hard
rocks.

Such studies will be sent to study the geometry of the cutting tooth, clarify the values of the working
angles of the drilling tool, the front angle vy, the rear angle a, the wedge angle B, and the angle of
inclination of the cutting tooth .

Conclusions. At this stage of research, summarizing the results, we draw the following conclusions:
1. It has been established that the proposed drilling tool and drilling pattern refers to the method of rotary
drilling (figures 5,7).

2. It is determined that the drilling process is carried out by cutting and smoothly displacing the soil
with the front surface of the cutting edge of the tooth of the drilling tool.

3. According to the proposed kinematics of the drilling pattern, the continuity of the trajectory of the
cutting edge of the drill tool is provided (figure 8).

4. It has been established that the proposed kinematics of the drilling pattern significantly reduces the
deviations of rotation from the axis of the drilling tool (figure 8).

5. It is assumed that the continuity of the contact of the cutting edges and the simultaneous
participation of the teeth in the drilling process should reduce the drilling forces, as well as significantly
reduce the vibration.

6. It is recommended to use the proposed technology of drilling and drilling tool teeth, which are
made of high-speed steels in drilling wells for soft and mixed rocks. In this case, according to the
proposed drilling scheme, the drilling tool is connected to standard drill pipes with transition sleeves.

Manufactured drilling tools for determining the kinematics of the drilling process have successfully
passed field tests, and on the basis of the results obtained, it becomes possible to pass research by drilling
for hard rocks.
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BYPI'BUUIAY NPOLHECI KHNHEMATUKACBIHBIH EPEKIIIEJIIKTEPI

AnHotanusi. JKympicTa Oyprbliay CXeMachlH aHbIKTay OObIHIIA OYpFbUIay IMPOLECIHIH KWHEMAaTHKachlH
3epTTeyre OarbITTalFaH HOTWXeNep OepiiareH. byprbulay KypangapbIHBIH KYMBIC IPUHLMITEPiHE Tajaaay Kyprizii-
red. JKyprizinreH 3epTreynep HeTi3iHIe Kecy XHETiHIH TeOMEeTPHSUIBIK IapaMmeTpiiepiH aHBIKTAy YUIH Oypreuiay
KYPaJIbIHBIH KOHCTPYKTHBTIK CXEMAcChl TY3CTUIreH. ¥CHIHBUIFAaH KOHCTPYKTHUBTIK CXEMaHbI KOJIaHYy OyprbuIayIbIH
MEXaHUKAJIBIK JKbUIAAMIBIFBIH apTTHIPYFa JKOHE YHFBIMajap/bl OyprbUlayiblH Iaiaa OoyaThlH KYIITEpPiHIH MoHIH
TOMEHJIETyre MYMKIH/IIK Oepei.

Kazipri Oypfbuiay TEXHOJOTHsUIAPBIHIA THICTI OYPFbUIAY KYpajJapbIMEH OYpPFBUIAYABIH OpPTYPJi omicTepi
KOJIIaHBUTAABl. Bypreinay TeXHOIOTHACH! KeTUNAIpinyae, Oyprbliay KypajbIHBIH I€OMETPUACH OHTAHIaHIBIPhLTyAA.
Anaiina, KeH KOJJAHBUIATBIH TEXHOJOTHsUIapAa OyprbUIay CXEeMachl Tay >KBIHBICTAPBIHBIH KHPAay MEXaHHW3MiHe
HeTi3[eNneni, oHna OypreUIay Kypalgapsl TICTepiHIH KaTThl COKKBUIAPBIHBIH OCEPiHEH Tay JKBIHBICTAPBIH YCKBIHCHI3
KbIpasbel. byprbinay KypangapbslHbIH OEpiKTIiriH apTThIpY YIUiH KbIMOAT TypaThlH KaTThl KOphITHAJIAp XKoHE alMasap
KOJIIaHbUIa/Ibl. BYpFhIIay/IblH KOJNJaHBUIATHIH CXEMajlapbl OChl MaTepUaiapAblH OEpIKTLIK pecypcTapbiH TOJBIK
naiiananyra MyMKIHIIK OepMeiiii, OHTKeHI ojlap eTe HA31K OOJIBII KeJe i )KOHE COKKbI dKYKTEMECIH IIBIFapMaiIbl.

¥YchIHBUIFaH OypFbUIAY CXeMachl XKoHe OYpFbUIay KYpPaJIbIHBIH 93ipJICHI'€H IT'€OMETPHSCH aifHaIMalIbl OyprbUIay
TEXHOJIOTHsUIAPBIHA JKaTaIbl. Byprpliay KypaJIbIHBIH [€OMETPHUSACH JallblHIay TEXHOJIOTHACHI OOMBIHIIA aca Kypuei
emec. ToxipuOeni yarijiep anTsl KOOPIUHATTHIK CTAHOKTA JKacaliFaH, OipakK TICTIH cepHsUIBIK OHIipiciHae Oacka na
HEFYpJIBIM ap3aH ToCcUIepMeH naiblHAayra na Oonansl. KonmaHbuiaTelH Oyprbllay CXEMAachIHBIH MOHI - KECKIIl
TiCTiH, Oyprbulay O€TIMEH Y3IiKCi3 OaiaHbIC JKacald OTBIPHIN, OYPFbUIAY MPOIECIHAS MPUIAI OOJIBIPMAIBL.
byprbinay cxemacsl Oyprbuiay KYpallbIHBIH T'€OMETPHSICHIH ©3TrepTe OTBIPBII, TOMBIPAKThl KECKiJieyre Heri3lesreH,
YPAICTIH KMHEMAaTHKAChl apKbLIbl OYpFbUIAY KYIIIHIH OaFbiThl MEH MOHIH ©3repTy MYMKIHIIr mnaiaa Oosaibl.
Bypreinay cp30achiH OyphIC KaJBIITACTHIPFAH Ke3lle ONapIbl HTEPMEHTIH OypFBUTayIbIH Tepic KYIITepiHiH maiima
0OJTyBIHA KOJ JKETKi3yTe O0JIaabl, al Kepiciniie Oypreuiay OarpIThl OOMBIHIIA OYPFBLUIAY KYPaTbH CO3aThIH O0Ia IbL.

Backa 3eprreyurinep aiiHanMansl Oyprbuiay Ke3iHJEe YHFIMaHbBIH KEH)KapblHJA >KbIHBICTBIH OY3bUTYbl KECKII
(hopmacs! Oap KypanablH Oypamalibl ChI3BIKIEH KO3FallybIHbIH apKachlHa 0osaabl aern ecenteiai. MyHai Ko3raibic
allHaNIMaJlbl KOHE YAeMell KO3FaJbICTapIblH HOTHXeci Oonbln TaObuianbl. TecreHiH KeHKapblHAa KypaiblH
aifHaNIMaJbI-yAEMeINi KO3FabIChl OYpFbUIay KypaiblHa aiTapIIbIKTall alHALABIPY COTi MEH YJIKEH OCHTIK KYLI )KyMcay
eceOiHeH XKXy3ere achIpblIabl. BYJ peTTe COKKBI JKYKTeMemepi OpbIH aMaiabl.

Onebuerte OypreUTay KYpalgapblH 3epTTeY KOHE KONIaHy OOMBIHINA KOITereH MaTepranaap oap, anmaiima oixap
HaKThI JKaFJaiiap MEH eHJey Toclilepi YIIIH YCHIHBUIFaH. Byprbiiay HpoleciHiH KMHEMaTHKAChIH 3epTTey YIiH
KOHCTPYKIHUSUIIBIK 00JIaTTaH jKacayiFaH OyprbuIay Kypaiaapbl qaibiHnanasl. Opictik ceiHakrap BZC 600A e3mirineH
JKYpEeTiH OypFbliay arperarblHzia xysere achlpbliibl. bypreutay Kypansl @ 190,5 mm ertneni Tenkeci 6ap Oyprbuiay
KyOBbIpyiapelHa KOCBULIBL. Byprputay mponectepi OOHbIHIIA 3KCIIEPUMEHTTED XKYMCaK JKOHE apajac TONBIpaKTapia
KYprizingi, cebedi xxaHaMa acepci3 KHHeMAaTHKaHbI aHBIKTay KaKeT OOJFaH. OTKI3UITeH epicTiK ChIHAKTap Kecy )KoHe
Oypreuiay mporieci OipKaJbIITHI, JKYIKBIICHI3 JKOHE e3repicci3 JKYpeTiHiH KepcerTi. Byprpimay CTaHOTHIHBIH
Oacrankpl Teciri OyprbiIay aifMarbIHaH KECUITEH TOIBIPAK KOJIEMIH HiblFapyra yirepmeni. OceiraH OaiiaHbICThI
Teciri OyprpuIay KypallblHBIH F€OMETPHUSUIBIK IIapaMeTpliepiHe COMKec KaXKeT THICTI eJIeMepre JIeiiH yirairaH.

Opic ChIHAKTapbIHBIH AJIBIHFAaH AEPEKTepiH Tajjay HOTIKECIHIE HAKThUIay YIIIH Kelecified YChIHbIMIAp
KylenenreH: byprbulay KypannapblHbIH apachlHIa OHMBIN aTybl XKOHE ©TIMALIII )KarblHaH LIHEKTI HeMece CIupalb
TOpi3mi OYpFeUTApHl epeKineneHeni, 0ipak ockl OYypFhUIay KYpalZaphIHBIH KOHCTPYKLHMSCHI KECETiH KalaKTap.IbIH
HEMece CIHPANbAbIH OeTiHAe KEeCUITeH TOMBIPAaKThl JKWHAWABI. YHTUIEY XBUIJAMIBIFBI JKOFapbl OONFaH Ke3Je
Oyprpulay KypallblH CBHIHIBIPY HpOLECi KypbUlaJbl, OUTKEHI OypFrbuIay €piTiHIICI KECIIeTiH TONBIPaKThl >KOFaphl
KeTepe anMaiipl. ¥CHIHBUIBII OTBHIPFaH KOHCTPYKLMSA Oyprbulay Kypasibl TOMBIPAKTHI MOPLHSIAPMEH KeCiIl,
Oyprbulay aiiMarblHAaH KWUBUIFAH TONBIPAKTHIH aFybIH JKEHULAETIN, OHbI JKOFapbl KeTepeni. bypreiiay KypasbIHbIH
aifHaNIBIMBI HEFYPIIBIM KeIl OOJIFaH caiblH, OyprbuUIay IPOLECIHIH OTYiH apTThIPaThIH TONBIPAK KOJIEeMi COFYPIIBIM a3
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Kecurei.

KoHcTpyKuusuiblk 00aTTaH jxacajirad Oyprbulay KypalliapblHbIH KHHEMAaTHKAChIH 3ePTTEil OTBIPHIN, Oyprbuiay
KYPaJIBIHBIH JYPBIC JKYMBIC ICT€yiHE KO3 JKETKI3reH KaTThl Tay KbIHBICTApPbIH OypFbUIay MYMKIHAIr Nakaa Ooasl.
Byt perTe Keckinr TiCTiH MaTepraibl PETIHAE apaiac TONBIPAKTAp YIIiH Te3 KeCETiH O0JIATThI, al KaTThl KBIHBICTAP
YIIiH eKi KapOuITi KaTThl KOPHITIIaJaphl TAHJAIFaH.

Tyiiin ce3nep: Oypreuiay, OYpreUIay KYpallbl, KHpay, COKKBI, Tay KBIHBICH, OCpIiKTIK, cCXema, KyII, KHHEMAaTHKa,
Kecy-0eiy, aiiHaMaIbl OypFbuUIay, alHATY YKbUTIAMIBIFbL.

UL T. XoxzuGeprenos), B. K. Ypanos!, E. I1. Boepoxun', A. A6ayxapumos?, b. H. AGcaabikos

1OxH0-Ka3axcTaHCKuil TOCyJapCTBEHHBINA yHEBEPCHTET MM. M. AyasoBa, lllsivkent, Kazaxcran;
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OCOBEHHOCTHU KHHEMATHUKH ITPOLECCA BYPEHUA

AHHoTanusi. B pabote npencraBieHsl pe3ybTaThl, HAIPaBICHHbBIE HA UCCIEAOBAHUS KHHEMATHKH OypHIBHOTO
nporecca 10 ONpeAeIeHnio cxeMbl Oypenns. IIpoBeneH aHanu3 NpUHIMIIOB paboThl OypHIIBHBIX MHCTpyMeHTOB. Ha
OCHOBE IPOBEACHHBIX UCCIIEI0BAHUM ObLIa CKOPPEKTHPOBaHA KOHCTPYKTUBHAS cXeMa OypHIIbHOIO HHCTPYMEHTA st
ONpeNieNeHUs] TeOMETPUUECKUX TapaMeTpoB pexylned kpoMmku. IIpuMeHeHne npeniokeHHONH KOHCTPYKTHBHOM
CXEMBI JIOJIKHA TO3BOJIUT IMOBBICUTH MEXAHHUYECKYIO CKOPOCTb OypeHHS M CHHM3UTh 3HAUCHUS BO3ZHHMKAIOIINX CHII
OypeHUs CKBaYKHH.

B cymecTByronmx TeXHONOTHIX OypeHHs UCTIONb3YIOTCS Pa3IMYHBIE METOABI OypeHHS C COOTBETCTBYIOIUMHU
OypHIIbHBIMU MHCTpyMeHTaMH. COBEPLICHCTBYIOTCSI TEXHOIOTHH OypeHHs, ONTHUMH3HPYETCS] TEOMETpHsi OypHIBHOTO
uHcTpyMeHTa. OIHAKO B MIMPOKO NPUMEHSEMBIX TEXHOJOTHAX cXxeMa OypeHHsi OCHOBBIBAETCSI HA MEXaHU3ME pas3py-
LIEHHUs TIOPOJ, TA€ 3yObl OypHIIBHBIX MHCTPYMEHTOB I10J] BO3/ICHCTBHEM CHJIBHBIX YAapOB CKOOJSIT TOPHYIO MOPOLY.
Jns OBBIIIEHHS CTOMKOCTH OypHJIBHBIX HMHCTPYMEHTOB BCE OOJIBILE HCIIOIB3YIOTCS IOPOTOCTOSIINE TBEpAbIS
criaBbl, anMassl. [IpuMensemMble cxeMbl OypeHHsI He MO3BOJISIIOT TOTHOCTHIO HCIIOIB30BaTh MPOYHOCTHBIE PECYPCHI
3THUX MaTepHaJIOB, TaK KAK OHU SBJIIOTCSI XPYIKHUMH M HE BEIHOCAT YAApHBIE HATPY3KH.

[Ipennaraemast cxema OypeHHMsS M COOTBETCTBEHHO pa3paOOTaHHas IeOMETpHsi OypWJIBHOIO HHCTPYMEHTa
OTHOCHUTCS K TEXHOJIOTMSM BpamiaTeabHoro OypeHus. ['eomerpusi OypwJIbHOrO WHCTPYMEHTa HECJOXHas II0
TEXHOJIOTUYHOCTH M3rOTOBNIEHUs. ONBITHBIE 00pa3ibl U3rOTABIMBAINCH HA IIECTH KOOPAMHATHBIX CTAHKaX, HO B
CepHItHOM IIPOM3BOJACTBE 3yObsi MOXKHO M3TOTABIMBATL APYTUMH, OoJee AemeBbIMU criocobamu. CyTh pUMEHsIeMOit
CXeMbI OypeHHs B TOM, YTO PEXYIIUH 3y0, MMesl HENPEphIBHBIH KOHTAKT ¢ OypHMMOIl MOBEpXHOCTHIO, HCKITIOYAET
BHOpauio B mporecce Oyperus. Cxema OypeHHs OCHOBaHa Ha CPE3aHUU TPYHTA, U3MEHSSI TEOMETPHIO OYPHUIHBHOTO
WHCTPYMEHTA, MOSBIIIETCS BO3MOXXHOCTh Yepe3 KMHEMATHKY IpOIlecca M3MEHHTh HalpaBJICHUs] M 3HAYCHUS CHJIbI
Oypenus. Ilpu npaBuiabHOM (HOPMHPOBAHUU CXeMbl OypEeHHS MOXKHO JOOWMTBHCS IOSIBJICHUS OTPULATENBHBIX CHII
OypeHusi, KOTOpble He OyIyT OTTaJIKWBaTh, a, HA0OOPOT, BTATMBaTH OypPHIIBHBIH MHCTPYMEHT MO HAIpaBICHUIO
OypeHus.

Jpyrue nccienoBaTeny CYUTAIOT, YTO MPH BpallaTeIbHOM OypeHNH pa3pylleHne MOPOabl Ha 3200 CKBAXKHMHBI
MIPOUCXOIUT Oiarosapsi ABMKEHUIO HHCTPYMEHTA, UMEOIIero (hopMy peslia, 10 BUHTOBOW JIMHHUM. Takoe IBIKEHHE
SIBJISIETCSI PE3YJIBTATOM COYETAaHUs BPAILIaTEIbHOTO U IOCTYNATEIbHOIO JABM)KEHUH. BpamarensHo-moctynarensHoe
JIBIDKEHHE WHCTPYMEHTa Ha 3a00e Wimypa OCYLIECTBISIETCS 332 CYET INPHIOKEHHs K OypoOBOMY HHCTPYMEHTY
3HAYUTEIBHOTO KPYTSIIEro MOMEHTa M OOJIBIINX OCEBBIX YCHIMN. Y 1apHble HArpy3KH IIPH 3TOM OTCYTCTBYIOT.

B nuteparype nmeercss MHO)KECTBO MaTE€PHAJIOB MO MCCIEAOBAHNIO M IPUMEHEHUIO OYPUIBbHBIX HHCTPYMEHTOB,
OJTHAKO OHM IPEICTaBJICHBI Ui KOHKPETHBIX CIlydaeB M crioco0oB 00paboTku. [l mccienoBaHus KUHEMAaTHKU
npouecca OypeHus! U3rOTaBINBAINCH OypHIbHBIE HHCTPYMEHTBI U3 KOHCTPYKIIMOHHOW cTanu. [loseBble ncrplTanus
OCYILIECTBIUINCh Ha caMoxonHoM OypoBoMm arperate BZC 600A. BypuibHBIH HMHCTPYMEHT COEOUHSIICS K
OypHIBHBIM TPpyOaM ¢ mepexoaHoi BTyJIKOH @ 190,5 MM. DKCIIEPUMEHTHI IO OYPIIIBLHBIM MIPOIECCaM MTPOBOIUIUCH
B MSTKHX W CMEIIaHHBIX TPYyHTaX, TaKk Kak HaM HEOOXOAMMO OBUIO ONpeNeNuTh KUHEMaTuky Oe3 MOoOOYHBIX
nevictBuid. [IpoBencHHBIE MOJIEBBIE WCHBITAHMUS IIOKAa3alH, 4YTO IIPOLECC Bpe3aHHsi M OypeHHs IPOUCXOIUT
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paBHOMeEpHO, Oe3 PBIBKOB M CKaukoB. [lepBoHaYabHOE OTBEpCTHE OYPOBOTO CTaHKA HE YCIICBAJIO BHIBECTH M3 30HBI
OypeHus cpe3aHHbIll 00beM rpyHTa. B CBS3M ¢ YeM OTBEPCTHE YBEIMYMBAIOCH 0 HEOOXOIUMBIX COOTBETCTBYIOIINX
pa3MepoB B COOTBETCTBHU C F€OMETPHUYECKHMH MapaMeTpaMu OypHUIIBHOTO MHCTpyMEeHTa. B pesynbraTe aHammsa
MOJYYEHHBIX JaHHBIX MOJIEBBIX HCIBITAHUI CHOPMHUPOBAHBI CICAYIOIIME PEKOMEHIAIUU JJisi YTOUHEHHUs: Cpein
OypHIIbHBIX MHCTPYMEHTOB BPE3a€MOCTBIO M MPOXOMMOCTHIO OTIMYAIOTCS ITHEKOBBIC MJIM CIHUPaIbHbIE OYypbI, HO
KOHCTPYKIIUSL 3TUX OYPHJIBHBIX HMHCTPYMEHTOB CO3/Ia€T HaKalJIMBaHHE CPE3aHHOTO TIPyHTa Ha MOBEPXHOCTH
PEXYIIUX JIomacTe wiu cnupand. [Ipw OONBIIMX CKOPOCTSAX TMPOXOIKU CO3JIaeTCs IPOLECC 3aKIMHHBAHUS
OypMJIBHOTO HMHCTPYMEHTa, TaKk Kak OypoBOW pacTBOp HeE ycIieeT IOAHATh Ha BBEPX Cpe3acMblii TpyHT. B
npeaiaraeMold KOHCTPYKLUMH OYpHIIBHBIA MHCTPYMEHT, Cpe3asi TPYHT MOPLMSAMH, [OJHUMAET ee HaBepX, obJerdas
YBOJIl Cpe3aHHOTO TPyHTa W3 30HBI OypeHus. Uem Oombimie 00OpOTOB OypHIBHOIO HMHCTPYMEHTa, TEM MEHBIIE
cpe3aercsi 00beM IPYHTA, KOTOPBIH MOBBIIIAET MPOXOJKY OypHIBHOTO Iporiecca. M3yuuB KUHEMATUKY OypHIbHBIX
WHCTPYMEHTOB, M3TOTOBJICHHBIX M3 KOHCTPYKIHOHHOH CTanu, yOeIUBIINCH B MPABHUIBHOCTH PabOThI OYPUIBHOTO
WHCTPYMEHTA, IOSBIISICTCS BO3MOXKHOCTH OypeHmsi Ooyee TBepAwlXx mopoj. I[lpm 3ToM B KadecTBe MaTepuaia
pexylero 3yba BbIOMpaeM Jyisi CMELIAHHBIX I'PYHTOB OBICTPOPEXYLIYIO CTallb, a JUIs TBEPABIX HOPOJ — IBYXKap-
6I/I[leIe TBEPALIC CIIJIaBbI.

KawueBble cioBa: Oypenue, OypoBOil MHCTpPYyMEHT, pa3pylleHHe, yaap, IIOpojAa, HMPOYHOCTh, CXeMa, CHIIa,
KHHEMAaTHKa, pe3Ka-pacKajbIlBaHUEe, BpalllaTelibHOe OypeHHe, YaCTOThI BPAIICHHS.
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