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JIMYEHUU aMIUIATYAbl T€OJIOTUUYECKOTO HapyIIeHUS
6onee 0,75 MOILIHOCTU YrOJBHOIO ILJIacTa MPOLIECC
MOJA3eMHON Ta3uduKaluuM TEepexoauT B TIPOIECcC
MOJA3eMHOTO CXXUTaHU YIisi. Pe3ynsrarsl nccinenosa-
HUIi B IOJIHOI Mepe MO3BOJISIT BHECT KOPPEKTUBHI B
pacuer TerJI0Boro dbanaHca rnpoiiecca ra3uduKalnmnm.

Hayuynasa HOBH3HA. YCTaHOBJICHO, YTO C YBEJIU-
YeHUEM aMIUIUTYIbl TU3BIOHKTUBHOIO TeoJorhye-
CKOT'0 HapyllIeH!sI BO3HUKAIOT TOMOJHUTEIbHbIE TTO-
TepH TeTula 3a CYeT KOHBEKIIMOHHOTO TEeIIOOOMEHa B
MeCTe pa3phbiBa MjacTa U yMEHBIIEHUE ero BblAee-
HUS B CBSI3M C UBMEHEHUEM 3epKajia OTHEBOTo 326051
T10 TNTOCKOCTY CMECTUTEIS.

IIpakTuyeckas 3HaYMMoOCTb. [lonyyeHHbIe pe-
3YJIBTAThl CTEHIIOBBIX IKCIIEPUMEHTAIBHBIX UCCIIEN0-
BaHUU C JOCTATOUHOM JIJIsT TPAKTUYECKOTO TIPUMEHEe-
HUSI TOYHOCTBIO MOTYT UCITOJIb30BaThCS TSI PETYH-
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Purpose. The numerical study of the drill mud flow speeds field at the working face of a borehole. Substantiation
of methodology to calculate the convection heat transfer rates on the surface of a diamond core bit during its cooling.

Methodology. Computational fluid dynamics methods (CFD modeling) were used in the course of the study.

Findings. The physical and mathematical models of fluid mechanics and heat transfer processes at the work-
ing face of a borehole during its boring with diamond core bits are suggested herein. The field of circulating drill
mud flow speeds around the diamond core bit at the drilling of rock formation was obtained. Regarding the con-
vective heat exchange, the computer simulation demonstrated that a notable change of flow speed field during the
boring occurs throughout the height of the bit. In the course of the bit rotation the flow speed field can be consid-
ered uniform alongside the azimuthal direction. The ultimate non-uniformity of the speed field is revealed in the
water hole passages of the drilling core bit, which results in its heavier wear. Based on the distribution speed cal-
culation results, the convection heat transfer coefficients were defined throughout the height of the drilling core
bit. The study revealed that, owing to significant acceleration of the flow, the most intense heat exchange pro-
cesses took place in the waterhole passages.

Originality. The theory of fluid mechanics processes at the working face of a borehole during the boring was
further developed. New data were obtained on the distribution of the flow speed field and pressure field in the
circulating fluid at the bottom-hole area. The non-uniform nature of the fields was demonstrated herein. It is
shown that, due to the locally uniform field of speeds distribution, it is possible to assume that the bit convection
heat exchange ratios are constant in the certain areas.

Practical value. The outcomes of the fluid mechanics field modeling can be used for determination of the
optimum sizes and shapes of the waterhole passages in the course of designing new boring tools and equipment.
The obtained heat exchange ratios enable to carry out calculations of temperature fields in the crown bit body,
which is necessary to establish the resource and power saving modes of drilling.
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Introduction. The fluid mechanics processes at
the working face in the course of the hole drilling sig-
nificantly define the efficiency of the mine rock de-
composition. The circulating mud flood is supplied to
the hole during the drilling. It cleans the bottom-hole
area from cuttings, at the same time the flood acts as a
cooling agent for the drilling tools. The flow parame-
ters (i.e. flow speed, pressure) in the course of flow-
over of the bit may significantly vary alongside its sur-
face because of the bit design particular qualities. Such
particulars should be taken into account when defin-
ing the hydrodynamic forces applied to the bit in order
to adjust the drilling mode parameters, as well as for
enhancing the design of the bit in the course of new
drilling tool designing. The speed field distribution is
of special interest from the perspective of determining
heat exchange conditions. This data is a precondition
for the forecasting of the temperature mode of the bit
operation in order to prevent its overheating and inten-
sive wear. The relevance of the task to study fluid me-
chanics and heat transfer processes on the working
face of borehole is conditioned, in particular, by devel-
opment of new drilling techniques using pulse flush-
ing [1].

The experimental research of the speed field distri-
bution at the working face area is related to a number
of unbiased difficulties: complexity and high cost of
research in the real borehole; technical challenges
while installing the measuring equipment and devices
and ensuring their trouble-free operation; difficulty of
ensuring the repetitiveness of experiment etc. Some
bed tests and theoretical study of fluid dynamics and
thermodynamics of the flow of flushing fluid are pre-
sented in work [2]. It allows obtaining only integral
characteristics of the fluid mechanics processes; they
fail to represent any possible local effects related to
forming of dead water zones and changes of the flow
speed or those of heat exchange ratios throughout the
boring tool surface.

Mathematical modeling along with carrying out
computational experiment seems to be the effective
tool to ensure thorough research of such processes.
Modern approach to modeling of fluid mechanics and
heat exchange processes using the CFD (Computa-
tional Fluid Dynamics methods) modeling tools en-
sure the successful outcome of such research. These
methods are a sound alternative to physical experi-
ments. Thus, to reveal the physical picture at the bot-
tom-hole area and to analyze fluid mechanics and heat
exchange processes during the diamond bit drilling it
is expedient to use the computing modeling methods.

Analysis of recent research and unsolved as-
pects of the problem. Methods of computing model-
ing of hydrodynamic, mechanical and temperature
fields gained wide scope of application for research of
fluid mechanics and heat transfer processes in the
course of processing tool operations. The mathemati-
cal models describing similar tasks are based on the
systems of differential equations of transfer of mass,
energy, momentum, turbulence characteristics etc. As
a rule, numeric implementation of mathematical mo-
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dels is realized using the finite element method — the
most effective numeric method to calculate 3D com-
plex geometry tasks. The detailed review of application
of mathematical modeling methods to solve the tasks
of metal-cutting and boring equipment heating is pro-
vided in reference article [3]. However, as it is shown
in work [4], the results obtained for metal-cutting tools
cannot be used for the study of mine rock boring be-
cause of a number of differences between the techno-
logical processes and physical features.

The methods of computation modeling have been
effectively used as a research tool to optimize the de-
sign and drafting of PDC (Polycrystalline Diamond
Compact) bits. Article [5] represents the outcomes of
the modeling of fluid mechanics of drilling fluid flow in
the course of flow-over of the cutting edges of the PDC
bit, as well as the analysis of influence of the flow mode
to the efficiency of jet flushing of the bottom-hole area.
When boring with PDC bits, it is rational to apply the
washing liquid to the mine rock decomposition area
under pressure. Fluid mechanics processes at the bot-
tom-hole area, various aspects of their modeling and
prospects of its use for designing of full-hole non-core
drilling were studied in works [6, 7]. Modeling of flow-
over of a plug bit during the process of drilling with air
flushing was presented in work [8]. The outcomes of
the modeling allowed forecasting the influence of the
tool geometry on the losses of the cleaning fluid flow.

Thus, the tasks to define the speed field at the
working face of a borehole under full-hole non-core
drilling were considered in the reference literature in
detail. The methods of computation modeling do not
only reveal their high efficiency, but also ensure the re-
search of the instances when application of experi-
mental methods is technically impossible. At the same
time, however, very few scientific works are devoted to
the tasks of fluid mechanics at the working face area
under the probe boring with diamond drilling bits.

The CFD investigation of the cleaning fluid flow at
the bottom-hole area in the course of boring with dia-
mond drilling bits was represented in work [9]. The
work dwells on the study of the speeds and pressure
distribution fields during flow-over of the drilling
tools, which enabled to assess the efficiency of various
designs of the drilling bits. Both positive and negative
hydrodynamic phenomena were demonstrated in the
work. In particular, the possibility to increase the mine
rock decomposition efficiency owing to the local man-
ifestation of cavitation effects in the “tool—bottom-
hole area” hydro-thermodynamic system during its
movement along the drilling zone. On the other hand,
the possibility of early wearing of the drilling bit life-
time was demonstrated in the article. However, the
matter of influence of the speed field distribution on
the heat exchange conditions between the drilling bit
and washing fluid was not considered in the article.

Temperature, mechanical and mud speed fields in
the course of boring with diamond drilling bits were
subject of research in article [10]. However, a number
of problems, in particular, defining the heat exchange
value, remained without consideration. Moreover, the
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physical model proposed in the article calls for further
thorough grounding.

A new set of problems related to development of
pulse drilling technologies [11] requires additional re-
search of physical processes existing at the bottom-
hole area in the course of drilling. In particular, defin-
ing the distribution of the drilling fluid speed field is
important for calculating the convection heat exchange
process and further modeling of the temperature
modes of drilling. This task can be successfully solved
using the computation modeling methods.

The objective of the present study is to carry out
the numerical study of the circulating flood speed field in
the bottom-hole area and to substantiate the methodol-
ogy for calculation of the convection heat transfer rates
on the surface of a diamond crown bit during its cooling.

Presentation of the main research. Let us take a
few assumptions in order to develop the mathematical
model.

1. A drilling bit consists of the body and hard-al-
loyed matrix armored with diamonds or hard-alloy in-
serts. The matrix is divided into sectors by flushing
jets, or water courses. Various bits have different num-
bers and sizes of water courses. Let us take a standard
drilling bit 01A3 with diameter of 59 mm as a sample
for modeling of fluid mechanics and heat exchange
processes during the drilling. The general view of the
bit is shown in Fig. 1. The 3-D model for calculating
the drilling bit flow-over process at the bottom-hole
area is shown in Fig. 2.

2. Drilling process is carried out through core drill-
ing. The direction of circulating water flow depends on
the borehole washing method. Let us assume the di-
rect washing for our calculations. According to the
scheme, the washing fluid (water) is pumped to the
borehole through the column of drilling pipes. In the
barrel core the water runs between its inner cavity and
the core through the inner part of the drilling bit and
goes into the borehole through the water courses. Let
as make the following assumptions: washing liquid in-
take is @=10.99 - 1073 m?/sec; temperature of the liquid
is 20 °C; axial weight on the drilling bit is 1.500 N;
drilling tool rotation speed is 470 rpm.

3. Physical assumptions. It would be safe to as-
sume that the following should be ignored: existence
of sludge in the drilling mud return; loss of washing
fluid due to its intake by porous structure of the mine
rock; uneven nature of the borehole and core; rough-
ness of the bottom-hole area surface. The following
should be assumed: physical properties of the washing
fluid and its temperature are constant values; with a
course of time the flow will be stabilized; the drilling
bit slightly penetrates into the mine rock; amount of
fluid under the operating surface of the matrix is ne-
glectful since the fluid moves along the water courses.
The last assumption is fairly substantiated if one could
take into account the relatively small clearance be-
tween the mine rock surface and matrix (ca. 0.3 mm),
its significant hydraulic resistance, existence of sludge
and high temperatures under the matrix bottom which
provide for the fluid evaporation.
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Fig. 1. General view of the diamond drilling bit:
1 — body; 2 — matrix; 3 — water course
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Fig. 2. 3-D model of the calculated area:

1 — core; 2— wall of the hole; 3 — body; 4 — matrix;
5 — water course

Under the given intake of the fluid, we can assess
the Reynolds number from the ratio

Re= 0 s
4-h-v

where v is kinematic coefficient of viscosity; # =4 mm
is a water course height. Under the assumed water
temperature we can obtain the following value Re =
=61 875 which is the evidence of the developed turbu-
lent flow. Thus, to describe the hydrodynamic pro-
cesses we shall use a standard two-parameter k — ¢ tur-
bulence model.

The mathematical model includes the system of dif-
ferential equations of momentum transfer, continuity
and transfer of the turbulence characteristics as follows
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C))

where i =1, 2, 3 correspond to x, y, z — coordinates in
Cartesian system; u stands for averaged components of
the speed vector; f; stands for components of mass
forces (Coriolis and centrifugal); k is kinetic energy of
turbulence; ¢ is dissipation of the turbulence energy; p
is averaged pressure; v, is kinematic coefficient of vis-
cosity; p is density; t is time; C,, = 1.44, C,, = 1.92,
C.=0.99, 6,= 1.0, 6,= 1.3 — empirical constant of the
model.

To ensure the model closure we use the expression
for the turbulent viscosity

2
v =C —.
t ue

The boundary conditions for (1—4) are as follows.
In an inlet cross section we assume the consumption
of the washing fluid. In an outlet cross section we as-
sume “soft” boundary conditions. Along the entire
surface of the drilling bit and contacting rock surface,
we assume no-slip conditions. The wall function
method is used for the turbulence characteristics.

At the initial instant of time t = 0~ the drilling bit
does not move and it is washed by the flow having the
initial temperature. The process of flow-over of the mo-
tionless bit at the initial moment before commencing of
the drilling process is shown in Fig. 3. In Fig. 3, a the
distribution of the speed field in the plain parallel to the
bottom-hole area and within 2 mm from it, are shown.

One can see the symmetric picture of the washing
fluid flow, with certain increase in the flow speed in the
water courses where the speed can reach 33.3 m/sec. In
Fig. 3, b the flow lines along the side surfaces of the
drilling bit for the initial instant of time are shown.
Here, the conditions of convective cooling of the drill-
ing bit are changing both alongside the bit’s height and
on the azimuthal coordinate plane along the side sur-
face of the bit.
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Then at the moment t = 0" the drilling process is
begun, and the bit rotation are started. During the
drilling the bit is rotating. Thus, the flow lines have a
more complex look. The findings of the calculation ex-
periments revealed that in 3 sec after commencing of
the drilling process the stationary mode of the fluid
flow is established. These are confirmed by the experi-
mental data provided in [2, 4]. As shown by the calcu-
lation outcomes defined in Fig. 4, the symmetry of
flow through the water courses is violated because of
the bit rotation. The maximum of the flow speed is re-
positioned in the water course in conformity with the
rotation direction towards the receiving wall of the ma-
trix, while on the opposite wall of the water course the
dead water area with lower speed of the flow is emerg-
ing (Fig. 4, a). Intense mixing of the flow occurs along
the side surfaces of the bit (Fig. 4, b). This results in
leveling of the speeds field on the azimuthal coordinate
along the surface. Such behavior of the flows allows as-
suming that only the changes of the flow speed along
the bit height should be considered as significant.

The behavior of the flow speed and excessive pres-
sure along the flow-over in the water courses of the
drilling bit is shown in Fig. 5. The flow speed during
flow-over of the matrix of the drilling bit is increasing
from 2 to 33 m/sec in the water courses (Fig. 5, a). Be-
cause of the distribution, the washing fluid flow speed
fields and pressure fields are non-homogenous, thus
the low pressure area is emerging, as shown in Fig. 5,
b. Such pattern of the flow may result in local erosion
of the bit due to possible emerging of cavitation in the
low pressure area. Moreover, such non-homogenous
nature of the flow should be considered when deter-
mining the forces of hydraulic backwater from the bit.

The obtained speed field makes it possible to deter-
mine the heat transfer coefficients along the side sur-
face of the bit. Taking into account that the obtained
behavior of the flow allows us to consider the heat ex-
change conditions as being significant only along the
drilling bit height, we shall assume that the heat trans-
fer coefficient will remain unchanged within the water
courses, side surface of the matrix and body of the
drilling bit. To establish the heat transfer coefficients
we use the criterial equation for heat exchange calcula-

b

Fig. 3. Distribution of the speed field at the moment of © = 0:
a — in the plane parallel to the bottom-hole area; b — during the flow-over of the bit
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a

b

Fig. 4. Distribution of the speed field at the moment of © = 3 sec:
a — in the plane parallel to the bottom-hole area; b — during the flow-over of the bit

tion during the drilling process [2].

0.8 0.25
0=0021.#L) [ Pr) A
v Pr, D

where a is heat transfer coefficient; w — flow speed; D
is the diameter of the drilling bit; Pr is Prandtl’s num-
ber taken at the fluid temperature; Pr, is Prandt’s
number taken at the drilling bit temperature; A is wash-
ing fluid heat conduction coefficient.

Table shows the outcomes of the calculations of the
averaged (regarding the bit height) heat transfer coef-
ficients on the drilling bit surface.

Conclusions. The numeric study of fluid mechan-
ics processes on the working face of the borehole dur-
ing the process of drilling using diamond drilling bits is
represented in the present work. The analysis of the
modeling results revealed that in the azimuthal direc-
tion the flow speed field can be considered as homog-
enous owing to rotation of the drilling bit. For the first

Table
Estimated heat transfer coefficient
Drilling bit surface o, Wt/(m? x K)
Body 3540
Matrix 3858
Water courses 11720
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b
Fig. 5. Distribution of the washing fluid flow speeds (a) and pressures (b) along the drilling bit

time ever the speed field of the washing fluid in the
water courses was studied, and its non-homogenous
nature was demonstrated herein. The ultimate non-
uniformity of the speed distribution field is revealed in
the water courses of the drilling bit, which may result
in local effects in the form of heavier wearing of the
drilling bit. The outcomes of the hydrodynamic field
modeling can be used to determine the optimum di-
mensions of the water courses when designing new
drilling bits.

The flow behavior obtained herein makes it possi-
ble to assume that, from the convection heat exchange
perspective, the speed field changing is significant
alongside the drilling bit height only. Therefore, when
determining convective heat transfer coefficients, they
can be assumed as being constant within the boundar-
ies of the matrix, body and water courses of drilling
bits. The obtained heat transfer ratios enable to carry
out calculations of temperature fields of the drilling bit
necessary to establish the resource and power saving
modes of drilling.
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Meta. YucenbHe DOCTIIKEHHS TTOJISI MIBUIKOCTI
OypOBOTO PO3YMHY Y IIPUBUOIiIiHII 30HI CBEpIJIOBUHU
Ta OOTPYHTYBAHHS METOIMKM PO3PaXyHKy Koedilli-
€HTIiB KOHBEKTMBHOI TEIUIOBiIIa4i Ha TOBEPXHi aj-
Ma3HOi KOPOHKM TIPH ii OXOJIOMKEHI.

Metoauka. [1ys1 1ocaigkKeHHs BUKOPUCTaHi Me-
TOAY KOMIT I0OTEPHOIO MOJIEIIOBAHHS TipoArHaMiy-
Hux npoteciB (CFD—MonentoBaHH).

PesyabraTH. 3anpornoHoBaHi ¢izuyHa it MaTema-
TUYHA MO TiIpOAMHAMIYHUX MPOLIECIB i TErIo-
Bimmaui Ha BUOOI CBEpIUIOBUHU MpPU OypiHHI anmMas-
HUMU KOpoHKaMU. OTpUMaHO PO3ITOIiJ OIS IIIBHUI-
KOoCTell OypOBOro po34uHYy IIpU OOTiKAaHHI KOPOHKU
mig Jac 1i mormoJieHHs. 3 TOYKH 30py KOHBEKTUBHO-
ro TeII00OMiHY IMOKa3aHO, 10 iCTOTHA 3MiHa I10JIsI
IIBUAKOCTI BiTOYyBA€ETHCS JUIIE MO BUCOTI KOPOHKU.
B asumyTanbHOMY HaIpsIMKY pO3MOAia IIBUAKOCTEM
MOTOKY Mif Yac 00epTaHHS KOPOHKM MOXKHA BBaXKaTU
oaHopigHuM. HaiiBuina HeomHOPiAHICTh MOJIST IIBUI -
KOCTEeil CIioCTepiraeTbes y IMIPOMUBAJIBHUX KaHallax,
11O CIIPUSIE iIHTEHCMBHOMY 3HOCY KOPOHKHU. Pesyiib-
TaTU PO3PaxyHKy MOJIST IIBUIKOCTEH TO3BOJIVIIN BU-
3HAYUTU KOEDIilliEHTU TEIIOBiIIaui 32 BUCOTOIO KO-
ponku. [TokazaHo, 110, 3a paxyHOK 3HAYHOTO MPHU-
CKOpEHHsI MOTOKY, HalliHTEHCHMBHIllIa TeIUIOBiggada
Mag€ Miclie y IpOMMBaJIbHIX KaHaIax.

HayxkoBa HoBu3zHa. HabGyna noganbiioro po3Bu-
TKY TeOpisl rigpoTepMOANHAMIYHUX MTPOLIECiB Y BUOOL
npu OypiHHI cBepaoBuH. OaepxKaHi HOBi JaHi 3 pO3-
MOAiNy MoJjs WBUIKOCTE Ta TMOJsl TUCKY B OypOBiii
pinuHi Ha Bu6oi. [TokazaHo, 1110, 32 paxyHOK JIOKaJb-
HO OIHOPiTHOTO PO3ITOIiJTY TTOJIST IIBUIKOCTEM, MOX-
Ha MpU Po3paxyHKy KoedillieHTiB KOHBEKTUBHOI Te-
TUIOBiAAa4i KOPOHKU TPUNAHATU 1X MOCTIMHUMHU B
MeXaxX OKPEeMUX TiJITHOK.

IlpakTuyHa 3HAYUMicTh. Pe3ynbraTy Mopento-
BaHHS TiApOJAMHAMIYHUX ITOJiB MOXYTh OYTHU BUKO-
pUCTaHHI JJIs1 BU3HAUYEHHSI ONTUMAJIbHOI reoMeTpil
NPpOMUBaIbHUX KaHAaJIiB MPU IPOEKTYBaHHI OypOBOIro
iHcTpyMeHTa. OTpuMaHi KoedilliEeHTU TeruToBigmaydi
TIO3BOJISTIOTH ITIPOBOIMTHU PO3PAXYHKU TeMIIepaTypHUX
MOJiB Y TiJli KOPOHKH, 1110 HEOOXiIHO IJ1sI BU3HAYEHHS
pecypco- Ta eHepro3oepiraloumnx peKuMiB OypiHHSI.

KurouoBi ciioBa: 6yposa koporka, Oypinns, 2io-
POOUHAMIKA, KOMN TOMepHe MOOeA08AHHSL, MEeNN0-
giddaua
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PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

Ileab. YnucneHHoe uccienoBaHue MOJsS CKOPO-
cTeii OypoBOro pacTBopa B Mpu3aboiiHOM 30He CKBa-
KMHBI 1 000CHOBaHNE METOOMKHU pacdyeTa Koadhhu-
IMEHTOB KOHBEKTUBHOM TETIJIOOTIAYM Ha TTOBEPXHO-
CTH aJIMa3HOM KOPOHKU TIPU €€ OXJIAXKICHUU.

Metoauka. /114 rMcciienoBaHus UCHOJb30BaHbI
METOAbl KOMITBIOTEPHOIO MOIEIUPOBAHUS TUIPO-
nuHamuueckux TpoueccoB (CFD — mopenupoBa-
HUe).

PesyabsraTtsl. [IpemioxeHnl uzndeckass 1 MaTe-
MaTuyecKasi MOAeNar TUAPOAMHAMUUYECKUX Tpoliec-
COB U TEMJI0OTIAYM Ha 3a00€ CKBaXXMHbI MpU Oype-
HUU aJIMa3HbIMM KopoHkamu. ITojiyueHo pacrpene-
JICHWE TIOJISI CKOpOCTelt OypoBOTO pacTBopa Mpu 00-
TeKaHUMW aJaMa3HOW KOPOHKM B MOMEHT YIJIyOKHU
ckBaXnHBI. C TOUKM 3peHUST KOHBEKTUBHOTO TEILIO-
oOMeHa MOKa3aHO, YTO CYIIECTBEHHOE M3MCHCHHE
TTOJIST CKOPOCTEM TP OypPEHUM ITPOMUCXOIUT T10 BBICO-
Te KOpOHKM. B a3uMyTanbHOM HaIlpaBIeHUM pacIipe-
JieJIieHWe CKOPOCTelt MoToKa MpU BpallleHUM KOPOHKU
MOXHO CYMTaThb omHOpomaHbIM. Haubonblias Heom-
HOPOIHOCTh TOJISI CKOPOCTeil HabjromaeTcs B Mpo-
MBIBOYHBIX KaHaJlaX, YTO MPUBOAUT K TOBBIIIEHUIO
M3HOCa MaTepualia KOpoHKHU. Pesynabrarhl pacuera
MOJISI CKOPOCTEW TMO3BOJIWIN OMpeneJuTbh Koaddu-
HUEHTH KOHBEKTUBHOM TEIJIOOTIAYM OYpPOBOM KO-
pPOHKU TI0 BBIcOTe. [loKa3zaHO, 4TO, 3a CYET 3HAUYU-
TEJIbHOTO YCKOPEHMS TI0TOKa, Hambojaee MHTCHCUB-
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Has TeIIo0TIadYa MMeeT MECTO B IIPOMBIBOYHBIX Ka-
HaJax.

Hayunas noBusHa. [Tonxyuniia gaabHeliee pas-
BUTHS TECOPUST TUAPOTSPMOAMHAMUIECKUX ITPOIIEC-
COB Ha 3a0o0¢ B mpolecce OypeHUs: cKBaxKuH. [lomy-
YeHBbI HOBBIC JaHHBIC IO PACIIPEASICHUIO OIS CKO-
pocTeil 1 moJjisl AaBjieHuil B OypOBOM >KUJIKOCTU B
npu3aboiiHoii 30He. [Toka3zaHo, 4TO, 3a CUeT JOKa/Ib-
HO OIHOPOIHOIO TOJsI pacHpenesieHUusi CKOPOCTE,
MOXHO MpU pacueTre KO3 UIIMEHTOB KOHBEKTUB-
HOI TETTOOTHAYN KOPOHKH MPUHSITH MX TOCTOSTHHbBI-
MM TI0 OTIEJIBHBIM YJ9acTKaM.

IIpakTHyeckas 3HAYMMOCTB. Pe3ybTaTel Moze-
JIMPOBAHUS TUAPOAUHAMUYECKHUX TTOJIC MOTYT OBITh
HCITOJIb30BaHBI IJTSI OTIPEAC/ICHUS ONITUMAaIbHOM Te0-
METPUM MPOMBIBOYHBIX KaHAJIOB IIPU IIPOCKTUPOBA-
HUM OypoBOro MHCTpyMeHTa. [TomyuyeHHBIC KO3d h1-
LMEHTHI TEIUIOOTAAYN TTO3BOJISIIOT IIPOBOIUTH pacue-
ThI TEMIIEpaTyPHBIX TI0JIei B TeJle KOPOHKM, YTO He-
00XOIUMO 151 OMpeAeIeHUsT pecypco- U dHeprocoe-
peramplimnx pexXuMoB OypeHusl.

KioueBbie cioBa: 6ypoeas Koponka, OypeHue,
2UOPOOUHAMUKA, KOMNbIOMEPHOE MO0eAUpo8aHue,
menaoomoaua

Pexomenodosarno 0o nybaikayii 0okm. mexH.

nayx A. K. Cyodaxosum. Jlama Haoxo0xceHHs pyKo-
nucy 11.09.15.
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