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ABSTRACT

Purpose. The objective of this study is to determine the best operating conditions for the most notable drilling
parameters (i.e. weight on bit (WOB), rotary drilling speed (RPM), and characteristics of drilling fluid) using field
data obtained from El-Sharara Oil Field.

Methods. The used data has been extracted from daily drilling reports of well named (NC-186/K04h) field. Such
data contains information about the geological formations, casing strings, drill-bits, fuel consumption, flow rate of
drilling fluid and other drilling parameters.

Findings. The results reveal that, the lower geological formations of El-Sharara Oil Field, the harder are the upper
formations. Therefore, it is recommended to apply heavy loads (i.e. WOB of 45000 1b) with low drilling speed (i.e.
100 rpm) in the lower formations; and to apply small loads (i.e. WOB of 19000 Ib) with high drilling speed (i.e.
160 rpm) in the upper formations.

Originality. This study evaluates the performance of drilling operation based on the interaction between rock
formations and machine drilling parameters.

Practical implications. Understanding such interaction between rock formations and machine drilling parameters
will remarkably improve the rate of penetration (ROP) in the related geological formations. Consequently, the overall
drilling costs will be reduced in terms of drilling time, life of drill-bit and fuel consumption.

Keywords: improvement of drilling operation, operating parameters, rock properties, oil well drilling, El-Sharara

Oil Field

1. INTRODUCTION

Drilling operation is frequently practised in geotech-
nical engineering, e.g. civil, petroleum and mining. The
performance efficiency of drilling process mainly
depends on rock properties, machine and operating
parameters, particularly rate of penetration. The latter,
e.g. ROP, can be used as a tool to estimate the strength
properties of rock (Ali, Abdellah, & Abd El-Aal, 2016).

Rock drillability could be predicted using different
methods of analysis such as computer program-
ming/simulator, regression analysis, specific energy (SE)
index, dimensionless index of uniaxial compressive
strength of rock/specific energy (UCS/SE), and information
obtained from cores and/or cuttings. Simulator facilitates
rapid deriving prediction equations which assist estimating
the drilling costs and help selecting the type of drilling rig
according to ground conditions. The starting point for
numerical analysis is to obtain field data to be used as
input parameters for the simulator in order to have predic-

tions of the ROP as an output para-meter (Wijk, 1991;
Abouzeid & Cooper, 2003; Dahl, Grov, & Breivik, 2007).

Regression analysis can be conducted using a compu-
ting package called “Statgraphics-Statistical Graphic
System” to develop a penetration rate models and to de-
cide which variables should be included in the model (i.e.
drill power and/or properties of the rock penetrated).
Consequently, hundreds of models are resulted and then
statistically are tested to select the best-fit model (Selim &
Bruce, 1970; Kahraman, 1999). The concept of SE is
firstly suggested by Teale (Teale, 1965), Mellor (Mellor,
1972), Pathinkar and Misra (Pathinkar & Misra, 1980),
and Bilgin and Kahraman (Bilgin & Kahraman, 2003) as
a tool to evaluate rock drillability. SE is a function of
ROP, torque (T), RPM and cross-sectional area of drill-bit
(A) (Abdellah, 2007). The dimensionless index (UCS/SE)
can also be employed to distinctly classify rock types by
plotting that index against the obtained ROP (EL-Biblawi,
Sayed, Mohamed, & EL-Rawy, 2007a).
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1.1. Major factors influencing ROP

Resistance to penetration, shearing action of drill-bit
during its rotation and the degree of abrasiveness are the
major phenomena that would have an influence on the
drilling efficiency. Estimating the drilling costs and iden-
tifying rock type and its properties based on prediction of
ROP have become a big challenge issues in petroleum
engineering. Such prediction might help drilling engi-
neers to improve the capability of drilling operation.
Well logging or wireline logging is used to measure
some characteristics of geological formations such as
electrical conductivity, radioactivity and porosity. Bit
condition (i.e. wear degree, new and/or dull) has a great
influence on the rate of drilling. Consequently, it affects
the overall drilling costs. The bit wear is defined as
removal of material from solid surfaces as a result of
relative sliding motion at the contact surface. The life of
drill-bit, replacement and/or maintenance costs are
usually hard to be accurately predicted, because many
factors influencing them are hard to be obtained (Sayed,
1992; Sayed, 1994; Sayed, 2009; Sayed, 2014).

In order to drill a well, three parameters have to be
simultaneously combined. These are:

— certain load has to be applied on the drill-bit (i.e.
thrust, WOB);

— the drill-bit has to be rotated (i.e. RPM);

— the drilling fluid has to be circulated within the well
bore (i.e. fluid/mud characteristics).

Man power and hardware systems are the two princi-
pal components required to drill borehole. The first com-
ponent (i.e. man power) consists of group of drilling
engineers and rig operators. Such group is involved in
many drilling activities like mud design, drill-bit/rig
selection, casing and well-cementation, and well control
and monitoring. The second component (i.e. hardware
systems) includes power generation, hoisting, mud/fluid
circulation; blow out control and drilling data acquisition
system (Sayed, 2001; El-Biblawi, Sayed, Mohamed, &
El-Rawy, 2007; Osgouei, 2007; Sayed & Boghdady,
2010; El-Biblawi, Sayed, Boghdady, & Hamdallah,
2012; Seifabad & Ehteshami, 2013).

Therefore, it is necessary to combine these two com-
ponents (i.e. man power and hardware systems) together
to improve the drilling operating parameters for an effi-
cient drilling process. Improvement of the significant
drilling operating parameters are necessary to reach rea-
sonable drilling rate related to different geological for-
mations in oil well drilling. Such improvement is exten-
sively influenced by several factors some of which are
controllable by the operator (i.e. thrust or weight on bit,
drilling  speed, fluid/mud properties, and bit
type/conditions) and some are beyond the control of the
operator (i.e. characteristics of geological formations).
Thereby, thorough understanding of the relationship
between these two parameters (i.e. controllable and non-
controllable) at any given site is mandatory to achieve
such improvement (Libya Oil & Gas Exploration Lows
and Regulation Handbook). Therefore, this paper will use
the information from El-Sharara Oil Field to estimate the
suitable drilling operating conditions related to geologi-
cal formations. The next section briefly presents the
information about the area under the study.

2. STUDYING AREA EL-SHARARA OIL FIELD

The giant El-Sharara Oil Field is located in Block NC-
115 of the Murzuq basin, about 730 km south of Tripoli
(Biggest Producing Fields in Libya; History of the petro-
leum industry). The map that illustrates the location of the
area under the study is shown in Figure 1. The field was
discovered by Petroleum Romanian Oil and Gas Compa-
ny in the 1980’s and later began production in December
1996. By 2006, it was producing about 200000 barrels per
day (bpd) of high quality crude oil. Since mid of 1998, the
light and sweet crude which was produced at El-Sharara
has been exported by pipeline through the Zawia terminal
west of Tripoli (Biggest Producing Fields in Libya).
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Figure 1. Location of El-Sharara Oil Field (Murzuq basin,
Libya) (Biggest Producing Fields in Libya)

The field has a capacity of 400000 bpd and before the
outbreak of conflict in 2011 accounted for a quarter of
Libyan production. Although, other sources site the maxi-
mum capacity lower at 340000 bpd. By February 2012, the
National Organization Company announced that production
at the site had again reached 300000 bpd, despite delays
over security concerns (History of the petroleum industry).

Akakus Oil Operations Company is one of the largest oil
companies operating in Libya and has pioneered, explored
and eventually developed two major blocks in the Murzuq
basin in the South-Western area of the Libyan Desert adja-
cent to the famous Akakus Mountain strip and the old city
of Ubari. The company’s field of activities is limited to the
Exploration and Oil Production of the National Conces-
sions (i.e. NC-115 and NC-186) including any other un-
foreseen new developments for the benefit of both parties.

2.1. National Concession NC-115

The primary Concession is initially developed by
Akakus (i.e. formerly is known by Repsol Oil Opera-
tions) and is comprised of the Main Gas Oil Separation
Plant (GOSP) “A” and two other smaller GOSP’s “B”
and “H”. This concession is the backbone of the field
operations where all control and monitoring is done. The
main Central Complex, Airport, warehouses, workshops
and other supporting facilities are in this concession.
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2.2. National Concession NC-186

This is the recently developed Concession and is com-
prised of the main gas and oil separation plant (GOSP)
“A” and the minor gathering satellite stations GS “B”,
“D”, “H”, “J” and “K”. All these facilities are intercon-
nected by a network of trunk lines for facilitating oil
movement and water injection mechanisms around the
fields. The “I/R” development project, which is currently
ongoing, is distributed among these two Concession due to
the physical existence of the oil reservoir shared between
the two concessions (Fello, 2001; Clark-Lowes, 2008).
The drilling information that collected from a well named
“NC-186/K04h” (i.e.) daily drilling reports and infor-
mation about the drill-bits that are used in the drilling
through a certain period is presented in the next section.

3. DATA COLLECTION

The daily drilling reports contain information about
the geological formations, casing strings, drill-bits, fuel
consumption, drilling fluid flow rate and drilling parame-
ters. This research focuses on the operating parameter
(i.e. WOB, RPM) and some related drilling parameters
(i.e. ROP, fuel consumption and drilling fluid flow rate).
Daily reports, from well named (NC-186/K04h), give the
important drilling parameters as listed in Table 1. Simi-
larly, other daily drilling reports for the same well (i.e.
reports No. 57 to 91) are used to extract important dril-
ling parameters and reports No. 13 to 33 are used from
another well named “NC-115/M16i”, as well as from
well named “NC.115/WSW.37”.

Table 1. Important drilling parameters extracted from daily reports (No. 11 to 55) during one month

Drilling

WOB,

Fuel consumption, Fluid flow

Depth, ft time, hr ROP, ft/hr ~ RPM, rpm 1000 1b sal/hr rate, gpm Report No.
125 4.00 31.2 55 8 25 261 11
587 17.50 335.0 120 18 30 800 12
554 10.00 55.4 100 40 40 840 13
267 11.70 22.8 120 40 50 861 14
27 2.00 13.5 75 20 25 660 16
781 14.80 52.8 115 30 45 740 17
26 2.00 13.0 95 8 30 590 18
276 20.00 13.8 157 12 45 700 19
276 17.00 16.2 170 14 50 720 20
437 16.00 273 183 18 — 805 21
285 18.50 15.4 180 18 60 805 22
285 6.30 21.4 30 18 60 805 23
253 10.20 24.8 186 15 — 810 24
385 16.20 26.4 181 14 60 810 25
192 12.22 15.7 181 20 60 650 26
38 8.50 33 150 38 45 650 28
80 20.00 4.0 146 45 50 600 29
54 22.60 2.4 160 50 50 630 30
27 9.20 2.9 162 34 50 630 31
46 12.75 3.6 108 40 35 680 32
56 19.00 2.9 112 42 55 700 33
35 12.10 2.9 162 42 55 700 34
368 17.30 21.2 170 20 40 750 52
310 16.58 18.7 170 24 45 750 53
220 19.52 11.3 170 25 50 700 54
111 13.60 8.2 170 25 55 740 55

4. RESULTS AND DISCUSSIONS

The collected data indicate that the wells were drilled
through different geological formations. The Murzuq
basin, South-west Libya, is formed due to series of
Palaeozoic intracratonic sag basins on the North African
Saharan Platform. The structural fabric of the basin has
been developed during the late Proterozoic Pan-African
orogenic event. Thus, it is greatly influenced the deposi-
tional patterns and stratigraphy of the basin. According to
the wireline log response, grain-size and the proportion
of sandstone to shale, the Murzuq formations are divided
into lower and upper.

The latter, upper formations, comprises mainly
from sandstone with coarse to very coarse grained.
Whereas, the lower formation is characterized by the
presence of sandstone dominated coarsening-upward

sequence accompanied by increased bioturbation to-
wards the northeast (Fello, 2001). Therefore, in this
paper the two formations are called upper and lower.
The average values of drilling parameters for upper
formations, in terms of ROP, flow rate of drilling fluid,
fuel consumption at constant high speed and varied
WOB, are given in Table 2.

4.1. Effect of WOB on ROP — upper formations

The relationship between WOB and ROP, at high
RPM and WOB, is depicted in Figure 2. It can be shown
that, the ROP increases with the increase of WOB. The
ROP gradually increases until it reaches the maximum
value of 21.4 ft/hr at WOB of 19000 1b. Afterwards, the
ROP becomes constant or gradually decreases (i.e. due to
wear occurrence to drill-bit).
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Table 2. Average values of ROP, fluid flow rate and fuel consumption at high speed and low WOB in upper formations

WOB, Average values Average values Average values
1000 Ib of ROP, ft/hr of fluid flow rate, gpm  of fuel consumption, gal/hr
12 13.80 700 45
14 16.20 720 50
15 18.05 750 53
18 21.20 750 55
19 21.40 805 55
20 21.20 805 60
24 18.70 810 40
25 11.30 710 54
12 13.80 700 45
241 ¥ =-0.129x" +5.0999x-29.26 Table 3. The average values of ROP and fuel consumption
g 29 - R =0.982 RPM, rpm ROP, ft/hr Fuel C(;I;i/l;l:lptlon,
& 20- 100 55.4 40
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g 16 140 4.0 50
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The fuel consumption exceeds as RPM increases as “?
shown in Figure 3. It can be shown that, the suitable 2 10-
drilling speed which gives the lowest amount of fuel R~
consumption is 55 rpm. The values of the ROP and fuel 0

consumption at various RPMs and WOB, for the upper
geological formations, is given in Table 3.
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Figure 3. Fuel consumption against RPM at low WOB of
20000 Ib

4.3. Effect of RPM on ROP and fuel
consumption — upper formations

The relationship between ROP and RPM is displayed
in Figure 4. It is shown that, the maximum value of ROP
(i.e. 55.4 ft/hr) is obtained at low RPM.

T 1

90 100 110 120 130 140 150 160
Rotary drilling speed (RPM), rpm

Figure 4. Relationship between ROP and RPM at high WOB
45000 Ib

However, ROP decreases if the RPM and WOB in-
crease. The reason for that is the soft formations are more
sensitive to RPM variations than WOB. On contrary, the
hardest formations are likely sensitive to WOB change
than RPM. In addition, the wear of the drill-bit increases
as WOB and RPM increase.

4.4. Effect of WOB on ROP —
lower group of formations

The relationship between fuel consumption at various
RPMs is shown in Figure 5. It is obvious that, the fuel
consumption increases as rotary drilling speed increases.
Also, the optimum RPM that gives the maximum value
of ROP is 100 rpm, as shown in Figure 4 and 5.

The average values of ROP, fluid flow rate and fuel
consumption at constant high speed and different weight
on bit for the lower formations are listed in Table 4.

The relationship between WOB and ROP, at constant
high speed, is depicted as shown in Figure 6. It can be
shown that, the ROP increases as WOB increases.
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Figure 5. Relationship between fuel consumption and RPM at
low WOB of 20000 Ib

Table 4. The average values of ROP, fluid flow rate and fuel
consumption at high RPM and low WOB for the

lower formations
WOB, ROP, Flow rate, Fuel consumption,
1000 Ib ft/hr gpm gal/hr
13 6.6 430 40
15 6.4 430 50
18 8.5 700 30
19 7.6 500 50
20 8.8 400 50
25 6.6 780 55
30 6.8 675 30
10 7
=1
5
g .
ks ¥ =-0.0211x"+0.9006x-1.6444
g R =0.4349
2 41
Q
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o
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Figure 6. ROP versus WOB at constant RPM of 175 rpm

The values of penetration rate increases gradually
until the maximum RPM reaches 8.8 ft/hr at WOB of
20000 Ib.

4.5. Effect of RPM on ROP and fuel
consumption — lower formations

The results show that the harder formations (i.e. lo-
wer formations) are more sensitive to the increase in the
WOB rather than increase in RPM as shown in Figure 7.
High RPM leads to decrease in the values of ROP and
increase the bit wear (i.e. increase friction with for-
mations). It is found that, the suitable RPM is 160 rpm
which gives the suitable ROP in hard formations.

The relationship between fuel consumption and RPM
is displayed as shown in Figure 8.
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Figure 7. ROP against the RPM at constant WOB of 20000 Ib
(lower formations)
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Figure 8. Fuel consumption against RPM at WOB of 20000 Ib

It is obvious that, fuel consumption increases as RPM
increases. The suitable RPM, 160 rpm, is obtained at
maximum ROP and minimum fuel consumption (Figs. 7
and 8). The relationship between flow rate of fluid and
RPM is given in Figure 9.
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Figure 9. Fluid flow rate versus RPM at WOB of 20000 Ib

It is shown that, the fluid flow rate increases as
drilling RPM increases.
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From these three figures (Figs. 7 — 9), it can be shown
that the suitable value of drilling speed is 160 rpm which
gives best ROP of 11.2 ft/hr, minimum fuel consumption
of 30 gal/hr and minimum fluid flow rate of 400 gpm.

5. CONCLUSIONS

It is utmost important to optimize the drilling
opera-ting parameters (i.e. WOB, RPM and fluid flow
rate) for the best drilling conditions (i.e. maximum
ROP and minimum fuel consumption). In this paper,
drilling information from El-Sharara Oil Field in Libya
is used to determine the suitable drilling conditions
with respect to different geological formations. Gener-
ally, the ROP increases when WOB increases for both
two formations type. In the upper formations, the max-
imum value of ROP of 21.40 ft/hr is obtained at low
WOB of 19000 Ib, and high RPM of 175 rpm. Whilst,
the ROP of 55.4 ft/hr is reached at high thrust or WOB
of 45000 b, and low RPM of 100 rpm. Alternatively,
ROP is directly proportional to WOB and inversely
with RPM. But, ROP decreases when both WOB and
RPM increase.

The most suitable value of drilling speed is found
to be 100 rpm to produce best ROP (Figs. 4 and 5).
Also, the results indicate that, the ROP in the upper
formations is 2.5 times that in the lower formations,
(i.e. ROP of 21.4 ft/hr) compared to 8.8 ft/hr, at the
same drilling conditions (i.e. WOB, RPM and fluid
flow rate). Thereby, lower formations are harder than
upper formations.

When RPM increases the fuel consumption (i.e. high
energy consumed) increases for both two different geo-
logical formations. Finally, it is recommended to apply
heavy WOB with lower RPM of 100 rpm in hard for-
mations (i.e. lower formations) and small WOB with
high RPM of 160 rpm in soft formations (i.e. upper for-
mations) to get maximum ROP, minimum fluid flow rate
and minimum fuel consumption.

6. RECOMMENDATIONS

The following two recommendations are highly
advisable:

1. It is not recommended to apply both high WOB
and RPM together, it would accelerate drill-bit wear, e.g.,
heavy loads of weight on bit would create huge friction
with rock, and increase the fuel consumption, e.g., due to
high speed.

2. For oil well, e.g., NC-186/K.04H, to obtain the best
drilling conditions, e.g., maximum ROP, minimum fluid
flow rate and minimum fuel consumption, heavy loads
on drill-bit, e.g. weight on bit of 45000 Ib, should be
applied at low drilling speed of 100 rpm particularly in
hard formations, e.g., lower formations, and small loads
of thrust of 19000 Ib, are used at high drilling speed
160 rpm in the soft formations, e.g. upper formations.
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BU3HAYEHHSA OITUMAJIBHUX TAPAMETPIB BYPIHHA
Y PI3BHUX I'EOJIOTTYHUX ®OPMALISIX HA®TOBOI'O
POJOBUIIA EJIb-ITIAPAPA (ITIBAEHHO-3AXI/THA JIIBIS)

M.A. Caep, I'.€. bornmani, B.P. An6ennax

MeTta. Bu3zHaueHHS ONTHMaIbHUX €KCIUTYaTalifHUX YMOB JUIsl TEXHOJIOTIYHHX MapamMeTpiB OypiHHS — OCHOBOTO Ha-
BaHTaxkeHHS Ha noinorto (OHJ), mmumkocti obeprampHOTro OypiHHs (IIOB), XapakTepucTuk OypOBOTO PO3YHHY Ha
OCHOBI eMITipHYHHX AHUX, OTPUMaHUX Ha HadToBoMy pomosuti Ems-I1lapapa.

Metoauka. Y poOoTi BUBUEHI Ta cHCTeMaTH30BaHi JaHi excrutyaTanii HadToBoi cBepaioBunn NC-186/K04h, o
MICTATH 1H(OpMAILiO PO TeoJoriyHi (opmarii poJoBHIa, 00CaTHUX KOJIOHAX, OYPOBHX KOPOHKAxX, BUTpAT MalKBa i
OypOBOT piIMHHU Ta HIIKX MapamMeTpax OypiHHS.

PesyabraTu. JlocnipkeHHs: 1mokas3aiio, 110, YUM HIKYE PO3TalIoBaHi HaTOHOCHI reosoriuHi Qopmanii Emnb-
[lapapa, TuM MilHiIIe MOPOAX BepXHIX (opmarriit. PekoMeHI0BaHO 3acTOCOBYBaTH Benuke HaBanTaxkeHHs (OHJI —
6m3bko 104 xr), npu Husbkiid IOB (100 06/xB) y HuxHIX dopmanisx; i mane HaBaHTakenHs (OHJl — 86 kr) npu Bu-
cokiit IIIOB (160 06/xB) — y BepxHiX (opmarisx. BCTaHOBICHO KOPEIAIIHHNN B3a€MO3B’ 130K KOMIUIEKCY TEXHOJIOT14-
HUX ITapaMeTpiB OypiHHS 3 yMOBaMH I'e0JIOTYHHUX (hopMalliii posoBHILIa.

HayxoBa noBu3sna. /[ ymoB HadroBoro ponosuma Ens-Illapapa nana HaykoBa oIiHKa e()eKTHUBHOCTI OypiHHS Ha
OCHOBI BCTaHOBJICHHSI B3a€MO3B 3Ky ITapaMeTpiB opmarliii i 0ypoBUX yCTaHOBOK.

IpakTnyHa 3HauynMicTh. BpaxyBaHHS B3a€MO3B 3Ky TeoNOTiYHUX (opMariii i mapameTpiB MexaHI4HOTO Oy-
PIHHS TO3BOJHTH CYTTEBO IiIBUIINTH MIBUAKICTh MPOXOIKHA CBEPJIOBHH, IPU IIHOMY 3araibHi BUTPaTH Ha OypiHHA
OyIoyTh CKOpOYEHi 3a paxyHOK 3MEHIICHHS 4dacy OypiHHS, CHOXMBAaHHS NaJMBa Ta 30UTBIIEHHS TEPMIHY CITyKOU
OypOBHX KOPOHOK.

Knrouosi cnosa: onmumizayis 6yposux podim, excnayamayitini napamempu, 1acmugocmi nopio, 0ypinxs Hagpmo-
8uUx ceeponosun, nHagpmose pooosuwe Env-Illapapa

OIIPEJEJIEHUE OIITUMAJIBHBIX ITIAPAMETPOB BYPEHUA
B PA3JIMYHBIX TEOJIOTHYECKUX ®OPMAIIUAX HEOTAHOI'O
MECTOPOXKIAEHUS DJIb-IITAPAPA (IOI'O-3AITA/THA S JINBUSA)

M.A. Caen, I'.E. bornaau, B.P. Ag6emnax

Hean. OnpeneneHne ONTUMAIBHBIX IKCILTYaTAllMOHHBIX YCIOBHU JUIS TEXHOJOTMYECKUX IapaMeTpoB OypeHus —
oceBoii Harpy3ku Ha fosnoro (OHJI), ckopoctu BpamarensHoro 0ypenus (CBB), xapakrepuctik OypoBoro pacrsopa Ha
OCHOBE SMIIMPUYECKNX JaHHBIX, OJIYYEHHBIX HAa HeTIHOM MecToposkaeHnn Dib-11lapapa.

Metoauka. B pabore wu3y4eHbl W CHCTEMaTH3MPOBAHbI JaHHbIE O OKCIUIyaTallid HE(PTSIHOW CKBa)KUHBI
NC-186/K04h, xoTopsie comepkaT HHPOPMAIIIO O TEOJIOTHIECKUX (OpMAITHSIX MECTOPOKIACHNUS, 00CaTHBIX KOJIOHHAX,
OypOBBIX KOPOHKAX, PACXOJIE TOIUIMBA U OypOBOH JKHIKOCTH, a TAKKE IPYTHX MapamMeTpax OypeHwus.

PesyabTatnl. MccinenoBanne mokasano, 9T0, 4YeM HIDKE PacIloioKeHbI HE(TEHOCHBIE reosiormyeckne (opmannu
One-1llapapa, TeM TBep>ke MOPOIBI BepXHUX (popmaruii. Pekomenyercs npumeHsaTs 6onpuryio Harpys3ky (OH/I — oxo-
1o 104 kr), npu Huzkoir CBB (100 Bp/MuH) B HIDKHEX (QopMaiusix; u Mainyto Harpy3ky (OHJI — 86 kr) npu BbICOKOH
CBB (160 Bp/MuH) — B BepxHHX (opManusx. Y CTaHOBJICHA KOPPEISIMOHHAS B3aMMOCBSI3b KOMILICKCA TEXHOJIOTHYE-
CKHX MapaMeTpoB OypeHUsl C YCIOBUSMH T'€0JI0THYEeCKUX GopMalnii MECTOPOKICHHUSI.

Hayunas HoBu3Ha. /Iy1s1 ycnoBuit HeTssHOro MecropoxaeHust Jinb-11lapapa nana HaydHast oneHKa 3 PEeKTHBHOCTH
OypeHHst Ha OCHOBE YCTAHOBJICHHSI B3aMMOCBSI3U ITapaMeTpoB (opmanuii n OypoBBIX yCTaHOBOK.

IIpakTHyeckasi 3HAYNMOCTD. YUET B3aMMOCBSI3M T'€0JIOTHUECKUX (POpPMALMil U MMapaMeTpoB MEXaHUYECKOTo Oy-
PEHHS MO3BOJMT CYIIECTBEHHO YBEJIMYHUTH CKOPOCTH NMPOXOAKHM CKBAaXHH, IIPHM 3TOM OOIIMe 3aTpaThl Ha OypeHue
OyZyT COKpallleHBl 3a CUET YMEHBIIEHHsSI BPEMEHH OypeHHs, IMOTPEOICHNs TOIUIMBA M yBEIHMUEHHS CPOKa CIIy>KObI
OYpOBBIX KOPOHOK.

Knrouegvle cnosa: onmumusayus 0ypoguix pabom, >KCNIYAMAYUOHHbIE NAPAMEmPbl, CE0UCMEA Nopoo, bypeHue
He@MAHBIX CKBANCUH, HedhmAaHoe mecmopodcoenue Inv-Lllapapa
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