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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The article discusses the specifics of the transportation of drilling rigs
in mountainous and hilly areas of the Mangystau region, characterized by difficult
terrain and an increased probability of rockfalls. Such conditions create significant
risks for equipment and personnel, which requires the development of scientifically
sound methods to improve transportation safety. The purpose of the study is to form
recommendations on choosing the optimal ways to move drilling equipment along
the slopes in the presence of rockfall threats. The analysis of existing engineering
solutions, regulatory requirements and natural factors affecting transportation
safety is carried out. Based on a system of differential equations, the dynamics of
the movement of falling rocks is described, which made it possible to determine
the trajectories of possible impacts and areas of potential impact on transported
equipment. The parameters of the protective “shelf” are calculated and dependencies
are proposed for choosing the width of the protective zones in accordance with the
height and angle of the slope. Special attention is paid to engineering methods
of protection, including strengthening slopes, installing retaining structures and
rockfall barriers. The results obtained are aimed at reducing the risk of damage
to machinery, increasing the safety of personnel and minimizing emergency
production costs. The practical significance of the study lies in the applicability of
the developed recommendations in the design of drilling rig transportation routes
and engineering slope protection, as well as in the use of the proposed methods in
educational, analytical and design research activities.

Keywords: drilling rigs, transportation safety, rockfall, Mangystau region,
engineering protection methods
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AnnoTanus. Makanaaa Kypzei pesibereH )KoHe Tac KyJiay bIKTUMaJIIbIFbIHBIH
KOFapbUIaybIMEH CHUMATTalaThlH MaHFbICTay OOJIBICHIHBIH TOOEJI JKOHE Taysbl
aylaHAapblHAAFbl  OypFbUldy KOHABIPFBUIAPBIH  TachiMalay —epeKUIeTiKTepi
KapacTheIpbubl. MyH/al sKarFnainap skabaplKTap MEH MEpCOHANFa alTapIbIKTan
Kayin TeHaipei, Oy TacbiManaay Kayirnci3airii apTThIpyAbIH FBIIBIME HET13/1e/ITeH
o/IiCTEpPIH d31pJiey/l Tajam eTei. 3epTTeY/IiH MaKcaThl - KyJiay KayIi OOJiFaH Ke3Je
Oyprbulay KaOIBIKTapbIH KOJOey >Kepiiep/e >KbUDKBITYAbIH OHTAWIbl o/icTepiH
Tagaay OOMBIHIIA YCBHIHBICTAp KalbINTACThIpy. KoJmaHBICTaFbl WHKEHEPIiK
nrenriMjepre, HOPMATHBTIK —TallalTapFa JKOHE TachMaijay Kayilci3amirine
ocep ereTiH Taburum (akTopiapra Tanaay okyprizingi. duddepenuumanabix
TEHJIeyJIep JKyieciHe cyieHe OTBIPBIN, KyJaFaH Tay >KbIHBICTAPBIHBIH KO3FabIC
JMHAMHUKACHI CHIIATTAN/bl, OYJI MYMKiH OOJaThIH COKKBLIAPIBIH TPACKTOPHUSCHIH
YKOHE TachbIMaJJIaHATBIH JKa0JbIKKA ocep eTy alMaKTapblH aHbIKTayFa MYMKIHJIK
Oepni. KopraHpic «cepeciHiny mapaMeTpiiepl eCenTerii )oHe OUiKTIK IeH KeJioey
OypHhIIIbIHA COMKEC KOPFaHBIC aliMaKTapbIHBIH €HiH TaHJay YIOIH TOYeIALTIKTEp
YCBIHBUIABI. VHXKEHEpIIiK KOpPFAaHBIC OJICTEpiHE, COHBIH IlIiHJIC OeTKewiepi
HBIFAlTYFa, TIPEK KYPbUIBIMJApbIH OPHATYFa JKoHE KyJlayFa Kapchl TOCKAayblUIAapFa
epeKIIe Ha3ap ayAapbulabl. AJBIHFaH HOTHKEIEP TEXHUKAHBIH 3aKbIMAaHy KayIliH
azaiiTyra, MEpCOHANJBIH KayilCI3OiriH apTThIpyFa *XOHE aBapHsUIBIK-OHIIPICTIK
WIBIFBIHAPABl a3aiiTyFa OaFbITTalFaH. 3epTTEYdiH MPAKTUKAIBIK MaHbI3IBUIBIFbI
Oyprbulay KOHIBIPFBUIAPBIH TachIMajJidy MapIIpyTTapblH jKobajayna >KoHe
OeTkeiiniepai HMHXEHEPIIK KOpFay[a, COHJAH-aK YCBHIHBUIFAH 9JicTeMesepi
OutiM Oepy, Taijay jKoHE koOallay-3epTTey KbhI3METiHJIE KOJJaHylda 9d3ipJeHreH
YCBIHBICTAP/IBIH KOJIAHBUTYBIH/IA JKaThIP.

Tyiiin ce3nep: OyprouIay KOHIBIPFBUIAPHI, TaCKIMAJIAY KayilCi3Airi, TacKyJay,
MasnrbicTay 0OJIBICHI, HHKCHEPIIIK KOpFay daicTepi
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AunHoTanus. B crarbe paccMarpuBaloTCsi 0COOCHHOCTH TPAHCIOPTHPOBKU
OypOBBIX YCTaHOBOK B TOPHBIX M XOJMHCTBIX paiioHax MaHrucrayckoi obnactu,
XapaKTEePU3YIOIIUXCSl CJIOKHBIM pelbeOoM U  MOBBILICHHOH BEPOSATHOCTHIO
kamHenanoB. [logoOHbIE YCIOBUSL CO3JAIOT CYIIECTBEHHBIC PUCKH  JUIS
o0Opy/IoBaHMsI U IEpPCOHANa, YTO TpedyeT pa3paboTKM HaydHO OOOCHOBaHHBIX
METOJIOB TOBBIIICHHUSI 0€30MacHOCTH TPAaHCHOPTUPOBKH. Llenbio mccnenoBanus
saBisieTcss (POPMUPOBAHKE PEKOMEHIALMH MO BBHIOOPY ONTUMAIBHBIX CIIOCOOOB
nepeMeleHns: OypoBoro o0OpyIOBaHMS 10 CKJIOHOBBIM y4YacTKaM MpPU HAIWYHN
yrpo3 kaMmHenajos. I[IpoBencH aHanu3 CylIEeCTBYIOIUX HH)KEHEPHBIX PELICHUM,
HOPMAaTHBHBIX TpeOOBaHUH U MPUPOAHBIX (PAKTOPOB, BIUSIOIIUX Ha OE30IIaCHOCTh
nepeBo3ok. Ha ocHoBe cuctembl guddepeHIUaNbHbIX ypaBHEHUH OmucaHa
JUHAMMKA JBMO)KEHHUS TaJalolIMX TOPHBIX TOPOA, YTO IO3BOJIMIIO OIPENEIUTh
TPaeKTOPUH BO3MOXKHBIX Y/IapOB M 30HBI MOTEHIMAJILHOTO BO3/IEHCTBUS Ha
TpaHCHOPTUpYyeMoe 00opyaoBaHKe. PaccunTanbl mapaMeTpsl 3alIUTHON «ITOJITKHY
U MIPEATIOKEHBI 3aBUCUMOCTH JIJIsl BBIOOPA IIMPHUHBI 3aIIUTHBIX 30H B COOTBETCTBUU
C BBICOTOW M YoM oTkoca. Ocoboe BHUMaHHUE YIEIEHO HHKEHEPHBIM criocobam
3alUTHI, BKJIIOYas YKPEIUIEHUE CKIIOHOB, YCTAHOBKY YAEPKUBAIOIINX KOHCTPYKLIUH
W TPOTHBOKaMHENaJHBIX OapbepoB. [lomyueHHbIE pe3yabTaThl HampaBieHbI Ha
CHIDKCHHUE PHCKA MOBPEXK/ICHUSI TEXHUKH, TIOBBILICHNE OE30MaCHOCTH IepCcoHaa u
MUHUMH3AIHUI0 aBapUHHO-ITPOM3BOJICTBEHHBIX 3aTpar. [IpakTuueckas 3HAYMMOCTh
WCCIICIOBAHUS 3aKJIIOYAETCsl B MPUMEHHMOCTH Pa3pabOTaHHBIX PEKOMEHJIAIMN
B IPOCKTHPOBAHMHM MAapUIPYTOB TPAHCHIOPTUPOBKH OYypOBBIX YCTaHOBOK U
WHXEHEPHOM 3allliTe CKJIOHOB, a TaKXe B HCIONb30BAaHUU IPEATIOKEHHBIX
METOJMK B 00pa30BaTElIbHOW, aHAIUTHYECKOW M IMPOCKTHO-HUCCIIEI0BATEIILCKON
JeSITEIbHOCTH.

KioueBblie ciioBa: OypoBble YCTaHOBKH, 0€30MaCHOCTb TPaHCIIOPTHPOBKH,
KaMHenaa, MaHrucrayckas 00JacTh, METO/IbI MH)KCHEPHOM 3alUThI

Introduction. The oil and gas industry occupies a key place in the economy
of Kazakhstan, being the main source of state budget revenues and a driver of the
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country’s economic growth. Rich oil and gas reserves concentrated in such fields as
Tengiz, Kashagan and Karachaganak provide Kazakhstan with the status of one of
the world’s leading hydrocarbon producers (Niyazbekova at all, 2018).

Oil and gas exports make up a significant part of the country’s foreign trade
balance, attract foreign investment and develop infrastructure. The oil and gas
sector provides jobs for a large part of the population, not only directly, but also
through related industries such as transport, processing, mechanical engineering
and service Services. In addition, revenues from the oil and gas sector are sent
to the National Fund of the Republic of Kazakhstan, which contributes to the
strengthening of the country’s financial stability, the development of social
infrastructure and the implementation of major state programs. In the context of
global energy transformation, the oil and gas industry also plays an important role
in diversifying the economy and switching to more sustainable energy sources.

Thus, the oil and gas industry is a strategic sector of the national economy of
Kazakhstan, having a significant impact on the economic development, social
stability and international positions of the country (Saipov at all, 2017). Therefore,
much attention is constantly paid to the growth rate of the oil and gas industry in our
country. To solve the tasks of accelerating the growth of this industry, it is necessary
to introduce many new fields into development, as well as sharply increase the
volume of drilling operations for oil and gas. Drilling of oil and gas wells is a key
stage in the process of hydrocarbon production and plays a fundamental role in the
functioning of the oil and gas industry. This process provides access to underground
oil and gas deposits, which makes it possible to obtain natural resources that serve
as the basis for the production of fuel, chemical products and other industrial
materials. Drilling rigs are used for drilling oil and gas wells (Nikolaev at all, 2009).

After the drilling of the well is completed, the drilling rig is transported to
another drilling point. Transporting a drilling rig from one drilling point to another
is a complex process that requires careful preparation and coordination. Depending
on the design features of drilling equipment, mass and size, given distances and
deadlines, condition of roads and other conditions, transportation is carried out
in most cases by its own track, tow truck, heavy cargo trailer (Berdyguzhin at all,
2022). Huge reserves of oil and gas are concentrated in Mangystau region. Rich
deposits of minerals are located on the territory of the region. Reserves of mineral
raw materials are unique and practically unparalleled in World geology due to their
diversity, the capacity of deposits, the convenience of their development. The main
types of minerals are oil and liquefied petroleum gas. Most of the deposits are
concentrated in the area of the New River City and on the Bozachi Peninsula. On
the territory of Mangystau region, 59 oil and gas fields were explored, including:
Aksaz, Aktoty, Arystanovskoye. The explored oil reserves in the region exceed 3
billion tons. In addition, large oil reserves are expected to be found on the shelf of
the Caspian Sea off the coast of the Region (Melihov, 2018).

In order to fulfill the tasks set by the Government of the Republic of Kazakhstan
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for drillers to increase the volume of drilling operations, drilling of oil and gas wells
is carried out not only in flat areas, but also in mountainous and hilly areas. The
mountainous relief is characterized by the undulating nature of the Earth’s surface,
forming bumps (Hills) with an absolute height of up to 500 m, a relative height of
more than 25-200 m and a predominance of a slope of 2-3°. Hills, as a rule, consist
of hard rocks, the tops and slopes of which are covered with a thick layer of loose
rocks. The depressions between the hills are wide, flat or covered pools. Mangystau
region has such a relief.

Mangystau region really has a unique relief - this is a combination of flat
territories with mountainous and even rocky areas. Areas such as the Ustyurt plateau
and the Bozjyra gorge stand out, which are characterized by steep slopes and cliffs.
The features of this terrain create additional difficulties in drilling and transporting
equipment, including an increased risk of flooding. These natural phenomena can
not only slow down the process of transporting heavy equipment, but also threaten
the safety of personnel and the integrity of equipment.

In mountainous and hilly areas, as, for example, in the areas of the Mangystau
region of Kazakhstan, careful preparation of routes is required, which includes the
assessment of geological risks, the development of strengthening measures and the
use of specialized equipment capable of working in difficult conditions.

The relevance of this problem is due to the need to ensure the continuity of
drilling operations and reduce downtime due to delays in the transportation of
equipment. In addition, the competent organization of Transportation allows you to
reduce the costs associated with the repair of equipment and the elimination of the
consequences of emergency situations caused by flooding.

Thus, the development of effective methods and strategies for transporting
drilling rigs in conditions of unstable relief is an important component of successful
work in the oil and gas industry.

Research materials and methods. To ensure the safety of transportation of
drilling equipment in conditions of high risk of flooding, an analysis of existing
scientific and engineering solutions presented in educational and scientific sources
on the problems of transportation of heavy equipment in mountainous and hilly areas
was carried out. Particular attention was paid to works that consider the dynamics
of flooding and methods of protection against them. Also, regulatory documents
and standards governing the safety of transportation in difficult natural conditions
were analyzed. To simulate the falling behavior of stones, a differential equation
has been developed that describes the dynamics of their inclined movement. The
equation takes into account such parameters as the angle of inclination of the
surface and the coefficient of friction. This makes it possible to assess the trajectory
of movement and zones of influence on transport equipment. After compiling
the differential equation, its integration was carried out to obtain analytical and
numerical solutions characterizing the trajectory and speed of movement of stones.
Based on the data obtained, it is possible to determine the most dangerous sections
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of the transportation route and calculate the zones of possible damage, determine
the width of the shelf to protect the drilling rig from falling stones on them, as well
as the speed at which the stone falls on it.

Discussion of results. The article was discussed and submitted for publication
to the Faculty of Atyrau oil and gas University named after Safi Utebayev.

The development of territories with a complex relief is often associated with
the need to take into account adverse natural effects, among which is the process
of flooding.

A changeable climate, anthropogenic impact, seismic processes occurring in
the bowels of the earth can lead to dangerous consequences in the form of the
accumulation of rocks and land masses.

Sources provide several explanations for the concept of collapse (Magomedov,
2024):

1. Collapse - the collapse of large stone blocks, fragments of rocks, as well as
the free fall of stones on mountain slopes under the influence of gravity (ZHirenko
at all, 2018);

2. Collapse (collapse) — a certain volume of stones that fall freely from the
surface of a rock;

3. Bouldering is a type of movement of land masses in which debris is separated
from the parent rock, descending, jumping and rolling down.

In the domestic literature, the definition of «collapse» is very rare, often such a
term as «collapse»is used (SHeina at all, 2015).

Collapse - separation and collapse of rock blocks from steep slopes.

Collapse, like collapse, is an exogenous Geodynamic process caused by external
factors acting on the surface of the lithosphere or in its upper layers (Yang at all,
2017). The difference between these two terms can be explained as follows: if large
pieces fall or roll, it is a collapse; when a large mass of rocks that are crushed,
mixed in motion, falls on a slope, it is a collapse. The trajectory of the collapse
process should be considered in contact with the surface, and collapse, as a type of
processes, is characterized by a movement that has lost contact with the mother sex
(Zabota at all 2020).

Rock fall refers to gravitational geological processes - processes of changing
the Earth’s surface under the influence of gravity. The process of falling a stone is
a type of surface processes.

Analyzing domestic and foreign experience, the main factors of the occurrence
of flooding can be divided into two groups: natural and man-made, which, in turn,
are divided into short-term and long-term (Figure 1) (Dorren, 2003).
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Causes of burnout
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Figure 1 - Causes of burnout

Most often, rock collapse is a consequence of the development of rock weathering
processes on slopes. Under the influence of physical weathering processes,
cracks often develop in rocks. Temperature stresses (especially daily temperature
fluctuations), as well as water, play an important role in the development of this
process. Freezing in cracks, it develops lateral pressure, which creates additional
conditions for further fragmentation of the rock massif and the separation of
individual blocks.

The collapse poses a serious threat when transporting drilling rigs, especially
in mountainous and hilly areas, such as some parts of the Mangystau region of
Kazakhstan. The impact of flooding can be considered from several sides:

1. Equipment damage:

Stones can damage not only the drilling rig itself, but also auxiliary equipment
(tractors, platforms, etc.). Damage can range from small dents to serious
deformations that affect the operation of the equipment.

2. Risks for employees:

The collapse poses a threat to drivers and service providers. This requires strict
adherence to safety measures and the use of protective structures on vehicles.

3. Delays in logistics:

The risk of flooding can lead to changes in routes or transportation stops, which
increases the time and costs of delivering equipment to the drilling site.

4. Rising costs:

Additional costs may arise due to the installation of protective screens,
strengthening of roads, as well as the need to insure equipment and personnel
against the risk of flooding.

When transporting a drilling rig in mountainous and hilly areas, «shelves» should
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be organized to protect them from flooding, that is, to ensure a certain distance from
the edge of the hill to the highway. To determine the width of the» shelf « b and the
speed v_c at which the stone falls on it, we construct the differential equation of the
movement of the stone from the top of the hill (figure 2.).

i /{G
I | C

3 P

y

Figure 2 - Model of stone movement from the hill

At site 4B, the stone slides along the slope, at point B there is a separation of the
stone from the parent rock, and at site BC, the stone falls freely.

So, taking into account the possibility of movement of the stone from the highest
point 4 and considering its initial speed v, = 0, we determine the smallest width
of shelf b and the speed of the stone falling on it. Along the inclined section AB,
which forms an angle with a horizon and has a length /, the stone moves with 1 ¢
(Figure 2).

When solving the problem, we consider the sliding friction coefficient of the
stone at the 4B site to be constant and ignore the air resistance.

Given: vy = 0; a=60"l=4m 1=1c f#0, h=5m B=750.b
and V¢ must be defined.

Solution. We consider the movement of the stone at the AB site. Taking a stone
as a material point, we indicate the forces acting on it (Figure 2): G weight, n
normal reactionand N sliding friction force. We construct the differential equation
of stone movement on the section 45:

mx; = ), X;1; mx; = Gsina — F.
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Friction force

F =fN,
where
N = Gcosa.
So,
mx; = Gsina — fGceosa.
or

X; = gsina — fgcosa.

By integrating the differential equation twice, we get
%1 = g(sina — fcosa)t + Cy;

x; = [g(sina — fcosa)/2]t? + Cit + C,.

To determine the integration constants, we use the initial conditions of the
problem: when ¢ = 0, x,,=0 and x, =0.
let’s construct the equations obtained during integration for ¢ = 0.
X10 = C1; X130 = Cy.

We find constants:
C1 = 0, CZ =0.

Then
x; = g(sina — fcosa)t;

x; = [g(sina — fcosa)/2]t>.

For the moment T when the stone leaves the site

.72'1 = Vg, X1 = l,

that is,
vg = g(sina — fcosa)t;
| = [g(sina — fcosa)/2]t?,
from the
Vg = ZI/T,
that is,

vp=2-4/1=8wml.

We consider the movement of the stone from point B to point C.
We construct the differential equations of its motion, indicating the force of
gravity G acting on the stone:
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mi =0; my=aG.

initial conditions of the problem with t = 0:

x, =0, Vv, = 0;

X, = vgcosa; Y, = vgsina.

We intergrate the differential equation twice:

x=0C3 y=gt+C(,,

x=C3t+Cs, y=gt?/2+Cyt+C,.

we write the resulting equations for t = 0:
Xo =C35 Yo =C4;
Xo = CS; Yo = C6-
In this we find:
C; = vgcosa;  C, = vgsina;

C.=0; C,=0.

We obtain the following equations of stone velocity projections:

X = vgcosa; y = gt+ vgsina

and its equation of motion:

x = vgcosat; y = gt?/2 + vgsinat.

we find the equation of the stone trajectory by subtracting the parameter from
the equations of motion. Defining t from the first equation and substituting its value

for the second, we get the parabola equation:

y = gx%/(2vicos?a) + xtga.
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At the moment of the fall y = h, x = d.
determining the value of d from the trajectory equation, we find:

d]_ = 2,23 M, dz = _2,45 M.

Since the trajectory of movement of a stone is a branch of a parabola with
positive abscesses of its points, d = 2,23 M.
Minimum shelf width

b=d—-ED=d-h/tg80°, orb=1,18 m.

using the equation of motion of the stone X = vgcosat, we find the time ¢ of
movement of the stone from point B to point C:

T =1,05c.

We find the speed of the stone when it falls through the velocity projections on
the coordinate axis:

X = vgcosa; y = gt+vgsina

according to the formula

v =4/x%+y2

For the moment of fall t =T = 1,05 ¢

v, = /(vgcosa)? + (gT + vgsina)?,
or
v, = 14,9 m/c.

So, we have determined the width of the “shelf” with a ceiling height of 5 m
of course, the question arises: How does the width of the shelf change depending
on the height of the ceiling? To answer this question, by converting the parabola
equation, we obtain the following quadratic equation:

9,81d? + 5,67d — 8,93 = 0.

Results. As a result of solving this equation at different ceiling heights, we get
the “shelf” width and root values (Table 1).
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Table 1 - Values of the width of the «shelf « and the roots of the quadratic equation
Ne p/p d_negative b _negative
1 5 1,86385 0,98222 -2,44196 -3,32360
2 6 2,06579 1,00783 -2,64390 -3,70187
3 7 225173 1,01744 -2,82984 -4,06413
4 8 2,42496 1,01435 -3,00307 -4,41369
5 9 2,58778 1,00084 -3,16589 -4,75284
6 10 2,74186 0,97859 -3,31998 -5,08325
7 11 2,88849 0,94889 -3,46660 -5,40620
8 12 3,02863 0,91271 -3,60675 -5,77267
9 13 3,16310 0,87085 -3,74121 -6,03346
10 14 3,29252 0,82394 -3,87063 -6,33921

We construct the dependence of the distances and on the ceiling height (figures

3 and 4).
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Figure 4 - Dependence of the width of the” shelf *“ on the height of the ceiling

Discussion. As we can see in Figure 3, as the height of the ceiling increases, the
distance , that is, the distance between the separation of the stone from the parent
rock and its descent into the “shelf”, increases.

From the analysis of Figure 4, the following conclusion can be drawn: with an
increase in the height of the ceiling, the width of the “shelf” first increases, and then
decreases. The function reaches the highest values with a ceiling height of 6 to 8 m
and has a value of 0,98 to 1,015 m.

If for some reason it is not possible to perform a sufficient width of the «shelf»,
then work should be carried out to protect the territories from the processes of
flooding (Legros, 2002).

Preventive measures to protect drilling rigs from collapse processes when
transporting should be aimed at eliminating conditions that lead to the separation
of blocks from the parent rock (Matsuoka at all, 1999).

It is necessary to highlight the types of wind protection measures:

* diversion of atmospheric, surface and groundwater;

* increase the stability of rocks by tamponage of cracks and karst cavities;

* Organization of monitoring at various levels in areas of intense weather in
artificial and natural open area (Marzorati at all, 2022).

Timely monitoring of gravitational processes will allow timely allocation of
hazardous areas of mountain slopes, eliminate or reduce the impact of natural and
man-made factors on the occurrence of the collapse process (Ge at all, 2020).

Classification of anti-pile structures used as flood protection structures:

1. Retaining structures that are provided to prevent soil displacement, flooding,
destruction and clumping when it is impossible or economically unprofitable to
change the relief of the slope.

2. Retaining structures and devices (walls, gabions, nets, etc.), which are
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provided for the protection of objects from the fall of sediments, rubble, individual
rocks.

3. Anti-collapse galleries.

Until recently, galleries were considered the necessary and only technical
solution aimed at protecting the crumbling sections of roads, pedestrian paths.
Indeed, such structures made of prefabricated, monolithic reinforced concrete and
piecework materials are used all over the world as reliable engineering structures.

The advantages of galleries include the following characteristics:

- wide range of applications;

- the ability of the shock-absorbing filling device allows you to soften the impact.

In addition, anti-fall galleries have a number of disadvantages:

- Falling stones with an impact energy of 5000-8000 KJ destroy reinforced
concrete structures of galleries;

- large labor costs when building complex structures on slopes;

- high construction cost due to labor costs;

- capital construction entails interference in the existing environmental situation
on the slope.

In each specific case, it is necessary to analyze the characteristics of the hill,
roads, etc., as well as the available methods of protecting highways from tumbling
processes, and choose the most suitable method of protection.

Conclusions. In the course of the study, the features of the transportation of
drilling rigs in mountainous and hilly areas with a high risk of flooding characteristic
of the Mangystau region of Kazakhstan were analyzed. The main factors affecting
the safety of transportation, including geological and climatic conditions, were
considered.

1. themainsources leading to collapse have been identified, among which natural
ones are distinguished (rock wind, seismic activity, temperature fluctuations).

2. A mathematical model of collapse dynamics based on differential equations
has been developed, which allows you to calculate the trajectory of rock collapse,
their speed and zones of possible impact on the transported equipment. This data is
used to determine the optimal width of the protective “shelves”.

3. An analysis of the influence of the height of the slopes on the parameters of
protective measures was carried out, which showed: with an increase in the height of
the ceiling, first the width of the protective “shelf” increases, reaching a maximum
at a certain height, and then it begins to decrease. This makes it possible to optimize
engineering solutions depending on the specific conditions of the terrain.

4. Practical measures have been proposed to protect equipment and personnel
from the impact of flooding, including the use of retaining and knocking structures
(nets, gabions, anti-collapse galleries.

Thus, the methods and recommendations proposed in the work will ensure an
increase in the safety and efficiency of drilling rig transportation in case of flooding,
which is an important factor for the successful development of oil and gas fields in
Kazakhstan.
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