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Purpose. Evaluation of foam-forming properties of various surface-active substances (SAS) with addition of stabi-
lizing agents to obtain stable foams.

Methodology. A laboratory model of a well was developed to study the impact of type, concentration and tem-
perature of SAS and stabilizing agents on the foam formation process properties in fresh water. In the course of stud-
ies the height of foam level in the glass column at the end of the foam formation process and time required to extract
the half of fluid bound in the foam were determined; according to their values, the foam expansion ratio and stability
were defined.

Findings. Based on the results of experimental studies using the laboratory model of a well, graphical dependencies
of the foam expansion ratio and stability on determining parameters (SAS and stabilizing agent type, concentration
and temperature) were plotted; according to these parameters, SAS type and stabilizing agents were selected to ensure
the highest values of the foam expansion rate and stability. Using mathematical statistical methods, the optimum
values of SAS and foam stabilizing agent concentration were determined, at higher values the foam expansion ratio
and stability vary insignificantly. Two compositions of SAS and foam stabilizing agents were developed — one of them
is proposed to be used for flushing out sand plugs in the bottom hole, the other one shall be used for continuous injec-
tion into the well annular space to prevent solid phase accumulation down the hole.

Originality. Based on the experimental studies, patterns of SAS water solutions foaming with and without addition
of foam stabilizing agents were determined, a new composition of SAS and stabilizing agents was developed for stable
foam formation with modelling of bottom-hole temperature (from 20 to 60 °C).

Practical value. The optimum values of foam-forming SAS and stabilizing agent concentrations in water solutions
were determined to obtain stable foams. Research results can be used to flush out sand plugs in the bottom holes at
depleted gas and gas condensate fields and to prevent accumulation of solids down the hole.
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Introduction. The operation of gas and gas conden-
sate wells with unstable reservoirs is accompanied by
removal of rock particles from the formation and their
accumulation at the bottom hole with formation of sand
plugs.

Sand plugs cause the well flow rate reduction and
may result in tubing string sticking. While operating
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wells, sand plugs are mainly flushed with water solutions
of surface-active substances (SAS). Use of SAS water
solution as a flushing-out agent in depleted gas fields
with reduced formation pressure may lead to the forma-
tion absorbing a considerable amount of water, which is
difficult to be removed from the formation. As a result, it
sometimes happens that after flushing-out of sand plugs,
the well flow rates are considerably lower than they were
before that.
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At depleted gas fields, low-density flushing-out
agents, in particular, foams with high expansion ratio
and considerable stability, should be used to remove
sand plugs.

The foam stability is of great importance for removal
of sand with a flushing-out agent from the bottom hole.
Low foam stability may result in foam-breaking and solid
phase particles will fall out and deposit on the tubing
string couplings and form bridge sand plugs in the annu-
lar space. To enhance the foam stability, stabilizing agents
are used. They are organic compounds having a high hy-
drophilic ability and water solubility, they reduce solution
and film viscosity, inhibit fluid flowing-out of the foam.

In oil and gas industry practice organic polymers are
used as stabilizing agents. They consist of a row of re-
peatable or similar groups of atoms called monomers
and are carbon compounds. The starch (industrial
starch, modified starch), guar and xanthane gums, tech-
nical gelatine belong to natural polymers (biopolymers).
Carboxymethyl cellulose and hydroxyethyl cellulose be-
long to organic polymers [1].

There are also known foam stabilizers based on mud
powder. They are used to drill in productive formations
[2]. To increase resistance of mud fluid to action of high
temperatures, carboxyl-containing reagents (hydrolyzed
polyacrylonitrile, M-14, metacryl copolymer, polyacry-
limide) are used, they are heat-resistant, but ensure sat-
isfactory salt resistance for monovalent cations only.
The reagents are characterized by low inhibitory proper-
ties relative to unstable clays and argillites [1]. Polyacry-
limide is also used for acid bath thickening during the
bottom-hole zone acid treatment, for alignment of the
fluid displacement front of low-permeability formation
compartment [3, 4].

Carboxymethyl cellulose is successfully used as a
substitute for conventional gelling agents during hydrau-
lic fracturing of formation [5].

M. A.Yusupkhodzhaiev’s [6] studies are known
which suggest application of carboxymethyl cellulose as
a stabilizing agent for sand plug removal, but there are
no literary data on use of stabilizing agents for fluid re-
moval from the bottom hole using foaming at gas and
gas condensate fields.

Analysis of the recent rsearch and publications.
A number of published works have been devoted to is-
sues of foam systems use for flushing out sand plugs and
fluid removal from the bottom holes of gas and gas con-
densate wells. But most studies on foam systems were
performed without application of foam stabilizing
agents, thus, serving as a basis for additional studies.

Unsolved aspects of the problem. There are no liter-
ary data on the impact of stabilizing agents on foam ex-
pansion ratio and stability. The data on application of
different types of SAS and foam stabilizing agents for
flushing out sand plugs using foam systems have been
covered insufficiently.

Objectives of the article. Considering the results of the
latest studies analysis, additional studies should be per-
formed to select a composition of SAS and foam stabiliz-
ing agents for flushing out sand plugs in the bottom holes
at depleted gas and gas condensate fields and determine
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the optimum values of solution concentrations of foam-
forming SAS and stabilizing agents to obtain stable foams.

Presentation of the main research. Unlike incom-
pressible fluids, foam systems are less dense and have
higher removal ability, which allows flushing sand plugs
out of the well without negative impact on the formation
in comparison with other flushing-out fluids.

The following foam types are used in oil and gas in-
dustry practice: two-phase foam (obtained by aeration
of SAS treated water), three-phase foam (prepared by
mud solution aeration with SAS addition), foam-acid
(aerated acid solution with SAS addition).

Two-phase foams are used for flushing out sand
plugs in the wells with 0.2—0.7 formation pressure from
hydrostatic pressure, well development and fluid remov-
al from the bottom hole of gas and gas condensate wells.
Three-phase foams are used for flushing out sand plugs
in the wells, where the formation pressure is equal to hy-
drostatic pressure, for drilling in productive formations
with low formation pressures. Acid foams are used for
treatment of the formation bottom-hole zones to inten-
sify gas and oil flow to the well bottom hole.

The three-phase foam, based on mud solution, is
more stable than the two-phase one. The three-phase
foam disadvantage is that during flushing-out of wells
using three-phase foams within the open circulation
system, more SAS, chemical agents and power are re-
quired to prepare new portions of a flushing-out agent.
A three-phase stable foam, rising to the day surface in
large amounts, is not subject to breaking and requires
large financial costs for its disposal; this factor restricts
its use in compliance with more stringent environmental
protection requirements Two-phase foam is mainly used
for flushing out sand plugs [2].

In oil and gas industry practice water solutions of
various foam-forming SAS are used for foam prepara-
tion, natural gas, nitrogen, carbon dioxide and other
gases are used as the gas phase [2].

The surface-active substance (SAS) is the main com-
ponent giving viscoplastic and elastic properties to the
foam. Absorbing on the gas bubble shells, SAS has a sig-
nificant effect on the property of bubbles and all types of
processes occurring with application of foam systems [6].

The following factors have an effect on SAS foam-
forming ability: SAS molecular structure, SAS concen-
tration in the solution, temperature, surface tension force,
various admixtures. The foam-forming ability of SAS so-
lutions depends on the arrangement of hydrophilic group
in the molecule: the closer it is arranged to the centre of a
molecule, the higher foam-forming ability is [2].

The most important characterizing parameters of
the foam system are as follows: density, viscosity, expan-
sion ratio, resistance and elastic properties (compress-
ibility) [6].

Various criteria are used for evaluation of SAS foam-
forming properties: foam-forming ability of the solu-
tion, foam expansion ratio, foam stability (resistance)
and dispersion ability [7].

The foam-forming ability of the solution (foaming
property) is the foam amount expressed in volume (ml)
or column height (mm) may be obtained in certain con-
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ditions (foam-forming method, temperature, SAS con-
centration, expandable fluid, etc.) from a certain solu-
tion volume [8].

The foam expansion ratio is the formed foam vol-
ume ratio V;to foam-forming fluid volume V},[2].

The expansion ratio is a characteristic of the foam
structure. The more foam volume is obtained from one
and the same volume of foam-forming fluid, the larger
gas bubbles will be in the foam (with other identical con-
ditions), and the foam will be less stable [2].

The foam stability is the value inverse to rate of vol-
ume flow of foam subsidence — the ratio of period re-
quired to extract the half of fluid bound in the foam to
the extracted volume of fluid.

The foam stability depends on many factors: SAS
type and concentration, content of the stabilizing agent,
electrolyte and other admixtures in the foam-forming
solution, as well as on the medium acidity and content
of salts in foam-forming solutions. The foam expansion
ratio and stability are low in hard water, being very low
in sea water [2].

With pressure increase, the foam stability rises con-
siderably, while with temperature rise it goes down. If
SAS concentration in the solution increases, the foam
stability increases and reaches the maximum value at
the critical concentration of micelle formation and then
it goes down [2].

The foam dispersion is characterized by an average
size of gas bubbles or size distribution of bubbles. With
pressure increase, the diameter of bubbles in the foam
goes down, and the foam dispersion goes up [6].

Description of the pilot unit and research procedure.
Experiments on selection of SAS and chemical foam sta-

bilizing agents for foam formation with high foam-form-
ing properties were performed on the pilot plant whose
schematic diagram and general view are shown in Fig. 1.

The unit consists of the following main parts: inter-
nal glass column 1 1.5 m long with the outer diameter of
0.03 m and with quartz porous membrane 2 in the lower
part, external glass column 3, 1.4 m long with the outer
diameter of 0.044 m fixed to stand 4 by means of two
fasteners.

The required temperature in the annular space of the
glass columns was maintained using thermostat 5. 20 cm?
of analysed SAS solution was poured into column 1, then
gas (air) was vented upward through porous membrane
at constant flow rate of 16.6 cm?/s (11 per 60 s). The gas
flow rate was regulated using flow regulator 6 and record-
ed using gas meter 7. Compressor 8 served as a source of
gas (air) for the research. After passing 0.510of gas (in 30 s
after the beginning of the research) its supply to the col-
umn was stopped using three-way cock 9, the foam ex-
pansion ratio and stability were determined.

Various surface-active substances were used for foam
formation. They belong to four basic classes: anionic,
non-ionic, cationic and amphoteric. The range of SAS,
used to remove sand plugs, is quite wide, but anionic
and non-anionic SASs having a high foam-forming
ability are applied most often.

The solutions of savenol SWP, stinol and sofir M2 in
fresh water with mass concentrations of 0.125; 0.25; 0.5;
1; 2; 4 % were studied. Among the mentioned SASs,
savenol SP is a mixture of hydrated non-ionic SAS, sti-
nol is a synergetic mixture of anionic and non-ionic
SAS, sofir M2 is an anionic SAS. Savenol SWP, stinol
and sofir M2 are non-toxix SASs manufactured by do-

b

Fig. 1. Schematic diagram (a) and general view (b) of laboratory plant to study foam-forming properties of surface-active

substance solutions:

1, 3 — glass columns; 2 — quartz porous membrane; 4 —stand; 5 — thermostat; 6 — gas flow regulator; 7 — gas meter; 8§ — compres-

sor; 9 — three-way cock; 10 — measuring bar
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mestic enterprises and used during repair works in gas
and gas condensate wells, as well as for intensification of
fluid removal by foaming.

During the research natural biopolymers xanthan
gum (xanthan resin), guar gum (guar resin) and car-
boxymethyl cellulose (CMC) with mass concentration
of 0.25 and 0.5 % were used as foam stabilizing agents.
The listed biopolymers decompose in soil and are envi-
ronmentally safe, in some cases they may serve as sourc-
es of feeding plants with monosaccharides and disac-
charides formed during their decomposition [9]. The
xanthan and guar gums are also used in cosmetic, phar-
maceutical and food industries as a gelling agent, struc-
ture-forming agent, thickener and stabilizing agent [10].

The experiments were performed at 20, 40 and 60 °C
and 0.1013 MPa of atmospheric pressure.

Research results. The generalized research results
are shown in Figs. 2—5 as a dependence of foam expan-
sion ratio K and stability S on mass concentrations of
SAS in water solution at different temperatures with and
without foam stabilizing agents.

The analysis of experimental data on foam-forming
properties of various SASs testifies that with increasing
temperature, expansion ratio of the foam formed from
water solutions of the analysed SAS increases continu-
ously and the foam stability reduces.

Savenol SWP demonstrated the highest foam-form-
ing ability, stinol and sofir M2 — to a less degree. Solu-
tions of savenol SWP and sofir M2 in fresh water have
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Fig. 2. Dependence of foam expansion ratio and stability
on SAS mass concentration in fresh water at different

temperatures:
a — savenol SWP; b — stinol; ¢ — sofir M2; —— — foam
expansion ratio; = — = — foam stability
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the most stable foam, stinol solution has the least stable
foam for all the temperature values analysed.

For savenol SWP foam-forming properties vary
within the following limits: at 20 °C foam expansion
ratio is 27.67—29.67, foam stability is 1.6 - 10°— 1.93 x
x 10°s/m?; at 40 °C foam expansion ratio is 29.33—31.67,
foam stability is 1.03 - 10® —1.27 - 10°s/m?; at 60 °C foam
expansion ratio is 33—34.33, foam stability is 0.47 - 10°—
0.93 - 10°s/m°>.

For stinol foam-forming properties vary within the
following limits: at 20 ° C foam expansion ratio is 27.67—
29.33, foam stability is 1 - 10° —1.47 - 10° s/m?; at 40 °C
foam expansion ratio is 30.83—31.5, foam stability is
0.73 - 10°—0.95 - 10° s/m?; at 60 °C foam expansion ratio
is 31.83—33.67, foam stability is 0.6 - 10°—0.8 - 10° s/m?.

For sofir M2 foam-forming properties vary within
the following limits: at 20 °C foam expansion ratio is
27-29, foam stability is 1.13 - 10°—2.07 - 10° s/m?; at
40 °C foam expansion ratio is 29—32, foam stability is
0.9 - 10°—1.47 - 10° s/m?; at 60 °C foam expansion ratio
is 30.33—34.17, foam stability is 0.4 - 10°—1.17 - 10®s/m°.

For all the temperature values analysed a general
tendency is observed: the foam expansion ratio and sta-
bility increase with increase of SAS concentration in
fresh water.

By the results of statistical treatment of experimental
data, using the least squares method, the optimum con-
centration of the analysed SAS in fresh water without
addition of foam stabilizing agents is 0.5 %. With further
increase of SAS concentration in fresh water, the foam
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Fig. 3. Dependencies of the foam expansion ratio on SAS
mass concentration of +0.5 % xanthan gum in fresh
water at different temperatures for:

a — savenol SWP; b — stinol; ¢ — sofir M2
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Fig. 4. Dependencies of the foam expansion ratio and
stability on SAS mass concentration of +0.5 % guar
gum in fresh water at different temperatures for:

a — savenol SWP; b — stinol; ¢ — sofir M2; —— — foam
expansion ratio; = = = — foam stability

expansion ratio and stability increase insignificantly, the
interval of SAS concentration change from 2 to 4 % re-
mains almost unchanged.

The article presents the research results with use of
stabilizing agents having 0.25 % of mass concentration,
as at this concentration of stabilizing agents inhomoge-
neous (gas bubbles of different size) and unstable foam
was obtained in comparison with the foam at 0.5 % con-
centration of stabilizing agents.

The analysis of the research results proves that at
0.5 % concentration of stabilizing agents in SAS solu-
tion in fresh water, the foam expansion ratio reduces,
while the foam stability increases.

According to the research analysis, the foam is very
stable when xanthan gum is added. It does not deposit in
the glass column, the fluid is not produced from the foam
during the period of more than 10 minutes. If guar gum
and carboxymethyl cellulose are used after termination of
air supply into the glass column, a gradual reduction of the
foam column height is observed as a result of dispersion
system breaking and extraction of fluid from the foam.

Solutions of sofir M2 and savenol SWP in fresh water
with all the analysed stabilizing agents have the highest
foam expansion ratio. Solutions of savenol and stinol in
fresh water with xanthan gum have the highest foam sta-
bility. The foam is stable, homogeneous, with bubbles
being of the same size.
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Fig. 5. Dependencies of the foam expansion ratio and
stability on SAS mass concentration of +0.5 % CMC
in fresh water at different temperatures for:

a — savenol SWP; b — stinol; ¢ — sofir M2, —— — foam
expansion ratio; = — = — foam stability

During the research of SAS solutions with mass con-
centration of 0.125 and 0.25 % in fresh water with addi-
tion of stabilizing agents, inhomogeneous foam with
bubbles of different size was obtained. The foam was
breaking into parts.

The optimum concentration of the analysed SAS in
fresh water with addition of stabilizing agents is 1 %, the
optimum concentration of xanthan and guar gum is
0.5 % (according to the statistical treatment results of
experimental data using the least squares method).

Foam stabilizing agents of xanthan and guar gums,
which were not previously used in technological pro-
cesses of sand plugs removal in the bottom holes, fluid
removal from the bottom hole by foaming, ensure high-
er values of foam stability in comparison with carboxy-
methyl cellulose used during well drilling and repair.

Conclusion. According to the experimental research
results, the foam expansion ratio and stability of the ana-
lysed SAS water solutions (savenol SWP, stinol and sofir
M2) with stabilizing agents (guar and xathane gums, car-
boxymethyl cellulose) were evaluated. The compositions
of foam-forming SAS and foam stabilizing agents were
selected for formation of stable foam within temperature
range from 20 to 60 °C, which may be used as flushing-
out agents for removal of sand plugs in the bottom holes
at depleted gas and gas condensate fields. According to
the research results, the foams, formed from solutions of
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savenol SWP and stinol in fresh water with addition of
xanthan gum, are the most stable. The optimum mass
concentration of savenol SWP and stinol in fresh water is
about 1 and 0.5 % of xanthan gum. Using these SASs
and thickener, a stable foam is formed; it does not break
in time with expansion ratio from 25.67 to 33.83 within
temperature range from 20 to 60 °C.

To prevent accumulation of solid phase, coming
from the formation in the bottom holes, it is recom-
mended to inject water solution of SAS and foam stabi-
lizing agents compositions with mass concentration of
1 % of savenol SWP or stinol and 0.5 % of guar gum into
the well annular space.
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Merta. OuiHKa MiHOTBOPHMX BJIACTUBOCTEN BOTHUX
PO3UMHIB Pi3HNX ITOBEpXHEBO-aKTUBHUX peuoBrH (I[TAP)
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3 IoJaBaHHSIM PEYOBUH-CTAOUII3aTOPIB [JIs1 OTPUMAHHS
CTaOLIbHMX ITiH.

Metomuka. CTBOpeHa 1abopaTopHa MOJEb CBEP/I-
JIOBUHM, 3 BAKOPUCTAHHSIM SIKO1 TOCTiIKeHO BILTUB Ha
XapaKTEePUCTUKU TMPOLIeCY ITiIHOYTBOPEHHS TUITy Ta
koHueHTpalii ITAP i pedoBuH-cTabinizaTopiB miHU y
MpicHilt Bomi Ta ii TemnepaTypu. Y 10cigax BU3HaYaIu
BUCOTY PiBHS MiHM Y CKJISIHII KOJIOHIII B KiHIIi ITpoOLIeCy
MiHOYTBOPEHHSI 1 TPUBAJICTh Yacy BUIIJICHHS 3 IMiHU
MOJIOBUHU OO’€MY PiIMHM, 3B’SI3aHOI B IiHY, 3a 3HA-
YEHHSM SIKUX BU3HAYAJIU KPATHICTb i CTIKICTh MiHMU.

Pe3ynbTaTi. 3a pe3yabTaTaMu eKCIIepPUMEHTATbHIX
IOCHiIXeHb Ha J1abopaTOpHili Moesi CBEPIJIOBUHU
nmodymoBaHi rpadiyHi 3aJIeXKHOCTI KpaTHOCTI Ta CTili-
KOCTi MiHW BiJ BM3HAYaJbHUX IapaMeTpiB (TUMY i
koHueHTpalii ITAP i pedoBuH-cTabimizaTopiB Ta ii
TeMmIiepaTypu), 3a skuMmu Buoupanu tumn I1AP i pedo-
BUHU-CTa0Ii3aTOpK, 110 3a0e3MevyioTh HanlOiIbIi
3HAUEHHSI KPaTHOCTI Ta CTIMKOCTi MiHU. 3 BUKOpPUC-
TaHHSIM METO[iB MaTeMaTUYHOI CTATUCTUKU BU3HAYa-
JIM ONTUMaJIbHI KOHLIeHTpalii [TAP i peyoBuH-cTab1Ti-
3aTOpPiB MiHM, BULIE SIKMX KPATHICTb i CTIAKICTh MiHU
3MiHIO€TbCS Malo. Po3pobiieHi aBi kommno3uilii [TAP i
PEYOBUH-CTADLTi3aTOPIB MiHU, OJHA 3 SIKUX MPOIMOHY-
€TbCS [JISI TIPOMUBAHHS MillIAaHMX KOPKiB Ha BUOOI
CBEpUIOBMHM, a iHIIIa — It 0e31TepepBHOTO BBEACHHS
B 3aTPYOHUI1 TIPOCTip CBEPAJIOBUHU 3 METOIO IOIIepe/-
JKeHHsI HAKOMMMYeHHS TBepA01 ha3u Ha BUOOI.

HaykoBa HoBu3Ha. Ha ocHOBIi eKcriepuMeHTaTIbHUX
JIOCJTiIKEHb BCTAaHOBJIEHI 3aKOHOMipHOCTI CITiHIOBaH-
Hs1 BogHuX po3unHiB [TAP 6e3 nomaBaHHS Ta 3 moja-
BaHHSIM PEUYOBMH-CTA0i/Mi3aTOPIiB MiHU, PO3POOJEHO
HoBUI Komrno3uuiitnuit ckian [TAP i peyoBuH-cTabi-
JIi3aTOpiB ISl YTBOPEHHSI CTiKOI MiHU 3 MOJETIOBaH-
HsIM BUGiiHOT TemniepaTypu (Bin 20 1o 60 °C).

IIpakTuuna 3HauMMicTh. Bu3HaueHi onTuUManbHI
3HAUYE€HHsI KOHLeHTpaliii miHoTBopHUX [IAP i peuo-
BUH-CTa011i3aTOPIB Y BOOHUX PO3YMHAX JJISI OTPUMAaH-
H$I CTiKMX TiH. Pe3ynbTaTu J0CaimKeHb MOXYTb OyTU
BUKOPMCTaHI IJI1 TIPOMUBAHHS ITIIAHOTO KOpKa Ha
BUOOSIX CBEPIJIOBUH HAa BMCHaXXEHUX ra3oBHUX i Ta3o-
KOHIEHCATHUX POJOBMILAX Ta IMOMEPEeIKeHHS HaKO-
MUYEHHS TBepIOoi a3y Ha BUOOI.

Kumouosi ciioBa: pevosunu-cmabinizamopu, kpamuicmo
i cmitikicmo ninu, Modenb c6epON0BUHIL, NIHOYMBOPEHHS

eab. OuieHKa NEHOOOPA3YIOLIMX CBOMCTB BOJHBIX
PACTBOPOB Pa3IMYHBIX ITOBEPXHOCTHO-aKTHUBHBIX BE-
mectB (ITAB) ¢ nob6aBieHreM BelleCTB-CTa0MIN3aTO-
POB IJIST TIOTYICHUS CTAOMIIBHBIX TICH.

Mertomuka. Co3naHa y1abopaTopHast MOJEb CKBa-
KMHBI, C MCIIOJb30BaHMEM KOTOPOM MCCIeI0BaHO
BJMSIHME Ha XapaKTEePUCTUKM Tpoliecca MmeHoodpas3o-
BaHus TUIa U KoHleHTpauuu [TAB u BemecTB-cTadbu-
JIN3aTOPOB TEHBI B IIPECHOM BOMIE U €r0 TeMIIepaTyphl.
B omblTax ornpenensiv BICOTY YPOBHSI TIEHBI B CTe-
KJISTHHOM KOJIOHKE B KOHIIE TTpoliecca IeHooOpa3oBa-
HUST Y TIPOJOJDKUTETbHOCTh BPEMEHM BBINECJICHUST 13
TEeHbl TIOJIOBUHBI 00BEMa XUIKOCTU, CBSI3aHHOW B
TIeHY, 110 3HAYCHUIO KOTOPBIX OIPEACIISIIN KPAaTHOCTh
U CTOMKOCTB TICHBI.
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

PesyabraTsl. [1o pesyabraTaM 3KCIIepUMEHTATBHBIX
WCCIIeOBAaHNI Ha JabOpaTOPHOM MOIEIN CKBAXKMHBI
TIOCTPOCHBI rpacrIecKre 3aBUCUMOCTH KPAaTHOCTU U
YCTOMYMBOCTU MEHBI OT OMNPEACAIONIMX MapAMETPOB
(tuna u konueHTtpauuu [TAB u BelecTB-cTabuam3saTo-
POB U €ro TeMIIepaTyphbl), IO KOTOPbIM BbIOMpPATIN TUII
ITAB u BelecTB-cTabMAN3aTOPOB, KOTOPhIE 00ECIIeUM -
BalOT HAMOOJIBIINE 3HAYCHUSI KPATHOCTH U YCTOMYINBO-
cty TieHbl. C UCITOIb30BaHUEM METOIOB MaTeMaThde-
CKOI CTAaTUCTUKU OIIPEAEIISTA ONTUMAaIbHBIC KOHIICH-
tpauuu [TAB u BeliecTB-cTaOUIM3aTOPOB MEHBI, BBIILIE
KOTOPBIX KPATHOCTb M YCTOMIMBOCTD TICHBI M3MEHSIIOT-
cs maio. Pazpaboransl nBe komno3unuu [1AB u Be-
IIECTB-CTA0MIN3aTOPOB IIEHBI, OHA U3 KOTOPHIX MPEeI-
Ha3HAYaeTCs I IPOMBIBKY ITECUaHBIX IIPOOOK Ha 3a-
00€ CKBaXKMHBI, a Apyrasi — U151 HEIPEPBIBHOIO BBOJA B
3aTpyOHOE MPOCTPAHCTBO CKBAXKMHBI C LIETIbIO MPEIy-
MPeXAeHUs CKOIJIEHUS TBepIoii a3kl Ha 3a00e.

Hayunas noBusHa. Ha ocHoBe skcrepumeHTasb-
HBIX MCCJIETOBaHUI YCTAHOBJICHBI 3aKOHOMEPHOCTH
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MOJIETIOBAHHSA TEOJAE3MYHOI OCHOBU JIJISI MUIBUIIIEHHS
HATIMTHOCTI MAPKIIEVIEPCHKOTI'O 3ABE3ITEYEHHS
TTPHUYUX POBIT

Purpose. The purpose of this work is to develop a model of a geodetic reference network (in the form of a transi-
tion graph), which is located on the territory of mining leases and is prone to disruption as a result of impact of man-
made factors to improve the reliability of surveying maintenance of open and underground mining.

Methodology. To assess the state of geodetic framework using graph theory and stochastic processes the estimation
of its reliability has been done. The analytical model of surveyor-geodetic network as a graph of conversions has been
developed. The matrix of conditional distribution functions of duration of stay of the geodetic network in different
states and matrix of transition probabilities from the previous state to the next has been complied. The average time of
duration of stay of geodetic network in a reliable and unreliable state using semi-Markov process has been estimated.

Findings. The choice of mathematical model which describes the state of geodetic network in a particular time to
the fullest extent possible has been substantiated. The length of stay of geodetic network in each of its possible fixed
states has been determined.

Originality. The use of graph theory and stochastic processes to create a mathematical model of transitions of
surveyor-geodetic network of a reliable state into an unreliable one as a result of displacement of rocks, the earth’s
surface and geodetic points located on it has been proposed for the first time. The duration of stay of the geodetic
network in each of its possible fixed states has been determined. It allows carrying out a complex of works timely to
restore geodetic network to ensure reliable surveying mining and experimental studies.

Practical value. The creation of a mathematical model of the geodetic network in the form of the transition graph
by applying graph theory and semi-Markov process, allows identifying the time of decrease in reliability of geodetic
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