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SUBSTANTIATION OF THERMOMECHANICAL TECHNOLOGY
PARAMETERS OF ABSORBING LEVELS ISOLATION
OF THE BOREHOLES

Abstract. The aim of the work is to improve the thermomechanical absorption insulation technology horizons
of drilling wells by the established regularities of change and the substantiation of its regime parameters from the
composition and physical-mechanical properties strengthen thermoplastic composite material and, on this basis,
development a technological regulation containing recommendations on the manufacture of composites and
organizations laying work, designing and isolation of the absorption zones of the washing liquid in the drilling rigs
wells. The tasks set were solved by complex method research that contains analysis and synthesis of literary and
patent sources, conducting analytical, experimental and industrial research. Experimental processing data was carried
out using methods of mathematical statistics. Experimental research is carried out using the provisions of the theory
of scientific experiment and theory random processes. The evaluation of the effectiveness of the results was carried
out in production conditions.
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Topicality. Drilling of both exploration and exploitation boreholes for exploration of deposits and
extraction of minerals in the area of iron-ore and coal basins is conducted in a high degree of development
and metamorphism, in strong and fractured rocks [1-10]. Rocks of mined levels are in complicated
stressed state [11-18] that during construction of mine workings only complexify the technology of their
installation [19-20].

Drilling of boreholes process involves geological complications. The most significant complication is
the absorption of flushing water [20]. A significant proportion of the time and funds is spent on drilling of
boreholes absorption. Absorption leads to disruption of drilling process mode, boreholes walls integrity,
provokes accidents [10-20].

Analysis of recent research and identification of the unsolved problem. The works of Basarygin
Yu.M., Brezhenenko A.M., Bulatov A.L, Vakhrameev L.I., Vozdvizhenskyi V.I., Volokitenkov A.A.,
Gaivoronskyi A.A., Dotsenko Yu.G., Ivachev L.M., Kipko E.J., Kotskulich Y.S., Krylov V.I., Kudryashov
B.B., Lipatov N.K., Martynenko IL.I., Thinyuk M.A., Nikolayeva N.I., Polozov Yu.A., Rafieko I.I.,
Spichak Yu.N., Sudakov A K., Stavnaya E.M., Titkova N.I., Tana P.M., Yakovlev A.M., Yasov V.G. and
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other authors were devoted to research in the area of development of backfill materials and technologies
for control of flushing water absorption. Analysis of their research is conducted in works [9].

Drilling of boreholes process involves geological complications. The most common types of
complications that disrupted drilling technology were the absorption of drilling fluids. At the same time,
annual time in the total balance sheet on drilling had been increased up to 23% and funds up to 10% in a
proper way.

In most cases, absorptions isolation is ensured by backfilling of the flushing water absorption
materials with solidifying or non-solidifying backfill mixtures by means of creating a waterproof shield in
the rock around the borehole.

Insufficiently effective backfill materials are applied for the absorption of flushing water isolation,
which are produced on a water base with addition of mineral-bearing or synthetic substances to its
composition.

In our view, these materials and technologies have exhausted their possibility of further improvement,
so the only way is to develop and apply technologies that based on materials with non-water base and
other processes of backfill stone formation for insulation of the boreholes. Such technologies include
technologies for creating a backfill stone that are based on the phenomenon of phase transition.

The thermoplastic materials mixes on the base of bitumen, sulfur and synthetic thermo-layers
(polyethylene, polypropylene) were applied up to the present moment.

However, the thermoplastic materials due to imperfections in technology, have not found widespread
application as backfill materials during absorbing horizons isolation of drilling boreholes.

In order to solve the problem of absorbing levels isolation, it is necessary to find fundamentally new
decisions. Therefore, the development of technologies for absorbing level isolation with application of
more efficient backfill materials has utmost significance.

This work has a great practical importance. It is dedicated to solving of current scientific problem,
which consists in establishing regularities of changing of axial load and rotation velocity during sub-
stantiation of mode parameters of effective thermomechanical technology of absorbing levels insulation
from average strength limit for uniaxial compression, depending on: composite structure, ratio of compo-
nents and type of filler; temperature of melting overheating, density, strengthening time and number of
melts of backfill thermoplastic compound material.

Purpose and objectives of the research. The purpose of work is improvement of thermomechanical
technology of absorbing levels isolation of boreholes by means of changing regulations and substantiation
of its mode parameters from composition and physical-and-mechanical properties of backfill thermo-
plastic composite material. As well as development of technological regulation that containing recom-
mendations for composite production and organization of backfilling operations, designing and zones of
flushing water absorption isolation in boreholes on this base.

The idea of work is in establishment and application of regularities of physical-and-mechanical
properties changing and advantages of backfill thermoplastic material for substantiation the mode
parameters and to introduce into production effective thermomechanical technology of absorbing levels
isolation of boreholes.

Statement of work. The composition is chosen and substantiated due to results of physical-and-
mechanical properties research of backfill thermoplastic composite material (TCM) on the base of
secondary polyethylene terephthalate (PET) is chosen and reasonable. The technology of TCM production
has been developed.

PET is one of the most common domestic waste. According to statistical data, its volume is up to
20...25% of the total mass of domestic waste.

As the result of analysis of well-known physical-and-mechanical properties of PET, it is possible to
apply it as binding material for absorbing levels isolation of boreholes [13-15]. Secondary PET.

Selection, substantiation and examination of the composition of TCM were conducted. Laboratory
research allowed to develop an optimal formulation of TCM that protected by patents for an invention of
Ukraine [16-18].

During laboratory examinations of physical and mechanical properties of TCM [12-20]:

- the necessity of filler entering into its composition is substantiated. Secondary PET in the molds
was collapsed due to radial deep cracks formation. In the fracture of the samples, the structure is highly
porous. All samples have a shrinkage phenomenon. Its size did not exceed 25%. On this basis, were made
64
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conclusions concerning to impossibility of PET application as backfill material. Therefore, with the
“clean” secondary PET, the work has been stopped;

- type and optimal concentration of filler is determined;

- it is shown that TCM with filler size less than 0.5 mm in ratio 1:1;

- is “abrasive|” material despite the highest degree of wear and tear resistance.

Therefore, in order to the absorption flushing water isolation, it is recommended to apply PET- based
TCM with a granulated filler of less than 0.5 mm. Generalized physical-and-mechanical properties are
shown in Table 1.

PET-based TCM technology which consists of preparatory stage, production stage of a composite and
formation is developed.

During theoretical examinations, approaches to modeling of thermophysical processes of melting and
cooling at formation are considered. It is necessary for separation of rational thermophysical parameters of
TCM production technology.

The calculations allowed to determine the duration of technological operations for TCM production,
as well as the necessary energy costs.

Development of technology of absorbing levels isolation of boreholes with TCM application.

The method of absorbing level isolation with PET-based TCM application is developed and
substantiated, for implementation of which it is necessary to perform the following technical and logical
operations [11]: transportation of TCM to the absorbing level of the borehole, melting of TCM in the
borehole and pressing of TCM into absorption channels. The technology of transportation of cylindrical
briquettes of TCM along the borehole shaft and possibility of thermomechanical contact melting of TCM
in the zone of flushing water removal are substantiated. The method of absorbing levels isolation with
PET-based TCM application is defended by Ukrainian patents [1-11].

Technical advantages of the technology are following:

- possibility of TCM melting process management in the control area;

- possibility of TCM lag (jamming) isolation during transportation along the borehole shaft;

- absence of operation for removal of technological equipment from the borehole shaft and as a result,
reduction in span time.
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Figure 2 — Dependence of the average uniaxial compression
strength on TCM solidifying time of and cement mixture
during granulated filler concentration in the ratio of 1:3,

gravel size < 0.5 mm

Figure 1 — Dependence of the average uniaxial compression
strength from composition and concentration
of granulated filler

Table 1 — Generalized physical-and-mechanical properties of TCM

. Density, Unax1a.1 Melting Spreadability, | Hardness | Abrasion Permeability
Composition compression |temperature, . . of the sample,
kg/cu.m 0 ms coefficient | coefficient
strength, MPa C cu.cm
+ 1 .
PET + Gravel. Ratio I:1. | 165 52.6 246 16-18 19.8 2.0 absent
d<0.5mm
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The generated heat flux is extending into the body of the TCM briquette due to heat conduction.
Under the influence of thermal energy, TCM is heated, and upon reaching the surface temperature, the
phase transition value (melting temperature) melts up [18-19]. The molten part of the material is pressed
into the porous walls of the borehole 1 due to the pressure that generated by the tool.

In this work we apply the heat-conduction equation to determine the parameters of the heating
process in the form of

2
O _ O 50, 0<y<om, 1)
or oy’
with initial condition
t=to,at =0 ()
and limiting conditions
ot
—/1§=qm,at y=0, 3)
=ty at y—o, 4)

where ¢ — temperature, 7— time, & — temperature conductivity coefficient, y — spatial coordinate, ¢ = ¢y —
initial temperature, A — TCM heat conduction coefficient, ¢,, — surface flux into heat of the material.
Heat flux on the working surface is determined from

k 7l Dn
g, = “T (5)

where y — friction coefficient, k, — coefficient that taking into account the fraction of friction heat for
TCM heating and melting, F — axial loading, D — diameter of friction surface, S — surface area of friction,
n — rotation frequency of the tool.

Figure 3 — Radius of TCM extent in the crack with opening of 30 mm: a — backfill stone in the level model, b - overhead view

ot
From the solution of task (1) - (4) with the help of Fourier’s law ¢ =—A—

oy

expression is obtained, which establish relationships between mode parameters of technological process
and parameters of thermophysical processes during tool operation [18-20]

and condition (5), an

Fn

-0, ©
2k, \|mat,

where zr— time of surface heating to melting temperature, t'— TCM melting temperature.
The equation of heat balance is applied for determination of thermomechanical drilling velocity in the
form of

qm = {qmelt +q4 , (7)
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where gmei —heat for melting of a layer surface of the material with thickness d¢ for the time dz. g, —heat
flow to warm up inner layers of material, determined by Fourier’s law. Heat flux gme is defined by the
expression

dg

qmelr = pL d_T > 3

where L — internal melting heat of TCM. The velocity of thermomechanical drilling is defined as V=d&/wd.
Therefore, from the equation (7), using the solution of a task (1) — (4) and defining 7, through mode

parameters of drilling, expression for the velocity of thermomechanical drilling is received

. _L[4ykan LMYy _to)]‘

Pl D Nt ©)
Analyzing (9) at T—>o0, we will get a formula for the velocity limit of thermomechanical drilling
1 F
Vim =—(—4“ o ”j (10)
pL D
Average velocity of thermomechanical drilling for the time T we will define as
1 T
Vo =—[V(t)dz, (11)
T 0

where T — drilling time; V(7) — is determined by equation (10).
After integration (10) on time ranging from 0 to 7 with taking into account a condition =0 at =0 we
will receive expression for drilling depth during period T

h:i 4IUkanT+2/1(tf_to)ﬁ
pPLL D Jm . (12)

Results of performed analysis of calculation algorithm, as well as design dependencies of changing
the depth and rate of thermomechanical melting of borehole in time (Figure 6) are presented in the form of
alignment chart of dependence of mode parameters on rate of thermomechanical melting of TCM at
borehole face. Therefore, during an axial loading of 700 daN and a rotation velocity of 700 min™', the
design thermomechanical melting velocity of the instrument volume with a diameter of: 46 mm will be
equal to — 1.2 m/h; 59 mm — 1.0 m/h; 76 mm — 0.84 m/h; 93 mm — 0.74 m/h; 269 mm — 0.46 m/h.
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Figure 4 — Dependence of radius of TCM melt distribution Figure 5 — Dependence of radius of TCM melt distribution
on cracks extension for the borehole with a diameter of 59 mm on pressure drop in “seam-borehole” system
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- developed thermomechanical technology of flushing water absorption isolation with TCM appli-
cation has made it possible to reduce time consumption in the areas of Havrilovka village up to 15 h,
Romanki village — up to 8 h. The total costs at the first site respectively amounted to 24.2 thousand UAH,
at the second one is 12.1 thousand UAH (prices of March, 2018) with taking into account the cost of
materials, energy inputs and backfilling;

- developed technology allows to isolate absorbing level from borehole space qualitatively, with
minimum expenses.

The economic effect of the implementation of the developed method of backfilling in absorbing
levels isolation with TCM application is equal to 1.65 - 2.64 million UAH per year with the volume of
backfilling operations drivage in 100 wells.

Conclusions. The main scientific and practical results, conclusions and recommendations or executed
research:

1. The theory about conditions under fractured rock the application of water-based backfill mixtures
using various mineral-bearing and synthetic substances reached its limit of perfection has been further
developed. In recent decades, the work to improve the properties of backfilling materials has been limited
to solving local problems, rather than isolation, so the main disadvantage of it is dilution. As a result of
water-based backfilling solutions, there is their reduction, significant losses of backfilling materials and
time for flushing water isolation, and in general increasing the cost of boreholes by more than 20%. It is
possible to reduce these losses by filling the channels with non-diluted in-seam waters by melt of
thermoplastic material to form the isolation shell;

It is substantiated that applied thermoplastic materials due to imperfections of technologies,
instability of physical-and-mechanical properties, cancerogenity of their components have not found
widespread application as backfill materials during absorbing levels isolation of boreholes;

2. The necessary technological parameters of backfilling and dimensions of the isolation shell have
been established, which made it possible to substantiate and develop the “Technological Regulation of
Absorbing Levels Isolation of PET-based TCM” that acting as a normative document in the production
organizations of the State Service of Geology and Subsoil of Ukraine;

3. The results of the complex of theoretical and experimental research that was performed in PhD
thesis found practical application during conducting of experimental-industrial implementation of the
technology of flushing water isolation of TCM in the conditions of the commercial enterprise of LLC
Industrial and Geological Group “Dniprohydrostroi”
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AnHoTauus. JXKyMmpICTBIH MakcaTsl "YHFRIMaTapasl Oypreulay KOKKHEKTepi"' TepMOMeXaHHKaNbIK abcopd-
IMUSUTBIK OKIIAyJiay TEXHOJOTHMSCHIH ©3repTyiH OCNTUICHIeH 3aHAbUIBIKTaphl OOMBIHINA KETUIAIPY *KOHE OHBIH
PSKUMIHIH TMapamMeTpiepiH OepiKTeHAIPETIH TEePMOIUTACTHKAIBIK KOMIO3WIMSIBIK MaTepHaJIblH KYpaMbl MEH
(hu3MKaITBIK-MEXaHUKAIIBIK KacHeTTepl OOWBbIHIIA HETi3Zey JKOHE OChl HEri3lle KOMIO3UTTEp jKacay JMKOHE cally
JKYMBICTApbIH YHBIMIACTBIPY, YHFBIMAJIApAbIH OYPFbUIaY KOHABIPFBUIAPBIHIA XYY CYHBIKTHIFBIH CIHIpY allMaKTapblH
Kobajay »KoHEe OKmiaynay OOMBIHINA YCHIHBIMIApAbl KAMTUTBIH TEXHOJIOTHSJIBIK PETJIAMEHT a3ipiey OoJbin
TaObagsl. KolbuiFaH MiHzZeTTEp oAe0M JKOHE NAaTEHTTIK Ke3/Aepli Tanjgay MEH KOPBITYZAbI, aHATUTHKAIBIK,
OKCIEPUMEHTTIK JKOHE OHEPKACINTIK 3epTTeylep XYPri3ydi KaAMTHTHIH KeIIeHNI 3epTTey OIICIMEeH IIeImiimi.
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JlepekTepi SKCIEPUMEHTTIK OHJIEY MaTeMaTHKANbIK CTATUCTUKA OAICTEPIH KOJAAHY apKbUIbl XKypriziami. DKcrie-
PUMEHTAIIb! 3epTTey FHUIBIMH JKCIIEPUMEHT TEOPHUSCHIHBIH €PEeKeNepiH JKoHE Ke3NeHCOK MpOoLecTep TEOPHSICHIH
naiijajnana OThIPBIN KYPri3ineai. AJbIHFAH HOTYDKENEPAIH THIMALTITIH Oaraiay eHIIpiCTIK Xarnainapaa sKypriziii.

Tepmonactukanblk KoMno3uiusuiblK Marepuangaan (TKM) teryaiH Kypambl MeH (pU3MKaJIbIK-MEXaHUKAIIBIK
KacuerTepl OOMbIHIIA OHBI MaiijaiaHy MIAPTTAphIH HETi3Jley JKOHE ©3repTy 3aHAbUIBIKTApBbIH Oenriney apKbUIbl
YHFBIMaJIap/IbIH CiHIpY JAEHreiiepiH OKLIayjayAblH TePMOMEXaHHUKAIBIK TEXHOJOTHSCHIH KeTinaipy. Ocbl Heri3zne
KOMITO3HUTTI JaiblHIay >KOHE YHFbIMallap/iarbl JKyy CYBIHBIH aOcopOums aiiMakTapblH >kaly, »xobamay >koHE
OKIIayJsay OOMBIHIIA >KYMBICTAP/Ibl YHBIMIACTBIPY JKOHIHIET] YCHIHBIMAAP/IbI KAMTHUTBIH TEXHOJIOTUSUIBIK PETIaMEeHT
d3ipIIeHemi.

Kofiburran MiHOETTEp KOMMYHHUKAITUSHBIH KEIISHAI OHici apKpUIBl IISHIUIAi, OFaH 91eOW KOHE MATEeHTTIK
Ke3JepAi Tamay *KoHe KOPHITY, COHai-aK aHATUTHKAJIBIK, SKCIICPUMEHTTIK KOHE OHEPKACIIITIK 3epTTeyIep KYpPrizy
kipemi. Toxipubennik mepekTep MaTeMaTHKAIBIK CTAaTUCTHKAHBI KoJaaHa OTeIpbin, JK-me eHmenmi. DKCHepuUMeEH-
TaJ/bl 3ePTTEYJIep FHUIBIMU KCIIEPUMEHTTIH JKaJIIbl TEOPUACHIH JKOHE KE3IEHCOK MPOLECTep TeOPHSACHIH KOJIaHa
OTBIPBIN JKYPri3iimi. AJNBIHFAH HOTIDKENEpAiH THIMIUINH Oarajiay OHIIPICTIK JKarJainapia ChbIHAY >KOJBIMEH
KYprizui.

Baiinaneic a3ipnenreH sxoHe Herizaenren; TCM konpaHy MyMKiHzairi pacranran. bpukerrenren TLIM enzipy
MYMKIH/III'T TEOPHSUIBIK JKOHE DKCIIEPUMEHTTIK TYple KepceTireH. bacrankel stanonapK oteiH ([I19T®) Herizinne
TCM enaipy TexHosoruscs! a3ipienai. TKM eHIipiCiHIH YTBIMABI TEXHOIOTHSUIBIK pexxumaepi Herizpenred. [19T
Herizinne TKM KonjaHy apKbUIbl JKYTBUIy JEHI€HiH OKIIayJiay TEXHOJOTHMSICH 93ipJeHAl >KOHE HEri3/eNreH.
CiHiprim JeHreinepai OKIIaylaynslH TEXHHUKAIBIK HETi3epl JKargalmapAblH KEeH ayKbIMBIHAA JKBLUTyaaMacy
MPOIIECTEPiH ecenTeyre MYMKIHAIK OepeTiH OarmapiaManap >KUBIHTBHIFBIH KYpy VIIIH alIropuTMi 0ap OalKBITYAbI
KOJIJIaHA OTBIPBII 331PJICHTCH.

Kaitranama [I9T® werizinge TKM konpaHy Heri3aenreH oHe anrain per panengenred. Exinmi per 19T
Konnanyra HeriznenreH TCM yHFBIMAcChIHBIH NMPoOJIeMaNIBIK aiiMarbiHIa TEPMOMEXAHUKANBIK OAlKbITY MYMKIHAIr
Heri31enreH xxoHe aanenaenred. TCM TepMusUIIBIK OanKbITY Ke3iHe JKbLTy aIMacy HPOLECiH CHIIaTTayFa MYMKIHAIK
OepeTiH aneyeTTi Heri3/ieNreH )KoHe SKCIEePUMEHTANbl PacTalfaH TeMIIepaTypallbIK YIITl OJ1aH 9pl JAaMyAbl ajibl.
Anram per TLIM OankpITyblH TEPMOMEXaHHMKAJIBIK IPOLECIHIH MOABI MapameTpiepi MOHIEPIHIH OHBIH HKbUIY
(hu3MKaNBIK KacCHEeTTepl MEH TEXHHMKAJIBIK CHIIATTaMajapblHa TOyeJAUIiri anbikranasl. bipinmi per 19T wnerizinae
TIM-HBIH CiHIpY KaOUIeTTUIIrHIH KaphIKIIAKTapABIH alIBLTYBIHAH TOYEJIUTITT aHBIKTAIIEL.

Kaiitanama [I9T® nerizinge TKM Kkonmana OTBIPHIN CiHIPY JCHTEWiH OKIIAyJay TEXHOJOTHSACHIH KOJJIAHY
canmaceiH Herizpey. 19T nerizinge TCM neHreiiin abcopOLMSUIBIK OKLIAyJlayFa apHajfaH TEXHOJIOTHSUIBIK Iapa-
METpJepAi TaHnay OOUBIHIIA MEPCIEKTHBAIBI YCHIHBICTApAb d3ipiey. Kadranama [I9T® nerizinge TKM ciniprim
TOPU3OHTTAPBIH OKIIAYJIayAbIH MPHHIUITI KaHA TeXHONOTHsIIapsiH d3ipiey. [I9T® rerizinme TKM sxacay TexHO-
JOTHSICHIH d3ipiey. 3eprrey Oarmapiamanapbl MeH oficHamamapeiH a3ipney. THM merizinae [19T oxmaynayasiH
CIHIpTilI TOPU3OHTTAPBIH CIHIpYre apHAIFaH TEXHOJOTHSUIIBIK PETJIAMEHTTI 93ipIiey.

Tyiiin ce3nep: YHrbIMaapasl OYpFbIIay, OKIIAyJiay, CIHIpY AeHTreill, OankpITy, Matepuaniap/pl xaoy.
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OBOCHOBAHHUE ITAPAMETPOB TEPMOMEXAHWYECKOM TEXHOJIOI'MHU W30S
HOOorJiomAIIUuX ropPM30HTOB BYPOBBIX CKBAXKUH

AnHotanusi. Llenbro paboThI SBJISETCS COBEPLICHCTBOBAHNE TEXHOJIOTHMH TEPMOMEXaHNYECKOHW aOcOopOLMOoH-
HOH n30snu «I Opu30HTH OYpEeHHs CKBaXMH» 110 yCTAaHOBJICHHBIM 3aKOHOMEPHOCTSIM M3MEHEHHUSI 1 000CHOBaHME
[IapaMeTpoB €€ PEeXHUMa MO COCTaBy M (PU3MKO-MEXaHMYECKHM CBOICTBaM YNPOYHSIOIIETO TEPMOIUIACTUYIHOTO
KOMITO3MIMOHHOTO MaTepHajia W, Ha 3TOW OCHOBE, pa3pabOTKa TEXHOJIOTHYECKHH PErJIaMEHT, COIACPKAIlUi peKo-
MEHJALUH 110 U3TOTOBJIEHHIO KOMIIO3UTOB M OPraHM3allMi YKIaJOYHBIX paOoT, MPOEKTHPOBAHUIO M U3OJISIMU 30H
MOTJIOMIEHHSI MIPOMBIBOYHON JKHIKOCTH B OYpOBBIX yCTaHOBKax CKBaKMH. IlocTaBiieHHBIE 3a7aun ObUIM PELICHBI
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KOMIUIEKCHBIM METOJIOM HCCIICIOBAHHS, COAEpKAIlUM aHadu3 U O000OIIeHWe NHUTEpaTYypPHBIX W IATEHTHBIX
HUCTOYHHKOB, MIPOBEICHNE aHATHUTUICCKHUX, IKCIIEPUMEHTAIBHBIX U MPOMBIIIICHHBIX HCCIEIOBAaHMHA. DKCIEPUMEH-
TaybHasg 00paboTKa JaHHBIX MPOBOJAMIIACH C UCIOJIH30BAHHEM METOJI0B MAaTEeMaTHYECKOH CTaTUCTUKHU. DKCIEpH-
MEHTAJIbHOE UCCIIE0BAaHUE MPOBOAUTCS C UCIIONb30BaHUEM TOJI0KEHUI TEOPUH HAyYHOI'O SKCIIEPUMEHTa U TEOPUHU
ciyyaiHbeIX mponeccoB. OneHka 3QQEeKTUBHOCTH MOJIYyUYEHHBIX pPe3yJbTaTOB MPOBOAMIACH B IPOU3BOJCTBEHHBIX
YCIIOBHSIX.

CoBepILIEHCTBOBAHUE TEPMOMEXAHUYECKOW TEXHOJIOTMHM M30JSIIUM MOTJIOMIAIIINX YPOBHEW CKBAXKUH IMyTEM
YCTaHOBIICHHSI 3aKOHOMEPHOCTEH M3MEHEHHs W OOOCHOBAaHHUS YCJIOBHH €€ SKCIUIyaTalld MO0 COCTaBY M (PH3MKO-
MEXaHHYEeCKUM CBOMCTBaM 3aCHINKH U3 TEPMOIUIACTHYHOTO KoMmo3unnonHoro Marepuaia (TKM). Ha aToit ocHOBE
pa3pabaThIBaeTCs TEXHOJOTUYECKHH DErJIAMEHT, COICp)Kallii PEKOMEHJAIlMH I10 IIOATOTOBKE KOMIIO3HTa U
OpraHu3auy padoT Mo 3aCHINKe, MPOSKTUPOBAHHUIO U M3OJISIHH 30H a0COPOIIH IPOMBIBOYHON BOJBI B CKBaKHHAX.

[TocTaBieHHBIE 33aaudl PEIIATHCH C MOMOIIBI0 KOMIUIEKCHOTO METO/Ja KOMMYHHKAIWH, KOTOPBIA BKIIOYAET
aHaM3 ¥ 0000IIeH e TUTEePaTypHBIX U NAaTEHTHBIX HCTOYHUKOB, a TAK)Ke MIPOBEACHNE aHATUTHIECKUX, IKCIIEPUMEH-
TaJBHBIX ¥ IPOMBIIUICHHBIX HCCIEI0BaHNI. DKCIIepIMEHTATbHBIE JaHHBIe 00pabateBanuch Ha [IK ¢ mpumeHnennem
MAaTEMAaTHYECKOH CTATHCTHUKH. 3KCHepI/IMeHTaJ'H)HI)Ie HCCICJ0OBaHUs MPOBOAMIUCH C IMPUMEHCHUCM OGL[Ieﬁ TCOpUN
HAY4HOTI'O SKCIIEPHMEHTa U TEOPUM CIy4aiHbIX mpoiueccoB. OueHka 3((eKTHBHOCTH MOIyYEHHBIX pPe3yJIbTaTOB
mpoBoAnJIaCh MyTEM HUCIBITAaHUH B IMPOU3BOACTBCHHBIX YCIIOBUAX.

Coenunenne ObuI0 pa3paboraHo M o6ocHOBaHO; Bo3moxkHocTh mpumeneHuss TCM Oblna moaTBEpIKAEHA.
Bo3MoskHOCTE Tpon3BocTBa OpuKeTHpoBaHHOTO TIIM Mmoka3aHa TEOPETHYESCKH U IKCIEPUMEHTANBEHO. Paspaborana
TexHoJiorusi mpousBojcTBa TCM Ha OCHOBe MEpBUYHOrO 3STasioHHOro TorumBa (IIDT®). OO0oCcHOBAaHBI pamyo-
HAJIbHBIC TEXHOJIOTHYECKHE PEXUMBI mpom3BoiacTBa TKM. Paspaborana m 000CHOBaHA TEXHOJOTHS H3OJIALIUN
ypoBHs morjomieHus ¢ npuMmeHeHneM TKM Ha ocHoBe TIOT. TexHwueckne OCHOBBI HM3OJISAIMH ITOTJIOMIAIONTUX
ypoBHeil pa3paboTaHbl ¢ NPUMEHEHHEM IUIABKH C aJITOPUTMOM JUIs CO3[aHusi Habopa Mporpamm, MO3BOJISIOIIUX
PacCcYUTHIBATh MPOIIECCH TETNIOMAacCOOOMEHA B IIMPOKOM THAIIa30He YCIOBHH.

ITpumenenne TKM Ha ocHoBe BTOpumuHOro II2T® ObUTO0 000CHOBAaHO W JTOKa3aHo BrepBble. OOOCHOBaHA U
JIOKa3aHa BO3MOKHOCTh TEPMOMEXAaHMYECKOrO IIaBJICHUS] B MpoOJeMHON 30He ckBakmHbl TCM, OCHOBaHHOW Ha
npuMeHeHnr BTopuyHOro [I19T®. [NoTeHanbHO 000CHOBAHHAS U KCIEPUMEHTAIBLHO TOATBEPIKICHHAS TeMITEpa-
TypHasi MOJIeJIb, MO3BOJISIONIAS OIUCATh IPOIECC TEIUIOOOMEHa NMpH TepMuyeckoM IuiaBieHnn TCM, nosydwmna
JanbHeiiee pa3BuTHe. BriepBble ycTaHOBIEHA 3aBUCUMOCTD 3HAUEHUH MOJIOBBIX MApaMETPOB TEPMOMEXAHUYECKOTO
nporecca waBieHuss TIIM oT ero Temnou3nyeckux CBONHCTB M TEXHHUYCCKUX XapaKTEPHCTUK. BriepBrie ycTaHOB-
JICHa 3aBUCHMOCTH IpoHuKaromeil cnocoonoctr TIIM Ha ocHoBe IIDT OT packpbhITHs TPEIIUH OT YPOBHS TOTIIO-
IICHUSI.

ObocHoBaHNE 0071aCTH NMPUMEHEHHS TEXHOJOTHH H3OJIALUN YPOBHS IOTJIOMICHUs ¢ mpuMeHeHneM TKM Ha
ocHoBe BTOpUIHOTO [IDT®. PazpaboTka MepcrneKTUBHBIX PEKOMEHIAIINH 10 BBIOOPY TEXHOJOTHISCKUX ITapaMeTpOB
U1t abcopOrMoHHOM m3omsanuu ypoBHs TCM Ha ocHoBe IIDT. Pa3paboTka MPHHIMIKAIBHO HOBBIX TEXHOJOTHI
M30JISIMH TIOTJIoMamuX ropu3oHToB TKM Ha ocHoBe BTropuuHOTo [I9T®. Pa3zpaboTka TEXHOIOTHH H3TOTOBIICHUS
TKM Ha ocuHoBe IIDT®. Pa3zpaboTka HcCiIeqOBaTENbCKUX MPOrpaMM W METOoJoThi. Pa3zpaboTka TEeXHOJOTH-
YECKOTO perjiaMeHTa JIJisl TIOTJIOIEHUS MOTJI0MAININX Topu30oHTOB u3osauuu 19T Ha ocHoBe TLM.

KioueBbie ciioBa: OypeHUe CKBXUH, U30JISILMSL, TIOTJIOIIAIOIINA YPOBEHbD, IIIaBKa, 3aChIITKAa MATEPHAJIOB.
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